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o Reference

The Nios® II DPX Hardware Reference section of the Nios II DPX Datapath Processor

Handbook provides information about Nios II DPX hardware topics.
This section includes the following chapters:

m Chapter 1, Nios II DPX Architecture

m Chapter 2, Instantiating the Nios II DPX Datapath Processor

m  Chapter 3, System Verification
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1. Nios Il DPX Architecture
fAN ISR

The Nios II DPX datapath processor is a multithreaded, programmable, soft processor
core optimized for control, scheduling, and processing of datapaths. The processor
allows parallel processing of multiple blocks of data while maintaining the context of
each data block.

The Nios II DPX datapath processor is optimized for datapath applications, such as
packet processing, by conserving resources and eliminating sources of
nondeterministic behavior that impair real-time performance. The processor is a
processing element (PE) within an Altera® event-driven datapath processing system
in Altera FPGAs.
“ . Forinformation about Altera event-driven datapath processing, refer to the Altera
Event-Driven Datapath Processing Design Handbook.

The Nios II DPX datapath processor offers the following features:

m Highly-predictable pipeline suitable for real-time applications

m Event-driven architecture with hardware support for efficient use of hardware
acceleration

m Extended Nios II instruction set architecture (ISA), allowing use of the Nios II
embedded design suite

m Optimized hardware with high fy1ax and low resource usage

Reading Prerequisites

This handbook assumes you are familiar with the terminology and concepts (such as
event-driven processing, contexts, tasks, and messages) presented in the Altera
Event-Driven Datapath Processing Design Handbook.

An understanding of the Avalon Streaming (Avalon-ST) and Avalon
Memory-Mapped (Avalon-MM) interfaces, presented in the Avalon Interface
Specifications, is also helpful.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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Installation Directory Structure

Installation Directory Structure

Figure 1-1 shows the directory structure for the Nios II DPX datapath processor cores
and microcores. The path to the folders shown is <Quartus II installation directory>/

ip/altera/event_driven_processing.

Figure 1-1. Nios Il DPX Datapath Processor Installation Directories
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Functional Blocks

Functional Blocks
Figure 1-2 shows a simplified Nios II DPX datapath processor block diagram.

Figure 1-2. Simplified Nios Il DPX Datapath Processor Block Diagram
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The Nios II DPX datapath processor has the following key functional blocks:

May 2011 Altera Corporation

Multithreaded processor (MTP)—A hardware-multithreaded processor based on
the Nios II instruction set architecture. The MTP instructions are stored in an
instruction memory that is contained within the Nios II DPX datapath processor.

Message interface unit (MIU)—The MIU sends, receives, and manages messages
using Avalon-ST PE message interfaces. The MIU translates received messages
into work scheduled onto the MTP threads in the form of software tasks. The MIU
also allows the MTP to delegate work to other PEs by managing and sending
Avalon-ST PE messages.

Debug unit—The debug unit manages standard processor-level debug features,
such as loading executable software, setting breakpoints, single stepping, and
accessing registers for software tasks executing on the MTP.

Statistics collector—The statistics collector provides access to various statistics
gathered by the MIU and MTP at run time. The monitoring done to obtain these
statistics is performed non-intrusively and is constantly updated at run time,
facilitating run-time system-monitoring and system-debug capability.

Reset controller—The reset controller controls system reset requests and internal
processor core soft resets.

Nios Il DPX Datapath Processor Handbook
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Functional Blocks

'~ The Nios II DPX datapath processor is highly configurable. For configuration options,
refer to Chapter 2, Instantiating the Nios II DPX Datapath Processor.

The following sections describe the functional blocks of the Nios II DPX datapath
processor.

Multithreaded Processor

The MTP is the processing core within the Nios II DPX processor. The MTP includes
the following features:

Hardware multithreading, with eight hardware threads
Big-endian processor

Highly-predictable real-time operation, without instruction cache, data cache, or
external interrupts

Single and dual MTP core configurations

Figure 1-3 shows the MTP functional blocks.

Figure 1-3. Nios Il DPX MTP Block Diagram
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The following sections describe the functional blocks of the MTP.
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Functional Blocks

ALU

The arithmetic logic unit (ALU) executes the following types of instructions:
m  Arithmetic

m Logic

m  Shift

m  Control operation

For a complete list and description of instructions, refer to the Nios I[I DPX MTP
Instruction Set and Application Binary Interface chapter in the Nios II DPX Software
Development section of the Nios II DPX Datapath Processor Handbook.

Register File
The Nios II DPX processor register file includes the following types of registers:

m  General-purpose registers—Serve as temporary registers for the software task
program.

m Extension registers—Hold message data arguments and context-specific data for
software running on the MTP.

m  Control registers—Provide thread-specific information to the software tasks.
m Extended control registers—Hold message control information for software tasks.

The following sections give a general description of each type of register.

For additional information about these registers, refer to the Programming Model
chapter in the Nios II DPX Software Development section of the Nios Il DPX Datapath
Processor Handbook.

General Purpose Registers

The MTP contains eight general-purpose register banks, each containing 32
general-purpose registers named r 0 through r 31. Each bank is associated with a
thread. The processor switches general-purpose register banks automatically,
transparent to the software executed by a thread. When a software task executing on a
thread completes and another software task starts on the same thread, the contents of
the general-purpose registers are undefined.

Extension Registers

The MTP contains a user-defined number of extension register banks. Each bank
consists of a configurable number of registers assigned to different purposes. The
maximum number of extension registers in each bank is 32, namely r 32 through r 63.
The processor switches extension register banks automatically, transparent to the
software executed by a thread. Contents of extension register banks remain intact
throughout the life of the context or message.

The MTP threads have access to the following extension registers:
m RX message registers
m TX message registers

m Internal context registers

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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m Input context registers
m  Output context registers

The number of each kind of extension register is configurable. The Nios Il DPX
processor supports the extension register configurations shown in Table 2-2 on
page 2-2.

The input and output context registers share the same register numbers. This sharing
is possible because the Nios II DPX toolchain uses the fact that the input context
registers are read-only registers and the output context registers are write-only
registers to point read and write instructions to the correct register bank. The same
scenario is also true for the RX and TX message registers.

Keep Table 2-2 on page 2-2 in mind when configuring your message format. The
maximum number of data arguments that the Nios II DPX datapath processor can
send or receive in an Avalon-ST PE message is determined by the number of RX and
TX message registers. For more information about the message format, refer to the
Message Format chapter of the Altera Event-Driven Datapath Processing Design Handbook.

The following sections describe the types of extension registers.

RX Message Registers

RX message registers are banks of 32-bit registers used to pass message data
arguments from the MIU to software tasks running in the MTP. You specify the
number of banks of RX message registers in your processor with the Number of
receive IDs parameter when instantiating the Nios II DPX processor. For more
information, refer to “Message Interface Unit Tab” on page 2—4.

Each bank of RX message registers corresponds to an RXID. When a thread
accesses an RX message register, the correct RX message register bank is implicitly
indexed by the RXID currently associated with the thread. RX message registers
are read-only. Reading them from a given task provides access to the arguments
associated with the message that started that task. The registers remain valid for
the duration of the software task unless an r xf r ee instruction releases the
associated RXID. For more information, refer to “RX Message Flow” on

page 1-12.

TX Message Registers

TX message registers are banks of 32-bit registers used to pass message data
arguments from software tasks running in the MTP to the MIU. You specify the
number of banks of TX message registers in your processor with the Number of
transmit IDs parameter when instantiating the Nios II DPX processor. For more
information, refer to “Message Interface Unit Tab” on page 2—4.

Each bank of TX message registers corresponds to an TXID. When a thread
accesses an TX message register, the correct TX message register bank is implicitly
indexed by the TXID currently associated with the thread. TX message registers
are write-only. Writing them from a given task stores the arguments associated
with the next message sent by that task. For more information, refer to “TX
Message Flow” on page 1-12.
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Internal Context Registers

Internal context registers are banks of 32-bit registers local to the MTP and serve
as context-specific persistent storage. You specify the number of banks of internal
context registers in your processor with the Number of context IDs parameter
when instantiating the Nios II DPX processor. For more information, refer to
“Message Interface Unit Tab” on page 2—4.

Each bank of context registers corresponds to a context ID (CID). When a thread
accesses a context register, the correct context register bank is implicitly indexed
by the CID currently associated with the thread. This applies to internal, input,
and output context registers.

Software tasks can access only the internal context register bank that corresponds
to the CID associated with the running task. All tasks processing messages with
the same CID have access to the same bank of internal context registers.

L=~ There is also an advanced option that uses the number of threads to
determine the number of banks of internal context registers. For more
information, refer to the Context register indexing mode parameter in
“Advanced Options Tab” on page 2-9. When thread ID is used, all software
tasks running on the same thread have access to the same bank of internal
context registers.

Input Context Registers

Input context registers are banks of 32-bit registers used to pass context data into
the Nios II DPX processor. You specify the number of banks of input context
registers in your processor with the Number of context IDs parameter when
instantiating the Nios II DPX processor. For more information, refer to“Message
Interface Unit Tab” on page 2—4.

Software tasks can access only the input context register bank that corresponds to
the CID associated with the running task, and the access is read-only. The MTP
uses an Avalon-MM slave interface to receive input context register data. For
more information, refer to “Input Context Register Interface” on page 1-25.

Output Context Registers

Output context registers are banks of 32-bit registers used to pass context data out
of the Nios II DPX processor. You specify the number of banks of output context
registers in your processor with the Number of context IDs parameter when
instantiating the Nios II DPX processor. For more information, refer to “Message
Interface Unit Tab” on page 2—4.

Software tasks can access only the output context register bank that corresponds
to the CID associated with the running task, and the access is write-only. The MTP
uses an Avalon-MM slave interface to send output context register data. For more
information, refer to “Output Context Register Interface” on page 1-29.

Control Registers

The MTP has two control registers available to software tasks, cpui d and t hr eadnum

. For more information, refer to the Programming Model chapter in the Nios Il DPX

Software Development section of the Nios II DPX Datapath Processor Handbook.
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Extended Control Registers

The Nios II DPX uses extended control registers to inspect control information in
received messages and modify control information in transmitted messages.
Extended control resisters can be per-processor or per-thread registers.

For more information, refer to the Programming Model chapter in the Nios I DPX
Software Development section of the Nios II DPX Datapath Processor Handbook.

Memory

This section describes the memory within the Nios II DPX processor and the external
memory dependencies.

Instruction Memory

Software instructions run from internal on-chip instruction memory. This instruction
memory has a fixed access time of two cycles. The application code can be preloaded
into the instruction memory, or loaded into the processor from the debugger or using
the debug access slave. The instruction memory is read by the MTP and read and
written by external modules such as the Nios II DPX debugger.

Data Memory

Each Nios II DPX MTP exports an Avalon-MM fixed-latency data master and an
optional Avalon-MM variable-latency data master interface, for attaching data
memory used by load and store instructions.

For a dual-core Nios Il DPX datapath processor, there are two fixed-latency and
optionally two variable-latency data masters, one per MTP. For more information,
refer to “Nios II DPX Datapath Processor Dual-Core Configuration” on page 1-41.

Memory attached to the Avalon-MM fixed-latency data master must have read
latency of two cycles and zero wait-state reads and writes. Memory connected to the
Avalon-MM variable-latency data master must assert appropriate Avalon-MM control
signals for data transfers.

Loads and stores performed to variable-latency memory can result in thread stalls.
For more information, refer to “Threading Model” on page 1-9.

The fixed-latency master must have exclusive access to any connected slaves. Because
memory mapped systems where multiple masters connect to a single slave require
arbitration, and arbitration might apply backpressure to one of the masters, the
variable-latency data master must be used if a slave is shared between masters.

The fixed-latency data master has an associated address range that you configure
when instantiating the Nios II DPX datapath processor. Loads and stores within range
are initiated over the fixed-latency data master; loads and stores not in this range are
initiated over the variable-latency data master if enabled.

You can partition memory with the optional thread information interface described in
“Thread Information Interface” on page 1-35. For example, you can partition memory
to automatically index into the data memory based on the current thread number.
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Task Address Table

The task address table is internal on-chip memory in the Nios II DPX processor that
contains the starting addresses of each software task in instruction memory. The MIU
uses the task address table similar to an interrupt vector table to look up the software
task starting address associated with each received message. The table can be loaded
when the device is programmed as part of the SRAM Object File (.sof), or loaded by
the host or debugger before releasing the Nios II MTP from reset. External modules
can write to, and read from, the task address table.

Interrupts and Exceptions

The Nios II DPX processor does not support external interrupts, and only excepts a
limited set of exceptions. The processor can generate the following exceptions:

m lllegal instruction exception
m Unsupported instruction exception

m  Debug exception
“ . e Fora complete list and description of possible exceptions, refer to “Exception
Processing” in the Software Programming Model chapter of the Nios II DPX Software
Development section of the Nios II DPX Datapath Processor Handbook.

Threading Model

The MTP implements hardware threads that essentially appear to the software as
multiple independent processors. The type of threading model is sometimes called
barrel multithreading or interleaved multithreading. The MTP has eight hardware
threads. Each thread has its own bank of general-purpose registers and program
counter (PC). From a software perspective, each thread is its own processor that
operates independently.

Figure 1-4 illustrates a single thread running on the MTP as it progresses through the
MTP pipeline.

Figure 1-4. Single Thread Running on Eight-Thread MTP
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An instruction moves through the processor's pipeline advancing by one pipeline
stage each clock cycle. However, unlike a traditional processor, the next instruction in
the program does not follow directly afterward. Instead, the next instruction enters
the pipeline eight clock cycles later. The eight-cycle gap eliminates the need for
pipeline-stalling logic, eliminates the need for forwarding-control logic, and allows
the processor to run at a higher frequency than would otherwise be possible.

By providing each thread its own independent context of execution, including
general-purpose registers and program counter, the eight-cycle gap per thread allows
each pipeline stage to process instructions from multiple threads.

Figure 1-5 illustrates eight threads running concurrently on an MTP core. The eight
threads (essentially separate software programs), share the processor's pipeline and
appear to run concurrently.

Figure 1-5. Eight Threads Running on Eight-Thread MTP
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Instructions for a given thread are only issued every eight clock cycles, and eight
threads share the pipeline. Thus, if the Nios II DPX processor clock is 400 MHz, the
MTP can support eight threads, each thread effectively running at 50 MHz.

This threading technique means that the MTP has no stalls, other than load or store
instructions accessing variable-latency data memory, and has no hazards or need for a
branch predictor. All instructions are executed within a single thread cycle (eight
clock cycles), except for load and store instructions that access variable-latency data
memory. If a load or store instruction stalls, the stalled instruction is revisited eight
clock cycles later and in the meantime the other seven threads operate normally. A
stalled instruction in one thread does not impact execution of the other threads.

Message Interface Unit

The main functions of the MIU are:
m Receive and manage buffering of incoming messages

m  Schedule threads on the MTP to execute tasks requested by the messages
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m Transmit messages generated by the tasks executing on the MTD, applying flow
control as requested by the MTP tasks

m Manage and allocate CIDs requested by external entities

The following sections describe the functional aspects of the MIU from a
message-flow perspective. You might find Figure 1-2 on page 1-3 helpful to
understand the MIU functionality.

Register Usage

When the MIU receives a message, the MIU assigns an available bank of RX message
registers, an available bank of TX message registers, and the associated RXID and
TXID identifiers to the message. Software tasks read data arguments for the incoming
message from the RX message registers, and store data arguments for the task’s
outgoing message in the TX message registers. Tasks that send more than one
message can also request a bank of TX message registers for each message sent.

The RX message registers and TX message registers appear as extension registers to
the software, as described in “Extension Registers” on page 1-5. The RXID associated
with a message is freed when a task processing the received message executes an exi t
or r xf r ee instruction. The TXID becomes unavailable to the task creating the sent
message when the task executes a snd or sndi instruction.

Once freed by the MIU, the RXID, TXID, and the associated message register banks
can be used for storing new message data.

Each task must send a message (execute a snd or sndi instruction). Failure to do so
results in the TXID assigned to that task never being freed.

When CIDs are used, the task has access to three additional banks of extension
registers, namely, input context registers, output context registers, and internal
context registers. The CID, contained within a message's control information, is used
to select these banks of registers. External PEs load context specific information into
the input context registers for software tasks to read using the “Input Context Register
Interface” on page 1-25. The software task loads context specific information in the
output context registers, which can be read by external PEs using the “Output Context
Register Interface” on page 1-29.

CID Usage

The MIU maintains a list of available CIDs. You configure the number of contexts
using the Number of context IDs parameter when instantiating the Nios II DPX
datapath processor.

For information about contexts, refer to the Introduction to Altera Event-Driven
Datapath Processing chapter of the Altera Event-Driven Datapath Processing Design
Handbook.
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Typically when new input data enters the system, the input PE requests a CID from
the Nios II DPX processor using the “CID Request Interface” on page 1-24, which sets
up a context for the data with the CID granted by the processor. The CID is associated
with the input data and stays associated through message passing for the life of the
data's processing. The MIU uses the CID contained within a message to schedule
processing of the context data by software tasks on the MTP.

Once all messages pertaining to a context are processed, a software task must free the
CID for reuse.

If a software task needs to send more than one message, the task can request
additional CIDs using the ci dal | oc instruction. You enable additional CID allocation
capability with the Context ID allocation support parameter when instantiating the
Nios II DPX datapath processor. For more information, refer to “Message Interface
Unit Tab” on page 2—4.

RX Message Flow

When the MIU receives a message, the MIU copies the data arguments from the
message into the RX message registers so the data is available to the software task.
The MIU then copies the control information from the message to the RX message
queue for scheduling. This control information contains a task ID which is used to
schedule the appropriate software task to process the message.

The MIU uses an Avalon-ST PE message sink interface to receive Avalon-ST PE
messages. For more information, refer to “RX Message Interface” on page 1-22.

Task Address Table and Thread Scheduling

The MIU uses a block of memory that contains a task address table. The table maps
the task ID values carried in incoming messages to starting addresses of software
tasks that execute on the MTP threads. The task address table can be pre-initialized
when the device is programmed, or uploaded through the debugger or the debug
access slave.

On arrival of a message in the RX message queue, the MIU looks up the software
task's starting address in the task address table using the task ID from the message,
and looks for an idle thread. On detecting an idle thread, the MIU passes the starting
address of the software task routine to the PC of the idle thread, and the MTP thread
executes the software task requested in the incoming message. On completion, the
hardware thread goes to an idle state and is again available to be scheduled to execute
a new software task.

TX Message Flow

Software tasks executing on the MTP initiate message sending. The software task
supplies the following message control information to the MIU:

m The ID of the destination PE
m  The ID of the task to be performed by the destination PE
m The number of data arguments loaded in the TX message registers

m  Options controlling the flow of the message, used internally by the Nios II DPX
processor
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On receiving instruction from the MTP, the MIU places the message's control
information for transmission in a transmit queue. From the transmit queue, control
flows in one or more of the following ways:

m  To the CID message reorder buffer in the Nios II DPX processor, described in
“Context ID Ordering” on page 1-13.

m To the sequence number message reorder buffer in the Nios II DPX processor,
described in “Sequence Number Ordering” on page 1-14.

m  Out of the Nios II DPX processor using the TX message interface, described in “TX
Message Interface” on page 1-23.

m To a null message, which does nothing.

Which route the flow takes is determined by parameters you select when you
instantiate the processor, and the options the software task specifies when initiating
the message with the snd or sndi instruction. For more information, refer to “TX
Message Ordering”.

The MIU uses an Avalon-ST PE message source interface to send Avalon-ST PE
messages from the Nios II DPX processor. For more information, refer to “TX Message
Interface” on page 1-23.

TX Message Ordering

The Nios II DPX processor offers the two optional methods for maintaining message
order. When ordering is needed, the Nios Il DPX can order messages using either or
both of the following methods:

m  Context ID ordering—Typically controls data flowing out of the entire system

B Sequence number ordering—Controls data flowing out of the processor

Context ID Ordering

Because Altera event-driven datapath processing allows for parallel processing of
contexts to improve efficiency, it is possible for a context initiated at a later time to
finish prior to a context initiated earlier. The optional CID ordering enforcement
ensures that the output of the system is maintained in strict order, based on the CID.
You enable CID ordering with the Context ID ordering enforcement parameter when
instantiating the Nios II DPX processor. For more information, refer to “Message
Interface Unit Tab” on page 2—4.

When CID ordering enforcement is enabled, software tasks specify which messages
are CID ordered. Normally, CID ordering is applied to only one message per context,
typically the message going to the output PE, and thus maintains the order of the
contexts going in and out of the entire system.

For more information about software task sending options, refer to the snd instruction
in the MTP Instruction Set and Application Binary Interface chapter in the Nios II DPX
Software Development section of the Nios II DPX Datapath Processor Handbook.

The MIU moves a message flagged for CID ordering from the transmit queue to the
CID message reorder buffer. The message remains in the system and is not passed to
the output PE until all transmit messages with earlier-issued CIDs are processed.
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Sequence Number Ordering

Because the Nios II datapath processor allows for parallel execution of software tasks
to improve efficiency, it is possible for messages coming into the processor at a later
time to finish processing prior to messages that entered earlier. The optional sequence
number ordering ensures that all messages generated by the processor leave in the
same order that their corresponding messages arrived. You enable sequence number
ordering with the Sequence number ordering enforcement parameter when
instantiating the Nios II DPX processor. For more information, refer to “Message
Interface Unit Tab” on page 2—4.

When sequence number ordering is enabled, the MIU assigns a sequence number to
each message received. When the MTP initiates an outgoing message, the MIU moves
the message into the sequence number message reorder buffer. The message remains
in the buffer until all transmit messages with earlier-issued sequence numbers are
processed, at which time the MIU sends the message out of the Nios II DPX processor
using the TX message interface, described in “TX Message Interface” on page 1-23.

Software tasks can send more than a single message. For such software tasks, you
must ensure that only one message is sequence number ordered. All other messages
sent by the task must bypass sequence number ordering. For more information about
software task sending options, refer to the snd instruction in the MTP Instruction Set
and Application Binary Interface chapter in the Nios II DPX Software Development section
of the Nios II DPX Datapath Processor Handbook.

Reset Controller

The Nios II DPX processor contains a reset controller that coordinates system reset
requests and an internal processor soft reset. These resets are accessible through the
debug access slave.

Table 1-1 lists the memory map for the reset controller.

Table 1-1. Reset Gontroller Memory Map

Byte Offset | Access Description

Bit 0 controls the syst em reset _request _n reset signal output. Set
0x0000 Read/Write | the bit to 1 to assert a system reset. Set the bit to 0 to release the
system reset.

Bit 0 controls the processor soft reset. Set the bit to 1 to trigger

0x0004 Read/Write processor soft reset. Set the bit to 0 to release the processor soft reset.

Bit 0 contains the system reset state.
Bit 1 contains the processor soft reset state.

0x0008 Read

The system reset request signal and processor soft reset are de-asserted at power-up.
The processor soft reset must be asserted only while the system reset request signal is
asserted, and remains asserted until explicitly de-asserted by the debugger or other
external circuitry. For more information, refer to “Nios II DPX Processor Reset
Signals” on page 1-19.
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Debug Unit

The Nios II DPX datapath processor contains a debug unit that provides common
debug capability such as hardware breakpoints and single stepping. It also provides
high-level operations such as reading and writing to registers, instruction memory
and data memory.

For more information about debug capability, refer to the Getting Started with the
Graphical User Interface chapter in the Nios II DPX Software Development section of the
Nios II DPX Datapath Processor Handbook.

Debug Unit Configuration Options

You enable or disable the debug unit, the internal JTAG PHY, and the Avalon-MM
slave debug interface when instantiating the Nios II DPX processor. For more
information, refer to “Nios II DPX Datapath Processor Tab” on page 2-1.

For designs with the debug unit omitted, the task address table, data memory, and
instruction memory must be initialized as part of the .sof file or by an external entity
through the Avalon-MM slave debug interface.

When instantiating multiple Nios II DPX datapath processors, it might be desirable to
omit the internal JTAG PHY. As an alternative, connect an external JTAG PHY that is
shared by the multiple Nios II DPX datapath processor instances.

Debug Interface Memory Map

Enabling the Avalon-MM slave debug interface, allows an external Avalon-MM
master to access the instruction RAM, task address table, statistics information, and
reset controller register. The debug access slave presents 23 bits of address with a span
of 0x00500000 bits. You expose the interface with the Enable debug access slave
interface parameter when instantiating the Nios II DPX processor. For more
information, refer to “Nios II DPX Datapath Processor Tab” on page 2-1.

Table 1-2 lists the memory map for the debug slave access.

Table 1-2. Debug Access Slave Memory Map

Byte Offset End Span Limit Description
0x00000000 2/NST_ADDR_BITS — 2/NST_ADDR_BITS 4 MB Instruction RAM
0x00400000 0x00400000 + 27ASKADDR_WIDTH — { | 2 TASK_ADDR_WIDTH 16,384 entries | Task address table
0x00402000 0x00402007 8 8 bytes Reset controller
0x00404000 2STATS_ADDR_BITS 2STATS_ADDR_BITS 16 KB Statistics
0x00408000 0x004fffff 0x00018000 — Reserved

L=~ The debug unit (or other external configuration circuitry) has access to instruction

memory and the task address table. Update these memory areas only when the MTP
is held in soft reset. Updating the instructions or task table while threads are running
can produce unpredictable results.
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Debug Statistics Collector

Nios II DPX datapath processor implements non-intrusive statistics counters to aid in
system debugging and monitoring. These counters are accessible over the
Avalon-MM slave debug interface.

Table 1-3 shows the memory map for the statistics counters, starting at offset
0x00401000 in the debug interface memory map (shown in Table 1-2).

Table 1-3. Statistics Counters Memory Map (Part 1 of 3)

Byte - L -
Offset Statistic Type Statistic Description
32-bit counters, categorized by instruction type per thread, count the
number of instructions executed. Each instruction type in the following
list contains eight 32-bit counters, one for each thread:
m 0x0000—Load instruction counters
m 0x0020—Store instruction counters
0x0000 Counter el\ggﬁtiigstgglcjtri]?:rs m 0x0040—Arithmetic and logic instruction counters
m 0x0060—Compare and branch instruction counters
m 0x0080—Debug instruction counters
m 0x00AO—EXxit instruction counters
m 0x00C0—Send instruction counters
m 0x00E0—Other instruction counters
For single-core Nios Il DPX datapath processor configurations, the
CID usage counters | 32-bit counters count the number of times tasks run for each CID up to
or 64 CIDs.
0x0100 Counter , . . .
MTP instruction For dual-core Nios Il DPX datapath processor configurations, the 32-bit
execution counters | counters count the number of instructions executed on the eight
threads of the second MTP core. (Refer to previous row’s description.)
Input task ID usage | 32-bit counters count the number of times tasks are executed for each
0x0200 Counter )
counter input task 1D up to 64 task IDs.
0x0300 Counter Output task ID usage | 32-bit counters count the number of messages sent for each output
counter task ID up to 64 task IDs.
32-bit counters count thread cycles (that is, clock cycles / 8) taken for
0x0400 Counter Task ticks monitor | running a task from start to completion for each task ID up to 64 task

IDs. These counters are not cumulative; they count only the last run.
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Table 1-3. Statistics Counters Memory Map (Part 2 of 3)

Byte
Offset

Statistic Type

Statistic

Description

0x0500

Level,
reset-on-read

CID ticks monitor

32-bit indicators report the number of thread cycles (that is, clock
cycles / 8) taken for executing the task for the message with CID 0, the
last time a task executed. Monitoring the duration of processing for CID
0 is equivalent to monitoring the duration for any single CID. The
collected data is representative of the time taken to process a single
data item. Each item in the following list contains one 32-bit indicator:

m 0x0500—Current value

m 0x0504—Latched level value

m 0x0508—Latched minimum value
m 0x050A—Latched maximum value

Reading offset 0x0500 resets the minimum and maximum values. To
preserve the minimum and maximum values, use the indicator at offset
0x0D00.

0x0510

Level,
reset-on-read

Free CID FIFO level

32-bit indicators monitor the CID free list level. Each item in the
following list contains one 32-bit indicator:

m 0x0510—Current value

m 0x0514—Latched level value

m 0x0518—Latched minimum value
m 0x051A—Latched maximum value

Reading offset 0x0510 resets the minimum and maximum values. To
preserve the minimum and maximum values, use the indicator at offset
0x0D10.

0x0520

Level,
reset-on-read

RX message queue
level

32-bit indicators monitor the RX message queue level. Each item in the
following list contains one 32-bit indicator:

m 0x0520—Current value

m 0x0524—Latched level value

m 0x0528—Latched minimum value
m 0x052A—Latched maximum value

Reading offset 0x0520 resets the minimum and maximum values. To
preserve the minimum and maximum values, use the indicator at offset
0x0D20.

0x0540

Level,
reset-on-read

CID reorder level

32-hit indicators monitor the CID reorder queue fill level. Each item in
the following list contains one 32-bit indicator:

m 0x0540—Current value

m 0x0544—Latched level value

m 0x0548—Latched minimum value
m 0x054A—Latched maximum value

Reading offset 0x0540 resets the minimum and maximum values. To
preserve the minimum and maximum values, use the indicator at offset
0x0D40.

0x0D00

Level

CID ticks monitor

Same as 0x0500 except reading the current value does not reset
minimum and maximum values.
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Table 1-3. Statistics Counters Memory Map (Part 3 of 3)

o|:¥;gt Statistic Type Statistic Description

0x0D10 Level Free CID level rSnalmfn i?n 0;([(])31 rr?ai)i(;euprt] rs:lduigsg.the current value does not reset
0x0D20 Level RX meslz?/gle queue ﬁﬁmfn ?1?11 Ogr?dszrr(])ai)i(ri]euprtn rs:lduiggthe current value does not reset
0x0D40 Level CID reorder level rSnalmfn i?n Ogggﬁaiﬁ]eup; rs:lduigsg.the current value does not reset

Nios Il DPX Clock Domains

Table 1-4 shows the clock domains for the Nios II DPX processor, along with the clock
signal name and interfaces in each domain. Each domain operates independently
with cross-clocking logic between domains. For information about each interface,
refer to “Nios II DPX Processor Interfaces” on page 1-21.

Table 1-4. Nios Il DPX Clock Domains

Clock Signal

Interfaces

Message

message_cl k

interface

RX message interface, TX message interface, CID request

Input context register

context _in clk

Input context register interface

Output context register | context _out _clk Output context register interface
MTP cpu_clk Fixed- and variable-latency data masters
Debug debug_cl k Debug interface

Nios Il DPX Datapath Processor Handbook
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Nios Il DPX Processor Reset Signals

Figure 1-6 shows an example reset block diagram for a Nios II DPX datapath
processor instantiated in Qsys.

Figure 1-6. Example Reset Block Diagram
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Table 1-5 shows the external resets associated with Nios II DPX datapath processor.
All resets can be asserted asynchronously but must be de-asserted synchronous to
their clock domains.

Table 1-5. Nios Il DPX Datapath Processor Reset Signals

Clock Signal Direction Description
. This reset is associated with the MTP clock domain and must be de-asserted
cpu_rst_n input .
synchronous to cpu_cl k signal.
. This reset is associated with the message clock domain and must be de-asserted
message_rst_n input .
synchronous to the message_cl k signal.
. . This reset is associated with the input context register clock domain and must be
context_in_rst_n input . X
de-asserted synchronous to cont ext _i n_cl k signal.
. This reset is associated with the output context register clock domain and must be
context _out rst n input ;
de-asserted synchronous to cont ext _out _cl k signal.
debug_rst_n Input This rgset is driven by the debug channel and is associated with the debug clock
domain.
This reset is controlled through reset controller. The reset signal is synchronous to
reset _request n Output .
debug_cl k signal.
This reset is controlled through reset controller. The reset must be asserted while the
cpu_soft _reset internal | system reset _request _n signal is asserted and after asserting other Nios Il DPX
processor reset signals.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook



1-20

Chapter 1: Nios Il DPX Architecture
Nios Il DPX Processor Reset Signals

The processor soft reset prevents the MTP from fetching instructions, which allows
the debugger (or an external host) to configure the Nios II DPX processor elements
such as the task address table and instruction memory. The processor soft reset must
be asserted only while the system reset request signal is asserted.

Reset Sequence with Debugger

Figure 1-7 shows a sample timing diagram for the example Qsys system shown in
Figure 1-6.

Figure 1-7. Reset Sequence

pll_lock: _,_/
systern_resel_n _/
debug_resel_n _._._.,./

resel_request_n

cpu_soft_reset ‘{}—“‘—
cpu_reset_n _._._.f \_.—..r"/
message_resel_n
dn_resel_n —.—.—.—f{ \_,—,./
dro_resel_n g

The following list describes the initial state of the system:

System reset is asserted.
PLL lock is not asserted.
All Nios II DPX processor reset input signals are asserted.

reset _request _nand cpu_soft_reset signals are not asserted.

The following sequence of events occurs at the lettered points in Figure 1-7 when the
system starts up:

A. System reset is de-asserted.

B.

PLL lock is achieved.

C. Once system reset is de-asserted and PLL lock is achieved, the debug channel

releases the debug reset synchronous to the debug clock, allowing the host to
configure the debugger, including reading debug core status and ID registers, and
setting hardware breakpoints.

With the system reset de-asserted, the PLL lock achieved, and the

reset _request _n signal de-asserted, releasing the debug reset results in
de-asserting all other Nios II DPX processor reset signals. Because all reset inputs
are de-asserted, the Nios Il DPX MTP starts fetching instructions and the debugger
can be configured.

Nios Il DPX Datapath Processor Handbook May 2011 Altera Corporation
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D. The debugger writes to the reset controller to assert the r eset _request _n signal.

Asserting the r eset _r equest _n signal causes assertion of all Nios II DPX processor
reset input signals through external logic, typically inserted by Qsys. The
debug_r st _n signal remains de-asserted preserving the debug unit's state.

. The debugger asserts cpu_sof t _reset through the reset controller.

The debugger de-asserts the r eset _request _n signal through the reset controller,
while keeping the cpu_soft _reset signal asserted. This prevents the MTP from
fetching and executing instructions, allowing the debugger to configure the
system and the Nios II DPX processor instruction memory and task address table.

. Once configured, the debugger de-asserts the cpu_soft _reset signal allowing the

MTP to fetch instructions and begin operating normally.

Reset Considerations when Designing Outside of Qsys

When designing a system outside of Qsys, you must manually create all the logic
shown in Figure 1-6 as part of your top-level design. Consider the following points
when designing outside of Qsys:

m  All resets must be de-asserted synchronous to their clock domains.

m External logic must ensure that all reset domains are carefully managed. For

example, resetting the MTP domain (the cpu_r eset signal) without resetting the
MIU domain (the nessage_r eset signal) can leave the system in an indeterminate
state.

The processor soft reset can only be asserted when asserting system reset request
and processor reset.

If the system requires configuration on power up, external logic must perform an
appropriate startup sequence similar to the following example:

a. Assert all resets on power-up.
b. De-assert all reset input signals once PLL lock is achieved.
c. Assert system reset request and processor soft reset in the reset controller.

d. De-assert reset request in the reset controller, and configure the system and
Nios II DPX processor.

e. De-assert processor soft reset.

Nios Il DPX Processor Interfaces

May 2011

Interfaces
The Nios II DPX datapath processor has the following interfaces:

Altera Corporation

This section describe the interfaces of the Nios II DPX datapath processor.

B RX message interface—Avalon-ST sink interface allows receiving Avalon-ST PE

messages.

m TX message source interface—Avalon-ST source interface allows transmission of

Avalon-ST PE messages.
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m  CID Request interface—Allows an external entity, typically the input PE, to
request CIDs when generating a message for a new context.

m Input context register interface—Write-only Avalon-MM slave interface allows an
external entity to write context-specific data into the input context registers.

m Output context register interface—Read-only Avalon-MM slave interface allows
an external entity to retrieve context-specific data from the output context
registers.

m Fixed- and variable-latency data masters—Allow the MTP to fetch data from
external memory referenced by your software tasks.

m Thread information interface—Provides context specific information to partition
data memory for context-specific accesses over the fixed- and variable-latency
data masters.

m Avalon-MM slave debug interface—Allows an external Avalon-MM master to
access the following modules within the Nios II DPX processor:

m Instruction RAM for code download and configuration in systems without
debug enabled

m Task address table
m Statistics
m  Reset controller registers

m  Avalon-ST debug interfaces—Allow the Avalon-ST JTAG PHY to connect to the
debug module.

m Debug channel in—Avalon-ST sink interface

m  Debug channel out—Avalon-ST source interface

RX Message Interface

The RX message interface is an Avalon-ST sink with zero ready latency operating in
the message clock domain. In your system, connect the interface to a message
interconnect or directly to the message interface of another PE.

Table 1-6 lists the RX message interface signals.

Table 1-6. RX Message Interface Signals

Signal (1) Width (Bits) Direction Description
ready 1 Output De-asserted by sink to prohibit a transfer.
valid 1 Input Asserted to activate a bus cycle.
startof packet |1 Input Asserted on the first cycle of a packet.
endof packet 1 Input Asserted on the last cycle of a packet.
data ﬁgfg%@iﬁi%ﬂ trol Input Message's data and control contents.

Notes to Table 1-6:
(1) Inthe RTL code, these signals have a nessage_i n_ prefix.



Chapter 1: Nios Il DPX Architecture 1-23
Nios Il DPX Processor Interfaces

The upper bits of the dat a signal contain the control word. The control word is held
constant for the duration of the transfer. The control word layout is configurable when
instantiating the Nios II DPX datapath processor. For more information, refer to
“External Interfaces (advanced) Tab” on page 2-6.

The lower 32 bits of the dat a signal contain a 32-bit data argument. Data arguments
are loaded sequentially in the RX message registers starting from offset 0 and
transferred one argument per beat. The extension registers configuration, described in
“Extension Registers” on page 1-5, determines the maximum number of data
arguments to transfer.

Figure 1-8 shows the RX message interface timing.

Figure 1-8. RX Message Interface Timing Diagram
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TX Message Interface

The TX message interface is an Avalon-ST source with zero ready latency operating in
the message clock domain. In your system, connect the interface to a message
interconnect or directly to the message interface of another PE.

Table 1-7 lists the TX message interface signals.

Tahle 1-7. TX Message Interface Signals

Signal (1) Width (Bits) Direction Description
ready 1 Input De-asserted by sink to prohibit a transfer.
valid 1 Output Asserted to activate a bus cycle.
startof packet |1 Output Asserted on the first cycle of a packet.
endof packet 1 Output Asserted on the last cycle of a packet.
data %;gﬁis;%efgg trol Output Message's data and control contents.

Notes to Table 1-7:
(1) Inthe RTL code, these signals have a nessage_out _ prefix.

The upper bits of the dat a signal contain the control word. The control word is held
constant for duration of the transfer. The control word layout is configurable when
instantiating the Nios II DPX datapath processor. For more information, refer to
“External Interfaces (advanced) Tab” on page 2-6.
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The lower 32 bits of the dat a signal contain a 32-bit data argument. Data arguments
are loaded sequentially in the TX message registers starting from offset 0 and
transferred one argument per beat. The extension registers configuration, described in
“Extension Registers” on page 1-5, determines the maximum number of data
arguments to transfer. The actual number of data arguments to transfer is specified by
software as an argument in the snd and sndi instructions.

For more information about software task sending options, refer to the snd instruction
in the MTP Instruction Set and Application Binary Interface chapter in the Nios II DPX
Software Development section of the Nios II DPX Datapath Processor Handbook.

Figure 1-9 shows the TX message interface timing.

Figure 1-9. TX Message Interface Timing Diagram
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CID Request Interface

The CID request interface is an Avalon-ST source with zero ready latency operating in
the message clock domain. The input PE uses this interface to request a CID to assign
to incoming data. This interface only exists when Number of context IDs is greater
than zero. For more information, refer to “Message Interface Unit Tab” on page 2—4.

Table 1-8 lists the CID request interface signals.

Tahle 1-8. CID Request Interface Signals

Signal Width (Bits) | Direction Description
cid_request _ready |1 Input Asserted to request a CID.
. . Asserted when CIDs are available. When de-asserted, no CIDs are
cid_request valid |1 Output .
available.
. log,(number This signal provides the CID value. This signal is only valid when
cid_request_data of CIDs) Output ci d_request _validis asserted.

Nios Il DPX Datapath Processor Handbook May 2011 Altera Corporation
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Figure 1-10 shows the CID request interface timing.

Figure 1-10. CID Request Interface Timing Diagram
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Input Context Register Interface

The input context register interface is a write-only Avalon-MM slave with zero wait
states operating in the input context register clock domain. In a typical system,
connect the interface to an Avalon-MM master port on your input PE.

This interface only exists when your extension register configuration includes input
context registers. For more information, refer to “Nios Il DPX Datapath Processor
Tab” on page 2-1.

The input context register interface is configured as a byte-invariant big-endian
interface. For more information, refer to “Memory Addressing and Byte Order” on
page 1-37.

There is one bank of input context registers per CID. The extension registers
configuration, described in “Extension Registers” on page 1-5, determines the
number of registers per bank, with a maximum of 16 registers per bank. A 7-bit wide
byte address used to access the registers within each bank allows access to up to 128
bytes of input context register data. 128 bytes is more address space than is needed by
any of the extension register configurations, thus, allows for possible expansion in
future versions of the Nios II DPX datapath processor.

The input context register interface can support up to 128 bytes of input context
register storage. The register address is word-oriented. Therefore, the possible register
address widths are as shown in Table 1-9.

Table 1-9. Input Context Register Address Widths

<CIDataWidth> (1) <CIRegAddrWidth> (2)
32 5
64 4
128 3

Notes to Table 1-9:
(1) <ClDataWidth> represents the number of bits in each input context register.
(2) <CIRegAddrWidth> represents the number of address bits required to address an input context register.
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Table 1-10 lists the input context register interface signals.

Table 1-10. Input Context Register Interface Signals

Signal

Width (Bits)

Direction

Description

context _i n_address

<CIDW> + <CIRegAddrWidth>
(1))

Input

This signal addresses the input context
registers (CRi). The MSBs contain a CID
and identify a bank of registers. The LSBs
identify the offset to the registers within
the bank.

context _in wite

Input

This signal indicates that the address and
data phase of a write cycle are in progress,
and that the cont ext _i n_address,
context i n_byteenabl e, and

context _in_witedata signals are all
valid.

context _i n_byteenabl e

<ClDataWidth>/ 8
(3)

Input

This signal is used with write byte masks
during write cycles only. Writes to any
particular byte lane are ignored if the byte
enable is not asserted. The MTP treats the
input context registers as 32-bit registers
and only does 32-bit reads.

context _in_witedata

<ClDataWidth> = 32, 64, or 128
(3)

Input

This signal supplies the data for a write
cycle. The data is valid only when the
context i n_write signal is asserted. At
other times, the data can change and is
ignored.

Notes to Table 1-10:

(1) <CIDW> represents the number of bits in a CID, calculated as logo(<number of CIDs>).

(2) <CIRegAddrWidth> represents the number of address bits required to address an input context register.
<CIRegAddrWidth> is defined in Table 1-9.

(3) <ClDataWidth> is determined by the Width of input context register data bus parameter, described in “Message Interface Unit Tab” on

page 2-4.

The width of the input context register data bus determines how many 32-bit registers
at are accessible in the cont ext _i n_wr it edat a signal in any one bus cycle. The

cont ext _i n_addr ess signal determines which registers are accessed. Because the
input context register interface is configured as a byte-invariant big-endian interface,
the data on the cont ext _i n_wri t edat a signal is byte swapped when the hardware
writes the data into the CRi registers. The following sections describe the three data
bus width options.

Nios Il DPX Datapath Processor Handbook
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Input Context Register Data Width = 32

When the width of input context register data bus is 32 bits, registers are accessed one
at a time. The least significant five bits of the cont ext _i n_addr ess signal point to the
register to access from the specified context. Table 1-11 shows how the 32-bit data lane
maps to the CRi registers, where x is the value contained in

cont ext _i n_addr ess[ 4: 0] . The byte-enable signal, cont ext _i n_byt eenabl e, can be
used to select individual bytes to update within the selected register.

Table 1-11. 32-Bit Data Lane Mapping

Byte Lane Context Register
context _in_witedatal7:0] CRi <x>[ 31: 24]
context _in_witedata[15: 8] CRi <x>[ 23: 16]
context _in_witedata[23:16] CRi <x>[ 15: 8]
context in_witedata[31: 24] CRi <x>[ 7: 0]

The bit arrangement of the cont ext _i n_addr ess signal with a 32-bit data bus is shown
in Table 1-12.

Table 1-12. context_in_address with 32-Bit Words

<CIDW> + 5
(4]
=3
(—]

CID Register number

Input Context Register Data Width = 64

When the width of input context register data bus is 64 bits, registers are accessed two
at a time. The least significant four bits of cont ext _i n_addr ess form an index to a pair
of registers for the specified context. Table 1-13 shows how the two 32-bit sections of
the 64-bit data lanes map to the CRi registers, where x is the value contained in

cont ext _i n_addr ess[ 3: 0] . For example, for cont ext _i n_address[3: 0] =0, the
context registers selected are CRi 0 and CRi 1. For cont ext _i n_address[ 3: 0] =1, the
context registers selected are CRi 2 and CRi 3. The byte-enable signal,

cont ext _i n_byt eenabl e, can be used to select individual bytes to update within the
selected pair of registers.

Table 1-13. 64-Bit Data Lane Mapping

Byte Lane Context Register
context _in_witedatal7:0] CRi <2x+1>[ 31: 24]
context in_witedata[15: 8] CRi <2x+1>[ 23: 16]
context _in_writedata[23:16] CRi <2x+1>[ 15: 8]
context _in_writedata[31:24] CRi <2x+1>[ 7: 0]
context _in_writedata[39:32] CRi <2x>[ 31: 24]
context _in_writedatal47:40] CRi <2x>[ 23: 16]
context _in_writedata[55: 48] CRi <2x>[ 15: 8]
context _in_writedatal63: 56] CRi <2x>[ 7: 0]
Altera Corporation Nios Il DPX Datapath Processor Handbook
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The bit arrangement of the cont ext _i n_addr ess signal with a 64-bit data bus is shown
in Table 1-14.

Table 1-14. context_in_address with 64-Bit Words

<CIDW> + 4
-9
w
(—)

(Register

CID number) / 2

Input Context Register Data Width = 128

When the width of input context register data bus is 128 bits, registers are accessed
four at a time. The least significant three bits of cont ext _i n_addr ess form an index to
a quartet of registers for the specified context. Table 1-15 shows how the four 32-bit
lanes of the 128-bit data bus map to the input context registers, where x is the value
contained in cont ext _i n_addr ess[ 2: 0] . For example, for cont ext _i n_addr ess[ 2: 0]
=0, the context registers selected are CRi 0, CRi 1, CRi 2, and CRi 3. For

context _i n_address [2: 0] =1, the context registers selected are CRi 4, CRi 5, CRi 6, and
CRi 7. The byte-enable signal, cont ext _i n_byt eenabl e, can be used to select individual
bytes to update within the selected quartet of registers.

Table 1-15. 128-Bit Data Lane Mapping

Byte Lane Context Register
context _in_witedatal7:0] CRi <4x+3>[ 31: 24]
context _in_witedata[15: 8] CRi <4x+3>[ 23: 16]
context _in_writedatal23:16] CRi <4x+3>[ 15: 8]
context _i n_writedata[31: 24] CRi <4x+3>[ 7: 0]
context i n_writedata[39:32] CRi <4x+2>[ 31 24]
context _in_witedata[47:40] CR <4x+2>[ 23: 16]
context _in_writedata[55: 48] CRi <4x+2>[ 15: 8]
context _in_witedata[63:56] CRi <4x+2>[ 7: 0]
context _in_witedata[71: 64] CRi <4x+1>[ 31 24]
context _in_witedata[79:72] CRi <4x+1>[ 23: 16]
context _in_writedata[87:80] CRi <4x+1>[ 15: 8]
context _in_writedatal95: 88] CRi <4x+1>[ 7: Q]
context _i n_writedatal 103: 96] CRi <4x>[ 31: 24]
context _in_witedata[111: 104] CRi <4x>[ 23: 16]
context _in_witedata[119:112] CRi <4x>[ 15: 8]
context _in_witedata[127: 120] CRi <4x>[ 7: 0]
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The bit arrangement of the cont ext _i n_addr ess signal with a 128-bit data bus is
shown in Table 1-16.

Table 1-16. context_in_address with 128-Bit Words

(]
+
A

E 3|2 0
<

(Register

CID number)

/4

Input Context Register Interface Timing

Figure 1-11 shows the input context register interface timing.

Figure 1-11. Input Context Register Timing Diagram
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Output Context Register Interface

The output context register interface is a read-only Avalon-MM slave with a two-cycle
read latency and zero wait states operating in the output context register clock
domain. In a typical system, connect the interface to the Avalon-MM master port on
your output PE.

This interface only exists when your extension register configuration includes output
context registers. For more information, refer to “Nios Il DPX Datapath Processor
Tab” on page 2-1.

The output context register interface is configured as a byte-invariant big-endian
interface. For more information, refer to “Memory Addressing and Byte Order” on
page 1-37.

There is one bank of output context registers per CID. The extension registers
configuration, described in “Extension Registers” on page 1-5, determines the
number of registers per bank, with a maximum of 16 registers per bank. A 7-bit wide
byte address used to access the registers within each bank allows access to up to 128
bytes of output context register data. 128 bytes is more address space than is needed
by any of the extension register configurations, thus, allows for possible expansion in
future versions of the Nios II DPX datapath processor.
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The output context register interface can support up to 128 bytes of output context
register storage. The register address is word-oriented. Therefore, the possible register
address widths are as shown in Table 1-17.

Table 1-17. Output Context Register Address Widths

<CODataWidth> (1) <CORegAddrWidth> (2)
32 5
64 4
128 3

Notes to Table 1-9:
(1) <CODataWidth> represents the number of bits in each output context register.
(2) <CORegAddrWidth> represents the number of address bits required to address an output context register.

Table 1-18 lists the output context register interface signals.

Tahle 1-18. Output Context Register Interface Signals

Signal

Width (Bits) Direction Description

cont ext _out _address

This signal addresses the output context
registers (CRo). The MSBs contain a CID
and select a bank of registers, and the

LSBs select the register within the bank.

<CIDW> + <CORegAddrWidth>

1) (2) Input

context _out read

This signal initiates a read request from an
Avalon-MM master. This signal can be

1 Input | permanently asserted because the output
context register interface has a two-cycle
read latency and zero wait states.

context _out readdata Output

<CODataWidth> = 32, 64, or 128 This signal supplies the data from the

addressed output context register.

Notes to Table 1-18:

(1) <CIDW> represents the number of bits in a CID, calculated as logo(<number of CIDs>).

(2) <CORegAddrWidth> represents the number of address bits required to address an output context register.
<CORegAddrWidth> is defined in Table 1-17.

(3) <CODataWidth>is determined by the Width of output context register data bus parameter, described in “Message Interface Unit Tab” on

page 2-4.

The width of output context register data bus determines how many 32-bit registers
are accessible in the cont ext _out _r eaddat a signal in any one bus cycle. The

cont ext _out _addr ess signal determines which registers are accessed. Because the
output context register interface is configured as a byte-invariant big-endian interface,
the data on the cont ext _out _r eaddat a signal is byte swapped when the hardware
writes the data into the CRo registers. The following sections describe the three data
bus width options.
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Output Context Register Data Width = 32

When the width of output context register data bus is 32 bits, registers are accessed
one at a time. The least significant five bits of the cont ext _out _addr ess signal point to
the register to access from the specified context. Table 1-19 shows how the 32-bit data
lane maps to the CRo registers, where x is the value contained in

context out _address[4:0].

Table 1-19. 32-Bit Data Lane Mapping

Byte Lane Context Register
cont ext _out _readdat a[ 7: 0] CRo<x>[ 31: 24]
context _out _readdat a[ 15: 8] CRo<x>[ 23: 16]
context _out _readdat a[ 23: 16] CRo<x>[ 15: 8]
context _out _readdat a[ 31: 24] CRo<x>[ 7: 0]

The bit arrangement of the cont ext _out _addr ess signal with a 32-bit data bus is
shown in Table 1-20.

Table 1-20. context_out_address with 32-Bit Words

<CIDW> + 5

CID Register number

Output Context Register Data Width = 64

When the width of output context register data bus is 64 bits, registers are accessed
two at a time. The least significant four bits of cont ext _out _addr ess form an index to
a pair of registers for the specified context. Table 1-21 shows how the two 32-bit
sections of the 64-bit data lanes map to the CRo registers, where x is the value
contained in cont ext _out _addr ess[ 3: 0] . For example, for

cont ext _out _address[3: 0] =0, the context registers selected are CRo0 and CRol. For
cont ext _out _address[3: 0] =1, the context registers selected are CRo2 and CRo3.

Tahle 1-21. 64-Bit Data Lane Mapping

Byte Lane Context Register
cont ext _out _readdata[ 7: 0] CRo<2x+1>[ 31: 24]
cont ext _out _readdat af 15: 8] CRo<2x+1>[ 23: 16]
cont ext _out _readdat a[ 23: 16] CRo<2x+1>[ 15: 8]
cont ext _out _readdat a[ 31: 24] CRo<2x+1>[ 7: 0]
cont ext _out _readdat a[ 39: 32] CRo<2x>[ 31: 24]
context _out _readdat a[ 47: 40] CRo<2x>[ 23: 16]
cont ext _out _readdat a[ 55: 48] CRo<2x>[ 15: 8]
context _out _readdat a[ 63: 56] CRo<2x>[ 7: 0]
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The bit arrangement of the cont ext _out _addr ess signal with a 64-bit data bus is
shown in Table 1-22.

Table 1-22. context_out_address with 64-Bit Words

<CIDW> + 4
-9
w
(—)

CID (Register

number) / 2

Output Context Register Data Width = 128

When the width of output context register data bus is 128 bits, registers are accessed
four at a time. The least significant three bits of cont ext _out _addr ess form an index
to a quartet of registers for the specified context. Table 1-23 shows how the four 32-bit
lanes of the 128-bit data bus map to the output context registers, where x is the value
contained in cont ext _out _addr ess[ 2: 0] . For example, for

cont ext _out _address[ 2: 0] =0, the context registers selected are CRo0, CRo1, CRo2,
and CRo3. For cont ext _out _addr ess[ 2: 0] =1, the context registers selected are CRo4,
CRo5, CRo6, and CRo7.

Tahle 1-23. 128-Bit Data Lane Mapping

Byte Lane Context Register
cont ext _out _readdat a[ 7: 0] CRo<4x+3>[ 31: 24]
cont ext _out _readdat af 15: 8] CRo<4x+3>[ 23: 16]
cont ext _out _readdat a[ 23: 16] CRo<4x+3>[ 15: 8]
cont ext _out _readdat a[ 31: 24] CRo<4x+3>[ 7: 0]
cont ext _out _readdat a[ 39: 32] CRo<4x+2>[ 31 24]
cont ext _out _readdat a[ 47: 40] CRo<4x+2>[ 23 16]
cont ext _out _readdat a[ 55: 48] CRo<4x+2>[ 15: 8]
cont ext _out _readdat a[ 63: 56] CRo<4x+2>[ 7: 0]
cont ext _out _readdat a[ 71: 64] CRo<4x+1>[ 31 24]
cont ext _out _readdata[ 79: 72] CRo<4x+1>[ 23: 16]
cont ext _out _readdat a[ 87: 80] CRo<4x+1>[ 15: 8]
cont ext _out _readdat a 95: 88] CRo<4x+1>[ 7: 0]
cont ext _out _readdat a[ 103: 96] CRo<4x>[ 31: 24]
context _out _readdata[ 111: 104] CRo<4x>[ 23: 16]
context _out _readdata[ 119: 112] CRo<4x>[ 15: 8]
context _out _readdata[ 127: 120] CRo<4x>[ 7: 0]
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The bit arrangement of the cont ext _out _addr ess signal with a 128-bit data bus is
shown in Table 1-24.

Table 1-24. context_out_address with 128-Bit Words
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CID number)
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Output Context Register Interface Timing

Figure 1-12 shows the output context register interface timing. The cont ext _out _read
signal is permanently asserted.

Figure 1-12. Output Context Register Timing Diagram

cro_address 5 X appro] X ApDDR1[ X hDDR?2 X ADDR3

cro_readdata {__DATAD X DATA1 X DATAZ X DATAB

Fixed-Latency Data Master Interface

The fixed-latency data master interface is an Avalon-MM master with a two-cycle
read latency giving the MTP access to data memory and operates in the MTP clock
domain. In your system, connect this interface directly to each fixed-latency
peripheral and the data memory for the Nios II DPX processor.

The fixed-latency data master interface is configured as a byte-invariant big-endian
interface. For more information, refer to “Memory Addressing and Byte Order” on
page 1-37.

Table 1-25 lists the fixed-latency data master interface signals. The fixed-latency data
master does not have wai t r equest and r eaddat aval i d signals and instead expects the
readdat a signal to be returned two cycles after the request is initiated.

Table 1-25. Fixed-Latency Data Master Interface Signals (Part 1 of 2)

Signal (7) | Width (Bits) | Direction Description
r ead 1 Outout Indicates that the address phase of a read cycle is in progress and that the
p addr ess signal is valid. The data phase is exactly two cycles later.
wite 1 Output Indicates that the address phase of a write cycle is in progress and that the
P addr ess, byt eenabl e, and dat a signals are valid.
addr ess Variable Output Byte address for the r ead or wri t e signal.
r eaddat a 39 Input Data supplied by the memory controller_for read operations. The data phase is
exactly two cycles after the r ead signal is asserted.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook



1-34

Chapter 1: Nios Il DPX Architecture
Nios Il DPX Processor Interfaces

Table 1-25. Fixed-Latency Data Master Interface Signals (Part 2 of 2)

Signal (7) | Width (Bits) | Direction Description
Supplies the write data for a write cycle. The data is valid only when the write
witedata |32 Output signal is asserted. At other times, the data can change and the signal must be
ignored.
Byte masks for write cycles only. The memory controller must ignore writes for
byteenabl e | 4 Output a lane that does not have the corresponding byt eenabl e signal asserted.

Note to Table 1-25:

M

In the RTL code, these signals have a fi xed_| at ency_dat a_mast er _ prefix.

This interface can be used in conjunction with the “Thread Information Interface” on
page 1-35 to partition memory for context-specific accesses.

Having multiple threads or processors accessing the same peripherals might create

contention. To avoid contention, consider using a mutex core or partitioning memory
based on thread or CID using the thread information interface.

Variahle-Latency Data Master Interface

The variable-latency data master interface is an Avalon-MM master giving the MTP
access to data memory and operates in the MTP clock domain.

The variable-latency data master interface is configured as a byte-invariant big-endian

interface. For more information, refer to “Memory Addressing and Byte Order” on
page 1-37.

Table 1-26 lists the variable-latency data master interface signals.

Table 1-26. Variable-Latency Data Master Interface Signals

Signal (1) Width (Bits) | Direction Description
r ead 1 Output Indicates that thg address phase of a read cycle is in progress and that the
addr ess signal is valid.
. Indicates that the address phase of a write cycle is in progress and that the
wite 1 Output : )
addr ess, byt eenabl e, and dat a signals are valid.
address Variable Output Byte address for the read orwri t e signal.
. Asserted by connected slaves or message interconnect to stall a read or write
wai t request 1 Input .
operation.
readdatavalid |1 Input Indicates valid data has arrived.
r eaddat a 32 Input Data supplied by the memory controller for read operations.
Supplies the write data for a write cycle. The data is valid only when thewr i te
writedata 32 Output signal is asserted. At other times, the data can change and the signal must be
ignored.
Byte masks for write cycles only. The memory controller must ignore writes
byteenabl e 4 Output for a lane that does not have the corresponding byt eenabl e signal asserted.

Notes to Table 1-26:

M

In the RTL code, these signals have a vari abl e_| at ency_dat a_nast er _ prefix.

This interface can be used in conjunction with the “Thread Information Interface” on
page 1-35 to partition memory for context-specific accesses.
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Thread Information Interface

The thread information interface provides the thread number, CID, RXID, and TXID
associated with the software task performing a data access over the fixed- or
variable-latency data master. This information can be used to partition data memory
into segments based on context-specific information.

Table 1-27 lists the thread information interface signals.

Table 1-27. Thread Information Interface Signals

Signal Width | Direction Description
Provides the thread number, CID, RXID, and TXID
threadi nfo_data | Variable | Output associated with the software task performing a data
access.

The data on the t hr eadi nf o_dat a signal is arranged from the highest data pins to the
lowest as thread number, CID, RXID and TXID. The information is aligned on bit
boundaries defined by their widths when instantiating the Nios I DPX processor. For
more information, refer to “Message Interface Unit Tab” on page 2—4.

The variable-latency data master and fixed-latency data master have a corresponding
thread information interface.

Avalon-MM Debug Access Slave Interface

This interface is an Avalon-MM slave interface operating in the debug clock domain
that allows an external Avalon-MM master to access the debug addresses described in
“Debug Unit” on page 1-15. This interface only exists when Enable debug access
slave interface is on. For more information, refer to “Nios II DPX Datapath Processor
Tab” on page 2-1.
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Table 1-28 lists the debug access slave interface signals.

Tahle 1-28. Avalon-MM Debug Access Slave Interface Signals

Signal (1) Width (Bits) | Direction Description
 ead 1 Inout Indicates that the address phase of a read cycle is in progress and that the
P addr ess signal is valid. The data phase is exactly two cycles later.
. Indicates that the address phase of a write cycle is in progress and that the
wite 1 Input . )
addr ess, byt eenabl e, and dat a signals are valid.
address 21 Input Byte address for the read orwri t e signal.
. Asserted by connected slaves or message interconnect to stall a read or write
wai t request 1 Output i
operation.
readdatavalid |1 Output Indicates valid data has arrived.
Data supplied by the memory controller for read operations. The data phase is
readdata 32 Output exactly two cycles after the r ead signal is asserted.
Supplies the write data for a write cycle. The data is valid only whenthew i te
witedata 32 Input signal is asserted. At other times, the data can change and the signal must be
ignored.
byt eenabl e 4 Inout Byte masks for write cycles only. The memory controller must ignore writes
y p for a lane that does not have the corresponding byt eenabl e signal asserted.

Note to Table 1-28:
(1)

In the RTL code, these signals have a debug_access_sl ave_ prefix.

Avalon-ST Debug Interfaces

These debug interfaces are Avalon-ST interfaces operating in the debug clock domain
that allow multiple Nios II DPX datapath processors to connect to a single JTAG PHY
external to the Nios II DPX processor. These interfaces only exist when Enable
internal JTAG PHY is off and Enable debug unit is on. For more information, refer to
“Nios II DPX Datapath Processor Tab” on page 2-1.

Table 1-29 lists the debug channel in Avalon-ST sink interface signals.

Table 1-29. Avalon-ST Debug Channel In Interface Signals

Signal (1) Width (Bits) Direction Description
r eady 1 Output De-asserted by source to prohibit a transfer.
valid 1 Input Asserted to activate a bus cycle.
When 0, selects Avalon packets to
channel 1 (2 in dual core) Inout transactions converter. When 1, selects
P processor debug unit 1. When 2, selects
processor debug unit 2.
sop 1 Input Asserted on the first cycle of a packet.
eop 1 Input Asserted on the last cycle of a packet.
data 8 Input Message's data and control contents.

Notes to Table 1-29:
(1)
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Table 1-30 lists the debug channel out Avalon-ST source interface signals.

Table 1-30. Avalon-ST Debug Channel Out Interface Signals

Signal (1) Width (Bits) Direction Description

ready 1 Input De-asserted by sink to prohibit a transfer.
valid 1 Output Asserted to activate a bus cycle.

When 0, selects Avalon packets to
channel 1 (2 in dual core) Outout transactions converter. When 1, selects

P processor debug unit 1. When 2, selects

processor debug unit 2.
sop 1 Output Asserted on the first cycle of a packet.
eop 1 Output Asserted on the last cycle of a packet.
data 8 Output Message's data and control contents.

Notes to Table 1-30:
(1) Inthe RTL code, these signals have a debug_out _ prefix.

Memory Addressing and Byte Order

Information in this section applies to the following Nios II DPX datapath processor
interfaces:

m “Input Context Register Interface” on page 1-25

B “Output Context Register Interface” on page 1-29

m “Fixed-Latency Data Master Interface” on page 1-33

m “Variable-Latency Data Master Interface” on page 1-34

The memory-mapped interfaces on the Nios Il DPX datapath processor follow the
Avalon-MM interface specification. The specification requires that a descending bit
order is used, with data bits 7 down to 0 representing byte offset 0 of any master or
slave port. This type of interface is often called little endian. Table 1-31 shows the byte
lane addresses for the Avalon-MM protocol.

Table 1-31. Byte Lane Addresses for the Avalon-MM Protocol

31‘30‘29‘28‘21‘26|25|24

] [ ][] [ ][] 2w [ s s [s[s s [s]2]*]o

Address 3

Address 2 Address 1 Address 0

May 2011

Altera Corporation

For more information about bit and byte ordering with Avalon-MM interfaces, refer to
the Avalon-MM Byte Ordering Considerations chapter of the Embedded Design Handbook.

The Nios II DPX datapath processor is commonly used in networking applications,
and network protocols are typically big-endian. For example, Table 1-32 shows an
extract from an IPv4 header.

Tahle 1-32. Example IPv4 Header (Part 1 of 2)

Byte Address Description Sample Data
0 Version 0x45
1 DSCP 0x00

Nios Il DPX Datapath Processor Handbook
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Tahle 1-32. Example IPv4 Header (Part 2 of 2)

Byte Address Description Sample Data
2 Total length (MS) 0x01
3 Total length (LS) 0x00
12 Source address (MS) 0xC0
13 Source address 0xA8
14 Source address 0x00
15 Source address (LS) 0x01

The ordering of the IPv4 header bytes poses a potential problem. When the software
view of memory from within the Nios II DPX matches the Avalon-MM interface view,
word and halfword access to this IPv4 packet would provide byte-swapped results.

The code and comments in Example 1-1 show the results of reading the example IPv4
header using a little endian processor, such as the Nios II processor.

Example 1-1. Reading IPv4 Header with Little Endian Processor

# Read version (byte read fromaddress 0 to rl)
Idb r1, O(r0) # r1 = Ox45 CORRECT

# Read total length (halfword read fromaddress 2 to r2)
Idh r2, 2(r0) # r2 = 0x0001 BACKWARDS

# Read source address (word read from address 12 to r3)
ldw r3, 12(r0) # r3 = 0x0100A8C0 BACKWARDS

To avoid this problem, the Nios II DPX datapath processor employs a byte-invariant
big-endian implementation, often referred to as BE-8. The Nios II DPX processor
provides an Avalon-MM compliant bus interface, but word and halfword accesses
swap the bytes in hardware.

The following code and code comments show the results of reading the example IPv4
header using a big-endian processor, such as the Nios II DPX datapath processor:

# Read version (byte read fromaddress 0 to rl)
Idb r1, 0(r0) # rl = 0x45 CORRECT

# Read total length (halfword read fromaddress 2 to r2)
Idh r2, 2(r0) # r2 = 0x0100 CORRECT

# Read source address (word read from address 12 to r3)
ldw r3, 12(r0) # r3 = O0xCOA80001 CORRECT

Table 1-33 shows the mapping between software accesses and Avalon-MM byte lanes
using the Nios II DPX datapath processor.

Tahle 1-33. Big-Endian Mapping (Part 1 of 2)

Instruction 31:24 23:16 15:8 7:0
[10xA0 -> 0
stb rl, 0(r0) 0XAD
[10xA1 -> 1
stb r2, 1(r0) OxAT
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Tahle 1-33. Big-Endian Mapping (Part 2 of 2)

Instruction

31:24

23:16 15:8 7:0

[10xA2 -> 2
stb r3, 2(r0)

0xA2

/10xA3 -> 3
stb r4, 3(r0)

0xA3

//0xAOAL -> 0
stb r5, 0(r0)

0xA1 0xA0

11 A2A3 -> 2
stb r6, 2(r0)

0xA3

0xA2

/1 OXAOALA2A3 -> 0
stb r7, 0(r0)

0xA3

0xA2 OxA1 0xA0

Figure 1-13 shows a conceptual view of byte, halfword, and word memory accesses
using the Nios II DPX processor. The byte swapping shown occurs in hardware
between the Avalon-MM interface and the software representation.

Figure 1-13. Byte Swapping in Hardware
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Accessing Peripheral Registers

Accessing peripheral control and status registers using the Nios II DPX datapath
processor requires an extra step. As shown in Figure 1-14, word and halfword
accesses to these registers, byte-swapped by the hardware, need to be unswapped by
the software.

Figure 1-14. Byte Swapping in Hardware
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Table 1-34 lists macros, defined in byte_order.h, that provide one way to software
byte swap when accessing peripheral registers from C code.

Table 1-34. Byte-Swapping Macros

Macro Description Behavior

((X) << 24) & 0x{f000000) |
((X) << 8) & 0x00ff0000) |
((X) >> 8) & 0x0000ff00) |
((X) >> 24) & 0x000000ff))
((
((

Byte swaps a 32-bit value, yielding a 32-bit

SWAP_BEB_32(x) | '

Byte swaps a 16-bit value, yielding a 16-bit
result.

X) << 8) & Oxff00) |

SWAP_BE8_16( x) X) << 8) & 0x00ff) |

However, when accessing peripheral registers, Altera recommends using the | ORD
and | OAR macros described in Table 1-35. These macros, defined in io.h, implement
byte swapping when necessary.

Table 1-35. Direct-Access Macros (Part 1 of 2)

Macro Description

| ORD_32DI RECT( BASE, OFFSET) Reads from the 32-bit peripheral register at byte address
BASE + OFFSET and byte swaps the resulting data.

Reads from the 16-bit peripheral register at byte address
BASE + OFFSET and byte swaps the resulting data.

| ORD_16DI RECT( BASE, OFFSET)
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Table 1-35. Direct-Access Macros (Part 2 of 2)

Macro Description

| ORD_8DI RECT( BASE, OFFSET) Reads from the 8-bit peripheral register at byte address
BASE + OFFSET. No byte swap is required.

| OAR_32DI RECT( BASE, OFFSET) Byte swaps the 32-bit data value and writes the result to
the 32-bit peripheral register at byte address BASE +
OFFSET.

Byte swaps the 16-bit data value and writes the result to
| OAR_16DI RECT( BASE, OFFSET) the 16-bit peripheral register at byte address BASE +
OFFSET.

Writes the 8-bit data value to the 8-bit peripheral register at
byte address BASE + OFFSET. No byte swap is required.

| OWR_8DI RECT( BASE, OFFSET)

Nios Il DPX Datapath Processor Dual-Core Configuration

You can configure the Nios I DPX with a dual MTP core. Figure 1-15 shows a
simplified Nios II DPX datapath processor block diagram configured with a dual core.

Figure 1-15. Nios Il DPX Dual-Core Configuration Block Diagram
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The dual-core configuration uses resources more efficiently over instantiating two
single-core Nios II DPX datapath processors. In particular, the on-chip instruction
memory and message buffers are shared.

The topology of the dual-core configuration differs from the single-core configuration
in the following ways:

m The dual-core Nios II DPX datapath processor appears to software as a
Nios II DPX datapath processor with sixteen threads instead of eight. As incoming
messages initiate tasks, the tasks are allocated to one of the two processor cores.
When CIDs are used, tasks are allocated in alternation, with even CIDs assigned to
MTP 0 and odd CIDs to MTP 1.

m  Both MTP cores share the same instruction memory.
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Data memory is a dual-port on-chip memory with a two-cycle read latency. On
each Nios II DPX MTP core, the fixed-latency master is connected to one port of
the dual-port memory.

Each of the two MTP cores provides its own fixed- and variable-latency data
masters. However, each MTP must have the same view of memory, typically by
connecting both master ports to each port of the dual-port memory.

Loading Nios Il DPX Software in a Deployed System

During development, you typically load software into the Nios II DPX datapath
processor using the debugger. Deployed systems need a different approach. The
following approaches load the software without the debugger:

Include the software in the .sof file, including the instruction memory, task table,
and initial data memory contents. With this approach, the software can only be
changed by providing a new .sof file.

Load the software from flash memory through external circuitry connected to the
debug access slave interface.

The following procedure is an example of the steps required when using the debug
access slave to load the software in a deployed system:

1.

Assert the system reset request by writing to the reset controller using the debug
access slave.

Assert the processor soft reset by writing to the reset controller using the debug
access slave.

Release the system reset request by writing to the reset controller using the debug
access slave.

Preload any data sections (such as . rwdat a or . r odat a) into data memory. The
debug access slave does not provide access to data memory, so you need to devise
a suitable scheme. In a single core system, you might connect the second port of
the data memory as another slave on the same bus as the debug access slave. In a
dual core system, or in other systems where both ports of the data memory are
used, you might create a two-stage bootloader for the Nios II DPX processor to
program data memory before loading the deployed software.

Program the instruction memory using the debug access slave.
Program the task table using the debug access slave.

Release the processor soft reset by writing to the reset controller using the debug
access slave.
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2. Instantiating the Nios Il DPX Datapath
Processor

This chapter provides information for instantiating the Nios II DPX processor as part
of a Qsys system, or for export as a stand-alone component.

Instantiating for a Qsys System

The parameter editor GUI in Qsys allows you to specify parameters for each
Nios II DPX datapath processor in your system. To instantiate the processor in your
Qsys design, perform the following steps:

1. On the Tools menu in the Quartus® II software, click Qsys.

2. On the Component Library tab in Qsys, expand Processors.
3. Double-click Nios II DPX Datapath Processor.

Parameter Settings

The Nios II DPX Datapath Processor parameter editor has several tabs. The following
sections describe the settings available on each tab.

Nios Il DPX Datapath Processor Tah

The Nios II DPX Datapath Processor tab lists the main settings for configuring the
Nios II DPX datapath processor. Table 2—1 lists the parameters, their possible values,
and their descriptions.

Tahle 2-1. Nios Il DPX Datapath Processor Tah Parameters (Part 1 of 2)

Values

Description

Nios Il DPX configuration

Enable dual-core mode On/Off

Enables dual MTPs in the Nios Il DPX datapath processor.

Specifies the processing element ID (PEID) of the Nios Il DPX datapath
processor. This value is placed in the source field of the control word for

PEID 0-63 outgoing messages. Make sure the PEID is within the range of the source
and destination fields of message format and message interconnect.
Enables the debug unit, which provides common debug capabilities such

Enable debug unit On/Off as hardware breakpoints and single-stepping. The debug unit provides a

mechanism to read and write registers, instruction memory, and data
memory.

Enable internal JTAG PHY | On/Off

Includes an internal JTAG PHY in the Nios Il DPX datapath processor.
When the internal JTAG PHY is not included, an external JTAG PHY
interface is provided. Disabling this option allows multiple Nios 1l DPX
datapath processors to use a shared JTAG PHY.

Enable debug access
slave interface

On/Off

Enables an Avalon-MM Slave interface which provides access to the
Instruction memory, the task address table, the statistics collector, and the
reset controller.

Bytes of program memory | 0 - 4 MB

Configures the size of the program memory for the MTP in bytes.
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Tahle 2-1. Nios Il DPX Datapath Processor Tah Parameters (Part 2 of 2)

Values

Description

Nios Il DPX extension register configuration

Extension register
configuration

Configuration 0 -
Configuration 14

Specifies how to allocate the 32 extension registers. Refer to Table 2-2 for
the available configurations.

Number of message Refer to Displays the number of extension registers allocated as message registers
registers Table 2-2. based on the specified Extension register configuration.

Number of internal Refer to Displays the number of extension registers allocated as internal context
context registers Table 2-2. registers based on the specified Extension register configuration.
Number of input/output Refer to Displays the number of extension registers allocated as input/output
context registers Table 2-2. context registers based on the specified Extension register configuration.

Table 2-2 shows the available extension register configurations.

Table 2-2. Extension Register Configurations

. . Registers per
Comgraton | yeet e T | Bt oo | ot Conter
0 (default) 8 r32-r39 16 r40-r55 r56-r63
1 8 r32-r39 8 r40-r47 16 r48-r63
2 16 r32-r47 8 r48-r55 8 r56-r63
3 16 r32-r47 16 r4s8-r63 0
4 16 r32-r47 0 16 r48-r63
5 32 r32-r63 0 0
6 8 r32-r39 0 0
7 8 r32-r39 0 8 r40-r 47
8 8 r32-r39 0 16 r40-r55
9 8 r32-r39 8 r40-r47 0
10 8 r32-r39 8 r40-r47 8 r48-r55
11 8 r32-r39 16 r48-r63 0
12 16 r32-r47 0 0
13 16 r32-r47 0 8 r40-r55
14 16 r32-r47 8 r48-r55 0

=

When referring to extension registers, software normally uses mnemonic names such

as r x0, rather than physical names such as r 32. Physical extension register names are
available only in assembly language.
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Multithreaded Processor Tab

The Multithreaded Processor tab lists the settings for configuring the Nios II DPX
MTP. Table 2-3 lists the parameters, their possible values, and their descriptions.

Table 2-3. Multithreaded Processor Tah Parameters

Name Values Description
Vector address
Custom
reset/exception/debug On/Off Allows you to specify your own reset, exception, and debug addresses.
vector offsets
Custom exception address . The customized offset address in the instruction memory for the exception
Variable
offset vector for all threads.
Exception address Variable Thg |n.stru.ct|on memory base address plus the exception address offset.
This field is read-only.
Custom break address . The customized offset address in the Instruction memory for the break
Variable
offset address for all threads.
Break address Variable The mstructlon memory base address plus the break address offset. This
field is read-only.
The initial PC used for all threads on their first cycle when reset is
Custom reset address . de-asserted. Make sure the customized offset address resides in
Variable . . . ) i
offset instruction memory space and is the first word address in the program
memory.
Reset address Variable The mstructlon memory base address plus the reset address offset. This
field is read-only.
Data master
Data master byte address 8- 31 Specifies the bit width for the fixed- and variable-latency data master
bit width byte-addressable address bus.
Enables the variable-latency data master, allowing the MTP to access
peripherals which do not have a guaranteed read latency of 2 or that are
Enable variable-latency | ;. shared.
data master The variable-latency data master accesses all addresses outside the range
defined for the fixed-latency data master, defined by fixed-latency data
master low address and fixed-latency data master high address.
Fixed-latency data master . . N
low address Variable Defines the lower boundary for fixed-latency data master address range.
Fixed-latency data master Variable Defines the upper boundary for fixed-latency data master address range.
high address
Enables an external Avalon-ST signal to be used with the fixed- and
Enable data master On/Off variable-latency data masters that provide the thread number, CID, RXID,

threadinfo interface

and TXID associated with the software task performing the data access.
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Message Interface Unit Tab

The Message Interface Unit tab lists the main settings for configuring the Nios II DPX
MIU. Table 24 lists the parameters, their possible values, and their descriptions.

Table 2-4. Message Interface Unit Tab Parameters (Part 1 of 2)

Name Values Description
Message unit configuration
Context ID ordering On/Off Includes logic for CID order enforcement. CID order enforcement is under
enforcement software control.
. Enables the CID allocation support, allowing the MTP to request additional
g::m?:: ID allocation On/Off CIDs using the ci dal | oc command. Turning this option off disables the
pp ci dal | oc command.
If CID allocation support is enabled, specifies how many of the available
Number of reserved CIDs can be allocated using the ci dal | oc command. The specified
context 1Ds for allocation | Variable number of CIDs is reserved for each processor core. The total number of
(per processor core) reserved CIDs is reported in Total number of reserved context IDs for
allocation.
Sequence number Includes logic for sequence number order enforcement. Sequence number
- On/Off ;
ordering enforcement order enforcement is under software control.
Advanced_recelve Allows you to alter the default number of RX and TX message register
IDAransmit ID On/orf banks available in the system
Management y '
Specifies the maximum number of context IDs available in the system.
Number of context IDs 0-255 The width of the Context ID field in the message format is based on this
parameter.
Specifies the maximum number of RX message register banks available in
Number of receive IDs 0-255 the system. When set to zero, RXIDs are disabled and the RX message
registers are indexed by the CID.
Specifies the maximum number of TX message register banks available in
Number of transmit IDs 0-255 the system. When set to zero, TXIDs are disabled and the TX message
registers are indexed by the CID.
Specifies the maximum number of destination IDs available in the system.
Number of destination IDs | 0 - 255 The width of the dest i nati on field in the message format is based on
this parameter.
Specifies the maximum number of output task IDs available in the system.
Number of output task IDs | 0 - 255 The width of the out put t ask field in the message format is based on this
parameter.
Specifies the maximum number of source IDs available in the system. The
Number of source IDs 0-255 width of the sour ce field in the message format is based on this
parameter.
Specifies the maximum number of input task IDs available in the system.
Number of input task IDs | 0 - 255 The width of the i nput t ask field in the message format and the number
of entries in the task address table are based on this parameter.
This parameter indicates the total number of flag bits supported and
Number of flag bits 0-255 available in the message_f | ags extended control register. The width of
the flag field in the message format is based on this parameter.
Number of sequence 0- 955 When Sequence number ordering enforcement is on, specifies the
numbers maximum number of sequence numbers available in the system.
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Tahle 2-4. Message Interface Unit Tab Parameters (Part 2 of 2)

Name Values Description
. Otoflags field | Specifies the location of the debug flag in the f | ags field of the PE
Bit offset of debug flag width —1 message format control word.
Number of user message . Specifies the number of bits in the user nessage field of the PE message
. Variable
hits format control word.
Width of input context L . . ,
register data bus 32,64,128 Specifies the width of the input context register data bus.
Width of output context 32,64, 128 Specifies the width of the output context register data bus.

register data bus

Memory Options (advanced) Tab

The Memory Options tab lists the settings for configuring the Nios II DPX datapath
processor memory. Table 2-1 lists the parameters, their possible values, and their
descriptions.

Tahle 2-5. Nios Il DPX Datapath Processor Tah Parameters (Part 1 of 2)

Values

Description

Nios Il DPX RAM configuration

Instruction memory
initialization filename (7)

ASCII, no spaces

Specifies the name of the Hexadecimal (Intel-Format) File (.hex) for
initializing the memories in your system during simulation and synthesis.

Expected instruction
memory initialization file

Read-only

Displays the expected file specified by Instruction memory initialization
filename.

Instruction memory type

Varies by device

Specifies the type of instruction memory to use.

Task memory initialization
filename (7)

ASCII, no spaces

Specifies the name of the task memory initialization file to use for
simulation and synthesis.

Expected task memory
initialization file

Read-only

Displays the expected file specified by Task memory initialization
filename.

Task memory type

Varies by device

Specifies the type of memory to use for the task address table.

Message unit RAM configuration

Receive message register
memoty type

Varies by device

Specifies the type of memory to use for the RX message registers.

Transmit message
register memory type

Varies by device

Specifies the type of memory to use for the TX message registers.

Input context register
memoty type

Varies by device

Specifies the type of memory to use for the input context registers.

Output context register
memory type

Varies by device

Specifies the type of memory to use for the output context registers.

Context register memory
type

Varies by device

Specifies the type of memory to use for the internal context registers.

Sequence number FIFO
memory ram block type

Varies by device

Specifies the type of memory to use for the sequence number FIFO
memory ram block.

Note to Table 2-5:

(1) These parameters might be important in a multiprocessor system. If the processors are intended to run different software, you must select
distinct instruction and task memory initialization filenames. Otherwise, when the software tools generate memory initialization files for one
processor, they might overwrite the initialization files for another processor.
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Table 2-5. Nios Il DPX Datapath Processor Tah Parameters (Part 2 of 2)

Values

Description

Context ID FIFO memory
ram block type

Varies by device

Specifies the type of memory to use for the context ID FIFO memory ram
block.

Receive message register
memory ram block type

Varies by device

Specifies the type of memory to use for the receive message register
memory ram block.

Transmit message
register memory ram
block type

Varies by device

Specifies the type of memory to use for the transmit message register
memory ram block.

Receive ID queue memory
ram block type

Varies by device

Specifies the type of memory to use for the RXID queue memory ram
block.

Transmit ID queue
memory ram block type

Varies by device

Specifies the type of memory to use for the TXID queue memory ram
block.

Transmit message
controller FIFO memory
ram block type

Varies by device

Specifies the type of memory to use for the transmit message controller
FIFO memory ram block.

Note to Table 2-5:

(1) These parameters might be important in a multiprocessor system. If the processors are intended to run different software, you must select
distinct instruction and task memory initialization filenames. Otherwise, when the software tools generate memory initialization files for one
processor, they might overwrite the initialization files for another processor.

External Interfaces (advanced) Tab

The External Interfaces tab allows you to configure the control word in your message
format by assigning the base location of each control word field. Each field’s width is
determined by the next field's base location, with the dest i nat i on field's width
determined by the control word width. To remove a field, set the next field's base
location to the same value, making the width equal to zero.

=

The default values are sufficient for most systems without adjustment.

Table 2-6 shows the Nios II DPX default PE message format control word fields and
field widths.

Table 2-6. Default PE Message Control Word

32‘31‘30‘29‘28‘27|26|25

24|23‘22‘21‘20‘19‘18‘17

16‘15‘14‘13‘12‘11‘10|9

e[+ o] 2]

destination

source

taskid

ab

flags

of the Altera Event-Driven Datapath Processing Design Handbook.
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The External Interfaces tab lists the settings for configuring the Nios II DPX datapath
processor PE message format. Table 2-7 lists the parameters, their possible values,
and their descriptions.

Table 2-7. External Interfaces Tab Parameters (Part 1 of 2)

Values

Description

Receive message interface

Receive message control
word width

Variable

Specifies the width in bits of the RX message control word.

Receive message control
destination base

0to RX message
control word
width -1

Specifies the bit offset of the dest i nat i on field in the RX message
control word. The width of the field is controlled by the Number of
destination IDs parameter on the Message Interface Unit tab.

Receive message control
source bhase

0to RX message
control word
width —1

Specifies the bit offset of the sour ce field in the RX message control
word. The width of the field is controlled by the Number of destination
IDs parameter on the Message Interface Unit tab.

Receive message control
input task ID base

0to RX message
control word
width —1

Specifies the bit offset of the i nput t ask field in the RX message control
word. The width of the field is controlled by the Number of input task IDs
parameter on the Message Interface Unit tab.

Receive message control
context ID bhase

0to RX message
control word
width —1

Specifies the bit offset of the CI Dfield in the RX message control word.
The width of the field is controlled by the Number of context IDs
parameter on the Message Interface Unit tab.

Receive message control
flag bits base

0to RX message
control word
width -1

Specifies the bit offset of the f | ags field in the RX message control word.
The width of the field is controlled by the Number of flag bits parameter
on the Message Interface Unit tab.

Receive message control
user message hits hase

0to RX message
control word

Specifies the bit offset of the user field in the RX message control word.
The width of the field is controlled by Number of user message bits on

width —1 the Advanced Options tab.
Transmit message interface
I;asn:rn?en;:ftsiﬁg: ::nlrol On/Off When on, the RX message control word parameter values are also used
. g for the TX message control word.
receive message control
Transm_lt message control Variable Specifies the width in bits of the TX message control word.
word width
. 0to TX message | Specifies the bit offset of the dest i nat i on field in the TX message
Ereasr:?nn;::[]n;ebs:sage control control word control word. The width of the field is controlled by the Number of
width —1 destination IDs parameter on the Message Interface Unit tab.
. 0to TX message | Specifies the bit offset of the sour ce field in the TX message control
:Laullzgl:)tal::ssage control control word word. The width of the field is controlled by the Number of source IDs
width —1 parameter on the Message Interface Unit tab.

Transmit message control
input task ID base

0 to TX message
control word

Specifies the bit offset of the i nput t ask field in the TX message control
word. The width of the field is controlled by the Number of input task IDs

width —1 parameter on the Message Interface Unit tab.
. 0to TX message | Specifies the bit offset of the CI Dfield in the TX message control word.
I::::::';Dm::::ge control control word The width of the field is controlled by the Number of context IDs
width —1 parameter on the Message Interface Unit tab.
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Tahle 2-7. External Interfaces Tah Parameters (Part 2 of 2)

Name Values Description

. 0to TX message | Specifies the bit offset of the f | ags field in the TX message control word.

;raanzrirtlslthn;::sage control control word The width of the field is controlled by the Number of flag bits parameter
g width —1 on the Message Interface Unit tab.
Transmit messaae control 0to TX message | Specifies the bit offset of the user field in the TX message control word.
user message bigts hase control word The width of the field is controlled by Number of user message bits on
g width —1 the Advanced Options tab.
Debug Statistics Tab

The Debug Statistics tab lists the settings for configuring the Nios II DPX statistics
collector. Table 2-8 lists the parameters, their possible values, and their descriptions.

Table 2-8. Debug Statistics Tah Parameters (Part 1 of 2)

Name Values Description
Statistics and debug counters
Enable debug statistics On/Off IE/lnl?JbleS the debug statistics collector, allowing monitoring of the MTP and
Enables counting of the number of instructions executed of the following
types:
m Load
m Store
m Arithmetic/Logic
!Enahle processor On/Off
instruction counters m Compare/Branch
m Call
m Exit
= Send
m Other
Enable processor stats for Count
On/Off , ,
context ID Unavailable in dual-core mode
Enable processor stats for On/Off When on, causes the statistics collector to count the number of times
input task ID tasks were executed for each Task ID up to 64 Task IDs
Enable processor stats for On/off Enables counting of the number of PE messages sent for each of the first
output task 64 task IDs
Enable processor stats for Enables counting of the number of clock cycles taken for running the
ep On/Off previous task from start to completion for each of the first 64 task IDs.
task ticks - )
These counters are not cumulative; they reset each time a new task runs.
En_able message interface Enables counting of the number of clock cycles taken for running the
unit level count for . . .
rocessing cycles on CID On/Off previous task from start to complenon for the PE message with CID = 0.
g These counters are not cumulative; they reset each time a new task runs.
En:dble message interface Enables monitoring of the current, maximum, and minimum levels of the
unit level count stats for | On/Off
free CID FIFO.
free context ID FIFO
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Table 2-8. Debug Statistics Tab Parameters (Part 2 of 2)

Name Values Description
Enable message interface . . -
unit level count stats for | On/Off iEnnauth(te:Srl?orl]:Sgng of the current, maximum, and minimum levels of the
input task queue P a ’
En:dble message interface Enables monitoring of the current, maximum, and minimum levels of the
unit level count stats for | On/Off
output task queue.

output task queue
Enable message interface . . -
unit level count stats for | On/Off (E;?Sbrfgr(rﬂi?nnuoer:]r;g of the current, maximum, and minimum levels of the
CID reordering level a '
E":“ble message interface When Sequence number ordering enforcement on the Message
unit level count stats for . . o -

On/Off Interface Unit tab is on, enables monitoring of the current, maximum, and
sequence number minimum levels of the sequence number reorder queue
message reorder level )

Advanced Options Tab

The Advanced Options tab lists the settings for configuring the Nios II DPX datapath
processor advanced options. Table 2-9 lists the parameters, their possible values, and
their descriptions.

Table 2-9. Advanced Options Tah Parameters

Name Values Description
Advanced option configuration
. Enables manually assigning the read-only value of the cpui d control
Assign CPUID control On/Off register. When this option is off, the cpui d control register is set to the

register value manually

PEID.

Custom CPUID control
register value

32-bit number

Specifies the value for the cpui d control register.

Actual CPUID control
register value

32-bit number

When Assign CPUID control register value manually is on, displays the
value for the cpui d control register. When off, displays the default value
for the cpui d control register.

In dual-core Nios Il DPX processor systems, each MTP has the same
cpui d.

Enable insert instruction | On/Off Enables the Nios Il DPX processor i nsert instruction.

Enable message interface On/Off Enables the extended control registers used by the MIU, namely,
control register message_f | ags, message_user, message_i d0, and nessage_i d1.
Context register indexing | per CID, per Specifies the operating mode of the context registers.

mode thread

Sequence number FIFO
implementation

Logic Element,
FIFO

Specifies the location of the sequence number FIFO.

Thread argument pipeline
implementation

Logic Element,
RAM

Specifies the location of the thread argument pipeline.
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Instantiating for a Stand-Alone System

You can generate a Nios II DPX processor core in Qsys with all connections exported,
and then connect the processor manually in HDL. To instantiate a Nios Il DPX
processor for a stand-alone system, perform the following steps:

1. On the Tools menu in the Quartus II software, click Qsys.

2. On the File menu in Qsys, click New System.

3. On the System Contents tab, perform the following steps:
a. Remove the default clock component.

b. Use the instantiation steps and parameter settings in “Instantiating for a Qsys
System” on page 2-1 to add a Nios II DPX datapath processor from the
component library.

c. Click Filters and select All from the Filter list to provide access to all ports.

d. In the Export As column, click Click to export in each row to export all
interfaces.

e. Optionally rename any of the interfaces to match your system design.
4. On the File menu, click Save As, enter a name for your system and save.
5. On the Generation tab, perform the following steps:
a. Select the simulation and synthesis files you want to generate.
b. Specify the output directory.
c. Click Generate.
Qsys generates a system you can connect manually in HDL. For information about the

Nios II DPX interfaces, refer to “Nios II DPX Processor Interfaces” on page 1-21.

«e For more information about stand-alone systems, refer to the Getting Started with the
Graphical User Interface chapter in the Nios II DPX Software Development section of the
Nios II DPX Datapath Processor Handbook.

Nios Il DPX Context Address Adapter

Using the thread information interface, data memory can be optionally indexed by
CID, thread number, RXID, or TXID. The Nios II DPX Context Address Adapter
expands the address bus with additional thread information, allowing access to
standard memory-mapped components in a context specific way.

In Qsys, the Nios II DPX Context Address Adapter parameter editor is available on
the Component Library tab under the Processor Additions category. Table 2-10
shows the Nios II DPX Context Address Adapter parameters available in the
parameter editor.
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Table 2-10. Nios Il DPX Context Address Adapter Parameters

Value

Description

General

Address Mode

Varies

Displays the composition result of the output signal.

Address Indexing Using Thread Info

Index Thread Info in address | On/Off Index bits of the thread information signal as part of the address.
. LSB of the thread information signal to extract and put into the address.
;Rread Info subsection LSB 0to 31 This parameter is ignored when Index Thread Info in address is not
enabled.
. MSB of the thread information signal to extract and put into the address.
E?‘read Info subsection MSB 0to 31 This parameter is ignored when Index Thread Info in address is not
enabled.
Thread Info subsection Bit offset where address bits start being replaced with the specified thread
- o 0to 31 information subsection. This bit position is relative to the i n_addr ess bit
address bit position e
position.
Thread Info bits inserted
Thread Info Avalon-ST Sink Interface
Thread Info data width 11032 Bus width of Avalon-ST sink port.

Thread Info Termination with static value

Enables terminate thread information Avalon-ST sink port with a static

Static Thread Info On/Off
value.
Thread Info static value OS(SIE)FOF()F(;(F](F)E Static value used to terminate thread information Avalon-ST sink port.

Static Thread Info value

Avalon-MM Master and Slave Interfaces

Use read On/Off Enable r ead signal for all Avalon-MM interfaces.
Use readdata On/Off Enable r eaddat a signal for all Avalon-MM interfaces.
Use write On/0ff Enable wri t e signal for all Avalon-MM interfaces.
Use writedata On/Off Enable wri t edat a signal for all Avalon-MM interfaces.
Use byteenable On/Off Enable byt eenabl e signal for all Avalon-MM interfaces.
Use readdatavalid On/0ff Enable r eaddat aval i d signal for all Avalon-MM interfaces.
Use waitrequest On/Off Enable wai t r equest signal for all Avalon-MM interfaces.
Slave read latency 01to 63 Read latency for Avalon-MM slave.
Maximum pending read 0to 64 Maximum pending read for the Avalon-MM In slave.
Slave address width On/0ff Address extension Avalon-MM slave address width.
8,16, 32, 64,
Slave data width 128, 256, Avalon-MM data width.
512,1024
Slave hyteenable width Varies Displays the width of the byte enable portion of Slave data width.
Master address width Varies Displays the total width of the slave address bus and the inserted thread

information bits.
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=/ 3. System Verification

The Nios II DPX datapath processor is an event-driven multithreaded processor. The
DPX datapath processor processes external events, and can delegate processing tasks
to other PEs in the system. Hence debugging or verifying a Nios II DPX datapath
processor solution requires system-level debugging and verification strategies.

This chapter presents the following strategies for performing system-level debug and
verification of Nios II DPX datapath processor systems:

m Register transfer level (RTL) simulation

m Packet debug for a complete input-to-output context processing debug and
verification

m Tools for debugging and verifying custom PEs

RTL Simulation

RTL simulation is a powerful means of debugging the interaction between the
Nios II DPX datapath processor and various PEs in a system. RTL simulation of a
Nios II DPX processor system requires the following steps:

m  Generate a Verilog HDL simulation model of your Qsys system.
m Create a suitable testbench which exercises your design.

m Build your Nios II DPX software project, and generate .hex files for initializing the
memories in your system at the beginning of your simulation.

m Create a simulation script that builds and runs your simulation.
m Debug your simulation by examining generated waveforms.

The following sections describe how to carry out these steps using the ModelSim®
simulator and the Altera Complete Design Suite.

Simulation Model, Testhench and Initialization Files

You create your Nios II DPX simulation model and testbench using the steps that
apply to any Qsys design.

. Refer to “Qsys Design Flow” in the Creating a System with Qsys chapter in Volume 1 of

the Quartus Il Handbook.

You create memory initialization files using the Nios II SBT for Eclipse.

.o Refer to “Memory Initialization Files” on page 6-46.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook


http://www.altera.com/literature/hb/qts/qsys_section.pdf

Chapter 3: System Verification 3-2

Performance Monitoring

Create a Simulation Script for ModelSim

The following command can be added to a ModelSim do script to compile your
Nios II DPX processor Qsys system:

vlog -sv <path to Qsys file>/ny_systenlsimuverilog/ny_systemv \
+l i bext+.v +libext+.sv +libext+.vo \

+i ncdir+<path to Qys file>/ny_systenisimveril og/subrmodul es \
-y <path to Qsys file>/ny_systenisimverilog \

-y <path to Qsys file>/nmy_system si mveril og/subnodul es \

-y <path to Qsys file>/nmy_system simveril og/subnmodul es/ mentor \
-y <path to Qsys file>/ny_systenisimveril og/subnmodul es/conmmon

You might also wish to enhance this script to automatically copy the .hex files from
the mem_init directory.

Record Suitable Waveforms

In addition to the input and output signals of the Nios II DPX core, you can add
additional signals that allow you to monitor the program counter of your Nios II DPX
processor. Use this information in conjunction with disassembly of your program to
monitor the flow of your program in an RTL simulation. A suitable disassembly is
provided in the .objdump file in the directory where you built your software.

For single-core systems, add the following signals from the Nios II DPX processor
core top level:

m nessage_unit_thread_di spatch_channe
m nios2dpx_ntp_processor 0 fixed |atency instruction_naster_address
m nios2dpx_ntp_processor 0 fixed |atency instruction naster readdata

The message_uni t _t hr ead_di spat ch_channel signal contains the thread number
associated with the instruction address and data in the same cycle.

For dual-core systems, add the following signals from the Nios II DPX processor core
top level:

B nessage_unit_thread_di spatchO_channel

B nios2dpx_ntp_processor 0 fixed |atency instruction_naster_address

B nios2dpx_mtp_processor 0 fixed |atency instruction naster readdata

B nessage_unit_thread_di spatchl_channel

B nios2dpx_ntp_processor_1 fixed_|atency_instruction_master_address

B nios2dpx_ntp_processor_1 fixed |atency_instruction_master _readdata

Performance Monitoring

May 2011

You can use Altera's System Console debug facilities to collect and report runtime
statistics from your system. These statistics provide important information about the
functionality and performance of your system.
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The Nios II DPX datapath processor contains circuitry for collecting suitable statistics,
and software for collecting these statistics is provided with the Nios II DPX Packet
Processing design example.

For information about processor statistics, refer to the Getting Started with the
Nios II DPX Datapath Processor Tutorial.

You can also add statistics capture facilities to your own PEs. System Console's
statistics capture facilities can periodically sample data from any circuitry that
provides an Avalon-MM slave port. You can display these statistics within the System
Console GUI by means of a simple Tcl script.

Packet Debug

May 2011

The PE message format defines a debug flag bit within its control word. The

Nios I DPX debugger allows entering debug mode on receiving PE messages with
the debug flag set. This feature allows debugging all PE messages processed by the
Nios II DPX datapath processor for a specific context, allowing context-specific
system debug and verification. The following sections provide information on this
packet debug capability.

Debug Flag Bit

The debug flag is a single bit in the f | ags field in the control word of your PE
messages. You specify the position of this flag with the Bit offset of debug flag
parameter when instantiating the Nios II DPX processor. For more information, refer
to “Message Interface Unit Tab” on page 2—4 and “External Interfaces (advanced) Tab”
on page 2-6.

Using the Nios II DPX debugger, you can instruct the Nios II DPX datapath processor
to stop on the first instruction of any task that is executed for a PE message with an
enabled debug flag. Only those threads that are scheduled to execute tasks for PE
messages with enabled debug flags enter debug mode; other threads are not affected
and continue to remain in the state they were.

The received PE message's flag bits are loaded in nessage_f | ags extended control
register. The contents of this register are used as the flag bits of transmit messages.
You can modify the contents of the message_f | ags extended control register through
software or by using the Nios II DPX debugger while the thread is suspended.

“ ™. e For more information about extended control registers, refer to the Software
Programming Model chapter in the Nios II DPX Software Development section of the
Nios II DPX Datapath Processor Handbook.

* . For more information about the processor's debug flag breakpoint capability from the
Nios II DPX debugger, refer to the Getting Started with the Graphical User Interface
chapter in the Nios II DPX Software Development section of the Nios Il DPX Datapath
Processor Handbook.
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PEs and the Debug Flag

PEs have access to the debug flag value in the received messages and can perform
custom debug actions if the debug flag is set. When transmitting messages, the PEs
provide a value for the debug flag. Normally, PEs transfer the debug flag value from
the received PE message to the transmitted PE message. However, some debugging
scenarios might require modifying the debug flag value.

Using Debug Flag Breakpoint Capability

Figure 3-1 shows a sample Nios II DPX datapath processor system. The input PE
receives an external stimulus and generates PE messages for the system. The output
PE generates its output when it receives a PE message indicating context processing is
complete. The Nios II DPX datapath processor executes application software to

process messages in the system. It can delegate work to the two example hardware
PEs.

Figure 3—1. Sample Nios Il DPX Datapath Processor System
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The following sections illustrate some of the possible message debugging scenarios.
The scenarios described are not exhaustive and other methods that do not rely on the
debug flag are possible.
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Context Processing Debug

Nios II DPX datapath processor's debug flag breakpoint capability provides the
ability to debug all tasks involved in processing a specific context.

By enabling the debug flag bit when processing a PE message received from the input
PE, all PE messages generated by the Nios II DPX datapath processor using the same
context as the input PE message have their debug flag enabled. As long as all PEs
transfer the debug flag bit from the incoming PE message to the transmitted PE
messages generated in context of the received PE message, all PE messages that are
generated within the system in response to the input PE message have their debug
flag enabled. For all PE messages with the debug flag bit set, namely, all PE messages
in reference to a specific context, the Nios II DPX datapath processor threads
scheduled for processing these context specific PE messages enter the debug mode.
This method provides a complete context processing debug.

The following steps show a way to perform context processing debugging:

1. Enable the debug flag hardware breakpoint feature with the moni t or
set _packet _debug command in System Console.

2. From the Nios II DPX debugger, set a breakpoint at the task that the processor
executes when the processor receives the PE message of interest from the input PE.

3. Stimulate the input PE to generate a suitable PE message. The thread that is
scheduled to execute the task stops at the breakpoint.

4. Using the Nios II DPX debugger, enable the debug flag in the message_f | ags
extended control register. As a result, any PE message generated by this task has
its debug flag set.

5. Disable the task-specific breakpoint set in step 1.

As long as other PEs transfer the debug flag value to the messages generated for this
context, the Nios II DPX processor threads that are scheduled to execute tasks to
process PE messages in this context enter debug mode.

To perform context processing debugging for a specific context that can happen at an
arbitrary time, design the input PE to identify the context of interest and set the debug
flag bit for the PE message it generates in reference to the context. For example, in a
packet processing system, you could set the debug flag for all packets of a particular

type.

You can also use hardware breakpoints in a thread-specific way. In addition to the
previous steps, you can note the thread number in use and set a thread-specific
hardware breakpoint.
* . For more information about context-specific debugging and breakpoints, refer to the
Getting Started with the Graphical User Interface chapter in the Nios II DPX Software
Development section of the Nios II DPX Datapath Processor Handbook.

PE Message Debug

Some situations might require debugging a specific PE message, or debugging the
task triggered by a specific message. In this case, enable the debug flag when sending
the message of interest. The Nios II DPX processor enters debug mode when the
corresponding message is received (assuming the PEs involved pass on the debug
flag).
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Hardware PE Debug

The following list suggests some strategies to provide debug access to hardware PEs:

m Implementing Avalon-MM slave access—Design your PEs to contain status and
control registers for monitoring or controlling debug or verification features
specific to the PE. Make these registers accessible over an Avalon-MM slave
interface for access by an Avalon-MM master such as a Nios II processor for
embedded monitoring and control, or by a PC host using the JTAG to Avalon
Master Bridge IP core.

m Observing RTL signals—Use the Altera SignalTap® II Logic Analyzer to monitor
signals that are vital for controllability and observability when generating the
device bit stream. These signals are listed in “Record Suitable Waveforms” on
page 3-2.
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Additional Information

This chapter provides additional information about the document and Altera.

Document Revision History

The following table shows the revision history for this document.

Date Version

Changes

May 2011 2.0

Updated for ACDS v11.0

December 2010 1.0

Initial release

How to Contact Altera

To locate the most up-to-date information about Altera products, refer to the

following table.
Contact (1) Contact Method Address
Technical support Website www.altera.com/support
) o Website www.altera.com/training
Technical training : ,
Email custrain@altera.com
Product literature Website www.altera.com/literature
Non-technical support (General) Email nacomp@altera.com
(Software Licensing) Email authorization@altera.com

Note to Table:

(1) You can also contact your local Altera sales office or sales representative.

Typographic Conventions

The following table shows the typographic conventions this document uses.

Visual Cue

Bold Type with Initial Capital
Letters

Indicate command names, dialog box titles, dialog box options, and other GUI
labels. For example, Save As dialog box. For GUI elements, capitalization matches
the GUI.

bold type

Indicates directory names, project names, disk drive names, file names, file name
extensions, software utility names, and GUI labels. For example, \qdesigns
directory, D: drive, and chiptrip.gdf file.

Italic Type with Initial Capital Letters

Indicate document titles. For example, Stratix IV Design Guidelines.

italic type

Indicates variables. For example, n + 1.

Variable names are enclosed in angle brackets (< >). For example, <file name>and
<project name>.pof file.
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Additional Information
Typographic Conventions

Visual Cue

Initial Capital Letters

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

“Subheading Title”

Quotation marks indicate references to sections within a document and titles of
Quartus Il Help topics. For example, “Typographic Conventions.”

Indicates signal, port, register, bit, block, and primitive names. For example, dat a1,
tdi, and i nput. The suffix n denotes an active-low signal. For example, r eset n.

Indicates command line commands and anything that must be typed exactly as it

Courier type appears. For example, c: \ gqdesi gns\tutorial \chiptrip. gdf.
Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESI GN), and logic function names (for
example, TRl ).
« An angled arrow instructs you to press the Enter key.
1.,2.,3,and Numbered steps indicate a list of items when the sequence of the items is important,
a., b.,c.,andsoon such as the steps listed in a procedure.
EEsm Bullets indicate a list of items when the sequence of the items is not important.
e The hand points to information that requires special attention.
A question mark directs you to a software help system with related information.
e The feet direct you to another document or website with related information.

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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NIIDPXHB-SD-2.0

The Nios® II DPX Software Development section of the Nios II DPX Datapath Processor
Handbook provides the basic information needed to develop software for the Altera®
Nios II DPX MTP. This section describes the Nios II DPX MTP software development
environment, the Altera Embedded Design Suite (EDS) tools available to you, and the
process for developing software.

The Nios II DPX Software Development section assumes you have a basic familiarity
with embedded processor concepts.

Familiarity with Altera hardware development tools can give you a deeper
understanding of the reasoning behind the Nios Il DPX MTP software development
environment.

This section includes the following chapters:

Chapter 4, Overview of the Nios Il DPX MTP

Chapter 5, Software Programming Model

Chapter 6, Getting Started with the Graphical User Interface
Chapter 7, Getting Started from the Command Line

Chapter 8, Understanding the Nios II DPX Board Support Package

Chapter 9, Nios Il DPX MTP Instruction Set and Application Binary Interface
Chapter 10, SBT Reference for the Nios II DPX MTP
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This chapter provides a high-level overview of how the Nios II DPX MTP fits into the
Nios II DPX datapath processor. It outlines the software development environment
for the Nios Il DPX MTP. This chapter contains the following sections:

m “The MTP in the Context of the Nios II DPX Datapath Processor”
m “Event-Driven Processing” on page 4-1

m  “Nios II DPX Multithreading” on page 4-2

m “Dual-Processor Configurations” on page 4-2

m  “Nios II DPX Programming Considerations” on page 4-3

m “The Nios II DPX Software Development Environment” on page 4—4

The MTP in the Context of the Nios Il DPX Datapath Processor

The Nios I DPX MTP is a dedicated, special-purpose microprocessor embedded in
the Nios II DPX datapath processor. The DPX MTP is a submodule in the Nios II DPX
core, which includes instruction memory and hardware support for task and thread
control, messaging, system analysis and debugging. The Nios II DPX MTP and its
environment are optimized for datapath processing tasks, such as packet processing.

For additional information about the Nios Il DPX MTP and its hardware
environment, refer to the Nios Il DPX Architecture chapter, in the Nios II DPX Hardware
Reference section of the Nios Il DPX Datapath Processor Handbook.

Event-Driven Processing

Nios II DPX designs are based on a event-driven processing paradigm. The
programming model for the Nios Il DPX MTP is different from that of a conventional
processor. Generally, to program the Nios II DPX MTP, you do not write a mai n()
function that executes for the lifetime of the application. Instead, mai n() typically only
executes some minimal initialization tasks and returns. The Nios II DPX software
consists of short routines, called tasks, that are executed in response to the receipt of a
PE message.

A task is analogous to an interrupt service routine (ISR). However, a task provides
better performance than a conventional ISR, because all necessary context information
is provided to the processor through the message interface hardware.

In a Nios II DPX system, processing elements (PEs) are connected to one another
through a message interconnect. The Nios II DPX datapath processor is an example of
a PE. PEs can also be specialized hardware accelerators or other processors with
message interfaces. Each PE is capable of performing one or more tasks. In a typical
system, the Nios II DPX datapath processor communicates with a heterogenous
collection of several PEs.
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For information about PEs and Altera event-driven datapath processing, refer to
“Event-Driven Methodology” in the Altera Event-Driven Datapath Processing Design
Handbook.

Nios Il DPX Multithreading

The Nios II DPX MTP is an interleaved multithreaded processor, capable of executing
eight threads simultaneously. Each thread can execute a task.

Each thread has its own register context, enabling threads to execute independently.
You can think of the threads as eight identical, separate processors.

Each thread is independent of the other threads. If a thread stalls, the remaining

threads continue to execute as usual. Thread stalls, however, are rare, because of
hardware features such as interleaved multithreading and fixed-latency memory
masters.

MTP hardware threads are interchangeable. Software normally need not determine
which hardware thread it is running on at any particular time. However, the current
thread number can be read from the t hr eadnumcontrol register if necessary.

Because the threads are independent, you must use care with shared resources, just as
in any multithreaded programming environment. You must protect shared resources,
such as device registers, with a mutual exclusion mechanism, such as semaphores.

For detailed information about Nios II DPX multithreading, refer to “Functional
Description” in the Nios II DPX Architecture chapter, in the Nios II DPX Hardware
Reference section of the Nios II DPX Datapath Processor Handbook.

Dual-Processor Configurations

If your application requires more than eight threads, you can configure the

Nios II DPX datapath processor with dual MTP cores. A dual-core Nios II DPX
datapath processor functions the same as a single-core processor, except that it
supports sixteen simultaneous threads. The two cores have identical memory maps,
and run the same software. When a task needs to run, it can run on either MTP core.

A dual-processor configuration, which providing sixteen threads, uses less memory
than two distinct Nios II DPX MTPs, because the two MTPs share instruction
memory.

For information about instantiating a dual-core Nios II DPX datapath processor, refer
to the Instantiating the Nios II DPX Datapath Processor chapter, in the Nios II DPX
Hardware Reference section of the Nios II DPX Datapath Processor Handbook.
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Nios Il DPX Programming Considerations

The event-driven paradigm, and the Nios II DPX MTP’s unique architecture and
hardware environment, make programming the MTP different from programming a
general-purpose processor. Before you start, become familiar with the Altera
Event-Driven Datapath Processing Design Handbook, as well as “Functional Description”
in the Nios II DPX Architecture chapter, in the Nios II DPX Hardware Reference section of
the Nios II DPX Datapath Processor Handbook. This topic provides a detailed
description of the Nios II DPX architecture.

Memory and 1/0
The Nios I DPX MTP has separate address spaces for instructions and data.

Instruction memory is an on-chip memory embedded in the Nios II DPX core,
ensuring that threads never stall waiting for an instruction.

The Nios II DPX MTP possesses two kinds of data master interfaces: fixed-latency and
variable-latency.

The fixed-latency data master interfaces provide access to data that requires
time-critical access without stalling. The Nios Il DPX MTP can use fixed-latency data
master interfaces to connect to any memory or peripheral that has zero wait states and
a read latency of two.

Variable-latency data master interfaces can access any Avalon-MM slave interface.
Access through a variable-latency data master always causes a stall for at least one
cycle.

The Nios II DPX MTP does not support caching. Whether or not a particular memory
access stalls is strictly determined by the type of master interface used and the
characteristics of the slave interface.

All Nios II DPX memory accesses use the byte-invariant big-endian convention
(BE-8).
“ . e For details about how Nios Il DPX memories are instantiated and configured, refer to
the Instantiating the Nios II DPX Datapath Processor chapter, in the Nios II DPX
Hardware Reference section of the Nios II DPX Datapath Processor Handbook.

The Nios Il DPX Debug Interface

The Nios I DPX MTP interfaces to a debug unit, enabling the Nios Il DPX debugger
to provide typical debugging features such as breakpoints, single-stepping, and
viewing registers and memory. The debugger interface enables nonstop debugging, in
which the debugger can selectively debug one thread while the other threads
continue to run normally.

For details about the Nios II DPX debugger, refer to Chapter 6, Getting Started with
the Graphical User Interface.
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Exception Controller

The Nios II DPX MTP supports a small set of exception types. For information about
working with Nios II DPX exceptions, refer to Chapter 5, Software Programming
Model.

Once a task is launched on a hardware thread, it must run to completion. There is no
way to preempt or interrupt a running task.

The Nios Il DPX Software Development Environment

The Nios II EDS provides a consistent software development environment that works
for all Nios II DPX systems. With the Nios II EDS running on a host computer, an
Altera FPGA, and a JTAG download cable (such as an Altera USB-Blaster™ download
cable), you can write programs for and communicate with any Nios II DPX system.
The Nios II DPX datapath processor debug module provides a single, consistent
method to connect using a JTAG download cable. Therefore, you do not need to spend
time manually creating interface mechanisms for the embedded processor.

The Nios II EDS includes proprietary and open-source tools (such as the GNU C/C++
tool chain) for creating Nios II DPX programs. The Nios II EDS automates board
support package (BSP) creation for Nios II DPX MTP-based systems, eliminating the
need to spend time manually creating BSPs. The BSP provides a C runtime
environment, insulating you from the hardware in your embedded system.

Nios II DPX BSPs contain the Altera lightweight hardware abstraction layer
(LWHAL) and simple device drivers.

The Nios Il SBT Development Flow

A development flow is a way of using a set of development tools together to create a
software project. The Nios II EDS provides the Nios II Software Build Tools (SBT)
development flow for creating Nios II programs. This development flow provides the
following user interfaces:

m The Nios II SBT command line
m The Nios II SBT for Eclipse™ graphical user interface (GUI)

The Nios II SBT allows you to create Nios II DPX software projects, with detailed
control over the software build process. The same Nios II SBT utilities, scripts and Tcl
commands are available from both the command line and the Nios II SBT for Eclipse.

The SBT provides powerful Tcl scripting capabilities. In a Tcl script, you can query
project settings, specify project settings conditionally, and incorporate the software
project creation process in a scripted software development flow. Tcl scripting is
supported both in Eclipse and at the command line.

For information about Tcl scripting, refer to the Nios II Software Build Tools chapter of
the Nios 1I Software Developer’s Handbook.
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The Nios Il SBT for Eclipse

The Nios II SBT for Eclipse is a GUI that runs the Nios II SBT utilities and scripts,
presenting a unified development environment. You can accomplish all software
development tasks within Eclipse, including creating, editing, building, running,
debugging, and profiling programs.

The Nios II SBT for Eclipse is based on the Eclipse 3.5 framework and the Eclipse
C/C++ development toolkit (CDT) 6.0 plugins. The Nios II SBT creates your project
makefiles for you, and Eclipse provides extensive capabilities for interactive
debugging and management of source files.

The SBT for Eclipse also allows you to import and debug projects you created in the
Nios I Command Shell.
“ . For details about the Nios II SBT for Eclipse, refer to Chapter 6, Getting Started with
the Graphical User Interface. For details about Eclipse, visit the Eclipse Foundation
website (www.eclipse.org).

The Nios Il SBT Command Line

In the Nios II SBT command line development flow, you create, modify, build, and
run Nios II DPX programs with Nios II SBT commands typed at a command line or
embedded in a script. You run the Nios II SBT commands from the Nios II Command
Shell.

The Nios II SBT command line flow is useful if you have a large multiprocessor
project maintained in a source control system. You can create and build software
projects from the command line or a shell script, enabling you to integrate the
software build process with your other tools.

For further information about the Nios II SBT in command-line mode, refer to
Chapter 7, Getting Started from the Command Line.

To debug a command-line program, you can import your SBT projects to Eclipse. You
can then further edit, rebuild, run, and debug your imported project in Eclipse.
Alternatively, you can use any of several other system debugging tools, including the
following tools:

m GDB at the command line
m System Console

m SignalTap

“ . e For detailed information about debugging Nios Il DPX systems, refer to the System
Verification chapter in the Nios II DPX Hardware Reference section of the Nios II DPX

Datapath Processor Handbook.

Nios Il DPX Programs

Each Nios II DPX program you develop consists of an application project, optional
user library projects, and a BSP project. You build your MTP program to create an
Executable and Linking Format File (.elf) which runs on a Nios II DPX MTP.

The Nios I SBT creates software projects for you. Each project is based on a makefile.
This section discusses makefiles and projects.
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L=~ The C++ language is not supported in the Nios Il DPX MTP software development
environment.

Makefiles and the SBT

The makefile is the central component of a Nios II DPX software project, whether the
project is created with the Nios II SBT for Eclipse, or at the command line. The
makefile describes all the components of a software project and how they are
compiled and linked.

As a key part of creating a software project, the SBT creates a makefile for you.

Nios II DPX projects are sometimes called “user-managed,” because you, the user, are
responsible for the content of the project makefile. You use the Nios II SBT to define
the contents of the makefile.

“ . e The Nios II Software Build Tools chapter of the Nios II Software Developer’s Handbook
provides detailed information about creating makefiles.

Nios Il DPX Software Project Types

The following sections describe the project types that constitute a Nios II DPX
program.

Application Project

A Nios II DPX C application project consists of a collection of source code, plus a
makefile. A typical characteristic of a Nios II DPX application is that one of the source
files contains function mai n() , while other files contain tasks. An application can
include code that calls functions in libraries and BSPs. The makefile compiles the
source code and links it with a BSP and an optional library or libraries, to create

one .elf file.

User Library Project

A user library project is a collection of source code compiled to create a single library
archive file (.a). Libraries often contain reusable, general purpose functions that
multiple application projects can share. A collection of common arithmetical functions
is one example. A user library does not contain a mai n() function.

BSP Project

A Nios II DPX BSP project is a specialized library containing system-specific support
code. A BSP provides a software runtime environment customized for a processor
instance in a hardware system. The Nios II EDS provides tools to modify settings that
control the behavior of the BSP.

A BSP for the Nios II DPX MTP contains the following elements:

m Lightweight hardware abstraction layer—For information, refer to Chapter §,
Understanding the Nios II DPX Board Support Package.

m Device drivers—For information, refer to “Software Projects” in the Nios II
Software Build Tools chapter of the Nios II Software Developer’s Handbook.
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Finding Nios Il EDS Files

When you install the Nios II EDS, you specify a root directory for the EDS file
structure. This root directory must be adjacent to the Quartus® II installation. For
example, if the Nios IT EDS 10.1 is installed on the Windows operating system, the
root directory might be c:\altera\10.1\nios2eds.

For simplicity, this handbook refers to this directory as <Nios II EDS install path>.
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Q' 5. Software Programming Model

This chapter describes the Nios II DPX software programming model, including
event-driven programming on the Nios II DPX datapath processor, and how tasks,
events, and messages function. The purpose of this chapter is to enable you to design
and write Nios II DPX software correctly.

This chapter discusses processor features at the assembly language level, as well as
the mechanics and syntax of creating tasks and sending PE messages. It describes how
the Nios II DPX datapath processor interacts with other PEs (components of the

Nios II DPX system lying outside the Nios II DPX datapath processor).

Fully understanding the contents of this chapter requires prior knowledge of
computer architecture, software processes and process management, exception
handling, and instruction sets.
“ ™. For a general introduction to datapath processing concepts, refer to the Altera
Event-Driven Datapath Processing Design Handbook.

Overview of the Nios Il DPX MTP

The main component in the Nios II DPX datapath processor is the Nios II DPX
multithreaded processor (MTP). To software, the MTP appears as multiple processors
called threads. Each thread contains its own register bank and executes independently
of the other threads.

Some programming elements, such as instruction memory and a control register that
contains the processor ID, are shared by all threads. Some elements, such as program
counters (PC), general-purpose registers, control registers, and stack, exist separately
for each thread. And some elements, such as extension registers, exist separately
based on other criteria.

The MTP is streamlined for efficient, deterministic processing. There are no operating
mode options, no interrupt support, no memory protection or memory management
units. The processor supports a minimal set of exception types; software is not
expected to make significant use of exceptions.

The Event-Driven Programming Model

This section introduces key concepts of event-driven programming on the
Nios II DPX datapath processor.

Tasks, PE Messages and Events

In event-driven programming, work is carried out by tasks. A task is a series of steps
performed on data, triggered by an event. A task can be implemented either in
hardware or software. This chapter describes software tasks and how software tasks
interact with hardware tasks.

Each task has a clear-cut start and finish. There are no infinite loops or wait loops in
tasks. The task starts, executes the necessary steps, and then terminates.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook


http://www.altera.com/literature/hb/nios2dpx/hb_datapath_processing.pdf
http://www.altera.com/literature/hb/nios2dpx/hb_datapath_processing.pdf

5-2

Chapter 5: Software Programming Model
The Event-Driven Programming Model

Work flows between tasks by means of PE messages. PE messages carry status, and
indicate what is to be done next. The next task is specified by the unique task ID.
Tasks also possess data, referred to as context. Typically, a PE message indicates the
context data by reference. For more information about context, see “Context Data” on
page 5-4.

A set of tasks, interoperating by means of PE messages, constitute a complete
application.

An event is defined as a significant occurrence at a particular point in time. The most
common events are the receipt or transmission of a PE message. However, custom
hardware events, particularly the arrival of valid data on system inputs, also occur
and must be handled.

The order of events in an event-driven system determines the order in which tasks are
carried out. The start of a task is triggered by an event.

Thus, the simplest possible event-driven flow resembles the following:
1. Task executes its steps.

2. Task sends a PE message.

3. Task terminates.
4

A messaging network delivers the message to its intended recipient, initiating the
next task.

5. Sequence repeats from step 1.

In an actual system, many tasks execute in parallel, and their relationships can be
more complex than the sequence shown here.

Task-Based Software

Nios II DPX datapath processor software consists of short task routines that are
executed in response to the receipt of a PE message.

Software Tasks

You write a task as a function in C, or as a subroutine-like block of code in assembly
language. Special syntax identifies a C function as a task. For details about task
syntax, refer to “Writing Task Code” on page 5-11.

Your task can call ordinary, non-task C functions or assembly language subroutines.
Write such functions or subroutines just as you would for any ordinary processor
architecture.

A software task executes on a thread in the Nios II DPX MTP.

For more information about threads, refer to “Multithreaded Processor” in the
Nios II DPX Architecture chapter, in the Nios II DPX Hardware Reference section of the
Nios II DPX Datapath Processor Handbook.

Any task can execute on any thread. If the Nios II DPX datapath processor is
configured with a dual core, any task can execute on either of the two Nios II DPX
MTP cores. Threads are interchangeable. Which task is running on which thread at
any given time is of no significance to the behavior of the software.
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. Dual-core Nios Il DPX systems are discussed in “Nios Il DPX Datapath Processor

Dual-Core Configuration” in the Nios II DPX Architecture chapter, in the Nios I DPX
Hardware Reference section of the Nios II DPX Datapath Processor Handbook.

Each task is dispatched by the Nios II DPX hardware when a PE message identifies
that task as the next to be executed. Any required arguments are preloaded into
special extended hardware registers. See “Using the Nios II DPX Extension Registers”
on page 5-19 for more information about the extended registers.

If no thread is available when an event occurs, the Nios II DPX datapath processor
stores the message and waits until one of the tasks terminates and frees its thread.

Once a task is started on a hardware thread, it runs to completion. There is no way to
preempt or interrupt a running task.

The Role of the main() Function

An event-driven C application has a function mai n(), like any other C program.
However, the role of mai n() is significantly simpler.

mai n() runs on each thread at startup time. In a Nios II DPX application, mai n()
performs any global initialization required by all software tasks, and then exits. All
subsequent software processing is performed by the tasks.

PE Messages

A PE message carries control information, arguments and potentially other data
between components in the system. PE messages can be transmitted in response to
events. The receipt of a PE message is an event.

The Nios II DPX datapath processor includes hardware optimized to accelerate PE
message passing. Special registers and instructions provide direct access to message
arguments. For more information about these registers and instructions, see “Using
the Nios II DPX Extension Registers” on page 5-19 and “Task-Related Instructions”
on page 5-14.

Receiving PE Messages

Each PE message identifies the next task to be executed. This task might be a software
task implemented on a Nios Il DPX MTP, or a hardware task implemented on a PE
external to the Nios II DPX datapath processor.

Each PE message also identifies context data, if it is needed. See “Context Data” on
page 5—4 for more information about context data in messages.

The information in each PE message is copied by the hardware directly into processor

registers, eliminating the need to load message arguments from data memory.

Sending PE Messages

When the task finishes, it normally designates the next task to execute. The next task
is designated in a PE message.

To send a PE message, you move any required message data into the transmit
message registers, and execute the snd or sndi instruction.

Every task must send at least one PE message, typically when it terminates.
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Context Data

Context is information that is shared among a defined set of task instances.

The Nios II DPX datapath processor can be configured to use the CID to manage
context data, enabling tasks to share context with minimal overhead. The CID is a
token held by one task at a a time. The CID enables the task that holds it to read and
modify the context data, while ensuring that no other task attempts to read or modify
it concurrently.

Typically, the CID indexes into a shared memory containing application-specific data
such as packet data (header and payload). Context can also include cached data such
as a packet header if a PE is expected to perform many tasks on the same packet. The
significance of the CID is application-specific.

The number of available CIDs is specified when the Nios Il DPX hardware system is
generated. Since the number of CIDs is finite, you must take several CID management
issues into consideration, especially when using CID ordering. For information about
CID management, see “Context Management” on page 5-16.

Nios Il DPX Registers

The MTP register set includes general-purpose registers, extension registers, control
registers, and extended control registers. Some registers are part of the MTP itself,
while others are extensions of the MTP. This section discusses each register type.

See “Developing Software Tasks for the Datapath Processor” on page 5-10 for
descriptions of how to use the registers to send and receive messages.

General-purpose Registers

For each thread, the base MTP architecture provides thirty-two 32-bit general-purpose
registers, r 0 through r 31, as shown in Table 5-1. Some registers have names
recognized by the assembler. For example, the zer 0 register (r 0) must be configured at
startup time to return the value zero. The r a register (r 31) holds the return address
used by procedure calls and is implicitly accessed by the cal |, cal | r and r et
instructions. C compilers use a common procedure-call convention, assigning specific
meaning to registers r 1 through r 23 and r 26 through r 28.

Table 5-1. MTP General-purpose Registers (Part 1 of 2)

Register Name Function Register Name Function
ro zero 0x00000000 (7) r16 Callee-saved register
ri at Assembler temporary ri7 Callee-saved register
r2 Return value ris Callee-saved register
r3 Return value ri9 Callee-saved register
r4 Register arguments r20 Callee-saved register
r5 Register arguments r21 Callee-saved register
ré Register arguments r22 Callee-saved register
rv7 Register arguments r23 Callee-saved register
r8 Caller-saved register r24 Callee-saved register
ro Caller-saved register r25 bt Breakpoint temporary (2)
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Table 5-1. MTP General-purpose Registers (Part 2 of 2)

Register Name Function Register Name Function
ri1o Caller-saved register r26 ap Global pointer
ri1 Caller-saved register r27 sp Stack pointer
riz Caller-saved register r28 fp Frame pointer
ri3 Caller-saved register r29 ea Exception return address
ri4 Caller-saved register r30 ba Breakpoint return address
ris Caller-saved register r3i ra Return address

Notes to Table 5-1:
(1) This value must be configured by software at startup. Software must not write any nonzero value to this register.
(2) r25is used exclusively by the debug module.

For more information, refer to “The Nios II DPX MTP Application Binary Interface”
on page 9-112.

Extension Registers

The MTP architecture provides an interface allowing the Nios II DPX datapath
processor to add additional banks of thirty-two 32-bit registers as extension registers.
These registers are normally referenced with the mnemonic register names listed in
Table 5-14 on page 5-19. In assembly language, they can also be referenced with the
physical register names r 32 through r 63.

Accessing Extension Registers

Accessing the extension registers from software is very similar to accessing the
general-purpose registers, with the following exceptions:

m  Write-only extension registers (TX message and output context) can only be the
destination register in assembly language instructions.

m Read-only extension registers (RX message and input context) can only be the first
source register in assembly language instructions.

m No extension register can be the second source register in assembly language
instructions.

B Some assembly language instructions have further restrictions. For more
information, refer to the instruction descriptions in “The Nios II DPX MTP
Instruction Set” on page 9-1.

For information about the use of extension registers by the Nios II DPX datapath
processor, refer to “Functional Blocks” in the Nios II DPX Architecture chapter, in the
Nios II DPX Hardware Reference section of the Nios II DPX Datapath Processor Handbook.
For information about programming extension registers in your design, refer to
“Developing Software Tasks for the Datapath Processor” on page 5-10.
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Control Registers

=

Control registers report the status and control the behavior of the processor. Control
registers are accessed differently than the general-purpose registers. The special
instructions rdct| and wrct| provide the only means to read and write to the control
registers.

When writing to control registers, all undefined bits must be written as zero.
The base MTP architecture provides two control registers. Table 5-2 shows details of
the defined control registers. All defined control registers have names recognized by

the assembler.

Table 5-2. Control Register Names and Descriptions

Register Name Register Contents

5 cpuid Unique processor identifier
16 t hreadnum Thread number

The following sections describe the defined control registers of the base MTP
architecture.

The cpuid Register

The cpui d register holds a constant value that uniquely identifies each processor in a
multiprocessor system. The cpui d value is determined at system generation time. The
cpui d register is read-only; writing to the register has no effect.

Each MTP in a dual-core Nios II DPX processor must have the same cpui d.

The threadnum Register

The t hr eadnumregister holds the thread number of the associated thread. The
t hr eadnumregister is read-only; writing to the register has no effect.

The t hr eadnumregister is a per-thread control register. There is one t hr eadnumregister
for each thread in the processor.

Table 5-3 shows the layout of the t hr eadnumregister.

Table 5-3. threadnum Control Register Fields (Note 1)

31

N | N1 ‘1‘0

0 THREADNUM

Notes to Table 5-3:

(1) N represents the number of bits needed to represent the total number of threads in the MTP, namely, log,(number of threads).
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Table 5-4 shows details of the fields defined in the t hr eadnumregister.

Table 5-4. threadnum Control Register Field Descriptions

Field Description Access Reset Available
THREADNUM s the thread number field. The width of this field is
REAC variable and needs to contain enough bits to encode the number Thread
H M of threads. For example, for eight threads, this field must be at Read number Per thread
least three bits wide or wider.

Extended Control Registers

The MTP architecture provides an interface that allows the Nios II DPX datapath
processor to add additional control registers as extended control registers. Some
extended control registers are global to the Nios Il DPX MTP. Others are local to each
thread. As with standard control registers, you can use the rdct| and wrct|
instructions to access the contents of the extended control registers.

Table 5-5 shows details of the extended control registers defined in the Nios II DPX
datapath processor.

Table 5-5. Extended Control Register Names and Descriptions

Physical
Register Mnemonic Register Contents
Name

ctl17 reserved reserved
ctl24 message_flags (7) Message interface unit (MIU) flags register
ctl25 message_user (7) MIU user field register
ctl26 message_i d0 (1) MIU task register
ctl27 message_i dl1 (7) MIU ID register

Notes to Table 5-5:

(1) The MIU control registers are per-context control registers. One bank of MIU control registers exists for every
context in the Nios Il DPX datapath processor.

The following sections describe the extended control registers defined in the
Nios II DPX datapath processor.

The message_flags Register

The message_f | ags register is the message interface unit flags register. It holds the
message flags for a given task. The contents of this register are set based on the f | ags
field of the incoming message that started the task. Software tasks can read and write
this register.

May 2011 Altera Corporation Nios Il DPX Datapath Processor Handbook



5-8 Chapter 5: Software Programming Model
Nios Il DPX Registers

Table 5-6 shows the layout of the nessage_f | ags register.

Table 5-6. message_flags Extended Control Register Fields (Note 1)

31 N | N ‘ 1 ‘ 0
0 FLAGS

Notes to Table 5-6:

(1) N represents the total number of flag bits you specify when instantiate the Nios Il DPX processor. You specify this value with the Number of
flag bits parameter when instantiating your Nios Il DPX processor. For more information, refer to “Instantiation for the Qsys Flow” in the
Instantiating the Nios Il DPX Datapath Processor chapter, in the Nios /| DPX Hardware Reference section of the Nios I/ DPX Datapath Processor
Handbook.

Table 5-7 shows details of the fields defined in the message_f| ags register.

Table 5-7. message_flags Extended Control Register Field Descriptions

Field Description Access Reset | Available

FLAGS is the message flags field. The width of this field is variable
and defined when instantiate the Nios || DPX processor.

FLAGS Bit 0 of the f1 ags register contains the debug flag. For more Read/Write | 0 Per thread
information about the debug flag, refer to the System Verification
chapter in the Nios Il DPX Hardware Reference section of the
Nios Il DPX Datapath Processor Handbook.

The message_user Register

The nmessage_user register is the message user field register. It holds user-defined
message information for a given task. The contents of this register are set based on the
user field of the incoming message that started the task. Software tasks can read and
write this register.

Table 5-8 shows the layout of the nessage_user register.

Table 5-8. message_user Extended Control Register Fields (Nofe 1)

31 N | N1 ‘ 1 ‘ 0
0 USER

Note to Table 5-8:

(1) N represents the total number of user-defined bits you specify when instantiate the Nios Il DPX processor. You specify this value with the
Number of user message bits parameter when instantiating your Nios || DPX processor. For more information, refer to “Instantiation for the
Qsys Flow” in the Instantiating the Nios Il DPX Datapath Processor chapter, in the Nios /| DPX Hardware Reference section of the Nios Il DPX
Datapath Processor Handbook.

Table 5-9 shows details of the fields defined in the nessage_user register.

Tahle 5-9. message_user Extended Control Register Field Descriptions

Field Description Access Reset Availahle

USER s the message user-defined field. The width of this field is
variable and defined when instantiate the Nios || DPX processor.

USER Read/Write |0 Per thread

The message_id0 Register

The nessage_i d0 register is the message interface unit task register. It holds the node
IDs and task ID for a given context. The nessage_i d0 register is read-only; writing to
the register has no effect.
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Table 5-12 shows the layout of the nessage_i d0 register.

Tahle 5-10. message_id0 Extended Control Register Fields (Note 1)

31‘30‘29‘28‘27‘26|25|24

23|22‘21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10‘9|8

e[+ ][] ]s

M U_VERSI ON

PEI D

SCURCE

RX_TASKI D

Notes to Table 5-10:

(1) High-order bits in each field are set to zero when the defined width for a field in the message format is less than eight bits.

Table 5-11 shows details of the fields defined in the message_i d0 register.

Tahle 5-11. message_id0 Extended Control Register Field Descriptions

Field Description Access Reset Availahle
T e L CH L
o | ST DI e S S o [0 |rrtea
PEI D PEI D contains a unique identifier for the Nios Il DPX PE. Read 0 Per thread

M U_VERSI ON mt:r_fZEeRilnict]\:] g(r)g\}\zrr]:.the version number of the message Read 0 Per thread

The message_id1 Register

The message_i d1 register is the message interface unit ID register. It holds the
sequence number, CID, RXID and TXIDs for a given context. The nessage_i d1 register
is read-only; writing to the register has no effect.

Table 5-12 shows the layout of the nessage_i d1 register.

Tahle 5-12. message_id1 Extended Control Register Fields (Note 1)

31‘30‘29‘28‘27‘26|25|24

23|22‘21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10‘9|8

e[+ ][] ]s

SEQNUM

b

RXI'D

TXI D

Notes to Table 5-12:

(1) High-order bits in each field are set to zero when the defined width for a field in the message format is less than eight bits.
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Table 5-13 shows details of the fields defined in the message_i d1 register.

Tahle 5-13. message_id1 Extended Control Register Field Descriptions

Field

Description

Access

Reset Availahle

TXI D

TXI Dis the transmit ID field. The width of this field is variable and
contains enough bits to encode the number of TXIDs specified in
the Number of transmit IDs processor configuration parameter.

Read

0 Per thread

RXI' D

RXI Dis the receive ID field. The width of this field is variable and
contains enough bits to encode the number of RXIDs specified in
the Number of receive IDs processor configuration parameter.

Read

0 Per thread

ab

Cl Dis the context ID field. The width of this field is variable and
contains enough bits to encode the number of CIDs specified in
the Number of context IDs processor configuration parameter.

Read

0 Per thread

SEQNUM

SEQNUMis the sequence number field. The width of this field is
variable and contains enough bits to encode the number of
sequence numbers specified in the NUM_SEQNUMS processor
configuration parameter.

Read

0 Per thread

Developing Software Tasks for the Datapath Processor

This section describes how to write software tasks for the Nios II DPX datapath

processor.

The Nios Il DPX Task ID

The task ID is a number that identifies a specific task in a given PE (such as the
Nios II DPX datapath processor). A task ID’s scope is its PE, so every task ID in a PE

must be unique.

Every task must have a task ID. “Writing Task Code” on page 5-11 describes how you
assign a task ID to a software task. Hardware task IDs are generally configured in the

PE hardware.

The PEID is the address of a PE. All PE messages contain the following fields:

m  Source—the PEID of the sending PE

m Destination—the PEID meant to receive the PE message

m  Task ID—the specific task to run on the destination

When a Nios II DPX task sends a message to another PE, it uses the destination and
task ID fields to specify the next task to run. The PEID and task ID together uniquely
identify one task in a Nios II DPX system. Altera recommends defining PEIDs and
task IDs in a common file accessible both to hardware definition files and software

source files.

When the Nios II DPX datapath processor receives a message from another PE, it uses
the task ID to select the software task to run on the Nios II DPX MTP.

Nios Il DPX Datapath Processor Handbook
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Sending PE Messages Between Tasks

The Nios II DPX datapath processor has two PE message buffers, one for transmitted
and one for received messages. Each buffer consists of a bank of message registers,
indexed by TXID or RXID, discussed in the following sections. Buffer sizes are
configurable.

A task function cannot be called directly by another task, or by any other function.
Tasks are entry points that receive their arguments in the extension registers. If you
want to “call” one task from another task, you must send a message. For information,
see “Spawning a New Task” on page 5-23.

Working With the RXID

Each message received by the Nios Il DPX datapath processor is assigned an RXID.
The RXID is an identifier used to select a bank of receive message registers (RX
registers) to receive the message arguments. When a task starts running on a specific
thread in response to the message, the thread uses the RXID to access the arguments
in the RX registers directly.

The Nios II DPX datapath processor frees the RXID when the task terminates.
Optionally, when the task has used the data in the receive message registers, it can
free the RXID before it exits, with the r xf r ee instruction. This technique is useful if
there is a shortage of RXIDs.

Working With the TXID

The TXID controls the resources for transmitting a PE message. Each TXID
corresponds to a dedicated bank of registers, called transmit message registers. A TXID
gives the thread access to the necessary registers for the message.

When a thread owns a TXID, the processor automatically indexes the corresponding
transmit message registers, without needing to use any special addressing.

To send a message, a task must have a TXID. Every task must send at least one PE
message. Therefore, each task is allocated a default TXID when it is assigned to a
thread and starts running. If no TXID is available, no thread is assigned to the task.
The task waits until a TXID becomes available.

Every task must ensure that its default TXID is released before terminating, by
sending a message. To send a PE message, you move any required message data into
the transmit message registers, and execute the snd or sndi instruction.

To send more than one PE message from a task, you must execute the t xal | oc
instruction, to allocate a new TXID. Every task that successfully allocates a TXID must
send an additional message before it terminates, to free the allocated TXID. See
“Sending Multiple PE Messages” on page 5-23.

Writing Task Code

You can write a task in C or assembly language. The underlying task mechanics are
the same. The contents of a task are similar to a C function or an assembly language
subroutine.
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Because tasks are dispatched by hardware, and not called by software, the

Nios II DPX toolchain treats a task as a program entry point, like mai n() . Tasks do not
return to a caller. They terminate with an exi t instruction, which simply puts the
processor thread into an idle state.

Writing a Task in C

In C, use the t ask attribute to indicate to the Nios II DPX toolchain that the function
defines a task. The syntax is as follows:

void __attribute__ (( task ( <task id>)) <task function name> () {}

This attribute causes the function to terminate by restoring the stack pointer and
executing an exit instruction.

When a task executes the exi t instruction, the current RXID is released (unless it was
previously released with the r xf r ee instruction).
The r et ur n statement is optional.

Before it terminates, each task must send a message to free the default TXID. See
“Working With the TXID” on page 5-11 for details.

Example 5-1 shows how the t ask attribute is used.

Example 5-1. Task Declaration

#i ncl ude "ni os2dpx. h"

/1 Define the task ID used to call "my_task"
#define MY_TASK ID 1

/1 Define the destination ID and task |ID used by the nessage sent by "my_task".
/1 This defines the next operation to be perforned.

#defi ne OUTPUT_DESTI NATI ON Ox3f

#defi ne OQUTPUT_TASK | D 0x3f

/1 Definition of "my_task"

/'l Accepts a nessage with a single argunent, adds the val ue of the argunent
/1 to an internal context register, and sends a nessage

void __attribute_ ((task(MY_TASK ID))) my_task()

{

/1 Read the argunent fromthe incom ng nessage from RX0, and add it to
/1 an internal context register (CRO)
CRO = CRO + RXO;

/1 Create an output message with one argunent, the value of the

/'l increnented context register. The nmessage has a destination and
/1 task ID set fromconstants, no special options, and a | ength of
/1 one argunent. This argunent is copied fromthe internal context
/1 register (CRO), to the first transmt argunent (TXO0).

TX0 = CRO;

NI OS2DPX_SNDI ( QUTPUT_DESTI NATI ON, OUTPUT_TASK_ | D, OPT_NONE, 1);

Because a task is treated as a program entry point, the C runtime environment does
not support any callee-saved registers when the t ask attribute is in effect.

Nios Il DPX Datapath Processor Handbook May 2011 Altera Corporation



Chapter 5: Software Programming Model 5-13
Developing Software Tasks for the Datapath Processor

When writing tasks for the Nios I DPX MTP, you can disregard many of the
reentrancy issues that you might associate with low-overhead multithreaded
environments. For example, each thread has a dedicated register bank, so each task
can freely use registers as if it were the only thread executing.

Threads might also be furnished with dedicated thread-addressed memories. This
option is selectable at system generation time. For more details, see “Nios II DPX
Memory Model” on page 5-20.

For information about the C prologue and epilogue in the Nios II DPX runtime
environment, refer to Chapter 8, Understanding the Nios II DPX Board Support
Package.

Writing a Task in Assembly Language

The LWHAL BSP includes a predefined task table (in task_table.S) containing the
entry point for each task. In assembly language, to install your task in the task table,
you must declare its entry point with a global symbol whose name is of the form
__task_<n>, where <n> is the task ID.

In C, the creation of a __t ask_<n> symbol is handled automatically.

If you develop your software in assembly language, you must insert the exi t
instruction at the end of each task.

When a task executes the exi t instruction, the current RXID is released (unless it was
previously released with the r xf r ee instruction).

Before it terminates, each task must send a message to free the default TXID. See
“Working With the TXID” on page 5-11 for details.

Example 5-2 illustrates how to declare a task in assembly language.

Example 5-2. Declaring a Task in Assembly Language

/* Declare a task with task nane nytask, task Id = 4. */

.align

. gl obal nytask

.type nmyt ask, @ unction

.global __task_4

.set _ task_4, nytask /* The LWHAL defines the _task 0 to __task_N */
/* synbols in task_table.S. */
[* __task_0 is task number 0, _ task 1 is */
/* task nunber 1 and so on. */

nmyt ask:

/* Reads RX registers and stores in CR registers */

mov cr0, rxO0

mov crl, rxl1

nmov cr2, rx2

mov cr3, rx3

mov tx0, rxO0

movi r2, 2 /* dstid = 0, taskid = 2 */

sndi r3, r2, ((OPT_SNDEXIT << 5) | 1) /* length =1 */

exit
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The Null Task ID

A TXID is returned to the TXID free list when the task sends a message. There is no
mechanism for a thread to explicitly release a TXID.

If your task needs to release a TXID without triggering another task, it can send a
message with the null task ID, OxFE. A message with the null task ID is captured and
discarded by the Nios II DPX datapath processor’s message interface unit (MIU).

Resource Sharing

Resource sharing in a multithreaded environment introduces several challenges. For
example, when multiple threads share one resource, a thread can corrupt another
thread's data. This section discusses techniques you can use to share resources
effectively in a Nios II DPX system.

The most common shared resource is memory. Nios II DPX tasks can share a resource
through the context mechanism, using CIDs to control access to data and prevent
corruption. However, some resources cannot be treated as task context. For example, a
hardware peripheral might be needed by multiple tasks.

See “Nios II DPX Memory Model” on page 5-20.

If the system is designed so that two tasks need concurrent access to the same
resource, the system must include an external hardware mutex to prevent collisions.
All tasks that access the resource must use the mutual exclusion hardware to protect
it. This applies to both hardware and software tasks.

For information about using an Altera mutex in a Nios II DPX design, refer to
Chapter 8, Understanding the Nios II DPX Board Support Package.

Task-Related Instructions

The Nios I DPX MTP provides several special-purpose extended instructions to
support event-driven programming. This section describes those instructions and
their use.

Your C program can execute each extended instruction by invoking a specific macro
provided by the LWHAL BSP. All program macros are defined in the BSP include file
nios2dpx.h, which must be included in each source file.

For details about C extended instruction macros, refer to “LWHAL Extended
Instruction Macros” on page 8-20. For details about the extended instructions, refer to
Chapter 9, Nios II DPX MTP Instruction Set and Application Binary Interface.

RXID Free (rxfree)

The r xf r ee instruction returns the task’s RXID to the RXID free list. The RXID is
always freed when the task exits, but a task can use this instruction before the task is
complete, so that the Nios II DPX datapath processor can accept a new PE message.
This optimization is useful if the total number of RXIDs is smaller than the total
number of CIDs.

The number of CIDs and RXIDs is determined when the system hardware is
configured.
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C code can execute the r xf r ee instruction with the following macro:

NI 0S2DPX_RXFREE( )

TXID Allocate (txalloc)

The t xal | oc instruction allocates a TXID, and associates that TXID and its transmit
message registers to the running thread. If the thread already has a TXID, it does
nothing. A thread can have only one TXID at a time.

Tasks can use this instruction to send multiple PE messages. A task must always have
a TXID to send a message. Each time a task executes, the first message is sent with the
default TXID, which is allocated by the system when it starts the task. If an additional
message is to be sent, the task must allocate a new TXID after sending the first
message.

C code can execute the t xal | oc instruction with the following macro:
NI OS2DPX_TXALLOC ( dest )

After executing the instruction, this macro places the status in dest . If no TXIDs are
available, t xal | oc reports a failure.

If your system uses CID ordering or sequence number reordering, only enable
ordering on one PE message per task. See “Avoiding System Deadlock” on page 5-24.

If a task sends multiple messages, it must avoid duplicating the context. For further
information, refer to “Context Management” on page 5-16 and “Avoiding System
Deadlock” on page 5-24.

CID Allocate (cidalloc)

The ci dal | oc instruction requests a new CID, in order to create a new context. It is
used to spawn a new task.

The Nios II DPX datapath processor can keep a CID in reserve. If the thread does not
already have a reserve CID, ci dal | oc allocates a new CID. The instruction places the
old CID in reserve, and the thread switches to the new CID. If no CIDs are available,
this instruction returns a failure code, and takes no other action.

C code can execute the ci dal | oc instruction with the following macro:
NI 052DPX_CI DALLCC ( dest )
After executing the instruction, this macro places the status in dest .

If a task sends multiple messages, it must avoid duplicating the context. For further
information, refer to “Context Management” on page 5-16 and “Avoiding System
Deadlock” on page 5-24.

You must ensure that all CIDs are freed once they are no longer needed. Freeing the
CID adds it back into the CID free list so that it can be reused.

Send (snd)

The snd instruction transmits a PE message. The instruction contains the following
information:

m The PE to receive the message

m The operation (task ID) to run on that PE
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m Operational flags, specifying options such as how to manage the CID
® The number of transmit message registers in the message

If the task has a CID in reserve, it switches back to the reserve CID. If there is no
reserve CID, it continues with the current CID.

This instruction marks the reserve CID as invalid. Until the reserve CID is invalidated,
your code cannot successfully execute the ci dal | oc instruction.

C code can execute the snd instruction with the following macro:
NI OS2DPX_SND ( destID, tasklD, options, length)

The macro arguments are as follows:

m dest| D—Unique identifier of destination PE

m taskl D—Unique identifier of destination task

m options—Message control options

m | engt h—Number of message arguments. To transmit the maximum number of TX
registers (NUM_TX), set | engt h to zero.

Send Immediate (sndi)

The sndi instruction is the same as the snd instruction, except that the opt i ons and
| engt h arguments are represented by a 16-bit immediate value. Therefore the sndi
instruction supports no more than 11 option bits.

C code can execute the sndi instruction with the following macro:
NI OS2DPX_SNDI ( destID, tasklD, options, length )
Example 5-1 on page 5-12 shows how to use Nl O5S2DPX_SNDI () to send a message.

Exit
The exi t instruction terminates a thread’s processing in the current task.

When you write a task in C with LWHAL support, an exi t instruction is
automatically included at the end of each task function. For details, see “The
Lightweight Hardware Abstraction Layer (LWHAL)” on page 8-2.

Context Management

This section discusses how to use the Nios II DPX context management features.

. e For general information about maintaining context, refer to “Maintaining Context” in

the Introduction to Altera Event-Driven Datapath Processing chapter of the Altera
Event-Driven Datapath Processing Design Handbook.

Creating a Context

Typically, a context is created in an input PE, flows through the system, and is
disposed of by the Nios II DPX datapath processor in response to a message from the
output PE. However, there are exceptions to this flow. For more information, see
“Spawning a New Task” on page 5-23.
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If your system uses either sequence number reordering or CID ordering, and a task
sends multiple messages, only one message from each task can invoke the reordering
mechanism. For more information, see “Avoiding System Deadlock” on page 5-24. It
is preferable to avoid designing tasks that send multiple PE messages in a system that
uses sequence number ordering.

Maintaining the CID Free List

The Nios II DPX datapath processor typically acts as the context manager, used for
allocating CIDs and maintaining the CID free list. The CID free list contains all CIDs
not currently in use. This section describes rules that software must follow to correctly
maintain the CID free list.

Software must ensure that all CIDs are freed once they are no longer needed. Freeing
the CID adds it back into the CID free list so that it can be reused. A CID can only be
freed by a task on the Nios II DPX datapath processor.

Failure to free a CID results in a CID leak. For details about CID leaks, refer to
“Avoiding System Deadlock” on page 5-24.

A software task can free a CID when it sends a message. When the PE message is
generated, use the OPT_FREECI D option flag. When OPT_FREECI Dis set, the CID is freed
by the Nios II DPX datapath processor after the PE message is sent to the destination
PE. If OPT_FREEC! Dis not set, the CID is passed to the destination PE.

Software must not free a CID that is already freed. If this happens, a second copy of
the CID is added to the CID free list. The result is a duplicated CID, potentially
resulting in undefined system behavior.

The hardware does not protect against CID leaks or duplicated CIDs.

Typically, the CID is not freed until the packet leaves the system. When the CID is
freed, it is available for reuse, and the buffer space that it controls can be overwritten.

If a task sends multiple messages, only one message should normally carry the
original CID. To avoid duplicating the context, each additional message must have a
new CID, created with the ci dal | oc instruction. If you duplicate context (by sending
PE messages with same CID to two different PEs) the result could be two threads
working on the same, unprotected data. This situation can also cause system
deadlock. For this reason, CID duplication is not recommended. For more
information, see “Avoiding System Deadlock” on page 5-24.

If your task needs to dispatch two tasks, use the spawning technique, described in the
next section.

Data Ordering with the DPX Datapath Processor

In many systems, data ordering must be enforced, to ensure that data leaves the
datapath processing system in the order in which it arrived. This technique is useful,
for instance, if your system is receiving and processing data packets, and must ensure
that it retransmits them without changing the order.

Data ordering increases the risk of system deadlock. For information about avoiding
deadlock, see “Avoiding System Deadlock” on page 5-24.
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There are many techniques that can be used to maintain data order. This section
discusses the following two mechanisms offered by the Nios II DPX datapath
processor:

m Sequence number reordering

m CID ordering

Sequence Number Reordering

=

Sequence number reordering ensures that all PE messages leave the Nios II DPX
datapath processor in the same order that the corresponding messages arrive. Any
message that is to be sent by the datapath processor is held in a reorder queue in the
datapath processor until all preceding messages are sent. This reorder mechanism is
an option that can be selected when the Nios II DPX hardware is implemented.

With the option, the Nios II DPX datapath processor tags each incoming context with
a sequence number. The sequence number is attached to the context until completion.
When an outgoing message is sent with that context, the sequence number is attached
to it. The messages are stored in the sequence number reordering queue of the

Nios II DPX datapath processor. Each outgoing message is stored here until all
messages with previous sequence numbers are sent. This ensures that the order of
messages exiting the Nios II DPX datapath processor is the same as when the
corresponding message entered.

In order to allow multiple messages to be sent by a task when sequence number
reordering is being used, the Nios II DPX software is able to mark outgoing messages
such that they bypass the reordering queue. In this case, tasks are responsible for
disabling ordering when they send a PE message.

If your system uses sequence number reordering, only enable ordering on one PE
message per task. See “Avoiding System Deadlock” on page 5-24.

CID Ordering

CID ordering ensures that packets leave the system in the same order that they arrive,
but allows them to get out of order during intermediate stages of processing. Packets
use the CID as a reordering tag, and so they are effectively tagged in the first
processing stage, and only reordered in the final processing stage.

CID reordering must be applied to exactly one message in the life of a CID. For this
reason the Nios II DPX software is able to control whether or not to pass messages
through the CID reorder queue. For example, you might use the CID reordering
queue on all messages going to the output PE. This allows all messages from the
Nios II DPX datapath processor to the output PE to be sent in the order of the CID,
ensuring the output PE sends the data out in order. All messages to other PEs are
allowed and bypass the queue.

If your system uses CID ordering, only enable ordering on one PE message per
context. See “Avoiding System Deadlock” on page 5-24.

Tasks are responsible for enabling ordering when they send a PE message.
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Using the Nios Il DPX Extension Registers

This section discusses some special considerations for using the Nios II DPX
extension registers.

The number of extension registers is configurable at the time of system generation.
When parameterizing the system, you select the number of each type of extension
register. Receive and transmit message registers are always present.

Certain extension registers are either read-only or write-only with respect to the
Nios II DPX MTP. Furthermore, there are restrictions on extension register usage in
the instruction fields.

For details about Nios II DPX extension registers and how to access them, refer to
“Multithreaded Processor” in the Nios II DPX Architecture chapter, in the Nios Il DPX
Hardware Reference section of the Nios II DPX Datapath Processor Handbook. For general
information about the Nios II DPX registers, see “Nios II DPX Registers” on page 5-4.

Table 5-14 lists the assembly language names for the extension registers.

For information about how extension registers are accessed, refer to “Functional

Blocks” in the Nios I DPX Architecture chapter, in the Nios II DPX Hardware Reference
section of the Nios II DPX Datapath Processor Handbook.

Table 5-14. Assembly Language Names for Extension Registers

Register Group Register Names Notes
Receive message RXO t0 RX<n> When a task stqrts running, the receive message registers contqm.the.
registers (1) arguments carried by the PE message that triggered the task, eliminating
(0<n<=31) the need to load message arguments from memory.
. . These registers, which are read by the processor and written by external
Input context CRi 0to CRi <n> | hardware, contain values specific to the CID that the current thread is using.
registers (2) (0<n<=15) They can be used to share information between hardware PEs and software
tasks processing the same context.
These registers, which written by the processor and read by external
Output context CRo0 to CRo<n> | hardware, contain values specific to the CID that the current thread is using.
registers (2) (0<n<=15) They can be used to share information between hardware PEs and software
tasks processing the same context.

Internal context CRO to CR<n> These registers, which are both read or written by the processor, contain
registers (2) values specific to the CID that the current thread is using. They can be used
g (0<n<=19) to share information between different task processing the same context.
Transmit message TX0to TX<n> | Prior to transmission of a PE message, a software task places message

registers (3) (0<n<=31) arguments in the transmit message registers.

Notes to Table 5-14:
(1) Each RXID provides access to a unique bank of receive message registers.

(2) Each CID provides access to a unique bank of context registers, including input, output, and internal context registers.
(3) Each TXID provides access to a unique bank of transmit message registers.
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Accessing Extension Registers

The Nios II DPX assembler strictly enforces register usage based on the configuration
selected when the hardware is generated. The assembler only allows you to refer to
implemented registers. It enforces read-only and write-only registers, and restrictions
on which operands registers can appear in.

The Nios II DPX C compiler and assembler both take a command-line switch
specifying the register configuration. The compiler passes the command-line switch to
the assembler. The assembler reports an error if a prohibited operation appears in the
code.

When it generates the BSP, the SBT determines the register configuration by
examining the system .sopcinfo file, and places the correct register configuration flag
in public.mk.

Accessing Extension Registers in C

You can access extension registers by using macro names defined by the Nios II DPX
toolchain. The toolchain defines names only for those extension registers that are
actually implemented in the hardware system. To use the register names, include the
header file nios2dpx.h in each source file. Extension registers are declared as type
unsi gned i nt. nios2dpx.h declares the following register names, depending on the
number of registers present in the hardware:

B Receive message registers— RX0 to RX31
m Transmit message registers—TX0 to TX31
m Internal context registers—CRO to CR15
m Input context registers—CRi 0 to CRi 15
m  Output context registers—CRo0 to CRo15

Example 5-1 on page 5-12 shows the use of the extension registers in C.

Accessing Extension Registers in Assembly Language

Assembly language code can refer to extension register with the same syntax as for
general registers. See Table 5-14 on page 5-19 for a list of register mnemonics.

Example 5-2 on page 5-13 shows the use of the extension registers in assembly
language.

Nios Il DPX Memory Model

This section describes how the Nios II DPX MTP accesses memory.

Physical Memory Access

MTP addresses are 32 bits, allowing access up to a 4-gigabyte address space. The
locations of memory within the address space are specified in the parameter editor.
Reading from or writing to an address that does not map to a memory produces an
undefined result.

The processor’s data bus is 32 bits wide. It is possible to read and write data memory
as bytes, half-words (16 bits), or words (32 bits).
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Instruction and data memory are accessed by separate Avalon masters. Therefore the
Nios I DPX MTP cannot read and write instructions from the data master.

In the Nios II DPX MTP address map, data is at addresses 0x00000000—0x7ftfffff. The
most significant bit of the address is disregarded in data accesses. Instructions reside

physically at 0x80000000 and higher. However, in the Nios II DPX MTP memory map,
instructions appear starting at address 0, since the most significant bit of the address

is asserted by the hardware

The Nios II DPX architecture is big-endian. The Nios II DPX instruction and data
masters use the byte-invariant big-endian convention (BE-8).

“ ™. e For more information about the Nios Il DPX BE-8 memory organization, refer to

“Nios II DPX Processor Interfaces” in the Nios II DPX Architecture chapter, in the
Nios II DPX Hardware Reference section of the Nios II DPX Datapath Processor Handbook.

The MTP architecture supports register+immediate addressing.

Instruction memory and data memory are shared by all threads.

“ . e For more information, refer to “Functional Blocks” in the Nios II DPX Architecture

chapter, in the Nios II DPX Hardware Reference section of the Nios II DPX Datapath
Processor Handbook.

The Nios Il DPX MTP can access data memory either of two ways:

m Through the fixed-latency data master interface—a direct connection to memory
with exactly two cycles of read latency

m  Through the variable-latency data master interface—any Avalon-MM slave

Fixed-latency accesses are faster than variable-latency accesses. Typically, a system
uses the fixed-latency data master to access critical data structures, and the
variable-latency data master to access noncritical data and hardware peripherals.

You configure the data master interfaces as described in the Nios II DPX Architecture
chapter, in the Nios II DPX Hardware Reference section of the Nios II DPX Datapath
Processor Handbook. When accessing data memory, the Nios Il DPX MTP automatically
determines which data master interface to use based on the memory address.

If the Nios II DPX datapath processor is instantiated in dual-core configuration, the
SBT and the GNU toolchain assume that the memory map for the two Nios II DPX
MTPs is identical. You must observe this restriction when connecting the data
masters.

<o For detailed information about the Nios II DPX variable-latency data master, refer to
“Nios II DPX Processor Interfaces” in the Nios Il DPX Architecture chapter, in the
Nios II DPX Hardware Reference section of the Nios II DPX Datapath Processor Handbook.

Memory Organization
Memory in a Nios II DPX system falls into one of the following categories:

m Thread storage—dedicated to a particular thread on a particular Nios II DPX
datapath processor

m  Context storage—associated with a particular CID
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m Datapath processor storage—available to all threads on a particular Nios II DPX
datapath processor

m Global storage—available to all threads on all Nios II DPX datapath processors

Thread- and context-based memory partitioning are implemented using the
threadinfo interface and a context memory adaptor.

For details about using a context memory adaptor, refer to “Nios II DPX Context
Address Adapter” in the Instantiating the Nios I DPX Datapath Processor chapter, in the
Nios II DPX Hardware Reference section of the Nios II DPX Datapath Processor Handbook.

Thread Storage

In a parallel-processing environment, if you have the same task code running on
different threads, it accesses the same data structures at the same memory addresses.
Without some sort of memory management, this arrangement is untenable because
one thread corrupts another thread’s data.

You can configure the system so that the memory is physically addressed by the data
address from the processor with an offset based on the thread number. This is like
having a very simple memory management unit (MMU), giving each thread a unique
memory region. A thread is physically incapable of accessing physical addresses
outside its region.

In this configuration, thread numbers are used to address unique segments of
memory, transparent to the software model. To each thread, it appears as if it has a
dedicated memory at a fixed address.

Memory partitioned by thread is useful for non-packet-oriented applications, such a
video processing, where all threads are operating on the same data structures.

You can also use the thread number to manage separate stacks for each thread. Using
a physical address with an offset based on the thread number makes each thread
physically incapable of corrupting other threads’ stacks. To manage the stack in this
way, you must modify crt0.S to initialize the stack correctly.

These options must be configured in hardware. No software toolchain support is
required.

Context Storage

Memory partitioned by context is useful for applications such as packet processing,
where each task has exclusive access to its data while it is running, and passes it to the
next task when it terminates.

Typically, memory is partitioned by context to ease the storage of information about
every packet currently in the datapath controlled by the Nios II DPX datapath
processor. In order for this buffer to persist after a task is complete and the packet is
sent for processing by another task, the memory is indexed by the CID.

Datapath Processor Storage

Typically, a Nios Il DPX system is implemented with some memory that is accessible
to all threads in a Nios II DPX datapath processor. In this case, the threads must use
an effective form of mutual exclusion to prevent data corruption. This topic is
discussed in “Resource Sharing” on page 5-14.
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Global Storage

Normally, multiple Nios II DPX processors in a single system do not share memory.
Most data required by a task is specific either to a particular thread, or a particular
context.

However, it is possible to share memory between multiple DPX processors. In this
case, arbitration is required in the memory mapped interconnect, and so the variable
latency data master must be used.

Advanced Topics

May 2011

This section discusses advanced programming topics that are not relevant to all
systems.

Sending Multiple PE Messages

Typically, each task sends one message, when its processing is complete. However,
your code can send additional messages if necessary, with certain precautions.

The Nios II DPX datapath processor uses the TXID to allocate space in the Tx message
queue. Every task is assigned a TXID when it starts running. When it transmits a PE
message, it relinquishes its TXID.

Each task must allocate a new TXID before sending an additional message. Your code
can request a new TXID using the t xal | oc instruction.

Generally, an additional message spawns another task. If this task requires context
data, your code must allocate an additional CID. For details, see “Spawning a New
Task” on page 5-23.

If the system enforces sequence number reordering, and a task sends multiple PE
messages, only one message can invoke sequence number reordering. All other
messages must be sent with the sequence number ordering bypass option set.

In a system that uses sequence number ordering, it is risky for tasks to send multiple
PE messages. Consider partitioning tasks so that each task sends only one message.
For further information, see “Data Ordering with the DPX Datapath Processor” on
page 5-17.

Spawning a New Task

Sometimes a software task running on a Nios II DPX datapath processor needs to
spawn another task running on the same processor. To do this, the task must send a
PE message with the destination set to the same processor that it is running on. This
technique requires that the message interconnect be configured so that the

Nios II DPX datapath processor can send messages to itself.
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Example 5-3 shows how to spawn a new task by sending a message with a new CID,
whilst the current thread continues on the existing CID. Similarly you can send a
message on the current CID, whilst the current thread continues on a new CID.

Example 5-3. Spawning a Task

#i ncl ude "ni os2dpx. h"
#i ncl ude "nytaski ds. h"

void __attribute__((task(MYTASKID))) nytask(void)

/* MYTASKID is a task I D value defined in mytaskids.h */
{

int result;

int my_criO, ny_cril;

int my_cro;

int ny_txO0;

/* Reads extension registers. */
ny_cri0 = CRi0;

my_cril CRi 1;

/* Save context register. */

my_cr0 = CRO;

NI OS2DPX_Cl DALLOC(result); /* CGet a new CID, swap to new CI D context */
if(result == ERR_OK)

{

CRO = ny_cr0; /* Copy data to new context */
my_tx0 = (my_cri0 << 16) | (ny_cril >> 16);
/* Wites extension registers. */
TX0 = ny_t x0;
/* Send a nmessage with new Cl D, swapping back to original CID. */
NI OS2DPX_SNDI (O /*dstld*/, O /* taskld*/, OPT_FREECID, 1);
}

NI OS2DPX_TXALLOC(result); /* Get a new TXID. */
if(result == ERR_OK)

{
TX0 = RXO0;
TX1 = RX1,
/* Send a nessage with original CID. */
NI OS2DPX_SNDI (O /*dstld*/, 2 /* taskld*/, O /* opts */, 2 /* length */);
}
return;
}

Avoiding System Deadlock

There are several ways that software can inadvertently create a deadlock condition in
a Nios II DPX system. This section discusses several common deadlock situations,
and how you can avoid them.
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CID Leak

Every CID that is allocated must be freed when it is no longer needed: for example,
when the corresponding data packet leaves the Nios II DPX system. Your code must
ensure that every CID allocation is balanced by a message with the OPT_FREECI Dflag
set. This applies to all CID allocations, whether initiated by hardware through the CID
request interface or by software with the ci dal | oc instruction. For more information
on this topic, refer to “Maintaining the CID Free List” on page 5-17.

CID Ordering Violations

If CID reordering is being used, exactly one message for each CID must be routed
through the CID reorder buffer, by using the OPT_Cl DCRDER option with the snd or
sndi instruction. If this restriction is violated, undefined behavior, including CID
queue stalls and potential deadlock, might result.

TXID Leak

Every task must ensure that its default TXID is released before terminating, by
sending a message. Every task that successfully allocates a TXID must send an
additional PE message before it terminates, to free the allocated TXID.

Failure to send a message in a task is also likely to cause a CID leak. For details, see
“CID Leak”.

TXID Free List Empty

The t xal | oc instruction can fail if no TXIDs are available. This situation is more likely
if some tasks issue multiple events per task, or if reordering is enabled, as TXIDs
cannot be freed until the PE message is sent to the destination PE. If all TXIDs are in
use, and no running task is able to send a message and free a TXID, the system
deadlocks.

You can avoid this problem by increasing the number of TXIDs.

Software can avoid this problem by sending a message promptly, ensuring that every
TXID is freed.

The total number of available TXIDs is determined when the hardware is generated.

Ordering Queue Full

If your system uses data ordering, and a task sends multiple messages, only one
message from each task can invoke the reordering mechanism. Typically this is either
the first or the last message sent by the task. All other messages must disable
reordering. If a task sends a second message with ordering enabled, one of the
messages stalls in the ordering queue. If this happens repeatedly, the ordering queue
fills, and the system locks up.

This deadlock hazard applies equally to sequence number reordering and CID
ordering.
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Sequence Number Violations

When a system uses sequence number reordering, you must ensure that every
sequence number is returned to the sequence reorder queue exactly once. Otherwise,
one of two problems arise:

Sequence number leak—If a sequence number fails to return to the queue, the
system locks up waiting for the missing sequence number.

Sequence number duplication—If the reordering queue receives multiple
messages with the same sequence number, only one of the messages is reordered
correctly. The remaining messages stall for an indeterminate period of time. As a
result, some arbitrary future messages stall. The system continues to display
message stalling behavior indefinitely.

To ensure that all sequence numbers return to the queue exactly once, design your
system to conform to the following rules:

Each task sends at least one message.

If a task sends more than one message, sequence number reordering is enabled on
only one message. Sequence number ordering is enforced by default when you
send a message. On all other messages, you must set the OPT_KEEPSEQNUMflag to
one in the snd or sndi instruction to disable sequence number ordering.

Exception Processing

Each of the MTP exceptions falls into one of the following categories:

Reset exception—Occurs when the Nios II DPX processor is reset. Control is
transferred to the reset address you specify in the IP core setup parameters.

Break exception—Occurs when the debug module requests control. Control is
transferred to the break address you specify in the IP core setup parameters.

Instruction-related exception—Occurs when any of several internal conditions
occurs, as detailed in Table 5-15 on page 5-27. Control is transferred to the
exception address you specify in the IP core setup parameters.

There are no interrupt exceptions, because the Nios I DPX MTP core does not
implement interrupts.

Table 5-15 shows all possible MTP exceptions in order of highest to lowest priority.
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Tabhle 5-15. Nios Il DPX Exceptions (In Decreasing Priority Order)

Saved
Exception Exception Type Address Vector (2)
Register (1)
Reset Reset n/a Reset
Hardware Break Break ba (3) Break
Break Instruction Instruction-related ba (3) Break
Trap Instruction Instruction-related ea (3) Exception
Unimplemented Instruction Instruction-related ea (3) Exception

Notes to Table 5-15:

(1) Specifies the register in which the address is saved. The address saved is always pc+4.

(2) Specifies which exception vector address the processor passes control to when the exception occurs.
(3) Refer to Table 5-1 on page 54 for descriptions of the ea and ba registers.

Reset Exceptions

=

1=

The reset state is undefined for all system components, including general-purpose
registers, extension registers, control registers, and instruction and data memory.

When a hard processor reset signal is asserted, all operation of the MTP resets and
suspends, and a processor soft reset signal (cpu_sof t _reset ) is asserted for each
thread in the processor. The soft reset causes the MTP to suspend instruction fetch and
execution until the soft reset signal is de-asserted. The soft reset can only be asserted
while the hard reset signal (cpu_r st _n) is asserted but can be kept asserted after hard
reset is de-asserted.

While soft reset is asserted and hard reset is de-asserted, the MTP is fully functional
but does not fetch instructions. This scenario allows debug operations and the
instruction access slave to operate so that host debug operations function as normal
and the debugger or external logic can access instruction memory.

The main use model of the soft reset is to disable the Nios Il DPX MTP while
instruction, task, and data memories are written by the debugger or external logic.

The MTP reset address is defined by the Nios Il DPX hardware system, and is
selectable at system generation time. External logic connected to the thread
management interfaces controls the PCs of the threads.

When both the hard and soft resets de-assert and the MTP comes out of reset, the first
instruction executed on each thread mustbe andi r0, r0, 0 tosetrO0 to zero.

If the debugger gains control before the first instruction executes for a thread, the
debugger must execute the andi r0, r0, 0 instruction before executing other
instructions.

For information about configuring the reset address, refer to the Instantiating the
Nios II DPX Datapath Processor chapter, in the Nios II DPX Hardware Reference section of
the Nios II DPX Datapath Processor Handbook.
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Break Exceptions

A break is a transfer of control away from a program’s normal flow of execution for
the purpose of debugging. Software debugging tools can take control of the processor
core via the debug module.

Break processing is the means by which software debugging tools implement debug
and diagnostic features, such as breakpoints. Break processing is a type of exception
processing, but the break mechanism is independent from general exception
processing. A break can occur during exception processing, enabling debug tools to
debug exception handlers.

The processor enters the break processing state under either of the following
conditions:

m  The processor executes the br eak instruction. This is often referred to as a software
break.

m The debug module asserts a hardware break.

Processing a Break

A break causes the processor to take the following steps:

1. Writes the address of the instruction following the instruction that caused the
exception to the ba register (r 30).

2. Transfers execution to the break vector you specified in the IP core setup
parameters.

The contents of the break vector are under control of the debugger. The debugger
executes code on the Nios II DPX MTP by repeatedly performing the following steps:

1. Writes an instruction to the break vector

2. Asserts the break request signal to cause the processor to execute the instruction at
the break vector.

When the debugger is ready to return control to the Nios II DPX software, it inserts a
bret instruction at the break vector.

Understanding Register Usage

The general-purpose registers bt (r 25) and ba (r 30) are reserved for debugging. Code
is not prevented from writing to these registers, but debug code might overwrite the
values. The break handler can use bt (r 25) to help save additional registers.

Returning From a Break

The br et instruction returns program execution to the address in the ba register (r 30).
Aside from bt and ba, all registers are guaranteed to be returned to their pre-break
state after returning from the break handler.

Instruction-Related Exceptions

Instruction-related exceptions occur during execution of MTP instructions. This
section describes the possible exceptions and how they are processed.
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Instruction-related exceptions on the Nios II DPX MTP are fatal. In a complex
multithreaded datapath processing system, there is no realistic way for a task to
recover from a fault on an individual thread, or to continue without disrupting the
rest of the system.

The Nios II DPX MTP supports the following instruction-related exceptions:
m Dbreak instruction
m trap instruction

m  Unimplemented instruction

Break Instruction

The break instruction is treated as a break exception. For more information, refer to
“Break Exceptions” on page 5-28.

Trap Instruction

When a program issues the t r ap instruction, the processor generates a software trap
exception, transferring control to the exception handler. For information about the
exception handler, see “The Lightweight Hardware Abstraction Layer (LWHAL)” on
page 8-2.

The t r ap instruction is not intended to support an RTOS.

Unimplemented Instruction

An unimplemented instruction is an instruction word value that is not defined in the
Nios II DPX MTP implementation. Many word values have no meaning in the
instruction set architecture. Others are available only if the target device possesses a
DSP block.

When a program attempts to execute an unimplemented instruction, the processor
generates an exception, transferring control to the exception handler. For information
about the exception handler, see “The Lightweight Hardware Abstraction Layer
(LWHAL)” on page 8-2.

To determine the unused opcodes and opcode extensions, refer to the encodings
tables in “The Nios II DPX MTP Instruction Set” on page 9-1.

The following instructions are available only if the target device possesses a DSP
block:

m nul xss
m nul xsu
® nul xuu

The Nios II DPX MTP provides no way to determine the cause of an exception.

Because instruction-related exceptions are fatal, the Nios Il DPX lightweight
hardware abstraction layer (LWHAL) implements an exception handler that consists
of a br eak instruction. The br eak instruction transfers control to the Nios Il DPX MTP
debug core.

All threads share a single exception vector, defined at the time of core instantiation.
The SBT creates the . except i ons linker region at the exception vector address.
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For details about the t r ap, nul xss, nul xsu, and mul xuu instructions, refer to Chapter 9,
Nios II DPX MTP Instruction Set and Application Binary Interface. For information
about configuring the exception vector, refer to the Instantiating the Nios II DPX
Datapath Processor chapter, in the Nios II DPX Hardware Reference section of the

Nios II DPX Datapath Processor Handbook.

Processing an Instruction-Related Exception
An instruction-related exception causes the processor to take the following steps:
1. Writes the address of the instruction following the break to the ea register (r 29).

2. Transfers execution to the exception handler, stored at the exception vector you
specified in the IP core setup parameters.

Software cannot modify the exception vector. Programmers do not directly access
exception vectors, and can write programs without awareness of the address.

The lightweight hardware abstraction layer (LWHAL) default exception handler is a
simple routine that passes control to the debug unit.

You can create your own exception handler. The routine must save registers on entry
and restore them on exit. Saving the register contents on the stack is a typical,
re-entrant implementation.

For more information about writing exception handlers, refer to “Exception
Handling” on page 8-8.

Instruction Set Categories

This section introduces the MTP instruction set, categorized by type of operation
performed.

Data Transfer Instructions

The MTP architecture is a load-store architecture. Load and store instructions handle
all data movement between registers, memory, and peripherals. Memories and
peripherals share a common address space.

Table 5-16 describes the wide (32-bit) load and store instructions.

Tahle 5-16. Wide Data Transfer Instructions

Instruction

Description

| dw
stw

The | dwand st winstructions load and store 32-bit data words from/to memory. The effective address is the
sum of a register's contents and a signed immediate value contained in the instruction.
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The data transfer instructions in Table 5-17 support byte and half-word transfers.

Table 5-17. Narrow Data Transfer Instructions

Instruction Description

[ db

I dbu | db, I dbu, | dh and I dhu load a byte or half-word from memory to a register. | db and | dh sign-extend the
TLE value to 32 bits, and | dbu and | dhu zero-extend the value to 32 bits.

| dhu st b and st h store byte and half-word values, respectively.

sth

Bit Manipulation Instructions

Bit manipulation instructions isolate and operate on specific bits in a register. Refer to
Table 5-18.

Table 5-18. Bit Manipulation Instructions

Instruction Description
and
or These are the standard 32-bit logical operations. These operations take two register values and combine them
xor bitwise to form a result for a third register.
nor
andi
andci These operations are immediate versions of the and, or, and xor instructions. The 16-bit immediate value is
ori zero-extended to 32 bits, and then combined with a register value to form the result.
xori
andhi
andchi In these versions of and, or, and xor, the 16-bit immediate value is shifted logically left by 16 bits to form a
orhi 32-bit operand. Zeroes are shifted in from the right.
xor hi
These operations isolate and change specific bits while leaving the remaining bits unchanged. ext r act gets
bits from a register while i nsert and mer ge replace bits in a register. ext ract and i nsert shift bits to the
extr a;:t low end of the register while ner ge specifies the bits in place.
I nser
mer ge The i nsert instruction is an optional instruction. It can be configured at system generation time. If software

attempts to execute an i nsert instruction on a processor that does not implement the instruction, the
processor generates an exception.

Arithmetic Instructions

Arithmetic instructions support addition, subtraction, and multiplication operations.
Refer to Table 5-19.

Tahle 5-19. Arithmetic Instructions (Part 1 of 2)

Instruction Description

:Sg These are the standard 32-bit arithmetic operations. These operations take two registers as input and store
the result in a third register.

mul

add! These instructions are immediate versions of the add, sub, and mul instructions. The instruction word

subi : y . . .

wul i includes a 12-bit signed value for addi , subi , and mul i .

May 2011 Altera Corporation Nios Il DPX Datapath Processor Handbook



5-32

Chapter 5: Software Programming Model
Instruction Set Categories

Table 5-19. Arithmetic Instructions (Part 2 of 2)

Instruction

Description

These instructions provide access to the upper 32 bits of a 32x32 multiplication operation. Choose the

x: izz appropriate instruction depending on whether the operands should be treated as signed or unsigned values. It
is not necessary to precede these instructions with a nul .
mul xsu This instruction is used in computing a 128-bit result of a 64x64 signed multiplication.

Move Instructions

These instructions provide move operations to copy the value of a register or an
immediate value to another register. Refer to Table 5-20.

Table 5-20. Move Instructions

Instruction Description

gzhi mov copies the value of one register to another register. novi moves a 12-bit signed immediate value to a

rovhi 20 register, and sign-extends the value to 32 bits. movhi and movhi 20 move 16-bit and 20-bit immediate values,
. respectively, into the uppermost bits of a register, inserting zeros in the remaining bit positions. movui moves

mvi s . . s . . . . . .

TOVUi a 16-bit immediate value into the lower 16 bits of a register, inserting zeros in the upper 16 bits. Use novi a to

ovi a load a register with an address.

Comparison Instructions

The MTP architecture supports a number of comparison instructions. All of these
instructions perform a comparison as follows:

1. Compare two registers or a register and an immediate value

2. Return the result of the comparison in a result register. The result can be true (one)
or false (zero).

These instructions perform all the equality and relational operators of the C
programming language. Comparison instructions are listed in Table 5-21.

Table 5-21. Comparison Instructions (Part 1 of 2)

Instruction Description

chpeq Return true if values equal (==)

chpne Return true if values not equal (!=)

chpge Compare signed values, and return true if first value greater than or equal to second value (>=)

cnpgeu Compare unsigned values, and return true if first value greater than or equal to second value (unsigned >=)
chpgt Compare signed values, and return true if first value greater than second value (signed >)

cnpgt u Compare unsigned values, and return true if first value greater than second value (unsigned >)

cnpl e Compare signed values, and return true if first value less than or equal to second value (signed <=)

cnpl eu Compare signed values, and return true if first value less than or equal to second value (unsigned <=)

cnpl t Compare signed values, and return true if first value less than second value (signed <)
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Table 5-21. Comparison Instructions (Part 2 of 2)

Instruction

Description

cnpl tu

Compare unsigned values, and return true if first value less than second value (unsigned <)

cnpeqi
cnpnei
cnpgei
cnpgeui
cnpgt i
cnpgt ui
cnpl ei
cnpl eui
cnpl ti
cnpl tui

These instructions are immediate versions of the comparison operations. They compare the value of a register
and a 12-bit immediate value. Signed operations sign-extend the immediate value to 32 bits. Unsigned
operations fill the upper bits with zero.

Shift and Rotate Instructions

The following instructions provide shift and rotate operations. The number of bits to
rotate or shift can be specified in a register or an immediate value. Refer to Table 5-22.

Table 5-22. Shift and Rotate Instructions

Instruction Description

rol Therol androli instructions provide left bit rotation. rol i uses an immediate value to specify the number
ror of bits to rotate. The r or instructions provides right bit rotation.

roli There is no immediate version of r or, because rol i can be used to implement the equivalent operation.

sl

slli These shift instructions implement the << and >> operators of the C programming language. The sl I, sl |'i,
sra srl, srli instructions provide left and right logical bit-shifting operations, inserting zeros. The sra and sr ai
srl instructions provide arithmetic right bit-shifting, duplicating the sign bit in the most significant bit. sl I i ,
srai srli andsrai use animmediate value to specify the number of bits to shift.

srli

Message Passing Instructions

Message passing instructions support hardware message passing. Refer to Table 5-23.

Table 5-23. Message Passing Instructions (Note 1), (2)

Instruction Description
zggl The snd and sndi instructions send messages.
txal | oc The t xal | oc instruction allocates a new TXID and a new transmit buffer, for use by the current thread. (3)
The r xf r ee releases the RXID held by the current thread, along with the associated receive message
rxfree
buffer. (3)
cidalloc |Thecidalloc instruction obtains a new context ID for the current thread, facilitating spawning.

Notes to Table 5-23:

(1) The meaning of the register arguments is described in Chapter 9, Nios Il DPX MTP Instruction Set and Application Binary Interface. Also see
“Sending PE Messages Between Tasks” on page 5-11.

(2) Set the destination register to r 0 when the destination value is not required.
(3) For information about using RXID and TXID, see “Sending PE Messages Between Tasks” on page 5-11.
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Program Control Instructions

The MTP architecture supports the unconditional jump, branch, and call instructions
listed in Table 5-24. These instructions do not have delay slots.

Table 5-24. Unconditional Jump and Call Instructions

Instruction

Description

This instruction calls a subroutine using an immediate value as the subroutine's absolute address, and stores

call the return address in register r a.
This instruction calls a subroutine at the absolute address contained in a register, and stores the return
callr . . o . . : .
address in register r a. This instruction serves the role of dereferencing a C function pointer.
et The ret instruction is used to return from subroutines called by cal I orcal I r.ret loads and executes the
instruction specified by the address in register r a.
. The j mp instruction jumps to an absolute address contained in a register. j np is used to implement switch
Jm statements of the C programming language.
- The j mpi instruction jumps to an absolute address using an immediate value to determine the absolute
J mpi
address.
The j rel instruction jumps to an address relative to the current PC address. j rel is used to jump into a
jrel branch table to implement C-language switch statements efficiently. This instruction is only efficient when the
case constants in the switch statement are grouped closely together.
br This instruction branches relative to the current instruction. A 12-bit signed immediate value gives the word

offset, which is equivalent to a signed 14-bit byte offset, of the next instruction to execute.

The conditional branch instructions compare register values directly, and branch if the
expression is true. Refer to Table 5-25. The conditional branches support the following
equality and relational comparisons of the C programming language:

m ==and!=
B <and <= (signed and unsigned)
B > and >= (signed and unsigned)

The conditional branch instructions do not have delay slots.

Table 5-25. Conditional Branch Instructions

Instruction

Description

bge
bgeu
bgt
bgtu
bl e
bl eu
bl t
bltu
beq
bne

These instructions provide relative branches that compare two register values and branch if the expression is
true. Refer to “Comparison Instructions” on page 5-32 for a description of the relational operations
implemented.
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Thread Control Instructions
The MTP architecture supports hardware multithreading. Refer to Table 5-26.

Table 5-26. Thread Control Instructions

Instruction Description

This instruction releases a thread, marking it as idle and therefore available to execute a new task. The current

exit task is terminated.

Other Control Instructions

Table 5-27 shows other control instructions.

Table 5-27. Other Control Instructions

Instruction Description
The t rap and er et instructions generate and return from exceptions. These instructions are similar to the
trap cal I /ret pair, but are used for exceptions. t r ap saves the return address in the ea register, and then
eret transfers execution to the general exception handler. er et returns from exception processing by executing
the instruction specified by the address in ea.
br eak The br eak and br et instructions generate and return from breaks. br eak and br et are used exclusively by
bret software debugging tools. Programmers never use these instructions in application code.
rdctl These instructions read and write control registers, such as the cpui d register. The value is read from or
wrct | stored to a general-purpose register.

No-operation Instruction

The MTP assembler provides a no-operation instruction, nop.

Potential Unimplemented Instructions

A Nios II DPX processor core might not support all instructions if it is implemented
on a device without a DSP block. In this case, the processor generates an exception
after issuing an unimplemented instruction. The following instructions can generate
an unimplemented instruction exception:

B insert
m nul xss
m nul xsu

® nul xuu
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=/ 6. Getting Started with the Graphical

® User Interface

The Nios II EDS allows you to construct and debug a wide variety of complex
software systems using a set of GUI interfaces. From these interfaces, you can create
application, BSP, and library projects, and you can build and debug these projects.

This chapter introduces you to project creation and debugging with the EDS GUI
tools.

The Nios Il EDS provides two GUI tools for developing and debugging Nios II DPX
software: the System Console and the Nios II SBT for Eclipse. Eclipse is an IDE
providing common software development and debugging tools. The System Console
allows you to download software and configure a debug server for each Nios II DPX
datapath processor.

This chapter familiarizes you with the features of the Nios II DPX GUI tools. This
chapter contains the following sections:

m “Getting Started”

m “Makefiles and the Nios II SBT for Eclipse” on page 6—17
m “Using the BSP Editor” on page 6-20

m “Importing a Command-Line Project” on page 6—28

m “Managing Toolchains in Eclipse” on page 6-32

m “Eclipse Usage Notes” on page 6-32

Introduction to the Nios Il DPX Debugging Environment

May 2011

The System Console performs low-level debugging of hardware systems. The System
Console includes the GDB server control panel, which enables you to download a .elf
file to each Nios II DPX datapath processor, and launch a GDB server for each
processor. GDB servers enable the SBT for Eclipse to communicate with and control
the Nios II DPX MTPs through a debugging connection, such as JTAG over a
USB-Blaster.

The SBT for Eclipse is a set of plugins to the Eclipse framework and the Eclipse
C/C++ development toolkit (CDT) plugins. The Nios II SBT for Eclipse provides a
consistent development platform that works for all Nios Il DPX Multi-Threaded
Processor (MTP) systems. The debugger allows you to perform many common
debugging tasks. You can accomplish all software development tasks within Eclipse,
including creating, editing, building, and debugging programs.

Alternatively, you can use the GDB command line to debug Nios II DPX software
without Eclipse. Third-party GDB server GUIs are also available. The use of these
tools is outside the scope of this handbook, and not supported by Altera.

For detailed documentation of the GDB command line, refer to Debugging with GDB:
The GNU Source-Level Debugger, available from the Free Software Foundation website
(www.fsf.org).
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Getting Started

Modifying existing code is a common, easy way to learn to start writing software in a
new environment. To get started with the Nios I DPX MTP, download the Getting
Started with the Nios II DPX MTP Tutorial and its accompanying example design.

The Getting Started with the Nios II DPX MTP Tutorial and its accompanying example
design are available on the Packet Processing Design Example Using Nios II DPX
Datapath Processor page of the Altera website.

This section guides you through the most fundamental operations in the Nios II DPX
debugging environment. It shows how to create an application project for the

Nios II DPX MTP, along with the board support package (BSP) project required to
interface with your hardware. It also shows how to build the application and BSP
projects in Eclipse, and how to run the software on an Altera development board.

The debugging flow is divided in two stages: debug setup and debugging.

If your Nios II DPX hardware was generated using Qsys v10.1, you cannot debug it
using the Nios II EDS v11.0 or later. You must regenerate your Nios II DPX hardware
and the associated BSP.

For information about regenerating your hardware in Qsys, refer to “Qsys Design
Flow” in the Creating a System with Qsys chapter in Volume 1: Design and Synthesis of
the Quartus II Handbook. For information about regenerating your BSP, refer to
“Revising your BSP” in the Nios II Software Build Tools chapter of the Nios II Software
Developer’s Handbook.

The Nios Il SBT for Eclipse Workbench

The term “workbench” refers to the Nios II SBT for Eclipse desktop development
environment. The workbench is where you edit, compile and debug your programs in
Eclipse.

Perspectives, Editors, and Views

Each workbench window contains one or more perspectives. Each perspective
provides a set of capabilities for accomplishing a specific type of task.

Most perspectives in the workbench comprise an editor area and one or more views.
An editor allows you to open and edit a project resource (i.e., a file, folder, or project).
Views support editors, and provide alternative presentations and ways to navigate
the information in your workbench.

Any number of editors can be open at once, but only one can be active at a time. The
main menu bar and toolbar for the workbench window contain operations that are
applicable to the active editor. Tabs in the editor area indicate the names of resources
that are currently open for editing. An asterisk (*) indicates that an editor has unsaved
changes. Views can also provide their own menus and toolbars, which, if present,
appear along the top edge of the view. To open the menu for a view, click the
drop-down arrow icon at the right of the view’s toolbar or right-click in the view. A
view might appear on its own, or stacked with other views in a tabbed notebook.
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For detailed information about the Eclipse workbench, perspectives, and views, refer
to the Eclipse help system.

Before you create a Nios II DPX project, you must ensure that the Nios II perspective
is visible. To open the Nios II perspective, on the Window menu, point to Open
Perspective, then Other, and click Nios II.

The Nios Il DPX Launch Configuration

You run Nios II DPX projects using the Nios II DPX launch configuration. The

Nios II DPX launch configuration is implemented by the Nios II plugins. It enables a
GDB client running in Eclipse to attach to a running GDB server. You cannot use the
Nios II Hardware launch configuration for a Nios II DPX project.

The Altera Bytestream Console

The workbench in Eclipse for Nios Il includes a bytestream console, available through
the Eclipse Console view. The Altera bytestream console enables you to see output
from the processor’s st dout device. For information about the Altera bytestream
console, see “Using the Altera Bytestream Console” on page 6-12.

Creating a Project

A complete Nios II DPX software project consists of an application project and a BSP
project. This section describes how to create both projects in the Nios II Software Build
Tools for Eclipse.

The BSP and the application project must be created separately. You cannot use a
project template to create a Nios II DPX project.

Creating the BSP

You create a BSP with default settings using the Nios II Board Support Package
wizard. To start the wizard, on the File menu, point to New and click Nios II Board
Support Package.

The Nios II Board Support Package wizard enables you to specify the following BSP
parameters:

m  The BSP project name
m The underlying hardware design (.sopcinfo file)
m The BSP project location
m The BSP type (Lightweight HAL) and version
m The target Nios Il DPX MTP, if the system contains more than one core
m Additional arguments to the nios2-bsp script
. @ For details about nios2-bsp command arguments, refer to “Details of BSP

Creation” in the Nios II Software Build Tools chapter of the Nios II Software
Developer’s Handbook.

Specifying the BSP Project Name

The SBT creates a directory with this name, to contain the BSP project files.
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Letters, numbers, and the underscore (_) symbol are the only valid project name
characters. Project names cannot contain spaces or special characters. The first
character in the project name must be a letter or underscore. The maximum filename
length is 250 characters.

Specifying the BSP Project Location
The BSP project location is the parent directory in which the SBT creates the folder.

By default, the project location is under the directory containing the .sopcinfo file, ina
folder named software.

To place your BSP in a different folder, turn off Use default location, and specify the
BSP location in the Project location box.

Creating the Project

When you have specified your BSP, you click Finish to create the project. The SBT
copies required source files to your project directories, and creates makefiles and
other generated files. Finally, the SBT executes a make clean command on your BSP.
“ ™. e For details about what happens when Nios Il DPX projects are created, refer to
“Nios II DPX BSP Creation” on page 8-9. For details about the make clean command,
refer to “Makefiles” in the Nios II Software Build Tools chapter of the Nios II Software
Developer’s Handbook.

After you have created the BSP, you have the following options for GUI-based BSP
editing:

m To access and modify basic BSP properties, right-click the BSP project, point to
Properties and click Nios II BSP Properties.

m To modify parameters and settings in detail, use the Nios II BSP Editor, described
in “Using the BSP Editor”.

Creating the Application

You create an application project using the Nios II Application wizard. To start the
wizard, on the File menu, point to New and click Nios II Application.

Specifying the Project Name
Select a descriptive name for your project. The SBT creates a folder with this name to
contain the application project files.

Letters, numbers, and the underscore (_) symbol are the only valid project name
characters. Project names cannot contain spaces or special characters. The first
character in the project name must be a letter or underscore. The maximum filename
length is 250 characters.

Specifying the BSP

To select the BSP location, browse to the BSP you created in “Creating the BSP” on
page 6-3.
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Specifying the Project Location

The project location is the parent directory in which the SBT creates the project folder.
By default, the project location is under the directory containing the .sopcinfo file, in a
folder named software.

To place your application project in a different folder, turn off Use default location,
and specify the path in the Project location box.

Additional Arguments

In the Additional Arguments text box, you can specify any additional command-line
arguments for the nios2-app-generate-makefile command. The full command line is
displayed in the Command text box.

If you intend to run the project in the Nios Il DPX MTP ModelSim® simulation
environment, use the Additional arguments parameter to specify the location of the
testbench file (.spd). The .spd file is located in the Quartus II project directory. Specify
the path as follows:

--set QUARTUS PRQIECT_DI R=<rel ati ve pat h>

Altera recommends that you use a relative path name, to ensure that your project is
independent of the installation directory.

For information about available command-line arguments for
nios2-app-generate-makefile, refer to Chapter 10, SBT Reference for the Nios Il DPX
MTP.

Creating the Project

When you have specified your application, you click Finish to create the project. The
SBT creates the makefile and executes a make clean command on your application.
“ ™. e For details about what happens when Nios Il DPX projects are created, refer to
“Nios I DPX BSP Creation” on page 8-9. For details about the make clean command,
refer to “Makefiles” in the Nios II Software Build Tools chapter of the Nios II Software
Developer’s Handbook.

Adding Source Files

After the project is created, you have an empty framework for a Nios II DPX
application, with a makefile that specifies no source files. You can add or create source
files in the project to implement your software design.

<o For information about creating and adding source files to an Eclipse project, see the
Eclipse help system.

When you create or add a source file, the SBT adds the file to your makefile. For
details, see “Makefiles and the Nios II SBT for Eclipse” on page 6-17.

Navigating the Project

When you have created a project, it appears in the Project Explorer view, which is
typically displayed at the left side of the Nios II perspective. You can expand each
project to examine its folders and files.
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For an explanation of the folders and files in a Nios II DPX BSP, refer to “Nios II DPX
BSP Creation” on page 8-9.

Building the Project

To build a project in the Nios II SBT for Eclipse, right-click the project name and click
Build Project. A progress bar shows you the build status. The build process can take a
minute or two for a simple project, depending on the speed of the host machine.
Building a complex project takes longer.

During the build process, you view the build commands and command-line output in
the Eclipse Console view.
“ . e For details about Nios II SBT commands and output, refer to Chapter 10, SBT
Reference for the Nios Il DPX MTP.

When the build process is complete, the following message appears in the Console
view, under the C-Build [<project name>] title:

[<proj ect nane> build conplete]

If the project has a dependency on another project, such as a BSP or a user library, the
SBT builds the dependency project first. This feature allows you to build an
application and its BSP with a single command.

Configuring the FPGA

Before you can run your software, you must ensure that the correct hardware design
is running on the FPGA. To configure the FPGA, you use the Quartus® Il Programmer.

In the Windows operating system, you start the Quartus II Programmer from the
Nios II SBT for Eclipse, through the Nios Il menu. In the Linux operating system, you
start Quartus II Programmer from the Quartus II software.

The project directory for your hardware design contains an SRAM Object File (.sof)
along with the .sopcinfo file. The .sof file contains the hardware design to be
programmed in the FPGA.
“ . e For details about programming an FPGA with Quartus I Programmer, refer to the
Quartus 1I Programmer chapter in Volume 3: Verification of the Quartus II Handbook.

Debug Setup

In this stage, you set up a System Console debug session configuration script, one or
more Eclipse debug configurations, and an optional launch group. This configuration
information then is reused throughout the lifetime of the project.
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Downloading the Project and Launching GDB Server

You use the GDB server control panel in System Console to download your software
project(s) and launch the GDB debug server(s). To launch the GDB server control
panel, perform the following steps:

1. In the Nios II menu, click System Console.
2. Select the application project to download and click OK.
3. In the Tools menu in System Console, click GDB Server Control Panel.

System Console determines what Nios II DPX datapath processors are present in the
system, through the JTAG debug interface.

The GDB server control panel enables you to specify the following parameters:
m  What Nios II DPX datapath processor(s) to use.
m  What .elf file(s) to download to them.

['=~ The GDB server control panel does not validate the .elf file you select.
Ensure that you select the correct .elf file, with a BSP generated for the
version of the hardware design that is loaded on the target device.

m The desired TCP port number(s). The default TCP port number used by GDB is
10000.

If your system uses a dual-core Nios II DPX datapath processor, both Nios II DPX
MTPs must run the same program code, because the cores share one program
memory. Therefore, there is one .elf file per Nios Il DPX datapath processor. You must
start one GDB server for each Nios II DPX datapath processor.

If your system has more than one Nios II DPX datapath processor, enter the desired
TCP port number for the first processor. The GDB server control panel assigns
sequential port numbers to the remaining processors. You can manually modify these
port numbers if you wish.

Make a note of the port number(s) you select. You need them when you create the
debug configuration(s) in Eclipse, in “Creating Eclipse Debug Configurations”.

After you have selected the .elf files and port numbers, select each Nios II DPX MTP
and click Launch Server. The Launch Server button downloads the .elf and starts the
GDB server.

By default, each Nios II DPX MTP thread pauses at the entry point (reset address).
You can start the threads running from Eclipse. Alternatively, if you want the

Nios II DPX MTP(s) to start running immediately, select the desired MTP(s) and click
Start Program.

If your Nios I DPX hardware design is out of date, you might see the following error
message:

The DPX hardware and debug driver versions are nmisnmatched. Please
upgrade your DPX hardwar e.

This message appears if your Nios II DPX hardware was generated using Qsys v10.1,
and you attempt to debug it using the Nios II EDS v11.0 or later. You must regenerate
your Nios II DPX hardware and the associated BSP.
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For information about regenerating your hardware in Qsys, refer to “Qsys Design
Flow” in the Creating a System with Qsys chapter in Volume 1: Design and Synthesis of
the Quartus II Handbook. For information about regenerating your BSP, refer to
“Revising your BSP” in the Nios II Software Build Tools chapter of the Nios II Software
Developer’s Handbook.

Saving the GDB Server Configuration

When you have determined that your GDB server configuration is satisfactory, you
can save it as a Tcl script, by clicking Save Session. Saving the configuration as a Tcl
script enables you to start future debugging sessions much more easily.

By default, the configuration Tcl script is saved in the software project directory. You
can optionally save the script elsewhere in the file system. You can load it using the
sour ce Tel command.

With a debugging configuration Tcl script, you can start a debugging session from the
System Console command line. You can also run the script from the GDB command
line, if you choose.

All actions that are available through the GUI are available as discrete Tcl commands.

Creating Eclipse Debug Configurations

Your project must be built and downloaded, and GDB server must be running, before
you begin these steps.

The first step in debugging with Eclipse is to create a Nios I DPX debug
configuration for each Nios II DPX datapath processor. This type of debug
configuration enables Eclipse to attach to a GDB server that is already running.

Although the Eclipse documentation refers to a debug configuration as a “launch
configuration,” be aware that the Nios II DPX launch configuration does not launch
the Nios II DPX software. It merely attaches to the GDB server that you set up in
“Downloading the Project and Launching GDB Server” on page 6-7.

Do not use the Nios II Hardware launch configuration for a Nios II DPX project.

To create a debug configuration, right-click the application project name, point to
Debug As, and click Debug Configurations. In the Debug Configurations dialog
box, select Nios I DPX Hardware, and click the New button (- ). Then perform these
steps:

1. In the Main tab, ensure that the correct software project name and .elf file are
selected.

2. In the Debugger tab, under Debugger Options, select Connection.

3. At Port number, ensure that the port number matches what you selected in
“Downloading the Project and Launching GDB Server” on page 6-7.

4. Click Apply to save the debug configuration.
5. Click Close to close the dialog box.
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Multiple Nios Il DPX Datapath Processors

You must create one debug configuration for each Nios II DPX datapath processor in

the system. If you need multiple debug configurations, create them by performing the

following steps:

1. Create a single debug configuration as described in the previous section.

2. To create an additional debug configuration, select the first debug configuration
and click Duplicate on the right-click menu.

3. Edit the new debug configuration and adjust the port number to match the port
number you noted in “Downloading the Project and Launching GDB Server” on
page 6-7.

4. Repeat steps 1 through 3 to create any additional needed debug configurations.

L=~ Make sure that the GDB server port numbers and the downloaded .elf file for each

May 2011

Nios II DPX datapath processor, as specified in the GDB server configuration, match
the port number and .elf file in each debug configuration.

Multi-Core Launches

If you have multiple debug configurations, create an Eclipse launch group. Launch
groups are an Eclipse feature that allows multiple debug configurations to be started
at the same time. You choose which debug configurations are added to the group. You
can use the launch group in any place where you can use a debug configuration.

. e For details about Eclipse launch groups, refer to the Eclipse help system.

Debugging the Project

This section describes how to debug a Nios II DPX program using the System Console
and Nios II SBT for Eclipse. This section assumes that you have already performed the
debug configuration steps described in “Debug Setup” on page 6-6.

Here are the steps to debug a Nios II DPX datapath processor application:

1. Open the System Console GDB server control panel, as described in
“Downloading the Project and Launching GDB Server” on page 6-7.

2. Load a debug session by double clicking on the Tcl script that you created in
“Saving the GDB Server Configuration” on page 6-8. This script executes the
following steps:

a. Downloads the .elf file
b. Starts the bytestream console
c. Starts the GDB server

You can optionally interact with the debugger by typing GDB commands inside the
Console window of the corresponding GDB process to run, single step, and take other
common debugging actions.

The t br eak command is not supported by the Nios II DPX datapath processor.
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In the Nios II SBT for Eclipse, open the debug configuration you created in “Creating
Eclipse Debug Configurations” on page 6-8. Click Debug to attach the Eclipse
debugging session to threads already running or paused on the Nios II DPX datapath
processor(s).

This command carries out the following actions:

m Establishes communications with the running GDB server
m Sets a breakpoint at the .elf entry point

m Pauses execution at the .elf entry point

If a processor is paused (the default when you start the debugging session), you can
start or resume the thread with the Eclipse Resume button.

You cannot use an Eclipse run configuration for a Nios II DPX project. If you wish to
run the Nios II DPX software, you can use a debug configuration, and disable all
breakpoints.

For general information about debugging with Eclipse and the CDT plugins, refer to
the Eclipse help system.

Thread Representation

Each Nios II DPX MTP is represented as a GDB process. Its threads are represented as
GDB threads. Each thread is labeled with a thread ID.

A single-core Nios II DPX datapath processor has eight threads. A dual-core processor
has 16 threads.

The SBT for Eclipse treats a dual-core processor like a single-core processor with 16
threads.

Hardware thread numbers range from 0 to <n> — 1, where <n> is the number of
threads. However, Eclipse thread IDs range from 1 to <n>. Because threads are
interchangeable, normally you need not be concerned with hardware thread numbers.

You can select a thread in the Debug view and start or stop it individually with the
Eclipse Resume and Suspend commands. Alternatively, you can select the parent
node and run all threads.

Debugging Actions

The Eclipse debugger with the Nios II plugins provides a Nios II perspective,
allowing you to perform many common debugging tasks. The debugging actions you
can perform with the Nios Il SBT for Eclipse include the following actions:

m  Controlling program execution with commands such as:
m  Suspend (pause)
m Resume
m  Terminate
m Step Into
m Step Over
m Step Return
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m Setting breakpoints
m Viewing disassembly
m Instruction stepping mode

You can enable Eclipse to step through individual processor instructions by
clicking * . When you turn on instruction stepping mode, the DSF Disassembly
view automatically opens.

m Displaying and changing the values of local and global variables in the following
formats:

m Binary
m  Decimal
m Hexadecimal
m Viewing and editing registers in the following formats:
m Binary
m  Decimal
m  Hexadecimal

The debugger can view and edit Nios II DPX extension registers. However, it
cannot edit the read-only registers (such as RX0 and CRi 0), and it cannot read the
write-only registers (such as TX0 and CRo0). Because the read-only and write-only
registers share register addresses, if you attempt to write to a read-only register
(such as RX0), you write to the corresponding write-only register (such as TX0).
Also, if you attempt to read from a write-only register, you read the value of the
corresponding read-only register.

. @ For detailed information about Nios Il DPX extension registers, refer to
“Using the Nios II DPX Extension Registers” on page 5-19.
m Viewing and editing memory in the following formats:
m  Hexadecimal
m ASCII
m Signed integer
m  Unsigned integer
m Viewing stack frames in the Debug view
m Typing GDB commands in the GDB console, in the Eclipse Console view

=~ Thetbreak command is not supported by the Nios Il DPX datapath
processor.

Console output to st dout appears in the System Console.

o For information about debugging commands supported by Eclipse and the CDT
plugins, refer to the Eclipse help system.
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If you modify and rebuild your source code, you must use System Console to reload
the .elf and restart the GDB server. For more information, see “Stopping and
Restarting”.

Breakpoints

The Nios II DPX debugging environment offers both software and hardware
breakpoints.

Software Breakpoints

Software breakpoints are set using Eclipse breakpoint infrastructure. Eclipse sets the
breakpoint for all threads, in all running debug sessions.

You cannot filter software breakpoints by thread. Although Eclipse offers GDB
thread-specific breakpoints, this feature is designed for software threads, and does not
work correctly with Nios II DPX hardware threads. To set a breakpoint on a specific
hardware thread, use a hardware breakpoint.

Hardware Breakpoints

Eclipse does not have infrastructure to set hardware breakpoints. You must use the
hbr eak GDB command to set thread-specific hardware breakpoints. This command
must be issued inside the GDB server control panel, either in Eclipse or in System
Console.

You can set no more than four hardware breakpoints at a time.

Stopping and Restarting

When you stop the debugger, for example to modify and rebuild the code, the GDB
server stops listening. You must restart the GDB server from the GDB server control
panel as follows:

1. In the GDB server control panel, stop the GDB server by clicking Stop Server.
2. Click Launch Server to restart the server.
Eclipse breakpoints are preserved from the previous debug session.

If you have modified the code, the breakpoint locations might no longer be relevant.
You must clear and reset your breakpoints.

If you need to assert a hardware reset, close any open GDB servers and other System
Console services connected to the Nios II DPX datapath processor, such as views of
the processor or memory.

Using the Altera Bytestream Console

The Altera bytestream console enables you to see output from the processor’s st dout
device. The function of the Altera bytestream console is similar to the nios2-terminal
command-line utility.

Open the Altera bytestream console in the Eclipse Console view the same way as any

other Eclipse console, by clicking the Open Console (--) button.
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When you open the Altera bytestream console, the Bytestream Console Selection
dialog box shows you a list of available bytestreams. This is the same set of
bytestreams recognized by System Console. Select the bytestream connected to the
processor you are debugging.

For information about how System Console recognizes bytestreams, refer to the
Analyzing and Debugging Designs with the System Console chapter in Volume 3:
Verification of the Quartus Il Handbook.

A bytestream device can support only one connection at a time. You must close the
Altera bytestream console before attempting to connect to the processor with the
nios2-terminal utility, and vice-versa.

Context-Specific Debugging for Nios Il DPX Systems

When debugging a datapath processing system, you need to be able to follow a
particular data packet, or context, through the system. A context usually follows a
path that takes it from an input PE, through multiple PEs including the Nios II DPX
datapath processor, to finally reach an output PE. As it traverses this path, the context
and its data are transformed by the action of hardware and software tasks.

To effectively analyze and debug the system, you need to follow the execution of the
many software tasks that act on selected contexts. The software debugging tools
enable you to trace the context whenever it returns to the Nios II DPX datapath
processor.

You cannot use the software debugging tools to trace a context through hardware PEs.

To achieve this context-specific debugging, you select a context that you are interested
in following, and set a debug flag associated with that context.

The debug flag is passed from PE to PE in messages on the same context. When the
debug flag returns to the Nios II DPX datapath processor, it activates a hardware
breakpoint, causing the thread to break on entry to the task. This allows you to
continue debugging with the same context.

Debug Flag Management

For any suspended thread, you can set or reset a debug flag to accompany the context
being processed by the thread. The debug flag is physically associated with the
message sent by the task when it terminates. When a task is started by a message that
contains a debug flag, all messages sent by that task also have the debug flag set.
Thus, the debug flag remains with the context until it is explicitly removed.

You control context-specific debug flags by typing commands into the GDB console.
The debug flag management commands are as follows:

monitor set_debugy_flayg <thread-id> <value>

This command sets or resets the debug flag currently being processed by the
thread specified in <thread-id>. <value> can be 0 or 1, where 0 means reset the flag
and 1 means set the flag. The thread must already be suspended before you issue
this command. Otherwise the command fails with an error message.

You specify a thread with the GDB thread ID. You can see the thread ID by
examining the Eclipse thread list.
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monitor get_debug_flag <thread-id>

This command queries the value of the debug flag for the message currently being
processed by the specified thread. The return value is 0 if the flag is not set, and 1
if the flag is set. The thread must already be suspended before you issue this
command. Otherwise the command fails with an error message.

monitor set_packet_debug <value>

This command enables or disables the hardware breakpoint which causes the
Nios II DPX MTP to break on the first instruction of a task ready to process a
message marked with a debug flag. <value> can be 0 to disable the breakpoint or 1
to enable the breakpoint. In the case of a dual-core Nios II DPX datapath
processor, the setting applies to both cores.

monitor get_packet_debug

This command queries whether the processor is enabled to break on the arrival of
a message marked with a debug flag.

Working with Stand-Alone Systems

In the Nios II DPX stand-alone hardware development flow, you create a Nios II DPX
datapath processor in Qsys, and then export it to your system manually.
“ . e For information about working in the stand-alone flow, refer to the Instantiating the
Nios II DPX Datapath Processor chapter, in the Nios II DPX Hardware Reference section of
the Nios II DPX Datapath Processor Handbook.

In the stand-alone flow, special steps are required to create a BSP. Extra steps are
required because the data memory, external to the Nios II DPX datapath processor, is
not represented in the Nios II DPX .sopcinfo file. This requires the data memory to be
specified during the BSP creation.

You must manually specify the external memory and the section mapping in the BSP
editor. After you do this, you can create a Tcl script to automate the steps in case you
need to recreate the BSP.

To create your BSP the first time, and create a Tcl script, perform the following steps.

1. Create a new BSP, as described in “Creating a New BSP” on page 6-26. Save the
BSP.

2. Add the data memory device to the linker script as follows:

a. On the Linker Script tab, click Add Memory Device. On the Main tab, fill in
Device Name, Memory Size, and Base Address.

b. If you need to generate memory initialization files for your user-defined
memory, you must specify additional memory parameters. Use the Advanced
tab to specify these settings, as described in “Creating Memory Initialization
Files”.

c. Click OK.
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3. Add the data memory region to the linker script as follows:

a. Inthe Linker Memory Regions table, add the linker memory region for the
data memory by clicking Add. Enter the region name and region size (size of
the memory). Select the memory device specified in the previous step, and
enter the memory offset.

b. Click Add.

For more information about the Linker Script tab, see “Linker Regions” on
page 6-23.

4. Enter the thread stack size (optional). In the Main Tab, in the Advanced settings,
select Iwhal. Enter the stack size under thread_stack_size, ensuring that the
memory is large enough to contain a stack for each thread.

5. On the Linker Script tab, click Restore Defaults. This command applies the
default Tcl scripts to your BSP, to add any unassigned sections to the data RAM.

6. Save and generate the BSP.

7. 1If desired, export your memory settings to a Tcl script as described in “Exporting a
Tcl Script” on page 6-26.

To recreate the BSP with the same external memory, use the script as described in
“Using a Tcl Script in BSP Creation” on page 6-27.

Creating Memory Initialization Files

Generating memory initialization files requires detailed information about the
physical memory devices, such as device names and data widths. Normally, the

Nios II SBT extracts this information from the .sopcinfo file. However, in a standalone
system, the .sopcinfo file does not contain information about the data memory, which
is outside the system. Therefore you must provide this information manually.

Specify memory device information when you add the user-defined memory device
to your BSP. The device information persists in the BSP settings file, allowing you to
regenerate memory initialization files at any time, exactly as if the memory device
were part of the Qsys system.

Specify the memory device information in the Advanced tab of the Add Memory
Device dialog box. Settings in this tab control makefile variables in mem_init.mk.

In the Advanced tab, you can control the following memory characteristics:
m  The physical memory width.
m  The device’s path and name in the Qsys hierarchy.

m The memory initialization file parameter name. Every memory device can have an
HDL parameter specifying the name of the initialization file. The Nios I DPX
ModelSim launch configuration overrides the HDL parameter to specify the
memory initialization filename.

m Connectivity to processor master ports. These parameters are used when creating
the linker script.

m The memory type: volatile, CFI flash or EPCS flash.

m Byte lanes.
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You can also enable and disable generation of the following memory initialization file
types:

m .hexfile

m .datand .sym files

m .flash file

The Mem init filename parameter is not used in Nios II DPX systems. You can
disregard it.

Running a Nios Il DPX System with ModelSim

To run a Nios II DPX system with ModelSim, you must first create a testbench and
specify memory initialization files. Creating the software projects is nearly the same as
when you run the project on hardware.

For information about creating a testbench and specifying memory initialization files,
see “RTL Simulation” in the System Verification chapter in the Nios Il DPX Hardware
Reference section of the Nios Il DPX Datapath Processor Handbook.

To prepare your software for ModelSim simulation, perform the following steps:

1. Create your software project, as described in “Creating a Project” on page 6-3.

Be sure to specify the Quartus II project path, as described in “Additional
Arguments” on page 6-5.

If you are creating software for a stand-alone system, you must take special steps
to create memory initialization files correctly. These steps are described in
“Creating Memory Initialization Files” on page 6-15.

2. Build your software project, as described in “Building the Project” on page 6—6.
3. Create a ModelSim launch configuration as follows:

a. Right-click the application project name, point to Run As, and click Run
Configurations. In the Run Configurations dialog box, select Nios II
ModelSim, and click the New button ().

b. In the Main tab, ensure that the correct software project name and .elf file are
selected.

c. Click Apply to save the launch configuration.
d. Click Close to close the dialog box.
=" If you are simulating multiple Nios Il DPX datapath processors, create a

launch configuration for each processor, and create a launch group, as
described in “Multiple Nios II DPX Datapath Processors” on page 6-9.

4. Open the debug configuration you previously created. Click Run. The Nios II SBT

for Eclipse performs a meke nmem.init_gener at e command to create memory
initialization files, and launches ModelSim.

5. At the ModelSim command prompt, type | d+.
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When you create the launch configuration, you might see the following error
message:

SEVERE: The Quartus II project location has not been set in the ELF section. You
can manually override this setting in the launch configuration’s ELF file
‘Advanced’ properties page.

To correct this error, perform the following steps:
1. Click the Advanced button.

2. At Quartus II project directory, browse to the directory containing your
Quartus II project .spd file.

3. Click Close.

To avoid this error condition, specify the Quartus II project directory when you create
your application project, as described in “Additional Arguments” on page 6-5.

Makefiles and the Nios Il SBT for Eclipse

The Nios Il SBT for Eclipse creates and manages the makefiles for Nios Il DPX MTP
software projects. When you create a project, the Nios II SBT creates a makefile based
on the source content you specify and the parameters and settings you select. When
you modify the project in Eclipse, the Nios II SBT updates the makefile to match.

Details of how each makefile is created and maintained vary depending on the project
type, and on project options that you control. The authoritative specification of project
contents is always the makefile, regardless how it is created or updated.

By default, the Nios II SBT manages the list of source files in your makefile, based on
actions you take in Eclipse. However, in the case of applications and libraries, you
have the option to manage sources manually. Both styles of source management are
discussed in the following sections.

Eclipse Source Management

Nios IT DPX MTP application and user library makefiles are based on source files and
properties that you specify directly. Eclipse source management allows you to add
and remove source files with standard Eclipse actions, such as dragging a source file
into and out of the Project Explorer view and adding a new source file through the
File menu.

You can examine and modify many makefile properties in the Nios II Application
Properties or Nios II Library Properties dialog box. To open the dialog box,
right-click the project, click Properties, and click Nios II Application Properties or
Nios II Library Properties.
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Table 6-1 lists GUI actions that make changes to an application or user library
makefile under Eclipse source management.

Table 6-1. Modifying a Makefile with Eclipse Source Management

Modification Where Modified

Specifying the application or user library name

Nios Il Application Properties or Nios Il Library Properties dialog

box.
Adding or removing source files = . & Refer to the Eclipse help system.
Specifying a path to an associated BSP Project References dialog box.
Specifying a path to an associated user library Project References dialog box.

Enabling, disabling or modifying compiler options

Nios Il Application Properties or Nios Il Library Properties dialog
box.

1=

After the SBT has created a makefile, you can modify the makefile in the following
ways:

m  With the Nios I SBT for Eclipse, as described in Table 6-1.
m  With Nios II SBT commands from the Nios II Command Shell.

When modifying a makefile, the SBT preserves any previous nonconflicting
modifications, regardless how those modifications were made.

After you modify a makefile with the Nios Il Command Shell, in Eclipse you must
right-click the project and click Update linked resource to keep the Eclipse project
view in step with the makefile.

When the Nios II SBT for Eclipse modifies a makefile, it locks the makefile to prevent
corruption by other processes. You cannot edit the makefile from the command line
until the SBT has removed the lock.

If you want to exclude a resource (a file or a folder) from the Nios II DPX MTP
makefile temporarily, without deleting it from the project, you can use the Remove
from Nios II Build command. Right-click the resource and click Remove from

Nios II Build. When a resource is excluded from the build, it does not appear in the
makefile, and Eclipse ignores it. However, it is still visible in the Project Explorer, with
a modified icon. To add the resource back into the build, right-click the resource and
click Add to Nios II Build.

Do not use the Eclipse Exclude from build command. With Nios II DPX MTP
software projects, you must use the Remove from Nios II Build and Add to Nios II
Build commands instead.

Absolute Source Paths and Linked Resources

By default, the source files for an Eclipse project are stored under the project directory.
If your project must incorporate source files outside the project directory, you can add
them as linked resources.

An Eclipse linked resource can be either a file or a folder. With a linked folder, all
source files in the folder and its subfolders are included in the build.
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When you add a linked resource (file or folder) to your project, the SBT for Eclipse
adds the file or folder to your makefile with an absolute path name. You might use a
linked resource to refer to common source files in a fixed location. In this situation,
you can move the project to a different directory without disturbing the common
source file references.

A linked resource appears with a modified icon (green dot) in the Project Explorer, to
distinguish it from source files and folders that are part of the project. You can use the
Eclipse debugger to step into a linked source file, exactly as if it were part of the
project.

You can reconfigure your project to refer to any linked resource either as an individual
file, or through its parent folder. Right-click the linked resource and click Update
Linked Resource.

You can use the Remove from Nios II Build and Add to Nios II Build commands
with linked resources. When a linked resource is excluded from the build, its icon is
modified with a white dot.

. e For information about working with linked resources, refer to the Eclipse help system.

User Source Management

You can remove a makefile from source management control through the Nios II
Application Properties or Nios II Library Properties dialog box. Simply turn off
Enable source management to convert the makefile to user source management.
When Enable source management is off, you must update your makefile manually to
add or remove source files to or from the project. The SBT for Eclipse makes no
changes to the list of source files, but continues to manage all other project parameters
and settings in the makefile.

Editing a makefile manually is an advanced technique. Altera recommends that you
avoid manual editing. The SBT provides extensive capabilities for manipulating
makefiles while ensuring makefile correctness.

In a makefile with user-managed sources, you can refer to source files with an
absolute path. You might use an absolute path to refer to common source files in a
fixed location. In this situation, you can move the project to a different directory
without disturbing the common source file references.

Projects with user-managed sources do not support the following features:
m Linked resources
m The Add to Nios II Build command

B The Remove from Nios II Build command
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Table 6-2 lists GUI actions that make changes to an application or user library
makefile under user source management.

Table 6-2. Modifying a Makefile with User Source Management

Modification Where Modified
Specifying the application or user library name It\)l(i)t))(s Il Application Properties or Nios Il Library Properties dialog
Specifying a path to an associated BSP Project References dialog box
Specifying a path to an associated user library Project References dialog box
Enabling, disabling or modifying compiler options L«(i)())(s Il Application Properties or Nios Il Library Properties dialog

I'=~ With user source management, the source files shown in the Eclipse Project Explorer
view do not necessarily reflect the sources built by the makefile. To update the Project
Explorer view to match the makefile, right-click the project and click Sync from
Nios II Build.

BSP Source Management

Nios II BSP makefiles are handled differently from application and user library
makefiles. BSP makefiles are based on the BSP type, BSP settings, selected software
packages, and selected drivers. You do not specify BSP source files directly.

BSP makefiles must be managed by the SBT, either through the BSP Editor or through
the SBT command-line utilities.

. For further details about specifying BSPs, refer to “Using the BSP Editor”.

Using the BSP Editor

Typically, you create a BSP with the Nios II SBT for Eclipse. The Nios II plugins
provide the basic tools and settings for defining your BSP. For more advanced BSP
editing, use the Nios II BSP Editor. The BSP Editor provides all the tools you need to
create even the most complex BSPs.

Tcl Scripting and the Nios 1l BSP Editor

The Nios II BSP Editor provides support for Tcl scripting. When you create a BSP in
the BSP Editor, the editor can run a Tcl script that you specify to supply BSP settings.

You can also export a Tcl script from the BSP Editor, containing all the settings in an
existing BSP. By studying such a script, you can learn about how BSP Tcl scripts are
constructed.

Starting the Nios Il BSP Editor

You start the Nios II BSP Editor in one of the following ways:

m Right-click an existing project, point to Nios II, and click BSP Editor. The editor
loads the BSP Settings File (.bsp) associated with your project, and is ready to
update it.
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®m  On the Nios II menu, click Nios II BSP Editor. The editor starts without loading
a .bsp file.

m Right-click an existing BSP project and click Properties. In the Properties dialog
box, select Nios II BSP Properties, and click BSP Editor. The editor loads
your .bsp file for update.

The Nios Il BSP Editor Screen Layout

The Nios II BSP Editor screen is divided into two areas. The top area is the command
area, and the bottom is the console area. The details of the Nios II BSP Editor screen
areas are described in this section.

Below the console area is the Generate button. This button is enabled when the BSP
settings are valid. It generates the BSP target files, as shown in the Target BSP
Directory tab.

The Command Area

In the command area, you specify settings and other parameters defining the BSP. The
command area contains several tabs:

m The Main tab

m The Software Packages tab

m The Drivers tab

m The Linker Script tab

m The Enable File Generation tab
m The Target BSP Directory tab

Each tab allows you to view and edit a particular aspect of the .bsp, along with
relevant command line parameters and Tcl scripts.

The settings that appear on the Main, Software Packages and Drivers tabs are the

same as the settings you manipulate on the command line.

For detailed descriptions of settings defined for Altera-provided BSP types, software
packages, and drivers, refer to Chapter 10, SBT Reference for the Nios II DPX MTP.

The Main Tab

The Main tab presents general settings and parameters, and BSP type settings, for the
BSP. The BSP includes the following settings and parameters:

m The path to the .sopcinfo file specifying the target hardware
m  The processor name
m The BSP type and version

=" You cannot change the BSP type in an existing BSP. You must create a new
BSP based on the desired BSP type.

m The BSP target directory—the destination for files that the SBT copies and creates
for your BSP.
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m BSP settings

BSP settings appear in a tree structure. Settings are organized into Common and
Advanced categories. Settings are further organized into functional groups. The
available settings depend on the BSP type.

When you select a group of settings, the controls for those settings appear in the pane
to the right of the tree. When you select a single setting, the pane shows the setting
control, the full setting name, and the setting description.

Software package and driver settings are presented separately, as described in “The
Software Packages Tab” and “The Drivers Tab”.

The advanced thread stack size setting, | whal . t hr ead_st ack_si ze, is usually an
important setting for Nios II DPX BSPs.

The Software Packages Tab

The Software Packages tab allows you to insert and remove software packages in
your BSP, and control software package settings.

At the top of the Software Packages tab is the software package table, listing each
available software package. The table allows you to select the software package
version, and enable or disable the software package.

The BSP type determines which software packages are available.

Many software packages define settings that you can control in your BSP. When you
enable a software package, the available settings appear in a tree structure, organized
into Common and Advanced settings.

When you select a group of settings, the controls for those settings appear in the pane
to the right of the tree. When you select a single setting, the pane shows the setting
control, the full setting name, and the setting description.

Enabling and disabling software packages and editing software package settings can
have a profound impact on BSP behavior. Refer to the documentation for the specific
software package for details.

General settings, BSP type settings, and driver settings are presented separately, as
described in “The Main Tab” and “The Drivers Tab”.

The Drivers Tab

The Drivers tab allows you to select, enable, and disable drivers for devices in your
system, and control driver settings.

At the top of the Drivers tab is the driver table, mapping components in the hardware
system to drivers. The driver table shows components with driver support. Each
component has a module name, module version, module class name, driver name,
and driver version, determined by the contents of the hardware system. The table
allows you to select the driver by name and version, as well as to enable or disable
each driver.

When you select a driver version, all instances of that driver in the BSP are set to the
version you select. Only one version of a given driver can be used in an individual
BSP.
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Many drivers define settings that you can control in your BSP. Available driver
settings appear in a tree structure below the driver table, organized into Common and
Advanced settings.

When you select a group of settings, the controls for those settings appear in the pane
to the right of the tree. When you select a single setting, the pane shows the setting
control, the full setting name, and the setting description.

Enabling and disabling device drivers, changing drivers and driver versions, and
editing driver settings, can have a profound impact on BSP behavior. Refer to the
relevant component documentation and driver information for details. For Altera
components, refer to the Embedded Peripherals IP User Guide.

General settings, BSP type settings, and software package settings are presented
separately, as described in “The Main Tab” and “The Software Packages Tab”.

The Linker Script Tab

The Linker Script tab allows you to view available memory in your system, and
examine and modify the arrangement and usage of linker regions in memory.

When you make a change to the memory configuration, the SBT validates your
change. If there is a problem, a message appears in the Problems tab in the console
area, as described in “The Problems Tab” on page 6-25.

Rearranging linker regions and linker section mappings can have a very significant
impact on BSP behavior.

Linker Section Mappings

At the top of the Linker Script tab, the Linker Section Mappings table shows the
mapping from linker sections to linker regions. You can edit the BSP linker section
mappings using the following buttons located next to the linker section table:

m Add—Adds a linker section mapping to an existing linker region. The Add button
opens the Add Section Mapping dialog box, where you specify a new section
name and an existing linker region.

B Remove—Removes a mapping from a linker section to a linker region.

m Restore Defaults—Restores the section mappings to the default configuration set
up at the time of BSP creation.

Linker Regions

At the bottom of the Linker Script tab, the Linker Memory Regions table shows all
defined linker regions. Each row of the table shows one linker region, with its address
range, memory device name, size, and offset into the selected memory device.

You reassign a defined linker region to a different memory device by selecting a
different device name in the Memory Device Name column. The Size and Offset
columns are editable. You can also edit the list of linker regions using the following
buttons located next to the linker region table:
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® Add—Adds a linker region in unused space on any existing device. The Add

button opens the Add Memory Region dialog box, where you specify the memory
device, the new memory region name, the region size, and the region’s offset from
the device base address.

Remove—Removes a linker region definition. Removing a region frees the
region’s memory space to be used for other regions.

Add Memory Device—Creates a linker region representing a memory device that
is outside the Nios II DPX system. The button launches the Add Memory Device
dialog box, where you can specify the device name, memory size and base
address. After you add the device, it appears in the linker region table, the
Memory Device Usage Table dialog box, and the Memory Map dialog box.

This functionality is equivalent to the add_nenory_devi ce Tcl command.

"=~ Ensure that you specify the correct base address and memory size. If the
base address or size of an external memory changes, you must edit the BSP
manually to match. The SBT does not automatically detect changes in
external memory devices, even if you update the BSP by creating a new
settings file.

“ . @ For information about add_renory_devi ce and other SBT Tcl commands,
refer to “Tcl Commands” in Chapter 10, SBT Reference for the Nios II DPX
MTP.

Restore Defaults—restores the memory regions to the default configuration set up
at the time of BSP creation.

Memory Usage—Opens the Memory Device Usage Table. The Memory Device
Usage Table allows you to view memory device usage by defined memory region.
As memory regions are added, removed, and adjusted, each device’s free memory,
used memory, and percentage of available memory are updated. The rightmost
column is a graphical representation of the device’s usage, according to the
memory regions assigned to it.

Memory Map—Opens the Memory Map dialog box. The memory map allows
you to view a map of system memory in the processor address space. The Device
table is a read-only reference showing memories in the Nios II DPX system that are
mastered by the selected processor. Devices are listed in memory address order.

To the right of the Device table is a graphical representation of the processor’s
memory space, showing the locations of devices in the table. Gaps indicate
unmapped address space.

This representation is not to scale.
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Enable File Generation Tah

The Enable File Generation tab allows you to take ownership of specific BSP files that
are normally generated by the SBT. When you take ownership of a BSP file, you can
modify it, and prevent the SBT from overwriting your modifications. The Enable File
Generation tab shows a tree view of all target files to be generated or copied when the
BSP is generated. To disable generation of a specific file, expand the software
component containing the file, expand any internal directory folders, select the file,
and right-click. Each disabled file appears in a list at the bottom of the tab.

This functionality is equivalent to the set _i gnore_fi | e Tcl command.

If you take ownership of a BSP file, the SBT can no longer update it to reflect future
changes in the underlying hardware. If you change the hardware, be sure to update
the file manually.

For information about set _i gnore_fil e and other SBT Tcl commands, refer to “Tcl
Commands” in Chapter 10, SBT Reference for the Nios II DPX MTP.

Target BSP Directory Tab

The Target BSP Directory tab is a read-only reference showing you what output to
expect when the BSP is generated. It does not depict the actual file system, but rather
the files and directories to be created or copied when the BSP is generated. Each
software component, including the BSP type, drivers, and software packages,
specifies source code to be copied into the BSP target directory. The files are generated
in the directory specified on the Main tab.

When you generate the BSP, existing BSP files are overwritten, unless you disable
generation of the file in the Enable File Generation tab.

The Console Area

The console area shows results of settings and commands that you select in the
command area. The console area consists of the following tabs:

® The Information tab
m The Problems tab
B The Processing tab

The following sections describe each tab.

The Information Tab

The Information tab shows a running list of high-level changes you make to your
BSP, such as adding a software package or changing a setting value.

The Problems Tab

The Problems tab shows warnings and errors that impact or prohibit BSP creation.
For example, if you inadvertently specify an invalid linker section mapping, a
message appears in the Problems tab.
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The Processing Tab

When you generate your BSP, the Processing tab shows files and folders created and
copied in the BSP target directory.

Exporting a Tcl Script

When you have configured your BSP to your satisfaction, you can export the BSP
settings as a Tcl script. This feature allows you to perform the following tasks:

m Regenerate the BSP from the command line

B Recreate the BSP as a starting point for a new BSP

B Recreate the BSP on a different hardware platform

m Examine the Tcl script to improve your understanding of Tcl command usage

The exported Tcl script captures all BSP settings that you have changed since the
previous time the BSP settings file was saved. If you export a Tcl script after creating a
new BSP, the script captures all nondefault settings in the BSP. If you export a Tcl
script after editing a pre-existing BSP, the script captures your changes from the
current editing session.

To export a Tcl script, in the Tools menu, click Export Tcl Script, and specify a
filename and destination path. The file extension is .tcl.

You can later run your exported script as a part of creating a new BSP.

To run a Tcl script during BSP creation, refer to “Using a Tcl Script in BSP Creation”.
For details about default BSP settings, refer to “Specifying BSP Defaults for the

Nios I DPX MTP” on page 8-14. For detailed information about Tcl command usage,
refer to “Tcl Commands” on page 10-42. For information about recreating and
regenerating BSPs, refer to “Revising Your BSP” in the Nios II Software Build Tools
chapter of the Nios II Software Developer’s Handbook.

Creating a New BSP

To create a BSP in the Nios II BSP Editor, use the New BSP command in the File menu
to open the New BSP dialog box. This dialog box controls the creation of a new BSP
settings file. The BSP Editor loads this new BSP after the file is created.

In this dialog box, you specify the following parameters:

m The .sopcinfo file defining the hardware platform.

m The CPU name of the targeted processor.

m  The BSP type (Lightweight HAL) and version.

m The operating system version.

m The name of the BSP settings file. It is created with file extension .bsp.

m Absolute or relative path names in the BSP settings file. By default, relative paths
are enabled for filenames in the BSP settings file.

B An optional Tcl script that you can run to supply additional settings.
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Normally, you specify the path to your .sopcinfo file relative to the BSP directory. This
enables you to move, copy and archive the hardware and software files together. If
you browse to the .sopcinfo file, or specify an absolute path, the Nios II BSP Editor
offers to convert your path to the relative form.

Using a Tcl Script in BSP Creation

When you create a BSP, the New BSP Settings File dialog box allows you to specify
the path and filename of a Tcl script. The Nios II BSP Editor runs this script after all
other BSP creation steps are done, to modify BSP settings. This feature allows you to
perform the following tasks:

m Recreate an existing BSP as a starting point for a new BSP
m  Recreate a BSP on a different hardware platform
®m Include custom settings common to a group of BSPs

The Tcl script can be created by hand, or exported from another BSP.

<o “Exporting a Tcl Script” describes how to create a Tcl script from an existing BSP. Refer
to “Specifying BSP Defaults for the Nios II DPX MTP"” on page 8-14.

BSP Validation Errors

If you modify a Nios II DPX system after basing a BSP on it, some BSP settings might
no longer be valid. This is a very common cause of BSP validation errors. Eliminating
these errors usually requires correcting a large number of interrelated settings.

If your modifications to the underlying hardware design result in BSP validation
errors, the best practice is to update or recreate the BSP. Updating and recreating BSPs
is very easy with the BSP Editor.
* . e For complete information about updating and recreating BSPs, refer to “Revising
Your BSP” in the Nios II Software Build Tools chapter of the Nios II Software Developer’s
Handbook.

If you recreate your BSP, you might find it helpful to capture your old BSP settings by
exporting them to a Tcl script. You can edit the Tcl script to remove any settings that
are incompatible with the new hardware design.

- For details about exporting and using Tcl scripts, refer to “Exporting a Tcl Script” and
“Using a Tcl Script in BSP Creation”. For a detailed discussion of updating BSPs for
modified Nios II DPX systems, refer to “Revising Your BSP” in the Nios II Software
Build Tools chapter of the Nios II Software Developer’s Handbook.

Configuring Component Search Paths

By default, the SBT discovers system components using the same search algorithm as
Qsys. You can define additional search paths to be used for locating components.

You define additional search paths through the Edit Custom Search Paths dialog box.
In the Tools menu, click Options, select BSP Component Search Paths, and click
Custom Component Search Paths. You can specify multiple search paths. Each path
can be recursive.
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Importing a Command-Line Project

If you have software projects that were created with the Nios II SBT command line,
you can import the projects into the Nios II SBT for Eclipse for debugging and further
development. This section discusses the import process.

Your command-line C application, and its associated BSP, might be created on the
command line. Regardless of its origin, any Nios II SBT command-line project is ready
to import into the Nios II SBT for Eclipse. No additional preparation is necessary.

The Nios II SBT for Eclipse imports several kinds of command-line projects:
m Command-line C application project

m Command-line BSP project

m Command-line user library project

You can edit, build, debug, and manage the settings of an imported project exactly the
same way you edit, build, debug, and manage the settings of a project created in
Nios II SBT for Eclipse.

The Nios I SBT for Eclipse imports each type of project through the Import wizard.
The Import wizard determines the kind of project you are importing, and configures
it appropriately.

You can continue to develop project code in your SBT project after importing the
project into Eclipse. You can edit source files and rebuild the project, using the SBT
either in Eclipse or on the command line.

<o For information about creating projects with the command line, refer to Chapter 7,
Getting Started from the Command Line.

Importing and debugging a project typically involves several of the following tasks.
You do not need to perform these tasks in this order, and you can repeat or omit some
tasks, depending on your needs.

m Import a command-line C application

® Import a supporting project

m Debug a command-line C application

m Edit command-line C application code

When importing a project, the SBT for Eclipse might make some minor changes to
your makefile. If the makefile refers to a source file located outside the project
directory tree, the SBT for Eclipse treats that file as a linked resource. However, it does
not add or remove any source files to or from your makefile.

When you import an application or user library project, the Nios II SBT for Eclipse
allows you to choose Eclipse source management or user source management. Unless
your project has an unusual directory structure, choose Eclipse source management,
to allow the SBT for Eclipse to automatically maintain your list of source files.

You debug and edit an imported project exactly the same way you debug and edit a
project created in Eclipse.
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Import a Command-Line C Application
To import a command-line C application, perform the following steps:
1. Start the Nios II SBT for Eclipse.
2. On the File menu, click Import. The Import dialog box appears.

3. Expand the Nios II Software Build Tools Project folder, and select Import Nios II
Software Build Tools Project.

4. Click Next. The File Import wizard appears.

5. Click Browse and locate the directory containing the C application project to
import.

6. Click OK. The wizard fills in the project path.

7. Specify the project name in the Project name box.

"=~ Youmight see a warning saying “There is already a .project file at: <path>".
This warning indicates that the directory already contains an Eclipse
project. Either it is an Eclipse project, or it is a command-line project that is
already imported into Eclipse.

If the project is already in your workspace, do not re-import it.

8. Click Finish. The wizard imports the application project.

After you complete these steps, the Nios II SBT for Eclipse can build, debug, and run
the complete program, including the BSP and any libraries. The Nios II SBT for
Eclipse builds the project using the SBT makefiles in your imported C application
project. Eclipse displays and steps through application source code exactly as if the
project were created in the Nios II SBT for Eclipse. However, Eclipse does not have
direct information about where BSP or user library code resides. If you need to view,
debug or step through BSP or user library source code, you need to import the BSP or
user library. The process of importing supporting projects, such as BSPs and libraries,
is described in “Import a Supporting Project”.

Importing a Project with Absolute Source Paths

If your project uses an absolute path to refer to a source file, the SBT for Eclipse
imports that source file as a linked resource. In this case, the import wizard provides a
page where you can manage how Eclipse refers to the source: as a file, or through a
parent directory.
“ . e For information about managing linked resources, refer to “Absolute Source Paths
and Linked Resources” on page 6-18.

Import a Supporting Project

While debugging a C application, you might need to view, debug or step through
source code in a supporting project, such as a BSP or user library. To make supporting
project source code visible in the Eclipse debug perspective, you need to import the
supporting project.
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If you do not need BSP or user library source code visible in the debugger, you can
skip this task, and proceed to debug your project exactly as if you had created it in
Eclipse.

If you have several C applications based on one BSP or user library, import the BSP or
user library once, and then import each application that is based on the BSP or user
library. Each application’s makefile contains the information needed to find and build
any associated BSP or libraries.

The steps for importing a supporting project are exactly the same as those shown in
“Import a Command-Line C Application”.

User-Managed Source Files

When you import a Nios II DPX MTP application or user library project, the
Nios II SBT for Eclipse offers the option of user source management. User source
management is helpful if you prefer to update your makefile manually to reflect
source files added to or removed from the project.

With user source management, Eclipse never makes any changes to the list of source
files in your makefile. However, the SBT for Eclipse manages all other project
parameters and settings, just as with any other Nios Il DPX MTP software project.

If your makefile refers to a source file with an absolute path, when you import with
user source management, the absolute path is untouched, like any other source path.
You might use an absolute path to refer to common source files in a fixed location. In
this situation, you can move the project to a different directory without disturbing the
common source file references.

User source management is not available with BSP projects. BSP makefiles are based
on the BSP type, BSP settings, selected software packages, and selected drivers. You
do not specify BSP source files directly.

For details about how the SBT for Eclipse handles makefiles with user-managed
sources, refer to “User Source Management” on page 6-19.

Packaging a Library for Reuse

This section shows how to create and use a library archive file (.a) in the Nios II
Software Build Tools for Eclipse. This technique enables you to provide a library to
another engineer or organization without providing the C source files. This process
entails two tasks:

1. Create a Nios Il user library

2. Create a Nios II application project based on the user library

Creating the User Library

To create a user library, perform the following steps:
1. In the File menu, point to New and click Nios II Library.

2. Type a project name, for example test _| i b.
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3. For Location, browse to the directory containing your library source files ( .c
and .h).

4. Click Finish.
5. Build the project to create the .a file (in this case libtest_lib.a)

Using the Library
To use the library in a Nios II application project, perform the following steps:

1. Create your Nios II application project as described in “Creating a Project” on
page 6-3.

2. To set the library path in the application project, right-click the project, and click
Properties.

3. Expand Nios II Application Properties. In Nios II Application Paths, next to
Application include directories, click Add and browse to the directory containing
your library header files.

4. Next to Application library directories, click Add and browse to the directory
containing your .a file.

5. Next to Library name, click Add and type the library project name you selected in
“Creating the User Library”.

6. Click OK.
7. Build your application.

As this example shows, the .c source files are not required to build the application
project. To hand off the library to another engineer or organization for reuse, you
provide the following files:

m Nios II library archive file (.a)

m Software header files (.h)

Memory Initialization Files

Sometimes it is useful to generate memory initialization files. For example, to
program your FPGA with a complete, running Nios II DPX system, you must include
the memory contents in your .sof file. In this configuration, the processor can boot
directly from internal memory without downloading.

Creating a Hexadecimal (Intel-Format) File (.hex) is a necessary intermediate step in
creating such a .sof file. The Nios II SBT for Eclipse can create .hex files and other
memory initialization formats.

To generate correct memory initialization files, the Nios II SBT needs details about the
physical memory configuration and the types of files required. Typically, this
information is specified when the hardware system is generated.

L=~ 1If your system contains a user-defined memory, you must specify these details
manually. For information, see “Creating Memory Initialization Files” on page 6-15.
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To generate memory initialization files, perform the following steps:

1. Right-click the application project.

2. Point to Make targets and click Build to open the Make Targets dialog box.
3. Select mem_init_generate.
4

. Click Build. The makefile generates a separate file (or files) for each memory
device. It also generates a Quartus II IP File (.qip). The .qip file tells the Quartus II
software where to find the initialization files.

5. Add the .qip file to your Quartus II project.

6. Recompile your Quartus II project.

Managing Toolchains in Eclipse

To change the GCC toolchain version in Eclipse, right-click the project and click
Properties. In the Properties dialog box, expand the C/C++ Build tab and select Tool
Chain Editor. Select the appropriate Nios II DPX MTP GCC toolchain, depending on
your host operating system.

After you select the toolchain, the SBT for Eclipse continues to use that toolchain for
your project unless you change it again.
= If you move the project to a different host platform, you must manually change to the
appropriate toolchain for the new host platform. For example, if you move a project
from a Windows host to a Linux host, use the Properties dialog box to select Linux
Nios II DPX MTP GCC 4.
“ ™. For general information about the GCC toolchains, refer to “Nios Il DPX Software
Development Tools” on page 8-1. For information about selecting the toolchain on the
command line, refer to Chapter 7, Getting Started from the Command Line.

Eclipse Usage Notes

The behavior of certain Eclipse and CDT features is modified by the Nios II SBT for
Eclipse. If you attempt to use these features the same way you would with a
non-Nios II project, you might have problems configuring or building your project.
This section discusses such features.

Thread-Specific Breakpoints

You cannot filter software breakpoints by thread. Although Eclipse offers GDB
thread-specific breakpoints, this feature is designed for software threads, and does not
work correctly with Nios II DPX hardware threads. To set a breakpoint on a specific
hardware thread, use a hardware breakpoint, as described in “Breakpoints” on

page 6-12.
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DSF Disassembly View Required

To view disassembled Nios II DPX code in Eclipse, you must use the DSF
Disassembly view. You cannot use the standard Eclipse Disassembly view to view
disassembled Nios II DPX code.

When you turn on instruction stepping mode, the DSF Disassembly view
automatically opens.

Configuring Application and Library Properties

To configure project properties specific to Nios II SBT application and library projects,
use the Nios II Application Properties and Nios II Library Properties tabs of the
Properties dialog box. To open the appropriate properties tab, right-click the
application or library project and click Properties. Depending on the project type,
Nios II Application Properties or Nios II Library Properties tab appears in the list of
tabs. Click the appropriate Properties tab to open it.

The Nios II Application Properties and Nios II Library Properties tabs are nearly
identical. These tabs allow you to control the following project properties:

m The name of the target .elf file (application project only)
m  The library name (library project only)

m A list of symbols to be defined in the makefile

m A list of symbols to be undefined in the makefile

m A list of assembler flags

m  Warning level flags

m A list of user flags

m  Generation of debug symbols

m Compiler optimization level

m  Generation of object dump file (application project only)
m Source file management

m Path to associated BSP (required for application, optional for library)

Configuring BSP Properties

To configure BSP settings and properties, use the Nios II BSP Editor.

For detailed information about the BSP Editor, refer to “Using the BSP Editor” on
page 6-20.

Exclude from Build Not Supported

The Exclude from Build command is not supported. You must use the Remove from
Nios II Build and Add to Nios II Build commands instead.
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Selecting the Correct Launch Configuration Type

If you try to debug a Nios Il DPX MTP software project as a CDT Local C/C++
Application launch configuration type, you see an error message, and the Nios II
Debug perspective fails to open. This is expected CDT behavior in the Eclipse
platform. Local C/C++ Application is the launch configuration type for a standard
CDT project. To invoke the Nios II plugins, you must use a Nios II launch
configuration type. For details, see “Debugging the Project” on page 6-9.

Renaming Nios Il DPX MTP Projects

To rename a project in the Nios II SBT for Eclipse, perform the following steps:
1. Right-click the project and click Rename.

2. Type the new project name.

3. Right-click the project and click Refresh.

If you neglect to refresh the project, you might see the following error message when
you attempt to build it:

Resource <original _project_nanme> is out of sync with the system

Running Shell Scripts from the SBT for Eclipse

Many SBT utilities are implemented as shell scripts. You can use Eclipse external tools
configurations to run shell scripts. However, you must ensure that the shell
environment is set up correctly.

To run shell scripts from the SBT for Eclipse, execute the following steps:

1. Start the Nios I Command Shell, as described in Chapter 7, Getting Started from
the Command Line.

2. Start the Nios II SBT for Eclipse by typing the following command:
ecl i pse-ni os2+

You must start the SBT for Eclipse from the command line in both the Linux and
Windows operating systems, to set up the correct shell environment.

3. From the Eclipse Run menu, point to External Tools, and click External Tools
Configurations.

4. Create a new tools configuration, or open an existing tools configuration.
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5. On the Main tab, set Location and Argument as shown in Table 6-3.

Table 6-3. Location and Argument to Run Shell Script from Eclipse

Platform | Location Argument
Windows | ${ env_var: QUARTUS_ROOTDI R}\ bi n\ cygwi n\ bi n\ sh. exe - ¢ " <script name> <script args>"
Linux ${env_var: SOPC KI T_NI 082}/ bi n/ <script name> <script args>

For example, to run the command el f 2hex --hel p, set Location and Argument as
shown in Table 6-4.

Table 6-4. Location and Argument to Run elf2hex --help from Eclipse

Platform | Location Argument
Windows | ${env_var: QUARTUS_ROOTDI R}\ bi n\ cygwi n\ bi n\ sh. exe -c "elf2hex --help"
Linux ${env_var: SOPC KI T_NI OS2}/ bi n/ el f 2hex --help

6. On the Build tab, ensure that Build before launch and its related options are set
appropriately.

By default, a new tools configuration builds all projects in your workspace before
executing the command. This might not be the desired behavior.

7. Click Run. The command executes in the Nios II Command Shell, and the
command output appears in the Eclipse Console tab.

Must Use Nios Il Build Configuration

Although Eclipse can support multiple build configurations, you must use the Nios II
build configuration for Nios II DPX MTP projects.

CDT Limitations

The features listed in the left column of Table 6-5 are supported by the Eclipse CDT
plugins, but are not supported by Nios II plugins. The right column lists alternative
features supported by the Nios II plugins.

Table 6-5. Eclipse CDT Features Not Supported by the Nios Il Plugins (Part 1 of 2)

Unsupported CDT Feature Alternative Nios Il Feature
New Project Wizard
C/C++
m G Project To create a new project, use one of the following Nios Il
wizards:
m C++ Project m Nios Il Application
m Nios Il Board Support Package
m Nios Il Library
m C/C++
m Convert to a C/C++ Project
= Source Folder
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Table 6-5. Eclipse CDT Features Not Supported by the Nios Il Plugins (Part 2 of 2)

Unsupported CDT Feature

Alternative Nios Il Feature

Build configurations
m Right-click project and point to Build Configurations

The Nios Il plugins only support a single build configuration.

Exclude from Build (from v10.0 onwards)
Right-click source files

Use Remove from Nios Il Build and Add to Nios Il Build.

Project Properties
C/C++ Build
m Builder Settings

m Makefile generation

= Build location
m Behaviour
= Build on resource save (Auto build)
m Build Variables
Discovery Options
m Environment

Settings
m Tool Chain Editor
m Current builder
= Used tool
C/C++ General
m Enable project specific settings

m Documentation
m File Types
m Indexer
m Build configuration for the indexer
m Language Mappings
m Paths and Symbols

By default, the Nios Il SBT generates makefiles
automatically.

The build location is fixed.

To change the toolchain, use the Current tool chain option

The Nios Il plugins only support a single build configuration.

Use Nios Il Application Properties and Nios Il Application
Paths

Window Preferences
C/C++
m Build scope
m Build project configurations
m Build Variables
m Environment
m File Types
= Indexer
= Build configuration for the indexer
m Language Mappings
m New CDT project wizard

The Nios Il plugins only support a single build configuration.

The Nios Il plugins only support a single build configuration.
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7. Getting Started from the Command
® Line

The Nios II SBT allows you to construct a wide variety of complex software systems
using a command-line interface. From this interface, you can execute Software Built
Tools command utilities, and use scripts (or other tools) to combine the command
utilities in many useful ways.

This chapter introduces you to project creation with the SBT at the command line.

This chapter includes the following sections:

“Advantages of the Command Line”
“Outline of the Nios II SBT Command-Line Interface”
“Scripting Basics” on page 7-2

“Running make” on page 7-5

Advantages of the Command Line

The Nios II SBT command line offers the following advantages over the Nios I SBT
for Eclipse:

You can invoke the command line tools from custom scripts or other tools that you
might already use in your development flow

On a command line, you can run several Tcl scripts to control the creation of a
board support package (BSP).

You can use command line tools in a bash script to build several projects at once.

The Nios II SBT command-line interface is designed to work in the Nios II Command
Shell.

. @ For details about the Nios Il Command Shell, refer to “The Nios Il Command Shell”

on page 7-2.

Outline of the Nios Il SBT Command-Line Interface

The Nios II SBT command-line interface consists of:

May 2011

Command-line utilities
Command-line scripts
Tcl commands

Tel scripts

These elements work together in the Nios Il Command Shell to create software
projects.

Altera Corporation

Nios Il DPX Datapath Processor Handbook



7-2

Chapter 7: Getting Started from the Command Line
Scripting Basics

Utilities

The Nios II SBT command-line utilities enable you to create software projects. You can
call these utilities from the command line or from a scripting language of your choice
(such as perl or bash). On Windows, these utilities have a .exe extension. The

Nios II SBT resides in the <Nios II EDS install path>/sdk2/bin directory.

Refer to “Altera-Provided Development Tools” in the Nios II Software Build Tools
chapter of the Nios II Software Developer’s Handbook for a summary of the
command-line utilities provided by the Nios II SBT.

The nios2-bsp Script

nios2-bsp is a convenience script that extends the capabilities provided by the
utilities. nios2-bsp either creates or updates a BSP, depending on whether the BSP you
specify already exists.

Tcl Commands

Tcl commands are a crucial component of the Nios II SBT. Tcl commands allow you to
exercise detailed control over BSP generation, as well as to define drivers and
software packages.

Tel Scripts

The SBT provides powerful Tcl scripting capabilities. In a Tcl script, you can query
project settings, specify project settings conditionally, and incorporate the software
project creation process in a scripted software development flow. The SBT uses Tcl
scripting to customize your BSP according to your hardware and the settings you
select. You can also write custom Tcl scripts for detailed control over the BSP.

The Nios Il Command Shell

The Nios II Command Shell is a bash command-line environment initialized with the
correct settings to run Nios I command-line tools.

To open the Nios II Command Shell, execute the following steps, depending on your
environment:

m In the Windows operating system, on the Start menu, point to Programs > Altera >
Nios II EDS <version>. Select GCC 4 by clicking Nios II <version> Command
Shell.

m In the Linux operating system, in a command shell, change directories to
<Nios Il EDS install path>, and select GCC 4 by typing ni 0s2_conmand_shel | . sh.

Scripting Basics

This section provides an example to teach you how you can create a software
application using a command line script.
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In this section, assume that you want to build a software application for a Nios II DPX
system. Furthermore, assume that you have organized the hardware design files and
the software source files as shown in Figure 7-1.

Figure 7-1. Simple Software Project Directory Structure

FastNetProject

ﬁ FastNetHW
Qsys files (e.g. fastnet.sopcinfo)

FastNetBSP (project directory for board support package)

FastNetTest1 (project directory for application)

/_W source
Application source files (e.g. *.c, *.h)

Creating a BSP with a Script
One easy method for creating a BSP is to use the nios2-bsp script. The script in
Example 7-1 creates a BSP and then builds it.
Example 7-1. nios2-hsp

ni os2-bsp I whal . ../user/datal/FastNetProject/FastNet HWV
make

Table 7-1 shows the meaning of each argument to the nios2-bsp script in
Example 7-1.

“ . e For additional information about the nios2-bsp command, refer to “Nios II Software

Build Tools Utilities” in the “Nios II Software Build Tools Utilities” on page 10-1.

Table 7-1. nios2-hsp Example Arguments

Argument Purpose “ . & Further Information
[ whal Sets the BSP type to Lightweight HAL “Settings” on page 10-28
Specifies the directory in which the BSP is to be .
created
.. 1 SCPC | Points to the location of the hardware project —
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Figure 7-2 shows the flow to create a BSP using the nios2-bsp script. The nios2-bsp
script uses the .sopcinfo file to create the BSP files. You can override default settings
chosen by nios2-bsp by supplying command-line arguments, Tcl scripts, or both.

Figure 7-2. nios2-hsp Command Flow

Qsys system file Command Tcl
(.sopcinfo) line arguments scripts

\ 4 \ 4

nios2-bsp

A

\/

BSP files

make

:

BSP library file

()

Creating an Application Project with a Script

You use nios2-app-generate-makefile to create application projects. The script in
Example 7-2 creates an application project and builds it.

Example 7-2. nios2-app-generate-makefile

ni 0s2- app- gener ate-nmakefile --bsp-dir ../BSP \
--elf-name test.elf --src-dir source/
make

Table 7-2 shows the meaning of each argument in Example 7-2.

Table 7-2. nios2-app-generate-makefile Example Arguments

Argument Purpose

Specifies the location of the BSP on which this
application is based

--elf-nane test.elf Specifies the name of the executable file

Tells nios2-app-generate-makefile where to find the
C source files

--bsp-dir ../BSP

--src-dir source/
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For further information about each command argument in Table 7-2, refer to “Nios II
Software Build Tools Utilities” in the “Nios II Software Build Tools Utilities” on
page 10-1.

Running make

May 2011

nios2-bsp places all BSP files in the BSP directory, specified on the command line with
argument - - bsp- di r. After running nios2-bsp, you run make, which compiles the
source code. The result of compilation is the BSP library file, also in the BSP directory.
The BSP is ready to be linked with your application.

You can modify an application or user library makefile with the
nios2-lib-update-makefile and nios2-app-update-makefile utilities. With these
utilities, you can execute the following tasks:

B Add source files to a project
m Remove source files from a project
m Add compiler options to a project’s make rules

m  Modify or remove compiler options in a project’s make rules

Creating Memory Initialization Files

To memory initialization files for a Nios II DPX system, you can use the Nios II
Command Shell. Change to the software application folder, and type:

make mem.init_generate+

This command creates the memory initialization and simulation files for all memory
devices.
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fAil =R 8. Understanding the Nios Il DPX Board
= ® Support Package

This chapter describes board support packages generated by the SBT for the

Nios I DPX MTP. It enables you to understand the BSP creation process introduced in
Chapter 6, Getting Started with the Graphical User Interface and Chapter 7, Getting
Started from the Command Line.

This chapter includes a description of the LIWHAL and a comprehensive reference to
the LWHAL API functions.

Nios Il DPX Software Development Tools

The Nios Il DPX GNU Toolchain
The GNU toolchain for the Nios II DPX MTP includes the following utilities:

B nios2dpx-el f-addr2line

ni os2dpx-el f-ar

B nios2dpx-el f-as

B nios2dpx-el f-c++ilt
m nios2dpx-el f-cpp

B nios2dpx-el f-gcc

B nios2dpx-elf-gcc-4.1.2
B ni os2dpx-el f-gcchug
m nios2dpx-el f-gcov

®m nios2dpx-el f-gdb

®m ni os2dpx-el f - gprof

m nios2dpx-elf-1d

®m nios2dpx-el f-nm

®m ni os2dpx- el f - obj copy
B ni os2dpx- el f - obj dunp
B nios2dpx-elf-ranlib
B nios2dpx-el f-readel f
B nios2dpx-el f-size

B nios2dpx-el f-strings

B nios2dpx-elf-strip
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The Nios II DPX toolchain port is based on the following GNU tool versions:

binutils 2.20
GCC4.1.2
newlib 1.16
GDB7.0

['=~ The Nios II DPX toolchain does not support the C++ language.

newlib for the Nios Il DPX MTP

The Nios II DPX toolchain supports a single, precompiled variant of newlib. The
supported variant of newlib is compiled with the following attributes:

BE-8 endianness
No profiling
No nmul x instruction support

Support for a hardware multiply

newlib is configured with -DVALLOC_PROVI DED. However, the standard mal | oc(),
calloc(),free(),andreal | oc() functions are not supported. Instead, newlib
supportsal t_malloc(),alt_free(),andalt_cal | oc(), as described in “Managing
Memory Usage with the LWHAL” on page 8-7.

Using the Nios Il Software Build Tools

To create software projects for the Nios II DPX MTP, you use the Nios II SBT. The SBT
utilities work the same for the Nios II DPX MTP as for the Nios II processor. The
Nios I DPX MTP entails the following differences in how you use the tools:

The runtime library for the Nios Il DPX MTP is based on the Altera Lightweight
Hardware Abstraction Layer (LWHAL). The LWHAL, and the associated newlib
implementation, have substantially fewer features, and a smaller footprint, than
the HAL environment commonly used with the Nios II processor. The LWHAL is
described in the next section.

A different set of default Tcl scripts is provided to create Nios II DPX BSPs. The
Nios II DPX default Tcl scripts are described in “Specifying BSP Defaults for the
Nios II DPX MTP” on page 8-14.

The Nios Il boot configurations do not apply to a Nios II DPX system.

. e For detailed information about how to use the Nios II SBT, refer to the Nios II Software

Build Tools chapter of the Nios II Software Developer’s Handbook.

The Lightweight Hardware Abstraction Layer (LWHAL)

The LWHAL is a very lightweight runtime environment with some newlib-like
features.
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Startup Code

Stack

The LWHAL provides system initialization code in the C runtime library (crt0.S). This
code performs the following startup sequence for each thread:

m  Sets the r 0 register to 0
m Configures the gp register (all threads have the same value)
m Configures the sp register

m  Waits for the .rwdat a section to be initialized (if the | whal . al t _| oad_copy_rwdat a
BSP setting is enabled)

m  Calls main()
One thread (thread 0) performs the following additional steps:
m Initializes the .bss region to zeroes

m Copies .rwdat a to RAM (if the | whal . al t _| oad_copy_rwdat a BSP setting is
enabled)

m Initializes heap if used

You provide the mai n() function. The function prototype for mai n() is as follows:
int main (void)

The return value from mai n() is ignored.

crt0.S executes the exi t instruction after the startup sequence is complete. The exi t
instruction tells the external logic that the thread is idle.

crt0.0 gets linked first in the .t ext. ent ry section, at the reset vector specified in the
hardware. When a reset is occurs, each thread begins execution at the reset vector.

Each thread has its own stack pointer. All threads have the same stack size, defined by
the | whal . t hread_st ack_si ze BSP setting.

If you select a stack size less than 384, the minimum required for the LWHAL
printf() function, you see a compiler warning at build time. You can disable this
warning with the | whal . enabl e_snal | _st ack BSP setting.

For detailed information about the | whal . enabl e_snal | _st ack setting, refer to
“Settings Reference” on page 10-30.

Device Drivers

The LWHAL BSP includes the following device drivers:
m JTAG UART

m UART

m Mutex

m PIO
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JTAG UART Driver

The LWHAL's simplified JTAG UART driver uses polled mode (blocking mode), and
no interrupts.

UART Driver

The LWHAL's simplified Altera Avalon UART driver uses polled mode (blocking
mode), and no interrupts.

P10 Driver

The PIO driver for Nios II DPX MTP consists of accessor macros to write to and read
from the PIO registers.

Mutex Driver

The mutex core provides a protocol to ensure mutually exclusive ownership of a
shared resource. Multiprocessor and multi-threaded environments can use the mutex
core to determine which processor and thread owns the mutex.

In an LWHAL project, you must use the LWHAL driver for the Mutex core. The
LWHAL mutex driver is described in “Lightweight HAL Function Reference” on
page 8-17.

For detail about the mutex core, refer to the Mutex Core chapter of the Embedded
Peripherals IP User Guide.

Differences from newlib

The LWHAL environment makes it possible to link with applications written for the
newlib C library. However, the majority of POSIX.1 (IEEE 1003.1) system services, as
well as newlib library functions that depend on them, are not needed for DPX task
development.

POSIX.1 Stubs

The unimplemented POSIX.1 functions are stubs, so any newlib library functions that
depend on them fail at runtime.

For a complete description of POSIX.1 stub implementations, refer to the Sourceware
website (www.sourceware.org).

The following POSIX.1 functions are stubs:

m close()
B execve()
m fentl()
m fork()
m fstat()
B getpid()
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m gettineofday()

m ioctl()
B isatty()
B okill()
B |ink()
B |seek()
B open()

B _renane()

m shrk()

m settineofday()
m stat()

m times()

m unlink()

B ovait()

m usleep()

B environ()

B read()

The write() Function

Thewrite() function is implemented as a write to st dout . wri te() is called by the
minimal character-mode API. You do not need to callwrite() directly.

The _exit() Function

The _exi t () routine terminates the thread. A child function (called by a task function)
can call exi t () to terminate the thread. You do not need to call _exi t () directly.

Software Tasks

The contents of a task are normally quite simple. You can code a task in C or assembly
language. The underlying task mechanics are the same.

Because tasks are dispatched by hardware, and not called by software, the
Nios II DPX toolchain treats a task as a program entry point, like mai n() . The runtime
environment does not support any callee-saved registers in a task.

<o For more information about software tasks, refer to “Developing Software Tasks for
the Datapath Processor” on page 5-10.
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Writing a Task

C Syntax

In C, use the t ask attribute to indicate to the Nios II DPX toolchain that the function
defines a task. The syntax is as follows:

void __attribute__ (( task ( <task id>)) <task function name> () {}

This attribute causes the function to terminate with an exi t instruction, rather than
returning.

Assembly Language Syntax

In assembly language, you declare a task as a global entry point whose name is of the
form __task_<n>, where <n> is the task ID.

You must insert the exi t instruction at the end of each task.

Sending a Message

This section describes how to send a message using the LWHAL.

“ ™. For detailed information about sending messages, refer to Chapter 5, Software
Programming Model.
C Syntax

C code can send a message with either of the following macros:

NI OS2DPX_SND ( destID, tasklD, options, length)

NI OS2DPX_SNDI ( destID, tasklD, options, length )

For information about these macros, see “LWHAL Extended Instruction Macros” on

page 8-20.

Assembly Language Syntax

In assembly language, to send a PE message, you move any required message data
into the transmit message registers, and execute the snd or sndi instruction.

Minimal Character-Mode API

The LWHAL supports a minimal character-mode API. It provides very simple
features and a small code footprint. This API includes the following functions:

m alt_printf()
m alt_putchar()
m alt_putstr()

The LWHAL maps the standard newlib functions to these functions. Include
alt_stdio.h in your source file to use the newlib function names. See “Lightweight
HAL Function Reference” on page 8-17 for details.
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Standard 1/0 BSP Settings

The st dout BSP settings determine the existence, base address, and device class of the
stdout device. system.h defines one of the following macros depending on which
device is designated as st dout :

m ALT_STDOUT | S_JTAG UART—JTAG UART
m ALT STDOUT | S_UART—UART

Managing Memory Usage with the LWHAL

=

The LWHAL supports a custom memory-management API with a small code
footprint. This API includes the following functions:

m alt_mlloc()
m alt _free()
m alt_calloc()

The LWHAL maps the standard newlib functions to these functions. Include
alt_malloc.h in your source file to use the newlib function names. See “Lightweight
HAL Function Reference” on page 8-17 for details.

All the threads share one heap. The linker symbol __al t _heap_start defines the start
of heap. The heap grows upwards in memory.

The LWHAL memory management functions are not thread-safe. To use them safely,
your system must include mutex hardware, such as the Altera Avalon Mutex.
Software must use the mutex to regulate access to the memory management
functions.

For more information about using the mutex core, see “Mutex Driver API” on
page 8-23.

Custom Device Drivers for the LWHAL

In an event-driven programming environment, device drivers need to be extremely
lightweight. The LWHAL provides very limited services for device drivers. If your

driver requires initialization, such as memory allocation, you must manually insert
the required function calls into mai n() .

No device handles are provided in the LWHAL, except for a very limited st dout . For
maximum flexibility, Altera recommends that each driver function call accept a
pointer to the device base address as an argument. Review Altera-provided device
driver code for examples.

To enable the SBT to discover a custom device driver when it creates a BSP, you
describe the driver with a Tcl file.

The process for integrating a custom device driver for a Nios II DPX BSP is identical
to the process for integrating a custom device driver for a Nios II BSP. For a detailed
description of this process, refer to the Developing Device Drivers for the Hardware
Abstraction Layer chapter of the Nios II Software Developer’s Handbook.
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Exception Handling

Each exception, including unimplemented instructions and the t r ap instruction,
causes the Nios II DPX MTP to transfer execution to an exception address. The
address of the exception handler is specified in the hardware design at system
generation time and the software cannot modify it. All threads share one exception
handler. The exception code is linked in the. except i ons section.

The default exception handler triggers a software break. You can exclude the default

exception code if you do not expect the exceptions to happen, or you want to use your
own exception handler. The BSP setting | whal . excl ude_def aul t _except i on excludes
the default exception vector. You can hook in your own exception vector by enabling
I'whal . excl ude_def aul t _excepti on and linking your exception code in

the .except i ons section.

Implementing an Exception Handler

You can override the default exception handler, and provide a custom exception
handler, with the | whal . excl ude_def aul t _excepti on BSP setting.

Ensure that you allocate enough instruction memory for your custom exception
handler. Because the default exception handler is minimal, the SBT allocates very little
space for the . excepti ons section.

One simple approach to allocating exception handler space is to locate the body of the
handler in the . t ext section. In this configuration, you would place a jump to the
exception handler in the . excepti ons section.

Alternatively, you can enlarge the . except i ons section by specifying custom
exception and break addresses when you generate the Nios II DPX hardware. To
change the size of the exception vector, perform the following steps:

1. Determine <handler size>, the number of bytes required by your exception handler.

2. Open the Nios II DPX datapath processor in Qsys, and open the Multithreaded
Processor tab. By default, the reset, break and exception offsets are configured to
leave 4 bytes for the exception handler.

3. Turn on Custom reset/exception/debug vector offsets.

4. Subtract ( <handler size> —4 ) from Custom exception address offset, Custom
break address offset, and Custom reset address offset.

['=”  You must adjust the exception, break and reset addresses together, to ensure that the
break and reset vectors have the correct sizes and positions for the LWHAL.

“ ™. s For information about changing the Nios Il DPX datapath processor’s parameters,
refer to “Instantiating for a Qsys System” in the Instantiating the Nios II DPX Datapath
Processor chapter, in the Nios II DPX Hardware Reference section of the Nios II DPX
Datapath Processor Handbook. For information about using BSP settings such as
[ whal . excl ude_def aul t _excepti on, refer to Chapter 8, Understanding the
Nios II DPX Board Support Package.
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Break Handler

When a software or hardware break is asserted, the Nios II DPX MTP transfers control
to the break handler. The address of the break handler is specified in the hardware
design at system generation time. The .br eak section provides space for break handler
code. The debug unit overwrites the break handler code whenever a break occurs.
You do not need to provide a break handler.

Nios Il DPX BSP Creation

May 2011

This section describes how an LWHAL BSP is created.

LWHAL BSP Files and Folders

The Nios II SBT creates the LWHAL BSP directory in the location you specify.

Figure 8-1 shows a BSP directory after the SBT creates a BSP and generates BSP files.
The SBT places generated files in the top-level BSP directory, and copied files in the
LWHAL and drivers directories.
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Figure 8—1. LWHAL BSP After Generating Files
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Table 8-1 details all the generated BSP files shown in Figure 8-1.

Table 8-1. Generated BSP Files

File Name

Function

settings.bsp

Contains the following information:

m BSP settings

m Path to .sopcinfo file defining hardware
m Linker memory regions

m Linker section mappings

This file is coded in XML.

On the command line, settings.bsp is created by the nios2-bsp-create-settings command, and
optionally updated by the nios2-bhsp-update-settings command. The nios2-bsp-query-settings
command is available to parse information from the settings file for your scripts. The
settings.bsp file is an input to nios2-bsp-generate-files.

The Nios Il SBT for Eclipse provides equivalent functionality.

summary.htmi

Provides summary documentation of the BSP. You can view summary.html with a hypertext
viewer or browser, such as Internet Explorer or Firefox. If you change the settings.bsp file, the
SBT updates the summary.html file the next time you regenerate the BSP.

Used to build the BSP. The targets you use most often are al | and cl ean. The al | target (the

Makefile default) builds the liblwhal_bsp.a library file. The cl ean target removes all files created by a
make of the al | target.
A makefile fragment that provides public information about the BSP. The file is designed to be
public.mk included in other makefiles that use the BSP, such as application makefiles. The BSP Makefile
also includes public.mk.
A makefile fragment that defines targets and rules to convert an application executable file to
mem init.mk memory initialization files (.dat, .hex, and .flash) for HDL simulation, flash programming, and
- initializable FPGA memories. The mem_init.mk file is designed to be included by an application
makefile. For usage, refer to any application makefile generated when you run the SBT.
An assembly language file that maps task IDs to software task functions. Unassigned task IDs
task_table.S ;
are mapped to the exception vector.
Contains the C declarations describing the configuration of the Nios Il DPX MTP core(s), the
system.h BSP memory map, and other system information needed by software applications.
linker.h Contains information about the linker memory layout. system.h includes the linker.h file.
linker.x Contains a linker script for the GNU linker.
memory.gdb Contains memory region declarations for the GNU debugger.

obj Directory

Contains the object code files for all source files in the BSP. The hierarchy of the BSP source
files is preserved in the obj directory.

liblwhal_bsp.a Library

Contains the LWHAL BSP library. All object files are combined in the library file.
The LWHAL BSP library file is always named liblwhal_bsp.a.
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Table 8-2 details all the copied BSP files shown in Figure 8-1.

Tahle 8-2. CGopied BSP Files

File Name Function

Contains LWHAL source code files. These are all copied files. The sr¢ directory contains the
C-language and assembly-language source files. The inc directory contains the header files.

The crt0.S source file, containing LWHAL C run-time startup code, resides in the LWHAL/sr¢
directory.

The nios2dpx_mtp.h and nios2dpx.h header files, containing macro definitions for access to
special Nios Il DPX MTP instructions and registers, resides in the LWHAL/inc directory.

Contains all driver source code. The files in this directory are all copied files. The drivers
directory has sre¢ and inc subdirectories like the LWHAL directory.

LWHAL Directory

drivers Directory
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Figure 8-2 shows a BSP directory after executing make.

Figure 8-2. LWHAL BSP After Build
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Linker Map Validation

The LWHAL linker map is very simple. The SBT automatically selects reasonable
memory regions and section mappings, based on the Nios II DPX configuration. After
the BSP is created, you can edit the regions and section mappings, either from the
command line, or in the BSP editor.

When a BSP is generated, the SBT validates the linker region and section mappings, to
ensure that they are valid for a LWHAL project. If there are problems with the

Nios II DPX configuration, for example if the SBT is unable to allocate a .St ack section
big enough for a stack for each thread, BSP generation fails.

See “Specifying the Default Memory Map” on page 8-16 for more information about
how the memory map is created.

Linker map validation presents special issues for stand-alone systems. See “Creating a
BSP for a Stand-Alone System” on page 8-25 for information.

Specifying BSP Defaults for the Nios Il DPX MTP

The Nios II SBT sets BSP defaults using a set of Tcl scripts. Table 8-3 lists the
components of the LWHAL BSP default Tcl scripts included in the Nios II SBT. These
scripts specify default BSP settings. The scripts are located in the

<Nios II EDS install path>/sdk2/bin directory.

Table 8-3. Default Tcl Script Components

Script Level Summary
Iwhal-set-defaults.tcl Top-level | Sets system-dependent settings to default values.
Iwhal-call-proc.tcl Top-level | Calls a specified procedure in one of the helper scripts.
Iwhal-stdio-utils.tcl Helper Specifies st di o device settings.

inkeroi Specifies memory regions and section mappings for
Iwhal-linker-utils.tcl Helper linker script,

For more information about Tcl scripting with the SBT, refer to “Tcl Scripts for BSP
Settings” in the Nios II Software Build Tools chapter of the Nios II Software Developer’s
Handbook.

The Nios II SBT uses the default Tcl scripts to specify default values for
system-dependent settings. System-dependent settings are BSP settings that reference
system information in the .sopcinfo file.

The SBT executes the default Tcl script before any user-specified Tcl scripts. As a
result, user input overrides settings made by the default Tcl script.

You can pass command-line options to the default Tcl script to override the choices it
makes or to prevent it from making changes to settings. For details, refer to “Top
Level Tcl Script for BSP Defaults”.
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The default Tcl script makes the following choices for you based on your Nios II DPX
system:

m stdi o character device
m Default linker memory regions
m Default linker sections mapping

The default Tcl scripts use slave descriptors to assign devices.

Top Level Tcl Script for BSP Defaults

The top level Tcl script for setting BSP defaults is lwhal-set-defaults.tcl. This script
specifies BSP system-dependent settings, which depend on the Nios II DPX system.
The nios2-bsp-create-settings and nios2-bsp-update-settings utilities do not call the
default Tcl script when creating or updating a BSP settings file. The - - scri pt option
must be used to specify lwhal-set-defaults.tcl explicitly. Both the Nios II SBT for
Eclipse and the nios2-bsp script call the default Tcl script by invoking either
nios2-bsp-create-settings or nios2-bsp-update-settings with the - - scri pt

[ whal - set-defaul ts.tcl option.

The default Tcl script consists of a top-level Tcl script named lwhal-set-defaults.tcl
plus the helper Tcl scripts listed in Table 8-3. The helper Tcl scripts do the real work of
examining the .sopcinfo file and choosing appropriate defaults.

The lwhal-set-defaults.tcl script sets the following defaults:
m stdio character device (Iwhal-stdio-utils.tcl)

m  Default linker memory regions (Iwhal-linker-utils.tcl)

m Default linker sections mapping (Iwhal-linker-utils.tcl)

You run the default Tcl script on the nios2-bsp-create-settings,
nios2-bsp-query-settings, or nios2-bsp-update-settings command line, by using the
--scri pt argument. It has the following usage:

| whal - set-defaul ts.tcl [<argunent name> <argument val ue>]*
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Table 84 lists default Tcl script arguments in detail. All arguments are optional. If
present, each argument must be in the form of a name and argument value, separated
by white space. All argument values are strings. For any argument not specified, the
corresponding helper script chooses a suitable default value. In every case, if the
argument value is DONT_CHANGE, the default Tcl scripts leave the setting unchanged.
The DONT_CHANGE value allows fine-grained control of what settings the default Tcl
script changes and is useful when updating an existing BSP.

Table 8-4. Default Tcl Script Command-Line Options

Argument Name Argument Value

Slave descriptor of default st dout device. Set to none

default_stdio if no st dout device desired.

Controls generation of memory regions By default,
Iwhal-linker-utils.tcl removes and regenerates all
current memory regions. Use the DONT_CHANGE
keyword to suppress this behavior.

Slave descriptor of the memory device to which the
default sections are mapped. This argument has no
effect if def aul t _nmenory_regi ons ==
DONT_CHANGE.

defaul t _nenory_regi ons

defaul t _sections_mappi ng

Specifying the Default stdio Device

The lwhal-stdio-utils.tcl script provides procedures to choose a default st di 0 slave
descriptor and to set the | whal . st dout BSP setting to that value.

For more information about these settings, refer to Chapter 10, SBT Reference for the
Nios II DPX MTP.

The script searches the .sopcinfo file for a slave descriptor with the string st di 0 in its
name. If Iwhal-stdio-utils.tcl finds any such slave descriptors, it chooses the first as
the default st di 0 device. If the script finds no such slave descriptor, it looks for a slave
descriptor with the string j tag_uart in its component class name. If it finds any such
slave descriptors, it chooses the first as the default st di 0 device. If the script finds no
slave descriptors fitting either description, it chooses the last character device slave
descriptor connected to the Nios II DPX MTP. If Iwhal-stdio-utils.tcl does not find
any character devices, there is no st di 0 device.

Specifying the Default Memory Map

The Iwhal-linker-utils.tcl script provides procedures to add the default linker script
memory regions and map the default linker script sections to a default region. The
Iwhal-linker-utils.tcl script uses the add_nmenory_r egi on and add_sect i on_mappi ng
BSP Tcl commands.

For more information about these commands, refer to Chapter 10, SBT Reference for
the Nios II DPX MTP.
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The script chooses the largest volatile memory region as the default memory region. If
there is no volatile memory region, Iwhal-linker-utils.tcl chooses the largest
non-volatile memory region. The script assigns the .t ext, .rodat a, .r wdat a, .bss, .heap,
and .st ack section mappings to this default memory region.

The LWHAL linker map ensures that crt0.0 is the first file in the .t ext section. .t ext
maps to a memory region that starts at the reset address and extends to the end of that
memory. Typically the reset address is the first address in the memory.

The linker defines the symbols __bss_start and __bss_end. These are pointers to the
beginning and the end of the .bss region.

Using Individual Default Tcl Procedures

The default Tcl script consists of the top-level Iwhal-call-proc.tcl script plus the helper
scripts listed in Table 8-3 on page 8-14. The procedure call Tcl script allows you to call
a specific procedure in the helper scripts, if you want to invoke some of the default Tcl
functionality without running the entire default Tcl script.

The procedure call Tcl script has the following usage:
Iwhal -cal | -proc.tcl <proc-nane> [<args>]*

Iwhal-call-proc.tcl calls the specified procedure with the specified (optional)
arguments. Refer to the default Tcl scripts to view the available functions and their
arguments. The Iwhal-call-proc.tcl script includes the same files as the
Iwhal-set-defaults.tcl script, so any function in those included files is available.

Hardware Requirements

The target hardware system must meet the following requirements:
m It must contain one or more Nios II DPX datapath processors.

m The program memory must be large enough to accommodate the specified break
and exception offsets, if any.

m  There must be enough memory space for a .st ack section of at least <N> x <S>
bytes, where <N> is the number of threads in the Nios II DPX datapath processor,
and <S> is the per-thread stack size specified with the | whal . t hread_stack_si ze
BSP setting.

If your hardware system does not meet these requirements, the SBT cannot generate a
valid LWHAL BSP.

Lightweight HAL Function Reference

=

This section provides a list of all the functions in the LWHAL API and standard
drivers. Each function is listed with its C prototype and a short description. Each
listing provides information about whether the function is thread-safe.

Each function description lists the C header file that your code must include to access
the function. Because header files include other header files, the function prototype
might not be defined in the listed header file. However, you must include the listed
header file in order to include all definitions on which the function depends.
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The LWHAL API is different from newlib. See “Differences from newlib” on page 8—4.

LWHAL Function Macros

The LWHAL function macros provide useful, lightweight, newlib-like functionality.

calloc()

Prototype:

Commonly called by:

Include:
Description:

free()

Prototype:

Commonly called by:

Include:
Description:

malloc()

Prototype:

Commonly called by:

Include:
Description:

printf()

Prototype:

Commonly called by:

Include:
Description:

putchar()

Prototype:

Commonly called by:

Include:
Description:

This section describes the function macros.

void *calloc(size_t nelem size t elsize);

C programs
alt_malloc.h

#define call oc alt_calloc

void free (void *ptr);
C programs
alt_malloc.h

#define free alt _free

voi d *mal l oc (unsigned int size);
C programs
alt_malloc.h

#define mall oc alt _malloc

void printf(const char* fmt, ...)
C programs
alt_stdio.h

#define printf alt_printf

voi d putchar(int c)
C programs

alt_stdio.h

#defi ne putchar

Nios Il DPX Datapath Processor Handbook
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puts()

Prototype:

voi d puts(const char* str)

Commonly called by: C programs

Include: alt_stdio.h

Description: #define puts alt_puts
LWHAL Functions

alt_calloc()

Prototype:
Commonly called by:
Thread-safe:

Include:

Description:

Return:

alt_free()

Prototype:
Commonly called by:
Thread-safe:

Include:

Description:

Return:

alt_malloc()

Prototype:
Commonly called by:
Thread-safe:

Include:

Description:

Return:

May 2011  Altera Corporation

void *alt_calloc(size_t nelem size_t elsize);
C programs

No.

alt_malloc.h

This function is similar to newlib cal | oc() .

Theal t _cal I oc() function returns a pointer to the allocated memory. Ifal t _cal | oc() fails, it
returns nul I .

void alt_free (void *ptr);
C programs

No.

alt_malloc.h

This function is similar to newlib free().al t_free() puts the memory block back in the free
list. If the adjacent blocks are free, it coalesces the freed memory with the adjacent blocks.

None

void *alt_malloc (unsigned int size);
C programs

No.

alt_malloc.h

This function is similar to newlib mal | oc() .

alt_mall oc() uses a first-fit algorithm. The LWHAL maintains a list of free blocks.

alt_mal | oc() searches the list for a block to fit the requested memory size. When a block is
found that is bigger than the requested memory, it splits the block into two parts. One is returned
to the caller, and the other is put back into the free list.

Theal t _mal | oc() function returns a pointer to the allocated memory. Ifal t _nal | oc() fails, it
returns nul I .
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alt_printf()

Prototype:

Commonly called by:

Thread-safe:
Include:
Description:

Return:

alt_putchar()

Prototype:

Commonly called by:

Thread-safe:
Include:
Description:
Return:

alt_putstr()

Prototype:

Commonly called by:

Thread-safe:
Include:
Description:
Return:

void alt_printf(const char* fnt,
C programs

No.

alt_stdio.h

This function is similar to newlib pri nt f (). It supports the %c, %s, %x, %d, %u, %X, and %%

substitution strings.
None

void alt_putchar(int c)
C programs

No.

alt_stdio.h

Similar to put char ()

None

void alt_putstr(const char* str)
C programs

No.

alt_stdio.h

Similar to put s()

None

LWHAL Extended Instruction Macros

C code can execute Nios II DPX MTP extended instructions by using the macros listed
in this section.

For descriptions of the extended instructions, refer to “Nios II DPX Extended
Instruction Set Reference” on page 9-104.

NI0S2DPX_CIDALLOC()

Prototype: NI OS2DPX_Cl DALLCC ( dest )
Arguments: dest —Set to the status returned by the instruction
Include: nios2dpx.h
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NIOS2DPX_RXFREE()

Prototype: NI OS2DPX_RXFREE( )
Arguments: None
Include: nios2dpx.h

NIOS2DPX_SND()

Prototype: NI OS2DPX_SND ( dest!ID, tasklD, options, length)
m dest | D—Unique identifier of destination PE
m taskl D—Unique identifier of destination task

Arguments: ) .

m opti ons—Message control options

m | engt h—Number of message arguments
Include: nios2dpx.h

NIOS2DPX_SNDI()

Prototype: NI OS2DPX_SNDI ( destID, tasklD, options, |ength )
m dest | D—Unique identifier of destination PE
m taskl D—Unique identifier of destination task

Arguments: m opti ons—Message control options. For limitations on this argument, refer to the instruction
definition in “Nios 1l DPX Extended Instruction Set Reference” on page 9-104.

m | engt h—Number of message arguments
Include: nios2dpx.h

NIOS2DPX_TXALLOC()

Prototype: NI OS2DPX_TXALLOC ( dest )
Arguments: dest —Set to the status returned by the instruction
Include: nios2dpx.h

May 2011 Altera Corporation Nios Il DPX Datapath Processor Handbook



8-22 Chapter 8: Understanding the Nios Il DPX Board Support Package
Lightweight HAL Function Reference

LWHAL Driver Functions

The SBT includes the LWHAL driver for each supported device that it discovers at the
time of BSP generation. Drivers can be disabled or overridden. This section lists the
function calls supported by each driver.

JTAG UART Driver API
The LWHAL JTAG UART driver has one function call.

altera_avalon_jtag_uart_Iwhal_putchar()

Prototype: void altera_aval on_jtag_uart _| whal _putchar(void* base, int character)
Commonly called by: alt_putchar()

Thread-safe: No.

Include:

Description: Writes a single character to the JTAG UART

Function arguments:

m base—JTAG UART base address

m charact er—Character to be written
Return: None

UART Driver API
The LWHAL UART driver has one function call.

altera_avalon_uart_lwhal_putchar()

Prototype: voi d al tera_aval on_uart_| whal _putchar(voi d* base, int character)
Commonly called by: alt_putchar()

Thread-safe: No.

Include:

Description: Writes a single character to the UART

Function arguments:

m base—UART base address

m charact er—Character to be written
Return: None
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Mutex Driver API
This section lists the function calls supported by the LWHAL mutex driver.

altera_avalon_mutex_Ilwhal_is_mine()

Prototype: int altera_aval on_nutex_|lwhal _i s_nine(voi d* base, alt_ul6 owner)
Commonly called by: C programs

Thread-safe: Yes.

Include: altera_avalon_mutex_Iwhal.h

Description: Determines if this owner owns the mutex.

Function arguments:
m base—NMutex base address
m owner —Unique identifier value for mutex owner

The al tera_aval on_nut ex_| whal _i s_m ne() function returns non-zero if the mutex is

Return: owned by this owner.

altera_avalon_mutex_Ilwhal_lock()

int altera_aval on_mutex_| whal _| ock

Prototype: ( void* base, alt_ul6 owner, alt_ul6 val ue)
Commonly called by: C programs
Thread-safe: Yes.
Include: altera_avalon_mutex_lwhal.h
Description: Locks the mutex. Does not return until it has successfully claimed the mutex (blocking).
Function arguments:
m base—NMutex base address
m owner —Unique identifier value for mutex owner
m val ue—The new value to write to the mutex
Return: The al tera_aval on_nut ex_| whal _| ock() function returns zero if the mutex is successfully

locked, or non-zero otherwise.
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altera_avalon_mutex_Iwhal_trylock()

Prototype:

Commonly called by:
Thread-safe:

Include:

Description:

Return:

int altera_aval on_mutex_|whal _trylock
(voi d* base, alt_ul6 owner, alt_ul6 val ue)

C programs

Yes.

altera_avalon_mutex_lwhal.h

Tries once to lock the mutex. Return immediately if it fails to lock the mutex (non-blocking).
Function arguments:

m base—NMutex base address

m owner —Unique identifier value for mutex owner

m val ue—The new value to write to the mutex

The al tera_aval on_nut ex_| whal _tryl ock() function returns zero if the mutex is
successfully locked, or non-zero otherwise.

altera_avalon_mutex_Ilwhal_unlock()

Prototype:
Commonly called by:
Thread-safe:

Include:

Description:

Return:

voi d al tera_aval on_mut ex_I whal _unl ock(voi d* base, alt_ul6 owner)
C programs

Yes.

altera_avalon_mutex_lwhal.h

Releases mutex. Upon release, the value stored in the mutex is set to zero. If the caller does not
hold the mutex, the behavior of this function is undefined.

Function arguments:

m base—NMutex base address

m owner —Unique identifier value for mutex owner
None.

Lightweight HAL Standard Types

In the interest of portability, the LIWHAL uses a set of standard type definitions in
place of the ANSI C built-in types. Table 8-5 describes these types, which are defined
in the header file alt_types.h.

Table 8-5. Standard Types

Type Description
alt_8 Signed 8-bit integer.
alt_u8 Unsigned 8-bit integer.
alt 16 Signed 16-bit integer.
alt_ulé Unsigned 16-bit integer.
alt_32 Signed 32-bit integer.
alt_u32 Unsigned 32-bit integer.
alt_64 Signed 64-bit integer.
alt_ué4 Unsigned 64-bit integer.
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Creating a BSP for a Stand-Alone System

Stand-alone user flow support allows a user-defined memory device to be added to
the memory map. A user-defined memory device is a device that is defined outside
the Qsys or SOPC Builder hardware system. Because its parameters are not available
in the .sopcinfo file, you must provide them manually. Defining a user-defined
memory device allows linker memory regions and section mappings to be created
with the BSP tools.

Creating a BSP from the Command Line

From the command line, you specify a user-defined memory device with the
add_nenory_devi ce Tcl command. The command syntax is as follows:

add_menory_devi ce <devi ce nane> <base address> <size>

You can use the following syntax to create a BSP for a stand-alone system on the
command line:
ni 0s2- bsp | whal <bsp-dir> [<sopc>]
--cnd=add_nenory_devi ce <devi ce nanme> <base address> <span>

--cnmd=add_nenory_regi on <nane> <sl ave_desc> <of f set > <span>
--script=$SOPC_KI T_NI 0s2/ sdk2/ bi n/ I whal -cal | -proc. tcl set_default_sections_nappi ng

The last command in this command line reapplies the default section mappings by
calling the Iwhal-call-proc.tcl script. This command is executed last. It causes the SBT
to recreate the memory map using the newly added memory device.

. e For detailed information about the add_menory_devi ce Tcl command, refer
Chapter 10, SBT Reference for the Nios II DPX MTP.

Creating a BSP with the BSP Editor

You can start the BSP editor several ways. For the purpose of creating a new BSD, start
the BSP editor one of the following ways:

m  From the Nios II SBT for Eclipse. On the Nios II menu, click Nios II BSP Editor.
The editor starts without loading a .bsp file.

m From the Nios II Command Shell. Type:
ni 0s2- bsp+

In the BSP Editor, the Add Memory Device button allows you to specify a
user-defined device. In the Main tab, you can specify the following memory
characteristics:

m Component name.
m DBase address.

® Memory size.
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In the Advanced tab, you can control the following memory characteristics:

® The memory initialization filename for SOPC Builder systems. This parameter is
not used with Qsys systems.

m  The physical memory width.

m The device’s path and name in the Qsys hierarchy. This parameter is not used with
SOPC Builder systems.

m The memory initialization file parameter name. Every memory device can have an
HDL parameter specifying the name of the initialization file. The Nios II DPX
ModelSim launch configuration overrides the HDL parameter to specify the
memory initialization filename. This parameter is not used with SOPC Builder
systems.

m  Connectivity to processor master ports. These parameters are used when creating
the linker script.

m The memory type: volatile, CFI flash or EPCS flash.
m Byte lanes.

In the Advanced tab, you can also enable and disable generation of the following
memory initialization file types:

m .hexfile.

m .datand .sym files.

m .flash file.

Parameters in the Advanced tab are available only through the BSP Editor.

Once added, the device appears in the Memory Map dialog box and Memory Device
Usage Table, and you can define linker regions and mappings as usual.

To use the BSP Editor to create a BSP for a stand-alone system, perform the following
steps:

1. Create a new BSP. Generation error messages appear. You can safely ignore them
for now.

2. In the Linker Script tab, add a user-defined memory device with the Add

Memory Device button.

L=~ If youneed to generate memory initialization files, specify them in this step,
as described in “Creating Memory Initialization Files” on page 6-15.

3. Define a memory region in the user-defined memory device, using the Add button
under Linker Regions.

4. Click Restore Defaults to correctly define memory sections for the new memory
configuration.

Alternatively, define the sections by hand.
5. Generate the BSP.

= Any previous generation errors are resolved.
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If you anticipate needing to repeat these steps more than once for the same
stand-alone system, export a Tcl script to automate the steps, as described in
“Exporting a Tcl Script” on page 6-33.
“ . For more information about creating and working with user-defined memory devices,
refer to “Using the BSP Editor” on page 6-28.
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The Nios Il DPX MTP Instruction Set

This section introduces the Nios II DPX MTP instruction format and provides a
detailed reference of the MTP instruction set.

Instruction Formats
The Nios II DPX MTP implements the following instruction format types:
m IXtype
m [-16 type
m [-12 type
m [-5type
m R-3type
m BMX type

IX (Immediate Extended) Type Instruction Format

The defining characteristic of the IX type instruction word format is that it contains a
20-bit immediate value embedded within the instruction word.

The IX type instruction format is:

Table 9-1. IX (Immediate eXtended) Instruction Format

31‘30‘29‘28 21‘zs|25|z4|23|zz 21‘20 19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0
0P A OPIX IMM20

IX type instruction words contain:

m A 4-bit opcode field OP

m A 2-bit extended opcode field OPIX

m A 6-bit register field A

m A 20-bit immediate data field IMM20

IX type instructions include cal | , j npi , and movhi 20.

The j npi instruction is a variant on the IX type instruction format, using the A field

for additional address bits.

Tahle 9-2. IX (Immediate eXtended) Instruction Format—jmpi Instruction

31‘30‘29‘28 27‘26|25|24|23|22 21’20 19’18‘17‘16‘15‘14‘13‘12‘11‘10‘9|8|7|6|5’4’3’2’1‘0
oP IMM26[25:20] 1 IMM26[19:0]
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I-16 (16-Bit Inmediate) Type Instruction Format

The defining characteristic of the I-16 type instruction format is that it contains a
16-bit immediate value embedded within the instruction word.

The I-16 type instruction format is:

Table 9-3. 1-16 (Immediate 16) Instruction Format

31‘30‘29‘28

27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

oP

A B IMM16

I-16 type instruction words contain:

m A 4-bit opcode field OP

m Two 6-bit register fields A and B

m A 16-bit immediate data field IMM16

In most cases, fields A and IMM16 specify the source operands, and field B specifies
the destination register. IMM16 is considered signed except for logical operations and
unsigned comparisons.

I-16 type instructions include arithmetic operations such as addi , ori, and xori .

I-12 (12-Bit Immediate) Type Instruction Format

The defining characteristic of the I-12 type instruction word format is that it contains a
12-bit immediate value embedded within the instruction word.

I-12 type instructions include arithmetic operations such as addi and nul i , branch
operations, and load and store operations.

The I-12 type instruction format is:

Table 9-4. 1-12 (Immediate 12) Instruction Format

31‘30‘29‘28

27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8|7|6|5‘4‘3‘2‘1‘ll

oP

A B 0PI-12 IMM12

I-12 type instruction words contain:

m A 4-bit opcode field OP

m A 4-bit extended opcode field OPI-12
m Two 6-bit register fields A and B

m A 12-bit immediate data field IMM12

I-5 (5-Bit Inmediate) Type Instruction Format

The defining characteristic of the I-5 type instruction word format is that it contains a
5-bit immediate value embedded within the instruction word.
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The I-5 type instruction format is:

Table 9-5. I-5 (Immediate 5) Instruction Format

31‘30‘29‘28

27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

oP

A B OPI-12 0 OPI-5 IMM5

I-5 type instruction words contain:

m A 4-bit opcode field OP

m A 4-bit extended opcode field OPI-12
m A 3-bit extended opcode field OPI-5
m Two 6-bit register fields A and B

m A 5-bit immediate data field IMM5

I-5 type instructions include instructions such asrol i and sl |i.

R-3 (Three Register) Type Instruction Format

The defining characteristic of the R-3 type instruction word format is that all
arguments and results are specified as registers.

The R-3 type instruction format is:

Table 9-6. R-3 (3 Register) Instruction Format

31‘30‘29‘28

21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

oP

A B C 0 0 OPR-3

May 2011  Altera Corporation

R-3 type instructions contain:

m A 4-bit opcode field OP

m A 6-bit extended opcode field OPR-3
m Three 6-bit register fields A, B, and C

R-3 type instructions include arithmetic and logical operations such as add and nor,
comparison operations such as cnpeq and cnpl t, and other operations that need only
register operands.
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BMX Type Instruction Format

The BMX (Bit Manipulation eXtension) instruction type is a variant on the I-12 type,
using the IMMI12 field to specify a range of bits within a data word.

BMX instructions perform operations at the bit level. All the BMX instructions use
two 5-bit immediate fields in the instruction to encode all possible contiguous range
of bits in a 32-bit value. The LSB immediate value encodes the position of the
least-significant bit of the contiguous range of bits and the MSB immediate value
encodes the position of the most-significant bit of the contiguous range.

The BMX instruction format is:

Table 9-7. BMX I-12 Instruction Format

31‘30‘29‘28

27

26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10 9|8|7|6|5 4‘3‘2‘1‘0

oP

A B OPI-12 0 MSB LSB

BMX type instructions contain:

m A 4-bit opcode field OP

m A 4-bit extended opcode field OPI-12
m  Two 6-bit register fields A and B

m An MSB field

m AnLSB field
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Instruction Encodings

Table 9-8 on page 9-5 through Table 9-12 on page 9-9 show the instruction encodings

for the Nios II DPX MTP.

Tahle 9-8. OP Opcode Field Codes

oP Instruction

00 See Table 9-9, “OPIX Extended Opcode Field
Codes, for IX Type Instructions”

0x1 See Table 9-10, “OPI-12 Extended Opcode Field

0x2 Codes for I-12 and BMX Type Instructions”

0x3 See Table 9-11, “OPR-3 Extended Qpcode Field
Codes for R-3 Type Instructions”

0x4 sndi

0x5

0x6

0x7

0x8 andci

0x9 andi

OxA ori

0xB Xori

0xC andchi

0xD andhi

OxE or hi

OxF xor hi

Table 9-9. OPIX Extended Opcode Field Codes, for IX Type Instructions

OPIX (1) Instruction
0x0 call
0x1 j mpi
0x2 movhi 20

Note to Table 9-9:
(1) oP=0
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Table 9-10. OPI-12 Extended Opcode Field Codes for I-12 and BMX Type Instructions

oP OPI-12 Instruction
See Table 9-12, “OPI-5
0x0 Extended Opcode Field Codes
for I-5 Type Instructions”

0x1 cnpgei
0x2 cnpl ti
0x3 cnpnei
Ox4 cnpeqi
0x5 cnpgeui
0x6 cnpl tui

0x1 0x7
0x8
0x9 bge
OxA bl t
0xB bne
0xC beq
0xD bgeu
OxE bl tu
OxF
0x0 I db
0x1 | dh
0x2 | dw
0x3 add
0x4 | dbu
0x5 | dhu
0x6

0x2 0x7
0x8 sth
0x9 sth
OxA stw
0xB mul i
0xC insert (1)
0xD
OxE extract (7)
OxF mer ge (1)

Note to Table 9-10:
(1) BMX

Nios Il DPX Datapath Processor Handbook
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Table 9-11. OPR-3 Extended Opcode Field Codes for R-3 Type Instructions (Part 1 of 2)

OPR-3 (1) Instruction
0x00
0x01 eret
0x02
0x03
0x04 rol
0x05 ret
0x06 nor
0x07 mul xuu
0x08 cnpge
0x09 bret
0x0A exit
0x0B
0x0C ror
0x0D jmp
OxO0E and
OxOF
0x10 cnpl t
Ox11
0x12 cidall oc
0x13
0x14 sl
0x15 next pc
0x16 or
0x17 mul xsu
0x18 cnpne
0x19
0x1A
0x1B
0x1C srl
0x1D callr
Ox1E xor
Ox1F mul Xss
0x20 cnpeq
0x21
0x22
0x23
0x24

Note to Table 9-11:
(1) oP=3

Altera Corporation
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Table 9-11. OPR-3 Extended Opcode Field Codes for R-3 Type Instructions (Part 2 of 2)

OPR-3 (1)

Instruction

0x25

0x26

rdctl

0x27

mul

0x28

cnpgeu

0x29

0x2A

0x2B

0x2C

0x2D

0x2E

wrct |

0x2F

0x30

cnpltu

0x31

add

0x32

txal | oc

0x33

0x34

0x35

jrel

0x36

0x37

0x38

0x39

sub

0x3A

rxfree

0x3B

0x3C

Ssra

0x3D

0x3E

Ox3F

Note to Table 9-11:
(1) oP=3

Nios Il DPX Datapath Processor Handbook
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Table 9-12. OPI-5 Extended Opcode Field Codes for I-5 Type Instructions

OPI-5 (1) Instruction
0x0 roli
Ox1
0x2 slli
0x3 srli
0x4 trap
0x5 break
0x6
0x7 srai

Note to Table 9-12:

(1) OP=1
OPI-12 =0

Assembler Pseudo-Instructions

Table 9-13 lists pseudo-instructions available in Nios II DPX MTP assembly language.
Pseudo-instructions are used in assembly source code like regular assembly
instructions. Each pseudo-instruction is implemented at the machine level using an
equivalent instruction. The novi a pseudo-instruction is the only exception, being
implemented with two instructions. Most pseudo-instructions do not appear in
disassembly views of machine code.

Table 9-13. Assembler Pseudo-Instructions (Part 1 of 2)

Pseudo-Instruction Equivalent Instruction
bgt rA rB, |abel blt rB, rA |Iabel
bgtu rA rB, |abel bltu rB, rA, |[abel
ble rA rB, |abel bge rB, rA |abel
bleu rA rB, |abel bgeu rB, rA, |abel
br | abel beq r0, r0, Iabel
cnpgt rC, rA rB cnplt rC, B, rA
cnpgti rB, rA | MVED cnpgei rB, rA (1 MED+1)
cnpgtu rC, rA rB cnpltu rC rB, rA
cnpgtui rB, rA | MED cnpgeui rB, rA (I MVED+1)
cnple rC, rA B cmpge rC, B, rA
cnplei rB, rA | MED cnplti rB, rA (1MVED+1)
cnpleu rC, rA rB cmpgeu rC, rB, rA
cnpleui rB, rA |MED cnpltui rB, rA (I MVED+L)
mov rC, rA add rC, rA r0
movhi rB, | MVED orhi rB, r0, | MVED
movi rB, | MVED addi, rB, r0, | MVED
) movhi 20 rB, %i 20adj (| abel )
movi a rB, | abel )
addi rB, rB, %o0l12(label)

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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Table 9-13. Assembler Pseudo-Instructions (Part 2 of 2)

Pseudo-Instruction

Equivalent Instruction

nmovui rB, | MVED ori rB, r0, | MVED
nop add r0, r0, r0
subi rB, rA |MVED addi rB, rA (-1 MED

Assembler Macros

The Nios II DPX assembler provides macros to extract 12-bit, 16-bit, and 20-bit fields
from labels and from 32-bit immediate values. Table 9-14 lists the available macros.
These macros return 12-bit, 16-bit, or 20-bit signed or unsigned values depending on
where they are used. For example, when used with an instruction that requires a
16-bit signed immediate value, these macros return a value ranging from -32768 to
32767. When used with an instruction that requires a 16-bit unsigned immediate
value, these macros return a value ranging from 0 to 65535.

Table 9-14. Assembler Macros

Macro Description Operation
% o(i med32) Extract bits [15..0] of immed32 i nmed32 & OxFFFF
Y%i (i med32) Extract bits [31..16] of immed32 (i nmmed32 >> 16) & OxFFFF

%i adj (i mred32)

Extract bits [31..16] and adds bit 15 of immed32

((imed32 >> 16) & OXFFFF) +
((imed32 >> 15) & Ox1)

Replace the immed32 address with an offset from the global

Ygprel (i med32) pointer i mmed32 —_gp
Y%i 20 Extract bits [31..12] of immed32 (i med32>>12) & OxFFFFF
. . . . . . ((i med32>>12) & OXFFFFF) +
0,
Ohi 20ad; Extract bits [31..12] of immed32 and adds bit 11 of immed32 ((i Med32>>11) & 0x1)
% 012 Extract bits [11..0] of immed32 i med32 & OxFFF

Table 9-15 shows the notation conventions used to describe instruction operation.

Table 9-15. Notation Conventions (Part 1 of 2)

Notation Meaning

X<Y Xis written with Y

PC X The program cognter (PC) is written with address X; the instruction at X is
the next instruction to execute

PC The address of the assembly instruction in question

rA, 1B, rC One of the 32-bit general-purpose registers

IMMn An n-bit immediate value, embedded in the instruction word

IMMED An immediate value

Xs The nth bit of X, where n =0 is the LSB

Xo.m Consecutive bits nthrough m of X

OXNNMM Hexadecimal notation

XY Bitwise concatenation
For example, (0x12 : 0x34) = 0x1234

Nios Il DPX Datapath Processor Handbook
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Table 9-15. Notation Conventions (Part 2 of 2)

Notation

o (X)

The value of X after being sign-extended to a full register-sized signed integer

X>>n

The value X after being right-shifted n bit positions

X<<n

The value X after being left-shifted n bit positions

X&Y

Bitwise logical AND

X|Y

Bitwise logical OR

XAY

Bitwise logical XOR

~X

Bitwise logical NOT (one’s complement)

Mem8[X]

The byte located in data memory at byte address X

Mem16[X]

The halfword located in data memory at byte address X

Mem32[X]

The word located in data memory at byte address X

label

An address label specified in the assembly file

(signed) rX

The value of rX treated as a signed number

(unsigned) rX

The value of rX treated as an unsigned number

Nios Il DPX MTP Instruction Set Reference

This section describes general-purpose Nios II DPX MTP instructions. The following
pages list the instructions in alphabetical order.

Altera Corporation
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Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:
Instruction Type:

Instruction Fields:

rC<rA+rB
add rC, rA rB
add r6, r7, r8

Calculates the sum of rA and rB. Stores the result in rC. Used for both signed and unsigned
addition.

Carry Detection (unsigned operands):

Following an add operation, a carry out of the MSB can be detected by checking whether the
unsigned sum is less than one of the unsigned operands. The carry bit can be written to a
register, or a conditional branch can be taken based on the carry condition. The following
examples show both cases.

add rC, rA rB # The original add operation
cnpltu rD, rC rA #rDis witten with the carry bit
add rC, rA rB # The original add operation
blturC rA |abel # Branch if carry generated

Overflow Detection (signed operands):

An overflow is detected when two positives are added and the sum is negative, or when two
negatives are added and the sum is positive. The overflow condition can control a conditional
branch, as shown in the following example.

add rC, rA rB # The original add operation
xor rD, rC, rA # Conpare signs of sumand rA
xor rE, rC, rB # Conpare signs of sumand rB
and rD, rD, rE # Conbi ne conparisons

blt rD, zero, |abel # Branch if overflow occurred

rB cannot be an extended register.

None
R-3
A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srcl) B (src2) C (dst) 0 0 0x31

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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addi add immediate
Operation: B < rA + ¢ (IMM12)
Assembler Syntax: addi rB, rA M2
Example: addi r6, r7, -100
Description: Sign-extends the 12-bit immediate value and adds it to the value of rA. Stores the sum in rB.
Usage: Carry Detection (unsigned operands):

Following an addi operation, a carry out of the MSB can be detected by checking whether the
unsigned sum is less than one of the unsigned operands. The carry bit can be written to a
register, or a conditional branch can be taken based on the carry condition. The following
examples show both cases.

addi rB, rA | ML2 # The original add operation
cnpltu rD, rB, rA #rDis witten with the carry bit
addi rB, rA M2 # The original add operation
bltu rB, rA |[abel # Branch if carry generated

Overflow Detection (signed operands):

An overflow is detected when two positives are added and the sum is negative, or when two
negatives are added and the sum is positive. The overflow condition can control a conditional
branch, as shown in the following example.

addi rB, rA M2 # The original add operation
xor rC, rB, rA # Conpare signs of sumand rA
xorhi rD, rB, M2 # Conpare signs of sumand | M2
and rC, rC, rD # Conbi ne conparisons
blt rC, zero, |abel # Branch if overflow occurred
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: [-12
Instruction Fields: A= Register index of operand rA

B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28 z7‘2s|25|24|23|2z 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|s|7|s|5‘4‘3‘2‘1‘n
0x2 A (srct) B (dst) 0x3 IMM12 (src2)

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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bitwise logical and

Calculates the bitwise logical AND of rA and rB and stores the result in rC.

and
Operation: rC<rA&rB
Assembler Syntax: and rC, rA rB
Example: and r6, r7, r8
Description:
Exten_degl Register None
Restrictions:
Exceptions: rB cannot be an extension register.
Instruction Type: R-3

Instruction Fields:

A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 z7‘2s|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 s|7|s 5‘4‘3‘2‘1‘0
0x3 A (srct) B (src2) C (dst) 0 OxE
Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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andci bitwise logical and clear immediate
Operation: rB <TA&(OxFFFF : IMM16)
Assembler Syntax: andci rB, rA | MML6
Example: andci r6,r7,100
Description: Calculates the bitwise logical AND of rA and (OxFFFF : IMM16) and stores the result in rB.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: I-16
Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
IMM16 = 16-bit unsigned immediate value
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x8 A (srci) B (dst) IMM16 (src2)

May 2011  Altera Corporation
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andchi bitwise logical and clear immediate into high halfword
Operation: rB <TA&(IMM16 : OXFFFF)
Assembler Syntax: andchi rB, rA | MML6
Example: andchi r6,r7,100
Description: Calculates the bitwise logical AND of rA and (IMM16 : OxFFFF) and stores the result in rB.
Extended Register
Restrictions:
Exceptions: None
Instruction Type: I-16
Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
IMM16 = 16-bit unsigned immediate value
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x8 A (srci) B (dst) IMM16 (src2)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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andhi

Operation:

Assembler Syntax: andhi rB,
Example: andhi r6,
Description:

Exten_degl Register None
Restrictions:

Exceptions: None
Instruction Type: [-16

Instruction Fields:

bitwise logical and immediate into high halfword

rB <—rA & (IMM16 : 0x0000)

rA, | MMLG
r7, 100

Calculates the bitwise logical AND of rA and (IMM16 : 0x0000) and stores the result in rB.

A = Register index of operand rA

B = Register index of operand rB
| ML6 = 16-bit unsigned immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0xD

A (srct)

B (dst)

IMM16 (src2)

May 2011  Altera Corporation
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Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

bitwise logical and immediate
rB < rA & (0x0000 : IMM16)
andi rB, rA | M6
andi r6, r7, 100
Calculates the bitwise logical AND of rA and (0x0000 : IMM16) and stores the result in rB.

None

None

[-16

A = Register index of operand rA

B = Register index of operand rB

| MML6 = 16-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘ll

0x9

A (srcl) B (dst) IMM16 (src2)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation



Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

9-19

Operation:

Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

if (rA ==B)
then PC <~ PC + 4 + ¢ (IMM12)
else PC«<PC +4

beq rA rB, |abel

beq r6, r7, |abel

branch if equal

If rA == rB, then beq transfers program control to the instruction at label. In the instruction
encoding, the offset given by IMM12 is treated as a signed number of words relative to the
instruction immediately following beq. Therefore, IMM12 is equivalent to a 14-bit offset in

bytes.

None

[-12

A = Register index of operand rA
B = Register index of operand rB

| MML2 = 12-bit signed immediate value

31‘30‘29‘28 21‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12

alwls el [e]s]+]s]2]]s

0x1

A (srcl)

B (dst)

0xC

IMM12 (src2)

May 2011  Altera Corporation
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hge branch if greater than or equal signed
Operation: if ((signed) rA >= (signed) rB)
then PC <~PC + 4 + o (IMM12)
else PC < PC + 4
Assembler Syntax: bge rA rB, |abel
Example: bge r6, r7, top_of _loop
Description: If (signed) rA >= (signed) B, then bge transfers program control to the instruction at label. In
the instruction encoding, the offset given by IMM12 is treated as a signed number of words
relative to the instruction immediately following bge. Therefore, IMM12 is equivalent to a 14-bit
offset in bytes.
Exten_degl Register None
Restrictions:
Exceptions:
Instruction Type: I-12

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12

alo[a]s[[e]s][+[s]z]]s

0x1

A (srct) B (dst)

0x9

IMM12 (src2)

Nios Il DPX Datapath Processor Handbook
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hgeu branch if greater than or equal unsigned

Operation: if ((unsigned) rA >= (unsigned) rB)
then PC <~ PC + 4 + 5 (IMM12)
else PC < PC + 4

Assembler Syntax: bgeu rA, rB, |abel
Example: bgeu r6, r7, top_of | oop
Description: If (unsigned) rA >= (unsigned) rB, then bgeu transfers program control to the instruction at

label. In the instruction encoding, the offset given by IMM12 is treated as a signed number of
words relative to the instruction immediately following bgeu. Therefore, IMM12 is equivalent to
a 14-hbit offset in bytes.

Exten_degl Register None

Restrictions:

Exceptions:

Instruction Type: I-12

Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0
oxd A (src1) B (dst) 0xD IMM12 (src2)

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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hgt

Operation:

Assembler Syntax:
Example:
Description:

Extended Register
Restrictions:

Pseudo-instruction:

branch if greater than signed

if ((signed) rA > (signed) rB)
then PC «label
else PC «<PC + 4

bgt rA rB, |abel
bgt r6, r7, top_of | oop

If (signed) rA > (signed) rB, then bgt transfers program control to the instruction at label.

None

bgt is implemented with the bl t instruction by swapping the register operands.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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hgtu

Operation:

Assembler Syntax:
Example:
Description:
Extended Register

Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

if ((unsigned) rA > (unsigned) rB)
then PC «label
else PC «<PC + 4

bgtu rA rB, |abel

bgtu r6, r7, top_of | oop

branch if greater than unsigned

If (unsigned) rA > (unsigned) rB, then bgt u transfers program control to the instruction at

label.

None

bgt u is implemented with the bl t u instruction by swapping the register operands.

Nios Il DPX Datapath Processor Handbook
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Operation:

Assembler Syntax:
Example:
Description:

Extended Register
Restrictions:

Pseudo-instruction:

branch if less than or equal signed

if ((signed) rA <= (signed) rB)
then PC < label
else PC «<PC +4

ble rA B, |abel
ble r6, r7, top_of_|loop

If (signed) rA <= (signed) rB, then bl e transfers program control to the instruction at label.

None

bl e is implemented with the bge instruction by swapping the register operands.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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bleu branch if less than or equal to unsigned

Operation: if ((unsigned) rA <= (unsigned) rB)
then PC < label
else PC «<—PC + 4

Assembler Syntax: bleu rA rB, |abel

Example: bleu r6, r7, top_of | oop

Description: If (unsigned) rA <= (unsigned) rB, then bl eu transfers program counter to the instruction at
label.

Exten_degl Register None

Restrictions:

Pseudo-instruction: bl eu is implemented with the bgeu instruction by swapping the register operands.

May 2011 Altera Corporation Nios Il DPX Datapath Processor Handbook
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bit branch if less than signed
Operation: if ((signed) rA < (signed) rB)
then PC <~PC + 4 + ¢ (IMM12)
else PC < PC + 4
Assembler Syntax: blt rA rB, |abel
Example: blt r6, r7, top_of_loop
Description: If (signed) rA < (signed) rB, then bl t transfers program control to the instruction at label. In
the instruction encoding, the offset given by IMM12 is treated as a signed number of words
relative to the instruction immediately following bl t . Therefore, IMM12 is equivalent to a 14-bit
offset in bytes.
Exten_degl Register None
Restrictions:
Exceptions:
Instruction Type: I-12
Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
| MML2 = 12-hit signed immediate value
31‘30‘29‘23 z1‘zs|zs|z4|zs|zz 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x1 A B OxA IMM12

Nios Il DPX Datapath Processor Handbook
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bitu

Operation:

Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

if ((unsigned) rA < (unsigned) rB)
then PC <—PC + 4 + 5 (IMM12)
else PC«<PC +4

bltu rA, rB, |abel

bltu r6, r7, top_of _|oop

branch if less than unsigned

If (unsigned) rA < (unsigned) rB, then bl t u transfers program control to the instruction at
label. In the instruction encoding, the offset given by IMM12 is treated as a signed number of
words relative to the instruction immediately following bl t u. Therefore, IMM12 is equivalent to

a 14-bit offset in bytes.

None

[-12

A = Register index of operand rA

B = Register index of operand rB

| MML2 = 12-hit signed immediate value

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12

alwls el [e]s]+]s]2]]s

0x1

B

OxE

IMM12

May 2011  Altera Corporation
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bne branch if not equal
Operation: if (rA 1= rB)
then PC <~PC + 4 + ¢ (IMM12)
else PC < PC + 4
Assembler Syntax: bne rA rB, |abel
Example: bne r6, r7, top_of _loop
Description: If rA 1= rB, then bne transfers program control to the instruction at label. In the instruction
encoding, the offset given by IMM12 is treated as a signed number of words relative to the
instruction immediately following bne. Therefore, IMM12 is equivalent to a 14-bit offset in
bytes.
Exten_degl Register None
Restrictions:
Exceptions:
Instruction Type: 1-12

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB
[ MML2 = 12-bit signed immediate value

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|s|7|s|5‘4‘3‘2‘1‘n
0x1 A B 0xB IMM12
Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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br unconditional branch
Operation: PC < PC +4 + o (IMM12)

Assembler Syntax: br | abel

Example: br top_of _| oop

Description: Transfers program control to the instruction at label. In the instruction encoding, the offset

given by IMM12 is treated as a signed number of words relative to the instruction immediately
following br. Therefore, IMM12 is equivalent to a 14-bit offset in bytes.

Extended Register

Restrictions: None
Exceptions:
Pseudo-instruction: br is implemented as beq zero, zero, | ML6.
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break

Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

debugging breakpoint

ba «<PC +4

PC < Dbreak handler address
break

break imb

br eak

Breaks program execution and transfers control to the debugger break-processing routine.
Saves the address of the next instruction in register ba. Transfers execution to the break
handler.

The 5-bit immediate field i b is ignored by the processor, but it can be used by the debugger.

br eak with no argument is the same as br eak 0.

br eak is used by debuggers exclusively. Only debuggers should place br eak in an application
program, operating system, or exception handler. The address of the break handler is specified
at system generation time.

Some debuggers support br eak and br eak 0 instructions in source code. These debuggers
treat the br eak instruction as a normal breakpoint.

None

Break

I-5
| MVb = Type of breakpoint

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

0x1

A (src) B (dst) 0x0 0 0x5 IMM5

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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bret

Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register
Restrictions:

Instruction Type:

Instruction Fields:

breakpoint return
PC <ba
br et
br et

Transfers execution to the address in ba.

bret is used by debuggers exclusively and must not appear in application programs, operating
systems, or exception handlers.

None

R-3

None

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

Ox1e 0 0 0 0 0x9
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call subroutine

Saves the address of the next instruction in register r a, and transfers execution to the

instruction at address (PCzq og : IMM20 x 4).

cal I can transfer execution anywhere within the 4-megabyte (MB) range determined by
PCsq 20. The Nios Il DPX GNU linker does not automatically handle cases in which the address

call
Operation: ra<PC+4
PC <_(P031_20 : IMM20 x 4)
Assembler Syntax: call | abel
Example: call wite_char
Description:
Usage:
is out of this range.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: IX

Instruction Fields:

| M0 = 20-bit unsigned immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20

19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x0

0

0x0

IMM20

Nios Il DPX Datapath Processor Handbook
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callr call subroutine in register

Operation: ra<PC+4
PC <rA

Assembler Syntax: callr rA

Example: callr r6é

Description: Saves the address of the next instruction in the return address register, and transfers execution
to the address contained in register rA.

Usage: cal | r is used to dereference C-language function pointers.

Exten_degl Register None

Restrictions:

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9| 8 | 7 | 6|5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x3 A 0 0x1f 0 0 0x1D
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cmpeq compare equal
Operation: if (rA == rB)
then rC <1
else rC <0
Assembler Syntax: cnhpeq rC, rA B
Example: chpeq r6, r7, r8
Description: If rA == rB, then stores 1 to rC; otherwise, stores 0 to rC.
Usage: cnpeq performs the == operation of the C programming language. Also, cnpeq can be used to

implement the C logical negation operator “!”.

cmpeq rC, rA zero # Inplements rC = IrA

Extended Register rB cannot be an extension register.
Restrictions:

Exceptions: None

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 z1‘zs|zs|z4|zs|zz 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 s|7|s 5‘4‘3‘2‘1‘0
0x3 A B C 0 0 0x20

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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cmpeqi

Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register

Restrictions:

Exceptions:

if (rA o (IMM12))
then rB <1
else rB <0

cnpeqi rB, rA | M2

cnpeqi r6, r7, 100

compare equal immediate

Sign-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If
rA == ¢ (IMM12), cnpeqi stores 1 to rB; otherwise stores 0 to rB.

cnpeqi performs the == operation of the C programming language.

None

None

Instruction Type: [-12

Instruction Fields:

A = Register index of operand rA

B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12

alo[a]s[[e]s][+[s]z]]s

0x1

A

B

0x4

IMM12

May 2011  Altera Corporation
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cmpge

Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register

Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

if ((signed) rA >= (signed) rB)
then rC <1
else rC <0

cmpge rC, rA B
cmpge r6, r7, r8

If rA >= B, then stores 1 to rC; otherwise stores 0 to rC.

compare greater than or equal signed

cnpge performs the signed >= operation of the C programming language.

rB cannot be an extension register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28

27‘26|25|2

4|23|22 21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

A

B

Nios Il DPX Datapath Processor Handbook
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cmpgei compare greater than or equal signed immediate
Operation: if ((signed) rA >= (signed) ¢ (IMM12))
then rB <1
else rB <0
Assembler Syntax: cnpgei rB, rA M2
Example: cnpgei r6, r7, 100
Description: Sign-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If
rA >= oIMM12), then cnpgei stores 1 to rB; otherwise stores 0 to rB.
Usage: cnpgei performs the signed >= operation of the C programming language.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: 1-12
Instruction Fields: A= Register index of operand rA
B = Register index of operand rB
| ML2 = 12-bit signed immediate value
31‘30‘29‘23 z7‘zs|25|24|23|zz 21‘20‘19‘13‘17‘15 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x1 A B 0x1 IMM12

May 2011  Altera Corporation
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cmpgeu
Operation: if ((unsigned) rA >= (unsigned) rB)
then rC <1
else rC <0
Assembler Syntax: cnpgeu rC, rA rB
Example: cnpgeu r6, r7, r8
Description: If rA >= rB, then stores 1 to rC; otherwise stores 0 to rC.
Usage:
Extended Register rB cannot be an extension register.
Restrictions:
Exceptions: None
Instruction Type: R-3

Instruction Fields:

compare greater than or equal unsigned

cnpgeu performs the unsigned >= operation of the C programming language.

A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

A

B

Nios Il DPX Datapath Processor Handbook
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compare greater than or equal unsigned immediate

Zero-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If
rA >= (0x0000 : IMM12), then cnpgeui stores 1 to rB; otherwise stores 0 to rB.

crmpgeui performs the unsigned >= operation of the C programming language.

cmpgeui
Operation: if ((unsigned) rA >= (unsigned) (0x0000 : IMM12))
then rB <1
else rB <0
Assembler Syntax: cnpgeui rB, rA 1 M2
Example: cnpgeui r6, r7, 100
Description:
Usage:
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: I-12

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB

| ML2 = 12-bit unsigned immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12

alo[a]s[[e]s][+[s]z]]s

0x1

A

B

0x5

IMM12

May 2011  Altera Corporation
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cmpgt

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

compare greater than signed

if ((signed) rA > (signed) rB)
then rC <1
else rC <0

cmpgt rC, rA rB
cnpgt r6, r7, r8

If rA > rB, then stores 1 to rC; otherwise stores 0 to rC.

cnpgt performs the signed > operation of the C programming language.

rA cannot be an extension register.

cnpgt is implemented with the cnpl t instruction by swapping its rA and rB operands.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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cmpgti

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

compare greater than signed immediate

if ((signed) rA > (signed) IMMED)
then rB <1
else rB <0

cnpgti rB, rA | MVED
cnpgti r6, r7, 100

Sign-extends the immediate value IMMED to 32 bits and compares it to the value of rA. If rA >
oIMMED), then cnpgt i stores 1 to rB; otherwise stores 0 to rB.

cnpgti performs the signed > operation of the C programming language. The maximum
allowed value of IMMED is 32766. The minimum allowed value is —32769.

None

cnpgti is implemented using a cnpgei instruction with an IMM12 immediate value of
IMMED + 1.

Nios Il DPX Datapath Processor Handbook
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cmpgtu

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

compare greater than unsigned

if ((unsigned) rA > (unsigned) rB)
then rC <1
else rC <0

cmpgtu rC, rA B
cmpgtu r6, r7, r8

If rA > rB, then stores 1 to rC; otherwise stores 0 to rC.

cnpgt u performs the unsigned > operation of the C programming language.

rA cannot be an extension register.

cnpgt u is implemented with the cnpl t u instruction by swapping its rA and rB operands.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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cmpgtui

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

compare greater than unsigned immediate

if ((unsigned) rA > (unsigned) IMMED)
then B < 1
else rB <0

cnpgtui rB, rA |MVED
cnpgtui r6, r7, 100

Zero-extends the immediate value IMMED to 32 bits and compares it to the value of rA. If rA >
IMMED, then cnpgt ui stores 1 to rB; otherwise stores 0 to rB.

cnpgt ui performs the unsigned > operation of the C programming language. The maximum
allowed value of IMMED is 65534. The minimum allowed value is 0.

None

chpgt ui is implemented using a cnpgeui instruction with an IMM12 immediate value of
IMMED + 1.

Nios Il DPX Datapath Processor Handbook
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cmple

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

compare less than or equal signed

if ((signed) rA <= (signed) rB)
then rC <1
else rC <0

cnple rC, rA B
cnple r6, r7, r8

If rA <= B, then stores 1 to rC; otherwise stores 0 to rC.

cnpl e performs the signed <= operation of the C programming language.

rA cannot be an extension register.

cnpl e is implemented with the cnpge instruction by swapping its rA and rB operands.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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cmplei

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

compare less than or equal signed immediate

if ((signed) rA < (signed) IMMED)
then rB <1
else rB <0

cnplei rB, rA |MED
cnplei r6, r7, 100

Sign-extends the immediate value IMMED to 32 bits and compares it to the value of rA. If rA <=
oIMMED), then cnpl ei stores 1 to rB; otherwise stores 0 to rB.

cnpl ei performs the signed <= operation of the C programming language. The maximum
allowed value of IMMED is 32766. The minimum allowed value is —32769.

None

cnpl ei isimplemented using a cnpl ti instruction with an IMM12 immediate value of IMMED
+1.

Nios Il DPX Datapath Processor Handbook
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cmpleu compare less than or equal unsigned
Operation: if ((unsigned) rA < (unsigned) rB)
then rC <1
else rC <0
Assembler Syntax: cnpleu rC, rA rB
Example: cnpleu r6, r7, r8
Description: If rA <=rB, then stores 1 to rC; otherwise stores 0 to rC.
Usage: crpl eu performs the unsigned <= operation of the C programming language.
Exten_degl Register rA cannot be an extension register.
Restrictions:

Pseudo-instruction:

cnpl eu is implemented with the cnpgeu instruction by swapping its rA and rB operands.
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cmpleui

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

compare less than or equal unsigned immediate

if ((unsigned) rA <= (unsigned) IMMED)
then rB <1
else rB <0

cnpleui rB, rA |MED
cnpleui r6, r7, 100

Zero-extends the immediate value IMMED to 32 bits and compares it to the value of rA. If rA <=
IMMED, then cnpl eui stores 1 to rB; otherwise stores 0 to rB.

cnpl eui performs the unsigned <= operation of the C programming language. The maximum
allowed value of IMMED is 65534. The minimum allowed value is 0.

None

cnpl eui is implemented using a cnpl t ui instruction with an IMM12 immediate value of
IMMED + 1.

Nios Il DPX Datapath Processor Handbook
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cmplt compare less than signed
Operation: if ((signed) rA < (signed) rB)

Assembler Syntax:

Example:

Description:

Usage:

Extended Register

Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

then rC <1
else rC <0

cnplt rC, rA rB
cnplt r6, r7, r8

If rA < rB, then stores 1 to rC; otherwise stores 0 to rC.

cnpl t performs the signed < operation of the C programming language.

rB cannot be an extension register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28

27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A

B C 0 0

Nios Il DPX Datapath Processor Handbook May 2011
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compare less than signed immediate

Sign-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If
rA < 6 (IMM12), then cnpl ti stores 1 to rB; otherwise stores 0 to rB.

cmplti
Operation: if ((signed) rA < (signed) o (IMM12))
then rB <1
else rB <0
Assembler Syntax: cnplti rB, rA M2
Example: cnplti r6, r7, 100
Description:
Usage:

Extended Register

cnpl ti performs the signed < operation of the C programming language.

Restrictions: None
Exceptions: None
Instruction Type: [-12
Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
| ML2 = 12-bit signed immediate value
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x1 A B 0x2 IMM12

May 2011  Altera Corporation
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cmpltu compare less than unsigned
Operation: if ((unsigned) rA < (unsigned) rB)
then rC <1
else rC <0
Assembler Syntax: cnpltu rC, rA B
Example: cnpltu r6, r7, r8
Description: If rA < 1B, then stores 1 to rC; otherwise stores 0 to rC.
Usage: crpl t u performs the unsigned < operation of the C programming language.
Extended Register rB cannot be an extension register.
Restrictions:
Exceptions: None
Instruction Type: R-3

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28

27‘26|25|2

4|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A

B C 0 0 0x30

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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cmpltui

Operation:

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

compare less than unsigned immediate

if ((unsigned) rA < (unsigned) (0x0000 : IMM12))
then rB <1
else rB <0

cnpltui rB, rA |M2
cnpltui r6, r7, 100

Zero-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If
rA < (0x0000 : IMM12), then cnpl t ui stores 1 to rB; otherwise stores 0 to rB.

crpl tui performs the unsigned < operation of the C programming language.

None

None

[-12

A = Register index of operand rA

B = Register index of operand rB

| ML2 = 12-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x1

B 0x6 IMM12

May 2011  Altera Corporation
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cmpne compare not equal
Operation: if (rA 1= B)
then rC <1
else rC <0
Assembler Syntax: cnpne rC, rA B
Example: cnpne r6, r7, r8
Description: If rA 1= rB, then stores 1 to rC; otherwise stores 0 to rC.
Usage: cnpne performs the != operation of the C programming language.
Extended Register rB cannot be an extension register.
Restrictions:
Exceptions: None
Instruction Type: R-3

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6

0x3 A

B C 0

Nios Il DPX Datapath Processor Handbook
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compare not equal immediate

Sign-extends the 12-bit immediate value IMM12 to 32 bits and compares it to the value of rA. If

rA I= 6 (IMM12), then cnpnei stores 1 to rB; otherwise stores 0 to rB.

cnpnei performs the != operation of the C programming language.

cmpnei
Operation: if (rA 1= 6 (IMM12))
then rB <1
else rB <0
Assembler Syntax: cnpnei rB, rA M2
Example: cnpnei r6, r7, 100
Description:
Usage:
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: -12
Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28

27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12

alo[a]s[[e]s][+[s]z]]s

0x1

A B

0x3

IMM12

May 2011  Altera Corporation
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eret exception return
Operation: PC «<ea

Assembler Syntax: eret

Example: eret

Description: Transfers execution to the address in ea.

Usage: Use er et to return from exception handling routines.

Extended Register None

Restrictions:

Instruction Type: R-3

Instruction Fields: None

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9| 8 | 7 | 6|5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x3 A B C 0 0 0x1

Nios Il DPX Datapath Processor Handbook May 2011 Altera Corporation
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extract extract hit field region
Operation: rB <zero_extend (rA[msb:Isb])

Assembler Syntax: extract rB, rA nsb, Isb

Example: extract r6, r5, 22, 10

Description: Extracts the specified bit field from rA, zero extends the value, and stores result into rB. The

extract instruction performs the equivalent of a logical right shift of rA by LSB bits followed by a
mask to force bits above MSB to zero.

Instruction Type: BMX 1-12

Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
MSB = 5-bit unsigned immediate value
LSB = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10 9|8|7|6|5 4‘3‘2‘1‘0
0x2 A (src1) B (dst) OXE 0 MSB LSB

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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insert

Operation:

Assembler Syntax:

Example:

Description:

Exceptions:

Instruction Type:

Instruction Fields:

insert hit field region
rB<{rB[31:(msb+1)],rA[ msb-Isb: 0], rB[(Isb-1):0]}
insert rB, rA msb, Isb

insert r6, r5, 22, 10

The insert instruction inserts bits from rA into rB. It performs the equivalent of a left shift of rA
by LSB bits followed by a bit-by-bit muxing between bits in rA and rB. The result is both a
source and a destination register number). If MSB is 31, there are no rB bits above the shifted
rA field in the destination. If LSB is 0, there are no rB hits below the shifted rA field in the
destination.

The i nsert instruction is an optional instruction. It can be configured at system generation
time. If software attempts to execute an i nsert instruction on a processor that does not
implement the instruction, the processor generates an exception.

Attempting to execute the i nsert instruction on an Nios Il DPX MTP that does not implement
it causes an unimplemented instruction exception.

Unimplemented instruction
BMX 1-12

A = Register index of operand rA
B = Register index of operand rB
MSB = 5-bit unsigned immediate value
LSB = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10 9|8|7|6|5 4‘3‘2‘1‘0

0x2

A (src) B (dst) OXE 0 MSB LSB

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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jmp computed jump
Operation: PC «<TrA

Assembler Syntax: jmp rA

Example: jnmp rl2

Description: Transfers execution to the address contained in register rA.

Usage: It is illegal to jump to the address contained in register r31. To return from subroutines called

by cal | orcallr,useret instead of j np.

Extended Register None

Restrictions:

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 (8 | 7 | 6 |5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x3 A B C 0 0 0xD

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

jump immediate

PC (-(PC31_28 - IMM26 x 4)

jnpi | abel

jnmpi write_char

Transfers execution to the instruction at address (PCsq og : IMM26 x 4).

j mpi is a low-overhead local jump. j npi can transfer execution anywhere within the 256-MB
range determined by PCsq »g. The Nios Il DPX GNU linker does not automatically handle cases
in which the address is out of this range.

None

None

X

| MVR6 = 26-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22

21‘20

w[w[a]w]s[ula]a[n]n]s[s]7[s]s]s]s]]]s

0x0

IMM26[25:20]

0x1

IMM26[19:0]

Nios Il DPX Datapath Processor Handbook
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jrel jump relative

Operation: pc<pc+4+(rA<<2)

Assembler Syntax: jrel rA

Example: jrel ri2

Description: Transfers execution to the instruction at address (pc + 4 + ( rA<< 2)).

Usage: This instruction can be used to jump into a branch table to implement C-language switch
statements efficiently. Note that this instruction is only efficient when the case constants in the
switch statement are grouped closely together. pc is a byte address.

Exten_degl Register None

Restrictions:

Exceptions:

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

31‘30‘29‘28 z7‘zs|zs|z4|zs|zz 21‘20‘19‘13‘17‘15 15‘14‘13‘12‘11‘10 9|8 | 7 | 6|5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x3 A 0x0 0x0 0 0 0x35

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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Idb load bhyte from memory or 1/0 peripheral

Operation: rB <—c (Mem8[rA + ¢ (IMM12)])

Assembler Syntax: [db rB, byte_offset(rA)

Example: [db r6, 100(rb5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Loads register rB with the desired memory byte, sign extending the
8-bit value to 32 bits.

Usage:

Extended Register rA cannot be an extension register.

Restrictions:

Instruction Type: 1-12

Instruction Fields: A= Register index of operand rA
B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x2

A (dst) B (addr src) 0x0 IMM12

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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Idbu load unsigned byte from memory or 1/0 peripheral

Operation: rB <—0x000000 : Mem8][rA + ¢ (IMM12)]

Assembler Syntax: [dbu rB, byte_offset(rA)

Example: [ dbu r6, 100(rb5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Loads register rB with the desired memory byte, zero extending the
8-bit value to 32 bits.

Usage:

Extended Register rA cannot be an extended register.

Restrictions:

Instruction Type: I-12

Instruction Fields: A= Register index of operand rA
B = Register index of operand rB
| ML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x2 A (dst) B (addr src) 0x4 IMM12 (addr offset)

May 2011  Altera Corporation
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Idh load halfword from memory or 1/0 peripheral

Operation: rB <—c (Mem16[rA + o (IMM12)])

Assembler Syntax: [dh rB, byte_offset(rA)

Example: [dh r6, 100(r5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Loads register rB with the memory halfword located at the effective byte
address, sign extending the 12-bit value to 32 bits. The effective byte address must be halfword
aligned. If the byte address is not a multiple of 2, the operation is undefined.

Usage:

Extended Register rA cannot be an extended register.

Restrictions:

Instruction Type: I-12

Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
[ MML2 = 12-Dit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x2 A (dst) B (addr src) 0x1 IMM12 (addr offset)

Nios Il DPX Datapath Processor Handbook

May 2011  Altera Corporation
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Idhu load unsigned halfword from memory or 1/0 peripheral
Operation: rB <—0x0000 : Mem16[rA + o (IMM12)]

Assembler Syntax: [ dhu rB, byte_offset(rA)

Example: I dhu r6, 100(rb5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed

12-bit immediate value. Loads register rB with the memory halfword located at the effective
byte address, zero extending the 12-bit value to 32 bits. The effective byte address must be
halfword aligned. If the byte address is not a multiple of 2, the operation is undefined.

Usage:

Extended Register rA cannot be an extended register.
Restrictions:

Instruction Type: [-12

Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
I MML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8|7|6|5‘4‘3‘2‘1‘ll
0x2 A (dst) B (addr src) 0x5 IMM12 (addr offset)

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register

Restrictions:

load 32-hit word from memory or 1/0 peripheral

1B «Mem32[rA + o (IMM12)]

Idw rB, byte offset(rA)

| dw ré, 100(r5)

Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Loads register rB with the memory word located at the effective byte
address. The effective byte address must be word aligned. If the byte address is not a multiple
of 4, the operation is undefined.

Instruction Type: [-12

Instruction Fields:

rA cannot be an extended register.

A = Register index of operand rA
B = Register index of operand rB

I MML2 = 12-bit signed immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12

11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x2

A (dst)

B (addr src)

0x2

IMM12 (addr offset)

Nios Il DPX Datapath Processor Handbook
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merge merge bit field region
Operation: rA<{rA[31:(msb+1)],rB[msb:Isb], rA[(Isb-1):0]}
Assembler Syntax: merge rA B, nsh, Isb
Example: merge r6, r5, 22, 10
Description: The ner ge instruction merges bits from rB into rA. It performs the equivalent of ani nsert
instruction except there is no shift operation and bits are written to rA instead of rB.
Usage: The ner ge instruction can be used to clear any contiguous range of bits in any register
connected to src1 by using zero (r0) for the rB source.
Instruction Type: BMX [-12
Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
MSB = 5-bit unsigned immediate value
LSB = 5-bit unsigned immediate value
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10 9 | 8 | 7 | 6 | 5| 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x2 A (src1 & dst) B (src2) OxF 0 MSB LSB

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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mov move register to register
Operation: rC < rA

Assembler Syntax: mv rC rA

Example: mv r6, r7

Description: Moves the contents of rA to rC.

Exten_degl Register None

Restrictions:

Pseudo-instruction: mov is implemented asadd rC, rA, zero.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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movhi

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

move immediate into high halfword

rB < (IMM16 : 0x0000)
movhi rB, | MVL6
movhi r6, 0x8000

Writes the immediate value IMM16 into the high halfword of rB, and clears the lower halfword
of rB to 0x0000.

The maximum allowed value of IMM16 is 65535. The minimum allowed value is 0. To load a
32-bit constant into a register, first load the upper 16 bits using a movhi pseudo-instruction.
The %hi () macro can be used to extract the upper 16 bits of a constant or a label. Then, load
the lower 16 bits with an ori instruction. The %l o() macro can be used to extract the lower
16 bits of a constant or label as shown in the following example.

movhi rB, %i (val ue)
ori rB, rB, %o(value)

An alternative method to load a 32-bit constant into a register uses the %hiadj() macro and the
addi instruction as shown in the following example.

movhi rB, %i adj (val ue)
addi rB, rB, % o(value)

None

movhi is implemented as orhi rB, zero, |MVL6.

Nios Il DPX Datapath Processor Handbook
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movhi20

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

move 20 bit immediate into high halfword

rA < IMM20 << 12)
movhi rB, | MVR0

movhi r6, 0x8000

Writes the immediate value IMM20 into the high 20 bits of rB, and clears the lower 12 bits of rB
to 0x000.

The maximum allowed value of IMMED is 1048575. The minimum allowed value is 0. To load a
32-bit constant into a register, first load the upper 20 bits using a movhi 20 instruction.

The %hi 20() macro can be used to extract the upper 20 bits of a constant or a label. Then,
load the lower 12 bits with an ori instruction. The %I 012() macro can be used to extract the
lower 12 bits of a constant or label as shown in the following example.

movhi 20 rB, %i 20(val ue)
ori rB, rB, %o0l2(value)

None

31‘30‘29‘28 21‘26|25|24|23|22 21‘20 19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x0

A (dst) 0x2 IMM20

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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movi move signed immediate into word
Operation: rB <o (IMM12)

Assembler Syntax: movi rB, M2

Example: movi r6, -30

Description: Sign-extends the immediate value IMM12 to 32 bits and writes it to rB.

Usage: The maximum allowed value of IMM12 is 2047. The minimum allowed value is

—2048. To load a 32-bit constant into a register, refer to the movhi instruction.

Extended Register None
Restrictions:
Pseudo-instruction: movi is implemented as addi rB, zero, |MVL2.

May 2011 Altera Corporation Nios Il DPX Datapath Processor Handbook
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movia move immediate address into word
Operation: rB < label

Assembler Syntax:
Example:
Description:

Extended Register
Restrictions:

Pseudo-instruction:

movia rB, |abel
movia r6, function_address

Writes the address of label to rB.

None

movi a is implemented as:
movhi 20 rB, %i 20adj (| abel)
addi rB, rB, % o0l12(label)

Nios Il DPX Datapath Processor Handbook

May 2011

Altera Corporation
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movui

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

May 2011  Altera Corporation

move unsigned immediate into word

rB < (0x0000 : IMM16)
movui rB, | MML6
movui r6, 100

Zero-extends the immediate value IMM16 to 32 bits and writes it to rB.

The maximum allowed value of IMM16 is 65535. The minimum allowed value is 0. To load a
32-bit constant into a register, refer to the novhi instruction.

None

movui is implemented asori rB, zero, | MVL6.

Nios Il DPX Datapath Processor Handbook
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mul multiply
Operation: rC < (rAx rB) 1.9

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Instruction Type:

Instruction Fields:

mul rC, rA rB

mul r6, r7, r8

Multiplies rA times rB and stores the 32 low-order bits of the product to rC. The result is the
same whether the operands are treated as signed or unsigned integers.

Carry Detection (unsigned operands):

Before or after the multiply operation, the carry out of the MSB of rC can be detected using the
following instruction sequence:

mul rC rA rB # The mul operation (optional)
mul xuu rD, rA rB # rDis nonzero if carry occurred
cnpne rD, rD, zero #rDis 1 if carry occurred, 0 if not

The mul xuu instruction writes a nonzero value into rD if the multiplication of unsigned
numbers generates a carry (unsigned overflow). If a 0/1 result is desired, follow the mul xuu
with the cnpne instruction.

Overflow Detection (signed operands):
After the multiply operation, overflow can be detected using the following instruction sequence:

mul rC, rA rB # The original mul operation
cnplt rD, rC zero

mul xss rg, rA rB

add rD, rD rE # rDis nonzero if overflow
cmpne rD, rD, zero #rDis 1if overflow, O if not

The cnpl t —nul xss—add instruction sequence writes a nonzero value into rD if the product in
rC cannot be represented in 32 bits (signed overflow). If a 0/1 result is desired, follow the
instruction sequence with the cnpne instruction.

rB cannot be an extended register.

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srct) B (src2) C (dst) 0 0 0x27

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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muli

Operation:

Assembler Syntax: mli rB,
Example: mli r6,
Description:

Instruction Type: [-12

Instruction Fields:

B <~ (rAx o(IMM12)) 31 o

rA, 1 MWL2
r7, -100

multiply immediate

Sign-extends the 12-bit immediate value IMM12 to 32 bits and multiplies it by the value of rA.
Stores the 32 low-order bits of the product to rB. The result is independent of whether rA is
treated as a signed or unsigned number.

Carry Detection and Overflow Detection:

For a discussion of carry and overflow detection, refer to the nul instruction.

A = Register index of operand rA

B = Register index of operand rB
| MML2 = 12-bit signed immediate value

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12

11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x2

A (srcl)

B (dst)

0xB

IMM12 (src2)

May 2011  Altera Corporation
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mulxss multiply extended signed/signed
Operation: rC < ((signed) rA) x ((signed) rB)) 3.2

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

mul xss rC, rA rB

mul xss r6, r7, r8

Treating rA and rB as signed integers, mul xss multiplies rA times rB, and stores the 32
high-order bits of the product to rC.

Nios Il DPX MTPs that do not implement the mul xss instruction cause an unimplemented
instruction exception.

Use nul xss and nul to compute the full 64-bit product of two 32-bit signed integers.
Furthermore, nul xss can be used as part of the calculation of a 128-bit product of two 64-bit
signed integers. Given two 64-bit integers, each contained in a pair of 32-bit registers,
(S1:U1) and (S2 : U2), their 128-bit product is (U1 x U2) + ((S1 x U2) << 32) + ((U1 x S2)
<< 32) + ((S1 x S2) << 64). The nul xss and mul instructions are used to calculate the 64-bit
product S1 x S2.

rB cannot be an extended register.

Unimplemented instruction

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srct) B (src2) C (dst) 0 0 0x1F
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mulxsu

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

multiply extended signed/unsigned

rC < ((signed) rA) x ((unsigned) rB)) g3 30

mul xsu rC, rA rB

mul xsu r6, r7, r8

Treating rA as a signed integer and rB as an unsigned integer, nul xsu multiplies rA times rB,
and stores the 32 high-order bits of the product to rC.

Nios I DPX MTPs that do not implement the mul xsu instruction cause an unimplemented
instruction exception.

mul xsu can be used as part of the calculation of a 128-bit product of two 64-bit signed

integers. Given two 64-bit integers, each contained in a pair of 32-bit registers, (S1: U1) and
(S2 : U2), their 128-bit product is: (U1 x U2) + ((S1 x U2) << 32) + ((U1 x S2) << 32) + ((S1
x 52) << 64). The mul xsu and nul instructions are used to calculate the two 64-bit products
S1x U2and U1 x S2.

rB cannot be an extended register.™

Unimplemented instruction

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

A (srcl)

B (src2)

C (dst)

May 2011  Altera Corporation
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mulxuu

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

multiply extended unsigned/unsigned

rC < ((unsigned) rA) x ((unsigned) rB)) g3 20
mul xuu rC, rA rB

mul xuu r6, r7, r8

Treating rA and rB as unsigned integers, nul xuu multiplies rA times rB and stores the 32
high-order bits of the product to rC.

Nios || DPX MTPs that do not implement the mul xuu instruction cause an unimplemented
instruction exception.

Use mul xuu and nul to compute the 64-bit product of two 32-bit unsigned integers.
Furthermore, nul xuu can be used as part of the calculation of a 128-bit product of two 64-bit
signed integers. Given two 64-bit signed integers, each contained in a pair of 32-bit registers,
(S1:U1) and (S2 : U2), their 128-bit product is (U1 x U2) + ((S1 x U2) << 32) + ((U1 x S2)
<< 32) + ((S1 x S2) << 64). The nul xuu and mul instructions are used to calculate the 64-bit
product U1 x U2.

mul xuu also can be used as part of the calculation of a 128-bit product of two 64-bit unsigned
integers. Given two 64-bit unsigned integers, each contained in a pair of 32-bit registers, (T1:
U1) and (T2 : U2), their 128-bit product is (U1 x U2) + ((U1 x T2) << 32) + ((T1 x U2) << 32)
+ ((T1 x T2) << 64). The nul xuu and mul instructions are used to calculate the four 64-bit
products U1 x U2, U1 x T2, T1 x U2, and T1 x T2.

rB cannot be an extended register.

Unimplemented instruction

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srcl) B (src2) C (dst) 0 0 0x7
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nextpc

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

get address of following instruction

rC <PC + 4
nextpc rC
nextpc ré

Stores the address of the next instruction to register rC.

A relocatable code fragment can use next pc to calculate the address of its data segment.
next pc is the only way to access the PC directly.

None

None

R-3

C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3 A (srcl) B (src2) C (dst) o] o 0x15

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook



9-78 Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

nop no operation
Operation: None

Assembler Syntax: nop

Example: nop

Description: nop does nothing.

Exten_degl Register None

Restrictions:

Pseudo-instruction: nop is implemented as add zero, zero, zero.

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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nor

Operation: rC <—~(rA | B)

Assembler Syntax: nor rC, rA rB

Example: nor r6, r7, r8

Description:

Extended Register rB cannot be an extended register.
Restrictions:

Exceptions: None

Instruction Type: R-3

Instruction Fields:

A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

bitwise logical nor

Calculates the bitwise logical NOR of rA and rB and stores the result in rC.

31‘30‘29‘28 27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

A (srcl)

B (src2)

C (dst)

May 2011

Altera Corporation

Nios Il DPX Datapath Processor Handbook
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or bitwise logical or

Operation: rC<«rA|rB

Assembler Syntax: or rC, rA B

Example: or r6, r7, r8

Description: Calculates the bitwise logical OR of rA and rB and stores the result in rC.

Extended Register rB cannot be an extended register.

Restrictions:

Exceptions: None

Instruction Type: R-3

Instruction Fields:

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31 ‘30 ‘29 ‘28 27 ‘26 |25 |24 |23 |22

21 ‘ZD ‘19 ‘18 ‘17 ‘16 15 ‘14 ‘13 ‘12 ‘11 ‘10

0x3

A (srcl)

C (dst)

Nios Il DPX Datapath Processor Handbook

May 2011

Altera Corporation



Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

9-81

orhi bitwise logical or immediate into high halfword
Operation: rB <rA| (IMM16 : 0x0000)
Assembler Syntax: orhi rB, rA |ML6
Example: orhi r6, r7, 100
Description: Calculates the bitwise logical OR of rA and (IMM16 : 0x0000) and stores the result in rB.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: [-16
Instruction Fields: A= Register index of operand rA
B = Register index of operand rB
| ML6 = 16-bit signed immediate value
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
OxE A (srci) B (dst) IMM16 (src2)

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook
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ori

Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

hitwise logical or inmediate
rB «<—rA | (0x0000 : IMM16)
ori rB, rA |ML6
ori r6, r7, 100
Calculates the bitwise logical OR of rA and (0x0000 : IMM16) and stores the result in rB.

None

None

[-16

A = Register index of operand rA

B = Register index of operand rB

| ML6 = 16-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0xA

A (srcl) B (dst) IMM16 (src2)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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rdctl

Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

read from control register
rC < ctIN
rdctl rC ctIN
rdctl r3, ctl31
Reads the value contained in control register ctIN and writes it to register rC.

Applicable both to standard control registers and extended control registers.

None

R-3
C = Register index of operand rC
N = Control register index of operand ctIN

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

0X0 C (dst) ol o 0x26

May 2011  Altera Corporation
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ret return from subroutine
Operation: PC<«ra

Assembler Syntax: ret

Example: ret

Description: Transfers execution to the address inra.

Usage: Any subroutine called by cal I orcal | r must use ret to return.

Exten_degl Register None

Restrictions:

Instruction Type: R-3

Instruction Fields: None

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 (8 | 7 | 6|5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x3

0 0 0 0 0 0x5

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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rol rotate left

Operation: rC «<rA rotated left rB, g bit positions

Assembler Syntax: rol rC, rA rB

Example: rol r6, r7, r8

Description: Rotates rA left by the number of bits specified in rB,_gand stores the result in rC. The bits that
shift out of the register rotate into the least-significant bit positions. Bits 31-5 of rB are
ignored.

Exten_degl Register rB cannot be an extended register.

Restrictions:

Exceptions: None

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0
0x3 A (srcl) B (src2) C (dst) o] o Ox4

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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roli

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

rotate left inmediate

rC < rA rotated left IMMS5 bit positions
roli rC rA |Mb
roli r6, r7, 3

Rotates rA left by the number of bits specified in IMMS and stores the result in rC. The bits that
shift out of the register rotate into the least-significant bit positions.

In addition to the rotate-left operation, rol i can be used to implement a rotate-right operation.
Rotating left by (32 — IMMS5) bits is the equivalent of rotating right by IMM5 bits.

None

None

-5

A = Register index of operand rA

C = Register index of operand rC

| MVb = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

0x1

A (src) B (dst) 0x0 0 0x0

IMM5 (src2)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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ror

Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

rotate right

rC «rA rotated right rBy4 g bit positions
ror rC, rA B

ror ré, r7, r8

Rotates rA right by the number of bits specified in rB4 o and stores the result in rC. The bits that
shift out of the register rotate into the most-significant bit positions. Bits 31— 5 of rB are
ignored.

rB cannot be an extended register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|G 5‘4‘3‘2‘1‘0

0x3 A (srcl) B (src2) C (dst) o] o 0xC

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook



9-88 Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface

The Nios Il DPX MTP Instruction Set

sl shift left logical
Operation: rC <—rA << (rB4. o)

Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

sll rC, rA B
sl r6, r7, r8

Shifts rA left by the number of bits specified in rB4_g (inserting zeroes), and then stores the
resultin rC. sl | performs the << operation of the C programming language.

rB cannot be an extended register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srct) B (src2) C (dst) 0 0 0x14

Nios Il DPX Datapath Processor Handbook May 2011 Altera Corporation
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Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

rC < rA << IMM5
slli rC, rA | Mb
slli r6, r7, 3

shift left logical immediate

Shifts rA left by the number of bits specified in IMM5 (inserting zeroes), and then stores the

result in rC.

sl i performs the << operation of the C programming language.

None

None

-5

A = Register index of operand rA

C = Register index of operand rC

| MVb = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12

11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

0x1

A (src1) C (dst)

0x0

IMM5 (src2)

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook
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Sra

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

shift right arithmetic
rC < (signed) rA >> ((unsigned) rB, o)
srarC rA rB

srar6, r7, r8

Shifts rA right by the number of bits specified in rB4_g (duplicating the sign bit), and then stores
the result in rC. Bits 31-5 are ignored.

sra performs the signed >> operation of the C programming language.

rB cannot be an extended register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C=Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srct) B (src2) C (dst) 0 0 0x3C

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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srai

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

shift right arithmetic immediate
rC < (signed) rA >> ((unsigned) IMM5)
srai rC, rA IMb

srai r6, r7, 3

Shifts rA right by the number of bits specified in IMM5 (duplicating the sign bit), and then
stores the result in rC.

srai performs the signed >> operation of the C programming language.

None

None

I-5

A = Register index of operand rA

C = Register index of operand rC

| MVb = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

0x1

A (srcl) C (dst) 0x0 0 0x7 IMM5 (src2)

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook



9-92

Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

srl

Operation:

Assembler Syntax:

Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

shift right logical
rC < (unsigned) rA >> ((unsigned) rBy )
srl rC rA rB

srl r6, r7, r8

Shifts rA right by the number of bits specified in rB4 ¢ (inserting zeroes), and then stores the
result in rC. Bits 31-5 are ignored.

srl performs the unsigned >> operation of the C programming language.

rB cannot be an extended register.

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C= Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

A (srct) B (src2) C (dst) 0 0 0x1C

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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srli

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

shift right logical immediate

rC < (unsigned) rA >> ((unsigned) IMM5)
srli rC, rA | Mb
srli r6, r7, 3

Shifts rA right by the number of bits specified in IMM5 (inserting zeroes), and then stores the
result in rGC.

srli performs the unsigned >> operation of the C programming language.

None

None

I-5

A = Register index of operand rA

C = Register index of operand rC

| MVb = 5-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0

0x1

A (srcl) C (dst) 0x0 0 0x3 IMM5 (src2)

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook
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sth

Operation:
Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Instruction Type:

Instruction Fields:

store hyte to memory or 1/0 peripheral

Mem8[rA + o (IMM12)] < B, ,
stb rB, byte offset(rA)
stb r6, 100(rb5)

Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Stores the low byte of rB to the memory byte specified by the effective
address.

rA cannot be an extended register.

[-12

A = Register index of operand rA

B = Register index of operand rB

| ML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x2

A (st data src) B (addr src) 0x8 IMM12 (addr offset)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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sth store halfword to memory or 1/0 peripheral

Operation: Mem16[rA + 6 (IMM12)] <= rBy5 ¢

Assembler Syntax: sth rB, byte_offset(rA)

Example: sth r6, 100(rb5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Stores the low halfword of rB to the memory location specified by the
effective byte address. The effective byte address must be halfword aligned. If the byte address
is not a multiple of 2, the operation is undefined.

Usage:

Extended Register rA cannot be an extended register.

Restrictions:

Instruction Type: 1-12

Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
| MML2 = 12-Dit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x2

A (st data src) B (addr src)

0x9

IMM12 (addr offset)

May 2011  Altera Corporation

Nios Il DPX Datapath Processor Handbook



9-96

Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

stw store word to memory or 1/0 peripheral

Operation: Mem32[rA + 6 (IMM12)] «<-rB

Assembler Syntax: stwrB, byte offset(rA)

Example: stw r6, 100(rb5)

Description: Computes the effective byte address specified by the sum of rA and the instruction's signed
12-bit immediate value. Stores rB to the memory location specified by the effective byte
address. The effective byte address must be word aligned. If the byte address is not a multiple
of 4, the operation is undefined.

Usage:

:’éts‘:':i‘l‘:?o::_gism rA cannot be an extended register.

Instruction Type: I-12

Instruction Fields: A = Register index of operand rA
B = Register index of operand rB
| MML2 = 12-bit signed immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0x2 A (st data src) B (addr src) OxA IMM12 (addr offset)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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sub subtract
Operation: rC«rA-rB
Assembler Syntax: sub rC, rA rB
Example: sub r6, r7, r8
Description: Subtract rB from rA and store the result in rC.
Usage: Carry Detection (unsigned operands):

The carry bit indicates an unsigned overflow. Before or after a sub operation, a carry out of
the MSB can be detected by checking whether the first operand is less than the second
operand. The carry bit can be written to a register, or a conditional branch can be taken based
on the carry condition. The following examples show both cases.

sub rC, rA rB # The original sub operation (optional)
cnpltu rD, rA rB #rDis witten with the carry bit

sub rC, rA B # The original sub operation (optional)
bltu rA rB, |abel # Branch if carry generated

Overflow Detection (signed operands):

Detect overflow of signed subtraction by comparing the sign of the difference that is written
to rC with the signs of the operands. If rA and rB have different signs, and the sign of rC is
different than the sign of rA, an overflow occurred. The overflow condition can control a
conditional branch, as shown in the following example.

sub rC, rA B # The original sub operation
xor rD, rA rB # Conpare signs of rA and rB
xor rE, rA rC # Conpare signs of rAand rC
and rD, rD rE # Conbi ne conparisons

blt rD, zero, |abel # Branch if overfl ow occurred

Extended Register rB cannot be an extended register.
Restrictions:

Exceptions: None

Instruction Type: R-3

Instruction Fields: A = Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 21‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0
0x3 A (srcl) B (src2) C (dst) 0 0 0x39

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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subi subtract immediate
Operation: rB <~ rA - o (IMMED)

Assembler Syntax:
Example:

Description:

Usage:

Extended Register
Restrictions:

Pseudo-instruction:

subi rB, rA | MED
subi r8, r8, 4

Sign-extends the immediate value IMMED to 32 bits, subtracts it from the value of rA and then
stores the result in rB.

The maximum allowed value of IMMED is 32768. The minimum allowed value is
-32767.

None

subi isimplemented as addi rB, rA -1 MVED

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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trap trap
Operation: ea < PC+4
PC < exception handler address
Assembler Syntax: trap
trap i mb
Example: trap
Description: Saves the address of the next instruction in register ea, and transfers execution to the

exception handler. The address of the exception handler is specified at system generation time.

The 5-bit immediate field i nb is ignored by the processor, but it can be used by the debugger.

t rap with no argument is the same astrap 0.

Usage: To return from the exception handler, execute an er et instruction.
Exten_degl Register None

Restrictions:

Exceptions: Trap

Instruction Type: I-5

Instruction Fields: | MVb = Type of breakpoint

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12 11‘10‘9|8 7|6|5 4‘3‘2‘1‘0
0x1 0 Ox1d 0X0 0 0x4 IMMS5 (src2)

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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write to control register

wrctl
Operation: ctIN < rA
Assembler Syntax: wetl ctIN rA
Example: wetl ctl6, r3
Description: Writes the value contained in register rA to the control register ctIN.
Applicable both to standard control registers and extended control registers.
Eentet Touster  on
Exceptions:
Instruction Type: R-3
Instruction Fields: A = Register index of operand rA

N = Control register index of operand ctIN

31‘30‘29‘28 27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3 A (srcl)

N (dst)

0x0

Nios Il DPX Datapath Processor Handbook

May 2011

Altera Corporation



Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface 9-101
The Nios Il DPX MTP Instruction Set

xor bitwise logical exclusive or
Operation: rC«<rA"rB
Assembler Syntax: xor rC, rA rB
Example: xor r6, r7, r8
Description: Calculates the bitwise logical exclusive-or of rA and rB and stores the result in rC.
Extended Register rB cannot be an extended register.
Restrictions:
Exceptions: None
Instruction Type: R-3
Instruction Fields: A= Register index of operand rA

B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0
0x3 A (src1) B (src2) C (dst) ol o OX1E

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook
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xorhi

Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

bitwise logical exclusive or immediate into high halfword

rB < rA " (IMM16 : 0x0000)
xorhi rB, rA | ML6

xorhi r6, r7, 100

Calculates the bitwise logical exclusive XOR of rA and (IMM16 : 0x0000) and stores the result
in rB.

None

None

1-16

A = Register index of operand rA

B = Register index of operand rB

| ML6 = 16-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

OxF

A (srct) B (dst) IMM16 (src2)

Nios Il DPX Datapath Processor Handbook May 2011  Altera Corporation
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Xori bitwise logical exclusive or immediate

Operation: rB <—rA * (0x0000 : IMM16)

Assembler Syntax: xori rB, rA |MIL6

Example: xori r6, r7, 100

Description: Calculates the bitwise logical exclusive OR of rA and (0x0000 : IMM16) and stores the result in
rB.

Exten_degl Register None

Restrictions:

Exceptions: None

Instruction Type: I-16

Instruction Fields: A= Register index of operand rA
B = Register index of operand rB
| ML6 = 16-bit unsigned immediate value

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘ 9 | 8 | 7 | 6 | 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0

0xB A (srct) B (dst) IMM16 (src2)

May 2011  Altera Corporation
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Nios Il DPX Extended Instruction Set Reference

This section describes Nios Il DPX MTP instructions that are specific to event-driven,
multi-threaded processing.

Table 9-16 lists option codes that you can use in the message control word argument
to the snd and sndi instructions. These option codes are defined in nios2dpx.h.

Table 9-16. OPT bits

Instruction OPT Field
Bit Bit
31:9 26:4 — Reserved

Bypass the sequence number reorder buffer. Turning this option on has
the following effects:

Name Description

m Prevents the message from being reordered

m Prevents the message sequence number from being returned to the
8 3 OPT_KEEPSEQNUM free sequence number list

For information about how to use this flag correctly, see “Advanced
Topics” on page 5-23.

This flag has no effect if sequence number ordering is disabled in the
hardware.

Pass message through the CID reorder buffer. This option enables the
message to be reordered by CID.

Transfer control of thread to the scheduler. Tell the scheduler to release
the thread (exit) after snd instruction.

This option is used to save a thread cycle when a task exits. if another
task is not ready to run, the thread might continue to execute until it
reaches an exi t instruction. This behavior is not predictable.

You must restrict use of the OPT_SNDEXI T option to tasks implemented
in assembly language. In C, it would terminate the thread before the
epilogue runs, corrupting the stack.

5 0 OPT_FREECI D | Free the associated GID.

7 2 OPT_Cl DORDER

6 1 OPT_SNDEXI T

Table 9-17 and Table 9-18 specify the argument encodings used by the snd and sndi
instructions.

Table 9-17. Message Destination Word

31‘30‘29‘zs‘z1‘zs|zs|z4|zs|zz‘z1‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|s|7|s|5‘4‘3‘2‘1‘n
DSTID OTID

Table 9-18. Message Control Word
31‘30‘29‘28‘27‘26|25|24|23|22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 | 8 | 7 | 6 | 5| 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
OPT (snd) LENGTH (1)
| OPT (sndi ) (2) LENGTH (7)

Note to Table 9-18:
(1) To transmit all available TX registers, set LENGTH to zero.
(2) The sndi instruction limits the message control word to a 16-bit immediate value. Therefore sndi only supports 11 option bits.

For the meanings of the option bits, see Table 9-16.
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Table 9-19 lists the status codes supported by the extended instructions. These status

codes are defined in nios2dpx.h.

Table 9-19. Extended Instruction Status Codes

Status Code

ERR_OK

Instruction successful

ERR NO | D

Thread does not own a TXID or CID

ERR BUF_FULL

Queue is full

May 2011  Altera Corporation
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cidalloc

Operation:

Assembler Syntax:

Example:

Description:

Extended Register

Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

CID allocate

Obtains a new CID.
cidalloc rC

cidalloc r1

Gets a new CID and swaps to it, keeping the old CID in reserve. Does nothing if there isa CID in
reserve already. ci dal | oc also gets a TXID if needed

Set r Cto the status as follows:
m ERR OK—The new CID and TXID are valid.

m ERR NO | D—Failure to allocate either a valid CID or a valid TXID. The thread continues to
use the old CID.

If CIDs are not implemented in the Nios || DPX datapath processor, the ci dal | oc instruction is
treated as a nop.

Once allocated, the currently active CID is switched to the new CID. Following a snd instruction,
the currently active CID reverts to the original CID.

None

R-3

C = Register index of operand rC

31‘30‘29‘28

27‘26|25|2

4|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3

0

0 C (dst) ol o 0x12
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exit exit
Operation: Exits the currently running thread.
Assembler Syntax: exit
Example: exit
Description: If the thread owns an RXID, mark it invalid and release it to the RXID free list. Then put the
processor thread into an idle state.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: R-3
31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 (8 | 7 | 6 (5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0
0x3 0 0 0 0 0 OxA
May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook



9-108

Chapter 9: Nios Il DPX MTP Instruction Set and Application Binary Interface
The Nios Il DPX MTP Instruction Set

rxfree
Operation: Frees the RXID of a thread
Assembler Syntax: rxfree rC
Example: rxfree ré
Description: T :
Does nothing if the thread did not own an RXID.
Sets r Cto the status as follows:
m ERR OK—The RXID is valid and is freed successfully.
m ERR NO | D—The RXID is not valid.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: R-3

Instruction Fields:

RXID free

Returns a thread's RXID to the RXID free list, and marks the thread as not owning an RXID.

If the hardware is configured with zero RXIDs, this instruction is treated as nop.

C = Register index of operand rC

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

0

0

C (dst)
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Operation:
Assembler Syntax:
Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

send

Sends a message with register message control word
snd rC, rA rB
snd rl, r2, r3

Sends a message using the current CID. If there is a CID in reserve, switch to it, else, continue
with the current CID. Mark the CID in reserve as invalid to allow another ci dal | oc to work.

The snd instruction specifies:

m The PE — by using a unique destination ID (DSTI D)

m The operation to run on that PE (OTI D)

m Some operational flags (OPT)

m The number of TX registers to send in the message (LENGTH)

Adds the message specified by the message destination and control words to the Tx message
queue

If thread owns a TXID, mark it invalid.

r A= Message destination word. See Table 9-17 on page 9-104.

r B = Message control word. See Table 9-18 on page 9-104.

Sets r Cto the status as follows:

m ERR OX—The message is sent correctly.

m ERR NO I D—No TXID is owned. The message is not sent.

m ERR BUF_FULL—The TX queue is full. The message is not sent.

None

None

R-3

A = Register index of operand rA
B = Register index of operand rB
C = Register index of operand rC

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10 9 8|7|6 5‘4‘3‘2‘1‘0

0x3 A (srcl) B (src2) C (dst) 0 0 0x22
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Operation:

Assembler Syntax:

Example:

Description:

Extended Register
Restrictions:

Exceptions:

Instruction Type:

Instruction Fields:

send immediate

Sends a message with immediate message control word

sndi rB, rA imm6

sndi r1, r2, imr6

r A= Message destination word. See Table 9—-17 on page 9-104.

i L6 = Message control word. See Table 9-18 on page 9-104.

Because the message control word is limited to a 16-bit immediate value, this instruction only
supports 11 option bits.

Aside from specifying the limitations on the message control word, the sndi instruction is
identical to the snd instruction.

None

None

[-16
A = Register index of operand rA
B = Register index of operand rB

31‘30‘29‘28 27‘26|25|24|23|22 21‘20‘19‘18‘17‘16 15‘14‘13‘12‘11‘10‘9|8|7|6|5‘4‘3‘2‘1‘0

0x4

A (srcl) B (dst) IMM16 (src2)
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txalloc TXID allocate
Operation: Requests a TXID.
Assembler Syntax: txalloc rC
Example: txalloc r6
Description: If the thread does not currently own a TXID, request one. The return value indicates whether the
thread owns a valid TXID or not. If TXID is valid, set <status>=0 [ERR_OK]. If TXID is not
valid, set <status>=1[ERR_NO_ID]. Returns: rC = <status>.
If the hardware is configured with zero TXIDs, this instruction is treated as nop.
Exten_degl Register None
Restrictions:
Exceptions: None
Instruction Type: R-3

Instruction Fields:

C = Register index of operand rC

31‘30‘29‘28

27‘26|25|24|23|22

21‘20‘19‘18‘17‘16

15‘14‘13‘12‘11‘10

0x3

0

0

C (dst)
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The Nios Il DPX MTP Application Binary Interface

This section describes the Application Binary Interface (ABI) for the Nios II DPX MTP.
The ABI describes:

m How data is arranged in memory
m Behavior and structure of the stack

m  Function calling conventions

Data Types

Table 9-20 shows the size and representation of the C data types for the Nios Il DPX
MTP.

Tahle 9-20. Representation of Data Types

Type Size (Bytes) Representation
char, signed char 1 two’s complement (ASCII)
unsigned char 1 binary (ASCII)
short, signed short 2 two’s complement
unsigned short 2 binary
int, signed int 4 two’s complement
unsigned int 4 binary
long, signed long 4 two’s complement
unsigned long 4 binary
pointer 4 binary
long long 8 two’s complement
unsigned long long 8 binary

Memory Alignment
Contents in memory are aligned as follows:
m A function must be aligned to a minimum of 32-bit boundary.

® The minimum alignment of a data element is its natural size. A data element larger
than 32 bits need only be aligned to a 32-bit boundary.

m Structures, unions, and strings must be aligned to a minimum of 32 bits.

m Bit fields inside structures are always 32-bit aligned.

Register Usage

The ABI adds additional usage conventions to the Nios II DPX MTP register file
defined in Chapter 5, Software Programming Model. The ABI uses the registers as
shown in Table 9-21.
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L=~ The general purpose registers r 32 through r 63 are reserved registers. The Nios Il DPX
C compiler ignores these registers when doing register allocation.

Table 9-21. Nios Il DPX ABI Register Usage

Register | Name é’(:::i?gr s;ﬂ?% ) Normal Usage

ro zero v 0x00000000

ri at Assembler temporary

r2 v Return value (least-significant 32 bits)
r3 v Return value (most-significant 32 bits)
ra v Register arguments (first 32 bits)

rs v Register arguments (second 32 bits)
ré v Register arguments (third 32 bits)

rv v Register arguments (fourth 32 bits)
rs v

ro v

rio0 v

ri1 v )

0 v Caller-saved general-purpose registers
ri3 v

ria v

ris v

ri6 v v

ri7 v v

risg v v

ri9 v v

r20 v v Callee-saved general-purpose registers
r2l v v

r22 v v

r23 v v

r24 v v

r25 bt Break temporary

r26 gp v Global pointer

r27 sp v Stack pointer

r28 fp v 2) Frame pointer

r29 ea Exception return address

r30 ba Break return address

r3l ra v Return address

Notes to Table 9-21:

(1) Afunction can use one of these registers if it saves it first. The function must restore the register’s original value
before exiting.

(2) If the frame pointer is not used, the register is available as a callee-saved temporary register. Refer to “Frame
Pointer Elimination” on page 9-116.
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Stacks

The endianness of values greater than 8 bits is BE-8.

For information about BE-8 data representation, refer to the Nios II DPX Architecture
chapter, in the Nios II DPX Hardware Reference section of the Nios II DPX Datapath
Processor Handbook.

The stack grows downward, towards lower addresses. The stack pointer points to the
last used slot. The frame pointer points to the saved frame pointer near the top of the
stack frame.

Function Stack Setup

Figure 9-1 shows an example of the structure of a current frame. In this case, function
a() calls function b(), and the stack is shown before the call and after the prologue in
the called function has completed.

Figure 9-1. Stack Pointer, Frame Pointer and the Current Frame

Higher addresses

Stack pointer —p»|

Lower addresses

In function aQ) In function b()
Just prior to calling b() Just after executing prologue
Outgoing Incoming
stack stack Allpcatﬁd anltlj_ frefed b)_/ aQ)
arguments arguments (i.e. the calling function)

Return address

Saved frame
Frame pointer —p» pointer

Other saved
registers

Space for

stack Allocated and freed by b(Q)
temporaries (i.e. the current function)

Space for
outgoing
stack

) arguments
Stack pointer —p» 9

Each section of the current frame is aligned to a 32-bit boundary. The ABI requires the
stack pointer be 32-bit aligned at all times.

Task Stack Setup

Use the t ask attribute to designate a function as a task entry point.

The task prologue sets up the stack and frame pointers much like the standard
prologue. Unlike the normal prologue, the task prologue does not save the
callee-saved registers. The task function assumes all callee saved registers are empty
scratch registers upon entry into the task function. Another difference between a task
and a standard function is that a task function has no arguments on the stack.
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The task epilogue restores the stack and frame pointers just like the normal epilogue.
Unlike the normal epilogue, the task epilogue does not restore the callee-saved
registers. The task epilogue terminates with the exi t instruction instead of the r et
instruction.

A task function is declared as follows:

void __attribute_ (( task ( <task id>)) <task function name> () {}

Figure 9-2 shows an example of the stack for a task function. The stack is shown after
the prologue in the task has completed.

Figure 9-2. Stack Pointer in a Task Function

In task function b()
Just after executing prologue

Higher addresses

Return address

Frame pointer
Space for
stack
temporaries

Allocated and freed by b()
(the task function)

Stack pointer —p»

Lower addresses

May 2011

Naked Stack Setup

Use the naked attribute to indicate that the specified function does not need the
prologue and epilogue sequences generated by the compiler. It is up to the
programmer to provide these sequences.

Naked functions are used to implement the body of an assembly function, while
allowing the compiler to construct the requisite function declaration for the assembler.
The only statements that can be safely included in naked functions are assembly
language statements that do not have operands. Avoid using other statements,
especially declarations of local variables and i f statements.

A naked function is declared as follows:

void __attribute_ ((naked)) my_naked_function() {}
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Figure 9-3 shows an example of the stack for a naked function. The stack is shown
after control has passed to the first statement in the function.

Figure 9-3. Stack Pointer in a Naked Function

In function aQ) In naked function b()
Just prior to calling b() Just after receiving control

Higher addresses

Stack pointer —p»
Return address

Stack pointer —p»|

Lower addresses

Frame Pointer Elimination

The frame pointer is provided for debugger support. If you are not using a debugger,
you can optimize your code by eliminating the frame pointer, using the

-fom t-frane-poi nter compiler option. When the frame pointer is eliminated,
register f p is available as a temporary register.

Call Saved Registers

The compiler is responsible for saving registers that need to be saved in a function. If
there are any such registers, they are saved on the stack, from high to low addresses,
in the following order:ra,fp,r2,r3,r4,r5,16,r7,r8,r9,r10,r11,r12,r13,r14,r15,
ri6,r17,r18,r19,r20,r21,r22,r23,r24,r25, gp, and sp. Stack space is not allocated
for registers that are not saved.

Further Examples of Stacks

There are a number of special cases for stack layout, which are described in this
section.

Stack Frame for a Function With alloca()

The Nios II DPX stack frame implementation provides support for the al | oca()
function, defined in the Berkeley Software Distribution (BSD) extension to C, and
implemented by the gcc compiler. Figure 9—4 depicts what the frame looks like after
al | oca() is called. The space allocated by al | oca() replaces the outgoing arguments
and the outgoing arguments get new space allocated at the bottom of the frame.
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I

Figure 9-4. Stack Frame after Calling alloca()

The Nios II DPX C compiler maintains a frame pointer for any function that calls
alloca(), evenif -foni t-frame-pointer is specified.

higher addresses

lower addresses

Before

space for

outgoing
stack

arguments

After calling alloca()

memory
allocated
by
alloca()

space for
outgoing
stack

\ arguments

—sp
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Stack Frame for a Function with Variable Arguments

Functions that take variable arguments (var ar gs) still have their first 16 bytes of
arguments arriving in registers r 4 through r 7, just like other functions.

In order for var ar gs to work, functions that take variable arguments allocate 16 extra
bytes of storage on the stack. They copy to the stack the first 16 bytes of their
arguments from registers r 4 through r 7 as shown in Figure 9-5.

Figure 9-5. Stack Frame Using Variahle Arguments

Stack pointer —p»|

In function aQ) In function bQ
Just prior to calling bQ) Just after executing prologue
Higher addresses —Mm8@™@™Mm8¥ ——-------------- " ———— — — — — — — — — —
Outgoing Incoming Allocated and freed by a()
stack stack N X !
(i.e. the calling function)
arguments arguments
Copy of r7
Copy of r6
Copy of 15
Copy of r4

Return address

Saved frame

Frame pointer —pp»| pointer

Other saved

registers
Allocated and freed by b()
(i.e. the current function)
Space for
stack

temporaries

Space for
outgoing
stack

Stack pointer —p»| arguments

Lower addresses | [T oo =y L - - - - - =

Stack Frame for a Function with Structures Passed By Value

Functions that take st ruct value arguments still have their first 16 bytes of arguments
arriving in registers r 4 through r 7, just like other functions.

If part of a structure is passed using registers, the function might need to copy the
register contents back to the stack. This operation is similar to that required in the
variable arguments case as shown in Figure 9-5.

Function Prologues

The Nios II DPX C compiler generates function prologues that allocate the stack frame
of a function for storage of stack temporaries and outgoing arguments. In addition,
each prologue is responsible for saving the state of the calling function. This entails
saving certain registers on the stack. These registers, the callee-saved registers, are
listed in Table 9-21 on page 9-113. A function prologue is required to save a
callee-saved register only if the function uses the register.

Given the function prologue algorithm, when doing a back trace, a debugger can
disassemble instructions and reconstruct the processor state of the calling function.
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An even better way to find out what the prologue has done is to use information
stored in the DWARF-2 debugging fields of the executable and linkable format (.elf)
file.

The instructions found in a Nios II DPX function prologue perform the following
tasks:

m Adjust the stack pointer (to allocate the frame)

m Store registers to the frame

m  Set the frame pointer to the location of the saved frame pointer

Example 9-1 shows a function prologue.

Example 9-1. A function prologue

/* Adjust the stack pointer */

addi sp, sp, -16 /* make a 16-byte frane */

/* Store registers to the frame */

stw ra, 12(sp) /* store the return address */
stw fp, 8(sp) /* store the frame pointer*/

stw rl6, 4(sp) /* store call ee-saved register */
stw r17, O(sp) /* store callee-saved register */

/* Set the new frane pointer */
addi fp, sp, 8

Prologue Variations

The following variations can occur in a prologue:
m In a task function, callee-saved registers are not saved.
m In a naked function, the prologue is absent.

m If the function’s frame size is greater than 2047 bytes, extra temporary registers are
used in the calculation of the new stack pointer as well as for the offsets of where
to store callee-saved registers. The extra registers are needed because of the
maximum size of immediate values allowed by the Nios II DPX MTP.

m If the frame pointer is not in use, the final instruction, recalculating the frame
pointer, is not generated.

m If variable arguments are used, extra instructions store the argument registers on
the stack.

m If the compiler designates the function as a leaf function, the return address is not
saved.

m If optimizations are on, especially instruction scheduling, the order of the
instructions might change and become interlaced with instructions located after
the prologue.

Arguments and Return Values

This section discusses the details of passing arguments to functions and returning
values from functions.
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Arguments

The first 16 bytes to a function are passed in registers r 4 through r 7. The arguments
are passed as if a structure containing the types of the arguments were constructed,
and the first 16 bytes of the structure are located in r 4 through r 7.

A simple example:
int function (int a, int b);

The equivalent structure representing the arguments is:
struct { int a; int b; };

The first 16 bytes of the st ruct are assigned to r 4 through r 7. Therefore r 4 is assigned
the value of 4 and r 5 the value of b.

The first 16 bytes to a function taking variable arguments are passed the same way as
a function not taking variable arguments. The called function must clean up the stack
as necessary to support the variable arguments. Refer to “Stack Frame for a Function
with Variable Arguments” on page 9-118.

Return Values

Return values of types up to 8 bytes are returned in r 2 and r 3. For return values
greater than 8 bytes, the caller must allocate memory for the result and must pass the
address of the result memory as a hidden zero argument.

The hidden zero argument is best explained through an example.

Example 9-2. Returned struct

/* b() computes a structure-type result and returns it */
STRUCT b(int i, int j)

{

.réiurnresult;
}
void a(...)
{

value = b(i, j):
}

In Example 9-2, if the result type is no larger than 8 bytes, b() returns its resultin r 2
and r3.
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If the return type is larger than 8 bytes, the Nios II DPX C compiler treats this program
as if a() had passed a pointer to b() . Example 9-3 shows how the Nios II DPX C
compiler sees the code in Example 9-2.

Example 9-3. Returned struct is Larger than 8 Bytes

void b(STRUCT *p_result, int i, int j)
{
;*|.o._resul t =result;
}
void a(...)
STRUCT val ue;
.b-(;val ue, i, j);
}
DWARF-2 Definition

Registers r 0 through r 31 are assigned numbers 0 through 31 in all DWARF-2
debugging sections.

Object Files

Nios I DPX MTP object file headers contain Nios II DPX MTP-specific values as
shown in Table 9-22.

Table 9-22. Nios Il DPX MTP-Specific ELF Header Values

Member Value

e_ident[ El _CLASS| ELFCLASS32

e_i dent [ El _DATA] ELFDATA2LSB

e_machi ne EM ALTERA NI OS2 == 113
Relocation

In a Nios II DPX MTP object file, each relocatable address reference possesses a
relocation type. The relocation type specifies how to calculate the relocated
address.Table 9-23 lists the calculation for address relocation for each Nios II DPX
relocation type. The bit mask specifies where the address is found in the instruction.

Table 9-23. Nios Il DPX Relocation Calculation (Part 1 of 2)

Name Value (glv:‘:If(lo;r;) Helocalt:d( zl)ddress Bit Mask Bit ghift
R_NIOS2_NONE 0 n/a None n/a n/a
R_NI0S2_S16 1 Yes S+A 0x0000FFFF 0
R_NI0S2_U16 2 Yes S+A 0x0000FFFF 0
R_NIOS2_PCREL16 3 Yes ((S+A)-4)-PC 0x0000FFFF 0
R_NI0S2_CALL26 4 No (S+A)>>2 OXOFCFFFFF 0
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Table 9-23. Nios Il DPX Relocation Calculation (Part 2 of 2)

Name Value &v:;lf(lo;;) Reloca;ed( zl)ddress Bit Mask Bit ghift
R_NIOS2_IMM5 5 Yes (S+A) & 0x1F 0x000007C0 |0
R_NIOS2_CACHE_OPX 6 n/a None n/a n/a
R_NI0S2_IMM6 7 n/a None n/a n/a
R_NIOS2_IMM8 8 Yes (S +A) & OxFF 0x000000FF |0
R_NIOS2_HI16 9 No ((S +A) >> 16) & OxFFFF 0x0000FFFF |0
R_NIOS2_L016 10 No (S +A) & OXFFFF 0x0000FFFF |0
R_NIOS2_HIADJ16 11 No Adj(S+A) O0x0000FFFF |0
R_NIOS2_BFD_RELOC_32 12 No S+A OXFFFFFFFF 0
R_NIOS2_BFD_RELOC_16 13 Yes (S +A) & OXFFFF O0x0000FFFF |0
R_NIOS2_BFD_RELOC_8 14 Yes (S +A) & OxFF 0x000000FF |0
R_NIOS2_GPREL 15 No (S + A—GP) & OxFFFF 0x00000FFF |0
R_NI0OS2_GNU_VTINHERIT 16 n/a None n/a n/a
R_NIOS2_GNU_VTENTRY 17 n/a None n/a n/a

((S + A) >> 16) & OxFFFF,
R_NIOS2_UJMP 18 No OX0000FFFF |0
(S + A +4) & OxFFFF
((S +A) >> 16) & OXFFFF,
R_NI0S2_CJMP 19 No Ox0000FFFF |0
(S + A +4) & OxFFFF
((S +A) >> 16) & OxFFFF)
R_NIOS2_CALLR 20 No O0x0000FFFF |0
(S +A +4) & OxFFFF
R_NIOS2_ALIGN 21 n/a None n/a n/a
R_NI0S2_S12 41 Yes S+A 0x00000FFF |0
R_NIOS2_U12 42 Yes S+A 0x00000FFF |0
R_NI0OS2_BMX_LSB 43 Yes S+A 0x0000001F |0
R_NIOS2_BMX_MSB 44 Yes S+A 0x000003E0 |5
R_NIOS2_PCREL14_S2 45 Yes (((S+A)—4)-PC)>>2 0x00000FFF |0
R_NI0OS2_U20 46 Yes S+A 0XO00FFFFF 0
R_NIOS2_HI20 47 No ((S +A) >> 12) & OXFFFFF 0x000FFFFF 0
R_NIOS2_L012 48 No S+A 0x00000FFF |0
R_NIOS2_HIADJ20 49 No Adj20(S+A) 0x000FFFFF 0
R_NIOS2_ILLEGAL 22 n/a None None None

Notes to Tabhle 9-23:

(1) For relocation types where no overflow check is performed, the relocated address is truncated to fit the instruction.
(2) Expressions in this column use the following conventions:

n  S:Symbol address
A: Addend

PC: Program counter
GP: Global pointer

-0 oS oS 4D 4D oD

Nios Il DPX Datapath Processor Handbook

Adj(X): (((X >> 16) & OXFFFF) + ((X >> 15) & 0x1)) & OXFFFF
Adj20(X): (((X >> 12) & OXFFFFF) + ((X >> 11) & 0x1)) & OxFFFFF
BA: The base address at which a shared library is loaded
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With the information in Table 9-23, any Nios II DPX MTP instruction can be relocated
by manipulating it as an unsigned 32-bit integer, as follows:

X =(( R<<B) &M| ( X & ~M));

where:

m Ris the relocated address, calculated as shown in Table 9-23
B is the bit shift shown in Table 9-23

M is the bit mask shown in Table 9-23

Xis the original instruction

Xr is the relocated instruction

Development Environment

The following symbols are defined:

__nios2

_nios2__

_ NOS2

_NOS2_
__nios2_big_endian
__nhios2_big endian__
__nios2_6b

__nios2 6b
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|:| = o 10. SBT Reference for the Nios Il DPX
JAITERAY MTP

This chapter provides a complete reference of all available commands, options, and
settings for the Nios II SBT, as it applies to Nios II DPX software development. This
reference is useful for )developing your own software projects, packages, or device
drivers.

<o Before using this chapter, read Chapter 7, Getting Started from the Command Line,
and familiarize yourself with the parts of Chapter 8, Understanding the Nios II DPX
Board Support Package that are relevant to your tasks.
This chapter includes the following sections:
m  “Nios II Software Build Tools Utilities” on page 10-1

“Settings” on page 10-28

“Application and User Library Makefile Variables” on page 10-39

“Tcl Commands” on page 1042

“Path Names” on page 10-84

Nios Il Software Build Tools Utilities

The build tools utilities are an entry point to the Nios II SBT. Everything you can do
with the tools, such as specifying settings, creating makefiles, and building projects, is
made available by the utilities.

All Nios II SBT utilities share the following behavior:

m Sends error messages and warning messages to st derr.

B Sends normal messages (other than errors and warnings) to st dout .
Displays one error message for each error.

Returns an exit value of 1 if it detects any errors.

Returns an exit value of 0 if it does not detect any errors. (Warnings are not errors.)

If the hel p or ver si on command-line option is specified, returns an exit value of 0,
and takes no other action. Sends the output (help or version number) to st dout .

m When an error is detected, suppresses all subsequent operations (such as writing
files).
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Logging Levels

All the utilities support multiple status-logging levels. You specify the logging level
on the command line. Table 10-1 shows the logging levels supported. At each level,
the utilities report the status as listed under Description. Each level includes the
messages from all lower levels.

Table 10-1. Nios Il SBT Logging Levels

Logging Level Description

silent (lowest) No information is provided except for errors and warnings (sent to st derr).

Minimal information is provided (for example, start and stop operation of SBT
phases).

verbose Detailed information is provided (for example, lists of files written).

Debug information is provided (for example, stack backtraces on errors). This
level is for reporting problems to Altera.

default

debug (highest)

Table 10-2 shows the command-line options used to select each logging level. Only
one logging level is possible at a time, so these options are all mutually exclusive.

Tahle 10-2. Selecting Logging Level

Command-Line Option | Logging Level Comments
If there is no command-line option, the default level is
none default
selected.
--silent silent Selects silent level of logging.
--verbose verbose Selects verbose level of logging.
- - debug debug Selects debug level of logging.
-1 oq <f name> debug All information is written to <fname> in addition to
g being sent to the st dout and st derr devices.

Setting Values

The value of a setting is specified with the - - set command-line option to
nios2-bsp-create-settings or nios2-bsp-update-settings, or with the set _set ti ng Tcl
command. The value of a setting is obtained with the - - get command-line option to
nios2-bsp-query-settings or with the get _setti ng Tcl command.

For more information about settings values and formats, refer to “Settings” on
page 10-28.
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Utility and Script Summary
The following command-line utilities and scripts are available:
B “nios2-app-generate-makefile”
B “nios2-bsp-create-settings” on page 10-6

B “nios2-bsp-generate-files” on page 10-8

“nios2-bsp-query-settings” on page 10-9
“nios2-bsp-update-settings” on page 10-11
“nios2-lib-generate-makefile” on page 10-13
“nios2-bsp-editor” on page 10-15
“nios2-app-update-makefile” on page 10-16
“nios2-lib-update-makefile” on page 10-19

“nios2-swexample-create” on page 10-22

“nios2-elf-insert” on page 1023
B “nios2-elf-query” on page 10-24

B “nios2-bsp-console” on page 10-27
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nios2-app-

generate-makefile

Usage
ni 0s2- app- generate-makefile [--app-dir <directory>]

--bsp-dir <directory> [--debug]

[--elf-nanme <fil ename>] [--extended-help] [--help]
[--1og <filename>] [--no-src] [--set <nane> <val ue>]
[--silent] [--src-dir <directory>]

[--src-files <filenames>] [--src-rdir <directory>]
[--use-lib-dir <directory>] [--verbose]

[

--version]
Options
m --app-dir <directory>: Directory to place the application makefile and

executable and linking format file (.elf). If omitted, it defaults to the current
directory.

--bsp-dir <directory>: Specifies the path to the BSP generated files directory
(populated using the nios2-bsp-generate-files command).

- - debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

--el f-name <fi | enane>: Name of the .elf file to create. If omitted, it defaults to the
first source file specified with the file name extension replaced with .elf and placed
in the application directory.

- - ext ended- hel p: Displays full information about this command and its options.
- - hel p: Displays basic information about this command and its options.

--10g <fil ename>: Create a debug log and write to specified file. Also logs debug
information to st dout .

--no- src: Allows no sources files to be set in the Makefile. You must add source
files in manually before compiling

--set <name> <val ue>: Set the makefile variable called <name> to <value>. If the
variable exists in the managed section of the makefile, <value> replaces the default
settings. If the variable does not already exist, it is added. Multiple - - set options
are allowed.

--si | ent: Suppress information about the command’s operation normally sent to
st dout .

--src-dir <directory>: Searches for source files in <directory>. Use . to look in the
current directory. Multiple - - src- di r options are allowed.

--src-files <fil enames>: Adds a list of space-separated source file names to the
makefile. The list of file names is terminated by the next option or the end of the
command line. Multiple - - src-fi | es options are allowed.

--src-rdir <directory>: Same as - - src-di r option but recursively search for
source files in or under <directory>. Multiple - - src-rdi r options are allowed and
can be freely mixed with - -sr¢-di r options.

--use-|ib-dir <directory>: Specifies the path to a dependent user library
directory. The user library directory must contain a makefile fragment called
public.mk. Multiple - - use- | i b-di r options are allowed.
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m --verbose: Output verbose, and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.

Description

The nios2-app-generate-makefile command generates an application makefile
(called Makefile). The path to a BSP created by nios2-bsp-generate-files is a
mandatory command-line option. If no command-line arguments are specified, this
command returns an exit value of 1 and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-hsp-create-settings

Usage

ni 0s2-bsp-create-settings [--bsp-dir <directory>]

[--cmd <tcl comand>] [--cpu-nanme <cpu nanme>]

--debug] [--extended-hel p] [--get-cpu-arch]

--help] [--jdi <filename>]

-librarian-factory-path <directory>]

-librarian-path <directory>] [--1o0g <filenane>]

--script <filenane>] [--set <nanme> <val ue>]

-settings <filenane> [--silent]

--sopc <filenanme> --type <OS nanme> [--type-version <version>]
[--verbose] [--version]

[
[
[
[
[

Options

--bsp-dir <directory>: Path to the directory where the BSP files are generated.
Use . for the current directory. The directory <directory> must exist. This command
overwrites preexisting files in <directory> without warning.

--cmd <tcl command>: Runs the specified Tcl command. Multiple - - cnl options are
allowed.

--cpu-nane <cpu name>: The name of the Nios II DPX MTP that the BSP supports.
Optional for a single-processor system.

- - debug: Sends debug information, exception traces, verbose output, and default
information about the command’s operation, to st dout .

- - ext ended- hel p: Displays full information about this command and its options.

- - get - cpu- ar ch: Queries for processor architecture from the processor specified.
Does not create a BSP.

- - hel p: Displays basic information about this command and its options.

--jdi <filenane>: The location of the JTAG Debugging Information File (.jdi)
generated by the Quartus® II software. The .jdi file specifies the name-to-node
mappings for the JTAG chain elements. The tool inserts the .jdi path in public.mk.
If no .jdi path is specified, the command searches the directory containing

the .sopcinfo file, and uses the first .jdi file found.

--librarian-factory-path <directory> Comma separated librarian search path.
Use $ for default factory search path.

--librarian-path<direct ory> Comma separated librarian search path. Use $ for
default search path.

--10g <fil enane>: Creates a debug log and write to specified file. Also logs debug
information to st dout .

--script <fil ename>: Run the specified Tcl script with optional arguments.
Multiple - - scri pt options are allowed.

--set <name> <val ue>: Sets the setting called <name> to <value>. Multiple - - set
options are allowed.

--settings <fil ename>: File name of the BSP settings file to create. This file is
created with a .bsp file extension. It overwrites any existing settings file.
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m --silent:Suppresses information about the command’s operation normally sent
to stdout.

m --sopc <fil enane>: The SOPC Information File (.sopcinfo) used to create the BSP.
m --type <05 name>: BSP type. Set to | whal .

m --type-version <version>: BSP software component version. By default the
latest version is used. def aul t value can be used to reset to this default behavior.
Use ? to list available BSP types and versions.

m --verbose: Sends verbose output, and default information about the command’s
operation, to st dout .

m --version: Displays the version of this command and exits with a zero exit status.

Description

If you use nios2-bsp-create-settings to create a settings file without any
command-line options, Tcl commands, or Tcl scripts to modify the default settings, it
creates a settings file that fails when running nios2-bsp-generate-files. Failure occurs
because the nios2-bsp-create-settings command is able to create reasonable defaults
for most settings, but the command requires additional information for
system-dependent settings. The default Tcl scripts set the required system-dependent
settings. Therefore it is better to use default Tcl scripts when calling
nios2-bsp-create-settings directly. For an example of how to use the default Tcl
scripts, refer to the nios2-bsp script.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.

Example

ni os2-bsp-create-settings --settings nmy_settings.bsp --sopc \
../ ny_sopc.sopcinfo --type Iwhal --script default_settings.tcl

Altera Corporation Nios Il DPX Datapath Processor Handbook
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nios2-hsp-generate-files

Usage

ni 0s2- bsp-generate-files --bsp-dir <directory>
[--debug] [--extended-help] [--help]
[--librarian-factory-path <directory>]
[--librarian-path <directory>] [--10g <filenane>]
--settings <filenane> [--silent] [--verbose]
[--version]

Options

m --bsp-dir <directory>: Path to the directory where the BSP files are generated.
Use . for the current directory. The directory <directory> must exist. This command
overwrites preexisting files in <directory> without warning.

m --debug: Sends debug, exception trace, verbose, and default information about the
command’s operation to st dout .

m --extended- hel p: Displays full information about this command and its options.
m --hel p: Displays basic information about this command and its options.

m --librarian-factory-path<directory> Comma separated librarian search path.
Use $ for default factory search path.

m --librarian-path <directory> Comma separated librarian search path. Use $ for
default search path.

m --log<filename>: Creates a debug log and writes to specified file. Also logs
debug information to st dout .

m --settings <fil ename>: File name of an existing BSP Settings File (.bsp) to
generate files from.

m --silent:Suppresses information about the command’s operation normally sent
to st dout .

m --verbose: Sends verbose and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.

Description

The nios2-bsp-generate-files command populates the files in a BSP directory. The
path to an existing .bsp file and the path to the BSP directory are mandatory
command-line options. Files are written to the specified BSP directory. Generated files
are created unconditionally. Copied files are copied from the Nios II EDS installation
folder only if they are not present in the BSP directory, or if the existing files differ
from the installation files.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-hsp-query-settings

Usage

ni 0s2- bsp-query-settings [--cmd <tcl conmmand>]
[--debug] [--extended-help] [--get <nanme>]
[--get-all] [--help]
[--librarian-factory-path <directory>]
[--librarian-path <directory>] [--1o0g <filenane>]
[--script <filename>] --settings <fil ename>
[--showdescriptions] [--show nanes] [--silent]
[--verbose] [--version]

Options

m --cmd<tcl command>: Run the specified Tcl command. Multiple - - cndl options are
allowed.

m --debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

m --extended- hel p: Displays full information about this command and its options.

m --get <name>: Display the value of the setting called <name>. Multiple - - get
options are allowed. Each value appears on its own line in the order the - - get
options are specified. Mutually exclusive with the - - get -al | option.

m --get-all:Display the value of all BSP settings in order sorted by option name.
Each option appears on its own line. Mutually exclusive with the - - get option.

m --hel p: Displays basic information about this command and its options.

m --librarian-factory-path <directory> Comma separated librarian search path.
Use $ for default factory search path.

m --librarian-path<directory> Comma separated librarian search path. Use $ for
default search path.

m --log<filenane>: Create a debug log and write to specified file. Also logs debug
information to st dout .

m --script <filename>: Run the specified Tcl script with optional arguments.
Multiple - - scri pt options are allowed.

m --settings <filename>: File name of an existing BSP settings file to query settings
from.

m --showdescriptions: Displays the description of each option after the value.
m --show names: Displays the name of each option before the value.

m --silent:Suppress information about the command’s operation normally sent to
stdout.

m --verbose: Output verbose, and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.
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Description

The nios2-bsp-query-settings command provides information from a .bsp file. The
path to an existing .bsp file is a mandatory command-line option. The command does
not modify the settings file. Only requested information is displayed on st dout ; no
informational messages are displayed.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-hsp-update-settings

Usage

ni 0s2- bsp-updat e-settings [--bsp-dir <directory>]
[--cmd <tcl comand>] [--cpu-nanme <cpu nanme>]
[--debug] [--extended-help] [--help] [--jdi <filename>]
[--librarian-factory-path <directory>]
[--librarian-path <directory>] [--1o0g <filenane>]
[--script <filename>] [--set <nane> <val ue>]
--settings <filename> [--silent]
[--sopc <filenane>] [--verbose] [--version]

Options
m --bsp-dir <directory>: Path to the directory where the BSP files are generated.
Use . for the current directory. The directory <directory> must exist.

m --cmd<tcl command>: Run the specified Tcl command. Multiple - - cndl options are
allowed.

m --cpu-name <cpu nanme>: The name of the Nios Il DPX MTP that the BSP supports.
This argument is useful if the hardware design contains multiple Nios II DPX
MTPs. Optional for a single-processor design.

m --debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

m --extended- hel p: Displays full information about this command and its options.
m --hel p: Displays basic information about this command and its options.

m --jdi <filenanme>: The location of the .jdi file generated by the Quartus II
software. The .jdi file specifies the name-to-node mappings for the JTAG chain
elements. The tool inserts the .jdi path in public.mk. If no .jdi path is specified, the
command searches the directory containing the .sopcinfo file, and uses the
first .jdi file found.

m --librarian-factory-path <directory> Comma separated librarian search path.
Use $ for default factory search path.

m --librarian-path <directory> Comma separated librarian search path. Use $ for
default search path.

m --log<filenane>: Create a debug log and write to specified file. Also logs debug
information to st dout .

m --script <filename>: Run the specified Tcl script with optional arguments.
Multiple - - scri pt options are allowed.

m --set <nanme> <val ue>: Set the setting called <name> to <value>. Multiple - - set
options are allowed.

m --settings <fil ename>: File name of an existing BSP settings file to update.

m --silent:Suppress information about the command’s operation normally sent to
st dout .

m --sopc <filenane>: The .sopcinfo file to update the BSP with. It is recommended
to create a new BSP if the design has changed significantly. This argument is useful
if the path to the original .sopcinfo file has changed.
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m --verbose: Output verbose, and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.

Description

The nios2-bsp-update-settings command updates an existing Nios Il DPX MTP .bsp
file. The path to an existing .bsp file is a mandatory command-line option. The
command modifies the settings file so the file must have write permissions. You might
want to use the - - scri pt option to pass the default Tcl script to the
nios2-bsp-update-settings command to make sure that your BSP is consistent with
your system (this is what the nios2-bsp command does).

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-lih-generate-makefile

Usage

ni os2-1ib-generate-nmakefile [--bsp-dir <directory>]
[--debug] [--extended-help] [--help]

--lib-dir <directory>] [--lib-nane <filenane>]

--log <filenane>] [--no-src]

-public-inc-dir <directory>] [--set <name> <val ue>]

-silent] [--src-dir <directory>]

-src-files <filenames>] [--src-rdir <directory>]

-use-lib-dir <directory>] [--verbose]

--version]

[
[
[
[
[
[
[

Options

m --bsp-dir <directory>: Path to the BSP generated files directory (populated using
the nios2-bsp-generate-files command).

m --debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

m --extended- hel p: Displays full information about this command and its options.
m --hel p: Displays basic information about this command and its options.

m --lib-dir <directory>: Destination directory for the user library archive file (.a),
the user library makefile, and public.mk. If omitted, it defaults to the current
directory.

m --lib-nane <filename>: Name of the user library being created. The user library
file name is the user library name with a lib prefix and .a suffix added. Do not
include these in the user library name itself. If the user library name option is
omitted, the user library name defaults to the name of the first source file with its
extension removed.

m --log<filenane>: Create a debug log and write to specified file. Also logs debug
information to st dout .

® --no-src: Allows no sources files to be set in the Makefile. You must add source
files manually before compiling.

m --public-inc-dir <directory>: Path to a directory that contains C header files
(-h) that are to be made available (that is, public) to users of the user library. This
directory is added to the appropriate variable in public.mk. Multiple
--public-inc-dir options are allowed.

B --set <name> <val ue>: Set the makefile variable called <name> to <value>. If the
variable exists in the managed section of the makefile, <value> replaces the default
settings. It adds the makefile variable if it does not already exist. Multiple - - set
options are allowed.

m --silent:Suppress information about the command’s operation normally sent to
stdout.

m --src-dir <directory>: Search for source files in <directory>. Use . to look in the
current directory. Multiple - - src- di r options are allowed.

May 2011  Altera Corporation Nios Il DPX Datapath Processor Handbook



10-14

Chapter 10: SBT Reference for the Nios Il DPX MTP
Nios Il Software Build Tools Utilities

--src-files<filenanes>: A list of space-separated source file names added to the
makefile. The list of file names is terminated by the next option or the end of the
command line. Multiple - - src-f il es options are allowed.

--src-rdir <directory>: Same as --src-di r option but recursively search for
source files in or under <directory>. Multiple - - sr¢-rdi r options are allowed and
can be freely mixed with - - src-di r options.

--use-lib-dir <directory>: Path to a dependent user library directory. The user
library directory must contain a makefile fragment called public.mk. Multiple
--use-1ib-dir options are allowed.

- -ver bose: Output verbose, and default information about the command’s
operation to st dout .

--ver si on: Displays the version of this command and exits with a zero exit status.

Description

The nios2-lib-generate-makefile command generates a user library makefile (called
Makefile). The path to a BSP created by nios2-bsp-generate-files is an optional
command-line option.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-hsp-editor

Usage

ni 0s2- bsp-edi tor [--extended-hel p]
[--fontsize <point size>] [--help]
[--librarian-factory-path <directory>]
[--librarian-path <directory>] [--10g <filenane>]
[--settings <filename>] [--version]

Options

m --extended- hel p: Displays full information about this command and its options.

m --fontsize<point size>: The default point size for GUI fonts is 11. Use this
option to adjust the point size.

m --hel p: Displays basic information about this command and its options.

m --librarian-factory-path<directory> Comma separated librarian search path.
Use $ for default factory search path.

m --librarian-path<directory> Comma separated librarian search path. Use $ for
default search path.

m --log<filenane>: Create a debug log and write to specified file.
m --settings <fil ename>: File name of an existing BSP settings file to update.

m --version: Displays the version of this command and exits with a zero exit status.

Description

The nios2-bsp-editor command is a GUI application for creating and editing board
support packages for Nios II DPX MTP designs.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.
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nios2-app-update-makefile

Usage

ni 0s2- app- updat e- nakefile --app-dir <directory>

[--add-lib-dir <directory>] [--add-src-dir <directory>]
--add-src-files <filenames>] [--add-src-rdir <directory>] [--debug]
--extended-help] [--force] [--get <name>] [--get-all]
-get-asflags] [--get-bsp-dir] [--get-debug-Ievel]
-get-defined-synbols] [--get-elf-nane] [--get-optimnization]

- get -undefi ned- synbol s] [--get-user-flags] [--get-warnings]
-help] [--list-lib-dir] [--list-src-files] [--1ock]

-log <filenane>] [--no-src] [--renpve-lib-dir <directory>]
-renove-src-dir <directory>] [--renpve-src-files <fil enames>]
-renmove-src-rdir <directory>] [--set <name>]

-set-asflags <value>] [--set-bsp-dir <directory>]

-set-debug-l evel <value>] [--set-defined-synbols <val ue>]
-set-el f-name <nane>] [--set-optimzation <val ue>]

-set -undefi ned- synbol s <val ue>] [--set-user-flags <val ue>]
-set-warni ngs <val ue>] [--show managed-section] [--show nanes]
--silent] [--unlock] [--verbose] [--version]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

Options

--app-dir <directory>: Path to the Application Directory with the generated
makefile.

--add-1ib-dir <directory> Add a path to dependent user library directory

--add-src-dir <directory> Add source files in <directory>. Use . to look in the
current directory. Multiple - - add- sr c- di r options are allowed.

--add-src-files <filenanmes>: A list of space-separated source file names to be
added to the makefile. The list of file names is terminated by the next option or the
end of the command line. Multiple - - src-fi | es options are allowed.

--add-src-rdir <directory>: Same as - - add- sr¢-di r option but recursively
search for source files in or under <directory>. Multiple - - add- src-rdi r options
are allowed and can be freely mixed with - - src-di r options.

--debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

- - ext ended- hel p: Displays full information about this command and its options.
--force: Update the Makefile even if it’s locked

- - get <nane>: Get the values of Makefile variables

--get-al | : Get all variables in the managed section of the Makefile

--get -asf| ags: Get user assembler flags

--get - bsp- di r: Get the BSP generated files directory

- - get - debug- | evel : Get debug level flag

--get - def i ned- synbol s: Get defined symbols flag

- - get - el f- nanme: Get the name of .elf file

--get-optim zati on: Get optimization flag

- - get - undef i ned- synbol s: Get undefined symbols flag
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m --get-user-flags: Get user flags

m --get-warnings: Get warnings flag

m --hel p: Displays basic information about this command and its options.

m --list-lib-dir:Listall paths to dependent user library directories

m --list-src-files:Listall source files in the makefile.

m --lock: Lock the Makefile to prevent it from being updated

m --log<filenanme>: Create a debug log and write to specified file. Also logs debug

information to st dout .
B --no-src: Remove all source files in the makefile

m --renove-lib-dir <directory>: Remove a path to dependent user library
directory

m --renove-src-dir <directory>: Remove source files in <directory>. Use . to look
in the current directory. Multiple - - r enpve- sr ¢- di r options are allowed.

m --renove-src-files <filenames>: A list of space-separated source file names to
be removed from the makefile. The list of file names is terminated by the next
option or the end of the command line. Multiple - - src-fi | es options are allowed.

m --renove-src-rdir <directory>: Same as - - renove- src-di r option but
recursively search for source files in or under <directory>. Multiple
--renove-src-rdir options are allowed and can be freely mixed with --src-dir
options.

m --set <nane><val ue>: Set the value of a Makefile variable called <name>
m --set-asflags <val ue>: Set user assembler flags

m --set-bsp-dir <directory>: Set the BSP generated files directory

m --set-debug-|evel <val ue>: Set debug level flag

m --set-defined-synbol s <val ue>: Set defined symbols flag

m --set-el f-nane <name>: Set the name of .elf file

m --set-optimzation <val ue>: Set optimization flag

B --set-undefined-synbol s <val ue>: Set undefined symbols flag

m --set-user-flags <val ue>: Set user flags

m --set-warnings <val ue>: Set warnings flag

m --show managed- secti on: Show the managed section in the Makefile
m --show names: Show name of the variables

m --silent:Suppress information about the command’s operation normally sent to
stdout .

m --unl ock: Unlock the Makefile

m --verbose: Output verbose, and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.
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Description
The nios2-app-update-makefile command updates an application makefile to add or

remove source files.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.

=" The--add-src-dir,--add-src-rdir,--remve-src-dir,and--renove-src-rdir
options add and remove files found in <directory> at the time the command is
executed. Files subsequently added to or removed from the directory are not reflected
in the makefile.
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nios2-lih-update-makefile

Usage

ni

0S2-1i b-update-makefile --1ib-dir <directory>

[--add-lib-dir <directory>] [--add-public-inc-dir <directory>]
[--add-src-dir <directory>] [--add-src-files <fil enanes>]
[--add-src-rdir <directory>] [--debug] [--extended-help] [--force]
[--get <nane>] [--get-all] [--get-asflags] [--get-bsp-dir]
[--get-debug-1level] [--get-defined-synbols] [--get-lib-nane]
[--get-optimzation] [--get-undefined-synbols] [--get-user-flags]
[--get-warnings] [--help] [--list-lib-dir] [--list-public-inc-dir]
[--list-src-files] [--lock] [--log <filename>] [--no-src]
[--remove-lib-dir <directory>] [--renpve-public-inc-dir <directory>]
[--renmpove-src-dir <directory>] [--renpve-src-files <fil enanes>]
[--renmove-src-rdir <directory>] [--set <name> <val ue>]
[--set-asflags <value>] [--set-bsp-dir <directory>]
[--set-debug-1level <value>] [--set-defined-synbols <val ue>]
[--set-lib-name <name>] [--set-optimzation <val ue>]
[--set-undefined-synbols <value>] [--set-user-flags <val ue>]
[--set-warnings <val ue>] [--show nanaged-section] [--show nanes]
[--silent] [--unlock] [--verbose] [--version]

Options

m --add-lib-dir <directory>: Add a path to dependent user library directory

m --add-public-inc-dir <directory>: Add a directory that contains C-language
header files

m --add-src-dir <directory>: Add source files in <directory>. Use . to look in the
current directory. Multiple - - add- sr c- di r options are allowed.

m --add-src-files<filenanmes>: A list of space-separated source file names to be
added to the makefile. The list of file names is terminated by the next option or the
end of the command line. Multiple --src-files options are allowed.

m --add-src-rdir <directory>: Same as - - add- src-di r option but recursively
search for source files in or under <directory>. Multiple - - add- src-rdi r options
are allowed and can be freely mixed with --src-dir options.

m --debug: Output debug, exception traces, verbose, and default information about
the command’s operation to st dout .

m --extended- hel p: Displays full information about this command and its options.

m --force: Update the Makefile even if it is locked

B --get <name>: Get the values of Makefile variables

m --get-all: Getall variables in the managed section of the Makefile

m --get-asflags: Getuser assembler flags

m --get-bsp-dir: Get the BSP generated files directory

m --get-debug-|evel : Get debug level flag

m --get-defined-synbol s: Get defined symbols flag

m --get-lib-nane: Get the name of user library

m --get-optimzation: Getoptimization flag
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- - get - undef i ned- synbol s: Get undefined symbols flag

--get -user - f| ags: Get user flags

--get-warni ngs: Get warnings flag

--hel p: Displays basic information about this command and its options.
--list-lib-dir:Listall paths to dependent user library directories
--1ist-public-inc-dir:List all public include directories
--list-src-files: List all source files in the makefile.

--1ock: Lock the Makefile to prevent it from being updated

--10g <fil enane>: Create a debug log and write to specified file. Also logs debug
information to st dout .

--no-src: Remove all source files

--renove-|ib-dir <directory>: Remove a path to dependent user library
directory

--remove-public-inc-dir <directory>: Remove a include directory

--renove-src-dir <directory>: Remove source files in <directory>. Use . to look
in the current directory. Multiple - - r enove- sr¢-di r options are allowed.

--renmove-src-files <filenames>: A list of space-separated source file names to
be removed from the makefile. The list of file names is terminated by the next
option or the end of the command line. Multiple --src-files options are allowed.

--remove-src-rdir <directory>: Same as - - renove- src-di r option but
recursively search for source files in or under <directory>. Multiple
--renove-src-rdir options are allowed and can be freely mixed with --src-dir
options.

--set <name> <val ue>: Set the value of a Makefile variable called <name>
--set -asfl ags <val ue>: Set user assembler flags

--set-bsp-dir <directory>: Set the BSP generated files directory
--set -debug- | evel <val ue>: Set debug level flag

--set - def i ned- synbol s <val ue>: Set defined symbols flag

--set -l i b-name <name>: Set the name of user library
--set-optimzation <val ue>: Set optimization flag

--set -undef i ned- synbol s <val ue>: Set undefined symbols flag
--set-user-flags <val ue>: Set user flags

--set - war ni ngs <val ue>: Set warnings flag

- - show managed- sect i on: Show the managed section in the Makefile
--show nanes: Show name of the variables

--si | ent: Suppress information about the command’s operation normally sent to
st dout .

- -unl ock: Unlock the Makefile
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m --verbose: Output verbose, and default information about the command’s
operation to st dout .

m --version: Displays the version of this command and exits with a zero exit status.

Description

The nios2-lib-update-makefile command updates a user library makefile to add or
remove source files.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.

For more details about this command, use the - - ext ended- hel p option to display
comprehensive usage information.

I'=" The--add-src-dir,--add-src-rdir,--remve-src-dir,and - -remove-src-rdir
options add and remove files found in <directory> at the time the command is
executed. Files subsequently added to or removed from the directory are not reflected
in the makefile.
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nios2-swexample-create

Usage

ni os2-create-swexanmpl e [--nane] --sopc-dir --type [--list] [--app-dir]
[--bsp-dir] [--no-app] [--no-bsp] [--elf-nanme] [--describe]
[--describeX] [--describeAll] [--search] [--help] [--silent]
[--version]

Options

B --nane: Specify the name of the software project to create.

m --sopc-dir Specify the hardware design directory. Required.

--type: Specify the software example design template type. Required.
m --list: Listall valid software example design template types.

m --app-dir: Specify the application directory to create. Default:
<sopc-dir>/software_examples/app/<name>

m --bsp-dir: Specify the bsp directory to create. Default:
<sopc-dir>/software_examples/bsp/<bsp-type>

m --no-app Do not generate the create-this-app script

m --no- bsp Do not generate the create-this-bsp script

m --el f-name Name of the .elf file to create.

m --describe: Describe the software example type specified and exit.

m --describeX: Verbosely describe the software example type specified and exit.
m --describeAl | : Describe all the software example types and exit.

m --search: Search for software example templates in the specified directory.
Default: <Nios II EDS install path>/examples/software

m --hel p: Displays basic information about this command and its options.
m --silent: Do not echo commands.

m --version: Print the version number of nios2-create-swexample and exit.

Description

This utility creates a template software example for a given SOPC system.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.
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nios2-elf-insert

Usage

nios2-elf-insert <filenanme> [--cpu_nanme <cpuNanme>]
[--stderr_dev <stderrDev>] [--stdin_dev <stdinDev>]
--stdout _dev <stdoutDev>] [--sidp <sysidBase>] [--id <sysidHash>]
--tinmestanp <sysidTine>] [--sof <sofFile>]
-sopcinfo <sopcinfoFile>] [--jar <jarFile>] [--jdi <jdiFile>]
-quartus_project_dir <quartusProjectDir>]
-sopc_syst em nanme <sopcSyst enNanme>]
-profiling_enabl ed <profilingEnabl ed>]
--simul ati on_enabl ed <si nul ati onEnabl ed>]

[
[
[
[
[
[
[

Options

m <filenanme>: the ELF filename
B --cpu_name <cpuName>

m --stderr_dev <stderrDev>

m --stdin_dev <stdinDev>

m --stdout_dev <stdout Dev>

m --Sidp<sysidBase>

m --id<sysidHash>

--timestanp <sysi dTi me>

m --sof <sofFile>

m --sopcinfo<sopcinfoFile>
m --jar arFile>
m --jdi diFile>

m --quartus_project_dir <quartusProjectDir>
B --so0pc_system name <sopcSyst emName>

m --profiling_enabl ed <profilingEnabl ed>

m --simlation_enabl ed <si nul ati onEnabl ed>

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.
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nios2-elf-query

Usage

ni os2-el f-query <filename> [--cpu_nane] [--stderr_dev] [--stdin_dev]
[--stdout_dev] [--sidp] [--id] [--tinestanp] [--sof] [--sopcinfo]
[--jar] [--jdi] [--quartus_project_dir] [--sopc_system nane]
[--profiling_enabled] [--simulation_enabled]

Options

m <filename>: the ELF filename

E --Cpu_name

m --stderr_dev

--stdin_dev

m --stdout dev

m --sidp

m --id

m --timestanp

m --sof

m --sopcinfo

m --jar

mo--jdi

m --quartus_project _dir
B --sopc_system nane
m --profiling_enabled
m --sinmulation_enabl ed

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.
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nios2-hsp

Usage

ni 0s2-bsp <bsp-type> <bsp-dir> [<sopc>] [<override>]...

Options

m <bsp-type>:|whal.

m  <bsp-dir>: Path to the BSP directory.

m <sopc>: The path to the .sopcinfo file or its directory.

m <override>: Options to override defaults.

Description

The nios2-bsp script calls nios2-bsp-create-settings or nios2-bsp-update-settings to
create or update a BSP settings file, and the nios2-bsp-generate-files command to
create the BSP files. The Nios II Embedded Design Suite (EDS) supports the LWHAL
BSP type for the Nios Il DPX MTP

BSP type names are case-insensitive.

This utility produces a BSP of <bsp-type> in <bsp-dir>. If the BSP does not exist, it is
created. If the BSP already exists, it is updated to be consistent with the associated
hardware system.

The default Tcl script is used to set the following system-dependent settings:

m stdi o character device

m System timer device

m Default linker memory

m Boot loader status (enabled or disabled)

If the BSP already exists, nios2-bsp overwrites these system-dependent settings.

The default Tcl script is installed at <Nios II EDS install path>/sdk2/bin/
bsp-set-defaults.tcl

When creating a new BSP, this utility runs nios2-bsp-create-settings, which creates
settings.bsp in <bsp-dir>.

When updating an existing BSP, this utility runs nios2-bsp-update-settings, which
updates settings.bsp in <bsp-dir>.

After creating or updating the settings.bsp file, this utility runs
nios2-bsp-generate-files, which generates files in <bsp-dir>

Required arguments:

m <bsp-type>: Specifies the type of BSP. This argument is ignored when updating a
BSP. This argument is case-insensitive. The nios2-bsp script supports the LWHAL
BSP type for the Nios Il DPX MTP.

m  <bsp-dir>: Path to the BSP directory. Use “.” to specify the current directory.

Altera Corporation Nios Il DPX Datapath Processor Handbook



10-26

Chapter 10: SBT Reference for the Nios Il DPX MTP
Nios Il Software Build Tools Utilities

Optional arguments:

<sopc>: The path name of the .sopcinfo file. Alternatively, specify a directory
containing a .sopcinfo file. In the latter case, the tool finds a file with the
extension .sopcinfo. This argument is ignored when updating a BSP. If you omit
this argument, it defaults to the current directory.

<overri de>: Options to override defaults. The nios2-bsp script passes most
overrides to nios2-bsp-create-settings or nios2-bsp-update-settings. It also passes
the --sil ent, --verbose, - - debug, and - - | 0g options to nios2-bsp-generate-files.

nios2-bsp passes the following overrides to the default Tcl script:
m --default_stdio <device>| none| DONT_CHANGE

Specifies stdio device.
m --default_menmory_regi ons DONT_CHANGE

Suppresses creation of new default memory regions when updating a BSP. Do
not use this option when creating a new BSP.

m --defaul t_sections_mapping <region>| DONT_CHANGE
Specifies the memory region for the default sections.
On a preexisting BSP, the value DONT_CHANGE prevents associated settings from

changing their current value.

L=~ The “--” prefix is stripped when the option is passed to the underlying
utility.

If no command-line arguments are specified, this command returns an exit value of 1
and sends a help message to st derr.
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nios2-hsp-console

Usage

ni 0s2-bsp-consol e [--cnd <tcl> <comand>] [--extended-help] [--gui]
[--help] [--script <filenane>] [--version]

Options

m --cmd <tcl> <command>: Runs the specified Tcl command. Multiple - - cmil options
are allowed. Available Tcl commands are listed in “Tcl Commands for BSP
Settings” on page 10—42.

m --extended- hel p: Displays full information about this command and its options.
Lists Altera BSP Tcl command help for the - -cnd and - - scri pt options

m --gui: This option opens a Tcl console for creating, editing, and generating Altera
BSPs.

m --hel p: Displays basic information about this command and its options.

m --script <filenanme>: Run the specified Tcl script with optional arguments.
Multiple - - scri pt options are allowed. Available Tcl commands are listed in “Tcl
Commands for BSP Settings” on page 10—42.

m --version: Displays the version of this command and exits with a zero exit status.

Description

When invoked with no arguments, nios2-bsp-console starts an interactive
command-line Tcl interpreter for creating, editing, and generating Altera BSPs.
Available Tcl commands are listed in “Tcl Commands for BSP Settings” on page 10-42.
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Settings

Settings are central to how you create and work with BSPs, software packages, and
device drivers. You control the characteristics of your project by controlling the
settings. The settings determine things like the device drivers and other packages that
are included.

Every example in this handbook involves specifying or manipulating settings.
Sometimes these settings are specified automatically, by scripts such as
create-this-bsp, and sometimes explicitly, with Tcl commands. Either way, settings are
always involved.

This section contains a complete list of available settings for BSPs and for
Altera-supported device drivers and software packages. It does not include settings
for device drivers or software packages furnished by Altera partners or other third
parties. If you are using a third-party driver or component, refer to the supplier’s
documentation.

Settings used in the Nios II SBT are organized hierarchically, for logical grouping and
to avoid name conflicts. Each setting’s position in the hierarchy is indicated by one or
more prefixes. A prefix is an identifier followed by a dot (. ).

Setting names are case-insensitive.

Overview of BSP Settings

A BSP setting consists of a name/value pair.

The format in which you specify the setting value depends on the setting type. Several
settings types are supported. Table 10-3 shows the allowed formats for each setting

type.

Table 10-3. Setting Formats

Setting Type Format When Setting Format When Getting
boolean 0/1 or false/true 01
number 0x prefix for hexadecimal or no prefix for a decimal number | decimal

Quoted string
Use "none" to set empty string.

In the SBT command line, to specify a string value with Quoted string
embedded spaces, surround the string with a
backslash-double-quote sequence (\"). For example:

--set APP_INCLUDE DIRS \"lcd board\"

string
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There are several contexts for BSP settings, as shown in Table 10—4.

Tahle 10-4. BSP Setting Contexts

Setting Context Description
Altera LWHAL Settings available with the Altera Lightweight HAL BSP or any BSP based on it.

Settings available if using the Altera BSP makefile generator (generates the
Makefile and public.mk files). These settings control the contents of makefile
variables. This generator is always present in Altera LWHAL BSPs or any BSPs
based on the Altera LWHAL.

Altera BSP Settings available if using the Altera BSP linker script generator (generates the
Linker Script linker.x and linker.h files). This generator is always present in Altera LWHAL
Generator BSPs or any BSPs based on the Altera LWHAL.

Altera BSP
Makefile
Generator

Do not confuse BSP settings with BSP Tcl commands. This section covers BSP settings,
including their types, meanings, and legal values. The Tcl commands, which include
tools for manipulating the settings, are covered in “Tcl Commands for BSP Settings”
on page 10-42.

Overview of Component and Driver Settings

The Nios II EDS includes a number of standard software packages and device drivers.
All of the software packages, and several drivers, have settings that you can
manipulate when creating a BSP. This section lists the packages and drivers that have
settings.

You can enable a software package or driver in the Nios II BSP Editor. In the SBT
command line flow, use the enabl e_sw _package Tcl command, described in “Tcl
Commands for BSP Settings” on page 10-42.
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Settings Reference

This section lists all settings for BSPs, software packages, and device drivers.

lwhal.disable_startup_thread_sync

Identifier

Type

Default Value
Destination File
Description

Restrictions

ALT_DISABLE_STARTUP_THREAD_SYNC

Boolean definition

false

system.h

Disables thread synchronization checking on startup.

By default, startup code in ¢rt0.S assumes that the . r wdat a section must be reloaded every time the
system is reset. Thread 0 waits until the . r wdat a section is reloaded before executing initialization
code.

The | whal . di sabl e_startup_t hread_sync setting allows you to disable this restriction in your
BSP, if your software is written without initialized global or static variables. This setting might be
useful if you develop assembly language, and want to take advantage of initialization code in ¢rt0.S.

Do not disable startup thread synchronization under the following circumstances:
m Your code uses initialized global or static variables

Your application uses memory management functions suchasalt_malloc(),alt_free() and
alt_calloc()

lwhal.enable_small_stack

Identifier

Type

Default Value
Destination File
Description

Restrictions

none
Boolean assignment
0

public.mk

Iwhal.enable_small_stack turns off a build warning that indicates the setting 'lwhal.thread_stack_size'
might be too small (< 384 for printf) for your application.

none

Iwhal.exclude_default_exception

Identifier

Type

Default Value
Destination File
Description

Restrictions

ALT_EXCLUDE_DEFAULT_EXCEPTION
Boolean definition

false

system.h

Excludes default exception vector. If true, this setting defines the macro
ALT_EXCLUDE_DEFAULT_EXCEPTION in system.h.

none
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Ilwhal.linker.enable_alt_load_copy rwdata

Identifier none

Type Boolean assignment

Default Value 0

Destination File none

Description Causes the initialization code to copy the .r wdat a section. If true, this setting defines the macro
ALT_LOAD_COPY_RWDATA in linker.h.

Restrictions none

Iwhal.make.ar

Identifier AR

Type Unquoted string

Default Value nios2-elf-ar

Destination File BSP makefile

Description Archiver command. Creates library files.

Restrictions none

Iwhal.make.ar_post_process

Identifier AR_POST_PROCESS

Type Unquoted string

Default Value none

Destinatio