

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix E — LSI-11 Bus Technical Specifications

—-1 150 ns MIN ‘-1 I-—OM MIN
R/TDAL  (4) )X TADDR (a) Xnonn X (4) X T DATA X (a)

T
100ns 200ns — L—iOOM MIN

MINT®T [ 7 max

T SYNC J
100 ns MIN

: fo—200ns MIN °I
T DouT 7/

ﬂZOOnsMIN‘-‘
T DIN /

300ns
MIN

T e,

—o|  fe—1000s MIN —{ 100 ns MIN

T WTBT (4)) (4) X ASSERTION =BYTE X (4)
I ke—150 ns MIN

TIMING AT MASTER DEVICE

R/T DAL  {4) [CH] x T DATA X [C2] X R DATA )( (4)
| L— 25ns MIN

> 2503 MIN '
/ 4
R SYNC —»{ ke-100ns MnxJ \ /
o— T5ns MIN 25ns MIN l—— —a |oonsmxn‘J~

0

R DOUT - 2o 150ns MIN -
fa— 200ns MIN —a I
R DIN —_—“\\
'°—i50nsmm—n ke— 300 ns MIN —a
T RPLY
4,] le—75ns MIN
R BS7 3( )(
-1 -—75!.; MIN .’ ke~ 2505 MIN —f 25ns MIN
R WTBT <4>\ /ﬁ (4) Y ASSERTION = BYTE )( (a)
—o 25ns MIN
TIMING AT SLAVE DEVICE
NOTES

Timing shown of Requesting Device
Bus Driver Inputs and Bus Receiver Oulpuls

N

Signol name prefizes are defined below

T = Bus Driver Input
R = Bus Receiver Output

3. Bus Drivar Output ond Bus Racaiver Input
signal names (nclude o “B” prefia

4 Don't care condition

Figure E-6 DATIO or DATIOB Bus Cycle Timing

The maximum time between BDMR L assertion and BDMGO L asser-
tion is DMA latency. This time is processor-dependent. BDMGO LJ
BDMGI L is one signal that is daisy-chained through each module in
the backplane. It is driven out of the processor on the BDMGO L pin,
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enters each module on the BDMGI L pin and exits on the BDMGO L
pin. This signal passes through the modules in descending order of
priority untii it is stopped by the requesting device. The requesting de-
vice blocks the output of BMDGO L and asserts BSACK L. If BDMR L
is continuously asserted, the bus will be hung.

During the data transfer phase, the DMA device continues asserting
BSACK L. The actual data transfer is performed as described earlier.

The DMA device can assert BSYNC L for a data transfer 250 ns (mini-
mum) after it receives BDMGI L and its BSYNC L bus receiver becomes
negated.

PROCESSOR BUS MASTER
(MEMORY IS SLAVE) (CONTROLLER)

REQUEST BUS
——— " o ASSERT BOMR L
GRANT BUS CONTROL —
e NEAR THE END OF THE P
CURRENT BUS CYCLE
(BRPLY L IS NEGATED)
ASSERT BOMGO L AND  ~— __
INHIBIT NEW PROCESSOR —~

GENERATED BYSNC L FOR T~ ACKNOWLEDGE BUS
THE DURATION OF THE = MASTERSHIP
DMA OPERATION. ¢ RECEIVE BDMG
—— = WAIT FOR NEGATION OF
e BSYNC L AND BRPLY L
- ¢ ASSERT BSACK L
TERMINATE GRANT P ° NEGATE BOMR L
SEQUENCE
* NEGATE BDMGO L AND
WAIT FOR DMA OPERATION ™~ —_
TO BE COMPLETED -
~~ _. EXECUTE A DMA DATA
TRANSFER
o ADDRESS MEMORY AND
TRANSFER UP TO 4 WORDS
OF DATA AS DESCRIBED
FOR DATI, OR DATO BUS
CYCLES
—— o RELEASE THE BUS BY
_ TERMINATING BSACK L
- {NO SOONER THAN
— NEGATION OF LAST BRPLY
gii:;"ﬁggowssoa . L) AND BSYNC L.
o ENABLE PROCESSOR-
GENERATED BSYNC L
{PROCESSOR IS BUS WAIT 4 us OR UNTIL
MASTER) OR ISSUE ANOTHER FIFO TRANSFER
ANOTHER GRANT IF BDMR 1S PENDING BEFORE
L IS ASSERTED. REQUESTING BUS AGAIN.

Figure E-7 DMA Protocol
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During the bus mastership relinquish phase, the DMA device relinqu-
ishes the bus by negating BSACK L. This occurs after completing (or
aborting) the last data transfer cycle (BRPLY L negated). BSACK L
may be negated up to a maximum of 300 ns before negating BSYNC L.
Figure E-7 illustrates the DMA protocol and Figure E-8 illustrates DMA
request/grant timing.

NOTE
If multiple data transfers are performed during this
phase, consideration must be given to the use of the
bus for other system functions, such as memory re-
fresh (if required).

SECOND
REQUEST

—-1 fe— DMA LATENCY

it ey ayaias ol ol sy ity iy by by aratak ey s
T OMR Y A A A A A A A A st

—f O ns MIN. J
R DMG /(—\ L

T SACK
250 ns MIN—f r—— — r"‘- 300 ns MAX
R/T SYNC \
' 250ns MiN —=o4 Ons Mm—m]
R/T RPLY \
— QO ns MIN
‘J ‘::O“ win r—mo-n Max
T DAL A ADDR x DATA \
(ALSO 857,
WT8T, REF) NOTES

1. Timing shown at requesting device bus drivar inputs and bus receiver outputs.

2. Signol nome prefixes ore defined below:
T = Bus Driver Input
R = Bus Receiver Output

3. Bus Drivar Output and Bus Receiver Lnput signal names inciude o "B" prefix

Figure E-8 DMA Request/Grant Timing

BLOCK MODE DMA

For increased throughput, block mode DMA may be implemented on a
device for use with memories that support this type of transfer. In a
block mode transaction, the starting memory address is asserted, fol-
lowed by data for that address, and data for consecutive addresses.
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By eliminating the assertion of the address for each data word, the
transfer rate is almost doubled. The DATBI and DATBO bus cycles are
described below.

DATBI

The device addressing portion of the cycle is the same as described
earlier for other bus cycles. The bus master gates BDAL <21:00>,
BBS7, and the negation of BWTBT onto the bus.

The master asserts the first BDIN 100 ns after BSYNC, and asserts
BBS7 a maximum of 50 ns after asserting BDIN for the first time. BBS7
is a request to the slave for a block mode transfer. BBS7 remains as-
serted until a maximum of 50 ns after the assertion of BDIN for the last
time. BBS7 may be gated as soon as the conditions for asserting BDIN
are met.

The slave asserts BRPLY a minimum of 0 ns (8 us maximum to avoid
bus timeout) after receiving BDIN. It asserts BREF concurrently with
BRPLY if it is a block mode device capable of supporting another
BDIN after the current one. The slave gates BDAL < 15:00> onto the
bus a minimum of 0 ns after the assertion of BDIN and 125 ns maxi-
mum after the assertion of BRPLY.

The master receives the stable data from 200 ns maximum after the
assertion of BRPLY until 20 ns minimum after the negation of BDIN. It
negates BDIN a minimum of 200 ns after the assertion of BRPLY.

The slave negates BRPLY a minimum of 0 ns after the negation of
BDIN. If BBS7 and BREF are both asserted when BRPLY is negated,
the slave prepares for another BDIN cycle. BBS7 is stable from 125 ns
after BDIN is asserted until 150 ns after BRPLY is negated. The master
asserts BDIN a minimum of 150 ns after BRPLY is negated and the
cycle is continued as before. (BBS7 remains asserted and the slave
responds to BDIN with BRPLY and BREF.) BREF is stable from 75 ns
after BRPLY is asserted until a minimum of 20 ns after BDIN is negat-
ed.

If BBS7 and BREF are not both asserted when BRPLY is negated, the
slave removes the data from the bus a minimum of 0 ns and 100 ns
maximum after negating BRPLY. The master negates BSYNC a mini-
mum of 250 ns after the assertion of the last BRPLY and a minimum of
0 ns after the negation of that BRPLY.

DATBO

The device addressing portion of the cycle is the same as described
earlier. The bus master gates BDAL <21:00>, BBS7, and the assertion
of BWTBT onto the bus.
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SIGNALS AT BUS MASTER

TBS? _—_"—'[

Times are min. except where “*'’ denotes max.

R/T DAL

T ADD

RESS

XXXXX | RDATA| XXXXXX |RDATA|

150«

2100+

s.200;‘ ‘,041 -200;{ ,_0_.{

I | S——
2001 150 200220 — [
2000/ 2000* 29_0_—_—_1

e o] e ful s
fltG[tSl 1

n | lt 300
1

R REF l I I

8

T cell

won

1

address to T SYNC 150ns MIN.

address hold 100ns min
TSYNCto T DIN 100ns min

T DINto R RPLY

T (drive} + T {prop} + T (receive) + T (delay)
+ T (drive} + T {prop) + T (receive)

R RPLY to data 200ns max

R RPLY to T DIN 200ns min

T DINto R RPLY

T (drive} + {prop) + T (receive} + T {delay)
+ T (drive + T {prop) + T (receive)

R RPLY to data Ons min

R RPLY to T DIN 150ns min

t4 +16 +17 +19 —since t6 must be > tb for master
to have valid data - and t9 >18

Figure E-9 DATBI Bus Cycle Timing

A minimum of 100 ns after BSYNC is asserted, data on BDAL <15:00>
and the negated BWTBT are put onto the bus. The master then asserts
BDOUT a minimum of 100 ns after gating the data.

The slave receives stable data and BWTBT from a minimum of 25 ns
before the assertion of BDOUT to a minimum of 25 ns after the nega-
tion of BDOUT. The slave asserts BRPLY a minimum of 0 ns after re-
ceiving BDOUT. It also asserts BREF concurrently with BRPLY if itisa
block mode device capable of supporting another BDOUT after the
current one.
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The master negates BDOUT 150 ns minimum after the assertion of
BRPLY. If BREF was asserted when BDOUT was negated and the mas-
ter wants to transmit more data in this block mode cycle, then the new
data is gated onto the bus 100 ns minimum after BDOUT is negated.
BREF is stable from 75 ns maximum after BRPLY is asserted until 20
ns minimum after BDOUT is negated. The master asseris BDOUT 100
ns minimum after gating new data onto the bus and 150 ns minimum
after BRPLY negates. The cycle continues as before.

if BREF was not asserted when BDOUT was negated or if the bus mas-
ter does not want to transmit more data in this cycle, then the master
removes data from the bus a minimum of 100 ns after negating
BDOUT. The slave negates BRPLY a minimum of 0 ns after negating
BDOUT. The bus master negates BSYNC a minimum of 175 ns after
negating BDOUT, and a minimum of 0 ns after the negation of BRPLY.

SIGNAL AT BUS MASTER Times are min. except where ""*" denotes max.
T 8S7
TDAL | address | DATA DATA |

150——]»100-‘ |-—1ooﬂ r»—wo—-{
T SYNC

k—100 |
' 100-| 150 1501 Liso 175—-|-—2oo——-
T DOUT ‘

o

o |e|e|u|s|s]| |8l
I Jo— 17 —=f
R RPLY ‘
R REF | L I
lo——300 —
1l = address to T SYNC 150ns min
t2 = address hold 100ns min
3 = data to T DOUT 100ns min

4 TDOUT o R RPLY
T (drive) + T (prop) + T (receive) + T (delay}

+T (drive} + T {prop) + T (receive)

won

"5 = R RPLY to T DOUT 150ns min
16 = T DOUT to R RPLY

= T (drive) + T {prop) + T (receive) + T (delay)
+ T (drive} + T (prop) + T (receive)

17 = R RPLY to T DOUT 150ns min

T cell = t3+t4+15+16 +17 —since t3 < t7

Figure E-10 DATBO Bus Cycle Timing
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DMA Guidelines
e Systems with memory refresh over the bus must not include devic-

es that perform more than one transfer per acquisition.

e Bus masters that do not use block mode are limited to four DATI,
four DATO, or two DATIO transfers per acquisition.

@ Block mode bus masters that do not monitor BDMR are limited to
eight transfers per acquisition.

e |f BDMR is not asserted after the seventh transfer, block mode bus
masters that do monitor BDMR may continue making transfers until
the bus slave fails to assert BREF or until they reach the total maxi-
mum of 16 transfers. Otherwise, they stop after eight transfers.

INTERRUPTS

The interrupt capability of the LSI-11 Bus allows any I/O device to tem-
porarily suspend (interrupt) current program execution and divert proc-
essor operation to service the requesting device. The processor inputs
a vector from the device to start the service routine (handler). Like the
device register address, hardware fixes the device vector at locations
within a designated range below location 001000. The vector indicates
the first of a pair of addresses. The content of the first address is read
by the processor and is the starting address of the interrupt handler.
The content of the second address is a new processor status word
(PS). The new PS can raise the interrupt priority level, thereby prevent-
ing lower- level interrupts from breaking into the current interrupt ser-
vice routine. Control is returned to the interrupted program when the
interrupt handler is ended. The original interrupted program’s address
(PC) and its associated PS are stored on a stack. The original PC and
PS are restored by a return from interrupt (RT! or RTT) instruction at
the end of the handler. The use of the stack and the LSI-11 Bus inter-
rupt scheme can allow interrupts to occur within interrupts (nested in-
terrupts), depending on the PS.

Interrupts can be caused by LSI-11 Bus options or the CPU. Those in-
terrupts that originate from within the processor are called traps.
Traps are caused by programming errors, hardware errors, special in-
structions, and maintenance features.

The LSI-11 Bus signals used in interrupt transactions are:

BIRQ4 L Interrupt request priority level 4
BIRQS L Interrupt request priority level 5
BIRQ6 L Interrupt request priority level 6
BIRQ7 L Interrupt request priority level 7
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BIAKI L Interrupt acknowledge input
BIAKO L interrupt acknowledge output

BDAL<21:00> L Data/address lines

BDIN L Data input strobe
BRPLY L Reply

Device Priority

The LSI-11 Bus supports the following two methods of device priority:

e Distributed Arbitration—priority levels are implemented on the
hardware. When devices of equal priority level request an interrupt,
priority is given to the device electrically closest to the processor.

e Position-Defined Arbitration—priority is determined solely by elec-
trical position on the bus. The closer a device is to the processor,
the higher its priority is.

Interrupt Protocol

interrupt protocol on the LSI-11/23 has three phases: interrupt request
phase, interrupt acknowledge, and priority arbitration phase, and in-
terrupt vector transfer phase. Figure E-11 illustrates the interrupt re-
quest/acknowledge sequence.

The interrupt request phase begins when a device meets its specific
conditions for interrupt requests. For example, the device is ready,
done, or an error has occurred. The interrupt enable bit in a device sta-
tus register must be set. The device then initiates the interrupt by as-
serting the interrupt request line(s). BIRQ4 L is the lowest hardware
priority level and is asserted for all interrupt requests for compatibility
with previous LSI-11 processors. The level a device is configured at
must also be asserted. A special case exists for level 7 devices which
must also assert level 8. See the arbitration discussion below involv-
ing the 4-level scheme for an explanation.

Interrupt Level Lines Asserted by Device
4 BIRQ4 L

5 BIRQ4 L, BIRQ5 L

6 BIRQ4 L, BIRQ6 L

7 BIRQ4 L, BIRQ6 L, BIRQ7 L
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PROCESSOR DEVICE

INITIATE REQUEST
9 ASSERT BIRQ L

o
//
STROBE INTERRUPTS -
* ASSERT BDIN L —_
—_— -
—
T
I RECEIVE 8DIN L
© STORE “INTERRUPT SENDING
IN DEVICE
GRANT REQUEST
° PAUSE AND ASSERT BIAKO L
—_—
—
—
T
RECEIVE BIAKI L
= RECEIVE BIAK | L AND INHIBIT
8IAKO L
* PLACE VECTOR ON BDAL0-15 L
° ASSERT BRPLY L
___—° NEGATEBIRQ L
o —
—
RECEIVE VECTOR & TERMINATE
REQUEST
* INPUT VECTOR ADDRESS
o NEGATE BDIN L AND BIAKO L
T —_
—_—
N
COMPLETE VECTOR TRANSFER
¢ REMOVE VECTOR FROM BDAL BUS
» //—- NEGATE BRPLY L
—— -
-

PROCESS THE INTERRUPT

* SAVE INTERRUPTED PROGRAM
PC AND PS ON STACK

* LOAD NEW PC AND PS FROM
VECTOR ADDRESSED LOCATION

¢ EXECUTE INTERRUPT SERVICE
ROUTINE FOR THE DEVICE

Figure E-11 Interrupt Request/Acknowledge Sequence

The interrupt request line remains asserted until the request is ac-
knowledged.

During the interrupt acknowledge and priority arbitration phase the
LSI-11/23 processor will acknowledge interrupts under the following
conditions:

1. The device interrupt priority is higher than the current PS<7:5>.
2. The processor has completed instruction execution and no addi-

tional bus cycles are pending. :
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INTERRUPT LATENCY -—
’-‘j MINUS SERVICE TIME
T IRQ
_——/ ~—1 150 ns MIN fa—
R IAKI V’/A
T RPLY J\
—f 125 ns MaX — "ioms MAX

X VECTOR x (4)

T DAL

s

R SYNC {UNASSERTED)

R BS7 (UNASSERTED)

NOTES
1 Timing shown at Requesting Device Bus Driver Inputs and Bus Receiver OQutputs

2 Signal Name Prefixes are defined bejow
T = Bus Driver Lnput
R = Bus Recerver Output

3 Bus Driver Output and Bus Receiver Input signal names include @ "B8" prefix

4. Don't care condition

Figure E-12 Interrupt Protocol Timing

The processor acknowledges the interrupt request by asserting BDIN
L, and 150 ns (minimum) later asserting BIAKO L. The device electri-
cally closest to the processor receives the acknowledge on its BIAKI L
bus receiver.

At this point the two types of arbitration must be discussed separate-
ly. If the device that receives the acknowledge uses the 4-level inter-
rupt scheme, it reacts as described below:

1.

If not requesting an interrupt, the device asserts BIAKO L and
the acknowledge propagates to the next device on the bus.

If the device is requesting an interrupt, it must check to see that
no higher-level device is currently requesting an interrupt. This is
done by monitoring higher-level request lines. The table below
lists the lines that need to be monitored by devices at each priori-
ty level.

In addition to asserting levels 7 and 4, level 7 devices must drive
level 6. This is done to simplify the monitoring and arbitration by
level 4 and 5 devices. In this protocol, level 4 and 5 devices need
not monitor level 7 since level 7 devices assert level 6. Level 4 and
5 devices will become aware of a level 7 request since they moni-
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tor the level 6 request. This protocol has been optimized for level
4, 5, and 6 devices, since level 7 devices very seldom are neces-

sary.

Device Pricrity Level Line(s) Monitored
4 BIRQS5, BIRQ6

5 BIRQ6

6 BIRQ7

7 —

3. If no higher-level device is requesting an interrupt, the acknowl-
edge is blocked by the device. (BIAKO L is not asserted.) Arbitra-
tion logic within the device uses the leading edge of BDIN L to
clock a flip-flop that blocks BIAKO L. Arbitration is won, and the
interrupt vector transfer phase begins.

4. If a higher-level request line is active, the device disqualifies it-
self and asserts BIAKO L to propagate the acknowledge to the
next device along the bus.

Signal timing must be carefully considered when implementing 4-level
interrupts. Note Figure E-12.

If a single-level interrupt device receives the acknowledge, it reacts as

follows:

e If not requesting an interrupt, the device asserts BIAKO L and the
acknowledge propagates to the next device on the bus.

e |f the device was requesting an interrupt, the acknowledge is
blocked using the leading edge of BDIN L and arbitration is won.
The interrupt vector transfer phase begins.

The interrupt vector transfer phase is enabled by BDIN L and BIAKI L.
The device responds by asserting BRPLY L and its BDAL<15:00> L
bus driver inputs with the vector address bits. The BDAL bus driver in-
puts must be stable within 125 ns (maximum) after BRPLY L is assert-
ed. The processor then inputs the vector address and negates BDIN L
and BIAKO L. The device then negates BRPLY L and 100 ns (maximum)
later removes the vector address bits. The processor then enters the
device’s service routine.

NOTE
Propagation delay from BIAKI L to BIAKO L must not
be greater than 500 ns per LSI-11 Bus slot.

The device must assert BRPLY L within 10 micro-
seconds (maximum) after the processor asserts
BIAKI L.
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LSi-11/23 Four-Level Interrupt Configurations

If you have high-speed peripherals and desire better software perform-
ance, you can use the 4-level interrupt scheme. Both position-inde-
pendent and position-dependent configurations can be used with the
4-level interrupt scheme.

The position-independent configuration is illustrated in Figure E-13.
This allows peripheral devices that use the 4-level interrupt scheme to
be placed in the backplane in any order. These devices must send out
interrupt requests and monitor higher-level request lines as described.
The level 4 request is always asserted by a requesting device regard-
less of priority, to allow compatibility if an LSI-11 or LSI-11/2 processor
is in the same system. If two or more devices of equally high priority
request an interrupt, the device physically closest to the processor
will win arbitration. Devices that use the single-level interrupt scheme
must be modified or placed at the end of the bus for arbitration to
function properly.

Fn BIAK (INTERRUPT ACKNOWLEDGE| LEVELA | giak LEVEL6 |BiaK LEVELS | BiaK LEVEL 7
KD DEVICE DEVICE DEVICE DEVICE

BIRQ 5 ILEVEL 5 INTERRUPT REQUEST)

tBlROd(LEVEL‘HNTERRUPT REQUEST) l l l l J

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST)

BIRQ 7 iLEVEL 7 INTERRUPT REQUEST!H

Figure E-13 Position-Independent Configuration

The position-dependent configuration is illustrated in Figure E-14.
This configuration is simpler to implement. A constraint is that periph-
eral devices must be inserted with the highest-priority device located
closest to the processor and the remaining devices placed in the back-
plane in decreasing order of priority, with the lowest-priority devices
farthest from the processor. With this configuration each device has
to assert only its own level and level 4 (for compatibility with an LSI-11
or LSI-11/2). Monitoring higher level request lines is unnecessary. Arbi-
tration is achieved through the physical positioning of each device on
the bus. Single-level interrupt devices on level 4 should be positioned
last on the bus.
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' BIAK (INTERRUPT ACKNOWLEDGEI LEVEL 7 | BIAK LEVEL 6 | BIAK LEVELS | BIAK LEVELA4
KDF1 DEVICE DEVICE DEVICE DEVICE

BIRQ 4 (LEVEL 4 INTERRUPT REQUEST) I l l l

BIRQ 5 {LEVEL 5 INTERRUPT REQUEST)

BIRQ 6 (LEVEL 6 INTERRUPT REQUEST)

BIRQ 7 (LEVEL 7 INTERRUPT REQUEST)

Figure E-14 Position-Dependent Configuration

CONTROL FUNCTIONS
The following LSI-11 Bus signals provide control functions.
BREF L Memory refresh (also block mode DMA)
BHALTL Processor halt
BINITL Initialize
BPOKH Power OK
BDCOK H DC power OK
Memory Refresh

If BREF is asserted during the address portion of a bus data transfer
cycle, it causes all dynamic MOS memories to be addressed simulta-
neously. The sequence of addresses required for refreshing the memo-
ries is determined by the specific requirements for each memory. The
complete memory refresh cycle consists of a series of refresh bus
transactions. A new address is used for each transaction. A complete
memory refresh cycle must be completed within 1 or 2 ms. Multiple
data transfers by DMA devices must be avoided since they could delay
memory refresh cycles. This type of refresh is done only for memories
which do not perform on-board refresh.

Halt

Assertion of BHALT L for at least 25 us interrupts the processor, which
stops program execution and forces the processor unconditionally
into console ODT mode.

Initialization

Devices along the bus are initialized when BINIT L is asserted. The
processor can assert BINIT L as a result of executing a RESET instruc-
tion as part of a power-up or power-down sequence, or after detection
of a G character in ODT. BINIT L is asserted for approximately 10 mi-
croseconds when RESET is executed.
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Power Status

Power status protocol is controlled by two signals, BPOK H and
BDCOK H. These signals are driven by some external device (usually
the power supply).

BDCOK H — When asserted, this indicates that dc power has been
stable for at least 3 ms. Once asserted, this line remains asserted until
the power fails. It indicates that only 5 microseconds of dc power re-
serve remains.

BPOK H — When asserted, this indicates that there is at least an 8 ms
reserve of dc power and that BDCOK H has been asserted for at least
70 ms. Once BPOK H has been asserted, it must remain asserted for at
least 3 ms. The negation of this line, the first event in the power-fail
sequence, indicates that power is failing and that only 4 ms of dc pow-
er reserve remains.

Power-Up/Down Protocol

Power-up protocol begins when the power supply applies power with
BDCOK H negated. This forces the processor to assert BINIT L. When
the dc voltages are stable, the power supply or other external device
asserts BDCOK H. The processor responds by clearing the PS, float-
ing point status register (FPS), and floating point exception register
(FEC). BINIT L is asserted for 12.6 microseconds and then negated for
110 microseconds. The processor continues to test for BPOK H until it
is asserted. The power supply asserts BPOK H 70 ms (minimum) after
BDCOK H is asserted. The processor then performs its power-up
sequence. Normal power must be maintained at least 3.0 ms before a
power-down sequence can begin.

A power-down sequence begins when the power supply negates
BPOK H. When the current instruction is completed, the processor
traps to a power-down routine at location 24s. The end of the routine is
terminated with a HALT instruction to avoid any possible memory cor-
ruption as the dc voltages decay.

When the processor executes the HALT instruction, it tests the BPOK
H signal. If BPOK H is negated, the processor enters the power-up
sequence. It clears internal registers, generates BINIT L, and contin-
ues to check for the assertion of BPOK H. If it is asserted and dc vol-
tages are still stable, the processor will perform the rest of the power-
up sequence. Figure E-15 illustrates power-up/P ower-down timing.
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——u’ rd_zopl
BINIT L
— o I T
fe—3 ms MIN—+{ 2T - A%

BPOK H 1
| TOmMSMIN fe- fe— 4 ms MIN-— | -1 70ms MIN

BOCOK H f ! /
L 3ms

TM‘N 8 ms MIN 55 MIN '-—
DC POWER j

POWER UP NORMAL PCWER DOWN POWER UP NORMAL
M SEQUENCE POWER SEQUENCE oo SEQUENCE S poweR

NOTE
Once a power dawn sequence Is started,
It must be completed before a power-up
sequence is started

Figure E-15 Power-Up/P ower-Down Timing

LSi-11 BUS ELECTRICAL CHARACTERISTICS

Signal Level Specification
Input Logic Levels

TTL Logical Low: 0.8 Vdc maximum

TTL Logical High: 2.0 Vdc minimum
Output Logic Levels

TTL Logical Low: 0.4 Vdc maximum

TTL Logical High: 2.4 Vdc minimum

Load Definition

AC loads comprise the maximum capacitance allowed per signal line
to ground. A unit load is defined as 9.35 pF of capacitance. DC loads
are defined as maximum current allowed with a signal line driver as-
serted or unasserted. A unit load is defined as 210 uA in the unassert-
ed state.

120 Ohm LSI-11 Bus

The electrical conductors interconnecting the bus device slots are
treated as transmission lines. A uniform transmission line, terminated
in its characteristic impedance, will propagate an electrical signal
without reflections. Since bus drivers, receivers, and wiring connected
to the bus have finite resistance and nonzero reactance, the transmis-
sion line impedance is not uniform, and introduces distortions into
pulses propagated along it. Passive components of the LSI-11 Bus
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(such as wiring, cabling, and etched signal conductors) are designed
to have a nominal characteristic impedance of 120 ohms.

The maximum length of interconnecting cable excluding wiring within
the backplane is limited to 4.88 m (16 ft.).

Bus Drivers

Devices driving the 120 ohm LSI-11 Bus must have open collector out-
puts and meet the following specifications.

Output low voltage when sinking 70 mA of
current: 0.7V maximum.

Output high leakage current when connect-
ed to 3.8 Vdc: 25 uA (even if no power is ap-
plied, except for BDCOK H and BPOK H).

These conditions must be met at worst-
case supply voltage, temperature, and in-
put signal levels.

DC Specifications

AC Specifications Bus driver output pin capacitive load: Not
to exceed 10 pF.

Propagation delay: Not to exceed 35 ns.

Skew (difference in propagation time be-
tween slowest and fastest gate): Not to ex-
ceed 25 ns.

Rise/Fall Times: Transition time (from 10%
to 90% for positive transition, and from
90% to 10% for negative transition) must
be no faster than 10 ns.

Bus Receivers
Devices that receive signals from the 120 ohm LSI-11 Bus must meet

the following requirements.
Input low voltage (maximumy): 1.3V.

Input high voltage (minimum): 1.7V.

DC Specifications

Maximum input current when connected to
3.8 Vdc: 80 A even if no power is applied.

These specifications must be met at worst-
case supply voltage, temperature, and out-
put signal conditions

AC Specifications Bus receiver input pin capacitance load:
Not to exceed 10 pF.
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Propagation delay: Not to exceed 35 ns.

Skew (difference in propagation time be-
tween slowest and fastest gate): Not to ex-
ceed 25 ns.

Bus Termination

The 120 ohm LSI-11 Bus must be terminated at each end by an appro-
priate terminator, as illustrated in Figure E-16. This is to be done as a
voltage divider with its Thevenin equivalent equal to 120 ohms and
3.4V nominal. This type of termination is provided by an REV11-A re-
fresh/boot/terminator, BDV11-AA, KPV11-B, TEV11, or by certain back-
planes and expansion cards.

+5V +5V
3300 1789
1%
220 1200
BUS LINE BUS LINE
TERMINATION TERMINATION
6800 3830

1 0/0

Figure E-16 Bus Line Terminations

Each of the several LSI-11 Bus lines (all signals whose mnemonics
start with the Ietter B) must see an equivalent network with the follow-
ing characteristics at each end of the bus:

Input impedance (with respect to 120 ohm + 5%, — 15%
ground)

Open circuit voltage 3.4Vdc +5%
Capacitance Load Not to exceed 30 pF
NOTE

The resistive termination may be provided by the
combination of two modules (i.e., the processor
module supplies 220 ohms to ground. This, in paral-
lel with another 220 ohm card provides 120 ohms.)
Both of these terminators must be physically resi-
dent within the same backplane.

E-31



Appendix E — LSI-11 Bus Technical Specifications

Bus Interconnecting Wiring
Backplane Wiring — The wiring that connects all device interface
slots on the LSI-11 must meet the following specifications:

1. The conductors must be arranged such that each line exhibits a
characteristic impedance of 120 ohms (measured with respect to
the bus common return).

2. Crosstalk between any two lines must be no greater than 5%.
Note that worst-case crosstalk is manifested by simultaneously
driving all but one signal line and measuring the effect on the un-
driven line.

3. DC resistance of the signal path, as measured between the near-
end terminator and the far-end terminator module (including-all in-
tervening connectors, cables, backplane wiring, connector-mod-
ule etch, etc.) must not exceed 2 ohms.

4. DC resistance of common return path, as measured between the
near-end terminator and the far-end terminator module (including
all intervening connectors, cables, backplane wiring, connector-
module etch, etc.) must not exceed an equivalent of 2 ohms per
signal path. Thus, the composite signal return path dc resistance
must not exceed 2 ohms divided by 40 bus lines, or 50 milliohms.
Note that although this common return path is nominally at
ground potential, the conductance must be part of the bus wiring.
The specified low impedance return path must be provided by the
bus wiring as distinguished from the common system or power
ground path.

Intra-Backplane Bus Wiring — The wiring that connects the bus con-
nector slots within one contiguous backplane is part of the overail bus
transmission line. Owing to implementation constraints, the nominal
characteristic impedance of 120 ohms may not be achievable. Distrib-
uted wiring capacitance in excess of the amount required to achieve
the nominal 120 ohm impedance may not exceed 60 pF per signal line
per backplane.

Power and Ground — Each bus interface slot has connector pins as-
signed for the following dc voltages. The maximum allowable current
per pin is 1.5 A. +5 Vdc must be regulated to +5% with a maximum
ripple of 100 mV pp. + 12 Vdc must be regulated to = 3% with a maxi-
mum ripple of 200 mV pp.

e +5Vdc—Three pins (4.5 A maximum per bus device slot)
& + 12 Vdc—Two pins (3.0 A maximum per bus device slot)
e Ground—Eight pins (shared by power return and signal return)
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NOTE
Power is not bused between backpianes on any in-
terconnecting bus cables.

SYSTEM CONFIGURATIONS
LSi-11 Bus systems can be divided into two types:

1. Systems containing one backplane
2. Systems containing multiple backplanes

Before configuring any system, three characteristics for each module

in the system must be known. These characteristics are:

@ Power consumption— +5 Vdc and + 12 Vdc current requirements.

e AC bus loading—the amount of capacitance a module presents to
a bus signal line. AC loading is expressed in terms of ac loads
where one ac load equals 9.35 pF of capacitance.

e DC bus loading—the amount of dc leakage current a module pre-
sents to a bus signal when the line is high (undriven). DC loading is
expressed in terms of dc loads where one dc load equals 210 mi-
croamperes (nominal).

Power consumption, ac loading, and dc loading specifications for
each module are included in the Microcomputer Interface Handbook.

NOTE
The ac and dc loads and the power consumption of
the processor module, terminator module, and back-
plane must be included in determining the total load-
ing of a backplane.

Rules for Configuring Single Backplane Systems

® When using a processor with 220 ohm termination, the bus can ac-
comodate modules that have up to 20 ac loads (total) before addi-
tional termination is required. (f more than 20 ac lcads are included,
the other end of the bus must be terminated with 120 ohms, and
then up to 35 ac loads may be present.

e With 120 ohm processor termination, up to 35 ac loads can be
used without additional termination. If 120 ohm bus termination is
added, up to 45 ac loads can be configured in the backplane.

e The bus can accommodate modules up to 20 dc loads (total).

e The bus signal lines on the backplane can be up to 35.6 cm (14 in.)
long.
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BACKPLANE WIRE l
35.6cm  (14in) MAX

T ]

12002 OR ONE ONE ONE
2200 UNIT UNIT UNIT
LOAD LOAD LOAD
+
3.4v “ v —
= ' 20DC LOADS
PROCESSOR

Figure E-17 Single Backplane Configuration

Rules for Configuring Multiple Backplane Systems

e As illustrated in Figure E-18, up to three backplanes may make up
the system.

e The signal lines on each backplane can be up to 25.4 cm (10 in.)
long. ,

e Each backplane can accommodate modules that have up to 22 ac
loads (total). Unused ac loads from one backplane may not be add-
ed to another backplane if the second backplane loading will ex-
ceed 22 ac loads. It is desirable to load backplanes equally, or with
the highest ac loads in the first and second backplanes.

e DC loading of all modules in all backplanes cannot exceed 20
loads (total).

e Both ends of the bus must be terminated with 120 ohms. This
means that the first and last backplane must have an impedance of
120 ohms. To achieve this, each backplane may be lumped together
as a single point. The resistive termination may be provided by a
combination of two modules in the backplane—the processor pro-
viding 220 ohms to ground in parallel with an expansion paddle card
providing 250 ohms to give the needed 120 ohm termination. Alter-
nately, a processor with 120 ohm termination would need no addi-
tional termination on the paddle card to attain 120 ochms in the first
box. The 120 ohm termination in the last box can be provided in two
ways. The termination resistors may reside either on the expansion
paddle card or on a bus termination card such as the BDV11.
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e The cable(s) connecting the first two backplanes are 61 cm (2 ft.) or
greater in length.
e The cable(s) connecting the second backplane to the third back-

plane are 122 cm (4 ft.) longer or shorter than the cable(s) connect-
ing the first and second backplanes.

BACKPLANE WIRE
25.4cm (10in) MAX

{ (
| ]
ONE ONE
2208 UNIT UNIT 250Q
LOAD LOAD
+ +
3.4V N y ¥ 3.4V
- 22 AC LOADS MAX
PROCESSOR CABLE/TERM
BACKPLANE WIRE !
25.4 cm(10in) MAX
]
ONE ONE
UNIT UNIT
LOAD LOAD
CABLE N . __ CABLE
ADDITIONAL 22 AC LOADS MAX
CABLES
8 BACKPLANE BACKPLANE WIRE
25.4cm (10in) MAX
]
ONE ONE
UNIT UNIT 120Q
LOAD LOAD
+
CABLE o . , 3.4y
22 AC LOADS MAX -
NOTES : =
1. TWO CABLES (MAX.) 4.88m (16 1) (MAX )

TOTAL LENGTH.
2. 20 DC LOADS TOTAL (MAX)

TERM

Figure E-18 Multiple Backplane Configuration
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® The combined length of both cables cannot exceed 4.88 m (16 ft.).

e The cables used must have a characteristic impedance of 120
ohms.

Power Supply Loading

Total power requirements for each backplane can be determined by
obtaining the total power requirements for each module in the back-
plane. Obtain separate totals for +5V and + 12V power. Power re-
quirements for each module are specified in the Microcomputer Inter-
faces Handbook.

When distributing power in multiple backplane systems, do not at-
tempt to distribute power via the LSI-11 Bus cables. Provide separate,
appropriate power wiring from each power supply to each backplane.
Each power supply should be capable of asserting BPOK H and
BDCOK H signals according to bus protocol; this is required if auto-
matic power-faillrestart programs are implemented, or if specific pe-
ripherals require an orderly power-down halt sequence. The proper use
of BPOK H and BDCOK H signals is strongly recommended.

MODULE CONTACT FINGER IDENTIFICATION

DIGITAL plug-in modules all use the same contact finger (pin) identifi-
cation system. The LSI-11 Bus is based on the use of double-height
modules that plug into a 2-slot bus connector. Each slot contains 36
lines (18 each on component and solder sides of circuit board).

Slots, shown as row A and row B in Figure E-19, include a numeric
identifier for the side of the module. The component side is designat-
ed side 1 and the solder side is designated side 2. Letters ranging from
A through V (excluding G, I, O, and Q) identify a particular pin on a side
of a slot. Table E-4 lists and identifies the bus pins of the double-
height module. The bus pin identifier ending with a 1 is found on the
component side of the board, while a bus pin identifier ending with a 2
is found on the solder side of the board. A typical pin is designated as
follows.

Slot (Row) ldentifier \ Module Side
“Slot B” ldentifier

‘‘Side 2” {solder
side)

Pin Identifier
“Pin E”
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ROW A

SIDE 2
ROW B SOLDER SIDE

COMPONENT SIDE
PIN BV1

Figure E-19 Double-Height Module Contact Finger Identification

The positioning notch between the two rows of pins mates with a pro-
trusion on the connector block for correct moduie positioning.

Table E-4 Bus Pin Identifiers

BUS MNEMONICS DESCRIPTION

PIN

AA1 BIRQ5 L Iinterrupt Request Priority Level
5

AB1 BIRQ6 L Interrupt Request Priority Level
6

AC1 BDAL16 L Extended address bit-during

addressing protocol; memory
error data line during data
transfer protocol.

AD1 BDAL17 L Extended address bit during
addressing protocol; memory
error logic enable during data
transfer protocol.
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AE1

AF1

AHA1

AJ1

AK1

AL1
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MNEMORNICS

SSPARET1
(Alternate +5B)

SSPARE2

SSPARE 3
SRUN
simultaneously

GND

MSPAREA

MSPAREB

E-38

DESCRIPTION

Special Spare—not assigned or
bused in DIGITAL cable or
backplane assemblies; avail-
able for user connection. Op-
tionally, this pin may be used
for + 5V battery (+ 5B) backup
power to keep critical circuits
alive during power failures. A
jumper is required on LS!-11
Bus options to open (discon-
nect) the + 5B circuit in sys-
tems that use this line as
SSPARET.

Special Spare—not assigned or
bused in DIGITAL cable or
backplane assemblies; avail-
able for user interconnection.
In the highest-priority device
slot, the processor may use
this pin for a signal to indicate
its RUN state.

Special Spare—not assigned or
bused in DIGITAL cable or
backplane assemblies; avail-
able for user interconnection.
An alternate SRUN signal may
be connected in the highest-pri-
ority set.

Ground—System signal ground
and dc return.

Maintenance Spare—Normally
connected together on the
backplane at each option loca-
tion (not bused connection).

Maintenance Spare—Normally
connected together on the
backplane at each option loca-
tion (not bused connection).



BUS
PIN

AM1

AN1

AP1

AR1
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MNEMONICS

GND

BDMRL

BHALT L

BREF L
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DESCRIPTION

Ground—System signal ground
and dc return.

Direct Memory Access (DMA)
Request—A device asserts this
signal to request bus master-
ship. The processor arbitrates
bus mastership between itself
and all DMA devices on the
bus. If the processor is not bus
master (it has completed a bus
cycle and BSYNC L is not
being asserted by the proces-
son), it grants bus mastership
to the requesting device by as-
serting BDMGO L. The device
responds by negating BDMR L
and asserting BSACK L.

Processor Halt—When BHALT
L is asserted for at least 25 us,
the processor services the halt
interrupt and responds by halt-
ing normal program execution.
External interrupts are ignored
but memory refresh interrupts
in LSI-11 are enabled if W4 on
M7264 and M7264-YA proces-
sor modules is removed and
DMA request/grant sequences
are enabled. The processor exe-
cutes the ODT microcode and
the console device operation is
invoked.

Memory Refresh—Asserted by
a DMA device. This signal
forces all dynamic MOS mem-
ory units requiring bus refresh
signals to be activated for each
BSYNC L/BDIN L bus transac-
tion. it is also used as a control
signal for block mode DMA.



BUS

PIN

AS1

AT1

AU1

AV

BA1

BB1
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MNEMONICS

+12B
or
+ 5B

GND

PSPARE 1

+5B

BDCOKH

BPOK H
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DESCRIPTION

CAUTION

The user must avoid multiple
DMA data transfers (burst or
“hog@” mode) that could delay
refresh operation if using DMA
refresh. Complete refresh
cycles must occur once every
1.6 msec if required.

+12 Vdc or +5V battery
backup power to keep critical
circuits alive during power fail-
ures. This signal is not bused
to BS1in all DIGITAL back-
planes. A jumper is required on
all LSI-11 Bus options to open
(disconnect) the backup circuit
from the bus in systems that
use this line at the alternate
voltage.

Ground—Syétem signal ground
and dc return.

Spare (Not assigned. Customer
usage not recommended.) Pre-
vents damage when modules
are inserted upside down.

+ 5V Battery Power—
Secondary + 5V power connec-
tion. Battery power can be used
with certain devices.

DC Power OK—Power supply-
generated signal that is assert-
ed when there is sufficient dc
voltage available to sustain re-
liable system operation.

Power OK—Asserted by the
power supply 70 ms after
BDCOK negated when ac pow-
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BUS MNEMONICS DESCRIPTION

PIN
er drop below the value re-
quired to sustain power (ap-
proximately 75% of nominal).
When negated during proces-
sor operation, a power fail trap
sequence is initiated.

BC1 SSPARE4 Special Spare in the LSI-11
BDAL 18L Bus—Not assigned. Bussed in
(22-bit 22-bit cable and backplane as-
only) semblies; available for use in-

terconnection.

BD1 SSPARES Caution. These pins may be
BDAL 19L used as test points by DIGITAL
(22-bit in some options.
only)

BE1 SSPARE6 in the 22-bit LSI-11 Bus, these

' BDAL 20L bussed address lines are Ad-

dress Lines <21:18> currently
not used during data time.

BF1 SSPARE7 In the 22-bit LSI-11 Bus these
BDAL 21L bussed address lines are Ad-
dress Lines <21:18> currently
not used during data time.

BH1 SSPARES Special Spare—Not assigned
or bused in DIGITAL cable and
backplane assemblies; avail-
able for user interconnection.

BJ1 GND Ground—System signal ground
and dc return.

BK1 MSPAREB Maintenance Spare—Normally

BL1 MSPAREB connected together on the

backplane at each option loca-
tion (not a bused connection).

BM1 GND Ground—System signal ground
and dc return.
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PIN

BN1

BP1
BR1

BS1

BT1

BU1

BV1
AA2

AB2
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MNEMONICS

BSACK L

BIRQ7 L
BEVNTL

+12B

GND

PSPARE2

+5

+5

—-12
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DESCRIPTION

This signal is asserted by a
DMA device in response to the
processor’'s BDMGO L signal,
indicating that the DMA device
is bus master.

Interrupt request priority level 7

External Event Interrupt Re-
quest—When asserted, the
processor responds by entering
a service routine via vector ad-
dress 100s. A typical use of this
signal is a line time clock inter-
rupt.

+ 12 Vdc battery backup power
(not bused to AS1in all
DIGITAL backplanes).

Ground—System signal ground
and dc return.

Power Spare 2 (not assigned a
function, not recommended for
use). If a module is using — 12V
(on pin AB2) and if the module
is accidentally inserted upside
down in the backplane, —12
Vdc appears on pin BU1.

+5V Power—Normal +5Vdc
system power.

+ 5V Power—Normal +5 Vdc
system power.

—12V Power— — 12 Vdc (op-
tional) power for devices requir-
ing this voltage.

NOTE

LSI-11 modules which require
negative voltages contain an

inverter circuit (on each mod-
ule) which generates the re-



BUS
PIN

AC2

AD2

AE2

AF2

AH2
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MNEMONICS

GND

+12

BDOUT L

BRPLY L

BDINL
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DESCRIPTION

quired voltage(s). Hence, — 12V
power is not required with
DIGITAL-supplied options.

Ground—System signal ground
and dc return.

+ 12V Power—12 Vdc system
power.

Data Output—BDOUT, when
asserted, implies that valid
data is available on BDAL
<0:15> L and that an output
transfer, with respect to the
bus master device, is taking
place. BDOUT L is deskewed
with respect to data on the bus.
The slave device responding to
the BDOUT L signal must as-
sert BRPLY L to complete the
transfer.

Reply—BRPLY L is asserted in
response to BDIN L or BDOUT
L and during |AK transactions.
It is generated by a slave de-
vice to indicate that it has
placed its data on the BDAL
bus or that it has accepted out-
put data from the bus.

Data Input—BDIN L is used for
two types of bus operation:

When asserted during BSYNC
L time, BDIN L implies an input
transfer with respect to the cur-
rent bus master, and requires a
response (BRPLY L). BDIN L is
asserted when the master de-
vice is ready to accept data
from a slave device.

When asserted without BSYNC



BUS
PIN

AJ2

AK2

AL2

AM2
AN2
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MNEMONICS

BSYNCL

BWTBTL

BIRQ4 L

BIAKI L
BIAKO L

DESCRIPTION

L, it indicates that an interrrupt
operation is occurring.

The master device must
deskew input data from BRPLY
L.

Synchronize—BSYNC L is as-
serted by the bus master de-
vice to indicate that it has
placed an address on
BDAL<0:17> L. The transfer is
in process until BSYNC L is
negated.

Write/Byte—BWTBT L is used
in two ways to control a bus
cycle:

It is asserted at the leading
edge of BSYNC L to indicate
that an output sequence is to
follow (DATO or DATOB), rather
than an input sequence.

It is asserted during BDOUT L,
in a DATOB bus cycle, for byte
addressing.

Interrupt Request Priority Level
4— A level 4 device asserts
this signal when its interrupt
enable and interrupt request
flips-flops are set. If the PS
word bit 7 is 0, the processor
responds by acknowledging the
request by asserting BDIN L
and BIAKO L.

Interrupt Acknowledge—In ac-
cordance with interrupt proto-
col, the processor asserts
BIAKO L to acknowledge re-
ceipt of an interrupt. The bus
transmits this to BIAKI L of the



BUS
PIN

AP2

AR2
AS2
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MNEMONICS

BBS7 L

BDMGI L
BDMGO L
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DESCRIPTION

device electrically closest to
the processor. This device ac-
cepts the interrupt acknowl-
edge under two conditions:

1) The device requested the bus
by asserting BIRQXL, and 2) the
device has the highest-priority
interrupt request on the bus at
that time.

If these conditions are not met,
the device asserts BIAKO L to
the next device on the bus. This
process continues in a daisy-
chain fashion until the device
with the highest-interrupt priori-
ty receives the interrupt ac-
knowledge signal.

Bank 7 Select—The bus master
asserts this signal to reference
the I/0O page (including that por-
tion of the I/O page reserved for
nonexistent memory). The ad-
dress in BDAL<0:12> L when
BBS7 L is asserted is the ad-
dress within the 1/0 page.

Direct Memory Access
Grant—The bus arbitrator as-
serts this signal to grant bus
mastership to a requesting de-
vice, acccrding to bus master-
ship protocol. The signal is
passed in a daisy-chain from
the arbitrator (as BDMGO L)
through the bus to BDMGI L of
the next priority device (electri-
cally closest device on the
bus). This device accepts the
grant only if it requested to be
bus master (by a BDMR L). If
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BUS MNEMONICS
PIN

AT2 BINIT L

AU2 BDALO L
AV2 BDAL1L
BA2 +5

BB2 -12

DESCRIPTION

not, the device passes the
grant (asserts BDMGO L) to the
next device on the bus. This
process continues until the re-
questing device acknowledges
the grant.

CAUTION

DMA device transfers must not
interfere with the memory re-
fresh cycle.

Initialize—This signal is used
for system reset. All devices on
the bus are toreturnto a
known, initial state; i.e., regis-
ters are reset to zero, and logic
is reset to state 0. Exceptions
should be completely docu-
mented in programing and en-
gineering specifications for the
device.

Data/Address lines—These two
lines are part of the 16-line
data/address bus over which
address and data information
are communicated. Address in-
formation is first placed on the
bus by the bus master device.
The same device then either re-
ceives input data from, or out-
puts data to the addressed
slave device or memory over
the same bus lines.

+ 5V Power—Normal + 5 Vdc
system power.

12V Power— — 12 Vdc (op-
tional) power for devices requir-
ing this voltage.

* Voltages normally not supplied by DIGITAL.
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PIN

BC2

BD2

BE2
BF2
BH2
BJ2
BK2
BL2
BM2
BN2
BP2
BR2
BS2
BT2
BU2
BVv2
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MNEMONICS

GND

+12

BDAL2 L
BDAL3 L
BDAL4 L
BDAL5 L
BDALG L
BDAL7 L
BDALS L
BDAL9 L
BDAL10 L
BDAL11 L
BDAL12 L
BDAL13 L
BDAL14 L
BDAL15 L
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DESCRIPTION

Ground—System signal ground
and dc return.

+ 12V Power— + 12V system
power.

Data/Address Lines—These 14
lines are part of the 16-line
data/address bus previously de-
scribed.






APPENDIX F
PROGRAMMING TECHNIQUES

The LSI-11 and PDP-11 microcomputers offer you a great deal of pro-
gramming flexibility and power. With the combination of the instruc-
tion set, addressing modes, and programming techniques, new soft-
ware can be developed and old programs utilized effectively. This
chapter provides programming techniques examples which illustrate
the unique capabilities of PDP-11 processors. The techniques specifi-
cally discussed are: stacks, subroutine linkage, and reentrancy.

STACKS

The stack is part of the basic design architecture of the LSI-11 and
PDP-11 processors. It is an area of memory set aside by the pro-
grammer or by the operating system for temporary storage and link-
age. It is handled on a LIFO (last-in/first-out) basis, where items are
retrieved in the reverse of the order in which they were stored. On a
PDP-11 processor, a stack starts at the highest location reserved for it
and expands linearly downward to a lower address as items are added
to the stack.

You do not need to keep track of the actual locations into which data
is being stacked. This is done automatically through a stack pointer.
To keep track of the last item added to the stack, a general register
always contains the memory address when the last item is stored in
the stack. Any register except register 7 (the PC) may be used as a
stack pointer under program control; however, instructions associat-
ed with subroutine linkage and interrupt service automatically use
register 6 as a hardware stack pointer. For this reason, R6 is frequently
referred to as the system SP. Stacks may be maintained in either full
word or byte units. This is true for a stack pointed to by any register
except R6, which must be organized in full word units only. Byte
stacks require only instructions capable of operating on bytes rather
than full words. Figure F-1 illustrates both word and byte stacks.

Items are added to a stack using the autodecrement addressing
mode. Adding items to the stack is called pushing, and is accom-
plished by the following instructions:

MoV Source, — (SP) ;MOV Contents of Source Word
;onto the stack
or
MovB Source, - (SP) ;MOVB Source Byte onto
;the stack
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WORD STACK
007100 ITEM @1
007076 ITEM #2
007074 ITEM @3
007072 ITEM # 4 5P | 007072 |
007070
007066
007064
NOTE; BYTES ARE
BYTE STACK WORDS A8 FOLLOWING:
BYTE3 |BYTE 2
007100 ITEM  #1 BYTE ¢ |BYTE O
007077 ITEM #2
007076 ITEM #3
007075 ITEM 24 ad 007075 ]

Figure F-1 Word and Byte Stacks

Data are thus pushed onto the stack.

Removing data from the stack is called a pop (popping from the stack).
This operation is accomplished using the autoincrement mode:

MOV (SP) +, Destination ;MOV Destination Word
;off the stack
or
MOvVB (SP) +, Destination ;MOVB Destination Byte

;off the stack

After an item has been popped, its stack location is considered free
and available for other use. The stack pointer points to the last used
location, implying that the next lower location is free. Thus, a stack
may represent a pool of temporary storage locations. Figure F-2 illus-
trates the push and pop operations.

Uses for the Stack

e Often one of the general-purpose registers must be used in a sub-
routine or interrupt service routine and then returned to its original
value. The stack can be used to store the contents of the registers
involved.
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HIGH MEMORY
5P
N EQ <SP E0
Tkﬂé?: 4 Et fer-SP
LOW MEMORY :
1. AN_EMPTY STACK 2.PUSHING A DATUM 3. PUSHING ANOTHER
AREA ONTO THE STACK DATUM ONTO THE
STACKS
€0 EQ P EQ
Bl €1 5P E1
E2 <SP i E3 <SP
4, ANOTHER PUSH 5. POP 6. PUSH
£3
EQ
Et - SP

7. POP

Figure F-2 Push and Pop Operations

e The stack is used in storing linkage information between a subrou-
tine and its calling program. The JSR instruction, used in calling a
subroutine, requires the specification of a linkage register along
with the entry address of the subroutine. The content of this linkage
register is stored on the stack, so as not to be lost, and the return
address is moved from the PC to the linkage register. This provides
a pointer back to the calling program so that successive arguments
may be transmitted easily to the subroutine.

e If no arguments need be passed by stacking them after the JSR in-
struction, the PC may be used as the linkage register. In this case,
the result of the JSR is to move the return address in the calling pro-
gram from the PC onto the stack and replace it with the entry ad-
dress of the called subroutine.

e In many cases, the operations performed by the subroutine can be
applied directly to the data located on or pointed to by a stack with-
out the need ever actually to move the data into the subroutine area.

;CALLING PROGRAM
MoV SP,R1 ;R11S USED AS THE STACK

JSR PC,SUBR ;POINTER HERE
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:SUBROUTINE
ADD  (R1)+,(R1) :ADD ITEM #1 to #2,PLACE
"RESULT IN ITEM #2,
‘R1 POINTS TO
JITEM #2 NOW.

Because the hardware already uses general-purpose register R6 to
point to a stack for saving and restoring PC and processor status word
(PSW) information, it is convenient to use this same stack to save and
restore immediate results and to transmit arguments to and from sub-
routines. Using R6 in this manner permits extreme flexibility in nesting
subroutines and interrupt service routines.

Since arguments may be obtained from the stack by using some form
of register indexed addressing, it is sometimes useful to save a tempo-
rary copy of R6 in some other register which has been saved at the
beginning of a subroutine. If R6 is saved in R5 at the beginning of the
subroutine, R5 may be used to index the arguments while R6 is free to
be incremented and decremented in the course of being used as a
stack pointer. If R6 had been used directly as the base for indexing
and not “copied,” it might be difficult to keep track of the position in
the argument list, since the base of the stack would change with every
autoincrement/decrement which occurs.

However, if the contents of R6 (SP) are saved in R5 before any argu-
ments are pushed onto the stack, the position relative to R5 would re-
main constant.

Return from a subroutine also involves the stack, as the return instruc-
tion, RTS, must retrieve information stored there by the JSR.

When a subroutine returns, it is necessary to ‘““clean up” the stack by
eliminating or skipping over the subroutine arguments. One way this
can be done is by insisting that the subroutine keep the number of ar-
guments as its first stack item. Returns from subroutines then involve
calculating the amount by which to reset the stack pointer, resetting
the stack pointer, then storing the original contents of the register
used as the copy of the stack pointer.

e Stack storage is used in trap and interrupt linkage. The program
counter and the processor status word of the executing program are
pushed on the stack.

e When using the system stack, nesting of subroutines, interrupts,
and traps to any level can occur until the stack overflows its legal
limits.
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e The stack method is also available for temporary storage of any
kind of data. It may be used as a LIFO list for storing inputs, interme-
diate results, etc.

As an example of stack use, consider this situation: a subroutine
(SUBR) wants to use registers 1 and 2, but these registers must be re-
turned to the calling program with their contents unchanged. The sub-
routine could be written as follows:

Assembler
Address Octal Code Syntax Comments
076322 010167 SUBR: MOV R1,TEMP1 ;save R1
076324 000074 *
076326 010267 MOV R2,TEMP2 ;save R2
076330 000072 *
076410 016701 MOV TEMP1,R1 ;restore R1
076412 000006 *
076414 016702 MOV TEMP2,R2 ;restore R2
076416 000004 *
076420 000207 RTS PC
076422 000000 TEMP1:0
076424 000000 TEMP2: 0

* Index Constants

OR: Using the Stack
R3 has been previously set to point to the end of an unused block of
memory.

Assembler
Address Octal Code Syntax Comments
010020 010143 SUBR: MOV R1,—(R3) ;push R1
010022 010243 MOV R2,-(R3) ;push R2
010130 012302 MOV (R3)+,R2 ;pop R2
010132 012301 MOV (R3)+,R1 ;pop R1
010134 000207 RTS PC
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Note: In this case R3 was used as a stack pointer.

The second routine uses four fewer words of instruction code and two
words of temporary stack storage. Another routine could use the same
stack space at some later point. Thus, the ability to share temporary
storage in the form of a stack is a way to save on memory use.

As another example of stack use, consider the task of managing an
input buffer from a terminal. As characters come in, you may wish to
delete characters from the line; this is accomplished very easily by
maintaining a byte stack containing the input characters. Whenever a
backspace is received, a character is popped off the stack and elimi-
nated from consideration. In this example, you have the choice of pop-
ping characters to be eliminated by using either the MOVB (MOVE
BYTE) or INC (INCREMENT) instruction. This example is illustrated in
Figure F-3.

00101} [3 c
001010 U n

001007 s NC R3 s

001006 T T

001005 o o

001004 " M

001003 € 3

001602 R R <r3 [ o000z "]
001001 z <r3 [ oowor. | ’

Figure F-3 Byte Stack Used as a Character Buffer

Note thatin this case the incrementinstruction (INC)is preferable to
MOVB, since it accomplishes the task of eliminating the unwanted
character from the stack by readjusting the stack pointer without the
need for a destination location. Also, the stack pointer (SP) used in
this example cannot be the system stack pointer (R6) because R6 may
point only to word (even) locations.

DELETING ITEMS FROM A STACK
To delete one item:

INC SP or TSTB(SP) + for a byte stack
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To delete two items:
ADD#2,SP or TST(SP) + for a word stack
To delete fifty items from a word stack:
ADD #100.,SP

SUBROUTINE LINKAGE

The contents of the linkage register are saved on the system stack
when a JSR is executed. The effect is the same as if a MOV reg, — (R6)
had been performed. Following the JSR instruction, the same register
is loaded with the memory address (the contents of the current PC),
and a jump is made to the entry location specified.

Figure F-4 illustrates the before and after conditions when executing
the subroutine instructions JSR R5,1064.

BEFORE AFTER
(RS)= 000132 (R5k 001004
(R6)=001776 (RE)=001774
(PC)=(R7) = 001000 (PCH(RT)=00106 4

Q02000 annnnn 002000 nnannnn

001776 mmmmmm |esp [ 001776 | 001776 mmmmmm

001774 001774 000132 - sp [ 001774 l

oofr72 oot1772

Figure F-4 JSR Instruction

Because the PDP-11 hardware already uses general purpose register
R6 to point to a stack for saving and restoring PC and PSW (processor
status word) information, it is convenient to use this same stack to
save and restore intermediate results and to transmit arguments to
and from subroutines. Using R6 this way permits nesting subroutines
and interrupt service routines.

Return from a Subroutine

An RTS instruction provides for a return from the subroutine to the
calling program. The RTS instruction must specify the same register
as the one the JSR instruction used in the subroutine call. When the
RTS is executed, the register specified is moved to the PC, and the top
of the stack to be placed in the register specified. Thus, an RTS PC
has the effect of returning to the address specified on the top of the
stack.
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Subroutine Advantages
There are several advantages to the PDP-11 subroutine calling proce-
dure, effected by the JSR instruction.

e Arguments can be passed quickly between the calling program
and the subroutine. )

e |f there are no arguments, or the arguments are in a general regis-
ter or on the stack, the JSR PC,DST mode can be used so that none
of the general purpose registers are used for linkage.

e Many JSRs can be executed without the need to provide any sav-
ing procedure for the linkage information, since all linkage informa-
tion is automatically pushed onto the stack in sequential order. Re-
turns can be made by automatically popping this information from
the stack in the order opposite to the JSRs.

Such linkage address bookkeeping is called automatic “nesting” of
subroutine calls. This feature enables you to construct fast, efficient
linkages in a simple, flexible manner. It also permits a routine to call
itself in those cases where this is meaningful.

REENTRANCY

Other advantages of the PDP-11 stack organization are obvious in pro-
gramming systems that are engaged in concurrent handling of several
tasks. Multi-task program environments range from simple single-user
applications which manage a mixture of I/O interrupt service and
background data processing, as in RT-11, to large compiex multi-pro-
gramming systems that manage an intricate mixture of executive and
multi-user programming situations, as in RSX-11. In all these situa-
tions, using the stack as a programming technique provides flexibility
and time/memory economy by allowing many tasks to use a single
copy of the same routine with a simple straightforward way of keeping
track of complex program linkages.

The ability to share a single copy of a program among users or among
tasks is called reentrancy. Reentrant program routines differ from or-
dinary subroutines in that it is not necessary for reentrant routines to
finish processing a given task before they can be used by another
task. Multiple tasks can exist at any time in varying stages of comple-
tion in the same routine. Thus the following situation may occur.
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MEMORY MEMORY
proGaM | rrosnsm 1 PEBETRE
:gm i SUBROUTINE A _/
rrosaan 2 EERETRE
]
PrRoGRaM 3 ZSIBRAUTING A
Figure F-5 Reentrant Routines
PDP-11 Approach Conventional Approach
Programs 1, 2, and 3 can share A separate copy of Subroutine A
Subroutine A. must be provided for each pro-
gram.

Reentrant Code
Reentrant routines must be written in pure code, code that is not self-
modifying and consists entirely of instructions and constants.

Pure code (any code that consists exclusively of instructions and con-

stants) may be used when writing any routine, even if the completed
routine is not to be reenterable. The value of using pure code whenev-

er possibie is that the resulting code:

e is generally considered easier to debug

® can be kept in read-only memory (is read-only protected)

Using reentrant code, control of a routine can be shared as follows:

REENTRANT

ROUTINE Q

TASK B8
Figure F-6 Sharing Control of a Routine

e Task A requests processing by Reentrant Routine Q.

e Task A temporarily relinquishes control of Reentrant Routine Q be-
fore it completes processing.
@ Task B starts processing the same copy of Reentrant Routine Q.
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® Task B completes processing by Reentrant Routine Q.

e Task A regains use of Reentrant Routine Q and resumes where it
stopped.

Writing Reentrant Code

In an operating system environment, when one task is executing and
is interrupted to allow another task to run, a context switch occurs
which causes the processor status word and current contents of the
general purpose registers (GPRs) to be saved and replaced by the ap-
propriate values for the task being entered. Therefore, reentrant code
should use the GPRs and the stack for any counters, pointers, or data
that must be modified or manipulated in the routine.

The context switch occurs whenever a new task is allowed to execute.
It causes all of the GPRs, the PSW, and often other task-related infor-
mation to be saved in an impure area, then reloads these registers and
locations with the appropriate data for the task being entered. Notice
that one consequence of this is that a new stack pointer value is load-
ed into R6, therefore causing a new area to be used as the stack when
the second task is entered.

The following should be observed when writing reentrant code:

e All data should be in or pointed to by one of the general purpose
registers.

e A stack can be used for temporary storage of data or pointers to
impure areas within the task space. The pointer to such a stack
would be stored in a GPR.

e Parameter addresses should be used by indexing and indirect ref-
erence rather than by putting them into instructions within the code.

e When temporary storage is accessed within the progam, it should
be by indexed addresses, which can be set by the calling task in or-
der to handle any possible recursion.

Use of Reentrant Code

Reentrant code is used whenever more than one task may reference
the same code without requiring that each task complete processing
with the code before the next may use it.
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abort An exception that occurs in the middle of an instruction and
potentially leaves the registers and memory in an indeterminate state
such that the instruction cannot necessarily be restarted.

absolute address A binary number that is permanently assigned as
the address of a storage location.

absolute mode Autoincrement deferred mode in which the PC is
used as the register. The PC contains the address of the location con-
taining the actual operand.

access mode 1. Any of the three processor access modes in which
software executes. Processor access modes are, in order from most to
least privileged and protected: kernel, supervisor, and user. When the
processor is in kernel mode, the executing software has complete
control of, and responsibility for, the system. In any other mode, the
processor is inhibited from executing privileged instructions. The
Processor Status Word contains the current access mode field. The
operating system uses access modes to define protection levels for
software executing in the context of a process. For example, the exec-
utive runs in kernel mode and is most protected. The debuggerrunsin
user mode and is not more protected than normal users programs.

access time The time interval between the instant at which data is
called for (or requested to be stored) from a storage device and the
instant delivery (or storage) is started.

access type 1. The way in which the processor accesses instruction
operands. Access types are: read and write. 2. The way in which a pro-
cedure accesses its arguments.

access violation An attempt to reference an address that is not
mapped into virtual memory or an attempt to reference an address
that is not accessible by the current access mode.

accumulator A 16-bit register or memory location in which the result
of an operation is formed.

active release Pertains to the bus. Indicates that the bus control is
passed from the bus master to the processor by means of an interrupt
operation. See ‘‘passive release”.

address A number used by the operating system and user software
to identify a storage Iocation. See also virtual address and physical
address.
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address field That portion of a computer word either containing the
address of the operand or containing the information necessary for
calculation of the address.

address map A table, chart or drawing showing the absolute ad-
dresses of all locations in the core memory.

addressing mode The way in which an operand is specified; for ex-
ample, the way in which the effective address of an instruction oper-
and is calculated using the general registers. The basic general regis-
ter addressing modes are called register, register deferred,
autoincrement, autoincrement deferred, autodecrement, autodecre-
ment deferred, index, and index deferred. The Program Counter (PC)
addressing modes are called immediate (for register deferred mode
using the PC), absolute (for autoincrement deferred mode using the
PC), relative, and relative deferred.

address space The set of all possible addresses available to a proc-
ess. Virtual address space refers to the set of all possible virtual ad-
dresses. Physical address space refers to the set of all possible physi-
cal addresses.

algorithm A prescribed set of well-defined rules or processes for the
solution of a problem in a definite sequence.

alphanumeric character An upper or lower case letter (Ato Z, a to 2),
a dollar sign ($), an underscore (__), or a decimal digit (0 to 9).

American Standard Code for Information Interchange (ASCIl) A set
of 8-bit binary numbers representing the alphabet, punctuation, num-
erals, control, and other special symbols used in text representation
and communications protocol.

ASCIl  See American Standard Code for Information Interchange.

assemble To translate from a symbolic program to a binary program
by substituting binary operation codes for symbolic operation codes
and absolute or relocatable addresses for symbolic addresses.

assembler A program that performs the translation from symbolic
program to binary program.

autodecrement mode In autodecrement mode addressing, the con-
tents of the selected register are decremented, and the result is used
as the address of the actual operand of the instruction. The contents
of the register are decremented according to the data type context of
the register: 1 for byte, 2 for word, 4 for single-precision floating, and 8
for double-precision floating.

autoincrement deferred mode In autoincrement deferred mode ad-
dressing, the specified register contains the address of a word which
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contains the address of the actual operand. The contents of the regis-
ter are incremented by one, two, four, or eight, depending on the data
type. If the PC is used as the register, this mode is called absolute
mode.

autoincrement mode In autoincrement mode addressing, the con-
ténts of the specified register are used as the address of the operand;
then the contents of the register are incremented by the size of the
operand (unless the PCis used, in which case it is always incremented
by 2). If the PC is used, this is called immediate mode.

base operand address The address of the base of a table or array
referenced by index mode addressing.

base register A general register used to contain the address of the
first entry in a list, table, array, or other data structure.

bidirectional Capable of traveling in either direction. Refers to UN-
IBUS or LSI-11 Bus lines on which signals can be transmitted or
received.

binary Pertaining to a number system with a radix of 2.

binary digit One of two states (0 or 1) of the binary number system.
Usually referred to as a bit.

bit A shortened form of binary digit; the smallest unit of information.

bit complement (also called one’s complement) The result of ex-
changing Os and 1s in the binary representation of a number. Thus, the
bit complement of the binary number 11011001 (217:) is 00100110. Bit
complements are used in place of their corresponding binary numbers
in some arithmetic computations in computers.

block 1. The smallest addressable unit of data that the specified de:
vice can transfer in an /O operation (512 contiguous bytes for most
disk devices) 2. An arbitrary number of contiguous bytes used to store
logically related status, control, or other processing information.

block transfer Moving a large amount of data in one operation. For
example: data from a disk into memory or vice versa.

bootstrap To start the computer and bring it to the desired state by
means of its own action. For example, a routine whose first few in-
structions are sufficent to bring the rest of itseif into the computer
from an input device.

bootstrap loader A program that is toggled into the computer to al-
low a small set of programs in a special tape format to be loaded into
the PDP-11.

boundary See “word boundaries.”
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branch A point in a routine where one of two or more choices is
made under control of the routine. The PDP-11 has many branch in-
structions and one unconditional branch instruction.

buffer A storage device used to compensate for a difference in rate
of data flow or time of event occurrence when transmitting data from
one device to another.

buffer register see buffer.
bus See LSI-11 Bus and UNIBUS.

bus address The current address on the bus; may be the address of a
device, the processor, or a memory location.

bus address register A processor register that holds the address
from the process for display and then loads it onto the bus at the re-
quired time.

bus device Any external device, including core memory, that is con-
nected to the bus and has an assigned device address and/or priority
level.

bus driver A circuit or module used to pass signals to the busin ac-
cordance with the transmission line characteristics of the bus.

bus master The bus device that has control of the bus.

bus receiver A circuit or module used to receive signals from the
bus. These circuits use gates with high input impedance and proper
logic thresholds to ensure that the received signal is compatible with
the rest of the system.

bus request A request from a peripheral for control of the bus in or-
der to become bus master and initiate an interrupt or perform a data
transfer.

bus slave The peripheral thatis communicating with the bus master.

bus transceiver A module containing both bus driver and receiver cir-
cuits.

byte A byte is eight contiguous bits starting on an addressable byte
boundary. Bits are numbered from the right, 0 through 7, with bit 0 the
low-order bit. When interpreted arithmetically, a byte is a two's com-
plement integer with significance increasing from bits 0 through 6. Bit
7 is the sign bit. The value of the signed integer is in the range -128 to
127 decimal. When interpreted as an unsigned integer, significance in-
creases from bits 0 through 7 and the value of the unsigned integer is
in the range 0 to 255 decimal. A byte can be used to store one ASCI|
character.
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cache memory A small, high-speed memory placed between slower
main memory and the processor. A cache increases effective memory
transfer rates and processor speed. It contains copies of datarecently
used by the processor and may fetch several bytes of data from mem-
ory in anticipation that the processor will access the next sequential
series of bytes.

call To transfer control to a specified routine.

calling sequence A specified set of instructions and necessary data
requried to call a given routine.

character A symbol represented by an ASCII code. See also alphanu-
meric character.

character string A contiguous set of bytes. A character string is
identified by two attributes: an address and a length. Its address is the
address of the byte containing the first character of the string. Subse-
guent characters are stored in bytes of increasing addresses. The
length is the number of characters in the string.

character string descriptor A data structure used for passing char-
acter data (strings). The first word contains the length of the character
string. The second word contains the address of the string.

carry In performing binary addition, one bit of information often has
to be carried from one digit of the addition to the next most significant
digit. This operation is referred to as a “carry”.

carry bit Indicates that an operation resulted in a carry from the
most significant bit. During subtraction, indicates a borrow from bit
16.

central processor See ‘‘processor’.

clear To erase the contents of a storage location by replacing the
contents with zeros; to set register and/or flip-flops in a device to the
required initial states.

clock A device that generates regular, periodic signals for synchron-
ization.

coding To write instructions for a computer using symbols meaning-
ful to the computer or to an assembler, compiler, etc.

command An instruction, generally an English word, typed by the
user at a terminal or included in a command file, which requests the
software monitoring a terminal or reading a command file to perform
some well-defined activity. For example, typing the COPY command
requests the system to copy the contents of one file into another file.
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command procedure A file containing commands and data that the
command interpreter can accept in lieu of the user’s typing the com-
mands individually on a terminal.

compiler A program that produces a binary-coded program from a
source (symbolic) program.

complement The binary opposite of a number, variable, or function.
See “‘one’s complement’ and “two’s complement”.

condition An exception condition detected and declared by soft-
ware.

condition codes Four bits in the Processor Status Word (PSW) that
indicate the results of previously executed instructions.

condition handler A procedure that a process wants the system to
execute when an exception condition occurs. The operating system
searches for a condition handler and, if it is found, initiates the han-
dler immediately. The condition handler may perform some act to
change the situation that caused the exception condition and contin-
ue execution for the process that incurred the exception condition.
Condition handlers execute in the context of the process at the ac-
cess mode of the code that incurred the exception condition.

conditional jump A jump that occurs only if specified criteria have
been met.

console The manual control unit integrated into the central proces-
sor. The console may include a microprocessor and a serial line inter-
face connected to a terminal. It enables the operator to start and stop
the system, monitor system operation, and run diagnostics.

console terminal The terminal connected to the central processor
console or the first serial-line unit.

context switching Interrupting the activity in progress and switching
to another activity. Context switching occurs as one process after an-
other is scheduled for execution. The operating system saves the in-
terrupted process’s hardware context, then loads another process’s
hardware context scheduling that process for execution.

control and status register A register, used with a peripheral, that
contains information needed to communicate with the peripheral.

current access mode The processor access mode of the currently
executing software. The Current Mode field of the Processor Status
Word (PSW) indicates the access mode of the currently executing soft-
ware.
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data A generalterm used to denote any orall facts, numbérs, letters,
and symbols. It connotes basic elements of information which can be
processed or produced by a computer.

data buffer register A register used with a peripheral to temporarily
store data that is to be transferred into or out of the processor or other
device.

data paths That portion of the processor where normal processing
and computation accurs. All modifications and routing of data within
the processor are performed by the data paths which consist primarily
of the input gating and latches, adder, and output gating circuits.

data structure Any table, list, array, queue, or tree whose format and
access conventions are well-defined for reference by one or more im-
ages.

data type In general, the way in which bits are grouped and interpret-
ed. In reference to the processor instructions, the data type of an oper-
and identifies the size of the operand and the significance of the bits
in the operand. Operand data types include: byte, word, and longword
integer; single-precision floating, and double-precision floating; char-
acter string; and packed decimal string.

debug To detect, locate, and remove mistakes from a program

dedicated controller A processor or computer system, usually with a
read-only memory, that is designed and/or used to control only one
specific process. For example, a computer designed to continually
monitor, evaluate, and change a chemical process.

dedicated line A signal path used for only one purpose.

deferred address Indirectly addressed. The contents of the location
is the address of the operand rather than the operand itself.

descriptor A data structure used in calling sequences for passing ar-
gument types, addresses and other optional information. See charac-
ter string descriptor.

device Usually refers to an external device which is synonymous
with the term “peripheral”.

device flag A bit in either the interface logic or the device itself that
is set to indicate a specific condition such as ready or busy.

device interrupt An interrupt received on interrupt priority levels 4
through 7. Device interrupts can be requested only by devices, con-
trollers, and memories.

device name The field in a file specification that identifies the de-
vice unit on which a file is stored. Device names also include the
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mnemonics that identify an /O peripheral device in a data transfer re-
quest. A device name consists of a mnemonic followed by a controller
identification letter (if applicable), followed by a unit number (if appli-
cable). A colon () separates it from following fields.

device register A location in device controller logic used to request
device functions (such as I/O transfers) and/or to report status.

device selection code Part of an address that is used to specn‘y that
a particular device has been selected for use.

device unit One drive, and its controlling logic, of a mass storage de-
vice system. A mass storage system can have several drives connect-
edtoit.

diagnostic A program that tests logic and reports any faults it de-
tects.

digit A character used to represent once of the non-negative in-
tegers smaller than the radix. For example, in binary notation (radix 2),
a digit is either 1 or 0.

direct address An address that specifies the location of an instruc-
tion operand.

direct address mode Any PDP-11 address mode that is not deferred.

direct mapping cache A cache organization in which only one ad-
dress comparison is needed to locate any data in the cache because
any block of main memory data can be placed in only one possible
position in the cache. Contrast with fully associative cache.

direct memory access Transfer of data into memory without supervi-
sion of the processor. Data is passed directly between the memory
and another device through the bus. Transfers are usually accom- .
plished with a nonprocessor request.

disk A mass-storage device. Its basic unit is a record-like platter on
which data is magnetically recorded. Types of disks include rigid, flex-
ible (floppy), Winchester, and cartridge.

displacement deferred indexed mode An indexed addressing mode
in which the base operand specifier uses displacement deferred mode
addressing.

double-precision floating datum Eight contiguous bytes starting on
an addressable word boundary, which are interpreted as containing a
floating point number. The bits are labeled from right to left, 0 to 63. A
four-word floating point number is identified by the address of the
byte contain bit 0. Bit 15 contains the sign of the number. Bits 14
through 7 contain the excess —128 binary exponent. Bits 63 through
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16 and 6 through 0 contain a normalized 56-bit fraction with the redun-
dant, most significant fraction bit not represented. Within the fraction,
bits of decreasing significance go from 6 through 0, 31 through 16, 47
through 32, then 63 through 48. Exponent values of 1 through 255 in
the 8-bit exponent field represent true binary exponents of —128 to
127. An exponent value of 0 together with a sign bit of O represents a
floating value of 0. An exponent value of 0 with a sign bit of 1is a re-
served representation; floating point instructions processing this val-
ue return an undefined operand fault. The value of a double-precision
floating datum is in the approximate range (+ or —)0.29 x 10 *t0 1.7
x 10%. The precision is approximately one part in 2%, or sixteen deci-
mal digits.

drive The electromechanical unit of a mass storage device system
on which a recording medium (disk cartridge, disk pack, or magnetic
tape reel) is mounted.

effective address The address obtained after indirect or indexing
modifications are calculated.

entry point A location that can be specified as the object of a call.

escape sequence An escape is a transition from the normal mode of
operation to a mode outside the normal mode. The escape character
is the code that indicates the transition from normal to escape mode.
An escape sequence refers to the set of character combinations start-
ing with an escape character that the terminal transmits without inter-
pretation to the software set up to handle sequences.

event A change in process status or an indication of the occurrence
of some activity that concerns an individual process or cooperating
processes. An incident reported to the scheduler that affects a proc-
ess’s ability to execute. Events can be synchronous with the process’s
execution (e.g., a wait request), or they can be asynchronous (e.g., 110
completion). Some other events include: swapping, and wake request.

event flag A bitin an event flag cluster that can be set or cleared to
indicate the occurrence of the event associated with that flag. Event
flags are used to synchronize activities in a process or among many
processes.

exception An event detected by the hardware (other than an inter-
rupt, or Jump or Branch instruction) that changes the normal flow of
instruction or set of instructions (whereas an interrupt is caused by an
activity in the system independent of the current instruction). There
are three types of hardware exceptions; traps, faults, and aborts. Ex-
amples are: attempts to execute a privileged or reserved instruction,
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trace traps, breakpoint instruction execution, and arithmetic traps
such as overflow, underflow, and divide by zero.

exception condition A hardware- or software-detected event other
than an interrupt or Jump or Branch instruction that changes the nor-
mal flow of instruction execution.

field A set of contiguous bytes in a logical record.
floating (point) datum See single-precision floating datum.

fully associative cache A cache organization in which any block of
data from main memory can be placed anywhere in the cache. Ad-
dress comparision must take place against each block in the cache to
find any particular block. Constrast with direct mapping cache.

general register Any of the eight 16-bit registers used as the primary
operands of the instructions. The general registers include 6 general
purpose registers which can be used as accumulators, as counters,
and as pointers to locations in main memory, and the Stack Pointer
(SP), and Program Counter (PC) registers.

giga Metric term used to represent the number 1 followed by nine Os
(10°, though in the computer industry it is often used to mean 2*, which
is about 7.4% larger.)

hardware context The values contained in the following registers
while a process is executing: the Program Counter (PC); the Processor
Status Word (PSW); the 6 general registers (RO through R5); the Stack
Pointer (SP) for the current access mode in which the processor is exe-
cuting; plus the contents to be loaded in the stack pointer for every
access mode other than the current access mode. While a process is
executing, its hardware context is continually being updated by the
processor. While a process is not executmg its hardware context must
be stored in memory.

image An image consists of procedures and data that have been
bound together by the linker. There are three types of images: execut-
able, shareable, and system.

immediate mode Autoincrement mode addressing in whichthe PCis
used as the register.

index register A register used to contain an address offset.

input strearn The source of commands and data. One of either the
user’s terminal, the batch stream, or an indirect command file.
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instruction buffer A buffer in the processor used to contain bytes of
the instruction currently being decoded and to prefetch instructions in
the instruction stream. The control logic continously fetches data
from memory to keep the buffer full.

interleaving Assigning consecutive physical memory addresses al-
ternately between two memory controllers.

interrecord gap A blank space deliberately placed between data
records on the recording surface of a magnetic tape.

interrupt An event other than a powerfail or abort that changes the
normal flow of instruction execution. Interrupts are generally external
to the process executing when the interrupt occurs. See also device
interrupt, software interrupt, and urgent interrupt.

interrupt priority level (IPL) The interrupt level at which the processor
executes when an interrupt is generated. There are 8 possible inter-
rupt priority levels (IPL). IPL 0 is lowest, 7 highest. The levels arbitrate
contention for processor service. For example, a device cannot inter-
rupt the processor if the process is currently executing at an IPL great-
er than or equal to the one of the device’s interrupt service routine.

interrupt service routine The routine executed when a device inter-
rupt occurs.

interrupt vector See vector.
kernel mode The most privileged processor access mode (mode 0).

The operating system’s most privileged services, such as /O drivers
run in kernel mode.

main memory See physical memory.

mass storage device A device capable of reading and writing data
on mass storage media such as a diskpack or a magnetic tape reel.

memory management The system functions that include the hard-
ware’s page mapping and protection.

nibble Half a byte—the low-order or high-order four bits of an 8-bit
byte.

normalized fraction A numeric representation patterned on scientif-
ic notation, but in which the fraction part of the representation is
greater than or equal to 0.5 and less than 1. As a binary form, such a
fraction will always begin with a 1 in the leftmost (most significant)
bit, unless the number is zero. Because of this, the lead 1 is not stored,
and a bit-per-number saving is effected in storage.

numeric string A contiguous sequence of bytes representing up to
31 decimal digits (one per byte) and possily a sign. The numeric string
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is specified by its lowest addressed location, its length, and its sign
representation.

offset A fixed displacement from the beginning of a data structure.
System offsets for items within a data structure normally have an as-
sociated symbolic name used instead of the numeric displacement.
Where symbols are defined, programmers always reference the sym-
bolic names for items in a data structure instead of using the numeric
displacement.

one’s complement See bit complement.

opcade The pattern of bits within an instruction that specifies the
operation to be performed.

packed decimal A method of representing a decimal number by stor-
ing a pair of decimal digits in one byte, taking advantage of the fact
that only four bits are required to represent the numbers 0 through 9.

packed decimal string A contiguous sequence of up to 16 bytes in-
terpreted as a string of nibbles. Each nibble represents a digit, except
the low-order nibble of the highest addressed byte, which represents
the sign. The packed decimal string is specified by its lowest ad-
dressed location and the number of digits.

page 1. A set of 8192 contiguous byte locations used as the unit of
memory mapping and protection. 2. The data between the beginning
of file and a page marker, between two markers, or between a marker
and the end of a file.

physical address The address used by hardware to identify a loca-
tion in physical memory or on directly-addressable secondary storage
devices such as a disk. A physical memory address consists of a page .
frame number and the number of a byte within the page. A physical
disk block address consists of a cylinder or track and sector number.

physical address space The set of all possible 22-bit physical ad-
dresses that can be used to refer to locations in memory (memory
space) or device registers (I/0 space).

physical memory The memory modules connected to the processor
that are used to store: 1) instructions that the processor can directly
fetch and execute, and 2) any other data that a processor is instructed
to manipulate. Also called main memory.

position dependent code Code that can execute properly only in the
locations in virtual address space that were originally assigned to it by
the linker or taskbuilder. .

position independent code Code that can execute properly without
modification wherever it is located in virtual address space, even if its
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location is changed after it has been linked. Generally, this code uses
addressing modes that form an effective address relative to the PC.

privileged instructions In general, any instruction intended for use
by the operating system or privileged system programs. In particular,
instructions that the processor will not execute unless the current ac-
cess mode is kernel mode (e.g., HALT and RESET).

procedure See command procedure.

process The basic entity scheduled by the system software, that
provides the context in which an image executes. A process consists
of an address space and both hardware and software contexts. It is
loosely analogous to a job or task.

process address space See process space.
process context The hardware and software contexts of a process.

Processor Status Word (PSW) Processor status information in-
cludes: the condition codes (carry, overflow, zero, negative), the
arithmetic trap enable bits (integer overflow, decimal overfiow, float-
ing underflow), and the trace enable bit.

Program Counter (PC) General register 7(R7). At the beginning of an
instruction’s execution, the PC normally contains the address of a lo-
cation in memory from which the processor will fetch the next instruc-
tion it will execute.

program locality A characteristic of a program that indicates how
close or far apart the references to locations in virtual memory are
over time. A program with a high degree of locality does not refer to
many widely scattered virtual addresses in a short period of time. A
cache memory is more effective if a program has locality.

queue 1. Alinked list. 2. To make an entry in a list or table.

read access type An instruction or procedure operand attribute indi-
cating that the specified operand is only read during instruction or
procedure execution.

register A storage location in hardware iogic other than main mem-
ory. See also general register, processor register, and device register.

register deferred mode In register deferred mode addressing, the
contents of the specified register are used as the address of the actu-
al instruction operand.

register mode In register mode addressing, the contents of the spec-
ified register are used as the actual instruction operand.
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scatter/gather The ability to transfer in one 1/O operation data from
discontiguous pages in memory to contiguous blocks on disk, or data
from contiguous blocks on disk to discontiguous pages in memory.

secondary storage Random access mass storage.

signal 1. An electrical impulse conveying information. 2. The soft-
ware mechanism used to indicate that an exception condition was de-
tected.

single-precision floating datum Four contiguous bytes starting on
an addressable byte boundary. The bits are labeled from right to left 0
to 31. A two-word floating point number is identified by the address of
the byte containing bit 0. Bit 15 contains the sign of the number. Bits
14 through 7 contain the excess-128 binary exponent. Bits 31 through
16 and 6 through 0 contain a normalized 24-bit fraction with the redun-
dant, most significant fraction bit not represented. Within the fraction,
bits of decreasing significance go from bit 6 through 0, then 31
through 16. Exponent values of 1 through 255 in the 8-bit exponent
field represent true binary exponents of — 128 to 127. An exponent val-
ue of 0 together with a sign bit of 0 represents a floating vaiue of 0. An
exponent value of 0 with a sign bit of 1 is a reserved representation;
floating point instructions processing this value return a reserved op-
erand fault. The value ofa floatlng datum is in the approximate range
(+ or —)029 x 107%t0 1.7 % 10®. The precisionis approxmately one
part in 2, or seven decimal digits.

software interrupt An interrupt generated on interrupt priority levels
through 7, which can be requested only by software.

stack An area of memory set aside for temporary storage, or for pro-
cedure and interrupt service linkages. A stack uses the last-in, first-
out concept. As items are added to (“pushed on”) the stack, the stack
pointer decrements. As items are retrieved from (“popped off”) the
stack, the stack pointer increments.

Stack Pointer General register 6(R6). SP contains the address of the
top (lowest address) of the processor-defined stack. Reference to SP
will access one of the three possibie stack pointers, kernel, supervi-
sor, or user, depending on the value in the current mode and interrupt
stack bits in the Processor Status Word (PSW).

status code A value that indicates the success or failure of a specif-
ic function. For example, system services often return a status code in
the PSW’s C-bit upon completion.

store through See write through.
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string A connected sequence of entities such as characters in a
command string.

subroutine A small routine, usually performing only one task, that is
called frequently from various points of the main routine.

subroutine, closed A subroutine not stored in the main part of a pro-
gram. Such a subroutine is entered by a jump or branch operation, and
provision is made at the end of the subroutine to return control to the
calling program.

subroutine, open A subroutine that must be inserted into a program
at each place it is to be used.

supervisor mode The second most privileged processor access
mode (mode 2).

symbolic address A set of characters used to specify a memory lo-
cation within a program.

symbolic coding Writing instructions using mnemonic notation in-
stead of actual machine language (binary) notation.

symbolic program A service program that transiates symbolic pro-
grams into binary-coded programs. The programmer writes the sym-
bolic program using symbols which are meaningful to him and the
symbolic program translates the symbols into binary code which is
meaningful to the computer.

synchronize To ensure that a level or pulse is presented to a system
or component at the correct time.

synchronous All changes occurring simultaneously or in a definite,
timed sequence.

system In the context “system, owner, group, world,” system refers
to the group numbers that are used by operating system and its con-
trolling users, the system operators and system manager.

T bit A bit in the processor status word used in program debugging.
This bit can be set or cleared under program control. If set, a proces-
sor trap occurs upon completion of the instruction.

table A collection of data in which each item is uniquely identified
by its position relative to the other items, or by some other means.
terminal A device in a system through which data can either enter or
leave.

time-out A specified amount of time (10 microseconds) that the sys-
tem waits for a response from a referenced address. If there is no re-
sponse within the specified time, an error occurs. Time-out errors are
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caused, in general, by atiempts to reference nonexistent memory or
nonexistent peripherais or words at odd addresses.

time sharing A method of allocating processor time and other com-
puter services among multiple users so that the computer, in appear-
ance, processes a number of programs simultaneously.

transiate To convert from one language to another.

trap An unprogrammed jump to a known location, automatically ac-
tivated by the hardware if certain predetermined conditions occur,
such as illegal instructions, errors, etc.

two’s complement A binary representation for integers in which a
negative number is one greater than the bit complement of the posi-
tive number.

two-way associative cache A cache organization which has two
groups of directly mapped blocks. Each group contains several blocks
for each index position in the cache. A block of data from main mem-
ory can go into either group at its proper index position. A two-way
associative cache is a compromise between the extremes of fully as-
sociative and direct mapping cache organizations, and it takes advan-
tage of the features of both.

Unibus The single, high-speed bus structure shared by the proces-
sor, core memory, and all peripherais. it formed the basis for the
smalier LSI-11 Bus.

unidirectional Capable of traveling in only one direction. Refers to
the Unibus control transfer lines that carry signals to select the nex
bus master. .

unit record device A device such as a card reader or lineprinter.

user mode The least privileged processor access mode. User pro-
cesses and the Run Time Library procedures run in user mode.

user privileges The privileges granted a user by the system manager.

vector Two words, containing the value of the program counter and
processor status word, respectively, that direct the processor to a new
routine.

vector address The address of the location containing the vector
words.

virtual address A 16-bit integer identifying a byte “location” in virtu-
al address space. The memory management hardware translates a vir-
tual address to a physical address. The term virtual address may also
refer to the address used to identify a virtual block on a mass storage
device.
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virtual address space The set of all possible virtual addresses that
an image executing in the context of a process can use to identify the
location of an instruction of data. The virtual address space seen by
the programmer is a linear array of 65,536(2") byte addresses.

wait loop A condition caused by the program WAIT instruction to al-
low the processor to wait for an interrupt. When the processoris in a
wait loop, it does not compete for bus control by fetching instructions
or operands from memory.

word 16-bits of data in the PDP-11 that is stored in two successive
locations. The word address is always an even address.

word boundary The division between even numbered addresses.
Since each word occupies two storage locations, words can be ad-
dressed only on even boundaries; bytes can be addressed on either
even or odd boundaries.

write To transfer information from internal storage to an output de-
vice or external storage.

write access type The specified operand of an instruction or proce-
dure written during that instruction’s execution.

write allocate A cache management technique in which cache is al-
located on a write miss as well as on the usual read miss.

write back A cache management techinque in which data from a
write operation to cache is copied into main memory only when the
data in cache must be overwritten. This results in temporary inconsis-
tencies between cache and main memory. Contrast with write
through.

write through A cache management technique in which data from a
write operation is copied in both cache and main memory. Cache and
main memory data are always consistent. Contrast with write back.
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aborts
clearing status registers after
Fault Recovery Registers and
258-261

ABSD floating-point
instruction 136-137

ABSF floating-point
instruction 136-137

absolute addressing mode 56, 64,
68, 71

absolute-value string data 39

263

access
codes (keys) for 233
memory management and 227,
229

access control field (ACF) 233-234
access information bits 234
accumulators 53

in floating-point processor 125, -
126, 132-133
accuracy, of floating-point  133-134

‘ACF (access control field) 233-234
Active Page Field (APF) 230, 237

Active Page Registers (APRs) 225,
229-234
virtual bus address and  237-239

ADCB instruction 87
ADC instruction 87
ADD instruction 54, 87-88

ADDD floating-point

instruction 137-138

ADDF floating-point

instruction 137-139

ADDN commercial instruction 171,
174-175

ADDNI| commercial instruction 171,
174-175

ADDP commercial instruction 171,

174-175

INDEX

ADDPI commercial instruction 171,
174-175

addresses
assignment of 31-32
mapping of 240-247
odd addressing errors in 212
physical address construction
and 235239
relocation of 223-226, 228
virtual address space and 222
see also vector addresses

addressing 28-29

by floating-point instruction 132-
133

110 extended 248-250

by LSI-11 Bus 247
performanceand 6
techniques for 1

addressing modes 8, 563-71
for floating-point  132-133

address space, see physical address
space; virtual address space

APF (Active Page Field) 230, 237
APRs, see Active Page Registers
arbitration lines 267, 268

architecture 1-3
addressing and registersin  28-29,
53-71
bussesin 31,266-272
data representation in  27-28
instruction sets in  29-30, 73-123,
125-160, 163-209
mapping to memory and busses
in  30-31, 222-264
system performance and 5-6
traps and interrupts in 30, 211-220

ASHC instruction 88-89
ASH instruction 88

ASHN commerical instruction 168-
169, 176-178

ASHNI commercial instruction

set 168-169, 176-178
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ASHP commercial instruction 168-
169, 176-178

ASHPI commercial instruction 168-

169, 176-178

ASLB instruction 89-80
ASLinstruction 89-90
ASRB instruction 90
ASR instruction 90

assembly language (MACRO-11) 1,
2,56

autodecrement addressing

mode 55, 59-60, 66-67, 70

autodecrement deferred addressing
mode 56,59, 67, 70

autoincrement addressing
mode 55, 58, 66, 69

autoincrement deferred addressing
mode 56, 60-61, 67, 69

backing up an instruction 263
base addresses 223-224
BBS7 Lline 270

BCC instruction 91

BCS instruction 91 gpN L line
270

BDOUT L line 270

BEQ instruction 91

BGE instruction 91

BGT instruction 92

BHI instruction 92-93

BHIS instruction 93

BICB instruction 93

BIC instruction 93

binary code 27

BISB instruction 93

BIS instruction 93

BIT instruction 93-94

BITB instruction 93-94

BLE instruction 94-95

Block Number (BN) 237
BLO instruction 95
BLOS instruction 95
BLT instruction 95-96
BMit instruction 98

BN (Block Number) 237
BNE instruction 96-97
boards 15

BOOTENB L line 271
BPL instruction 97
BPT instruction 97

branch instructions 73, 76-77, 82-83,
166

BREFLline 71
BRinstruction 97
BRPLY Lliine 271
BSYNC L line 270
BUS ACLO L line 267
bus addresses 31-32
BUS BBSY L line 269
BUS BGx H lines 268
BUS BRx L lines 268
BUS DCLO L line 267
BUS INIT L signal 267
BUS INTR L line 269
BUS MSYNC L line 269
BUS NPG H line 268
BUS NPR L line 268
BUS SACK L line 268

busses 31,266-272
mapping to 30-31, 240-248
see also LSI-11 Bus; UNIBUS

BUS SSYN L line 269-272
BVC instruction 97

BVS instruction 98
BWTBT L line 270

bytes 36
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cache (memory) bus 249-255

C bit 79-80,170

CCC instruction 98-99

central processing units, see CPUs
CFCC floating-point instruction 139
character data types 36-38
character searches 165

character sets 36-38

character set searches 165

character string data 28, 36-38
instruction used with  164-167

character string searches 165-166
chipsets 12-14
chopping, in floating-point

chop/round floating-point
modes 128

C instruction 98

CIS11  see Commercial Instruction
Set

CLC instruction 99

clearing

of device Interrupt Enable
bits 217-218

of status registers 263

CLN instruction 99
CLRinstruction 54,98, 217
CLRB instruction 54,98

CLRD floating-point
instruction 139-140

 CLRF floating-point
instruction 139-140

CLV instruction 99

CLZ instruction 99

CMP instruction 99-100
CMPB instruction 99-100

133

CMPC commercial instruction 165,
166, 178-180
CMPCI commercial instruction 165,

166, 178-180

CMPD floating-point
instruction 140

CMPF floating-point
instruction 140

CMPN commercial instruction
170, 180-181

CMPNI commercial instruction
170, 180-181

CMPP commercial instruction 169-
170, 180-181

CMPPI commercial instruction 169-
170, 180-181

COM instruction 54,100
COMB instruction 54,100

Commercial Instruction Set
(CIs11) 7,27, 30, 35-38, 163-209
character string data handled
by 27
on PDP-11/23 PLUS 19
onPDP-11/24 19
on PDP-11/44 24

commercial load descriptor
instructions  171-172

communications, on MICRO/PDP-
11 18
compatibility
of datatypes 35
between LSI-11 and PDP-11
systems 12
across PDP-11 family 3-4

condition codes
character string operations and
165-166
decimal string instructions and
169-170
instructions used with 73, 79-80

configurations, for MICRO/PDP-

11 18

convert instruction 169

CPUs (central processing units)
floating-point processors in

127
interrupts on 30, 215-217

169,

169,

126-
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multiprogramming on 222
on PDP-11/24 21
processor traps and 211-212

see also processors
CSM isntruction 100-101, 262

CVTLN commercial instruction
183

CVTLNI commercial
instruction 182-183

CVTLP commercial instruction
183

CVTLPI commercial
instruction 182-183

CVTNL commercial instruction
170, 183-185

CVTNLI commercial
instruction 169, 170, 183-185
CVTNP commercial instruction
186

CVTNPI commercial
instruction 185-186

CVTPL commercial instruction
170, 183-185

CVTPLI commercial
instruction 169, 170, 183-185
CVTPN commercial instruction
186

182-

169,

169,

data
memory management and 229-
230
representation of 27-28, 35-51

data overlap 170-171
data transmission lines 167-168
DECB instruction 101

decimal string data 28, 38-49, 167-
168
instruction for 168-171

decimal string descriptors 40-41,
167-168

DEC instruction 101
DECmatell 12

182-

185-

185-

DECnet Phase Ill  19-20

DECUS (Digital Equipment Computer
Users Society) 4-5

deferred addressing modes 56,67-
68

device drivers 256

device Interrupt Enable bits 217-218
DF (Displacement Field) 237

DIB (Displacement in the

Block) 237

Digital Equipment Computer Users
Society (DECUS) 4-5

DIGITAL Storage Architecture

(DSA) 222-23

Direct Memory Access (DMS) 8
UNIBUS and 243-248
UNIBUS Map and 252, 255

disks
DIGITAL Storage Architecture
for 22-23

Winchester 18,21, 24

» Displacement Field (DF) 237

Displacement in the Block
(DIB) 237

DIV instruction 101-102
DIVD floating-point instruction 141-
142

DIVF floating-point instruction 141-
142

DIVP commercial instruction 170,
186-188
DIVPI commercial instruction 170,

186-188
DMA see Direct Memory Access

double-operand instructions 55, 73-
76, 81-82

double-precision floating data 28,
51

DSA (DIGITAL Storage
Architecture) 22-23
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ECC (Error Checking Code) 21
ED (expansion direction) 234

18-bit physical address space 246,
248

EIS (Extended Integer
instructions) 86

EMT instruction 102-103, 213
Error Checking Code (ECC) 21
error flags 259

errors
bus 272
in floating-point processors 131-
132,134
processor traps and 211-212

exceptions 129

executive (Monitor) 222, 224, 227,
228

exits, from main programs 78
expansion direction (ED) 234

Extended Integer instructions
(EIS) 86

F-11 microprocessor chip 17

FALCON Single Board Computer
(SBC-11/21) 12,15

Fault Recovery (Status)
registers 258-264

faults, multiple 263-264

FEA (floating exception address
register) 125,132

FEC (floating exception code
register) 131-132

FIS (Floating Instruction Set) 32,
125

flags 259

floating exception address (FEA)
register 125,132

floating exception code 131-132

floating exception code register
(FEC) 131-132

Floating Instruction Set (FIS) 32,
125

Floating-Point Data Types 28, 35,

49-51

Floating-Point Instruction Set (FP-
11) 27,28, 30, 35, 50, 125-160

Floating-Point Processor (FPP) 35,
125-127

Floating-Point Status
Register(FPS) 127-131

Floating-Point Zero 50, 133

formats
for addressing mode
instructions 55
for branch instructions 76-77
for condition code operators  80-
81
for double-operand
instructions 75
for floating-point instructions 135
for jump and subroutine
instructions 77-78
for single-operand instructions 74

FP-11, see Floating-Point Instruction
Set

FPP (floating-point processor) 35,
125-127

FPS (floating-point status
register) 127-131

general purpose l/O controllers
(RH70’s) 249-251

general purpose registers
(GPRs) 28,53
commercial instructions
and 166,167, 171-172
Memory Management Register 1
and 261
Program Counter as 62
stacks used with  32-33
used by floating-point
processor 132-133
see also registers
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HALT instruction 103
HALT Lline 271

hardware
floating-point processoras 35,
125
for memory management 222,224

hidden bit . 49, 50
high-level languages 1

I and D (instruction and data)
space 229

immediate addressing mode 56, 63,
68, 71

INCB instruction 54, 103

INC instruction 54, 103

index addressing modes 55, 60, 67,
70

index deferred addressing mode 56,
61-62, 68, 70

index registers 53

indirect addressing modes 56, 67-
68

initialization lines 266, 267

“in-line”” form (Commercial
Instruction set) 163, 166-167, 170

instruction and data (I and D)
space 229

instruction operands 29
Instruction Set Processor (ISP) 5

instructions and instruction sets 1,
28-30,73-123
for addressing modes 53-55
back-uplrestart recovery for 263
Commercial Instruction Set 7,
163-209
Floating-Point Instruction
Set 125-160
memory management and  229-
230
performance of 5,6
trap 212-215

instruction suspension 172-174
integer data types 27, 35-36
Interrupt Enable bits 217-218
interrupt exits 78

interrupts 1, 30, 211, 215-220
instructions for 78
memory management and 228-
229
UNIBUS for 7

interrupt service routines 216-217
1/0 controllers  249-250

110 extended addressing 248-250

1/0 page 252

110 processing 8

10T instruction 103-104

ISP (Instruction Set Processor) 5

JMP instruction 104-105

JSRinstruction 105-107
format for 77

jump and subroutine
instructions  73,77-78

KEF11-AA (FP11 instruction
set) 125 .

Kernel mode 227-228
kernel program 227
keys (access codes) 233

L2Dr commercial load descriptor
instructions  171-172, 190-191

L3Dr commercial load descriptor
instructions 171,172, 191-192

languages 1

LDCDF floating-point
instruction 142-143

LDCFD floating-point
instruction 142-143
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LDCID floating-point MARK instruction 107, 261
instruction 143-144 masks 37-38
LDCIF fioating-point MASSBUS 249-250

instruction 143-144

LDCLD floating-point
instruction 143-144

master/slave relationships 266
MATC commercial instruction 165,

LDCLF floating-point 166,192:194 © ‘
instruction  143-144 MATCI commercial instruction 165,
LDD floating-point instruction 146 166, 192-194

memory

LDEXP floating-point addressing of 1

‘instruction  144-146 mappingto  30-31, 222-264
LDF floating-point instruction 146

LDFPS floating-point
instruction 127, 146-147

leading overpunch numeric string

memory (cache) bus 249, 255

memory management 30-31, 222-
264

Memory Management Register 0

data 38 ' (MMRO) 259-261, 263

leading separate numeric string Memory Management Register 1

data 38 (MMR1) 261, 263

“r;z?gﬁu :t)‘g and 216 Memory Management Register 2

preand = _ (MMR2)  261-263

LOCC commercial instruction 164, Memory Management Register 3

166, 188-190 (MMR3) 262-263

LOCCI commercial instruction 164, Memory Management Unit

166, 185190 (MMU) 222, 235-236, 240-242

long integer data  48-49 LSI-11 Bus and 247

LSI-11Bus 8, 12, 31, 251, 266-272 MFPD instruction 107-108
addressing by 247 MFPS instruction 108

LSI-11 Bus controliers 251
LSI-11 family 11-13

MFPT instruction 108-109
microcomputer systems 3, 18-20

LSI-11/2 systems 12 FALCON SBC-11/21 15
Floating Instruction Seton 32 LSI-11 11-13
mapping on 240, 245 MICROM-11 14
LSI-11/23 systems 12,15

MICRO/PDP-11 1213, 18

microprocessors 13-14
in Professional 300 series 17

MICRO/T-11  13-14
minicomputer systems 3, 21-24

LTCline 271

MACRO-11 (assembly language). 56

main memory 1 see also PDP-11 family
mapping  30-31, 240-248 MMRO (Memory Management
operating systems and 256 Register 0) 259-261, 263

UNIBUS Map f -
ap for 250-256 MMR1 (Memory Management
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Register 1) 261, 263

MMR2 (Memory Management
Register2) 261-263

MMR3 (Memory Management
Register 3) 262-263

MMU, see Memory Management
Unit

MODD floating-point
instruction 147-150

modes

of access 233

addressing 8, 53-71

for addressing, in floating-

point 132-133

of execution 227-228

of operation for floating-point
processor 128

MODF floating-point
instruction 147-140
monitor (executive)
228

MOVB instruction 109

MOVC commercial
instructionm 165, 194-196

MOVCI commercial instruction
194-196

MOV instruction 109

MOVRC commercial
instruction 165, 196-198

MOVRCI commercial
instruction 165, 196-198

MOVTC commercial
instruction 165, 167, 198-200

MOVTCI commercial
instruciton 165, 167, 198-200

MTPD instruction 109-110
MTPS instruction 110-111

MULD floating-point
instruction 150-151

MULF floating-point
instruction 150-151

MUL instruction 111

222,224, 227,

165,

MULP commercial instruction 200-
202

MULPI commercial instruction 200-
202 ’

multiple faults 263-264
multiprogramming 22, 227-228
N bit 79, 169, 170

NEGB instruciton 111

NEGD floating-point
instruction 151-152

NEGF floating-point
instruction 151-152

NEG instruction 111

nesting, of interrupts  218-219
networks 4

nibbles 39

nonprocessor requests (NPRs) 243

nonvanishing floating-point
numbers 49-50

NOP instruction 111-112

normal/maintenance floating-point
modes 128

NPRs (nonprocessor requests) 243
numbers

in decimal strings 38-49

in floating-point  49-51

integer 27, 35-36

numeric string data 28, 38-39, 168
instructions for 169

odd addressing errors 212
operand addressing modes 29
operand delivery 170

operating systems 5§
mapping and 256
memory management by 227
on MICRO/PDP-11 18
on PDP-11/23 PLUS 19
on Professional 300 series 17

overflows, in floating-point 134
overpunch string data 44-46
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packed string data 28, 38, 39, 41-43,
168
instructions for 169
Page Address Field (PAF) 237-239
Page Address Register (PAR) 230,
236-239
Page Descriptor Register
(PDR) 230-234
pages 225-227
PAR (Page Address Register) 230,
236-239
parity errors 272
PAs (Physical Addresses) 235-236
patching, trap handlers for 213
PC, see Program Counter
PC absolute mode 56, 64, 68
PC immediate mode 56, 63, 68
PC relative deferred mode 56, 65-
66, 68
PC relative mode 56, 64-65, 68
PDP-8 systems 6-7
PDP-11 family 3-5, 13-24, 32
architecture of 27-33
history of 6-11
I/0 extended address on  248-250
LSI-11 compatibility with 12
system performance of 5-6
PDP-11 instruction set 27, 29-30, 35
PDP-11/23 PLUS systems 18-20

PDP-11/24 systems 21
mappingon 242-246
UNIBUS Mapon 251

PDP-11/34A systems
mapping on 245
memory management unit
on 240-242

PDP-11/40 systems 248-249
PDP-11/44 systems 21-24
mapping on 242-246
Memory Management Register 1
on 261

Memory Management Register 3
on 262-263
UNIBUS Map on 251

PDP-11/45 systems 249

PDP-11/70 systems
mapping on 242-246
Memory Management Register 3
on 262-263
RH70'son 249-251

PDR (Page Descriptor
Register) 230-234

performance 5-6

peripherals 4
addressing of device registers
on 223
interrupts and  215-216

personal computers 12,17
Physical Addresses (PAs) 235-236

physical address space 223, 226,
248-249
16-bit, mapping in 245
18-bit, mapping in 246
22-bit, mapping in 246
construction of 235-239
LSI-11 Bus mapping of 247

physical memory Block Number
(BN) 237

pointers 53
power failures 211

processors

Commercial Instruction Set
supportedon 163

operating systems for 5
registersin 28
traps and interrupts on 30, 211-
220
see also CPUs

Processor Status Word (PSW)
condition code bits on  79-81
interrupts and 216
memory management and 228-
229
during multiple faults 264
saved in processor traps 30

INDEX 9



Index

trap instructions and 212-213
processor traps 30, 211-212
Professional 300 series 17

Program Counter (PC) 28,53, 62
interrupts and 216

memory management and 228-
229

during multiple faults 264
saved in processor traps 30
trap instructions and 212-213

program counter addressing
modes 56, 62-66, 68
programming 32-33
programs 1

address relocation of 223-226
architecture and 2-3

exits from 78 ,
multiprogramming and 222
reentrancy for 33
protection, of memory, memory
management for 227

PS, see Processor Status Word
PSW, see Processor Status Word
RAB80 (Winchester) disks 21, 24
RA81 (Winchester) disks 24
Rainbow 100 12

read-only memories (ROM) 8
reentrancy 33

register addressing mode 55-57, 66,
69

register deferred addressing
mode 56,57, 67,69

“register” form (Commercial
Instruction set) 163, 166, 170
registers 1,7,28-29

Active Page Registers 225, 229-

234, 237-239

data lost in, during power

failures 211

device, on peripherals, addressing

of 223

Fault Recovery 258-264

in floating-point processors 125,
127-133

general purpose 53

stacks used with 32-33

on UNIBUS Map 251-252, 2565
see also general purpose
registers

relative addressing modes 56, 64-
65, 68, 71

relative deferred addressing
mode 56, 65-66, 68, 71

relocation, address 223-226, 228
in UNIBUS Map 251-255
reserved instructions 212
RESET instruction 112

restart recovery 263

Return From Interrupt (RTI)
instruction 113-114,216-218

RH70s (general purpose /O
controllers) 249-251

ROLB instruction 112

ROL instruction 112

ROM (read-only memory) 8
RORB instruction 113
ROR instruction 113
rounding bit 133

RSX-11M-PLUS operating
system 17

RTiinstruction 113-114, 216-218

RTS instruction 115
format for 78

RTT instruction 115-116

SBC-11/21 (FALCON Single Board
Computer) 12,15

SBCB instruction 116
SBC instruction 116

SCANC commercial
instruction 165, 166, 202-204

SCANCI commercial
instruction 165, 166, 202-204

SCC instruction 116-117

INDEX 10



Index

searches, commercial instructions
for 165-166

SEC instruction 117
SEN instruction 117
separate string data 46-48

SETD floating-point instruction  152-
153 i

SETF floating-point instruction 152
SETI floating-point instruction 153
SETL floating-point instruction 153
SEV instruction 117

SEZ instruction 117

short/long floating-point modes 128
signal lines 266-271

signed packed string data 41

signed zoned numeric string
data 38,43

sign-magnitude string data 39
Single Board Computer (FALCON-11/
21) 12,15

single/double floating-point
modes 128

single-operand instructions 55, 73-
74, 81

single-precision floating data
S instruction 116
16-bit physical address space

SKPC commercial instruction
204-206

SKPCI commercial instruction
204-206

SOB instruction

software 4-5
for floating-point 125
for memory management 224
see also operating systems

software exits 78
software traps 228
SP (Stack Pointer) 28,53
SPANC commercial

28,51

245
165,

165,

117-118

instruction 165, 206-208

SPANCI commercial
instruction 165, 206-208

special symbols 83-84
SPL instruction 118
stack addressing 53
Stack Pointer (SP) 28, 53

stacks 32-33
used by Commercial Instruction
Set 174

Status (Fault Recovery)
registers 258-264

STCDF floating-point
instruction 153-154

STCDI floating-point
instruction 155-156

STCDL floating-point
instruction 155-156

STCFD floating-point
instruction 153-154

STCFI floating-point
instruction 155-156

STCFL floating-point
instruction 155-156

STD floating-point instruction
1585

STEXP floating-point
instruction 156-157

STF floating-point instruction 154-
155

STFPS floating-point
instruction 127-157

string data types 28, 35

STST floating-point instruction
157-158

SUBD floating-point
instruction 158-159

SUBF floating-point
instruction 158-159

SuB instruction 119

SUBN commercial instruction 169,
171, 208-209

154-

132,
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SUBNI commercial instruction 169,
171, 208-209

SUBP commercial instruction 169,
171, 208-209
SUBPI commercial instruction
171, 208-209

subroutines
instructions for 73,77-78
linkage for 33

Supervisormode 227-228

169,

suspension of instructions 172-174
SWAB instruction 120

SXT instruction 120

symbols 83-84

Telephone Management System 17
time-out errors 212, 272

timing, bus 271

trailing overpunch numeric string
data 38

trailing separate numeric string
data 38

trap errors 212

trap exits 78

trap handlers 213-214

TRAP instruction 121, 213

trap instructions 30, 73, 78, 212-215

traps 30, 211-215

clearing status registers after
Fault Recovery Registers

and 258-259

memory management and 229
Page Descriptor Registerand 223
software 228

TSTB instruction 121

TSTD floating-point instruction 159-
160

TSTF floating-point instruction 159-
160

TST instruction 121

TSTSET instruction 121

TU58 cartridge tape systems 21-22

263

22-bit /O controllers  249-250
22-bit physical address space 246,
249 )
UDAS50 UNIBUS disk controller 21,
23
undefined variable 50
underflows, in floating-point
UNIBUS 7, 31, 266-272
18-bit physical addressing by 248
mapping of addresses for 240,
242-245
minicomputer systems based
on 21-24
physical address space and 223
time-out errorsin 212
UNIBUS Map 31, 240, 242-243, 245,
250-258
UNIBUS memory 257-258
UNPREDICTABLE conditions 163-
164
unsigned packed string data 41-43
unsigned zoned numeric string
data 38,43-44
User mode 227-228
VAs (Virtual Addresses) 261
VAX-11 family 4
data representationon 35
VBA (virtual bus address) 236-238
V bit 80, 170

vector addresses
interrupts and 216
trap errors and 212, 214-215

vectors 31-32
memory management control
of 228

Virtual Addresses (VAs) 261

virtual address space 222, 226
physical address construction
and 235236

virtual bus address (VBA) 236-238

VLSI (Very-Large-Scale Integration)
microcomputers 11

134
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volatile information 211
WAIT instruction 122-123
Winchester disks 18, 21, 24
words 36

write access mode 233

Index

WRTLCK instruction 123
XOR instruction 123

Zbit 79, 169, 170

zero, in floating-point 50, 133
zoned string data 43-44
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