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I SCOPE AND PURPOSE,

1.1 Scope.  ‘This standard defines the instruction set agchitecture (1SAY for sirborne comnputers, Tt does not define
specilic implementation details of acomputer.

1.2 Purpese.  The purpose of this document is t0 cstablish a uniform instruction set aschitectore for sirhorne
coinputers which shall be used in Air Foree avionic weapon systems.

1.3 Apnlicability.  This standard is intended to be used w define only the ISA of airburnie computers. System-
waigue reguirements such as speed. weight, power. additional ingut/owput commuands. and environmental
opcraiing charactenstics are defined in the compulter specitication for cach computer, Application ts not restricted o
any particular avionic fimction or specific hardware implementation by this standard, Generaliy, the 15A is
applicahle o, and shull be used for, compuiers that pertonn such functivms as moderate accuracy navigation,
computed air release points, weapon delivery. air rendezyvous, stores manngement, airerafl guidance, and aircraft
managemnent. This standard is not restricied to implementations of "stand-alone” computers such as a mission
cumpuler or a fire control camputer, Application to the entire range of avionics functions is encouraged such as
stability and control. display processing and control, thrust management, and clectrical power control,

1.4 DPenefits.  The expected benefits of this standard ISA are the use and re-use of available support software such
as compilers and instruction level simulators, Other henefits may also be achieved such as: (a} reduction in total
support soltwarce gained by the wse of the standard [SA for two or more cumputers in a weapon system, and {b)
software development independent of hardware development.

2 REFERENCED DOCUMENTS
Not applicable.

3 DEFINITIONS

31 Accumuiator. A register in the arithmetic logic unit used for intermediate storage, algebraic sums and other

arithmeuce and logical results.
3.2 Address. A number which identifics a location in memory where information is stored.

13 Arithmetic Jogic unit{ALYU).  That portion of hardware in the central processing unit in which arithmetic and
logical operations are performed,

34 Avionics, Al the clectronic and clectromechanical systems and subsysiemns (hardware and sofiware) installed
in an aircraft or attached 10 it. Avionics systerns intcract with the crew or other aircraft systems in these functional
arcas: comMmunications, navigation, weapans delivery. identification. instrumentation, clectronic warfare,

nemnnicrnans okt somresd annioan saaseead SOV n-fl.-r fhacrine amcl Coimoast Amimes s

l‘L'LUHi]dI)MII\.L Xl LUlll.lUl Lllslllh LI, P LIIDLI I.UUI\IUH. ol BU WII- qullpl.ll\.nl

3.5 Dasc register.  Any general register used (o provide the base address portion of the derived address for
instructions using the base relative or basc relative-indeaed addressing modes.

18 Bit. Contraction of binary digit. may be cither zero or one. In information theory, a binary digit is equal w
one binary decision or the designation of one of two possible values or states of anything used (o storc Or convey

information.
3.7 Buie. A group of cight binary digits.

3.8 Contraf processing unic (CPUE.  That portion of a compuicr that controis and performs the cxccution of
instructions.
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35 Copuwoluni.  “Fhat poriinn of hardw arc in the CPU that direets sequence of eperatuns, intcrprets coded
mstruciions, and initiates proper commands w cether pans of the computer,

110 Gengral pumuose register. A register (it may be used for arithmetic and lugical dperations, indexing,
shilting. input. output, and general storage of empoerary data.

33Y Index reoister. A register Unit contains a quantity for modifieation of an address without permanently
mudifying the address.

312 lnputZowtput (1/7Q).  That portion of a cotnputer which interfaces o the external world.
313 Instrucgion. A program coxde which wells the computer what Lo do.
314 lostruction counter (ICY. A regisier in the CPU that holds the address of tie next instruction to be executed.

3.13 Instruction set architecture (1ISA).  The attributes of a digital computer as seen by a maching (assembly)
language programnter. {SA includes the processar and input/output instruction scis. their fonnats, operation codes,
and addressing modes: memory management and partitioning if accessible o the machine language programmer,;
the speed of accessible closks: interrupt structure; and the manner of use and format of all registers and memory
locations that may be direcdy manipulated or tested by a muchine fanguage program. This definition excludes the
time or speed of any gperation, internal computer pantitivning, clectrica) and physical organization, circuits and
components of the computer. manufacturing technology, memory organization, memory cycic time. and memory
bus widths.

336 Inerrupt. A special control signal hat suspends the normal fiow of the processor operations and allows the
processor 1o respond 1o a logically unrelated or unpredictable event.

3.17 Mcmory. That portion of a computcer that holds data and instructions and from which they can be accessed at
a later time.

3.13 Operaion code (OPCODE).  ‘That part of an instruction that defines the machine operation to be performed.

3.19 Operand.- That part of an instruction that specifics the address of the source, the address of the destination, or
the data itself on which the processor is 10 operate,

320 Page regisier. A register which is used 1o supply additional address bits in paged memory addressing
schemes,

321 Programmed input/outnut (PIQ). A type of I/O channel that allows program conirel of information transfer
between the computer and an external device,

322 Resister. A device in the CPU for the icmporary storage of one or more words to facilitate arithmetical,
lagical, or uansfer aperations.

3.23 Register yransfor laneuase (R11). A language uscd to describe aperations (upon registers) which are caused
by the execution of cach instruction.

124 Reserved.  Must not be used.

1.25 Spare. A framework fur usage is defined by the standard with particulars w be defined by the application
requircments.

1.26 Sipck. A sequence of memory locations in which data may be stored and retries ed un a last-in-first-out
(1.IFO) basis.

Ft
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3.27 Sipuk pointer. A register that points W the last item on the stack.
328 Swuaus word register. A register whosce state is defined by some prior cvent occurrence in the computer.

3.29 Word. Sixteen bits.

4 GENERAL REQUIREMENTS

4.1 Dow formats.  The instruction sct shall support 16-bit fixed point single precision, 32-bit fixed point double
precision, 32-bit floating puint and 48-bit floating point extended precision data in 2's complement represeniation.

4.1.1 Singl ision fived puintdata.  Single precision 16-bit fixed point data shall be represented as a 16-bit 2's
complement integer number with the most significant bit (MSB) as the sign bic:
MSB LS8
IS| I
01 15

Exampies of single precision fixed point numbers are showa in table L

TABLE L. Single pregision fixed point numbers

-y oy ———— A M o e e

| Integer | 16-Bit Hexadecimal Word |
[---omroeee- | -mmmmmmmmes e |
| 32787 | 7FFF |
| =--mmeee- R |
| 16384 | 4000 I
|-=msmsonees | --mmmmmmnes oo !
I 4096 | 1000 |
|----msme-ee R L EL e I
I 2 | 0002 |
|=m-mmemmnee f=mmmmemmem oo |
] 4 f AN 1 ]
I i I U v v i i
| ---mmmeee | =m-mmmmm oo oo 1
| 0 | 0000 I
[---mmmmmees f-mmommmmmmme oo l
I -1 FFFF I
|-ooemmoee | -ommmmmmmem s ee !
| -2 | FFFE |
[---mmoamee | =omsmmmomsm oo |
| -4008 | FODO I
[---=nsoeses [=em=nmmmeomsmsmss oo :
| -18384 | Co600 i
|---oosees R R EURREEEEEE |
| -32787 | 8001 i
[---oseeees | =mmmmmmm oo oo !
| -32768 | 8000 [

e o —  — — — — h  ——— -
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4.1.2 Double precision fixed point data.  Double precision 32-bit fixed point data shall be represenied as a 32-bit
2's complement integer number with the most significant it (MSI) of the first word as the sign big.

M58 LS8
15} (MSH) { (LSH) ]
01 15 16 3t

Examp)es of machine representation for double precision fixed point numbers arc shown in table 11

TABLE II.  Double precision fixed point numbers

e e e R e e R e e R e e e e = —

| Integer | 32-Bit Hexadecimal Word |
| easaea | arerrere {
| Voamneze | acenavoa }
PR RS |
N |
T A }
T P |
T PR {
| 1073741025 | Cooaooon |
| 2.147.483.007 | 80000001 !
| zi7asa.em | saooooan {

o = = = = R = = B - T — e T

4.1.3 Fixed point operands.  All operands for fixed point adds, subtracts, multiplics and divides are integer. A
fixed point overflow shall be defined as arithmetic overflow if the result is greater than 7FFF ¢ or less than 8000,
for single precision and greater than 7FFF FFFF ¢ or less than 8000 0000, ¢ for double precision.

4.1.4 Resulis on fixed poing overflow.  On fixed point operations which cause overflow. the operation shall be
performed w compietion as if the MSHs are present and the 16 LS s for singie precision or the 32 L5Bs for doubie
precision shall be retained in the proper register(s). Division by zcro shall produce a fixed puint overflow and
return results of all zeros.

4.1.5 Floatina point dawa.  IFloating point data shall be represented as a 32-bit quantity consisting of a 24-bit 2's
complement mantissa and an 8-bit 2's complement exponent.
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MSB LSB MSB LS8

st Mamtissa ] Expoment |

’ ‘0- -l -------------------------------------- 2 d3- -2-4 ------------- 3 —l-

Floating point numbers arc represented as a fractional mantissa times 2 raised (o the power of the exponent, All
floating point numbers arc assumed nonnalized or floating point zero at the beginning of 2 floating point operation
and the results of ot} flonting point upcrations are nonmalized (a normalized floating point number has the sign of the
mantissa and the next bit uf opposite value) or floating point zero. A floating puint zeru is defined as 0000 0000,,,
that is. A 7er0 mantissa and a zero exponent (006). An extended floating point zero is defined as 000Q 0000 0000,
that is. a zero mantissa and a 7ero exponent. Some examples of the machine representation for 32-bit fluating point
numbers are shown in table .

TAGLE 1. 32-bit floating point numbers

Hexadaecimal Notation |

|
! Decimal Number | Mantissa EXP |
T T B |
| 0.9999998 x 2 | 7FFF FF ® |
T [-mommommmememamenanaoas |
| 0.5 x 2'%7 : 4000 00 |
[#-~s-s-mmmsmmmm o o m s e e o m s |
| 0.625 x 2% | 5000 00 04 |
e STTRCarU e !
] 0.5 x 2° |* 4000 00 01 |
Jommmmmmmm oo [===r=rmmmmmr oo |
| 0.5 x 29 | 4000 00 00 |
|-=onmme R [---esmessneasamenennnas 1
| 0.5 x 27! | 4000 00 FE |
R TR |-senemmemememmemannea |
| 0.5 x 27128 | 4000 00 80 |
| Intattaiebindel-eideii bt | Bt e |
[ 0.0 x 2° | 0000 00 00 |
R |<mmmnmmmomemenee o ees 1
[ -1.0 x 2° | 8000 00 00 |
-l |
| -0.5000001 x 2 | BFFF FF 80 |
OGS TINES [<mmmmmmmmemeereeoeaanes [
| -0.7500001 x 2° | 9FFF FF 04 |

4.1.6 Extended ision finating point datg.  Extended foating point data shafl be represented as a 48-bit quantity
consisting of a 40-bit 2's complement mantissa and an 8-bit 2's complement exponent. The exponent bits 24 to 31
lay between the split mantissa bits 0 to 23 and bits 32 0 47. "The most significant bit of the mantissa is the sign bit 0,
and the least significant bit of the mantissa is bit 47.
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| | Mantissa | | Mantissa |
1S MQ 1Evnnnantl I S i
15} MS JExponent] LS |
01 23 24 31 32 47

Some cxamples of the machine representation of 48-bit extended floating point nuntbers are shown in tabie 1V,

TABLE IV. 48-bit extended fleating point munbers

Decimal Number | Mantissa (MS) ] Exp | Mantissa {L5) }
J-=mmmmmm- 12777777 Jmommmmmm e Jemm=- J====mmmmmmmemm e l
| 0.5 x 2 | 400000 | 7F ) 0000 |
|--=nome- 5o | === oo | ---m- - J-mmmemome e |
| 0.5 x 2 | 400000 | 00 | 0000 I
R e S |- meemmo e |- | --mmeemnmmse e ana |
| 0.5 x 2 i 200000 1 FE ) 0000 |
{-==7=---- T |--~-mmmmr o {------- f--mmmmmmm e i
| 0.5 x 2 | 400000 | 80 | 0000 I
I_:-"""Iii """ |mmmmmmmme e fo-====- |-m==memmmm e !
[ -1.0 x 2 | 800000 | 7F ) 0000 i
|--=mmne 5 |- eee |-=-nnen [<mmnmemmmmmannnnees l
| <1.0 x 2 | 800000 I oo | 0000 |
formezmrnsozeamneas | msms oo ne === | -smmmememmaneannns !
| -1.0 x 2 | 800000 | FF | 0000 [
|--==emeee T | emssnmmeconneaes |<~emees | -=mememmmnmennares |
| -1.0 x 27128 | 800000 i 80 | 0000 |
i";';"‘;ﬁ """" |=ooomr o tom e A |mommemmem e mmnens |

.0 x | 000000 | 00 | 0000 !
|=-=nmmeee - | -=mmmme oo |-=---e |<mecmomeemmameannns |
| -0.75 x 27} | A000OO [ FF 0000 i

T L T e e

For both floating point and extended floating point numbers, an overflow is defined as an exponent overflow and an
underflow is defined as as exponent undcrflow,

4.1.7 Flouting point operands.  All operands for floating point instructions must be normalized ar a floating point
zero. A floating point overflow shall be defined as exponent overflow if the exponcent is greater than 7. The
results of an operation which causes a floating point overflow shall be the Iargest positive rmber if the sign of the
resulting mantissa was positive, or shall be the smallest negative number if the sign of the resulling mantissa was
negative. Underflow shall be defined as exponent undertlow if the eaponent is less than 80y, The results of an
operation which causes 2 fleating peint underflow shall be floaming point zero. Separate interrupts are set for
overflow and underflow. Only the floating point instructons shall set the undertlow interrupt.

4.1.8 Truncation of floatine noing resudts. Al (loating poing resulis shall be truncated wward negative infinity.

419 Rpsuns of dinvision.  ‘I'me sign of any non-zcro remainder is the sune as the dividend for all division
instructions; the remainder is only aceessible fur single precision integer divides with 16 bis Jividends and for single

e iesiam fmraanr FidAdse wearh 17 ki i lande
PIeCIMUITNCECT QIVIOUS WILTE 22 G0 G UL DUS.
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4.2 Insvpction formats.  Sin basic instruction formats shall support 16 and 32-bit instructions, ‘The eperation cnde
{opcode) shall nunmally consist of the 8 moest significant bits of the instruction.

421 Reeister-to-register formal.  The register-to-register format is a 16-hit instruction consisting of an §-bit
vpcode and two 4-bit general register (GR) ficlds that typically specify any of 16 general registers. 1n addition, these
ficlds may contain a shift count. condition code, opcode extension, bit number, or the gperand fur immediate short
instructions.

- A A R B e ok e b

F e e L

4.22 Instruction counter relative frmat.  The instruction Counter (IC) Relative Furmat is a 16-bit instruetion
P o B H

consisting of an 8-bit opcode and an §8-bit displacement ficld.
MSB LsB
| Opcode | Displacement ]
a 78 15

423 Rase relative format.  The base relative instruction format is a 16-bit instruction consisting of a 6-bit opcode,
a 2-bit base register field and an §-bit displacement ficld. The base register (BR) field allows the designation of one
of four different registers.

. T e e L

P e T e e

BR = D implies general register 12
BR = 1 implies general register 13

BR

n

2 implies general register 14
BR = 3 implies general register 158

424 Pasc relative indexed format.  The base relative indexed instruction format is a 16-bit instruction consisting
of a 6-bit opcode. a 2-bit base register ficld. a 4-bit opcode extension and a 4-bit index register fictd. The base
register {BR) ficld allows the designation of one of four different base registers and the index register (RX)

ficld allows the designation of anc of filteen different index registers.
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. . A e ey

BR = 0 implies general register 12

B8R

it
—_

implies general register 13

BR = 2 implies general register 14

BR = 3 implies general register 15
RX = 0 implies no indexing

415 Long instruction format.  The Long Instruction Format is a 32-bit instruction consisting of an 3-bit opcode, a
4-bit general register ficld.-a 4-bit index regisier field and a 16-bit address ficld.

e e e e R R e A e e e A R R e s e P e e R R e e R e M o o e

o g o e M L R e L e A e e L R R AT W e e e e R R B e e L e e, e W e e = o o —

Typically, GR1 is onc of the 16 genceral regisiers on which the instruction is perfoming the operation. RX is one of
the 18 genceral registers being used as an indes register. The 16-bit addroess field is cither a fill 16-bit memory
address ar a 16-bit operand if die instruction specifies immediate addressing.

4.2.6 Immediate opcode extension format.  The immediate opeode extension format is a 32-bit instruction
coasisting of an 8-bit opcude. a 4-bit general register ficld, a 4-bit opcode extension and a 16-bit data ficld.
Tvpicully. GR1 is one of the 16 gencral registers on which the insiruction is performing the operation. Op. Ex. isan
opeode extension.

MSB LS8

- - e L e L ey e A h L N e e e e T MR T W s P A A e e S A S e e e e e

| Qpcode | GR1 }] Op.Ex. | 16-Bit Immediate Data {

- - e A e e e e e e A e R L A S L N R i e T e e e T e

0 78 11 12 15 16 31

4.3 Addressing modes.  Table V specifies the instruction word format, the Derived Address (DA). and the Derived
Opcrand (120) for cach addressing mode that shall be implemented. The smallest addressable memory word is 16
bits: hence. the 16-bit address fields allow direet addressing of 64K (65.536) words. There is no restriction on the
location of double word operands in memory.

4.3.1 Reejster direel {R).  An addressing mode in which the instruction specified register contains the required
operand. {With the exception of this address mode, 1A denotes a memory address.}

4.3 Memory direet {03, An addressing mode in which the instruction contains the memory address of the
operand.

4.3.3 Memory dirget-indexed (DX}, An addressing mode in which the memory address of the required operand is
sprzified by the sum of the content of an index register and (he instruction address ficld. Regisiers RY, R2, ... RIS
mas be specificd for indesing.
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434 Meman Indireer (D, An addressing mode in which the inatruction speciticd memuory address contains the
address ol the reguired operandd.

435 Momaory indireeg sith pre-indexing (BX).  An addressing mode in which ihe sum of the content of a spegified
frden register and the instruction address Nield is the address of the address of the required operand. Registers R1,
R2. ... R15 may be specified for pre-indexing.

406 Immediage lore (1M There shall be iwo methods of Immediate Long addressing: one which allows
indexing inrd ong which docs o, The indevabie furm of inunadisite addressing is defined in rahle V. [T the
specified index reaister, RX. is notequil 1o zero, the content of IUX s added w the immediaie ficld o form the
required operand: otherwise the immediaic feid contains the roquired operand.

4.3.7 linmigdiztg hort (18),  An addressing mode in which the required (4-bit) vperand is contiined within the (16-
bind instruction. There shall be two metheds of Inmediate Short addressing: one which interpreis thie content of the
iminedisie ficld 18 positive dato. and a second which interprets the conteni of tmmediate field a8 negative data.

4.3.7.1 lmmedipie short positise (1ISP). The immediate operand is wreated as a positive integer between 1 and 16,

4.3.7.2 tnmunediate shart neeative (ISN).  The inmcdiate nperand is treated as a nogative integer between 1 and 16.
Its internal fonn shall be a 2's complement. sign-cxiended 16-bit number.

4,38 Instruction counter relative (ICK Y. This addressing ande is used for 16-bit hranch instructions. The
contents of the instruction countter minus one (i.c.. the addicss of the current instruction) is added to the sign
extended 8-bit displacernent lield of the instruction. The sum poinis to the memory address w which cantrol may be

ransferred i a branch is executed, This mude atlows addressing within 4 memory region of 80 o 7F ¢ words
relative 1o the address of the current instruction.

4.1.9 Rase relative (R).  An addressing mode in which the content of an instruction specified base register is added
10 the 8-bit displacement field of the (16-bit) instruction. e displacement field is waken o be 2 positive number
between 0 and 255, The sum points o the memory address of the required operand. This mode allows addressing
within a memory region of 256 words beginning at the addreys pointed o by tie base register.

4.3.10 Basc relative-indexed (BX),  The suin of the contents of a specified index register and a specified base
register is the adudress of the required operand. Registers RE. R2, ... R15 may be specificd for indexing.

4.3.11 Special(S).  The special addressing mode is used where none of the ather addressing modes are applicable.

4.4 Reristers and support features,

4.4) Generl resisters.  The instruction sct shall suppont a minimum of 16 registers (R0 throngh R15). The
regisiers niay be used as accumulators, index registers, base registers, temporary operand memory, and stack pointers
with the fullowing restrictons:

3.0nly registers kY, R2. ... R15 may be used as index registers (RX). .

b.Only four registers, RUZ. R13, R14, and R 15 may be used as base regisiers {or instructions having the
Base Relative address mode.

c.R15 is the implicit stack pointer for the Push and Pop Multiple insiructions {Opcode 8K, and 9F ).
d.Ihe general registers ure not in the logical memory address space.
e.nstructionts having ihe Buse Retative addressing mode have asingle avcumulaior, The register pair (R0

R1) is the sccwmulater tor double precision and Noating point operatices, Register R2 s 1the
accumulaior tor single precision operatons, except nesdtiply and divide base relative dso use R3.

10
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The gencrad registers shadl funetionally appesr 10 be 16 hits in length, For instructions requiring a 32-hit operation,
adjacent regisiers shall be concatenated o fonn effective 32-bic registers. Instructions veguiring 48-bit eperaion
shall concatenate three adjicent regisiers g form an elfective 48-bit register.

When registers arg concatepated. the rogister specificd by the instruction shail represent the most significant word.
The register st wraps wround, that is, R15 concatenates with RO for 32-bit operations and R1S concatenates with RO
and R1 for 48-bit operations,

4.1.2 Speciyl registers.  The instructions shall make vse of the fullowing special registers: instruction counier,
status word, fault reaister, interrupt mask, pending interrupt register, and input/output interrupt code registers,

4,421 Inspruction counter (10). - A 16-bit register used for program: sequencing, Ut allows instructions within a
range of 65,536 words to be exccuted. 1t is external w the general registers. [Uis suved in memory when an intermupt

is serviced.

44.2.2 Sunus word {SW).  The instruction sct shall reference a 16-bit status word register whose state is defined by
some privr event occorrence in the computer. The figure below indicates the formut for the SW with the fullowing
paragraphs describing the meaning of the Condition Status (CS) ficld, reserved bits, the Processor State (PS) feld,

and the Address Suaie (AS) field.

CS Bits: A fuur-bit ficid (bits 0 through 3) of the status word sialt be dedicaied to instruction rosuits (ie.,
instruction status bits} and is defined as condition status {CS). Bis 0. L. 2, and 3 shail be
identificd as C, P, 7, and N, respectively, and their neanings are given by the following register

transfer description:

C = (CS)y = 1if result generates a carry from an addition or no borrow from a subtraction
P = (C8); = 1if result is greater than (2ero)

Z = {C8); = 1 if resultis equal to {zero)

N = (CS); = 1 if result is less than (zero)
Reserved Bits:  Bits 4 through 7 of the status word shall be reserved,

PS Bis: A Four-bit ficld (bits 8 through 11} of the status word shall be dedicated to the processor siate (PS)
code. The code value defined by the PS shall be used for the following two functions:

For implementations which include the memory access lock feature of the expanded memory
addressing option (sce paragraph 4.5.2.2). PS shall define the memory access key codde for all
instructions and operand references w mernory. References to memory during the intermupt
recoznition sequence for vectur table pointer fetches and linkage/service parameter store/ read
references shall not use 1S w define die memory access key code, but shalt use an implied PS=0

value,

PS shall determine the legatl/ilfeeni critetia for privileged instnuctions. When PS=0and a2
privilegod instruction cxccuiion iy aucmpted, the instruction shall be legal and shall be exccuted
property'as defined. When 'S4 0 and a privileged instruction execution is attempied. the

11
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insteuction shall be illegal, shall be aborted. and the privileged instruction fault bit in the fault
register (K1) shall be sct to one,

AS biis: A four-bit ficld (bits 12 through 15) of the status word shill be dedicated 10 the address state (AS)

code. For implementations which do not include the expanded memory addressing option, an
address staie Gualt shall be generated fur any vperation which atempts o modify AS to a non-zero
value. Far implementations which include the expanded memory addressing option, AS shalt
define the group (pair) of page register sets tw be used for all instruction and operand references
o memory. Refercnces w0 memory during the interropt recogaition sequenee for vector iable
pointer feiches and service parameter 1pad references shall not use AS 0 define the operand page
register set, but shall use an implicd AS=0ualue. The linkage parameter store references shall
use the AS field of the new status word. For partial implementations which include less than 16
groups of page register sots for the expanded memory addressing option (see paragraph 4.5.2.3),
the address state fault bit in the fault regisier (FT;4) shall be st to one if any operation auwempts
to cstablish an AS value that is not implemented.

4.4.2.3 Fault register (FT).  “The fauh register is a 16-bit regisier used for indicating machine error conditions. The
losical OR of the fault register bits is used 1o generate the machine errur interrupt. The fault register shall be read
and clearced by an XI1Q instruction. If a particudar fault bit is not implemented, then the bit shall be sct to zero. The
fault bits shall be assigned as specified in the following: -

0 1 2 3 4 5 8 7 g§ 9 10 11 12 13 14 15

| MEMORY |  PARITY | 1/0 |SPARE] ILLEGAL |RES.] BITE |
|PROTECT | I I I | I I
The bits shall have the following meaning when set 1o one (1):
Bit 0: CPU Memory Protection Fault. The CPU has encountered an access fault write protect fault, or
exccute protect faull
Bit 1: DMA Memorny Protection Fault. A DMA device has encountered an access fault or a write
proiect faull
Bit 2: Memory Parity Fault
Bit 3: PIO Channel Parity Fault.
Bi1 4: DMA Channel Parity Fault
Bit 5: lllegal 170 Command Fault. An attempt has been made to execute an ummplemented or reserved
170 command.
Bit 6: P1O Transmission Fault. Other 170 error checking devices, if used. may be ORed into this bit to
indicatc an crror.
Rt 7 Sparc.
Ui §: Mlegal Address Fuuil. A memory location has been addressed which is not physically present.
Biz 9: Hiega! Instruction Fault. An atternpt has been mede (0 execute a reserved code,
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i 10: Privileged Instruction Fault. An atempt has been made to exccule a privileged instruction with
' PS£&0D.
it 1t Address State Fault. An acempt has been made to cstablish an AS value for an unimplemented
page register set.
Bit12: Reserved.
Rit 13: Buite-in "Fest Fault. Hardware built-in test cquipment (BI'TE) error has been detected.
Rit 14-15: Spare BITE. “These bits arc for use by the designer for Fsiure defining (coding, cic.) the BITE

error which is detected. This con be used with Bit 13 to give a mure complete errar description.

4,421 Interruprmask (MK). The interrupt mask register is sofiware coniroed and contains a mask bit for each
of the systain interrupts. Thie interrupt sysiem is defined in paragraph 4.6,

4.4.2.5 Pending intcrrupg register (P1).  The pending interrupt request register is software and hardware controlled
and contains the pending interrupts that are attempting 1o vector the instruction counter. A peading tatertupt Is set
by a sysicin inlermpl sigrt). “The pending interrupt bit that generates the interrupt request is cleared by hardware

action during the inlerrupt processing prior to initiating software at the address defined by the new IC value. The

register may be set, cleared. and read by the O instructions,

4.4.36 lnpui/ompul interrupt code reeisters (IQICKoptiopaly.  The input/output interrupt code registers, if
implemented. are used to indicate which channel gencrated the input/output interrupl. One register is assigned for
cach of the two input/output interrupts. Hach register is set by hardware to reflect the adudress of the highest priority
channel requesting that level of interrupt. The address shall be 00 for channel number 0, OF ¢ for channel number
15, 7F 4 for channc) number 127, eic. ‘The 10ICs shall not be altered ance the interrupt sequence has commenced
until they are read by an /0 instruction.

M5B - LSB

e e e A = T e e e T e e M e A e MR o e B e L e o e A

4427 Page repisters (optignal).  Up to 256 sixteen bit registers for optional expanded memory addressing.

4.42.8 Mcmory fault status regisier {MFSR) (optional).  The memory fault status register provides the page
register sclection designators associated with memory faubs. The page register designators (below) captured by the
MFSR are valid for the memaory reference causing the fault,

- o —— e o =

oy = e 8 = A e

0 3 4 10 11 12 15
LPA: Address of page register within the set
RESERVED: Must not be used.
10: Instruction/opcerand page set selector {1 = instructian).
AS: Address of selected group.

13
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44.3 Stack.  The insiruction st shall suppore a stack mechanisin, The operation of the stacking mechanisin shall
be such that the “last-in, first-out” concept is used for adding items (o the stack and the Swack Pobnter (SP) register
always contuins the memory address where the lost item is stored gn the stack. Ihe stack provides for nested
subrontine finkage using rezister 15, The siack shali also reside in a user defined memory arca. Twa instructions
shall use register number 15 (R15) as the implicd system stack pointer: Push Mualtiple regiseers, PSHM (sec page
7). and Pap Multiple wegisters, POPM (see page 77). The stack expands linearly oward 7erp as items are gdded 0

i,

Two instructions. Stack IC and Jump to Subroutine. SJS (sce puge 68). und Unstack [C and Return from Subroutine,
URS (see paze 69). allow the programmer to specify any of the 16 2eneral registers s the stack puinter. “The memory
block intmediately proceding Ure stack arcas imay be protected (by user using memon protect RAM). thus providing
2 means of knowing (memory protect interrupt) when the stack limit is exceaded. The stack shall be addressed by
the Stck IC and Jump t Subroutine. Unstack IC and Return from Subroutine. Push Multiple. and Pop Multiple

INSHTUCLuI,

4.4.4 DProcessor jpitialization,
444.1 Processor resegstate. Table VI defines the processor rosct state:

TAHLE VL Processor resct state

Register/Device/Function Conditign After Reset
Instruction Counter A1l zeros

Status VYWord A1l zeros

Fault Register A1l zeros

Pending Interrupt Register All zeros

Interrupt Mask Register A1l zeros

General Registers Indeterminate
Interrupts Disabled

Timers A & B Started and all zeros !
Page Registers Group 0 enabled !

Page Registers AL Field Al11 zeros

Page Registers W Field Zero !

Page Registers E Field Zero !

Page Registers PPA field Exact logical to physical !
Memory Protect RAM Disabled and a1l zeros
Start Up ROM Enabled !

DMA Enable Disabley '

Input Oiscretes Indeterminate !

Trigger Go Indicator Started !

Discrete Qutputs A1l zeros !

If implemented (optional)
Main Memory Globally Protected

5442 Powerup.  Upon appheation of power, the processor shall enter the reset state, the nonnal pawer up
discrete shudl be set G implamented), and cxecutivn shall begin.

4435 [penaltimers (opgenal).  1f implemented. then two interval tmers shall be provided in the camputer and
shatl be referred ts 28 1imar A snd Timer B oth timers can be loaded. stoppesh, started. ind read with the
commands deseribed in the N1O paragraph (see page 29). 1he two timers shudl e To-bit counte, s which operae s
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fullows, Etfectively, a one is automeaicudly added o the least sienificant bitot the timer, Bic Afteen is the least
sigrificant bit and shall represent the speeificd increment salue o' thae tmer, Le., citber 10 or 100 microseconds. An
interrupt request is gencrated when a timer increments from FEFE w0000, Afier power up. it the timers are not
loaded by software. then an tcrrupt cequest is gouerated afier 63336 counts, A sample of the 16-bit counting
sequence (shown in hexy is 0000, 00CL. ... THFE. 8000, ... FEFFF, 0000, .... . Alsystem reset 6r power up. the timers
are tnitialized in accordance with paragraph .44 1 “The timers are halted when o icakpoint, 371 (see page 138),
instruction is cxecuted and the console is connected.

4.5 Memory.

4.5.1 Memory addressing.  The instruction set shall use 16-bit logical addresses w provide for referencing of 65,536
words, When the expanded memon option {sec paragraph 4.5.2) s not implemiented. physical addresses shall equal
logical addresses.

4.5.1.1 Mcmory nddrc:«rng nruhmguc Arithmetic performed on memory logical addresses shall be madulo
65.536 such that references to the maximum togical address of FIFFF .16 plus 1 shall be o logical address 09%16'

4.5.1.2 Mcmory addressing boundary constraints.  There shall be no odd or even memory address boundary
constraints.

4.5.2 {xpanded memory addressing fuptional).  1f used. then expanded memory adaressing shall be performed via
a memory paging schemne as depiceed in figure 1. ‘There shall be a maximum of 512 page registers in the page file
(not in lugical memory space). These shall functionally be pantitioned into 16 groups with 2 seis per group and 16
page registers per set. Within a group. onc set shalt be designated for instruction references and the other set for
operand references. The page size shol) be 4096 wyrds such that one set of 16 paac registers shall be capable of
mapping 65.536 words defined by 3 16-bit Jugicat address. The page group shall be sclccied by the 4-bit Address
State (AS) field of the Status Word (SW). The instruction/aperand sct within the group shall be sclected by the
hardware that differentiates beiween instruction and operand memory references. The 4 most significant bits of any
16-bit lugical address shall select the page register within that set. “The 8-bit Physical 1age Address (PPA) within the
page register shall be concatenated with the 12 Ieast significant bits of the logical address 1o form a 20-bit physical
address, allowing addressing of 1,048,576 words of physical memory.

4521 Group selection. During instruction and uperand references 1o memory, the address state (AS) ficld of the
status word shall be used ¢ designate the page fite group. During an interrupt recognition sequence, the operand sct
of group 2cro shall be used for vecior inble and pointer, references 1o memory.

4EN Y Dracs costesns oo it Dok mana snnieras e ball baa 18 tentac sha fix
4.5.2.2 Pasc regjster word formai. Each pdEc IL:gI:.Lu shali be 16 bits. The uuuu. below indicates the fo

Jfmat
the page register words with the {ollowing paragraphs describing the meaning of the aceess lock (AL) field, the
exccute protect (E) bit, the write protoct (W) bit. reserved bits, and the Physical Page Address (PPA} ficld.

frur
s

o i o m e e ae  h EL  E  E  AS T E  a  E T em R T e

Ly o e N e e R T R e e A W A W AR R e W R W e e e e M e e e T ek AL M e R

AL Field: The access lock and key feature is optional if expanded memory addressing is inplemented. If
the access fock and key feature is not implemented, thea the AL ficld shall always be zero, If it is
implemented, then a 4-bit fiedd (bits 0 through 3) of each page register shall contain the aceess
lock (AL) cade for the associated page repister, which shall be used with the access key codes o
determine aceess permission. The aceess key codes may be supplicd by cither the status word or
the [DMA channel. For cach of the passible 16 values of the AL code, aceess shall be permitted
for the reference according 1o table VIIL
Refercnces supplying an unacceptable access key code shall not madify any memory location or
general regisiers and an access fault shall be generated. An aceess fault resulting from a CPU
reference attempt shall st fault register bit 0 to cause a machine error interrupt. An access faukt

15
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TABLE VI AL code 10 access X€yv mapping
AL Code Acceotable Access Key Codes
0 0
1 0.1
2 0,2
3 0.3
4 0.4
L 0.8
6 0.5
7 0.7
8 0,8
9 0.9
A D.A
B 0.8
C g.C
D 0,0
- E 0.E
£ $,1,2,3,4,5,6,7,8,3,A,8,C,0,E.F

resulting from a DMA atiempt shall set fouh register bis 1 10 cause a machine error interrupt.
Note that the access Jock and key codes defined in the above wbie have the following
characteristics:

a.An access lack code of Fig is an "uniocked” lock code and aliows any and all access
key codes (0 be acceptable.
f0is 2 "master” kev code and i

b.An access key code

lock codes.

c.Access key codes 1 through Eg are aceeptable to only their own "marched™ lock code
or the "unlocked” lock code of Fyg.

d.An access key code of F g is acceptable to only the "unlocked™ lock code of Fyg.

For instructign page register scts only, bit 4 shall be defined as the I< bit and shall determine the
acceptabic/pnacceptable criteria for read references for instruction feiches, When E=1, any
atempted instruction read reference designating that associowed page register shall be tenninated
and an excoute protect fault shall be generated. An execute protect fault shall set fault cegisier bit
0 to cause a machine crror inlcrruplL

For operand page registers oniy. bit 4 shall be defined as the W bii 2nd shall determine the
acceptabic/unacceplable criteria fur write references. When W =1, any attempted write reference
designating that assuciated page register shall not modify any memory location and a wriie protect
fault shall be generated. A write protect fault resulting from o CPU reference attempt shall sct
fauht register bit 0 1o cause a machine error interrupt. A write proweet fuule resulting from a DMA
reference attempt shall set fault register bit | o couse a machine orror internapt

Rits 5 through 7 of alt of the page registers shail be reserved and shall atways be 0.

17
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PP Field: An eight-hit field (bits § through 18) of each page regisier shall be dedicated w the physical page
address which is used (o dehine the physicaf address as depicred in figure

4523 Partial implementnivns of expanded memory addressing. A given implemientation of this standard may
fnelade n partial implemcentation of the expimded addressing option. That pariial implementation may use 2, 4, or 3
groups of page registers as follows:

Numbar of Groups AS Group Codes

2 0 and 1
4 0 through 3
8 0 through 7

WiZxin any fult or pantial inplementation, the lock feature may or may not be included.

4.5.3 Memory pariee {optionall.  [fused, thert bit 2 in the fault register shall be set 1o indicatc 2 memory panty
errot.

432 Memory block protect (optional). 17 used, shall be a5 described by the input/output instructions. For
oparations which contain muliiple memory references. cach siore operation shall be as defined by the memory

pre:ection for that specific memory address.

4.5.3 Referenges o unimplemented memory.  Aucmpred access to physical addresses which are not snplememed
shzil generate an illegal address fault and shall cause the referencing action to terminate. An illegal address fault
shat set fault register bit 8 to cause a machinc error interrupt.

4.55 Siartup ROM {optional).  If used. the start up read only memory (ROM) address range shall be contiguous
staring from address 0 up (0 a maximum of 65,536, as required by the system application. When the start up ROM
is czabled, if an 170 or CPU store function is cxecuted whose address is within the start up ROM, then the store is
attempted into the main memory. When the star, up ROM is enabled. if a read function {instruction or operand) is
exczuted from cither 170 or the CPU whose address is to the start up ROM, then the read shall be from the start up
ROM. When disabled. the start up ROM cannot be accessed.

4.37 Reserved memory Jocations.  Locations 2 through 1F ¢ are reserved. Locations 20, through 3F,, are used
by the hardware and the stored program as defined by tabie Vill.

4.6 Interrupt control.

461 Intcrmupts. ‘The instruction sct shall support a minimum of sixtecn (16) interrupts as shown in table VIII. An
interrupl request may occur at any time: however. the interrupt processing must wait until he current insiruction is
completed. An exception to this is the Move Multiple Word which may be interrupted afier cach single word
transfer. “The overall procedure for acceprance of, responding 0. and processing of an interrupt shall be as
ithustrated by the Row chart of figure 2.

4.6.0.1 Internipt acgeptance.  The interrupt system shall have the capability 1o aceept externa) and internal
inizrupts. Fipure 2 indicates the relationship between the interrupt signals. the pending interrupt regisier, the
inuzrTupt mask registes, the privnity conwrol logie, the sofiware controliable/accessible signals and the fundamental
communications between the interrupt sysiem and the CPU.

4¢.1.2 Interupt sofiware contrnl,  Software shalt be able w input from or output to the interrupt mask register as
wel as the peading tnterrupt register. Also. suftware shall be uble 1o disaliow recognition of interrupts via the
“é:aahle interrupis” signal fwithewt inhibiting imerrupt peceptance into the pending intecrupt register) and o allow
rey . znition of interrupts sia the "enable mierrupts” signal, e disabling shidl not allin any interrupts after the

bo aning of the disable instruction. The CPU's internupt service hardware shall continue to “disuble interrupts™ for
o=z mstruction alter the Enable lntermupty instruction has completed. Foll deseripuons of the interrupt instructions
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Interrupt definitions

T e A

Interrupt
Number

10
11

12

13

Interrupt
Mask

Bit
Humber

10
11

12

13

intercupt
Linkage
Pointer
Address
{Hex)

24
26
28

2A

2E
30
32
34
36

38

!
!
I
[
I
|
!
I
I
!
l
|
!
I
!
|
|
!
}
|
I
2C |
!
I
|
I
|
!
|
I
!
I
[
!
I
I
3A ]
|

!

I

I

i

Iaterrupt
Service
Pointer
Address
(Hex)

25
27
29

2B

2D
‘¥
31
33
35
37

39

3B

o
o
£
o
5
o}
o
3
a
-
()
]
p=]
=
=]
~
o
[\
=
[+4]
1
~
o
=1

or disabled)

Machine Error (cannot be
disabled)

Spare

Floating Point Overflow

-Fixed Point Overflow

Executive Call {cannot be
masked or disabled)

Floating Point Underflow
Timer A {if implemented)
Spare
Timer B {if implemented)
Spare
Spare

Input/Qutput Level 1
{if implemented)

Spare

Input/Qutput Level 2
(if implemented)

- = 4 A R T w T A = T = = e S = RN M p e L A e SR A e R e R R e e R ik e e e M e W A M T e e e ek

Interrupt number G has the highest priority. Priority decreases
with increasing interrupt number.

19
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are niven in the input/ontput instruction repertoire.

4.6.1.3 Intecrupt privrity definitions,  The priority definitons of the intermupis aud theie required relationship 1
the interrupt nunk and interrupt pointer addresses are estraed in tdde ML dnderruest Dedinitions, The power
down interrupt shall initinte the power down sequence and cannol be nusked or dsibled during normal operatios
of the computer. “The executive call interrupt. used with the Braach to 1 czutive instruetion, BEX, (sec page 62) ~i50
cannot he masked or disabled. The machine error interrupt cannot e disabled but can by masked dudng nomal
operativon of the computer. Al other interrupts can be disabled and miskad, 10 hating point overtiow /underilow
or fined point overflow condition cecurs. then the fastruction gencrating that cenditiun shall be interrupted at its
completion if the intermpt is unmasked and enabled.

4.6.1.4 Interrupl veuroring mechanism.  ‘The vectoring mechanisin shall be as illustrated on figure 3. For cach
interrupt there <habl be o fixadl memory locations in the “vector table™: (1) the tirst memory lncation (Linkage
Pointer) shull be defined as the address of where to store the current (oll) state o the computer {i.e.. "old interrupt
mask”. “old stutus word”. and "old instruction counter”); and (2) the sevond muimery location {Service Pointer) shull
be defined as the address of the next {new) stute of the computer (Le.. "new interupt mask”. "new status word™, and
“new instruction counter”’). Returning from interrupss may be accomplished by execnting the Load Status
(LS1/LS11) instructivn with the valuc/address of the Linkage Pointer for an address ficld.

Interrupt 0-->}] Linkage j------ >] 0d Interrupt | \
} Pointer 0 | ] Mask | N
|==mmsmemm- [ |====-n- CAETILLE [\
| Service [-~~ | 01d Status [ \ Computer
| Pointer 0 | | | Word i 7> status at
=== | | [=-—=mmmmmmeem e | / the time of
Interrupt 1-->|] Linkage [ | 0d Instruc. | / interrupt
| Pointer 1 | | | Counter | 7/
|==-mmmsemmn- | ] emmmmmmmmieee- - !
| Service [ 1
| Pointer 1 | |
|-emmmomoe- I
) smosemommsmsmeees
. . =---=>| New Interrupt | \
. . | Mask | N
{m-m=mmmo- | |==mmmmmmoe- el B
Interrupt 15->| Linkage | | New Status | \ Computer
| Pointer 15| | Word | > status to
|===~======-- i R it } / start service
i Service | | Mew Instruc. | / routine
| Pointer 15| | Counter |/

FIGURE 3. Interupt veeloging svsiem

4.7 Input/output.  In conjunclion with the spare command codes, the I70 interrupts, and the 170 interrupt code
registais. the 1/Q instructions provide a framework within which the user can implament his system interfaces, The
particulars of the system interfaces vutside of this framewerk (such as dedicated memon locations. channcl register
definitions. command code assignments/definitons, muliple channcl privrities. page register access, cte.} are not
included in this standard.
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471 Input.  ‘Ihe input instructions transfer data from an external 1#Q device or an internal special register o a
CPU gencral register, "This comnmand is used to read dinta from pcnphcr'al deviees, mimers, status word. fault register,
discretes, interrupt mask, eic, A full description of the input instructions is given in the instruction repertoire.

4.1.2 Ouput.  The output instructions transfer daia from a CPU general register 1o an external 170 device or
speeiy register. This cammand is used t write data to peripheral devices. discretes, start and stop timers, cnable and
disable interrupts and 1IMA, scLand clear interrupt requests, masks and pending interrupt bits, ete. A full
description of the output instructions is given in the instruction repertoire.

4.7.3 Innut/owput commands.  Input/ouiput commands are classificd as mandatory, optional, reserved, or spare.
Mandaery 170 comiands must be implemuented as defined. Optivnal /0 commands must be implemented as
delined. if implemented. Reserved 170 commands must not be impiemented. Spare 1/0 contmands may be
implemenied as required by the applicaiion Attempted execution of an unimplemcnlcd optiundl or spare 170
cumnmand or a reserved 170 command shaii cause the illegal 1/0 command fault 1o be set in the fault register (FT')
causing a machine error imrrupt: Input/output command words shall be fully decoded. "TBDs™ in input/output
instruction descriptions refer o parameters o be detennined by the apphcation systemn reqguirements. Within these
classificinions, the use of the command is defined in the instruction description.

474 Input/outpnt commangd panitioping.  The 170 command space shall be divided into 128 channels. Up to
512 commands within each channel group (256 input and 256 output) may be used with cach 1/0 interfuce. Table
1X lisis the 128 170 channel groups. “The attempted exccution of an unimpleinented 1/0 command shall cause bit 5
of the fault register to be set. geaerate a machine crror tnterrupl, and abert 10 completion.

4.7.5 Input/omnut interrupts {optionatl.  Input/output level 1 and level 2 interrupts are available to the user,
Fither interrupt fevef or both may be inplemented for an interface as defined by the particular application
specification. ‘The interrupts shall be used in conjunciion with the input/output interrupt code registers to provide
170 channel 1 process communications. Two levels of interrupts altow casy differentiation of normal reporting
from ¢rror reporting.

476 Dedicated 170 memory locations.  If dedicated memory locations arc used 10 communicate information to
and/or frum an 170 channel, dese focations shall be conscoutive memory locaiions starting at an Unplementation
defined fucation. Locations 40, through 4F ¢ are optional {or I/0 usage.

48 [nstnictions.

4.8.1 Invalid instructions.  Auempted exceution of an instruction whose first 16 bits are not defined by this
stangdard shall cause the invalid instruction bit in the fault register (FT4g) to be set generating a machine error
interrupl. AH undefincd bit patterns in the first 16 bits of an instruction are reserved.

4.8.2 Mpcmonic conventions.  Fach instruction has an associated mnemonic convention. in general, the operation
is one or (wo leuers, ¢.g.. L for Joad, A for add, ST for store,

Floating point operaiions have a prefix of F, e.g., FL for Noating joad. FA for floating add.

TRl o ammlie 4
Doublc precision operations have 2 prefix o

Extended precision floating point opcrations have a prefix of EF, c.g.. EFA for extended precision floating point
add.

Regisier-10-reaisier operations have a suffix of R, e.g.. AR for single precision add register-to-register, FAR for
floatng add register-o-register.

Indiract memuony refercncc is indicated by o suffix I, e.g., 1.1 for load indirect.
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4.7.) Iput. e input instructions transfer dia from an external 170 device or an internal special register 0 a
CPU general register, “Iis comimand is wsed w read dina froin peripheral doviees, timers, status word, fuult register,
discrates, interrupt mask, cte. A full deseripton of the input insteuctions is given in the instruction repertoire.

47.2 Quipyt.  The output instructions transfer data from a CIPU general register to an externat 170 device or
special register. This comimand is used w write data 10 peripheral deviees, diseretes, start and stop timers, enable and
disable interrupts and DIMAL st and clenr interrupt requests, masks and pending interrupt bits, ete. A full
deseription of the output instructions is given in the instruction repertoirce.

4.7.3 Input/ouppur commands.  Input/output commands are classified as mandatory, optional. reserved, or spare.
Aandatory 170 commands must be implemented as defined. Optional /0 commands must be implemented a8
delined. if implemented. Reserved 170 commands must not be implemented. Spare 1/0 commands may be
implemenied as reguired by the application. Attempted execuiion of an unimplemented optienal or spare 170
cummmand or a reserved 170 command shail causce the illegal 1/0 command fiit to be sei in the fault regisier (FT'g
causing a machinc errow inwereupt.: Input/output comimand words shall be fully decoded. "FBRDs” in input/output
instruction descriptions refer w parametars w be detennined by the application system requirements. Within these

classificativns, the use of the command is defined in the instruction description,

4.7.4 Input/output conunand partiioning.  ‘The 170 command space shall be divided into 128 channels. Up to
512 commands within each channel group (256 input and 256 output) may be used with cach 1/Q interface. Table
IX Tists the 128 17Q channel groups. ‘[he autempted execution of an unimpleinented 1/0 command shall cause bit §
of the fault register 1o be sei, generate a machine error interrupt. and abort to completion.

478 lnput/onuinut interrupts foptional),  Input/outpue level | and level 2 interrupls are available o the user.
Either inwerrupi Ievel or bod may be implemented for an interface as defined by the particular application
specificaition. The interrupts shafl be nsed in conjunciion with the input/output interrupt code registers 1o provide
170 channcl to process communications. T'wo levels of interrupts allow casy differentiation of normal reporting
from error reporting.

4.7.6 Dedivated 170 memory tocations. I dedicated memory tocations are used o communicate information to
and/or from an 170 channel, these locations shall be consccutive memory locations starting at an implementation
defined location. Locations 40,4 through 4F ¢ are optional for 170 usage.

4.8 lnstructions.

481 Invalid instructions.  Aucmpted exccution of an instruction whosc first 16 bits arc not defined by this
standard shali cause the invalid instruction bit in the fault register (FTy) 1o be st generaling a machine error
interrupl. All undefined bit patterns in the first 16 bits of an instruction are reserved.

482 Mncmonic conventions.  Fach instruction has an associated mnemonic convention. In general, the operation
is onc or two letters, ¢.g., L for load, A for add, ST for store.

Floating point opcrations have a prefix of F, c.g., FL for floating Joad. FA for floating add.

A e ALl add
A8 101 JUUIC dUud.

{9
It

[ o TN . el N T DR T P
1JOUDIC PICCISION OpCrauuas . T QLUBRIC JUJ0,

Fatended precision floating point operations have a prefix of EF, .., EFA for extended precision floating point
add.

Regisior-io-register operations have a suffix of R, ¢.g.. AR for single precision add regisier-to-register, FAR for
floating add register-lo-regisier.

indirect memuony reference is indicated by a suffix 1, c.g., 1] for Joad indircct.
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TABLE X, Input/ontpet cluinnct grogps
Qutput Input Usage
0oxx 80XX N
> PIO
03xx 83xx 7/
Qaxx HER S SN
> Spare
1FXX 9Fxx /
20XX ADXX Processor & Auxiliary Register Control
21XX ALXX N
> Reserved
2F XX AFXX /
30%X BOXX \
> Spare
3FXX BFXx /
A0XX coxx Processor & Auxiliary Register Control
41X Cixx A\
> Reserved
4F XX Cexx 7
50XX O0XXx Memary Protect RAM
51%XX DixXX M\
> Memory Address Extension
52xX D2xx / {page register commands)
53xx D3xXx
> Spare
TFXX FFXX /

preeision add immediate.
Use of indexing is specified in assembly language by the occurrence of the operational field after the address field,

e.g.. FA A2 ALPHA AS: floating add to register A2 from memory location ALPHA indexed by register AS.

4.8.3 Instruction matrix.  Table X cantains the order type matrix which relates each instruction operation code to
an assigned symbuol. The numbers shown across the top of the matrix are hexadecimal numbers which represent the
higher prder four bits of the pperation code, and the hexadecimal numbers along the left side represent the lower
order four bits uf the operation code. I'able X1 contains the order types and assigned mncmonivs fur the extended
Operation Code instructions,

4.8.4 Instuction ot nottion.  ‘The wext and register transfer deseriptions are intended to complement cach other.
Anbiguitics or omissions in one ure resolved by the other. The fullowing definitions and special symbols are
assuciated with the instruction descriptions.

23
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CPL Repisters
RO.R1. ....R15 ‘Ihe 16, 16-bit goneral registers

IC Instruction Counter

SW Status Word

cs Conditiun Status. A 4-bil quantity that is set according 1v the result of instruction cxceutions.
LP Linkage Pointer

SP Stack Painter; R15 for the Push and Pop Multiple instructions

SvpP Service Pointer

MK Interrupt Mask Register

Pl Pending Interrupt Register

RA,RB An unspecified general register

Addressing Modes

R Register Direct

D. DX Memaory Direct, Memory Dircect-Indexcd

LIX Memory Indirect. Memory Indirect with Pre-Indexing
M. IMX Immediate Long, Immediaic Long with Indexing

ISP, ISN Immediate Short with Positive Operand, Immediate Short with Negative Operand
ICR IC-Relative

B. BX Basc Relative, Base Relative with Indexing

S Special

Data Quantities

MSH, LSH Most Significant Half, Least Significant Half

MSiB. LSB Most Significant Bit, l.cast Significant Bit

SP.DP.FLP.EFP
Abbreviation for “Single Precision.” "Double Precision.” “Floating Point.” and "Extended
Fiouting Point”™ operations, respectively.

MO Floating Point Derived Operand mamtissa {fractional part): 130g.43 (FLP), 1303 NO3;.49
(EF.P)

24
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Flnating point 8-bit 2's complement Derived Operand charagteristic (cxponent): D044,y
Ma

Floating point register acctumulator mantissa (fractionad part): (RARA 4 D)g53 (FL P (RARA + 15,53 (RA +

FA

Miscellaneous
{X)

(X.X+ 1)
(X

X+ 1]
OvM

Exit

DA

no

N,M.n

DSPL

Symbols

&>

a7 (EFP)

Iloating point §-hit 2's comploment register scoumulator charagteristic (exponent):
(RARA + 12331

An cniity used for register lovel transfer description clarification.

the general register file.

Contenis of Register X

Contents of concatenated Registers X and X + 1

Contents of memory address X

Contents of sequential memory locations X and X + 1

Mantissa (fractional part) overflow

Indicates termination of present register transter operation (cxeept the seiting of the CS bits)
Derived Address

Derived Operand

An integer number

Displacement

If X is a CPU register or a data quantity (sce above). then n specifies a bit position in X. If Xis
nut 2 CPU register or a data quantity, then the number X is to the base n. 1f X is a number and

n=16, then X is a 2's complement hexadecimal number,

If X is a CPU register or 2 memaory address. then i specifies the state of X, This notation is used in

the register transfer descripiions w refer o the coniens of a CPU rogisier or a meingry addrcess al
different times (states) of the exceution of the instruction. i1 X is nota CPU register or a memory
address. then the number X is raised to the ith power.

Unilateral wansfer designator

Bilateral wransfer designator

Indicates a "don't care™ bit when used in a binary number
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> Greater than
<
Lcss than
= Eguals
2 Greater than or equal
< I .ess than or equal
t Logical AND
v Logical OR
4 Exclusive OR
- 1ogical NOT

=

1 Absolute value

26
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5 DEIAILED REQUIREMENTS
5.1 Lxceute input/owput.
ADDR MODE MNEMONTIC FORMAT /OPCODE
8 4 4 16
(] XI0 RA,CMD  emememmmemmeeeeeenes seeoeooea--ooooo-
IMX XI0  RA.CMD,RX | 48 | RA| RX ]| CMD i
JE IPTION: “The input/output instruction transfers data between an external/internat device and the register

RA. The Derived Operand. PO, specifies the operation to be perfarmed or the device to be
addressed. The immediate operand ficld may be viewed as an operation code eateasion fiecld.
Note that if indexing is specified. then the input/output operation or device address is fonmed by
summing the contents of the register RX and the imimediate field. This is a privileged instruction.

The mandatory and optional input/output immediate command fields are listed below.

Mandatory X10 Command FFiclds and Mnemonics

0YXX PO Programmed Output: This command outputs 16 bits of data from RA 10 2 programmed 1/0 port
Y may be from 0 through 3.

2000 SMK Sct Interrupt Mask: This command outputs the 16-bit contents of the register RA to the interrupt
mask register. A 1" in the corresponding bit position allows the interrupt to occur and a 0"
prevents the interrupt from occurring except for those interrupts that arc defined such that they
cannoi be masked.

2001 CLIR Clear Interrupt Request: All interrupts are cleared (i.e.. the pending interrupt register is cleared
to all zeros) and the conients of the fault register are reset 1o zero.

2002 ENBL Enable Interrupts: This command enables all interrupts which are not masked out The enable
operation takes place after execution of the next instruction.

2003 DSBL Disable Interrupts: This command disables all interrupts (except those that are defined such that
they cannoi be disabled) ai the beginning of the exccution of the DSBL instruction,

2004 RP1 Reset Pending Interrupt: The individual interrupt bit to be reset shall be designated in register
RA as a right justified four bit code. (0,4 represents interrupt number 0. F g represents interrupt
number 15). IFinterrupt 1,4 is 0 be clearcd, then the contents of the fault register shall also be set
Lo zero.

2005 SP1 Sct Pending Interrupt Register: This command outputs the 16-bit contents of RA 10 the pending
interrupt register. If there is a one in the corresponding bit position of the interrupt mask (same
bit set in both the Pl and the MK ), and the intecrupis are enabled. then an interrupt shall occur
after exceution of the next instruction. I Pl is sct 1o 1, then N is assumed to be 0 (sce paragraph

5.30).
200E WSW Write Status Word: This command transfers the contents of RA 1o the status word.
8YXX Pl Programmed Input: This cummand inputs 16 bits of data into RA from the pmgrammed 1/0

29 X10
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port. 'Y may be from 0 through 3.

Read Interrupt Mask: The current interrupt mask is ransfered into register RA. The interrupt
mask is not altered.

Read Pending Interrupt Register: This command transfers the contents of the pending interrupt
register into RA. “The pending intcrrupt registervs ot altered.

Read Status Word: This command transfers the 16-bil status word into register RA. The status
wyrd remains unchanged.

Read and Clear Fault Register: ‘This command inputs the 16-bit fault register to register RA.
The contents of the fuult regisier are reset o zero. Dit 1 in the pending interrupt register is reset 0
zero.

Mnemonics

2008 OD

200A RNS

4000 CO

4001 CLC

4003 MPEN

4004 ESUR

4005 DSUR

4006 DMAE
4007 DMAD
4008 TAS

4009 TAH
400A OTA

4008 GO

Xio

Output Discretes: This command outputs the 16-bit contents of the register RA 1o the discrete
output buffer. A "1” indicates an "on” condition and a "0” indicates an “ofT” condition.

Reset Normal Power Up Discrete: This command resets the normal power up discrete bit.

Console Qutput: The 16-bit contents (2 bytes) of register RA arc output to the coasole. The eight
most significant bits (byte) are sent first. If no console is present, then this command is treated as
a NOP (see page 137).

Clear Console: This command clears the console interface.

Memuory Protect Enable: This command altows the memory proteet RAM o control memory
protection,

£nable Stan Up ROM: This command enables the start up ROM {ie., the ROM overlays main
memory).

Disable Start Up ROM: This command disabies the start up ROM.
Dircct Memory Access Enable: This command enables direct memory access (DMA).
Dircct Memory Access Disable: This command disables DMA.

Timer A. Start: This command starts timer A from its current state. The tmer is incremented
every 10 microscconds.

Timer A. Halt: This command halts imer A at its currcnt state,

Output Timer A: The contents of register RA are loaded (i.c., jam transfered) into timer A-and
l.hc timer automatically staets operation by incrementing from the loaded dmer in steps of en

nem—-nnde it Aifioen e the loacr ciani

I]ll\IUJ\LU (LYY l"‘[ FHILW b 12 Wi a0 Jlsllll.canl b‘{ u}‘ld SI“IIA!! rnprN.ﬁnl wn mlf‘rﬁwnnfl:

AN AN Jddtwi

Trigger Go Indicator: This command restarts a counter which is connected to a diserete output
The period of dme from restant o time-out shall be determined by the sysiem
requirements. When the Go timer is started. the disereie output shall go high and remain high for

30
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TR milliscconds. at which time the output shall go low unless another GO is execuied. The Go
discrete output signal may be used as a soltware fault indicator.

Timer B. Start: This command starts timer B from its current state. The timer is incremented
every 100 micruseconds.

Timer B, Halt: This command halts timer B at its current statc.

Output Timer B: ‘The contents of register RA are loaded (i.c., jam transfered) into timer B and
the timer automatically starts uperaiion by incrementing from the toaded timer in sieps of one
hundred microseconds. Rit fifteen is the least significant bit and shali represent one bundred
microseconds.

Loag Memory Protect RAM (5000 + RAM address): This command outputs the 16-bit contents
of register RA to the memory protect RAM. A "1™ in a bit provides write protection and a "0” in
a bit permits writing 10 the corresponding 1024 word memory block. The RAM word MSB (bit 0)
represents the towest number bluck and the RAM word 1.SB (bit 15) represents the highest block
{i.e.. bit 0 represents locations 0 through 1023 and bit L5 represents locations 15360 through 16383
for word zero). Fach word represents consecutive 16K blocks of memory. The RAM words of 0
through 61 apply 1o processor write protect and words 64 through 127 apply to DMA write
proiceL

Write Instruction Page Register; This command transfers the contents of register RA 10 page
register Y of the instruction set group X.

Write Operand Page Register: This command transfers the contents of register RA 10 page
register Y of the operand set of group X.

Read Input/Output Interrupt Code, Level 1 This command inputs the contents of the level 1
{0IC register into register RA. The channel number is right justified.

Read Input/Output Interrupt Code, Level 2: This command inputs the contents of the level 2
101C register into register RA. The channel number is right justified.

Read Discrete Queput Register: This command inputs the 16-bit discrete output buffer into
register RA.

Read Discrete Input: This command inputs the 16-bit discrete input word into register RA. A
“1" indicates an “on" condition and a "0" indicates an "off” condition.

Test Programmed Qutput: This command inputs the 15-bit contents of the programmed output
buffer into register RA. This command may be used 0 tesi the PIO channel by means of a wrap
around test.

Read Memory Fault Status: This command transiers the 16-bit contents of the memory fault
status register o RA. The ficlds within the memnory fault status register shall delincate memory
related fault types and shall provide the page regisier designators associated with the designated
fault

Consele Input: This command inputs the 16-bits (2 bytes) from the console into register RA.
The cight most significant bits of RA shall represent the first byte.
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Read Console Status: This command inputs the console interface status into register RA, The
status is right justified.

Input 1imer A: This command inputs the 16-bit contents of imer A into register RA. Bit fifteen
is the least significant bit and represents a time increment of ten microseconds.

Input Timer B: This command inputs the 16-bit contents of timer B into register RA. Bit fifteen
is the Icast significant bit and represenis a time increment of one hundred microseconds.

Read Memory Protect RAM (D000 + RAM address): This command inputs the appropriate
mcmory protect word into regisier RA. A "1 in a hit provides write protection and a "0 in a bit
permits writing to the corresponding 1024 word memory block. The RAM word MSB (bit 0)
repeesents the lowest aumber block and the RAM word 1L.SB (bit 13) represents the highest black
(i.c.. bit 0 represents Iocations 0 through 1023 and bit 15 represenis Incations 15360 through 16383
for word zerg). Each word represents consccutive 16K blocks of memory. The RAM words of 0
through 63 apply to processor write protect and words 64 through 127 apply to DMA write
protect.

Read Instruction Page Register: This command transfers the 16-bit contents of the page register
Y of the instruction sct of group X 1o register RA.

Read Opcerand Page Register: This command transfer the 16-bit contents of page register Y of
the operand set of group X 10 regisicr RA.

User defined XIO functions (see table IX).

REGISTER TRANSFER DESCRIPTION: Varies depending on the command field.

REGISTERS AFFECTED: Varics depending on the command field.

X0
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5.2 Nectorad inpui/oulput.
ADDR MODE HMHEMONIC FORMAT/OPCODE
8 4 4 16
o VIO RALADDR = e e mmmetimeae s mmmmme e emae
DX VYi0  RA,ADDR,RX | 49 | RA | RX | | ADDR

e e TRy

DESCRIPTION: “The veetored input/ outpat instruction perfonms the 170 operation as specificd hy the
input/output vecior table starting at the derived address. DA, as shown below:

DA | CMD |
DA+1 | Vector Select |

pA+2 | Data [ } one data word for each bit
j---mm - t set in the vector select

The input/output operattun or device address is specified by the sum of the CMD and the
product of the bit number of the bit set in the vector seleet times the contents of RA. This device
address is then interpreied as specified by the XI0 instruction (sec parageaph 5.1) with the
exception that [/0 data is transfered to or from DA + 2+ i rather than RA (where i starts at zero
and is incremenied after each transfer). This is a privileged instruction.

REGISTER TRANSFER DESCRIPTION:

Step 1. n <-- 0 and i <~-- O;

Step 2. if [DA+1],=t, then I/0 command = [DA] + {n x {RA}};
Step 3. if [DA+1],=1, then I/0 data = |DA+2+i]:

Step 4. if [DA+1],=1. then i <~- i+1;

Step 5. n <{-- n + 1, exit, if n = 16;

Step 6. go to step 2;

REGISTERS AFFECTED: None

33 VIO
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5.} Scghit.
ADDR MODE MHEMONIC FORMAT/0PCODE
8 4 4
R SBR N,RB ] 51 ] N ] RB |
:] 4 4 16
D SB N,ADDR = ===ecmemmeedmcmmerse —-escr———meo o
DX SB M.ADDR, RX i 50 PN | RX ADDR
8 4 4 16
1 SBI N.ADOR | 52 PN RX ] ADDR }
ix s8r N,ADDR,RX = == =memmcmcsmmcoescme —-seneoo—oooea-——

DESCRIPIION: Bit number N of the Derived Operand, DO, is set 1o one. The MSB is designated bit number zero
and the LSB is designated bit number fifteen.

REGISTER TRANSFER DESCRIPTIQN: )

DOn {-- 1;

REGISTERS AFFECTED: RB
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54 Resethit,
ADDR MODE MNEMONIC FORMAT/QPCODE
8 4 4
R RBR  N.RB | 54 | N | RB |
8 a4 16
D RB N.ADDR  memmmmmememmemceeoo o mmoememmoeeeee
DX RB N.ADDR,RX [ 53 | N | RX || ADDR |
8 4 4 16
RET N, ADDR | 8 | N | RX| | ADDR I
IX RBI  N,ADDR,RX  —===—==mmem-emmmeeoe oommoomemmeoo--o

DESCRIPTION: Bit number N of the Derived Operand. DO. is set 1o zero. The MSD is designated bit number zero
and the LSD is designated bit number fifteen.

REGISTER TRANSFER DESCRIPTION:

DOy ¢-- O:

REGISTERS AFFECTED: RSB

35 RR
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5.5 lgstbit.
ADDR MODE MNEMONIC FORMAT /QOPCODE
8 4 4
R TBR N,.RB | 57 ] N | RB |
8 4 4 16
D 8 N.ADDR ~ seeememmmmmmeeoemmeon e oao-e-
(134 f:] N,ADDR,RX | 56 | N | RX | ] ADDR |
B8 4 4 16
TBI  N,ADDR | 58 | N | RX || ADDR |
X TBI  N,ADDR,RX  =omommmmmmmoocmmmos eeeeeeeeoe o

DESCRIPTION: Bit number N (0 { N € 15) of the Derived Operand. DO, is tested. Then the Condition Status,
CS. is set w0 indicate non-zero if it number N of the 1X0 contains a one. Otherwise CS is set o
indicate zero. The MSB of the DO is designated bit nuinber zero and the [ISBofthe DU is
designated bit number fificen.

REGISTER TRANSFER DESCRIPTION:

(CS) <-- 0010 if DO, = 0 and 0 £ N € 15;
(CS) <-- 0001 if 0O, = 1 and N = O0:
(CS) <-- 0100 if DOy = 1 and 1 < N < 15;

REGISTERS AFFECTED: (€5

THRVIR TSI 36
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5.6 Tostand sethit.
ADDR HOOE MHEMOHIC FORMAT/QPCGNE
8 4 4 16
D TSB  N.ADDR  mmmmeeemeemmeemen e
DX TSB  N,ADDR,RX | 59 | N | RX || ADDR |

- A e e e

DESCRIPTION: Bit number N (0 ¢ N € 15) of the Derived Operand. DO, is wested and st to onc. "[he CS is set
according to the {est.

Note: Fxternal memony accesses shall be inhibited until this instruction is complete.

REGISTER TRANSFER DESCRIPTION:

(CS) <-- 0010 and (DOy)} <-- 1 if 0O, = 0 and 0 ¢ N < 15;
(CS) <-- 0001 if (0O0,) = 1 and N = 0;:
(CS) <-- 0100 if (DOy) = 1 and 1 < N £ 15;

31 B
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5.7 Sot varinble bit in reaister,

ADDR MOOE MMEMONIC FORMAT /OPCODE
8 4 4
R SVBR RA,RB I S5A | RA | RB |

R L R Y

DESCRIPTION: Bit ninnber N {0 ¢ N € 15) of the register RB is set to one where the least sigaificant four bits of
the conments of regisier RA is N Biis (RA)g ;4 have ne effect on the operation. W RA = R, then

the count is determined first and then the apprupriate bit is changed.

REGISTER TRAMSFER DESCRIPTION:

{(RB)y €-- 1 where N = (RA);3.15:

REGISTERS AFFECTED; RB

SVIIR 38
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5.8 Resct variphle bitin register.

ADDR MODE  MHEMONIC FORMAT /QPCODE
8 4 4
R RVBR RA.RB [ 5 | RA| RB |

DESCRHTION: Bit munber N (0 <N < 15) of register RB s sct to zero where the least signiticant four bits of the
contents of register RA is N, Bits (RA)g.; e no effect on the operation. IFRA = RB, then the
count is determined first and then the appropriate bit is changed.

REGISTER TRAHSFER DESCRIPTION:

(RB)y <-- 0 where N = (RA)yz.15;

REGISTERS AFFECTED: RB

39 RVBR
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5.9 ‘I'cst variable bit in register.

ADDR MODE  MHEMONIC FORMAT/OPCODE
8 4 4
R TVBR RA,RB | SE | RA | RB |

DESCRIPTION: Bit number N (0 N € 15) of register RB is tested where the lcast significant four bits of the
contents of register RA is N, The Condition Status. CS. is then set to indicate non-zero if bit
number N of register RB is a onc. Otherwise, C5 is set to indicate zero,

(CS) ¢-- 0010 if (RBy) = 0 and 0 < N £ 15;
(CS) <-- 0001 if (RBy) =1 and N = O0;
(CS) <-- 0100 if (RBy) = 1 and 1 < N £ 15:

REGISTERS AFFECTED: CS

TVBR 40
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5.10 Shift keft logical.
ADDR HDDE. MNEMONIC TORMAT/OPCODE
8 a4
R SLL RB.N | 60 IN-11RB | 1CHKIE

DESCRIPTION: The contents of the Derived Address, DA (i.c.. the contenis of register RB) are shifted left
logically N pusitions. The shified result is stored in RI. The logical shift left operation is as
follows: veros enter the least significant bit position (hit 15) and biws shifted out of the sign bit
position (bit 0) are lost. ‘The condition status, C8, is sct based on the result in register RB.

Note N-1 = 0 represents a shift of-onc position.
N-1 = 15 rcpresents a shift of sixteen positions,
0 15
EXAMPLE: BB Before Shift | sabc| defg] hijk| imnp)

RB After Shift (N=4)  ----------ececmmmmno—
| defg] hijk| 1mnp| 0000]

REGISTER TRANSFER DESCRIPTION:

(R8) <-- (RB) Shifted left logically by N positions;
{CS) <-- 0p1g¢ if (RB) = 0;

{CS) <-- 0001 if (RB) < O:

{CS) <¢-- p1g0 if (RB) > 0

REGISTERS AFFECTED: RB, CS

41 SILL




Downloaded from http://www.everyspec.com

MIt.-STD-1750A (USAF)

2 July 1980
5.11 Shift geht logical.
ADDR MODE MHEMONIC FORMAT /QPCODE
8 4 4
R SRL RB.N | 61 N1 RB 1N 18

____________________

DESCRIPTION: The contents of the Derived Address, DA (i.c., the contents of register RB). are shified right
logicaily N positions. The shified result is stored in RB. The fogicat shift righe operation is as
follows: zeros enter the sign bit pusition (bit 0) and bits shifted out of the least significant bit
position (bit 15) arc lost The condition status, CS, is set based on the result in register RB.

Note: N-1 = 0 represents a shift of one position.
N-1 = 15 represcnis a shift of sixteen positions.
0 15
EXAMPLE: RB Before Shift | sabc| defg| hijk} 1mnp|

RB After Shift (N=4)  --------cvcorovommoom

REGISTER TRANSFER DESCRIPTION:

(RBY <-- {RB) Shifted right logically by N positions;
{CS) <-- 0010 if (RB) =10
{CS) <-- 0001 iFf (RB) < O;
{C5) <-- 0100 if (RB) > 0

REGISTERS AFFECTED: RB, CS

SRL 42
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5.12 Shift right arithmetic.
ADDR MODE MNEMONIC EQRMAT /OPCODE
8 4 4
R SRA BN | 62 N1 BB | 1SN 16

DESCRIFITION: The contents of the Derived Address. DA (i.e.. the contents of register RB). are shified nght
arithmetically N positiens. The shifted result i stored in RIL. The arithmetic right shift operation
is as fullows: the sign bit, which is not changed., is copied tnio the next position for cach position
shifted und bits shifted out of the least significant bit pusition (bit 15) are lost. “The condition
status, C8§, is sct based on the result in register RB,

Note: N-1 = ) represents a shift of one position.

N-1 = 15 represents a shift of sixteen positions.

T T

EXAMPLE: RB Before Shift | sabc| defg| hijk| Immp|

-— e m e, e mEEm T — . —— o - —

RB After Shift (N=4)  ==-e=-amcaeococomooooee

- ——— e -

REGISTER TRANSFER DESCRIPTION:
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(CS) <-- 0010 if (RB) = D
(CS) <-- 0001 if (RB) < O;
(CS) <-- 0100 if (RB) > 0

REGISTERS AFFECTED: RB, CS
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5.13 Shift lefi cyelic.

ADDR MODE  MNEMONIC FORMAT/OPCODE
8 a2
R SLC  RB,N | 63 IN-1 J RB | 1<NCKI16

DESCRIPTION: The contents of the Derived Address. DA (i.e., the cantents of register RB), are shifted left
cyclically N positions. The shifted result is stored in RB. The cyclic left shift operation is as
follows: bits shifted out of the sian bit posidon (bit 0) enter the Icast significant bit position (bit
15) and. conscquently. no bits are lost. 'I'he conditions status, CS, is sct based on the result in RB.

Note: N-1 = 0 represents a shift of one position.

N-1 = 15 represents a shift of sixtcen positions.

EXAMPLE: RB Before Shift | sabc| defg| hijk{ Imnp|

| defg] hijk] Imnp| sabc)

REGISTER TRANSFER DESCRIPTION:

(R8) <-- (RB) Shifted left cyclically by N positions;

(CS) ¢-- 0010 if (RB) = O:
(CS) <-- 0001 if (R8) < 0:
(CS) <-- 6100 if (RB) > 0;

REGISTERS AFFECTED: RB, C§

Si.C 4
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5.14 Doulbe shift left logical.
ADDR MOUE  HMNEMQAIC ENRHAT /0PCOLE
8 4 4
R DSLL RB.N ;---;;---;;:;-I-éé-I 1 N <16

R L L L T R

DESCRIMTION: The concinenated contents of the Derived Address. DA, and 132+ 1 {i.c.. the concatenated
contents of RB and KRB+ 1), are shifted Ieftogically N pusitions. The shifted results are stored in
R und RB-F i. The doubie icft shift lnaical operation is as follows: zerax enter the least
significiint bit position of RB+ 1, bits shifted out of the sign bit positun of R+ 1 enter the least
significant bit of R1 and bits shifted out of the sign bir pusition of RB are lost. the condition
statwus, CS. is sct based on the result in registers RBand RB+ 1.

Note: N-1 = 0 represenis a shilt of gnc position.

N-1 = 15 represents a shifi of sixteen positions.

aany

uoa . nn NN 4 Do
CAMAMFLE D A0, hROT11 D€

P I A T B R N e L T

. - ——— = - o  — —————— W —

| defg| hijk| Tmnp|syqers| | tuvw| =xyzz| zzzz| 0000]|

REGISTER TRANSFER DESCRIPTIQN:

(RB,RB+1) <-- (RB,RB+1) Shifted left logically by N positions:

(CS) ¢<-- 0010 if (RB,RB+1)
(C5) <-- 0001 if (RB,RB+1)

Sy ¢a- 10N af fRR Ans+11
LD Y Vivu L A no, nuT Ly

oA
Lo o

REGISTERS AFFECTED: RB, RB+1, CS

4a
wn
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5.15 Douhle shift right logical,

ADDR MODE  MHEMONIC FORMAT/QOPCORE
8 4 4
R DSRL R8N | 66 N-1 [ RB | 1 ¢NC16

DESCRIPTION: ‘IThe concatenated contents of the Perived Address, DA, and DA +1 (i.e.. the concatenated
contenss of RB and Ri3 -+ 1), arc shifted right logically N positions. The shifted results are stored
in RB and RB+ J. The double lugical right shift uperation is as fullows: zeros enter the sign bit
position of R, bits shifted out of the least significant bit position of RB enter the sign bit position
of RB+ 1 and bits shifted out of the feast significant bit positon of RB+ 1 arc fost. The condition
status, CS, is sct based on the result in register RB and RB+ 1.

Noie: N-1 = 0 represcuts a shift of one position.

»

(0 TP I Cee s
NTL = D ICPICSCns ¢ 5

e et m a R, ——— e -—— e e e e -

- . —————————— e = ———

= A - - —————— - ———

- A - - = b o ———

REGISTER TRANSFER DESCRIPTION:

(RB.RB+1) <-- {(RB,RB+1) Shifted right logically by N positions:

(CS) ¢-- 0010 if (RB.RB+1)} = 0;:
(CS) ¢-- 0001 if (RB,RB+1) ¢ O0;
(CS) <-- 0100 if (RB.RB+1) > 0:

REGISTERS AFFECTED: RB, RB+1, CS

1SR 46
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5.16 Double shift right arithmetic.
ADNR HODE MNLMONIC FORMAT/0PCCDE
8 a 4
R DSRA RGN ['--é§"-]&fI'[';6'] 1<t <16

DESCRIPTION: “I1he concatenated comients of the Derived Address, DA, and DA+ 1 (i.e.. the concateniited
cantents of RBand BB + 1), are shifed rightarithmeticalls N positions. The shified resulis are
stored in RVand RE <4 1. The double right shift arithmetic operation is as follows: the sign bit of
R, which is nut chaneed, is copied into the next position for cach position shified. bits shifted
out of the least significant position of RB enter the sign bit position of Ri3+ (. and bits shified out
of the least significant bit position o R34 1 are lost. The condition status, €S, is set based on the
result in regisier RBand R34+ 1.

Note: N-1 = 0 represents a shift of one paosition.
N-1 = 15 represents a shift of sixteen positions.

EXAMPLE: RB, RB+1 Before Shift

REGISTER TRANSFER DESCRIPTION:

(RB,RB+1) ¢(-- (RB.RB+1) Shifted right arithmetically by N positions:

(CS) ¢-- 0010 if (RB,RB+1) = 0:
(CS) <-- 0001 if (RB,RB+1} < 0;
(CS) <-- 0100 if (RB,RB+1)} > O;

REGISTERS AFFECTED: RB, RB+1, CS

47 1DSRA
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5.17 Double shift lefi cyelic.

ADDR MODE  HMHEMOMIC FORMAT/QPCODE
8 & 4
R OSLC R3,N | 68 |N-1 } RB ) 1<NKIB

-

NESCRIPTION: ‘The concatenated contents of the Derived Address, DA, and DA +1 (L.e., the concatenated
contents of RB and RB+ 1), are shifted left evclicaliy N positions. The shified results are stored in
1B and RB+ 1. The double lefi shift cyclic operatiop is as follows: bits shified vut of the sign bit
position OF R1 enter the least significant bit position of RB+ 1, bits shifted vut of the sign bit
position of R+ 1 enter the toast significam bit position of RB, and, consequenty, no bits are fost
The condition status, CS, is sot based on the result in RB and RB+1,

‘ote: N-1 = 0 represents a shift of onc position.

N-1 = 15 represents a shifi of sixicen positions.

EXAMPLE: RB, RB+1 Before Shift

e e = e e e mh e e e e Sy e

e e .. ——— - e A e e m e e ——— —————— =

e e e Em mEE e e R B e e = e = o —

REGISTER TRAHMSFER DESCRIPTION:

{RB ,RB+1} <-- (RB,RB+1) Shifted left cyclically by N positions:

(CS) ¢-- 0010 if (RB,RB+1) = 0:
(CS) ¢-- 0001 f (RB,RB+1) < O
(€CS) ¢-- 0160 if (RB,RB+1) > 0

REGISTERS AFFECTED: RB, RB+1, (S

DI 48
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5.13 Shilt lomical_cound in register.
MHEMONIC FOPHAT/QPCODE
8 4 4
R SLR RA.RB I-‘-;;---;-;;‘;-;é-i }(RB)| £ 16

DESCRIFIION:

Nate:

The contents of register RA are shifted Togically N positions. where N is the contents of register
RB. If N is positive ((R13;)=0). then the shift direction is left: if N is negative (2's complemant
nutation, (R = 1), then the shilt direction is dght. "The condition staus, C8. is set based un the
result in RA.

N = 0 represeats a shift of zero positions.

If [N] > 16, the fixed point overflow occurs. no shifting wakes piace, and this instruction is treated
as a NOP (sce page 137).

The contents of RB remain unchanged, unless RA = RB: in this ¢vent the conteats are shified N
positions.

(Sce "Nescription” of the logical shift instructions, §1.1. and SRI. (sce pages 41 and 42), for the
definition of shift operations.)

REGISTER TRANSFER DESCRIPTION:

Ply <-- 1, exit, if |N| > 16;

{RA) <-~ (RA) Shifted left logically by (RB) positions,

if 0 ¢ (RB) ¢ 16;

{RA) <-~ (RA) Shifted right logically by -{RB) positions,

if 0> (R8) 2 -16;

(CS) <--~ 0010
(CS) <-- 0001
(CS) <--~ 0100 if (RA)

if (RA) = 0

it (RA) ;

0
0;

WA

REGISTERS AFFECTED: RA, RB, CS, PI

49 SLR
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5.19 Shili athatetic, Count in resister.,

ADDR MODE MHEMOMIC FORMAT /OPCODE
8 4 4
R SAR  RA,RB | 68 | RA | RB | |(RB)| < 16

DESCRIPFION: The contents of register RA are shified arithmetically N positions, where N is the contents of
register RB. 10N is pusitive ((R135) = 0).then the shifl direction is Ieft: if N is negative (2's
complement nowtion. (RBg) = 1), then the shift direction is fight. The condition status, CS, is set
based on the resultin RA.

Note: N = 0 represents a shift of zero positions.

[F [N} > 16. the fixed point overflow oceurs. no shifting takes place, and this instruction is treated
as a NOP (scc page 137).

‘The contents of RB remain unchanged. unicss RA = RB; in this event, the contents arc shifted N
positions.

(Sce “Description” of the arithmetic shift instruction SRA (sce page 43) for definition of the right
shift operatdon. Left shift causes “zeros” to be shifted into low order position of result)

Fixed point overflow oceurs if the sign bit changes during a lefi shift

REGISTER TRANSFER DESCRIPTION:

PI, ¢-- 1, exit, if [N} > 18;

(RA) <-- (RA) Shifted left arithmetically (RB) positions,
if 16 > (R8) > 0:

{RA) <-- (RA) Shifted right arithmetically -{RB) positions,
if 0 > (RB) 2 -16;

P1, <-- 1, if (RAy) changes during the shift:

(CS) <-- 0010 if (RA) = O;
(CS) <-- 0001 if {RA) < O;
(CS) <-- 0100 if (RA) > 0

REGISTERS AFFECTED: RA, RB, CS., PI

SAR 50
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5.20 Shifi evelic, connt in_register.
ADDR MODE  MNEMOMIC FORMAT/OPCODE
8 4 4
R SCR RA,RB ;"'éé"';’;;';';é'; J(RB)| £ 16

DESCRIPTION: The contents of register RA arc shifted cyclically N positions, where N is the contents of register
Ri3. 17N is positive (R By) = 0). then the shift direction is keft: if N is negative (2's complemnent
notation, (RBy)=1), then the shift direction is right. "Ihe condition status, CS, is set based on the
result in RA.

Note: N = 0 represents a shift of zero positions.

If [N] > 16. the fixed point overflow occurs, no shifting takes place, and this instruction is treated
as o NOP (sce page 137).

(See "Description” uf the cyclic shift instruction. S1.C (sce page 44). for definition of shift
opcraiions.)

The contenss of RB remain unchanged. unless RA = 1B in this event, the contents arc shifted N
positions.

REGISTER TRAMSFER DESCRIPTION:

PI4 <-- 1, exit, if |N] > 16;

{RA) <-- {RA) Shifted left cyclically by (RB) positions,
if 0 ¢ [RB) £ 1B;

(RA) <-- {RA) Shifted right cyclically-by -(RB) positions,

if 0 > (RB) 2 -16:

(£S) <-- DDID if (RA) = O;
(C5) ¢-- 0001 if (RA) < O
(CS) <-- 0100 if (RA) > O:

REGISTERS AFFECTED: RA, RB, CS., PI

51 SCR
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5.21 Doyble shift logical, count in register.

ADDR MODE  MNEMONIC FORMAT/OPCODE
8 4 4
R DSLR  RA,RB | 6D | RA | RB | |(RB}| < 32

DESCRIPTION: ‘the eoncatenaicd contenis of registers RA and RA + 1 are shifted logicativ N positions where
register RT3 contains the count, N. 1 the connt is positive ({RBy)=0). then the shift direction is
feft. 1f the count is negative (2's complement notation. (R Bg)= 1), then the shift direction is right. .
“Thie conditivn status. CS. is sct based on the resultin RA and RA+L

Noe: N = 0 represents a shift of zero positions.

IF N} > 32, the fixed point overflow oceurs, no shifling occurs, and this instruction i treated a5 2
NOP (scc page 137).

{See “Description” of the dauble shifi logical instructions. NSR L and DSLI. (see pages 46 and
45}, for definitun of shift operations.}

The contenis of RB remain unchanged. unless RA = RB: in this event the contents are shifted N
positions.

REGISTER TRANSFER DESCRIPTION:

Pi, ¢~ 1, exit, if |N| > 32;

(RA,RA+1) <-- (RA RA+1) Shifted left logically by (RB) positions
if 32 2 [RB) > O;

{(RA RA+1} (-~ (RA,R'AH) Shifted right Jogically by -{RB) positions

if 0 > (RB} > -32:

(€S) <-- 6010 3f (RA.RA+1) = D;
(CS) <-- 0OD1 if -~ (RA.RA+1) < 0:
(CS) <-- 0100 if (RA,RA+1) > 0;

REGISTERS AFFECTED: RA, RA+1, RB, (5, PI

DSER 52
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5.22 Duaide shift aritfunetic, count in register.
MHENMDIIC FORMAT/OPCODL
8 4 4
DSAR  RA,RB ;---;E---E-;;-;-;é-; [(RB)| < 32

DESCRIFTION:

Naote:

The concatenated contenis of register KA and RA 4 1 are shified arithmetically N positions where
register RB conins the count, N. 1 the count is pusitise (1R Bp) = 0). then the shift direction is
teft. If the count is neaative (2's complement notation, (RB,)=1). then the shifl direction is right.
The condition status, C8. is sct based on the result in RA and RA 41,

N = 0 represents a shift of zero positions.

IFIN] > 32, the fixed point overflow occurs, no shitting vccurs. and this instruction is treated as a
NO#? (»ec page 137).

The contents of RB remain unchanged, unless RA = RB: in this event, the contents arc shifted N
positions.

(Sce "Description” of the double shift arithmetic instruction, DSRA (sce page 47), for the
definition of the right shift operation. Left shift causes “zeros™ o be shified into low order
position of resuli)

Fixed point overflow occurs if the sign bit is changed during a left shift

SFER DESCRIPTION:

REGISTER IRAN

PI‘, {-- l, ex

(RA.RA+1) <--

(RA,RA+1) <--

PI, <-- 1, if

(CS) <-- 0010
(CS) <-- 0001
(CS) <-- 0100

it, if |M] > 32;
(RA.RA+1) Shifted left arithmetically (RB) positions,
if 32 > (RB) > 0:
(RA_RA+1) Shifted right arithmetically -(RB) positions,
if 0 > (RB) > -32;
(RAy} changes during the shift;

.

if  (RA,RA+1) = 0;:
if  (RA,RA+1) < 0
if  (RA,RA+1) > 0

REGISTERS AFFECTED: RA, RA+1, RB, CS., PI

53 DSAR
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3.23 Dauhle ~hiftevelic, congtin reeister.

ADDY MODE  HMEMONIC FORHA I /OPCODE
8 4 4
R OSCR  RA.RB | 6F | RA} RB | |(RB)| ¢ 32

--------------------

DESCRIPTION: The concatenated contents of registers RA and RA +1 are shifted cyclically N positions, where
register RB cuntains the count. N, [f the count is positive ((RBg)=0), the shifi direction is lefe If
the coun is nezaative (2°s compleinent notation. (R By)=1). the shift direetion is rght. The
vondition status, CS. is sot based on the resutt in RA and RA + 1.

N = 0 represents a shift of zero positions.

2
2

If {N| > 32. the fixed point overflow oceurs, no shifting occurs, and this instruction is treated as a
NOP (sec page 137).

(Sce "Lescription” of the double shifi cyelic instruction. DSEC (see page 48). for the definition of
shift operations.)

The contents of RT remain unchanged, unless RA = RB: in this event, the contents are shificd N
pusitions,

REGISTER TRAHSFER DESCRIPTION:

PI, <-- 1, exit, if |N| > 32:

(RA,RA+1) <-- (RA,RA+1) Shifted left cyclically by (RB) positions
if 32 2 (RB) > 0:

(RA,RA+1) ¢-- (RA,RA+1) Shifted right cyclically by -(RB) positions

if 0 > (RB) > -32:

(CS) <-- 0010 if (RA.RA+1) = O:
(CS) <-- 0001 if (RA.RA+1) < O:
(CS) <-- 01 if  (RA.RA+1) > 0:

REGISTERS AFFECTED: RA, RA+1, RB. CS, PI

DSCR 54
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ADDR HODE

RESCRIFIION:

2 Juty 1980
MHEMONIC FORMAL/OFCODE
8 4 4 16
J3C C.,LABEL = —mmsssssssssssscmmoo eseomooceocoo-eo--
JC C.LABEL,RX ] 70 [ € | RX | | LABEL |
8 4 4 16
JCI C.ADDR = ====mmmmcmcrmac——-—- —ssao oo osmmmea—o--
JCI  C.ADDR,RX | 7t | C | RX || ADOR |

“I'his is a conditional jump instruction wherein the instruction sequence jumps to the [Derived
Address, DA, if a logical one results from the following operation:

(N “The 4-bit C ficld is bit-by-bit ANIDed with the 4-bit condition status, CS
(2) The resulting 4-hits arc ORed wgether
(3 orif C=70rC=F:

Otherwise, the neat sequenitial instruction is executed.

Condition Code

Cis

—
o
(=]
o
MMOODP2 OSSO MEWN - O

Jump Conditign Mnemgnic
NOP - - -
less than (zero) LT LZ M
equal to {zero) EQ EZ -
less than or equal to (zero) LE LEZ NP
greater than {zero) GT GZ P
not equal to {zero) NE NZ -
greater, than or equal to (zero) GE GEZ NM
unconditional - - -
carry cy - -
carry or LT - - -
carry or EQ - - -
carry or LE - - -
carry or GT - - -
carry or NE - - -
carry or GE - - -
unconditional - - -

w
wh
—
m
[
)
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RECGISTER TRANSFER DESCRIPTION:

(IC) ¢<-- DA if C =17, or
if C=F, or

if (Cpt €Sg) v (Cyt CSy) v (Cat €Sp) v (€3t €Sy) = 13

REGISTERS AFFECTED: IC (if jump is executed)

JCUCI 56
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Lon ettt DN

D J5 A, LABEL
Dx JS RALLABEL  RX

MIL-STD-17504 (LSAF)
2 July 1980

DESCRIPTION: "Tha salue of the instrocion counter (e addeess of the sot sequential instruction) s sored inio
rezister BA. Then, the 1C is st W the derived addiess, 12A thus eftfeciing the jump. 105 scis up

the returs froun subroutine w e addiess stored in the register RAL e, an indexed unconditional
jump trom location scro using RA as the index register shatl transfer control wy the instruction

follewing the JS instruction,
If RA = RX. then the derived address, DA, is calculated belore the IC is stored in RA.

Note:

REGISTER TRANSFER DESCRIPTION:

(RA) <-- (IC):

(IC) <-- DA:

REGISTFRS AFFECTED:

57
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AODR MODE  MMCHOMIC [ORMAT/OPCODE
8 4 4 16

D S0J  PA,LABEL  mmmeemmmemmmmmememe ammeeoooeeooe-

DX SOJ  RALABEL,RX I 73 | RA | X | | LABEL I

A L T L R T R R

DESCRIFTION: e L6 bit conterts of regivrer R are decremented by one, 1Tien if the content of register RA is
— bl D e o= “ . A 2
ero. the nest sequential instruction is execcuted. 15 dhe content uf regisier RA is non-zerv. then a
junp 1o the Derived Address, 1A, occurs,

Mo ifiRA = RX. then the denis od address. 1A, 15 caicuiaied before RA i decr

REGISTER TRAHSFER DESCRIPTION:

(RA) <-- (RA} - 1;

(IC) <-- DA if (RA) # O0;

(CS) <-- 00106 if (RA) = O:
(CS) <-- 00Ot if (RA) < O:
(CS) ¢-- D160 #f (RA) > O:

REGISTERS AFFECTED: RA, CS, IC (if the jump 5 eaecuted)
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327 By hpeonditionally
ADDR HODE  BHEMNNIC FQRMAT/OPCODE
8 8
ICR BR LABEL ;--n;;--‘;---ﬁ----] -128 < D ¢ 127

REGISIER IRAHSFER DLSCRIPTION:

(1C) <-- DA ;

REGISIERS AFFECIED: IC

59 IR
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5.2% Branch if equinl (o (rern).

ADDR MODE ~ MNEMOMIC FORNAT/OPCODE
8 8
IcR BEZ  LABEL | 75 | © | -128 < D ¢ 127

DNESCRIFTION: A program branch is made 0 1 ABEL, i.c.. the Derived Address. DAL i1 the condition status, CS,
indicates that the previvws resuli which set the CS s equal to (zero). Otherwise, the next
sequential instruction is cxccuted.

REGISTER TRAMSFER DESCRIPTION:

(IC) <-- DA if (CS) = X010;

REGISTERS AFFECTED: IC (if the jump is execuled)
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5.29 Reanchif less than {zero},

ADDR MODE  MNEMONIC FORMAT/0PCODE
8 8
ICR BLT  LABEL | 76 | D [ -128 < D £ 127

DESCRIPTION: A program branch is made 10 LABFEL, i.c.. the Derived Address. DA, if the condition status, CS,

indicates that the provious resuli which set the CS is Iess than (zero)., Qtherwise, the nexi
sequential instruction is executed.

REGISTER TRANSFER DESCRIPTION:

(IC) <-- DA if (CS) = X001:

REGISTERS AFFECTED: IC (if the jump is executed)

61
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5.30 Branch 1o cxecugive.

ADOR MODE  MNEMONIC FORMAT/QPCODE
8 a4
s BEX N | 77 |00OD| H |

DESCRIFTION: “This instruction provides a means to jump o a routing in another address state, AS. It is typically
used w miake controfied, protected calls 1o an executive. The 4-bit fizeral N sclects one of 16
exccutive entry points w be vsed. Fxecution of this instruction causcs an interrupt (o occur using
the EXEC cull interrupt vecter {interrupt 5). ‘ihe new IC is Inaded from the Nth location
fullowing tie SW in the new processor stae. The linkage pointer (E.P). service pointer (SVP), and
the new processor state (new MK, new SW, and new IC) are fetehed from address staie zero. ‘the
current processor state (0ld MK, old SW, and old JC) arc storcd in the address state specified by
the new SW AS field. Interrupis are disabled when BEX is executed. The EXEC call intermupt
cannot be masked or disabled. Arguments associated with the BEX instruction are passcd by
sofiware convention. ‘The processor lock and key function is ignored when this instruction is
execuied. An allempt 1o branch inio an exceuie prowected arca of memory shall result in FTg
being set to 1.

REGISTER TRANSFER DESCRIPTION:

(RQ.RQ+1,RQ+2) <-- (MK,SW,IC):

(SVP) <-- [2Byg)]. where AS = 0;

PIg ¢-- 1;

(MK, SW,IC) <-- [(SVP},(SVP)+1.(SVP)+2+N)]. where AS = 0;
(LP) <-- [2A15]). where AS = 0;

[(LP),(LP)+1,(LP)+2] <-- (RQ.RQ+1,RQ+2), where AS = SW;,.ys:

REGISYERS AFFECTED: MK, Sw, IC. PI

BEX 62
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5.31 DBranch if less than or cqual {o {vero).
ADDR HODE  MICMONIC FORMAT/UPCODE
8 8
ICR BLE LABEL ;"";;"'I-'"&'--_I -128 £ D £ 127

-

DESCRIPTION: A program branch is made to 1 ABLEL, ke, the Derived Address. DA, it the condition status, CS,
indicates (hat the previous result which see the CS is Tess than or cqual o (vero). Otherwise, the
next sequential inseruction is executed.

REGISTER YRANSFER DESCRIPTION:

(IC) <-- DA if (C$) = X010 or {CS) = X001:

REGISTERS AFFECTED: IC (if the jump is executed)

63 RiE
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5.32 Branch il areater than (zern),
ADDR MODE MNEMONIC FORMAT/QPCODE
B 8
ICR BGT  LABEL ]"'§£"'[_-_6"--I -128 < D ¢ 127

DESCRIPTION: A program branch is made 10 LABEL, i.c., the Derived Address. DA, if the condition status, CS,
indicaics that the previous result which sct the CS is greater than {zero). Otherwise, the neat
sequential instruction is cxecuted.

REGISTER TRAMSFER DESCRIPTIOM:
LB ICE B O Ittt el o L i 1,8 Sl I 570,

(IC) ¢-- DA if (CS) = X100;

REGISTERS AFFECTED: IC (if the jump is executed)

BGT G4
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5.33 Branch if oot cqual to (zero),
AUDR HODE MHEMONIC FORMAT/0PCODE
8 8
ICR BNZ  LABEL ]"-;;\-“r"{;“"] -128 ¢ D ¢ 127

DESCRIMTION: A program hranch is made © [ABEL . i.c. the Derived Address, DA, if the condition status, CS,
indicates that the previgus result which set the CS is not equal w (zero). Otherwise. the next
sequential instruction is executed.

REGISTER TRANSFER OESCRIPTION:
(IC) <-- DA if (CS) = X100 or (CS) = X00%;

REGISTERS AFFECTED: IC (if the - jump is executed)

65 BNZ
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£ JUly 1YoV

Branch if greater than or vqual tg {zero

ADDR MODE  MNEMONIC FORMAT/0PCODE
8 8
ICR BGE  LABEL | 78 | D | -128 £ D £ 127

DESCRIPTION: A program branch is made to LABEL, i.e., the Derived Address, DA, if the condition status, CS,
indicates that the previvus result which set the €35 is greaier than or equal w (zero). Otherwise, the
ncx L scquential instruction is executed.

REGISTER TRANSFER DESCRIPTION:
(IC) <-- DA if (CS) = X100 or (CS) = X010;

REGISTERS AFFECTEN: 1IC (if the jump is executed)

BGE 66
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4 16
RX | | ADOR i
4 16
RX | | ADDR |

ADUR MODE  MMEHONIC FORMAT /OPCODE
8 4
D ST ADDR
DX LST  ADDR,RX | 70  }0000]
8 4
I LSTI ADDR  eeemmememmmee oo eecceaeoos
IX LSTI ADDR,RX | 7C  |0000]

DESCRIPHION: The contents of the | )erived Address, DA, and DA + 1, and DA + 2 are loaded into the Interrupt
Mask register, Status Word register and Instruction Counter, respectively. This s a privileged

instruction.

Note: ‘This instruction is an unconditional jump and is typically used to cxit from an interrupt routine.
DA, DA+ i, and DA+ 2. in this typical case. contain the lnterrupt Mask, Status Word, and
lnstruction Counter values for the interrupted program and the exccution of LST causes the
prugram 1o return 1o its status prior to being interrupted.

REGISTER TRANSFER DESCRIPTION:

(MK, SW, IC) <-- [DA, DA+1, DA+2];

REGISTERS AFFECTED: MK, Sw, IC

&7

15118
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5.36 Stack 1C and jump to subrouting.,

ADDR MOOE MNEMONIC FORMAT/(QPCODE
8 4 4 16
D SIS RA,LABEL  m-emmemmemmmmmememe meeeeemeeeeoee-
DX SJS  RA,LABEL RX ] 7E | RA | RX | | LABEL l
DESCRIPTION: The contents of regisier RA are decremenied by one. The address of the instruction following the
§1S instruction is stored into the memorny lecation pointed to by RA. Program control is then
transferred o the instruction at the Derived Address, DAL RA is the stack pointer and can be
selected by the programmer as any one of the 16 general regisiers.
Note: If RA = RX, then the derived address. DDA, is caiculated before RA is decremented.

REGISTER TRAMSFER DESCRIPTION:

(RA) <-~ (RA) - 1;

[(RA)] <-- (IC):

(1C) <-~ DA;

REGISTERS AFFECTED: IC, RA

]
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5.37 Unstack 1C and retyra from subrouting.

ADDR MOOE HHUEMONTC FORMAT /OPCODE
8 4 4
5 URS RA | 7F | RA| O |

DESCRIPITON: The contents of the memory location pointed o by register RA is loaded into the instruction
counter. IC. RA is then incremented by one. Any onc of the 16 geacral registers inay be
designated as the stack puinter. This instruction is the subrouiine returm for $JS. Stck and Jump
o Subrgoutine.

REGISTER TRANSFER DESCRIPTION:

(IC) <-- [{RA)]:
{RR) <-- {RA) + 1;

REGISTERS AFFECTED: RA, IC

69 LIRS
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5.38 Single pregision Joad.

ADDR HODE MMEMONTIC FORMAT/OPCODE
8 4 4
R LR RA.RS | 81 |} RA | RB |
4 2 2 8
---------------------- 12 < 8R £ 15
B LB BR,DSPL | 0 |0 |BR'} DSPL | BR' = BR - 12
---------------------- RA = R2
4 2 2 a4 4
----------------------- 12 £ BR £ 15
BX LBX  BR.RX | 4 |0 |BR'| 0 | RX | BR' = BR - 12
----------------------- RA = R2
8 4 4
ISP LISF RA,N | 82 | RA |N-1 | 1 {NZ16
8 4 4
1SN LISN RA.N | B3 | RA [N-1 | 1 N <16
8 4 4 16
D L RA.ADDR = mmmmmmmemmmmemmmm oo o me oo —emm e
DX L RA ,ADDR, RX | B0 )} RA ] RX | | ADDR |
8 4 4 18
IM LIM  RA,DATA | 85 | RA | RX | | DATA |
IMX LIM RA.DATA,RX = ==-s—mseemmocmmmmme mmmemm—mmmmo—emeo
8 4 4 16
1 LI RA,ADDR = ==meccesmmseemmmese memeeoseeoooo---e-
Ix LY RA ,ADDR , RX I 84 | RA |} RX | ADDR |

DESCRIPTION: The single precision Derived Operand, DO, is loaded into the register RA. The Condition Status,
CS. is set based on the result in register RA.
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REGISTER TRANSFER DESCRIPTION:

(RA) <-- DO;

(CS) <-- 0010 if (RA) = 0;
(CS) <-- 000t if (RA) < O:
(CS) <-- 0100 if (RA) > 0;

REGISTERS AFFECTED: RA, CS

n FLRIISPIISNLRILBXILLLLIM
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5.39 Double precision load.

12 { BR € 15
BR' = BR - 12
RA = RO

12 < BR £ 15
BR' = BR - 12
RA = RO
16
ADOR {
16
ADDR I

ADDR MODE MNEMONIC FORHAT/QPCODE
8 4 4
R DLR RA,RB | 87 | RA | RB |{
4 2 2 8
8 DI.LB  BR,DSPL | 0 |1 [BR'| DSPL |
4 2 2 4 4
BX DLBX BR,RX [ 4 {0 [BR'[ 1 | RX |
8 4 4
D oL RAADDR  smmmmeemmmeemmmeoom enes
DX DL RA . ADDR, RX | 86 | RA | RX | |
8 4 4
I DLI  RA,ADDR | 88 | RA | RX | |
IX DLI  RA,ADDR,RX ==mm—mmmmmeemmmeoooe o-eo
DESCRIPTION: The double precision Derived Operand, DO, is loaded into the register RA and RA + 1 such that

REGISTER TRAN

the MSH of DO is in RA. The Condition Suatus, CS. is set based on the result in RA and RA + 1.

SFER DESCRIPTION:

(RA,RA+1} <--
{CS) <-- 0010
(CS) ¢-- 0001
(CS) <-- 0100

REGISTERS AFF

DO;

if (RA,RA+1) 0 (Double fixed point zero):

if  (RA.RA+1) < 0:
if (RA,RA+1) > 0;
ECTED: RA, RA+1, CS

DLR.DLBDEBN,

DI 17
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5.40 Lozd muliiple reoisters.

AONR MODE HHLMONIC FORMAT/OPCODE
8 4 4 16
D LM N ADDR  eemmm e e e
0X LM N,ADDR.RX { 89 [N | RK | { ADOR !

DESCRIFIION: The contents of the Derived Address. DA. are luaded into register RO, then the contents of the
DA + 1 are Waded into register R1, ... finully, the contents of DA 4- N are Toaded inw BN,
liffectively, this instruction allows the transfer of (N + 1) words from memory 1o the register file,

REGISTER TRAMSFER DESCRIPTIOQON:
(RO) ¢-- [DA] :
(R1) <-- [DA+1]:

{R2) <-- [DA+2];

(éN) <-- {DA+N]:

REGISTERS AFFECTED: RO through RN

73 IM
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5.41 Extended precision Ooatin: point load.

ADDR MODE  MMLHMQMIC FORHAT/OPCODE
8 4 4 16
D EFL  RA,ADDR  =m--memeemememmee emamecmacenoo-as
DX EFL  RA,ADDR,RX | 8A | RA | RX ] | ADDR !

O i R

DESCRIPTION: The extended precision floating point Derived Operand. 1O, s loaded into registers RA,
RA-+ 1. and RA +2 such that the mwost significant 16-bits of the word are lpaded into register RA. .
The conditipn stotus, €8, is set based on the results in regisiers RA, RA+ 1L and RA+2.

REGISTER TRANSFER NESCRIPTION:

(RA, RA+1, RA+2) <-- DO:

(CS)} <-- 0 if (RA, RA+1, RA+2) = 0;
{CS) <-- 6001 if (RA. RA+1, RA+2) < 0;
{CS) <-- D1 if (RA, RA+1, RA+2) > 0;

REGISTERS AFFECTED: RA, RA+1, RA+2, (5

=14 TA
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5.42 1oad from unper bvie.

ADDR MODE MRLHONIC

D t.us
ox LuB

LUBI
IX Lusl

RA,ADDR

RA,ADDR, RX

RA . ADDR

RA,ADOR,RX

FORMAT/QPCODE

MIL-STD-1750A (USAF)

2 July 1980
4 4 16
) RA ] RX | | ADDR |
4 4 16
| RA | RX | | ADDR 1

TR b e e =

DESCRIPTION: “Ihe MSH {upper byie) of the Derived Operand. DO, is lvaded into the I SH (lower byte) of
register RA. ‘The MSH (upper byte) of RA is unaffected. The cundition status. CS, is set bascd on
the result in RA.

REGISTER JTRANSFER DESCRIPTION:

(RA)g.15 <-- DOg-3:
(CS) <-- 0010 if
(CS) <-- 0001 if
(CS) <-- 0100 if

REGISTERS AFFECTED:

(RA} =

(RA) < 0

(RA) >
RA, CS

75
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543 Load from lower bvie.

ADDR HODE MNEMONIC

D LLSB RA,ADDR
DX LLB RA,ADDR,RX

LLBI RA,ADOR
IX LLBI RA,ADDR,RX

Downloaded from http://www.everyspec.com

FORMAT/QPCODE
8 4 4 16

] 8C | RA} RX | | ADDR |
8 4 4 16

| 8E | RA | RX | | ADDR i

e e W e e T e e

DIESCRIPTION: The LSH (lower byte) of the Derived Operand. DQ. is loaded into the | SH (lower byte) of
register RA. The MSH (upper byte) of RA is unaffected. The condition status, €S, is sef based on

the result in RA.

REGISTER TRANSFER DESCRIPTION:

(RA)a.1s €-- DOg.ys:

(CS) <-- 0010 if (RA)
(CS) <-- 0001 if (RA)
(CS) <-- 0100 if (RA)

oA

0;
0.

0;

REGISTERS AFFECTED: RA, CS

(RIS WL

16
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5.4 Pop mubtinle reaisters ofY the stack.

I

NDR

MODE

DESCRIPTION:

HHEMONIC FORMAT/OPCODE
8 4 4
POPM  RA,RB | BF | RA | RB |

For RA € RB, registers RA through R1 are loaded scquentially from a stack in memory ysing R15
as the stack pointer.

FFor RA > R1, registers RA through R14 and then RO through RB are loadced sequentially from
the stack.

[n both cases,
a. as cach word is popped from the stack, R15 is incremented by one;
b. if R15 is included in the transfer, then it is effectively ignored;

¢. on completion, R13 points 10 the top word of the stack remaining.

REGISTER TRANSFER DESCRIPTION:

if RA £ RB then

else

REGISTERS AFFECTED:

for 1

begin
for i

for i

endg:

= 0 thru RB - RA do
begin
if RA + i # 15 then (RA + i) <-- [{(R15)]:
{R15) <(-- (R15) + 1;
end;
= 0 thru 15 - RA do
begin
if RA + i # 15 then (RA + i) <{-~ [[R1§)]):
(R15) <-- (R15}) + 1;
end;
= 0 thru RB do
begin

(i} <-- [(R15)]:
{R15) <-- (R15) + 1;
end:

RA through R14, RO through RB, R1%

n POPM
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5.3 Single precision store.

ADDR MOD BUEMONIE FORMAT /QPCODE
4 2 2 8
S mmmeeeeme e 12 < BR £ 15
8 STB  BR,DSPL | © |2 [BR'} DSPL | BR' = BR - 12
---------------------- RA = R2
4 2 2 &4 4
----------------------- 12 < BR ¢ 15
BX STBX BR.RX | 4 |0 [BR'[ 2 | RX | BR' = BR - 12
----------------------- RA = R2
8 a4 16
0 ST RALADDR  mmmmemmmmmmmmmemmcs emmmeeoooeeeo
DX ST RA,ADOR, RX { 90 | RA | RX | | ADDR i
8 4 4 16
1 STI  RA,ADDR ) | 94 } RA ] RX | { ADDR i
IX STI  RA.ADDR.RX  ==mmmemocmmmmmcemes oo

DESCRIPTION: The contents of the register RA are stored into the Derived Address, DA,

REGISTER TRAMSFER OESCRIPTION:

P

[DA] <-- {RA);

REGISTERS AFFECTED:

SIRSTBN.STSTE

None

it
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546 Swire it non-nerative coastand,
ADOR MODE MMEMONIC FORUAT/OPCODE
8 4 4 16
D STC  N,ADDR = mmmmmmem——cssemmsees mmmcemeeme-eoo-
DX STC  N,ADDR, RX ] 9t | N ] RX ] ADDR |
8 4 4 S
I STCI N,ADDR | 92 [ N | RX | | ADOR |
Ix STCI N,ADDR,RX = mmmecmmescmmecmmd cmmememem e mmemaea-
DESCRIPTION: ‘The constant N, where N is an integer (0 € N £ 15} is stored at the Derived Address. DA. For the
special case of sturing 7ero into memory the mnemonics
STZ  ADDR,RX far direct addressing
and S¥ZI ADDR,RX for indirect addressing
may be used. In this special case, the N field equals 0.
REGIST TRANSFER DESCRIPTION:

[DA] <-- N, where 0 £ N £ 15;

REGISTERS AFFECTED: None

79 STCSICLSTZSIZI
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5.47 Move multiple words, memory-to-memory.

ADOR MODE

MNEMONIC FORMAT/0PCODE
8 4 4
MOV  RA,RB | 93 | RA| RB |

- ————

DESCRIPTION: This instructivn allows the memory-to-memory transfer of N words where N is an integer

bewween zeroand 2'6 - 1 and is represented by the contents of RA + L. The conients of RD are the .
address of the first word w0 be transferred and the contents of RA arc the address of where the

first word is 1o be transforred. After each word transfer, RA and RB are incremented, and RA+1

is decremented.

Any pending interrupts are honored after cach singie word transfer is completed. The IC points
1o the current instruction location uniil the last transfer is completed.

RA has a finai value of the last stored address plus one; RA +1 has a final vatue of zero.

RB has a final value cqual to the address of the last word transfered plus one.

REGISTER TRANSFER DESCRIPTION:

Step 1:
Step 2:
Step 3:

Step 4:

[(RA)] <-- [(RB)] if (RA+1) > 0: Go to Step 4 otherwise;
(RA) <-- (RAY+1, (RB} <-- {8B)+1, (RA+1) <-- (RA+1)-1;
REPEAT STEPS 1 and 2;

Set IC to next instruction address:

REGISYERS AFFECTED: RA, RA+1, RB

MOV

30
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5.48 Double precision store.
ADDR MQDE HUEMONIC FORMAT /OPCODE
4 2 2 8
---------------------- 12 £ BR £ 15
B DSTB BR,DSPL | 0 |3 |BR'| DSPL | BR' = BR - 12
---------------------- RA = RO
4 2 2 4 4
----------------------- 12 ¢ BR £ 15
BX DSTX BR,RX | 4 0 [BR'| 3 | RX | BR' = BR - 12
----------------------- RA = RO
8 s 4 16
D OST  RA,ADDR  memmemmemmecmemes cmeeeeeeaaa-
DX DST  RA,ADDR,RX | 96 [ RA | RX | | ADOR i
8 4 4 18
1 DSTI RA,ADDR | 98 | RA | RX | | ADOR !
Ix DSTI RA,ADDR,RX  ==mcem-emremreccccos comeccmccmmemaenae
DESCRIPTION: The contents of registers RA and RA +1 are stored at the Derived Address, DA, and DA+ 1,
respectively

REGISTER TRANSFER DESCRIPTION:

[DA, DA+1] <=~ (RA,RA+1};

REGISTERS AFFECTED: None

81 DSTRDSTX.DSTDSTI
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549 Siore register throuah mask.

ADDR MODE  MHEMONIC FORMAT/QPCODE
8 a4 16
D SRM  RA,ADDR  mmeee e csmacmmaes meemecmeeaae-e-
DX SRM  RA,ADDR,RX | 97 | RA | RX | | ADDR |

B oy A b M e A e

DESCRIPTION: ‘The contents of register RA are stored into the Derived Address, DA, through the mask in register
RA -+ 1. For cach position in the mask that is a ane. the corresponding bit of register RA is stored
into the corresponding bit of the DA. For cach position in the mask that is a zero no change is
made to the corresponding bit stored in the DA.

REGISTER JTRANSFER DESCRIPTION:

[DA] <-- {[DA] * (RA+1)} v ([RA] *+ [RA+1]}:

{RA+1} = MASK, {RA) = DATA;

or, equivalently,

(RQ) ¢-- [DAL:

(RQ); <-- (RA); if (RA+1); = 1 for i =0, 1, ..., 15;
[DA] <-- (RQ):

REGISTERS AFFECTEQR: HNone

SRM 32
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5.50 Swore muliiple registers.

ABDR MODE MNEMONIC
D STH N.,ADDR
ox STM H.ADDR,RX

oF rooie

[+ 21 f I & P conton e
ESVIMIT LW, 1ais Loy s Ol 1wy sier

are stored into DA+1; .

MIL-STD-1750A (USAF)
2 July 1980

FORMAT/OPCODE
8 4
99 | N

P . L . T e L

s

U Jdty )tlll\.u i“llJ i,lIL IJ\,II\I.I.I nddfﬁs {)IA\ I.I.ILII I.IIL LU LI VI R

: finally, the contents of RN are stored into DA +N where N is an

thacn tha anoran e onf

integer, 0 N 15, Effccuvcly. this instruction alfows the transfer of (N + 1) words from the

register file (o memory.

[DA] <-- (RO):
fDA+1] <-- (R1}:

[DA+2] <-- (R2);

[DA+N] <-- (RN} 8 < N £ 15;
REGISTERS AFFECTED: None

83

SIM
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5.51 Iatended precision floating point store,

ADDR MODE  MMNEMONIC FORMAT/OPCODE
8 A 2 16
D EFST RA,ADDR  ==mmmemmmmmmmmemeos mmecemmeeooooeee-
DX EFST RA,ADDR,RX | 9A | RA | RX | | ADDR l

. e I T T e

DESCRIPTION: The contents of registers RA, RA +1, RA +2 are stored at the Derived Address, DA, DA +1, and
DA+2.

REGISTER TRANSFER DESCRIPTION:

[DA, DA+1, DA+2] <-- (RA, RA+1, RA+2};

REGISTERS AFFECTED: None i

FFST 84
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5.52 Store into upnper hyte,
AQDR MODE MHEMONTC FORMAT /OPCODE
8 4 4 1§
0 STUB  RALADDR e et e
DX STUB  RA,ADDR,RX ] 9B | RA [ RX | | ADDR !
8 4 16
1 SUBI RA,ADDR | 90 | RA | RX | | ADOR }
Ix SUBI  RA,ADDR,RX —emmemeommeemmeeee e
MEQCRIDTION . Tha Il S flawnsr hural af enaictnr R A §o crmarnd inra tha AMCLT fivanar hutral afiha Marivad A Adernce
IJI 3\_’\]' L INFIY, T 4l LIV Ujl\-’ L ¥ Ile)U-l MY L3 JLLI O HIRRY LI UYL 300 \upp\l U,ij’ U LY LA YIORL {ZMEN
DA. The LSH (Jower byte) uf the DA is unchanged

REGISTER TRANSFER DESCRIPTION:

[DA)g-7 €<-- (RA}g-ys:

REGISTERS AFFECTED: Mone

85 srunsunBl
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5.53 Siore into lower bvie,

ADDR MODE MNEMONIC FORMAT/OPCODE
8 4 4 16

D STLB RA,ADDR  ===m-mmes-mmm—aeo—mm moamecmaeo—oomone-

ox STL8 RA,ADDR,RX | 9C | RA | RX | | ADDR I
8 4 4 16

1 SLBI RA,ADDR | 9E | RA | RX || ADDR |

X SLBI RA,ADDR,RX = ====-===e-=sme=—m-mmc= mmcocemeoeo—eoom-o

DESCRIPTION: The LSH (lower byte) of register RA is stored into the LSH (lower byte} of the Derived Address,
DA. The MSH (upper byte) of the DA is unchanged.

REGISTER TRANSFER DESCRIPTION:
[DA]g-y5 <-- (RA)g.15:

REGISTERS AFFECTED: Mane

STLR.SLBI 86
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5.3 Push mdtiple regisiors onto thy stack.

ADCR MOOE  MNEMONIC FORMATZOPCODE
“ 4 4
] PSHM RA,RB | 9F | RA | RB |

PESCRIPION: Far KA € KB, the contents of Rit through RA are pushed onte astack in memony using R15 as
the stack pointer. As each register condents are pushed onie the memory stack, RIS is
decremented by one ward for each word pushed. On connpletion. R15 puints o the last item on
the stack. the contents of RA.

For RA > RI3. the contents of BB through RO, and then the contenis of RIS through RA, are
pushed onto the stack. On cumpletion, R15 puins w the fast item on the saack, the contents of
RA.

in both cascs. successive increasing addresses on the stack correspond 10 successive increasing
register addresses. with a point discontinuity tetween R15 and RO in the lauer case.

EXAMPLE: PSHM RIRS resulisin

(R15} -->| (R3) {
J-=mmmms e e i
! (R4) ;
| == mo e |
| (R5) |

-

- -

(R15) -+>| (R14) |
| -=smmmmm e |
| (r5) |
| =oommmm o oe e !
| ey )
|-mmssmoeno e |
| Ry
[-=m=mmemmmneee |
| Ry |

87 PSHM
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REGISTER TRANSFER DESCRIPTION:

if RA ¢ RR n
0 = 0 thru RB - RA do
begin
(R15) <¢-- (R15)
[(R15)] <-- (RB

and-
ons;

1;
i):

else
begin
for i

0 thru RB do
begin

foifry
\Phidyg

£ -
[{R15}]) <-
end;
0 thru 15 - RA do
begin

o
[

[« 3 LY
1
-t
-

15
(R

]

for i

PSIM 88
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5.55 Singie precision inteacr add.
ADDR MODE MNEMONIC FORMAT/OPCODE
8 4 4
R AR RA.RB { AL | RA | RB ]
4 2 2 8
---------------------- 12 ¢ BR ¢ 15
B AB  BR,DSPL [ 1 |0 |BR'] DOSPL | BR' = BR - 12
---------------------- RA = R2
4 2 2 4 4
----------------------- 12 ¢ BR ¢ 15
BX ABX  BR,RX | 4 |0 [BR'| 4 | RX | BR' = BR - 12
----------------------- RA = R2
a 4 4
1SP AISP RA,N | A2 | RA [N-1 | 1 <N 16
8 4 4 16
D A RALADDR  memmm e mmmmememeeen cemmemeeemmeemeee
OX A RA,ADOR , RX | A0 f RA | RX ]| ADDR |
8 4 4 16
M AIM  RA,DATA | 4A [ RA 1 || DATA |

DESCRIPITON:

e o e e T E o R e

The Derived Operand (DO) is added o the contents of the RA register. The resul (a 2's
complerment sum) is stored in register RA. The condition status (CS) is set based on the result in
register RA and carry. A fixed point overflow occurs if both operands are of tne same sign and

the sum is of opposite sign.

39 AR ABABXAISPAAIM
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REGISICR TRAMSFER DESCRIPTION:
{RAYZ ¢-- (RA}! + DO;

P, <-- 1, if {RAg)! = 00, and {RAg)' # (RA,)?

(CS) <-- 0010 if carry = 0 and (RA) = 0;
(CS) <-- 0001 if carry = 0 and (RA) < O;
{C5) <-- 0100 if carry = 0 and (RA) > O;
(CS) <-- 1010 if <c¢arry = 1 and (RA) = 0;
{CS) <-- 1001 if «carry = 1 and (RA) < 0;
{(CS) <-- 1100 if carry = 1 and (RA) > 0;
REGISTERS AFFECTED: RA, CS, PI

ARABABNAISPAAIM 50
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5.56 Increment memone by a posilive jnicger.
ADOR MODE MNEMONIC FORMAT /0PCODE
8 4 4 16
0 INCM N ,ADDR  mommmeee—msesesmeme e
DX INCM N,ADDR,RX | A3 |N-1 | RX | | ADDR |
DESCRIPTION: The contents of the memory focation specified by the Derived Address. DA, is incremented by N,

where N is an integer, | € N £ 16. This instruction adds a positive constant o memory, The
condition status. CS, is set bised on the results of the addition and carry. A fined point overflow
occurs if the operand in nemtory is pusitive and the result is negative. The memaory location
specified is updated to contain the result of the addition process even if a fined point overflow
Qecurs.

REGISTER TRANSFER DESCRIPTION:

[DA]? <-- [DA]' + N, where 1 ¢ N ¢ 16;

PI, <-- 1, if [DA]? < 0 < [DA]!:

(€CS) <--
(CS) <--
(CS) ¢--
(CS) <--
(CS) ¢--
(€S) ¢--

co10
0001
0100
1610
1001
1100

if ¢arry = 0 and [DA] = 0:
if carry = 0 and [DA] < 0;
if carry = 0 and [DA] > 0;
if carry = 1 and [DA] = O;
if carry = 1 and [DA] < 0;
if carry = 1 and [DA]) > O;

REGJSTERS AFFECTED: CS, PI

91 INCM
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5.57 Sinale precision ahsplute value of repister,

ADDR MODE MHEHONIC FORMAT /OPCODE
8 4 4
R ABS  RA.RB | A4 | RA | RB |}

DESCRIPTION: If the sign bit of the Derived Operand. 130 (i.c.. the sign bit of register RB), is a onc, its negative
or 2's complement is stored into regisier RA. However, if the sign bit of DO is a zcro, it is stored,
unchanged, into RA. 'The condition status, CS., is sct based on the result in register RA,

Z.
<
o

RA may equal RB.

The absolute value of a number with a 1 in the sign'bit and all other bits zero is the same word,
and causcs fixed point overflow (o occur.

REGISTER TRANSFER DESCRIPTION:

PI, <-- 1, exit, if 00 = 8000,4:

(RA) <-- |DO}; .
(CS) <-- 0001 if (RA) = 8000,;
(CS) <-- 0010 if (RA) = O0;

(CS) <-- 0100 if (RA} > 0:

REGISTERS AFFECTED: RA, CS5, PI

ADS 92
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5.58 Duouble precision absolute vatlue of register.

ADDR MODE

MNEMONIC FORMAT/OPCODE
8 4 4
DABS  RA,RB | A5 | RA | RB |

DESCRIPTION:

--------------------

If the sign bit of the double precision Derived Operand, DO (i.c.. the sign bit of register (R,
RB +1)). is a one, its negative or 2's complement is stored into register RA and RA + 1, such that
register RA contains the MSH of the result. However, if the sign bit of DO is a zero. it is stored,
unchanged, into RA and RA + 1. The condition status, CS, is sct based on the result in register RA
and RA+1.

RA may equal RB.

The absolute value of a number with a b in the sign bit ang all other bits zeroe is the same word,
and causcs fixed point overflow to occur.

REGISTER TRANSFER DESCRIPTION:

PI, %-- 1, exit, if DO = B0OC 0000;

(RA,RA+1) <-- [DO|:

(€S) <--

(CS) <--
(CS) <--

REGISTER

0c01

0010
0100

if (RA,RA+1) 8000 000044:

if (RA.RA+1) = 0:
if (RA.RA+1) > 0;

AFFECTED: RA, RA+1, (5, PI

93 DABS
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5.59 Dpuhle precision intcecr add.

ADDR MQDE

DESCRIPTION:

MNEMONIC FORMAT/0PCODE
8 4 4
DAR  RA,RB | A7 | RA| RB |
8 a4 16
DA RA.ADDR  mmmemmmmmmmemmmmeo o e oemmene-
DA RA,ADDR.RX | A6 | RA | RX | | ADDR i

g T

The double precision Derived Operand (DO) is added w the conwents of registers RA and RA+1.
The result (a2 2's complement 32-bit sum) is stored in registers RA and RA 4+ 1. The MSH is in
RA. The condition siatus (CS) is set based on the double precision results in RA and RA +1, and
carry. A fixed point overflow occurs if both operands arc of the same sign and the sum is of
npnmnp qnn

e 3

REGISTER TRANSFER DESCRIPTION:

(RA,RA+1)? ¢~
PI,‘ {=-- 1, if

(CS) <~- 0010
(CS) <~- 0001
(CS) <~- 0100
(CS} <~- 1010
(€S} <~- 1001
(CS) <~- 1100

- (RA,RA+1)! + DO;

(RAg)' = DO, and (RAG)! # (RAg)?

if carry = 0 and (RA,RA+1) = 0;
if carry = 0 and (RA,RA+1) < O
if carry = 0 and {RA,RA+1} > 0;
it carry = 1 and (RA,RA+1} = 0:
if carry = 1 and (RA,RA+1} < O0:
if carry = 1 and (RA,RA+1) > 0;

REGISTERS AFFECTED: RA, RA+i, CS, PI

DARDA
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5.60 Floating point add.
ADDR MODE MNEMONIC FORMAT/0PCODE
8 4 a
R FAR  RA.RB | A3 | RA | RB |
4 2 2 8
------ nemmmmmmmcemeoas 12 < BR £ 15
B FAB  BR.DSPL | 2 |0 |BR'| DSPL | BR' = BR - 12
---------------------- RA = RO
a 2 2 a4 4
----------------------- 12 < BR ¢ 15
B8X FABX BR,RX ] 4 J0 JBR') 8 | RX | BR' = B8R - 12
----------------------- RA = RO
8 4 4 16
D FA RA,ADDR ~ ~mmmmemcmmmmemmmeom e an
DX FA RA,ADDR, RX | AB | RA | RX | | ADDR I

DESCRIPTION: The floating point Derived Operand, DO, is floating point added to the contents of registers RA
and RA + 1. The result is stored in regisiers RA and RA + 1. The process of this operation is as
follows: the mantissa of the number with the smaller algebraic exponcent is shifted right and the
exponent incremented by one for each bit shifted until the exponents are equal. The mantcissas
are then added. If the sum overflows the 24-bit mantissa. then the sum is shifted right one
position, the sign bit restored, and the exponent incremented by one. If the exponent exceeds
7F g as a result of this incrementation, overflow occurs and the operation is terminated. [f the
sum docs not result in exponent overflow, the result is normalized. If in the normalization process
the cxponent is decremented below 80, then underflow occurs and a zero is inserted for the
result

95
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REGISTER TRANSFER DESCRIPTION:

n = EA - ED;

MO ¢-- MO Shifted Right Arithmetic n positions, if n > 0 and MA # 0

MA ¢-- MA Shifted Right Arithmetic -n positions, EA <-- EO, if n < 0 and MO # 0:
MA (-- MA + MO;

MA <-- MA Shifted Right Arithmetic 1 position, MA, (—-ﬁho. EA <-- EA+1,
if OVM = 1,

PI; <-- 1, EA <-~ TF,5. MA <-- JFFF FFig. exit, if EA > 7F;5 and MAy = 0
PI; <-- 1, EA (-~ 7F g, MA (-~ BDOD 00,5, exit, if EA > 7F,5 and MAy = 1;
EA, MA <{-- normalized EA, MA;

Plg ¢-- 1, EA <-- 0, MA <-- 0, if EA ¢ B04:

(CS) <-- 0010 if (RA,RA+1) = 0;
(CS) <-- 0001 if (RA,RA+1) < 0:
(CS) <-- 0100 if (RA,RA+1) > O;

REGISTERS AFFECTED: RA, RA+1, (S5, PI

FARFARFABX FA 9%
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5.61 Fuended precision Inating poing add.
ADDR HODE BHEMONIC FORUAT/QPCODE
] 1 4
R EFAR KA,RB | AB | RA | RB |
] 4 4 16
D EFA  RA,ADDR  mmemmemmmmmmemmmemme e
DX EFA  RA,ADDR,RX | AA | RA | RX | | ADDR i

DESCRIVTION: ‘The extended precision floating point Derived Operand. 10, is extended Aoating puint added (o
the contents of regisier RA. RA+ L and RA + 2. The result is stored in register RA, RA + ), 22d
RA +2. 'Ihe process of this operation is a3 foltows: the mantissa of the number with the smaiter
algebraic cxponent is shilled right and the exponent is incremented by une fur each hit shilted.
When the exponents are equal. the nutissas are added. If the sum overflows the 39-bit muintissa,
then the sum is shifted right une pusition. the sign bit restored. and the expunent is incrementad
by one. 1fthe exponent exceeds 74, as a result of this incrementation, oserflow occurs and te
operation is terminated. [ the sum does not result in exponent overflow, tie result is normatized.,
If in the popmalization process the expounent is decremented below 80 . then underflow oveurs
and a zero is inserred for the result,

REGISTER TRAMSFER DESCRIPTIQN:

n = EA - BO;

MO <-- M0 Shifted Right Arithmetic n positions, if n > 0 and MA # O;

MA <-- MA Shifted Right Arithmetic -n positions, EA ¢-- EQ, if n < 0 and MO ¥ 0:
MA {-- MA + MD:

MA <-- MA Shifted Right Arithmetic 1 position, MAg (--Mmg, EA <(-- EA+1,

3T OVM = 1;
PI, <=- 1, EA <-- 7Fy5, MA <-- ?FFF FF FFFF 4, exit, if EA > 7F,; and MA, = O;
PI; <~- 1, EA €-- 7F;5, MA <-- 8000 00 0000,5, exit, if EA > 7F;s and MAy = 1:

EA, MA <-- normalized EA, MA;
Plg <~- 1, EA <-- 0, MA (-- 0, if EA < B04;
{CS) <-- 0010 4if (RA., RA+1, RA+2Z) :

= 0
(CS) ¢-- DOO1 if (RA. RA+1, RA+2) ¢ 0:
(CS) <-- 0100 if (RA, RA+1, RA+2) > O

.
+

REGISTERS AFFECTED: RA., RA+1, RA+2, (S5, PI
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3.62 Floating poingabsolute value of resister.

AODR HMOBE  HMHEMONIC FORMAT/OPCODE
8 4 4
R FABS RA,RE ] AC | RA | RB |

DESCRIFTION: (l the sign bit of the mantissa of the Derived Operand, DO {i.c.. the contents of registers RB and
R+ 1), is a one, its fluwing point negative is stored in registers RA and RA -+ 1. The negative of
DO is computed by aking the 2's comnplement of die mantissa and keaving the expunent
unchanged. Exceptions to this are negative puwers of two: -1.0x 1 -1.0x 2% ... ‘The absolute
vitue of these are: 0.5x 21.0.5x 22, ... in other words. the 1O mantissa is shified logically right
one position and the exponent incramented. A floating point overflow shall occur iF 1O is the
smallest negative number, -1.0 % 227 e sign bit of DO is a zero. itis stored unchanged into
RA and RA + 1. The condition status, CS. is set bascd on the result in register RA and RA+ 1.

Note: RA may equal RI.

1Q is assumed to be a normalized number or floating point zero.

REGISTER IRANSEER DESCRIPTION:
EA ¢-- EA+1. MA <-- 4000 00,5, if MO = 800G 00,q:

PI; ¢-- 1, EA <=- 7,5, MA <-- TFFF FF . exit, if EA > 7Fq:
EA C-- EQ, MA C=- =MD, if MD ¢ O, MO # BOOO D0,4:

EA <-- EO, MA <-- MO, if MO > 0:

(CS} ¢-- 0010 if (RA.RA+1) = 0:
(CS) <-- 0001 if (RA,RA+1) ¢ 0;
(CS) <=- 0100 if (RA,RA+L} > @

REGISTERS AFFECTED: RA, RA+1, €S, PI

FANS 9s
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5.63 Sinele precision imicocr subtract.

ADDR MODE MNEMOMIC

R SR RA.RB

B 588 BR,DSPL

BX SBBX BR,RX

15P SISP RAN

)] S RA,ADDR

DX S RA,ADOR,RX

1M SIM RA,DATA
DESCRIPTION:

MIL-STD-1750A (USAF)

2 July 1980
FORHAT/OPCODE
8 4 4
| B1 | RA | RB |
a 2 2 8
---------------------- 12 < BR € 15
| 1 J1 |BR'} DSPL | BR' = BR - 12
----------------------- RA = R2
a4 2 2 4 4
----------------------- 12 < BR £ 15
[ 4 {0 [BR'| 5 | RX | BR' = BR - 12
----------------------- RA = R2
8 4 4
| B2 | RA [N-=1 | 1 < Ng16
8 a4 18
| B0 | RA | RX | | ADDR )
8 2 4 16
| 2 | RAQ2 || DATA |

The Derived Operand (DO) is subtracted from the contents of the RA register. The result, a 2's
complement difference, is stored in RA. The condition staius (CS) is set based on the resuli in
register RA and carry. A fixed point overflow occurs if both operands are of opposite signs and
the derived vperand is the same as the sign of the difference.

» SR.SRILSHRX.SISPSSIM
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REGISTER TRANSTER

(RA)2 <-- (RA)! - DO. i.e.. (RA) - DO means {{RA) + DO} + 1;

DESCRIPTI

0
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N:

PI, <-- 1, if (RAy)! # D0, and (RApj?

(CS)
(Cs)
(Cs)
(C5)
(Cs)
(CS)

(==
(--
(--
(__
(_-
(--

0010
0001
0100
1010
1g01
1100

if
if
if
if
if
if

carry
carry
carry
carry
carry
carry

REGISYERS AFFECTED: RA,

SRSBBSBBNSISPSSIM

[p]
w

Lol R = e =]

and
and
and
and
ang
and

. PI

(RA)
{RA}
(RA)
(RA)
(RA)
(RA)

WAV A

00,

s 21w =

(=B = I = P = I v I = ]
»
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5.64 Decroment meinony hy o positive intener.
ADDR MODE MUHEMONIC FORMAL/DPCODE
a 4 4 16
D DECM M, ADDR mmmeme e el
DX DECM N,ADDR.RX | B3 N-1 | Rx | | ADDR |

- e e o W o — ——————

DESCRIPTION: The contents of the memory lucation specificd by the Derived Address, DA, are decremented by
N, wihere Nis an integer. | ¢ N € 16, This Is the cquivalent of a “subtract-from-memory
instruction™. The condition status. CS. is set based on the resulis of the subtraction and carry. A
fixed point overflow occurs if the operund in memuory s negative and the result is posicive. The
memaory location specified is updated to contain the result of the subtraction process even if a
fixed point overflow occurs.

REGISTER TRANSFER DESCRIPTION:
[DA]? <-- [DA]! - N, where 1 < N < 16:

Pl <-- 1. if [DAg]' < 0 < {0Ay]%:

{CS) <-- 0010 if carry = 0 and [DA] = O;
{CS) <-- 0001 if carry = 0 and [DA] < 0;
{CS) <-- 0100 if carry = 0 and [DA) > O:
(CS} <-- 1010 il «carry = t and {DA] = 0;
{CS) <-- 1001 if carry = 1 and [DA] < O;
(C5) <-- 1100 if carry = 1 and [DA] > O;

v
—t

REGISTERS AFFECTED: (S,

101 DECM
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5.65 Single precision negate reain(er,

ADDR MODE MILEMONIC FORMAT /GPCOGE
8 4 4
R HEG RA,RB | B4 | RA | RB |

DESCRIPTION: ‘The negative (i.c.. the 2's complement) of the Derived Operand, DO (ie.. the contents of register
RB). is stored into register RA. "The condition status, CS. is sct based on the result in register RA.

Noe: ‘The ncgative of zero is zero.

‘The negative of @ number with a 1 in the sign bit and all other bits zero is the sune word, and
canses fixed puint overilow to uceur.

REGISTER TRANSFER DESCRIPTION:
PI, <-~ 1. exit, if 00 = 8800,4:
(RA) <-- -00;:

(CS) <-- 0010 if (RA)
{CS) <-- 0001 if (RA)
(CS) <-- 0100 if (RA)

VoA
[ == I~

.
.
v

REGISTERS AFFECTED: RA, (5, PI
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5.66 Double precision nesate register.

ADDR MODE

R
DESCRIPTION:
Note:

MBEMONTC FORMAT /OPCODE
8 4 4
ONEG  RA,RB | B5 | RA| RB |

‘The negative (i.e.. the 2's complement) of the Derived Operand. DO (i.c.. the contents of register
R and RB+ 1), is stored into regisier RA and RA + 1 such that register RA contains the MSH of
the resule. The condition status, CS, is sct based on the resul( in register RA and RA + 1.

The negative of zero is zero.

The negative of a number with a 1 in the sign bit and all other bits zero is the same word, and
causes fixed point overflow 1o occur.

REGISTER TRANSFER DESCRIPTION:

PI4 <-- 1.

(RA,RA+1)
(CS) <--
(C5) <--
(cs) <--

REGISTERS

ex
<--
0010

0001
o100

it, if DO = 8000 0000,4;
-00;

if (RA.RA+1) = O;
if (RA.RA+1)

if {(RA,RA+1)

0
0;

oA

AFFECTED: RA, RA+1, CS, Pl

103 DNEG
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§.67 Double precision integer subtract.

ADDR MODE MEEMONIC FORMAT/OPCODE
8 4 4
R DSR RA.RB | 87 | RA | RB |
8 4 4 16
o DS RAADDR = =meemmmecmemmeo—o oo emscseosomeo--ooo-
DX DS RA,ADDR, RX ! B6 | RA | RX | | ADDR |

DESCRIPTION: “I'he double precision Derived Qperand, 1O. is subtracted from the contents of registers RA and
RA+ 1. The results. a 2's complement 32-bit dificrence, is stored in registers RA and RA+ 1. The
MSH is RA. The condition status (CS) is set based on the doubic precision resuits in RA and
RA + 1-and carry. A fixed point overflow occurs if bath operands are of uppasite sign and the
derived operand is the same as the sign of the Jifference.

REGISTER TRANSFER DESCRIPTION:

(RA.RA+1)Z <-- (RA.RA+1)! - DO, i.e., (RA,RA+1)} - DO means {(RA.RA+1) + DO} + 1:

PI, <-- 1, if (RAy)' # DOy and {RAG)? = DO:

{CS) <-- 0010 if <carry = 0 and (RA,RA+1) = 0;
(CS) <-- 0001 #f «carry = 0 and (RA,RA+1) < O
{CS) <-- 0100 if carry = D and (RA.RA+1) > 0;
(CS) <-- 1010 if carry = 1 and (RA,RA+1) = O:
(CS) <-- 1001 if carry = 1 and (RA_RA+1} < 0;
(CS) <-- 1100 if «carry = 1 and (RA,RA+1) > 0:

REGISTERS AFFECTED: RA, RA+1, C5, PI

SRS 14
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5.68 Ilo:rtine noint suhtract.
AQDR MODE MUEMONIC FORMAT /0PCODE
8 4 4
R FSR  RA,RB | B2 | RA | RB |
4 2 2 8
---------------------- 12 < BR ¢ 15
B FSB  BR.DSPL {2 11 ]8R] DSPL | BR' = BR - 12
---------------------- RA = RO
4 Z 2 4 4
----------------------- 12 < GR £ 15
BX FSBX BR.RX | 4 |0 |BR'| 9 | RX | BR' = BR - 12
----------------------- RA = RO
B 4 4 16
) FS  RALADDR  =mmemmemmemmmmmmmee oo
DX FS RA.ADDR , RX | B8 | RA | RX [ | ADDR (

SSCRIPTION: The floating point Derived Operand, DO. is floating puint subtracted from the contents of
registers RA and RA 4 1. “The resultis swored in registers RA and RA + 1. The process of this
opcration is as follows: the mantissa of the number with the smalicr algebraic exponent is shifted
right and the exponent incremeinted by one for cach bit shifted until the exponents are equal, The
mantissa of the DQ is then subtracted from (RARA + 1), 1F the difference overflows the 24-bit
mantissa, then it is shifted right one position. the sign bit restored. and the exponent incremented
by unc. 1 the exponent exceeds 7F¢ as a result of this incrementation, overflow uccurs and the
operation is wrminated. I the sum does not result in exponent overflow, the result is nonnalized.
If during the normalization process the exponent is decremenied below 80,¢, then underflow
occurs and a zero is inscricd for the Fesull

105 I'SR.FFSBFSBX.FS
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REGISTER TRANSFER DESCRIPTION:

n = EA - EO;

M0 <--~ MO Shifted Right Arithmetic n positions. if n > 0 and MA # O0:

MA <-- MA Shifted Right Arithmetic -n positions, EA <-- EQ, if n < 0 and MO # 0;
MA {-- MA - MNO.

MA ¢(-- MA Shifted Right Arithmetic 1 position. MA, (--ﬁho, EA <-- EA+1,

if OVM = 1;
PI, <-- 1, EA ¢-- 7F g, MA <-- 7FFF FFg. exit, if EA > 7F,; and MAy = 0;
PIz €=- 1, EA <-- 7F;5. MA <-- BOQO 00,q, exit, if EA > 7F,; and MA, = 1;

EA, MA <¢~- normalized EA, MA;

Plg <-- 1, EA C-- 0, MA <-- 0, if EA < 80,4:;

(CS) <-- 0010 if (RA,RA+1) = 0; .
(CS) <-- 0001 if (RA,RA+1) < O;
(CS) ¢-- 01080 if (RA,RA+1} > 0;

REGISTERS AFFECTED: RA, RA+1, CS, PI

FSRASBESHX. S 106
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5.69 Ixtonded precision fleating point subtract.
ADDR MODE MM HONEC FORMAT/QPCODE
8 4 4
R EFSR RA,RB I 88 | RA | RB |
8 4 4 16
D EFS RALADDR = meeeemmceecccccceer cmmmeemo——ese— e
DX EFS  RA.ADDR,RX | BA | RA | RX | | ADDR 1

DESCRIFTTION: ‘Ihe extended precision tloating puint Derived Operand, DO, is extended flvating point
subtracted trom the conwents of registers RA, RA+ 1. and RA 4+ 2. "The result is stored in registers
RA.RA+1, and RA+ 2. "The process of this operation is as follows: the mantissa of the nwinber
with ihie smaldier algebraic exponent is shifted right and the exponent ts incremented by vne for
carch bit shifted. When the exponents are equal, the mantissas are subtracted. 1f the difference
overfllows the 39-bit maaiissa. then the difference is shifted dght one position, the sign bit
restored. and the exponent is incremented. If the eaponent excecds 7F |, as a result of this
incrementation. overflow occurs and the operation is werminated. 17 the sum does not result in
cxponent overflow, the result is normalized. I during the nennalization process the expunent is
decremented below §0 . then underflow occurs and a zero is inserted for the result.

REGISTFR TRANSFER DESCRIPTION:

n = EA - EO;

MO ¢-- MO Shifted Right Arithmetic n positions, if n > 0 and MA # 0;

MA <-- MA Shifted Right Arithmetic -n positions, EA <-- £Q0, if n ¢ 0 and MO # 0;
MA ¢-- MA - MO;

MA C-- MA Shifted Right Arithmetic 1 position. MA, <--MAy. EA <~- EA+1,

if OVM = 1
Ply <~- 1, EA <-- 7F,5. MA <-- TFFF FF FFFF,5, exit, if EA > 7F;g and MAy = 0;
PI; <-- 1, EA <-- 7F,q. MA <-- 8000 00 0000,5, exit, if EA > 7F,5 and MAy = 1:

EA, MA {-- normalized EA, MA;

PIg <-- 1, EA <=- 0, MA <-- 0, if EA < 80,4
(CS) ¢-- 0010 if (RA, RA+1, RA+2) = O0;
(CS) ¢-- 0001 if (RA. RA+1, RA+2) < O;
(CS) ¢-- 0100 if (RA, RA+1. RA+2) > 0

REGISTERS AFFECTED: RA, RA+1, RA+2, LS, PI
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5.70 Hloaiing point neeate repisier.

ADOR MODE MNEHONIC FORMAT/OPCODE
8 4 4
R FMEG RA.RB | BC | RA | RB |

DESCRIPTION:

Note:

The 24-bit mantissa of the Derived Operand, O, i.e.. the fluating point number in registers RB
and R+ 1. is 2's complemented. The exponent remains unchanged. The result. the negative of
the original number. is stored in RA and RA+ 1. The 2's complement of a floating point 2erois a
floating point zero. Fxceptions o this are all powers of two: -1.0x 2" and 0.5 2 '+ i.c.. when the
mantissa is cither $000 00,4 o 2000 00,. The negation of 0.5 x 2% is -1.0 x 2™': i.e., the mantissa is
shifted left one position and the cxponent decremented by onc. Conversely. the negation of - 1.0 x
2™is 0.5 x 2°* 1 i.c.. the mantissa is shifted right one position and the exponeni is incremented by
one. A floating point overflow occurs for the negation of the smallest negative number, -1.0 x
212 A floating point underilow occurs for the negation of the smallest positive number. 0.5 x 2
128, and causcs the resuli 10 be zero. The condiiion status, C8, is sci based on the resull in regisiers

RA and RA+ 1.

RA may equal RD.

REGISTER TRANSFER DESCRIPTION:
Pl <-- 1, EA <-- TF,5, MO <--
Plg <=~ 1, EA <-- 0, MA <-- 0,
EA <-- EO+1, MA <-- 4000 00,g.

EA C-- EO-1, MA <-- 8000 00,4.

TFFF FFyg, exit, if DO = 8000 007F4:

exit, if DO = 4000 0080,4;
if MO = 8000 00,4;
if MO = 4000 00,q:

EA <-- £Q, MA

(CS) <-- 0010
(€S} ¢-- 0001
(CS) <-- 0100

<-- -MO, if MO # B0OO 003 or 4000 00,4:
if  (RA.RA+1) = O;
if (RA.RA+1) < 0;
if  (RA,RA+1) > 0;

REGISTERS AFFECTED: RA, RA+1, C5, PI

FNEG
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5.71 Sinale precision inteaer muliiply with 16-bn proshir.
ADDR HMODE MHEHONIC FORMAT/QPCODE
8 4 4
R MSR  RA,RB | Ct | RA | RB |
8 4 4
ISP MISP RA,N | €2 | RA |N-1 | 1 <NZ 16
8 4 4
1SN MISN RA,N | €3 ] RA JN-1 ] 1 <NZ 16
8 4 4 16
D MS RA,ADDR mmmmmemmmmemmmmemmoe eeememeeooeooo
ox M5 RA,ADDR.RX | €0 | RA ] RX | | ADDR i
8 4 4 16
M MSIM RA,DATA | 4A | RA} & || DATA |

DESCRIPTION: The Derived Operand. 0. is muliiplicd by the contents of register RA. The LSH of the result, a
16-hit. 2's complement integer. is stored in register RA. The Condition Status. CS, is set based on
the result in register RA. A fixed puint overflow occurs if (1) both operands are of the samce sign
and the MSH of the product is not zero. or the sign bit of the L.SH is not zero. or (2} if the
operands are of opposite sign and the MSH of the product is not FFFT . or the sign bit of the
LSH s not one. A fixed point gverituw dues not occur if either of the operands is zero.

REGISTER TRANSFER DESCRIPTION:
(RQ, RQ+1) <-- (RA)}! x DO;
(RA)? <-- (RQ+1);:

P, <-- 1, if g(nno)‘ = D0y and ((RQ) # 0 or {RQ+1y) = 1}} or
{(RAg)' # DOy and {(RQ) # FFFF,s or (RQ+1,) = 0} and
{{RA)! # 0 and DO # 0}}:

{CS) <-- 0010 if (RA) = O:

(€S} <-- 0001 if (RA) ¢ O:

(CS) <-- 0100 if (RA) > O

.

+

REGISTERS AFFECTED: RA, CS. PI
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5.72 Sinale precision intceer muliinlv with 32-bit product.

ADDR MODE

BX

M

DESCRIPTION:

MNEMONIC

MR RA,RB

MB BR.USPL

MB X BR.RX
M RA,ADDR
M RA,ADDR,RX

MIM RA ,DATA

IORMA T /OPCODE

8 4 4
| €5 | RA | RB |
4 2 2 8

= — —————— .

P e - ————— -

8 s 4
| Cc4 | RA | RX ||

8 a4
| 4A | RA |3 |}

12 < BR € 15
BR' = BR - 12

RA = R2
12 ¢ BR ¢ 15
BR' = BR - 12
RA = R2
16
ADDR |
16
DATA I

The Derived Operand. 130, is multiplicd by the contenis of register RA. The resull, a 32-bit, 2's
complement integer, is sturcd in registers RA aad RA +1 with the MSH of the product in register
RA. The Condition Ststus. CS, is sct based an the result in registers RA and RA + 1.

SPECIAJ, CASE: DO = (RA) = 3000 {the largest negative number), then DO x (RA) = 4000 0000.

,,,,,,,,,,,

REGISTER TRANSFER DESCRIPTION:

(RA,RA+1} <--

(CS) <-- 0010
(CS) <-- 0001
(CS) <-- 0100

REGISTERS AFFECTED:

{RA) x DO;
if  (RA,RA+1)
if (RA,RA+1)
if (RA,RA+1)

RA, RA+1

MREMBABXAMIM

VoA

+

CS

ULt
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573 Douhle precisio: inteeer qurltiply.
AGDR MODE S MONIC FORMAT /QPCQDE
8 4 4
R OMR  RA,RB | €7 | RA| RB |
8 4 4 i8
() DM RALADDR ~ mmmmmmeemmmmmmmee e -
DX DM RA,ADUR, RX I C6 | RA | RX | | ADDR |

DESCRIITION: ‘e daubile precision Derived Operand, 120, a 32-bit 2's carnplement nuinber, is multiplicd by
the contents of registers 1A and RA 4+ 1, 2 32-bit 25 complement nuinher, with the MSH in RA.
‘The 1.5H of the product is retained in RA and RA 41 a5 4 32-hit, 2 complement minber. The
MSH is lost. The Conditian Status, C5. is set hased on the double precision resull in reaisters RA
and RA + 1. A fixed point overflow ocours i (1) both operands are of tie same sign and the MSH
of the product 1 not zero. or the sian bitof the LSH is not zcro, or (2) il the operands are of
oppusite §ign and e MSH of the product is not FIFF FFEE o the sign bit of the L.SH s not
one. A tised point overflow does not occur if cither of the operunids is zevo.

RCGISTER TRAMSFER DESCRIPTION:
(RQ.RQ+1.RQ+2,RQ+3) <-- (RA,RA+1)' x 00;

(RA,RA+1}% <-- (RQ+2.RQ+3):
PI, <-- 1, if ;(ﬁhojt = D0, and {(RQ.RQ+1) # 0 or (RQ+2y) = 1
{(RA)! # 0 and DO # 0}):

)

[ L —]

or

0} and
(CS) <-- 0010 if (RA ,RA+1) = 0;

{CS) <-- 0001 if (RA,RA+1) < O:
(CS) <-- 0100 if {(RA,RA+1) > @

-
v

REGISTERS AFFECTED: RA, RA+1, C5, PI

Nt ' T OINMIRDM



Downloaded from http://www.everyspec.com

MIL-5TD-1750A (USAF)
2 July 1980

5.74 [oating point multiply.

ADDR MODE  HMHEMONIC FORMAT/OPCODE
8 4 3
R FMR  RA,RB | C2 | RA | RB |
a 2 2 8
---------------------- 12 < BR ¢ 15
B FMB  BR.DSPL | 2 12 |BR'] DSPL | BR* = BR - 12
---------------------- RA = RO
4 2 2 4 4
----------------------- 12 < BR ¢ 15
BX FMBX BR,RX | 4 10 |BR'| A | RX | BR' = BR - 12
----------------------- RA = RO
8 4 4 16
D FM  RA,ADDR T
DX FM4  RA.ADDR,RX | C8 | RA | RX | | ADDR |

DESCRIPIION: ‘The floating point Derived Operand. DO, is Aoating point multiplied by the contents of register
RA and RA + 1, The result is stored in register RA and RA+ 1. The process of the operation is as
follows: the eaponents of the operands arc added. If the sum exceeds 7F ¢, 2 floating point
overflow occurs. If the sum is less than 80,4, then underflow occurs and the result set 1o zero. The
opcrand mantissas are multiplied and the rosult normalized and stored in RA and RA+ 1. An
exceptionat case is when both eperands are negative powers of two: (-1.0x 2"} x (-1.0 x 2™); the
resuttisa05x2° "™ ifn+m = 7F (4. this shall yicld an exponent overflow. floating
point overflow occurs. Also, it is possible that the normalization process may yicld an exponent
underflow: if this occurs. then the result is forced 0 zero. The condilion status, CS, is set based on
the resuitin RA and RA+ 1.

PR MELEENIBN M 112
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REGISTER TRANSFER DESCRIPTION:

n = EA + EO:

MIL-STD-1750A (L72F)
2 July 1980

PIy <-= 1. EA <-- TF,5. MA <-- TFFF fF 5. eait, if a > 7F 5 and MA, = MO,:

PIJ {=-- l, EA (-~ 7F15' MA <~- B0OOO0 0015. exit, if n > 7F15 and MAO # HOU;

Plg <-- 1, EA ¢(-- 0, MA <-- 8, exnit, if n ¢ BD,4:
MP ¢(-- MA x MO: (integer muitipily)
MP (-- MP shift left 1 position;

n {-- n + 1. MPO'ZJ (—' 4000 00'5, if MPD'23 = 8000 0015'.

PIy <-- 1. EA <-- TFq. MA <-- 7FFF FFpq, exit, if n > 7F,5 and MP, =

PI; <-- 1, EA C-- TF;q, MA <-- 8000 00, exit. if n > 7F;5 and MP,

n, MP {(-- normalized n, MP;
PIg <-- 1, EA <-- 0, MA (-~ D, exit, if n ¢ 80,5
EA <-- n:

MA (-~ MPo_za:

(CS} ¢-- 0010  if (RA,RA+1) = 0;
(CS) <-- 0001  if (RA,RA+1) < 0;
(CS) <-- 0100 if (RA,RA+1) > 0;

REGISTERS AFFECTED: RA, RA+1, CS, PI
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5.75 Extendued precision fliding poinl multiply.

ADDR MODE MNEMONIC FORMAT /0PPCODE
8 4 4
R EFMR  RA,RB { CB | RA | RB |
8 4 4 16
D EFM  RALADDR  semmeemmmemomeooomee e
DX EFM  RA,ADDR,RX | CA | RA | RX | | ADDR |
DESCRIPTION: ‘The extended preeision foating Derived Operand. DO. is extended floating point multiplicd by

FEMRIEFM

the coneenis of registers RAL RA + 1. and RA -+ 2, The resulg is stored in regisiers RA, RA+ 1, and
RA 42, The process of the operatiyn is as follows: the exponent of the operands are added. If the
sum exceeds 78 . a fluating point overflow occurs. I the sum is less than 80;,,. then underflow
accurs and the result set to 2cro. The operand mantissas are mulliplied and the result nonmalized
and stored in RA, RA+1, and RA + 2. The condidon status, €S, is set based on the resuhtin RA,
RA+1, and RA+2

114



Downloaded from http://www.everyspec.com

MIL-STD-1750A (USAF)

2 July 1980

REGISIER YRAMSFCR DESCRIPTION:

n CA + EO;

Ply C-= 1, EA €-- 7F;5, MA C~- 7FFF FF FFFF g, exit, if n > 7F; and MA, = MO,;

Piy ¢-~ 1, EA <-- TFyz, MA <-- B0OO 00 00004, exit, if n > 7F,; and MA, # MOy:

Plg <-~ 1, EA <-- 0, MA <-- 0, exit, if n < B0,5:

MP <-- MA x MO: {inteoer multiply)

MP <-- MP shift left 1 position:

N C--n + 1, MPgag <-- 4000 00 0000,,. if MPg.ag = 8000 00 0000,4;

Piy <=~ 1, EA <-- 7Fy5, MA <-- 7FFF FF FFFFq, exit, if n > 7F and MP,
PI; <-- 1, EA <-- 7F;5. MA <-- 8000 00 000D, exit, if n > 7F,5; and MP,
n, MP <-- normalized n, WP;

Plg <-- 1, EA ¢-= 0, MA ¢-- 0, if n ¢ B04:

EA <-- n;

MA <-- MPg_aq:

{LS) <-- 0010 if (RA, RA+1, RA+2) = 0:

(CS) <-- 0001  if (RA, RA+1, RA+2) ¢ O;

(CS) <-- 0100  if (RA, RA+1, RA+2) > O0:

REGISTERS AFFECTED: RA, RA+1, RA+Z, (S, PI

15

]
o
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5.76 Single precision inteser divide with 16-hit dividend.

ADDR MODE MMEMONIC FORMAT/OPCQOE
B 4 4
R OVR RA,R8 [ 01 | RA | RB |
8 4 4
ISP DISP RA,N i D2 | RA IN-1 | 1£N<16
8 4 4
ISN DISN RA N | D3 | RA |N-1 | 1 LN <16
8 4 4 16
D ov RAADDR = meemememeomeseses cecneocomemeo-eeee
Dx DV RA,ADDR,RX | D00 | BA | RX | | AGOR {
8 4 4 16
M DVIM RA,DATA ] 4A | RAL B || DATA |

- e e m AR e = o

DESCRIPTION: The contents of register RA are divided by the Derived Operand. DO, a single precision, 2's
complement number, The result is stored in registers RA and RA + 1 such that RA stores the
single preciston integer quotient and RA + 1 stores the remainder. The Condition Status, CS, is sct
based on the resuit in RA. A fixed point overflow oceurs if the divisor, DO, is zero, or if the
dividend is 8000, and the divisor is FFFF g,

Naie: The sign of the non-zero remainder is the same as the sign of the dividend.
REGISTER TRANSFER DESCRIPTION:
(RA.RA+1} <-- (RA} / DO:

PI, <-- 1, if DO = 0 or {RA = B0O0O,s and DO = FFFFg):

(CS) <~- 0010 f (RA) = O;
(CS) ¢~- 0001 if (RA) < O:
(CS) <-- 0100 if (RA) > O;

REGISTERS AFFECTED: RA, RA+1, CS, PI

DYR.DISEDISN. DV DVIM 116
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5.77 Single precision inteeer divide with 32-hit dividend.

} ADOR MODE  MNEMONIC FORMAT /OPCODE
8 4 4
e
R DR RA,RB | D5 ] RA ] RB |
4 2 2 8
---------------------- 12 < BR ¢ 15
8 0B BR.OSPL | 1 |3 |BR'} DSPL | BR' = BR - 12

--------------------- - RA = R2

----------------------- 12 < BR £ 15

BX 08X  BR,RX )} 4 10 |JBR"} 7 | RX | BR' = BR - 12
e e L e - RA = R2
8 4 4 16
0 D RA,ADDR  mememe e e cmedcemeeeea—a
ox D RA,ADDR, RX ] D& ) RA | RX | | ADDR {
8 4 4 16
IM DIM  RA,OATA | 4A | RA |5 | | DATA {

-k s e e = m T MR e mw e = =

’ DESCRIPTION: The contents of registers RA and RA + 1, a double precision 2's compiement number, are divided
by the Derived Operand. 1O, a single precision. 2s complement pumber. RA contains the MSH
of the 32-bit dividend. "1he result is stored in registers RA and RA + 1 such dhat RA stores the
single precision integer quioticnt and RA + 1 stores the remainder, The Condition Status, C8, is
set based on the resuftin RA. A fixed point gverflow occurs if the divisar equals zero ot if the
magniinde of the MSH of the dividend is cquat 10 or greater than Qe magniude of the divisor
{i.c.. the quotient cxeeeds 15 bits).

: Nate: The sign of the non-zero remainder is the same as that of the dividend.
BEGISTER TRANSFER DESCRIPTION:
| (RA.RA+1) <(-- (RA,RA+1) / 00;

PI, <~- 1. if D0 = 0 or |{RA}| 2 |DO}:

(€S} <-- 0010 if (RA) = O:
(CS) <-- 0001 if (RA) < O:
| (CS) <-- 0100 if (RA)} > D;

| REGISTERS AFFECTED: RA, RA+1, (5, PI

117 DR.IDB.DEX.DIDIM
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5.78 Danthle precision inteser divide.

ADDR MODE  HHEMONIC FORMAT/QPCODE
8 4 4
R DOR  RA.RB | D07 | RA | RB |
8 a4 16
D DD RA.ADDR  ~memmmmmm—mmmmemmmeo emmeeeoeoneeas
DX DD RA,ADDOR,RX { 06 { RA | RX | |} ADDR |

- = e e g v m R M e wm e R e = e o e e

DESCRIFTION: “Ihe contents of regisiers RA and RA + 1, a double precision 2's complement number. are divided
by the Derived Operand. 13O, a double precision 2's comploinent nwmber. RA contains the MSH
of the 32-bit dividend. "The quotient part of the integer result is stored in regisiers RA and RA+1
{with the MSH in RA) and the remainder is lust. The Condition Status, CS. is s¢t based on the
results in regisicrs RA and RA + 1. A fixed puint overflow occurs if the divisor, DO, is zcro, or if
the dividend is 8000, and the divisor is FFFF .

REGISTER TRANSFER DESCRIPTION:

(RA,RA+1) <-- (RA RA+1) 7 00C:

Ply <~- 1,if DO = 0 or {RA = 8000,5 and DO = FFFF¢}:

(€S) <-- 0010 if (RA,RA+1) = 0;
(CS) <-- 0001 if (RA.RA+1) < 0;
(CS) <-- 0100 if (RA,RA+1) > 0;

REGISTERS AFFECTED: RA, RA+1, CS, PI

DOR.BD 18
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5.79 Floating point divide.
ADDR MODE MMEMONIC FORMAT/0QPCODE
8 4 4
R FOR  RA,.RB | DO | RA | RB |
4 2 2 a
---------------------- 12 ¢ BR £ 15
3] FDB BR,.DSPL | 2 |3 |BR'| OSPL | BR* = BR - 12
---------------------- RA = RO
9 2 2 4 4
----------------------- 12 < BR £ 15
BX FOBX BR.RX | 4 |0 |BR'| B | RX | BR* = BR - 12
----------------------- RA = RO
8 4 4 16
D FO  RA,ADDR  mmmmmmmmmmcmcmecseme cmemeoeooeeeoo.
DX FD  RA.ADDR,RX | DB | RA | RX | | ADDR |

DESCRIPTION:

The foating point number in registers RA and RA + 1 s divided by the floating point Derived
Opcrand. DO. The result is stored in register RA and RA + 1. A floating point overflow occurs if
the exponent reselt exceeds 7F  at any point in the calculation process. Underflow occurs if the
exponent resubt is less than 80,4 at any point in the process. [If underflow occurs, then the

quotient is forced 10 zero, A divide by zero yiclds a floating point overflow.

119
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REGISTER [RANSFER NESCRIPTION:

n = EA - EO;

PIy <-- 1, EA (== 7Fi5, MA <~- 7FFF FFyq, exit,
if MAg = MOy and {n > 7F,, or 00 = 0}:

PI3 <-- 1, EA (-~ 7F,5. MA <-- 8000 00,¢. exit,
if MAg # MOy and {n > 7F,; or DO = 0};

Plg <-- 1, EA (-~ D, MA <-- D, exit, if n < BO4:
MQ <-- MA / MO:

MQ <-- MQ Shift Right Arithmetic 1 position, n <-- n + 1, if |MQ} > 1.0;:

PI3 <-- 1, EA <-- 7Fy4, MA <-- 7FFF FFyg, exit, if n > 7F, and MQy = 0:

1;

PIy <-- 1, EA <-- 7F;4, MA <-- 8000 00,5, exit. if n ¥ 7F, and MQ,
EA <-- n;

MA <-- MQq.z3:

(CS) <-- 001D if (RA,RA+1)

(CS) <-- 0001 if (RA,RA+1) ¢ 0
(CS) ¢-- 0100 if {(RA,RA+1) >

REGISTERS AFFECTED: RA, RA+1, (S, PI

FORFDIBEFIX.FD 120
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330 Eviepded precision loating peint divide.

ADDR MODE

MHEHMONIC

DESCRIPTION:

EFOR RA.RB

EFD RA,ADDR
EFD RA ,ADDR,RX

MIL-STO-1750A (USAF)

2 July 1980
FORMAT /OPCODE
8 4 4
| ] | RA | RB |
8 4 4 16
| DA [ RA | RX | | ADDR |

The contents of registers RA. RA+ 1, and RA + 2 are extended precision floating point divided by
the extended precision floating point Derived Operand. 120. The result is stored in register RA,
RA+1. and RA+2. A floating point overflow oceurs if the exponent resuit exceeds 7F ¢ at any
puint in the calculation process. Underflow occurs if the exponent rosult is less than 80,4 at any
pointin the process. If under(low occurs, then the quotient is forced o zero. A divide by zero

yields a floating puint overflow.

REGISTER TRANSFER DESCRIPTION:

n = EA - EQ;

PI; <-- 1, EA <~ 7F;g. MA (-- TFFF FF FFFF,;,, exit,
if MAy = MOy and (n > 7Fg or DO = 0};

PI; <-- 1, EA <-- 7F5. MA <-- 8000 00 00004, exit,
if MA; # MOy and {n > 7f,5 or 00 = 0};:

Plg ¢<-- 1. EA <-- D, MA <-- 0, exit, if n < 80,4:

MQ <-- MA / MO:

MQ <-- MQ Shift Right Arithmetic ! position, m <-- n + i, if [MQ[ 2 1.0;:

PI; ¢-- 1, EA
PI; <-- 1, EA
EA <-- n;

MA <-- MQp.ag:
(CS) <-- 0010

{CS) <-- 0001
{€S) <-- 0100

REGISTERS AFFECTED: RA, RA+1,

<-- TFyg.

<-- TF,g,

MA <-- TFFF FF FFFFg, exit, if n > 7F;, and MQ,

MA ¢-- 8000 00 0000,5. exit, if n > 7F,5 and MQp =

1]
[ =1
-

[l
-
..

if  (RA, RA+1, RA+2) = D;

if (RA, RA+1, RA+Z) < 0

if (RA, RA+1, RA+Z) > G;
RA+2, CS, PI
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5.81 Inclusive logical OR.

ADDR MODE MNEMONIC

R ORR RA,RB

B ORe BR,0SPL

BX ORBX BR,RX

D OR RA ,ADDR

Dx OR RA,ADDR, RX
I ORIM RA,DATA

Downloaded from http://www.everyspec.com

FORMAT /QPCODE

e

-

] 3 0 IBR'| DSPL |

B L e

b e e A A e

R L

B T 1

12 { BR € 15
BR* = BR - 12
RA = RZ
12 < BR < 15
BR' = BR - 12
RA = R2
16
ADDR {
18
DATA }

- - — -

DESCRIPTION: The Derived Operand, DO, is bit-by-bit inclusively ORed with the contenis of RA. The result is
stored in register RA. The condition status, CS. is set based on the result in register RA.

REGISTER TRANSFER DESCRIPTION:

(RA) <-- (RA) v DO;

(CS) <-- 6010 if (RA)
(CS) ¢-- 0001 if (RA)
{€5) ¢-- 0100 if (RA)

REGISTERS AFFECTED:

ORR.ORB.ORBX.OR.ORIM

v
oo

RA, CS

P

vs
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5.82 Logical AND.
ADDR MODE  MMEMOMIC FORMAT /QPCODE
8 a4
R ANDR  RA,RB | E3 | RA | RB |
4 2 2 8
---------------------- 12 £ BR ¢ 15
8 ANDB  BR,DSPL | 3 1 |BR*] DSPL | BR* = BR - 12
---------------------- RA = R2
4 2 2 4 4
----------------------- 12 < BR < 15
BX ANDX BR,RX | 4 |0 |BR'JE | Rk | BR' = BR - 12
----------------------- RA = R2
8 4 4 16
b AND  RA,ADDR  mmmmemmmmemmeceeee mmmemaeoaeaeo-
Dx AND RA,ADDR,RX | E2 } RA | RX | | ADDR |
8 4 4 i6
M ANDM RA,DATA | 4 | RA| T | DATA I

DESCRIPTION:

‘The Derived Operand. DO, is hit-by-bit ANDed with the conients of register RA. The resultis
stored in register RA. ‘The condition status. CS, is set based on the result in register RaA,

REGISTER TRANSFER DESCRIPTION:

(RA} <-- (RA)

(CS) <-- 0010
(€S) <-- 0001
(CS) <-- 0100

REGISTERS AFF

* 005

if {RA) = O;
if (RA) < O
if [(RA)} > 0

ECTED: RA, CS

123 ANDRANDRBANDN ANDANDM
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583 Ixclusive Ingical OR.

ADDR MODE  MMEMONIC FORMAT/OPCODE

8 a4

R XORR RA.RB | E5 | RA | RB |
8 4 3 16

D XOR  RA,ADDR ~ ==mmemmemme—mmmeome mecemeeaeoeeo

DX XOR  RA,ADDR,RX | E4 | RA | RX | | ADDR |
8 4« 4 16

M XORM RA,DATA | 4A JRA} O | DATA |

DESCRIPTION: The Derived Operand, 120, is bit-by-bit exelusively ORed with the contents of RA, The result is
stored in RA- The condition status, CS. is st based on the result in RA.

REGISTER IRANSFER DESCRIPTION:
(RA) <-- (RA) & DO:
(CS) <-- 0010 if (RA)

{CS) <-- 0001 if (RA)
(CS} <-- 0100 if (RA)

A==

oA
o oo

REGISTERS AFFECTED: RA, €5

XORRXORXORM 124



Downloaded from http://www.everyspec.com

MIL-STD-1750A (USAF)

2 July 1980
5.84 Lozical NANI.
ADDR HODE MNEMONIC FORMAT /QPCODE
8 4 4
R NR RA.RB I“-E;"-;-;;\-r;};-;
8 4 4 16
D N RA,ADDR = emem e mmmmmmemeen mmmmmemmmoe-—es
DX N RA,ADDR, RX j E6 | RA | RX |} | ADDR !
8 4 4 16
I NIM  RA.DATA (e (maiB {1 oata )

- e . N kR N M = e = = = A =

DESCRIPTION: The Derived Operand. DO, is bit-by-bit logically NANDed with the contents of register RA. The
result is stored in RA.

Note: The logical NOT of a register can be attatned with 2 NR jnstriction with RA = RB.
REGISTER TRANSFER DESCRIPTION:

(RA) ¢-- (RA) + DO;

(CS) <-- 0010 if (RA) = O;
(CS) <-- 0001 if (RA} < D;
(C5) <-- 0100 if (RA) > O0;

REGISTERS AFFECTED: RA, CS

125 NR.NNIM
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5.85 Cunmverg finating point 1o 16-bit int¢aer,

ADDR HOPE  MMEMOMIC FORMAT /OPCODE
8 4 4
R FIX RA,RB | €8 | RA | RB |

e o  m  m e m mw  ———

DESCRIPTION: The integer portion of the Aoating point Derived Operand. DO (i.c.. the contents of registers RB
and KD -+ 1), is stored into register RA. 1M e actua) value of the DO floating point cxponent is
greater than OF . then RA remains unchanged and a fixed point overfiow occurs. The condition
status. €S, is sct based un the rosult in RA.

Npie: The algorithm truncates wward zerg.
REGISTER TRANSFER DESCRIPTION:
Pig <-- 1, exit, if EG > OF g

(RA) (-- Integer partion of DO;

(CS) <-- 0010 +if (RA)} = O
(CS) ¢-- 0003 if (RA) < 0
(CS) <-- 0100 if (RA) > 0:

REGISTERS AFFECTED: RA, CS, PI

FIX 126
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iz inteoer wy Moatine point,

ADDR MODE  HHEHMONMIC FORMA /0PCODE
8 4 4
R FLT  RA,RB | €9 | RA | RB |

DESCRIFIION:

Nate:

“The integer Derived Operand. DO {i.c.. the contenis of register R, s converted 1o Single

Precision Noating point format and stored in register RA and RA + L. The condition staws, CS. is
sct bused on the results in RA and RA+ 1. The operation process is as follows: “I'he exponent is
initially cousidered 10 be OF . ‘The integer vatue in RB is nonnalized, i.e.. the number is lefi
shifted and the exponent decremented for each shift until the sign bit and the next MSB are
uncqual, and the exponent and mantissa stered in the proper ficlds of RA and RA + 1.

RA may cqual RB.

An integer zero, 0000y, is converted to a floating point zero, 0000 0000,

REGISTER JRAMSFER DESCRIPTION:

EA <-~ 0. MA
EA <-~ OFq:

MA <-~ (RB):

<-- 0, exit, if (RB) = 0:

EA, MA ¢(-- normalize EA, MA:

(CS5) <-- 0010
(CS) <-- 0001
(CS) <-- 0100

if (RA.RA+1} = 0:
if (RA.RA+1) < 0
if (RA,RA+1)} > 0;

REGISTERS AFFECTED: RA, RA+1, CS§

127 FIT
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5.87 Convert evtended precision floating point to 32-bit integer.

ADDR MODE  MNEMONIC FORMAT /OPCODE
8 4 4
R EFIX RA,RB | EA } RA | RB

DESCRIPTION: The integer ponion of the floating point Derived Operand, DO (i.c., the contents of registers RB,
RB+1. and RB-+2). is siored inte register RA and RA 4+ 1. the actual vatue of the DO floating
puini cxpunent js greater than 1F 4. then RA and RA + 1 remain unchanged and a fixed point
overflow oocurs. The condition status, CS, is set bascd on the resuit in RA and RA+1.

Note: The algorithm truncaics toward zero.

REGISTER TRAMSFER DESCRIPTION:

PIg <-- 1, exit, if E0 > 1F4:

{RA.RA+1) <-- Integer portion of DO;

(CS) <-- 0010 if (RA,RA+1) = O0;
{C5) <-- 0001 if (RA,RA+1) < O;
(CS) <-- 6108 3if (RA.RA+1)} > O;

REGISTERS AFFECTED: RA, RA+1, (S, Pl

FIX
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5.88 Convery 32-bit inteter 10 extended precisipn fluating point.

ADOR MODE MHEMONIC FORMAT /OPCODE
8 4 4
R EFLT RA.RB ] EB | RA | RB 4
DITIMAML TN P PR [0 ) Q|

Note:

PR S U VI R S SO & YRN-Spppr B S B ¥ O R R, e P
GO GLHIDIC PICURDIUN HIWECT PACIIYVOU WPCTAIL, TAJ LG, UIC COMLCIL U IUSIMUTS W) dild

RB+1). is converied 1o Fxtended Precision floating point furmat and stored in register RA,

RA+ 1, and RA + 2, The condition status, CS. is set based un the resultin RA. RA+ 1, and

RA + 2. The operation process is as tollows: ‘The exponent is initially considercd to be 1F 4. The
integer value in RB. RB+1 is normalized. i.c., the nunber is left shified and the exponent
decremented for cach shift untid the sign bit and the next MSB are uncqual, and the exponent and
mantissa stored in the proper ficld of RA, RA+ 1, and RA+ 2.

RA may equal RB.

REGISTER TRANSFER DESCRIPTION:

EA <(-- 0, MAC

-- 0, exit, if {RB,R8+1) = 0;

EA <-- 1F,5. MA<-- (RB,RB+1):

EA, MA <{-- no

AT
- C)

[= 3 o ]

Nt et

Cs 61
cs 06
(CS) <-- G160

o~

rmalized EA, MA;

if fnon DALY DALTY = A
(K] (W&, RATI, RATL) = U,
if {RA, RA+1, RA+2) C O;
if {(RA. RA+1, RA+2) > 0;

REGISTERS AFFECTEDR: RA, RA+1, RA+2, (8

129 EFLLT
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(A% )

5.89 Exchanoe bvics in register.

ADDR MODE  MNEMONIC FORMAT/OPCOOE
8 & 4
s XBR  RA | EC | RA[ O |

DESCRIPTION: The upper byte of register RA is cxchanged with the lower byte of register RA. The CS is sct
based on the result in register RA.

REGISTER TRAMSFER DESCRIPTION:

(RA)g.7 <=-> (RA}g.y5;

(CS) <~- 0010 if (RA) = 0;
(CS) <-- 0001 if (RA) < O;
(CS) <-- 0100 if (RA) > O;

REGISTERS AFFECTED: RA, CS

i
'
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5.90 Exchange words in regisiers,

ADDR MODE  MHEMONIC FORMAT /QPCODE
8 4 4
R XWR  RA.RB | ED | RA [ RB |

DESCRIPTION: The contents of register RA are exchanged with the contents of register R, The CS is set based
on the result in register RA.

REGISTER TRANSFER DESCRIPTION:

(RA) <--> (RB):

(CS) ¢-- 0010 if (RA) = 0;
(CS) <-- 0001 if {(RA) ¢ O;
(CS) <-- 0100 if (RA) > 0;

REGISTERS AFFECTED: RA, RB, €S

131 XWR
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591 Sipele precision compare.

ADDR MODE MNEMONIC
R CR RA,RB
8 cB BR,DSPL
BXx €8x BR,RX
ISP CISP RA.N
ISN CISN RA.N
D C RA,ADDR
ox c RA ,ADDR ,RX
IM CIM RA,DATA

Downloaded from http://www.everyspec.com

FORMAT/QPCODE
8 a 4
| F1 | RA | RB |
& 2 2 8
I 3 |2 |BR'] DSPL |

8 4 1
| F2 | RA [N-1 |
8 4 4
| F3 | RA [N-1 |
8 4 4

e

12 £ BR £ 15
BR' = BR - 12
RA = R2

12 ¢ BR ¢ 15
BR' = BR - 12
RA = R2

|~
=
~

£ 16

- —— -

ESCRIFTION: The single precision Derived Operand, DQ, is compared to the contenis of RA. Then, the
Condition Status. CS, is sct based on whether the contents of RA is less than, equal o, or greater
than the DO. The contents of RA arc unchanged.

0
=)

£CICTE
CUuiJdic

0
-

DAMCELCD
Pe il o8y}

REGISTER IRAN DESCAT N:
(RA) : DO

(CS) <-- 0010 if (RA) = DO;
{€8) <-- 0001 if {RA)} < DO:
(CS) <-- 0100 if > DO:

REGISTERS AFFECTED: CS

CR.CR.CBX CISP.CISN.C.CIM

TCrpDIDTINN
L s I 1 L/

132



Downloaded from http://www.everyspec.com

MIL-STD-1750A (USAF)

2 July 1980
592 Compare betseen limits.,
ADNDR MQDE MNEMONIC FQRMAT /QPCODE
: 8 4 4 16
D €BL  RA,ADDR  mmememeemeemmme e e
1) CBL  RA,ADDR,RX i F& | RA | BRX | ) ADDR i
DESCRIPTION: The contents of register RA are compared wy two different sixteen bit derived operands, 1DO1 and

DO2. The derived operands. (301 and DXO2 are located at DA and DA + 1. respectively, and their
valties arc defined such that 1301 € DO2. The CS is set bused on the resulis. 1 the values for DOL
and DO2 are defined incorrectly (that is, 101 > 1302), then CS is set o 1000

REGISTER TRANSFER DESCRIPTION:

{(CS) <-- 1000 if DOl > DD2, exit;

(CS) <-- 0001 if (RA) < DO1:

(CS} <-- 6010 if DO1 < (RA) € DO2:

(CS) <~- 0100 if (RA} > 002;

REGISTERS AFFECTED: (€S

133 CRlL




MIL-STO-1750A
2 July 1980

Downloaded from http://www.everyspec.com

(USAF)

5.93 Duouble progision eompare.

ADDR MQDE MMEMONIC FORMAT JOPLODE
B 4 4
R DCR  RA,RB | F7 | RA [ RB |
8 4 & 16
D DC  RA,ADDR  memmmmeeeommememmo mmeemceooooeas
DX DC RA,ADDR, RX [ F6 | RA | RX | | ADDR [
DESCRIFTION: The double precision Derived Operand. DO, is compared to the contents of registers RA and

REGISTER JTRAN

RA+ 1 where RA contains the MS11 of a duuble precision word. Then, the Condition Status, CS,
is sct bused an whether the comtents of RA, RA +1 is less than, equal 1o, or greater than the DO.
The coatents of RA and RA + 1 are unchanged.

SFER DESCRIPTION:

(RA, RA+1)

(CS) <-~ 0010 $f (RA,RA+1)

(CS) <-- 0001

(CS) <-- 0100 if (RA,RA+1)

Do;

Do:
DG;
0o,

if  (RA.RA+1})

oA

REGISTERS AFFECTED: CS

DCR.AC

134
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5.94 Floating puint compare.
ADDR MODE MNEMONIL FORMAT/OPCODE
B 4 4
R FCR  RA.RB ] F9 | RA | RB |
4 2 2 a
---------------------- 12 < BR € 15
B FCB  BR,DSPL | 3 |3 |BR'}] DSPL | BR' = BR - 12
---------------------- RA = RO
4 2 2 4 4
----------------------- 12 < BR & 15
BX FCBX BR.RX | 4 |0 {BR'J D | RX | BR' = BR - 12
----------------------- RA = RO
8 4 4 16
D FC  RA,ADDR mmmmemmeomemmeoeen e
DX FC  RA,ADDR,RX | F8 | RA | RX | | ADOR |

e T . D

DE IPTION: The floating point number in registers RA and RA + 1 is compared 1o the floating point Derived
Operand, DO. Then, the Condition Status, CS, is sct based on whether tie contenis of RA,
RA +1 is less than, equal w, or greater than the DO. The contents of RA and RA + 1 are

unchansged.

Note: This instruction does not cause an gverflow 10 occur.

REGISTER TRANSFER DESCRIPTION:
{RA . RA+1) : DO;
{CS} <-~- 0010 if {RA,RA+1)

(CS) <-- 0001 if  (RA,RA+1)
(CS) <-- 0100 if  (RA,RA+1)

W AN
ooo

REGISTERS AFFECTED: CS

133
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5.95 Lixtended precision floating noint compare.

ADDR MODE  MMEMONIC FORMAT/OPCODE
8 4 4
R EFCR RA,RB | FB | RA | RB |
8 & 4 16
D EFC  RALADDR e e e e
DX EFC  RA,ADDR,RX | FA | RA | RX | | ADDR |

DESCRIPTION: The extended precision floating Derived Operand, 120., is compared 1o the contents of registers
RA, RA+ 1. and RA+ 2 where RA contains the most significant 16-bits of the extended precision
fivating point word. ‘The condition status. CS, is set based on whether the contents of RA, RA+-1,
and RA+ 2 are less than, equal o or greater than the PO. The contents of RA, RA+ 1, and
RA + 2 are unchanged.

Note: This instruction docs not cause overflow to occur.

REGISTER TRANSFER DESCRIPTION:

(RA, RA+1, RA+2) : 00;

(CS) <-- 0010 if (RA, RA+1, RA+2) =
(CS) <-- 0001 if {RA, RA+1, RA+2) < DO:
(CS) <-- 0100 if (RA., RA+1, RA+2) >

REGISTERS AFFECTED: (S

FI'CREFC 136
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596 No operatjon.

AGDR MODE  MHEMONIC FORMAY /OPCOGE
8 4 4
s ROP } FF |0 {0 |

e e A e - —

DESCRIPTION: No operation is performed.
REGISTER TRANSFER DESCRIPTION: HNone

REGISTERS AFFECTED: None

137
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597 Break point.

ADDR MODE MNEMONIC FORMAT /OPCODE
8 4 4
s BPT | FF | F | F |

DESCRIPTION: This instruction is tvpically uscd for halting the processor during maintenance and diagnostic
procedures when the maintenance console is connected o the system, [f the console is not
connccted. this instruction is treated as a NOP (sce page 137). Restarting the processor after a
BPT can only be done by: the maintenance console or the power on sequence.

REGISTER TRANSFER DESCRIPTION: None
REGISTERS AFFECTED: None

Ber 138
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