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MI L- STD-1750A (USAF)
2 JrJly 1980

. .

I

4.2 Insinlc(ion fonmn[s, Six basic ins[ruclion formats sh:dl sLIpport 16 rmd 32-bil ins[foctions. Ilc Opcra[ion code
(opcodc) shall nornially consist of tic 8 mos[ significant bi[s of rhc instruction.

4.2.1 Rccistcr[--rccism forma(. The register-tn-rcgistc~ format is a 16-bi[ instruction consisting of an 8-bit
opcudc and two 4-bi[ general rcgis[cr (GK) frclds LIxmtypimlly specify any of 16 general rcgis[crs. In addition. [hcsc
fields may contain a shift coun~ condition code, opcodc extension. bit number. or tfsc opcr.md for immcdifitc short
ins[mclions.

MSB LSB
------------------------------------

I Opcode I GR1 I GR2 I
------------------------------------

o 78 11 12 15

4.2.2 Instruction cnun!cr rclalivc kmat. Tlrc Instruction Counkr (IC) Rckrtivc FormaI is a 16-bi[ instruction
consisting of an 8.bi( opcock ond ail S-hi{ displacclncnt field.

MSB LSB
-----------------------------------

I Opcotie I Displacement I
-----------------------------------

o 78 15

4.2.3 i%scrclatirc frmnvm. Tlsc bmc rclalivc instmc[ion focma[ is a lfi-bi[ instnrc[ion consisting ofa 6-bi[ opcodc.
a2-bitb.mc rcgis[cr ficldand an8-bi[ displaccmcntficld. Thcbasc rcgis[cr (flR)ficld allows dscdcsigna[icm ofonc
of four different rcgis:cm

MSB LSB
------------------------------------

I Opcode I BR I Displacement I
------------------------------------

o 567B 15

BR = O implies general register 12

BR = 1 implies general register 13

BR = 2 impl ies general register “14

BR = 3 implies general register 15

4.2.4 J3me relative indcxcrl format. Tlsc bass relative indexed instruction format is a 16-bit instruction consisting
of a 6-bit opcodc. a 2-bi[ base register ticld. a 4-bil opcodc extension and a 4-bit index rcgkicr field. Tlsc base
rcgislcr ( IIR) field allows the designation of use of four diffcrcnr base registers and the index register (RX)
frcld allows the designation of onc of tif[ccn diffcrcn! index rcgistcra.

I

[
.

7
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k!.SB LSB

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

I OPcocle I BR I OP.EX. I RX I
------------------------------ -------

0 5678 11 12 15

BR = O implies general register 12

BR . 1 implies general register 13

BR = 2 implies general register 14

BR . 3 implies general register 15

RX z O implies no indexing

4.2.5 Lonu instruction format. The Long Instruction Format is a 32-bit
instruction consisting of an B-bit opcode, a 4-bit general register field , a
4-bit index register field and a 16-bit address field .

t%3B LSE

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

I Opcode
I IRXCR1 I 16-Bik Address field , I

------------------ ----------------------- ------------------------------
0 78 11 12 15 16 31

Typically, GR1 is one of the 16 general registers on which the instruction is
performing the operation. RX is one of the 15 general registers being used as
an index register . The 16-bit address field is either a full 16-bit memory
address or a 16-bit operand if the instruction specifies immediate addressing.

4.2.6 Jmmediate oDcode extension format. The immediate opcode extension
format is a 32-bit instruction consisting of an B-bit opcode, a 4-bit general
register field, a 4-bit opcode extension and a 16-bit data field . Typically,
GR1 is one of the 16 general regieters on which the instruction is perfo~ing
the operation. Op. Ex. is an opcode extension.

MSB LSB

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

I Opcode 1 CiRl I Op.Ex. I 16-Bit Immediate Data I
------ -------------------- --------------------------------------------

o 7

I

U.2.7 SDecial format .
consisting of an 8-bit

8 11 12 15 16 31”

The special instruction format is a 16-bit instruction
opcode followed by an B-bit opcode extension ( Op. Ex. ) .

----
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I
I “-

I MSB LSB

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

I Opcode I Op.sx. I
-------------------------------

o 78 15

4.3 Addressing modes. Table V specifies the instruction word format, the
Derived Addregs (DA), and the Derived Operand (DO) for each addressing mode
that shall be implemented. The smallest addressable memory word is 16 bits:
hence, the 16-bit address fields allows direct addressing of 64K (65,536)
words. There is no restriction on the location of double word operands in
❑emery.

4.3.1 JeKi ster direct ( R1. An addressing mode in which the instruction
specified register contains the required operand. (With exception of this
addregs mode, DA denotes a memory address. )

4.3.2 Memory direct (D) . An addressing mode in which the instruction contains
the memory address of the operand.

4.3.3 Uemorv direct-indexed (DX) . An addressing mode in which the memory
address of the required operand is specified by the sum of the content of an
index register and the instruction addrese field. Registers RI , R2, . . . . R15
may be specified for indexing.

I
1:

I

I i
1..

8a
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MI L-STD- 1750A (USAF)
2 July 1980

4.3.4 &@Jm, indirect (1]. An addressing mode in which tbc instmclion spccificd memory address contains lhc
address of rhc [:qUkCd operand.

4.3.5 ~cmnrc inrfirccl wirh orc-indcxine ( IX). An addressing mode in which tic sum of tic content ofa spccificd
indca regis[cr rmd rhc it]s[mclion address Iicld is IISCaddress of CJICadc!rcss 01’hc required opcmnd. Rcgis[crs 1{1,
R2, .... R15 may bc spcciticd for prc-indexing.

4.3.6 lmmcdimc lrm!?(lkf). llrcrcshall bctwomcdsods ofln]mcdia[c Lon&.*umssing: oncwhich allows
indexing mrlm]cwhichdocsnm. lhcindcxablc fijmofimmcdi~tc addrmsin9is dcfincdin L1blc V. lflksc
specified index rcgis[cr. RX. is not equal m zero, drc content of RX is added 10tic immcdialc field to fomr tic
required operand: odrcrw’isc !_hc immcdimc field contains the required operand.

4.3.7 Imrncriintc shon(ls]. hnaddrmsing modcinwhicl~ thcrcquircd (4-bi[) operand iscOnldinCd witiintic(]6-

bit) instnrclim]. 'llcrcshall bctwomcdrods oflmmcdialc Shonaddrcssing: tilcwl~icl] in[cwrcts ticco}ltcntoftic
immcdialc ficldmpt~sitirc d:{ltl. onda~o]]dwl]ich interprets chccorrten [o fimmcdiatc liclclas ncga~i~cdma.

4.3.7.1 In?ll>c&n[c chonnt~itivc(lSP). “Ilm immediate operand is trefitcd as a pt~siiivc integer bctwccn 1 and 16.

4.3.7.2 lmmcdia[c shonnceativc (lSh’). Il)c immediate operand is treated as a negative integer bc[wccn 1 and 16.
Ir-simerrml furm shall bc a 2“s cornplcmcm, sign-cxtcndcd 16-bil number.

4.3.8 lns[nmiuncoun[crre larivc(l CR). 'lhisaddrcssing modcisuscd for16-bitbranch insuuc[ions. Tlsc
contents of tic instruction coun[cr minus onc (i.e.. UsCaddrcssof tic current inswoction) is added to tic sign
es[cndcd S-bit displacement ficldofrbc insmrclion. Thcsun] points torAcmcmory addrc$s [owhich control maybe
crwrsfcrrcd ifabrm’rch iscxccutcd. 'n]ismodc allows addressing wikinamcmo~ mgionof80J6 ro7F16 words
rclarivc torlrcaddrcss ofticcurrcnt insmsctirm.

4.3.9 Rascrclmive(fl). Anaddrcssing modcinwhich ~ccon[cnt ofaninslmction spKificd bMcmgislcrisadded
~oUse8-bit displaccmcnr ficldofthc (16-bit) instruction. “ikcdispksccmcmficldisr akcntob capos.irivcnurnbcr
bcwwcnOand255. Jhcsompoints [oticmcmory address ofrbcrcquircd opcrmsd. Thismodc allows addressing
wishinamcmo~ region of256 words beginning alticaddrcsspoimcd to byrhcbascregisccr.

4,3.10 hscmlaliv&indcxcd (llX). ~csumoftic conlcnu ofasp~ificd indcxrcgistcr mda~mifiedb&
rcgistcr istbcaddrcss ofdscrcquircd operand. Rcgistcrs Rl, R2. ....lt15may bcspcciticd forindcxing.

43.11 Scmial (S}. ~espmial addrmsing modcisu~d whcrcnonc ofticoticr addrexing modmmcapplicablc.

4.4 j7eeis[crsandsuou or[ fcamres.

4.4.1 Gcncralrceislcrs. ~cinstmction w[*allsuppon aminimum of 16mgisLcm(R0 tirough R15). ~c
rcgistem may bc used as accttmulato~ index rcgistcm, baw rcgistcm @mporary operand memory, and stack pointers
with the following restrictions:

a.Only rcgis[crs Rl, R2. .... R15 may bc used as indc~ registers (RX),

b.Only four registers. R12, RI 3. R 14. and R 15 may bc used as base registers for instructions having she
Base Rclmivc address mode.

c.R15 is dsc implici! stack pointer for tJIcPush and Pop Muhiplc insmrctions (Opcodc 8F1,Sand 9F16).

d.The general registers arc not in rhc logical memory address space.

.

e.lnslmc[iotls haringtic nascl?clativc oddrmsing mndchavc asinglc mcum\!lator. ‘fhcregistcr pair(RO,
Rl)istilc uccumul:!(tjr fordot!blc prmisi[Jn lndfl[!a[ing point opcro[io!]s RcgistcrlUisthc
accumulator for single precision operations. cxccpI multiply and di~idc bw relative also use R3.
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Bit 10:

Bit 11:

Bit 12:

Bit 13:

Bit 14-15:

(

MIL-STD- 1750A( USAF)
Notice 1
21 my 1982

Privileged Instruction Fault. An attempt has been made to
execute a privileged instruction with PS+O.

Address State Fault. An attempt has been ❑ade to establish an
AS value for an unimplemented page register set.

Reserved.

Built-in Test Fault. Hardware built-in test equipment (BITE)
error has been detected.

Spare BITE. These bits are for use by the designer for future
defining (coding, etc. ) the BITE error which is detected. This

can be used with Bit 13 to give a more complete error
description.

4.4.2.4 In terruDt mask (MK). The interrupt mask register is software
controlled and contains a mask bit for each of the system interrupts. The
interrupt system is defined in paragraph 4.6.

4.4.2.5 Yendina i nterrunt reuister (PD. The pending interrupt request
register’is software and hardware controlled and contains the pending
interrupts that are attempting to vector the instruction counter. A pending
interrupt is set by a system interrupt signal. The pending interrupt bit that
generates the interrupt request is cleared by hardware action during the
interrupt processing prior to initiating software at the address defined by the
new XC value. The register may be set, cleared, and read by the 1/0
instructions.

4.4.2.6 @out/ouout Interruut code reuisters ( 101 C)(OD tionall. The input/
output interrupt code registers, if implemented, are used to indicate which
channel generated the input foutput interrupt. One register is assigned for
each of the two input/output interrupts. 2ach register is set by hardware to
reflect the address of the highest priority channel requesting that level of
interrupt. The address shall be 0016 for channel number 0,0F,6 for channel
number 15, 7F16 for channel number 127, etc. The IOICS shall not be altered
once the interrupt sequence has commenced until they are read by an 1/0
instruction.

0

I 6.4.2.7
optional

USB LSB

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

I Spare
I

Channel Code
I

-------------------- --------------------- ----------
0 78 15

Paue reui sters (ontiona~.
expanded memory addressing.

Up to 512 sixteen bit registers for

13
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4.4.2.8 Me or~ outionall. The ❑emery fault
status register provides the page register selection designator’a associated

I
with memory faults. The page register designators (below) captured by the MFSR
are valid for the memory reference causing the fault. The faults setting bits
O, 1, 2, or 8 of the Fault Register (PT) shall cause MFSR to be set.

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

ILPAI RESERVED lIOIAS I

-------------------------------
0 34 10 11 12 15

LPA :

RESERVED:

10:

I AS:

Address of page register within the set.

Must not be used.

Instruction/operand page set selector (1 = instruction).

Address of selected group.

I

L 13a
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4.4.3 ~. ThcinstnrcIio nsctshal lsuppwr~s[ackmcchwrism. Thcopcralion oftics[acking mechanism shall
bc such llsx Usc “’lw-in. Iirsr-em”” concept is used for adding i[cms to rkscsuKk msd the Slack Poirsmr(5P) register
dwayscont:}ins ticmcmoV address w,l]cre ticlast i[cmiss[orcd onticsUck. ‘llrcstack pmvidcsfornesmd
snbrouiinc linkage using rcgis[cr 15. llscs!ac kshallals orcsidci nauscrdcfknc dmcmo~arca. ‘~woinsuuctions
sludl usc rcgis[cr number 15 (R 15) as the implied sywcm stack poinLcK Push Multiple rcgisacrs, PSH!4 (SCCpasjc
W), and Pop Nfulliplc rcgiswrs, POPM (SCCpage 77). The suck cspands lincariy m’ard zeroes items arc arkdcd 10
is.

Two insuuctions, Srack IC and Jump to Sobroutinc. SJS (SCCpage 68). and Unwack lC and Return frum Subroutine,
URS (SCCpsgc 69). allow IISC progr~mmcr to specify any of tic 16 geneml rcgistcm as the suck pointer. Ilrc memory
block immcdiis[cly prcccdiug the stack area nmy be pmiccwd (by USCTu~ng mcmOV pmtc~l RAM). *us pr~)yiding
a means of knowing (mcmm-y pmtcct interrupt) when tic stack limii is cxcccdcd. “Ilsc s&rck shall bc addressed by
the Srock IC and Jump to Submutinc. Unsuck IC and Rcium from Submurinc, Push Mul(iplc, and Pop tvlultip]c
insouctions.

4.4.4 Pmccswr iniliali~alion

4.4.4.1 Prnccssor reset stale. Table Vf defines chc prcer.sor rcsc[ stale:

TARLE VI. Yrcecssor reset state

Reoiste r/Device/Function Condition After Reset

Instruction Counter All zeros
Status Word All zeros
Fault Register All zeroa
Pending Interrupt Register All zeros
Interrupt Mask Register All zeros

General Registers indeterminate
Interrupts Disabled
Timers A & B Started and all zeros 1
Page Registers Group O en fbled 1
Page Registers AL Field All zeros
Page Registers W Field Zero 1
Page Registers E Field Zero }
Page Registers PPA field Exact logical to physical *
Memory Protect RAM .Disabled and all zeros 1 2

Start Up RDM Enabled ]
13MAEnable Disabled 1
Input Discretes Indeterminate 1
Trigger Go Indicator Started 1
Discrete Outputs All zeros 1

1 If implemented (optional)
2 Main Memory Globally Protected

4.4.4.2 J%wcr UD. Upon application of power. the processor shall enter tic mm state, the norrnrd pou’cr up
dwretc shall bc SCI(if brrplcmcn[cd). and c.scwion dsall begin.

4..$.5 Inlcrval limcrs [orjrionnl). Ifimplcmcn[cd. rhcn two inlcrval timers shall bc prrxidcd in the compwcr and
shall bc rcfcrrcd w as ‘I”imcr A and Timer il. Ikmlrtimers can bc Ioadcd. smppcd. stmcd. mrd rcod with Osc
commands dmcribcd in tic XIO paragr~ph (SCCpage 29). “Ihc Iwo rimcrs slulll bc 16-bit coumcrs which operate as

14
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I

follows . Effectively, a one is automatically added to the least significant
bit of the timer. Bit fifteen is the least significant bit and shall represent
the specified increment value of that timer, i.e. , either 10 or 100
microseconds. An interrupt request is generated when a timer increments frOUi
FFFF16 to 000016. After power up, if the timers are not loaded by software,
then an interrupt request is generated after 65,536 counts. A sample of the
16-bit counting sequence (shown in hex) is 0000, 0001, . . . . 7FFF, 8000, . . . .
FFFF, 0000, . . . . , At system reset or Power up, the timers are initialized in
accordance with paragraph 4. U. 4.1. The timers are halted when a breakpoint,
BPT (see page 138), instruction is executed and the cOnaole iS connected.

4.5.1 Memer~ addressing. The instruction set shall use 16-bit logical
addresses to provide for referencing of 65,536 worde. When the exPanded memory
option ( see paragraph 4.5.2) is not implemented, physical addresses shall equal
logical addresses.

4.5.1.1 Memorv addressinfz arithmetic. Arithmetic performed on memory logical
addresaes shall be modulo 65,536 such that references to the maximum logical
address of FFFF 16 plus 1 shall be to logical addresa 000016.

4.5.1.2 J4emo~ onstraints. There shall be no odd or even
memory address boundary constraints.

4.5.2 ~ ODtiOnal~. If used, then expanded memory
addressing shall be performed via a memory paging scheme as depicted in figure
1. There shall be a maximum of 512 page registers in the page file (not in
logical memory space) . These shall functionally be partitioned ikto 16 groups
with 2 sets per group and 16 page registers per set. Within a group, one eet
shall be designated for instruction references and the other set for operand
references. The page size shall be 4096 words such that one set of 16 page
registers ghall be capable of mapping 65,536 words defined by a 16-bit logical
address. The page group shall be selected by the 4-bit Address State ( AS)
field of the Status Word (SW) . The inetructionloperand aet within the group
shall be selected by the hardware that differentiates between instruction and
operand memory references. The 4 most significant bits of any 16-bit logical
address shall select the page register within that set. The 8-bit Physical
Page Address (PPA) within the page register shall be concatenated with the 12
least significant bits of the logical address to form a 20-bit physical
address, allowing addressing of 1,048,576 words of physical memory. If
expended memory addressing is implemented, then devices other than the CPU
which access memory may utilize either an unmapped 20-bit physical address or a
mapped 16-bit logical address. If the devices other than the CPU which access
memory utilize 16-bit addressing, a separate address state value must be
provided.

4.5.2.1 Grouu selection. During instruction and operand references to memory,
the address state ( AS) field of the statue word shall be used to designate the
page register group. During an interrupt recognition sequence, the operand set
of group zero shall be used for vector table and eervice pointer references to
memory; while the linkage pointer references to memory shall use the operand
set specified by the AS of the new status word. During ❑emery accesses by

15
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I

devices other than the CPU which utilize 16-bit logical addressing, the address
state value provided by the device shall be used to designate the page register
group . Device accesses shall utilize the operand get of the selected group.

4.5.2.2 p!. 2ach page register shall be 16 bits. The
figure below indicates the format for the page register words with the
following paragraphs describing the meaning of the access lock ( AL) field, the
execute protect (E) bit , the write protect (k) bit , reserved bits, and the
Physical Page Address (PPA) field.

----.-.----------- --------------------------- -----.------------------

I AL
lE/wl I

Reserved PPA
I-------------- -------------------------------------------------------

o 3 45 78 15

AL Field: The access lock and key feature is optional if expanded memory
addressing is implemented . If the access lock and key feature
is not implemented, then the AL field shall always be zero. If
it is implemented, than a 4-bit field (bita O through 3) of each
page register shall contain the access lock ( AL) code for the
associated page register, which shall be used with the access
key codes to determine access permission. If the access lock
and key feature is implemented, the access key code is normally
supplied by the PS field of the status word. However, during
memory accesses by devices other than a CPU which utilize 16-bit
logical addressing, the access code ❑ust be supplied by the
device.

For each of the possible 16 values of the AL code, access shall
be permitted for the reference according to table VII.
References supplying an unacceptable access key code shall not
modify any memory location or general registers and an access
fault” shall be generated. h ~ccess fauit
reference attempt shall set fault register
machine error interrupt. An access fault

resulting from a CPU
bit O to cause a

15a
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TABI. E VII.

E!!JQQl

o
1
2
3
4
5
6
7
8
9
A
B
c
o
E
F

Al. code m acccw kcv mamsing

Ac c~$ Kev Cod

o
0,1
0,2
0,3
0,4
0,5
0.6
0,7
0,8
0,9
O,A
O.B
O,c
O,D
O.E

0.1.2,3,4,5 .6.7,8,9, A, B, C,O, E,F

resulting from a D\iA auempt shall SCLfault register bit 1 co cause a machine error inmrupc.
Note rhal lhc access lock and kcy cocks defined in !Jscabove table have rhc following
charactcriscics:

a.An access I&k code of F16 is an “unlocked” lock code and allows any arrdall access
kcy codes 10bc acccpcablc.

b.An xc&s kcy code of O is a “’masler’” kcy code and is acccpcable to anY and all access
lock codes.

c.Access kcy codes 1 through E16are acceprablc co only their own ‘“matched” lock code
or the ““unlmkcd lock code of F16

d.An xccss kcy code of F16 is acceptable to only IISC“unlocked lock code of F16

E Bit: For instruction page register SC[Sonly. bit 4 shall bc defined as tie E bit and shall detcnssine tie
acccpLablc/unacccpcablc criteria for read rcfcrcnccs for insuwction fercbes. When Ii= 1, any
aucmptcd insuuction read refcrcncc designating chat associwcd page rcgi.wcr shall be terminated
and an CSCCULCprotect fault shall bc generated. An cxccutc pmtca fault shall SCLfault register bit
010 caust a machine error icrtCrrupL

w Bit: For operand p~gc regisicrs only. bit 4 shall bc dclincd as rlc W bi! ;nd shall dclcnnine the
acccpmblchnmcccptablc cri[cria fur write refcrcnccs. When W =1. any aucmptcd write rcfcrcnce
designating chat associmcd page register shall not modify any memory Iccation and a write prcmxt
fault shall bc gcncra[cd. A write protect fault rcsuhing from a CPU rvfercncc ammp[ shall set
fault register bit 010 cause a mnchinc error inwrrup[. A wri[c pm[cct fault resulting from a Ilh!A
refercncc aucmpt shall set fault rcgis[cr bit 1 so caust a machine error intcrsupL

Reserved Bi& fkits5 drmugh 7 of all of chc page rcgistcm shall be rcscrs’ed and shall always be O.

17
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PPA Field: An eight-bit field ( bits 8 through 15) of each page register
shall be dedicated to the physical page address which la used to
define the physical address as depicted in figure 1.

4.5.2.3 ~ addressin.q. A given
implementation of this standard may include a partial implementation of the
expanded addressing option. That partial implementation may use 2, 4, or 8
groups of page registers as follows:

~~ OuDa AS GrOUD Codes

2 0 and 1
0 through 3

: 0 through 7

Within any full or partial implementation, the lock feature may or may not be
included.

4.5.3 Uemorv gari.tv (ODtiOnal~. If used, then bit 2 in the fault register
shall be set to indicate a memory parity error.

4.5.4 ~. If used, shall be as described by the
input/output instructions. For operations which contain multiple memory
references, each store operation shall be as defined by the memory protection
for that specific memory address.

4.5.5 References to unimplemented memorv. Attempted accesa to physical
addresses which are not implemented shall generate an illegal address fault and
shall cause the referencing action to terminate. An illegal address fault
shall set fault register bit 8 to cause a ❑achine error interrupt.

4.5.6 Start UD ROM ( oDtional~. If used, the start Up read only memory ( ROM)
address range shall be contiguous atartlng from physical address O up to a
maximum of 65,536, as required by the system application. Uhen the start up
ROM is enabled, if an 1/0 or CPU store function ia exeouted whose address is
within the start up ROM, then the store is attempted into the main memory.

Uhen the start up ROM is enabled, if a read function (instruction or operand)
is executed from either 1/0 or the CPU whose address is to the atart up ROM,
then the read shall be from the start up ROM. When disabled, the start up ROM
cannot be accessed.

0.5.7 Ileserved ❑emery locations. Locations 2 through 1F16 are reserved.
Locations 2016 through 3F16 are used by the hardware and the stored program as
defined by table VIII.

4.6 Jnterruvt control

4.6.1 JnterruDts. The instruction set shall support a minimum of sixteen (16)
interrupts as shown in table VIII. An interrupt request ❑ay occur at any time;
however , the interrupt processing must wait until the current instruction is
completed. An exception to this is the Move Multiple Word which may be
interrupted after each single word transfer. The overall procedure for
acceptance of, responding to , and processing of an interrupt shall be as
illustrated by the flow chart of figure 2.

18

Downloaded from http://www.everyspec.com



141L-STD-1750A(USAF)
Notice 1
21 May 1982

4.6.1.1 lnterruDt acceptance. The interrupt system shall have the capability
to accept external and internal interrupts. Figure 2 indicates the
relationship between the interrupt signals, the pending interrupt register, the
interrupt maak register, the priority control logic, the software controllable/
accessible signals and the fundamental communications between the interrupt
system and the CPU.

4.6.1.2 1~1 . Software shall be able to input from or
output to the interrupt mask register as well as the pending interrupt
register. Also, software shall be able to disallow recognition of interrupts
via the “disable interrupts” signal (without inhibiting interrupt acceptance
into the pending interrupt register) and to allow recognition of interrupts via
the ‘enable interrupts” signal. The disabling shall not allow any interrupts
after the beginning of the disable Instruction
that cannot be disabled.

, except for those interrupts
The CPU’s interrupt service hardware shall continue

to “disable Interruptsn for one instruction after the Enable Interrupts
instruction has completed. Full descriptions of the interrupt instructions

I

18a
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arc given in dsc inpoUmKpul insuuclion rcpcrtoirc.

4.6.1.3 Jmcmus[ rrrioritv definitions. I_hc priori[y dcfirritions of the imcrrupss and their required rclo[ionship (o
shc imcrmp[ m.vk and in[C17SIp1poimcr addresses m illusmmcd in LIblc \rIll, [rr~cm!p[ Dcfmi[ions. ‘Ilrc power
down imcrrwpt shall inidalc the poxcr down scqucncc and cannel bc mnskcd or dk~blcd during nomml opcratiun
of rhc computer. Ihc cxccu[i~c call intcrrupL used with tic Branch w Fxccutiyc insmctiorr. BEX. (SCCpage 62) also
cannot bc masked or dinblcd. TIc machine error irrlcrrupt canm}L bc disabled but cws bc masked during normal
opcmcion of tic computer. All oticr imcrrupts cm bc disabled and mx,kcd. [f a flou(ing poin{ overflow/urrdcrflow
or fixed point overflow condition cccurs. Lhcn lkrc instruction generating IJM condition shall bc irr[crrcrptcdat irs
complcricm if the intcrmpl is unmaskcsl and enabled.

4.6.1.4 Imcmmt veclrrrinr!mcchmrism. The vcclorin~ mechanism shall bc as illuslrmcd on figure 3. For each
intcrrupc rhcrc shall bc OVOfixed mcmor’y Iocalions in d’rc “vector Llblc’”: (1) rhc first mcmorj lnc~(irm (1 .inkagc
Psrimcr) shall bc dctincd as the address of where [o s:orc she currcm (old) swtc d rhc cumpu[cr (i.e.. ‘“old intcrmp[
mask””, “ old smms word”. and “old insuuclion cmrmcr”): and (2) Ihc $xond rncmom hca!iun (Scmicc Poimcr) slmll
bc defined as rhc address of Ihc next (new) stale of the computer (i.e.. “’new intcrrupl mxk.”, ““rrcwswms word”’, and
“new insuuuion cnrmtcr”’). Returning from imcmrprs may bc accomplished by cxccming UrcLoad Sraus
(LST/LSTt) instruction wiIJrtbc value/address of rkscLinkage F?oimcr for an address field.

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

Interrupt 0-->1 Linkage j------>j Old Interrupt I \
I Pointer O I I Mask
,-_-_-:__, ,______~ ‘\

I Service 1--- I Old Statua [ \ Computer
I Pointer O I I I Word > status at
,--.--.------, , ,------------.-; / the time of

Interrupt 1-->1 Linkage [ I 1’ Old Instruc. I / interrupt
[ Pointer 1 [ [ I Counter I/

1------------1 I ------------------ 1
I Service ] }
I Pointer 1 ] I

I ------------1 I
.1 ------------- -----

---->1 Mew Interrupt I \ .

Interrupt 15->

i Mask it
------------ i ,-----.----------, \

Linkage I [ New Status \ Computer
Pointer 151 I Vord :, > statua to

------------ 1 I ---------------- I / start service
Service 1 I New Irrstruc. I / rout ine
Pointer 15[ I Counter l/

---------- ---- ------------- ----- f

FIGURE3. ~

4.7 J~L mrtrsu In conjunction wish the spare command codes. the 1/0 imcrrup[s. end rhc 1/0 in!crrrspr’code
~iwcmtic l/Oinstmclions pmvidca fmmcu,ork wi~inwhich ticusrmn implcmcnthk ~tcmintcrfac& ‘flsc
parsiculan of rJICsystcm imcrfaccs oursidc of dris fmmcwork (soch as dcdicatcd mcmmy locations, channel rcgis[cr
dctirricions, command ccdc assignmcnWdcfmirims% multiple channel prioritim page rcgiwcr XCcss CCC.)are not
included in rhis srzmdard.
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4.7.1 ~. The input instructions transfer data from an external 1/0 device
or an internal special register to a CPU general register. This command ia
used to read data from peripheral devices, timers, status word, fault regieter,
diacretes, interrupt mask, etc. h full description of the input instructions
is given in the Instruction repertoire.

4.7.2 9UtDUt. The output instructions transfer data from a CPU general
register to an external 1/0 device or special register. This command is used
to write data to peripheral devices, discretes, etart and stop timers, enable
and disable interrupts and DMA , aet and clear interrupt requests, masks and
pending interrupt bite, etc. A full description of the output instructions is
given in the instruction repertoire.

4.7.3 JnD ut/outDut commandq. Input/output commands are claaaified as
mandatory, optional, reserved, or spare. Uandatory 1/0 commands muet be
implemented ae defined. Optional 1/0 cmmands must be implemented as defined,
if implemented’. Reserved 1/0 commands must not be implemented. Spare 1/0
commanda ❑ay be implemented as required by the application. Attempted
execution of an unimplemented optional or apare 1/0 command or a reserved 1/0
command shall cause the illegal 1/0 command fault to be aet in the fault
register (FT5) cauaing a machine error interrupt. Input/output command words
shall be fully decoded. ‘TBDs” in inputloutput instruction descriptions refer
to parameters to be determined by the application System requirements. Within
these claaaifications, the use of the ccmmand ia defined in the instruction
description.

U.7. Q JnDut/fjutt)ut, c@Jlmand partitioning. The 1/0 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 each 1/0 interface. Table IX lists the
128 1/0 channel groups. The attempted execution of an unimplemented 1/0
Command shall cause bit 5 of the fault register to be set, generate a ❑achine
error interrupt, and abort to completion.

6.7.5 J~ ODtiOnal~. Input/output level 1 and level 2
interrupts are available to tbe ueer. Either interrupt level or both may be
implemented for an interface as defined by the particular application
specification. The interrupts shall be used in conjunction with the

input loutput interrupt code registers tD provide 1/0 channel to process

communications. Two levels of interrupts allow easy differentiation of normal

reporting from error reporting.

4.7.6 D~ or cati ns. If dedicated memory locations are used
to communicate information to andlor from an 1/0 channel, these locations shall
be consecutive memory locations starting at an implementation defined location.
Locations 4016 through 4F16 are optional for 1/0 usage.

2.2

I
1 -.–.—— 1
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U.8 .~nstructions

I

1 -..

4.8. I ~~ - Attempted execution of an instruction whose first
16 bits are not defined by this standard shall cause the invalid instruction
bit in the fault register (FT9) to be set, generating a machine error
interrupt. The Built-In-Function is an exception; implemented Built-In-
Functions do not cause FTg to be set or the machine error interrupt to be
generated. All undefined bit patterns in the first 16 bits of an instruction
are reserved.

4.8.2 Mnemonic conventions. Each instruction has an associated mnemonic
convention. In general, the operation is one or two letters, e.g. , L for Load,
A for add, ST for ~ore.

Floating point operations have a prefix of F,’ e.g., FL for Cleating Load, FA
for ~loating gold.

Double precision operation have a prefix of D, e.g. ; DL for Qouble load, DA
for double gdd.

Extended precision floating point operations have a prefix of EF, e.g. , EFA for
~xtended precision gloating point add.

Register-to-register operations have a suffix of R, e.g. , AR for single
precieion add Cegister-to-resister, FAR for Zloating add Eegister-to-resister.

Indirect memory reference is indicated by a suffix I, e.g. , LI fOr ~Oad
&ndirect.

Immediate addressing, using the address field as an operand, is indicated by a
suffix IM, e.g. , AIM for single

1.

I

I
Is

I,.

22a
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EO Floating point
characteristic

8-bit 2’s complement
(exponent) : D024-31

I nil Floating point register accumulator

(RA, RA+I)o-23 (Ft. P.), (RA, RA+I)o-23 (RA+2)32-u7 (E. F. P.)

MIL-STD-1750A(USAF)
Notice 1
21 Flay 1982

Derived Operand

❑antissa (fractional part):

EA Floating point tl-bit 2’s complement register accumulator
characteristic (exponent): (RA, RA+l)2~-31

RQ, MP, MQ, RR Entities used for register level transfer description
..

clarification. These registers are not part of the general
register file. Q = quotient, P . product, R = remainder.

.
J4iscellaneous

(x)

(x,x+ 1)

[xl

[x,x+ 11

OVM

Exit

DA

Do

N, M, n

DSPL

Xn

xi

.

Contents of Register X

Contents of concatenated Registers X and X + 1

Contents of ❑emery address X

Contents of sequential memory locations X and X + 1

Mantissa (fractional part) overflow

Indicates termination of present register transfer operation
(except the setting of the CS bits)

Derived Address

Derived Operand

An integer number

Displacement

If X is a CPU register or a data quantity (see above), then n
specifies a bit position in X. If X is not a CPU register or a
data quantity, then the number X is to the base of n. If x iS a
number and n=16, then X is a 2’s complement hexadecimal number.

If X is a CPU register or a memory address, than i specifie= the
state of X. This notation is used in the register transfer
descriptions to refer to the contents of a CPU register or a
memory address at different times (states) of the execution of
the instruction. If X i9 not a CPU register or a memory
address, then the number X 1s raised to the ith power.
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21 Hay 1982

SYE@@il

c --

<--)

x

I ><

Unilateral transfer designator

Bilateral transfer designator

Canparison Designator

Indicates a “don’t care” bit when used in a binary number

Greater than

Less than

Equals

Greater than or equal

Less than or WWil

Logical AND

Logical OR

Sxclusive OR

Logical NOT

&bsolute value

. .. ..
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5 DETAILED REQUIREMENTS

5.1 ~xecute inDUt/OUtDUt .

.ADDR MODE MNEF$JNIc FORMAT/OPCODE

8 44 16

IM XIO RA, CMD -------------------- ------------------

IMP XIO RA, CMD,RX 148 ]R*IRx II CMD I
-------------------- ------------------

~ : The inputloutput instruction transfers data between an
externallinternal device and the register RA. The Derived
Operand, DO, swcifies the operation to be performed or the
device to be addressed. The immediate operand field may be
viewed as an operation code extension field. Note that if
indexing is specified, then the input loutput operation or device
address is formed by summing the contents of the register RX and
the immediate field. This is a privileged instruction.

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

v xIO Command Fields and UnemonicsUandator

2000 S14K

2001 CLIR

2002 ENBL

2003 DSBL

2004 RPI

Set Interrupt Flask: 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
‘O” prevents the interrupt from occurring except f’or those
interrupts that are defined such that they cannot be masked.

Clear Interrupt Request: All interrupts are cleared ( i.e. , the
pending interrupt register is cleared to all zeros) and the
contents of the fault register are reset to zero.

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

Disable Interrupts: The command disables all interrupts ( except
those thst are defined such that they cannot be disabled) at the
beginning of the execution of the DSBL instruction.

Reset Pending Interrupt: The individual Interrupt bit to be
reset shall be designated in register RA as a right justified
four bit code. (016 represents interrupt number O,F,6 represents
interrupt number 15) . If interrupt 116 is to be cleared, then
the contents of the fault register shall also be set to zero.

I 29 XIO
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I
2005 SPI

200E WSW

AOOO RMK

AO04 RPIR

AOOE RSW

AOOF RCFR

DDtional XIO

I Oxxx Po

2008 OD

200A RNS

4000 co

4001 CLC

4003 MPEN

4004 ESUR

4005 DSUR

XIO

Set Pending Interrupt Register: This command ORS the 16-bit
contents of RA with the pending interrupt register. If there is
a one in the corresponding bit position of the interrupt ❑ask
( same bit set in both the PI and the MR) , and the interrupts are
enabled, then an interrupt shall occur after execution of the
next instruction. If P15 iS Set to 1, then N is assumed to be O
(see paragraph 5.30).

Urite Status Word: This command transfere the contents of RA to
the status word.

Read Interrupt Mask: The current interrupt maak ia tranafered
into register RA. The interrupt mask is not altered.

Read Pending Interrupt Register: This oommand transfera the
contents of the pending interrupt register into RA. The pending
interrupt register is not altered.

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

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

Command Fields and Mnemonics

Programmed Output: Thie command outputs 16 bits of data from RA
to a programmed 1/0 port. Y may be from O through 3.

Output Discretes: This command outputs the 16-bit contents of
the register RA to the discrete output buffer. A “ 1” indicates
an ‘Onw condition and a ‘On indicates an Woffn condition.

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

Console Output: The 16-bit contente ( 2 bytes) of regieter RA are
output to the console. The eight most significant bits (byte)
are sent first. If no coneole is present, then this command ie
treated aa a NOP (see page 137) .

Clear Console: Tbi9 command clears the console interface.

Memory Protect Enable: This command allows the memory protect
RAM to control memory protection.

Enable Start Up ROM: This command enablee the start up ROM
(i. e., the ROM overlays main memory) .

Disable Start Up ROM: This command disables the start up ROM.

30
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4006 DUAE

4007 DMAD

4008 TAS

4009 TAH

400A OTA

400B GO

UOOC TBS

UOOD TBH

400E OTB

50XX LMP

51XY WIPR

52XY UOPR

MIL-STD-1750A( USAF)
Notice 1
21 May 1982

Direct Memory Access Enable: This command enables direct memory
access ( DMA) .

Direct Memory Access Disable: This coumand disables DUA.

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

Timer A, Halt: This command halts timer A at ite current state.

Output Timer A: The contents of register RA are loaded (i.e. ,
jam transfered) into timer A and the timer automatically starts
operation by incrementing from the loaded timer in steps of ten
microseconds. Bit fifteen is the least significant bit and shall
represent ten ❑icroseconds.

Trigger 00 Indicator: This command restarts a counter which is
connected to a discrete output. The period of time from restart
to time-out shall be determined by the system requirements. When
the Co timer is started, the discrete output shall go high and
remain high for TBD milliseconds, at which time the output shall
go low unless another Go is executed. The Co discrete output
signal may be used as a software fault indicator,

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

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

Output Timer B: The contents of register RA are loaded (i.e. ,
jam transferee) into timer B and the timer automatically starts
operation by incrementing from the loaded timer in steps of one
hundred microseconds. Bit fifteen is the least significant bit
and shall represent one hundred microseconds.

Load Memory Protect RAM (5000 + RAM address) : This command
outputs the 16-bit contente of register RA to the memory protect
RAM. A ‘In in a bit provides write protection and a “O” in a bit
permits writing the the corresponding 1024 word physical memory
block. The RAM word MSB (bit O) represents the 10WeSt number
block and the RAM word LSB (bit 15) represents the highest block
(i. e., bit O represents locatione O through 1023 and bit 15
represents locations 15360 through 16383 for word zero) . Sach
word represents consecutive 16K blocks of physical memory. The
RAM words of O through 63 apply to processor write protect and
words 64 through 127 apply to DMA write Protect.

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

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

31 XIO
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I 8YXX PI

AOO1 RIC1

AO02 RIC2

AO08 RDOR

AO09 RDI

AOOB TPIO

AOOD RMPS

COOO CI

COO1 RCS

COOA ITA

COOE ITB

Programmed Input: This command inputs 16 bits of data into RA
from the programmed 1/0 port. Y may be from O through 3.

Read Input/Output Interrupt Code, Level 1: Thig command inputs
the contents of the level 1 IOIC 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 IOIC register into register RA. The
channel number is right justified.

Read Discrete Output 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 ‘O” indicates an ‘off” condition.

Test Programmed Output: This command inputs the 16-bit contents
of the programmed output buffer into register RA. This command
may be used to test the PIO channel by means of a wrap around
test.

Read Memory Fault Status: This command transfera the 16-bit
contents of the memory fault statue register to RA. The fields
within the memory fault status register ghall delineate memory
related fault types and shall provide the page register
designators associated with the designated fault.

Console Input: This command inputs the 16-bit.s (2 bytes) from
the console into register RA. The eight most significant bits of
RA shall represent the first byte.

Read Console Status: This command inputs the console interface
status into register RA. The status is right justified.

Input Timer A: This command inputs the 16-bit contents of, timer
A into regigter 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 least significant bit and
repreaenta a time increment of one hundred ❑icroseconds.

Ho 32
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DOXX RMP Read Memory Protect RAM (DOCJII+ RAM Address) : This command
inputs the appropriate ❑emery protect word into register RA. A
WI,, in a bit provides write protection and a “On In a bit PeI’fnit S

writing to the corresponding 1024 word physical memory block.
The RAM words MSB ( bit O) represents the lowest number block and
the RAM word LSB (bit 15) represents the highest block ( i.e. , bit
O represents locations O through 1023 and bit 15 represents
locations 15360 through 16383 for word zero) . Each word
represents consecutive 16K blocks of physical memory. The RAM
words of o through 63 apply to processor write protect and wnrds
64 through 127 apply to DMA write protect.

DIXY RIPR Read Instruction Page Register: This command transfers the
16-bit contents of the page register Y of the instruction set of
group X to register RA.

D2XY ROPR Read Operand Page Register: This coutnand transfers the 16-bit
contents of page register Y of the operand set of group X to
register RA.

●#m* S*** User defined xIO functions ( see table IX) .

RJJQ ESCRI : Varies depending on the command field.

R~Q : Varies depending on the command field.

I ‘

32a XIO
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5.2 JJectored il’lDUt/OUtDUt .

~ m KNENDNIC FORMAT/OPCODE

8 U4 16

D VIO RA,ADDR -------------------- -------------------

DX VIO RA,ADDR,RX I 49 IRA I RX 1 I ADDR I---------------------------------------
~ : The vectored input/output instruction performs the 1/0 operation

as specified by the input/output vector table starting at the
derived address, DA, as shown below:

.---------------,

DA 1 cm ~
, i, ---------------,

DA+1 I Vector Select I

,--------------+

DA+2 ~ Data :}

I,-------------4’
,

. ..1 . . .
, ,

one data word for each
bit set in the vector
select

The input/output operation or device address 19 .$pecified by the

sum of the C14Dand the product of the bit number of the bit set

in the vector select times the contents of RA. This device
address is then interpreted as specified by the XIO instruction
(see paragraph 5.1 ) with the exception that 1/0 data is
transfered to or from DA + 2 +i rather than RA (where i starts at

zero and is incremented after each transfer). This is a

privileged instruction. If an illegal XIO command is encountered
as part of a VIO chain, the following actions occur:

a. The illegal 1/0 command bit of the fault register (FT5) is
set to a one.

b. The VIO chain is terminated, and the illegal XIO is treated
as a NOP. This termination shall not affect execution of
preceding XIO commands which are part of the VIO chain being
executed.

I
i

33 VIO
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JfMISTER TRANSFER DEsc~:

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

Step 2. if [DA+l]n=l, then 1/0 command = [DA] + n x (RA) ;

Step 3. FT5 <-- 1, eXit , if XIO = illegal command;

Step 4. if [DA+ I]n,l, then 1/0 data . [DA + 2 + i];

Step 5. if [DA+ Iln=l, then i <-- i+l;

Step 6. n <-- n + 1, exit, if n = 16;

Step 7. go to step 2;

if EGISTER S AFFECTSD: None

ssa

...

. .

.1

VIO
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5.3 ~.

AOOR MODE MNEMONIC FORMAT/OPCODE

8 44
--------------------

R SBR N,RB I 51 INIRBI
--------------------

8 44
0

16
SB N, ADDR -------------------- ------------------

ox SB N ,AOOR, RX I 50 IN IRX II AODR I
-------------------- ------------------

8 44 16
-------------------- ------------------

1 SB 1 N, ADDR I 52 IN IRX II I
Ix

AODR
SB I N ,ADDR ,RX -------------------- --_---------------

JXSCRIPTION: Ri[ number N uf tic Ocrivcd Operand, DC), is sc( to one. The MSB is designated bii number zero

and IJC LSB is dmignalcd bit number Iillccn.

REGISTER TRANSFER DESCRIPTION:

DOK <-- 1:

Jlf GISTERS AFFECTED: RB

Sf!R.Sll.Sill 34
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I

S.29 Ilmnch iflcss than (~cm).

fL!2QE!!lQQE ~ FORMAT /OPCOOE

8 8
.----__.-_---------

lCR BLT LABEL I 76 10 I -128 ~ O ~ 127
-------------------

P~scRIF-n ON: A pmgrarn branch is made to I.ADEI.. i.e.. the Derived Address. I>A, if tic condition SMus, CS.
indicms dsa~rhc previous rcsuh which w WCS is ICSSdw (r.cro). Oticrwisc. tic ncxc
sequential instruction is executed.

REGISTER TRANSFER DESCRIPTION:

(IC) <-- DA if (CS) = xOO1:

BEGISTERS AFFECTEO: IC (if the jump is executed)

. .

.

I

61 MT

—
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I

1 5.30 Branch to executive.

1
AQQE.EQU liNEMONIC FORMAT/OPCODE

8 Qu

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

s BEX N I 77 1000OIN I
--------------------

DESCRIPTION : This instruction provides a means to jump to a routine in another
addreas state, AS. It is typically used to ❑ake controlled,
protected calls to an executive. The 4-bit literal N selects one
of 16 executive entry points to be used. Execution of this
instruction causes an interrupt to occur using the EXEC call
interrupt vector (interrupt 5). The new IC ig loaded from the
(N+l )th location following the SW in address state zero. The
linksge pointer ( LP) , service pointer ( SVP) , and the new
processor state (new MI(, new SW, and new IC) are fetched from
address state zero. The current processor state ( old MK, old SU,
and old IC) are stored in the address state specified by the new

I SU AS field. Interrupts are disabled when BEX is executed. The

I

EXEC call interrupt cannot be masked or disabled. Arguments
associated with the BEX instruction are passed by software
convention. The processor lock and key function is ignored when
this instruction is executed. An attempt to branch into an
execute protected area of memory shall result in FTO being set to
1.

I!EWZER IRANSFER DEscRm2.Qti:

(RQ, RQ+l, RQ+2) <-- (me, su, IC);

I (sVP) <-- [2 B161, where AS = O;

I (UK, SW, Ic) c-- [(SVP), (SW)+l, (W)+2+N)I, where As = 0;

(LP) <-- [2A16], where AS = O;

[(LP) , (LP)+l , (LP)+21 <-- (RQ, RQ+l , RQ+2) , where As = SW12-15;

REGISTERs~ : MS, SW, IC, PI

I BEx 62
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S.56 lncrcmcn[ nlcmon hv a nosi~ivc irrtcccr.

AE)ErR MOOE H&MQIUC FORMAT/OPCOOE

8 44 16
0 INCM N, AOOR -------------------- ------------------

ox INCM N, AOOR. RX I 43 IN-1 ( RX [ I AOOR I
-------------------- -----_----_-------

LX3CR IPTIC)N: Tlrc con[crrls of shc memory hrcadon spccificd by tic Derived Address, DA, is incrcmcntcd by N,
where N is an imcgcr, 1< N <16. This instruction adds a positirc cons(anl to mcmmy. TIIc
condition SKNUS.CS. is KC based on the rcwhs of tlrc addition and carry. A fixed poin~ 0VU!70W
occurs if the operand in memory is positive and rhe rcsulI is ntgativc. T71cmemory Iocatinn
spccilicd is updalcd 10 conLlin tic result of rhc addition process ci,cn if a fixed point overflow
aixurz.

~U TRANSFER DESCRIPTION:

[OA]2 <-- [DA]l + N, where 1< N g 16:

P14 <-- 1, if [DA]Z < 0 < [DA1l:

(CS) <-- 0010 if carry = O and [OA] = O:
(CS) <-- 0001 if carry = O and [OA] < 0;
(CS) <-- 0100 if carry = O and [OA] > 0:
(CS) <-- 1010 if carry = 1 and [OA] = O:
(Cs) <-- 1001 if carry = 1 and [OA] < O;
(CS) <-- 1100 if carry = 1 and [OA] > O;

REGISTERS AFFECTEQ: CS, PI

91 INCM
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5.57 SinKle Drecision absolute value of reRister.

QD!i MQE

R

DESCRIPTION :

.W!?:

MNEMONIC FORMAT/OPCODE

8

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

ABS RA, RB I AU l~Al~Bl
--------------------

If the sign bit of the Derived Operand, DO (i.e. , the s%n bit Of
register RB) , is a one , its negative or 2’s complement is stored
into register RA. However, if the sign bit of DO is a zero, it
is stored, unchanged, into RA. The condition status, CS, is set
based on the result in register RA.

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 causes fixed point
overflow to occur.

JELBIEE TRANSFER DESCRIPTION :

I (M)<--IDOI;

P14 (-- 1, exit, if DO = 800016;

(Cs) <-- 0001 if (RA) . 800016;

(Cs) <-- 0010 if (RA) = O;

(Cs) <-- 0100 if (RA) > o;

REGISTERS AFFECTED: RA, CS , PI

ABS 92
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.

. .

5.58 Double cmecision absolute value of reuister.

ARM E?2QE MNEMONIC FORMAT/OPCODE

8 44

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

R DABS RA, RB I ‘5 I+d--------------------

~: If the sign bit of the double precision Derived Operand, DO
(i. e., the sign bit of register (RB, RB+l ) ) , iS a one, itS

negative or 2 *s complement is stored into register RA and RA+l ,
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 SA+l. The condition status, CS, is set based on the result
in register RA and RA+l .

5A may equal RB.

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

BKiZSEE X+ANSFER DESCRIPTION :

(RA, RA+l) <-- IDOI ;

P14 <-- 1, exit, if DO . 8000 000016;

(Cs) <-- 0001 if (RA, RA+l) = 8000 000016;

(Cs) <-- 0010 if (RA, RA+l) = o;
(u) <-- 0100 if (RA, RA+l) > o;

..

I

BEIH TERSs AFFECW : RA, RA+l, CS, PI

93 DABS
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5.59 jlouhlc recision in!ccer add.

ADDR MODE MNEMONIC FORMAT/OPCODE

a 44
--------------------

R OAR RA . RB I A7 IRA IRESI
--------------------

8 44 16
D DA RA , ADDR -------------------- ------------------

Dx DA RA, ADDR, RX I A6 IRAIRXII ADDR I
-------------------- ------------------

13!+SCRIFIION: lhc double prckision Ikrivcd Opcrmrd (1)0) is oddcd [o LISCcon[cnv. of registers RA and RA + 1.
“IIIc rcsuh (o ?s complcmcrr[ V-bit sum) is m’cd in registers RA md RA + J. ‘I1lc ~~s~l is in’
RA. Ilc condilion sratus (CS) is SC( b,?scd on UrC double precision results in RA and RA + 1, and
carry. A frxcd point ovcrtlow nccurs if brxh operands arc of rJrc same sign and fhc sum is of
oppo5itc sign.

REGISTER TRANSFER DESCRIPTION:

(RA, RA+1)2 <-- (RA, RA+I)’ + DO;

I . DO. and (RAo)l * (RAo)2P14 <-- 1, if (RAO)

(CS) <-- 0010 if carry = O and (RA, RA+l) = O:
(Cs) <-- 0001 if carry = O and (RA. RA+l) < 0:
(CS) <-- 0100 if carry = O and (RA, RA+l) > 0:
(CS) <-- 1010 if carry = 1 and (RA, RA+l) = O:
(CS) <-- 1001 if carry = 1 and (RA. RA+l) C O:

(CS) <-- 1100 if carry = 1 and (RA, RA+l) > 0:

~ AFFECTED: RA, RA+l, CS, PI

llAR,DA 94
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5.60 Hoa!irw sroin[ add.

AQQ!!!!Q!2E MNEMONIC FORMAT /OPCOOE

R FAR

B FAB

BX FABX

D FA
ox FA

8 44
--------------------

RA , RB I A9 [RA[R61
--------------------

422 8
---------------------- 12~BR~15

BR. OSPL I 2 10 IBR’I OSPL I BR’ = BR - 12
---------------------- RA = RO

42244
---------.----------_-- 12 fBR~15

BR. RX 141016R’181RXI BR’ = BR - 12
--------- .------------- RA = RO

8 44 16
RA , AOOR -------------------- -------- ----------

RA, ADOR, RX 1 AB IRA IRX II AOOR I
------------- ------- --------- .--------

JlF3CRIPT10FJ: ‘fhc floating point Ocrived Opcrarrd. 00, is floating point added [o Usccontents of registers RA
and RA+ 1. The rcmlt is srored in registers RA and RA + 1. The process of this opcralion is as
follows: tic mantissa of Urc number with Ihe smalicr algebraic cxponcnc is shifted right and Use

exponcru incrcmcntcd by onc for each bit shif[cd until tic cxpmcnrs arc equal. Il_ic mantissas
are Urcn mldcd. If tic sum overflows Usc 24-bil manka. then drc sum is shifted right onc
position, rhc sign bii restored. and rhe exponcm irrcrcmcn[cd by one. If tic exponent cxcccds
7F16 as a r&ult of this incrcmcntation. overflow occurs and the operation is terminated. If the

sum does not rcsuh in cxponcm overflow, Orc rcsuh is normalized. Jf in chc normalization process
the exponent is dccrementcd below 8016, Orcn underflow asurs and a zero is inserted for the
rcsulL

FAR, FAII.I:AIIX,FA
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MCI TER YRs ANSFE R W&WZXQN:

I
N= EA-EO;

2A <-- EO, if MA . O;

MO <-- MO Shi~ted Right Arithmetic n positions, if n > 0 and MA t O;

UA <-- MA Shifted Right Arithmetic -n positions, EA <-- EO, if n < 0 and
MO i O;

MA <-- MA + Mo;

nA <-- MA Shifted
ifov?4.1

Right Arithmetic 1 position, Ml@ (-- =() , EA<-- EA+ 1,

PI~ <-- 1, EA <-- 7F16, UA <-- 7FFF FF16, exit, if EA > 7F16 and MAo . O;

P13 <-- 1, EA <-- 7F16, FM <-- 8000 0016, exit, if EA > 7F16 and ~0 = 1;

2A, t4A <-- normalized 2A, UA;

P16 <-- 1, EA <-- 0, MA <-- 0, if 2A <.8016;

(C.s) <-- 0010 if (RA, RA+l) = O;
(Cs) <-- 0001 if (RA, RA+l) < O;
(C-S) <-- 0100 if (RA, RA+l) > O;

JWGI TERS As FFECTED: RA, RA+l, CS, PI

FAR, FAB, FABX , FA 96
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.,

5.61 Ex tended Drecision floatinu ooint add

AQQEMQRE

R

D
DX

JEwuemN:

MNEMONIC FORUAT/ OPCODE

8 Uti

EFAR RA , RB -.----------------.-

I AB IRA IRBI
--------------------

8 44 16

EFA RA, ADDR -------------------- -------------------

SPA RA,ADDR ,RX
IAA Iwdl ‘DDR I-------------------- -------------------

The extended precision floating point Derived Operand, DO, is
extended floating point added to the contents of register
RA, RA+l , and RA+2. The result is stored in register RA ,RA+l , and
RA+2 . The process of this operation is as follows: the mantissa
of the number with the smaller algebraic exponent is shifted
right and the exponent ia incremented by one for each bit
shifted. Uhen the exponents are equal, the mantissas are added.

If the sum overflows the 39-bit mantissa, then the sum iS shifted
right one position, the sign bit restored, and the exponent is
incremented by one. If the exponent exceeds 7F16 as a result Of
this incrementation, overflow occurs and the operation is
terminated. If the sum does not result in exponent overflow, the
result is normalized. If in the normalization process the
exponent is decremented below 8016, then underflOw occurs and a
zero is inserted for the result.

I

97 EFAR, EFA
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-REGISTER m ANSFER DESCRIPTI ON:
n. EA-EO;

2A <-- EO, if MA = O;

MO <-- MO Shifted Right

MA <-- MA Shifted Right
Mo i 0;

MA <-- MA + MO:

MA <-- MA Shifted Right
if OVM=l;

P13 <-- 1, EA <-- 7F16,

P13 <-- 1, 2A <-- 7F16,

Arithmetic n positions, if n > 0 and HA t O;

Arithmetic -n positions, EA <-- EO, if n < 0 and

Arithmetic 1 position, MAo, <-- ~o, EA <-- EA+l ,

m <--

KS <--

2A, MA <-- normalized 2A, MA;

PI(j <-- 1, 2A <-- 0, MA <-- 0,

7FFF FF FFFF16, exit, if EA > 7F16 and MAo = O;

8000 00 000016, exit, if EA > 7F16 and MAo = 1 ;

if EA < 8016;

(a) <-- 0010 if (RA, RA+l, RA+2) = O;
(Cs) <-- 0001 if (RA, RA+l, RA+2) < o;
(cS,) <-- 0100 if (RA, RA+l , RA+2) > o;

lEGISTERS AFFECTED: RA, RA+l , RA+2, IX, PI

~

EFAR, EFA 97a
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MI L-STD-1750A (USAF)
2 July 1980

5.62 Finadnc PoinI nhwlutc v.aluc of rcqis[ cr.

ADDR MODE 14NEMONIC FORMAT /OPCODE

8 44
---.--------.-------

R FABS RA, RB I AC IRA IRBI
-.------------------

J3FSCRI PTION: If the sign bit of rhc man[issa of rhc E)crivcd Operand, D(I (i,c.. tic conlcnLs of rcgis[crs RB md

I{B+ 1). is a one. its floating poinl ncga[ivc is smrcd in rcgislcrs R,l and RA + 1. “Ihc ncga[ivc of
W is computed by wking chc 2s complcmcn[ of tic mantissa and leaving dm cxponcm
unch.mgcd. Exccp!ions [o {his arc negative powers ofwvo: -1.0 x 2°. -].0 x 2]. . ‘Ihc absolu(c
value of UICSCarc: 0.5 x 21.0.5 x 22, ..... in orhcr words. tic 1)0 man[ism is shi Rcd logically right

onc position and rhc cxponcn[ incrcmcn[cd. A floating point overflow shall occur if 1)0 is rhc

smnllcsI negative nu!nbcr, -1.0 ~ 2]27. If tic sign 12i{ of 1)0 is a T.cro. it is smr’cd unchtingcd in~o
RA and RA + 1. “Ilc conditinn SL~IUS. CS, is SCI based on rhc rcsuh in rcgiswr RA and I(A + 1.

~: RA M8y equal RB.
. .

DO is assumed [o bc a norrrdizcd number or Ilming point zero.

REGISTER TRAtASFEit DESCRIPTION:

EA <-- EA+l. MA <-- 4000 0016. if MO = 8000 0016:

P13 (-- 1. EA C-- 7F1F,, MA <-- 7FFF FF16, exit, if EA > 7F}6;

EA <-- EO, MA <-- -MO, if MO < 0, MO # 8000 0016:

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

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

REGISTERS AFFECTEO: RA, RA+l, CS, PI

FADS 98

Downloaded from http://www.everyspec.com



MI L- STD-1750A (USAF)

2 July 1980

5.64 l>ccrc[ncll( mcmonhv aoositi~cinlcecr.

ADDR MODL MNEMONIC FORMAT /OPCODE

8 44 16
D OECM N. AOOR -.------------------ -_.---------------

Ox OECM N. AODR, RX I B3 [N-1 I RX I I ADDR I
-------------------- ------_--_--------

f)F-SCRIP’flON: Tlc COnlCnL$ of we memory location spctificd by the I)crivcd Address. f)A. ~rc dccrcmcn(cd by
N, where h’ is an imc.gcr, 1 g h’ <16. lhis is IJIC cquiualcnt ofa “stlhtracufrom. mc!llory
instruction’”. The condi (ion scams. CS. is set boscd on rhc rcsulu nfdrc submctiun and cony. A

fixed poiol olcrflow occurs ifrhc opcrmrd in memory is negative and Usc rcsul( is posicivc. lhc
mcmocy location spccificd is upda[cd 10 con[ain tic rcsul( of bc subtraction process even if a
fucd point overflow occurs.

REGISTER TRANSFER DESCRIPTION:

[OA]2 <-- [OA]l - N. where 1 f N < 16:

PI, <-- 1, if [DAO]l < 0 < [DAOJZ:

(Cs) <-- 0010 if carry = O and [DA] = O:
(Cs) <-- 0001 if carry ❑ O and [DA] < 0:
(Cs) <-- 0100 if carry = O and [OA] > 0:
(Cs) <-- 1010 if carry = 1 and [OA] = O:

(Cs) <-- 1001 if carry = 1 and [DA] < O;
(CS) <-- 1100 if carry = 1 and [DA] > O;

REGISTERS AFFECTED: CS, PI

101 Ixc!bi

Downloaded from http://www.everyspec.com



MIL-STD-175oA ( USAF)
Notice 1
21 May 1982

5.65 Single Dreci.sion neuate renister.

LQDEM2L!E

R

DESCRIP~:

MEMONI c FORMAT/OP~

8 44

NEG RA, RB --------------------

I B4 IRA IRBI
: -------------------

The negative (i. e., the 2’s complement) of the Derived Operand, DO
(i. e., the contents of register RB) , is stored into register RA.
The condition status, CS, is get based on the result in register
RA.

The negative of zero is zero.

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

MGISTER IIMbSUR DESCRIpTLQK:

I (RA) <-- -DO;

P14 <-- 1, exit, if DO = 800016;

( Cs) <-- 0010 if (RA) = o;
(cS. ) <-- 0001 if (RA) < o;
(Cs) <-- 0100 if (RA) > o;

~ AFFECTED: RA, CS , PI

NEG 102
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21 t4aY 1982

,.,

5.66 Double precision negate reuister.

AI1.DKM.QL2E mEMONIC FORMAT/OP ODEc

8 44

R DNEG RA, RB --------------------

I B5 IRA IRBI
--------------------

)ESCRIPTIO ~: The negative (i.e. , the 21s complement) of the Derived Operand,
DO (i.e. , the contents of register RB and RB+l) , is stored into
register RA and RA+l such that register RA contains the MSH of
the result. The condition status, CS, is set based on the result
in regieter RA and RA+l.

NQ@: 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 to
occur.

REGI STER TRANSFER DESCRIPTION

I (RA,RA+l) <-- -DO;

P14 <-- 1, exit, if DO = 8000 000016;

(&S) <-- 0010 if (RA, RA+l) = O;
(CS) <-- 0001 if (RA, RA+l) < O;
(CS) <-- 0100 if (RA, RA+l) > O;

IUNIST ERS AFFECTED: RA, RA+l, CS, PI

I

I .’

103 DNSG
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5.67 lloublc recision in~cecr suhlracl.

ADDR MOOC MNEMONIC

I R OSR RA , RB

FORMAT/OPCOOE

8 44
--------------------

I 07 IRA IRIII
-------------- ------

8 44
D

16
Ds RA, AOOR -------------------- ----------------_-

DX 0s RA, AOOR, RX I B6 IFLAIRXII AODR I
-------------------- ------------------

DFSCRIPTION: “~c dmrblc precision Derived Operand. 00, is subtracted frrrm drc COnlCnL\ of mgistcrs RA and

RA + 1. “IIIc rcsulLs. a 2’s cumplc!ncnt 32-bit difTcrcocc, is sturcd ill rcgiskrs 1(,1 and RA + 1. ‘1he
MSH is RA. “lhc condition sinus (CS) is WI based on tic double precision ~SIJILS in RA and
RA + l..aod can-y. A fixed point overflow occurs if both operands iwc of oppusitc sign and IIIC
derived operand is she same as shc sign of tic difference.

REGISTER TRANSFER ~:

(RA, RA+1)2 <-- (RA. RA+l)l - DO, i.e. , (RA, RA+l) - DO means {( RA, RA+l) + ~0) + 1:

P16 <- 1, if (RAO)l # 000 and (RAO)2 = OO.;

(CS) <-- 0010 if carry = O and (RA, RA+l) = O:
(CS) <-- 0001 if carry = O and (RA, RA+l) < 0:
(CS) <-- 0100 if carry = O’and (RA, RA+I) > O;
(CS) <-- 1010 if carry ❑ 1 and (RA. RA+l) = O.:
(CS) <-- 1001 if carry = 1 and (RA, RA+l) < 0:
(CS) <-- 1100 if carry = 1 and (RA, RA+l) > 0:

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

i)SR,DS 104
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5.68 Flon[ine noin[ suhtrac[.

AODR MODF, MNEf40NIC

R FSR RA , RB

B FSB BR, DSPL

BX FSBX BR. RX

FORMAT /OPCOOE.

8 44
--------------------

I B9 lRAIRBI
--------------------

422 B
---------------------- 12 < BR <. 15
I 2 II IBR’I OSPL I BR’ =BR - 12
---------------------- RA = RO

42244
----------------------- 12LBR~15
14101BR’[91RXI BR’=BR -12
---- A------------------ RA = RO

8 44 16
D FS RA ,AOOR -------------------- -_-----------_-_.-

Dx Fs RA. ADF)R,RX I B8 IRAIRXII AOOR I
-------------------- ------------------

JXSCRIFTfON: Jhc firming point Ocrivcd Opccand. f)O. is floating poim $.ubtracmd from ~c contcnrs of
rcgis[ers RA and KA + 1. Ihc rcsul[ is slorcd in registers RA and RA + 1. llK process of this
opcraIion is as follow: rhc mmrtisw of tic number u,i[h chc smtdlcr algcbrsic cxpmzcnt is shif!cd
righl and tie esponcn[ incremented by onc for each bi[ shifted until chc cxponerrrs arc cqwd. The
maniisa of the 00 is Ihcn subtracmd from (RA.RA + 1). If tic diffcrcncc overflow IIIC24-bit
mantis=. ihcn it k shif(cd ciSh[ onc position. CIZCsign bit rcslored. and tic Csponcnl incrcmcnled
by one. If rhc ex.poncm cxcceds 7F16 as a rcwh ofshis incrcmcnration. w’crflw cccum and shc
operation is wminatcd. If dsc sum dots not ccsuk in cxponcm wcrflow. tic result is normalized.
If during rhc normoliza[ion process tic cxponcn[ is dccrcmcmcd bclw 80,6, chcn underflow
occurs and a ZCKIis inserted for Uzc icsult.

I .’

. .
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MIL-STD-1750A( USAF)
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REGISTER TRANSFER DESCRIPT~:

I
n=EA

SA (--

MO <--

MA <--

M <--

UA (--

- EO;

EO, if MA = O;

MO Shifted Right

HA Shifted Right
MO / O;

MA - no;

MA Shifted Right
if OVM=l;

P13 <-- 1, EA <-- 7F16,

P13 <-- 1, EA <-- 7F16,

Arithmetic n positions, if n > 0 and MA 4 O;

Arithmetic -n positions, EA <-- EO, if n < 0 and

Arithmetic 1 position, MAo <-- ~o, EA<-- EA+l, ,

M <-- 7FFF FF16, exit, if EA > 7F16 and MAo . O;

MA <-- 8000 0016, exit, if EA > 7F16 and MAo = 1;

EA, MA <-- normalized EA, MA;

P16 <-- 1$ EA <-- 0$ MA <-- 0, if 2A < 8016;

(CS) <-- 0010 if (RA, RA+l) = O;
(Cs) <-- 0001 if (RA, RA+l) < O;
(c.??) <-- 0100 if (RA, RA+l) > O;

~STERS AFFECTED: RA, RA+l, CS, PI

FSR , FSB ,FSBX ,FS 106
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5.69 Extended Drecision floatinu noint subtract.

.&RLMiE4u

R

D
,“’ DX

.LHmMui:

MNEMONIC FORMAT/OPCODE

8 44

EFSR RA, RB --------------------

I BE /RAIFiB1
--------------------

8 44 16

EFS RA, ADDR -------------------- -------------------

EFs RA,ADDR,RX I BA IRAIRXII ADDR
I

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

The extended precision floating point Derived Operand, DO, is
extended floating point subtracted from the contents of register
RA, RA+l, and RA+2. The result is stored in register RA, RA+l,
and RA+2. The process of this operation is as follows: The
mantissa of the number with the smaller algebraic exponent is
shifted right and the exponent is incremented by one for each bit
shi f ted. Wlen the exponents are equal, the mantissas are
subtracted. If the difference overflows the 39-bit mantissa,
then the difference is shifted right one position, the sign bit
restored, and the exponent is incremented. If the exponent
exceeds 7F16 se a result of this incrementation, overflow occurs
and the operation ie terminated. If the difference doea not
result in expenent overflow, the result is normalized, If during
the normalization process the exponent is decremented below 8016,
then underflow occurs and a zero is inserted for the result.

I

I

1

,
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J!UW.UB IRANSFER ~:

nzEA-E3;

EM <-- EO, if HA = O;

MO <-- MO Shifted Right Arithmetic n pcmitions, if n > 0 and MA t O;

MA <-- MA Shifted Right Arithmetic -n Positions, EA <-- EO, if n < 0 and
MO i O;

FM <-- HA - MO;

MA <-- MA Shifted Right Arithmetic 1 position, MAo <-- ~0, EA <-- EA+l,
if Ovm = 1;

P13 <-- 1, EA <-- 7F,6, ~ <-- 7FFF FF FFFF16, exit, if EA > 7F16 and MAo = O;

P13 <-- 1, 2A <-- 7F16 , MA <-- 8000 00 000016, exit, if EA > 7F16 and ~0 = 1;

2A, MA <-- normalized 2A, MA;

p16 <-- 1, 2A <-- 0, MA <-- 0, if EA < 8016;

(Cs) <-- 0010 if (RA, RA+l , RA+2) = O;
(Cs) <-- 0001 if (RA, RA+l, RA+2) < 0;
(u) <-- 0100 if (RA, RA+l, RA+2) > O;

fiEGISTE RS AFFECTED: RA, RA+ 1, RA+2 , CS , PI

EFSR , EFS lo7a

h
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S.70 l%riinr? n oim ncemc rcgisk[.

ADDR NOOE ~ FORf.!AT/OPCOOE

8 44
--------------------

R FNEG RA, RB I BC IRA IRBI
--------------------

DF.SCRIPl’10N: The 24-biI mantiw of tic Derived CSpcrand, E)G, i.e., tic floating point number in rcgis[cm RB

and R13+ 1. is 2s complcmcnmd. lhc cxprmcm remains onchangcd. The rcsulL tic ncga[ivc of
rhc original number. is susrcd in RA and RA + 1. Ihc 2s complement of a fhming point mu is a
floating point zero. F~ccptions (o dzis arc all powers of two: -1.0 x 2“ and 0.5 x 2“”’: i.e., ~hcn hC
momissa is either 80000016 or 4000 @3}6. “Ihc nc@ion of 0.5 x 2“ is, -1.O x 2“”’: i.e.. rhc mantissa is
shifted Icfl onc pusition and tic exponent dccrcmcntcd hy one. Cnm’crscly. rhc ncgalion of .1.0 x
2“ is 0.5 x 2“+’: i.e.. U)c mantissa is shifted right onc position and the exponent is incrcmcnlcd by
one. A floating puin[ overflow occurs fnr Lhc ncga~iun of the smallcs[ ncgxivc number. -1.0 a
2127.A flowing point underflow wcurs for tic negation of the sinallcst posilivc number, 0.5x 2“
128. and causes shc rcsul( to bc zero, The condi[ion ssatus. CS, is Wt based on UIC rcsuh in rcgistcm
RA and RA +1.

~: RA may equal RR

REGISTER TRANSFER DESCRIPTION:

P13 <-- I, EA <-- 7F16, MO <-- 7FFF FF16. exit, if 00 = 8000 007F16:

P1~ <-- 1, EA <-- 0, MA <-- 0, exit, if DO = 4000 008016:

EA <-- EO+l, MA <-- 4000 0016. if MO = 8000 0016:

EA <-- EO-1, MA <-- 8000 0016, if MO = 4000 0016:

EA <-- EO, MA <-- -MO, if MO # 8000 00i6 Or 4000 0016:

(Cs) <-- 0010 if (RA, RA+l) = O:
(Cs) <-- 0001 if (RA, RA+l) < 0:
(CS) <-- 0100 if (RA, RA+I) > 0:

REGISTERS AFFECTEO: RA, RA+l,, CS, PI

FTEG 108
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MIL-STD-1750A(USAF)
Notice 1
21 MY 1982

5.77 Single Drecision integer divide with ?2 -bit dividend.

.AD.u&MQL!E

R

B

BX

D
DX

IM

DESCRIPTI ON:

I
M:

MNEMONIC

DR RA, RB

DB BR , DSPL

DBX BR ,RX

D RA, ADDR
D RA ,ADDR , RX

DIM RA,DATA

FOR!iiT/OPCODE

8 4U

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

I D5 IRAIBBI

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

422 8

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

II 131BRII D.spL I

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

422titi

Iu IoIBR,17 I Rx!

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

8 00

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

I D4 IRA IIIXI

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

8 UL!

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

I 4A IRAI 5 I
---- . -----’ ----------

12 SBR <15
BR’ = BR - 12
RA = R2

12 SBRi15
BR’ = BR - 12
RA = R2

16

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

I ADDR
I

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

16

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

I DATA
I

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

The contents of registers RA and RA+ 1, a double precision 2’s
complement number, are divided by the Derived Operand, DO, a
single precision, 2‘s complement number. RA contains the FISH of
the 32-bit dividend. The result is stored in registers RA and
RA+l such that RA stores the single precision integer quotient
and RA+I stores the remainder. The Condition Status, CS, is set
based on the result in RA. A fixed point overflow occurs if the
divisor equals zero or if a positive quotient exceeds 7FFF16 or a
negative quotient is less than 800016.

The sign of the non-zero remainder is the same as that of the
dividend.

117 DR, DB, DBX, D, DIM
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IEGISTER ULuwEI! IuwuuIw

(RCA, RQ+l, RR) <-- (RA, RA+l) / 00;

P14 <-- 1, if DO=

(RA) <-- (RQ+l)

(RA+l) <-- (RR)

(Cs) <-- 0010 if
(u) <-- 0001 if
(Cs) <-- 0100 if

O or (RQ, RQ+l ) > 0000 7FFF16 or (RQ, RQ+l ) < FFFF 800016

(RA) = O;
(RA) < o;
(RA) > o;

PEGI.WE RS AFFECTED: RA, RA+l, CS, PI

●

DR, DB, DBx, O, DIM l17a
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5.78 @ub recle D tsion inteuer divide.

ADDR ~

R

D
DX

DESCRIPTION:

KNEMONIC FORPIATIOPCODE

8 Qu

DDR RA,RB --------------------

1 D7 IRA IRBI
--------------------

8 44

DD RA,ADDR ‘------------------- -------------------
DD RA,ADDR,RX I D6 IRA I RX I I A~R I

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

The contents of registers RA and RA+l , a double precision 2’s
complement number, are divided by the Derived Operand, DO, a
double precision 2’s complement number. RA contains the MSH of
the 32-bit dividend. The quotient part of the integer result i3
stored in registers RA and RA+l ( with the FISH in RA) and the
remainder is lost. The Condition Status, CS, ie set based on the
results in registers RA and RA+l. A fixed point overflow occurs
if the divisor, DO, is zero, or if the dividend is 8000 000016
and the divisor is FFFF FFFF16.

~ 2-B-E DESCRIpTJQN:

(RA, RA+l) <-- (RA, RA+l) / DO;

E’lQ <-- 1, if DO = O or {RA, RA+l = 8000 000016 and DO = FFFF FFFF16];

(Cs) <-- 0010 if (ftA, RA+l
(Cs) <-- 0001 if (RA, RA+l
(Cs) <-- 0100 if (RA, RA+l

XEGIST ERS ~~ : 8A, RA+

= o;
( o;
> o;

, CS, PI

DDR , DD 118
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1.

.

5.79 ]lmtine Doin{ divide.

ADDR MOD~ MN EMONIQ

R FOR RA , RB

E FOE BR, OSPL

FORMAT/OPCODE

8 44
--------------------

I D9 IRA IRBI
---------.----------

422 8
---------------------- 12 ff3R <15
~ 2 13 jBR’\ OSPI. [ 8R’ = BR - 12
---------------------- RA = RO

42244
-------------------.--- 12< BR <15

BX FOBX BR, RX 14101 BR’IBIRXI BR’ = BR - 12
--------------- ~------- RA = RO

B 44 16
0 FD RA, AOOR -------------------- --.------.----.---

DX FO RA ,AODR, RX I OB [RAIRX II ADDR 1
-------------------- ------------------

~: The floaIing point number in rcgistcm RA and RA + 1 is divided by OK floating poin[ Derived
Opcmnd. 1)0. “Jhc rcsuh is sturcd in register RA and RA + 1. A tlwting poinl overflow cccurs if
rhc cxporrcnt rcsuh cxcccds 7F16 at any poinl in [hc calculation pmccss. Underflow mum ifthc
exponent result is Icss tian 8016 w any poinl in rhc proms.. If underflow occurs. ticn rhe
quoiicm is fosccd to zero. A dh’idt by zero yields a floating point ovcrfiow.
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~ 13~SFER DESCRIpT1f21:

I
n= EA - EO;

n <-- O,ifklf+=o

P13 <..- 1, EA <-- 7F,6, MA <-- 7FFF FF16, exit, if MAo = MOO
and {n > 7F16 or DO . O) ;

P13 <-- 1, EA <-- 7Flfj, MA <-- 8000 0016, exit, if- ~o ~ M%
and (n > 7F16 or Do = O);

p16 <-- 1, EA <-- 0, MA <-- 0, eXit, if n < 8016;

HQ <-- MA / MO;

MQ <-- MQ Shift Right Arithmetic 1 position, n <-- n + 1, if MQ .2 1 .0;

P13 <-- 1, 2A <-- 7F16, MA <-- 7FFF FF16, exit, if n > 7F16 and !IQo = O;

P13 <-- 1, EA <-- 7F16, MA <-- 8000 0016, exit, if n > 7F16 ad MQo = 1;

EA <-- n;

MA <-- MQO-23;

(CS) <-- 0010 if (RA, RA+l) = 0;
(Cs) <-- 0001 if (RA, RA+l) < O;
(C.S) <-- 0100 if (RA, RA+l) > O;

REGISTE SR ~: RA, RA+l, CS, PI

1 FDR,FDB , FDBX,FD 120
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MIL-STD-1750A(USAF)
Notice 1
21 t4aY 1982

1.8o ~ en e oint divide.

.AruMM2RE

R

D
DX

DES RIP1.l_QN:c

MEMCINIc FORMAT/OPCODE

8 44

EFDR RA, RB --------------------

I DB IRA IRBI--------------------

8 40 16

EFD RA, ADDR -------------------- -------------------

SPD RA,ADDR,RX I DA I FIA I RX I I ADDR
I

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

The contente of registers RA, RA+l , and RA+2 are extended
precision Floating point divided by the extended precision
floating point Derived Operand, DO. The result is stored in
register RA, RA+l, RA+2. A floating point overflow occurs if the
exponent result exceeds 7F16 at any point in the calculation
process. Underflow occurs if the exponent result is less than
8016 at any pOIIIt in the process. If underflow occurs, then the
quotient is forced to zero. A divide by zero yields a floating
point overflow.

121 EFDR, EFD
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MIL-STD-1750A(USAF)
Notice 1
21 Hay 1982

lEGLSE8 TI FER DESC~:

n= EA - EO;

n <-- O,iFMA=O;

PI~ <-- 1, EA <-- 7Flfj, UA <-- 7FFF FF FFFF16, exit, If MAo = !400
and [n > 7F16 or DO = O];

P13 <-- 1, EA <-- 7F16, and MA <-- 8000 00 000016, eXit, if !’fAo < !!00
and (n > 7F16 or DO = O};

p16 <-- 1, EA <-- 0, MA <-- 0, exit, if n < 8016;

MQ <-- MA / Mo;

MQ <-- MQ Shift Right Arithmetic 1 position, n <-- n + 1, if MQ 2 1.0;

P13 <-- 1, 2A <-- 7F,6, MA <-- 7FFF FF FFFF16, exit, if n > 7F16 and MOO = O;

P13 <-- 1, EA <-- 7F16, MA <-- 8000 00 00fJo16, exit, if n > 7F16 and F!Qtj : 1;

2A <- n;

MA <-- f4Q0-39 ;

(Cs) <-- 0010 if (RA, RA+l, RA+2) = O;
(Cs) <-- 0001 if (RA, RA+l , RA+2) < o;
(C-S) <-- 0100 if (RA, RA+l, RA+2) > O;

IEGZSZM AFFECTED : RA, RA+l, RA+2, CS, PI

EFDR, EFD 121a

Downloaded from http://www.everyspec.com



. .

(THIS PAGE LEFT INTENTIONALLY BLANK)

. .

I

Downloaded from http://www.everyspec.com



MI L- STD-1750A (USAF)
2 July 1980

5.81 ~nchlsivc logical OR.

ADOR MOO~ MNEMONIC

R ORR RA , RB

B ORB BR, OSPL

BX ORBX BR, RX

D OR RA , ADDR
DX OR RA, ADDR, RX

8 44
--------------------

I El IRA IRBI
----.---------------

422 8
---------------------- 12<t3FIf15
I 3 10 IBR’I DSPL I BR’ = BR - 12
---------------------- RA = R2

42244
----------------------- 12< BR $15
14101BR’~FIRXl BR’=BR -12
----------------------- R/l = R2

8 44 16
-------------.------ ------------------

I EO IRAIRXII ADDR I
-------------------- ----..-------------

8 44 16
-------------------- -----,.-_----------

IM ORIM i7A, DATA I 4A IRA1811 DATA I
-------------------- ------------------

PESORIPTION: The ocri~cd @erand. DC), is bit-by-bit inclusively ORCLI whh the contcnk of RA. The result is
stored in register RA. T%c condition status. CS. k SCIbased on tic rcsuk io register I/A.

!!EMXLE - DESCRIPTICIN:

(RA) <-- (RA) V 00:

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

~ AFFECTEO: RA , CS

ult 1{.01( [{.0 R IIX,C3R,0R 1M 122
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MIL-STD-1750A(USAF)
Notice 1
21 May 1982

-Convert 16 -bit inteRer to floatinu Doint.

?QRE

DESCRIPTION :

I NJZ@.:

UNEUONIC FORMAT/OPCODE

FLT RA, RB

8 44

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

I E9 IRA IRBI
--------------------

The integer Derived Operand, DO (i. e., the contents of register
RB) , is converted to Single Precision floating point format and
stored in register RA and RA+l. The condition status, CS, is set
based on the results in RA and RA+l . The operation process is as
follows : The exponent is initially considered to be OF16. The
integer value in RB is normalized, i.e. , the number is left
shifted and the exponent decremented for each shift until the
sign bit and the next MB are unequal, and the exponent and
mantissa stored in the proper fields of RA and RA+l .

RA may equal RB.

JiEGISTER TRANSFER ~~:

6A <-- (), MA <-- 0, exit, if (RB) = O;

J%A<-- 0F16;

MA <-- (RB);

EA, MA <-- normalize EA, MA;

(Cs) <-- 0010 if (RA, RA+l) = O;
(Cs) <.- 0001 if (M, RA+l) < O;
(Cs) <-- 0100 if (RA, RA+l) > O;

jlEG=S AFFECTED: RA, RA+l , CS

I

127 FLT
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NIL-STD- 75 CIA (USAF)

2 July 1980

5.s7 c~ 2-hi! intcecr.

AOOR MODE MNEMONIC ~

8 44
--------------------

R EFIX RA, RB I EA IRA IRBI
--------------------

PESCR IPTICIN: The integer ponion of rhc floating point Ikived Operand, DO (i.e., tic contents of rcgistcm RB,
RB+ 1, and Rll+ 2). is wrcd into rcgism RA and RA+ 1. If rhc acwd value of tic DO floating
point esponcnt is grmtcr !h.m lFl@ then RA and RA + 1 remain unchanged and a fo.cd point
overflow cam?., ITK condition scams, CS, isSC[ b,md on drc result in RA and RA + 1.

*. The algorithm tmnca[cs toward zero.

REGISTER TRANSFER DESCRIPTION:

PI, <-- 1. exit. if EO > 1F16;

(RA. RA+l) <-- Integer portion of 00:

(CS) <-- 0010 if (RA. RA+l) =
(CS) <-- 0001 if [RA, RA+l) <
(Cs) <-- 0100 if (RA, RA+I) >

KhIS_EJE AFFECTED: RAo RA+l,

o:
0:
o;

Cs, PI

128
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MIL-STD- 1750A( USAF)
Notice 1
21 tlsy 1982

5.68 Conve’ t~ oint.

I we:

J4NEMONIC FR~

8 60

EFLT RA, RB ---.-.--------------

I EBIRAIRBI
--------------------

The doubie precision integer Derived Operand, DO (i.e. , the
contents of registers RB and RB+l ) , is converted to Extended
PIWCi9i0n floating point format and stored in register RA, RA+l ,
and RA+2. The condition status, CS, is set based on the result
in RA, RA+l , and RA+2. The operation process is as follow: The
exponent is initially considered to be 1F16. The integer value
in RB, RB+l ia normalized, i .e. , the number is left shifted and
the exponent decremented for each shift until the sign bit and
the next MSB are unequal, and the exponent and mantissa stored in
the proper field of RA, RA+l , and RA+2.

RA may equal RB.

REGISTER ~ DESCRIPTION :

2A <-- 0, MA <-- 0, exit, if (RB, RB+l) = O;

2A <-- 1F16, MA <-- (RB, R&I);

EA, MA <-- normalized 2A, 14A;

(Cs) <-- 0010 if (RA, RA+l, RA+2) = o;
(m) <-- 0001 if (RA, RA+l, RA+2) < o;
(c.$) <-- 0100 if (RA, RA+l, RA+2) > O;

REGIS TERS ~: RA, RA+l ,. RA+2 , CS

. .

129 EFLT
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I MI L-STD-1750A (USAF)

2 July 1980

.5.89 F~chanee bvms h rwkler.

~DDR ~ M~c ~E

8 44
--------------------

s XBR RA I EC IRAIOI
--------------------

~: Ihc upper byte of register fZA is eschmgcd witi the lo~vcr by[c of ~gistcr RA. ~hc ~ is w
based on tic rcsuh in register RA. .,

REGISTER TRANSFER OESCRIPTIOM:— —

(RA)0.7 <--> (RA)8.15;

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

flEGISTERS AFFECTED: RA, CS

XBR 130
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MIL-STD-1750A(USAF)
Notice 1
21 May 1982

5.94

.&QRB

R

BX

D
DX

F1O atinu Doint cOmDare .

1 DESCRIPTI~:

1 N4Q:

MNEMONIC F~

FCR

FCB

8 04

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

RA ,RB I F9 IRA IRBI
--------------------

4.22 8

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

BR, DSPL 1, 131BR11 DSPL I
-------------------- --

Q220U

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

FCBX BR,RX

FC
FC

14101BR*!DI RX I

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

8 4U

12< BR 415
BR’ = BR - 12
RA : RO

12 SBR <15
BR‘ =BR -12
RA = RO

16

RA, ADDR -------------------- ------------------

RA,ADDR,RX I F8 IRA I RX I I ADDR
I

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

The floating point number in registers RA and RA+l is compared to
the floating point Derived Operand, DO. Then, the Condition
Status, CS, is .aet based on whether the contents of RA, RA+l is
less than, equal to, or greater than the DO. The contents of RA
and RA+1 are unchanged.

This instruction does not cause an overflow to occur.

. .

(RA, RA+l) : DO;

(Cs) <-- 0010 if (RA, RA+l) = DO;
(Cs) <-- 0001 if (RA, RA+l) < DO;
(Cs) <-- 0100 if (RA, RA+l) > DO;

PEGI ‘fERs As FFECTED : CS

135 FCR, FCB , FCBX ,FC

Downloaded from http://www.everyspec.com



MI L-STD- 1750A (US/lF)
2 July 1980

5.95 i endedF I m-ccisinn fhmine 00 in[ compare.

ADDR MODE

R

D
ox

13ASCRIPTION:

*.

MNEMONIC FORMAT/OPCOOE
.

8 44
--------------------

EFCR RA, RB I FB IRA IRB(
--------------------

a 44 16
EFC RA , AOC2R -------------------- --------.---------

EFC RA. AOOR, RX I FA IRAIRXII AODR l.,
-------------------- ------------------

“Ihc mmdcd precision llo~ting Ikivcd Opcrmrd, DO, is compared m rhc contcn[s of rcgisten

R/\. RA + 1. and M + 2 where RA consains rhc must significmrt 16-bils rrf ihc cx(cndcd precision

. .

fluia(ing pr)in[ word. “Ihc condition saws, CS, is set bawd on whc~cr rJc corucnrs of RA, RA+ 1,

and RA+ 2 arc lCSSrtmn. qua] to or greater rhan LFICDO. The contcms of RA. RA+ 1, and

RA + 2 arc unchans$d. . . ...

Thisinstruction dcs not cause overflow ro axur.

REGISTER TRANSFER OESCRIPTION:

(RA, RA+l, RA+2) : 00:

(cS) <-- 0010 if (RA, RA+l. RA+2) = 00:
(Cs) <-- 0001 if (RA, RA+l, RA+2) < 00:

(Cs) <-- 0100 if (RA, RA+I, RA+2) > 00;

REGISTERS ~: CS

I

‘.

LFCR,H=C’ 136 I

I
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HIL-STD-1750A(U SAF)
Notice 1
21 MY 1982

5.98 Built-In-Functiog:

AQQRMDE MNEMONIC FORMAT/OPCOKIE

8 8

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

s BIF OP. 5x. I UF IOP. Ex
“1-----------------

QESCRIPTIO~ : This instruction invokes special operations det’inecl by the user.
Note that this instruction may use one or more additional words
immediately following it , the number and interpretation of which
are determined by the Op .Ex.

8.8 T RANSFER DESCRIPTION :“ User defined.

REGISTERS AFFECTED: User defined.

1“

* U.S. GOVE RNMEM7 PRINTING OFFICE: 1982 -Y3W2ZI301O

?38a BIF
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