g

Downloaded from http://www.everyspec.com .
MIL-STD-1750A(USAF)
NOTICE 1
21 May 1982
MILITARY STANDARD

SIXTEEN-BIT COMPUTER INSTRUCTION SET ARCHITECTURE

TO ALL HOLDERS OF MIL-STD-1750A4 (USAF): -

1. THE FOLLOWING PAGES OF MIL-STD-1750A (USAF) HAVE BEEN REVISED AND SUPERSEDE
THE PAGES LISTED:

NEW PAGE DATE SUPERSEDED PAGE DATE
T 2 July 1980 {(REPRINTED WITHOUT CHANGE)
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13 21 May 1982 13 2 July 1980
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14 2 July 1980 (REPRINTED WITHOUT CHANGE)
15 . . 21 May 1982 15 2 July 1980
15a 21 May 1982 - -
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3. Holders of MIL-STD-1750A (USAF) will verify that page changes and additions
indicated above have been entered. This notice page will be retained as a
check sheet. This issuance, together with appended pages, is a separate
publication. Each notice is to be retained by stocking points until the
Military Standard is completely revised or canceled.

y, ha s fro revious issue. The margins of these page changes are marked
with vertical lines to indicate where changes (additions, modifications,
corrections) from the previous issue were made. This was done as a convenience
only and the Covernment assumes no liability whatsoever for any inaccuracies in
these notations. Bidders and contractors are cautioned to evaluate the
requirements of this document based on the entire content irrespective of the
marginal notations and relationship to the last previous issue.

Custodians: " Preparing activity:
Air Force - 1 Air Force - 11

Reviewlng activities:
Air Force - 02,90,99 (Project IPSC-Fil2-01)
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42 Instruction formats,  Six basic instruction formats shall support 16 and 32-bit instructions. The gperation code
(opcode) shall normally consist of the 8 most significant bits of the instruction.

4.2.1 Register-t~-register format.  The register-to-register format is a 16-bit instruction consisting of an 8-bit
opcode and two 4-bit general register (GR) ficlds that typically specify any of 16 gencral registers. In addition, these
ficlds may contain a shift count, condition code, opcodce extension, bit number, or the operand for iminediate short
instructions.

et e e T T R T R A R M R S e A am em

4.2.2 Insiruciion counter refative format.  The instruction Counter (IC) Relative Format is a 16-bit instruction
cansisting of an 8-bit opcode and an $-bit displacement ficid.
MSB LSB

L . R L L L

4.2.3 Basc relative format.  The base relative instruction format is a 16-bit instruction nsisting of a 6-hit opcodc

a 1. bit basc l'CEISlCI' HCI(] and an 6 bit CllSplaCmenl ficid. The basc I'EnglCl' (BK) CId allows the ClCSlgnall("Il Cll one
of four different registers.

BR = 0 implies general register 12

BR = 1 implies general register 13

1t
rn

BR implies general register 14

BR = 3 implies general register 15

4.2.4 Base relative indexed format.  The base relative indexed instruction format is a 16-bit instruction consisting
of a 6-bit opcodc, a 2-bit base register ficld, a 4-bit opcodc cxtension and a 4-bit index register field. The base

rooicinr {1IRRY finld allowe the dacionatinon af nne nf faur different haes meoictere and the index reoictor IR YY)
TCEISICT (e 1ICIC an0WS5 WIC GESIGNation G 0N {7 j0Ur GHICTICRT DasC IXEIsCTs and uic iInacx TCEISICr L)

ficld allows the dcsignation of onc of fificen different index registers.
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Opcode I BR , Op.Ex. l RX '
o 56 18 1112 15
BR = 0 implies general register 12

BR = 1 implies general register 13
BR = 2 implies general register 14
BR = 3 implies general register 15

= 0 implies no indexing

£

R

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

M3B LSH

W e T A A

Q 78 11 12 15 16 3

Typically, GR1 is one of the 16 general registers on which the instruction is
performing the operation. RY is one of the 15 general registers being used as

an index register. The 16-bit address field is either a full i6-bit memory
address or a 16-bit operand if the instruction specifies immediate addressing.

L.2.6 Immediate opcode 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 U-bit opcode extension and a 16-bit data field. Typically,
GR1 is one of the 16 general registers on which the instruction is performing
the operation. Op. Ex. is an opcode extension.

MSB L3B

0 78 11 12 15 16 31

h.2.7 Special format. The special imstruction format is a 16-bit instruction
consisting of an 8-bit opecode followed by an 8-bit opcode extension (Op. Ex.).
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4.3 Addressing modes. Table V specifies the instruction word format, the
Derived Address (DA), and the Derived Operand (DO) for each addressing mode
that shall be implemented. The smallest addressable memory word iz 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

memory.

4.3.1 Register direct (R). An addressing mode in which the instruction
specified register contains the required operand. (With exception of this
address 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 Memory direct-indexed (DX). An addressing mode in which the memory
address of the required cperand is specified by the sum of the content of an
index register and the instruction address field. Registers R1, R2, ..., Ri15
may be specified for indexing.
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TABLE V.
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434 Memorv indirect {1).  An addressing mode in which the instruction specificd memory address contains the
address of the reguired operand,

4.3.5 Mcmnory jndirect with pre-indexing {(1X).  An addressing mode in which the sum of the content of a specified
index register and the instruction address field is the address of the aderess of the required operand. Registers R1,

R2, ... R15 may be specified fur pre-indexing.

4.3.6 Immcdiate lona (IM).  There shall be two methods of Immcdiate Long, wcuressing: one which allows
indexing and onc which dues not. The indexable form of immediate addressing is defined in table V. ) the
specified index register, RX. is not equal to zero, the content of RX is added 1o the immediate ficld to form the
required operand; otherwise the immediate field contains the required operand.

4.3.7 Immediate shon (1S).  An addressing mode in which the required (4-bit} operand is contained within the (16-
biv) instruction, ‘There shall be two methods of Immediale Short addressing: ouc which interprets the content of the
immediate ficld as positive data, and a second which interpreis the content of immediate ficld as negative data.

-y lll"l'l

331 Imunediate short positive {1SP).  “The immediate operand is ireaied as a posiiive integer between 1 and 16.

4.3.7.2 Immgediate short negative (ISN).  The bnmediate operand is treated as a negative integer between 1 and 16,
Its internal furm shall be a 2's complement, sign-exiended 16-bit number.

£

4.3.8 Insiruciion counter relative (ICR).  "This addressing mudc is used for 16-bit branch instructions. The
contents of the instruction counter minus onc (i.c.. the address of the current instruction) is added (o the sign
extended §-bit displacement ficld of the instruction. The sum paints to the memory address 10 which control may be
tansferred if a branch is exceuted. This mode allows addressing within a memory region of 804 to 7F ¢ words
relative to the address of the current instruction.

4.3.9 Basc retative (). An addressing mode in which the content of an instniction specified base register is added
10 the 8-bit displacemoent ficld of the (16-bit) instruction. ‘The displacement ficld is taken to be a positive number
between 0 and 255. The sum paints 1o the memory address of the required operand. This mode aliows addressing
within a memory region of 256 words beginning at the address peinted (¢ by the base register.

4.3.10 Base relative-indesed {BX).  The sum of the conients of a specified index register and a specified base
register is the address of the required operand. Registers R1, R2, ..., R15 may be specified for indexing.

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

4.4 Regisiers and support features.

4.4.1 General registers.  The instruction set shall support a minimurm of 16 registers (R0 through R15). The
regisiers may be used as accumulators, index registers, base registers, lemporacy operand memory, and stack pointers
with thc following restrictions:

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

b Only four registers, R12, R13, R14, and R15 may be used as base registers for instructions having the

Basc Rclamc address mode.

¢.R15 is the implicit stack pointer for the Push and Pop Multiple instructions (Opcode 8F,; and 9F ().
d.The general registers are not in the logical memory address space.
e.Instructions having the Basc Relative addressing mode have a single accumulator. The register pair (RO,

R1)is the accumulator far doubte precision and Mloating peint operations, Register R2 5 the
accumulator for cmnlr- nrorg(mn upcrations, cxcept mulllnlv and divide base relative also use R,

Lt et r e 2N a2l

10
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Bit 10: Privileged Inatruction Fault. An attempt has been made to
execute a privileged instruction with P5#0.
Bit 11: Address State Fault. An attempt has been made to establish an
AS value for an unimplemented page register set.
Bit 12: Reserved.
Bit 13: Built-in Test Fault. Hardware built-in test equipment (BITE)

error has been detected.

Bit 14-15: 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 Interrupt mask (M)}. 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.

b.4.2.5 Pending interrupt register . 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 te initiating software at the address defined by the
new IC value. The register may be set, c¢leared, and read by the I/0
instructions.

4.4.2.6 Input/ouput interrupt code registers c tional). The input/
ocutput interrupt code registers, if implemented, are used to indicate which
channel generated the input/ocutput interrupt. One register is assigned for
each of the two input/output interrupts. Each register is set by hardware to
reflect the address of the highest priority channel requesting that level of
interrupt. The address shall be 004¢ for channel number 0,0Fg for channel
number 15, 7F4g for channel number 127, etc. The I0ICs shall not be altered
once the interrupt sequence has commenced until they are read by an I/0
instruction.

o S Y S T Y N A e ol e Y . -

b,y 2.7 Page registers {optionall}. Up to 512 sixteen bit registers for

optional expanded memory addressing.

13
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4.4,.2.8 Memor ault status register SR}{cptional). The memory fault
status register provides the page register selection deslgnators associated
with memory faults. The page register designators (below) captured by the MFSE
are valid for the memory reference causing the fault. The faults setting bits
0, 1, 2, or 8 of the Fault Register (FT) shall cause MFSR to be set.

A S - - - - -

-iLPA ] RESERVED lm IAS I

0 3 & 10 11 12 15
LPA: Address of page register within the set.
RESERVED: Must not be used.
I0: Instruction/cperand page set selector (1 = instruction}.
AS: Address of selected group. '

13a
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443 Stack.  The instruction sct shall support a stack mechanism. The operation of the stacking mechanism shall
be such that the “last-in, first-ou” concept is used for adding items 1o the stuck and the Stack Pointer (SP) register
always cont:xins the memory address where the last item is storcd on the stack. The stack provides for nesied
sttbroutine Tinkage using register 15. The stack shail also reside in a user defined memory arca. Two instructions
shall use register number 15 (R15) as the implied system stack pointer: Push Multiple registers, PSHM (sce page
87), and Pop Muliiplc registers, POPM (sce page 77). The stack expands lincarly oward zero as items are added o
it.

Two instructions, Stack IC and Jump to Subroutine, SIS {sce page 68). and Unsiack IC and Return frum Subroutine,
URS (sec page 69). allow the programmer o specify any of the 16 general registers as the stack pointer. The memory
block immediutely preceding the stack arca may be protecied (by user using memory protect RAM), thus providing
a means of knowing {memory proiect interrupt) when the stack limit is exceeded. The stack shall be addressed by
the Suack IC and Jump to Subroutine, Unsiack 1C and Return from Subroutine, Push Multiple, and Pop Multiple
instructions.

4.4.4 Processor initinlization.

44.4.] Processor reset state.  Table VI defines the processor resct state:

TABLE V1. Processnr reset state

Register/Device/Functian Condition_ After Reset
Instruction Counter A1l zeros

Status Word All zeros

Fault Register A1) 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 All zeros !

Page Registers W Field Zero !

Page Registers E Field Zero }

Page Registers PPA field Exact logical to physical !
Memory Protect RAM Disabled and all zeros ! 2
Start Up ROM Enabled !

OMA Enable Disabled !

Input Discretes Indeterminate !

Trigger Go Indicator Started !

Discrete Outputs A1l zeros !

! If implemented (optional)

Main Memory Globally Protected
444.2 Powerup. Upon application of powcr, the processor shall enter the reset state, the normal power up
discrete shall be set (if implemented). and caccution shall begin.
4.4.5 lnrerval timers {optional).  If implemented. then two interval timers shall be provided in the computer and

shall be referred 10 as Timer A and Timer B. Both timers can be losded. siopped, started, and read with the
commands deseribed in the X1O paragraph {sce page 29). The two timers shall be 16-bit counters which operate as

14
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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 from
FFFF45 to 0000yg. After power up, if the timers are not loaded by software,
then an interrupt request is generated after 65,536 counts. & sample of the
16-bit counting sequence {shown in hex) is 0000, 0001, ..., TFFF, 8000,

.
irmb men maAmes b o e £y tn-ll—{q'l4-1e

FFFF, 0000, ..., . At .‘.:'y-‘.iu:u.l reset or power up, the timers are initializ
accordance with paragraph 4.4.4.71. The timers are halted when a breakpoint,
BPT (see page 138), instruction is executed and the conscle is connected.

tr
A in
oAl
t

4.5 Memory.

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

4.5.1.1 Memory addressing arithmetic. Arithmetic performed on memory logical
addresses shall be modulo 65,536 such that references to the maximum logical

address of FFFF4g plus 1 shall be to logical address 000044

§.5.1.2 Memory addreagsing boundary constraints. There shall be no odd or even

memory address boundary constraints.

h.5.2 Expanded memory addressi optional). 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 into 16 groups
with 2 sets per group and 16 page registers per set. Within a group, one set
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 shall be capable of mapping 65,536 words defined by a 16-bit loglcal
address. The page group shall be selected by the 4-bit Address State (AS)
field of the Status Word (SW). The instruction/operand set within the group
shall be selected by the hardware that differentiates betwsen instruction and
operand memory references. The I 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
expanded memory addressing ls 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.

§.5.2.1 Group selection. During instruction and operand references to memory,
the address state (AS) field of the status 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 service 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 memory acceases by

15
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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 utillize the operand set of the selected group.

4.5.2.2 Page register word format. Each 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 {W) bit, reserved bits, and the
Physical Page Address (PPA) field.

L P T S ) S A A e D S e e S g A S - —

AL | E/W , Reserved | PPA

o o S A ————— P S T —— S S —— - —— - -

0 3 8 5 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 U-bit field (bits 0 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 whieh utilize 16-bit
logical addressing, the access code must 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 locaticn or general registers and an access
fault shall be generated. An access fault resulting from a CPU
reference attempt shall set fault register bit 0 to cause a
machine error interrupt. An access fault

15a
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TABLE VII. Al.codg fo access key mapping
AL Code Acceptable Access Key Codes

TMO OO0 EWN RO

resulting from a DMA attempt shall sct fault register bit 1 to cause a machine crror interrupt.
Note that the access lock and key codes defined in the above table have the following
characteristics:

a.An access lock code of F)g is an “unlocked™ lock code and allows any and all access
key codes to be acceptable.

b.An access key code of 0 is a “"master” key code and is acceptable o any and all access
lock codes.

c.Access key codes 1 through Ej¢ are acceptable 1o only their own “matched” lock code
or the "unlocked” lock code of F 4.

d.An access key code of Fg is acceptable to only the "unlocked” lock code of Fyg.

For instruction page register scts only. bit 4 shall be defined as the E bit and shail determine the
acceptable/unacceeptable criteria for read references for instruction fetches. When E=1, any
attempted instruction read reference designating that associated page register shall be terminated
and an exccute protect fault shall be generated. An exccute protect fault shall set fault register bit
0 to cause a machine crror interrupt.

For opcrand page regisiers only, bit 4 shall be defined as the W bit and shall detennine the
acceptable/unaceeptable critena for write references, When W =1, any atiempted write reference
designating that associated page register shall not modify any memory location and a write protect
fault shall be generated. A write proteet fault resulting from a CPU reference attempt shall set
fault register bit 0 1o cause a machinc crror interrupt. A write protect fault resulting from a DMA
refercnce attempt shall set fault register bit 1 to cause a machine error interrupt.

Bits § through 7 of all of the page registers shall be rescrved and shall always be 0.

17
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PP4 Field: An eight-bit field (bits 8 through 15) of each page register
shall be dedicated to the physical page address which is used to
define the physical address as depicted in figure 1.

4.5.2.3 Partial implementation of expanded memory addressing. A given

implementation of this standard may include a2 partial implementation of the
expanded addressing option. That partial implementation may use 2, 4, or 8
groups of page registers as follows:

umbe f oups AS Group Codes
2 0 and 1
y 0 through 3
8 0 through 7

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

4.5.3 Memor rity {optional). If used, then bit 2 in the fault register
shall be set to indicate 2 memory parity error.

4.5.4 Memory block protect {optional). 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 memory. Attempted access 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 machine error interrupt.

4.5.6 Start up ROM (optional). If used, the start up read only memory {ROM)
address range shall be contiguous starting from physical address 0 up to a

maximum of 65,536, as required by the systenm application. When the start up
ROM is enabled, if an I/0 or CPU store function is executed whose address is
within the start up ROM, then the store is attempted into the main memory.
When the start up ROM is enabled, if & read function (instruction or operand)
is executed from either I/0 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.

4.5.7 BReserved memory locations. Locations 2 through 1F4g are reserved.
Locations 2044 through 3F4g are used by the hardware and the stored program as
defined by table VIII.

4.6 lInterrupt control

8.6.1 Interrupts. The instruction set shall support a minimum of sixteen (16)
interrupts as shown in table VIII. An interrupt request may 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

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

4.6.1.1 Interrupt 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 mask 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 JInterrupt software ¢ontrol. Software shall be able te 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, except for those interrupts
that cannot be disabled. The CPU's interrupt service hardware shall continue
to "disable interrupts" for one instruction after the Enable Interrupts
instruction has completed. Full descriptions of the interrupt instructions

18a
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arc given in the input/output instruction repertoire.

4.6.1.3 Interrupt priority definitions.  The priority definitions of the interrupts and their required relationship to
the interrupt mask and interrupt pointer addresses are Hlustrated in table VI Inerrupt Definitions. "The power
down interrupt shal initiate the power down sequence and cannot be masked or disabled during normal operation
of the computer. The exccutive call interrupt, used with the Branch to Exceutive instruction, BEX, (sce page 62) also
cannot be masked or disabled. The machine crror interrupt cannot be disabled but can be masked during normal
opceration of the computer. All gther interrupts can be disabled and masked. If  floating point overflow/underflow
or fixed point overflow condition occurs. then the instruction generating that condition shall be interrupted at its

completion if the interoupt is unmasked and cnabled.

4.6.14 Interrupt vectoring mechanism.  The vectoring mechanism shall be as illustrated on figure 3. For each
interrupt there shall be two fixed memory locations in the "vector table™: (1) the first memory Incation (linkage
Poiater) shall be defined as the address of where o store the current (old) stste of the computer (i.c.. "old interrupt
mask”, “old status word”, and “old instruction counter™): and (2) the second memory focation (Service Pointer) shall
be defined as the address of the next (new) state of the computer {i.c.. “new interrupt mask ™, “néw status word™, and
“new instruction counter”). Rewurning from interrupts may be accomplished by cxecuting the Load Status
(LST/1.STI1) instruction with the valuc/address of the Linkage Poinicr for an address ficld.

[ 1 LY
~ A

J-oommmemoee | |--momomommeees |
Service ==~ | 01d Status | \ Computer

J

} Pointer 0 | | } Word i > status at

|~==-m=-=e==- I [==m====-- piabdebid | / the time of
Interrupt 1-->| Linkage | {- O1d Instruc. | / interrupt

| Pointer £ | | | Counter | 7

[~oosmmmmns I /

| Service I i

| Pointer 1 | |

fracmmmmenees I

. .} S--m—esamoao- se~=-

. . ====>] HNew Interrupt | \ )

. . | Mask I N

bkl LD LD Db | j===-mmmmm e \

Interrupt 156->] Linkage l | New Status [ \ Computer

| Pointer 15| | word | > status to

| === | |+~mmmmmmmmme | / start service

1 Service i { New Instruc H / routine

[ Peinter 15] | Counter I/

FIGURE3. Intc vectorin te

4.7 Input/output. Inconjunction with the sparc command codes, the 170 interrupts, and the 10 interrupt code
registers, the [70 instructions provide a framework within which the user can implement his sysiem interfaces. The
particulars of the system interfaces outside of this framework (such as dedicated memory locations, channel register
definidons, command code assignments/definitions, multiple channel prioritics, page register access, ¢tc.) are not
included in this standard.
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4.7.1 Input. The input instructions transfer data from an external 1/0 device
or an internal special register to a CPU general register. This command is
used to read data from peripheral devices, timers, status word, fault register,
discretes, interrupt mask, etc. A full description of the input instructions
is given in the instruction repertoire.

4.7.2 Qutput. The output instructions transfer data from a CPU general
register to an external 1/0 device or special register. Thias command is used
to write data to peripheral devices, discretes, start and stop timers, enable
and disable interrupts and DMA, set and 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 Input/output commands. Input/output commands are classified as
mandatory, opticnal, reserved, or spare. Mandatory 1/0 commands must be
implemented as defined. OQOptional 1/0 commands must be implemented as defined,
if implemented. Reserved I/0 commands must not be implemented. Spare 1/0
commands may be implemented as required by the application. Attempted
execution of an unimplemented optional or spare I1I/0 command or a reserved 1/0
command shall cause the illegal I/0 command fault to be set in the fault
register (FTg) causing a machine error interrupt. Input/output command words
shall be fully decoded. "TBDs" in input/output instruction descriptions refer
to parameters tc be determined by the application system requirements. Within
these classifications, the use of the command is defined in the instructiocn
description.

4.7.4 Input/dutput command partitioning. The 1/0 command space shall be
divided into 128 channels. Up to 512 commands within each channel group (256

input and 256 ocutput) may be used with each I/0 interface. Table IX lists the
128 1/0 channel groups. The attempted execution of an unimplemented I/0
command shall cause bit 5 of the fault register te be set, generate a machine
error interrupt, and abort to completion.

L. 7.5 Input/output interrupts (option t/output level 1 and level 2
interrupts are available to the user. 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 /output interrupt code registers to provide I/0 channel to process
communications. Two levels of interrupts allow easy differentiation of normal

reporting from error reporting.

4.7.6 Dedicated I/0Q memory locations. If dedicated memory locationa are used

to communicate information to and/or from an I/0 channel, these locations shall
be consecutive memory locations starting at an implementation defined location.
Locations ﬂ016 through 4F,g are optional for 1/0 usage.

ald
A A
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4.8 Instructions

4.8.1 JInvalid instructions. 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 (FTg) to be set, generating a machine error
interrupt. The Built-In-Function is an exception; implemented Built-In-
Functions do not cause FTgq 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 store.

Floating point operations have a prefix of F,’e.g., FL for floating load, FA
for floating add.

Double precision operations have a prefix of D, e.g., DL for double load, DA
for double add.

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

Register-to-register operations have a suffix of R, e.g., AR for single
precision add register-to-register, FAR for floating add register-to-register.

Indirect memory reference is indicated by a suffix I, e.g., LI for load
indirect.

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

22a
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EO Floating point B8-bit 2's complement Derived Operand
characteristic (exponent): DOpy_39
MA Floating point register accumulator mantissa (fractional part):

(RA,RA+1)g_p3 (Ft.P.), (RA,RA+1)g_p3 (RA+2)3o_47 (E.F.P.)

EA Floating point 8-bit 2's complement register accumulator
characteristic (exponent): (RA,RA+1)23_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.

Miscellaneous

(x) Contents of Register X

(,X + 1) Contents of concatenated Registers X and X + 1

(x] Contents of memory address X

[X,X « 1] Contents of sequential memory locations X and X + 1

OvM Mantissa (fractional part) overflow

Exit Indicates termination of present register transfer operation

(except the setting of the CS bits)

DA Derived Address

DO Derived Operand

N, M, n An integer number

DSPL Displacement

%n 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 ¥ is a 2's complement hexadecimal number.

xi If X is a CPU register or a memory address, than i specifies the
state of X. This notation is used in the register transfer
descriptions to refer to the contents of 2 CPU register or a
memory address at different times (states) of the execution of
the instruction. If X is not a CPU register or a memory
address, then the number X is raised to the ith power.

25
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bols
am Unilateral transfer designator
Lmud Bilateral transfer designator
: Comparison Designator
x Indicates a "don't care" bit when used in a binary number
b4 Greater than
< Less than
= Equals
2 Greater than or equal
£ Less than or equal
+ Logical AND
v Logical OR
g Exclusive OR

Logical NOT

Abaolute value

26
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5 DETAILED REQUIREMENTS
5.1 Execute input/output.
ADDR MODE MNEMONIC FORMAT/QPCODE
B ] L 16
IM XI0O RACMD = mESEoSSssooses Seesss s it
IMX X10 RA,CMB,RX I 48 l RA IRX I I CMD
DESCRIPTION: The input/output instruction transfers data between an

external/internal device and the register RA. The Derived
Operand, DO, specifies 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 13 specified, then the input/output 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/cutput immediate command fields
are listed below.

Mandatory X10 Command Fields and Mnemoniecs
‘ 2000 SMK Set 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
"OY prevents the interrupt from occurring except for those
interrupts that are defined such that they cannot be masked.

2001 CLIR 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.

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

2004 RPI Reset Pending Interrupt: The individual interrupt bit to be
reset shall be designated in register RA as a right justified
four bit code. (0415 represents interrupt number 0,F.g represents
interrupt number 15). If interrupt 145 is to be cleared, then
the contents of the fault register shall aisoc be set to zero.

—
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2005 SPI Set Pending Interrupt Register: This command ORs the 16-bit

contents of RA with the pending interrupt register. If there 1is
a one in the corresponding bit position of the interrupt mask
(same bit set in both the PI and the MK), and the interrupts are
enabled, then an interrupt shall occur after execution of the

______ o BT 40 waot A 1 e N {e aacimeaed tn ha 0
DEXL J.n:le‘uc:T._],Dn 11 rJ_S 13 SITE VU 1, tnen N 15 assymed TC e U
(see paragraph 5.30).
200E WSW Write Status Word: This command transfers the contents of RA to
the status word.
ADOD RMK Read Interrupt Mask: The current interrupt mask is transfered

into register RA. The interrupt mask is not altered.

AQ04 RPIR Read Pending Interrupt Register: This command transfers the
contents of the pending interrupt register into RA. The pending
interrupt register is not altered.

AOOE RSW Read Status Word: This command transfers the 16~bit status word
into register RA. The status word remains unchanged.
AOOF RCFR 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

—A-J oy g ey - o b gy

CRLIVED .'I.b reagu DD Lero.,
tion Command Fields and emonics

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

2008 0D Qutput Discretes: This command outputs the 16-bit contents of
the register RA to the discrete output buffer. A "1" indicates
an "on" condition and a "Q" indicates an "“off" condition.

200A RNS Reset Normal Power Up Discrete: This command resets the normal
power up discrete bit.

4gogQ co Console Output: The 16-bit contents (2 bytes)
output to the conscle. The eight most signifiecant bits (byte)
are sent firat. 1If no console is present, then this command is

treated as a NOP (see page 137).

4001 CLC Clear Console: This command clears the console interface,

koo3 MPEN Memory Protect Enable: This command allows the memory protect
RAM to control memory protection.

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

4005 DSUR Disable Start Up ROM: This command disables the start up ROM.

XI0 30
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Direct Memory Access Enable: This command enables direct memory
access (DMA).

Direct Memory Access Disable: This command disables DMA.

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 its 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 microseconds.

{D
-3

» ]
&
[

'S
(=9
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dr a counter which is
connected to a discrete output The period of time from restart
to time-cut shall be determined by the system requirements. When
the Go timer is started, the discrete output shall go high and
remain high for TBED milliseconds, at which time the output shall
go low uniess another Go is executed. The Go 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.

OQutput Timer B: The contents of register RA are loaded (i.e.,
jam transfered) 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 Hemory 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 the the corresponding 1024 word physical memory
block. The RAM word MSB (bit D) represents the lowest number
block and the RAM word LSB (bit 15) represents the highest block
(i.e., bit 0 represents locations 0 through 1023 and bit 15
represents locations 15360 through 16383 for word zerc). Each
word represents consecutive 16K blocks of physical memory. The
RAM words of 0 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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8YXX Pl Programmed Input: This command inputs 16 bits of data into RA
from the programmed I/0 port. Y may be from 0 through 3.

AQ01 RICH Read Input/Output Interrupt Code, Level 1: This command inputs
the contents of the level 1 IOIC register into register RA. The
Channel number is right justified.

AQQ2 RIC2 Read Input/Qutput Interrupt Code, Level 2: This command inputs
the contents of the level 2 IQIC register into register RA. The
channel number is right justified.

ADD8 RDOR Read Discrete QOutput Register: This command inputs the 16-bit
discrete cutput buffer into register RA.

AQD9 RDI 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.

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

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

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

C001 RCS Read Console Status: This command inputs the console interface
status into register RA. The status is right justified.

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

COOE ITB Input Timer B: This command inputs the 16-bit contents of timer

B into register RA. Bit fifteen is the least significant bit and
represents a time increment of one hundred microseconds.
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Read Memory Protect RAM (D0QO + RAM Addressa): This command
inputs the appropriate memory protect word into register RA. A
"1" in a bit provides write protection and a "0" in a bit permits
writing to the corresponding 1024 word physical memory block.

The RAM words MSB (bit 0) represents the lowest number block and
the RAM word LSB (bit 15) represents the highest block (i.e., bit
0 represents locations 0 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 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 set of
group X to register RA.

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

User defined XIO functions (see table IX).

REGISTER TRANSFER DESCRIPTION: Varies depending on the command field.

BEGISTERS AFFECTED: Varies depending on the command field.
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5.2 Yectored input/output.
ADDR MODE MNEMONIC FORMAT/QPCODE
8 h 4 16
D V1o RA,ADDR = —=mT=STesssoSssmSess sesesmmssmessmm
DX VIO  RA,ADDR,RX | 49 ' RA| RX | | ADDR
DESCRIPTIQON: The vectored input/output instruction performs the I/0 operation

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

DA ! CMD i
' "
D e 1
DA+1 | Vector Select .
e —eo————— -
pA«2 !  TData ¢} one data word for each
- bit set in the vector
select

The input/output operation 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 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 I/0 data is
transfered to or from DA + 2 +1 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 I/0 command bit of the fault register (FTs) 1s
set to a one.

b. The VIO chain is terminated, and the illegal XID is treated
as a NOP. This termination shall not affect execution of
preceding XI0O commands which are part of the VIO chain being
executed.

33 VIO
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(DA + 2 + 1];

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

Step 2. 4if [DA+1],=1, then I/0 command = [DA] + n x (RA)
Step 3. FTg <-- 1, exit, if XIO = illegal command;

Step 4. 4if [DA+1]p=1, then I/0 data =

Step 5. Lif [DA+1]p=1, then i <-- i+1;

Step 6. n <=~ n+ 1, exit, if n = 1§;

Step 7. go to step 2;

REGISTERS AFFECTED: None

33a
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2 July 1980 :

5.3 Sct bit.
ADDR MODE MNEMONRIC

R SBR  N,RB

0 SB N,ADDR

DX S8 N,ADDR, RX
1 SBI N.,ADDR

X SB1 N,ADDR, RX

Downloaded from http://www.everyspec.com

FORMAT/OPCODE
8 4 8

| 51 | N | RB |
8 i 4 16

| 50 | N | RX || ADDR |
8 4 4 16

| 82 | N | RX| | ADDR i

DESCRIPTION: Bit number N of the Derived Operand, DO, is sct to one. The MSB is designated bit number zero
and the LSB is designated bit number fifteen,

REGISTER TRANSFER DESCRIPTION:
DO, <-- 1;

REGISTERS AFFECTED: RB

SBR.SB.SBI
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5.29 Branch if Jess than (vcro),
ADDR MODE  MNEMONIC FORMAT/QPCODE
8 8
ICR BLT  LABEL ;--—;;---I‘--;--—-; -128 ¢ D < 127

DESCRIPTION: A program branch is made to LABEL, i.c.. the Derived Address. DA, if the condition status, CS.
indicates that the previous result which set the C8 is less than (zero). Otherwise, the next
sequential instruction is executed.

REGISTER TRANSFER DESCRIPTION:

(IC) <-- DA if (CS) = x001;

REGISTERS AFFECTED: IC (if the jump is executed)

61 BLT
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5.30 Branch to executive.

ADDR MODE MNEMONIC FORMA CQPE
8 y ]
s BEX N | 17 | ooool N |
DESCRIPTION: This instruction provides a means to jump to a routine in another

address state, AS. It is typiecally used to make controlled,
protected calls to an executive. The H-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 is loaded from the
{N+1)th location following the SW in address state zero. The
linkage pointer (LP), service pointer (SVP), and the new
processor state {(new MK, new SW, and new IC) are fetched from
address state zero. The current processor state (old MK, old SW,
and old IC) are stored in the address state specified by the new
SW AS field. Interrupts are disabled when BEX is executed. The
EXEC call interrupt cannot be masked or disabled. Arguments
associated with the BEX instruction are passed by software
convention. The processor lock and key funetion is ignored when
this instruction is executed. An attempt to branch into an
execute protected area of memory shall result in FTg being set to

1.

REGISTER TRANSFER DESCRIPTION:

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

(SVP) <-- [2B4g], where AS = 0;

{MK, SW, IC) <-- [(SVP), (SVP)+1, (SVP)+2+N)]}, where AS = 0;
(LP) <-- [2A4g], where AS = 0;

[(LP), (LP)+1, (LP)+2] <-= (RQ, RQ+1, RQ+2), where AS = SWip_;5;

REGISTERS AFFECTED: MK, SW, IC, PI

BEX 62
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5.56 Increment momory by o positive intecer.
ADDR MODE MNEMONIC FORMAT/QPCODE
8 4 4 16
D INCM N,ADDR mcemmememmmecccmmeme ammemcmmcmemcomane
X INCM N, ADDR,RX | A3 |N-1 | RX | | ADDR {
DESCRIPTION: The contents of the memory location specified by the Derived Address, DA, is incremented by N,

REGISTER TRAN

where Nois an ingeger, 1 € N € 16. This instruction adds a positive constant to memory. The
condition status, CS, is set based on the results of the addition and carry. A fixed point overflow
occurs if the operand in memory is positive and the result is negative. The memory location
specified is updated 10 contain the result of the addition process cven if a fixed point overflow
Occurs.

SFER DESCRIPTION:

[DA]? <~- [DA
PI, <-- 1, if

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

REGISTERS AFFECTED: CS,

J! + N, where 1 < N < 16;

[DA)? < 0 < [DA1Y:

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

o
—t

91 INCM
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5.57 Single precision abspolute value of register.

ADDR MODE

ote:

MNEMONIC FORMAT/OPCODE
8 ¥ oy
ABS  RA,RB | A4 IRA | RB |

DO (i.,e,, the qil:n'l hit of

- g Wil 22

+
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, CS5, is set
based on the result in register RA.

RA may equal RB.
The absoclute 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.

REGISTER TRANSFER DESCRIPTION:

(RA) <-- |DOJ;

PI, <-- 1, exit, if DO = 80004;

(CS) <-- 0001 if (RA)

(CS) <-=- 0010 if (RA)

u

800044;

0;

(CS) <-- 0100 if (RA) > 0;

REGISTERS AFFECTED: RA, CS, PI

ABS

g2
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5.58 Double precision absolute value of register.

ADDR MODE MNEMONIC FORMAT/OPCODE
8 Ny
n "RADCSO DA DD l AC | DA I DD I
n Ui nAK ¥ no ' Al I NnH I nop '

DESCRIPTION: If the sign bit of the double precision Derived Operand, DO
(i.e., the sign bit of register (RB, 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, 1s set based on the result
in register RA and RA+1.

Note: RA may equal RB.
The absclute value of a number with a 1 in the sign bit and all
Aatharm hite 2ora ia tha ama wArd anmd Aaanasna Ffivad raint
o whAl bl WA ArNrl WA e AP il [=4 =1 2= Ml W 7 ERL1ANG (S -3 FPel ey ) e oy ) PUJJIU

overflow to occur.
REGISTER TRANSFER DESCRIPTION:
(RA, RA+1) <-- iﬁﬁi;

PIy <-- 1, exit, if DO = 8000 000044;

(CS) <-- 0001 if (RA, Ra+1) 8000 00004¢;

(CS) <-- 0010 if (RA, RA+1) 0
(CS) <-- 0100 if (RA, RA+1) > O

e we

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

?

93 DABS
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5.59 Dnuble precision integer add.

AODR MODE  MNEMONIC
R DAR  RA.RB
0 DA RA ,ADDR
DX DA RA,ADDR,RX
DESCRIPTION:

The result (o

FORMAT/OPCODE

8 4 4
t A7 | RA | RB |
8 4 4 16
| A6 | RA | RX | | ADDR |

T Er R R ML A e W e e R M e wm ¥R L e e e W

'The double precision 1Jerived Operand (10) is added to the contents of registers RA and RA+ 1.
Y's complement 32-bit sum) is stored in registers RA and RA+ 1. The MSH is in”

RA. The condition status {CS) is sct based on the double precision results in RA and RA +1, and
carry. A fixed point overflow occurs if both operands are of the same sign and the sum is of

opposite sign,

(RA,RA+1)2 <-- (RA,RA+1)! + DO;

PI, <-- 1, if (RAy)! =

(CS) <-- 0010 if carry = 0 and (RA,RA+1)
(CS) <-- 0001 if carry = 0 and (RA,RA+1)
(CS) <-- 0100 if carry = 0 and (RA,RA+1)
(CS) <-- 1010 if carry = 1 and (RA RA+1)
(CS) <-- 1001 if carry = 1 and (RA,RA+1)
(CS) <-- 1100 if carry = 1 and (RA,RA+1)
REGISTERS AFFECTED: RA, RA+1, CS, PI

DAR.DA 94

WA NN AR

DO, and (RAQ)' # (RAg)?

ar a8 ww
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BX

[= =)

e

DESCRIPTION:

2 July 198D
MNEMONIC FORMAT /QPCODE
8 a 4
FAR  RA,RB { A9 | RA | RB |
4 2 2 8
---------------------- 12 < BR £ 15
FAB  BR,DSPL | 2 J0 |BR'| DSPL |  BR' = BR - 12
---------------------- RA = RO
& 2 2 4 3
RO T TP TR TR 12 < BR £ 15
FABX BR,RX | 4 J0 [BR'| 8 | RX] BR' =B8R - 12
----------------------- RA = RO
8 4 4 16
FA' RA,LADDR = mmmeeemmecemcmeeeme cemecmemvcmaoae-
FA  RA,ADDR,RX | AB ] RA | RX || ADDR |

A T e N e R e e R R am A Ty R R B o AN W -

The floating point Derived Opcerand, DO, is floating point added to the contents of registers RA
and RA+ 1. The result is stored in registers RA and RA + 1. The process of this opcration is as
follows: the mantissa of the number with the smalier algebraic exponent is shified right and the
exponent incremented by one for cach bit shifted until the exponents are cqual. The mantissas
are then added. I 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

TE. ac a racalr nfthic inAramanratinn rflaur Ammire amd tha Anaraiian Armaiearad 18 ben
LN 16 o d ICIHMIL VI u‘l: lll\.lLulbllLﬂuUll U'Llllu“ “Lul) iU I.HL up‘-lﬂuu'l l) t\.lllllllﬂll-u 11 WIc

surn dacs not result in exponen overflow, the result is normalized. ITin the normalization process
the cxponent is decremented below 80,6, then underflow occurs and a zero is inserted for the

. result

95 FAR FARLFABX FA
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REGISTER TRANSFER DESCRIPTION:

N = EA - EO;

E4 <-- EO, if MA = 0;

MO <-- MO Shifted Right Arithmetic n positions, if n > 0 and MA £ 0;

MA <—- MA Shifted Right Arithmetic -n positions, EA <--~ E0, 1f n < 0 and
MO £ O;

MA <-- MA + MO;

MA <-- MA Shifted Right Arithmetic 1 position, MAg <-- MAQ, EAC-- EA+1,
if OVM = 1;

0;

PI3 <-- 1, EA <-- TFyg, MA <-~ TFFF FFyg, exit, if EA > TFyg and Mig

n
—
-

PI3 <-- 1, EA <-- TFy¢, MA <-- BOOO 004g, exit, if EA > 7Fy5 and MAg
EA, MA <-- normalized EA, Ma;

PIg <-- 1, EA <=~ 0, MA <~- 0, If EA <.804g;
(CS) <-- 0010 if (RA, RA+1) = 0;
(CS) <-- 0001 4if (RA, RA+1) < 0;
(CS) <-- 0100 if (RA, RA+1) > 0

REGISTERS AFFECTED: RA, RA+31, CS, PI

FAR,FAB,FABX,FA 96
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5.61 Extended precision floating point add
ADDR MODE MNEMONIC FORMAT/QPCODE
8 4 B
R EFAR  RA,RB = =—===-===--cem-mmee-
| a8 |ma )&l
. 8 4 4 16
D EFA RA,ADDR  =——=——==-—=—=—m=eeo- m- memm—mee e
DX EFA  RA,ADDR,RX | AR | RA | RX | ! ADDR
DESCRIPTIOR

The extended precision floating point Derived Operand, DO, is
extended floating point added t¢ the cont

RA,RA+1, and RA+2. The result is stored in register RA,RA+1, 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

shifted. When 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 7F1g a8 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 8015, then underflow occurs and a
zero is inserted for the result.

e
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REGISTER TRANSFER DESCRIPTION:
n = EA - EO;

EA <-- EO, if MA = 0;
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, MAq, <-- ﬁﬁb, EA <-- EA+1,
if OVM = 1;

PI3 <=~ 1, EA <~-- TFyg, MS <-- 7FFF FF FFFFqg, exit, if EA > 7Fq1g and MAq
PI3 <-- 1, EA <-- TF3g, MS <-- 8000 00 000044, exit, if EA > TFqg and MAg
EA, MA <-- normalized EA, Mi;

PIg <-- 1, EA <-- 0, MA <-- 0, if EA < 804¢;

{CS) <-—- 0010 if (RA, RA+1, RA+2) = 0;

(CS) <-- 00D1 if (RA, RA+1, RA+2) < 0;

(CS) <-- 0100 4if (RA, RA+1, RA+2) > 0;

REGISTERS AFFECTED: RA, RA+1, RA+2, C5, PI

EFAR,EFA 97a
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5.62 Floaiing point absoluie value of reejster.

ADDR MODE  MNEMONIC FORMAT /OPCODE
8 a4
R FABS RA,RB | AC | RA | RB |

ESCRIPTJON: If the sign bt of the mantissa of the Derived Operand, DO (i.c.. the contents of registers RB and
RB+1). is a onc. its floating puint negative is stored in registers RA and RA + 1. ‘The negative of

Vo ¥

U is compuied by taking the 2's compiement of the mantissa and feaving the exponent
unchanged. Exceptions to this are negative powers of two: -1.0 x 2% -1.0x 2% .. ‘e absolute
value of these are: 0.5 x 2, 0.5x 22 ... in other words, the DO mantissa is shified logically right
one position and the exponent incremented. A floating point overflow shall occur if DO is the
smallest negative nunber, -1.0 x 2127, If the sign bit of DO is a zero, it is stored unchanged into
RA and RA + 1. The condition status, CS, is sct bascd on the result in regisier RA and RA + 1.

Note: RA may equal RB,
PO is assumed to be a normalized number or floating point zero.

REGISTER TRANSFER DESCRIPTION:

EA <-- EA+1, MA <-- 4000 00,q, if MO = 8000 00,5;

PI3 <-- 1, EA (-- 7F;5, MA <-- TFFF FF,g, exit, if EA > 7F¢;

EA <(-- EO, MA <-- -MO, if MO < 0, MO # 8000 00,4;

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

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

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

FABS 98
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5.64 Decrement memory hy a positive in{cger.
ADDR MODE MNEMONIC FORMAT /QPCODE
] 4 4 16
D DECM N, ADDR memmmeemmemmeeen meeeemeieeeoooes
DX DECM  N,ADDR,RX | B3 [N-1 | RX | | ADDR |
DESCRIPTION: The contents of the memory location specified by the Derived Address. DA, are decremented by

N, where Nis an integer, 1 <N € 16. This is the equivalent of a "subtract-from-memory
instnuction”. The condition status, CS, is set based on the results of the subtraction and carry. A
fixed point overflow accurs if the operand in memory is negative and the result is positive. The
mermory location specified is updated to contain the result of the subtraction process even if a
fiaxed point overflow occurs.

SFER DESCRIPTION:

[DA]? <-- [DA]! - N, where 1 < N < 16;

P, <-- 1, if

(CS) <-- 0010
(CS) <-- 000!
(CS) <-- 0100
(CS} <-- 1010
(CS) <-- 1001
(CS) <-- 1100

REGISTERS AFFECTED: CS,

[DAg]' < 0 < [DA,J%:

if carry = 0 and [DA]} = 0;

if carry = 0 and [DA] < O:

if carry = 0 and [DA] > O;

if carry = 1 and [DA] = 0;

if carry = 1 and [DA] < O;

if carry = 1 and (0A] > O
Pl

101 DECM
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5.65 Single precision negate register.

ADDR MQDE MNEMONIC FORMAT/OPCODE
8 4 4
R NEG RA,RB = Som=mmmemossssosesss
| sv |ra|re|
DESCRIPTION: 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 set based on the result in register
RA. ’
Note: 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,
BEGISTER TRANSFER DESCRIPTION:

(RA) <=~ -DO;
PIy <-= 1, exit, if DO = 800044;
(CS) <-- 0010 if (RA) = 0;
(CS) <-- 0001 if (RA) < O;
(CS) <-- 0100 if <(R&) > 0

REGISTERS AFFECTED: RA, CS, PI

L]

NEG

102
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5.66 Double precision negate register.
ADDR MODE MNEMONTC FORMAT/NPCONE
ADDR MODE MNEMONIC FORMAT/QPCODE
8 Ll b
R DNEG RA,RB == moesTesmosseosesss
| s |na sl
DESCRIPTION: The negative (i.e., the 2's complement) of the Derived Operand,
DO (i.e., the contents of register RB and RB+1), i3 stored into
register RA and RA+1 such that register RA contains the MS5H of
the result. The condition status, CS, is set based on the result
in register RA and RA+1.
Note: The negative aof zZero is zero.

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

REGISTER TRANSFER DESCRIPTION

{RA, RA+1) <-- -DO;

PIy <-- 1, exit, if DO = 8000 00001¢;

(CS) <-- 0010
(C8) <~-- 0001
{C3) <-- 0100

if (RA, RA+1) = 0;
if (RA, RA+1) < 0;
if (R4, RA+1) > O;

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

103 DNEG
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5.67 Double precision integer subtract.

ADOR MODE  MNEMONIC FORMAT/QPCODE
8 4 A
R DSR  RA,RB | B7 | RA | RB |
8 4 4 16
D DS RAADDR memmememememeeemecon e
DX DS RA,ADDR,RX | BS } RAJRX] ] ADDR !

e W e T e M b S o e B M o e o e e

DESCRIPTION: The double precision Derived Operand. DO, is subtracted from the contents of registers RA and
RA +1.The results, a 2's complement 32-bit difference, is stured in registers RA and RA + 1. ‘Ihe
MSH is RA. The condition status (CS) is sct based on the double precision results in RA and
RA +1.-and carry. A fixed point overflow occurs if both operands are of opposite sign and the
derived operand is the same as the sign of the difference.

REGISTER TRANSFER DESCRIPTIQN:

(RA,RA+1)% ¢-- (RA,RA+1)! - DO, i.e., (RA,RA+1) - DO means {(RA,RA+1) + 00} + 1;

PI, ¢-- 1, if (RAp)! # DOy and {RAy)? = DO,:

(CS) <-- 0010 if <carry = 0 and (RA.RA+1) = 0;
{CS) <-- 0001 if «carry = 0 and (RA,RA+1) < O0;
{CS) <-- 0100 if carry = 0 ‘and (RA,RA+1) > 0;
(CS) <-- 1010 if carry = 1 and (RA.RA+1) = 0;
(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, CS, Pl

DSR.DS 104
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5.68 Floating point subtract.

ADDR MODE

BX

D
DX

DESCRIPTION:

2 July 1980
MNEMONIC FORMAT/QPCODE
8 4 4
FSR  RA,RB | B2 | RA | RB |
4 2 2 8
---------------------- 12 £ BR £ 15
FSB  BR,DSPL | 2 |1 [BR'| DSPL | BR' = BR - 12
---------------------- RA = RO
4 2 2 4 4
----------------------- 12 £ BR £ 15
FSBX BR,RX i 4 |0 |BR'| 9 | RX | BR' = BR - 12
e et e RA = RO
8 4 4 16
FS RA,ADDR = mmrmrmmmmmemeemceee cmmmenemem e
FS RA,ADDR, RX I B8 | RA | RX | | ADOR ]

e e e el e T

The floating point Derived Operand. DO, is floating point subtracted from the contents of
registers RA and RA + 1. The result is stored in registers RA and RA+ Y. The process of this
operation is as follows: the mantissa of the number with the smaller algebraic exponent is shifted
right and the exponent incremented by onc for each bit shifted until the exponents are equal. The
mantissa of the DO is then subtracied from (RA.RA+1). If the ditference overflows the 24-bit
mantissa, then it is shifted night one position. the sign bit restored. and the exponcent incremented
by onc. If the exponcni exceeds 7F 4 as a result of this incrementation, overflow occurs and the
oncration is terminated. If the sum does not result in exponent overflow, the result is normalized,
If during the normalization process the exponent is decremented below 83,4, then underflow
occurs and a zero is inscrted for the Fesult.,

105 FSR.FSB.FSBX.FS
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REGISTER TRANSFER DESCRIPTION:

n = EA

EA {am

MO <--

MA <{--

MA <=w

MA {--

PI3 <=~ 1, EA <~- TF1g, MA C-- TFFF FF1g, exit, if EA > TFyg and Mg

PI3 <-- 1, EA <-=~ 7F5, MA <-- 8000 0045, exit, if EA > TF15 and Mg

EA, MA

- EQ;
Eo, if MA = 0Q;
MO Shifted Right Arithmetie n positions, if n > 0 and MA £ 0O;

Ms Shifted Right Arithmetic -n positions, EA <-- EO, if n < 0 and
MO £ 0;

MA - MO;

MA Shifted Right Arithmetic 1 position, MAg <=-= MAp, EA<—= EA+1,
if OVM = 1;

u
[=]

n
-
-e

<-- normalized EA, MA;

Plg <-- 1, EA <-- 0, MA <-- 0, if EA < 804¢;

(CS) <~- 0010 if (RA, RAs1) = O;
(CS) <-- 0001 4if (RA, RA+1) < O;
(CS) <-- 0100 if {RA, RA+1) > 0;

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

FSR,FS5B,FSBX,F3 106
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recision fleatin oint subtract.

MNEMONIC FOQRMAT/OPCODE
8 4 4
EFSR RA,RB = gmreemmmmmssssmossses

EFS RA,ADDR = ———==——=meemmmmmmeme e
EFS  RA,ADDR,RX | ea IBA 'nx ' | ADDR |

L A A g e i e e e A e WM WS TV S D A A Y SN N R A A A

The extended precision floating point Derived Operand, DO, is
extended floating point subtracted from the contents of register
RA, RA+1, and RA+2. The result is stored in register RA, RA+1,
and RA+2. The process of this operation 1s 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
shifted. When 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 7F1g as a result of this incrementation, overflow occurs
and the operation is terminated. If the difference does not
result in exponent overflow, the result is normalized. If during
the normalization process the exponent is decremented below B0y,
then underflow occurs and a zero 18 inserted for the result.

107 EFSR,EFS
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BoeTomen mhaAaacoebd nr.'-sr'b*rannlg L)

n = EA - EJ;
EA <-- EO, if MA = 0;
! 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, MAp <-- MAg, EA <-- EA+1,

1€ OVM = 1;
PI3 <-- 1, EA <-~ TFyg, MA <-- TFFF FF FFFFqg, exit, if EA > TFg and MAp = 0;
PI3 <-- 1, EA <-- TF1g, MA <-- BOOO 00 000015, exit, if EA > TFig and MAp = 1;
EA, MA <~- normalized EA, MA;
Plg <-- 1, BA <-- 0, MA <-- 0, if EA K 8014;
{CS) ¢<-- 0010 if ({RA, RA+1, RA+2) = 0;
{CS) <~-- 0001 if (RA, RA+1, RA+2) < 0;
(CS) <~= 0100 if (RA, RA+1, RA+2) > 0;
REGISTERS AFFECTED: RA, RA+1, RA+2, CS, PI
EFSR,EFS 107a
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5.70 [loatling ptiint negate regisicr.

ADDR MODE

DESCRIPTION:

Note:

MNEMONIC FORMAT/OPCODE
8 4 4
FNEG RA.RB { BC | RA | RB |

- e

The 24-bit mantissa of the Derived Operand, DO, i.e., the floating point number in registers RB
and RB+ 1, is 2's complementcd. The exponent remains unchanged. The result, the negative of
the original pumber, is stored in RA and RA + 1. The 2's complement of a floating point zcro is a
floating point z¢ro. Exceptions o this are all powers of two: -1.0x 2" and 0.5 x 2™ e, when the
mantissa is cither 8000 00, or 4000 00;¢. The negation of 0.5 x 27 is -1.0 x 2" ic., the mantissa is
shifted feft onc position and the exponent decremenicd by onc. Conversely, the ncgation of -1.0x
2%is 0.5 x 2"+ !: i.c.. the mantissa is shifted right onc pasition and the exponent is incremenied by
one. A floating point overflow occurs for the negation of the smallest negative number, -1.0x
217 A floating point underfiow occurs for the negation of the smallest positive number, 0.5 x 2
128. and causcs the result to be zero, The condition status, CS, is sct based on tie result in registers
RAand RA+1L

RA may cqual RB.

REGISTER TRANSFER DESCRIPTION:

PI; <-- 1, EA

PIS {-- 1, EA

EA <-- EO+1, MA <~- 4000 00,5, if MO

EA <-- EO-1, MA <(-- 8000 00,5, if MO

<-- 7F,5. MO <-- 7FFF FF,5, exit, if DO = 8000 007Fq;

<-- 0, MA ¢(-- 0, exit, if DO = 4000 00B0,4:

8000 00,g:

4000 00,4:

EA <-- EO, MA <-- -MO, if MO # 8000 005 or 4000 00,4:

(CS) <-- 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, Pl

FNEG

108




5.77
ADDR MODE

o
g

IM

ES ON:

ote:

MNEM

DR

DB

o
[+1]
>

DIM

Downloaded from http://www.everyspec.com

c

RA,RB

BR, DSPL

oy
a3
o3
5t

RA,ADDR
RA,ADDR,RX

RA,DATA

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

Single precision integer divide with 32-bit dividend.

FORMAT/OP CODE
8 y oy
' D5 | RAI RB |
y 2 2 B
rm—mmme- 12 < BR < 15
|1 |3 lan'l DSPL ' BR' = BR - 12
! RA = R2
y 2 2 & &
----- O < BR < 1
EREESK | &« | BR = BA - 12
L o RA = A2
8 by 16
| pr | Ra | RX | I ADDR l
8 ooy 16
| us l RA' 5 | | DATA |

The contents of registers RA and RA+1, a double precision 2's
complement number, are divided by the Derived Qperand, DO, a

single precision, 2's complement number.
the 32-bit dividend.

and RA+1 stores the remainder.

RA contains the MSH of

The result is stored in registers RA and
RA+1 such that RA stores the single precision integer quotient

based on the result in RA.
divisor equals zero or if a positive quotient exceeds TFFF4g or a
negative quotient is less than 80004¢.

The Condition Status, CS, is set
A fixed polnt overflow occurs if the

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

dividend
idend

ey

17

DR,DB,DBX,D,DIM
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REGISTER TRANSFER DESCRIPTION:

(RQ, RQ+1, RR) <-~ (RA, RA+1) / DO;

PIy <-= 1, 1f DO = 0 or (RQ, RQ+1) > 0000 TFFFg or (RQ, RQ+1) < FFFF 800044
(RA) <-= (AQ+1)

(RA+1) <-- (RR)

(CS) <—- 0010 if (RA) = O;
{CS) <-- 0001 if (RA) < O;
(CS) <-- 0100 4if (RA) > O;

BREGISTERS AFFECTED: RA, RA+1!, CS, PI

DR,DB,DBX,D,DIM 117a
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5.78 Double precision integer divide.

ADDR MODE MNEMONRIC FORMAT/QPCODE
8 4 LY
R DDR RA,RB = mooosoossosssssseses
| o7 & |zl
8 § y 16
b oD RA,ADDR —omosssoososSosSsoSss SmsSssSmssmenmeneeT
DX DD RA,ADDR,RX ' 6 | R | R | | ADDR
DESCRIPTION: The contents of registers RA and RA+1, a double precision 2's
conmplement 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 is
stored in registers RA and RA+1 (with the MSH in RA) and the
remainder is lost. The Condition Status, CS, is set based on the
results in registers RA and RA+1. 4 fixed polnt overflow occurs
if the divisor, DO, is zero, or if the dividend is 8000 00004¢
and the divisor is FFFF FFFFig4.
REGISTER TRANSFER DESCRIPTION:

{RA, RA+1) <-~ (RA, RA+1} / DO;

PIy <-- 1, if DO = O or {RA, RA+1 = 8000 000015 and DO = FFFF FFFF1g);

(C3) <-- 0010
(CS) <-- 0001
(€s) <-- 0100

if (RA, RA+1) = O;
if (RA, RA+1) < O;
if (RA, RA+1) > O;

REGISTERS AFFECTED: RA, RA+1, CS, PI
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5.79 Noating point divide,
ADDR MODE MNEMONIC FORMAT /OPCODE
8 a4
R FDR  RA,RB { 09 | RA | RB )
4 2 2 B
---------------------- 12 < BR £ 15
B FOB 8BR,DSPL I 2 |3 jerR'| DOSPL | BR' = BR - 12
---------------------- RA = RO
4 4 2 4 4
R EEEEEE R R PR 12 ¢ BR £ 15
BX FDBX BR,RX | 4 |0 [BR') B | RX | BR' = BR - 12
e RA = RO
8 4 4 16
D FD  RA,ADDR  =e=mmemcmmmcmammeme eememmmemem e
DX FD  RA,ADDR,RX | D8 | RA{ RX | | ADDR ]

Bl i T e e e e L

DESCRIPTION: The floating point number in registers RA and RA + 1 is divided by the floating point Derived
Operand, DO. The result is stured in register RA and RA + 1. A floating point overflow occurs if
the exponent result exceeds 7F ¢ at any point in the calculation process. Underflow occurs if the
exponcent result is less than 80 at any point in the process. 1f underflow oceurs, then the
quotient is forced 10 ze1o. A divide by 2e10 yiclds a floating point overflow.

119 FDR.FDB.FDBX FD
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REGISTER TRANSFER DESCRIPTION:
n x EA - EO;

n <-~ Q, {f M& = 0

MOp

1]

PI3 <~~ 1, EA <-- TF1g, MA <-- TFFF FFyg, exit, if Mig
and {n > TFyp or DO = 0};

PI3 <~~ 1, EA <-- TFyg, MA <-- BOOC 004g, exit, if Mag 4 MOg
mwmed fax N TE.. Av TN = N1
ana 10l » (rjp v v = Ui,

Plg <=~ 1, EA <= 0, MA <-= 0, exit, if n < 804p;

MQ <~~ MA / MO;

MQ <~~ MQ Shift Right Arithmetiec 1 position, n <-- n + 1, if MQ 2
Pl3 <~~ 1, EA <-- TFqg5, MA <-- TFFF FF.g, exit, if n > 7Fqg and MQp
PI3 <~~ 1, EA <= TFqg, MA <-- BOOO 0045, exit, if n > 7F1g and MQg

EA <~~ n;

MA <o- MQp_3;

{CS) <~= 0010 if (RA, RA+1) = D;
{CS) <=-~ 0001 if (RA, RA+1) < O;
(CS) <~-~ 0100 4if (RA, RA+t) > 0O;

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

FDR,FDE,FDBX ,FD 120
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1.80 Extended precision floating point divide.
ADPDR MODE MNEMONIC FORMAT/QPCODE
8 L h
R EFDR RA,RB e
| os | rafoceel
8 4 y 16
D EFD  RA,ADDR ~ ==-==~-- Rttt e
DX EFD  RA,ADDR,RX | pa | ma ] Rx | | ADDR
DESCRIPTION: The contents of registers RA, RA+1, 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+1, RA+2. A floating point overflow occurs if the
exponent result exceeds TFig at any peint in the caleculation
process. Underflow occurs if the exponent result is less than
8015 at any point in the process. If underflow occurs, then the
quotient is forced to zero. A divide by zero yields a floating
point overflow.

—
(4%}
—
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REGISTER TRANSFER DESCRIPTION:
n = EA ~ EO;

o <ae 0, if MA = O;

PI3 <-~ 1, EA <-- 7Fg, MA <-- TFFF FF FFFF.g, exit, if Mig = MO,
and {n > 7F4g or DO = O};

PI3 <~~~ 1, EA <= TF14, and MA <-- 800G 00 D00D4g, exit, if MApy o« MOg
and {n > 7F4g or DO = 0};

PIg <~~ 1, EA <-- 0, MA <-- 0, exit, if n < B04g;

MG <~ MA / MO;

MQ <-- MQ Shift Right Arithmetic { poaition, n <-=-n + 1, if MQ 2 1.0;

PI3 <~- 1, EA <-- TF1g5, MA K-~ TFFF FF FFFFqg, exit, if n > TFyg and MQp = 0;
PI3 (~= 1, EA <= TFi1g, MA <-- BODO 00 00004g, exit, if n > TFyg and MQpy = 1;
EA (e 1}

MA <~~ MQg.39;

(C8) <~~ 0010 if (RA, RA+1, RA+2) = 0;
(CS) <-- 0001 if (RA, RA+1, RA+2) < 0;
(CS) <~~ 0100 if (RA, RA+1, RA+2) > 0;

REGISTERS AFFECTED: RA, RA+1, RA+2, CS, PI

EFDR,EFD 121a
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5.81 Inclusive losical OR.
ADOR MODE MNEMONIC FORMAT/0PCODE
8 4 4
R ORR  RA,RB | E1 } RA | RB |
4 2 4 8
---------------------- 12 ¢ BR ¢ 15
B ORB  BR,DSPL [ 3 {0 |BR'] OSPL | BR' = BR ~ 12
---------------------- RA = R2
4 2 2 4 4
LT T T EP . 12 < BR ¢ 15
8X ORBX BR,RX { 4 (0 {BR'| F | RX | BR' = BR - 12
----------------------- RA = R2
8 4 4 16
D OR  RA,ADDR  =meesmmmecccommmmme aiecvmmmemmeaaes
DX OR RA,ADDR, RX ] EO0 | RA | RX | | ADDR f
8 4 4 16
M ORIM RA,DATA | 4A | RA[ B || DATA l

B T T T S

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

REGISTER TRANSFER DESCRIPTION:

(RA) ¢-- (RA) v 00;

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

REGISTERS AFFECTED: RA, CS

OURR.ORBORBX.ORORIM 122
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5.86 Convert 16-bit integer to floating point.

ADDR MODE MNEMONIC FQRMA c
8 4 it
R FLT RA,RB  =====—=o=—e——oooo-—-

DESCRIPTION:

Note:

o S S S A A 7 il A

The integer Derived Operand, DO {i.e., the contenta of register
RB), is converted to Single Precision floating point format and
stored in register RA and RA+1. The condition status, CS, is set
based on the results in RA and RA+1. The operation process is as
follows: The exponent is initially considered to be OFyg. 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 MSB are unequal, and the exponent and
mantissa stored in the proper fields of RA and RA+1.

RA may equal RB.

n

DE!‘TS""DD 'rn“;s:':‘n D:‘SFFTDTT“M":

EA <~- 0, MA <=~ 0, exit, if (RB) = O;

EA <~- OF44;

MA <-- (RB);

EA, MA <-- normalize EA, MA;

{CS) <-- D010
(CS) <~-- 0001
{CS) <-- 0100

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

REGISTERS AFFECTED: RA, RA+1, CS

127 FLT
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5.87 Cenverl cxtended precision floating point to 32-bit integer.
ADDR MODE MNEMONIC FORMAT /QPCODE
8 4 4
- e e e

—— e e .

DESCRIPTION: The integer portion of the floating point Derived Operand, DO (i.c., the contenis of registers RB,
RB+1, and RB+2). is stored into register RA and RA + 1. 1f the actual value of the DO floating
point exponent is greater than 1F¢, then RA and RA + 1 remain unchanged and a fixed point
overflow oceurs. The condition status, CS, is set based on the result in RA and RA + 1.

Note: The algorithm truncates toward zerop.

REGISTER TRANSFER DESCRIPTION:

Pl‘ {~- 1. EX'it. if EQ > 1F15:
(RA.RA+1) <-- Integer portion of DO;
(CS) <-- 0010 if (RA,RA+1)

(CS) <-- 0001 if (RA,RA+1)
(CS) <-- 0100 if (RA,RA+1)

0;
0.
0:

A A N ||

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

chiX 128
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5.88 Convert 32-bit integer to extended precision floating point.

ADDR MODE

DESCRIPTION:

Note:

MNEMONIC FORMAT/OPCODE
8 oy
R A TN T o ——
| e | mal rel

The doubie precision integer Derived Operand, DO (i.e., the
contents of registers RB and RB+1), is converted to Extended
Precision floating point format and stored in register RA, RA+1,
and RA+2. The condition status, CS, is set based on the result
in RA, RA+1, and RA+2. The operation process is as follows: The
exponent is initially considered to be 1F16- The integer value

in RB, RB+1 is 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+1, and RA+2.

RA may equal RB.

REGISTER TRANSFER DESCRIPTION:

EA <-- 0, MA <¢~- 0, exit, if (RB,RB+1) = 0;

EA <-~ 1Fqg, MA <-- (RB,RB+1);

EA, MA <-- normalized EA, MA;

(CS) <-- 0070 if (RA, RA+1, RA+2) = 0;
(CS) <-- 0001 if {RA, RA+1, RA+2) < 0;
(C8) <-- 0100 4if (RA, RA+1, RA+2) > 0;
REGISTERS AFFECTED: RA, RA+1, RA+2, CS

-
My
D
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.5.89 Exchange bytes in register.

ADDR MODE MNEMONIC FORMAT/QPCODE
8 4 4
S XBR RA i EC i RA | O |

e A w  w E w  w

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

REGISTER JRANSFER DESCRIPTION:

{RA}g.7 <=-> {RA}g.ys;

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

L
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5.94 Floating point compare.
ADDR MODE MNEMONIC FORMAT/OPCODE
8 "
R FCR  RA,RB ! Fg g RA ! RB{
oz 2 8
--------------- 12 < BR < 15
B FCB  BR,DSPL l 3 | 3 IBB', DSPL | BR' = BR - 12
______________________ RA = RO

T smcns
BX FCBX BR,RX | y l Gl BR I b | RX I BR* = BR - 12
_______________________ RA = RO
8 4 y 16
D FC RA,ADDR W —omememoSSSsosSsssoss sSsssssSosssosesree
DX FC  Ra,ADDR,RX | re | ra | x | | ADDR
SCR : The floating point number in registers RA and RA+1 is compared to

the floating point Derived Operand, DO. Then, the Condition

Status, CS, is set based on whether the contents of RA, RA+1 is

less than, equal to, or greater than the DO. The contents of RA
A

amdA D anma 1mmln e o
aliu vnv | [=¥] uuuuuu&cu
ote: This instruction does not cause an overflow to occur,
REGISTER TRANSFER DESCRIPTION:

(RA, RA+1} : DO;
{CS) <~= 0010 if (RA, RA+1) = DO;
{CS) <-- 0001 1if (RA, RA+1) < DO;
{CS) <~- 0100 if (RA, RA+1) > DO;

REGISTERS AFFECTED: CS
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5.95 Extended precision floating point compare.

ADDR MODE

DESCRIPTION:

Nole:

MNEMONIC FORMAT/QPCODE
8 a4
EFCR RA,RB | FB | RA | RD |
8 4 1 16
EFC  RA,ADDR  =mmmmmmeeececsoomos memeeceneeeaoo
EFC  RA,ADOR,RX | FA ] RA | RX | | ADDR !

- L A A e W MR e W = M g e AR S AR A e A N A wm w

‘The extended precision floating Derived Operand, DO, is compared to the contents of registers

RA.RA +1, and RA 4 2 where RA contains the most significant 16-bits of the extended precision
floating point word. Yhe condition status, CS, is sct based on whether the contents of RA, RA+1,
and RA + 2 are less than, equal to or greater than the DO. The contenis of RA. RA+1, and

RA +2 are unchanged.

This instruction does not cause overflow to occur.

REGISTER TRANSFER DESCRIPTION:

(RA, RA+1, RA+2) : DO;

(C5) <-- 0010
(CS) <-- G601
{CS) <-- 0100

REGISTERS AFFECTED: CS

eFCR.EFC

if (RA, RA+1, RA+2) = DO:

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

if (RA, RA+1, RA+2) > DO;
136
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5.98 Built-In-Function:

EGISTE

1]

ADDR MODE MNEMONIC MAT/0PCO
8 8
s BIF Op. Ex. ! b lOp. Ex.!
DESCRIPTION: This instruction invokes special operations defined by the user.

Note that this instruction may use cne or more additional words

1 Ad b al €rTTlairt - v
immediacely 10110WiNE ..Ll.., the pnumber and interpretl

are determined by the Op.Ex.

REGISTER TRANSFER DESCRIPTION:' User defined.

AFFECTER: User defined.
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