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1-0 INTRODUCTION
1.1 S Transmission of data between central memories {M2. M3 or [i4}
. cope and upper IPL central processors {P2. P3 or P4} shall occur over
s s 3 F3 : ie 3 3 compatible. blY-bit wide data buses- Enforcement of bus compati-
This General Design Specification is intended to define the bility across the three models will allow any of these processors
common properties and characteristics of Processor Models Pl P2, P3 q b ted t f th . M2. M3 Mut
through P4, and Central Memory Modelsa M2 through M4 which » P3. PU} to be connected to any o € memories v M .
constitute major firmware/hardware components of the Integrated ~ .. .
Product Line. Included in this model independent specification Transmission of data between central memories {M2. 113. N4 and the
X T : Mechani nmonl lower IPL processcr, {P1}; shall likewise occur over
is the description of the Virtual Memory Mechanism commonly tible data b i th Hucts n dth to 32 bits
applicable to these major system components. compatible data buses with a reduction in wic o its.
Compatibility in the design of these buses will allow the lower
5 IPL processor-, {P1l},to be connected to any central memory
1.2 Applicable Documents 2. M3 or Mu7- 1
IPL Architectural Definition 1.3.2 Interelement Transfer Rates
10SS Model Independent GDS
IPLOS 6DS The maximum transfer rate over the data buses shall be L4 bits
1-3 Confi : or 32 bits every 5b nsec {read or write} for a ki-bit or a 32—
. onfigurations bit data bus. respectively- This maximum data transfer r'ateF
The IPL architecture shall allow substantial flexibility in the 2?flih?EEdEZﬁZ?ZREﬂezzrsegzSgisTeﬁgfyngngnZhﬁﬁ% b$h2h§i§?2§en22
%Eterconnection of the basic elements of an IPL computer systenm. between these models shall be primarily in capacity. number of
megzﬁig;egﬁgtilgh:iéssgzzézt of cgntral processorsa.central available ports. and the number of banks for minimizing conflicts-
isti . ized
For purposes of this specificationa IPL processors will be referred ;Zefggigs:?erlstlcs of each centrol memory model are summarize
| to as processors {P}. Uhere differentiation between the four
models is required. they will be referred to as Pl. P2, P3, or PY. Model Capacity LUY-bit 3J2-bit  Number of
. . P ank
Likewises central memory will be referred to as memory iM}. Uhere M bytes Ports orts Banks
differentiation between the three models is required. they will M2 1-Y4 2 4 8-1b
be referred to as M2. M3 or My.
- M3 2-8 ] a8 1k-32
The Processors and their associated memories will be divided into - -kY
‘two categories: 1lower IPL and upper IPL. My 4-1b ] b 32-k
The lower IPL processor. designated as Pl. is intended to be used 1.3.3 Interelement Connection Alternatives
g;1$g:;1zfa:h:npgégegggizfsgg11;3sogilgurat10ns which include one Each of the upper IPL central processors {P2. P3 or Pu} shall
| provide the means for accommodating two klY-bit ports for attaching
two memory buses. This feature will allow for a processor-to- have
either a redundant {backup} data path to the same memory or indi-
vidual connections to two independent memories.
1-3.1 Interelement Transfer Paths For the same reason. the lower IPL processora Pl. shall provide

NCHIIGHERRIVINE

All data transfers between processors shall be via central memory-

the means for accommodating two 32-bit ports for attaching two
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Each of the IPL processors {PlL through P4} shall provide the
means for accommodating two interfaces for connection to two
Service Processors {SPs}3 one active. the second as backup.
The SP shall serve as the programmable maintenance facility

for these processors.

The multiple bU-bit and 32-bit ports within each of the memory
models provides the means for several processors to share the
same memory. thus allowing a substantial degree of flexibility
in memory and processor configuration alternatives. Typical
examples are illustrated in Figures l.3~l+ l.3-2 and 1.3-3.

Note: The maximum one-way. electrical distance between inter-
connected IPL processors and central memories shall not
exceed 2 clock cycles of propagation delay for L4-bit buses
and shall not exceed 3 clock cycles of propagation delay for
32-bit buses. See Y4.7.

General T1u1ng Considerations

Within each processor1 instruction execution shall be "con-
ceptually serialized." Although central memory and register
references may occur out of order. {to whatever degree re-
quired by a processor’s model — dependent implemention in the
achievement of its cost/performance goals}. the results from
each of the associated instructions. as observed by the pro-
sessor performing their executiona shall be the same as if

i such instructions were actually executed in a serialized

fashion {i.e.. each instruction's execution would be completed

- before the execution of any subsequent instructions would
i begin.} The single exception to this concept shall occur in

the case of self-modifying programs as stated in paragraph
2.1.2 of this specification.

Processor operations shall be further serialized. as observed
by other processorsa only to the extent that the function
referred to as "serialization™ is included within the execution
of certain instructions as described in section 2.k of this
specification.

Program interruptions shall occur between the execution of
instructions. and with timing precision relative to the cause
of such interruptions. to the extent specified in section 2.8
of this specification.
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Note:

Example of a Single Central Processor Configuration

See 2.10.1.1 for a description of processor
port selection with respect to redundant paths
to central memory.
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SP interfaces are not shown.
See 2.10.1.1 for a description of central memory

unit selection.

Example of a Multiple Central Processor System
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2.0 Processor
2.1.1.1 P Register
Processor Models Pl through P4 shall provide the means for reading .
and translating each of the instruction codes contained in the The Program Address Register. referred to simply as the P Reg-
instruction repertoire. as well as performing the corresponding ister. shall consist of LY bits. numbered from left to righta
execution of these instructions as defined by the descriptions beginning with bit position 00. Conceptually. the P Register
contained in this specification. shall contain the Process Virtual Address. PVA. of an instruc-
tion in central memory during the time it is read. interpreted.
In order to accomplish instruction fetch and execution. each pro- and executed by the processor. Similarly. the P Register shall con-
cessor shall additionally provide the means for referencing cen- tain "Keys" to central memory during each instruction's execution.
tral memory. Central memory references shall be performed either The contents of the P Register shall be formatted as follows:
in virtual mode. which shall include the address translation and where the RN {Ring Number}. SEG {Segment} and BN {Byte Numberl}
protection facilities as described in Sections 3.0 through-3.k fields are individually described within Section 3.2 of this
of this specificationa or in real mode which shall involve neither specificationyand the GK {Global Key} and LK {Local Key} fields are
address translation nor protection facilities as described in individually described within paragraph 3.k.3 of this specification,
subparagraph 2.1.1.1 of this specification. with respect to virtual addressing mode.
a . oo |02 08 |10 1b 20 32 k3
-1 General Description DD GK ool Lk RN SEG BN
For the purposes of this specification the operation codes from 2 b 2 b L] 12 32
the instruction repertoire shall be divided into four groups of
instructions referred to as the General Instructions. the Bus- & Keys > & PVA —>
iness Data Processing Instructions. the Floating Point Instruc-
tions. and the System Instructions. In addition to central With respect to real addressing mode. only the BN field from the P
memory. addressed in virtual or real mode. the execution of the Register shall be used- As a result of not utilizing the 6Ka.
instructions within the first three of these instruction groupsa LK+ RN and SEG fields. neither address translation nor protection
namely the General. BDP. and Flt. Pt. Instructions. shall re- checking shall be performed and the BN field from the PVA shall be
quire the means to reference general containers referred to as used directly as the real memory address {RMA}. The format of an
the P Register. the A Registers. and the X Registers. Alsoa RMA is described in Paragraph 3.1.3 of this specification.
the means for detecting and indicating exceptional conditionsa
which may occur in the course of executing these instructionsa 2.l.1.2 A Registers
shall be provided in accordance with the appropriate instruction
descriptions contained in this specification. The sixteen A Registers. referred to as the A0 Register through
' the AF Register {using hexadecimal notation}. shall consist of
The fourth group. namely the System Instructions. shall addi- 48 bits each. identical in format to the rightmost 48 bits of the
tionally require the means to reference special containers P Register as just previously describedy with respect to both real
referred to as the Processor State Registers. Process State and virtual addressing modes-
Registers. and Memory Maintenance Registers in accordance with the Note. Although these address registers are intended for general
appropriate descriptions contained within sections 2.5 and 2.& use in explicitly supplying such PVA's as may be required for
of this specification. branch {jump} and operand references to central memory. an
aggregate of eight A Registers. {namely. AD through A?},shall be
2el.l General Registers implicitly utilized during BDP and CALL instruction executions as

The means for referencing a total of 33 General Registers shall
be provided.

NERUE0 GIRRIVATE

described in Sections 2.3 and 2.b. respectively. of this speci-’
fication.
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2.1.3.3

X Registers

The sixteeq X Registers. referred to as the XO Register through
the XF. Register fusing hexadecimal notation}. shall consist of
b4 bits each with their bit positions numbered from left to
right- beginning with bit position 00. as follows:

aly EVY - b3
32 bits ‘ 32 bits

r—X Register Left > | & - "‘,X Register Right
— LY-bit X Register - .

The buY-bit contents of an X Register may be treated as”a logical

quantity. a signed binary integer. or a signed. floating point
number. Bit string. byte string. 32-bit halfword {right-
justified in bit positions 32 through bL3}. and kl-bit word
operations shall be-provided for the contents of the X Registers:

Note. Although these operand registers are intended for general
use in explicitly supplying. such operands as may be required for
accomplishing the execution of a majority of instructions. the
first two X Registers. {namely. X0 and X1}. shall be implicitly
utilized during certain instructions which require additional )
input arguments or execution results. In these cases» Register.
X0 Right shall normally be used to supply additional input’

parameters to instruction execution and Register Xl Right shall

be utilized to receive additional results from instruction ex-
ecution. UWhenever applicable. the instruction descriptions
contained in this specification will fully define all register
utilizations which shall be implicit in naturea including those
cases in which the contents of Register XO shall be interpreted
as consisting. partially or entirely. of zeros.

Instructions

Instructions shall be 1k bits or 32-bits in length. according ¢
| one of the six formats described in the following sub-paragra
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2.1.2.1

2.1.2.2

2.1.2.3

Programmgd modification of the instructions comprising a stored
program in central memory may lead to undefined results-

Formats j k i D and S jk i D

[ Operation Code I 3 _] k I i I D 4J
-] L] L} 4 12
Operation . .
(et [ s 5 [ w [ ] > |
.5 3 L] L) L} 12

For these §E-bit instruction formats: the j. ka and i fields
shall provide register designations, the D field shall provide
either a signed shift count. a positive displacement or a bit-

' string descriptor. and the § field shall provide a sub<operation

code. .

Format j k

: |

For this lb-bit instruction format. the j field shall provide
a register designation. a sub-operation code. or an immediate
operand value and the k field shall provide a register des-
ignation.

Operation Code B
8

Formats j k @ and S j k @

Lpperation_Code j k » Q
4 4 4 1k
Operation :
Code I S I J I k I ¢
‘ 5 3 Yy L} 1b

NERIENEIRAIVINE
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2.l.2.4

2.1k.2.5

For these 32-bit instruction formats. the j and k fields shall
provide register designations or sub-operation codes. The lk-
bit @ field shall provide a signed displacement or an immediate

operand value. The S field shall provide a sub-operation cods.

Format j k @/2

| Operation CodeAl j l k ! . Q
8 Y y 1k

For this 32-bit instruction format. the j and k fields shall
provide 2 register designations each and the lk=bit @ field
shall provide 2 separate displacement values of 8 bits each.
This instruction format shall be used exclusively by the in-
structions in the BDP Instruction group and the definition of
the manner in which the fields from instructions of this format
are useds is detailed in Section 2.3 of this specification.

Access

Instruction accesses shall be confined to byte addresses which
are 0. modulo 2. Thusa values which have a one bit in position
k3 shall be detected at the time an attempt is made to transfer
such values into the P Register. and Address Specification error
shall be detected. and the corresponding program interruption
shall occur.

For the purpose of establishing central memory access validationa
the reading of every instruction shall be an Execute type access.
When specifically included within an instruction’s descriptions
the appropriate central memory access.performed for the purpose
of fetching the instruction to be subsequently executed. shall be
execute validated, provided such a reference occurs in virtual
addressing mode. Execute type accesses shall use the ring number
contained in the P Register for access validation.

The access validation procedure. which requires the classifi-
cation of central memory accesses into read. writes executea

and call typesa is described in Section 3.b of this specification.
As part of the Virtual Memory Mechanism. this validation

NGRIIBOCIRAIVATE

2.1.2.L

2.1.2.7

procedure is intended to provide hardware assistance in satis-
fying the requirements for privacy and protection of information
stored in central memory. while simultaneously sustaining the
ability of various processes to share central memory information

to varying degrees. for varying purposes.

With respect to "demand page™ interrupts {Page Table Search withont
Find conditions as described in subparagraph 2.8.1.10 of this spec~-
ification} the fetching of an instruction shall be considered as
part of that instruction’s execution. This shall apply even when
the instruction fetch is immediately preceded by a branch exit {as
described in paragraph 2.2-3 of this specification} on the part of
the previous instruction. Thus. with respect to demand paging. the
execution of an instruction shall never include the fetching of the
next instruction to be executed.

Unused Bits . . .
When one or more bits from an instruction are unused. i.e.. their

value{s} and associated function{s} are not specified within the
instruction description. the execution of these instructions shall
not be affected by the values of these bits. However. it is re-
commended that such bits are equal to zeroes-

Nomenclaturé

Throughout the instruction descriptions contained in_this speci-
fication. the following conventions shall be used with respect
to nomenclature-.

a- The expressions "Register Aj" and "the Aj Register” shall
be used interchangeably to denote the 4&-bit A Beglster
specified by the H-bit j field from an instruction. Thusa
"Aj" shall denote one of the sixteen A Registersa AD through
AF {in hexadecimal notation} corresponding to j field values
of 0 through 15 {in decimal notation}. respectively-

The Y4-bit k field from an instruction shall be interpreted
in a manner identical to the j field {as just descriped}
with respect to the interchangeable expressions "Register
Ak™ and "the Ak Register.”

b. The expressions "Register Xj" and "the Xj Eegisterf shall
be used interchangeably to denote the kl-bit X Register
specified by the Y-bit j field from an instruction. Thusa
"Xj" shall denote one of the sixteen X Registers, X0 through

NGRIGOGIRRIUAE
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XF {in hexadecimal notation} corres i j fi
i ponding to field
values of 0 through 15 {in decimal notation}. gespectively-

The Y=-bit k field from an instruction shall be i

T f . e interpreted

;gtﬁ mannertlgen:;cal to the j field {as just descr‘iged}e
respec o e interchangeable e i " i

Xk"™ and "the Xk Register." ? xpressions "Register

C. With respect tb the X Registers. the terms "L "

t eft” and
"Right" shall be used to denote the leftmost and right-
mostnae-blt positions. respectively. Thus. "Register Xk
Left™ shall denote the leftmost 32-bit positions. OO
:::g?gz 31; ozhthe Xk Register and "Register Xk Right"

enote e rightmost 32-bit positi
b3+ of the Xk Register. positions. 32 through

d. Parentheses shall be used within instr i
uct
denote "the contents of". chion names to

e. Units of information shall be referred to as byt
A . es {8
bitsl}, parcels {1k bits}. halfwords {32 bits} gr words
{bY4 bits} with the following numbering conventions:

Bits 00—> 08 —> | 1b—>|24—>|32 -—>.t10 -, lt&:—?} b—>|
Bytes .0 L..p.oedta |y 5..Ai,e. 7 -
Parcels 0 1 2 ; ER
Halfuords A : S SR ]
Word L
{DD T e > k3
Note: Albhanumeric {including decimall} and floating point

data formats are illustrated in Sections 2.3 and 2.4,
respectively of this specification.

Address Arithmetic

Address arithmetic operations. referred to as "indexing®™
and "displacementa." shall be performed on signed. 32-bit
integers using 2's complement addition without overflow
detection.
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2.2.5

Address Exception

When the leftmost bit of the BN field- {position 32}. in any PVA is
equal to a one at the time it is used to access central memory. an
Address Specification error shall be detected. the central memory
access shall be inhibited. and the corresponding program interruption
shall occur.

Instruction Reference Numbers

1

' Note: The descriptions for all instructions. or sub-groups of in-

structions. shall include the name. reference number and field design-
ators for each individual instruction.

Reference numbers for each instruction shall consist of thrge digits.
and shall correspond to the associated instruction's entry in Appendix
A of this specification.

General Instructions

For the purpose of this specification. the instructions comprising the
General Instruction group shall be further classified. according to
function. as described by the titles for paragraph numbers Z.2.1
through 2.2.11 of this specification.

For the applicable instructions in this subgroup. as well as the in-.
structions in the BDP group. {Section 2.3}. "false” exception conditions
shall not be detected as a result of interpreting any PVA for which

the associated central memory data field has a length equal to zero.

Load and Store

This sub-group of instructions shall provide the means for transferring
data. in the form of a single bit. a byte string. a bh-bit word. or
multiple LY-bit words between one or more Registers and one or more
locations in central memory as specified by the individual operation
codes.

For the purpose of establishing operand access validity for the assoc-
jated central memory read and write accessess the ring number used for
validation shall be the value of the ring number contained in bit
positions 1k through 19 of the associated A Register. Access validation
shall occur in Virtual Addressing [Mode only.

The central memory operand access types shall be read-access for any
instruction which loads an A or X register. and write-access for any
instruction which stores an A or X register.

B 0 PYRATE
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2.2-12.1

e

\mwﬁﬁ% the instruction.

Instructions which transfer data from one or more Registers to
central memory. {namely. Store instructions}. shall not alter
the contents of any Register which serves as a source of the
data to be transferred to central memory. ;

Load/Store Bytes. XK53 Length Per S

a- Load Bytes to Xk from {Aj} displaced by D and indexed by
{Xi}Right. Length Per §
001} sjkid
Load B

s toXk fr JAjL

C. Store Bytes from Xk at {Aj} displaced by D and indexed by
{Xi} Right. Length Per S

003 S jkid
d. S e bytes om Xk at }t displ d by @+ gth P
0 ke -
Operation: These instructions shall transfer a field of bytes

between Register Xk and a byte field in central memory- The
direction of transfer is determined by the operation code. and

the length of the byte field to be transferred shall be deter-
mined by adding one to the value obtained from the S-field of :
The bytes in Register Xk shall be right-

justified. so that the appropriate left-most byte positio in
Register Xk shall be cleared for 1oaH_TTEEFEEE¥EH§EETEE’TE§§ths
less than eight. and the appropriate left-most bByte pusitions
within the XK Eégigter~sﬁaI§ not be EraT§TEFFEH‘¥3F‘§EEF€—TE:

structions with lengths less an eighte

Addressing: The beginning {the leftmost byte position} of the
byte string in central memory shall be determined by means of

the RVA obtained from the Aj Ragister. modified by a byte item
count determined as follous:

B3 0E06 PRINTE

Displacement and Indexing: The 32-bit halfuword obtained from
register Xi Right and the 32-bit quantity obtained by left-
extending the D field with zeroes shall be added to the right-
most 32 bits of the PVA obtained from the AjR-egister. In
this context. the contents of the X0 Register shall be inter-
preted as consisting of all zeroes.

Displacement: The Q@ field from the instruction shall be
expanded to 32 bits by means of sign extension and the 32-bit
result shall be added to the rightmost 32 bits of the PVA
obtained from the Aj Register.

Load/Store Word. Xk

a- Load Xk from {Aj} displaced by 8xD and indexed by 8%{Xi} Right

o0os jkiDd
b Xk from. {Aj} dis ced b (‘]
1] k@

[ Store Xk at {Aj} displaced by 8%D and indexed by 8%{Xi} Right
oo? jkiD

d. Store Xk at {Aj} displaced by 8x@Q
- o008 jkea

Operation: These instructions shall transfer a word between
Register Xk and a word location in central memory. The direction
of transfer shall be determined by the operation code.

Addressing: The item location in central memory shall be
determined by means of the PVA obtained from register Aj

- modified by a 32-bit quantity calculated as follous:

" Displacement and Indexing:

The 32-bit halfword obtained from
register Xi Right shall be shifted left 3 bit positions. end-

. off with zeroes insertedi the l2-bit quantity obtained from
l the D field of the instruction shall be expanded to 29 bits
* by inserting zeroes on the left and shall then be shifted left

3 bit positions with zeroes inserted on the right. The two
32-bit quantities resulting from these operations shall then

R 1 GO PRIATE
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2.2.1.3

be added to the rightmost 32 bits of the PVA obtained from the
Aj register. In this context. the contents of register XO
shall be interpreted as consisting of all zeroes-.

Displacement: The @ field from the instruction shall be expanded
to 29 bits by means of sign extension. and shall then be shifted
left 3 bit positions with zeroes inserted on the right. The 32-
bit result shall then be added to the rightmost 32 bits of the
PVA obtained from the Aj register.

Notes: Unless the PVA from the Aj Register consists of a

byte address which is 0 modulo 8. an Address Specification error
shall occur. the loading or storing of the Xk register shall be
inhibited. and the corresponding program interruption shall

take place.

Load/Store Bytesa Xk3 Length Per XD

a. Load Bytes to Xk from {Aj} displaced by D and indexed by
{Xi} Right. Length Per XO )
009 jkid )
Lo Bytes Xk fro 4} dis d by gth 0
01 ¥
[ Store Bytes from Xk at {Aj} displaced by D and indexed by
{Xi} Right. Length Per XD
011  jkid
d. Store Bytes from Xk at {Aj} displaced by @+ Length Per XD
012 jka .
Operation: These instructions shall transfer a field of bytes

between Register Xk and a byte field in central memory with
the direction of the transfer determined by the operatien code-
The length of the byte field shall be determined by the con-
tents of Register X0 Right.

When the length is equal to zero. these instructions shall result
in no operation: yhep the length is greater than eight. arn .
Instruction Specification error shall be detected. loading or
storing of
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" from central memory to register Xk.

the Xk Register shall be inhibited. and the corresponding
program interruption shall occur. The bytes

in Register Xk shall be right-justified so that the .
appropriate leftmost byte positions within the Xk Register
shall be cleared for load instructions with lengths less than
eight but greater than zero- and the appropriate leftmost byte
positions within the Xk Register shall not be stored for store
instructions with lengths less than eight.

Addressing: Identical to that described in Section 2.2.1.1

Load Bytesa Xk3 Length Per j

Load Bytes to Xk from {P} displaced by @ . Length per 3
013 jke

Qe

Operation: This instruction shall transfer a field of bytes
The length of the byte
field shall be datermined by the j-field. In all other
respects. the operation is identical to that described in

 2egel.3. i

Addressing: The baginning {the leftmost byte position} of the
byte field in central memory shall be determined by expanding
the @ field to 32 bits by means of sign extension and then
adding the result to the rightmost 32 bits of the PVA obtained
from the P Register. . .

Load/Store Bita Xk
Load Bit to Xk from {Aj} displaced by @ and bit indexed -

Qe
" by {XD} Right
01y jke o
b. Store Bit from Xk at {Aj} dispiaced by @ and bit indexed

by {X0} Right .
D15  jke : :
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Operation: These instructions shall transfer a single bit
between Register Xk Right. bit position k3. and a bit position
in central memory. with the direction of the transfer deter-
mined by the operation code. Additionally. the load instruction
shall clear the Xk Register in its leftmost L3 bit positions.

00 through k2.

Addressing: The byte in central memory. containing the bit
position to be loaded from or stored into. shall be addressed
by means of the PVA contained in the Aj Register modified as
follows: The 32-bit halfword obtained from Register XO Right
shall be shifted right three bit positions. end-off with sign
extension on the left. and the Q@ field from the instruction
shall be expanded to 32 bits by means of sign extension. These
two 32-bit results shall then be added to the rightmost 32
bits of the PVA obtained from the Aj Register.

Bit Selection: The bit position within the addressed byte in
central memory shall be selected by means of the rightmost
three bits obtained from Register X0 Right. bit positions

bl through L3. Values from O through 7 for these three bits
shall select the corresponding bit position. O through 7
within the central memory byte.

The instruction which transfers a bit to central memory
shall accomplish the associated central memory operations
in a non-preemptive manner. i.e.. the byte containing the
bit to be stored shall be read. modified in the appropriate
bit position to the extent required. and then written such
that no other accesses to the addressed byte shall be per-
mitted between these read and write accesses. Moreovera
those processors having a Cache. {See 2.9}, shall bypass
it with respect to the read access and shall purge the
associated entry from it with respect to the write access.

Note:

When the instruction which transfers a bit to central
memory is executed in virtual addressing mode. operand
access validation shall consist of write access validation

only.

NGRIIENGERIUATE

Ioocuﬁfhr

Finmn

N CR| oL o

THIS REPLACES

"CONTROL DATA e

DATE

ADVANCED SYSTEMS LABORATORY Sept. 30. 1974 | 31 Mays 1974

APPROVED

APPROVED PAGE

CDC 32 32

APPROVED

ASL NCR

g2.2.1.b

Load/Store Ak

a- Load Ak from {Aj} displaced by D and indexed by {Xi} Right
01k jkid

« Load Ak from {Aj} displaced by @ T
? ik g

[ Store Ak at {Aj} displaced by D and indexed by {Xi} Right

018 jkid
d. Store Ak at {Aj} displaced by @
019 jka

Operation: These instructions shall transfer six bytes between
the Ak registers right-justified. and a six byte field in central
memory. with the direction of transfer determined by the operation
code .

Addressing: The left-most byte position of the six byte field
in central memory shall be addressed by means of the PVA initially

contained in register Aj. modified by a byte item count. in a
manner identical to that described in section 2.2.1.1.

Special Load Conditions: The instructions which load Register
Ak shall unconditionally transfer only the rightmost 44 bits
of the six byte field from central memory to bit positions 20
through b3 of Register Ak-

When this instruction is executzd in virtual addressing modea the
larger value ofa 1} the leftmost 4 bits of the six byte field from
central memory. 2} the leftmost Y4 bits in bit positions 1k through
19 of the Aj Register and 3} the Rl field contained in the u-bit
positions D08 through 11 of the segment descriptor associated with
the PVA obtained from Register Aja shall be transferred to bit
positions 1k through 19 of Register Ake

{For the format of a segment descriptor and the definition of its
Rl field. see paragraphs 3.3.1 and 3Jebe2 of this specificationa
respectively.
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Operation: These instructions shall transfer a single bit

between Register Xk Right. bit position k3. and a bit position

in central memory. with the direction of the transfer deter-

mined by the operation code. Additionally. the load instruction .
shall clear the Xk Register in its leftmost b3 bit positionsa

00 through k2. p

Addressing: The byte in central memory. containing the bit
position to be loaded from or stored into. shall be addressed
by means of the PVA contained in the Aj Register modified as
follows: The 32-bit halfword obtained from Register X0 Right
shall be shifted right three bit positions. end-off with sign
extension on the left. and the @ field from the instruction
shall .be expanded to 32 bits by means of sign extension. These
two 32-bit results shall then be added to the rightmost 32
bits of the PVA obtained from the Aj Register.

Bit Selection: The bit position within the addressed byte in
central memory shall be selected by means of the rightmost
three bits obtained from Register X0 Right. bit positions

bl through k3. Values from D through ? for these three bits
shall select the corresponding bit position. 0 through 7
within the central memory byte.

The instruction which transfers a hit to central memory
shall accomplish the associated central memory operations
in a non=preemptive manner. i.e.2 the byte containing the
bit to be stored shall be read. modified in the appropriate
bit position to the extent required. and then written such
that no other accesses to the addressed byte shall be per-
mitted between these read and write accesses. Moreovera
those processors -having a Cache. {See 2.9}. shall .bypass
it with respect to-the read access and shall purge the
associated entry from it with respect to the write access.

Note:

NCRIGOGIERIVAIE

IDOCUMENT

|SECTION

N C R

THIS REPLACES

conrroL oata i

DATE

ADVANCED SYSTEMS LABORATORY Sept. 30. 1974

31 May. 1974

IAPPnovED

APPROVED PAGE
CDC 32 32

JAFPROVED

ASL NCRI

2-2-1.b

Load/Store Ak

a- Load Ak from {Aj} displaced by D and‘indexed by {Xi} Right
01k jkid

b. Load Ak from {Aj} displaced by @
017 jka

c. Store Ak at {Aj} displaced by D and indexed by {Xil} Right
" 018 jkid

d. Store Ak at {Aj} displaced by @
019 jke

Operation: These instructions shall transfer six bytes between
the Ak register. right-justified. and a six byte field in central
memory. with the direction of transfer determined by the operation
code. .

Addressing: The left-most byte position of the six byte field
in central memory shall be addressed by means of the PVA initially

contained in register Aj- modified by a byte item count. in a
manner identical to that described in section 2.2.1.1.

Special Load Conditions: The instructions which load Register
Ak shall unconditionally transfer only the rightmost 44 bits
of the six byte field from central memory to bit positions 20
through L3 of Register Ak.

When this instruction is executed in virtual addressing modea the
larger value of1 1} the leftmost Y bits of the six byte field from
central memory. 2} the leftmost 4 bits in bit positions 1k through
19 of the Aj Register and 3} the Rl field contained in the 4-bit
positions D08 through 11 of the segment descriptor associated with
the PVA obtained from Register Aja shall be transferred to bit
positions 1k through 19 of Register Ake.

{For the format of a segment descriptor and the definition of its
Rl fielda see paragraphs 3e¢3el and 3ehe2 of this specificationa
respectively.
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When this instruction is executed in real addressing modea

the larger value of the leftmost Y4 bits of the six byte field
from central memory and the leftmost U4 bits of the Aj Registera
shall be transferred to bit positions 1k through 19 of the Ak
Register.

When the leftmost 4 bits of the six byte field from central
memory are all equal to zeros a Ring Number Zero condition
shall be detected and- following the completion of the
associated Load instruction’s execution. the corresponding
program interruption shall take place.
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2e2.1.7

Load/Store Multiple Registers

| a- Load Multiple Reglsters from {Aj} dlsplaced by 8%k, Select-

ivity per {X0} Right
pao  jk

| b. Store Multiple Registers at {Aj} displaced by 8xk. Select-
ivity per {X0} Right
021 jk

Operation. These instructions shall transfer data between the
general registers and central memory with the direction of the
transfer determined by the operation code. <C(entral memory
address formation and general register selections shall be per-
formed as follows:

Address Formation. The beginning address in central memory. of
the contiguous word locations to which or from which. as
determined by the operation code. the designated transfers shall
take place. shall be formed by means of displacement. addressing.
The 4-bit k field from the instruction shall be expanded to 29
bits by extending leftmost zeroes. these 29 bits shall be shifted
left three bit positions with zeros inserted on the right. and
this 32-bit shifted result shall be added to the rightmost 32
bits of the PVA initially contained in the Aj Register. The
resulting PVA shall be used as the beginning address of the word
field in central memory referenced by these instructions.

Register Selection. Selectivity of transfers between general
registers and central memory shall be accomplished by inter-
preting the rightmost lbk-bits initially contained in Register
X0 Right as four fields of UY-bits each in the following manner:

NERIIGOCIRRIANE
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. . | multiple registers and shall be cleared by the in-
¢ Register X0 Right — struction which stores multiple registers.
Special Load A Conditions: The instruction which loads A
48 5152 SS15h 3160 b3 Registers shall unconditionally transfer only the right-
4 4 4 4 most YY-bit positions 20 through k3 of each appropriate
4 ~n N word from central memory to the corresponding bit positions
of the designated A Registers.

Number of the last X Register
to be transferred

Number of the last A Register
to be transferred

Number of the first X Register
to be transferred

Number of the first A Register
to be transferred .

Uhen the first register number is greater than the associated
1ast register number. none of the registers from the corresponding
A or X Register groups shall be loaded or stored.

Transfers between registers and central memory shall begin with
the A Register Group and end with the X Register Group to the
extent that the Registers within these groups are designated by
the rightmost lk-bits of Register XO Right. A positive offset-
applied to the PVA designating the first word location of the
central memory field. shall begin with zero and shall be increased
by eight for each designated transfer as it is accomplished during
the course of instruction execution.

The relationship between the bits contained in positions 48
through b3 of Register XD Right. the 1L registers contained in
each of the general register groups A and X. and the positive
offset values applied to the beginning address of the word field
in central memory.are illustrated in Figure 2.2-1 for the case

in which all 32 Registers are transferred.

The leftmost lk-bits of the word locations in the central memory
field. which are associated with A Registers to the extent
designated. shall not be used by the instruction which loads

NERIGOCIRAIVATE

When the Load Multiple instruction is executed in virtual
addressing mode. the larger value of 1} the 4 bits in bit
positions 1k through 19 of each appropriate word from cen-
tral memory- 23} the leftmost Y4 bits in bit positions 1k
through 19 of the Aj Registera and 3} the Rl field con-
tained in the Y4-bit positions 08 through 11 of the segment
descriptor associated with the PVA obtained from Register
Aj+ shall be transferred to bit positions 1k through 19 of
each of the appropriately designated A Registers.
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When the Load Multiple instruction is executed in real add-
ressing mode. the larger value of. 1} the 4 bits in positions
1k through 19 of each appropriate word from central memorya

2} the leftmost 4 bits of the Aj Register. shall be transferred
to bit positions 1k through 19 of each of the appropriately
designated A Registers.

With respect to the designated A Registers. when all 4 bits in
positions 1k through 19 of any associated word from central
memory are equal to zero. a Ring Number Zero condition shall
be detected and- following the completion of the Load Multiple
instruction's execution. the associated program interruption
shall occur.

Notes: For both of these operation codes unless the PVA
initially contained in the Aj Register consists of a byte
address which is equal to 0. modulo 8. an Address Specifi-
cation error shall be detected. all transfers associated with
the execution of these instructions shall be inhibited. and
the corresponding program interruption shall occur.
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Positive Offset to {Aj}

General Register

A W
~

|

0000 |0000

1111

1111

48 —yl52—y

Register
X0
. Right

Sb—p

b0 —!

HKNNNXHEXNXKKXNXXXXXX X >>>>>>> >
TN > JdB~AITCFNSsTWUEOTITMNMeND>JJdRNTrnswueEo

Figure 2.2-1

displaced by 8%

248

1L_ Applicable to
Load/Store

Multiple. only.

Register Selectivity Correspondence
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2.2.2

g.2.2.1

Integer Arithmetic

Integer arithmetic operations shall be performed on words and
halfwords contained in Register Xk and Register Xk Right. res-
pectively. as described in the following subparagraphs.

Binary integers contained in the X Registers shall consist of
signed. two's complement. 32-bit or bl-bit quantities. The
leftmost bit- {in position 00 for kY-bit integers and in position
32 for 32-bit integersl}. shall constitute the sign bit. Positive
quantities shall consist of a sign bit in the zero state with the
31 or b3 contiguous bits immediately to the right of the sign bit-
expressing the magnitude of -the number. Negative quantities shall
be expressed as the two's complement of their positive represen-
tations. resulting in a sign bit in the one state. C(onceptuallya
the two's complement of a binary integer shall be formed by adding
one to its one's complement representation. <{Conceptually. the

one’'s complement of a binary integer shall be formed by subtracting

it bit-for-bit. from another number consisting entirely of one
bits}.

s 13} k3
S

Register Xk: bu-bit integer

Va ]1] 31132133 b3
T s

i

Register Xk Right: 32-bit integer

The ranges in magnitude. M. covered by binary integers in each
of the two fixed point formatsa shall be as follous:
32-bit Integer: -230<n<23l-1  Lu-bit Integer: -2b3<pSabi.,y

Integer Suma Xk

a. Integer Sum. {Xk} replaced by {Xk} plus iX3jr

022 jk

b. Integer Sum. {Xk} replaced by {Xj} plus @

143 jke

These instructions shall obtain a bkY-bit addend from the initial
contents of Register Xj. or from the lk-bit sign extended @ field
of the instruction. as determined by the operation code. The bh-

bit addend thus derived shall be added to the blY=bit word initially
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2.2.2.2

2.2.2.3

as correspondingly determined by the operation code.
and shall transfer the Ll-bit sum to Register Xk. Each bi-bit
word shall be treated as a signed two's complement integer.

When the augend and addend are identically signed. and their add-
ition produces a sum with a sign opposite that of the addend and
augend. an Overflow condition shall be detecteds and when enabled
the corresponding program interruption shall occur.

Integer Differencea Xk

Integer Difference. iXk} replaced by Xk} minus {Xjr
023 jk

This instruction shall subtract the bli-bit word initially con-
tained in Register Xj from the buY-bit word initially contained
in Register Xk and shall transfer the bUi-bit difference to Reg-
ister Xk. Each bu4-bit word shall be treated as a signed two's
complement integer.

When the minuend and subtrahend are oppositely signed and the
subtraction produces a difference with a sign opposite that of
the minuend- an Overflow condition shall be detected. and

when enabled. the corresponding program interruption shall occur.

Integer Producta. Xk

Integer Product. {Xk} replaced by {Xk} times {Xj}
o2y Jk

This instruction shall multiply the blY-bit word initially con-
tained in Register Xk by the bl-bit word initially contained in
Register Xj - with each of these bl-bit words treated as signed.
two's complement integers. The result of this multiplication
shall consist of a 128-bit intermediate product. algebraically
signed.

The rightmost
LY bits of this intermediate product shall be transferred to
the Xk Register.

Unless the leftmost L5 bits of the properly signed intermediate
product are all in the same state. an Overflow condition shall
be detected and when enabled. the corresponding program interr-
uption shall -occur.
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2.2.2.4 Integer Quotient. Xk

Integer Quotient{Xk}replaced by {Xk} divided by {Xj?}

25 Jjk

This instruction shall divide the bLu-bit word initially contained
in the Xk Register by the blU-bit word initially contained in the

Xj Register. Provided the divisor is not equal to zero. the re-

§u1ts of the divisiona consisting of a kU-bit quotient , algebra-

ically signed . shall be transferred to Register Xke.

When the divisor is equal to zero. the contents of Register Xk

shall not be changed- a _Divide Fault condition shall be .
detected- and when enabled. the corresponding program interruption
shall occur.

For the case in which --'_’!"El is divided by —201 the quotient result
shall have the form of -2°7. an Overflow condition shall be de-
tected~ and when enabled. the corresponding program interruption
shall occur.

Note: The division shall produce a quotient result which.
absolute forma shall not have been rounded upwards. Thusa.
absolute value of the quotient result is concatenated to a single
zero bit. that quantity shall be equal to or less than the absolute
value of the quotient computed to one additional bit of precision

in the rightmost position. Moreover. when the absolute value of the
quotient result is increased by one and concatenated to a single
zero bit- that quantity shall be greater than the absolute value of
the quotient computed to one additional bit of precision in the
rightmost position.

in its
when the

2.2.2.5 Absolute. Xk -
Integer.{Xk} replaced by Absolute {Xj}
p2L Jk

This instruction shall treat the bi-bit word initially contai

in the XJ Register as a signed two's complement integgr angaégggl
transfer its apsglgte value to the Xk Register. Thus. positively
signed values‘lnltlally contained in Register Xj shall be trans-
ferred to Register Xk without change. Howevera negatively signed
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2.2.2-b

2.7

values initially contained in Register Xj shall be two's complement-
ed and transferred to Register Xk. '

When the blY-bit word transferred to Register Xk maintains a neg-
ative sign despite the two's complement operation. an Overflow
condition shall be detected and when enabled. the corresponding
| program interruption shall occury i.e«s {Xj}=&D—4>le

Integer Suma Xk Right

Integer Suma {Xk} Right replaced by {Xk} Right plus {Xjr
Right
p2? Jk

Integer Suma {Xk} Right replaced by {Xj ¥ Right plus @
028 ik @

as

b.

Integer Suma. {Xk} Right replaced by {Xk} Right plus i
o9 ik

Operation: These instructions shall obtain a 32-bit addend
from the initial contents of Register XJj Right. from the lb-bit
sign extended @ field of the instruction. or from the Y-pit
zeros extended j field of the instruction. as determined by the
operation code.

The 32-bit addend thus derived. shall be added to the 32-bit
halfword initially contained in Register Xk Right or Register
Xj Right. as determined By the operation code and the sum shall
be transferred to Register Xk Right. Each of these 32-bit half=-
words shall be treated as signed two's complement integers.

WUhen the augend and addend are identically signed. and their
addition produces a sum with a sign opposite that of the addend
and augend. an Overflow condition shall be detected. and when
enabled the corresponding program interruption shall occur-

Integer Difference. Xk Right

Integer Difference. {Xk} Right replaced by Xk} Right
minus {Xj} Right

o3p dk :
Integer Difference. {Xk} Right replaced by {Xk} Right
minus j

031 jk
Operation: These instructions shall obtain a 32 bit subtrahend
from the initial contents of Register Xj Right or from the 4-bit
zeros extended j field from the instruction. as determined by
the operation code.

as.

b.
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2.2.2.8

2.2.2.9

The 32-bit subtrahend thus derived shall be subtracted from the
32-bit halfword initially contained in Register Xk Right and the
difference shall be transferred to Register Xk Right. Each of
these 32-bit halfwords shall be treated as signed two's com-
‘plement integers.

When the minuend and subtrahend are oppositely signed and the
subtraction produces a difference with a sign opposite that of
the minuend. an Overflow condition shall be detected. and when
enabled the corresponding program interruption shall occur.

Integer Product. Xk Right

a. Integer Productq Xk} R1ght replaced by {Xk} Right times
{Xj} Right
032 jk

b. Integer Product. {Xk} Right replaced by {Xj} Right times @
033 jke

These instructions shall obtain a 32-bit multiplier from the
initial contents of Register Xj Right or from the lk-bit sign
extended Q@ field of the instruction. as determined by the operation
code.

The 32-bit multiplier thus derived shall be taken times the 32-bit
half-word initially contained in Register Xk Right or Register Xj
Right as determined by the operation code. The result of the multi-
plication shall consist of a b4-bit intermediate product. algebra-
ically signed. ~

The rightmost 32 bits of this intermediate product shall be
transferred to Register Xk Right.

Unless the leftmost 33 bits of the properly signed intermediate
product are all in the same state- an Overflow condition shall

be detected and when enabled. the corresponding program inter-

ruption shall occur.

Integer Quotient. Xk Right
Integer Quotient. {Xk} Right Eeplaced by {Xk} Right divided by
X3} Right
034 Jk
This instruction shall divide the 32-bit halfword initially
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contained in Register Xk Right by the 32-bit halfuord 1n1t1a11y
contained in Register Xj Right. Provided the divisor is not equal
to zeroa the results of the d1v1slon1cnn51st1ng of a 32-bit
l QEOtlent1 algebraically signed yshall be transferred to Register
Right.

When the divisor is equal to zeros the contents of Register Xk
shall not be changed. a Divide Fault condition shall be detecteda
and when enabled- the corresponding program interruption shall
occur.

For the case in which -Eaglis divided by -En1 the quotient result
shall have the form of -27".1 an Overflow condition shall be de-
tected. and when enabled. the corresponding program interruption
shall occur.

l Note: The division shall produce a quotient result whicha in its
absolute forma shall not have been rounded upwards. Thusa when
the absolute value of the quotient result is concatenated to a
single zero bita. that quantity shall be equal to or less than the

{ absolute value of the quotient computed to one additional bit of

i precision in the rightmost position. HMoreovera. when the absolute

! value of the quotient result is increased by one and concatenated

i to a single zero bit. that quantity shall be greater than the

; absolute value of the quotient computed to one additional bit of
precision in the rightmost position.

2.2.2.10 Integer Compare

~a. Integer Compare. {Xj} to {Xk}. result to X1 Right

p3s Jk

b. Integer Compare. {Xj} Right to {Xk} Right. result to X1 Right
o3 Jk _

Operation: These instructions shall perform an algebraic com-

parison of the signed. two's complements binary integer initially
contained in Register Xj to the signed- two's complement. binary
integer initially contained in Register Xk. These compared values
shall consist of L4Y-bits or 32-bits {right-justified in positions
32 through b3} as determined by the operation code. 1In this con-
text the contents of the X0 Register shall be interpreted as
consisting entirely of zeros. .

Results: UWhen the comparison finds these quantities equal. Reg-
ister X1 Right shall be cleared in all 32 bit positions. UWhen
the comparison finds the guantity obtained from Register Xj
greater than the qucntlty obtained from Register Xk. Register X1
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2.2.3.1

Right shall be cleared in the leftmost 31 bit positions. 32 through

23and shall be set_in the rightmost bit positionab3. When the
comparlson finds the quantity obtained from Régister Xj less than
the quantity obtained from Register Xk. Register X1 Right shall be
set in all 32 bit positions.

Branch

The instructions within this subgroup shall consist of both con-
ditional and unconditional branch instructions.

Each conditional branch instruction shall perform a comparison
between the contents of two general registers. Thens based on
the relationship between the results of that comparison and the
branch condition as specified by means of the instruction’s
operation codes each conditional branch instruction shall perform
either a normal exit or a branch exit.

Normal exit: UWhen the results of a comparison do not satisfy the
branch condition as specified by the operation code. a normal exit
shall be performed. A normal exit for all conditional branch in-
structions shall consist of adding four to the rightmost 32 bits
of the PVA obtained. from. the P Register with that 32-bit sum re-

- turned to the P Register in its rightmost 32-bit positions.

Branch exit: UWhen the results of a comparison satisfy the branch
condition as specified by the operation code. a branch exit shall
be performed. A branch exit shall consist of expanding the 1lk-
bit @ field from the instruction to 31 bits by means of sign ex-
tension. shifting these 31 bits left one bit position with a zero
inserted on the right. and adding this 32-bit shifted result to
the rightmost 32-bits of the PVA obtained from the P Register with
the 32-bit sum returned to the P Register in its rightmost 32-

bit positions.

Unconditional branch instructions shall perform branch exits
accord1ng to the appropriate instruction descriptions contained
in subparagraphs 2.2.3.5 through 2.2.3.b of this specification.
Conditionala. X

a. Branch to {P} displaced by 2x@ if {Xj} equal to {Xkl}

03?7 ke
b. Branch to {P} displaced by 2%@ if {Xj} not equal to {Xk}
038  jke ’
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c. Branch to {P} displaced by 2@ if {Xj} greater than {Xk}
039 jka

d. Branch to {P} displaced by 2@ if {Xj} not less than {Xk}

o4yo jke

Each of these instructions shall perform an algebraic comparison

of the LuY~bit word obtained from Register Xj to the Lu-bit word
obtained from Register Xk. Each of these ku-bit words shall be
treated as signed. two's complement. binary integers. The contents
of Register X0 shall be interpreted as consisting entirely of
zeros.

These instructions shall perform a normal exit or a branch exit
in the manner previously described in Paragraph 2.2.3 of this
specification.

Conditional. X Right

a. Branch to {P} displaced by 2%@ if {Xj} Right équal to IXk}
Right
o4l jke

b. Branch to {P} displaced by 2%Q if {XJj} Right not equal to
{Xk} Right
o2 Jjke

c. Branch to {P} displaced by 2x@ if {Xj} Right greater than
{Xk} Right
o043 jke

d. Branch to {P} displaced by 2x@ if {Xj} Right not less than {Xk}
" Right
ouy jka

Each of these instructions shall perform an algebraic comparison
of the 32-bit halfword obtained from Register Xj Right with the
32-bit halfuword obtained from Register Xk Right. Each of these
32-bit halfuwords shall be treated as signed. two's complementa
binary integersas  The contents of Register X0 shall be inter-
preted as consisting entirely of zeros.

These instructions shall perform a normal exit or a branch exit
in the manner previously described in Paragraph 2.2.3 of this
specification.
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Conditionalas with Increment

Branch to {P} displaced by 2%@ and increment {Xj} if {Xj} less
than {Xk}
D45 jka

This instruction shall perform an algebraic comparison of the
bli=-bit word initially contained in Register Xj with the Lui-bit
word initially contained in Register Xk. Each of these Li-bit
words shall be treated as signed. two's complement. binary

integers.

When this comparison does not find the value initially contained
in Register Xj less than the value initially contained in Register
Xk a normal exit shall be performed in the manner previously
described in Paragraph 2.2.3 of this specification.

When this comparison finds the value initially contained in Reg-
ister Xj less than the value initially contained in Register Xk.

a branch exit shall be performed in the manner previously described
in Paragraph 2.2.3 of this specification. In addition. the bu-bit
word initially contained in Register Xj shall be increased by one
in value with the bY=bit result returned to Register Xj.

2.2.3.4 Conditionala Ak

Branch to {P} dﬁsplaced by 2x@ if SEG{Aj} not equal to SEG{AKZ}3
else Compare BN{Aj} to BN{Ak}. result to X1 Right.
Duk jke .

This instruction shall perform a bit-for-bit comparison between
the 1l2-bit SEG field contained in bit positions 20 through 31 of
Register Aj and the l2-bit SEG field contained in bit positions
20 through 31 of Register AKk. UWhen the comparison finds the SEG
fields not equal. this instruction shall perform a branch exit
in the manner described in paragraph 2.2.3 of this specification.

When the comparison finds the SEG fields equal. this instruction
shall perform an algebraic comparison of the 32-bit BN field
contained in bit positions 32 through b3 of Register AJ to the
32-bit BN field contained in bit positions 32 through k3 of
Register Ak and shall perform a normal exit in the manner des-
cribed in Paragraph 2.2.3 of this specification.

The algebraic comparison of the BN fields shall treat each of
these 32-bit Tfantities as signed two's complement binary integers
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2.2.3.5

and shall store the result of their comparison into Register X1
Right as follows: UWhen the BN fields are equala Regisger X1
Right shall be cleared in all 32-bit positions.

When the BN field from Register Aj i i

. m _Aj 1s greater than the BN field
from'Reg1sFer Ak~ Register X1 Right shall be cleared in the leftmost
31—@1? positionsa 32 through b2, and shall be set in the rightmost bit
position. b3.When the BN field from Register Aj is less than the

BN field from Register Ak. Register X1 Right hal i
32-bit positions: 9 ig shall be set in all

Unconditional Branch. {P} indexed

Branch to {P} indexed by 2x{Xk} Right
o4? jk

Thé;fipstrzﬁtion shall perform an unconditional branch exit By
modifying e contents of the P Register in its right -
bit positions as follows: s rightmost 32

The 32-bit halfword obtained from Register Xk Ri

: d ine ght shall be
shlftgd left one bit position. end-off with a zero inserted on
the right, and the 32-bit shifted result shall be added to the
rightmost 32-bits initially contained in the P Register. This

32-bit sum shall be returned to the P Regist in i i
32-bit posicioms. gister in its rightmost

NCRUGHEIRRAIE
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2.2l Copy
2.2.3.b Unconditional Branch. {A} indexed
The instructions within this subgroup shall provide the means for
Branch to {Aj} indexed by 2*{Xk} Right accomplishing inter-register transfers to the extent da2fined by
048 jk the following instruction descriptions.
In the absence of all associated Virtual Addressing Mechanism :
exceptions {other than a Page Table Search withoutgFind condition 2.2-4.1 Copy to Xk from Xj
atthe branch address} this instruction shall perform a branch 049 3k
Sxé;gggtzgd;:y:gglgzz:GK’ LK. SE6 and BN fields contained in the This instruction shall transfer the bY-bit word initially con-
tained in Register Xj to the kY-bit positions of Register Xk-
The l2-bit Segment field. SEG. contained in bit positions 20 A
through 31 of Register Aj shall be transferred to the corresponding 2.2.4.2 Copy to Xk from Aj
12-bit positions of the P Register. 050 jk
The 32-bit halfword obtained from Register Xk Right shall be This instruction shall transfer the 48 bits contained in Register
shifted left one bit position. end-off with a zero inserted on Aj to the rightmost 48-bit positions. 1b through k3. of Register
the right. and the 32-bit shifted result shall be added to the Xk. The leftmost lb-bit positions. 00 through 15. of Register Xk
rightmost 32-bits obtained from Register Aj in bit positions shall be cleared.
32 through b3. {In this context. the contents of Register XO .
shall be interpreted as consisting entirely of zeroes}. This 2.2-4.3 Copy to Ak from Aj
32-bit sum shall be transferred to the rightmost 32-bit positionsa 051 jk
32 through k3. of the P Register. L. A . . . .
i This instruction shall transfer the 43 bits contained in Register
The Global Key field initially contained in the P Register Aj to th2 U8-bit positions of Register Ak.
shall be checked and conditionally altered. and the Local Key - )
field initially contained in the P Register shall be altered- g2-2-4.4 Copy to Ak from Xj
according to the descriptions contained in subparagraph nsa Jjk
3.b.3.2 of this specification. . L. A
This instruction shall uaconditionally transfer the rightmost
44 bits. contained in positions 20 through k3. of Register Xj
to the corresponding U4-bit positions of Register Ak. The U4-bit
The P{RN} field shall not be changed by the execution of this field having the larger value in bit positions 1k through 19
instruction. Moreover. the Execute validation procedure for of the Xj Register or the P Register,shall be transferred to the
the next instruction fetchi i.e. the fetching of the instruction corresponding Y-bit positions of the Ak Register.
at the branch address. shall be included in this branch instruction's
execution such that the detection of associated Access Violationsa . . o
| as described in Subparagraphs 3.3.1.1 and 3.b.2.1 of this speci- 2.2.4.5 Copy to Xk Right from Xj Right
ficationa shall result in the corresponding program interruption ps53 Jk
i is i tion shall be inhibited.
and the exacution of this instructi sha This instruction shall transfer the 32-bit halfword initially
Note: Unless the PVA contained in Register Aj consists of a contained in Register Xj Right to the 32-bit positions. 32
byte address which is equal to 0. modulo 2. an Address Specification |thP009h b3+ of Register Xk Right. The initial contents of Register
error shall be detected. the execution of this instruction shall Xk Left shall not be changed.
2.2.5 Address Arithmetic

be inhibited and the corresponding program interruption shall
occur.

NERI[GUGERIUNTE

The instructions within this subgroup shall provide the means
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2.2.5.1

2.2.5.2 |

2.2.5.3

2.2.b

for accomplishing address arithmetic to the extent defined by the
following instruction descriptions.

Copy A with Displacement

Address {Ak} replaced by {Aj} plus @
054 jka

This instruction shall transfer the leftmost lb bits initially
contained in bit positions 1k through 31 of Register Aj to the
corresponding lk-bit positions of Register Ak. 1In addition.

the lb=-bit @ field from the instruction. expanded to 32-bits by
means of sign extension. shall be added to the rightmost 32 bits
initially contained in bit positions 32 through L3 of Register
Aj and the 32-bit sum shall be transferred to the corresponding
rightmost 32-bit positions of Register Ak.

Copy P with Indexing and Displacement

Address {Ak} replaced by {P} plus 2x {Xj} Right plus 2%Q
055 jke

This instruction shall transfer the leftmost lb bits contained in
bit positions 1k through 31 of the P Register to the corresponding
1b-bit positions of the Ak Register. 1In addition. the lb-bit @
field from the instruction shall be expanded to 31 bits by means of
sign extension. these 31 bits shall be shifted left one bit position
with a zero inserted on the right. and this 32-bit shifted result
shall be added to the rightmost 32 bits obtained from the P Register.
This 32-bit sum shall be added to the rightmost 32-bits obtained
from Register Xj Right+ shifted left one bit position with a zero
inserted-on the right. and the final result shall be transferred

to the rightmost 32-bit positions. 32 through k3. of Register Ak.

In this context. the contents of Register X0 shall be interpreted
~as consisting entirely of zeros.

A Indexed

Address {Ak} replaced by {Ak} plus {Xj} Right

05k jk
This instruction shall add the 32-bits contained in Register Xj
Right to the rightmost 32-bits initially contained in bit positions
32 through kL3 of Register Ak and shall return the 32-bit sum to
the rightmost 32-bit positions of Register Ak.

Enter

The instructions within this subgroup shall provide the means

NERIIGOCIBRIVAE

2.28.b.1

2.2.hb.2

2.2.b.3

2e2.baeli

for entering immediate operands. {consisting of logical quantities
or signed. two's complement binary integers}. into the X Registers
to the extent defined by the following instruction descriptioas.

Enter j

a. Enter Xk Right with plus j

ps? Jk

b. Enter Xk Right with minus j

o058 Jk

Operation. These instructions shall expand the Y-bit j field
from the instruction to 32-bits by extending 28 zeros on the left
and shall transfer this 32-bit result or the two's complement

of this 32-bit result. as determined by the operation code. to
the 32-bit positions. 32 through k3. of Register Xk Right.

Enter @

Enter Xk Right with sign extended @
059 Jke

This instruction shall expand the lb-bit @ field from the in-
struction to 32-bits by means of sign extension and shall transfer
this 32-bit result to the 32-bit positions. 32 through k3. of
Register Xk Right.

Enter jk

Enter X0 Right with logical jk
oe0D  Jk

This instruction shall transfer the UY-bit k field from the
instruction to bit positions kO through L3 of Register XO Righta

shall transfer the UY-bit j field from the instruction to bit

positions 5k through 59 of Register X0 Right. and shall clear

;@ehleftmost 24 bit positionsa 32 through 55 of Register XO
ight.

Enter signs

Enter Xk Left with signs per j
0BY jk

The value of the rightmost 2-bits of the j field from the in-
struction shall be translated as follows: -

|
NERIIENERRIVINE
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2.2.7

2e2e?el

b. UWhen the Y=bit j field from this instruction is equal to 1. the
32-bit positions DO through 31. of Register Xk Left shall be
sets )

c. UWhen the 4=bit j field from this instruction is equal to 2a
the sign bit in position 32 of Register Xk Right shall be
transferred to all 32-bit positionsa. 00 through 31 of Register
Xk Left.

d. UWhen the 4-bit j field from this instruction is equal to 3 .
through F {hex}. the execution of this instruction shall result
in no operation.

Shift

The instructions within this subgroup shall provide the means for
shifting the initial contents of the Xj Register and transferring
the result to the Xk Register. to the extent defined by the follou=
ing instructions.

All of the instructions within this subgroup shall derive the
computed shift count in the following manner: The l2-bit D field
from these instructions shall be expanded to 32-bits by means gf_
sign extension. these 32-bits shall be added to the 32-bits initially
obtained from Register Xi Right and this 32-bit sum shall repre-
sent the computed shift count. In this context the contents of
Register X0 Right shall be interpreted as consisting entirely of
zeros.

The instructions within this subgroup shall interpret the computed
shift count as follows: The sign bit in the leftmost position of
the 32-bit computed shift count shall determine the direction of
the shift. UWhen the computed shift count is positive. {sign bit

of zero}. these instructions shall left shift. with the number of
bit positions to be shifted determined by the value of the computed
shift count in its rightmost 5-bit and b-bit positions for 32-bit
and blY-bit operands. respectively. When the computed shift count
is negative. {sign bit of one}. these instructions shall right shifta.
with the number of bit positions to be shifted determined by the
two's complement-of the computed shift count in its rightmost

5-bit and b-=bit positions for 32-bit and L4-bit operands. respect-
ively., , ) .
Uhen these interpretations of the computed shift count result in

an actual shift count of zero. the associated instructions shall
transfer the initial contents of the Xj Register to the Xk Register
and no shifting shall be performed. i

Shift {Xj} to Xke Circular

Shift £Xj} to Xk Circular. Direction and Count per {Xi} Right plus D
Ok2  jkid

NCRIGOCIRRIVNE

—
IDOCUMENT

SECTION

N C R

THIS REPLACES

CONTROL DATA JEr

DATE
ADVANCED SYSTEMS LABORATORY Sept. 30, 1974 | May 31. 1974
APPROVED APPROVED APPROVED PAGE
ASL] NCR cDC 53 53

2.2.7.2

This instruction shall shift the bLi-bit word initially contained

in Register Xj. with the direction and number of bit positions to

be shifted determined by the computed shift count- and shall transfer
the result to Register Xk. The computed shift count shall be

derived and interpreted in the manner described in Paragraph 2.2.7

of this specification. )

This instruction shall shift circularly such that bits shifted
out one end of the bli-bit word shall be transferred into bit posi-
tions which become unoccupied at the opposite end of the bHY-bit
word as a result of the shift.

Shift {Xj} to Xk. End-off

a. Shift {Xj} to Xk. Direction and Count per {Xi} Right plus D
DL3 jkid

b. Shift {Xj} Right to Xk Right. Direction and Count per {Xi}
Right plus D
OkY4 jkiD

Operation: These instructions shall shift the bli-bit word initially
contained in Register Xj or the 32-bit half word contained in Register
Xj Right. as determined by the operation code. and shall transfer

the result to Register Xk or Register Xk Right as correspondingly
determined by the operation code. The direction and number of bit
positions to be shifted shall be determined by the computed shift
count. The computed shift count shall be derived and interpreted

in the manner described in Paragraph 2.2.7 of this specification.

Right Shift: Right shifts shall be performed end-off on the right
and sign extended on the left. Thus. bits shifted out of the
rightmost bit position shall be lost and the leftmost bit positions
which would otherwise become unoccupied for each bit position shift-
ed+ shall be left unchanged.

Left Shift: Left shifts shall be performed end-off on the left
with zeros inserted on the right. Thus. bits shifted out of the
leftmost bit position shall be lost and the rightmost bit positiona.
w?ich gecomes,unoccupied for each bit position shifted. shall be
cleared.

Logical

The instructions within this subgroup shall provide the means for
performing Boolean operations on the ki-bit words contained in the
X Registers to the extent defined by the following instruction
descriptions.

NERIIGOCIRIVATE
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2.2.8.1 Logical Sum. Difference. and Product .
a. Logical Suma- {Xk} replaced by {Xk} OR {Xj}
O0bs  jk
b. Logical Difference. {Xk} replaced by {Xk} EOR {XJ} '
oLt Jk
c. Logical Product. {Xk} replaced by {Xk} AND {XJ}
oe? Jk .
These instructions shall perform a logical'operation between the
b4-bit word initially contained in the Xj Register and the bli-bit
word initially contained in the Xk Register. and shall return the
b4-bit Boolean result to the Xk Register. -
The logical operations performed by these instructions shall
consist of a logical sum {0Rh a logical difference {EOR} or a
logical product {AND}. as determined by the operation code. and
accomplished according to the following truth tables.
OR: D011 EOR: DDLL AND:  DD1L
0101 : 0103 0101
0111 0110 p00L
E-E-B-E Logical Complement
Logical Complement. {Xk} replaced by {Xj} NOT
Oka Jk
This instruction shall transfer the one's complement of the
bY-bit word initially contained in the Xj Reglster to the bli-
bit positions of the Xk Register. »
Conceptually. taking the one's complement of a bu-bit word shall
be accomplished by subtracting it. bit-for-bit. from a EH bit
word consisting entirely of one bits.
One's Complement Truth Table: 1's : 1111
iXj} @ _0110
{Xk?¥ 1001
2.2.8.3 Logical Inhibit

Logical Inhibita {Xk} replaced by {Xk}
0e9

AND {Xj} NOT
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This instruction shall perform a logical product between the one's
complement of the bY-bit word initially contained in the Xj reg-
ister and the blu-bit word initially contained in the Xk register
and shall return the bY-bit Boolean result to the Xk register.

The truth tables for the logical product and one’s complement
operations are provided in Subparagraphs 2.2.8.1 and 2.2.8.2-
respectively. of this specification.

Register Bit String

The instructions within this subgroup shall provide the means for
addressing a contiguous string {field} of bits. beginning and
ending independently with any bit positions within a bu-bit word.

For each of the instructions in this subgroup. the bit strings
shall be addressed by means of a.l2-bit field referred to as a
bit string descriptor. Any field of bits. including the field
constituting a bit field descriptor. shall be numbered from

left to rlght1 with the leftmost bit numbered 00. The six-bit
subfield in bit positions 00 through 05 of a bit str1ng descriptor
shall designate the beginning. or leftmost. bit pos1t10n with=-
in a bY-bit word. The b-bit subfield in bit positions OL through
11 of the bit string descriptor is a length designator that is
interpreted as designating one less than the length {in bits}

of a bit string within a bkY4-bit word.

Bit String Descriptor

oo - : 05| 0k 1
b b

k’Leftmost Position Designatorﬁ*s_____-Length Designator——-——ﬂ

{Bit-length - 1}

For all instructions within this subgroup. indexing shall be
carried out as follous: the bit string descriptor obtained

from the D field of the instruction shall be zero-extended on

the left to 32 bits and then added. without overflow detection-

to the contents of register Xi Right {in this context. the con-
tents of register X0 shall be interpreted as all zeroes}3 the
rightmost 12 bits of the result shall then be interpreted as

a bit string descrlptOpq1n the manner described above. For each of
the instructions in this subgroup. when. after-indexing. the sum of
the "Leftmost Position Designator™ and the "Length Designator” is”
greater than L3 {decimall},an Instruction Specification error shall
be detected. the execution of the associated instruction shall be
inhibited and the corresponding program interruption shall occur.
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2.2.9.1 Isolate Bit Mask
Isolate Bit Mask into Xk per {Xi} Right plus D
0?0  jkid

This instruction shall generates in Xk. a bit mask consisting
of a field of contiguous one bits whose leftmost and right-
most bit positions are determined by the bit field descriptor
calculated and interpreted as spedfied in subparagraph 2.2.9.
All bit positions to the left of the leftmost bit po-
sition and all bit positions to the right of the rightmost bit
position {leftmost bit position plus length designator}. if
any. shall consist of zeroces. .
2.2-.-9.2 Isolate to Xk
Isolate into Xk from Xj per {Xi} Right plus D
071 jkid

This instruction shall obtain a field of contiguous bits from
the initial contents of the Xj register. shall clear all kY4 bit
positions of the Xk register. and shall then transfer that field
of contiguous bits. right justified. into the Xk register. The
leftmost and rightmost bit positions of the field obtained from
the Xj register shall be defined by the bit field descriptor
calculated and interpreted as specified in subparagraph 2.2.9.

2.2.-9.3 Insert into Xk
Insert into Xk from Xj per {Xi} Right plus D
gve jkid

This instruction shall transfer a field of contiguous bitsa
initially contained right justified in the Xj register. to

a field of contiguous bit positions in the Xk register. The
length of the bit string obtained from the Xj register. and
the leftmost and rightmost bit positions of the Xk register
shall be defined by the bit stping descriptor calculated and
interpreted as specified in paragraph 2.2.9. All bit
positions to the left of the leftmost bit position. and all
bit positions to the right of the rightmost bit position of
the Xk register. if any. shall be left unchanged.
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2.2.10
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Move. Compare and Logical

The instructions in this sub-group shall provide the means for accomp-
lishing memory-to-memory move. comparison and logical operations on
variable-length byte fields. referred to as source and destination
fields.

The leftmost byte addresses -of the source and destination fields shall

be designated by the PVA's contained in Registers Aj and Ak- yespect1vely-
The lengths of the source and destination fields shall be designated by
the 32-bit halfwords contained in Registers XD Right and X1 Right. res-
pectively. ~— ——— koAl

. The source and destination fields shall be processed from left to right.

! For the reading of each byte associated with the source

fiETE3 the “BN”

 field contained in Register Aj shall be incremented by one and the

32-bit halfword contained in Register X0 Right shall be decremented by
one. For the processing. reading and/or writing. of each byte associated

. with the destination field. the BN field contained in Register:Ak shall

H
i
i

NGRIGOCRRILALE

be incremented by one and the 32-bit halfword contained in Register X1
Right shall be decremented by one.

. Whenever either field has been exhausted. i.e.. its length has been

decremented to zero. increment and decrement operations on the goptents
of its associated A and X Registers. respectively. shall be inhibited.

For the purpose of establishing operand access validation in virtual
addressing mode. each central memory operand access type shall be a

read access with respect to bytes read from the source and destination
fields and a write access with respect to bytes stored into the des-
tination field.

For each of these instructions. when the initial contents of Register

X0 Right or X1 Right are negative {bit 32 equal to a one}. an In-
struction Specification error shall be recorded. the execution of the
associated instruction shall be inhibited. and the corresponding program
interruption shall occur.

a. Move

Move Bytes Directs {Ak} replaced by {Aj} per XO and il-
073jk

Ho;exand Complement Bytes Direct. {Ak} replaced by {Aj} per XO
an 1.
153jk

These instructions shall move from 0 to 25t bytes from a source
field in central memory to a destination field in central memory.

T:\ LU o %Mm |
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Each byte from the source field shall be moved to the destination ) L . K R
field unchanged. or one's complemented1 as determined by the | When the initial contents of both Register X0 Right and Register
operation code. The bit-for-bit one's complement operation is. ! X1 Right consist entirely of zeroes. Register X1 Left shall be
described in the truth table contained in subparagraph 2.2.8.2 : cleared in all 32- b1t positions and no comparisons shall be per-
of this specification. : formed.
When the source field has been exhausted. a fill byte from bit C-é Logical
positions 24 through 31 of Register X0 Left shall be used as often ! Logical Sum~ {Ak} replaced by {Ak} OR f{Aj} per XO and X1
as required to complete the Move operation. i 1513k
<:/Ehen the Move operation terminates as a result of exhausting the { Logical Difference. {Ak} replaced by {Ak} EOR {Aj} per XD and X1
destination field. the 32-bit positionsa 00 through 31. of Register ¢ 152§k ’
[ XV Left shall be cleared- : . Logical Product. {Ak} replaced by {Ak} AND {Aj} per XD and X1
| Uhen the Move operation terminates as a result of storing a maximum i 1505k . . . .

of 25k bytes in the destination field without exhausting the des- ¢ Each of these instructions shall perform a logical operation.
tination field. the 32-bit halfword contained in Register X1 Left ! between a maximum of 25k bytes from the source field in central

i shall be set in all HE-bit,position51 00 through 31.
b-f Compare Bytes Direct. {Aj} to {Ak} per XO and Xl
144 jk

This instruction shall compare a maximum of ESh bytes from the source
field in central memory to a maximum of 25k corresponding bytes from
the destination field in central memory. The comparison shall occur
from left to right. byte-by-byte. with each byte treated as an un-
signed. binary value.

When the lengths of the two fields are unequal. a fill-byte from

bit positions 24 through 31 of Register X0 Left shall be used. as
often as requireds to continue the comparison operation after the
field having the shorter length has been exhausted.

When the operation terminates as a result of inequality between two
corresponding bytes. as individually associated with the source and
destination fields. Register X1 Left shall be cleared in all 32 bit
positions- 00 through 3. and the results of the unequal comparison
shall be transferred to Register X1 Right in the manner described in
subparagraph 2.2.2.10 of this specification- {with the source and
destination fields analogous to the Xj and Xk Registers. respectivelyl}

When both the source and destination fields are exhausted without the
y occurrence of inequality. Register X1 Left shall be cleared in all
| 32-bit positions.
Uhen a maximum of 25k comparisons have been performed. without the
occurrence of inequality and without exhausting both field lengthsa
, Register X1 Left shall be set in all 32-bit positions. 00 through

NERlIEERRIUGE
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memory and a maximum of 25k corresponding bytes from the destination
field in central memory. The logical operation shall consist of a
Logical Sum. {0R}. Logical Difference {EOR}- or Logical Product
{AND} as determined by the operation code. The bit-for-bit OR-.
EOR.and AND are defined by the truth tables contained in subpara-
graph 2.2.8.1 of this specification.

For each of these 1nstruct10ns» when the source field is exhausted,
a fill-byte from bit 24 through 31 of Register X0 Lefts
shall be used. as often as required. to complete the logical
operation.

When these logical operations terminate as a result of exhausting
the destination field- the 32-bit positions 00 through 31L. of
Register X1 Left shall be cleared.

When these logical operations terminate as a result of storing
25k bytes in the destination field without exhausting the
destination field. the 32-bit halfword in Register X1 Left shall
be set in all 32-bit positions. 00 through 3l.

For each of these instructionsa when the source field is to the

left of the destination field and the fields overlap. the results
of the logical operation shall be undefined-

Nove vis ™ C\—\&C.u.
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2.2.11

Mark to Boolean
Set Xk Right per j and {X1} Right
145 jk

This instruction shall test the two bits initially contained in the
rightmost two bit positions. k2 and k3. of Register X1 Right according
to the 4Y4-bit j field from the instruction. UWhen the value of the two
rightmost bits initially contained in Register X1 Right is equal to
any of the one or more values specified by the instruction's j field.
Register Xk Right shall be cleared in bit positions 32 through b2 and
shall be set in bit position k3. UWhen the value of the two rightmost
bits initially contained in Register X1 Right is not equal to any of

Xk Right shall be cleared in all 32 bit positions. 32 through k3. The
values of the j field and the rightmost two bits initially contained
in Register X1 Right shall be interpreted with respect to equality
{EQ} as follows:

j Bits b2 and b3 of X1 Right. respectively. ‘
oo I + 01 | 10 I 11
000 Unconditional -inequality

000 EQ

0010 EQ

0011 EqQ E@

0100 EQ

0101 Eq EQ

0110 EqQ Eq

0111 E@ EQ EQ

1000 EQ

1001 EQ EqQ

1010 EqQ Ea@

L01) EQ EQ EqQ

1100 Eq EQ

1101 Eq EQ E@

1110 Eq EQ Eq

1111 Unconditional Egquality
L) y T B ] T

Note: The four individual bits of j can be visualized as individual

pointers which are associated. from left to right. with the
four posszble values {00~ 0L+ 10 ‘and 11} of the tested bit-
pair {bits b2 and b3 of Register X1 Right}. For example. if
j = D1LDL. equality shall be detected when the value of the

IR R DR o o

2.3

Vs
/
/
r

the one or more values specified by the instruction's j field. Register 2.3

2.3.1.
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The general form of exééutlonf{or thef1nstruct1on§/1n th1s group
shall involve the ug;llzatloﬁ of a fIPSt data f;eld in central
memory. referred to<as tth"SOUPCE1P to mod1fyﬂ replace1 or com-
pare with a second’data field in central mempry referred to as

Both’ the source and dest1nat10n fields shall”

~ be 1nd1v1dua11w'descr1bed by means of 1ndependent1y des1gnated’)
Data Descriptorsa w1th respect/to the types of representatlonn/

:
s

sign and zong’ convent1on51 lepgths aﬂd,relatlve locations of
Eacthata Descriptora cgn51st1ng of a BE-b}

data fieldss

the
half-

word or a . bui-bit - worda shall be obtained from an assoe}ated/table in

central memory referred to as a De}é Descrlptor Table

General Descrlpt1on ;f

The . 1nstruct10ns in thls group shall be further
the1r exc1u51ve use; sof thi/;k

as follows- ,

id
7

iDDT}
/

haracterized by
Q/e 1nstruct1on fgrmata 1?ferpreted

A total of 31 aperatlon codes shall
comprising the BDP“ Instruction group.
dividually 1 sted with their full

“For the purpose |

spec1f1cat10n-5

ncludlh?f"short" instructio

Note:

/
¥4

e utilized by thé instru
These instructions ape 1nj/7

A - S/ /7 /
Operat1on Code/ j / k Q /
/| 8/ |u|A]a] 3 8/ /8
iq ,,-f" : J} A3 Jxo ] kx /a0 /oo ’
T T y QAN T 7 -
Source ﬁ1e1d ; Z {f /f///
assoclated de51gnators A yd J p
£ 7 ¥ Vi <
/ ; ;/ !f / fg’
Destination Field  / ya 7 2
asSociated designatprs ™ = P
/ //' ;’il ;f" /_/ f‘i
- y E . y
Mperation Codes Y y /

4)

ames/ﬁn Appendix” A of this
this specificationa the BDP

Instructloh group shall be fur;her divided into sfix sgbgroup51 /

n hames+ .as follows- _

e

/

/For the order of exceptlon sen51ng for: thege 1nstruct;ons~

as well as all other 1nstru€t1nns~ see paragraphge «8.7 of thls

spec;?lcatlon.
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Mark to Boolean s . '
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Y145 jk /

t Xk Right per j ;yﬁ{{Xl} Right

rd /
&

This instruction shall test the tuwo bits initially cpﬁfained in the

“ rightmost twosbit positionsa. bkg“and k3. of Register~Xl Right accordingv

to the u-bib/j field from the/instruction. UWhen the value of the two

. rightmost Kits initially coptained in Register X1 Right is equal to

: any of thé one or more va} es specified by thesinstruction’s j field-
' RegisteK’Xk Right shall pe cleared in bit positions 32 through k2 a d’
: shalifﬁe set in bit position k3.

When the yalue of the two rightmost

: bit; initially containéd in Register X1. Ridht is not equal to any’of
- the one or more valqé% specified by the ihstruction's 3 fiel;},ﬁegister
b

; XK Right shall be c¢leared in all 32 bi

positions. 32 throug - The

i falues of the j field and the rightmggf two bits initiallzégbntained
q

f

§ in Register X1 Baght shall be inte:Preted with respect to uality
| {EQY} as follows”t .
{ S :”? z
j /Bits b2 and kL3 of Xl Righta respectivelvlﬁ
o - 7
4 oo r i T 10 X I 11

poog A Unconditional inequality P

000Y - il e Eqd

0010 e EQ” .

0011 i ERQ EQ i

0100 s EQ & pd

<010~ | £ Q Z Ed ~

0110 < EQ & EQ &

0111 < EqQ S E@ : £E8

1000 EQ i 7z

1001 E e S EQ

1010 - EQ 7 EQ s

1011 - |7 E@ 7z EqQ ) E@

1100 - EQ E@ £

1101 .7 EQ <EQ i Eq

11107 EQ 7 _EQ Eq Il i

11131 ) Unconditional Equality & i <

7 7 ' -

/ /

Note:

NCRIGOGIRE

The four bit§/of j can be visualiz%d as pointers whigﬁfare
associated ffrom left to right} w} h the four possi?ie values .~
{00- 01. 10 and 11} of the tested bit-pair {bits b2"and k3
of Regigﬁ%r X1 Right}. For example. if j = 0LO0L.sequality shall
be defrcted when the value of

e

he tested bit pai¥ is 01 gngl-/*
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2.3

2.3.1.1

Business Data Processing Instructions

The general form of execution for the instructions in this group
shall involve the utilization of a first data field in central
memory. referred to as the "sourcea" to modify. replace. or com-
pare with a second data field in central memory referred to as
the "destination.™ Both the source and destination fields shall
be individually described by means of independently designated
Data Descriptors. with respect to the types of representationa
sign and zone conventions- lengths and relative locations of the
data fields. Each Data Descriptor. consisting of a 32-bit half-
word or a kli-bit word..shall be obtained from an associated table in
central memory referred to as a Data Descriptor Table. {DDT?}

General Description
The instructions in this group shall be further characterized by

their exclusive use of the jk@/2 instruction format. interpreted
as follows: .

Operation Code

8 1 il i} 3 -8 8
kD | k1 (1] QL

j0 {32
111 1
Source Field

associated designators

Destination Field
associated designators

Operation Codes

A total of 31 operation codes shall be utilized by the instructions
comprising the BDP Instruction group. These instructions are in-
dividually listed with their full names in Appendix A of, this
specification. For the purpose of this spegifica?iona the BDP
Instruction group shall be further divided into six subgroupsa
including "short™ instruction names. .as follouws: _

Note: For the order of exception sensing for these instructionsa
as well as all other instructions. see paragraph 2.8.7 of this
specification.

NGAIGTERRILTE
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Subgroup Short Name (31)
BDP Numeric Sum 7 B
Difference”
Product v
Quotient v
Scale
I Scale Rounded
Decimal Compare
| - Numeric Move
Byte Compare
Compare Collated
| Scan While Non-Member
Translate
| Move Bytes
Edit
] [N
Descriptor “Move Table Entry
Increment by Table Entry
Insert
. Extract
Increment by X-Register
- .Decrement by X-Register
Lalculate Subscript and Move
. Logical (“ AND
_OR
{ XOR
NOT
Immediate Data . Move Immediate Data ; ? . ?
Compare Immediate Data Mashe s

Add Immediate Data

Register Load

NEAlE0 R RN

Load AQRegister
Load X-Register
Store X-Register
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2.3.1.2

2.3.1.3

Source Field Designators

Designators associated with source fields shall be interpreted
from jk@/2 formatted instructions as followus:

The l-bit jO field shall be interpreted in the zero state as
designating Register Al4. and in the one state as designating
Register A5, with respect to specifying the A Register which
contains the PVA corresponding to the first location in
central memory of the Data Descriptor Table associated with
the source field.

The 8-bit @0 field shall be interpreted as a halfuord item
count with respect to designating a specific Data Descrip-
tor in central memory as contained in the DDT associated
with the source field. Thus. the 8-bit Q0 field shall be
expanded to 30 bits by extending zeros on its left. these
30 bits shall be shifted left 2 bit positions with zeros
inserted on the right- and the 32-bit shifted result shall
be added to the rightmost 32 bits of the PVA obtained from
Register AY4 or Register A5. {as determined by jB+} with re-
spect to the formation of the central memory word or half=-
word address corresponding to the location of a specific
Data Descriptor associated with the source field.

The 3-bit jl field- after concatenation to a one bit in the most
significant position. shall be interpreted according to the
resulting value. B8 through 15. as designating one of the eight

A Registers. A8 through AF4 respectively. with respect to
specifying the A.Register which contains the PVA corresponding
to the unmodified leftmost byte address {base} of the source
field in central memory. See Figare 2.3-1. N

Destination Field Designators

Designators associated with destination fields shall be in-
terpreted from jk@/2 formatted instructions as follous:

The 1-bit kO field shall be interpreted in the zero state as
designating Register Ay. and in the one state as designating
Register A5. with respect to specifying the A Register which
contains the PVA corresponding to the first loecation in
central memory of the Data Descriptor Table associated with
the destination field.

NERIG BRI
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2.3.2.2

Word >R DeEece\PTOR..

Data Descriptors where the F field is equal to 1 shall be by-
bits in length. shall be located on any word boundary within
a DDT and shall be formatted as follows:

place.

for Halfword Data

signed offset
index

source

NGRIGOGIRRINATE

/

Descriptors.

FID| T L [ B
1|2 4 9 1k 32
D0 «<———— bY~bit Data Descriptor ———— > &3

Unless the PVA used to access a bkl-bit word as a Data Descriptor
is equal to 0. modulo 8. an (Address Specification)error shall be
detected. the associated BDP instruction execution shall be in-
hibited and the corresponding program interruption shall take

Word Data Descriptors shall utilize the lk-bit ©® field. in bit
positions 1k through 31 as a byte item count to be applied as
a-signed offset {2's- complement for negative offset} to the
leftmost byte address {base} of the associated source or destin-
ation field in a manner identical to that previously described
However. Word Data Descriptors
shall also utilize the 32-bit B field- in bit positions 32

through k3 as a byte item count to be applied as a signed index
{two's complement if negative}. to the leftmost byte address {base}
of the associated source or destination field.
represented by the lb-bit 0 field. and the signed
represented by the 32-bit B field. shall be added to the
rightmost 32-bit positions of the PVA obtained from the A Register
specified by jl+8. or the A Register specified by kl+8. with
respect to the formation of the leftmost byte address of the

or destination field. respectively.

Thus. both the

e
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2.3.2.3| Fielda D2 T and L

The Da T+ and L fields shall be identically interpreted for both

Data Descriptor formats. as follouws:

a. D Field:

The D field is a reserved field consisting of 2

bits in positions 0L and D2 of the Data Descriptor.

D -3 (Woeo Rou dbt\) .
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b. T Field: The T field shall consist of 4 bits. in bit posi-
tions 03 through Ok of the Data Descriptor. and
shall describe the type of data representation
used in the associated source or destination field.
The Lb values of the T field are assigned data type
representations as follous:

c. L Field: The L field shall consist of 9 bits. in bit posi-
tions 07 through 15. and shall describe the length
of the associated source or destination field. The
length shall be expressed in terms of bytes. Although
the L field can contain larger values {maximum 511}.
the length of a BDP operand shall be restricted to a

. . smaller value according to the operand data type-.

( 0 Packed Decimal No Sign These inclusive limits are the following:

1

Packed Decimal No Sign Leading Slack Digit
(TE Packed Decimal Signed
3. Packed Decimal Signed. Leading Slack Digit

19 bytes for Packed Decimal {types O through 313

. . Ys =
4 Unpacked Decimal Unsigned < Cgh bytes for Unpacked /Decimal {types 4 through &%}
5§ Unpacked Decimal Trailing Sign Combined Hollerith f::" bytes for Binary {types 10 and 11 }3
L Unpacked Decimal Trailing Sign Separate _ " 25k bytes for Alphanumeric {type 9%.
i Leadi Si C ined Hollerith
? Unpacked Decimal Lea %ng Tgn ombine ollerd When any L field exceeds the specified maximum associated with
8 Unpacked Decimal Leading Sign Separate given data type- an Instruction Specification error shall be detected
q A the execution of that instruction shall be inhibited and the corres-
Alphanumeric ponding program interruption shall occur. See 2.8.1.4.
C,/ﬁ Binary Unsigned b3y .
1_f£ Binary Signed i verlap
12-15 Reserved The execution of BDP Instructions shall be undefined. with re-
spect to the generated results. for every case in which the
source and destination fields overlap and are not coincident
As determined by the operation code. source and destination in their leftmost and rightmost byte positions.
field data types shall be restricted to only those combin- s D S C p
ations which are defined as valid within the instruction 2.3.2.5 ata and Sign Conventions
descriptions. The designation of invalid T field combina-
tions 5ithin the associgted Data Descriptors shall result With respect to numeric data and sign conventions. interpre-

tation shall be performed according to Type {T} where app11—
cable. for characters {C}. Digits 1D} and Signs {S}. using
hexadecimal notation- as follous:

in the detection of an Instruction Specification errora the
1nstruct1ons execution shall be inhibited and the corresponding
program interruption shall occur. See 2.8.1.Y4.

Note: Data field examples are illustrated as three byte fields.

NERIIGOCRRIATE | NGRINGOCIRRIVANE
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a. Type O: Packed Decimal No Sign

N D | D D | |

D: Hex{D0} through hex{9} 5 Decimal O through 9. respectively.

Note: This format corresponds to an even number of digits in the
decimal number-.

b. Type 1: Packed Decimal No Sign Slack Digit

[ o > [ » P | » — p 1]

0: Hex{D}5 Decimal D - .
D: Hex{0} through hex{9} 3 Decimal O through 9. respectively.

.Note: This format corresponds to an odd number of digits in the
decimal number.

c- Type 2: Packed Decimal Signed ' /SDSS

o ) [ o D ] D_- 5 |

D: Hexfﬂ} through hex{9}5 Decimal O through 9. respectively.
S: Hex{A}. {B}. {C}. {E}. or {F} : positive fhex{C} is preferred};

Hex{D} : hegative-
Note: This format corresponds to an odd number of digits in the
decimal number.

d: Type 3: Packed Decimal Signed Slack Digit L Ehe

[ D [ 1 D | D s |

D: Hex{0}5 Decimal O .

D: Hex{0} through hex{9}; Decimal O through 9. respectively.

S: Hex{A}. {B}. {C}. {E}. or {F} : positive {hex{(} is preferred};
Hex{D} : negative- - .

Note: This format corresponds to an even number of digits in the)\
decimal number.
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e. Type 4: Unpacked Decimal Unsigned
7
L D [ D [ D ]
D: ASCII character O through 9 represented by hex{30} through -
hex{39}. respectively-
Unpacked Decimal Trailing Sign Combined Hollerith

f. Type 5:

{ /VC"'}C
: [ —=»1 [ D [ c |

- D= ASCIIWtharacter 0 through 9 represented by hex{30} through
hex{39}. respectivelys

€: An ASCII character decoded as follouws:

ASCII 1 through 9 {hex{31} through hex{39}}
! ASCII A through I thex{lil} through hex{491}

ASCII J through R {hex{4A} through hex{4F}
and hex{50} through hex{52}}

ASCII {.0.8 {hex{?B}. hex{30}. hex{2b}}
ASCII }.- thex{?D}. hex{2D}}

either represents
+1 through +9

represents
fl through -9

represents +0
represents -0

Note: The underlined characters and codes are the preferred ones.

g. Type k: Unpacke§ Decimal Trailing S%gn Separate (~I>DSS'

[ D [ D T N |

~

D: ASCII character O through 9 represented by hex{30} through
hex{39}. respectively. B

S: ASCII character + {hex{2B}} : positiVe signs
' ASCII character = {hex{EQ}} : negative sign-

é h- Type ?: Unpacked Decimal Leading Sign Combined Hollerith.

[ C I D [ D |

C and D have the same meaning as for type 5 in subparagraph f.

NCRIENGIRRTVANE
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Uhen invalid decimal data is encountered in the course of ex-
. &I ecuting one of the following instructions. an Invalid BDP
Data condition shall be detected and upon completion of the

i. Type 8: Unpacked Decimal Leading Sign Separate o
yp P o2 .
§i7;$ . associated instruction execution. the corresponding program

| S | D [ ) | interruption shall occur. if enabled.
. : Uhen the results from a decimal operation exceed the capacity
D and § have the same meaning as for type b in subparagraph-g- of the designated destination field such that significant di-
—_ 4E£§ug&> gits are not stored into_central nemgrys {i.e.. leftmost non-
3+ | Type 9: Alphanumeric Oy,.ﬁ zero digits are touncafedbe a DecinalSisnificaace Lossshall
P be detected and upon completion of the associated instruction'’s
| I 4 C execution. the corresponding program interruption shall occura
< - if enabled. :
C: Any ASCII character code- Leading zeros shall be supplied and leading digits shall be ~

truncated with respect to accommodating unequal source and
destination field lengths. Thus. conceptually. these instruc-
k.| Type 10: Binary Unsigned tions shall process the data fields from right to left. .
. s ins the positive Note that these conventions shall cover the end cases for numeric

Tbe f1eldldefl?e:hbyotZﬁangber of bytes contai P operands of length equal to 1 for all numeric data types. For
. binary value o e op . instance. a Move Numeric from a type 5 operand to a type 3 or type

N b operand of length 1 would amount to an extraction of the source
1. Type 11: Binary Signed field sign. e -

A source BDP operand of numeric type {0 through 08, 10 and 113}
and of length zero. shall be interpreted as the value zero.

The field defined by the number of bytes contaiqs the signed
| binary value of the operand. negative values being represented

j in the 2's complement form- A destination BDP operand of length zero shall transform the
associated i iction into a no-op. However. exception sensing
E5 fop-the source field shall~occeur_normally. including the testing

fdr_a @g;ijél;&iggjficanqeLLg;s_;;nditiona rovided the source
2.3.3 BDP Numeric ’ fibld does not also have a length”of zeros

The instructions in this subgroup shall provide the means for
pe?forming arithmetic~ shift. conversion and comparison oper-
ations for byte fields in central memory consisting of numeric Note: The representations for zero. zones and signs .shall
decimal data. be normally determined by interpreting the T field from the
Data Descriptor associated with the destination field.

Unless the lengtha type and format fields within the Data Des-

criptors associated with the source and destination fields. . Division by zero shall not be allowed to the extent
confor@ to the restrictions deflneq within the following in- that the destination field in central memory shall not be
struct;qn gescr1pt10953 the detection of a Length. Type or changed and a Divide Fault condition shall be detected.
Data Descriptor Specification error shall result in an Instruc- T
i tion Specification Error condition. the execution of the as- Minus zero shall be considered equivalent to plus zero by all the
| sociated instruction shall be inhibited and the corresponding instructions in this subgroup. with respect to decimal numeric
i program interruption shall occur.

data.

NCRUEHERRIVATE o NGRUIGOGIRRIVATE
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Notes: Decimal operands shall be treated as integer

2.3.3.1

For the instructions in this subgroup. {namely the Decimal
instructions}. as well as all the instructions contained in

the BDP Instruction group. the term "D{Aj}" shall be used to
denote "the contents of the source data fields." addressed by
means of the components associated with the BDP instruction's

j field designators. Similarly. the term "D{Ak}" shall be used
to denote "the contents of the destination data field." addressed
by means of the components associated with the BDP instruction’s
k field designators.

Arithmetic
a. Decimal Sum. D{Ak} replaced by D{Ak} plus D{Aj}
o7y jkaes2
b. Decimal Difference. D{Ak} replaced by D{Ak} minus D{Aj}
0?5 jkase
c. Decimal Product- D{Ak} replaced by D{Ak} times D{Aj}
a7k jkaese ) )
d. Decimal Quotient. D{Ak} replaced by D{Ak} divided by D{Aj}
p?? jkase

Operation: These instructions shall arithmetically modify
the initial contents of the destination field in central mem-
ory. {treated as an augend- minuend. multiplicand or dividend
as determined by the operation code} by the contents of the
source field in central memory {treated as an addend. subtra-
hend- multiplier or divisor as determined by the operation
code} and shall transfer the decimal result consisting of a
sum. difference. product or quotient. as determined by the
operation code- to the destination field in central memory.

Types:All Packed decimal types and all Unpacked decimal types. except
for the Leading Sign formats. shall be freely allowed for decimal
arithmetici i.e., types 0+ 11 21 31 44 54 ba shall be compatible
for these instructions.

Unpacked Decimal Leading Sign {both conventions} shall not be
supported in the decimal arithmetic. A Numeric Move instruction
must be generated to format the operands of those types prior to
their use in arithmetic operations. .

Lengths: The maximum allowable. lengths for the source and
destination fields shall be determined according to their res-
pective decimal data types as defined in subparagraph 2.3.2.3-
item €. of this specification.

NCRIGIGIBRINATE
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values. Division by zero shall be illegal to the extent that
such operations shall be treated as Divide Faults in the man-
ner described in paragraph 2.3.3 of this specification.

The results fromthese instructions shall be algebraically
signed unless they are equal to zero in their entirety. in
which case their signs shall be made positive.

These instructions shall generate a result value in accord-
ance with the type T of the destination field and the pre-
ferred sign convention for that given type.

Shift

The following instructions shall move the data initially con-
tained in the source field to the destination field. Unless
the 32-bit halfword contained in Register X0 Right consists
entirely of zeros in its rightmost 8-bit positions. these in-
structions shall also shift the data from the source field as
it is moved to the destination field.

The 32-bit halfword contained in Register X0 Right shall be
interpreted as a signed binary integer providing a signed shift
count. UWhen this 32-bit halfuord is positive. the direction

of the shift shall be left with the number of decimal digit
pos;t10n§ to be shifted determined by the value of the rightmost

8 b1ts1_1n bit positions Skt through L3, of Register XO Right.

thn this 32-bit halfword is negative. the direction of the

shift shall be right with the number of decimal digit positions

to be sh}fted determined by the value of the two's complement

of the rightmost & bits. in bit positions 5k through L3. of
Register XO Right. {0Once the direction of the shif% has been deter-
mined. bit positions 32 through 55 of the shift count shall be ignoied]
Thus. positive shift counts shall provide the means for mul-
tiplying the source data field by powers of 10. and negative
shift counts shall provide the means for dividing the source
data field by powers of ten- as the source data is moved to
the destination field.

" When non-zero digits are shifted left end-offa. or truncated on the
lefta a Decimal Significance Loss condition shall be detected.

Shifting shall be accomplished end-off with zero fill on the

appropriate end{s} as required to accommodate the length and tvpe

of the receiving field. {For example. when the destination field

is longer than the source field. and the difference in field lengths
reater than the left shift count. such a scale instruction

[ shall provide zero fill. to the extent required-

on both the right and left ends of the destination

field result.}
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Types: All packed decimal types and all unpacked decimal 2.3.3.3 Move DCamet AN "Ry (P

types. except for the Leading sign formats. shall be freely
allowed for decimal scale instructionsi i.e.. types 0. 1, 2.

3. 4. 5. and b shall be freely compatible for these instructions.

Lengths: The maximum allowable lengths for the source and
destination fields shall be determined accord1ng to their
respective decimal data types as defined in subparagraph
2.3.2.3. item c. of this specification.

a. Decimal Scale. D{Ak} replaced by D{Aj}. scaled per {XO} Right.
078 jkaese
b. Decimal Scale Rounded- D{Ak} replaced by rounded D{Aj}. scaled
per {X0} Right.
079 jkaese

Operation: These instructions shall move and scale. according

to the contents of Reg1ster X0 Right. the decimal data field
“initially contained in the source field to the destination

field. They shall transfer the sign of the source field to

the destination field without change. {unless the results con-

sist entirely of zeros in which case the sign of the destina-

tion field shall be made pos1t1ve or unless the result would other-
wise contain a non-preferred sign in which case the sign of the
destination field shall contain the preferred signl}e.

Scale Rounded: When specified by means of the operation codea
rounding shall be performed for negatively signed scale fac-
tors by adding five to the last digit shifted end-off and pro-
pagating carries. ‘if any. through the decimal result transferr-
ed to the destination field. Thus the absolute value shall be
rounded upwards.

NERIIGOCIRRIUATE

Numeric Move. D{Akl} replaced by D{Aj} after formatting
092 jkaes2

This instruction shall format the number obtained from the
source field and shall transfer the result to the destination
field.

The source field shall be validated according to the T field
from its associated descriptorsi the source field shall be
reformatted according to the T field from the data descriptor
associated with the destination field and the result shall be
transferred to the destination field .,

The format of the different data types allowed ih this instruction
are described in subparagraph 2.3.2. 5 of this document. The
conversion and format operation shall be performed on any combi-
nation of fields of type O through 1ll. In this instructiona.

an operand of type 9 shall be handled. exactly as_an operand

of type 4+ including length restriction. zero-fill. and data val=
idation conventions as well as right to leff processing.

If the source has a decimal data type and the destination a
binary data type. a conversion from decimal to ?1nary shall .

be performed. In this case. the maximum length for the source
sha?l be determined by the decimal data tyéL- 19_bytes far
Types_0 through 3. and 38 tes for Types.h.thru 85 the maxi-

mum fiel ength 'for the Eé?g1nat1on shall be 8 bytes.

If the destination field is not long enough to accommodate the
entire binary number. truncation of the leftmost bytes shall
occur. If the destination field is longer than the result of

the conversiona the sign bit shall be extended on the left.

If the source has a binary data type and the destination a
decimal data typea a conversion from binary to decimal shall
be performed. The length rastrictions on the operands are the

same as in the previous case. If the destination field is too TTtzunexE

short to accommodate the converted numbera leading digits shall

be truncated according to the destina L - 1T_the
Wﬁﬁmﬁ_ G 2600
zeros_sha e supplied in_accordapce wikh the decimal data type: {q*
A@E"Z};ﬁmﬁ‘g Ft-zepo—inexilt}.

When truncation of binary data results in_loss of significancge
metic Overflow condition shall be

or an improper_si an Ari 0
rded. hen truncation of decimal 3ta_results_in loss of

s1gn1f1cancg;,awnacamgg_gggg_gi_SJQn_ icance condition shall be

DEQIGISIGITTE = -
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When both operands are decimal. their maximum allowable lengths
shall be determined according to their respective decimal data 2.3.4 Byte

2.3.3.4

NERUIGOERRIUATE

types as defined in subparagraph 2.3.2.3. item c. of this speci-
fication. .
- : - B The destination
shall be filled from right to left. Unequal field lengths shall
result either in truncation of the leading digits or in insertion

of leading zeros according to the destination data type: ASCII
character zero {hex{30}} or digit zero <{hex{0}}.

Comparison

Decimal Compare D{Aj} to‘D{Ak}w result to X1 Right.
083 jkase

This instruction shall algebraically compare the decimal con-
tents of the source field to the decimal contents of the des-
tination field and shall transfer a 32-bit halfword to Regis-
ter X1 Right according to the results of the comparison.

When the contents of the source and destination fields are
equal. the entire 32-bit positions of Register X1 Right shall
be cleared.

When the contents of the source field are greater than the
contents of the destination field. Register X1 Right shall be
cleared in the leftmost 31 bit positions- 32 through k2. and
shall be set in the rightmost bit position. k3.

When the contents of the source field are less than the con-
tents of the destination field. Register X1 Right shall be
set in all 32 bit positions.

Types:
except for the Leading Sign formats. shall be freely allowed in

‘comparisonss i.e.. types: 0+ 1. 2+ 32 Y42 5..k shall be compat-
ible for this instruction.

Lengths: Lengths shall be confined to the same maximum values

as for a Decimal Difference instruction. Un=-

equal field lengths shall be accommodated by providing zero

fill in the leftmost positions. as required. for the field

having the shorter length. The maximum number of bytes oc-

cupied by each operand is a function of its data type and is

specified in subparagraph 2.3.2.3. item c. of this specification,

Note: As previously stated.in 2.3.3. minus zero shall be inter-
preted as being equal to plus zero. l

All Packed decimal types and all Unpacked decimal data types

o)

The instructions in this subgroup shall provide the means for
| comparing. scanning. translating. moving. and editing
| byte fields in central memory to the extent defined by
the following instruction descriptions.

‘These instructions shall utilize spaces for extending Alpha-

numeric {Type 9} fields. with the space being represented by
hex {20%}.

A source byte operand of length zero shall be }unctionally
interpreted as a string of space characters {AS(CII character:
hex {203}} for all the instructions in this subgroup.

A destination byte operand of ‘length zero shall transform the_
associated instruction into a no-op. However. exception sensing
for non-zero length fields_ shall occur normally. despite the
destination field length of zero.

:;g%'Décimal §ignificance Loss shall not be detected for the in=

Nl

" The comparison shall proceed from left to right.

structions in this subgroup-

Comparison

a. Byte Compare. D{Aj} to D{Akl}. result to X1 Right. index to

X0 Right
a4 j
b. Byute c:c'mpare Collatedd D{Aj} to D{Ak}. both translated

per_{A7}. result to XL Right. index to XO Right

@Djka/a

These instructions shall compare the bytes contgineq in the
source field to the bytes contained in the de§t1nat1on f}eld
and shall transfer the results of that comparison to Register

X1 Right.
When the
field lengths are unequala trailing

space characters shal}
be used for the field having the shorter Tength. The maxi-

mum length for each operand shall be bytes-.

. s . . te
These instr t1ons.§hj}l~;ggqgg_§pe;uquLf1e1d, Each by
from the%séﬁ%ie and destination field shall be treated as an
8-bit quantity having an absolute value with respect to the

comparison operation..

GOGIRRINATE
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The comparison shall continue until the longer field has been
exhausted or until an "inequality™ is detected between corres-
ponding bytes from the source and destination fields accord-
ing to the following definitions. For the Compare instruc-
tion. inequality between the bytes obtained directly from the
source and destination fields shall result in the completion
of the comparison. For the Collated Compare instruction in-
equality of the bytes obtained directly from the source and
destination fields shall result in the translation of both
bytes. by means of a translation table. and inequality of the
translated bytes shall result in the completion of the compar-
ison. UWhen the translated bytes are equal. and the longer
field has not been exhausted. comparison between the corres-
ponding bytes obtained directly from the source and destin-
ation fields shall be resumed.

Uhen every byte associated with the source field is equal to
every corresponding byte associated with the destination field-
{including the trailing space characters if any}. the entire
32-bit positions of Register X1 Right shall be cleared. Uhen
the first inequality between bytes occurs as a result of a byte
associated with the source field having a greater value than the
corresponding byte associated with the destination field. Regis-
ter X1 Right shall be cleared in the leftmost 31-bit positionsa
32 through b2. and shall be set in the rightmost bit positiona
b3. Uhen the first inequality between bytes occurs as a result
of a byte associated with the source field having a value less
than the corresponding byte associated with the destination
field. Register X1 Right shall be set in all 32-bit positions.
In addition. the sequence number of the byte which caused the
lst inequality will be placed in Register X0 Right.

Translation Table: The translation table used for each occur-
rence of direct inequality during Collated Compare instructionsa
shall be addressed by means of Address Register A?7.

Each byte shall be translated by using its value as a positive
offset to be added to the beginning {leftmostl} address of the
Translation Table. as contained in Register A?. for the purpose
of addressing the translated byte to be read from central memory.

BRI G (PRI

2.3.4.2 l Byte Scan Ccuw~"\L°$*1-‘* %t,;;£<,\¢

Byte Scan While Non-Member. D{Ak} for presence bit in D{AjFA
i index to XO Right. character to X1 Right.
: 08L jkase

Operation: The operation shall proceed from left to right

on the destination field addressed by D{Ak}. One character

at a time shall be taken from this character string and used
as a bit address into the string addressed by D{Aj}. The scan
shall terminate if the bit thus addressed is ON or if the des-
tination field has been exhausted: otherwise the next-charac-
ter in D{Ak} is considered.

Source Field: The type and length fields in D{Aj} shall be ignhored.
The operand addressed by D{Aj} shall be interpreted as a bit
string consisting of 25b bits {32 bytes}.

Destination Field: The type field in D{Ak} shall be ignored.

The operand addressed by D{Ak} shall
be interpreted as a byte string. and restricted to no more than
25k characters.

The binary value of the sequence number in the stringx-of the

qyte_uhich caused the scan to terminate shall be placed right
Justified into XD Right.

The bin§ry value of the character itself which caused the scan
to terminate shall be placed right justified into X1 Right.

If the scan stops by exhaustion of the characters in the byte
string. X0 Right shall contain the length of the original byte
string and X1 Right shall be set equal to -1. : i

Note: The function Byte Scan While Member can be performed
by means of the Byte Scan While Non-Member if the bit string
specifying the characters not allowed in the byte string has
been previously logically negated.

- £ 1
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2.3.4.3 Tr

anslate

Byte Translate. D{Ak} replaced by D{Aj}. translated per A?

088 jkaese

This instruction shall translate each byte contained in the
source field. according to the translation table in central
memory and shall transfer the results of the byte by byte

translation to the destination field.

The translation table shall be addressed in a manner identi-
cal‘to that previously described for the Collated Compare in-
“zistruction in subparagraph 2.3.4.) of this specification.

The Type fields in the Data Descriptors associated with the
source field and the destination field shall be ignored.

Bo

th operands shall be restricte

to no more

an cS5k—bytes.

The translation operation shall occur from left to right with
each source byte used as a positive offset to be added to the
beginning {leftmost byte} address of the translation table for

the purpose of permitting each byte's translation.

Translated

bytes. thus obtained from the translation table. shall be trans-

ferred to the destination field.

The translation operation shall

terminate after the destination field length has been exhausted.
When the source field length is greater than the destination
field length. rightmost bytes from the source field shall be
truncated. to the extent required. with respect to the trans-

lation operation.

When the source field length is less than

the destination field length. translated space characters shall
be used to fill the rightmost byte positions of the destination

field to the extent required.

2.3.4. 4 Move

This instruction

shall provide the means for moving the bytes
contained in the source field to the destination field.

The

type fields of the source and destination data descriptors shall
be ignored and any combinations of the values 0 through 11 shall

be allowed-

NERUE0 EIRRINANE

Move Bytes. D{Ak} replaced by D{Ajl}.
089 jkese

This instruction shall move the bytes contained in the source

field to the destination field.

The operation shall be per-

formed from left to right with unequal field lengths accommo-
dated by the truncation of trailing characters from the source
field or the insertion of trailing spaces into the destination .

field. -

~E}§E§?L“QSEK§JS
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2.3.4.5 Edit ‘ ? Entries in the SCT shall be readable/wrltable under control

of certain micro-operations compr‘:.sl%gv\the mask -
Edit. D{Ax} replaced by D{Aj} edited per M{A?}. ‘
091 jkese b. The Symbol {SM}: The symbol is a string of 0 to 15 characters

. that shall be created under control of the edit mask and
5 inserted into the destination field under control of the

This instruction shall edit the digits or characters contained

in the source field according to an edit mask. in central memory : edit mask." Unce the SM has been inserted into the destination
and shall transfer the result to the destination field. The FI€ld- it must be recreated before it can be inserted again.
edit mask shall be addressed by the PVA contained in A?. The o At the start of an edit operation. the SN shall have a zero
edit mask shall consist of a one byte length indication followed . length.

by a string of micro-operations. . ' . . .
The SM shall be utilized for the floating sign and floating

. i ne >0
AN The edit instruction shall ter'minate under control of the mask- ! currency editing features. It shall also be utilized for
If the destination field is filled before the end of the mask : sign sFenSItlve and significance sensitive.chacacter string R
is encountered. then the writing of further characters beyond i insertion. \n wppALRRe
the destination field shall be disabled but the Edit shall i . o B82S thataenr o Nauthagom bupf
l proceed until the end of the mask is encounteredi an Invalid BDP i c€- End SUPP(‘ESSWRtTOggli {Es}é'tTh:: tggglﬁ g?ngro}s_'z:?f‘g. 4
Data condition shall be recorded. If the Edit terminates ! suppression. start of edita e sha e initialize
before the destination field is filleda then any further charac- ; FALSE. The ES shall be set TRUE when zero suppression ends.
ters in the destination field shall remain undisturbed and no | d N ti si T 1 {?&G}Ttt\%h?n““ta 1°>\°N \)eefrw th
tected for these circumstances- . egative dign Tloggle is toggle signifies the sign
| exception conditions shall be de € : of the source field. At start of edit. the SN shall be
Type: The Data Descriptor type fields shall be confined to the l initialized FALSE for an alphanumeric source field or a -
following: : positive numeric source field. It shall be initialized
) for a negative numeric source field.
Source Destination : e 7Pz ZOED TiELD:
e. Zero Field Toggle {ZF}: This toggle signifies whether the
| D,y1,28,3,4,5,b,7,8,9 @ source field is zero or non-zero. It shall be

FALSE for_an alphanumeric source field and TRUE for a numeric

Special Conventions: The edit operation shall utilize the ' source field.

tables and toggles listed below- .
: 99 Edit Micro-Operations: The mask shall be interpreted as a string

a- Special Characters Table {SCT}: The SCT is an eight byte . of one byte micro-instructions with the following format.
table that shall be initialized by the machine at the start o 7
of each edit operation to contain the following. .
. Inop |V
—= - — — 77— =~ -blank fill character © The MOP is a micro-operator. It specifies an editing function-
! y— — —— — ~~— ——-suppression character The SV is a specification value. It's meaning varies according
i { ~ = = - positive sign to the specific MOP which it follows.
. } % e ‘:-_‘egat:.ve sign ) .
S 4 : {
Table index r 0 1 2 b ' ? | (ZX%, :
Character : b $ VN pid ’

R 1 ) o.1
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Edit control shall proceed from left to right on the maska

one character {or micro-operation} at a time. After inter-
pretation of the micro-operation. action shall be taken on the
source and destination field characters {or source digits}
which shall also be operated from left to right.

Indexing through the source field shall be by bytes unless
its data-type is packed numeric when indexing shall be by
half-bytes. 1Indexing through the destination field shall be
by bytes.

Notation for MOP descriptions.
i Index for source field. initialized to O.

k| Index for destination fields initialized to O.
Index for mask. initialized to O.

SC{i} The source character addressed by base of source
field indexed by i-
Sp{iy The source digit addressed by base of source field
indexed by i-.
DCLj} The destination byte addressed by base of destination
field indexed by j-
MC{k} The mask byte addressed by base of mask field indexed
by k-
ES End suppression toggle.
ZF Zero field toggle.
SN Sign toggle.
SCT Special character table
SCT{n} Nth entry in the SCT {value must be 0-7}.
sV Specification value-.
SH The symbol.
~LSH Length of thé Symbol in bytes. initialized to zero-.
R A loop counting mechanism {associated with SV}.
C A loop counting mechanism {associated with LSMZ}.
Note: The one byte length indication contained in the leftmost

byte position of the Edit Mask shall include itself in specifying
the length of the Edit Mask. A{Thusa a maximum of 254 micro-
operations may be specified by this byte}.

NERIIGOCIRAIVATE

Whek heapoensy
\-N}\'\-lmvéo\,\_ ase C ES := TRUE: 7 . -
{a’\"ﬂou{‘ﬂ,\g )alin. 5.__‘

Although not included in each description- prior to the execution
of each micro-operation the edit mask index shall be incremented

by one.

The following descriptions of the micro-operations are not
intended to rigidly dictate the implementation technique
so long as the function of each individual MOP is accomplished.

The logic is specified concisely using a SWL-like notation.

a. -lMove Source,Digits,{NoP=01
SV may ‘be—a— vaiue (S e

\ -FOR R := 1 ﬁ? SV Do -

DC{J} i= NUHERIC,iSD{1}}1
i = i+1773 := J+l1 5 FOREND3

b.~ Move Source Characters {MOP= l}t
SV may be a value O- 15

ES := TRUE: § Tamone Sp-
FOR R := 1 to SV DO !

i
DCLj} := SC{ils
ioi= i+ly

c. Skip Source Positions {MOP=2}
SV may be a value D- 15

d. Skip Destination Positions {MOP=3} .
SV may be a value D0-15

ES := FALSE:
j i= j+SVs

e. Move Mask Characters {MOP=4}
SV may be a value 0-15

FOR R := 1 TO SV DO

DCLj} = MC {k+1}3
"3 % §rla ki kels FOREND: .

WREERNE . -

SOURCE=F-TETD=DEATA

= j+13 FOREND: [ =

SOURCE FIELD DATA *© 7 . 77
. TYPE '3 SHALL BE TREATED
L AS TYPE

Seezumemrrffor“spe l }

cagsess R P

e e e o o

! TYPE—SHALL-BE AE ¢ Sounca
! TENORED_AND~ 8-
. TREATEDAS=TYPE=S.. £
vy USEt W iAL
o)
THE SIZE OF EACH o

SOURCE POSITION SHALL
BE DETERMINED BY THE
SOURCE FIELD DATA TYPE.
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f. Select a Sign as the Symbol {MOP=5} " ST :>€S\v«
| SV may be a value 0-F {but is normally 1 or 2}. lf@ﬁ
SV shall be evaluated by ignoring the high order bit. ©O —
LSM := 13 D\QO’)‘ . W [mst«ls]
IF SN'THEN.._ SM{0} := SCT{B}' "NEGVE.="-'"
) \ .= L e Tp!
’\59’6;,«»”“ ELSE ' Sm{0} SCT{SV} I{EN llb:] "POSVE.='+' or 'b

g. Select Mask Characters

as the Symbol {MOP=L} Mi\s\g >5\\,(\
SV may be a value 0-15

LSH = SV,
FOR € := 1 to LSM DO
SHLC-1F t= MCLk+1}3
=kvas FoREND:

he
SV may be a va%ue 0-15

W@FOR R =71 TO SV DO

\f IF NOT ES THEN

> IF SD {1} =0 THEN

]N;{d’} = SH{C-I}-I
j:= J+],'

LSM := LSI’I-I-:

i 3= 141573 ==
ES := TRUES AFE,

ELSE "IF ES”

1

wed

. DC{J} = mmsj;cc {SDLil}s

1
DC{J} := scrars W3
iosmoiels § oi= j+ls
legLSE mIF Sb\h} FiL @Eg ]
FOR C t= 1 TO LSM: 1><>§{"L

R ]

"SUPPRESS"

Move Source D1g1ts or Suppress with Floating Symbol {MOP=7}

"1ST SIGNIF. DIGIT"

"INSERT SYMBOL™

"INSERT DIGITS™

i\\\

LDOCUM?NT Fanou T ~
P T THIS REPLACES
m e
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ADVANC;ED SYSTEMS LABORATORY Dec. 9. 1974 Kept. 30 1974
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K4
)

e

. End Float {MOP=81}

St cgudiinee & A caoed
SV is not used O S Ruhconee c e

—
IF NOT ES THEN.

ES := TRUES. %

FOR C :=_1 TO LSM DO
DCLj} = SML{C-1}s

j == j+I3 LSM := LSHN-13
FORENDS IFENDS - _

Degrwnatiors Tiela v gx\\ac\u:*h
‘{f\\_p, %ﬁw\“c\- \‘._Q,Qg

(d

Insert Symbol or SCT Charactera, Uncond1t1ona1 {MOP=93

SV may be a value D0-15. \
Lic]

IF SV >7 THEN

0R C := 1:TONLSM DO -

DCLjF == -SMEC-135 SM e destlmeaom
j = j+dsLsm = Lsm-1s
OREND3 - :
ELSE "IF SV <8 THEN" fov +16]
DCLj} ¢ = SCTISVH: A %c_Jf_(s\/) —2 GBS Ve s
P J+]n IFEND: )

Insert Symbol or SCT Character if Posve.. Else blanks {MOPs ].IJ}
SV way “be~a-valug-0-15-——-— = ST—

IF_SV >7 THEN =
['FOR € := 1 TO LSM DO .
“IF NOT SN THEN DC{j} := SALC-13s (L
ELSE  DCij} IFEND: /7

j 3= j+13 LSH T
FOREND L\G] L

ELSE("IF SV <8 THE@ &,VHQ
IF NOT SN DCLjF = SCTISVH:

“HZCEmBL ANK FILL"

"BLANK FILL"™

- ELSE™ DC{j} := SCTL0}s IFEND3 T
DCLj} := NU ERIC {SDLi}3}s oM~ Y | IFENDS j +=3+1 '
i = i+l3 j := j+13 IFEND: Ctqd L - ; : K L\(oj
: FOREND3 T g AR sk - SMo] v :
’ B st e B

NGRUGOEIERINANE e L RN
vC ,L?b 5 : 2k
3=~ ~om s
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1. Insert Symbol or SCT Character if Negve.. Else blanks {MOP=11}

21

—

SV may be a value 0-15

This MOP is similar to MOP 10.
in that algorithm. -

Insert Symbol or SCT Character. Unless Suppr9551on {MOP=12}
SV may be a value 0-15

IF SV >7 THEN

FOR C := 1 to LSH DO 5 L ]

IF ES THEN DC{jr := SM{C-12}3

ELSE DC{Lj} := SCT{1}5 IFEND3 "SUPPRESS"
j i= j+13 LSM := LSM-13
FOREND 3
ELSE "IF SV <& THEN" G_:_]
(IF ES DCLj¥ := SCT {SV}; LE’V}\
{ELSE  DCLj} := SCT{l}; IFEND3 L’{] "SUPPRESS™

j +=3+1
IFENDs

Urite SCT Entry {MOP=13}
SV may be a value O-F

Mo —>c T
SV shall be evaluated by ignori?j the high order bit.

sy

Spread Suppression Character {MOP=14}
SV may be a value 0-15

FOR R := 1 TO SV DO

DCLj¥ := SCT{1}3 j == j+13 FOREND3
\_\‘\_//

SCTLSV} = MC{k+1}s
k 3= k+l3

i)

NERIEN EARRIVANE
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Reset and Suppressa On Zero Field {MOP=15}
SV may be a value 0-15

IF ZF THEN

j:=0 "RESET TO START OF DEST. FIELD"
FOR R := 1 TO SV DO

DCLj} == SCTL1}5 j == j+l3 FOREND1

D"I:l "IE. TERMINATE EDIT
INSTRUCTION®

ELSE RETURN3
IFENDs
Function NUMERIC

This function shall be used by micro-operations O and ?
to move a source digit into the destination field.

Each source digit shall be checkeda invalid decimal

1gits; shall cause an Invalid BDP Data condition to be
detected and- if enabled. a program interruption shall occur
upon the completion of the Edit instruction.

When the source field is packed numeric. appropriate ASCII
zone bits shall be supplied for the destination ‘character.

.A non-zero digit shall cause the ZF toggle to be(ggt FALSE

——
.

Special CaSE1(ﬁOP =1
When SV is not _equal_to zero. and i1 w
referenceha\byte boundary. it shall be i
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2.3.5 Descriptor

The instructions in this subgroup shall provide the means for
moving or algebraically modifying Data Descriptors. or Data De-
scriptor fields. to the extent defined in the following sub-
paragraphs.

The fields within a LuY-bit Data Descriptor shall be described
singly and in limited combinations by means of a 3-bit field
designator. having values from 0 through- 7. as follows:

Field Designétor bY=-bit Data Descriptor fieldsd{is}
D.. F
1 D
2 T
3 L
-4 0
5 B
b FaDaTaL and ¢
»1? ) FaDaTaLaQ and B
e\ 2 ) H S
Fl D T L [} B
1| 2 4 9 1b 32
NO<— b4-bit Data Descriptor > k3
e Shax

For these instructions. the jl and/or the k1l fields shall be
interpreted as field designator ‘with respect to the associa-
ted Data Descriptor Operations.

Note: For the instructions in this subgroup- "F{jl}" or
"F{k1}" represent the descriptor field specified by the value
of the field designator in jl or kl._ and "D{j0.403}" or
"D{kD0.4L}" represent the descriptor in the DDT specified by

j0 or kO and whose offset within the DDT_is given by 40 or QL.

NERIIENCRRINNE
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2.3.5.1

Move Table Entry

Descriptor Table Entfy Move. F{k1} of D{kD.@1} replaced by F{jl}
- of D{jO.@0%} .
094 jkase

This instruction shall move the Data Descﬁipton Table Entry
associated with the source field to the Data Descriptor Table
entry associated with the destination field according to the 3-bit
designators jl and kl from the instruction.

The interpretation of the jl and k1l designators shall be per-
formed in the manner described in paragraph 2.3.5 of this spe-
cification with respect to designating the source and destin-
ation fields within the corresponding Data Descriptors.

These field designator values shall be confined to the follouw-
ing combinations:

j2 {Source} kl {Destination}

0Oor &5 1]
l or 5 1
2or 5 2
3Jor S5 3
4 or 5§ 4
Sortk 5
5 ork b

? ?

Unequal field lengths shall be accommodated by performing
truncation in the leftmost bit positions. to the extent re-
quired.

IDOCUMENT ’§E5ﬁbu
THIS REPLACES
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2.3.5.2 Increment Descriptor fields from Table Entry

Descriptor Table Entry Increment. F{kl} of D{kD.Ql}
replaced by F{kl} of D{k0.4Q1} plus F{jl} of D{jO.qO}

095 jkesz2

This instruction shall add selected fields of the Data_
Descriptor associated with the source field to selected
fields of the Data Descriptor associated with the destin-
ation field and shall transfer the result to the Data
Descriptor Table entry associated with the destination
field.

The interpretation of the 3-bit designators jl and kl "
-from the .instruction. shall be performed in the manner
described in paragraph 2.3.5 of this specification. with
respect to designating the participating fields within ./
the associated Data Descriptors.

The field designator values shall be confined to the
following combinations:

j1 {Source’} k1l {Destination}

0Dor S 1]
l or S 1
2 or 5 2
3or 5 3
4 or § L}
5ork 5
5orbk b

? ?

Unequal field lengths shall be accomodated by performing
truncation in the leftmost bit positions. to the extent
required.

NERlENBRRIATH
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2.3.5.3

Move fields between X-Register and Descriptor

Descriptor Field Insert from X-Registera. F{kl} of D{kD.41} re-
placed by {Xj}
14k jkase

Operation: This instruction shall move the contents of regis-
ter Xj into the field specified by kl. within the Data Descrip-
tor specified by D{kD.Ql}.

Source: For the purposes of this instruction. the entire j
field {i.e.- jO concatenated with jl} shall be interpreted as
the X-Register designator. The source data shall be assumed
right justified in the X-Register.

Destination: The Data Descriptor normally associated with the’
destination field shall serve as the destination field itself

for the instruction. The 3-bit K1 designator from this instruc-
tion shall be interpreted in the manner described in paragraph
2.3.5 of this specification with respect to designating the

field within the destination Data Descriptor to which the source .
field data shall ke transferred. Unequal field lengths shall be
accommodated by performing truncation in the leftmost bit posi-
tions of the source data field to the extent required.

Descriptor Field Extract to X-Register. Xk replaced by F{Jl} of
p{j0.@0%
147? jkase

Operation: This instruction shall move the contents of the
field specified by F{jl} within the Data Descriptor specified
by D{j0-Q0} into register Xk.

Source: The Data Descriptor normally associated with the source
field shall serve as the source field itself for this instruc-
tion. The 3-bit jl designator determineswhich fields are to be |
extracted from the Data Descriptor {see paragraph 2.3.5.}. The
contents of the specified fields shall be treated as binary data
to be moved right justified to the destination X-Register.
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2-3.5.4

Destination: For the purposes of this instruction. the entire

k field fi.e.. kO concatenated with k1} shall be interpreted as
the X-Register designator. The X-Register. XO- XF» so specified
shall receive the binary data right justified- UWhen extracting
individual fields to Xk, signed fields {i.e.. 0 and B
fields} shall be sign extended to the left. UWhen extracting un-
signed fields or combinations of fields to Xka the un-
used portion of the X-Register shall be zero filled to the left.

Increment and Decrement Descriptor fields by X-Register

Descriptor Field Increment by X-Register. F{kl} of D{k0.Q1} in-
cremented by {Xj} Right .
148 jkase _ N

Descriptor Field Decrement by X-Register. F{kl} of D{k0.41} de-
cremented by {Xj} Right .
49 jkas2

Operation: According to the 0Op code. these instructions shall
add/subtract in signed binary arithmetic. the contents of the
source register Xj Right to the field specified by F{kl} ulth-
in the Data Descriptor specified by D{k0.@Q1}.

Source: For the purposes of this instruction. the entire j
field {i.e.. jO0 concatenated with jl} shall be interpreted as
the X-Register designator. The source data shall be assumed
signed binary right justified in Xj Right.

Destination: The Data Descriptor normally associated with the
destination field shall serve as the destination field. itself
for this instruction. The 3-bit k1l field shall determine which
field is to be incremented/decremented {see paragraph 2.3.5}.
The only legal values for k1l are 3. U4 or 5. Thus. when k1l is

not equal to 3. 4 or 5. an Instruction Specification error shall
be detected- the execution of the instruction shall be inhibited
and a program interruption shall occur.

The result shall be truncated on the left to match the length
of the destination field.

{0 0 e
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2.3.5.5 Calculate Subscript

THIS REPLACES

FILE

CONTROL DATA

2.3.b Logical: Memory to Memory

Calculate Subscript and Move per D{Aj} times {X0} Righta result h 2.2.10 of this specification.
moved to D{kD.@1} and to X1 Right. See paragrap P

09k jkase

This instruction shall obtain a 32-bit. two's complement binary
integer from the source field in central memory. either directly
for binary source field data. or by converting decimal source
field data to its binary equivalent. The signed. 32-bit half-
word thus obtained. shall be multiplied by the positive 32-bit
halfwerd contained in Register X0 Right. The algebraically
signed result shall consist of a 32-bit binary integer which
shall be transferred to both the Data Descriptor Table entry
associated with the destination field and Register X1 Right.

Source Field: The Data Descriptor associated with the source field
shall be confined to Type field values of 0O through b. 10 and 1l
with the maximum Length field value determined by the Source field
data Type as defined in subparagraph 2.3.2-3. item c. of this
specification.

b2

Exceptions: UWhen the 32-bit halfword contained in Register XO
Right is negative an Instruction Specification error shall be
detected. Likewises when either the conversion or multiplication
phases of instruction execution result in g signegi 32-bit
binary integer outside of the range from -2 to 2°%-1 an In-
struction Specification error shall be detected. In this contexta
the detection of an Instruction Specification error shall result
in inhibiting the execution of this instruction and the corres-
ponding program interruption shall occur.

Destination Field: The Data Descriptor Table entry normally
associated with the destination field shall serve as the des-
tination field itself for this instruction. The positive 32- :
bit binary integer resulting from the multiplication phase of )
instruction execution. shall be transferred to central memory at |
F{L} of D{k0.4@l} and Register X1 Right.

) The 3-bit k1l designator from this instruction and the
initial value of the Data Descriptor Table entry associated with
the destination field shall not be translated by this instruction.

Unless the PVA of the Data Descriptor associated witb the destin-
ation field is equal to 0. modulo 4. an Addrgss‘Spec1f1§at1on
Error shall be detected. the execution of this instruction shall
be inhibited~ and a program interruption shall occur.

N GRG0 BERIUATE NCRIGOGIRRIVATE
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Immediate Data

Move Immediate Data to D{Akl}.
154 jkas/2

Operation: This command shall move the explicit value con-
tained in the @0 field to the destination field after an even-
tual format conversion to match the destination type-

Source: The Q0 field shall contain the literal to be moved.
The least significant 2 bits of the j field shall be used-as
an encoding of the operation to be performed:

a. if = 00~ the unsigned {considered positive} numeric value {Type 1l0%}

contained in.-@0 shall be moved right justified to the re-
ceiving field which must be of type 10 or 1l. If necessarya
the destination field is filled with zeros on the left-

b. if = 0l the decimal numeric {Type 4} contained in Q0 shall be
moved right justified. to the receiving field after possible
reformatting to match the data type of the destination. If
the format requires a sign- a positive sign shall be supplied-
The destination shall be restricted to one of the decimal data
types 0+ La 24 34 Y45 5. or b. This move shall be executed
according to the rules of the numeric move for truncation-.
padding and validation.

c. if = 10. the ASCII character contained in @0 is repeated
left to right.in the receiving f1e1d-/ The destination data
type shall be ignored.

d. if = 1l. the ASCII character contained in @0 is moved left

justified into the receiving field. 'and the rest of that T

field is space filled. The destination data type shall be ignored.

sl ™
Compare Immediate Data to D{Ak}
155 jkaese

This command shall. depending on the value of the j field. com-
pare the explicit value contained in the @0 field to D{Akl} after
a possible reformatting to match the data type and shall transfer
a 32-bit halfuword to Register X1 right according to the result

of the comparison.

When the contents of the source and destination fields are equal-
the entire 32-bit positions of Register X1 Right shall be cleared-
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2.3.7.3

When the contents of the source field are greater than the con-
tents of the destination field. Register X1 Right shall be clear-
ed in the leftmost 3l-bit positions. 32 through L2. and shall be
set in the rightmost bit position. b3.

When the contents of the source field are less than the contents
of the destination field. Register X1 Right shall be set in all
32-bit positions- 32 through k3.

The interpretations of the source and destination fields are anal-
ogous to those described under the ‘Move Immediate Data instruction.

Add Immediate Data to D{Ak}
15k jkase

Operation: This command shall add the explicit integer value
contained in the @0 field to D{Ak} after a possible conversion
to match the destination data type.

Source:
addend.
The j field is used as an encoding of the type of the data
contained in @0. The least significant bit of the j field is
decoded as follous:

a.- if = 0. Q0 contains an unsigned {considered positivel} binary
integer valuei @0 = Data Type 10

b. if = L. @0 contains one ASCII character representing a decimal
digiti if invalid decimal data is encountered in Q0. an Invalid
BDP Data condition shall be detected and upon comple-
tion of the instruction's execution. the corresponding pro-
gram interruption shall occur. if enabledy @0 = Data Type 4.

If the source corresponds to case a. abovea the destination shall
be confined to typesl0 and 11 -

If the source corresponds to case b. above. the destination shall
be confined to types 0. 1. 24 3. 4. 5. or k-

If unauthorized data types are Spec1f1ed=an Instruction Specification
error shall be detected. the instruction'’s execution shall be
inhibited. and the corresponding program interruption shall

occur- See Z2.8.1.4.

The Q0 field is used to store the integer value of the

Rl EOBIRRIVALE
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Register Loads
Load A Register

Load Ak with computed address per descriptor D{Aj}
157 jkase

Operation: This instruction shall compute the PVA correspon-
ding to D{Aj} and place it into Ak. For the purposes of this
instruction. the entire k field {i.e.. kD concatenated with
kl} is interpreted as the A Register designator.

Load. Store X Register
as

Load Xk from {D{Aj}}
.158 jkase

Operation: .This instruction shall load Register Xk right-
justified with the value of the data item addressed by D{Aj}.
If the data item is shorter than 8 bytes. Register Xk is zero
filled according to the data type of D{Aj} or filled with sign
bit extension if the data type of D{Aj} is 11l.

T

Destination: .For-the purpose§ of this instruction. the entire ;
k field {i.e.. kD concatenated with kl} shall be interpreted as
the X Register designator.

Source: D{Aj} is the source field descriptor.
field is limited to a maximum value of 8 bytes.

Its length

- /”"/i%

b. Store {Xj} into D{Ak}
159 jkes2
Operation: This instruction shall store the contents of Reg-

ister Xj into the data item addressed by D{Ak}. If the destin-
ation field is shorter than 8 bytes. the most significant bytes
or digits shall be truncated. If the destination field is longer
than 8 bytes. it shall be zero filled on the left according to
the data type. except if the type is 11 in which case the sign
bit is extended.

Destination: D{Ak} is the destination field descriptor.
length shall be limited to a maximum value of 8 bytes.

Its

Source: For the purposes of this instruction. the entire j

‘field {i.e.. jO concatenated with jl} shall be interpreted as

the X-RTijster designator.
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2.4
2.4.1

2.4.1.1

Floating Point Instructions
Description

point number shall consist

A floati of a signed exponent and
a signed action. The signed exponent shall also be referred
to as the aracteristic and the signed fraction shall also be

referred to \as the coefficient.

The quantity expressed by a floating point number shall be of the
form {f}2X wheré.f represents the signed fraction and x represents
the signed exponent of the base 2.

2 shall be an implied constant for all floating

The exponent base o t
n appear in any floating

point numbers and thus shall not explicitly
point format.

Formats

Floating point data shall %gcupy one of two fixed length formatss
L4-bit word {Single Precisiop} or 128-bit doubleword {Double
Precision}. Q\\¥

cision formats. the leftmost bit

In both the single and double p
The

position. 00. shall be occugied
fifteen bit positions immediately
through 15. shall be occupied by th

e
the sign of the fraction.
to the right of bit 00. 01
signed exponent.
The field immediately to the right of\{he signed exponent shall be
occupied by the fraction which in singlg precision format shall
consist of 48 bits and in double precision format shall consist

| of 9b bits. according to the following figures.
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2.4 Floating Point Instructions
2.4.1 General Description

A floating point number shall consist of a signed exponent and
a signed fraction. The signed exponent shall also be referred
to as the characteristic and the signed fraction shall also be
referred to as the coefficient.

"The quantity expressed by a floating point number shall be of the
form {f}2X where f represents the signed fraction and x represents
the signed exponent of the base 2.

The exponent base of 2 shall be an implied constant for all floating
point numbers and thus shall not explicitly appear in any floating
point format.

2.4.1.1 Formats

Floating point data shall occupy one of two fixed length formatssi
LY-bit word {Single Precision} or 128-bit doubleword {Double
PrecisionX.

In both the single and double precision formats. the leftmost bit
position. 00. shall be occupied by the sign of the fraction. The
fifteen bit positions immediately to the right of bit 00. 01
through 15+ shall be occupied by the signed exponent.

The field immediately to the right of the signed exponent shall be
occupied by the fraction which in single precision format shall
consist of 48 bits and in double precision format shall consist

| of 9b bits. according to the following figures. i
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48 less than the characteristic of the leftmost part. Howevera
od o1 lSib L3 the formation of a double precision floating point result shall
include making the sign of the fraction of the rightmost part
S | Signed Exponent 4a8-bit fraction the same as that of the leftmost part and-. except for certain
cases involving non-standard forms of floating point resultsa
Single P L. F1 . . N shall also include making the characteristic of the rightmost
ingle Precision Floating Point Number 2f1f:;ﬂ less than the characteristic of the leftmost part. See
.4.3.3.
2-4.1.2 Standard Numbers
hl, . The fraction field of a floating point number shall have its
oplL 15)1b k3 binary point immediately to the left of its leftmost bit positiona

l§ Signed Exponent Leftmost 48 bits of the 9b-bit fraction

71} 72 127
ightmost 48 bits of the 9b=bit fraction

Double Precision Floating Point Number

A double precision floating point number shall consist of two
single precision floating point numbers located in consecutively
numbered X Registers. The two single precision floating point
numbers comprising a double precision floating point number shall
be referred to as the leftmost and rightmost parts as contained
in the Xn and Xn+l Registers. respectively. The leftmost part
may be any single precision floating point number and when it is
normalized. {the leftmost bit of the fraction. in bit position
1k~ is equal to a one} the double precision floating point number
shall be considered to be normalized. The sign of the fraction
and the characteristic of the leftmost part shall constitute the
sign of the fraction and the characteristic of the double precision
number.

The fraction field of the leftmost part shall constitute the
leftmost 48 bits of the 9b-bit double precision fraction. The
fraction field of the rightmost part shall constitute the right-
most 48 bits of the 9k-bit double precision fraction. The

sign of the fraction and the characteristic of the rightmost

part shall not be utilized from any number constituting an input
operand {argument} to a double precision floating point operation.
Such operations shall assume that the sign of the fraction of the
rightmost part is the same as the sign of the fraction of the left~
most part and that the characteristic of the rightmost part is

NERUIGOBERIUATE

1k. Both positive and negative quantities shall have a true
fraction with the sign indicated solely by means of the sign bit.
A number shall be positive or negative depending on whether the
sign is a zero or a one. respectively.

Sign of the fraction

k__Exponent__.._’ «€————— True fraction >

n2]o3[oy 1516 &3

T T__. Binary Point

Exponent Out of Range {02703}
Exponent Bias

00pl

The fraction shall be considered to be multiplied by the pouwer
of 2 expressed by the exponent whicha in encoded form. occupies
bit positions 0L through 15. The exponent field shall be used
to represent both standard and non-standard floating point
numbers. Standard floating point numbers shall have an actual
exponent range from -409k to 4095 inclusive. and shall be encoded
into the exponent field by adding a bias equal to 24,  The
effect of biasing the exponent is demonstrated in Table 2.4-1
for standard floating point numbers in which the ascending order
from smallest to largest encoded representations corresponds to
the smallest to largest progression of multiplier values re-
presented by the actual exponents in the range of -409k to 4095
inclusive. :

NCRIGOGIBRIVAE
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The ranges in magnitude. M. covered by standard. normalized
floating point numbers in each of the two formats is as follous:

Single precisioni 274097 g yg £3.3"48yp HOIS

{Approximately l4.4 decimal digits of precision}
Double precisions E-quq?f ﬂﬁ{l-E-QB}Equqs
{Approximately 28.9 decimal digits of precision¥

For both formats these ranges approximate to:

£4.81 107 1EM< y < pg.03 1ghEIE

Non=standard Numbers

The exponent field shall also be used to represent non-standard
floating point numbers referred to as Zero. Infinity and In-
definite. Further. the exponent field shall be used to represent
Out of Range values resulting from Exponent Overflow for actual
exponents of 409k to 12.287 inclusive. and Exponent Underflow

for actual exponents of =-4097 to -12.288 inclusive. provided

such overflow or underflow conditions are enabled for a corres-
ponding program interruption at the time such exceptions occur.

Table 2.4-1 illustrates hexadecimal exponent codes for corres-
ponding non-standard as well as standard floating point numbers.

a«} _Zero. Non-standard floating point numbers constituting
input arguments to floating point operations shall be
treated as if they consisted entirely of zeroes when
Cbit 011 and [bit 02 ‘and/or 031 are equal to zeroes.

When non-standard floating point input arguments generate

a zero result by definition and when the occurrence of exponent

underflow in a floating point result is detected but not
enabled with respect to the generation of the corresponding
program interruption. such results shall consist-entirely of
zeroes. {Also- see 2.Y4.l.k. item c for add/subtract. special
casel.

b.} Infinity. Non=-standard floating point numbers constituting
input arguments to floating point operations shall be treated
as infinite values when bit 01 is equal to one and bits 02
and 03 are not equal to each other.
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Hexadecimal Exponent Representation including co-
efficient sign :
' [ Actual exponent to the base 2
XXX —— Indefinite Input ArgumentsiResults=7000.0-0
LEFF %}EEB? Infinite Input Arguments
L000 26192 Exponent Overflow Resultss
SgFF | 813l overflow Mask=0. Infinite Results=5000.0—=0
s0p0- | 2409k Overflow Mask=1l. Out of Range Results as shoun
Coefficient | wrFFF | 24095
sign 1 o . s
equal to 4000 2 Standard Floating Point Arguments and Results
0 3FFF 2=k
{positive
numbers} 3000 %-"U%
2FFF 2-4097? Zero Input Arguments
4 ¢-BLHE
2000 2 Exponent Underflow Results3
1FFF | 278393 | ynderflow Mask=0. Zero Results=0000.0—»>0
! v Underflow Mask=1. Out of Range Results as
shown
1000 2-12.288 .
Y OXXX
A 0 Zero Input Argumentss Results=0000.0—=0
BXXX e
9000 $'121355 Zero Input Arguments
9FFF 2-8133 Exponent Underflow Results:
aoon | 27822 | yhderflow Mask=D. Zero Results=0000.0—0
4 Underflow Mask=l. Out of Range Results as
AFFE_| 29097 | shown -
Coefficient [ BOOD 2- a0k
sign .
equal to BFFF E'& Standard Floating Point Arguments and Results: -
1 cooo 2
{negative
numbersl} CFFE _%qnq5
Deﬂﬂ .EHUHE Infinite Input Arguments
DFFF gigg Exponent Overflow Resultss:
EODO alE 287 OQverflow Mask=0+ Infinite Results=0000.0=20
EFFF 27" Overflow Mask=l. Out of Range Results as shouwn
FXXX - Indefinite Input ArgumentsiResults=/000.0 &0
m@mﬂ@m@ @m”wmﬂﬁ Table 2.4-1: Floating Point Representation
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2.4.1.4

When non-standard floating point input arguments generate

an infinite result by definition and when the occurrence of
exponent overflow in a floating point result is detected but
not enabled with respect to the generation of the corresponding
program interruption. such results shall consist entirely of
zeroes except in bit positions 0l and 03 which shall be ones
and bit position OO0 which shall be a one or a zero as deter-
mined by the rules of algebra.

Indefinite. Non-standard floating point numbers constituting
input arguments to floating point operations shall be treated
as indefinite values when bits 01 through 03 are all equal

to ones.

When non-standard floating point input arguments generate
an .indefinite result by definition. such a result shall
consist entirely of zeroes except for bits 0L through 03
which shall. consist of all ones. ’

Notes. UWhen non-standard results are generateda as previously
described by items a through ca. the rightmost part shall be
made identical to the leftmost part for all cases of double
precision floating point results.

Exponent Arithmetic

When the exponent fields from input arguments are added. as for
floating point multiplication. or subtracted. as for floating
point division. the exponent arithmetic shall be performed
algebraically in 2's complement mode. Moreover. such operations
shall take placeqconceptually. as if the bias were removed from
each exponent field prior to performing the addition or sub-
traction and then restored following exponent arithmetic so as
to correctly bias the exponent result.

Exponent Underflow and Overflow conditions shall be detected for
all single precision. but only for the leftmost part of double
precision floating point results. UWUhen the gemeration of the
exponent of the rightmost parta by reducing the exponent of the
leftmost part by 48. results in underflow for the rightmost
part. this underflow shall not be detected and utilization of

an OQut of Range exponent shall permit the rightmost part of the
double precision floating point number to correctly express its
value.
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2-4.1.5

2.4.1.b

Normalization

A normalized floating point number shall have a one in the left-
most bit positiona lbka of the fraction field. If the leftmost
bit of the fraction is a zero the number shall be considered
unnormalized. The normalization process shall consist of left
shifting the fraction until the leftmost bit position contains

a one and correspondingly reducing the characteristic by the
number of bit positions shifted. For double precision floating
point numbers. the entire fraction shall participate in the
normalization such that the rightmost part may or may not appear
as a normalized single precision number as determined by the
value of the fraction.

Normalization shall usually take place when intermediate results
are changed to final results and shall be referred to as post-
normalization. Normalization shall also take place prior to
multiplication and division operations. if required. and shall be
referred to as prenormalization.

For normalized operationsa the input arguments shall not be re-
quired to be in normalized form. For both normalized and un-
normalized operations. intermediate results in which overflow

has occurred with respect to the fractiona shall be shifted

right one bit position with the characteristic correspondingly
increased by one. {to account for the right shift of the fractionl}.

Numbers with zero fractions cannot be normalized and such fractions
shall remain equal to zero irrespective of normalization operations.
Moreover. prenormalization of such fractions shall also leave

their corresponding exponents unchanged.

Uhen exponent arithmetic and/or prenormalization operations on
"standard floating numbers generate an intermediate exponent
which is Out of Range. but postnormalization requirements
generate an adjusted exponent which is no longer Out of Range.
then neither Exponent Overflow nor Exponent Underflow shall be
detected for the final results.

Exceptions

With respect to floating point exceptions. {specifically Ex-
ponent Overflow. Exponent Underflow. Indefinite. and Loss of
Significance}. Register assignments and bit position assign-
ments within those Registers shall be in accordance with
Section 2.8 of this specification.

N EHU 0GR R
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2e4.1.7

2.4.2

E'q'a’]l

a. When the use of standard floating point numbers generates
an Out of Range result,the Exponent Overflow or Exponent
Underflow exception shall correspondingly be indicated in
the Condition Register

b. UWhenever an Indefinite result is generated by a floating
i point operation. the corresponding Indefinite exception
shall be indicated in the Condition Register. -

c. UWhen the use of standard floating point input arguments. by
any floating point adqigion or subtraction instructiona would
generate a final fraction result which would consist entirely
of zeroes at the time the appropriate program interruption
is enabled. the intermediate exponent and fraction results
shall be useda unchanged. as the final results and the Loss
of Significance exception shall be indicated in the Condition
Register. For this set of circumstances- occurring at the
time the appropriate program interruption is not enabled-
the final result shall consist entirely of zeroes

Double Precision Register Designators

The terms "Xk+l™ and "Xj+1l" shall be used to designate an X
Register associated with the rightmost part of a double precision
floating point number. UWhen the leftmost part of a double pre-
cision floating p01nt number. as designated by the terms "Xk"

and "Xj" is associated with Register XF {in hexadecimal notation}
the terms "Xk+1" and "Xj+l" shall be interpreted as designating
Register XO.

Conversion

The instructions within this subgroup shall provide the meaﬁs for
converting bli-bit words. contained in the X Registers. between
floating point and integer formats.

Convert from Integer

Floating Point Convert from Integer1 Floating Point {Xk} formed

from Integer {Xj}
09?7 jk
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This instruction shall convert the signed. two's complementa
binary integer initially contained in_the bLuY-bit positions of
Register XJ to its equivalent. normalized floating point re-
presentation and shall transfer this bLU-bit result tg Register
Xk. Integers outside of the range of =248 through 2 8.1 shall
be truncated in the rightmost bit positions during conversion.

The integer initially contained in Register Xj shall be interpreted
as having a magnitude {M¥} within the following range:

-ab34 yL b3y

When the integer initially contained in Register Xj consists
entirely of zerosa it shall be transferred without change to
Register Xk.

Convert to Integer

Floating Point Convert to Integer. Integer {Xk} formed from
Floating Point {Xj}

098 jk
This instruction shall convert the bkl=bit floating point number
initially contained in the Xj Register to a signed. two's com=-
plement. binary integer and shall transfer this bli-bit result to
Register Xk. {The fractional part of the binary equivalent shall
be lost as a result of truncationk.

LY=bit floating point numbers. initially contained in the Xj Register-
shall be converted to bY4-bit words consisting entirely of zeros
whenever:

a. such numbers are Indefinite

b. such numbers have actual {unbiased} exponents which are less
than or equal to zero

c. such numbers have co-efficients which consist entirely of zeros

Floating point numbers with magnitude {M} shall be coyrectly
converted provided such numbers are within the following range:

—g2b3-p15 L nLpb3pts

For numbers outside of this range. the integer transferred to
Register Xk shall represent only the least significant. {right-mostl}
bi~bits of the actual result. an Overflow condition shall be
detected. and if enabled the corresponding program interruption

shall occur. <{Thus- such numbers shall be truncated in their left-
most .bit nositionsk}.
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2.4.3 Arithmetic
The instructions within this subgroup shall provide the means for
performing arithmetic operations on floating point numbers to the
extent described in the following subparagraphs.
2-4.3.1 Add/Subtract. Normalized/Unnormalized. Xk
a. Floating Point Sum. {Xk} replaced by {Xk} plus {Xj}
0993k
b. Floating Point Difference. {Xk} replaced by iXk} minus {Xj}
100 jk )
| Ce Floating Point Sum Unnormalizeda. {Xk} replaced by {Xk} plus {Xj}
101 Jk :
| d. Floating Point Difference Unnormalized. {Xk} replaced by {Xk}
minus {Xj}
w02 jk

Operation: The subtract instructions in this subgroup shall
~differ from the add instructions in this subgroup only to the
extent that they shall interpret the co-efficient sign initially
contained in the Xj Register .in its opposite state. Thus. con-
ceptually. subtraction shall be accomplished by changing the sign
of the subtrahend obtained from Register Xj and performing floating
point addition.

These instructions shall add the blU-bit floating point number
initially contained in the Xj Register {with the sign of the
coefficient interpreted according to the operation code} to
the b4=-bit floating point number initially contained in the Xk
Registera and shall transfer the Ll-bit floating point result
to the Xk Register as follows:

Exponent Equalization: Prior to aligning the coefficient by
performing exponent equalization. the U48-bit coefficients from

the floating point numbers initially contained in the Xk and Xj
Registers shall be expanded to 9k-bits each by appending 48 zeros
to their rightmost bit positions. The exponents of the two
floating point numbers. initially contained in the Xk and Xj
Registers. shall be algebraically compared and when they are equala
that common exponent shall serve as the intermediate exponent
resultywith instruction execution proceeding directly to the
coefficient arithmetic phase. However. when their exponents are
not equal. the 9kb-bit expanded coefficient of the number associated
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with the smaller exponent shall be shifted right. end-off. the
number of bit positions designated by the difference between the
exponents. up to a maximum of 9k. Thus. the coefficients shall
be aligned and the larger exponent shall be used as the inter-
mediate exponent result.

Coefficient Arithmetic: The two aligned coefficients. each con-
sisting of a signed fraction having 9bk-bits of precision. shall
be algebraically added with the signed result consisting of an
intermediate coefficient having 9k-bits of precision and an
overflow bits <{The overflow bit can be a one only when the
coefficients have like signs}

Normalization: When the overflow bit resulting from the addition

of the expanded and aligned coefficients is a one. the intermediate
coefficient result shall be right shifted one bit position. end-offa
with a one inserted on the left. This signed coefficient result.
consisting of a normalized fraction having 9k-bits of precision,
shall be used in its leftmost 48-bit positions as the final
coefficient. The intermediate exponent result shall increased by
one. {to account for the right shift performed on the intermediate
coefficient}a and the sum shall be used as the final exponent. The
final signed coefficient result and the final biased exponent result
shall be transferred to the ku-bit positions of the Xk Registera
subject to the conditional treatment of exceptional results involving
non-standard floating point numbers.

Uhen the overflow bit resulting from the addition of the expanded

and aligned coefficients is a zero. it shall be dropped from further
consideration in accomplishing the floating point addition. The
leftmost 48-bits of the intermediate coefficient result shall be

used as the final result irrespective of the state of its left-

most bit or. shall be shifted left {fup to a maximum of 47 bit-
p951tlops_with zeros inserted on the right} until its leftmost

bit position is a one. as determined by the operation code. Thusa
unnormalized arithmetic operations shall not involve any left

shifts whatsoever and normalized arithmetic operations shall involve
left shifts to the extent required to achieve normalization. with
respect to the formation of the final coefficient result. For each
bit position that the intermediate coefficient shall be shifted left-
the intermediate exponent shall be decreased by one. unless the
intermediate coefficient consists of 4B leading zeros. in which case
both the intermediate exponent and intermediate coefficient shall be
left unchanged. After left shifts to achieve normalization,along
with the corresponding exponent adjustments., have been accomplished
to the extent required and allowed. the coefficieat sign. the

NCRIBOGIRAILE
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c.4.3.2

48 bits of the coefficient and the biased exponent shall be

used as the final results and shall be transferred to the bi-bit
positions of the Xk Register. subject to the conditional treatment
of exceptional results involving non-standard floating point
numbers.

Exceptions: These operations may result in Exponent Overflowa
Exponent Underflow. Indefinite. or Significance Loss. conditions
which shall be treated in the manner described in subparagraphs
2.4.1.3 and 2.4.1.b with respect to the effects of these con-
ditions on the floating point result and the generation of pro-
gram interruptions. respectively. {Exponent Underflow conditions
cannot occur for operation codes designating unnormalized addition
or subtraction}.

| Tables 2.4-2 and 2.4-3 indicate the generation of non-standard
floating point results for combinations of both standard and
non-standard floating point input arguments.

Product/Quotient. Xk

The following floating point multiply and divide instructions
shall involve the prenormalization of the multiplier and multi-
plicand and the divisor and dividend. respectively. For each
bit position that an input argument is shifted left. end off with
a zero inserted on the right. the associated exponent shall be
reduced by one. except when the coefficient consists entirely of
zeroes in which case both the exponent and coefficient fields
shall be left unchanged.

With respect to floating point exceptions. these operations may
result in Exponent Overflow. Exponent Underflow or Indefinite
conditions which shall be treated in the manner described in
subparagraphs 2.4.1.3 and 2.4.1.L with respect to the effects.of
these conditions on the floating point result and the generation
of program interruptions. respectively.

WUhen one or both input arguments for these instructions consist
of non-standard floating point numbers. the non-standard floating
point results shall be generated according to Tables Z.4-4 and
2.4-5 irrespective of prenormalization. exponent apithmet1C1
coefficient arithmetic or postnormalization operations.

a. Flt. Pt. Product. {Xk} replaced by {Xk} times {Xj}
103 jk

This instruction shall multiply the b4=-bit floating point number

NERIIE0BIERIaE

NERIIGOE

initially contained in Register Xj by the bu-bit floating point
number initially contained in Register Xk and shall transfer the
bY-bit floating point product to Register Xk.

Exponent Arithmetic: Following prenormalization. if required.
the signed exponents of the multiplier and multiplicand shall be
algebraically added and the sum shall be used as the intermediate
exponent result.

Coefficient Arithmetic: The Y48-bit normalized coefficient of the
multiplicand shall be multipled by the 48-bit normalized coefficient
of the multiplier and the result shall consist of an algebraically
signed product having 9k-bits of precision. -
Postnormalization: UWhen the leftmost Bit-.of the 9k-bit.intermed-
iate product is equal to a one. it shall be used in the leftmost
48-bit positions as the final coefficient result and the inter-
mediate exponent. including bias. shall be used as the final ex-
ponent result. .

Uhen the leftmost bit of the 9b-bit intermediate product is equal
to a zero. the,qntére intermediate product shall be shifted left
onebit positiony endzoff with a zero inserted on the right. and the
intermediate exponent shall be reduced by one. The leftmost

48-bit positions of the shifted intermediate product shall be

used as the final coefficient result and the reduced intermediate
exponent. including bias. shall be used as the final exponent -
result.

The final bY-bit floating point result. consisting of the coe-
fficient sign. the biased exponent. and the 48-bit fraction. shall
be transferred to the Xk Register.

b. F1lt. Pt. Quotient. {Xk} replaced by {Xk} divided by {Xj}
134 jk

This instruction shall divide the bY=bit floating point number
initially contained in Register Xk by the bu-bit floating point
number initially contained in Register Xj and shall transfer the
bY-bit floating point quotient to Register Xk.

Exponent Arithmetic: Following prenormalization. if required-

the signed exponent associated with the divisor shall be subtract-
ed from the signed exponent associated with the dividend and the
difference shall be used as the intermediate exponent result.

Coefficient Arithmetic:

(UAIE

The 48=-bit normalized coefficient of the
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2.4.3.3

dividend shall be expanded to 9k-bits by appending 48 zeroes to
its rightmost bit position and these 9b-bits shall be divided by
the 48-bit normalized coefficient of the divisor. The quotient
shall consist of an algebraically signed result having 48 bits of
precision plus an overflow bit.

Postnormalization: When the overflow bit is a one the 48-bit
quotient shall be shifted right one bit position. end-off with a
one inserted on the left. and the intermediate exponent shall be
increased by one. The shifted 48-bit quotient shall be used as
the final coefficient result and the increased intermediate expon-
ent. including bias. shall be used as the final exponent result.

When the overflow bit is equal to a zero. the Yd-bit quotient shall
be used as the final coefficient result and the intermediate expon-
ent including bias. shall be used as the final exponent result.

Note: With respect to the formation of the quotient. the division
of the coefficients shall generate an unrounded result according
to the algorithm constraint as previously defined for integer divide
in subparagraph 2.2.2.4 of this specification.
Add/Subtract. Xk and Xk+1
a. Flt. Pt. DP Sum- {Xk~ Xk+1l} replaced by {Xk. Xk+1} plus {Xj.

Xj+1¥ .

105 jk

b. Flt. Pt. DP Difference. {Xk. Xk+1} replaced by {Xk. Xk+l} minus
- IXja Xj+13>
13k jk

Operation: These instructions shall add the double precision
floating point number contained in Registers Xj and Xj+l {with

the sign of this coefficient interpreted according to .the operation
codey in its true state for Sum and in its inverted. state for
Difference} to the double precision floating point number initially
contained in Registers Xk and Xk+l and shall transfer the double
precision floating point result to Registers Xk and Xk+l.

These instructions shall operate identically to the Normalized Sum
and Normalized Difference instructions described in subparagraph
2.4.3.1 of this specification with the obvious exception that

double precision rather than single precision floating point numbers
shall be accomodated according to the format described in sub-
paragrph 2.4.1.1 of this specification.
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2.l.3.4

Only those phases of instruction execution differing from single
precision operations shall be described and then. only to the
extent of defining those differences.

Exponent Equalization: The 9b-bit coefficients which shall be
aligned during this phase of instruction execution shall be com-
prised in the rightmost 48-bit positions of the coefficient field
from Register Xk+l and Register Xj+L with respect to the augend
and addend. respectively.

Normalization: The 9k-bit normalized coefficient. resulting from
this phase of instruction execution. shall be used in its right-
most 4B-bit positions as the fraction to be transferred to Register
Xk+l. The coefficient sign transferred to Register Xk+l shall be
equal to the coefficient sign transferred to Register Xk.

Uhen the execution of these instructions results in the generation
of a standard floating point number. the biased exponent trans-
ferred to Register Xk+1l shall be 48 less than the biased exponent
transferred to Register Xk.

When the execution of these instructions results in the generation
of a non-standard floating point number. the bUY-bit word transferred
to Register Xk+l shall be identical to the bY-bit word transferred
to Register Xk. .

Product/Quotient. Xk and Xk+1

Each of these double precision floating point instructions shall
operate identically to the corresponding single precision floating
point instruction described in subparagraph 2.4.3.2 with the
obvious exception that double precision floating point numbers
shall be accomodated according to the format described in sub-
paragraph 2.4.1.1 of this specification.

Only those phases of instruction execution differing from single
precision operations shall be described and then. only to the
extent of defining those differences.

a. Flt. Pt. DP Product. {Xka Xk+1l} replaced by {Xk. Xk+l} times
IXj~ Xj+1} i
7 jk

This instruction shall multiply the double precision floating
point number initially contained in Registers Xj and Xj+l by the
double precision floating point number initially contained in
Registers Xk and Xk+l and shall transfer the double precision

INGRIGOHBRIVATE
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floating point product to Registers Xk and Xk+1l. ferred to Register Xk. For non-standard results. see 2.4.1.3.
: item d.

Coefficient Arithmetic: The multiplier and multiplicand shall each
consist of a signed coefficient having 9k bits of precision. The

result of the multiplication shall consist of an algebraically . Xj

signed product having 192 bits of precision. The rightmost 95 bits

of this product shall be truncated {discarded} and the leftmost 97- W + 0 ~ @ +IND

bits shall serve as the intermediate coefficient result to be —

normalized. | u S + 0 . @ IND
: 2 . . s s +0 | + = 4+ IND IND

Postnormalization: The 9b-bit normalized coefficient. resulting Xk -0 -« IND - IND

from this phase of instruction execution. shall be used in its +IND IND IND IND IND

rightmost 48-bit positions as the fraction to be transferred to =

Register Xk+l. The coefficient sign transferred to Register Xk+1l 3

shall be equal to the coefficient sign transferred to Register Xk. Table 2.4-2: {Xk} + {Xj}

When the .execution of this instruction results in the generation
of a standard floating point number. the biased exponent tranferred

to Register Xk+l shall be 48 less than the biased exponent trans- Xj
| ferred to Register Xk. For non-standard results. see 2.4.1.3. item d.
. [} + -0 +IND
b. Flt. Pt. DP Quotient. {Xk. Xk+1} replaced by {Xk. Xk+*1} divided -
by {Xj~ Xj+1} . | u D - +% IND
s jk - K +0 +0 IND +0 IND
. . L . . . X -2 -0 -« IND IND
This instruction shall divide the double precision floating point +IND | IND IND IND IND
number initially contained in Registers Xk and Xk+l by the double =

precision floating point number initially contained in Registers . 3
Xj and Xj+l and shall transfer the double precision floating point Table 2.4=-3: {Xk} - {Xj}
result to Register Xk and Xk+l.

Coefficient Arithmetic: The 9k-bit normalized coefficient of the A

dividend shall be expanded to 192 bits by appending 9k zeroes to X3
| its rightmost bit position and theseli2-bits shall be divided by -

the 9b-bit normalized coefficient of the divisor. The quotient +N =N +0 -0 += - *IND
shall consist of an algebraically signed result having 9k bits p o

of precision plus an overflow bit. +N +p -P 0 o + - IND

-N -p +P 0 0 ~© +0 IND

Postnormalization: The 9b-bit normalized coefficient- resulting Xk | +0 1] o ] 0 IND IND IND
from this phase of instruction execution. shall be used in its -a o 0 0 0 Iﬂ? Iﬂ? IND
rightmost 48-bit positions as the fraction to be transferred to ) + 0 +0 - IND IND + - IND
Register Xk+l. The coefficient sign transferred to Register Xk+1 - =<0 +=0 IND IND =0 +c0 IND
shall be equal to the coefficient sign tranferred to Register Xk. *IND IND IND IND IND IND IND IND
Uhen the execution of this instruction results in the generation of = | Table 2.4-4: LXK} ¥ IXj}

a standard floating point number. the biased exponent transferred .

to Register Xk+l shall be 48 less than the biased exponent trans- . Note: For the Key to symbols. see the following page.
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Xj 2.l Branch
- - - The instructions in this subgroup shall consist of conditional
N N +0 g e © +IND branch instructions.
- <0 - . - . .
I :m :g + g :=o + 0 g g %“g | Each of these conditional branch instructions shall perfora a
+0 o o IND IND o o IND comparison between two floating point numbers. Then. based on the
Xk -0 0 0 IND IND o o IND relationship between the results of that comparison and the branch
condition as specified by means of the instruction's operation
+ 0 +0 g +<0 - 0 IND IND IND
- _ _ + IND IND IND code. each conditional branch instruction shall perform either a
by 2 +o <0 < normal exit or a branch exit.
+IND | IND IND IND IND IND IND IND
Normal Exit: UWhen the results of a comparison do not satisfy the
| Table 2.4=-5: {Xk} /7 {Xj} branch condition as specified by the operation code. a normal exit
. shall be performed. A normal exit for all conditional branch
instructions shall consist of adding four to the rightmost 32 bits
of the PVA obtained from the P Register with that 32-bit sum
q returned to the P Register in its rightmost 32-bit positions.
J
Branch Exit: UWhen the results of a comparison satisfy the braach
+N -N +0 -0 + =0 - @ +IND condition as specified by the operation code. a branch exit shall
= be performed. A branch exit shall consist of expanding the la-
+N D < < < > < IND bit @ field from the instruction to 31 bits by means of sign ex-
=N > D > > > < IND tension. shifting these 31 bits left one bit position with a zero
+0 > < = el > < IND inserted on the right. and adding this 32-bit shifted result to
Xk -0 > < = o= > < IND the rightmost 32-bits of the PVA obtained from the P Register with
+ 0 < < < < = < IND the 32-bit sum returned to the P Register in its rightmost 32-
- @ > > > > > = IND bit positions.
+IND IND IND IND IND IND IND IND
2-4.4.1 | Compare and Branch
Table 2.4-L: Xj = Xk Br;ggh gza{P} displaced by 2%@ if Flt. Pt. {Xj} equal to {Xk}
J .
KEY:
’ Branch to {P} displaced by 2x@ if Flt. Pt. {Xj} not equal to {Xk}
For + _» + IND and + 0. see Table 2.4<l 119 jke
W = Any word except + 1 *IND Branch to {P} displaced by 2xq if Flt. Pt. {Xj} greater than {Xk}
N = Any word except + _ . +IND. or 0 111 jke .
S = Algebraic Sum ' : - .
D = Algebraic Difference | Branch to {P} displaced by 2¢¢ if Flt. Pt. {Xj} not less than {Xi}
P = Product 112 jke
@ = duotient Operation: Each of these instructions shall perform an algebraic

comparison of the bY=-bit word obtained from Register Xj to the bLl-
bit word obtained from Register Xk. Each of these bl-bit words

G s (PE
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shall be treated as a signed single precision floating point 2.4.5 Compare

2.4.4.2

number as described in subparagraph 2.4.1.1 of this specification.
The contents of Register XO shall be interpreted as consisting
entirely of zeroes.

When the coefficient signs are alike. a floating point subtract
shall be performed in the manner described in subparagraph 2.4.3.1
of this specifications with the exception that the result shall
not be transferred to Register Xk but shall be interpreted in its
post—-normalized form to determine the results of the comparision.

However. indefinite shall not be interpreted as being equal to-
greater than. or less than any other humber. UWith respect to
non-standard floating numbers the results of comparisons shall
occur according to Table 2.UY~h.

These instructions shall perform a normal exit or a branch exit
in the manner previously described in Paragraph 2.4.4 of this
specification.

Exception Branch

Branch to {P} displaced by 2@ if FLT.Pt.
Exception per j contained in Xk
113 jke

This instruction shall perform a branch exit in the manner pre-
viously described in Paragraph 2.4.4 of this specification when the
exception condition. as designated by the rightmost 2-bits of the
j field from the instruction. is applicable to the bli=-bit floating
point number contained. in the Xk Register.

This instruction shall perform a normal exit in the manner pre-
viously described in Paragraph 2.4.4 of this specification when the
exception condition. as designated by the rightmost 2-bits of the
j field from the instruction. is not applicable to the kuY-bit
floating point number contained in the Xk Register.

The values of the rightmost 2-bits of the j field from the instruc-
tion shall be associated with exception conditions as follouws:

if 00~ Exponent Overflow
if 0. Exponent Underflow
if 10 or 1l. Indefinite

I CRIEOEBRILATE

Compare Flt. Pt. {Xj} to {Xk}. result to X1l Right
114 jk

When either or both of the blY-bit floating point numbers contained
in Register Xj and Register Xk are indefinite. the results of
comparing these two numbers shall not be transferred to Register X1
Right and this instruction shall result in no operation.

The comparison of the blY=-bit floating point numbers initially
contained in Registers Xj and Xk shall be performed in a manner
identical to that previously described in subparagraph 2.4.4.1 of
this specification. For this instruction also. the contents of
the X0 Register shall be interpreted as consisting entirely of
zeroes.

When the initial contents of the Xj Register are equal to the
initial contents of the Xk Register. Register Xl Right shall be
cleared in all 32-bit positions.

When the initial contents of the Xj Register are greater than the
initial contents of the Xk Register. Register Xl Right shall be
cleared in the leftmost 3l-bit positions. 32 through L2 and shall
be set in the rightmost bit position k3.

When the initial contents of the Xj Register are less than the
initial contents of the Xk Register. Register X1 Right shall be
set in all 32 bit positions.

NERIIGOERRIVANE
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2.5 Logical Environment 2¢5.1.1 Job Process State {JPS}
A logical environment shall be defined by two sets of registers. The JPS shall consist of a 32-bit real memory byte address. It
The first set shall be referred to as the Processor State Reg- shall point to the first entry in the exchange package for the
ister and shall include all items which are not unique to a job process. The JPS address shall be aligned with bits 00
process. Each processor shall have one set of Processor State through 31 of real memory addresses. The JPS address shall be
Registers. D+ modulo 8. Bits 0. 292 30+ and 31 shall be ignored and treated
as zeros.
The second set of registers shall be referred to as the Process
State Registers and shall include all items which are unique Note: See 3.1.3 for the definition of a real memory address.
to a process. The act of going from one process state to an-
other shall be referred to as an exchange. The contents of the 2.5.1.2 Monitor Process State {MPSZ}
Process State Registers associated with the exchange shall be re-
ferred to as an Exchange Package. Therefore. each process shall The MPS shall consist of a 32-bit real memory byte address. It
have one Exchange Package to define its unique environment. shall point to the first entry in the exchange package for the
monitor process. The MPS address shall be aligned with bits 00
2.5.1 Processor State Registers through 31 of real memory addresses. The MPS address shall be 0.
modulo 8. Bits 0. 29- 30. and 31 shall be ignored and treated as
See Table 2.5-1 and the following paragraphs for the definition zeros.
of each of the Processor State Registers.
245.1.3 Page Table Address {PTA}

Processor State Register Bit Positions {finclusivel

Job Process State . 32 - &3
Monitor Process State 32 - b3
Page Table Address 32 - b3
Page Table Length 56 - b3
Page Size Mask 5? - b3
Processor Identification 40 - b3
System Interval Timer 32 - b3
One Megahertz Counter 0 - B3

Processor model dependent
Processor model dependent

Processor model-dependent

Processor Test Mode
Processor Fault Status

Environment Control

Table 2.5-1. Bit positions of Processor State Registers when
copied to or from a bli-bit X Register.

NERIIGOCIRAIVATE

The PTA shall consist of a 32-bit real memory byte address. It
shall point to the first entry in the Page Table. The PTA address
shall be aligned with bits 08 through 31 of real memory addresses.
The PTA address shall be 0. modulo the Page Table Length. Bit

0 and the rightmost bits defined as 0. modulo the Page Table
Length. shall be ignored and treated as zeros.
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The One Megahertz Counter shall consist of a free-running bu-bit
counter. It shall increment once each microsecond. See para=
graph 2.5.3.1 for details.
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2.5.1.4 Page Table Length {PTL}
2.5.1.9 Processor Test Mode {PTM}
The PTL shall consist of an 8-bit mask which shall specify the
length of the Page Table. The PTL mask shall express the page The PTM register shall provide the means for forcing faults within
table length in multiples of 409k bytes. The mask shall consist a processor in order to test its hardware fault-sensing logic.
of a contiguous string of one bits. beginning in the rightmost Moreover. the PTM shall provide the means for individually testing
bit position of the PTL Register and extending towards the left- each fault-sensing mechanism within a Processor. Thusa the exact
most bit position of the PTL Register. Thus. the_number of blu- bit definitions of the PTM shall be model-dependent.
bit entries in the Page Table shall range from 512 {PTL Mask with
all & bits clear} to 131,072 {PTL Mask with all 8 bits set}. See 2.5.1.10 Processor Fault Status {PFS}
paragraph 3.5.
The PFS register shall provide the means for indicating a pro-
2+5.1.5 Page Size Mask {PSM} cessor's hardware fault status. The exact bit definitions in the
) PFS shall be model-dependent.
The PSM shall consist of a 7-bit mask which shall specify the
page size used in a;locgting rgal central memory. The PSM shall 2.5.1.11 Environment Control {EC}
express this page size in mgltlples of 512 bytes. The PSN shall The EC register shall provide the means for the Service Processor
con51s§ of a_c?nt1guous string of one b%ts beginning 1in ?he left- to control a processor's environment to the extent of determining
most bit position of the PSM and extending towards the rightmost it s A : -
p P . . s mode of operation. Except for the following. the bit de
bit position of the PSM. Thus. the page size provided to a pro- finitions for the EC shall be model-dependent
cessor for its interpretation shall range from E4K bytes {PSH P -
with all ? bits clear} to 512 bytes {PSM with all ? bits setl. . . : .
: a. Monitor Mode: This bit- when set. shall place a processor
See subparagraph B-H-E-E-' in Monitor Mode. This bit shall be toggled during the
2.5.1.k Processor Identification {PID} execution of an Exchange dperation-
: b. Real Addressing Mode: This bit. when set. shall bypass
The PID shall consist of 24-bits which shall uniguely identify the Virtual Addressing Mechanism such that all central
each IPL processor. world-wide. The eight leftmost bits of the memory references shall be performed with neither virtual
PID shall encode the processor'’s model number. The 1k rightmost address translation nor protection {validation}. on the part
bits of the PID shall encode the processor's serial number. of the associated processor.
.c.1. . ' c. Test Mode: This bit- when set. shall permit the copy in-
2e5e1.7 System Interval T‘”?" {5172 struction {reference number 131} to write into the Processor
: ; Test Mode and Fault Status Registers. Attempts to uwrite
The SIT shall be a 32-bit counter which the system shall use to . s s
establish a maximum time interval for job mode execution. See intg PT2.°F ng ?2?" 29t 12 Test Mode shall result in an
paragraph 2.5.3.3 for details. nstruction Specification Error.
2.5.1.8 One Megahertz Counter
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2.5.2 Process State Registers Uhen the information contained in an Exchange Package is im-

Each Process State shall be defined by an individual Exchange
Package. An Exchange Package shall consist of a minimum of

52 bkU-bit words in Central Memory at contiguous word locations.
The contents of an Exchange Package shall be formatted according
to this specification such that corresponding interpretation by
a processor shall provide the means for establishing a unique
Process State.

Each Exchange Package in Central Memory shall contain Process
State information in sufficient quantity and detail such that a
processor may be dynamically switched between Exchange Packages.
Moreover. when a processor is switched from a first Exchange
Package to a second Exchange Package and at some later time is
switched back to the first Exchange Packagea the integrity of
the processing which occurs for the Process State represented by
the first Exchange Package shall not be affected.

Those items in the Exchange Package which shall exist in registers

when an Exchange Package is active shall be processor model de-
pendent. The processor model dependent specifications shall
define those items.

Figure 2.5-2 defines the contents of the first 52 words in an
Exchange Package. The sections which follow shall define the
items contained in those words.

a. UWhen the information contained in an Exchange Package is
implicitly utilized in the course of instruction execution
on the part of the associated "process” or is explicitly
read. where applicable. by a "Copy to Xk per {Xj}" in-
struction {reference No. 130} the states of the following
bits shall be ignored and treated as zeros.

NERIBUBIBANAE

Word O: Bits 00+ 01 08. 09 and b3 {P}

Word 2: Bits 02 through 13 {Unused?}

Word 7: Bits 00 through 03 {Unused?}

Word 1lk: Bits 00 through 03 {Unused?}

Word 35: Bits 13.14. and 15 {Unused?}

Word 3b: -Bits 08. 09. 10 and bl through b3 {Unused and

DLP}

plicitly updated in the course of instructign_execut@on on the
part of the associated "process" or is expl%c1t}y writtena
where applicable. by a "Copy from Xk per {Xj}" instruction
{reference number 131} the states of these same bits shall be
undefined.

The statements made in item a. shall also apply to the Exchange
Package. Word 3. Bits 00 through Ot {leftmost 7-b§t positions
of the User Mask} with the exception that these bits shall be
treated as ones.

Uhen the information contained in words 37 through 51 of an Ex-
change Package is utilized during "call." "returna” "pop" or
"exchange™ operations on the part of the associated "pqoce551“
bits 0 through 15 of these words shall not be altered in central
memory.

The modification of Process State Register values in a central
memory exchange package by one processor at the time that
process is being executed by another processora shall ?esult
in undefined operation. Overlapped exchange packages in
central memory may also result in undefined operations.

To provide the alternative. on a model-dependent basisa for
cache addressing by means of PVA or SVA. exchange packages
should be kept in Cache By-Pass Segments in order to prevent
any anomalous operations which might result from "stale"”
cache data conditions.
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" word . ' . 2.5.2.1 Program Address Register {P}

Number B See paragraph 2.1.1.1 for the definition of the P Register's

0 P contents.

b ‘_ﬁyuﬂinkﬁﬁék — AD P shall be located in bits 00 through b3 of word D in the Ex-

2 Flags Trap EnablegAl : change Package.

3 User Mask A2 ‘ 2.5.2.2 A Registers

[l Monitor Mask A3 : The 1k A Registersa. AO through AF. shall be located in bits 1b

5 | User Condition Al ' through k3 of words 1 through lks respectivelys in the Exchange

b Monitor Condition AS Package. See paragraph 2.1.l.2. for the definition of the A

2 F;ptnCIaSSl Last AL Register's contents.

8 Processor Identifier |x7 2.5.2.3 X Registers .

9 Keypoint Code A8 : : The 1k X Registersa XO through XF shall be located in bits 00
10 A9 . ] through k3 of words 17 through 32. respectively. in the Exchange
11 Process Tnt. Timer AA - - i s:;g:gg;'585§ng:::gtaph 2.1.1.3 for the definition of the X
p AB . .

13 Base Constant AC - 2.5.2.4 Kypt Class {Keypoint Class Numbera. KCN}

1Y AD KCN shall consist of a Y-bit code which identifies the keypoint .

25 Fodet Toc. class number which resulted in a keypoint interrupt. The KCN
Model Dependent Flags yAE . recorded shall correspond to the keypoint mask bit number that

1k Kegment Table Length |AF : ) i enabled the keypoint interrupt. See 2.5.2.1) and 2.bk.1.7.

1? X? | The KCN shall be located in bits Oy through 070of word 7 in the

. ~. ‘ . Exchange Package.

. . ~ 2.5.2.5 Flags .
32 XF . The Flags field shall consist of two separate single bit flags
33 Model Dependent Uord j ghigh have thebfollggéng deiggitianii The gopy instructions

N - reference numbers and sha provide the means for

M Segnent Table Addrass (Untranslstable Pointer : setting and clearing these flags on the part of the associated
35 . Trap Pointer - process.
3k Debug Indexlbebuq Mask |Debug List Pointer i a. Critical Frame Flag {CFFZX.
33 Top of Stack Ring No. 1 The CFFa if seta shall indicate that the currently active

. — ~ : stack frame for the process defined by this Exchange Package

. T~ ~ : = is a "critical frame." In this context. software shall have

‘ ) exclusive control over the state of CFF.
51 5 - Top of Stack Ring No. 15 : J CFF shall be located in bit D of word 2 in the Exchange
O7108 15 {Ik 0 Package.
Figure 2.5-2 . : b. On Condition Flag {OCF}

Exchange Package . cas .
The OCF is intended to facilitate the handling of "on

condition™ traps on the part of the "process monitor.” In
this context. software shall have exclusive control over

NERGOGTRR | R A



I DOCUMENT

|§Enmu

—
|nocumsur

|secnon

il

THIS REPLACES
NC R ST N/CR] G nemiaces
DATE - .
ADVANCED SYSTEMS LABORATORY Dec. 9. 1974 Sept. 30. 1974 ADVANCED SYSTEMS LABORATORY ,‘Z\:- 28+ 1975 Dec. 9. 1974
APPROVED APPROVED APPROVED PAGE APPROVED APPROVED APPROVED 'FAGE
ASL NCR coc 12l 12l AsL NCR coe 122 122 l
. . a3
ggikzg:}I be located in bit 1 of word in the Exchange 3.5.2.11 Keypoint Mask {KM}
.5. KM shall consist of a lb-bit mask which selectively enables key-
e5.2.b User Mask {un} i point interrupt to occur whenever a keypoint instruction is ex-
UM shall be used by user processes to enable trap_ interrupts. ecuted with a keypoint code which corresponds to the KM. See
Thgre shall be 1b bits in the UM. See paragraph 2.8.4 for de- paragraph 2.7-.1.1.
tails. ) . The KM shall be located in bits OO0 through 15 of word 1 in the
The UM shall be located in bits 00 through 15 of word 3 in the Exchange Package.
Exchange Package. 2.5.2.12  Keypoint Code {KC}
2.5.2.7 Monitor Mask {fn} . . KC shall consist of a 32-bit code which defines the keypoint
MM shall be used by the monitor to enable exchange interrupts. event which caused the keypoint interrupt. See paragraph 2.7.1.1
There shall be 1lb bits in the MM. See paragraph 2.8.2 for and the Keypoint instruction {reference number 13b.}
details. ) ) The KC shall be located in bits 00 through 15 of words 9 and 10
The MM shall be located in bits 00 through 15 of word 4 in the in the Exchange Package. Word 9 shall contain the leftmost 1k
Exchange Package. bits of the KC.
2e5.2.8 User Condition Register {UCR} 2.5.2.13 Process Interval Timer {PIT}
UCR shall be a lk-bit register which records the occurrence of PIT shall be a 32-bit counter which a process shall use to
specified conditions within the processor. See paragraph 2.8.3 determine time intervals. See paragraph 2.5.3.2 for details.
for details. . . The PIT shall be located in bits D through 15 of words 11 and 12
UCR shall be located in bits DD through 15 of word 5 in the Ex- in the Exchange Package. UWord 1l shall contain the leftmost 1k
change Package. - bits of PIT. :
2.5.2.9 Monitor Condition Register {MCRZ} ‘Be5.2.1Y Base Constant {BC}
MCR shall be a lk-bit register which records the occurrence of The BC is intended to provide the means for communication from
specified conditions within the processor and central memorye. "System Monitor™ to "Process Monitor"™ by designating the BN
See paragraph 2.8.1 for details. field of the Segment 0 PVA which points to the corrgsponding
MCR shall be located in bits 00 through 15 of word b in the Erocgss' ?R:" Message In Buffer.™ See 03 GDS. Section IX3
Exchange Package. un Descriptors.
The BC shall be located in bits 00 through 15 of words 13 and 14
2e5-2.10 Debug Mask {DN} . . in the Exchange Package. UWord 13 shall contain- the leftmost 1k
DM shall be used to help debug programs by enabling trap_inter=- bits of BC. :
rupts to occur for any of several reasons. Section 2.7.2 des- a.5.2.
cribes the debug operation- . 5.2.15 Model Dependent Flags {MDF}
| The DM bits shall be located in bits 1l through 15 of word 3k MDF shall consist of 1k bits. MDF shall be processor model
in the Exchange Package. The assignments are: dependent and shall be defined in the processor model
bit 11 - Data Read: first address of string dependent specification.
bit 12 - Data Uritea first address of string MDF shall be located in bits 00 through 15 of word 15 in
bit 13 - Instruction fetch the Exchange Package.
bit 14 - Branching instruction 2.5.2.1k Segment Table Length {STL}
bit 15 - Call instruction )

NERIIGNBRRIAT

STL shall specify the number of entries-in the Segment Table.
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2e5.2.17

2.5.2.18
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2.5.2.20

It shall be used to verify that references to the Segment Table
are actually within the defined Segment Table. STL shall be a
positive l2-bit value. See paragraph 3.3.

The STL shall be located in bits 4 through 15 of word 1k in the
Exchange Package.
Untranslatable Pointer {UP}

UP shall be the PVA which caused an
could not be translated into a real address.

The UP shall be located in bits Lk through &3 of word 34 in the
Exchange Package.

Segment Table Address {STA}

STA shall be a real memory byte address that points to the first
entry in the Segment Table. See paragraph 3.3. STA shall be
interpreted as equal to 0. modulo 8. STA shall be located in
bits 00 through 15 of words 3% and 35 of the Exchange Package.

Interrupt because it

Word 34 shall contain the leftmost 1k bits of STA.

Last Processor Identification {LPI}

LPI shall be a 24-bit identifier that identifies the last proces-
sor to execute the process defined by the current Exchange Pack-

age. Bits 08 through 15 shall contain the model number and bits

00 through 15 shall contain the serial number of the last proces-
sor in words 7 and 8. respectively. of the Exchange Package.

Trap Enables {TE}

TE shall consist of a 2-bit field that determines how traps shall
be enabled. The bits in TE shall be set by the "Copy from Xk per
{Xj3}" instruction {reference number 131}. Although the bits in
TE can be cleared by the "Copy from Xk per {Xj}" instruction they
shall normally be cleared by the hardware action described below.
See section 2.8.k for a description of trap interrupt operation.

a. Trap Enable Flip-flop {TEF}
TEF shall be ‘the flip-flop which enables a trap interrupt
operation to occur when it is set. It shall be set as

described above and shall be cleared by hardware whenever
a trap interrupt occurs.

TEF shall be located in bit 14 of word 2 in the Exchange
Package.

b. Trap Enabled Delay {TED}

TED shall be a flip-flop which delays the enabiing of trap
interrupts until after the next Return instruction {ref-
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erence number 117} is executed. The trap enable shall be
inhibited as long as TED is set. The Return instruction

clears TED. TED shall be set by the Copy instruction as

just previously described. .

TED shall be located in bit 15 of word 2
Package-

Trap Pointer {TP}
TP shall consist of a PVA which points to a code base pointer in

a binding section. The TP shall be used whenever a trap interrupt
occurs. See 2.8.hb.

The TP shall be located in bits 1k through b3 of word 35 in the
Exchange Package.
‘Debug Index {DI}

DI shall consist of 2 flags and a k-bit word-index into the
debug list. It shall record where the debug list search must
resume after a debug list find has been processed. See. 2.7.2.3.
The DI shall be located in bits 0O through 07 of word 3k in the
Exchange Package.

Debug List Pointer {DLP}

DLP shall consist of a PVA that points to the first entry in the
debug list. See 2.7.2.1-

The DLP shall be located in bits 1Lk through b3 of word 3k in the
Exchange Package.

Top of Stack {TOS}

Each TOS shall consist of a PVA that points to the top'of its
associated stack. There shall be an individual TOS pointer for
each of the 15 rings.

The TOS's shall be located in bits 1k through B3 of words 37
through 51 in the Exchange Package. The TOS for ring 1 §ha11 be
located in word 37. the TOS for ring 2 shall be located in word
38. etc.

Model Dependent Word {MDU}

MDU shall consist of Li-bits. shall be processor model depgn?ent'
and shall be defined in the processor model dependent specifica=
tion.

MDR shall be located in bits 00 through k3 of word 33 in the
Exchange Package.

;

in the Exchange

=
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2.5.3 Clocks
2.5.3.1 One Megahertz Counter 2-5.4 Stacks
’ The One Megahertz Counter shall be a free-running bkY-bi Each process shall have the means for addressing 15 stacks. one
that shall increment once each micro second. Itgshalglﬁécg?ggigd for each possible ring of execution as determined by the value
gz acpowef-o: master clear and shall run as long as power is on. of the ring number contained in the P Register.
e Copy instructions {reference numbers 130 and 131} shall pro- PR i
vide the means for reading and writi th . The beginning of each stack shall be defined by the PVA referred
8 riting e One Hegahert? Counter to as the Top of Stack pointer. previously described in subpara-
graph 2.5.2.24 and illustrated in Figure 2.5-2 of this specifica-
tion.
2.5.3.2 Process Interval Timer Note: TOS pointers shall be addressed. using real addressing
The Process Interval Timer {PIT} shall be a 32-bit counter that modes as follous: ‘
shall decrement once each microsecond. UWhen it decrements to 3 i i
zero it shall set the Process Interval Timer bit in the Condition Address of TOS pointer = {Job Process State Register or Monitor
Register. Thisa in turna shall cause a trap interrupt to occur Process State Register} plus {288} plus {8 times the value of the
geg the masking and enabling requirements described in section ring number contained in the P Register-}
) : . 2.5.4.1 Stack Frames
The PIT contains a d1fferent-count for each User process. UWhen ,
:tPaP§1$U1§P process is not in active execution its PIT value is Each stack shall be comprised of one or more stack frames. The
ore k1" its Exchange Package. By this means each User process beginning of each stack frame shall be defined by the PVA referred
Qq% eep track of time intervals within its own program execu- to as the Current Stack Frame Pointer. At the time a procedure
ion. - is activated {or called} the (SF pointer shall be obtained by
PIT shall be set by the "Co from Xk pe P . _ using the TOS pointer which corresponds to the procedure's ring
cribed in section 5,5,5,3,1235 well aspd:rfzg}anlﬂéffﬁgﬁggﬂ des of execution. During the time a procedure utilizes a stack frame.
operation. described in 2.b-1l.kL and 2-8.5. its lengths from the beginning addrgss1 sball be defined as including
each contiguous PVA up to,{but not includingl}, the PVA referred to
2.5 5 3 s . as the Dynamic Space Pointer.
.5.3. ystem Interval Timer WUhen within a process- a procedure "calls"™ another procedure. with

The System Interval Timer {SIT} shall be a 32-bit counter that
shall_decrement once each microsecond. When it decrements to
zero it shall set the .System Interval Timer bit in the Condition
Register. Thisa in turn. shall cause an interrupt to

occur per the masking_and enabling requirements

described in section 2.8.

By this means the Monitor process may keep track of time
intervals within the processor. SIT shall be set by the "Copy
from Xk per {Xj}" instruction described in section Pebe5.2e

NCRIBGHER I

the intention that the "called™ procedure will "return” to its
"caller.™ the stack frame associated with the "calling" procedure
is intended to provide the means for preserving its environment

so that its execution may be suspended. {at the time the other
procedure is "called"}. and then resumed. {at the time the "called”
procedure "returnsl.

At the end of each stack frame. a "save area" shall be defined for that
part of a procedure’s "environment™ which is implicit to_the Call
and Return instructions as defined in subparagraphs 2.L.1l.2 through
2.b.1.4 of this specification. The stack frame save area shall

 consist of from four to thirty-three contiguous bkl=-bit wordsa

beginning at the address defined by the Dynamic Space Pointer
with respect to Call instructions and beginning at the address
defined by the Previous Save Area Podinter with respect to the
Return instructions ’ T
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The Stack Frame Save Area shall be formatted as follous:

WORD
0 P _Register
Minimum 1 A0 Register {Dynamic Space Pointer}
Savel 2 |Frame Descript. | Al Register {Current Stack Frame Pointer}
Area 3 [User Mask A2 Reqister {Previous Saue Ares Pointer}
Yy A3 Register ¥ .
5 A4 Register
b A5 Register L
. ? Ab Register {Argqument Pointerl}
Naximum 8l A7 Register -
Save [ I [ - ~
Area ° ‘0
: 1b | 00 ee—)15] AF_Register
1? X0 Register
o] .
[P ] e
® [~ [
3c XF_Register
00 2 ER]

% Static Link or Binding Section Pointer

Thus the "environment™ which is implicit to the Call and Return
instructions shall include:

Minimallys P Register
Register AD through A2 {DSP. CSF and PSA}
Frame Descript. {Stack Frame Save Area Descriptor}
User Mask

Selectivelyi Register A3 through AF {contiguously numbered}
Register X0 through XF {contiguously numbered}

Notes: The PVA initially contained in the P Register shall be
increased by four prior to writing the entire P Register
fincluding its Global and Local Key fields}. into the
Current Stack Frame Save Area- Word 0. whenever such an
operation occurs on the part of a Call instruction's
execution.

Unused fields in the Stack Frame Save Area shall be cleared
during the execution of Call instructions and shall be
ignored during the execution of a Return instruction.
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The Stack Frame Save Area Descriptor shall consist of lb=bits
formatted as follows:

00| 0L }02] 03 |04 =07 | 08 >11 | 12 15
C 0
E g o|o Xs AT XT

CFF: Critical Frame Flag
0CF: On Condition Flag
X_. ¢ X Register. starting number {First X Reg. No.}

AT ¢ A Register. terminating number {Last A Reg. No.}
xT t X Register. terminating number {Last X Reg. No.}

Trap Interrupt shall generate a maximum Stack Frame Save Area {33
words}a by definition.

For Call instructions. the A and X Registers to be stored into the
Stack Frame Save Area shall be interpreted according to the contents
of Register X0 Right. in the manner described in subparagraph
2.2.1.7 of this specification. with the exception that bit positions
48 through 51 of Register XO Right shall be ignored and the storing
of the A Register group shall unconditionally begin with Re%?ster
A0« UWhen Xs is greater than XT' none of the X Registers shall be

stored by Call instructions. and none shall be loaded by a Return
instruction.

The execution of a Call instruction or a Trap Interrupt shall store
the states of the Critical Frame and On Condition Flags into the
Frame Descriptor associated with the Stack Frame Save Area. The
execution of a Return instruction shall load these Flags from the
Frame Descriptor contained within the Stack Frame Save Area.

NERUIGHEIBRIVAIE
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2¢5.5 Binding Section Segment 2.k System Instructions
A Binding Section Segment shall be identified by the RP field 2.bel Non-privileged Mode
within its associated Segment Descriptor as described in 3.3.1.1
of this specification. This class of instructions shall be permitted to execute in any
s us . . processor mode. .
Binding Section Segments are intended to facilitate software
linking of both code and data segments from one procedure to 2ebel.l Execute Algorithm and Program Error
another « '
' a. Execute Algorithm
| 1398 jka
Also, the detection of a PVA having a ring number of zeroa along
with the corresponding program interruption. as described for the This instruction shall be a processor model dependent instruc-
- Load instructions in subparagraph 2.2.1.b of this specificationa : tion. As such. it shall be defined in the appropriate processor
are performed for the purpose of identifying "unlinked™ pointers. model dependent specification. ’
S Use Defining
Uith respect to the Call instruction- as described in field Document
subparagraph 2.bk.1.2 of this specification. having both inter=ring e " =10
and inter-segment branching capabilities. a Binding Section Segment g Century Compatibility Pl Spect ASLOO2L
shall be used to contain the Code Base Pointer to the "called" S
procedure. The Code Base Pointer shall be located on a word bound- 3
ary. shall consist of kUY-bits and shall have the following format: m
oo 07|08 |12 |1 |20 32 (33 L3 2 ,
(B-K/L CB- R2| CB-R3I[B~- Rl SEG XP BN ? 1
8 4 4 4 12 1 31 Note: For those processors in which one or more of the above
algorithms have not been implemented. the corresponding
Uith respect to the "called" procedure these fields shall have the Execute Algorithm instructions shall result in the re-
following interpretation: cording of an Unimplemented Instruction condition.
CB-K/L : Code Base Pointer. Global Lock and Local Key/Lock b. Program Error
CB-R2 : Code Base Pointer. Highest Ring Number for Execute 121 jk
(B-R3 : C(Code Base Pointer. Highest Ring Number for Call . L . . .
CB-RL : C(ode Base Pointer. Lowest Ring Number for Execute The execution of this instruction shall result in the detection
SEG - Segment Number | of an Instruction Specification error and the corresponding
BN - Byte Number ) program interruption shall occur.
Note: UWhen the External Procedure Flag is a one: the next contiguous The operation code for this instruction shall consist entirely
word location from the Code Base Pointer shall contain a of zeroes.
PVA in its rightmost 48-bit positions. 1k through k3. referred .
to as a Binding Section Pointer. Thus. a new Binding Section The j and k fields from this instruction shall not be translated
Pointer shall be provided {at the address of the Code Base and their values shall have no effect on the execution of this
Pointer plus 8} when an "external procedure™ is "called". instruction.
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2eb.1l.2

Call per {Ai} displaced by 8%D. Arguments per {Aj}. Static Link
per {Akl}

115 jkid

Operation. This instruction shall save the "environment™. as
designated by the contents of Register XO Right. in the stack

frame save area pointed to by the Dynamic Space . Pointer
initially contained in Register AD. The stack associated with

the current ring of execution. as determined by the RN field
initially contained in the P Register. shall be "pushed” by trans-
ferring the Dynamic Space Pointer. modified in its rightmost 32-bit
positions by the addition of 8 times the number of words stored into
the stack frame save area- to the appropriate Top of Stack entry

in the executing process' Exchange Package.

The PVA obtained from Register Ai shall be modified in its right-
most 32~bit positions by the addition of the zero-extended D field
from the instruction. {shifted left 3-bit positions with zeroes
inserted on the right}. and the resulting PVA shall be used to
address a Code Base Pointer from a Binding Section Segment. This
Code Base Pointer shall be translated into a PVA used to address
the first instruction to be executed in the "called"™ procedure.

The ring of execution of the called procedure. P{RN} finala shall
be used to obtain a Top -of Stack pointer from the process' Exchange
Package top be used as the new Current Stack Frame Pointer.

The AO. Al. and A2 Registers shall be altered to reflect changes
with respect to the Current and Previous Stack Frames and the
A3. and AL Registers shall be altered to reflect pertinent
parameter changes as required. in accomplishing this ‘transfer of
control from a "calling™ procedure to a "called"” procedure.

Register assignments shall be as follous:

{AD} - Dynamic Space Pointer

{Al} - Current Stack Frame Pointer

{A2} - Previous Save Area Pointer }
{A3} - Static.Link or Binding Section Pointer
{AL} - Argument Pointer

Note: Execute Access Validation shall be performed by using the
Code Base Pointer {as previously described in paragraph 2.5.5 of
this specification} instead of the Segment Descriptor associated
with the SEG field contained in the Code Base Pointer.

NERIGOCIERIVATE

The associated program interruption shall occur and the execution
of this instruction shall be inhibited when any of the exceptions
are recorded from the following sequence of exception sensing:

Instruction Specification error when the value of the U-bits in
bit positions 5k through 59 of Register XD Right is less than 2.

Address Specification Error

{Ai} not equal to 2. modulo 8.

An invalid PVA {bit position 32 equal to a one} for any access to
the Binding Section.

Segment Descriptor Invalid for the Binding Section Segment.

Access Violation {See 3.3.1.1 and 3.k.2.2}
‘Code Base Pointer not contained in a "Binding Section™ Segment
Code Base Pointer not contained in a "ring-readable™ Segment

Page Table Search Without Find for the Binding Section paged{s?}

Ring Number Zero when the Code Base Pointer Rl is equal to zero.

Access Violation

Ai Ring Number greater than Code Base Pointer R3

Initial P Ring Number greater than Code Base Pointer R3

Initial P Global Key not equal to Code Base Pointer Global Lock

in the absence of "master key"™ and "no-lock™ values. respectively.

Qutward Call when the initial P Ring Number is less than the (Code
Base Pointer R.

Address Specification Error

Final {P} would not be equal to 0. modulo 2.

An invalid PVA {bit position 32 equal to a one} for any access to
the Current Stack Frame Save Area.

Initial {AD} not equal to 0. modulo 8.

Segment Descriptor Invalid for the Current Stack Frame Save Area.

Access Violation
Current Stack Frame Save Area not in a "writable™ Segment {See
3.3.%.%+ 3.b.2.2 and 3.k.3.2}

Page Table Search Without Find for the Current Stack Frame Save
Area pageis}?.
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In the absence of a program interruption. the following sequence
of events shall accomplish the execution of the instruction:
Operation Remarks
* a. T"Environment"™ to Stack Frame Save See paragraph 2.5.4.1
Area. then Copy P Left to X0 Left Copy Caller's ID
*x b. Store initial {AO0}- incremented by Update TOS pointer
& times the number of save area wordss See paragraph 2.5.2.24
to Exchange Package per initial P :
Ring Number
* c. If P Global Key is not a "Master See subparagraph 3.L.3.2
Key" go to step e-. . and paragraph 2.5.5
* d- Load P Global Key with Code Base -
Pointer Global Lock
* e. Load P Local Key with Code Base
Pointer Local Lock
* f. If P Ring Number is not greater than Intra-ring Call
Code Base Pointer R2. go to step h.
* g. Set P Ring Number equal to Code Inward Call
Base Pointer R2
* h. Load P SEG and BN fields with Code Clear bit position
Base Pointer SEG and BN fields 32 of P Register
*X i. If Code Base Pointer "XP" is 0. Internal Procedure
Copy {Ak} to A3 and go to step k
* j- Load A3 with new Binding Section See paragraph 2.5.5
Pointer oo .
£33 k. Copy {Aj} to Ab Pass parameters
* 1. Copy initial {AO0} to A2 DSP to PSA pointer
m. Clear On Condition Flag Clear OCF
* n. Load Al from Exchange Package per TOS to CSF pointer
final P Ring Number. and clear Clear CCF
Critical Frame Flag
* o. If {Al} equal to 0. modulo 8. go to
step g-
p- {Al1} + ? to Al. D modulo 8 result. Round upwardsi word address
g. Copy Al to AD

NERIIGN BRI

CSF pointer to DSP

% Unconditionally included in a Trap Interrupts

See 2.8.b

**% Unconditionally omitted from a Trap Interrupts
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2ebel.3 Call to {P} displaced by 2%Q+ Arguments per {Aj}. Static Link
per {Ak}.
11k jka
Operation. This instruction shall save the "environment™. as
designated by the contents of Register X0 Right. in the stack

frame save area pointed to by the Dynamic Space Pointer
initially contained in Register AD, The stack associated with
the current ring of execution. as determined by the RN field
initially contained in the P Register. shall be "pushed" by
transferring the Dynamic Space Pointer. modified in its rightmost
32-bit positions by the addition of 8 times the number of words
stored into the stack frame save area. to the appropriate Top of
Stack entry in the executing process' Exchange Package.

The P Register shall be modified in its rightmost 32-bit positions
by the sign extended @ field from the instruction. {left shifted
l-bit position with a zero inserted on the right} and the final
contents of the P Register shall be used to address the first
instruction to be executed in the "called” procedure.

Registers A0, Al and A2 shall be altered to reflect changes with
respect to the Current and Previous Stack Frames and the A3 and

as required. in accomplishing this intra-ring. intra-segment
transfer of control from a "calling”™ procedure to a "called”
procedure.

Ak Registers shall be altered to reflect pertinent parameter changes

! Register assignments shall be as follows:-
{AD} - Dynamic Space Pointer
{A1} - Current Stack Frame Pointer

. {A2} - Previous Save Area Pointer

; {A3} - Static Link

| {AL} = Argument Pointer

NCRIGOGIRR VAT
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The associated program interruption shall occur and the execution 2.bel.4 Return
of this instruction shall be inhibited when any of the exceptions 1175k

are recorded from the following sequence of exception sensing:

Instruction Specification error when the value of the 4-bits in
positions 5k through 59 of Register X0 Right is less than 2.

Address Specification Error
Initial {AOFnot equal to 0. modulo 8.

An invalid PVA {bit position 32 equal to a one} for any access
to the Stack Frame Save Area.

:Segment Descriptor Invalid for the Stack Frame Save Area Segment.

Access Violation {See 3.3.1.1. 3.b.2.2 and 3.b.3.23}
Current Stack Frame Save Area not in a "writable™ Segment

- Page Table Search without Find for the Stack Frame Save Area page{s}.

In the absence of a program interruption. the following sequence
of events shall accomplish the execution of this instruction:

Operation - Remark

a.} "Environment™ to Stack Frame Save See paragraph 2.5.4.1
Area. then Copy P Left to XD Left Copy. Caller!s ID

b.> Store initial {AO0}. incremented Update TOS pointer
by 8 times the number of save See paragraph 2.5.2.24
area words. to Exchange Package
per initial P Ring Number

c.} {P} plus 2xQ@ to P Intra-ringa intra-segment Call

d.} Copy {Ak} to A3 and {Aj} to Ab Pass parameters

e.} Copy initial {AD} to A2 and DSP to PSA pointer
clear Critical Fence Flag Clear CFF

f.} C(opy initial {AD}. incremented TOS to CSF pointer

N DT

by 8 times the number of save
area wordsa to AD and Al.,

Clear On Condition Flag Clear OCF

Operation. This instruction shall re-establish the Stack Frame
and "environment™ of a previous procedure as defined by the
Previous Save Area Pointer.

The j and k fields from this instruction shall not be_translatgd-
Thus. their values shall have no effect on the executlon_of Fh}s
instruction for which all execution parameters shall be implicit.

The Stack Frame Save Area from which a previous procedure's "en-
ironment™ shall be obtained. shall be addressed by means of_the PVA
initially contained in Register A2. The format of the previous
procedure’'s Stack Frame Save Area shall conform to the description
contained in paragraph 2.5.4.1 of this specification.

The associated program interruption shall occur and the execution

of this instruction shall be inhibited when any of the exceptions
are recoraed from the folluwing sequence of exception sensing:

Address Specification Error when the initial {A2} not equal to 0.
modulo 8. or an invalid PVA. {bit 32 equal to onel}. .

Segment Descriptor Invalid with respect to the PVA initially
contained in Register A2.

Access Violation when initial {A2} would not address a "readable”
segment {See 3.3.1.1}. 3.k.2.2 and 3.b.3.2}

Page Table Search Without Find with respect to any central memory
accesses to the previous procedure's Stack Frame Save Area.

Environment Specification Error

The value of the field designating the last A Register to be .
loaded. as contained in the Previous Stack Frame's Descriptor. is
less than 2. .

Segment Descriptor Invalid with respect to the PVA contained in
Word O of the previous procedure’s Stack Frame Save Area.

Address Specification Error
Final {P} would not be equal to 0. modulo 2.
Final {P} would be an invalid PVA. {bit 32 equal to onel.

NERI[GOEIBRINALE
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Access Violation

Final {P} would not address an "executable™ segment.

Final {P} Local Key would not "strictly - equal™ the associated
segment's Local Lock.

Final {P} Global Key would not "strictly - equal™ the associated
segment's Global Lock. provided the associated segment’s Global
Lock is not a "No Lock."

Note: The term "strictly - equal"™ infers bit-for-bit equivalence.
Environment Specification Error

Final P ring number would be less than initial A2 ring number.
Final {AD} would not equal initial {A2}-

OQutward €Call {Inward Return} if initial P'biné number is greater
than initial A2 ring number. :

Critical Frame Flag if the initial state of the Critical
Frame Flag is equal to a one.

In the abseénce of a program interruption. the following sequence

~ of events shall accomplish the execution of this instruction:

.

2eb.1.5

NERIEDE
PRINTE

Operation Remarks

a. Load the "environment "from the
previous procedure's Stack Frame
Save Area.

See 2.5.4.1 {Loaded per
Frame Descriptor X_- AT
and XT% As=D}

b. For each A Register ring number
which is less than the P Register's
ring number. set the associated A
Register's ring number equal to the
P Register's ring number.

Ripple

c. Rtore the final {Al} to the Exchange

CSF—> T0S pointer
Package per the final P ring number.

See paragraph 2.5.2 ,py

'd. Clear the Trap Enable Delay if set. See 2.5.2.20
Pop
118 jk

.

Operation. This instruction shall re-establish the Stack Frame

of a previous procedure as defined by the Previous Stack Frame's
Save Area-

The j and k fields from this instruction shall not be trénslatgd-
Thus- their values shall have no effect on the execution of ?h}s
instruction for which all execution parameters shall be implicit.

The Stack Frame Save Area from which a previous procedure's Stack
Frame pointers shall be obtained. shall be addressed by means of
the PVA initially contained in Register Ag. The format of the
previous procedure's Stack Frame Save Area shall conform to the
description contained in paragraph 2-5-4.1 of this specification.

‘The associated program interruption shall occur and the execution
of this instruction shall be inhibited when any of the exceptions
are recorded from the following sequence of exception sensing:

Address Specification Error '
Initial {A2} not equal to 0. modulo 8.
Initial {A2} an invalid PVA {bit 32 equal to onel}.

Segment Descriptor Invalid with respect to the Segment Descriptor
associated with the PVA initially contained in Register A2.

Access Violation {See 3.3.1.1. 3.L.2.2 and 3.bk.3.2%}
Initial {A2} does not address a "readable™ segment.

Page Table Search Without Find with respect to the central memory
accesses to the previous procedure's Stack Frame Save Area.

Environment Specification Error
Initial {A2} not equal to Word 1 contained in the previous pro-
cedure’'s Stack Frame Save Area.

Inter-Ring Pop if the RN field contained in the P Register is
not equal to the RN field initially contained in Register AZ2.

Critical Frame Flaq if the initial state of the Critical Frame
Flag is equal to a one.

In the absence of a program interruption. the following sequence
of events shall accomplish the execution of this instruction.

Operation Remarks
a«.} Load Al with. the PVA from Update CSF pointer

Word 2 of the previous procedure's
Stack Frame Save Area

QUGB T
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b.} Load A2 with the PVA from UWord

3 of the previous procedure's
Stack Frame Save Area.

ce} Load the Critical Fence Flag
and the On Condition Flag
from the previous procedure's
Stack Frame Save Area.

Store the final {Al} to the
process' Exchange Package per
the P Register's Ring Number

Update PSA pointer

Update CFF and OCF

Update TOS pointer.

T0S = Top of Stack pointer -
n = Ring of execution. inmer ring *
- n* = Ring of execution. outer ring
EXECUTIQﬁ SEQUENCE AD = DSP = Dynamic Space pointer
———) Al = CSF = Current Stack Frame pointer
A2 = PSA = Previous Save Area pointer
* = Save Area
Ring n
AD—>}. - - AD—5} — -]
e
Ale——t—--4 a2 - -
Al _and 3 A and | 3
TOSn TOSn TOSn T0Sn TOS TOSn
l Ring n+
AD TR TS TR == o
2 2 e e e
: fsand Msand_, i
Al o AR ——pt X ] X . 3 =S A @ it X AQ—m =]
Al and 1 . 1 1 1 1 1 1
ros§9 : “ : dsand
A %] % * X L INETON (Y- PR B
o 1] 1} 1] 1] 1] 1]
START " CALL CALL CALL POP RETURN RETURN
o {Intra-ring} {Inter-ring} d{Intra-ring} d{Intra-ring} {Inter-ring} <{Intra-ringl

Figure 2.bvl: Call/Return/Pops
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2.bel.b

2ebel.?

Exchange
120jk

When executed in Monitor mode this instruction shall change the
processor from monitor process state to job process state. See
2.8.5.2.

When executed in Job mode this instruction shall change the pro-
cessor from job process state to monitor process state. See
2¢8.5.1. In additiona the System Call bit in position 10 of the
Monitor Condition Register. job process state- shall be set.

The PVA contained in Word O {P Registerl} of the Exchange Package
associated with the state from which the exchange is taking placea
shall be updated such that it points to the instruction which
would have been executed had the exchange not taken place. i.e«a
the PVA of the "Exchange™ instruction with 2 added to its BN
field.

The j and k fields from this instruction shall not be translated
and their values shall have no effect on the execution of this
instruction.

Keypoints class j. code equal to {Xk} Right plus @
13k jke :

Operation - The Keypoint instruction shall cause an interrupt to
occur if the keypoint mask bit is set which corresponds to the
keypoint class number in the j field of the keypoint instruction.
Before the interrupt occurs the 4 bits of the j field shall be
copied into the keypoint class number {KCN} register and the 32-
bit keypoint code shall be copied into the keypoint code reg-
ister. See 2.5.2.4, 2:5.2612Lk- and 2.5.2.12.

The keypoint code shall be formed by the addition of @. expanded
to 32 bits by means of sign extensiona to the contents of Reg-
ister Xk Right. For the purpose of this instruction. the contents
of Register XD Right shall be interpreted as consisting of zeros-
Arithmetic Overflow shall not be detected during the formation

of the keypoint code.

The Keypoint Interrupt shall be recorded in bit Ok of the User
Condition Register as described in 2.8.3.7.

NERI[ENERRIALE
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2.b.1.8

Compare {Xk} at {Aj}s
store {XO0} at {Aj}
125 jk

if not equal. load Xk from {Aj};s if equala

This instruction shall compare the kY=-bit word in Register Xk with
the bUY~bit word in central memory whose PVA is contained in Reg-
ister Aj. If equality is found. the contents of Register XO shall
be stored in central memory at the PVA contained in Register Aj.
If equality is not found. Register Xk shall be loaded with the
central memory word whose PVA is contained in Register Aj.

A serialization function shall be performed before this instruction
begins and again at its ending. Execution of this instruction
shall be delayed until all previous accesses to central memory

on the part of this processor are completed. Execu-
tion of subsequent instructions shall be delayed until all central
memory accesses due to this instruction are completed.

Conceptuallya the execution of this "Compare™ instruction on the
part of a processor shall result in preventing other processors

from accessing the central memory word at the PVA contained in
Register Aj between the read and write accesses associated with the
execution of this instruction. provided such processors are also
executing a "Compare™ instruction. With respect to this instruction

-only- in order to satisfy its "non-preemptive™ requirement. the

use of LlU-bit words consisting entirely of ones in their leftmost
32-bit positions. 00 through 3L. shall be reserved for each pro-
cessor's implementation of this instruction. When the 32-bit
halfword initially contained in Register XD Left consists entirely

* of onesa an Instruction Specification Error shall be detecteds

the execution of this instruction shall be inhibited. and the
corresponding program interruption shall occur.

Notes: For the purpose of establishing operand access valida-
tiona the central memory operand access types shall consist of
both a read and a write access. Moreover. those processors
having a Cache shall bypass it with respect to the read access
and shall purge the associated entry from it with respect to
the write access. {See 2.9}. Unless the central memory operand
address consists of a byte address which is 0. modulo 8. an
Address Specification error shall be detected. the execution of
this instruction shall be inhibited. and the corresponding
interruption shall occur.
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2.bel.9

Load Bit to Xk Right from {Aj} bit indexed by {XOZ} Right and set
bit in central memory
124 jk

Operation - This instruction shall transfer a sing}e.bit.into
Register Xk Right. bit position k3. from a bit position in gen;ral
memory. This instruction shall also clear the Xk Register in its
leftmost b3 bit positions. 00 through k2. The bit position in
central memory shall be unconditionally set without changing any
other bit positions within the byte or word.

No other processor shall be permitted access to Fhe byte in central
memory from the beginning of the read access until the end of the
write access which sets the bit within that byte.

A serialization function shall be performed before this insgruction
begins and again at its ending. Execution of this instruction shall
be delayed until all previous accesses to central. memory by this
processor are completed. Fetching or execution of §ubsequent
instructions by this processor shall be delayed until all central
memory accesses from this instruction are completed.

Addressing - The byte in central memory- containing the bit po§ition
to be loaded shall be addressed by means of the PVA contained in the
Aj Register modified by a bit item counta consisting of a 32-bit
index. as follows: The 32-bit halfword obtained from Register X0
Right shall be shifted right three bit positions. end-off with

sign extension on the left. and the 32-bit shifted result shall be
added to the rightmost 32 bits of the PVA obtained from the Aj
Register.

Bit Select - The bit position within the addressed byte in.central
memory shall be selected by means of the rightmost three bits
obtained from Register X0 Right. bit positions bl through k3.
Values from O through ? for these three bits shall select the cor-
responding bit positiona O through ? from the central memory byte.

Notes: For the purpose of establishing access validity. the gentral
memory operand access types shall consist of a read and a write
access. Moreovera those processors having a Cache {See 2.9} shall
bypass it with respect to the read access and shall purge the
associated entry from it with respect to the write access.
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2.b.1.10 Test Page {Aj} and Set Xk Right
12k jk ' ’ ’
: ) 2.hb.2 Local Privileged Mode
This instruction shall test for the presence of the page in A
central memory corresponding to the PVA contained in Register Aj- This class of instructions shall be permitted to execute only
. when the processor is in either local privileged mode or in
When this instruction finds ‘the corresponding page in central global privileged mode. If an instruction in the local privil-
memory. the "Used'" bit in the UM field of the associated Page eged mode class. attempts execution when the processor is not
Descriptor shall be set. {See 3.5.1.1}. and the Real Memory in either local privileged mode or in global privileged modea
Address {RMA} translated from the PVA contained in Register Aj a Privileged Instruction Fault shall be detected- execution of
shall be transferred to Register Xk Right. that instruction shall be inhibited. and the corresponding pro-
gram interruption shall occur.
When this instruction cannot find the corresponding page in . . ..
central memory. Register Xk Right shall be set in all 32 bit Instructions in the local privileged mode class shall be executable
positions. 32 through k3. whenever a processor is executing instructions from a segment whose
Segment Descriptor defines that segment as either a local privileged
Note: Central memory Access Validation {per Section 3.5} shall executable segment or a global privileged executable segment.
not be performed during the execution of this instruction See 3.3.1.1%
2-b-2-1 Copy to Central Memory Maintenance Register at Xj Right from Xk
2.be1.11 Interrupt Product to Xk Right 133 jk
123 jk .
) This local privi leged instruction shall copy the contents of Register
This instruction shall transfer the bit-by-bit product of the Xk into the (entral Memory Maintenance Register selected by the con-
Monitor Mask and Monitor Condition Register to bit positions 32 tents of Register Xj-
through 47 of Register Xk Right and shall transfer the bit-by-
bit product of the User Mask and User Condition Register to bit The Processor Memory Port to be utilized during the execution of
positions 48 through b3 of Register Xk Right. {See tables 2.8-1 this instruction shall be determined in the manner defined in sub-
and 2-8-2 for the bit definitions of the Mask and Condition Reg- paragraph 2.l0.l.1l of this specification with the exception thata
istersl}. for this instructiona bit 33 of the Xj Register shall be used in
) : place of bit G1 of the Real Memory Address as described in that
2-b.1-12 Copy to Xk from Central Memory Maintenance Register at {Xj} Right subparagraph. item a. -

NERUEOEARAIVANE
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This instruction shall copy the central memory Maintenance Reg-
ister specified by the contents of Register Xj into the Xk Reg-
ister. All LY bits of the Xk Register shall-be cleared before
the selected register is copied into it.

The Processor Memory Port to be utilized during the execution of
this instruction shall be determined in the manner defined in sub-
paragraph 2.10.1.1 of this specification with the exception that.
for this instructiona. bit 33 of the Xj Register shall be used in
place of bit Dl of the Real Memory Address as described in that
subparagraph- item a.

Bits 5k through b3 of the Xj Register shall contain the number of
the central memory Maintenance Register. the contents of which
shall be copied into the Xk Register. See Section 4.5 of this

specification for central memory Maintenance
Register definitions. .

Bits 5k through k3 of the Xj Register shall contain the number of
the central memory Maintenance Register into which the contents of
Register Xk shall be copied. See Section 4.5 of this Specification
for central memory Maintenance Register definitions.
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2.b.2.2 |

Load Page Table Index per {Xj} to Xk and Set X1 Right
127jk

This local privileged instruction shall search the Page Table in
central memorya. shall return the final index value to Register
Xk+ and shall set Register X1 Right according to the results of
the search.

The entry searched for within the Page Table shall be defined by
the System Virtual Address {SVA} contained in Register Xj. For
a description of the format for an SVA in an X Register. see
subparagraph 2.b.5.3 of this specification.

The Page Table shall be searched in the manner normally employed
by the Virtual Addressing Mechanism. Thusa the SVA shall be
psuedo-randomized {hashed}. in conjunction with the Page Table
Length {PTL}. in order to obtain a nominal index value in the
manner described in subparagraph 3.5.2.1 of this specification.
The Page Table Address {PTA} interpreted as equal to 0. modulo
the PTL~ shall be concatenated to this nominal index value for
the purpose of determining the first location to be searched in
the Page Table.

Beginning with this location. the Page Table shall be linearly
searched- {with the nominal index value increased by 8 for each
entry which does not correspond to the SVA but does contain a
Continue bit equal to 1. up to a maximum of 32 entries searched?}
in the manner described in subparagraph 3.5.2.2 of this speci-
fication.

When a Page Descriptor corresponding to the SVA initially contained
in Register Xj is found. the index into the Page Table which is
associated with that entry shall be transferred to Register Xk

and Register X1 Right shall be set in all 32-bit positions. 32
through k3.

When the Page Table search terminates as a result of not finding

a Page Descriptor which corresponds to the SVA initially con-
tained in Register Xj. {whether the termination results from a
Continue bit equal to D or performing a maximum of 32 comparisonsl}.
the index into the Page Table associated with the last entry com-
pared shall be transferred into Register Xj and the count of
entries searched.shall be transferred to Register X1 Right.
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2.k.3

Global Privileged Mode

This class of instructions shall be permitted to execute_only
when the processor is in global privileged mode. If an in-
struction in the global privileged mode class attempts ex-=
ecution when the processor is not in global privileged mode

a Privileged Instruction Fault shall be detected. execution
of that instruction shall be inhibited. and the corresponding
program interruption shall occur.

Global privileged mode shall exist whenever the processor is
executing instructions from a segment whose Segment Descriptor
defines that segment as a global privileged executable segment.
See 3.3.1.1

2+.b.3.1 | Interrupt Processor per {Xkl}.

NERIIGUGIRRINATE
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The execution of this global privileged class instruction shall
send an external interrupt to one or more other processors via
their central memory ports. The processors shall be identified
by the central memory port number to which they are connected.

The interrupting processor shall send the contents of Register

Xk Right to central memory. Central memory shall then send

an external interrupt to the processor{s} on those ports whose

port numbers. plus 321 correspond to the bit positionsa which

are set within Register Xk Right. When the interrupting processor
has two ports connected to the same memory fSee Figure l.3-1}.

a "switch™ shall select the port used to transmit the contents

of Register Xk Right to central memory along with the "interrupt”
function . {See 2.10.1.1 for "switch" definition}

When the interrupting processor has two ports connected to indepen=-
dent memories {See Figure 1l.3-3} the state of Bit 00 of Register
Xk shall select the port used to transmit the contents of Register
Xk Right to central memory along with the "interrupt™ function.
When Bit 00 is clear. Port O shall be usedi when Bit 00 is seta
Port 1 shall be used. i

-7

N
A serialization function shall be performed before this in-
struction begins execution. That is. execution of-this in-
struction shall be delayed until all previous central memory
accesses on the part of the interrupting processor are complete.
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2-b.l

—

Monitor Mode

This class of instructions shall be permitted to execute enly
when the processor is in monitor mode. If an instruction in

the monitor mode class attempts execution when the processor

is not in monitor mode. an Instruction Specification aerren shall
be detected. Execution of that instruction shall be inhibited-
and the corresponding program interruption shall occur.

Monitor mode shall exist whenever the processor is in the
state defined by the Monitor Exchange Package. The address
contained in the Monitor Process State Register shall point
to the Monitor Exchange Package-.

Note: No single operation code shall be confined to Monitor mode
execution. However. sub-operation codes for the instructions
defined in 2.b.5 are confined to Monitor mode according to the

descriptions contained within that paragraph of this specification.
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2ebe5

2ebe5.1

i

Mixed Mode

This class of instructions shall include those instructions whose
mode is dependent on a parameter selection within the instruction.
Depending on the value of the parameter. the mode of the instruc-
tion shall be non-privileged. local privileged. global privileged.
or monitor. The description of each instruction shall define
which parameter selects the mode and how the selection is made.

Branch to {P} displaced by 2%@ and alter Condition Register per
ke
134 jka

This instruction shall test the value of a selected bit in the
Condition Register. The j field selects the bit number within
the Monitor Condition Register or within the User Condition
Register depending on the k field. The k field shall also deter-
mine the branch decision and Condition Register bit alteration

as follows:

k = D-or 8, if bit j of the Monitor Condition Register is sets
clear it and take a branch exit.

k = 1 or 9. if bit j of the Monitor Condition Registeb is not
sets set it and take a .branch exit.

k = 2 or A. if bit j of the Monitor Condition Register is seta
take a branch exit.

k = 3.-or Ba if_bit j of the Monitor Condition Register is not
sets take a branch exita

k =4 or Ca if_bit j of the User Condition Register is seta
clear it and take a branch exit.

k =5 or Da if_bit j of the User Condition Register is not
set. set it and take a branch exit.

k = b or E~ if bit j of the User Condition. Register is seta
take a branch exit. :

k =7 or Fa if bit j of the User Condition Register is not
set. take a branch exit.

NERUENERRIVAIE
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Normal exit - When the test of bit j does not satisfy thé'ﬁranch

condition as specified by the k field of this instruction. a

normal exit from this instruction shall be performed. A normal
exit from this 32-bit instruction shall consist of adding 4 to
the richtmost 32 bits of the PVA contained in the P Register. with
the sum returned to the P Register's rightmost 32 bits. .

Branch Exit - When the test of bit j satisifes the branch condition

as specified by the k field of this instruction. a branch exit
from this instruction shall be performed. A branch exit shall
consist of expanding the @ field from the instruction to 31l bits
by means of sign extension. shifting these 31 bits left one bit
position with a zero inserted on the right. and adding the 32
bit result to the rightmost 32 bits of the PVA contained in the
gEngister with the sum returned to the P Register's rightmost
itse.

Monitor and Privileged Mode - Some values of the k field of this
instruction shall cause this instruction to be a Monitor or Non-

privileged instruction as follous: :

k Mode
Dord Monitor
lor 9 Monitor
2 or A Non-privileged
Jor B Non-privileged
Yor C Non=-privileged
Sord Non=-privileged
b or E | Non-privileged
7 or F Non-privileged

Unless the processor is in monitor mode when execution is restric-
ted to monitor mode. an Instruction Specification Error shall be
detected, execution of this instruction shall be inhibited«

and the corresponding program interruption shall occur.
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2.h.5.2

3

Copy

This group of instructions shall provide the means to copy an

X Register to/from a state register. The state register shall be
addressed by the contents of the rightmost 8 bits {bits 5L through
L3} of Register Xj Right. The list which follows shall define the
add?ess assigned to each state register and the bit number lo-
cation of the register within a word. . State registers with add-
resses in the range AD through BF shall be read-only with respect
to the processor. although the Service Processor may read and

write them. State Registers with addresses in the range CD through
FF shall be read or written from the Service Processor only.

Some implementations of this GDS may not use separate flip flop
registers. Some state registers may be held in central memory
even when they are in active use. For such cases these copy in-
structions shall make state registers held in central memory
appear to operate as copy instructions and not as load or store
instructions.

Unless thé processor is in Monitor mode when execution is res-
tricted to Monitor mode. an Instruction Specification error shall
be detected- execution of this instruction shall be inhibited. and
the corresponding program interruption shall occur.

Unless the processor is in the appropriately privileged-mode when
execution is restricted to local or global privileged mode. a
Frivileged Instruction error shall be detected. the execution of
this instruction shall be inhibiteds and the corresponding program
interruption shall occur.

See Table 2.b-1 for registeé'definitions-

Note: Multiple Address assignments have been specified for certain
Registers so that. by properly choosing the appropriate address.
the contents of a single X Register may be used as both the address
and data value for the purpose of copying into such Registers.

NERILEOCIRAIATE
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Register Position in Position in Urite
Number Register Name an X Reg. an Exchange Mode :
Pkq {word/Bits a- C°pyl§gj§k per {Xj}
00-01 Critical Frame Flag k3 2/00 Unprivileged .
02-03 On Condition Flag k3 2/01 This instruction shall copy the contents of the state register
s} Debug Index 5b-k3 3kL/00-07 addressed by the contents-of Regl§ter Xj into Register Xg- The
0s Debug Mask Register 59-k3 3k/11-15 address assignments and bit locat}ons shall be those defined
Ok User Mask Register Register 48-L3 3/00-15x% in Table 2.b -1 _ The Xk Register shall be cleared before the
state register is copied into it.
20-23 Trap Enables b2-k3 2/14-15 Local .. . .
2l Trap Pointer 1b-63 35/1b-63  Privileged This instruction shall be a non-privileged instruction.
es Debug Pointer 1b-k3 3b/1k-k3 .
2b Keypoint Mask 48-53 1/00-15 b. Copy from Xk per {Xj}
27 Keypoint Code 32-L3 9.10/00-15 131jk
28 Keypoint Class Number k0-b3 ?/04-07 A . s
29 Process Interval Timer 32-k3 11.12/00-15 This instruction shall copy the contents of Register Xk into
the state register addressed by the contents of Register Xj.
4o Processor Test Mode £33 Processor Global The address assignments and bit locations shall be defined in
Privileged Table 2.b--] Several of the registers can nqt be.wr1tten
B0 Processor Fault Status *% Processor into by this instruction. as previously described in this sub-
paragi..ph.
ao Monitor Mask Register 48-63 4/00-15 Monitor . s . s N s
81 Job Process gtage Pointer 32-bL3 Processor Monitor and Privileged Mode - Th;s instruction shal} havg its
a2 Page Table Address . 32-b3 mode determined by the state register address contained in Register
a3 Page Table Length 5b-b3 Xj as follows: -
ay Page Size Mask 57-63
a5 System Interval Timer 32-b3 Mode State Register Numher
[:13 One Megahertz Counter 00-&3
. . . Unprivileged 00 through 1F
AD Processor Identification 40-k3 Proc?fsor Non-Writable - ’
Al Monitor Process State Pointer 32-k3 by Local privileged - Test Mode
A2 Monitor Condition Register 48-b3 L/00-15  processor GlobalpprivilggeJﬁ ?:st Mode ﬁg tn:g:gg a;,
A3 User Condition Register 48-kL3 5/00-15 "Copy™ S S
A4 Untranslatable Pointer 1b-k3 34/1b-k3 Monitor a0
AS Model Dependent Flags 48-53 15/00-15 Non-uritable by AD throuoh aF
Ak Model Dependent Word 00-E3 33/00-k3 processor "Copy"
A? Segment Table Length 52-k3 1b/04-15 - - R e
A8 Segment Table Address 32-L3 34.35/00-15 Service Processor CO through FF
A9 Base Constant 32-k3 13.14/00-15 only
Cco P Register 00-k3 0/00-k3 Service
Cl Environment Control ** Processor Processor
only
X - Bits 0 through ObL are permanently set.
X% Processor model dependent. !

Table 2.b-1 Register Definitions for "Copy"™ instructions.

NGRIGUGIERIVANG

NGRICOGIBRIVAE



I DOCUMENT

|

Iy
SECTION

N C R

IAPPROVED

CONTROL DATA vt REPLACES
DATE
ADVANCED SYSTEMS LABO!ERY Pec. 95 3974 Sept. 30, 3974
APPROVED APPROVED FAGE
ASL NcRI coc 152 152

2.be5.3.| Purge Buffer k of Entry per {Xj}
138 j

8 jk

Operation - The Purge Buffer instruction shall invalidate
entries in the Map and Cache buffers. The purge may in-
validate all entries in a buffera invalidate all entries

in a buffer which derive from a given segment. invalidate
all entries in a buffer for a given page- or invalidate

all entries in a buffer for a given 512 byte block. Re-
gister Xj shall contain the required address informationa -
either System Virtual Address {SVA} or Process Virtual
Address {PVAl.

An SVA shall contain the Active Segment: {ASID} in bits

1k through 31 of Register Xj. A PVA shall contain the
Segment number {SEG} in bits 20 through 31 of Register Xj. -
Bits 32 through b3 shall contain the Byte Number {BN} for
either an SVA or a PVA. The rightmost 9 bits of the BN
shall be ignored and assumed to be zeros since the smallest
purgeable portion of a buffer shall be a 512 byte page or

a 512 byte block of a larger page. Proportionately more
rightmost bits of the BN shall be ignored and assumed to

be zero as page size becomes larger than the 512 byte
minimume.

e

I e "

ASID : BN

5 b
(/1111
(I
The value of k shall determine the buffer to be purged -
the range of entries to be purged- and the type of addres-

sing used to determine the range of entries to be purged.
The definition of k follows.

k=0+ Purge all entries in Cache which are included in the
512 pyte block defined by the SVA in Xj.

k=1~ Purge all entries in Cache which are included in the
ASID defined by the SVA in Xj.
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k=21 Purge all entries in Cache.

k=34 Purge all entries in Cache
the 512 byte block defined
Purge all entries in Cache

the SEG defined by the PVA

which are ‘included in
by the PVA in Xj.
which are included in
in Xj-

k=47 »

Purge all entries in Map which are included in the
page defined by the SVA in Xj. The size of the page
involved shall be determined by the contents of the
Page Size Mask Register.

Purge all entries in Map which are included in the
ASID defined by the SVA in Xji.

k=84

k=94

k=AsF + Purge all entries in’ Map.

this instruction shall be a
It shall be non-privileged

For k = 01 1. 2. 8-> F
local privileged instructione.
for all other values of k.

A serialization function shall be performed before this
instruction begins execution and again when it. completes
execution. Execution of this instruction shall be delayed
until all previous accesses to central memory: on the part
of this processor. are completed. Fetching or execution of
subsequent instructions shall be delayed until all central
memory accesses due to this instruction are completed.

" The implementation of this instruction shall be processor
model dependent in that some processor models may not have
a Map and/or Cache buffer and they may invalidate more
than the required buffer entries. A processor which does
not have a Cache shall execute this instruction as a no
operation instruction when cache purges are called for
by this instruction. Likewises a processor which does
not have a Map shall execute this instruction as a no
operation instruction when map purges are called for by
this instruction. The processor model dependent speci-
fications shall fully define these model dependent
charactistics.
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2.7 Program Monitoring

2-.7.1 Performance Monitoring

Performance of the overall software/hardware system shall be
monitored via the insertion of Keypoint instructions at "key"™
points in the software. Each Keypoint instruction shall be
identified by its class and by its code within each class.
classes and keypoint codes shall be assigned such that system
performance data shall be determined from the order and frequency
of the occurrence of keypoint instructions of various classes

and codes.

The
The

Two methods of gathering the keypoint data shall be provided.
first method shall be via software internal to the processor.
second method shall be via an external hardware device. See
paragraph 2.10.3 of this specification.

2-7.1.1 Keypoint Software Recording

2.7.1.2

N

Software Recording of keypoint data shall be based on the occur-
rence of a trap whenever the keypoint class number in the keypoint
instruction matches a mask bit in the keypoint trap mask register.
The trap routine shall record the keypoint class number. keypoint
code and the time. Another routine shall subsequently analyze the
data gathered by the keypoint trap routine to produce the system
performance data-. :

Keypoint Hardware Recording

Hardware recording of keypoint data may be accomplished via an
external hardware device which shall record the keypoint events as
they occur. Each time a keypoint instruction is executed the hard-
ware keypoint recorder may record the keypoint class number. key-
point code and time.

Hardware keypoint recording gives minimum interference to program
execution since the keypoint event data can be recorded without

a trap taking place. The CPU shall provide a signal to the key-
point monitor device indicating that a keypoint instruction is
being performed- The CPU shall also supply the keypoint monitor
device with the keypoint class and keypoint code for the keypoint
instruction being performed.
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2.7.2
2.7.2.1

2.7.2.2

Debug
Debug List

The format of a Debug List entry is:

oo | o8 20 32 L3 |

e Vi s
l///&/{/////////l//////m// 7

12 | 32 |

BN {LOWZ}

BN {HIGHZ}

where DC is the Debug Code. BN {LOW} is the byte number of the
beginning of the contiguous field in memory to which the Debug
Code appliess BN {HIGH} is the byte number of the last byte in
the contiguous field in memory to which the Debug Code applies-
and SEG is the process segment number to which the Debug Code
applies.

Debug List entfies shall be aligned on word boundaries.

The Debug List shall not be longer than 32 entries {kL4Y words}
in length. Entries beyond 32 shall be ignored.

The matching of BN {LOW} and BN {HIGH} shall be against the
address of the leftmost byte of a piece of information only:
whether it is a word. halfword. byte string. or lk=bit instruction.
The matching shall include the end points. That is:

BN {LOU} < Address £ BN {HIGH}.

The first entry in the Debug List shall be at the PVA contained
in the Debug List Pointer Register {see 2.5.2.23}. Position
within the Debug List during a scan shall be kept track of by
the Debug List Index Register {see 2.5.2.22}.

Debug Code {D(C}
The DC bit assignments are:

Bit O: Data Read. first address of string - applies to all

central memory accesses that are defined as read accesses
for purposes of access protection.

NERIIGO BRRIUATE
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Data Urite. first address of string-applies to all central
memory accesses that are defined as write accesses in the
memory protection system.

Bit L:

Instruction Fetch

Applies to all central memory accesses that are defined
as an execution access in the memory protection system.
Note that the instruction fetch from memory will have
already occurred.

Branching instruction

Applies to branch and return instructions which. when
executed will result in a branch exit to the next instruc-
tion. The address bracket shall apply to the address
of the instruction branched to. -
Bit 4: Call instruction
‘ Applies to the occurrence of either Call instruction
{instruction reference number 115 or 11L}. The address
bracket shall apply to the address of the called procedure.

End of list
Denotes that this is the last entry in the Debug List

More than one bit may be set in a DC entry. The End of
List DC {bit 5} shall be interpreted after all other bits
in the same DC have been interpreted and acted upon.

Debug Operation

The Debug List shall be scanned after instruction fetch but

prior to instruction execution. provided traps are enabled. the
Debug Mask bit in the User Mask Register is set. one or more bits
in the Debug Mask Register are applicable to the instruction to
be executeds and the End of List Seen Flag in the Debug Index
Register is clear.

When the Debug Scan in Progress flag is clear. the Debug List
shall be scanned by reading the first word from the Debug List
in central memory at the PVA specified by the contents of the
Debug List Pointer Register. After the first word of the Debug
List has been read. the Debug Scan in Progress flag in the Debug
Index Register shall be set and each successive word from the
Debug List shall be read by incrementing the b=bit word-index
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field contained in the Debug Index Register by one. and referencing
the Debug List at the PVA specified by the initial contents of

the Debug List Pointer Register. modified in its rightmost 3IP-bit
positions by the addition of the zero-extended. righmost k=bits

of the Debug Index Register. :

‘The Debug Index Registerﬁ'contained in bit positions 00 through
0? of word 3k in the Exchange Package. shall be formatted as
follouws:

0o |01 | o2 ) . o?

1; T—— b-bit word=-index

. Debug Scan in Progress flag
-End of List Seen flag

When one or more bits contained in the Debug MaskRegister are set
and are equal to one or more of the corresponding leftmost 5 bits
of the Debug Code contained in the first word of a doubleword
entry in the Debug List. and one or more of the appropriate PVAs
associated with the instruction's execution are contained within
the address bracket defined by the corresponding double word
entry from the Debug List, the Debug bit in the User Condition
Register shall be set. the execution of the instruction shall be
inhibited and a trap interrupt shall occur. Moreovera when the
End of List bit in Debug Code is set or the 32nd double word
entry from Debug List has been scanned. the End of List Seen Flag
contained in the Debug Index Register shall be set.

The second word of the double word Debug List entry which causes

a trap interrupt shall be identifiable by the value of the right-
most b-bits of the Debug Index Register and the PVA contained in

the Debug List Pointer Register.

The Debug Index Register shall also provide the means for properly
initiating- resuming and terminating Debug Scan operations. {part-
icularly when an instruction's execution has been inhibited by

ohe or more program interrupts occurring on the one or more im=
mediately preceding fetches of the associated instruction}. Thus,
the clearing of the Debug Index Register shall occura conceptuallya
at the completion of each instruction's execution for which a
Debug Scan has immediately preceded that execution.

For the purpose of establishing central memory access validationa

each central memory access performed for the pur-
UW&FE pose of reading a word from the Debug List as a
part of a Debug Scan operation. shall be a read

type access.
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2.8 Interrupts
There shall be two classes of interrupts. One class shall be
called an Exchange Interrupt. The other class shall be called
a Trap Interrupt.
. i k h
Exchange 1ntgryupts shall normally originate from bits in the ég;zg:igzi;&:sgf
Monitor Condition Register and shall cause an exchange operation Monitor
from Job Mode to Monitor Mode to occur. The Monitor Mask Register Condition Monitor Mode
shall enable selected conditions in the Monitor Condition Register g"t"ESK §°bk"3q§' Tra Trap
to genera i . i as i p ra
9 te an exchange interrupt . | [ Number Monitor Condition Name Set Enabled * Disabled
Trap_iqterrupps shall normally originate from bits in the User
Condition Register and shall cause a trap operation to occur. oo Processor Malfunction Exchange Trap Halt
The User Mask Register shall enable selected conditions in the 0l Memory Malfunction Exc:ange ;"ap :ai:
User Condition Register to generate i . o2 Real Address Out of Range Exchange rap a
9 9 a trap interrupt 03 Instruction Specification Error| Exchange Trap ﬁait
8. 3 PR - 1L} Address Specification Error Exchange Trap alt
2.8.1 Monitor Condition Register 05 Invalid Segment Exchange Trap Halt
s sas . (4]} Access Violation Exchange Trap Halt
The Monitor Condition Register shall contain 1b bits. Each bits 0? Environment Specification Error| Exchange Trap Halt
gheghset1 shall indicate that a particular condition has occurred 08 Ext 1 Int £ ’ Exch T Stack
in the processor or that the processor has been informed of an xterna. lnterrup : : xchange rap
i 3 09 Page Table Search Without Find Exchange Trap Halt
event which occurred external to itself. 20 System Call Exchange Trap §tack
. - C. P . . 1 System Interval Timer Exchange Trap tack
When a b1t_1n_the Monitor Condition Reglster is set and the 12 Rgng Number Zero Exchange Trap © Halt
processor is in Job Mode. an Exchange interrupt shall occur 13 Outward Call/Inward Return Exchange Trap Halt
if the associated bit in the Monitor Mask Register is set. 1y Software Error Log Exchange Trap Stack
15 ‘Trap Exception Exchange Trap Halt

When ‘a bit in the Monitor Condition Register is set and the
processor is in Monitor Mode. a Trap Interrupt shall occur if

. s : . . . - or. SP n intervene and restart processor.
the associated bit in the Monitor Mask Register is set. the Halt - Stop process ca P

Stack - Test for opportunity to Trap or Exchange. each instruction fetch

Trap Enable Flip-Flop is set. and Trap Enable Delay is clear. Job Mode. Mask Bit Clear - Same as Monitor Mode. Trap Disabled
x Trap Enabled - See 2.8.1 for the definition of "Trap Enabled”
Table 2.8-1

Table 2.8-1 shall define the bit number assignments for the Monitor
Condition Register and the action to be taken for each bit under
various circumstances. ’

Monitor Condition Register and Mask Register Bit Definitions

A Monitor Condition Register bit once set- shall remain set until
cleared by a master clear. by a "Branch and alter Condition Reg- .
ister™ instruction {reference number 2134}. provided the instruction
has specified that the bit shall be cleared. or by alteration when

the Condition Register is held in an Exchange Package in central
memory-.

Each bit in the Monitor Condition Register is defined in the
sections which follow.

NERIICOCIBRIVANE - ER0E06 PRI
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2.8.1.1

2.8.1.2

2.8.1.3

Processor Malfunction

The processor malfunction bit in the Monitor Condition Register-
if set. shall indicate that a condition has been detected in the
processor which is not indicated by other Condition Register bits-
These conditions shall include the following:

a. Power failure imminent

b. Excessive temperature

c. Other processor model dependent conditions as specified
in the processor model dependent specification.

The PVA which shall be stored when a Processor Malfunction inter-
rupt occurs shall point to the instruction whose execution was
not completed because of the Processor Malfunction.

Memory Malfunction

The memory malfunction bit in the Monitor Condition Registera if
set. shall indicate that a condition has been detected in a central
memory unit which is used by this processor but is not indicated

by other Condition Register bits. These conditions shall include
the following conditions-

a. Address. data transmission. or function parity errors on
central memory accesses from this processor.
b. Non-correctable central memory data parity errors on
- central memory accesses from this processor.
c. Power failure imminent in central memory
d. Excessive temperature in central memory

The PVA which shall be stored when a Memory Malfunction interrupt
occurs shall point to the instruction whose execution was not com-
pleted due to the Memory Malfunction.

Real Address Out of Range

The real address out of range bit in the Monitor Condition Reg-
ister. if seta shall indicate that the real address used for
central memory access by this processor is for a central memory
address which is not physically accessable by the processor. See
3.1.3.

The PVA which shall be stored when a Real Address Out of Range
interrupt occurs shall point to the instruction which made the
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2.8.1.4 l

2.8.1.5 |

2.8:1.kb

central memory access to the address which is out of range.
Instruction Specification Error

The instruction specification error bit in the Monitor Condition
Register. if set. shall indicate that one of the following errors
has occurred.

a. Length Specification errors as described in paragraph 2.2.9
and subparagraphs 2.2.1.3, 2+3. 2.34 and 2.3.4.5 and
2.2.10.

b. Type Specification errors as described in paragraph 2.3.3
as well as all type combinationsa other than those defined
as valid. for the instructions described in each subpara-
graph of paragraphs 2.3.4 through 2.3.7.

c. Field Descriptor errors resulting from combinations- other
than those defined as valid. for each of the instructions
described in subparagraphs 2.3.5.1 through 2.3.5.4.

d. Instruction Specification errors as described for the Cal-
culate Subscript instruction in subparagraph 2.3.5.5.

e- Execution of a Program Error instruction as described in
subparagraph 2-b.1.1.

f. Execution of a Monitor Mode operation when the processor
is not in Monitor mode. See 2.h. Y and 2.k.5.

The PVA which shall be stored when an Instruction Specification
Error interrupt occurs shall point to the instruction with the
faulty specification.

Address Specification Error

The address specification error bit in the Monitor Condition Reg-
isters if set. shall indicate that an attempt was made to use an
improper address. Improper addresses shall include: -

a. The address modulus defined for specified instructions or
specified registers is not met. See 2.k.1.2 through 2.bk.1.5.
b. Other address bit{s} defined as zero{is} for specified in-
structions or specified registers are not zero{s}. See
3.2.1.3.
The PVA which shall be stored shall point to the instruction which
made the central memory access that caused the Address Specifica-
tion interrupt to occur.

Invalid Segment

The invalid segment bit in the Monitor (Condition Register. if seta

B B PR
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shall indicate that a PVA could not be translated into a real
memory address for one of the following reasons.

See 3.3.
See 3.3.1.1.

a. Segment table length exceeded.
b. 1Invalid segment descriptor element.

The PVA which shall be stored for an Invalid Segment interrupt
shall point to the instruction which attempted the central memory
access which resulted in the Invalid»Segment Condition.

Access Violation

The access violation bit in the Monitor Condition Register. if set.
shall indicate that the requested memory access was blocked be-
cause it did not have the required access permission. Access
violations shall be detected for the following central memory
access situations. See section 3.k of this specification for
details.

a. Read central memory when read access is not granted or
read is not within read ring limits.

b. UWrite central memory when write access is not granted or
write is not within write ring limits.

c. Attempt to execute when execute access is not granted or
execute is not within execute ring limits.

d. Call via a code base pointer which is not in a binding
section segment. See 2.bk.l.2.

e. (all from a process beyond the call ring limit. See 2.k«1.2.

f« Key/lock violations. See section 3.k.3.2 for the definition

- of key/lock violations.

The PVA which shall be stored when an Access Violation interrupt
occurs shall point to the instruction which made the central
memory access which attempted to violate the access protéction
mechanism.

Environment Specification Error

The environment specification error bit in the Condition Registera
if set. shall indicate that an error was detected in the en-
vironment during a trap operation. a Return instruction. or a

Pop instruction. - Environmental specification errors shall be
detected for the following reasons.

a. The Code Base Pointer's External Procedure bit is not set
for a trap operatlon- See 2.8.hk.

b. The new DSP pointer is not equal to the old PSA pointer for

a Return or Pop instruction. See 2.hk.1l.4 and

2-b-12.5.
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The PVA which shall be stored when an environment error interrupt
occurs shall point to the instruction which caused environment
specification error or to the instruction which would have been
executed had the trap interrupt. associated with the environment
specification error- not occurred.

External Interrupt

The external interrupt bit in the Monitor Condition Registera if
set. shall indicate the presence of an interrupt from another
processor. {The recipient processor may read a message in central
memory to determine who the calling processor is and the purpose
of the external interrupt.}

The PVA which shall be stored when an External Interrupt occurs
shall point to the instruction which would have been executed if
the interrupt had not occurred.

Page Table Search Without Find

The page table search without find bit in the Monitor Condition
Register. if set. shall indicate that the requested page table
entry was not found during the linear search of the page table
which begins at the "hashed"” entry address and ends a maximum

of 32 entries later. Thusa the system virtual address could not
be mapped into a real memory address. See 3.5.2.

The PVA which shall be stored for a Page Table Search Without Find
interrupt shall point to the instruction which attempted the cen-

tral memory access which resulted in the Page Table Search Without
Find condition.

System Call

The system call bit in the Hon1tor Condition Register. if seta
shall indicate that a process has executed an Exchange instruction
{reference number 120} which caused an exchange interrupt from

job process state to monitor process state. This bit shall not

be set by an Exchange instruction going from monitor process state
to job process state. See 2:hk.l-k-

The PVA which shall be stored for a system call interrupt shall
point to the instruction which would have been executed if the
interrupt had not occurred.

NERUENERRIVAIE
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2.8-1-.12 | System Interval Timer
The system interval timer bit in the Monitor Condition Register-
if set. shall indicate that the System Interval Timer has -
decremented to a count equal to zero. See 2.5.3.3.
The PVA which shall be stored when a System Interval Timer in-
terrupt occurs shall point to the instruction which would have
been executed if the interrupt had not occurred.

2-8.1.13 ! Ring Number Zero
The ring number zero bit in the Monitor Condition Registera if
set. shall indicate that the ring number of a PVA is equal to
zero. . A ring number equal to zero shall mean that the pointer
has not been linked.
The PVA stored when a Ring Number Zero interrupt occurs for a
Call instruction shall point to the call instruction which attempt-
ed the central memory access which resulted in the Ring Number
Zero condition. See 2.b-.1-.2.
The PVA stored when a Ring Number Zero interqupt'ocqurs for a
"Load A" instruction shall point to the rext instfuction which would
have been executed if the interrupt had not occurred. See 2.2.1.hb
and 2.2-1.7.

2.8.%-14{ Outward Call/Inward Return

The outward call/inward return bit in the Monitor Condition Reg-
ister. if set. shall indicate that an outward call or an inward
return has been attempted by the processor. An outward call
shall have been attempted if the call instruction attempts a

call to a procedure with a ring number larger than the ring
number of the procedure which contains the call instruction. An
inward return shall have been attempted if the return instruction
attempts a return to a procedure with a ring number smaller than
the ring number of the procedure which contains the return in-
struction. See 2:b:1.2 and 2.b-1l.4. :

The PVA stored when an Outward Call/Inward Return interrupt occurs
shall point to the instruction which attempted the outward call or
inward return.
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2-8.1.15 |

Software Error Log

The software error log bit in the Monitor Condition Registera if
sets shall indicate the need for software to log the occurrence
of errors which the hardware has detected and corrected. These
error conditions shall include:

a. The central memory corrected error register{s} is full.
This error register{s} logs corrected errors in central
memory for the port{s} used by this processor.

b. Other processor model dependent errors shall be specified
in the appropriate processor model dependent specification.

The PVA which shall be stored when a Software Error Log interrupt
occurs shall point to the instruction which would have been ex-
ecuted if the interrupt had not occurred.

Trap Exception

The trap exception bit in the Monitor Condition Register. if seta
shall indicate that a fault was detected during the trap interrupt
operation. The fault detected shall be indicated by setting the
appropriate bit in the Monitor Condition Register. Thus at least
one other Monitor Condition Register bit shall be set whenever

the trap exception bit is set.

The PVA which shall be stored when a trap exception interrupt
occurs shall be the PVA of the instruction which would have been
executed had the trap interrupt. associated with the trap ex-
ception. not occurred.

Monitor Mask Register

The Monitor Mask Register shall be used by the system to enable
an exchange interrupt to occur when the processor is in job mode
and a bit in the Monitor Condition Register is set. There shall
be an individual bit in the Monitor Mask Register for each bit
in the Monitor Condition Register.

Table 2.8-1 defines the Monitor Mask Register bit numbers as well
as the action that shall take place for each bit in the Monitor
Condition Register under various circumstances.

i User Condition Register

The User Condition Register shall contain 1k bits. Each bita
when set. shall indicate that a particular condition has occurred

GRIUATE
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in the processor. UWhen a bit in the User Condition Register sets- 2-8.3.3 - Free Flag
a trap interrupt shall occur if the trap interrupt is enabled.
Enablement of a trap interrupt shall include - the Trap Enable The free flag bit in the User Condition Register. if set. shall
flip flop is set. the Trap Enable Delay flip flop is not set. indicate that this process shall take immediate note of a sit-
and 1_:hg User Mask Register bit which corresponds to the User uat}on which occurred when this process was not in active exe-
Condition Register bit is set. cution.
Table 2.8-2 shall define the bit number assignments for the User A process' free flag shall normally be set in the process' ex-
Condition Register and the action to be taken by each bit in change package when the exchange package is in central memory.
various environments. , I!In th}s ways a system process shall gain the object process'
immediate attention the next time the object process begins
A User Condition Register bit once set. shall remain set until active execution.
cleared by a master clear. by a "Branch and alter Condition .
Register™ instruction {reference number 134}, when the instruction The PVA which shall be stored shall point to the instruction
has specified that the bit shall be cleared. or by alteration which would have been executed if the Free Flag interrupt had
when the Condition Register'is held in an Exchange Package in not occurred.
central memory.
: . Action taken when
Each bit in the User (Condition Register is defined in the sections Condition occurs
which follow.
y . User )
2.8.3.1 i Privileged Instruction Fault . Congitli(on Trap Disabled

PR s . X N N gli-t as Trap Job Monitor
'!'he privileged instruction fault bit in the User Condition Reg- | Number User Condition Name Enabled xx Mode Mode
ister. if set- shall indicate that one of the following faults _
has occurred. 00x Privileged Instruction Fault Trap Exchange Halt

: 0lx Unimplemented Instruction Trap Exchange Halt

a. An attempt was made to execute a local privileged instruction pa2x Free Fla% 3 ‘1l'_r'ap §§a<t §§ad‘:
in other than local privileged executable mode or in global ' o3z Process Interval Timer rap ac ac

A - Exch Halt
privileged executable mode. See 2.hb.2. i1 Critical Prans Flag Trap Exchange | Halt

b. An attempt was made to execute a global privileged instruc- Ob* Keypoint Trap Stack Stack
tion in other than global privileged executable mode. See 0? Divide Fault . Trap Stack Stack

2-be3. . 08 Debug Trap N/A N/A

. . 09 . x Arithemtic Overflow - Trap Stack Stack
The PVA which shall be stored shall point to the instruction which i Exponent guerfiou Trap Stack Stack
. . . . xponen nder W ra
caused the Privileged Instruction Fault interrupt to occur. 12 F.pp. Loss of Significance -,.,.ag Stack Stack
. 13 F. P. Indefinite Trap Stack Stack
2.8.3.2 | Unimplemented Instruction 4 % Decimal Loss of Significance | Trap Stack Stack
i : 15 x Invalid BDP Data Trap Stack Stack
The unimplemented instruction bit in the User Condition Registera -
if set. shall indicate that an instruction operation code which ;Hfsk b‘ét istermanentlyS;et
is not implemented in a particular processor model has attempted : alt - Stop Processor. SP can intervene and restart processor..

3 3 s A . Stack - Test fo ortunity to Tr or Exchange. each instruction fetch.
execution in that processor model. The implementation of this N/:c- Note:ppli:a?x‘l’z-r Debu;’ cundi:?un cannot gc;.ur when Traps are disabled.
bit is processor model dependent and shall be fully specified {Houever. once Debug Trap occurs. condition bit should be reset by
in the appropriate processor model dependent specifications. software prior to re-enabling Trap}.

| *x See 2.8.3 for the definition of "Trap Enabled”
The PVA which shall be stored shall point to the Unimplemented - Table 2.8-2

m@mﬂ@m@s@mﬁﬁch caused the interrupt to occur. Bﬂ@mﬂ[@m@ E]JBBU ”E:hr;"diii‘m Register and Hask Regism.. it setintcions
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2-8.3.7

Process Interval Timer

The process interval timer bit in the User Condition Registera
if set. shall indicate that the process interval timer has
decremented to zero. See 2.5.3.2.

The PVA which shall be stored shall ﬁoint to the instruction
which would have executed if the Process Interval Timer inter-
rupt had not occurred.

Inter-ring Pop

The inter-ring pop bit in the User Condition Register. if seta.
shall indicate that an attempt was made to "pop" a stack frame
in one ring with a Pop instruction {reference number 118} ex-
ecuting in a different ring. See 2.b.1.5.

The PVA which shall be stored shall p01nt to the Pop instruction
which attempted the inter-ring pop-.

Critical Frame Flag

The critical frame flag bit in the User Condition Registera
if set. shall indicate that an attempt was made to "pop". or
"return” from. a critical stack frame. See 2.b.1.Y4 and 2.b.1. 5.

The PVA which shall be stored shall point to the Return instruc-
tion or the Pop instruction which attempted to "pop1" or "return”
from- a critical stack frame.

Keypoint

The keypoint bit in the User Condition Register. if seta ‘shall
indicate that a selected keypoint 1nstruct10n has been executed.
See section 2.7 and subparagraph 2.b.1

The PVA which shall be stored shall point to the next instruction
which would have been executed if the keypoint interrupt had not

i occurred.
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2.8.3.8 | Divide Fault
For the definition of this condition. see the instruction des-
criptions in subparagraphs 2.2.2.4%. 2.2.2.9 and 2.3.3.1.
The PVA which shall be stored shall point to the instruction
i in which the divide fault occurred.
2.8.3.9 Debug
For the definition of this condition. see the debug description
in section 2.7.2.
The PVA which shall be stored shall point to the instruction
which caused the Debug interrupt to occur. <{For the purposes
of this definition an instruction fetch shall be considered
part of the execution of that instruction and a branch taken
shall be considered part of the execution of the branch in-
struction.?}
2-8.3.10| Arithmetic Overflow
For the definition of this condition. see the instruction des-
criptions in subparagraphs 2.2.2.1
through 2.2.2.9+ 2.3.3.3 and 2.4.2.2.
The PVA which shall be stored shall point to the instruction
which would have been executed if the Arithmetic Overflow trap
interrupt had not occurred.
2.8.3.11! Exponent Overflou
¢ For the definition of this condition. see the descriptions in
. subparagraph 2-Y4.1.3 and 2-Y4.1.k~ item a-.
i
i The PVA which shall be stored shall point to the instruction
? which would have been executed if the Exponent Overflow trap
interrupt had not occurred. .
i
£.8.3.12 { Exponent Underflow

i For the definition of this condition. see the descriptions in

! subparagraphs 2.4.1.3 and 2.4.1.k~ item a.
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The PVA which shall be stored shall point to the instruction
which would have been executed if the Exponent Underflow trap .
interrupt had not occurred. . -
2.8.3.13 Floating Point Loss of Significance
For the definition of this condition see subparagraph 2.4.1.k-
2.4.3.1 and 2-4.3.3. . o
The PVA which shall be stored shall point to the ibstruction ’
which would have been executed if the Floating Point Loss of
Significance trap interrupt had not occurred-. '
' 2.8.3.14 Floating Point Indefinite )
For the definition of this condition see subparagraphs 2-4.1.3
and 2.Y4.%.b~ item b. o
The PVA which shall be stored shall point to the instruction
which would have been executed if the Floating Point Indefinite
trap interrupt had not occurred. : i
2.8.3.15 Decimal Loss of Significance
For the definition of this condition see paragraph 2.3.3.
The PVA which shall be stored shall point to the instruction
which would have been executed if the Decimal Loss of Signi-
ficance trap interrupt had not occurred.: .
a.a.a.lbl Invalid BDP Data ‘
For the definition of this condition see paragraph 2.3.3 and.
subparagraph 2.3.3.3. . 7 C
’ The PVA which shall be stored shall point to the instruction
| which would have been executed if the Invalid BDP Data
" trap interrupt had not occurred. . i
2.8.4 User Mask Register

The User Mask Register shall be used by the user processes to

permit a trap interrupt to occur when a bit in the User Condition

Register is set. provided the corresponding bit in the User Mask
Register is set. the Trap Enable Delay Flip-flop is clear. and
the Trap Enable Flip-flop is set. There shall be an individual
bit in the User Mask Register for each bit in the User Condition
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Register. A User Mask bit when not set shall disable a trap

2.8.5

NEHI]

interrupt from occurring.

Table 2.8-2 defines the User Mask Register bit numbers and also
defines the action that shall take place for each bit in the
User Condition Register under various circumstances. Bits 00
through Ok of the User Mask Register shall be unconditionally
interpreted as equal to ones.

Exchange Interrupt Operation

Exchange interrupts shall be that class of interrupts which cause
a change from a Job Process state to the Monitor Process state.

The Monitor Process state shall contain a small program which con-
tains only the most basic operations necessary to recognize and
provide for subsequent action on exchange interrupt conditions.

The hardware shall disable further exchange interrupts while the
processor is in the monitor process state. Exchange interrupts
shall be caused by those bits in the (ondition Registerswhich are
ideﬂntg.fied as exchange interrupt conditions in Tables2.8-1 and
2.8-2.

The exchange package {see Figure 2.5-2} shall be contained in
central memory at separate locations for each process. The exchange
package shall be used to establish the environment for each process
when the process is activated. An exchange operation shall de-
activate one process and activate a second process.

The exchange operation shall consist of moving the environment for
the current process state into its central memory locations and
establishing the environment for the next process state by moving
~.it from its central memory locations. i

The number of items in the exchange package held in registers when
a state is active shall be processor model dependent and shall be
fully specified in the processor model dependent specifications.

The PVA stored in the P Register portion of the Exchange Packagea
for.each condition that can cause an exchange interrupte is defined
in each Condition Register bit definition {see 2.8.1 and
2.8.3}. The same definition for the PVA stored shall apply when an
exchange interrupt is forced to become a trap interrupt. except
Fhaz tge PVA shall be stored in the Current Stack Frame Save Area
instead.
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2.8.5.1

2.8.5.2

Notes:
for execution by loading the job process state pointer register with

Job Process to Monitor Process Exchange

The hardware shall perform the following steps when doing a Job
Process to Monitor Process exchange.

a. Store the current job process state exchange package in
central memory beginning at the address contained in the
job process state pointer register.

b. Disable Exchange interrupts.

ce Load the monitor process state exchange package from central
memory. beginning at the address contained in the monitor
state pointer registera into the processor ei.’ironment reg-
isters.

Exchange interrupt conditions which occur in the monitor process
state whilg traps are enabled shall be trapped.

Exchange interrupt conditions which occur in the monitor process
state while traps are disabled shall be held until traps are
enableda in which casea a trap shall be taken3 or held until an
exchange has been made back to a job process statea in which case
an exchange interrupt shall be taken. For those cases in which
continued processor ‘execution is impossible or likely to destroy
information. the processor shall halt. The SP may then take
appropriate action such as terminating the job and/or removing
the processor from the system.

See Tables 2.8-1 and 2.8-2 for the definition of how the conditions
arq_handled under various circumstances.

Monitor Process to Job Process Exchange

The hardware shall perforh the following steps when performing
a monitor process to job process exchange. {See 2.b.l.k}.

a. Store the monitor process state exchange package in central
memory beginning at the address contained in the mon1tor
process state pointer register.

b. Enable exchange interrupts

c. Load the job process state exchange package into the processor

environment registers from central memory beginning at the
address contained in the job process state pointer register.

The monitor process shall establish the next job process

the central memory location of the next job's exchange package.
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2.8.5.3

External Interrupt

External interrupts are inter-processor interrupts which shall
cause an interrupt to occur in the processor uwhich receives such
a signal. The purpose of the external interrupt shall be to
permit efficient inter-processor communication.

Messages shall be passed between processors via central memory
Refer to the -IPLOS GDS- for details.

External interrupts shall be generated by the "Interrupt Processor
per j and {Xk} Right" instruction {Reference number lEE}- See
2.b.3.1.
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2.8.k

Trap Interrupt Operation

Trap Interrupts shall be accomplished by simulating a Call
instruction to an external procedure.

A Trap Frame shall be established in the manner described in
subparagraph 2.5.4.1 of this specification. This Trap Frame
shall be used to store the "environment™ of the "trapped” pro-
cedure.

Code Base and Binding Section Poinhters shall be o“tained by using
the PVA contained in the Trap Pointer Register in place of the
"{Ai} plus BxD" as utilized by the explicit Call instructiona
{described in subparagraph 2.b.L.2 of this specification}. which
the Trap Interrupt shall simulate.

All exception conditions which result from the simulation of the
Call instruction. shall result in an Exchange Interrupt. Such
exceptional conditions shall set the "Trap Exception™ bit in

the Condition Register.

The Call instruction shall be simulated by means of the sequence
described in 2.b.1.2 with steps i and k omitted and step b accom-
plished as follows: The Dynamic Space Pointer initially contained
in Register AD. shall be increased by 2L4 {decimal?} and the re-
sult shall be stored into the process' Exchange Package as the

Top of Stack pointer corresponding to the ring of execution of

the "trapped™ procedure.

Unless the Code Base Pointer's External Procedure bit is equal

to a one. an Environment Specification Error shall be detected-
the Trap Interrupt shall be inhibitied. and an Exchange Interrupt
or a processor halt shall occur. {See Table 2.8-1%}.

The trap operation shall be disabled by hardware immediately upon
the occurence of a trap. The trap operation may be re-enabled by
software after the condition causing the trap has been sensed and
cleared. See paragraph 2.5.2.20.

ALl bits in the Condition Registers which are identified as trap
interrupts shall cause a trap interrupt when set. under the
circumstances described in Tables 2.8-1 and 2.8-2.
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User processes shall have control over whether a user condition
will cause a trap. via the User Mask Register. Bits in the
User Mask Register when set shall permit corresponding User
Condition bits to trap. Several of the User Mask Register bits
shall be permanently set and are specified in section 2.8.4.

Trap Conditions which occur when traps are not

enabled shall in some cases become exchange interrupts. {Alsoa
when the processor is in Monitor mode. the processor shall
halt.} Table: 2.8-2 defines how each User Condition bit is
handled for these circumstances. :
The PVA stored in the P Register portion of the Current Stack
Frame save area. for each condition that can cause a trap
interrupt. is defined in each Condition Register bit definition
in paragraphs 2.8.1 and 2.8.3.

Multiple Interrupts

When more than one bit is set in the Condition Registers {Monitor
and User} the following priority shall be observed:

a. Exchange interrupts shall be serviced before trap interrupts-

b. Within either type of interrupt. the priority listed in
Table 2.8-3 shall be observed. : :

Priority group 3 in Table 2.8-3 specifies the priority which
shall be used in testing for conditions within this group. The
first condition found within this group shall cause testing

for lower priority conditions to terminate.
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Priority Group

Condition Register Bit

Group Characteristics

1.

2a.

2b.

Processor Malfunction
Memory Malfunction
Real Address Out of Range

System Interval Timer
Software Error Log
External Interrupt
Free Flag

Process Interval Timer

System Call

Keypoint

Arithmetic Overflow

Exponent Overflow

Exponent Underflow

F.P. Loss of Significance
F.P. Indefinite

Decimal Loss of Significance
Invalid BDP Data

Instruction Specification Error
Address Specification Error
Invalid Segment

Access Violation

Environment Specification Error
Page Table Search without Find
Ring Number Zero

Outward Call/Inuward Return

Trap Exception

Privileged Instruction Fault
Unimplemented Instruction
Inter-ring Pop

Critical Frame Flag

Divide Fault

Debug

Mid-execution faults

Between Commandsa,
Not Instruction
Generated

Between Commandsa
Instruction Generated

Instruction Generateda
Pre-tested before
execution.

Table 2.8-3 (ondition Registers - Bit Groupings

{Highest priority at top of Group 3. lowest priority at bottom of
Group 3. except where otherwise specified by individual instruction
descriptions}

NGRIGOEIERIVANE

2.9 Buffers

Two buffers to increase processor performance may be included in
the processor. These buffers are described in the following
sections. The existence. size. performance. and organization of
these buffers shall be processor model dependent.

2.9.1 Map Buffer

The Map Buffer shall be a high speed memory used to eliminate
repeated references to the segment tables and the page table.

Map sizeq/operation and entry replacement algorithm shall be
processor model dependent.

2.9.2 Cache Buffer

The Cache
to reduce
used more

Buffer shall be a high speed memory which shall be used
the access time to central memory for words which are
than once.

Cache size. operation. and entry replacement algorithm shall be
processor model dependent. ’ : :

2.10 Interfaces

2.10.1 Central Memory
The processor central memory interface shall be compatible with the
central memory interface specified in 4.1l.3 & 4.2 of this speci-
fication. Compatible shall mean that all signals and operations
shall be provided as specified in Y4.1.3 & 4.2 except that trans-
mitted. signals become received signals and vice versa.

2.10.1.1 Processor Central Memory Port Selection

Each processor shall provide the means for accommodating two ports
to central memory as previously described in paragraph 1l.3.3 of this
specification.

a. lWhen these two ports are connected to independent memoriesa
as illustrated in Figure 1.3-3 of this specification. the
) processor central memory port used for any given central
i . memoiw access shall be determined by the state of bit 03 of
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the Real Memory Address. {See 3.1.3}. as used for the cen- . : ‘ne
tral memory access. If the bit is set. port 1 shall be 2.13.2° Service Processor
used. If the bit is clear. port 0 shall be used.
Note: UWhen used in this manner. bit 01 of the Real Memory The Service Processor {SP} Interface shall carry the fundamental
address {RMA} shall not be transmitted to central memory. signals which are necessary for control. maintenance. and_initial-
ization of the processor. The SP Interface shall be identical for
upper IPL Processors P2. P3 and PY.
For redundancy. each, processor shall contain two Service Processor
Interfacesa a primary and a backup. A"suwitch"shall select one and
only one of the interfaces to be active at any given point in time.
b. UWhen only a single port is present- as well as when two
ports are connected to the same memory according to the
" illustration in Figure 1.3-1 of this specification. a The following capabilities. shall be included:
"switch™ shall select the port to be active at any given
point in time. Moreover. the RMA shall be neither trans- -. Master (Clear
lated nor modified in the manner described in item a.of -
this subparagraph. Start {Processor}
= Halt {Processor}
Note: . At a minimum. the state of this "switch™ shall be - s
controlled by the service processor. {SP}. Read Registers
- UWrite Registers
= Urite Control Memory
- Read Control Memory
= Clear Selected Error
Additional information to be supplied at a later date.
2.10.3 Performance Monitoring

The performance monitoring interface shall provide the following
information with respect to keypoint {See 2.bk¢l.? and 2.7.1.2}:

Keypoint Code Number 4 bits
Keypoint Code 32 bits
Keypoint Data Ready 1 bit

In addition to providing keypoint data. the objectives for the
performance monitoring facilities are as follous:

a. A single external device for the. acquisition of performance
monitoring data.
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A single software system for the analysis of performance
monitoring data thus acquired.

A single interface to both IPL Hardware and IPL Software.

Hardware/Firmware implementation:

Two 32-bit Counters

All events independently selectable into each counter
Exchange Package bits to enable counting

8-bit op-code and 8-bit op-code mask

Model-independent events {with the exception of Phase I IPL}:

Number of central memory references
Number of exchange jumps

Number of page faults

Number of external interrupts

- Number of Map misses

Nmmber of Segment Table references

Number of Page Table references

Number of executions of a masked op-code
Number of BDP result fields less than 9 bytes
Number of BDP result fields greater than 8 bytes

. Time - 1 M hertz Free-running counter

Number of Instruction issues.
Number of central memory operand read references

“Number of central memory operand write references

Model-dependent events:

Number of Branches out of stack

Number of Branches in stack

Number of Instruction "block" references

Number of minors waiting for central memory

Number of minors waiting for result conflict resolution
Number of Cache read referencesi search.

Number of Cache read referencesi find.

First Level/Second Level Cache monitor selection.
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3.0
3.1

311

3.1.2

VIRTUAL MEMORY MECHANISM

General Description

IPL central memory shall be addressed by means of virtual memory
addresses. This section concerns itself with the definition-
formation and translation of virtual memory addresses as well

as the access protection mechanisms provided in IPL systems.

Levels of Addresses
Mithih IPL systems. three levels of central memory addresses

shall be recognized: Process virtual address {PVA} system
virtual address {SVA}. and real memory address {RMA}..

Each process virtual address {PVA} shall consist of three
major components: A segment number {SEG}. a byte number {BN}
and a ring number {RN}. The process virtual address shall be
local to a process and shall be translated into a global.
system virtual address {SVA} by means of the process segment
table. The translation process shall consist of converting

" the process segment number {SEG} into the system's active
segment identifier {ASID} and checking the appropriate access
controls to the segment.-

To address central memory. the system virtual address {SVA}
shall be further translated into the real memory address {RMA}

through the .system page table. Each paged segment shall be divided

into pages and shall be allocated into real memory accordingly.

Address Components

The process virtual address {PVA} shall gonsist of a segment
number {SEG}. a byte number {BN} and a ring numbgr {BN}- The
RN shall be used for access control and the combination of the
SEG and BN shall specify a byte address.

The system virtual address {SVA} shall consist of an active segment

ijdentifier {ASID} and a byte number {BN}. Within the SVA. the

" BN shall be further divided into subfields. The BN shall consist

of a page number {PN} and a page offset {P0}.
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3.1.2.1

3.1.2.2

The concepts of segment and page are discussed in the
following sub-paragraphs.

Segments

In IPL systems. data and programs shall be organized into units
consisting of segments. Each segment shall be defined to be a
contiguous bit-string of information with a maximum length less
than or equal to 231 pytes. An instruction {or datum} shall be
identified {addressed} by the segment name to which it belongs
and the byte name within the segment where it is located. The
segment shall be defined to be the basic unit of information
sharing among different processes. 1In order to retain a level
of flexibility in naming. each process shall identify a segment
with its own {process} segment number. The l2-bit process seg-
ment number shall be translated into a lb-bit system {globall
segment identifier. called the active segment identifier {ASID}.
by means of the process segment table. The process segment
table shall effectively define the process virtual addressing
space. The l2-bit process segment name shall limit the maximum
number of addressable segments by a process to 409k.

The lb-bit active segment identifier {ASID} shall consist of

a segment name used by the system to identify each segment
currently active in the system. To each active segment. one

and only one ASID shall be assigned even though it might corres-
pond to more than one process segment number. From the per-
spective of the system softwarea. the ASID shall provide a "short"”
name for the more permanent segment {file} name used in the IPL
information storage subsystems. The translation from the per-
manent nane to the "short™ ASID shall be accomplished by the

sof tware.

Pages

To facilitate mapping segments into real memory. and to enable
management of the very large central memories envisaged for the
IPL. the segments shall be subdivided into pages. Page
sizes shall vary between a minimum of 512 bytes and a

maximum of b4k bytes. d{INote: for Phase I IPL the maximum page
size shall be 8k bytes}. In ay given processor. the page size
shall be fixed. Within each page. addressing shall be performed
to the byte. The total hierarchy thena shall be:
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Figure 3.1-1: Address Component Hierarchy

It must be noted- however. that in general. users shall refer

only to a segment and a byte number within a segment. Pages

shall be transparent to the user in much the same way that central

memory banks shall be transparent to users in real memory.
3.1.3 Real Memory Address

The Real Memory Address {RMA} shall be defined as a 32-bit byte
address with the leftmost position - referred to as
the sign bit . according to the following format:

. [Eee——= :

00 01 31

The actual central memory size shall be a system installation
parameter. Addr9551ng central memory with an RMA which exceeds
the actual size of central memory. or with a negative RM A+ shall
generate a Real Address Out of Range interrupt.

Phase I IPL shall be size-limited to a Maximum Real Hemory {RMAT
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| of 1k million bytes {24 bits of RMAZ.

Access Protections

Having established an environment in which many users may share
code and data it is a requirement that a suitable protection
mechanism be provided so as to insulate the individual users
from each other. Four facilities are provided to guarantee
interprocess and intraprocess protection. The interprocess
protection shall be achieved via the process segment table
which defines the address space of a process. The intraprocess
protection shall be achieved by means of ring and key/lock
facilities. Within the process address space. segments shall
be organized into a privileged hierarchy according to the ring
numbers associated with each of those segments. Ring one shall
be the most privileged ring while ring 15 shall be the least
privileged ring.

In general. a procedure executing in a particular ring shall
have access to code and data in that ring and in any ring out-
side. {having a greater ring number than}. its own. Access to
inner rings can only be made through carefully controlled entry
points. The key/lock facility shall be used to partition the
process address space into several subspaces-’ In general. a
procedure executing in a partition with a given key/lock shall
have controlled access to the code and data of other partitions
hav1ng different key/locks. When both key/lock and
ring facilities are used. the process address space shall be
organized with a vertical privileged hierarchy complemented by
horizoatal partitions.

Process Virtual Address

The following paragraphs define the format of the process virtual
address and the logical algorithms used for translating the pro-
cess virtual address into the system virtual address.

Format

The process virtual address {PVA} shall constitute the effective
address presented by a program {process} to address the central
memory. The formation of the PVA shall be determined by the
instruction repertoire and the manner in which the various fields

NGRIGOGIRRIVANE
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from each instruction shall be used to form the effective address. STL. The process segment table shall effectively define the

3.2.3.1

3.2.1.2

3.2.1.3

3.3

NEHIE

The format of the PVA shall be as follows:
b 1] b

SEG S

e

Ring Number

The ring number {RN} shall consist of a four bit field contained
in bit positions 1lb through 19 of each PVA. It shall be used for
access validation as discussed in section 3.h.

RN shall also be used as a special flag such that a ring number
of zero. {RN = 0} shall denote an unlinked Pointer. See 2.8.1-13.

Segment Number

The segment number {SEG} shall consist of a l2-bit field con-
tained in bit positions 20 through 31 of each PVA. It shall be
used to identify a single segment from all other segments add-
ressable by the process.

Byte Number

The byte number {BN} shall consist of a 32-bit field contained

in bit positions 32 through kL3 of each PVA. It shall specify
the byte location {or displacement} within a segment. Bit
position 32 of each PVA shall constitute the sign bit of the BN
field and must be in the zero state. 1In the one.{negativel}
states this bit shall generate an Address Specification interrupt
at the time it is used to address central memory.

Process Segment Table

The process virtual address shall be translated into the system
virtual address by means of the process segment table. The
process segment table shall be spacified by two values: the
segment table address {STA} and the segment table length {STLZ}.
The 'STA shall represent the real address of the first entry of
the process segment table. Each entry within a segment table
shall be bY-bits long and shall be accessed by indexing the STA
with the appropriate segment number. The STL. plus one-

shall represent the number of usable entries in the associated
segment table. The segment number. {which is applied as an’ .
indqx to the STA¥must be less than or equal to the value of the

U (PR

3.3.1

process virtual address space. The maximum number of entries
which may be contained in a segment table shall be 409b-

Segment Descriptors

Each of the bi-bit entries contained in the segment table shall
be referred to as segment descriptors and shall be formatted as
follous:

2 ]
VL | XP | RPJUP R1 Re2

SRUAVAAMHEAVRATAARAARIARANY

L 8 2 L V 3
ASID

32

GL | Key/Lock
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3.3.1.1 Control Fields

The 8 control bits contained in each segment descriptora {bit

positions 00 through 07}. shall be
referred to as VL.~ XP. RP. and UWP.
shall be decoded and translated as

VL

0o Invalid Entry

01 {Reserved}

10 Regular Segment

11 Cache By-Pass Segment

oo Non-Executable Segment
01 Non-Privileged Executable

Segment

10 Local Privileged Executable
Segment

11 Global Privileged Executable
Segment

grouped into 4 2-bit fields
Each of these four groups
follows:

RP

00 Non-Readable Segment
01 Read Controlled by Key/lock

10 Read Not Controlled by Key/
11 lock o

Binding Section Segment-Read
not Controlled by Key/Lock

(a]s] Non Writable Segment
013 UWrite Controlled by Key/lock

10 Write not Controlled by Key/
lock

11 {Reserved?}

Notes. Binding Section Segments shall be created by the System
software {Linker} and shall be used during the execution of Call
instructions as described in Section 2.b of this specification.

Read. Write and Execution privileges are described in Section

3.b of this specification.

3.3.1.2 Access Validation Fields

The R1 anh R2 fields shall -all consist of Y4 bits each. 6L shall

be a 2-bit field and key/lock a

b-bit field. These fields

shall constitute inputs to the access control mechanism in

order to perform access validation
of this specification.

3.3.1.3 Active Segment Identifier

as described in Section 3.&

The active segment identifier {ASID} shall consist of a lb-bit
field and shall constitute a global name which identifies a
single segment from all other segments currently active in the

system.
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3.3.1.4

Conversion to System Virtual Address

The process segment table entries shall be used primarily to
validate central memory accesses. Howevera they shall also be
utilized to convert the PVA to a system virtual address {SVAZ}.
by substituting a lb-bit active segment identifier for the 1l2-
bit process segment number. The formation of the SVA is illus-
trated in Figure 3.3-1.
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System Virtual Address

This section specifies the format of the system virtual address
and the logical algorithms used for translating the system
virtual address into the real memory address.
address {SVA} shall represent a global address shared by all
processes active in the system. An SVA shall consist of an
active segment identifier {ASID} and a byte number {BN}. The
format of an SVA shall be defined as follows:

The system virtual

1k 32 . b3

T

ASID 0 © BN

55

7
PN P PO

33 48

SVA

Vi ("
N 7

Active Segment Identifier

The active segment identifier {ASID} shall consist of a lk-bit
field contained in bit positions 1k through 31 of the SVA. The
ASID shall represent a global name that identifies the segment
from all other currently active segments in the system. Two
processes which are sharing a segment may have different
{process} segment numbers {SEG} to address that segment. but
must have the same ASID.

Byte Number

The byte number {BN} shall consist of a 31-bit field contained
in bit positions 33 through b3 of the SVA. It shall specify
the byte location {or displacement} within a segment.
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3.4.2.1

3. ""E'a

3.4.2.3

Within the BN. the address translation mechanism shall further
recognize two subfields: a page number {PN} and a page offset
{PO}.

Note. It must be stressed that these subfields are recognized
only by the address translation mechanism and are transparent
to general programs.

Page Number

The page number {PN} field shall be variable in size and range
from 15 to 22 bits. as determined by the page size ¢f the system.
The page size shall be fixed on a per installation basis ard
shall not vary while the system is running. The actual size of
the page number field shall be contained as a mask in the page
size mask register.

Page Size Mask Register —
The page size mask register shall be set such that its use

against bits 48 through 54 of 'the SVA shall allow the separation
of the page number from the page offset. Bit positions 33

through 47 of the SVA shall be automatically included in the page

numbers and bits 55 through b3 shall be automatically included
in the page offset. The page size mask shall consist of ? bits
and shall represent a logical prefix vector with {?-U} ones.
followed by U zeros. where the page size is 2Y x 512 bytesa

For example- U=2 yields a page size of p E+q}=enu5 bytes.

The corresponding page size mask would be set to : "1111100."

Page 0ffset

The page offset {P0} shall represent the displacement of the
central memory location to be accessed relative to the page
boundary. This field shall vary with the page size and range
from 9 to 1k bits.

The formation of the page number and the page offset from the
byte number and the page size mask is illustrated by Figure
3.4-1 as follows:
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3.5 System Page Table 3.5.1.1  Control Fields
System virtual addresses shall be translated into real memory The four control bits in sk
positions 00 through 03 shall be grouped
addresses by means of the system page table. The system page into two 2-bit fields referred to as VC and UM. These fields
table shall be specified by two values: the page table address shall be decoded and translated as follows:
{PTAY and the page table length {PTL}. The page table address
shall represent the real address of the first entry of the system Ve
page table on an integral page table length boundary. Each page table — X i
entry shall consist of bli=-bits. The desired entry in the page oo invalid entry. stop search
table shall be located by means of a combination of indexing and : : s
linear searching. The indexing value shall be obtained by hashing ol 1nv?11d entry. continue search
the S/PAGEID. which represents the combination of ASID and PN. 10 valid entry. stop search
Page table length shall consist of a mask which shall serve to : :
force the index used to access the page table to be modulo the size i1 valid entry. continue search
of the table.
’ un
Page table length shall consist of & bits and shall also specify oo fresh page
the length of the System Page Table as 2" x 409k Bytes for n=0.1.
210s+18. The minimum page table length shall be 409L bytes and 01 {reserved}
the maximum page table length shall be 1 million bytes. 10 used but not modified
) 11 used and modified
The system page table size shall be determined by real central The search control codes shall provide the means for controlling
memory size and the page sizes and shall usually be 2-4 times the search of the page table for the proper SVA. They shall
larger than the number of available page frames. specify whether the page table search shall be continued to the
.c. : next page descriptor when no match for the SVA is found within
3-5:1 Page Descriptors the current page descriptor. The used and modified codes shall
s . s indicate whether the page table entry has been used for address
System page table entries shall consist of Lui-bits each. and in . p .
shall be referred to as page descriptors. Each page descriptor t:g?f%ZSIO“’ and when used. if the real memory location was
shall identify a page frame to be accessed as well as record usage modified.
of that page frame. Page descriptors shall be formatted as 3.5.1.2 Segment/Page Identifier {S/PAGEID}
follows:
The 38-bit Segment/Page Identifier field shall identify the
System Virtual Address for the Page Descriptor Entry. It
shall include the lbk-bit ASID and the 22-bit Page Number. For
a system in which the page size is larger than 812 bytes. i.e..
vC um SEGMENT/PAGE IDENTIFIER {38} PHYSICAL ADDRESS {22} Page Number less than 22 bits. zeroes shall be correspondingly
o 5 EM 1 iz % I added in the rightmost bit positions.
3.5.1.3 Physical Address

y The 22-bit Physical Address shall be used as .a physical
. Page Frame Address.
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Uhen the page size is larger than 512 bytes. zeros must be present
in the rightmost bit positions to obtain proper:alignment. A 31-
bit physical address shall be obtained as a result of address
translation.

Allocation of Page Descriptors
Location of a Page Descriptor in the Page Table.

In order to facilitate their retrieval when necessary. a Page
Descriptor associated with a given page frame is located within
the System Page Table according to the following fixed procedure.
There is a pseudo randomizing function {hashing function}. Ha
which maps a 38-bit field into a lbk-bit field.

algorithm.
NOML {SVA} = {H{ASID|PNIA{PTL|11111 111 3}}|0000 @ee Fig. 3.s-ﬂ
Where NOML is a 20-bit byte displacement. ASID|PN is the con-

catenation of ASID and PN of the System Virtual Address.
PTL is the Page Table Length Mask: "A"™ is a logical-AND. "|"
denotes bit concatenation.

The NOML {SVA} is the displacement from the origin of the System
Page Table {PTA}. NOML {SVA} identifies the first L4-bit entry
which is a candidate to be associated with the specified SVA.
Successive candidates' displacement shall be obtained by adding
eight {modulo Page Table Length} to the previous displacement.

Search for Page Descriptor in the Page Table

The Search for Page Descriptor Algorithm accepts as a parameter
of a System Virtual Address and produces as a result either a
physical address pointer to the proper Page Descriptor entry or
a flag indicating Ne Descriptor Found. The search algorithm

is described in the following pseudo program:

Search PD : COUNT = 1 .
J = NOML {SVA}} see Figure 3.5-2 for 1st™K™
L ¢ K = {PTA}| J
ENTRY = Page Descriptor {K}
if {VC = 00 A {NOT PRE-VALIDATED} then go to 3
if {VC = OL}A {NOT PRE-VALIDATED} then go to 2
if {S/PAGEID = ASID|PN} then go to 4
if {VC = 10} then go to 3

"NOT PRE-VALIDATED"™ means that the page
has not been previously found in the page
table as part of the current instruction’'s
execution.
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J = {J+8}A{PTL|111111111111}4g0 to

return {ENTRYZ}

if {COUNT = 32} then go to 3 else COUNT =

COUNT+1L
1

Set flag "No Descriptor Found™; return

This function
is used to evaluate the nominal Page Descriptor location associated
with a System Virtual Address {NOML{SVA}} according to the following

System Virtual Address
| . . s ' R
; ASID{1b} : ;PN

(

PO

I IR ]

according to page
size

right align {shift

oooo

0 PTA {leftmost 19 bits}

: AR
| . ol R H

N

€— 'Add 4 zerqé

PTL {8}

mask

r
Nominal Page
1

Ist™K"

o

~

-~

$.

-~

! .
~ .

3

{31-bit RMA}

. ‘Fiéuéé 3.5LE: Formatjon o

‘Descriptor Location

n e;ggtn'ﬂiggxng:'|_J

3.5.2.3
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Formation of the Real Memory Address {RMA}

The logical algorithm for translating a system virtual address
to a real memory address is depicted in Figure 3.5-1. The al-
gorithm to obtain the proper Page Descriptor in the System Page
Table has been described in the previous subparagraphs.

The dotted lines indicate the variations in field lengths which
are introduced by the variable page size.
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Translation of SVA to RMA
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3.k

Access Protection

Within IPL. the smallest unit of access protection which can be
specified shall be a segment. Four mechanisms shall be provided

to facilitate interprocess and intraprocess protections. The
interprocess protection shall be achieved by means of the process
segment table which shall define the address space of a process.
Three facilities shall be provided to achieve intraprocess pro-
tection. Segment Descriptor control fields shall be used to
specify whether Read. Execute or Urite access to a segment is per-
mitted. The ring structure shall be used to organize the segments
into a privileged hierarchy according to the ring number associated

with each of the segments. The key{lock facility shall be ysed t
partition the process access space into several Subspaces with on?y

" restricted access from one to the other. UWhen both ring and key/

lock facilities are used. the process address space shall be or-
ganized with a vertical privileged hierarchy complemented by
horizontal partitions.

Access Control fields.

The Execute- Read and UWrite access to each segment shall be con-
trolled by the XP. RP and WP fields of each associated Segment
Descriptor. The format and descriptions of the fields are speci-
fied in paragraph 3.3.1.1 of this specification.

Ring Hierarchy

The ability to grant access rights to a particular segment is not
sufficient control. and that mechanism is augmented by a technique
governing intra-process control. This technique is an extension
of the common two state {system state and user state} machines.
The IPL may operate in any of fifteen states. These states are
rings of protection. ~In general. segments in the same ring have
access to each other limited only by their prescribed access modes.
However. communication between segments in different rings is
carefully controlled. Passing control inwards {to a smaller ring
number} is achieved by providing the callee with a gate through
which the caller must pass. The most common example of this
process occurs when a user calls on the operating system to per-
form a task. To ensure protection when returning from an outward"
call. both outward calls and inward returns shall result in
interrupts and transfer of control to the operating system.
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3.k.2.3

Execute Ring Bracket

It is frequently convenient to allow a segment to execute in
several rings. This is accomplished by giving the segment an
exacute bracket. This bracket delimits the rings in which the
segment may be executed - always provided that the segment has
execute access granted by the XP field. The R1-R2 fields in the
segment descriptor are used to denote the rings of which a segment
may be a member.

Execute Access R1 £ P.RN £ R2

If a process is executing in a ring contained
in the execute bracket of a segment. and control is transferred
‘to that segment. then the ring of execution is.unchanged. {See
the Branch instruction description in sub-paragraph 2.2.3.k of
this specification?.

For the Call instruction. as described in sub-paragraph 2.b.l.2
of this specification. if the current ring of execution was
greater than the ring bracket,it would be set equal to the
greater ring number in the bracket. assuming the transfer of

. execution control is allowed.

Read and Write Limits

The concept of executering bracket is extended to read and

write protection. A process must be executing within the read

or write limit of a segment. and appropriate access must have
been granted for their operations to be executed. The conditions
for reading and writing a segment are given below.

Urite Access

PVA.RNZ R

Read Access

PVA.RN £ R2
Where the PVA.RN is the ring number contained in the A Register
with which the access is- being made.

Call Ring Limit {See 2.5.5 for Code Base Pointer Format}
When a procedure makes a call on another procedure executing in

same or inner ring bracket. the right to make the call must first
be validated. and the proper use of the gate must be checked. The

NERIIENBERIUATE
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authority to make the call has been given to the caller if:
PVA.RN& (B-R3 {Code Base Pointer = Ring 3}

and if it is entered via the proper entry points {gate}. To
further assure that the call is not made to an outer ring bracket.
a check on PVA.RN>R1l is also made. The control of the call gate
is implemented via the binding section which contains all the
allowable entry points {code base pointers} to a procedure. The
binding section is constructed by System Linker and is not modi-
fiable by regular procedures. The format of code base pointer

is described in Section 2. 5.5«

Key/Lock Facility

The Key/Lock is another protection facility that complements the
ring hierarchy for controlling the intraprocess access. It can be
used to partition procedures and/or data within the same ring
bracket into zones with restricted access between each other.
Functionally. the Key/Lock structure is an extension of conventional
storage key structure. The unit of protection. howevera. has been
changed from physical storage blocks into virtual segments.

The Key/Lock facility provides the following capabilities:
e Total firewalling between subsystems in the same ring
bracket.

e Total isolation of data in less privileged rings from
more privileged rings.

® Facile validation of access of call arguments on calls
between procedures of different keys. where one of the
keys is the master key.

® \UWrite control within a ring bracket running under the
master key {e.g.. process services}

® UWrite control of data in less privileged rings from
more privileged rings.
Formats of Key/Lock fields

The 8-bit field {Bit 32 to 39} of the Segment Descriptor
specifies the Key/Lock for the associated segment. The format
of the field is as follows.
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32 33 34 39 Conceptually each segment has two keys which can be tested on

Lol

The interpretation of the field for procedure and data segments
is as follows: {When Key/Lock is equal to zero. both 6 and L shall
be interpreted as zeroes} '

Key/Lock {Also- See 3.3.1}

Procedure

G L

0 0 G-master key/No Lock L-master key
1] 1 G-master key/No Lock L-b bit key

1 0 G-k bit key/Lock L-master key
1 1 G-b bit key/Lock L-b bit key

Data seqment

G L

0 0 G-No lock L-No lock

0 1 G6-No lock L-b bit lock
1 0 6-L bit lock L-No lock

1 1 G-b bit lock L-bk bit lock
Where G = global key/lock and L = local key/lock

Two different keys may be associated with the P-Register for the
executing segment. the format is as follous.

00 01 |02 p? |08 09|10 15
0 0 G Do L
e b 2 b
where master key = zero
G = global key
L = local key

QRGN BRIUATE

3.k.3.2

every accessi global to globala local to localawith access being
granted if both key/lock tests succeed. In fact. since there is
only one six-bit field in the segment descriptor word. it is only
possible for each segment to have one non-zero key so that in the
case where both the global and local keys are non—zerc they must
be the same. The only exception to this is the P register of the
machine where it is necessary to carry two non-zero non-identical
keys in order to support access validation on calls and write
control.

Access Validations

The key/lock is further controlled by the RP and WP controlled
field in the Segment Descriptor {Please refer to Section 3-.3.1.1
for the format of RP and WP}.

Read-Urite access

comparison only occurs
type of accessa i.e.a

For read or uwrite accesses the double key
if key/lock control is specified for that
RP = 01 and/or WP = 0Ol.

The G-key and L-key of the P-register are tested with the G-lock
and L-lock of the segment to be accessedi G to G and L to L with
access being granted if both key lock tests succeed. A test is
successful if: key equal to lock. or master keya or no lock.

Call/Branch {See 2.k.l.2 and 2.2.3.k. respectively}

For a Call or Branch. the P-register G-key is compared with the
G-lock of the "called” or "branched to" segment. A Call or
Branch is permitted if G-key equal to G-locka or G-master key. or
G-no locke. S

Note: For the inter-segment Call instruction. the Key/Lock field
shall be used from the Code Base Pointer only. Thus. for
that instruction. the Key/Lock field from the associated
segment descriptor shall be neither tested nor loaded but
simply assumed to be equal to the Code Base Pointer'’s Key/

Lock field.
P-Register

For Call/Branch. the new Global .and Local keys are set according
to the following rules. where

NGB PEMATE
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Rings
e-ke Callee's G-key/lock PRLE,
allee's G-key/loc
' ggiclles's G-key {Segment Descriptor New G-key "
register} or Code Base Pointer} 6f P-register ‘ ] P110.23 SP210-27 SPIL0 37
0 o 0 D101}  SD2{0.2.UF  SD3{D.3.U}
1] k k S . .
k 1] k
K Kk K N SP1{Y4.13
No other key transformations are allowed. )
L-key:  SS1PL{Y4.4} SS2P1{5.53}
The new Local L-key of the P-register is aluays obtained from o Ne SS].DI{H1D1RM}SSLDE{U1H1UJSSLD3{G-.H RU| SS2D1L50-U3SS2D240+5-RUISS2DIL50-RUD
| the callee'’s L-key in the segment descriptor or Code Base Pointer.
Return {See 2.k.l.4} _ SS].PI{'hlI} UPL{D.bk}
G-key {New G-lock {Associated L-key {Neu L-lock {Associated + [~
P ReZister} Segment Descriptor} P _Reqister} Segment gescn tord UDL{0.bsU}  UD2{0.0-RU} UD3{D.b.Ru}
1] [1] : 1] e
k k k k ;
k 0 . System ’
All other key/lock combinations shall result in an Access Violation. WUhen called by user

SP)} can write SD1
. SPY can read SD2. SD3
3.b.3.3  Software Conventions : SP1 can not write SD2. SD3
A . X - 8PX can not read or write UD3. SS1D3. SS2D2
It is expected that some software conventions will be followed : B
for using the key/lock facility. The following are examples of . )
such conventions: then called by SS1Pl
. SPl can write SD1
SPY can read Sbd2. SD3

1. By using non-zero local locks. data can be restricted to SP) can write SS1D1
be written or accessed by only"localprocedures. Normally- . -~ SPl can read SS1D2 :
no procedure will have a master local key. SPl can not write SS1D2. SS2D)

SPl can not read or write SS1D3. SS2D2. SS2D3
2. User and System procedures are normally assigned with a : :

non-zero local key and a master global key. All non-local . - s . -
data are not controlled {0-0%}. ”Note. By software convention no Key: SP=System Procedure

- Procedure can have a Master SD=System data Base
Local Key SS1l=Subsystem 1
3. To isolate Subsystems from each other. master global key . U=User
is not’ assigned to them. Data to be shared by User or * {0.1.U}={Global- Local. Access Type}
System {but not other Subsystems} are assigned with a Access Type w = Urite Checks
global lock but no local lock. Local lock is still used No Read Check

for truly local data. Access Type Ru = Urite Checka.
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4.0 Central Memory

4.1 General

Processor &3 Port O .

Processor +—— Port 1

Processor &——3) Port n

Central Memory shall provide main storage for all processors

in an IPL system. It shall also previde the primary commun-
ication paths for all processors in the system. All processors
shall be able to access all central memory.

Central memory may be thought of as consisting of three parts:

= Storage Units
- Distributers
- Ports

These are illustrated in Figure 4.1-1. The memory models within
the IPL shall be constructed from various configurations of
these elements.

Storage Unit O

Storage Unit 1

Pistributors

- -—_—— - o]
T S

Storage Unit 2

Figure 4.1=-1
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4.3.1

Memory Storage Unit

The storage unit shall be organized into eight independent
banks- with each bank having a data word width of kU bits

plus 8 bits for error correcting code. The storage media shall
be the 4K MOS array. The memory shall be volatile. {Informa-
tion lost if power drops.}

Access to the storage unit shall have a data path b4 bits wide.
Data shall be accompanied by error correcting code. Address and
control signals shall be accompanied by parity bits.

Normally contiguous addresses-shall be interleaved into the
storage unit as illustrated in Figure 4.l-2. This shall give
the storage unit a stream rate capability of one transfer per
clock period. The storage unit shall also have a non-inter-
leaved mode of operation. This mode shall allow the system
to be reconfigured around a failing memory bank: This mode
will degrade the stream rate for a storage unit to one trans-
fer per bank cycle time. A more detailed explanation of this
feature is contained in section Y4.4.

Each storage unit shall have a maximum capacity of two million
bytes. however. units shall be available in one and two mega-
byte options. The one mega-byte model shall be implemented

by reducing the number of array paks in the storage unit by

one half. The degree of interleaving within the one megabyte
storage unit shall remain at eight. however. the bank size shall
be reduced from 25kLK bytes to 128K bytes. {1K = 1024 Bytes}
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Bank 4 I Address 4 ]

Bank 5 I Address 5§ l

Bank & - l Address b 41

Bank 7 I Address 7 '

Figure 4.1-2
Memory Bank Intebleaving
Memory Distributors

The number of central memory distributors shall differ depend-
ipg on the number of ports and storage units possible on a
given model. The maximum stream rate through any path shall
be one word every clock cycle. Greater bandwidths may be’
achieved by implementing parallel distributors. '

Port selection shall be made within a clock cycle. This shall
allow transfers from different ports to occur at one clock cycle
intervals. A port shall not reguest a distributor cycle if

the destination bank is busy.

NCRIGOGIRRIUATE

e
I DOCUMENT

e
lsecnon

ADVANCED SYSTEMS LABORATORY

THIS REPLACES

FILE

‘CONTROL DATA

DATE -
Sept. 30. 1974 | May 3L. 1974

, APPROVED

APPROVED PAGE

CDC 205 205

APPROVED

ASLI NCR

Port selection shall be made on a priority basis. No port

shall be able to lock out any other port from a bank longer than
one bank cycle time. The maximum delay that can occur at any
port shall be {n-1}Tc. where n=the number of ports and Tc=

bank cycle time.

Routing transfers to storage units shall be accomplished by
making address translations at the distributor. Routing trans-
fers from storage units back to ports shall be implemented

with distributor generated port numbers.

Error correcting logic shall reside with the distributor hard-
ware. This will minimize the cost of SEC/DED for the memory
system. The SEC/DED hardware shall support a stream rate of
one transfer per clock cycle.

The circuits required for partial write capability shall also
reside within the distributor. A description of the partial
write operation which requires this hardware is included in
section Y4.2.

Figure 4.1=3 illustrates the architecture of this distributor.
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A . Storage Unit IJ]
Port SEC/DED Storage ) _
Hardware |_] Unit s
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|
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Port n . Storage Unit nI
Figure 4.1-3
ﬁemory Distributor
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4.%.3

Memory Port

The IPL central memory shall be accessed via two types of ports.
The lower IPL processor PL. as well as the Peripheral Processora
shall attach to a 32-bit port. The upper IPL processors P2. P3
and PY shall attach to a ku-bit port. See Figures l.3-1 through
1.3-3.

Both types of ports shall be synchronous to .the harduare systenm
clock. All processor interfaces to these ports shall also be
synchronous with the hardware system clock.

Either type of port shall be capable of accepting a memory
request every clock cycle. This shall give the LY bit port a
maximum bandwidth of 8 bytes per clock period. and the 32 bit
port a maximum bandwidth of Y4 bytes per clock period. When
either port is unable to accept additional requests. due to a
memory bank busy or distributor busy. it shall send a PORTBUSY
signal to the processor interface. There shall be sufficient
buffering within the central memory port to allow for cable
delay and processor recognition of the PORTBUSY signal. This
delay shall not exceed 8 clock periods.

Transmission from a processor to a central memory port shall
be via coaxial cable. -

Table 4.1-1 and Table 4.L~2 specify the signals at the 32 bit
and LY bit port.
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Table 4.1-1
kY4 Bit Port
Input into Central Memory Port
Data In ' kY4 lines + & lines {Parity?}
Address 28 lines + Y4 lines {Parity?}
Mark Lings 8 lines + 1 line {Parity?}
Tag In Lines 4 lines + 1 line <{Parity?}
Function Code 4 lines + 1. line {Parity}
Request 1 line
OQutput from Central Memory Port
Data Out b4 lines + 8 lines {Parity}
Tag Out Lines 8 lines + 1 line {Parity}
Response Code 3 lines + 1 line <{Parity}
Response 1 line
Port Busy 1 line )
Interrupt Y line
- . Table Y4.le2
' 32 Bit Port
Input to Central Memory Port
‘Data In 32 lines + Y4 lines {Parity}
Address 29 lines + Y4-lines {Parity}
Mark Lines 4 lines + 1 line <{Parity}
Tag In Lines 8 lines + 1 line <{Parity}
Function Code - 4 lines + 1 line <{Parity}
Request .1 line
Qutput from Central Memory Port
Data Out . 32 lines + 4 lines {Parity?
Tag Out Lines 8 lines + 1 line {Parity}
Response Code 3 lines +'1 line {Parity
Response 1 line
Port Busy 1 line
Interrupt 1} line
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4.3%.3.1

Port Interface Line Descriptions

a. Data In

be

The Data In lines shall contain the information which is
to be stored into central memory during write operations.
A parity bit shall accompany each byte of data.

Address

The address lines shall contain the address in memory which
is to be accessed. The address shall be accompanied by
four parity bits. The format of the address field is model
dependent.

The 32 bit port shall contain one additional address bit
in order to specify halfword addresses. This is required
in order to perform halfuword stores from the 32 bit port.
The bit being clear shall specify halfword 0. the bit
being set shall specify halfword 1.

Mark Lines

During partial write operations these lines shall indicate
which bytes are valid within the 8 byte Data In word. One
parity bit shall accompany the Mark Lines.

Tag In Lines

The Tag In lines shall contain requestlng processor defined
information during read or write operations. This tag
information shall be returned unmodified to the requesting
processor with the response from memory. The requesting
processor may use this information for internal sequencing
and routing of the response. A parity bit shall accompany
the Tag In lines. : .

Function Code

The function lines shall contain the desired Function Code
for a given memory request. Four lines shall specify up

to sixteen functions. The function lines shall be accom-
panled by a par1ty bit. A detailed definition of the var-
ious functions is included in Section 4.2 of this specifica-
tion.
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f. Request
This line shall be the strobe for all signals coming into
the port.
g. Data Out
The Data Out lines shall contain the information being
returned in response to a read operation. A parity bit
shall accompany each byte of data.
h. Tag Out Lines
The Tag Out lines shall contain a copy of the information
placed on the Tag In lines during the read or write request.
" The requesting processor may use this information for in-
ternal sequencing and routing of the response. A parity
bit shall accompany the Tag Out lines. :
i. Response
This line shall be the strobe for the Data Out lines. the
Tag Qut lines. and the Response Code. The time interval
betuween a request being honored and a response being returned
shall be the same for all operations.
j- Response Code
" These lines shall specify the nature of the response being
returned to the processor. These codes are described in
detail in Section 4.2. The Response Code shall be accom=-
panied by a parity bit. Three lines specify up to eight
response codes.
k. Interrupt Line
This line shall transmit an interrupt signal to the proc-
essor which is attached to the port. Section 4.2 describes
how this signal ‘is generated.
4.2 Memory Functions and Responses
4.2.1 Memory Functions
Memory shall perform the operation specified by the four bit
code received on the function lines. The functions are:
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oooo READ
0001 {NOT ASSIGNEDZ}
0010 WRITE
D011 PARTIAL WRITE
0100 READ AND SET LOCK
0101 READ AND CLEAR LOCK
0110 EXCHANGE
0111 READ SYNDROME BITS
1000 READ CHECK BITS
1001 WRITE CHECK BITS
1010 READ MAINTENANCE REGISTER
1011 WRITE MAINTENANCE REGISTER
1100 INTERRUPT
1101 {INOT ASSIGNED?}
1110 {INOT ASSIGNED}
1111 INOT ASSIGNED?}
4.2.1.1 Read

This operation shall read one
The normal response to a read
code. data. and the tag.
into memory.

k4 Bit Port:

Condition

a. Normal
b. Single error

c- Address parity error
or multiple bit error

32 Bit Port: The 32 bit port

the first.

NERHIGOCIRAIVATE

central memory word from the

location specified by the address received on the address lines.

function shall be a Read Response

Corrected data shall not be reuritten

Response

Read Response. bY4 data bits. tag
Read Response Single Error. bl
bits of corrected data. tag

Read Response Uncorrectable Errora
kY4 bits of incorrect data. tag

shall have two responses. The

second response shall occur one clock period after
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Condition Response
a- Normal 1st - Read Response. 32 data bits-
tag
2nd - Read Response. 32 data bitsa
: tag
b. Single Error lst - Read Response Single Errora
32 bits of corrected data-
tag
2nd - Read Response Single Errora
32 bits of corrected dataa
tag
c. Address parity error lst - Read Response Uncorrectable
or multiple bit error Error. 32 bits of incorrect
. data. tag

4.2.1.2

Condtion

2nd - Read Response Uncorrectable
Error. 32 bits of incorrect
data- tag

Write

This operation shall write one central memory word with the

data received on the Data In lines. at the location specified by
the address received on the address lines. The normal response
to a write function shall be a Write Response code and the tag-
Incorrect data shall be written into memory when there is a

data parity error. Uriting shall be inhibited when an address
parity error is detected.

kY4 Bit Port:

Response

a. Normal ¥rite Response. tag
b. Address or data parity Write Response Uncorrectable
error Error. tag

32 Bit Port: Request. 32 bits on Data In- Function. Tag and
Address Information shall be followed in one clock
period with the companion 32 bits on Data In.

Condition Response

a. Normal Write Response. tag

b. Address or data parity Urite Response Uncorrectable
error Error. tag
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4.2.1.3

4.2.1.Y4

Condition"

Partial UWrite

This operation shall modify one central memory word at the
location specified by the address received on the address lines.
Mark lines shall indicate which bytes are to be modified with
the data received on the Data In lines. The normal response
to a partial write function shall be a Write Response Code and
the tag. This operation shall utilize a read/urite cycle.
Incorrect data shall be written into memory when there is a
data parity error or a multiple bit error. Uriting shall be
inhibited when an address parity error is detected. A single
big grror on read data shall be corrected before the word is
modified.

b4 Bit Port: Any byte within the word may be modified.

Condition Response
as Normal Write Response. tag

b. Single bit error Write Response Single Error. tag
c. Address parity errora Write Response Uncorrectable
data parity error or Error. tag
multiple. bit error

32 Bit Port: Request. 32 bits on Data In- Mark Lines. Functiona
Tag and address information shall be received in
one clock period. A partial write on the 32 bit
port shall not exceed four bytes. The halfuord
to be modified shall be specified by the address.
Any combination of bytes within the halfuord may
be modified.

Response

Write Response. tag
b. Single bit error Write Response-.Single Error. tag
C. Mdress parity error. Write Response Uncorrectable
data parity errora. or Error. tag
multiple bit error.

a. Normal

Read and Set Lock

This operation shall read and modify a central memory word at
the location specified by the address received on the address
lines. The logical "OR" of data read from memory and the Data
In lines shall be written into memory. The normal response to

NERIENTEIRRTTE
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a Read and Set Lock shall be a Read Response codes data. and

the tag-.

This operation shall utilize a read/uwrite cycle.

Writing shall be inhibited when an address parity error. data

parity error. or multiple bit error is detected.

Single bit

errors on read data shall be corrected before the logical "or".

kY4 Bit Port: The bytes to be modified shall be specified by the
Mark Lines.

Condition Response

a. Normal Read Response. LY data bits. tag

b. Single bit error Read Response Single Errora. bl

Ce

d.

32

bits of corrected data. tag

Read Response Uncorrectable

Error. kY4 bits of incorrect data-
tag

Write Response uncorrectable Errora
bY bits of correct data- tag

Address parity error
or multiple bit error

Data parity error

Bit Port: Request. 32 bits on Data In. Mark Lines. Functiona
Tag. and address information shall be received in
one clock period. This shall be a partial write
operation for the 32 bit port. The halfword to

be modified shall be specified by the address.

Condition Response

a. Normal lst = Read Response. 32 data bitss
2nd ->;:gd Response. 32 data bitsa

b. Single bit error Ist - ;:gd Response Single Errora

d.

NERI(ENERR A

32 corrected data bits. tag
2nd - Read Response Single Errora
32 corrected data bits. tag

Address parity error lst - Read Response Uncorrectable
or multiple bit error Error+ 32 bits of incorrect
. data. tag

2nd - Read Response Uncorrectable
Error. 32 bits of incorrect
data- tag
Data parity error 1st - Write Response Uncorrectable
Error. 32 bits of correct
data- tag
2nd -~ Write Response Uncorrectable
Error. 32 bits of correct
data. tag
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Condition

Read and Clear Lock

This operation shall read and modify a central memory word at
the location specified by the address received on the address
lines. The logical "and™ of data read from memory and the data
in lines-shall be written into memory. The normal response to
a Read and Clear Lock shall be a Read Response. datas and the
tag. This operation shall utilize a read/urite cycle. Uriting
shall be inhibited when an address parity error data parity
errors or multiple bit error is detected. Single bit errors on
read data shall be corrected before the logical "and".

b4 Bit Port: The bytes to be modified shall be specified by the
Mark Lines.

Response

Read Response. kY data bits. tag
Read Response Single Error. bl

bits of corrected data- tag

Read Response Uncorrectable Errora
kY4 bits of incorrect data. tag
Urite Response Uncorrectable Errora
k4 bits of correct data. tag

a» Normal
b. Single bit error

c. Address parity error
or multiple bit error
d. Data parity error

32 Bit Port: Request- 32 bits on Data In. Mark Lines. Functiona
Tag~ and address information shall be received in
one clock period. This shall be a partial write
operation for the 32 bit port. The halfuword to be
modified shall be specified by the address.
Condition Response
lst - Read Response 32 data bits-.
tag v
2nd - Read Response 32 data bits-
tag
1st - Read Response Single Errora
32 corrected data bits. tag
2nd - Read Response Single Errora
: 32 corrected data bits. tag
c. Address parity error lst - Read Response Uncorrectable
or multiple bit error Error- 32 bits of incorrect
data- tag
2nd - Read Response Uncorrectable
Errora 32 bits of incorrect
data- tag

a. Normal

b. Single bit error
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4.2.1.b

Condition

COGIRRIVANE |

d. Data parity error lst - Urite Response Unhcorrectable
Error. 32 bits of correct
data. tag

2nd - Write Response. Uncorrectable
Error. 32 bits of correct

data. tag
Exchange

This operation shall read and urite a central memory word at the
location specified by the address received on the address lines.
Read data shall be sent to the requestor. Data on the Data In
lines shall be written into memory. The normal response to an
Exchange function shall be a Read Response Code. data. and the
tag. This operation shall utilize a read/write cycle. Uriting
shall be inhibited when an address parity error or data parity
error is detected. '

The bytes to be exchanged shall be-specified by
the Mark Lines.

kY4 Bit Port:

Response

Read Response. LY data bits. tag
Read Response Single Error. bLu
corrected data bits. tag

Read Response Uncorrectable Error,
b4 bits of incorrect data. tag
Write Response Uncorrectable Errors
kY4 bits of correct data- tag

a. Normal
b. Single bit error

c. Address parity error
or multiple bit error
d» Data partiy error

32 Bit Port: Request. Data In. Mark Functiona tag and address

information shall be received in one clock period.
This shall be a partial write operation and the
halfuord to be exchanged shall be specified by
the address. Response. 32 bits of data out. and
tag shall be followed {one clock period later} by
Responses 2nd 32 bits of data. and tag.

Condtion Response
a. Normal lst - Read Response. 32 data bits
tag
2nd - Read Response. 32 data bitsa
tag

b. Single bit error lst - Read Response Single Errora

32 corrected data bitsa tag
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2nd - Read Response Single Errora
32 corrected data bits. tag
ce Address parity error lst - Read Response Uncorrectable
or multiple bit error Error, 32 bits of incorrect
data. tag
2nd - Read Response Uncorrectable
Error. 32 bits of incorrect
data. tag
d. Data parity error 1st - Urite Response Uncorrectable
Error. 32 bits of correct
data- tag

2nd - Write Response Uncorrectable
Error. 32 bits of correct
data. tag

Read Syndrome Bits

This operation shall read the syndrome bits which are generated
as a result of reading a location specified by the address
received on the address lines.

B4 Bit Port: The syndrome bits shall be in byte 0 position.
The remainder of the word shall be zeros.

Response

Read Response. kY data bits. tag
Read Response Uncorrectable Errora
bY4 incorrect data bits. tag

a. Normal
b. Address partiy error

32 Bit Port: The syndrome bits shall occupy byte 0 of halfuword
0. The remainder of halfword O and halfuword 1
shall be zeros. Response. 32 bits of data and
tag shall be followed in one clock period by

Response. 2nd 32 bits of data. and tag.

Conditon Response
a. MNormal lst - Read Response. 32 data bitsa.

tag

2nd - Read Response- 32 data bitsa
tag

lst - Read Response Uncorrectable
Error. 32 bits of incorrect
data. tag

2nd - Read Response Uncorrectable
Eprror. 32 bits of incorrect
data. tag

b. Address parity error
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4.2.1.8

4.2.2.9

Condition

Read Check Bits

This operation shall read the SEC/DED check character contained
in the location specified by the address received on the address
lines.

b4 Bit Port: The check bits shall be in byte O position. The
remainder of the word shall be zeross.

Condition Response
a. “Normal Read Response. bl data bits. tag

b. Address parity error Read Response Uncorrectable Errora

) LY incorrect data bits. tag

32 Bit Port: The check bits shall occupy byte O of halfuword
0. The remainder of halfword 0 and halfuword 1
shall be zero. Response. 32 bits of data and tag
shall be followed in one clock period-by Responsea
2nd 32 bits of data and tag.

Response

a. Normal lst - Read Response. 32 data bitsa.
tag

2nd - Read Response. 32 data bitsa
tag :

lst - Read Response Uncorrectable
Error. 32 bits of incorrect
data- tag

2nd - Read Response Uncorrectable
Error. 32 bits of incorrect
data. tag

b. Address parity error

Write Check Bits

This operation shall write an eight bit check character into the
location specified by the address received on the address lines.
SEC/DED generation shall be disabled for this operation. The
desired check character to be written shall occupy byte O pos-
ition of the Data In lines.
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kY4 Bit Port:
Condition Response

a. Normal
b. Address or data
parity error

Write Response. tag
Write Response Uncorrectable Error.
and tag

32 Bit Port: The 32 bit port shall treat this function as a
halfuword write. The check character shall occupy
byte 0 of halfword O.

Londition Response

Write Response. tag

Write Response Uncorrectable Errora
and tag

a. Normal
b. Address or data
parity error

Read Maintenance Register

This operation shall read the contents of the Maintenance
Register specified by the address received on the address lines
and return the contents along uith a Read Response code to the
requesting processor. A description of the Maintenance Register
is included in section 4.5. This function may access the Static
Status registers and the Operational Status registers. Only the
Service Processor shall have access to the control registers.
Any read to registers other than an existing Static Status or
Operational Status shall generate an abort response code.

kY4 Bit Port:

Condition - ‘Resgonse
a. Normal Read Response. kY data.-bits. tag

b. Address parity Read Response Uncorrectable Error
b4 data bits. tag
ce Illegal- Address or Abort

Function

32 Bit Port: The 32 bit port shall have two responses. The
second response shall follow the first by one
clocke

NERIIGOEBRIVAE
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Conditon Response c. Data Parity Error Write Response Uncorrectable
. : Error
a. Normal lst - Read Response. 32 data bitsa
. ' tag ' i
2nd - Read Response. 32 data bitsa d. Illegal Address or Abort
tag . Function
b. Address parity Error lst - Read Response Uncorrectable
Error. 32 data bits. tag Ye2.1.12 Interrupt
2nd - Read Response Uncorrectable . . s
Error. 32 data bits. tag This function shall send an interrupt to the processor attached
c. Illegal address or 1st - Abort to the port specified by the contents of the data received on
Function 2nd - Abort the Data In lines. Bits are assigned as follous:
4e2alall Write Maintenance Register Bit O Interrupt Port O
) Bit 1 - Interrupt Port 1
This operation shall write the contents of the Data In lines : }
into the Maintenance Register specified by the address received ! 1
on the address lines. Only thé Operational status registers Bit' n Interrupt Port n
may be written by the ports. A write to any other register shall
generate an Abort. The normal response to a Write Maintenance oo One or more ports may receive interrupts with one interrupt
Register shall be a Write Response code. . operation. Any port may send an interrupt to any other port.
) No response is returned for this operation. The number of ports
kY4 Bit Port: ) is model dependent.
Condition Response s The 32 bit port shall use the halfword address bit to indicate
which halfword the Data In lines represent.
a« Normal Write Response
b. Address parity error Urite Response Uncorrectable b.2.2 Memory Response Codes
Error {inhibit WUrite} . .
c. Data parity error .+ UWrite Response Uncorrectable Error Memory response codes. shall specify the nature of the operation
de Illegal address or Abort as the functions are processed in the memory. The response
Function : code shall be returned via the port to the sender of the func-
' tion. The response codes are:
32 Bit Ports: Request. 32 bits on Data In- Mark Lines. Function, ‘
- Tag. and Address information shall be received ooo WRITE RESPONSE
in one clock period. This shall be a 32 bit write 001 WRITE RESPONSE UNCORRECTABLE ERROR
- operation on the 32 bit port. The halfword to 010 WRITE RESPONSE SINGLE ERROR
be modified shall be specified by the address. 011 - ABORT .
100 READ RESPONSE
Condition Response 101 READ RESPONSE UNCORRECTABLE ERROR
. 110 READ RESPONSE SINGLE ERROR
a. Normal = Write Response 11) {INOT ASSIGNED?}
b. Address parity error Urite Response Uncorrectable Ha2e241 Urite Response
- Error
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Y.2.2.2

4.2.2.3

Y.2.2.4

4.2.2.5

Y.2.2.hb

4.2.2.7

The Write Response code shall indicate the successful completion
of any write operation.

Write Response Uncorrectable Error

This code shall indicate the unsuccessful completion of any
write operation.

Write Response Single Error

This code shall indicate the successful completicon of a partial
write operation although there was a single bit error in the
data read from the location to be modified.

Abort
An Abort response shall indicate one of the following conditions:

- An attempt to reference a nonex1stent address
- An illegal function
- An abnormal condition

Read Response

This response shall indicate the successful completion of one
of the following operations:

Read

Read and Set Lock

Read and Clear Lock
Exchange

Read Syndrome Bits

Read Check Bits

Read Maintenance Register

Read Response Uncorrectable Error

This response shall indicate the unsuccessful completion of a
read operation. Read data shall be returned with the response
code.

Read Response Single Error

This response shall indicate that a single error has been detec-
ted and corrected on a read operation. The corrected data shall
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4.3
4.3.1
4.3.1.1

4.3.3.2

4.3.3

4oy
'-l.l-l.],

b.4.2

not be rewritten into memory.
Memory Performance Goals
Bandwidth

Ports

The maximum transfer rate through a memory port shall be one
transfer per clock period.

Distributors

The distributors shall have independent read and write paths.
The maximum transfer rate through either path shall be one
transfer per clock period. Transfers on the read and urite
paths may occur simultaneously. In memory models with multiple
distributors. read transfers may occur 51mu1taneously with other
read transfers and write transfers may occur simultaneously with
other write transfers.

Access Time

Access time will depend to a large part on memory chip charac-
teristics. However. it is a goal that access time as measured
at the port interface. not exceed 1% clock periods.

Bank Cycle Time

Bank cycle time is also largely dependent on chip characteristics.
It is a goal that this time not exceed 10 clock periods.

RAS Features
Parity

All addresses. control codes. and data which are not protected

by SEC/DED shall be accompanied by parity bits. It shall be
required that all processors connected to the memory have the
ability to inhibit the transmission of all parity bits. This
feature used in conjunction with the Operational Status registers
{section 4.5} shall provide for parity network checking and

fault isolation.

SEC/DED

NERIENERRIVANE
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4.5

All data words within the memory banks shall be protected with
SEC/DED logice. It shall be possible to disable the SEC/DED
hardware by utilizing the Control Registers. {Section 4.5}

Data shall be corrected on partial write operations.

The SEC/DED parity check matrix used shall minimize the chances
of triple errors being interpreted as single errors.

Non=Interleaved Mode

A storage unit shall have the capability of operating in non-
interleaved mode. This condition shall be determined by the
contents of the Control Register. {Section 4.5} Placing a
storage unit in non-interleaved mode shifts the bank selection
bits to the high order bits of the address. The format of the
address is model dependent.

The non-interleaved feature shall make sequential addresses
reside in the same memory bank. This will allow software to
flaw out bad addresses within a page with a minimum impact on
memory capacity. The transfer rate shall be degraded to one
transfer per bank cycle time.

Maintenance Registers
Memory maintenance registers shall consist of three types.

Static Status = These registers shall provide information such
as equipment identification. serial number. modification historys

etc.

Operation Status - These registers shall be used to reconfigure
memory. disable checkersa test checkers. etc.

It shall be possible to address up to 25k maintenance registers.
The three types of registers shall be mapped into the 25k possible
locations consistant with the IPL processor.

The Static Status and Operational Status shall be accessible
by the ports and the Service Processor interface. The Control
Registers shall be accessable only by the Service Processor
interface.

As specific requirements for maintenance registers become more
visible. more features will be added.
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4.5.1 Static Status
Register Address Bit Position Description
20 0=-31 Equipment Identifier
20 3IB=4? Equipment Serial Number
20 48=-k3 Model Number
21 0-kL3 Modification History
4.5.2 Operational Status
Register Address Bit Position Description
E8 1] Indicates a single error
detected
E8 1~y Port receiving the corrected
data
E& 5-12 Syndrome bits for the error
E8 13-33 Address of the failure
E& 14=kL3 Unassigned
ES 0 Indicates an uncorrectable
error
E9 1=-4 Port receiving the error
E9 5-19 These bits shall indicate
the nature of the error and
data path where it occurred.
E9 20=-40 Specifies the memory address
E9 41~-k3 Unassigned
4.5.3 Control Registers

Register Address
7?0

70
70

70
70

Bit Position

0

1
2-9

10
11-1b

Description

Disable the transmission of
the parity bits on read
data to the processor.
Disable SEC/DED

Bit indications for storage
units in non=interleaved
mode.

S.P. Interface Designator
Unassigned

The service processor interface designator bit shall be mod-
ifiable by an external switch.
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4.b

Service Processor Interface

The service processor shall provide the fundamental signals
which are required for control. maintenance- and initialization
of memory.

For redundancy. each memory shall have two Service Processor
Interfaces. A switch shall select one and only one of the inter-
faces to be active.

The specification of the Service Processor Interface is under
development. however. the following capabilities are required:

e Master (Clear
® Read Maintenance Registers
e UWrite Maintenance Registers
e Fault Line

Clock

The memory clock shall be supplied from a common system source.
The clock shall have a frequency of 17.857 megahertz. All ele-
ments of the memory system shall be synchronous to this clocke.
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5.0 Hardware RAS

The scope of reliability is to reduce failure rates of harduware and
software. increasing the availability of the system to the customer-
and minimize component faults from becoming element and system failures.

greatest increase in reliability per costa and which are within the

| Fault-tolerant and graceful degradation techniques which yield the

guidelines

of total expenditures for RAS features shall be used.

5.1 States of Hardware

B5.lod

5.1.2

5.1.3

5.1.4

5.2.1

5.2.3

| 5.2.4

Fully operational - Hardware capable of ratvd throughput
with no faults present.

Fault-tolerant operation - Fault has occurred. but hard-
ware is capable of recovery from and operating with fault
having no discernable impact on throughput.

Degraded operation - Operating with a fault occurrence
and not achieving fully acceptable throughput with main-
tenance action in progress.

Down - Fault occurrence which prevents acceptable work.

Minimum Fault—tolerant and Degradable Operation Features

SP - The presence of another processor referred to

as a service processor on all systems is required to

ensure that the maintenance personnel or program can inter-
rogate the system in the case of a failure of the central
processors.

SEC/DED - Shall be implemented on main memory with flags
to the SP and Operating System {0.S.} when error correcting
and whether single error or double error has occurred.

Pafity checking = Parity shall be checked on all data
paths {1l bit/Byte}. address paths. channels. and registers.

Degradable Cache and Map - Cache buffer and Map buffer

shall have the capability of having portions of them faulted
such that cache can be faulted one entry at a time and Map
faulted one entry at a time.

The CPU shall also have the capability of bypassing Cache

or Map or both {degraded operationZ}.
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5.2.5

5.2.7

" Uhen. an error signal is detectéd1.aia§hostics shall

Fault isolation - Error signals which localize faults

shall be provided for 0.S. and SP so that appropriate
degradation or reconfiguration may take place and
maintenance action time can be minimized. 90% of errors
shall allow error isolation to be possible to a module
level by use of hardware and software to localize a

single fault. Error detection circuitry shall be designed
so that errors do not propagate beyond the next interface
in the system before they are detected. which will minimize
the harduare checks required to localize the fault.

determine if the machine 'or detection circuits have failed,

Reconfiguration and Degradation - When permanent failures
occur. the system shall be reconfigured by a combination

of hardware and software techniques {goal is to be fully

automatick. )

All functional components {adders. busses. etc.} shall

be designed with reconfiguration and degradation ideas in
mind in case of failure. If an arithmetic operation such
as a divide were to fail. reconfiguration in the form of
subtraction could possibly be used to emulate the divide.

Reconfiguration is a way of maintaining availability

by avoiding a down state. Reconfiguration/Emulation
uit@in the CPU is only possible if the error detection
logic can localize the fault so that ambiguity does not
exist as to what is to be reconfigured. This becomes

‘more difficult when failures occur outside a well defined

unit such as an adder with error detection. etc.

Instryction retry - A combination of hardware and software
techniques shall be used to retry failing instructions.

At a minimum. the hardware shall detect failing instructions
by use

G006 PRIV
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i

of error detecting circuitry {SEC/DED. parity. residue.
codings if useds etc.} and provide error signal to the 0.S3.
and SP for software implemented retry of instructions

and logging of error type that has occurred. Error signals
shall cause an interrupt to an error handling routine
{software}. This shall occur during the failing instruction
so as not to allow following instructions to alter registers
or memory. The address of instruction which caused the
error interrupt shall be included in .the exchange package-

An error status register shall be implemented with access
by SP and 0.S.. which will indicate what type of error
occurreds such as instruction failure. memory read errora
single or double error. etc.

| 5.2.8 Micro-Step Mode - An SP Controlled Micro Step Mode shall

| 5.2.9

be implemented so as to allow micro program control instruc-
tion execution starting at any micro code address and
breakpoint at any micro code address. Any number of micro
instructions can then be executed. including single micro
instructions.

The ECC shall also be checked on each address contents..
Time Out = Whenever one system facility is connected to

another via command/response protocol. a time-out mechanism
shall be provided to ensure continuing operation of the
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5.2.10

5.2.11

5.2.12

Sla'la

5.2.14

5.2.18

system.

Power Supplies - All cabinets shall have individual power
supplies,and circuit breakers shall be used in place of fuses.
This philosophy will extend to all fused circuits in the
machine. '

Packaging - The number of module types shall be held to a
minimum so as to reduce spares cost. increasing the
likelihood of available module types on hand in the event
of failure. All like modules shall be fully interchangable
and replaceable when power is ons

Circuit board differences within the module {if more than
one circuit card per module} shall also be held to a
minimum to simplify manufacturing. Chip layout on the
circuit boards shall be standardized for the purpose of
reducing hole patterns to be drilled. therefore. reducing
artwork layout costs and manufacturing costs.

The largest reasonable number of test points shall be
provided in a standardized pattern on all modules. Access
to all circuit chip pins shall be provided for probing
each chip signal directly or with module extenders.
Packaging and logic design shall provide the ability of
using module extenders on all modules at some degraded
clock speed which is unknown at this time.

Forced Errors = For all checking circuits {Parity. SEC/DED.
etc.} and status register indications. there shall be a
nethod of forcing conditions {programmable} so that checks
can be made of the reliability circuitry. R

Programmable Clock Margins - Clock frequency must be t gy
program adjustable {via SP}.

Component Failure Rates - The following page has a list of
component failure rates to be used in determining the
reliability of the machine. These rates are subject to
change as data improves.

Additional Considerations =~ Other possible considerations
are residual coding for double error detection in arithmetic
units or redundant arithmetic units which may be more
feasible if MSI and LSI is used- and redundancy in registers
and other control areas. .
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- Component Failure Ratesx

Component Type

ECl. 10K SSI

ECL~. 10K MSI

ECL. 20K SSI

ECL. 20K MSI

ECL- RAMS {1t to kY bits}
ECL. RAMS {25k to 1025 bits}
MOS- RAMS {lb to kL4 Dits}
MOS. RAMS {25k to 1024 bits}
MOS. RAMS {4K bits}
Terminators {Ceramic}

PC BD Conn. 3500

PC BD Conn. LOOO

PC BD Conn 7000

Taper Pins

Eyelets

Wire Wraps

Conn. Pins {Cable Conn.}
8k00 Inter Bd. Conn.
Circuit Boards

3 x 3 Single Layer

3 x 3 n Layers

5 x 8 Single Layer

5 x 8 n Layers

Capacitorsa TANT {Solid}
Capacitors. Ceramic

Solder Joints {Thru Bd}
Solder Joints {Surface/Lap}
Wire Jumpers

Silicon Diode {Logic}

*Subject to Change as Data Improves

NGHIGOCIRRIATE

Failure Rate %Z/1K hrs

.001

-0025
.004-.00b
-00bL-.008
-005-.01
-01-.02
.05

.08

-05-.1
.0002-.001
«01-.009/C
.004-.009/7
.01-.03/Co
.00012/Pin
-000Y4
-000001
-000013
.00022-.00

.002
n{.002}
.0033
n{.0033%}
-.002
.00025
.00001
.0002
.000013
.00005

onne.
Conne.
nn.

ooe
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00, Load Bytes to Xk from {Aj} dishlaced by D DO-= D? Sjkid 27
and indexed by {Xi} Right. Length per S
ooz Load Bytes to Xk from {Aj} displaced by @. €CB8= C? Sjke 27
Length per S .
0o3 Store Bytes from Xk at {Aj} displaced by D D&8— DF -Sjkid 27
and indexed by {Xi} Right. Length per S
004 Store Bytes from Xk at {Aj}. displaced by @+ C8— CF Sjk@ 27
Length per S )
0os Load Xk from {Aj} displaced by 8%D and A2 jkid 28
indexed by 8%{Xi} Right ]
i 00k Load Xk from {Aj} displaced by &x@ a2 jke 28
)
¢ oo? Store Xk at {Aj} displaced by 8%D and A3 jkid 28
i indexed by 8x{Xi} Right
; 008 Store Xk at {Aj} displaced by &x*Q 83 jka 28
f 0o9 Load Bytes to Xk from {Aj} displaced by D. AY Jjkid 29
i and indexed by {Xi} Right. Length per XO
| D10 Load Bytes to Xk from {Aj} displaced by @- ay jka 29
: Length per XO
1 01 Store Bytes from Xk at {Aj} displaced by D AS jkid 29
- and indexed by {Xi} Right. Length per XO
0la2 Store Bytes from Xk at {Aj} displaced by @. 85 jka 29
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Number Instruction Name Code Format Numbe
| p13 Load Bytes to Xk from {P} displaced by @- 15 jka 30
! Length per j
| DY Load Bit to Xk from {Aj} displaced by @ 88 jka £l
; and bit indexed by {XD} Right
f 015 Store Bit to Xk from {Aj} displaced by @ 89 jkea 30
{ and bit indexed by X0} Right
. D1k Load Ak from {Aj} displaced by D and AD jkid 32
indexed by {Xi} Right
017 Load Ak from {Aj} displaced by @ 80 ke 32
i 018 Store Ak at {Aj} displaced by D and AL jkiDd 32
, indexed by {Xi} Right
09 Store Ak at {Aj} displaced by @ 81 jka 32
0e0 Load Multiple Registers from {Aj} displaced 10 jk 34
i by &%k. Selectivity per {XO} Right
021 . Store Multiple Registers to {Aj} displaced 1l ik 34
by 8%k. Selectivity per {XD} Right
pee Integer Sum. {Xk} replaced by {Xk} plus =L ik a9
Xj3 _
o0e3 Integer Difference. {Xk} replaced by 25 jk 4o
{Xk} minus {Xj¥} -
o2y . _ Integer Product. {Xk} replaced by {Xk} 2k jk 4o
times {Xj}
025 ‘Integer Quotient. {Xk} replaced by {Xk} 27 jk 41

)06 PRIATE

divided by {Xj}
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02k Integer {Xk} replaced by Absolute {Xj} 23 jk 41 D4k Branch to {P} displaced by 2*Q if SEG{Aj} 9D jka y?
027 Integer Sum. {Xk} Right replaced by {Xk} 20 | jk L not equal to SEG{Ak}: else Compare BN{Aj}
Right plus {Xj} Right to BN{Ak}. result to X1 Right . A
028 Integer Sum. {Xk} Right replaced by {Xj} 8A jke u2 ou? Branch to {P} indexed by 2% {Xk} Right 2E jk us
Right plus @ ’ oua Branch to {Aj} indexed by 2% {Xk} Right 2F Jk 48.%L
o029 Integer Sum. {Xk} Right replaced by {Xk} 28 jk ya o049 Copy to Xk from Xj 1) jk 49
Right plus j o050 Copy to Xk from Aj 0B jk 4q
030 Integer Difference. {Xk} Right replaced 21 ik 42 051 Copy to Ak from Aj , 09 jk 43
by {Xk} Right minus {Xj} Right ps2 - Copy to Ak from XJ ) . 0OA jk uq
031 Integer Difference- {Xk} Right replaced 29 jk 42 0s3 Copy to Xk Right from {Xj} Right 0¢ jk 49
by {Xk} Right minus j ) ~ 0S5y Address {Ak} replaced by {Aj} plus @ - . 8E jk@ 50
032 Integer Product. {Xk} Right replaced by 22 ik 43 0SS Address {Ak} replaced by {P} plus 2x{Xj} Right 8F jke 50
{Xk} Right times {Xj} R;ght . plus 2x@ i
033 TotegRr Product. IXk Right replaced by 8¢ jke 43 05k Address {Ak} replaced by {Ak} plus {Xj} Right 2A ik 50
: 19a t]:mest {Xk?¥ . 057 Enter Xk Right with plus j 3D jk 51
034 Tateger o k¥ . 23 jko 43 058 Enter Xk Right with minus j 3E ik 5
{;?}thggiace by {Xk} Right divided by 059 Enter Xk Right with sign extended @ B£ qta 51
: . (1] ¥1] Enter X0 Right with logical jk 3 J 51
03s }(;tsgg}r‘-tmmpare {Xj} to {Xk}. result to 2D Jjk Yy oLl Enter Xk Left uit'}-Sigqs pe,.].).j o 4 Count ]I:g J‘iil) g%
. s . i j 1 10 an
03k ‘Integer Compare {Xj} Right to {Xk} Right: 2 ik uy Ob2 igifgngJgigﬁtxslu;"ﬁf ar birection J
result to X1 Right A s - Di . it A9 . iKiD
037 Branch to {P} displaced by 2%@ if {Xj} qy jke  us 0e3 Hptd: ;fdi yo Xk» Direction and Count per TXi Jab 53
equal to {Xk} ? s : s . Di 3 d Count  AA ikiD
03a Branch to {P} displaced by 2%@ if {Xj} a5 jk@  us o4 §21“{‘x3‘3§i§;§*‘;13‘5’ Yk Right. Direction and Coun Jkiy 53
not equal to {Xk} 3 0 18 jk Yy
039 Branch to {P} displaced by 2x@ if {IXj} 9t jke  ub OkS Lagjcat Sum Xk} replaced by {Xk} OR I 5
greater than {Xk} s s 19 ik
040 Branch to {P} displaced by 2%@ if {Xj} not 97 jk@ b Obb kgglgi}}blffe"e"ce’ Xk} replaced by {Xk} ] s4
less than {Xk} 3 1A ik -
043 Branch to {P} displaced by 2x@ if {Xj} 90 jke  ub oL? P Product. {Xk} replaced by {Xk} AND S s4
Right equal to {Xk} Right s . sa 1B ik
oy2 Branch to {P} displaced by 2@ if {Xj} 31 jka  ub ob8 Logical Complement. {Xk} replaced by {X3} J 54
Right not equal to {Xk} Right . - 1 jk
043 Branch to {P} displaced by 2%@ if {Xj} 32 jk@ Wb o&d %;g;cﬁéTI"hlblt‘ Xk} replaced by {Xki AND ¢ J 54
Right greater than {Xk} Right ’ : ; i i jkiD 5k
ouy ir;atnChl:g {:z gii;iic;? Ez 2%Q if {Xj}Right 13 jka Uk (1)rdi] ﬁz;a;e Bit Mask into Xk per {Xi} Right AC J
s tha ig . . Crys . lus D AD Ls b
045 Branch to {P} displaced by 2+¢ and C ke 47 o7a %ﬁgéitei:ggoxﬁkf:;:mx§3pZﬁzxfﬁlﬁig;ghglﬂsug AE D
iﬂg:egiﬁ xr 1 X3 ess 10?3 Move Bytes Direct. {Ak} replaced by {Aj}a 45 jk 57

per X0 and Xl .
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o7y Decimal Sum. D{Ak} replaced by D{Ak} EOD jkase ?e
plus D{Aj}

07s Decimal Difference. D{Ak} replaced by EY jkase 7e
DL{Ak} minus D{Aj} :

07k Decimal Product D{Ak} replaced by D{Ak} E2 jkase 7e
times D{LAj} )

o077 Decimal Quotient. D{Ak} replaced by D{Ak} E3 jkase e
divided by D{Aj}

078 Decimal Scale. D{Ak} replaced by D{Aj} EY jkase 4
scaled per {X0} Right

07?9 Decimal Scale Rounded. D{Ak} replaced by ES jkase 4
rounded D{Aj} scaled per {X0} Right

0ao Unimplemented Instruction N/A

08l Unimplemented Instruction N/A

oaz2 Unimplemented Instruction N/A

083 Decimal Compare. D{Aj} to D{Ak}. result Eb Jjkasz 7b
to X1 Right

D0ay . Byte Compare. D{Aj} to D{Ak}. result to E8 jkase ??
X1 Right- index to X0 Right

08s Byte Compare Collated. D{Aj} to D{AkZ}. Eq jkase 77
both translated per {A7}. result to X1
Right. index to X0 Right

08k Byte Scan While Non-Member. D{Ak} for EA jkas2 79
presence bit in D{Aj}. index to XDO Righta
character to Xl Right

0av? Unimplemented Instruction N/A

-Daa Byte Translate. D{Ak} replaced by D{Aj}. EB jkase &0
translated per {A7}

089 Move Bytess D{Ak} replaced by D{Aj} EC jkase a8l

090 Unimplemented Instruction N/A

091 Byte Edit. D{Ak} replaced by D{Aj} edited ED jkase a2
per M{A7}

092 Numeric Move. D{Ak} replaced by D{Aj}. after E? jkase ?5
formatting

093 Unimplemented Instruction N/A

094 Descriptor Table Entry Move. F{kl} of EE jkase &8
D{kO- @1} replaced by F{jl} of D{jO. @O0}
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095 Descriptor Table Entry Increment. F{kl} of EF jkase 88.]
D{kD+ @1} replaced by F{kl} of D{kD. @L}
plus F{jl} of D{jD. @O}
09k Calculate Subscript and Move per D{Aj} times Fu jkase 91
{X0} Right. result moved to D{kD. @1} and to
Xl Right
097 Flt. Pt. Convert from Integer. Flt. Pt. 3A Jjk 99
{Xk} formed from Integer {Xj}
098 Flt. Pt. Convert to Integer. Integer {Xk} 38 jk 100
formed from Flt. Pt. {Xj}
099 Flt. Pt. Sum. {Xk} replaced by {Xk} plus {Xj} 30 jk 101
100 Flt. Pt. Difference {Xk} replaced by {Xk} 3% jk 101
minus €Xj}
101 Flt. Pt. Sum Unnormalized. {Xk} replaced by 38 jk 101
: {Xk} plus {Xj}
, 102 Flt. Pt. Difference Unnormalized. {Xk} replaced 31 jk 101
: by {Xk} minus {Xj2}
1103 Flt. Pt. Product. {Xk}replaced by {Xk} 32 jk 103
: times {Xj} :
i 10Y4 Flt. Pt. Quotient. {Xk} replaced by {Xk} 33 jk 104
; divided by {Xj}
. 105 Flt. Pt. DP Sum {Xk. Xk+l} replaced by 34 jk 105
{Xk~ Xk+1} plus {Xj. Xj+1}
- 10k Flt. Pt. DP Difference {Xk. Xk+l} replaced 35 jk 105
by {Xka Xk+1} minus {Xj. Xj+1}
107 Flt. Pt. DP Product {Xk. Xk+l} replaced by EL] ik 10k
' {Xks Xk+1} times {Xj. Xj+1l}
' 108 Flt. Pt. DP Quotient. {Xk. Xk+1} replaced 37 ik 107
© by {Xka Xk+1l} divided by {Xj. Xj+1%¥
- 109 Branch to {P} displaced by 2%Q@ if Flt. Pt. 98 jka 110
- {Xj¥ equal to {Xk} . .
. 110 Branch to {P} displaced by 2xQ@ if Flt. Pt. 99 jka 110
: : {Xj} not equal to {Xk}
111 Branch to {P} displaced by 2x@ if Flt. Pt. A jka 110
: {Xj} greater than {Xk}
112 Branch to {P} displaced by 2x@ if Flt. Pt. 9B jka 110
| {Xj} not less than {Xk}
113 Branch to {P} displaced by 2x@ if Flt. Pt. 9E jke 111
. Exception per j contained in Xk
. 11y .Compare Flt. Pt. {Xj} to {Xk}. result to 3C jk 112

X1 Right
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REPLACE
NICR o e B N C R s R
DATE DATE
ADVANCED SYSTEMS LABORATORY Dec. 9. 1974 Sept. 30. 1974 ADVANCED SYSTEMS LABORATORY Feb. 28+ 1975 |Dec. 9. 1974
APPROVED APPROVED APPROVED PAGE APPROVED APPROVED APPROVED PAGE
| ASLI NCR cDC 238 238 AsL NCR coc 239 239
Reference Instruction Name Operation Format Page Reference Operation Page
Number Code Number Numbepr Instruction Name Code Format Number
115 Call per {Ai} displaced by 8%D. Arguments Ab jkid 130 141  Unimplemented Instruction N/A
per {Aj}. Static Link per {Ak} 142 Unimplemented Instruction N/A
11k Call to {P} displaced by 2%Q. Arguments per BD jka 133 143 Integer Sum. {Xk} replaced by {Xj} plus @ aB jka 31
{Aj}¥, Static Link per {Ak} 144  Compare Bytes Direct {Aj} to {Ak} per XD 44 ik 58
117 Return oy jk 135 and X1
118 Pop 0k jk 13k 145  Set Xk Right per j and {Xl} Right B jk 58.2
119 Unimplemented Instruction 0l jk N/A 14k Descriptor Field Insert from X-Register- FD jkasz a9
120 Exchange o2 jk 139 F{k1} of D {kO. A1} replaced by {Xj}
121 Program Error oo jk 129 14? Descriptor Field Extract to X-Register. FL - jkaes2 a9
122 Interrupt Processor per {Xk} 03 jk 145 Xk replaced by F{jl} of D{jO. @D} _
123 Interrupt Product to Xk Right 1D jk 42 148 Descriptor Field Increment by X-Registera F2 jkasg 90
124 Load Bit to Xk Right from {AJ} bit indexed 1y jk 141 F{k1} of D{kD. @1} incremented by {Xj} Right .
by {X0} Right and set bit in Central Memory 149 Descriptor Field Decrement by x-Registem F3 jkase2 q0
125 Compare {Xk} at {Aj}s if not equal. Load to 15 jk 140 F{k1l} of D{kOD- @1} decremented by {Xj} Ri
Xk from {Aj}i if equal. Store from XO at . 150 Logical Product. {Ak} replaced by <€Ak} A 42 jk 58.1
{Aj} {Aj} per X0 and X1 -
12k Test Page {Aj} and Set Xk Right 1k jk 142 . 151 Logical Sum. {Ak}. replaced by {Ak} OR {Aj} 40 jk 58.1
: er X0 and X1
127 Load Page Table Index per {Xj} to Xk and. 17 jk 14y 152 Eogical Difference. Ak} replaced by {Ak} EOR 4l jk 58.1
Set X1 Right ) {Aj} per X0 and X1 (<’£§
128 Unimplemented Instruction N/A 153 Move_and Complement Bytes Direct. {Ak} replaced 457 < 5k 57
129 Unimplemented Instruction N/A by {AJ} per X0 and XL
130 Copy to Xk per {Xj¥ OE jk 151 154 Move Immediate Data to D{Ak} F3  jkas2 3.2
131 Copy from Xk per {Xj} OF jk 151 155 (Compare Immediate Data to D{Ak} FA jkaes2 91.2
132 Copy to Xk from Central Memory Maintenance 08 Jk 142 15t  Add Immediate Data to D{Ak} FB  jkas2 91.3
Register at {Xj} Right 157 Load Ak with computed address per descriptor FC  jkas2 91.4
133 Copy to Central Memory Maintenance Reg1ster‘ at 07 Jk 143 DL{Aj}
{Xj} Right from Xk 158 Load Xk from{D{Aj}} FD jkase2 1.4
13y Branch to {P} displaced by 2%@ and alter 9F jka y7? 159 Store {Xj} into D{Ak} FE jkase 91.4
Condition Register. per jk
138 Unimplemented Instruction N/A
13k Keypoint. Class j. code equal to {Xk} Bl jke 139
Right plus @
137 Unimplemented Instruction N/A
138 Purge Buffer k of Entry per {Xj} oS jk 152
Reserved Op Code. Model Dependent
139 Execute Algorithms Reserved Op Code. Model B8— BF sjk@ 129
Dependent
140 Unimplemented Instruction N/A
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APPROVED APPROVED APPROVED PAGE
L ASLI NCRI cDC 240 240
APPENDIX B

OP | Ref. | Short Name {Format jk} 3 k X0 Xl
k] 121 Program Error -
01 - Unimplemented Instruction
g2 lzo Exchange
03 122 Interrupt Processor X
a4y 117 Return
0s 138 Purge X Sub-op
0b | 118 Pop !
az 133 Copy to C.M. Maint. Register X X
o8 132 Copy from C.M. Maint. Register X X
09 351 Copy to Ak from Aj . A A
0A os2 Copy to Ak from Xj X A
o8B os0 Copy to Xk from Aj A X
0c 0s3 Copy to Xk from Xj. Halfuword X X
oD 049 | “Copy to Xk from Xj X X
0OE 130 Copy from State Register X X
OF 131 Copy to State Register X X
10 020 Load Multiple Registers A Displace Select
11 021 Store Multiple Registers A Displace Select
12 Unimplemented Instruction
13 Unimplemented Instruction
1y 124 Test and Set. Bit A X Index
15 les Compare and Swap A X Lock
1k 126 Test Page A X
1? 12?7 Load Page Table Index X X Mark
18 0kLS Logical Sunm X X
19 1133 Logical Difference X X
1A oL? Logical Product X X
13 0La Logical Complement X X
3¢ | OB9 Logicel Inhibit X X
1D 123 Logical Product/Interrupt Mask X
1E 145 Convert Mark to Boolean Sub-op X Argument
1F [1] 97 Extend Halfword Sign per j Sub-op X

FIEDIEE PR

DATE
ADVANCED SYSTEMS LABORATORY Feb. 28. 1975 | Dec. 9. 1974
APPROVED APPROVED APPROVED PAGE
r ASL NCR CcDC 241 24l
APPENDIX B

Op Ref. Short Name {Format jk} o k X0 X1
2d gz? Add Integer. Halfword X X
2l 030 Subtract Integer. Halfword X X
= 032 Multiply Integer. Halfword X X
23 | 034 Divide Integer. Halfword X X
24 Dz2z2 Add Integer X X
25 023 Subtract Integer X X
2k o2y Multiply Integer X X
2? oes Divide Integer X X
23 023 Increase Halfword by j Operand X
29 03} Decrease Halfword by j Operand X
2A 056 Add Address. Halfuword X A
23 02% Convert to Absclute X X
2C 036 Compare Integar. Halfuord K unless 0{X unless O Mark
2D 035 Compare Integer K unless O}X unless O Mark
2E oy? Unconditional Branch. Intra-Segment - X
eF nuya Unconditional Branch. Inter-Segment A X
30 099 Add Flt. Pt. X X
3% 100 Subtract Flt. Pt. X X
32 | 133 Multiply Flt. Pt. X X
33 | 10y Divida Flt. Pt. X X
3y 1058 Add Flt. Pt.. Double Precision X {2} X {2%¥
35 | 10b Subtract Flt. Pt.. Double Precision X {2} X {2}
3L | 137 Multiply Flt. Pt.. Double Precision x {2} X {2}
37 | 138 Divide Flt. Pt.. Double Precision x {2} x {2}
38 0L Add Flt. Pt.. Unnormalizad X X
3 102 Subtract Flt. Pt.. Unnormalized X X
3A 097 Convert Integer to Flt. Pt. X X
33 098 Convert Flt. Pt. to Integer X X
3C 11y Compare Flt. Pt. X unless O(X unless 0 Mark
3D 057 Enter Halfword with plus j Operand X
3E [ 058 Enter Hslfword with minus j | Operand X
3F OLO Enter Halfuord with plus jk Operand Dest. Reg. .
40 151 Logical Sum. Direct A Fill/Lengthl Mark/Length
4L 152 Logical Difference. Direct -
42 150 Logical Product. Direct
43 | 153 Move Complement. Direct
Ly luy Compares Direct
4s 073 Move. Diract
4b - Unimplemented Instruction
w1
?F
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| DOCUMENT Igg'cmm

mGB THIS REPLACES
FILE
DATE

ADVANCED SYSTEMS LABORATORY Fe. 28, 1975 | Dec. 9. 1974
IAppnovzn APPROVED APPROVED PAGE
ASL NCR cDC ene 242
APPENDIX B

op | Ref. Short Name {Format jka} 3 k X0 X1

80 01? Load A Bytes. Displaced A X

81 | 019 Store A Bytess Displaced A X

82 | 00k Load X Word. Displaced A X

83 p0os Store X Uord. Displaced A X

a8y | 010 Load X Bytes. Displaced A X Length

as 012 Store X Bytesa Displaced . A X Length

8L | 013 Load X Bytes. Displaced Relative Length=1 X

87 - Unimplemented Instruction .

1] oLy Load X. Bit' A X Index

89 01s Store X. Bit A X Index

8A 0238 Add Integers Halfword plus @ X X

-] 143 Add Integer. Word plus @Q X X .

8C | 033 Multiply Integer. Halfword times @ X X

8D 059 Enter Halfword with @ ' - X

8E o5y Add Address. A plus @ A A

8F | 0SS Add Address~ X plus P plus @ X unless 0 A

490 o4l Branch EQ. Halfword Integer X unless O X unless O

91 o42 Branch NE. Halfword Integer

92 043 Branch GT+ Halfword Integer

93 o044 Branch Not LT. Halfword Integer

L] 03? Branch EQ. Integer

95 038 Branch NE. Integer

9k 031 Branch GT- Integer

q7? sL]s) Branch Not LT, Integer

98 | 129 Branch EQ. Flt. Pt

99 | 110 Branch NE- Flt. Pt.

9A 111 Branch GT+ Flt. Pt. \

98 112 Branch Not LT. Flt. Pt.

9C | 045 Branch and Increment LT+ Integer X X

9D 04k Branch NE. SEG3 else Compare BN A A Mark

9E 113 Branch EQ. Flt. Pt. Exception Sub=-op X

qF 13y Branch/Alter. Condition Register Bit Sub-op

Inocumﬁr Is_ecncm )
THIS REPLACES
DATE
ADVANCED SYSTEMS LABORATORY Dec. 9. 1978
APPROVED APPROVED APPROVED PAGE
ASL NCR cbc 243
APPENDIX B
op Ref. Short Name {Format jkiD} 3 k i X0
AO 01k Load A Bytes. Indexed/Displaced A A X unless 0
AL 018 Store A Bytes. Indexed/Displaced A A
A2 00s Load. X Word. Indexed/Displaced A X
A3 o007 Store X Word. Indexed/Displaced A X
AY cog Load X Bytes. Indexed/Displaced A X Length
AS 1351 Store X Bytess Indexed/Displaced A X Length
Ab 115 Call. Displaced A A A Select
A? - Unimplemented Instruction
A8 k2 Shift Word. Circular X X X unless O
A9 ak3 Shift Word. End-off X X
AA Jul Shift Helfword. End=-off X X
AB - taimp:emanted Instruction
Al 0?1 Isolete Bit Mask - X X unless O
AD 07 Isclate Bit String X X
AE aze Insert Bit String X X
AF - Unimplemented Instruction
o i Ref. Shsrt idame {Format jkae} b k X0
4] 1lb Calls Displaced Relative A A Select
Bl 13k Keypoint Code |X,
B2 - Unimplemented Instruction unless
87 ‘o
[]] Ref. Short Name {Format SjkaQ} 3 k
115 139 Execute Algorithmf - -
BF ; ? - -
0 oo2 Load X Bytes. Displaced L=l A X
v A X
c? L=8 A X
[«:] ooy Store X Bytess Displaced L=l A X
v A X
CF L=8 A X
0p Ref. Short Name {Format SjkiD} b ] k i
lil] 001 Load X Bytes. Indexed/Displaced. L=l A X X unlless 4]
: A X
D? L=8 A X
Df 003 Store X Bytess Indexed/Displaced. L? A X
A X
DF L=y A X
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. . THIS REPLACES
NICR
DATE
ADVANCED SYSTEMS LABORATORY Fob. 28+ 1975 |pec. 9. 1974
APPROVED APPROVED APPROVED PAGE
I ASL NCRI coC Ul
APPENDIX B
0p Ref. Short Name {Format jke/2} jo j1 kO kL A? X0 XL
E0D | 074 BDP Numeric Sum * xx | x %
EL | 075 Difference )
E2 07t Product
E3 | 077 Quotient
E4 | 078 Scale 1 s.C.
E5 | 079 Scale Rounded i S.C.
EL | 083 Compare { Mark
E? o092 X Move i
E8 aay Byte Compare ; Count Mark
E9 085 Compare Collated H Table Count Mark
EA | D8k Scan While Non-Member i Count | Find
EB | D&& Translate H Table
EC | 089 Move !
Ep | 091 Edit - ; V | pattern
EE | 094 Descriptor ilove \ xxx |} ET 3]
EF 095 Increment *xx | ' .
FO | 1yk Insert h
Fl | Lu? Extract * [ ¥xxx
Fg2 143 Increment by X X * *kk
F3 | 149 Decrement by X X J/ *kx
Fy | 09k Calculate Subscript x| xx 1 Mult. pest.
FS§ 150 Unimplemented Instruction
FL |ZL51D
F? [ QS52
F8 | (153)
F9 15Y Immediate Data Move Sub-op * X X
FA | 155 Compare l’ L Mark
FB | 15k Add ¥ o
FC 157 Load A-Register. Computed Address ES l *% A
FD 158 Load X-Recisters BDP Data * *%
FE { 159 Store X-Registers- BDP Data’ X * *%
FF - Unimplemented Instruction |
Mult: HMultiplier

* : AY/A5 Selection Dest: Destination
*% T A8 > AF Selection
**¥*x : Data Descriptor field designator
S.Ce 2

Shift Count
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