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Introduction
Scope

This General Design Specification is intended to define the
common properties and characteristics of Processor Models
PL1-P3 and THETA. Central Memory Models ML-M3 and THETA and
Input/Output units Il and I2 which constitute major firmwarae/
hardware components of the CDC CYBER L&D product line.¥
Included in this model-independent specification is the
description of the Virtual Memory Mechanism commonly applicable
to these major system components.

Applicable Documents

Control Documents

CYBER 180 Architectural Objectives/Requirements- Doc. No.
ARH1LELE8

CYBER 180 Configuration Notebook » Doc. No. ARH338k

CYBER 180 II Assembler ERS. Doc. No. ARH3945

Reference Documents

CYBER 180 Clock System Specifications- Doc. Nos. 1189L0A89/
1189k090

CYBER 180 Performance Monitoring Facility Interface Spec-
CYBER 180 Processor/Memory Transmission Scheme Spec.

CYBER 170/173 Engineering Specification. Doc. No. 190b3000

CYBER 180 ECS Coupler Interface Requirements Specificationa
Doc. No-. 11A9Lbk2Y

CYBER 17?0 I/0 Channel Transmission Circuit Spec-. Doc. No.
17063400

*¥ Throughout this document the term CYBER 80 shall be
construed to mean CYBER 1480.
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1.3 Configurations

The architecture shall allow flexibility in the

interconnection of the basic computer system elements. The§e
elements shall consist of central processors. central memories

and I/0 units.

This specification addresses the ability to connect various
system elements together. but does not define supported
configurations. The standard software supports only those
specific system configurations which are detailed in the
CYBER 180 Configuration Notebook.

For the purpose of this specification. the processors will be
referred to as the four models Pl, P2. P3 or THETA processor.

The central memory units will be referred to as the four
models Mbs M2. M3 or THETA memory. The two Input/Qutput
units will be referred to as the two models Il or I2. The
four systems will be referred to as Sk, S2. §3 or THETA.

1.3.1 Interelement Transfer Paths

All data transfers between two central processors or between the
1/0 Unit and a central processor shall be via central memory.

Transmission of data between central memories M2. M3 or THETA
and the I2 Unit shall occur over compatible- bY-bit wide inter-

faces.

L.3.2 Interelement Clock

A detailed description of the clock system is included in
the Clock System Specification listed in paragraph l.2.2.
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1.3.3 Interelement Connection Alternatives P2 Processor P3 Processor THETA Processor ECS
PORT Local | External Local | External Local I2 Coupler
Each processor shall provide one procaessor port {termed 1 Yas
the local processor port} to access the central memory {Standard} "
within its system. P2 and P3 shall also provide one 1 ® .
processor port {termed the external processor port} to n2 {Standard} Yes
access a central memory in another system. Both processor 2
ports on P2 and the external processor port on P3 shall (Standara3l 7eS
be designed to interface to a standard memory port {u.1.72}.
The requirement for two processor ports on the P2 is Stodards Yes Yes Yas
implemented by providing both ports directly from the
processor as illustrated in Figure %.3-2. P3 meets this o Ves

requirement by providing an external processor port from S—

the Central Memory Control. This latter implementation . ﬁt;d”d} as @
provides access for both processors through this single
external processor port as illustrated in Figure L.3-3. 2 Yes
The I2 and the ECS Coupler shall also be designed to interface 3 Yes Yas
to a standard memory port. An I2 attached to port 3 of a {Standardd
memory need not support the cache invalidation for €170 central o Yas
memory writes {7.2.4} nor the (170 Exchange Request {7.12}.
Y ]
M3 and THETA memory ports 0 and 2 shall be appropriately designed THET A {Standard} Yos
{with regard to performance requirements} to interface the local MEMORY .
processor port for P3 and THETA respectively. M3 and THETA e s
memory ports L and 3 and all M2 memory ports shall be standard 3
memory ports. Of these standard memory ports. port 3 of each {Standard} Yas
memory shall not only be a standard memory port but also shall
be capable of interfacing an element which is not within the TABLE 1.3-1
same ENC boundary as the memory. The other standard memory e rlemn:cmnutﬂnanemanvu
ports may assume that the element attached is within the same neere
ENMNC boundary as the mamory. ®This I2 must be inside the same EMC boundary as the memory.
An Sl system and elements therein are not required to directly
interface any elements on S2. S3 or THETA systems. Interconnection alternatives between the I2 and central
memories M2+ M3 or THETA shall include options for one way
These interconnection requirements are summarized in Table electrical aistances of one or two cluckpcycles of propagation
1.3-1. Note that any required resynchronization of clocks delay. Interconnection alternatives between the ECS Coupler
shall be performed by the element connecting to the standard and central memories M2. M3 shall include options for one-way
memory port rather than by the memory. electrical distances of gne or two clock cycles of propagation

delay.

There shall be a special processor termed the Maintenance
Control Unit {MCU} which will form part of the I/0 unit.
Each of the central processors shall provide a Maintenance
Channel {k.0} interface for the NCU. The MCU shall serve as
the programmable maintenance facility for these processors.
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Central Central
Processor Processor
P2 5L ns P3 Ly ns

H
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b4 ns

| 56/EY ns

e

50 ns

S5b/bLY4 ns

I2
50 ns

Rasynch hardware denoted by s/

Figure L.3-5

P2/M2 and P3/M3 as multi-mainframe
configuration with a portion of M2

used as shared memory
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General Timing Considerations

Within each processor. instruction execution shall be "concep-
tually serialized.™ Although central memory and register ref=-
erences may occur out of order. {to whatever degree required
by a processor's model-dependent implementation in the achieve-
ment of its cost/performance goals}. the results from each of
the associated instructions. as observed by the processor per-
forming their execution. shall be the same as if such instruc-
tions were actually executed in a serialized fashion {i.e.-
each instruction’s execution would be completed before the
execution of any subsequent instructions would 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 processors. only to the extent that the function referred
to as "serialization™ is included within the execution of certain
instructions as described in section 2.b 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.

Element Identifier and Options Installed

Each element on CYBER180 has tuwo registers which identify
that element uniquely. These registers are the Element
Identifier {EID} and the Options Installed {0I}. They are

used during system initialization to determine the mainframe
configuration. These two registers shall be constructed such
that software shall not be able to change their contents. See
2.h.5.2 for Processorss 4.5 for Memories and 5.k for I/0 Units.
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The EID has the following format:
32 4g 4a b3
[Element No. | Model No. | Serial No. |

ARH1700
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1-1)

The element number identifies the equipment as a processor.
mamory~ I0U. etc.

The model number further catagorizes elements.

For example.

a processor could be a P2. as distinguished from a Pl or P3.

EQUIP MENT ELEMENT No.* | moDEL No.*
Sl System 0Xyy 10
Pl 00,4 10
ML DI** 10
It o2 10
P2 Processor Do 20
M2 Memory 01 20
I2 Iou o2 20
P3 Processor ao 30
M3 Memory 01 30
THETA Processor 0o 40
THETA Memory 0l 40
ECS Coupler 03 20
CEM [1L] 20

*packed decimal notation {see 2.3.2.2%

**rhere is one EID register in Si.

When read

as part of Pl. ML or Il. howevers the EID
returns the appropriate element number as
indicated above.

Table 1.5-1 Elemant Identifiers {EID}
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The serial number field
notation {see 2.3.2.C%.

the literal EID.

DoC.
REV.
DATE
PAGE

is written in packed dacimal
In this way. the console displays

ARH1700
T

Oct. 15,
1-12

SERIAL NO. PACKED DECIMAL EQUIVALENT {ud-b3}
010l 000D OO0 0000 00O
0109 0002 00ply ooop  Lool
0110 0ooo 000k 000Y  pOOO
L1489 000l 0lop 1000 100X
1490 0o0gl 0100 1D0Y  DOoOD

Table L.5-2 Typical

Options Installed {0I}

Serial Numbers

The 0I identifies the options installed on a given element-.
Examples are: channels and barrels on the I0U; cache or control
store extensions on a processors various memory increments on
memorys various processor/memory/IOU configurations on the S}

system.
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Processor

Processor models P1-P3 & Theta shall provide the means for reading
and translating each of the instruction codes contained in the
instruction repertoire. as well as performing the corresponding
execution of these instructions as defined by the descriptions
contained in this specification.

In order to accomplish instruction fetch and execution. each pro-
cessor shall additionally provide the means for referencing cen-
tral memory. C(entral memory references shall be performed

in virtual mode- which shall include the address translation and
protection facilities as described in Sections 3.0 through 3.&

of this specification,

General Description

For the purposes of this specification the operation codes from
the instruction repertoire shall be divided into four groups of
instructions referred to as the General Instructionsa. the Bus-
iness Data Processing Instructionsa the Floating Point Instruc=-
tionss and the System Instructions. In addition to central
memory. addressed in virtual mode. the execution of the
instructions within the first three of these instruction groupsa
namely the General. BDP. and Flt. Pt. Instructions. shall re-
gquire the means to reference general containers referred to as
the P Register-. the A Registers. and the X Registers. Alsoa

the means for detecting and indicating exceptional conditionsa
which may occur in the course of executing these instructionsa,
shall be provided in accordance with the appropriate instruction
descriptions contained in this specification.

The fourth group. namely the System Instructionsa shall addi-
tionally require the means to reference special containers
referred to as the Processor State Registers. Process State
Registers. and Memory Maintenance Registers in accordance with the
appropriate descriptions contained within sections 2.5+ 2.k

and 4.5 of this specification. respectively.

General Registers

The means for referencing a total of 33 General Registers shall
be provided.
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2+1.2.1

2+1.1.2

P Register

The Program Address Register. referred to simply as the P Reg-
ister. shall consist of b4 bits. numbered from left to righta.
beginning with bit position 00. Conceptuallya the P Register
shall contain the Process Virtual Addressa PVA. of an instruc-
tion in central memory during the time it is read. interpreted-
and executed by the processor. Similarly. the P Register shall
cont3in "Keys" to central memory during each instruction's ex-
ecution. The contents of the P Register shall be formatted as
follows: where the RN {Ring Number}. SEG {Segment} and BN
{Byte Number} fields are individually described within Section
3.2 of this specification. and the GK {Global Key} and LK {lLocal
Key} fields are individually described within paragraph 3.b.3
of this specification.

oo Joz2 ns  Juo 1k 20 32 63
oo| e ool Lk RN SEG BN
2 b 2 b y 12 32
F&——— Keys > PVA >

A Registers

The sixteen A Registers. referred to as the AD Register through
the AF Register {using hexadecimal notation}. shall consist of

48 bits each. identical in format to the rightmost u4& bits of the
P Register as just previously described.

Note. Although these address registers are intended for general
wse in explicitly supplying such PVA's as may be required for
branch {jump} and operand references to central memory. an
aggregate of five A Registers. {namely. AD through AY}. shall

be implicitly utilized during CALL instruction executions as
described in Section 2.k of this specification.
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2.1.1.3

X Reglsters

The sixteen X Registers, referred to as the XO Register through
the XF Register (using hexadecimal notation), shall consist of
64 bits each with their bit positions numbered from left to
right, beginning with bit position 00, as follows:

M 31 Be b3
32 bits 32 bits

X Register Left > | € X Register Right—————3»

bY-bit X Register >

The 64-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 63), and 64-bit word
operations shall be provided for the contents of the X Registers.

Store operations to Xk left (XkL) shall not alter Xk right

(XkR) and store operations to Xk/XO/X1 right shall not alter
Xk/X0/X1 left.

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, XO 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 X1 Right shall
be utilized to receive additional results from instruction
execution. Whenever applicable, the instruction descriptions
contained in this specification will fully define all register
utilizations which shall be implicit in nature, including those
cases in which the contents of Register X0 shall be interpreted
as consisting, partially or entirely, of zeros.

Programming Restrictions

Programmed modification of the instructions comprising a stored
program in central memory may lead to undefined results for
instructions in the instruction stack (buffer). On exchange
operations, the instruction stack is cleared as described in
paragraph 2.8.5.

CDC PRIVATE

CDC CYBER 180 MAINFRAME

DOC. ARH1700
MODEL - INDEPENDENT GENERAL DESIGN SPECIFICATION REV. T
DATE Oct. 15, 1981
Systems Development PAGE g2-4

Architectural Design and Control

2.1:3.1

242.3.2

Instructions

Instructions shall be 1k bits or 32-bits in length. according to
one of the four formats described in the following sub-paragraphs.

Formats j k i D and S j k i D

_operation code | 5 | « | i | > |

-] ] L] Y 1e
Operation . -
Code s bl k i D
5 3 L} Y4 Y e

Non=-vector instructions:the ja k 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 S field shall provide a sub-operation
code-

Within the BDP instruction group- one or two descriptors shall
be appended to instruction format jkiD. See Section 2.3.

Vecgor instructions: the js k and i fields shall provide
register designations {A registers containing the starting
address of a vector or X registers containing an immediate
operand} and the D field containing both the length of the
vector operation and the broadcast selection.

Format j k

[7 Operation Codel j

[« ]

[} y Yy

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 raegister designation
or an immediate operand value. Within the BDP instruction groupa
two descriptors shall be appended to this instruction format.

See Section 2.3.
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Format j k @

] ]

-] 4 Y 1b

Lpperation Code I i I

For this 32-bit instruction format. the j and k fields shall
provide register designations. sub-operation codes. or an
immediate operand value. The Lb-bit @-field shall provide a
signed displacement or an immediate operand value.

Access

Instruction accesses shall be confined to byte addresses which
are 0+ modulo 2. {The 32-bit instructions are not restricted
to be in a single central memory word.} Thus. values which have
a one bit in position b3 shall be detected at the time an
attempt is made to transfer such values into the P Register. an
Address Specification error shall be recorded. and the corres-
ponding program interruption shall occur. See subparagraph
2.8.L.5 of this specification.

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 descriptiona
the appropriate central memory access. performed for the purpose
of fetching the instruction to be subsequently executed. shall be
execute validated. Execute type accesses shall use the ring
number contained in the P Register for access validation.

The access validation procedures which requires the classifi-
cation of central memory accesses into read. write. execute. and
call types~ is described in Section 3.k of this specification.

As part of the Virtual Memory Mechanism~ this validation pro-
cedure is intended to provide hardware assistance in satisfying
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.

With respect to "demand page" interrupts {Page Table Search

without Find conditions as described in subparagraph 2.8.1.10 of
this specification} the fetching of an instruction shall be con-
sidered 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. Thuss with respect to de-
mand paging. the execution of an instruction shall never include
the fetching of the next instruction to be executed. See
paragraphs 2.2.3.L and 2.L.%.2.
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2.2.3.5

2.2.3.b

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 descriptiona 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.

Nomenclature

Throughout the instruction descriptions centained in this spec-
ification. the following conventions shall be used with respect
to nomenclature.

a. The expressions "Renister Aj" and "the Aj Register™ shall
be used interchangeably to denote the 48-bit A Register
specified by the u4-bit j field from an instruction. Thusa
"Aj"™ shall denote one of the sixteen A Registers. AD through
AF {in hexadecimal notation} corresponding to j field values
of 0 through 15 {in decimal notation}. respectively.

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

b. The expressions "Reaister Xj" and "the Xj Register™ shall
be used interchangeably to denote the k4-bit X Register
specified by the 4Y-bit j field from an instruction. Thus,
nXj™ shall denote one of the sixteen X Registers. X0 through
XF {in hexadecimal notation} corresponding to j field
values of O through 15 {in decimal notation}. respectively.

The 4-bit k field from an instruction shall be interpreted
in a manner identical to the j field {as just described}
with respect to the interchangeable expressions "Register
Xk" and "the Xk Register.”
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With respect to the X Registers. the terms "Left™ and
"Right" shall be used to denote the leftmost and right-
most 32-bit positions. respectively. Thuss "Register Xk
Left™ shall denote the leftmost 32-bit positions. 00
through 31. of the Xk Register and "Register Xk Right"
shall denote the rightmost 32-bit positions. 32 through
b3+ of the Xk Register.

Parentheses shall be used within instruction names to
denote "the contents of".

Units of information shall be referred to as bytes {8
bits}. parcels {lb bits}, halfwords {32 bits} or words
{b4 bits} with the following numbering conventions {always
numbered consecutively from left to right}:

Bits 00-> 08 > [1L—>12Y4->{38 —>H0 —> | 48 —>|cp—>
Bytes 0 1 2 3 ] 5 b ?
Parcels o . e 3
Halfwords 0 1
Word 0

00 -—b%

Note: Alphanumeric {including decimal} and floating point
data formats are illustrated in Sections 2.3 and 2.4,
respectively of this specification.

f. Bits within registers are numbered consecutively from
. left to right with the rightmost bit always equal to
k3. For CYBER 170 bit numbering. see 7.2.1.

Address Arithmetic

Address arithmetic operations. referrad tc as "indexing™
and "displacement.” shall be performed on signed. 32-bit
integers using 2's complement addition without overflow
detection.
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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 recorded, the
central memory access shall be inhibited, and the corresponding
program interruption shall occur. See subparagraph 2.8.1.5

of this specification.

Instruction Reference Numbers

Prior to the assignment of operation codes, each
instruction was identified by a three-digit reference
number. These reference numbers are shown in this
specification now only for historical continuity.

Appendix A lists CP instructions in reference number
sequence. All other tabulations, however, emphasize
the operation code of the instruction, which has become
the preferred instruction identifier.

Zero Field Length

The following instructions make memory references controlled
by a field length. When the field length is zero, no actual
memory reference shall be performed. For all field lengths
including zero, however, these instructions shall go through
normal address exception detection: Access Violation, Invalid
Segment, Address Specification Error, and Page Fault (see
2.8.1), and Debug testing (see 2.7.2).

Load/Store Multiple (Op. 80, 81)

Decimal Sum, Difference, Product, Quotient (Op. 70,71,72,73)

Decimal Scale and Scale Rounded (Op. E4, D5)
Decimal Compare (Op.

Numeric Move (Op. 75)

Byte Compare and Compare Collated (Op. 77, E9)
Byte Scan While Nonmember (Op. F3)

Byte Translate (Op. EB)

Move Bytes (Op. 76)

Calculate Subscript and Add (Op. F4)

Move, Compare, Add Immediate Data (Op. F9, FA, FB)
All Vector Instructions (Op. 4X-5X)
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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

2-2-1 through 2.2.20 of this specification.

Load and Store

This sub=-group of instructions shall provide the means for trans-
ferring data. in the form of a single bit. a byte string- a bLi-bit
word. or multiple bi-bit words between one or more registers and
one or more locations in central memory as specified by the indi-
vidual operation codes-

For the purpose of establishing operand access validity for the
associated central memory read and write accesses. 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.

The central memory operand access type for the Load Bytes

to Xk from {P} displaced by Q. {0p. 8L} shall be execute-access
{see subparagraph 2.2.%-4}. For all other load and store
instructions in this sub-group- 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.

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.
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2.2.2.%

Load/Store Bytes. Xki Length Per S

a« Load Bytes to Xk from {Aj displaced by D and indexed by
XiR}~ Length per S

DS jkid {Ref. 001}

b. Store Bytes from Xk at {Aj displaced by D and indexed by
XiR}. Length per S

DS jkid {Ref. D03}

Operation: These instructions shall transfer a field of bytes
between Register Xk and a byte field in central memory with
the direction of transfer determined by the operation code.
The length of the byte field in central memory shall be
determined from the instruction’'s S field as follows:

Load Bytes... S = 0-7 length 1-8
Store Bytes... S = 8-F length 1-8

The bytes in Registar Xk shall be right-justified.

so that the appropriate left-most byte positions in

Register Xk shall be cleared for load instructions with lengths
less than eight. and the appropriate left-most byte positions
within the Xk Register shall not be transferred for store
instructions with lengths less than eight.

Addressing: The beginning {the leftmost byte position} of the
byte string in central memory shall be determined by means of
the PVA obtained from the Aj Register. modified by byte item
counts as follous: ’

Displacement and Indexing: The 32-bit halfword 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 Aj Register. 1In
this context. the contents of the X0 Register shall be inter-
preted as consisting of all zeroes.
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2.2-k.2

Load/Store Word. Xk

a- Load Xk from {Aj displaced by 8%D and indexed by &xXiR}

A2 jkid {Ref. 005}
b. Load Xk from {Aj displaced by &x@}
82 jke {Ref. DO}
c. Store Xk at {Aj displaced by 8*%D and indexed by &xXiR}
A3jkiD {Ref. 007}
d. Store Xk at {Aj displaced by 8%Q}
a3 jka {Ref. DO8}
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 follows:

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
the D field of the instruction shall be expanded to 29 bits

by extending zeroes on the left and shall then be shifted left
3-bit positions with zeroes inserted on the right. The two
32-bit guantities resulting from these operations shall then
be added to the rightmost 32 bits of the PVA obtained from the
Aj register. In this context. the contents of register X0
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 postions 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 be detected. the execution of the instruction shall be
inhibited. and the corresponding program interruption shall
occur. See subparagraph 2.8.1.5 of this specification.
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2.241.3

2.2.1.4

Load/Store Bytes. Xki Length Per XO

a. Load Bytes to Xk from {Aj displaced by D and indexed by

XiR}+ Length Per XO
AYjkiD
b. Store Bytes from Xk at {Aj
XiR}. Langth Per XO

{Ref. 009}
displaced by D and indexed by

ASjkiD {Ref. 0LL}
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 operation code.
The length of the byte field in central memory shall be deter-
mined by adding one to the value of the rightmost 3 bits con-
tained in Register XO.

In all other respects. these operations shall be identical to
those described in subparagraph 2-2.1.) of this specification.

Load Bytes. Xk3i Length Per j

Load Bytes to Xk from {P displaced by Q}+ Length per j

8L jka {Ref. D13}
Operation: This instruction shall transfer a field of bytes
from central memory to register Xk. The length of the byte
field in central memory shall be determined by adding one to
the value of the rightmost 3 bits of the j field from the
instruction. The byte{s} loaded into Register Xk shall be right-
justified so that the appropriate leftmost byte position{s}
in Register Xk shall be cleared for lengths less than eight.

Addressing: The beginning {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. . B}

Notes: The read operation for the field of bytes from centpral
memory shall be tested for access validity as if it were an
instruction fetch. thus requiring execute-access rather than
read-access validity.
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2.2.1.5

Load/Store Bit. Xk
a- Load Bit to Xk from f{Aj displaced by @ and bit-indexed

by XOR}
88 jka {Raf. DLU4¥
b- Store Bit from Xk at {Aj displaced by @ and bit-indexed
by XOR}
3°jka {Ref. 0LS5}

Operation: These instructions shall transfer a single bit be-
tween Register Xk Right. bit position b3. and a bit position

in central memory. with the direction of the transfer determined
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 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 XO Right. bit positions k1l through
b3. Values from 0O through 7 for these three bits shall select
the corresponding bit position- 0 through ? within the central
memory byte.

Notes: 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 from any port to the
addressed byte shall be permitted between these read and
write accesses. When clearing a synchronization "lock"
with this instruction. pre-serialization is required.
This should be achieved by issuing a "Test and Set Bit"
instruction {124} immediately prior to the Store Bit.
Since the 124 instruction post-serializes. this sequence
effectively pre-serializes the clearing of the Mlock”.

For the instruction which transfers a bit to central

memory. operand access validation shall consist of write
access validation only.

CDC PRIVATE

CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL~-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.

T
DATE Oct. 15, 1981
2-14

Systems Development PAGE
Architectural Design and Control

2.2:1:b

Load/Store Address. Ak

a. Load Ak from {Aj displaced by.D and indexed by XiR}
ADjkiDd {Ref. 0Lk}

b. Load Ak from {Aj displaced by @
8Y4jka {Ref. 0172

c. Store Ak at {Aj displaced by D and indexed by XiR}
AL jkiD {Ref. 0LB}

d. Store Ak at {Aj displaced by @}
85 jka {Ref. D19}

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

Addressing: For the A0 and Al instructions. 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 byte item counts in a manner identical
to that described in section 2.2.1.1.

For the 84 and 85 instructions. 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 {AjFa
modified in its rightmost 32-bit positions by the addition

of the 32-bit quantity obtained by left extending the sign of
the lLk=bit @ field from the associated instruction.

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 k3 of Register Ak.

When the instructions which load AK are executed. the larger value
of 1} the leftmost 4 bits of the six byte field from central mem-
orys @) the leftmost 4 bits in bit positions 1k through 1% of the
Aj Register and 3} the R) field contained in the Y4-bit positions
08 through 1l of the segment descriptor associated with the PVA
obtained from Register Aj- shall be transferred to bit positions
Lk through 19 of Register Ak.
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{For the format of a segment descriptor and the definition of
its RL field. see paragraphs 3.3.1 and 3.k.2 of this specifica-
tion. respectively.

When the leftmost 4 bits of the six byte field from central
memory are all equal to zero- a Ring Number Zero condition shall
be detected and- following the completion of the associated

Load instruction's execution. the corresponding program inter-
ruption shall take place. See subparagraph 2.8.1.13 of this
specification.

Load/Store Multiple

a- Load Multiple Registers from {Aj displaced by 8xQ},
Selectivity Per XkR
80jke {Ref. 0203

b. Store Multiple Registers at {Aj displaced by &xQ},
Selectivity Per XkR
&l jka {Ref. 021}

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 ward locations to which or from which. as deter=-
mined by the operation code. the designated transfers shall

take place. shall be formed by means of displacement addressing.
The lb-bit @ field from the instruction shall be expanded to 29
bits by means of sign extension. 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 interpret-
ing the rightmost lbk=bits initially contained in Register Xk
Right as four fields of U-bits each in the following manner:
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¢—————Register Xk Right 4

48 51152 555k 59 LD L3
y y y y

A

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

When the first register number iS greater than the associated
last 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 lLh-bits of Register Xk 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 4a
through b3 of Register Xk Right. the 1lb 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 lbL-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
multiple registers and shall be cleared by the instruction

which stores multiple registers.
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Special Load A Conditions: The instruction which loads A General Register Positive Offset ;o A}

Registers shall unconditionally transfer only the right- displaced b
most Y4-bit positions 20 through L3 of each appropriate .

word from central memory to the corresponding bit positions
of the designated A Registers. — : 2 1]
3 8
As part of the exeqution of the Load Multiple instruc- Ay 15
tion. the larger value of 1} the 4 bits in bit A 24
positions 1k through 19 of each appropriate word from cen- A E 32
tral memory~ 2} the leftmost 4 bits in bit positions 1k A7 40
through 19 of the Aj Register. and 3} the Rl field con- AB 48
tained in the UY~bit positions 08 through 11l of the segment A9 5h
descriptor associated with the PVA obtained from Register AA kY
Aj. shall be transferred to bit positions 1kt through 19 of AB e
each of the appropriately designated A Registers. : g a0
[-1:]
————————3A E 9b
With respect to the designated A Registers. when all 4 bits in X 0 104
positions 1k through 19 of any associated word from central X 1 112
memory are equal to zero. a Ring Number Zero condition shall X @ 120
be detected anda follouxng the completion of the Load Multiple X3 128
instruction's execution. the associated program interruption Xy 13k
shall occur. See subparagraph 2.8.%.13 of this specification. i 5 ig;
b
Notes: For both of these operation codes.unless the PVA X7 1.0
initially contained in the Aj Register consists of a byte X8 1L8
address which is equal to 0. modulo &. an Address Specifi- qgﬂlﬂ gguu ::10 tgll X9 176
cation error shall be detected- all transfers associated with - ? —¥ > X A 184
the execution of these instructions shall be inhibited. and X B 192
the corresponding program interruption shall occur. See X C 200
subparagraph 2.8.1.5 of this specification. Register XD 208
Xk X E 21b
Right XF 22u
"For the instruction which loads multiple registers., {ref-
erence number 20}~ the PVA resulting from the addition
of {Aj} and the @ field from the instruction. shall con-
stitute the only Data Read argument for this instruction :
with respect to a Debug List Scan operation. {See par- tggé}§::i: to
agraph £.7.2.} ~ Multiple. only.
For the instruction which stores multiple registersa. {ref~-
erence number 21}, the PVA resulting from the addition Figure 2.2-1
of {Aj} and the Q@ field from the instruction shall con-
stitute the only Data Write argument for the instruction Register Selectivity Correspondence

with respect to a Debug List Scan operation. <{See par-
agraph 2.?7.2.}" .
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2.2.2

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 kuY-bit integers and in position
32 for 32-bit integers}. 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 bita
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. (onceptually.
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
its bit-for-bits from another number consisting entirely of one
bits}.

lu 1 %
Is

Register Xk: bY-bit integer
32]33 b3

aly 3
VLA

Register Xk Right: 32-bit integer

The ranges in magnitude- M. covered by binary integers in each
of the two fixed point formats. shall be as follows:

32-bit Integer: 23 <3k, Ly-bit Integer: S LEF S F-FLER)
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2.2.2+1 Integer Sums Xk

2.2.2.2

a. Integer Sum- Xk replaced by Xk plus Xj

24jk {Ref. 022}

b. Integer Sum- Xk replaced by Xj plus 4
8B jka {Ref. 143}

c¢. Integer Sum- Xk replaced by Xk plus j
10k {Ref. lbL}

These instructions shall obtain a kY4-bit addend from the initial
contents of Register Xj. or from the lb-bit sign-extended @
field of the instruction~ or from the H-bit zeros extended j
field of the instruction. as determined by the operation code-
The bY-bit addend thus derived shall be added to the bu-bit
word initially contained in Register Xk or Xj. as correspondlqgly
determined by the operation codes and shall transfer the bY-bit
sum to Register Xk. Each bui-bit word shall be treated as a
signed two's complement integer.

When the augend and addend are identically signed. and their
addition produces a sum with a sign opposite that of the addend
and augend. an Arithmetic Overflow condition shall be detected.
WUhen the corresponding user mask bit is set and the trap is
enabled. instruction execution shall be inhibited and program
interruption shall occur. See subparagraph 2.8.3.10 of this
specification.

Integer Difference. Xk

a. Integer Differences Xk replaced by Xk minus Xj

e5jk {Ref. D23}
b. Integer Difference. Xk replaced by Xk minus j
11 jk {Ref. Lb7}

These instructions shall obtain a b4-bit subtrahend from the
initial contents of Register Xj or from the 4-bit zeros
extended j field of the instruction. as determiqed by the
operation code. The Lu-bit subtrahend thus derived §ha11 be
subtracted from the buU-bit word initially contained in i
Register Xk and the difference shall be transferred to Register
Xk. Each bu-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 Arithmetic Overflow condition shall be
detected. UWhen the corresponding user mask bit is set and

the trap is enabled. instruction execution shall be inhibited
and program interruption shall occur. See subparagraph 2.8.3.10
of this specification-
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2.2.2.3

Integer Product. Xk

a. Integer Producta Xk replaced by Xk times Xj

2k jk {Ref. D2y}
b. Integer Product Xk replaced by Xj

B2jkaQ {Ref. LLA&}
These instructions shall obtain a bu=-pbit multiplier from
the initial contents of Register Xj or from the lb-bit sign
extended @ field of the instruction. as determined by the
operation code. The bu4-bit multiplier thus derived shall be
taken times the L4-bit word initially contained in Register
Xk or Register Xj as determined by the operation code. The
result of this multiplication shall consist of a 128-bit
intermediate product. algebraically signed. The rightmost
b4-bits of this intermediate product shall be transferred
to the Xk Register.

times @

Unless the leftmost L5 bits of the properly signed intermediate
product are all in the same state- -an Arithmetic Overflow condi-
tion shall be detected. When the corresponding user mask bit

is set and the trap is enabled. instruction execution shall be
inhibited and program interruption shall occur. See subparagraph
£2-8.3.10 of this specification.
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2.2.2.4

Integer Quotienta Xk

Integer Quotient Xk replaced by Xk divided by Xj

2?2k {Ref. D25} .

This instruction shall divide the bY=bit word initially con-
tained in the Xk Register by the bu=bit word initially contained
in the Xj Register. Provided the divisor is not equal to zero-
the results of the division. consisting of a Lu=bit quotient
algebraically signed. shall be transferred to Register Xk.

When the divisor is equal to zero- the contents of Register
Xk shall not change and a Divide Fault condition shall be
detected. UWhen the corresponding user mask bit is set and
the trap is enabled~ instruction execution shall be inhibited
and program interruption shall occur. See subparagraph
2.8.3.8 of this specification.

For the case in which -gb3 s divgded by -ED1 the quotient
result shall have the form of -283. an Arithmetic Overflow
condition shall be detected. Uhen the corresponding user

mask bit is set and the trap is enabled. instruction execution
shall be inhibited and program interruption shall occur. See
subparagraph 2.8.3.10 of this specification-

Note: The division shall produce a quotient result which. in
its absolute form. shall not have been rounded upwards. Thus.
when the absolute value of the quotient result is concatenated
to a single zero bit. that guantity shall be equal to or less
than the absolute value of the quotient computed to one addi-
tional 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 com=
puted to one additional bit of precision in the rightmost po-
sition.
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¢.2.2.b Half Word Integer Difference. XkR

a.- Integer Differences XkR replaced by XkR minus XjR
2.2.2.5 Half Word Integer Sum: XkR

, 21 jk {Ref. D303}
a. Integer Sum: XkR replaced by XkR plus XjR b. Integer Difference. XkR replaced by XkR minus j
20jk {Ref. 027} 29jk {Ref. D031}
b. 1Integer Sum. XkR replaced by XjR plus @ Operation: These instructions shall obtain a 32-bit subtrahend
: from the initial contents of Register Xj Right or from the U-bit
8Ajkd iRef. D28} zeros extended j field from the instruction. as determined by
c. Integer Sum- XKR raplaced by XkR plus j the operation code.

28jk {Ref. D29}

. . The 32-bit subtrahend thus derived shall be subtracted from
Operation: These instructions shall obtain a 32-bit addend

the 32-bit half word initially contained in Register Xk Right

from the initial contents of Register XJj Right. from the lL-bit and the difference shall be transferred to Register Xk Right.

sign extended @ field of the instruction. or from the Y-bit Each of these 32-bit halfwords shall be treated as signed

zeros extended j field of the instruction. as determined by the two’s complement integers. UWhen the minuend and subtrahend

operation code. are oppositely signed and the subtraction produces a difference
. . . with a sign opposite that of the minuend. an Arithmetic Over-

The 32-b1§ addend thus dgr1vegx shall be addeq to the BEjblt flow condition shall be detected- UWhen the corresponding user

halfword initially contained in Register Xk Right or Register mask bit is set and the trap is enabled. instruction execution

Xj Right. as determined 5y 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.

shall be inhibited and program interruption shall occur. See
subparagraph 2.8.3.10 of this specification-

X 2.2.2.7 Half Word Integer Product. XkR
When the augend and addend are identically signed. and their

addition produces a sum with a sign opposite that of the addend a. Integer Products XkR replaced by XkR times XjR

and augends an Arithmetic Overflow condition shall be detected. I

When the corresponding user mask bit is set and the trap is - Ref

enabled. instruction execution shall be inhibited and program 2jk {Ref. DBE}.
interruption shall occur. See subparagraph 2.8.3.10 of this b. Integer Product. XkR replaced by XjR times @
specification.

aCjka {Ref. 033}

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

The 32-bit multipler 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
multiplication shall consist of a Li-bit intermediate product,
algebraically 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 Arithmetic Overflow
condition shall be detected. UWhen the corresponding user mask
bit is set and the trap is enabled- instruction execution

shall be inhibited and program interruption shall occur. See
subparagraph 2.8.3.10 of this specification-.
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2.2.2.8

Half Word Integer Quotient. XkR
Integer duotient. XkR replaced by XkR divided by XjR

23jk {Ref. DO34¥
This instruction shall divide the 32-bit halfword initially
contained in Register Xk Right by the 32-bit halfword initially
contained in Register Xj Right. Provided the divisor is not equal
to zeroa the results of the divisionyconsisting of a 32-bit
quotient, algebraically signed yshall be transferred to Register
Xk Right.

When the divisor is equal to zero. the contents of Register Xk
shall not be changed and a Divide Fault condition shall be
detected. UWhen the corresponding user mask bit is set and

the trap is enabled. instruction execution shall be inhibited
and program interruption shall occur. See subparagraph
2+8.3.8 of this specification.

For the case in which -231 is divided by '201 the quotient
result shall have the form of -23%, an Arithmetic Overflow
condition shall be detected. UWhen the corresponding user

mask bit is set and the trap is enabled- instruction execution
shall be inhibited and program interruption shall occur. See
subparagraph 2.8-3.10 of this specification-

Note: The division shall produce a guotient result which. in its
absolute form. shall not have been rounded upwards. Thusa when
the 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.
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2.2.2.9

Integer Compare
a. Integer Compare. Xj to Xka rasult to XIR

2D jk {Raf. 035}
b. 1Integer Compare. XjR to XkR. result to XLR
2Cjk {Ref. 03k}

Operation: These instructions shall perform an algebraic com=-
parison of the signed. two's complement. 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 bu~bits or 32-bits {right-justified in positions
32 through b3} as determined by the operation code. In this con=-
text the contents of the XO 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 quantity obtained from Register X j
greater than the quantity obtained from Register Xk. Register X1
Right shall be cleared in bit positions 32 and 34 through b3,
and shall be set in bit position 33. UWhen the comparison finds
the quantity obtained from Register Xj less than the quantity
obtained from Register Xk. Register X1 Right shall be cleared

in bit positions 34 through L3 and shall be set in bit positions
32 and 33.
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2.2.3

2e2e3:1

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. Then. 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: (hen 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 1b-
bit @ field from the instruction to 31 bits by means of sign ex-
tensions 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
according to the appropriate instruction descriptions contained
in subparagraphs 2.2.3.5 and 2«2.3.bk of this specification.

Conditional. X
equal to Xk

a. Branch to P displaced by 2xQ if Xj

G4 jke {Ref. 037}

b. Branch to P displaced by 2x@ if Xj not equal to Xk
95jka {Ref. 038}

c. Branch to P displaced by 2x@ if Xj greater than Xk
9k jka {Ref. 039}

d. ggazﬁr to P displaced by %@ if Xj greater than or equal
97jke {Ref. 04D}
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2.2.3.2

Each of these instructions shall perform an algebraic comparison

of the bLU-bit word obtained from Register Xj to the bLui-bit word
obtained from Register Xk. Each of these b4-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 2xq@ if XjR equal to XkR

90 jke
b. Branch to

{Ref. 0O4L}
P displaced by 2x@ if XjR not equal to XkR

9L jke
c. Branch to

{Ref. DY2¥
P displaced by 2*%@ if XjR graeater than XkR

q2jke {Ref. DY3}

d. Branch to P displaced by 2%@ if XjR greater than or
equal to XkR

93jke {Ref. 04y}

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

These instructions shall perform a normal 2xit or a branch exit

in the manner previously described in Paragraph 2.2.3 of this
spacification.
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2.2.3.3

2.2.3.4

Branch and Increment

Branch to P displaced by 2x@ and increment Xk if Xj
greater than Xk

9Cjka {Ref. 045}

This instruction shall perform an algebraic comparison of the
bi-bit word initially contained in Register Xj with the by~
bit word initially contained in Register Xk. Each of these
b4 bit words shall be treated as signed. two's complementa
binary integers. With respect to the Xj Register only.
Register XD shall be interpreted as consisting entirely

of zeroes.

When this comparison does not find the value initially con-
tained in Register Xj greater than the value initially con-
tained 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
Register Xj greater 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 additiona the LY bit word initially contained in Register
Xk shall be increased by one in value and the result returned
to the Xk Register. Overflow will be ignored.

Branch on Segments Unequal

Branch to P displaced by 2x@ if segments unequals else
compare byte numbers. result to XIR

9D jke {Ref. D4L}
This instruction shall perform a bit-for-bit comparison between
the L2-bit SEG field contained in bit positions 20 through
3% of Register Aj and the 12-bit SEG field contained in bit
positions 20 through 31 of Register Ak. When the comparison
finds the SEG fields not equala this instruction shall per-
form a branch exit in the manner described in Paragraph 2.2.3
of this specification.

CDC PRIVATE

CDC CYBER 180 MAINFRAME POC. ARH1700
MODEL-~INDEPENDENT GENERAL DESIGN SPECIFICATION REV. T
DATE Oct. 15, 1981
Systems Development PAGE 2-30

Architectural Design and Control

I 2.2.3.5

When the comparison finds the SEG fields equals 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 L3

of Register Ak and shall perform a normal exit in the manner
described in Paragraph 2.2.3 of this specification.

The algebraic comparison of the BN fields shall treat each of
these 32-bit quantities as signed two's complement binary integers
and shall store the result of their comparison into Register X1
R!ght as follows: UWhen the BN fields are equal. Register X1

Right shall be cleared in all 32-bit positions.

When the BN field from Register Aj is greater than the BN field
frO@ ﬁegister Ak. Register X4 Right shall be cleared in bit
positions 32 and 34 through b3. and shall be set in bit position
33. UWhen the BN field from Register Aj is less than the BN
field from Register Ak. Register X1 Right shall be cleared in
blg ggsitions 34 through b3 and shall be set in positions 32

an .

Branch Relative

Branch to P indexed by 2xXkR
2E jk {Ref. D47}

This instruction shall perform an unconditional branch exit by
modifying the contents of the P Register in its rightmost 32-
bit positions as follows:

The 32-bit halfword obtained from Register Xk Right shall be
shifted 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 returnad to the P Register in its rightmost
32-bit positions.
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l 2.2.3.b

Intersegment Branch

Branch to Aj indexed by axXkR

2F jk {Ref. DuAY
In the absence of all associated Virtual Addressing Mechanism
exceptions {other than a Page Table Search Without Find condition
atthe branch address} this instruction shall perform a branch
exit by modifying the GK. LK+ SEG and BN fields contained in the
P Register as follows:

The L2-bit Segment field. SEG. contained in bit positions 20
through 31 of Register Aj shall be transferred to the corresponding
l2-bit positions of the Register.

The 32-bit halfword obtained from Register Xk Right shall be
shifted 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 obtained from Register Aj in bit positions

32 through L3. {In this context. the contents of Register X0
shall be interpreted as consisting entirely of zeroes}. This
32~bit sum shall be transferred to the rightmost 32-bit positionsa
32 through L3+ of the P Register.

The Global Key field initially contained in the P Register
shall be checked and conditionally eltered. and the Local Key
field initially contained in the P Register shall be altered-
according to the descriptions contained in subparagraph
3.b.3.2 of this specification.

Notes:

The P{RN} field shall not be changed by the execution of this
instruction. Moreover. the Execute validation procedure for the
next instruction fetchs i.e.. the fetching of the instruction

at the branch address. shall be included in this branch instruc-
tion's execution such that the detection of an Invalid Segment
12.8.1-13% or of associated Access Violations {3.3.1.%. 3.b.2.1
and 3.b.3.2} shall result in the corresponding program inter-
ruption and the execution of this instruction shall be inhibited.
{See subparagraph 2.8.1.7 of this specification.}

A "demand page” or Page Table Search Without Find interrupt
for the instruction fetch following the branch exit shall be
associated with the "branched to" instruction as described
in paragraph 2.%.3.Y4.

Unless the PVA contained in Register Aj consists of a byte address
which is equal to 0. modulo 2+ an Address Specification error
shall be recorded- the execution of this instruction shall be
inhibited and the corresponding program interruption shall occur.
{See subparagraph 2.8.1.5 of this specification.}
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2.2-4.1

2.2-4.2

2.2.4.3

2.2.4. 4

2.2+4.5

Copy

The instructions within this subgroup shall provide the means for
accomplishing inter-register transfers to the extent dafined by
the following instruction descriptions.
Copys Xk replaced by Xj

0D jk {Ref. 049}
This instruction shall transfer the bLu-bit word initially con-
tained in Register Xj to the ku-bit positions of Register Xk-.
Copys Xk replaced by Aj

0B jk {Raf. 050}

This instruction shall transfer the 48 bits contained in Register
Aj to the rightmost 48-bit positions. lk through L3. of Register

Xk. The leftmost 1b~bit positions. OO0 through 15. of Register Xk
shall be cleared.

Copy~ Ak replaced by Aj

09jk {Ref. 051}
This instruction shall transfer the 48 bits contained in Register
Aj to th2 48-bit positions of Register Ak.

Copy~ Ak replaced by Xj

DAjk {Ref. 052}

This instruction shall unconditionally transfer the rightmost

44 bits. contained in positions 20 through k3. of Register Xj

to the corresponding H4-bit positions of Register Ak. The Y-bit
field having the larger value in bit positions lb through 19

of the Xj Register or the P Register;shall be transferred to the
corresponding H-bit positions of the Ak Register.

Copy~ XkR replaced by XjR
0Cjk {Ref. 053}

This instruction shall transfer the 32-bit halfword initially
contained in Register Xj Right to the 32-bit positions. 32

through b3. of Registar Xk Right. The initial contents of Register
Xk Left shall not be changed.
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g2.2.5

I 2.2.5.1

I 2.2.5.2

Address Arithmetic

The instructions within this subgroup shall provide the means
for accomplishing address arithmetic to the extent defined by the
following instruction descriptions.

Address Increment. Signed Immediate

Address Ak replaced by Aj plus @

8E jka {Ref. D54}
This instruction shall transfer the leftmost 1b bits initially
contained in bit positions 1k through 31 of Register Aj to the
corresponding lb-bit positions of Register Ak. In additiona
the lh=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 b3 of Register
Aj and the 32-bit sum shall be transferred to the corresponding
rightmost 32-bit positions of Register Ak.

Address Relative

Address Ak replaced by P plus 2*%jR plus 2xQ

&F jka {Ref. 0553
This instruction shall transfer the leftmost 1lb bits contained in
bit positions 1k through 31 of the P Register to the corresponding
lb-bit positions of the Ak Register. In addition. the lk-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.
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I 2.2.5.3

l 2.2.5.4

Addrass Increment. Indexed

Address Ak replaced by Ak plus XjR

2Ajk {Ref. 05k}
This instruction shall add the 32-bits contained in Register Xj
Right to the rightmost 32-bits initially contained in bit positions

e through b3 of Register Ak and shall return the 32-bit sum to
the rightmost 32-bit positions of Register Ak.

Address Incraemant. Modulo
Address Ak replaced by Ai plus D per j
A?3ikiD {Ref. lbLL}

This instruction shall transfer the leftmost 1k bits initially
contained in bit positions lb through 31 of Register Ai to the
corresponding lhk=bit positions of Register Ak. In additiona
the 1l2-bit D field from the instruction. expanded to 32-bits
by extending zeroes on the left. shall be added to the right=
most 32 bits initially contained in bit positions 32 through
b3 of Register Ai. The leftmost 29 bits of this 32-bit sum
shall be transferred to bit positions 32 through kO of Register
Ak. A logical product {AND} between the rightmost 3-bits of
this 32=-bit sum and the rightmost 3-bits of the j field from
the instruction shall be performed. with the 3-bit result of
the logical operation transferred to bit positions bl through
L3 of Register Ak.

Note: The truth table for the bit-by-bit logical product

{AND} operation is provided in subparagraph 2.2.8.1 of this
specification.
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2.2.b
| 2.2.hb.1
il :z.:z.k.c

| PN

Enter

The instruction within this subgroup shall provide the means
for entering immediate operands. {consisting of logical quan-
tities of signed. two's complement binary integers}. into the
X Registers to the extent defined by the following instruction
descriptions.

Enter Immediate

a. Enter Xk with plus j

3D jk {Ref. 057}
b. Enter Xk with minus j
3Ejk {Ref. 058}
Operation. These instructions shall expand the Y-bit j field

from the instruction to bY-bits by extending kO zerces on the
left and shall transfer this buY-bit result or the two's com-
plement of this bY-bit result. as determined by the operation
code+ to the Xk Register.

Enter Xk. Signed Immediate
a. Enter Xk with sign extended @

aD jka {Ref. 059
This instruction shall expand the lk-bit @ field from the in-
struction to bUY-bits by means of sign extension and shall trans-
fer this LY-bit result to the Xk Register.
Enter XD or Xl. Immediate Logical

a. Enter X0 with logical jk

3F jk {Ref. OLO}
b. Enter X1 with logical jk
39jk {Ref. Lby}

These instructions shall form @ b4-bit result consisting of Y-bit
k field from the instruction in bit positions bO through b3+ the
4-bit j field from the instruction in bit positions 5b through

59 and zeroes in bit positions 00 through 55. and shall transfer
this result to Register X0 or Xl. as determined by the instruction
Code.
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2-2.hbeY

2.2:5L.5

Enter Signs
a- Enter XkL with signs per j

IF jk {Ref. ObLLZ}

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

a« if = 00. the 32-bit positions. 00 through 31. of Register
Xk Left shall be cleared.

b. if = 0. the 32-bit positions. 00 through 31. of Register
Xk Left shall be set.

c. if = 10 or 11l. the sign bit in position 32 of Register Xk
Right shall be transferred to all 32-bit positions. 00 through
31+ of Register Xk Left.

Enter X0 or XL, Signed Immadiate

a. Enter X0 with sign extended jke

B3jkd {Ref. 1LY}
b. Enter X1 with sign extended jka
87jka {Ref. 1L5}

These instructions shall expand the 24 bit concatenation of the
ja k and @ fields from the instruction. right justified. to

b4 bits by extension of the most significant bit of the j field
through bits 00 - 39 inclusive. and shall transfer this b4 bit
quantity to bits 00 - L3 of Register Xp op Xi-
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Shift

The instructions within this subgroup shall provide the means for
shifting the initial contents of the Xj Register and trans-
ferring the result to the Xk Register. to the extent defined

by the following descriptions.

All of the instructions within this subgroup shall derive the
computed shift count in the following manner: The rightmost

8 bits of the D field fromt he instruction shall be added to
the rightmost 8 bits initially contained in bit positions 5k
through b3 of Register Xi Right and the 8-bit sum shall repre-
sent the computed shift count. Any overflow from the 8-bit
sum is ignored. In this context. the contents of Register X0
Right shall be interpreted as consisting entirely of zeroes.

The instructions within this subgroup shall interpret the com-
puted shift count as follows: The sign-bit in the leftmost
position of the B-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. When the computed shift count is negative. {sign-bit
of one}a these instructions shall right shift. For 32-bit
quantitiess shifts shall be from D-31 bits left and from

1-32 bits right. For bY-bit quantities~ shifts shall be

from O-k3 bits left and from L-bY4 bits right. Based on an
B-bit signed 2's complement shift count. these shifts are as
follows:

32-bit blY-pit

0111 211 0111 1111

- Left Shift 0-31 . Left Shift 0O-b3

. {repeating} :
0010 0600 0100 0000 )
0002 2111 Left Shift 31 0013 111l Laeft Shift b3
DDDD.DBDD Left Sﬁift 1] DDDD-UDDD Left Shift O
1313 1213 Right Shift 1 11131 1111 Right Shift 1
1110 0000 Right Shift 32 1100 0000 Right Shift bu
1101 1111 1012 111l

. Right Shift 1-32 : Right Shift 1-bY4
1000 000D irepeating} 1000 000D
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2e2e7.1

2.2.7.2

When 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.

Shift Circular

Shift Circular. Xk replaced by Xj. direction and count per XiR
plus D
AdjkiD {Ref. Db2}

This instruction shall shift the b4-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 blY-bit word shall be transferred into bit posi=
tions which become unoccupied at the opposite end of the b4-~bit
word as a result of the shift.

Shift End-off
a. Shift End-off. Xk replaced by Xj. direction and count per XiR

A9jkiD * {Ref. ObL3} plus D
b. Shift End-off- XkR replaced by XjR- diraction and count per
XiR plus D
AAjkiD {Ref. DOb4}

Operation: These instructions shall shift the buY=bit word initially
contained in Register Xj or the 32-bit half word contained in Register
Xj Right. as determined by the operation codes 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 positiona.
which would otherwise become unoccupied for each bit position shift-
eds 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 positions
w?ich gecomes unoccupied for each bit position shifted. shall be
cleared.
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2.8.8 Logical

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

2.2.8.1 Logical Sum. Difference- and Product

a. Logical Sum. Xk replaced by Xk OR Xj

18k {Ref. DL5}

b. Logical Difference. Xk replaced by Xk EOR Xj
193k {Ref. 0Lk}

c. Logical Product. Xk replaced by Xk AND Xj
1A jk {Ref. DL?}

Thase instructions shall perform a logical operation between the
b4=bit word initially contained in the Xj Register and the bl-bit
word initially contained in the Xk Register and shall return the
bi-bit Boolean result to the Xk Register.

The logical operations performed by these instructions shall
consist of a logical sum {ORk a logical difference {EOR} or a
logical product {AND}. as determined by the operation cod2+ and
accomplished according to the following truth tables.

OR: 001 EOR: DD11 AND: D011
~010L Q0L 0101
011} 0110 0001
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2.2.8.2 Logical Complement

Logical Complements Xk replaced by .Xj NOT

1Bjk {Ref. QLAY
This instruction shall transfer the one'’s complemaent of the
b4-bit word initially contained in the Xj Register to the bkH-
bit positions of the Xk Register.

Conceptually. taking the one’'s complement of a bY-bit word §ha11
be accomplished by subtracting it. bit-for-bit. from a b4-~bit
word consisting entirely of one bits.

One's Complement Truth Tables 1l's ¢ 1111

{Xjx 2 0110
Xk} : 71003

2.2.8.3 Logical Inhibit
Logical Inhibita Xk replaced by Xk AND Xj NOT
LCjk {Ref. 0L}

This instruction shall perform a logical product between the one's
complement of the bu-bit word initially contained in the Xj reg-
ister and the buY-bit word initially contained in the Xk register
and shall return the bY-bit Boolean result to the Xk register.

The truth ta%les 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.
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2e.2.9

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 b4=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. This field of bits. including the field
constituting a bit field descriptor. shall be numbered from

left to right. with the leftmost bit numbered 00. The six-bit
subfield in bit positions 00 through 0S5 of a bit string descriptor
shall designate the beginning- or leftmost. bit position with-
in a bY4-bit word- The b-bit subfield in bit positions Ok 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 b4-bit word.

Bit String Descriptor

oo 05]0b 1
b b

IeLeftmost Position Designator—;lb Length DesignatorH

{Bit~-length - 1}

For all instructions within this subgroup. indexing shall be
carried out as follows: 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 detectiona

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

a bit string descriptor-in the manner described above. For each of
the instructions in this subgroup. when. after indexing1 the sum of
the "Leftmost Position Designator™ and the "Length Designator” is
greater than b3 {decimal}yan 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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2.2.9.2

I 2.2.9.2

l 2.2.9.3

Isolate Bit Mask

Isolate Bit Mask into Xk per XiR plus D
ACjkiD {Ref. 070}

This instruction shall generate. 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 zeroes.

Isolate

Isolate into Xk from Xj per XiR plus D
AD jkid {Ref. 071}

This instruction shall obtain a field of contiguous bits from
the initial contents of the Xj register. shall clear all b4 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.

Insert

Insert into Xk from Xj per XiR plus D
AE jkiD {Ref. 072>

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 string 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 Mark to Boolean 2.3 Business Data Processing Instructions
Mark to Boolean. Set Xk per j and X1R The general form of execution for the instructions in this group
1E jk {Ref. 1453 shall involve the utilization of a first data field in central
memory~ referred to as the "source™. to modify. replaces or com-
This instruction shall test the two bits initially contained in the pare with a second data field in central memory referred to as
leftmost two bit positions. 32 and 33. of Register X1 Right according the "destination”. Both the source and destination fields shall
to the Y-bit j field from the instruction. UWhen the value of the tuwo be individually described by means of independently designated
leftmost bits initially contained in Register X1 Right is equal to Data Descriptors. with respect to the types of representation.
any of the one or more values specified by the instruction j field- sign and zone conventionsa lengths and relative locations of
Register Xk shall be cleared in bit positions 1 through k3. and the data fields.
set in bit position 0. When the yalue of the two leftmost bits : :
initially contained in Register X1 Right is not equal to any of The Data Descriptors shall be obtained from central memory at
the one or more values specified by the instruction's j field. Register locations immediately following the BOP instruction. as defined
Xk shall be cleared in all b4 bit positions. O through L3. The by the BDP instruction format and number of descriptors used
values of the j field and the leftmost two bits initially contained by the instruction. See 2.3.1. All descriptors consist of
in Register X1 Right shall be interpreted with respect to equality a 32-bit half word. aligned to a parcel {lb bit} boundary in
{EQ} as follous: central memory.
j Binary Value of Bits 32 and 33 of X1 Right. respectively 2.3.1 General Description
__ oo I 01 I 10 ' 11 The instructions of this group utilize the jk and jkid in-
0000 Unconditional ineguality struction formats in combination with one or two descriptors
::Dl EQ in the following combinations:
0010 EqQ
0011 Ed Ed
0100 E {1} jk and two descriptors
0101 E EQ
0110 3 £
0111 E @ EQ EQ Operation Code j k
1000 Eq
1001 EQ EQ
,010 £q Eg P L ) [ y ] y 1
011 Eq EQ EQ
L0 Eg EQ
;}Pa Eg IS ta £d Descriptor j
}h . Unconditional Equality
+ 1 f p+2 L 32 ]

Note: The four individual bits of j can be visualized as individual
pointers which are associated. from left to right. with the
four possible values {00. 01. 10 and 11} of the tested bit-~
pair {bits 32 and 33 of Register X1 Right}. For example. if
j = DLO0Y. equality shall be detected when the value of the Pk L¥ 12 l

tested bit pair is 0L or 11-

Descriptor k
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{23

jkiD and two descriptors

Operation Code j k i D

[ 8 Iulu[ul 12 l

Descriptor j

Py L a2 J

Descriptor k

P+8 l, 32 l

{3}

p+Y

jkiD and one descriptor

Operation Code j k i D

Descriptor j or k

3a
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2434301

Operation Codes

A total of 18 operation codes shall be utilized by the in-
structions comprising the BDP Instruction group. These in-
structions are individually listed with their full names in
Appendix A of this specification. For the purpose of this
specificationa the BDP Instruction group shall be further
divided into four subgroups~ including "short™ instruction
namess as follows:

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

Subgroup Short Name

BDP Numeric Sum

Difference
Product
Quotient

Scale

Scale Rounded
Decimal Compare
Numeric Move

Byte Compare
Compare Collated
Scan While Non~Member

Translate

Move Bytes

Edit
Subscript Calculate Subscript
Immediate Data Move Immediate Data

Compare Immediate Data
Add ‘Immediate Data
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2.3.1.2

2.3.L.3

2.3.1.4

Access Types

For the purpose of establishing operand access validity. every
central memory operand access which is performed for the pur-
pose of reading source field data shall be a read type access.

For the purpose of establishing operand access validitys every
central memory operand access which is performed for.the pur-
pose of writing destination field data shall be a write type
access.

For the purpose of establishing operand access validity. every
central memory reference operand access which is performed for
the purpose of reading data descriptors shall be an execute
type access.

Undefined Results for Invalid BDP Data

For the execution of any applicable BDP instruction which
results in the recording of an Invalid BDP Data condition-
if either the corresponding bit in the user mask is clear
or traps are disabled. then the results stored into the
destination field in central memory shall be undafined

for instructions other than Decimal Compare {0p. 74} and
Compare Immediate Data {0p. FA}. and the results stored in
X1 Right {X1R} shall be undefined for both instructions.

Overlap

The execution of BDP Instructions shall be undefined with re-
spect to the generated results. for every case in wh?ch_the X
source and destination fields overlap and are not coincident in
their leftmost and rightmost byte positions.
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2.3.2

2.3.2.1

2.3.2.1.1

Data Descriptors

Data Descriptors shall consist of 32 bit half words and shall
directly follow the BDP instructions referring to them.

A Data Descriptor §hall be formatted as follows:

F D T L - ]
1 3 Y ] . 1L
0o 32-bit Descriptor 31

F = 0. Length L
1. Length = {X0} for Descriptor associated with Aj
Length = {X1} for Descriptor associatad with Ak

The D field is a 3 bit reserved field in bit positions 01~ 02
and 03 of the data descriptor. Interpretation of other Data
Descriptor fields follous.

-
u

Data Descriptor Interpretation

For all BDP instructions. the term "D{Aj}" shall be used to
denote "the contents of the source data field". addressed by
means of the components associated with the BDP instruction's
j field designator. Similarly. the term "D{Ak}™ shall be used
to denote "the contents of the other source field or the
destination data field™. addressed by means of the components
associated with the BDP instruction's k field designator.

BDP Operand Address. 0 Field

The PVA corresponding to the leftmost byte of a BDP source or
destination field shall be obtained by utilizing the 1k bit ¢
field of the corresponding data descriptor {bit positions 1k
through 31} as a byte item count to be added as a sign extended
32 bit offset {2's complement for negative offset} to the byte
number {BN} portion of the base PVA contained in Register Aj

or Ak respectively.
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2-3.2.2%.2 BDP oOperand Type. T Field 2.3.2.1.3 BDP Operand Length. F and L Fields
The T field shall consist of 4 bitss in bit positions OY through The length in bytes of a BDP source or destination field shall
07 of the Data Descriptor. and shall describe the type of data be obtained according to the value of the L-bit F field {bit
representation used in the associated source or destination 00} of the corresponding descriptor as follows:
field. The 1k values of the T field are assigned data type
representations as follows: F Length
T|] Data Type Maximum Length {bytes} 1} Obtained from the & bit L field {bits 08 through 15} of
0| Packed Decimal No Sign the corresponding descriptor
1| packed Decimal No Sign Leading Slack Digit 19 1 Obtained from bits 55 - L3 of XD Right for the descriptor
2| Packed Decimal Signed associated with Ajs and from bits 55-b3 of X1 Right
3| Packed Decimal Signed Leading Slack Digit for the descriptor associated with Ak.
4| Unpacked Decimal Unsigned Although field lengths as long as 25k bytes are possible. the
5| unpacked Decimal Trailing Sign Combined Hollerith length Pf a BDP operand shal{ be restr1cﬁed to a smaller value
. . . for decimal and binary operations~ according to the operand
b | Unpacked Decimal Trailing Sign Separate 38 data type- These inclusive limits are shown in paragraph 2.3.2.1.2.
? | Unpacked Decimal Leading Sign Combined Hollerith
8 | Unpacked Decimal Leading Sign Separate
9| Alphanumeric 25k
13| Binary Unsigned a
11| Binary Signed _ When any BDP field length exceeds the specified maximum asso-
12| Translated Packed Decimal Signed ciated with a given data type- an Instruction Specification
5 3 i igit 14 error shall be detected. the execution of that instruction shall
13| Translated Packed Decimal Signed Leading Slack Digi be inhibited and the corresponding program interruption shall
34| Translated Binary Unsigned occur- See 2-8.%.Y4.
: s 8
ted Bina Signed )
15] Translate nary 09 If F aquals 1. then only the rightmost 9 bits of XD and X1
will be checked to determine whether or not the field length
As determined by the operation code. source and destination exceeds the maximum allowed. The other bits of XD and X1
field data types shall be restricted to only those combinations will not be inspected and will be assumed to be all zeroes-:
which are defined as valid within the instruction descriptions.
The designation of invalid T field combinations within the 2.3.2.2 Data and Sign Conventions
associated Data Descriptors shall result in the detection of an
Instruction Specification error. the instruction’s execution With respect to numeric data and sign conventions. interpreta-
shall be inhibited and the corresponding program interruption tion shall be performed according to Type 1T} where applicable-
shall occur. See 2.8.1.4. The term "freely compatible” as for characters {C}. Digits {D} and Signs {S}. using hexadecimal
used in the BDP instruction descriptions. means that any allow- notation. as follows:
able source field data type may be used with any allowable des-
tination field data type. Note: Data field examples are illustrated as three byte fields.
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a. Type D: Packed Decimal No Sign
o » T > | _» p |

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

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

Type 1: Packed Decimal No Sign Slack Digit

o N D | » > |

0: Hex{0}3 Decimal O 4{See item q for handling of slack_digit-}
D: Hex{0} through hex{9} 3 Decimal 0 through 9. respectively.

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

Type 2: Packed Decimal Signed

[ D [ » D [ » s |

D: Hex{0} through hex{9}% Decimal D through 9. respectively.
S: Hex{A}. {B}: {C}. {E}s+ or {F} : positive {hex{C} is preferred};
Hex{D} : negative.

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

Type 3: Packed Decimal Signed Slack Digit

[ @ > | » D | » s |

¢ Hex{0}3 Decimal 0 {See item q for handlina of slack digit.}
t Hex{D} through hex{%9}3 Decimal 0O through 9. respectively.

¢ Hex{AY+ {BX¥+ {C}+ {EY+ or {F} : positive {hex{(} is preferredl};
Hex{D} : negative.

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

(2R~
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e- Type 4: Unpacked Decimal Unsigned
I D [ D 1 D |

f. Type 5:

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

Unpacked Decimal Trailing Sign Combined Hollerith

[ D I ) [ C |

D: ASCII character 0 through 9 represented by hex{30% through
hex{39}+ respectivelys

C: An ASCII character decoded as follows:

ASCII 1 through 9 {hex{31} through hex{39}}
+ ASCITI A through I {hex{4}} through hex{4g}}

ASCII J through R {hex{4A} through hex{uF} represents
and hex{50} through hex{52}} -1 through -9

ASCITI £+ <. D~ & {hgx {?B}. hex {3C}, hex {30} hex {2L}}
rapresents +0

ASCIT }+ !4 - {hgx {70}, hex {21k}- hax {2D}} represents -0
Note: The underlined characters and codes are the preferred ones.

either represents
+1 through +9

Type b: Unpacked Decimal Trailing Sign Separate

[ D [ ) [ S J

D: ASCII character O through 9 represented by hex{30} through
hex{3%9}. respectively.

S: ASCII character + {hex{2B}}

positive signs
ASCII character - {hex{2D3}}

negative sign-

Type 7¢: Unpacked Decimal Leading Sign Combined Hollerith

[ C [ D [ D ]

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

CDC PRIVATE



CDC CYBER 180 MAINFRAME

DOC.
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV, 3RH1700
Systems Development g:gg %ﬁ%b 15, 1981
Architectural Design and Control
i. Type 8: Unpacked Decimal Leading Sign Separate
| s [ ) [ D |
D and S have the same meaning as for type b in subparagraph g-.
j- Type 9: Alphanumeric
[ c [ c [ S ]
C: Any ASCII character code-
k. Type 10: Binary Unsigned
The field defined by the number of bytes contains the positive
binary value of the operand.
{Thg gnsigned numer@c value is always considered to be
pos1§1ye- ;f neg§t1ve1y signed data is moved to a type 10
receiving field- it too is considered positive.}
1. Type 11: Binary Signed

The field defined by the number of bytes contains the signed
binary value of the operand. negative values being represented
in the 2's complement form.

Type 12 Translated Packed Decimal Signed

When read from central memory. this data type shall be translated-
byte-by~byte. according to Table 2.3-1. The results from this
translation shall be interpreted identically to Type 2 data

as previously described in item ¢ of this subparagraph with

the exception that hex{B} in the sign position shall be treated

as a negative rather than a positive sign.

When written into central memory. the results of a BDP operationa
consisting of Type 2 data as previously described in item c of
this subparagraph. shall be translated- byte-by-byte. according
to Table 2.3-2.
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Type 13: Translated Packed Decimal Signed Leading Slack Digit

When read from central memory. this data type shall be trans-
lateds byte-by-byte. according to Table 2.3-L. The results
from this translation shall be interpreted identically to
Type 3 data as previously described in item d of this sub-
paragraph with the exception that hex LB} shall be treated

as a negative rather than a positive sign.

When written into central memory. the results of a BDP oper-
ations consisting of Type 3 data as previously described in
item d of this subparagraph-. shall be translated. byte-by-byte
according to Table 2.3-2.

Type 14: Translated Binary Unsigned

When read from central memory- this data type shall be trans-
lateds byte-by-byte. according to Table 2.3-1. The results
from this translation shall be interpreted identically to
Type 10 data as previously described in item k of this sub-
paragraphe.

When written into central memory. the results of a BDP oper-
ation. consisting of Type 10 data as previously described in
item k of this subparagraph. shall be translated. byte-by-bytea
according to Table 2.3-2.

Type 15: Translated Binary Signed

When read from central memory. this data type shall be trans-
lated- byte-by-byte. according to Table 2.3-1. The results
from this translation shall be interpreted identically to Type
11 data as previously described in item 1 of this subparagraph-

When written into central memory. the results of a BDP oper-
ation. consisting of Type 1Ll data as previously described in
item 1 of this subparagraph- shall be translated. byte-by-byte-
according to Table 2.3-2.

Slack Digit

For data Types 1 and 3: The value of the slack digit as read
from central memory shall be ignored and treated as the value
zero. The value of the slack digit as written into central
memory shall be forced to zero. remaining unaffected by any
Arithmetic Overflow or Arithmetic Loss of Significance
conditions that may occur. See 2.8.3.10 and 2.8.3.1L5.

For data Type 13: The slack digit shall be treated as zero
after. but not prior to. the translation of data from central
memory has occurred and the slack digit shall be forced to zero
prior tos but not after. the translation of data to be written
into central memory has occurred.

CDC PRIVATE



CDC CYBER 180 MAINFRAME
MODEL~-INDEPENDENT GENERAL DESIGN SPECIFICATION

Systems Development
Architectural Design and Control

Value

of the
rightmost
Y-bits

of each
byte

Value

of the
rightmost
Y-bits

of each
byte
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Value of the leftmost UY~-bits of each byte

Xl 2] 3f 4 5] bl ?]| 819l Al Bt CI{DIE]F
1] | LOI4D jFO[?C[D?|?9]97]|20 30 {41 [S8|?L[9F [BA [D(]
n 1LI4FIFLICL[DA[BL{98{2) [3 (42 [ST{?7 [AD BT [DD
2] Lej7FiFeiceipqlac|99]|ec [1A (43|62 |78 [AA [BA JDE
3|03[33[7B[F3|c3|E2|B3|A2123 (33 |44 |53 |80 |AB[BB F‘l
Kl JCISBIFuJCHIE3IBY A3 |24 [34 [uS |64 [BA[AC|BCIEA
5] IDILCIFS[CSfEY[A5[A4{L5]35 [Ub LS [BBTA D |EB!
B 32 |SO|FLICEIES|8E[AS |03k (47 |bE[BC[A C
?lRFI2Li?D [F? [ CPIEL|8?[AL]1? 08 [u8 |L? [8D [AF |BF [ED|
8l[AL]11a]4D IFAICAIE?[B8[A7[E8 138 (49 [LE [8E |BO [CA|EE]
S]j05119i{SDIF9ICA[EB|B89|AB]2T(39 (51 [L9 [BF |BL [CBEF]
AlleSI3FISC[?AIDLIES|9L[AT][2A|3A (52 [?0[90[B2 |[CC|FA}
BliOB|2? J4E [SE{DS|u4A[92[C0][2B]3B 53 |71 [TA[BI|CD [FB

CRClICIEBINCIDI[EO]S3|LA[2CI04 IS [?2 [9BIBUICE|F
D[I0D L0 [ 7E |D4|5A]94D0]07 |44 165 [?3[3C|B5 | CF|FDl
EIBE[{LEUB|LE|DS[SF{95[AL{0A]IE[SE [?4 [9D [BL DA =+

ﬁ FI1LFIELILFIDE[ED (9607 [ABIEL |57 |75 |SEIB? [DBIF

Table 2.3-1: Translation of data from central

memory for Types 12

through 15

Value of the leftmost U=bits of each byte
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DIDD LD 051528 29]5F[27 |C?[CEIDS JES[EB]FL]F?] FD
E|DE |LE[OG[9E12B{3BI3E[3D [CA[CF|DL {ELJECIFRIF =%
FIDFILF (07 ]3A[2L{SEI3FI22[CaiDO[D? [E?[ED]FI[FA| FF

Table 2.3-2: Translation of data to central

memory for Types 12 through 1§
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BDP Numeric

The instructions in this subgroup shall provide the means for
performing arithmetic. shift. conversion and comparison oper-
ations for byte fields in central memory consisting of numeric
decimal data.

Unless the length and tzpe fields with the Data Des- |

criptors associated with the source and destination fields
conform to the restrictions defined within the following instruc-
tion descriptions. the detection of a Length or Type error shall
result in an Instruction Specification Error condition. the
execution of the associated instruction shall be inhibited and
the corresponding program interruption shall occur.

Overflow into or other alteration of the slack digit of
destination field types 1 and 3 is not allowed {see 2.3.2.2.
subparagraph ql-

The result shall be right justified in the destination field.

If the decimal result is shorter than the destination fielda

the destination field shall be zero filled to the left. If

the result is longer than the destination field- the result

shall be truncated on the left as necessary. Thus, conceptuallya
:heief:nstructions shall process the data fields from right

o left.

Note that these conventions shall cover the end cases for numeric
operands of length equal to 1 for all numeric data types. For
instance. a Move Numeric from a type 5 operand to a type 3 or
type L operand of length 1 would amount to an extraction of the
source field sign.
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A source BDP operand of numeric type (O through 8 and 12 through
15) and a length zero, shall be interpreted as the value zero.

A destination BDP operand of length zero shall transform the
associated instruction into a no-op. However, when the source
field does not also have a length of zero, exception sensing

for the source field shall occur normally (including the testing
for Arithmetic Loss of Significance or Arithmetic Overflow
condition) with the exception that Divide Fault shall not be
detected. When both destination and source fields are of

length zero, no data exception testing is performed on either
field. (See 2.1.7)

Minus zero shall be considered equivalent to plus zero by all

the instructions in this subgroup, with respect to decimal
numeric data. These instructions shall not store minus zero

as a result except when truncation of a nonzero, negative field
produces a negative zero which will result in negative zero

being stored and detection of an Arithmetic Loss of Significance.

The representation for zero, zones and signs shall be normally
determined by interpreting the T field from the Data Descriptor
associated with the destination field.

Division by zero shall not be allowed to the extent that the
destination field in central memory shall not be changed and a
Divide Fault condition shall be detected. When the corresponding
mask bit is set and the trap is enabled, instruction execution
shall be inhibited and program interruption shall occur. See
2.8.3.8.

Each source digit shall be checked for decimal digit validity.

An invalid decimal digit shall cause an Invalid BDP Data condition
to be detected. When the corresponding mask bit is set and the
trap is enabled, instruction execution shall be inhibited and
program interruption shall occur. See 2.8.3.16.

The sequence of exception sensing for the decimal quotient
instruction is as follows:

1) Check D(Aj) for an invalid decimal digit (Invalid
BDP Data condition).

2) Check D(Aj) for either zero length or zero value
(Divide Fault condition).

3) Check D(Ak) for an invalid decimal digit (Invalid
BDP Data condition).

Thus, invalid data in D(Ak) shall result in an Invalid BDP
Data condition only in the absence of a Divide Fault condition.
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2.3.3.1

Arithmetic

a. Decimal Sum, D(Ak) replaced by D(Ak) plus D(Aj)

70jk (2 descriptors) (Ref. 074)

b. Decimal Difference, D(Ak) replaced by D(Ak) minus D(AjJ)
71jk (2 descriptors) (Ref. 075)

c. Decimal Product, D(Ak) replaced by D(Ak) times D(Aj)
72jk (2 descriptors) (Ref. 076)

d. Decimal Quotient, D(Ak) replaced by D(Ak) divided by D(Aj)
73jk (2 descriptors) (Ref. 077)

Operation: These instructions shall arithmetically modify the
initial contents of the destination field in central memory,
(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.

Divide Fault shall be detected as specified in the following
table.

K J
Field K Field J Divide
Length Value Length Value Fault
(o] * o] * No
o] * Non-Zero 0 No
o] * Non-Zero Non-Zero No
Non-Zero (o] 0 * Yes
Non-Zero 0] Non-Zero [} Yes
Non-Zero [o] Non-Zero Non-Zero No
Non-Zero Non-Zero o] * Yes
Non-Zero Non-Zero Non-Zero [¢] Yes
Non-Zero Non-Zero Non-Zero Non-Zero No

* Since field length is zero, the data is not looked at.
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Types: All Packed decimal types and all Unpacked decimal types,
except for the Leading Sign formats, shall be freely allowed

for decimal arithmetic; i.e., types O through 6, 12 and 13 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
respective decimal data types as defined in subparagraph
2.3.2.1.3 of this specification.

Note: Decimal operands shall be treated as integer values.

When the results of these instructions exceed the capacity of
the designated destination field such that significant digits
are not stored into central memory, an Arithmetic Overflow
condition shall be detected. When the corresponding user
condition mask bit is set and the trap is enabled, instruction
execution shall be inhibited and program interruption shall
occur. See subparagraph 2.8.3.10 of this specification.

The results from these instructions shall be algebraically
signed unless they are equal to zero in their entirety and
there is no arithmetic overflow, in which case their signs
shall be made positive.

These instructions shall generate a result value in accordance

with the type T of the destination field and the preferred sign
convention for that given type.
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2.3.3.2

Shift
a. Decimal Scales D{Ak} replaced by D{Aj}. scaled per
XiR plus D
E4jkiD {2 descriptors} {Ref. 078}

b. Decimal Scale Rounded. D{Ak} replaced by rounded DLAj}A
scaled per XiR plus D

E5jkiD {2 descriptors} {Ref. 079}

These Shift instructions shall move data initially contained
in the source field to the destination field. and shall provide
shifting of the data under control of a shift count. The shift
count shall be derived in the following manner: The rightmost

8 bits from the instruction’s D field shall be added to the
rightmost 8 bits initjally contained in bit positions 5b through
b3 of Register Xi Right and the 8-bit sum shall repraesent the
computed shift count. Any overflow from the 8-bit sum is
ignored. In this context. the contents of Register X0 shall

be interpreted entirely of zeroes. A zero shift count shall
cause the instruction to act as a move only instruction.

The 8-bit shift count shall be interpreted as a signed. binary
integer. UWhen this 8-bit shift count is positive. the direction
of the shift shall be left with the number of decimal digit
positions to be shifted determined by the value of the shift
count. When this 8-bit shift count is negative. the direction
of the shift shall be right with the number of decimal digit
positions to be shifted determined by the value of the 2's
complaement of the shift count with 3000 0000 being interpreted
as right shift L28. Thus positive shift counts shall provide
the means for multiplying the source data field by powers

of ten~ and negative shift counts shall provide the means for
dividing the source data fields by powers of ten. as the
source data is moved to the destination field.

Shift counts shall be interpreted as follows:
0111} 1111 Left Shift 127

o000 oooo  Left Shift O

111} 1113 Right Shift 1

1000 000k .
1000 DO0OD Right Shift 128
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When non-zero digits are shifted left end-off+ or truncated on
the left. an Arithmetic Loss of Significance condition shall be
detected. If the corresponding user condition mask bit is set-,
and the trap is enabled. instruction execution shall be inhibited
and program interruption shall occur. See 2.8.3.15.

Shifting shall be accomplished end-off with zero fill on the
appropriate end{s} as required to accommodate the length and
type of the receiving field. {For example. when the destin-
ation field is longer than the source field- and the dif-
ference in field lengths is greater than the left shift counta
such a scale instruction shall provide zero fill. to the ex-
tent required, on both the right and left ends of the des-
tination field result.}

Types: Source field data shall be restricted to Types 0
through k- b2 and 13,1 all of which shall be freely com-
patible with allowable Destination field data Types of O
through b+ 12 and 13.

Lenaths: The maximum allowable lenaths for the source and
destindtion fields shall be determined according to their
respective decimal data types as defined in subparagraph 2.3.2.1.3
of this specification.

Operation: These instructions shall move and scale the decimal
data field initially contained in the source field to the des-
tination field. They shall transfer the sign of the source field
to the destination field without change- {unless the results
consist entirely of zeroes and there is no loss of significancea
in which case the sign of the destination field shall be made
positive or unless the result would otherwise contain a non-
preferred sign in which case the sign of the destination field
shall contain the preferred signk}.

Scale Rounded: When specified by means of the operation codes
rounding shall be performed for negatively signed scale factors
by adding five to the last digit shifted end-off and propagating
carries~s if any. throucgh the decimal result transferred to the
destination field. Thus the absolute value shall be rounded
upwards.
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2.3.3.3

flove

Numeric Moves D{Ak} replaced by D{Aj} after formatting
?5jk {2 descriptors} {Ref. 0923}

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 descriptors: 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 in this instruction
are described in subparagraph 2.3.2.2 of this document. The
conversion and format operation shall be performed on any
combination of fields of type 0O through & or 10 through 15.

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

be performed. 1In this cases the maximum lenath for the source
shall be determined by the decimal data type: 19 bytes for

Types O through 3. 12 and 13. and 38 bytes for Types 4 through

85  the maximum field length for the destination shall be 8
bytes. If the destination field is not long enough to accom-
modate the entire binary numbers truncation of the leftmost bytes
shall occur. If the destination field is longer than the result
of the conversion. the sign bit shall be extended on the left.

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

be performed. The length restrictions on the operands are the
same as in the previous case. If the destination field is too
short to accommodate the converted number. leading digits shall
be truncated according to the destination's data type. If the
receiving field is longer than the converted number. leading
zeros shall be supplied in accordance with the decimal data type:
ASCII character zero {hex{30}} or digit zero {hex{0}}.
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Uhen truncation of data results in loss of significance. an
Arithmetic Loss of Significance condition shall be detected.
When the corresponding user mask bit is set and the trap is
enableds program interruption shall occur. Execution of this
instruction {specifically storing into central memory} may or
may not be inhibited as determined on a model-dependent basis.
However. when program interruption occurs. the PVA in the P
Register recorded in either the axchange package or the stack
frame sava area shall point to this instruction.

Uhen both operands are decimal. their maximum allowable lengths
shall be determined according to their pespective decimal data
types as defined in subparagraph E.B.E.l.ﬁi of this specification.

Uhen both operands are decimals 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}}. for unpacked and packed
decimal data typess respectively.
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2.3.3.4

Comparison

Decimal Compare,D{Aj} to D{Ak}a. result to XIR
?4jk {2 descriptors} {Ref. 083}

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
X1 Right according to the results of the comparison.

Register

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

When the contents of the source field are greater than the con-~
tents of the destination field. Register XY Right shall be
cleared in bit position 32 and 34 through bL3. and shall be set
in bit position 33.

When the contents of the source field are less than the con-
tents of the destination field~ Register X1 Right shall be
cleared in bit positions 34 through b3 and shall be set in bit
positions 32 and 33.

Types: All Packed decimal types and all Unpacked decimal data
types except for the Leading Sign formats. shall be freely
allowed in comparisonsi i.e. types 0 through ba 12 and 13
shall be compatible for this instruction.

Lengths: Lengths shall be confined to the same maximum values
as for a Decimal Difference instruction. Unequal 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 occupied by each operand is a
function of its data type and is specified in subparagraph
2.3.2.1.31 of this specification.
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2.3.4

Byte

The instructions in this subgroup shall provide the means for
comparing. scannings translatings 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 lenath zero shall be functionally in-
terpreted as a string of space characters {ASCII character:
hex{203}} for all the instructions in this subgroup except
nEdit".

A destination byte operand of lenath zero shall transform "Move™
and "Translate™ instructions into no-ops. Howevers exception
sensing for non-zero length fields shall occur normally- despite
the destination field length of zero.

Decimal Significance Loss shall not be detected for the in-
structions in this subgroup.
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d.3.4.1

Comparison

a. Byte Compare. D{Aj} to D{Ak}. result to XIR,
index to XOR

??jk {2 descriptors} {Ref. D&Y}

b. Byte Compare Collated. D{Aj} to D{Ak}. both translated per
{Ai plus D}, result to XLR. index to XOR

EF9jkiD {2 descriptors} {Ref. DA5}

These instructions shall compare the bytes contained in the
source field to the bytes contained in the destination field
and shall transfer the results of that comparison to Register
X1 Right.

The comparison shall proceed from left to right. When the

field lenaths are unequal. trailing space characters shall

be used for the field having the shorter length. The maxi-
mum length for each operand shall be 25k bytes.

These instructions shall ignore the Type field. Each byte
from the source and destination field shall be treated as an
8-bit guantity having an absolute value with respect to the
comparison operation.

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 according
to the following definitions. For the Compare instructiona
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 inequality
of the bytes obtained directly from the source and destination
fields shall result in the translation of both bytes. by means
of a translation tables and inequality of the - i
bytes shall result in the completion of the comparison. UWhen
the translated bytes are equal. and the longer field has not
been exhausted. comparison between the corresponding bytes
obtained directly from the source and destination fields shall
be resumed.
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When 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.

When 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. Register X1 Right shall be cleared in bit positions

32 and 3Y through b3. and shall be set in bit position 33.

When 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 cleared in bit positions 34
through b3 and shall be set in bit positions 32 and 33. 1In
addition. the sequence number of the byte which caused the first
inequality will be placed in Register X0 Right. {Note: The
sequence number shall be initialized to zero. Moreovers when one
of these instructions terminates as a result of inequality- the
value of the sequence number transferred to Register XO Righta
if added to the leftmost byte addresses of the source and
destination fields. will provide the addresses of the source and
destination field bytés, respectively- which caused the inequality}.
If no inequalities are found~ Register XO Right shall remain

unchanged.

Translation table: The translation table used for each occur-
rence of direct inequality during Collated Compare instructionsa.
shall be addressed by a PVA whose Ring Number {RN} and Segment
{SEG} are obtained from Ai: and whose Byte Number {BN} is formed
by the 32-bit sum {ignoring overflow} of the rightmost 32 bits
of Ai plus the instruction’s lL2-bit D field extended to the left
with 20 zeroes. The entire tablea consisting of 25k bytes. may
be loaded internally to the processor. oh a model dependent
basis before any operation on the data is performed.

Each byte shall be translated by using its value as a positive
of fset to be added to the beginning {leftmost} address of the
Translation Table~ {Ai} + D, for the purpose of addressing the
translated byte to be read from central memory.
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2.3.4.2

Byte 3Scan

Byte Scan While Nonmember. D{Ak} for presence bit in
{Ai plus D}, charactar to XLR. index to XOR .

F3 jkid {) descriptorl} {Ref. DA8LY

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 a PVA whose Ring Number
{RN} and Segment {SEG} are obtained from Ai. and whose Byte
Number {BN} is formed by the 32-bit sum {ignoring overflouw}

of the rightmost 32 bits of Ai plus the instruction's 1l2-bit D
field extended to the left with 20 zeroes. The scan shall term=-
inate if the bit thus addressed is ON or if the destination
field has been exhaustedi otherwise the next character in D{Ak}
is considered.

Source Field: The operand addressed by Ai+D shall be interpret-
ed as a bit string consisting of 25k bits {32 bytes}. The entire
table- consisting of 25k bits. may be loaded internally to the
processor. on a model dependent basis- before any operation on

. the data is performed.

Destination Field: The type field in D{Ak} shall be ignored.
The operand addressed by D{Ak} shall be interpreted as a byte
strings and restricted to no more than 25k characters.

The binary value of the sequence number in the strings of‘the
byte which caused the scan to terminate shall be placed right
justified into X0 Right.

The binary value of the character itself which caused the scan
to terminate shall be placed right justified into X} 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 in bit position 32 and cleared
in bit positions 33 through k3.

Note: The function Byte Scan While Member can be performed
by means of the Byte Scan L'hile Non-flember if the bit string
specifying the characters not allowed in the byte string has
been previously logically negated.
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2.3.4.3

2.3. e 4

Translate

Byte Translates D{Ak} replaced by D{Aj}w translated per
{Ai plus D}

EBjkip {2 descriptorsl} {Ref. 088}

This instruction shall translate each byte contained in the
source fields 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 identigal
to that previously described for the Byte Compare Co}lated in-
struction in subparagraph 2.3.4.1 of this specification. The
Type fields in the Data Descriptors associated with the source
field and the destination field shall be ignored. Both operands
shall be restricted to no more than 25k 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
bytesa thus obtained from the translation table. shall be
transferred to the destination field. The translation operation
shdll terminate after the destination field length has been
exhausted. When the source field length is greater than the
destination field lengths rightmost bytes from the source field
shall be truncated. to the extent reguired. with respect to the
translation operation. When the source field length is less
than the destination field lengtha translated space characters
shall be used to fill the rightmost byte positions of the
destination field to the extent required.

Move

This instruction shall provide the means for moving the byte
contained in the source field to the destination field. The
type fields of the source and destination data descriptors shall
be ignored. Field lengths shall be restricted to a maximum of
25b bytes.

Move Bytesa D{Akl} replaced by D{Aj}.
?hjk {2 descriptors} {Ref. 089}

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
;ield or the insertion of trailing spaces into the destination
ield.
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2.3.4.5

Edit

Edit- D{Ak} replaced by D{Aj} edited per D{Ai plus D}
EDjkiD {2 descriptors} {Ref. 091}

This instruction shall edit the digits or characters contained
in the source field according to an edit mask in central memory
and shall transfer the result to the destination field. The
edit mask shall be addressed by a PVA whose Ring Number {RN}
and Segment {SEG} are obtained from Ai- and whose Byte Number
{BN} is formed by the 32-bit sum {ignoring overflouw} of the
rightmost 32 bit of Ai plus the instruction's 12-bit D field
extended to the left with 20 zeroes. The edit mask shall con-
sist of a one byte length indication followed by a string of
micro-operations. The length indication shall include

the byte containing the length. {Alsc see Appendixes C & H}.

The edit instruction shall terminate as a result of exhausting
the edit mask or under control of the edit mask. i.e.- MOP1S
with the zero flag FALSE. For both of these circumstancesa

no exception conditions shall be associated with the completion
of the edit instruction even though the source and the destination
fields may not have been exhausted. In the event that the
destination field is not filled. the remaining portion of the
destination field shall not be altered. In the event that

the source field is not exhausted. the entire source field shall
be checked for jnyalid BDP data and the sign examined. However-
when the interpretation of the edit mask would otherwise result
in reading beyond the end of the source field or would result

in writing beyond the end of the destination field. an Invalid
BDP Data condition shall be detected. Thus a destination field
length of zero allows the Edit instruction to proceed until the
first output is produced at which point an Invalid BDP Data
condition shall be detected. UWhen the corresponding user mask
bit is set and the trap is enabled. instruction execution shall
be inhibited and program interruption shall occur. See para-
graph 2.8.3.1b of this specification.

Typa: The Source Data Descriptor type field shall be confined
to the following types: 0+ la 24 31 Ya 5+ Ly 74 8. 9. 12 and
13. A type 9 source field is assumed zero {ZF. zero field =
true} and positive. The Destination Data Descriptor type

field shall be ignored- and the output field formatted as per
type 9. An Instruction Specification Error shall be detected
when the source data type is 0. 11+ 14, or L5. This condition
shall be detected even if the edit mask has a length of 0 or 1.
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Special Conventions: The edit operation shall utilize the
tables and toggles listed below.

a. Special Characters Table {SCT}: The SCT is an eight byte

table that shall be initialized by the machine at the start
of each edit operation to contain the following:

——————————— blank fill character

suppression character

positive sign

negative sign
L L JJ

Table Index a 1 2 3 4 5 b ?

Character b b + - N . + 7/

Hexadecimal Value cdf 20| eB| 2p| 2C} 2E| 24| 2F

Entries in the SCT shall be readable/writable under control
of certain micro-operations comprising the mask.

b. The Symbol {SM}: The symbol is a string of D to 15 characters
that shall be created under control of the edit mask and
inserted into the destination field under control of the
edit mask. Once the SM has been inserted into the destination
fields it must be recreated before it can be inserted again.
At the start of an edit operation. the SM shall have a zero
length.

The SM shall be utilized for the floating sign and floating
currency editing features. It shall also be utilizad for
sign sensitive and significance sensitive character string
insertion-.

c. End Suppression Toggle {ES}: This toggle controls zero
suppression. At start of edit- the ES shall be initialized
FALSE. The ES shall be set TRUE when zero suppression ends.

d. Negative Sign Toggle {SN}: This toggle signifies the sign
of the source field. At start of edit. the SN shall be
initialized FALSE for an unsigned numeric
or a positive numeric source field. It shall be initialized
TRUE for a negative numeric source field. only.

e. Zero Field Toggle {ZF}: This toggle signifies whether the

source field is zero or non-zero. It shall be initialized
TRUE.
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Source Field Sign: For separately signed numeric data typesa Notation for MOP descriptions.

the bit positions in the source field which are occupied by

the sign shall be automatically skipped with respect to source ES End suppression toggle. .

field addressing under control of the edit mask. For combined SCT Special character table.

sign data typess only the numeric value shall be interpreted SCT(n) (n+1)th entry in the SCT (n must be 0-7).

with respect to read references of the source field sign byte sV Specification value.

position under control of the edit mask.

Edit Micro-Operations: The mask shall be interpreted as a string
of one byte micro-instructions with the following format-.

MOP |SV

The MOP is a micro-operator. It specifies an editing function.
The SV is a specification value. It's meaning varies according
to the specific MOP which it follows.

Edit control shall proceed from left to right on the maska

one chgracter {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.

;ndexing through the source field shall be by bytes unless

its data-type is packed numeric when indexing shall be by

zalg-:ytes- Indexing through the destination field shall be
y bytes.
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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. (Thus, a maximum of
254 micro-operations may be specified by this byte).

When the value of the leftmost byte of the Edit Mask is equal
to zero or one, the associated Edit instruction shall result
in no operation; however, the entire input field (except when
type 9) is checked for valid data.

Although not included in each description, prior to the execution

of each micro-operation the edit mask index shall be incremented
by one.

Micro-operations - MOPs

MOP_ O

1. End MOP if SV=0

2. Set ES true

3. Translate SV (1 to 15) digits from the source field to

their equivalent ASCII characters and copy them into
the destination field. The source field must not be type
9 or an Invalid BDP data condition will be detected.

- enabled, instruction execution shall be inhibited and
program interruption shall occur.
4. Perform the translate as specified by the NUMERIC function.

I When the corresponding user mask bit is set and traps

MOP 1

1. End MOP if SV=0

2. Set ES true

3. Move SV (1 to 15) characters from the source field to the
destination field. The source field must be type 9 or an
Invalid BDP data condition will be detected. When the
corresponding user mask bit is set and traps enabled,
instruction execution shall be inhibited and program
interruption shall occur.
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MoP 2,3 Hop 2
No operation L. End MOP if SV=0.
MOP & 2. Translate SV {1 to 15} digits from the source field to their
_— equivalent ASCII characters and copy them into the destination
1. End MOP if SV=0 field. The source field must not be type 9 or an Invalid BDP
2. Move SV (1 to 15) characters from the edit mask to the Data condition will be detected. Uhan the corresponding
destination field. When execution of this MOP would user mask bit is set and traps enabled. instruction
require reading beyond the end of the edit mask, an exacution shall be inhibited and program interruption
Invalid BDP data condition shall be detected. When the shall occur.
corresponding user mask bit is set and traps enabled, .
instruction execution shall be inhibited and program « ES False AND zero digit
interruption shall occur. Copy SCTy to the destination field
MOP_5 ¢ ES False AND non-zero digit
Set ES true and copy the symbol to the destination
Set the symbol to a single character répresenting the sign of field followed by the translated digit
the source data field.
¢ Negative source data field v ES True
Copy SCT, to the symbol field Copy the translated digit to the destination field.
s Positive sgurce data field
II Copy the character (SCTgy) selected from the SCT indexed
by the rightmost 3 bits of SV into the symbol field. Mop 8
s ES True
MOP 6 No operation

1. End MOP %f SV=0 ) c g . n s+ ES False

2. Move SV (1 to 15) characters from the edit mask to the i i :
symbol. When execution of this MOP would require reading Set ES true and copy the symbol to the dastination field.
beyond the end of the edit mask, an Invalid BDP data
condition shall be detected. When the corresponding user
mask bit is set and traps enabled, instruction execution
shall be inhibited and program interruption shall occur.
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MoP_ 19

e SV >7
Copy the Symbol to the destination field.

» SVE 7
Copy the character {SCTgy} selected from the SCT indexed
by the rightmost 3 bits of SV into the destination field.

MOP A

v SV> 7
» Source field positive
Copy the Symbol to the destination field
» Source field negative
Copy the SCTp character to the destination field once
for each character in the Symbol

» SVE 7
* Source field positive
Copy the character {SCTgy} selected from the SCT
indexed by the rightmost 3 bits of SV into the
destination field
» Source field negative
Copy SCTp into the destination field

MoP B

This MOP is identical to MOP A with the action caused by
the source field sign being exactly reversed.

MoP_¢C
« SV>7?

e ES true
Copy the Symbol to the destination field

e ES False
Copy the SCTy character to the destination field once
for each character in the Symbol

» SVE?
s ES True
Copy the character {SCTgyl} selected from the SCT
indexed by the rightmost 3 bits of SV into the
destination field

¢+ ES False
Copy SCTy into the destination field
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MOP D
Copy the next character from the edit mask into the SCT as
indexed by the rightmost 3 bits of SV.

When execution of this MOP would require reading beyond the
end of the edit mask, an Invalid BDP data condition shall be
detected. When the corresponding user mask bit is set and
traps enabled, instruction execution shall be inhibited and
program interruption shall occur.

MOP E
1. End MOP if SV = O

2. Copy SCT, into the destination field SV (1 to 15) times.
MoP_F

1. End MOP if SV = O

2. 1If ZF False (Non-zero Source Field)
Terminate the Edit instruction

3. If ZF True (Zero Source Field)
Reset to start of Destination field and copy SCT, into
the destination field SV times. Execution of this reset
causes all characters previously transmitted to the
destination field to be, in effect, discarded (even
when more than SV characters were previously transmited).
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Function NUMERIC

This function shall be used by micro-operations 0 and ?
to move a source digit into the destination field.

Each source digit shall be checkedy invalid decimal digits
shall cause an Invalid BDP Data condition to be detected.
When the corresponding user mask bit is set and the trap is
enableds instruction execution shall be inhibited and program
interruption shall occur. See paragraph 2-8.3.1k of this
specification.

When the source field is packed numeric. appropriate ASCII
2one bits shall be supplied for the destination character.

A non-zero digit shall cause the ZF toggle to be set FALSE,
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Calculate Subscript

Calculate Subscript and Add. D{Aj} Checked and Modified per
{Ai plus D}, Result Added to XkR

F4jkid {1 descriptor} {Ref. DAL}

Tbis instruction shall obtain a signed 2's complement

b}nary 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. This instruction
shall further obtain three binary integer values from a k4-bit
Subscript Range Table entry {SRT} addressed by a PVA whose Ring
Number {RN} and Segment {SEG} are obtained from Ai- and whose
Byte Number {BN} is formed by the 32-bit sum {ignoring overflou}
of the rightmost 32 bits of Ai plus the instruction's 12-bit D
field extended to the left with 20 zeroes. The SRT shall be
interpreted as follows:

[size T mv ] mAX ]

—— 32 bhits. signed
1t bits. signed
1b bits~ unsigned

SIZE shall be extended to 32 bits by insertion of 1k zero bits
on the left. and MIN shall be extended to 32 bits by insertion
of b sign bits on the left. A 32 bit signed 2's complement
Occurrence Number is formed by subtracting MIN from the right=-
most 32 bits of the signed binary integer obtained from the
source field DL{Aj}. This Occurrence Number shall be multiplied
by SIZE and the algebraically signed result added to

Register Xk Right. Overflow shall not be detected on any
arithmetic operation associated with this instruction.

Source Field: The descriptor associated with the source field
shall be confined to Type field values D through b. 10 and 11
with the maximum field length values determined by the source
field data type as defined in subparagraph 2.3.2.1.3 of this
specification.

Exceptions: UWhen the PVA used to access the SRT entry is not
equal to O modulo 8. the Address Specification Error Condition
shall be set- the execution of the instruction shall be inhibited
and the corresponding program interruption shall occur. See
subparagraph 2.8.1.5 of this specification. UWhen the Occurrence
Number is negative. or if the Occurrence Number is greater than
MAX field from the SRT-+ an Invalid BDP Data condition shall

be detected. UWhen the corresponding user mask bit is set.

and the trap is enabled- instruction execution shall be
inhibited and program interruption shall occur. See sub-
paragraph 2.8.3.1bk of this specification.
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2.3.bs1

Immediate Data

Within this instruction group. the Immediate Data Byte is an &
bit field formed by the 2's complement addition of bits S5k - &3
1Xi} Right and the rightmost & bits of the instruction’s D field.
Overflow is ignored on this summation. In this context. the
contents of Register X0 shall be interpreted as consisting
entirely of zeroes.

Move Immediate Data. D{Ak} replaced by XiR plus D per j

F9jkiD {1 descriptor} {Ref. L54}

This instruction shall move the the Immediate Data Byte to the
destination field after format conversion per the destination
field type and the j field sub operation code. The Immediate
Data Byte is described in paragraph 2-3.b. The least significant
2 bits of the j field shall be used as an encoding of the oper-
ation to be performed:

as If = D0+ the unsigned {considered positive} numeric value
{Type 10} contained in the Immediate Data Byte shall be
moved right justified to the receiving field. which must
be of type 10+ 1l. 14 or 15. If necessary. the destination
field is filled with zeros on the left.

b. If = 0L. the decimal numericvalua {Type 4} contained in the
Immediate Data Byte 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 through
b+ 12 or 13. This mave shall be executed according to the
rules of the numeric move for truncation. padding and
validation. .

Each source digit shall be checked for decimal digit
validity. An invalid decimal digit shall cause an Invalid
BDP Data condition to be detected. Uhen the corresponding
user mask bit is set. and the trap is enabled. instruction
execution shall be inhibited and program interruption shall
occur.

This operation will not alter the slack digit of destination
field types 1 and 3 {see 2.3.2.2+ subparagraph q}. UWhen
truncation of numeric dats results in loss of significance-

an Arithmetic Loss of Significance condition shall be detected.
If the corresponding user condition mask bit is set and the
trap is enabled, instruction execution shall be inhibited

and program interruption shall occur. See 2.8.3.15.
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c. If = 10, the ASCII character contained in the Immediatg
Data Byte is repeated left to right in the receiving field.
The destination data type shall be ignored.

d. If = 1l. the ASCII character contained in the Immediate
Data Byte is moved left justified into the receiving fielda.
the rest of that field is space filled. The destination
data type shall be ignored.

Compare Immediate Data. XiR plus D to DL{Ak} per j- rasult to XIR

FAjkid {1 descriptor} {Ref. 155}

This command shall. depending on the value of the j field- com-
pare the explicit value contained in the Immediate Data Byte

to D{Ak} after a possible reformatting to match the data type
and shall transfer a 32-bit half word to Register X1 Right
according to the result of the comparison. The Immediate Data
Byte is described in paragraph 2.3.hk.

When the contents of the source and destination fields are equal-
the entire 32-bit positions of Register X1l Right shall be cleared.
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The rightmost two bits of the j field shall be used as an
encoding of the operation to be performed:

a. If j=D0- the unsigned {considered positive} numeric value
{Type 10} contained in the Immediate Data Byte shall be
compared to the contents of field D{Ak}. which must be of
type 10+ 13- 14 or 15. If field D{Ak} is longer than one
byte~ then the Immediate Data Byte will be zero filled
to the left as necessary.

b. If j=0L. the decimal numeric value {Type 4} contained in
the Immediate Data Byte shall be compered to the contents
of field D{Ak} after possible reformatting to match the
data type of field D{Ak}- If the format requires a signa
a positive sign shall be supplied. The D{Ak} field shall
be restricted to one of the decimal data types 0 through ba
12 or 13. If field D {Ak} is longar than one byte. then
the Immediate Data Byta shall be zaro filled to the left
as nacassary.

Each source digit shall be checked for decimal digit validity.
An invalid decimal digit shall cause an Invalid BDP Data
condition to be detected. UWhen the corresponding user mask
bit is set. and the trap is enabled- instruction execution
shall be inhibited and program interruption shall occur.

c. If j=1L9. the ASCII character contained in the Immediate Data
Byte shall be compared left to right with each successive
byte contained in the D{Ak} field. The data type of field
D{Ak} shall be ignhored.

d. If j=11. the ASCII character contained in the Immediate
Data Byte shall be compared to the leftmost byte in field
D{Ak}. If the comparison is equal and if field D{Ak} is
longer than one byte- then a space character shall be
compared left to right with each successive remaining byte
contained in the D{Ak} field. The data type of field D{Akl}
shall be ignored.

When the contents of the source field are greater than the con-
tents of the destination field. Register X1 Right shall be cleared
in bit positions 32 and 34 through b3. and shall be set in bit
position 33.

When the contents of the source field are less than the contents
of the destination field- Register X1 Right shall be cleared

in bit positions 34 through kL3 and shall be set in bit positions
32 and 33.

The interpretation of the source and destination fields are

analogous to those described under the Move Immediate Data In-
struction. paragraph 2.3.k-1.
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2+3.b.3

Add Immediate Data- D{Ak} replaced by D{Ak} plus XiR plus D par j

FBjkiD {1 descriptor} . {Ref. 15k}

Operation: This command shall add the explicit integer value

contained in the Immediate Data Byte to D{Ak} after a possible
conversion to match the destination data type. The Immediate

Data Byte is formed as described in 2.3.b.

Source: The Immediate Data Byte is used to store the integer
value of the addend. The j field is used as an encoding of the
type of the data contained in the Immediate Data Byte. The
least significant bit of the j field is decoded as follous:

a» If = 0. the Immediate Data Byte contains an unsigned {fcon-
sidered positive} binary integer values Immediate Data Byte
= Data Type 0.

b. If = 1. the Immediate Data Byte contains one ASCII character
representing a decimal digit% if invalid decimal data is
encountered in the Immediate Data Byte. an Invalid BDP Data
condition shall be detected. UWhen the corresponding user
mask bit is set. and the trap is enabled. instruction
execution shall be inhibited and program interruption shall
occur. Immediate Data Byte = Data Type Y.

If the source corresponds to case a- above. the destination
shall be confined to types 10~ 11 14 and 15.

If the source corresponds to case b. above. the destination
shall be confined to types 0 through L. 32 and 13.

If unauthorized data types are specified. an Instruction
Specification error shall be detecteds the instruction's
execution shall be inhibited+ and the corresponding program
interruption shall occur. See 2.8.1.4.

Overflow into the slack digit of destination fiel

L and 3 is not allowed {see 2.3.2.2- subparagraphdqupes
When the results of the add operation exceed the capacity

of the destination field. an Arithmetic Overflow condition
shal; be detected. If the corresponding user condition mask
bit is set and the trap is enableda instruction execution

shall be inhibited and the program int i
a1l he i prog erruption shall occur.
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2.4
2.4.1

delelad

Floating Point Instructions
General Description

A floating point number shall consist of a signed exponent and
a signed fraction. The signed fraction shall also ba referred

to as the coafficient.

The gquantity expressed by a floating point number shall be of the
form {f}2% 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.

Formats

Floating point data shall occupy one of two fixed length formatss
b4=bit word {Single Precision) or l.28~bit doubleword {Double
Precisionl.

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 exponaent 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.
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S | Signed Exponent

Single Precision Floating Point Number

00pL 15|16 L3
S | Signed Exponent Leftmost 48 bits of the 9b-bit fraction

%ﬁ 79180 127
Rightmost 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
b+ is equal to a one} the double precision floating point number
shall be considered to be normalized. The sign of the fraction
and the exponent of the leftmost part shall constituta the

sign of the fraction and the exponent 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 exponent of the rightmost part

shall not be utilized from any number constituting an input
operand {argument} to a double precision floating peint operation.
Howaver. the formation of a double precision floating point result
shall include making the sign of the fraction of the rightmost
part the same as that of the leftmost part and shall also include
making the exponent of the rightmost part equal to the exponent

of the leftmost part.
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2-.4.1.2

Standard Numbers

The fraction field of a floating point number shall have its
binary point immediately to the left of its leftmost bit positiona
lk. 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 ones respectively.

Sign of the fraction

|(._..Exponent—____, «———— True fraction >

T
DATE Oct. 15, 1981

[ooha fp2]o3]oy] 1516 63

T T__ Binary Point

Exponent Out of Range {02#03}

Exponent Bias

The fraction shall be considered to be multiplied by the power
of 2 expressed by the exponent which. in encoded form. occupies
bit positions 0L through 15. The exponent field §ha11 pe used
to represent both standard and non-standard floating point
numbers. Standard floating point numbers shall have an actual
exponent range from =-409b to 4095 inclusive. and shall be encoded
into the exponent field by adding a bias equal to 2%%. The
effect of biasing the exponent is demonstrated in Table_E-H-l
for standard floating point numbers in which the ascending order
from smallest to largest encoded representatioqs corresponds to
the smallest to largest progression of multiplier values re-
presented by the actual exponents in the range of -409L to 4095

inclusive.

The ranges in magnitude. M. covered by standard- normalized
floating point numbers in each of the two formats is as follows:
Single precisions 2 10%7<y <qy-p=48;p 4095
{Approximately I4.Y4 decimal digits of precision?}
Double precisions 2 '097<p < (y-p~Tbyp4015
{Approximately 28.9 decimal digits of precision}

For both formats these ranges approximate to:

£4.83 1078 y< 5.0y 1pheR
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2.4.1.2.1

zZ3

As shown in Table 2.4-1, +Z3 and -Z3 are standard floating
point numbers with zero coefficients. The existance of -Z3
in the floating point number set plus the interpretation of
+Z3 greater than -Z3 by the floating point compare means that
special consideration must be given to -Z3. Add and subtract
are the only floating point operations which can produce a

23 result from normalized input operands and will force any
-23 result to a +Z3. Multiply and divide operations will
only produce Z3 for unnormalized input operands and will
produce either +23 or -Z3 depending on the signs of the input
operands. This -Z3 gives rise to some anomalies. For
example, when A = -Z3, and B and C are both non-zero standard
numbers in the following equation:

A (B 4+ C) = AB + AC
the comparison reduces to
=23 + +23

This is true because the floating point compare rules
described in 2.4.5 interpret operands with different signs
to be unequal. These anomalies only occur when unnormalized
operands are used.
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2.4.1.3

Non-standard Numbers

The eyponent field shall also be used to represent non-standard
floating point numbers refarred to as Zero. Infinity and Indefinite.

Table 2.4-1 illustrates hexadaecimal exponent codes for corre-
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 bits
01 and 02 are equal to zeroes and also when bits 01l and
03 are equal to zeroes.

Floating point operations shall generate a non-standard
result of Zero - consisting entirely of zeroes - when!

L. A non-standard input operand causes the Zzero result
specified by one of Tables 2.4-3 through 2.4-10.

OR

2. A floating point operation with standard operands raesults
in Exponent Underflow and the associated mask bit {UMRS5H}
is clear. oR

3. A floating point add operation with standard input opaerands
results in Floating Point Loss of Significance and the
associatad mask bit {UMRLD} is clear.

Floating point operations shall not alter the generated non-
standard result of Zero when:

L. A floating point operation with standard input operands
results in Exponent Underflow and the associated mask
bit {UMRES} is set.

OR
2. A floating point add operation with standard inpu% %gfrands
e

results in Floating Point Loss of Significance an
associated mask bit {UMRLO} is sat.
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b}

c}

d}

Infinite. Non-standard floating point numbers constituting
input arguments to floating point operations shall be treated
as infinite values when bit 0l is equal to one and bits 02 and
03 are not equal to each other. .

Floating point operations shall generate a non-staqdard
floating point result of Infinite - consisting entirely of
zeroes except in bit positions 0} and 03 which shall be ones
and bit position 00 which shall be determined algebraically
- when:

L. A non-standard input operand causes the infinite result
specified by one of Tables 2.4-3 through 2.4-10.

OR

2. A floating point operation with standard operands results
in Exponent Overflow and the associated mask bit {UMR58}
is clear.

Floating point operations shall not alter the generated non-
standard result of Infinite when:

A floating point operation with standard input operand§
results in Exponent Overflow and the associated mask bit
{UMRE8} is sat.

Indefinite. Non-standard floating point numbers constituting
input arguments to floating point operations shall be treated
as indefinite values when bits 0L through D3 are all equal

to ones-

Floating point operations shall generate a non-standard
floating point result of Indefinite - consisting entirely
of zeroes except for bits 0. 02 and 03 which shall be
ones - when:

A non-standard input operand causes the result to be
spaecified by one of Tables 2.4-2 through 2.4-b.

Notes. When non-standard results are generated. as previously
described by items a through c- the rightmost part shall be
made identical to the leftmost part for all cases of double
precision floating point results.
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Hexadecimal Exponent including co-efficient sign

Actual exponent {to the base 2}
Input Arguments
2XXX ——— Indefinite
LFFF ElEmEB?
Coefficient Infinite
oefficien g |bue09e
Sign Equal
4098
to O 4EFF |2
4 ta Numbers in this range with
{Positive yooo |2 Standard zero coefficients are termad
numbers} | 3FFF ] +23
2000 £1u1015
aFFF  |a~40%?
1000 g-lE1E66 Zero +22
oxxx - Zero +21
N
. BXXX Zero -2k
Coefficient 2000 3-121355
Sign Equal T Zero -72
to 1 AFFF E-H1Dﬁ?
{Negative popg |2" HiE
Numbers} 'BF}F Eal
coon 2 Standard Numbers in this range with
&q 095 zero coafficients are termed
CFFF_[2" -3
000 PRI
& Infinite
EFFF ElEaE&?
FXXX —— Indefinite
Table 2.4=1: Floating Point Representation
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2ebel. b

Exponent Arithmetic

When the exponent fields from input arguments are added. as for
floating point multiplications or subtracted. as for floating
point division. the exponent arithmetic shall be performed
algebraically in 2's complement mode. Moreover. such operations
shall take placesconceptually. 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.
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2.4.1.5

2.4.1.4

2a4.3.7

Normalization

A normalized floating point number shall have a one in the left-
most bit position. lb. of the fraction field. If the leftmost

bit of the fraction is a zero. the number shall be considered
unnormalized. Normalization shall take place when intermediatg
results are changed to final results. Numbers with zero fractions
cannot be normalized and such fractions shall remain equal to zero-

For intermediate results in which coefficient overflow has

not occurred and the initial operands were normalized

the normalization process shall consist of left shifting

the fraction until the leftmost bit position contains a one and
correspondingly reducing the exponent by the number of L.
positions shifted. For intermediate results in which coefficient
overflow has occurred. the normalization process shall consist .
of right shifting the fraction one bit position and correspondingly
increasing the exponent by one. For double precision float-

ing 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.

For quotient and product instructions {0p. 32. 33. 3k and 37}
if the operands are unnormalized. the results may be unnormalized.
See the individual instruction descriptions.

When exponent arithmetic operations on standard floating num=-
bers generate an intermediate exponent which is Out of Range-
but normalization requirements generate an adjusted exponent
which is no longer Out of Range. then neither Exponent Over-
flow nor Exponent Underflow shall be recorded for the final
results.

Exceptions

With respect to floating point exceptions. {specifically
Exponent Overflow. Exponent Underflow- Indefinite. and Loss
of Significance}. bit position assignments within the User
Condition and User Mask Registers shall be in accordance with
paragraphs 2.8.3 and 2.8.4 of this specification.

Double Precision Register Designators

The terms "Xk+1" and "Xj+1" 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 point 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. Notation designating the two registers holding

the complete double precision floating point number is either

XXk or XXj. See 2.4.3.4 through 2.4.3.hL.
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2.4.2.1

Conversion

The instructions within this subgroup shall provide the means for
converting k4-bit words. contained in the X Registers. between
floating point and integer formats.

Convert from Integer to Floating Point

Convert, Floating Point Xk formed from Integer Xj

3Ajk {Ref. 097}
This instruction shall convert the signed. two's complement,
binary integer initially contained in the blY-bit positions of
Register Xj to its equivalent. normalized floating point re-
presentation and shall transfer this hH-bgt result tEBRegister
Xk. Integers outside of the range of =248 through 27°%-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:

_Ehaé ne 21’3-].

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

Convert from Floating Point to Integer
Convert, Integer Xk formed from Floating Point Xj

3B jk (Ref. 098)

This instruction shall convert the 64-bit floating point

number initially contained in the Xj Register to a signed,
two's complement, binary integer and shall transfer this 64-bit
result to Register Xk. (The fractional part of the binary
equivalent shall be lost as a result of truncation of the
appropriate right-most bits).

When the 64-bit floating point number initially contained in
the Xk register:

1. has an actual (unbiased) exponent which is less than or
equal to zero, the result shall consist of 64 zeroes. No
exception conditions are recorded.

2. has a coefficient consisting entirely of zeroes, the result
shall consist of 64 zeroes. No exception conditions are
recorded.

3. 1is indefinite, a Floating Point Indefinite condition shall be
detected. When the corresponding user mask bit is set and
the trap enabled, execution of this instruction shall be in-
hibited and program interruption shall occur (2.8.3.14).

When the corresponding user mask bit is clear and/or traps
are disabled, a result consisting of 64 zeroes shall be
stored and instruction execution completed.

4. is infinite, an Arithmetic Loss of Significance condition shall
be detected. When the corresponding user mask bit is set and
the trap enabled, execution of this instruction shall be in-
hibited and program interruption shall occur (2.8.3.15). When
the corresponding user mask bit is clear and/or traps are
disabled, a result consisting of 64 zeroes shall be stored
and instruction execution completed.

Floating point numbers with magnitude (M) shall be correctly
converted provided such numbers are within the following range:

_(253_515) == 263,15

For integers outside of this range, the number transferred to
Register Xk shall represent only the least significant, (right-
most) 64-bits of the actual result, and an Arithmetic Loss of
Significance condition shall be detected. When the corresponding
user mask bit is set and the trap enabled, execution of this
instruction shall be inhibited and program interruption shall
occur. (Thus, such numbers shall be truncated in their left-most
positions). See subparagraph 2.8.3.15 of this specification.
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2.4.3.1

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.

Floating Point Sum/Difference

a. Floating Point Sum. Xk replaced by Xk plus Xj

30jk {Ref. 099}
b. Floating Point Differences Xk replaced by Xk minus Xj
3L jk {Ref. 100}

Inputs: For the execution of these instructions. when either

or both of the input arguments initially contained in Registers
Xk and Xj consist of an Infinite or Indefinite floating point
number. as defined in subparagraph 2.4.1.3 of this specificationa.
the floating point result transferred to Register Xk shall
consist of a non-standard floating point number as definad

by Tables 2.4-3. 2.4-4, 2.4-5 and 2.4-h+ as well as

Subparagraph 2.4.1.3 of this specification.

For the execution of these instructions. when both of tha input
arguments initially contained in Registers Xk and Xj consist of
zero. as described in 2.4.1.3. the Floating Point result transferred
to Register Xk shall consist entirely of zeroes and no Loss of
Significance shall be recorded.

For those non-standard input arguments for which an Infinite
result is transferred to Register Xk. an Exponent Overflow
condition shall be detected. UWhen the corresponding user mask
bit is set and the trap enabled. execution of the instruction
shall complete and program interruption shall occur. See
subparagraph 2.8.3.11 of this specification.

For those non-standard input arguments for which an Indefinite
result is transferred to Register Xk+ a Floating Point Indefinite
condition shall be detected. UWhen the corresponding user mask
bit is set and the trap enabled. execution of the instruction
shall be inhibited and program interruption shall occur. See
subparagraph 2.8.3.14 of this specification.

CDC PRIVATE

CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.

T
DATE Oct. 15, 1981

Systems Development PAGE 2-9b
Architectural Design and Control

In the absence of Infinite or Indefinite input arguments. these
instructions shall execute according to the following descriptions.

Exponent Equalization: The exponents of the two floating

point numbers initially contained in the Xk and Xj Registers shall
be algebraically compared and when they are equal. that common
exponent shall be used as the intermediate exponent with
neither of the associated coefficients shifted prior to co-
efficient arithmetic. Howevers when the exporents are not
equal. the coefficient associated 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 48. Thus. the coefficients shall be aligned and the
larger exponent shall be used as the intermediate exponent.

When the exponent difference is greater than 48+ the larger
exponent and its associated coefficient shall be used as
the intermediate exponent and coefficient.

Coefficient Arithmetic: The two aligned coefficients. each
consisting of a sign and a 48-bit fraction

shall be added or subtracted. as determined by the operation
codes with the coefficient associated with the Xj Register
correspondingly treated as the addend or the subtrahend. The
algebraic result shall consist of a signed coefficient having
48-bits of precision along with an overflow bit. and shall be
referred to as the intermediate coefficient. <{The overflow bit
shall provide the required allowance for "true™ addition. i.e.
FP sum of coefficients having like signs and FP Difference
between co-efficients having unlike signs.}

Coefficient Overflow: UWhen the overflow bit associated with
the intermediate co-efficient is a one. the 48-bits of precision
associated with the intermediate coefficient shall be shifted
one bit position right. end-off. with the overflow bit inserted
into the vacated. leftmost bit position. The intermediate
exponent shall be increased by one to adjust for this right
shift of the coefficient and+ provided the intermediate
exponent does not overflow. the adjusted exponent along with
its bias. and the normalized coefficient along with its sign.
shall be transferred to the bLui-bit positions of Register Xk

as the final result.
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Exponent Overflow: When the adjustment of the intermediate
exponent results in overflows an exponent overflow condition
shall be recorded and the final result of the associated
instruction shall be determined according to the state of the
Exponent Overflow mask bit contained in the User Mask Register.
{See Subparagraph 2.8.3.11} and Paragraph 2.8.4 of this
Specification.}

When the corresponding mask bit is a one at the time the
Exponent Overflow condition is recorded. the adjusted exponent
along with its bias. and the normalized coefficient along with
its sign. shall be transferred to the b4-bit positions of
Register Xk as the final result. If the trap is enabled~ then
the execution of the instruction shall complete and program
interruption shall occur. See paragraph 2.8.3.11 of this
specification.

When the corresponding mask bit is a zero at the time the

Exponent Overflow condition is recorded. the non-standard

floating point number Infinite. as defined in Subparagraph
2.4.1.3 of this specifications shall be transferred to the
LY-bit positions of Register Xk as the final result.

Loss of Significance: UWhen the overflow bit and the 48-bits

of precision associated with the intermediate coefficient consist
entirely of zeroes and one or both of the input operands
consisted of a standard floating point numbers then a Floating
Point Loss of Significance condition shall be recorded and the
final result of the associated instruction shall be determined
according to the state of the Floating Point Loss of Significance
mask bit contained in the User Mask Register. {See subparagraph
2.8.3.13 and paragraph 2.8.4 of this Specification.}

When the corresponding mask bit is a one at the time the Floating
Point Loss of Significance condition is recorded. the inter-
mediate exponent along with its bias. and the intermediate
coefficient along with its positive sign. shall be transferred

to the bY4-bits of Register Xk as the final result. If the

trap is enabled- then the execution of the instruction shall
complete and program interruption shall occur. See paragraph
2.8.3.23 of this specification.

When the corresponding mask bit is a zero at the time the
Floating Point Loss of Significance condition is recorded-
the non-standard floating point number zero. as defined in
Subparagraph 2.4.1.3 of this specification- shall be trans-
ferred to the Lu-bit positions of Register Xk as the final
result.
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Normalization: UWhen the overflow bit associated with the
intermediate coefficient is a zero and the 48-bits of
precision associated with the intermediate coefficient do

not consist entirely of zeroes. these U8-bits of precision
shall be left shifted to the extent required to achieve
normalization. i.e. a one in the leftmost bit position. Left
shifting shall be accomplished end-off. with zeroes inserted
on the right. for from 0 to 4?7 bit positions. For each bit
position shifted left. the intermediate exponent shall be
decreased by one. Upon completion of normalization,provided
the exponent has not underflowed- the adjusted exponent along
with its bias- and the normalized coefficient along with its
sign shall be transferred to the bli-bit positions of Register Xk
as the final result.

Exponent Underflow: When the adjustment of the exponent results
in underflow. an Exponent Underflow condition shall be recorded
and the final result of the associated instruction shall be
determined according to the state of the Exponent Underflow
mask bit contained in the User Mask Register. {See Sub-~
paragraph 2.8.3.12 and Paragraph 2.8.4 of this Specification}

When the corresponding mask bit is a one at the time the
Exponent Underflow condition is recorded. the adjusted
exponent along with its bias- and the normalized coefficient
along with its sign. shall be transferred to the bu=-bit
positions of the Xk Register as the final result. If the
trap is enableds then the execution of the instruction shall
complete and program interruption shall occur. See paragraph
2.8.3.12 of this specification.

When the corresponding mask bit is a zero at the time the
Exponent Underflow condition is recorded. the non-standard
floating point number Zero as defined in Subparagraph 2.4.1.3
of this Specification. shall be transferred to the bli=bit
positions of Register Xk as the final result.
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I 2.4.3.2

Floating Point Product

Floating Point Product.s Xk replaced by Xk times Xj

32 jk {Ref. 103}
Inputs: For the execution of this instruction. when either
or both of the input arguments initially contained in Registers
Xk and Xj consist of a Zero. Infinite. or Indefinite floating
point number. as defined in Subparagraph 2.4.1.3 of this
specification. the floating point result transferred to Register
Xk shall consist of a non~standard floating peint number as
defined by Tables 2.4-7 and 2.4-8 and Subparagraph 2.4.1.3
of this specification.

For those non-standard input arguments for which an Infinite

or Indefinite result is transferred to Register Xk an Exponent
Overflow or Indefinite condition shall be recorded as previously
specified in Subparagraph 2.4.3.1 of this specification.

For those non-standard input arguments for which a Zero result
is transferred to Register Xk. its sign shall be positive as
previously defined in Subparagraph 2.4.1.3 of this specification.

In the absence of such input arguments. this instruction
shall execute according to the following descriptions.

Exponent Arithmetic: The signed exponents initially contained
in Registers Xk and Xj shall be algebraically added and the
result shall be used as the intermediate exponent.

Coefficient Arithmetic: The signed coefficient initially
contained in Register Xk shall be multiplied by the signed
coefficient initially contained in Register Xj. The result
shall consist of an algebraically signed product having Tk-
bits of precision.

Normalization: UWhen the left-most bit of the 9b~bits of precision

associated with the product is a one. the sign and left=-most
48-bits of the product shall be used as the intermediate
coefficient. UWhen the left-most bit of the Jb-bits of precision
associated with the product is a zero. that product shall be
shifted left end-off one bit position. the sign and leftmost
48-bits of the shifted result shall be used as the intermediate
coefficient and the intermediate exponent shall be decreased

by one.
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Exponent Overflow: When the intermediate exponent. including
the adjustment for normalization when applicable. is equal to
an Out of Range value in the overflow direction. an Exponent
Overflow condition shall be recorded and the final result of
the associated instruction shall be determined according to
the state of the Exponent Overflow Mask bit contained in the
User Mask Register. {See Subparagraph 2.8.3.11 and Paragraph
2.8.4 of this specification.}

When the corresponding mask bit is a one at the time the
Exponent Overflow condition is recorded. the adjusted exponent
along with its biass and the intermediate coefficient along with
its sign. shall be transferred to the bi-bit positions of
Register Xk as the final result. If the trap is enabled. then
the execution of the instruction shall complete and program
interruption shall occur. See paragraph 2.8.3.11 of this
specification.

When the corresponding mask bit is a zero at the time the

Exponent Overflow condition is recorded. the non-standard

floating point number Infinite. as defined in Subparagraph
2«4.1.3 of this specification. shall be transferred to the
bU-bit positions of Register Xk as the final result.

Exponent Underflow: When the intermediate exponent. including
the adjustment for normalization when applicable. is equal to
an Out of Range value in the underflow direction. an Exponent
Underflow condition shall be recorded and the final result

of the associated instruction shall be determined according to
the state of the Exponent Underflow mask bit contained in the
User Mask Register {See subparagraph 2.8.3.12 and paragraph
2.8.4 of this specification}.

When the corresponding mask bit is a one at the time the Ex-
ponent Underflow condition is recorded. the adjusted exponent
along with its bias and the intermediate coefficient along with
its sign shall be transferred to the L4-bit positons of the Xk
Register as the final result. If the trap is enabled. then

the execution of the instruction shall complete and program
interruption shall occur. See paragraph 2.8.3.12 of this
specification.

When the corresponding mask bit is a zero at the time the
Exponent Underflow condition is recorded. the non-standard
floating point number Zero as defined in subparagraph 2.4.1.3
of this specification shall be transferred to the bY-bit
positions of the Xk Register as the final result.

Result in Range: When the intermediate exponent. including
the adjustment for normalization when applicable. is not
equal to an Out of Range value. that intermediate exponent
along with its bias. and the intermediate coefficient along
with its sign. shall be transferred to the L4Y-bit positions
of Register Xk as the final result. This final result shall
always consist of a normalized number when both numbers
initially contained in the Xk and Xj Registers consisted of
normalized numbers.

CDC PRIVATE



CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV,

T
DATE Oct. 15, 1981

Systems Development PAGE 2-101
Architectural Design and Control

I 2.4.3.3

Floating Point Quotient

Floating Point Quotient. Xk replaced by Xk divided by Xj
33jk {Ref. LO4)

Inputs: For the execution of this instruction. when either

or both of the input arguments initially contained in Registers
Xk and Xj consist of a Zero. Infinite. or Indefinite floating
point number. as defined in Subparagraph 2.4.1.3 of this
Specification. the floating point result transferred to Register
Xk shall consist of a non-standard floating point number as
defined by Tables 2.4-9 and 2.4-10 and Subparagraph 2.4.1.3

of this specification-

For those non-standard input arguments for which an Infinite

or Indefinite result is transferred to Register Xk an Exponent
Overflow or Indefinite condition shall be recorded as previously
specified in Subparagraph 2.4.3.1 of this specification.

For those non-standard input arguments for which a Zero result
is transferred to Register Xk. its sign shall be positive

as previously defined in Subparagraph 2.4.1.-3 of this
specification.

In the absence of such input arguments. these instructions
shall execute according to the following descriptions.

Exponent Arithmetic: The signed exponent associated with the
Xj Register shall be subtracted from the signed exponent
associated with Xk Register and the signed result shall be
referred to as the intermediate exponent.

Divide Fault: When the coefficient associated with the

XJj Register is unnormalized and can be divided into the
coefficient associated with the Xk Register by a factor

equal to or greater than 2.0+ the contents of Register Xk

shall not be changed and a Divide Fault condition shall be
detected. Further. when the Xj Register contains a non-
standard value of zero. or the coefficient of Xj consists
entirely of zeros- the contents of Register Xk shall not be
changed and a Divide Fault condition shall be detected. UWhen
the corresponding user mask bit is set and the trap is enabled-
instruction execution shall be inhibited and program interrup-.
tion shall occur. See subparagraph 2.8.3.8 of this specification.

In the event that a pair of operands is such that a Divide
Fault is detected and such that the exponent arithmetic will
produce Exponent Overflow or Underflow. the Divide Fault and
only the Divide Fault shall be reported.
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Coefficient Arithmetic: The signed coefficient associated with
the Xj Register shall be divided into the signed coefficient
associated with the Xk Register. The division shall be
fractionals i.e. 4B zeroes shall be appended rightmost to
the signed coefficient associated with the Xk Register in
order to obtain a dividend having 9b-bits of precision. The
results of the division shall consist of an algebraically
signed quotient having 48-bits of precision and an overflow
bit. {The overflow bit shall provide the required allowance
for those cases in which the divisor can be divided into the
d%vidend by a factor egual to or greater than 1.0 but less
than 2.0%.

Normalization: UWhen the overflow bit associated with the
quotient is a zero the sign and 48-bits of precision

associated with the quotient shall be used as the inter-

mediate coefficient. When the overflow bit associated with the
guotient is a one. the 48-bits of precision associated with the
guotient shall be shifted one bit position right. end-off. with
the overflow bit inserted into the vacated leftmost bit position.
The signed. UYB-bit result shall be used as the intermediate
coefficient and the intermediate exponent shall be increased by
one to adjust for the right shift of the guotient.

Exponent Overflow: When the intermediate exponent. including
the adjustment for normalization when applicable. is equal to
an Out of Range value in the overflow direction. an Exponent
Overflow condition shall be recorded and the final result of
the associated instruction shall be determined according to

the state of the Exponent Overflow mask bit as previously
described under the heading "Exponent Overflow”™ in subparagraph
fele3e2 of this specification.

Exponent Underflow: UWhen the intermediate exponent. including
the adjustment for normalization when applicable. is equal to
an Out of Range value in the underflow directiona an Exponent
Underflow condition shall be recorded and the final result

of the associated instruction shall be determined according to
the state of the Exponent Underflow Mask bit as previously
described under the heading of "Exponent Underflouw™ in
Subparagraph 2.4.3.2 of this specification.

Result in Range: When the intermediate exponent. including
the adjustment for normalization when applicables is not
equal to an Out of Range value. that intermediate exponent
along with its bias. and the intermediate coefficient along
with its sign. shall be transferred to the bY-bit positions
of Register Xk as the final result. This final result shall
always consist of a normalized number when both numbers
initially contained in the Xk and Xj Registers consisted of
normalized numbers.
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2-4.3.4

Double Precision Floating Point Sum/Difference

a. Floating Point Sum. XXk replaced by XXk plus XXj
34ik {Ref. 105}

b. Floating Point Difference, XXk replaced by XXk minus XXj
355k {Ref. LOL}

Inputs: For the execution of these instructions. when either

or both of the input arguments initially contained in Registers
Xk and Xj consist of an Infinite or Indefinite floating point
number. as defined in Subparagraph 2.4.1.3 of this specification.
the floating point result transferred to Registers Xk and Xk+1l
shall consist of non-standard floating point numbers as defined
by Tables 2.4=3. 2.4=Y4,. 2.4=~5 and 2.4-hk- as well as

Subparagraph 2-4.1.3 of this specification.

For the execution of these instructions. when both of the
input arguments initially contained in Registers Xka

Xk+l and Xj. Xj+l consist of zero. as described in paragraph
2.4.1.3, the floating point result transferred to Registers
Xk and Xk+l shall consist entirely of zeroes and no Loss of
Significance shall be recorded.

For those input arguments for which an Infinite result is

transferred to Registers Xk and Xk+l. an Exponent Overflow
condition shall be detected. UWhen the corresponding user

mask bit is set and the trap is enabled. execution of the

instruction shall complete and program interruption shall

occur. See subparagraph 2.8.3.11 of this specification.

For those input arguments for which an Indefinite result is
transferred to Registers Xk and Xk+l a Floating Point Indefinite
condition shall be detected. When the corresponding user mask
bit is set and the trap is enabled- execution of the instruction
shall be inhibited and program interruption shall occur.

See subparagraph 2.8.3.14 of this specification.

In the absence of such input arguments. these instructions
shall execute according to the following descriptions.

Exponent Equalization: The exponents of the two floating
point numbers initially contained in the Xk and Xj Registers
shall be algebraically compared and when they are equal+ that
common exponent shall be used as the intermediate exponent
with neither of the associated coefficients shifted prior to
coefficient arithmetic. Howevers when the exponents are not
equal. the coefficient associated with the smaller exponent
shall be shifted right. end-off. the number of bit positions
designated by the difference between the exponentss up to a
maximum of 9b. Thus. the coefficients shall be aligned and the
larger exponent shall be used as the intermediate exponent.
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Coefficient Arithmetic: The two aligned coefficients, each
consisting of a signed fraction having 9b-bits of precision
shall be added or subtracted. as determined by the operation
codes with the coefficient associated with Registers Xj and
Xj+l correspondingly treated as the addend or the subtrahend.
The algebraic result shall consist of a signed coefficient
having 9k-bits of precision aleng with an overflow bit. and
shall be referred to as the intermediate coefficient. {The
overflow bit shall provide the required allowance for "true™
addition, i.e. FP sum of coefficients having like signs and
FP Difference between coefficients having unlike signs}.

Coefficient Overflow: When the overflow bit associated with
the intermediate coefficient is a one- the 9k-bits of precision
associated with the intermediate coefficient shall be shifted
one bit position right. end=-off. with the overflow bit inserted
into the vacated. leftmost bit position. The intermediate
exponent shall be increased by one to adjust for this right
shift of the coefficient. Provided the intermediate exponent
does not overflow: the adjusted exponent along with its bias
and the leftmost 48-bits of the normalized coefficient along
with its sign. shall be transferred to the L4Y-bit positions

of Register Xk as the leftmost half of the final results:

the adjusted exponent along with its bias. reduced by 48. and
the rightmost 48-bits of the normalized coefficient along with
its sign. shall be transferred to the LuU~bit positions of
Register Xk+l as the rightmost half of the final result.

Exponent Overflow: UWhen the adjustment of the intermediate
exponent results in overflow. an Exponent Overflow condition
shall be recorded and the final result of the associated
instruction shall be determined according to the state aof the
Exponent Overflow mask bit contained in the User Mask Register.
{See Subparagraph 2.8.3.1) and Paragraph 2.8.4 of this
Specification.}

When the corresponding mask bit is a one at the time the
Exponent Overflow condition is recorded: the adjusted exponent
along with its bias. and the leftmost YB-bits of the normalized
coefficient along with its sign. shall be transferred to the
bY-bit positions of Register Xk as the leftmost half of the
final results the adjusted exponent along with its bias-

and the rightmost H4&-bits of the normalized coefficient

along with its sign. shall be transferred to the bLu-bit
positions of Register Xk+l as the rightmost half of the

final result. When the corresponding user mask bit is sata.
and the trap is enabled. execution of the instruction shall
complete and program interruption shall occur. See paragraph

2.8.2.1) of this specification.
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When the corresponding mask bit is a zero at the time the
Exponent Overflow condition is recorded. the non-standard
floating point number Infinite. as defined in Subparagraph
2-4.1.3 of this specification. shall be transferred to the
L4-bit positions of both Register Xk and Register Xk+l as
the final result.

Loss of Significance: Uhen the overflow bit and the 9b-bits
of precision associated with the intermediate coefficient
consist entirely of zeroes and one or both of the input
operands consisted of a standard floating point numbera. then
a Floating Point Loss of Significance condition shall be
recorded and the final result of the associated instruction
shall be determined according to the state of the Floating
Point Loss of Significance mask bit contained in the User
Mask Register. {See subparagraph 2.8.3.13 and paragraph
2.8.4 of this specification.}

Uhen the corresponding mask bit is a one at the time the Floating
Point Leoss of Significance condition is recorded: The
intermediate exponent along with its bias. and the leftmost
H48~bits of the intermediate coefficient along with its positive
sign. shall be transferred to the L4-bits of Register Xk as

the leftmost half of the final result: the intermediate exponent
along with its bias. and the rightmost 48-bits

of the intermediate coefficient along with its positive signa
shall be transferred to the LY-bit positions of Register Xk+l

as the rightmost half of the final result. If the trap is
enableda_then execution of the instruction shall complete and
program interruption shall occur. See paragraph 2.8.3.13 of
this specification. :

When the corresponding mask bit is a zero at the time the
Floating Point Loss of Significance condition is recorded-
the non-standard floating point number Zero, as defined in
Subparagraph 2.4.1.3 of this specification. shall be trans-
ferred to the bli-bit positions of both Register Xk and
Register Xk+l as the final result.
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Normalization: When the overflow bit associated with the
intermediate coefficient is a zero and the 9b-bits of
precision associated with the intermediate coefficient do

not consist entirely of zeroes. these 9b-bits of precision
shall be left shifted to the extent required to achieve
normalization, i.e. a one in the leftmost bit position. Left
shifting shall be accomplished end=off. with zeroes inserted
on the right. for from O to 95 bit positions. For each bit
position shifted left. the intermediate exponent shall be
decreased by one. Upon completion of normalization. provided
the exponent has not underflowed: the adjusted exponent along
with its bias. and the leftmost 48-bits of the normalized
coefficient along with its sign. shall be transferred to the
b4-bit positions of Register Xk as the leftmost half of the
final results the adjusted exponent along with its bias-

and the rightmost 48-bits of the normalized

coefficient along with its sign. shall be transferred to the
b4-bit positions of Register Xk+l as the rightmost half of the
final result.

Exponent Underflow: UWhen the adjustment of the exponent results
in underflow. an Exponent Underflow condition shall be recorded
and the final result of the associated instruction shall be
determined according to the state of the Exponent Underflow
mask bit contained in the User Mask Register. {See Sub-
paragraph 2.8.3.12 and Paragraph 2.8.4 of this Specification.}

When the corresponding mask bit is a one at the time the
Exponent Underflow condition is recorded: the adjusted
exponent along with its bias. and the leftmost 4B8-bits of
the normalized coefficient along with its sign. shall be
transferred to the LuY-bit positions of the Xk Register as
the leftmost half of the final results the adjusted exponent
along with its bias. and the rightmost Y8-bits

of the normalized coefficient along with its sign. shall be
transferred to Register Xk+l as the rightmost half of the
final result. If the trap is enabled. then execution of
this instruction shall complete and program interruption
shall occur. See paragraph 2.8.3.12 of this specification.

When the corresponding mask bit is a zero at the time the
Exponent Underflow condition is recorded. the non-standard
floating point number Zero as defined in Subparagraph 2.4.1.3
of this specification. shall be transferred to the h4-bit
positions of both Register Xk and Register Xk+l as the final
result.
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2+4.3.5

Double Precision Floating Point Product

Floating Point Product. XXk replaced by XXk times XXj

3kjk {Ref. 107}

Inputs: For the execution of this instruction. when either

or both of the input arguments initially contained in Registers
Xk and Xj consist of a Zeros Infinite. or Indefinite floating
point number. as defined in subparagraph 2-4.1.3 of this
specification. the floating point result transferred to Reg-
isters Xk and Xk+l shall consist of non-standard floating

point numbers as defined by Tablas 2.4-? and 2.4-8 and
Subparagraph 2.4.1.3 of this specification.

For those non-standard input arguments for which an Infinite
or Indefinite result is transferred to both Register Xk and
Register Xk+l an Exponent Overflow or Indefinite condition
shall be recorded as previously specified in subparagraph
2.4.3.1 of this specification.

For those non-standard input arguments for which a Zero result
is transferred to Register Xk. its sign shall be positive

as previously defined in subparagraph 2.4.1.3 of this speci=-
fication.

In the absence of such input arguments. this instruction
shall execute according to the following descriptions.

Exponent Arithmetic: The signed exponents initially con-
tained in Registers Xk and Xj shall be algebraically added and
the result shall be used as the intermediate exponent.

Coefficient Arithmetic: The signed coefficient initially con-
tained in Registers Xk and Xk+1 shall be multiplied by the signed
coefficient initially contained in Registers Xi and Xj+*le. The
result shall consist of an algebraically signed product having
192 bits of precision.
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Normalization: UWhen the left-most bit of the 198-bits of
precision associated with the product is a one. the sign and
left-most 9Gb-bits of the product shall be used as the inter-
mediate coefficient. UWhen the left-most bit of the l92-bits
of precision associated with the product is a zero. that pro-
duct shall be shifted left end-off one bit positions the sign
and leftmost b-bits of the shifted result shall be used as
the intermediate coefficient and the intermediate exponent
shall be decreased by one.

Exponent Overflow: UWhen the intermediate exponent. including
the adjustment for normalization when applicable. is equal

to an Out of Range value in the overflow direction. an Exponent
Overflow condition shall be recorded and the final result of
the associated instruction shall be determined according to

the state of the Exponent Overflow Mask bit contained in the
User Mask Register. {See subparagraph 2.8.3.11 and paragraph
2.8.4 of this specification.}

When the corresponding mask bit is a one at the time the
Exponent Overflow condition is recorded: the adjusted ex-
ponent along with its bias. and the leftmost 48-bits of the
intermediate coefficient along with its sign shall be trans-
ferred to the bY4-positions of Register Xk as the leftmost half
of the final resulti the adjusted exponent along wi;h its biasa
and the rightmost 48-bit positions of the intermediate
coafficient along with its sign. shall be transferred to

the b4-bit positions of Register Xk+1l as the rightmost half of
the final result. If the trap is enableds then execution

of the instruction shall complete and program interruption
shall occur. See paragraph 2.8.3.11 of this specification.

When the corresponding mask bit is zero at the time the
Expongnc Overflow condition is recorded. the non-standard
floating point number Infinite. as defined in subparagraph
E-H-}-B of_this specification, shall be transferred to the
blY~bit positions of both Register Xk and Register Xk+l as
the final result.
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Exponent Underflow: Uhen the intermediate exponent. includ-
ing the adjustment for normalization when applicable. is
equal to an Out of Range value in the underflow directiona
an Exponent Underflow condition shall be recorded and the
final result of the associated instruction shall be deter-
mined according to the state of the Exponent Underflow mask
bit contained in the User Mask Register. {See subparagraph
2.8.3.12 and paragraph 2.8.4 of this specification}.

When the corresponding mask bit is a one at the time the
Exponent Underflow condition is recorded: the adjusted ex-
ponent along with its biass and the leftmost 4&=-bits of the
intermediate coefficient along with its sign. shall be trans-
ferred to the LY-bit positions of Register Xk as the left-
most half of the final resulti the adjusted exponent along
with its bias. and the rightmost 48-bit positions

of the intermediate coefficient along with its sign

shall be transferred to the bY-bit positions of Register

Xk+L as the rightmost half of the final result. If the trap
is enabled. then execution of the instruction shall complete
and program interruption shall occur. See paragraph 2.8.3.12
of this specification.

When the corresponding mask bit is a zero at the time the
Exponent Underflow condition is recorded. the non-standard
floating point number Zero. as defined in subparagraph 2.4.1.3
of this specification. shall be transferred to the blU=bit
positions of both Register Xk and Register Xk+l as the final
result.

Result in Range: UWhen the intermediate exponent. including
the adjustment for normalization when applicable- is not
equal to an Out of Range value: the intermediate exponent
along with its bias~ and the leftmost 48-bits of intermediate
coefficient along with its sign. shall be transferred to the
bY-bit positions of Register Xk as the leftmost half of the
final results the intermediate exponent along with its biasa
and the rightmost 48-bits of the intermediate

coefficient along with its signs shall be transferred to the
bi=-bit positions of Register Xk+l as the rightmost half of the
final result.
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2.4.3.4

Double Precision Floating Point Quotient

Floating Point duotient. XXk replaced by XXk divided by XXj

373k {Ref. LD8}

Inputs: For the execution of this instruction. when either
or both of the input arguments initially contained in Reg-
isters Xk and Xj consist of a Zero. Infinite. or Indefinite
floating point number. as defined in subparagraph 2.4.1.3 of
this specification. the floating point result transferred

to Registers Xk and Xk+1 shall consist of non-standard float-
ing point numbers as defined by Tables 2.4-9 and 2.4-10 ’
and Subparagraph 2.4.3.1 of this specification

For those non-standard input arguments for which an Infinite
or Indefinite result is transferred to both Register Xk and
Register Xk+laan Exponent Overflow or Indefinite condition
shall be recorded as previously specified in subparagraph
2.4.3.1 of this specification.

For those non-standard input arguments for which a Zero result
is transferred to Register Xk- its sign shall be positive

as previously defined in subparagraph 2.4.3.1 of this speci-
fication.

In the absence of such input arguments. this ipstfuction
shall execute according to the following descriptions:

Exponent Arithmetic: The signed exponent associated with
the Xj Register shall be subtracted from the signed exponent
associated with Xk Register and the signed result shall be
referred to as the intermediate exponent.

Divide Fault: When the coefficient associated with the Xj
Register is unnormalized and can be divided into the coeffi-
cient associated with the Xk Register by a factor equal to
or greater than 2.0. the contents of Registers Xk and Xk+l
shall not be changed and a Divide Fault Condition shall

be detected. Further. when the contents of Xj are a non-
standard value of Zeros or the coefficients of Xj and Xj+1
consist entirely of zeros- the contents of Registers Xk and
Xk+l shall not be changed and a Divide Fault Condition shall
be detected. UWhen the corresponding user mask bit is set
and the trap is enabled-. instruction execution shall be
inhibited and program interruption shall occur- See sub-
paragraph 2.8.3.8 of this specification

In the event that a pair of operands is such that Divide Fault
is detected and such that the exponent arithmetic will produce
Exponent Overflow or Underflow. the Divide Fault and only the
Divide Fault will be reported.
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Coefficient Arithmetic: The signed coefficient associated
with the Xj Register shall be divided into the signed ccef-
ficient associated with the Xk Register. The division shall
be fractional-s i.e.. 9k zeros shall be appended rightmost

to the signed coefficient associated with the Xk Register

in order to obtain a dividend having 192-bits of precision.
The results of the division shall consist of an alge-
braically signed quotient having 9bk-bits of precision and

an overflow bit. {The overflow bit shall provide the re-
quired allowance for those cases in which the divisor can

be divided into the dividend by a factor equal to or grester
than 1.0 but less than 2.0%}.

Normalization: UWhen the overflow bit associated with the
quotient is a zero. the sign and 9b-bits of precision asso-
ciated with the quotient shall be used as the intermediate
coefficient. When the overflow bit associated with the
quotient is a one. the 9b-bits of precision associated with
the quotient shall be shifted one bit position right. end-
off+ with the overflow bit inserted into the vacated left-
most bit position. The signeds 9k-bit result shall be used
as the intermediate coefficient and the intermediate ex-
ponent shall be increased by one to adjust for the right
shift of the gquotient.

Exponent Overflow: When the intermediate exponent. including
the adjustment for normalization when applicable. is equal to
an Qut of Range value in the overflow direction. an Exponent
Overflow condition shall be recorded and the

final result of the associated instruction shall be determined
according to the state of the Exponent Overflow mask bit as
previously described under the heading "Exponent Overflou"™

in subparagraph 2.4.3.5 of this specification.

Exponent Underflow: UWhen the intermediate exponent. includ-
ing the adjustment for normalization when applicable. is
equal to an Out of Range value in the underflow directiona
an Exponent Underflow condition shall be recorded and the
final result of the associated instruction shall be deter-
mined according to the state of the Exponent Underflow Mask
bit as previously described under the heading of "Exponent
Underflou™ in subparagraph 2.4.3.5 of this specification.
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Result in Range: UWhen the intermediate exponent. including
the adjustment for normalization when applicable. is not

equal to an Out of Range value: the intermediate exponent
along with its bias. and the leftmost 48-bits of the inter-
mediate coefficient along with its sign. shall be transferred
to the bh-bit positions of Register Xk as the leftmost half of
the final resulti the intermediate exponent along with its biasa
and the rightmost 48-bits of the intermediate coefficient
along with its sign. shall be transferred to the bh-bit
positions of Register Xk+1l as tha rightmost half of tha

final result.

2e4.3.7 Divide Algorithm Constraint

For both the divide instructions described in 2e4¢3.3 and
2e4+3.b of this specification. 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.
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N - Any "standard" floating-point number. That is, a floating-
point number with an exponent in the range:
(3000), ¢ £ exponent < (5000) 16
and a nonzero, normalized or unnormalized coefficient.
0 - Zero: A word consisting of a sign followed by 63 zero bits.
Z — Zero: Floating-point numbers having exponents in the range
(0000) , . € exponent < (1000)
16 16
Z, - Underflow, zero: Floating-point numbers having exponents in
- the range (1000)16§. exporwmt:<(3000)16
Zq - Zero: An unnormalized floating-point number having a zero
coefficient and a standard exponent. That is, an exponent
in the range (3000),¢ <exponent< (5000),¢
INF - Floating-point numbers having exponents in the range
(5000) . . <exponent £ (7000)
16 16
T oo — Infinite: The non-standard floating-point number:
(s,5000 0000 0000 0000)16
INDEF - Floating-point numbers having exponents in the range
(7000), . % exponent £ (7FFF)
16 16
+IND - Indefinite: The non-standard floating-point number:
(7000 0000 0000 0000)16
INDC - A result of indefinite returned by the floating-point compare
instruction. That is, a value for X1-Right = (8000 0000)16
S - Algebraic sum of two floating-~point numbers. These quantities
: : . ; do not include
D - Algebraic difference of two floating-point numbers. zero—coefficient
P — Algebraic product of two floating-point numbers. standard F.P.
Q - Algebraic quotient of two floating-point numbers. numbers:  Z3.
DVF - The divide fault condition (UCR55)
OVL - The floating-point exponent overflow condition (UCR58)
UvL - The floating-point exponent underflow condition (UCR59)
LOS - The floating-point loss of significance condition (UCR60)
IND - The floating-point indefinite condition (UCR61)
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. 70 L
CNKS +N -N ¥z1 +23 -23 +INF ~INF “INDEF
Xk %Z2 :
D, +22 < +D, +22<
+N ol 4 rd 423 = < > <
+Z3 = i
+D,+22 < -D, -Z2 >
N > -D,-22 > > > +23 = > <
+Z3 -
+0
Fz1 > < - > Z > <
322
-D, -22 >
+23 +23 = < <. +23 = < > <
-23 > DeI2 < > > 423 = > <
+23 =
+INF < < < < < <
| -18F > > > > > > \_ —_—
. e
2.4.4.1 F.P. Compare Instruction (2.4.5)
FINDEF F.;;rggizcgoizﬁr:igtons ¢ ) Set xlp(:o INDC and record F.P.

: Record F.P, Indefinite (UCR61) Indefinite (UCR61). Except when
UMR61 is set and Traps are
enabled for which case X1
is not altered. \ J

e

Table 2.4-2

Floating
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V(AL) V(AL) -
x5 7o ‘ X N -N i | o +z3 |- -z3 +INF -INF FINDEF
V(A$) +N -N 7z +23 -z3 +INF -INF FINDEF V(A}) +Z1 :
Xic ) X 122
o |7 o Y ' P 1% 1%
+ s +2. UVL |+ UvVL
@~ Lo wo :8 L +0+N WL :g ggg :8 Egg +os OVL [-se OVL [+1ND IND +N 122 QL | FZ2 uvLi e 175 Los |135 Los | +w ovL | -eo oOVL |+IND IND
+23 LoS | +22 UVL
o ou -8 -8 N 3 ou 5 %2 ov
_ -w o wi lwo uv - -5 -N -Z2 UVL |-Z2 UVL | tee OVL | -oe OVL [+IND IND
N 40 UVL o —NUVL i0 105 |10 Lo |+ OVL |- OVL }+IND IND -22 WL | _gp yyn|+23 LOS [+23 LOS
¥0 v 0 . .
721 ’ +0 +0 LOS [+0 LOS |4w OVL |-ee OVL |+IND IND 7z1 +0 +23 LOS |+23 LOS | +ee OVL | -ve OVL |+IND IND
T22 ) 222
+23 _[+0 LOS |40 LOS | +es OVL [-ee OVL |+IND IND © | +23 +23 LOS [+Z3 LOS | +es OVL | —® OVL |+IND IND
-23 +0 LOS | +es OVL |- OVL [+IND IND -3 *23 103 | 40 OVL | -es OVL |+IND IND
+INF +w OVL | +IND IND|+IND IND +INF +oo OVL | +IND IND | +IND IND
- INF ' ~es OVL |+IND IND -INF -e0 OVL | +IND IND
+INDEF +IND IND *INDEF +IND IND
Xk €= Xk + Xj Xk <€ Xk + XJj
Table 2.4-3 FP Sum Results VEAKT€VLA §3+VLALY UM Clear Table 2.4-4 FP Sum Results VEAK} < VLAj} + VIAL} UM Set

Traps Enabled:
Scalar - Replace +IND with Xk
Vector - Chart as shoun

Traps Disabled:
Scalar & Vactor - Chart as shouwn

CDC PRIVATE CDC PRIVATE



T
Oct,. 15, 1981
2-1L7

CDC CYBER 180 MAINFRAME DOC. ARHIT700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.
DATE
Systems Development PAGE
Architectural Design and Control
V(;i) )
v(aj 3 +N -N ¥z1 +23 -23 +INF ~INF FINDEF
Xk 322
i +D +D +D
+o OVL -
N 0 wL | vo ove | N w0 WL |+0 uyn | OVL |ree OVL eIND IND
+0 _LOS +0 UVL |+0 LOS {+0 LOS
Do | -D -D
N +0 UVL |[+0 UVL -N +0 UVL | +0 UVL |[-es OVL [+os OVL |+IND 1IND
+0 LOS | +0 UVL |+0 LOS |+0 LOS
10
¥zt -N +N +0 +0 LOS | +0 LOS -8 OVL |+es OVL +IND IND
¥22 +0 UVL |+0 UVL
-D +D
+23 +0 UVL |+0 UVL [+0 LOS 40 LOS | +0 LOS |-es OVL |+be OVL [+IND IND
+0 LOS |+0 LOS
-D +D
-23 +0 UVL |[+0 UVL [+0 LOS +0 LOS | +0 LOS |[-es OVL |+c® OVL |+IND IND
+0 LOS |+0 LOS
+INF | +os OVL |+08 OVL |+es OVL +os OVL | +es OVL | +IND IND|+se OVL |+IND IND
-INF | -w OVL. |- OVL |-oo OVL .| -~oe OVL | -oe OVL | -oe OVL |+IND IND|+IND IND
TINDEF || +IND IND WIND IND [+IND IND|+IND IND|+IND IND| +IND IND{ +IND IND|+IND IND

Table 2.4-5 FP Difference Results {
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Xk <— Xk
VEAK} € VLA §Y - VLAi}

- Xj

} UM Clear
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V(AL) 70
va N +N -N 721 +z3 -z3 +INF ~INF TINDEF
Xk 322
i) +D +D +D
N sz2 uvL [D, OVL +N 422 UYL |+22 UVL |-eo OVL |ies OVL [HIND IND
+22 UL Lzp WL | +z2 uvL [+23 LOS |+2Z3 LOS
iz3 ws |\ - -\ o
D = ) =)
-0 owv [* _7Z2 UVL |-2Z2 UVL |-ve OVL |teo OVL [IND IND
N -z2 WL [fZ2 UVL -N +2Z3 LOS [+23 LOS
+z3 _Los_| “%2 UL )
70
771 -N +N +0 +Z3 LOS |+23 10S |-s0 OVL |+e OVL KIND IND
372 -Z2 UVL (+22 UVL
-D +D
72 UVL |+z2 UvL [+Z3 10S |+z3 10S |+23 LOS |-eo OVL |+oe OVL [IND IND
423 |+z3 Los [+23 LOS
-D +D
~22 UVL [+22 UVL [+23 LOS |+Z3 1L0S (+Z3 LOS |-oo OVL [+es OVL [+IND IND
-23  1.z3 L0s |+23 LOS
+INF +on OVL +oe OVL +e0 OVL +ee OVL +@s OVL +IND IND|+ea OVL +IND IND
_InF | -e OVL [-e» OVL |-e0 OVL | -we OVL |-e@ OVL |-es OVL |[+IND IND|+IND IND
TINDEF § +IND IND|+IND IND|+IND IND | +IND IND +IND TIND|+IND .IND|+IND IND|+IND IND
. Xk <— Xk = Xj
Table 2.4-L FP Differaence Results {V(Ak}(—V{Aj} ~ YgAlyf UM Set

Traps Enabled:
Scalar - Replace +IND with Xk
Vactor - Chart as shouwn

Traps Disabled:
Scalar & Vector - Chart as shouwn
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V(AL) =
X3 iy
V(a)) +N -N ¥z1 +23 ~23 +INF ~INF FINDEF
XK ¥22
+P ~P +ea OVL —ca o'ﬁ
+o0 OVL [-o0 OVL +0 UVL. |+0 UVL |+es OVL [-os OVL [IND IND
+N +0 UVL [+0 UVL +0 +23 -23
+23 -Z3
+P -ee OVL +ve OVL
+oe OVL +0 +0 UVL [+0 UVL |-es OVL |+oe OVL |IND IND
~N +0 UVL ~Z3 +23
+Z3
)
371 +0 +0 +0 +IND IND|[+IND IND [+IND IND
¥z2
+ee OVL |-oe OVL
+0 UVL |+0 UVL |+es OVL |[-we OVL [+IND IND
+23 +23 -23
+os OVL
_73 +0 UVL |-ws OVL |+ee OVL [+IND IND
“ +23
+INF +e0 OVL [-~eo OVL |+IND IND
~INF +oe OVL |+IND IND
FINDEF +IND IND

Xk
Table 2.4-7 FP Product Raesults V{AK}
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“VIAH x V{Ai}} UM Clear
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V(AL) 30
X - . _
V(A) J +N -N 371 +23 -23 +INF -INF TINDEF
Xk 322
+P -P +P  OVL [-P OVL ]
+P  OVL (-P  OVL +0 +22 UVL | -Z2 UVL |+oe OVL |-we OVL [+IND IND
N +22 WL |-z2 UVL +23 ~Z3
+23 -23
+P <P OVL | +P  OVL
+P  OVL -Z2 UVL|+Z2 UVL
-N +Z2  UVL +0 -23 +23 -wo OVL [+oe OVL [|+IND IND
+23
+0
¥z1 +0 +0 +0 +IND IND|+IND IND|+IND IND
322 )
TP OVL [ -P_ OVL
+22 UVL | ~Z2 UVL [+os OVL [-es OVL |+IND IND
+23 +23 -23
P " OVL
-23 Y22 UVL | o OVL [+ee OVL [+IND IND
+INF +ea OVL -os OVL +IND IND
~INF +on QVL +IND IND
FINDEF +IND IND

Xk
Table 2.8-8 FP Product Results {V{Ak

Traps Enabled:
Scalar - Replace +IND with Xk
Vactor - Chart as shoun

Traps Disabled:
Scalar & Vector - Chart as shouwn

< Xk
}«-VLAj}
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Xj 70
+N -N 771 +23 -23 +INF ~INF FINDEF
Xk 322
oo [ ow )
+N Y0 UVL [r0 UVL [k DVF [Xk DVF Xk DVF +0 +0 L IND 1ND
+23 -Z3
Xi___DVF Xk~ DVF
-Q +Q
] ce QUL s ouL
X 19y R0 WL ke by |xk DVF Xk DvF +0 +0 +IND IND
Xk__DVF Xk DVF
+0
371 +0 +0  [XKk DVF [Xk DVF |Xk DVF +0 +0 IND IND
322
1o OVL |-w OVL
w23 Ji0 UL R0 UL DVF | Xk DOVF [Xk OVF +0 +0 LIND IND
—e OVL [+es OVL
-3 g0, WL 0, WL lxe bvr |xk DVF [k DVF +0 +0 +IND IND
LINF | +e OVL [-= OVL [Xk DVF | Xk DVF|Xk DVF [+IND IND|+«IND IND|+IND IND
CINF § —ey OVL |+ee OVL |[Kk DVF-| Xk DVF| Xk DVF | +IND IND|+IND IND|+IND IND
FINDEF | +IND IND|+IND IND|Xk DVF | Xk DVF| Xk DVF | +IND IND|+IND IND|«IND IND
Table 2.4~ FP Quotient Results Xk &Xk + Xj UM Clear
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70 .
XJ +N -N ¥z1 +23 ~23 +INF ~INF YINDEF
Xk 322
. -
+N 172 ng 72 83% Xk DVF | Xk DVF|Xk DVF +0 +0 +IND IND
+Z3 -23
Xi”  DVF IXk™ DVF
_3 ovL |28 ou
N Z72 UL [¥Z2 OVE [fx  DVF | Xk DVF| Xk DVF +0 +0 +IND IND
-
-Z3 +23
Xk DVE_{ Xk DVE
+0
71 +0 +0 Xk DVF | Xk DVF|Xk DVF +0 +0 +IND IND
22
+Q OVL |-Q oVL
+23 +Z2 UVL |-Z2 UVL [Xk DVF | Xk DVF| Xk DVF +0 +0 +«IND IND
+23 ~Z3
-Q  OVL |+Q OVL
-23 -22 UVL |+Z2 UVL {Xk DVF | Xk DVF{ Xk DVF +0 +0 +IND IND
-23 +Z3
¢INF ]+ OVL |-oa OVL |Xk DVF | Xk DVF| Xk DVF | +IND IND|+IND IND|+IND IND
~INF } ~eo OVL [+es OVL |Xk DVF | Xk DVF|{ Xk DVF | +IND IND| +IND IND|+IND IND
TINDEF § +IND IND | +IND IND | Xk DVF Xk DVF | Xk DVF| +IND IND| +IND IND|+IND IND
Table 2.4-10 FP Quotient Results Xke—Xk = Xj UM Set

Traps Enabled:
Raplace +IND with Xk

Traps Disabled:
Chart as shoun
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V(A1) 70 V(A1) 30
v(ap) +N =N 21 +23 -23 +INF ~INF FINDEF lv(ag) +N ~N ¥z1 +23 -23 +INF ~-INF FINDEF
322 322
* - " + -
os QUL |-=e OVL L |-
+N 10 UL [0 WL lIn o | +18p {?Xg +IND {gxg +0 +0 FIND IND N Igg i _§2 N +INDA{?X§ o { DVF | 1vp {?Xg 0 f +0 +IND IND
+33p §DVE (23 (DVF v (DUF|-23  (DUF
+IND 4 TND |+ TND 4 TND +IND 4 IND|+IND £ TND
~-Q +Q -§ +
“ee OVL |-ss OVL -g OVL [+ ovL
DVF DVF DVF . DVF DVF DVF
N :23 Ug‘I;F :23 Ul\)/‘l;F +IND{ 1np +IND{IND +IND § yyp +0 +0 +IND IND -N :z.g u\l/)x\7F :Zg nglfp +IND{IND +IND{ INp | *IND {IND +0 +0 +IND IND
+IND 1 IND |+IND 1 IND +IND 4 IND[ +IND 1 IND
+0 +0 .
371 +0 0 - +1ND{?¥§ +np 3 2¥F1 o xwp {'I’xg +0 +0 +IND IND 321 +0 +0 +mn{?¥g +mn{ DVE| +1np {'I)xg +0 +0 +IND IND
722 . 322
s OVL [-ee OVL
+0  UVL {+0  UVL DVF DVF DVF +Q - OVL |-Q = OVL DVF DVF DVF|
+23 123 Z23 +IND {IND +IND {IND +IND{IND +0 +0 +IND IND +23 :gg VL :gg UVL | +IND4 pupl+IND{ fon | +IND J pon 0 +0 +IND IND
—we OVL |+os OVL -Q - ovL [+Q  ovL
=23 B0 UL s0. WL Ly {?ﬁg +IND {?xg ~p {OVEL 4o +0 +IND IND 23 | 7Z2 WL 22 UL +IND{ e +IND{>?¥§ +IND§'?¥g +0 +0 +1ND  IND
+INF J+ee OVL s OVL | oy, {?ﬁg +IND {?gg +Inp {DVE [+IND IND|+IKD IND{+IND IND VINP | +ee OVL|-se OVL | pupf DVF +IND{‘?¥g JIND {?xg +IND IND|+IND IND|+IND IND
SINF | —es OVL [+ee OVL [, wn {DVF +IND {DVF INp §DVF [ +IND IND|+IND IND|+IND IND ~INF § _ue OVL | +ee OVL DVF DVF pvel +IND IND| +IND IND|+IND IND
* IND IND}* IND . +I8D4 Tpf+IND {IND +IND § 1yn .
+INDEF | +IND* IND| +IND IND|+IND {?zg +IND§ DYE] +18D {?ﬁg +IND IND|+IND IND|+IND IND FINDEF | +IND IND | +IND IND +1ND{'?¥E +IND {?ﬁg ;xnni'gxg +IND IND| +IND IND|+IND IND
Note: See 2.12.1.5 I Note: See 2.12.1.5
Table 2.4-11 FP Quotient Results V{Ak} «-V{Aj} = V{Ai} UM Clear Table 2.4-12 FP Quotient Results V{Ak} < V{Aj} * V{Ai} UN Set

Traps Enabled or Disabled: Chart as shown
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Branch

The instructions in this subgroup shall consist of conditional
branch instructions.

Each of these conditional branch instructions shall perform a
comparison between two floating point numbers. Then. based on the
relationship between the results of that comparison and the branch
condition as specified by means of the instruction's operation
code+ each conditional branch instruction shall perform either a
normal exit or a branch exit.

Normal Exit: When 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
instructions shall consist of adding four to the rightmost 32 bits
of the PVA obtained from the P Register with that 32-bit sum
returned 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 lb=
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.
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2.4l

Compare and Branch

Branch to P displaced by 2%@ if floating point Xj equal to Xk
98 jke {Ref. 109} :

Branch tp P displaced by 2%@ if floating point Xj not equal to ¥k
99 jk4 {Raf. 1102}

Branch to P displaced by 2@ if floating point Xj greater than Xk
qajka {Ref. 111}

Branch to P displaced by 2%@ if floating point Xj greater than

or equal to Xk
9B jka . {Ref. 112}

Operation: Each of these instructions shall perform an algebraic
comparison of the b4-bit word cbtained from Register Xj to the ki~
bit word obtained from Register Xk. Each of these bu-bit words
shall be treated as a signed single precision floating point
number as described in subparagraph 2:4-1.1 of this specificiaton-
The contents of Register X0 shall be interpreted as consisting
entirely of zerces with respect to both Xk and Xj-

Except for standard floating point numbers having like signs.
the results of the comparisons for all of these instructions

are given in Table 2.4-2 of this specification. All comparisons
for which the results are indefinites as indicated by "IND" in
Table 2.4-2+ shall cause a Floating Point Indefinite condition
to be recorded. Uhen the corrasponding user mask bit is clear
and/or the trap is not enabled. the instruction shall perform

a normal exit. Uhen the trap is enabled and the corresponding
mask bit is set- execution of the instruction shall be inhibited
and program interruption shall occur. The PVA stored during

the interrupt shall point to the Branch instruction that set

the Floating Point Indefinite condition bit. See subparagraph
2.8.3.1Y4 of this specification.

For standard floating point numbers having like signs. a floating
point subtract shall be performed in the manner described in
subparagraph 2.4.3.1 of this specification. with the exception
that the operation is performed as if the {FP Overflou. Underflow
and Loss of Significance} User Mask bits were set {Z2 not forced
to zero- etc.} and 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 comparison.

These instructions shall perform a normal exit or a branch exit

in the manner previously described in Paragraph 2.4%.4 of this
specification-
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g-4.4.2

Exception Branch

Branch to P displaced by 2x4@ if floating point Xk is
exception per j
9E jka@ {Ref. 113}

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 instructiona is applicable to the ku-bit

floating point number contained in the Xk Register.

Tbis instruction shall perform arormal 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
L4Y-bit floating point number contained in the Xk Register-

The values of the rightmost 2 bits of the j field from the in=
struction shall be associated with exception conditions as follouws:

if 0D~ Exponent Overflow
nonstandard floating point numbers having
biased exponents in the range: 5000 % exp< LFFF
0. Exponent Underflow
nonstandard floating point numbers having
biased exponents in the range: 0000 €exp< 2FFF
10 or 11, Indefinite

nonstandard floating point numbers having biased
exponants in the range: 7000 £exp< ?FFF
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2-4.5

Compare

Compare floating point Xj to Xk- result to XIR
3Cik {Raef. 1lul}

This instruction shall perform an algebraic comparison of the
kY-bit word initially contained in Register Xj to the ku~bit
word initially contained in Register Xk with the result trans-
ferred to Register X1 Right. Each of these LuU~-bit words shall
be treated as a signed single precision floating point number

as previously described in subparagraph 2-4-1-1 of this specifi-
cation. The contents of Register X0 shall be interpreted as
consisting entirely of zeroes with respect to both the Xk and Xj
Registers.

Except for standard floating point numbers having like signs. the
results of the comparison are given in Table 2.4-2 of this speci-
fication. All comparisons for which the results are indefinite.
shall cause a Floating Point Indefinite condition to be detected-
When the corresponding user mask bit is clear and/or the trap

is not enabled. register X1 Right shall be cleared in bit positions
33 through b3 and shall be set in bit position 32. UWhen the trap
is enabled and the corresponding mask bit is set. execution of
the instruction shall be inhibited and program interruption shall
occur- The PVA stored during the interrupt- howevera shall point
to the Compare instruction that set the Floating Point Indefinite
condition bit. See subparagraph 2.&.3.14 of this specification.

For standard floating point numbers having like signs a floating
point subtract shall be performed in the manner described in sub-
paragraph 2.4.3.1 of this specification. with the exception that
the operation is performed as if the {FP Overflow. Underflow

and Loss of Significance} User Mask bits were set {Z2 not

forced to zero- etc.}and that the result shall not be transferred
to Register Xk but shall be interpreted in its post-normalized
form to determine the result of the comparison-.

When the initial contents of the Xj Register are egual to the
initial contents of the Xk Register. Register X1 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 X1 Right shall be
cleared in bit positions 32 and 34 through &3 and shall be set
in bit position 33-

When the initial contents of the Xj Register are less than the

initial contents of the Xk Register. Register Xl Right shall be
cleared in bit positions 34 through b3 and shall be set in bit

positions 32 and 33-
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Logical Environment

A logical environment shall be defined by two sets of registers.
The first set shall be referred to as the Processor State Reg~
ister and shall include all items which are not unique to a
process. Each processor shall have one set of Processor State
Registers.

The second set of registers shall be referred to as the Process
State Registers and shall include all items which are unique

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
Process State Registers associated with the exchange shall be re-
ferred to as an Exchange Package. Therefore.: each process shall
have one Exchange Package to define its unique environment.

Processor State Registers

See Table 2.5-1 and the following paragraphs for the definition
of each of the Processor State Registers.

Processor State Register Bit Positions {finclusive}

Job Process State 32 - b3
Monitor Process State 32 - k3
Page Table Address 32 - b3
Page Table Length 56 - b3
Page Size Mask 57 -« b3
Element Identification 32 - b3
System Interval Timer 32 - b3
Processor Identification 5 - b3

Processor Test Mode
Processor Fault Status

Processor model-dependent
Processor model-dependent

Dependent Eqvironment Control DD - b3
Virtual Machine Capability List 48 - b3
Status Summary 58 - &3
Options Installed 00 - b3

Table 2.5-1. Bit positions of Processor State Registers when
copied to or from a bY-bit X Register.
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2.5.%.1

2.5.1.2

B+5.1.3

2.5.1.4

Job Process State {JPS}

The JPS shall consist of a 32-bit real memory byte address. It
shall point to the first entry in the exchange package for the
job process. The JPS address shall be aligned with bits 32
through b3 of real memory addresses. The JPS address shall be
0+ modulo Lk. <{The processor may either interpret bits 32. b0,
b, k2 and b3 as zeroes when using this register or may force
these bits to zero when loading this register.}

Note: See 3.1.3 for the definition of a real memory address.

Monitor Process State {MPS}

The MPS shall consist of a 32-bit real memory byte address. It
shall point to the first entry in the exchange package for the
monitor process. The MPS address shall be aligned with bits 32
through k3 of real memory addresses. The MPS address shall be
0. modulo lk. {The processor may either interpret bits 32. bOa
bl. b2 and L3 as zeroas when using this register or may force
these bits to zero when loading this register.}

Page Table Address {PTA}

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 DO 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.

Page Table Length {PTL}

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
table length 0. modulo 409k bytas. The mask shall consist
of a contiguous string of one bits. beginning in the rightmost
bit position of the PTL Register and extending towards the left-
most bit position of the PTL Register. Thusa the number of Lu-
bit entries in the Page Table shall range from 512 {PTL Mask with
all 8 bits clear} to 1314072 {PTL Mask with all 8 bits set}. See
Section 3.5 of this specification.
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2+5.%.5

2:5.1.hb

245.1.7

2e¢5.1.8

Page Size Mask {PSM}

The PSM shall consist of a ?-bit mask which shall specify the
page size used in allocating real central memory. The PSM shall
express this page size in multiples of 512 bytes. The PSi shall
consist of a contiguous string of one bits beginning in the left-
most bit position of the PSM and extending towards the rightmost
bit position of the PSM. Thus. the page size provided to a pro-
cessor for its interpretation shall range from L4K bytes {PSH
with all 7 bits clear} to 512 bytes {PSM with all 7 bits setl.
See subparagraph 3.4.2.2.

Element Identifier {EIDY

The EID shall consist of 32 bits and shall uniquely identify
each hardware element. world-wide. See paragraph 1.5 for

the format of the EID register.

System Interval Timer {SIT}

The SIT shall be a 32=-bit counter which the system may use to
establish a maximum time interval for job mode execution. See
subparagraphs 2.5.3.2 and 2.8.1.12 of this specification.
Procaessor Identifier {PID}

The PID shall consist of 8 bits and shall uniquely identify
the processors in a system as follows:

Processor PID {fhgx}
P2 oo
P2 {optionall} 01
P3 oo
P3 {optionall} 01
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2.5.1.9

2.35.1.10

2.5.1.11

Processor Test Mode (PTM)

The PTM register shall provide the means for forcing faults
within a processor in order to test its hardware fault-sensing
logic. Moreover, the PIM shall provide the means for individually

.testing each fault-sensing mechanism within a Processor. Thus,

the exact bit definitions of the PTM shall be model-dependent.
Processor Fault Status (PFS)

The PFS registers shall provide the means for indicating a
processor's hardware fault status. The exact bit definitions
in the PFS shall be model-dependent.

Dependent Environment Control (DEC)

The DEC register shall provide the means for the Maintenance
Control Unit (MCU) to control/monitor a processor's environment.
This processor register is model independent only to the extent
of the two bits listed below. The meaning and specific bit
assignments of the remaining bits shall be chosen and specified
on a model-dependent basis.

a. Test Mode: Bit position 33.

This bit when set, shall permit the copy instruction
(op. OF) to write into the Processor Test Mode
register.
k1
b. Disable Corrected Error to Processor Status Summary
Register: Bit position 35

Bit 35 of the DEC register shall disable the setting of
the Corrected Error bit 62 of the Processor Status
Summary register.
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C180 Monitor Mode: In the one state this bit shall indicate
2.5.1.12 Virtual Machine Capability List {VMCL} that the processor is in CYBER 180 Monitor Mode. This bit
baing set does not cause tha summary status bit to be set in
The VMCL shall consist of lb bits which reflect the processor's the T0U SS Register.

virtual machine capabilities on a bit-by=bit : ' PR
P y=bit basis as follous Short Warning: In the one state this bit shall indicate that

Bit 48 : CYBER 180 a short warning environmental failure exists somewhere in
Bit 49 : CYBER 170 Mode the system attached to this processor. See 8.3 for a
Bit 50 : Reserved description of the failures which set this bit.

Processor Halt: In the one state this bit shall indicate that
the processor has halted.

Uncorrectable Errort This bit is set whenever the DUE bit
in the MNCR is switched from a clear to a set state. This
Bit k3 : Reserved bit must be cleared by the CLEAR ERROR signal. ,0n some models
it may also be cleared by clearing the PFS.

Corrected Error: This bit is set when the processor detects

2.5.1.13 Status Summary {SS} a corracted error as defined in paragraph 2.8.1.15. The IS
Corrected Error bit is not affected by the state of bit k@
The SS Register shall bae accessible only to the Maintenance of the MCR. This bit must be cleared by the CLEAR ERROR signal.
Control Unit {MCU}. via the Malntenance Channel Interface {MCI}. On some models it may also be cleared by clearing the PFS.
The SS Register shall provide a concise summary of the Long Warning: In the one state. this bit shall
processor’s status as follows: indicate that a long warning environmental failure has been
detected by the processor. See section 8.3 for a description
Bit 58 : <180 Monitor Mode of the failures which set this bit.
g;t a; ; gagZEs:::"ﬁ:?t While any bit qemains sat in phe CPU SIS Registera with thg
Bit L1 : Uncorrectable Error exception of bit 58 {C180 Monitor Model. a static signal is
Bit L2 : Corrected Error sent from the CPU to the IOU. setting the summary status bit
Bit k3 : Long Warning in the IOU SS Register.

2e5.3.14 Options Installed {0I}

This bY=bit register shall provide the means for identifying
the options installed in the processor. See paragraph L.5.
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Process State Registers

Each Process State shall be defined by an individual Exchange
Package. An Exchange Package shall consist of

52 bkHY=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 E;change 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 Packages the integrity of
the processing which occurs for the Process State represented by
the first Exchange Package shall not be affected.

Processors may on a modal-dependent basis load any or all of
the Exchange Package from central memory when a process is
activated. To allow this freedom in implementationa the
following items must be noted concerning the Exchange Package
area associated with an active process:

o The contents of the Exchange Package in central memory
are undefined.

e The contents of the Exchange Package in central memory
must not be altered by another processor or I/0 operationa
or undefined processor execution will occur.

e The address register for the Exchange Package must not be
altered while the associated process is active.

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.
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When 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}"
instruction {0p. OE}. the states of the following

bits shall be ignored and treated as zeros.

Word O: Bits 00+ 0L~ 08~ D09 and b3 {P}

Word 1: Bits 00 through 03 and 08 through 11 {Unused?
Word 2: Bits 05 through 13 {Unused?}
Word 7: Bits 00 through 03 {Unused}
Word Lbk: Bits 0D through 03 {Unused}
Word 35: Bits 13+ L4. and 1§ {Unused}
Word 3k: Bits Ob through D& {Unused}
Word 3bk: Bits bl through k3 {DLP}

When the information contained in an Exchange Packagg is im~
plicitly updated in the course of instruction execution on the
part of the associated "process™ or is explicitly written»
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
Packages Word 3. Bits 00 through Ob {leftmost ?-bit positions
of the User Mask} with the exception that these bits shall be
treated as ones.

When the information contained in words 38 through 51 of an Ex-
change Package is utilized during "calla" "return." "pop" or
mexchange™ operations on the part of the associated "process."
bits 0 through 15 of these words shall not be altered in central
memory. See paragraph 2.5.2.28.

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 processoras shall yesult
in undefined operation. Overlapped exchange packages in
central memory may also result in undefined operations.

To provide the alternative of cache addressing by means of SVA.
€180 exchange packages must be kept in Cache By-Pass ;eg—
ments in order to prevent any anomalous operations which

might result from "stale" cache data conditions. {Sage 7.5

for CYBER 170 Statae.}
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BYTE(HEX) WORD(DEC)
08 lI'IAIl liLﬂ 2
0 ] ]
8| wmo_ Juvmip A0 1
10 Flag [Trap Enabes I3 2
18 | User Mask A2 3
20 | Monitor Mask A3 [
28 | Usar Condition A 5
30 | Wonitor Condition a5 [
38 | Kypt.Cass | LPID A6 7
40 | Keypoint Mask A1 [
48 | Keypoint Code a1 [
50 49 0
58 | Process Int. Timar an "
& a8 2
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n AD "
78 | Madel Uopendent Fiags AE %
80 | Segment Table Length AF 18
8 X0 ”
% X1 1®
e 2
] X8 %
00 X9 2
o8 XA 2
£ X8 u
Es xc 2
0 X0 n
8 XE 3
10 XF 2
108 Mode! Dependent Ward 2
110 | Seqment Table Address Untranslatable Pointer u
] Trap Pointer 3
120 | Debug Inded Detug Mask Debug List Pointer n
128 | Cargent Ring Number Top of Steck Ring Numbor 1 n
i b 1
198 Top of Stack Ring Rumber 15 5
0 07 08 1816 aQ
DETAIL FOR C180 EXCHANGE PACKAGE
BYTE(HEX) WORD(DEC)
o o0 o] GLOBAL KEY 0o o] LOCAL KEY ]
{0 o o o] miD [] 0 | uvmIiD 1
10 cr[ocF[Ker[PND EAJ0 0 0 [0 o o o o o Jver[ren]z
“ w0 o o o] XCN LPID 1
I w[o o o o] SEGMENT TABLE LENGTH ]
e LOWER PARY - SEGMENT TABLE ADDRESS Jo o &l
12 DEBUG INDEX [o o of DEBUG MASK 3
oo uos o7]os 12 [

Figure 2.5-2 CYBER 180 Exchange Package {C180 Process}
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2.5.2.1 Program Address Register {P}
See paragraph 2.1.1.1 for the definition of the P Register’s
contents. .
P shall be located in bits DD through b3 of word 0 in the Ex-
change Package»

2e5.2.2 A Registers

i in bits 1lb

The 1b A Registersa AD through AF. shall be located in
thiough b3 gf word; 1 through 1h- respect1vg1y1_1n the Exc:ange
Package. See paragraph 2.1.1.2 for the definition of the
Register's contents.

2.5.2.3 X Registers

rough XF shall be located in bits 0D
32+ respectively~ in the Exchange
3 for the definition of the X

The 1kt X Registersa X0 th
through k3 of words 17 through
Package. See paragraph 2.L.l.
Register's contents.
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2.5.2.4

2.5.2.5

Kypt Class (Keypoint Class Number, KCN)

The keypoint class number shall consist of a 4-bit code stored
into the Exchange Package during the execution of a Keypoint
instruction as specified in paragraph 2.6.1.7.

The KCN shall be located in bits 04 through 07 of word 7 in
the Exchange Package.

Flags

The Flags field shall consist of 5 separate single bit flags
which have the following definitions.

a. Critical Frame Flag (CFF).

The CFF, if set, shall indicate that the currently active
stack frame for the process defined by this Exchange Package
is a "eritical frame'". In this context, software shall have
exclusive control over the state of CFF.

CFF shall be located in bit O of word 2 in the Exchange
Package. (See 2.6.5.2 and 2.8.10)

b. On Condition Flag (OCF)

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
the state of OCF.

OCF shall be located in bit 1 of word 2 in the Exchange
Package. (See 2.6.5.2 and 2.8.10)

c. Keypoint Enable Flag (KEF)

The KEF, 1f set, shall enable the recording of keypoint
data into the Exchange Package and the setting of bit 54
of the UCR as described in paragraph 2.6.1.7.

KEF shall be located in bit 2 of word 2 in the Exchange
Package. (See 2.8.10).

d. Process Not Damaged (PND)

The PND, when set during a C180 Job to Monitor exchange
operation caused by an uncorrectable error, indicates that
the process being executed was not damaged and may be
restarted. The PVA in P of the Exchange Package is the
proper address to restart the process but is not necessarily
the address of the instruction which initiated the activity
that resulted in the malfunction. This flag is intended to
allow recovery of job mode processes where possible and has
no counterpart for malfunctions occurring in C180 Monitor
mode.
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2.5.2.6

2.5.2.7

2.5.2.8

2.5.2.9

Note that the default state of this flag is interpreted as
process damaged. Thus on a model-dependent basis, the hard-
ware may detect many, few, or none of the undamaged processes
and set PND accordingly. While a processor may report
undamaged processes as damaged, it shall never report damaged
processes as undamaged. This flag shall be ignored when
loading a C180 Exchange Package and is only defined in the
Exchange Package resulting from a Detected Uncorrectable

Error Interrupt.

PND shall be located in bit 3 of word 2 in the Exchange Package.

e. ECS Authorized (EA)

The EA, if set, shall enable the currently active process

when in C170 State to access the ECS via the 011, 012, 014

and 015 instructions. An attempt to eXecute these instructions
to access ECS when the EA is clear shall cause an Error Exit
(Illegal Instruction) to be executed in C170 State. See

Table 7.2-2.

EA shall be located in bit 4 of word 2 in the Exchange Package.

User Mask (UM)

UM shall be used by user processes to enable trap ilnterrupts.
There shall be 16 bits in the UM. See paragraph 2.8.4 for
details.

The UM shall be located in bits 00 through 15 of word 3 in the
Exchange Package.

Monitor Mask (MM)

MM shall be used by the monitor to enable exchange interrupts.
There shall be 16 bits in the MM. See paragraph 2.8.2 for details.

The MM shall be located in bits 00 through 15 of word 4 in the
Exchange Package.
User Condition Register (UCR)

UCR shall be a 16-bit register which records the occurrence of
specified conditions within the processor. See paragraph 2.8.3
for details.

UCR shall be located in bits 00 through 15 of word 5 in the
Exchange Package.
Monitor Condition Register (MCR)

MCR shall be a 16-bit register which records the occurrence of
specified conditions within the processor and central memory.
See paragraph 2.8.1 for details.

MCR shall be located in bits 00 through 15 of word 6 in the
Exchange Package.
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2e5.2.10

2.5.2.11

2.5.2.12

2.5.2.13

2e5.2.14

Debug Mask {DM}

The DM shall consist of two flag bits and five mask bits which
control and condition the debug operations as described in
paragraph 2.7.2 of this specification.

The DM bits shall be located in bits 09 through 15 of word 3b
in the Exchange Package. The assignments are as follows:

Bit 09 : End of List Seen flag

Bit 10 : Debug Scan in Progress flag
Bit 11 : Data Read mask

Bit 12 : Data Write mask

Bit 13 : Instruction Fetch mask

Bit 1% : Branching Instruction mask
Bit 15 : Call Instruction mask

Keypoint Mask {KM}

KM shall consist of a lb-bit mask which is tasted during the
exacution of a Keypoint instruction as spacified in paragraph
2-b.1.7.

The KM shall be located in bits 00 through 15 of word & in the
Exchange Package.

Keypoint Code {KC}

KC shall consist of a 32-bit code stored into the E;changa
Package during the execution of a Keypoint instruction as
specified in paragraph 2.b.1.7.

The KC shall be located in bits 00 through 1S of words 9 and
10 in the Exchange Package. UWord 9 shall contain the leftmost
1k bits of the KC.

Process Interval Timer {PIT}

PIT shall be a 32-bit counter which a process shall use to de-
termine time intervals. See paragraph 2.5.3.) for details.

The PIT shall be located in bits 0 through 15 of words 1l and
12 in the Exchange Package- Word 11 shall contain the leftmost
1b bits of PIT.

Base Constant {B(}

The BC is intended to provide a means to communicate within the
operating system. In this context. software shall have exclu-
sive control over the contents of BC.

The BC shall be located in bits 00 through 15 of words 13 and
14 in the Exchange Package. Word 13 shall contain the leftmost
1k bits of BC.
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2.5.2.15

2.5.2.16

Model-Dependent Flags {HMDF}

MDF shall consist of lh bits. MDF shall be processor model-

dependent and shall be defined in the processor model-dependent
specification.

MDF shall be located in bits 00 through 15 of word 15 in the
Exchange Package.

Segment Table Length {STL}

STL. plus ore. shall specify the number of LY-bit entries in
the associated Segment Table. See 2.5.2.18.

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 Y4 through 15 of word 1k in the
Exchange Package.
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2.5.2.17

2.5.2.18

2.5.2.19

Untranslatable Pointer (UTP)

When the processor sets MCR52, 54, 57 or 60 because of an
exception detection, the processor shall also load the address
which could not be translated into the UTP. (See 2.8.1,

2.8.7 and Appendix I.) This occurs regardless of C170 or
C180, Job or Monitor state. This address is always a PVA except
for the following cases. When a program interruption occurs
as a result of Monitor Condition Register bit 52 being set
because of an Address Spec Error either on the Purge Buffer
instruction (2.6.5.3) with K=0, 1, 8 or 9 or on the Load Page
Table Instruction, UTP will contain the SVA which was
associated with the Address Spec Error. The processor shall
only alter the UTP when MCR52, 54, 57 and/or 60 is being set
due” to detectlon of the assoclated exception.

When the UTP has been loaded due to a Page Table Search

without Find, the offset in the UTP is defined only to the ex-
tent that it must be a valid offset generated by the interrupted
instruction or instruction fetch. The page number, of course,
must point to the missing page.

Paragraph 2.8.7 describes the UTP definition when more than one
of MCR bits 52, 54, 57 or 60 is set.

The UTP shall be located in bits 16 through 63 or 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 O modulo 8. STA shall be
located in bits 00 through 15 of words 34 and 35 of the
Exchange Package. Word 34 shall contain the leftmost 16
bits of STA.

Last Processor Identification (LPID)

LPID shall consist of the 8-bit Processor Identification from
the last processor which executed the process defined by the
Exchange Package. LPID shall be located in bits 08 through
15 of word 7 in the Exchange Package. See 2.5.1.8 of this
specification.
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2.5.2.20

2e.5.2.22

2.5.2.22

2.5.2.23

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
{Xj}" instruction {0p OF}. 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 belouw-
See section 2.8.kb for a description of the trap interrupt

operation and section 2.8.10 for a description of flag states.

as Trap Enable Flip-flop {TEF}

TEF shgll 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 I4 of word 2 in the Exchange
Package.

b. Trap Enabled Delay {TED}

TED shall be a flip=flop which delays the enabling of trap
interrupts until after the next Return instruction

10p. 04 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 L3 of word 35 in the
Exchange Package.

Debug Index {DIZ}
DI shall consist of a b-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+7.8.3.

The DI shall be located in bits 00 through 05 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 Wb through b3 of word 3t in the
Exchange Package.

in the Exchange
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2.5.2.24 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 lb through b3 of words 37
through 51 in the Exchange Package. The T0S for ring 1 shall be
located in word 37. the TOS for ring 2 shall be located in word
38. etc.

2.5.2.25 Model- Dependent Word {MDU}

MDW shall consist of buY=-bits. shall be processor model-dependent
and shall be defined in the processor model- dependent specifica=
tion.

MDW shall be located in bits 00 through b3 of word 33 in the
Exchange Package.

2.5.2.2h Virtual Machine Identifier {VMID}

The VMID shall consist of Y-bits and shall reflect the virtual
machine capability to be exercised. as well as that most recent=-
ly exercised. in the execution of the associated process.

The VMID shall be located in bit positions 04 through 07 of word
1 in the Exchange Package.

2e5.2.27 Untranslatable Virtual Machine Identifier {UVMID}

The UVMID shall consist of Y-bits and shall reflect the virtual
machine capability that was required by a process or procedure
but was not included in the associated processor's Virtual
Machine Capability List at the time an Exchange operation.

a Call instruction or a Return instruction was executed. The
UVMID shall be located in bit positions 12 through 15 of word

1 in the Exchange Package. Values of D-15 for this four-bit
field shall correspond to bit positions 48-L3 respectively
gfstgelgirtual Machine Capability List {VMCL}5 see subparagraph

2.5.2.28 Largest Ring Number {LRN}

LRN shall consist of Y=-bits and shall be equal in value to the
largest ring number for which there is a corresponding TOS
entry in the associated Exchange Package. See 2.5.2.24. Usage
of the LRN shall be specified on a model~dependent basis. LRN
shall be located in bits L2 through 15 of word 37 of the
Exchange Package.
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2:5.3:1

2.5.3.2

Timers

The Process Interval Timer and the System Interval Timer shall
be free=running timers to the extent that. upon reaching a
count of zero and recording the corresponding condition in

the User or Monitor Condition Register as described in sub-
paragraphs 2.8.3.4 and 2.8.1.12 of this specification. respect=-
ively. decrement operations shall continue to occur at the

1Mhz rate.

Process Interval Timer

The Process Interval Timer {PIT} shall consist of a 32~bit
counter that shall decrement once each microsecond. UWhen it
decrements to zero. it shall set the Process Interval Timer
bit in the User Condition Register and continue to decrement
from zero to FFFF FFFF and so on. Uhen traps are enableda
exacution of the current instruction shall complete and program
interruption shall occur. See paragraph 2.8.3.4 of this spac.

The PIT contains a different count for each User process.
When a particular process is not in active execution. its PIT
value is stored in its Exchange Package. By this means. each
User process may keep track of time intervals within its own
program execution.

PIT shall be set by the "Copy from Xk per {Xj}" instruction
described in section 2.b«5.2+ as well as during an "Exchange"
operation. described in 2.b.l.b and 2.8.5.

An exchange operation {either to or from job mode} occuring
when the PIT contains a value near zero shall not be allowed
to cause the processor to miss setting the appropriate UCR
bit when the PIT decrements to zero.

System Interval Timer

The System Interval Timer {SIT} shall consist of 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
Monitor -Condition Register and continue to decrement from zero

to FFFF FFFF and so on. Uhan the corresponding monitor

mask bit is set execution of the current instruction shall
complete and program interruption shall occur as described

in paragraph 2.8.1 of this specification.

By this means. the Monitor process may kaep track of time

intervals within the processor. SIT shall be set by the "Copy
from Xk par {Xj}" instruction described in section 2.b.5.2.
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2e5.4

2e5.4.1

Stacks

Each process shall have the means for addressing 15 stacks. one
for each possible ring of execution as determined by the value
of the ring number contained in the P Register.

The beginning of each stack shall be defined by the PVA referred
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.

Note: TOS pointers shall be addressed. using real addressing
mode. as follows:

Address of TOS pointer = {Job Process State Register or Monitor
Process State Register} plus {288} plus {8 times the value of the
ring number contained in the P Register.}

Stack Frames

Each stack shall be comprised of one or more stack frames. The
beginning of each stack frame shall be defined by the PVA referred
to as the Current Stack Frame Pointer. At the time a procedure

is activated {or called} the CSF pointer shall be obtained by

using the TOS pointer which corresponds to the procedure's ring

of execution. During the time a procedure utilizes a stack frame.
its length: from the beginning address. shall be defined as including
each contiguous PVA up to, but not including ,the PVA referred to
as the Dynamic Space Pointer.

When within a process. a procedure "calls™ another procedure. with
the intention that the "called™ procedure will "return” to its
mcaller.™ 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 "returns™}.

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.bk.1.2 through
2.bs1l.4 of this specification. The stack frame save area shall
consist of from four to thirty-three contiguous bLhi=-bit words,
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 Pointer with respect to the
Return instructions h
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The Stack Frame Save Area shall be formatted as follous:

BYTE(HEX} . WORD(DEC)
A [] P REGISTER 0
MINIMUM g Tvwo] AD REGISTER (DYNAMIC SPACE POINTER) 1
‘::‘g 10 [FRAME DESCRIPTION | A1 REGISTER (CURRENT STACK FRAME POINTER} |2
v 18_{ USER MASK A2 REGISTER (PREVIOUS SAVE AREA POINTER) 3
20 ‘A3 REGISTER (BINDING SECTION POINTER] 4
28 | USER CONDITION ¥ | A4 REGISTER (A T POINTER) 5
30 | MONITOR CONDITION ¥| A5 REGISTER 6
38 A6 REGISTER 7
40 A7 REGISTER 8
MAXIMUM . .
SAVE = & . =
AREA M
80 | 00——————— 15| AF REGISTER 1%
o8 X0 REGISTER W7
.
b [ -3
.
100 XF_REGISTER 3z

00 > 63

*UCR and MCR are stored on Trap operations. On Call .
operations. UCR and MCR positions in the SFSA are undefined.

Figure 2.5-3 Stack Frame Save Area

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
Virtual Machine Identifier {VMID. see 2.5.b}
Selectivelys Register A3 through AF {contiguously numbered}
Register XD 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 may be changed
to undefined values during the execution of Call in-
structions and shall be ignored during the execution

of a Return instruction.
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The Stack Frame Save Area Descriptor shall consist of lk=bits

The execution of a Call Instruction or a Trap Interrupt shall
formatted as follows:

store the Virtual Machine Identifier {VMID} associated with
the "calling™ or "trapped™ procedure into bits OY through 07

of Word 1 in the Stack Frame Save Area. Thae execution of a
00) 01 | 021 03 ] 04 =07 | D& >11 | lg—15 Return Instruction shall conditionally load bits D4 through D?
C ° of Word 1 from the Previous Stack Frame Save Area to the VNID
F in the manner described in 2.5.h.
cjo|ao X A X
F F s T T
2¢5.5 Binding Section Segment
. e - A Binding Section Segment shall be identified by the RP field
CFF: Cr1t1ca} frame Flag within its associated Segment Descriptor as described in 3.3.1.1
0CF:  On Condition Flag . of this specification.
Xs ¢ X Registera starting number {First X Reg. No.}
A. * A Register. terminating number {Last A Reg. No.?} Binding Section Segments are intended to facilitate software
T . . linking of both code and data segments from one procedure to
XT ¢ X Register. terminating number {Last X Reg. No.} another -
Trap Interrupt shall generate a maximum Stack Frame Save Area 133 2.5+5.1 Code Base Pointer

words}a by definition.
With respect to the Call instruction. as described in

For Call instructions. the A and X Registers to be stored into the subparagraph 2.b.1.2 of this specification. having both inter-ring
Stack Frame Save Area shall be interpreted according to the contents and inter-segment branching capabilities, a Binding Section Segment
of Register X0 Right. in the manner described in subparagraph shall be used to contain the Code Base Fointer to the "called"
2.2.13.7 of this specification. with the exception that bit positions procedure. The Code Base Pointer shall be located on a word bound-
48 through 51 of Register XD Right shall be ighored and the storing ary~ shall consist of b4=bits and shall have the following format:
of the A Register group shall unconditionally begin with Register
AD. UWhen Xg is greater than Xg. none of the Registers shall be 00 oy 0a 12 11k 120 32 %]
stored by Call instructions. and none shall be loaded by a Return /4;6ﬁ¥; = CBP-RﬂCBP-Rq SEG BN
instruction. M m R T TR 13 33
The execution of a Call instruction or a Trap Interrupt §ha11 store . " " ;
the states of the Critical Frame and On Condition Flags into the g;g?o;?zgegzt:g :ZEat§§ﬁ1Ed procedure these fields shall have the
Frame Descriptor associated with the Stack Fraae Sa;i Are:- T:E p
execution of a Return instruction shall load these ags from e . . . . .
Frame Descriptor contained within the previous Stack Frame Save Area- Eg?'?qugerﬁggepggigd:g;ngfgé Virtual Hachine Identifier

: i : -R3: Code Base Pointer. Highest Ring Number for Call
The execution of a Trap Interrupt: but NOT a CALL instruction shall CBP R3. 0 H
store the contents of the User Condition Register and Monitor Condi- SSS;FNfeC:gﬁtBﬁzsbzalnter1 Ring Number
tion Register in bits 0-15 of words 5 and hv.respectlvely. of the BN=.B tg Number
Stack Frame Save Area. The bit or bits causing the trap shall then y
be cleared in the User and Monitor Condition Registers: That isr Note: UWhen the External Procedure Flag is a one- the next contiguous
any bit set ir a cond}tlon register, for which the corresponding bit word location from the Code Base Pointer shall contain a
is set in the appropriste mask register, shall be cleared. The PVA in its rightmost 4&8-bit positions. 1t through k3. referred
execution of a RETURN instruction shall not restore the condition

to as a Binding Section Pointer. Thus. a new Binding Section
Pointer shall be provided {at the address of the Code Base
Pointer plus 8} when an "external procedure” is "called”.

registers from the Stack Frame Save Area-
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2-5.b Virtual Machine 2.5.7 System Deadstart
Virtual Machine support shall involve the VMCL defined in 2.5.1.12- The system deadstart procedure shall:

the UVMID defined in 2.5.2.27. as well as the 4=bit VMID fields
from the Exchange Package defined in 2.5.2.2k. the Stack Frame
Save Area defined in 2.5.4.1. and the Code Base Pointer defined
in 2.5.5.1+ of this specification. Values of 0 through 15

for these VMID fields shall correspond to bit positions 48
through b3, respectively. of the VMCL. A match between VMID
and VMCL shall exist whenever the corresponding bit position
within the VMCL is a one.

a. Set Monitor Mode (This shall set bit 58 of the Status
Summary Register.)

b. Load the Monitor Process exchange package from the address
pointed to by the Monitor Process State Register.

c. Begin execution of the Monitor Process.

a= Exchange operations shall include the check for VMID versus 2.6 System Instructions

VMCL: UWhen a match exists. these operations shall occur
as defined in 2.8.5. When a mismatch exists. an Environ-
ment Specification Error shall be recorded along with

the UVMID in the new {target} process' Exchange Package
and the processor shall exchange. trap- or halt according
to Table 2.8-1 of this specification. {Note that the
job-to-monitor or monitor-to-job transition shall occur Tods Segment ACErIbute Mode Requirement
regardless of the VMID/VMCL mismatch with respect to inter- Fiotal
preting Table 2.8~12. Non-Privileged | Local Privileged |Privileged

Several of the system instructions require certain privileges
as specified by the XP field in the segment descriptor (3.3.1)
or require the processor to be in Monitor mode. The following
chart is a summary of these requirements.

Monitor

. All instructions other Execute Execute Execute

Job
b. Call and Trap operations shall include the check for than those following //////
g??;::lghziqszzcngc:; d‘:?ie:eg ?:tghhe;"lgt:;dtgegebc’pi:- . Interrupt Processor (Op. 03) Priv.Instr.Fault Priv.Instr.Fault Execute
- . - . - Al -
spectively. including the transfers of the initial con- . Return (0p.04)
tents of the VMID register to the Stack Frame Save Area- SFSA VMID = O Execute Execute Execute
{Word 1. Byte 03} and the CBP-VMID field to the VMID Regist:er' SFSA VMID O Environ.Spec.Error| Environ.Spec.Error| Execute

final. When a mismatch exists. an Environment Specifica-
tion Error shall be recorded along with the UVMID in the
current process' Exchange Package and the processor shall

. Purge Buffer (0p.05)
K = 0,1,2,8eNF Priv.Instr.Fault Execute Execute

NN

exchange. trap or halt according to Table 2.8-1 of this k-3 Execute Execute Execute
specification. {Note: A CBP-VMID/VMCL mismatch during a trap . Copy to Reg (Op.OE)
operation shall include the setting of the Trap Exception Reglsters 00~—»SF No-op No-op No-op No-op No-op
bit.} 60~=37F e Instr.Spec.Error | Execute
80—BF Priv.Instr.Fault Priv.Instr.Fault Execute
CO~3DF Priv.Instr.Fault Execute Execute
c. The return instruction shall include the check of the VHID EO—FF Execute Execute Execute
contained in Word 1 Byte DO of the Stack Frame Save Area versus ////
the VMCL: When a match exists. this operation shall occur . Load Page Table Index (0p.17) Priv.Instr,Fault Execute Execute
as defined in 2.b.k.Y4 including the transfer of the VMID from Branch/Alter Cond. Reg. (Op.9F)
the Stack Frame Save Area to the VMID Register associated with ok -ounse o Instr.Spec.Error | Execute
the current process. When a mismatch exists~ an Environment K = 2.7, AF Exocate Executa Execute j?f;7j7’j7*j7f;7

Specification Error shall be recorded along with the UVMID
in the current process' exchange package and the processor
shall exchange. trap- or halt according to Table 2.8-1 of
this specification.
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2.6.1 Non-privileged System Instructions
The following system instructions shall be permitted to execute
for any executable segment with the single exception described
on the RETURN instruction (2.6.1.4).

2.6.1.1 Program Error

00 jk (Ref. 121)

The execution of this instruction shall result in the detection
of an Instruction Specification error and the corresponding
program interruption shall occur. See 2.8.1.4.

The operation code for this instruction shall consist entirely
of zeroes.

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.
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I 2.b.1.2

. <
Call Indirect ":'AL‘L - 6(’
Call per {Aj displaced by 8%Q}. arguments per Ak

B5jka {Ref. 115}

operation. This instruction shall save the environment {2.5.4.1}
as designated by the contents of Register X0 Right. in the

stack frame save area pointed to by the Dynamic Space Pointer
initially ¢ontained in Register AO. 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 Pointers modified in its right-
most 32-bit positions by the addition of & 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 Aj shall be modified in its right-
most 32-bit positions by the addition of the sign-extended @ 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 procedures

P{RN} final. shall be used to obtain a Top of Stack pointer from
the process' Exchange Package to 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
AJ. and AY 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 follows:

£A0} - Dynamic Space Pointer

{A1} - Current Stack Frame Pointer
{A2} - Previous Save Area Pointer
{A3} - Binding Section Pointer

{AY4} - Argument Pointer

Virtual machine support shall be provided by the'execgtion of
this instruction to the extent previously described in paragraph
3.5.bL of this specification.

For the purpose of referencing the bi-bit Code Base Pointer as
previously described in subparagraph 2.5.5.1 of this specifi-

cation. an Address Specification Error shall be recorded whan

the initial contents of Register Aj are not 0. modulo 8.
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The associated program interruption shall occur as described

in paragraph 2.8.1 of this specification. and the execution

of this instruction shall be inhibited {excaept that portions

of the environment may be stored into the CSF Save Area and AD
may be rounded up before the instruction is inhibited} when any
of the exceptions are recorded from the following sequence of
exception sensing:

Instruction Specification {See 2.5.4.1 and 2.8.1.4}
Value of the 4-bits in bit positions 5k through 59 of X0 Right
is less than 2.

Address Specification Error {See 2.1.5 and 2.8.1.5%}

An invalid PVA {bit position 32 equal to a one} for any access
to the Binding Section or (SF Save Area.

fAj} not equal to 0. modulo 8

Invalid Segment {See 2.8.1.13}

Binding Section or (SF Save Area

Access Violation {See 2.8-%.7- 3.3.1.2 and 3.b}

Code Base Pointer not in a "Binding Section™ Segment
Code Base Pointer not in a "ring-readable” Segment
CSF Save Area not in a "writable™ Segment

Page Table Search Without Find {See 2.8.1.1.0}
Binding Section or CSF Save Area pages

Address Specification Error {See 2.1.5 and 2-8.1.5%
i

{P} final equal to a one in bit position 32 or is not 0. modulo 8

Access Violation
Aj Ring Number greater than Code Base Pointer R3

Environment Specification Error {See 2.8.1.8 and 2.5.k%}
Code Base Pointer VMID mismatch with VMCL

Invalid Segment {See 2.8.1.13}
IPY final would not reference a valid Segment

Access Violation {See 2.8.1.7 and 3.3.1.1}

gP} final would reference Non-Executable Segment
nitial P {non-master} Global Key not aqual to S
Descriptor Global Lock. y 4 © Segment

Qutyard Cgl;/Inugrd Return {See 2.8.1.14}

Initial P Ring Number less than Segment Descriptor Rl

Note: Steps a and b of the following execution sequence may

occur out.of order in relation.to steps ¢ through s insofar as

the rounding of Register AD and the storing of the "Environment™
into the CSF Save Area in central memory. {including the associated
exception sensing}. are concerned.
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In the absence of a program interruption. the following sequence
of events shall accomplish the execution of the instruction:

Operation

{A0Y + 7 to AD. 0 modulo 8 result
"Environment™ to Stack Frame Save Area
Copy P Left to X0 Left

Store {AD}. all 48 bits. incremented
by & times the number of save area
wordsa. to Top of Stack pointer for
current ring per initial P ring number

If P Global Key is not a "Master Key"
go to step g

Load P Global Key with Segment
Descriptor Global Lock for callee

toad P Local Key with Segment
Pescriptor Local Lock for callee

If P Ring Number is less than callee
Segment Descriptor R2+ go to step j

Set P Ring Number equal to callee
Segmaent Descriptor Re

Load P SEG and BN fields with Code
Basa Pointer SEG and BN fields

If CBP-VMID#0- go to step o-.

If Code Base Pointer EPF is 0.
go to step n

Load A3 with new Binding Section
Pointer

Copy {Ak} to AY

Copy {AD} to A2
Clear On Condition Flag

‘Load Al with new Top of Stack
pointer per final P Ring Number
and clear Critical Frame Flag

Copy {Al} to AD
Copy C(BP-VMID to VMID Register

Remarks
Round DSP upward
See paragraph 2.5.4%.1
Copy Caller'’s ID

Update TOS pointer
See paragraph 2.5.2.24

See subparagraph 3.kL.3.2

Intra-ring Call

Inuward Call

Test destination machine# CYBER 180
Internal Procedure

Ring Number stored into A3 shall
be the larger of the ring number
in the BSP from caller'’'s Binding
Section and the new P ring numben
See paragraph 2.5.5.1

Pass parameters.

Yhen k is 0-3. the final contents
of A4 shall be undefined with
respect to which A register is
transferred into Al.

DSP from step a to PSA pointer
Clear OCF

TOS to CSF pointer
Clear CFF

CSF pointer to DSP
See 2.5.b

% Unconditionally included in a Trap Interrupt:
*x Unconditionally omitted from a Trap Interrupts See 2.8.b
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per

Operation. This instruction shall save the “environment™. as
designated by the contents of Register XD Righta in the stack
frame save area pointed to by the Dynamic Space Pointer

initially contained in Register AO.
executiona

the current ring of

as determined by

stack associated with
the RN field

initially contained in the P Register. shall be "pushed™ by
transferring the Dynamic Space Pointer, modified in its right-
most 32-bit positions by the addition of & 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 Q@ field from the instruction.
{left shifted three bit positions with zeroes inserted on the
right}. The final contents of the P Register shall be made
zeroes in the least significant three bit positions {bkl-&3}
and shall be used to address the first instruction to be

executed in the "called"™ procedure.

Registers AD- Al and A2 shall be altered to

reflect changes with

respect to the Current and Previous Stack Frames and the A3 and
AY Registers shall be altered to reflect pertinent parameter
changes as requireds in accomplishing this intra=ring. intra-
segment transfer of control from a "calling” procedure to a

ncalled™ procedure.

Register assignments shall be as follows:

{AD} - Dynamic Space Pointer

{Al} - Current Stack Frame Pointer
{A2} - Previous Save Area Pointer
{A3} - Binding Section Pointer
{AY4} - Argument Pointer

Note: Steps a and b of the following execution sequence may occur
out of order in relation to steps ¢ through i insofar as
the rounding of Register A0 and the storing of the
menvironment™ into the CSF save area in central memory

are concerned.

The associated program interruption shall occur as described
in paragraph 2.8.1 of this specification. and the execution
of this instruction shall be inhibited {except that portions
of the environment may be stored into the Stack Frame Save
Area and A0 may be rounded up before the instruction is
inhibited} when any of the exceptions are recorded from the

following sequence of exception sensing:
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Instruction Specification error when the value of the H-bits in

positions Gk %Hrnugﬁ TY of Register X0 Right is less than 2.

Address Specification Error

An invalid PVA {bit position 32 equal to a one} for any access

to

the Stack Frame Save Area.

Invalid Segment for the Stack Frame Save Area Segment.

Access Violation {See 3.3.1.1.

3¢b.2.2 and 3.b.3.2}

Current Stack Frame Save Area not in a "writable™ Segment

Page Table Search without Find for the Stack Frame Save Area

the absence of a program interruption. the following sequence
events shall accomplish the execution of this instruction:

pagel{s}.

In

of

Operation

a. {AD} + 7 to A0~ 0 modulo 8

b. T"Environment™ to Stack Frame
Save Area

c. Copy P Left to X0 Left

d. Store rounded {A0}. incremented
by & times the number of save
area words. to Exchange Package
per initial P Ring Number

e. 1P} plus 8%Q. D modulo 8+ to P

f. Copy {Ai} to A3 and {AKk} to AY

g. Copy rounded {AO} to A2 and
clear Critical Frame Flag

h- Copy rounded {AOY incremented
by 8 times the number of save
area words. to A0 and Al.

j. Clear On Condition Flag

CDC PRIVATE

Remarks
Round DSP upward

See paragraph 2.5.4.1
Copy Caller"s ID

Update TO0S pointer
See paragraph 2.5.2.24

Intra-ring. intra-seg-
ment Call

Pass Parameters

When k is 0-3. the final
contents of A4 shall be
undefined with respect to
which A register is trans-
ferred into A4. UWhen j

is 0-2+ the final contants
of A3 shall be undefined
with respect to which A
register is transfaerred
into A3.

pSP from step a to PSA
pointer. Clear Flag

T0S to CSF pointer and DSP
Clear OCF
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2ebel.l

Return
oujk {Ref. 1173
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 translated.
Thuss their values shall have no effect on the execution of this
instruction for which all execution parameters shall be implicit.

The Stack Frame Save Area from which a previous procedure's
"environment™ 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. This operation of loading the environment does
not include loading or altering either R or UCR.

Virtual machine support shall be provided by the execution of
this instruction to the extent previously described in para-
graph 2.5.b of this specification.

The processor may assume a 33 word stack frame save area when
prevalidating the previous SFSA. This has the effect of allowing
a Page Fault interrupt to occur at points where an SFSA

actually terminates within a page but a maximum frame extends
across the page boundary. This also has the effect of allowing
an Address Specification Error interrupt 53 occur at points

where an SFSA actually Eerminates below 2%F=l but a maximum

frame extends beyond 232=1. The actual load of the SFSA

during instruction execution shall only load the SFSA as
described by the 3tack Frame description.

The associated program interruption shall occur as described

in paragraph 2.8.1 of this specification. 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 when the initial {A2} not equal to 0.
modulo 8. or an invalid PVA. {bit 32 equal to onel}.

Invalid §egmen§ with respect to the PVA initially

contained in Register Ag2.

Access Violation when initial {A2} would not address a "readable"”
segment {See 3.3.%.}. 3.L.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 Registér to be
loaded. as contained in the Previous Stack Frame's Descriptor. is
less than 2.
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Invalid Sgamgnt with respect to the PVA contained in Word O of
the previous procedure’s Stack Frame Save Area.

Address Specification Errop
Final {P} would not be equal to 0. modulo 2.

Final {P} would be an invalid PVA- {bit 32 equal to onel.

Access Violation {See 2.8.2.7 and 3.3.1.1}

Final {P} would address a Non-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"-. f ..
e o o

Note: The term "strictly - equal" infers bit-for-bit equiva-

lence-

Environment Specification Error

Final {AD} would not equal initial {A2}.

Previous Save Area VMID mismatch with VMCL per 2.5.b.
Attempt to execute a Return instruction not having

Global Privilege to a Previous Stack Frame Save Area containing
a VMID#O.

Outward Call {Inward Return} if final P ring number would be
less than initial A2 ring number.

Critical Frame Flag if the initial state of the Critical Frame
Flag is equal to a one.
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In the absence of a program interruption. the following sequence
of events shall accomplish the execution of this instruction:

Operation

a. Load the "environment™ from the Stack Frame Sav
8  from e e Area
p01n2ed @o by the PVA initially contained in Register AR.
The "environment™ consists of the following:
- P register {h? bits} including Global and Local kays.
Igli ;eiglts in a Branch exit for the RETURN instruction

VMID {4 bits}

- Critical Frame Flag and On Condition Flag to be set/
as per the Stack Frame Descriptor {E.S-H?l} ¢ set/clearad

. User Mask {lb bits}

. Registers AD through AT as specified in the Stack
Frame Descriptor. As part of this load of the A
register. the larger value of the following shall be
transferred to the Ring Number {bits Lbk-19} of each
A register:

1} the ring number of the A register as obtained from
the Stack Frame Save Area.

2} the initial ring number of the A2 register.

3} the RL field contained in the segment descriptor
associated with the initial A2.

. X registers {b4 bits each} as per Stack Frame Descriptor.

b. The ring number of the A registers not loaded in step a
shall be unaltered by this instruction except when step a
causes the P ring number to change value. UWhen this
occurs each A register not loaded in step a and having a
ring number less than the new P ring number shall hava its
ring number set equal to the new P register ring number.

c. Store the final {AL} to the Ex- (SF <% TO0S pointer. See
change Package per the final P paragraph 2.5.2.24.
ring number.

d. (lear the Trap Enable Delay. See 2.5-2.20.

A Ring Number Zero condition shall be recorded when the

RN=0 for any A register read from the Previous Stack Frame

Save Area. A Ring Number Zero condition shall not inhibit

the execution of the Return instruction nor shall anything

be placed in the UTP Register as a result of the Ring Number Zero.

CDC PRIVATE



CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV

. T
DATE Oct. 15, 1981

Systems Development PAGE  2-1hkp

CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.

T
DATE Oct. 15, 1981

Systems Development PAGE 2-1bk3

Architectural Design and Control

Architectural Design and Control

2+b.1.5

Pop
Okjk {Ref. 1La}

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 trans-
lated. Thusa their values shall have no effect on the execution
of this 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%3 of this specification.

The associated program interruption shall occur as described
in paragraph 2.8.1 of this specification. and the execution
of this instruction shall be inhibited when any of the
following exceptions are recorded.

Address Specification Error
Initial {A2} not equal to 0. modulo 8.
Initial {A2} an invalid PVA {bit 32 equel to onel.

Invalid Segment with respect to the Segment Descriptor
associated with the PVA initially contained in Register A2.

Access Violation {See 3.3.1.1. 3.b.2.2 and 3-b.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 Ag.

Critical Frame Flag if the initial state of the (ritical Frame
Flag is equal to a one-
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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 Word
2 of the previous procedure's
Stack Frame Save Area. Uncondi-
tionally set Al1.RN equal to P.RN.

Update CSF pointer

b.) Load A2 with the PVA from Word 3 Update PSA pointer
of the previous procedure's Stack
Frame Save Area. Set A2.RN equal
to the largest of

. the ring number of A2 at the
beginning of the POP instruction.

. the ring number of A2 as read
from the SFSA.

. the Rl field from the segment
descriptor entry for the segment
associated with the PVA used to
obtain the new A2.

c.) Load the Critical Frame Flag and Update CFF and OCF
the On Condition Flag from the
previous procedure's Stack Frame
Save Area.

d.) Store the final (Al) to the
process' Exchange Package per
the P Register's Ring Number

Update TOS pointer

A Ring Number Zero condition shall be recorded when the

RN=0 for Al or A2 as read from the Previous Stack Frame Save
Area. A Ring Number Zero condition shall not inhibit the
execution of the POP instruction nor shall anything be placed
in the UTP register as a result of the Ring Number Zero.
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TOS = Top of Stack pointer
n = Ring of exacutions inner ring
nt = Ring of execution. outer ring
EXECUTION SEQUENCE AD = DSP = Dynamic Space pointer
————————y Al = CSF = Curraent Stack Frame pointer
A2 = PSA = Previous Save Area pointer
* = Save Area
Ring n
' ‘AD—f - -~ LLE 2 SRR
g )
Alw—dt-wed a2 [ o ] ——
Al and | 3 3 Al_and
TOSn T0Sn ToSn TOSn ToS T0Sn
Ring ne T TOS! TOS!
N+, n+, N *+ >
0t bt E e RE..__,.-&E._ o
hasane I 7 TN
AT AP h ] . 5] o] Ag——pfmq  AD—>
4% ar:d ] . 1 ) 2 1| 1 1 4% agd | 2
b1 ar. R S —— - - x. - AE"___,._.x._
0 0 o 0 o g 0
CALL RETURN RETURN

START " CALL CALL POP -
. {Intra=-ring} {Inter-ring} {Intra-ring} {Intra-ring} <{Inter-ring} d{Intra=-ringl

Figure 2.b-1: Call/Return/Pop- post-axecution stack frame states {including
the Software updating of the Dynamic Space Pointer}
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2ebel.b

Exchange
o2k {Ref. 120}

When executed in Monitor mode this instrgction 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. Se% h

2.8.5.1. In additions the System Call bit in position 58 of the
Monitor Condition Register. job process state- shall be set.

xcaption condition generated by the execution of
L:eEzzﬁgngeco:eration is an Environme?tal Specification Error
as dascribed in 2.5.k. The Exchange is allowed to complete-
the Environmental Specification Error %s recorded in the. .
Monitor Condition Register and the H9n1tor and User Condition
Registers are examined as described in 2.8.5. 2.8.7+ 8 2.8.8.

The PVA contained in Word 0O {P Register} of the Exghange'Package
associated with the state from which the exchange 1s_tak1ng placea
shall be updated such that it points to the instruction uh1§h
would have been executed had the exchange not taken places i.e..
the PVA of the "Exchange™ instruction with 2 added to its BN
field.

The j and k fields from this instruction shall not ?e translgted
and their values shall have no effect on the execution of this
instruction.
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I 2.b.3.7

n
.

Keypoint
Kaypoints class j. code equal to XkR plus 4
Bl jke {Ref. 13k}

The Keypoint Instruction allouws performance monitoring {2.7}

of programs via the optional Performance Monitoring Facility
12.11} or via Trap Interrupts {2.8}. The Keypoint Instruction
shall test bit j of the Keypoint Mask Registar {2.5.2.11%}.

The j fields termed the Keypoint Class Number {KCN}. shall be
used as a bit index into the Keypoint Mask Register. Thus either
a KCN or j field the value of 4 tests the 5th bit from the left
in the Keypoint Mask Registar {KM:.

If the referenced bit in the KM is cleara the Keypoint
Instruction shall exit immediately.

If the referenced bit in the KMR is set- the Keypoint
Instruction shall perform the following two steps.

1- Test the PMF Keypoint Request Flag from the PMF {2.11.3.13}.
If this Flag is clear. the processor shall go to step 2.

If this Flag is set. transmit the keypoint code and class
number to the PMF {2.11-k} and then go to step 2. The keypoint
code 132 bits} shall be formed by the addition of Q-
expanded to 32 bits by means of sign extension- to the

contents of Register Xk Right. For the purpose of this
instruction~ the contents of Register XD Right shall be
interpreted as consisting of zeroes. Arithmetic overflow

shall not be detected during the formation of the Keypoint
Code. The Keypoint Class Number {4 bits} shall consist

of the j field from the current instruction.

Test the Keypoint Enable Flag from the Exchange Package
{2.5.2.5}.

If this Flag is clear. the processor shall exit immediately.
If this Flag is set. transmit the Keypoint Code and Class
Number {as specified in Step 1} to the Exchange Package

{2.5.2.42 2.5.2.12}+ set bit 54 {2.8.3.7} of the User
Condition Register and exit.
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I 2.6.1.8

Compare Swap
Compare Xk to (Aj); if locked, branch to P displaced by 2+%Q;
if unlocked, load/store (Aj), result to X1R

B4 jkQ (Ref. 125)

When the 64-bit word in central memory, whose PVA is contained
in Register Aj, initially consists entirely of ones in the left-
most 32-bit positions, i.e., locked, this instruction shall
perform a branch exit in the manner previously described under
the heading 'branch exit'" in paragraph 2.2.3 of this specifica-
tion. 1In the absence of such a condition, this instruction shall
perform a normal exit upon completion of the following operatioms.
The 64-bit word initially contained in Register Xk shall be
compared to the interlock word in central memory whose PVA is
contained in Register Aj, and if equality is found, the contents
of Register XO shall be stored in central memory at the PVA
contained in Register Aj, and Register X1 Right shall be cleared
in all 32 bit positions. If equality is not found, Register

Xk shall be lcaded with the central memory word whose PVA is
contained in Register Aj. When the central memory word whose
PVA is contained in Register Aj is greater than the initial
contents of Register Xk, Register X1 Right shall be cleared

in bit positions 32 and 34 - 63, and set

in bit position 33. When the central memory word whose PVA

is contained in Register Aj is less than the initial contents

of Register Xk, Register X1 Right shall be cleared in bit
positions 34 through 63, and shall be set in bit positions 32
and 33. The final contents of Register X1 Right shall be
undefined when k=1.

A serialization function shall be performed before this instruc-
tion begins and again at its ending. Execution of this instruc-
tion shall be delayed until all previous accesses to central
memory on the part of this processor are completed. Execution
of subsequent instructions shall be delayed until all central
memory accesses due to this instruction are completed.

Conceptually. the execution of this "Compare™ instruction on
the part of a processor shall result in preventing other
processors from any port from altering or transferring to an

X register 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 exacuting a "Compare”™ instruction. With respect to
this instruction only. in order to satisfy its "non-preemptive”
requirement- the use of h4-bit words consisting entirely of
ones in their leftmost 32-bit positions. 00 through 3L, shall
be reserved for each processor’s implementation of this
instruction. When the 32-bit halfword initially contained

in Register XD Left consists entirely of oness an‘Instruct}on
Specification Error shall be detected. the execution of this
instruction shall be inhibited. and the corresponding program
interruption shall occur.
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Notes: The tests for all ones in the left half of the word
obtained from central memory and the word contained in XD
allow the following hardware implementation. The initial
read of central memory is performed with an Exchange function
{4.2} which both obtains the word from central memory and
sets the left half to all ones in central memory. Before
exitings this implementation must either restore the initial
contents of central memory or store X0 into central memory.
{Note that on the branch exit. the left half was initially
all oness thus no second store is required because the word
was not altered.} This implementation exerts its non-preemptive
requirement by using the exchange function to store all onesa
thus forcing a second processor to take the branch exit if
initiating a compare instruction after the first processor'’s
initial reference and before the first processor completes
the instruction.

The hardware is not limited to this implementation to achieve
the non-preemptive requirement but must perform the two tests
for all ones to support the processors which do use this
approach.

For the purpose of establishing operand access validationa
the central memory operand access typas 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 8.4 an
Address Specification error shall be detected. the execution
of this instruction shall be inhibited. and the corresponding
interruption shall occur.

With respect to Debug Scan operations as described in paragraph
2.7.2 of this specification- the Compare and Swap instruction-
{0p BY4Y¥. shall assume the operands are not "™locked".

that the addresses of the operands shall be used for both read
and write reference arguments for the purpose of scanning the
Debug List and that the branch addresses- to be used when the
operands are "locked" shall not be used as arguments for the
scanning of the Debug List.
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j 2.b.1.9

Test and Set Bit

Load bit to XkR from f{Aj bit indexed by XOR}. and
set bit in central memory

L4k {Ref. 124}

Operation - This instruction shall transfer a single bit into
Register Xk Right. bit position bL3. from a bit position in central
memory. This instruction shall also clear the Xk Register in its
leftmost b3 bit positions~ 00 through L2. The bit position in
central memory shall be unconditionally set without changing any
other bit positions within the byte or word.

No other accesses from any port shall be permitted to the 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 instruction
begins and again at its ending.
be delayed until all previous accesses tc central memory by this

processor are completed. Execution of subseaquent 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 position
to be loaded shall be addressed by means of the PVA contained in the

Aj Register modified by a bit item count. consisting of a 32-bit
index. 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 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 XO Right. bit positions b1l through bL3.
Values from O through ? for these three bits shall select the cor-
responding bit position. O through ? from the centrél memory byte.

Notes: For the purpose of establishing access validity. the central
mamory operand access types shall consist of a read and a urite
access. [Moreover. 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 &ccess.
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Execution of this instruction shall
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Test Page {Aj} and set XkR

I 2.b.1.10 Test and Set Page

I 2.b.1.1k

1bjk {Ref. lak}

This instruction shall test for the presence of the page in
central memory corresponding to the PVA contained in Raegister

Aj. The test of the Page Table Entries includes testing that

the valid bit is set for the Page Table Entry that satisfies

this search. The search may- but need not. be halted when a clear-
ed continue bit is encountered in the Page Table {as dascribed

in 3.5.13.1}. UWhen this instruction finds the corresponding

page in central memory. the "Used”™ bit in the UM field of the
associated Page Descriptor shall be set. {see 2.9.1} & 3.5.1.1}.and
the Real Memory Address {RMA} translated from the PVA contained

in Register Aj shall be transferrad to Register Xk Right.

Uhen this instruction cannot find the corresponding page in
central memory. Register Xk Right shall be set in bit position

32 and cleared in bit positions 33 through k3.

Notes: With respect to the PVA contained in Register Aj.

Access Violation and Page Table Search without Find conditionsa
described in 2.8.3.7 and 2.8.1.10, shall be excluded and Address
Specification Error {bit 32=1} and Invalid Segment conditionsa
described in 2.8.3.5 and 2.8.1.13 shall be included in the
execution of this instruction insofar as Virtual Memory mechanism
exception sensing is concerned. The PVA contained in Register Aj
shall not be used as an argument for Debug Scan operations.

For those processors with a MAP buffer. this instruction
need not cause any entry into the MAP to be made.

Copy Free Running Counter
Copy Free Running Counter to Xk at XjR

08jk {Ref. 132}
This instruction shall copy the Free Running Counter from
Central Memory as specified by the contents of Register X3
into the Xk Register. All b4 bits of the Xk Register shall
be cleared before the Free Running Counter 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 subparagraph 2-10.1-1 of this specification with the
exception that. for this instruction. bit 33 of the Xj Register
shall be used in place of bit 33 of the Real Memory Address

as described in that subparagraph- item a. The remaining

bits {32+ 34-k3} in Xj Right shall be zeroes or alsa the
operation of this instruction is undefined.
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Note:

2.b.1k.13

2eb.d. 24

T
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Execute Algorithm
CSjkid {Ref. 139}

This instruction shall be a processor model dependent instruc-

tion.

As sucha it shall be defined in the appropriate processor

nodel- dependent specification.

S
field

Use Defining
Document

Reserved

BN (1 (751 N (R [N} (o] ()

For those processors in which one or more of the
algorithms have not been implemented. the corre-
sponding Execute Algorithm instructions shall rasult
in the recording of an Unimplemented Instruction
condition. See 2.8.3.2.

Unimplamented Instructions - Reserved Op Codes
BE jka {Ref. 170}
BF jka {Ref. 171}

These two unimplemented instructions are reserved for
software simulation of operations not provided in (180
via the trap mechanism. The operation codes for these
instructions are reserved and will not be used in future
hardware extensions.

Scope Loop Sync
01 jk

{Ref. 194}

The execution of this instruction shall result in the
following:

. The hardware shall provide at a test point. a signal
suitable for the synchronization of test equipment.

AND

. Processors whose local central memory contains a
refresh counter shall issue the REFRESH COUNTER RESYNC
function {4.2.3.5} to the local central memory {RMA
pit 33 clear. 2.10.1.1} followed by a read of word D
from the current CLA0 Exchange Package fvia JPS or MPS}.

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.
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2«h.2

I 2.b.2.1
1

Local Privileged Mode

This class of instructions shall be permitted to execute
only from segments having either local privileged mode or
global privileged mode.

Instructions in the local privileged mode class shall be
executable whenever a processor is executing instructions
from a segment whose Segment Descriptor defines that segment
as either a local privileged executable segment or & global
privileged executable segment. {See 3.3.1.1}

Local privilege is required for the Load Page Table Index
instruction described below and for certain cases of the
Copy to Reg instruction {2.L.5.2} and the Purge Buffer
instruction {2.b.5.3}.

Load Page Table Index
Load Page Table Index per Xj to XkR and set XILR
17k {Ref. 127}

This local privileged instruction shall search the Fage Table in

central memorys shall return the final index value to Register
Xk Right. 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.k-.5.3 of this specification.

The Page Table shall be searched in the manner normally employed
by the Virtual Addressing Mechanism except that:
-The search is strictly sequential. and halted by a cleared
Continue bita
-Valid bits shall be ignoreda .
-The Page Map entry shall not be loaded into the Page
Map if present {see 2.9.1},
-The Used bit shall not be altered in the Page Tecble entry.
Thus- 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 te linearly
searched- {with the nominal index value increased by 8 foq each
entry which does not correspond to the SVA but does contain a
Continue bit equal to L. up to a maximum of 32 entries searcbed}
in the manner described in subparagraph 3.5.2.2 of this speci-
fication.
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The number of entries searched shall always be transferred
to Register X1 Right. bits 33-k3. right-justified with
Zeroes extended-

When a Page Descriptor corresponding to the SVA initially
contained in Register Xj is founds the index into the Page

Table which is associated with that entry shall be transferred
right-justified and zero-extended to Register Xk Right. and

bit 32 of Register X1 Right shall be set. For those processors
with a MAP buffer. this instruction shall not cause any entry
into the MAP to be made.

When the Page Table search terminates as a result of not finding

a Page Descriptor which corresponds to the SVA initially contained
in Register Xj. {whether the termination results from a Continue
bit equal to O or performing a maximum of 32 comparisons}. the
index into the Page Table associated with the last entry compared
shall be transferred into Register Xk Right and bit 32 of Register
XL Right shall be cleared.

When k is equal to l. the final value in X1 shall be as

defined above for X1l rather than as defined for Xk. UWith
respect to the SVA contained in Register Xj. Access Violationa
Page Table Search without Find and Invalid Segment. described
in 2.8.1.7, 2.8.1.10 and 2.8.1.13,shall be excluded and Address
Spec Error {bit 32=1}. described in 2.8.%.5,shall be included
in the execution of this instruction insofar as Virtual Memory
mechanism exception sensing is concerned.

When the instruction attempts execution from a segment
having neither local nor global privileges. a Privileged
Instruction Fault shall be detected- execution of that
instruction shall be inhibited. and the corresponding
program interruption shall occur.
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2eb.3

Global Privileged Mode

This class of instructions shall be permitted to execute only
from saegments having global privileged mode.

Global privileged mode shall exist whanever the processor
is exacuting instructions from a segment whose Segment
Descriptor defines that segment as a global privileged
exacutable segmant. See 3.3.1.L.

Global privilege is required for the Interrupt Processor
instruction described below and for certain cases of the
RETURN instruction {2.b.1.4} and the Copy to Reg instruction
{2.b.5.2}.
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2eb.3.1 Processor Interrupt
Processor Interrupt per Xk

03jk

{Ref. 122}

The execution of this global privileged class instruction shall
send an external interrupt to one or more processors yia .
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 to central memory. Central memory shall then send an
external interrupt to the processor{s} on those ports
corresponding to the bit positions set within Register Xk-

Xk Bit
Number

bD bl 62 k3

Port
Number

3 2 » 0

Bit§ 0-59 shall not be used to send interrupts- but shall
be ignored {except that correct parity is raquired}.

The Processor port {Local or External} to be utilized during
the execution of this instruction shall be determined in thae
manner defined in subparagraph 2.10.1.1 of this spacification
with the exception that. for this instruction. bit 33 of the

Xk Register shall be used in place of bit 33 of the Real Memory
Addrass as described in that subparagraph. item a.

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.

In the event that a processor sends an interrupt to itself. this
instruction must complete before the interrupt is taken.

When this instruction attempts execution from a segment

not having global privileges. a Privileged Instruction

Fault shall be detected~ execution of that instruction shall
be inhibited. and the corresponding program interruption

shall occur.
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Monitor Mode

This class of instructions shall be permitted to execute only
when the processor is in monitor mode. If an instruction in

the monitor mode class attempts execution when the processor

is not in monitor modes an Instruction Specification errar 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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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 on Condition Ragister L . i
Branch to P displacaed by 2¥@ and altar condition register per jk
9F jka {Ref. 134}

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 follous:

k = 0 op 8. if bit j of the Monitor Condition Register is seta
clear it and take a branch exit.

k = 1 or 9. if bit j of the Monitor Condition Register is not
set. set it and take a branch exit.

k = 2 or A if bit j of the Monitor Condition Register is set.
take a branch exite

k = 3 or Ba if _bit j of the Monitor Condition Register is not
sets take a branch exit.

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
sets set it and take a branch exit.

k = b or E~ if bit j of the User Condition Register is seta
take a branch exite

k =7 or Fa if bit j of the User Condition Register is not
sets take a branch exite
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Normal exjt - When the test of bit j does not satisfy the branch
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.

Brangh Exit - When the test of bit j satisfies the branch condition
as spec;f;gd by the k field of this instruction. a branch exit
from_thxs instruction shall be performed. A branch exit shall
consist of expanding the @ field from the instruction to 31 bits

by means of sign extension. shifting these 3% 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
'gERggister with the sum returned to the P Register's richtmost

itse.

Monitor and Unprivileged Modes - Some values of the k field of
this instruction shall cause this instruction to be a Monitor or
Unprivileged instruction as follows:

k Mode
0oré Monitor
2 or 9 Monitor
2 or A Unprivileged
3 or B Unprivileged
Y or C Unprivileged
S5ord Unprivileged
b or E Unprivileged
?7o0rF Unprivileged

Unless the processor is in monitor mode when execution is restric-
ted to monitor mode. an Instruction Specification Errer shall be
detected., execution of this instruction shall be inhibiteds

and the corresponding program interruption shall occur.

Uhen execution of this instruction results in the setting

of a bit in either the monitor condition register or the user
condition register. and the corresponding mask bit is set in
either the monitor mask register or the user mask register-
execution of the instruction shall complete and program inter-
ruption shall occur as described in paragraphs 2.8.1 and

2+.8.3 of this specification. The PVA stored in the exchange
package or stack frame save area by the program interruption
shall be the PVA formed from the branch address of the
instruction.
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Eebe5e2 Copy Register
These instructions shall provide the means for copying certain Number Register Name 532352292
state registers to and from X Registers. The state register
shall be addressed by means of the rightmost 8-bits initially gg %;:;::tsggmary"""'""""""" g'g'i'é3
‘contained in Register Xj Right. ID  Bresessor ib......iiiilllINIIIINI 28inle
. . - . 12 Options Installed......eeeeseesesss 2.5.1.14
e e e iy g e T o yleesel waeine capebiiity Lt 21l
MCU. via the Maintenance Channel. as specified in Table 2.L-2. 21-22 g§;§§§2§2°§nﬁ??;ﬁ;g;ggcgﬁi;éif¥:::: g:é%l.ll
; 31 Control Store AddresS.............. Model-dependent
Unless the processor is in Monitor Mode when execution is 32 Control Store Breakpoint........... Model-dependent
restricted to Monitor mode. an Instruction Specification error 40 P REGiSter.vivreresvronasosssenenss 2.5.2.1
shall be detected. execution of this instruction shall be in- 41 Monitor Process State Pointer...... 2.5.1.2
hibited. and the corresponding program interruption shall occur. 42 Monitor Condition Register......... 2.5.2.9
43 User Condition Register............ 2.5.2.8
Unless the processor is in the appropriately privileged-mode 44 Untranslatable Pointer......eceeees 2.5.2.17
when execution is restricted to local or global privileged 45 Segment Table Length......vevvvnees 2.5.2.16
mode. a Privileged Instruction Error shall be detected. the 46 Segment Table AdAressS.....eeeseesse 2.5.2.18
execution of this instruction shall be inhibited. and the 47 Base Constant........ - 2.5.2.14
corresponding program interruption shall occur. 48 Page Table Address... ceen 2.5.1.3
49 Page Table Length.......vvveesseees 2.5.1.4
In the absence of Instruction Specification and Privileged 4A Page Size MasK....eeeeeveesceansess 2.5.1.5
Instruction errors. the following shall be true: 50 Model-Dependent FlagS....eeeeeseass 2.5.2,15
51 Model-Dependent WOrd.....eceeeeeess 2.5.2.25
1. When a "copy" instruction is used to read a 60 Monitor Mask Register....... 2.5.2.7
I nonexistent register or any register which is 61 Job Process State Pointer... 2.5.1.1
restricted to MCU access only. Register Xk shall 62 System Interval Timer....eveeseeess 2.5.1.7
be cleared in all b4 bit positions. 80-8F Processor Fault StatuS.......ee00ee 2.5.1.10
2. When a "copy" instruction is used to write a 90 Retry Corrected Error LOg.......... Model-Dependent
nonexistent register or any register which is 91 Control Store Corrected Error Log.. Model-Dependent
"read-only™ or restricted to MU access onlya 92 Cache Corrected Error Log.......... Model-Dependent
such instructions shall result in no operation. 93 Map Corrected Error LOg..... Model-Dependent
. A0 Processor Test Mode......cceeneaese 2.5.1.9
Some implementations of this GDS may not use separate flip- co-C3 Trap ENableS....cveeecssssonssaanss 2.5.2.20
flop registers. Some state registers may be held in central ca Trap POLNtEL.vuveesseeeeeeonssnsans 2.5.2.21/2.5.1.11
memory even when they are in active use. For such cases. cs Debug List POIiNter...c.eseesessnsss 2.5.2,23
these copy instructions shall make state registers held in Cc6 Keypoint MasK.....eeeeeeeeneesssoes 2.5.2.11
central memory appear to operate as copy instructions and not c7 Keypoint COAE....oeeeseenssensnssss 2.5.2.12
as load or store instructions. cs Keypoint Class Number.........ce00. 2.5.2.4
. c9 Process Interval Timer.....soeeeeees 2.5.2.13
Note: Multiple Address assignments have been specified for' l CA-CB Keypoint Enable Flag...eeeseeessess 2.5.2.5C
certain Registers so that. by properly choosing the appropriate EO-E1l Critical Frame Flag....eeevesesssee 2.5.2.5a
address. the contents of a single X Register may be used as E2 E3 On Condition Flag...eeeeeesscsseess 2.5.2.5b
both the address and data value for the purpose of copying E4 Debug INAeX..eeeeeseosseanssnnseens 2.5.2.22
into such Registers. ES Debug Mask Register......eeeeoeveses 2.5.2.10
E6 User Mask Register....eeeeseeceesss 2.5.2.6

Any register less than L4 bits in length shall be copied to
or from an X register as right justified and zero filled Table 2.6-1: Register Definitions for "Copy" and "MCU Access"

with respect to the X register.
0223y
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See Section b for a further description of the Maintanance
Channel.

a. Copy to Xk from state register per Xj
DE jk {Ref. 130}

This instruction shall copy the contents of the state
register addressed by the contents of Register Xj into
Register Xk. The address assignments are defined in
Table 2.b-1 and the restrictions in Table 2.bk-2. The Xk
Register shall be cleared before the state register is
copied into it.

This instruction shall be an wunprivileged instruction.

b. Copy to state register from Xk per Xj
oF jk {Ref. 131}

This instruction shall copy the contents of Register Xk
into the state register addressed by the contents of
Register Xj. The address assignments are defined in Table
2-b=1 and the restrictions in Table 2.L-2.

", » Copy Instruction Access H

L5 P Privileges »

oo oc

05 w3 Copy fm State| Copy to State “

v e 5§ |Register{130} Register{l3l}| &
Register 2z g 2y
Number am [y Read reg. Urite reg. E<
00 - OF X no access no access R Systen

Element
0 - 3F X unpriv. no access R Independent
20 - 2F X } no access no access | R/U
30 - 3F X R/W
System

4p ~ 4F X unpriv. } no access R/U Element
§0 - §F X unprive. R/U Dependent
b0 - &F X unpriv. Monitor R/W
M - ?F X unpriv. Monitor R/7W
8D - &F X unpriv. Global R/U
a0 - ar X unprive. Global R7uw
AD =~ AF X unpriv. Global R7W
BO ~ BF X unprive Global R/u
€0 - CF X unpriv. Local R/U
20 - DF X unpriv. Local R/U
EQ = EF X unpriv. unpriv. R/U
FO - FF X unprive. unprive. R/Y

* Handatory implementation. but formats may ba model-dependent
*x Optional implementation
*xx Sg@ 2.10.2 for restrictions on MCU write
Table 2.4-2! Ragister Access Privilege
{categorized by Register Number}
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I 2.6.5.3

Purge
Purge buffer k of entry per Xj
05jk {Ref. 138}

Operation - The Purge Buffer instruction shall invalidate
entries in the Map and Cache buffers. The purge may in-
validate all entries in a buffer. 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 {PVA}.

An SVA shall contain the Active Segment {ASID} in bits lb
through 3% of Register Xj {bits 0-15 are ignored}. A PVA
shall contain the Segment number {SEG} in bits 20 through

31 of Register Xj {bits 0-19 are ignored}. Bits 32 through
L3 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 bacomes
larger than the 512 byte minimum {k = 8 and A only}.

32 55 b

T e - //%//// /

ASID BN
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=04 Purge all entries in Cache which are included in the
512 byte block defined by the SVA in Xj.
k=l Purge all entries in Cache which are included in the
ASID defined by the SVA in Xj.
k=21 Purge all entries in Cache. {Contents of Xj are ignored.}
k=34 Purge all entries in Cache which are included in

the 512 byte block defined by the PVA in Xj.

k=4-+7, Purge all entries in Cache which are included in
the SEG defined by the PVA in Xj.

k=84 Purge all information frem the MAP pertaining to the one
PTE defined by the SVA in Xj. The size of the page
involved shall be determined by the contents of the
Page Size Mask Register.

k=94 Purge all information from the MAP pertainiqg to the
PTES which ars included in the segment defined by
the SVA in Xj.
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k=A- Purge all information from the MAP pertaining to the
PTE defined by the PVA in Xj. The size of the page
involved shall be determined by the contents of the
Page Size Mask Register.

k=8B, Purge all information from the MAP pertaining to the
SDE defined by the PVA in Xj. and to all PTEs
included within that segment.

k=C-=Fs Purge all entries in Map. {Contents of Xj are ignored.}

For k=01 1. 2. 8>F, this instruction shall be a local privileged
instruction. It shall be non-privileged for all other values of k.
When this instruction with k=0. 1. 2. or 8*F attempts execution
from a segment having neither local nor global privileges. a
Privileged Instruction Fault shall be detecteds execution of this
instruction shall be inhibited. and the corresponding program
interruption shall occur.

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.
Likewise+ a processor which does not have a Map shall execute
this instruction as a no-operation instruction when map purgaes
are called for by this instruction. This no-operation for
processors without cache or map shall include tests for local
privileges but shall exclude the tests on the PVA and SVA as
outlined below. The processor model-dependent specifications
shall fully define these model-dependent characteristics.

Note: With respect to the PVA contained in register Xj.

Access Violation and Page Table Search without Find conditions
described in 2.8.1.7 and 2.8.1.10, shall be excluded and
Address Spec Error {bit 32=1} and Invalid Segment conditions-
described in 2.8.1.5 and 2.8.1.13 shall be included in the
execution of this instruction insofar as Virtual Memory
mechanism exception sensing is concerned.

With respect to the SVA contained in register Xj. Access
Violation. Page Table Search without Find and Invalid Segment-
described in 2.8+:1.7, 2.8.1.10 and 2.8.1.13 shall be excluded
and Address Specification Error {bit 32=1}. described in 2.8.1.5
shall be included in the execution of this instruction insofar
as Virtual Memory mechanism exception sensing is concerned.
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2.7 Program Monitoring

2.7.1 Keypoint

Performance of the overall software/hardware system may 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 may be assigned such that system
performance data can be determined from the order and frequency
of the occurrence of keypoint instructions of various classes
and codes. {Sea paragraph 2.b.1.? of this specification.l}

Keypoint

Two methods of gathering the keypoint data shall be provided. The
first method shall be via software internal to the processor. The
second method shall be via an optional hardware device called the
Parformance Monitoring Facility {PMF}. which is described in
section 2.11 of this specification.

Debug

The Debug feature shall allow the testing of the instruction
fatchs for Cl80 instructions and the memory references initiated
by €180 instructions for virtual memory references which lie
within a previously specified set of address ranges. Uhen Debug
is enabled. a Trap interrupt will be performed whenever a virtual
memory refarence matches one of the previously specified set of
address ranges. A list of up to 32 address ranges termed Debug
List entries may be provided as described in paragraph 2.7.2.k.
The specific address tests performed are described in paragraph
2.7.2.2 and Appendix 6. The scanning of this list for each (180
instruction is described in paragraph 2.7.2.3. Note that Debug
testing is performed in €180 state {VMID=0} only and the harduware
shall perform no Debug scanning for other virtual machine states.

The term "undefined™ in the next paragraphs on debug shall mean
undefined only in respect to the debug operation. Thus when the
debug operation is undefined. potential matches may be missed or
detected more than once but the execution of the code being debugged
shall not be affected as to its integrity.
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2s7«2.1 Debug List
The format of a Debug List entry is:
oo o8 20 FH g3l
se V) SEG BN £LOU}
|////'//////////.//////// 2B |
a i2 12 EL

where DC is the Debug Code~ BN {LOW} is the byte number of the
beginning of the contiguous fiald 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 appliesa
and SEG is the process segment number to which the Debug Code
applies. The results of the Compare shall be undefined whenever
bit 32 of BN {LOUW} or bit 32 of BN {HIGH} is set.

The first entry in the Debug List shall be at the PVA contained
in the Debug List Pointer Raegister {see 2.5.2.23}.

Debug List entries shall ba aligned on word boundaries.
An Address Specfication Error shall be racorded whenever
a Dabug scan is initiated and the PVA contained in the
Dabug List Pointer is not equal to 0. modulo 8.

Tha DPebug List shall not be longar than 32 entries {b4 wordsl}.
Entries bayond 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 onlys
whether it is a word. halfwords byta string. or lk=bit instruction.
The matching shall include the end points. That is:

BN {LOU} € Address BN {HIGH}.
If BN {LOW}>BN {HIGH} for any Débug List entrys no matching
will occur and the scan will proceed to the next double-word

aentry {if not greater than the maximum of 32 entries or beyond
the End of Listl}.
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2.7.2.2 Debug Code {D(C}

The DC bit assignments are:

Bit

Bit

Bit

Bit

Bit

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. {See pages 6-1 & 6-2.}

Data Write. first address of string-applies to all central
memory accesses that are defined as write accesses in the
memory protection system. {See pages 6-3 and G-4.}

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. {See page G-4.}

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. {See page 6-5.}

The Compare and Swap instruction {0p. BuY} branch exit
is not tested {2.b.1.8}.

Call instruction

Applies to the occurrence of either Call Instruction.
The address bracket shall apply to the address of the
called procedure. For Call Indirect {0p. BS} this is
the address contained in the Code Base Pointer: for
Call Relative I0p. BD} this is the address contained
in the modified P Register. {See page G-5.}

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.
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2.7.2.3

Debug Operation

Debug is enabled whenever all of the following are true:

- Traps are enabled
- UMRSE is set
- VMID is equal to zero

When Debug is enabled. the Debug List shall be scanned after each
instruction fetch. but prior to instruction execution. whenever
one or more bits in the Debug Mask Register are applicable to the
instruction to be executed. {See 2.5.2.10.} Debug List scan
will occur irrespective of field length specifications.

Note that performance degradation may begin as soon as Debug is
enabledy i.e.~ Traps are enabled and bit 5k in the User Mask
Register is set.

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. each successive word from

the Debug List shall be read by incrementing the b=bit word-index
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 Registers modified in its rightmost 32-bit
positions by the addition of the zero-extended. L-bit word-index
from the Debug Indax Register.

The Debug Index Register. contained in bit positions 00 through
D5 of word 3k in the Exchange Package- shall be formatted as
follows:

58 °E|

t—- b-bit word-index

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 range defined by the corresponding double word
entry from the Debug List, the Debug bit in the User Condition
Register shall be sets the execution of the instruction shall be
inhibited and a trap interrupt shall occur. Moreover. 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 Mask Register shall be set and no further

entries shall be scanned.
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The second word of the double word Debug List entry which causes
a Debug trap interrupt shall be identifiable by the value of the
b-bits of the Debug Index Register and the PVA contained in

the Debug List Pointer Register.

The Debug index and flags shall provide the means for properly
jnitiating~ resuming and terminating Debug Scan operationsa
particularly when an instruction's execution has been inhibited
by one or more Trap or Exchange interrupts. The Debug flags are
End of List Seen and Debug Scan in Progressa. bits 9 and 10 of
word 3k in the Cl80 Exchange Package {2.5.2.10%}.

Exchange interrupts shall cause the flags and Debug Index
Register to be stored into the Exchange Package so_as- for
example. to allow a partially completed scan of a Debug Entry
list to be resumed.

The processor shall retain the flags and index register on a
Trap interrupt so as to allow proper completion of the Debug
scan upon return from the interrupt. {If Traps are to be
anabled during the processing of a Daebug Trap interrupt. care
must be taken by the software to not reenable Debug or the
integrity of the interrupted Debug scan will be lost.l}

The scanning of the debug list prior to instruction exegution_
shall include all instruction results except the following which
may occur before the Debug scan is complete:

1. Setting page used bit either explicitly as in Tes? Page
Table {Op. 1k} or implicitly as with any instruction.

2. Setting of condition register bits.
3. Rounding up of AD on CALL instruction. {0p. BO or BS5}

4. Storing current environment into Stack Frame Save Area
on CALL instructions. Note that the DEBUG trap will
also round up AD and store the environment into the SFSA.

The exception testing and DEBUG scan are not constrained to occur
in any given sequence relative to each other. There shall be one
and only one Debug Trap interrupt for each double word DEBUG
entry having a match or matches. {Two or more matches within

the same entry shall produce only one Trap.} The Traps due to
exception testing may occur concurrent with a DEBUG Trap {several
bits set in MCR and/or UCR} or separately. either before or after
the DEBUG scan.

For the purpose of establishing central memory access validationa
each central memory access performed for the purpose of reading

a word from the Debug List as a part of a Debug Scan operationa
shall be a read type access.
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2.7.2.4
2.7.2.4.1

Software Interface

Defined Interactions - Debug Enabled

The following items describe the interactions with the
Debug facility that are available when Debug is enabled.

Debug mask bits (11 through 15 of mask register) may be

set or cleared via a Copy to State Register instruction

and the new bits will be in effect for the Debug scan on
the instruction following the Copy Instruction.

Any Copy to the Debug Flags or Index must clear both
flags and any copy to the Index must clear the index or
the following Debug scan will be undefined.

UMR56 may be cleared or Traps disabled via a Copy to
State Register instruction with no scan being performed
on the instruction following the Copy instruction.

A Return instruction which loads a User Mask Register
with bit 56 clear or which enters C170 State will disable
Debug with no scan being performed on the instruction
following the Return instruction.

An Exchange operation initiated either by an instruction
or by an interrupt will cause the Debug Index, Mask

and Pointer registers to be updated as necessary in the
Exchange Package so that Debug operation may continue when
this process is reinitiated later.

A Trap operation shall disable Debug by clearing the
Trap Enable flag. The processor shall retain the Debug
Index, Mask and Pointer so that a Return operation may
reenable Debug later.

CDC PRIVATE

CDC CYBER 180 MAINFRAME DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV. T
DATE Oct. 15, 1981

Systems Development

PAGE 2-190

Architectural Design and Control

2.7.2.4.2

Defined Interactions - Debug Not Enabled

Interactions with Debug

The following paragraphs define the allowed interactions with
Debug for each of the two types of situations when Debug is
not enabled. Any other interaction causes the Debug scan

to be undefined for the first instruction encountered after
Debug is reenabled.

Debug Match Present

The first of these is when Debug is disabled via a Trap

of Exchange interrupt and a Debug match occurred at the
point of the interrupt. This match will have been the
cause or one of the causes of the Trap interrupt or will
have been present when a higher priority item caused an
Exchange interrupt to occur. The Scan in Progress Flag
will be set, the End of List Flag may be set and the Debug
Index will indicate the second word of the Debug List entry
which produced the match. The End of List Seen Flag being
set indicates that the entry which produced the Debug
interrupt has the End of List flag set. For this case the
following interactions with Debug are defined. (Note that
these are either via a Copy to State Register instruction
during the Trap interrupt or by writing into the Exchange
Package for the Exchange interrupt.

e Any of the Debug mask bits (11 through 15 of the mask
register) may be set or cleared and the new mask bit
will be in effect for the first Debug scan when Debug is
reenabled for this process.

® The Debug Index may be modified by multiples of 2 as long
as the final value is greater or equal to 1 and less than
or equal to 61. (The Debug Index may only be reset to
O as described in the next item).

e The Debug Flags and Index may be cleared to reinitiate
the Full Debug scan when Debug is reenabled.

e The End of List Seen Flag may be set to terminate the
current Debug scan when Debug is reenabled. The Scan in
Progress Flag may but need not be altered when setting
End of List Seen.

o The End of List Seen Flag may be cleared and Scan in
Progress set to continue a scan that had terminated. The
Debug Index may also be modified by multiples of 2 as
long as the final value is greater or equal to 1 and
less than or equal to 61.
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Debug Match not Present

The other type of situation is when Debug is not enabled

for a process and this 'mot enabled'" state arose from other
than a Trap or Exchange interrupt with a Debug match present.
This situation may arise from any of the following:

Trap interrupt with no Debug match present.

Exchange interrupt with no Debug match present.

Copy to State Register instruction which clears UMR56
or disables Traps.

e CALL to other than C180 environment.

e RETURN to other than C180 environment or which clears
UMR56.

For this type of situation, with Debug not enabled, only
the following actions are defined. Note that these are
either via a Copy to State Register instruction or by
writing into the Exchange Package.

e Any of the Debug mask bits (11 through 15 of the mask
register) may be set or cleared and the new mask bits
will be in effect for the first Debug scan when Debug
is enabled for this process.

e The Debug Flags and Index may be cleared, thus

initiating a Full Debug scan on the first instruction
after Debug is enabled.
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Enabling Debug

The Debug operation may be enabled by any one of the four
following actions:

Exchange to a C180 process where traps are enabled and
UMR56 is set.

Return (Op. 04) to a C180 process where the return
operation enables traps and UMR56 is set in the user
mask register being loaded.

Set UMR56 via Copy to State Register instruction when
Traps are enabled. The Debug Flags and Index must be
zero prior to execution of the Copy to State instruction
or the initial Debug Scan following the Copy to State
instruction will be undefined.

Enable Traps via Copy to State Register instruction when
UMRS56 is set. The Debug Flags and Index must be zero
prior to execution of the Copy to State instruction or
the initial Debug Scan following the Copy to State
instruction will be undefined.
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2.8 Program Interruptions

Numerous conditions may occur that represent program anomalies
or other special circumstances so important that the currently
executing procedure shall be interrupted and another procedure
initiated. As these various interrupt conditions are detected
throughout the system. they shall be recorded in or masked by
the following four registers:

¢« Monitor Condition Register {MCRY
¢« Monitor Mask Register {MNM}

¢« User Condition Register {UCR}

* User Mask Register {UM}

1k bits each

Bits in the Monitor or User Condition Register shall be
altered as follous:

« The processor shall set bits to indicate that a particular
condition has occurred within the processor or to indicate
that the processor has been informed of an event which
occurred external to itself.

+« Execution of the "Branch and alter Condition Register"
instruction may alter bits.

« A Trap Interrupt Operation will clear any bits for which
the associated mask bit is set.

« The I0U may alter bits in the MCR or UCR via the Maint. Channel.

+ The contents of the MCR or UCR may be altered when held in
the Exchange Package in central memory.

Bits in the Monito~ or User Mask Register may be altered as
follows:

» Execution of a "Copy from Xk per {Xj}" instruction which
writes into the MM or UMN.

» The contents of the MM or UM may be aliered when held in
the Exchange Package in central memory.

e« The I0U may alter bits in the MM or UM via the Maintenance
Channel.

Bits O through b of the User Mask Register are pgrmanently
set and any attempt to clear these bits will be ignored.
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ASSOCTATED MONITOR MASK MASK BIT
REGISTER BIT SET CLEAR
TRAP ENABLED
TRAP ENABLED TRAP DISABLED R
DISABLED
CYBER 180 CYBER 180 CYBER 180 CYBER 180 CYBER 130
JoB MONITOR JoB RONITOR J0B OR
BIT NUMBER AND DEFINITION MODE MODE MODE MODE HMONITOR HMODE
48 Detacted Uncorrectable Error EXCH TRAP EXCH HALT HALT
49 Not Assignaed EXCH TRAP EXCH HALT HALT
50 Short Warning EXCH TRAP EXCH STACK STACK
5L Igstruction Specification EXCH TRAP EXCH HALT HALT
rror
52 Addraess Specification Error EXCH TRAR EXCH HALT HALT
§3 (170 Exchange Request EXCH TRAP EXCH STACK STACK
54 Access Violation EXCH TRAP EXCH HALT HALT
55 Environmant Specification EXCH TRAP EXCH HALT HALT
5. Extarnal Interrupt EXCH TRAP EXCH STACK STACK
57 Page Table Search Without Find EXCH TRAP EXCH HALT HALT
58 System Call [§tstus ~| This bit is a flag only & does not cause any hardware action
59 Systam Interval Timer EXCH TRAP EXCH STACK STACK
&0 Invalid Segment/Ring Number Zero EXCH TRAP EXCH HALT HALT
bl Outward Call/Inward Return EXCH TRAP EXCH HALT HALT
L2 Seft Error EXCH TRAP EXCH STACK STACK
b3 Trap Exception [§;atus - This bit is a flag only & doaes not cause eny hardware action

Table 2.8-1

Monitor Condition Register

Tables 2.8-1 and 2.8-2 define the action to be taken when a
specific bit is set in one of the two Condition Registers.
The action to be taken is a function of the following parameters:

« CYLB0 Job or Monitor Mode {2.5.L.11}

» Mask Bit Set/Clear -

This refers to the state of the mask

bit associated with the specific condition bit. {2.8.2 and

2.8.4}

e Trap Enabled means

The Trap Enable
TANDT

flip flop is set

The Trap Enable Delay flip flop is clear.

{See 2.5.2.20%}

Trap Disabled means

The Trap Enable
"oR"

flip flop is clear

The Trap Enable Delay flip flop is set.

{Sge 2.5.2.20%
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BIT NUMBER AND DEFINITION

Privilaged Instruction Fault
Unimplementad Instruction
Fraee Flag

Process Interval Timer

Inter-ring Pop
Critical Frame Flag
Keypoint

Divide Fault

Dabug

Arithmatic Overflow
Exponant Ovaerflow
Exponant Underflow

F.P. Loss of Significance
F.P. Indafinite

Arithmatic Loss of
Significance

Invalid BDP Data

DOC., ARH1700
REV, T
DATE Oct. 15,
PAGE 2-195
ASSOCIATED USER MASK MASK BIT
REGISTER BIT SET CLEAR
TRAP ENABLED
TRAP ENABLED TRAP DISABLED R
DISABLED
CYBER 180 | CYBER 180 CYBER 180 | CYBER 180 CYBER 180
408 HONTTOR B HONITOR J0B OR
HODE HobE HODE HODE MONITOR HCDE
TRAP TRAP EXCH HALT 4
TRAP TRAP EXCH HALT Thase
TRAP TRAP STACK STACK Mask Bits
TRAP TRAP STACK STACK Parnanantly
et
TRAP TRAP E£XCH HALT
TRAP TRAP EXCH HALT
TRAP TRAP STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK
TRAP TRAP STACK STACK STACK

Table 2.8-2 User Condition Register

Tables 2.8-1 and 2.8-2 specify one of the following actions as

a result of a specific bit set and the above parameters:

¢ Exchange {EXCH} - An exchange interrupt to C180 Monitor Mode

shall be performed as specified in 2.8.5.1.

e Trap - A trap interrupt shall be performed as specified

in 2.8.hb.

¢« Halt - The processor shall stop execution.

Bit LD of the

Processor Status Summary Register {2.5.1.13} will reflect

this condition.

» Stack - The processor shall not interrupt but shall instead
continue execution of the current instruction sequence- As

the hardware continues examination of the condition registers

this condition may cause a Trap or Exchange interrupt later

if the environment changes appropriately.

1981

» Status - This serves to record the occurence of the specified
event but does not directly cause any hardware action to be

taken.
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There are four types or groups of condition bits as defined

in Table 2.8-3. This grouping is a function of the character-
istics of the event detected. The PVA contained in the P
Register at the time the interrupt occurs {and subsequently
stored into the Stack Frame Save Area on Trap Interrupts and
into the Exchange Package on Exchange Interrupts} is also a
characteristic of this grouping. The specific PVA to be
stored is described in general below and is specified in
detail as part of the description for each Condition bit.

Also see 2.8.7 and 2.8.8.

Group 1 - This condition results from an uncorrectable hardware
malfunction. The detection of this condition {detection = setting
a bit in MCR/UCR and taking appropriate action per Table 2.8-1

or 2.8-2} may occur at any time. The PVA in P is undefined

except as described in 2.5.2.5.

Group Z2a*- The hardware generated bits in group 2a {all except
Free Flag} occur asynchronously to instruction execution. These
shall be detected between instruction executions or trap execu-
tions or exchange operations. The PVA in P shall point to the
instruction which sould have been executed if the interrupt had
not occurred. The Free Flag is not set implicitly by hardwarae.

Group 2bx - These conditions are instruction generated and shall
be detected after completion of the instruction. The PVA in P
shall point to the instruction which would have been executed
if the interrupt had not occurred.

* In the definitions for these events the
words: "The PVA contained in P at the time an interrupt
occurs shall point to the instruction which would have been
executed if the interrupt had not occurred”. are intended
to mean that on executing an EXCHANGE or RETURN to the .
interrupted procedures on completion of the interrupt handling
processing will continue at the PVA stored in the exchange
package or stack frame save area as if the interrupt had not
taken place. For example- if the System Interval Timer
decrements to zero during the execution of a logical product
instruction. then the execution of that instruction would
complete. and then the program would be interrupted. The PVA
in P at the time of the interrupt would point at the instruction
following the logical product instruction.

CDC PRIVATE

Group 3 - These conditions are inmstruction generated and cause
the execution of the instruction to be inhibited. The PVA in

P at the time an interrupt occurs points to the instruction which
caused the event.

Multiple Group 3 Exceptions -

a. When an instruction contains one or more group 3 MCR excep-
tions, no group 3 UCR exceptions may be recorded in the UCR.

b. When multiple group 3 MCR exceptions are present in an
instruction, any one, several or all must be recorded, but
no group 3 UCR exceptions shall be recorded. When an
instruction contains multiple faults which together give
rise to both an Instruction Specification Error and one or
more other group 3 MCR exceptions, any one, several or all
of the faults are recorded without preference to the fault
causing the Instruction Spec Error. If that particular fault
is recorded, however, it is recorded by the Instruction
Specification Error, either alone or in any combination with
the other exception conditions resulting from that fault.
This is also true when an instruction contains a single fault
which by itself gives rise to both an Instruction Specification
Error and one or more other group 3 MCR exceptions.

c. The BDP instructions are the only instructions that can record
more than one group 3 UCR exception other than multiples
occuring with debug. The four exception conditions
associated with BDP instructions are listed below:

-UCR63 Invalid BDP Data

-UCR57 Arithmetic Overflow

-UCR62 Arithmetic Loss of Significance
-UCR55 Divide Fault

Of these four, the last three are mutually exclusive.
Invalid BDP Data and Divide Fault are not recorded together
(see 2.3.3). However, Invalid BDP Data may occur with
either Arithmetic Overflow or Arithmetic Loss of Signifi-
cance. In these two cases, Invalid BDP Data must be
recorded (in the absence of group 3 MCR exceptions as
defined above), and the other exceptions may be recorded.

The action to be taken in the event of multiple condition bits
being set is described in 2.8.7.

Appendix D is a list of instructions in Op. Code sequence

indicating the interrupt conditions that may occur during the
execution of each instruction.
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The detection and subsequent interrupts associated with the
exception conditions described above may be illustrated as follows:

Instructions

i T 1. Interrupt due to group 3 condition
Pre 'Inst |Postl generated by this instruction or due
Exec ,Exec Exec to the detection of a group 2A*

[ [2 condition

1 2 2. Interrupt due to group 2B condition
generated by this instruction or due
to the detection of a group 2A¥*
condition.

Exchange Operation (including Op.02)

3. Interrupt due to fetch of the 02
Pre |Exch iPOfEJ instruction or due to a group 2A%*
h

Exch ,0p'n |Exc condition
[ v 4, Interrupt due to Environment Specifi-
3 4 cation Error (group 2B) generated by

this operation or due to any bit set
in the new UCR/MCR or due to the
detection of a group 2A* condition

Trap Operation

5. Interrupts due to group 3 conditions
Pre ITrap ,Post generated by the attempted trap
Trap :Op'n ,Trap operation or due to the detection of
[7 7 a group 2A* condition

Interrupts due to the detection of a
group 2A* condition

5 6 6

*Note that the above six points are where a group 2A
condition may be detected. The requirement for group
2A is that a processor shall detect group 2A
conditions between any two instruction executions
and/or exchange operations and/or trap operations.
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The following sequence of events could be illustrated as shown balow:

A. Exchange instruction in Monitor Mode initiates exchange
to Job Mode.

B. Executa two instructions in Job Mode.

C. The second instruction generates a Group 2B condition
causing a Trap.

D. The Trap operation encounters a Group 3 condition causing
an Exchanga.

E. Attempt an instruction in Monitor Mode which generates a
Group 3 condition causing a Trap.

A C E
T T - 2 4 R N N
Pre  Exch Post|Pre 'Inst!Post|Pre Inst!Post
Exch Op'n ExchjExec Exec Exec{Exec Exec,Exec

e s ——— ey o o2 =
F F Pre 'Trap
Trap! Op'n
Pre |Exch Postlpre |
Exch,Op' n,ExchjExec,

— -

—y—— -
F Pre Trap
Trap'Op' n'

F. Note that asychronous conditions would be detected at the
indicated intervals.

Rafer to the following paragraphs for additional detail {2.k.1l.2,
2.7+.22 2+8.57 2.8.b+ 2.8.7. and 2.8.83.
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2.8.1 fonitor Condition Register

The Monitor Condition Register {NCR} shall contain 1k bits
as defined in Table 2.8-1 and the following subparagraphs.

2.8.1.1% Detected Uncorrectable Error {MCRYE}

The Detected Uncorrectable Error {DUE} bit in the Monitor
Condition Register. if set. shall indicate that a uncorrectable
error condition has been detected within the processor or on a
memory reference initiated by the processor.

These shall include but not be limited to the following
mal functions:

. Parity erroris} on transmissions to central memory from
this processor.

. Non-correctable central memory data parity errors {SEC/DED}
on central memory accesses from this processor.

. A Bounds Register fault caused by a write operation
from this processor.

. Errors detected by an attached ECS Coupler which would
not cause a half exit from an ECS instruction. These
errors are signaled by the Error End of Operation signal
from the ECS coupler {7.13}.

. Parity error{s} on transmission from central memory to
this processor.

. Other model-dependent conditions as specified in the
processor model-dependent specification.

The PVA contained in P at the time a Detected Uncorrectable
Error interrupt occurs is not necessarily the address of the
instruction which initiated the activity that resulted in
the malfunction.

2.8.k.2 Not Assigned {MCRU9}

This bit is not set implicitly by any condition but may be
set/cleared explicitly by Exchange or Branch on Condition
Register as any other condition register bit. UWhen set
explicitly. this bit causes program interruptions in a manner
identical to bit 48 of the MCR.
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TRAP BIT MAY OCCUR 1. GROUP CHARACTERISTICS
PRIORITY COND. DISABLED TYPE C170 Cc180 2. WHEN A PROGRAM INTERRUPTION IS
GROUP CONDITION BIT REG. MON . MODE (2.8.9) STATE STATE TAKEN, THE PVA IN P POINTS TO ..
1 Detected Uncorrectable Error| MCR48 Halt MON X X 1. Malfunction
2. ... an instruction as defined in
paragraph 2.8.1.1.
Short Warning MCR50 Stack SYS X X 1. Examined between instruction
System Interval Timer MCR59 Stack SYS X X executions because the event
Soft Error MCR62 Stack SYS X X is not generated because of
24 External Interrupt MCR56 Stack SYS X X instruction execution.
Free Flag UCR50 Stack USER X X 2. ... the instruction which would
Process Interval Timer UCR51 Stack USER X X have been executed if interrupt
C170 Exchange Request MCR53 Stack SYS X X had not occurred.
System Call MCR58 N/A STATUS X 1. Examined between instruction
Keypoint UCR54 Stack USER X executions; the event is generated
2B Exponent Overflow UCR58 Stack USER X by the specific instruction.
Exponent Underflow UCR59 Stack USER X 2. ... the instruction following
FP Loss of Significance UCR60 Stack USER X the instruction execution during
| Invalid Segment/ RN=0 MCR60* Halt MON X X which the specific event occurred.
Environment Spec. Error MCR55% Halt MON X X
Instruction Spec. Error MCR51 Halt MON X 1. Pretested before instruction
Environment Spec. Error MCR55%* Halt MON X X execution; the event is generated
Outward Call/Inward Return MCR61 Halt MON X X by the specific instruction.
Trap Exception MCR62 N/A STATUS X X 2. ...the instruction which caused
I Invalid Segment/ RN=0 MCR60* Halt MON X X the event to occur.
Access Violation MCR54 Halt MON X X
Address Spec. Error MCR52 Halt MON X X - (See paragraph 2.8.7)
3 Page Table Search wo/Find MCR57 Halt MON X X
Privileged Inst. Fault UCR48 Halt MON X X
Unimplemented Instruction UCR49 Halt MON X X
Inter-ring Pop UCR52 Halt MON X
Critical Frame Flag UCR53 Halt MON X X
Debug UCR56 N/A USER X
FP Indefinite UCR61 Stack USER X
Invalid BDP Data UCR63 Stack USER X
Arithmetic Loss of Signif. UCR62 Stack USER X
Arithmetic Overflow UCR57 Stack USER X
Divide Fault UCR55 Stack USER X
* The following conditions are interpreted as either Priority 2B or Priority 3 for the instructions
noted below: :
Condition Register and Bit Priority Group 2B Priority Group 3
MCR60 For Invalid Segment: never For Invalid Segment: all instructions
For RN=0: Load A, Return, or For RN=0: never
Pop instruction
Il MCR55 Exchange Operation Call, Return, Pop, and all vector insts.

Table 2.8-3 Condition Registers, Bit Grouping
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2.8.1.3

2.8.1.4

Short Warning {MCRSO0}

The Short Warning bit in the Monitor Condition Register

shall set as long as a short warning type of environmental
failure is present anywhere within the system associated with
this processor {see paragraph 8.3.1.1}. This bit shall set

in both processors on dual processor mainframes.

This bit shall clear on any of the clear actions listed in
the introductory paragraphs to section 2.8 that occur after
the environmental parameter has returned to the normal range.

The PVA contained in P at the time a Short Warning interrupt
occurs shall point to the instruction which would have bean
executed if the interrupt had not occurred.

Instruction Specification Error {MCRSLY

The Instruction Specifcation 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 2.3.2:1.3 and 2.12.1.2.

b. Type Specification errors as described in paragraph 2.3.3
as well as all type combinations. other than those defined
as valid. for the instructions described in each subpar-
agraph of paragraphs 2.3.4 through 2.3.b.

c. Instruction Specification errors as described for the
Calculate Subscript instruction in paragraph 2.3.5.

d. Execution of a Program Error instruction as described
in subparagraph 2.k-1l.Ll.

e. Execution of a Monitor Mode operation when the processor
is not in Monitor mode. See 2.b.4 and 2.hL.5.

f. Execution of a Call instruction where At {bit positions
S5k through 59 of X0 right} is less than 2. See 2.b.1.2
and 2.k.1.3.

The PVA contained in P at the time an Instruction Specification

Error interrupt occurs shall point to the instruction with the
faulty instruction specification.
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2.8.%.5

2.8.1.b

Address Specification Error {MCR52}

The.Address Specification Error bit in the Monitor Condition
Reg15t2f1 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 2.1.3.Y4, 2.2.L.2.
2.2+2e74 2.2.3.bs 2.3.54 2.b.1.2 through 2.b.1.5.
2.b.1.8+ and 2.12.1.L.

b. Other address bit{s} defined as zero{s} for specified
instructions or specified registers are not zero{s}.
See 2.1+5+ 2.b%.10, 2.b.2.%+ 2.5.5.34 and 3.2.1.3.

The PV@ contained in P at the time an Address Specification
Error interrupt occurs shall point to the instruction with the
faulty address specification. :

CYBER 170 Exchange Request {MCR53}

The €170 Exchange Request bit in the Monitor Condition
Ragister shall set whenever a C1?0 Exchange Request is
raceived from the I0U. {This bit sets in either C1&0 or

€170 State.} This bit is cleared whenever an Exchange

Accept is transmitted to the IOU {or on any of the clear
actions listed in the introductory paragraphs to section 2.8.

The €170 Exchange Request initiates one of the CL70 Exchange
operations as defined in paragraph 7.12.

Bit 53 shall cause the actions as shown in Table 2.8-1. but
shall not directly cause a (170 Exchange. for example. when
set by a Branch on Condition Register instruction. It is a
flag to the software that a certain hardware condition has

occurred.

The PVA in P at the time the exchange request interrupt
occurs shall point to the instruction which would have been
executed had the interrupt not occurred.
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2.8.%.7

2.8.1.8

Access Violation {MCR54}

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. See

saction 3.b of this specification for details. Access violations
shall be detected for the following central memory access
situations.

a. Read central memory when read access is not granted or
read is not within read ring limits.

b. LUrite 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 codea base pointer which is not in a binding
section segment. See 2.k.l.2.

e. Call from a process beyond the call ring limit. See 2.b.1.2.

f. Key/lock violations. See section 3.k.3.2 for the definition
of key/lock violations.

Also note the requirements in paragraphs 2.2.1.4. 2.2.3.ha
2.be.10+ 2.be2+13- and 2.b.5.3. The PVA contained at P at the
time an Access Violation interrupt occurs shall point to the
instruction which made the central memory access which
attampted to violate the access protection mechanism.

Environment Specification Error {NCRS55}

Tha Environment Specification Error bit in the Monitor Condition
Register. if set. shall indicate that an error was detected
in the Environment as described below.

« The PVA contained in P at the time an environment error
interrupt occurs shall point to the instruction which caused
the Environment Specification Error when:

a. A mismatch between VMCL and the VMID obtained from the
Code Base Pointer {2.5.5.1} on a CALL instruction {0p. BS5}.

b. A mismatch between VMCL .and the VMID obtained from the
Stack Frame Save Area {2.5.4} on a RETURN instruction
{0p. OUY.

c. Initial A2 {Previous Save Area Pointer} not equal to A0
{Dynamic Space Pointer} in the Stack Frame Save Area on a
RETURN {0p. 04} or POP {0p. Ok} instruction.

d. The value of the field designating the last A register
to be loaded. as contained in the Previous Stack Frame
Dascriptor. is lass than 2 on a RETURN instruction {Op. O4}.

a. Execution of a vector instruction was attempted with a
page size less than 409k bytes or with RMA bit 33 set
{thus directing referaence to sharaed memory} on a processor
with the vector option installed.
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2.8.1.9

2+8.1-10

¢ The PVA contained in P at the time an environment error
interrupt occurs shall point to the instruction which would
have been executed had the interrupt not occurred when:

a. A mismatch between VMCL and the VMID obtained from the
Exchange Package on a Monitor to Job or Job to Monitor.
{P points to the first instruction that would have been
executed following the Exchange.}

e The PVA contained in P at the time an environment specification
error interrupt occurs shall point to the instruction as
defined under the condition causing the TRAP operation when:

a. A mismatch between VMCL and the VMID obtained from the
Code Base Pointer {2.5.5.k. 2.8.LY} on a Trap operation.

b. External Procedure Flag not set in the {ode Base Pointer
whan executing a Trap operation.

External Interrupt {MCR5L}

The External Interrupt bit in the Monito diti i i
set~ shall indicate the receipt of an i;tga?u5%1??°§egésterw if
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.l}

The PVA contained in P at the time an External Interrupt o
shall point to the instruction which would have been eaecu %%rif
the interrupt had not occurred.

Page Table Search Without Find <{MCRS?7}

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. Thus+ the system virtual address could not
be mapped into a real memory address. See 2.1.3.4, 2.2.3.bn
2.b.3.1+ 2.b.2.304 2.6.2.37 2.b.5.3 and 3.5.2.

The PVA associated with P for a Page Table Search With i

! ) i out F
interrupt shall point to the instruction which attempted th;Jyzn-
tral memory access which resulted in the Page Table Search Without
Find condition.
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2+8.12.11

2.8.%.12

2.8.1.13

System Call {MCR58}

The System Call bit in the Monitor Condition Register. if set.
shall indicate that a process has executed an Exchange
instruction {0p. 02} which caused an exchange inperrupt from
job process state to monitor process state. Thi§ bit shall not

be set by an Exchange instruction going from monitcr process state
to job process state. See 2-b«l-b:

The PVA associated with P for a System Call interrupt shall
point to the instruction which would have been executed if the
interrupt had not occurred: i.e.. The PVA of the instruction
immediately following the Exchange instruction.

System Interval Timer {MCR5S}

The System Interval Timer bit in the Monitor Condgtion Registera
if set. shall indicate that the System Interval Timer has
decremented to a count equal to zero. See 2.5.3.2.

The PVA contained in P at the time a System Interval Timer in-
terrupt occurs shall point to the instruction which would have
been executed if the interrupt had not occurred.

Invalid Segment/Ring Number Zero {MCRGO}

The Invalid Segment/Ring Number Zero bit in the Monitor
Condition Register. if set. shall indicate that an error
was detected as described below.

Invalid Segment
. The PVA in P when the interrupt occurs shall point to the
instruction which attempted the Central Memory access when?

A PVA could not be translated into a Real Memory Address
bacause the Segment Table Length was exceeded or bacause
the Segment Descriptor was invalid {3.3}. Exceptions
are noted in 2.k.2.1 and 2.b.5.3.

Ring Number Zerg

The PVA in P for these five instructions_uhen the interrupt
' ocgurs shall point to the instruction which uou!d have been
executed if the interrupt had not occurred whent
An A register was loaded with a PVA whose RN=0 via a
Load A €{2.2.1.b}, a Return {2.b.1.4}. a Pop {2.b.1.5}-
a Load A {2.2.1.L} or a Load Multiple {2.2.1.7}.
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c-8.L.1LY4

2-8.1.15

2.8.1-1b

Outward Call/Inward Return {MCRbL1}

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.hk.1.2 and 2-b.1.4.

The PVA in P when an Outward Call/Inward Return interrupt occurs
shall point to the instruction which attempted the outward call or
inward return.

Soft {for Corrected} Error {MCRL2}

The Soft Error bit in the Monitor Condition Register. if seta
shall indicate that the hardware has detected and corrected
a hardware malfunction as described below:

a. A reference to caentral memory from this processor
results in either a WRITE CORRECTED ERROR or a READ
CORRECTED ERROR response from central memory {4.2.2}.
Specific information about the corrected error is
contained in the central memory Corrected Error Log
{4.5.1%.b}-

b. A Corrected Error signal is raeceived from the ECS Coupler
during the execution of a CYL?0 ECS instruction {?7.2.3.
7.13.3%}.

¢« The hardware detection and correction of an error caused
by a hardware malfunction within the processor shall
also set the Soft Error bit. See the appropriate
processor model-dependent specification for details.
This includes the successful retry of instructions.

The PVA contained in P at the time a Soft Error interrupt
occurs shall point to the instruction which would have been
executed if the interrupt had not occurred.

Trap Exception {MCRL3}

The Trap Exception bit in the Monitor Condition Register. if set.
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 contained in P at the time a Trap Exception interrupt
occurs shall be the PVA which would have been stored in the
stack frame save area. word zero. had the trap completed with-
out any exceptions.
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2.8.2

2.8.3

2.8.3.1

g2.8.3.2

Monitor Mask Register

The Monitor Mask Register {MM} shall contain lb bits. each of
which is the mask bit for its respective bit {48-b3} of
the MCR.

User Condition Register

The User Condition Register {UCR} shall contain 1b bits as
defined in Table 2.8-2 and the following subparagraphs.

Privileged Instruction Fault {UCRu&}

The Privileged Instruction Fault bit in the User Condition Reg-
ister. if set. shall indicate that one of the following faults
has occurred.

a. An attempt was made to execute a local privileged instruction
in other than local privileged executable mode or in global
privileged executable mode. See 2.hk.2.

b. An attempt was made to execute a global privileged instruc-
tion in other than global privileged executable mode. See
2.b.3.

c. An attempt was made to execute a CYBER 170 017
instruction {sea 7.3.2%}.

The PVA associated with P shall point to the instruction which
caused the Privileged Instruction Fault interrupt to occur.

Unimplemented Instruction {UCR49Y

The unimplemented instruction bit in the User Condition Registern
if sets shall indicate that an instruction operation code which
is not implemented in a particular processor model has attempted
execution in that processor model. The implementation of this
bit is processor model-dependent and shall be fully specified

in the appropriate processor model-dependent specifications.

The Al70 Op. Codes UHbkUa Yh5+a 4bk and Hk?+ the Cqmpare/Move
instructions described in paragraph 7.3.1. shall cause this
bit to be set.

The PVA associated with P shall point to the Unimplemented
Instruction which caused the interrupt to occur.
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2.8.3.3

2.8.3.4

2.8.3.5

2.8.3.b

Free Flag {UCRS50}

The Free Flag bit in the User Condition Register. if set. shall
indicate that this process shall take immediate note of a sit-
uation which occurred when this process was not in active exe-
cution.

A process' free flag shall normally be set in the process' ex-
change package when the exchange package is in central memory.
In this way. a system process shall gain the object process'
immediate attention the next time the object process begins
active execution.

The PVA associated with P shall point to the instruction which
would have been executed if the Free Flag interrupt had not
occurred.

Process Interval Timer {UCRS5LY

The Process Interval Timer bit in the User Candition Register,
if set. shall indicate that the Process Interval Timer has
decremented to zero. See 2.5.3.%.

The PVA associated with P shall point to the instruction
which would have executed if the Process Interval Timer inter-
rupt had not occurred.

Inter-ring Pop {UCRS2}

The Inter-ring Pop bit in the User Condition Registers if set,
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 associated with P shall point to the Pop instruction
which attempted the inter-ring pop-.

Critical Frame Flag <{UCRS3}

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 2.5.2.5+ 2.h«1l.U,
2.b.2.5. and 2.8.30.

The PVA associated with P shall point to the Return instruc-
tion or the Pop instruction which attempted to "pop." or "return”
from. a critical stack frame.
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2.8.3.7

2.8.3.8

2.8.3.9

Keypoint (UCR54)

The Keypoint bit in the User Condition Register, if set, shall
indicate that a selected keypoint instruction has been executed
as specified in 2.6.1.7.

The PVA associated with P shall point to the next instruction
which would have been executed if the keypoint interrupt had
not occurred.

Divide Fault (UCR55)

For the definition of this condition, see the instruction
dezcgiﬁtgons in subparagraphs 2.2.2.4, 2.2.2.8, 2.3.3, 2.4.3.3
an .4.3.6.

When Divide Fault occurs during the execution of a nonvector
instruction, the PVA associated with P shall point to the
instruction which caused the divide Fault to occur.

When Divide Fault occurs during the execution of a vector
instruction, the PVA associated with P shall point to the
instruction which caused the Divide Fault condition to
occur, unless there is another interrupt condition which
dictates that the PVA associated with P shall point to the
instruction following the one which yielded the divide
fault. In this case, the PVA associated with P shall
point to the instruction following the one which yielded
the divide fault.

Debug (UCR56)

For the definition of this condition, see the debug description
in section 2.7.2. The debug operation shall not set this bit
unless Traps are enabled and the mask bit is set.

The PVA associated with P 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 instruction).
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2.8.3.10

2.8.3.11

2.8.3.12

Arithmetic Overflow (UCR57)

For the definition of this condition, see the instruction
descriptions in subparagraphs 2.2.2.1 through 2.2.2.8, 2.3.3.1,
and 2.3.6.3.

When Arithmetic Overflow occurs during the execution of a non-
vector instruction, the PVA associated with P shall point to
the instruction which caused the Arithmetic Overflow to occur.

When Arithmetic Overflow occurs during the execution of a
vector instruction, the PVA associated with P shall point
to the instruction which caused the Arithmetic Overflow
condition to occur, unless there is another interrupt
condition which dictates that the PVA associated with P
shall point to the instruction following the one which
yielded the arithmetic overflow. 1In this case, the

PVA associated with P shall point to the instruction
following the one which yielded the arithmetic overflow.

Exponent Overflow (UCR58)

For the definition of this condition, see the descriptions in
subparagraphs 2.4.3.1 through 2.4.3.6.

The PVA associated with P shall point to the instruction which
would have been executed if the Exponent Overflow trap interrupt
had not occurred, that is, the instruction following the one
which yielded the exponent overflow condition.

Exponent Underflow (UCR59)

For the definition of this condition, see the descriptions in
subparagraphs 2.4.3.1 through 2.4.3.6.

The PVA associated with P shall point to the instruction which
would have been executed if the Exponent Underflow trap interrupt
had not occurred, that is, the instruction following the one
which yielded the exponent underflow condition.
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2.8.3.13 Floating Point Loss of Significance (UCR60)

For the definition of this condition see subparagraphs
2.4.3,1 and 2.4.3.4.

The PVA associated with P shall point to the instruction
which would have been executed if the Floating Point Loss

of Significance trap interrupt had not occurred, that is,
the instruction following the one which yielded the floating
point loss of significance condition.

2.8.3.14 Floating Point Indefinite (UCR61)

For the definition of this condition see subparagraphs 2.4.3.1
through 2.4.3.6.

When Floating Point Indefinite occurs during the execution
of a nonvector instruction, the PVA associated with P shall
point to the instruction which caused the Floating Point
indefinite to occur. (Also see 2.8.7 and 2.8.8).

When Floating Point indefinite occurs during the execution

of a vector instruction, the PVA associated with P shall
point to the instruction which caused the Floating Point
Indefinite condition to occur, unless there is another
interrupt condition which dictates that the PVA associated
with P shall point to the instruction following the one

which yielded the Floating Point Indefinite. 1In this

case, the PVA associated with P shall point to instruction
following the one which yielded the Floating Point Indefinite.
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2.8.3.15

2.8.3.16

Arithmetic Loss of Significance (UCR62)

For the definition of this condition, see paragraph 2.3.3, and
subparagraphs 2.3.3.2, 2.3.3.3, 2.3.6.1 and 2.4.2.2.

When Arithmetic Loss of Significance occurs during the execution
of a nonvector instruction the PVA associated with P shall point
to the instruction which caused the Arithmetic Loss of Signifi-
cance to occur. (Also see 2.8.7 and 2.8.8.)

When Arithmetic Loss of Significance occurs during the
execution of a vector instruction, the PVA associated
with P shall point to the instruction which caused the
Arithmetic Loss of Significance condition to occur,
unless there is another interrupt condition which
dictates that the PVA associated with P shall point to
the instruction following the one which yielded the
Arithmetic Loss of Significance. In this case, the
PVA associated with P shall point to the instruction
following the one which yielded the Arithmetic Loss

of Significance.

Invalid BDP Data (UCR63)

For the definition of the condition see paragraphs 2.3.3 and
2.3.5 as well as subparagraphs 2.3.4.5, and 2.3.6.1 through
2.3.6.3.

The PVA associated with P shall point to the instruction which
caused the invalid BDP condition. (Also see 2.8.7 and 2.8.8.)

User Mask Register

The User Mask Register (UM) shall contain 16 bits, each of
whichis the mask bit for its respective bit (48-63) of the
UCR. Bits 48 through 54 are permanently set and any attempt
to clear these bits shall be ignored.

Exchange Operation and Interrupts

Exchange operations are those in which a processor changes
either from the job process state to the monitor process
state or vice versa. Exchange interrupts specified in Tables
2.8-1 and 2.8-2 shall cause an Exchange operation only from
C180 job process state to C180 monitor process state as
reflected in Tables 2.8-1 and 2.8-2.
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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 environ-
ment for each process when the process is activitated. An
exchange operation shall deactivate 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.
The only exception condition generated by the execution of

an Exchange operation is an Environment Spec Error as

described in 2.5.6. The Exchange is allowed to complete,

the Environment Spec Error is recorded in the Monitor Condition
Register, and then the Monitor and User Condition Registers

are examined before instruction execution.

Upon completion of an exchange operation, any model-dependent
instruction stacks (buffers) shall be cleared. The initial
fetching of each instruction following an exchange operation
shall be from central memory or from the cache buffer. Cache
shall be bypassed when executing processor exchange operations.
Information in cache shall be addressed by the System Virtual
Address (SVA) and shall not be purged as the result of an
exchange operation.

At the completion of the Exchange operation, bits may be set
in UCR and/or MCR for only the following reasons:

1. Bits set in UCR/MCR as contained in the Exchange
Package as loaded from central memory.

2. Environment Spec Error set because the VMID in
the loaded Exchange Package does not match VMCL.

3. Group 1 or 2A bit set due to the occurance of
asynchronous event.

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
Package, for each condition that can cause an exchange
interrupt, 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 to a trap interrupt, except
that P shall be stored in the Current Stack Frame Save
Area, Word O. (Also see 2.8.7, 2.8.8)
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Ce8.5.1

Job Process to Monitor Process Exchange

The hardware shall perform the following steps when doing a job
process to monitor process exchange. {see 2+b.l.hb}.

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 registers into the processor environment reg-
isters. {See 2.5.L for virtual machine support}

Exchange interrupt conditions which occur in the monitor process
state while 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
enabled- in which case. a trap shall be taken. For those

cases in which continued processor exacution is impossible or
likely to destroy information. the processor shall halt and set
bit kO of the Processor Status Summary Register.

An exchange to CLA0 Monitor Mode will always have one or more
bits set in the MCR and/or UCR stored in the exchange package
at job procass state aexcept for the following two events which
need not leave any bits set in MCR and/or UCR:

e The conversion of a €170 Halt into a CLB0 Exchange as
described in para. ?7.hb.l.

® A half exchange initiated via MAC as described in b.l.2.3.

See Tables 2.8-1 and 2.8-2 for the definition of how the
conditions are handled undar various circumstances.
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2.8.5.2

Monitor Process to Job Process Exchange

The hardware shall perform the following steps when performing
a monitor process to job process exchange. {See 2.kel«bl}.

a. Store the monitor process state exchange package in central
memory beginning at the address contained in the monitor
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.

Notes: The monitor process shall establish the next job process

for execution by loading the job process state pointer register with
the central memory location of the next job's exchange package.

{See 2.5.L for virtual machine support}

The hardware shall not allow any group 2A event to set a bit in
the MCR/UCR {uhose associated mask bit is set} at such a time
that an exchange operation from Monitor Mode {with traps enabled}
to Job Mode shall cause the bit in MCR/UCR to be stored as a

part of the monitor exchange package. Either the trap must be
taken in Monitor Mode or the setting of the MCR/UCR bit due to
the asynchronous event shall be deferred to Job Mode.
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2.8-b

Trap Interrupt Operation

Trap Interrupts shall be accomplished by simulating a Call In-
direct instruction {0p. B5} to an external procedure and shall
include virtual machine support as described in para. 2.5.h.

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 Pointers shall be obtained by
using the PVA contained in the Trap Pointer Register in place

of the "{Aj} plus 8%Q" as utilized by the explicit Call instruc-
tion. {described in subparagraph 2.bk.1.2 of this specification}.
which the Trap Interrupt shall simulate.

If an exception condition arises during the execution of a
trap interrupt that trap shall be aborted and the
following actions shall take place:

1. The Trap Exception bit shall be set in the MCR {2.8.1.1k}.

2. The appropriate MCR/UCR bit shall be set for the exception
condition that caused the Trap to abort.

3. The Exchange or Halt {as specified in Tables 2.8-1 8 2.8-2 with
Traps considered disabled} shall be performed. In the case of
an Exchange operation. the Trap Enable flip-flop remains set
in the Exchange Package stored for the interrupted procedure.

The UCR/NMCR as stored into memory on the Exchange will always
contain at least three bits:

o Bit or bits which initiated the Trap operation {MCR and/or UCR}
AND

o Trap Exception bit {MNCR}
AND

o Bit or bits {MCR} which caused the Trap operation to abort.
This shall include:

Address Spec Errora. or

Address Violation. or

Invalid Segment/Ring Number Zero. or

Page Table Search without Find. or

Environment Spec Error.

Any of the asynchronous monitor or system conditions gontained in

group 1 or 2A may. but need not cause the Trap operation to abort

{MCRY4&+ 50. 53+ 5b+ 59 or L2}.

If no exception conditions arise. the Trap operation shall disable
traps {clear the Trap Enable flip-flopl}. Traps may be re-enabled
by software either by setting the Trap Enable flip-flop and the Trap
Enable Delay flip-flop and issuing a Return instruction {0p. 04} as
described in Para. 2.5.2.20- or by setting the Trap Enable flip~
flop. Note that the Trap Enable flip-flop and the Trap Enable
Delay flip-flop may be set simultaneously by a single copy instruc-
tion. See para. 2.hL.5.2 of this specification.
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The Call instruction shall be simulated by means of the sequence
described in 2.b.1.2 with the following differences:

L. Omit step n-

2. Stgp d is accomplished as follows: The rounded Dynamic Space
Pointer contained in Register AD. shall be increased by 2blu
{decimall} and the result 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 Flag is
equal to a one. an Environment Specification Error shall
be detected and an Exchange Interrupt or a processor halt
shall occur. {See Table 2.8-1)

4. Unless the Code Base Pointer's VMID=0. an Environment
Specification Error shall be detected and either an Exchange
Interrupt or a processor halt shall occur {see Table 2.8-1}.

w

5. The Monitor and User Condition registers are stored in
the Save Area {see subparagraph 2.5-4.1}. after which each
bit in these two registers is cleared where the associated
mask bit is set.

When not executing a trap operation. 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-

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 as specified in paragraph 2.8.4.

Trap Conditions which occur when traps are not enabled shall

in some cases result in Exchange interrupts when in Job Mode

and Processor halts when in Monitor Mode. Table 2.8-2 defines
how each User Condition bit is treated under 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.

CDC PRIVATE



CDC CYBER 180 MAINFRAME ' DOC. ARH1700
MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.

T
DATE Oct. 15, 1981

Systems Development PAGE 2-219
Architectural Design and Control

Multiple Interrupts

When more than one bit is set in the MCR and/or UCR. the
following priority shall be observed regarding the trans-
lation of those bits: {See Tables 2.8-1 and 2.8-2}.

1. HALT. If any of the bits call for a Halt. the processor
shall perform a Halt operation regardless of which other
bits may or may not be set.

2. EXCHANGE. If no bits call for a Halt- the processor
shall perform an Exchange operation if any of the bits
call for an Exchange.

3. TRAP. 1If no bits call for ejther a Halt or an Exchangea
the processor shall perform a Trap operation if any of
the bits call for a Trap-

y. STACK. If no bits call for either a Halt or an Exchange
or a Trap. the processor shall perform a Stack operation
{not an interrupt} if any of the bits call for a Stack.

With reference to the bit groupings shown in Table 2.8-3.
the PVA as stored into the Exchange Package. or into the
Stack Frame Save Area shall be determined as follous:

1. Whenever a group 1 condition occurs. P is undefined.
Sea 2.6.1.L.

2. In the absence of group 1 conditions. P shall be as
defined for the instruction generated interrupt,that is,
for group 2b or 3 rather than for group g2a.

The execution of a scalar instruction cannot directly cause
the recording of both group 2b and group 3 conditions because
group 3 conditions are detected and the appropriate action

is taken baefore axecution. while group 2b conditions are
racorded after instruction execution. {In certain circum=-
stances. however. a scalar instruction may cause the detection
of a group 2b condition whicha in turn. causes an attempted
Trap operation that does not complete due to its own group 3
exception condition. This particular sequence will create
condition registars containing both group b and group 3
conditionsa but only the group 2b conditions were generated
directly by the instruction itself. and the PVA in P matches
the definition for the group 2b conditions.}

The execution of a vector instruction can directly cause

tha recording of both group 2b and group 3 conditions. For
this case. P shall be defined for group 2b. {See 2.12.%.0b.2
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Instrucpion generated condition bits {groups 2b and 3} shall
be examined on an instruction by instruction basis. That isa
no bits shall be set in the MCR and/or UCR by an instruction
when there is a required program interruption due to bits

set by a previous instruction. If multiple bits in groups

2b or ? are loaded into MCR and/or UCR during an Exchange
oparation. the PVA in P shall be as specified in para. 2.8.8.

When instruction execution causes more than one of the excep-
tion condition bits associated with the UTP to be set. the
addres§ in the UTP shall correspond to whichever reported
Tgc:pt1on condition appears highest on the following priority
ist:

1. MCRLO - Invalid Segment/Ring Number Zero

2. MCR5Y4 - Access Violation

3. MCR52 - Address Specification Error

4. MCRS? - Page Fault
Thuss the UTP will always contain the address associated with
Invalid Segment when MCRLD is one of the multiple exceptions
reported. In the absence of MCRLO, the UTP will aluways
always contain the address associated with Access Violation
when MCREY is one of the multiple exceptions reported.
Likewise. Address Spec. Error will have precedance over Page
Fault. When multiple bits are set- only the highest priority
bit is valid. All lower priority bits within this group of
four are undefined and must be cleared by the software before
reinitiating execution of the instruction.
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Enabling Interrupts

When a bit is set in a condition register by a "Branch on
Condition Register™ instruction {see paragraph 2.b.5.1} and

the corresponding bit is set in either the Monitor Mask Register
or the User Mask Register: then the PVA in P at the time of the
interrupt shall point to the instruction branched to by the
"Branch on Condition Register™ instruction.

When an interrupt condition is stacked because the corresponding
bit in either the Monitor Mask Register or the User Mask Register
is clear. and the interrupt is subseguently enabled. by setting
the appropriate bit in either the Monitor Mask Register or User
Mask Registers then an interrupt shall occurs and the PVA in P

at the time of the interrupt shall point to the instruction
following the instruction which enabled the interrupt.

When an interrupt condition is stacked because the traps

are not enabled and thaen traps are subsequently enabled.

then the interrupt shall occur. and the PVA in P at the

time of the interrupt shall point to the instruction following
the instruction which enabled the traps.

Following an exchange from Monitor to Job state. the Free

Flag is examined. UWhen the Free Flag is set+ the processor
shall examine the MCR/UCR as loaded from memory. plus only X
the potential Environment Spec. Error from the exchange oparation.
plus aither the potential Invalid Segment or the potential
Access Violation from the first instruction fetch. Uhen the
Free Flag is clear. the processor shall examine the MCR/UCR

as loaded from memory plus the potential Environment Spec.
Error from the exchange operationi optionallys the processor
may also examine any group 3 exceptions assgcxated ylth the
fetch and attempted execution of the first 1nstruct1on: If

an Exchange or Trap takes place. the PVA in P at the time of
the intarrupt shall point to the instruction which yoglq

have been executed following the Exchange had that initial
interrupt not occurred.
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Interrupt Flowchart

Thg flow-chart at the end of this paragraph tiagrams the process
which detects an exception conditon and takes action on it.

The occurrence of an exception is indicated by the presence of
a one bit in one of two registers. named the monitor condition
register and the user condition register. In practice. there
are. four classes of exception conditions which have been grouped

into two registers for software convenience. The four classes
are:

{i} Monitor Conditions

These are exception conditions. directly related to the
active processa. which preclude further processing until
corrective measures. if possible. are taken. They are:

Detected Uncorrectable Error
Instruction Specification Error
Address Specification Error
Access Violation

Environment Specification Error
Page Table Search Without Find
Invalid Segment

Outward Call/Inward Return
Unimplemented Instruction
Privileged Instruction Fault
Inter=-ring Pop

Critical Frame Flag

The last four of these conditions are flagged in the user
condition register to permit the user to receive control
in a user supplied trap routine.
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{ii}

{iii}

{iv}

System Conditions

These are exception conditions not directly related to
the active process. which do not preclude further processing.

Thay ara:

Short Warning
External Interrupt
System Interval Timer
Soft Error Log

CL70 Exchange Request

User Condition

——————

User conditions are exception conditions directly
related to the active process which do not preclude
further processing. They are:

Free Flag

Process Interval Timer
Keypoint :

Divide Fault

Debug

Arithmetic Overflow

Exponent Overflow

Exponent Underflow
Floating-Point Loss of Significance
Floating-Point Indefinite
Arithmetic Loss of Significance
Invalid BDP Data

Status Indicators

These indicators do not give rise to interrupt
conditions, but are set to engble software {monitor}
to determine what action to take. They are:

System Call
Trap Exception
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NONITOR CONDITIONS

Anything
in MCR?

Yes
Mask Bit
Set?

EXCHANGE

¥Traps Enabled means
Trap Enable Flip-flop
{TEF} set and

Trap Enable Delay
Flip-flop {TED} clear.

TRAP

HALT

CONDITIONS

Yas

TRAP

Stackable?

~

\Lﬂ HALT

EXCHANGE

Figure 2.8-1 Interrupt Flouwchart
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2.8.10

Flags

DATE Oct. 15,
PAGE g2-225

The state of the five flags: On Condition Flag {0CF}. Critical
Frame Flag {CFF}, Ka¥§01nt Enable Flag {KEF}. Trap

Enable Flip-flop {TE

and Trap Enable Delay F11p flop {TED}-

after the completions of the operations: CALL. RETURN. POP.
EXCHANGE and TRAP shall be as indicated in the table belou:

C 0 K T T
F C E E E
F F F F D
CALL C C A A A
RETURN PS PS A A C
POP PS PS A A A
EXCHANGE Xp XP XP XP XP
TRAP C C A C A
Legend: C - Cleared by operation
A - As is {funchanged by operation}
PS - Loaded by operation from previous stack
frame save area
XP - Loaded by operation from exchange package
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2.9 Buffers

Two buffers to increase processor performance may be inclgded 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 size- operation and entry replacement algorithm shall be
processor model-dependent.

2-9.2 Cache Buffer

The Cache Buffer shall be a high speed memory which shall be used
to reduce the access time to central memory for words which are
used more than once.

Cache size. operation. and entry replacement algorithm shall bs. .
processor model-dependent. However. every instruction which modifies,

{stores into)}, central memory shall issue the appropriate rgquest{s}
on the central memory interface. irrespective of any associated.
model-dependent cache operations.

2.9.3 Instruction Stack

The Instruction Stack shall be a high speed memory which
shall be used to reduce the access time to central memory
for instruction words which are used more than once.

Instruction stack size. operation and managemant a;gorithm.
shall be processor model-dependent. However. the instruction
stack shall be purged. at least. at the following times3

€180 Exchange Operation
AND
Execution of CALL INDIRECT {0p Code BS5I}
AND
Execution of INTER-SEGMENT BRANCH {0pCode 2F}

{Processors combining the Instruction Stack function into the
operand cache shall purge or update entries upon each central
memory write as described in paragraph 2.9.2%}.
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2.10 Interfaces
2.10.% Central temory

The processor central memory interface shall be compatible with the
central memory interface specified in 4-1-.3 & H.2 of this speci-
fication. Compatible shall mean that all signals and operations
shall be provided as specified in 4.1.3 & 4.2 except that trans-
mitted signals become received signals and vice versa.

2-.10.1.1 Processor Central Memory Port Selection

P2 and P3 shall have the means of accessing two
independent memories as previously described in paragraph 1.3.3
of this specification.

a» UWhen these two ports are connected to independent memories-
as illustrated in Figure 1.3-5 of this specification. the
processor central memory port used for any given central
memory access shall be determined by the state of bit 33 of
the Real Memory Address- {see 3.1.3}. as used for the
central memory access. If bit 33 is clear. the Local
Processor Port to the processor's own central memory
is selected. If bit 33 is set. the External Processor
Port to a central memory within another system is selacted.

b. UWhen only a single port is present {the Local Processor
Port} the processor need not detect and take special action
for any reference with bit 33 set {External Procassor port}
but may let the reference continue which will result in a
time~out {8.2.9) and. thus. a detected malfunction.
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2.10.2

2.10.2-1

2.10.2.2

2-10.2.3

Maintenance Control Unit {MCU}

The MCU shall send and receive the fundamental signals which

are required for control. maintenance. and initialization of
central processors. These signals shall be transferred over
the Maintenance Channel which is specifically intended for this
function. {The Maintenance Channel Interface shall be identical
for processors Pl. P2. P3 and THETA.} See Section b of this
specification.

The following capabilities shall be included:

- Master (Clear

- Start {Processor}

- Halt {Processor}

- Read Registers

- Write Registers

- Write Control Store
- Read Control Store

- Clear Selected Error

Master Clear

Master clear of a processor shall set that processor to a defined
state. It shall not clear any processor state registers or any
process state registers. In particular. model dependent mainte~
nance registers shall not be altered.

Clear Error

A clear error function shall set all processor model dependent
error logs {Corrected Error Logs and processor fault-status
register} to their null state indicating no errors.

Write Registers

The IOU may write the Process State or Processor State registers
{see Table 2.b-1} via the Maintenance Channel only when the
processor is halted. If the processor is running- sgch a

write shall cause undefined results and actions within that
processor. See section 2.11 for the urite limitations for

the Performance Monitoring Facility {PMF} registers 21 and 2.
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2.10.3

Performance Monitoring Facility {PMF} Interface

Tbe optional PMF shall be controlled and accessed for data
v1a‘ﬂaintenance Channel reads and writes of Processor
Registers 21 and 22. UWhen the PMF is not installed. these
reads and writes shall be performed as abnormal requests to
a nonexistent register {see paragraph hb.5}.
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2.11 Performance Monitoring Facility {PWF}

CDC CYBER 180 MAINFRAME DOC.

The PWF shall be a hardware option available for processors

P2+ P3 or THETA.

It need not be identical for the different

processorss however the operation of the PNF shall be model-
independent except for the length of the major clock cycle
and spaecific events or states as noted in paragraph 2.11.5.

The basic requirements for the PMF are as follows:

=X

The PWF shall be available as a hardware option for the
processor. Performance measurements on a dual processor
mainframe require two PMFs.

The PMF shall be controlled and accessed for data via
Maintenance Channel Reads and Writes of registers 21
and 22 {see 2-1.0.3}.

The PWF shall provide the following information with
respact to keypoint:

Keypoint Class: Y bits
Keypoint Code: 32 bits
Timer contents at the time of keypoint class match: 2b bits

The acquisition of keypoint data via the PNF may impact
the keypoint instruction execution time {2.b.1.7}.

Tha PMNF shall provide eight 32-bit counters capable of
monitoring the spacified events and/or states with no
performance impact upon the associated processor.

The PMF shall contain two registers as shown in Figure
2¢12%-L1.

. Register 21 is for transmittal of keypoint data from
the processor to the maintenance channel.

. Register 22 controls the PHF operation and contains
the eight 32-bit counters.

Sge 2.k.5.2 and bL.0 for a description of the Maintenance
Register and associated Read/Write operations.
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2 27 32 .
Timar {2k} [te3] Kaypoint Code 1323
FIF0 Buffer Overflow t—Keypoint Class
REGISTER 22
0 1 2 3 4y 4 910 15

# Bytes 0.1 V
PHF 0p in Process
Stop Datected- KP Class
Stop Detected+ Counter Overflow

Keypoint Timar Carry Out
FIFO Buffer Overflow——m- H- — |

1b 19 20 23 24 25 2b 27 28 29 30 31
» Bytes 2.3 I [ao]eo[a3]ea] az[B23]B3]
Start. Kaypoint Class—1
Stop. Kaypoint Class Stop on Counter
Overflow Designators
32 _ 39 40 u?
® Bytes Y4.5 L ‘!_g
LPr‘acessor‘ Instruction Argument J
Processor Instruction Mask:
® Bytes b7 Not Used
bY b7 71 25 9
¢ Bytes 8.9 [ V AAIJ Input Sal. V /,'BIJ Input Salﬂ

Select AD Input "AND" BO Input to AD Counter

Bytes 10.11 Al. Bl Input Select {same format as bytes 8.9}
Bytes 12.23 A2, B2 Input Selact {same format as bytes 8.9}
Bytas 14215 A3, B3 Input Select {same format as bytaes 8.9}

Bytes 1k-19 Counter AD
Bytes 20-23 Counter BO
Bytes 24-2? Counter Al
Bytes 28-31 Counter Bl
Bytes 32-35 Counter A2
Bytes 3k-3% Counter BZ
Bytes 4D-43 Counter A3
Bytes 44-4? Counter B3

Figure 2.11-1 PHMF Register Formats
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2.11-1

PMF Initialization/0Operation

PMF Initialization shall be defined as the writing of all

48 bytes of processor register 22 via the Maintenance Channel.
The writing of the first byte shall cause the PHF to do the
following:

« halt any current PNMF operation
e clear the keypoint timer associated with register 21 {2.11-b}

« discard {conceptionally} the contents of the FIF0 Buffer
associated with register 21 {2.1l.kL}

e clear byte D of register 22 {2.11.2}

After all 48 bytes have been written. the PHF shall exa@ine
byte 1 of register 22 to determine the required PIHF action.
Any write of register 22 which is less than 48 bytes shall
place the PMF in an inactive state-

Maintenance Channel Read requests for register ?E after PMF
Initialization and before the end of PMF Operation shall
result in a DISCONNECT being sent to the IOU via the
Maintenance Channel immediately upon IOU request for the
second byte- The entire Y48 bytes of register 22 may be read
via the Maintenance Channel after the end of PMF Operation-

PHF Operation is that time period during which keypoint data
may be recorded and read via the Maintenance Channel. 1In
additions counts may be made of various events and states
within the processor during PHF Operation. PHF Operation
shall begin as specified by bit 9 of register 22 {2.11-3%.
PMF Operation shall be terminated upon the occurrence of any
of the following events:

+ Stop on Keypoint Class detected {Bit 10 of register 22}
e Stop on Counter Overflow detected {Bits 24-31 of register 22}
¢ any write into register 22 via the Maintenance Channel

There shall be only one period of PMF Operation following a
PMF Initialization.
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2.11-2

PMF Status {register 22 byte 0}

Byte 0 of register 22 contains the PMF Status bits. A
Maintenance Channel Urite of this byte shall cause all 8 bits
to be cleared regardless of the write data from the Channel.
{Thus all PMF Status bits are clearaed during Initialization.}
Any of bits 1 through 4. once set. will remain set until the
next PMF Initialization.

Bit 0 - PMF Operation in Process
Bit O shall set when a PMF Operation {as defined in 2.11.1}
begins and shall clear when the PMF Operation terminates-.
Bit 1 - STOP Detected. Keypoint Class

Bit 1 shall set whenever a PMF Operation is terminated
because of a Keypoint Class match as specified by bits
10. 20-23 of register 22.

Bit 2 - STOP Detected- Counter Overflow

Bit 2 shall set whenever a PMF Operation is terminated
because of a counter overflow as specified by bits
24 through 31 of register 22.

Bit 3 ~ Keypoint Timer Carry Out
Bit 3 shall set whenaver the Keypoint Timer {as defined
in 2.11.b.3} produces a carry out of its leftmost bit
position.

Bit 4 - FIF0 Buffer Overflow

Bit Y4 shall set whenever a keypoint antry for the FIFO
Buffer was discarded because the Buffer was full {2.11L.b.2}.

Bits 5-7? - Not assigned

These bits shall be zero when read via the Maintenance
Channel. Urites into these bits shall be ignored-
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2.1L.3

2:1%.3-1

PMF Control {register 22 bytes 1-7}

Byte 1 of register 22 contains the PNF Control bits. Byte 2
contains the Keypoint Class START and STOP codes. Byte 3
contains counter overflow selections. Bytes 4 and 5 contain
Instruction Argumant and Mask for event code 0C- Bytes b and
? are not used-

PMF Control Bits {bytes %-3}

The bits in byte 1 shall control the PWF Operation as defined
below.

Bit 8 - PMF Keypoint Request

Bit 8+ whan set during PMF Initialization. shall cause

the processor {fupon completion of PMF initialization}

to send both the Keypoint Class and Kaeypoint Code to the
PMF each time that the processor datects a keypoint
instruction {2.k.1.7?} whose Keypoint Class matches a bit
set in the Keypoint Mask Register. Note that this bit
being set shall cause the processor to take the action
dafined above from the completion of PMF Initialization
until the termination of the PMF Operation. This bit shall
be cleared by the PNMF at the termination of PNF Operation.
This bit allows the procassor {on a model-dependent basis}
to take advantage of any performance gains possible when
the PMF does not require Keypoint data-
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Bit 9 - Start Keypoint Operation

Bit 9. when set during PMF Initialization. shall cause

the PMF Operation to start when the Keypoint Class

received from the processor is equal to the value contained
in bits 1b through 19 of register 22. This keypoint data
from the processor shall be the first keypoint entry
recorded. If bit 9 is set. bit 8 must also be set to
request the keypoint data from the processor.

Bit 9.+ when cleared during PMF Initializationa shall
cause PMNF Operation to start immediately upon the
completion of the initialization. UWhen bit 9 is cleara
the PWF shall ignore bits 1k through 19 of register 22.

Bit 10 - Stop on Keypoint Class

Bit 10, whan set during PMF Initializationa shall cause
PMF Operation to terminate immediately upon the receipt-
from the processor. of keypoint data containing a Keypoint
Class equal to the uY-bit code in bits 20 through 23 of
register 22. This stop condition shall have no effect
until the PMF Operation begins. The keypoint data meeting
this stop condition shall be the last keypoint entry

sent to the FIF0 Buffer.

In the event that bits 9 and 10 are both set and bits

1b~-19 are equal to bits 20-23. the same transmission of
keypoint data from the processor that starts the PMF
Operation shall not also stop it. Rather. the next trans-
mission of the same Keypoint Class would stop the PIF
Operation. Thus the same Keypoint Class number could be

used to start and stop the same PMF Operation in a meaningful
way.

When bit 1D is set and the FIF0 Buffer is full such that the
keyboard data from the processor is discarded {see 2.1l.L.2}.
the PMF shall continue to test each keypoint data word

from the processor for the keypoint class which causes

the stop-

Bit 10, when cleared during PHMF Initializationa shall cause

the PMF to ignore bits 20 through 23 and this type of
stop condition-
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Bits 11-15 - Not Assigned
These bits shall be zero when read via the Maintenance
Channel. Urites into these bits shall be ignored.
Bits 1k-19 - Keypoint Class Start
These Y4 bits shall be used as specified under bit 9
of register 22-

Bits 20-23 - Keypoint Class Stop

These Y4 bits shall be used as specified under bit 1.0 of

register 22.

Bits 24-31 - Counter Overflow Stop

Any of these 8 bits. when set during PHWF initial@zation1
shall cause the PMF Operation to terminate immediately upon

the overflow {carry out of leftmost bit position} of
the corresponding 32-bit counter.

Bit number: 24 25 2b 27 28 29 30 31
Counter: AD BO AL Bl A2 B2 A3 B3

2.11.3.2 PMNF Control {bytes u4-7}

Bytes 4 and 5 contain the Instruction Argument and Mask for

event code 0C as specified in 2.11.5.

Bytas b and ? are not used- These bytes shall be zero whan
read via the Maintenance Channel. Urites into these bytes

shall be ignored.
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PHF Counters {register 22 bytes 8-473}

The occurrence of certain events or states {2.11.5} within
the processor shall be available to the PMF for its use in
accumulating individually selectable counts in its eight
32-bit counters {see Figure 2.11-2}. These counters shall
be divided into two groups of four counters each. and shall
be designated AD through A3 and BO through B3.

The contents of these counters may be read as bytes 1k

through 47 of register 22 {see Figure 2.11-1}. HMoreover. these
counters may be initialized to predetermined values via the
Maintenance Channel Urite of bytes 1k through 47 as part of

PMF Initialization {2.11.1%}.

The input to each of these counters shall be individually
selected as specified in bytes 8 through 15 of register 22.
These bytes shall be formatted as shown in Figure 2-11-1. The
5-bit code for each input selector shall select an input event
or state as specified in paragraph 2.11.5. The unassigned bits
in bytes & through 15 shall be zero when read via the
Maintenance Channel. UWrites into these bits shall be ignored.

Bit O of bytes 8. 10. 12 and L4- when clear. shall cause

the appropriate A counter to receive the selected A input.
Bit D of bytes 8+ 10. 12 and l4. when set. shall cause the
appropriate A counter to receiva the "AND" of the selected

A and B inputs. For aexample. bit D of byte & shall cause
counter AD to receive the AD input selection "AND™ the BO
input selection {See Table 2.11L-1}. UWhether or not bit O

is set. the appropriate B counter shall receive the selected
B input.

Events when selected to a counter shall cause the counter

to increment by one each time the event occurs. States are
conditions from the processor {such as Monitor Mode} which
last for more than one clock period. States when enabled

to the A counters shall cause the counter to increment once
each time the state occurs and when enabled to the B counters
shall cause the counter to increment once each clock period
that the state exists.
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Byta 14.
Bits 3-7

Byte 12.
Bits 3-7

Byte 10,
Bits 3-7

Byte 8-
Bits 3~7

Byte 15.
Bits 3-7

Byte 13-
Bits 3-7

Byte 1l
Bits 3-7

Byte 9.
Bits 3-7

A3

) AL

A2

T A2

A3

DOC. ARH1700
REV. T
DATE Oct. 15, 1981

PAGE 2-238

A3

1 AD

Byte
Byte
Byte

f_-’ SELECTOR

~ Al

INPUT

Byte 14, Bit O ____<>

2. Bit 0 —
10. Bit D

8. Bit 0

£}

AD
LOGICAL
UNIT

CDC CYBER 180 MAINFRAME DOC.
MODEL~-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.
DATE

Systems Development PAGE

Architectural Design and Control

ARH1700

T
Oct. 15, 1981
2-239

—— AD

£ )—
NS

COUNTER

B3

B2

Bl

- Bl

~— BO

f———’ SELECTOR

.y BO

INPUT

JEvent and State Lines |
from Processor

COUNTER

Figure 2.11-2 PHF Input Selectors and Counters
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[IveuT sELECTORS]  f| [“counters ]
Byte n. Bit O Clear
3 Byte na Bit O Set
A B A B A
Event A | Event B Count of Count of Undefined
Event A Event B
Event A | State B Count of Count of time Occurraences of
Evant A in State B¥ Event A while
State B exists
State A |Event B Count of Count of Occurrances of
occurrences Event B Event B while
of State A State A exists
State A |State B Count of Count of time Undefined
occurrences in State B¥
of State A

*Number of 50 ns clock cycles in Pla 5h ns cycles in P2,
kY4 ns cycles in P3 and 1b ns cycles in THETA.
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Each processor shall provide the events and states to the
PMF as described in Table 2.11-2 and the following paragraphs.
Each PMF shall provide inputs for codes 00 through 1F. Ng
counter activity shall result from the selection of unassigned

or unimplemented input codes-

Input

Select

Code Event/State P2 P3
ao Event X
1)3 Event X X
o2 Event X
03 Event X X
oy Event X X
gs Event X X
(115 Event X
o7 Event X X
o8 Event X X
o9 Event X X
DA Event X X
oB Event X X
oc Event X X
oD Event X X
DE Event X X
oF Event X X
10 State X X
11 State X X
12 State X X
13 State X
14 Event X X

15-1F Events

—
=
m
-1

|

OMIVHZACT Mo <4

Dgscription

(M Reference at Port

CM Read {0perand or Instruction}
CM Urite {Operand}

CM Read for Segment Table

CM Read for Page Table

CM Read due to Cache Miss

Page Map Miss

Page Table Search without Find

BDP Result field less than & bytes
BDP Result field greater than

? bytes

Conditional Branch. Condition Met
Conditional Branch. Condition

Not Met

Selected Instruction Complete
Instruction Complete

Trap Interrupt

External Interrupt

€180 Monitor Mode

€180 Virtual Machine State
TRAP Enabled

Page Table Search in Process
one Microsecond

NOT ASSIGNED

Table 2.31-2 PNMF Events/States
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Coda DO Central Memory Reference at Port
This event shall occur once for @ach read or write referanca
to central memory which is generated by the processor. as
seen at the processor interface to central memory {includes
common memoryl.
Code 01 Central Memory Read {0perand or Instruction}
This event shall occur once for each operand read or instruction
read reference to central memory which is generated by the
process in execution.
Includas:
Hits in the cache
Common memory references
Both €170 and (130 references
Does Not Includg!
Instruction look-ahead and not executed
Cache look-ahead
Segment Table references
Page Table references
Transfers to physical ECS
Code D2 Central Memory Writes {operandl}

This event shall occur once for each write reference to
central memory generated by the process in execution.
Includgs:

Common Memory references

Both €170 and €180 references
Does Not Include:

Page Table updates {when done by the hardware to
update modification codel
Transfers from physical ECS
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Code

Code

Code

Code

Code

03

oy

0s

0k

o7

Cantral Memory Read for Segment Table

This event shall occur once for each read reference to the
segment table in central memory caused by a miss in the
Segmant Map. This aevent is independent of virtual machine
state.

Central Memory Read for Page Table

This event shall occur once for each read reference to
central memory to search for a Page Table entry as the
result of a miss in the Page Map. This event does not
include referances as a result of the Purge Buffer instruction.
This event is independent of virtual machine state.
Central Memory Read Due to Cache Miss

This evant shall occur once for each central memory read
reference as defined in code 01 where the cache does not
contain the desired operand or instruction. This event is
independent of virtual machine state.

Page Map Miss

This event shall occur once each time the Page Descriptor
{3.5.1} is not found in the Page Map.

Page Table Search without Find

This evant shall occur once each time a Page Tabla Search
without Find {2.8.1.10} occurs-

CDC PRIVATE
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Code 038

Code D9

Code 0A

Code DB

BDP Raesult Field less than & bytes

This event shall occur once each time a BDP.instruction
produces a result field less than 8 bytes in length. The
instructions which may generate this event are CL80 only:

BDP Instruction Ref.
. Sum o7y
. DIFFERENCE 075
. PRODUCT 07k
« QUOTIENT s Jrard
« SCALE 0v7a
« SCALE ROUNDED 079
. W¥Rsiate HZS
. MOVE BYTES 0819
« EDIT 091
. MOVE IMMEDIATE DATA 154
« ADD IMMEDIATE DATA 156

BDP Result Field greater than 7 bytes

This event shall occur one every time any of the BDP
instructions described in code 08 produces a result field
greater than 7?7 bytes in length.

Conditional Branch. Condition Met

This event shall occur once for each Conditional Branch
instruction completed and in which the condition was met.
This involves only the instructions with op codes 9X in
€180 mode.

Conditional Branch. Condition Not let
This event shall occur once for each Conditional Branch

instruction completed and in which the condition was not
met. This involves only the (180 9X op codes.
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Code 0OC Selected Instruction Complete
Code 0D Instruction Complete
This event shall occur once each time one of the previously

selected instructions completes execution. Instructions

may be selected for this event by either of two methods.

This event shall occur once for each instruction execution
completed in the processor. This shall include (L7?0 and C180.

1. Bits 32 through 47 of PMF register 22+ referred to as Code DE Trap Interrupt
the Processor Instruction Argument {byte 4} and Processor
Instruction Mask {byte 5}. shall be used to generate this This event shall occur once each time a trap interrupt
avent. {2.8.b} is performed.

For each instruction issued by the associated processora
the PMF performs a bit-for-bit comparison between the
leftmost eight bits of the processor's Instruction Register
and the Processor Instruction Argument. Equality is tested
for each corresponding Processor Instruction Mask bit that
is a ona. Equality is assumed for each corresponding
Processor Instruction Mask bit that is a zero. Thus\

Code OF External Interrupt

This event shall occur once each time an external interrupt
is received by the processor. This shall include external
interrupts generated by the processor itself {2.b.3.1}.

when the Processor Instruction Mask consists entirely of Code 10 €180 Monitor MNode
zeroes. every instruction executed shall be interpreted
as a Selected Instruction Complete event- This state line shall be a one whenever the processor is
. . . 3 in €180 Monitor Mode {2.5.1.11} and be a zero whenaver the
2. It shall be possible to designate any instruction or processor is not in CLB0 Monitor Mode. This line shall make
combination of instructions for the Selected Instruction only one transition from one to zero {or zero to one} during
Complete event. This shall be implemented by an extra ' each C180 Exchange operation.

bit in the processor instruction decode memory which
identifies the instruction or combination of instructions.
This bit may be set or cleared for any combination of
instructions when the decode memory is loaded as part of
initialization. Each time the instruction or any single
instruction within the combination of instructions complepes
execution- it shall be interpreted as a Selected Instruction
Complete event.

Code 11 €180 Virtual State

This state line shall be a one whenever the processor is
in C180 Virtual State. An exchange from (180 Job to Monitor.
etc. shall not cause a transition on this line.

Code 12 Trap Enabled
This facility may be provided in lieu of the Processor

Instruction Argument and Mask. For this approach. the This state line shall be a one whenever the processor has
Processor Instruction Argument and Mask fields located Traps Enabled and shall be a zero whenever the processor
in bits 32 through 47 of register 22 in the PHF shall be has Traps Disabled as defined in 2.8.
ignored.

Code 13 Page Table Search in Process

This state line shall be a one during a Page Table Search.
This line counted in an ™A" counter shall be equivalent
to code OL.

Code 14 One Microsecond

This event shall occur one each microsecond.

Codes All PMF implementations shall provide codes 15 through
15-1F 1F for aevents. These codes are not assigned.

CDC PRIVATE CDC PRIVATE



CDC CYBER 180 MAINFRAME DOC.

ARH1700

MODEL-INDEPENDENT GENERAL DESIGN SPECIFICATION REV.

T
DATE Oct. 15, 1981

Systems Development PAGE

o2-2ub

Architectural Design and Control

2-1k.-k

2¢11.be1

PMF - Keypoint Data

When bit 8 of PMF register 22 is set. the processor shall
detect each keypoint instruction whose Keypoint Class matches
a bit set in the Keypoint Mask Register. The processor shall
then a;ansmit both the Keypoint Class and Keypoint code to
the PHF.

If PMF Operation {see 2.11-1} has started. the PWF shall then
catenate the 3k bits of keypoint data to a 27-bit field
consisting of one status bit and a 2b-bit Timer value in

the format shown for register 21 in Figure 2.11-1. The resulting
bY-bit field shall be stored into the First-In. First-Out
{FIF0} Buffer. The function of the FIF0 Buffer shall be to
permit short bursts of keypoint information to be collected
within the PMF during periods in which the frequency of
keypoint instruction execution exceeds the rate at which

the I0U is reading keypoint data via the Maintenance Channel.
The number of bLu-bit entries in the FIF0 Buffer shall be
model-dependent.

Maintenance Channel Read of Register 21

This keypoint information shall be supplied by the PMF

to the Maintenance Access Control {MAC} in response to a
Maintenance Channel Read of Processor register 21. If the

PMF has no keypoint data entries available. the PMF shall

send a DISCONNECT to the IOU. If the keypoint data is available
the PWF shall make this data available to the MAC for transmission
to the I0U. UWhen the initial request from the channel is re=-
ceived and the FIF0 contains no kepoint data words. the PMF shall
respong by sending one undefined byte and a DISCONNECT to the
channel.

Uhen the last byte of the last available keypoint data word is
transmitted to the channel. the PWNF shall either-
o transmit a DISCONNECT with the last byte. or

e transmit the last byte and wait until the channel requests
the next byte {which is not present} and then respond by
sanding one undefined byte and a DISCONNECT to the channel.

This method of collecting keypoint data will allow the IOU to
collect data without hanging the Maintenance Channel while
waiting for keypoint data.
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2.21k.5b.3

The I0OU read operation for PMF register 21 shall always request
a minimum of 128 bytes {lb words} and shall be equal to O bytes-
mod 8. Read requests for less than 128 bytes or other than 0.
mod & shall leave the buffer contents in an undefined state

when the IOU rather than the PMF deactivates the channel.

PMF register 21 shall be a read-only register. and attempts
to write into it shall perform as defined in k.l.2.4. Bit J
of this register is unused. and shall contain zero.

FIFO Buffer Overflow

During PMF Operationa if the processor transmits a Keypoint
Class and Keypoint Code to the PWF and the FIFO Buffer is

full. the PMF shall discard the keypoint data from the processor
and shall set bit O of the most recent entry in the FIFO Buffer.

Multiple Kaypoint Class and Keypoint Code entries may be
discarded before the IOU reads the FIFO Buffer againa and

data recording into the buffer resumes. Thus when examining

a series of keypoint data entries. each entry with bit 0 set
{FIF0 Buffer Overflow} shall indicate one or more lost entries
between that entry and the next sequential entry. Bit 0 will
never be set as an entry is stored but only when subsequent
data is discarded-

PNMF Kaypoint Timer

The 2b-bit keypoint timer shall be incremented once each
microsecond and shall be available at the input of the FIFO
BUFFER for concatenation to keypoint data from the processor.
The timer shall start incrementing from zero when PMF Operation
{2.11.1} starts. When the counter has incremented completely
to 3IFF FFFF. it shall increment once more to zero. set bit 3
of register 22+ and continue incrementing at a one-microsecond
rate.
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2.12.1
2.12.3.1

2.l2.1.2

Vector Instructions

The vector instructions {Table 2.L2-1} are. in general. three-
address. memory to memory vector operations which are available
as an option on THETA. These instruction op codes shall be
detected as Unimplemented Instructions on Pl. P2 and P3 as

well as on THETA when the vector option is not present.

General Description
Format

All vector instructions utilize the jkiD instruction format.
Designators j and k always designate the register Aj and

Ak where {Aj} points to the starting address of a source
vector. VAj. and {AkY} points to the starting address of the
destination vector. VAk. Designator i typically designates
register Ai where {Ai} points to the starting address of a
second source vector. VAi. The exceptions {Ref 184, 185. 190,
1924 193}. where i is used in a different manner are described
in the individual instruction descriptions. An Address Specifica-
tion error shall be recorded whenever the rightmost three bits
of Aja Ak or Ai {when used} are not all zeros.

The second bit from the left in the D field shall be ignored
and should be set to zero.

Length {Number of Operations}

The rightmost ten bits of the D field. when non zero. specify
the length or number of operations to be performed {1l to 532}.
When the rightmost ten bits of the D field are zero. then the
length is specified by Xl Right. UWhen Xl Right is negative.

an Instruction Specification Error shall be recorded. UWhen Xk
Right is positive and less than Sl2yg.+ then this number {from

Xl Right} shall be used as the lengtE for the vector instruction.
When X1 Right is greater than or equal to 5k21g. then 5ig shall
be used as the length for the vector instruction. An Ingk uction
Specification Error shall be recorded when the rightmost ten

bits of D are greater than leln-

When the rightmost ten bits of D and all 32 bits of Xl Right

are zero. the instruction shall be performed as described
in paragraph 2.L.7.
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+ +
| Instruction Name Op. Code Mnemonic |
| : |
| Integer Vector Sum 443kiD ADDXV |
| Integer Vector Difference 453jkiD SUBXV |
| mmmmmm e e e e |
| Integer Vector Compare, = 50jkiD CMPEQV |
| Integer Vector Compare, < 513jkiD CMPLEV |
| Integer Vector Compare, > 52jkiD CMPGEV |
| Integer Vector Compare, # 533kiD CMPNEV :
'_ - -
| sShift Vector Circular 4DJkiD SHFV {
|__.. _______________
| Logical Vector Sum 483k iD IORV |
| Logical Vector Difference 49jkiD XORV |
| Logical Vector Product 4A3kiD ANDV ’
[ -
| Convert Vector from Int. to FP 4BjkiD CNIFV |
| Convert Vector from FP to Int. 4CjkiD CNFIV :
- —— -
| Floating Point Vector Sum 403k iD ADDFV |
| Floating Point Vector Difference 41jkiD SUBFV |
| Floating Point Vector Product 429k iD MULFV |
| Floating Point Vector Quotient 433jkiD DIVFV :
|- -
| Floating Point Vector Summation 57jkiD SUMFV ;
|...
| Merge Vector 543jkiD MRGV :
!_ -
| Gather Vector 55jkiD GTHV |
| Scatter Vector 56jkiD SCTV |
S e b ——
9349Y
Table 2.12-1 Vector Instructions
2.12.1.3 Broadcast

The leftmost bit of the D field. when sets shall cause
VAj to be generated by repeating the s1qgle element
contained in Xj for all vector instructions.
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2.12.%.4

2.12.1.5

Interrupts

The interrupt response time shall be less than 20 microsaconds
for all instructions.

« All Vector Instructions other than Gather/Scatter

These vector instructions are not interruptable after

any results have been stored into central memory. When

a group 2A condition bit {Table 2.8-3Y sets in the MCR

or UCR that specifies a program interruption {Tables

2.8-2 and 2.8-2} before results are stored into central
mamory. the instruction is inhibited and appears conceptually
not to have executed. Whan a group 2A condition bit

sats after any results are stored into central memory.

the instruction execution is completed before any program
interrupt is initiated.

Gather/Scatter Instructions

The gather/scatter instructions may be interrupted when
a group 2A condition bit sets in the MCR or UCR after
results have been partially stored into central memory
as described in paragraph 2.12.10.

Results {Scalar/Vector’}

When a vector instruction performs an operation for which
a comparable scalar instruction exists. the vector result
shall be identical to the result obtained on the scalar
instruction using the same input operands. Table 2.l2-2
specifiaes the comparable operations for all vector
instructions except for Summation. Merge. Gather and
Scattar. {These have no comparable scalar operation.}

There are four exception conditions for which scalar instructions
inhibit the store operation when traps are enabled and the
associated mask bit is set. The result to be stored by

vector instructions when the comparable scalar operation

doaes not store a result.

e Divide Fault - UCRSS
The vector operation {0p. 43} will store an Indefinite
result {700...0} whenever a Divide Fault is detected {as
noted in Tables 2.4-9 and 2.4-10}~ and both a Divide Fault
and a FP Indefinite condition will be detected.

e Arithmetic Loss of Significance = UCRBLD
o Floating Point Indefinite - UCRGL

o Arithmetic Overflow - UCRELZ2
For these latter three conditions. the vector instructions
shall store the specified result. as per the appropriate
user mask bits which the scalar instruction would have
stored whan the traps are disabled.
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Logical Product

VAj is a source VAk is destination VAi is a sourcae Comparable
vector of vactor of vactor of Scalar
contiguous contiguous contiguous Operation

Integer Sum 2e2.242

Integer Difference L4 bit bY4 bit kY bit 2.2.2.2
integers integers integers

Integar Compare =

Integar Compare £ bY4 bit k4 bit elaments b4 bit 2.2.2.9

Intaeger Comparae 2 integers intagars

Integer Compara #

Shift Circular b4 bit elements b4 bit elements b4 bit elements 2.2.7.1

Logical Sum

Logical Difference b4 bit elements b4 bit elemants B4 bit elements 2.2.8.1

Convert F.P. «Integer
Convert IntegereF.P.

b4 bit integars
FeP. Oparands

F.P. operands
kY bit integers

Not Used
Not Used

T

«P. Sum
« Difference
« Product

- Quotiant

°oOTTD

F.P. Operands

F.P. Oparands

F.P. Oparands

F.P. Summation

Not Used

One F.P. Operand
stored into Xk
rather than into
cantral memory
at VAk.

F.P. Cperands

Merge

b4 bit elements

b4 bit elements

b4 bit elements

Nona

Gather

VAj is source
vaector of
typically dis-
contiguous kY4
bit elaments

VAk is destination
vactor of
contiguous kY bit
elements

Xi contains
the interval

None

Scatter

VAj is source
vector of

contiguous b4
bit elements

VAk is destination
vector of typically
discontiguous

k4 bit elaments

Xi contains
the interval

None

Table 2.12-2 Vector Instruction Input & Output Fields
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2.12.3.k Condition Register Bits 2.12.1.b {Cont'd}
® DUE e Divide Fault

The above condition register bit is as defined in
paragraph £2.8.1.k. <{The PVA contained in

P does not necessarily point to the instruction which
initiated the activity resulting in this malfunction.}

Instruction Specification Error
Address Spacification Error
Invalid Segment

Accass Violation

Environment Spec Error

Page Table Search without Find

The above condition register bits {for all vector
instructions except gather/scatter}. when applicable

as shown in Appendix D, shall cause the instruction
execution to be inhibited and the approgriate interrupt
to be taken as specified in Tables ¢.8-1 and 2.8-2:

These conditions need not cause the exescution of the
gathar/scatter instructions to be inhibited but rather
to be halted as described in 2.12.10.

The PVA contained in P at the time the above interrupt
occurs shall point to the vector instruction which
caused the interrupt.

Debug

The Debug condition register bit applies to all vectors.
The address of the first word of each source vector Aj
and Ai {when present} shall be compared for read data.
The addraess of the first word of the destination vector
Ak shall be compared for write. The detection of a debug
condition shall cause the instruction execution to be
inhibited and the trap operation to be performed. The
PVA contained in P at the time of the debug interrupt
shall point to the vector instruction which caused the
debug interrupt to occur.

CDC PRIVATE

2.12.1.7

Arithmetic Overflow

Exponent Overflow

Exponent Underflow

F.P. Loss of Significance

F.P. Indefinite

Arithmetic Loss of Significance

The above condition register bits. where applicable as
shown in Appendix D1 are detected and sat in the UCR at

the completion of the vector instruction. These bits

are. in effect. the "OR™ of multiple operations. The
1nstfuction execution is not inhibited and the interrupt
specified in Table 2.8-2 occurs after the completion of

the vector instruction. The PVA contained in P at the

time the above interrupt occurs shall point to the
instruction following the vector instruction that contained
the operation{s} which caused the interrupt condition bit{s}
to be set if an Exponent Overflow. Exponent Underflow» or
Floating Point Loss of Significance condition occurred.
Otharwises the PVA contained in P shall point to the vector
instruction which contained the operation{s} which caused
tha interrupt condition bit{s} to be set. Note that when
multiple interrupt conditions occur that indicate different
values of P, then P points to the instruction following the
one that contained the operation{s} which caused the
interrupt condition bit{s} to be set.

Overlap

Source and destination vectors for the same instruction may
be overlapped only when the starting address of the
destination vector is less than or equal to the starting
address of the source vector.

All other cases of overlap of source and destination vectors
within a single instruction shall be undefined with respect to
the results.
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2.12.1.8

2.12.2.9

2.12.2

Page Size

The page size shall be 409k bytes or larger when executing
any vector instruction. UWhen a vector op code is encountered
{on a processor with vectors implemented} and the page size
is less than 409k bytesa an Environmental Specification Error
shall be recorded and the execution of the vector instruction
shall be inhibited.

It must be noted that. while other vectors require no more than
two pages aach. the input vector for the gather instruction and
the output vector for the scatter instruction require an
increasing number of pages to be present in central memory as

the interval inereases. The maximum number of pages. 5321n. is
required when the interval is equal to or larger than the page
siza. A gather or scatter instruction limited to an insufficient
number of pages could continually interrupt with the Page Table
Search without Find condition bit set. and never complete execution.
The page management algorithm of the operating system must

take this into account.

Shared Memory Restriction

The processor shall not execute vaector instructions with
input and/or output vectors mapped into shared memory.

The processor shall test the RMAs obtained from the virtual
translation for data references to/from central memory. When
bit 33 of an RMA is set. an Environment Specification Error
shall be recorded and the locations specified by the result
vector become undefined.

Integer Vectors - Arithmetic

Integer vector sum. V{AK} replacaed by V{Aj} plus V{Ai}
L4jkid {Ref. 172}

Integer vector difference. V{Ak} replaced by V{Aj} minus V{Ai}
45jkid {Ref. 173}

These instructions shall perform the indicated arithmetic
operation on the first element from VAj) and Vi) and store the
result as the first element of VAK. This operation is repeated
for successive elements until the required number of operations
has bean performed.
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2.12.3

2.12. 4

Integer Vectors - Compare
Integer vector compares VL{Ak} replaced by VL{Aj} equal to V{Ai}
50jkiD

Integer vector compare-
or equal to V{Ai}

51 jkiD

{Ref. 17k}
ViAk} replaced by V{Aj} less than

{Ref. 177}

Intaeger vector compare. V{AKk} replaced by V{Aj} greater than
or equal to V{Ai}

52jkid {Ref. L78}
Integer vector compare~ V{Ak} replaced by V{Aj} not equal
to VLAi}

53jkid {Ref. 179}

These instructions shall perform the indicated inteqer
arithmetic comparison on the first element from V{Aj} and
V{Ai}. If the compare is true. bit 0 is set and bit positions
1 through b3 are cleared in the first element of V{Ak}. If
the compare is false. bit positions 0 through k3 are cleared
in the first element of ViAk)}. This operation is repea?ed for
successive elements until the number of required comparisons
has been performed. UWhen broadcast of V{Aj} ig salected and
j=0+ the contents of the XD Register shall be interpreted

as consisting entirely of all zeros.

Shift Vector Circular

Shift vector circular. VIAk} replaced by V{Ai}. direction
and count per V{Aj}

4D jkiD {Ref. a0}

This instruction shall perform a circular shift on the first
element from WAi) as directed by the first elament of V(A i) and
store the result as the first element of VKl This operation
is repeated for successive elements until the raquired number
of operations has been performed. The shift count for each
element in VAi) is taken from the rightmost & bits of the
corresponding element of V(Aj) and interpreted as described in
paragraph 2.2.7 of the MIGDS.

When broadcast of VAj)is selected and j=0. the contents of

the XO Register shall be interpreted as consisting entirely
of zeros.
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2.12.5

2.12.b

Logical Vectors

Logical vector sum. V{Ak} replaced by V{Aj} OR V{Ai}

48 jkid {Ref. 1813

Logical vector differance. V{Ak} replaced by V{Aj} EOR V{Ai}
49jkid {Ref. la2}

Logical vector product~ V{Ak} replaced by V{Aj} AND V{Ai}
YAjkiD {Ref. 183}

These instruction shall perform the indicated logical operation
on the first word from Mﬁj)and VAi) and store the result as the
first word of YAkl This operation is repeated for successive
elements until the required number of word logical operations
has been performed.

Convert Vectors

Convert vector. floating point V{Ak} formed from integer v{Aj}
4BjkiD {Ref. LAY}

Convert vector. integer V{Ak} formed from floating point V{Aj}
Y€ jkid {Ref. 185}

These instructions shall perform the indicated convert operation
on the first element from WAj) and store the result as the first
element of VAK. This operation is repeated for successive
alements until the required number of convert operations have
been performed. Designator i is ignored by these instructions.
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2.12.7

2.12.8

Floating Point Vectors - Arithmetic

Floating point vector sum~ V{Ak} replaced by V{Aj} plus V{Ai}
4gjkid {Ref. LabL}

Floating point vector difference. V{Ak} replaced by
VIAj} minus VLAi}

41 jkid {Ref. 187}

Floating point vector product. V{Ak} replaced by V{Aj}
times V{Ai}

42jkid {Ref. 188}

Floating point vector gquotient. V{AkY} replaced by V{AjY
divided by V{Ai}

43jkid {Ref. 189}

These instructions shall perform the indicated arithmetic

operations on the first element from A 3j) and Wﬁﬂ and store
the result as the first element of VAk: This operation is
repeated for successive elements until the required number
of operations has been performed.

Floating Point Vector Summation

Floating Point Vector Summation. Xk replaced by summation

of elements in V{Ai}
57jkiD {Raf. 190}

This instruction shall add together all of the elements in

VA1) and store that sum in Xk. The individual add operations

which together form this instruction are single pracision

sums comparable to that defined in 2.4.3.1,and may be performed

in any order. Any or all of the following UCR bits may be set

by the execution of this instruction% Exponant Overflow.

Exponent Underflow., Floating Point Loss of Significance and

Floating Point Indefinite. When any of these condition bits

are set- the final sum is undefined.
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2.12.9

The number of intermediate sums formed in the execution of
this instruction is of interest because multiple floating
point add operations are sensitive to the order in which the
adds are performed for certain operands. The order of the
summation instruction is model-dependent. However. each
processor model shall always form the sum in an identical
order for every execution with identical input fields. Thus
each processor model shall always produce identical results
for identical input fields.

Becausa each processor model may implement a different order
in forming the final sum. the result of this instruction
with identical input fields may vary {within the constraints
of the rules of floating point arithmetic} from one model
procassor to another. A condition bit or bits may be set on
one model but not on another when aexecuting this instruction
with identical input fields.

Marge Vector

Merge vactor. V{Ak} partially replaced by V{LAj} per
mask V{Ail}

54jkiD {Ref. 191}

This instruction shall replaca the first element of V{Ak}
with the first elament of V{Aj} if bit D0 is set in the first
alemant of V{LAi}. If bit 0 is clear. the first element of
V{AK} shall be left unchanged. This operation is repeated
for successive elements until the required number of
oparations has been performed.
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2.12.10

Gather/Scatter Vectors

Gathar vector. V{Ak} replaced by gathered V{Aj} with
interval Xi

55jkid {Ref. 192}

Scatter vector. V{Ak} replaced by scattered V{Aj} with
intarval Xi

5bjkiD {Ref. 193}

Designator i designates register Xi which contains the
interval for the gather or scatter instruction. This
interval may be either positive fincluding zero} or negative.

The execution of the gather and scatter instructions shall
be undefined with respect to the generated rasults for every
case in which the source and destination fields overlap.
{Coincidence in the leftmost and rightmost positions does
not cause the instruction to be defined as for other vector
instructions.?}

The processor need not prevalidate all of the PVA's generated
by the gather or scatter instructions for Page Fault. Access
Violations Invalid Segment or Address Specification Error
before beginning to store results into central memory. UWhen
any of the above conditions occur during the execution of a
gather or scatter instruction:

. Instruction execution shall halt.

. The address which could not be translated into a real
mamory address shall be placed into the UTP register.

. The appropriate bit in the MNCR shall be set and the
action specified by Table 2.8-1 taken.

« The PVA in P at the time of the interrupt shall point
to the gather or scatter instruction which attempted the
central memory reference which resulted in the interrupt.

Upon returning to the process containing the gather or
scatter instruction. the entire instruction shall be
reinitiated. It is important to note that when the
untranslatable address is encountered. the instruction is
halted. not inhibited.

If the interval contained in Xi. when repetitively added to
the contents.of the appropriate A registapr. causes the byte
number portion of the address to exceed 2% -1 or to bacome
naegative {both cases sat bit 32}. an Addraess Specification
Error shall be racorded and the instruction halted as
describad above.
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Gather Instruction

This instruction obtains the first element from VfAj) and
storas it as the first element of VAL Thae sacond elament
to be stored in WAk) is taken from the address formed by -
adding the rightmost 32 bits of Xi. shifted laft three places
with zero fill. to the rightmost 32 bits of Aj. Successive
elements in WAK) are taken from the address formed by adding
the rightmost 32 bits of Xi. shifted laft three places with
zero f%111 to the rightmost 32 bits of the pravious address.
The nth {1.213...n2.-.F elemant of WAK) is replaced by VAJ)
whose address is {Aj>+8x{n-1}{Xi}. The contents of register
Xi are not altered by the execution.

Thus. contiguous vector V(AK) is formed by gathering elements
from WAj) at interval Xi.
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Figure 2.l2-1

Gather Instruction
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Scatter Instruction l Vi) 5
This instruction obtains the first element from VAj) and

stores it as tha first element of VQAk: The second contiguous

element from WKj)is stored into V(Ak) at the address formed Positive Interval
by adding the rightmost 32 bits of Xi. shifted left three LAK}

places with zero fill. to the rightmost 32 bits of Ak.
Successive elements from VAj) are stored into the addresses

formed by adding the rightmost 32 bits of Xi. shifted left

three places with zero filla to the rightmost 32 bits of thlll I*I [‘ l T;]
the previous address: The nth {l,2432+..n~...} element of [ xi | i | i |
V(Aj) is stored into VAk) at {Ak}+8x{n-1}{Xil}. | ' - - |

Thuss the contiguous elements from VA j) are scattered in
V(AK) at interval Xi.

| 0y
Zaro Interval
| )
t
{AK}
I VA j) ———>
Negative Interval
LAk}
| wo T ]
Looxi L oxi | xi |
~ ™ T 1

Figure 2,12-2 Scatter Instruction
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VIRTUAL MEMORY MECHANISHM

AR A e

General Description

Central memory shall be addressed by means of virtua} memgry
addresses. This section concerns itself with the definitioh,
formation and translation of virtual memory addresses as well
as the access protection mechanisms provided in systenms.

Levels of Addresses

Within systems. three levels of central memory addresses
shall be recognized: Process virtual address {PVA} system
virtual address {SVA}. and real memory address {RMA}.

Ml del a2l =22

Each process virtual address {PVA} shall consist of three
major components: A segment number {SE6}. 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 globals
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 {SVAY
shall be further translated into the real memory address {RNAY

ded
through the system page table. Each paged segment shall be divi
into ggges and shall be allocated into real memory accordingly.
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3.1.2

3.1.2.1

Address Components

The process virtual address {PVA} shall consist of a segment
numbzr {SEG}~ a byte number {BN} and a ring number {gN}- The
RN shall be used for access control and the combination of the
SEG and BN shall specify a byte address.

i t
The system virtual address {SVA} shall consi§t 9f an active segmen
identgfier {ASID} and a byte number {BN}. within the SVAa thei
BN shall be further divided into subfields. The BN shall cons st
of a page number {PN} and a page offset {P0}.

The concepts of segment and page are discussed in the
following sub-paragraphs.

Segments

In systemss 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. In 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. Tha 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 segmenta 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 software. the ASID shall provide a "short”
name for the more permanent segment {filel} name used in the
information storage subsystems. The translation from the per-
manent name to the mshort™ ASID shall be accomplished by the

sof tware-

All active pages within a given segment must exist in ghe
same memorya either local or shared_{see 4.1.bY. Duplicate
copies of the same page cannot coexist anyuhere in memory.
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3.1.2.2

Pages

To facilitate mapping segments into real memory. and to enable
management of very large central memories. the segments shall
be subdivided into pages. Page sizes shall vary between a min-
imum of 512 bytes and a maximum of LYK bytes. In any given
processor. the page size shall be fixed. Within each page-
addressing shall be performed to the byte. The total hierarchy

then. shall be:
\\\\\\ SEGMENT ////,
PAGE

7

Figure 3.1-1: Address Component Hierarchy

It must be noted. howevera that in generals 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.
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3.1.4

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:
s fe 31 }
32 33 L3

For certain configurations- bit 33 is used to select the
central memory port in accordance with paragraph 2.10.%.1.
RMA bits 3y and 35 are reserved. The actual central memory
size shall be a system installation parameter.

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
Kave controlled access to the code and data of other partitions
having 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.
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3.2 Process Virtual Address

The following paragraphs define the format of the process virtual
address and the logical algorithms used for translating the pro-

3.2.1.2

Segment Number

cess virtual address into the system virtual address.

Format

The process virt

1 _address {PVYA} 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
from each instruction shall be used to form the effective address.

The format of the PVA shall be as follous:

b

0

b

i

RN

SEG s

3.2.12.1 Ring Number

The ring number

RN shall also be used as a special
of zeroa IRN =

BN JRSE—

T {RN} shall consist of a four bit field contained
in bit positions 1

access validation as discussed in section 3.kL.

b through 19 of each PVA.

It shall be used for

flag such that a ring number
0} shall denote an unlinked Pointer.

See 2.8.1.13.

The test for Ring Number equal zero {RN=0Y} shall be performed
at and only at the following points:

Object tested for

Action taken when

Instruction Ring No. Zero Ring No. = Zaero
Return Any A register as read
{0p. O} from the Previous

Stack Frame Save Area
{2.b.1. 4}

Pop
{0p. Ok}

Register Al or A2 as
read from the Previous
Stack Frame Save Area
{2.6.1.5%

Load Multiple

{0p. 803

Load Address

{0p. a4}

Load Addressa

Indexed
{0p. AD}

The gquantity as read
from memory that is
to be loaded into

an A register
{2.2.1.b & 2.2.Lk.7F

Sets MCRBED at the
completion of
instruction
exaecution.

Does not inhibit
instruction
execution.

Does not alter
the UTP.

3.2.2.3

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 k3 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. In the one.{negativel
state. 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 {STL2.
The STA shall represent the real address of the first entry of
the process segment table. Each entry within a segment table
shall be b4-bits long and shall be accessed by indexing the STA
with the appropriate segment number. The STL~ plus onea

shall represent the number of usable entries in the associated
segment table. The segment numbers {which is applied as an
index to the STAmust be less than or equal to the value of the
STL. The process segment table shall effectively define the
process virtual address space. The maximum number of entries
which may be contained in a segment table shall be 409k.

Segment Descriptors
Each of the bU=-bit entries contained in the segment table shall

be referred to as segment descriptors and shall be formatted as
follows:

17 XMTITTUATTAMRMANANAN
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3.3.13.2

Control Fields

The 8 control bits contained in each segment descriptor. {bit
positions 00 through 07}, shall be grouped into 4 2-bit fields
referred to as VL. XP. RP. and WP. Each of these four groups
shall be decoded and translated as follows:

vL RE
0o Invalid Entry - oo Non-Readable Segment
01 {Reserved} 0y Read Controlled by Key/lock
10 Regular Segment 10 Read Not Controlled by Key/
lock
11 Cache By-Pass Segment 3l Binding Section Segment-Read
not Controlled by Key/Lock
XP up
jal] Non-Executable Segment 0a Non Writable Segment
01 Non-Privileged Executable 0L Write Controlled by Key/lock
Segment
10 Local Privileged Executable 10 Write not Controlled by Key/
Segment lock
11 Global Privileged Executable 11 {Raserved}
Segment

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.

Segments having RP=11 may be read as if RP=10.

Read- Write and Execution privileges are described in Section
3.b of this specification.
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3.3.1.2

3.3.1.3

3.3.2.4

Access Validation Fields

The R1 and R2 fields shall all consist of 4 bits each. GL ghall
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 as described in Section 3.k
of this specification.

Active Segment Identifier

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.

Conversion to System Virtual Address

The process segment table entries shall be used prdimarily to
validate central memory accesses. Howevers they shall also be
utilized to convert the PVA to a system virtual address {SVA}.
by substituting a lb-bit active segment identifier for the l2-
bit process segment number. The formation of the SVA is illus-
trated in Figure 3.3-1.
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1t 20 32 b3
<s RN SEG{12} 1} BN{31}
index relative to STA
SEGMENT DESCRIPTOR C
0
P
S ASID {1bl} S Y
1b 31
C
0
2]
Y
g' ASID {Mb} o] BN {31}
1k 31 b3

SYSTEM VIRTUAL ADDRESS

Figure 3.3-1

Conversion of PVA to SVA
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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. The system virtual

-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:

1k £ b3

T, | -

PN P PO

33 48

\

<
4 SVA

Y

Active Segment Identifier

The active segment identifier {ASID} shall consist of a lb-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.
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3.4.2.1

3.4.2.2

3.4.2.3

Byte Number

The byte number {BN} shall consist of a 3l-bit field contained
in bit positions 33 through k3 of the SVA. It shall specify
the byte location {or displacement} within a segment.

Within the BN. the address translation mechanism shall further
recognize two subfields: a page number {PN} and a page offset
{P0}.

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 of the systenm.
The page size shall be fixed on a per installation basis and
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
number. 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 {7-U} ones-.
followed by U zeros. -where the page size gs 2Y x 512 bytess

For example. U=2 yields a page size of a{®*9F-apus pytes.

The corresponding page size mask would be set to : ™1111100."

Page (Offset

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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BYTE NUMBER

33 b3 -

<TooN
<DponNn

| A I —

PAGE OFFSET—>]
{9-1b3}

(Ll
___

|¢——— PAGE NUMBER {15-22}

Figure 3.4-1

Formation of Page Number and Page 0ffset
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3.5 System Page Table (SPT) 3.5.1 Page Descriptors
System Virtual Addresses (SVA s) shall be translated System page table entries shall copsist of pH-b1ts eacha aqd
into Real Memory Addresses (RMA s) by means of the shall be referred to as page descriptors. Each page descriptor
System Page Table. Each page currently allocated in shall identify a page frame to be accessed as well as record usage
the central memory shall have a corresponding entry . of th