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THE STRUCTURE OF THE MS=3 S-¥ACHINE

PREFACE

" This specification provides the complete, comprehensive
description of the system structure; of the arithmetic»
togicati. Stringe branchings state sWitching and
input/output (I/0) operations; and of the interruption and
fault handling mechanisms that comprise the M5-3 S-Hachine.

RELATED SPECIFICATIONS
~ The information contained in the followiniy documents {is
pertinent to this specification.

MS=-3 Architecture Yotes #1 - #12.
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THE STRUCTURE OF THE MS=3 S=MACHINE

- GENERAL DESCRIPTION

-The system is designed to operate with a Master Control
Program {MCP) that coordinates and executes all I/0
intructions, handles exception conditions, and supervises
schheduling and execution of multiple prograans {(i.e.r time

nuttiplexing of processes).

A program consists of one or more source modules. Source -
nodules consist, of symbolic descriptions of algorithnms
{procedures) and data arcas (module "o4n"™s, process giobal
and procedure locald). Source modules are compiled 1into
object modulzs. A process 15 the execution of a progranm
and is characterized by a sequential flow of control
~ through invoked object modules.

MS5-3.provides facilities for efficient switching from one
process to another, traversing through soduleses relocation
of processes in processor memory and for storage
protection. ’
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THE STRUCTURE OF THE MS=3 S-=MACHINE

ARCHIILCTURAL CHARACTERISTICS

Some of the architectural <characteristics
S=Machine are:

Decimal addressing to the digit.

Decimal arithmetic. :

Addressable S-registers.

Indirect addressinge.

Facilities for modular programming.

‘of the MS-3

COBOL type étring operations on 4~-bit and B8-bit units.

FORTRAN type storage unit oriented operations.

Storage protection via segmentation.
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THE STRUCTURE OF THE MS~3 S~MACHINE

SYSTEM STRUCTURE

PROCESS AND MODULE ADDRESSING ENVIRONMENTS

An environment consists of logical storage partitions
catiled segments. The symbolic name of a sejment is catlted
a segment descriptor. Segment descriptors are contained in
either an environment segment dicticnary or the Systenm
Segment Dictionary.

The segments of an environment mav be addressed relative to
the base of the environment segment dictionary ({called
local addressing) or they may be addressed relative to the
base of system memory (called global addressing).

An addressing environasnt is characterized {(defined) by its
environment segua2nt dictionary.

See Figure 3-1 for the Ulogical representation of an
environment. :
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A
3.1 PROCESS ANDvHDDULE ADDRESSING ENVIRONMENTS (Continued).
Do."\‘ o 8
D ote
s
Dot
) SD.
_ ' _/""
[ Logcanl *
b Clobal
f &
SSD
GicLﬂi G /
L—
T
Glekal ¥ "
p
§§ DB . ) ! v



3‘1.2

06730775

THE STRUCTURE OF THE MS=3 S-MACHINE

Process Environments
Each process has associated with 1t a process static
environment and a process dynamic enviranmnent:

The process static environment consists of segments which
are global to the process. These include a process stacke.

The process dynanic envirenment consists of segments of

~data which have been passed from modules other than the’

current one.

Module Code (Read Only) Environment

A code environment contains segments of code and read-only
data for a module.
Module Data Environment

A data environment contains the static, as oppbsed to
parametric, data segments of a module.
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THE STRUCTURE OF THE 35‘3 S-MACHINE

SYSTEM ADDRESSING STRUCTURE
System Segment Dictionary

The System Segment Dictionary (SSD) defines and protects
addressable areas of memory via descriptors., This SSD
serves as a gqlobal collection of descriptors which
primarily, but neot exclusively, define environsent segment
dictionaries. The SS) base (SSDB)Y is the first (lowest).
valid address discovered by the processsr at ipitiatl Load
time. The SSDB value is known by the S=vachine at all
times.
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Segment Dictionaries

Segment dictionaries characterize environments. An
environment segment dictionary either Ulocates or .defines
and protects addressable areas of memory via segment
descriptorse. Environment segment dictionaries are
described by entries in the  SSD, thus» the base of an
environment segment dictionary is SSDB relative.
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" 3.2.3 Segment Descriptors
Segment descriptors ar2 word addressed (i.e.r» on modulo 10
digit boundaries). Segment descriptors contain segment

dictionary base (528) relative addresses (modulo 100
digits) or 5508 relative addresses or SSD indexes.

Segment descriptors are ten digits long and have formats
defined by the following fields:

D descriptor type

The descriptor type field 1is two bits {onjg. The
descriptor type may designate that the descriptor is:

a) a local (segment dictionary) base relative address
(LOCAL)

B) a global (SSD) base relative address (GLOBAL)

c) a ccﬁy descriptor (an address relative to a SSD
entry) (COPY) b

d) a miscellaneous format (MISC)

2) usage typa

The usage type field is two bits long and the values
depend on the descriptor type.

If the descriptor type is LOCAL or GLOBAL then the

usage type may designate that the area the descriptor
defines is:

a) Read Only data

Access to the described area is limited to a read
operation. Attempts to access tha area 1in some
other way Wwitl result in an access fault
{protection violation). -

b) Read/Hrite data

The area may be read from or written into. Other
forms of access will generate a fault.
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THE STRUCTURE OF THE MS=3 S=MACHINE

Segment Descriptors (Continued)

t) Execute 0Only code

Data (code) within the area may only be exescuted.
Read or write access ®ill generate a fault.

d)'Read/Execute code
Similar to Execute Only but only a write access
will generatz a fault. This allows Read Only

data in a3 code segment.

I1f the descriptor type is COPY then the usage type may
designate that the descriptor points to:

a) a segment descriptor pf any type
b) a segment dictionary address

c) a module code segment address (is the first word of
a module entry point pair)

If the descriptor type is MISC then the usage type may
designate:

a) an absent memory area (rest of descriptor is
softuare defined) : ‘

b) a module entry point data address and code offset
(the second word of an entry point pair) -

Tablte 3-1 designates the <codes for the various type
combinations.
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3.2.3 Segment Descriptors (Zontinued)
i desc | descr | usaszs | symbol 1 neaning t
{ type | type 1 type |1 1 |
] code 1 code 1 i i
ekt B bl Ded bbbkl bk dede bbb iedeindede il i ateindaindedatabeinindababeladatheb it H
{ MISC | i | L 1
i 1 00 i 00 t ABS t absent - area not in physical mem |
f i 00 1 01 1 - f reserved t
t ~ t 00 1 10 1 P2 1 2nd half of entry point pair i
i i 00 | 11 1 - i reserved 1
1 LOCAL!Y t i 1 ' i
i t 01 t 00 I L/R 1 Ltocals, Read Only (5DB relative) !
i 1 01 ! 01 t L/R/¥ 1 locals Read/HWrite i
i i o1 t 10 1t L/E t Llocats Execute QOnly 1
t t 01 ¢ 11 % L/E/R 1 local, Execute/Read Only i
JGLOBALL | i L ‘ _ L
{ -1 10 Y 0O t G/R ! global, as above (SSD3 relative) 1
i L 1 0 1 (L § I G/R/W 1 - L
1 1 10 t 10 1 S/E i v i
i t 10 ¢ 1% U G/E/R 1 . !
i CoPY 1 1 1 1 : i
t t 11 1 00 1 SEG f copy of a segment descriptor i
i i 11 1 o1 1 SD 1 .- dictionary desc |
i t 11 1 10 1 Pt f first half of an entry point pair i
i 11 1 11 - { reserved 1
{ 1 t | i 1

TABLE 3-1. Segment Descriptor Types.
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LDCAL/GLUBAL Segaent descriptors

-3 .1 5 9

e ke ufndadadnde e e e e ———— t
{ i ) . 1 1 ' . ' . 1
1 T i SIZE i B ASE 1
! ! ! i

Type Fields tdigit O

For LOCAL/GLDBAL descriptors the type fields (T "=
Descriptor Type = eight=bkit and four-bit; Usage Type -
two=-bit and one=-bit) specify how to form an address and
what operations are permitted upon the data located at that
address.

Size Field (digits 1=-4)

.The size fieid specifies the length of the described area

in units of 100 digits (the two Llow=-order digits are
implied and have a value of zero).

0000 means a length of zero.
9999¢00" is the largest segment size in digits.

Base Field {digits 5-9)

The base field specifies the relative location of the
described area. A base represents a seven digit numbers
the low=order digits are implied and have a value of zero.
I1f the type is LOCAL», the beginning of the area is computed
relative to the hase of the relevant segnent dictionary
(i.e.» the seogmant dictionary containing the descriptor).
[f the tvype 1is GLOBAL, the beginning of the area is
computed relative to the pase of the SS). :
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COPY Segment Nescriptors

SEGMENT DESCRIPTOR ADIRESS

-=0 1 5 -9

Jmmmmmo——m—me—e-csecsccccssoscocnna- -——-
S L L Y A AV A AV AN AV Y AV AR
1 T S SD X WAV AV A AV AV A N
I AV A S

R D bbbl 1

Type Fields (digit 0)

This descriptor type represents a "copy"™ of a descriptor in
the SSD.

SSD Index Field {digits 1i-4)
The S$SD index (SSDX) field contains a (word) index into the
$SD», where the "reai™ descriptor is to e found. - Segment

numbers are not applied to this type.

SEGFENT DICTIJINARY ADIRESS

-0 1 5 7 9
e e [
R R DAY 22 D N
T1 S$50DX 1/ 7771 SEG i
1 VAV VAN !

Type Fields (digit ©)

This descriptor type represents a "copy®™ of a descriptor 1in
a3 segment dictionarvy.

55D Index Field (digits 1-4)

The SSDX field contains a (word) index into the SS5D for  a

descrintor that defines where the segment dictionary of the
"real" descriptor is to be found.

Segment Number (digits 7-9)
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SEGMENT DICTIONARY ADDRESS (Continued)

The segment number (SEG) 1is applied to the segment
dictionary descriptor te obtain the *real™ descriptor.

ENTRY POINT ADORESS

-0 1 5 7 9

e e LD L e DL DL et il
i 1 ' ' t ' { ' ) 1
LT SSD X IMASKI SEG I
P { t : i
R L L L L L -1
--10 11t 15 19
fmmeemeem——— e b DL —————]
i 1 ¢ L] e 1 L) T T . l
1T S SD X ! 0 FFSET 1
tot I I

Entry points have to do with inter-meodule procedure cail
and branching. They must occur in pairs.

Type Field (digit Q)

Digit 0O designates an entry-point=-1 {(EP1) ¢type of
" descriptor.

'SSDX Field (digits 1-=4)

This field identifies the descriptor for the next =module’s
code segment dictionarye.

MASK Field (digits S=6)

This fietd will specify an interrupt and fault mask, etce.
SEG Field (digits 7-9) ‘

This field cont3ins the seament number of the code segment.

This seament is relative to the segwent dictionary
specified hy the SSDX field.
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ENTRY PDINT ADDRESS (Zontinued)
Type Field (digit 10)
Bigi 0 designates an entry-point-2 (EP2) type of

$SDX Field {digits 11-14)

This SSDX identifies the descriptor for the next module®s
data segment dictionary.

Offset Field (digits 15-19)

This field contains the (digit) offset within the code
segment of EP1 at which execution will next cenmence. The
size of this field means that only the first 99999 digits
of a code segment may be ENTERed (directly) via an entry
point pair. . : '
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3.3 PROCESSING STRUCTURE

A

process is the execution of a prog am and 1is

characterized by the sequential flow of control through
invoked ohject modules. Module invocation is accoaplished

via

the process sequence control instructions

(Procedure-caii, Branch). Cailed procedures mav be tocated
"in the current (intra) module or in some external Cinter)
module.

The system provides for 1) passing parameters to the called
procedure, 2) saving the current epvirosnment Cas
appropriate), 3) acquiring a new environment if a procedure
external to the current module 'is being called, &)
accessing data passed by reference, and 5) restoring the
correct environment when the procedure 1s exited.

Intra/inter-module procedure entry histary is maintained in
a Process Stack. The informaticn contained 1in this area
includes 1) the type of catl Cintra/Zinter module)» 2) the
instruction pointer (segment number and offset), and 3) the
location of the previous history information.:

A process is specified by naming a process state record
{PSR}. Each PSR <contains the information necessary to
reinitiate the process on the processore.

At any time the addressing range or'scope of a module being

1

YJg F;“’;,EigﬁuLiguis oart of a process is defined directly by three
" environmentsg)

one pseudo environment and a set of

addressable registers and indirectly by another

environment.

These are respectively:

1)

2)

3:

Process static environment., This environnent is
characterized by the process static segnent dictionary.

Module data environment. This  environment is
characterized by the module static data segment
dictionary. Associated with this environment is a
current data segment which allows a short form of
operand address descriptiona

Module codsa environnzant., This environnent is
characterizad by the module code seqment dictionarye.
Associated with this environment is a current code
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" PROCESSING STRUCTURE (Continued)

segment which allows a short form of branch address

description.

Procedure parameters and local data (this is the pseudo
environment). _Stcrage for these is allccated from .a
Process Stack which is located via the bprocess static
segment dictionary.

“The addressable ‘registers are addressed via a register

type operand descriotion and are located via the
process state record.

Process dynamic environmente. This environment 1is
characterized by the  process dynamic segment
dictionary. Segment descriptors for parameters passed

by vseference are actually located in the process

dynanic environmant and are referenced via
corresponding operand descriptions in the Process
Stacke. ’ ‘

See Figure 3-2 for a diagram of the various addressing
environments in a process's direct addressing space.
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Process Stack

By definition, segment zero (the zero'th -entry) of the
process static seament dictionary defines the Process Stack
area. Space for history Llinkage, - parameters and local
vartables (temporary storage) is allocated in a LIFD manner
in this stacke. Addressing 1is relative to the last
information deposited by the Mark-stack instructione. This
information is termed a Mark Stack Control Yord (MSCH).
tocal (L)s» historical (F) and top=of=stack (S) pointers are
associated with the Process Stacke. L» F and S are
manipulated by the Mark=stack (MKST)» Procedure=~call
(ENTER) and Procedure=-return (EXIT)  operators. The S
pointer is also manipulated via the TOS operand typee.

Bounds checking on the Process Stack and the process
dynamic segment dictionary must be performed whenever their
stack pointers are changed. Such checking should wuse an
equal condition only. Thus the fault=handling procedure
will not get bounds cthecks. ‘ .
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Process Stéte Record

The Process State Record (PSR) is not addressable by the
process. This area coatains all the variables that are
needed for process inttiation. :
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Process Static Segment Dictionary

The process static segment dictionary is a process wide
segment dictionary (referenced by environment number one in
an operand description = see section 3.4.2). The process
static segment dictionsry does not change during the Llife
of the process. This segment dictionary describes areas
global to the processe.

»
iy

Module Static Data Segment Dictionary

A module static data segment dictionary defines data areas
(referenced by environment number two {in an operand
description) of current interest. The module static datsa
segment dictionary is dynamic in that the current segment
dictionary may be changed via the ENTER, EXIT or inter
module branch instructions.

Module Code Segma2nt Dictionary

S GE e R SN G D GE T GO P . GE WL W) A R R W N R G SR W GNP AR @ e

A module code segment dictionary defines those <code
segments {(referenced by environment number three in a
transfer of control intruction? of current 1interest. The
module code segmznt dictionary is. dynamic in the same

fashion as the module data segment dictionarve.

Dynamic (Procedure Lozal) Data And Parameters

Dynamic data and procedure parameters are placed in the
Process Stack along with the procedure history. These
variables are roferenced by environment number zero and no
segment number in an operand description.

Process Dynamic Segment Dictionary

The  nprocess dvnamic segment dictionary is a segment
dictionary which is not directly accessible by a processs
but is used to contain the address of parameters passed by
reference. fThis seqment dictionary 1is referenced by an
environment numhar of zero in an operand description C(uwhich
contains a seament number) that ‘was constructed in the
Process Stack by a3 Push-name (STUFF) instruction. The
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Process Dynamic Segment Dictionary (Continued)

space allocation within this segment dictionary operatas in
a stack or LIFO manner. The addressing is relative to 1its
base. The HMKST and STUFF instructions cause the name (N)’
peinter to be manipulated. The npnrocess dynamic segment
dictionary 1is not addressable via the process static
segment dictionary.

kddressable S-reagisters

The S=machine provides sixteen addressable registers for
use as index registers or accunulators. Each register is
ten diqgits long. Doubdble length operands may extend over
tWo registers.
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INSTRUCTION FORMATS

Instructions are composed of an Operator Description
followed by zeros ones, two or three Operand Descriptions.
Instructions consist of byte modulo sytlabies which must
begln on an even address.

Operator Description

The first byte of an instruction contains the Jperator
Description which is encoded and defines the operation (0p)
to be performed. All unassigned Op codes are reserved and
will cause 3 program fault if encountered. Each 03p code
implies the numb2r of Jperand Descriptions xhich follow.

Qperand Description

Each Operand Description consists of a Prirary Syllable,
optionally followed by one or more Extension Syllables.
The Primary Syllable may vary in length from one to four
bytes. Each Extension Syllable is two bytes long.
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Primary Syllable

The Primary Syllable may be one of four categories:
titeral (C(LIT), Register (REG)s Top=-3f=Stack (T05) and
Reference (REF?. The primary syllabltes for LIT, REG and
T0S are two bytes tong. The primary syllable for REF may
vary in tength from one to four bytes. The first digit of
each primary syllable specifies which category the operand
belongs tos as well as giving further formatting
information for the REF category. :

The formats of the Primary Syllables for Literal, Registers,
Top~0f-Stack and Reference Operand Descriptions are as
follous:

LITERAL (LIT) - @

—————————— - g]’_
‘ --------------- ‘ gs
f 91 v 1 1 { —,
t===1-==i g | 1 ﬁ?;
P 0t N I// | t o
t===1-==1"L 1 D 1
1 01 1 1 i
{w==i T 1 1 {
| I

111 I

The fifst digit specifies a literal operand.
V specifies variable or fixed-length operand.
N specifies numeric or string operand.

T is the type, selecting the appropriate ro from the
table in section 3.5.

L is the length of the literal in digits.
D is the first digit of data in the literale.

"The number of extension  syllables which follow is
determined by the formula ((L-1) DIV &4).
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REGISTER (REG)

to v
{===i-=-1 1
i0F N
1-==§i---1 R i L
S I T T B
t===1 T 1 1
totr 1 1

. The first digit indicates that this is a register
operand. - '

V> N and T are the same as for LIT.
L is the lenath of the operand in digits.

R specifies which one of the 16 g3eneral-purpose
reqgisters contains the operand. '

No Extension Syllables follow.

~ t o1 vi i
fem=f===1
it 01 N1
I===f==—1 L
t 11 i
=== T
11t 1 I

The first digit indicates that this is a top-of-stack
operand. .

V> N and T are the same as for LIT.
L is the length of the operand in digits.

The address is assumed to be the current top of the
procedure call stack. Use of this form causes the TOS
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- YOP=0OF~=STACK (T3S) (Continued)

pointer to he incremented past the end o the operand
(7105 == T3S * L). - ‘
Ne Extension Syllables follow.

REFERENCE (REF)

-
]
]
]
i
]
1
-
- A e  aie W aes
-y
' >
— witl g ewm WS we W
%]
@
_— . S e SR e e

Both v and N may not be zero.

Each of L» IX and SG may or mav not be present. Thus
eight possible formats exists of ones, twos three or
four bytes in lenath.

X specifies the presence of the IX Field.

'S specifies the presence of the S$S6 Field.

V specifies the presence of the L Field as well as
specifying whether the operand 1is wvariable or fixed
length. .

N» T and L are the same as for T0s.

E specifies th2 Environment (see section 3.1).

IX specifies the indexing or indirection (see section

SG specifies the sagment number.

The number of Extension Syllables 1is variable (see
section 3.4.2.2).
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3.4.2.2 FExtension Syliables

Each Extension Syllable for a Literal' operand 1is of the
form: : ’

- WS ugy GEe RS Ay S
=]
- SN G R WA R e

Extensions for Reference operands mav be of type Addresss
Segment» O0ffset, Length or Extension. Extension Syllabies
are fetched repeatedly until an Address syllable is
encountered.

ADDRESS (ADDR)

- S A e o s
>
=
<
~
-l R mm g VAR e

If the first digit of a Reference £Extension 1is 0
through 9, the type is Address, and contains a full
four digits of address specification. This address is
relative to the context established by the rest of the
Operand Description.
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SEGMENT (SEG) EXTENSION

t1 10
1---1 |
t o1 |
1---1 SES |
t 1 |
1-=-1 |
T T T T B

A first digit of hex '8! specifies that the Zxtension
is a Sesgment type. .

SEG field specifies the segment number and overides the
§ field of the Primary Syllable.

OFFSETY (OFFS) EXTENSION

1 11 1 N
‘—-—I

LI B :
1-=-1  OFs
1 01

'-a--‘

1 21 i i
!-----------‘--——l

A first digit of hex 'C* specifies that the Extehsion
is an Offset tvpe.

DFFS field specifies three digits of offset to be added -
te the address after all indirection has taken place..
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LENGTH C(LGTH) EXTENSIDN

t 11 | i 1
P===1 1
t 11 t
j===1 LGTH i
t 01 i
1===1 i
111 i 1 i

A first digit of hex 'D*' specifies that the Extension
is 2 Length type. :

LGTH field specifiss three digits of operand length.

Values of V and N are set to V = 1» N = 0 regardliess of
the values spoecifizd in the Primary Syliable. The
value of the LGTH field overrides the L field of the
Primary Syllable.

FIELD EXTENSIOM C(EXTHN)

S T Y T
R |

111

i---1 EXTN
SRR

1==-1 .
Tit 1

A first digit of hex *F*' specifies that the Extension
Syllable is 3 Field Extension type.

EXTN field soecifies three digits which a2re to be used
as the high=-order digits of the Extension Syllable
which immediitely follows this syliabhte.

EXTN may prgcede the ADDR, OFFS» or LGTH syllables.
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Indirect Length

Indirect Lenath may be specified in the L field of etther a
T0S or REF operand. The format is as follows:

L} | b ]
4 P B 1

1-~-1
111
t---1 R
I
1=-=--1
P

The two high~order bits of the first digit specify that
tength indirection is to be used.

R specifies one of the general purpose registers which
will contain the actual length to be used. The entire
register is used (excluding sign), but the Llength 1is
checked against th2 maximum allowed for the specified
data type.

Indirect Addressing And Indexing (IX Field)
The presence of an IX fieid in the Primary Svyilable allows

specification of indirzsct addressing and/or indexing. The
IX field is formatted as follows: "

o]

i i i

=== |

i Pt i

f=--i R 1

t Xt 1

f===1 1

t I i

fomm===a
I = 1 specifies that indirect addressing is to be
applied. .

X =1 specifies that indexing is to be applied.

R specifies one of the general=-purpose registers which
is to be used for an index value.
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3.4.2.4 Indirect Addressing And Indexing (IX Field) (Continued)

P specifies pre-indexing or post-indexing. If P = 0
(pre-indexing) the contents of the specified register
are added to the address of the operand before any
. indirect address fetch takes place. If P = 1
- {post=indexing) the contents of the specified register
are added to the final address of the operand after all
indirection has bean resolved.

Hhen indirect addressing is specified, the operand address
references a memory location from which an operand
description is to be fetched (Primary Syltlable "and
Extension Syllables). The specified location must be an
even address. All formats and requirements for QOperand
Descriptions in an instruction apply to indirectly fetched
Operand Descriptions as well. ’
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DATA TYPES

The following data types are orimitive to the S=Machine.
The column of the tables is selected based on the V and N
bits of an operand description and the row is specified by
the type field of the same operand description,

! Type | String | Variable 1 Fixed |
1 Code | -1 Numeric | Numeric |
1 . | ' ] 1 i
I T V=1,N=01 V=1,N=1 ! ¥=0sN=1 1
| ekl R i |- e e 1
1 0 f HX { UN 1 RS i
] 1 ] * L SN i FI 1
] 2 1 CH § uo i RD !
1 3 1 * i SD t nutl §
'--- ------- L G AR SR EEEn D Gh SR AR N D L YR G G AD AN G W AP @ SW WC UGB W !
Where * means illegal type.
General characteristics are:
String
Left justification, nadding With blanks, right

truncation and no data checking.

Variable Numeric
Right iustificatibn, padding with zeros, no store on
overflow and data is validated. The maximum allowable
field length for arithmetic operations is twenty units.

Fixed Numeric

No store on coverfiowe.
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DATA TYPES (Tontinued)
The data type may be "null® in any of several cases:
a) The operator requires only an address.

b) The type and length is specified at a prior or
subsequent level in a chain of indirect addresses.

c) The type and length of a previous operand is to be used.

The following suhsets of the data types are referenced
coliectively in this document:

string (S5) = HX» CH :
numeric (N) = UNs UD» SN» SD» FI» RS, RD
.floating=~point (R) = RS, RD

integer (i) = UN» UD, SN, SD, FI
signed-integer = SHs SD» F1I
unsigned-integer = Uil» UD

eight-bit = UDs SDs» CH .
four-bit = UNs, SN, FI, RS, RD», HX
eight=bit numeric = UD, S9

four=bit numeric = UN» SN» FI», RS» RD
four=bit integer =

UNs SN, FI
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Unsigned MHumeric (UN)

Four=bit units which may contain only B8CD values 0 through
9. Used only for arithmetic operationss the validity of
the BCOC digits is checked, the number is considered to be
right justified and there s no store on an overflow
condition. The maximum length is 20 digits.

Signed Numeric (SN)

Four=bit units where the teftmost unit is 1interpreted as:
€C = plus, D = wminus, other values are -illegal. The
remaining units are the same as UN. The maximum length is
20 digits plus the sign digit {21 digits total).

Unsianed Display (UD)

Eight bit units which may only <c¢ontain ERCDIC codes for
zero through nines except that leading blanks are treated
as zeros. Used only for arithmetic operations, the units
are validated to »2e "F0" through "F3%", the number 1is
considered to be right justified and there is no store on
an overflow condition. The maximum {ength is 20 units.

Signed Display (SD)

The same as UD, except that the high-order four bits (zone)

~of the leftmost unit is treated the same as the f{leftmost

unit in SN. The maximam length is 20 units.

Hexadecimal {HX)

Four=-bit unitse. Used only for string manipulation
cperations, atl bit combinations are valids the —contents
are left justified in the field and truncation occurs fronm
the right. The =maximum length is memory size.
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Character (CH)

Eight-bit units. Has the same characteristics as HX.

integer (FI)

The same as SN except that the number of units (length) is
fixed at 9 digits plus the sign digit (10 digits total =
the same size as the index registers).

T G AR A Gn TR P R A SR GE AR R A EP SR WD G e e s

This is a unit with onsz bit signs for the mantissa and
exponent (0 = plus, 1 = minus), a six bit exponent (binary
power of 10} and the next eight digits are a BCD wmantissa.
The decimal point is assumed to oe to the left of the
mantissa. The mantissa is validated to enasure that it
contains 3CD dijits only. The total length is ten digits.

Double Precision Real (R}D)

The same as RS except that the mantissa is 18 BCD digits.
The total tength is 20 digitse.
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EXCEPTION MECHANISMS

Fault Structure

Faults are defined to be exception conditions which can be
blamed on the currently running process. All are handled
by:

1)} Generating a MSCH.

" 2) Inserting onz and nossibly two paraneters into the STK.

The first parameter identifies the fault. The second
parameter is specific to the kind of fault (see the
description of the Absent fautlt).

3 Performing an ENTER to a standard entry point for the
type of fault {(e.g., PSSD, 3).

Absent Descriptor Fault

This fault occurs 1if fetch ¢trips across & segment
descriptor with a usag2 type of Absent.

The parameters are:

1} An indication that this is an absent descriptor fault.

oy

-2 A COPY descriptor which ididentifies the offensive

segment dictionary entry (this goes in the ST, not the
POSD).

Interrupt Structure

See section h.1.7.
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3.7 INPUT/CUTPUT STRUCTURE

See section 4.1.7.
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INSTRUCTION SET

The following abbreviations are wused for operands in
instruction descriptionss:

01> 02 ..s any- operands
S1sy 52 eeoa string operands
Nis N2 eoe numeric operands
Rls R2 eee real operands
Ti» 72 ... table aperands
Als, A2 c.. address operands

Operand types are checked to validate that they are in the
appropriate subset allowed for an instruction.

Table 4-1 describes the conversions which take place
between operands of different data types. When on operand
is a sending (SHiD) field and one a receiviny (RC¥) field,
the sending ooerand type is converted into the receiving
operand type. NWhen two operands are both sending. fields,
the internal tvpe conversion for anm operation is made as
follows:

a) data tvpe precedence is UN, UD, FI, SN» SD» %S, RD,
HX» CH

b) the operand whose type is to the left is converted
to the type of the other operand. '

Instructions'uhich use different tvpes for special purposes
(bit manipulation, exponent manipulations, snaifts, etc.) are
treated as specified in the instruction description.

Ne receiving field may overlap any sending field.
The codes used in Table 4=1 have the following meanings:

overflow protection (no store)
float

normalize

right justify

teft justify, right truncation
truncate fractional part

pad with blanks

pad with zeros -

sign is lost

NN~ 2D2"M0
Wi nn

nnw nn
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INSTRUCTION SET (Continued)

zZzones are stripped

zones are set to *'F°?

sign is set to plus .

BCD check on appropriate fields

O+ O
wonon oy
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INSTRUCTION SET (Continued)
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TABLE 4-1. The Iaplied Type Conversions For Move Operations.
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INSTRUCTIDN SET (Continued)
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Implied Type Conversions.

TABLE 4-1 (continued).
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PROCESS SEQUENCE CONTRIL

A Process Stack (STK) is maintained as seament zero of the
process static segment dictionary. Within this segment,
the S=Machina provides a local (pseudo) environment.
Procedure calt and return operations change the Llocal
environment. TuWwo S=~Machine registers are used to define
this local environament. '

The Local (L) register identifies the base of the currently
valid local environment. The L rejister value is always
even {i.e.» a byte address).

The Stack (S) register identifies the first avaitable cell

in the Process Stack. It is a digit address.

name) register i3 used in procedure cal reference the
most recent history information.

A third S=-Machine registers the History(:::} a historical

Figure 4-1 illustrates the partioning of the Process Stack.
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4.1 PROCESS SEQUENCE CONTRIL (Continued)
STK
Zz F
S >
Local
{
© Pﬂrmmﬂer‘s
4/
= Ristony
kaeals
| Riremeters
N
Q‘O\ ” o_i,
L 1S 0\"\/ ‘J
%
F

FIGURE 4-1. The Process Stack.
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HISTORY

The information pointed to by the L and F registers is ten
digits (one word) of history information. This information
is ptaced in the STK by the Mark-stack {(MKST) operator as

the first instruction . in the procedure call sequence. The
history word allows the S-¥achine to recover the proper
{previous) state following a Procedure~return (EXIT)

instruction.

PARAMETERS

The next area 1in the Llocal environment contains any
paraneters passed to the procedure. Such "parameters are
placed 1in the stack by operations which specify the
top-of=stack ‘type destination operand. Parameters may also
cause informatioan to be oplaced in the process dynanmic
segment dictionary (PDSD).

LOCALS

The third area in a locat environment may contain Llocal
storage for the procedure.

THE PROCESS DYNAMIC SEGMENT DICTIONARY

In order to pass paramesters by reference (address) in a
secure fashion, the PDSD is used. The PDSD operates in a
stack Like manner; information is entered as a result of
the Push-name (STUFF) and Procedure=-catl (ENTER) operators
and is removed bv the EXIT operator. The PBSD is word
ortented and data is always on word (modulo 10 digzit)
boundaries. The S-Machine maintains a Name (M) register to
the first fres word in the PDSD. figure =2 iflustrates
the PDSD. '
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THE PROCESS DYNAMIC SEGMENT DICTIONARY (Continued)

PDSD

&
)}
(A

"

FIGURE 4-2. The Process Dynamic Segment Dictionary.
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PROCEDURE CALL SEQUENCE

The normal procedure call consists of:

1) Executing a ¥KST operator to record appropriate history
information (F and S will be changed).

23} Build parameters in the Process Stack (S and possibly N
will be thanged).

3) Execute an ENTER operator, specifvying where to transfer
control. ENTER wilt record necessary return
information and establish a new local environmznt.

Mark-stack

"MKST
The MKST operator caﬁsas a word (10 digits) of history
information to be entered into the Process Stack. The S
and F registers are cananged.

ST History Hord (Markstack Control Word = MSCHY) Format

==D 5 9

R e e b bbb bl |
1 1 . ) ) 1 ' * ' v 1
1 51 N i DL 1

S = State Bits

The eight~bit contains the Mark Stack Flag (MS5F). The
MSF is set by a MKST operater and reset by an ENTER
operator. This flag is used during an ZXIT operation.

the four, tuwo and one=bits are reserved.

N = PDSD Pointer
This four digit field contains the value of the N
register at the instant of the MXST operation. {(Since

N is a word address, useful PDSDs are limited to 99990
digits in size.)
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L,1.2 Mark-stack (Continued)

The

1)

2)

3)

The

Dynamic Link

Yhis Llink tells how to find the 1immediately preceding
MSCH and how to reset S and F. Since M3CHs are to be
on an even addresss, but S might be 5dd at the time the
MKST is 2xecuteds, some adjustment is performed. The
neW value of F is to be S rounded up to a byte boundary.-
(i.e.r» S plus the low order bit of § - c¢atl it Sr).
Sr-F is storad in the 2L field. The lod order 32it of §
also nas to nhe kept (T8S). Local environments are thus
linited to 99998 digits.

sequence of steps is:
Lay down the MSCW at Sr.

F

"
i}

Sr
S == F & 10
MSF is szt

PDSD is not affected. Figure 4-3Aillustrates the wmark

stack sequence-.
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b.1.2 Mark=-stack (Continued)
STK
%QXOT‘E, MKST
. S
hotanls
Farametecs
LE_ o -
MSF Reset | )
Affer
§ ~° N SF’F ]
17
’-
L -
MSF st )

L)

FIGURE 4=3. The Mark Stack Seouence.
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Mark=-stack (Continued)

Parameter Building Notzs:

The F register always references the most recent MSCH>

" addressing, howevers, is performed relative to the L
register. Thus data items wWwithin the current local
environment are addressed as before and may be passed
as parameterse.

Parameters may be placed in the Process Stack above the
history information by using the Top=0f-Stack address
type as the destination cperand. S 1is " adjusted and
checked for stack overflow.

If parameters are passed by reference., data may also be
éntered into the PDOSD and N will be adjusted.

Figure 4=~4 1iltlustratss a repeated M¥MXST operaticn and
parameter insertion before an ENTER operation is performed.
This situation would arise naturally in case of a procedure

call, one of whose parameters was the result of a function
call. ‘
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Mark=-stack (Continued)

ST K ~ PDSD
S N
%ro.mgjie,r*s N
ol N_ Al SeoF N
Bare m@_nLers )
/.
0 N\l S-—F /k
Louﬂsz ' v
Prea metiers
/‘/'/.—‘—__-.-N ™~
L

'D N 4 S F “3

MSF Set

FIGURE 4=4. A Process Stack With Un-Entered MSCHS.

50
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Procedure=call
ENTER Al
An ENTER operator is executed after any procedure

parameters have been placed in the STK to:
1) Record the necessary return information.

2) Adjust the local environment and, if necessary, the
module data and code environments.

3) Transfer control to the specified address (Al).

The ENTER operator's single operand specifies the {ocation
to which execution control is to be transfered.

The sequence of operations is?
1) Operand fetch.

2) Return information storage.
3} Environment updating.

4) Transfer of control.

" Operand Fetch

A transfer address may be specified in one of two ways;
a) by a simple address (segment numder, offset)
b) by an entry point pair.

Both of these forms might be preceded by various amounts of
indirection. Th2 net result of operand fetch will be a
code segment and offset. If an entry point is -discovered,
new code and data environments are specified as well.

Return Information

hRfter operand fetchs, two words of return information are
deposited in the PDSD at N and N#l. N is s2t to N+2. The
format of these Re-entry Control Words (RCHS) is exactly
that of an entry point pair (segment descriptor types EP1
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Procedure=-call {(Zcntinued)

and ©P2) containing information appropriate to the current
state of the 5-¥achine. Namely, the code and data segment
dictionary $SDXs and the segment number and offset within
the code stream of ¢the next instruction foilowing the
ENTER.

Environment Updating

if in the —course of operand fetch, an entry point

descriptor was encountereds, the code and data environments
are changed to those specified in the entry: point. The
final sequence bafore transfering control is: '

1) L == F

2) MSF is reset

Transfer Bf Control

Contro! passes to the address generated as the result of
feich (i.e.» this address identifies the next code to

fetch). Figure 4=5 i1llustrates the Process Stack state
following an ENTER operation.
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heola2 Procedure=-call (Zontinued?
STK PDSD
7
- N
et
Ricameters £R,

T

£ i N { S¢-F b

Ruecovaelers
/,/”—“*““%\

ol N ¢ S—F !
'&\

;Localgg
Parcemeiers
o

ol N ¢ Se-F )

MCF ﬁzsé*

FIGURE 4-5. The Process Stack After An ENTER Operation.
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Procedure=return

It is EXIT's responsibility to restore the state of the
caller.

a) The RCHs at N-2 and N-1 are evaluated to:
1) establish the new code address

2) deternine 1f the code and data environments
must be changed (1.e.» I1f the S$SSDXs " in the
RCHs differ from the current processor values)

Note: The state of the S-=Machine should not ©be
changed until this evaluation 1is complete.
Absent descriptors might be encountered in the
process. It is necessary to ensure that the
proper machine state 15 available. The same
concept applies during ENTER operand fetches.

b) The appropriate state of the S-Machine is restored fromnm
EP1 and EP2 {(i.e.» the RCHs).

wrta
—ba

appropriate state of the STK and PDSD is restored as
.
:

1) the word pointed to by the L register is
' .accessed (i.e.» this is the MSCW corresponding
to the current local environment)

2) the N (P)J)SD) pointer is s2t to the value in
the MSCH

3) F == L = MSCW.DL
S 3= F = (odd/even bhit)

4) L 3= L = MSCW.DL

if ‘the MSCW.MSF bit is set then pick up the
HSCH now pointed to by L and repeat step four
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Procedure~-return (Continued)

d) Centrol is passed to the code address generated from EP1
and EP2.

Figure 4-6 itiustrates. the state of the STK and PDSD after
this operation.
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§.1.3 Procedure~return (Continued)
STK : - PDSD
S —» N,
Parameters
F R 0 N SC- F "\ !
B2 A
{é .
Loaa‘s')
Paremeiers
L JO A/ Eﬂ-f: ]
MSF St

1

FIGURE 4=6. The Process Stack After An Zxit Operation.
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entry point operates just tike th

corresponding portion of an ENTER operation. In addition
condition may have to be evaluated.

The main difference between ENTER and S8RANCH 1is that n
history information is saved for BRANCH.:

The sequence of operations is:

1) GOperand fetch.

2) Environment updatinge.

3) Transfer of controle.

Operand Fetch

.

A transfer address may be specified in one of two ways;

"a) by a simple address (segment nuaber, offset)

b} by an entry point paire.

57

=]
>

a

0

Both of these forms might be preceded by various amounts of
indirection. The net result of operand fetch will be
code segment and offset. If an entry pcint is discovered
a new code and data environment are specified as well.

Environment Updating

If in the <course

o f

a

[4

operand fetchs, an entry point

descriptor was encountered, the code and data environments
are changed to those specified in the entry point.

Transfer O0f Control

Control passes to the address generated as the result of

fetch.
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4.1.6 Conditionél 3ranches

[o}])
[ ]
[

hol. Branch=iSs

4.1.6.2 Branch=LEQ

bel.6.3 Branch=£qL : —’-7 ‘r_.~———'
4.1.6.4 Branch=NEQ , ﬁ:_-~_—f-‘

4.1.6.5 Branch-GEQ
4.1.6.6 3ranch=GTR
4e.1.6.7 Branch=-on~overflow

4.1.6.8 Branch~on=no=-overfiowu
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Process Control And Coordination And Processor Allocation

For process control and coordination and processor
altocation therz exists a Master Controlier (MC). The MC
coordinates procass ex2cution via a bit vector designated
the Ready VYecteor. Tana bits in this Ready VYector are
uniquely assigned, in priority order, to Primary and
Supplemental Processes. )

A Primary Process is one which specifies the execution of a
sequence of processor instructions. A Primary Process has
a Process State_ Record (PSR} which contains (directly
and/or by reference) the envirconment 1in which those
instructions are executed.

A Supplemental °rocess is primarily a queuing device. A
Supplemental Process has a Control Block (C3) whose normal
usage is to raecord the occurance of an external event (such
as the completion of an I/0 process or the timeout of the
interval timer), so that a Primary Process may synchronize
itself with reality. ' : : ‘ '

There also exists a Prscess=Control Yector (PCVYY, 1indexed
in paraliel with the Ready Vector, which locates the
Process Record or Control 3lock, identifies the bprocess
type and gives the Running Priority of the process.

- The processcr has the following registers accessible by the

MC:

PRI The index in the Ready Vector and PCV of the process
currently being executed.

RPR The Running Priority of the process currently being

executed. (This 1s not necessarily the same value as
in PRI.)
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Master Controller Commands

The MC accepts the following commands from the processor:

1) - Activate Process n.
2) . Mait.
3) Yield To Process n.

The MC also accepts the ™Activate Process n®™ command from
the I/0 Subsystem and from the Interval Timer or, it the MC
is a part of the I/0 Subsystem, it may cause this action
itself. :

ACTIVATE~PROCESS

START N1

The Process=Number, M1, is compared to the processor®s RPR
register. If N1 is not greater than RPR, bit N1 is set in
the Ready Vector and the operation is complete. Otherwises,
the processor is commanded to Go-to=-idle, tha bit in the
Ready Vector for the processor's current process (given by
the PRI register) is sa2t, the value N1 is placed into PRI,
and the processor is commanded to - commence execution of
that process. e

WAIT

HALT

The processor is commanded to Go-to-idle. The Ready Vector
is examined, starting at the pit corresponding to the value
in RPR and procezding towards bit zero, until a bdit 1is
found to pe ON or it is determined that atl hits are ODFF.
In the tatter case, RPR and PRI are set to ™=1" and the
operation is coanplete. Otherwiser, the 1index of the
highest-nuabered bit that is 3N is determined and placed
into PRI, the hit is resets and the processor is commanded
to commence exccution of that process.
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YIELD-TO~-PROZESS
YIELDTO N1
The processor is commanded to Go-to=idle. If N1 is not

tess than the vatue in RPRs then N1 is olaced into PRI, and
the processor is commanded to commence execution of that
processs and the operation is complete. Otherwise, the bit
in the Ready Vector for process N1 1s set, and the Ready
Vector is examined, starting at the bit corresponding to
the vatue in RPR and proceeding towards bit zeros, until a
bit is found that is on. The nuaber of that bit {(which is
not less than N1) is placed into PRI, the bit is resets and
the processor is commanded to commence executiona

Processcer Commands
The MC can cause the processor to

1) lLleave its current process and idle.

2) . Execute the process identified by PRI.

3 Set PRI.

The Go-to-idle command causes the processor to update the

PSR of the process being executed and wait for a further
command.

EXECUTE=-PROCZSS

EXECUTE

The processor reacts to the Execute-orocess command by
accessing tha PCV entry for the process indexed Ly PRI,

setting RPR to the value in the PCV entry, and identifyina
the Process Type.
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EXECUTE~-PROCESS (Continued)

If it is a Primary Process» 1its PSR 1is absorbed and
executed; otherwise it is a Supplemental Process and its CB
is accessed. A "released"™ bit is set and a "notify™ bit is
examined. If tha "notify™ hit is ON. a Yield~to=-pnracess n
is executed, where the <contents of an “owner®" field
supptlties the value for n. If the "notify™ bit 1is OFF, a
Wait is executed. “

SET-PRI

k-

SETPRI

The Set-PRI command causes the processor to insert a value
into its PRI r2gister. This command must occur only after
a Go=to-idle command or at processor initialization.
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ARTTHMETIC

All arithmetic operators allow as operands any numeric data

typess in any combination.
use of mixed typzs.

a) The use of an integer sending field
field implies an internal
operand to floating point

b) If the receiving field is real,
normalized, regardless of

any

c). Any fractional part of a result
receiving field 1s integer. '

d) The sign of an unsigned 1integer
assumed to be positive.

e} The sian of a result is not

stored
field is unsigned. '

f) The toggles are set tc indicate the
whether the sign i1s stoered or not.

ctonversion >f the
representation.

Conversions are implied by the

Wwith a real sending

integer

result stored 1is

input typese.

is lost 1if the
field 1is

sending

if the receiving

sign of the result,

Low means negative,

equal means a zero result and high reans positive.

Add

ADD N1» N2, N3

Add N1 to N2, result in N3.

ADD1 Ni, N2

Add one to Ni,

result in N2.

Increment

INCR N1, N2
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Intrement (Continued)

Add N1 to N2, result in N2.

Increment-by-one

INC1 N1
Add one to Ni, resutt in Nl.

Subtract

SuUBY Nis N2» N3
Subtract N1 from N2, result in N3.

Subtract-one

SUB1 N1, N2
Subtract one from Ni, result in N2.

Decrement

DECR Nls, N2
Subtract N1 from N2, result in N2.

Decrement-by-one

DEC1 N1
Subtract one from N1ls result in N1.

Multiply (two forms)

HPY Ni», N2

THE MS5-3

06730/7S

S=-MACHINE

64



§.2.9

4.2.10

f4e2.11

bal.12

4.2.13

YHE STRUCTURE OF THE MS-3 S-MACHINE

Multiply (two forms) (Continued)

Multiply NI times N2» result in N2.
MULT Nis NZ2» N3
Muftiply N1 times N2, result in N3.

Divide (two forms)

DIV N1, N2

Divide N1 into N2, result in N2.
DIVD N1, N2, N3

Divide N1 into N2, result in N3.

Remainder-divide

MOD N1, N2s N3
Divide N1 into N2, remainder in N3.

Double (two forwms)

DBL N1

Add N1 to N1, result in N1.
DUBL N1., N2

Add N1 to N1, result in NZ;

Halve (two forms)

HLF N1
Divide N1 by 2, result in Ni.

HALF Nl, N2

06730775
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THE STRUCTURE OF

Halve (two forms) (Continued)

Divide N1 by 2, result in N2.

Absolute-value (two forms)

ABS Ni
Set N1 to its absolute Qalue.
ABSY N1, N2

Move the absolute value of N1 to N2.

Negate (two forms)

NEG N1
Set N1 to its additive inverse.
NEGT N1, N2

Move the additive inverse of N1 to N2.

06/730/75
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4.3 LOGICAL
4.3.1 And (tuwo foras)
AND Si» 52

Logically AND the units of S! with the units of S2» result

in S2.
LA&D Sl; S2», 53
Logically AND the units of S1 Wwith the units of S2» result
in S3.
4.3.2 ar (FQO forms)
OR S1, S§2 |
Logically OR the units of Si uith the units of S$2r result
in S2. :
LOR | Sir S2» S3
gogicaiiy OR the units of S1 with the units of S$2, result
in $3f
4e3.3 Exclusive-or {(two forms)
XGR S1», S2

Logically exclusive-0R the units of S1 with the wunits of
S2» result in S2.

EXOR S1, S2» 33

Logically exclusive=0OR the units of S1 with thé units of
S2» result in S3. '
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Not (two forms)

NOT St
Logically negate the units of S1» result in S1i.
-LNGT Si, S2

Logically negate the units of Si» resuit in S2.
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RELATIONAL

CMPR Ci», 02

Set the comparison flip~flops to indicate the relation of
01 to 02.

Compare-under~table

D " GE n e S e P W e kGl S oe e

cMPIBL 01, T2, 03

Set the comparison flip-flops to indicate the relation of
81 to D3 relative to table T2.

Coapare=-with=zero

CMPZRO J1

Set the ccmparison flip=-flops to indicate the relation of
01 to zeroe.

CLASS  CH1

Set the condition fiip~flops to indicate whether the value
of CH1 is numerics, alphanumeric or alphabetic.

Range~compare

RANGE 01, 02, 03

Set the ccemparison flip-~flons to indicate the relation of
02 to the range specified oy 01 and 03.
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Bounds-check (two fores)

CHCK 0t», 02
Cause a program fault if D1 is greater than 02.
CHECK D1, 02, 383
Set the comparison flip-flops to indicate the relation of

B2 to to the range specified by 01 and 03 and cause a
program fault if 02 is less than 01 or greater than 03.
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OPERAND MANIPULATE

Clear

CLEAR 01

Fill 01 with the appropriate padding unit.

Push-=operand

PUSH 01

Move

MOVE . 01, 02

Set 02 to the value of 01.

Move-right=-justified

MAVUED 1 n‘i- <o
Uy LAav BUir S

- Right justify the value of 01

Hove-data‘

MOVED 01, 02, 93

Move data from Q01 ¢to 02»
conversionse.

Move~-repeat

SMEAR g1», 02

Move 01 to the top of the Process Stacke.

in S2.

length 1s (03

Repeat the contents of 01 throughout 02.

06730775
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Edit

EDIT 01, CH2, S3
Move D1 to S3 using the micro-instruction string in CH2.

Scan-string-match

SCANEOQOL 51, S2

scan $2 for the first occurrence of a substring equal‘ to
si1.

Scah-strfng-no-match

5 AL S G AR Gy Wb R b G W e . B W e o W

. _SCANNEQ S1, S2

Scan S2 for the first occurrence of a substring not equal
to Sl. -

Scan~-set-member

SCANSETY S1, T2

Scan S1 for the first occurrance of a unit whose bit is 0N

in table T2.

" Search-set~-of-records

SEARCH 01, 02, A3

- Search a set of records startingy at 02 for a comparison to

Cl» according to the information at A3.

Translate

XLATYE Si, T2, 53

Translate S1 through table T2 into S3.
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Shift-units-right (two forms)'

SHFTUR N1, S2 |
shift $2 right by Ni unjtS} result in S2.
gSHIFTDR Ni», S2» 53
Shift S2 right by N1 unitss, result in S3.

Shift-units=-left (two forns)

SHFTUL N1, S2

shift S2 laft by N1 units;.result in S2.
"SHIFTUL N1, S2, 53

Shift 52 Lleft by N1 units, result in S3.

Shift-bits-right (two forms)

SHFTBR N1, HXZ
Shift HX2 right by N1 bits, result in HXZ2.

SHIFTBR N1s HXZ2, HX3

Shift HX2 right by N1 bits, result in HX3.

SHFTBL N1, HX2
Shift HX2 left by N1l bits, result in HX2.
SHIFTBL N1, HX2, 4X3

Shift HX2 left by N1 bits, result in HX3.

06730775
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POINTER MAMIPULATE

Construct-address

ADDR 01, A2
Place at address A2 an operand reference to Ois wWith aii
indirection and indexing resolved.
Push=address

PUSHADR 21

Place on the top of the stack an operard reference to 01,
with all indirection and indexing resolved.

Push=name (STUFF)

PUSHNAM 01

The same as PUSHADR, but also place 1into the ©process
dynamic segment dictionary a descriptor referencing the
segment in which 01 resides.
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o7 BIT MANIPULATE

These operators access a particular bit within a hex field.
The bits of a3 field are considered to be numbered
high-order to low-order, with the high=-order bit of the
high-order unit being bit zero and the following d2its being
1> 2» 3» 45 o« n=1 (where n is the number of bits in the

hex field). Bit 1indices which are negative or which
reference a bit beyond the end of the hex field cause a
fault. .
407.1 Set-bit )
SET N1, HX2

Set the N1tth bit of HX2 to TRUE.

4.7.2 Reset=bit

RSET N1, HX2
Reset the N1'th bit of HX2 to FALSE.

4.7.3 Complement=-bit

- ey an en oy W s mman w-

“ FLIP N1, HX2
Complement the N1t*th bit of HX2.

hofaol Test-bit

TEST N1, HX2

Set the condition flip~flops to indicate whethar the N1'th
bit of HX2 is TRUE or FALSE. '
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4.8 EXPONENT MANIPULATE
4e8.1 Set=-exponent
SETX Ni»,» R2

Convert N1 to binary and insert the value in ‘the exponent
field of 22.

4.8.2 Increment-exponent

INCX N1, R2

Convert N1 to binary and add the value to the exponent
field of R2.

4.8.3 Add-to~exponent

ADDX NL» R2 | 3

Convert N1 to binary and add the value to the exponent
field of R2, store the resulting real number in R3.

4.Bo4 Convert-exponent=-decinmal

. CVTX R1s, N2

Convert the exponent of R1 to decimal and store the result
in 2. )
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MISCELLANEOUS

Initiate 1/0

Reset‘o#erflou-flip-flop'
Reset the arithmetic overflow indicator togjle.

Set-condition=-flip-flops

SETCOND N1

 set the comparison indicator toggles to the value indicated

by Nl

EVENT N1, A2

If the event class bit specified by N! is not TRUE 1in the
Process State Records, branch to address A2.

Monitor

MONITOR D1

Make the information in 01 available on the "backplane” for
physical monitoring.

Read Vimer

LK W R Y

Set fimer
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COMPATIBILITY MODE

This section specifies the differences in semantics between
MS-1/M5-2 and MS-3 compatibility mode.

The following MS=-2 operators will nst be executed in
compatibility mode: ’

20 BRE Reinstate
91 SRD Scan Result Descriptor
92 "~ RAD Read Address
94 110 Initiate I1/0
95 RDT Read Timer .
96 RCTY Read and Clear Timer
97 STY Set Timer

Load Initialization

All Snap operations

ALl other operations will be executed in the same wWays
giving the same answers, Wwith the following exceptions:

a. QOperations on undigits which give unspecified results
on MS-1, ¥S5-2, will give unspecified resuits in ¥S5=3
compatibility mode.

b. O0Operations 1involving overlapping fields {leading to
unspecified results on MS=1» MS=~2» Will give
unspecified results in MS-3 compatidility mode.

€. MS-1, MS=-?2 data alignment recuirements will be the sanme
in MS-3 compatibility mode.

d. Normal state programs only uwitl be supported.
COMPATIBILITY MQODE PROCESS STRUCTURE

The highest tevel module only of a process may run in
compatibility mode. T[fhat is, no compatibility mode module

may be cal led by another module. Initiation to
compatibility mgde is dependent on information in the
process state record (compatibility mode bit). BCT's are

interpreted as a module c¢sll to a g3iven MCP routine.
Information is stored on the call which allows return to
compatibility mode upon exit. 0tne parameter 1is passed
which is the address of the BCT instruction.
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5.1 CUMPATIBILiTY MODE PROCESS STRUCTURE (Continued)

While running in compatibility modes data references are
considered to bhe relative to segment zero of the data
eavironment, and code is fetched from segment zero of the
code environment. It 1s the responsibility of the MCP to
insure that these . tun segments are identical. ALl
references by the harduware to program reserved memory (edit
masks», index registerss, indirect field 1lenaths, etc) are

relative to segment zero of the data environment. Figure:
5.1-1 below indicates the coapatibility mode process
structure

i i i |
| | i 1
{ PROCESS i 1 COMPAT 1
{ 1 i MCOE i
f STACK 1 I NODULZ 1
i ‘ B | { i
| I K ol tab 2 N i
1 it
1 it
£ 1!
e omeee——— | I e
1 1S | i [ | 1
| L | i iy 1 1
{ i1 { 1111 ]
| S R R (I I
! 11 ! i it 1 i
[ I t_1 ol ___ I I O 19
PROCESS STATIC DATA CODE
SEGMENT SEGMINT SEGMINT
. DICTIONARY DICTIDNARY DICTIONARY
\¥\\5-35}ATA REPRESEMTATION

The following modes of data representations h-bft mode and
B=bit mode, are defined for usc.
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FOUR-BITY 4ODE

In four-bit modes, data is interpreted in units of & bits.
Where a sign is expected, it is interpreted as a separate
and lleading 4=n3it unit.

The internal code in 4-bit mode as interpreted by the
arithmetic units is as follows:

Digit Code
0000 - O
ooot - 1
0010 - 2
0011 - 3
0100 - 4
o1ot - 5
6
7
8

gn Code

Si
+
+
+
¢
+
+
0110 .~ +
011}y - +
1000 - +
1001 - 9 +
1010 = Undefinedx ¥
1011 - Undefineds +
1100 - Undefinedx +
1101 = Undefineds -
1110 = Undefineds +
1111 - Undefinedx +
«Yndefined = Engineering does not guarantee the consistency

of results. Use of undigits mavy not give normal arithmetic
results. ’

Hhen signed 4-bit format is specified in the receiving
field for any operations, the sign-digit is set as follows:

ASCII Mode o EBCDIC Mode
+ 1011 +1100
- 1101 - -=1101

A plus sign compares as "high"” relative to a minus sign
when it is interpreterd as a sign digit. ‘
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EIGHYT-8IT MODE

In eight=-bit mode, data is interpreted in units of 8 bits
unless otheruwise spoecified. : : :

Tﬁe internal representation of data'can he extended binary
code decimal interchange code (EBCDICY or an eight bit
extension of ASCII.

Conversion petween L=bit representration and B8-bit
representation is accomplished automatically during the
execution of instructionse.

For code sensitive instructions involving numeric data, the
most significant four bits of the receiving field are
automatically set to the code indicating the numeric subset
of the selected 8-bit code. These four bits in the case of
EBCDIC are 1111 and in the case of ASCII are 0101.

Eight-bit data is considered unsigned cxcept in the case of
the move alphanumeric, move numeric, and edit instructions.
Additionzl details are given 1in the description of the
three instructions. ‘

- ALl alphanumeric (8=-bit) data must start at even addresses.

If the source field is an odd address» an address error
will occur.

Alphahumeric comparisons are binary and thus the (low to
high?) collating sequence for EBCDIC 1is symbols-alphas-
digits and for ASCII it is symbols-digits=alphas.

INSTRUCTION REPRESENTATION

"Reserved"” or "not specified™ bits, digits, or characters
nust be false, and they are reserved for expansion as
assiyned for use solely by Surroughsts Engineering.

Invalid bits, diaits or characters are recognized by the
hardware as such and are reported as ™invalid® in the
Result Descriptor™.

ALl fields are addressed most significant digit first
unless specifically noted otherwise.
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5.3 INSTRUCTION REPRESENTATION (Continued)_

The data fields addressed by the final addresses and their
related controllers in the descriptor are referred to as.
the A-field, the B-field, and the C-field.

All instructions must start at even addresses.

Code sensitivity in instructions 1is based on EBCDIC or
ASCII (8-bit extension) as determined by a mode flip-flop.

All data for fixed~-length arithmetic operands must be Mod
l’.‘ A .

5.3.1 INSTRUCTION FIRMAT

0 G0 OB G Ox 2m R % G2 W WP ¥ Sm Wy m W = e

The processor instructions may vary in lenght from 4 to 30
digits with the format as shown below. The format is also
shown when extended addressing is used. An instruction may
use a mixture of Extended and Non=extended addressing.

Non-Extended Format Extended Format

agp vv o pP Yy

aP vvvy op vvvy

0P AAAA DP AAAA

0P AAAAARA - 0P AAAAAAAA

0P AFBF AAAAAA 33BB3B3 OP AFBF AAAAAAAA 30BBBB3ASB

OP AFBF AAAAAA 388B383 CCCCCC OP AFBF AAAAAAAA 3BBBBBBB CCCCCCCC

where:

GP = Operator Code

V = VYariant Digits

AF3F = A and B field variant digits

A,B,C = Address of respective data fields

The instruction format is digit numbered, beginning with

"D1" for the first digit of the OP code and continuing thru
"D30".
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OPERATOR CODE

Two digits (B8=bits) identified as D1 and D2 are used for

operator coding. ALl wunassigned O0Operator Codes are
reserved for expansion by Engineering. The occurrence of
invalid codes or . operateor <codes requiring non-present

options is detected and sets an interrupte.

The Operator Code implies the unextended instruction length
and additional syllables of the instruction are fetched
automatically. '

FIELD LENGTH - FORMAT A

Digits identified as D3, D4, DS, and 36 when specifying
field lengths are timited to decimal digits. Maximum field
tength ts 100 digits or characters unless otherwise
specified.

Indirect Field Lenath = Format A

G G B WS e SR G WP GU MG T D SR SR IS GD G G WD TN B @B WS TE G WP R G SS E e

Iindirect Field Length for the A field is specified by a =1~
bit in the-two high order bits of D3. Indirect Field
Length for the B field is specified by a =i* bit in the two
high order bits of DS. If field length is determined by
the concatenatioan of D3s D4» DS, and D5» the same rules
apply, that is zeros 2ne, or two segments may be indirect.
The Indirect Field Length operatiocn can be carried to any
depth except infinite. Infinite results in a Timeout
Processor Result Descriptor.

The base relative address of the Indirect Field Length for
the A field is specified by the two low order bits of D3
and the three high order bits of D4. D3 can take on values
0 to 3 and D4 can take on even values 0» 2, 4s 6s» oOF B.
Thus 20 indirect addresses ranging from 00 to 38 are avail=
able. The address of the Indirect Field Length for the B
field is similarly obtained from 05 and N&5. The low order
bit of D4 and that of D& are ignored. Indirect Field

Lerngth can not be used 1in address branch, exit,
halt-branche nor tor the mask in bit test, bit set, bit
reset, nor for fixed- lenqth arithmeticse and

hat t-breakpoint instructions.
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Literals
AF (Onty)
11151 1061 = Literal Flag
;'5':"[': A/ xS/ = UN (5 max)
:'I':*E': A/ S = SN (5 max)
:'K':'['E A *= S/ = UA (3 max)
i__1

Another use of the AF variant is to indicate that the A
field of the instruction does not contain an . addresss, but
instead contains literal data to b2 used directly by the
instructicen. This coption is indicated when the high order
bits of digit D3 are "101". The six digits 1identified as
D7 thru D12 of the instruction are the asperand itsel!f and
not the addresss index, address controller, or the address
of the operand. The literal is left justified.

The length of the literal is specified by the value of the
three low order bits of digit D4. Length is limited to 1
to 6 for unsigned 4-bit fermat, 1 to 5 for signed 4=-bit
format, 1 to 3 for 8-bit format and 1 to 2 for ~“loating

Point instructions. The LS8 of D3 and M5B of D& specify

these formats as shoun below.

LSB of D3 MSB of D4 Meaning

0 .0 Unsigned &4=hit Format
0 1 Signed 4-bit Format

1 0 8-bit Format

1 1 Resecerved

Literal capability can be used to obtain the B-field lenath

‘while the A address is used as a ULliteral if the Length.

value is 7 for unsigned 4=bit format.

Indirect field length is not to-be used with the literal
capability for the A-field.

The Ltiteral <capability can be used in the following
instructions.
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Literals (Continued)
1] Mnemonic
l. 01-06 INC»ADD», ALl variable=field length
SUB»MPY, arithmetic instructionse.
_ DEC, DIV o
2s 80-83 FAY.FSU, ALl floating noint instructions

FDV, FPM Mantissa is limited to 2 digits.

3. 10 MVA Move alphanumeric
4a 11 MVN . Move numeric
S5e - 14 ' MVR Move repeat
be 09 ' MVL Move links
7o 45 CPA Compare alphanumeric
8. 46 CPN Compare numeric
9. 42 AND - And )
i0. 43 ORR Or
11. Ly NOT Not
12. 16 SDE Scan to delimiter = equal
13. 17 Sdu Scan to delimiter = unequal
14. 18 SZE Scan to delimiter - zone egual
15. 19 SZu Scan to delimiter = zone unequal
16. 39 SEA Search
17 . 37 SLL Search linked list
18. 38 SL) Search tink delink
Use of the Literal capability in the following instructions
is illegal:
) opP Mnemonic ,
1. 15 TRN Translate
2. 49 EDY Edit
3. 40 BZT Bit zero test
4. 51 337 2it one test
5e 31 NTR Enter
be 12 A MVH Move word
7. 13 . MVC Move and clear word
8. ° 50 1AD Fixed length arithmetic
51 IAS "
52 15U ™
53 1SS w
54 MYy "
55 I4S b
57 IVl i
58 LD b
59 IST "
70 RAA v

71 RAS
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Literals (Continued)

72 RSU "

73 RSS i

74 - RMY "

75 RM3 "

76 ROV "

(44 RDS "

78 RLD b

79 RST

9. 34 BST Bit set
10. 33 BRT 31t reset
il. - 08 ‘ MVD Move data
ADDRESSES
Normallvy, addressing is non=extendede. If Extended

addressing i1s desiredr the extended function adapter must
be instaltied in the processor.

Digits identified as address digits are Llimited to the
decimal digits 0..9 except as noted in section 5.3.3.2»
Se3elielsr and 5.3.4.2. Undigits in address digits may or
may not cause invalid errors to be detected

Non=-Extended Forusat

The Nen-Exten
where direct
299,998, or 1

9995,998.

ded address format is s
addressing capability i
f indexing is wused th

ure E T teat
v JeSeHT 1L

s 000 through
e maximum address 1is
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Non=-Extended Format (Continued)

Extended Format

The format of extended addressing and its comparison to tne
non-extended form is shown in figure 5.3.4-1.

If the 2nd most significant digit of an address syllable’
contained in an instruction is a binary 12 (1100), the next
six digits contain the address. This address has direct
addressing capability from 000,000 thru 999,998. If

indexing is used the addressing capability - extends from

000,000 thru 9,999,998. Note that Address Extension
applies only to addresses contained 1in 1instructions and
includes indirect addra2sses.

Address Indexing

The two hagh order bits of the first digit of the. address
field signify indexing as follows: - :

00 - No Indexing

01 - Index Register I {Base Relative Address 8)
10 - Index Register II (3ase Relative Address 16)
11 = Index Register II! (Base Relative Address 24)

The following Index Register(format is defined:

SIGY
Decimal number 0 thru 9

o
nu

The address of the Index Register points to the'sign digite.
The Index Register contents D1 thru D7 are added to or
subtracted from.anv address depending on the  sign digit.
However, in any operation involving an Index Register as an
eperand, the Index Register must have an appropriate
address controlter and lenqgth.
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Se3e4.3 Address Indexing (Continued)

The value of 27 is ignored unless Extended Memory Mode is
used (EMMF controlled by the SMF instructionl.

Se3.4.4 Address Controller

The two low order bits of the first digit of the  address
field provide information that refers to the particular
address or to the data stored at the address to which it
refers. -

The two bits carry the following significance:

00 - Unsigned 4-bit Format
01 = Signed 4-hit Foraat
10 = Unsigned 8=bit Format
11 = Indirect Address

Any of the four combinations are valid except as
specifically prohibited in some instructions.

If address extensions section 5.3.4.2 is not used, then the
branch address in the Address Branch, Halt Branchs, FEnters
and Exit instructions have address controller bits of the
address field which carry the foliowing significance:

00 = 0 - Most Significant Digit of Address
01 = 1 = Most Significant Digit of Address
10 =2 = Most Significant Digit of Address
11 = 2

- Indirect Address

An indirect address must be even and 1is checked after
indexing, if anvy. An odd indirect .address is considered to
be a non-synced address contained in an instruction and.
causes an interrupte.

ff\\ The Values of the first digit for both the low and
high=order pits are shown below. ‘
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Address Controller (Continued)

UN SN UA IA

1 0t 11 21 34 No Indexing
oot __t___t

1 41 S U 61 71 X1

b VoV __t___t

t 31 91 A1 31 1X2

oot ot _t

It C 1Dt E 1 F 1 1X3

{ 1 1 1___1

OVERLAPPING FIELDS

Overlapped fields are identical, or have *total overlap"™ if

the address controllers are identical and lengths are the

same. Two fields partially overiao when one or mores but
not all information units of the two fzelds have the same

memory locationse. .

No partial overlap is permitted of any two or all three

fields» A, B» and C» excent for the follow1ng cases wWhich

occur in move instructions:

1. Replication throughout e destination fie{d of the
first inforaation unit igit, charater, word} of the
origin field:

Move Numeric (11 Mvi) B Address = A Address + 1,

AC = UN, BC = UN. o ~ :

ove Alphanumeric (10 MVA) B Address = A Address + 2,

AC = UA, BC = UA.

Move Hord (12 MVNW) B Address = A Address + 4

2. Shift of the entire destination field one

unit left.

Move Numeric
AC = UN, BC =

(11 MVN)

UN.

Hove Alphanumeric (10 MVA)
AC = UN,BC = UN.

B Address

B Address

N

information

A Address = 1,

Address = 2,
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OVERLAPPING FIELDS (Continued)

Move Word €12 MVW) 3 Address = A Address = k.

it

Move & Clear dord (13 MVC) B Address = A Address - &.

3., Right justification of first word of the origin field
in the destination field, with leading zerose.

#ove &_élear Hord (13 MVC) B Address = A Address + 4.

Total (identical) overlab is permitted only where specified
in command descriptions. :

LGGICAL UNITS

The effect an instruction has on the followina Logicatl
Units is described in the individual instructionss Section
5.6 of this specification. ' oo

OVERFLOW FLIP-FLOP

The Overftow Flip=Flop 1indicates ‘that the resuit field
tength of and arithmetic, move alphanumeric, or nmove
numeric operation is nat sufficient to store the result.

This Overflow Flip~Flop is not cleared at the beginning of
an arithmetic operatisns, but is preserved. Therefore, it
indicates overflow that has occurred any time bpefore or

" during a series of arithmetic operations or other

interjected non-arithmetic operationse.

The Overflow Flip-Floo is cleared by the Conditional Branch
on OGverflows the EJdit and the Search instructions.

The Overflow Flip-Flop 1is affected by the following
instructions:

opP Mnemonic Name : ‘
1. 30 BCT Communicate
2e Interrupt
5. 01-04 INCZ, ADD Arithmetic Instructions Except Multiply
06 DEC» SUBs, (Variable Length)
DIV

4. 50-55 IADs, IAS Fixed-Length Arithmetic Instructions



w1
[}
V)]
[
[

5¢5.2

THE STRUCTURE OF THE MS-3

OVERFLOW FLIP=-FLOP (Continued)

5.

5.
Te
8.
9.
10.
11.
12‘

57-59

80-83

39
11
10
31
32
28
49

ISU, ISS
IMU», IMS,
IMI, ILD
IST
FAD» FSU
FPM, FDV
SEA
MVN
MV A
NTR
EXTY
OFL
EDT

Fioating Point Instructions

Search

Move Numeric

¥ove Alphanumeric

Fnter

Exit

Address 3ranch on DOverflow
Edit

COMPARISON FLIP-FLOPS

The states of the Comparison Flip~-Flops are:

00
01
10
1t

The comparison Flip~Flops are

le
2.

5.
6.
7.
B.
96
10.
1.

12..

Cleared

Greater or High
Less or Low
fero or Equal

ap
30
01-06

80-83

50-55

57-59

1t
10
3t
32
46
45
91
49

Mnemonic KNanme
BGY Communicate

06730/75
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affected by the following:

INCs ADD, Arithmetic Instructions,

DEC SU8, Variable length
MPY,DIV

FADs,FSU, Floating Point Instructions

FPMs FDV

IAD, IAS» Fixed-Lengtn Arithmetics
ISU, ISS

IMU, IHS,

IMI, ILD»

I5T

MVN Move Numeric

MVA Move Alphanumeric

NTR Enter

EXT Exit

CPN Compare Numeric

CPA Compare Alphanumeric
SRD Scan Result Descriptor

£97 Edit

91
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COMPARISON FLIP=-FLOPS (Continued)
13. 42 AND And
14. 43 OoR or
15. &4 NOT Not
16. 40042 BZY, 80T Bit Test Instructions
17. 16 S>T . Scan to delimiter - Equal
i8. 17 SDU Scan to Delimiter = Unequal
19. 18 SZE " Scan to Delimiter = zone Equal
20. 19 SZu ‘Scan to Delimiter = zone Unequal
21. - 37-38 SLL»SLD Search Instructions, Search Link
' : ~ list» Search Link Delink
22. 33 BRT _ Bit Reset
23 34 BST Bit Set

Heither conditional nor unconditional branching alters the
Comparison Flip-Flopse.

Any instruction which destroys the Comparison Flip=Flops
settings also clears them to the 00 state.

INDEX REGISTERS

There are three Index Reaisters occupying a reserved area
of memory. The reserved area is eight digits including a
sign digit for each Index Registers, and is base relative.
Thus all programs have three Index Registers available:

Index Register i address is Base plus 8.
Index Register 2 address is Base plus 16.
Index Register 3 address 1s Base ptus 24.

The Index Registers are affected by the following:

1. AlL Instructions That Can Address Memory
2. Enter (IX3)

3. Exit (IX3)

4. Search (IX1)

5« Search Link List (IX1)

6 Search Link dDelink (IXi» IX2)
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MODE FLIP FLOPS

Several mode/enable flip-flops are present to enable
various features. :

wds

EBCDIC-ASCII Mode Flip=Flop
This mode flip-flop (EA) selects the data format to which
some instructions are sensitive. The one-state 1indicates

ASCII Mode and the zero-state indicates EBCDIC Mode.

The following code sensitive instructions are affected by
the EA Hode Flip-Flop. .

1. Fixed Length Arithmetics (Ref. Table 6-1)

2. Varigble Length Arithmetics (Ref. Table 5-1)
3. Move Alphanumeric (MVA - 0P 10)

4. Hove Numeric (MVA -0P 11)

5« Move Repeat {(MVR = 0P 14)

6. Edit (EDT - OP 43)

7. Translatz (TRN = 3P 15)

8. Scan to Delimiter - Egual (SDE - QOP 16)

9. Scan to Delimiter = Unegqual (SDU - 0P 17)

The EA MHode Flip-Flop is affected by:

1. Set Mode Flip=Flop Instruction (SMF = OP 47)
2. Interrupt

3. Enter (NTR = QP 31)

4. Exit (EXT = 3P 32)

User Program Flip-Flop

This mode flip-flop indicates that a special program is in
operation. :

BCT Mode Flip-Flop

This flip-flop is affected by the BRE (0P 90) instruction
only if EMMF is on (SMF - 0P 47).

COMPATABILYITY MJIDE INSTRUCTIONS

A summary of the operation codes is contained in Table 5-1.
A de?ailed description of the instructions begins wWith
Section S5.1. Vable b6=1 Dperation Code Suwamary
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OP.
Code

Mneronic

Name

Arithmetic, Variable Field Length

61
02
03
o4
05
06

80

81
82
83

Arithmetice

Integer -

50
51

52

53
54
55
57

58
59

*0ptional

INC
ADD
DEC
SuUB
MpPY
DIV

FAD
FSU
FPH
FOV

IAD
1AS
1Sy
ISS
IMU
IMS
MY

ILD
IST

Add=Two
Add=Three Address

Address

Subtract-Tuwo Address
Subtract=-Three Address

Multiply
Divide

Floating

Fiosating
Floating
Floating

| Integer

Integer
Integer
Integer
Integer
Integer
Memory I
Decremen
Inteqer
Integer

Add

Subtract
Multiply

Jivide

Add

Fixed Length Instructions:

Add and Store

Subtract
Subhtract
Multiply
Multiply
ncrement
t by 1
Load
Store

and Store

and Store

(Part of Extended Function Adapter)

*xF {oatina Point Adapter

opP
Code

Real =

70
71
72
73

Mnemontc

RAA
RAS
RSU
RSS

Name

Real
Real
Real
Real

Add

Sub

tract

Add and Store

Subtract and Store

-06/730/75
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No. of

94

Addresses

WWNWMNWMN

WN W NN

jot fh b pub pk kb

[

No. of

Addresses

o jot s
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COMPATABILITY MODE IMSTRUCTIONS (Continued)

T4
75
7o
77
78
179
84

Address 8ranching:

20
21
22
23
24
25
26
27
28
29

Control Branching

30
31
32

op
Code

Data Movement:

o8

09

10
11
12
13
14

Logical:
15

16
17

RMU
RMS
ROV

RDS
RLD

N

RSTY
ACC

NOP
LSS
EQL
LSS
GTR
NEQ
GERQ
3UN
oFL
HBR

BCT
NTR

EXT

s Optional (Part of

Mnemonic

MVD
MVL
MV A
MVN
MVH
MVC
MVR

TRN
SDE
SDU

Real Multiply

Real Mutltiply and Store
Real Divide

Real Divide and Store
Real load

Real Store

Accumulator Manipulate

No QOperation

Less Than'

Equal :
less Than or Equal
Greater Than

Not Equal

Greater Than or Equal
Unconditional
Dverflowu

Halt» Branch

Extended Function Adapter)

Name

Move Data

Yove Links

Move Alphanumreric
Move Numeric

Move Hord

Move and Clear Hord
Move Repeat

Translate

Scan to Delimiter = Equal
Scan to Delimiter = Unequal

LD bk b ek b jma et

ot ok ot b pb fed b ek b ok

- D

No. of
Addresses

N INTNNMNMN W W

NN W
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6.0 COMPATABILITY MODE INSTRUCTIONS (Continued)
28 SZE Scan to Delimiter - Zone Vd
- Equal
19 "SZU " Scan to Délimiter Zone 2
: ' = Unequal
* 33 BRT “Bit Rest 1
® 34 8ST Bit Set 1
* 37 SLL Search Link 2
* 38 SLD Search Link 2
39 SEA Search 3
40 © BZT Bit Zeroc Test 1
41 BOT Bit One Test 1
L2 AND : And 3
&3 ORR or 3
44 NOT Not 3
45 CPA Compare Alphanumeric 2
46 cPN Compare Numeric 2
47 SHF Set Mode Flip-Flop 0
48 HBK Halts» Breakpoint 0
49 EDT tdit 3

* Optional (Part of Extended Function Adapter?

6.1 FIXED LENGTH ARITHMETIC INSTRUCTIONS

These functions are invalid unless the Extended Function
Adapter hardware is installed.

The Fixed Length Arithmetic commands use a 20-digit
accumulator which holds the instruction result within the
processcr as an operand for the next operation. The
accumultator can be ioaded or stored. Ffvery instruction has
an implied referesnce to the accumulatore.

6.1.1 Instruction Formats

Two instruction formats are used:

One Address Instruction: This format is used
whenever memory references are required.

No Address: This format is used for thsse
operations which reference the accumulator
only. This is a 4=digit instruction.



06730775

THE STRUCTURE OF THE MS~3 S-MACHINE

A 97

6e.lele1 One Address Instructions

Format B is used--see Sections 3.1 and 3.4.1 except for the
following redefinitions of the address controller:

"

Address Controiizr for OP%s

0=59%9 extept 57

00 No Indirect Address
D1 Reserved

10 Reserved

11 Indirect Address

Address Controller for 0P 57:

00 Increment the Memory Value
01 Decrement the Memory Value
10 Reserved

1i Indirect Address

Address Controller for OP's 70-79:

00 Single Precision
01 Double Precistion
10 Reserved

1i Indirect Address

In all casess» tha final address, assembled after indexing
and - indirect addressina, must be MHod 4. Non-Mod-4
addresses will be treated as address errors during the
fetch cycle. ' " '

No literal capability is available #ith these instructions.

6.1.1.2 4=Digit Imstruction

L R R e e o

The Accunmulator Manipulate command (ACM) uses a &4=digit
Instruction consisting of D1 and D2 as 0P code with D3 and
D4 as variants. The following variants are specified:

D3 D4 Meaning
{(8I11s)
BL21
\ 0000 0 Normalize Accumulator
\ﬁ\ 0001 0 Convert Rea@)to Integer
0010 0 Set Sign of Mantissa to ¢
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Set Sign of Mantissa to -

0011 0

5100 0 Complement Sign of Mantissa

0101 0 Clear Accumulator to. ~99+0

0ii0 0~9 _ increment Algebraically the Exponent by D4
o111t 0 0-9

ALl other variants are reserved. (See *# in Section S.2.1).

Data Formats

Two types of data are used: Integer (Fixed Point) and real
(Floating Point).

Integer Format is a signed numeric field with a fixed
length of 8 digits==-a sign digit followed by the nost
significant digit of a 7-digit numeric field which is right
justified. :

Real Format consists of a sign-exponent field followed by a
mantissa field. The sign-exponent field has a ltength of &
digits where: .

Di is the exponent sign

D2, D3 givs the exponent magnitude, D2 is MSD
D4 . is the mantissa sign :

The mantissa is a numeric field of two possible Llengths:
Single precision (8 digits) or double precision (i6
digits}). The mantissa is assumed to bes a fraction #ith the
decimal point on the lz2ft. .

The only real zero specified has an exponent of =29 and a
mantissa of all zeros. )

The signs of results are sensitive to the ASCII Mode
Flip~Flop as in the format of Section 5.2.1 (4~bit mode).
The internal code interpreted by the fixed=length
arithmetics is as noted in Section 5.2.1 (4~bit mode).

OP's 50+51+52+,53»54+55,57,58559 (Integer Instructions)

0P 58 = LD (Load)
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be1.3 OP's 50s51»552,53,54555»57+58559 (Integer Instructions)
(Continued)

Losd the value at the A-Addresss which is of the form sign
plus seven digits:

s X X X X X X X

¢« 0 B S X X X X X X X 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 B

unless an exception as noted in Section 6.1.8 occurs.

OFP 51s 53, 53, 59 = IAS, ISS, IMS, IST (Integer = Add ¢
Stores, Sub & Store, Kultiply & Store, and Store)d.

Depending upon the instruction., perform the Add, Subtract,
or Multiply as described in OP's 50, 52, and 54 and then
store the results in exactly the same manner as 0P 59.

OP 59 - IST (Integer Store)

Store the accumulator, which is of the form:

SHHSYYYYYYYYYYYYYYYTY
1122123456789 1111111
. 01234535

into memory at the A-Address as followus:
SYYYYYYY

2234561738

unless an exseptfon' as noted in Section 6.1.8 occurs.
gP 50, 52, - IAD, ISU (Add/Sub)

Add/Subtract th2 value at the A-Addrerss to/from the
contents of the accumulator and leave the result 1in the
accunulator. The inittal values of memory and accumulator
are assumed to he of the form shown in "Load”s, aboves the
result generated is of like form.
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bele3 OP*'s 50,51552,53»545s55s57+58559 (Integer Instructions)
(Continued)

DP 57 = IMI (Memory Increment = Decrement by 1)

Increment or decrement the value of the A=&ddress by the
value one (1) and stors the result at the A=-Address. The
result in the accumulator is the same as the result in A.

OP 54 = IML (Multiply)

HMultiply the value at the A-Address by the wvalue in the
accunulators the result is in the accumufator. The initial
values used from memory and the accumulator are assumed to
be of the form shown in "Load™ above? the result generated
is of like form.

Beloed OPfs 70 = 79 (Real Instructions)

0P 78- RLD (Load)

Load the value at the A-Address into the accumulator. If
the operation is to be single=precision, the least
significant 8 digits of the mantissa will be set %o zero.
The result exponent will bHe the memory expontent, unless an
exception described in Section 6.1.8 occurse.

CP*s 71, 73 75, 77» 79 = RAS, RSS» RMS» RDS» RST (Real-
Add & Store, Subtract & Store, Multiply & Stores, Divide &
Storer, and Store)

Depending upon the instruétion, perform the Add, Subtract,
Multiplys or Divide as described in OP's 70, 72, 74 and 76

and then store the results in exactly the same manner as 0P
79. '

A description of OP 79 - RST (Real Store) follows:

Store the accumulator value at the A=-Address. The
agcumulator value 1s unchanged. If the operation is to be
single precisions the least significant 8 digits of the

accumulator are iagnored.

GP 70, 72, = RAAs RSU (Add/Sub)
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6.1.4 OPY's 70 =~ 79 (Real Instructioné) (Continued)

Add/Subtract the value at the A-Address to/from the

accumulator leaving the result in the accumulator. The
memory value, the initial value in the accumulators and the

final value in the accumulator «ill have the same
precision. : ’ : :

If the operation is to be single precision, the initial
least significant 8 digits of the accumulator are cleared
to zero before the operation begins.

Before alignment, both operands are expanded by one
additional 4digit by adding a trailing zero. ~Alignment is
performed on the extended values with non=-aligning digits

discarded (after alignment exponents are eqguald. The sunm
or difference is computed on the extended values. The
_extended result is Left Justified. After justifications

the extended digit is discarded.

Neti ther operand is requiyed to be normalized (left
justified).

OP 74 = RMU (Multiply)

Multiply the value at the A-Address by the wvalus in the
accunulator; the result is left in the accunulator. If the
operation is single precision: the initial Lleast

" significant 8 digits of the accumulator are cleared to zero
before the operation beginse.

If bYoth operands are normalized, the result will be
normalized. Unnormalized operands may or may not give
unnormalized results.

In Multiplys double precisions the operands are extended as
described in Add/Sub above?; the extended product is
computed and normalized by one digit if necessary. After
normalization the z2xtended digit is discarded.

0P 76 = RVD (Divide)

Divide the contents of the accumulator by the value at
the A=-Addroess. If the operation is single precision,

the least significant 8 digits of the accumutator are

cleared to zero before the operation begins.
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6el.4 T OPfs 70 = 79 {(Real Instructions} (Continued)

Unnormalized operands are treated as zero in a Divide
operation.

The operands are extended as in Add/Sub, above. The
extended quotient is computed, and the extended result 1is
normalized With the extended digit discarded after

normalizatione.

For exceptionss including division by zeros, see Section
baleboa '

be1e5 OP 84 = ACC (Accumulater Manipulate Instruction)

ALL variants of this instrﬁction reference the entire
accunulator Wwith no regard to data type (real or integer)
or precision (single or doubte).

Normalize Accumulator

+If all 16 digits of thea accumulator mantissa are not zeros

shift the entire mantissa left and decrement . the exponent
by 1 for each digit shift, wuntii the Uleading digit is
non-zero. [f all 16 digits of the accumulator are zaro:
the exponent is set to =99+ (see Section 6.1.6).

Convert Real to Integer
The accumulator mantissa is assumed to be normalized.

If the accumulator exponent is not greater than +07. shift
the entire mantissa right and increment the exponent for
each digit shift until the exponent is +08 or until the
most significant 8 digits of the mantissa are zero. If alt
16 digits of the accunulator are now equal to zeros, the
exponent is set to =99+ (see Section S.6.1.6). Then clear
the least significant 8 digits to zero. :

Other Variants

ALl variants other than those for "normalize accumulator®
and "convert real to integer™ affect only the 4-digit
stign=cxponent portion of the accumulator: these variants

are descrihed in Section 6.1.1.2, 4=Digit Instructions, and
Sectiﬂn belebe
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6.1.6 Setting Proper Signs Exponent, and Comparisons

For all instructions considered in Section 6.1.3» b6e.lebs
and 6.1.5 after successful completion of the operation and
hefore storing the result in memorys the exponent sign and
mantissa sign are set to reflect the ASCII mode flip=-flop.
Furthermores if all 16 digits of the accumulator mantissa
are Zeros the 4 digits of the sign- exponent are
uynconditionally set to =99+, Also» the —comwparison-
flip-flops are set to incidate:

High: Mantissa is positive‘ and all 16 digits of the
mantissa are not zero .

Low: Mantissa is negative and all 16 digits of the
mantissa are not zero.

Equal: All 16 digits of the mantissa are z2ro.

if the operation was not successful, the comparison
settings will be:

High = overflows, Low Underfiows Equal = Division by zero.

An Implied Store instruction is performed exactly as if the
corresponding No-Store instruction wuwere followed by the
execution of the Store instructione.

6.1.8 Error Traps

Cause of Traps

1) The resultant normalized mantissa is non=-zero and the
exponent is larger than 99, or the vresult 1is an
integer value of more than 7 digits (overflow).

2) The resultant normnalized mantissa is non-zerc and the
exponent is alaebraically smaller than =99 Cundarflow).

3} The most significant mantissa digit of the divisor 1is
zero (divide by zero).



06730775

THE STRUCTURE OF THE MS=3 S-MACHINE

A 104

6.1.8 frror Traps (Contlnued)
The above conditions can occur during execdtion of the
following operatiocns: , : ‘
1) .Integer Operaters 50 through 57
2) Real Operators 70 through 77

3) The following variants of Operator = 84

'

a)  Normalize (ﬂnderf[ow)‘ »
, A b) Real to Infeger Conversion (Dvérflou{if)
\*\* ‘ c) Iﬁcreﬁent Exponénqéj : |
d) Decrement Exponenté}
Data Handling On Error '
‘Store

The store function does not occur if there is an error in
an "Implied Store"™ operatlon.

.Integer Instructions .
Overflow causes the correct but oversized result to be laft
in the accumulator in a form of double precision in which
the least significant diqgit of the result is located in the
LSD positicn of a real double precision number.

Real Instructions

Division by zero does not change the —contents of the
accumulator. For all other real instructions, the correct
results will be in the accumulator but the nagnitude of the .
exponent will be Mod 100. (The ON state of the overflow
flip-flop indicates that the exponent is Modulo "130).°

Accumulator Manipulate Instructions

Conversion from real to integer does not take place if it

would cause overflow. The cther variants are treated as in
the real instructions.
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6.1.8 Error Traps‘(Continuej)‘

Trap

Trap Enable

Thé Trap is enaoled if the two digit kzy stored at base-
relative addresses 64 and 65 has all 8 bits on (15, 15 or
hexidecimal F» F).

Trap Address

The Trap 'Address is 3 6=digit bsse=-relative address
obtained from bhase~-reltative locations 66 through 71. The
Trap Address is a full 6 digits having no indax controller
and no address controller, The Trap Address must specify
an even address. '

Trap Operation

After handling the errar the follouingroccursz.

1) Set overflow flip-flop.

2) Set comparison flip-flops as in Seétion S5.1.6.

3) If the trap has not been enabled, execute the next
program instructiosn, ' -

4) If the -trép has been ehabledp store the 6-df§it

‘base-relative address of the —current instruction
followed by the 6-dinit base-relative address of the
next prograw instruction. The 12-digit field thus

constructed will be stored at the location specified by
the trap address. After storing the 12-digit field,

the instruction Llocated immediately following the
12-digit field will be executed Cat the trap address
+12). - '

6.2 ARTTHMETIC INSTRUYCTIONSs, VARIABLE FIELD LENSGTH

When the address controller of any  adder ~input specifies
8-hit format, only the less significant &4 bits of each
character are effective at the adder input==the other &
bits are ignored. tHhen 8-bit format is specified by the



06/30/75

THE STRUCTURE OF THE MS-3 S-MACHINE

A 1056

6.2 ARITHMETIC INSTRUCTIONS, VARIhBLE FIELD LENGTH (Continued)
address  controller of the result of any arithmetic

operation, the more significant 4 bits of each character
are automatically set to the code (1111 or 0101) indicating
the numeric subset cof the selected {(EBCDIC 5r ASCIIY B8=bit
code.

The count given by the concatenation of D3, D& and by the

concatenation of DS» 35 specifies the number of digits/

characters (information units) 1in the A and 8 fields,

respectively, but dos not include the sign when the address

controller specifies signed data. A count of 00 specifies

field length of 100. Full generality of address controltler
- usage applies to all address fields.

In all <cases» whether the result field 1is signed or
unsigneds, upon successful completion of an oberation the
comparison of flip-flops are set to. indicate whether the
result is greater than, equal to, or tess than zeroe. The
absolute value of the result 1is stored when- the result
field is unsigned.

The sign of a zero result is set positive.- An unsigned
operand is considered to be positive. )

¥hen the length of the result field is not large enough to
contain the result of an arithmetic operation without loss
of significant teading digits, overflow occurs. ODverflow
does not occur if leading zero digits or zero characters
are lost. o

In three-address add or subtracts total overlap of the A
and 3 fields is specified; overlap of the A or B fields by

a C field is not allosed. 1In 2-address add or subtract the
two fields may overlap identically. :

6.2.1 OP 01 - INC CAdd-Two Address)

e T R G G5 S G N AN TR SR Eh G G U ST ST WO AR G @ e WD W R W W

Algebraically add an addended in Location A to an augend in
location 8 and store the sum in location B unless overflow
occurs, in which event the overflow flio-flon is set and

the B field retains the wvalue it. contained before the
operation. .
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gP 0% = INC (Add-Two Address) (Continued)

Addition proceeds from high order to  1low order. If the
addend and augend are of unequal length, as specified in
the instructions the shorter of the two is assumed to be
filled with leading zeros until it matches the Llength of
the longer.

If the length of the sum which would have been produced is
longer than the specified length of the result 8 field, an
overflow condition occurs. The overflow flip- flop is set
and the comparison flip=flop settings are unchanged.

OP 03 - DEC (Subtract-Two Address)

Algebraically subtract a subtrahend in location A from a
minuend in location 5 and store the difference in location
B unless overflow occurs, 1in which event the overflow
flip-flop is set and the 8 field retains the value it
contained before the operation. )

Subtraction proceeds from high order to low order. If the

subtrahend and minuend are of unequal length, as specified
in the instructions» the shorter of the two is assumed to be
filled with leading zeros until it matches the length of
the longor. '

1f the ftength of the - difference which wiuld have been
produced is longer than the specified length of the result
B fields an overflow condition occurs. The overflow
flip=-flop is set and the conparlscn flip=ftop settlngs are
unchanged.

OP 062 = ADD (Add=Three Address)

Algebraically add an addend in location A to an . augend  in
tocation B, and store the sum in location C unless overflow
occurss, in which event the overflow flip=flaop 1is set and

the C field retains the value it contained before the
operation,

Addition proceeds from high order to low order. If the
adde?d and augend are of unequal length, as specified in
the instructions the shorter of the two is assumed to be
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6243 OP 02 - ADD (Add-Three Address) (Continued)

filled with leading zeros until it matches the length of
the longer. The C field length is the.greater of the A and
B8 field lengths. - '

If the ilength of the sum which would have been precduced is
longer than the specified length of the resutt field, an
overflow condition occurs. The overflow fltip=flop 1is set
and the comparison flip-flop settings are unchanged.

6.2.4 OP 04 - SUS (Subtract=Three Address)

Algebraically subtract a subtrahend in location A from a
minuend in location B8 and store the difference in Llocation
C unless overflow occurses in which event the overflow
flip=flop is set and the € field retains the value it
contained before the operation. .

Subtraction proceeds from high order to low order. If the
subtrahend and minuend are of unequal length, as specified
in the instructions the shorter of the two is assued to be
fitled with leading zeros until it matches the Llength of
the longer. The C field length is the greater of the A and
8 field lengths. . ‘

If the length of +the difference which would have been
produced is longer than the length of the result field an
overflow condition octurs. The overflow. flip~-flop is set
and the comparison flip=flop settings are? unchanged.

6.2.5 0P 05 = MPY (Multiply)

Algebraically multiply a multiplicand in location 3 by a

multiplier in Location A and store the product in location
C.

The C field length is the sum of the A and 3 fiéld lengths.

Overflow cannot occur. The overfltow flip=-flop is not
affacted by this instruction.

In multiplication, totally overlapoed operands may be used.
However, use of a product field which partially or totally
overlaps either the multiplier or the multiplicand field is
not aliowed.
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6246 0P 06 =~ DIV (Divide)

tlgebraically divide a dividend in location 3 by a divisor
in location A and store the quotient in location C and the

- remainder in location B, unless an overflow condition
occurss in which event the B field and the C field are not
altered. A normal and correct divide has no effect on the
overflow flip~- flop.

If the absolute value of the divisor is not greater than
‘the absolute value of the -equivalent numder of leading
digits of the dividend, the overflow flip-flop is set and
the operation is terminated. '

1f the length of the B field is not greater than the length
of the A fields, the overflow flip=-floo 1is set and the
operation 1is terminated. The € field . length 1is the
difference betwean the B and A lengths.

The sign of the guotent is positive 1if the sign of the

~divisor and dividend are the same or the qudtient is zero»
otherwise negative. The sign of the remainder after
~division is that of the original dividend. If the dividend
is unsigned, the remainder is unsigned. ’ .

No overiap of fieids is permitted in division.

Note: . See Section 6.20 for Floattng Point, Variabla-Length
field operations. :

6.3 - BRANCH INSTRUCTIONS

Branchirg can take place uncondifionally or cohditionally
depending upon the state of one or more of the following
preocessor flio-flops: - :

Comparison Flip-Flops
Overflow Flip-fFlops

thnever branching is made on the basis of the overflow
flip=-flop, the flip-flop is automatically reset following
the branching.
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6.3 BRANCH INSTRUCTIDMS (Conttnued)

_Neither conditional nor unconditionatl branchtng alter the
vcomparlson flip-flops.

The  following conditions of branch are available in
addition to a "no operator™ branchs, in which a branch is
made to the next instruction and in addition to a "nalt and
branch™ instruction described in Section 6.31.1.

BP 20 - NOP (No Operator)

0P 21 = LSS (Less Than?

op 22 - E@L (Eaual)

gP 23 - LEQ (Less Than or Equal)

QP 24 = GTR (Grater Than)

CP 25 = NEQ (Not Equal) :

OP 26 - GEQ (Greater Than or Equal)
gP 27 - BUN (Unconditional)

0P 28 - OFL {Overflow)

»Al{ conditional branch instructions based on the com-
parison flip-flops are effectively a NOP when the
comparison flip~flops are cleared to 00.

6e3.1 Address Branch

if the branch 1i1s unconditional or if the condition

"specified for the branch is true, select the Address A as
the address specifying the tocation of the next instruction
address in normal sequence. :

The address controlier bits specify: the m3st significant
digit of the address or indirect address as follous: 00 =

0> 01 = 1, 10 = 2 and 11 = indirect address. This pernmits,
branching to any address up to and including 29%,998
without indexing or address extension. If address

extension is useds the address portion of the MSD must be
zero or specify indirect address.
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gP 30 = BCT (COMMUNICATE)

See. Section S.l,

OP 31 = NTR (ENTER)

-Store the following in the sequence listed, starting at the

base relative location specified in base relative Llocation
00040-00045. :

1. The six digit base relative address of the next

' instruction {that is, the address pointing past the
NNNMN character following this instructisn). Note: For
propner operation of the Exit instruction, this address
must be less than 300,000. :

2. The eight digit contents of IX3.

3. One character indicating the EBCOIC/ASCII mode»
overflow and comparison flip-flop states. The four
high order bits are set to zero. ‘Rit position four
indicates the EBCDIC/ASCII mode flip~flop stater, bit
position three indicates the overflow flip=- flop states
and bit positions two and one indicate the —comparison
flip=-flops states. :

&, ‘The NNNN characters following this instruction..

Set the contents of IX3 to the initial address specified in
base relative location 00040-00045. The two high order
digits of (X3 are cleared to zero.

The EBCDIC/ASCII mode flip-flop remains unchangedr, and the
comparison and overflod flip=-flops are cleared.

Store in base relative location 00040-00045, the base

relative address pointing past the new location of the NNNN
characters of data which were moved.

8ranch unconditionally to the tocation specified by the A
address. :

The number of —characters moved is given by the count
specified in )3, D4+, IS and D6 of this instruction. The

maximum number of characters moved is 9»,979. The count
0000 moves no data.



06730/75

THE STRUCTURE OF THE M5=3 S-MACHINE

A 112

opP 31 = NTR (ENTER) (Continued)

Yhe address controller bits specify the most significant
digit of the address or indirect address as follows: 00 =
0, 01 = 1, 10 =2 and 11 = indirect address. This permits
branching to any address wup to and including 299,298,
without indexing or address extension. If address
extension is useds, the address porticn of the MSD aust be
zero or specify indirect addresse. ’

If the A.addresé is indexed by IX3 the initial contents of
IX3 is used.

opP 32 - EXT (EXIT)

Restore the setting of the EBCDIC/ASCII mods, overflow, and
comparison flip-flcps from the character location specified
by IX3 plus 14 if the least significant bit position of the
most significant digit of the <character <contains a zero
- hit. If it contains a one bits Lleave the respective
ftip-ftops unchanged.

Transfer the least significant six digits contained in 1IX3
to base relative location 00040-00045. .

Iransfer the eight digits at the locatlon spec1f1ed by 1IX3
plus 6 to IX3.

Branch unconditionally to the instruction specified by the
& address. The address controller bits specify the most
significant digit of the address or indirect address as
follows: 00 = 0, 01 =1, 10 = 2 and 11 = indirect address.
This permits branching up to and including 299,998 without
indexing or address extension. If address extension is
used, the address portion of the MSD wmust be zero or
specify indirect address. ‘

instruction format B is used.

Note: The next instruction address is obtained during the
fetch cycle and thus if the A address is indexed hy IX3 the
initial contents of - IX3 are used. ’ ‘
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6.7 GP 32 - EXT (EXIT) (Continued)
- Note:  The normal return address can be obtained as
~ follows: ' ‘
Address Controiier = i1

Address Index = 11

6.8 goP 08 - MVD (MOVE DATA 3- ADDRESS)

This instruction is invalid unless the Extended Function
Adapter hardware is installed.

Move words from the origin {ocation specified by the
address to the destination location specificed by the
address until terminated by the B address equal to the
addresse.

Qo =

A word is interpreted as 16 bits (2 characters) of
information. ' ’

ALl  Addresses must be divisible by four without a
remainder. ‘ . :

No intormation is moved into the location specified by the
C address if 24 = 0.

No information is moved into the location specified by the
8 address if 24= 1. :

ALl address controllers must specify unsigned 4=bit format
or indirect addresse. .

Digits D3, DS and D6 are reserved and must he zero.
D4 = 0 Move then increment the A and B addressese.

D4 = 1 Decrement A and B8 addresses then !move (move
backward).

The condition toggles (ASCII» Overflows Comparison) are
unchanaed.
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opP 10 - MVA (HDVE ALPHANUMfRIC)

Move characters or digits from the origin Llocation
specified by the A ajdress to the destination location
specified by the B addresse. The —count given by the
concatenation of D3, 24 and by the concatenation of DS, Db
specifies the leanagth of the A and 8 fieldss respectivelys
but does not include the sign of the signed fizslds. A
count of 00 specifies a field 1length of 100. Full
generality of address controller wusage applies tec both

" addresses.

If the destination field length is shorter than the origin
field length, the origin field 1s truncated froem the right
and the overflow flip~flop 15 set. The move is completed.

If the destination field length is longer than the erigin
field lengths the destination field 1s fillted tn with
trailina "blank™ characters for 8~bit format or trailing
nzero"™ digits for signad or unsigned 4-bit format.

"‘When both address controllers specify 8=bit "format, each

character is moved.

dhen both address controllers specify unsighed 4=bit
formats each digit is moved.

 Hhen both address controllers specify signed 4-=bit format,

each digit is moved and the receiving field sign digit is
set to indicate the appropriate algebraic sign for the
selected (EBCOIC or ACSII) code.

HYhen the address controllers of the A and B address specify
8=bit and signed 4-bit format, respectivelvys, only the low
order 4 bits of 2ach character are moveds but the wmost
significant four bits portion of the A fietd is inspected
for sign and the receiving field sign digit is set to
indicate the appropraite algebraic sign for the selected
(EBCDIC or ASCII) code. :

Hhen the address controllers of the A and B addresses
specify 8-bit and unsigned 4-bit formats, respectively, only

the low order 4 bhits of each character are moveds the other
4 bits are ignored.
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OP 10 - MVA (MOVE ALPHANUMERIC) (Continued)

When the address controllers of the A and B address specify
signed 4-bit and 8-bit format, respectively, the high order
four bits of each character in the ‘'destination. field are
set to the code (1111 or 0101) 1indicating the numeric
subset of the selected (EBCDIC or ASCII) 8-hit code except
~ that the high order & bits of the most significant
character are set to indicate the appropriate algebraic’
sign for the selected (EBCDIC=- ASCII) code. :

WHhen the address controllers of the A and B addresses
specify unsigned 4-bit and 3-bit format, respectively, the
high order 4 bits of each character in the destination
field are set to the code (1111 or 0101) indicating the

nuneric subset of the selected (EBCDIC or ASCII) 8-bit
code. :

Wwhen the address controllers of the A and B addresses

signed 4-bit and unsigned 4-bit formate resaectlveiy, each
- digit is moved and the sign is not moved.

When the address controllers of the A and 8 addresses
specify  unsigned 4=bit and  signed 4=bit format,
respectively, each digit is moved and the gn of the
receiving field is set to the selected (ERCDI or ASCII)
positive sign code. )

Upon completion of the instruction of the comparison
flip-flops are sat to indicate whether the value of the
portion of the origin field moved was greater than, eqgual
to., or less than zero. For an 8<bit origin field, only the
tow order digit of each character moved is inspected for
the equal to zero condition. The sign cf the crigin field
is always inspected when the origin field 1is signed,
regardless of the format of the receiving field. HWhen the
origin field specifies B~bit format, the origin field is
~inspected for a sign in the most stanficant 4 bits of the
most significant character when and only when the receiving

field specifies signed four bit format. 1In all cases the
oricin field is assumed positive.

Identical overlap of the A and 8 fields is permitted. See
Section 3 9 for permwss:ble partial overlap.
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Move characters or digits from the origin location
specified by the A address to the destination location
specified by the 3 address.

The count given by the doncatenation of D3, D4 and by the
concatenation of DS, Db specifies the length of the A and B

fields» respactivelys but does not incliude the sign of

signed fields.

A count of 00 specifies a field VLength of 100. Full
generality of address controller usage applies to both
addresses. _

if the destination field length is shorter than the origin
field tength, the origin field is truncated from the t{eft,
if and only ifs the truncation affects characters with a
tow digit of zero or zero digitse. i1f characters with a
non-zero low ordsr digit or non-zero digits are affected,
the overfiow flip=flop is set, the comparison flip=flops
are unchanged and all fields are unchanged.

1f the destination field length is longer than the origin
field length the destination field 1is filted " in with
Leading "zero™ characters or digits.

- Yhen both address controllers specify signed &-=bit sign

digit is set to indicate the appropriate algebraic sign for
the selected (EBCDIC 3r ASCII) code.

When the address controllers of the A and B addresses
specify 8-bit and signed format, respectively, only the Llow

order & bits of each character are moveds, but the most:

significant four bits of the A-field are inspected for sign
and the receiving field sian digit is set to 1indicate the

appropriate algebraic sign for the selected (EBCDIC or
ASCII) code.

When the address contrcllers of the A and B addresses
specify B8-bit and unsigned 4=bit format, respectively, only
the low order 4=-tits of each character are moved, the other
4 bits are igncred. :
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0P 11 = MVN (MOVE NUMERIC) (Continued)

When the address controllers of the A and- 8 addresses
specify signed 4~bit and 8-bit format, respectivelys the
high order 4-b5its of =each character in the destination.
field are set to the code (1111 or 01010) indicating the
numeric subset of the selected (EBCDIC or ASCII 8=-bit code
except that the high order 4=bits of the most significant
character are set to indicate the appropriate algebraic
sign for the selected (EBCDIC or ASCII) code.

When the address controliers of the A and B addresses
specify unsigned 4-bit and 3-bit format, respectivelys, the
high order &4-bits of each <character 1in the destination
field are set to the code (1111 or 0121) indicating the
numeric subset of the selected (EBCDIC or ASCII) 8-bit
code.

When the address controlilers of the A and B addresses
speci fy signed L=bit and unsigned 4-bit  format,
respectively, each digit is moved and the sign is not
moved. '

W¥hen the address controllers of the A and B8 addresses
specify unsigned L=bit and signed t=bit format,
respectively, each git is wmoved and the sign of the
receiving field is set to the selected (EBZIDC or ASCII)
positive sign code. '

[« 8
)y

When both address controllers specify 8-bit format, only
the low order 4 bits of each character are noved. The high
order bits of each character in the destination field are
set toc the code (1111 or 0101) indicating the numeric
subset of the selected (EBCIDC or ASCII) 8-hit code.

When beth address controllers specify unsigned &=bit
formats, each digit is moved. ' : -

Upon completion of the instruction the  comparison
flip-flops are set to indicate whether the portion of the
origin field moved was greater than, equal to, or less than
zero. For the case of 8-bit origin fieldr only the low
order digit of each character moved is inspected for the
equal to zero conditisn. The sign of the origin field is
always inspected when the origin field is signed,
rejgardless of the format of the receiving field. When the
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OP 11 = MVN (MOVE NUMERIC) (Continued)

origin field specifies 8-bit format, the origin field is
inspected for a sign in the most significant 4=bits of the
most significant character when and only when the receiving
field specifies signed four-bit format. In all other cases
the origin field is assumed positive. ' '

See Section 3.9 for permissible partial overtap. A and B

~fields can overltap indenticalliy.

0P 12 = ¥V¥ (MOVE HORD)

Move Hords from the origqin Ulocation specified by the A
address to the destination location specified by the B
address.

A word is interpreted as 16 bifs (2 characters) of
information. ’

The origin and destination addresses must be divisible by
four without a remainder==that is, they are svynchronized to

word boundaries.

The number of words moved is specified by the increment
NNNN contained in the four digits D3, D4, D5 and D6 of this

“instruction. The maximum number of words moved 1is 10,900

and is determined by using a word count of 0000. 8oth
address controllers must specify unsigned 4-bit format or
indirect address. If indirect address 1is specifieds the
final address must specify unsigned 4=bit formate.

The condition toggles are unchanged.

See Section 3.9 for permissible partial overlap. A and B
fields can overlap identically. ' '

OP 13 - MVC (MOVFE AND CLEAR WORD)

Hove Words from the origin locatian specified by the A
address to the destination location specified by the B
address. The origin laocation is cleared to zero before the
Wword is written into the destination location.
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& word 1is interpreted as 16 bits (2 characters) of
information. .

The origin and destination addresses must be divisible by
four without a remainder--that is, they are synchronized to
word boundaries. :

The number of words maved is specified by the increment
NNNN contained in the four digits D3, D4, D5 and D6 of this
instruction. The maximum number of words moved 11s 10,000
and is determined by using a -word count of 0000. Both
address controllers must specify unsigned &4=-bit format or
indirect address. If indirect address 1s specified, the
final address must specify unsigned &4=-bit format.

Toggles are unchanged.

See Secticn 3.9 for permissible partial overlap. A and B
fields can overlap identically. '

Move characters or di

in
specified by the A address
specified by the B address.

1t

The count given by the concatenation of D3 D& specifies

the length of the A field. The coaunt given by the
concatenation of D5, )6 specifies the numnber of repetitions
of the move. A count of 00 in the respective positions
specifies the maximum field length of 100 and the maximum
number of repetitions of 100. The length of the B field is
given by the product of the A field length and the number
of repetitions.

Both address controllers can specify unsigned &-bit format»
8-bit format or indirect address.

When both address controllers specify B8-bit foraat, each
character is moved.
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P 14 - HVR (¥OVE REPEAT) (Contlnued)

When both address controllers specify unsigned 4-bit
formats, each digit is moved. we : o _

HKhen the address controllers of the A and B address specify
8=pit and unsigned 4-bit formats respectivelys, only the lowu
order 4 bits of each character is moved, the other 4 bits
are ignored.

Yhen the address controllers of the A and R address specify
unsigned 4=pit and 8-bit formats, respectively, the high
order 4 bits of each character in the destination field are
set to the code (1111 or 0101) 1indicating the numeric
subset of the selected (EBCDIC or ASCII) 8=bit code.

The condition toggles are unchanged.

See Section 3.9 for permissible partial overlap. A 2and B
fields can overlap identically. Move _Links.

0P 45 = CPA (CBHPA?E ALPHANUMERIC)

Conpares, according to the (Binary) collation sequences the
A field with the 38 field and set the comparison flip=-flops
toc indicate whether the A field is less than (low), equal
to {equald)s or greater than Chigh) the 3 field.

The overflow ftip=-flop is not affected by this instruction.

The count given by the concatenation of D3s D4, and by the
concatepation D5s D6 specifies the length of the A and B
field, respectivaly. Both address controllers must specify
8=hit format or indirect address. 1If indirect address is
specified the final address must specify 8-bit format.

Maximum field length is 100 and is determined by a field
count of 00.

ALl eight bits of a character are used in the ‘comparison.
If the two fields are of wunequal ‘tength, the number of
characters of the shorter field is made equal to the longer
field by assuming trailing "blank™ characters.
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0P 45 - CPR (COMPARE ALPHANUHER!C) {Continued)

Note: EBCDIC blank is the same as ASCII blank 0100 0000.

The instruction is terminated immediately with the
appropriate comparison condition set, if an wunequal
condition is detected. :

Both fields retain their original values 1in memory after.
executton of this instruction.

A and 8 fields may overlap identically. No partial overlap
is allowed. ' '

OP 46 = CPN (COMPARE NUMERIC)

- S S D L P G AN D R AT GR R ER AE D WS AP WS P G GD @ YL @ Gn e e

Compare algebraically the A field with the 3 field and set
the comparison flip-flops to indicate whether the A field
is ltess than (low)s, equal to (equal)» or greater than
Chigh) the 3 fielda The comparison 'is algebraic with
numeric format.

" The overflow flip-flop is hot affected by this instruction.

The count given by the concatenation of 03, D4 and

by the
concatenation DS, D6 specify the itengths of the A and B
fields, respectively, but does not include the sign of the
signed fields. Full generality of address controller usage
applies to both addresses. Maximum field length is 100 and

is determined by a3 field count of 00.

Hhen the address controller specifies B8=bit format in
either or both addressess, only the less significant & bits
of each character are compareds the other 4 bits are
ignored. The sign is assumed positive. Note that 8=bit
forwat ccmparisons are not algebraice. '

If the two fields are of unequal Llength, the ' number of
characters/digits of the shorter field is made equal to the
tonger field by assuming leadin3y zeros.

The instruction is ~ terminated immediately uwith the
aporopriate comparison condition sets, if an unequal
condition is detected. :
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OP 46 = CPN (COMPARE NUMERIC) (Continued)

Unsigned fields are assumed positive (8=bit or unsigned
4-bit format).

The comparison of minus zero with plus zero indicates an
equal condition. : N

Both fields retain their original value 1in memory after-

. execution of this instruction.

A and B fields may overlap identically. No partial overlap

is allowed.

0P 15 = TRN (TRANSLATD)

Translate (perform suostitution of) characters of digits
from the ‘location given by the A address using the
substitution table located at the B address and store the

result in the location given by the C address.

The number of characters or digits translated is given by

the number NNNN specified in the four digits positions D3»
D&s DS end D6 of this instruction. The maximum number of
characters or digits translated is 10,000 and is determined

by a count of 0000.

The B address must be specified as BBDODO» that 1iss the
translation table addr2ss must contain zeros in the three
least significant 4-bit digit positions.

Hhen the address controller of the A field specifies B8-bit
formats, the character to be translated is interpreted as a
nine bit character by assuming a zero appended on the
right. Yhen the address controller of the A field
specifies sign or unsigned 4-bit format, &4=bits (1111 or
0101) indicating the numeric subset of the selected (EBCDIC
or ASCII) 3-bit code are assumed to be aopended cn the left
ani a zero assumed to be appended on the righte. The
resultant ?-bit ,character is split into groups of threes and
inserted into the three low-order digit positions of the B
address. The most significant bit of each of the three
digits positions is set to zero.
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0P 15 - TAN (TRANSLATE) (Continued)

The 8=-bit character at the resultant address 1in the
translation table 1s transferred 1into the destination
string beginning at the C address. -

Standard addfess control(ér usage épblies to> the A address.
The address controlter for B address =must specify 8-bit

format or indirect addresse. The address controller for ©C’

address must specify 8-bit format or indirect address. If
indirect address s speified, the final address must
specify B8-bit formate.

Identical A and € fitelds are permvtted. No other overtap
is aliowed. ‘

The digit position in the A field containing the sign 1is
ignored when the address controller specifies signed &=bit
format. ‘

W AR GE TR D N Wn S G W G A G AR TR Sm en R SR WS Gm W W S

Move the contents of the Llocation specified by the A
address to a register. Move the contents of the Location
specified by the 8 address to the location specified by the

~ A address. Move the contents of the location specified by

the C address to the tocation specified by the B address.
Store the contents of. the register (original <contents of
the location specified by the A address) into the Location
specified by the C address. :

Results: If none of the A, B, and C fields overlaps this

~instruction moves the starting A-field data to the C=-field,

the starting 8-field data to the A-field, and the starting
C-field data to the B-field.

The length specified by the concatenation of D3.and D& is

the length of all fields. A count of OO0 represents the
maximum of 100.

Standard address controller usage applies to all addresses.
The finat =2ddress controtlers for 211l three adidresses must
be identical. The C~address control is used. If the
C-address controller specifies 3-bit format, an odd A or B8
address causes an address error and results in wunspecified
erroneous results. See Section &4.l.
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6.17 OP 09 = MVL C(MOVE LINKS) (Continued)

LSS R D GE NS WS T GR T GR MDA R S A OO @GP W CB W W e W

only two uses of identical fields are specified: (1) field
B identical to field C» and (2) field A identical to field
B. No partial cverlap is alloxed.

5.18 SCAN INSTRUCTIDNS

- The count given by the concatenation of D3, D4 and by the
concatenation of D& and D& specifies the lenath of the A
and 2 fields respectively. Maximum field length is 100 and
is determined by a field count of 00. i

Khen an address controller specifies unsigned 4-bit format,
a high order digit (1111 or 01013 indicating the numeric
subset of the selected (EBCDIC or ASCII) 8-bit code |is
assumed to be appended on the left of each digit being
compared.

Neither partial nor total overlap is allowed in fields used
in Scan instructions.

6-18.1 OP 16 = SDE (Scan to Jdelimiter = Equal) )

G ET e A R G0 SN G R SR SR R YD TR S5 SO0 S0 TR G SR S5 TR MR SR @S S5 G SN T WR WE WE WP SR e SR W

The first character or digit from the location given by the
"B address is compared with a sequence of characters or
digits starting in the lLocation given by the A address.

If the first character from the B field is not equal to any
of the characters from the A field, the next character from
the B8 field is accessed and compared with the seguence of
cinaracters from the A field. The process continues until
the B field is exhausted or until a character from the B8

field is found that is equal to any of the characters from
the A field.

If the first character from the B field is equal to any of
the characters from the A field, the comparison condition
low is set and the number 00 is stored in base relative
location 3R=-39, If the B field 1is exhausted without
detection of a character from the B field tnat i5 equal to
any of the characters from the A fieldr, the comparison
cendition high is set and the number of characters in the B
field minus one is stored in base relative Location 38-39.
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6.18.1 OP 16 - SDE (Scan to Jelimiter = Equal) (Continued)

1f a character from the 3 field other than the first 1is
detected that is equal to any of the characters from the A
field, the comparison condition equal is set and the number
of characters of +the B field compared prior to the
detection of the equal character is stored in base relative
location 38=39. »

6.18.2 OGP 17 = SDU (Scan to Jdelimiter = Unequal)

The first character or digit from the location given by the
8 address is compared with a sequence of <characters or
digits starting in the location given by the A address.

1f the first character from the B field is 2qual to any of
the characters from the A field, the next character from
the 8 field is accessed and compared with the sequence of
characters from the A field. The process continues until
the B field is exhausted or until a character - from the B
field is found that is not equal to any of the characters
from the A field. '

If the first character from the 3 field is not equal to any
of the characters from the A field, the comparison
condition low is set and the number 00 is stored 1in base
relative tocation 38-39.

1f the 8 field 1is exhausted without detection of a
character frem the B field that is not equal to any of the
characters from the A field, the comparison condition high
is set and the number of characters in the 98 field minus
one is stored in base relative location 38-39.

If a character from the B field other than the first 1is
detected that is not equal to any of the <characters from
the A fieldr, the comparison condition equal is set and the
nuaber of characters of the B field compared prior to the
detection of the not equal character 1is stored 1in base
relative location 38-39.
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0P - SZE (Scan to Delimiter = Zone Equal)

This instruction is the same as Scan.to Delimiter = - Equal
with the following exceptions: :

1. Address controllers may specify 1indirect address or
‘ 8-bit format only. . _

?. The tow order digit of each character is ignored in the’
conparison.

9P 19 - SZU (Scan to Delimiter - Zone Unequal)

This instruction is th2 same as Scan to Delimiter - Unegual
with the following exceptions:

1. Address controllers specify indirect adiress or 8=bit
format only.

2. The low order digit of each character is ignoréd in the
conparison. ‘

OP 49 ~ EDT (EDIT - DATA MOVEMENT)

SN GE AN S G5 B G CMS S GV GBS BE ED WS ED G UE G6 D SN WS AT GR GR W GN ED WS @ NGB Ge

Move data from the A field (source) under control of the

micro-operators given in the B field to the C field
{destination).

The three fields--A, B8 and C=~- are completely separate,
except that the A and - fields can be identical if the B
field is completely separate.

Digits D3 and 24 are reserved and must be zero. The count
given by the concatenation of D5 and Db specifies the
number of micro~operatars in the B fields A count of 00
specifies a field length of 100. Full generality of
address controller usage applies to the source (A) field.
The address contreller of the micro-operator (8) field and
the destination (C) field must specify B8=-bit format or
indirect address. If indirect address 1is specifieds the
final address must specify 3-bit format. The source field
is considered positive for unsigned 4-bit format. For
R=bit format, the most significant digit of the most
significant character is considered to be a sign. For
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OP 49 - EDT (EDIT - DATA MOVEMENT) (Continued)

-

sijned 4-bit format, the sign 1is considered to be the
leading digit of the field in the usual manner. After the
operationes the conparison flip-flops indicate whether the
source fieild is positive, neqative or zero, if at ieast one
character from the source fieltd has been moved. ‘If no
character 1s moveds the comparison flip-flops are set. to
zerc condition. The low order digtt of a character 1is-
inspected for the zers condition.

The A and B field are not altered following completion of
this instruction.

The overflow fiin-flop is’cieared to zero at the completion
of this instruction. '

The instruction 1s terminated by the exhaustion of the 8B
field.

The 8 fietld consists of a string -of tuwo~digit
micro-operators. Each micro~operator has the form MA,
where M and A are digits. M refers to the operation code
and A In most cases to the Oths 1sts» 2nd, ...7th character
of a table in a base relative location.

T denotes a toggle which is zero initia{{y' and which is

-set to one when zero suppression ends.

*Q" denotes a toggle which is zero initially, and which is
set to one if check protection is desired. ‘

75" denotes a toggle which is set to zero if the A field
sign is negative and to one otherwise. Unsigned 4=bit
forrat fields are considered positive.

The following three micro-operators contain a repeat count
in the A (2nd digit) portion of the micro~ operator. lero
represents no repeate.

Move Digit’ M = 0» A = Denal
Move Character, M =1, A = 0eee9
Move Suppesss M =2, A =

0.‘.9
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6.19.1 Move Digit

Set ' T = 1 and move a digit/character from the (A) source
field to the {C) destination field wWwith the more
significant 4 bits of the digit/character set to the code
(1111 or 0101) 1indicating the numeric subset of the
selected (EBCDIC or ASCII) 8-bit code.

6.19.2 Move Character

Set ¥ = 1 and move a digit/character from the (A) source
field to the (C) destination field, the more significant 4
bits in the case of a digit is set to the code (1111 or
0101) indicating the numeric subset of the seiected (EBCDIC
or ASCII) 8-bit code. A character is moved unchanged.

s

6«19.3  Move Suppress

- If T =1 or if T = 0 and the source digit or the low order
digit of the source character is not zeros, the operation
move digit is performed. If T = 0 and the source digit or
the low order digit of the source character is zeros and @
= D, move 3 blank (0100 0300) to the destinations; if @ = 1,
move table entry two (normally an asterisk) from the table
to the destination. The following micro-cperator contains

"a control meanina in the A (2nd digit) portion of the
micro~operator.

Set T =0 M =9, A =21
Set T =1 M =9, A = 1
Cempiement 0 M =9, A =2
Skip source digit or M =9, A =3

character

The following six micro-aperators ccntain in the A (2nd
diait) portion of the micro operators, either . a pointer
referring to a particular character in a table located in
fixed base relative location in memory (A = D...7 refers to
the Oth, 1st...7th character), or a code denoting a
reference to a table entry or  a nen-table entry and an
action to be performed.
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Move Suppress (Continued)

Insert Unconditionally
Insert on Plus (=1)
Insert on Minus (S = 0)
Insert Suppress

Insert Float

End Float

[ T R TR TR |
RPNV W

TxRmIXT X

The following actions are performed for the Code A = 1000,
1001, 1010, and 1011 in the above six micro-operations only
if during the execution of the M portion of the
micro-operator reference is made to the A portion.

For A = 1000, if S = 1, use table entry 0 and if 5 = 0,
use table entry 1. ) -

For A = 100ts if S = 1, use blank (D100 0000) in Ulieu
of a table entry and if S = 0, use tabie entry 1.

For A = 10190+ if S = 0, use blank (03100 0000) in Llieu
of -a table entry and if S = 1, use table entry 0.

for A = 1011, the next 8-bit character in the mask is
not a micro-operator put is to be used as an B=bit
character in the same manner as an entry in the table.
in all casess the next micro-operator is obtained
followina this 8=bit character.

Insert Unconditionally

Move the character from the A" location in the table to
the destination field.

Insert on Plus

& E o me on G2 am an @r A8 W am - -

If S = 1, move the character from the "A" location in the
table to the destination field., If S =0 and Q@ = 3, nmove
blank (0100 0009) to the destination. If S = 0 and 9 = 1,

move table entrv two (normally an asterisk) from the table
to the destination.
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6.19.6 Insert on Minus
1f S = 0, move the character from the "A" location in the
table to the destination fields [If S = 1 and @ = J» move
blank (0100 00090) to the destination. If S = 1, and @ = 1, -
move table entry two (normally an asterisk) from the table
to the destination. : '

6.19.7 Insert Suppress -
If T = 1» move the character from the ®"A" location in the
table to the destination field.s If T = 0 and @ = 0s move a
biank (0100 0000) to the destination. If T = 0 and @ = 1i»

move table entry two (normally an astertsk) from the table
to the destination.

3«19.8 Insert fFloat

I1f T = 1» the operation move digit is performed. If T = 0,
and the source digit or the iow order digit of the source
character is not zeror, move the character from the *wA"
location in the table to the destination field and then
perform the operation move digit. If T = 0 and the source

digit or the low order digit of the source character is
zero then if 9 = 0 move a blank (0100 00003 to the
destination field. If G = 1 move table entry two (normally

an asterisk) from the table to the destination.

5.12.9 fnd Float Mode

1f T = 0 move the character from the A" Ulocation in the-
tabie to the destination field. If T = 1, 30 to the next
micro-operator.

6.290 FLOATING POINT ARITHMETIC, VARTABLE LENGTH FIELD

The representation of a Floating Point number is:

S/X Exp S/M Mantissa
where: .
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FLOATING POINT ARITHMETIC, VARIASLE LENGTH FIELD'(Continued)"
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S/M is the sign of the Mantissa (1 digit)
$/X is the sign of the Exponent (1 digit)
Exp is the Exponent (2 digit)

Mantissa (variabie tengths, decimal at right)

Exponents and Mantissa are integers.

The decimal counts given by D3D4 and D506 (each 1 to %39 and
00 = 100) specify the numbers of digits of the mantissa 1in
the A and B fields respectively, but do ndt include the
signs or exponent digits. Note: Although fietd Length
refers only to mantissa digits, signs and "~ exponent digits
are always present. Sign convention is the same as 1in
fixed point arithmetic. The address controllers must
specify signed 4-bit format and/or 1indirect address. If
indirect address is specified, the final address centroller
must specify signed 4=bhit format.

Zero has a mantissa of all zeros and an exponent of =99. A
zero can be used as an operand in any FP operation (see FP
Divide for special cases).

If the most significant digit of a8 non-zero mantissa 1is
zeros» that F.P. number <can be used -as an operand 1in
addition and subtraction. However, if 1t 1is used as an
operand in multiplication or division it is treated as a
zero regardless of the size of its exponent.

Results of all floatiny point operations are normalized
{exception =~ remainder in divide).

The comparison flip=flops settings 1indicate whether the
result is greater than, equal to, or less than zero. A
zero result sets comparison conditions to equal.
(Exception - flagged underflow). ‘

"gverflow™ occurs when 3 result exponent exceeds +99.
Overflow sets tne overflow flin-flop and the —comparsion
high condition. No fields in memory are altered. Exponent
overflow can occur with any of the four F.P. operations.

Definition of underflow depends on the oaperation. The

underflow flag is overflow and low comparison flip-floos
on.
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6.20.1 Alignment of Operands for Addition and Subtraction

When exponents of the two operands used in floating point
addition or subtraction are algebraically equal, or beconme
so during the automatic procedure A andfor RB: described

- belows the - fixed point operation is performed on the
mantissas of the equal exponents.

If field lengths of the operands are equal, procedure ®=B3"
is used. Otherwuwises the operand with the smaller field
tength is adjusted.

Procedure  A: If the exponent to bdbe- adjusted is
algehraically larger than the otherr count down that
exponent and count up  its mantissa field Llength

(effectively shifting Lleft and adding +trailing zeros).
Continue adjustment until either (1) the adjusted exponent
becomes egqual to that of the other operand, or (2) the
field lengths become egual but exponents are not equal. If
(2) occurss adjust the other operand by procedure B.

Procedure 8: It the exponent to be adjusted 1is
alaebraically smalier than the other, count up that
exponent and count down its mantissa field tlength
Ceffectively shifting risht znd truncating the mantissa LSD
each time the exponent §s increased by oned. Continue
adjustment until either (1) the adjusted exponent becomes
equalt to that of the other operand, or (2) the shorter
field is exhaustad. If (2) occurss the result 1is the

floating point operand with the larger exponent.

6.20.2 0P €0 = FAD (Floating Point Add)

These instructions are invalid unless the Floating Point
Adapter hardware is installed.

After proper alignment of operandss algebraicatlly add an
addend located in A to an augend located in B and store the

result in C. O0Operands need not be in normalized form.
(Result is normalized.)

Yhe result mantissa length (in dijits) is the same as the
larcer of the A and B field lengths.
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6.20.2 OP B0 - FAD (Floating Point Add) (Continued)

If the result exponent is greater than +992 ({(possiblie only
if mantissa overflow increments a +99 result exponent)
overflow occurse.

If mantissa overflow occurs ~the result exponent is
incremented by cnes and a Leading one is supplied as the
first result digit in the mantissa. The least significant:
digit of the unadjusted result mantissa is dropped.

If a normalized or unnormalized result exponent 1is less
than =99, the result is set to zerc. The underflow flag is
not set.

in Floating 2o0int Add no fields are to overlap.
(Exceptions: (1) A and 8 fietds are 1identical 1in signs
exponent, and mantissar (2) B and C fields are identical
and A field value 15 =99 + 3.)

6.20.3 0P B1 = FSU (Floating Point Subtract)

After proper alignment of'operands. algebraicatly subtract
a subtrahend Located in A from a minuend located in B8 and

store the result in . Operands need not be in normalized
form,

The result mantissa length in digits is the same as the
tength of the targer of the A and 8 field lengths. ’

if mantissa overflow occurss, the result exponent is
incremented by une. A leading one is supplied as the first
result digit in the mantissar, and the Lleast significant .
digit of the unadjusted result mantissa is dropped.

It the result exponent is greater than +99 {possible only
if mantissa overflow increments a +99 result exponent)
overflow occurs.

If the result egnoneﬁt is Less than =99, before or after
normalizations, the result is set to z2ro. The underflow
flaga is not set. )
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6.20.3 0P B1 = FSU (Floating Point Subtract) (Continued)

In Flocating Point Subtract, no fields are to ~overlap.
Exception: A and B fields can be identical.

520.4 OP B2 = FMP (Floating Point Multiply)

Algebraically multiply a multiplicand tocated in B8 by a-
.multiplier tlocated in A and store the result in C.
Operands are assumad to be in normalized form. A
non-normalized operand is treated as zero.

The result exponznt is the sum of the ~operand exponentss
decremented by one if required for normalization. Yhe
tength of the result mantissa is the sum of the operand
tengths. The result mantisss is the normalized product of
the operand mantissase. :

Mantissa overflow cannot occur. Exponent overflow can
. QOCCuUure. ’ o

If the result exponent 1is =99 or less before normal-
izations, the underflow flag is set if both operands are
non-=zero; other«ises, a zero result is stored and comparison
ftip=flop is set to equal.

In Floating Point Multiply identical overlap of the A and B
fields is the only permissible overlap. :

6.20.5 0P 83 - FDV (Floating Point Divide)

Alaebraically divide a dividend located in 3 by a divisor
located in A7 store th2 quotient in C and the remainder in
B« Operands are assumed to be in normalized forn. An
operand with a mantissa MSD of zero is used as zero. The
quotient is normalized. The remainder has the same field

tencths signs and exponent as the original 3 field and is
not normalized.

The C field len;fh is the difference between the B8 and A
field Llengths. The ~preliminary result exponent 1is the

difference hetween the dividend exponent and the divisor
exponent. '
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6.20.5 0P 83 = FDV (Floatina Point Divide) (Continued)

In Floating Point Divisionp. when the mantissas meet
conditions (1) and (2) pbelows regqular fixed division s
performed.

(1) The dividend mantissa field length (B) is greater than
the divisor mantissa field Length (A).

(2) The absolute value of the divisor mantissa is agreater
~than the absotute value of the equivalent number of
teading digits of the dividend mantissa.

If condition (1) above is not true, overflow occurs, the
~ operation is terminated, and no fiald contents are altered.

If condition (2) is not true but (1) 1is trues the
preliminary result exponent is incremented by one {as if a
leading zero wWere annexed to the dividend mantissal)s and
the division proceeds if the preliminary exponent was less
than +99.

If the result exponent falls below =99, the underflow flag
is set if both operands are non-zeroc; otherwise a 2zero
result is stored and the comparison flio-flop is set equal.
nnnnnnnnn ~ £ [ SNy PP S -
UIVIDOUEI [S 01 ZETGC oYy RAGN~=Zero ﬁua!lllll*’) YyiguQas a Zero
result. Division of zero or of non=zero quantities by zero
~causes overflowu.

Use of either partially or totally overlapped fields in FP
Divide is not permitted. '

b.21 3IT TEST, BIT SET, BIT RESET INSTRUCTIOHNS

These instructions are invalid unless the Extended Function
Adapter harduware is installed.

Characters/digits from the A field are accessed and
manipulated with the appropriate portion of the mask in
diatt positions D5 and D6 as indicated befow.

If the address controller specifies unsigned 4-bit format
and the number of digits accessed is evens, the entire 8=bit
mask is applied to successive grouns of two digits of the A
field. If the number of digits is odd the operation is the
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6.21 BIT TEST, BIT SET» BIT RESET INSTRUCTIONS (Continued)
same  until the tast digit 1s  accessed. The more
significant 4=-bit portion of the mask is applied to this

digit.

The number of characterss/digits treated is specified by the
digits D3 and 94 of the instruction. 00 represents the
maximum of 100.

The address controller must specify unsigned 4-bit format,
8-bit fourmat or indirect address.

No fields in memory are altered for bit test.

6.21.1 GP 40 = BZT (Bit Zero Test)

The comparison cendition equal is set if a zero bit is
encountered in any data character/digit position which
corresponds to a one bit in the  mask. The comparison
condition high is set otherwise. : :

6.21.2 0P 41 - BOT (Bit Cne Ta2st)
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The comparison condition equal is set if a one bit is
"encountered in any data character/digit position which

corresponds to a ocne bit in the mask. The coaparison
~condition high is set otherwise.

6.21.3 gP 33 = 83T (Rit Resot)

This instruction is invalid unless the €Extended Function
Adapter hardware is installed.

The bits in the operand at the location specified by the A
address are reset if the corresponding hits are one bits in
the operand (mask) given by D5 Db. The comparison
condition high &s set if the least significant bit of the
result field is one. Otherwise it is set equal.
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6.21.4 COP 34 = BST (Bit Set)

This instruétion is invalid unless the Extended Function
Adapter hardware is installed.

Set the bits in the —character/digit specified. by the A
address if the corresponding bits jn the mask» DS. D6, are

ones.
.. The comparison condition high is set if the 1least
significant bit of the result field is ene. Jtherwise it

is set equal.

The legical product (And) of the operand at the location
specified by the A zazddress with the operand at -the location
specified by the R address s stored 2at the Llocation
specified by the C adiress.

The counts given by the concatenation of D3)4 and by D5D6
specify the lengths of the A and 3 fields, respectivelv.
Maximum field length is 100 and is determined by a fietd
count of 00. The length of the C field 1is given by the
larger of the two. o ’ :

The address controllers must specify unsigned 4=bit format,
8-bit format, or indirect address. If indirect address is
specifieds the final address must specify unsigned 4=bit
format or 8-bit format. The final address controllers for
all three addresses must be identical. :

If the two fields are of unequal tength, th2 number of
characters/digits of the shorter is made equal to that of
the tonger by assuming trailing characters/ digits whose
bits are atl zeros.

The comparison condition high is set if -the (east

sianificant hit of the result field is one. Otherwise it
is set equal. '

Any two of the three fields ma§ be identical. No other
overlap is specified.
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OP 43 = ORR (3JR)

The logical sum (or) of the ooerand at the location
specified by the A address with the operand at the location
spacified by the B address 1is stored at the location
specified by the C address. ‘

The counts given by the concatenation of D3, D4 and by the
concatenation of DS, D6 specify the lengths of the A and 8
fields, respectively. Maximum field length is 103 and 1is
determined by a field count of 00. The length of the C
field is given by the larger of the two.

TYhe address controllers must specify unsigned &4-bit format»
B=bit format or indirect address. If indirect address is
specified the final address must specify unsigned 4&=bit
format or 8-bit format. The final address controllers for
altl three addresses must be identical. ’

If the tvwo fields are of wunegual lengths, the number of

,_charactersidigits of the shorter is made equal to that of

the tonger by assuming trailing characters/ digits whose
bits are ail zeros.

The comparison condition h
significant bit of the resuit f
is set equal.

Any of the three fields may be identical. No other overltap
is specified. ) '

The modulo two sum (Exclusive Or) of the operand at the
lecation specifizd by the A address with the operand at the
location specifiad by the B address 3s stored at the
ltocation specified by the C address.

Tne count given by the concatenation of D3, D4 and by the
concatenation of DS+, )5 specifies the length of the A and B

" field, respectively. Maximum field length is 100 and 1is

determined by a field count of 00, The Length of the C
field is given by the larger of the two.
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0P 44 = NOT (NOT) (Continued)

The address controllers must specify unsigned 4~bit format,
8=-bit formats, or indirect address. 1If indirect address 1is
specified the final address must specify unsigned 4=-bit
format or 8-hit format. The final address controiliers for
all three addresses must be identical.

If the two fields are of unequal! tltength, the number of.
characters/digits of the shorter is made equal to that of

the longer by assuming trailing characters/digits whose

bits are all ones. A

The comparison condition high 1is set if the least
signifiant bit of the result field is one. Otherwise it is
set equal. '

Any two of the three fields may be identical. No other
overlanping is specified.

HALT INSTRUCTIONS

Halt instructions are dependent wupon an execution digit
located in the Process State Record (PSR)Y whrich determines

the course of actiocn 3s lou

fni s-
Lt Lun -

Digit = 0 ALL halts are executed. .
= 1 Normal state halts are ignored.
= 2 Control state halts are ignored.
= 3 All halts asre ignored.
= 4 ALl halts are considered invalid instructions.
=5 Normal state halts are (ignored and control state
, halts are considered invalid instructions.
= 6k Zontrol state halts are ingored and nornal state

halts are considered invalid instructions.
=7 ALt halts are ignored.

0P 2% = HBR (HALT, BRANCH)

Select the address A as the address specifying the location

cf the next instruction whether the halt s executed or
ignored.
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6.25.1 OP 29 - HBR (HMALT, BRANCH) (Continued)

The address controller bits specify the most significant
digit of the address or indirect address as follows: 00 =
0» O1 = 1, 10 = 2 and 11 = indirect address. This permits

ranching to any address up to and including 299,998
Without indexing or address extension. if address
extension is useds the address portion of the MSD wmust be

zero or specify indirect address.

6e.25.2 OP 48 = HBK (Halt, Breakpoint)

An eight bit character from base relative location 46-47 is
accessed and tested with an eight bit mask character in
digit positions D5 and 96 of this instruction. 1f the
eight bit character from base relative location 46=47  has
one »it which corresconds to a one bit in the mask the
execution digit in the PSR is accessed. This digit then
determines the course of actione.

If no correspondence is obtained, the halt 1is. ignored,
regardiess of the execution diaqit. That 1is» the next
instruction ts selected in normal sequence. :

Digit positions D id D4 ars not reserved and <¢an obtain
any combination of bits 1including ¢the bdit combination
normaily specifying Lliterals. However, 1indirect field

Llength is operative and the combination? of hits specifying
indirect field ltenqgth will insert the value obtained from
the address specifed. These bit have no significance 1in
the execution of the instructien. '

b.26 SEARCH CTOMMANDS

Belba1 OP 39 = SEA {(Search)

Compare the A field with the B8, B#NN, B#2(NN), B+3(NN),
«ee.fields in the manna2r orescribed by the variants in the
€ address controller until the incremented 3 field address

is equal to or qreater than the C addresss or wuntess
terminated otherwise.
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6.26.1 OP 39 = SEA (Search) (Continued)

The comparison as determined by the A address controller is
as follows: o : '

00 = 4=Bit Binary
01 = Signed 4~-Bit Algebraic
10 = 8-8it Binary

fhe increment N® as determined by D5=D6, and the B address
controller 1is as followus:

D5-D6 8 Controller Increment

NN : 10 v NN Characters
NN v 00 L NN Digits

NN 01 _ , NN +1 Digit

Indexing and indirect address are aillowed on all three
addressese.

The overflow flip-flop is cleared to zero after the
completion of the instruction. : '

The length of both the A field and the B8 fisld is given by
the decimal count of 2304 (00=100), but does not include
the sign of the signed fields. Length 1is independent of
and can be larger than the iacrement.

If the C address controller bits are 00, then the A field
is compared with the B field and each subsequent 3 field
- for an equal condition. If and when an equal condition 1is
. detected, the comparison flip-flops are set equal and the
address of the pertinent 3 field is, stored in IXl. The
Search is thz2n complete. If an equal conditien 1is not

detected, the comparison flip-flops are set high and IX1 is
unchanged. :

If the C address controller bits are 01, then the A field
is compared with the B field and each subsequent B8 ¢field
for a low condition. If and when a B field 1is detected
that is lcwer than the A field» the <comparison flip-flops
are set equal and the address of the pertinent B field is
set to IXi, and the Search 1s complete. If a low condition

is not detected, the comparison flip-flops are set high and
IXt is unchanged.
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6.26.1 0P 39 = SEA (Search) (Zontinued)

If . the € address controller bits are 10s then the
comparison is made for a3 lowest CONDITION. When and if a 8
field is detected that is lower than the A field, the
pertinent B field is then used in the comparison with the
subsequent B fields in lieu of the A field and the process
continues until the B fields are exhausted. The address of
the towest field detected is stored in IXl. If no low is -
found, the A ADDRESS - or the address of the A ADDRESS
“field (if A ADDRESS is a literal) is loaded into IXl.

In some casess after comparison of the last possible full B
field in the interval between the B and [ addressesr a
final 8 field rensins which 1is shorter than specified.
(Example: A field greater than NN). If a 1low or Llowest
condition is detected in_this short field before the ¢C
address is reached, it is treated as a standard tow and its

address ¥s stored in IX1l. I1f no 1loxw 1is founds the ¢C
address is5 encountered and the Search terninates with 1IX1

unchanged. _ ‘ : ~

The comparison flip~fiops are set equal if 2 3 field
address is stored. The comparison flip-flops are set high
if the A field address is stored.

6.26.2 QP 37 = SLL (Search Link List)

This instruction is invalid unless the FExtended “unction
Adapter hardware i1s instalted.

Compare the key in A field with B8¢BF in the manner
prescribed by the variants in the 3 address controller. If
the condition is met, store the address of the 8 field in
IXt and set comparison. If the comparison is not met», find
the next list entry at the address specified by Bs until
List entry address is zero; at that time the comparison 1is
set high. The address specified at B must be Mod 2.

"A" controfler indicates data type for the =A- and =-B-
fields. )

00 Four 83t Mode
01 Reserved
10 3=-Bit Mode
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6.26.2A DP 37 - SLL (Search Link List)-(continued)

11 Indirect Address
"B" controller indicates comparison:

00 Equal: If A field is equal to B field, set —comparison
equal. )

01 Any bit equal: 1If any one-bit of the A field is equal
to the corresponding bit of the B fields set comparison
equai. .

i0 Léss Than: If the A field is algebraicaliy tiess than
the B field, set comparison low? if the A field is equal to
‘the 8 field» set comparison equal.

11 HWHo-Bit Equal: Logical sums of corresponding bits of the
A and B fields are compared. The logical sum is formed for
each pair (all 8 field bits are examined). If the logical
sums are zero (5it pairs 0-0s O0-1» or 1-9) for all  opairss,
set comparison equal. '

Indexing and address extension are allowed en-A and Bs but
are not permitted on links within the list.

Indirect addressing is allouwed on "A" only.

AF is the length of key to be searched.

BF is the offset from 3 to the field to be searched.
Ak is the address of the key to be searched.

8 1s the address of ths first list entry.

After prooer aliqgnment of operandss atgebraicatly subtract -
a subtrahend located in A from a minuend located in 8 and

store the result in C. Operands need not be in normalized
form. .

The result mantissa length in digits is thé same as the
tength of the larger of the A and 8 field lengths.

oIt mantissa overflow occurs, the result exponent 1is
previous link. ’
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