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INTRODUCTION

This document describes the virtual machine used to implement
81000 Pascale The first sections of the document present tha
overall structure of the virtual machinee. These are followed by
a detailed description of each of the operatorse. The virtual
machine is also called the S=machine and the operators S=opss
Here "S™ is for soft or softwaree.

The Pascal S-machine 1is realized on the 81000 through an
interpreter. Like SDL» Cobol», and Fortrans, Pascal has its awn
interpreter. The interpreter is written in MIL»,» the B1000 Micro
Implementation Language.

The Pascal virtual machine 1is a stack machine. Storage 1is
composed of a single stack and a heap plus read-only areas for
the virtual code and the constant pool.

The stack and the heap start at opposite ends of memory and growu
toward each other. The stack is composed of activation recards»
one for every procedure which is active. Each activation record
consists of a return linkage area» a parameter storage arear a
local variable storage arear» and an expression evaluation stack.
The heap is the caollection of cells pointed to by Pascal pointer

variables. It is initially empty, but cells may be allocated by
the Pascal NEW proceduree.

RELATED DOCUMENIS

B1000 Pascal . PeS. 2233 2852
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REGISTERS

BeR A scratchpad register which contains the absolute

CONST

CURRENTLLINE

OISPLAY

HEAPTOP
LL

NIP

devel.

memory address of the base of the memory that is
allocated to this program. This scratchpad has
the same value as the base registers BR. The
value can be wused in computations easier in a
scratchpad register. A base relative address 1is
an offset from this value.

The base retative address of the base of the Local
variables. B is a copy of the display register
associated with the current lexic level.

"The base relative address of the base of the

constant pool. CONST is not a scratchpad
register. It is a value in memory. It is located
at an offset of 144 bits or 6 words from G» the
global base registere.

The source Line number which corresoonds to the
code being executeds

A group of 7 scratchpad registers which are

treated as an array of registerse. The registers
are indexed from 1 to 7 and correspond to the base
address of the variabl 0 . ti -ocedir s
at lexic—tevets 1. through -7 The G register

serves as DISPLAY [01 and the B _register is a copy
of DISPLAY {LL)» where LL is™The <current lexic

The base relative address :¥ the base of the
global varibles. The G register can be thought of
as being the zeroth element of the display arraye.
For a particular program its value does not change
{tike the other display registers» thus it is not
treated internally as part of the display arraye.

The base relative address of the next available

location at-the top of the heap.

The numbér of the current lexic level. Lexic
levels can range from 0 to 7.

The next instruction pointer. The NIP is an
absolute address - that points to the location
Wwithin a code segment where the next instruction
is to be reade. -

The base relative address of the next available

Location at the top of the stacka.
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STACK.TOP Logically the 24 bit item whigh is thﬁ top of the
stack. The top of the stack is maintained in a_
"register to cut down on Ses. This,
register is man ir he code cated.

by the co%giégg. If STACK.TOP is full and a new
“1item needs to be pushed onto the stacks then the
compiler generates code that first pushes
STACK.TOP into the memory portion of the stack
before Loading STACK.TOP with the new value.

g
ctack TOP

sz fygtirQIEL
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DATA STRUCTURES

MEMORY ORGANIZATION

LE KX X B E X L L X X L X N X E X X X ¥ X L X J

| Environment |
| Structure 1
i Nucteus l
meccwcencsn | concencvnanenscaensea=]| <== | jnit Register
1 i Global Info 1
Gtobal | #w=ccemccnccvaccwsan==]| == G (global base)
Activation I Global variables . 1 g - i
Record jm=mreeccrsnancscaan==| S t V aNpl &
! ! Evaluation Stack N A '
-----‘---‘-l---------"----------' %\“:‘\‘ L7 }
1 o l / .
I . 1 ; Intermediate lexic
t . | ' levels
-----------!—---—---c.—-—---------’ :
i i Parameters |
Activation jesssemsccascaemcccc==}]
Record for ! Linkage Info'ﬁ\ = ,
Lexic Level n |===cecccccccncccacden| ¢== [ISPLAY (nl
Routine | Lexic Level n Vars | _
| I--------’---~------"-I3}
| I Evaluation Stack |
--‘-----—---{a‘f----—-nnqi----------lti}"“ﬁf) .
! u Parameters 4\ 7
Activation < =mmeeeecseccceccncann| '
Record for i Linkage Info 1 /7
Current |oewrmeccnacscmeanasas=] <== § (local base)
Routine ! Local Variables i
i |eemecccccncccnanenans |7
i | Evaluation Stack |
mecsscsscen | cenccssneccnasnnanane| == SP
{ . ’ 1
. !
v 1
I Available memory
A !
i
1

--------------a--‘.--“ Cm- HEAPTOP
He ap 1

‘ -----‘-‘--‘--n-----ﬂdl

| Constant Pool i

'---n-------uu----u---: == CONST

! Interpreter Data ! :
ewmeoescenevcancaenaccaseann (ew Base Register
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STACK EQRMAT

Thera are basically three different kinds of iteas that make up
the stacks. These are data or variabless» expressions which
includes parameterss, and linkage information. The formats for
each of these items is described belowe.

Yariables |

The different kinds of wvariables and the amount of memory
allocated are listed below.

real ' : 'zEBDits total
"“T?—li : filler
bit %: sign (1 is negative)
bits 72 bi expone in excess 256 notation

“normalized man issa

/;>Q;%%blts

other scalars 24 bits tWwo's complement signed integer value

pointer types 24 bits ¢ unsigned base relative bit address

—
set types 256 bits i in s means bit (i) = 1
file types first two fields only present for text files
16 bits : bit offset of Last character in buffer
16 bits ¢ bit offset of current character in buffer
16 bits : bit length of buffer
1 bit ¢t defined boolean
1 bit : end of file boolean
6 bits ¢ file number
n bits ¢ fite buffer variable (address of file

points here)

record and array types
amount of space required rounded up to an_integral

aggzggg,niwhxtea,_u-

fields inside packed structures
scalars other than reals : number of bits required for value
: if signed then two's complement
bits = largest value of base type
axact amount of space required

sets
records and arrays

0 8

~
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Expressions

When variables are loaded as expressions onto the evaluatian
stack the size on the evaluation stack is not necessarily the
same as the size of the varisble. In partlcular' any fields that
are smaller than 24 bits are-loaded as 24 bit quantities anto the
stack. The following types of items appear as expressionse.

D

word : 24 bits (integerss» scalar, and address values)
real : 48 bits (floating point values)

field $ 24 bits (packed integer and scalar values)

set s 256 bits (s2t valuess» possibly packed)

structure rounded up to nearest byte {array and record values)

Linkage Information

The procedure Llinkage 1information 1is a structure with the
following fields. Part of the structure is built by the CALL
operator and the rest is built by the ENTER operator.

return displacement

s 24 bits “(CALL)
return segment number 2 16 Dbits (CALL)
current lexic layel i LR hits) (ENTER)
local basae (disptay [LL]) 2 24 bits CENTER)
stack pointer restore value : 24 bits (ENTER)
procedure line number 2 24 bits (ENTER)

HEAP EQRMAL

The heap is a stack=like structure composed of data items of
various sizes. The items are pointed to by Pascalfpointer types.~
are allocated at the top of the heap by the procedure
NEW« The heap is cut back to a previous point by the procedure
RELEASE. Previously allocated items that lie above the release

pocint are no {aonger valid.
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CONSTANT £40L

The constant pool is a fixed area of memory within a program's
run structure which contains atl string and set constantse. The
contents of the gool are set up as a data segment by the coapiler
and the operating system initiatizes the base of memory with this

data segment at the beginning of tne programe. The constants are
referenced by offset from the CONST registere. Data in the

constant pool is never modified.

The first few bytes of the data segment that contains the
constants are reserved. This area is used as data space for
interpreter variables. The constants start just after this area.
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CODE SEGMENTATION

The Pascal object code is broken into segments by the compiler.
These segments of code are brought in from disk and placed at
available areas in memory by the nperating system at the request
of the interpreter. The code does not reside between the base
and Limit registers of a3 program.

The code in a Pascal <code file is always _an byte boundaries.
Addresses can be referenced by byte offsetse A code address is a
24 bit number with the first 10 bits being the segment number and

the last 14 bits the [FyEe OYYSE® into the segmentw Pascal code
files have a one level segment dictionary. The maxisum number of
segments in a Pascal code file is 1024. The maximum size of each
segment is 16384 bytes or 131072 bits.

The compiler automatically segments the code filea. A partic
procedure always resides within a single seqgment. Calls and
exits are the only operators that/require segment switchinge.

ST et e

Call Qi"‘L
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GPERATORS

Operators whose mnemonic ends in 1l» 2» or 3 have three different
formatse The 1» 2» or 3 refers to the number of bytes that the
first operand has.

Some operators have twin operators whose mnemonic begins with a
"D". These twin operators perform the same functions but they do
one extra things They first push the STACK.TOP register into the
memory portion of the stack. The "p™ stands for push.

In general, parameters named ™length™ are Llengths in Dbitse.

Parameters named Toffset”, "displacement™, or "size™ are in
_bytese The operator description will indicate bits or bytes.

Parameters that are in bytes are usually converted to bits by the
interpretaer before being used.

The format of each instruction is shown as a diagram in the
following sections. The number under each field in the diagrams
is the {ength in bits of that fielde.

LOAD ADORESS QPERAIQRS

Load Constant Address

(ldcaddrl = 1)
(tdcaddr2 = 2)
{ldcaddr3 = 3)
(pcaddrl = 4)
(pcaddr2 = 5)
{(pcaddr3 = b)

I dp i Offset |

8 8 or 16 or 24

The address of a constant at <(Qffset> bytes from the base of the
constant poal is pushed onto the stack as a worde The address 1is
computed by adding <O0ffset> to CONST. The pcaddr operators first
push STACK.TOP into the memory portion of the stack.

)

kY
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Load Local Address

(ldtaddrl. = 7)
(ldladdr2 = 3)
{idladdr3 = 9)
(pladdrl = 10)
(pladdr2 = 11)
{pladdr3 = 12)

I 0p 1 Qffset i

3 8 or 15 or 24

5=2
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The address of a variable at <0ffset> bytes from the base of the
the Llocal variagbles is pushed onto the stack as a worde The

address is computed by
aperators first push STACK.TOP

stacke

Load Global Address

{ldgaddrl = 13)
(ldgaddr2 = 14)
{ldgaddr3 = 15)
(pgaddrl = 16)
(pgaddr2 = 17)
{(pgaddr3 = 18)

I Gp 1| Offset !

8 8 or 16 or 24

<Qffset>
into the

to B. The pladdr

memory portion of the

The address of a variable at <Qffset> bytes from the base of the
the global variables is pushed onto the stack as a wWorde The

address is computed by
operators first push STACK.TQP

stacke

1

<0ffset>
into the

to G. The pgaddr

memory portion of- the
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Load Lexic Level Address

(ldtiaddrl = 19)
(ldltaddr2 = 20)
(lLdltaddr3 = 21)
(plltaddryi = 22)
(ptladdr2 = 23)
{plladdr3 = 24)
I O0p | Nffset 1 Lexic Level |
8 8 or 16 or 24 8

The address of a variable at <0ffsat> bytes from the base of the
the <Lexic Level> variables is pushed onto the stack as a word.
The address is computed by adding <0ffset> to DISPLAY f{lLexic
Levell. The plladdr operators first push STACK.TOP into the
memory portion of the stacke.

LOAD WORD QJPERATQRS

Load Constapt Word

(ldcwordl = 25)
(ldcvword2 = 26)
(ldcword3 = 27)
(pcwordl = 28)
{pcword2 = 29)
(pcword3d = 30)

l gp | value |

8 8 or 16 or 24

<Value> is pushed ontoc the stack as a word. The sign is extended
(3}:Eecessagxi) The pcword operators first push STACK.TOP into the
meaory portion of the stacke ’
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Load Local Word

(ldlwordl = 31)
{ldiword2 = 32)
(ldlword3d = 33)
(plwordl = 34)
(plword2 = 35)
(plword3 = 36)

! Qdp | Qffset !

8 8 or 16_or 254

The value of a variable at <0ffset> bytes from the base of the
the local variables i1s pushed onto the stack as a wWorde. The
address 1is computed by adding <0ffset> to Be. The piword
operators first push STACK.TOP into the memory portion of the
stacke.

Load Global Hocrd

(ldgwordl = 37)
(ldgword2 = 38)
{ldgword3 = 39)
{pguwordl = 41)
(pgword2 = 41)
(pgword3 = 42)

i Op | Offsetk |

8 8 or 16 or 24

The value of a variable at <Qffset> bytes from the base of the
the global variables is pushed onto the stack as a worde. The
address is computed by adding <O0ffset> to G. The pgword
operators first push STACK.TOP into the memory portion of the
stack.
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Load Lexic Level Hord

(tdltwordl = 43)
(tdllword2 = 44)
(ldltword3 = 45)
(pliwordl = 48&)
(pliword2 = 47)
(pitword3 = 48)
I 0dp 1 O0ffsat ! Lexic Level 1
8 8 or 16 or 2% : 8

The wvatue of a variable at <0ffset> bytes from the base of the
the <lLexic Level> variables is pushed onto the stack as a word.
The address 1is computed by adding <0ffsat> to DISPLAY (Laxic
Levell. The pliword operators first push STACK.TOP into the
memory portion of the stacke.

Load Indirect Hord

(loadind = 49)

t Op 1

8

The word on the top of the stack is the address of a variable.
This address is popped off the stack and the variable it points

to is pushed onto the stack as a word.
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Load Unsigpned field
(Lloadufield = 50)

| gp 1 Length i

3 8

The word on the top of the stack is the address of a field within
a variable. This address is popped off the stack and the field

it points to for <KLength> bits is pushed onto the stack as a
words The field is treated as unsigned.

Load Signed f£ield
(loadsfield = 51)

I Q3p | Length |

8 8

The word on the top of the stack is the address of a fietd within
a variablea This address is popped off the stack and the field
it points to for <Length> bits is pushed onto the stack as a
word. The field is sign extended on the stacke.

LOAD NON-WORD QPERAIQRS

Push Strugture

{pushstruct = 52)

I Qp | Length |

8 24

The word on the top of the stack is the address of a structured
variable. This address is popped off the stack and the data it
points to for <Length> bits is pushed onto the stacke. The data
on the stack is padded such that the size is an integral number
of bytese
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Bush Real

{pushreal = 53)

i 0Op |

8

The word on the top of the stack 1is the address of a real
variable. This address is popped off the stack and the real
variable it points to is pushed onto the stack as a two word reatl
value.

Push Real Constant

(pushrealconst = 142)

LA K R R N L K ¥ X N F R B 2 X 1

i 0p | Value |

8 48

ﬁValue) is pushed onto the stack as a two word real value.

Bush et

(pushset = 54&)

t{ O0p | Length |
8 24
The word on the top of the stack is the address of a set. This

address is popped off the stack and the set it points to faor
<t.ength> bits is pushed onto the stack as a sete. The set an the
stack 1is padded with enough zeroes to make the resulting length
256 bits.
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ADDRESS MODIEICATION OPERAIQRS

Fieid
(fieldl = 55)
(field2 = 56)
(field3 = 57)
I op | Offset |
8 8 or 16 or 24
The word on the top of the stack is an addresse. This address is

incremented by <0ffset> bitse.

Index
(index = 58)
L, ' dﬁ /K&L}/f /1\/

] O8p t Min 1 Max = Min | Element Length |

8 24 24 . 24

- N\

The word on the top of the stack is an\|ndex into an arraye. The
word at tep-1 is the;address}df the beginning of the array. The
index IS popped from the stack and normalized to 0 by subtracting
TMin>. If the resutting index is less than 0 or greater than
<Max = Min> then an index out of range error is reported. If
there is no error,» then the normalized index is multipled by the

<Element Length> (bits) and the address on the top of the stack
is incremented by this aamount.
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3tore Logal HWord
{(stlwordl = 63)
(stlword2 = 64)
(stlword3 = 65)
| Qp 1 Qffset {
8 8 or 16 or 24

The Word on the top of ¢
word at the address
Ltocal variable base B.

Store Global NYord

(stgwordl = 656)
(stgword2 = 067)
(stgword3 = 68)
I 0p I Offset 1
3 8 or 16 or 24

The_word on the top of t
word at the address
global variable base G.

he stack
computed

he stack
computed
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full

by adding <Qffset> bytes to the

is popped and stored as

a

full

by adding <0ffset> bytes to the
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Lexic Level |

(stliwordl = 689)
(stliword2 = 70)
(stliword3 = 71)
I 0Op | Dffset |
8 8 or 168 or 24 3

The word on the top of the stack
word
fLexic Lavell.

Store Indirect Hord

(storeind = 62)

I Op 1!

8

The word on the top of the stack
_address
the stack.

3T0RE NON-WORD QPERAIORS

Store Real

(storereal = 72)

| Op 1

8

The real value on the top two of
top~-
address are popped from the stacke.

address indicated by the

indicated by the top=1 worde.

is popped and stored as a full

at the address computed by adding <Qffset> bytes to DISPLAY

is stored as a full word at the
Both words are popped from

the stack is stored at the
1{words- The real value and the
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toce sSet

{storeset = 73)

! G8p | Length |

8 24

The top 256 bits of the stack

<Length> bits at the address
pelow the sets. If any members
outside the range of the set being stored

of range error is reported.
popped from the stacke

Store Iag

(storetag = 74)

I O8p | Variasnt Length |

LA K L R W N N X N P R L ELTEREFEEYRENYEE R

8 24

The top of the stack 1is a tag valuee.

is a set.

5=11

Company Confidential
B100Qd Pascal S=Machine
P.5. 2233 2860 (A)

This set is stored for
indicated by the word on the stack
set being stored are
into, then a value out
Both the set and the address are

The top=l item is the

address of the tag field in which to store tne value. Tne tag is
stored into the field pointed to by the address for a length of 5

bitse The variant part of the record

immediately following the

tag field 1is set to undefined for a length of <variant Length>

bitse.
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Store Unsigned Eiald

(storeufield = 75)

LI X R R B B N R K X ¥ X W ¥ X _J

i 0Op ' Length 1

8 8

The word on the top of the stack is stored at the field pointed
to by the address at top=1 faor <Length> Ditse. The value is
treated as unsigned. 30th items are popped from the stacke If
data is lost when stored into the field then a value out of range
is reportede.

Store Siagned field

(storesfield = 76)

! Op 1| Length i

8 8

The word on the top of the stack is stored at the field pointed
to by the address at top~l for <lLength> bits. The value is
treated as signede. Both items are popped from the stacke. If
data is lost when stored into the field then a value out of range
is reportade.

Copy Structure

{copystruct = 78)

I QOdp | Length

LR R PR PR RN EEEEELLEELRETY]

3 24

The structure pointed to by the address on the top of the stack
is copied to the structure pointed to by the address at top=-l.
<Length> bits arz copied, doth addresses are popped from the
stacke
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VALIDATION QOBERAIORS

fointer

{(pointer = 59)

1 QJp |
8
The word on the top of the stack is an addresse. If it is equal

to the value reserved for a NIL pointer then a pointer error 1is
reported. The address is left on the stack.

Vaciangt

(variant = 60)

Il Op ' Offset | Tag Set |

3 24 24

The word on the top of the stack is the address of a variant
recorde. <Q0ffset> is added to this address to give the address of
the tag field for the variant. - If the value of the tag is not a
member of <Tag Set> then a variant error is reported. The
original address—is left on the stack.

Ranae
(range = 561)

i Op I Min 1 Max |

8 24 ' 24

gif the value on the top of the stack is less than <Min> or

greater than <Max> then a value out of range error is- reported.
The value is teft on the stack.
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NUMERIC COMPUTATION

Neaate Hord

(negword = 86)

| Op i

8

The word on the top of the stack is poponed and its negated {(unary
minus) value is pushed.

Absolute VYalue Hord

]

(absword 161)

i Jp I

8

The word on the top of the of the stack is popped and 1its
aosolute value 1s pushed.

2uccessor Hord

(succword = 163)

I O0p !

8

The word on the top of the stack is incremented by 1.
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gredecessgor HWord
(predword = 164)

| OJp |

8

The word on the top of the stack is decrementad by 1.

Increment 4ord

{incrword = 153)

I 0dp |
8
The word on the top of the stack is an addresse The word it
points to is incremented by 1le The address is popped from the
stack.

Decrement Word
(decruword = 154)

I O0p 1
8
The word on the top of the stack is an'address.s The word it
points to is decremented by 1. The address is popped from the

stacke.
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Add Hord

(addword = 88)
i dp 1
8
The top two words are popped and their sumnm
overflow is checked for.

2ybtract Word

{subword = 90)

1 Op 1

8

The taop two words are popped and their difference is pushed.

top wWord is subtracted from top—-l.
fore. '
Myltinly Hord
(mulword = 33)
] Op |

8

The top two words are papped
Integer overflow is checked for.

and

Integ

their

5-1bo
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is pushed. Integer

The
er overflow is checked

product 1S pushede.
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Qiyide Hord
{(divword = 95)

| Op ]

8

5=17

Company Confidentiatl
81000 Pascal S—=Machine
Pe.Se 2233 2860 (A)

-The top two words are popped and their quatient is pushede. The

top=1 word is divided by the top word.
to 0 then divide by zero is reportede.

Modylo Hord
{modword = 97)

1 0p |

3

The top two words are popped and their
top=1 word is divided by the top worde.
to 0 then divide by zero is reported.

29uare Hard

(squareword = 144)

i Jp i

3

The word on the top of the stack
squared. Integer overflow is checked for.

If the top word is equsal

remainder is pushed. The
If the top word is equal

is replaced by its value
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{(negreal = 87)
I OCp |
3
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The reat on the top of the stack is popped and its negated (unary

minus) value is pushed.

Absgolute VYalye Real

(absreal = 162)
I 0p 1
3
The real on the top of

absolute value is pushed.

Add Real

(addreal = 89)

I ap

8

the

The top two reals are popped and
overflow and underflow are checked fore.

iof

their

the stack is popped and its

sum is pushed. Real
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ubtract Rzal
{subreal = 91)

| Op |

3

The top two reals are popped and their difference is pushede The
top real is subtracted from top-li. Real overflow and underflow
are checked fore

Myltiply Beal
(mulreal = 94)

1 agp |

8

The top two reals are popped and their product is pushed. Real
over flow and underflow are checked for.

Qivide Beal
(divreal = 96)

i Op {
cememcna
3
The top two reals are popped and their quotient is pushed. The
top=1 real is divided by the top word. If the top word is equal
to 0 then divide by 2ero is- reportede. Real overflow and

under flow are checked for.
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sguarg Real

(squarereat = 145)
} Jp |
8
The real on the top of
Real overfilow and

squarede

B0QLEAN COMPUTATION QRERATORS

Nog

(not = 81)

| Op i

8

The boolean on the top of the stack

And NMaord

(andword = 82)

f Op |

3

the

stack
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is replaced by its value

vnderflow are checked fore.

is complementede.

The two booleans on the top of the stack are popped and are anded

together. The result

is pushed.
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gr Hord

(orvord = 84%4)

\

1 0p |

8

The two booteans on the top of the stack are popped and are ored
together. The result is pushed.

SEI COMPUTATION QOPERATORS

Union Set

(union = 85)

i Cp |
8
The top two items on the stack are setse. They are both poopped
and ored together producing their union. The resulting set is

pushed back onto the stack. All of the sets are 256 bits {ong.

Intersection 3et

(intersection = 33)

I Op |
8
The top two items on the stack are setse. They are both popped
and anded together producing their intersectione. The resulting

set is pushed back onto the stacke All of the sets are 256 hits
longe.
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3el Difference

(setdiff = 92)

I Q0p |

8

The top  tWwo items on the stack are sets. They are both popped
and the top set 1i1s subtracted from the top=l set. This
difference is pushed back onto the stack.- All of the sets are
256 bits long. The difference of two seats A = B is the members
of A that are not in B. This operation is performed by
complementing the set 3 and anding this with the set A.

Build Set
(buildset = 98)

I Op |

3

The top word on the stack is an integer between Q0 and 255. The
top=l item is a sete. The integer is popped from the stack and if
it is not in the correct range a value out of range is reported.
The sat is  modified such that it contains the wmember
corresponding to the integer.
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Build %3¢t Ranageg
(buildsetrange = 143)

| gp | Reverse |

8 24

The top two words on the stack are the minimum and maximum of a
range of members to be placed in a sete. The set is the item at
top=2. If either of the words are out of the range 0 to 255 then
value out of range is reported. [f <Reverse> is 0» then the top
word is the maximum and top=1 is the minimume. If <Reverse> is 1>
then the top word is the minimum and top=l1 is the maximum. The
words are papped from tne stack and the set is mcdified such that
it contains the members between amainimum and maxinrum inclusive.

RELATIQNAL (PERATORS

£gual Hard
(eqword = 101)

I dp |

8

The two words on the top of the stack are popped. " If the top=1i
word is egqgual to top then true is pushed onto the stack»

otherwise false is pushed.
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Not £guil Hord
(neword = 104)

| dp {

8

The two words on the top of the stack are poppede. If the top=1
word is not egquatlt to top then true 1is pushed onto the stack»s
otherwise false is pushede.

Less Thap Heord
103)

{(lsword

{ Op |

3

The two words on the top of the stack are poppede. If the top=1
word is less than top then true is fushed onto the stacks
otherwise false is pushede.

Not Less Ihap MKocd
(nlword = 103)

| Op i

8

The two words on the top of the stack are popped. If the top=1
word is greater than or equal to top then true is pushed onto the
stacks, otherwise false is pushede.
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Gregater Ihan Hard
(grword = 1192)

I 0p 1

8

The two words on the top of the stack are poppede. If the top=-1
word is greater than top then true is pushed onto the stack»
otherwise false is pushade.

Not Greater Ihan HWord
(ngword = 105)

I ap I

3

Thea two words on the top of the stack are opoppede. If the top=-1
word is Less than or equal to top then true is pushed onto the
stacks otherwise false is pushed.

Qdd
(odd = 140)

I Op |

3
/

The word on the top of the stack is pdpped. If the Low order bit
of the word is 1, then truz is pusheds otherwise false is pushad.
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Egyal Real

{egreal = 107)

I 0Op |

8

The two reals on the top of the stack are poppede. If the top=1
real is equal to top then true is pushed onto the stacks
otherwise false is pushede. *

Not £gyal Ezal
{nereal = 110)

{ Op |

CE X W R X 1

8

The two reals on the top of the stack are popped. If the top=-1
real is not equal to top then true is pushed onto the stack»
otherwise false is pushed.

Less Ihan Real
(lsreal = i06)

I O0p 1

8

The two reals on the too of the stack are poppede. If the top=-1
real is less than top then true is pushed onto the stackes
otherwise false is pushed. )
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Not Less 8sgal
(nlreal = 109)

| Op i

8

The two reals on the top of the stack are pappede. If the top-l
‘"real is greater than or equal to top then true is pushed onto the
stacks otherwise false is pushed.

Greater Ihano Real
{(grreal = 103)

] Op | '

8

The two reals on the top of the stack are popped. If the top-1
real 1is greater than top then true is pushed onto the stack»
otherwise false is pushede.

Not Gregtar Ihsn Real
(ngreal = 111)

l Op !

8

The two reals on the top of the stack are popped. If the top=1
real is less than or equal to top then true is pushed onto the
stackr otherwise false is pushed. . |
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Equal 3trycture

(egstruct = 117)

| 0Op i Length i

8 24

The top two wards are addresses of two structurese.
are popped and the structures are compared for <Length>
the structure pointed to by
pointed to by top then true is pushed onto the stacks

false is pushed.

Not E£gual Stucture

(nestruct = 120)

i 0Qp | Length 1

3 24

The top two words are addresses of two structurese.
are popped and the structures are compared for <Length>
the structure pointed to by top=-l
pointed to by top then true is pushed onto the stackr

false is pusheds.

Less Ihap 3tructyre

(Lsstruct = 116)

-
LR R R RN PR R B ¥ X T N N X F K J

| gp | Length l

8 24

The top two words are addresses of two structures.
are popped and the structures are compared for <Length>

the structure pointed to by top=-1i
pointed to by topo then true is pushed onto the stacks

false is pushede.

is not equal to

5=-28
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addresses
bitse If
structura

.otherwise

addresses
bitse If
structure
otherwise

addresses
bitse If
structure
otherwise
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Mot Less Than Strycture

(nlstruct = 119)

I Op 1 Length |

8 24

The top two words are addresses of two structurese The addresses
are popped and the structur2s are compared for <Length> bitse. If
the structure pointed to by top=l is greater than or equal to the
structure pointed to by tap then true is pushed onto the stack»
otherwise false is pushed.

Greagter fhap Structure

(grstruct = 118)

I QOp 1 Length |

8 24

The top two words are addresses of two structures. The addresses
are poppoed and the structures are coapared for <lLength> bits. If
the structure pointed to by top=1 is greater than the structure
pointed to by top then true is pushed onto the stackes otherwise
false is pushede. .

Not Greater Ihan 3tructure
(ngstruct = 121)

L T P X P ¥ E XX XX L R X J

] Op | Length |

8 24

The top two words are addresses of two structures. The addresses
are popped and the structures are compared for <Length> bits. If
the structure pointed to by top~-l is less than or equal to the
structure pointed to by top then true is pushed onto the stack»
otherwise false is pushede.
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£gqual 3Sat

(eqgset = 112)

{ Op |

3

The two sets on the top of the stack are popped and compared. If
they are -equat then true is pushed» otherwise false 15 pushed.
The sets are both 256 bits tong.

Not Equal 32t

{neset = 114)

f{ 0p | K

8

The twec sets on the top of the stack are popped and compared. If

they are not equal then true 1is pushed», otherwise false is
pushede The sets are both 256 bits longe.

Not Less Than Set
(nlset = 113)

I Jp 1

3

The two sats on the top of the stack are popped and compared. If
the top=-1 set contains the top set then true is pushed, otherwise
false is pushed. The sets are both 256 bits long.
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Not Greater lhan 3Set

(ngset = 115)

1 ap |

3

The two sets on
the top=1 set
otherwise false

In Jet
~{inset = 99)
I Op I
8

The top of the stack
of that set then true

the set and the

the top of the stack are popped and compared. 1If
is a subset of the top set then true is pushed»
is pushede The sets are both 256 bits long.

is a sete If the uofd at top=1 is 4 member
is pushed» otherwise false is pushed. Both
word are popped before the result is pushede

CONVERSION QPERAIORS

Jruncate Real

(truncreal =

I 0p |

8

The real aoan the top
the truncated real

representing
checked fore.

160)

of the stack is popped and an integer

is pushede. Integer overflow is
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Round

(roqnd = 146)

i dp {

8

The real on the top of the stack 1is popped and an integer
representing the rounded real is pushed. Integer overfltow is
checked fore.

Conyert Hord tgo Real

(canvword = 165)

| Op |

- e an w W w

8

The word on the top of the stack 1is popped and its value is
pushed as a real numbere.

Convert kord2 to Real
{(convword2 = 141)

i 0Op |
8
A real is on the top of the stack and a word is at top=1. The
real number is popped and saved. The word is5 popped and
converted to a real which is then pushed. The real that was

saved is then pushed back onto the stacke.
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CUNIROL QPERAIURS

4umQ
Cjump = 123)

~

| gp | Displacement |

8 24

<Displacement> bytes is added to NIP. The NIP is pointing just
past the jump -op code field before being undated. A jump can
only branch inside a code segmenta

Ealse Junp
(falsejuap = 124)

I O0p | Displacement |

CEE X X L R FE B 2L LN E XX 21

8 24

The boolean on top of the stack is popped. If it is false then
<Displacement> is added to NIP. If the value is trues» executioan
continues with the op following the falsejunmp.

Lase Jump

(casejump = 125)

I Op 1! Min I Max- = Min | Disp | +... | Disp |
3 24 24 24 24
The word on the top of 'the stack is poppede The word is
normalized to 0 by subtracting <Min>. If the result is negative
or greater than <Max = Min> then a case error is reported. The

normalized word 1is wused as an index into the table of <Disp>s.
The corresponding <Disp> is read and if 0 then a case error is
reported. If the <Disp> is not 0» then it is added as bytes to
NIP. NIP is pointing just aft®r <Disp> before it is modified.
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Cail
(catl = 128)
{pushcatll = 127)

| Op | Displacement |

8 24

The return disdlacement and segment number are
just after the call aop field»
modified by <Displacement> bytes and execution

stacke NIP» which points

The pushcall operator first

portion of the stacke.

pushes

Call Seament
{callseg = 139)
(pushcallseg = 138)
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the
is
continues there.
STACK.TOP into the memory

pushed onto

I Op | Segment | Displacement |
8 10 14
The return displacement and segment number are pushed onto the
stacke. This op transfers control to another code segment.
<Segment> is the segment number and <Displacement> 1is the byte
offset into that segment. If the segment is not in memorys the
operating system is requested to bring it ine The pushcallseg

operator first pushes STACK.TJP into

stacke

the memory portion of the
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T
Enter Procedure MG ) .
(enter = 130) / O T
I dp | Stack Size | Parm Size | Line t LL | Var Size |
8 (24 24 24 24 24
This is the first op of every procedure. It constructs a new
activation record for that procedure. If there are not at least
<Stack Size> bytes of memory available between SP and HEAPTQOP
then a stack Lliait error is raported. The Lexic level of the
calling routines Local base (3) of the <calling routine» sp

restore value, and <Line> are pushed onto the stack to complete
the linkage information. <Parm Size> is used to coampute the - SP.
restore valuee. <LL> is used to set the new lexic levele. B is
updated to the base of the new local variables. 3SP _is set to 3 +
<var Size> bytes or just beyond the variables for the evaluation
stack area. o

Exit Procgedure
{(exit = 132)

i dp 1

8

The display register which corresponds to the lexic level being
exited 1is restored to its value before the call. This value is
found by searching through the activation records until the first
record with the same lexic level is found. The Line number, B8,
and NIP are restored by retrieving values from the Llinkage aresa
that was built when the routine being exited was callede. SP is
set back to its restore value. Execution -continues at the point
following the call. It is possible that a segment change wWill he
made by the exite.
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(functionaxit = 131)

i dp |

8

81000 Pascal S-Machine
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The same actions that the exit performs are also done.
function result is copied to the néw top of the stacke

Entec Broyram

(enterprog = 133)

{ Op | Line i Stack Size I Var Size |

LE R R R RN L EREYREYERLERE R EENELRERLDFREE XL EELRERELYRENERLE]

3 24 24 24

The global activation record is constructed
the enterproc op doese.

Exit Progranm
(exitprog = 134)

| Op |

L K B N B X ]

3

The program is terminated and control is given
system.

similar

to the

Also», the

to the way

operating
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Call Standard Boutine
(callstd = 135)

{ Op § Routine Number 1

8 : 3

A standard routine indicated by <Routine Number> is called. See
Section b on Standard Routinese.

Eynction Yalue
(funcvalue = 122)

I Op 1 Length |

8 24

An item of <Length> bits is pushed onto the stacke. This area is
to be used inside the fqnction for its result.

MISCELLANEQUS QPERAIQRS

£ap
{(pop = 148)

i O0Op I Length l

8 24

<Length> bits are popped from the stacke
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Pysh atagk

(pushstack = 149)

- W W W W A

{ Op 1

8

STACK.TOP is pushed into the memory portion of the stack.

New Line

(newlineli = 150)
(newline2 = 151)
(newline3 = 152)

L X N ¥ R EFEENEEREELERREERX ]

Il Op ' Line Number i

3 8 or 16 or 24

CURRENTLLINE is set to <Line Number>.

New
(new = 79)

i Op | Stack Length | Length {

8 24 24

The word on the top of the stack is the address of a pointer
variable. A _new. call on the he of <Length> bits is allocated
if there 1is sufficient space available between the heap and the
stack. <Stack Length> is used to determine if there is enough
spacee. If there is not» then an error is reportedes The address
is popped from the stack.
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New Ipitialized

{newinit = 80)

LR R R 0 X R N N R L L B ¥ N B X X K X L X E B XK E XX ¥ J

I Gp I Stack Length | Langth |

8 . 24 24

This op performs the same as new except that the new cell is set
to undefinede.

Initialize Yariables

{initvar = 125)

I dp |  Size 1

8 24

The addressable storage of the local activation record is set to
undefined for <Size> bytes.

Construyct Eile Descriptor
(cfdesc = .136)

LY R Y PR X EE X XL LN ERE R N E L I ENERREX I XN L X X R XREILEREXELEELARLLEXE XX J

I O0p ! Offset 1 File Number | Buffer Length | Flags |

LR Y R W ERE Y Y XX REREEYEREELERERFYERERRENERLRERRENERR I X X K X L E X I E X R X E XX ]

8 24 24 24 24

A file descriptor is constructed at <Qffset> bytes from B. <File
Number> and <Buffer Length> (bits) are usaed to initialize the
buffer. <Flags> are various booleans that tell what kind of file
is being handled. Bit § is not used. 3it 1| means a text file.
Bit 2 means the file "input™. Bit 3 means the file ™output™.
The other bits in <Flags> are not used.
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Text

{(text = 137)

I dp |

CEX X X X ¥ ¥ J )

8

The word on the top of the stack is the address of a text file
" descriptor. The current character offset field in the descriptor
is read and added ¢to the original addresse This resulting
address replaces the original address on the top of the stacke.
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STANDARD ROUTINES

The following are similar to the operators described in Section
Se The difference 1is that each is invoked by the ®"callstd”
operator instead of being a specific operatore. The value given
for each standard routine is the <Routine Number> field of the
callstd operator. .

EILE HANDULING RQUTINES

Gei
(get = Q)

The word on the top of the stack is the address of a non=text
file descriptor. It is popped. If the file is not defined or is
at end of file then an error is reported. The next record in the
file is read into the buffer portion of the file descriptor.

Get Texg

{(gettext = 1)

The word on the top of the stack is the address. of a text file
descriptor. It is popped. If the file is not defined or is at
end of file then an error is reported. If the current character
offset field 1in the file descriptor is equal to the Llast
character offset» then the next record is read into the file
buffer and the current character offset is set to 0. Otherwise,
the current character offset is incremented to point to the next
character in the current buffer.
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Byt

(put = 2)

The word on the top of the stack is the address of a non-text
file descriptor. It is popped. If the file is not defined or is
not at the end of file then an error {is reported. The file
buffer is written at the next sequential positian in the file.

Byt Text

(puttext = 3)

The word on the top of the stack is the address of a text file
descriptor. It is poppede. If the file is not defined or is not
at the end of file then an error is reported. The current
character offset is incremented to the next position in file
buffer. If it is equal to the lLast position in the buffer then
the buffer is Wwritten as the next record in the file.

Undate \De leted)

(update = §)

The word on the top of the stack is the address of a non=text
file descriptore. It is popped. If the file is not defined or is
at the end of file then an error is reportede. The buffer s
written at the current position in the file and the next record
is then read into the buffer.

Pesitien I ﬁﬁp’m ba— $ fe/k)

(position = 5)

The word on the top of the stack is the address of a non=text

file descriptor. The top=l word 1is the record nuaber (O
relative) in the file to be positioned to. Bath are poppede. If
the file is not defined then an error is reported. The file is

positioned to the record number and that record is read into the
file buffera. » _
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Eod Qf Eile

(eof = 6)

The word on the top of the stack is the address of a text or
non~text file. It is popped. If the file is not defined then an
error is reported. If the file is at end aof file» then true is
pushaed onto the stacks otherwise false is pusheda

End 0f Line
{eoln = 7))

The word on the top of the stack is the address of a text filee.
It is popped. If the file 1is not defined then an error is
reported. If the current character offset is equal to the Llast
character offsets, then true is pushedr» otherwise false is pushed.

Reset

(reset = 8)

The word an the top of the stack is the address of a non-text
filee It is poppede. If the file is already opens then 1t is
closed. The file is opened input/output .if the hardware type is
disks otherwise it is opened inpute. The first record is reade.

Beset Jext

(rasettaxt = 9)

Tha word on the top of the stack is the address of a text filee.
It 1is popped. If the file is already open» then it is closed.
The file is opened input/output if the hardware type is disk»
otherwise it is opened inpute. The first record is read.
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Rewrite /

(rewrite = 10)

The word on the top of the stack is the address of a non-<text
file. It is popped. If the file is already opens, then it is
closed. The file is opened new/input/output if the hardware type
is disk» otherwise it is opened new/output.

Renwrite laxt

(rewritaetext = 11)

The word an the top of the stack is the address of a text fite.
It 1is popped. If the file is already opens, then it is closed.

The file is opened new/input/output if the hardware type is disk»
otherwise it is opened new/outpute.

Bead Charcagctec
(readec = 12)

The word on the top of the stack is the address of a text file.

The word at top=l is the address of a character variable. They
are hoth popped. The current character in the file buffer is
moved to the character variable. A get operation 1is then

performed.

Bead Integer
(readi = 13)

The word on the top of the stack is the address of a text file.
The word at top~1l is the address of an integer variable. They
are both popped. An integer is read from the file and converted
to binary and stored in the integer variable. Various errors are
detected such as invalid integer formatr, integer overflows and
end of filee.
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drite Character

(writec = 14)

The word on the top of the stack is the address of a text filee.
The word at top=1 is ths mininum number of characters to be
written. The word at tcp=2 is the integer value of a <character
to be written. They are all popped. If the file is not defined
or is not at end of file then an error is reportede. The
character is written in the file buffer preceded by enough btanks
to equal minimum width. If this many characters would cause the
buffer to overflows then an errsr is reportede.

Hrite String

(Writes = 15)

The wWword on the top of ‘the stack is the address of a text file.
The word at top=1l is the Length of the string to be written. The
word at top=2 is the minimum number of characters to be written.
The word at top=3 is the address of the string of characters to
be writtene. They are all popped. If the file is not defined or
is not at end of file then an error is reportede. The <character
string is written to tne file buffer preceded by enough blanks to
equal minimum width. I[f this many characters would cause the
buffer to overflows, then an error is reported.

Write Integec

(writei = 16)

The word on the top of the stack is the address of a text file.
The word at top=1 is the nminimum number of characters to be
written. The w#ord at top=2 is the integer value of an integer to
be written. They are all popped. If the file is not defined or
is not at_ 6 end of file then an error is reported. The is
converted to character form and is written to the file preceded
by enough blanks to equal ainimum widthe If this many characters
would cause the bpuffer to overflows then an error is reportede.

Weite Bocleon
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Read Ling

(readln = 17)

The word on the taop of the stack is the address of a text fila.
It is poppede. If tne file is not defined or is at end of file
then an error is reportede. The next record of the file is read
into the file buffer ares. -

Hrite Lipe

(writeln = 18)

The word on the top of the stack is the address of a text filee.
It is poppede. If the file is not defined or is not at end of
file then an error is reportade. The file buffer is written as
the next recaord in the file. ,

Page

(page = 13)

The-word on the top of the stack is the address of a text file.
It 1is poppede. If the file is not defined or is not at end of
file then an error is reported. A page eject operation is
written to the file.

Retain

(retain = 20)

The word on the top of the stack is the address of a text or
ron=text file. [t is popped. If the file is not defined then an
error is reported. The file 15 <closed and locked into the
directorye.
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fepoye

(remove = 21)

The word on the top of the stack is the address of a text or
~non-text file. It is popped. If the file is not defined then an
error is reported. The file is closed and purged.

Reassigan

{reassign = 22)

The word on the top of the stack is the address of a text or
non~-text filee The word at top=l is the length in bytes of a
string that is to be tha new external file name. All three items
are poppede. If the file is opan then an gsrror is reportede. The
external file name is changed to the new name. The string 1is
assumed to be in the praper format for a file title. The string
is passed directly to the MCP via the change attribute
communicates

Relipnauish

{relinguisn = 23)

The word an the top of the stack is the address of a text or
non-text filee. It is popped. The file is closed release. This
is the default remove operation for internal files.

8emain

(remain = 24)

The word on the top of the stack is the address of a text or
non~text file. It is popped. The file is closed and tocked into
the directory. This is the default retain operation for external
filese.
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Hrite Boalean
(writeb = 25)

The word on the top of the stack is the address of a taxt file.
The word at top~l is the minimum number of characters to be
Wwrittens The word at top=2 is a boolean value. They are all
popped. If the file is not defined or is not at end of file then
an error is reported. If the boolean value 1is true then the
string "TRUE™ is written, otherwise “FALSE™ is writtene Either
string is preceded by enough blanks to equal minimum widthe If
this many characters would cause the buffer to overflows then an
error is reported.

NON=FILE RQUIINES

Mack
(mark = 26)

s

The word on the top of the stack is the address of a pointer
variable. The word is popped and the pointer is set to the value
in HEAPTOP.

Belease

(redeasa2 = 27)

The word on the top of the stack is the address to which the heap
is to be cut backe This word is popped and HEAPTOP is set to its
valuee
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Expo

(expo = 28)

The real on the top of the stack is replaced by 1its exponent
part. The exponent is left aoan tne stack as a word.

Clogck
(clock = 29)

TYhe number of tenths of seconds since the beginning of this
program is pushed onto the stack as a worde.

Date
(date = 30)

The word on the top of the stack is the address of an 8 character
stringe. It is popped and the current date is stored in this
string in the format mm/dd/yy.

’

Jine
(time = 31)
The word on the top of the stack is the address of a 10 character

stringe. It 1is poppad and the current time is stored in this
string in the format hh:mmssse.ta
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Abort /

(abort = 32)
The program is immediately aborted.

Commynicatse

{communicate = 33)

The word on the top of the stack is the tength of the structure
to be passed to the communicate. The word at top=l1l is the
address o¢f that structuree. They are boaoth popped and a
communicate is done using this structure as the parameter.

Beinstate Messgae

{(reinstatemessage = 34)

The reinstate message fiald in the run structure nucleus is read
and pushed onto the stack as a word.

Display
(display = 35)

The word on the top of the stack is the length in bytes of the
string to be displayed. The word at top=l is the address of that
stringe. They are both popped. The string is then displayed on
the 00T.
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APPENDIX A = OPERATORS IN ALPHABETICAL ORDER
8p Mnemonic Jp Name O0p Code

LR N E R K W R F X R J

absreal Absolute Value Real 162
absword Absolute Value HWord 161
addreal Add Real -89
addword Add Word 88
andword And Word 82
buildset Build Set 98
buildsetrange Build Set Range 143
cail Call 128
callsag Call Segment 139
callstd Call Standard Routine 135
casejump Case Junmo 125
cfdesc Canstruct File Descriptor 136
convword Convert Word To Real 165
convword?2 Convert Word2 To Real 141
copystruct Caoapy Structure 78
decrword Jecrement Word 154
divreal Divide Real 96
divword Divide Word 95
enter Enter Proacedure 130
enterprog Enter Progranm 133
eqreal Equal Real 107
eqset Equal Set 112
eqstruct Equal Structure 117
eqword Equal Word 101
exit Exit 132
exitprog Exit Progranm 134
falsejump False Jump 124
fieldl Field 55
fietd2 Field 56
field3 Field 57
functionexit Function Exit 131
funcvalue Function VYalue 122
grreal Greater Than Real 108
grstruct Greater Than Structure 118
grword ~ .Greater Than HWord 102
incrword Increment Word 153
index Index 58
initvar Initialize Variables 126
inset In Set 99
intersection Interséction Set a3
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juap Jump 123
ldcaddri Load Constant Address 1
Ldcaddr?2 Load Constant Address 2
tdcaddr3 Load Constant Address 3
Ldcwordl Load Constant Word 25
ldcword2 Load Constant Word 26
tdcword3 Load €onstant Word 27
lgaddrl Ltoad Global Address 13
l gaddr?2 Load Global Address 14
lgaddr3 LLoad Global Address 15
ldgwordl Load Global HWord 37
lLdgword2 Load Global Word 38
Ldgword3 Load Global Word 39
tdladdrl " Load Local Address I'e
tdladdr2 Load Local Address 8
Ldladdr3 Load Local Address 9
ldiltaddrl Load Lexic Level Address 19
ldiladdr2 Load Lexic Level Address 20
idl Ll addr3 Load Lexic Level Address 21
ldi twordil Load Lexic Level Word 43
{dillword2 "Load Lexic Level Word 44
ldliword3 Load Lexic Level Word 45
Lldlwordl Load Local Word 31
ldlword2 Load Local Word 32
tdlword3l lLoad Local HWord 33
loadind Load Indirect Word 49
loadsfield Load Signed Field 51
loadufield Load Unsigned Field \ 50
lsreal Less Than Real 106
Lsstruct Less Than Structure 116
Lsword Less Than Word 100
modword Mcdutlo Word 97
suylreal Multiply Real 94
mulword Multiply Word 93
negreal Negate Real 87
negword Negate Word 86
nereal : Not Equal Real 110
neset Not Equal Set . 114
nestruct Not Equal Structure 120
new New 79
newinit New Initialized 80
newlinel New Line 150
newline?2 New Line 151
newline3 New Line 152
neword Not Equal Hord : 104
ngreal Not Greater Than Real 111
ngset Not Greater Than Set 115
ngstruct Not Greater Than Structure 121
ngword Not Greater Than Word 105
nlreal Not Less Than Real 109

nlset Not Less Than Set 113
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nlstruct Not Less Than Structure 119
nlword Not Less Than Word 103
not Not 81
odd 0dd 140
orword Or Word B4
pcaddri Push Constant Address A
pcaddr?2 Push Constant Address 5
pcaddr3 Push Constant Address 8
pcuwordl Push Constant Woard 28 .
pcword2 Push Constant Word 29
pcword3 Push Constant WHord 30
pgaddrl Push Global Address 16
pgaddr?2 Push Gtobal Address 17
pgaddr3 Push Global Address 13
pgwordl Push Global Word 40
pgword?2 Push Global Word 41
pgword3 Push Global Word 42
pladdrl Push Local Address 10
pladdr?2 Push Local Address 11
pladdr3 Push Local Address 12
plladdrl * Push Lexic Level Address 22
plladdr2 Push Lexic Level Address 23
ptladdr3 Push Lexic Level Address 24
plivwordl Push Lexic Level Word 46
pliword2 Push Lexic Level Word W7
ptiword3 Push Lexic Level Word 48
plwordl Push Local Woed 34
plword?2 Push Local Word 35
plword3 Push Local Ward 36
pointer Pointer 59
pop Pop 147
predword Predecessor Word 164
pushcalt Push Catl 127
pushcallseg Push Call Segment 138
pushreal Push Real ' 53
pushrealconst Push Real Constant 142
pushset Push Set S4
pushstack Push Stack 149
pushstruct Push Structure 52
range Range ' 61
round Round 146
setdiff Set Difference 92
squarereal Square Real 145
squaraword Square Word 144
stgwordl Store Gloobal NWord 66
stgword? Store Glooal Ward 67
stgword3 Store Global Word 68
stlilwordl Store Lexic Level HWord 69
stliword2 Stor2 Lexic Level Word 70
stlilword3 Store Lexic Level Word 71



A=4

Burroughs Corporation Company Confidential

Computer Systems Group . 310800 Pascal S-Machine

Santa Barbhara Plant P.S. 2233 2860 (A)
stliwordl Store Local Word 53
stiword2 Store Local Word B4
stiword3 Store Local Word 85
storeind Store Indirect Word 62
storereal Store Real 72
storeset Store Set 73
storesfield Store Signed Field 76
storetag Store Tag 74
storeufield Store Unsigned Field 75
subreal Subtract Real : 91
subword Subtract Word 90
succword Successor Word 163
text Text : 137
truncreal Truncate Real 160
unian Union Set 85

variant _ Variant 60
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APPENDI* B - OPERATORS IN OP CODE ORDER

Jp Mnemonic dp Name Op Code
tdcaddrl - Load Constant Address 1
lLdcaddr?2 Load Constant Address 2
tdcaddr3 Load Constant Address 3
pcaddrl Push Constant Address 4
pcaddr?2 Push Constant Address 5
pcaddr3 Push Constant Address 6
{dladdri Load Local Address 7
Ldladdr2 Load Local Address 8
Ldladdr3 Load Lacal Address 9
pladdrl! Push Local Address - 10
pltaddr2 Push Local Address 11
pt addr3 Push Local Address 12
Lgaddri lLoad Global Address 13
Lgaddr2 Load Global Address 14
Llgaddr3 Load Global Address 15
pgaddrl Push Global Address 16
pgaddr?2 Push Global Address 17
pgaddr3 Push Global Address 18
Ldi laddri1 lLoad Lexic Level Address 19
tdlladdr2 Load Lexic Level Address 20
tditaddr3 ~Load Lexic Level Address 21
plladdri Push Lexic Level Address 22
pliladdr2 Push Lexic Level Address 23
plladdr3 Push Lexic Level Address 24
ldcwordl Load Constant Word 25
tdcword?2 Load Constant Word 26
ldcword3 Load Constant Word 27
pcwordl Push Constant Word 28
pcuwardl Push Constant Word 29
pcword3 Push Constant Word : 30
{tdiwordl Load Local Word 31
tdiword?2 Load Local Word 32
Ldt word3 Load Local Word 33
plwordl Push Local Ward 34
plword?2 Push Local Hord 35
plword3 Push Local Word ‘ 36
tdgwordl Load Glohal Word 37
Ldgword? Load Global Word LY ]
ldgword3 Load Global Word 39
pgwordl Push Glaobal Word 50
pgword2 Push Global Word 41
pgword3 Bush Global Word 42
{di lwordl Load Lexic Level Word 43
tdllword2 Load Lexic Level NWord 44
Ldl lword3 Load Lexic Level Word 45
pllvwordl Push Lexic Level Word 46
pliword2 Push Lexic Level Word 47
pliword3 Push Lexic Level Word 48
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Ltoadind
loadufield
Loadsfield
pushstruct’
pushreal
pushset
fieldl
field2
field3
index
pointer
variant
range
storeind
stlwordl
stlword2
stlword3
stgwordl
stgword?
stgword3
stlitwordtl
stllword?
stlilwords3
storereal
storeset
storetag
storeufield
storesfield
copystruct
new
neWinit
not
andword
intersection
orword
union
neguword
negreal
addword
addreal
subword
subreal
setdiff
mulword
mulreal
divdord
divreal
modword
buildset
inset
lsword
eqword
grword
nlword
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Load Indirect Word 49
Load Unsigned Field S0
tLcad Signed Field 51
Push Structure 52
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