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1. INTRODUCTION

NOVASM is an assembler program for the NOVA and SUPERNOVA computers, written
in IBM 360 Assembler language* and can be run on any size IBM 360 computer that
operates under the IBM 360 opersting system. The IBM standard instruction set plus
the decimal feature instructions are used in the Assembler, with the exception of
one assembler instruction that uses the floating-point feature instructions ( see
Section 5,1.5).

The output from the Assembler includes a listing of the source statements and
the corresponding machine language code {object code), and additional information
useful to the programmer in analyzing his program, such as error indications and
cross-reference listings, The object code can be punched out onto cards as an
object deck,

It is possible to set up a pseudo-core area (an imdge of the core storage of the
NOVA or SUPERNOVA computer containing the assembled object code) and to transfer
control to other programs, such as the Simulator NOVASIM, at the end of assembly.

The NOVASIM program uses the information set up in pseudo-core to simulate
and display the action of a NOVA or SUPERNOVA machine language program, All
memory reference instructions and arithmetic and logical instructions are simulated,
but in the input/output class of instructions only the optional hardware multiply-

divide instructions are simulated.

By using the trace feature in the Simulator, the result of 'executing' selected
machine instructions is printed out, Additional information such as the contents
of Carry and the four accumulators after the instruction is executed, and the
time in microseconds relative to the start of simulation, is also printed. The
calculation of the elapsed time takes into account the fact that the computer
could be a NOVA or a SUPERNOVA and that certain parts of core storage may contain

read-only memory.

NOVASTIM is written in IBM 360 Assembler language and can be run on any
IBM 360 computer operating under 08/360 with the standard instruction set and
the decimal feature instructions, It can also be executed under the control of
NOVA3M,

NOVASM and NOVASIM provide a very fast and convenient way of preparing
machine language programs for the NOVA or SUPERNOVA computers. Programs for
these computers can be assembled and essential parts completely debugged by
the Simulator before they are installed, Even if the NOVA or the SUPERNOVA

* IBM 360 Operating System - Assembler Language, Form C28-6514-6,
June 1969,
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is available for program preparation, NOVASM and NOVASIM provide a faclility that
is many times faster than that provided by the Assembler and Editor on the NOVA
or SUPERNOVA.

z, THE ASSEMBLER

NOVASM accepts a source program for the NOVA or SUPERNOVA computer and
assembles the corresponding object code. The source statements contain machine
instruction mnemonics and assembler instruction mnemonics, the various machine
instruction mnemonics being identical to those listed in Appendix D of the
Systems Reference Manual for the NOVA and SUPERNOVA®

Machine instructions produce object code that may later be executed by the

NOVA or SUPERNOVA computer,

The assembler instructions are used to specify auxiliary functions to be
performed by the Assembler, These are instructions to the Assembler itself and,
with a few exceptions, do not result in the generation of any object code by the

Assembler,

The various machine and assembler instructions are described in the sections

to follow.
2.1 Notation

The following notation is used in this report to describe the format of

Assembler source statements.

If a number of parameters are enclosed in braces, then one of these para-

meters must be chosen. For example

ADD

3UB

NEG
indicates that one of the parameters 'ADD', 'SUB' or 'NEG' must be used. Further-
more, since these parameters are specified using upper case letters this is the

only form of each parameter that can be used, On the other hand

label
number
indicates that a label or number must be used in the appropriate field, but any

valld label or number may be substituted for the parameters which have been

specified using lower case letters,

* System Reference Manual for the NOVA and SUPERNOVA, DG NM-2,
November 1969,
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Bquare brackets indicate an optional field, where one or none of the enclosed
parameters may be chosen, For example [labell:]] indicates that a valid label may

be used in this field and it may optionally be followed by a colon,
2.2 Card Fields

Each source statement contains four basic fields - a label, an operator,
operand({s) and a comment field. The first character in a label must be in column
one and, apart from this restriction, the fields may appear anywhere on the source

card provided that they are separated by at least one blank,

Using the notation described in Section 2.1 the general form of the source

statement is:
[labell:]] blank(s) {operator} blank(s) [ operand(s)] blank(s) [[;]comments]

Note that the comment field may optionally be preceded by a semicolon.

If an asterisk (%) appears in column one, then the vest of the card is

treated as a comment field,
2,3 Labels

The first character in a label must be alphabetic and must appear in column
one, This character may be followed by alphabetic characters or numbers provided
that the total length of the label does not exceed eight characters, If the
label is longer than eight characters the first eight characters are taken as the

definition of the label, The label may optionally be terminated by a colon,

2.4 Operators

Operators determine the action the Assembler takes when it interprets the
rest of the source statement, The allowable operations fall into two categories:
machine instruction mnemonies and assembler instruction mnemonics, These operators

are described in later scections.
2.5 Operands

An operand, if required, may be the value of an accumulator, a memory
address or one of the conditional mnemonics that may be appended to an arithmetic
and logical class instruction. If more than one operand is required they must .
be separated by commas, unless stated differently below, and must contain no

intervening blanks.

2.6 Symbol Table Assignments

A program counter (PC) is maintained by the Assembler and incremented after
every word of object code is assembled, The current value of PC is the memory

address of the object code currently being assembled. The label field on a
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machine instruction or some of the assembler instructions can be used to give a
symbolic name to this address. The value of a label may also be predefined by
using the EQU operator (see Section 5.4) or the ORG operator (see Section 5.2),

Each 1abel and its attributes (including its value) is entered into a symbol
table, Each symbol table entry is 18 bytes long and is placed in the table in
a position based on the binary value of the first nine bytes of the entry. The

symbol table entries are described in detail in Appendix 1.

The value of a label is obtained by searching for the corresponding symbol
table entry using a binary search method, This binary search is based on the

first nine bytes of the symbol table entries,

.7 Expressions

Many machine and assembler instructions require numeric operand fields,
These operand fields may be defined by expressions. The terms that can be used
in a general expression are labels, decimal integers and the current value of
PC (represented by an asterisk or a full stop). These terms may be combined

using + or - signs, but must contain no intervening blanks,

An undefined label is given the value zero in expression evaluation, and if
a decimal integer contains more than eight digits, the first eight digits are
used, BExpression evaluation is abnormally terminated if a syntax error is

encountered.

The final value of an expression is checked for validity depending on its

context.

3. INSTRUCTION ASSEMBLY

All of the possible machine instruction mmemonics and assembler instruction
mnemonics are stored in an operation code table in the Assembler. Each table
entry is ten bytes long. The first six bytes of each entry define. the in-
struction mnemonic {left justified and padded with blanks where necessary) .

The next two bytes contain the basic object code for that instruction mnemonie
(or zero for assembler instruction mnemonics). The ninth byte contains an index
(used as a branch address by the Assembler) that defines the type of the
instruction mnemonic, The last byte of each table entry is unused., Entries in
the operation code table are stored in an order based on the binary value of the

first six bytes of each entry.

The object code for a machine instruction is assembled in the following way.
The entry in the operation code table corresponding to the machine instruction
mnemonic 1s located by using a binary search method and the type of instruction
is determined. Once the type is known, the operands are examined, evaluated

and encoded.into the proper bit positions of the corresponding basic object code,
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The assembler instructions are processed in a similar manner except that the
value of the operands are used to specify some auxiliary function that is required

for the assembly of subsequent source statements, such as the resetting of PC,

-4, MACHINE INSTRUCTIONS

NOVA and SUPERNOVA machine instructions fall into three classes: arithmetic
and logical (ANL), input/output (I/0), and memory reference (MR). The format of
the source statement for each class of machine instruction is described in the
following sections, The label field is optional on all of these instructions and,

if present, has the current value of PC,

4.1 Arithmetic and Logical Tnstructions

The format of a source statement for an ANL instruction is as follows:

(ADD)
ADC
J AND| [O7([L
[1abell:] blank(s) d coMp [2||r| [#] blank(s) {acs,acd
mwe| leflis
MOV
NEG
_SUB,)
SKP
S7C
SNC
5% SZR ¥ blanks{s) [[;]comments]
SNR
SEY.
RECEE

The expression 'acs' defines the source accumulator, while the expression

'acd' defines the destination accumulator.

4.2 Input/Output Instructions

There are four possible source statement formats for I/O instructions and

these are described below,

4,2,1 I/O instructions with no operands

~ L
HALT
INTEN
INTDS »
TORST
MUL,
DIV

[1abell:]] blank(s) < blank(s) [[;lcomments]

w/

Note that the instruction mnemonies MUL and DIV apply only to the SUPERNOVA

computer.
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4.2.2 I/O0 instructions with an accumulator

READS
[labell:]] blank(s) {INTA blank(s) {ac} blank(s) [[;]comments]
MSKO

The expression 'ac' defines the value of the accumulator that is to contain
the contents of the console data switches, the device code of the first device on
the bus that is requesting an interrupt, or the accumulator that contains the

mask to be used to set up the Interrupt Disable flags in the devices.

4.2.3 I/O instructions with a device code

~
o A
NIO | C
P
[labell :]] blank(s) < > blank( s) { degﬁge} blank(s) [[;]comments]
e §BLSN
SKP {D}{z}i
_ N

The expression 'device' defines the 1/0 device involved, The mnemonic (PU

antomatically generates the device code 63,

4,2.4 I/O instructions with an accumulator and device code

CPU
hlank{ s) gac, { device

Qe
Ua

[labell:]] blank(s) { D {g}

blank(s) [[;]comments]

The expression 'ac' defines the accumulator source of output data or

destination for input data, The device code field is as described in Section

4.,2,3.

4.5 Memory Reference Instructions

There are two possible source statement formats for MR instructions and
these are described below,

4.3.1 MR instructions without an accumilator

JMP
[labell:]] blank(s) égg blank(s) [1} blenk(s) { [@] disp ;(2;:22)}
JSR

blank(s) [{;lecmments]
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Either of the mnemonics, 'I' or '@', can be used to indicate indirect

addressing.

If the expression 'disp' appears on its own, then the Assembler determines
if it 1s an address in page zero (0 & disp = 255), If the address is not in page
zero the Assembler checks whether it is in the range of PC, that is,

(PC - 128) = disp & (PC + 127). Finally if the address is neither in page zero
or within the range of PC the Assembler checks whether it is in the range of
accumilators 2 or 3, that is, (base - 128) & disp £ (base + 127), provided that
these had previously been set up as base registers by the USING instruction (see

Section 5.8).

If the second operand 'base' appears its value must be 2 or 3 and the
expression 'disp' is then taken to be a displacement relative to the contents of

accumulator 2 opr 3, that is -128 = disp & 4127,

4.3,2 MR instructions with an accumulator

LDA

[labell :1] blank(s) {STA

} blank({s) [I] blank(s) {ac, [@] aisp

L]

I
{ (base)}J } blank(s) [[;]comments])

,base

The expression 'ac' defines the source or destination accumulator for
memory data., The address part of the statement is determined in the same manner

as described in Section 4,3.1.

5. ASSEMBIER INSTRUCTIONS

The assembler instructions are requests to the Assembler to'perform certain
‘operations during the assembly process. Some, such as DS‘and IC, cause storage
areas to be set aside for constants and other data, Others, such as EQU and
EJECT, are effective only at assembly time; they generate no object code and

have no effect on PC,

Labels can only appear on the EQU, DC, ORG, DS and REPEAT assembler
instructions, A label must appear on the EQU statement and is given a value
as described In Section 5.4, A label may optionally be used 6n the other four
assembler instruetions Jusi mentioned, and, if present, 1s assigned the current

value of PC.

Any labels that are used in expressions that define the operand field of
an ORG, DS, EQU or REPEAT assembler instruction must be predefined,

5.1 Data Assembly

The DC {Define Constant) assembler instruction can be used to initialise

certain locations in memory to contain specific data before a program 1s executed,
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The instruction takes the following general form: :
[1labell :1] blank(s) (DC} blank(s) {operand) blank(s) [[;]comments]

There are eight different forms of the operand field and these are described

below,

5.1.1 Address constants

Address constants are set up using the following form of the operand field

of the DC iastructions:
[I] plank(s) (A([@]addr))

The expression 'addr' must define a valid address for the NOVA or SUPERNOVA
computer being used (see Section 6.2.1) and the corresponding 15-~bit address is

set up in one word of object code,

Either of the mnemonies I or € can be used to indicate an indirect address,

and cause bit zero of the address constant to be set to 1.

Fxamples (octal print)

PC 0BJ CODE STATEMENT
01000 000024 ADRT DC A(20)
01001, 100005 DC I A(5)
01002 100038 ADRP IC A(@30)
01003 100002 DC A{ @ADRP -ADRT)

5.1.2 Integer constants

Integer constants may be set up using the following form of the operand

field in the DC instruction: F(integer).
The value of the expression 'integer' is set up as one word of object code,

Examples (octal print)

rc OBJ CODE STATEMENT
01000 000024 A DC F{20)
01001 177747 B DC F( -25)
01002 000777 DC F(A + B -%)

5.1.3 Octal constants

The following format of the operand field in the DC instruction can be

used to set up octal constants: O(octal),

The term ‘'octal' may be replaced by octal digits and the resulting constant

set up as one word of object code,



Examples (octal print)

PC OBJ CODF, STATEMENT
00700 000027 IAB1 DC o(27)
00701 173772 IAB2  DC 0(173772)
00702 001145 e 0(1145)

5.1,4 Hexadecimal constants

Hexadecimal constants mav be set up using the following form of the operand
field in the DC instruction:{ : } (hexadecimal) .

The term 'hexadecimal' can be replaced by hexadecimal numbers and the resulting
constant set up as one or two words of object code if the mnemonic used is X or Z

respectively.

Examples (hexadecimal print)

PC OBJ CODE STATEMENT
0124 O0AZ2 IAB DC X(A2)
012B 0112 nc x(112)
012¢ 0OC00000A DC Z( A)
01ZE 0C0000A4 DC 7{ A4)

Examples (octal print)

PG OBJ CODE STATEMENT

00452 000242 LAB DC X{(A2)

00453 000422 DC X(112)

00454 000000 DC Z{ A)
000012

00456 000000 DC Z{ A4)
000244

5.1.5 Floating point constants

Floating point constants can be set up using the DC Z( hexadecimal) instruction,
but can be more conveniently defined using the following operand field in the DC

instruction: E(number [E {exponent}]).

The term 'number' can be replaced by any signed decimal number or integer.
The term ‘exponent' may be used to define the decimal exponent of the floating
point number, The flecating point constant is set up as two words of object code

and represents a decimal range of approximately 5.4 x 10772 to 7.2 x 1075,

The DC E(--—) instruction is the only assembler instruction that uses the
IBM 360 floating point feature instructions. If this feature is not available
on the TBM 360 computer being used, then floating point constants must be set up

using the DC Z(---) instruction.
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Examples (hexadecimal print)

PC 0BJ CODE STATEMENT
0l12A 41168090 LABL DO E(1.4142)
01z2C 4116A090 DC E(14142E-04)
012E ¢2400000 ne E( ~64)

0130 41A00000 LABZ  DC ={1E1)

5.1.8 Character strings

The ASCIT codes (with even parity) for character strings may be set up as

data by using the following operand field in the DC instructiom:

Cy '
{ffj character(s)
The term 'character{s)' may be replaced by a series of characters and the
ASCII code for each pair of characters is combined to form one word of object
code, If an odd number of characters appear within apostrophes, the spare eight

bits of the last word of object code are padded ocut with zeros.

Only the characters that are available on an IBM 029 card punch can be
enclosed within apostrophes, However, some of the special characters on the
IBM 029 card punch can be used to set up the ASCIT code for the teletype
characters assignment arrow («), carriage return, line feed and vertical arrow
(t). TIf an apostrophe is required in the character string, it must be followed
by another apostrophe (see examples), A list of the allowable characters, with

the corresponding ASCII code generated by the Assembler, is given in Table 1.

If the mnemonic C is used in the operand field, the characters are packed

two Per - word in the following manner:

DC C'TODAY' produces 0 T

A D

5/

The mnemonic T, on the other hand, causes the characters to be packed two

per word as shown below:

DC T'TODAY! produces T 0

Y i)
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Examples (octal print)

PC 0BJ CODE STATEMENT
00100 000254 IABL DC  C',!
00101 126000 IAB2 DC T',!
00102 023450 D i

5.2 ORG Instruction

The ORG instruction is used to change the current value of PC and has the

following statement format:

0 octal)

[labell:]] blank(s) (ORG} blank(s) { addr

} blank(s) [[;]comments]

The value of the expression 'addr' or the octal constant becomes the current
value of PC., Note that this value must represent a location within the core size
of the computer being used (see Section 6.2.1). The Assembler initially sets

PC to zero,.

5.3 DS Instruction

Blocks of storage may be explicitly allocated by using the DS (Define Storage)

instruction and the statement takes the form:

[labell :]] blank(s) (DS} blank(s) {number} blank(s) [[;]comments]

The expression 'number' defines the number of words of storage to be
allocated.

5.4 EQU Instruction

A label may be directly assigned a numeric value by the use of the EQU

{equivalence) instruction. The statement takes the form:

O( octal)

[1abell:]] blank(s) (sau) hrank(s) { 9020t

} blank(s) [[;]comments]

The label on this statement is assigned the value of the expression 'value'

or the octal constant,

5.5 BREPEAT Instruction

The REPEAT instruction can be used to initialise blocks of words or double
words of storage so that they contain a copy of the last word or double word of

'object code assembled, The REPEAT instruction takes the form:

[1abell :]] blank(s) [REPEAT) blank(s) {number} blank(s) [[;]comments]
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The expression 'number' defines the number of times the last word or double
word of object code assembled is repeated, TIf a REPEAT instruction occurs after
a DC T 'eharacter(s)' instruction then the last word or double word of object

C m

code assembled for any instruction other than a DC '{é } 'character(s) ' instruction

is repeated.

Examples (octal print)

PC OBJ CODE STATEMENT
00460 000000 LAB DC Z{A)
000012
00462 000000 REPEAT 30
. 000012
00556 100001 DC T A(1)
00557 100001 REPEAT 12
00573 000101 DC C'A!
00574 100001 REPEAT 1
00200 ORG 0( 200)
00200 100001 REPEAT 2

5.8 USING Instruction

The USING instruction indicates to the Assembler that there is a value in
accumulator 2. or 3 to be used for relative addressing. The value set up by the
USING instruction is used, when required, if the expression 'disp' appears on its
own as an operand address in a MR instruction (see Section 4.3.1,2). The state-

ment takes the form:
blank(s) {USING} blank(s) [base, addr} blank({s)[{;]comments]

The expression 'base' must have the value 2 or 3 and indicates that the
corresponding accumulator contains an address that can be used for relative
addressing purposes. The expression 'addr' defines the address assumed to be

contained in the specified accumulator,

It is the programmer's responsibility to ensure that accumulators 2 and 3

are correctly loaded at execution time.

5.7 DROP Instruction

The DROP instruction indicates to the Assembler that accumulator 2 or 3
no longer contains an address that can be used for relative addressing purposes,

The statement takes the form:

blank(s) (DROP} blank(s) (base} blank(s) [[;]comments]
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5.8 PRINT Instruction

The assembly listing may be printed out with the numeric fields represented
in octal or hexadecimal by specifying the required option on a PRINT statement,

This statement takes the form:

HEX[ADECIMAL]

OCT[AL] } blank(s) [[;]comments]

blank(s) {PRINT} blank(s) {
The first three characters in the operand field indicate whether hexadecimal
or octal output is required, By using a number of PRINT statements different parts

of the assembly can be printed out in octal and hexadecimal,

The final selection of the PRINT option determines the representation used
to print the value of labels in the cross-reference that may appear at the end of
the assembly. This final selection of the PRINT option also determines the
representation used to print the numeric flelds in the trace output 1f control is

passed to the Simulator.
PRINT OCTAL 1s initially assumed in the Assembler.

5.9 EJECT Instruction

The assembly listing is continued at the top of a new page after an EJEQT

instructlon is processed, This statement takes the form:
blank(s) {EJECT} blank(s) [[;]comments]

5.10 NOLIST and LIST Instructions

Listing of certain parts of a source program can be suppressed by using the

NOLIST and LIST instructions, The statements take the form:

NOLIST

LIST } blank(s) [[;]Jcomments]

blank{ s) {
Once the 'NOLIST' instruction is processed by the Assembler, the listing
of all subsequent source statements ( provided they are error-free) is suppressed
until a 'LIST' instruction is processed. However, if a source statement contains
an error, then that source statement and the corresponding error messages are

printed out even if NOLIST is specified,
LIST is initially assumed in the Assembler.

5.11 END Instruction

The END instruction indicates the physical end of the source program and
the statement takes the form:
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blank(s) {END} blank(s) [addr] blank(s) [[;]comments]

If the expression 'addr' is present its value is taken to be the entry point

of the program; otherwise an entry point of zero is assumed,

5.12 TRON and TROFEF Instructions

A trace bit is associated with each word of object code that is stored in
pseudo~core (see Appendix 4), Once a TRON instruction is processed by the Assembler,
all words of object code that are subsequently stored in pseudo~core have the trace

bit set ON, This continues until a TROFF statement is processed,

The trace bit is used by the Simulator to check if the result of simulating
an instruction is to be printed (traced) or not (see Section 9.1). The TRON,
TROFF instructions thus allow a programmer to suppress the trace when tested parts

of a program are being simulated,

The statements take the form:

TRON

blank( s) { TROFF

} blank(s) [[;]lcomments]

ITRON' is initially assumed in the Assembler,
5.13 RDONLY Instruction

A read-only memory bit is associated with every word in pseudo-core { see
Appendix 4). Once a RDONLY instruction is processed by the Assembler, the
locations in pseudo~-core that correspond to the read-only memory (ROM) module

have the read-only memory bit set on.

The statement has the following format:
blank(s) {RDONLY} blank(s) (start, finish} blank(s) [[;]comments]

The expressions 'start' and 'finish' define the core address of the

beginning and end. of a read-only memory module,

A number of RDONLY instructions may have to be used to describe all of the
ROM modules associated with a particular NOVA or SUPERNOVA computer,

6. OPTTIONS AVATLABIE WITH THE ASSEMEIER

6.1 Control Cards Needed to Execute the Assembler

The Assembler can be executed by using the following Jjob control language
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*
(JcL) cards, in addition to the usual job card and JOBLIB or STEPLIB card needed
to point to the private library containing the program NOVASM;:

//Asm EXEC PGM=NOVASM
//SYSPRINT DD SYSOUT=A
//{SYSPUNCH DD UNTT=SYSCP
//svsurl DD DSN=&&NOVA, SPACE=( CYT,,{1,1) ) ,UNTT=SYSDA
//ASM,.SYSIN DD % -
{ source statements]
/x

This form of the job control cards for NOVASM introduces the DD ( control
card) names SYSPRINT, SYSPUNCH, SYSUTL and SYSIN that are used by the Assembler,

*
The necessary JCIL cards may be set up as a catalogued procedure, and the

Assembler can be executed by simply using the cards:
!/ EXEC NOVASM
//ASM,SYSIN DD #
{source statements)
/%

6.2 Parameters on the EXEC Card

There are a number of Assembler options available to the programmer, and
these may be selected by specifying certain parameters in the PARM field of
the EXEC card.* The allowable parameters are shown below and sust be enclosed
between apostrophes if more than one parameter is to be specified or if a

single option is required and it includes an equal sign,

FIBXEC NOVASM,PARM="[ CORE=value(K}, ] [SYMTAB=number( s) , ]

NOXREL? SOV LOAD
XREF Ainova (> |{]T0AD=character(s){ ,
XREF=number( s) || [ NOLOAD

B 1
DECK T o
; NODECK (2 LNCNT=tumber( s)

Throughout the PARM field the term 'number{s)' must be replaced by decimal

digits and define the value of the corresponding parameter.

* IBM 360 Operating System - Job Control Language, Form C28-6539-9,
July 1969.
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6,2,1 CORE parameter

The CORE parameter defines the core storage size of the NOVA or SUPERNOVA
computer being used. Its value is used to check the validity of addresses
specified by the source program, or addresses referenced by s machine language
program when the Simulator is used, The term 'value' must be an integer in the

range 1-32,
The Assembler initially assumes CORE=LZK,

6.2.2 SYMTAB parameter

The maximum number of labels that can be used in a source program is defined
by the SYMTAB parameter. The parameter actually restricts the number of symbol
table entries and limits the amount of IBM 360 core storage required for the

symbol table,
The default option is SYMTAB=1000,

6.2.3 XREPF parameter

A cross-~reference is printed at the end of the assembly if XREF is specified.
This cross-reference gives the value and definition ( statement number where defined)
of each label, all references to each label (statement number of statements where

this label is referred to), or notes if the label is undefined or multiply defined.

The value given for the XREF parameter defines the maximum number of references
to labels that is allowed in the source program, This parameter alsc limits the
amount of IRM 360 core storage required for the cross-reference list { see Appendix

2).
The default option is XREF=3000,

6.2.4 SNOVA and NOVA parameters

The SNOVA and NOVA parameters are used to indicate if the assembly is to be
for a SUPERNOVA or NOVA computer,

The default option is NOVA,

6.2.5 LOAD parameter

If LOAD is specified a pseudo-core area is set up by the Assembler. The
size of this area depends on the value of the CORE parameter, four bytes of
TBM 360 core storage being required for each NOVA or SUPERNOVA word ( see Appendix
4),

If the 'LOAD=character(s)' form of this parameter is used, then the term
'e¢haracter(s) ! may be replaced by up to four alphanumeric characters. These
characters are appended to the characters NOVA and contreol is passed to this

program at the end of assembly. For example, control is passed to the Simulator
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by specifying the LOAD=SIM option on the EXEC card,

When LOAD is specified, register 1 points to a 24-byte parameter list* on
normal exit from the Assembler (see Section 8). This six full-word parameter 1list
contains the IBM 360 address of pseudo-core, the value of the CORE parameter, the
source program entry point, the type of NOVA computer {value zero for NOVA and
one for SUPERNOVA), the number of lines of output per page (for the device
specified on the SYSPRINT DD card) and a PRINT OCTAL or HEX indicator ( value one
for PRINT OCTAL and zero for PRINT HEX) .

The default option is NOLOAD,

6.2.6 IECK parameter

A copy of the object code set up by the Assembler is written out onto the
device defined by the SYSPUNCH DD card in object deck format (see Appendix 5) if
IECK is specified,

The default option is NODECK.

6.2,7 LNCNT parameter

The number of lines of output per page { including headings) on the device
defined by the SYSPRINT DD card is defined by the INCNT parameter.

The default option is LNCNT=60, If a value less than seven is given for
LNCNT, the default option of 60 is used.

7. ALLOCATION OF CORE STORAGE BY THE ASSEMBIER

NOVASM is a two-pass Assembler. Source statements are read one record
(80-bytes) at a time from the device specified by the SYSIN DD card into core
storage and undergo Pass 1 processing, After being processed in Pass 1, each
source statement plus appropriate error information (see Appendix 3) is spooled
as an 88-byte record onto the device specified by the SYSUT1 DD card. This

SYSUTL output is read back into core storage and processed in Pass 2,

The 3YSIN data can be blocked, and to provide efficient spooling the SYSUTL
output should be blocked. If no record length (LRECL) or block size ( BLKSIZE)
is specified on the SYSUTL ID card, then SYSUTL output is automatically blocked,
the corresponding BLKSIZE being dependent on the device referred to by the
SYSUT1 DD card. For a 2314 disk drive, the parameters ( RECFM=FB, LRECL=88,
BLKSIZE=7216) are allocated. For a 2311 disk drive or a magnetic tape unit the
parameters (RECFM=FB,LRECL=88,BIKSIZF=3608) are allocated.

If DECK is specified in the PARM field of the EXEC card, then a copy of the

* IBM 360 Operating System - Supervisor and Data Management Services,
Form Cz28-6646-2, November 1968,
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object code set up by the Assembler is written out onto the device defined by the
SYSPUNCE ID card. The value of ILRECL or BLKSIZE may be specified on the SYSPUNCH
DD card, but if neither of these are defined then certain default values are
allocated depending on the SYSPUNCH device type., For a unit record device { such
as a card punch), the parameters {RECFM=F,LRECL=80,BLKSIZE=80) are allocated,

For a 2314 disk drive, the parameters (RECFM=FB,LRECL=80,BLKSIZE=7200) are
allocated. For a 2311 disk drive or magnetic tape unit, the parameters

( RECFM=FB,TRECT=80,BIKSIZE=3600} are allocated.

The SYSPRINT output may also be blocked, but if neither the LEECL nor the
BIKSIZE are specified on the SYSPRINT DD card, then the parameters (RECFM=FA,
LRECL=121,BIKSIZE=121) are automatically allocated, This comment also applies to
the SYSPRINT output from NOVASIM,

The Assembler begins by analysing the information in the PARM field of the
BEXEC card and then OPENS the DCB's (Data Control Blocks) for the SYSPRINT,SYSIN,
SYSUTL and SYSPUNCH (if DECK is specified) DD cards,

Space is then requested for the Assembler work areas by using the GETMAIN

macro instruction in IBM 360 Assembler language*. The work area consists of:
(i) Pseudo-core and 24 bytes for the parameter list if LOAD is specified.
(ii) Cross-reference list area if XREF is specified,
(iii) Symbol table area.

An upper limit for the GETMAIN request is calculated on the basis of the
values of the CORE, XREF and SYMIAB parameters and whether LOAD and/or XREF are

specified,

However, the amount of core storage available for the GETMAIN request depends
on the size of the IBM 380 computer being used and the storage required for 0S
use on this computer. The core storage required for system use is difficult to
state, especially if the MFT (multiprogramming with a fixed number of tasks) or
MVT {multiprogramming with a variable number of tasks) version of 0S is being

used,

Consequently the amount of core storage obtained by the GETMAIN request may
be less than the upper 1limit calculated., The actual amount of work area obtained
is printed out on the first page of the Assembler output under the usual job
control language messages that appear at the start of the job step (see the

sample programs in Appendix 7).

* IBM 360 Operating System - Supervisor and Data Management Macro

Instructions, Form (28-6647-3, November, 1968.
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If IOAD is Specified, a pseudo-core area, based on the value of the CORE
parameter, and a 24-byte parameter 1ligt are set up from the Assembler work area.
If it is not possible to allocate this area an error message is printed out and

the job step terminated,

The remaining work area is then divided up into a cross=reference list area,
if XREF is specified, and a symbol table area. If neither the XREF nor the SYMTAB
parameters appear in the PARM field, this division is carried out automatically to
allow three times as many cross-references as symbol table entries. If only the
XREF parameter appears in the PARM field, the requested cross-reference list area
is allocated, or an error message given, and the remaining work area is divided
up as a symbol table area, If only the SYMTABR parameter appears in the PARM field,
the requested symbol table ares is allocated, or an error message gilven, and the
remaining work area is divided up for a cross-reference list area, if XREF is

specified.

When both the XREF and SYMTAB parameters appear in the PARM Field, the
requested cross-reference list area is allocated, or an error message given, and

then the reqguested gymbol table area is allocated, or an error message given,

The values of the CORE, SYMTAB and XRER parameters that correspond to the
work areas set up for a particular Assembler run are printed on the first page of

the Assembler ocutput,

For example, on the fipst page of the Assembler output for Sample Program 1

in Appendix 7, the above scheme gives:

WORK AREA ALLOCATED (HEX BYTES) = 013548
CORE = 12K
XREF = 3000
SYMTAB = 1000

Note that,

( COREx*4+24,) +( XREF%4) +( SYMTAB*18) =work aresa in bytes (decimal).

At the end of assembly the core storage allocated for the cross~reference
list, if XREF ig specified, and the symbol table is freed by using the FREEMATN

. . *
macro instruction,

The dynaemic allocation of cross-reference list and symbol table areas should
prove to be very useful, particularly for an initial Assembler run on an IBM 360

* IBM System 360 Operating System - Superviscr and Data Managemernt Macro
Instructions, Form C28-6647-3, November 19868,
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computer with a small amount of core storage or for a run that must operate within

a small partition in a multiprogramming environment,

The above scheme also has the advantage that the programmer knows the amount
of work area allocated by the Assembler without requiring any kxnowledge of the

core storage needed for system use.

It should also be possible to assemble and load pseudo-core { and hence
simulate) for a 4K NOVA or SUPERNOVA computer on an IBM 360 computer with only
64K bytes of core storage, provided that SYSPRINT, SYSIN, SYSUT1 and SYSPUNCH are
unblocked,

8. ERROR MESSAGES FROM THE ASSEMBIER

Any source statement errors that are detected by the Assembler cause an error
code to be stored with the appropriate statement in the source statement buffer
( see Appendix 6)., Up to four different error codes are stored for each statement
and these cause the statement to be flagged as an error on the assembly listing.
An error message for each error code present is printed under the relevant source

statement,

A severity code is associated with each error code and the highest severity
of error (zero if no errors) is returned as a condition code in register 15 on
exit from the Assembler, However it is lost if control is passed to another

program using the 'T0AD~character{s) ' option.

At the end of the assembly the number of statements flagged as errors and

the highest severity of error {unless no statements are flagged) are printed out,
The Assembler responds to the severity of errors in the following way:

Severity 4 - Does not affect the assembly process, statements

treated as comments.

Severity 8 - Usually causes invalid object code to be generated,

but does not affect Assembly process.

Severity 12 - Assembly process continues, but a parameter list is
not set up, whether LOAD is specified or not, and
control is not passed to a program selected by the
t10AD=character{s) ' option,

Severity 16 - Assembly is immediately terminated and the Job step
flushed.

A list of the error messages and their severity codes that can be printed

by the Assembler is given in Appendix 6,
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9. THE SIMULATOR

The NOVASIM program uses the information set up in pseudo-core to simulate and
display the action of a NOVA or SUPERNOVA machine language program, All memory
reference and aritﬁmetic and logical instructions are simulated, but in the I/O
class of instructions only the optional hardware miltiply-divide instructions are

similated,

NOVASIM can be executed by passing control to it via the LOAD=3IM option in
the Assembler. The program checks that register 1 points to a six full-word
parameter list (see Section 6.2.6) and assumes that pseudo-core has been set up to
contain the relevant NOVA or SUPERNOVA object code.

9.1 Trace Feature

NOVASIM 'executes' a machine language program by simulating the action of
instructions fetched from pseudo-core, Simulation commences by fetching an
instruction from the pseudo-core location that corresponds to the program entry

point passed in the third word of the register 1 Parameter list.

As each instruction is executed the results of simulation are printed if the
trace bit is set in the pseudo-core location corresponding to the value of PC

for that instruction,

Any trace output is printed under the following headings (see the sample

programs in Appendix 7) :

NOVA op SNOVA TIME -~ This is followed by the time, in microseconds,
after the instruction is executed relative to

the start of simulation,

AC SAME - An asterisk is printed under this heading if
the contents of Carry and the four acecumilators
are unaltered by an instruction that could

change the value of these quantities,

PC - Value of the program counter for the instruction

being executed is put under this heading,

INSTRUCTION MNEMONIC - Ingtruction mnemonics are printed that can be
used to generate the object code fetched from
pseudo-core for this instruction, All numbers

are In decimal under this heading,

CORE ADDR - The effective address specified as an operand
in an instruction that references core storage
is given, For instructions using the NQVA

hardware multiply-divide option, the buffer



CORE BEFORE

CORE AFTER

CARRY, SOURCE AND DESTN
ACS INTO AU

CARRY AND AC FROM AU

CARRY, AC FROM SHIFTER

GARRY AND ACCUMULATORS
0,1,2,% AFTER INSTRUCTION

a2z,

used in the instruction is listed under the

‘ A
heading as DBUFLF { g } . This heading is also
used to indicate NO-0P3 by printing NOP

under this heading.

The contents of the location defined by the
effective address before the instruction is
executed are given for instructions that reference
memory., For NOVA hardware miltiply-divide in-
structions the contents of the appropriate buffer

before execution are given under this heading.

Contents of the location defined by the effective
address after the instruction is executed are
given for an instruction that alters memory. I'or
NOVA hardware multiply-divide instructions the
contents of the appropriate buffer after execution

are glven under this heading.

For sn arithmetic and logical instruction the
contents of Carry and the source and destination
accumulators before entering the arithmetiec unit

are given,.

Contents of Carry and the destination accumulator
are given after the instruction is processed by the
arithmetic unit,

Contents of Carry and the destination accumulator
are given after the instruction is processed by

the shifter,

The contents of Carry and the four accumulators

are given after every instruction.

Tf indirect addressing is used in an effective address caloulation then the

number of levels of indirect addressing is shown under the heading INSTRUCTION
MNEMONTC. For example the instruction mnemonic JSR 3 44 indicates that the

effective address references location 44 (decimal), and that three levels of

indirect addressing are used in this effective address calculation. A maximum

of eight levels of indirect addressing is allowed by the Simulator,

Apart from the numbers that appear under the headings NOVA or SNOVA TIME
and INSTRUCTION MNEMONIC, the output from the Simulator can be printed in octal

or hexadecimal depending on the value of the last word of the register 1 parameter

list (see Section 6.2.6).
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The number of lines per page of Simulator output (for the device defined by
the SYSPRINT DD eard) , ineluding headings, is determined by the value of the fifth

word in the register 1 parameter list.

9.2 Instruction Timing

The time regquired to execute a NOVA or SUPERNGVA machine instruction depends
on a numbér of factors, and appropriate timing formulae are given in Table 2, The
values of the constants used in the timing formulae of Table 2 are listed in
Table 3,

9.3 Error Messages from the Simulatoer

Simulation is terminated if a HAIT instruction is encountered or an error
condition is detected. The value of PC for the instruction that caused simulation

to be terminated and an appropriate message are then printed out,
The different conditions that end simulation are listed below:

(1)  HALT INSTRUCTION ENCOUNTERED

(2) ATTEMPT TO EXECUTE I/0 INSTRUCTTION

(3) EIGHT IEVELS OF INDIRECT ADDRESSING EXCEEDED

(4)  ADDRESS OUTSIDE AVAILABIE CORE STORAGE

(5) ADDRESS NEGATIVE

(6) ATTEMPT TO USE AUTO-INDEXING REGISTERS IN ROM

(7)  ATTEMPT TO ALTER READ-ONLY MEMORY

(8)  ATIEMPT TO FETCH RESULTS FROM DEVICE MDV FEFORE STARTING A MULTN

OR DIVN
(9)  REQUIRED TIME HAS NOT ELAPSED PEFORE TRYING TO FETCH RESULTS FROM
IEV MDYV
(10)  ATTEMPT TO MULTIPLY OR DIVIDE EEFORE ALL THE BUFFERS A,B,C WERE
LOADED

(11) ATTEMPT TO FETCH INSTRUCTION FROM AN UNASSIGNED LOCATION

If an incorrect number of parameters are passed to NOVASIM via register 1,
or the SY3PRINT DD card is not supplied for the Job step where the Simulator is
executed, then simulation is terminated and a condition code of 16 is returned
via register 15. In all other cases a condition code of zero 1s passed via

register 15,
10. CONCILUSIONS

The Assembler NOVASM provides a fast and convenient way of preparing machine

language programs for the NOVA and SUPERNOVA computers,

It is possible to specify a number of options on the PARM field of the
EXEC card and included in these are the parameters CORE (if LOAD is specified),
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XREF and SYMTAB, Theilr values are used to obtain IBM 360 core storage for pseudo-
core, a cross-reference list and a symbol table., By choosing certain values of
these three parameters it is possible to use the Assembler on any size IBM 360
computer operating under 08/360. If SYSPRINT, SYSIN, SYSUTL and SYSPUNCH are
unblocked it should also be possible to assemble and load pseudo-core (and hence
simulate) for a 4K NOVA or SUPERNOVA computer on an IBM 360 computer with only

64K bytes of core storage.

Comprehensive error detection features are provided by the Assembler and
1ts output ineludes a source program listing in octal or hexadecimal with appro-
priate error messages, a cross-reference if XREF 1s specified, and a copy of the

assembled machine language code in obJject deck format if DECK is specified.

A copy of the assembled machine language code is also stored in pseudo-core
if LOAD is specified, and control passed from the Assembler to another program

if the 'LOAD-character(s)' form of this parameter is used.

The Simulator NOVASIM provides an efficient way of debugging machine language
programs for the NOVA or SUPERNOVA computer, and can be run on any size IBM 380
computer operating under OS/360. Al) memory reference iunstructions, arithmetic
and logical instructions, and the optional hardware multiply-divide instructions
are simulated, Output from the Simulator can be printed out in octal or hexa-

decimal and provides valuable information for program debugging.
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TABIE 1

ASCIT CODES WITH EVEN PARITY FOR THE CBARACTERS

AVATIABIE ON THE IBM 029 CARD PUNCH

Characters ASCII Code (Even Parity)
Octal Hexadecimal
Alphabetic (upper case only)
A 101 4]
B 102 42
C 303 c3
D 104 44
E 305 C5
F 3086 e
G 107 47
H 110 48
I 311 c9o
J 312 CA
K 113 4B
L 314 ccC
M 115 4D
N 116 4F
0 317 CF
P 120 50
Q 321 Dl
R 322 D2
] 123 53
T 324 D4
U 125 55
v 126 26
W 327 D7
X 330 Dg
Y 131 59
Z 132 SA
Numeric
0 060 30
1 261 Bl
2 262 B2
3 063 33
4 264 B4
5] 065 35
6 066 36
7 267 BY
8 270 B8
9 071 39

continued, .,



TABIE 1 (continued)

Special Characters ASCTI Code {Even Parity)
Octal Hexadecimal
' Exclamation mark 041 21
" Quotation mark 042 22
# Number sign 243 A3
$ Dollar sign 044 24
%  Per cent 245 AS
& Ampersand 246 A6
! Prime or apostrophe 047 27
( Left parenthesis 050 28
) Right parenthesis 251 A9
* Asterisk 252 AA
+ Plus sign 053 2B
R Comma 254 AC
- Minus sign 055 2D
. Period, decimal point 05b6 2K
/ Slash 257 AF
@ At sign 300 Cco
t Question mark 077 3K
Colon 072 3A
H Semi-colon 273 BB
< Less=than sign 074 3C
= Equal sign 275 BD
g Greater-than sign 276 BE
' Space, blank 240 AO
t Vertical arrow - use | on 029 punch 336 DE
(12-7-8 punchings)
«— Assignment arrow - use - on 029 137 S
punch (11-7-8 punchings)
Carriage return - use ¢ on 029 215 8D
punch (12-2-8 punchings)
Line feed - use underline on 029 012 OA
punch (0~5-8 punchings)
NOTE : The exclamation mark (!) and cent sign (¢) are not

printed out when the QN chair is used on the

IBM 1403 printer.




The formulae used in the Simulator
are listed beiow.
addressing (and this precludes the use of the auto-indexing feature)
base reglsters,

TABLE 2

INSTRUCTEON TIMES FOR THE NOVA AND SUPERNOVA COMPUTERS

to caloulate instruction times for the NOVA and SUPERNOVA computers
Examples of iInstruction times are also glven where it is assumed that there is no indirect

and no use of accumulators 2 or 3 as

The times given for the ROM case apply when the instruection comes from HOM and the operand

comes from core memory,

TIME (inicroseconds)
Instruetion | Formula for Caleulating the Instruction Time NOVA SUPERNOVA
Core Read-only Core Read~only
LDA MINST+MOPD+MBASE*EMAUTO+EMIND 5.2 5.0 1.6 1.4
4.8 % 1,2 ¥
STA MINST+MOPD+MSTA+MBASE+EMAUTO+EMIND 5.5 5.3 1.6 1,4
A Minsr ™Mo M ner Mpass EMaun0 M - 8.2 5.0 1.8 1.6
JMmp MINST+MBASE+EMAUTO+EMIND 2.6 2.4 0.8 0.6
JSR MINST*”EASE+MJSR+£MAUTO+£MIND 3.5 3.3 1.4 ‘}.2
COM 0.6 +
NE¢ (M H1 +M I* 5.6 5.4 0.8 0.3
Moy wsranea Meere! *Mergy Vet i ¥
ING 0.6V .
ADC 0.6 ;
SUB (Mt 4 )% 5.9 5.7 0.8 0.3
ADD INST WANLZ 8K IP rﬂPREV 1.8 % 1.2+
AND 0.6 ¥
DIA
DIB M " 4.4 4.3 2,9 2.8
DIC INPUT
NTO MNIO 4,4 4.2 3.3 3.2
DOA
.2
DOB MOUTPUT 4,7 4.5 3.3 3
DOC
MMUL for SUPERNOVA
. 4 .
MUL MOUTPUT or MNIO for NOVA but must wait MMUL 6.4 6.4 5 5.3
mleroseconds before fetching results
MDIV for SUPERNOVA
DIV 7.2 7.2 6,9 6.8
d i [4}
MOUTPUT [ MNIO Tor NOVA, but must wailt MDIV 164 154
mierogeconds before fetching results

Operand also from read-only memory
Successive ANL instruetions executed
Skip condition obeyed

4 % —+ x

Skip condition obeyed and successive
ANL instructions executed

4 Unsuccessful division




TABIE 5

CONSTANTS USED IN HE TIMING FORMULAE FOR THE NOVA AND SUPERNOVA COMPUTERS

TIME (microseconds)

Constant Definiltion NOVA SUPERNOVA
Core Read-only Core Read-only
MINST Time to feteh Instruetion 2.6 2.4 0.8 0.6
MOPD Time to fetoh operand 2.6 2.4 0.8 0.6
MBASE Time for use of accumulator 0.3 0.3 0 Y]
2 or 3 as a baso reglater
M Time for each level of indirect 2,6 2.4 0.8 0.6
IND
addressing
MAUTO Time for each use of auto=- 0 0 0.2 -
indexing locations
M Extra time if skip oondition 0 0 0.8 0.6
SKIP
is obeyed
MSTA Extra time for STA instruction 0.3 0.3 0 0
MJSR Extra time for JSR inastruotion 0.9 0.9 0.6 0.6
M Extra time For DSZ or ISZ 0 -0 0.2 -
INCR
inatruction
MANLl Extra time for first group of 3.0 3.0 0 0
ANL inatructions
MANLZ Extra time for second group of 3,3 3.3 0 0
ANL instructions
MPREV‘ Multiplying faotor if previous 1 1 1 0.6
instruction was an ANL in-
atruotion
MINPUT Time for input instruction 4,4 4.2 2.9 2.8
MNIO Time for NIO instruction 4.4 4.2 3,3 3.2
MOUTPUT . Time for output instructlon 4,7 4.5 3.3 3,2
MMUL Multiplication time for SUPER- 6.4 6.4 5.4 5.3
NOVA '

Time that NOVA muat walt before
fetohing results of hardware

multiply

MDIV Division time for SUPERNOVA. T.2 7.2 6.9 6.8
Time that NOVA must wait before 1.6 * 1.5 %
fotehing results of hardware . )
division

* Unsuaccessful division




APPENDIX 1

THE 3YMBOT, TARLE

A label and its attributes is entered into a table called the symbol table,
Each entry in the table occupies 18 bytes, The label is stored in the first 8
bytes, left justified and radded with blanks where necessary,

The next byte iz a TVPE field and is used to distinguish between multiple
definitions of a label. This byte is equal to (40)16 for a normal table entry,
(41) 16 for the second definition of a label, (42),6 for the third definition of a
label ete,

The tenth byte is an INDEX byte. This byte contains (FF)1e if the label was
undefined. If there is one proper definition of the label, the INDEX byte is
( 00) 16. 1f there are two definitions of a label the INIEX byte for the original
definition (TYPE=(40)16) is (01),6, while the INDEX byte for the second entry in
the symbol table (TYPE=(4l),s) is (00} 16. Thus when a new definition of a label
is to be added to the symbol table for a label that is already defined, the TYPE
field plus the INDEX field of the original definition of the label are added to
form the TYPE field of the new definition of the label. The INDEX field is
increased by one and is stored as the new INDEX value for the original definition
of the label, The INDEX field for the new definition of the label is (00),q,

Bytes 11 and 12 contain the statement number where the label was defined,
The value of the label is stored in the next two bytes,

Bytes 15 and 18 contain a pointer that can be used to locate an entry in
the cross-reference list where the statement number of the statement that first

referred to this label is stored,

The last two bytes of the symbol table entry contain a pointer that can be
used to locate an entry in the cross-reference list where the statement number

of the statement that last referred to this label is stored,

Four times the cross-reference pointer plus the address of the start off the
cross~reference list, gives the address of the relevent entry in the cross-

reference list,

If there were no references to this label or NOXREF were specified, each
of the last four bytes of the symbol table entry would contain (FF) 1s.

The format of each symbol table entry is summarised below:

continued. ..
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APPENDIX 2

THE CROSS-REFERENCE LIST

The cross-reference list consists of a series of full word (4-byte) entries

For each reference to a label, and is set up if XREF has been Specifieqd,

The first two bytes of each entry contain the statement number of the state~

ment that referred to a given label,

The last two bytes of the entry are zero if this was the last reference to
the label, Otherwise, these two bytes contain a pointer that can be used to
locate another entry in the cross-reference list that contains the statement number
of the next statement that refers to the same label., Four times the pointer plus
the address of the start of the cross-reference list gives the address of this

Second entry,

The format of each ¢ross~reference list entry is summariged below:

CROSS-REFERENCE LIST ENTRY

POINTER
TO
STMT, ANOTHER
NUMBER ENTRY
or
ZERO

w———— 4 bytes -



APPENDIX 3

RECORDS SPOOLED ONTO SYSUTL

As discussed in Section 7, source statements plus appropriate error infor-
mation are spooled as 88-byte records onto the device specified by the SYSUTL
DD card.

The first 80 bytes of each record contain the card image of a source statement,

Error information is held in the next four bytes. A one-byte error code is
stored for each of the first four different types of error condition that occur
for a given source statement (16 times the error code plus a base address points

to an appropriate error message in the Assembler),

The last four bytes are used 1f the source statement is completely processed
in Pass 1 of the assembly., This fuil word contains the new value of the program
counter for an ORG statement, the operand value for a DS or REPEAT statement or the

number of NOVA words to be initialised by a DC {E;} tcharacter{s) ' statement.

The format of each record spooled onto SYSUT1 is summarised below:

FORMAT OF EACH RECORD SPOOLED ONTO SYSUTL

CARD IMAGHE ERROR| ERROR | ERROR [ERROR PASS 1
OF SOURCE CODE | COIE |CODE |CODE VALUE
STATEMENT 1 2 3 4

~4—esme———— 80 bytes

N
<\

» 4 bytes €

o

4 bytes -———=»

A 4




APPENDIX 4

PSEUDO-CORE

A pseudo-core area, consisting of one NOVA or SUPERNOVA word per 360 word
(4 bytes), is set up if LOAD has been specified, and its size is determined by
the value of the CORE parameter., The NOVA or SUPERNOVA word is stored in the
last two bytes of the 360 word.

The first 3 bits of the 360 word are used to describe the attributes of the
corresponding NOVA or SUPERNOVA word. These attributes are used by the Simulator

and are defined as follows:

bit G - Assigned location bit, (Set to zero for any location in
pseudo~core where object code is stored whether the code is

valid or not),

bit 1 - Trace bit. (Set to one if the assocliated instruction in

bseudo-core is to be traced),

bit 2 - Read-only memory bit, (Set to one if the associated location

1s a part of read-only memory) .
The remaining bits of the first two bytes of the 360 word are unused.

When pseudo-core is first set up by the Assembler, all of the 360 words are
initialised with the constant (80000000) ,4.

The format of each 360 word in pseudo-core is summarised below:

360 WORD IN PSEUDQ-CORE

A T | R,
S R | O,
gL " B UNUSED OBJECT CODE
1\; T I :

BT
E
D I

T

-3 bits » & 13 bits > & 16 bits
4 bytes »-




APPENDIX 5

OBJECT DECK FORMAT

By specifying the DECK option, a copy of the cbject code sel up by the
Assembler is written out onto the device defined by the SYSPUNCH DD card in a

special object deck format which is intended for punched card output,

The object deck for a NOVA or SUPERNOVA program consists of a number of
standard object cards feollowed by a transfer card., The standard object cards
contain the assembled machine code, while the transfer card indicates the entry

point of the program (see Section 5.11).
The cards have the following format:

Column 1 contains (06) 16 for all cards.

i

Colums 2 to 4 - contain the characters 'TXT' for object cards,and contain

the characters 'END' for a transfer card.
Column 5 - contains (75)1e for the NOVA or (76).s for the SUPERNOVA.

contain the characters 'NOVA' or 'SNOVA' left justified
and padded with blanks,

Columns 6 to 11

Column 12 - contains (02) 6 indicating that one word of object code

is punched in two card columns,

Column 13 -~ the number of words of object code punched on this card

{word count) .

Columns 14 to 16 ~ c¢ontain. the address of the first word of object code, or the

entry point address for a transfer card.

Columng 17 to 72 - contain object code, 2 columns per word with a maximum of
28 words per card, These columns are blank on a transfer

card,

Columns 73 to 75 - blank,

Columns 76 to 80 contain a five digit seguence number,

At the AAE.C, this object deck can be read as data by a program in the
PDP—Q/L computer, and this punches an object tape using a fast paper tape punch,
The object tape is set up in a format acceptable as input to the Block Loader
in the NOVA or SUPERNOVA computer,

The information on the transfer card is used to set up the Start Block at
the end of the object tape., If the entry peint on the transfer card is non-zero,
the Start Block is set up to transfer control automatically to this address after
the program is loaded into core storage, For an entry point of zero, the Start

Block is set up to halt the processor after the program has been loaded.



APPENDIX &

ERROR MESSAGES AND SEVERITY CODES

All of the possible error messages and the corresponding severity codes that

can be generated by the Assembler are listed below:

Severity Lrror Message
4 BLANK CARD (TREATED AS COMMENT CARD)
4 CARD WITH EVERY COLUMN PUNCHED
8 LABEL CONTAINS INVALID CHARACTER
8 LABEL TOO LONG ( TRUNCATED TO lst 8 CHARACTERS)
8 SYNTAX ERROR IN EXPRESSION

Too many + or - signs etc,
8 NUMBER TOO TARGE (TRUNCATED TO FIRST 8 DIGITS)
8 MULTIPILY DEFINED LABEL

The value of the first definition of this label is

used for references to this label.
8 INCORRECT USE OF INDIRECT BIT INDICATOR
8 CHARACTER IN WRONG CONTEXT
A valid character in the wrong position.
8 ILIEGAL CHARACIER IN NUMEER
Illegal character in a decimal number or an 8 or 9
in an octal number,
8 VALUE OF EXPRESSION EXCEEDS 16 BITS ( TRUNCATED)
8 A TABEL SHOULD NOT APPEAR ON THIS SOURCE CARD
Label used on s USING,DROP ,PRINT,EJECT,LIST,NOLIST,END,

TRON,TROFF or RDONLY statement,

8 INVALID INSTRUCTTION MNEMONIC

8 DEVICE CODE IS INVALID

8 DISPLACEMENT IS INVALID

8 INVALID ACCUMULATOR SPECIFICATION

continued, ,.



(2)
APPENDIX 6 ( continued)

Severity Error Message

8 SKIP CONDITION IS NOT VALID
8 LABEL UNDEFINED OR SHOULD EE PREDEFINED
8 ADDRESS OUTSIDE AVAILABLE CORE STORAGE
8 ADDRESS EXCEEDS 15 BITS
8 DOUBLE WORD CONSTANT EXCEEDS 32 BITS
8 INCORRECT EXPRESSION VALUE (SET TO ONE)
8 OPERAND MISSING
8 NO CLOSING BRACKET
8 TOO MANY DECIMAL POINTS IN NUMBER
8 TOO MANY CHARACTERS IN EXPONENT
8 INSTRUCTION VALID ONLY FOR SUPERNOVA COMPUTER
8 INCORRECT FORM OF EXPRESSION
8 CHARACTER STRING NOT TERMINATED BY APOSTROPHE
8 NO CHARACTERS TO BE TRANSLATED TO ASCII COLE
8 A TABEL MUST BE USED ON AN EQU STATEMENT

12 NO END CARD (DUMMY CARD GENERATED)

1z VALUE OF PC OUTSIDE CORE

1z ILIEGAL ENTRY POINT FOR PROGRAM

16 SYNTAX ERROR IN PARM FIELD AT POSITION -w

A syntax error has occurred in the PARM field parameter

that begins at position --.
15 SYSIN DCB NOT OPENED
SYSIN DD card missing
i5 SYSUT1 DCB NOT OPENED

SYSUT1 DD card missing

continued., ..



(3)
APPENDIX 6 ( continued)

Severity Lrror Message
16 SYSPUNCH DCB NOT OPENED

The parameter DECK was specified, but the SYSPUNCH DD

card was missing.

16 UNABIE TO ALLOCATE SPACE FOR XCTL PARM LIST AND PSEUDO-CORE AREA
16 UNABLE T0 ALLOCATE SPACE FOR CROSS-REFERENCE LIST AREA

16 UNABLE TO ALLOCATE SPACE FOR SYMBOL TARLE AREA

16 SYMBOL TABLE FULL

Exceeded the number of labels specified by the SYMTAB

parameter.'
lé CROSS-REFERENCE LIST FULL

Exceeded the number of cross-reference list entries

specified by the XREF parameter.
16 THE DATA SET REFERRED TO ON THE STEPLIB OR JOBLIB OR
SYS1,LINKLIB DOES NOT CONTAIN THE MEMBER NOVA--—-

The program specified by using the LOAD=---~ option

could not be located.



APPENDIX 7

SAMPLE ~ PROGRAMS

Two sample program listings are included in this Appendix, The first
listing gives the Assembler and Simulator outpul in octal for a source program to
be run on the NOVA computer, The second listing gives the Assembler and Simulator

output in hexadecimal for the same source program to be run on a SUPERNOVA computer,

The source program used in these examples is written to check the hardware
multiply-divide instructions against the software multiply and divide routines

%
supplied by Data General Corporation .

Also note the allocation of work areas by the Assembler for these two runs,
In the first case a cross-reference list area and symbol table area were dynamically
set up by the Assembler (see Section 7). In the second case the cross-reference
list area and symbol table area have been set up on the basis of the values of the
XREF and SYMTAB parameters specified in the PARM field of the EXEC card,

* A System Reference Manual for the NOVA and SUPERNOVA, DG NM-2,
November 1969,
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