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9 © 7 INTRODUETION = -,

‘u . .

"1.t Machine Langhagc

,

L]

. In the early days of computers a program had to be

"coded by hand, a% a chucncé of binary numbers, co&stituting

th

coded machine iﬂstruc:iqns and data for the program. Such
roggam,. ca}lcd_a'machinc-language program, was very éumbc;-
some to write. Thc programmér had to 5pec1fy the correct

machine code for the instructions, assxgn Ioeatxons (or ad-

. ,
Al .

dresses)) to cich instruction or data element in- the computcr’s
memory, arfd then use these addresses in the instructions.

Apart from the difficulty of keeping tra@f of a lot

" of numbers, it was very difficult to make changes in a:ﬁachine

language progragl . i‘
_ v .
1.2 Assembly Langpagc !
T
5

Attenpts were made to design better ways of writing

computer programs. This led to the development df'Assembli

_‘Liﬁguagesliaﬁd. subsequently. to high level, languagesz)

Y The assembly 1anguagc appfoach 15 somowrat sxmxlan

to the machinc language approdgch but makes it much easier to ~

[y

“program'”“lm_ln“xxsenbly*rnngu:gel)ﬁall the—operation codes__“Qm

are.nnpnonics raghprwthan nuner1c, which are easier to re-’

¥

meaber and recognize. The'g@drcSScsfof mémory locatiéns can

be assigned symbolic names which can then be used in the

- . A . . ’

f-

aprreeee
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N

machine instructions to refer to a particular location in

* v

memory. Also, the ﬁrog;nmmer need not specify the locations

where .the instructions would be stored in the memory, rather,
“he assumes the startipg-addr@ss'as location zero (or some
» . N - ' :

other addrc;s) and develops the program relative to this

+address. Extra pseudo-instructions are included to provide | o

additional programming convenience %hd deéfining constant data-

- -
+

) . . Thus, an assembly lahgﬁage program essentially incor-
: : SN ‘
porates the same logic and style as a machine 1an%uage pro-

-

t .

éram'but relieves the programmer of a lot-of tediqu’boOR-

keeping. ’ L.
. L] .

. B T ' \ 3 . \.

Typically, an assembly languaye statement consists of

3

‘three fields, viz., the location field, the operation field

and .the operand'ficld. These are separated,by blank.char-
. . . ) , N - ‘ . . . . - .
« acters. Comnments can usually be ingcluded after the operand

field or on separate cards specially coded for this purpo§eT

The lpcafiquficl

-

d may Be empty or contain a unique
“label name. This label is then associated with the address ' e

at which the instruction will be stored and can be used to

+

. refer to this location. - . . : ’

" - » oF
., - The éperatipn ficld consists of a short mnemonic
» - B . ' .
for.the instruction or the pseudo-instruction and is not «
., ' - . ‘| . . . o
e—gptional. oL v L . . ) L

Thc'oﬁcfand'ficld generally contains.an arithmetic

expression, consisting-of symbolic names {defined as labels

to some ihstrhctionx‘and numbers. The nature of the operand

.
.

¢




f

' . - N - -
depends on the nature ¢f the instruction; in some cases

< " i - - —_
an operand may not be present at all. *ﬁ{?most instruc- - :

tions, the operand will evaluate to a number that corre-

sponds to a location in the computer's memory. ' .

. The assembly language may be more convenient for

the progfhmﬁcr, however, the ‘only language that the éOmﬁﬁ
Y- - )

~puter-hardware can understand to perform its function 1is
its machine languayge. We, therefore, nced a mechanism to
. . A3

translate an assembly languayge program into the machine

fanguagc. A program which performs this function is called

- \ : . I
an Assembler. . ' ’ iﬂa

o /.

[.3 An Overview of the Cross—AsScmbicr

- This teport describes an assembler program for the

Hewlett-Packard®. 2000 series assembly)language programs. It

is called a Cross-Assembler becausef it is not implemented on _

‘ an HP computer but on a different machiné, viz,, the CDC-6400

computcr.' It has been .written in the programping language -

pascaid) .

N
'

)

‘

The motivation behind this project was ‘to develop a

support systen for the HP computer of the Department of Applied

Mnthcba;KCS'at McMaster University, to take stc of the work:
v i ) Ky )
_away from it with the aid 6f the CDC-6400 computer on the |,

,campis. Tt can bc“useﬂ'for‘débugging'HP-asscmbly language

prOgrams‘as well as for producing punched binary output whifh

3

* WNe sﬁall use the ahbreviatien HP for Hewlett-Packard 2100A
Computer,

,__'1‘.

e

Y e

1
|
i
i
i
|
\
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can be loaded intd the HP Computer -for execution.” ,Alsp, it

.

produces an improved error diagnostic over. the Standaéd HP

Assembler. c

' The inﬁtruttibnq endlcontrol cards ﬁecessary for
using the Cross-Assémblcr are described in Appcnﬁix_a_

A generai:fdou of control of the‘Crosa-Assepblér is
shou&_in Figure I1.1. Like mb;t assemblers, it goes tthUgé
two passes. Th§ first pasﬁ,i? used to prﬁduccva'symbél )
table"of-all thc.symbélic names appearing in the program and to
assign a value of the location counter to these';ymbolg.
The sec;nd pnss-réfexgmineé the entgie program and-p;dduées

‘the machine Gode in a binary form; it uses the symbol-table

to substitute addresses for the symbolic names.

"

"FIRST PASS - . ' | :

LY

LY In the first pass each line of the sourc~ program is
rcad from cards, one at a times and a V“IQf of the location
counter® is associated with cach instruction. The mnémonic

for the instruction is extracted and decoded to determine the

nature of the instruction. If a symbol appears in the label

v

-~
¥
L]

* Relocatable programs arc assembled assuminf the starting -
... locationyas -ddress zero. When loading such a program .
in.the HP-comput'er, the Relocatable Loader determines - - . .. |
the actual starting location inm the memory and adds this
base address to all the affected operands. In an absolute
program the actual program origin is specified by the
progranmmer. ST

L
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o FONTROL CARD

INITIALIZE | B
VARIABLES .

READ USER'S CARD
PRINT TITLE PAGE
PUNCH HEADER CARD

'READ AND o
INTERPRET

3" .

ERRORS

" FSKIP PROGRAM

<%

(UPTO THE
FIRST END .
STATEMENT . '
AL ) “|PRINT SORTED
' —1SYMBOL. TABLE
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" priate amount.

. \“\.\:
-

.fipld Iic. tWo'loéation field) it is extracted anh entéred ’

-ln the symbol table (usxng hash- codLng). alongwith. the

[

valuc of the locatlon counter. Most machxqp instructions

‘ ¥

require one word of storage, whxle a few require, two - wo;ds

of storage. The locatlon counter is incremented by the appro-

+ . v

bt

Some pseudo-instfuctions. those prov1d1n3 program-

[

lxnkagc Lnformat1qn or dcalxng only Hlth storagc allocatlon,

aTe completcly processed in the first phss. All-the othcr
e R . - ' c - .
pscudo-ingtrﬁctions are partially ‘processed to determine the

»

~ L

amount of Storage they might require and this storage is set

aside (by incrementing the location counter). o
. rOperand field is generally not processed- in.the first

pass except; for a ifew pseudo instructidns.

AlY the 1nstruct1ons and the decoded information re-
. . 4
ga}ding th'ese, xnstruct1ons is savcd on a fxle S0 that it can,

be used in rhc,sccond pass. .: o S
SECOND PASS °

]
¢

‘ ] . ‘-rf; . N . | |
' The.actua)] mdthinp-code is genetrated ih the second

e | o ‘ . .
.pass;'with the help of the information gathered in the first

.
o .

pass. .

]
-

Each instruction is re-examined and the binary-code
"for the ingtructiaon substituted for the mnemonic. The operand

ficld is scanned to cvaluate the symbolic expression; the sym-
. o o . : : - . }
: . )

bols are replaced by the values of their location counter from

-~

.,
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the symbol fable; which results in the operand address. The

- ’ 1
datazﬂ!nerating pschdo-instructions are also completely pro-
. . \ .

cessed in this pass and the binari code they produce is storedsfﬁ

in the location that were reserved for this pu}posc in the first

pass.

1£ biqafy output i; ;pqu@rcd:thcn‘the:a;segbfcdhbinary
code is stored on a file. On completion of the-seéon& paﬁs,
the assembled code can Se‘printed éut ;5 a set of-biﬁafy rec-
~ ords or pun;hed on cards in the fofma; acceptablc'by the HP '

Computer.

* -

In the later chapters, we shall elaborate upon this
‘brief dcsgfiption of the Cross-Assembler. Theé next section

"gives a brief introduction to the HP Computer.

L

1.4 HEWNLETT-PACKARD 2100-A COMPUTER: .

In this section we shall describe, very briefly, the

basic features of the HP-2100 A;Compute;-‘iat concern an
asseublx,}hﬁgudgc‘programmcr.‘ A detailed description can be

found in the Refercnce Haqual4)‘for<{h¢ computer.

HP Wgrds ' ‘ .- -.

. | .
The length of an HP word is l6-bits, numbared from

-
—

-0 through 15, in order df'intrcasing-significance, as shown
_in.Figufc 1.2. Two words can be-combined together to form
a double-word (32-bits) for use as a floating-point number

or an extended-preécision intcger. ¥hen addressing double-

L~

|
|
|
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word in memory, the address refers to the least significant.
. A

1

word location; the next higher location contains the most - T

significant word. Double-precisidon numbers' are similarly

represented using three HP words.
! s

For single-word @ata, the range of representable
nunbers is‘-§2768 to +3;767'(dccimal). or.-100000 1o.+72%77'
(oﬁtal). A reallnumbéf,‘rcprcsénted‘asddoublc-word,\must lie
;in the .range 10-38 to io+38‘-(approximafe1y);

Pages oT’Hcmogy

ﬁhe'ZlOQ A Computer can be oqu%Pped with any one of
the six memory configurations, viz., 4K, 8K, -12K, 16K, 24K
and 32X, (K - 1024 decimil Hofds)ﬂ fhe’m;mor}{i; logicﬁily
Aiv;&cd inioupages of 1024 words eaéh'(zooo'ih.octal nokationi.

’ ‘. : o
The first page (addresses. 30000 \3501777) is called.the Base
- Pahe_or the Zero Page.' Anfrother page currently being refer-/;/ff

cgéed; is called 2he Current Page. Memory ;efcrenc§ instfucttons.

'-inqlude a bit (bit 10) to specify the base page, or the chfrent \f
“page (0. to 1 respectively).i ' B ‘ ’ : ._Fﬁ
. - IR X .

7 Direct and Indirect Addressing

A memory reference instruction can address a'locat{on
directly or indirectly.. If it has a 0 in bit - 15 then the
;pécified addr?ss is used (dirqct-addreﬁéing); if-b{t_- 15

L '1; 1. then fhe chtenp of the addre;séd location is used a;
the address {indirect addressing).

~ o

°
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Registers o - .

RegrsteI> , : J A ‘
Theru are two accumulators. viz the A and B rcgistérs.

H-..n

They may also. be addrcsscd as memory locations 00000 and 00001~

—"

respgc:1vc1x. - These registers are used to hold the results of
aritﬁaetic apd logical,operatiqns; load and store dataﬁaﬁd
perforn c0ppafis;ns. An' OVERFLON regi?tér; consisting of one-
bit, is set t; 1 when an overflow in_the—register A or B occurs.
The overflow bit can be cleared, set or test?dt‘"

, There are also a number of other registers but we shall

not.be directly concerned with these. A complete description

can be found in referénce 4.
. 55 s - ) | L
HP Assembly Language . . 4 . .

- [

Therc- are 80 machine-instructions for the/HP-2100 A

" Computer. They gan be divided into five groups:

. —

Y . 1. Megoary Reference Instructions X .

2. Re ister Réfcrende Instructions
) B !

-';/ RN

3. Input/Output Instruct10nﬁ _ '
‘4\  Extended Ar:;hmctlc Memory Refercnce InstructLJEs_

5. Extendcd Arithmetic Regxster Reference Instructions

. . N : . .
The instructions in the first three groups are single

. .

Ay

word instructions, while those in the last two groups produce
. A

two words of machine code.

o to eight instructions of Register Reference group

*can be packed into a single word, according to certain rules,
¥e shall call such an instruction a Multiple Instruction.

-
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N tee et

In addition, the HP Assembly language includes 26 .
pseudo-in;f}uctrqnb. These are used to generate constant

data, provide proyram linkage, specify nature and starting

address of assembly and prowide other programming conveni--

{ .
ences.

-

An slphabetic list of all the machine and pseudo-
instrhc;ions ind their description is included in Appendix
B. A list of these instructions arranged by groups appears

. . . . . ! R . . . .
in Appendix C. For a detailed description of the&g\izijructions, .

the reader should refer to HP Assembler ManualS). - ﬂ ///
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. CHAPTER I° o

FIRST PASS

1.1 General Description

As indicated in the Introduction, the Cfoss-ASSémbler'.

consists of two passes:. The First Pass is used to determine

the storage allocation of each 1nstruct10n and generate a

tablc of symbols. The actual'gachlnp-COQg and program listing.

is generated in the Séconﬂ~Pass;,'Puﬁcth'ourPUt of the binary
code, if requi;ed, is:ﬁfoduced by special routiﬂe; following

the Second Pass.

In this chapter we shall describe the First Pass pro-
" cedure PASSONE in detail. .A flou chart for PASSONE appears

in Figure 1.1. This ?1ou chart gives only an approx1maxe

b
over ail sort of picture and does not show all ‘the detaxls

The reader should refer to the-appropr1ate'sect1on of this

chaﬁtcr or the progran lis}ing, appearing in Appendix G, for

all the details. The nature:of the program . .variables will be
explained as they ‘enter into the,djiscussion; in_some casés
} X .

they are also explained in the prQEfan listing.

_— LY

The main progran £1rst reads and dccodcs the control
cards(4gcscr1bcd in Appendlx A) and 1n1t1311 es soume- of thc

global variables. It then calls thc proccdure PASSONE.

1

12 - -




INITIALIZE

VARIABLES .
e A ,
@( : PUT(S) e @:
READLINE |  ~* ' ' | o
- ._,g )
@—E’_—PR\LNT WARN ]2 G——@
[R=LN+1 ' S |
™S} St.LN~LN- _ ®

~S¢.LCeLC “ } ‘ , \\\

EXTRACT LABEL . ‘
EXTRACT AND DECODE OP FIELD . -
DETERMINE OPN . : _ -~ .

. Ist.opFLD.0PN ' . :
YES

LLEGAL OPf—

MULTIPLE INSTRUCTION
!

FOR EACH MNEMONIC IN

THE MULTIPLE INSTRUCTION

STORE S*.0PFLD+ OPN

TERMINATE WITH
S+.0PFLD~O

l ¥
MACHINE msmucnou}—)[ STORE LABEL IN
- SYMTAB

TRUE
. _ LCoLC4 REPN
| L .
| CURIG. 1.1
. FLON-CHART FOR PASSONE - .

. . . . : o

'
S
|
|
i
!

AR Al
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Extended Arith.ypnstr.;'

Zf%scudo operatio

ZABS,DEF2L1

cou}

ldbecLoex,oc

[Store 1abe

Store labéﬂ
—1
LC+LC+2
OPN>78 NO N
- { Store FLBL[OPN]
- as an EXT symbold].
VAR ' 3
Store labelfy —N
LC+~LC+1
Store label TN -
SCANOPERAND (x)] LC~LC+N
Store common block >
napes and sizes 1-
T/ Determine N,mof memory
words expected for constants
ﬁ;, in operand field
j) . N LC+LC+N c
xtract and store -3
[ENT symbols ‘
xtract and store #
[EXT symbols )

n .

E[n] Store. label with :
LC = operand address.

L Fig. 1.1
(cont.)

P TRV



/ Skip'all instructions : '
until XIF. Store thenm | ,
as comments. ' '

NAM

Extract and store Proyg. name

a

F —

—{ORG/—HSCANOPERAND (1<) PAGEFLAG+TRUE’
——{ ORRF—4{PAGEFLAG~TRUE}——— .
‘I—forsl—APAGEFLAG-FALSEl— — - ”

N - K] .
b JREP f—-R SCANOPERAND(REPN REPFLAG+~TRUE —>1
| HED,SKP,SPC,SUP, UNL, UNS ———3
. ' % ~

Terpninate IFN or 1FZ pseudo.

LEl;j—

‘—-{Eﬁa}——”ﬁxtrnct transfer address

Check validity of ENT symbols

\ | (snd of Pass .019 : L

NIRRT

a



This procedure fcads the source progrdm (in'Hp
ébScmbiy language)‘;ne card at a timd; and dccodes}it
pa:tinflyﬁ "It assighs a value of the*location counter to
each instruction and cxtracts any symbol appearing id the
~label ficId Normally, the symbols are treated as. program
relocatnblc. je, i f the progranm or1g:n is moved uﬂ (in the
memoryY} by N locations then this number must be added to
the location counter of eddh of the symbols. However, the
programmer may Spddify a{Sectipd of ;he program to be
asscnbldd on thd Base page (to be discussed later), in
which case the symbois are Basc-@agc.relocatable;‘_Specidl
‘ﬁon-relocatadle. (i& absolute ;ymbols;-fdtcrnal symbols and
conuSn-block-specificato}s may alsb be defined by means of

special psbudo:instructidh; as we shall see in Section 1.4.)

1.2 Symbol Table :

s

‘All the symbols appcaring in :he program, fhc numer’c‘
value of the corresponding countcr and their relocatd&zlxty Y
fnformation is stored in a symbo} Fableﬁ SYHThB.. Thf&t
table is an array of Pascal reco}dss% each of which has tﬁe
following structure: - L o |
SYMTAB [;].NAHE -(type:alfa)\ contains the symﬁoi nade ~
gYHfAB [If!LOC‘ (type:integer) contains the valud oflipe

appropriate ‘counter

16
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SYHTKB[I].INP (typc:chnragtér} -contains the reiocatagility
' ' code for the symbol, viz.,
=R, prdgram relocatable
" =B, gase-page relocatable
=C, common symbol

=X, external symbol

=blank, absolute.

»
-

Entries to symbol table are ﬁade\by using a hash-code
“add;;ssingﬁ) technique. The foilowing scheme is used:
- : H-((ABS(bRD(NAME)) blv 4096) MOD s3
where H= hashiaddress - : - ; .
ﬂAHEh Symbol, as an alfa variable
0RD(NAME)='intcrnal represcntatién?of NAﬁE on CDC

as an integer (left-justified),

Si= size of symbol table (an odd number).

All the NAME fields of SYMTAB are initially blank-
filled. As each syﬁbol is encountered, its hash-address H is
calculated and if the location H is free, the symbol is

stored there. If, however, the location is occupied by
Y

another symbol then the addresses H+l, H43, H+6, H+10,......

- H4n(n+1)/2 are scarched (spaced to redute‘clusicring).until
L] N .

‘a free location is found and the symbol is storcd“nt that

location. Doubly defined symbols are flagged as érrb;q.,:

The'opcfati?n_ficld'is extracted and the mnemonic

A
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is checked for validity in the list of legal mnemonics,
OPTABLE, and its identification number is determined.

Illegal operations are flagged as errors.

1.3 File S o \
'Jf?;‘&

All the decoded information as well as the}§§iua}

card-image is stored on a file S, which is a temporhry disc
file,'so that the information may be used in the Second
Pass. The file S consists of Pasc¢al recordsyeach record

~ has four fields, namely,

LN u(integerj : - Serial number of the card “
"in the source deck.

LOCFLD (integer) - Value of the location counter

OPFLD (integer) - Idéﬂk@ficapion no. of op. .
LINE (arra}‘of alfa) - Fompres?ed form of the

actual card image.

v

A zero value of OPFLD is stored for the comment cards,

as well as forthe statements with an illegal operation'fiéld,

- .

) .L.
which are then treated as a comment cards.

v

} ) o .. "_fb. . f
The operand field‘'is ugﬁhlly not processed in PASSONE,

I

except -for a few pscudo-instructions; these will Jbe discussed

il

. - &
later~on in-this chapter.. .Since the card-image is stored ‘on
) S o o
file S, it can be used for scanning the operand field in\the
Second Pass.
R S

o w




q

N

be produccd in PASSTWO. * :

‘c0mprcssed for§+ on file S (as S?;}LINE). If an asterisk_(*)

P R g 19

A
‘No program listrng,is produccd in PASSONE? instead
qnly those lines that contain errors. alongthh the error

meSSages, are prxnted.j? A complcte program listing will

e

1.4 Instruction Processing_in PASSONE - ' 3 . ;

| One source'lihe is processed in each cycle of PASSONE,

until the END pseudo or"ena-éf—filénis encountered. The dource

line is read into a character arrny INFEXT and stored in a 4
- N L] . -

| .
1 r

% »

appears in the first cqlumh rhén it s freatga‘is a comment -

"card. If thékfirqt column is blank then there is no label

.
S X - - L] ¥ /
. Ve . . .

field and the alfa variable LBL is set to EMPTY (ie i0 blanks
packed to a wdrd), othdrwise'thc-lgﬁc{ name* i3 c;traérad and | . B
.- 7. \\1 - - - hd : .
'stored in SYMTABY ; \l SO R

The operationrficld‘is also extracted ‘and thc'mnépdnic
a - ' ’ ) : .
(stored in the alfa variable QP) is checked in a tably/of

operations (OPTApLE) and its idéntifiqation qumbér OPN is

'extraqﬁcd. Illegal operations are flagged as errors. A.zero -

-

value of OPN. is storéd both for comment cards and illegal /
- - ' ' : Ce Dom. -
operations, which will then be treated as gomments and ignored.
." , 1 '
N + ten charactcrs packcd to an alfa var1ablc b o
S ie a- CDC uord ¢ _ - . S RS )

* The labcl must start uxth an. alphabet c characrer
. or a period(.) and may contain upto five alpha-
numeric characters and periods .(.). . -
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LI
[

In. an absolute program an ORG statement must appear.

before codc-géncfating-instruciions : Slmilarly. in a

Ed

Fl

relocatnblc program a hAM statement must. appear before code -

c

gencratlng 1nstruct10n5.
. 4 * S -

'
tow

A:boclean vnriébchFLﬁG (initially:TﬁUE).is‘setito"

> " FALSE when thp”apﬁropriaicApséudo (NAM ot ORG) is éncouhtered.
~ . - N . ) ) . . . o ~
- While FLAG is true, ench-OP is ‘tested toamake sure that it

1is not .a, machxne 1nstr“ct10n or a code gencratxng pseudo.

v

/- Otherwise, an error message is pr1nted our but the assembly

' proce;s is pot terminated. . L ' S
) 1
LIS At ' N

- ' ' v T . T

The specific action taken iﬁ-PASSbNE‘dependg‘ﬁn the

ﬁature Qf'thc instruction; ‘They can bc descr1bed’by d1v1d1ng

£ r

then into the follou1ng classes: | .

o

Hachxnc Instruct10ns . ' N

.
[N

o " ) .
.If,thc operation field contains a machine instruction

e

,(1£0PN§73) then the[locatioﬁ counter  is incremented by 1.

- Ot B . . . . : . emeaiis
Hoyeu:r,»foxhc previous instruction was the ‘pseudo-instruction

. .
r - L4

Yy . °.R8Pn ' -

(xndxcated by a. TRUE value of the boolean varlable REPFLAG)

Lyt

then the location counxcr is incremcntcd by R and'REPFLAG
15 set o FAé%E. No’ furthcr action is’ taken at this stage
. cxccpt the routine actions (cg.ﬂstonxng the labcl and card-:

xnagc etc. ) descr:bcd qarlxcr ’ - . 3 o
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Multiple Instruction

If the operation field contains a number of operation
mnemonics, separated by éomma'. then the value of OPN for
each of thése mnemonic #s'stored és a négative number . '
(=-0PNY, to distinguish it from an ordinary or single.

instruction. Thus a multiple-instruction will be stored
o o : N - s
on several records of the S file, each record representing

a mnemonic of the multiple-instruction. ~ An extra record
with OPN=0 is stored to ‘indicate the end of a multiple
. ! : “ M

instruction. In PASSTWO this.string of records will be

combined to generate one word of machine code. The qudtibn
. : ;

counter is incremented by 1 (or by n if the preceding

instruction was a pseudo REP n). - . AR "
. A
Extended Arithmetic Instructions

-

: . -Tpe eight instructions in ihis group (7450PNg81)
produc;.tuo words b; code each, so that the.iﬁcation counter
s incremented by 2. The first four instrﬁcﬁions (vizl.ﬁPY;hwrw

DIV, DLD, and DST) are assembled such th#i fhé maohihe code
. i - . E _ i
‘ié'sto;cd in the first word and the oppraﬁd address in. the

r

second word (to be donc;in_PASSTHO).'.chcvcr.-thc remainin&.‘

four instructions (vi:z FAD, FSB, FMP and FDV) are assembled
" as subroutine calls to the external labels .FAD, .FSB, .FMP
" and .FDV, respcctiicly. These labels are, therefore, stored °

in SYMTAB as cxtcrnal'symbqls when Ehc corre§ponding

- . ' 4 . e
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instructions are encountered. In PASSTNO4 when macﬁihé'
code will be génerated..the first word will contain. a JSB
call to this label and the second word will contain the —~——

- operand address., ‘ “

Pseudo-Instructions
v LA I

v

Thé;e are 27 pseudo-instructions for the HP Assembly
language (see Appendices B-and C). Some of these pseudos -
rgsult in machine code,;while others provide information

about program origin,  grogram linkage, numeric and character

. ! '
data, listing con:iol‘T\c, We shall describe their 'PASSONE
actions.by classifying them into sub-groups.

For all tke ;seudo instructigns. aé for any other '
instruction;‘the first agtion is to storé the value of
,curreﬁ; locatidﬁ countef, the_vafhe of OPN (insfrqction‘ _ ..
number) and the card-image op the file S.

.1) Assembler Control

NAM: This pseudo is illegal in an absolute program and

»r

“must appear before the first valiﬁ.opcodg in a
7 g.xirelocatablc program. |gt?ﬁ these cén@itioné are
checked Qut. » The operand field is.scanned to
';check :hd.cxtract the programunnme and type (a
number inQiFating if it is a main progr;m: a sub-
qgutine, ctc.)-and storéd in PROG (alfé variablé)

and NMN (integer variable) Tespectively, te be

]

-4

° ' “-A. ' J \ ‘; : ‘
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-

.used in preparingithc binary output (chapter III).
Both these are opvxonnl paramcters and if they are -
not spccﬂf1ed thay are set to PROG + EMPTY and :

NHN"'O " ‘- \. W

ORG An ORG statement specifies the or131n of -an absolute

A"

Iér?gram or orig1n of_a segment ofign absolute or
relocatable program : Thus‘an absolute érogram must
begtn uxth an ORG pseudo, and a relocatable progrdm
(théh must b081n wlth a NAM p;eudo) may contain ORG
pseudos uzthxn the program These conditions are *
~checkeé out fxrst |

The opErand address is tvaluated and the,ﬁ;Ogrhm
location counter (LC]'is set to this value. fhg

. ' ‘ 'J . x T el
succeeding code will be assembled on the ‘current

page starting at thxs locatxon .Boolean variable ‘
PAGEFLAG s set TRUE. (Hhcn PNCEFLAG 1s TRUE, code
.ig assembled on the current page, othe;wxse it is’ o |
assembied on the Base page). .\‘ . o
. ORB: _Tte ORB statcmentidtfincs the,Baseupagc portion ot ) -
a relocatable prégram and is illegal in an absoiute

program. . 5 check 1is madc to ensure thjs.condition.

%hc.base page nssemblj-is in;tiated by settipg -

KPACEFLAG to FALSE *The effcctivc location counter

15 now - BPC (Base pagc countcr]

ORR: This pscudo revcrts aSScwbly to current page'(seff:

’
v -
vy
- ’ -

'PAGEFLAGE ~ TRUE) starting at the value of LC that

[ -




REP:

IFN, IFZ:

" the.character variable OPTION. If we encounter an

24

exisi?d when the. first 0§G or an instrﬁdtion was
encountered.

Anyf}abql present in the location f{cld-is'stared
in ;ht“;ymbol table. 'The;operand-is evaiuatcd-and
stored in REPN (integer) and REPFLAG is set TRUE.
The succ;eéing machine i?struﬁtion will be r;pqateq

REPN times.

In the Assembler control card (see Appeﬁdix A), the
btogrammcr maf specify N or Z option. If N:option

is chosgn &hen all the insFructions between an IFZ

;nd XIF pseuho are ignored while those between an |

IFN and‘an XIF pseudo are assembled; and vice—v;rsa

for the Z-option. -

PASSONE first checks ﬁo insure that this pseudo, - .
IFN (or IFi), doe; not follow another IFN or IFZ |

(the boolean variable NZFLAG should be FALSE),

othc;uigc an error, message is printed-out.

The Assembler control optiof (N or Z) is stored in .

IFN pseudo with an N-option, on an IFZ pseudo with

1
a Z-option, then we simply proceed normally without
any specific action. However, if-xconflict occurs

(eg. IFN with Z-option, or IFZ with'N-qptiQn oT

either. IFN or IFZ without any option specified)

- then all the following instructions until an XIF

are to be treated as comments and not assembled.

-~

-
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I‘.‘

///4A special routine, GETXIF, is called to perform this

///// “task. It stores the_jnstructions on file S with
. 0PFLD+ 0O (Le. as comments) and also checksafdr an oA

- )

"end-of-file cdndition'to avoid reading.paét e.o.f.

. in case of a missing XIF.

.
\ . -

'Obi;ct—progfam Linkage

COM: 'This pseudo defines fhc name’s and si:és_of the
' clemgntﬁ of the common block. It is ihvalid in' an . .
absolute program. For a relocatable program, the

-symbé&%tﬁnamcf appearing in the operand field are

extracted and stored in SYMTAB as common relocat;ble
'synbols.hgiggg;ith the size of the array. The size,
of the block is specified withih brackets following

the symbol and if left out, it is assumed to be one

HP word laong. ) Q?“/ .

-

ENT: This pseudoc specifies the entry poinfs or cnt}y
labels in the program. The symbols appearing in L
- the opcfnnd are extracted and stored in a special
table, called ENT (-actually if is a table of tko_
.recordk, the cntry symbol and its ihdrcss)i At the
end of the PASSONE all the entry svmbols stored in
. this table 2re checked fbr_vnlidity (;hcy.must
appear as libcl; to some machine insfrubtion and
shouid not bc-éxtefnﬁl or com&on fcloéa}ablc symbols)
and their addresses determined from SYMTAB and stored

—

i
!
.-’
:I
|
1
t




in the second record of ENT table.

EXT: Th%s pse?ﬁp-dcfines extqfnal-s;mbolg, and is filékél
for an nbsblutc program. For a relocatable program, '
‘the symbols appearing in the operand field arte

extracted and stored in SYMTAB as externals,
Vs { R

I3

Address and Symbol Definition

-~

DEF,ABS:In both cases, the PASSONE action consists of storing

the label (if present) and incremcnting.the locafion

———

counter by 1. The rest will be done in PASSTWO.

EQU: This pseudo assigns a speéific value of location

-

" counter to a label, but does not generate machiJe

code Is; that the location counter is not incremented).
The PASSONE acti;n'consis;s of extractinﬁjihe.labef
from ¥he location/fieid'and én;eriné it in SYMTAB at
the address sﬁEcified as dlnumber (or expresgion) in
the Opcraﬁﬁ field. S:mbols appéﬁring in offerand
_k}xfressionsmust bé ﬁfeviohsly defined so that their
- : nddresscs canfﬁc»dcterm{ncd from the SYMTAB; otherwise

-

an error message is printed out.

Constant Definition o

cH

. ASC: This'pécudo cnables an ASClI string of characters

to be stored in machine code. A nuaber n preceding
the string (in the operand ficld) determines the
. length of the string (2n characters), to be packed

.

.




in n consecutive words. . §incq, in the first pass
we are mainly concerned with the storage allocation,

e simply determine n and increment thé location
ouﬁtcr by this,amoupt. gn_must,be sucﬁAthat 1{¢n¢29). | .
The string will be'processcd in $AS§TNQ.- ' T‘:
oCT,DEC, DEX: (;ﬁese pseudo-oggrations generate c?nstant-

e N . ‘o
data specified as octal integers, decimal integers
- « ' . o - -
or reals and double precision integers or reals, L ~
. ' ) " v
respectively. The operand field in each case may ' e
. ' J‘)'
contain one or several constants ‘(separated by

. 4 : )
commas). Each constant in an OCT psecudo generates . -
one word of ¢ode; cach constant in a DEX pseudo . .

. generates three words of code and a constant in a
”" DEC may generate one or two words of code, according

—

as it is an Ynteger or a real number. ' .

In PASSONE. all we are interested in is to. determine,
) N . ’ . o
“the storage allocation of each instruction so we do

not actually evaluate
S . : X

field, .rather we scan .them™and lbok-for '.' and 'E'’
\

the constants in _the operand -

characters to decide whether 3 number is integer or

-4
~

rgnl,'nnd set aside the appropriate storage as
required by the specific pseudo. All these details
. are taken carc of by a special routine called

COUNTCONST.
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Storage Allocation %

~

7

BSS; ThiS'ﬁseudo geservcg a block of woyds of a specified
number as a Qork area. Any‘label‘appearing iﬁ the
label fiéld is entered in SYQTAB; the location couﬁter
is incremented by the number found in the operand

field.

nA

-

Assembly Listing Control

This .group of seven pseudo instructions specify -

listing control of the final output. Since the final
. . 2
- listing will be produced in PASSTWO, these will be

dealt with in PASSTNO. . Some of these pseudos will
not be included in PASSTWO listing (eg. SPC, SKP, etc),

so that PASSONE stores their ling number (St.LN) as

-1; other§\§;e simply -ignored by PASSONE.

" 'End Pseudo ﬁ)
¢

END: This should be the last ﬁtatqmeht of a program.” If

the END pseu&o is missing and an end-of-file is
‘Encountcrﬂdjthcn PASSbNEIgcncratc; an E;D pseud%‘yut
p;ints out a warning. The operand field of‘fhc.gﬂb
pseudo Qay optionaily contain a transfer symbol that
also appecars ag an jnstruction la#cl in the prqgram.

When the prdgflm will be loaded for execution then

execution will begin by a JSB to this point. PASSONE

|
|




-

scans the operand field and if a symbolxc name is
found it is searched in. SYHTAB and 1t5 1ocat10n

counter and relocatabxlxty is determ1ned ' This

information will be needed by the puhch routineg and

is stored in a special integer array TRNSFR, as- follows:

If the operand contains a valid label:
TRNSFR [1J= 0 (if l1abel is prbgram relocatable)

- 1 (1f label 1s base- page relocatable)

-

TRNSFR [2]= 1 (to 1nd1cate a non- blank label)
TRNSFR [3]= value of_location counter for the

‘~label .

[

"otherwise, all the three elements are - set to 0

————

>

s

This completes the d15cuss1on of the actlons taken by

PASSONE on cach type-of instruction andlbseudo 1nstruct10n
&

At this point in asscmbly. all the symbols hate been entercd

in. SYHTAB nnd “the storage requlrcment of each instruction

~

has been established. All the decoded information and the -

[

card images have been stonc&.on file S. .
o T >
The final valuc of thc program locat1on counter (LC)

is stored in an xntcgcr »arlablc E\DLC " In PASSTWO, alr

the literals 'used in PASSTWO will be stored starting at

’

this location.

Before leaving PASSONE, a check is made to ensure

29

+
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that all the entry symbols appear as labels- to some instruction

and that they do not also appear as. common or external symbols.

If any discrepancy is-noted then an appropriate message is
r 4 .

printed gﬁt.

.
v .

f The last action in PASSONE is to p}iht out the total

e

number of errors; if any, détected in PASSONE.
_ : - -

-,

-

The control now returns to the main program. If a

symbol table has been requested then a sorted symbol table.

in the order.in which symbols appear in the program, is

L]

_.printed out. .The sctond'pass is- then invoked by a call to .

"PASSTNO; a detailed description of which appears in Chapter
. . \ N -
1. . - L .




CHAPTER II
SECOND PASS - : ' _ \

The first pass assigned é_value of the location
counter and allocated ;toragc to each statémént in the
program. It also prdduced a symbol table gf atl the-s?mbol{
used in the,program. ﬁheir location.and’gbe§} rélpcatability.

All the decoded information, as well as the cdmpresied card- .

images were stored on a temporary disc file §S.

-

2.1 General Description : ' . 7

In this pass, the actual machine-code and the . 1.
assembled listing qf.fhe program will be produced. A flow-

chart of the second pass procedure PASSTWO ﬁppears in

_Figure 2.1 '

4

If the user has requested binary output, then it
will be stored on two disc files R and B. "The file R con- >
tains the current-page porfion (or program'relocatable

portion) of the code, whxle the .file B contains the base-
N E LI
page portion of the code Both“thepc files have similar
,_/
structures; cach rccard of the file consists of the following

4 -,
.,

four fields: e e S . .

Loc (integer)  value of the loca;ibn counter
v ) . S

WORD (integer) the machine code




-

TYP (char) ' relqcatnbility.of th€1operand, viz,
. -R; program reclocatable,
- =B, base pnge-re}ocntable .
N ’ --C, comion reloégtablé
_-x; External

=blank, ébsolute'

-
- Frvn—

MREF (integer) contains the operand address = . ...
if the operand is a memory-

1S . .
reference instruction; otherwise

MREF = -1

-

An absolute program does not have any base-page - \ .
relocatable coding so that only the file R is used in such

a case.

Generatiqg the machine-code involves going through

- all the sthtementslof the program againf If the operation

npp#ﬁr# ;long, without any op;}and field, then the machine:

cﬁde isbsimply the.op-cddc for the operation. However, if

~an operand is expected then the operand field must be : R
scanned. Any symbols found are replaced by the values of

+

their locafion counters from the symbol table. Someuopcrahd
fié{ds may involve literal gonsfants (see the last segt@pn.
of this chiptcr);.thesc are stwprod at the end of the program
after the last opcode, and their addrcssés determined. fhe.

opornnd'aadrpss is,thcn-appcndcd with the opcode of the =~ - L

instruction to givc;thc machine-code.(
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In:iali:c variables ’ ° - L o \
" V _.'_..l d ) ) N .
b
RESET(S) ] .
«— CWRITELINE [, - ot
' GET(S): 7 o
s 2 : ; o
2" | LC~St:LOCFLD| - ‘ . )
OPN~S* .OPFLD . . : _ o
Y, /coment cara 5 N
—>— Comment Ca):jr 7 > ‘ 2 | ‘

s Store Opcode

Decode .\ultip\e-lnstruc;ion ‘ - .

Machine Inst‘ruction/.

Y ] J
/Opcrand cxpc_cted/
} 1 ‘

SCANOPERAXD I
set appropriate bits | :
: : i : o, S

Determine” opcode

| SCAN OPERAND, - | .

-

Gcnc;atc'call to the
appropriate EXT symbol

-




B ' .
i .
Y \ . - .
. : . '
- . .
o . . . '
. .. . '
: .
. .

Pseudo. Instryct iqn/

TAes f————{ scanoperaio

‘ﬂjz—?] — “scaxopsman_.

- U?FLAG~ TRUE r—-——‘ Supress listing of extra lines

Store opcode

‘ ‘ s
Store ASC11 code for
: the operand charactcrs : >
in pairs : '
‘ - . J\
—DEX ,DEC,0CT~—{Decode operand - N
B .. © ' |Store constants with- . ..
. " 1)6-bit, 32-bit and 48-bits

accurately, respectively

1
_QRB 'PAGEFEG_ FALSE.*——'-"*r Start base’ page assembly
RG /K| PAGEFLAG « TRUEJL-—‘[Start current page asscmbly }——7
RR L ' R T
PA -REPFLAG+TRUE!—F¥!Iepeat code for next instruction [
. ZEiED/' ’.. iE_xtrnct'Ti;lc] A
SKp SKIP PAGE, PRINT TITLE f—— 2

- - - . ‘l \r

. : -1
"@—"—SUPFL\G'FALSE - Contmumg 115t1ng of extra 11n£_J-"
Mﬂ -y LSTFLAG TRUE 1 8 e e e .f,‘-{f-«- R R

e et e ————— ¥

»

I e

ENT, EXT, COM, 1PN, [FZ, XIF G » ]
é_._\.‘_A.: _—Q—/ ~ Lo ’ : P -

/ﬁPC, Lca‘.c a blnnk line v

U, ———— i

. . - )
P - Fig. 2.1 . ¢
~ fecont)

14

-@"ISTFLAG=FALSE — L T
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! )
! STORE LITERALS
after the last .
: OPCODE
‘End of PasstwO
A
" \
<
. -
@& |
) ] ! . - _Q‘
, Fig.-2.1 '
lf {cont.) N
v S
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)

One statement of the assembly program is processgd
in each bycle of PASSTWNO. After initializing some of the

variables, the file S is reset and one record of S is read

_per czp4e. The value of locatiop cbyntér-(ST.LOCFLD) is >

storefd in LC, that of the operation numbcr.(St,OPFLD) is “

-

stored in OPN and the compressed card image (S%.LINE) is
expanded and stored inté the iharactf} ‘array INTEXT, (except

for comment cards), to allow a character by character scan. -

1

2.2 Instruction Processing in PASSTWNO

-

| The value ;f-opgration fieldldcterminés the nature
of the instruction and‘furthéf processing debends'updn |
hﬁt class it beloﬁé; to. We shall discuss the action on
J/J{aéhclass of instruction. Unless spec.ffcd. phe-card

4 4

number, the location counter, the machine-code and the card-

image for the statement is printed out. _

-

-

Comment Card

w

A zerO valué\oflthe OPN_indicdics a comment card or
an LnreCOgni:able instruction (fldagged as an error iﬁ.PASSOSE).
;o be treated as a comment.cn;d. No pfoccséing is done and

-“rhé carh number (ST.LN)} and the card-image fS*:LIﬂE)=Ls

printed out.
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Multiplé Instruction.

~ If OPN.has a negative value, it signals the start pf

a multiple instruction, spread over the next few S-records,

terminated by .a zero value of OPN. Such an instruction
generates one-word opcode. -
e ' . : - )

A typical multiple-instruction may be

CMB, INB

- . - -

This will be found on the file S on two consecutive. records

3 n

"with OPN hav1ng the values -69 and -72 rcspectzvely,

followed by a third record with zero "value of OPN. A special

rout1ne, MULTINST, is called to handle the multiple instruction.

v

However, some description of multiple instructions will be

necessary to understand its processing.
: | iy

The multiéal instructions fall underitwo gTOUPS,

a) shift-rotate group.B) alter-skip group, as shown in

o~

Fig. 2.2(a) and Fig. 2.2(b) re5pcctihe1y. Some mnemonics,
1 . .

eg. CLE, - SLA and SLB art common to both the groups but have

ltiple instruction may

different binary codes. A given

refer to either A-Tegister or B-reégy ut not both. In

N

addition there is 4 certain order, relative to each other,

in which the mnemonics may appear in a multiple-instruction.

These, restrictions are shown in Figs. (2.2 a.&*b}. Only one
onemonic may appear from each pair of ssquare-brackets, in
the order shown. If’ only one mnemonic appears, it is treated

as a single machine insrruction (sce the next section).

-
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.A-Register_iypé —
I . r )
ALS ALS
- | ARS , | ARS
S fracl o RAL
\ RAR . RAR |,
ALR (,CLE) {,SLA} , | ALR
. ALF ALF . )
. ERA ERA
’ eLal - © N\ . ELA
L 4 . . . '

B-Reg}stcr type

e . A
BLSW = , ' rBLS
BRS ' . HERS
RBL | . RBL .
RBR [,CLE] [,SLB) , | RBR
: BLR BLR
BLF{ - o BLF
, ERB ‘ ERB
EL R ELB
L8 [EL® )
: o
A .

CFig. 2.2 (a)

- o :

MULTIPLE INSTRUCTIONS (Shift-Rotate Group)
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\
-
Q
A-Register type . v 1/
CLA CLE|~ ™ - . _
CMA] [,SEZ) {CME| [,SSA] [,SLA] [,INA] [,SZA] [,RSS)
CCAf | CCE] | B '
/

/p".ﬂ R . | o L ;

B-Register tvpe ' . .[f”/ .
. . : o

CLB CLE . -
cMB| [,SEZ] [CME (,ssB} [,stB) [,INB) [,SZB] [,RSS}
CcB CCE| . ' o -

Fig. 2.2(b)
MULTIPLE ‘INSTRUCTIONS (Alter-skip Group)

S




Some examples of valid multiple instructions are
ALS, CLE,SLA,ALS
/. . BLR,SLB |
© CLE,SLA,ELA
CMB, CME, INA, SZA,RSS

etc.

[ -

We shall not discuss the usage oiLusefulﬁess of .a

multiple-instruction here. The user shbuld refer to the HP

Assemblef Mnnuals).

As sSoon as a negative value of OPN is detected, the _
’ : . .

. ' (
routine MULTINST is calded in. It reads the records from
file S an extracts-thc entire'ﬁtring of records with negatiyé

OPN valujs. Ithhecks-the following for each mnemonic:

(i' whether the mnemonic is alter-skip iypc or
shift-rotate type and that it is of the same

/ type'as the previous ones (if any) .

(ii) whether it refers to A-register or B-registér

. . g . o
and does not contradict any previous mnemonic

<

in the string (if any).
. ) . 2 . . .
/ . (1ii}- that it occurs in the multiple instruction in

b / .
the correct sequence relative to the previous

B »

mnemonics and does not break the sequence shown

. in Fig.(2.2 a & b)

i
A

ions fail, an pppropriate error
: -

message is priﬁtid out and the proceﬁsing of the multiple

1f any of these condit

¢

-
- -

N ‘ -
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instruction is tefmiﬁated. ‘When all thelabovc conditions. are
satisfied, then thclﬁpproprisfe binéry;code for each mnemonic
4s extracted from code‘tablés OPCODE and OPCODE2 and appendecd*
to the integer variable NORD (initially zero) until the entire
nultiple instruc;ipn is completed. The value of theJlocation
coﬁnter (LC). and the oﬁcode (HORG) are stored oﬁ file R or
file B according to the mode'of cbding‘currently active.
“(If‘PAGEFLAG is TRUE, the code is stored on file R as program
relocatahle,‘othcrwi;e it is stored on file B, as b;se—page

relocatable).

a

~Machine Instructions \%>;

*

A positiyé value of OPN in the range (1sQOPNg73)
refers to a machine\instructionu They may‘be divided into

tWo groups.

2

The first group of in;tructions’(1$0PN533) expects
‘a non-blank operand field. ' Since the card image of the

current statement is stored 'in the character array INTEXT,

the operand field can be evaluated by a charactpf-byfcharactcr
'schn.-using the procedure SCANOPRZ. First, a syntax check
'is made (only + and - operators may appear). Symbol names,

are. éxtracted and substituted by the.value of their location,
! .9

-

counters, from SYMTAB. The relocatability of the symbols
" ‘{“,. - . r

- by taking logical OR, (PASCAL3 twrminoiogy)




42

3 -

appearing {ﬁ an operand field must be compatiﬁle; bdsc-ﬁage,
current-page -and common-réiocatable §ymbols.cannot be inter-
mixed. An external symbol nust appeaf’glone. without any
farlthmctic operation. Numbers appearing in the opefapq are
also evaluated. The rcguitiﬁg value 6f ;hf'operand-cxprcssion"
is stored in the integer variable WORD. TH?“ﬁelqcatability
of the operand is determined by the réiocatability of';hé
symbols in the operand expressioﬁ; Hdweve;, two base-page
symbols appearing with opposite signs will cancel out the
effect of adding a base ;ddr?ss. ‘The same holds for two
prbgsfn relocntablé symb?lg nppeéréng with oppbsfte signs.
Such operands are treated as absolute addressés. ‘The
reSulping.Bperand-rclocatability is gtored.in the character
variagble TYP, aécording to the fbllowiné‘code, (as mentioned
.eaflier): |
TYP = "R,'-progrdh relocatable
) = B:’.baﬁe-page,rflocatable_
- c,- coimon rcloc;tablc

= X, ..external reference:

= blank, absolute (non-relocatable)
& N B

[f the 6pcrnnd is an indircct-rcfﬁrcﬁcq*(ia is
followed by'“,i") then the 15th bit of WORD is set to 1

{by appending NORD with 1b0,000 octal}., . . ,

If the operand is prbgram-relocatable.,common

rclocntable‘or citernai refcrenqc then the HP-2100 A

-



1

convention requires that the bit 11 of the machine-code be .

set to 1 (ie append WORD with 2000 octal). ‘Z:\‘"/‘

The punching routines (Chaptcr ITI) require tﬁgt the
'referenc; to memory loeatiqns be ‘coded differently. Thus,
if LsOPNsiA (menorf—refcrence inswruction) and the bperand
is either type.R, B or C thcn'the';pxode is stored in NORD

~and the operand-address is storedfh the integer variable

\ .

MR. Inrall other cases MR has a value -1.

Finallly,-thc quantities LC, HORD; TYP and MR are
stored on file R or B ;ccordinglto the current mode of
assembly (program relocataﬁle'of base-page relocdtable,
respectively).

VW“éng;:EOnd grouﬁ'of-machine instructions (34§0PNS73)
dé not re;uire Qny operand field. Fﬁr thc;e instructions the
value of opcode for the ‘instruction is‘extractéd {from the _
table OPCODE) and stored in WORD. The quant{;igs LC (location
counter), WORD (opcode), TYP (azblank character to iﬁdicgte
ﬁén-fcldcatahle code), and MR (ﬂ-ll-indicatiné'no memory

reference) are stored on file R or B, according to the

current mode of asscembly.

s

: , o)
If.!F)'last instruction was the pscudo REP n tﬁcn

the code is repcatedly stored on the appropriate file, n

times.
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Extended-Arithmetic Instructions

.
‘u

Each instruction in this gToup {74&0PN5&1j prdduc¢s

two words of machine code. The instrctions can be divided into

tWo gTroups.

*

The first group (745OPNs77) consists,of MPY, DIV, DLD

anq DST instructions. For these, the opcoqe'is evaluated and

»

stored in the first word (at location LC), as an absolute word.

" Then, the operand address and its rel&catability argievaluated

P

"and stored in the second word (at location LC+17.
1y . !

. .The second group (78$0PNQ81) consists of FAD, FSB,
FMP and FDV. These instructions generate subroutine calls '

to floating-pbint arithmetic routines. In PASSONE the special

external synbolsﬂ;FAD, .fSB._.FMP, .FDV were generated (only
thoSé that weré to be use&) and stored in SYMfAﬂ. fhe appro-
ﬁirate symbol is now extracted batk‘from SYMTAB and a JSP call .
to this symbol isfgenernted and stored in the first word (at

location LC). The operand address is evaluated and stored

~

in the next word (location LC+1).

1 he last instruction was the pseudo REP n then the

two words of code are stored repeatedly, n times.

1 B |

Q -
Pscudo-Instructions A0

; 1l
3 -

Onc; again; we shallrdiscuss thc‘$ASSTKO actions

5
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on the pseudo-instructions by dividing them into groups, as

~

follows: - - .
- : o
Assembler Control -

i ’ :

NAM: This pseudo was completely ﬁrocessed in PASSONE so .no

o further action_is taken. . .“1? :
- . / ’ 7 -~
ORB: This statement initiates base-page assemﬁiy. This

is signalled byISﬁfting PAGEFLAG to FALSE.'(Iﬁitiél}y’n

PAGEFLAG is TRUE). ” : -
ORG,0RR: Both these pseudos signify the-start of current- B

‘page assembly, so we set PAGEFLfi.to TRUE. (We need :

nét worry about the operation fikld; this was processed

¥

in PASSONE). | _ - .
IFH.IFZ,X]Ff These pseudos were completély ﬁrocessed in

PASSONE.

’

REP: The &%PFLAG is/set to a TRUE value and the operand.is l
_s}anned to evaluate REPN, the number of tiﬁés tﬁe nexi-‘
instruction should’bc{repcated:
Whgn the ﬁext machine-instruction, multipfe instruction
or cxtendcd-anixhgcfic instruction will be processed,

it will be stored repcatcdiy.REPN times, at locations
LC, LC+1, LC+2,.....LC+REPN-1. The REPFLAG will then

. o o .

. " be turned FALSE so that no further instructions are

repeated.

- >~

Proggaﬁ Linka&£~. v 7/

All the three pscudos in this group, viz,. COM, ENT f

-
L
)
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.
. ! T
N . .
. . -

and EXT were completely processed in PASSONE so po further

action is taken. ' ST N

\

Addfess and Symbol Definition

e
_ - 5 .
DEF,ABS: Both these pseudos generate one word of machine-:

' - L
code. If both cases, the operand is.evaluated and
stored in WORD and subsequently stored in file R or

. B at location LC. In the case of-ABS, 2 chéck.is

¥

made to ensure that the.operand is an absolute number

*

otherwise an'error message is printed out.
-EQU: This pseudo does not generate a machine-cade, Howeve:,'-
the operand -address is evaluated to be printed out

-7 . e ) . ‘. .
~as an octal number in the program listingi

Constant Definition

L~

. o ‘ ) | -

The-fouf éseuéb-instrﬁctions in this group were ghly

. : , o _ .
partimllyfproccssed in PASSONE to'set.aside the storagé
needed. - The actual evaluation of the'Eoﬁstanté Qill be
done in PASSTNO. | |
ASC: Wh;s pseudo appears as follows’

Ngc_.n, <;tfin§ of 2n éhqrécfcﬁ%}
Thc'valuc‘dg n ind;catds the number of datal;ords to

.
~

be,gencrétcd; cach word to contain the ASCII code 8 -

™

;forltuo characters. First, we éy@luate n, then. go
i . [ B

iﬁto a loop of n cycles. ' The gpufinc GETASC is called

b
il

] '
Y
;
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in each cycle; it picks up the next pair of characters

.. .in the. operand, determines their ASCII code (from the

OCT:

DEC:

of WORD such that the high 8-bits contain the ASCII

by 1 and the next loop is pérformcd similarly. 'Normallf,

of OCT. o

table ASCITCODE), 'packs this binary code in 16 bits

code for the first character and the low B-bits contain

,;hé ASCIT - code for the second character, Thé quan-’

tities LC, WORD, TYP (a blank character) and MR (=-1)

are stored on the f;le R (or file B); LC is incféﬁqnted

the binary code for each WORD is printed out .(in octals) |

except when it is ;uppres§ed-by a SUP instruction, in

- ) .
"which case 211 but the first WORD are suppressed, (See

Listing coni&ol Pseidos). " . * s
The operand field is scanned to evaluate each octal .
iﬁfége; congtant'(spparatéd py'gomma;) #nd is stored
at'tﬁe h;;;;qyailablc }ocatipn. All-chéractcrs exccpi ’?//

digits 0 to 7 are considered as errors in the operand

: e bR

Thégoperhnd field‘of the DEC pseudo may contain a s;ring

: ! T : ' .~ S , '
of decimal. integers and. reals. An integer is to be
stored in a single HP word whilé a real is sprecad

over two HP words. In PASSONE, we have determirned

c

. the total number of memory words that this pseudo will

generate., : | ’
A special routine GETCONST is called. It checks the

'

syntax of the sfiext constant in operand, determines

wo o
n




1S
if the constant is real or 1ntcger and returns its

'value in the three varxables, KIND(lnteger) X(real),

N{integer) as folloWws:

KIND=0 - there ‘was an error in the constant, N is

- A

set to zexo.

KIND=1 - an integer was found whose vglue'fs returned

“in N.. : Y I
5KIND=2 - a real number was“qund, its value is:

returned in X and N, such that X ¢ontains
< o E
: 2 the fraction and N contains the exbo&?nt

to base 10. LT

An integer constant is stored in the next available

% o . . N . ) ‘ .

word . of code. However, the real number must first A .

g be converted in the HP format*,~=ms a normalized floating
Lo e L., o . ‘o o
. ¢ point number stored on two HP words. A special routine
. et : : o ot Sy
CONVERT is called to perform this conversion. LT

-

The proceﬁs is repeated for.each constant in the. .

Opexand field. - o - L
DEX: The processing of DEX constanta 15 very 51h1lar to - .
those of DEC, except that both 1ntegers-and‘xea{§ nrd'

N - . -

'storeﬂ as normal&:?d'flonting poiﬁt numbcrs‘, stored

'

on threc HP wordsd (rathcr than tuo) : Agsin. tﬁe ‘ “

e t

,procedwre COWVERT is called ‘to pcrform the propcr

conversion and normalization to the HP- format D

l.

“for deta;ls, sce p 4- 19 to 4-23 of the HP B . y e
Assembler Manual, refcrcnce 5, . .

< §-
3 : .




Storage Allocation - S A N : ;

- .l
1

'-BSS:L- This pseud§ was completely prpcessed in PASSONE, so .
w ‘no further processing is necessary. The starting
location counter (LC) .and the lckfih of the storage

block (operand nuzmber) are.priﬁyed Qg;_ig;ocxal i Ly

'fprma; but no machine-code is generated. -

K
-l

AssamﬁlzlListing‘tontrol

- ]

Since the final progran Lxsxtrg is produced in PASSTWO

‘. these pscudos concern us at this stage

SPC: The value of N is evaluated from the \epcrand and the
routine LlhES(N) is called to- prxnt-h blank lines in
the prOgram listing. fhe statement itgelf_i; not
printed out. | .

SKP:'_ He s1up1y sk1p to the top of next page of the output
and print- -out the program t1t1e (scc HED pseudo) .é
staEgmcnt is net prlnféq.

HED: Thep}og:am heading is extracted from the operand -

” f;:idéiﬁ?gtorcd&n.thc cﬁhragtcr array HDNG. - This

Hcadiﬁg will‘appcng on the top of each page of the

p;Ogram lksiihg, u;icss 5 new HED statement is encoun-

terd, uhxch cHnnges the conxcnts of HDNG. - ‘ . -

USL: QOrnnlly. cach stntcment of the program is llstEdn .

" “alongwith the.location counter and opcode. A UNL ' >

pseudo éupprpsscs the progran lisginé. We hchieye

A
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f
».
‘ B =~
< - i ' ’ h - o ' t )
th¥s by setting the boolean variable LSTFL%G to FALSE.
~ kS ‘ 4 T
Lines are printed out only if LSTFLAG is TRUE.
L) - . ‘-——45
LST:- This pseudo causes, the source program listing, sup-
pressed by a UNL, to be resumed. We simply set
LSTFLAG to TRUE. - Tyt

L

. AN
SUP: This pseudo suppresses the output of additional code
'lines (produécd'by ASC, OCT, DEC and D§§ pscudos)

from the program listing. A boolean variable EXTRALINE-.

'is used to identify these additional code Jinesf’lln
“addition, another..boolean varinﬁle SUPFLAG (initally
FALSE)'i; set TRUE. 'ThusAadditional cohe lines

(gXIRALINE=TRUE) will be printed only when SUPFLAG

is FALSE.

UNS: This pseudo reverts the effect of the SUP pseudo, ie.
: . : ﬁ-} .

b

resumes listing of extra lines of code. We simply

*

set the SUPFLAG to FALSE.

End Pseudo ® - ' .

END: The pseudo signals that no more instructions are to
. ; : . . o

be assembled. PASSTWO now goes' on to perfofmzotper::

\ > : : v
tasks, first of which is to store literals.
'l/ 1 [ [
2.3 Literals '

//E;’;rdor to understand the PASSTWO action on the
literwzls, "it is necessary to have a brief discussion of.the

typqs and.meaning of litergls allowed 'in HP Assembly language.

o .

. ’ . - :
.o v‘. . -
- - -
‘ : T : P
. . , _
- - . Ay .
. Fol
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““Hwﬂﬁ The operand field of ccrtain machlne f%structions may

Tre— 33 N '-
dafine and use constant data by means of 1 terals. A 11tera1
L /

is specified by using an equal sign and one- character identifier®*
The actual literal constant is sppcified immcdiate{y.ifter
tﬁe identifier. . |
Some exgmplé§ are: '
LDA '?31377 |
FMP =F0.523
' . LBD =LSTART-SYM+5 A .
(START and SYM are symbolié labels)
o . i .
ct;. .
.)The literals are stored éttfhé end of the program.
If\a literal is d in mofc than,oné instruction then it
is stored Bnly.once and i;s address substituted for each
ref?rencc to }he-Iiterai.‘ |

Durzng PASSTNO when a literal is encountercd it

.15 evaluatcd using the procedure SCANOPERA&D and stored ‘in
a special table LITTAB, which has two elements, '
LITTAB(1,1] = binary form of the Ith 11?era1
LITTAB{I ’] = thc nddrcss of the Ith literal. | o
The first literal is ass1gncd the address ENDLC
[ (last -address of the program-che + 1), and ENDLC 15 1ncrég

mented by 1 so that the next literal may go in thdt location.

* The identification code is the followinyg:

D - a decimal inveger. A - tWo ASd&i‘characters

F - a floating p01nt L - an expression consisting
. : " number . of symbols used in the
Q B - an octal integer - program. Must evaluate to

an absolute value.




-

Befére sioring ihe value of a literal in LIT&AB{ it 3
is first“s:a;ghcd (by a simple linear search) in LITTAB. If
it "is already present?fﬁen its.address (LITTAB[I,2]) is
"extracted and returned as the operand address. If it is not

. present then an entry is made and the counter I is updated.

A check is made to ensure that the literal used is

coppatible with the instruction in which it appears,

At the end of PASSTWO, we should have all the literals
and theit addresses stored in LITTAB. We can now. generate
. @ !
actual machine code for these literals and store their
addresses and binary values on file R.
‘ The last action in PASSTWO is to print-out the total /) . ;

./l

nusber of errors, if any, detected in PASSTNO. —

) This concludes -the execution of PASSTNO and ¢ontrol"

is returned to the main program. If binary output is
required then it is produced by meays of special routines

described in the next chapg¥r.




HAPTER III

' /
. BINARY QUTPUT

The machine code for the Source program is produced

-

in the Scéondeu§5. If the user requéns binary output in

the form of punched cards (B optxon in ASMB card ) or listed’
in the form of binary records (Q opt1on), then and only then,
the .assenbled machine coquls stored on flles “Rand B dur1ng
"PASSTWO. However, 1§fz ﬂatarlcrror" occurs 1n either Pass
One or ?nss Two then thﬁx§1na}y output is supprcsscé and a’
card thh the word ERROR in bxg letters-is punched out. If
several programs are assembled in'a single run of the Cross-
Agscﬁblfr then tﬁc punthpd output for each prOgram'is
idcngiffed by.n header c§$d, with a.serial numﬁe{\HPOI; HPO2Z,

..etc. which also appears in the output listing of each

program.

-

In this chaptpr we shall &gshribe the. techniqués used
for producxng the b1nar) output in a fbrmat ncceptable to

" the HP computcr’). All the xnformatxon to be punchcd is

-

‘written an file (of integer) P. At the end of the run, this
. : 4

* See Appendix A for control opt10n5 and usage

instructions.
- ** A list of non-fatal and fatal errors appears in

Appendx: D.

iy ] e

. : : « Rt
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' . : :

file is punched out by means of SCOPE control cards*, Ne

.shall describe this later. . . N
’ On the HP-2100A the binary output for an absolute
program and a relocatable program have complétely different

formats. We shall, therefore, discus’s them separately.

3.1 Absolq%c BinarI‘Ou;pﬁt , . 7
For the absolﬁgp p:ogrg&s cachrmnchiﬁc word (16-bits)
is‘broken up iﬁéo two pdrts‘and each half-woré (8-bits) is
punched in a card column in the puﬁch position-12 to 5. For
exaﬁplc. the 16-bit binary- nm-nber ' i
1 011 001 110 iox 111 |
is_broken up into tud parts
10 110 011 and 10 101 111

.

and punched on a card in two columns in an xnverted" manner

s

as shoun below:

11 '
FREERRARE SRR TR T D] PO PR e o n:-:-n]agu

: n .
» - r
Illll‘lllll'Illlllllllllllllllll!lIlllllllllllltui
' EEEHERREA .v;-1"l11r SR EIN Y LR :lui..-u-i.n LR

'I'IHIIIIIEIHIl]lllHlll-llllllllllll‘lllilll!lll!ll'l
|
) . I:t!:zrtzz!r:rzzrr171:1172::lzzzzz'ﬁ:zlzzzzzwiaz'z
‘ llll!Jl)Ill)lllsll113!1lllllllll!l]!]]ﬁlﬁlllllll!l
f

|
! llllllllll.!lllIlllltlllllllllllllllllll:lllt&llll‘

4 | . ! ! 1 ! L
BB s s*&'szssssa ssss~ssss‘1sssssazas ye s sssas;

+ 1
t!itﬂﬂli:

- I

l _ll??"?l‘lr?..l'lPT!!!l!lll??!lnfl'llill|n?all?ll’:

H\li“li. iSSlnniniiai-.Z:SGii i hE5E

'

i} .

'i _::'-..ﬂii::;il:‘!'.:‘ll;‘!333.i-.lalllf_l.‘«i-i!li;!i!ll

- TR PR N SR S L B R F R A R E NS S AN NS P EE LS

*See Appendix A -

**By inversion we mecan transferrxng an 8-bit binary
“number so that when it is punched on'a card-column
it appears. upsxdc down. This is required by the HP
convention and is achieved by a table look -up.

+

.

v
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on R is reached.

(.‘
The absolute binary output of an assembled program 3s
divided into records: each record of upto 40 words of -

code is. punched on a separate card. Thc'hbpolute-record

format is shown in the Appendix E.

Binary oﬁtput in absolute format is produced and = " -
printed and/or punched out by'means of a spécial routine

calﬁéd ABSBINRECORDS. This routine resets ;he file R which

contains the absolute code, congisting of the lotvation
. . 7 '

(g

counter (the dbsdlutifaddress) ﬁnd the ﬁachine-code {thé

content of the addressed location). It then starts reading

[

these values in pairs, checking for continuity of the

location céuntersrjvi;. LC, LC+1l, LC+2,....etc.) A record

is completed when either 37 pairs, are read, or a discdprin-

‘l N + . . . .
uity in the location counter is found or the end-of-file

- 1
A complete record contains the following informafion
which is stéred‘in an integer ariay wW.- i -
' N[i] = Record length (left justified);
W(2] = Absolute Load Address, i.e. theﬁlocatiOnf
1‘ | counter for the first machine.code in the
‘record.
w[sj.--},w[LAST-i1= Machine-code words,’ |
W(LAST] = CHECKSUM (i.c. Arithmetic sum of all the
words in the record except the first aiiy.
last, m&duiu‘ZOOOOO octal) 0
oL - /e

. !
~ /ﬂ

55
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) . L
! ) . - L

The maximum number of words in a record (ie LAST) will be 40.
A special routine STORE is eailed which breags each (i&-bit)

integer of W .into. two hﬁlf—worde at the 8th bit. Each half-

word is then inverted-: Five such half-wo;ds nre'pécked into
a 60-bit.CDC integer uo;d and stored on the file af integers’
P, Nhen P will be punched on cards (by means of SgOPE control
card, see Appendix A), ench coc 1ntcgcr word will occupy five

columns of a card, eac@ column represent1ng a half HP word.

as required by the HP Basic Binary Loader ). : g

L]

3.2 Relocatable Binary Qutput

!

' The relocntable punched format for the HP2100-A
.conputer has a more 1nvolved structure than the absolute - -
punchcd format . Qot only 'do we have five different types of
records to consider, but, in addition, eaeh lﬁ-bzt "HP- word

~has to be punched so that it occupies one and one-third

+

columns of a card, or three W words will fill four.card
columns.** The problen is further éomplichted by the fact

that a 60- bit CDC word is punched on fzve columns of a card.

LY

One must, herefore, conpress 15 HP words (15 x 16 = 240 bits)

into 4 CbCiwords. (4 x 60 = 240 bits), which will then appear

S ! “ .

_on 20 cclunns of a punched card. Any_incom lete word mVSt
be left justified. | ////pr

¢ See: footnote on page 54 : » -4
_" See-also reference 7, page 2 19.

- \ T 4
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The.machine—codé of a xélocntablé program is divided
into five different.types of récords._as follows:" ) ; ;
NAM record - contains the name of the prograg,unii, its
type (malinm, subrautineh etc.) and ihformatio& on‘l .
lengths of various segments.
. 0 R : .
ENTﬁrecord i; contains upto 14 entry-point syubols and.their
addresses. _ o ) | )
EXT record - tontains upto lglexte;nal symbols and their
ID-n;mbers.
DBL record - contains upto 60 words of base-page or purrent;
. Page nachinc-;od?s._~
s ' . ) ;'.4
END record - contains the transfer address (starting address
for prﬁgram erCution. | |
—_

- v

A desc¢iption‘of these records appears in reference
7 and a copy of the record-formats is reproduced in Appendix

F for easy reference.

# . .
One record is punched on.a. computer card. Each

o\ -
relocatable program must contain a NAM record, a number of

“y

DBL records and an END.record, and optionally, an ENT record

and a number of EXT rcgords.

The NAM, ENT, EXT'nnd END records are rather straight =9

-forward in structure. 'Each of these records is handled by a

A

Y - ) - o
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qscparatc routine, viz., NAHRECORD;_ENTRECORD,\EXThECORD and
ENDRECORD, rbspcc:ivcfy. Each of them combines information-
saved on various tables,;pugs it together in the appropriate
format (Appeﬂdix F)‘nnd stores it in the int?gﬁr array W.
Another routine, called PUNCHRECORD then'ﬁicks-up N and L
performs the mechanical tagk of pnckinﬁ the 16-bit HP words
into.CDC words (ns.dcscrib;dhearliqr),—ghich are then stored
on an integer file P. We ihalllnét,go into any furthe;
details af/gghsc'routinés; the r?adcr‘should refer to the

program listing of the Cross-Assembler (Appendix G).

-

The DBL record is a little mor? complicated. There
‘are-two sgts of DBL records; one for therbageffgge portion
.0of the code gnd the other for tﬁc-chrrcnt-pagc {or the“
program relodatable) section.of the code, They are ident-

ical except for onme-bit in the second word (sce Appéndix F). -

If the machine instruction does not refer to a meémory

location then one machine-code word is stored on an HP word.

Memory reference instructions are formatted so that
they are stored on two words ecach. The first one contains
the binary code for the instruction and the .second contains

the memory address. .

Upto five consccutive instructions are g;ouped C

together and an extra wdrd, appearing before the g;bup;_

contains 3-bit relocatable codes (packed-together) for each

+
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“instruction .in the grouﬁ. The routine DLBRECORDS produces -

the DLBRECORDS in this format (Appendix F).

All Fhe information to be punched is written on an
integer file P. ' At the end af the Assembler run, the file
is disposed to the punch device by the SCOPE con£r01 commandﬁ)f
‘DISPOSE (P, +P8)
Thc.file:; may in_gené}alvcohtaip punchéd‘outpui for
a numﬁcr of programs, ib;olute aﬁd binary. Howéver; as
. mentioned earlier, these can be-so}tedrout by means of the
identifying header-card 'which apﬁcars at the top of e#;h

punched deck.

I'f the user spécifies é-Q-optfbn"on the ASMB control

card then the Cross-Assembler prints out the binary. output

as a set of records. The records are written in octal format

and appear with the identifying information. An ecxample of- e
. - - : D
A . . T
Ssuch a listing appears in Appendix H.

* This option is not available on the standard
HP- Asscembler, supplied by the manufacturers.




CdHC}LUSIONS

The author feels-that he has achieved the basic
goal set out for this_pr;ject. This CrossFAs§emﬁlef has
eqefg?d as gn aid to assembly language progrgmming on the
HP-?ID&A computer at-McHas;er. .Ihc_ﬁtugents have used the;
Cross-Assembler for debugging their ;sspmbly léﬁguage éro_
grams and in some cases for producing the object prdgrams.
"A typical 100 cards program needs aboutfz CPU seconds for
‘processing by the Crgss—Assembler

J

~~The ‘author régrets the lack of special features in

-

v -

the . Cross-Assembler, such’as Macro-processing and Cross-

- reference directory. These features could not Héndeveloped

because of lack of time.

o o . 1

The author hasﬁbixed‘feelings.aboﬁt using PASCAL

as the programming langhage for the Cross AsSemEB;r. The

S

Cstyle of PASdkL_makes it a very attractive language for
compiler uritiqg The dﬁvhnqqd data-stryctures such as‘char;
actcr:and aifﬁ var}ablés,-;ecbrd-types and the ability to
‘organize these in drrays and files was a great convenieénce,
étatcmcnts lik? jfftﬁén-e1§y,whilc-do'and prcatjun;il weTe

[

found to be ﬁery”clcgnnt and cconomical..

Despite these attfactivaifgafprés, the experience

60
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3 ' ' L . .
of programming in PASCAL.was often’painful. The lack of a
relécatable compiler made it necessary to rc—coupiie the

. : 2 T v

entire program (including all the procedures) after thé

slightest change or error; at considerable expense and L

61

inconvenience. . During the development of tHe Cross-Assembler

P

Lo . . % .
a new version of PASCAL was introduced with slight syntax

changes'uhfch.mcéht inéofponating these changes in the

‘sburéc déck. Because RASCAL is currentdy available’ only.

o 1

on CDC computers it makcs the.Cross Assemblcr very un- portable
_ B :
[ BRI -

E Thc auther hopesTthEiftHeserpractical difficulties

-

of prOgrammxng in PASCAL will be® overcomc when the new

‘rclocatablc compxlcr 15 avaxﬂablc Tt will then be a very

attractive language for programming.

. \ ] . -, i

PP



. : APPENDIX A .
INSTRUCTIONS FOR USING H.P. CROSS ASSEMBLER

t . 4
. ) i
! TR . - s
Cor . -
. .

~a s P

A. Description

The Hewlett-Packard Cross Assembler is a program avail-
able on CDC-6400 wWhich can be used to assemble H.P.2000 series
assenbly language programs. It checks synthg,'pro uces machine

codé listing and (optionally) produces a 'bindry.deck which can
be loaded into the Hewlett-Packard 2100A computer for exccution.

r w

- . .
¢ —

8. Control Cards’ ) ) : . T e

"

The following control cards are required to use the
prograrc. ' ) '

A?TACHIPASCAL;10={.f ...... )
ATTACH(HPASMB,ID=. ... .. ...) ' o
PASCAL({6A0=HPASMB) |
. DISPOSE(P,*P8)" , . I
LEnd of Fépord - ' ' g i . S
(HPASMB. - . Ppogram Ti:le ({cla 9-£2) - Name(Cols 63-80)
ASMB,R,L,N,,;i.f.e:;. {Sea Becction ) |

JOB,CM30000. C . NAME

LEND | , |
(HPASMB. . / T | . .
ASMB,A,T,L,B, .. )

1 ST

WErogram LU}

END . . :

END CF FILE : S




7’ ) . .
. Control Paranmcters ' p -

P a

~ The Assembler ‘Control Cnrd (ASMB, v} may-contain upto
five parancters scparated by commas; follqu1ng 'ASMB' Ln“{ e
first four colunmns, ecg. _ S T

zﬂT

ASMB,R,L,T
ASMB,R,L,N,T,B N
ASMB,A.B.L, z &

- The’ paranctcrs which may-appear 'in any order, haveithe.~
tolloulng significance - :

G A - ‘absolute progran onl : Crired- - —
. R - relocatable program only one 13 rcqulre\ R ‘ o
J\' - I' ' L= 4 '
L - produce program listing | .
B - produce punched binary output t ~at least one
T - produce symbol table is required .
Q@ - print bxnnry rccords ‘
N'-_choosc N optiom ._- For details see HP |
2" - ‘choose I option Assembler Manual, page 4.5 ,
* ’ . 1 ) -
D. Pfintcd'and Punchéd Qutput - - ,:Kg
‘ < I . ' : . o _.\‘ &
As indicated above, several programs can be assémbled e
in a batch. Each program must have the following structure,f" -

. * . . , . ,_,// '
HPASMB." Program Titie(lcl. 8-68) Programmera Famellol.€3-88)
"ASHB,R-,L..\',‘C’:C‘. o N //. . 3 -

/
(PROGRAM DECK) . -
END.

Each progran in the batch’' is assigned a serial number
(HPO1, HPO2,.... , ‘etc.}) which appcars at the top of the program
listing and 1s al'so punched on a Header Card. This e
serves )to identify the progranm‘and its punched output. .-If7an
error ogccurs h”,a prograr then its punched output"b supprcssed
but a card rcad;ng “RRO%' is punched out. e
Ttaox . 'L-..l T -..‘ o . . — (

+ not available on the standard H? Assenbler.

"
-
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E. Error Messages

1f errors are detected in the Assembler Control cards,
then the error messages are printed cut and.the program is not
assenbled. All  the cards upto the next END card ignored.
However, the assembly of the remazning .programs in the batch

(if.any) is not affected. 2 | . : &

. Errors detccted in PASSO\E are listled on page 1, along
with the erronous statedents. A complete progran 115t1ng is
produced during PASSTWO, and any errors found in PASSThO appear
in this listing. ,

@
-

o Tt




ABS
ADA
ADB

ALF

ALR

ALS

-AND

" ARS

ASC
ASL

ASR

T BLF

BLR

BLS -

BRS
BSS
CCA

CCB

CCE"

CLA

€L

CLC

CLE

APPENDI X~ B . ' .

ALPHABETIC™FIST OF INSTRUCTIONS

Defiﬁe absolute value
Add to A
Add to B
-Rotate A iefe 4
'Shift A left 1, clear sign
Shift A left 1 ‘
“And® to A
~Shift A right 1, sign carry .
Gc;crate ASCII‘chafazfefs
‘Arithmetic long shift left .
‘Arithmetic long gifi right . B
Rofqé{'ﬁhleft 4
Shift B lcff 1;'cfear‘s;gn' o "
'Shift B left 1 '
ghift;B rigﬁt 1;_€arry sign'
Reserve block of Etbragc starting at symbol
Clear and complémcnt A (l'sj
Clcar'qndlcomplcment B (i‘s)
Clear and complement Ei(sct'E = 1)

Clear A
- /k— .

.Clear B . - _ .'@?

Ciear 1/0 control bit

Clear 'E

65
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s
" ALPHABETIC LIST OF INSTRUCTIONS (cont)
CLF Clear 1/0 flag
CLO Clear overflow bit P
CMA . Complement A
CMB Complement B ' . '
CME - Compleh%it E _ |
COM Reserve lock of common storage
CPA Compare to A, skip ifuqneéugl
CPB Compare to ﬁ, skip“if'u#e;u;l - ;;/, -
"DEC . Defines decimal constants '
DEF  Defines address R
621 Defines extended percision constants )
DIV Divide , | -
DLD Do:;ie load -
O G Double store N
ELA Rotate E and A lefr 1
ELB ) Rotate E and B left ;'
END ' Tc;ﬁinatc pgbgram |
ENT Entry point' . E . . ‘ -
ERA . R‘_otat_c E and A right 1
"ERB°  Rotate E and B right 1
| EQU - Equate symbol
Exf . Extcrnall;cfcrcncc
| FAD 'Float:'&ng..‘:l(-id o . |
FDV Floating divide = % ' e




ALPHABETIC LIST 0? INSTRUCTIONS (cont)

f

.FMP Floatinghmultiply

FSB _Flonfing subtract

‘HED , Print heading at top of each page

HLT . Halt

'Igﬁ "thﬁ.N appears in Control S#atement, assemble

ensuing instructions. , . '

"TEZ When Z appears in Control Statement, assemble

ensuing instructions
é

INA 7 Increment A by 1
" INB Increment B by 1 ‘
I0R ‘Inclusive "or" to A " - ’
152 Increment, then skip if zero
JaMp Jump _
JSB Jumﬁ‘to subrouting
LDA Load into-A K
LDB : Load into B
LIA Load into'A from 1/0 channel
LIB Load into B from 1/0 channel .
LSL Logical long shift left
LSR | Losrcﬁ} long shift right'-A .
LST h Resumcdlist output (fol)qu% é.UNL)
i_HlA | Merge (ot) iniq A from 1/0 channel
MIB ﬁcrge (or) into B from 1/0 cha;hel
. ~
MPY Muliply T,

- . . s
-NAM“‘-;ﬁgggiﬁifjocatable program s .
! / : C - . 3
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P
ALPﬂABETIC,LISf QF INSTRﬁCTIONSg&COﬂtl. i R

NOP No operation ' | )

oCT Definei.octal.coﬁstént

ORB Establish ofigin in base_ page

ORG . Establish program origin

ORR Reset program location ;oup}cr

. “OTA  Output frdﬁ A to I/0 channel

oTB Output from B to [/0 channel .

'RAL RoEate A lcft(i l

RAR // Rotate A right 1

. RBL, . Rotate B left 1
RBR  Rotate B right 1
REP . Repeat next statement \\\
T RRL Rotate A and B ;cft

“RRR Rotate A and B riéht

RSS Reverse‘skip senscwn

SEZ  Skip.if E =0

SFC.  Skip if 1/0 flag =.0 (clear)

T ses Skip if 1/0 flag = 1 (set)

SKP * Sgié'ip top of next ﬁagc '

SLA - Skip if LSB of A = 0 '
sLB Skip- if LSB lf‘a =0 \ : 3 - -
SoC Skipiifloﬁcrflow'bit = 0 (clear) . } ] E

'2505 . Skip if oQérflou bi? = 1'(;011 . : ; /f/ﬂ~f

spC Space n lines
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ALPHABETIC LIST OF INSTRUCTIO$S (cont}

SSA

558

STA
STB
STC
STE
5TO
-SyPp
SKP

SZA

578

" UNL

UNS.

XIF

XOR

Skip i€ sig? A=20

Skip if sigﬁ\a = 0 S
Store A . tTTN 1
Store B ' , ) . '_ﬁ\\

Set 1/0 control'ﬁit
Set 1/0 flag

Set overflow bit
Suppress list output of aﬁdifional code lines
Switéh the (A} and (B)

siip ifEA=0

Skip if B # 0

Suppress list)output

Regume list o tput of additional code lines

F

: o » _
Terminate an IFN or IFZ group of instructions

Exclusive "“or" to A
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, APPENDIX C
HP ASSEMBLER INSTRUCTIONS (By Groups]
\l : ¢ ) ) 0
.GROUP 1 °  'MEMORY REFERENCE INSTRUCTIONS -

. }
Jump and Increment-Skip

1Sz
JMP
JSB

A&d, Load and Store

“ADA :
ADB
LDA ' o
_.LpB _ -
STA :
STB

‘togical

AND o - -
XOR N '

"10R .

CPA - d .
cPs . '

GROUP 2 - *° REGISTER-REFERENCE INSTRUCTIONS

il

Shift-Rotrate.

" CLE !
ALS o
"BLS - R
ARS - :
BRS : o . | | !
RAL - . . o - :
RBL . v o : S
RAR ' _ - S . -
RBR et
ALR
BLR
< ERA
ERB
| ELA
.+ ELB : IR
ALF 1 - , . )
. BLF - v ) , \ ,
.. SLA ! _ : \ _ o -
~ SLB -

PR
-

g

-

. . . N .
oo -




No?opcration
NOP*
Alter-skip

CLA
CLB

CMA -~ -
CMB -

CCx

CGB

"CLE

CME

CCE

SEZ

SSA

SSB

J INA

, " INB
‘ SZA
S2B

SLA

SLB

RSS

GROUP 3

Input/Qutput
SYC
cLC

- LIA

” Lis
© MIA

MIB

O0TA

0Ts
5TF

CLF

SFC
SFS

Overflow
CLO
5TO
50C
508

INPUT/OUTPUT, OVERFLOX AND HALT INSTRUCTIONS

11

TN
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Halt
7/

GROUP 4

GROUP 5

GROUP 6

HLT

MPY
DIV
pLD
DST
FAD
FS8
FMP

FDV.

ASR
AS{
RRR
RRL
LSR
LSL

NAM
ORG
ORR
ORB
END

REP .

1EN
1FZ
XIF
COM
ENT
EXT
DEF
ABS
EQU
ASC
DEC
DEX
ocT
BSS
UNL
LST
SKP

SPC.
SUp

UNS

HED -

EXTENDED-ARITHMETIC UNIT (Mecmory Reference)

r -

1

EXTENDED ARITHMETIC UNIT (Register-Reference)

&

PSEUDO INSTRUCTIONS




s - APPENDIX D
ERROR MESSAGES W

A Control Card Errors

If any of the following errors are encountercd then the
asscnbly is tcrm1natcd

1. HPASMEB. cxpcttcﬂ in columns 1-7 of the user's card.

rJ
.

ASMB, expected in columns 1-5 of the Asscmbler

control card. . . R a
3. Illegal paramctcr in Asscmblcr Control Card .
4. 'Control Option Error -?Nclther A or R or both ) -
specified. T ' ‘\Q(Y:S
—~5. No output pdramctcr specified. '

1

B. Fatal Errors ' . : .

The following errors do not terminate Jssenbly, however,

binary output (if requested) is suppressed:

[

_Illcgaf character in symbol.

[ %]

‘Illegal operation.

Undeclared var1ab1e

lllegnl c nractcr in operand field. | -
Illegal opszation in absolute progran.
Illegal character in octal constant.

Ihtcger constant greater than 1777778B.

Error in ﬁseudotop QSC (N<l or N>28).

o ~3 o0 A

9. Non-blank operand field expected. ' ) .
10. . Doubly defined symbo{. . ,
11. Too many distinct literals (max=25).

12. Illegal op in multlplc instruction.

-

13. Mixing of A and B type 1nstruct10ns is 111egal in
a2 multiple instruction.

14. 1lllegal mixing of SRG and ASG instructxons

73




15.
16.
17.
18.
19.

[ O]

| SV 35

[ )
LT V]

o wn

-

74 -

I1legal sequcnce of operations in a multiple xnstructxon

Invalid lxtcral

Illegal character in constant.

w2
)

L

Synbol!Tablc overflow (max=499).

An ENT symbol cannot appear in a COM or and

EXT statement..

An ENT symbol must appcar as a Iabel to an

1nstructxon A

Too many ENT symbols {(max=14) ..

Charactcr following the comnn is

the instruction.

,

Program rel&Satab{é opcrand expected.

Absolute operand expected.

Sign missing between two terms

Operand 'is mixture of incompatible relocatable type

terns., (_.'
s

Absolute operand in & relocatable program ‘exceeds

1008B.

Operand is negative for an-;nstruction other than

ABS. .

Expression is an L-type literal must be absolute,

Literal incompatible with the instruction used.

Out of range real constant.

Operand address is not on-the same page of memory

in operand.

as the instruction (Absolute pregraz}.

Negative or .double relocation in.the operand.

incompatiblé with

-
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C. Non-Fatal Errors ) ' Sy ‘
, Thc;e errors should be, trcatcd as warnxngs tﬁcy do
not affect assembl) : .
‘.1 EOF eqcountered.,END assumed. _ . "
2. Symbol too long, truncated to five chﬁractkrs. N
5. . Label illecgal in an “nstruction following REP )
' psecudo. 7 -
4+ First opcode in dnlAbsolufe program does not succeed
. an ORG statcmeht.‘fﬁrogram assembled starting at
address 2000 octal. . » : . _ v
5. First opcode inh a Relocatable program does not succeed '
a NAM statement. - : . L . ' l
6. Operand cxcecds 1777 octal for a memory refcrcncc
instruction. r : o }
7. Operand cxcccds 77 octal for an 1/0 group instruction. .f ' '
8, Operand exceeds 17 octal for ‘jrcglsgcr refcrencer ‘~'7' -
‘instructions, | . - ‘ ) ‘ ‘ )
9. Operand exceeds 7777? octal. - o .' | .

10. An IFN or an IF7 follows ecither an IFﬁ‘or an IFI
s without an” intervening-XIF. The second pseudo’ is . C T

ignored. S ' ] o -
. . . J




o . APPENDIX E
AESOLUTE RECORD FORMAT

o - . -

Y
EXPLANATION
“0is -0 /
) - RECORD LENGTH = NUMSET OF
: - WORDS IN'IECORD E£CLLDING
Asfgkgn INSTRUCTION NCRDS 1 AND 2 AND THE
‘ T WCRD. .-
ADDRESS  WoRD,y LAST.WCRD.
ABSOLUTE LOAD ADDRESS:
i STARTING ADDRESS FOR
: LOADING THE INSTRUCTIONS
WwORD | L WORD 2 WORD 3 » WHICH FOLLOW
- { : INST‘UCTI%N wo;tt)s-.T .
. Ve ABSOLUTE iINSTRUCTIONS .
18 ‘ 015 _ AL 0 Of GATA ‘ .
- L. : NS o O™ ", CHECKSUM _—
\ ) woxp, . CHECKSUM: ARITHMETIC
) ' . - J 0 TOTAL ©OF ALl woTDs
. . : : EXCEPT FIRST AND LAST
" WORD n -1 ' WORD n
I T
S ‘ 1
- r
4 —
. L
v
—— i
] - ‘ LN

Pages 76-81 .are reproduced
Reference 7. .

1Y . \
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"APPENDIX

F

* . RELOCATABLE RECORD FORMAT

+ NAM RECORD

v’

© 77

EXPLANATION

AECORD LENGTH + 9 WORDS ™.
‘ o/s .
NT < 001

- |CHECKSUM: ARITHMETIC
TOTAL OF AL WCADS
N RECORD EXCLUDING
. -WORDS 1 AND 3, :

LSYMAL: FIVE CHARACTER
NAME OF PROGRAM

<
A

L]

A/C: BINARY TAPE PROCESSOR
« 0 IF ASSEMABLER
PRODUGED

$og s T IF COMPILER
) PRODUCED

'comtm .
1} 87 0151112 N URT SR,
/r 7 .
. 1 Y
RECOD ° U / :
/ J
v_vo:m*’ ) . WORD 2 WORD 3
-3 .
15 57 01 87 " 0018 87
s Y M s % ' ,
LY 1) / N
7
wORD ¢ WORD 'S wORD 4 '
1914 013’ LES
LENGTH OF LENGTH OF LENGTH OF
MAIN PIOGTAM BASE PAGE COMMON
CEGMERT " SIGMENT SEGMENT
(0 70RO} L (OR 2Ee0) (CR 2ERO)
. ' !
L ' )
/) wOrD 7 wORD 8 ", WORD 9
-, : NAM RECORD
. -,
GERENEEEES L
— ,z"!'j} " ..



F

RELOCATABLE RECORD. FORMAT (continued)

=

e

»

™,
ENT 28CORD
CONTENT | EXPLANATION .
13 87 015112 43 01s 0
. [
: V | V ¢ RECORD LENGTH = 7-59 WORDS
. N ’ ‘
RECORD T ' CHECKsUM IDENT - 010 :
™ '
LENG pd | ENTRIES: 1 %0 14 ENTRIES PER
' / . / g POGRAM; EACH ENTRY
. 5 1S FOUR WORDS LONG,
'WORD | worD 2 woRp 3 '
\s 87 013 87 015 87 10
/ " SYMBL: 5 CHARACTER ENTRY
< POLNI SYMBOL .
s Y B L R: RELOCATION IMDICATOR
S ' e 0 IF PROGRAM RELOCATABLE
‘ = 1-If BASE PAGE,
// - RELOCATAME
o Ad Co Ll '
wWORD 4 WORD 5 " WORD é '
13 Q' ‘87 . 015 87 0
= - .
- ~ -
RELOCATABME : R l
ADORE S5 S Y M <
L OFOR ¢ L/"-"---
Sran . - - '
WORD 7. woRo 8 © WORD# WORDS 4 THRZOUGH 7 ARE
- > REPEATED FOREACH
—— ‘ ENTRY POINT SYMBOL.
. a i ST
1 . 013 )
' RELOCATAMLE
ADDRESS
- - s
¥ P
WORD 59 -
-, . - - »
,’( - T
] K ——— — - . /‘ *

+ ENT RECORD

\
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RELOCATABLE RECORD FQRMAT (contirnued)

A

)
L

~—

EXT RECORD "
CONTENT '
(% 0131012 54 018 0
Y, R
7 | / ¢ )/ -
RECORD ) N - '
UENGTH LY/, 'l CHECKSUM
N | ’
T . ]
/A / :
WwORD 1| WORD 2 . womD 3 .
15 87 015 87 015 87 .0
e o
S‘ Y M [ ] ~ L s‘ﬁ‘om
| NO,
- : \ v 7
wOeD 4 WORD 3 woORD &
13 a7 o3 o138 07 0
SYMIOL
) Y t )
NO.
wORD 7 WOAD &0
.—‘/ ’
S’ ‘ a
. ,/ X
EXT RECORD

A

o

79

DXPLANATION .

RECORD LENGTH = 8-~60 WORDS
I0ENT = 100

ENTRIES: 1 TO 19 PER
RECORD; EACH ENTRY
IS THREE WORDS LONG

-~

‘SYMBL: § CHARACTER

{  EXTEANAL SYMBCL

SSYMBOL 1D, NO,: NUMBER o
ASSIGNED TO SYMBLFOR -~ -
TUSE IN LOCATING. e
REFERENCE IN BODY
OF MOGRAM,

s

WORDS 4 THROUGH 6 AEPEATED
FCR EACH EXTEINAL b
SYMBOL [MAXIMUM OF
19 PER RECORDY, .




'RELOCATABLE RECORD FORMAT (continued)

M S ™ ™,

DL RECORD ,
CONTENT
13 87 0151012 765 ots
. F 7 y
IR
i 1 .
RECOND n NO. OF :
.L:NGTR ( 1N, CHECKSUM
r!a / WORDS
AL
WORD word 2 WORD )
- {
\.
, >
1514 0151312109 74 43 1018 ¢
| 1T
| rtLOCATARLE -
)} - 1oap L T ; ‘?ﬁ“;"?
F ADDRESS F
i -
wORD 4 . WORD 3 INSTRUCTION WORD
. R = 000
154 T 0 1814 0 1514
15-pt oA F 15-mir mase PaGE  15-BIT COMMON
RLOCATARE | [A AELOCATABLE RELOCATABLE.
VALLE r/ VALUE VALLE
" \ .
INSTRUCTION WORD INSTRUCTION WORD msnucrrou WORD
: 1= 00! T =010 N = 0il
. -
1514 1110 0 151411109 1.1
b - 1
N Q N .
g [ EXTE S
e © SYMB : RELOCATABLE
e § Le.No. |} VALUE
¢ . -
1 T
o/ ‘of:—J LUC B :
INSTRUCTION WORD INSTRUC TION WORDS
e 100 T

DBL RECORD

80

EXPLANATION

RECORD LENGTH = 5-40 WORDS .
IDENT = 011 _ /
Z/C: BASE/CURRENT PAGE I.OADING

» 0 FOR 8ASE PAGE

= LFOR CURRENT PAGE

NO. OF INST, WORDS:  TO 48
LOADABLE INSTRUCTION
WORDS PER RECORD

RELOCATABLE LOAD ADDRESS:
STARTING ADDRESS FOR
LOADING THE INSTRUCTIONS °
WHICH FOLLOW,

R's: RELOCATION INDICATORS: LT
000 = ABSOLUTE
001 = 15-317 PROGRAM
RELOCATABLE . .
010 = 1S-BIT BASE PAGE )
; RELOCATABLE C
011 = 15-8IT COMMON : -
RELOCATABLE
100 = EXTERNAL REFERENCE
101 = MEMORY REFERENCE

R 1S RELOCATION INDICATOR £ OR

INSTRUCTION WGRDY; R9, FOR

INSTRUCTION WORD2; EICAKMORY

REFEPENCE INSTRUCTIONS USE -
TWO wORDS, WITHIN THE TWO-

WCiD GRCUP, ~“M2™ INDICATES

RELOCATABILITY CF CPERAND

SPECIFIED IN SECOND WCARD:

00 = PROGRAM RELOCATABLE
G = BASE PAGE RELOCATABLE .
10 = COMMON RELOCATABLE .

0/1: INDIRECT ADORESSING .

0 « DIRECT
1 = INDIRECT

2/C: BASE/CLRIENT PAGE LOCA-
* 1ION OF OPERAND ADORESS. -
AS DETERMINED BY LOADEL. e

0 = BASE PAG!
1 = CURRENT PAGE -
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RELOCATABLE RECORD FORMAT (continued)

.
. i, . "W T,

v
- ; ‘ . i *
i /
. .
END RECORD : )
Tteme e CONTENT. . ‘ BXPPLANATION . .
13 " PIEARIE _ 21013 S
7 7a /0 77 A .
2 Y .'; v ucom LENGTH = 4 woun;s
¢
ucoi”o. € CHECKX SUM . :
UENGTH, N : IDENT = 101
t. i :
roa ' )
woRD |, © wWOoRD 3 - ‘
e . - : 2: ELOCATION INDICATOR
o : ] FOR TRANSFER ADDRESS
va— . '3 * )
auti . =0 F PROGRAM RELOGATABLE
iFrd— L R “} F BASE PAGE  °
‘ : . - . RELOCATABLE
] : B c
RELOCATABLE )
TRANSFER ! . ] o P "o :
ADORESS o </ ' . T: TRANSFER ADDAESS
B . 7 y _ HNDICATOR ‘
Y- . . . Al ) > . -
———— oo ¥ oFNOTANSER \
: .. ADORESS IN RE
4 wORD 4 \ . - . ‘ r . . .
_ . I * =1 TRANSFER ADDRESS S N
. R . . PRESENT. . !
. L . . e ;
O L ¢ .
— . ,

: ’ END RECORD
— &-q\ - -
£ . .
u‘e
~ | , jcr?'
*'_':; -
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. SROGRAM [LISTINM

APPENDIX 6 . T

5 OF THE CI0OSS-ASSEMSLER

s FALLINING IS a DIRFCTNRY OF PRICENJAES IN THE (ISTING)

PRACE 1Y JRE

H“I“l‘ P 2aNGiAM -l.l??

1

o
.o---oy
ABGH I “FCNRANG enensaseells
AON“”"..O‘...l.-!oa..lln“
RLg\FL:lEb-..q¢nc.nooOlljl
BLASMIRGACOMMA | v sevnansaet?’
ELAH\“QF”Lo;_.o.o-.-otcoqa
CEHT“?-J......}-.-..---IEI
CHFCRhElOCI.."'....I'.IOH

.CHFC“SIA1DDQ.I.ICQCIl'l.us
' CHECB\JVOI:...I-..OQI..I1T

CONVEQI...r..-oooooooooho
CODT.\*{Q{.Y..._......',.....88
COchAQ“...;;-OooUoao'.oqs

PAGE

F

pum

gouw1rﬁjST;.,.........JIOHg'

CUQNC“hU;...‘...........al
ORLHECDNDS.._....;...-.119
Dlﬁlr:.......-Qnoo.;jonog?
ENHCHNQ........;.....o..q2
EN““EC““D}.;..r..m...--130
ENTEH;......,.......;...CQ
ENTF“LAuFL.............]n‘
ENTHECDOD,, i, veeencansellH
ERPC“fCK,.....-...}..o-IOﬂ
ERQFRIT...I..l..l......lnﬁ
ERRwE 5SS AGF
EPRPQOQ.................gg
Elpﬂ‘“..................93
EXTHECONRD 0y, 5a0acanenell®

FLITLAQIo-a........o.oolma‘x

GFT&QC--Oloo.o'..ﬂoco.DIU?
GETP“’“"-0000.00000000'01”7
GFTCU“ST-...........t...QG
GFTLAAtton;d..Ooutuocﬂilnl

Gt"“”;......-ll.ll'...lqﬁ

N G‘,Nhur.........ct-{-.l.qq
GFY’W‘T.,,...............‘-)ﬁ

EETG l--.-oo.otooo---Ollol
GETXIF ., eue

,........o.!O“

- Gpnnpto..ool.ul..l....'lnh

lNC“CUJ"To..

:......;...Lq?

.....-...-.108

Ll H'-.-o--.-ino-oo-‘ot
LIT'"AL.....‘..-.'-..lcl“q
LurTvﬁtguoam.QOUQOQQ.ODQQB

.n....n..ol.'cn”q.

)

A

PRICENIRE

¢

82

" PAGE

un;mpkganau;.,..,.,_...1?5
MOVhCUL..‘-I..‘Il....'.]os.

HU[ T!HST.¢0.....cu....']_nf’

MULT PQINYQ......'.OI‘..RR-

NAVRHE CORD ey s0aesressesllf
Nrup}h -I.I.....ODCDI.OOS?
MEXTCHAS f aes ureasscanes¥l
NE*TTEQM..-...IOO'....']”L
OUTCHOn..n;...n..o...-..a7
OUTINr....l"...'.......H?
[L175 SaT o SR X
'pacquur_._,.e.,..,...,_Inﬂ

DAqu‘g.llI.:h..ll..I..II?

PO;CR'........_J..... .OCQB
PRECaosastasosnvassedanellb

"quDAHrnUTaIT.-..---Q'Clen

PQIHTAQDAY.....,..,,....RQ
DRINTE49..--.o.ouoccoioogl
pR{”TTITLE-..p.l.!b;{';.nq

othcdcﬂan...._..........allc‘ .

”UQCﬂﬂECOPO...O..J.u-00117

pUgHyj..-i.\&oiano-o.‘-Ilq’

REﬁUL!Vf.-....o..-...-;.gh

Sch”OPEpAan..Conio..
SCANUpQ?.....I.l..!O.
SFhHCH..'..;...CQD..‘

SKIFLINFG.....o..----
SKlpHFSTocun.-c-o\.oa
SKIPTDHLANK..OOOIOCI"
SK]DTUENO..._.-..c.-t'iiqq

-Qpﬁce;...-....---o...:-.“ﬂ

qq”EE?Eoooou.t..vocq-&-ogq

-’ST()QF.OQ.......'....l..\llb .
anQt[“T.............'..‘;R.

QTOQELINE-...--..-...---9*
STOREPEQL-....l-;o.;uOAQQH
STNARFWIADes asovesassesdIS
Yl1l':..-.....00.0.--'.0.*

-dITCLKMEO--.-l.oo.f.'-c*“
. . . -

.QEAnh_fa‘?ﬂY-..,.....'.‘..---a“._

\;\<\\



83

aesvessenss WP, CQCSS-ASSEHBLEQ,.VERSI?3 Cy AUGUST 1974 ®ssssssvss e
. 1YTHOPT K AHMED, D:iPT, APPLD, MATHS,, MCHASTSZR UNIV., HAMILTON, ONT + ®

. PASCEL COMPILE optrqus . ,gn-,g;,x-,g,,x-,c-,
"'3' ST . Al f’
= 58 .~ KO. OF LINES PER QUTPUT PAGEs ,
HJ =253 - 3175 OF LITEPAL TA®LE
57 = L33 o §12E OF SYFBIL TERLES .
MXER = 3} m MAY KO, OF SRRNAS LISTEN PR LINES
GRS R s HAX. ND, OF ENTRY SYARGLS &
BXT = 23 .3 > MAX, Po; OF EXTEDYSAL SYMIILS +
KV = hY ~ HO. OF DIGITS T3 RE ORINTED BY OQUTOCT+
NI = 17233% " IObQOF {hiTRg?TEOHS *
WALTT = =14 (e FOR INITIALIFING THE LITEFAL TABLE o
 EMDTY = = zs e T
Ty pg
. aIT = ‘3-01: ( ‘
AR93I4T3I = ADPAY(1., OF _INTEGE®RS
Ao0iNTIE = aaoavt%..gel.OF TNTERZS:
AP2ALFAY = ARDAY(:,. NF _ALFAY’
a“vt%apin = noaxgr;.?ltl OFLCHAO:
AOPCHLPIY = AROAY [1,,Su) OF CHAR: ,
IN0SYN = 1, N8 R o
NDEY = Jee§578 N
A326T¢r34 2 e thoLe, noueLy ¢
ST&TEP‘% = RECO®PD '
LH,LOCFLD,OPFLD t INTEGERS
. h;uc:npoaLrnq . ;
o v .
ODUTCOBE = RICOPD ;
N : ,LOC, HORD,>QE Ft[hT“G Ry TYPICHARS
. ND .
rrt.eourcnog = PIL: OF ourcoo“'f
e - . i
. e £Q NER KPE H"'N 1 INTE‘GEQ'
51kn.cbo~ -.3 fﬂ:.f yob :KIPO’t *4?3? ’
I,J,LC.%P,,COL,uuv ﬂina, LDC,XT4COM, PEPN t INTEGERS
CH, TYp 0:11 Mot 2¢ ’
Le Doaﬁ,l VAR T é -
qu AL, HINQFAL,EDSILOh t ofAL:Y -
' EHOTHP F o9 TAUTPUT t BONLEANS
Eoér a8, -TRAT5EY FREBITRE: haNCHﬂgggTTq%§$§ET Y aoopEEAYS \
SCANL, SCANT “A N, BINQUTPU 8 g ANS .
2ASERYG, PRY g93¥. (sYFCAC, "4UPFLAG, PASEFLAG, EXTRALTRE' t BOOLEAN; *
gg;folSSCT OF 15,,36° »1s : :
JOOSUASET T 9F Uoo . .
AMETZ2 ,ELrTcaias, LLPHA, icrts t SET OF  CHAR}S .
nowraraL,ERnpnce 4 SET 0F o..ss' : ) . e
RyA 1 _FILEQUTCONES o
S'LFILE 12 OF STATCRENTS
PLOUT) ¢ FILE OF INTEGERS

<

[ |



/

i L]
: "\\'
N -
OPTAHLfl ARPAY{IHNDEYN] OF
oPNUM 1 ARPAYLINOFYN] OF I
NPLONE t ARRPAY(1..77) NF 3
pecnne? ¢ ASRAY(39..571 OF
TNVERT & AREAY[.,.2561 OF
0 1 APQINTI:®
JTy XT v aAR2AY[1,..81 CF IN
PYT 1. ADDAY IGS..?5{~0F INT
CO¥P v 'AR2AY(i,.141 OF INT
FL“L 1 f\°°&‘([?%..ﬂ11 agF aL
S”TIPOWc t FAZCAY{CHAPY GOF

PP 1 A20A0AY [(Y..12) 0F A
n1tPe Rasay (f.v3,1..12) 9
IﬂﬂﬂE 1 A22AY{)..19) OF IN
H=DCARN, =RICALQRD t AFRIMIL
ENT t ARIAY [1,.MNT] OF RE

. : £N
EXT, t APRAY[ Y, HXTY OF ALF
1TTAS t APDAW
YMPTE 1 32RAY(
svnraa 1 AR2AYIINDIYS) OF
) PACKED PECORN
ENDS
TRNSFR v ARRINTIS: -
IHTEXT HING t ARRPCHAPTON:

1 APRAY f1..6%) 0F intzg
EQPSTOR: t ARPAY(1.,MXER)
ye . . .
MAYFEAL = 2117L547323:12L13
HINPEAL = 15215A3L37367325
EPSILON = 16464002000 0003

* ATABLE NF INSTRUCTIONS (A
OPTABLE = (ZAQSZ,ZAQAZ,ZA
g#gbe.zasae,:ﬂ

- M - :{‘. n: -
;gngezgcbyeisﬁ
- - :ELA"-_‘ ::_'
R+ BEIEE
= SLQ:EL292:EL
ZORBZ,ZNRGZ,=21
s ZREPZ,ZPFLE, 22
_.‘: /=, = r:‘_’. =
L EEMEE PR
. IXORZYIS . ¢

#TABLE  THAT. ARRANGE R
OPHUM = { 5%, 1015 I g,
: &7

gy ;u:

83: .73' B¢

v 6,, 8’

i 20, Eip zl‘,i
‘ L HE TP
4.27' 3?' \lFS‘I

oZP
A R (e

TN
KU QP LZaeMMa ~42 n.nM

B3 QOo-1TrT Tmmym - e

Y TN I T T 1l

CODUVNMEF O rIr ok

[ le: R ET]
Mmoo
AlTjenws
- 1)

-u

ewes 0
-e
(a1}
1

<
0
-8

oMo om

e I»
.

2D M ee™= V.ON MAFI>

MYALFAS

LOCfIﬁTEGERL

n65§§¥'5¢'§A7855£§T§GSR:

NAME TALFAS LOCIINTEGERS rvptCHAR

"INTEGERS
MELH eMAX, RQEA
79783 eHIN. REA
03585 . ~h SKALL
PHARETICAL) &
AZ,ZALF2, SALRZ, ZALS
FE:EBLD:::2L551:3°S
HENOERTEEE
AE::EB?:::UEC:::OEF
3z ,36403, 35013, 320y
D:QESS' -9 JED:' :“".0..;
T _ S jup= = .j;: :L
f2radyker S2yie SL08
2% ,20TaZ, 20793, 224
QE,EQSSE'ESEZ:"E‘SFC
z _ZeprI Sgcac. Zcgn
32733062 233208, 2393
CTIONS 8Y GROUPSS
L3y 39, ; '
ua Bl :
;3: 69, gl 303
a0 73: 33 I
9, 13, 11, 18,
.97, 13a, qg, gg,
1¢ . :
g% 52; 85 &5
711 toe,

T STAEEN L TLEIT L

"!."."-‘

cNLS

T

0

tutinimn

T-‘ - -

AL )

CUVTNVZr OO e
ZHMDp IOV N

AR AT RRRT TN

oaF
B Al =
L

YPICHAR

TANT FOR HP#

S
STANT FOR HP#
ANT FOR ROUNDING+
9% ,ZARST,ZASCH
sé!:gcnzlzgcgzi
nZ,Zemas,zrMas
K;::le;::CL?::
AZ,ZERAZ,ZeXTS
35:=T§§5:5{”“5:
3z,zLIAZ,3 H
MERFHE R P ER
RZ,Z29L3,ZRARzZ,
SE,:S;::;:%I‘E&:,
AZ,25T32,3STCE
LE::UNS:::XIE:: .
83, 28, 29,

-
@
aws

. -

OD N
T oo
-
ong
nagy
- -

3G, 31, 9

1td 22, 2
Ly -

¢3: f3p 5

1\ 87 \-.__\1'0’. .
3

\

N

84

T YTETE &

L BRI A R R
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U

~TARLE
INVERT

-
-

SOME,

-

OF THE PROCEOURES +

OTHER TAAQLES USED Inh

i

L

67, 73)3

(2093, w28,

1100008)3

55,

63,.

ST,y

56,

B,

(W,

N




. PP,

o,
¥

FAEN

86
a—m . \
X1 = (1) 2y § 1, 25 13 0, 23
PT_ = (3, 2'5’{ I®1l, Uy by Ty 24 2%3, 8, i+, ‘0,- €y 7335
COP = (15293449 8463105381,14,74,75,76,78,79,83,81)3
FLAL = (S FADT,Z.FSRZ,Z,FHPZ,Z,FOVI) ) _
~IAPLE OF ASCIT CODE FOR CHARACTERS ARRANGED WITH.ASCENDING DISPLAY *
V] . - .
ASCITCODE = g0y, 1(3n, 1028, 1233, 1043, iCs5a, 1048, 1178, 4159 »
1112, 1%32: %5521 1%u ; 1%3 léea: 1378 1338) 1384 &
33, 1268, 1253, 1263, 1278, 13,9, 1313, 132° »
3;53: §g;g§ gsgg: 653’ ;s7q: 3658, Joea, ia%a) lilar o
538, o 45 35 1Ry U518y Jhlbd, 075
§ita Esua:‘jgaal-ﬁucq, 13537 §9:8 Ay fuyer 3%y W
138y Ciss, 1;5q, 041, {743y 5763, 1348, L778, C45B, *
~THE FOLLOWING TAALES GO TAII cConen | INFORPATION FOR TITLE PAGE,
MZAQE® CARD, E£8R02 CARD, ETC.
MH = ( LOIMM MEZ, P eSMMuMMMMMMI, GRInp MMZ) 3 .
= ' gfj:igqj:, 24P r MM RENT, 2%ZHMN MM S, SHHMAMMMMI, SHMMMMHMZ, *-
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Eb ERPOR(3) ENO3 EQ&OE??E?E r""D'-C"-‘tNDLth. Goto ¢ =
- 4 -6 ) 4 . ) - ! /
U H: R _ ‘ | | o

' LNU -LIT"QAL&' .

.............. L R g e L T N Ll el L TP P P P
: e 5

Paorenuor ADNUMS T ' - . !

IF SIGN=1 THEN hUPl'NUHON ‘LSE NUME=NUM~-N
END pADhUHb'

A - - - - - - - - P R et -..-i------n-----—---9‘-----------"

PQOCEOUPfgﬁthTERH(VAR SIGN NtINTEGERS VAR TeCHAR) ] .
‘f‘VALUATE THE VALUE (0° ADDRtSS) OF THE NE!T Y‘RH IN THE OPEQAHU¢
VAR ATALFAS . ) | a

8EGIN . , - , . : )
SIoNt=1i Tre: < " . 3 :

gHIZez THEW bEXTC cHaR(CH)
ELS CH-:-= THEN AEGIN SIGNt==13 NEXTCHAR(CH) END
ELSE IF TFIRST THEN ERROR(32)} :
1F M’ IN ALPHA) T N ~SYVYAOL 7 SEAICH SYMBOL TABLEe
(CH’IN ALPHA) THEN BEEETNiHEY?)%'SEBRCHiﬂsN,?)%
. suép SPRESENT- THEN ERROR (4) . .
£ H N 3CGIN GETNUK(NIS Ti=Z I END '
_ EE?E'I; g&ggréc}hsﬂﬂéggguﬁégcvgotNci%éégffL?néﬁgcn) ENOD .
H=3=2 THEN N =sR=? \
o EL?E SEGfN éaﬁoa(g;t NEXTCHARP ICH) ENDT -~
: FIRSTI=FALSE
END »NEXTTERMS S . e e ®
~MAIN PROCEDURE BODY -- SCANOPERANDS | .
9EGIM . ' ‘
F o :
PERERA BL‘%héﬁ oﬁgtog%Sﬁngtrounob QEGIN sanoqcf& )3 GOTO 1 ENDS
S e oL S B oI EC T SrAL S
Rsprir nsaiagunrs £ACH r= F OPERANU EXPRESSIDN, KEEP Anoxnco »
XYTERM(SIGH, N, T) ; ADNU ?
”"'&E Suoguaatc H)
gk SE L ABLE PROGRAHé
. :Erésg; counrg =03
: usxrrsnnt$52r 261): couur|=couur’1;
¢
- E-TYPSZ = THMEN BEGIN TYPY=T$ ADNUM} usra-uer¢sxcu END
ELSE I YP:T THENEBEGIN Aonuns NET!:NET#SIGN END

ELSE IF T

S

J— . s

-
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0P (33)5 GOTO 1 éno\

ELSE NEGIN £Po
UNTIL ENDCMAR(EH) o o
o1F EXTEONAL SY¥agQL, Fr sy T AMPEAR ALONZs - S
IF (TYP=IXZ)1A(COUNT21) THER REGIN ERQOR(IWIS GOTO 1 ENOS :
. IF (NETCI)VINET>1)- THEN - 9€GIN ZRROR(48)3 GOTO 1 ENDS : 1
. IF HET=0 THEN TYPI=Z =3
~CHECK RANGE® ) ’ L
IF ABSPRAG THEN '
BEGN —
F (OPN‘ll)A(N' M220008) THEN -
enplf (LC 01V 2630) 2(Kun DIV 20663) THEN ERROR (4 7)
ELSE 'QEEQ ATABLE PR0G.s ‘ ' ét&)

(TYP=Z =) a({NUM> GGCQ) THEN ' . A
F (0PN<1h5V(0PN =8 )V((OPNZT )&lODN‘BI)) THEN ERROR(35): .
L B

“1F hUHtg ?HEN REGIN hUP!‘HUHOZBCU d IF OPNZA2 THEN ERROR(J&! END .

ELSE qef}
f OPN>1? }H N q G 7 CI | 9
PN< HEN /06 BEGIN [F NUM>T7 HEN =Rno°(u ) EN
9 1#209w<33 wEAUO THEN ﬂFJI f NUM» 178 THEN -ERRGR( 52i END & -
NS%SE vE!T. APITH AND #SEUOO& 1F . Nuv>7? 7778 THEN ERROR(4LI) (u g

>

'IF cu—=,; THEN . ~ ! _ ,
Ir SCANTOCOMMA THE Aﬁrogqnnns=rane: G60TO0 1 END

¥ REeIn el
IF cn--t- rusu ELEIN ?no?qec*: %éue'-
. IF (OPN2A7) THZ >
F IQPNtik)A(OPN<?hIV(0PN>GTI THEN ERROP(ZQ}
IF CH--C' THEN SSEIELS‘ 3
IF (OPN< SIV(OPN>35) THEN -RRS 2(29) ELSE
» F NOT(O IN CSET) THIN ERROR(29);
ENDAppeuntnun »y0,110C8) _
ENDELSE SEGIN ERROR(S) 3 ERROR{ZQ) END3 . ‘ S s
IF ERPFLAG THEN NUMiz : - '
éND »S Auobeanung. . ¢ . N
n=====::-==-====:-:==-z===l='=-==..= SRS T CEISSSECSSEZS SISO CSTSISSS=FEEzzz=ét

.ﬁ

PROCEDURE - HOVECOL ¢ o

~USED IN PASS THWO$ HOVES THE CﬂRR‘NT CHARAGTER POINTER (COL) TO THE .
OPERAND FIELD (SXIPPING OVER THE LABEL AND QP FIELDSi&

REGIN , ‘ o | . E
' 2L';%;x z = rurn' KIPTOBLANKS - ‘

dk1 AL ANK gi S?1 QToataniz'- . L
END ~MOVECOL 43 . | ' _ : ‘
1‘-!;3_!.-_8-83282:82==l=82=2=I::233:2:"—'2:!233::'—':::====_=============;==;=&‘ "

ot
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) - ‘

# . .
PROCEDURE scnuopozfvna HYINTEGERS VAR TUCHAR) 3
. SCANOPEDAND FOR PASS TMO & .

WEIN
nov

Lt SCANOPERAND(N,T) : P
HOPR2#: . ) .

pQOCfUUQ‘ HULTINST(VAR HORDIINTEGEQ):

JEVALUATE THE 0ODS FOR A MULTIPLE INSTRUCTION.
370060 (Ot FILE S) AS KFGATIVS KUMBERS IN PASS
FROH onotunav INSTRUCTIONS ¢ '

LA3EL 17 a : : ; : - 1
vaR | - \
1,ST 4K 4Py Gy%L,PRLGP hUP O0E t INTEGERS i '
oSt iPagackInG o SPohur, CODE
SAVE t ARRAY {1..2] OF INTEGERS - .

p--—o----a---n-------------------—---—-------—--*-—----—-—-—.—-—_‘- L e ., ]

\ggggrnuns :RRE!ITtNlILTEG:R). )
EPROR (%) S uonn:-n' HHIL: S¢.0PFLO<D) . DO GET(S)"GOTO EXIT 1 .

END ~ERREXIT#? ot

[ ]

----------- ?----—---“---q.------.----------‘—-—.--—--——-—--------‘------‘ -

T

»

PONCZOURE ERQCHECK? PR | S
pE GI € - ° :

NUM< o S : .
e LS gnccguv(NUH>7s) ‘THEN" ERRE!IT(13) L . . .

FUNCTION KLASS(NU%!INTEGERIOTNTE ERS . e ' ///r‘

»CHECK TO SEE IF THE 0P BELONGS TO0 GPNUYP A DR 3 OR, EITHER OF THE THOl s
GP A - XLASS=1, GP 9 - KLASS=2, EITHER - KLASS= 5& . .

VAR TUINTEGERS. \ .o .

a¢ ) e . _
, E:;g:taiglgg It=101 UN1IL NUH‘JTQI1« ' A T - oo Ry
END eK{ASSe} i : ' . - -

-----i’-------------u“-------- ’------’----‘-----'-----.-—---—-----4—-. »

GRBU OF ALTER-SKIP GROUP OR BOTH.*
- GROUP=04 .

FUNCTION GROUP(NUMlINTfGER)IINTEGER'

" CHECK IF. ‘ap RELONGS TO SHIFT -ROTATE.
: SRE - GROU =1, ASG - GROWUP 2. BOTH

REGINT ¢ .
F NUM<SL TH ROUPI=
ELSE 1¢ Gun<§7 ?Hau Gn6u91=n , o _
Pt L E - .
Eﬁg-:gggg--a_--_-------.;---_..—-- -.4----------- ---—-----------o- ------- o B
‘\ .
FUNCTION PREC(NUH!IN[ESER)lINTEGER3 :
W . . ' . ) ( "
' £

YN
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> _ "4 "
_.cu:cx PRECEDENCE OF QP ‘
- a-q. r
asGIN
IF NUMSSL rHEN AEGIN IF FIRST TﬂEN PRECEZD ELSE PRECE=6 END '
ELSE PRZ= Cl PTINUM]

pm ~PGECHY ¢ . L

------------ e R R L L L L R Y L LT T T T Ty
FUNCTION_GZ TCODE!NUV,GP:INTEGEQ)\INT;SER. .

anw SAME NP MAY HAVE NDIFFERENT CODES NEPENNING UPQON MWHER E IT OCCURS IN *»
A MULTIPLE INSTRUCTION. THIS FUNCTION RETURNS THE APPROPRIATE CODZ FOR *

N OPs .~

vi2 N t INTEGERS - o
BEATN ,

CASE GP OF : o
C £.BEGIN NWECT STI=S5T¢1% SAVEESTIIt=NUM SNN} - .
% 1 'IF (CFIRSTIA(NUMSSL) THER MNI=OPGODE2[NUM) ELSE Nt=0PCODELNUM]S®
o t IF NUMAS7. THEN N#=OPCODE2(NUM) ELSE N1=0PCODE [ NUM
GETCONEYaN . |
END.~GETCODE®S - .
p----l--"- ------- q------¢----‘-----'--- ------- - A S e O o e D Eed R e A - "."
|' . ) e \. t
9ZGIN aMAIN PROCEDURE MULTINSTS . ’
WOR0L =03 NUH!=-0PNE EQRCHE?K! - ’ . .. . }J
FIRSTs=tRUES SIt=Ci SAVE(IVt=cs SAVE(2)1=03 4
#DETERMINE' KLASS,  GROUP ANO PREC OF THE FIRST OP IN A HULTIPLE INSTRas
KLESKLASS INUF) {1 EPI=GROUP (NUM) § PRI=PREC (NUY) 3
#PUT THE CODE OF THE- FIRST OP IN WNRD&
CODEt=GE TCODE (NUM,GB) ¢ APPEND (W

-

( ORD,J,CODE’; FIRST'=FQLS _ -

I ey gy oo o |
<
BEGIN »PROSESS REMATNING OPS, CHECK COHGATISILITV IN ALL THREE MWAYSe *

NUMt=-0PN$ ERRCHECKS

KtxX{LASS (NUM) § ' ' '
IF KU=9 THEN XU3=K ELSE IF (KtKL)A(KtU) THEN ERREXIT(14)3

G1=GROUP (RUM} 3
IF GP=0 THENM GPI:G ELSE IF lGlGP)A(GtG) THEN ERREXITIIS)'

PI=PREC (HUM) ‘ . -
1% PR<S THEN‘PR"P ELSE ERREXIT(16). : o

CODE 1xGETCADE (NUN GPY | APPEND (HORD, '8,6005) 3
?51(5); opna:s».o& ‘

IF SAVE(ilic “THEN

BE I: GP=0 THEN 6Pt
FOR‘II-i r? 2 00

VENDS

=1‘ - »
AvVELY} TH
EEZGETEQ6E: VEI%!.GPIS APPENO(uoan,ﬁ CODE) END*

t




108

] .
NN AMULTINST S

t

PROCEDUPE PASSONES { '

LABEL 2430 . ' . : ‘ o o
vao : : : L
FLAGy FIRSTHED,NZFLAG 1 BOOLEANS SAVELC t INTEGERS

vbacraups CHECKPELOC, o ' . ,

LCERTAIN PSEUNO INSTRUCTIONS ARS TLLEGAL IN. AN ABSbLUTE PROGRAM, THMIS .
PROCENUOE IS CALLED EVERY TIHE SUCH A PSEUDO IS ENCOUNTERED TO HAKE ,
SURE THAT THE ‘PROGRAM IS RELOCATABLES . S~

"T"GI‘I g . ' . -

IF AQSPING THE!? 0 1T N

eno L cheeR Rl orhEN BEGIN ERROR(6)3 GOTO E IT 2 END. '
-‘-’w-*--—------------------o----o--------- --------- - S k- &

P TR R RN
- . 3 .

PQOC"OUQE GETXIF?

“IF AN_N ODPTION IS CHOSEN THEN THIY PROCEOURE IS CALLED TO SKIP &
ALL srarereu?s BETHEEN EN IFZ (OR IFN) AND !IE PSEUD0+ :
- . .
q:r%an AVALFAS FTBOOLEAN!
" FYZFALSES NTFLAGU=FA
prgnrs 1TFLAGE=FALSE.
A t=
e 05! ‘1£Nc$5,51£1 enp
=SXTFZ_THEN
ELgf TFtnz-EnS ?5 TRUE £40
REGIN oF .
et ESE BE6T S*. 0PFL o | -

END #GETXIFS Co o

ﬁ---o-------- -.'-_----...------------------------------—------- -

m

’

TN WA

. PROCEOURE COUNTCONST(O°N!INTEGER)3

#THIS PROCEDURE SCANS THE OPERAND FIELD TO DET‘RHINE THE NATURE OF .
- CONSTANT(S) AND INCREMENT LOC COUNTER ACCORDINGLV* .

VAR REALCONSTSGOOLEANS . : . s

. ENTERLABEL% SKIPBLANKST - . : | .
(11 REA tggusra:sans' T :

YE‘IEHQSSG iCH Z.3) THEN REALCONSleTRUE

UNTIL ENDGHAR(CH,!
'-EEEE rF REILQONST THEN IHCRCOUNT(ZI ELSE INCRCOUNT(iia

. .
S T b e A ST, YT SRR T S AR T BT L,



109

~
¥ -

_—

«DFX¢e AR ¢t TMHCRPCOUNTLI)
.Egat 98 - IMNCRCQUNT(1)

ak ou

IF CH=Z,= T
ENO pccuuTco 1S

------------------ ¢_;—--—-----;--,-—-----;-----—-----;-;---m—--—-----_‘.

?EN 60T0 1 _ ' ) . , -

[

IDQOCtOUOE INCREMENTLOCSY ’ "

-ENFEO LAJEL AND INCQ?HENT LDC COUNTER BY 1 TF AN ORDINAPY INSTRUCTION, *
3%E3rprnr LOC COUNTER ‘BY REPN IF TH"INSTRUCTION WAS FOLLOWED BY A REP .

nl'r'Ip‘ . *
1° REPFLAG ragu arcru ‘ S
? AG1=F A 'SET INCR RCOUNT(REPN 3
LZENP THE N ERROR(26)
END . :
ELSE REGIN ruv-anasL- rncacounrg1) ENO 1 i
ENb pxngvsnruaLocs. :
--------------------- --—---J&------—---—-—--—----—-------—--------"
Bscxghhi TRyE: DE ' FIPSTHENI=TRUES SUPFLAGI=FALS :
11=TRYC: PEPFLAGI=FALSES HEDL= t SU 1= s
?Laos=rnu¥! PACEFtAGl=TRh§§ F135§52A:=1aﬁ£: SCANTBGOHPA]:FELSE?
BPCt=02 SAVELCE=( XTe=(j NT8=0F COM3=0} ERt=G$ NZFLAGI=FALSE?
LINES(I): . . ‘
1t #~PROCFSS THE NEXT SOURCE LINE# ' : <
PEADLINEY GZTLAREL? 3 : '
IF CH=EOL THEN ~BLANK CARDe REGIN. oPNI=C; 'STORELINE; GOTO 2 END
: ELSE GETCP(OPN}! . _ o
#CHECK TO SEE THAT THE FIRST VALID OPCODE IN AN ABSOLUTE PROGRAM . IS
;?tigHED evEAn ORG s?nrgn_nr AND IN A RELOCATABL: PIOGRAM BY A NAN
ATEVFEMT S ' . :
1EFEAL THEN IF OPN<BS THEN ZRROR(39) - '
P ELSE IF nortropﬁ-aS) IN Psruoosuqsrr) THEN sasentxgy. *
F_QPN=( THEN sE QPERATIONS BEGIN EPROR(I): STQRELINE END
étgg IF opuéc ?H’hfn LL? E usrquc?foua INCR ;rau? 8
BEGIN STNRELINES - :
F OPNS73I THEN MACH INSTRU HCREMENTLOC N
{LSEBIP SPReaY ?aa~°p£x§euneu,agr He xus RUC Ehi
EGIN .
gr REPFLAG THEN . - -

H
eno ELb? BEE?LY:LTERLEB‘L e dERcOUNT (2) ENDS

IE CPN278 THEN wFAD,FSH,FHP,FDV& . o
GIN ~ .
CHECKRELOCS

S=ELBLIOPN1 S SZaRCH A.N,E§1 e |
¥3t§ ¥ e E il =XTe1] ENTER(A,XT,IXZ)} EXTOXTIE=A%

- nGaEPFLAF: FALSE- INCQCOUNTI?'REPN)' t ']

N . ' R . ..'
“ENDE D . .. . ) .
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-~ F" -
S uno INSTRUCTIou,x’/>

)
1IN :

NTERLAMEL § SCAKTOCOMMAL=T SCANOPERAND (N, TYP) 5
£ (310 A (NE29) THEN :ucpcS;:‘ iy eLSE ERROR9)

ol uNg -
~8SSs 86 ¥ Sfctu ENTERLATEL: SCANOPERANOTN,TYP) 3 INCRCOUNT(N) ENDS
~COM$ AS .t BEGIN INCRCOUNT (N} END3S

~ ""CHECKRELOCS :
REPEAT
N1z0% GETNAME(A)® .
IF CH== (= THZN 3EGIN .
NEXTCHAR (CH) § SKIPBLANKSS ;
GETHUMIN}§ SKIPALANKSS
IF .CH==)Z THEN MEXTCHARICH) #
. . it €LSE SKIPREST
L F NdcuEEQ?Q) THEN Ni=4 K
§L§EP%§I§QEST= )3 COM3I=COM coLL=C
- =C=)3 Hi= eN3 1= * *
UNTIL ELANﬁdgsbL?CH) Y oLl
ENDS
~NECS t COUNTCONST (OPN) ¢ =
DEFe § 1- E? GIN ENYERLADE(LS INCRCOUNT(L) ENDY
~DEXe BB 'Y COUNTCONST (6PN) 3
~ENDs 89 1 BEGIN e
ENDLCE=LCS S*oLNT==1% NLNTSLN: PUT(S)}
SKIPILANKS: TRNSFRI111=C; ~R-8ITs :
IF CHMZEOQOL THEN ~NO TPANSFEZR ADORESS SPECIFIED+
BEGIN TRNSth21l=9 rT-BIT45. TRNSFR[3)1=C END X
ELSE BECIN » EVALUATE TRANSFER ADOREZSS#
TRNSFR{211=15 SCANOPERAND(TINSFRE31,TYP)
IF TYP=Z8Z THEN TPNSFR{11t=2}
ENDS -
GOTO 3 N
ENDY - A
~ENT+ 90 ¢ BEGIN '
HECKPELOCS : N
PEAT - , |
NTt=NT+1} .
F NT>MNT THEN 9EGIN ERROR(27)3 GOTO 2 END3
ETHNAMEC(ENTINT),SYM) S ~
) F ‘ENDCHAQ(CH) THEN SXIPRESTS COLS=COL*1?
uUNTIL BLANKOREOL (CH) - u |
: Engi )
~EQUs 91 ¢ BEGIN - ]
ECANDPERAND(NUH TYP) ¢
.  ENTER(LBL 9 NUM, T¥P) , -
‘ guo; ; ‘ |
~EXTS 92 8 BEG AN ckpELOCT | | '
&gp g (A)? XT1=XTe1} ' ' ‘
! SETRIVEST iugu)aac§¥ x$$$o§tza):'coro 2 ENDS
NTER(A =XZ) % E 1=44
ENTE R DL RAL ToR) THENFS&IPQE§T: COLI=COL#+1
UNTIL BLANKOREOL (CH) > ,

N
eHEDS 93 ] S’.I.N"'ig

T {



sTFN& AEGIN
PUT(S): IF NIF
IF CPTION==NC
: ENDS o
»IF7& 95 1 BEGiN
ggrtsxz-zs NZ
_ OPTION=Z2Z
7 ENOS ! Z
~LSTs 96 1 § .
~NAMS 97 1 BEGIN ‘
IF A9SPROG THE
FLAGIZFALSE: C
IF CH=ENL THEM
SKIP3LANKSS
IF CH=Z = TH
_ EL
. Eun:
'SEL’ ga ' qgg?:cgNETtopu)é
~0RA+ -y i CHECKR s
f06Gs 180% BECIN eLo
AGEFLAGI=TRUE
CANOPE RAND (hiU!
F ~ABEPROGA(T
i&sg LC1=NUNS
- YF 8avEéLc=0 1
: ENDS
»0RR® 1011 BEGY
. : PAREFLAG1=TRUE
. IF SAVELC20 TH
END:
AREP4 102t EsiNN,T CLABEL S
559¢ans=5§ua
IF TYP£Z = T
KPs 103 e
& L § * . LHt==1"?
PCe 13“1 §’otNt=-i=
psupp 115¢ 3 |
AUNLS 136t 3
aUNSe 1071° ¢
. »XIFe 1388 NZFLAGE=FALSES
asgga 199y SEGIN ENTERLASELS

21 Eur(sa' 60Y0 13 .
It PRINTERR} LINES(3)3

M ERR
b

rvu'

ELSt
TXIF

c'\w

ORI
ELS E

FLAG THEN ERROR(LS) ‘ELSE

ELSE GETXIF

-

THEN G070 1

N EROOP (39)F '
HECKPEL OGS SXToRLANKSS

PEOGIZEMPTY ELSE GETN
EN 3EGIN NEXTCHAR(CH):
SE NMN1=C}

PAGEFLAGI=FALSE

nCUQDENT PAGE

U

111

HZFLAGI=TRUE

AME(PROG)Y _
GETNUM{NMN) END

#BASE PAGE+ END}
13 *a@sppor A FLAG THEN ERPOQ(JQ) ELSE FLAGI-FALSE'

NZFLAGI=TRUE

b: pL 1 THEN ‘8EGIN ERROR(33}5 GOYO 2 END*

HEN SAVELCI=LC

T
N

CURRENT PAGEs
BEGIN LCe=SAVZLC

SAVELCt1=0 END

¢t SCANOPERAND(REPN,TYP)S

HEN ERROR(39 ]

INCRCOUNT(i) ENO3

Wy

»CHECK FOR ENTRY

FOR I1=1'To NY DO

¥ ‘%2%2%‘?&&3"‘4&21%"" .

IF_(TYP
[

END
ELSE ERROR(25} ¥

IF NERSO THEN BEGI
E“gRITE(ENT(

z

- '

' v

ELS AND RELATED ERRORSS

=ZCZ) v(TYP=SXS) THEN ERROR(24)
GINTENTIIV1.LOCt=NS ENTIIY.TYP#=TYP END
I11.SYH) § LINES(1)3 PRINTERR
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Enny

LIN#Q(&)! s e e o

H?ITE(:‘;Dzaéslgg$§=$\%ﬂEN WRITE(= HO;T‘ELSE RITE(ER15); !

WO c k2 £0 -IN PA A £ :
E‘JU ‘Ipiés 0“2‘: c t I ' SS 1 - * LIN S 3"
4:=::::============F=======8:::::8:2:::'—':::::====::::8:::::::::::::::::&‘
POOCEDURE REPINSTR} ‘
~EPEATEDLY STORE SAME COOE N TIMESS USED IN RZP PSEUDO (PASS 2) & "
VAR IYINTEGER]S ‘ K , : - .
REGIN < '

ron It=1 TO REPN=31 DO . . .

| . \
%Pncrtxzaz-‘ ‘ : . ,
LCt=LC*L} STOREHOPD(LC.HORD,TYP MP) . ‘

~END . . .
END ~REPINSTR4S , , q S X
azzzzszzzmsazsz=zs==zcazzrrEszSToosc== s===s==zE==s=z== ::::::::::':::::.—:::::::: +*
CONCENURE PASSTHO: - T
SSOCEOURE PASSTMOS - | - o )

TITLES , e, - . )

ER1=0% SPCt=03 SCANLE=FALSE] PAGEFLAGt=TRUES SUPFLAGI=FALSES

RESET(S) 3 .y . A : \
11 LNt=Se, LMNS LCEI=S* LOCFLDS OPNt=S*,0PFLD! . - - -

IF LSTFLAG %HENSIFLL%=51'135N MRITZ(EOL,2+Z). ELSE WRITE(LN,S S,Z S); *

IF OPH=9 THMEN «COMMENT CARDS ' ' ‘

BEGIN SPACE( 20)7 WRITELINES GET(S)$ GOTO 1 ENO;
E:?gEE;S;.LINEgtnfEXle .
. HER=FALSES P2g=-13
F ggg;u rwenL»RULFIPLeiiusraucrlouo ®
N : i

Hggflug;(uoqoaépn S Z,MP)
FORERFLAG TAZR. PEAIRAYRY
END nHULTIPL: IhSTRUCTIO

i&ss—ao ;
Ecs :N<73 HEN o MACHINE INSTRUCTION + | |
* couEt=0°cnnEt09N)°‘ : : .
) 84 0°N< 3 THEN ~OPERANO EXPECTEDS ~

. fslﬂggsgt"°°° TYP) 3 IF INﬂIRECT*ﬁHgN cooe:-cons+1oounoe,
555}? WORD>20098 THEN o
Bezippeun(coos.n,zuoaa); WORDS =WORD MOD 20308 *
EN

END
ELSE BEGIN §VPEIRL) °b= x3)y (TYpezes) THER "
‘. TF (0PH<1&)A((TYP=-R )v(T$ 139? t?{ﬁ- Ea) THEN

i

’

——ae

,ﬁmnﬁﬂmwa§g!




e o a : 113 -

.
™ < ]

BEGIN ~HEM, kEFﬁ#.HQI=HORD: WORDI=CODE; GOTO 99 END*
. nppenstuooo G,C008) © N~ '

ELgE #NO OPESANDS AEGIN WOPDE=CODES TYP1== = ENDS
gat_STOAREMOROILC,HORN,TYS,HP) ¢
IF REPFLAG THER RZPINETRS
NN AMACHINZ IN?T=U”ITONb .
Lsgcgg 0ON¢BL THEN nth£noso ARITH. INSTPUPTION&
IF. OPNCT7 THEN ~MPY DIV,DLU 0STs P . *-

. BEG s -
END ORO1=0PCODEC(OPN] TYP!- =
ELSE EFAD,FSB yFHEP,FOVe

}F ABSPEOG THIN ERROR(6) 3
SEARCH(FLALLOBN 1Ky TYP) & )
WORDI=16Cr A% «358) CUIRENT PAGSs
BPPEND (4020, a,N) 8 g

STanuOPOth uopn TYD HR). EXTRALINES=TRUES -

ggnug T)' xr IND}Q‘CT THEN Nt=N+10:0 ana; .
oRr 501 ,HR :
arpanG Turh , : - ‘

SPF&AGlzra Egr
=1 T0 :PN-l 0o

L

rx';nc.§3:8$:c°é12';o £ HOR0, T¥p uRY 3
EX Rntfx£:= b? § 2 TOR E40 8 S 911 AR
ENDEND
ND EXT, ROIT
EEEE OpSESRa-0ntRALY
E8se oeN oF

#ABSs 82 "BEGfN | - c
NOPR2 (N, TYP): IF TYP2Z = THEN ERROR(31)}
REMORO ( l u,ivp HR) 3 )

| oAsce 83“1 Ergigl TOCOHH RUE SrAPOPPZ(VUP TY
N v
< FEM DR thum>28) "THEN, BEGIN ERR

. ELSE BEGEN adc N1 3 STOREMOROILE,N
;o ] BELeRGeLs tosﬁan 1133f=TRU,

‘ BE&EqASC(N). STOREHOQD(LCv“v- -'"R"'
{ R bcl-chi _ - ] :
, 'Eno , R h
»BSSe au ] %F {STFL“G THEN BEGSUTOCT

{
. SPACE (6
’ ' END3

(913 COPYCARD ENDc*
T, HR) §

oyl QU

Mw

QUTOCT(O)

LGy : ’
13 WRITELINE - —
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oPYCAR .
3 I n | . | i
- #0RG¢ 100t AREGTN . ‘ _ :
) : PAGEFLAGE=TRUE S - - : L
IF LSYFLAG THEN - © 2 .
BEGIN - —_
"END - SCANOPR2(N,TYPj QUTOCT (NY; -SPACE(13)% WRITELINE *
. " END: . 5 ] P A
~0PPs 10£1 ATGLIN PAGEFLAGI=TRUES FOPYCAPD E€ND S
eREPS 1721 AELIN SCANOPRZ(REPN,TYP)$ REPFLAGI=TRUES COPY ARDC ENDSY | #
,  ASKPs 10.3¢ TITLE: : Wi
~SPCs 11t AEGIN SCANOPO2(N,TYP)? LINSS(N) ENDS
~53UP¢s 176¢ BRENRIN SUP'-'LAG!:TQUE: COPYCARD END!
»UNL+ 1068 -AESTN COPYCARDSY LSTFLAGY=FALSE £NO§
~UNSE 1J71 RBEGIN, SUPFLAGI=FALSE{ COPYCARD E£ND? '
~XIFs 1581 COPYCHED: _
-Sg:s 1331 STOREWORD(LC,101100B8,5 Z,MR) S -
ENDY - :
GET(S), GOTO 13-
2t ~STOPE LITEDALS¢
. EXTRALINES=TRUZS -
“FOR.I®¥=1 7O HLT DO IF LITTAA[T,1)=NOLIT THEN GOTOD 3 . e ,
- + ELSE STOREH6PD(LITTAB(I}2].LITTAQ[I,1),: Ty-1)% .

Jv-IF . LSTFLAG THEN BEGIN MPRITE(NLN); SPACE(22)' HRIT:LINE END? LINES(W)3* .

MRITE(Z®® )3 IF €R=0 THEN WRITE(Z HOZ) ELSE WRITE(ERIS)]
MRITE (3 Eanoés DETECTED IN PASS 2 **Z)§ LINZS(3)3 |

£ND apnssruo&:

'Pooc;nuas DUNCHCAQDIAIARQINTIB)'

~TRAKSFER THE INFORMATION CODED IN THE ARRAY A ONTO THE PUNGH FILE P.
(USED- TO PUNCH WEADER AND ERROR CARDS) & .

VAR I!INT GER
AFCTN EGER?

FOR T1=1 Y0 16 DO Brcln PotzAtt}* PUT(P) ENO
END ~PUNCHCARDS S

'a::‘.‘===83=:==I=8-="t==-t'===8===.'-'=.===== -
PROCEDURE ABSBINRECOROS § | o A ' B
~PUNCH (AND/OR PRINT) ABSOLUTE BINARY RECORDS* '

VAR ¢, I,L LAST,8F, K, CHECKSUH,Z B INT:GER? r’GLOBALS - RyP (FILES)

- - hd
'--------------------“-----------------—--------------‘----- L o ‘

e )

> .

He »

PROCEOURE PUSH( tINTEGERY §
=»INVERT N AND stoas IT IN BF AFTER SHIFTING LEFT 12 8Irs, uusn 5 sucu

»

Y
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" (IMVERSION MEANS

n ; u
Am SHANT TQA lSFE? aF Own PUCH FILE ANQ STARY.AGAIN,
TENING A CARD COLUMN UPSIBZ 0GWN) & ‘
QEGI’U N
7127413 . .. . :
RPPENDLIF 12, TRVERT L) S o . .
1 755 THEN AEGIN ©e1=aF7 PUTIP)IS BF1=13 21233 C1=C+5 END ‘
N ~PUSHe 3 . -~ ,
e T R A R P R R D R P T AR W - - k- S e - &

PRICENURE STORE(NTINTEGEP) 3

viz2 KIINTEGERS

EE§7K§UPlzCHECKSU“OR'.HORD,
UNTIL (L= 39'v£or(ns- . o .
1{'*ggﬂgggrc RECSQEO&BDLEE ¥§§ea 10 FILE Pe
CREE T AREREN ‘&36“5&3%3% . -
W

For'§323 o™y B5°EYoRE

“eLEFT JUSTIFY LAST WORO®

HHILE Z20 DO PUSH(() S

Y RERAINDOERQ OF THE CARD WITH 7E20ES#
WA t% csajlng aegxu Pe1=0} PUT(P[:_C!=¢ 5 END
i

END ogﬁucnnssaruc' o owd

Nr - . .
G

B8 -
{???S BINARY RECORDZ}

_ #UPDATE CHECKXSUHS

1
’ +

.

-,

LINES(2) ENDS.

85 1% : :
éEG¥H"°““’“ THEN #BREAK HP WORD AT 8TH BIT AND SEND FOR PUNCHINGS -
-~ 7T UKS=N DIV LCCB: PUSHIXK)$ ‘
ENGK'-N K*u0383 PUSHIK) | . y
BEGGISTBIN THEN ~PPINT MP WGORD IN OCTAL FORMAT4 |
: o HI=HMe1: QUTOCT(N) § WO Irgt Wil
) Nn!r M=15 THEMN REGIN Ht=g3 1) ENDS ) -
END ~S§095&g . p
ﬁT ------ - - - ey e - . ok S S W X T X B T L Al L --l------- -------- &
BEGIN ; v AR
F1=0% 2t=03 Mt=(?
RESET(R) ¢ .
o L. AN
WHILE “ENF(2) N
as&kﬂéqugg(nkcoga EACH Loopsono A ONRESSs A
1=Re,CCY - 8S L Se »
CaECKSUHl=°’:LOC: INtriaLrze CHECKSUM K ,
LASTt=Re,LCC-1} . - .
Ci=Qs ’ -
Ll=g§ o, . : SN ,
REPFAT : - R . . . :
EF Re,LCC=LAST+1 THEN LASTH=LAST¢1 ELSE GOTO 13 =
t=t+L % : '
WL :éao HORD?: #STNRE INSTRUCTIONS
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.::::t:==:=:=:=§:===:====;z:::::::::ﬁé:::::::5:::::::::::#:::2:::::2:::;!
OGOC"DUPE PUNCHRfCOROIPECNAHEIALFA‘ RLIINTEGER)“ : ‘ .
. PUNCH (ANOIQD PFINT) ONE PELOCATAGL- BINARY R=COR0 160 HP WORDS) &
VAR %t 6 K,C.DEP - INTEGER' ' -
AEGIN t

-éEG§IS'3I" THEN ~LIST BINARY chowns
"NE=03 HRITEC(RECNAME) S LINES(2)S
FOR Yt=1 TO RL DO :

°  BEGIN ‘ - -
OCT(W{I1)} WRI
N‘:O}

A Nt:No%: ?UT

T IF N= THEN RSEGIN
. ENDT LINESC4) -

r

-®

PUNCHAIN THEN #PUNCH -BINARY R§COR0, RELOCATABLE FORMATS
FOR I1=RL+1-TO 60 00 utrll-o' - ‘ o X R
3'_ﬂ. : ~ o “
Epéﬁt BRI

P
“—1-‘:

Jl:“jC?
REMI=M(C
vog APPEND(N
- END - :

Ct=C*3}

po:sN* Pﬁ‘tpi, ’

N Uﬂ‘?L C=603 .o

£ND pPUNCuPFCORat: s .f_' _ i

16 THEN BEGEN ' - ]

= \ I
T ON CHME KSUH(RL!INTEGER)IINTEG;Q!
LATE chx&gu (ARITH SUN- or ALL WORDS IN THE RECORD EXCLUDING THE *

fHE YHIRD WORDS) @

g2
'"G =N{2)}
R Tt=4 TO RL 0O utIl‘

- cs o S
tnoCHEGERUHYR §S oD 290 SR S
) '-—=:3':":.:.":”":’”3’3::-’3:3::::3 : :

PQOQEDUR;,REPAcxtacp;FA:_vaa BYARRINTI)§

L P..

Ko »CSYINTEGERS ocLoaAL - W& e
o4 .
Fo

[

dr
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"
JTHE HAME & (5_CHARS) IS RE-STORED IN THREC WORDS WITH ASCII GOQE FOR
TM0 CHARS IN E£ACH WORD. ASCII CODE FOR® THE 6TH CHAR IS FORCED ZEROQ+
VAR . L ‘ ’ f
I, JyHTINTEGER? CEARRCHARLD S ' . | . B
nggéu : E : .
HPACK (A,Cy133 CTHITZEOL S
FNe Il:: T0 3 06O
REGTN
gLy
(1Y1=2S¢11CODEICEIYYS
nr:ascis%onstcr4o111:
en . APPEND _ 11,8,N) '
“10 ﬁREPlCK&
p:::====================:===.‘;===:========:'—"":::::‘:‘:::=$=======A=l========="

-

PROCENURE NAMRECORD}
. #FORM A NAH RECORD IN THE ARQAY ut1..6c1o - .,
VA PUARRINT3S ~GLOSALS-- W,PROG,ENOLC, apc COMs '

3cG
Lt11--1auaaa: pnecoqo LENGTH=17, LEFT-SHIFTED 8 BITSs
M{2)t=2"1003} ? -
REPACK (PR0OG,P) 2 Goe61 T0O CONTAIN pqoc NAHE®
APPENHOD(P(3],0,606) 2 ; ,
FOR It=1 TO 3 N0 Ml{T+3)t=c(11} :
u{?;::ennch #LENGTH OF MAIN POOG SEGMENTS
it LENET B DASEoR et caEinenTy
1=COM?2 L M
METe ichnN: ~RUMERAL PAGAHETER TN HAM STATERENT
JE NMN=C THIN Ht6111=2 ELSE Wl1111=14383 ‘
OR Tt=12 TG 17 D0 Wwille=($ :
H{3)B=CHECKSUM(417) !  #CHECKSUMS
PUKNCHRECOR0OTZNAH RECORDZ,{7) —
END 'eNAMRECORD S} o
. -‘88S‘::lt:t-::::::—.a.-::::::zt::s:::::::::s::::::.‘:::===================:==G
PROCEDURE ENTRECORD}
#F.0RM ENTRY RECORD® . ' |
VAR I, JsX,RUSINTEGER? PSARRINT3S #GLOBALS-- WyNT,ENT# . S
EG&L::u-ut+3° “?asgonn LENGTH o
| H R . -
wtilizh oSoSE FiRU O ML b iveentriess » .
502 i =1 TO NT 00 | S ~ bt

EG &EPACK("NT[I] S?%,P):

=t APPENDI(P([3],0 1!3
F EgI[IliTvpz as ““E Nitep % ? 20y .
H(KOB] ENT[I] LDC? o
KizKelhy )
END3




3

W3] t=CHERK $L): 2CHECKSUNe

SUM ¢
EMD ﬁEHTD‘COPO&: .
‘:::::.‘:::2:2::“::::::::::=========================#====== SSS=SSSSSZSESTIS s
\,. 4 . . . ) ' . -
PROCEDURE ExrR— CORD} , ‘ \ 5

nfORH EXTEQNAL REFORDS.,EACH RECORO TO CONTAIN UPTO 19 EXTERNAL SYMBOLS#*:
VAR IvJé‘qusﬂ19P2|INTEGER: HOREIBOOLEANT PRARRINTIS

GLOBALS== WyXT,EXTs"
8cGIH 1XTHE
Mit1=1% . .
xrux*sxq THEN QEGIN FOREE=FALSES M23=XT ENOD
: ﬁ-fkss QEGIN KOREZf=TRUES- M21=19 END
1t ~NEW EXT QZ2C0RNe : )
PL1=3%H2¢3} »PECORD LENGTHG
Wl113=0% THSEPTGRL,8,WI1])}
:;g;g=nz 1330093 . nENTR ES¢IDENTS
FOR It=HM{ TO #2 DO | Ty
‘BCGéN PAGK (EXTY LP)3 APP 1) | '
. x L ] ’
FBR Jeo1 &‘} o0* ks 192 {3l=" ' |
Kt= K03
ENDY .

Pun&uﬂEHcPK ¥ $L5éco o ; yaume . NS ~
IF \MORE THEN BEGIN . '

= 2u=M2e : :
YA BN THEL R kar=xTs HOREV=FALSE END:
coTh s . '
: ENDT - - . |
END #EXTRECORDS? o . ' ’
ezzzzzEz ====:zz:z-::::::===================:s=== ====SscEzSZS===SSSTT=IéN
'PROCEDURE DBLRECORDS (VAR FIFILEOUTCODES PGIBIT)S
~THE .0BL RZGOR0S GCONTAIN THE AsssnnLro'coue. THO TYPES OF RECORDS MAY  *
"3E PRODUCED, VIZ. BASE-PAGE RECORDS, ANO GURRENT-PAGE RECORDSS
L LAST 4 INTEGER? o , ¢ J .
l ehof t AN EARY A L £
LOBAL -in W i \ : ‘
SEGIN |
'REgelép’ﬁ-ENOFFoFaLEE. Y Loapo'
N 3
'§:§¥: Aiaf F E LY o .
t=F+¢ : -
Lty isretogst aRELocATAeLE LOAD ADDRESSS -
RHILE (L<S8) A (“ENDF) aG DO. : : .

i wtJ33=03 ' : o
Aty TatééﬁTiI;L&ELOGATION INOICES FOR UPTO NEXT FIVE WORDSs *

REPEé Fe.LOC3LAST+1 THEN LASTSALAST+1‘ T

.



-BEGIN GI=FALSE!

- X ELSE cowo 3 ENDS ;
{|=I#1: Le=Le %
F SEFHREFEEs MHEN @MEHORY REFERENCf INSTR, USES THWO HORDS& »
IN ' . ,
xppENU|H{J1|3’5)o ' .
HE%]!':FF.H?)W'}‘
CASE Fe.TYP-OF - -
~ ' QT f K1=C3° 83 ¢t Kt=1% ZCZ gvKE=2
. ENDY T - .
APPEND (WILT,C oK) ¢
ALK WeL v EF e HREF
eLst »NO FEMORY REFERENCES ! -
BEGIN ‘ N )
. g:ua:r#i_ugﬂgé
Fe,.TY
SE-F3 K$=3
P> 1 Ky=13
28BS v Ki=23
i¢: 1 .
1 1=4 ‘
! EppéuothrJl 3.x) )
Fri {
GETE IF Egrtr: THEN Euor:-rnus°
vENDFv (L2 .
31 Eggého H[J‘.%S I)'50 Ei
=N H
END. . Teld - -
o °, .
utx!:=o§ I?E‘“E‘L’aa"t§"‘ nR=cg$n h;g?rga Erd
a - +DGe + N H o ¥
H[§]t=auégxsun Lrse ! 5 TREGNIRIES,
PUNCHRECQRN ( =03L atconu~ L ‘
UNTTL EHOFS .°
END ~0BLRECORDS+ _ ¢
ﬁ:::38'8:8...232z‘-’:============/=======;—====3:2;:.-.:::‘:.—?===============r====&‘
' A . ’ »
PROCEDURE ‘ENORECORD ¢ - o .
ggglgslutscsaz osLoaALs-- W, rawsrno ‘ - - , ’
TUM{1)1=20n98 NGTH=L, SHIFTED 8 BITS TO LEFTe~
u[é]g:f&c?géqorgusrth1+§§Ns?nt51? ' : -
MELIU=TRNSFRIIY!
el o guectest
) ZEN z
END -EuonEquufgg RECORDZ,

AITIEIATETSRRNTIRT =8=8=2=§=='32 STI=VBDIERT
*

PROCEDURE PREPAREOUTPUTS -
~PRINT TITLE PAGE WITH TRE SCSRIAL

NORKER 3§°r?“HHERﬁ§ NAME ETC. ALS

VAR I,J,01,02 3 INtEgERr ASALFA]

p----‘.---------------—--’-----,---;

LY

=2ES= == ===: Z=KXZT ========‘= 4+ 3t 3+ttt 3 “
\
) :

NU"QER OF THE PROGRAM AND PROGRAM
O PUNCH A HEAD:R CARD WITH THE SERIAL .

CllRRCHARlU;

.
B esTaeREeE s rE e rPEE et ase el P
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. . M . 4 .
- n .

PRACENURE ALANKLINES (MUINTEGZR) § (
yA0 T1INTERERS : ,
3651 : '
WRITE(EOL,Z 2)%
FoR ft=1 10 N 0O
‘BEGIN : . .
PACTL3I7)3 QUTCH(Z®Z) 3 SPACE(60)5 WRITE(I®I,EOL,= 3)
SPACE(I7) . ' a '
END ASUANKLINESSH? ‘
P A 2] l—i‘- ------------------------------------------------------------- "
PRACENURE CENTPE(&!AQPCHAQQU' Ni NZ2TINTEGER) :
VAD T,JyKsBRO £ INTECERS \\\-
BEGIN . - .
v Jizh1S X1=NZ2$
KATLE (ALJ1=S ) aldchz) 00_st=Jeil
g:.J:nz :EN NAILE A[K)=Z 2 DO K#=K-1;
‘: ‘- ’J . a '
Euqc?ig‘z}: §Paégrgio): xr,*ooD;:EJ)prngn pn?: PAD-1} \
o] = K H{A tH =) : :
£ND PCEnth“o DO OUTCH(ALTI)§ SPACE(PAD) 5 OUTCH(Z*3)3
ﬂ-“iv---ﬁ ------ .-.----p-—---------.‘-------’.-------—-’-----‘-—--—-—----------“
BEGIN a : '
D1$=NPROG DIV 1l3 D29=NPROG 40D 1(}
#PUNCH HESDZR GARN : ’
HEOC notxa]g=1nnsa?z 0113 ”EDC“*gﬁlé}"%”:85{5:33’}}‘
H AR T=IMAGE (24 H AR t=In * H
PONERG &Einaoéap&)!' G213 HEDC 131 ’ %
»P ENT TITLE PAGEs
(123
¥ ?.éf to 12 oo
aecgn . - -

. SPACE(45)% WRITE(HHII} g2 Z)§ WRITE(PPLII,= - 33
END¥R1ts(oth01,11)- MRITE(Z E.BIGEDE,II.EOL,z z)
ﬂﬁﬁgfa?fpiain'iJ’l' HONGEJ) ¢ =INTEXTCJ#7) UNLIL (HONGLJI= EOL)*(J-Gi)"

s
1= EPCAT Jt=Te T NTEXTLII=FEO )
e Tbg i S e,
=4 I18=1IN L a-
Fggailagnggqlc DOTC(II:EE 22 gncxtc.i.n :
= = HE ! L .
‘ {nqgs'(s;; splchn?Nr_UtT?gR?N*(:':.62)' ‘!LANKLID’JES(S ' . .1 en
"QJfEt=' HEMLETT=-PACKARD ASSENSBLY LANGUAGE PROGRAH. s
BLARKLINES(3) Y- ' TITL #Z) 3
REARkLIves (21t ce~1aec1u15xr. 3;33&; ELANKLINESt3'$,~\ )3
BE!RKLINES(Z)' CENTRE CINTEXT,69,80)3 BEANKLINES‘3" o ' ' ’
vY}LéPRINr(_':.GZ)S _ ~
END - »PREPAREOUTPUT 4
S o

ARSI C RS S TSI RSN SIS SIS IS SIS SRS ITITDITIITIRIISS

A,
Af_ o
o
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656 IN ! ) .
o INITIALITATION » ' B ' .
° ALPHA =0343428%, 202,302y I05s 35505529303 EHTr I1sFI50 T4E0TLTHINE, IR,

" Eég:gggzzgg:zgsisga::T:::U:::V:::H:::i::;#:::Z:: L= ’ i
grg?w§1=igaé:§1§lzzélgséééuséass.seségrzézazssqsl: .
(hrowdal’vtetas, 232,202 Ele 2he) 850 B1e S50 3%, 36 1)

AME 1={ZAZ, ZRT, S0, SF 2,2 g NT4NZ, 2R, TS, SXZ,522,3,3)3
PSEUDOSUASETY 1= l f"5'2&’23:1§1’9| IC| 11."12’ 15’ IB, IQ:TZE’
NONFATAL =00, 1, 5%; §o' Guy Gly G2, 43, K513 : .
neroce=03 write(: 21} enbindlre=Facst; ' -

» READ USERLS CRPD /7 CHECK EOF o
REASARRHYS?N?EXT)S IF ENS?N#UT THEN GOTO 3%
o NEW PROGRAM & ‘
NPROGt=NPROG 1 S .
. #RE-INITIALIZE VAPIABLESSH )
RENRITE(S)§ REWRITZE(R) : RIMOITE(S) S
A%9°9?6'=FnkS€= ESa0anEL =] 12 LSTFLAGISTRUES FATALI=FALSES E€P1=53%
TGLPRINTI=FALSE; LSTQUYPUYT1=FALSES, PUNCHATNI=FALSES LIS iNT=FR atse;..
AFS=FALSES RFI=FALSF: OPTIONI=Z Z: -
PG1=0% LIN=C; LN$=2i SN1=-17 ZR1=5 NER$=CS LCI=03 SCAN11= : TRUES
FOR I8=C TO SZ DO SYFTAICT}NAMEE=EMPTY? '
FOR Ft={ TO MLY 00 LITTAB{I,1)1=NOLITS
#PRINY TITLE PAGE AND PUNCH HEADER CARD+
BREBAREOUTBOTS ACE AND PUNC ' _-QT" .
sqgag a:3‘1r¥s§$asr THE CO ragLTgnzn: To 33
A £ - - EN
SROCEB TNt XY i fhefhoLn? EN!-LN, 20 8 lot=0; se. LOCFLD1=03PUT(S) §
PRINTARRAY CINTEXT)S LINES(2)S
ch::1: GETNAME(A) }
AEZASMBZ THEN £ )
&EpEétrsqa THEN ERROR(183. |
H IN PARAMETER THEN : ,
‘ Eisé gH_oF PR 1 TR = EEE .
. =A= = = '
SAZ 1 9EGIN.ARSBAQEIITRVEL, AFIZIRUED PELZ3CRNG,EN\_, -
Sy § LSTOUTPUTI=TOUE:
=3= UNCHRINISTQUE- .
s1z I-Tg* RINTS=TRUL$
=N= 8 OPTIONS=CH?
EEE : g §=°? UES o _
Exe.ars.écé': aecru-uaii__sénaansrea C IS IGNOREDZ): LINES(1) END3 . *
& . .
. RROR(19)§ ~ , -
: NEXTEh§RtEH)8 A
UNTIL BLANXKOREOQOL (CH) 3} 4. . . : , :

< = 122

-

_pll..l.;.‘....l..l.'....‘..... HAIN prJGRﬁH ...‘,.‘..Olll..‘...'.'.'ll'-...&'

1

o : S | . )




&;TF}A *S?OUYPUT' BIHOUTPUT!-PUNCHBIN OQ LISTBIN‘

BEL leﬁonﬁi =FALSE$ L =3
ENDEPITE‘ =® PROGPAK ASSUMID JO BE RILCCATABLE *2)3 LINES(Z)

IF T(LSTQUTPUT v PUNCHBIN v TBLPRINT v LISTBIN! THEN ERROR(ZZ)'

1€ NER2L THEN ,
BEGIN ~ ) :
WRITE(Z€QRORS IM CONTROL.CARDZIS LINES(11% MULTIPRINT(Z%3,22)
cupl TRES(2)3 PRINTEPRT SKIRTOEND] PUNCHCARD(ERRCARD) 7 6OTO 2
PASSONE S : o
1E IBLPRINT THEN ~PRINT SYH30L TAALES |
TiTLs: HRITE(S YM30L TABLES © EOL,Z03)3
FOR I1=0 TO SN DO Syr3oL ’ ? .
PEGTN
35??‘7?:;3“ (%) NAME) |
| YFTAEA[N)  NAME)Y S N e =
-SRI HI44 8L R4 our&n¢5varnatn1.1voiz QUTCH(Z =3 .
EnpOUTOCTISYNTARIN) L LOCY S WRITE(ZOL,Z 333 . .
ENDS - - - .o /
PASSTHO} N S
I TLERRPAGE € [ 1) THEN ~PRINT PAGE NUMBERS WITH ERRORS® \
" MRITE(ZERRORS ON THE FOLLOMING PAGESZ) 3 LINES(2)3
s ¥2 EPRPAGE THEN WRITE(I15)3
cinedefs . £ N n 3
END3 T .
. NG
IF FATAL THEN BrgﬁfcucaoutsaRCAPO)"
(| - .
‘ ' MRITE (ZBINARY OUTPUT SUP?PESSED_.EOL z 2)7.60T0 2
, . END3 ) T
3 Lrsrexu THEN TITLES
IF RINOUTPUT THEN ~RINARY QUTPUT REQUESTEDS
IF _8BSPR0G THEN A9$9 THEECORDS- _
BEGIN «PUNCH/PRINT IN RELOCATABLE SINARY FORHAT&
?F NTo0 THEN ENTRECO%D? . '
E B5e>0 THEN NBLRECHRDS(310)] . |
H . \
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20 IF “ENDINPUT THEN »ASSEMBLE NEXT PROGRAMS | S

BEGIN WRITE(EOL,Z13)} GOTO 1 ENO;
Rl LINES(Z); WRITE(ZEND OF RUNE): WRITE(EOLMS .
END. - . o .
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