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Section III. 

A Pr-oposal for a Minimal Assembler, GAP, for the GE 636 

by R.M. Graham 

It will be assumed that the reader is familiar with Section II of 

the Design Notebook (A Proposal for qE 636 Segment Conventie>ns) and Appen

dix C (Memo of J. Gouleur on GE 636 hardware). 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Table of Contents 

Goals 

Assembler Input-Output 

Operation Cod1=s, Bases, and M·:>difiers 

Character Size 

Addresses 

·CALL,SAVE,RETURN, and EXIT Macros 

Coding Examp l1=s 

Implementation 

1 

3 

4 

7 

8 

10 

0. Goals 

This proposal represents what is considered to be the ·minimum modi

fications and additions to the GEM Assembler in order to prc•duce a satis

factory minimal assembler for the GE 636. It should be undE!rstood that 

this assembler, GAl?, is to be considered as having only temporary life 

until an assembler designed specifically for the GE 636 is written. Never

theless there are certain properties which it must have in order to be a 

useful to9l. 

a) It must conform to certain basic time-sharing system (TSS) 

standards 

i) Since all console I/0 is in terms of a single., full charac

ter set, using 8-bit codes, GAP must be aware of only 8-bit 

cha1:ac ters. 
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ii) All input and output must be to and from files and all 

character input and output must be TSS standard print

able files. 

iii) GA.P itself must be a pure procedure segment (or group 

of segments) and must be a subprogram callable using 

the standard GAP call macro. 

The output of a GA.P assembly must be a segment and its asso

ciated linkage section. 

It should be extremely easy to write pure procedures in GAP 

and it should be difficult to write impure procedures. 

d) Input should be free field rather than the existing fixed 

fields of cards. 

e) GA.P must be able to process TSS standard names,Le. variable 

length format (although imitially this may be limited to a 

maximum of 15 characters). 

These are critical goals, for if GAP does not have these abilities 

it will be virtually impossible to assemble the time- sharing system itself. 
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1. Assembler Input-Output 

Input to GAP will be a file with class name GAP. For the purpose 

of this write-up assume that the name of this file is ALPHA GAP. Out

put will consist of four files: 1) the text file with name ALPHA TYPE 

where TYPE is supplied by the SEGMENT pseudo-operation which must be 

the first line of any assembly, 2) the it~~ile with name ALPHA 

LINKAGE, 3) the listing file with no.me ALPHA LISTING, and 4) the debug

symbol table file with name ALPHA DEBUG. 

The three files ALPHA GAP, ALPHA LISTING, and ALPHA DEBUG will 

conform to the TSS standards for printable files, i.e., a file composed 

of variable length lines which end with a carriage return and the first ,,. 
'·'~9-bit field of each line giving the number of 8-.bit charactl:rs in the 

line''t>vhich are right justified in 9-bit fields packed four per word). 

With regard to ALPHA. GAP, each line (composed of less than 512 charac

ters) corresponds to a card in GEM. The fields in the line are s~parated 

by the "tab" character., i.e., the GAP instruction format is: 

location "tab" op-code 
field 

"tab" address 
field 

"tab" comment . 
field 

. Th~ file ALPHA DEBUG contains, as a bare minimum, the symi?ol table 
:~..;-----") 

accumulated during assembly. Other information which the dc:bug routine 

finds useful is to be added late~ -----
The file ALPHA TYPE contains the text (instructioris and/or constants) 

resulting from this assembly. All assemblies will be relocatable, however, 

initially (until the binder is defined and coded) the relocation information 

will be discarded and output will be a contiguous block beg:Lnning at rela

tive location 0. This can be accomplished by appending to GEM a modified 

version of the srandard loader which would load the text just assembled 

and separ;;tte out the information to form the file ALPHA LINKAGE. The 

loaded text is then the desired output for file ALPHA TYPE. The file 

ALPHA LINKAGE has the following structure: 
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Relative location 

0 

1 

2 

3 

4 

k+2 

k+3 

PSl 

PS2 

Pl 

T ~ the amount of temporary storage needed 

must be equal to 0 modulo 8. \JJ\,_'{ ~ 

k ~ the number of symbols defined in ALPHA 

Contents 

ARG T 

ARG -T 

ARG k 

ZER(b PSl,VALUEl 

ZER¢ PS2,VALUE2 

ZER¢ PSk,VALUEk 

SEG Pl,F 

ARG c 

STRING Ll,SYMBOLl 

STRING L2,SYMBOL2 

STRING Lj,segment name 

in the stack by ALPHA, which 
I. . . I \ 'I I I . I I 0 I/ 
¥~ ~~~\.f I,Mlv.,).,, "''~ 4o0{ IJ-· l!ltu +tf~~ 

which can be referred to from 

other segments. Location 3 thru k+2 contain the definition of these sym

bols. PSi is a pointer to the ith symbol and VM.UEi is the symbol's 

value. 

The linkage information which starts at k+3 contains pointers to 

the segment names and symbols (which are .not defined in this assembly) 

to which ALPHA refers. The symbols and names start at PSl and use the 

new STRING pseudo-operation (see section 3). 

2. Operation Codes, Bases and Modifiers 

The following correspondence of bases will be established and the 

symbols ap,ab, ... ,sb will be predefined in the assembler to have the 

indicated values. 
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base symbol use 

0 ap argument pointer (internal base paired with ab) 

1 ab argument base (external base) 

2 bp free base 

3 bb fEee base --./ 

4 lp linkage pointer (intE~rnal base paired with lb) 

5 lb linkage base (external base) 

6 sp stack pointer (internal base paired with sb) 

7 sb stac~ base (external base) 

The following ne~w operation codes wi 11 be added to the assembler: 

LBRap SBRap EAPap EABap 

LBRab SBRab EAPab EABab 

SBRbp SBRbp EAPbp EABbp 

LBRbb SBRbb EAPbb EABbb 

LBRlp SBRlp EAPlp EABlp 

LBRlb SBRlb EAPlb EABlb 

LBRsp SBRsp EAPsp EABsp 

LBR$b SBRsb EAPsb EABsb 

ADBap STPap TSBap LXLO 

ADBab STPab TSBab LSLl 

ADBbp STPbp TSBbp LXL2 

ADBbb STPbb TSBbb LXL3· 

ADBlp STPlp TSBlp LXL4 

ADBlb STPlb TSBlb LXL5 

ADBsp STPsp TSBsp LXL6 

ADBsb STPsb TSBsb LXL7 

SXLO LDBR LUCF 

SXLl SDBR ClAM 

SXL2 LDB STAM I 
SXL3 STB ST~0<1)' 
SXL4 scu 
SXL5 RCU 

SXL6 STCD 

SXL7 RTD 
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The following psedo-operation'codes are to be disabled: 

ERLK 

FUL 

SYMREF 

TCD 

LBL 

PUNCH 

ABS 

BLOCK 

The following new pseudo-operation codes will be added: 

SEGMENT 

INSERT 

TEMP 

TEMPD 

STRING 

EXIT 

The pseudo-operation STRING is defined in section 3 and EXIT in section 5. 

Since a pure procedure may not have any temporary storage within itself 

TEMP and TEMPD are used for declaring temporary storage in the stack. 

Single words are defined by TEMP and double wo~ pairs (the first word 

to be at an even location) are defined by TEMPD. A vector may be defined 

by enclosing its length in parenthesis after the symbol which is to be 

defined as its base. For example, 
~-----.....' \,/ 

~ 

, , TEMP 

TEMPD 

a,b,c(3) 

x,y(2), z 

would give the following stack assignemnt, 

relative location 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11· 

12 

13 

symbolic location 

a 

b 

y 

y + 1 

y + 2 

y + 3 

c vector 

X 

y vector 
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The SEGMENT pseudo-operation must be the first line in the 

assembly. It defines the type of segment being assembled. For example: 

SEGMENT ppsegment 

would define this segment to be a pure procedure segment. The output 

text file would then be named ALPHA PPSEGMENT. 

The INSEIT pseudo-operation is used to insert into this assembly 

(in place of the~ INSERT) the contents of another file. For example: 

INSERT BETA 

will insert the contents of BETA GAP and the assembly will continue as 

if the contents of BETA GAP had actually been written in place of the 

line INSERT BETA. 

The assembler should recognize the following new modifiers: 

ITS 

ITB 

EP 

SC6 

CI6 

F35 

the SC6, CI6, and F35 modifiers are to have meaning identical to the SC, 

.CI, and F modifiers in GEH. The SC and CI modifiers are to be redefined 
~ 

to 'fefer to 9-b:Lt fields rather than 6-bit fields (which will• be referred 

to by SC6 and· CI6). The F modifier is to be redefined to mean the 636 

IT-type fault :rather than the 635 IT-type fault (which is now F35). 

3. Character Size 

The assembler should consistantly deal with 8-bit characters. 

That is, all input and output of characters will be 8-bit characters. 

:the BCI and H-type literals must use 8-bit characters •. The codes for 

the 8-bit characters will be those defined as TSS standard character 

codes. The 8-bit characters are packed fourper word and right justi

fied in 9-bit subfields. 

The STRING pseudo-operation is identical to the BCI pseudo-oper

ation except that the first 9-bits of the first word of the constant con-

tain a count of the number of ~haracters in the constant with the constant 

itself starting in the second 9-bit field. 

• 
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4. Addresses 

The follmv-ing new forms of address are now legal: 

(i) 

(~i) 

(iii) 

(iv) 

BASE t EXP 

BASE t [ SYMB ]±EXP 

(SJE:G)t EXP 

<s:EG) t [ SYMB ]±EXP 

where BASE is a symbol, defined at assembly time, with value O,lJ .•. ,or 7 

(i.e., specifying one of the base registers), EXP is any legal GEM expres-

sion defined at assembly, SEG is the name of §orne segment, and SYMB is a ~ 

symbol not defined at assembly time but defined in som~ther segment. ~-
The "± ::ZXP" is optional in (ii) and (iv), and EXP is optional in ·(i) and I 
(iii). In case (ii) SYMB must be defined in the segment whose descriptor 

pointer is in the base register BASE while in case (iv) SYMB must be de- . 

fined in the segment SEG. 
& 

In all cases the portion of the address follow-

ing the'!, when completely evaluated, defines a relative address in the 

segment referred to by the symbol proceeding the t. All address forms 

may be modified by .any valid modifier. 

In case (i) all parts of the address are bound at assembly and 

the resultant 18-bit address is defined as: 

bits 

0-2 ;:: the value of BASE truncated to 3 bits. 

3-17 = the value of EXP truncated to 15-bits. 

In cases (ii), (iii), (iv) at least one part of the address is 

unbound until execution, hence l"i,.nkage information must be assembled into 

the linkage section. 

Assembly of the various forms results in an assembled address of; 

lp.t LSP, ~'( 
·---.. ;_,.vh'cire LSP is the relative location in the linkage section of the following 

link;._,?;e information. 
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original linkage 
section entry 

B,F LSP. ~ /ARG 
~ ARG 

ARG 

SSP 

-EXP,M 

SSP STRING n,SY 

<sEG) f -EXP ,M LSP @ SP,F 

ARG -EXP,M 

SP STRING k, SID: 

(SEG) 1 [SY] -EXP ,M LSP§ SP,F 

ARG 

ARG SSP 

ARG -EXP,M 

SP STRING k, SEG 

SSP STRING n,SY 

linkage section 
entry after linking 

LSP ADD B~ ITB 

ARG v(SY)-EXP ,M 

ARG SSP 

ARG '-EXP,M 

SSP STRING n,SY 

LSP SEG v(SYL ITS 

ARG -EXP,M 

SP STRING k,SEG 

LSP SGAD v(SEG), ITS 

ARG v(SY)-EXP,M 

ARG SSP 

ARG -EXP,M 

SP STRING k,SEG 

SSP STRING n,SY 

B (a base)and EXP(any valid GEM exp~ession) must be defined at assembly 

time. M is any valid modifier. SEG is the name of a segment (k charac

ters long) and SY a symbol defined i.n some other segment (n characters 

long). v(SEG) is the descriptor pointer for the segment SEG and v(SY) 

is the value of the symbol SY. The pseudo-operations ADD, SEG, and SGAD 

are defined to have different values so that the linker will be able to 

tell which of the three cases exists when it establishes the link. 

It is also possible to use a literal of one of these addresses. 

The literal is written as the address with "==" as a prefix. The 

assembled address is the same and the linkage section entry is also the 

same except that it is preceeded by ::he two words 

PTR ?'<'-J-2 ,F 
ARG 
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A 
For example, = (SEG) I -EXP,M produces; 

original linkage linkage section 
section entry entry after linking 

LSP PTR i•+2,F LSP PTR ~<-+2 

ARG ARG 

SEG SP,F SEG v(SY),ITS 

ARG -EXP,M ARG -EXP,M 

SP STRING k,SEG SP STRING k,SEG 

The following new.symbolic addresses are used in the CALL and EXIT 

macros and are explained in section 5: 

@SYMB ?n 

..J. CALL,SAVE,RETURN, and EXIT Ma.cros 

T'ae CALL,SAVE, and RETURN macros will be redefined and a new macro, 

EXIT, added. There are three variants of the CALL macro: 

a) CALL ENTRY 

In this call there are no arguments. The macro expands to; 

. b) CALL 

STCD 

TRA 

ENTRY 

sp 1r 18 

ENTRY 

( @} ARGLIST) 

In this call the arg'tlinent list is located at ARGLIST and must 

have been explicitly c.onstructed by the user. The following 

code is generated as part of the prologue; 

EAPbp ARGLIST 
' STPbp sp 'f AL 

and the macro expands to; 
< 

LDAQ sp TAL 

STAQ sp •r T+20 

STCD 
), 

18 sp i 

TRA ENTRY 
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c) CALL ENTRY (ARGl,ARG2.,,, .ARGn) 

In this call the argumcn~s are explicitly written and GAP 

will generate the argumeat list. The following code is 

~y 
\ ~~\ ~ 

1./'-.,}\.. ) r r'. 

generated as part of the prologue; 
;. ----~~ .. ··---

sp~f' AL-1-2 \ EAPbp 

STPbp 

EAPbp 

STPbp 

EAPbp 

STPbp 

EAPbp 

STPbp 

/:t,.Jl ,' r ,., 

. b. ·,.--' 
sp1 AL \' 

ARGl 
f· 

sp I' AL+2 

ARG2 

sp t AL+4 

ARGn 
1:. A 2' sp 1 L+ ~~n 

and the macro expands to; 

t. 
LDAQ sp I AL. 

STAQ 
~. 

sp T T+20 

STCD 
• 

sp >-f 18 

TRA ENTRY 

In all cases ENTRY is the entry point of the subroutine being called which 

is usually of the form <SEG> t [LOC], although the call will work even if 

ENTRY is a location within this segment. The return is stored in relative 

location 18 of the stack before transferring to the subroutine. Remember-

ing that the segment being assembled is ALPHA suppose we are calling ,;<BETA> t 0, 

then the use of the stack is as shewn in figure 1. In cases b) and c) a 

pointer (an ITS pair) to the argument list (called the argument list pointer) 

is passed to BETA by storing it in BETA's part of the stack, i.e., in loca-

tion 20 relative to spBETA. 

EAPbp 

STPbp 

will produce in sp f AL and 

The pa.ir of instructions, 
;}. 

<SEc> I [L0C]-EXP 
,\ 

SPI AL 

spt AL+l the pair of words; 

l-:-~-~-:-:G-:C~---EXP-----~---]TS 
0 17 18 29 30 35 



+TBETA 

+22 

-i-20 

+113 

+16 

-:- 8 

sp BETA 

+22 

+20 

+18 

+16 

+ 8 

ap ALPHA 

1 
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~ -,___.~-~ 

~-........_.....,- -------.....__ -------------- l 
[. -------------------+ 
I temporary storage ::or BETA 

i pointer to argument list when BETA called 
f ·------

t_~eturn if BETA ~_:.1_1~-~not~e~-~-ubpr_o_g_r_a_m __ ~ 

\ pointer to BETA (used to set-up lpBETA) l 
'·--··--·------ .. -~ 
i other registers vken BETA called \ 
~--t_;;se registers whei~-l3ETA-~~-ll._e_d _______ l 

~ li!'l i temporary storage ior ALPP-A 

~ointer to argument_listc fo--r-__ -A_L_P_HA------
1 

I 

; return when ALPl-IA c~~ls_~-~-~~-----------~ ) 

i -:-:-:-:_:_:-:-:-~-:-:-:-:-:-~-w-:~E~J:::~:::pALPHA) I ~ 
i --------------------1_; 
I 
i ,------- '· --, 

; 

0 L effective stack_~-~--~~erl _____________ j 
stack segment 

spALPHA -· contents of base sp when executing ALPHA 

spBETA -· contents of base sp when executing BETA 

lpALPHA -· contents of base 1p when executing ALPHA 

lpBETA -· contents of base lp when executing BETA 

T -· amount of stack storage needed by ALPHA 

TBETA -· amount of stack storage needed by BETA 

Figure 1 

f 

~ T+20 

T 
I 

\ 
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The argument list itself is a list of pointers which point to the actual · 

arguments. In case b) the user must construct his own list and in case 

c) the argument list is constructed in the-prologue, the code being gen

erated by the CALL macro (see section 7 on implementation). The prologue 

(which may be viewed as an addition to the SAVE macro) is executed once -upon entry to the subprogram. ARGLIST in case ·b) may be any valid GAP 

address (e. g., sp 1~ k, <SG>'f [x], ... ). In case c) the ARGi may be any 
~ 

valid GAP address (e.g. sp~k, ~ 5, ... ) or a symbol of the form ?m which 
th refers to the m argument of ALPlli\. In this case the instruction pair 

in the prologue to generate the pointer must be; 

EAPbp 

STPbp 

t. ap 1 2 :'•(m- l), ~'> 

f:, A''-'-k sp 1 l.n-

The SAVE should be the first instruction executed upon entry to a 

subroutine. The macro 

ADBsp 

STB 

STRS 

STCD 
.... ---... ... :.,_, 

LDXO 
~ LDB1p 

STBsp 

LD~ 

EAPap 

expands to; 

4\ 
lp! 0 

I.\ 
sp 0 
sp l\ 8 

'\ . sp ;, 16 

sp ~~' 16 

lb 1-0 icQ 
. ' 

sb 'to 
(ab...:-ap),DU 

spL/' 20, * 

set sp to spBETA 

save bases 

save registers 

set 1p to lpBETA 

save effective stack pointer 

pair pase ap to ab 

get argument list pointer 

Referring to figures 1 and 2, the stack pointer sp is incremented by T 

so that it is now pointing to BETA's area in the stack. The bases and 

registers are saved and the linkage pointer lp is reset to lpBETA. so 
.....,.., ... -· . 

that it points to BETA's linkage section. The STCD instruction stores 

the two word pair:: 

sp + 17 

sp + 16 

lloc(STCD)+2 
' 

indicators ITS j · 

-------------~---------------~------' 
0 17 18 29 30 35 



' 1 ,_,_ 

lpBETA 

+1 

lpALPHA 

---·-··- ···---,--. --. -·-! 
-'1'"-F:~lA ! 
-.u~ -· I 

;-TBETA -~-----~ 
: 1 I 

I 
I 

I 
r··~ .. ·~~"-·--r------t 

~-~~-. II'. 

T 
I 

I 
-----~----- I 

l . 0 l 1 
i I 

~--o---r-~-- ! --~ 

0 ; j [ITSj 
·'----·-------· ---·-'·-----J 

Linkage segment 

0 
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ilpA.LPHA 

} 
·---.. 1 

Linkage-section 
boundary segment 

Figure 2 

0 

,, /f_ 
~~f 
I I 

! 

I I 

i i 
!----------1 

4 l Descriptor i 
!"' ~- of BETA 

I 
I 

I 
I 

o(i 
Descriptor 
of ALPHA 

I 
i 

r---------1 

Descriptor of 
Linkage-sec tim 
boundary segmmlf 

Descriptor 
segment 
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where ~ is a pointer to the descrLptor of BETA and loc(STCD) is the 

·relative location (in BETA) of the STCD instruction. An ITS pair point-

ing to the·linkage-section boundary segment is always located at relative 

location zero in the linkage segment. The descriptor of the linkage-sect ion 

boundry segment is always at relative location zero in the descriptor seg

ment. The contents of sp (which no•,v contains spBETA) is saved in relative 

location zero of the stack. This allows the supervisor to compute an upper 

bound on the ·effective stack length y;hen the stack contents need to be 

saved. That is, C(sb t 0) 0_17 ::: spBETA, sb I spBETA+l6 leads to lpBETA,and 
L\ 

C(lb I lpBETA) 0_17 ::: TBETA. The upper bound on the effective stack length 

is then spBETA + TBErA + 20. The instruction LDCF (ab~ap),DU sets the 

control bits of the bases ab and ap such that ab is an external base and 

ap is an internal base which is paired to ab. The argument list pointer 

is then loaded :i!.nto the pair of bases (ab,;;-ap). 

The P~TURN macro is used to return to the calling program. The 

macro expands to;, 

LDRS 
t. 

spl 8 restore registers 

LDB sp <:'~ 0 restore bases 

ADBsp lp 1f' 1 reset sp to spALPHA 

STBsp sb ~- 0 reset effective pointer 

RTCD sp 1'• 18. return 

This is effectively the inverse of the SAVE macro. 

The EXIT macro is used for error returns and alternate exits from 

the subprogram. Error returns and alternate exits are always given in the 

argument list just as any other argument. An EXIT macro is necessary to 

insure that the stack and linkage pointers are correctly reset. The macro, 

EXIT ?n 

expands to; 

LDXO 2 i:(n-1), DU move exit pointer to 

LDAQ 
,',\ 

sp I 20, i:O fixed location in 

STAQ sb '1" 2 stack 

LDRS sp '1' 8 restore registers 



.. - '· ~ 

t. . ~ ,! 

,:; -.;.-.:. 
·; '.; ·'; ~ .. < 

.. · .... ·. 

-;. 

.. ; 

,;'.: ... :" 

·. 
l ' ·~ 

:, .~ .. 

LDB 

. ADBsp 

ST:Ssp 

LDI 
TBA 
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sp ~0 
lp ~\ 1 

sp + 0 

sp ~ 18 

sb 4 2 

restore bases 

reset sp _to spALPHA 

reset effective stack pot~er 

restore indicators 

exit 

The point:er to the exit location in the calling program is moved 
; l .·; 

: j.; L :from the argument list to a fixed location, namely relative location 2 

· :i ;;Lin the stack segment, and the machine conditions are restored as in the 
~.:·r ~-:. '(. :· 

."; .~W macro. The indicators have to be explicitly resbored. 

. ' . ..;· . ..:~. 
·- . -r'· ·_As can bE~ seen from the macro expansions all registers are restored 

~,~;;~~5:,,.-~ijj~:before returning .to the calling program. Hence, if it is desired to retus:n 
'.1. l. ~·! _;.;. ! ': '>. ' \'} 1 ~ ... 1. •. ' . ' . . • 

;;>::rfL •:H iT. to the calling program with a result in either the A or Q registers (or 

~~~::-:J1:i:j~ :::fiJ· ·both) the result must be placed in the proper stack locations (sp+ 8 for 

~, if:q;\: .:U ;Lh.: the A.. .. register and sp 4 9 for the Q register) so that it will be l~ded 
h+; ~5(:~r~;q~;.-b~ ith'e SAVE :or xX~T macl:o. ·· .. To facilitate thi~ the ~ollowing s}'mbols will' 
· -·: ; ·:~·~~ .. ~·: ~. f ·.~ fr~ -:-·i • .· ~ .· ·• ·· ~ · ·:.f... :.. · ., 
··:-::;,:;·;~·;:;;l;i~~.:\)e_defined in GllP which will refer to the proper stack location: .. 

-'.-:Hi~:./! ;q . ; ~ ·_\ . ··::·.. :- .;· · . ·. 
·· ( :f:.:! 1 · '· ·symbol. ·• · ·• ~i:. register , 

; :l'~:·:~:-~1·~ ·~~ . . : 

';l~i 
. ~ \ f.-~f ; ..... 

. ~ ' 

• !\' : :. ~ .:. 

; : 1 
. j·,; 

! : .·; 
< t ~ 

' ·.~ 

'·t-'' 

·;.··· 

<X • .;.:.._;-~ 0 C :l • j , 

•·: ,. 

· --y. · :1 1 
.. : ~ ; ; ,· 

' >V ~. 

':.'.' 

' I'};, 

' ·~ 

i; 

.·! 

. : .~ 

... J{oA: ... 
1oQ··: .. ·.··· 

:·.: .. ·;·>, 

. ' ~ ~-

· .. I' 

; . ; ~ 

'. , . 
.. 

• .. 

' ·~ ; . . t~: .. 
·.'-.. 

;; .. : 

~- . 

. ~· . " 
~· .~ 

A 

Q 
.. '. -~ i'·: 

L 

. '· . . ~~ : 

.,·· . r 
: <·.• 

'.,: 
':.'• 

.·:·' 

.... ' 

',· 

.. · 

' ·, 

.• 

I '•, 
·,,, 

. ' 

' ~ .' . 

,, 

.. ·. ~;. 

....' 

•: . 
•, 

• j' 

\i 
.· :~~}.. 

. . ~ '·: 

: ... 1 ::" 

, .. ' 
·· .. ~ 

.. -·.: r .~ 

"Jj 

~ 

. ...~ ' . 
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. 6~ Coding Examples 

a) The first example is a subprogram to calculate Nl 

(the factorial of N) by recursion. It illu~trates that th~ 

standard CALL, etc., macros use the stack In such a way that 

i.t is trivial to write recursive subprograms.· The call is 

:.;.. ··to be: . 

l .. · ,, .. '.., 

CALL (FLI B) t (FACT] (N, ERREXI T) 

The subprogram is located in the segment named FLIB with 

entry point FACT. The result N! Is to be left in the A 

register or, If Nl~2 35 , the subprogram should exl t ·to 

ERR EX IT. 

FACT .. · 

OVER 

EX 

SEGt4ENT · . F Ll B 
SYMOEF . FACT 
SAVE 

·-LOA ap.O,• 
TNZ OVER 
LOA 1, OL 
STA %A 

get N 
if N=O 

then 
N!=1 

N if NIO 
l,OL N1=N-1 

·,·.•. 

RETUIRN 
STA 
SBA 
STA 
CALl. 
LLR 
i-1PY 
LLS 
TRC 
STA 
RETURN 
EXIT 
TEMP 
~NO 

Nl · 
(F Ll s)+ (FACT] (Nl, EX) .find (N-1) I 
36 switch (N-1)1 to Q 
N N•(N-1)1 
36 test for 
EX overflow 
%A return N! in A 

?2 overflow, take ~rror exit 
N,Nl reserve N,N1 as temps in the stack 

Following is the complete contents of the segment FLIB, 

I.e.,, the previous subprogram with all macros expanded, all 

segment address symbols, etc., replaced by the. proper base 

register references, and all pseudo-operations droppe~. 

' \ 

\ 
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FACT ADBsp 1 p+o 
STB sp~O 
STRS sp+s 
STCID spf16 
LDXO sp+16 SAVE macro 
LDB1p 1b+O,*O 
STB.sp sb+O 
LDCF (ab+ap),DU 
EAP.ap s pf 20, * 
LDCF (bb+bp),DU 
EAPbp spt24 ' ' ,_-

STPbp spf 22 
EAPbp spt29 prologue 
STPbp spt24 
EAPbp EX 
STPbp spf26 
LOA apt o, * 
TNZ OVER 
LOA 1, OL 
STA sp+ 8 
LORS spt8 

] LOB sp40 
AOBsp 1 P+ 1 RETURN macro 
STBsp sbt 0 
RTCO s pf 18 

OVER STA spt28 
SBA 1, DL 
STA sp429 
LDAQ s pf 22 

J STAQ · sp.52 CALL macro 
;.~ STCO sp418 

TRA 1 p.4 
LLR 36 
MPY sp428 
LLS 36 
TRC EX 
STA spt8 
LOHS sp•8 

} LOB sp40 
AOBsp 1 p+ 1 RETURN macro 
STBsp sb40 
RTCO spt18 

.. EX LDXO 2,DU 
LOAQ sp420,*0 
STAQ sbf2 
LDRS spt8 
LOB spto EXIT macro 
AOBsp 1 p+ 1 

. STBsp spfO 
LOI sp418 
TRA sb42 
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The 1 i nkage s,ect ion for this segment i s: 

ARG 32 
ARG -32 
ARG 1 
ZERO p1,0 
SGAD p2, F 
ARG 
ARG p1 
ARG 0 

p1 STRING 4,FACT 
p2 STRING 4,"F Ll B 

A part i a 1 picture of the stack shows its use during the 

first two 

j k+ 0 
8 

1b 

18 

20 
. 

22 
first 
call 24 

26 

28 
29 

~ 30 
j j =k+32 

j + 8 
16 

18 

20 

-
·--:, ~.)d 

22 

·cal) 24 

'26 

28 
29 

111'. 30 
k+32 

ca 11 s on FACT: 

d(FLIB) ITS 
FACT+5 
d(FLIB) ITS 
OVER+7 

d(STACK> I l::i 
k+24 
d(STACK) ITS 
k+29 
d(FLI B) ITS 
EX 

N 
N1 

d(FLIB) ITS 
FACT+S 
d(FLI B) ITS 
OVER+7 
d(STACK) ITS 
k+24 
d(STACK) ITS 
j +24 
d(STACK) ITS 
j+29 
d ( F LIB) ITS 
EX 

N 
N1 

save bases for 1st call 
save re~isters for 1st call 

pointer to loc(STCD)+2 

return for 2d call 

arg list ptr from original call 

arg 1 ist ptr for 2d call 
pointer} 

to N1. argument 
pointer list 
to EX 

temp N 
temp N 1 

save bases for 2d call 
save registers for 2d call 

pointer to loc(STCD)+2 

return for 3d call 

arg list ptr from 1st call 

arg list ptr for 3d call 
pointer } 

to N1 argument 
po i· n t e r 1 i s t 
to EX . 

temp N 
temp N1 

sa~e bases for 3d call 
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.·b) This example is a subprogram to compute the integral 

of a function using the trapezoid rule. The call is to be, 

CALL <iNTEGRATE)+(TRAPZ] (A,B,N,F) 

The subprogram is to be located in the segment INTEGRATE 

with entry point TRAPZ. The function to be integrated is F, 

and it is_ to be integrated over the interval from A to B in 

N equal steps. 

SEGMENT 
SYMOEF 

TRAPZ SAVE 
FLD 
FST 
FSB 
FDV 
FST 
CALL 
STA 
CALL 
STA 
FLO 
FAD 
ADE 
FST 
FLO 
TRA 

AGAIN CALL 
STA 
FLO 
FAD 
FST 
FLO 

TEST FAD 
FST 
FCrvtP 
TMI 
FLO 
F i'IP 
FST 
RETURN 

' TEMP 
END 

INTEGRATE 
THAPZ 

ap+2, * 
B 
apt 0, * 
apt 4, * 
H 
apt 6, * (? 1) 
s 
ap+6,*(?2) 
TM 
TM 
s 
=-1825, DU 
s 
ap.O, * 
TEST 
a p4 6, *(X) 
Tt4 
TM 
s 
s 
X 
H 
X 
B 
AGAIN 
s 

-H 
%A 

X, H, S, B, TM 

save B 
compute 

H=(B-A)/N 

compute F (A) 

compute F(B) 

(F(A)+F( B))/2 

get A · 

comp u t e F ( X ) · 

compute 
X=X+H 

if X~B 
compute 
S*H 
as 
Integral 

J •. 



The lJnkage section for the segment INTEGRATE is: 

40 
-40 

- 1 

ARG 
ARG _ 

-- ARG 
ZERO 

pl STRING 
pl, 0 
5~, TRAPZ 

The prologue :is: 

LDCF 
EAPbp 
STPbp 
LDAQ 
STAQ 
EAPbp 
STPbp 
LDAQ 
STAQ 
EAPbp 
STPbp 
EAPbp 
STPbp· 

(bb+bp),DU 
spf24 arg Jist pointer 
spf22 for first call to F 
apfO ?1 
sp4 24 
spf28 arg list pointer 
sp426 for 2d call to F 
ap42 ?2 
sp428 
sp432 arg list pointer 
sp43o for 3d call to F 
sp~34 X 
sp432 
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A partial picture of the stack used by INTEGRATE is (where 

the value of sp after the SAVE is k): 

k+ 0 bases 
8 regi ste!rs 

16 
18 return for F 
20 pointer to arg list in· calling program 
22 arg list pointer for 1st call to F (sbtk+24) 
24 pointer to A (copied from caller) 
26 arg list pointer for 2d call to F (sbfk~28) 
28 pointer to B (copied from caller) 
30 arg list pointer for 3d call to F (sbtk+32) 
32 pointer to X (sb4k+34) 
34 X 
35 H 
36 s 
37 B 
38 TM 
39 •• not used •• 
40 · start ~of stack area used by F 
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The following is a subprogram which calls on INTEGRATE.-

1 t 1 s ca 11 i s : 

CALL . <5 I NARE~ +(ENTRY] (A, B) 

It calculates and prints the integral of sine(x) over the 

i n ter va 1 from A to B. 

ENTRY 

S I NAREA 
ENTRY 

SEGMENT 
SYMDEF 
SAVE 
CALL 
STA 
CALL 
RETURN 
TEI'viP 
END 

(INTEGRATQ ~(TRAPZ] (?1,?2,=100.,4RIG)t{s1N]) 
RSLT 

(iOPK).[PRI ;a] (RSLT) 

RSLT 

Its prologue is: 

LDCF . ( bb+b p), DU 
EAPbp sp+24 
STPbp spf 22 
LDAQ apfO 
STAQ spf24 
LDAQ apf 2 
STAQ s pf26 

"'21 EAPb p =10 0. 
STPbp spf28 
EAPbp 1 pt 8, * 
STPbp spf30 
EAPbp sp434 
STPbp . s pf 32 
EAPbp RSt.T 
STPbp sp' 34 

arg list poin~er for 
<iNTEGRATE) f [TRAPZ] 

?1 

?2 

are list pointer for 
\1'0PK)f(PRINT] 
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Its linkage section i s: 

ARG 40 
ARG -40 
ARG 1 
ZERO pl, 0 
SGAD p2, F 
ARG 
ARG p3 
ARG 0 
SGAD p4,F 
ARG 
ARG p5 
ARG 0 
SGAD p6,F 
ARG 
ARG p7 
ARG 0 

pl STRING S,ENTRY 
p2 STRING 9,1NTEGRATE 
p3 snu NG 5, TRAPZ 
p4 STRING 4,TRIG 
pS STRING 3, SIN 
p6 STRING 4, I OPK 
p7 STRING 5, PRJ NT 
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c) This example is a matrix multiply subprogram. The 

ca 1 1 i s: ·· 

CAILL (i/1TX). (MPY] (N ,f>l,A, B, C) 

The product of the two n1atri ces A and B is stored in C. The 

matrices are NXN and are stored row-wise as submatrices of 

fvJXt4 (1•1~N) matrices, i.e., A( i, 1) is M words . away from 

A(i~l,l). The following subprogram calls MTX: 

SEGMENT i•1AI N 
SYivlDEF IN 

II~ SAVE 
CALL q•rrx) 4 [l-1PY} ((DATA) 4 [D I H) , ~)A TA) i [D lf•U + 1, (A)~ i(A)~ 5000, (c)f) 
RETURN 
END 

The two matrix dimensions are found in consecutive locations 

in the segmt~nt DATA. The two rna trices are both in segment 

A, one startinB at A+O and. the other at A+SOOO. 
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The 1 inkage section i 5: 

ARG 40 
ARG -40 
AHG 1 
ZERO pl, 0 
SGAD p2,F 
ARG 
ARG p3 
ARG 0 
SGAD p2,F 
ARG 
ARG p3 
ARG 1 
SEG p4, F 
ARG () 

SEG p4,F 
ARG sooo 
SEG pS,F 
ARG 0 
SGAD p6, F 
AI{G 
AI{G P7 
ARG 0 

pl STRING :2,1N 
p2 STRING !t,DATA 
p3 STRING 3,Diivt 
p4 STRING l,A 
p5 STRING 1, c 
p6 STRING 3,MTX 
p7 STRING 3, MPY 

{ 
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The multiply routine calls on a subprogram to compute 
·-

the dot product of two vectors. This is· done to illustrate 

the manipulation of argument pointers and the construction 

of an argument Jist. The call to the dotproduct is: 
.. 

CALL (VECT)f (DOT PROD) ( N, f4, Rm1, COL) 

Row·· is the base of a row of consecuti·ve elements and COL is 

the base of a column of elements seperated from each other 

by N words. 

SEGMENT MTX 
SYt4DEF MPY 

1'1\PY SAVE 
ap+o LDAQ eet ptr to N 

STAQ AL 
LDAQ apt2 get ptr to M 
STAQ AL+2 
LDAQ ap~4 get ptr to A 
STAQ AL+4 
EAPbp ap4 8, * load base with-ptr to C 
LDXO apto, * get N (row count) 
TRA ·TEST 

NXTROVJ LDAQ apt6 cet ptr to B 
STAQ AL+6 
LDX1 <Y40,* get N (col count) 

NXTCOL CALL VJCT)+ (DOT PROD] (@A L) mpy row of A 
STA bp 0 by col of B 
ADBbp 1, ou C base+1 
LOA 1, DU 
ASA AL+7 B ptr+l 
SBX1 1, DU col count-1 
TNZ NXTCO L 
LDA a p4 2, * get M 
ASA AL+S A ptr+M 
SBXO 1, DU row count-1 

TEST TNZ NXTROW 
RETURN 
TElVIPD AL(4) 
END 



-
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The linkage section is: 

pl 
p2 
p3 

ARG 
ARG 
ARG 
ZEKO 
SGAD 
ARG 
ARG 
ARG 
STRING 
STRING 
STRIHG 

~~ 2 
•. 32 
1 
pl, 0 
p2, F 

p3 
0 
~), i•IPY 
L~, V ECT 
J, DOT PROD 

And the prologue is: 

LDCF 
EAPbp 
STPbp 

( bb+-b p), DU 
sp+ 24 
spf 22 

The dotproduct routine is: 

SEGMENT VECT 
SYlviDEF DOT PROD 

DOTPROD SAVE 
LDCF (b~p),DU 
LDA a pf o, * 
STA N 
LOA ap+z, * 
STA t.l --, 
EAPbp apf 6, * v 

. EAPap apt4, * 
', • .f STZ %A 

LDXO O,DU 
LDXl 0, DU 

NEXT F LD bp4 0, 0 
FlviP ap+ 0, 1 
FAD %A 
FST %A 
ADXO IV1 
ADX1 1, DU 
Ci•iPXl N 
TRC NEXT 
RETURN 
TEMP N,M 
END 
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get N 

get 1"1 

col ptr to base 
row ptr to base 
zero sum 
zero col count 
zero row count (i=O) 
col(i)*row(i) 

accumulate sum 

col count+M 
row count+l (i+l) 
test if done i)N 
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This docum,~nt desel"ibss an a.seetnbler to b~ :;:un on the GJ:!;-635 which 
·will p:roduc.:-~ G.E-6~~6 object code. h v1Hl bs used as the bO!'I.sic i..-rnplemcnta·· 
tion tool fo;: produdng 636 software 1.m~H the 636 <:.us0robler is available in 
late 1965. Ita compaojor.!r ~he 636 nk.n.1.1.latc~:, "'NiH allow 636 p:rogl·azn;::; to 
run en i:he 635 hefo:r~ 636 h~.:rdwa.:r:c ;::.vo.ilah:i.H.ty. 

Altho;_;gh tb.e n:eoot1stx-ap Assernble:r" will :cequ:b".'C~ ?.'~&ltrictions to be adhf:l·ed 
to wlJ.ch wilJ. be :r.ellru!:e:d in the 636 a~H..:;(-::mble:-:t lit w:U.l p:ro1r:i.d·~ the softwa:re 
develop~1.· with t..~e l(#llowing importa;.:~.t cc.pabHiti~s: 

. L A :s::ncthod of e:;'i".preasing addreoaes in the Be&'!nented <':'lnvirorLmBi~t 
of the 636. 

z. Th{-:; ability to use 8 bii: .A.SC Jl code (·•J,d.th root:dctione) in assembly 
source !G!.ngus.ge e.nd a.usembly outputs,. 

3. Thf': abilHy ~o e:~~pl"ees the ne•;v ineh·9.\Ctiou.s and add:~.·esa modification 
typea1 c£ tile 636o 

A frn!f, field syn.ta:!-t which il:; equally w~~u auit.ad fo:r us.H?J at t.I.'P(!~71ritc:r 
term.ine>.ls o:~.· ,-::on'V'Emtional j,nput d.evicea. 

~. A :rn;;:thod of producing object cede :?.n the p:rop:er fcn:mat to becon1.e 
i.nput to the bindex. <.) 

Th:": bootst~·2.[.:l• ass~mble~it" £o:r: the 636 ,,..rill con2ist t;.'){ GE!IAAP pr.ecerkd by 
c.i. p~ceprocea sor and follow·ed by z, povt pz·oce2s sol·. 'I'he function of t.hr;;; p;('e·
~:r·:.:\,::::rJsol· irs to t:ranslate 636 r.::ode into a !o!'1n accer.Jta.ble to GEMAP· ~.nd 
.;:.-..-.~,"\ •TJ~"~·,..h r'!.i;'"[l!ft,·p C"'.~ ..:l~ ... ,., .... ~'lv ge~'""""_t."" t:..-:u• cr.,-.1,-. '11'he .~""'C .. :.O.,.., 0~ j·1-- .. > .... ~ ... ~~ , ... , ..... __ '-".......,~"-'·...,.-· ""''""' l.U. ............ ~.,~ ::- u ..... ~· "' o"'·O .... -~·o .a.... .r."""" o:..>. .... ~ ."u._ 

i~::·st Fr.oces:r:>Ol' :i.a to take th.e GE?.A.AP ou.t;?ut and cm.r.,.a:;:t it into 636 fo:nr-atr 
'~· , ·;:o take the binD.l"Y output and cpHt it into a proce~ll.'I.:C~: segm·::.:·1.1t ·al.nd a 

}~:'.:;:.kag~ e2ction <Ll..:t'ld to con~.re:::t the listing outpt..l.t to ".rSS standards. 

The prep:rocesso:r :rea.ds 9 b1J; ci:M:\l·acters and 1,.orm.~J.ly coml~l"<~saca it into 
cor.:respono..ing 6 bit chare..ct1.'!:rs e::.;;.:;•~pt. wh.en special data gene::it:ati.:ug pse1.".do 
operations arce encounteY.-sd. J.n addition whei:Hl. 636. typo co~d, ... ~.a encot;x:.t<"~<'.'e~i, 
the code is tra.nslated ac as to l?ol;: H.ke 635 <;;ode (to GE~~ 'F .; but behav*'~ 
• . • t '11 '- d "t h ld b - • t. • • 1 • ' • • J.i?.z:•::: o.;;o co· eo ~. f.l ou: e noted. IDC..t. vn.t~1. t..:ae ex.ceptl.t.:ln ~- pre••f.leCJ..a:!:;atJ.On 
;:;t::.l.l::-e:ments each Hne oi <:ode ia t:r.ar!sla.ted at th.e tiz:ne it is euco'l.l.ntexe'd ~.n.d. 
w:lth.out e:x4;umi:nfu).g its eH:?.ct en earH~r 01· subsequent code lines. Tht~ con,· 
seg .. ~.ence io that the progr:amme:J: should be a.wa.re of the t~ausla.tion procef;t0 



r.z ... 

\___) wb.1~n pxep;:n·jnrs; tv!.ACRO~" To :faciH.t,<;;,.i;~ genf'rat-ing H.nk..~.ge inform~.ticn 
tb.t::~ ft·l·•p:..-occ~.s~cr lnilkes u~H-'~ of n:u1.lt~ph• loca .. Hcn count-era. Aa a reoult 
t:ht;: ucp.:;:· '\vonld be well ndvised to Zlvoid n:m.ltf.pl~ location counte:r.a< The 
pr~'p:r.oc<Hwo:r g0n·3:ratcs ins trud:~lona with 636 add:reo:.H'!S by uaing the 

c 

V.FD ~)::.·c'Udo operation. To avoid m~hlng operation co·d~ name~a reae1·ved 
aymbolsD a table of octal equivalents and mn(~monic codes is atol'ed in the 
pre-:p:rocessor. Hence the OPD and OPSYN pseud'a op<;!t•ati.ons cannot be 
US(;d, 

1. A:<HH~~mbl~'r ltnput/Output. 

The. following files are conaide.:r~d~ 

SOURCE 
PROC 
LTLN!'(AGE 
L:~STXNG 

DE;BUG 

,.,.. .... ·· s:·· . SOU'~"Cr.~ 
.i. t.J-~·.c: .t.Uf~S Jt:\.. .r:: .. ,,) 

for prf..ntable f:iles. 

Jnpu'i: to Booh:>f:XfOl.P Asa<?.mbler 
Tf""~ct 1·~~~.t".ltin.g from the assembly 
The Hni.;;t:1ge f:H:i:~ for PROC 
The :uf~tin.g fiJ.c,, ~or PROC 
The aymbol table ior PROC 

LlSTlNQ &'<-n.d. DEBUG will con.(orm. to TSS standards 

'!h<B fil0. SOURCE9 \~·ill consist o:{ at:.'l.tem~ui:.'3 of the form 
lab.;:-lg J OPCD J add?:·e:•ss" mod J. comm~;;nt. c r 

c. 

Under c~n:tain conditi.onD., any o:.;;· all of t:hre fields x.nay b.i null. 

OPCD 

The l;,.~.bcl .field consia ta of from 1 to 6 cha rae i:eu; 
if p:rQeentq Th.€\ label may be p1·eced.e:~d by oru;: 
or m.or<e blanka and must he hnmediat<:!ly follow0:d 
by a colon (~1;., The lab<ell'l"lay be 0::::pl~citly null 
~.a. colon pre,c€:ded by no blan..lta or son1~ number 
oi. blankl!.l» • 

.Syrn.bols rriay consist of alpha>.71.umer.ic charact.('•ra 
plus dechnaJ. po~.nto 

The opet"ation cod·~ may c:oneiat of fror.n. 0 to 6 
chaxacterso lf null~ it muat.be e:;.;,pH.dtly null 
through th~ pr'''!If"llce of a. eomm.a d~l:hnHGr (or 
.ii~ leading op11'1'n parm:..tht~sis ln th<r: addr.esa field)'., 
The OPCD may b~ preceded by one Ol" mol'::J: 
blanks. 

The opm:ation code io termip.;.d:ed by a. comnlctf, 
a group of one o1· more bla.ukfl. or a stat~ment. 

· t.aA"l'.ninato r .. 

7 ·. 



variable 

te:rminato r 

addresG 

'rhe va.riable fidd, if not nullo may con a is t 
oJ one or mo:·e aub£ields. The variable field 
of a. m.c>.chil-;,.e ir.struc.tion ma.y include an add~eas 
field followed by a modifier !ield. Either may 
be null. 

Each aubfield 1nay be precaded by one or mo .. e 
blanks and n"lust be tel."minated by a comma» a 

. g~oup of one or n:lore blanka 0 ot> a ata.tement 
terminator. 

'rhe sta.ten1ent terminator may :i.nclucle a com;.ner,t 
in which case tha first character is @. Ch.a.t·ac
ters within the comn"lent may be an.y of the 
Bootstrap Aseeznbler reatricted character set 
e:ttcept @. 

The com1nent is tel'n::dnated by @, or ~.s implidtly 
terminated by a CR.a semicolon { ~ ), or EORo 

H no comment is present, the statem.ent is 
terminated by a CR, semicolon (; ~' or EOR. 

The address field may be of tb.e followi.ng forms; 

<SG > ~ [ SY] !EXPR 

<sa> t ±EXPR 

BASE t (sY J tEXPli 

BASE f ±~O?R 

±EXPR 

., 

The fi~at form may be written in the fo.rm 

i.! the symbol SY has been predeclared to be in 
segment SG by i.ta appearance in a SEGREF 
etater.~o"lenta ao in 

SEGREF 
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f.ollowcr:d by i"he sequ~nce of aynJ.hola wf..thin 
that fJ<e gi>.::lent. Adoi.tional S.EGREF s ·tat0menta 
may bo u.eed with the same aagment. na.me 
appea:dng a.s tb.e fir at aymbol. 

z. Operation Code:a" Bat;es and Mod:i.ti.ex-s 

'I'he bootstl"'ap assembler wHl 0~lt..-"1.blish the follo·wing col:reeponde:oclf; 
l>et'.JVteen symbolic baaeG and GE ... 636 ad.d;rosa bases: 

~ymbol Base 
~:........-

AP 0 argument pointer 
AB 1 ~:rgum ~nt base 
BP .?. free bar;;e 
BB 3 free baae 
LP 4 linkag~:-:-: pointe:c 
LB 5 linkag(:.'l be?.se 
SP 6 stack p:>in.te r 
SB 7 e tack bt1.G e 

Wiih. n representing the symbols listed ab-\·>vev the following new operation .., 
codea wHl be available: 

L:BRn 
SBB.:n 
EAPn 
EABu. 
ADBn 
TSBu 
STPn 
LXL:i:: 
SXLx 
LDBR 
SDBR 
S'rB 
J .... DB 
LDCF. 
scu 
RCU 
STCD 
RTD 
CLAl\.1 
sr.rAM 
STAMZ 

Lo?..d base register n 
Store base register n 

, Effective address to pair 
Effective addree:.a to base n 
Add to b::.:l..ae n '· 
TA"ansfe:l:" and s~"!!t base 
Store pr;a,b.· 
Load h."'.dax f.:r:om. low.er 
Sto:~:a ind.e:x in lowe1· 

OS2t~7 

OS.x$.7 
I~ad de2crip~~~· base registe11: 
Store deBeriptor ba3e register 
Store bases 
J_,oad bases 
l ... oad contzol field 
Store c..>ntrol unit 
Restoll."e' control u.:,:lit 
Store con~:rol double 

~-···· 

Retu.rn control double 
Clear assac~ative memory 
Stol-e aseociative m~mory 

. Store a3socia.tive memory zero 



c 

·c 

ERL!~ 

FUL 
SYMREF ~ 5 a;.t!ff 
SYMDEF 1 S~~. 

... s-

TCD 
l,BL 
PUNCH 
ABS 

*Ca:rde a:;:e a1s·~ dis<:~J.lowed.. 

Bl.IJCK 
REM 
HEP~.D 

OPSYN 
OPD 

Th.;;: following :new pseudo o:r,:'.lez-ation codes will be added: 

TEMP 
TElVlPD 
SEGDEF 
SEGREF 
J.TS 

') 

SEG:tvHCN'I' 
TALLYB 
ACC 
ACI 
ITB 

Th12 following r.aodifier~ will be .:vdded: 

lTS 
ITB 
EP 
Fl 

ltidh·ect a~.o bat~e 
:E;xecute pc~ir 
Fa.t:tlt fo..zn.nledia.te 

The peet:tdo opetrationa TEMP and TE~1PD are used tG d.eclare tempo:o.•ary 
storage in the '~tack. • Thus0 th~; f~seudo-ope::r:ationa 

'fEDAP Ao B 0 C{:'~» 

TEl\.1-PD -Xv Y\2~r Z. 

SF{' 0 f.or 
SP·~ (!H.{ f.ot 
s- "' (: 1·') •j\ i) fa~: 

A 
C+K 
Y-Z 

'I'h-2 pseudo op:::ra.ticn.1a ACJ. avtd ACC gon<~r.a.te ASCil characters in 9 
bit data :rields. Data strings !:ri.a.y be generated either with or wi.thout 
a charact~r count. The statements 

AC! 6, S~I'RlNQ 
ACJ. "STRJNG" 

will each gen.ezate a. word contairu.ng STlU followed by a word conta.init1g 
"ll.!~'"-'1!. >? .c.~vrbu. ~ " 

r~ 
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AGC 
ACC 

6v STlU:NG 
"S'I'R1NG0 

will 4.~ach generate <i< v;roxd cont.o:.5.n.:tz::g 6STR f.oHowed by a. word con~ 
ta~.ning lNG b. 'The fiz:si: 9 bits col"lts:in a hina.11:y value which is t.a~:<: 

numbt':1l" of naemungful cb.a:ractero. k\ tl1.c s~:at:~:ments 

ACI 

ACC 

.J 

k is the nv.r:n.ber of meaningiu.l cha.racj·e·ea • ..,..... 

Th.s:; SEGMENT ,pset"!.do open,,tion muat ba tb.e n.,.-st line in the ass..smbly. 
The outptl.t te:::::t .file will b~ given the name and segment type specified 
in the va::dable field. 

Th.e pseudo opel~ation lTS is used to gm1-;H:ate an indirect pail· (ITGy. The 
statc~rr.te:n.t 

ITS EXPRv MOD 11 SEGP 

will generate a:?J·. J.TS modi:f:ie1' -~voHl in the ne~tt avail.able even locat"iou4 
The 3-ddl·er>Jo .field '<Vill cont::\in SEGPP the ~:Hective base addreslll pointe~::. 
The adjacent highe~.- odd ~.¥ord will contai:n ar.ldres 6 EXPR and mod:ifier 
l.viODo 

Si,mHa:rly, the p·aeudo op~rat.ion 1TB ilil used to genat"ate an ITB pai:t·. 

:Kn this ca.o~ B.lhSE is the ba3e add:i·ess xegistel" which cc:~nt<:l.ins tl1~ " 
8fic:r:. Sive ptcinte:r. 

SEGDEF is ueed ~o decla;re tho:c~ symbols d.eHu.ed witl'lln tJ:1e segment 
which n1.ay be XE~ze:<rcu.ced e:~te:s.·u.ru.ly. Th.usz 

SEGDEF 

Eacb symbol appea.-rin.g in SEGDEF 
in tl'le lin!•..age a<:~~~iion.. SEGREF is 
which will he refe~enced il'ltcrnall.y. 

SEGIU"i.:lf 
SEGREF 

SEGl~ Ao Bo CoD 
SEGZvXv Yo Z 

reiJl.:~Ha ht. t}J.e- creation of an. e;;:ttry 
used to decl<?..J:e el.:te:'l.'nal S)'mbols 

Thl.tS~ 
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G 

The first subfield contains a ZH'Jgn1ent name. 'l7hc rem.a.i:oing ayr.r1bol& 
a:re symbols the uscn· GXJ.:lecta t~ be in t..'le specified 5egn1.eui:. The 
SEGRE:!r statr:;ment ia nt)t r~quirl2'd :fo1· S}'n'lbola which a.1·e a.hvay.s 
dedared tn use as being e:;ttel"naL Th.ut'lv H the external ~yznbol X 
is alwayc xeier:\'ed to as (pEG2') ~~ (}~:] it is not necessary that X aJ.ao 
appear :ln a SEGREF statem~nt. 'l'he ayra.bol, X 0 not bracket<:!d and 
1.1.ot mentioned in a SEGP .... ~F state-ment would be considered an :i.nt.<:'!:rnal 
~ymbol. If X appeal's in more than one segment via SEGREF statements, 
it:s unbradr.ated use would cauae the assembler to select the one first 
~ppearing in the asaembly. 

All inpl~t t-.> the asaer:ribler will be in the £o:~.·xn of 9 .. bit cbaracterG. 
How0ve:r.0 cer~~in limitations will be placed in the form of a li .. vnited 
cha:?."acter Sl'}t fox Er~,.-:mbolle information and remarks. The full ASC.ll 
set will b~ .allo·,r1ed in Hte:;ra!G and data defl.>:l.:h:'>g pseudo ops 0 but othei" 
:~.·ee~ll."ict:ions arr.:: nlaced on the Uf:Je of data fielda. 

"!>. l! 

The e:d.vti.ng 6 -bit data capability of GE1'vi....W will be 1·etai11.ed. Col':
responding cap<~l)llity will be s.dded for 9-bit data. Thus. the following 
lZ..t"lguage addit.i.ona. 

1. ACI and AGC paeudo operations •. 

2.. Tha following Vl!L> subfield has been added: 

Thia eubfie.~ld for ASCII co!"reeponds to t.he exbting H subfield but 
do.:ss not Z'i!::place it. 

3. Literal type A for ASCJ1 hac been added and is sim.ila1· to type 
H. Wh~n count is missing~ 4 is assumed. Count n1.us t be ~4. 

4. A Ht:eral t~pe V subfield has been added which corresponds to 
Z above. 

ASCII H.t®rals and eubf.ields are :U.mited to one word of ge:ner~J~ed 
info :::.nation. 

If. eit.he:r ACl or ACC appeaA"s in a macro definition region, it rr,\ust. 
contain no ~ubstitumble argument.s \{/:). 



C. 

c. 

c. 

!i~:n:.cer)t in 9'"bH: A-t;ype Ut.~rab o:r d~1.t:::i. deri11ing t1>:::t(=mdo ... opB 0 the :(olluvJin.g 
· 2.~:-c the ocly oM~-cept~hle d.:.~.rac'tfl::CI"Jo Iu daUI. fields ~ACI,1 A-type 11.tc~:a:.ls9 
etc~) the Jt~H l1..SC.U is acceptable. 

Cha:tacter 6 ... bit Code !,--~-!:!.~~~~~ ................ -..,.:.:-r::#H':...,.;;; ..... - ---~------..... 

0 00 060 
l 01 061 
z 02 062 
3 03 063 
4 04 064 
5 05 065 
6 ._, 06 066 
7 07 067 
8 10 070 
9 11 071 
r l2 133 
!-
r.~ 13 043 
@ 14 \.1 100 . 15 072. 0 

;;. 16 076 
{) zo 040 

,. 

A 2.1 101 
B zz 102. 
c 23 103 
D 24 104 
E 25 105 
F 2.6 106 
,.,, 

2.7 107 "-'~" 

H 30 110 
1 31 lll 
& .3Z 046 

J 
33 056 
34:.: 135 

q 35 050 " < 36 074 
\ 37 134 
1· 40 136 
y 41 112 "' 
K t.!:l 113 
L 43 114 
111 44 115 
N 45 116 
0 46 117' 
p 4.1 lZ.O 



'~-, 
I 

\.... 

I 
s 
'I' 
u 

= 

"":' '' 

6--\'bit Ct:6.~;:! 
.. ""' ....... o:-o.;:;.._: •• -··-:..-·IJC!'-=·~ 

50 
51 

53 

57 

, . 
OA 

62 
63 

66 
67 
70 
71 
72 
T3 
7.4 

76 

121 

055 
01:~ ... ~ 
052 
051 
073 
04'/. 
053 
057 

124 
125 
12.6 
127 
130 
131 
132 
137 
05t1 
(}'&5 

075 
042 

.:~;.~aJJ:y9 CRD TAB and goR e.:a:e alao n:.eaning:ful to the assemht.,;:r 
nL: s:1.cle ~;~-b~t cl.<2,t:a field80 'but c~•:nn.1:.t he r..1.:-:red iu 6·~t·it d;:-..t.:;;,. tidda or 

OF 

OP 

OP 



C' 

i. 

/ 
. ./ 

z 

·~ ... 

w 

/~t1~:5J.~CJ.:i:"Y !f~tl?ox~;:n.at~ov .. 
~~-~ .. -··-·--·r----··_..,.,.1 

I SYMP I l 
1--- !·- -~-~ 
I SEGP I I 
j !.__. ___ _! 

'\'1 
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i 
'--

7 
.... 0 

----r . -~,: .,--s] ; ? u;:~ 7::.'1'~ I\, ; •••• 
~ v ~,t.;:JL:~~1' 1 j .. ~ ~ 

!· .. ~·-·""-·---~---;.~----------~---··-':·-·-<:.•· 

1 .... _v_~_E_il_:_P ___ R_»....:~I. .. _,.._;_Y_P_E_· _:__j~ 

· ·r.~, .. ""''"""" ~,~~-. ' ; . ..;, ... .-; . .r; ~-~"" l;,.,.lp~ g"' ,. Nh"'-"" '" ··-_,., · ·l ..... le _f~:"lJ:n.re"' s •c'l.. "'"' ~; ,~ ........ .., ··•~'·;:•·iC".;.D.,3 --··~~ .. .._.,,. r.n ...... -~~.,t:·.<:\., •c. ,....._, , .•• ~-u .. ,e. """"' :>,nt. . ..!.... "'-"""' -w t. ~-•· ,.,,.;.. 

1dnld.ng aeve:.-:-al"ru:'1l.TLf'IS 11 Cl.~ Ol1.e tkneu u~.:.onc:.ppi:ng H:nlts. or obj<Slct 
~:i.rnc gen~~ra~iOiil C•~ se.g1·nent nam'2:G caro. ba accom.plish.ed by a\.i.g:menthlg 
~:J:;;c, TYPE co-d.eo ·$.r~d utiHzing the low<i:'::~ h;:'!lf wol"ds of t...':!.e awdlh.ry 

-:!:EXPR-!)Mu 

Tb·; enti:zoe add:i;'ti~r;~a ~Nhic:h in.cludes any n'lodifi<'.)l' must be en.d.o.~Hid. witb5.n 
p;;~-::,~n.~h.e(;;in.. ~f.'he pi"cproc~ssoz will1na.ke thG following aubat:itnt:ion. f:cn: 
fu,:: z,~th ::.".:t"gtunent of this t}'P~ 
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e;;det:l.f.a1 symbols <'l.'ld s ~-'g;~.nentz; 

c~~,~~:1l itiry in:fo ~-c,;:.ctL'1:o n. Xo r 
l'X'x p.Plb: s 

n;«.rt.1.CS c.f e:;.d;ell.·r .. al syr.~.1.boh~ 
&.""kd $ egt.nents 

n.e>,J.nes cf int.;:,xD.;3.l r;y:G.'1bol:~ 
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BOOTSTRAP ASSEMBLER 

REVISION I 

The linkage section format has been revised to include sufficient 

information to unlink segments. The content of the new linkage section 

is as follows: 

LK.IN 

LK.OU 

references to this segment are to be defined by following this 

pointer 

unused at present; however, this pointer is intended to describe 

information concerning external references made by this segment. 

ID code identifying the c:lass of information its associated pointer 

is referencing. 

INT.N pointer to a block of symbol pointers and their associated values. 

The symbols are used as references to symbols in this segment. 

K number of words in the block pointed at by INT.N 

PS1 pointer to an internal symbol possibly referenced in another 

segment. 

VS• value associated with internal symbol 
. " 
Zt indirect reference generated by a reference to an external symbol 

or segment:. The general form of the indirect reference is: 

OP LP + Zt , * 
Wt location of auxiliary information associated with Z (..· For the 

bootstrap assembler there will be exactly one WL generated for 

each Z t. • 

Fl: fault code~ which causes an immediate interr.upt 

** vacant address to be· filled by the linker during execution 

M• address modifier coded with a reference to an external symbol 

' or segment:. 

PW· location of a triplet of words identifying the type of linkage c. 
required and containing pointers to external segment and symbol 

names. Duplicate triplets will be suppressed. A pointer indicat,::

ing the last occurring Wt referencing the triplet will also be 

stored in the triplet. 

·~ "Jl 
~~-.:;. -

I 



V(EXPR \,) 

TYPE 

SEGNt 

SYMNt 

"name" 

' ~' ·· .. ·'"·""" ... ';; .. 

~:Jib~~-----~:~~-~-<·-:::~·-:_~_,!Wf:~-~-:-·~-----~~-···~ ... ,.>~- ,, 

value of the expre.ssion coded with a reference to an external • 

segment or symbol. 

2 f 

locati.on of auxiliary information making the last previous 

reference to a triplet Pwi . By using the pointer, w,,. , in the Pwi · 

triplet and successively following the pointers, Wt-l , a trace 

can be made through every reference to the triplet Pwt• ~he last 

Wl-l in this chain is zero. 

code indicating the required linkage for the triplet 

segment name pointer 

symbol name pointer 

pointer to the last occurring reference to a triplet 

literal value of the indicated name. The format is: 

f!J s, s~ ... ~ 

where fo is a bina't'y character count in a 9-bit subfield and 

the s~ are the 9-bit characters with,8 L. 6. 

_J 



. ,, ·---·----~--·~·-··"· .. iii. 
--··--··-4. 

3 

LINKAGE 
,LEFT HALF RIGHT HALF 

LK.IN ID==O 
LK.OU ID 
... . .. , 

LK.IN INT.N K 
... . .. 

INT.N Ps 1 vs, 
PS1 vs1. 
PS3 VS;s ... ~ .. 

~ 

~ FI 

w·2-
Ml. 
FI 

** ~t ~ M3 ... . ' ' 
Pw, z, 
V(EXPR 1 ) w,_, 
Pws.. Zs. 
V(EXPR.t.) W.a.-\ 
Pw, z, 
V(EXPR}) w3-1 ... . .. 

Pw, TYPE 
SEGN1 

w~l 

SYMN 1 
TYPE w 112. 
SEGN~ 

SYMN2.· ... . .. 
"Internal 

symbol" 

PS2.. "Intern~l 
symbol" 

... . .. 
SEGNL "External 

segment" 

SYMN~ "External 
symbol" 



636 System Standard CALL, SAVE1 and BETUlUI Macros 

June 14, 1965 

The standard CALL, SAVE, and BITtJRN macros use a stack. the usage 

of verious locations in the stack is shown in the · diagrsm. For the purpose 

of the diagraa,(,calls p, p calls y, and y calls & • 

SP when in y ... 

SP whe1l in p ... 

24 

22·23 

20.21 

18-19 

16-17 

8·15 
o-7 

••• 

24 
22;.23 

20·21 

18-19 

16-17 

8-15 

o-1 

24 
22-23 

temporary storage for y 

' 
used by SAVE macro when y called 

return when calling 5 
next SP, e. g., SP when 1n 6 
last SP, e.g., SP when 1n p 
save registers when calling ~ 

save bases when calling 6 

t 

temporary storage for p 
l 

used by SAVE macro when p called 

return when calling y 

next SP, e.g., SP when in y 

last SP, e.g., SP when in "'

save registers when calling y 

save bases when calling y 

t 

temporary storage for-~ 

' 
used by SAVE macro when "'-called 
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The standard CALL is: 

S'lCD SP 120 

DA llfliPr 

UA *+2. 

BAPAP AL 

were D'lllP'l is the entry point of the procedure beiq called and At. 

is the location of the aqument list. In BSA there are three variations 

of the CALL. 

1) Jo Arsu-ent list. 

CALL <SBG>I [IR'l'KY) I H 

uq>ancla to: 

ftCD SPI20 

. 'DA <SBG> J(BRmY] ,K 

DA *+2 

1APU SPfO,* 

2) Arpment list explicitly constructed. 

CALL <SBG>J(BJftY],H(& ALft) 

ezpancls to: 

STCD SPI20 

'DA <sEG>f[ElmlY],H 

DA *+2 

EAPAP A1ft 

ALST ls the location of the first argument in the argument list. 

The argumeat list must have been cODStructed prior to execution 

of this OALL. 

3) Araaaent list conatructed.by BSA. 

CALl. <SBG>I [DftY],H(ABGl, fi, ••• ,AIGD) 



•• 

expancls to: 

BAPBP 

ftPBP 

LDA.Q 
STAQ 

••• 
BAPBP 

STPBP 

ftCI) 

UA 
UA 

IAPAP 

ABGl 

SPlit 
API2*(i-1) 

SPI1t+2 

-3-

generate pointer 

to ABel 

transfer pointer 

to i~ input ars 

~ generate pointer 

~Pl1t+2*(n•l) to A1tGn 

SPI20 
<SBG>J[BmlY],M 

... 2 

sr1x 

prologue 

file prologue seneratee the argument list. 'fhe generation of the 

pointers which so in the argument list is the same for all aclclress 

types escept the fona fi, which :Ls merely the transfer of an 

existina po:Lnter. 

!he SAVB Macro --
The stanclarcl SAVE is: 

ftllS SPI8 
an SPIO 
&t.PAP SP t.ze,fl~ } DC APil 

set argument pointer 

LDAQ SPI18 
LDXO .. 16;,DU so to next stack level 
ADQ 'f,DU 
S'tPSP SPI18,*0 
BlnP SPI18,* . 
SUQ SP118 
ftCD BPI2.2 } 
1.DXO SPJ22 set linkage pointer 

LBRLP LBIO,*O 



· T is the amount of temporary storaae which this procedure uses in 

the stack. The BSA SAVE macro expands into the above sequence. if 

is known to BSA and is the sum of the explicitly declared stack 

storage ('liMP and !EMPD pseudo-operations) and the stack storage 

used for argument lists generated by the prologue. 

The standard return is: 

LDB SPfl6,* 

LDI. SPI8 

It'D SPI20 

There are two variatt.ons of the llBTUIN t.n BSA., 

1) B~l return. 

expands into the above sequence 

2) aetum to an optt.onal ed.t. 

BDtJ1lN fn 

expands to: 

LDAQ API2*(n•l) 

LDB SPI16,* 

STAQ SP122 

LDI. SP f8 
DA SPI22,* 

This variant returns to the caller at a location ¥4lich was gf.ven, 

at the call, as the~ argument. 


