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FORTRAN IVA 'System Description 

. ", ' 

, ; '.' .", 
:' " FORTRAN IVA is a programming system for the mM 7090/7094 ' .. 

. ", , .. ';"'."~;,~, ' " .. :, .,.: .•. ~" .... ~~;:;:.< .. , , . .' . 
. ' ,.,,\;.:I·.::':.'de$igned. to speed the procesfJing.ot albFORTRA,N .jobs~ .This qewi··,.': .. :~t.~,··,.::. ' . 
.. '::Y'~""; •.... ;\·, ".' , ',' .' '. !'. ', .. :. ;':y .. "':'.":'~'\;\!,:f:~' 
,', ",'" :' . ': system will process jobs consisting primarily of FORTRAN compilations:'"',; :', 
• :,.'. ;' '. ;. ~ " ,. • • " • j " 

, " .• ,t approximatel;y five times faster than the IBJOB system running under':,'; 
, " 

, , equivalent ,conditions. The' execution time required for object programs"':, .' . , ,\ 

, .. , 

," ". ': .' will be approximately the same as that for' object programs' produced ~7 ....... '.' '. "" 
'. ' . "', 

',:.' FORTRAN I'V under mJOB. 
" , 

• .f:',·::; 

.' ,.;. . ... '.' 
~ , 

"': ;::. ,: The FORTRAN . IVA Sy~tem operates under control of the Basic .,:': ' " 
, ~. ' 

,0"::: ',.';. Monitor (mSYS) ~d.permits operation from 729 magnetic tape units,' , .. , ,', ..... 
" , .... " . ~ .: 

.. ":~« ":,;'.7320 magnetic d~,7340 hypertapes or 1301 magnetic disc sy:stem. . . ..... :. 

Both t~e compiler and the ~bject system are designed to take advantage ,,:,:, 

" . '.', . '. of the logic' of the mM 7094..;n.The compiler will operate Qn a 7090, t: ·""~:i 7094 'or 7094-U aM p.:oou~e ciliject programs fo.r any of these same . 

, . .:' '..', .,., machines.' ,,' 
r,.· 

, ","'t:' 

" ~.; ... ',. 

.... ;·C~: This system permits a considerable degree of compatibility with. ::,: ::.::'< : :, 
:. <;>."~.:.;:~:. programs prepared for use withth~ IBJOB system. FORTRAN IV state-:"':: ::.; ,:, 

. '. 'tt. ,< "".,. , ," , ' 

, .,' /(.,:,-::': ments which may be used in one are acceptable without change to the "", ' 

.' . ::". ,.;, ,': :, :,::~. other. In some cases, the sequencing of the source deck may require .:' . 
'" ,0 , • 

,.,.:.' slight changes. Since the FORTRAN IVA Loader does not accept. input , ' ! . 

. ~ ~ . .' 
, ..... 

''::;',:: ' in the format processed by IBLDR,· it will be necessary that existing 
." I, • 

' .. ' 
. ;., 

. ':~: . FORTRAN IV programs be recompiled and existing MAP subprograms .' '., . ~ . 

. ;: .... '; ... be reassembled for use with programs and subprograms prepared by t~e ',:' ';, 
.:.~.:.j" ~\;: • . ' ' ". t' ~~ 
, ,:"new system •. Some small changes maybe required in MAP subprograms. :. '.' 

',. .• .' , • 'i ::,~,. • .'. 

;". Since the 'same library 'fUnctions' and compiler CODVttrSioD routines .will )f:':'.: '>. " 
';:;; b, used~'''.identica1,comPuted··result~ue assured:" ""';~:';:'~::;>'.",: 

: , • .' l ."., .;':::/ • 

. .. .• ".:, . ·· .. : .. ",3;:·:i:?)fr{~i/i:;-,f~}~::.·!~f"r~:{:~;::t:tJ:; (;t';':u)~,{'f~(;,: ;.;:>:.::,/:: :,','. . . .. ' ... .... '. r: .. ', , ... ' . . 
,,~. !. ." ," '. • > I"" •• ~ ~"/"-r~(""t' .. ~I'}' h, lrt ~':. 'I .1., .,IU I, tt/l~ \f~'lo!. ,,~ t/ 

'. '. . .";;, :~, .~:;:.g~: .. . ·.:'ii:;;::~{l,!~li~~:J.i~;f,·~~f;{f~~~j .. ;:::;;:,: ':}::;!~~:~;~~i;t~:;' ;~i:o '~:. . ...•. 
'" .,". It. '" 

.t, 
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• , Among the new features available with the FORTRAN IVA system 

are~,::. 
. "'-. 

, ',' , .,'" /:'/,::,~,':", '(1) , The ability to compile directly to 'a library file 
" .. '". 

. < .. ~ ", : ~'j 
.> ',:, .. ," 

" .' : ~ ,~, 

'." . 

:" . 

•. , I 

'" . ,< ;' • ".' ~ , 

',,; .. ', 
. ,~ , 

• " , ".'t: . ,~ \ < 

, " ,,: of user programs.' , When' this file is maintained 

'on disc or drum, it becomes a valuable method 

, for handling and storing object programs in use 

, at an installation. 

(2) 'An absolute self-l~ading job deck may be obtained 

. ~ .. :: 

from the Loader thus pennitt~ng future production' " ',: '~ 

(3) 

runs to be made simply. 

The system provides for semi-automatic overlay 

of subprograms with minimum manipula~ions 

required by the source programmer. 

'. '. :'; 

.\ . ... '" 
", . 

'j':' \',: 

In exchange f~r the added speed, the user of FORTRANIVA'~ust' " 

" ';, ":,, :; be prepllred for some slight system limitations. 
I .' I . -', ", ':"" : ,I, > ' . 

, (1) "No program or subprograms may designate more 
.. , ", 

'" ~" " ' than seven COMMON blocks. 

.. ' 
.'<' 

• ',,>' 

" ".: ~ .... ~ , • .Ii' ",":' 
.,' ,: .. 

:,::.~.',,)2): 'The foliowing statements mus't all precede the .'>::,',:,::~,,, ":~':' 
., ,":'first executable statement: COMMON, DIMENSION, ';.,,: ,;, .. " 

',', . 
,EQUIVALENCE, DATA, BLOCK DATA, TYPE, 

'SUBROUTINE, FUNCTION and arithmetic statement 

, : functions. FORMATs may appear anywhere. 

: , ",,'~':,',:.: 

, . " ... ~~; ,.,' 

'.< .,':,,-, 

',' 

" , 

, The method of processing will limit source programs " 

to approximately 500 to 700 FORTRAN IV statements 

and'500 to 700 MAP statements. These limits may " 

. :.;.' ' 

• ~I -, 

, be readily circumvented by. breaking oversize programs 
••• ~.'.. ..".. '. " • :. > {:d: .. :··.··~>~: ..... , '.:' ;.':·'l~.'·': -:. "" _, . ',' 

", i',int~ sm:allersubprogr~s.' ";;' " ':, ' ", 

" ' 
;. ,~, 

. "'" ." 
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;. 

'j' 

",' ',' (4),,: The object program will not utilize the 1090/94 

':.' 

.; ... 

Input/Output Control System. Instead, individual ";,; 

library routine's will be brought in to' perform 'aU, 

the functiort~ required by FORTRhN xv object 

programs. 
While informative, charts and listings will be 

produced during, each compilation, a symbolic 

aS,sembly listing of the object program will not 

, ' 

be available, since"the compiler' produces machine 

code directly~ 
, ' 

.... 

. ;. ': 

" 

:. 

Table I lists the, control 'cards and' options' avail4ble within the 
FORTaAN IVA 8yste~."::' '" ,,>' \:;' ",' ',,' '\ ,,', • 
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e o 
$F4JOB 

$FORT4 

$SAF 

4 

Name .. ~~ CO~N~:~~_ C~(::: )~~ -(CHART, L~ IIlOCS {j ~USER 
NOGO j' ~M90J I In:xRJ' CNOCHAR~ 'lYO,RT~ ~YSTE 
LIB RUN 1 t 

3progname r[~ 1l, [{DECK }~ 
, L~OLIST J J ' ~ODECK ~ 

Prognaz.ne if DECK. . 1J 
~ODECKJ 

. $OBJECT Progname 

6 
$LIBEDT 

7 
$LIBLST 

. ;rogname~b}J' ~~ETE]} ~(~OPY' ~ , 

. ~OCOPY5 
, . 

The following cont~.ol cards generate information in the Communications 
r~gion that is used only by the Loader. . 

$USE 8Libname 

$OMIT 
9 ' 
Progname 

$NAME 
10 

Progname= Revname 

$OVERLAY 
ll[ ~ units~· Subprogname, Subprogname ••••• 

$ETC. Subprogname •••.•.. 

\. 

, 

A4 
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· .. ~- ... ~. _.-. -~ 
,--- " -l--

1. Name of a ,main program is required if this option is used. 

2. These options require further definition. 

3. Program name is mandatory if this is a main program. 

4. Indicates reloca~able binary progr~m follows. 

5. Program name is required if DELETE or CHANGE option is used. They 

cannot coexist on the saIl1,e card. 

6. The appearance of the ADD option refers to the entire job. Whereas DELETE 

refers to the program na~e. : There may be more than one DELETE requested '; 

in a job. 

7.. When a~ libra.ry list is to be performed it must be the only processing request 

in a job., 
'" 

8. The program name specified 'will be used from the library instead of the Load 

File. 

9. The program specified will be omitted from loading. 

10. This is a temporary renaming of the pr,ogram name. 

11. The number of tape units available to the loader for preparing object 

overlays for the specified subprograms. 

~n equal GO or NOGO and/ or the appearance of $LIBEDT will result in an 

update of the libra.ry tape~The new Library tape will be used by the Loader . 

. If the options were GO and/ or $L~BEDT the Loader operates as if in the LIBRUN 

mode. 

. " 

A 4.1 
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" 

'i 

$ F 4JOB 

$ FORTA 

$ SA,F 

Order of Control Cards 

Major Control Cards 

precedes every job. 

precedes each compilation. 

precedes each assembly. 

The order will not effect the processing. The 

· --, ... : ......... -

$ LIBEDT 
library 'edit will occur immediately before any loading. 

Remaining cards' may follow any of the major control cards or may 
" 

appear after the' END card in'the last Fortran or Map deck. 

A 4.2 

8/21/63 
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CompatabilUy FORTRAN IV-:t FORTRAN IVA 

FORTRAN iv Language Same--(add logical variable Format) .- . 

FORTRAN subprograms--m:ust be recompUed 

. MAP subprograms,--must be rea~sembled 

in some cases, some 
.' '::.:., reorgarnzation will, be 

'required: . , 
" 

, .' .~. .. , 
PREST decks '" 

!' , 

no ,campatabllity ... ': 
LDR text. dict decks . ' , . 

r 

." . 
Binary tapes written by FORTRAN'IV- uncertain 

Library- Gene~ally same px:ograms . " , " 

Conversion within compiler~ will. probably use, some routines.' 
.' .:. -". ". ' 

'.,",:" '.: .. 
' ..... 

i." , , 

. .. , ~ . 

' ... , ',- ,': :\' 
.~ ... 

".'.' ','., . ' ~; . . :,.\.' ,. : 
" 

, ~~', . \0" 

i .. ' 
',., "." 

" .'/.' 
','." 

", 

',l' ;./' . ' .... 
", .,. 

::; j 

. '.' ~ .' ,I .• ' 

'.,; , .... :' 

" 

''':''j t' 
, ' " 

.... '." 

: . ~ .. 
. :: 

, ' 
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COMPILER SOURCE DECK CHANGES 
" 

Sequence: non-executable must precede executable (FORMATs excepted) 
.' . . . ,,' 

Only 7 COMMON ,.ec~ons allowed. 
" 

'. 

.... , ',' 

.'.~ . '. 

;', . " ~ : 

:"',' . ,. 

.~ . 
,', 

, ,,' 

··~·.:s·(· 
. . 

.i'· ' 

" 

t,' '\' 
." 

',.' 
~: 

','" 

, ','," 

. ,\,' .. ' 

-;'.,i" 
: ,. 

'," .. ;" . 
:.;' .•.. / ' 

.' . 

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

. :'," 

'\' 

. ,\ 

'.: 

., .. ~. . '," 

"." 
"." 

'.' . 

, . 

" 

.' 
','; 

" : 

:; . 

'~ .' 

.' 

;"::": . 

'!.' 

.: 

, . 

,'" 

. '.' 

:".' ~ -.,' ".' 

..... t· . .. 

", 

". 

'., 
"".', 

.. 

, . 
, .,' 

. " 

:"" 

. '.,' 

, "" 

~, 'j 
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.... , , .;. 
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.,';" 

""I ,"" 
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." 
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: ,-' . 
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'.' ,,",," 
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" 

" 

. '/"" 
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:'." 

. : : 
" 

, .. "" ", 
,',', 

,. 
, . ,\.' 

, or· :~.;~, 
',. \' 

,. 

'II'. 
:;. 

," ..:. 

" 

, 

Library 

Update 

. , . ' ". 
~: t .' • 

, '.,', 

", 
I",",,', 

~.ck .at-up 
'.' 

. ~ , 

EOF' 

Source Deck' 

MAPA 

, ., . 
,,'~ . 

.' " 'I' 

,~:'~'~ !;;:':;:.:~ .:)} 

EOF 

DATA 

EOF 

OMIT 

OVERLAY 

USE 

. "!, 

. '" '",;' .,. . 
".': 

\ ~.' .' 

\ .. :)~~~;1~ 
" .1 

" . 

. ' 
" 
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~. " F .. ,' ., " . , , 

system Input-Output Reguirements 
, '.' ~ t.' • ' 

.:' 

'" 
" 

. ,-, 

Since the system wU1.'rununder mSYS-~the processorts'I-O require- :', ';;::' 

m~nts are taken care of--exc4['pt' for some possible, fancy tape ~an-
,,' 

ipulations. ' '. 

'. 
Object Program will use selected IOes sections trom library--only 

.. .' . '. .' . 
required pieces..i .. ilo buffermg or label checking. . ' 
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System Communication Region 

Discovered 'information (fatal diagnostics, ,num~er of sllbprogramsi name' 

·of'main program: etc.) will also'~e ,passed down throu,~ this region. ':. 
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,System Communication Region 

, , Bit Flags 

.p.e.c.k/NODECK 

Loadfile /LmRUN 

7090/7094 

Liblst/N oLiblst 

Libcpy I N oLibcpy 
,'. ~ ~ #.Ii- 'C\~h An External func;tion appeared ~,,,. ....... '(. 

A diagnostic 'failure,o~cu,rred \" .,"u~ , ~ 
A m~in program ha.-s:becn ~omJril~d \?""" ~ 

,,' .. 

. , , 
. '" .. 

Counts 

, n index registers " ' " , (~\ : 
# compilations and assemblies.in this jOb'l tok. ' ./:: '" 

, ' 

Names 

Title (main program) 

Libdel . " (may be more than ~ne) 

Libadd' .(may be more than one) 

Omit (may be more th~l.n one) 

Libchg (2 nam,es) (may ,be more than one) 

Name (2 naIIl:es) (may be more than on~) , ' 

Use (2 names)'(m~ybe: n10r,~ 'than o~e) 
, ~' 

, ,"." .' 

if 
'~, : 

d,',·,' 

'. \. '. ~,. 

( . .' 

.',. ' ,,' ' 

.' ,,' 

',', ". 

Overlay , '. ' ;, 

I 3 words (may' be more' '~' on~): ..... . ' 

I .~' 

., 
, " 

,', ,J. 

" ~ 

" 

. ", '~ .. '",. 

•• ,,. ; 1& 

" 

". 

." 

, " 

, , 
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,System Tape Repositioning Method 

System', Control always 'reads one',card ahead for 'all processc;»rsf 

Whenever it re~d. & "next~action" contr91 dard, it either: 

,(a) takes imJ;l1E!diate ~ction 

or', 

(b) stack~ the requiremtns as a list and works through t,he list 

interspersed between"subsequent reads and writes., 

, ., 

before pas'sirigthe"'ca~d ',preceding the, ~resent "c'ontr~l' card to the" , ~ ", '. 

process9X;. ' 
• ',1 
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SYSLBI 

SYSINI 

SYSd/l 

SYSUT3 

SYSUTI 

SYSUT2 

;::fl:~ 

I,: 

. '. ", 

A 

Rd Rd 

Rd 

PHASE 1· 

B 

Rd 

Rd 

( 

.' 

-', 

'. ' .. ',. ~ . 

TAPE POSITIONING 
:. ", 

C' A B 

Ret Rd I 
" 

, ~ ,f, '. • 
, . 

........ " .. 
PHASE 2 

, .'~ C ' 

-" , 
' , -
Rd Rep msys 

" 
' , 

" 

" SOURCE PROGRAM 
, 

Is~wr "~~' ..... :i 
S-Wr S-Wr S-Wr W LISTINGS' 

'R'WDI 1, 
::\lRd RWD~ S-Wr S-Wr 

iJ ~"::'~>~"-:'»"'" /-0 ,'. ',',. ,'.':,,' ::' . 
, . 

'\. .. -" 

"', ., .... 

Rd • Read 

W = Write,' 

S-Wr = Sporadic Write 

RWD :: Rewind 

Rep = Reposition 

.. I 

. 
I 

.,nUI 

',. '.' 

one 'compilation -, FORTRAN IVA' 

" 

" . " 

o'e' 

, , . 
W 

. 

, . 
. -.' 

, " 

EXTERNAL FILE 
" 

, 

.&. '"1l:..cI .fi 

" c,., 

LOAD FILE B 

...... .... .. 

. ,::x, 

,. 
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1. 

Technical' Changes to be Considered 

Compiler e~em8J. fi'i~:will b~' a· "sp~" type file. 

will remai~ entirely in core. 

Th~s small programs 
,.' ., . ~ '. 

2. Compiler reco~d.iwill be as few in number as possible. 
'" . ' • ·4_ 

<." 

3. All diagnos~cs frQm Ph~se I ,win be. in a·tape record following Pha~e II.," . 
.. :.' ," '., 

Only when 'neede'd;w~it'be read in. 
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Fortran Compiler Communications Region 

Bit Flags 

Main/ subprogram 

List/No list 

An adjustable dimension appears * 
Double Data Function * 
Subprogram without arguments * 
,External Function Definition 

External-Function Transmission * 
Diagnostic of Level 1 

Diagnostic of Level 2 

, Diagnostic of Level 3 

BLOCK ,DATA subprogranl * 

" 

Notes,: * a~plies if, subprogz:oat,rl only , 

, " ' ~, 

,The System Communication Region is available to all parts of the compiler. 

'. , 

. , 
" ,. 

" 

, ' C 1 .5 
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. Internal (I) . 

Exte:U (Ei ~I ? 1 
1+2 
--f-- 3 

, ": 1 4 

: ". 
" , . 

,'., .' 

r 20 
... ' . 

1 21 

1 22 

1 23 

E 24 
I 25 .. . , 
E 26 .. 

'. I 27 

,. '0' 

r 28 
E 29 

.. E 30 
I 31 
E 32 

·• .. ·0 
, .. 

Sequence', 

..t 

Executable Source Program . 
. . 

. 
;. " 

'-l" 

' , 
,,' 

" 

. , . .. 
C3 
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Table Handling Method (provisional) 

The buffer table method will be used modified as follows~ 

(a) Buffers will be grouped 

(b) Groups may be characterized by either 

(1) common to a phase . 

. (2) same buffer size 

For example, there might be four groups: 

Group 1 . ,,,' Phase I only--tables with large buffer size 

Group 2 '. '., Phase I only--tables with small buffer size 

Group 3 

Group.4. 

.: ,.. ' . 

I Phase II only~-tables with small buffer size. 

; Phase I .. II tables with medi~ buffer size 

.. 
. ... 

C4 
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Reference Tables 
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DIMENSION 

COMMON 

Equivalence 
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.... ":. 
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Assignment Tabies' 

. Explicit Data Names (single 'and double). 

,Implicit ,Data Names (single and 'double) , 
'. . .. ,. 

EFN .-. 
T.r~nsfer vector 

Literals (single and double) 

Subscript Temporaries'(sing1.eand double) ; 
. . . . '" . : .'. .' ,':r~' 

ASF Temporaries' (a,mgle ,and -:do~bl~), . 
. :. " 

Algebra Temporaries(single and ',:double) . 
;,,"' • 'j ." ' :-

Program p~ints:,::':, .'" 

Local Work Tables' 
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Table formats 

EFN TABLE 

EFN U Definition, Definition . # Sequence 

bb171 
, . ' 
~ , , 

bbb73 

bl029 
" ' 

bbbbl 
, 

, 
30 blts spare 1 

spare 

E l' 't DATA TABLE ixp.1Cl 

NAME Type Relative Address 

, ·'VECTOR R . ' Assigned 
MATRIX I . 

" 

'DOUBLE D at 

COMPLEX C end of 
, . Phase LOGIC L 

FUNCT F IA 

t 
spare bits 

Implicit DATA TABLE 

NAME Type' Relative Address . 
J " I Assigned as , ' 

'" 

K. I en~ountered in 

TEMPI R Phase IB, or as 
.. , 

: STEM C generated in 
" 

BOOLE L Phase IC. 

l' 

(1 bit used 
if last in 
the range 
of a, DO) 

spare bits 'C7 
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"~) I: 
, I~~ 

t- (Phase IB)' 

Program 
Point# ' rr 

1 
·2 
3 
4 
5, 

.'S 
7 
8" 
9 

10 
11, 

T;mes 

0 
r • 

() 
~\ 

Program Point Table 

(Phase IC-Scan'l) (Phase lIB) 

Synonym,' Final, 
ent #' etc. 

, ~ .. . 

. , 

Dummy Argument 
Subscripted variable' 
Equated Subscripted Variable 
Dimensioned Dummy Variable 
True~logica1 intra-sequence jump 
F~':1e-l~gical. intra-sequence jump,' 

" 

"'. 

:'j, ','." , 

", 

; , ~ 

(Phase IC-Scan 8) 

"", 
" . 

'=_.,-""-----" 

. ,'1,.;. 

", " ' 

:. . , 

> la, .. ,' 
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• , 

" " . 
External Functions 

Defining Program (or subprogram) 

EXTERNAL BET~Y •. BARB 

. CALL.·DORIS (BETTY). . ~'.:.," 
CALL DORIS (BARB) . .' .. " ... .. 

t', 

Transmitting subprogram . . 

: SUBROUTINE DORIS (DUMMY) 

CALL DUMMY 

Executing subprograms 

SUBROUTINE BETTY 
. ~ . : .... 

. ,~ . 

RETURN 
", ,', ",': .. "' ::(.;. 

END ... ' 
~.,:.;. 

SUBROUTINE . BARB ..... . 
S .. '. ',. 

RETURN 

END , .. ,:- '" 

;' ;' 

. ~.,' 

.'" .: ," 

'. i, ' • 

, .. , . 
.' j'. 

, , 

.: (" , . 
. (Ii" - " . '. ~ .. 

.' , 
" ," 

.' ' • .' · •• ·1 .. 

.~. . 

". . . 

, .,", 
", . " 

.. /.' . 
.,- . 

.," 

"J" ••.•• " • 

<oJ I,.· .• ·· 

":, \ ".' ,:J "'( 

t" • 

" .!: 

' ...... 
, ,;.:. 

;,.," 

... '. 

'I. 

'," .. ' 

.," .. ' 
c, 

Ba.rb 

Betty 

Doris 

'Dummy 

. Prolog 

"CALL" 

" "", > . , 

. . ... 

" 'j' 

C d' o 1n1l 

BC~ BARB 

BCl BETT 

BCl DORl~ 

TSX DORl~ 

PZE BETT 

TSX DORI~ 

PZE BARB 

BCI Dumn 
~ 

CLA 1,4 
STA Dumn: 
.~ 

TSX Dumn: 

.. ... 

.' ... , 

,:(:8. 
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Processing External Furictions 

(see page C 8) 

" C;::ompiler--

Defining Program flags BARB 'and 'BETTy'in transfer vector '~s 'e~ernal® ' 
, Transmitting Progr~' flags' ,DUMMY as .8. d~my@~ " ' ", ' " 

Loader 

Doe~ not collect "@" subprogr~s 
Collects DORIS. BETTY, BARB 

Will reject (as diagnostic) OVERLAY card with name corresponding to' 
o • • • • 

,@ f:LaggedJ"~u~e~ 

..... 

",' 
.:.:: . 

, . 

, " 

" . (.~ . 

, ... J,' " 
.. ' \ . ',- ~ ;,,' 

",' . 

" 

" 

" , 

.... '" . 
. .... ",:.' . ' " 'oj . \ ~ . .,.. .' 

. f 
" ' .. ',' 'i ,':' 

.~, 

'I: ...... : 
~ :; .. . . . ~ 

•.•. ,':1 .~ 

..... ,'. 
, ~. ; ',' 

... ' , , 
, ." ;;. ~. .. , 

" 't· .... 
, . 

, .. 
" ., 

" .. : ;. .. 
" 

f.: " .::' .. 
" 

" ' 

',. ~. 

, '\' , ... ',. . :~": ' 

,',' 

'. '. ~ , 

", 
'I, 

..... 

; ',:' , ',' ,,',' 

. '. . - '._'.- -~--- ... ,-_ .. -.,-._ .. ,. n ••• 

" 

" ' 

" 

',-' 
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" . 
.. 

.. h' 
, . 

.', ' ... 
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" A. 
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~ !' 

,"" " .: '.' .,.';. 

" :: '~" r 

:i~ ~ . 

.,' 

, . 
,', . 

, ,or. 

'. ' , " 
" ': 

;',' 

.. ' . 
>. 

" 

B. 

"'., ",11';.,'.';: 
'; .: ~/' ~ . 

. 1 ';" ..... 
,~,~' • '\. 'I " .~""' 

, --.--_. , .' ,', ' •. I,' • ~ •• 

I/"t :'j . t >'; .. : 

, " 
. :". 

< .',' • f 

" 
" 

Literal Processing 

. " 

", 

.,. 
, , 

. .. ". ' ,~~. ' 
,', . 

j ,', 

", ~ .. ~ 
, , ;.~ '. c •• " .. 

" , ~ 

'" .. ,', . 
'," ••• :. 1"'" 

'. ; . 
... ""/ •. J: 

. ' 

In the foliowing ~ases,' n~' "literal poc;»lt',' is established, an~:f redundancy' 
, " "'. . I·': '. t ~"~" ", I 'I •• ··: , " .'. : • '.' . ' .•••. , ,I :, '.,:, ,.' ~I' f " 

is not recognized:;:' ,,'\' "", v'" ," V/) :;1,,;, ",. ",~ 
, ' ",::,' .. ";",, "';:::~~:-';,~i'~l::;: :.;(,,;. '. 

:: :~=~:::;::~,LS .~., .' .", . "~:t'i~1~'~r~':,;:" 
Two literal pools will be establis~ed for. ImplicRSingle Data. and., ";'-:,,1.. .;,~, 

for Implicit pOUb~e,·:D~~." ',r:;: '", :".",,:, " .. .. (. '\:'.:'.~ 
J. 

Exceptions: 
"" ..•. 

. ~. 

't, . 

'.' ' 
1 ," :." 

'f,: . :. . .'.,'.~ 
". ! 

': , 

.4) 

. : 
" . . 
,,' 

" 

-', i 

'. ~, 

, ~i' 

.,\ \' 

;.' ~, 

'. ,:' . 

" 

" , , 
, . 
. ', 

" ' 

<,e,9' 
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, . . . 
Diagnostic Processing 

, 1. All diagnostic messages will. be classified as immediate or' delayed. 

2. An immediate message will be w,rit~en out by the 'section, of the com-

piler w~ch' discovered it. ' 

3. A one-word "message" '1s stacked in the CompUer Commumcatlon Repon " . 
• I ., 

. -'. 
',- , .;. ~ . 

whenever a delayed diagnostic' is discovered~ . . "',' " 

.~ . ." '. 'f . . . ~ ..". 

4 •. Immediate diagnostics are:' .;; , . ,. . . 
' .. ~' :.' " " 

Trivial messages .. 
" .' .. 

. Phase II messages , . ~ , 

. .. ,.' 
'-,: 

, l!!!. othe~s !!.! .. ~elayed. 
5. Depending on the permissiveness level of the delayed m'essage(s), the 

.' compiler, control may advance to the Diagnostic Message Writer which , ." 

follows Ph~se,II on the.IBSYStape.,' A:rie~ the message-writer is'~ead\iIl, . 
.. .~ 

the system tape repositioning can be started~ 

6. The one-word message will have a code i# in the address field, sequence, ,"" 

,number is th~ dec~e~e~t fieid (if a~plicable) and permissiveness level: ~.' :: ,<: 
• " " •. ~ "" "'.' • 'J' ,;.> .. ;. ... ", '. ,'. ..,' ," .:. ': ,". :""'-" ," '. 'I -.:.< ,./~'~'" 

, . .in the ta,g·field ... ·. ':. . ': ;. . " ':,i, :'"' . 
, •• , • • ~ • ~ • _ • '.; .. ' ~ '. .' J ' • 

, , ., ",' 
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" " 
.;" 

~, . 
" ' .. 

'. "1 ." . . 
.' .... 

. ~. .' ," 
... ,; " " 

'.' 
; .. ', ,: ',' 

... ~ . 

" J>., 

;;.~. " '.' . ,,: -: 
," ..... > > • 

,: >~ . ~ 
",.:., ,. 

"~I ,.' "f' 

. ~ ~. "... 
"""', ; . 

" '. 

.'~ . 
", 

. .. !' . '" ';" .' ;.: o· •• : 

";,,, : .. , ;', '; 
.,.:' .' 

.. .... 
',' . ~'. 

" 

'. 

. ', ,.,;. 

., .. 
... :~,,' 
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Basic Definitions 

A,l2!.!.is composed of Sequences. 

,The internal file sequences are successively i~ Format A, Z and B . . 
The external file sequences are always in Format Z 

A sequence is a hom~geneous contigu~us string of information which ,is' 

processed similar~y. 

The original assignment of sequence numbers limits the program. 
. . . • f 

string to 2047 sequences~ 

" 
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'. 

" 
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" .: 

'. .'~. 
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Header 

Content 
Words 

~ 

Type' 

GENERAL SEQUENCE FORMAT 

If) 5 10 
Sub-, 

Count· . Sequence II S:lquencE < 

II 

; .' 

Relocationr---~--------r---~~------,-__________ ~ __ ==~ ____ ~ 
Quarter 
Words 

9 9' 

, 

9· 

one per 

content word 
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... ~ .~--_''iOifiIIo, .. "",<,,,,,,~ ~ _~. 

Classes pf Formats., ,. . " 

. " 

" 

1. A ,- Format. . .. 
Initial forql of internal file. Created by PbaseIBto hold information t~om . '.. : . . 

, " 

the source program.', , 
. ~ '. '. ~\ .. 

2. Z Format .. ' 

Binary format with proto-addresses. Exists, at the end of Phase I •. , 

3. B ... Format. . ' . , 
'Binary for.mat'with 're~i addresses. Created by Phase' II from Z 'format.,' 

'. ... .'. , .i 

4~ S - Format 
/' . ',' 

W,ord forma t used py arithmetic a~d logical statement processors. \ . 
• ',I " . , , . • .'.. • 

• c 

. : " ~ ,:', 
, ' .. ", 

<.,0 

.. ," 

', ..... '-. 

" '''- . 
~'. ',' .. ; -', 

", . 

'. 
,', 

',. 

.• ,"t 

.i .. 

, . 

. \' . 
" 

, ~f. ." 

',' .",' , 
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, ~: 

:,' .. ' 
.: ~ > •• f 

~,. . 

.," 
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. ,:~ , , , 

" 

" ' 

.: ." 

" ", 

,,, 
. ','. 

, ", '. .:' . ; . . ~ , 
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. ,-,' : 

.":.~D3. 1, 

., 
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" 
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FORMAT Z 

6 1'1 5 10 
; 

. (, I 

TYEe Seq. .J t 0000 ooooe Count ) 

Content--7090 commands with photo-addresses in A or n 

A Title 

B Common Block Names 

C Counts 

n Transfer Vecto'r 

E Explicit Uni~ue 

. F-{ Implicit' Unique 

K ~ Program String .. 
L Arith Stat. Functions .' . . 

M-S ,Labelled Common ReI2:.&.\;'Ulti 

, :', 

' .. 
. . ,> 

. . ,.', 
',' '.' 

, .'. .. 

• t" 
",t. .. , 

• 

.. , 

:.,', . 

' .. ' 
" .. 

. , 

un Seq + 

00 un Seq-

Of n Seq + 

10 D Seq· ~ 

11 Data· 

BSS 
ops 

, Constant > 215~ 
. ', . 

. w \:; ..... 

. ,'::': 

",': . 

"·i"· 

" '. . ",,, . 
. /" " 

.' ... :. . ", 

I' 

Header 

·1-7 

10 Unit 

(?) 
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Formats of A, Z, B Sequences 

(1)' All have h~aders, content words 

(2) RQWs are present in ail A sequences 

(~) RQWs are present .in Z sequences: 

J, K, L (prologue, program string, A.' S. F. routines) 

and in B sequences: 

J (program str'ing) -
(4) RQWs precede in B format, follow in A and Z , 

(5) Cont~nt word~ have a set .str~cture for each type of A format. 

Other formats contain unstructured contents • 

(6) The minor subsequence field of the A format header is used for " 

informa.tion bits "Cbranch, fiX left, etc. 
. , 

(7) 'OnlY ~e sequence (11 bit~)is ox:iginally assigned in A' format •. 

'. "," 
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',: '; 
<."""~ ',' 
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, ,', . ~ 
" ," 
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Header Type Codes '(all sequence formats) 

A 
B 

., 'C 
'D 
E 
'F 
G 
H 
I' 
J 
K 
L 
M 
N. 
O· .. 
p 
Q 
R 
S' 
T 
U 
V 
W 
X 
Y 
Z 
1 . :. 

2 
3 
4 
5 
6 
7 
8 . 

.. 9 

• ,fi ;."." 

,i ',' 

Title 
Counts 

'. Common Names 
. Transfer Vector ;.,-

'.: " " ," '"'' :, .:. . Explicit Unique 
. :', ;.... '. '. .... . Implicit Untque,. 

...... , ... ' Implicit Unique (part 2)' 
'.... Formats' . 

.': . 
Hollerith Arguments 

. Prologue 
" ' ..... 

• "r. •. '", ?, • '., 

• A. • ': :, ••• 

. . 
'", ... Program String' 

ASF routines· ... 
';'. Common 1 

. ... 
. .. ~Common2 

". :.Common3 
.. .-. Common 4 

Common 5· 
., . Common 6 ... " 

DO 
SSV(single) .' . 

S~;i~ .. ' 

List Element 
: 'Assignment 
. Call Argument· 
Arithmetic IF 
Logical IF 

. ASF Definition, 

~~ 

, .. 
., 

... ' 

B 

Preface 

Transfer Vector 
. Unique Data 

Program String 

Common 1 
Common 2 
Common 3 

., Common 4 
Common 5 

.' ··Common 6 

'. * Used for sorting in Phase II -A 

-' ** Original assignment S for. progz:oam $tring sequences containing ~ ~ . ,- . 
. undefin~d'EF~.' ~ ·7;V .. K ,~,.~:ZZ::: ~ 

, '. . - ....... J I tL.·A'. ".{),,/J~ _,'~. Q. 

'. ..~~ '.' v~:~"" """ '.. . 
. " ! S "~o·:t~·o, '. ' .. ' i 7. ' '''' .. .. 
. . ..; , ... ' ' " . .' , . ~,,' ;.,' . '," 

, . 

fifnSG'rf' '" ..... 
. " . '.', 

" . .' -Jl-.,' 
I. : 

.. ,'. ',.'. 
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Proto-address I RQW Summary 

Locations in Program 

Sequence Number (defined) 
( undefined) 

Intra-sequence + 
Intra-sequence -
Program Point (Dummy) , 

, ' 

Program Point (Subscripted Variable)" 
Program Point (Dimensioned Dummy) 
Program Point {True IFalse) " 

Locations of Explicit Data" " 
Explicit Data 
Unique Data 
Common Data '1-6 

Locations of.Implicit Data " 
Implicit Single Data* 
Implicit Double Variables ,-
Constants in Single Data Literal Pool, :", 
Constants in: Double Data Literal Pool' 
Algebra Temporaries-single' 

, Algebra Temporaries-double 
A.rithme~ic statement temporaries(all douple) 

l"'~ , Subscript C~culation Temporaries '. 
\>' ' Locatlons of Transfer Vector 

A /D Mnemonic 

A 
,A 

A 
A 
A 
'A 
A 
A 

AID 
AID 
AID 

AID 
AID 
AID' 
/1/D 
AID 
AID 
AID 
AID 

DSN. 
USN. ' 
STP 
STN 
PPD 
PPS 
PDD 
PPL 

EXD 
UED 
'CDl to CDG' 

ISD 
IDD 
SDC 
DDC. 
ATS -, 
ATD' 
AST 
SCT 

Fortran IV 
E uivalent 

, also BIn 

. n An1-
nZn 
*+ 

*-
nAA 

actual 
name 

" 
actualnam 
actualna,m 
=n 
= nD· 
=n 
= nD 
PP.n " 

ASZ 
ASZ, 
Z 
Z 
ASZ 
ASZ 
ASZ 

I -::.~. _. 

" 

. . . 
B· 1· 

ASZ BO 
ASZ' 

ASZ' 
A$Z 
ASZ 
ASZ 
SZ 
SZ 
SZ 
Z' 

( ' Transfer Vector .' A TRV ctualname 
.J". RQW (indicative only) ., , . 

,Function-open AID OPF 
'-defined AID ASF 
.... Rubprogram AID SPF 

I, - Symbol-operator" " ' '. . AID OPR 
Symbol-delimiter, ,_ AID' DEL 
Null' /J': :'.\ A/D, NUL 
)~ LtAel i. ~L-A -I: Ate. G- " 

Proto-addrVsses ~r;;-;'r ill, program string, prologue or ASJj' definition~. 

',' . 
, . 

" . 

, .. 
<. • I. 

" . 
"0." . ' 

,,',',, . 

..... .... ' 

, ~.. 

( 'f'"'' .'.,:' . :', 

' .. ,.')' '\." 

", " . '~.' '.' .,'.. '.' 

'. ~. .' w 

" .. 
." 

. , .::, ..... ,", 
. , . '. . 

. ~, . 
. ,·i) -"::' ~:" :,' .. , ..... 

.. .. .. ' 

:-' , 
,'''', ", ," 

,';, " . 
. .... . " " . 

, . 

,', 

. . . . '. 

,,'. " '. '.' . . ,,~ .. ' '.~' . 

'" 

.... ,. 

, . 
, ;"', 

. ,", 

.~. ' 

, .... ' 

. '., ..•. " 

'.~. \:... : '"', 

" ' 

. "". ,->:.': " >, : ". 
, .~ , '.' , 

.. ; ..: ," 

;>, '"', • 
.~. , 

" -
" , 
" . 

, ..... '., 

'. . ~: 

" . ' 

" 

,"" .. 

. .. :~ 

.,'';'" 

.B 
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ft;;···· ... . . 

, '~:/ 

. . 

Data Type:' 

Pu~pose: 

" 

.,. 

. .. 
~-Format, Typ~ T 

To hold data from statements 01 the lorm a DO b C = 

m l, m 2, m 3; where a and b are sequence numbers, 

,C isa fixed point variable; m l , m2, and mS are fixed 

point constants or variables. m3 may be omitte'!- in ~ 

w~ich case'c,omp~tatlonslnvolvlng it use the' constant' . "'., . , . 

. ! .0',. 

.,f " 

'" 

: " 
" 

" 
, , 

,':/ " 

," 
" , 

" 

..' ... 

.' ;, 
. ~, ( 

'.-,' 

, ~. i 

", 
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FORMAT: 

Header 

Field 

Contents 

Bits 
" 

1 

A 

T' 

6 

Conte~t Words 

Field 

Contents 

Bits. 1 

Field' I 
Conte'nts . 

F' 

3 4 

J 

I 
Field r N I 
<::~ntent. 

Field Bits' 

:"" . '.' . 1-6 

, .' .. 
A 

. . ' 

.B ... ··. 7-21 
, .: .22 

." ....................... t6r 

A Format, TyPe T ' I' 

, ' 

. '" . 
B C D E 

, .... 
a 1 

.'. 
7 21 22 23 . 26 27 3E .. 

"'" 

G H I 

b C 
... ... 

", 

·18 19.21 22 36 
. ".' 

. " . '.' 

·K 
m' 

1 I L 

I" 
M 

t, 
.. 

m 2 
... 
. " . . :. , . 

p 

"m' . 
'3 '. 

!Q I I 
' .' 

R .. . 

null 
~,' : 

.. 

Contents '. 
,'. 

, 
'.,'."' 

" . Header type code "T" 

'C 

D 

. " Sequence number for location of DO ',:'; .. ,;.;.' 

f, ":"'1 to' i~dicate FIX~EFT entry: f~r ~. 
.23:"26 '.'.:.:: Minor subsequence ri~ber ". " ' .. ,. 

... 

E 

F 

G 

. '. ~., . 

Number of. content words (2 or 3)' '. ,'" ' ,'~7-36 
,. '.,;:'':;'1'''3'''- ,···Notused 

'.:. " ',' 
", ",' ," 

'. I, •. ,' ' .~ .... :' 

. '.: 4-18 ., .. , Sequence number, of range' of Do. ~ , 
: ~. .f· " !!.;, • 1,1' " • '.:' .. '. ~ .;, ;" •• ' .'. '. 

" ',RQW:' USN o.r·DSN 

' .. 
. . 

'" " 

' .. . : ... ' . 

.' 
., , 

.... 

"-:, 

, , 
'" ',.- . \ '.' 

. .' 

.. ' 

. ",' 
or" . .. 

',{. 

. ; 

.... " 
' .. ' .. 

;.," '-", . " ., '., 

" . < .~ ',' ":'.~ " 

,,' :.':'.' .... 

:;. 
": 

'.,: ' 

' .. ;' 

,,', :;rt.:.:. ' . .' '. : .. :.... ~::. '".', ". :. '.' .,'. '~" . 
• 

• • • >. .' ~. • • ...' " . .'" 
" j ( 

" .' .. '. : ~ .' 
",' ' 

" .' .. '" .,\ ·':.t)/!\:'}i" 
.1 ..... ~. 

,",' 

. " 

. .. 
" 

.' " 
....•.. ;: 

':,' .'. '. , . 
• ~. I"~ • ~ , ,. ..• 

,.', ::'-'::\".,:"', ,', 

, 
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.,; .. ..,:." '. 

·.L .. w ..... 
, ~ . 

. ...... ';m' ., ,.' W .+"..."ee· 

. ~, 
, . 

." t,_ 

.' .. 
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A- Format, 'Type T 

Field 

H 

I 

J 

K 

,:',L 

M 

N 

p, 

Q 

R, 
,', 

.,! 

Bits 

19-21 

22-36 

1-3 

4-18 
" 

Contents 

',Not used 

. ' 

:,' ,Control Variable. RQW: EX.o, IS.o or ARG 

',,' Not uS,ecl 

Initial value of control variable. 
RQW': EXC# SDC, IS.o, or ARG 

'~ 

'f ." 

,,' 

,. '. 

. " 

:',-,' 

19-21 

22-36::, 

Not used 

Final value of control variable. 
RQW:.EXD# SDC# ISD#' or ARG'" 

1-3 

4-18 

19-21 

,22-36 

-.... ,' 

',,', "', 

',~,Not used 

Increment of control variable. 
RQW: EXDt SDC# ISD# or ARG. , 
If' ,m3' is ~ot present in the s~ateinent" the third content.. , 
,wora is not pres,ent in the A"Forn:a~~ ",., ' " '" " 

;.. '. < ~ 

Not used. 

Not used.nQW: ' NUL ',,"\ ' 

.' t,' 

•• 41 • ' 

* ..••. ',,, "~ 

. '.' " " 

'" 

',' 

,. . I " 

,,,. 
,'.' 

; j :' • ... .. . .:. ',,- ~ 

.. ' .' 

'", 

:~ . 

" 

:,i' 
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Data Type: 

Purpose: 

" 

"., 

;. 

" 

• t, 

A"'Format" Type U or V 

'To hold data from s~bscripted variables of the form 

A ( e 1 '* s1 +'f1)" A (e1* sl + f 1:" e2 * _s2 -+ f2)" or 

;A (e l * s,l + f l " 'e2 '* s2 + f2 ' e3 * s3 + f3) ; where 

A is the name of a dimensioned variable" s i are fixed .. 

POlnt' ~ariables" ei ' and fi are fixed point const~ts~' 
.," 

" <' 

..... 

'" 

':' , 

,.,." ",' 

.... ,,' 
,0, , 

" , 

<. ,'.' , r', 
,,'j. 

.... 
:, 't 

" . 

,.'. 

, , 

" ' 

! , 

',' 

.• I,' 

.... • ,m-c#, ... 

. .. . . . , . . 
," 

" , 

, , 

, " 
" i' 

.>;'.,' 

*"-

, " 

", 

" 

, " 

., " 

, , ~ 

'" . 

, " 
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A-Format, TyPe Uor V 

Header' •. 

.Field 

Contents 

Bits 
eo 

A 

U orV 
1 '-

Content W Ol~JS . 

Field' 

Contents 

Bits 

Field 

. Contents 

Bits 

°E 

1 

K 

1 

F 
, 

23 4 

-
i 

3 4 
.. 

6 7 

G 

A 

L 

e l . 

, 

--_._. '"- .... -------~ .. 

B' C D 

. 21 22 26 27 

H I J 

Sl 

18 19 2021 22 

" 
-M N 

f1 

18 19 21 22 

,. 

.. 
~ 

36 

36 

. ,.; 

36 ... 
, ,": 'j 

• " .... 11 

, , 

'"0,., 

. . . , ~ , 

," ' .. 
.t : 

'. - , 
,. ..'.' . 

":" .. :-':.,".,: 
..... ,.' 

. ,:.1; : ":"' .j', 

~ '.'; '. '~"I 
,":" , "!;-,; .. :." .. , 

~ .. : t.:,' .• 

,", ... : . ~ 
. " •• '!'.' '"" .'~ ~. 

'. ' 

'. 

.:", " . 

: .; ", ~' .' 

~. ,', I , 

• '.. • ~! .. '. J • 

...:, " .. :.~ . 
~ 

, •.••• "11" 

.'. .., .. 
'; 

" ~ 

Field 

Contents 
l~plQI ~~ -1-1 ~S +---1 s~: -11',:<:. 

Field F: u 1.·.·-. --=..-,;V ----4-·I--=.:..-w t-~x -II '" .'.... :. . ..... . 
Contents _ _ .. e2 _ _ f2 , .... ' . .. p;.' " . 

L-_~ ___ -:-==-__ "';"..J... ___ .1-__ ~;;"" ___ --" :'~ .• ' .:J .. :: }F~~:, 

'';' ,.', 0", 

~::ts \yIZI :: I AB I ~~ L: ',::;'>. " 
. ~ .' "I AE .......... _ 

e3:·. ,:' .:", -'. 
AF I 

. ~.. 
, "1_, .-,,' • t.1 ,!:, . .".. " 

'.,'.'.. ,;';.:" ;;-":;"".~~~"":".:':~,~':".':' 
. ". 

" ' ".'. 
'" ,.f 

AG. 
,.f3 '>.' ":'" 

:" , 

.", " 

,,'1.:,"" 
.' . 

., ' . 

:-.".:.' ...... . 
.. ~',' .. 

.. ;; ..... . 
. .' 

.' . ' \ . ' . . . 
, . 

. . ;). ~~ i .", . 

" , 

, . " 

• "it . .. ,,~:: , 
t, '.~;' :. 

~. ". '. " . . ,-.,' 
,'\ 

'" ." . , , ":, I';' ,.,., , 

.'j .-

' .. 
" ,to ... 

..... '. 
'" 

..... D 5.7·; 
.. ,' .... :: : ala/63··:·' . 

, ! ,'. " '., ". 

. '.';;.' .. ... : " '.-::.":.:'.:,":!";,:.;.~:.,::.::. ~. ' 
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, . 
A-Format, . Type U or' V ".: '. 

, Field 

A 

B 

C 

D 

E 

F 

G 

'H 

I 

J 

K 

,L 

··:-·M 
,N 

, ~ '0 

, 
'. , 

. 

P', 

'Q 

&' 

S' 

T· 

'U 

, 

• <. 
,"<t.: .; 

. 'V' 

W· 

X 

y 

Bits -
1-6 " 

7-21:., :. 

.. 
22-26 ... 

; 

.. ' 

Contents 

. , .",: .:~;':.:.' . ,: 'Header type code U or V . 

. : .. '::. " .. '," Seq~ence number for location 'of subs~ripted ::.' ' .. 
'; ::' '. ,;', ,., variable . 

• I " ',: • " 4,'.~' .~ '. • • j' 

.' " '. Minor subsequence number 
";::':, '" .,.:' 

: ", .. 
27-36 

, 1 . 
Number of content words (1 to 6). 

.... . -,,: }'. 

I •. 

1if e1 = l,fl = 0 and' the content word con- . 
. taini'(lg fields K-N is deleted. 0 otherwise.' ' ... 

:,' " :'~ .' .. ' . . ..' '. " ~. : 
';'-':" 

2-3 ..... " . ;,,' Not used 
• ~'I 'I • 

..~ ,,·Dimensionedvariable. 'RQW: EXD· o~ A:R~.: 4-18 ,'. t, ,". 

'. 

19 .. :. /.':': Not used . '. '. 

20,,:,.21:,:: ':' ... ':"~:.":.' .... :" ... , NUIn;ber of d~ensions (1, 2 or 3).' ',.', 

.22-36 :.,.: .... ::.:,',:,,:,< '::'. Subscript vari~ble' of first dimension ..... :.~. 
'.' ... , ......... :' .. '. :,: RQWo' E' XD ISD ARG . NUL . :- .. . :.:. .. ,'.,' /. ':.' ',," . , " .or • .": .. :. 

~ . ..' ".' .' ::". : .' : .' \, '. :. ~:' , ',~, , 

1-3 ,.;;',< .. ~otused'· 
.. .' .. ! .. }:. ' . "l~' 

. '. 

," ; 
....... 

. ·:i.~ .. 

, .', ",,;,; 

.... ·Multiplier of fi~st dimension. ':, 4-18 . '.". .. ... , . .. I',' . 

"' .. '.RQW: SDC or NUL ,., .. -: . ; " 
"j '., ,. . , . .':. 

I, 

.. ' . 

1 .~. 

.', 

," : 

. ~! . ;' 
I 

19-21 .. ,'."': 

, 22-36' 

... ~'. 

1-3· .. ' 

4-18 
" ' ., , 

. . "" :'.: ;:,,'~ ': '19-21 ..... 

'·22-36' . ':. :,'::'" 
" '. ..' '." ..... :", 

1 . °0 " 

2'-3 " 1',', .: :.~',' , 

, .' 

. ' 4-18 ;'.' 

19~21 
'" ., 

, ' ~ .' 
.,,;,. t" 

., . 

: I ".:'.', 

:.' 

' • .'.'. ':' i' , ~' , • 

. . . ( . .. ' " . :.';' : ....... : .. 
:Subscript variabie' of second dimensioQ',.·' .• · 

. ' . , , '. ' '" ,~, 
t' ,.,' 

. :· ... Not used 

.. Multiplie.r of secon4 dime~sion. '. ' 
··.,:'·;'Not· use'd . . . 
",~.' . . ' . 

I",., • • , '. '.. " • •• ~. 

" ::'" 

... 
, :. : 

, .. ,~". , ' 

, , :.' 

. " 

.,,: • I 

. . Subscript variable of second dimension.. .. 

, 1 if e ~ , ~~. f3 = 0 ~nd the: ~o~t~nt w~rd' c~~ta~~~ ' .... .' 
'fields3AD~A:G is del~ted., 0 otherwise •. ~ . '.: .... , . ( , ~ '.,' 

'~', ·>,~t.':" '~, ,~,,:~\:: . :.: 
":':':" • I :'1: 

.: Not'used 
" .~.:. ,,' "', , ". ,,' ."" ..... ,'" . ' ,:',' : . 
;./. Size of second dimension' ·c··" :,'>.,;, ..... : .. 

t: ~'''.'',.~ ,. •. ", . ,,;', t. ',' , ", :".,' ': ,;::'".:, ,;>,:, " 
"N9t used. .... . . ....... , 

' .. " .. ' .. ' D 5. 8 
.... ;.: 8/2/63 

; . . ' 



" 

A-Format, Type U ,or V', 

Field 

AC 

AD 

AE 

AF 
AG 

, " 

.I 

..... 

; , 

" 

Bits -
22-36 

1-3 

, 19-2,1 

22-36 

" 

, _,J., 

. ~ , 

'< ,-

" ", 

,j' 

; :. 

" 

" 

", 

" 

,', 

. ~.~; 

" 

'f··' 

<.' " 
'.. ".1 

• )c' .... 

. ...... , ' 

" '. 

'.~ 

.. ~' 

~ ,I '. " •• ;; '.~' 

. .... 

'i' 

:. '. ' 

" Contents 

.-' 

Subscript variable of third dimensi~n. 

Not used 

Multiplier of third dimension. 

Not uliad. 

Addend of third dimension. ' 

.,', 

I ' . , 
'" 

' .. 
\ 

" 

't,' 

. . 

'.' , 

~ " , 

f ~, 

"/ 

D 5.9 

8/2/63 

. , 

) 
'- , 

.:' . 



" 

LISTS and EXPRESSIONS 

Sample formats (A) 

Content Words 

(The expressions exlude subscripted variables and functions which 

presumably have been placed" in separate sequences with their 20 bit 

designation placed in the "upper". ) 

A I Sequence . .~ 

Subsequence forB (I) .. 
null 

C Cpa) 

D (pa) 

E (pa) 

A {pa} 

w I Sequen~e . 

A (p~) 

B Cpa) 

null 

subsequence for C (I) . 

I (pa) 

1 (constant) 

12 (constant) . 
. , 

1 
I 
( 

· . 

+ 

* 
} . 
= 

-I 

• 
, 

( 

• 
= 
• 
} 

6 

' ... 

. 

7 
, 

. 

.. 

' .. 

~~ 

. 

A = B (I) I (C + D * E) 

READ (3,4) A. B, (C(l), 1=1; 12) 

D7 

7/10/63 

, . 



.. 

LISTS and EXPRESSIONS 

Sample formats (A) 

Content 'Words 

(The expressions 'e~ude subscripted . variable s and funqtions which 

presumably have been placed i~ separate sequence,s with their 20 bit 

designation placed in the "upper".) 

',' 

~': .. :' 
! A r Sequence" ' I 6 t A" = B (I) I (C + D * E) 

,",' ,! Subsequence for B(I) 'J .~ 

,. 
null ( ) 

C (pa)' + 
D .. (pa) * 
E (pa) . ) 

A (pa) . = .. 

" . 

. , 
.. " 

... f .. 

.... 

" '! 

,', . 

: ,'. ,-, 

"; ;1. 

'D 7 
'" 

.. 

. 7/10/63 



" 

wT 6. 1 

I A 

I 
D 7. 1 

7.99 J, 

1 

, 

I E 7.99 

7.16 J, 

1 

S I 7. 2 

B 

W I 7.3 

7. 2' , 

D 'I 8.1 

I 8.99' 
j. 1 . 

E . t 8~99 

8. lJ,:: 
2 )::~:J't ' 

S I : r '1'(;/~'-';1 ft,2·, 

C 
'i' " r ~I • 

wi 8.3' 

8.2 

1 

null 

2 

$J 

113 

2 

$J' '" 

113 

1 

$J 

1 

null 

2 

I 

12 

2 

I 

12 

2 

I 

1 

null 

""\ 

J 
" 

> 

~', 

> ( 

-

~ 

. ,', 
" 

. ' 

DIMENSION B(113)~ C(24) 

READ (3,4) A, B, (C (I), I = 1, 12) 

. (list portion only) 

B 
~ . 

C (I)', I = 1, 12, 2) 

,." 

~ :.,' , 

ia.~;£A",.az!t$4gZ£U.$._, $ ,x $ :am 

. .. ; 

:·i· • 

, ".,; 

",' " . 

D 7.1 

,7/16/63 
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.', .' 

K 
t:-: 

This is ~ wor.d format aI)d not ~ sequence format. 

the expre~ manillulating scans of Phase· ~II 9· 

RQW Mode flag pa or symbol 

... . r···~·""·-"-----________ ""-"'1 e 

.::.r " 

It is used during, 

(1) The RQW and P2: portion are derived from format A. 

(ro)S3ffunudti-h\lr ..... "'es::::asaa.l·l'lrtt~·,ffDl1dllyl.h!.alii:n~r!;toffo"rnmt2Z •• 

. (3) The Mode field indicates the hierarchicnl pow~r of tno aymbe>l,. when . . 
, it is an operator. 

Logical IF fprmat"example, 
• j' 
~ i\.;", 

Sequence .13" .:' ~ 
~....L-"":'--....;._--,,...L_-I ·"::,;l:,.i .. :'{' ' 
false sequence no. null ., 

j 1\ 

/ 

(15)' c, 
+--~-';"----f----I' ;;:',IF(A.GR.B)_ ASSIGN' 12 TO N. 
I-___ A _____ -'-_" _G_R_.-§ '~">'. . ~~~""-"'""'\~ ....... , ...... _ .. ~.'" 

B '·null ;:,., -.-.... __ . '--. --, ... 

)1, • 

..... , .... .:.~..;.... ..... -... ---. ----~.-..... 
CALL format example 

r -~ 1 Sequence 2,13 , 1 
, 

external' '~------,.,., , 
i - -· 

3 

ext ernal 
, 

,.....------~ .. 
'. ~ 

: 

.. .. 

ternal oj in 
.. 

, . . 

.. 
Xternal 

I """$,,--
0740004 Cpa Boxer) i 

'L ·1 Sp.011p.nC!p. ?-1 4 I 1 
i1 
,I 
,~ 

. '.~q 

A' . lnull . . ~ • ;:! , 

:. -S 1Seauence 215~111 , 

" , 

f:· ' 
l' ; 

Eo I cn . !. /' 
i -, " . 

c I'Seauence 215 I . 1 
. .. ' 
· '" . 
:" :·::~.:·i-;·. . . j •• __ ..... ____ ~ .... _~ .. __ .. 

.Seaue~c~ '215 •. 1lnul1··;·, 
I .- 1 ---.--.••• ..: ..... ...:... ... --•. ~.~ __ 

I::.\·! ';, .,' 

i:':::'l CALL B04ER (A" B(I)_ '3_ {6H'MAT,:!-"E~ CISequence 216 I 1 

3 (constant) r~ull 
cl Seauence '217 t 1 

' ) . 
. reference to seq ~" 

in format Z. ~ 

. \ 

{ JI S~quence 001 I 1 

MATTER, . 

" I ~""'Wt,,...u~, ... Slb • • ~ .• ~ - "' ..... · . . . "',. 
; . ," . '" ' ",.' .' ..... -.....:::-. -.. ~ .. -. ..:..:,;,; 
~. , . 

, .; . 

,;', 

".;'": . 

... 
D8 

.7'/18/63 



.. 

Program Points 

These are locations within sequences that are referenced: 

'(1) In subscript computation . ' 

(2) In logi~~ expressions ("true" and "false" entries) 

(3) In argument insertion bY,the prologue of a subprQgram. 
, ' . 

A 'table is'-started in Phase m and is built upon and modified in the Ph~se IC~-

Finally •. Phase IIB" uses 'this table in assigning addresses. 

',' 

The format ,of ih~ table is shown on page C7. 1. . ~ " .. , . 
'"'. "'. ,,' ." 

'. 

,"" '.' 

-" .. 

, .. 
. '", ' . 

.. " 

" ' .. 
~ " . 

,'", .,.' 
i ' 

" 

'-' " 

"" 

l' , , 
. ~4. , 

." ' 

, . 
'1', 

',.' 

, ,. 
" 

, " 

. : 

.'. ' 

."', ", 

Revised 

" 

, ' 
" 

, " 

, " 

, 'f , 

.\ 

'D 9 

7/29/63 

"., 



" . 
, . 

Manipulating the Internal File 

, , , 

The following operations (at least) will be' required: ' 

Build (initially) 

Merge two (or mo~e), files 

(Sort?) :::" 

SCAN ~ (forward ~ 
(backward J 

,(Virtua1)Ins~rt ' 

£ ..... J find every sequence' I 

find orily. selected sequence or sequen~es 

Delete 

.Replace 

Read in 

" 

.. 

Write out . '" 
.! 

The file will consist of sequences in: A, B, S, or'Z format. In any event, 
. ! 

.. the I. F. Manipulate Routine will be informed which format to use. 
. '. . . 

, . 

. .. 

.; ." 
, . 

.. .. 

" . 
.. , .... ", 

J' .' 
.... ," 

',' '. 

.' ,'" 

.' 

. ',t 
'.r .•. 

.. 
F1 

7/10/63 



,.,-~. -

:'.{: 

I ;, 

... , . 

")j; 

• 

.. 

.. 

" 

CONTENT WDS 

RQW WDS 

TYPE 

LENGTH' 

SEQ. NO. 

HEADER 

MODALS 

LOC. LOGIC 

LGTH,. LOGIC 

' . 

" ' , 

,Internal File Manipulating Routine 

Communication Resj.on 

", ..•.. 
000000 LOC 

00000 LOC 

TI 000000 

000000 l Lgth Header 

SS I 00000 ., 
.. 
~ , 

~, . 

Logic Packet ' 

,Type C' CODE 

'Typ~ 0 000 AND 

Type 001 OR 

'----- 010 NOT 
Type D . 111 ' Separation 
Type :E 

" IMF Routine Control Region 

T r 

z 
00000 

00000 

(format~ internal/ external, 

forward/backward)' , 

• ~:. I 

, ... " . 
, ' 

... " 
: f' 

; .. ' .. 
'. ' 

:'1,,' • "', 
t': 

" . 
:.t. 

as 

....... ( 

'.' <.,.' : , ~ 

" ,.' 

Fl .1 

7/16/63' 

. 
£lU£!!U, LW£!llaEtLbdJ 2& 



" 

Internal File Manipulating Routine 

TSX 'BUILD; 4 User fills' communication region and 

, then ,calls IMFRoutine 

TSX 

. TSX, 

TSX 

TSX 

PZE 

TSX 

INSERT, 4 

DELETE, 4' 

CHGTYF, 4 

SCAN, 4 

J 

~LOC LOGIC, I' LGTH LOGIC 

RESCAN,~ 4 
.~ 

" 
IMF Routin.e fills communication 

routine, 

The routine will also, sort, merge~ read and write. 

" 

. '. ~. ' . 

.' . ~ 

.. 

. , ;. 

F 1.2 

7/16/63 

. 

. . 
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", ...... _-- -_._--- .~. - ' ... - - .~ .... -... ~.-

• 

Internal File· Manipulating Methods 

A~ Sequencing by number (logical) 
• 

1. Original'numbers--ll bits + 4 zeros 

2. Insert numbers (between sequences) the 4 bits are used 

3. Dividing numbers--The 5 subsequence bits 
• 

" 

B. Sequencing by linking (physical) 

1. Actualphysi~al exchange is possible 

2.': Special link-headers can be used linking to an addendum file 

3. Speci~ delete headers can be used 
~ 

4. A sequence ta~le ~an be maintained and rearranged. Accessing 

~~l be ,by indirectly addressing this table. 

'. 

',. 

a, 

F2 

7/10/63 
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",;,;;I/'-...----- .. -------~.:.--:----.. -. -. ~-:.. .. ~"":-." .... ;.'-... ' .. ' ... ~- -~ ....... .::...., .... -:,..,. ........ JIIi __ ........... ~·'· • .,·,M·~~ ........ ': ·'·:f_"":~ __ ..;~ ....... ·· 

." 

• 

all 

expression . 

and 

list 

. packets 

(A format) 

(A format) 

. all DO·'. 

and sub

script 

packets 

Phase IB. 

. 

.... 
InternSJ. File Building -- Phase I 

. '. 
. ... , 

...• : -'.. . '':' 
. . . " " ~. 

' .. '",. . , ' 

" 
: .\" ... 

"' .... 

. :: .. 

" . 

•.• ,'. " t 

. '. ~ . ',' 

.-------. 
sequences 

already 

processed 

Z format , .. ' 

expression 

and list 

(A format) 

, . 

. ,,':' 
, - .. " 

.. 
: ~: 

, ' • ,.:' '.~\'" : " ~ • :':.' I" " 

" ~ 

.. ~ , " ,. .' .. : 
.' . , , .. 

"., •• ',' t" -', 

" " I,.', '" 

"" '" 

.. '.' . 

, .' ., 

" 

",' . 

. ";": 
, .. j . .. " 

~. .: ' . .' . , . .' \ ....... " . " ... 
';oj 

, ...... : .. ",: 

. . ~:. 
", ,0' 

," .;" 

. .. . 
.,' ;-,. 

, ' 
," ·f 

.. " .. ' 
J' ••••..•. > ,:.; 
. ."',." .~,: .. ;:.. '-' !) 

0':'- ," ',', " '.: 

....... " '~i 

. 

list and 

expressioI). . , 
sequences. 

I in , '. \ . 

Z format '. 

'., 

. .' 
'. 

, 

.. . t. 

~. 

. i· . t' 
,"'. ,l' •. ' 

ij' 
. , 

'." . 
; ... 
", l 

~ 

,'.'. " 

,,~, l 

•. f'" 
' ...... 

'pO' 

-, ., .• ;'; ..... 

.,' 

.1 

. 
( 'A format) 

all DO and', 

$ubscript 

pa~ets. 

;','j 

.,i<: . •.. :.',' . ,', "', 
"," , . ,.,' 

, .. , 

" , 
, ...... ', ' 

\ -'" 
" .'/ 
'.' .', . 

~ , . 
'. '.' ,,' 

:, .: ~ . 

.' '." 

'f· "P. 
, ~ , 

sequences 
I 

already 

inZ format 

• I .. . , '. r .' 
" 

.. f \\ '" \? 
DO·and' 

'subscript 

packets 

" .. ' . I .1. .:.:~ • 

• '.' \;( j Phase IC . :. I~/:,. .. Phase IC 

'., ;;, ..... ~" :', --:: " . afte~ half the ex':" .' ," ",~. '. ';, ' .' after the nests 

...... 

',' ., 
"., 'It 

• "'.' ' :' '\,':.. • • • • (,', -I, 'il'~; 
" ' pressions have ', .. :':, C:,. in half the program 

. peen processed ......... :. '. have been processed 
. . . '. . '., 

'. .... '" ,..'. 
'f :. 

. F 2.1 

7/29/63 .. " , 

.'" .' 

• 'I ;, .:: .~~ '.:~~. .~ / 

'",.,' . 

, . ': ~ " 

,.' .< . .; .. 



-, :;;'-. ---:--::.~ -.-.~.: 

RQW Manipulation 

For each format, for the program string, arithmetic statement functions 

and open functions, there is an ass'ociated "Relocation Quarter-Wordu of 

9 bits (RQW). 

The interpretation' of the RQW varies from format to format but its connection 

to the associated full word do.es not. 

Thus, the ,internal file manipulating routine . must also build, scan, etc. 

with these words connected. " 
it 

a . 

F3 

7/10/63 



,I 

FTCA -- Phase I 

IA, Initialize; Process non-executable statements including FORMATs. 

IB 'Process executable statements and Formats to internal or external 

file till END statement. 

IC Process internal file (11 Scans!) 

"-II} Write Implicit Data'P'ables to eode. 

. , " 

, . 

, ~: 

',j, 

.. ~. 

Internal file and Tables remain in core • 

, :. 

.\ " 

'. ~.' 

• ;0 • 

..... 

a IPWA _ 

;", 

,. 

Diagnostics throughout 

G1 

7/10/63 
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.' 

. ii 

,. 
i 

,:\. 
'. 

. ' 

, ., .. 
I. 

. ". ," 

--' .. ____ . _. _ .. _--=~~.7;.-';-.. ~ .. , .. "':~.:~.-~ ... ~..,.'iIIIIIIiI4-- ~ --~~-.;-......... ' ............ ~ _ ................. • ,-~, ..fII!IIl ..... L. ~.~""~"-':~"".' .~-.';"';":;-":---~' - ~ ~~ ",' ~-._ 

,A. 

.. 
. " 

B.' 

.. 
C", . 

•• I 

. ' 
~ . : 

. " " .. ~,' 

Phase I, - Narrative Description 
: 

;'" 

Afte,r suitable initialization, the specification statements are read ,., 

.' in and. p~ocessed to tables (Explicit Data). Where, code is generated:' . 
. . I. ' ... ~'. ;' 

.' (subp·rog~am'statem.e,nts~ pAT~), It is'written out on the external 

~ .file~ . TheE'xplicit Diltaallocation is ~ade • 
Following processing above, the remainder, of'tpe source program ', .. 

, .' . , 

',';,' 

. 0:: • ",' " 

is hancU~d. 'A spe~ificati~n statement,"i,s now ~. diagnostic~,' The " . 
table bUildin'g 'c~niinues (EFN,' Implicit Data .. ~tc.); FORMATs and.' . 

~ . ~. '-'. .' , '. 
~ . ':,' many types' of statements produce sequences for ·the external file.' . ' . .' . . :: ':.".,;.: 

The' remainder build' sequences in the internal 'file in FORMA ';r ~. 

Next. the internal file processor is brought in and the I. F. ,converteq" .. , 

.. ~o cOd'e. se9.ue~ces . and 'optimized in (11 Sc'ans). The Implicit 'Data· ":,X'~~.:,. 
'Table is converted to code sequen.ces for ~e external file '.' .... ,,' .. 

. ',. .. • ," .' . .: '. '. • l' • • • ..~ ... ~.:., • 

. .. . ._ .' . . ':.'~;~~ ... ', :~E •... ~":.. ., ';-./;..;. ," .•. ~_.~ .... -:' . 

" Diagnostic~ are Issued 'throUghout as they are encountered •. ,',', . 
:.. .. .' '" . " 

" ~. 

. .,,' ",' ... ,',' ~ , 

" 

'r',. 

. ", ;,' ~ '. 

1,', 

.. ; 

r:" ,.,' 
~ ,"' 

.' t • " • ~ . ',' " 
,', '.,' 'J' ',.': ' 

;.- , 

'.~ ~)." 
•• .. ) f ~.: ," • '" " 

,,', ','. ... 

" ,': 

,.': • ':t • ~ ". 
~: I ' •• ' , 

; ;,~ , ' . 

... ".: ~ 
"" .;. 

;1 :,' ," ,.:.', "",:: ••• ;' "'," 1 

'" . :,', .:. "f ~" ~; , 

.' '. ,: '.. "~''':' t .~ '. '" , . 

, ' 

~ : ._", ' ~ r 

" ,'.; • >!- : 

'. t 

, , 
.... , "'. 

'. " ,:.':: ' 

'.' -
1 ' 

. ,"" ' 

" " .. 

, ." 

" 

;. 

,,02 i 

," t, 

. , ;,' ·:Revised a/16/63 ,'.:,',,': .' 
'., -:. '" 

( , -, 
!iNC 4 



--

,-

Phase I 

Internal File 

Statements containing expressions 

(includin.g CALL- argument, IF 

'-P~), Arithmetic Statement 

Function definitions and assignment .. 
statements) • 

,,-
,/ 

. ( 

a . 
'., 

External File 

. All others 

... 

I . 

, .. 

G4 

7/10/63 



--r 

" 

" 

' .. 

(Phase IA) 

." 
" , 

, ' 

\ .. 

(Pha.se IB) 

---,- "."--.-.... ~ 
--~.,.,,,,-

Phase I (General) 

External File Order 
.' ' 

Expli~it,pata 'and Reseryej 
FORMA1's in any. order,"" 

~ r. 
'Y' 

DATA :\: 

Executallle sequences 
! 

FORMArr~ 

, : 

, 

.: .. 
. . 

' . .' ., 

. ',' 

" 

~ '. 

'j 

.. \. 

':'~ .. 

t. 

" 
....... ,. 

t,; 

/'t, 

'" ...... 
",', 

i' 

: ". 

': ,"" 
:-,', 

", " 

" .'." 

" 

, • • J 

.. .....:-."':/.;..,:.,. ';" .. ", .. .;.' ..:....---""-.,.~~,,.-.~----!. .... 
= 

" ,I . '/ 

",I 

" , Y I 

.. .. 

":''-

":'.' 

:: . 

<.,' 

. ~ .. 

" 
. .;, ... 

:,-

....•. 

'r" •• 

-:i 

" 

1M auu,£ : k4Ztwl;awtJiA. _', 

',' 

rl. 
'--:; 

l 
·t 

\>~ 
t' . '.; 

" ) . 
-'". , , 

",,1,. ',I 

'., 

" .. 
.,', 

G5 

.,. 

,,", 

'~" , .'\ 

,\r:.· 

Revised 7/29/63 
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:i 

-------. ..."....~ ... ----.. ---.--.-.. 

. . 

' •• ~', ~ ).,1" I ••.• 
. .. '. 

Processing of FunctionS in Expressions 
. "J,.' .. :. 

" . 
,. d ! " 

'.f .... ' 
;Phas't m--ide~tifies functions,'. determines'the type and replaces the~,':~( ' .. :' '.' 

.•.•• .' . . • • j", ,', ':; .. ,' ;i :.1, .. : 
with pas and ·RQWs. ',,.: .. .. ,.; ",.;/ :.l!.,J .. . ~ 

~;:' ':~:'.'( .. :.,.~~.:/.:~ ~' . 

:' Phase IC~-Scan 2-,-Convert8~o Format~. .' ,: . '\':;"';tT:',x";' 
. ::;. " .. Phase IC~-Scan '3--Produces 'proper outputs~, . Examples: : .. ' ., .. ".:' 

. .. ,. .' . ":'" 

: ... ,.'~,' " :. ~" ···· .. -:·:r;~'. . .,;, ·:/;·,~j~1 .. ~: .~; l;·~·. '. 
, . ··· .. :·~:tJ1(:':;: .... "'''~~.'';'. .;.t..:'}';.':<.~ !':: 

A IIFUNCT(J+K. B)· ..... :. }' A II FUN (FUNcr(J+K) .. :P);';./:~'; >:::' . .... . . .... ~,.; '.... ',', ~~. . :,":>'~::' :{~~~. 
J+K-:)'t·{':,·: .. J + K---?T'" .;., ...... . 

. ... ". 1 .; '.. ., . . 1 . : :::~;;X.::.:: >;. . .' 
'J FUNCT·(Tl;B)~~.:,·.<.:.::·. FUNCT (Tl,B)~.T2:.·:>:':/'/:"?:':~ ':" 

. . ..... " . ",' ': .', - . .. ' • , ...... "t" . ' ... 'j ""0 f' I~' 

'-:::;:'i.'·:.FUN (T' )~A:':.:/f·:····: " .. -.c:: 

',' " ·..··f :;; .' .... ........ .' 2 .' '. >:>/E·;~:{:::·::'. ,. .... : .. ;~ 

, ,'~ 

'; . 
• 

. ,', 
,'" . 

'.". 

!. 

.' I,' 

, ... , """ ' ..•. ;.' .. 
. ::., ." . "', 
:', "<.':' •... \.; . . ! t 

' .. 
l,' ' t .' 
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," •• ..... I ~".' 
", • ~~. ','. ',' " •. :"'}, .~·.'i· 

• .v" .. 1'. t' .. 
:",.' 

',\. •• .: • \0 ,II; ., " 
... :. f :.1-· . · . .: .' .- . 
• ' " .' t, 

· .~:.f·:~~·~ ", \' 
, /. 
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. " 
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,~ :i' . 
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/~ ;" 

•• !~,o. ' 
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.' f," 

o' " 

" 

" 

.' . '.~. 
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,I,' 

" 
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,./ .. 

r 

.... ;.:). ;': / :~\< 
., 

, ,I.' 

.. 
! 
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l?arametrizing Subprograms 

Whenever a name is a'dummy:, a'program'point is generated. 

placed in the progra~ point table with the argumen~ number. 

, , 

It is 

.... 

.... , .. : 
i'. 
~ ... ~ .' 
" 

. '; ," ~ .. 

.' , , 
.: .. 

't··~ > "j , 

'\ 

(Phase IB):' : '" 
, :1, 
II· I ,J. 

, ..... 
I.t.. 

"" :, I 
•• , I 

" f J ~ : t' 

'. ,:,'.':' < !~~ I 
'. 

In Phase IC - Scan 8, the proto-address of the instruction to be filled is <::: ::';':' ;:',.'t-
, " ' ",;i 0:: ", 

'placed in the program point table (sequence number in Z format and in-:::, ,; :', 
,.' ' '. • i:-
,i' 

cre,ment). ' 

" 

Exception: If $. d~ensioned\Y.ariabl.~ is also a d~my, 
is 'r~quired"', See' "",.,""'" . ': ' , 

0,',:"",'" 

. '," 
" .~ .. 

',' 

t. 

" , 

'.' .; ..... : '" " 
.\ .. .. '" .1 " .', 

, .' 

.' .' 
. . , . " .. ...... 

f .• .. ·c.: " ,', 
. ,.. 

..... 

, t' 

;. , , 



" . .. ', 

;'1 '. 

.J 
'.1 

'''-''''-- -

·'~l " . 
~, 

: . 

" 

, . 
.' 

" 

.,: 

, .,""'"\. 
j 

'........". 

~~ .... ,.. 

,,' 

, . 

'. , 

.' 

...... 

. .... 

""~-:"-~~.-:;--;:;;;;-'.-:-.-'" - -~' .-_ ..... ',· ......... :·"T· • .....-If( ... -----iIti!.lI) "," :..M!L .......... ~~.-..r--' •• "'!'". 
, -', 

..... ~~." .- .... '.
..---~, 

.' 

Subroutine: 

Purpose:' 
'. 

" -. 

. ~ 

,', 

'. 
.. CHSCAN 

, . .. . ' .. ' : .. 
: '.. .~ 

t. ,'. "'.~::'.':, ~l<'Elimi~te blanks . (leading,' emb~dded)~ra~ij.ng) ", " 

. .' ~. . ":, .: '>"2~"petect illegal characters, . " '.' 
, " . '. 

" . " '3. Detect equal sign 
•••• ' '::.. ~. I • 

. ";'~:'<.:':: 4~"Detect presence oJparentheses . 
• ,.. • •• ~... : 0 , ~ • • 

.' '. '::.' 5 •. -Detect any imbalance of parentheses (indicates 
~ •• ". • 0, '. 0 

, .' ':" whethe~ left or right parentheses are the 'cause 
,,',:,,:' •••.. j. > .. , .. .:... of imbalance) . .j , . , '., '. .» ~ . 

. : '. '. " ...... , .' o ... ' : • ;,< '~ 

, '. 

.. 
'.' 

• 

Entry parameters: ' '.'i. " 1." Origin of unpacked statemeI,lt' 

" ".~.' Origin for packed stateme~t 

o. ,'. ~ . 
, .. .. 

.. ~ __ .. i • 

.0 " 
. . '.. ~ ':' : . :,'.' ," '," . ~ 

. , .•.. 
',' ~" . " ' . ~.' '. 

. ~ ',,:. 
.' ....•.. . ... \ ,,\ " . .. 

Exit 'Conditions: ' ':;"".'-:': ':., l.·i. Return to 3, 4 . , ..... 

'. 
, . 

• 

, " 
.. ' ' . 

. .... ",. 

. ... 

. , . 

.. ", ~... . , ...•. , 2. Index reg 1 will contain 

o - no errors 

.. : ..... 
, ' " w' 

.' :-.. ~.': . 
'.,t 

, . 
. .' .. 

" 

. 1. - unequal number of paren • 

2 - illegal character . . .. 
.~ '.' . 

, 3' - more than one equal' siiD: 

3. ' If'rR 1 = 1 

""',PAREN = + x (x n~ber of extra left ~are'~) ~ "~'" " 

== - x (. x number" of' extra' right ·~a.~en) ." ,:" , . 
I , .... ~~ :'.:' •• '.~ •.. 7'1 ::.' ;; •. 

,4., If IR 1 = 3 .. , ""': 

.. :: .. ~QS Vi = number 'of equal sign ,',: " 

.,;' ~ if > 3 always an'error : ".' 

: ';"~<:, if 2"3can:~e I/O' hst·, ' . 
\ . 

:"if "1"' can be IIO 
',' 

':', 

DO 

': ~ \: ," . . 
,. , } tI.: 

.' '., '0 

:,,;" , . " .. 
. ' ". : ~~ 
'f: . 

,t' ,'; ',- •• ,' 

..... ' 

.' . '. 

. ' 

,', '. 
. ,-=/ 

assignment 
• ,.... •. :r .... " .. 

' .. 
• f. . .' " . 

. , '.: . :j.' " 

, '. Memor;y Requirements: ;' ::"':"!;'':;:<;~::. 
• .' *. :. ...... , • ,'''':.' ..... : .... :: .• ~ ;~/~." 

, , .. 
-.' ". 

. ... . ... :.~. 

.,.", ... 
.' ' 

, , . 
'" 

. 64 , .. ,';. ':." .>.' ... ~ .. , Table .'. :,;": 
• , • '., '. 0 •• ' ,;.··.t •• : .' : .. : .:" • '. 

. '85 or' ,;.>. ;'......,....: Program . 
, . ' .'. . . . '., ~ .' 

' .. ' • ...... , ",0/.' 

". • ::~:.:: f.' •.. :., /~ ;~:. I •• ~ .••• ' .' ... ~'.;'. ."". 

',' ··i·;· >-:: .... ,.>~,i:\;: " 
. '/ . ~ ,', I': 

\ \'. '. " " 
",: .,' .: 

., ..... 

-.. " ~ '. .,' 
f' .... i' 

' ... , 

" 

. '., '.,,' . . :.' " 
" ' 

._S2 .. ' 
.~ _ _ .... • •. 1 •• _.__ _ 



r-',' 
\ ' 

" 

", 

'. 

Init -
33 
, 
33 

33 

!33 
33 

3~ 

~\.~ .~' ....... c~,~_~~\:~,,,,,;;,,,~,,,,,,:~ 

. , 

Timing: in' cycles 

Per Charac.· 

".' 

. " 

. . ~ 

16. ' .. 
". 

". 

.' f 31 " t· 

16 
't . to 

,i. 

28 
". 

16 

·24 

, 

. ~, 

...... 

",' .. 

. ".:. 

,"t, t' 

'f"' " 

• ~ i' .", '" 

" 
,. 
'.' 

. ' .. ' 

• 

:. 

Type Charac. 

Blank 
',,' 

Parenthesis 
, . 

Illegal 
'. --Equal sign' 

End charac.(77) 

Normal (not any above)' 

'. , 

. , 
~:;. 0' 

'. , 
,:;" . 

,', .... , 

1', ; 

'.: 

t'. I 
._.a _______ ••• ________ . ____________ . ____________ ,. _____________________ ., 

.. ,' ~ . .' :t, :.'. f" .•.• '::', ·~."i ~' ... :' ' • .' 

22 8 
"Ii,. '" ..... ......... WOrd of blanks' 

<. " "~ 

; . 

' . 

•. : .f 

Epilogue (after o cur . of end' 'Ch) . for 
each charac. that must be le~" 
justified in Pack area.~;· 

'. 

.... 

" 

,t·'· 

.' 

,. 

';," 

'. .... . ' 

' .. 

" 

.,. 

, . ~" ." 

".' 

~'. 

. ,', 

" 

" 

1······ . .' 
" 

:"4; .. ·:: 

,," ,'I" 

"', 
" ... ' ~! . '" 

", , 

:", 

:,' 

" : .. 
','; 

.:',( .. 

, ... ". ~ , 
;'1 

.. 
;. 

{II. ;.: 
-,';.'.'. 

'., ~ 

; •.... 

-,' , :. "" 
.', 

.... -
"; ; 

. ." ./, :.', '. ", ',:/ .. , 
:., 

.' 

'. ~:'. 
"'\ . : .•... 

". 

. ' . • 0' ~ • 

-.... 

," 
" 

. '. 

'." . 
,t,' 

": :':", 

'.' 

" ',,'," 

"" ~ .. 

" 
'., .~ 

. . .',' ~.~ :',',: .... ' . ,"', 
~. :' ~' .. ' .. ,' 

' . . ,":, J .... /. :'.,;' 
'.,. , ... . 

' .... 

~ " 

'. . ', " 

Equal sign switch (once .only) t . 

Paren switch (once only)' , . . . 
Illeg switch (once only) 

.~. , 

·Return Transfer (once only) :'· .. i~'; 

't .. 
'! ...... 

.. 
: . 
.:'-" ." 

. ~. 

~ . \ ~ .. ', .... '; 
'. , .~:" : 

. ~ " -",' 
, ,. . 

:' 

... 

. ... 
" 

,', .. 

.. .~ 

" ~ ". .... 

..... ., 
, " ..... 
"~ , . 

.; 

". 

'.: . " 

" 
' •.... .>. . ... .' 

,", 
'" ', .. , ;" 

,t.;- . 
~'. . 

.,!' 

, .' 
; . 

" 

; " .: 
i',.:' 0.'10;1' 

., ... .. ·~"·~·;./:i·~26163. 
! " .~~ • .: . . ••• :.: 
a' ',',' 

" 

"' .. 
',. 

:. :",' 
" .' 



t, ' 

, , 

• 

,I 

'. 

.' . , 

,,' .. 
v' ,- . 

. \ . : 

',', .. .... 

·_'t, 

" ' 

Phase :03 ... 

'Building the Internal File 

OOs 

ASF definitiQns' 

Assig'nment statements 

IF 

CALL arguments 
'\', 
';" ,0, 

:. 'i 
,I .. 

,1-0 list~ 
," . 

" .. : 
,:", .. , ",'. 

l" 

" 

fairly straightforward packing to f~rmat' A: 

.. 

(a)' . isolate S~V and functions '. ~ .. 

(b) resolve the specific type of (a.) 

(c) pack the remainder 

each element is to be assigned a 

. sequence number. Creat~ subsequences 

forSSVs and implicitOO~. '(see :page 'n 7 

for an example). 
. " : ~ " 

'/ 

Pl;"oto' addres~es . must be 'supplied in format A.: 

" 

" 

,', , ,,> ) .. Revis,edC .. 8/16/63 
':, ' 

.. ':'.' , , 

"', 



Sequence Number Assignment 

Phase IB 

(Assumption: Arithmetic statement function definitions have their own 

sequence number rules set by Phase IA. The type code is L~) 

A. The following always start a sequence: 

(1) A numbered statement 

(2) The statement following alogical IF 

. B. Successive. statements destined for the same. file with the same 
~ . 

t~e code in. the Header do !!.2t start a sequence; e. g. : 

. END, FILE J3' 1 sequence 
REWIND 3 

J = K . . 3' A = B +. c· 'il sequence 

D = X (5) 

. ASSIGN 27 .. to J 1 sequence 
. GO TO 30 

C. The following statements always generate more than one sequence: 

Logical IF . 

10 statements with lists 

CALL statements with arguments 

D. ' Original sequence assignments are for the high order 11 bits in the 

sequence field. 

Subscript variable packets receive subsequence numbers. 

II?plicit DO packets (from a list element) receive subsequence numbers~ 

E. The "statement" immediately following the logical IF receives a sequence 

number (or numbers). 

See A formats for internal file 

See Z formats for' external file 

J2 

7/18/63 
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.' Phase IB 

Initial Assignment of Sequence Number to DO Endings 

Since the last statement in the range of a DO may itself be assigned, 

several sequence numbers (e. g. --a logical IF or an 1-0 list), a 

special entry in the EFN -table~ust be m.ade. 

Given: 

DO 20 1=1, 10 

GO~ 
,-- --

20 READ (3,. 12) A,B, C, D, E (I) , ' 

" - ' The EFl\I 20 receives' two entreies in'the EFN ta1?le. The flag used 

to identify a DO end EFN distinguishes the entries. 

EFN UD # 05# -'1-_ ......... 
20 6 i 71-/ 

20 9 I 7:.. ': .... "' .. 

. . ' 

. .' .. 

,~ag I 
1_._.-.1 

J 3 

7/23/63 
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. 0. 

RUNIC 

General Plan 

SCAN . format . Type Range Function 

1 

2 

3 

4 

5 

6 

7 

, 8· 

9 

10 

11· 

" 

A., D,5,2 file fill in UD#; eliminate redundant 55 
calculation 

A--;, 5' ': expression.!: sequence convert to S format 

s 
S 

s->Z 

z 

z 
z 

. .. ' 

" 

" 
II 

II 

II 

.' 

" 
s,tatement 

lists 

D,.S,2 

D,5,2 

5, Z 
expression 

.. 

~' , :.< . 

. '" 
, ' 

. , •. 

J' 

, . 

. 

.. 

" 
" 
" 

" 
II 

II 

file 

nest 

generate algebra via Z stacks 

eliminate redundant subexpressions 

convert, inserting·open functions, 
powers, able and complex 

eliminate redundant load and stores,' 
optimize AC/MQ , 

". eliminate redundant temporaries 

specialize coding 

DO nest analysis 

code generation 

.K 2 

(Revised) 7 118/63 

.' . 
.', . 

. , 

" .. .. 

E2d±.t±SJ. dEJi.!£WkAi4£JiI iU aaA.! .r . &i.qtfii!JUiua",ua, f!¥JMfJibiii,.iMf:9ti 



. , 

Phase IC 

Scan 1 

, ' ,Examine all T .' sequences replacing the undefined sequence num.bere tor 

beta with defined sequence numbers • 

. , . : 

oj ", 

". ' 

'Examine au contiguous U and' V packets for'identical subscript calcUlations,· 
. "'. . "". 

where found; delete one and m8.ke suitable change in the expression or 

list packets. that re.ference it. AU of the above mU$t have :the same sequence 

number; 

. ' 

.' " 

,. 

," " 

I 0 

' .. . -,' 
',I, 

.' . 
" .. 

" , 

. : 

. ' 

.. "', 
" t-
o. 

", '. 

."' ':.-" 
t' " • ~ .' ':. • 

'. ,: ' 

.; :';,,' ' . 

' . 
. . 

..... ' 
,.,' '-", 

• i .. :. ' • 

' .. . ' " 

" 
'-' .. ',.' 

•• : ; '~".:. t 

. . ... 
"', . ; . .. ' .. 

.'.' 

" . ~. 

,'. ," 

~ 

. . ~., 

~J ',' • , 

.... , ~ 

' .. 
'. 

!, . 
, , ,. '. 

::. " ..... 
I~: .. 

"'" .-~ 

K 2,2 

.' ,R~vised8/16/63 
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<, 

Phase Ie 

Scan 2· 

Move~, sequence by sequence, al~ packets containing expressions. 

Convert to S Format--

Pack (and modify) RQW in Sword 

Add hierarchical power level if operator 
" 

type code if operand 

delimiter code if delim<iter 

" 

" .... -.,~. 

K 2.3 
<, • 

7/is/S3 



" 

Phase Ie 
Scan 3 

Words in Sformat,are taken from a sequence in work area 1 and 

transferred to w'ork area 2 with intermediate residence in the main 

stack. There is also a Control Stack. The work area 1 contains 
'\ 

the words in reverse order,. e. g. (Y -,A + BJ Work l' B 

+ 

A 

= 

y ) 

Temporaries (in S format) are created in the process" legal mode . . ' 

combinations checked and de~isions regatng exponentiation ,made. 

, ' 

" " 

t:!' " 

. ' 

, .' 
K2.4 

7/18/63 
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" 

~ '" . 

"Phase IC 

Scan 3 (cont'd) 

The basic algorithm:-

Word is operand--push down to Main Stack. 

" Word is operator--~ot inside a function argument 
~ '. . . 

Lower than top of Control Staek--pop up both, staclts to first operator 
of higher value. 

Equal or higher-..-push down to both stacks. 

Word is operator--iriside a function argument and low~r than top of 

'Control Stack:'-pop up both stacks to first" co~ma or right parenthesis. 
" , 

Word is delimiter--

")" - push'downboth 

, in a function- push down both 

= - pop up both to bottom of stack 

( .. pop up to first, right parenthesis 

, " 

',' 

". t'; 

, . 
".<. 

I .;-

" 

-. :,', 

; J 

", 

"K 2.5 

7/18/63 



. 
" 

Phase Ie 
Scan 3 cont'd 

Whenever the first symbol in a packet is commu.tative and the 
.' ' . 

second operand is a temporary cell •. :'exch8.nge the ,first with 
. t ---- '. • .,' ';~::. "" .•.• 

the second. . 

," 
" 

). 

". 

. . 

, \ 

, " 

" 

.. : .. , 
",." . 

.,'"j' 

.,' 

'," ,'" 

:: , ' 

:-.' 

I ' " 

., 

oats; ,m!. 

," 

.. ' 
., .... 

ikU41U.i; £. 

~. 

.' 

" 

." 

K 2.6 
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... -.--.--~--~- ...... : ..... ~- ... :..;..; ..... "'-.~-- .... 

• 

. Phase IC 

Scan 4 

.. 
'Redundant suoexpressions are identified by examining all generated packets. 

First, test f~r equivalent number of entries, then for equivalent contents~ 

If all operands (except the last) ax:e temporaries, 'give the~ a special 

analysis. If only the last operand is a temporary and, otherwise', equality 

exists, the elimination condition exists. 

,'TO eiiminate, keep,the firs{encountered and store into the last (output) 
.. " . 

operand of all other (eliminated) packets: • ,I 

, ' 

There, may be more 'than ·~o of the same subexpressions and there may 

. be more than one. subexpression' with redundant appear~nces.' . 

. ' , 
\ .. ' 

44==::;;;::::;;:#44 

, . 

K 2.7 

7/18/63 
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.Q., 
I ~ 

.' " 

Phase Ie 
Scan 5 

Conversion To Z Format 

The S format words in WORK 2 are now converted to Z format. Here 

,the specific 7090 or 709'!1 code is originat'ed. Doubleprecision and 

'exponentiation are treated ~ow, and open functions parametrized and 

inserted. 

, ~' 

. , 

, .,' \' ." 

. " " 

:', 

K 2.8 

,7/18!63 
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, --.. •.. .: ~':"'- .... ~'.:: ,d ... ,'" ""' - ~'.. .~ ~-__ ;F~-;f":..,.. ~ .............. ~ " .. !'";. j(ii .. ..:.A. ~Iid....(.~·· -'.':' ':::::""t~~.:-;~., ..... -" ~ _:,:t,,;~~_ ~ . " 

-. Phase IC 

Scan 5' 

. Converting Logic~ Expressions to pOde' 

. S format to· Z 'format' 

Assumptions: -- " 
t, 

.-... ... 

. , 
t. . ..... 

. ~'. , ,; . 
. 1) Phase IB identified. NOT. and associated it with the lOgical\ variable. . . . . . , 

Multiple • NOT. s must also be processed. 

. . 
, , 

~ =. NOT. A • OR. B.' 'The • NOT. is associated .with A 

T = '.NOT. ·.NOT.··:A· " ". . The ~ NOT. s are dropped " ' ..... 

2) Phase. rc Scian 3 makes'no speciaI. 'p,rovision for logical pro·cessing •. " 
, . . .' - . .~. .' '. '.' ~ . . .'... 

Actions:--' For every element~- .' 
'. '.'" . " ' . 

, ' . . 

.. . -. , 

;. ... ' 

'. ~.. . 

" 

. ' .a) Normal form ......' NZT element· T,.· .ft 't--~ 7' 
" , '. ,;; , .':', ((:: RA 'F (false exit) .. '. . 

. .' 

," 

'b) When pr'e'ceded by ·~PR":.' . /ZET element· . . .: .. ' T ~.fl.~3··.;:-
' .. :< ... ,TRA T (true exit):·.··. . r·.. l1'i-l f 

c) Negated " ...... .-~reverse the first 'op-code. of the' . 
. .'." '. :. ". corresponding pair.':'. '. '.' . ~ . ~ . . . " . . ~. 

d) IF' (only 1 ~le~ent) " .:-:::. . ." CAL element .. :' ...... .' .... 
;. TZE F 

'. 

e): Constants 
· '~'/ . 
• I, ' .,. ',' . ·,TRUE.·= 1 

. ' "::', 
• :E'ALSE .. ·.= O . 

f) ·Logical. I~ '(ending) F, . TRA faJ.s~ sequence :'. 
' ..... ' . ~rue sequeiloe follo~s ': .' ': .' 
~. ,:\ '\.~', .. ' 
. .. l:.',f. 

..... 
~ '. . '. 

, 1) Relational Operato_r's __ 
... '.' ' ... 

\ .. 
" . .. 
. ~:, ' 

'." , 

. "'- ~ , 
" 

..... 

. . .' CLA' Arith..· 
, . Expresslon-l. 

/, SUB.' ~rith~ . -

',' '.'", 
'.:. ',\' 

'" .," .; '. 

'.' 
.' 

:' . Expresslon 2 .1',:. , ' 

.' : 

SuffiX 
, .' . , __ w···.· .. , 

. .-
or . 

. . CLS ,Arith;.· 

",' 

'.' ",': '. , .. , .... :. .... .< 

. ,. 

> •••• , • 

," .. 
. ".' 

, .... 
, . "'. 

" .. 

, . '. Expresslon 1, 

ADD' .' Arith: 
reversed form 

. Expresslon ,2 

Suffix· : i. __ ,"", 

" , • : 1 • · '. 

. . ." .. 
'.,' ,'! 

, . 

, . 

,,' 

K2. 8:~~ 
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~ •••••• ------.;....~::_. _ ,. __ ~, •• _.~~ _ ...... Rfo, 

Suffix 

• 

" 

. . 

, , 
" . 

• GE. TMI 

• LE. 
O •••• _ •• , ... , __ ,~~~ .~_ • 

TPL 

• GT. TZE 
TMI 

.LT. TZE, 
TPI,...· 

• NE. TZE 

.EQ: TNZ 

F, . 

, F· 
F· 

F, 
F. 

F. 

If. 

'.. , ' 

h) Logical Arithmetic Statement Function (ending) 
.' ! . 

T. ' CAL, * 
..... TRA 9999ZZ 

F. ZAC' 

99'99Z,Z 
',' 

AXT" **.4, 

T,RA 1.4 

i) Relation. AND. Relation 

" Relation coding wit):1 branch to 'False 
, , 

Relation codin~ with branch to False' 

j). Relation • 0 R. Relation 

, Relation coding' with branches change~ to True 

Relation cod~ng with?ranch to False. 

k) 'De'finition ,~fan "opposite exit": ' 

.' 

" 

T+ 

:/ ' 

I ... Ct' 

.. '~ ..... , 

" 

. The inverse ~f the address of the ,last branch in the :coding 

lor a subexpre~sion. 

,I) ~rocessing logical temporaries~ A op B --)Temp. 

(i) The opposite 'exits go to Temp instead of T, or F. 

~ii) Temp.lis entered in the'program point table • 

m) P.rocessing logical te~pora~ies ' Temp., 0p, " C~D: 
The temp. is simply eliminated~ , 

1,1) P~ocessing l~~cal .. t~mporaries: rr:em~L, op TemP2 . >D:" 

.. to be spe'cifie(i' , ' ' . 

. ." 
~... . 

, " 

.'; .' 

J', ., 

., , " " ," 

'. 

. , 

K 2. 8.2 
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Phase Ie 

Scan 6 

O"Otim1zation' 
+ . . 

Here the sequence under development· is scanned to' eliminate superfluous 

loads and stores and to arrange AC/MQ optimization. 

The algorithms are to be stated later. . . . . . 

' .. 

. . 

K 2.9 

7/18/63 



., 

• 

. 

Phase Ie 
Scan 7 

Elimina.tion of Redundant' Temporaries 

, Here ~e sequence is scanned to elimin~te ~e assignment of superfluous' 

temporary cells. 

The algorithm is' ,to be stated later. 

''' .. ' 

" 

. 'i. 

"',' 

'. :,' 

.. , .... ;. 

! .' " 

, ' 

, " 

, . 

.K 2 .10 

7/18/63', 



~ ~"""'--'''- --. , ._ .. ""' ~ ~, ... 

Phase Ie 
Sca..."l 8 

Specialization and Lists 

. Here the specific needs of-

CALL argument 

IF (arithmetic) 

IF (logical) 

assignment statements 

arithmetic statement function definitions 

as well as of elements in a list'are processed • 

. At the conclusion of this scan~ the header is restored .. the new count 

inser~ed and~ ·a:s a Z format· S equence .(.bu.:t-with-the-orrgtn-:U-:A-fqrma-t-type- .. 

~ it is placed in the internal file replacing the sequence used in Scan 2 •. 

K 2.11 

7/18/63 
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j, 

Phase IC 

Scan 9 

, . 
'. , ' 

'" 

Processes D packets.' Ana1yz~'s DO's o~ nest by nest basis. " 

1. Ge't 9,U DO's in a nest .. , 
.; 

" 
" 

2. Assign level numbers. 

3. Check proper· DO .nesting. 

:' the former~ 
" ,f 

:,": 

" 
(" . 

"",'," , ',,'.", ' . ~. ,.' 

' .... 
. ','" . ~~':: 

',' 
s :.,., : ..... 

,,' 
" ' 

I': t •• 
'", ~; . 

-:.~ ~, ... ~" . :,,: 
<' •• I-

',:',. 
,.-, 

".:', .".' 

" :.c.-
':':', ~: 

," 

'" 

" .. ~ .. 
" 

'.' 
.'.' 

'.' ; 

.' 
,j 

" "," 

" , 

',t·, 

" :. t' :' . ' 
, /" 

'. ,", ': ..... .!;' 
;.::~ 

,'. ':-< '.:"'~ 
, •••• ! ..... 
::: .' .. ~. , 

" 

.,'.', '. 
~ '~.: 

,.' :;. 
,', 

'. <, .. , "f' .. , \,' -'" . ~ . 
...... 

. ~~ .•.•. >; 
::t ... 

......... ; 
.' . 

. , 
" , , 

, , 
",' 

, " 

" 

" ' 

~ : l 

" 

.' f~' 

':1.," 
',,;'. . . '~ " 

.,".,', . 
J·.i ..... ' .. ;,,, ... : ;. .•..• 

°r':·'-. ' 

.', :: :;:~ '::~~. 

......... .' 

" 

, ' 

. " 

. ~ .'.' ". 

, "".~.: " 

" 
.. ,';'.* 

,',' 
;.,' . .'," 

, 
" 

.. ~ . 

. . :f· 

.. :"" 
" ..... 

,t ~~:. , 

", '. 
, ," . 
" 

'.' •. I 

':'. 

" ,- " 
. ~': 

" 

~ , . 

.. ' 
i' 

.~. " 

'.: 

, ; 

" 



I "I~«~.-.' .-.......... ..---~~. __ ......... -£. __ •• _.:.~; •• _.-............ ' :A--:-::~_:-~.,.,~~~~ .... ~' __ ,........,.~. )"r AM.~::.:.~IO-7'.~. 
I. 

" 

, ' ' 

" 

" 

.' 

Phase Ie 
Scan 10 

, '" 

,0, 

1. Produce Z format coding for the DO start and DO end. If m 1 ~ m 2 or 
, " 

m3 is symbolic appropriate coding must be generated. . . '. 
, , 

2. Sequencing DO commands. Beginning of DO. Sequence number a. 

, Non-~epeating 'sequences get subsequence numbers A-G. Repeating, 

sequences get subsequence numbers H - P. End of DO. Sequence " 

number ~.' All sequences get subsequence number P so they follow any . 
, ",', . 

, ,.'. . ~ , 

.sequences genera~ed for statement b· (by algebra" etc.). Minor sub:-

, s'equence numbers 0-15', a~e,aS'$igned if 'several DO's end at the' sam~ , , 

~tatement.' 

" . 

" 

.... 
, .. 

" "j' ; .. 

.' . . ~ 

. .~ 

" .. ' -' . ~ . ". . 

", ':1", ," ,.' 

".r 

, , 

"~ '\ . ' 

. '~., 

.... , 

'~; r, .' .' '.' \'~ • 

• ,. . ~' ,.' ! ~; • '.' , 

, .. '.,' 

~ . '~'.. " .. :' 

~. :'. ,,,;. 

"\ '.-, '-,. ,"" 

':.:: .. ' . 

.:;., ... 
" 

" 

" 

" , , 

:" ' 

,.'.' 

" ' 

" 

, , 

. . ,,' 

K 2.12.1 
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I' 



, . 

.,' 

1, ~<~."" '" '.,. 

. .. 
Phase IC 

Scan 10 

3" Setting up DO parameters. 

a)' , Constant parameters. 

, ' 

oaA\ AXe m l ~ 
X(C) 

I C ' STZ 

aH' FSCA C ~ X(C) 

SXA 'bPO' . X(C) , I 

bFU\ AXT ** X(C) 

, , 

bPJ. TX~ *+ 1~ X(C;>I -:-m3 

, , TXH, aH1 ' X(C)I -m2-1 

:'. 

.. . . " 

Non -repeating' 

'Repeating 

, (If sa veneeded) , 

(If needed). ' 

.' ~ " . 

K2.12~2 

,,7/29/63 ' 

., 



~-............ ~~- .. - '--"~"'-"" .. ~ .... -....-.:'(.:" .. ---; .... ~ ... 

. ' 

" 

" 

.~ ; 

" ' 

. , 

Phase Ie 
Scan 10 -

b) , Variable' parameters 

aA, LXC X(C) " 

,STZ 

'aB ,LXC,' m3' 4 

SXD, bPi, 4 

LXC m 26 4 

TXl *+ 1, 4» -1 
" . 

SXD bPi + 1, 4 

aH' 'FSCA C, X(C) 

SXA' ,bPO, X(C) 

bPOIAXT '** X(C) 6 . " 
bPl TXt, .*+1, X(C), ** 

,TXH aA. X{C) ** 
, , ,', 

.:,' 

" 

X(C), is 'iD:dexregister assi~ed to' control variable C. 
. . ,'" ,'. .' . 

'., , 

" .... ,. 

..... 

" " ., 
:'. 'j' 

. ',; " 

, ;. ' . ~'.: 
,',*' 

,i, .... " 

. " 

, .' ~ ... 
t, . ,,' ", 

,",' .. 
"" "'" . 

" , 

, ' 

:, 

' ... ' 

.~. ' . 

. ,.:,. : .. :-
.~ ... . 
'. : ..... . 

, ...... , 
,' .• 't:: 

" 

, , , . ' 

,', 
'I" • 

.t •. 

.:' . 

" . 
:' ',~. ", . ", .. 

• ,'< J 

':','-

" :: 

, . 

,." 

" 

K2.12.3 
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'" 

--. .... , . 

.... 



'. 

, .. 

" .. __ .- ~ ·""r:4 •• •• ; .- ... 

, ' 

: .•.. 

. Phase Ie 
Scan 10 

,"" 

4. Saves and restores are inserted in' the outer DO's when insufficient index 

registers are available.'· The sc~eme is that lower levels have precedence., 

• 

• . • " I" , • 

over' higher levels so that inner DO's will not have save 'and restore 

commands. . '. 

. : -.' 

. Let" L = Highest level ofa ccmipletely nested set .of DO~ s •.. 

n a ~umber of index registers ava,ilable • 
.... . , 

. 
Then DO's with 1evel L,,' L'" I" .'. • • ... L ... n + 1 . do not require saving of ". 

\- '. . 

inde~" registers. ,DO's. with level L ... n" L- n ... I" • ~ ... 1 require saving, .. 

~deJC registers. 

All completely:nested sets of DO's in a nest must be examined. 

> > ~, 

· .' ' .. 
'>.,' •• 

~. ' 

· ' .. 

. '. 
>' .. 

.' >, .", 

5.· A-Formats.of type T" U and, V are process~d. Addresses are 
'.' 

computed for.' subscripted ~riables. 
. ;.,. 

• .', 'r 
: ~ . . 

General form' of sub,s<;:ripted. va~iable:· 
.' . , , . 

A(ei*Si + fil .i=1~· •.• n" 1.= n'::' 3 .' 

, Address is A +i ~ f (ei s(+ f> ~l)g~·'; 
. ' .' 1= . .';:., 1.. 1 " 

gral" g2 a d 1" g3 = di.di .. ·.;· ' .. , . .' 
" .. '. .", :. ,:. ~ .'. 

or.ArC) + ~~ ~ l' 'e. g.S .. \.". '.:;-. 
. '. 1~ 1.1 1. ",. .' :.. 

'. ':, ~ , 1', . 

"';' ' ..... .. , 
"" '., 

." . 

..': 
· , '. 

..... ' ' ' ..... 
:.:": ,,,:.: .: . 

. . "wher~ :It=~r: (f.:·:"l·)·':g.<:';:~·· .' . 
r l ,~1-1 .1."\ ..... ~" ,.:,,'. 

". ! .. ~.... "'., :'. " ,.,.j; , 

. . ~ . '. 
.\,'/i.:: . 

.. 

. ' . .. . " 

,', ' 

... ,':.. . ,.'::. 
{ ., 

.. 
I, " 

....... 

. .'.:". ' 
... ' ',;,. " " 

:<: :' 
,:,,', " 

.' . 

" ' .. 

: :,:~~; .. > . 
. .. i· ~ .' . 
. ~,'.: ... ,.', ,,'.>":":',(, 

• • :: .••• "I .. ·• 

• •• .., •. , " t" : •••• .: 

• t' 'j' 

. . ,. .,' ':,' ". " ~ . " ' .. 

. . 
. . ~ ,,': " 

• I 

; , « , . 

K2.12.4:': 

Revised 812163 

. 
'.':.:' '··1 ' 

' .. .. 

~, " . 
.;; . 

. : ~., ' 

' ...... , .' ....... 

., ~ <. • • 

.. 
." 

,.1 . 

'" 

. : . 

. ; 



;, 

" 

(..' 

" -, 

" , ., 

, . 
" \ 

... ''''')! I. 

o 

. 

. 
" ". 

" 

- -- . -.- .. - -.-'- .. 
, . 

Phase Ie 
Scan 10 

6. Address computation of subscripted variable not in a 00.; 

·6.l"" .. n· 1. ~ddress of A(el *Sl +fl> is" 

, 'A + h +' e1 S1" '# h' ,. f 1 ' -. ~ 

,a_ .. e1 .). 1 
~ 

'. 
LDQ 'S, 

. 
1 

VLM e1, #, 15 

'PAX # 4 

"TXl *+ 1 • 4. A + h 

SXA Z. 4 

• " 

: ,. Z;, OP' ** . 
" 

, . ":~; .. 
.,' 

b. 

LXA 'S 4 . 1· . . . 
. . ', 

TXl *+ 1~ '4# ,A+h 

S~ 'Z. 4, 1-------...;.. ____ ...... "'. , 
. ," . .' 

'Z ,OP **' 

• '0' 

,'K2.l2.5 

'. ~ '. 

. " : ',' 

" 

" 

" 

.', .. , .,. 



" 

. 
I 
I 

s, 

" 

" ' 
, ' 

, . 

. .. -~;, 

.' ~. 

.~ .. •••. ,._._, ... 111!"" ",~~ ~ -_._-..... 

, Phase Ie 
Scan 10 

,. 

6.2, n ~ ,2.' " Address of A(e1 *S1 + fi" e2' *S2 + f2) is' 

A + h+ ~1S1 + e2d1~2' "" ,h'='(f1 -'1)+ (£2 -,1)~, 

e1 > '1 e, = 1 

LDQ Sl CLA S1 
VLM (e1~ # 15, 

I , , . 
e 2d1:> 1 e2d1 = 1 

" 

,STO T ADD Sa 
LDQ :'S 

,2 " 

VLM'" (e2d1 ) , 1'5 " 

ADD T ' ' 

> .. , ' 

• f' .".; 

.. ; ..•. ;, ' 

.' ~ 

PAX" 4 

TXl '* + 1" ' 4,. A + h " 

" SXA Z" " 4 
, " 

'~ 
"': " 

. ,,' ,:,: . ".' ~ ,'. . . . 

Z " OP ** 
" '. ; .. ', 

, " ,I' ,j : ••.•• 
·-'t '.' 

, . , " 

,'; :,> 
'" \. , 

, .' 
" 

K2.12.6 ' 

'. 7/29/63,' 

" 

, , 



b. 

" 
, " 

.; 

" 

. 
Z 

Phase IC 

Scan 10 

"d " 1 variable 

.STO T 

LDQ" 8 2 

VLM d1~ 15 

ADD T 

e ),1 
2 

XCA'" 

'VLM (e2) ~. 15 

. 2 " 
I

f = 0 

PAX# 4 

""_- ", .. ___ .,. ___ """'- --3!"':'!l£ ___ ""--.'~~:~' 

.' 

.. '" 

e 2 = 

null 

f = 1 2 . 
null . 

. ' 

1 

TXl *+ 1, .4~ A+f1 -1 

SXD Z, 

OP; ** 
. 

4 

, .. , 

K2.12~7 

7/29/63 
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. . 

.. 

" 

" 

............. -... --,....--~'....,...~ """ -- -~~- -

Phase IC 

8can 10 

6. 3, n = 3., Address of A(e1 .*81 + fl. e 2 , *82 + f2• ,e3 *83 + f3) is 

A + h + e181 .+ e 2 d182 + e3d1 d283 ' " .' , 

e1> 1 e1 =,1 . 

tDQ 8 ,~ 
1 '" .. CLA 81 , 

" . 

VLM (e1) , '15 ' .. 
" 

~) d1constant 

e2d1 > 1 e2d1 =,1 

8TO T 
....... 

ADD 82 

LDQ 82 

VLM (e2d1 ); 15 

. 'ADD'. T .. 

... 
. i) d' 
. . 2 'cQnstant 

, .... 
:.,.' 

j. 
, '. '. . , ~ 

'8TO ,T· 

LDQ 83 
. ,'. ' .. .i~ .' • 

;/ 

Z·· 

V:r.,.M· (e3dld2~' 15. 

ADDT 

PAX, , 4 
... 

TXl *+1, 4, A+h 

8XD . Z, '4 

OP . **; ..•. 
" . '. 

. I. 

K2. 1,2. 8 
.... 

. ': 7/29'/ f>3' 
...... 

" ' 

~'. : I 

',.' ". 



, , ,. 

, ' 

, . 

, . 

" 

-.-.. -,~ ':--''-- ,-

Phase Ie ' 
, Scan 10 

ii) ,',' d2 v~~iabl,e . .. . . 

> '\ STO ??, 
LDQ" ·S3 

VLM (e3d1) ~15 

ADD'T 

I 
t3 = '2 

ADD d1 

" ' 

" . 
" 

, . 

f3 = 1 

I null 
" 

,. 
; .. 

f3 > 2 . ~ 

·1 

ADD ' (f3 - 1) d1 

. , ' 

" 

. . ','" 

'., .' 

" . 
" 

PAX '~ 4 

TXl *+ 1~ ,4" ,A+ (f1 -1) + (f2"1)~ 

'. : 

. 
Z 

b. 
,,:'.',. ' 

,SXD Z, 4 

OP ** 

, d ' variable 
1 
:,:,"Same' as 6~ 2b 

: ' t ' .' 

" 

plus:, . 

',' "',i>, ~2;,co~st~t , 
, " " '~' ';; ",'" S~.e as 6. 3aii, with ~l r~p1aced by d~ 

, . 
" .-" • • ~ • I" ~ ';' 

~ -. 
, "'-' 

'" I. 

'" . 
.' ' " '-~ 

" ~'" . 
:"'. 

. ',' ,,',!"-.. ',. 
' .. '". 
. ',' 

, '. i', ~ 

" ' 

, " 

:' ~ . 
. , 

- .' . 
i' '. . .. , 

" , 

~. -, 

'. ", 

, K2.1~. 9 

';' ':712~ / 63 ' 

, , 
, ' 

$ 2m : .. $ (u: a; ,!lii& £ ii'S! 



. . 

- ............... ~-'-- _._,",-- ...... -----_.-.:,.'" -

. 

Phase Ie 
Scan 10 

ii) d2 variable 

eS > 1 
.. 

STO T 
' . 

LDQ. S ,. 
S 

VLM eS • 15 

ADD T 

f1 ~ 1 

TX1 *+ 1. 4. A+ f, -1 

SXD Z, 4·' ./ 

Z' .. OP ** . 

. '. 

e S 

ADD 

f1 = 
null 

= 

S3 

1 

1 

K2.12.10 
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I 

".~ 

.~. 

o 
(~ .. ' 

.... ~ -. 

_,J,. _ ......... __ ~ •• ,:._ • ..;....\Ijj..-

Phase Ie ' 

.Scan 10 

6. 4 W.hen dimensio~ed var.iable A is. a subp~ogram parameter the· . ' 

instructions 

" 

PAX ,,·.4 

TXl *+ 1~ ~~ ·~+h ~" 

become 

ADD L(A),' 

PAX • 4 

.. . . 

. 6.5 .. If a subscripted variable is addressed through an index register" 

the instructions' 

".,'- . 

-' .. 
" . 

'. PAX 4 

TXl *+ 1. 4. A+h 

SXA ,Z" 4 

Z OP ** 

become 

". ' 
,. : iPAC ." 'XR " 

", 

,Z' OP A+h" XR 

: . 

. ' 

. ~," 
, "., .... 

.. . , 

., 
;." I 

.,.; .. ' .. , ,'. 
. ~..,.';' : .. 

" 

'. 

" 

i, 

" 

.... 

. : .. 

. , 

']/29/63 

',. , 



~ .. 
6.6 

" 

, , . 

Phase Ie 
Scan 10 

Met~od of addressing subscripted variables not in a DO m st. 

, ' 

.~----...;" 

Index registers are used for subscripted variables in a sequence. 

When all available index registers are used .. addresses are placed 

directly. in 'command 'o?erands for rem:ainin$ subscripted variable~. ' 

7. Subsc~ipted variables in DO nests. 

• 
, ' 

" a. When a subscript'is, controlled by a DO control variable.. the 

portion of the address due to the Slbscript is computed at the 

,location of the DO. 

b. ,When a subscript is not controlled by a DO control variable (relative , 

constant case) the: portion of the address due to the subscript is 

computed at the non-repeating portion of the outermost DO of .the nest. 

c. Method of addressin~. Index registers are used to address sub

.,' scz..ipted.,variables under the following conditions. 

i) A subscript variable is controlled by a DO. 

H) The subscripted variable is c,ontained in the ,controlling'DO. 

j,ii) The assigned index register does not have to be ,saved and 

; ,: 'restored. ' 

.. 
,,' 

"'" ,.' 

. , ,','; 

" ',{. 

. '''.' ... : .. 
, ' ... 'f". 

" . ~ '.'. ,. 
, . " 

.... 

. " 

" 

... 

," 

" ,K2.12.12' 

7/29/6$ 

" 



" 

• 

" 

...... .•. :: .-.: 'i':~:~ .. ~'. ~''''.'''''' ". -

j ' • . ' 
, , 

" 

Phase Ie 

Scan 11 

, , 

Converts Implicit 'tables to code'in Z form'atand places them in 
inter.na1file~, ',:,~ '", ',::' ,,'.:' ",'" " 

'. . .. ' 
( ... 

.... : . .. ~ .. . ,.' . .' ·';t. ;." 
, ~".' . ...... :; '" 

. , 
'" 

'''.", 

'''.' 

~ •.. * 
./' .... ,. 

.~ .:~'.: 
'.f' 

...... 

:"'. ',' . ' 
" 

. ' 
.. '/ .. " ~: .. : '" 

', . .'. 
>,',1 

.':" 

" .. '.,,: 

. '~ ... :' ' .. 
, " 

, ~: .. 

• ~'r 
"',' 
. '~ ? 

" 

" 
,",' 

,', ",/ 
I . .... 

.. ~.~ ,.' 

".'." " 
~'. ':. 

',' 

" 

..•. 

. !. 

" , . ' ", 
", 

, ' 

" 

" , 

" 

" 

.... 

, " 

.... 

, , 

" , 

.. '. 

.. ...... . 
. " . "": 

" 

.~ .. 

,', 

',: 

" 

t •• ' 

, " 

I .~ 

, ..... 

,', 

., .. :: ' .... 
" 

. ,\ 

ReVised 

'" 

'" 

.' " , , 
" 

.' ". 

',' 

'. " .•.. . ~.". ',' 

" , 

" 

K2.13 
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co·'"·' '.' 
,-"! 

'~. 
Indexing 

Assignment of actual index registers must be delayed as long as 

possible. 

Index register usage for other than DO's and SSV must be avoided 

if possibl~. 

.~. computed GO TO~ Assign 
',. 

: Arbitrary "saves" and "restores" must be avoided. 

Double precision and complex data must be indexed by doubling the 

normal increment. 

K3 

.7/10/63 



'. 

~ ... _,~ ',,·_ ...... ·iiilIItMIW' '"",~ po, __ ... --.,.. .--__ ._ ••• '" 

Double Word Activities 

double precision 
. <7094 - hardware commands 

7090 - special ~ode generation 
(same as FTC) 

complex 
,"' 

·,' 

special·c·odegeneration 

K4 
'7/10/63 



3~ \. 

~ 

'" 

(1) 

(2) 

~ ...... -.~ ............ ~ ....... - .... -~ . .---. '-'''';.'.". ~ 

OptimizaUon of Object Code 

Types to Consider 

~:i:::::::: loops (e. g. Locating llodexing return I 
point as deep in inner loop as t 
possible) . t 

!. 
i 

(3): . Saving partial results (inter";statement) 

. (4) Saving partial results' (intra-statement) 

(AC-MQ)' . 

(5) Redundant index loading within a loop. 

(1) IF (A) 17, 18, i7 

17 

Examples 

, 
F4"A 

(2) DO 12 I = 1, 10 (4) Y = SINF(A+B) /1. 0 - {SINF(A+E 

y::i: 16 .. 0 

12 'Art) ~ B (I)' 

(5) A{J+13)'= B(J+13) 

K5 
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• 

Phase IC 

PROCESSING OPEN FUNCTIONS 

In creating the internal file, Phase IB writes O-type sequences in 

format A whenever it finds'the name in the Function Table coded as O . 

..,... 
In Phase~IC •. Scan 6 '. all skeleton coding is brought in at once from the . , 
system tape .and t~e substitution performed. 

, . 
A mechanism will be' provided to users to add their open functions to their 

IBSYS tape .. 

. Format A 

: 

.. ' 

. 

Exa..1TIple 
'0<' tfl \ ,.1....::> IV Iv 

IINSIGN I Lgth f S 

1°60000' par #11 

1032400 par #211 

060100003721 
... ~-.. I 

05360000HJ4l.. I 
10621'00 ... pa~ #11 . 

. Skeleton (Format Z) 

:y = ISIGN (K, J) 

. :: 

; it ciliii 

/060000' K (p'.~k.-) J:s]) 
I 
1032400 J (E~ ....... ) IS5> 

'060100003721 

053600GlhQ 1./--)-

062100 K (R...A .. ) 

. Result (Format Z) 

K6 
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'. 

. ' 
. ;~ 

, . ., '. 

. 
" 

.' , 

-....... _-_.¥ 

",. '. 

,C ,', 

'. 

" " 

PHASE,II 

, , 

Replac,e undefined ,addresses 

Merge all sections of ~nternal' file, 

Merge with, ex~ernal .file 
" 

: 

", ." 

'" 

" 

" 

, ' 

Reorganize'tables-as~i~ Data and Cons't~nt i~~a~i9ns 
Build program string assignment t'able 

" ".. 

Assign address' 

Pr.e.pare preface,' place in internal load file 1 
" . . ". ':. 

Output \ext ,t~, lo~d fUe 2 

" 

'._' 

.' 

The Chart preparation ,takes 'place ,concurrently withPhas,e IIB 'processing. 
", ",' : .•.• ~; .•• :', ..• ~~ •. ~ .. ~ .. >' ,·~· .. :·~·t':· ';"" .. ,~. " ~ :",; .. , . .' '." . ' .. ~." . .' 

.. .. 

" 

< ..... ' •• ' ".,1.' .... ;.'~ : ': •. ",; " . ,,~, •. 
. ,-', . . '~." . 

\.," 

.' 

" ''.' 

" ' .,".'",' 
'i, .:' • 

. ". ,,'\ 

" ' .. ,', 

, '.' 

. ;.~.: .. : 

" ' . , 
,',' 

• ,"'.1 

","":::, ::. 
-,' '" 

'.; ," 

" ' 

. ' 

, . '," 
, ..... ," 

" 

'" 

.. ',' ...... ," t' 

~ " . 

"." . 
" 

. ~. .~'. 

\' . 
..... 

.... 

;, 

",-.' 

.... 
, " 

': '" .... .... , 

',.' . 
,. ' . 

.,'! 

. ' 
,'. " 

" ~'. I 

, " 

~ .. > I' 1,0 _ 

, .. \" ... ~: 

. o. #. 

.j. 

,." .. :i. 
,"! 

:.' 

" 

" , 

"', 
'" 

,,' 

' ... 
, . ~.". , ... ' 

I,',.' 

..... , 

.' 

, , 
", . 

" 

,', 
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i ! 
j 

I, 
I 

~ . 

t 

::~-"'1 r---""~ ~_ cr -- \ . 

'-./A,' '. ""--;:~",=",'"S!l..,',,' 0.a 

.. :,. 

, ~ ', .. -

,~ ~ 
rc; ~ -0') 
(.0) 

., ~ W· 

SYSLBI 

SYSOUI 

SYSUT3 

.'-'.-

SYSUT2· 

','ComPute' 

:'; 

,~" 

Read 
Phase II 

-.-"" 

, . COMPILER - - PHASE II TIMING 

" ,,'/-IWZ:ite 
Chart 

'" ID~ . 

Write 
, .. Chart 

: .. _ . t"v.J. . 

~I,o' • 

.. :-~ .. ..;... 

, ;-

Internal 
Merge 

Merge Table I Assign 
reorganize addresses 

~ 
May be repeated 
or omitted depending 

. on size of external 
file. 

~ ... . ~ .. 

.--' 

.. 

. 

...... 
- ~, .. 
t ',;.:". -, . - .. 

Prepare 
Preface 

:,' 

... --,,..---

" . 

, . 
-- ~~~ 

,~' 

. ;'f _ c. :> 
• ..... :J. r :-.... • 

. ,,:=;.:.:." ... ~;"'~··~~1 

Write 
load 
file 

Edit 
Texf 

and 
Write,-out, 

" 

-, 

IBSYS 

Printout 

: External 
Spill 
Jile 

, Load 

File B 

Compute 

~" 

r 

. . 

I 
~ 

t 
1 
f 

) 
I 
ji" 

:1 

f , 
,I 

1" 

l~ 
! 

\ I 



i 
1 
\ 

I 
1 
,I 
I 
" 

I 
'\ ' 
l 

1 

1 
I 
,I 
1 
1 

I 
I , 
1" g 
,1 

i 
j 

I 

I 
1 
I 
J 
,I 

--,,---, ----......., ..... "',,-_.- ----,-----. -... .:.. "~---",'''''' 

• 

',.~ ... " 
"' .. . 

PHASE II A 

I While external'file i,s being processed, S sequences have their USNs 

(undefi~ed sequence numbers) replaced with DSNs (defined). Where' 
'. . . . . , 

II 

", 

,~ -' 

,no DSN exists-the diagriostic-l1EFN xxxxx.is undefined" is issued. ' 

. This procedure acts like "own-coding" within the merge as described, 

below. 
, , 

The Merge progr~ operates on the strings of sequence as follows: 

{a} A list is prepared, giving the first and last ,location of, the various' 

strings to be merged--

(1) If the exterrial file was not written, the buffer location 

is given: MERGE N is set to zero. 

, (2) If it was written' out, the buffer location is given but ,the 

number of re90rds on tape is also' placed in cell MERGE N. 

(b) Based on the lengths, the 'merge-assignment routine sets up the merge. 

(c) An n-way 'internal merge is carried out. RQW's are'simply carried 

,along with the sequences. The merge key is the first 26 bits of the 

sequence header. 

(d) After completion~ i~ MERGE N is not zero, a series of two-way 

, ,.internal merge,s takes place between the already merged file and the, 

buffel;' MERGE N is reduced by 1 for each cycle until'it is zero. ' 

" (e) Finally,' the merge r~turns controi giving the location of ~he first' 

. and last word of the merged file. 

, ' 

", 
, " 

" 

....• , 

. ", 

, " 

" . " 
,',"", 

, ' • l . -,' 
" 

...... i 

. . . . 
,.' ._1 '-I ". T, 

'i 
, ' '. -

'M 3' . 
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• I 
, \ 

I , 

t,' • 

~ : 

PHASE II A 

Merge ,Details 

Key: first 26 bits of.header 

Length: Expond~d,to include RQW's (where applicable) 

Input to E~ch "Pass" 

n +'1 
Z 

for first pass 
"for subsequent passes 

file ,pieces + buffer 
buff~r, +Ul.e 

.' ' .. 

'The input areas will be variable in word length and sequenc'e counts. The,' ~ 

first output area, wUl be a clear area obtained by release ot Phase I 

material ;that is no longeI;" needed. ' 

F~r each subsequent merge pass~1 the ,output area~must be augmented by, . ' 
the buffer 'size. 

Thus, ;¥location will be a difficult problem unless la~ge amounts of 

workspace are available. " 
'. ' . .' ' , . 

;,. ::". 
f • 

. ,", 
;. '" 

.' . " .':{. , " . 
• ,1 '. " .,', 

,,. .... ' ,,' 

. i' 

',:,,' 

~ ... 
",.," 

..... 
. ..•. 
. ' ":', 

" 
',' .~. 

. "", . 

'~. . 
" I' 

" . 
'.,'. ' J 

",' . 
, ,", ... " ~.' 

. /. ' 

'.,: t, 
.~ , . 

,;,':.:' iI, 
10 I" 

""", 

" , , 

..... .', 

, ,.,' '" 

, .. 
" 

, t .• 

, ~. 

M4 
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, , . 

.... 

• 

" 

, ' 

" 

., .: 

.~ . 

',,_ .. 

Phase II B 

Table Organization 
... 

:' ,At the b~ginni~g 0.£ this section. the pertinent tables ,may be 'classified 
as follows':, 

t. ~,. 

" 
.t,', 

~ e· 

", 

Complete 

TRV 

ARG 

,., : 
·f ••• " ,':\ 

,', 

" ,; 
.0,' 

, ',' 

'.~', . 

.',' I; 

. ~ '.~' \ '~ .. 

" " 
, . ",:' 

" 

.,! ' 

, ' " Entries Completed ,-- proto-addresses only 
.' .' , 

':,. 
,', 

, . '. " 

" 

;':" 

.... .' .. 
'/;' 

.... , .. , 

.~ , 

,', 

. '.' .. t.:; 1 

. :.'" 

, . 
,~ ... ' ,: 

'.,' 
.. ~, '" . 

", .... < 
',0, 

) :' " 

":,'-::. 

.: .~ 

',J .,' . 
. ,,·l. 

1·" 

.... 

. ,:':.: 
,',. 

". ,. 
' ..... ,; . 

...•. 

" 

. ~' 
, .... 

" . ,~', 

'j.: 

" .... 

.. ' ... , ' 

..... . 

" 

, 

" , 
,,' 

.... , 

, '. 
,'" , .. 

..... 

ISD 

IDD 
...•... ' •. " SDC 

DDC 

DSN 
",' 

PPX 
" 

Counts only 

ATS 
" ~. 

,ATD 

AST 

'SCT 
" 

. ... 
..' ',' 

.,,: 

• <: ... ' 
; . '" : ~ . 

; ~ j 

'" 

,tempor~ries 

, 
"., 

,.1 ./';: .. :" " "'.'1 

.( 
,I.: 

'.; . 

.". ,' ... 

. "~'" 

, , 
,', 

.;. . ~'.",' . ;'" 

.. 

f ••• ,{ ;':' •• ' 
". :, 

" ; 

'.;.: 

" 

": .. :: 
'I;' 

, " 

: .... , 

,.~ 

.• ' . . ';. ~ . '" 

'.:. ' 

...... .. :: 

", 

... ; 

. . " 

<'.'. 

'.~ . 
':' .. 
" . " ,:' ' ... " ~ , 

..... ,. 
, ... 

. .... 
"".\ . 

'-e.. .' •. ~ 

" .' ., .... : 

: .. ' " 

::' 

..•.. 

'::., 

~ ,I • 

;," 

\ .. ' 

,'., .. ~ ,.: 

'." ~, .' 

...... 
"" .... 

' .. ', 

'" 

'~~'" . 

" 

. ,.,' 

. :'~; 

" 
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Phase II B 

Assignment of Data Locations 

1) The' Explicit Date (EXD) is broken up according to COMMON lengths 

into,n + 1 tables. Thenew addresses are given. If the LIST option, . 
was, chosen. the print lines are set up and written. 

" .. '.' ...... . 
, " ,:.' .. ~ EXC Proto- Real New 

Name Address Address RQWCode 

VECTOR 0001 0001 BO 
... , .. ,t .... •• 

(in Common # I) , I MATRIX 0501 0001 B2 . 
1,1 VALUE' 0502, 0002 ,B2 

" 
(in 'Common #2) WORK'3 ~ 1537 0001 B3 ", i: 

,;" ,1 

t.lf( , 

,.' . ,: 

, . 

(J. 

',', 

• J' . . ... , ..... 

2}:Implicit Data T'ables are e~panded and addresses are assigned' 
, ' 

Proto 
: Name Address Address New RQW Code 

, , 

ISD BOX 
.. 

0001 '0328' . .:;,BO 
',:', ( , , 

: .. 
BLAH 0002 0329 ' " 

KOOL 0003 0330 ' . . ' 
, , 

ID:Q " HEAT 0001 0332 
.,.,' 

COLD 0002 0334 ) 
, ~ 

PLACE 0003 0336 ",. 
I . "', 

.... '.' . 

;:. -- ' 

DENOM 0004 0338 BO . .' ~.'.-: ;' 

" ' 

, 3} Implicit Constant Tables ,are prepared and addresses are assi~ed . . 

SDC, 

DDC 
.' " 

, " 

Proto-address Address 
" 1 

, ' 
.. 

2 " ... ../ 

3 

·1 
: , " ' ,2 

3' 
" 

t,' • 

": ' 

';, ,~, '.~' ~. ' 

0576 " 
.. 

., 
0577 

"0578 

'" 0580 
" 

" .. 
• i. 0582 , , 

, , ,0584 

, . 
. ~. ' 

" 

,,,' 

£.::#===4$ a; $ 4#",;;;::,4#2#".Q ~ 

. 
RQW 

BO 
, 
I 
) 

i 
} 

" 

BO 

: , .' 
',' .' 

,',.' 

'; .. 

.' ' .. ""'.: 
, .. ~. '. 

-"', t' 

Revised, 

N2 
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.," 

, :' 
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Phase II B 

Assignment of Data Locations (cont'd) . ;. 

. . . , 

4) Tables are' created for Erasables and addresses are assigned: . . . . '. ".:,: ' 

. ATS .' 

. " 

ATD 

~ .' 
.,' ,. 

. , ...... ,. 
". 

. ,',.:', 
," . 

• "~l'" .' '1~t' 

" . .. 
", 

Proto~addres's 

'i~: '. · .. · .. 1 .. . . ,:~.;, . , .. 
·t."; 

,,~~',:.: : ' ..... 
'r:,' 

.. ; 3. ;. 
" ". 

,,'. ",' 1 
.' : 

:.2' 
'. · .. ·3·· 

• ~ t:· , . ,~. 

~.' ., 

':.. f, .. , 

.. ' 

'. 4 I •• : .• 

. ~" :,;' ~ 
\ .', '., ~," . 

", . 

. .•.. .•... :. 

, " 

....... 

" 

. ' 
.' 

..... ~ . 
':1 '.' .';,' .... ' ~' 

Address 

0671 

0672 

. 0673 

0674 

0676 

0678. 

'.'0680 

.. ' 

,". 

RQW 

BO 

.. 
BO 

. . ~ . 

. ~' .. 

" 

',.,' .. 

, , 
'. ., 

....... 

".;' . 

'. ',;,' 

,. 

" ': 

...•. 

.;. :" 

··· .. i· 

. ... 

: .... 

., 
. ~,' 
." 

" : .. ~ ;.:' 

.,' : 

',' 

; .. ,,',:.'. '. '. 
.'. / ..... 

•... ,' , 

",'.' 

. \,. 

'", ' .::. 

.'. 

" 

" ." 
.:~ , 

". ; 

' .. , . . " 

.; .. ', 

" 

...... 
" " 

.. :. ,'~ .. "'" 
":' : '., ,'~,,' ~'. .' :,. ~.': :~~'.'~ , 

.' . 

"',. . 
• , ' l ,~ 

'J 11. 

: .... 

,.' \:.~ 

'\'" . 

';> 

,.' 

, .... 

.. 
" ,'~. 

, ',' 

", , , "~: . 

'.:~ . :, 

". ',. 

.' .' 

" 

. .:, ~ , . 

.' 

. ~'. 
.0' • 

'1" 

..... 
~ '. 

':" .' 

i .. ",' 

..', 

.' ......... ;i . 

", t, 

" 

" ',. 

.. 
\ 

-_ ............ ,.." 

." 

, , 

" 

, .... 
',',' , ',I 

'.". 'i :..' N 2.1' 
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~1) 
y 

, , 

, ' 

" 

" 

,", 

. ' 

, ' 

, .. Phase II B 

, Assignment of Program String Locations 

(1) With all 'of BO,'B2 '- 'B7 ass;i.gned, ,the assignment in Bl (program 

string) must be carried out. The above tables are used only in the Scan B. , 

(2) Scan,A goes through'the JKL s,equences as'signs 10cation!.2r the sequence 

according to its length and enteJ:s'the sequence numbe~ and location in the 

Master Sequence :rable~ The location c(;>unter i~ originally set to the length 

'of the' transfer vector. ' 

" , 

(3) Next; the DSN and Program Point Table are processed to fill in actual ' 

addresses. 

(4) In Scan ,B, the content w,ords -have their .proto-addresses replaced 

referencing the BO-2-7 tabies an,d the DSN and 'PP tables. ,The RQW's 
. ", 

are changed correspondingly. 'For ARGn, ~, 4is placed in the add~ess 

field. As each word is completed, its printout form is set up if the 

LIST option was given. 

(5~:At this, point,' ass~gnment is complete and all sequen~es ,are in Format B., 
,,' 

, 
" "" ..... , . 

' .... 

': 

'"" .,' 

. . ':. 
", 

.. '\ 

. ~,' 

" 

... 

,,': 

"' ' .. 
. . 

-,' .. , 
'-.",,",:' '. 

*,' .; 

", ~ . ," ,;.; " 

-, ,", 
!'," . ,'," 

-:-\ ' 
"'"," 

;., . 

.'" 

. ",' " -,' 

, "," 

;') 
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A 
l.:{W 

:'o • 

.~ ,",'" 
,.~".,,; 

• 

Phase II 'B 

Printouts 

The printmg 1S' carried out entirely in Phase B. , . 

During Table. Reorganization and assignment, Part I is printed. 

puring Program String Assignment, Part II is printed~ 

" 

Following this, Part III is printed. 
" . , 

,All printing is dependent on the LIST option. The program logic 

is such that'processmg 'will., l?e much faster if the LIS~ option' is 

not given. - , 

' .. 

'.;,' ' 

f ' ~ 

, ,t· '.: . ;' ._; •. -,: ,'", " " ; 

\ . 
. "" .. " 

., . -. . ':. , . ~. 
, ; ~ : 

"'-', 

t ',,' 

", 

, .. "-,p.,,, .• '?,,",, 

, I 

:.' 

" 

4§i;;;P;:;;;:;b;;:;;:m:;:; ;:az 

," 

N4 
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, , , 
Phase' II B .' '~ 

. 
Printouts (exampl~) 

. " '. ' 

" .. 
COMPILATION Olf" . TITl,.,~. ' 

-------~-------~--

, VARIABLE ,., TYPE ',~: ~~~~:~:"'" :,~bDRESS 
", :,. , 

VECTOR 

'MATRIX 

LOGIC 

BOOL 

VALp'E' 

,\BOX' 
....• 

' :. R',: ' .. ··.·0 ',,'" "0000 
· . . . 

,.>' R '''.:' 0 0100 

I" ~ "':"0 ' 
. "'" 

L ' .. ,', .. 2:'.:<, 0001 

L' <.:"2'> ...... , 00.02 
" '. 

,'I; 

,R,·"i, 
.' .',' , ' 

i • 

.. " ,' . 

. : . '. ~ ,'.. " 

. 00,03 

. '. ", 

VARIABLE, TYPE, ,BASE' 'ADDRESS' 
. " 

'",' . 

RESULT .. '.' R 

HEAT '. D 
" 

COLD " D 

PO.W~R .' C 
, 
JIN or 
INPUT .' r . , 

~', 3 

, 3 ' 

,3 

',' 4· 
", 

4 

4 

.-

0000 

.. ' 0500 

0700 .' 

0000 

0001 

0002 

.Code ' CONSTAN!,."" ,,: ,ADDRESS-BASE 0 CONSTANT 

7S ' 4.71 . 

,ADDRESS-BASE C 
IS 

2S 

3S 

", 5S ,:,,' 

6S,'" ' 

, " 

: .. 
. , 

l' i"". ',0310 '., 
.. ,'. "", .< .. :;. ".: t '.' 

.. 2 ',:,' ,," """"', ,,:C' 

6 .', . , 

27 . ,,- . ,".,' 
.. "'- ,'" 

0311 

0312 

0313' 

. .0314 ' 

3: 7'4," ,.,' .', ,',::" :. ", .0315 
.... ',. 

, , 

". ~ .. , .. . '. 
, , . ~. ' 

," .. ',' 

.. ' 
, ,': .. ;" , :. .~, '::, :;,' r,'; : '> 

;, ':,:',:' 

I • " 

· .; 

• i", . 

: ' .:. 

' . 
. ,' . 

" ,', 
~ .. ; : 

. ' ~. . '.. ,. ' .. ' . 
/,,- , ',-, .. 

. 1D " 5~34D 

·2D· 6~ 74289D 

. "'- , . .", 

, ' 

, "'.' ",~ 

, ,.' ",,.' 

': 0'316 
. ','031S . ",.' 

. . ,) '" ." ," 

. '. t. -:',',.;', ; , ,,', . 0320' 
~ , . "i".... . . _.~ . 

, '0322: : 
:. . , , 

.', " ' 

. .•. 

," . ~ -' . 
" 

, ,t-', .,-

, . . ' (', 

. . ~ .. 

N 5 . 
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" 

Phase II B 

Printout (example) cont'd 

. 

" , 
t,' • 

EFN SEQUENCE NUMBER 

3A " 

'ADDRESS BASE ,1 

6 

38 

2 

147 

18 

7A1', 
'I' . . :" 

14A 

,17B .c 
183' , ' 

't' 

0112 

0230 

0310 

0330 

0400 

", "~'I 

" 
',' 

.... 

PROGRAM STRING. 

lA "CLA ID 

ADD .,' VECTOR' '1 , # 
" . ' 

S,:):,O 
, ' 

MATRIX' 

IB CLA 2# 4 
(3 columns) 

.", 

STA I3P , , 

i 
• ,1' 

etc. "j .. ' 

,TRANSFER VECTOR NAMES 
;" 

BESSEL , *DORIS ," '>' SINEBETTY** 
,,' 

, " 

, 
~' ... ,: ", 

'*DUMMY 

, **EXTERNAL' 

• 

" ' 

(', 

, (3 columns) 

.~. ,', ...... 

;."," 

EXIT 

" 

" 

'. 

,;' .~ ;" . 

" Ii 

, " 

N6 
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" 

" .. ~ ,. 

, ' 

(.~." ...... ' o • . 

, . 

, , 
I. 

. ;-:. 

" 

'. 
• , 

" , 

Seq,x ence 
'. .' 

1A 

lAl 

.-,;"", --

Phase II B 
," 

...... :POintout (exampie) concluded 
',t. • 

'.: j 

, . ,..1 
, '. . Master 'Sequence Table' 

'" . ~; 

",I 

, , 
, : .,,', " .. " 
.. ,.... .. .. ... ',: '~.' :.,. 

", 

'. 

..... '. 
,t, ' ..... ',' 

'. " 

" . ', 
Address-Base 1 

., 

0007 ; . . -:, 

•• •• .~ I" 0014 
. ' 

0", 

:" .... 

'f 

lB. 0023 (4 columns)· 

., : 

2A 

,3A 

4A 

Section 

" , ' .. ~ , 

: ..... : 

. It· '. 

, UNIQUE DATA' 

,t,.: 

,':, 

", " 

. ; .. ',' 
':", 

0064' 

00.73 

0084 • 

Program Summary 

Length - Base 

·230 o " ,,~, 

7 1 TRANSFER VECTOR·,d 

, P ROGRAWI ST RING: ':1' ·1046 ".,:' 1 

COMMON l' 

COMMON·2.· 

COMMON 3.' .. 
, . . .:-

COMMON 4. '. 
" ", " ':., 

····COMMON 5, 

COMMON 6 

(name)·. 
". 

' .. : 
• .• : ~ . I 

.' . . .~" 

. " 

" 

" 

" 

"'.-

,,' ':' 

<,., ...... . 

" 

':./ .... ' .. 
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.': -', 
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500, 
', • .1, 

'\: " 

700 
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•• f 

2 

3 

4';}':: 

5' 

6 

.7 

,::' 
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.:; 
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" , 

::,' 

" 

. J~.f t,~\ 
";;" " 

. ;.: 
.' 

,., 

~> 

,; 

". 

. ' , 

-'.j 

.,; . 

'I" 

. ... .',. 

'. , 

". 

" 

I. 

' . ... 
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" 
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... . , 
,.j, 

,-.'} . 

,,:', . 

',' 

" 

' . 
I,', 

.. 
. 1 

' .. 

" 

" 

. ~ .,' 

...', 
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," 
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Sequence ,Number 

Program' Point 

Erasables 
',' . '" 

: Literals 

Data ,-

.1.:' 

,,' 

" ,~ 

Phase II B 

'Printouts (cont' d) 

SYMBOLISM 

nXm" 

nP 
:; 

'n'ES nED ... 
" 

" 

(sequential) 'nS :nD 

• '< 9riginalnam e) 
,'" . 

" " 
" ,.,' 

' .. ' 
',:'" 

,', 
.-: 

,,. ;' 

" ... .., 

'" 

, .. ' 
, , 

n n 

nSc nAS 

;~. . 

". , 

, ' 

" 

N8 
'. ',' .' ' , ". 
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" 

" 
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" 

" Phase II C 

• The function of Phase II C is to output the finished program. ' 

, 1. Preface Pre paration--(se'e R 4. i) 

, . 
(a) The TITLE, COMMON and TRV names are placed 

(b) The T RV' and Total .Preface Count is placed 

(c) The' eight counts a~e placed 

(d) The external bits (if applicable) are set 

2. The Preface is built in the proper place in (internal) load file A. 

... -:- .' 

.... , 

3. The Text"is writt~n out (blocking to be specified later) in, this sequence., 

'f :' 

,: 

,', 
", 

"f< • . ,' 

~niqueData :, BO ' 

, Program ,String 'RQWs 

.Program String :.';';:' B 1 (starting with 'first 'word following transfe,r vectoI 
I, ',COMMON # 1 :;,. B2:" ". :.",' ';',..;' '," , 

-I .,,. 

COMM6~'#6"""'::'B7 .. . . " 

, ~. l 

,,' 

'.1 : 

" 
,-', . 

. " ~ . 
'~', . . ," .,;.:. '" '.~ . 

. I·· •• :. 
. '," 

"'; ",,.. ,,', .. ', 
:' ~ 

, . 
'" 

,.' 

':" 
',' . 

"/ 

...•. 

" , 

."; 

.' 
• : ~ ", > 

,,' 
• ~ • j", 

, " ':: . 
. ~. 

.;. 

,',t. 

.' ~:~ .' 

.. ~: 

, " 
··t.· .. ..... 

,: ..... ,.\.,: ,', 

t' 

" . :", 

"'." 

. ::.,' 

, ,~ 

" 

.. 

..... 

, .' . .' 

t' 

, "" 

"'.: . ," 

.... 

,:, ' 

," '::,' 

',: 

'II':. 
. ,',' . 

.. :.:' 
.,', 

..... 
..•. 

" . 
':1;" '" 

" 

.," 

'. ,: 

,.,' 
, , 

. . ~ " 
~ '," .. 

.' " 

, " '. 

":"; . 

." 
. ; ... '. 

:',<, ", 

".,', 

" 

.~ . 

, . 
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Name 

.Name 

. Name 

Name 

Update Program 

Handles v,lriting on LIB Tape 

LIB ADD insert 

LIB DEL 

both 

delete 

replace 

Special' Operations 

LIB.CPY 

LIB LS'l' 
" 

(new copy with system routines only) 

(list) 

LIB CHG' Name 2 (permanent name cha.nge) 

" 

. >. ~ fi.1 
Pl . 
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;1 

• 
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l 
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:(j) 
1 

(Load file) 

.uPDATING 

Update 

, 
I 
I 

..... VI 

Lib 

... ~ 

'" -"="" • "'~ ,".; 44 4$ ..... # 4 • # 

" . 
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, " 

«i" ,,' 
, /_, t 

',0 

' .. ~ ,. . 
.' ~',.' 

; 

, I 
~ 

,', 

/ '. 

, ' 

.. 

,. 

LIBRARY TAPE 

. , .' 

, ' 

SRNT (SYSTEM) REC 1 

SRDT (SYSTEM) REC 2 

SRET (SYSTEM) 

SRNT (USER) 

SRDT(USER) 

SRET (USER) REG 6 

" . 

. PREFACES (SYSTEM) 
" 

EOF 

PREFACES (USER) 
,EOF,. 

" 

: " 

TEXTS (SYSTEM) 

,:' , 

EOF 
. ' .. ' 

TEXTS (USER) 
, , 

" 

" 

,EOF, 
• , •••. . j~.- - • , 

,:.,1-' 
:,,,.,, , 

, -. 

, .' I • -
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.f' .. 

, ,. 

'I 
i' 

• 

Update 

1. For LIBADD. LIEDEL and :bIBCHG: 

SR1\J"T Tabl~ must be altered, but kept :;.n o,rder by name.; 

SRDT references to SRNT' must be altered to reflect changes in SRNT" ' 
, This implies a change in all references to n~es beyond the point . 

. , (or points), of ch.ange' in SRNT. ' 
~ ., 

'f '.' 

' .. SRET undergoes same,'consideration as SRDT. 

Each new progr~ preface mus't be processed for SRDT and SRET entries. 
Multiple entries are added to SRET (preserving name order) and dropped' 
from the preface. The transfe~ vector is transformed (using SRNT) into, 
:an SRDT, entry~which is then compared against SRDT to avoid duplication-
details of this are still to be resolved. The transfer vector is dropped' from 

. the preface--preser:viD.gthe vector 'coUnt~' " . 

. :, .. ; 
'2. For LIBADD 

The appropriate set of pre,faces and texts are rewritten with ihenew 
prefaces and texts added to the end of their respective files. The new 
names in SRNT will ,r.e'fere~ce the added record positions • 

. ', ' 

3. For LIEDEL 
, ' 

'T~e appropria.te set of 'prefaces' and texts are rewritten dropping the ones 
be:ing deleted. ' , '..,',', ' . . " .' 

SRNT entries referenc:ing relati~, recor~,position altered "by the deletion, ' 
must be' c,orrected, ac~or4ingly. . " , " .,' , 

" 

4. LIBCPY 

Strip user table 'r~cords and pr~face and text files in' cre~tmg new tape 
containing systemfij.esonlY. ' " 

A means of recognizmg l~ngth and nature (whether user r~co:rds ,and files " 
are present 01,1 tape~ of l1J?rary for lqad and ~pdate purpose might be ' 
n~cessary. ' ' ,. , 

.~ , 

, Physical blocldngpf',preface$ and'texts are' 1ndicated;e" ,,' , 

" . 
, , ."' 

,,' , 

:. ;', . 

.':,'.' .' . 
,,'/:;", ..0-

" , 

I,'.:", " 
, " .', 

" .. ,. 

. ~ " .. , . 

• '".:' j. 

" ... ' 
, , 

" . 

! .. 

"'P 4 
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" . 
. .. ',' .'~' , ,', 

·.MAP~. i ' 

• " "1 

... ,: ,", 

Processor 

Output 
" ... ." 

Must be organized like FORT.l1AN output. The LIBA may be updated 

following assembly or the load file will be used by the loader. Re

lo'cation codes as in FORTRAN IVA for program $tririgs and data. 'The 

output of 'NJ.AP~ is r~stri~ted to.FORTRAN subprograms <rUNCTION ' 

, :,' ~ 

, ... ~ . 

or SUBROUTINE) •. It cannot serve as inqependent or "main" program.' .. '. '. .... '.', 

" 
General 

':, . . . 

.' 
I. :., 

'''. 
'.' " :~ . 

There will be 9 location.counters: transfe.r vector, data, program string. 

and 6 COMMONs. The user is· responsible for using the EVEN operaUons 

whenever necessary. The loader will always relocate sections to locat~ons.· .. 

modulo 2. 
.. ' , " 

. .: .. :,., 

I. To be included in MAPA: 

(a) all m~chine mnemonics, 1301 and 7909 , !~"', , 

.. 
(b) literals, elements, terms,exPressions, Boolean expressions . , . , , , ',.'., " 

, . . . 
'. 

. ::' 

.", 

(d Psuedo-operations as de.scribed byMAP unless specified below. '. < :. '. '. :' .. 
(d) 7090 double precision'routines 

(e) Special operatiGns: ZAC,' ZSA, ZSD, BRA .", 

(f) P refix codes 
:. , ~ 

" , .: 

ll.Not to be included in MAPA:' 

" t 
,,' . .' '.-

., 
. " 

- '. " t' 
, :' . . .... ~.' . " . ,';; , . ~ . 

.... : :", 

.' ',' ~:',' " 

" t,·.' ,'~': 
", .:,' .~ '~ , 

.',! 
, ,;' 

" I • 

. '.: . 

. Q f':' 
.' 7/2~/63 .. 
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", 
,:' 
" 
" 

'. 

. ,. 
,t .. 

; . 

," .. 
','. 

. ... " 

, . 

--------"f_~ .... _ "r" _ ,..,.....-"""",....,.~..... - ~ - - .... ~ 

(d) File dictionary psuedo-operations 

FILE - LABEL 

" 

, . 

;. .... f",.. .... , t.,: . . , ,".' 
t.· _ , ... : 

, .', 
: .' ":, ,:.,: '." .'." ~ ~ .": 

': " 
' ... ',' 

,.' ",:' .... 

" ., ,,' : 

"', '. 

': • ~\ ',: ',. ,_ ", t . '.' . ~.'. . 
~.: .:' .. " . .' 

••..• "f 

,.,. , •• f,~, ..\ 
.' .. 

" 

.' :"'., . ' ' 

• • • ,\. 1 

.", 

(e) Operation definition psuedo-operations . 
..~. . '.-.~ . .-' ~".,":. ", .. 

. f C '. "'; .~::'.'" :\,' ~ ',' • 

': .t.:· 
' •• r • 

, ' ' . " 

OPD - OPVFD- OPSYN 

, " (f) Special system macros 

:.: . " .' 

'. \ . '. ': ..... :; ~,,:, ", ':·:.;·>:t .... ,.~ :.,: .:: ~,/ " i . I 

. :i', .: ';. " .. 

.' 

.. . ' .' 

• <, 

< .. .:: i I.: '.: ;"~".~.~.:. " 1, ~. ,." ' 
,. ,'-

': : ',:" ', .... ' ~ . .' '\ '.~:,~" .. " '., .'. , 
' ... '.,' ~;.". .' 

. ',' .. ' ..... "'~"" ,(.: .. , " , 

(g)' Macro-related psuedo-operations' .... , .... : .. > >X . : 
1FT - IFF - IRP - ORGCRS - NOCRS -MACRO - ENDM .<:'" :'::;";", '.:';' 

(h) Abs'olute aSSemblyp~U~do-Op~rations '. ,.;' .;::'::, ' .. '" .' '~ " '\;,~:: .. :;> . 
· . ~. : , '. . . " " . ~' .' . ' . " 

ABS :- FUL -. PUNCH ;,;. UNPNCH - 'tCD ,. . . . .',', . '::. "';-;,;":,: .,' . 

. ..... ':' . " ,C11,':' 
.•. ...: . • •. ,;': :'y: . .', 

,; . 

. , , 

SAVE.- SA YEN - RETURN 

(1) List control psuedo-operations . 

LBL - INDEX - peG -'p·lYrc - " : 

I' , 

(j) Special operations, . ' 
, '. .", 

BFT - BNT· - ••• ''';' ***' - lIB -RIB - SIB . '. ".', ~ .. :.'; 
~ .. . 

, , .. " . 
"" . 

. (k) Macro generation mechanism' 

(1) 'IOCS operations' 

.. :,' . '. '~.' ",,:\' ,):,. ~ . 
" .. " , ..... . ...• ...... . 

,'. , ,I:'. \ ..•. 
:. :,' : .. ~~ •. ~, . 

, ' (m)Immediate symbols .. :.::.;:,.:::.1,' 

't .• 

, " 
, ,I 

',' , . . ~.' 

, . 

. t ' 

..... '. 
" .t 

I;J .' f 

'~ '. 

" t 

,. 
m~. To be included with modified de~inition ',.: ,'.,' 

" 'ORG - absolute origin not permissible, symbolic origins must be' ".'::,;" 

· ' previousiy d~fined .; . . " . 
. .., . . .' .;,;., 

BSS - BES - EQU - SYN '-~ymbol1c variable must- be previ~usly def~ned 

· VFD - symbolic sub-fields must fall in add~ess or decr. portion of word.·:' 
" ~'. 

I 1" I ~ RETURN - expansion of return is:, 
," ;~'~" .,' ~ 

, . :', ' .. , 

AXT **; 4: ., \~ 
.' ., ..... . 

TRA 1 4' , , 

IV. New psuedo-operations'for MAPA 

SUB-PROGRAM TYPE PSUEDO-OPERATIONS 

'. " 

'These psu'edo-operations specify the name and type of sub-program being 

assembled. The constituents of the SUBR and ·FUNCT. ps:uedo-operations . 
. , 

are: :' .. f .. .'. 
'.". ' 

.. 1. Sub-program nam~in the.10catio~ field 'cannot be blanks . 
• ~ • >. • • •• • •• 

2. SUBR or FUNCT in the operationfi~ld' '. "; :.,' 
.... . , . . " . , ~ . 

3. T~~',variable fi~ld ~s~po.red: .':, ,.' . " .. " 

". • ".'" "p' , 
: I' ..• ,," ," 

~.. , "I 
. ',' ",,.~'. jt • 

".. . 
:', .. , , 

",Q2 
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.' 

This entry must be included at beginning of program deck. 

. LOCATION COUNTER PSUEDO-OPERATIONS 

There are 8 location counters':available in MAPA programs. One for' 

,;1 

'. ' 

,. (~ . 

, /: ¥ 

.. , ' 

proiram string. one for data. areaS ,and 8' commo~., The normal mode ':<'<". 
is'program. , There i~ no 'limit t~ the number of times' controi is p~ssed':' >. .. : 
between these modes. ' 

The COMMON psuedo-operatio~ 

The constituents of the COMMON operat~on are: 

1. A symbol or blanks in, the location fi.-eld 

2. COMMON in the operation field 

3, The variable field is ignored 

The effect of this operation is: 

',' . , , 

I~ .,' • 

. , 

. , 

' •.. '. ~~: . ,I 
\, ; ..... :~ " " 

, " " . , 
'" . 

, " 

",',: .: 

The location counter specified, by the label field is activated (mitially .- " 

. "', . 
ze'ro) and will remain in contr'ol until another COMMON",PROG or DATA,;,,': 

.- ' ' ,:, , , ,:t:.,:.: : 
" is encountered. The same symbol may be used on COMMONs repeat~dly~', 

and will continue from previous usage. 

The P ROG psuedo-operation 

'The constituents of the P ROG psuedo-operation are:, 

1.' The location field is iW'lored 

2. PROG in the operation field 

'," 

,~- " 

'. • ' : ' .. -' i~ •• .' .,_. 

. . "', . :!.!:- -;,: .;".~.' ,,:, . 

-

. '~ I, " 

, -'t, ' 

....• 

3. The variable field is ignored ... 

, This places the program location ~ounter in control until COMMON o~: <>'. ' 
DATA is encountered. 

The DATA psuedo-operation 

The constituents, of the ,DATA psuedo .. operation are: 

1. The location field is ignored 

2 • DATA in the operation field 

, .. 
" )" ' 

. , . , . 
. . ,;', .' 

, : .. " '. ~ ~ 

. ' 3. 'The variable field is ignored. ", 
, '". 

This places the data l09ati(ln co~ter ,in control until P ROG or data is, ", .. " ,.' , 

'encountered., 
" ' 

. '\. 

. , 

.,: -,' 

,,; .. , ,: .; 

" . 
, , 

".' Q 3' 
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...... 
." .. ~ -:. :.-," : : . .-r".r 

,-

, .... 'e •• __ 

.' ·~hase .~: Pz;ogt:am 
.'" . • • "..-". &-". • ".- ~.. '",. . 

Symbol Tables 
-2000-

. Input. 
. .- .. 

'. card~.~~:<~:;:/, 
.~.~ .. -~ ... ~. .: '-" 

. " 

r. Vector 

-9800-" - . ,}, .~ " .. __ 
. ".- .. ",:~,,;~.:;.--::::,~,,;::.!.:".::~:: :~'.-.':>:'-~." ;-

-Input Cards,: 

(In~ernal Format) . 
. -.. ~. '~.'-:'.--': ::~.. -.:-.' .. 

" 

-'7000-:-~· -. 
. -

.... 

"OperatioI;l Table .... '. 
, .. - ".-..' -~:"*. •. , ..... ". ~" •• ".:-

-1500- .. " _...... .' .. .: .. 

..... 
. -

Phase 1 Program' 

During Phase' 1 

. -:., 

Monjtor 

." . 
Phase 2 .Pro~ri:im 

_." '.' ",_ '-.-" . 0.'___ .... 

: 

Loc. Ctrs Common Info. Tr. V:ecto 

...... -
, " 

.. ":, .-

." 

. . "i-" '.-;; =:.:- ':-. -. 

' ... 

";,.." 

,".,-

MAPA 
~emory 
Map 

"> 

. " 

.. 

,-

. ' 

'. 

. l . 

. ' . 

..' "0 .... 

.. f 

Syrpbol Tables 
.·.~200Q-. 

Cards' 
-.- ...• , 

~9800-: 

Input Cards. 

(Internal Format) 
." .-" - ".:'" 

- .. '" .... '._ 0" .': :~~. 

-'7000~ 

.' .. -. 

OUtput, 

Stri:ngs ,_ 
.:.~ . .. 

'-. . . 

"':' .. " . :-:; 

". 

i· . ' .. 

...... 

During Phase 2 

,.: ... , 

-'-.-

....... 

-. 
." 

.-.. 

.. ~ .. 

.. ' 

'. 

.--

, . 

" .. ,," 

"- .. ' 
. :- ." 

..;.. 

... " .. --

.' "-~" '. 
~ ',' - .... " ..' 

" ; 

• 

j 

~"~-' . 

' ..... -... 



, i 

1 
i 

.. 
" 

0' 
Qt' 

, .. MAPA 

Phase 1 will process to binary' as much as possible during' card read in. " " 

Outline of Phase 1: 

1.' Stack inp\1t card forma.t 

'2. Se~-up Internal format 
, ' 

" 

a. search' operation table obtaining flags and machine OP code. 

b. unblock to internal format per operation type • 
,,' 

. c. if data generating psuedo-op, convert data before placing in internal •. 

'. d. if machine instr~ction" de-block'variable setting'indirt:;ct and . , 

index bits into 'machine word. Literrals to table and literal counter 

updated~ 

Set relocation bitS. for symbolic variables. 
" , 

,e. move assigned location and location counter no. to internal format. , . . . . 

3. Construct symbol table 

4. Problem area appears to be thEfexpansion of macro-like operations~ 

5.: A space counter for~ach location counter will be in'cremented so 
, , 

Phase 2 can allocate'memory- for output strings. , 

Phase 2 will 'complete the assembly. 

1. Allocate output strings per space counters for each location counter. ' ' 
.. .. . 

2. Assign literal table location counter,to follow data counter. 

3. Scan sequentially the internal format: 

a) Search, symbol table to, complete machine, word. 

bY Evaluate expressiolls in variable. 
, , 

c} Set relocation counter bits into RQW where, required •. ' 

d) Place in output string 'per location counte.r.: 

e) :Write listing# including diagnostics. 

4. After completing~can ,of iriternalform:at: 

Prepare and write preface. 

Write text., 

Transfer control to Monitor. 

" " 

, " .. , 

I'··" : , ' ' 

~,,; .' 

..... 

,', 
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" 

, , 
.' .. 

-'-- =~-'.--- . 
. ' 

• 
.' 

,MAPA 

. . .' 

Elements reguired'in internal format (4 words) 

. ~ . 
Input Sequence No.' 

Assigne~ 'locatio~' ~ 
" :. 

, Location counter No. ',1 ;, " . '. 

",' 

. " 
".: .,.J' 

" ' " 

" 
. , ., ',', " . 

',} .. . .~ : ." '. .. 
;. . '., 

>:. '. Fl ags from operation table (includes machine op) 
. ". . 

Relocation fiag·(acidr. ~~ecr) 

Literal flag (addr. deer)·· .... : 

No. of words 'in va:piable 

" . 

... 

'" 

.~ ... 
" . 

.,/ 

, " , , 

'. ' 

",' 

.. -' 

" 

, .. ' 
", ~. ' 

MachUle word l" .} 
Internal form variab~~ 

.Continuous for' data' generating pS\l.edo-~p", . . . , . '.-

,:1,.' 
Diagnostic code' . ,,~ .,,;:; " 

• . .. " " ".~.' , _ ;:~... ...; ',';. 1f,.:"1'.~.~:r .. 
Length of,'variable + 4 := next internal :format ":: 

'.'. . .... 

::~:' . 

,.' 
" ,', to . , 

Elements 'required for' Symbol table (2' words) '-: .. ' ,." 

Sy,mbol' .. 

Assigned location 

, Location' counter No. . (i~cl:tiansfer vector)·"..: .. ". 
.. , '.' . ~' . .. , ., . ,. , . .,.. .' 

"~"'" 

, ..... 

';", 
. .' ! 

,", . 
'. ',' 

" ... ', . 
" . 

: ' 

.. ,.: . '.; 
,'" . 

~ ~ ", ~.: "~ " .. ' .. ', 
~ " .! .,' • .. '-~, . , :' 

" :' 
", ! 

. ... ',',.,.; 

: .... :," '.' '" 

.. :" "' .. 
.';', ..... 

, \ Elem~nts reguired for Operation table (2 words) 

,', 

.. 

'Mnemonic 
, .. 

Flag \yord sa.Il?-e':as ~P??' 

El~~1ents r~quired in'StACK"area (14 words) , 
(. 

,Input '6arCi image,:':-"::, -:,;,~'" , 
' .. .' . '. ' .. ' " 

.. <' " 

• ,>/, 

," .. 

" 

.' ... 
.. J ,: .'. 

, '. 

. >:' 
~, ,"' . 

... ~ 

.;: 

: ,.;~ 
",, 

., .. ;:<~,' , 
.','.' 

" .. " 
" " . , " 

.' ." 
", ,.' 

' .. ' 
• t," 

: ... ,. ~.' '~, ~. " .t." ,,: , ; 
" '. ~ , 

'. ~ . . '. .- ;." 
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MAPA INTERNAL FORMAT. 

:- WORD # 1 ,-

ASSIGNED LOC INPUT 
LOCATION CTR. SEQ. NO. ' 

NO., 

- WORD # 3 -

L F INTERNAL REL. NO. WORDS 
I L VARIABLE IN VARIABL 
T~A FORM 

- WORD # 5 -etc. , 
,INTERNAL VARIABLE OR MACij,INE 

OC. CTR. NO. 

000 = PROGRAM 
901 = COMMON 1 ' , 
010 = 2 , 

. all a ' 3 
, ' 190 =' 4 

101 = , 5 ' 
110 = 'V 6 

'. '111 = DATA 

NO. WORDSIN' VARIABLE'+ 4 = ' . ' . ,. ", 

.... ' 
, " ~ .'. II 

. " 

, - WORD # 2 .. 

FL'AGS FROM OP TABLE 

. ' 

- WORD # 4 -

MACHINE WORD " 

RD CONTINUED 

REL. FLAG 

000 = NONE 
- 001 = ADDR 

010 = DECR 
all = BOTH 
100 = TO TRANSFER VECTOR 

LIT. FLAG 

00 = NONE 
01 = ADDR " 
10 = DECR 
11 = BOTH 

INTERNAL FORMAT • 
.' ,'t' 

.' '.' 

Q7 
.. 7/26/63 
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Notes 

. . 
If ETC - Input se'quence number in Internal format will be the last ETC card 
of a series. ETC cardsw~ll be evaluated during Phase 1 to create a one 
entry Internal reco~d. . 

List,control psuedo-ops, *cards, REM cards will not be placed in Internal. 
format. 

DUP will be expanded while piacing in Internal. DUP.·itself will not be in 
. Internal. 

. . . 

The first definition of a doubly-defined symbol will be used. 
. . . .' 

Non-space taking psuedo-ops are in Internal·to compute addresses for 
listing and compile 'tim"einfo only. ' . 
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Sample of MAPA Listing 

L C PHONEYSUBRr-____ ~--~----~~------~------------~x~x~/x~x~/~x~x--~p 
8 a Relo.cation 
~ r . Counter Location Operation Variable 1 e 
o r ADDR/DECR . n 

. 'IRAN ~FER.vECTO ~ 
T 00000 272525606060 

D ' 
D 00000 21457060222~ , . 
D boo 12 OOOOOOOOOOOC . 2 ; .. 
D P0013, 07670000000C 
D b00.14 .. 
D b0026 000000000020 
D 00032 002000000005 P 

l' . 
1 pOOOO 
1 ,POOll 30216030216C 

2 

00000 0634004000 U 
00001 05000000003~ 
00002 0601b000002~ 
00003 007400400000 

P 
D 
D' '. 
T' 

2 00000 

P 
p 
P 
P 
P 
'p 

00005 46000000001 E' P :: . 
00006 450000000033 D 
00007 06020000000~ 
00010 475400000000 
00011· 47740040000C . 2 
00012 17777740000~ p. 

p. 

GEE 

DATAl 

TBL 
BLK 
DEC4 
INIT 

Jt}'NK 
J1 
J2 

START 

K2' 

.' 

TITLE, 
ENTRY START . 
DATA 
BCIb,' A /.'lIY BCD -INFO. 
PZE K2"" START 
ALS. 0 . 
ESS 10 
DEC 16,' 25,3~,62 ' .. 
'FRA SYM3 

COMMON 
BSS 
BCI 

. 
PROG 
SXA. 
CLA 

·STO 
CALL 

9 
1, HAbHA;' 

RET, 4 
=6 
BLK+7,,' .. 
GEE 

: COMMON , 
. BSS 3 

PROG 
SYM3 . STQ K5 

INIT' 
2 

CAL 
SLW 

,ZAC 
.. . ~AXC 

i TXI 
RET 'RETURN 

K2,4 
*-6~ 4, ":1-

P 00013 077.400400000, RET' AXT **,4 
1,,4 .p . 00014 002000400001 TRA 

..... 

Dia~ 
Coc 

P .:. 00015 - .. --" _ ..... ·~--~K·5-~- .;~, BSS ._ .. -_ .... 2----·~------------~~ 

1 
1 00012 000032000000 

LITERALS 
(~D 00033 Q00000000006 

I 
. 

.;. 

I . 
J_' 

COMMOI' 
PZE "OOT 
END 

. ., .. ' 

, . 

'. " 

Q8 

7/26/6 
( 



i""~ 

'I •.•... ' ..... . ('r 

~ 
I' 

.,;1 

\), 

/ . 

iI, "'(; 

Operation Table Adjective Codes 
, , 

, IX codes are not placed in Internal area 

4X-5X codes are space-taking op'erations 
" ~ 

6X codes are non space-taking psuedo. ops,. ' 

Within' psuedo-operationadjective coding sub-operations are a'ssigned. 

Adjectiye 
Code 

00 

10 

11 

40 

41 

42 

43 

,44 

45 

46 

47 

50 

. .:., " 

• 

J ' 

" 

, Sub-Op. ' Operation 

'.,-..... 

o 
1 
2 
3 
4,' 

5 
6 

. ,: ,7,' 

" 

ETC , . 
List control operations 
V!'J'LIST 
LIST 
TITLE 

/", DETAIL 
" ,', " 'EJECT 

'"-,,,' " SPACE 
,,', PCC 

. ';", TTL 

. REM . 

A 

Prefix 

" 

,I/O Command 

B 

-c. C 

D, 

E .' 

Select 

. .-"':"' ....... 

'.: . 

'. 

, '." 

, D1so. 4 field channel commands' (K) 
, . , 

" :., , 

~ .. 

. -' 

··Q9 
'I 8/15/63 
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FI Adjective 
Code Sub-Op 

. 51 

52 

53 , 

. 54 

55 

, .' 0 
1 .t. 

2 . ~ 

8' ; 

" .. ',r ..•...•.•• 
-", ,,'~ 

57 

. 60 

61 

? 

62 . 
.. 

63 

64. 

. ? ??' SET, OALL, RETURN 

Operation 

, Disc channel commands 
, 

Boolean variable? 

Disc orders 

. '. Un expanded instruct~ons '(7094 etc.) 

Storage allocation 

.' BSS • BES 
. ·EVEN 

• ~ro' . 

" 1 • 

',' ~ 

.,. 
. l 

Q9.1 
8/15/63 
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Codes 5S and S6 - Spece Taking Psuedo-operations 
BSS I BES, EVEN, OGT, DEC, BCl, VFD 

Scan variable to construc~ machine words. 
Convert where neces sary. ' 
Insure that VFD with symbolic is 'in 
Address or deer of word. ' 
Increment location counter. 
Place symbol and assigned addres's in 'tables. 
Set relocation flags in IriternaL· " 
Set diagnostic flags. 
Allow for re-entrY if next ,item is ETC., 
Increment space counter. 

,; " 

" , 

, , 

. ' .. 

" 
, ' .. 

. ''', 

t , " 

' .. , 
, ' 

: I. 

'.', . '. / 

":~"'. 

au_aWlb a ,$A t 4 " $4,£444.4441, kk¥lL 

" 

. ' 

. " 

'. ' 

-' ' 

Q20 
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Code 6X - Non Space-taking Psuedo-operations 
COMMON-PROG-DATA-ORG-EQU-SYN-BOOL-ENTRY-NULL 

ENTRY 

NULL -

EQU, SYN-

ORG -

BOOL ~ 

COMMON' -
. , 

extract symbol from variable field and place .in ENTRY list., 
Check fo: dut?licates,Diagnostic 
,Set flags' in Internal format. 

" 'compute symbol address and place in STBL. 
Diagnostic if doubly defined and retain initial entry in STBL 1. 
Move current ,location and location counter number to STBL 1. 

Extract variable to internal format. 
If symbolic variable I search STBL obtaining assigned locations. 
Evaluate variaple expression. ' • 
Diagnostic if all varlable symbols were not under the same. 

,,'Locat~on counter. 
Compute symbol ad¢iress and place in STBL. . 
Diagnostic if doubly defined and retain initial 'entry in STBL 1. 
Move evaluated ''expres sion and location counter' number' to STBL 1. 

, Set Internal format machine word. ' 
· Diagnostic ,if Symbol not previously defined. 

Extract variable to Internal. 
Evaluate variable (see EQU) . 

· If' current location counter contents are higher than last used for 
, location counter now in control , replace~last u~edwith current 
.:location counter. 
',Initialiie current'locati0x:. counter an4'location'co~nter number per' 

variable. .,. . ". 
Set; Internal format,machine word. 

. .... 
??? 

Mov,e current location counter back to permanent area per current 
locatiop' counter number • 
Search GOMMON names with input symbol. 
If previously defined COMMON I move location counter and number 
to current area. 

· Diagnostic if more than 6 COMMONS. . 
", If not 'previously definep, move symbol from input to list ,of COMMON 
.. '.' names I 'and move location count~r number to current,zero current 

location counter.' ' 
Set Internal format machine' word. 

. ,~. . ~ 

'.' 

" 

Q20.1 
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.... '~-.~-., ---:::-.,. 

,PROG 'or DATA'-

, , 

Move current location counter back to permanent area per 
current location number. ' , 
Move location counter from perm'anent (PROG or DATA) and 

. . . . 
assign current location' counter number. 
Set Internal format machine word. ' 

.~ 

. , 

:' 

. : l 

.,. ..... ' 

~ .. , , 

" ' 

: , , '. ~ 

~ ...... < 

;., 
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.; 
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J,' 
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,') 
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Phase A 

Phase B 

LOADER 

(no overlay) 

Reads Control Cards 

Reads Load File A (prefaces) 

Builds tables (commons. 'subprogram names) 

Reads dependency table fro~ LIB 

Builds tables further· . 
. Applies USE. NAME. OMIT 

Reads iri. Prefaces from LIB file 

Allocates COMMONs 

Allocates remainder of program 

Prints Allocation Chart 

Reads texts into core 

Links transfer vectors 

Relocates and 

(a) Punches absolute self-loading deck 

(b). Fills core placing STR in unused locations 

sa ;; 4 b. 

Rl 
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•• I 
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Linkage to Subprograms 

PI:'f!sent IBJOB System: 

A NAMEd subprogram may have symbolic locations that serve as 
linkage points. 

Proposed System 

t A NAMEd FORTRAN may have linkage only to its prologue. 

A NAMEd MAP ·subprog.ram mayhave linkage to specified ENTRY pOints. 

< , ~a;;", . ,_.4.. 444 AbU4/M,M·,,4<'#\) 
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File 1: 

File 2: ' 

Library files 

Dependency .. Sequence Table 

'Prefaces 

Texts 

(The system subprograms always precede the user subprograms) , 

Work File A 

Prefaces 

Work File B 

Text 

Load files 

. . 

, (no sequence or dependency table) 

'I .• 

" 

, ( 

,R3 

7/10/63 

" 



(~ •. i.ll .... ·· .. 

1
1
\," 

, . 

Word 1 

.. 
6 

7 

12 
13 

28 

FORTRAN PREFACE , 

TITLE , 
~~1~2~3~1><~~~7~~,~----~7------~~~~~1~2~3~~~1~5--------~~ 

* Transfer Total Preface Count II 
Vector Count ~ 

789 
COMMON; #~ Count 

10 11 12 . , 
COMMON #5 Count 

I' 

" 13 14 1 
, ! 

13 14 15 
1 Unique:Dat,a.Count :prog. String Count I) 

.COM~O~lNA.ME iHi
: 

" \ 

. 
\ .' '," 

COMMON NAME # 6' 

NAMTF(::::::::'::~;ED (#1) 

'\I 
NAME OF SUBPROGRAM 'CALLED (HI5) 

7,--------------------------~--------------~--------~ 

* Each bit of the 2 sets of 15 bits ,are associated with one of the named 
subprograms in the transfer vector. The left set are used as external 

, ,indicators and the right set. as- dummy name indicators. ' 
, ' 

, , ... 
** P.reface ~s completely variable in length from word 7 on. 

'I . " 
, . 

,t',-

'.', " :' 

, " 

" ,~ . '.~ 

..' ' ... :, 

, ' 

, . 

R4.1 
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" 

i 

;!a . \;t:''\ , 

. . • 

.' 

. ' 

I 
I 

. MAP PREFACE 
. . , 

Word 1 . J:---r~,......T~IT;...L;;;;...;;;;E;...,... ____ ~ __ -::--~-.-___ ~ ___ ~ 

1

\3 . 7 . 7 
/ 
M~lt. Entry Trans. Vector 

,. Count Count 

i~ 

1 3 15 

* \ I Total Preface Count 

I COMMON II 1 Count \ I 
CO~MON II 2 Count ,. 

\ 
COMMON II 3 Count 

COMMON II 5 Count 1/\ 
COMMON 'JI 4 Count > Fixed for 

~ COMMON II 6 Count . every 
, 

6 Unique Data Count Pro~. Strin~ Count .J preface 

7 

\V 
1:2 
13 

1 
'27 

28 

1 
I 

39 
~ 

40 

1 
43 

COMMON NAME II 1 

, .. ~ 
" . . COMMON NAME'# 6 

NAME OF ~UBP ROGRAM # 1 

.. 
" ., . , ; 

" .. 

. I... .... ('UANSFER VECTO~ 

_NAME OF SUBP ROGRAM # 15. 

NAME OF ENTRY # 1 

f 'V 
NAME OF ENTRY # 12· 

Increment Increment 
#4 #3 . 

Increment ~ncrement 
#S #7 

Increment Increment 
#12 #11 

, ., 

. Increment 
#2 

. Increment 
#6 

In'crement 
#10. 

* This bit is set for a MAP text 
, . 

.' . .. , . : . 

. Increment 
#1 -

Increment 
#5 

Increment 
#9 

, . 

, I .. 
.... 

; ,', 

,. ", " 

.. ," 
; .~ . 

~" .. 

.... , 

. It " . :'., . 

I" • 

,', .' 

. " 

' .. ; 
".', I ',: 

,." 

" 

. . ** Preface is· completely' variable. in length· fr~m. word ,7 on •. ... 
"". "', 

. ,.' . 
:',," "', 

I' ' ..... 

," .. t 
' .. 
, ' 

. ~ , .. 

'. 
, '.,' 

R ,4'.2 
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Subroutine Name Table (SRNT) 

in first file of Library 

. NAME 1 

3 Relative Location '18 21 Associated Position 
of Routine in· LIB in SRDT (If any) 

-.. 
" 

NAME 2. , 

3 Relative Location 18 21 
of Routine in LIB >!c 0 .. 0 

, . t .. .. 
.. 

etc. 

36 

36 

* Bits 19-21 will indicate. whether there' .is any SRDT position # in Bits 22-36. 
. '. 

Table will be in alphabetical order by name,a 2-word entry per routine 
. " . 

.: in· the lib~ary.~. 

R4.3 
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B~ 

. 
Subroutine Dependency Table (SRDT) 

in 1st file at Library 

(j.. f) 
3 iposition in S'&~T' 18 21 Position in SRNT 36 

of Dep Rout 1 of Dep Rout 2 

J 
3 

Position in SRNT 
18 21 36 

):c 
of Dep Rout N 

3 Position in SRNT 18 21 P osition in SRNT of 36 
of Dep Rout 1 ),'c Dep Rout N . 

I .. .. 

-. 
,< . -- . 

.... 

etc. 

A and B represent SRDT positions ~ppearing in SRNT entries. each of 

which ~re the initial location ofa string of dependent routL."'1es. 

, Elimination of duplicates (where feasible) must be considered. 

Does this 'elimina~e need f?r Transfer Vectors in. library prefaces ? 

. .. 

.' . 

R4.4 
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Subroutine Entry Table (SRET~ 

in 1st file of library 

NAME 1 

3\S.RNT position 18\ 
. of Parent Routine 

21~ntry Increment3 6 
From Origin . 

NAME ·2 . 
1 ' 

\ 

( 
) 

. ' 

\ 
" 

'" 
~ 

, 
, . 

, . 

\ 

Table will be sorted in alphabetical order by name~ a 2"!word entry for 
. ' 

'every I'multiple" entry associated with any' routine in the library. 
" 

. ~ntry names ,in library prefaces ,are not necessary. 

, : 

R 4.5 
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',I, 

. : 

" . . ', . 

" 

. : .. 

.' ./:~ .~ ," :. 
,"', ,; 

'i' , 
,I, 

,', 

" ' 

" 
" 

", 
"I 

" .', o! 

,",I.' 
" 

-

" 

~~ ,:,',:' ,I 
," .. ;. ".\ ., 

\,' II 
• ," t 

'\. '. 
.~ . , , 

'" 

\. 
i" ,. 

~ .. ~ ......... ~-.M,..,,,, ~.~\' ~,~ .... _~~ .' ..... -_.'±... ~:-... :.~":.':.'-.. - -:

" 

TEXT FORMAT 
, . 

HEADER 
#, Contents 

Words 

RQW 1 RQW2' RQW3 RQW4 

l 
"RQWn 

, ' CONTENT WORD 1 

CONTENT WORD 2 
f 
4 " 

J 
( 

. 
J 

. 
) 

'CONTENT WORDn, 

,CHECK SUM (?) 

.!: . 

~> 

J 
same as prefa 

'counts'? ' 

" 

. , i 
" 

, l, 
, , 

, , 

'>~ 

".'-

:.~.~~.:.' 
, 

.. ' , 
'j, 

, , 

" ., 
", 

, 

,. , 

,J .... ..1 

~~. ; . 

." J' , , 

, , 
.~' . 

", i/ 
" 

, " 

" .... , 
t\ .. 

II:,' 

, I 
, , 
" 

. ;,.': .. ~. 
'" ::: 

" 

" ' 

" 

Header ..... indicates whether'text is, Co~mon Data Blo~k, Unique Data, -or , 
, , program 'string. ,~,',' , "'." , :",:" ': " 

, .... " 

• • .' . •.•• t • 

" " AU texts resulting from any one compilatio~ or Assembly to~form one 
phys~calblock on tape .. -tentative. " ' .' '. 

, "'. .••• '. • •• ;.,' •• : ~ • ." '.':. ,:".' '.' I,.. ,'. '; • ': •. :' . • . . . , •• .' • • ',' • 

,',', '.' ' . '.',' '.:. 

f.:.,' .. , .," -'.,','. '. -',: 

'. 
,., 

.\ '" ' ... 
~) , 

" :. " 
; , .. , 

, " . 
" '. ,", .:. 

,;: ,::.. ,:. '.~ ,:',: .... ~.' .. . ",";, 

, !. '. '. . .... " '~ 
".,' " ',: 

i, ~ ..•.... 

, ;. 

.! . 
", 

',' ,',. 

, ' 

.,', . 
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The Object System as Loaded 

. (no overlay) 

7094-il considered 

,.. 
(Example) 

TR VECTOR 

Prog Strg 1 

Prog Strg 2 

Prog Strg 3 

Prog Strg 4 

Common #3 

. u 

Unique 1 

Unique 2 

Unique 3 

Unique 4 

Blank Common 

Common #1 

Common #2 

R5 
7/10/63 



.,' 

,'. 

. Chart Printout by Loader 

(no overlay)' 

.. ' . 

'.,: 
, .. : 

" "', 

.' '" . .•.. ;,. . , \ 
',',: 

MAIN PROGRAM: NAME 

OCTAL DECIMAL" 

Entry Point .. ,' 1037 1241 

'LOCATION OF ROUTINES 
, .. 

NAME 

SINCOS 

EXP 

,SUBR1 .. , " 

SUBR,3" 

FXEM 

0027 
'" . 

, .' 
1031 

'.' 

1373 

2001 

,2037 

~077 

. '. '. 

' . 

,'.... . . c' 

, , ",.--

. . . . ~ '. ~ 

", .:. I.: 

.' ~. " : 

; " 

.' 

~ .-. 

. >·1 

. ·.·f· " 

': ;,': 
,< 

" f~ , 

'. , 

.. ; .... ' " ,- /' 

:, . 

LOCATION OF COMMON REGIONS 

/BLANKl 

/LABEL1/ 
'. 

. ,' " . 
', .. "', 

',3014 
,; 

. 
, . 7120 

... ":'l " •.. 

", .. ,. .. : 
; , " , .' -- " .' 

',' 

-:. 

" 

: ' .. " 

"; . 

. , ILABLE2': .. " r ,10164 " ." 
..... ' , . . ,', ...... . 

lLABEL3i·:, .. ~·,;i.: 12146 .' ,'" 
... ' ~ 

,':,":' .. ,' 
J '.:" ',' 

.".:. , -: '" " :. 
, " .... ,.'" 

" ',', \ . t 

• ',< .", 

. '. . . ~ .. . ' 
:';" .", 

""""':\, " .• : UNqSED CORE' ~:" 
, .' .,"., . 

,,~ 

" ". 
',' ',' 

13702 ; ."',., ., 6834 " ' .. FROM 

TO '. 77777 '. . ' 32768;' , 
.', ", " 

'. 
... _, ,'. R6 

" 

.' t" 

,', '.,f.:: .' . ,,', ". '7/10/63 
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.;~l .. , .. 

." : 
~I l ',,' • 

: :' 

• i 
I 

.\1f ...• p ... i,! " ,\, . 
: :,",', 

, 

I 

.' -.. ---.~ 

, LOADER Error Messages 

1. Unequal SIZE of labelled COMMONS 

2. 'Insufficient memory 

3. Undefined subprogram requested 
, . 

4. 'Ambiguous or Erroneous, control card 

.r . O~P-l~~{ V.;..&~. Crrjlt-'l~{.~' 
(p t, U • , ita S 

-----~-----------------------------------------~ 
Allocating and Loading Text 

COMMON ,sections are allocated modulo 2. rJ.'here is .10 relocation 

within these sections. 

Progr.am stdng 'carries relocation information. It is also :?~located 

modulo 2., 

Unique data is ~located' modulo 2. 

" 

Hfrom ~ MAP~ ~here is relocation~ 

If from a.FORTRAN. it is loaded without relocation.' . ., ' . 

R7 
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'0 
}:(I 

Control Cards 

OVERLAY A 

1: Overlay . Car~ . 

Overlay Areas· 1 only - defined by largest chain to 
overlay. 

.... 

OVERLAY 

2: $Origin 
$Include (Reassigns control 

sections) . . 

Mu+tiple - defined by origin 
car~s. (Chains within chains. ) 

I 
.,,:1-. -c-o-m-m-on-, ~··-'---A-ll-.-B-l-a-n-k-c-o-m-m-o-n-r-e-s-i-.d-e-n-t')-l-a-be-ll-e-a--+I -. --N-o-'e-x-p-l-iC-l-'t-d-i-S-C-U-S-s-io-n-o-t-h-e-r-t-h-a-n-

.~ .• ~ i . " common refex:enced by two or more its implication as a control section 
. c' chains - resident... on page 4: any common block can 
~ , " Unique lab~ll~d comm~n ";'over~ay. appear only once. 
':f ., :1-. ______________ ;.....-. ___________ -+ _________________ . 

. Chain Definition 

\,'0 
, I 

1\1I"1~ 
~,~~,~J 

Loader - determined tree of routines 
'. Qr control s~ctions called by name 
appearing on overlay card. 

All Decks physically following 
$ Origin card before next $ Origin 
in input file. 

, ...... ---------------------------of------------------
.;i 
" 

, , 
.~ 

User Intervention Fully auto~atic - Load and Go. Unclear as to where. and when 
control cards are ins erted -
assumption is made that there 
is no load-go. User must arrange 
output decks from FTC or MAP 
appropriately. 

'\ 1·-·------------------......... -----__ 1---___ --------------

l 
, ::J .~"'ape. Arrangement 

:a.t Object 'Time .' 

-\ . ~. 

' .. 
:; 

1 ~> n Tapes used fo'r stacking 
overlay segments. Files 
prepared by loader prior to 
execution, user-specifieq 
distribution of tapes should be 
considered. 

Up to 7 sysut tapes available - eacl 
'. chain may specify or else get samE 

Roughly same as Overlay .f'.. 

'" ':~-----------------------------------------~---r-----------~-----------------
Proposed: <D 7.,oad them in 
resident core. 

® Dupe them in each 
calling chain on tape •.. 

Note: if '0) were adopted, LDRA 
·would do so selectively. _ ...... .. .. -' 

At Object time whole chain 
hierarchy is loaded by a call to 
any part of the chain. This is in 
conjunction with unique deck-
appearan,c~ rule. R 8 
Note: Al: library .routin.es 7/30/63 
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::r 

:11 

Oxternal 

Transfer 
,Vector ' 

Overlay 
'Candidates 

Q, . 
, ''\, 

'a 
.~' .. 

" . 

" 

" ' 

OVERLAY 'A 

Same rule should apply. Implication 
, is that External functions can be part 
but not the beginning of a chain. 

May be more compact. 

Pending further Analysis - There's no 
, reason why function ,subprograms may 
,notal$o qe Overlays. ,. 

, " 

, -, 
" 

, , ~.: 

."'. 

'. ". 

, " 

•••• "it : 

, . 

"'OVERLAY (co~t. ) 

Rule: No dummy function name 
(Parameter of subroutine) can 

, 'initiate overlay. 

Page 5. 
, How do they get the Link # to 
.OVRLY? 

Only subroutines referenced by' 
, Calls may initiate overlay. 

'f 

(what ~bout logical if calls?) 

, :: .. 

, . 

", .: 

" ...... 

.R9 
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t 
" 

" 

,=:0 
.(1) 

;5. 
{IJ 
(I) 
0. 

CO . =:0 -..... ..... 
~ 0 -en 

, (..) 

I/J ~'-2» 
LOADER LAYOUT 

~~ __________ ~c~!U!agliv~ __________________ ~ 

I flA MO!litor • . KNon-Overlay) . 

Phase B 

'. Phase A 

Load File 

Prefaces (l000): 
-,·' __ 4'';'' ." 

. Library Tables 

SRNT 
SRDT 

.8RET 
" -

., . (6000) 

LIBRARY PREFACES (l500) 

Load Table for B 

(1000) 

, I 

: 

", 

,. 
• 

-( 

... 

,. 

Phase B 

F4A Monitor 

PhaRe B 

Prograin'Texts 

~ 

Load Table 

(1000) 

.' 

~) .. 

.... 

~ ..... 

" 

! 

t , 
'I 
11 
t 
f 

" ~ .I: ' 
t..,. 

, , 

f 
t 
,1 

t 
ic 

i 
• 
1 

1 
~ 

:j 



- ,a,c_.- ~ .... "",*e",,*e-1?t.,,",4' "~~'-- -, OADER' M~:~::""''''_·i'''''''''''''''''""!,''''''~~-~~ 

..... _ .... " 

I' 
I 
~ 
! 
~ 

;" ..... ~ 

" 

~ 
I 

.~ 

... e
O
,,' 

,;,". 

<.-.::,,-, 

r \ _0) , ::0 
iI' ..... ..... 

~ 0 - . en ..... 
w 

· Phase A 

F4A'Monitor 

Phase B 

,. 
..... ... - -.~ 

Phase A 

OVERLAY PATCH A 
. .. ~ . 

. LOAD FILEP REFACES (1000) 

LIBRARY TABLES (6000) 
... 

~y.:.' ~ -', 
" .:i.;.<·; -. :~ ~ 

,."\ . 

.< 

LIBRARY PREFACES (1500) 

.. 

LOAD FILE 

. 
OVERLAY PATCH B 

(OVERLAY) 

i-. 

..... 
. z' 

Phase B 

F4A Monitor 

~----------------------------------------------------~= 

.~ 

• 

, 

Phase B., 

.1. 
,TEXl'S' 

l .. ) ..... 

. (. 

~OAD FILE 

, . 

OVERLAY PATCH B 

. 

." 

, 
I 

;. [I 

~ 

I 
, 

! 



.' (;i;J 

. .Aft. 
> ~,~~'~ 

I 

" -

$ 

. 

L,.-,~ ~ ... '.~ _ ~,'~,~ ... __ ._~ 

Load Table Built By Phase A for Phase B 

,Location of Absolute Core Location ~ . 
RO\,ltine on Load ~(* For Loading 
File or LIB. I Absolute Address Absolute Address 
For Unique Data For TB 001 ' . 

i 
Single Entry 
ranges from * 

Absolute Address 
For TV OON 

IAbsolute Address' 
of Common 1 -

~ - 12 
w'ords ·1 1 I-

Absolute Address 
* 

Absolute Address of 
of Commo;l. N-l .. I C('rl-nm nT'1 N -, 

, , 
" 

: 

' . , 

~ 
$\tindicates whether text comes from load file or library. All entries 

will be in order by tape record location. 

"~ . 

.. ' *>W-ndicates wl?eth,er object ~ransfer vector and/ or common locations. 
follow or not . 

* in OP o.rTag indicates following 15 bits contains last transfer vector 
contents, or last common block location 

• 'in OP indicates Unique Data Location follows 
. . 

" 

't· 

~11 
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• 

,:~, Op(Tag *. = " 

, Tag *~ = 

Op $ = 

= 

Op and. Tag Symbolic notations and eqt;ivalent 

bit settings 

111 

000 (no transfer vector, no Common~ 

00 1 {just Transfer Vector> 

a 10 (just Commons) 

all (both Transfer Vector and Commons) 

000 (Load File) 

100 "(LIBE) • 

001: 
" 

' . 

. ... 

. . /. 
. '", ' 

... .' . 
" , R 12 . 
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