






































































Chart 020. SWITCH Routine 

***** *020* 
* A2* 
* * : 

SWITCH '/ 
*****A2********** 
* * *PUT IDENTIFIER * 
* FOLLOWED BY ( * 
* IN TO BUFFER * 
* * �*�*�*�*�*�*�*�*�~�*�*�*�*�*�*�*�*� 

'/ 
*****B2********** 
* * * RESET COUNTER * 
* OF SWITCH * 
* ELEMENT LIST * 
* * ********:******** 

SWT2 V 
*****C2********** 
* * * READ UNTIL := * 
* IS MET * 
* * * * ********t******** 

v 
S '.iT 8 SliT 1 • *. 

*****D1********** D2 *. 
* * • * *. * FUT NUMBER OF • NO.* DOES •• 
• ERROR MESSAGE *<--------*. IDENTIFIER •• <--X 
* IN liMES * *. FOLLOW .* * • •••• 
**************.** ••• * 

• : YES 

V 
*****E1***.****** 
* * *GENERATE jLABEL* 
* 1* * * • • * *······*t*·*·*··· 

· · V 
*****E2********** 
* * *PUT IDENTIFIER * 
* INTO BUFFEF 
* * * ********:***.***. 

· SI'ITb V V 
*****Fl********** 
* * * COPY ALGOL * 

�~�-�-�>�:� PROGRAM : 

* * ********:******** . 
'/ 

. *. 
G1 * . 

. * *. 
• NO • * *. j{---*. SEMIC(j)LON .* 

*. . * 
*. . * * •• * 

: YES 

SIIT7 V 
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*****H1********** 
* * * * * GENERATE *1 * 
* * * * ********:******** 

'/ 
***** 
*017* 
* B3* 
* * * 

*.***F2******.*** * INCREMENT * 
* COUNTER OF * 
*SIIITCH ELEMENT * 
• LIST * 
* * *****.**:*******. 

· 
�~� 

.* . 
G2 *. 

*. 
•• IS *. YES 

*. DELIMITER A .*---X 
*. COMMA .* 

*. .* 
* •• * : NO 

· SliTS '/ 
*** •• H2*****.**** *PUT CONTENTS OF* 
*SWITCH ELEMENT * 
* LIST INTO * 
* BUFFER * 
* * ****.***:.******* 

v 
*****J2********** 
* * *GENERATE LABEL * 
* INITIAL * 
* * * * ********:******** · v 

***** *017* 
* B3* 
* * * 



Chart 021. UNPOIN Routine 

v 
UNPOIN . *. .*. 

B1 •• B2 •• • •• B3 ••••••••• * •• .... .... 
•• DOUBLE •• YES.. •• YES PLACE CODED 

COLON INTO 
BUFFER 

• •• CHARACTER •• -------->.. COLON •• --------> 
lie. •• *. .• • *... *... 

lie •• 1Ie •••• ..~ ...... : ...... . 
: NO : NO 

, . 
'I 

••• C1 •••••••••••• 

PLACE CODED 
PERIOD INTO 

BUFrER 

•• * •••••• : ••••••• 

••••• .017. 
• E3. 
• • • 

· · V 
••• C2 •••••••••••• 

PUCE CODED 
DOUBLE 

CHARACTER 
• INTO BUFFER • 

••••••••••••••••• · • · · · 'i . .. 

· v 
••••• • 017. 
• C3. 
• • • 

02 •• .~.*.D3**.*** •••• 
•• lie. * • 

•• *. YES • SKIP TO NEXT * 
•• SEMICOLON .*--------). BUFFER • .. .. . . 

1Ic..1Ie • • 
* •• * *~.** •• *.* ••• *.*. 

• NO • · · v 
.**.* 
*017. 
• B3* 
• • • 

, 
V 

•• I< ••• E3 •••••••• *. 
*PVIRGU 015A2. 
.---------------* * ROCESS * 
* SEMICOLON * 
• • 
*~**.***:****.*** · , 

v •• * •• 
*017 • 
• B3. 
* • • 
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Chart 022. VNSPEC Routine 

••••• • 022 • 
• A1. 
• • 
T , 
V 

VNSPEC ••• 
A 1 •• .. .. 

YES •• •• 
X---.. SE"ICmLON •• '.. .. 
I •• • • .. .. 

t NO 

\ 
••• B1 •••••••••••• 

PLACE CODED • 
CHARACTER -------X 

INTO BU FFER • V 

••••••••••••••••• 

••••• C1 •••••••••• 
• • • PLACE CODED • 

X-->.CHARACTER INTO • 
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• BUFFER • • • ........ : ....... . 
V 

••••• 01 •••••••••• 
• • • SKIP TO NEXT • 
• BUFFER • • • • • ........ : ....... . 

V 
••••• E1 •••••••••• 
• PVIRGU 015A2 • . ---------------. • PROCESS • 
• SEMICOLON • • • ........ : ....... . 

, 
v 

••••• • 017. 
• 03. 
• • • 

••••• • 017 • 
• 03. 
• • • 



Phase 20 searches in the dictionary created 
during Phase 10 to discover the type of the' 
identifiers. This information is placed in 
the intermediate text, each identifier 
being followed by its description. The 
overall logic of this phase is illustrated 
in Chart 023. 

The input to Phase 20 consists of: 

• The dictionary, on SYSUT2 

• The intermediate text produced by Phase 
10, on SYSUT1 

Phase 20 cannot transfer its input 
directly from SYSUT2 to the dictionary 
because of temporary limitations in the 
PL/I compiler. DICEXT and DICPRO are buf­
fers between the dictionary (DICT) in main 
storage and SYSUT2. The parts of the dic­
tionary corresponding to DICEXT and DICPRO 
are also known as DICEXT and DICPFO in this 
section. For further details, see Appendix 
A. 

When an identifier is not found in the 
dictionary and is followed by a left paren­
thesis, the search continues by che~king 
for the presence of standard function and 
input/output procedure names. 

A procedure identifier which occurs as 
left-part variable is replaced by the iden­
tifier $RTURN. 

When a formal parameter specified by 
'ARRAY' appears in an expression, Phase 20 
calculates the number of array dimensions 
appearing in this expression. The number 
of dimensions found is entered in the dic­
tionary (DICT) to complete the description 
of the formal parameter. If this parameter 
recurs with a varyil1q number of dimensions, 
a flag is placed in the relevant di~tionary 
entry. A similar method is used to calcul­
ate the number of parameters of a formal 
proced ure. (See rtppen dix A for furt her 
de tails. ) 

At the end of each procedure, the sec­
tion of the dictionary corresponding to the 
procedure is rewritten on SYSUT2 if the 
description of a formal parameter has been 
modified using the method described above. 

When an array or a procedure (including 
standard functions and input/output proce­
dures) is used as an actual paramet~[', a 
description of the actual parameter is 
entered in Table PCT. The latter is placed 

on SYSUT1 (after the intermediate text) 
when the buffer is full. 

The output from Phase 20 is an interme­
dia te text, which is placed on SY SUT1. 

On completion of this phase, control 
returns to the Control Phase of the 
prog ram. 

This section contains detailed descriptions 
of the routines used by Phase 20. The 
organization is the same as that at th~ 
sec t ion "P r oc e s sin g R 0 uti n e s II i n P l> as e 1 0 • 

Rg,fE2§~: rode tec t the presence 0 f a 
block, and to update the dictionary. 

R.£Q.£,g§.§..!n.,g: The next block section of the 
dictionary has already been stored in 
DICBXT, and IRNEXT contains the internal 
reference number of the line opening the 
block. Detects block if the key of the 
current line (CU~KEY) is egua 1 to IRNFXT. 
In the latter case, the contents of DICEXT 
are added to DICT and the various pointer::, 
are updated. If the block found is not the 
last in the program, the n~xt section of 
the dictionary is reaa from SYSUT2 and 
entered in DICEXf. EE3PRO checks with 
BLIDl:, which indicates the total number of 
blocks, to see if the current block is thp 
last one. 

None. 

SDC ID • 

R.~~£RQ ____________________________ £h~£1_~~~ 

~YfB2§g: To analyze the type of the proc p -

dure declaration and, if necessary, to add 
the relevant section to the dictionary. 
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R£Q~~§§illg: Finds the procedure identifier 
in DICT and adds its description to the 
line in area PRDESC of the output buffer. 
If the procedure declaration is not the 
first of the program, adds to the line in 
the output buffer the internal reference 
number of the previous declaration. If the 
procedure contains parameters, reads the 
list of parameters, together with their 
description, from DICPRO. Counter NBPRO, 
initialized to 0 and incremented by 1 at 
each occurrence of a proced ure declara tion 
containing parameters, provides the appro­
priate dictionary section number. If the 
procedure body is other than 'CODE', rou­
tine PDCPRO enters the contents of DICPRO 
in DICT and updates the various pointers. 
NBPRO is saved. 

None. 

WR TLIN • 

R~£EQ§~: To process the ends of the proce­
dures that contain parameters. 

R£Q~~2~illg: SDCID has previously modified 
the description of the formal parameters 
specified by 'ARRAY' and 'PROCEDURE' in the 
procedure declaration. 

Routine PENPRO then rewrites the corres­
ponding section of the dictionary on 
SYSUT2, using as a,key the procedure number 
previously saved during the processing of 
the procedure declaration. 

]~i!:: BKLEND. 

R~!EQ§~: To search for identifiers in the 
dictionary and to analyze procedure 
sta temen ts. 

R£Q£~§2i~g: Scans each line word by word. 

Whenever it finds an identifier: 

1. If this identifier is followed by a 
colon (except in array declarations), 
it is a label. 
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2. If the identifier appears in the 
dict ion3. ry: 

a. If it is a procedure identifier 
present in the left part of an 
assignment st:ttement, it is 
replaced by $RTURN. 

b. A new entry is placed in the stack 
if any of the following types of 
identifier are found: 

• Formal parameter specified by 
'ARRAY' and followed by a left 
bracket. 

• Formal parameter specified by 
'PROCEDURE' and followed by a 
left parenthesis. 

• Procedure identifier followed 
by a left parenthesis; the 
procedure havinq a formal 
parameter specified by 'ARRAY' 
or 'PROCEDUR E' • 

c. If an array or procedure identifi­
er appears 3.S 3.n actual parameter, 
the i nf orma ti on concerni ng th is 
identifier (i. e., number of dimen­
sions, section number, address, 
etc.) is entered in the stack. 
(See Table PCT in Appendix A for 
fur the I' de ta i 1 s. ) 

3. If the identifier W3.S not found in the 
d ict ion3. ry: 

a. If the delimiter following it is R 

left parenthesis, the identifier 
must be the n:tme of a standard 
function or of an input/output 
proced ure. 

b. In all other :::tses, the identifier 
is a label or :tn ALGOL function 
name used as an actual parameter. 

Whenever it finds a delimiter: 

The processing is the same as for a deli­
miter following an identifier, i.e.: 

1. If the st ack is not empty, checks the 
delimiters, as follows: 

a. If the del imi t er is a left bracket 
or a left parenthesis, updates 
bracket and parenthesis counter. 

b. If it is a comma, calculates the 
number of dimensions for a formal 
array, or the number of parameters 
f or a proced ure. 

c. A right bracket or 3. right paren­
thesis indicates the end of a pro­
cedure statement, function desig-



nator, or subscript list. Routine 
SDCID then checks the last entry 
in the stack and enters in the 
dictionary the information 
required to complete the descrip­
tion of the corresponding formal 
parameter. This entry is copied 
into Table peT. (See Appendix A 
for further details.) 

2. If the stack is empty, takes no 
action. 

t~it: WRTLIN. 
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Chart 023. Overall logic of Phase 20 

PH20 INITCA 
••••• A3 •••••••••• 

•••• A2.......... • 
• ENTRY FRG}!I. • PHASE • 
• CONTROL PHASE .-------->.INITIALIZATION • 
• •• • ••••••••••••••• • • ........ : ....... . 

, · X-------------------------------------------------->,~--------------------------------------------------X 

• A" RNXLIN V 
••••• B3 •••••••••• 
• • 
• * .READ NEXT LINE • 

• * * * ••••• * •• :.* •••• *. 

, , · 

* •• *B4*.*** •• ** 
* RETURN TO * 
• CONTROL PHASE * 
• • *.*.*.*:*.***** , , 

v ' NO 

, 

••• • *. WRTLIN' 
C3 *. C4 *. *****C5********* • 

• * *. SDCID 027A2 * * 
.* CLASS *. YES .*-----------*. YES *REWRITE CURRENT* 

*. NOT •• --------)*.IDENTIFIER IN.*--------)* LINE * 
*.SPECIFIED.* *. DICT.* A * * 
*..* *..* I * * 

••• * * •• * ***************** 
• NO *. A 
, ~ *b2!* ' 

v .•. .*. 
D2 *. D3 •• 

• *END OF •• •• *. 
NO.* ARRAY *. YES.* LINE *. 

X---*. DECLARATION • *(--------*. PROCESSED • * 
A *. .* *. •• 
• *..* *.. * * •.• 

~ YES 

V 
.****E2*.* •• **.** 
* * , * RESTORE LAST • 

X---. SECTION OF • 
* DICTIONARY * 
* • •• * ••• * •• ******** 

* .. * 
: NO 

, , 
v 

· *. I 
E3 *. ** •• *E4*.******** 

•• *. .BEGPRO 024A2* 
.* 'BEGIN' •• YES *---------------* 

*. IN THE LINE .*--------)* * 
*. *PROCESS 'BEGIN'* 
*..* * * 

I *. .• ***************** : NO 
, 

ADCPRO • t 
***.*F2** •• *****. F3 •• 
• * . * *. *INDICATE ARRAY * YES .* BEGINNING *. 

X-----* DECLARATION .(--------*. OF ARRAY • * 
'* * *. DECL .* 

• * *.. * *** ••• *****.**.** * •• * t NO 

V 

* C5* 
***** 

BLKEND ' • *. 
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*****Gl.**.*.***. ****.G2 •• * ••• *.*. G:1 *. 
• • *PENPRO 026A1* •• *. 
* REMOVE LAST • V *---------------* YES .* *. 
* DICTIONARY *(--------* PROCESS *(--------*. PROCEDURE .* 
* SECTION * A * PROCEDURE END * *. END .* 
* *. * * *.. * 
*********.******* * ••• ************* * •• * 

: NO 

V 

· *. H3 *. 
I .* *. 
, YES.* BEGIN *. 
X-------------------------------*. BLOCK END .* 

*. .• 
*. .* * ..• 

: NO 

V 

· *. J3 *. *****J 4********** •• *. *PDCPRO 025A2* 
.* PROCEDURE *. YES *---------------* 

*. DECLARATION •• --------)* PROCESS *-----------------X 
*. • * * PROCEDURE * 
*..* * DECLARATION * 

* •• * .*************.** 
: NO 

PHEND 
V 

****K3.*******. 
* RETURN TO * 
* CONTROL PHASE * 

• * •••• ** ••••••••• 



Chart 024. BEGPRO Routine 

BEGPRO 

****A2********* * ENTRY FROM * 
* PHASE 20 * 
* * *******:******* 

· v 
'.*. B2 >tl • 

. * *. NO.* IS IT A *. 
X-----------------*. BLOCK .* · $... 

· · V 
*****C1********** 
'" * * INDICATE * 
* COMPOUND * 
* STATEMENT * 
* * ********:******** 

· v 
***** *027* * A2* 
* * * 

*. . • 
•• . * 

:' YES 

BEGPR01 '{ 
*****C2********** 
* * * ADD DICEXT TO * 
* DICT * 
* * * * ********:'******** · · 

· V 
**D2******* 

* * * UPDATE * 
* POINTERS * 
* * * * *****t***** 

· · v 
.*. 

E2 * • 
. * * . • *' LAST *. YES 

*. BLOCK .*-------X 
*. .* v 
*..* ***** *. • * *027* 

* NO * A2* 
• * * 

· '{ 

*****F2********** 
* * * ENTER NEXT * 
* BLOCK SECTION * 
* IN DICEXT * 
* * ********:'******** 

· v 
***** *027* 
* A2* 
* * * 

* 
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Chart 025. PDCPRO Routine 

PDCPRO 

•••• A2 ••••••••• 
• ENTRY FROft • 
• PHASE 20 • · . ....... : ...... . 

~ 
••••• 82 •••••••••• 
• • • SEARCH DICT FOB. 

PROCEDURE • 
IDENTIFIER • 

• • ........ : ....... . 
· .. · · · i 

••••• C2 •••••••••• 
• • 
• SAVE • • DESCRIPTION IN • 
• CURRENT LINE • • • ........ : ....... . 

v ... 
D2 •• 

•• FIRST •• 
YES •• PROCEDURE •• x---•• DECLARATION •• 

II *. .• 

· I · . '. I .• . · 

.. . . .. .. 
-: NO 

'. 
4 · V 

••••• E2 •••••••••• 
• • • CHAIN WITH • 
• PREVIOUS • 
• DECLARATION • • • ........ : ....... . 

· 
V 

••••• F2 •••••••••• 
• • .. . . 

1-->. SAVE CURKEY • 
• • • • ........ : ....... . 

'/ 
~ .. 

••••• G1 •••• * •• *.. G2 •• * • .••. 
* READ SECTION * NO .* PROCEDURE *. 
* INTO DICPRO *(--------*. WITH NO •• 
• * *. PARAH •• 
• * •.. • 
• ***.*.****.***** *. •• 

• • YES of • . 
V ... 

H1 * . 
. * *. • • CODE *. YES • 

•• PROCEDURE .*---------------->~ 
*. .• .. . . •• • * 

: NO 

PDCPB01 V 
••• *.J 1 * ••••••••• 
• • • ADD DICPRO TO • 
• DICT • • • • • ........ : ....... . 

. 
PDCPR02 V 
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••••• K1 •••••••••• 
• • • ••• K2 ••••••••• 
• UPDATE POINTERS. • RETURN TO • 
• AND SAVE *--------).CALLING ROUTINE. 
• SECTION NO.. * 
• • * ••••••• ** •••• * ......... * ••••••• 



Chart 026. PENPRO Routine 

PEHPRO 

****A1********-", * ENTRY FROli * 
* PHASE 20 '" 
* * *******:******* .. 

v .*. 
B1 * . . * *. _* SECTION *. NO 

*. HAS BEEN • *--- X 
*.MODIFIED _* 

*. .* * ..• t YES 

, , 
V 

*****C1********** 
* * '" COPY SECTION * 
*FROM DICT INTO * 
* DICPRO * 
* * ********:******** 

, 
V 

*****D1********** 
* * * * * CALCULATE KEY * 
* * * * ********:******** , 

" , 
V 

*****El********** 
* * *REWRITE DICPRO * 
* ON SYSUT2 * 
* * * * ********:******** , , 

~ <------,..---x , , . 
V 

****Fl********* * RETURN TO * 
*CALLING ROUTINE* 
* * *************** 
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Chart 027. SDCID Routine, Part of 4 
••••• • 027 • 
• A2. 
• • : 

: <--------------------------------------------------x 
SDCID ., 

••••• A2 •••••••••• 
• GET CURRENT • 
• CHARACTER AND • 
• INCREMENT • 
• POINTER • • • ........ ': ....... . 

., NO 
••• ••• GTIIRD ••• 

B2 •• B3 •• B4 •• 
•• IS •• •• IS •• •••• 

•• CURRENT •• NO •• CURRENT •• NO •• LINE •• 
•• CHAR. A •• -------->.. CHAR. A •• -------->.. EXHAUSTED •• <--x 

•• LETTER.... ..~~LIMIT~:.. ~ •••• • ... 
*. .• *. .• I * ..• 

: YES : YES • •• : YES 
, .027. 

'i 
••••• C2 •••••••••• 
• COLLECT • 
• CHARACTERS OF • 
• IDENTIFIER AND • 
• FOLLOIlING • 
• DELIMITER • ........ : ....... . 

'i ... . .. 
01 •• D2 •• 

•• INDI- •• •• *. 
N0 .*CATOR ARRAY*. YES .* *. 

x-----*. DECLARA- •• <--------*. DELIMITER .* 
*. TION .* *.SEMICOLON •• .... .... 

•• .• * .• * 
: YES .: NO . . 
x------------------------>, iI 

SDCIDB ••• • •• 
E1 •• E2 •• .••. .* 

NO •• DEI.IMETER •• NO • $IDENTIFIER •• 
f--.·:~T ~~p~iAC~ ••• <-------- •••• FOg~gTIN •••• 
t *. .• ...* 

"'i •• •• • ••• 
::~~a: t YES • YES 
'. A3. , .. 

• 

v • B4. 
••••• • •••• • 028 • 
• D3. 
• • • 

· .. F3 •• 
. * *. •• ARRAY •• NO 

. . 
• 

~--> ••• ~DENTIFIER •••• -------~ 

SDCIDA2 V 
•• * •• Gl •••• ** •••• 
• COMPARE • , • IDENTIFIER • 

X---->. AGAINST • 
.RESERVED 1I0RDS * 
* * ••••• *.*:.* •••••• 

V 
••••• H1 •••••••••• 
• • .INDICATE IT IN • 
• DESCRIPTION • · . • • ........ : ....... . 

v ... 
J1 •• .. .. 

NO •• •• 
X---.. RESERVED •• 
, •• WORD •• .. .. .. .. 

•••• : YES 
.027. • 

'.. . .... 
V 

FOUND ••• 
G2 •• .. .. 

•• PROCEDURE •• NO ' 
•• IDENTIFIER •• -----X 

*. .. .. 
* .. * 

: YES 
, . . 
v ... 

H2 •• 
.* *. 

•• IS •• NO 
•• DELIMITER •• ---X 

*. :::z:: •• I .. .. . ... 
-: YES 

'{ 
••••• J2 •••••••••• 
• REPLACE • 
* IDENTIFIER BY • 
• $RTURN IN • 
• INTERMEDIATE • 
• TEXT • . ....... : ....... . 

v 
••••• • 030. 
• A2. 
• • • 

•• •• .028. 
: YES •• D~ • 

• 
v · .. G3 •• • •••• G £j •••••••••• 

•• IS •• • • 
•• DELIMITER •• NO .ARRAY AS ACTUAL. 

•• LEFT •• --------). PARAMETER IN 
•• BRACKET •• • STACK •..• * • .. .. . ............... . 

.: YES ' . , 
v · .. H3 •• .. .. 

•• FORMAL •• NO 
•• PARAMETER •• -------X 

•• •• v .. .. . .... 
•• •• .028. 

: YES •• D; • 

V 
• •••• J3 •••••••••• 
• • • NEil ENTRY IN • 
• STACK WITH • 
• ARRAYP • • • . ....... : ....... . 

• 

v 
••••• .028. 
• G3. 
• * • 

• Kl .-)' V ' 
• • ,<--------------------------------------------------X , .... ' 

'SDCIDA3 V 
, :····~~S;~t··*·~~ 

«DESCRIPT ION 1N • 
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• INti~~E~~tTE :----.-----------------------------------------------------------------------------x 
IDENTIFIER • .• ••••••• * ••••• 



Chart 028. SDCID Routine, Part 2 of 4 ***** *026* 
* A3* 
* * : , 

v 
.. *. . *. .*. 

** ...... *A , ...... ** ... ***.* A2 *. A3 *. All *. * * .. * *. .* *. .* *. * INDICATE ILO * yES.... *. YES .*IDENTIFIER .... NO .$IDENTIFIER .... NO 
! PR~~~D~f~EI' :<--------*.*. DE~~M1TEB.*.*(--------*.*. IsNt=EI/O.*·*--------> ... ·!~F~N~t~~gA~~.*---------~-------1 
* * .....* *..* *.NAME .... 
* ... ******* ...... * ... **** *. • * *. • * .... • * 

~ : NO * t YES . . , 
¥-------------------------X v · . *. 

v 
***** *021* 
* BII* 
* * * 

*****BII*** ... **** ... * B5 *. * ... .... *. * ERROR * YES .* * • 
... IDENTIFIER NOT *(--------*. DELIMITER .* 
* FOUND * *. IS ( .... 

. , 
v v t2-·-._ C3-·-._ 

. *.. .* *. YES .* *. NO .~. *. 

* * *..* 
********t******** *'*'~O 

I , 
V 

x-----------------*. DELIMITER .*(--------*. DELIMITER .* 
****CII********* * RETURN TO * 

* CONTROL PHASE * 
I *.IS) OR ,.* ~" IS ( .* 
I ...* *.. * * * *************** * •• * * .. * 

t NO ****: YES 
• *026* • V * D3 *->, 

***** * * I 
V *021* **>11... V 

.*. * BII* SDCIDC2 .*. 
D1 *. * * D3 * . . * *. • .Ife *. 

*:* E~¥nEH *:*!!~----------------------------x *:* ISS~~~~y *:*!~~----x 
*. ARBAYP .... '~" .* v 

*. . * • *. . * ***** * •• * * •• * *021* 
: NO : NO **K~* 

v .*. 
E1 *. 

.*COUNTER*. 
NO .... OF BRACKETS*. 

X---*.PARENTHESES =.* 
*. 1 .* 

III. •• 
III ••• 

: YES 

V 
*****F1********** 
:sTi~gA=~MJug~T : 
*USED AS ACTUAL * 
*PARAM IN STACK * 
* * ********:******** 

• * I · v 
.*. 

E3 *. *****EII********** .* *-, • • 
• NO .* DELIMITER *. YES * +1 TO COUNTER * 
'(--*. OR LEFT .*-------->* OF BRACKETS * 
I *. BRACKET .* * PARENTHESES * • •. . * • • 

* •• * ***************** * ; 

***** *026* 
* G3* 
* * : 

, 
v 

***** *021>10 
* K1* 
* * * 

I(--------------------------------------------------l v 
. *. . •. SDCIDCII , 

G3 *. Gil *~ *****G5********** .* *. .*COUNTER*. * * 
• V.* *. YES .* BRACKET - *. YES * +1 TO COUNTER * l------------------------------------------>*. DELIMITER • *-------.->*. PARENTHESES • *-------->* OF DIMENSIONS * 

*. IS, .* *. =1.* * PARAMETERS * 
*..* *..* * * 

*. * ·;0 *. * ':0 ********t******** 
**** ' , , 
*026* • I * H3 *->" v 
* * I ***** 
**** V *021* SDCIDC5 .*. * Kh 

H3 *. * * .* *. * 
X----------------------------------------------------->*:*D~~I~ia~¥ I*:*!!?-----X 

*. BRACKET .* V 
.... * ...... * :t~~: 

* YES * Kh ., * * 
• * 
V 

*****J3********** 
* * * -1 TO COUNTER * 
* OF BRACKETS * 
* PARENTHESES * 
* * .... * ... * ...... *: ... ******* · , 

v 
• *. 

K3 * • • *COUNTER* • 
• * OF BRACKETS*. YES 

*.PARENTHESES=O.*-------X 
*. .* v 
*..* ***** 

* •• * *029* 
* NO * A3* , * * 
v 

***** *021* 
* K1* 
* * * 

* 

v 
***** *021* 
* Kl* 
* * * 
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Chart 029 .. SDCID Routine, Part 3 of 4 

••••• • 029 • 
• A3. 
• • : 

v · .. 
A3 •• .. .. 

•• CURRENT •• YES 
•• ENTRY IS •• ---X 

•• PROCM •• .. . . .. .. 
: NO 

v ... . .. .•... B1.......... B2 .. B3 .. · . .... .... 
• FLAG FOBIIAL. liE.. CHECK.. YES •• DESCRIPTION •• 
• P1BAIIETER INTO .<--------.. COUNTERS •• <--------.. HAS BEEN •• 
• DICT. •• •• ..COMPLETED •• · . .... ... . ................. .. .. . .. . 

• EQU : NO 

I · V 
••••• C3 •••••••••• 
• IIISERT COUNTER. * OF DIMENSIONS * 
:(~:TgAg~~~T~gS): 
* PARAH * 
**.***.*:******** 

4 

, 
4 

V 
.***.D3*******.** * INDICATE * * CORRESPONDING * 

SECTION IS * 
MODIFIED * 

* • **** •• **:****** •• 

I 

X------------------------>" V 
SDCIDDl • *. 

E3 *. .. .. 
YES.. CURRENT •• 

~---* .•. EN~~~T~S ••• * .. .. 
* .• * : NO 

· 
I 

'COPYLE V 
I .* ••• F3* •• *.***** 

4 

* * * COPY CONTENTS * 
• OF CURRENT *<--i * ENTRY IN peT * 
* * * •••• ***:*.**.*** 

i---------->: 
x-------------------------------------------------->: 

SUPLE '0{ 

*.**.G3*** •• *.*** 
• * .REHOVE CURRENT * * ENTRY FROH * 
• STACK • * • •••• ****:*** •• *.* 

.•. 
H3 •• 

. * •. 
•• STACK *. YES 

•• IS EM PTY • *------- x 
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*. .* v *... • •••• 
* .. * 

: NO 

''/ 
•••• *J3 •••• ***.** 
* • * RESTORE * 
• COUNTERS AND • 
• POINTERS • · . ••••• * •• : •• ** •• *. 

"/ 

••••• • 027 • 
• K1., 
• • • 

*027* 
'* Kh • • 

* 



Chart 030. SDCID Routine, Part 4 of 4 

••••• • 030 • 
• A2. 
• • : · "i 

SDCIDE ••• 
A2 •• 

• * *. •• •• YES 
•• DELIIIITER •• -------------,----X 

•• IS ( •• • *. .* .. 
* .• * 

: NO · 
'" v ... 

B2 •• 
. * *. 

'{ . .. 
B3 •• 

.* *. •• •• YES •• STACK •• YES 
•• IS EIIPTY •• ---X •• FORIIAL •• -----------------l .. ..' •• . * • •• •• v 

: NO :021: 

... 
C2 •• .. .. 

• Kl. 
• • • 

•• •• NO 
•• DELIIIITER •• ---X 

•• IS ) OR ,.. ' .. .. 
* •. * ! YES 

· "i ... 
D2 •• 

• * *. •• CURRENT •• YES 
•• . ENTRY IS •• ---X 

•• ARRAY P •• • 
*. . * • •• •• v 

• NO ••••• 
• .028. 
• • H3. • •• , . 
v · .. 

E2 •• 
• • COUNTER •• 

•• OF BRACKETS •• NO 
•• PARENTHESIS = •• -------X 

•• 1.. V 

•• PARAIIATER •• 
*. .* 

* •• * 
: NO 

... 
C3 •• 

.*PROCED •• 
•• WITH FORIIAL •• NO 

•• PROCEDURE'OR •• ---X 
•• 'ARRAY' .* ' 

•• PARAII.. ' •• •• v 
: YES :021: 
• • Kl. 

· , 
V 

• ••• *D3 •••••••••• 
• • • NEW ENTRY IN • 
• STACK WITH • 
• PROCII • • • •••• * ••• , •••••••• 

· , 
v • •••• • 027. 

• Kl. 
• • • 

* • • 

.... . .... 
•• •• .028. 

: YES •• H;. 

: . · "i · .. F2 •• .. .. 
YES •• IDENTIFIER •• 

X-----------------•• IS A FORIIAL •• 
• •• PARAIIETER •• 

, · V 
••••• Gl •••••••••• 
• • • PROCP AS ACTUAL. 
• PARAIIETER IN • 
• STACK • • • ........ : ....... . 

· , v 
••••• • 028. 
• G3. 
• • • 

.. . . .. .. 
: NO 

V 
• •••• G2 •••••••••• 
• • .PROCII AS ACTUAL. 
• PARAMETER IN • 
• STACK • • • . ....... : ....... . 

· 
• •••• .028 • 
• G3. 
• • • 

, 
v 

• •••• Cq •••••••••• 
• • • NEW ENTRY IN • 
• STACK WITH • 
• PROCP • • • ........ : ....... . 

, , 
v ••••• .027. 

• Kh 
• • • 
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Both Phases 25 and 30 are optional; they 
are called only if certain conditions are 
present in the program. 

The input to Phase 25 consists of Table PCT 
on SYSUT1 and the dictionary on SYSUT2. 
During the initialization of Phase 25, 
Table PCT is taken from SYSUT1 and placed 
in main storage. Phase 25 completes the 
description of formal parameters specified 
by 'ARRAY' or 'PROCEDURE'. It is called if 
both of the following conditions are 
present: 

1. The program contains procedures. 

2. One of these procedures contains form­
al parameters specified by 'ARRAY' or 
'PROCEDURE' (i.e., Table PCT is not 
empty) • 

In the case of formal parameters speci­
fied by 'ARRAY', the number of dimensions 
is determined by examining the correspond­
ing actual parameter. 

To process formal parameters specified 
by 'PROCEDURE', correspondence is first 
established between each formal par~meter 
and the procedure declaration of _the actual 
parameter. A check is then made to ensure 
(a) that procedure names passed to the pro-
cedure in place of the corresponding formal 
parameter have the same number of parame­
ters, and (b) that the latter are of the 
sam e typ e an d have t he same va lue-pa rt. 

The information obtained is entered in 
the relevant section of the dictionary 
which is rewritten on SYSUT2. 

When Table PCT has been processed, con­
trol returns to the Control Phase of the 
program. 

The overall logic of Phase 25 is illus­
trated in Charts 031 and 032. 

Phase 30, the input to which consists of 
the intermediate text on SYSUT1 and the 
dictionary on SYSUT2, converts procedure 
headings. This phase is called if a proce-
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dure declaration is present in the ALGOL 
progra m. (P roced ure de c la ra tion s were 
chained during Phase 20, thus avoiding the 
necessity of scanning the whole of the 
intermediate text.) 

The following sequence of PL/I state­
ments is generally used in the conversion 
of ALGOL procedure headings: 

1. Declaration of entry-name with the 
attribute ENTRY 

2. PROCEDURE statement 

3. Declaration of formal parameters 

4. Comment (value-part) 

To generate statement 1, Phase 30 uses 
the section of the dictionary corresponding 
to this procedure declaration. If the pro­
cedure is used as a function, a: dummy vari­
able ($RTURN) is created, which has the 
same data attributes as the procedure iden­
tifier. When a procedure declaration is a 
"precompiled" procedure (see Section 5.4.6. 
of the ALGOL language manual), statement 1 
is not generated. 

Statements 2 and 4 are generated in 
Phase 10. If the procedure body consists 
of the delimiter 'CODE', statement 2 is 
deleted and statement 4 is not generated. 

Formal parameters are declared by using 
the section of the di~tionary which served 
to generate statement 1 above. The 
declaration of formal parameters declared 
by 'PROCEDURE' is performed by using the 
information entered in the dictionary by 
Phase 25. 

The effect of the value part is simu­
lated by statement 1 and by the conversion 
of actual parameters in Phase 40. 

The output from Phase 30 is an interme­
diate text which is placed on SYSUT1. 

When all proced ure :1 ec la ra tion s ha ve 
been converted, control returns to the Con­
trol P ha se of the prog ra m. 

Phase 30 consists of a main routine, PRPRO, 
which calls on two other routines, PALGEN 
and RTNGEN, to perform certain functions. 



These three routines are described in 
detail below. 

Phase 30, in addition, uses two utility 
routines: 

GENR, which places various program items in 
the output buffer and thence OD 
SYSUT1 when the buffer is full. 

GENID, which does the same for identifiers. 

g~IEQ§~: According to the kind and to the 
number of parameters in the procedure 
declaration, to generate the various state­
ments used to convert this declaration. 

gIQ£~§§i.n.~: Reads the procedure declara­
tion and finds the description of the pro­
cedure. If this procedure contains parame­
ters, the relevant section of the dic­
tionary is entered in DICPRO. If the pro­
cedure is not an external (precompiled) 
one, calls routines PALGEN and RTNGEN in 
succession. The end of the PL/I PROCEDURE 
statement generated by Phase 10 is deter­
mined by the first semicolon encountered. 
The various statements generated are 
chained using NXIRN, which contains the 
identification number of the next buffer. 
(See "BUFFER" in Appendix A.) These state­

ments are placed on SYSUT1 immediately 
after the intermediate text placed there by 
Phase 10. If the procedure body is the 
symbol 'CODE', the PROCEDURE statement is 
deleted. In the case where the procedure 
has a type, routine PRPRO generates an 
auxiliary variable ($RTURN) to contain the 
value given in the ALGOL program to the 
procedure identifier. 

The parameters are grouped according to 
their specification, as follows: 

1. Specified by 'LABEL' 

2. Specified by 'REAL', 'INTEGER', or 
'BO OLEA N' 

3. Specified by 'ST RING' 

4. Specified by 'SWITCH} 

5. Specified by 'ARRAY' 

6. Specified by 'PROCEDURE' 

Routine PRPRO then generates the corres­
ponding declaration using, in the case of 
'ARRAY' and 'PROCEDURE', the information 
supplied by Phases 25 and 30. In the case 

of 'PROCEDURE' in particular, routine PRPRO 
reads the section of the dictionary corres­
ponding to the actual parameter. Routines 
PALGEN and RTNGEN are called to generate 
the parameter-a ttribute-list. 

When all the parameter specifications have 
been generated, the preceding procedure 
declaration is examinei. If all declara­
tions are found to have been processed, 
control returns to Phase 30. 

~~i~: Control Phase. 

R~I~Q§§: To generate the parameter­
attribute-list corresponding to a declara­
tion with the ENTRY attribute. 

RIQ£§§§ing: Examines the specifications of 
the formal parameters and generates an 
attribute when it finds anyone of the 
following: 

• 'REAL' procedure 

• 'REAL' array or 'INTEGER' array called 
by va lue 

• Type procedure called by value 

• Arithmetic variable ('REAL' or 
'INTEGER') 

In all other cases the attribute corres­
ponding to the parameter is empty. 

~~i~: Calling routine. 

R~£~Q§§: To generate the RETURNS attribute 
when a function is encountered. 

f~Q£~§§ing: Checks the procedure identifi­
er for type; if a type is present generates 
RETURNS followed by the corresponding data 
attribute. 

~Q~!ing_£~ll§Q: GENR. 

E~~i: Calling routine. 
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Chart 031. Overall Logic of Phase 25, Part of 2 
PH25 PCTPR 

••••• A2 •••••••••• 
•••• A1.......... • 

• ENTRY FRO". • INITIALIZE • 
• CONTROL PHASE .-------->.INDEXES OF PCT .<--------------------------------------------------------------------x 
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• •• • ••••••••••••••• * * 
********: ••••• * •• 

, 
,(--------------------------------------------------------------x V 

PCTPR41 • *. 
B2 * • . * IS *. 

NO .* PROCEDURE *. 
X---*. FORMAL • * 
, *.PARAMETER.* 

*. .* * •• * ! YES 

, 
., V 

**.**C2*.******** 
*GET DESCRIPTION* 
*OF FORMAL PARAII* 
* IN DICTIONARY * 
* SECTION * 
* * ********:******** 

v 
• *. NXTCAL 

02 *. *****04********** 
. * *. * * • * FLAG IN *. YES * SUPPRE SS * 

*. DESCRIPTION .*----------------------------------)* CURRENT ENTRY * 
*. • * * IN PCT * 

.* * * * •• * ***************** ! NO ~ 

~ .* .. 
E2 * . 

. * * . 
• *DESCRIPTION*. NO 

*. CGNTAINS A .*-----------------X 
*. SECTION .* ' *. NBR .* 

* •. * ! YES 

X---------- )~ 

RDSCT V 
*****F2********** *READ DICTIONARY* 
* SECTION * 
* CORRESPONDING. 
* TO PROC IDENT • 
* • 
*** •• ***:***.**** . **** 
.031* • * G2 *-)4 

* * • 
**** v 

RCOPY V 
.****F3********** 
*RECOPY CURRENT * 
* ENTRY OF PCT * 

FOR FURTHER * 
ANALYSIS * 

* • 
·****·**t******** 

I 

X------------------------) 
. *. . *. 

G2 *. G 4 * . 
• *END OF *. .* * • 

• * ACTUAL *. YES .* LAST *. NO 
X--)*. PARAM .*----------------------------------)*. ENTRY IN .*---X 
• *. LIST .* *. PCT .* 

*. .* *. • * 
* •• * * •• * 

! NO t YES . 
• NO • PCTPRA3 V 

*****82*.****.*** 
* USING ACTUAL * 
* PARAl'I LOCATE * 
*FORIIAL PARAH IN* 
* DICT SECTION * 

.*. . *. 

* * .**.****:******** 

. . 
v 

.*. 
J2 *. 

.*FORMAL *. 
NO .* PARAMETER *. 

(--*. 4 ARRAY' OR • * 
• *. • PROCED I • * 

., . *. .* 
* •• * : YES 

~ l' .*. 
• K2 •• • * *. 
·YES.* FORMAL *. 
J(---*. PARAl'I HAS .* 

*. FLAG 
*. .* 

* •. * ! NO 

" ***** 
*032* 
* A2* 
* * * 

H4 *. H5 *. 
.* SOME *. .* *. 

.* ENTRIES *. YES .* WERE *. 
*. WEFE .*--------)*. ALL ENTRIES .* 

*. RECOPIED • * *. RECOPIED • * 
*. . * *. .* * .. * * .. * 

~ NO : YES 

I • 

X------------------------>~ 

V 
****J5 ********* 

* RETURN TO * 
* CONTROL PHASE * 
* * *************** 



Chart 032. Overall LGgic of Phase 25, Part 2 of 2 
••••• • 032 • 
• A2. 
• • : . 

v .*. .*. 
A2 •• • •••• A3.......... A4 •• 

• • ACTUAL •• • • ••• • 
• \IIPARA! IS A •• IES .READ DICTIONARI. •• •• IES 

•• FOR!AL •• -------->. SECTION OF .--------> •• DESCRIPTION •• -------x 
\II. PABA! •• • ACTUAL PARAM • ..HAS FLAG.. v .... . . .... . .... 

•• •• ••••••••••••••••• •• •• .031. 
: NO ~ NO •• G~. 

• • 
'I v ... 

B2 •• 
. .. 

B4 "' • 
.. * *. IES.\II ACTUAL •• 

.. .. 
•• IS IT "'. IES 

x-----------------•. PABAM IS AN •• 
\II. • ARRAI" •• 

.'",~N .ARRAI ••••• -----------------] 
•. .* 

* .. * 
: NO 

· v ... 
C2 •• • •••• C3 •••••••••• 

• * *. * * .\11 ACTUAL •• IES • SET FLAG INTO • 
•• PABAM IS AN •• -------->.DESCRIPTION OF • 

\11.1/0 PROC •• • FORMAL PARAM • 
*. . * • • .. .. . ............... . 

: NO I 

V 
I ••••• 
.. .03,. 

.. . . .. .. 
• NO 

V • G2. • •• •• * •• D2.......... • '" 04 •• 
• READ DICTIONARI. • •• ACTUAL •• 
• SECTION • IES •• PARA!lETER •• 
• DESCRIBING .<---------------------------------- •• DESC CONTAINS •• 
• ACTUAL PAiAM • •• SECTION •• 
•• •• NBR •• .. *.............. "' .. '" 

• : NO 

... 
E2 •• • •• ",.E3 •••••••••• 

•• FORMAL •• • COMPLETE '" 
.* PARAMETER •• NO .DESCRIPTION OF • 

•• DESC CONTAINS •• -------->. FORMAL • *. SECTION •• • PARAMETER • 
•• NBR •• • • .. .. . ............... '" 

~ IES .. 
.. . 
• V' • ••••• V .031. v 

COMPR ••• '" G2. PCTPRC2 .*. 1'2 •• • • 1'4 * • 
•• SAME •• • •• 1'ORIIAL •• 

IES •• PARAMETER •• x-----------------•. DESC CONTAINS •• 
• *SECTION IN •• IES 

•• ACTUAL AND •• -------X 
.... FORMAL •• V 

•• PARAM.. • •••• 
•• •• .03,. 

• NO • G2. • •• · '" · V 
",.", •• G2.",,,,,,,,,,.,,,.,,,,,, 
• COMPARE TWO • 
• SECTIONS • 

I •• SECTION • '" 

I 

•• NBR •• .... 
t NO 

. . 
V 

• ••• *G4.",.* ••• ", •• 
'" . *RECOPI CURRENT • 

• DESCRIBING • 

V 
***.",G3", •• * •••••• 
* COMPLETE * 
*DESCRIPTION OF • 
• ACTUAL • 
• PARAMETER * 

.ELEIIENT OF PCT .-------X 
• PARAMETERS • • • .. "' ..... :."'."'''''''.''' 

.. 
~ "' .... • 031. 

• G2. 
• • • 

• • * •••••• *:.* ••• "'** 

I 

V 
• •••• .03,. 
• G2. 
* • • 

• • v '" . . .... 
• "' ••• "'........... .031", 

t • '" G!* .. 

.. NO V 
.*. PCTPRD1 .*. 

:*t;S~~~*;~~~~;*: ."'~~MBEn·.. .",~tiMBE;·*. 
• OF DIIIENSIONS '* IES.. OF.. NO •• OF "'. 
* IN ACTUAL *<--------*.DIMENSIONS IN.*<-------- •• DIMENSIOHS IH •• 
• PARAMETER '" •• FORIIAL • * *. ACTUAL •• 
* * *.PARAM.* *. PARAII. * 
* ••• **.*.******** *. •• •• • * 

: * : HS 
I 

V 
** ••• 
*03,. 

PCTPRD2 v * G2* 
••••• K 1 •••• ** •• ** • * 
• COIIPLETE * • 
• DESCRIPTION OF • • 
: pIgfat¥ER :<----------------------------------------------------------------------------------------------x 
• . * 
***.** •• : •••••• *. 

I 

V 
••••• *03,. 
• G2* 
* • 
* 
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Chart 033. PRPRO Routine, Part of 2 
PRPi030 

****A1 ••••• * ••• 
* EIITRY FROII. • 
• CONTROL PHASE .--------) 

REt~N~I~¥T ~ _____________________________________________________ ---------------------------1 
* • • *.** •••••••••• 

DECLARATION. 

• ...... * •• : .. ****.* , 
, 
I 

V 
••• CONV2 

B2 •• •· •••• B3 •••••••••• 
•• •• • READ • 

• * PROCEDURE *. YES * CORRESPONDING. 
*. WITH PARA- •• --------)* SECTION INTO * 

*. METERS .* * DICPRO • 
*..* • * 

*·t·~O ********! ••• **.** 
, 
I I 

,<------------------------X 
'/ 

. *. 
C2 *. 

•• *. 
YES.* PRE *. 

X---*. COMPILED •• 
" *. PROCEDURE.* 
• •. .* , * .. * 

· · 
: NO 

'INCT1 V 
** •• * 02.*.** •• *.* 
* GENERATE * 
* DECLARE * 
* FOLLOWED BY * 
*IDENTIFIER AND * 
* ENTRY * 
**** •• **,********* , 

v 
.*. 

E2 •• ** •• *E3.****.**** 
.* *. *PALGEN 035A2 • 

•• PROCEDURE *. YES *---------------* 
*. WITH PARA- .*--------)* GENERATE * 

*. METERS .* * PARAMETER * 
*..* .ATTRIBUTE LIST * 

* •• * ** ••• **.***** •• ** t NO ' , , , 
~<------------------------X 

V 
*****F2*********. *RTNGEN 036A,. 
*---------------* 
* GENERATE * 
* RETURNS * 
* ATTRIBUTE * 
*.*****.:******** 

, 
, <---------- X 
I YES 

,DCLEND G2.*. *. 

• .• * . 

, 

• * PROCEDURE *_ 
*_ BODY IS • * 

*. CODE _* 
*. . * * ..• 

: NO 

'NXTSC V 
• *****82********** 

* * , * PUT LINE ON * 
X--)* SYSUT1 * 

* * * • 
***.**** :**.***** . . 

:<----------x 
X------------------------)" 
• v 

***** *033* 
* J4* 
* * 

***Jl*:********** J2-*·*. POUNDEA J3·*·*. EPR~~!**J4*!******** EPROC J5·*·* • 
• * *. .* *- * * .* LAST *. 

READ NEXT * NO.* END OF *. YES •• PROCEDURE •• YES • PUT LINE ON * .* PROCEDURE •• NO 
LINE <--------*. PROCEDURE •• --------)*. BODY IS .*--------)* SYSUT 1 *--------)*. DECLARATION .*---X 

*.DECLARAT •• CODE.* A * • •• .* 
*. . * '*.. * I * * *.. * 

**************.** ••• * * •• * *.* •• * •• ********. * •• * 
* : NO : YES 
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''/ 
CHKPR • *. 

*****K2.*.******* K3 *. 
* * • *PROCED *. 
* PUT LINE ON * NO.* WITHOUT •• YES I 

: SYSUTl :<--------•• *:~~~~T!g~r •••• -----X 

• * *.. * •• ****.***.****** *. •• • * 
v 

***** *0311* 
* A3* • • 

* 

V 
****K5********* * RETURN TO * 

* CONTROL PHASE * 
* * **.****:******* 

'I 
.**** *034. 
* El* 
* * * 



Chart 034. PRPRO Routine, Part 2 of 2 

''I 
••••• A3 •••••••••• 

: GENtRATE : 
• DECLARE • 
• • • • ........ : ....... . 

''I ... 
B3 •• 

. * *. •• IS IT A •• NO 
•• FUNCTION •• ---x .. .. .. . . .. .. t YES 

· · V 
••••• C3 •••••••• ** 
* • *GENERATE $RTURN. 
* DATA AND DATA * 
• ATTRIBUTES * 
* • • **** •• *: •• ****.* 

· · · 'I 
. * • 

••• **D2 ••• *.***.. D3 *. 
* * .* *. • GENERATE. YES •• FUNCTION *. 
• SEMICOLON .<--------*.WITHOUT PARA- •• 
• * • • ME TE RS • * • • *.. • • ***.**.*.**.**** * •• * 

: : NO . 
V 

• ***** , *033* 
V * J4* GATHER V 

•• ***El*****.**** * * ****.E3**.******* 
* • * * GROUP * 
• * * PARAMETERS * 
.GENERATE COMMA *---------------------------------->* ACCORDING TO *<--X 
• * * SPECIFICATION * 
*. * * *********.******* ***************** 

~ . 
· . ~ 

• NO ." ESPEC • *. LABSPC • *. 
Fl *. *****F2********** F3 * • 

• * *. * GENERATE * .* * • 
• * END OF *. * PARAMETERS * YES.* LABEL *. 

X-->*. PARAMETER .*<--------* FOLLOWED BY *<--------*.SPECIFICATION.* 
*. LIST • * A * LABEL * *. • * 

*. .* I * * *..* 
* •• * • ***,,************* * •• * 

: YES : NO 

, 
V 

*****Gl *******.** 
* * * GENERATE * 
* SEMICOLON * 
* * * * ********:******** 

v 
***** 
*033* 
* J4* 
* * * 

V 
TYPSPC • *. 

*****G2********** G3 *. 
* * .* *. * GENERATE * YES.* TYPE *. 

,<----*PARAMETERS WITH*<--------*.SPECIFICATION.* 
• *DATA ATTRIBUTES* *. .* 
• * * *..* 

***************** * •• * 
: NO 

V 
STRSPC • *. 

*****H2********** H3 *. 
* GENERATE * .* *. 

• * PARAMETERS * YE S • * STRING *. 
,<----* FOLLOWED BY *<--------*.SPECIFICATION.* 
• * CHARACTER (*) * *. .* 

* * *.. * 
***************** * •• * 

: NO 
.. 
V 

SWTSPC • *. 
**.**J2********** J3 *. 
* GENERATE * .* *. 

• * PARAMETERS * YES.* SWITCH *. 
X-----*FOLLOWED BY (*)*<--------*.SPECIFICATION.* 

* LABEL * *. .* 
* * *..* 
***************** *. • * 

: NO 

· · V 
ARRSPC ••• PROS PC 

*.**.K2**.****... K3 *. • ••• *K4 •••• ***... • •• **K5 •••••••••• 
* GENERATE. .* *. .PALGEN 035A2. *RTNGEN 036A1. 

X-----------------------------:DI&~»~~~~~Ri~D :<-----!~~.:~PEci~¥~ITIo=:*~~------>:---GEHERATE----l-------->:---GENERATE----: 
A .DATA ATTRIBUTES. •• •• • PARAMETER. • RETURBS + 
• • • *... .ATTRIBUTE LIST. * ATTRIBUTE • ...... *.......... *. •• *.*.* •• * ••• *.*.*. • •••• * ••••••••••• . . . . . 
x-----------------------------------------------------------------------------------------X 
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Chart 035. PALGEN Routine. 

PALGEN 

•••• A2 ••••••••• 
• ENTRY FROK • 
• PRPRO • • • • ******:***.*.* 

'I 
** ••• B2********** 
* * * * * GENERATE ( • 
* * * * ***.****:******** 

· x------------------------)~ 
PALGA 1 V 

*****C2*****.**** * GET PARAKETER • 
* NAKE FROK * 
* CORRESPONDING * 
* SECTION * 
* * ****.***:******** · · · 'I 

.*. 
D2 *. ** •• *D3.*.*.**.** 

• * *. • * 
.* REAL *. YES * * 

*. PROCEDURE .*--------)*GENERATE ENTRY *---x 
*.. .* • * I 

*. • * * * 
* •• * **.******.*****.* 

: NO 

· · 'I 
• *. 'ALGB3 

E2 *. *****E3********** 
.* REAL *. * * 

.* ARRAY OR *. YES * GENERATE * 
*.INTEGER ARRAY •• --------)* DIKENSI~NS * 

*.BY VALUE .* * • 
*..* • • 

* •• * ****.************ 
! NO • · · · . 'I • 

• *. PALGA2 V 
F2 *. **.**F3********** 

.* * • • * BOOLEAN *. YES * GENERATE DATA * 
*. PROCEDUR~ .*--------)* ATTRIBUTES * 

*.BY VALUE .* A * * 
$. • * I * * 

*':'~O .*******!*****.*. • 

• !<----------x 

. *. 
G2 * • 

• * ARITH * • 
• * VARIABLE *. NO 

*.AND PROCEDURE •• -----x 
*.BY VALUE .* 

*. . * * •. * t YES 

· . . <------------------------~ V 
• PALGB1. *. 

**.**H1********** H2 *. • * • * *. * * NO • * END OF •• 
*GENERATE COKKA *<--------*. PARAKETER .* 
* * *. LIST • * 
• • *..* 
***************.. •• •• 

56 

! YES 

'I 
••••• J2 •• ****.**. 
• • 
* * * GENERATE) • 
• • • • ** •• * ••• : ••• *.* •• 

· 
~ 

•••• K2 ••••••••• 
* RETURN TO • 
• CALLING ROUTINE* 
* • * ••••• * ••• ***** 



Chart 036. RTNGEN Routine 

RTNGER 

•••• 11 ••••••••• 
• ENTRY rao" • 
• PRPRO • • • ....... : ...... . 

· · · v ... 
B1 •• 

•••• • ••• ~O 
•• FUNCTION •• ---1 

1fc. .* .. . . .. .. 
! YES 

· · V 
••••• C1 •••••••••• 
• • • GENERATE • 
• RETURNS ( * 
* * * * ********t******** 

· · V 
*****01********** * GENERATE DATA *. 
* ATTRIBUTE * 
* ACCORDING TO * 
* FUNCTION TYPE * 
* * ********:******** 

· · V 
*****E1********** 
* * * * * GENEBATE) * 
* * 
• * ********t******** · : <----------x · 

V 
****F1********* * RE!URN TO * 

*CALLING ROUTINE* 
* * *** •• *******.*. 
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Phase 40 ~ee Chart 037) generates the PL/I 
target program. The input to this phase is 
the intermediate text on SYSUT1, together 
with the dictionary on SYSUT2 if the ALGOL 
program contains procedures (see Phases 25 
and 30). 

After the initialization of phase para­
meters, and when processing a main program, 
Phase 40 generates a PROCEDURE statement 
with the label MAINPRO. 

Executable statements and partially con­
verted declarations (array declarations, 
for example) are converted by various 
statement processing routines. 

Routi ne EX PRO is call ed as r egu ir ed by 
the statement processing routines, to pro­
cess arithmetic and boolean expressions. 

Phase 40 has to check the type of an 
arithmetic expression when ~ny of the fol­
lowing are present: 

• Assignment statements with left-part 
variable of type 'INTEGER' 

• Subscript expressions 

• Actual parameters with corresponding 
fermal rarameters specified by 'INTEG­
ER' and called by value 

If the arithmetic expression is of type 
'REAL', the built-in function FLOOF is used 
to simulate the rounding in ALGOL. Paren­
theses are inserted where ne~essary, 
because of differences between ALGOL and 
PL/I as to the relative priorities of cer­
tain operators. Simulation of the ALGOL 
operators ~EQUIV', 'IMPL', and 'I' requires 
sophisticated scanning by EXPRO of the 
expression, using a stack and the relative 
priorities of the operators. 

Conversion of input/output procedures 
depends on the kind and type of the actual 
parameters. If a statement cannot be con­
verted, or if conversion is doubtful, the 
relevant line in the output listing is 
identified by a number (see Appenlix F of 
the ALGOL-to-PL/I language conversion 
manual). 

If the source program is found to con­
tain a conditional expression, the ftlnc­
tions $CONAEX and/or $CONBEX are generated 
at the end of the converted program. 
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Output from Phase 40, i.e., the target 
program, is in the form specified by the 
user in his EXEC control card. 

On completion of Phase 40, control 
returns for the last time to the Return 
Procedure of the Control Phase. 

The routines used by Phase 40 fall into 
three ca tegorie s: 

• Statement processing routines 

• Expression processing routine (EXPR) 

• utility routines 

The first two categories are described 
in detail and illustrated by flowcharts, as 
in previous sections of the manual; the 
utility routines are described more 
summarily. 

STATEMENT PROCESSING ROUTINES 

R~~gQ~~: To process array declarations. 

~£Q£~§§ing: Phase 10 has already conv~rted 
the part of each a rra y declara tion which 
does not need a diction3ry reference. 
Calls routine EXPRO to convert the bound­
pair-list, each bound being of type 'INTEG­
ER'. Usin~ a left bracket, an entry is 
placed in the stack. The end of a bound­
pair-list is detected when a ~ight bracket 
deletes this entry. 

The converted lines are transmitted, 
without modification, to the output buffer. 
A semicolon found in ~ converted line indi­
cates the end of an array declaration. 

g~ii: Calling routine. 



R!!f:EQ§~: To process assignment statements. 

Phase 40. 

R£Q£~§§jn~: Begins by processing the left­
part variable. If it is a subscripted 
variable, calls routine EXPRO to convert 
the corresponding expression, which must be 
of type 'INTEGER'. Using the left bracket, 
an entry is made in the stack. 

Then processes the right-hand part of the 
statement. The symbol := is used to place 
an entry in the stack. The type of the 
expression is obtained from the type of the 
left-part variable. 

~zi1: Calling routine. 

R!!fEQ§~: To process ALGOL 'FOR' 
sta tements. 

gfQ£~§§irr~: Converts the controlled vari­
able and examines the for-list, giving the 
type of the controlled variable to routine 
EXPRO. 

In the case of STEP-UNTIr element, issues a 
warning message if the expression following 
'STEP' or 'UNTIL' contains variables. 

In the case of the WHILE element, issues a 
warning message if the expression preceding 
'WHILE' contains variables. 'The expression 
follow ing 'HHI LE I is a 1 wa ys of type 
'BOOLEAN'. 

~zi1: Calling routine. 

gYfEQ§~: To process 'GO TOI statements. 

R~Q£~§§jn.9: 'GOTO' is followed ei ther by a 
left parenthesis, an 'IF' clause, a label, 
or a switch identifiE'c. GOTOPRO conv~rts 
these as follo~s: 

• Left parenthesis: ignores it. 

• 'IFI clause: calls IFPRO to process 
it. 

• Label: converts it. 

• Switch identifier: calls EXPFO to con­
vert the subscript expression. 

A designational expression that cannot be 
converted is scanned to determine the end 
of the statement, and a warning message is 
issued. 

EQg1i~~§_£~11~g: EXPRO, IFPRO, PUTID, 
GEN40. 

~~i1: Callinq routine. 

~g!EQ§g: To process 'IF' clauses in desiq­
national expressions and IIFI statements. 

g!Q£~§§bllg: Generates IF in the output 
buffer. Ca lls EX PRO to process the boolean 
expression following 'IF'. The correspond­
ing 'THEN' ends the expression. If the 
count of 'IF's is zero, the 'IF' clause is 
not a part of a designational expression 
and IFPRO returns control to Phase 40. 
Otherwise control returns to GOTOPRO. 

~~it: Calling routine 

~g!EQ§g: To process input/output 
statements. 

~f:~£g~~i~g: The internal reference number 
of the input/output procedure appears in 
PRDESC, in the input buffer; it is used as 
a pointer to the various sequences of 
instructions that process the input/Qutput 
statements. 

The correspondence between the ALGOL data­
set- number a nd the PL/I file-name is given 
as follows: 
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o SYSIN 
1 SYSPRNT 
2 ALGLDD 02 
3 ALGLDD03 

15 ALGLDD15 

The DD name is used as the file-name in the 
PL/I target program. If the data-set­
number is not an integer constant, it is 
not converted. 

The dummy variables used to convert the 
inputloutput procedures are declared at the 
end of the converted program, if necessary. 

If the data-set was created by another pro­
gram, or if it stands as the system input 
data-set, it is the user's responsibility 
to verify that the data items are in accor­
dance with the PL/I specifications. 

The SYSACT control procedure is converted 
only in certain cases. (For furt her 
details on this point, refer to Appendix C 
of the ALGOL-to-PL/I language conversion 
manual~ ) 

~~i1: Calling routine. 

RQ£EQ§~: To process procedure statements. 

R£Q£~§2ill~: First, generates CALL state­
ment followed by the procedure identifier. 
If the procedure contains parameters, calls 
routine EXPRO (entered at entry-point 
EXPEOL3) to process the parameter list. 
The end of the parameter list is identified 
by a riqht parenthesis of level o. 

~~i1: Calling routine. 

EXPRESSION PROCESSING ROUTINE 

~~fE2§~: To analyze the expressions 
appearlnq in the various ALGOL statements 
and to convert the argument list of func­
tion designators or of procedure 
sta temen ts. 
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~fQ£~§§ing: When the type of the expres­
sion is already known, it is transmitted 
directly to routine EXPRO. This is so, for 
example, in the case of subscript expres­
sions, right part of an assignment state­
ment, etc. 

Routine EXPRO uses a stack to determine the 
structure of the expression. The prece­
dence of operators and of delimiters is the 
followi ng: 

** 

2 '/' I * 
3 + 

4 < > <= , = )= 

5 , 
6 & 

7 

8 'IMPL' 

9 'EO UI V' 

10 ELS E* 

11 THEN>',c 

12 It 'IF' 

• THEN' 'ELSE' , HHI LE ' 

, STEP' , UNT IL 

Certain items a~?ear only in the stack: 

ELSE* denotes the delimiter 'ELSE' in a 
conditional expression: the top item 
in the stack is 'If'. 

THEN* denotes the delimiter 'THEN' in a 
conditional expression: the top item 
in the stack is 'IF'. 

(* indicates the beginninq of an para­
meter list. 

It indicates the beginning of an 
expression. 

A new level is created in 
following items: 

'IF' (* 

the stack for the 



1. §~gQ~~~!_£~£il If the separator' 
follows a digit, it is converted to E 
and if not, to 1E. 

2. Transfer from 'REAL' to 'INTEGEB': 
ii~;~~-~~~-~~~I;~i-;i~~;~~r~i~-~i-'IF' 
clauses, the components of arithmetic 
expressions must be of type 'REAL' or 
'INTEGER'. An arithmetic expression 
is of type 'REAL' if it contains any 
of the following items: 

• Variable of type 'REAL' 

• The operator / 

• One of the delimiters ' or • 

• The operator ** when the exponent 
is not an unsigned integer 

3. ~Q:!!.Qi!i.Q.n~!_~1f.E~~.§.§i.Q1!'§':" Acc ora.i ng to 
the rples of ALGOL syntax, the form of 
a conditional expression is: 

, IF' B 'T HEN' X 1 'EL S E' X2 

where: B is a boolean expression 

X 1 is a simple ex pre ssion 

X2 is an expression 

The name created by the LCP, which 
simulates a conditional expression, 
depends on the type of expressions X1 
and X2. Expression X1 is of type 
'BOOLEAN' if it contains any of the 
fo 110 win g i:t ems, ex c e p tin ' IF' 
clauses: 

• Variable of boolean type 

• Logical values 

• Relational operators 

• Logical operators 

4. 1QSl.i.£~!._Q.£g!:~tQ.£':' Parentheses are 
inserted to eliminate the differences 
in pr ior it ies • 

5. Q£~£~tQ£.§_~I~g1~L_~~QQll~L ___ ~li[_~L~.:.. 
These operators are simulated by PL/I 
operators, parentheses, and built-in 
functions. If the second operand of 
the operator I (the divisor) is of 
type 'INTEGER', it is converted to 
(1EO*divisor) which has a floating 
point value. 

6. ~g!!i£1~_~§§ig.nm~n11 The last entry 
in the stack and the current delimiter 

are := and := respectively. The first 
assignment operator is converted into 
a comma. 

7. !£i~~1_g~£~m~1~£_li§il The descrip­
tions of formal parameters correspond­
ing to the procedure identifier are 
obtained from sections, of which the 
numbers have been determined in Phase 
25 if the procedure identifier is a 
formal parameter. Specifications are 
used for the conversion of actual 
parameters. Calls by value are simu­
lated by inserting parentheses, or 
sometimes by using the b uil t-in f unc­
tion FLOOR.i 

]Q.giill~~_~~l!'~Q: COPYIA, EXPEN, GEN40, 
GETWORD, PUTID. 

]!ii: Calling routine. 

UTILITY ROUTINES 

COPYIA -- fills the output buffer, mixing 
together the characters in the 
intermediate area and the charac­
ters ia the auxiliary table. 
Each character in the stack and 
each character in the auxiliary 
table has a pointer associated 
with it. These pointers give the 
order in which the characters 
will be mixed. 

The following example shows how 
COPYIA works during the transla­
tion of the ALGOL statement: 

The LCP must add parentheses to 
the translated statement to make 
sure that it is evaluated in the 
same way. The translated PL./I 
statement in the output buffer 
is: 

The text in the intermediate 
area, the contents of the stack, 
and the auxiliary table are illu­
strated below. Beneath each 
character in the intermediate 
area appears the value of the 
pointer when pointiag to it. 

B+C **2) **I 
123456789 ••• 
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EXPEN 

GEN 40 
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r----r---, 
, : = I 0, 
~ I ~ 
t + I 2, 
I- I ~ 
I ** I 6 I 
~--+--1 
I I , 
I I I 

r---r---, 
I ( I 2 I 
~---~---~ 
I , I 
I , , 

The left parenthesis in the auxi-
liary table must be added to the 
characters in the intermediate 
area. Its value of 2 shows that 
it must be added after the + 
sign, which has value 2 in the 
in termedia te a rea. 

examines a converted expression 
in the intermediate area. If the 
type of the expression has been 
modified, i.e., if the evaluation 
of an expression gives a result 
of type 'REAL' and if this value 
is to be given to an integer 
variable, the transfer involves 
rounding in ALGOL, but not in 
PL/I; it is simulated by the PL/I 
built-in function FLOOR. 

Places the sequence +.5) in the 
intermediate area, and adds the 
sequence FLOOR ( to the output 
text. 

generates an item in the output 
buffer. 

PUTID generates an identifier, which is 
placed either: 

• In the output buffer if 
ISW 1 = 0 

• In the intermediate area if 
I SW1 = 1 

GETWORD - checks the next character, and 

1. It is converted: enters the 
converted-part-in the inter-
mediate ~rea, checks next 
character, etc. 

a. If it is a digit, sets 
the digit indicator and 
recopies the digit in 
the intermediate area; 
then checks next 
char act er, etc. 

b. If the next character is 
a letter, recognizes it 
as an identifier. 

GETWORD has two exits: through 
one, it transmits the delimiter 
and the value of the digit indi­
cator; through the other, it 
transmits the identifier, togeth­
er with its description. 

PR TLI N -- prints a line when full, out put 
being as specified by the user 
(opt ion DECK or NODECK) • 



Chart 037. Overall Logic of Phase 40 
PH40 

.~ ••• A2 •••••••••• 
•••• A1......... • • 

• ENTRY FROIt. .INITIALIZATION • 
• CONTROL PHASE .---~---->. ACCORDING TO • 
• •• OPTIONS • ............... ... . 

········t········ 
I 

I------------------------------------>~<---------------------,-------------------------------------------------------------------X 

NXTLE V CHKDEL ••• 
••••• B2.......... Bq •• • •• B5 •••••••••••• .. .. .. IFPRO Oq2A1 
•• •• IS •• YES .---------------. .READ NEXT LINE. X---->.. DELIMITER •• --------> PROCESS 'IF' 
•• • •• 'IF'.. • STATEI'!ENT 
* * *. .* ........ !........ ··:·~O ••••••••••••••••• 

· , · V 
EDELT ••• 

I ••••• C1.......... C2 •• 
I • • •••• 

• • WRITE LINE. YES.. LINE IS •• 
f---:t~~giIg~~s:air :<--------•••• PROCESSED •••• 
I • • •••• 

• ••••••••••••••••• • ••• 
I : NO 

I 

'i 
• .*. 
I ••••• 01.......... D2 •• 
I $lRPBO 038A1>I< •• CLASS ' •• 
I .---------------. YES •• IS ARBAY •• X---. PROCESS ARRAY .<--------•• DECLARATION •• 

• DECLARATION • •• .* 
• • *..* ••••••••••••••••• •• • * 

: NO 

· I · 'i ... 
••••• E 1.......... E2 •• · . .... • PREPARE END OF • YES.. LAST *. 
• PROGRAI'! .<--------•• LINE OF THE •• 
• '" •• PROGRA!! •• • • *... ••••••••••••••••• * ••• 

; : NO 

. 
V 

· · · V 
LABPRO ••• 

F2 •• 
•• NEXT •• 

•• WORD IS AN *. NO 

, 
I 

X-------------------------X 
V 

· *. 
:;6lt~6 •••• 040n: .• C5 •••• 
.---------------. YES .* •• X---. PROCESS 'FOR' *<--------*. DELII'!ITER .* 

I , , , , , . 
• STATEMENT * •• IS 'FOR' .* 
• • *.. * .*.* ••• * •• * •••• *. * ••• 

! NO 

v 
· * . •• **.nq**.*****.* 05 *. 

*GOTOPRO 041A,. •• *. 
v *---------------* YES .* DELII'!ITER *. 
X---*PROCESS 'GO T,O'*<--------*. IS 'GO .* 

* STATEI'!ENT * *. TO' .* 
* * *..* 
***************** * •• * 

: NO 

v 
· * . *****E4********** E5 * • 

*GENERATE BEGIN * .* *. 
*OR DO ACCORDING* YES .* * • 
* THE CLASS OF *<--------*. DELIMITER • * 
* THE LINE * *.IS BEGIN •• 
* * *..* 
*************'**** *. • * 
,~ : NO 
X----------)~ , 

X------------------------)' 
A ' 

V 
*****F5********** 
* * * GENERATE * 

•••• F1 •• * •••••• 
• RETURN TO • 
• CONTROL PHASE • X--)*. IDENTIFIER .*-----------------------------X * SEMICOLON * • • ••••••••••••••• *. . • *. .* * ••• 

: YES 
I · I 

V 
. *. .*. 

G2 *. G3 *~ *****G4*********. • *.. .;.~. *IOPRO OQ3A1* 
*:. ~g~~~~~~~ *:.~~------>*:* NI~~ *:*!~~-----):--PROCESS-i/O--:----) 

•• IS.* *. .* * PROCEDURE * ' 
*..* *..* * * 

* •• * * •• * ***************** 
: YES : NO 

, · V 
**.**H2******* •• * 
* * " * GENERATE * X---. IDENTIFIER: • 
• • • * ••••• * ••••••••••• 

I , 
v .*. 

H3 *. *****H4********** .;... .PRPR040 044A1* 
.* PROCEDURE *. YES *---------------* ' 

*. IDENTIFIER •• -------->* PROCESS *----), 
•• • * • PROCEDURE * ' 
;...* • STATEMENT * 

• •• * *************.*** 
: NO 
I 

~-------------------------~ 
V 

• **.*J4*.******** *ASP80 039A1* 
.---------------* • ASSIGNMENT *-----X 
• STATEMENT * 

• * •••• ** ••• *******. 

* * * * ********:******** 

v . .. 
G5 * . 

.* *. I 
.* IS *. YES' 

*. DELIMITER • *--- X 
*.SEMICOLON.* A 

*. . *. 
* .. * r NO 

V 
*****H5********** 
* * * * *GENERATE 'ELSE'* 
* * * * ********~******** 

· .. 
J5 *. .. . . 

• * IS •• YES' 
*. COUNT 'IP' •• ---X 

*. = 0 .* 
*. .* * .. * : NO 

, , 
V 

*****K5******** •• • • *DECREMENT COUNT* 
• OF 'IP' • 
* * • • ····****t******·* 

v 
.*** • • 041. 
*B1>I< • • • 
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Chart 038. ARPRO Routine 

ARPRO 

****A1********* 
: E~~~~EFnEM : 

* * *******:******* . 
V 

*****B 1 ********** 
'" * * PUT IN OUTPUT * 
* BUFFER THE * 
* FIRST LINE * 

* * ********:******** 

~---------->:<------------------------------------I 
'ARPR01 'I 

*****C1 ********** 
* * * * *READ NEXT LINE * 

* * * * ********:******** 

v 
_*_ ARPR02 

D1 *_ *****D2********** 
-* *- * * 

_* LINE IS *_ YES * COPY LINE IN * 
*_ CONVERTED _*--------)* OUTPUT BUFFER * 

*- - * * * 
*. - * * * 

*-:-;0 ********~******** 

V 
*****E 1 ********** 
* ENTRY LEFT * 
* BRACKET IN * 
*STACK FOR BOUND* 
* PAIR LI"ST * 

* * ********:******** 

V 
*****F1 ********** 
*EXPRO 045A3* *---------------* 

-*-E2 *_ 
-* *-_* *_ NO ' 

*_ SEMICOLON _ *---1 
*_ IN LINE _* 

*. -* 
*- -* t YES 

. . 
'I 

*****F2********** 
* * * END OF ARRAY * 

X---* EXPRESSION OF * DECLARATION * 
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* INTEGER TYPE * 

* * ***************** 
* * * ********:******** 

V 
****G2********* 

* RETURN TO * 
*CALLING RQUTINE* 

* * *************** 



Chart 039. ASPRO Routine 

ASPRO 

****A1********* 
* ENTRY FROM * 
* PHASE 40 * 
* * *******:******* · 

'I 
*****B1********** 
* * *PUT IDENTIFIER * 
* IN OUTPUT * 
* BUFFER * 
* * ********:******** 

v 
.*. 

C1 * . 
. * *. NO .* DEL!MITER *. 

X---*. IS LEFT • * 
*. BRACKE'! • * 

*. . * * .. * t YES 

· 
· V 

*****D1********** 
* * * * * GENERATE ( * 
* * * * ********t******** 

V 
*****E1********** *EXPRO 045A3* 
*---------------* 
*PROC SUBSCR EXP* 
*WITH ENTRY LEFT* 
* BRACKET * 
********:******** 

· 
V 

*****F1********** 
* * * * * GENERATE) * 
* * * * ********t******** 

V 
*****G1********** 
* * * GET NEX'! * 
* DELIMITER * 
* * * * ***************** 

~ YES 

· 
ASPR01 V 

• *****H1********** 
• *EXPRO 045A3* *---------------* X--)* PROCESS * 

*STATEMENT ENTRY* 
* :'" * 
********:******** · 

v 
****J1********* 

* RE'IURN TO * 
*CALLING ROUTINE* 

* * *************** 
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Chart 040. FORPRO Routine 

FORPRO 
••••• 13 •••••••••• .... 12......... . . 

• ENTRY FROM.. • 
• PHASE qO .-------->. GENERITE DO • • •• • ••••••••••••••• • • ········t········ '. I . . ., 

••••• B3 •••••••••• 
• • • PUT CONTROLLED • 
• VARIABLE • • • • • ........ : ....... . 

... 
••••• Cl.......... C3 •• 
•• •• NEXT •• 
•• YES •• OELIMIrER •• 
• GENERATE ( .<----------------------------------.. IS LEFT •• •• •• BRACKET •• 
• * •. • * ••••••••••••••••• • ••• 

• • NO I , 
« , , 
« , x---------->~ 
V 

••••• Dl •••••••••• 
• EXPRO OqSA3. . ---------------. • PROC SUBSCR EIP • 
• WITH ENTRY LEFT. 
• BRACKET • ········t········ , 

, 
V 

••••• El •••••••••• 
• • • • • GENERAT:E ( • • • • • ········r········ 

. , 
V 

••••• Fl •••••••••• 
• • • GET NEXT • 
• DELIMITER .-------------------------------X • • • • ••••••••••••••••• 

V 
••••• 03 •••••••••• 
• • • • • GENERATE· • • • • • 
········t········ •••• . · .' • E3 .->, · .' •••• PRAl V 
••••• E3 •••••••••• 
.EXPRO OQSA3. 
.~--------------. • PROCESS • 
• EXPRESSION • 
• ENTRY • . ....... : ....... . 

, 
11 

Y ... 
F3 •• • •••• FQ •••••••••• 

•••• .WARNING MESSAGE. 
•• DELIIIITER •• YES • IF EXPRESSION. 

•• IS •• -------->. PROCESSED NOT. 
•• 'WHILE' •• • CONSTINT • .... . . .. .. . ............... . 

: NO I 

. ., 
PRB3 ••• 

, 
I 

V 

66 

••••• G 1.......... G3 •• • •••• :;q •••••••••• 
• WARNING MESSIGE. •• •• • • • GENERATE BY 0 • • IF EXPRESSION. YES •• DELIIIITER •• 
• PROCESSED NOT .<----------------------------------.. IS •• • WHILE ( • 
• CONSTANT • •• 'UNTIL' •• • • .. .. .. • • ................. . ... ········t········ , : NO 

, , 
V 

••••• Hl •••••••••• 
• • • • • GENERA TE TO • 
• • • • ········r········ 

V 
••••• Jl •••••••••• 
ft:XPRO OQSA3. . ----~----------. • PROCESS • 
• EXPRESSION • 
• ENTRY ... ........ : ....... . 

. 
V 

••••• K1 •••••••••• 
.WARNING IIESSAGh 
• IF EIPRESSION • 
• PROCESSED NOT. 
• CONSTINT • • • ········t·"'······ " 

., ... 
••••• H2.......... H3 •• · . .... 
• • YES •• •• 
• GENERATE BY .<--------.. DELIIIITER •• 
• • ..IS ·STEP' •• .. .. ...* ••••••••••••••••• • ••• ; .... 1 NO '. . . X"'>. E3 • 

, 
V 

• •••• HQ •••••••••• 
• EXPRO OQSA3. 
.---------------. .PROCESS BOOLEAN. 
• EXPRESSION • 
• ENTRY • • •••••••••••••••• I 

I 

, • • •••• V , 
PRB2 ••• V ..... J 2.......... J3 .. . .... J Q •••••••••• · . .... . . 

• • YES •• •• • • 
• GENERATE .<--------.. DELIMITER •• <--------. GENERATE I • 
• • •• IS,.. • • · . .... . . ••••••••••••••••• •• •• • •••••••••••••••• 

• • NO A •••• .. . 
X->. E3 • 

• • •••• 

, , 

, 
V 

•••• K3 ••••••••• 
• RETURN TO • 
.CALLING ROUTIN~. 
• • • ••••••••••••••• 

· · , · 

1-----------------------------------------------------------------------------1 



Chart 041. GOTOPRO Routine 

GOTOPBO 

•••• A1 ••••••••• 
• ENTRY PROM • 
• PHASE 40 • • • ....... : ...... . 

I 

•••• • 041. • 
• B1 .->" • • .-<------------------------------------X •••• .!. GOTOPR01 ••• ! 

B1 •• B2 •• 
•• IS NEXT.. •• * • 

• * WORD AN •• NO .* IS *. YES· 
*~ IDENTIFIER •• --------> •• DELIMITER ( .*---X 

*. .* *. •• A ...$ *..* 
•.• * * .. * 

: YES : NO 

· , 
V 

••••• C1 •• ** •••••• • • •. GENERATE GOTO • 
• LABEL • • • • • •• * •• *.*:.*.* •••• 

, · v ... 
D1 •• 

•• IS •• 
•• DELIMITER •• NO 

•• LEFT •• ---X 
•• BRACKET •• .. .. .. .. 

: YES 

V 
••••• E1 •••••• * ••• 
• • • • • GENERATE ( • 

• * • • •••••••• : ••••• * •• 
I 

V 
••••• F1 •••••••• * • 
• EXPRO 045A3 • . ---------------. • PROC SUBSCR EXP • 
• WITH ENTRY LEFT. 
• BRACKET • •••••••• : •••• * ••• 

I 

V 
••••• G1 •• *.* •• **. • • • • • GENERATE) • • • • • •••••••• : ••••••• * 

, · V 
••••• H1.* •••••••• 
• • • GET NEXT • 

X-->. DELIMITER • . . . , . . 
* ••••••• :.* •• * ••• 

· ; <----------X 

v ... 
J1 •• .. .. 

"YES.. Is •• 
X--- •• DELIMITER) •• •• . * .. . . .. .. 

: NO 

· , 
V 

•••• K1 ••••••••• 
• RETURN TO • 
• CALLING ROUTINE. 
• • ••••••••••••••• 

V 
• •••• C2 ••••• ** ••• 
* • .INCREMENT "IF' • 
• COUNT • * • • • **.* •••• : •••••••• 

I . 
I 

V 
.* •• *D2 •••• *.* ••• 
.IFPRO 042A1. 
• _______ ~-------. I 

'\' PROCESS "IP' .---X 
• EXPRESSION • • • * ••• * •••••••• * ••• 
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Chart 042. IFPRO Routine 

IFPRO 

****A1********'I' 
* ENTRY FROM * 
* PHASE 40 OR * 
* GOTOPRO * 

*******t******* . 
V 

.** •• B1 •• ****** •• 
* • • • * GENERATE IF • 
* * * • 
******··t*****··* 

y 
*****C1.********* 
* INDICATE THAT * 
* TYPE OF * 
* EXPRESSION IS * 
* BOOL EAN * 
* * ·*******t******** 

V 
*****01*******.*. 
*EXPRO 045A3. 
*---------------* 
* PROCESS * 
* EXPRESSION * 
* ENTRY * 
**·*****t******** 

IFPR01 V 

68 

*****E1********** 
* * * * * GENERATE THEN * 
* * * * ******·*t******** 

.*. 
F1 * . 

• * .* 'IF' *. NO 
•• COUN~ = ° .*-------X 

*. .* v *... • •••• 
•• • * *041. t YES •• B!. 

V 
••• *G1 •• ******* 

* RE1URN 10 * 
*CALLING ROUTINE* 
* * •••• *.**.****.* 

* 



Chart 043. IOPRO Routine 

IOPRO 
*****A 2********** 

****A1********* '" SAVE 1/0 * * ENTRY FROM * *PROCEDURE NAME * 
* PHASE 40 *--------)* WITH * 
* * * DESCRIPTION * 
*************** * * 

********:******** · 
'i 

*****B2********** 
* * * GET NEXT * 
* CHARACTER * 
* * * * ********t******** 

· 'i 
101 .*. 

*****C1 ********** C2 *. *SAVE STATEMENT * .* *. 
* NUMBER AND * NO • * IT IS *. 
*WARNING IIESSAGE*<--------*. ALPHA DIGIT .* 
* NUMBER * *. • * 
* * *..* 
***************** * •• * 

~ t YES 

· V 
*****D 1 ********** 
* * * * * GENERATE I * * 
* * * * ********t******** 

, 
V 

*****El********** 
* * * COpy MESSAGE * 
*'ALGOL ITEM NOT* 
* CONVERTED' * 
* * ********t******** 

· , 
V 

*****F 1********** 
* * *. * * GENERATE * I * 
* * * * ********:******** 

· 
V 

*****D2********** 
* * *COLLECT DIGITS * 
*AND SET POINTER* 
* AFTER COMMA * 
* * ********t******** 

I 

I 

'i 
*****E2********** 
* * * CONVERT DATA * 
* SET NUMBER * 
* * * * ********t******** , 

, 
X-------------------------X 

V 
INSPRO • *. 

*****F2********** F3 *. 
* * .* *'. * PROCE SS 'IN * YE S • * I IN *. 

X-----* SYMBOL' *<--------*. SYMBOL' .* 
• * * *. • * 

* * *..* 
***************** * •• * 

• V 
: NO 

,<----------X , . 
X---------->: 

V 
*****G1********** 
* * * GET NEXT * 
* DELIMITER * 
* * * * ********t******** 

· , 
V 

****H 1 * ******** * RETURN TO * 
*CALLING ROUTINe... 
* * *************** 

V 
OUSPRO • *. 

*****G2********** G3 *. 
* * . * *. * PROCESS 'OUT' * YES.* 'OUT *. 
* SYMBOL *<--------*. SYMBOL' .* 
* * *. • * 
* * *..* 
***************** * •• * 

I : NO 

V 
INIPRO V .*. 

*****H2********** H3 *. 
* * • * *. * PROCESS 'IN * YES.* "IN *. 

<----* INTEGER" *<--------*.. INTEGER· • * 
• * * *. .* 

* * *..* ***************** * •• * 
: NO 

INPRO • *. 
*****J2********** J3 *. * * .* OTHER *. 

, * PROCESS INPUT * YES.* INPUT *. 
4<----* PROCEDURE *<--------*. PROCEDURES .* 
'* * *. . * 
'. * *-.* 4 ***************** *. • * 

: NO 

• V 'SYSPRO .*. 
• *****K1 ********** *****K2********** K 3 *. 

* * * * .* *. , *PROCESS SYSACT * I *PROCESS OUTPUT * YES.* OUTPUT *. 
x---* CONTROL * X-----* PROCEDURE *<--------*. PROCEDURE .* 

* PROCEDURE * * * *. .* 
• * * * *.. * 
***************** ***************** * •• * t : NO 

X---------------------------------------------------X 

Phase 40 69 



Chart 044. PRPRO Routine 

PBPBOIIO 

70 

****A1********* * ENTRY FRCM * 
* PHASE 110 * 
* * *******:******* · 

V 
*****B 1 ********** 
* * * * * GENERATE CALL * 
* * * * ********:******** 

V 
*****C1********** 
* * *PUT IDENTIFIER * 

IN OUTPUT * 
BUFFER * 

* * ********:******** 
I · 
v 

. *. D1 *. 
*. ****D2********* .* *. NO * RETURN TO * 

*. DELIHITER .*--------)*CALLING ROUTINE* 
*. IS (.* * * 

*. • * *************** * •• * ! YES 

· · V 
****.El********** 
* * * * * GENERATE * 
• * 
* * ********:******** 

v 
***** *0119* * B3* 
* * * 



Chart 045. EXPRO Routine, Part 1 of 5 

, 
EXPRO V 

••••• A3 •••••••••• 
• • • INITIALIZE • 
• STACK ACCORDING. 
• TO ENTRY TYPE • • • ........ : ....... . 
•••• , 
• 0115. ' 
• B3 .-)' • • .(--------~-----------------------------------------~-----------x •••• v ' ... 

B3 •• 
•• NEXT •• 

•• WORD IS AN •• YES 
.****B5*.* •• ****. 
* CREATE ENTRY * 
* STANDARD • 

X------------------------------------------) •• IDENTIFIER •• -----X * FUNCTION IN *---X 
.STACK WITH REAL. A 
* TYPE • 

• *. . * • 
*..* ' ***.* 

*0115* 
• CII* 

, 
X----------)' . , 

*****Cl******.**. *****C2.********* 
* * * • * NEXT ENTRY IN * *MODIFY TYPE OF * 
*STACK WITH 'IF'*(--------. EXPRESSION * 
* *. * 
* * * * 
********** •• ***** ***.************* 

~ 

. 

.... 
• NO 

EXPROQl ' ••• 
*****D2********** D3 *. * GENERATE $ * .* •• 
: I~~~~~~D±Af~ :(-----!~~*:* DELIMITER *:* 
* AREA * *. IS 'IF' •• 
* * *.. * 
*************.*** * •• * 

: NO , .. , 
v 

.*. 
*****El *******.** E3 *. 
* * • * *. 
* CONVERT * YES .* *. 

x---* EXPONENT PART *(----------------------------------*. DELIMITER .* 
A * * *. IS' • * 
• * * *. . * 

*************.*** * •• * 
: NO , · , 
v 

.*. 
*****F1********** F3 *. 
* * .* *. *CONVERT LOGICAL* Y:E:S .* DELIMITER *. 

x---* VALUE *(----------------------------------*.15 A LOGICAL .* 
A * * *. VALUE .* 

* * *. . * ***************** * •• * 
: NO , 

• • 
* , I 

X----------)~ 
EXPROKl V 

*****CII****.***** *MODIFY TYPE OF * 
* EXPRESSION * 
* ACCORDING TO * 
.IDENTIFIER TYPE* 
* * ****** ·*t*·******* , 

V 

* •• *****.******** 
~ 

, 
••• **c5* •• *****.* 
* * * * * GENERATE ( * 
* • • * ********.*.*.* ••• 

~ , 

. *. • 
D4 *. *** •• D5*.***.**** 

• dT IS h. .PUT EQUIVALENT * 
.* STANDARD *. YES * FUNCTION NAME. 

*. FUNCTION .*--------)*IN INTERMEDIATE* 
*. NAME.* * AREA * 

*. • * * * 
* •• * *.**.**** •• **.*** 

: NO , 

, 
V 

*****EII********** 
* * *PUT IDENTIFIER * 
*IN INTERMEDIATE* 
* AREA: * 
* * ********t******** 

. , 
V 

***** *0115* 
* F5* 
* * : 

.*. V 
F4 *. ****.F5********** . * *. • * .* DELIMITER *. YES * GENERATE ( IN * 

*. IS LEFT • *--------)* INTERMEDIATE * 
*. BRACKET .* * AREA * 

*. • * * * 
*·:·~O ********t******** 

V 
. *. .*. V 

*****G5********** 
* * * SAVE TYPE OF * 

G3 *. G4 * • 
• * *. .* *. 

YES .* *. NO .* *. x-------------------------------*. DELIMITER .*(--------*. DELIMITER .* * EXPRE SSION * 

***** *045* 
*J" 
* * t 

I 

***** *045* 
* J2* 
* * : 

v 
EXPBOCl • *. 

J2 *. 
.* DEL III *. 

*. IS ( •. * *. IS ( • * 
*. . * *..* * •• * * •• * 

**** t NO : 
*045* ' * H3 *-)' 
'" * ' **** 

V 
*****H3********** *MODIFY TYPE OF * 
* EXPRESSION * 
* ACCORDING TO * 
* OPERATOR * 
* * ********t******** 
**** 
*045* ' * J3 *-)-

V 
***** *049* 
* A3* 
* * * 

* * '(------------------------X **** V I 
EXPROBII • *. I 

* * * * ********t******** 

V 
*****H5********** * CREATE ENTRY * 
*LEFT BRACKET IN* 
* STACK WITH *---X 
* INTEGE R TYPE * 
* * ***************** 

J3 *. *****JII********** *****J5********** 
V 

*****Jl********** 
* * *PLACE DELIMITEB* 

x---* IN STACK WITH * 
NO.* CREATES *. 

(----*.ENTBY IN AUX .*(--X 
• *PRIOR- *. * * * * 

.* ITY LST *. YES * GENERATE) IN * *REMOVE ELSE OF * 
*.STACK ELEM (.*-----X * INTERMEDIATE *(--------* THE STACK * 

* PRIORITY * , *. TABLE.* .. *. PRIOB • * '* AR EA * * * 
* * *. • * 
***************** * .• * 

~ :' YES 

- V *****K 1 ********** *****K2********** 
* GENEBATE * * * 
* DELIl'JITEB IN * V *CBEATE ENTRY IN* 
* INTEBMEDIATE *(--------*AUXILIARY TABLE* 
* ABEA * * * 
* .,. * * * ***************** ***************** 

*.DELIM.* * * * * 
* •• * ***************** *******.********* t NO ~ 

I · v 
.*. 

K3 *. 
• *PRIOR- *. 

.. YES.* ITY LST *. 
X-----*.STACK ELEM ) .* 

*. PRIOB .* 
*.DELIII. * 

* •• * t NO 

v 
***** *0117* * A3. 
* * * 

I 

:EXPROBl Kq-*-*_ *****K5*~****.*** 
, .* LAST *. * * 

.* STACKED *. YES *DETERMINE TYPE * 
X--)*. ELEMENT IS .*--------)* OF EXPRESSION * 

*. ELSE * • * * * 
*..* * * 

* •• * ***************** t NO 

V 
***** .*0116* 
* A2* 
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Chart 046. EIPRO Routine, Part 2 of 5 

••••• • 0116 • 
• A2. 
• • : , 

v ... 
A2 •• 

•• LAST •• 
•• STACKED •• YES 

•• ELEl'IENT IS •• -----------------X 
*..$ • .. . . .. .. 

t NO 

, , 
v · .. B2 •• 

• .IS LAST •• 
•• STACKED •• YES I 

•• ELEl'IENT •• ----------------)' 
•• • EQUIV' •• • .. .. ' .... 

.... t NO 
.0116. ' 
• C2 .-)' · . ' •••• V 

EXPRODII ••• 
C2 •• 

• .IS LAST •• 
•• STACKED •• YES • 

•• ELEl'IENT •• ----------------), 
•• • IIIPL' •• • .. . . .. .. 

: NO 

v · .. D2 •• 
• .IS LAST •• 

•• STACKED •• YES • 
•• ELEl'IENT •• ----------------), 

•• 'I" •• .. . . .. .. 
:: NO 

v · .. E2 •• 
· * *. NO IS LAST •• 1-----------------.. STACKED •• 

••••• J1.**.* ••••• • • • DELETE LAST • 

•• ELEMENT I .• .. . . .. .. 
: YES 

V 
••••• F2 •••••••••• 
• • • CREATE ENTRY IN • 
• AUXILIARY TABLE. 
• • · . ........ : ....... . 

••• V 
G2 •• ..*.*G3* ••••••••• 

. * *. * * 
.:*DELI~~TER 1·:.~9 ______ ): ~~¥i~~~5I~TIN : 

•• •• • AREA • .... . . 
•• •• • ••••• * ••• ** ••••• 

! YES 
I 

V 
••••• H2 ••••••• **. 
• • 
:G~:~~:~~D~(TIN : 
• AREA • · . ** ••••• *: •••••••• 

v 
.*.* • 
• 0115* 
• B3* 

• * • 
• ELEMENT OF .<------------------------------------------x • STACK • • • ······*·t*······· 

72 

, 
v .* ••• *0115. 

* J3. 
• * 
* 



Chart 047. EXPRO Routine, Part 3 of 5 

EXPROE • *. EXPROG 
A3 *. *****A4********** *****A5********.* 

• * LAST *. * * * * 
*:*EL~~~i~E~S *:*:~~-----):~g~~r~A~~T~XBt~:--------):~~N~:~~~M~DtA;E: 

*. ** • * * * * ARE! * 
*.* •• *.* :***************: :***************: 

: NO ' 

· v 
. *. 

B3 *. *****B4********** • * LAST *. * GENERATE * 
. * . B5 *. 

• * NEXT * • 
.* STACKED *. YES * DELIMITER IN * 

*. ELEMENT IS .*--------)* INTERMEDIATE * 
.*WORD IS AN *. YES 

*. INTEGER NOT .*---X 
*. 'EQUIV' .* * AREA * *. SIGNED.* ' 

*. • * * * 
* •• * ***************** 

: NO ' · · 'I 
.*. . *. 

*****C 1 ********** C2 *. C3 *. 
* * .* *. .* LAST *. 
: gM~fl~T~U~F~: :<-----:~~*:* DELIMITER *:*<-----~~~*:*EL~~~i~E~S *:* 
* * *. IS : = .* *. := • * 
* * *..* *..* 
***************** * •• * * •• * , :' NO : NO 

· . 

v 
***** *045* 
* J2* 
* * * 

*. .* * .. * t NO 

V 
*****C5********** 
* * *MODIFY TYPE OF * 
* EXPFESSION * 
* * * * ********:******** 

**** *045* 
X-)* A3 * 

* * **** .*. . *. D3 *. 05 *. 
.* LAST *. .*IS LAST*. 

* * * 

V 
*****D1********** * COpy * 
* INTERMEDIATE * 
dREA IN OUTPUT * 

V 
*****D2********** 
* * * GENERATE = IN * 
* OUTPUT BUFFER * 

• * STACKED *. NO • * STACKED *. NO 
* BUFFER * 

*. ELEMENT IS .*----------------------------------)*.ELEMENT LEFT .*---X 
* * *.SEMICOLON.* *. BRACKET .* ' 

* * ********t******** 

v 
***** *045* 
* A3* 
* * * 

* * ********:******** · · , 
V 

*****E2********** 
* * *GENERATE END OF* 

*. .* *. .* 
* .. * * .. * t YES t YES 

.*. EXPROH V 
E4 *. *****E5********** 

. * *. * * YES.* FIRST *. *GENERATE END OF* 
* EXPRESSION *<----------------1 --X<--*. STACK • *< --------* EXPRESSION * 
* * *. ELEMENT • * * * 
* * *. . * * * 
********:******** 048 * .. * *****************' A3 t YES 

V 
*****F2********** ****F1********* * COpy * * RETURN TO * * INTERMEDIATE * • 

*CALLING ROUTINE*<--------*AREA IN OUTPUT *<------------------------------1 
* * * BUFFER * 
*************** * * 

***************** 

.*. 
F4 *. .* *. • * DELIMITER *. 

*. RIGHT .* 
*. BRACKET .* 

*. .* * .. * t NO 

v 
***** *045* 

.*. .*. * A3* .*. 
*****G1********** G2 *. G3 *. * * G5 *. * * .*IS LAST*. .* *. * .* LAST *. 
*RESTORE TYPE OF* YES.* STACKED *. YES .* *. NO.* STACKED *. 
* EXPRESSION *<--------*. ELEMENT STD .*<--------*. DELIMrTER .*<----------------------------------*. ELEMENT IS .*<--X 
* * *.FUNCTION .* *. IS) .* *. u .* 
* * *..* *,;.* *. .* 
***************** *. • * *. • * *. . * 

• : NO t NO : Yz;** . . 
: <------------------------x 
v 

*****H1********** 
* * * DELETE LAST * 

.*. 
H3 *. *****H4********** • * LAST *. * * 

*048* 
X-)* F3 * 

* * **** 
*****H5********** *REPLACE $CONAEX* 
* BY CONBEX IN * * ELEMENT OF * 

* STACK * 
*:*ELlli~~i~E~s *:*:~~----->: ~~¥~~~I5I~T~N : 

*. 'IF'.* * AREA * 
* INTERMEDIATE *---x 

* * ********t******** 

V 
*****J1********** 
* * 
: ~~¥~~~~~I~T~N : 
* AREA * 
* * ********:******** , . 

v 
***** *045* * A3* 
* * * 

* AREA * 
*" • * * * * * * •• * ***************** ***************** * NO ' 

• **** ~ 
, *046* , 
X-)* C2 * 

* * **** V YES 
. *. . *. *****J3********** J4 *. J5 *. *DETERMINE TYPE * .* *. .*TYPE OF*. 

* OF EXPRESSION * YES .* *. NO .*EXPRESSION *. 
* USING STACKED *<--------*. DELIMITER .*--------)*. IS .* 
* TYPE * *.IS 'THEN".* *. BOOLEAN .* 
* * *..* *..* 
********!******** *.*.* *·:·~O 

· 'V 
*****K3********** 
* * * CREaTE ENTRY * 

V 
*****K5********** 
* * *REPLACE 'IP' IN* *THEN * IN STACK* * STACK BY ELSE *<--X 

* * * * ********:******** 

· "I 
***** *045* 
* J" * * * 

* * * * ********:******** 

v 
***** *045* 
* Jl* 
* * * 
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Chart 048. EXPRO Routine, Part 4 of 5 
***** 
*048* 
* A3.* 

74 

* * : 
'I 

*****A3********** * GENERATE * 
* DELIMITER IN * 
* INTERMEDIATE * 
* AREA * 
* * ********t******** 

v 
· *. B3 * . . * * . • * DELIMITER *. NO 

*. RIGHT • *-------X 
*. BRACKET .* V 

*. • * ***** 
* •• * *045* 

: YES **A~* 

. 
V 

*****C3********** * DELETE LEFT * 
* BRACKET FROM * 
* STACK AND * 
*RESTORE STACKED* 
* TYPE * 
********t******** . 

~ , 
v 

· *. D3 * • 
• * LAST * • 

• * STACKED *. NO 

* 

*. ELEMENT IS .*-------X 
*. (* • * v 

*. • * ***** 
* •• * *045* 

: YES **A!* 

* 
v 

· *. E3 * • 
• * * • • * NEXT *. NO 

*. DELIMITER .*-------X 
*.IS , OR ).* V 

*. .• * •••• 
* •• * *045* 

**** : YES **H!* 
*048* ' * * F3 *-)' 
* * ' **** v .*. 

*****F2********** F3 *. * GENERATE * .*ACTUAL *. 
* ELEMENT FOR * YES .* PARAMETER *. 
* SIMULATE CALL *<--------*.SPECIFIED BY .* 
* BY VALUE * *. 'VALUE' .* 
* * *.. * 
***************** * •• * , : NO 

V 
*****G3********** *WARNING MESSAGE* 
* IF ACTUAL * 
*PARAMETER IS AN* 
* EXPRESSION * 
* * ********:******** 

**** ' * 048* 4 
* H3 *-)' 
* * • 
**** EXPROP1 V 
*****H3********** 
* * * PUT DELIMITER * 

x----------------)*IN INTERMEDIATE* 
* AREA * 
* * ********:******** 

v 
. *. .*. 

*****Jl ********** J2 *. J 3 *. *****J4 *****. **** 
* * .* *. .* *. * COpy * ****J5********* * RETURN TO * 

*CALLING ROUTINE* 
* RESTORE WITH * YES .* *. NO.* FIRST YES * INTERMEDIATE * 
* STACKED *<--------*. DELIMITER .*<--------*. ELEMENT OF .*--------)*AREA IN OUTPUT * 
* INFORMATION * *. IS' .* *. STACK .* * BUFF'ER * * * * * *. -* *..* * * *******:******* 
********!******** *.: ·No *. *. * ********t******** 

V 
*****Kl********** 
* * *REMOVE ( * FROM* 
* STACK * 
* * * * ********t******** . 

v 
***** *045* 
• A3. 
* * • 

, 
v 

***** *049* 
* E3* 
* * * 

v 
.*~ f 

K4 *. *****K5********** 
• * *. * * .* *. NO * GET NEXT * 

*. DELIMITER .*--------)* DELIMITER * 
*. IS, • * * * 
*..* * * 

*. • * *.* ••• ******* •••• 
: YES 

V 
****. 
*049* 
• ·E3* 
* * * 



Chart 049. EXPRORoutine, Part 5 of 5 

V 
~ •••• A3 •••••••••• 
'" . '" SAVE • 
",INFORMATION IN • 
'" STACK • 
* • * ••••••• :.*.*.**. 
~, ... 
*0119. • 
~, B3 .->. 
1if * • * ••• EIPROL3 ''/ * •••• B3 •••••••••• * READ • * CORRESPONDING • * DICTIONARY • * SECTION FROM • * SYSUT1 • * •••••••••••••••• , · , · V 

.•. .* . 
••••• C1.......... C2 •• C3 •• 
• • .* *. .• * . • ISSUE A WARNING. NO •• DESCRIPTION.. YES •• IDENTIFIER •• 
• flESSAGE .<--------.. CONTAINS •• <--------*. IS A FORIIAL •• 
• • A •• SECTION •• ..PARAfl-ETER •• 
• • •• NBR •• •••• ................. ..' .. . ... .. • YES • NO , , , .. . . .. , 

V 
••••• D1 •••••••••• 
• • .GENERATE ALGOL • 
• ITEII NOT • 
• CONVEBTED • • • ........ : ....... . 

.. , 
V 

••••• .0"8. • H3. 
• • • 

· , . 
V EXPROLII V 

••••• D2.......... ~ •••• D3 •••••••••• · .~, . 
: R~~gTIgiS : ________ >:cR:AI: ~UH ( : 
• • * • • • * • ••••••••••••••••• * •••••••••••••••• , *... . 

*0119. • .. E3 .-)" .. . . 
~I... V 

••• EXPRON1 ••• 
E3 •• • •••• 811.......... E5 •• 

•• TYPE •• • • ••• • 
•• SPECIF- •• YES • INDICATE TYPE. •• NEXT •• YES 

... ICATION FOR •• --------). OF EXPRESSION .--------).. WORD IS A •• ---1 
•• PARAII •• • • ..DELIIIITER..· ...* * * *.... .. .. ................. .. .. , 

: NO : NO :~;~: 
, • A3. 
• • e · . . . 

• V V • .•. .*. . •. 
" F2.. F3 •• F5 e. 
: NO •• ··STRING ~... YES •••• NEXT •••• YES •••• NEXT •••• 
X---~-•• SPECIFICATION •• <--------... WORD IS A •• X-----------------.. DELIIIITER •• 

.. •• •• DELIIIITER.. ' •• IS • OR , •• 
*..* *... •. .• •• .• * .• * * .•• 

• YES • NO • NO ".. . .. . 
V. V ....." ..... • 0118. V .0115 • 

• H3. ••• • CII. 
• • G3 •• , •• • .*.. * •• ARRAY •• YES .. 

... SPECIFICATION •• ---------------->" 
~.... I .. .. 

* ••• 
: NO · , .. 
V .•. . .. V . .. 

: •••• H1 ••••••••• : •• H2 I / 0•••• ..H3 •••• HII •• • •••• H5 •••••••••• 
• • ACTOAL •• • • 

• WARN[ NG IIESSAGh YES •• NAIIE IS.. YES •• PROCEDURE •• •• PARAIIETER •• YES • SIIIULATE CALL. 
:FORpi:HE~~lUAL:<--------•••• pk~n~~ER .• ;.<,..-------*.::ECIFICATI?: •• •• IS BY •• --------). BY 'VALOE' • •• 'VALUE' •• • • * • ..,.* *..* *..* * • •.•• !II.!!!!!!......... .. .. •. .• 

• • NO • NO .. " .. 
.. .. . ........•....... 

: NO ' . 
.. V V .. 

. 
V 1-------·-------------------------------------------------------------------->: 

V 
••••• JII •••••••••• · ' . 

, :igTI~¥il~UU~E: 
• AREA • • • ........ : ....... . 

· , · '" , .•. 
KII •• .. . . 

•• DELIIIITER •• NO 
•• IS LEFT •• -------X 

•• BRACKET •• , .... . .... 
". •• .0118. 

• YRS • H3. , .. .. . 
'V ....... 

• 0"5. 
• F5. • • • 

••••• • 0118. 
• H3. 
• • • 
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This appendix contains detailed descrip­
tions of the main tables used by the LCP. 

They are: 

• The BUFFER 

• The Dictionary 

• Table PCT 

• The communication area COMAREA 

BUFFER is an intermediate output area for 
all phases, placed on SYSUT1 whenever it is 
completed. The lay-out of BUFFER (not to 
scale) is as follows: 

r-----.------~ T-----T----T-----' 
INCAR IPRDESCIRMES tAREF INXIRNILST ,ELEM1, L-__ ~ _____ L---__ ~ ____ ~ _____ ~ ____ ~ ____ _J 

NCAR contains a count of the charac­
ters entered in ELEM1. 

PRDESC -- (not used by Phase 10) contains a 
procedure identification: type 
of the procedure, and in the case 
of input/output procedures, iden­
tification of the procedure. 

RMES contains the number of the error 
message concerning the current 
buffer contents. 

AREF identifies the card containing 
the ALGOL statement which is 
being processed. 

NXIRN contains the identification num­
ber of the next set of informa­
tion place in BUFFER. 

LST contains three characters: 
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First character indicates the 
contents-of-BUFFER, as follows: 

D 
F 
C 

E 
G 

block-end 
progra mend 
'BEGIN' (in the case of the 
beginning of a compound 
statement, Phase 20 inserts 
a blank here) 
'ARRAY' declaration 
procedure containing 
parameters 

H 
K 

A 
B 

blank 

procedure without parameters 
semicolon signif ying the end 
of a procedure declaration 
already completely processed 
IIO procedure (inserted by 
Pha se 201 
none of the above options 

~g£2~~_£h~£~~t~~l 
1 converted 
o -- not converted 

Third cha racter: 
1----s~mIcoIon-in BUFFER 
o -- no semicolon 

ELEM1 -- contains a line of 100 characters 

The dictionary is in three parts: DICT, 
DICEXT, and DICPRO. Different phases of 
the LCP use these parts in different ways. 

• Phase 10 uses DICEXT and DICPRO. 

• Phase 20, because of a temporary limi­
tation in PL/I, cannot transfer infor­
mation directly from SYSUT2 to DIeT. 
It therefore uses DICEXT and DICPRO as 
buffers between SYSUT2 and DICT. The 
parts of DICT corresponding to DICEXT 
and DICPRO are also called DICEXT and 
DICPRO, and are organized in the same 
way as the buffers. 

• Phase 25 uses only DICPRO. 

• Phase 30 uses only DICPRO. 

• Phase 40 uses only DICPRO. 

DICEXT holds information concerning the 
identifiers of a block. DICPRO holds 
information concerning the parameters of a 
procedure. For example, in the piece of 
ALGOL program which follows, information 
relating to the contents of the box is held 
in DICPRO and information relatinq to the 
rest of the program is held in DICEXT. 



'BEG IN' 
, REA L' X , Y ; r--, 
, BOOLEAN' • PROCEDURE' EVEN I (I) ; I 

r J I 

, END' 

I 'VALUE' I; 'INTEGER' I; I L---___________________ --J 

<procedure body> 
< statemen t> 

• 
• 
• 

< stat emen t> 

DICPRO and DICEXT are described in 
detail in the following paragraphs. 

This section of the dictionary is used for 
stocking all information concerning the 
identifiers of a block. 

During Phase 10 of the program, DICEXT 
is placed on SYSUT2 whenever (al the end of 
a block has been encountered, or (b) it is 
required again because a new block occurs 
before the preceding one has been com­
pleted. An incomplete block can be 
recalled for completion should Phase 10 
contain further declarations concerning it. 

During Phase 20, DICEXT is stored and 
serves as a dictionary of active identi­
fiers in a given part of the program. Each 
division of DICEXT contains the internal 
reference number of the corresponding 
block. At each end-of-block, the dic­
tionary section is deleted~ 

The contents of DICEXT are set out as 
follows: 

r--------~-------.-------T--------, 
I IRNEXT I NIDEXT I IDEXT , TYPEXT t 
L-_______ L---____ -L-------L--------J 

IRNEXT -- contains the internal reference 
number of the line opening the 
block. 

NIDEXT -- contains a count of the 
identifiers. 

IDEXT contains a tabl@ of up to 172 
iden1dfiers. 

TYPEXT -- contains a table of 172 x 31 
bits, as follo~s: 

r---------~---r----r-r----------, 

I A I B 'C IDI E I L-_________ ~_~ ___ ~~ _________ J 

No. of Bi ts 11 4 5 1 0 

A -- contains a count, incre­
mented by 1, of the dic­
tionary sections containing 
information about procedures 
wi th par ameters. 

B -- is not used. 

C -- contains the number of 
dimensions of an array or 
the numbe r of parameters of 
a procedure. 

D -- set to 1 if the converted 
identifier is to receive the 
suffix $. 

E -- contains declaration infor­
mation given by a decimal 
value, as shown in the fol­
lowing t3.ble: 

Simple va riab Ie 'REAL' 1 
2 
3 

Array 

Procedure 
Simple 
Wit h pa ra me te r s 
'ARRAY' or 
, PROCED URE' 
In internal code 

Type Procedur e 

Switch 

, IN TEGER' 
'BOOLEAN I 

'REAL' 
'INTEGER' 
I BOOL EAN' 
Not defined 

, REAL' 
'INTEGER I 

'BOOLEAN' 

5 
6 
7 
5 

8 

520 
:L4 

9 
10 
11 

16 

Each ALGOL keyword in the declaration 
contributes to the decimal value describing 
the declara tion. For e xa mple, in the fol­
lowing declaration: 

'BOOLEAN"PROCEDURE' X; 'CODE'; 

'BOOLEAN' has value 3, 'PROCEDURE' has 
value 8, and 'CODE' has value 16. The sum, 
27, is the decimal value describing ·a boo­
lean procedure with the body 'CODE'. 

If a procedure has parameters specified 
by 'ARRAY' or 'PROCEDURE', 512 is added to 
the decimal value of the declaration. 
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DICPRO stocks all information concerning 
the parameters of a procedure. It is used 
in turn by each phase of the LCP. 

Phase 10 places DIC PRO on SYSUT2 whe n 
all parameter specifications have been read 
and processed. 

Phase 20 recalls DICPRO when the corres­
ponding procedure declaration has been 
read. While the procedure is being pro­
cessed, the descriptions of formal parame­
ters specified by 'ARRAY' or 'PROCEDURE' 
may be completed; in this case, DIC~RO is 
placed on SYSUT2 at the end of the 
procedure. 

Phase 25 (if called) reads the sections 
of the dictionary required for processing 
Table PCT. When the description of a form­
al parameter has been completed, DICPRO is 
placed on SYSUT2. 

Phase 30 consults descriptions of formal 
parameters in DICPRO in order to convert 
parameter specifications. 

Phase 40 uses DICPRO to convert actual 
parameters of procedure (or function) calls 
and to simulate calls by value. 

The contents of DICPRO are set out as 
follows: 

r--------~----~------, 
I NIDPRO I IDPRO I TYPRO 1 
L-_______ L--____ -L-______ J 

NIDPRO -- contains a count of parameters in 
the procedure. 

IDPRO 

TYPRO 

contains a table of up to 15 for­
mal parameters. 

contains the description of each 
formal parameter. It is a table 
of 15 x 31 bits, as follows: 

r----------r---,-----rl-TI- -, 
I A I B C ID I E 1 
L 

~ ___ ~~ ________ J 

No. of bits 11 4 5 10 
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A contains a count, incre­
mented by 1, of the dic­
tionary section containing 
information about a paramet­
er specified by 'PROCEDURE' 
or 'ARRAY'. 

B -- contains a count of parame­
ters in the dictionary 
section. 

C -- contains the number of 
dimensions of an array or 
the number of parameters of 
a proce:i ure. 

D -- se t to 1 if the con verted 
identifier is to receive the 
suffi x $. 

E -- contains specification in­
formation given by a decimal 
value, as shown in the fol­
low ing table: 

Variable called 
by name 

Variable called 
by va lue 

Formal parameter 

'REAL' 
, INTEGER' 
'BOOL EAN' 

'REAL' 
, INTEGER' 
'BOOLEAN' 

specified by 'ARRAY' 'REAL' 
and called by name 'INTEGER' 

'BOOLEAN' 
Not defined 

Formal parameter 
specified by 'ARRAY' 'REAL' 
and called by value 'INTEGER' 

'BOOL EAN ' 
Not defined 

Formal parameter specified 
as non-type procedure 

Formal pa ra me te r 
specified as 
type procedure 
called by na me 

Formal parameter 
specified as 
type proced ure 
called by v alu e 

switch 

Label 

string 

, REAL' 
, INTEGER' 
'BOOLEAN' 

, PEAL' 
'INTEGEP' 
, BOOLEAN' 

1 
2 
3 

65 
66 
67 

37 
38 
39 
37 

101 
102 
103 
101 

40 

41 
42 
43 

257 
258 
259 

16 

o 

128 

Each ALGOL keyword used as a specifier 
contributes to the decimal value describing 
the specification. For example, in the 
following specification: 

'VALUE' Aj 'REAL" ARRAY' A; 

'VALUE' has value 64, 'REAL' has value 1, 
and 'ARRAY' has value 36. The sum, 10t, is 
the decimal value describing the specifica­
tion of formal parameter A. 



If a parameter is called by value, 64 is 
added, unless it is a type procedure, in 
which case 256 is added. 

This table contains information concerning 
procedure calls with actual parameters that 
are procedures or arrays. It is built in 
Phase 20 and used in Phase 25 to complete 
the dicticnary. 

When an ALGOL procedure statement is 
encountered, a stack is used to construct 
Table PCT. This stack has the followinq 
form: 

BCE 

ECE 

BLE 

CNDP 

CBP 

I I 
~----~------T------f 
I I I I 
I-----.L---.L-----_.. 
I I 
, I 
I 1 
I I 
~-----T----__r-----_.. 
,BLE I CNDP I CBP , 
I-------~----~------.. 
I I 
I Entry in table PCT I 
t 1 
I 1 
I -r---_.. 
t , t I 
~-----+------+------, 
I , 

Addr ess of beginning of 
entry 

r------' 
I BCE , 
1-------"' 
r-----' 
I ECE I 
1-------"' 

curren t 

Address of end of current en tr y 

Address of beginning of previous 
entry 

Dimension (or pa-ra me te r) counte r 

Brackets and par ent heses counter 

Each entry has more than one line. Each 
line has the following form: 

r----~-----~------~-----, 
I A P N I co DE, S T N I F P N I L-_____ ~ _____ -L-____ _L_ ____ _J 

CODE -- contains one of the following PL/I 
sym boIs ~ 

• PROCM for a procedure 
• PROCP for a formal procedure 
• ARRAYP for an array ora formal 

array 
• IONAM for an I/O or standard 

function na me 

APN 

STN 

contains the sequence number of the 
actual parameter (0 indicates an 
element creating a new entry) • 

contains the section number or the 
number of parameters or dimensions, 
depending on the value of CODE. 

t 
FPN contains the sequence number of the 

formal parameter when CODE is PROCP 
or ARRAYP. 

The contents of the last entry in the 
stack are entered in Table peT. The first 
line is used to re se t the various poin ters. 

COMAREA is the area of communication amonq 
the various phases of the LCP. The layout 
of COMAREA is as follows: 

r------T------T------T------T------T------l 
IBLIDICIBLIPROI TRN 1 SIZE I PGPFOTI PGFFOLI 
L-_____ ~ ______ ~ _____ ~ _____ ~ _____ L ______ J 

r----T----T------T------T----T------,-----l 
ILONGI ISOICHAR481 SOURCEIDECK1LSTKEYIERZONI 
L ____ ~ ___ ~ _____ ~ _____ ~ ___ ~ _____ ~ _____ J 

BLIDTe -- contains a count of the blocks in 
the program. 

BLIPRO -- contains the numb~r of nrocedure 
declarations (with parameters) in 
the proq ra m. 

IRN 

SIZE 

con ta ins th e to ta 1 n urn be r 0 f 
records on SYSUT1. 

contains the storage canacity 
required for DIeT in Phase 20. 
The requirement depends on the 
SIZE option. 

PGPROT -- contains the type of the precom­
piled procedure (if any). 

PGPROL -- contains the procedure identifier 
if the program is a precompiled 
procedure. 

LONG 

ISO 

co nta ins the preci si on 00 tion : 

f or LONG 

o for SHORT 

contains the character-code 
option: 

1 for ISO 
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o for EBCDIC 

CHAR48 -- contains the character-set 
option: 

1 for 48-character set , 
o for 60-character set 

SOURCE -- contains the source listing 
option: 

1 if required 

o if not required 

80 

DECK contains the option of output on 
SYSPCH: 

1 if re qui red 

o if not required 

LSTKEY -- contains the key of the record on 
SYSUT1 containing the last proce­
dure declaration (set by Phase 20 
and by Phase 30). 

ERZON contains the count of syntactic­
ally incorrect ALGOL statements. 



This appendix contains detailed descrip­
tions of the files used by the LCP. 

The file access method for the ENVIRON­
MENT attribute is given in the PL/I Pro­
grammer-s Guide, Form C28-6594. 

File SYSUT1 has the following PL/I 
attributes: 

KEYED 

RECORD 

ENVIRONM"E NT (REGIONAL (1) F (123) ) 

1. The key used to create and retrieve 
records is the internal reference 
number. 

2. The record length is fixed at 123 
bytes, the same size as BUFFER. 

3. The ENVIRONMENT attribute specifies 
the access method used. 

After formatting, file SYSUT1 is used as 
UPDAT E DIRECT. 

File SYSUT2 has the following 
attributes: 

KEYED 

RECORD 

ENVIRONMENT (REGIONAL (1) F (1729» 

PL/I 

1. For uneven values (1,3,5, ••• ), the key 
is obtained from the number of the 
block in DICEXT. For even values 
(0,2,4, ••• ), the key is obtained from 
the number of the procedure declara­
tion in DICPRO. 

2. The physical records are of fixed 
lenqth. A logical record correspond­
ing to DICEXT occupies 1429 bytes and 
a record corresponding to DICPRO occu­
pies 154 bytes. 

3. The ENVIRONMENT attribute specifies 
the access method used. 

In the Control Phase, the file SYSUT2 is 
opened as OUTPUT DIRECT to make the disk 
ready. It is then closed and re-opened as 
UPDATE DIRECT. 

File SYSIN 
a t"tributes: 

has the following PL/I 

RECORD 

INPUT 

ENVIRONMENT (CONSECUTIVE) 

File SYSPRNT has the following PL/I 
attributes: 

RECORD 

OUTPUT 

ENVIRONMENT (CONSECUTIVE) 

The size of the records is fixed by the 
DCB subparameter of the DD card. (See the 
sample program in the ALGOL-to-PL/I lan­
guage conversion manual.) 

The first character of each record is a 
printer control character. 

File SYSPCH has the following PLIT 
attributes: 

RECORD 

OUTPUT 

ENVIRONMENT (CONSECUTIVE) 
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The following diagram illustrates the vay 
in which the LCP uses main storage. The 
BUFFER, tne Dictionary, and Table PCT are 
considered as parts of the phases that use 
them. 

The exact sizes of the components of the 
program are not shown since they depend on 
the options used to compile the LCP. 

, 
5yst em/3 6 0 I 

I 
Operating, 

I 
5yst eml , 

--t-­
I 

5 ta tic PL/I Libra ry 1 . 
1 

-t-­
I 

COMAR EA 1 , 
--t-

1 
Control Pha se I 

1 
r------,-----~--.L---_,__-----~------, 
I I , 1 1 I 

Ini tiali zation I , I 1 1 I 
, 1 1 I I I 

andl Phasel Phase, Phasel Phasel Phasel 
, , 1 I I I 

Returnl 10, 201 251 301 401 
I I 1 I I I 

Procedures I I I I 1 1 
1 I , I I I 

-+- --t- -f- -f- -+- -+-
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Where more than one page 
given, the first page number 
maior reference. 

reference is 
indicates the 

$ ••••••••••••••••••••••••••••••••• 14,77,78 
$CONAEX ••••••••••••••••••••••••••••••••• 58 
$CONBEX ••••••••••••••••••••••••••••••••• 58 
$RTURN ••••••••••••••••••••••••• 39,40~50,51 

actual parameter •••••••••••• 12,39,40,78,19 
ALGOL, System/360 Operating/System ••••••• 2 
ALGOL basic symbols ••••••••••••••••••••• 12 
ALGOL keyword ••••••••••••••••••••• 13~15,16 
ALGOL symbol •••••••••••••••••••••••••••• 16 
APN ••••••••••••••••••••••••••••••••••••• 79 
AREF •••••••••••••••••••••••••••••••••••• 16 
arithmetic variable ••••••••••••••••••••• 51 
ARPRO •••••••••••••••••••••••••••••••• 58,64 

routine 
array •••••••••••••••••••••.•••••••• 39,51,77 
.ARRAy' •••••••••••• 13,39,40,50,51,76"71,78 
array declaration ••••••••••••••••••••••• 58 
ARRAyP •••••••••••••••••••••••••••••••••• 79 
ARRAyS •••••••••••••••••••••••••••• 13,,19,20 

routine 
ASPRO •••••••••••••••••••••••••••••••• 58,65 
see also: routine 

assiqnment statement ••••••••••••••••• 12,59 
2~~lsQ: statement 

auxiliary table ••••••••••••••••••••••••• 61 

B ......................................... 81 
BCE •••••••••• ~ •••••••••••••••••••••••••• 79 
BEGPRO ••••••••••••••••••••••••••••••• 39,43 

routine 
BIT(l) ................................. 13,14 
blank •••••••••••••••••••••••••••••••• ~ •• 12 
B LE •••••••••••••••••••••••••••••••••• It •• 79 
BLIDIC •••••••••••••••••••••••••••••••••• 79 
BLIPRO •••••••••••••••••••••••••••••••••• 79 
block ••••••••••••••••••••••••••••• 12 v 39,77 
block st ruct ure ....................... '. 7, 12 
blocks, numbering of •••••••••••••••••••• 81 
~BCCLEAN' .......................... 51",77,18 
bound-pair-lis't...................... 13,58 
BUFFER ••••••••••••• 76,14,15,16,17,51,61,82 
BUFPUT •••••••••••••••••••••••••••••••••• 13 
FLOOR built-in function.~ •••••••••••• 58,62 

CALL statement •••••••••••••••••••••••••• 60 
see also: statement 

c~iie~-E~ value ••••••••••••••••••• 78,79,51 
CBP ................................... 4 ••• 

CHAR48 •••••••••••••••••••••••••••••••••• 
19 
80 

§§g_~~2~: character-set option 
character-code option ••••••••••••••••••• 79 
48-character set ••••••••••••••••••••• 12,80 
60-character set •••••••••••••••••••••••• 80 
character-set option •••••••••••••••••••• 80 
CNDP •••••••••••••••••••••••••••••••••••• 79 
CODCAR •••••••••••••••••••••••••••••••••• 13 
CODE •••••••••••••••••••••••••••••••••••• 79 

'CODE' •••••••••••••••••••••••••••• 16,50,51 
COMAREA ••••••••••••••••••••••••••• 79-80,82 
COMENT ••••••••••••••••••••••••••••••• 13,21 

routine 
comma •••••••••••••••••••••••••••••••• 40,61 
comments ••••••••••••••••••••• 7,12,13,14,50 
'COMMENT' ••••••••••••••••••••••••••••••• 16 
conditional expression ••••••••••••••• 58,61 
conflict •••••••••••••••••••••••••••••••• 12 
CONSECUTIVE •••••••••••••••••••••••••• 81,82 
control card •••••••••••••••••••••••••••• 10 
Control Phase •••••••••••• e" •• 10,7,50,58,82 
controlled variable ••••••••• 4 ••••••••••• 59 
COPYIA •••••••••••••••••••••••••••••••••• 61 
CURKEy •••••••••••••••••••••••••••••••••• 39 

data-set-number •••••••••••••••••••••• 59,60 
DCB subparameter •••••••••••••••••••••••• 81 
DD card ••••••••••••••••••••••••••••••••• 81 
DECK ••••••••••••••••••••••••••••••••• 62,80 
DECLAR.. • • • • • • • • • • • • • • • • • • • • • • • • • •• 14,22- 23 
§§g_al§Q: routine 

declarator •••••••••••••••••••••••••••••• 14 
40 

14,24 
delimiter ••••••••••••••••••••••••••••••• 
DEPOIN ............................... . 
§gg_al~Q: routine 

designational expression •••••••••••••••• 59 
DESPEC ••••••••••••••••••••••••••••••• 14,25 
§~~_al§Q: routine 

DICEXT •••••••••• 12,13,14,15,16,39,76,77,81 
DICPRO ••••••• 12,13,15,16,39,40,51,76,78,81 
DICPUT •••••••••••••••••••••••••••••••••• 13 
DICT ••••••••••••••••••••••••••••••••• 39,76 
dictionary ••••••••••• 7,8,12,39,50,58,76,82 
dictionary section number ••••••••••••••• 40 
digit •••••••••••••••••••••••••••••••• 16,62 
dimension counter ••••••••••••••••••••••• 79 
dimensions, number of....... 39,40,50, 77, 78 
'DO'.................................. 16 
§gg_~!§Q: ALGOL keyword 

dummy variable ••••••••••••••••••••••• 50,60 

EBCDIC •••••••••••••••••••••••••••••••••• 19 
character code option 

ECE ....................................... 19 
ELEM1 ••••••••••••••••••••••••••••••••••• 76 
'ELSE' ••••••••••••••••••••••••••••••• 14,16 

ALGOL keyword 
; E LS E • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 1 4 
END. • • • • • • • • • • • • •.• • • • • • • • • • • • • • • • • • • • • •• 14 
·END' ••••••••••••••••••••••••••••• 14,15,16 

ALGOL keywor d 
END; •••••.••••••••••••••••••••••••••••••• 15 
end-of-functio·n .......................... 15 
end-of-loop ••••••••••••••••••••••••••••• 15 
end-of-procedure •••••••••••••••••••••••• 15 
ENTRY attribute ••••••••••••••••••••• '. 50,51 
ENVIRONMENT attribute ••••••••••••••••••• 81 
IEQUIV' ••••••••••••••••••••••••••• 58,60,61 
§~g_~~~~: ALGOL keyword 

error message •••••••••••••••••••••• 8,16,76 
ERZON ••••••••••••••••••••••••••••••••••• 80 

Index 83 



EXEC ••••••••••••••••••••••••••••••••• 10,58 
EXPEN ••••••••••••••••••••••••••••••••••• 62 
exponent part ••••••••••••••••••••••••••• 60 
expression ••••• ~ ••••••••••••••••••••• 60,58 
expression processing routine ••••••••••• 60 
EXPRO •••••••••••••••••••••••••• 58,60,71-75 
~§~!2Q: routine 

EXPRO L3 ••••••••••••••••••••••••••••••••• 60 

F (8 Ol te ••••••••••••••••••••••••••••••• 

F(123) .................................. . 
81,82 

81 
81 
81 
13 

file access method •••••••••••••••••••••• 
files ••••••••••••••••••••••••••••••••••• 
FINPG ••••••••••••••••••••••••••••••••••• 
FIXED BINARY .(31) •••••••••••••••••••• 13,14 
FLOAT •••••••••••••••••••••••••••••••• 13,14 
FLOAT (16) ••••••••••••••••••••••••••• 13,14 
for-list •••••••••••••••••••••••••••••••• 59 
'FOR' statement •••••••••••••••••••••• 12,59 
1§~g_~!~Q: statement 
formal parameter ••••••••• 12,39,40,50,51,78 
formal parameter specified by 'ARRAy· ••• 78 
formal procedure •••••••••••••••••••••••• 39 
FORPRO ••••••••••••••••••••••••••••••• 59,66 

routine 
FPN ••••••••••••••••••••••••••••••••••••• 79 
function ••••••••••••••••••••••••••••• 50,51 

GEN40 ••••••••••••••••••••••••••••••••••• 62 
GENER ••••••••••••••••••••••••••••••••••• 13 
G EN I D. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 51 
GENR •••••••••••••••••••••••••••••••••••• 51 
GETCAR •••••••••••••••••••••••••••••••••• 13 
GETWORD ••••••••••••••••••••••••••••••••• 62 
GLABEL ••••••••••••••••••••••••••••••• 14,26 
se~_~!§Q: routine 

'GO TO' statement ••••••••••••••••••••••• 59 
see also: statement 

GOTOPRO:-:-•••••••••••••••••••••••• , •••• 59,67 
§gg_~l§Q: routine 

GQUOT ••••••••••••••••••••••••••••••••••• 13 

hardware representations •••••••••••••• 7,12 

IBM System/360 Operating System •••••••••• 7 
IDENT1 •••••••••••••••••••••••••••••••••• 14 
identifier ••••••••• 12,14,15,39,40,62,76,77 
IDEXT ••••••••••••••••••••••••••••••••••• 
IDEXT6 ••••••••••••••••••••••••• ~ •••••••• 
IDPRO ••••••••••••••••••••••••••••••••••• 
IF •••••••••••••••••••••••••••••••••••••• 
• I F' 
, IF' 

clause ••••••••••••••••••••••••••••• 
statement •••••••••••••••••••••••••• 

statement 

71 
14 
78 
59 
59 
59 

IFPBO •••••••••••••••••••••••••••••••• 59,68 
~ee_~12Q: routine 

• IMP L' ................. _ • • • • • • • •••• '" •• 5 8, 6 1 
initialization procedure ••••••••••• 7,10,82 
INPUT attribute ••••••••••••••••••••••••• 81 
input/cutFut procedure •••••••••••• 39,40,58 
input/output statement •••••••••••••••••• 59 
·INTEGER' ••••••••••••••••••••••••• 51,77,18 
~~ a~sQ: ALGOL keyword 

intermediate area ••••••••••••••••••••••• 61 
intermediate text •••••••••••• 8,12,39,50,58 
internal reference number ••• 12,40,59,77,81 
rONAM ••••••••••••••••••••••••••••••••••• 79 

59,69 IOPRO •••••••• ' ................... ' •••••• 

84 

routine 
IRN ••••••••••••••••••••••••••••••••••••• 79 
IRNEXT ••••••••••••••••••••••••••••••• 39,77 
IS O ....................... '" • • • • • • • • • • • • •• 79 

job control cards •••••••••••••• 1 

key •••••••••••••••••••• 12,80,81 
§!!!!_~!§Q : B, P 

KEyED •••••••••••••••••• 81 

label ••••••••••••••••••••••••••••• 40,59,78 
'LABEL' •••••••••••••••••••••••••••••• 51,78 
LABEL INITIAL ••••••••••••••••••••••••••• 16 
LCP •••••••••••••••••••••••••••••••••••••• 7 
left bracket •••••••••••••••••••••••••••• 40 
left parenthesis •••••••••••••••••• 16,39,40 
left-part variable •••••••••••••••• 39,58,59 
LE ND '" ••••••••••••••••••••••• e.. • • • • • •• 14,27 

routine 
LETR •••••••••••••••••••••••••••••••••••• 15 
letter ••••••••••••••••••••••••••••••• 16,62 
let t er -s t r in g. • • • • • • • • • • • • • • • • • • • • • • • • •• 15 
limitations ••••• ~ •••••••••••••••••••• 39,76 
logical operator •••••••••••••••••••••••.• 61 
LONG ••••••••••••• '" • • • • • • • • • • • • • • • • • • • • •• 79 
LST.............. •••••• ••••••••••••••••• 76 
LSTKEY •••••••••••••••••••••••••••••••••• 80 

MAINPRO ••••••••••••••••••••••••••••••••• 58 
multiple assignment ••••••••••••••••••••• 61 

NBPRO ••••••••••••••••••••••••••••••••••• 40 
N"CA R ••••• '" •••••••• -•••••••••• ., • • • • • • • • • •• 76 
nested program structure •••••••••••••••• 12 
NIDEXT •••••••••••••••••••••••••••••••••• 77 
NIDPRO •••••••••••••••••••••••••••••••••• 78 
NODECK •••••••••••••••••••••••••••••••••• 62 
number of procedure declarations •••••••• 79 
NXIRN .................................... 76 

open string ••••••••••••••••••••••••••••• 12 
OUTPUT ••••••••••••••••••••••••••••••• 81,82 
output buffer •••••••••••••••••••••••• 13,62 
OUTP UT DIR ECT •••••••••••• '. • • • • • • • • • • • • •• 81 
output listing •••••••••••••••••••••••••• 58 
OUTPUT SEQUENTIAL ••••••••••••••••••••••• 81 

P. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 81 
PALGEN •••••••••••••••••••••••••••• 50,51,56 
see also: routine 

parameters. ••• • •••• •••• •• 15, 40,51,60,76,78 
2~~_~!2~: actual parameter 

formal parameter 
parameter-attribute-list •••••••••••••••• 51 
parameter specifications •••••••••••••••• 18 
parameters, number of ••••••••• 39,40,77,78 
PAREN •••••••••••••••••••••••••••••••• 15,29 

see also: routine 
parenthesis ••••••••••••••••••••••• 58,60,61 

2~!!_~!§Q: left_parenthesis 
right parenthesis 

PDCPRO ••••••••••••••••••••••••••••••• 
2~~_~12Q: routine 

PENPRO ••••••••••••••••••••••••••••••• 
2~~_~!§Q: routine 

perioa ••••••••••••••••••••••••••••••• 
PGPROL ••••••••••••••••••••••••••••••• 

39,44 

40,45 

14,16 
15,79 



PGPROT •••••••••••••••••••••••••••••• ~ 15,79 
Phase 10 •••••••••••••••••••••••• 7,12,76,82 

routines •••••••••••••••••••••••••• o 13-17 
Phase 20 •••••••••••••••••••••• 39,7,8,76,82 

routines •••••••••••••••••••••••••• o 39-41 
Phase 25 •••••••••••••••••••••• 50,7,8,76,82 
Phase 30 •••••••••••••••••••••••• 50,7,76,82 

routines •••••••••••••••••••••••••• o 50-51 
58,7,8,76,82 Phase 40 •••••••••••••••••••••• 

routines •••••••••••••••••••••••••• o 

PL/I 
PL/I 
PL/I 

58-62 
39 compiler ••••••••••••••••••••••• ~ ••• 

(F) ••••••••••••••••••••••••••••••••• 2 
file-name •••••••••••••••••••••••••• 59 

position key •••••••••••••••••••••••••••• 81 
PRDESC." ........................... 39,59,76 
precision option •••••••••••••••••••••••• 19 
precompiled procedure ••••••••••••• 50,51,79 
preprocessing ••••••••••.••••••••••••••••• 12 
PRINT ••••••••••••••••••••••••••••••••••• 13 
printer centrol character ••••••••••••••• 81 
PROCED ••••••••••••••••••••••••••••••• 15,30 

see_Al.2.Q: routine 
procedure ••••••••••••••••••••••••••••••• 39 

body ••••••••••••••••••• ~ •••••••••••••• 40 
call table •••••••••••••••••••••••••••• 79 
declaration •••••••••••••••• 8,12,15,50,80 
declarations, numbering of •••••••••••• 81 
headinqs •••••••••••••••••••• ~ ••••••••• 50 
identification •••••••••••••••••••••••• 76 
identifier ••••••••••••••••••• 39,40,60,79 
in internal code •••••••••••••••••••••• 77 
simple •••••••••••••••••••••••••••••••• 77 
statements ••••••••••••••••••••••••• 60,40 
with parameters ••••••••••••••••••••••• 77 

·PROCEDURE' ••••••••••••••••••••••• 40,50,51 
P R OC M ••••••••••••••••••••••••••••••••••• 
PROCP ••••••••••••••••••••••••••••••••••• 
program library •••••••••••••••••••••••••• 
PROPUT •••••••••••••••••••••••••••••••••• 

79 
79 

7 
13 

PRPRO (Phase 
see also: 

30) ••••••••••••••••••••• 50,51 
routine 

PRPRO-(Phase 40) ••••••••••••••••••••• 60,70 
.e'§~_1!.J&Q. : rout ine 

PRTLIN •••••• • • • • • • • • • • • • • • • • • • • • • • • • • • •• 62 
PUTCAR •••••••••••••••••••••••••••••••••• 
PUTID ••••••••••••••••••••••••••••••••••• 

13 
62 

PVI RGU •••••• 
.e.§l.~L~l.§£: 

••••• ••• •••• ••••••• •••••• 15,31 
routine 

QU OT •••••••••••••••••••••••••••• 15,32 
§~~_El.§£: routine 

quotation mark ••••••••••••••••••••••• 
quote separator •••••••••••••••••••••• 

12 ,15 
15, 16 

'REAL' •••••••••••••••••••••••••••••••••• 51 
81 ,82 RECORD ••••••••••••••••••••••••••••••• 
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81 
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RETURNS attribute ••••••••••••••••••••••• 51 
right bracket ••••••••••••••••••••••••••• 40 
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SDCID ••••••••••••••••••••••••••••• 40,46-49 
semicolon ••••••••••••••••••••••••• 14,15,17 
SHORT ••••••••••••••••••••••••••••••••••• 79 
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source prog ra m. • . • .. • • .. .. • • • • • • • • • • • • • • •• 7, 8 
S PE 1 • • • .. • • • • • • • .. • • • .. • • • • .. • .. • • • • • • • • • • • •• 1 f 
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SYSIN •••••••••••••••••••••••••••••• 8,12,81 
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• We would appreciate your other .comments; please give specific page and line references 
where appropriate. If you wish a reply, be sure to include your name and address . 

• Thank you for your cooperation. No postage necessary if mailed in the U.S.A. 
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YOUR COMMENTS PLEASE ••• 

This SRL bulletin is one of a series which serves as reference sources for systems analysts 
programmers and operators of IBM systems. Your answers to the questions on the back of this 
form, together with your comments, will help us produce better publications for your use. Each 
reply will be carefully reviewed by the persons responsible for writing and publishing this 
material. All comments and suggestions become the property of IBM. 

Please note: Requests for copies of publications and for assistance in utilizing your IBM sys­
tem should be directed to your IBM representative or to the IBM sales office serving your 
locality. 
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