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AUTOMATIC COMPUTER SUBPROGRAM SELECTION FROM
APPLICATION-PROGRAM LIBRARIES

By Joseph M. Drozdowski
Langley Research Center

SUMMARY

A general-purpose program that enables access and use of an alternate library file
with minimum programing effort by the user has been developed for the Control Data
series 6000 computer systems. The program is used, prior to loading, to select and
combine required subprograms from an alternate library file with the user's object file.
It employs the user's program field length and is called into operation by a control card.
The program structures that the user program can use include overlay or segmentation.
This report describes the purpose of the program and the implementation, provides a dis-
cussion of the program's operation, and gives instructions for the user,

INTRODUCTION

Modular programing techniques are currently in widespread use in the development
of scientific and engineering computer programs at the NASA Langley Research Center.
These techniques involve the development of frequently used algorithms into modular
(subprogram) form and the collection of application modules supporting a particular area
into an application-oriented library. This library can then be employed repeatedly by
programers working in the same area of application to simplify new-program development.

A major problem, however, for people maintaining their own application-oriented
library is the complexity and volume of control-card programing that must be performed
to achieve subprogram selection.

The Alternate Library Access (ALTLIB) program provides a solution to this prob-
lem. ALTLIB is a general-purpose digital computer program that automates the sub-
program selection process. ALTLIB analyzes the user's program to determine all
external requirements; ALTLIB then proceeds to select from the alternate library file
all subprograms that a user's program requires. The selected subprograms and the
user's object file are then merged onto a file designated by the user for subsequent load-
ing and execution. o



TEXT tables

PIDL table

LINK table

ENTR table

FET

RANDOM ACCESS FILE

PRU

GLOSSARY

Text and data (TEXT) tables are compiler output tables
which contain data comprising the subprogram and informa-
tion necessary for properly relocating the data. Each table
includes an origin for the data, the data itself, and indicators
describing relocation (if any) of the three possible locations
in a data word which may refer to addresses in memory.
TEXT tables may appear in any order and any number.

The Program Identification and Length table is a compiler
output table which contains the subprogram identification
and declarations concerning common block allocation. The
PIDL table must appear before any other tables for a given
subprogram.

The LINK table is a compiler output table which indicates
external references (EXTERNALS) within the subprogram.
Each reference to an external symbol must appear as an
entry in LINK.

The ENTR table is a compiler output table which contains a
list of all the named entry points to the subprogram and its
associated labeled common blocks. The ENTR table must
immediately follow the PIDL table.

The File Environment Table (FET) is a communication area
initiated by the user; it is interrogated and updated by the
system and the user during file processing. An FET must
be declared for each file, The FET is used by the peripheral
processor input-output routines and Central Program Control
(CPC) subprograms as well as by the user program.

A RANDOM ACCESS FILE is a file created to take advantage
of random access disk capability. Random access is the
process of obtaining information from or placing informa-
tion into storage where time required for such access is
independent of the location of the information most recently
obtained or placed in storage.

A physical record unit (PRU) is the smallest amount of
information transmitted in one continuous burst between a
computer and a specific input-output device.



RA RA is the reference address of a program.

EOF EOF is the designation given to denote an End-of-File,
where a file represents a stored set of records, tables, or
other information.

PROCESS DESCRIPTION AND IMPLEMENTATION

ALTLIB requires the user to declare three files in his ALTLIB control card: the
user's program file in object form, the alternate library file in object program form, and
the file upon which ALTLIB will output the user's program and selected alternate library
subprograms in object form.

The user's file and alternate library file are searched for program-identification,
external, and entry information. ALTLIB makes a table of these data (see ref. 1 for
additional information on the PIDL,- LINK, and ENTR tables). ALTLIB then makes a list
of subprograms that are needed by the user program from information in the table. This
list is compared with information about the alternate library. The items compared are
externals from the user's program and entries from the alternate library. When a posi-
tive compare is made, the entry of the alternate library is marked selected, and all its
externals are added to the list of subprograms needed. This process continues until all
available subprograms are selected. The user's file and selected subprograms are then
merged onto the designated file, and control is returned to the user. The method of solu-
tion for different program types varies only in the way files are manipulated. A descrip-
tion of this process is presented in diagram form in figure 1.

PROGRAM OPERATION OVERVIEW

The program ALTLIB is logically divided into three phases and an initialization
section (see fig. 1).

" Initialization Phase 1 Phase 2 Phase 3

g: f:;g ﬁprEt S5 Form table of Form table of

card; open PIDL, ENTR, PIDL, ENTR, Select subprqgrams :
random file: —+!and LINK ~(and LINK —|and merge with —|END
initialize ’ table's from tables from user's file

variables user's file library file

}

Figure 1.- ALTLIB program diagram.



In the initialization section, the File Environment Tables are created, the user's
input card is decoded, the random file is opened, and variables are initialized.

Phase 1 consists of operations on the user's binary file (object file). This binary
file contains one logical record for each program or subprogram, and these records con-
sist of a number of tables (PIDL,, ENTR, and LINK). Each table contains an identifica-
tion word which specifies to the loader the procedure to be followed in loading the table.
The identification word has the following format:

CN wC : LR L
59 53 47 35 26 17 0

CN — Code number identifying type of data in table (PIDL, ENTR, LINK, etc.)
WC — Word count in table (excluding identification word)
LR — Method of relocation for the load address

L — Load address

From the PIDL, ENTR, and LINK tables, ALTLIB forms a table having the format
shown in figure 2.

PIDL name
No. of entries
No. of links
ENTR names

LINK names

PIDL name
No. of entries
No. of links
ENTR names

LINK names

4 Figure 2.- Format of Phase 1 TABLE.



An index of the position of the last entry in this Phase 1 TABLE is stored for later
use. Another task of Phase 1 is writing the logical records of the user's object file on
the file where the user's file and selected subprogram will eventually be merged.

Phase 2 consists of reading the alternate library file to obtain information about
the PIDL, ENTR, and LINK names for each subprogram. This information is appended
to the Phase 1 TABLE. An index is set to indicate the last entry in this table. The pro-
cedures applied to the subprograms in Phase 2 are the procedures applied to the user's
object deck for table formation. The library file is rewritten as a random file during
Phase 2,

Phase 3 consists of indexing through the table formed in Phases 1 and 2 to deter-
mine which subprograms need to be selected. To accomplish this task, a table is made
of all the externals of the user's object deck. This list is gathered from that portion of
the table formed in Phase 1 and is an exclusive list. These externals indicate to ALTLIB
which subprograms are needed directly. This list is then compared with the ENTR's in
the table formed in Phase 2. When a true compare is made, this subprogram is marked
for selection (a 1-bit in the rightmost position of PIDL entry). The externals from this
subprogram are added to the list of EXTERNALS if they are not there. When the com-
parison list is completely checked, ALTLIB is ready to merge selected subprograms by
searching for a select bit set in a PIDL table entry. When it is found, the appropriate
subprogram is read from the random file and written on the output file, The process is
completed by putting the combined user's file and selected subprogram on the file selected
by the user in his ALTLIB control card.

There are some exceptions in this process for overlay programs. The first excep-
tion is in Phase 3. When the subprogram-selecting process is complete, a check is made
to see if the program processed was an overlay type. If it was, the table information
about the library file is moved to the low storage area of the table, and a flag is set noting
that this move was made. This first exception leads to the second exception, which is in
Phase 2. A check is made to see if the library information is available in the low-
storage-area table, If it is, this information is restored from there rather than reading
the alternate file again, The process for overlays is to treat them like individual pro-
grams and to set special flags to denote subprogram selection by a higher level overlay.
For example, in the main overlay a seven is set in the PIDL word indicating that this sub-
program has been selected for the entire program. For a primary overlay, a three is set
which will be cleared only when another primary overlay is read. Secondary overlays are
marked selected by a 1-bit which is cleared after they are selected and written on the out-
put file.

Figure 3 shows a directed flow diagram of the ALTLIB subprograms. This figure,
the discussion provided for each subprogram, and program listings provide the details for

5



‘soseyd Lq suweadoxdqns gITITV JO WeXBeTp MOTJF P30T -*¢ aan3Id

dsd ooM
61 81
DNTYLS 0oM IJHSTI ooMm NTAOI
104 dasdg :
)] (9) (®) 4]
L1 o1
SUVHD SINLITMM 109 LIHSTI dasd 104
dsg asd’ (o1) (6) (L) (¢) (€) (1)
o1 i1
—
0ooMm SINQV AT IXIaav doxd
[ ar - WIUONI IWTHONT S@EIOM
9 ¥ 4
WHIONI HOXH WHIONI LXaaav p:felc(er:d p:torc (et 4o
[or [ 8 P B [e T
€ ASVHA 2 ASVHd 1 ASVHA NOILY ZI'TVILINI

qariLiv -




the program ALTLIB. The numbers above the boxes in figure 3 indicate the order in

which the subprograms are called.

PROGRAM ORGANIZATION

ALTLIB COMMON

The following list contains all the FORTRAN variables appearing in COMMON in
the program ALTLIB. Dimensional information is given when applicable.

COMMON " FORTRAN
name variable
TIC BUF(5121)
I0C _ IOCN
I0A
IOB
LS
INDL 'INDEXL(501)
TABLE LIMTAB
ITAB(6000)
LIST(1000)
IRNI

Description

Buffer used for input and output by all files;
size is set for 10 tape PRU's

Input file record count
Flag for type of overlay to be operated on

Flag for type of overlay that will be operated
on next

Flag to tell if final output file shall have
same name as input file

Array used for index of mass storage file;
index number indicates the number-of-
records-less-one that the random file can
contain

Last value of TABLE

Array used to store program-identification,
entry, and external information from user's
file and library

Array used to store subprogram names and
random file index number of that
subprogram

Index of record number used in writing the
random file



Description of ALTLIB and Its Subprograms
A brief description of ALTLIB and of each subprogram is given in the following list:

Entry point ' Description

ALTLIB Control program for Alternate Library Access procedure

RDECK Forms master TABLE of program binary records

RCI, WCO, BSP Controls file manipulation processes for reading, writing,
rewind, and backspacing

IOVLN Determines overlay type

INCREM Calculates position in TABLE where next PIDL name will
be stored

ADDEXT Develops list of EXTERNALS to be processed

CHARS Interface to STRING

STRING Moves character strings in a bit basis

EXOR Computes exclusive OR of two names

WORDS Decodes the ALTLIB control card

CRE - Creates File Environment Tables

ILSHFT Moves data left circular in a specified word

Information about OPENMS, READMS, WRITMS, ABNORML, and REMARK is contained in
reference 2.

The ALTLIB program and its subprograms (subroutines) are discussed briefly in
the following secti_ons. An ALTLIB program listing is included; also, subprogram listings
are presented.



Program ALTLIB

ALTLIB is a FORTRAN main overlay program that coordinates the task of all sub-
programs, controls indexes of various tables, and selectively merges final output. The
flow chart in figure 4 and the program listing that follows show how ALTLIB controls
‘program operation. ALTLIB is an overlay program because this format allows the pro-
gram to load faster and to use less storage.

‘ ALTLIB )

COPY DATA
TO CORRECT
FILE

MOVE LIBRARY
DATA TO LOW
STORAGE
OF TABLE

Bo
1

RESTORE
LIBRARY

SATISFY
EXTERNALS
FR. 5

OM
LIBRARY TAPE

CAL
ADDEXT

GET LIST OF .
EXTERNALS
FROM USER FILE

RESTORE
INDEXES

LSTB=1-1
=1
=1

SET SELECT
CODE BY
OVERLAY TYPE

Figure 4.- ALTLIB flow chart. (LSTA denotes the last table entry of the user program flle,
LSTB denotes the last table entry of the library file.) .



N

41714¢
41117V
41711V
g111v

41717V
41714V
841717V
911119
HI1147V
g81TiV
41747V
917117
gi11v

81717V

w11V
giiv
gI747V
41747V
911V
91711V
4I1717v
41717V
81747y
917177
81311V
4111V
pILV
81117V

8114y
9171V
21711V
81747V
817317V
gI711v
AP A
gI11L1v
41747V
9174V
817479
4114 7v
41717V

en

O (I)NTAOINT = ]
0EA0ZOLTYITAVIETINIZ T 4]
*ONIOYHY 20 2L WIIIA4 ASN VIIv w20

: STWEN MMIT*G4CInNgy AdINT HS5UNTIT 4D

AZUWNNE4STToANT YIRWAN 24 240N wUNG0EG T 18 1114 M70NG (&% )NNIT
ONY (OE)MINIS(HE€)ZI0V L 1014 1v DNINODT 2714 157 HI¥wIS 111 90130

0=%991
1=1

n=v01

(626471459 1179

(G254 )dsn 1199
(0CTOGEIXITNIONATISAYTAD 199
O=1NM]

fex°567L Ty=NN

(SI)SMTI% 1Ty

IQVASMIVI=ELY
4093 2il¥M=39¢
ONI#3H=1375

*SAADT NIJTLIY 2714 € SVH 4S9

SANYSSITIN

ZY34M SLINVAIC S3174dNS *3¥vI 2vDT 43 SUILIANTIVI SHIEFHD SaHnm

I3 1IVvD

0=S71

D={e)9INN
000N2032I% e HIYeHLIDD=551T1Y
(E)SNT NITSNIWICG

(2)37evl NDISWNIWIC
(8V11437dv1) IINIIVAINDS
/IID/BVINTT vLIVD

’ {DDD9)8V 1T NOISNIANIAQ

GULIF*OVLIATIT/3187L/NIWNDD
INdT NIWNDD

(TCGIINZINTI/ATINI/ NIWADD -

{I29T)LSTT NIWwdD
ST4d0149D1ENDIT /IG1/7 NDAWDD
(1215)3N8/211/ NIWx1D

w110V AV
(26C¢TIINLIWIAYINIAD

e

e 3%

* 3

* %

ozZnn99
czonnn
%20000
220039
0ZnNaa0
610020
»10000
210030
n1230290

L20000
230293
$000900
€239929
£00000
£000292
£20920
€I0000
€0000D
£00009

€£00023 -

£eonno

€onnog |

€£0C0N00
00000



4171V
9111V
51711V
1713V
ga1711Y
91741y
a111v
81711V
81711V
gI71y
41117V
41747y
gI1Lv
917117V
91717V
1LV
8171V
41117y
i1V
giLv
41717V
81731V
g17L7v
81117V
g1Ly
81747y
41717V
gIiLiv
ga17iv
41V
111V
gLV
CRRFREY
8171V
8111V
gi1iv
4114V
41747V
817747V
91747V
891717y
91717V
8171V
8171V
S8I71Yv

VI LVHH

11=111
19 3L 29(81S1°19°11)41

(11)A3INI=]T

Q21°¥I(111)27gVL=(111)315VL (Z°P3°ynI)d]
L6237 (111)378vL=(111)313vL (T1°32°vDT)4]
AE*¥0°(111)379vL=(111)37avL (92°02*vn1)J1

’ LS D1 09

36 31 02 (0°03°{(11)318VL (I T])31av1)yDX3) 4T
66 CL 39 (9L1S1°L9°111)41

(ITT)AINDINTI=TTI1]
T=111

T=11

T=1=4LST

ABY¥IIT NI CG3LVIIT47T #2331 G4VD %IFHD

%3¢ 21 09

{ SH714 HADA DL HOZ)IMHYWIY 1Y)

{ SSONVHZ CON 411 INIANS SI SIT17¢ X334 408 )5dVAIy 179D
{ 3SVITd "VvlVU IN SNIVLINOD 24vi AdvdAIY HOE)NY#IN TIV)
0H 3L 09

(TIRTAINT = T

040G (T 3T0VLZ)IND3MNY ST

‘ATdI0Yd NIVA 234 CIC 0T tN3IWILYLS (v
(AuvdE17 ILUYNAILIV)SINILNGLENS 3L $323 333y OL 1193 SIHL

" (425421458 1Iv2

09 21 29

) T+AI=A1

(AI)2¢vi=(r)37QavyL

gis1¢rr=r Z2¢ 20

T+viSi=rr

T+01S7=1

Z1=A1

X1+9¢1S7=91S1

%t 31 29 (2*0d*yni)dl

©°° 273vl 40 NOTLY2d ¥3MDT 341 A4dx4 (02377009 ST L1
CESAHINMd AVTINBAC ¥OL AIND 23S ST SI4Y

--=S3TdLIN3 INY STIUYNYILXT #0 3FI6vL AHYREITV 4D NIILedSLSsH ¥ ST SI14L

T-1 = ¥1817
01 nL 239

*MIIAANIA0

378VYL ¥04 SMD24D ISv LI *37HVL NI LHVIS %3N JAIS 31 S¥I4NVHL
dIBWIAN+SITHINT d3GWIN+E+T INISIHd SIUVL NUHL NITLIONNS ST w3¥INI

fq

FA

na

Z»1030
LeT000

HE1000

NET000
£21000

LT1T000:
911000.

£11C90

011090

$21000
$01000
€91000
127000

NatTedd

9L0000-
»10320".

210000
2L00%00
L300D9
¢399390

03079
160000
£G0N00
150009
050000
£H0000
SHON0C
A4t AN
250000
1y0000

LEODOD
Lenooo

11



81117V
41747V
4114V
g1y
g11iv
g17iV
gIilv
gilliv
gl 1V
g1 LIV
g11.11¢
411V
1711V
8114V
41717V
gI4V
4174V
g1V
g8I4V
gITilv
8111V
41711V
gI11i1v
417117V
g1111v
a1y
gIM11V
g1711v
g1TLV
8171V
gi11Llv
81741V
81147V
9171V
gI17.47v
gIILv
g1717v
gI17v
gINlv
g11iv
giiiv
sI711V
4174V
41717V
8174V

0%1

40 STyNd3LX3

3

QL 92 {0 020 (M+g1ST)RF7 L ()3 NFv L1y

h)
c1¥300V TTYD UNYIIXE ST9A%T ANING 41D
.

v
TEINTLINDA g4 SLNIY4 AdiNn: NOAG Y2IONT )
b

Gel 2L geeiIrsLavdrydrl
{T+I)uvil+241 = F

C+1 = 4dr

CTT 31 29(giST1°L9° 1141

oL —

*23dVL NT SAINTLIGG HIZAT XZ2O0ONI

&)

T =1
3omqbuuahxm4.hm.wiw
z

.ﬂ..f( =

2
-

TCAYNAILXT TIT4STLESNY 43AD YIONT

L) ) -t

’.—
Pt
[
(98}
D
2

*Z23d¥l AJvd Q

2103738 SANTINDM
JIv UNVY 423471 W3I¥4 TadeL <3 STV ¥

VALY D ALSTLEYS

L) ~

0l 01 09

(DY AININT = |

00/ 0L J9(8VIA[TI*Z97 LY SN+ Y TN I

CAXENSCLIXZT 28914 (1) 2TEVL)IXRAGY 119D

001 N1 29(viLsSN*109°1)317 B2

T = VNI

Moo= LY3N

T =1

1+71S7 SR

I 1¥31

G 01 39 (viSA*03°8iSdl
INNTENTD 19

16 GL 29

azeoen
£72000
£2Z0no
nzZ7000
c1en0e

2172000

~a g~
~ OO
— NNy N

LO DD
LI DD W
D00V

911000
cLIdne
TL1I220

awaguo
NLICO0

aL1000
GS1220
231000
131900
£es1ne9
231000
251009
1579000
PR AR
cH1INN0
£€n1000
£r»1000
751000

12



41711V
4171V
gITLTV
-g91747V

4174V

gI1711V
gI717v
41717V
ariliv
8171V
81117V
g4I71v
41717V
91717V
914V
8I747Vv
a1V
gIliv
H1747V
41717V
g11v¢
81747V
81747V
411V
8114V
g4V
gItiyv

81717V
41717V
174V
8117V
g41717v
g171v
91717V
91717V
g1V
41747V
g1V
ga1117v
9174V
9138V
491317V
81117V
4l

L€ 3L 3D (771°3n°egvlnW)dl
GCOODCOLLILLLLEL L L L2 ONT  (Z4LAT) LST =07 LW
(T+AAT) LIS T =9MT

GLLIL ONG T CART Y ESTI=NST
Ge7 0L 09

Qe D13 (CCCT*LO*AAT)

Z+AAI=ART

9€Z 31 DD taQviN02°721)41

RO0DD00 LLL2LLLL L)Y L SNV CART)LST =271
BOCCODOLAZ LALLM LE L LI NV (D) ATV L=HY LW
T=AA]1

"N3I142 SSEDD0v WINVY
SHL 9534 ST 203D oNiIwDINa4 THL

SOuOmM 0716 J0233)X3 Gl 030034 M)17v

dSd NV JOMI2d SLINIDd A¥UIND SV 124 NI 7% ey ZSTHL

‘821 B!

CCUGIIY ALINAANDD INY VI 637z
Viv] G271

SNJ311dT 30Mm

INIOd AYINT 12 12+

GHvZ JL 29 (¢ i tw) 41

02 CSL 39 (L3 Adinydl

cvZ 3L 23S 0 41

dL®aINV(T) h AL

3714 ONISSZ00de 1NdinND G1 NITLIVAYIINT 23107728 AdT
00t Ji 390615719141
,LT.; = H
(826421454 7y D

“€3dvL 1 Z34vi ad¥d4 131237:S

01T 21 39

COL 0L 20{aVINIT 20" IXANHLX TN II
(LXINSCLIX3IT)ITIBYL(I) 36V L) LXITIY 119D
SAINTLINDIENS 43 STvNMILY S A4SILYS

o¢?

ae?
nee

07z

01

nnz

NTLINCY Ad02

3¢

*

%

* i

*

*

ELE I R A R

3

IV TR

(S TR BN}

LA

126000
112000
Qr2di900
£12000
£L2000
0rende
172000
$32000
232000
L572020
262000

<

O —~ N
RN R

g
Do

DD 2
DOOD

NN N

A XAV
nyeZOan
2009

GE2000
2e2020
eze00n

13



G171V
41707V
41747V
gId1Lv
gI{v
4171V
81117¢
dliiiv
817341¢
¥I4v
CREFRAY
dITLV
gI71v
g1ilv
Bi11V
gI1111v
G117V
$I1L7V
dI747v
gilLy
gI17v
41711V
g41111v
GilLv
dINLY
gI1L7v
vl
a1ty
41747V
5117 ¢
glILIYV
gI7L3V
8171
gI7LV
g174¢
gITLV

g1 117V
8111V
81317V
g1y
81711V
g1 1L¢

81747V

0T L 09 (L2 aviw) ONy (2 3601 ! ARG R I B ¢
t1e 3L SRCOVLA) 2]

L1 ONT AL} ITaV =avin

GZ Nt (ATISIETL={A1)37a¢] (NS0 vnl1) 41
ATE4TOE (AT ONT*(AT)TI991) 4]
71=A1

T=2A1=AA1

1-771=271

(AR )Y 2MRg =(777) 9y )
43Ls0avisi=r 07¢ 00
T-4v1411=771

G1ST=AA1

Y1=-9v]aAT=71

SeCANIVILINT®*°378VL NI NDTLISAOG 200k S1=771
ATIVILINT 6487 40 NITLISOg LSV SI=AAT

*3YCLSYIAC JTOAY 04 L4ST4 0L NITLITS2d ISV A2#4 ST FAINM

SNIIIVAYOINT ARYNETT v SNINIVINDD YLVY JANW
T+9y1ST1-83187=X1]

GLST=%41S7

T+VIST=9v¥LST

-dN 1S¥1)3T8evL 0p 318 0L T+vis ZAOW

NoE 21 39 {AsTOITNDGINII

n1s UL ne

(I)WIAONT = 1T

WY H9Idd STHL ¥O4 N3TLD2273S 533LY3IONT 1

32123135 1DN SZLI?O013INT O

AV 43A2 AMyWIdd A" Q3102735 3NILNOM SZLYIIGNT €
AVTIYIAD NIvW AB Q312273S INTINOY STLVOIONT L

(AN Jngte)30M 11vD
(NYT4ONTS4NESNNT)ISHOY TS 19D
27=(2) 9N

AN INAY 7Y D

X IANT HOE) WYYy VD
€7 L 79

CH+AAT =AAL
(ONT44NG*E 003> 1TV
{(NAT*ONTS4NE 4NN SATVIY T79)
GIT=(F)INT

*M0TIHIAD T

i8]
-~
m
<1
-

LE

4

510030
Zrenne

£I3END0
Gre00n
1580090
LGEONN
25e00°0
LyeEnto
IHE0D0
HH5E020
rheENDD
heaon

NHeD00
cee0ne
HeeN?0

(o8 Biad

D
3D Q

~ NN
N Y M)
faal
o3

H2e0co
rzeeon
L1000
918039
12000
Y1020
zieoonn
LOEDDO
»32¢000
coenno

14



g17Lv
21747V
81747y
8171y
g1y
S1LY
14y
1LV
51117V
917417V
8I711v
4111V
417407V
g1y
417117V
a1V
41741V
91717V
glTity
g17Ly
41717¢
811y
81717
g1713v

aN3

NENED

INNTLINGD

(323¢71)eS%8 119D

(A9E“T )4+ 177D

12¢ 01 79

(ONT4NGT)oOm TIvD

89T=(€)INT (T°Ca°(2)1ONT) 4]
#aZ={7 )4NT

3g 2L D) (AL LLLL D3 aNT) 4]
(ONT44NYLE)I o T1¥)D

(82341 )d4S¢ 1Y)

G9¢ 1 09 (C*nTS) 4l
(U254€)dSe IvD

(GeCee)dSe Ty D

. TAAONEY 7% D

MOTSMIAT 330 HOZ )N T» TTYD
T 71 09

Z0F D1 D2 (eYIAITTL*AT)A]
(AT)YNENINTI=AT

ALY (K] )3CVLI=(A] )24V
a1e 01 09
SO00202LLLLLLIELLLLLL ANV LATINZNBY L=( A1) 273V
G0t CL 09 €(T*3aN*g01 ) aNe (T2 vNI 1) 41

N
D
~

¢

19¢

2L%DI30
935000
934090
#3%000
29%000
13%020
365000
£5yonn
13%000
LyH00N
L6000
Z2hE000
T»%320
LexD0Nn
CEHQOC
HERNDO
ceHrnon
1£%020
125000
575000
Tennno
078030
91%000
La%002

15



Subprogram RDECK

RDECK is a FORTRAN function. Its parameters are the logical unit number {LUN)
to be used and a position in TABLE to begin storing‘data. The primary job of RDECK is
to compose a table of PIDL, ENTR, and LINK names. This procedure starts with a call
to RCI to read one logical record. If this record is from FILEL, it is output on FILES.
If it is from FILE2, it is written on the RANDOM ACCESS FILE. A flag is then made of
the code number and word count for the first table in this logical record. A slight
- digression might be in order here. The deck of a subprogram as it is output from
COMPASS/FORTRAN and most other language translators comprises one logical record.
Each record consists of a number of tables. Each table is preceded by an identification
word which specifies to the loader the procedure to follow in loading the table. The iden-
tification word has the following format:

CN wC LR L
59 53 47 35 26 17 0

CN - Code number identifying type of data in table (PIDL, ENTR, LINK, etc.)
WC — Word count in table (excluding identification word)
LR — Method of relocation for the load address

L — Load address

The code number (CN) identifies for RDECK the three tables of interest in each
logical record: a CN of 34 identifies the PIDL table, a CN of 36 identifies the ENTR
table, and a CN of 44 identifies the LINK table.

The LINK entries are also commonly called externals. As they are gathered
together by RDECK, these names are put in a table with the following structure for each
logical record:

(1) PIDL name

(2) Number of entries
(3) Number of externals
(4) ENTR names

(5) LINK names

The word count (WC) is used to index through this logical record from one table to
the next. Control is returned to ALTLIB after each logical record is searched with a
true condition set. A false condition is set if an EOF has been sensed.
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RDECK checks for overlay records and segmentation records.

When they are read,

they are written onto the output file (FILE3). RDECK then reads the next logical record.

An RDECK flow chart is presented in figure 5, and the subprogram listing follows.

RDECK

ICN=B(6)
IWC=B(24)

CALL WCO
(WRITE FILE
TO FILE3)

RETURN’

SET INDEXES
FOR RANDOM
FILE ADVANCE

CALL
WRITMS 1
(MAKE RANDOM)

CALL 10VLN
(OVERLAY)
TYPE

] RETURN

EXTERNALS

Yes
20

IF ICN=36

Figure 5.~ RDECK flow chart.

®

TABLE(1)
= BUF

GO TO

®

STORE
EXTERNALS
TABLE (3+L)

GO TO

SET MID-
WORD INDEX
J=5 OR J=10

ENTRIES
TAB
(3+1+K)

GO TO
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Subprogram RCI

RCI is a COMPASS subprogram that initiates all file action requests for the
ALTLIB program, except those for the RANDOM ACCESS FILE. RCI calls the Circular
Input/Output (CIO) subprograms to complete the file action requests, To carry out its
purpose, RCI has three entry points:

(1) Entry point RCI is for reading information into the common buffer BUF. CIO
issues a binary read function code 12B, the B indicating octal representation. The
parameters for this entry point are LUN, which is the logical unit number; BUF, which
is the first word address of the buffer for data read; and LNG, which will contain the num-
ber of central memory words read and indicate whether the read is complete.

(2) Entry point WCO is for writing data from the common buffer BUF. Its param-
eters are the same as those for RCI except that LNG is a three-element array. LNG(1)
is length if LNG(3) = 0. LNG(2) is 1 or 0 depending on whether or not the write is com-
plete. LNG(3) is equal to 0 if no End-of-File is detected or is equal to 1 if an End-of- .
File is detected. LNG also contains the CIO write function codes (16B or 26B). A 16B
code writes full PRU's. A 26B code writes available information terminated by short- or
zero-length record to indicate End-of-Record. (See ref. 1, p. 3-29.)

(3) Entry point BSP is for the file action requests for BACKSPACE, REWIND, and
WRITE EOF. Its parameters are LUN, which is the logical unit number, and LAC, which
is the file action code to be used.

- An RCI listing follows.
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Subprogram IOVLN

IOVLN is a COMPASS function that decodes an overlay identification record. The
parameter passed to IOVLN is the first word address of the overlay record. IOVLN
returns the following information to the calling program:

IOVLN =0 indicates a main overlay record decoded.
IOVLN =1 indicates a primary overlay record decoded.

IOVLN = 2 indicates a secondary overlay record decoded.

An JOVLN listing follows.
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Subprogram INCREM

INCREM is a FORTRAN function that calculates the TABLE location where the next
PIDL name will be stored. INCREM is equal to the present index + 3 + number of entries
for the last logical record + number of links (externals) for the last logical record. The
parameter passed to INCREM is the present PIDL name location. .

An INCREM listing is presented on the opposite page.
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Subprogram ADDEXT

ADDEXT is a FORTRAN subprogram. Its parameters are TABLE (I), TABLE
(IEXT), and NEXT. TABLE (I) is a location in TABLE that specifies the beginning of a
list of EXTERNALS to be operated on. TABLE (IEXT) specifies a position in TABLE
where a list of EXTERNALS will be stored. NEXT is the number of externals found. The
purpose of ADDEXT is to make a unique list of all externals to be satisfied and mark sub-
programs as selected for subsequent merging with the user's binary program file. A call
to ADDEXT is made only when the user program needs this subprogram. When ADDEXT
is called, it puts a 1-bit in the rightmost position of the PIDL name entry. ADDEXT then
searches the list of EXTERNALS for this subprogram. If there are any externals that
are not on the list of TABLE from TABLE (IEXT) to TABLE (IEXT + NEXT), these exter-
nals are added to the list and next incremented by the number found. The list is composed
from the user's binary file program and selected subprograms.

An ADDEXT listing is presented on the opposite page.
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Subprogram CHARS

CHARS is a FORTRAN subprogram that was written as an interface to subprogram
STRING. This subprogram is needed to position words of the LINK table properly. LINK
table names can be split between two words in the following manner:

LINK name QS8ENTRY

Word 1 Q|8 |E|N]|T

Word 2 R|Y

CHARS puts them into one word (B) in the following format:

B=|Q|8|E[N|{T|R|Y

The parameters for CHARS are A, B, I, J, and N. A is the first word address of
the array from which data are removed. B is the first word address of the array to which
data are moved. Iis the byte position in A from which the first bYte is moved. Jis the
byte position in B to which the first 'byte is moved. N is the number of bytes to be moved.

CHARS is written in a general form, but for the present purpose I is always of the
form 1, 6, 11, 16,26, . . ., 5(-1) +1,. . .; J=1;and N=10.

A CHARS listing is presented on the opposite page.
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Subprogram STRING

STRING is a COMPASS subprogram that moves a string of N bits. The first bit
moved is the Ith bit of A. It is moved to array B starting at the Jth bit. I and J are in
the range 1 to 60. STRING is written in a general form, but for this problem, N = 60,
J=1,and I=1to 31.

The parameters are A, B, I, J, and N. A is the first word address of the array
from which data are removed. B is the first word address of the array to which data are
moved. Iis the bit position in A from which the first bit is moved. J is the bit position
in B to which the first bit is moved. N is the number of bits to be moved.

A STRING listing follows.

-
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Subﬁrogram EXOR

EXOR is a COMPASS function that performs an exclusive OR between the two items
specified in the parameter list. EXOR is equal to the result of the exclusive OR,

An EXOR listing is presented on the next page.
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Subprogram WORDS

WORDS is a COMPASS subprogram used to check and set default parameters of the
program call card (control card for ALTLIB operation). This task is accomplished by a
check of informationin RA + 70 to RA + 77. An example of the control card for
ALTLIB is ALTLIB (LGO, TAPEX, TAPEY). LGO is the user's binafy program file.
TAPEX is the alternate library file. TAPEY is the object load file.

The default parameters for this card are as follows: LGO for user's file, BNFILE
for library file, and LGO for object file (user's file and selected subprograms). WORDS
has one parameter, LLGO. LLGO is set at 0 if the object load file will not be the user’'s
file, and it is set at 1 if they are to be the same.

The following are examples of acceptable variations of the ALTLIB control card:

ALTLIB.

ALTLIB (LGO)

ALTLIB (LGO, BNFILE)
ALTLIB (,TAPEX,)

ALTLIB (,TAPEX, TAPEY)
ALTLIB (,,TAPEY)

ALTLIB (LGO,,LGO)

ALTLIB (LGO, TAPEX, LGO)
ALTLIB (LGO, TAPEX,)
ALTLIB (LGO, BNFILE, LGO)

A WORDS listing is presented next.
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Subprogram CRE

CRE is a COMPASS subprogram that creates the File Environment Tables used in
ALTLIB, The File Environment Tables are created to facilitate the use of a common
data buffer for all files and to use less storage. All four files that are created by CRE
have the same buffer area BUF.

A CRE listing follows.
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Subprogram ILSHFT

ILSHFT is a function written in COMPASS. Its parameters are BUF and N. BUF
is a word that is shifted N bit positions in a left circular direction. ILSHFT is used as a
positioning technique prior to masking. ' '

An ILSHFT listing is presented on the opposite page.

48




8171V
CRE L
81717V
8171V
gILTv
g17Liv
g1y
gILv
9171V
41747V
8111V
8171V
g1V
8171

S3IN3I¥3I43y ¢
ST0EGWAS 1

SANJJ3S 0%T1°0
SINIWILIVLS »1

11NS3y¥ SVH 9X

14IHS C1 QYoM

INNGD L141HS

ANNQD L3IHS 40 SS3IYQJV

NOILVHIdC ONINSVYA V¥

41 IM ATIVWYIN J3SN ST L1 *NOILISOd Q3IJ411SNF 1HOIY

v NI vivd LNd OF L14IHS ¥vINOYIJ 1437 v .S1 14HSTI
ANLIN3I
IN301

144571
extes
19

X

29

0

14HSTI
13HS

A18W3SSY 0043
3351 39VHOLS

aN3

03
9X1
(42
€9S
1vs

viv) 13dHSII

3# 3 % ®

ooele

+ 02900000%0
Zz322
ND129s
0T1EE9
02135
03202000920000000000

a2

—

49




S S S S SRS R C P TN PRy  PIURTOR LI DR RN AR ST SETLI
’ o PROGRAM USAGE !
Requireménts ‘and Performance SN
The program ALTLIB requires 37 400g central memory words of storage

On the Control Data series 6600 computer,system, ALTLIB:uses 15 to 60 seconds
of elapsed time for most jobs. The following time summary is taken from jobs used in
the development of ALTLIB and can be used as a guide to expected performance:

Parameter Case 1| Case 2 | Case 3 |
Number of overlaysinjob ... .. ....... 6 22 i
Number of subprograms in library . . . . .. . . *11 *11 |7 o0
Elapsed time, SeC . « « & e e e e e e e e e 25 44 40

*The length of some of these subprograms was above average (50008 to
30 0008 central memory words). :

Control-Card Operation
The program 'ALTLIB is called into operation by a coﬁtrol card. The control card
has'three parameters: the'user's binary.file, the alternate library file, and the object - -
load file (user's program and selected subprograms). The default values for'these .

parameters are LGO, BNFILE, and LGO, respectively. The accepted delimiters for the -
ALTLIB card are standard SCOPE, delimiters.

- The following'are:acceptable forms of control-card calls:
L ALTLIB: 2 -
Felie CALTLIB (LGO) e
ALTLIB (LGO, BNFILE) - .
ALTLIB (,BNFILE) . P
CALTLIB.(LGO,,);. . ., . ... e
ALTLIB, (,TAPEX,)
ALTLIB (, TAPEX TAPEY)
T':ALTLIB (,,TAPEY) )
ALTLIB (LGO,,LGO)
ALTLIB (LGO, TAPEX LGO) )
1% ALTEIB (LGO; TAPEX,)." .~ T RN A
4 s ALTLIB (GO, BNFILE, LGO) ¢ -
.. ¢ALTLIB (LGQ;-TAPEX, TAPEY)

Tt
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The following sample demonstrates the use of ALTLIB as it might appear with a

group of control cards:

JOB,1,200,60000. P0008

90930

USER, DROZDOWSKI JOSEPH M

RUN(S)

FETCH (P0094,SPRAO1 BINARY) b _— Tl oades

ALTLIB (LGO, BNFILE, LGO) -
SETINDF.

LGO.

EXIT.

DMP(FL)

. T8g

Error Messages i e Dk

Messages indicating errors are defined in the following list:

Message

LIBRARY TAPE CONTAINS NO DATA.
PLEASE CHECK. ALTLIB IS ENDING
WITH NO CHANGES TO YOUR FILE.

TABLE OVERFLOW

PERIOD OR PARENTHESIS MISSING
FROM LOAD CARD

READ ERROR

INDEX TABLE OVERFLOW

Def1mt10n

The file. supphed as parameter 2 of ALTLIB
call card is blank. Check-out this file.

) =

Table storage has beeii éxéeeded. - User pro-
gram, is not able to use ALTLIB in present
form because of lack of storage. This
problem is caused by exceeding storage
‘when adding PIDL, ENTR;.and EXTERNAL
data or when forming the unique
EXTERNALS:list in ADDEXT.

Incorrect parameters on ALTLIB ‘card; see

d13cussmn of program usage
G RO A

This 1s a message caused by system malfunc~

N tion.‘ It should never appear under normal

runmng cond1t1ons L
I TP

‘_L1brary cannot exceed 500\‘subprograms

This is an arb1trary program limitation
chosen when RANDOM ACCESS' FILE
parameters were set.
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Restrictions
The following restrictions are 1mposed

(1) Central memory storage for tables of program-identification, entry, and external
information is limited to 60001 words.

(2) The alternate library is limited to 500 subprograms.

(3) The following file names cannot be used for requested files m the uSer's pro-
gram when using ALTLIB:

FILE1Q
FILE2Q
FILE3Q
ALTL95

GENERAL INFORMATION

ALTLIB is run at NASA Langley Research Center under a modified SCOPE 3.2
system. ALTLIB should run as specified under any 6000 series operating system that
Control Data Corporation (CDC) now has in use.

There is one instruction (XJ) appearmg in Subprogram RCI that is a CDC option.
It is used at locations 15, 47,Aand 62 in RCI. If an installation does not have this opt1on
these instructions should be removed. The necessary code is in RCI to run with these )
instructions removed. If XJ is in the system being used, this code operates in a pa'ssivé
manner,

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., November 24, 1971.

REFERENCES

1.,,:Anon_,~: Av'Control Data 6400/6500/6600 COmputer Systems SCOPE 3.1 Reference’ Manual.
Publ. No. 60189400 A, Control Data Corp., Feb. 1968.

2. Anon,: Control Data 6400/6500/6600 Computer Systems FORTRAN Reference Manual
Publ No. 60174900 Revision C, Control Data Corp., ¢.1969.

52 NASA-Langley, 1972 — 8 Li-8024
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