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DISCLAIMER

Although each program has been tested by its contributor,

no warranty, express or implied, is made by the contributor

or any User's Group, as to the accuracy and functioning of

the program and related program material, nor shall the fact

of distribution constitute any such warranty, and no responsibility

is assumed by the contributor or any User's Group, in connection
therewith. '



Sort Subprograms for the IBM 1130;
Quickersort, Disksort 1 and Disksort 2

Robert N. Kubik

The Babcock~Wilcox Company
1201 Kemper Street

Lynchburg, Virginia

March 21, 1967

Modifications or revisions to this program, as they occur, will be
announced in the appropriate Catalog of Programs for IBM Data Processing
Systems. When such an announcement occurs, ‘users should order a
complete new program from the Program Information Department.



PROGRAM ABSTRACT

| 1. TITLE (If subroutine, state in Title): QSORT, DSRT 1, DSRT 2 ( 3 subroutines)
Subject Classification: 06, ]

2. Author; Organization: Mr. Robert N. Kubik, The Babcock-Wilcox Company

Date: 3/26/67 Users Group Membership Code:

3. Direct Inquirics to Name:_Mr, Robert N. Kubik, The Babcock-Wilcox Company

1201 Kemper Street, Lynchburg, Virginia ~ Phonc:703 846-7371
4, Description /Purpose: (5. Mcthod: 6. Restriction/Range; When Applicable):

7. Specifications (Check or fill in appropriate spaces):

a. Storage used by Program:_4K, 8K, 4K, respectively

b. Equipment required by program: Card ; Magnetic Tape ;  Number of
Drives ; Paper Tape ; Disk File 2&3: Number of Drives ; TNS, TNF,
MF, ; Auto divide ; Indirect addressing ; Floating Point Hardware

; 1620 Model I ; Model II ; 1443 Printer ; Index Registers___ ;
Binary Capabilities ; other (specify)

Can program be used on lesser machine? NO Specify which requirements can
be easily removed

¢. Programmed in: Fortran without Format ; Fortran with Format :
Fortran II ; Other Fortran (specify) ; SPS (specify assembler used)
; Other (specify) 1130 Fortran

~d. Type of Program: Mainline, Complete ; Subroutine X ; If subroutine, for
use with SPS (specify type of SPS) ; Fortran (specify type of Fortran
; Other (specify)

8. Additional Remarks:
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Program Abstract

DECK KEY
Three sort subprograms are included in this report. A FORTRAN version

of Algorithm 271 Quickersort, published in CACM, vol. 8, No. 11, Oct.,

Deck # 1965, by R. S. Scowen; which is a very fast internal sort for randomly
distributed keys. It is herein called QSORT. It requires minimal storage,

1 FORTRAN  deck QSORT cards 1 - 110 i.e. storage for the records to be sorted plus one record. Run time in

2 FORTRAN  deck DSRT1 cards 1 - 168 favorable cases can be approximated by:

3 FORTRAN  deck MAINL cards 1 ~ 30 1.3

4 Sample problem input cards 1 - 7 ( number of records) = run time in seconds,

5 FORTRAN  deck DSRT2 cards 1 - 94 T 80

for instance 1200 records of two words each were sorted in 30.4 seconds.

However, unfavorable key distribution can result in substantially longer run

time. Cases have been observed where the exponent in the above formula
card sequence numbers are in columns 76 - 80 approaches 1.9.

DSRTI is a disk sort for files exceeding core storage available. It uses
)V’ /,QSOT(T to create ordered strings of data. Then a series of passes are made
which can best be described as combining the logic of pair exchange and
\ merging. DSRTI requires 2560 plus the number of words in a record, words
- of working storage. Run time is approximately

2
{number of records) X number of words/record = run time in seconds.
10,000

DSRT?2 is a disk sort for files exceeding fast storage size available. It
is a direct application of the same algorithm as QSORT. It requires 1632
words working storage, thereby minimizing storage requirement. In all cases
tested to date it has proven substantially slower than DSRT1. It is possible,
however, it would prove to be faster than DSRT1 on relatively large files
with large records, (80 words per record or more) .

These sorts are intended for sorting keys and tags (e.g. record numbers)
so that one can find records in a larger file in proper sequence for updating
or report preparation. They can, however, be used as any sort routines
would be - provided the records have less than 321 words/record; the keys
are integers and are grouped in major to minor sequence as the first items of
each record. Suggestions are included for circumventing this restriction on
the keys and for speeding up these routines. These subroutines should be
suitable for the IBM 1800 although they have not been tested on that machine.
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This program and its documentation were written by

Mr. Robert N. Kubik, { the Babcock-Wilcox Company,
1201 Kemper Street, Lynchburg, Virginia, 703 846-7371).
They have been submitted to the Program Information
Department for general distribution in the expectation
that they may prove useful to other members of the data
processing community. The program and its document-
ation are, essentially, in the author's original form and
have not been subject to any formal testing. IBM only
serves as the distribution agency in supplying this
program. It is the user's responsibility to determine
the usefulness and technical accuracy of the program
in his own environment. This program is not part of the
Programming Systesm(Type I) and Application Programs
(Type II). Questions concerning the use of the program
should be directed to the author. Any changes to the
program will be reflected in the appropriate catalog of
programs; however, the changes will not be distributed
automatically to users.

USER INFORMATION

Purpose: QSORT is an internal sort for files which can be held in core
storage. DSRT! and DSRT2 are for files exceeding the size of available
core storage.

Advantages: QSORT minimizes working storage and is very fast for randomly
distributed keys. DSRTI is relatively efficient. DSRT2 minimizes working
storage requirement. Sorting large files is awkward at best on a one disk
system. Usually the most efficient solution is to sort only keys and tags
(e.g. record numbers) and then access the file in its existing order by means
of the table so generated. These subroutines appear to be adequate for that
purpose.

Method: QSORT and DSRT2 continually split the file into parts such that the
keys of all records in one part are less than the keys of all records in the
other part, with a third part in the middle consisting of a single record. A
record with key t is chosen arbitrarily, i and j are the lower and upper
records of the segment being split. After the split has taken place the gqth
record will have been found such that the key of the qth record is t and the
key of the Ith record £ t & the key of the Jth record, for all i and j such that
i€1< g<J<j. The program then performs operations on the two segments;
the ith thru (g-1)th records and the (q+1)th thru jth records as follows. The
smaller segment is split and the position of the larger segment is stored in
the 1t (lower temporary) and ut (upper temporary) arrays. If the segment to
be split has two or fewer elements it is sorted and another segment obtained
from the 1t and ut arrays. When no more segments remain, the array is com-
pletely sorted.

DSRT1 first sorts groups of records of approximate cylinder size by use of
QSORT. It then handles the file in groups of records of approximately one
half cylinder size. It makes successive merge passes merging the second
and third group, the fourth and fifth group and so on; and then merges the
first and second group, the third and fourth and so on. These merge passes
are alternated until the file is in order.

Restrictions and range:

-number of records € 32,767

-number of words/record £ 320

-keys numeric, the first words in the record and in _rg_a)om mi—g_gr sequence
=S50 1le 1 as delined in RAN DE FILE statement _—
-integers are considered to be one word each

-6 -



-in QSORT and DSRT2 p is the position of an arbitrary record in the file. The
best value of P is one which splits the segment into two halves of equal size,
thus if the file (segment) is roughly sorted, the middle element is an excellent
choice. If the file (segment) is completely random the middle element is as
good as any other. If, however, the file (segment) is such that the parts
i....p and p+1..j are both sorted the middle element could be very bad.
Accordingly in some circumstances P = (i + i)/2 should be replaced by
p=(G+3xj)/40r by a p selected at random. The method of selecting p used
in these routines will prove to be best in the majority of cases, however.

Program Requirements: These subroutines as distributed are designed for use
within FORTRAN programs operated under the 1130 Disk Monitor System.
QSORT requires a 4K machine only, although the more space that is available
the larger the file that can be sorted. DSRTI requires 8K storage and a disk.
DSRT2 requires 4K storage and a disk.

Timing: In QSORT the number of words in the key influence run time very
little; the number of words in a record somewhat more, but not substantially.
The largest effects on run time are the number of records and the distribution
of keys. A number of cases run with random key distribution have exhibited a

1.3
( number of records) = run time in seconds,
80

typical of these cases are the following:

number of records  words/record words/key time
300 2 2 5.4 sec.
600 2 2 12.3 sec.
1200 2 2 30.4 sec.

Under certain circumstances run time can be substantially longer (see
Restrictions and Range) in fact series of cases have been observed which fit
the expression:

1.
(number of records) 9 = run time in seconds.
80

Run time for larger records (say eight words or more) will be underestimated
by this formula.

DSRT1 timings can be approximated by:

{number of records!2 - number of words per record = run time in seconds.
10,000

Run time for large records (say eighty words or more) will be underestimated
by this formula.

DSRT2 took longer on all cases run and no formula for predicting time has been
derived. It is conjectured however, that on large files with 80 or more words
per record it may prove more efficient than DSRT1. Some cases which have
been timed follow.

records words/record DSRT1 DSRT2
128 80 202 sec. 230 sec.
250 20 120 sec. 315 sec.
1000 7 730 sec.
-8 -



Program Modification Aids

All coding which compares keys has been Surrounded by comment cards
With *#*%4% op them and text explaining "insert your own code for non numeric
keys or keys which are not the initia) words of the record - from here . .. .-
to here.*

An assembly language version of QSORT would be worthwhile and
should improve the speed of that routine by a factor of two. The algorithm
should be clear from the FORTRAN code listing and flow chart.

DSRT1 and DSRT2 sort FILEl. This could be changed by changing the
file number in the disk read/write statement.

Ingut—Othut Description

QSORT is called by -
CALL QSORT (NREC, NWREC, NWKEY, A, T)
where NREC is the number of records
NWREC is the number of words/record
NWKEY is the number of words/key
A is a one dimensiona] array containing the file to be sorted
Tis a working storage array of NWREC words.

DSRT1 is called by -
CALL DSRT1 ( NRFIL, NWREC, NWKEY, ARRAY, TEMP )
where NRFIL is the number of records in the file
NWREC is the number of words/record
NWKEY is the number of words/key
ARRAY is a 2560 word array for working storage
TEMP is a working storage array of NWREC words
it leaves the first NRFIL records in FILE 1 sorted in ascending
sequence.

DSRT2 is called by -
CALL DSRT2 ( NREC, NWREC, NWKEY )
where NREC is the number of records in the file
NWREC is the number of words/record
NWKEY is the number of words/key
it leaves the first NREC records in FILE 1 sorted in ascending
sequence.



Sample Problem References

A driver program called MAINL is included with the deck distributed. ©20-1639-0 Sorting Techniques, IBM Data Processing Techniques.
It reads test data, creates a file and prints it, calls DSRT] (which calls . :
QSORT) and prints the sorted file. This same driver may be useq for Hoare, C. A. R. Algorithms 63 and 64. Comm. ACM 4 (July 1961), 321.
DSRT2 by replacing the integer statement with INTEGER ARRAY (2560) and . , . . .
the call statement with CALL DSRT2 (NRFIL, NWREC, NWKEY) Hibbard, Thomas N. Some combinatorial properties of certain trees with

applications to searching and sorting. J. ACM 9 (Jan. 1962), 13.

Hibbard, Thomas N. An empirical study of minimal storage sorting. Comm.

Operating Instructions ACM 6 (May 1963), 206-213.

Scowen, R. S. Algorithm 271 (QUICKERSORT} Comm. ACM 11 (Nov. 1965),

Illogical branches in DSRT! result in a stop at PAUSE 1. If this occurs 669-670.

something is wrong with the machine or the program.

-11 -
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Systems Material

Statement numbers from the FORTRAN code ap,
box in these flowchart

have the same logic a
pose no difficulty.

pear above the appropriate
$ as a cross index with the code. QSORT and DSRT2

nd the interpretation of that flowchart for either should
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PAGE 01
L NAME QSORT Co0e
- ONE WCRD INTEGERS ' ud03
+ LIST ALL . 0004
PAGe G2
SURROUT INE WSORT (MREC o NWREC »i{WKEY s AT ) [N
C QUICKSORT ALGORITH 271 CACM VOL 8 N0 11 wudo
C NREC IS THE NUMHER OF RECORDSY RwKEC 1S THE NUMBER [
C OF wORDS PER RECURDs NWKEY 1S THE NUMBER OF iORDS Soui
< PER KEYs A IS THE ARRAY OF RECORDS WHICH TAKES PN
C NREC#NWREC WORDSs T IS WURKING STSRAGE OF WWREC WORLS Yelv
C NREC#NWREC WORDSs T IS WORKING STORAGE OF NWKEC WORDS Luil
INTEGER A(32767), UTE15)0LT(1519T(16383)eWsPoX 2012
M=} . . LVuls
I=) wula
JeNREC yuls
C N Uulo
1 IF(U=1=1110,10411 . Uul7
11 Peiy+ 1)/2 Sule
NP= (P=] | #NWREC+1 voLlY
Nl=(l=1) #NWREC+] . (VP
DO 110 Nal NWREC vJ2l
T(NI=A(NP) . Luae
AINP)=AINT) Ju2i
NPaNP+] Juis
110 NisaNi+l Juds
Quy Jueo
[l=l+ ] Cae7
D0 2 K=11,Q Va2
Co#uusuINSERT YOUR OWN CODE FOR NON NUMERIC KEYS Quey
CHunuu0R KEYS WHICH ARE NOT THE INITIAL WORODS QJ:¢
CHannu0OF TIHE RECORD =FROM HERE PIEDY
NK® (K=])#NWREC+] Co3¢
DO 130 Ne)yNWREC Cu3ls
IF (A(NKI=T(N)12+130913 Qv3a
130 NKahK+1 : CO3s
GO TO 2 vJ36
Conunn =TO HERE Co37
13 IF (U=K)14415415 ' CJ3e
Cuw®®[NSERT YOUR OWMN CODE FOR NOn NUMERIC KEYS . 0V39
CH###40R KEYS WHICH ARE NOT THE INITIAL WORDS VRIS
CHn®4#0F THE RECORD =FROY HERE , vusl
15 NQ=(U=1)#NWREC+] IV
DO 150 el yNWKEY Uos3
IFCAINQI=T N 174150016 Cosea
150 NOmiu+l wibh
- GO TO 16 J046
Counnn =70 HERE Jue?
17 NK®(Ke1)#HNWREC+H] Cobo
NQw (U=]) #NWREC+] ok
00 170 K=lsNWREC 0050
X =A{NK) [VISL- 9%
A(NK ) =ALHQ) ube
Al{NU)=x ’ Jo53
NK®K+]1 . PRLTA
170 NO=NO+1 ' UuS5
NuQ=1] Ju56

60 10 2 : 0vs7
/¥



16 Qay=1
GO TO 113
14 GO TO 3
C L
2 CONTINUE
c v :

w

Nl=(l=1) ®*NWREC+1
NQ= (U=1) #NWREC+1
DO 300 Nm1yNWREC
A(NT)sA(NQ)
At =T(N)
NlaM]+l
300 NQ=NU+)
JFL(2#0)=(1+ J)118418y19
19 LT()=t
UT(M)=g=]
Lag+l
GO To 20
18 LT{M)ag+],
UT(s) ey
Jag=]
20 MaM+]
GO TO 1
10 IF(I=J121vb44
Cos2e®[NSERT YOUR OwN CODE FOR NON NUMERIC KEYS
Conaen0R KEYS WHICH ARE NOT THE INITIAL WORDS
Cos®Ra0F THE RECORD =FROM HERE
21 Nlm(l=1) #ANWREC*]
NJ =(J=]1)®wREC+]
DO 211 N=]1yNHREC
IF TALNT)=AINJS) }44210022

210 NiIwnMI#4]
211 NJsNJ+)
GO T0 ¢
Coanne «T0 HERE
. 22 Nls([=1) #NWREC+]

NJ ®{Je1)#NJRECH]
D0 220 NelsNWREC
X =A(N])
A(NI)Y=A(NJ)
A(NJ) =X
Nisylel

220 NJsNJ+]
[

4 Mat'e]

IF(¥)126426492) .

23 IeLTi(w)
JRUT (1)
GO TO 1

24 RETURN
END
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SUIQUT I E USRTLE 4F [L o REC1-ivKLY s ARRAY ¢ TEIZP )

C A SUSRUUTINE art1CH SURTS (it ASCENUING
< SCQUENCF) Tt FI9ST \RFIL RECURDS
C OF WREC &ORDS LACH §u FILE le
[ ARTAY IS A CORKING STORAGE YECTOR OF 2560 wORLS
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INTEGEN FILAGLoFLAG2 s ARRAY (2560) e TEMP (3201
NRSFC s 320 7 NWREC .
NAHP e HSEC * &4
ARR m MRSEC # &
C 1 COUNTS HECORDS I°: THE FILE
[4 J COUKTS RECORDS [ A HATCH
4 K COUNTS #ORDS 1's A HATCH
C L CGURTS wORDS IV A RECORD
C 1 18 A CONTROL INDEX
C NLH POINTS TO RECOND IN LOWER HALF
C NUH POL..TS TN RECOND IN UPPER HALF
< KEYL POINTS TO A KEY wORD I NLM'TH HECORD
C KEYU POINTS TO A KEY WOKD IN NUH'TH RECORD
C N COUNTS wORDS [i KLY
4 PHASE 1 TRANSFORY FILE INTO ORDEREL
[ STRINGS OF NRR RECORDS
1 =]
el
FLAGL = 0
< "IORE AFTER THIS BATCHe
10 IF ((1=14NRS)=NRF () 12+11411
11 NREC & NRFIL = (j=]1)
FLAG ] = )
GI TO 113
12 NREC = NRH
13 17T =
C OREAD
GO TO 1ug
14 CALL GSORT (NRECINWREC oNWKEYsARRAY s TEMP)
I =7
4 OR1T
GO TO 110
15 COMTINUE
IF (FLAGL) 99410419
(4 PHASE 1 COMPLETE
< PHASE 2 SUCCESIVE “ERGE PASSES
19 l«nReB+]
FLAGl=O
FLAG2=0
Va2
C IS THIS A FULL BATCH +
20 IF(II=14+"RH)=NRFIL) 22921421
21 NREC®KRF [Lm=(]=1}
FLAG1x]
NRUHB®/RF [ L= ( [=1+{RMB)
C © OMLY OHE STRING +
IF (NRUMA) 26426423
22 NREC = .y
NRUHMBEARKNE
23 [T}
4 DREAD
7" A
4 EROF S FE

Coevo0 [ NGeENT YOUR Ou Y
Ces»

FoR % NUSERIC KEYS
T THE TNITIAL WORUS

OR KeYS .{ICH ANE

CRo8aanF THE KLCOWD =FRU - HENE

Cennee =TQ HERE

AnnAanA L TataTa)

[a R oW o N o Wa VW V2N

REYL®E [i\lrHe] ) 8N RECe]
KEYURORHH#MYREC+]
D) 25 N=)oNKEY
IF (ARRAY(KEYL )=ARRAY(KEYUY) ) 300299120
29 XFYLaKFYL+]
25 KEYUSKEY(le]

30 1= 1+ NRHISNRUHH
26 IF (FLALLI9,420427
27 IF (FLAG219946N42A
28 50 TO (99431419 ) em
31 e
FLAGlaU
FLAGZe0
Vu3
G0 T0 20
60 RETURN
99 PAUSE 1 . .
CALL EXIT
DREAD
ROUTINE TO READ FROY DISK STARTING AT
RECORD | NREC RECONDS OF NWREC
#ORDS EACH INTO ARKRAYs RETURN
INDEX 18 4
100 Ke}
X"l ARCC
VO 131 Ja)sAREC
READ (1'1) (ARRAY (L) sLwK¢XKM)
Iesfel
KaKeNVREC
101 KMeKk 4N REC
GO TO (16024924144
DyRIT
ROUTINE TO #RITE ON LISK STARTING
AT RECORD | NREC KECORDS OF NWRES
¥WORDS FACH INTO AMNAY, RETURN
INDEX 1§ ™
x

110
K=NWREC
VO 111 JeleNREC
WRITE (1°1) (ARRAY (L) ol oK oK™}
I=je) '
KeK+NWREC
111 K~ermenwREC
GO TO 15
MERGE
ROUTINE TO MERGE NHHB RECORDS
FROM THE LOVER HALF OF AKKAY
WiITH NAUMB RECORDS FROM THE
UPPER HALF OF ARRAY AND WRITE
THESE ON DISK STARTING AT
RECORD {+ NWREC W4OMDS PER RECORD,
NWKEY WORDS IN KEYy M IS RETURN INDEX
120 NLHse)

rhie e

ke
)
vt
sva?
wla
vJ0 s
wdiv
Yull
vole
-yl
vilé
wul$
wwif
Gui?
uvice
wuls
Ludi
DUPEY
Uvd2
wvea
a2
P74}
0o¢o
wuez?
T4
wIdy
ENEN
vl
vu3e¢
L3133
VU 3sa
w35
Vw30
Ca37
Culdas
Judy
uby
JGal
wwb g
ERTE
b
Juad
POLY-
FONDYS
wJbo
wvh)
[S¥L Y]
wibl
wus2
wu53
ALY
vJ55
CI56
vas7
visy
Ouby
CrLY)
0061
Cue2
V063
HOLYR
el
vol?
Juls
Ly
T,
ve1i
Jeld
el
YTt
>
w6
Y9,
vl
Uy
PRV RV
Y
GlYe
Lvbs
J0de
vJsh
Luz6
Cou?
vlee
wJey
UL9J
w9l
I
el
vk
vo9y
vv9e
wuoT
wuYe
uQ9oy

d101
viue
wlivd
0104
veldd
vedb
viv?
L)
viCy
“llo
J111
olle
Qlls
vlie
Slld
vlls
uli?
Jila
Qlly
vi2d
ol121
vizge
ol23



HUNS NI NWREC )
FLAG2w]
C COMPARE KEYS IN Two RECORDS
Couwna[NSERT YOUR OWN CODE FOUR NON NUMERIC KEYS
Creens0l KEYS WHICH ARE NOT THE INITIAL WOKkDLS
Cesses0F THE RECORD  =FROM WERE '
121 KCYL®NLH
KEYUsMUK
DO 123 Ns]l)NWKEY
IF(ARRA!(KEVLD-AR“AV(KEVU!)126.122-126
122 XEYL = KEYL4)
123 KEYU ®» KEYU+]
Cosone : «TO HERE
4 RECORD FROM LOWER HALF 1§ WRITTEN
126 NLHM®NLH+NWRECw]
WRITE (1'1) (ARRAY (L) sLeNLHINLHM)

lafel
. NLHSNLH+NWREC
[« ARE RECORDS IN LOWER HALF EXHAUSTED
IF{INLHM/NWREC ) =NRHE 11215128499
[ RECORD FROM UPPER MALF 1§ WRITTEN

126 NUHM = NUNSNWREC=]
WRITE (1']) (ARRAY (L) s LmNUN o NUHM)
I=le1
NUHSKUH+NWREC
4 ARE RECORDS IN UPPER HALF EXHAUSTEL
IF((NUHM/NWRECl-(NHUHSONRHB) )
11214129499
RUN OUT RECORDS [N UPPER HALF
128 NLIM = {NRUHB+NRHB ) eNWREC
NROsNUKW
GO TO 130
(4 RUN OUT RECORDS IN LOWER WALF
129 NLIV = NRHBeONWREC
NROsNLH
< RUN OuT
130 KROM » NRO+AWREC=]
WRITE (1'1) (ARRAY (L) yL®NRO yNROM)
laje]
NROSNROSNWREC
IF (NROM=NL IM) 130426499
< MERGE COMPLETE
END

VARTAHLE ALLOCATIONS .

FLAG1=0002  FLAG? 9003 ARSECa01)4  NRHH 20305
KEYL =330C  KEYU «00)D & ="JOQE K =JQOF
NUMM 30016  NLIM =0017 NRO #0018  NROM =001¢9

STATEMENY ALLOCAT]IONS
1n =074 1} =J007€ 12 =00RE 13 =0092
23 a00EF 24 =J0F5 29 =127 2% =J120
90 =016A 100 0160 Ifl w019B 110 =0180
"126 w026E 128 =02AE 129 =0280 130 e02¢8

FEATURES SUPPORTED
O0“E WORD INTEGERS

CALLED SUBPROGRAMS
USORT sunsC PAUSE SUBIN SDRED SDuRT

INTEGER CONSTANTS
320=001C 4=0010 .  8=001E 1=001F

CORE REVUIRENENTS FOR DSRTY
COMMON 0 VARIARLES 28 PROGRAM 738

E'D OF COMPILATION

NKH  =C006
KM =001
14 =0098
3 s0134 -
111 =0l0F

SDCOM SLIX

0=0020

1
o

15
26
120

®0)07
=5011

=00A%
20143
*0lEF

2=0921

PAGL uv3

Oles
0l2%
d1d6
ola?
Olas
0l29
Cil3v
Jiidl
Clae
0133
ulae
0l3s
V136
0137
Vlds
013y
0lav
dlal
Qlae
Gle3
Slea
Vlas
0140
Cla?
Clay
Jl149
0150
0151
Q182
Cl53
Ul5s
J155%
0ls6
0l57
0158
0%y
0160
0l6l
Oles
0l63
Vles
ulesd
0166

PAGE 04

M 0008
L

“(ole

19 =00A8
27 =0149
121 =0200

380022

NREC
ALM

20
122

=C009
=001)3

50080
s0l4F
=02¢¢

IR
hhuH

<l
31
les

=00CA
=001

=00C?
®0156
=02¢s

KRUHB= 0008
NLHM 20013

2¢  =0QET
60 =0)6§
126 =023

22



3

7/ pUP
*STORE

wS UA DSATl

1A8C 002C

/7 FOR

2 ® % 2

NAME MAINL

ONE WOKD INTEGERS

10CS (CARD¢1132PRINTER oDISK)
LIST ALL

0l67
oles

C001l

PAGE O

0002
0003 -
V04
Vo5



PALE 02

INTEGER AKKAY (25600 9TEP(39) ovue

DLUELNL FILE 1 (53%439,UsIPT) 0oo7
C FIRST CARD TELLS NOW MANY CARDS Fulluw 0V
RIAD (Cew0) LRFIL uuo9y
WRTE (34092) 0310
< LOOP KEADS CARDIWRITES JECUKD Oin VISK AND PRINTS RECORY oull
00 | I=144RFIL o012
REAS (2490) N1sN2o(TEMPIU) yJUm],437) 0013
WAITE (101) NIoNZWITEMP(J) yunle3?) ' Vole
1 wlTE (3991 IN1sN2 v (TEMP (J) 9 Ju1,37) 0015

C SORTY
NeKEY=2 : 0026
NeREC=39 - 0018
CALL DSRT] (NRFXL.hAREConKEY.ARRAY.TEMPD 0U1l9
C PRINT SORTED FILE 0020
WRITE (3493) 0321
DC 2 I=14NRFIL 0022
READ (1'I) K1eH20 (TESP (I 9Jd=143T) 0023
2 WRITE (7,911} Nlen2o (TE P(JU) sUm1437) 0024
CALL EXIT 0033
79 FISMAT (21343742) Ou3e
S1 FORMAT (1H #13s1Xel1241X937A2) 0035
92 FORMAT (4RHIRECORDS PRINTED AS READ ) 0036
93 FORMAT (4BHORECORDS PRINTED AS SORTED ) 0037
END ’ 0039

.

PALE 03

VARIABLE ALLOCATIONS -
ARRAY=OADT  TENP =0A2E  IPT =0A2F “RFIL=0A30 | ®0A31 K1 =0A32 N2 =0A33 U RUA34  wKEY20As5  HWRECE 3430

STATi “ENT ALLOCATIONS
S0 €JA3D A} =Nt4e2 Qg «JA4B 93 =0A65 | =0ALE6 2 =UB2A

FOATURLS SUPPURIZD

ONF WORD INTEGERS

1ocs
CALLED SURPROGRAMS i

LSKRT FLD FSTO SRED SwWRT SCOwP SFI0 SI0IX $101 SuBsC CARDZ PRNTZ SuF 10 VY- ~
SpCoM s0IX s01

INTEGER CONSTANTS
2=0A38 320A39 120A3A 37=0A38 39=0A3C

CORE REQUIREMENTS FOR MAlwL
COMMON O VARIAALES 2616 PROGRAM 278

END OF COVPILATION

o



/7 xku ! 00&0

RECONDS PRINTEN AS HEAD

3 2 SOKT ROUTINES WOULD BE 1F Tie RESTRICTI04S ARE OBSEAVED, 0002
21 FOR UPDATING uR REPUAT CREPARATION. THEY CAN MOWEVE & USED AS AnY 0043
1,250 THAT ONE CAN Finp wtcompe In A LARGER FILE IN PRUPEN Stauence 0044
1 1 THESE SORTS ARE INTENDES Fou SORTING KEYS AND TAGS KECORL WUwBERS 0045
RECORDS PRINTED AS SoRTED )
11 THESE SORTS AML InTENCED FOR SORTING KEYS AND TAGS RECORD wunBENS 0045
3 250 THAT ONE CAN FIND RECORDS. | o LARGER FILE In PRUPER SEWUENCE 0046 -
2 1 FOR UPDATING OR KEPORT TREPARATIONG THEY CAN HOWEVE BE st AS ANY 0043
2 2 SORT ROUTINES «OULD RE IF e RESTRICTIONS ARE OBSERVED. 0062
PSA72, ALA/W
7 JOR T ! /
/7 FQR
PAGL Ji
L] NAD“‘ DS§a' 2 . . ' Vdig
. E WORD INTEGERS i
. LIST ALL : 0Uv3A

.7_ bf



-

SURROUT I 4E DSRT2 (HRECHNARECYMUKEY)

Awl320) 9AK (3200

C QUICKSORT ALGORITHY 271 CACH VOLH NOL)
[ MREC IS5 Thk WUMBER OF RECORDLS s WwREC 1S THE NUMBER
[4 OF wORDS PER RECORDs N:KEY IS ThHE WUMBER OF wuiDS
4 PER KEYs A IS THE ARRAY OF RECORDS

ANTEGER uoPoUT(lbloLT(l6)0Al(320)oAJ(32010

17(32))

el

is] .

JENREC '

READ (101) (AL(L)oL®1sNWREC)
c .

N
1F(J=1=1110410411

PalJ+ 11)/2

READ (1'P) (T (L)sLmlsNWREC)
WRITE (1'P) (Al(L)sLs]¢NWREC )

——

Q=y
READ (1'Q) (AUIL) oL =) yNWREC)
[ls]+ ]

LO 2 Ksll,y0
READ (1'K) CAKIL) oL w1y NWREC)
CoseasINSCRT YOUR Own CODE FOR WON NUMERIC KEYS
CHER®M0R KEYS WHICH ARE NOT THE INITIAL WORDS
Cosus80F THE RECORD = FROM HERE
DO 130 NalyNWKEY
IFCAK(N)=T(NI 124130013
130 CONTINUE
GO YO 2
Cunnnse = TO HERE
13 IF (U=aK)14415415
Cons4a[NSERT YOUR OWN CODE FOR NOM NUMERIC KEYS
Coo#%®0OR KEYS WHICH ARE NOT THE INITIAL WORDS
CHen880F THE RFCORD = FROIM HERE
15 DO 150 =]l oNWKEY
lF(AUlN)-T(N))lTalSU.lb
150 CONTINUE
GO TO 16
Conane = TO HERE
17 WRITE (1K) (AGLIL ) oL w] yNWREC)
© WRITE (10Q) (AK(L)sLwl ¢NWREC)
D0 170 NmloNWREC
170 AK{N)=AQ(N)
Qage=]
READ (1'Q) (AQIL) oL ] oNWREC)
GO TO 2
16 QaQ=} '
READ (1'Q) (AQIL) oL @) yNWREC)
GO TO 13
14 GO 10 3
(4 L
2 CONTINUVE
u

3 WRITE {1'1) (AQ(L)sL®] 4NWREC)

WRITE (i'a) (7T (Lol =l yiiREC)
DO 300 Ns},NWREC
ALIN)I=AQ(N)
AN AN = T(N)
IF((29)mt]e JI1Re18,19
19 LTiM)n]
UT(M)ag=)
laye}
READ (11 FATIL) sL=1yNWREC)
50 10 20
TE LT{M)au+)
UTIM)=y
JuQe]
20 MaM+)
GO 10 1
10 IF(1~01219444
21 READ (1) (AJIL) oL w) g NWREC)
Crusus | YSERT YOUR Owiv CODE FOR WO NUMERIC KEYS
Cosussa0R KEYS WHICH ARE NOT THE INITIAL wORDLS
CHee#¥OF THE RECORD = FROM HERE
D0 210 hmlyNWKEY
IF(AI(N)-AJ(V))&.ZIO.ZZ
210 CONTINUE
GO TO ¢
Connne = TO HERE
22 WRITE (1'0) (AT(L) sL=] yNWREC)
“RITE (101) (AJIL) oL =) JNWREC)
p

4 tate]
IFU 24424423
2?3 laLT()
READ (11]) CALIL) oL =) yNWREC)
JeUT (M)
GO 10 1
24 WETURMN
END

FALE o2

LY
b
LCuul
wou?
-Coun
Ly
Uilv
vJll
Uvle
0ol3
vulé
Luls
vulé
vult
Luly
vl
032
Guel
Cucd
vJ2s
[P
va2b
[T
wul?
viZo
Caey
JU3,
vu3l
vdse
PRk ]
Uu34s
o635
vo36
wJ37
C03y
GI34
L&y
Clal
Cuae
$J63
0044
[YVY )
0C4s
VI6?
Quéey
Ud4s
0u50
[PINEDY
0use
vJ53
0054
005%
[*B1 1

PAGE 03

uus7
0058
CO5y
CU60
0061
0062
0063
(‘P 1-YY
0065
0066
0067
0068
0069
ov70
0071
o072
0073
0074
0375
0076
QOT7
0078
0079
0080
0081
0082
Vo83
0086
uuss
0086
ous?
ouvsg
0089
0090
ov9l
V92

26



PAGE 06
VALAGLE ALLUCATIONS
] =0002 P =0003 vyt 22013 .t =0023 Al =0163 Ay *02A3 AQ =03t3 AK ®0523 T =0663 M =0064
1 =665 J *=0666 | ®3667 |1 20668 K U669 N 2066A
STATCEMENT ALLUCATIONS

1 =D6AE 1) o686 130 w0737 13 =37641 15 =0747 150 «0758 317 =0762 170 #0794 s *07C3  1¢ 0Tl

2 £2773 3 =ITEB 300 wuBd26 19 =0845 1 #0374 20 *0888 10 #08v3 21  agygy 210 =03C0 22 susca
“ =IRFR 23 w0902 24 «0929 :

FEATURES SUPPORTED
ONF wORD INTEGERS

CALLED SUBRPROGRAMS .
SUBSC SUBjIN SDRED SDWRT SDCOM SLIx

IMTEGER CONSTANTS
1=066E 2=066F

CORE REQUIREMENTS FOR DSKT2
€O oy 0 VARIABLES 1646 PROGRAM 702

END OF CCoPILATION

77 oup . V93
*STURE WS UA  DSKT2 Gu9s
1492 an2p



// FOR
. NAME MAINL
. ONE WORD INTEGERS
L4 10CS (CARDY113ZPRINTERWDISK) .
. LIST ALL
INTEGER TEMP(39)

-

[

a0
91
92
93

DEFINE FILE 1 (5004393UsiPT)
FIIST CARD TELLS HOW MAKY CARDS FULLO:

READ (2490) NRFIL

HAITE (3,92) : )

LOCP AEADS CARDSWRITES RECORD ON DISK AND PRINTS WECORD
WO 1 l=]yNRFIL .

READ (2990) N1eN20(TEP(J) sJu]e37)
WRITE (1910 NLoN2WITEAP L) yJale3T)
WRITE (30920819820 (TEMPIJ) o unl43T)
SORT

NUKEY®2

N“RFCw39

CALL DSRT2 (NRFIL sNWREC sNWKEY)
PRINT SORTED FILE

WRITE (3493)

00 2 Is1NRFIL

READ (191) N1oN2o(TENP(J) sJdmle37)
HRITE (39910 N1oN20(TEMP(J) s July37)
CALL EXIT

FORVAT (213,37A2)

FORZAT (1M o13+1Xe1341X937A2)
FOR''AT (4AHIRECORDS PRINTED AS READ
FORVAT (4BHORECORDS PRINTED AS SORTED
END

co0l

PAue vl

oo
0v03
0904
0095

Paue 02

[ ] )
ovo7
0008
Vo09
0010
uoll
oole
o013
Q014
uols
0ol6e
0ul?
0ols
0d19
ov20
vouel
0022
0d023
V024
0025
0026
0027
0028
0029
0030

4



PAGE 03

VARJABLE ALLOCATIONS .
TENP =002€ oY =O002F  NHFIL®OU30 | =0031 N1 nUS32 N2 =0033 J *3034 NwktY=0035 nwaRECE0036

STATEVENT ALLOCATIONS
90 %0030 91 0262 92 #0048 93  w00ss 1 w0006 2 w0128

FEATURES SUPPORTED
ONE YORD INTEGERS )
10Cs
CALLED SUBPROGRAMS A
DSRT2  FLD FSTO  SRED SuRT SCOMP  SFIO  sloIx  sjpof SUBSC  CARLZ  PRATZ  SUFIO  spaew BOKKT
SDCOM  SpIX sor .

INTEGER CONSTANTS
220038 320039 1=003A 37=0038 39e(03C

CORE REQUIREVENTS FOR 4AINL .
ConMbN 9 VARIABLES 56 PROGRAM 276 .

END OF COMPILATION

// XEQ 0001

RECORDS kRINTED AS READ

2 2 SORY ROUTINES WwouLD RE 1F THE RESTRICTIONS ARE OBSERVED. Vuu3
2 1 FOR UPDATING OR REPORT PREPARATIONe THEY CAN HOWEVE BE uSEp AS ANy 0vos
1 2 SO THAT O4E caAn FIND RECCROS 1IN A LARGER FILE IV PROPER SEWUENCE 0005
1 1 THESE SORTS ARt INTENVED FOR SORTING KEYS AND TAGS RECORL NUMUERS 0006

RECORDS PRINTED As SORTED . :
11 TWESE SORTS ARE INTENDED FOR $ORTING KEYS AND TAGS RECORD NUMBERS 0006
1 2 50 THAT OoME can FIND RECORDS In A LARGER FILE IN PKOPER SEWUVENCE 0vos
2 1 FOR UPDATING OR REPORT PREPARATIONe THEY CAN HOWEVE BE USED AS ANY 0004
2 2 SORT ROUTINES “OULD BE IF THE RESTRICTIUNS ARE OBSERVED. 0003



