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TAPE KEY

NOo LABEL

This volume contains 2 files and 3 tape marks arranged as
follows:

File 1: Program source deck
EBCDIC
764 card images blocked 77 per block
/M

File 2: DATA INPUT
EBCIDIC
1705 card images blocked 77 per block
T/M
T/M

The standard IBM program that can read the tape is IEBGENER.

//READ JOB {(RO00, 04} ,ROBERTS, CLASS5=G,MSGCLASS=A,

// TYPRUN=HOLD

//STEP1 EXEC PGM=IEBGENER

//SYSPRINT DD SYSOUT=A

//SYSUT1 DD DSN=KILTER, UNITT=TAPE,LABEL=(1,NL),

/7 _ VOI=SER=T(02251,DISP=01LD,

/7 DCB= (RECFM=FB, LRECL=80,BLICSIZE=6160,DEN=3)
//SYSUT2 DD SYSOUT=A,DCB= (RECFM=FB, LRECI=80,BLIGSIZE=6160)
//SYSIN DD DUMMY

//

The above program will read the first file and print it.




Purpose

The program solves capacitated network problems -- the problem
of finding Xir Xor o 0 oy X, that minimize
n
L Cax
=1 1)
n
while satisfying ¢ a.,x, = b, i =1, 2, . . ., m (1)
j=1 ii ] i
and 1. < x. < u, i =1, 2, . . ., n 2
g S¥y fuy J =1, 2, ' (2)

where by, 1y, lj and C4 are signed integers of magnitude less

m

than 10 with I b; = 0 and each column of the (a;.+) matrix

1 ° J

1

is null except for one +1 entry and one -1 entry.
Method

Each constraint (1) corresponds to a unique six-character symbol
known as a node. Each variable j corresponds to an ordered pair
of nodes (non-unigque and non-exhaustive), known as an arc, such

that the first (source) node, s, is the index for which agj = 1

and the second (sink) node, t, is the index for which gy = -1.

The program uses a slight variant of the method described by

bB. . R. Fulkerson in Journal SIAM, Vol. 9, p. 18, (March 1961).
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The program solves an n arc problem by inputting an n + 5 card

data deck with cards punched as follows (beginning in column 1):

BEGIN
Title card for problem
ARCS

arc data cards (n cards)
END
SOLVE

Each of the n arc data cards is punched as follows:

cols. 1 - & blank
7 — 12 name of node s
13 - 18 name of node t

19 - 20 blank
21 - 30 cgt (Unit cost)

31 - 40 u (upper capacity)

st
41 - 50 1g,. (lower capacity)

51 - 60 th {nominal flow)

The xgt must satisfy (1) but not (2). The th implicitly deter-
mine b; and also provide an initial starting point for the algorithm.
The printed output is in the same form as the input, except that

th has been replaced by the solution.

Usage

A source FORTRAN IV deck which will run on the IBM 370/145, has
provided. A test problem is part of the deck. The program is
punched in EBCDIC characters. The vrogram unambiguously recognizes
6-character node names on the 370. The symbol KI defined in the

main program is the FORTRAN number of the input device and KO is

the output device.




I. INTRODUCTION

This is an independent routine for solving a general
capacitated network problem using the method described by
D. R. Fulkerson in the Journal SIAM, Vol. 9, No. 1 (March
1961), pp. 18-27. It is written in FORTRAN IV with
‘Holleri;h punching. The deck must be compiled by each
iﬁstallation, adjusting system control cards, dimensions,
and input-output unit numbers as described later in the
section on compiling the program. The program uses the
fast method of computation which was used in the partly
machine (7090) language code, now obsolete, SHARE Distri-
bution 1084. Tricks were avoided in this distribution, in
order to allow it to be adapted to as many machines as
possible. Dimensions in the program were deliberately
made smaller than necessary in accordance with the above
objective. The program was checked out with several test
problems, but it is not used for producticn, in the inciuded
form, at our installation and we would prefer that inquiries
be kept to a minimum, and in any event should not be made
more than a year after this distribution is issued. We
encourage large users of this method to submit their modi-
fications to SHARE (cr other organizations) when they are

successful in using it with their machines. Permission is
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granted to anyone who submits such a program to copy any -

part of this write-up, with no acknowledgement necessary.

II. FCRMULATION OF PROBLEM

The network consists of: (1) a collection of nodes,

‘which are given names of 6 alphanumeric characters, and

numbered by the program internally from 1 through m.

(2) A collection of ares, each arc being.an ordered
pair of nodes, say (i,ﬁ)_with vhich are associated‘fbur
quantities cij’-xij’ uij’ Lij' The collection of afcs will
not generally include all possible combinations of nodes
(non-exhaustive) ané may'inélude the same ordered palr of
nodes more than once (non-unique). For the arc (i,3),

i is called the eource node and J is called the sink node.

The capacitated network flow problem is the problem

of determining the xij such that'

1) Lij‘s x5 = uy, for ali-(i;j)i

2) the net flow into any node (usually zero) remains o
fixed |

3 = is minimized with respect to solutions )

that satisfy (1) and‘(Z).

0°S
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This problem is solved by the program using the follow-

ing card‘inputé'j

BEGIN

" Title card

ARGCS
(data cards)
END

SOLVE

 The cards denoted BEGIN, ARCS, END, and SOLVE are

punchéd beginning in celumn 1. The title card is the

heading that is desired on the output. The title card

should have column 1 blank, and columns 2-6 must have at

least one (non-blank) punch. The data cards consist of

one card per arc. The arc (i,J) is punched in the

~ following format:

~ Col.

Format of ARC Data Card

i blank.

!
L=,

7 -12 name of the source node 1. All
different combinations of six
characters including blanks are
‘different names.

13 - 18  name of the sink node j.

19 - 20 not used (blank).

21 - 30 c;,, the unit cost of sending from i
to j along this arc.

016
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Format of ARC Data Card cont.

Col. 31 - 40 ugys the tpper bound or maximum flow

permitted in this erc.

41 - 50

Lij’ the lower bound or minimun flow
permitted in this arc.
51 - 60 . the initial (nominal) value for

xij’
the flow in this arc, usually zero.
It is used as a guess to the final
solution, and to find the net flow
into the nodes.

The.numbers in colﬁmns-zl-GO are integzers (negative integers
are allowed) and musé be punched right adjusted in their
fields. “These integers should not exceed the largest intege;
representable ianORTRAN. (Fof a 32-bit machine, the largest
acceptable integer is 2,147,483,285.) Furthermore, this

dats must be ordered_so that 211 cards containing the same

name for the source node (in columns 7-12) are adjacent to

each other.

With the restrictions noted above,'this is all that
is needed to 501ve_a network problem. The output will be
printed, and the card setup say be followed by another run.

As an example, consider the test problem in Figure 1. This

' 45 the card setup for a typical problem. The output for

this prodblem is glven in Figure 2. The_"ansﬁer" is in the

column headed "FLOW." “The colurn headed "CBAR" is the

0il
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Figure 1
TEST PROBLEM
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The computer recognizes blank numerical fields as zeros.
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ARCS

SKH
SH
Ay

LA

LA
LA
LA

HOLLY

HOLLY

HOLLY

GLERDL
PSDEHA
PSDENA
SANFER
SO.FTH
SO FTH
FOMTHA
FOXNTHA
RIVERD
COLTON
SANBER
KEENBK
LACHDA
RTLCUE
HYLOUE
HARDQLD
HARCLOD
HRTHD

HRTHD

caJjJoH

HESPRA

- PALKOL

ADELTO

CLITRX

YCTRYL

HOLLY
LA
SANFER
GLENDL

‘PSDERA

SO.FYN
RIVERD
LA
GLENDL
SANFER
LACNDA
LACKRDA
FONTMA
HAROLD
FONTHA
CoLYON
SANBER
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coLvYON
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KEENER
CAJCH
MTLOYE
HARCLD
HATYD
LITRK
PALHDL
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“CAJDN
HESPRA

YCTRYL
ADELTO
YCTRVL
VCTRYL
Sé

COST
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Figure 2
. SAMPLE PROEBLEM OUTPUT

UPPER

P Pt (it 1ot Gk b et b b et e Bl e Db G P Pt Bl fus gl (0 Dok feed (b el ot o guie (h Bt et b B gt e
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(The minuses will not priat in front of the zercs on some machines)
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reduced COSt"cij +go- ﬂj, that is used in the algorithm.

“The ﬂK"-on eéch line indicates that the problem is "in

kilter."
The second basic type of run is the "save and alter"

run. This 1s used when one wishes to change a few arcs o£

a run without reading in an entire set of arcs. It mzy be

- any run but the first. The card setup for this run is as

foilows; |
Title card
SAVE |
(alter data cards)
- SOLVE | |
The title card is optional and if present it nust
precede the "“SAVE" card. This ruﬁ.saves the previous run
and modifies the arc data of the érevious run with the
values in the altér data cards. -
An aiter data card may alter data bnly'fﬁr an arc
that is already p;esent.' There iéﬂﬁp way to-augment‘the
network with new arcs. The forﬁat of the alter data card

is as follows:

014
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Format of Alter Data.Card

Col. 1 -5 ‘the punches "ALTER" or five blanks.
6 blank. |
7-12 name of the source node {.

13 < 18 ' nawme of the sink node j.

19 - 20 gy (if blank or zero, program sets
to 1.) '

21 - 30 | ey

31 - 40 | uij

41 - 50 iij

51 - 60 éxij

Tﬁe ﬁode names ldentify thé ordered ﬁair of nodes corres-
pondiné,t& the arc for which an alteration is desired.
The quanfity nij tells the program which of the arcs
having this orderéd péir of nodes we are trying to.alter.
If there is only'one arc (i,j),-columns 19-20 may be left

Blank, siﬁce the program will set n,, to 1. If there is

1]

more than one arc (i,j) then nijgh arc (i,j) in the
order read will be altered. This arc will have 1ts-
values for-cij, uij’ and Lij repla;ed by the values in

this card and its value for xij wlll be increased by

015




the value Axij in the card. Note that inputting a new
xij is meaningless, since xij on input is a guess, and

guessing a different value of x., on an alter rua would

ij

only upset the conservation of flow into the nodes: Hence
-inputting a non-zero Axij is a method for deliberately

-upsetting the flow conservation.

The effect of ALTER cards is cumulative; the program
never returns to éhe original data. 4 Ysave ané altex"
run may bs modified by another "save and alter" rua.
Figure 3 shows how the cards aﬁe set up for a joh'thaﬁ
begins with a_"neﬁ problem’ run (as it mUSt),_is‘followed

by two "save and alter" runs, and is terminated by a "new

| problem" run. The final control card should be the card

"QUIT" as illustrated. The "QUIT" card ends the job.

016
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Figure 3

" CONTROL CARD SETUP FOR JOB WITH FOUR RUNS

BEGIN - - )
Title card for Run 1 A , '
ARCS | | , S Run 1
(arc data cards) -
SOLVE | S 4
Title éard for Run 2
SAVE . > Run 2 L
(alter data cards) (alter run 1
SOLVE o o : / '
Title card for Run 3
SAVE | g - _ » Run 32 _
(alter data cards) . : (alter run 2)
~ SOLVE . | L)
BEGIN .
Title card for Run &
ARCS : _ ¢ Run &
~ (arc data cards) (new run)
SOLVE 2
QuIr — } end of job

Clory
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iJI. THE GENERAL PROBLEM SETUP

The previous section described the use of the program
for most purposes. This section describes the program in

all of its generality, and. this description is arrangéﬂ

.80 as to correspond to the program subroutines. The

reader may wish to skip this section.

,fhe general problem allows one to use réserved tapes,
and to make altgrations in runs from jobs run previously,
The "OUTPUT TAPE" option described below writes the answer

on the reserved output tave in a form that can be used

subsequently as input. Each time the "QUTPUT TAPE" option
is invoked, the program writes what is called a "data
package” on the reserved output tape. The record form of
a "data package" is as follows:

RECORD FORM OF A DATA PACKAGE

Title card (i.e., record)
- ARCS
arc data: one record per arc
NODES |
| node daﬁa: one record per node
END
‘A data package ends with an "END" record. The node

data cérd i1s defined later in this section.

018
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Now we will describe the Zeneral problem'setup. The

action of the program is determined by the control cards

that it reads. A control card bas a specific word punched
left-adjusted in coluwns 1 through 6. The cards are read
'in fpur groups, which correspond to four subroutines in

the program. Certain controls in each group terminate

‘the group and decide which group 1s next.

Group 1 (Subroutine PRELIM)

The following controls are read:

BEGIN
SAVE
QUIT
SKIP
TAPE
ARCS
blank

If 8 card 1is read that is not ohe of the sbove (in

cols. 1-6), it is a title'card, which is the title printed
above the outpﬁt. A card that is blank in cols 1-6 is a
coment and doés nothing. The last card of the group is

one of the following:

 Last Card Meaning

ARCS New data to be read, go to group 2 to read
-arc data.
SAVE Save the previous run and go irmediately to

group 4. This is used when one wants to alter
a few arcs of the previous run. If g title
card is desired it must precede SAVE.

QUIT This is used at the end of the Job. It
: enables an crderly get-off the machine.

am 4Tk M vl D L A BN i s T e P Fm D L
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Hence “ARCS" sends program to read group 2 cards, '"SAVE"
sends program to read group & cavds, and "QUIT" terminates
the job. If "ARCS" is the last card of the group, the run

is called a "new problem" run, and 1if "“SAVE" is the last

~card of the group, the run is called a "save and alter™

run. The "ARCS" or "SAVE" card should be preceded by a
title card. If a title card is not present, the title of
the preceding run will be used on the output. If the first
run does not have a title card, the output title may be
"hash." Other than the title card and the last card, all
cards in group 1 are optionsal. | |

The "BEGIN" card ordinarily does nothing -- it is
used as the first card of a "new problem" run to give the
program a card to look for when the program must pass over
a run due to en error. The "BEGIN" card should neot be used
in a "save and alter" run.

"SKIP# is used in a "new problem" run if one wishes

to skip the data for one problem on the reserved input

tape. Input is normally'from the system input unit.

These terms afe defined in the sectlonr on compiling the
program. "SKIP" may be used any number of times or not
at all, each "SKIP" causing the reserved input tape to

bypass one package of data. The data being skipped is

o B P T R L e A L o D alle. L i e B B e R L i e i e i it e i o A e T e T e il i em e
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not interpreted, except that the program recognizes an
YEND" record as the place to stop skipping.

"TAPE" {s used when one desires to begin reading the

data from the reserved input tape, after having positioned

it, if necessary, with the SKIP card.

In the normal fun, neither "SKIP" nor ""TAPE" control

will be used, and input will continue from the gystem input
ggig. The "TAPE" control card causes the reserved inpﬁt
tape to be read and ;he recérds on the tape to be processed
as control cards until a control card on the reserved tape
sends it to group &4, where reading resumes from the system
input ugit. That is, the reserved tape is read until it
reads an ﬁEND" card.

The first time an "ARCS" card is read, fram.ﬁhe
system input ﬁnit (or from the reserved tape under “TAPE"™

-~ control), -the program proceeds to group 2.

Group 2 (Subroutine ARCRD)

. The only cards in this group are arc data cards as
described in the previous section. They are terminated
by one of ﬁhe following cards:

NODES

E¥D

Dk i o iR e kel e AR e de o
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"NODES" sends the program to group 3 and “END" sends

the progran to group &,

Group 3 (Subroutine RODEED)

This reads the optional node data cards, which provide

.tne program with a guess a&s to the final node prices. The

format of each data card is:

Col. 1 - 6§ blank

7 =12 neme of node
21 - 30 wvalue of node price

The node data cards are terminated by aﬁ END ﬁontrol
card. Any node that is missing is givén a2 node price of
0. The END card also terminates the group, and sends
the program to group &. If the reserved tape is being
read, the program now resumes reading control cards from

the system input unit.

Group & (Subroutine POSTRD)
This groupiconsists of the following cards:

REFNOD
‘OUTPUT
- ALTER
blank
GO
GOGO
. SOLVE
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A card that contains punching not in the above set is

 an (Type 3) error. The cards GO, GOGO, and SOLVE terminate

this group and cause the program to go to the SOLVE sub-
routine, which solves the problem, then to the OGUTPUT

subroutine, which prints the output, z2nd then back to

- group 1 for the next run. The other cards in this group

may be read in any.order. They are all optional. Hence
this group need contain only one of the three terminating
cards:

GO
GOGO
SOLVE

Which one of the abpve cards is used to terminate
card reading depends upon what data input errors are
acceptable. Data input errors are divided into four
types, which are described in the next section. Type 1
errors are the least harmful, up to Type 4 errors which
are catastrophic. "SOLVE" is used if one wishes to ignore
Type 1 and Type 2 errors, "GOGO" is used if one wishes to

ignore only Type 1 errors, and "GO" is used if one does

not wish to ignore any errors. Hence "SOLVE" is the most

permissive and is generally used, except for special

problems. The next section on input errors should be read

- to determine the type of errors one wishes to ignore.

23
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"REFNOD" is an optional data card punched as follows:
Col. 1 -6 the characters "REFNOD"
7 - 12 the name of the reference node.
If no "REFNOD" card is read, the source node of the
first arc will be the reference node. The reference node

i1s the node whose price is not changed by the algorithm.

Since a constant may be added to all node prices, we fix
one.node at its initial value, usually zereo, and do not
cﬁange this value. This provides a measure of uniqueness
to the node prices. If there is no "REFNOD" card in a
"save and alter" run, the reference node from the previous
ruﬁ is retained. 7

There are four types 6f optional "OUTPUT" cards which
may be read. fhese'are:

OUTPUT TAPE

~ OUTPUT PUNCH
OUTPUT NO SYSTEM
OUTPUT IF CUTOFF

Note that these cérds have exactly one space between
words. Unless otherwise specified, output is always

written on the system output unit with carriage control

symbols‘in“column 1. The "OUTPUT TAPE" card will cause

the output to be written in addition on the reserved output

tape in input format. The "OUTPUT PUﬁCH"_card will cause
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the output to be in input format using a PUNCH statement.

(The node data cards for which the node price is zero are
omitted.) The description of what is meant by these tapes

is found in the section on compiling the program., If

output is not wanted on the systen output unit the "OUTPUT
NO SYSTEM" card sﬁould be used. In addition {f the "OUTPUT
IF CUTOFF" card is present the output will be made additionally
on the reserved output tape if the program is cutoff due to
time limitations. The cutoff by time-limitation is con-
trolled by a subroutine CUTOFF that must be supplied by
the installation. This is described in the section on ”
compiling the pfogram.
| The final type of cérd processed in this group is
the ALTER card. The format of this card was given in the
previous section. As many ALTER cards (or none) as
- desired may-be read in any run, including a "new problem"
run.
| OUfPUT options, if desired, must be specified on
7 e#ery run. "REFNODﬁ qeednét be specified on a "save and
alter" runm. |
This ends the description of group 4 cards, and hence
of alllcards. Table 1 summarizes the control cards in the
four groups. Note that in our terminology data cards are
bontrol cards (indeed all cards are control cards) but s

some control cards aire not data cards.
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Table 1
of Control Card Input

Group 1 Group 2 Group 3 Group 4
Subroutine '
Name PRELIM ARCED NODERD POSTRD
Control Cards |BEGIN blank blank REFKOD
Recognized SAVE NODES END OUTPUT

QUIT END blank

SKIP ALTER

TAPE GO

blank GOGO

title SOLVE

ARCS
Data Cards none ‘blank blank REFHNOD
Recognized (arc data) (node data) (ref. node)

ALTER [=blank]
(alter data)

Control Cards |SAVE NODES END o
which terminate|ARCS END GOGO
the subroutine |{QUIT SCOLVE
What does the |[Go to Group 2|Go to Group 3|Go to Group 4|Solve the
program do when| (if ARCS) or |(if NODES) or problem;

this subroutine

Go to Group 4

Go to Group 4

output; then

is terminated? |(if SAVE) or |(if END) go to Group 1
' Get off the
machine (if
QUIT) -
Are control Yes No - No Yes

cards printed
on system
output unit
when read?
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-IV. INPUT ERROR MESSAGES

Input error messages‘are distinguished by one or more
asterisks (*) in the message. The number of asterisks-in
the messages indicate the severity of the error (See
‘Table 2). As explained in the preceding section, the
program will ignore errors of severity 1 or 2 if the
YSOLVE" contfol card is used, and it will ignore errors
of severity 1 if the control card "GOGO" is used. If |
the control card "GO" is used, no errors will be ignored.

Error messages are printed even though they are ignored.

Type 1 Errors

Message #10, #11, #12 (Table 2) occur when the network
is a transportation problem. In a transportation problem
some nodes may be only sources for arcs (Message #11) and
‘'other nodes may only be sinks for arcs (Message #12).

Nodes may have a net flow into them. The signed number
in Message #10 is the sum of the flows into the node as
given by the initial values for xij'

Message #6, printed when a node card is read for a
node-that does not exist in tha arcs, is also considered
to ke a trivial error, since the initial node price does

not affect the validity of the solution.
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Table 2

Input Error Mecsages

Too many arcs in this run *%%%
Too many nodes in this run *#¥&%

** Source nodes. not adjacent, a2rc A B

#%% Fleld error in arc number 17

*% Field error in node card number 1%

% Card 9, Node B not in arcs

*%% Illegal card =
*%% Arc on above ALTER card not defined

** Arc T D has lower bound greater than

* Node E non-conservative, net flow = =2
* No axrc ends at node ABC

* No arc begins at node DEF

Messarge # Error Type Message
1 4 | '
2 4
3 2
4 3
5 2
6 1
7 3
8 3
9 2
upper
10 1
11 1
12 1
4

13

##%%k No arc data in this run
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Type 2 Errors

Type 2 crrors are actual input errors, kut are of the
type that the prégram can correct. If the arcs afe out of
ordef (Message #3) the program're-arranges them; if the
lower bound exceeds the upper bound (Message #3) the

' program exchanges them; an error in the node price cards

(Message #5) is ignored.

Type 3 Errors

Type 3 errors are."field" errors; that is, there are
punches in the first twenty columns that the program cannot
interpret. The problem will nct be solved, but card read-
ing will continue until the end of‘the_contfol cards for
the current run. Then the program will pass ovef all
cards until it reaches a “BEGIN" card, from where it will
comuence processing control cards as usual. |

A field error in an arc card (Message #4) is a punch
in columns 1 through 6 that is neitﬁer all blank nor "END"
' ' nor "RODES." Message #7 denotes a field error in a Group 4
féoﬁtrol-card -= the first 18 coluﬁns'of this card are |
pfinted after the equal sigh. Message #8 1is printed when
fhe altered arc was not present in memory. Only afcs that
were read in tﬁerprevious data may be altered. Further-

more there must be at least nij arcs of type (1,J) in

memory.

V23
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Type & Exrors
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. Type & errors (Messages #1, #2) occur when the problem

is too big for memory. See the section on compiling the

program for setting up dimensions of arrays. At the

occurrence of this type of error, the program passes over
control cards until it reaches a "BE@IN" or "QUIT" control.
It then begins normal processing with this card. Message
P13 occurs 1f there are no data cards following the “ARCS"
card or if “SAVE" is the first run of a job. In this case

the problem Is too small (no arcs!).

V. CUTPruT

The output generated by the program is, for the most
part, self-explanatory. Figure 2 shows the output for the
arcs for a feasible problem. A list of the node.prices is

produced after the above arc output. If the problem is

cutoff due to time limitations or if the problem is in-

feasible, no "K" is printed at the end of the line;

" instead an ﬁﬂ" is printed for arcs out-of-kilter and

‘nothing is printed for arcs in kilter.

When the program encounters an arc that cannot be

brought into kilter, the program proceeds to the next arc.
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A count is kept of the number of arcs that could not be
brought into kilter. Tf this numbher 1S non-zero (whicHiis
true only if the problem is infeasible), this number is
printed before the arc output, viz.;

3 ARCS OUT OF KILTER
Then, the program goes back to the first arc that could not
be brought into kilter and determines which nodes were
labeled. These nodes are designated by an * after the node
price. In addition, the word "CUT" is printed beside each
arc that has its sink node labeled and its source node un-
labeled, and the word "CUT*" is printed besiae eéch arc
that has its source node labeled and its sink node unlabeled.
These words éive the user a clue as to which arcs to change
to make the problem feagible. Either an arc designated
"CUT*" must have its upper bound raised and/or an arc desig-

nated "CUT" must have its lower bound decreased.

VI. COMPILING THE PROGRAM

The deck submitted to SHARE is a FORTRAN IV source deck
punched in EBCDIC with control cards for the IBM System 370

Model 145,

It is suggested that the procedure to be described be
followed when first using this program. First, determine

the number of the system input unit and the number of the
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system output unit at your installation and change, if
necessary, the values of KI and KO as set at the beginning

of the main program to agree with vour installation.

In the program supplied,
System input unit = XI = 5
System output unit = KO = 6.
Next, supply the "JOB" card at the beginning of the deck
as required by your installation. Now, you may run this
deck, including the test deck at the end, on your machine.
The result of the first problem should agree with Figure

2.

Reserved Tapes

There are optional contreol cards in the general program
that allow the use of reserved tapes. The units that
correspond to these reserved tapes are set by statements
in the main program. The reserved input tape in the SHARE
deck is unit 9 as set by the statement

KQ(3) = 9

The reserved output tape is unit 10 as set by the

statement
KQ(2) = 10

If other units are desired, the definition of KQ(3)
and/or KQ(2) should be changed to the numbers desired. If
reserved tapes are not used, the values of KQ(3) and XO{2)

are irrelevant.
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Infinity

‘The algorithm makes use of "infihity™ in the sense
that "infinity" must be larger than any cocst or flow value
used. Infinity’ is set in the main program by the statement

IFIN = 2147483647.

This is the largest integer representable in a 32-bit
machine. For most problems this number is sufficiently
large, but on machines with a word size larger than 32-bits,
this number may be increased up to the largest integer

representable.

Dimensions

Thé SHARE deck 1is set up to run problems with no more
than 1500 nodes and 3000 arcs. Dimensions are set in a
COMMON statement (3 cards) near the beginning of most of
the subprograms. These dimensions may be increased by an
amount that is dependent on the type and size of the machine
being used. Let NODMAX be the maximumrnumber of nodes
desired and ARCMAX the maximum number of arcs desired. Then
the symbols NIL, NN, NP and TJ in the COMMON statements should
be dimensioned NODMAX + 1, and the symbols JI, KC, KU, KX, |

JA, IB and LW should be dimensioned ARCMAX. TIn addition,

the statements in the main program which define KQ(4) and

KO (5) must be changed to read:

KO (4) DRCMAX

NODMAX

KQ{(5)
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Boundary Alignment for 370 COMMON Statement

The 370 requires that words lodger than oné byte begin
at a byte location which is a multiple of the number of bytes
in the word. This alignment is correct in the SHARE deck
COMMON statement. The alignhment will remain correct if

NODMAX and ARCMAX are even numbers.

COMMON Size on System/370

The number of bytes used by the COMMON statement
(without small integers) is
28" NODMAX+28* ARCMAX+348.
In the SHARE deck, this is 42,348 (decimal) bytes.
If the INTEGER*2) statement is used, the size is

22°NODMAX+22* ARCMAX+344.

Time Limitation Cutoff

The program calls SUBROUTINE CUTOFF to determine
whether time is running out. CUTOFF sets I = 1 if time is
not running ocut, and sets I to any other number if time is
running out. The value for I is always 1 in the version
supplied. The statement

I =1
should be replaced by the instruction or instructions which
are used at your installation for time cutoff. For example,
if sense switch 5 is used for cutoff, use the instruction

CALL SSWTCH (5,I).
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‘Overflow

It 1s possible for the node prices to overflow in
SUBROUTINE RAISE. If a fixed point overflow test is
available on ycur machine, set

LER = -3

néar the end of the subroutine, as indicated by the
comments, 1f there is an overflow. If an overflow occurs
that is not caught by the program, it will be indicated by

"funny" numbers appearing in the cost column of the output.

Short Integers

Space may be saved on the 370 by using the following
card in every subprogram that has a COMMON statement:
INTEGER*2 1J,IL,JL,JI,JA,IB
These symbols are used for arc and node numbers. The short
integers will be long enough, provided the problems have
no more than 32,766 arcs or nodes. It is possible to solve

problems this large on machines of one-million bytes.

Compiler Versions

Some 370 systems have more than one FORTRAN IV compiler.
Use the version that produces the most efficient object

program.

Re-Coding

Computing time can be zaved by re-coding certain sub-

routines in machine language, or MAP, PL/1l, etc., depending
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on the machine being used. More than half of the execution
time is usually spent in the LABEL subroutine. Index register
optimization can generally be more efficiently done "by hand"
than by the FORTRAN compiler. Subroutines BREAKT and RAISE

might also be substantially improved by re-coding.
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VII. THE NETHORK SUBROUTINE

The subprograms SOLVE, KILTER, LABEL, BREAXT, RA.ISE,
and CUTOFF may be used as a network subroutine. This can
be dene Qhen a solutien of a network 1s needed as a part
" of another problem. In order to use these subprograms as

a netwofk subroutiné, the data must be set up so that
argé with the same source.nodes ére adjacent. ¥hen this
is done, number the nodes in the order in which they
.appear as source nodes. For example, in Figure 1, node 1
is "sM," node 2 is "LA,ﬁ ..., node 22 is "VCIRVL." 1If
there are any nodes remaining (that do not appear as
source nodes), continue numbering consecutively any fe—
maining nodes; The-total number éf ﬁodes is m. Thé |
arcs are numbered'froh 1 through n. Then set up the
following arrays:

KC(l) =< LW(l) f Ll KU(l)'ﬂ uy KX(1) = Xy

KCc(2) = ¢ LW(2) = 4

KU{(2) =u KX(2) = x

2

2 2

- . - : - -

N

KC{n) = ch - LW(n) - ‘Ln AKU(n) =u | KX(nj - X

vhere ¢, is the unit cost for arc j; Lj is lower capacity;

k|
uy is upper capacity; %y 1s the nominal (or initial) flow.
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Also: ' JA(l) = node number of sink node for arc 1.

JA(2) = node number of sink node for arc 2.

-

JA{n) = node number of sink node for arc n.

NP(1l) = initial node price for node 1

NP(2) = initial node price for node 2

NP(m) = initial node price for node m.
The initial node prices are usually zero.
Also: IL(1) = mmber of first arc whose source node is 1 (=1),

IL(2) = mumber of first arc whose source node is 2,

IL(m) = numbér}of firét arc whose source node is m,
IL(etl) = nHl.
If node j does not appear as é source node then IL() =
ntl. Note that IL(m+l) must not be omitted or the program
will ldop. For Figure 1, IL(1) =1, IL(2) = 4, IL(3) = 8,

etc. Note also that successive IL values must not decrease.

| Finally set the following values:
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LC(5) = O
1Cc(6) = O
LC(7y = 0
Lc(8) = 0 _
M =« mmber of nodes = m
N = number of arcs = n
LER = 0
KAT = 1 (or number of reference node)
KO = devlice number of the system output unit
KQ(8) = 2 |

IFIN = 999999999 (or some iarge number)
The output device number is used for error messages

in SUBROUTINE SOLVE. If messages (for errors 19, #10;
#11, Table 2) are not ﬁanted, remove all of the "WRITE"
statements in this subroutine} If messages are wanted,
the node names should be in |

NN(1)- = Name of nodé 1

NN(2) = Neme of node 2

-
L

NN(m) = Name of node m.
The COMON statements (3 cards) in SOLVE, KILTER, LABEL,

BREAKT and RAISE should bz identical, and thelr CGON

~ statement must also appear in the program which sets up

the aBove errays. To execute thé network subroutine,
simply,
CALL SOLVE(KE).
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When the subroutire returns control to the calling program,
RX(i); KX(2), ..., KX(n) will contain an optimai solution
if

LER = 0 |
1f LER = -1, the problem is infeasible; andVKE haé been
set to the number of arcs out-of-kilfer. If LER = =2,
the algorithm was terminated prematurely because time ran
out (as set by SUBROUTINE CUTOFF; see description of this
subroutine elsevhere). Other results returned are the
optiral node prices in WP(1) thfough Ne(m); LC(5), the
number of breakthroughs, LC(6); the number of non-break- |
throughs,-LC(?); the number of flow changes made; and
LC(8), the total nuiber of scans made for labeling.

The rules for changing the dUHMON statement are the
same as given in the section on compiling the prograﬁ. |
The COGRMON statement must appear in every subprogram
that ﬁses any of the above symbols. Also, any.specifica-
tion statgﬁent (such as REAL*8, INTEGER%*2) that refer to
COMMON variables must appear with every CCHON statement.

The CQRTION statement may be given a label if desired.




