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This report was prepared as an account of work sponsored by the United
- States government, Office of Policy Development and Research, Department
of Housing and Urban Development (HUD), under Contract H-2164. Neither
the United States nor HUD, nor any person acting on behalf of HUD, makes
any warranty, expressed or implied, or assumes responsibility for the accura-
cy or completeness of the information herein, or assumes liability with re-
spect to the use of any information or method herein.

The New York City-Rand Institute is a nonprofit research institu-
tion founded, as its Articles of Incorporation state, ‘. .. primarily to
conduct programs of scientific research and study, and provide reports
and recommendations, relevant to the operations, planning or admin- -
istration of the City of New York,” The Institute was establisheu
in 1969 by the City of New York and The Rand Corporation as a
center for the continuing application of scientific and analytic tech-
niques to problems of urban life and local government. It is governed
by a Board of Trustees appointed jointly by the City and Rand.

Published by The Rand Corporation
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PREFACE

The Hypercube Queuing Model 1s a computer program that calculates
selected performance measures of emergency service systems (police,
fire, and medical). It 1s especially useful for assisting police and
emergency medical agencies in designing response districts for their
mobile vehicles.

The model is completely described in five reports, available from
The Rand Corporation. There are two versions of the model--an exact
model and an approximate model--both of which are incorporated in a
single computer program. The mathematical formulations of the two
models are presented in the following reports:

o Richard C. Larson, A Hypercube Queuing Model for Facility
Location and Redistrieting in Urban Emergency Services,
R-1238~HUD.

o Richard C. Larson, Urban Emergency Service Systems: An
Iterative Procedure for Approximating Performance Charac~
terigtice, R-1493-HUD.
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The computer program itself is described in three volumes. The
first volume is a summary, describing potential applications of the
Hypercube Queuing Model, how it works, when it ghould be used in pref-

erence to other models, and the resources needed to use it:

o Jan M, Chaiken, Hypercube Queuing Model: Executive Swnmary,
R-1688/1-HUD. o Ny

The second volume is a manual for users of the model. It describes

and gives examples of applications, describes the procedures to op-

erate the computer program once it has been installed in the user's

computer system, and discusses the decisions to be made (such as the

dispatching strategy employed), the results, and the costs and require~

mentas for operation:
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o Richard C, Larson, Hypercube Queuing Model: User's Manual,
R-1688/2~HUD,

The present volume (R-1688/3-HUD) comprises a listing of the computer
program for the Hypercube Queuing Model, which will be of use to data
processing personnel who may wish to modify the program or keypunch
it. The program is avallable on cards or tape and may be obtained by
writing to either of the addresses shown in the Appendix.

The author, a consultant to The Rand Corporation, is an Associate
Professor of Electrical Engineering and Urban Studies at the Massachu-
setts Instlitute of Teéhnology. All work on this model, from design
through documentation, has been supported jointly by grants to the
Massachusetts Institute of Technology from the National Science Founda-
tion (NSF) and by contracts between The New York City-Rand Institute
and the U.S. Department of Housing and Urban Development (HUD). The
most recent work has been funded by the Division of Social Systems and
Human Resources (Research Applied to National Needs) at NSF and the
Office of Policy Development and Research at HUD.

The project funded by HUD has resulted in the development, field
testing, and documentation of a number of models for improving the de-
ployment of municipal emergency services. Further information about
the models themselves and case studies of applications of the models
in several cities can be obtained from Rand or HUD (at the addresses
in the Appendix).
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HYPERCUBE QUEUING MODEL: PROGRAM DESCRIPTION

The version of the Hypercube Queuing Model listed in this repoit
is a batch program issued in 1975. Wa anticipate possible future re-
visions based on suggestions from users, and an interactive version of
the program, which is currently under development at the Massachusetts
Institute of Technology, may also be released at a later date. When
the program is requested from eilther of the addresses listed in the
Appendix, the latest version will be provided, together with any ma-
terials needed to update the information in this report.

The program is provided on cardas at a cost of $35 or on tape at a
cost of $25, plus $15 if we supply the tape. It is written in the pro~
gramming language PL/I(l) and can only be operated on computer systems
that have a PL/I compiler.

Information required by the program is contailned on data cards,
which must be prepared in accordance with the instructions in the user's

(2)

manual. System control cards to compile, link-edit, and execute the
program must appear before the source deck listed here, and the source
deck 1s followed directly by the data cards.

If the program is to be operated repeatedly, we recommend creation
of an object module containing the compiled progrem, since compilation
costs considerably more than typical runs of the program. The core
requirements of the program vary according to the value of the variable
ESTSTAT, which is a code specifying either the exact hypercube model or
the approximate hypercube model, and the dimensions of the variables
M (number of response units), R (number of atoms), and NUM (number of
times the program is to be run). See Section 6.4 of the user's manual
for further details.

Most runs on an IBM system 370/168 require under 300K bytes of
core storage, 80 we recommend testing the program first with this amount
of core and then adjusting subsequent runs in accordance with the actual
amount of core needed with the user's data cards on the test run.

The program listing which follows is generated by the compiler and
indicates line numbers, the program level for subroutines and blocks,




and the nest level for do-loops. Also included is an attribute and

crosg-reference table, which describes the characteristics of each pro-

gram symbol and the line number(s) on which it appears.

STMY LEVEL NEST

!
2

VoI I RN B

29
20

k)

HYPCUBE:
PROCEDURE OPTIONS (HAIN);
1 ocL

NUM

ESTSTAT,

DEB UG

NCOEFFE,

N_BO_STS) FIXED BIN;
/#M=TOTAL NUMBER OF RESPONSE UNITS{E .Gy PATROL CARS) RaTOTAL NUMBER
OF REPORTING AREAS N=TOTAL NUMBER OF BINARY STATES DN MYPERCUBE
NCOEFF=NUMBER OF COEFFICIENTS THAT MUST BE STORED TO $OLVE EQUAS
N_BD_STS=NUMBER OF STATES IN REDUCED BIRTH AND DEATH MODEL NUK=TOTAL
NUMBER OF RUNSH/ '
/*'STATY SIGNALS TYPE DF STATISTICAL OUTPUT: O - ONLY HYPERCUBE
STATISTICS; L - ONLY ESTIMATED STATISTICS; 2 = BOTH #/

DEBUGsO:

.

Lnop: :
GET DATA {MyRyNUM,ESTSTAT,DEBUG);/7#FIRST DATA CARD =/
IF CEBUGM0 THEN
co;
PUT LIST{'START') sSKIP;
CALL PRNT_TIME: .
END3
IF ESTSTAT~al & M>15 THEN
CALL ERR{1)3;
IF R>200 THEN
CALL ERR(2);
IF NUMD10 THEN
NUM=103 :
IF ESTSTAT<O{ESTSTATD2 THEN
CALL ERR(3);
N=l3
IF ESTSTAT~=1 THuk
h=2%%M 3
NCOEFF=1}
‘If ESTSTAT==zl THEN
NCOEFE=N + MEN/23
N_BC_STS=H+13
CALL CALCVAL;
GO TO LOGP;
FINISH:
RETURN:
CALCVAL:
PROC;
IF CEBUGID THEN
PUT LIST{*CALCVAL ENTERED®') SKIp:

s e

P Pt ok Pt e s et Pk 4 et et e Bl et et Pt et (ot et et e gt e

—

[AURSF V)

ocL
{L(R},
TIM+1,4R)
RO,
TR(RyR),
SEC (MyR),
IR0y

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00200100
00000110
00000 120
00000130
00000140
00000150
00000140
00000170
00000180
00000190
60200200
00000 210
00000220
0000023
00000246
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00Q0Q 340
00000350
00000360
00000370
00000380
00000350
00000400
00000410
00000420
06000430
00000440
00000450
00000460
00000470
00000480
00000450
00000500
00000510
00000520
00000530
00000540
00000550
00000560




STHT LEVEL NEST

X{Ry
YR )y
XSPEED,
YSPEED,

SERVT My
T.RATELNCOrF %),
XOU ¥,
Youw,
MINVAL,
CAPACITY,
C{M+1,R),
XUCM( M),
YUCM(H),
XICHIM),
YICM(M),
QUFAC (M),
STMI(R),
PAT_SPEED,
STPROBINI,
CONV_METRIC,
EPS ILONy
INFINITY,
SOM,
XSTFROBINsNUMI,
MUCP) ¢
D.SCALE} FLOAT BIN,
(DENOM,
BOPROBIN_BD, STS+1),
XBOEROR(N_BD,_ STS#1,NUN}) FLOATY UECIMAL(IZ)Q
(RUNNUM
ONE,
THO o
KBy
KCy

'
Jy

Jdy
Ky
BIN),
SCALELy
SCALEZ,

10UNM,
SCALE3,
W{N),
MAP (M)
I.T_ORD(M,R),
NCHANGE
NTIE,
LERCy
KKy
RRy
TIECAR(M],
ADDRESS,
NS{N_BD_STS)
ITERATE,

S

00000570
00000580
00000590
00000 600
00000&10
00000620
00000630
00000640
00000650
00000660

00000670

00000£80
00000690
00000700

00000710

00000720
00000730
00000740
00000750
00000760
00000770

00000780

00000730
00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000540
00000950
00000560
00000570
00000540
00000550
00001000
00001010
00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110




STMT LEVEL NEST

32 2

NSELECT,
NPREF,

NCAR,

MAX BUUND,
SIM{R+1),
ISIMCR+1),y
FLAG(R),
FRST_PREF,
DIS_METHOD,
PAT _FLAG,
OVERRIDE,
PRNT_ TRy
TFLAG,
NO_UNIT(M),
NO_CIST(M),
PRNT_AT_FLAG,
A_MAP(R)} FIXED BIN,

00001120
00001130
00001140
00001150
00001160
00001170
00001180
00001190
00001 200
00001210
00001220
00001 230
00001 240
00001250
00001 260
00001270
00001280

FACT{16) FIXED(L3) DECIMAL INITIAL{L,41,2,6,244120,720,5040, 40320,00001290

362880,3628800,39916800+479001600,6227020800, 87178291200,
1307674368000},

(ALPHA,

BET Ay

MASK({M),

DUMBIT,

LASTVER) BIT(15) ALIGNED,
COM¥ CHARL1O),

CBIT BIT(L) ALIGNED,
(I_RETURN,

K. RETURN,

ALY _RETURNY} LABEL,
TITLE CHAR(50),
(R_DIST,

NM_UNET(M),
NM_CIST(M),

ATOM) CHAR(S8),
{R_UNIT,

T_CCSTy

CFS ) CHAR(18):

({(MuLy

MISCy

TAV,

YAR

SHL »

UBKWL,

DINPUTIM),

PINPUTIM)) FLOAT BIN,
(PD(M4R)

PD2 (MR},

HOR KL OADIM) o

SATPROB) FLOAY DECIMALt12},
({TCAR (M),

TSEC{M),

TREP(R),

TQUE,

00001300
00001310
00001320
00001330
00001340
00001350
Q0001 360
00001370
00001380
00001 390
00001400
00001410
00001420
00001430
00001 440
00001450
00001 460
00001470
00001480
00001 490
00001500
00001510
00001520
00001530
00001540
00001550
80001560
60001570
00001580
00001590
00001600
00001 ¢10
00001620
00001630
00001 &40
00001650
00001660
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/»DISPATCH METHODSs 1:SCM, 2:MCM, 33EX SCM, 43EX MCM DEFAULT ASSUMES

EX MC

/%%

DCAR(M),
DSEC{M),
DREP(R),
DHL {M ),
PHL (M),
DISCO(M) ,
PISCO(M),
DISCI(M),
PISDI (M),
INPUT (M),
DTSEC (M)
PTSEC (M),
GHKLD (M)
ISeCiM),
ISDI(M),
PINSEC(M),
MOX

MON ,

PAT FREQIR¢1),

PINT(M)) FLOAT BIN) CONTROLLED:
INITIALIZE CONSTANTS

ONE =13

THO=2;
INFINITY=1,0E+T}$
LERO=03
MAXBOUNO=40 3

EPS ILON=.00L/N}
MINVAL=.001/N3
CAPACITY=0EQ;

XSPEEO=10./6043
YSPEED=104/6043%
D_SCALE'!-ISZ.&:

SERVTM=30.E0%
TFLAG=03
STMI=1E03
PAT_FLAG=03
PAT_SPEED=T.53
PRNT_AT_FLAG=Q;
XSTFRCB=0;
OVERR IDE=03
PRNT_TR=0;

MU= INFINITY;

FRS T.PREF=0;

Ma/
DIS_METHOD=4;

Py

/#DEFAULT ASSUMES LERO-LINE

CAPACITY QUEUE*/

/*DEFAULTITRAY SP =1OMPH */
/*DEFAULT: CONVERTS 100FT UNITS

INTO MILES*/

/%THIS SERVES DUAL PURPOSE

LATER®/ |

/*DEFAULT: DISTRICT UNITS NOT

GIVEN 1ST PREFw/

SET UP GLOSSARY.e.«DEFAULT VERSION o/

R.OIST='DISTRICT!;
RUNIT=*RESPONSE_UNIT!:
T.COST=*TRAVEL TIME®;
CrS=*CALLS FOR SERVICE'$

00001670
00001 680
00001 590
00001700
00001710
00001720
00001730
00001 740
00001 750
00001 760
00001770
00001780
00001 790
00001990
00001810
00001820
00001830
00001 840
00001850
00001 860
00001870
00761880
00001890
00001 500
00001510
00001920
00001930
00001940
00001950
00001960
00001570
00901980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002360
00002170
00002180
00002190
00002200
00002210
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STMT LEVEL NEST

€0
€l

€2
€3
&4
&5
&6
67
€8
&9
10

71
12
13
14

15
16
17
8
19

€0
€l
g2
83
£4
85
86
BT
a8
€9

S0
91

92
53
54
55
56
S7
$8

99
100

101
102

103
104

NN n NN NNNNY NN RN NNNINNN NN NN NNNNINNONDND N

NN
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= e

ATOMa *ATOM §
PO I=L TO M3 /%#SEY UP UNIT AND RESPONSE AREA

DE FAULTS*/
NO_UNIT(1)al;
NO_OIST (1) =l
AM_UNIT(T)=? UNIT!;
NM_DIST(1)atDIST "3 :
END § /%LO0P CN 1%/
DO Ie1l TO Rj
AMAP(T)ul;
END: . /% LOOP ON 1 #/
START :
K.RETURN®=INI;

IND:

PROG_LODP: .. MK P

1F CEBUG>O THEN
PUT LIST(IREADATA CALLED!) SKIP;
GO TO READATA:

K_RETURN=PROG_LODP;
RUNRUM=0;
If CEBYG>Q THEN

PUT LIST(YINITIALYZE CALLED') Skips
GO 10 tNlTlALIZ&. " R
RUNNUM:RUNNUMPh
1F RUNNUM>NUM THEN

GO TO CCOUTs . - e
K_RETURN=UP_RO; ™ ., , .
IF CEBUG>0 THEN

co; -

PUT LIST(*SOLV. EQ CALLED') SKIP3
CALL PRNT_TIME;

END
GQ TO.SULV_EQS

UP_RO:

RQwRO+IRO}
GO YO PROG_LOOP;

CcouTs

RET:

K_RETURN2START:
IF CEBUG>O THEN
cos
PUT LISTUSCALCOUT CALLED®) SKIP:
CALL PRNT TlME!
ENDG - .
GO TQ CALCOUTS

RETURN$

READATAR

GET LIST(COMM):
IF COMM=!GLOSSARY?, fHEN
. GET DATA:"

pUT

LISE('NSFIRANN-HUD SPATIALLY DISTRIBUTED QUEUING HODEL OF AN')

PAGES . -

PUT LIST(IURBAN EMERGENCY SERVICE SYSTEM') sKIp:

PUY LlSTG'RESPﬁNSE quv- *oRLUNITyt  TOTAL NUMBER= *)M) SKIP;
i Mf % u A ,,‘i .

& . ;wf_~ Ao -

00002220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
00002300
00002310
00002320
00002330
00002 340
00002350
00002360
00002370
00002380
00002390
00002 400
00002410
00002420
00002430
00002440
00002450
00002460
00002470
00002480
00002490
00002500
00002510
00002520
00002530
00002 54Q
00002550
00102560
00002570
00002580
00002590
00002600
00002¢10
00002620
00002630
00002640
00002650
00002660
Q0002670
00002480
00002 6%0
00002700
00002710
00002720
00002730

00002740

00002750
00002760
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165
106
107
108

NN N

109

[

110
L1l

—

112
113
114
115

b e

116
117
119
120
121

122

123
124

NN ~N NN NN NN NN

w b n NN N -

125
126
127
128
126
130
121
132
133
134

- N WY

PN NNNONNON
[oall ol L o d

125
136

137
138 _

MR NN
—

139
140

NN

141
142
143
144
145

NNNNON
———

PUT LIST('RESPONSE AREAw *,R_DIST,* TOTAL NUMBER= ',M) SKIP}
PUT LIST('GEOGRAPHICAL ATOM= ¢, ATOM,* TOTAL NUMBER= Y4R) SKIP;
GO TO LAAPZ3
LAAP: ;
GET LIST(COMM); /*THIS [S BASIC INSTRUCTION
USED TO READ IN COMMS¥/
LAAPZ2: /#THWO CPTIONS FOR STARTING EXECUTION AFTER READING IN OR
CHANGING DATA RUN ASSUMES A CHANGED GEOGRAPHY (& CALLS TRAVTM) RERUN
OCES NOT»/ '
IF COMM='RUN® THEN

co;
'GET LISTUXDUM y YOUM) 3 /% XDUM=RCALLS/HOUR,
YOUM= INCREMENT */
RO=XOUMRSERVTM/60. 3 /¥ROCRCALLS/SERVICE TIME UNIT%/

TRO=YDUM®SERVTH/60. 3
CALL TRAVTHM;
PUT EDIT(R_UNIT.' SPATIAL ALLOCATICN, WHILE AVAILABLE®*) (
COLUMNIS)Y,yAyA) PAGES
00 J=1 TO M BY 10;
IF J+9<H THEN KKeJ+93
ELSE KK=M;
PUT EDITIATOM %10 OF *HR_UNIT)(A,COLUMNILE) 4A A} SKIP(2)3
PUT EDIT(*NO.*»(NM_UNIT(I) DD I=J TO KK)) (
AyCOLUMNL10D s (M) (A(B) 4 XT1)}) SKIP:
PUT EDIT((NO_UNITLI) DO I=J TO KK)){
COLUMNLLL) y (MILF(3)4X(6))) SKIPS
DO K=L TO R;
PUT EDIT(A_MAP(K)(SEC(L,K)} DO I=J TQ KK))
COLUMNE2) yF(3) oy COLUMN(9) 3 (M) (F (6930 4X(3))
END}
END: /=LOOP ON J®/
GO TC K_RETURN;
END;
IF COMM=?RERUN' THEN
co:
GET LIST(XDUM,YDUMI;
RO=XOUM®SERVTM/604 §
IROwYDUM®SERVTM/60. 3
PUT EDIT(*GEOGRAPHY UNCHANGED FROM PREVIOUS RUNT') (
COLUMNIS) sA) PAGE;
GO TC K_KETURN;
END;
/%FINTISHES PROCESSING ON ONE GEOGRAPHICAL CONFIGURAT ION®/
IF COMM=4J0OB* THEN
GO TO RET}
/*TITLE CF RUN: 50 CHARACTERS QR LESS%/
IF COMM=TITLE' THEN
GET LISTITITLE);
J¥LUJ)=FRACTION OF CALL FOR SERVICE WORKLOAD GENERATED IN ATOM J READ
IN NUMBERS THAT ARE PROPORTIONAL TO L'S AND THEY ARE NORMALIZEW/
IF COMM=tLAM' THEN
cos
GET' LIST{L);
XDUM=SUMLL) 3
Lul/XOUM}

(
L

00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
00002850
00002 860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002980
00002570
00002980
00002990
00003000
000030106
00003020
00003030
00003040
00003050
00003060
00003070
00003080
00003090
00003100
00003110
00003120
00003130
00003 140
00003150
00003160
000033 /0
00003 (80
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
00003270
00003 280
00003290
00003300
00003310
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STMT LEVEL NEST
146 2 1 PUT EDIT(CFS,* DISTRIBUYICN, BY *,ATOM) (COLUMN(S)},A,8,A) 00003320
SKIP{3); 00003330
147 2 1 00 K=1 TO R; 00003340
148 2 2 PUT EDIT(A_MAPIK) LIK)) ( 00003350
COLUMNET) yF{31,COLUMN(L8) +F{T745)) SKIP; 00003360
149 2 2 END} 00003370
150 2 1 EMD3 /REND OF *LAM' INSTRUCTIONS*®/ 00003380
/wSEC(14J)~=0E0 IF ATOM J IS IN SECTOR I30E0 OTHERWISE 2 OPTIONS: 1) 00003390
CONSTRUGT WITH *S', ASSUMING LOCATION DEFAULT 2) READ IN DIRECTLY 00003400
USING ¢SSty WHILE DEFINING DISTRS*/ 00003410
151 2 IF COMM=t*VAR_SER_TM* THEN 00003420
is2 2 €03 00003430
153 2 1 GET LISTINMU); /*1ST READ IN AS SERVICE TIMES*/ 00003440
154 2 1 PUT EDIT('SERVICE TIME FOR EACH ¢ R_UNIT)(A.A) SKIP(4); 00003450
L5 2 i DO 1=l TO M3 00003460
156 2 2 PUT EDITUINM_UNITCLI)oNO_UNETUT)MUCT )y MINUTES®) ( 00003470
A(BY)yXI3) o FL3D XI5 4F(692)4A) SKIP: 00003480
167 2 2 END3 00003490
158 2 1 MU=L/MU3 /*CONVERY TO RATESH/ 00003500
159 2 1 » SERVTH=M/SUMI MU) /%NEW SERVICE TIME UNITx/ 00003510
140 2 1 MU=MURSERVTNM /HRELATIVE SERVICE RATES PER 00003520
SERVICE TIME UNIT*/ 00003530
161 2 1 END s /REND VARIABLE SERYV TIME 1RPUT®/ 00003540
1¢2 2 IF COMM=*SERVTM' THEN 00003550
163 2 GET LIST‘SERVTH). 00003560
/oDETERM INE ATOMS IN UNIT 1°tS OlSTRlCT (OPTION 1 ABOVE) CARD: UNIT & 00003570
TOT # ATCMS THEIR #'S THIS IS NOT USED 1F SEC ARRAY IS READ IN 00003580
DIRECTLY ¥/ 00003590
1¢4 2 IF COMM=tS? THEN 00003600
1€5 2 Cos 00003610
166 2 1 GET LIST (I,H)¢ 00003620
147 2 1 SEC(I¢®»)n0EQD; 00003630
168 2 1 00 K=1 TO H: 00QQ3 640
149 2 2 GET LIST(J): 00003650
170 2 2 SEC{I,JI=1EO: 00003460
171 2 2 END$ /% LOOP ON K *®/ 00003670
172 2 1 CALL CALCSEC(I}s 00003680
113 2 1 END} 00003690
/%0PTION 2% OEFINE DISTRICTS AND RELATIVE ALLOCATIONS CARD: UNIT # 00003 700
TOT # ATCMS ATOM # 1 REL FRAC TIME IN # L ATOM ¥ 2 REL FRAC TIME IN # 00003710
2y eeoETCe EXAMPLE: 2 2 4 1EOQ 7 3.2E0 %/ 00003720
174 2 IF COMMw#SS¢ THEN 000031730
175 2 £os 00003740
176 2 1 GET LIST(I.H); 00003750
117 2 1 SEC{I,%}n0EQ; 00003760
178 2 1 SOM=QE0 s 00003770
/#SEC{ 1,y J)<KOEO IHPLIES ATOM J “IN® DIST 1 BUT UNIT I SPENDS NO TM TH%/ 000063780
119 -2 1 00 K=1 TO H3 00003790
180 2 2 GET LIST{J,XDUM)3 00003800
181 2 2 SEC({IyJd)=XOUM; 00003810
182 2 2 IF XOUM>OEO THEN 00003820
183 2 2 SOM=SOM+XOUM; 00003830
184 2 2 ELSE v 00003 840
184 2 2 SECUI4J)m=1,E0; 00003850
1E5 2 2 END3 /7%L0O0P ON Ku/ 00003860
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186
187

1¢e8
189
190
191
192

153
154
155
156
197
1498

149
200
201
202
203
204
205
206
207
208

209
210
211
212
213
214
215
216
217
218

219
220
221

222
223
224
228
226
227
228
229

230
231
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SEC(IymluSEC(L,¥)/S0Ms

END;
Z7¥TRUL,JY=MEAN TRAVEL TIME FROM ATOM [ TO ATOM I/
IF COMM=ITRY THEN
cos
GET LISTITR}:
TFLAG=13;
END;
/*EFFECT IVE SPEEDS OF RESPONSE®/
IF CCMM='SPEEDY THEN
Lo;
GET LIST(XSPEED);
XSPEEOwXSPEED /6043
YSPEED=XSPEED:
END ¢ /%BOTH SPEEDS ASSUMED EQUAL IF

ONLY CNE READ [N%/
TF COMM=*XSPEED' THEN
£os
GET LIST(XSPEED)S
XSPEED=XSPEED/ 6043
END;
1F gonn-'vspesnv THEN
03
GET LIST{YSPEED):
e YSPEEDxYSPEED/ 6043
D;
/*DEFAULY OPTION FOR TRAVEL TIMES:ASSUMES RIGHT-ANGLE OISTANCE NEED
TO READ IN SPEEDS FIRST/
1F COMM='TX* THEN
tos;
00 I=1 10 R;
GET LIST(X{I),Y(l});
END3
XaX*D_SCALE;
YxYxD_SCALE;
DO 1=l YO R;
D0 J4=)1 TO R
TRUIJYHCABS(XTTI)=X{JD)I/XSPEED + (ARS{Y(I)=¥IJ)))/
YSPEED:

END; JHLODE ON 4y THEN [%/
END :
/#AN OPTIONAL PART OF THE TRAVEL TIME DEFAULT CORRECTS INTRA=ATOM
TRAVEL TIMES MUST BE READ IN AFTER 'TX'%/
IF COMM=CORTM' THEN
cos
GET LIST(YDUM):
B0 =1 TO R;
GET LIST(XDUM);
o (1 111 YOUHRSORT (XDUM /L XSPEEDRYSPEED) ) 5
ND3
ENDS /%LO0OP ON I, THEN FINISH
CONDIT 1ONAL#/
IF COMM=tTX_QV' THEN
¢os /%SELECTIVE OVERRIDE OF RIGHT

00203870
0003880
00003890
00003900
00003910
00063920
00003930
00003940
on003950
00003960
00003570
Q0003680
00003990
00004000
00004010
00004020
00004030
00004040
00004050
00904060
00004070
00004080
00004090
00904100
00004110
00004120
00004130
00004 Y40
00004150
00004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
00004380
00004390
00004400
00004410
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232
233
234
235
236

237
2328

229
240
241
242
243
244
245
246

247
248
249
250
251
282
28

254
255

286
257
258
259
260
261
262
243
2¢&4
2¢5
266
2¢7
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270
271
212
273
274

Wwmww
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ANGLE DISTS=/
GET DATA:
TRLAGw2
END;
IF COMM=tD_SCALE' THEN
GET LIST{D_SCALE};
/%A 'CAPY CARD SIGNALS INFINITE CAPACITY QUEUEIELSE ZFRO LINE CAPAC.%/
IF COMM='CAP' THEN
CAPACITY=INFINITY
/%FOUR PCSSIBLE DISPATCH OPTIONS*/
IF COMM=tSCMY THEN
CIS_METHOD=1}
IF COMM=vMCMt THEN
CIS_METHODw2;
IF COMM=YESCH' THEN
DI S_METHOD=3;
If COMM=VYEMCM' THEN
DI S_METHOD =4}
/%A YEFRST* CARD SIGNALS 1ST PREF FOR DISTRICT UNIT*/
IF COMM= SFRST® THEN
FRST._PREFx1;
1F COMM='PATROL' THEN
003
GET LISTU(PAT_SPEED);
GET LIST(STMI);
PUT EDIT(*PATROL STREET MILES PER *,ATQON)(A,A) PAGE;
DO J=)} TO R;
PUT EDIT(A_MAP(J} »STMI(J) ) (COLUMNIS) (FL3),X(5)4F(T,2))
SKIP3
END3
PAT_FLAG=1}
END3
IF COMM='DISP_OV_RU' THEN
CVERRIDE=1;
IF COMM=tPRNT_TR?® THEN
PANT_TR=13:
IF COMM=*NO_PRNT_AT' THEN
PRNT_AT_FLAG=L;
IF COMM=®ATOM_NO' THER
GET LIST (A_MAP);
GO TO LAAP;
/*CALCSEC IS A CONVENIENT DEFAULT FOR DETERMINING SPATIAL POSITICN CF
RESPONSE UNIT WHILE IDLE; HOWEVER IT IS NOT GENERAL ANG ONE MAY WISH
TC READ IN THE SPATIAL DIST (SEC) DIRECTLY SEC(I,J} 1S MANIPULATED 7O
EQUAL FRAC COF IOLE TIME UNIT I SPENDS IN ATQOM Je/
CALCSEC:
PROC(T )3
DCL
(I,
J} FIXED BIN3
SOM=0E0}
D0 J=1 TO R;
IF SEC(I,d)> OED THEN
SOM=SOM#L(J )3
END 3 /% LOOP ON J =%/

00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
0nJ04510
00004520
00004530
00004540
00004550
00004 560
00004570
00004580
00004 £90
00004600
00004610
00004620
00004 &30
00004 £40
0004 650
00004 660
000044670
Q00U4 68U
00004 €90
00004 700
00004710
00004720
00004730
00004740
00004750
00004 760
00004770
00004780
00004790
Q0004800
000042810
00004820
00004830
00004840
00204850
00004 860
00004870
00004880
00004890
00004 500-
00004510
00004920
00004530
00004540
00004950
00004660
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STMT LEVEL NEST

275 3 DO Jd=1 TO R; 00004970
276 3 1 IF SEC(1,J)> OEO THEN 00004980
277 3 1 SEC{Tyddxl(J) /SOM; 00004990
218 3 1 END 3 /% LOOP ON g #/ 00005000
219 3 EMD CALCSECS 00005010
/*TRAVTM CGMPUTES ESTIMATED TRAVEL TIMES FROM DISTRICTS TO ATOMS 00005020

COMPUTAY ION DEPENDS ON TYPE OF DISPATCH METHGO{DIS_.METHOD) ALSO 00005030

COMPUTES Y{1,J)=EXACT EXP TRAV TIME FROM DISTRICT I TO ATOM Jw/ 00005040

280 2 TRAVTM: 00005050
PROCS 00005060

2R% 3 C=~1.F03 00005070
282 3 00 I=1 TO M3 00005 080
243 3 1 Lo J=1 YO R 00005090
284 3 2 SOM=0E0; 00005100
285 3 2 DO K=1 TO R} 00005110
288 3 3 XDUM=SEC(I K} 3 00005120
287 3 k1 {F XDUM>OEQ THEN 00005130
288 3 3 SCM=SOM+XDUMRTRIK yJ )3 00005140
289 3 3 END; /% LOOP ON K %/ 02005150
250 3 2 T{I,J)=S0OM; 00005160
291 3 2 ND; 00005170
292 3 1 END 3 . /*L0GOP ON Jy THEN 1%/ 00005180
/¥*6%DEVICE FOR STATE '11leecll? IN 'TOURY*#kmskink/ 00005190

293 3 TIM4L %)= INFINITY; 00005200
294 3 IF CIS_METHOD=4 THEN 00005210
295 3 C=T: /*FINISHED IF EX MCM . 00005220
DI SPATCHING*/ 00005230

266 3 CiM4Ly*)mINFINITYS 00005240
257 3 IF CIS_METHOD<3 THEN 00005250
298 3 to; /*FIND CENTER-OF~MASS POSITIONS 00005260
OF UNITS#*/ 00005270

299 3 1 00 =1 TO H§ 00005280
300 3 2 XDUM=0EQ ; 00005290
301 3 2 YOUM=0EOD; 00005300
302 3 2 00 J=l1 TO Rj 06005310
303 3 3 IF SEC(1,J)>0E0 THEN 00005320
304 3 3 003 00005330
3c5 3 4 XOUMaXOUMEX {JIRSECIT o d) 3 00005340
306 3 4 YOUM=YDUM#Y L J)*SECIT 1 J) 3 00005350
307 2 4 END; 00005360
308 3 3 END} /%L00P GN J*/ 00005370
309 3 2 ZUCM (1) =XDUM; 000052380
310 3 2 YUCM (1) =YDUMS 00365390
311 3 2 1# TFLAG>Q THEN 00005400
212 3 2 003 J¥CORRECTIONIPLACE C.Ma ON CENT 00005410
0F */ 00005420

313 3 3 XDUM=INFINITY; /%kk  NEAREST ATOM %%/ 00005430
314 3 3 DO J=) TQ R; 00005440
115 3 4 YDUMw(ABSIXUCMETI=X{.2) ))I/XSPEED ¢ ( 00005450
ABS{YUCMIT)=Y(JdI §)/YSPEED: 00005460

3le k| q IF YOUM<SXDUM THEN 00005470
317 3 4 O] nH 00005480
218 3 5 XDUM= YDUM ; 00005490
319 3 5 KuJi 00005500
3z0 3 5 ENO'; 00005510
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3zl
322

323

324
325

326
3z7

328
329
330
331
332
313
334
335
336
327
318
329
340
341
342
343
344
345
346
347
348

349
350
38

3k2
353
3z

3585
356
35T

31
3¢9
360

3€l
3¢2
363
3¢4
3¢5
3¢6
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END3 /RLOOP CN J»/ 00005520

XUCMLT) =K /R*R]MPORTANT: HERE XUCM IS 00005530

USED TO INDEX ATOM ¥ CLOSEST TO 00005540

STATIS CaMen/ 00005550

END; /#END DO THAT CORRECTS FOR C.M. 00005550
LOCATIONSw/ 00005570

END; 00005580
END 3 /*1L00P ON 1 ANO END OF 00005590
CONOITIONAL®/ 00005600

IF CIS_METHQD=1 THEN 00005610
cos 00005620
/*CNMPUTE CENTER-OF~-MASS POSITIONS OF INCIOENTS POTENTIAL PROBLEMS 00005630
HERE FOR OVERLAPPING DISTRICTS#/ 00005640
CO I=1 TO M3 00005650
XOUM=O0EOQ; 00005 660
YDUM=0EO; 00005670
SCM=0EQ} 00005680

DG J=1 TO R} 00005690

1F SEC(14J)~=0EO0 THEN 00005700

00; /%Waut CORRECT HERE=®/ 00005710
KDUM=XOUM+X (I IxL{Jd) 3 00005720

YDUM=YDUMHY (J)*L(J) 3 00005730

SOM=SOM+L(J ) 00005740

END; 00005750

END; /#END CONDITIONAL AND LOOP ON J*%/00005760

If SOMsQEO THEN 00005770

GC TO NO_SEC; 00005780
XICMI1)=XDUM/SON; 00005790
YICMLT)I=YDUM/SOM} 00005800

1F TFLAG>O THEN 00905810

Do; 00005820

XDUM= INFINITY: . 00005830

00 J=l TO R; 00005 840

YDUM= (ABS(XICMII)~XCJ)))/XSPEED + 000055850
ABS{YICM(1)~Y(J)))/YSPEED 00005860

1F YOUMKXDUM THEN 00005870

nos 00005880

XDUM=YOUM § 00005890

KmJ3 00005900

END3 00005910

END; /=L00P ON J%/ 00005920

XICMUT) =K $ /*SAME SITUATION AS XUCH ABOVE®/ 00005930

END; /%END TFLAG COND*/ 00005540

NO_SEC: 00005950
END; 7%LO0OP ON 1/ 00005960

00 I=1 YO M3 00005970

DO J»1 TO R3 00005980

D0 K=1 TO M3 /¥NOTE IMPLICIT PREF FOR LOWER 00005990

#'ED UNS%/ 00006000

IF SEC(KyJ)w=0ED THEN 00006010

PvH 00006020

1F C{I1,J)<0E0 THEN 00006030

00 00006040

IF TFLAG=0 THEN 00006050

CUlpd)=ABS(XUCHMII)-XICHIK) )/ XSPEED +00006060
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37
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ABS{YUCM{T)-YICM(K))/YSPEED;
ELSE
psH
JJ=XUCH(T)
KK=XTCM{K)
ClIsJd)=TR{
END3
KaM+13

3
JUPKK)

END; /*TERMINATE 2 CONDITIONALS#/

IF CIS_METHOD=2 THEN
003
DO I=1 TO M;
00 J=1 YO R:

/%L00P ON Koedyin/
/¢FINISHED WITH DIS_METHOOxI
CONDITIONAL X/

IF TFLAG=Q THEN
CeIyJI=ABS{XUCMIT)-X(J))/XSPEED +
ABS{'YUCM(I)~Y(J) )/YSPEEDS

JJmXUCM(T) 3
Cilyd)=TRIJA I}

ELSE
003
END3
END}
END;
END$

IF CIS_METHOD=3 THEN

€03

/% I=UNIT #i K=# OF DISTRI
DO 1x1 TO M3

DO K=l TO M;

XDUM=QEO 3

SOM=0EQ 5

/*LCOP ON J AND I, THEN END
CONDe FCR MCM#/

CT OF INCIDENT®/

00 J=1 TO Ry
IF SEC(I,J)>0EQ THEN

Do

Jd=1 TO R;

/*SCREENING THRU ATOMS TO TEST FOR UNIT 1%/

IF SEC(KJ3)~»0E0 THEN
03 /*%01ST K TEST=/
XDUM sXDUM+TRIJyJJIRSECLT,d I RL(JJ )3
£ DSOM-SON*L(JJ)*SEQ(IyJ)S
NO3

END}

END3

/*&00P ON JJ+ENC COND., LOCP ON *
g

XDUH=XDUN/SOM;
00 JJ=1 TO R}
IF SEC(KyJJ)~=0EQ THEN

bos

IF C{I,J 1<0E0 THEN

06306070
00006080
004206090
00006100
Q0006110
00206120
00206130
Q0006140
00006150
00006160
Q0006170 -
00006180
00006150
00006200
00006210
00006220
00006230
00006240
00005250
00006260
00006270
00006280
00006290
00306300
00006310
000046320
00006330
00006340
00006350
00006360
00006370
00006380
00006390
00006400
00006410
00006420
00006430
00006440
00006450
00006460
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540
00006550
00006560
00006570
00006580
00006590
00006600
00006610
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413
414
415
416
417
418

419
420

421
422
423
424
425
426
427

429
439
421
422
433

434
435
436
4317
428
429

440
441
442
443
444
445
446
441
448

449
450
451
452
4¢3
hE4
45

486
457
458
489
4¢0
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CUIyJJ) =XDUMS

IF FRST_PREF=1 THEN
04

/=END COND. AND LOOP ON JJ%/

/«LO0P ON K ANN I AND END CF
CONDaw/

L
/*OISTRICT'UNIT GETS 1ST PREF? IF SDy PREF GIVEN TO LOWER # UNITSk/

DO J=1 TO R
0G 1al T M:

1F SEC{1,J}~=0FE0 THEN

003
Cll4J)=0€03
TaMel;
END;
END3
END}
END
1f CVERRIDE=L THEN
cos

qv:
GET LIST (COMM);
IF COMMatERONT* THEN
nos
GET LISTLI,Hiz
DO K=1 TO H:
GET LIST(J);
C(l14J}20E0D;

ENDS
6o TO OVi
END3
IF COMM=¢BACK* THEN
e
GEY LISTUI H)G
DU K=1 TG H;
GET LIST(J);
C(IOJ)‘9990:

END}
GO TO GOVs

END}
IF COMM=tMIDOLE' THEN
D03

DO K=l TO Hi
GEY LIST(J}3
Clly J)=XDUM}
END
GO TO OV}
ENC:

GET LISTUIXDUMH);

/2L00P DN 1;J ANC END OF CCNDu#/

00006620
00006630
00006640
00006650
00006660
00006670
00006680
00006690
v0006 700
00006710
Q00006 720
00006730
00006740
00006750
00006760
00006770
00006780
00006 790
00006800
00006816
0U00L 82V

/% ASSUNES THESE COMMANDS FCLLOWX/0000e830

/*1=UNIT ¥y He# ATOMS INVOLVED®/

/*NOTE TIE IN CASE OF USE CF
FRET_PREF=1Ln/
/%1.00F CN K=/

/=END CO»/

/+NOTE POSSIBILITY OF TIES HERE
AL SCw/
/+LO0P ON K=/

/*END 0C0%/

/=L00P CN Kw/
/=END CO#/ -

/% ENO_CV_RD* CARD IMPLICITLY ASSUMED HERE®/

END3

/*ENL BIG DO FOR QVERRIDE=/

00006840
00006850
00006860
00006870
00006 880
00006890
00006900
00006910
00006520
00306930
00006940
00006950
00006930
00006970
00305580
00006990
00007000
00007010
00007020
00007030
00007040
00007050
00007060
00007070
00007080
00007090
00007100
00007110
00007120
06007130
00007140
00007150
00007140
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STHT LEVEL NEST

462 3 IF PRNT_TR=1 THEN 00007170
4¢3 3 £es 00007180
4¢4 E 1 FUT EDIT('TRAVEL TIME MATRIX: INTER~!,ATOM) ¢ Q0007190
CULUMN(10)4A s A) PAGES 00007200

4¢5 3 -1 DO K=1:TO R BY 10; 000207210
4¢6 3 2 IF K+9<R THEN 00007220
4¢7 3 2 KKaK+93 00007230
4¢8 3 2 ELSE 00007240
4E8 3 2 KK=h§ - 00007250
4¢9 3 2 puUT 00007260
EDIT(ATOM;* NUMBER: ORIGIN',ATCH,* NUMBER:DESTINATION' ) 00307270

{ 00007280

AyAyXL6)yAyAL SKIPL2)3 00007290

410 3 2 PUT EDIT((A_MAP( ) DO I=K TO KK} 00007300
COLUMN(3L1) o (LOT(F(3), R(B))) 3KIPS 00007310

471 3 2 DO J=l TO R; 00007320
472 3 3 PUT EDITLA_MAP(J)+(TR(J41) DO 1=K TO KK)) 00007330
COLUMN (1601 F 13}, COLUMNI29i o (LOV(F(642)4X(280) 3 00007340

473 3 3 END3 /«L00P QN Jx/ 00047350
44 3 2 END3 /*L00P CN K&/ 00007360
413 3 1 END; /=END PRNT_TR*/ 00007370
476 3 PUT EDITL'MEAN TRAVEL TIMES FOR EACH ' yR_UNITI(CCLUMN(LOl,A4A) 00007380
PAGF; 00007 390

477 3 PUT EDIT{'TC EACH ' ,ATOM){CCLUMN(10),A,A) SKIP; Q00Q07400
478 3 SUT EDIT(ATOM,*1D OF *WRLUNITH(AYX(6)yA,A) SKIPL2); 00307410
419 3 PUT EGITIYIDY)(A) SKIP: 00007420
480 3 PUT EDIT(Y'NO* y (NM_UNIT(I) NO 1=1 TO M) )( 00007430
Ay COLUMNL Gy (M) (AL(B) ¢ X{1))}) SKIP; 00007440

431 3 PUT ECITU(NC_UNIT(I) DO I=1 TG MIJ(COLUMNITY y{MI{F(3),X(06))}3 00007450
4€2 3 0D K=1 TO R; Q0007450
483 3 1 PUT EDIT(A_MAP(K}+(T{14K) DD I~l TGO M) 00007470
FL3) o X{L)p{MILF(642)y XI3))) SKIPS 00007480

484 3 i END} /%LO0P ON Kx/ 00007450
485 3 IF CIS_METHOD=] THEN 00007500
486 3 FUT LISTU'STRICT CGENTER-OF-MASS DISPATCHING') PAGE: 0007510
487 3 IF CIS_METHOD=2 THEN 00007520
488 3 PUT LISTI'MODIFIED CENTER~OF-MASS DISPATCHING') PAGE; 00007530
489 3 [F CIS_METHQOD=3 THEN ) 00007540
490 3 FUT LIST('EXPECTEC SCM DISPATCHING® ) PAGE; 00007550
4S1 3 IF CIS_METHOD=4 THEN 00007560
492 3 PUT LIST{*EXPECTED MCM DISPATCHING') PAGE; 00007570
453 3 IF FRST_PREF=] THEN 00007560
4549 3 Co3 00007590
455 3 1 PUT ECIT(!FIRST PREFERENCE ASSIGNED TO 95 RLUNIT)(AzA) 00007600
SKIP(2)3 00007410

456 3 L PUT EDIT(*ASSOCLATED WITH EACH *,R_DISTI(A4A); 00007620
447 3 13 END 00097630
4458 3 IF TFLAG=l THEN 00007640
499 3 FUT EDIT(CARBITRARY (EMPIRICAL) TRAVEL VIMES USED') (A) 60007650
SKIP(2)3 00007460

500 3 IF TFLAG=2 THEN 00007670
561 3 PUT EDIT(*SELECTIVE OVERRIDE OF RIGHT-ANGLE DISTANCE USED*){ 00007¢B0
A) SKIP(2)3 00007690

502 3 IF TFLAGDO & DIS_METHODL3 THEN 00007700
503 3 FUY 00307710
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504

505
506
507
508
509
510
511

512
513

514

515

516
517
518
E19
520
521

£22
523
524
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526
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6528
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521
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524
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540
541
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EDIT(*CENTER-OF~MASS POSITICNS OF UNITS AND/CR INCIDENTSY,
' MOVED TO NEAREST CENTER OF ', ATOM)(A} SKIP;
PUT SDIT(*ESTIMATED "COSTH OF ODISPATCHING T_TH *yR_UNIT)(A,A)
SKIP(213
PUT ECIT('TO J_TH ! (ATOM) (COLUMNLG) Ay AD;
PUT EDIT(ATOM,'ID OF ',R_UNIT)(A4X(6)sA,8) SKIP(2):
PUT ECIT(*IG' }{A) SKIP;3 »
PUT EDIT('NO* (NM_UNIT(I} DO I=1 TO M))(
Ay COLUMNIGDy (M)CATBY, XELD 1) SKIPS
PUT ECITC(INO_UNIT(I1) DO I=L TO MI)(COLUMNIT),(MICF(3),X(6)));
DO K=1 TO R;
PUT EDIT(A_MAP(K),(CLI,K) DO Ixl TO M))(
FE3),X(1) 5 (MICFL6,2), X(3))) SKIP;
END ;
END TR AVTH;
/#COMPUTE MATRIX OF ORDERED DISPATCH PREFERENCES Cll,J)="COSTH OF
ASSIGNING UNIT | TO ATOM Jeo.TIES ALLOWED I_T_CRO{I,J)=NUMBER OF ITH
BEST UNIT TO ASSIGN TO ATOM Je/
INITIALIZE:
IF CEBUG>O THEN.
cos
PUT LIST(!TIMING I_T_ORD') SKIP;
CALL PRNT_TIME;

END$
00 J=1 TO Ry
IF J=1 THEN
0C3 /% INITIAL DUMMY GUESS OF
ORDERINGS=/
DO I=1 TO M3
I.T_ORD(I,L) =13
ENC; - /%L00P CN Iwn/
EMD3 /*END OF FIRST CONDITICNALR/

/%SINCE ADJACENT ATOMS IN LIST HAVE SIMILAR CHARACTERISTICS, USE LAST

ORDERING AS GODD FIRST GUESS%/

ELSE
nos
00 I=1l TO M3
I_T_ORD(I,3)=1_T_ORD(I,Jd-1)3
END; /%L00P ON 1=/
END} /%END CF SECOND CONDITIONAL®*/
NCHANGE= 13
CO I=x1 TO Mel WHILE (NCHANGEDO);/%"Mel®™ IS A DUMMY STOPPING
PY®/ :
NCHANGE =03
D0 K=1 TO M-1l; /*T1ES DO NOT GENERATE

RANDOMNESS IN ORDERING®/

IF COI_T_ORDUK21eJ)s JIKCIT_T_ORDIKsJ)yJ} THEN

GO TO SHITCH;
IF CULLT ARDIK+LyJ) o J)aClT_T_ORDIKyJ)yJd} THEN

003

1F I_T_ORD(Ke1l,JI<I_T_ORD(KyJ) THEN
GO TO SHWITCH;

ENDs . /*END CHECK FDR TIES#/

GO TO END_SWITCH3:
SWITCH:

00007720
00007730
00007740
£AN0T 750
00007760
00007770
00007780
00007790
00007800
00007810
00007820
00067830
00007 840
00007850
00007860
00007870
00007 88U
00007890
00007500
00007910
00007520
00007930
000C7940
00007950
00007960
00007570
00007580
00007990
00003000
00008010
00008020
0070803Q
00008040
00008059
00008060
00008070
00008080
00008090
00008100
00008110
00008120
00008130
00008140
00308150
00908160
00008170
00008180
00008190
00008200
00008210
00308220
00008230
00008240
00008250
00008260
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1OUM=1_T_ORD(KsJ}3 00008270

544 2 3 T.T_ORD{Ky JI=I_ T_ORD(K+144)3 Qoo08280
545 2 3 T_T_ORCUK+1,J)=IDUM; gouo8zsn
546 2 2 NCHANGESNC HANGE +1 3 00008300
547 2 3 END_SWITCH: 00008 310
END3 I%LCOP CN K%/ 00008320

548 2 2 END; Z*L00P ON 1%/ 00008330
549 2 1 IF I=M+2 THEN ' 00008340
S€0 2 1 CALL ERR(4)}; 00008350
551 2 1 END /*L00P ON J¥/° 00008360
582 2 IF CERUG>0 THEN 00008370
553 2 Lo; 00008380
584 2 1 PUT LIST('I_T_ORD FINISHEC*) SKIP: 00008390
555 2 1 CALL PRNT_.TIME; 00008400
556 2 1 END3 00008410
f*SET UP TABLE IDENTIFYING SIMILAR ATOMS RR=TuTAL NUMBER OF SETS OF 00008420

SIMILAR ATOMS ISIM(J)=LOC IN SIM OF 1ST OF A SET OF ATOM NO.S 00008430

BELONGING TO JTH SIMILARITY SET; Usly24eeeyPR ISIM{RR+1)=R+1 BY 00008440

DEFINITICN®/ : 00008450

587 2 RR=Q} 00008468,
558 2 FLAG=O3 /=FLAG 15 A BINARY VECTOR®/ 0U008470
559 2 ISTMUL)=1; 00008480
5¢0 2 DO I=)1 TO R} 00008490
5€1 2 1 IF FLAG(Il=1 THEN 00008 500
5¢2 2 1 GO TO END_SIM_LP; /%1S ATOM 1 ALREADY IN A %/ 00008510
5¢3 2 13 PR=RE+13 /=0ONE MCORE SET TOENTIFIED Q0008520
: STMILARITY SET? %/ 00008530
564 2 1 ISTM{RR+1)=ISIM{RR) +1 00008540
5€5 2 1 SIM{ISIM(RR) ) =1} 00008550
/%NQW SEARCH FOR OTHER MEMBERS QF THIS SET#/ 00008560

5¢6 2 1 00 J=J+1 YO R; 00008570
S5¢7 2 2 IF FLAG(J)=1 THEN 00008580
5¢8 2 2 GO TO J_LOOP; Q0008590
/%0Ky ATEM J NOT YEY IN A SIMILARITY SET NOW TEST FOR STMILARITY*/ 00008600

569 2 2 DO K=1 TO M; 00008610
570 2 3 IF I.T.ORD(K¢I)~=l T _ORD(K,J} THEN 00008620
5171 2 3 GO TO J_LOoOP; 00008630
572 2 3 END; /7%L00P OGN K%/ . 0000840
573 2 2 DO K=l TQ M=~1; /#CHECK THAT ANY TIES ARE 00008650
. IDENT ICAL*/ 00008660

574 2 3 IF CLI_T _ORDIKeL,I)y I)-CUI_T_ORD(K,1)s1)=0E0 THEN 00008&70
515 2 3 DO; 00008680
576 2 4 1F COI_T..ORD(K#1,J),d}=C{]_T_ORD(KyJ)sJ)~=0EQ 00008690
THEN 00008700

517 2 4 GO0 TO J_LOOP; 00008710
578 2 4 GO TO K_LOOP; /=THERE 1S A TIE FOR BOTH ATOMS*/00008720
519 2 4 END; /%END QOF CONDITIONAL*/ 00008730
580 2 3 IF CLI_T ORDIK+1y Yy J)~C{I_T_ORD(KyJ)yJ)=0EQ THEN 00008740
581 2 3 ) GO TO J_LOOP; 00008750
5€2 2 3 K LOOP: 00008760
END3 /%L00P GN K¥/ 00008770

/*ATOM J IS FOQUND YO BE SIMILAR TO ATOM I: ®/ 00008780

583 2 2 FLAG(J) =1} 00008790
5€4 2 2 SIMCISIM(RR®L) )my; 00008800
585 2 2 ISIM{RR*1)=TISIM(RR*1)+1; 00008810
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552
563
554
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J_LODP:
END ¢ /*1.00P ON .J»/
END_SIM_LP:
END 3 /%L00P CN 1=/

IF ISIM(RR+1)~=R+1l THEN
CALL ERR{S);
PUT
EOIY(YTHE FOLLOWING '3 ATOM.' GROUPS HAVE BEEN FORMED BECAUSE!')
AgAgA) SKIP(4);
PUT ECIT('0F IDENTICAL OYSPATCH PREFERENCES')(A) SKIP:
DO I=} TC RR;
IOUM=ISIM(I+#1)~1SIM(I)
IF IDUMDL THEN
no;
PUT EDIT((A_MAP(SIMIISIM(I)®J)) DO J=0 TO IDUM-1}) (
COLUMNI(S) y CIDUMI(F(3) 4X(3))) SKIP:
ENDS - /*END CONOITIONAL®/
END /*¥LO0P ON 1%/
1F ESTSTAT=) THEN
GO TG K_RETURNS
/*ALGORITHM FOR DETERMINING UNIT-STREP TOUP OF HYPERCUBE VERTICES
B(I)=I_TH VERTEX IN TOUR */

B{1)=08}

B8(2)=18;

SCALE2aTWO;

DO J=2 TO M

SCALEL=SCALE2;

SCALE2=SCALE2®THO

CO [=SCALEL TO SCALE2~13
B(I+1)=SCALEL + B{SCALE2-1);

END;

END ; /¥LO0P CN I THEN J%/
/*DETERM INE WEIGHTS CF BINARY NUMBERS W{K)®0y1429eeesM§ WIK)} 1§
WEIGHT OF NUMBER WHDSE VALUE IS K-} USE UNIT~STZP PROPERTY OF ABOQVE
SEQUENCE »/

W(1)=2ERO;

DO K=2 TO Ni

IF B(KID>B(K=1) THEN
HIB(K)I+L) =W (B(K-1}+1)+l}

SF
WIBIKI+L)2W(B{K=10+1)=13
END /#L00P ON Kx/
/*DFTERMINE NUMBER QF STATES IN EACH DIAGONAL HYPERPLANE NS(J)=#
STATES IN J=~1ST HYPERPLANE: J=192yeesyMaln/
D0 I=0 7O M3 /%RECALL:
FACT(1)=(1-1IFACTORIAL"/
NS (I+1) =FACT{M+1) /{FACT(M* =11 %FACT (I+1));
END;
/*SET UP MAP FOR PACKED MATRIX OF “UPWARD"™ ANC "ON~DIAGONALM™ COEF
TOT2L NUMBER OF MATRIX ENTRIES= 2&%M + ((2%%xM)m=M}/2 %=/
MAP (L) =13}
D0 k=2 TO N3
/¥t+lt FCR ON-CIAG TERM, *tW(K-1)
PAP(KI=MAP (K=1)+14W(K~1)
END

FOR EACH BUSY UNIT=/

00308820
Q0008830
00008 840
00008850
30J0u8 860
00008870
00008880
00008890
00008500
00008910
00208920
00V08630
Q0308940
00008950
00308960
Q0008970
00008680
00008990
00009000
00009010
00003020
00009030
00009040
00009050
00009060
00009070
00009080
00009090
00209100
00009110
00009120
00009130
00006 140
00909150
00003160
00009170
00009180
00009190
000039200
00009210
00009220
00009230
00009240
00009250
00009260
30009270
00009280
00009290
00009 200
00009310
00009320
00009330
00905340
00009350
00009360
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STMT LEVEL NEST
/*GENEKATE BINARY MASKS: MASK IS A 15~DIGIT BINARY STRING*/

£24 2 MASK(11='08;
625 2 DC 1=2 TC M
626 2 1 IDUM=2%4 (T=1) ~ L;
8217 2 1 MASKLT)=1DUM; JXEXIMASK(4)=000000000000111 8%/
628 2 1 END; £%L00P ON 1%/
/%EILL TN MATRIX OF COEFFICIENTS*/
629 2 T_RATE=0F0; JRINIT JALTZEW/
630 2 I_RETURN=MATR IX_INPUT;
621 2 ALT_RETURN=HERE_IF_ONES;
€22 2 KK=03 |
€23 2 Li:
RK=KK+13
634 2 IF KK>RR THEN
635 2 GL TC MATRET;
626 2 J=SIMCISTMIRK) )¢ /%1ST (& ARBITRARY) MEMBEK OF
KKTH SIM SET®/
637 2 K20
628 2 L2:
KaK 413
639 2 1F KON THEN
640 2 60 TO L1;
641 2 ALPHA=B(K) 3 /*BIT STRING REPRESENTATION OF
STATE B(K)*/
642 2 60 TC TOUR:
/#NOW INPUT INTG MATRIX, “OFF-DIAGCNAL TERMS" HERE*/
€43 2 MATRIX_TAPUT:
XDU M=0F0; /*AGGREGATE CALL RATES FRGM SIM
_ ATOMS */
644 2 D0 JJ=1SIM(KK) TO ISIMIKK+1)=1;
45 2 1 XDUM=XDUMLISIMEJJ) )3
646 2 1 END 3 /%L00P ON Ju*/
647 2 XDUM=XDUM/ (NT IE+1) 3 /*INCREMENTAL LAMBDA FOR EACH
: . OPTIMAL UNIT#/
648 2 DO =1 TG NTIE+L;
649 2 1 PETA=ALPHA;
650 2 1 SUBSTR(BETA)16=-TIECAR(L)y1)="1*B;/«GET ADJACENT ST/
851 2 1 KB=BETA+1; JENUMERTCAL VALUE OF ADJACENT
STATE®/
/*FIND NC GF BUSY UNITS IN STATE BETA WHOSE UNIT NO DESIGNATIONS ARE
LESS THAN TIECAR{I)essTHIS GIVES US CORRECT ADDRESS IN PACKED MATRIX*/
652 2 1 CUMBIT=BETALMASK (TIECAR(L) 13
653 2 1. KC=DUMBIT+1;
&54 2 1 ADDRESS=MAP{KE } +W(KB) ~WIKC )3
/*NDTE THAT THIS FILLING COF T_RATE IS RO INDEPEND*/
655 2 1 T_RATE(ADDRESS)=T_RATE(ADDRESS } € XOUM;
656 2 1 ENT 3 /%L0OOP CN 1%/
657 2 HERE_TF_CNES:
GO TO L2;
658 2 MATRET:
G0 TG K_RETURN;
/4SOLVE EQUATIONS OF DETAILED BALANCE ON HYPERCURE FIRST COMPUTE
BIRTH ANC CFATH PROBABILITIES®/
659 2 SOLV_EQ:

BOPFOB=0EOQ:

00009370
00009380
00009390
00009400
00009410
U0009420
90009430
00109440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530
00309540
00009550
00909560
00009570
00009580
00009590
00009 600
00009£10
00009620
00009630
00009 €40
00009650
50009660
00009¢70
000054680
00009¢90
00009700
00009710
00009720
00009730
00009740
00009750
00009760
00009770
00009780
00009790
00009800
00009 €10
00009820
00009830
00009840
00009850
00009860

- 0pO0R9 870

00009880
00009890
00309560
00009910
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6€0
b€l
642
6E3
6é4
6¢5
[-1.1.)
67
668
669

€70
671
672

6173
614
615
676
6717
678

679

6E0
681

682
683
6€4
685
€6
686
-1:¥
6E8
689

690
6S1
662
693
654
655
656
657
458
659
700
701
702
703
104

NNMNNNNNNONNNNN NNRDNNNNNNR

NN N NN NN o N MV N NN NO N

- b e

o

-

BN W UWRNI AN - e et e

~20-

/*ABOVE PATRIX INIT. IMPORTANT FOR BOPROB(M+2)wPROB OF A QUEUE OF +

LENGTH BOPROB{(1)=PROB OF BEING IN BE&D STATE I-1 FOR Ialy2yessrMtl

tCAPACITY'>0 STGNALS INFINITE CAPACITY QUEUE®/

BOPROB(LI=1E0;

DENCM=1EO;

on I=1 TO M;
BDPRCB{I+1)=BOPROB{ 1) *R0O/T 3
CENOM=DENDHM+BOPROB(I+1);

/¥mROBET/] ¥/
/5L00P CN T4/

/*TEST STILL APPLIES WITH DIFF

END 3
1F CAPACITY>ZERQ THEN
tos
IF PQO>=M THEN
CALL ERR{61})3
LR
BOPROB(M+2)=BDPROB(M+1) *RQ/(M~-RO) $
DENOM=DENOM+BOPROB (M+2) 3
END$

00 T=1 TC M+2;
BOPRUB{ 1)=BDPROB 1) /DENOMS
END ¢ )
XDUVM=SUM{BDPROB) ;
{F ABSIXDUM~iEQ)>.001 THEN

/*END OPS FOR INFINITE CAPACITY
QUEUE™/

/%NORMALIZE*®/

PUT LIST{'ROUNDING ERR.(RUN PROCEEDING') SKIP3
/*POSSIBLE CODE HERE TO CORRECT ROUNUING ERRORS¥N ssidomakokokdo sk Kbk /

XBDPROBUI* o RUNNUM) =2 DPROB §

IF FSTSTAT=] THEN
GO TO K_RETURN:

/*STORE RESULTS FOR OUTPUT
CALCULATIONS»/

/*INSERT CURRENT VALUE OF RC IN MATRIX OF COEFFICIENTS®/

IF RUNNUM=] THEN

€03
T T_RATE=RO*T_RATE:
END:

XDUM2RO/(RO~-IRO)
T.RATE=T_RATE*XDUM:
END 5

/#NOW FILL IN "YON-DIAGONAL' YERMS*/

IF MU(L)=INFINITY THEN
00 K=1 TO N3
T.RATE(MAP LK) }=RO +HW{K)};
END 3
ELSE D03
T_RATE(MAP(B(L1)+1)) =RO;
T.RATE(MAP(B(2)41))=MU(L}+RO}
SCALE2»TWO;
DO J=2 TO M3
SCALEL=SCALEZ2;
SCALE2=SCALE2*THWO;
DO I=SCALEL TO SCALE2-13%

/HMATRIX MULTIPLICATION*/

/#SCALES UP FROM LAST VALUE%/

/%L00P ON Kw/

T_RATE(MAP(BUI+L)+1 ) )aMU(JII+T_RATE(MAP(B(SCALEZ2~1)+1));

END;
END;

00009920
00009930
00009940
00009550
00009960
00009970
00009980
00009990
00010000
00010010
00010020
00010030
00010040
00010050
00010060
00010070
00010080
00010090
00010100
00010110
00010120
00010130
00010140
00010150
00010160
00010170
00010180
00010190
00010200
00010210
00010220
00010230
00010240
00010250
00010260
00010270
00010280
00010290
00010300
00010310
00010320
00010330
00010340
00010350
00010360
00010370
00010380
00610390
00010400
00010410
00010420
00010430
00010440
00010450
00010460
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STMT LEVEL NEST

705 2 1 END 3 /*END ELSE DO COND#*/

706 2 IF CAPACITY=0EQ VHEN T_RATE(MAP(N})=T_RATE(MAP(N})}=RO:
/=COMPUTE INITIAL STATE PROBABILITY GUESSES FOR STATES IN EVEN-
NUMBERED HYPERPLANES:2042141640ee%/

708 2 STPROB=0;
709 2 DO J=1 TO N BY 23 /*USE QDD-EVEN HYPERPLANE PROP
OF UNIT=STEP TOUR®*/
710 2 1 1=8(J)+13 /*INDEX UP INE FLCR ARRAY
: CORKESPONDENCE »/
711 2 1 IDUMaW( T )+ 1}
712 2 1 STPROB(I)}=BDPROB (ICUM) /NSCTOUMS;S
113 2 1 END ; /*LOQP ON U/
/®ITERATE FOR SCLUTIONS TC EQUATIONS*®/
/*FOR SOME STATE KAy THE EQUATICON OF DETAILEC BALANCE IS
STPROB(KA)*T_RATE(MAP(KA)}= SUM OF M TERMS. IF UNIT I IS BUSY IN
STATE KA, THEM TERM I (COUNTING FROY THE RIGhT) IS
STPROB(KE)*T_RATE(MAP{KA) + WIKA) - INDEX) WHERE KB=STATE
UNIT-HAMFING DISTANCE FROM KA, WITH DIGIT L A ZERD INDEX=# OTHER BUSY
SERVERS IN STATE KA TO THE RIGHT OF UNIT T ELSE TERM 1 1S
STPROB(K8)*MU(K) =/
114 2 IFf CEBUG>O THEN
715 2 cos
116 2 1 PUT LIST('TIMING ITERATIONS®'}) SKIP;
12%4 2 1 CALL PRNT_TIME;
718 2 1 END}
719 2 CONV_METRIC=1EQ;
720 2 1DUM=2; /=*START ITERATING ON
ODD-NUMBERED HYPERPLANESH/
721 2 DO ITERATE=1 TO MAXBOUND WHILE (CONV.METRIC>EPSILON);/*DOUB
COUNTw/
122 2 1 CONV_METRIC=0EO;
723 2 1 €O J=IDUM TO N BY 23
72% 2 2 ALPHA=BLJ)
125 2 2 I1=ALPHA+L;
726 2 2 XDUM=STPROB (1) 3
7127 2 2 STPROBL 1) =0E0 ;.
728 2 2 ADCRESSaMAP(I)¢W(I)+ls .
/%ONE LESS MULT IN CRIT LOOP If ALL SERV TIMES ARE IDENT*/
129 2 2 IF MULL)=INFINITY THEN
730 2 2 GO TO NO_MULT}
721 2 2 DO Kml TO M3
732 2 3 BETA®ALPHA 3
/*READING BINARY DIGITS FROM RIGHT TQ LEFT®/
733 2 2 CBIT=~SUBSTR(ALPHA,16~Ke1);
124 2 3 SUBSTRIBETA,16-K,y1)=CBIT;
135 2 2 KB=BETA+L;
736 2 3 IF CBIT=*]1'p THEN
727 2 3 STPROB( I )=STPROB{1)+MU{K)*STPROBI(KB)
/*ABOVE WAS TRANSITIONING FROM A *1' TO A ¢0' BELOW IS REVERSE
{HARDER CASE) %/
738 2 3 ELSE
738 2 3 Das
729 2 4 ADDRESS=ADORESS~13
740 2 4 STPROB(I)=STPROB (I )+ STPROBIKB )*

T-RATE(ADDRESS )3

0ON10470
00010480
00010490
00010500
00010510
00010520
00010530
00010540
00010550
00010560
00010570
00010580
00N1A590
U0V10600
00010610
00310 620
00010630
00010640
00010650
QONL0660
00010670
00010680
00010690
00010700
oonlo71e
00019720
00010730
00010740
00010750
00010760
00010770
00010780
00010790
00010800
00010810
00010820
00010830
00010840
00010850
00010860
00010870
00010880
00010890
00010900
00010510
00010520
00010930
00010940
00010950
00010560
00010970
00010980
00010990
00011000
00011010
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741
142
143
744

145
T46
147
158
149
750

1E1
151
782
753

154
155
156

157
78
759
T60
Ted
762
Te3
T¢4
765
766
167
Té8
T69
770
771
112
773
713

114
115

776
177
178
179
780
781
741
782
T83
784
785
786
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END;
END3 /%LO0P ON K4/
GO TO DIAG_DIvV;
RO_MULTS
D0 K=1 TO M3
BETA=ALPHA ¢~ '
CBIT=~SUBSTRUALPHAyL16-Ky 1) 3
SUBSTR(BETA,1l6~Ky1)=CBITS
KB=BETA+1;
If CBIT='1*'B THEN
STPROB( L )=STPROB{ T} +STPROB (KB):
/%A COEFF OF MU=1 1S ASSUMED®/
ELSE
00;
ADDRESS=ADDRESS~13
STPROB{I}=STPROB(I}+STPROB(KB)*
T_RATE{ADDRESS } %
END3
END3 /*L00P ON Kx/
DIAG_DIV:
STPROB{I)=STPROBAI) /T _RATE(MAPII) ) ;/*DIVIDE BY ON-DIAG */
IF I=N & CAPACITY>OEO THEN
D03
STPROBIN)=STPROB(N)+(M-RO}*BOPROB(M+2) /(M+RO) 3
IF MUCL)IKINFINITY THEN
BOPROB(M+2)=STPROB(NI®RO/(M=RO)}
END3 /*END TEST FOR BOUNDARY STATE®/
IF STPROB(I)>MINVAL THEN
Do
XDUM=AB S XDUM~STPROBLL) ) ;
CONV_METRIC=MAX{CONV_METRIC yXDUM);
END3 /*END CONVERGENCE TEST*/
END; /%L00P ON J%/
IF DEBUG>D THEN
PUT DATA{CONY_METRIC) SKIP3
IF I0UM=2 THEN
IDUM= )3
ELSE
I0UM=23
/#0NE ITERATION COMPLETED®skdmaxtbiksbin /
END 3 /*ITERATE ON ' ITERATE %/
ITERATE=ITERATE/2; /%ELIMINATES THE DOUBLE
COUNT ING%/
IF CAPACITY=DED THEN
(s
DENOMaSUM{STPROB);
STPROB=STPROB/DENOM;
END;

DENOM=SUM(STPROB) + STPROB{N!®R0O/ (M~RO);
STPROB=STPROB/DENOM;
IF MULL)~=INFINETY THEN

Do : /%MUST NORMALIZE THESE IN GEN%/
BODPROB{M+2)=BDPROB( M+2) /DENCM;

00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
00011100
00011110
00011120
00011130
00011140
00011150
00011160
00011170
00011180
00011190
00011200
00011210
00011 220
00011230
00011240
00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
00011350
00011360
00011370
00011380
00011390
00011400
00011410
00011420
00011430
00011440
00011450
00011 460
00011470
00011480
00011490
00011500
00011510
00011520
00011530
00011 540
00011550
00011560
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STMT LEVEL NEST

787 2 2 BDPROB(M+L1=STPROB(N) ;/*CORRECTS FOR APPROX PROC-~ IF 00011570
REQ*/ 00011580

TE8 2 2 END3 /%*END CCND FOR OIFF SERVICE 00011590
TIMESH/ 00011600

189 2 1 END; 0poliélo
750 2 XSTEROB (%, RUNNUM) =STPROB ; 0001Ll€e20
751 2 IF CEBUG>DO THEN 00011630
162 2 tos 00011 640
183 2 1 PUT LIST('ITERATION COMPLETED') SKIP; 00011650
154 2 1 PUY DATALITERATE) SKIP; anol1 660
745 2 1 CALL PRNT_TIME; 00011670
7s6 2 1 END3 00011480
197 2 GO TO K_RETURN: Q0011690 .
758 2 TOUR: 00011700
[F K=} THEN Q0011710

759 2 co; 00011720
800 2 1 NPREF=1; /XNPREF=PREF. # OF UNIT 00011730
DISPATCHED TO J%/ 00N11740

/*NSELECT=# UNIT DESIGNATED BY NPREF#*/ 00011750

801 2 1 NSELECTaI _T_ORD(L,d); 00011 760
802 2 1 TIECAR{ L) =NSELECT; 00011770
8¢3 2 1 NT1E=0Q; 00011780
804 2 1 00 I=2 TO M3 /*REMOTE PQR5S. OF TIES,EVEN 00011790
WHEN ALL Ay=/ 00011800

805 2 2 IF COI_T_ORDUIZJ)od)DCLI_T_ORD{L,J),J) THEN 00911810
806 2 2 GO TO I_RETURN; 00011820
8¢t 2 2 NTIE=NTTE+1; ' 00011830
808 2 2 TIECAR(I)=I_T_ORD(I,4); 00011 840
809 2 2 END3 /%L00P ON [%/ 00011850
810 2 1 GO TC I_RETURN: 00011860
811 2 1 END; /*FINISHED HERE IF Kelw/ 00011870
812 2 LASTVER=B(K~-1)3 /7%#BIT STRING#*/ 00011880
/*OUMBIT=AINARY STRING WITH ALL ZERO"S EXCEPT A ONE IN POSITION 00011890

CORRESPONDING TO A CHANGED STATUS#/ 00011900

813 2 DUMBIT=(LASTVEREL~ALPHA )| ((~LASTVER) E8ALPHA); 000116510
814 2 KC=CUMBIT /*KC-I.Z.‘, Breve®/ 00011920
815 2 NCAR=LOG2(KC) +13 /*THES IS LST INSTRUCTION THAY 006011930
MAPS CAR#/ 00011940

/%S ONTO BINARY STATES: CAR 1 STATUS IN RIGHT-MOST DIGIT, CAR 2 IN 00011950

2ND, ETCow/ 00011960

816 2 IF BIK)<B(K=1) THEN 00011970
817 2 Cos /% IMPLIES UNIT NCAR NOW AVAIL®/ 00011980
818 2 1 IF C(NCAR,JICCINSELECT J} THEN 00011990
819 2 1 DO 00012000
/%CAR NCAR IS NOW THE OPTIMAL UNIT*/ 00012010

820 2 2 NSELECT=NCAR; 00012020
a1 2 2 NTIE=O3 00012030
a2z 2 2 TIECAR( 1) =NSELECT 00012040
823 2 2 DO I=] TQ M3 /#GET PREFERENCE NUMBER*/ 00012050
824 2 3 IF 1_T_ORD(Isd)uNCAR THEN ° 00012060
825 2 3 003 00012070
826 2 4 NPREFs=l; 00012080
827 2 4 TuM+ls Q0012090
828 2 4 END; /%END CONDITIONAL®/ 00012100
829 2 3 ENO} /®L00P ON I/ 00012110
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830 2 2 GO TO I_RETURN; gotira1zn
821 2 2 END; J%FINTSHED, IF NEW UNIT IS 00012130
OPTIMAL®R/ 00012140

832 2 1 IF LANCAR,JY=CINSELECT,J) THEN 00012150
833 2 1 00; /%A TIE»/ 00012160
834 2 2 NTIE=NTIE#1; 00012170
835 2 2 TIECAR(NTIE#Ll)=NCARS 00012180
836 2 2 GO 70 1 _RETURN;: 00012190
837 2 2 END} /*FINISHEDy IFf TIE%x/ 00012200
838 2 1 END} /*END CASE FOR WHICH NCAR NOW 00012210
AVAILABLE®/ 00012220

839 2 ELSE 00012230
839 2 coj3 /= IMPLIES UNIT NCAR NOW 00012240
UNAVAILABLE=®/ 60012250

/%MAS Ui IT NCAR AN OPTIMAL CHOICE?*/ 00012260

840 2 1 IF C(NCARsJ)=CINSELECT:J) THEN 00012270
841 2 1 D03 00012280
/*IF S0y WAS THERE A TIE?®/ 00012290

842 2 2 IF NTIE~=0 THEN 00012300
843 2 2 003 00012310
/*1F S0y REMOVE NCAR FROM TIE LIST=/ 00012320

844 2 3 DO I=1 TO NTIES 00012330
845 2 4 1F TIECAR(I)=NCAR THEN 00012340
846 2 4 sk 00012350
/*THIS LCOP DOES NOT ERASE TIECAR{ NTIEtl). DCES NOT MATTER.*/ 00012360

847 2 5 00 JJ=1 TO NTIE: 00012370
848 2 6 TIECARIJJI) =TIECAR(JI*L); 00012380
849 2 6 END; /*LOOP ON JJ%/ 00012390
850 2 5 IaNTIE+L 00012400
851 2 5 END; /*END OF COND. »/ 00012410
852 2. 4 END; /*LOOP QN [#*/ 00012420
853 2 3 NTIE=NTIE=1} 00012430
854 2 3 NSELECT=TIECAR(1) ; 00012440
855 2 3 GO TO I_RETURN: - 00012450
056 2 3 END3 /*FINISH OPERATICNS FOR THE 00012460
CASE OF A Tigx/ 00012470

857 2 2 ELSE 00012480
857 2 2 003 00012490
/%*NO TIE AND NCAR WAS OPTIMAL FIND NEXT PREFERRABLE AVAILABLE UNIT*/ 00012500

858 2 3 00 I=NPREF+1 TO M3 00012510
/*1S THE NEXT PREFERKRED UNIT AVAILABLE?®/ 00012520

859 2 4 IF SUBSTROALPHA916~1_T_ORDII,Jjs1)n08 00012530
THEN 00012 540

860 2 4 D03 00012550
8¢l 2 5 NPREF=1; 60012560
862 2 5 NSELECT=I_T_CRD(I,J);% 00012570
8€3 2 5 TIECAR(1 )=NSELECT; 00012580
/=CHECK FOR POSSIBLE TIE%/ 00012590

8¢9 2 5 DO JJ=I+) TO M; 60012600
865 2 & IF CINSELECT J)=C I T_ORD(JUSJYyJ)} 00012610
THEN 00012 £20

866 2 & DO3 00012630
87 2 1F 00012640

SUBSTRUIALPHA,16-1_T_ORD(JJ4Jd ) 41)=00012650
00012660
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868
8¢9
8790

811
B72
812
813
874
875
81s

876
8717
878
879

880
8¢l

8g2
883

8€4
9E€5
886

8€7
a8s8

8eg9
8s0

8s1
862
493
854
8s5
866
857
848

869
900
901
S02
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*O'B THEN
D03
NTIE=NT1E+1;
TIECAR(NTIE+L)=
I T_ORO({JJ ¢ d)s
ENDi/®FINISH AV CK¥/
EL3E
D03 -
END3/*=DUMMY#/
END3
ELSE
DO3
/%*NO YIES, DR AT LEAST, NO MORE TIES*/
GO TO I_RETURN;
END3 /% END TEST */
END;  /%LOOP ON JJw/
GO TG I_RETURN;:
/*FINALLY, END INSTRUC INVOKED ONCE OPTIMAL UNIT FOUND®/
END;
END3 /%¥L00P ON 1%/
/%ARTIF DEVICE FOR STATE '11llesollt®/
NSELECT=M#1;
GO TO ALT_RETURN;
/%END CONDITIONAL FOR WHICH NCAR WAS AN OP UN%/

END3
/eRiralF NCAR WAS NOT AN CPTIMAL UNIT THEN NOTHING HAPPENS #awktokd/
END; /*END QF INSTR FOR
TINCAR yJ)=TINSELECTyJ)»/
END3 /*END OF INSTR FOR UNIT NCAR

NOW UNAVAILABLE®/ .
GO TO I_RETURN;
CALCOUT: .
ALLCCAYE PD,PD2,MWL yMISDyTAV, VAR SWL UBWL,DINPUT, PINPUT,

00012670
00012680
00012690
00012700
00012710
00012720
00012730
00012 740
00012750
00012760
00012770
00012780
00012790
00012 800
00012810
00012820
00012830
00012840
00012850
00012860
00012870
00012880
00012890
00012900
00012910
00012920
00012930
00012540
00012950
00012960
00012970
00012980
00012990

INPUT y» WORKLOAD,TCARTSEC,TREP,TQUE, DCAR,DSEC,DREP ,OWLPWL «D1SD0, 00013000

PISCO, OISDI,PISDI+DTSECPTSEC,ISDO+ISDIJPINSEC sMOXMUNyPINT,
SATPRORB,GWKLD PATFREUS
RUNNUM=0}
oUTLOOP:

RUNNUM=RUNNUM+L;
IF RUNNUMDNUM THEN

GO TD OUTLOOP_FINI;
BOPRCB=XBOPROB (s RUNNUM) §
STPROB=XSTPROB(*,RUNNUM) ;
SAT FROB=BOPROB(M+1) ;
PD2=0E0:
IF CAPACITY>0ED THEN

[le}]

/*=COMPUTE PD2(1,J)=FRAC OF ALL OISPATCHES THAT (L)ARE *UNIT I TO ATOM

Jt AND (2) INCUR A POSITIVE QUEUE DELAY */
YOUM=SUM(MU) ; /*2_ND FUNCTION QF MU(I)PSw/
SATPROB=SATPROB + BDPROB{M+2);
CO I=1 TO M;
XOUM=SATPROB*MUL I )/YDUM; /2EVEN WORKS WHEN
MUCI)=INFINITY.. FOF
SUFFICIENTLY SMALL INFINITYA/

00013010
00013020
00013030
00013040
00013050
00013060
00013070
00013080
00013090
00013100
00013110
00013120
Q0013130
00013140
00013150
00013160
00013170
00013180
00013190
00013200
00213210
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901 2 2 D0 J=1 TO R; 00013220
904 2 3 PO2(T¢J) =XOUMRLIJ); 00013230
905 2 3 END3 /9LO0P CN J%/ 00013240
906 2 2 END; /7%L00P CN 1%/ 00013250
907 2 1 END 3 /*END CF CONDITIONAL FOR 00013260
INFINITE CAPACITY QUEUES®/ 00013270

908 2 ESTSTAT=ABSIESTSTAT ) . 00014280
909 2 IF ESTSTAT~=1 THEN 09013290
910 2 €0 TO PD_CAL: 60013300
/#COMPUTE ESTIMATED WORKLOADS*/ 00013310

/%XDUM=AVERAGE LAMBDA. MNL=MEAN WORKLDAD®/? ‘ 00013320

911 2 APPROX 00013330
XDU M= { RO~ { NUM ¢1-RUNNUM IS TRO) /M3 00013340

912 2 MWL =XDUM$ 00013350
913 2 IF CAPACITY=0EOQ THEN 00013360
914 2 FWL=MHL¥ (1 EO~BOPROBIM+1) )3 00013370
/*%FIRST COMPUTE QUEUE SCALE FACTORS DUE TO RANDONM INCID ON BUSY UNITS*200013380

915 2 QUFACx=OEQ; 00013390
916 2 MON=1FO3 00013400
917 2 IF CAPACITY=0EQ THEN . 00013410
918 2 MON=( LEO=XDUM) /{ LEO~XDUM¢BOPRQB( M+1 ) #XDUM) § 00013420
919 2 DO J=2 TO M: /JI=PREF K OF LST AVAIL UNIT#/ 000134230
920 2 1 YOUM=QEQ; 00013440
9Z1 2 i L0 1= O TO HM~d3 00013450
922 2 F4 YOUM=YDUM+{M=T=J ¢ )2 {MEXDUM) M RT/FACTIT+1) 3 00013 440
923 2 2 END: /#L0O0% ON 1%/ 00013470
924 2 1 CUFAC(J ) mYDUMRFACT (M=JtL)eMenl go1) 00013480
925 2 1 IF CAPACITY=0E0 THEN 00013490
926 2 1 00; : 00013500
921 2 2 MON=MON#{1EO/{1EO-BDPROBIM+1) ) )¢ 00013510
928 2 2 QUFAC(J) =QUFAC(J I *MON; 00013520
929 2 2 END3 /XEND CCND ON IEGD QUEUEW? 00013530
LD 2 1 END 3 /=L00P CN J%/ 00013540
934 2 YOUM=BDPROB (1) /(FACT(M+L)*{1EOQ-XDUM) )} 00013550
932 2 QUFAC=QUFAC*Y DUM} 00013560
933 2 QUFAC(L)=1EO; 00013570
934 2 IF CEBUG>0 THEN 00013580
935 2 PUT DATA(QUFAC) SKIPIS); 00013590
/+MON COMPUTE EITHER WORKLOADS OR FRAC DISPS THAT ARE UN I TO AT J#*/ 00013600

936 2 GHK LD=MWL 3 00013610
/* TOUM =0 IMPLIES CALCULATING WKLDS:=l IMPLIES PD CALC»/ 00013¢20

937 2 IDUN=0; 00013630
938 2 PO=0EQ3 00013640
929 2 ITERATE=); /%COUNTS # ITERATIONS THRU MAIN 00013650
LOOPR® 00013660

940 2 W._LOOP: 00013670
WORKLOAD=L1EQS /JHMALS, LOOP FOR MORKLOAD 00013480

CALCULATIONS®/ 00013690

941 2 IF CAPACITY>DEQ THEN 00013700
942 2 HORKLOA D= ORKLOA D+XDUMH LBOPROBIM+1) +BDPROB(M+2)) /¢ 00013710
LEO-MHL}3 00013720

943 2 W_LOOP2: 00013730
00 J=1 TO R;: /*MAIN LOOP FOR PD CALCULATIONS*/00013740

944 2 1 IF IDUM =0 THEN 00013750
945 2 1 MOX=L(J IEXDUMRM ;3 /%*CALLS/SERV TM UNIT FR AT J%/ 00013760
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946
946
547
948
949
950
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952
983
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ELSE

Co

MOX=L(J};

Is1 YO M3 /*CENTRAL SUBLOOP s IMPLEMENTS

APPROX EQUATION=/
IF T-~=M THEN
TF CLI_T_ORD(Iod}, ) =CUI_T_ORDUI+1,d),d) THEN
GO YO W_TIES;
ELSE
ELSE

IF 1DUM=0 THEN

RELATIVE FREQUENCY WITH WHICH IT IS DISPATCHED TO ATOM J */

W.TIES:

END_W_LCCP:

END; /*LO0P ON K¥*/
I=I¢NT1E: /*#END PROCESSING OF YIES¥®/
END; /*L0O0P CN 1%/

END 3

WORKLOAD{I_T_ ORD( [4J) ) =NORKLOAC(I_T_ORO(I,J3) +

MOX®QUFACL TS5
ELSE
POCIT_ORD(I1cd) s dl=PDCI T _ORD(IvJ),J)+MOX(
1EO~ WORKLCADCI_T_ORD(I,J}})*QUFACIT);
MOX=MOX*GWKLD (I_T_ORD{I,J))3
GO TO END_wW_LOOP; /®SKIP OVER TIESH/

NTIE=L;
DO K=I+1 TD M-1; /*HOW MANY TIES?7%/
IF COILT_ORD(KyJ) o} =C (I T _ORD(K+¢1yJ)ed) THEN
NTRE=NTIE+1;
ELSE
KuM+l3
END3 /%#L00P ON Kx/
YDUM=0ED}
D0 K=0 TO NTIE;
YOUM=YDUMSGHKLD(T_T_ORO{I#KsJd )}
END3 /%LO0OP ON K/
YCUM=YOUM/ (NT LE+13;
SWLxMOX/{NTIE+1);
DO K=0 TO NTIE;
DO KK=0 TO NTIE;
IF 1DUM=0 THEN
HORKLOADUI_T_OROD(I+KK,J ) )=

WORKLOAD(I_T_ORD(I+KKyJ) ) +SHLAYDUMkRK*QUFAC(I+K)3

ELSE

POUI_ T_ORD(I+KKyJ) o J)=PDLI_T_ORD(TI+KKoJ) yd) ¢ SWLw{

LEO~YOUM ) *YDUM*SK*QUFAC LI+ K¢
ENG3 /*L00P ON KKw/
END3 /*L00P CN K#/
DO K=0 TJ NTIE:
MOX=MOX*GWKLD(I_T_ORD( I+Ky3)) 3

/*L0O0OP ON J*/

IF IDUM=1 THEN

Cos

]

/*CONDITIONS NEXT 40 OR SO

INSTRUCT IONS®/

00013770
00013780
00013790
00013800
00013810
00013820
00013830
00013840
00013850
00013860
00013870
00013880
00013890
00013900
00013510
00013920
00013930
00013940
00013950
00013560
00013970
00013580
00013990
00014000
00014010
00014020
00014030
00014040
00014050
00014060
00014070
00014080
00014090
00014100
00014110
00014120
00014130
00014140
00014150
00014160
00014170
00014180
00014190
00014200
00014210
00014220
00014230
00014240
00014250
00014260
00014270
00014280
00014290
00014300
00014310
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985
966
287

988
989
950
951
962
993

954

955
996
967
998

969
1000
1001
1002
1003
1004
1005
1006

1007
1008
1009
1010
1011
1012
1013

1014

1015
1016
1017
1017
1018
1019
1020

1021
1022
1022
1023
1024
1025
1026
1027
1023

1029
1030
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1F CAPACITY=0EOQ THEN
PO=PD/{1EO~SATPROB) }
MOX=1E0Q} /*USED AS MULT IN NORMALIZING

PROC*/
IF CAPACITY>0EQ THEN
MOX=1EO~SATPROB
00 J=1 TO R;
IE L{J)=QEQ THEN
GO YO SKIP.J3
K=Q3

/*THIS LOOP NORHACIZES PD{*,d) TO KNOWN VALUE BY USE OF EXPON DAMP®/

RECYCLE:
MON= SUMIPD(*yJ) )3
YOUM=MON=L ( J) #MOX§
XOUM=YOUM/ (L J)*MOX) §

»
XDUM=ABSIXDUM);
/*STRINGENT COMV CRITERION FOR REL ERROR®/
IF XDUM<C.O0LEO THEN
GO TO SKIP_J3
K=K+l
IF K>30 THEN
GO TO SKIP_JJd3
MON=L{J) *MOX3

/%ABS AMY OF ERRQR»/

00014320
00014330
00014340
00014350
00014360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470
00014480
00014420
00014500
00014510
00014520
00014530
00014540
00014550

YOUM=MON/ { MON+YOUM) § /HEXPONENTIAL CORRECTION FACTOR%/00014560

YOUM=SQRT{ YOUM) 3 /*MADE SMALLER TG AVOID

OSCILLATION®/
3
DO 1=2 TO M3 /*EXECUTE EXPONENTIAL DAMPING*/
JU=I T ORD(I,J)}
1fF étM THEN
0.
'PD(JJ'J)-PD!JJoJ)‘(YDUM**(!-1))t
GOTO END.I
END}

IF ClId o) -mClI T _ORDUI+1,d)9d) THEN
PDUJJ2J) =PI o d IR(YOUMSR(I~1) )3
ELSE
D03
NY1E=1;
DO Jd=I+1l TO M-l
IF CUL.T_ORDUIIod ) pd)mClI_T_ORDISU+Lgd )y d)
THEN
NTIEsNTIE+1;
LSE

JJduMe L3
r
END; /*LO0P ON Ju*/
DO JJ=0 TO NY1E;
MON=0EQ3
D0 KK=0 TO NTIE}
MON=PD( I_T_ORD(T+JJ,yJ )y d30¢
YOUM#® (T4KK~1)} + MON;

L
END; /*L00P ON KK#/

00014570
00014580
00014590
00014600
00014610
00014620
00014630
00014640
00014450
00014660
00Q146T0
00014680
00014690
00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780
00014790
00014800
00014810
00014820
00014830
00014840
00014850
00014860
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1031
1032
1023
1034
1035
1036

1027
L1038

1039

1040
1041
1042

1043
104%

1045
1046
1047
1048
1049
1050
101
1082
1083
1054
1055
1086
1057
1058
1059
10¢0
10¢1
1062
1042
10¢€3

10¢4
1065
10¢6

1067

1048
1069
1070
o

1072
1073
1074
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POLI_T _ORDEI+JJrd) o J)=MON/ (NTTE#L) S

END;
I=IeNTIES
END¢ /%L0O0P ON Jds €D OF DO%/
END_I:
ENDS /7*L00P CN 1%/
GO TO RECYCLE:
SKIP_JJ:
- PUT LIST('TOO MANY ITERATIONSs RUN PROCEEDING®) SKIP:
SKIP_Jd2

END; /%L0O0P ON J%/
YOUM=5UM(PD) 3
IF ABS(YDUM-MOX)>.001 * SQRTIR) THEN
PUT LIST(*PD SUM ERROR, RUN PROCEEDING®) SKIP;
/%EXIT FROM APPROXIMATION PROCEDURE TO OUTPUT STATISTICSH/
GO TO T.CAL:
END; /4+END COND FOR IDUM =l%/
/*MANTPULATING AS IN OER OF EQ FOR APPROX WKLES*/
WORKLOAD=) EO~LEO/WORKLOAD
MON =SUM{WORKLOAD) §
MON=MON/M3
MON=MON/MWL ;
WORKLOAD=WORKLOAD/MON
UBWL=0EQ;
DO I=1 TO M3

/*NORMALIZE®/

VAR=ABS (WORKLOAD{ 11~GWKLD (T ) )3/7*CHPTG LARGEST CHNG N WKLDS%/

If VARDUBWL THEM

UBWL=VAR;
END 3 /*L00P ON I/
IF UBWLD>«001/M THEN
003 /*CONVERGENCE TEST%/
GWKLD=WORKLOAD;
ITERATE~ITERATE®L:
GO TO W.Loor:
END:
ELSE
0o
IDUMm L3 /*FINISHED WITH WOKKLOADS, NOW
ON TO PO%/
GWKLO=WORKLOA D3

GO TO w_Loarz; /%GO TO 2_ND MAIN LOOP®/

END3
/*CALCULATE PD(L,JI=FRACTION OF ALL DISPATCHES THAT {13ARE 'UNIT I 1O

ATOM J¢ ANO (2) INCUR ND QUEUE DELAY®/
PD.CAL:
PO=0EQ; /%MATRIY, INITIALIZATION®/
I_RETURN=PD_CALC}
ALT_RETURN=ALL_BUSY
KK= 03
L1l
KKmKK+13
IF KKDRR THEN
GO TO RETOUR_FINL;
JuSIN(ISIMIKK])

00014870
00014880
000148%0
000314900
00014510
00014920
00014930
00014940
0001495¢C
00014960
00014975
000145452
00614990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
00015080
00015090
00015100
00015110
00015120
00015130

90015140

00015150
00015160
00015179
00015180
00015190
00015200
00015210
00015220
00015230
00015240
00015250
00015240
00015270
00015280
00015290
00015300
00015310
00015320
00015330
00015340
00015350
00015360
00015370
00015380
00015390
00015400
00015410
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1075 2 K=Qs 00015420
1076 2 L22: ‘ 00015430
: KmK ¢l 00015440
1077 2 IF KON THEN 00015450
1078 2 GO TO L1l 00015460
1079 2 ALPHA=BIK}Y; 00015470
1080 2 G0 10 TOUR; 00015480
1081 2 PD_CALC: 0001549C
) 00 JJ=ISTM(KK) TO ISIMIRK+1}=1; 00015500
1082 2 1 JeSIMIJJY 00015510
1083 2 i XOUM=L(J)/ INTIE+L); 00015520
1084 2 1 CO I=l TO NTIE+l; I 00015530
1085 2 2 POLTIECAR( L)y J)=PO(TIECARIL), J)¢STPROBIBIK) 1) #XDUN; 00015540
1086 2 2 END3 : 00015550
1087 2 1 END 3 /%LO0P CN Ty THEN Ju¥/ 00015560
10€8 2 ALL_BUSY 2 . 00015570
60 TO Le23 00015580
1089 2 RETOUR FINT:: . 00015590
) IFf CAPACITY =0E0 THEN 00015600
1090 2 FO=PD/{ LEO~STPROBINYE 3 00015610
/*COMPUTE WORKLOADS. THIS IS DONE BY SUMMING CERTAIN STATE PROBS IN 00015620
THE QROER DETERMINED BY THE HYPERCUBE TOURe AS INDICATED BY B(l)s ... 00015&30
# THE STRICY PERIODICITIES ASSOCIATED WITH EACH UNIT ARE EXPLOITED. %/ 00015640
1091 ra SCALEL1=L; /¢POINTER TO LASY "0® QEFQRE 00015450
FLRST ®1*" FOR UNIT 1%/ 00015660
/HEACH UNLT WORKS THE TIME THAT A QUEUE EX15TS%/ 00015670
1082 2 WORKLOAD=BDPROB(H+2) 5 /*MATRIX OPi= 0 FOR O~LINE 00015580
CAPACITY CASEx/ 00015440
1093 2 DO I=1 TO M; 00015700
1054 2 1 IF [-+aM THEN © 00015710
1085 2 1 SCALE2aSCALEL*TWO; /*NUMBER OF SUCCESSIVE ENTRIE=/ 00015720
1066 2 1 SCALE3=TWORSCALE2; /%S HAVING *1*' IN ITH DIGITx/ 00015730
1057 2 1 CO J=SCALEL BY SCALE3 WHILE(JSNI i/%SKIP TO NEXT SET OF STATES 00015740
WITH SUCCESSIVE v10vS¥/ 00015750
1058 2 2 00 K=1 YO SCALE23: /*PICK UP SUCCESSIVE ENTRIES#/ 00015760
1032 2 3 HORKLOAD{T )=WORKLOAD{ I )+STPROB(B(J+KI®L); 00015770
1100 2 3 END; /7%L00P ON K#/ 00015780
1101 2 2 END; /#1.00P ON Jx/ 00015790
1102 2 1 SCALEL=SCALEL%THOS 00015800
1103 2 1 END ¢ /#LC0OP ON 1%/ 00015810
/%CALCULATE TRAVEL TIMES#»/ 00015820
/*TQUE=MEAN TRAVEL TIME TO CALLS THAT INCUR A POSITIVE QUEUE DELAY%/ 00015830
1104 2 T.CALZ . 00015840
TQUE=QEO; . 00015850
1105 2 IF CAPACITY>QEOQ THEN 00015860
1106 2 cos 00015870
1ic7 2 1 00 J=1 TO R; 0001588C
1108 2 2 DO K=l TO R3 00015890
1109 2 3 TQUEsTQUE+L(J)XLIK)RTR(J,KY 3 00015900
/¥*2ABOVE CNLY APPROX FOR CASE OF UNEQ SERY TIMES»/ 00015910
1110 2 3 END; . 00015920
1111 2 2 END3 /#LO0P CN Ky THEN J*x/ 00015940
1112 2 1 END3 /*TQUE NOW CALCULATED FOR 00015940
INFINITE CAPACITY CASEx/ 00015950

1113 2

TAV=TQUE*SATPROB; /7#NQTE THIS IS ZERD FOR 00015960
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DO I=1 TO M;

SOM=0EQ;

CENOM=0EOQ;

€O J=1 TO R;
SOM=SOM+PDLT,J)%T(T,d) 3
DENOM=DENON+PD(I yJ) 3

END3

TAVSTAV+SON;

ZERO-CAPACITY CASE®/

/%L00P ON J*/
/#COMPUT ING COMMAND-WIDE MEAN
TRAVEL TIME®R/

/*THE FOLLOWING 2 INSTRUCTIONS ONLY APPROXIMATE THE MEAN TRAVEL TIME

FOR UNIY 1 FOR QUEUED CALLS*®/
SOM=SOM + TQUE*SATPROB/M;
IF CAPACITY>O0EQ THEN
DENOM=DENOM + SATPROB/M;
CCAR{ 1) =DENOM;

TCAR({I) =SOM/DENOM;

END
[ols] d=1 T0 R

SOM=0E0 3
CENOM=0EOQ;
L0 1=1 TO M;
SOM=SOMEPOLT, JI*T(1,Jd03
DENOM=DENOHePD(I:d) 3
END;
IF CAPACITY>QEOD THEN
003

/*FOLLOWING INSTRUCTIONS INVOLVE NO APPROXIMATIONSsASSUMG = SERV THS*/

/H=FRACTION OF ALL DISPATCHES
WHICH ARE TOQ UN D%/

/%COND MEAN TRAVEL TIME OF UNIT
1%/ )

/#L00P ON 1%/

/*NOW COMPUTE COND MEAN TRAVEL
TIMES TC REP AREAS%/

/+L0O0P ON 1%/

DENOVM=DENCM+L LJ ) =SATPROB;

XOUM=0EO;
00 K=1 TO R;

XDUMaXDUM+LE{K)*TR (Kyd}$

END;

/*L0O0P CN K%/

SCM=SOM¢XOUM*SATPROB*L (J1 3

END3
DREP(J)=DENOM;
TREP({J)=SOM/DENOM;

END §
00 I=1 YO M;

SOM=0E0D;
DENOM=QED;
€O J=1 TO R;
IF SEC(14J)~=0E0 THEN
DO;

/%END CCNOITIONAL FOR INFINITE
CAPACITY QUEUE CASE=/

/¥=sFRACTION OF TOTAL DISPATCHES

FROM REP AR J*/

7%CONDITIONAL MEAN TRAVEL TIME
TO REP A J#/

/%LODP CN J#/

/#COMPUTE CONDITIONAL MEAN
TRAVEL TIMES TO SECTORS®/

SCM=SOM&TREPLJI*DREP(J) 5

DENOM=DENOM+DREPLU) 3
ENO;

/%L00P CN J%/

00015570
00015980
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
00016120
00016130
00016140
00016150
00016160
00016170
00016180
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
00016280
00016290
00016300
00016310
00016320
00016330

00016340

00016350
000146360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
00016470
00016480
00016490
00016500
00016510
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CSEC(I)=DENOM; /¢=FRACTION OF ALL DISPATCHES
- FROM SECTOR I/

/«DESIRED COND TRAVEL TIME®/
/%L00P CN 1w/

TSEC({I)=SOM/DENOM

END 3
7*MEAN WCRKLOAD ANO UNBALANCE®/
MWL =0EQ3
SCM=0ED;
XDUM= INFINITY; :
UBWL=0EQ; FEFIX LATER WITH MAX AND MINw/
00 I=1 TO M3
FHL=MHL+HWORKLOAD () $
SOM=SOM+WORKLOAD (1) *WORKLOAD (1)
IF WORKLOAD(I)IKXDUM THEN
XOUM=WORKLOAD( 1)
IF WORKLOAD(1)>UBWL THEN
UBHL =WORKLOAD( 1)
END 3 /%L00P ON 1=/
MuL =MuL /M3
VAR={ SCM=-MENW LAMHL) / IM-1) §
SHL =SQRTLVAR) 3
UBWL=UBWL - XDUM;
/*AGGREGATE INPUT CALLS*/
INPUT=0EQ3
DD I=1 TO M3
o Js1 TO R;
IF SEC(I4J)~=0EC YHEN
INPUT(L)=INPUTTT)+L(Y) 3
END3
ENOD 3 /RLO0P ON Jy THEN 12/
/*FIND % DISPATCHES THAT ARE INYERSECTOR%/
/7#L00P BY RESPONSE UNIT IN ONE CASE, BY DISTRICT IN ANOTHER®/
PO =)l TO M3 :
FINSEC(1)=0EQ;
PINT(I)=0DEOQ;
/PINSEC(L)=FRAC OF ALL ODISPATCHES THAT ARE INTO DISTRICT I AND ARE
INTRA DISTRICT PINT(I)=FRAC OF ALL DISPATCHES THAT (LIQRIGINATE FROM
ATOMS CONTAINED IN DISTRICT I AND (2) ASSIGN UNIT I %/
J=03
TROUBLE:
J=J¢l;
IF JOR THEN
GO TO TROUBLE_QUT3
IF SECU1,J)1~a0E0 THEN
003 /%18 ATCM J IN DISY [7%/
PINT(L)=PINT{L)+PDUI,J)4PD2(1,d);
00 K=l TO M3
/*DOES UNIT K*S DIST OVERLAP WITH THIS PART OF DISY 17 IF SO, ALL
DISPS OF UNIT K TO ATOR J MUST BE CONSIDERED INTRADISTRICT FOR
DISTRICT 1%/
IF SEC(K,J)~=0E0 THEM )
¢ PINSEC(I)=PINSECITI}+PDIK,J) + PD2IKyJ)5
NO}

END3 /%LODP ON K AND END OF
CONDITIONAL®/
GO YO TROUBLE:

00016520
00016530
00016540
00016550
00016560
00016570
00016580
00016590
00016600
00016¢€10
00016620
00016630
00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
00016840
00016850
00014860
00016870
00016880
00016890
00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016570
00016980
00016990
00017000
00017010
00017020
00017030
00017040
00017050
00017060
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1199 2 1 TROUBLE_CUT: 00017070
END 3 ) /%L00P ON I/ 00017080

1200 2 SOM=0EQ; 00017090
1201 2 DO I=1 TO M 00017100
1202 2 1 1SO0(E)=1E0~PINY (I} /DCAR(I): /*INTERSEC DISPATCHES FOR UNIT 00017110
1%/ 00017120

1203 2 1 ISOT(1i=1EG-PINSEC({1)/DSECCI};/#DISPATCHES INTO SECTOR 1 #/ 00017130
1204 2 1 SOM=50M+PINT( L) JETHAT ARE INTERSECTOR%/ 00017140
1205 2 1 END ; /xL00P ON I%/ 00017150
1206 2 MISC=1E0-SOH; /% TOTAL FRAC OF ALL DISP THAT 00017160
ARE INTRASECTOR®/ Q0017170

/5CCHMPUTE PATROL FREQUENCIES#/ © 00017480

1207 2 IF PAT_FLAG=1 THEN D03 00017190
1209 2 1 PATFREGIR#1 }o0EQ} /HREGION-WIDE PATRCL FREQUENCY*/ 00017200
1210 2 1 DO J=1 TC R3 00017210
1211 2 2 YOUNM=DED: 00017220
1212 2 2 DD 1=1 TO M; 00017230
1213 2 3 IF SEC{1sJ)>0E0 THEN 00017240
1214 2 3 YDUM=YDUM#SECT ¢J )% (1.~WORKLOAD(I) )3 00017250
1215 2 3 END ¢ /sL00P ON 1%/ 00017260
1216 2 2 1F STHI(J)I>O0E0 THEN 00017261
iz1t 2 2 PATFREQ(J} =VYDUM*PAT_SPEED/STHI{J) 3 © 00017262
1218 2 2 ELSE 00017263
1218 2 2 PATFREQ(J)}=0E0; 00017264
1219 2 2 PATFREQ(R®1)=PATFRE QIR+1)+LIJ}*PATFREQI{J}; 00017265
1220 2 2 ENO;  /%LO0P ON Ju/ 00017266
1221 2 i END ; /*END PATROL CONDITIONAL%/ 00017267
/*CALCULATE ODIFFERENCE AND § DIFF FOR OUTPUT#/ 00017270

1222 2 00 I=1 TO M; 00017280
1223 2 1 CHLI{T) = WORKLOADC L ) =MKL; /*WORKLOAD DIFFERENCE FROM MEAN®/00017290
1224 2 1 PHL (1) =WORKLOADE T3/MWL S /%% OF MAEN%/ 00017300
1225 2 1 CISDO(I)=ISDOCI)~HISD; /eD1FF FROM MEAN OF INTERSEC 00017310
' , DISP FOR%/ 00017320

1226 2 1 PISDO(Id= ISDO(I)AHISD; /%% OF MEAN SedestsssdasdsUNT 00017330
‘ I%/ 00017340

1227 2 1 CISDI(I)=TSDICT)~MISD: /*DIFF FROM MEAN OF INTERSEC 00017350
DISP EQR%/ 00017360

1228 2 1 PISOY(I)=EISOI{I)/HISO /%3 OF 00017370
MEhN**********#*ﬁD!STRICT 1%/ 00017380

1229 2 1 CTSEC(1)=TSEC(L) ~TAY}: /HDIFF FROM MEAN OF MEAN TRAV 00017390
: : TH .TO § 1%/ 00017400
1230 2 1 PTSEC{I)}aTSECIT) /TAV] /%% OF MEAN#/ 00017410 -
1231 2 1 DINPUT (K)o ENPUT( 13~ 1EO/M} J#SECTOR'S DIFF FROM MEAN 00017420
LAMBDAS/ 00017430 .

1232 2 1 FINPUT(1)m INPUT(I)%M; /%% OF MEANw%/ 00017440
1223 2 1 END 3 - /®LO0P ON 1%/ 00017450
/% PRINY OUTPUT %/ : i 00017460

1234 2 pUT 00017470
EDIT{ *NSF/RANN ~ HUD SPATIALLY nlsrnleureo QUEUING NOOEL OF AN*)} (00017480

A) PAGE; 00017490

1235 2 pPUT 00017500
EDIT(*URBAN SERVICE SVYSTEM: COMPUTED PERFDRMANCE MEASURES') (A) 00017510

SK1P; 00017520

1226 2 PUT EDITU'PROBLEM TITLE: *,TITLE}(A,A} SKIP; 00017530

1237 2 IF ESTSVAT=1l | ESTSTAT=-=2 THEHN 00017540
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1238
1229

1240
1241
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003
PUT EDITE'#«x&kITERATIVE APPROX IMATICN METHOD USEDwmwwt){
COLUMN(S) A} SKIP{2);
PUT EDIT{'NUMBER OF ITERATIONS REQUIRED: *,ITERATE)(
COLUMN(S), A A}
END3
IF CAPACITY>0E0 THEN
PUT
ECITH
TUNLIMITED CAPACITY QUEUE WITH 1_ST-COME 1_ST-SERVED QUEUE DISCIPLINE?®
R
A) SKIP;
ELSE
PUT
EDITY
NG QUEULING ALLOWEDy BACK=UP SYSTEM FOR OVERFLOWS ASSUMECY) (A}
SKIPs
IF CAPACITY>0ED & MU(L)-~=INFINITY THEN
PUT
€0IT( :
PIN~QUEUE TRAVEL TIMES ONLY APPROXIMATE DUE TO UNEQUAL SERVICE TIMES!
K
A} SKIP;
PUT EDTT(YRUN NUMBER: T",RUNNUM) [A4F(2)) SKIP3
PUT EDITLR_UNIT,'es o TOTAL NUMBER OF = *,MI(AyX(2),A+F(2)) SKIP;
PUT EDITUATOM+',4oTOTAL NUMBER OF = $,RI(A,X{2),A4F(3)) SKI1P:
XDUVM=RO-(NUM+1-RUNNUM)®IRQ;
PUT EODIY(*AVERAGE SERVICE TIME= *,SERVTN,* MINUTES*)(
ArF(692)9A) SKIPS
PUT
EDIT(YAVERAGE NUMBER PER HOUR QOF *,CFSy? = ', XDUMB60./SERVTH)
Ay AsAsF(TH3) ) SKIP;
PUT
EDIT('AVERAGE NUMBER PER ',SERVTM.* MINUTES OF *,CESs' = ' ,XDUM) {
AyF(é'Z)’AQA,AQF(?’3)’ SKIP‘
IF PAT_FLAG®1 THEN
PUT EDIT('SPEED OF PATROL= ' ,PAT_SPEED.' MPH'I(AF(6,2)4A)
SKIP;
PUT

EDIT(
YAVERAGE UTILIZATICN FACTOR (IN THE CASE OF UNLIMITED LINE CAPACITY)= ¢

XDUMIN)(A:F(?QB)I SKIP}
PUT EDIT{'REGION-HIDE AVERAGE TRAVEL TIME= ',TAV,? MINUTES') ¢
Ay FL{T743)9A) SKIPI3);
If CAPACITY>O0EO THEN
PUT
EDIT(*AVERAGE TRAVEL TIME FOR QUEUED CALLS= ¥,TQUE:? MINUTES®)
(
AFLT314A) SKIP(3);
PUT EDTT('PROBABILITY OF SATURATION= *,SATPRGCB) (A4F(7+5)) SKI1P;
PUT EDIT('REGION~WIDE AVERAGE WORKLOAD (% TIME BUSY)= *,MWL)
Ay F(T45)) SKIPS
PUT EDIT{'STANDARD DEVIATION OF HORKLOAD= YaSHLI(AWF(T43)) SKIP;
PUT EDIT{*MAXIMUM WORKLOAD IMBALANCE= *,UBWL }(A,F(7,5)) SKIP;

00017550
00017560
00017570
00017580
00017590
Q0017600
00017610
00017620
00017630
00U17640
00017¢50
Q0017660
Q0017&70
00017680
00QU17690
00017700
onal7710
Q00L7720
00017730
00017740
Q00117750
00017760
Q0017770
00017780
00017790
00017800
00017810
00017820
00017830
00017840
00017850
00017860
00017870
NOQLT7680
00017890
00017800
00017910
00017920
00017930
00017940
00017950
00017560
00017570
00017980
00017990
00018000
00018010
Q0018020
00018030
00018040
00018050
00018060
00018070
00018080
00018090
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12¢4 2 PUT 00018100
EDIT(*FRACTION OF OISPATCHES THAT ARE INTER=¢,R_DIST,* = ¢,MISD} (00018110
A Ay A yFUTy50) SKIPU3); 00018120
1265 2 IF PAT_FLAG=L THEN 00018130
1266 2 PUT 00018140
EDIT{*REGION-WIDE AVERAGE PATROL FREQUENCY= ', 00018150
PATFREQ(R#L1)+* PASSES PER HOUR'){ 00018151
A F(843)4A) SKIP{3); 00018170
1267 2 PUT 00018180
EDIT(YPERFORMANCE MEASURES THAT ARE SPECIFIC YO EACH *,R_UNIT) ( 00018190
Ay A) PAGE3: ) 00018200
1268 2 PUT ECIT('ID OF*)(COLUNNI4)+A) SKIP(2): 00018210
1269 2 PUT EDIT(R_UNIT,*FRACTION OF* ) (COLUMNt4)yAsCOLUMNE34) 4A) SKIPS 00018220
1270 2 PUT EDIT(*WORKLGAD® 4*% OF*+*DISPATCHES* 4 ¥% QF %y " AVERAGE®) 00016230
COLUMNCLE) 9 A COLUMNI28) yA+COLUMN(34) 4 ACOLUNNI50),4, COLUMN(58), 00018240
A} SKIPs 00018250
1271 2 PUT 00018260
EDITOENAMES y¢ND  OF UNITU, CMEAN'; CQUT OF ¢,R_DIST, 00018270
t MEAN  TRAVEL TIME®)( 00018280
Ay COLUMNEUL2) sAoCOLUMNIZBY oA COLUMNEZGY ¢8,A, A% SKIPS 00018230
1212 2 DO I=1 TO M; opo1s 300
1273 2 1 FUY 00018310
EDIT(NM_UNTITOI) o NG_UNIT(T) yWCRKLOAD( 1) yPWL(I §%100.,1S00( 1), 00018320
PISDOTTI®* L1004, TCARIT ) ) 00018330
AJCOLUMNULLY 9 F(3) yCOLUMNC LTI FU 5933 fCCLUMNI2T )4 FIS,1Y 00018340
COLUMNI3T)oF(594) sCOLUMN( 49 )y FL15,1) 4COLUMNL5B,FLT,33} SKIP; OND1B350
1214 2 1 END; /7%L00P ON I%/ 00018360
1275 2 pUT 0018370
EDIT('PERFORMANCE MEASURES THAY ARE SPECIFIC TO EACH ¢,R_DIST) ( 00013380
AyA) SKIP(S5); 00018390
1276 2 PUT EOIT('10 OF'1(COLUMN{4}4A) SKIP{2)} 00018400
1217 2 PUT EDIT(R_DIST,"FRACTION OQF*) [COLUMNI3),A+COLUNN(34) 1 A) SKIP; 00018410
1278 2 PUT EDIT('WORKKLOADY ,'% OF*,'DISPATCHES Y, '% QF "¢ YAVERAGE') { 00018420
COLUMNILE) yAyCOLUMNC28) yA¢COLUMN(34) 4 A4COLUMN(S50); Ay COLUMN(58), 00018430
; Ads 00018440 7
12719 2 puT » 00U18450"
EDITCONAME! y* NG OF *HR_DIST,' MEAN INTER-*,R_DIST, Q0018440
YMEAN TRAVEL TIME'){A,COLUNNIL2),A0A, Az A COLUMNISO0),A) SKIP; 00018470
1280 2 DY 1=1 TO #} 00018480
1281 2 1 PUT 00018490
ECITINM.DISTII ), NO_DIST(1), INPUT (1) %XDUM, PINPUT{I) 100,y 00018500
1SOT(I)y LO0.%ISDI(I)/MISD,TSEC{I})( 00018510
AyCOLUMNULLY s FU3) ) COLUMNTLT)4F{5:3)y COLUMNERTI9F (501} 00018520
. COLUMNE37) o F(5¢4) o COLUMNI49),FLBy 1) oCOLUMNISB)Y, FL7,3)) SKIP: 00018530
1282 2 1 END; /*LOOP CN 1w/ 00018540
1283 2 1F PRNT_AT_ FLAG=1 THEN 00018550
1284 2 60 YO AT_SKIP; : 00018560
1285 2 PUT 00018570
EQIT(*PERFORMANCE MEASURES THAT ARE SPECIFIC TO FACH ',ATOM) (A,A)00018580
00018590
PAGE; 00013600
1284 2 PUT EDIT(*1D & WCRKLOAD?Y , YAVE  FRACTION OF ',CFS§) 00018410,
3y COLUMNIZ3) yAsA) SKIPI2): 00018620
1287 2 TOUNM=29+4MAX (31, 5%M) 3 ' 00018630
1288 2 IF PAT_FLAG=l THEN 00018640
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END

PUT EDITHFREQUENCY DFYI{COLUMNG IDUMY,AY SKIP(O};
PUT EDITIATOM,'OF Yy *TRAV  FROM t,ATOM) ¢
Ay COLUMNI13) yA,COLUMNL23) yA44) SKIPS
IF PAT_FLAG=1 THEN
BUT EDIT('PREVENTIVE PATROL' JICOLUMNUIDUM) A} SKIPL{O};
PUT EDRITLATOM,'TIME SERVICED BY UNIT NUMBER: ")
COLUMM(I2)4,4y COLUMNE23),A) SKIP:
1F PAT_FLAG={ THEN
PUT EDIT(*PASSINGS{#/HQUR) ") (COLUNMN{ IDUM) 4A) SKIP{O};
PUT EOIY( (HCALLS/100HR) *y (NO_UNIT(I) DO I=1 TO M) (
COLUMNIDY y A COLUMN (29D, (MM(FL{3),X(2))) SKiP:
XOUMeXOUMKE000. /SERVTMS
00 J=1 TO R
YOUM=LCJ)
[F YDUM=OEQ THEN
YoUM= INRINITY S
K=A_MAP(J)
PUT
EDITIKyLAJI*XDUM 3 TREP (U )4
({PDUI L JI*PR2{T,J)4/¥YDUMY DO T=1 TO MY} {
COLUMN{3) yF(3),COLUMNILL) yF(842)+COLUMN{20)} yF(Ty3),
COLUMN{ 28}, (MM F(442)4X(1))) SKIP:
IFf PAT_FLAG=1 THEN
PUT EDIT{PATFREQUJ)) {COLUMN(IDUM+2) 4yFl&,2)) SKIPLO):
END /*L00P ON J#/
IP:
ESTSTAT=~ESTSTATS
IF ESTSTAT==2 THEN
GO TO APPROXs
GO TO guTLGOP:
OP_FINT:
FREE PDyPD2yMHL MISD+TAV ) VAR, SWL,UBWL ¢ DINPUT, PINPUTy INPUT,
WORKLOAD,TCAR yTSEC, TREP, TQUEy DCARyDSEC,CREP,DHL+PHL,DISDO,PI500,
DISCYyPISDI,DTSEC+PTSEC, 1SDD, ISDI ,PINSEC,M0X,NONyPINT,SATPRCE,
GHK LD , PATFREQ: :
IF CEBUG>D THEN
Co;
PUT LIST{'TIME AT COMPLETION CF RUN') SKIP(5);
CALL PRNT_TIMES
END;
G2 TO K_RETURN;
CALCVALS

PRNT _TIME:
PROCS

ocL
DCL

TIME BUILTIN;

ATIME CHAR(9)y

HR CHAR(2),

MN CHARLZ2),

SC CHAR(2),

MLS CHARI(3)
ATIME=TIME;
HR=SUBSTR {ATIME,842)
MN=zSUBSTR(ATIME,3,2)

00018£50
00018¢60
00018670
00318680
00018690
00018700
onn18710
00018720
00018730
00018740
00018750
00018760
00018770
00018780
00018790
Q0018800
00018810
00018820
00018830
000418840
00018850
00018860
00018870
00018871
00019000
00019010
00019020
00019030
00019040
00019050
00019060
00019070
00019080
00019090
a0Q19100
0001911¢p
00019120
00019130
00013140
00019150
00019160
00019170
00019180
Q0019190
00019208
00019210
00019220
00019230
00019240
00019250
00019260
00019270
00019280
00019290
00019300




-37-

STMT LEVEL NEST

1325 2 SC=SUBSTRIATIME,542) 3 00018310
1326 2 MLS =SUBSTR{ATIME,743); 00019320
1327 2 PUT 00919330
SOITCYCURRENT TIME= "yHRe® HR "4MNy* MIN Y,SC, ' SEC " iMLS, 00019340

* NMILLISEC*)(AsA ArAcA,A A AA) SKIPS 00019350

1328 2 PUT SKIP(2)3 00019360
1329 2 END PRNY_TIME; 000193790
1330 1 ERR: 00019380
PROCIT ) Q0019390

1321 2 DCA, 00019400
1 FIXED DECIMAL(2); 00019410

1332 2 IF 1=zl THEN 0001v420
1333 2 PUY LIST{('TOO MANY UNITS FOR EXACT MCDEL') SKIP; 00019430
1334 2 IF 1=2 THEN 00019440
1325 2 PUT LIST(*TOO MANY GEOQGRAPHICAL ATOMS') SKIP: 00019450
1336 2 IF I=3 THEN 00019460
1337 2 PUT LIST(*INCORRECT SPECIFICATION FQR ESTSTAT!) SKIp; 00019470
1338 2 IF 1l=4 THEN 00019480
13329 2 PUT LIST(*ORDERING LOOP ERRORY) $KIp; 00019490
1340 2 IF I=5 THEN 00019500
1341 2 FUT LIST(*SIMILARITY SET ERROR') SKI1p} 00019510
1342 2 IF =6 THEN 00019520
1343 2 PUT LIST(*QUEUE SATURATED®!) SKIP;: 00019530
1344 2 PUT LIST('RUN TERMINATED') SKIP; 00019540
1345 2 STOP; 00019550
1346 2 END ERRA; 0Nn158560
1347 1 END HYPCUBE; V0019570



oCL NO.

31

31

1088

31

31

911

1307

1321

N

31

31

3

31

ags

268

LA EEE L B Y

Bk R

LA R T LT ]

IDENTIFIER

A_MAR

ABS

ADDRESS

ALL_BUSY

ALPHA

ALT_RETURN

APPROX

AT_SKIP

ATIME

ATOM

BDPROB

BETA

CALCOUT

CALCSEC

ATTRIBUTE ANC CROSS-REFERENCE TABLE
ATTRIAUTES AND REFERENCES

(%) AUTOMATIC , ALIGNED, BINARY, FIXED{15,0)
6891244168,255,2066,14T0:472,483,511,596,1302

GENERIC,BUILT~IN FUNCTION
218+218y315+315,348¢348,36613669384,384,6T77+765,908,998,1041,1052

AUTCMATIC 4AL IGNED,BINARY, FIXED(1540)
65465596555 728,7399T7394740,752,752,753

STATEMENT LABEL CONSTANT
1069

AUTOMATIC yALIGNED,STRING(15),8B1T
641 0649,724,72597324733+T45+7464813,813,859,4867,1079

AUTOMATIC sLABEL
631,883,1069

STATEMENT LABEL CONSTANT
1309

STATEMENT LABEL CONSTANTY
1284

AUTUMATICoUNALlGNEDySTRING(9)oCHARACTER
1322, 1323,1324,1325,1326

AUTOMATIC yUNALIGNED,STRING(8) CHARACTER
60¢1069120414642531464,469,469+147714784503,505,506+590,1249,1285
1290, 1290,1293

(%) AUTOMATIC , ALIGNED BINARY, FIXED(15,0)
601602 ,608,608,613,1613:614,614,615,€615,641,665,6564T702:702:710,+72%
812,4816+8164107941085,1099

(*) AUTOMATIC, ALIGNED, DECIMAL yFLOATIDCUBLE)
659166096632663,664,6T70,67056T146T616T4y6T6¢6T79,T124759:76197865780
TBT71893489599004914,918,9279931,9424%42,1092

AUTOMAY IC yALIGNED, STRING{15)4BIT
649, 650,6519652,732+734,735,745,747: 748

{*y %) AUTOMATICALIGNED + BINARY, FLCAT {STHGLE)
2811295+2960363+36643704384+3879412+413,425+439,448,457,511+535,535
537953745T4905T4:57¢,%76,580,580,805,805,818+818,832,832,840+840,865
86549494949, 960:960,1015,1015,1020,1020

STATEMENT LABEL CONSTANT
97

ENTRYSDECTMAL FLOAT (SINGLE]

_88-




OCL WC.

28

31

31

91

31

31

3

31

32

2 Hoh ok Kk

31

156

32

31 BRER R kKK

32

32

IDENTIFIER

CALCvaAL

CAPACITY

carr

ccour

CFS

COMM

CONV_METRIC

C_SCALE

CCAr

DEBUG

CENOM

CIAG_ DIV

CINPUT

CIS_METHOD

DIso1

DISDO

ATTRIBUTES AND REFERENCES
172

ENTRY 4 DECIMAL 4FLOAT(S INGLE)
25

AUTOMATIC JALICGNED,BINARY, FLOAT(SINGLE)
409238,66€4T069T5T,776+8979913,917,925,)941,985,988,1089,1105,1123
1135, 1242,1245,1258

AUTOMATIC ,ALTGNED»STRING(L1) »BIT
73357349736, T469T4T,749

STATEMENT LABEL CONSTANY
8l

AUTOMATIC »UNALIGNED,STRING(18) ,CHARACTER
59, 146+1252,1253,41286 :

AUTOMATIC yUNALIGNEDSTRING{ 10} (CHARACTER
99y100,108,109+129,1374139,141,151,162,164,174,188,193,199,204,209
222v230,235923T79239+2411243:2459247924919259+261,263,265,433,434,443
452

AUTQOMATIC JALTGNEDy BINARY, FLOAT{SIAGLE)
T19,7214722076617664770

AUTOMATIC AL IGNED, BINARY, FLOAT{SINGLE)
43+214,215,23¢6

(%) CONTROLLED 4ALIGNED +BINARY , FLOAT( SINGLE}
888,1125,1202,1311

AUTOMATIC yALIGNED BINARY+FIXED(1540)
30415929171, 76983492951495524704+769,7911934,1312

AUTOMATIC »ALIGNED, DEC IMAL,FLOAT{DCUBLE)

661 yE54166446T116T196T744TT8yTT9,782,783,7864111691119,1119,1124,1124
1125, 1126,41130,1133,1133,1137,1137y1144,1145,1149,1154,1154,1157
1158

STATEMENT LABEL CONSTANT
743

(*}CONTROLLEDALIGNED yBINARY , FLOAT({ SINGLE)
888,1231,1311

AUTOMATIC yALTGNED, BINARY FIXED(15,0)
5592400242924442465294429793264937993921485,487+48944914502

i%) CONTROLLED yALIGNED »BINARY y FLOAT({ SINGL E)
888,1227,1311

(%) CONTROLLED ALIGNED ¢BINARY , FLOAT({SINGLE)
888,1225, 1311

_65_



OCL MNGQ.
32

32
32
31
32
1036
" 587
547
981
31
1330
2 | ARkt bk
31

27

31 YT
31 SRAFNR LR

a2z

657

IDENTIFIER
OREP

0SEC

DTSEC
CUMBIT

DWL

END_1
END_SIM_LP
END_SWITCH
END.H..LODP
EPSILON
ERR
ESTSTAT
FACT

FINISH
FLAG

FRST_PREF

GHKLD

HERE._IF_ONES

ATTRIBUTES AND REFERENCES

(%) CONTROLLED »ALIGNED yBINARY ¢ FLOATUS INGLE)
888,1144,1153,1154,1311

(*) CONTROLLED,ALIGNED yBINARY , FLOATI SINGLE}
888,11457+1203,1311

{*) CONTROLLED,ALIGNED B INARY FLOATUSINGLE}
888,1229,1311

AUTOMATIC JALIGNEDy STIVINGY15),BIT
652+654,8134814

{*FCONTROLLED yALIGNED ¢ BINARY » FLOATUS INGLE}
888,1223,1311

STAYEMENT LABEL CONSTANT
1013

STATEMENT LABEL CONSTANT
562

STATEMENY LABEL CONSTANT
542

STATEMENT LABEL CONSTANT
957

AUTOMATIC ,ALTGNED,y BINARYFLOAT{SINGLE}
38,721

ENTRY yDEC TMAL »FLOAT{S INGLE}
11413917:5504 589,669

AUTOMATIC yALIGNED,BINARY,FIXEC(15,0)
4.10ylbq16,19.22;599.680.908v908p909.1237y1237.1307v1307-1308

(16)AUTOMATIC JALIGNED, INITIAL,DECIMAL,FIXED(13,0)
618,6189618,922,924,931

STATENENT LABEL CONSTANTY

{(*) AUTOMATIC , ALIGNED, BINARY, FIXEDI15,0)
5585614567583

AUTOMATIC (ALIGNEDBINARY,FIXED(15,0)
544248+419,493

{#} CONTROLLED yALIGNED ,BINARY ¢ FLOATUS INGLE)
888+936195699664978,1052,1058,1064,1311

AUTOMATIC JALTGNED , DEC IMAL, FLOAT(SINGLE)
166916890769 17944360437 144514%64454,4455

STATEMENT LABEL CONSTANT
631




DCL NGo
1321

i

1331

IDENTIFIER

HR

HYPCUBE
1

269  deukavsns |

31 ebsmsens |

31 I_RETURN
31 maksbkeds 1_T_ORD
31 wnkksdbke  [DUM

" INFINITY
7% INI

ATTRIBUTES AND REFERENCES

AUTOMATIC JUNALIGNED,STRING(2)+CHARACTER
132351327

ENTRY yDECIMAL 4 FLOAT(S TNGLE)

PARAMETER AL IGNED, BZC IMAL,FIXED{2,0)
1330,133241334,1336,1338,1340,1342

PARAMETER ) ALIGNED ) BINARY, FIXED(15,0)
268+927242764277

AUTOMATIC ,ALTGNED, BINARY, FIXED(15,0)
6l|62962v63163'64'65'67|68,68g121.121'1221122112411240155'1560156
156 y 16691671 70¢172417641779181,184,1865186,211,212,212,216,218,218
218,225,227,2274282:+286,290+1299,3034205+306,309,310,3154315,322,328
33373429343,348,348,355,358,363,36643661366,368,370,381,384,3684,38%
38653879394¢399540304069412+413,4229423+1425942604364439,445,648,454
457+4T70,47004725472,480,480,481048144831483¢508,508,509,509¢511,51)
52245239523¢527+528,528,532 154915803561 156545664,570,574+574,574,574
592y593’593'596'6071608]608'617'6181618‘618.625.626,6271&Q8|650.652
662 5663466396634664,6T3,3067496T43T701970297024710,711,712,725,726,727
728,728,737y T37,740:7404750975057534753, 1563756, 7564757,T63,765,804
805!808@508'52318240826,827084418457847'850-858v8599861|862|864'9@l
902 4904992149229942,9225947154819491949195%4195644954,955,955,955,955
956 ¢959,49665,9739973,973,974+97419744978+980,980,1008,1009,1010,1012
1015,1016,1019,1028,1028,1031,1034,1034,1051,105241052+1084,1085%
1085, 1093,1094,1099,1099,1114,111868,1118,1119,1125,1126,41131,1132
1132511331147 115151157,115851164,116591166,1166,1167,1168,1169
1170, 1177,1179,1180,1180,1183,1184,1185,1190,1192,1132,1192,1192
1195, 1195,1201,1202,1202,1202,1203,1203,1203,1.204,12L2,1213,1214
1214, 122241223, 1223412244122491225,1225,1226,1226,122741227,1228
1228,1229,1229,1230,1230,1231,1231,1232,1232,127241273,41273,1273
1273,1273,1273,1273,1280,1281,1281,1281,1281,1281,1261,1281,1296
1296,1303,1302,1303

AUTOMATIC,LABEL
630,806,810,830+836,855,87¢,879,887,1068

(%)%} AUTCMATIC,ALIGNEDBINARY,FIXED( 15,0)

523452895285 5354535,5374537+539+539,54315441544¢9545,570457015749574
57645764+580,580,801,805,8054808,824,859,862,865,867,8704549,949,554
954 4955195599554956,39600960196649973,973,974,974,978,1009,1015,1020
1020, 1028,1031

AUTOMATIC ,ALIGNED, BINARY,FIXEC(15+0) :
543 354595935594+596+596962696279T1LT02y712,7204723,771,7724773,537
944 ,9534972,983,+1063,1287,1289,1292,1295,1305

AUTOMAT IC AL IGNED, BINARY,FLOAT{STINGLE)
3595342384293 ,296,313,346:6904729,760,784+1162,1245,1301

STATEMENT LABEL COASTANT
70

...'[{7..




DCL MO TOENTIFIER

514
32
3
‘ 32
32

31

31
2¢9

31

586

31

31

INITIALIZE

INPUT

1RO

1SD1

1500

Atk dkknx [SIM

wkkxnnxnr [TERATE

Ak RkRRK

LRSS T L L N

J.LoQP

pdok dhkkk JJ

ke RRkd K

ATTRIBUTES ANLC REFERENCES

STATEMENT LABEL CONSTANT
T8

{*} CONTROLLED ,ALIGNED ,BINARY, FLOAT(SINGLE)
88841176,1180,118041231,1232,1281,1311

AUTOMATIC AL IGNEDBINARY,FLOATISIAGLE])
89+113,133,687,911,1250

(%} CONTROLLEDyALIGNED yBINARY,FLDATISINGLE)
888,120341227,1228,1281,1281,1311

(%} CONTROLLED yALIGNED yBINARY FLOAT(SINGLE)
888,1202,1225,1226, 127341311

(*) AUTOMATIC, ALIGNED, BINARY,FIXED(15,0)
559 ¢5649564,5653584:5859585,5884553,593,596,63616449644+1074,1081
1081

AUTOMATIC JALIGNED,BINARY,FIXED(15,0)
T2Y ¢ 7757754 794,939,1059,1059,41240

AUTOMATIC yALIGNED,BINAFY,FIXED(1540)
2719272,2739275427642774277

AUTOMATIC yALIGNED, BINARYFIXECIL15,0)
1169117,11842219122412441694170,180,18L,184,217,2184216+218,254,255
2554283+2884290+302+303,305+305,230643069314+3154315,319,332,333,335
335,336,33643374347+3484348¢352¢3595361,36343664370+382,3844384,384
387 9387939893999403,%03,404+4210423,4259438443994479448145644574471
4724947295199520452B4528,¢535,5359535+53545379537+4537,537,539,539,543
5464454445453 5660156745T045T6+45769576457655804580,580,580,583,584,59¢6
596 960496369658+ 702470997104723,724,8014805,8059805,805,808,8184818
824 ,832,8324840+840¢859,862,865,865,865¢867¢8704903,904,904,919,921
922192449244924+9289928¢94319451946194919491949+949,9541954, 955,955
95599550955¢95649602960,960,560996615T3¢973+974997449744974:978,950
991 19944995,996,1004,1009,1012,1012,1015,1015,1015,101€,1016,1020
1020, 1020,1020,1026,1028,1031,1031,1074,1082,1083,1085,1085,1097
1097, 1099,1107,1109,1109,1117,1118,1118,1119,11284113241132,1133
1137+4114041142,114441145,1150,1151,41153,1153,1154,1178,1179,1180
1186,1187,1187,1188,1190,1192,1192,1194,1195,1195,1210,1213,1214
1216,1217,1217,1218,1219,1219,1298,1299,1302,1303,1303,1303,1303
1305

STATEMENT LABEL CONSTANT
568+571,577,581

AUTCMATIC yALIGNEDBINARY,FIXED(15,0)
3689370+3864387,400,401,4403,403,4404+409,4100412,413,644,665,847,848
848,864986598674870,1009,1012,1012,1015,1016,1016,3019,1020,1020
1022,1025,102641031,1081,1082

AUTGMATIC y ALIGNED ; BINARY,FIXED{15,0)
123,124¢1244147,148,1464168,179,285728569288,319,3224352+355,360,361
36 ,366)3699372439544019410,43T94464455¢0465046644€714T704,4T24482,481

_Zv_




DCL AD. IDENTIFLIER

582 K_Loge

3T K_RETURN

31 wEXARE 2 k% KB

31 R ER ANk E KC

31 3N axkd KK

31 L

633 Ll

1071 Lil

638 L2

1076 L22

1os8 LAAP

109 LAAP2

31 LASTVER
L0OG2

4 LooP

2 Pt T TN

ATTRIBUTES AND REFEREMNCES

483,510951195119534,535,535,537,5374539,539,543,548,544,5451569,570
570573¢574957445T6¢57€4580,580,€12¢¢134€13,6144614,4615,615,621,622
62216229637, 638,63816399641 69196529692y 731,733+47344737,744,746,747
798 ¢8124816481619599960,960496299€5956695704973,973,974,974,977+978
993,1001, 1001,1002,1075,107641076,107741073,1085,1098,1099,1108,1109
1109,1139,1140,1140,1193,1194,1195,1195,1302,1303

STATEMENT LABEL CONSTANT
578

AUTOMATIC yLABEL
70, 74482,91,127,135,600,658,681,797,1317

AUTDOMAT IC yALTGNED s BINARY, FIXED{15,0)
6515654,654y T35,T374740+74847504753

AUTCMATIC (ALIGNED, BINARY,FIXED(15,0)
6534654,814,815

AUTOMATIC yALIGNED,BINARY,FIXED(1540)
118+,119,121,122,12493654370,467,4683470,47246324633,6334634,6364644
644 49714973,973497499744102741028,1070,1071,1071y1072,1074,1081,1081

“{*JAUTOMATIC,ALIGNED,BINARY ,FLOAT{SINGLE)

143 ) 144 4145, 145, 14842739277 1335,336+3371403,46044645:9049945,946,991
995,9%6,1004,1083,1109,4109,1137,1140,1142,1180,1219,1299,1303

STATEMENT LABEL CONSTANT
640

STATEMENT LABEL CONSTANT
1078

STATEMENT LABEL CONSTANY
657

STATEMENT LABEL CONSTANT
1088

STATEMENT LABEL CONSTANT
267

STATEMENT LABEL CONSTANY
107

AUTOMATIC.ALIGNED.STR!NG(\S).BIT
812,813,813

" GENEPIC,BUILT~IN FUNCTICN

815

STATEMENT LABEL CONSTANT
26

AUTOMATIC yALIGNED BINARY,FIXED{154:0)

A . . e el

_517_



OCL PO

31

31

658

643

31

31

32

1321

1321

32

32

3

32

&tk ok ok

LELA S ST E L 14

IDENTIFIER

MAP

PASK

MATRET

MATR IX_INPUT

NAX

MNAXBOUND

MINVAL

HISD

MLS

NN

MOX

MU

MWL

ATTRIBUTES AND REFERENCES

49104202239249313319319319301,43193)1931431931+31+31,31:3143L431461, 104
105,11641174119,1214122,124¢1559159¢9282+293429692999328,358,3804372
381,394,395,422+426+480,480,481,481,483,483,508,508,505+509,511,511
522452745329 5349549956995739604¢61T91618,€18462516629668,0T704670,670
6TLy6T3,6989731,T44+9755+2T5997599761+1761,782,7864786,787,804,823,827
858 ¢864,882932932132,32432932,32¢32132,32432932932432132432432,32432
32332,32132,8959900,901991199149918+919,9219922+9229924+924,4927,931
942,942,945,9471948,959:962,1008,1010,1019,1022,1047,10514+1056,1092
1093,10944111441122,112441131,1147,1164,1172,1173,1173,1177,1183
1193,1201,1212,1222,1231,1232,412484,125691272,1280,1287,12%6,1296
1303,1303

(%) AUTOMATIC . ALIGNED, BINARY, FIXED{15,0)
620462246224 65416929695969647029702,7074707,7284756

(%} AUTOMATIC,ALIGNED, STRING(15})4BIT
624,627,652

STATEMENT LABEL CONSTANT
635

STATEMENT LABEL CONSTANY

‘630

GENERIC,BUILT~IN FUNCTICN
T66,1287

—(7{;_

AUTOMATIC yALIGNED,BINARY,FIXED(L5:0)
3T, 721

AUTOMATIC yAL IGNED, BINARY, FLOATU{SINGLE)
39+ 763

CONTROLLED AL IGNED,BINARY FLCAT{S INGLE)
888,12065122591226+1227,1228,1264,41281,1311

AUTOMATIC sUNALIGNED)STRING(3 ) CHARACTER
132641327

AUTOMATIC (UNALIGNED»STRINGU2) +CHAFACTER
1324, 1327

CONTROLLED,ALICNEDyBINARY, FLCAT{SINGLE)
8884916,918y927,9274928,994,995,1004,1005, 1005,1026,1028,.1028,1031
10464104741047,1048,41048,1049,1311

CONTROLLED,AL IGNED, BINARY, FLGAT(SINGLE)
88849451946195419551956195619694978,978,987,989,995,996,1004, 1041
1311 .

(*) AUTOMATIC s ALIGNED BINARY , FLOAT {S INGLE)
539 153,1564158,15841599160416056909696,702,729,737,760,784,899,902
1245

CONTROLLED AL IGNED, BINARY,FLOAT{SINGLE)




DCL NO.

3

31

n

3

3t

T44

35t

k]

31

ai

31

31

3

L2 2 81831

L LRl 2213 1]

RESREFRAE

Rdokoko bk

hdskvkkkE

Ak gk

Reog ok ook

LR L EL LS

Y eIy

Wk pRkks

BoRR Rk Rk

ok ke

LA

TOENTIFIER

N..BD_STS

NCAR

NCHANGE

NCOEFF

NM_DIST

NM_UNIT

NO_DIST

NO_MULT

NO_SEC

NO_UNIT

NPREF

NS

NSELECTY

NTIE

NUM

ONE

ATTRIBUTES AND REFERENCES

889n912f9140914v936994211043v1160'l165,116511‘72'1172911731117311223
1224,1261,1311

AUTOMATIC AL IGNED, AINARY, FIXED(L15,0)
18920923, 23931930931431431,38,39,8124621,639,491,707,707,709,723, 157
159175997812 T82+T8741077,1090,1097

AUTCHMAT IC ;ALLGNED s BINARY,FIXED{1540)
244314931,31

AUTOMATIC yALTGNED» BINARY,FIXED(15,0)
815,818+820982498324835,840845

AUTOMATIC JALTGNED ) BINARYSFIXED(15,0)
53195321533, 546+546 .
AUTOMATIC JALTGNEDyBINARY,FIXEDI15,0!
21423431

(*)AUTOMATIC  UNALIGNEDs STRING(B)  CHARACTER
8591281

(«) AUTOHMATIC  UNALIGNED . STRING{B) ; CHARACTER
64,1214 156,480,4508,1273

{¥) AUTOMATIC  ALIGNEDy BINARY s FIXED{15,0)
6341281

STATEMENT LABEL CONSTANT
730

STATEMENT LABEL CONSTANT
341

(*) AUTOMATIC»ALIGNED, BINARY s FIXED(15,0)
62,122,156,481,509,1273,1296

‘AUTOMATIC +ALIGNED s BINARY(FIXED(15.0)
8004826,858,861

(X} AUTOMATIC ) ALIGNED, BINARY FIXEC(L5,0)
6184712

AUTOMATIC »AL IGNED+BINARY,FIXED(1540])
801,802,818,820,822,832,340,854,862,8863,865,882

AUTOMATIC +ALTGNED»BINARY,FIXED(15,0)
667,648,803,807,807,821,834,834,835,842,84448474850,853,8524869.8¢9
870,558996199¢1,965,968,969,970,971,977,980,1018,1021,1021,1025,1027
1031,1034,1083,1084

AN

AUTUHATICvAL!GN€0|BINAFY'FIXED(15|0)
4914915931931,804891,911,1250

AUTQMATIC )ALIGNED, BINARY, FIXEC(15,0)

_g?_




DCL WO

890

1311

433

31

31

31

az

32

32

1067

1081

32

32

32

32

32

31

Rk bk

T TP

{DENTIFIER

curLoopP

CUTLOOP_FINE

oV

OVERRIDE

PAT_FLAG

PAT_SPEED

PATFREQ

PD

PD2

fD_CAL

PD.CALC

PINPUT

PINSEC

PINT

P1ISOI

PI1SDO

mbvkdders FRNT_AT_FLAG

ATTRIBUTES AND REFERENCES
33

STATEMENT LABEL CONSTANT
1310

STATEMENT LABEL CONSTANT
892

STATEMENT LABEL CONSTANT
441 4450,459

AUTOMATIC yALIGNED +BINARY, FIXED(15+0)
513200,431

AUTOMAT IC 4ALIGNED, BINARY,FIXEC{15,0)
474257412074 1254, 1265912881 1291129441304

AUTOMATIC AL IGNED, BINARYy FLOAT(SINGLE}
4B42514121741255

(*) CONTROLLED ALIGNED ,BINARY, FLOAT(SINGLE)
86641209, 1217,1218,1219,1219,121941266:1305,1311

(%, %) CONTROLLED,ALIGNED OECIFAL,FLOAT{DOUBLE)
888,938,955,555,974,974,986,9586,9%4y1012,1012+1016410164,1028,1031
1040,1067,1085,1085,1090,1090,1118,1119,1132,1133,1192,1195,1303
1311

(%,%) CONTROLLED ;AL IGNEQ,DEC INAL o FLOAT(DOUBLE)
8884895,904,1192,1195,1303,1311

STATEMENT LABEL CONSTANT
310

STAVEMENT LABEL CONSTANT
1068

{&) CONTROLLED ALIGNED «BINARY  FLOAT(SINGLE}
83841232,1281,1311

(*)}CONTRGLLED yALIGNED yBINARY , FLOAT(SINGLE)
8688,1184,1195,1195,1203,1311

(*)CONTROLLED ALIGNED yBINARY , FLOAT(SINGLE)
868+1185,1192,1192,1202,1204,+1311

(%} CONTROLLED JALIGNED 4B INARY s FLOATISINGLE)
888122841311

{*) CONTROLLEDyALIGNED yBINARY , FLOAT{SINGLE)
888,122641273,1311

AUTOMAT IC 4 AL IGNED, BINARY,FIXED(15,0)
494264» 1283




DCL MO
1319

31 LSS RT T
79
32
32
31

2 AR SRR

31
31
9%
994
98
1C89

31

31 F3 23 S YT

31 LI SN LY

32

INENTIFIER
PRNT_ T IME

PRNT_.T®

PRCG_LOOP

PTSEC

oL

CUFAC

R.DESY

R_LUNIT

READATA

RECYCLF

RETY

RETOUR_FINT

20

RR

RUNNUM

SATPRQOR

ATTRIBUTES AND REFERENCES

ENTRY oCEC TMAL yFLOAT(S INGLE)
BeB6995,5171555,717,795,1315%

AUTOMATIC yALIGNEDyBINAKY, FIXED(15,0)
5242624462

STATEMENT LABREL CONSTANT
T44+90

(&) CONTRILLED yALIGNED +BINARY yFLOAT(SINGLE)
8881230, 1311

(%} CONTROLLED»ALIGNED ¢BINARY » FLOATUSINGLE}
8884 1224y1273,1311

(%) AUTOMATIC , ALIGNED, BINARY, FLOAT (SINGLE )
9151924v9289928193£19321933'935' 954,955,973,4974

AUTOMATIC yALIGNEO «BINAFY,FIXED{15,0})
4912931431931930y3093193093193093093L93L431+314674106,123,147,211
21692174225,2544271427542834285930253149332,347,359,382,398,400,409
421 146514661 468¢4T71148245109519,5€60,5664588,32932,32432,329903,943
990,1041,1107,110841117411268,1139,1150,1178,1188,1209,1210,1219," 219
1249, 1266,1298

AUTOMATIC ,UNALIGNEDSTRING(B) CHARACTER
5601054496,126451271y127541277412791279

AUTOMATIC »UNALIGNED;STRING(18) 4CHARACTER
57,104y115,)120,154,4476,478,495,504,506,1248,126T+1269

STATEMENT LABREL CONSTANT
3

STATEMENT LABEL CONSTANT
1037

STATEMENT LABEL CONSTANT
138

STATEMENT LABEL CONSTANT
1073

AUTOMATIC,ALTGNED, BINARY, FLOAT{SINGLE)
89¢89¢11241329€630668,670,6704684,687,687,692,695,696,707,759,759
T614761,782:782+91141250

AUTOMATIC yALIGNEDy BINARY, FIXED{15,0)
557p563'563y564.564.565'5859585v585v588y592v634r1072

AUTOMATIC yALTIGNED s BINARY,FIXED(15:0)
T59 79479+ 804679,682,790,889,890,890,891,893,4864,911,1247,1250

CONTRCLLEOyALIGNED,CECIMAL, FLCAT{ COUBLE)
8881895,900,900,902,986,989,1113,1122,112441137,114291260,1311

_.Lfl._

Ve




OCL NO.

1321
31
31
3

31

3
N
1039
1038
659

31

70
ERS

31

T TE T

FEBEBER LR

SR AP RAN

R AR kb kR

INENTIFLER

sc

SCALEL

SCALE2

SCALE3

SEC

SERVTM

SIH

skie_J

SKIP_JJ

SOLV_EQ

SOM

SQRT

START

STML

STPROB

SUBSTR

ATTRIBUTES AND REFERENCES

AUTOMATIC yUNALIGMEDySTRING{ 2} ,CHARACTER
132541327

AUTOMATIC 4 ALIGNED, BINARY,FIXED(1540)
6054607+608,699,7019109141095,1097,110241102

AUTOMATIC ,ALIGNED, BINARY,FIXED(1540)
603+€0596069606+16079608,697+6994700,700,701,702,1095,1096,1098

AUTOMAT IC +ALIGNED BINARY, FIXED(15,0)
1096,1097

(%,%) AUTOMATICyALIGNEDy BINARY, FLOAT { SINGLE)
1244216791704 177+18L4184,186418642724276,277,2861303+,305,3064333,361
399 “NL.403,404+,410+423,115141179+1190¢119+,1213,1214

AUTOMATIC sALIGNEDyBINARY, FLOAT{SINGLE)
444112,113,132,133,159,160,163,1251,1252,1253,41297

{*) AUTOMATIC  ALIGNED,, BINARY , FIXED15,0}
56541584+59696389645,1074,1082

STATEMENT LABEL CGNSTANT
992+1000

STATEMENT LABEL CONSTANT
1003 ;

STATEMENT LABEL CONSTANT
a8

AUTCMATIC sALIGNED, BINARYyFLOAT(SINGLE)
178,1834183,1864270,273,2739277+284,288,2884290+¢331,337,337+340,342
3434367+404,404+408,1115,1118,1118,1121,1122,1122,1126,41129,1132
1132,114291142,1145,1148,1153,115341158,11614126641160,1173,1200
1204412044120¢&

GENERIC,BUILT~IN FUNCTICN
22741006, 104141174

STATEMENT LABEL CONSTANY
91

(%) AUTOMAYIC , ALIGNED, BINARY ¢ FLOAT(SINGLE)
46+252+3554121€41217

(#) AUTOMATIC , ALIGNED, BINARY  FLOAT (SINGLE)

TO8 2710297269727+ 737:73797379 740,740,740, 750,750,750,753,753,753,756
15647594759, T€1,763,765,778:7794779,782,782,783,783,787,790,894,1085
1090, 1099 i

GENERIC,BUILT-IN FUNCTION
65047339734, 746+T7474859,867,1323,1324,1325,1326




DCL MO.

543

32

31

1104

31

31

32

32

31 LA TT T

31 LRSS R EE S 3

1320

31

198

IDENTIFIER
SUH

SWITCH

SHL

SYSIN

SYSPRINT

T_CAL

T.COST

T_RATE

TAV

TCAR

TFLAG

TIECAR

TIME

TITLE

TOUR

ATTRIBUTES AND REFERENCES

GENERIC,BUILT-IN FUNCTION
144 4 159,676, TT8,782+899+99441040,1046

STATEMENT LABEL CONSTANT
536,540

CONTROLLED,AL IGNED, BINARY,FLOAT{SINGLE!}
888,969,973,974+1174,126241311

FILE, EXTERNAL
‘6;99' 1011 108, 111, 131' 140)11’3'l53'163g1661 1691 1761 180' 190' 195)201! 206
212 ¢2244226¢2321236425142524266+433,436543844452447,454,45¢6

FILEy EXTERNAL

7430y 72,77,85,94, 102, 103,104,105,1064 115,120, 121, 1224 124, 134,146, 148
1564 y15642534255,46444691470,4721476,477,478,479,480,%814483,486+488
490 +492¢49544564499,5014503,504,505,5064507,508+509,511,51645554,590
591,596.678,716,770,793,7949935,1038y1042,123&:123?71236,1239,1240
1243,1244,1244,1247,1248,1249,1251,41252,1253,1255,1256,1257,1259
1260, 12619126291263412649126641267,1268,1269,1270,1271,1273,1275
12764 1277412T891279,1281,1285,128¢, 1289, 12904129271293,1295,1296
130341305.131441327,1328,1333,1335, £337,1339,1341,1343,1344%

(%, %) AUTOMATICyALIGNED, BINARY ; FLOAT { SINGLE)
290,4293,295,483,1118,1132

STATEMENY LABEL CONSTANT
1043

AUTOMATIC +UNALIGNED,STRING(18),CHARACTER
58

(*)AUTOMATIC ,ALIGHED, BINARY , FLOAT (S INGLE) )
629'6551655,63416841688’6889692v6950696v702’7021707'707;740'753v75°

CONTROLLED,ALIGNED BINARY,FLOAT{SINGLF}
888¢1113,11214112141229+1230,1257,1311

{(*) CONTROLLED,ALIGNED ,BINARY, FLOAT( S INGLE)
888,1126, 127341311

AUT OMAT IC yALTGNED, BINARY, FIXEDT15,0)
45,1909333+3114344,365,383,458,500,502

(R} AUTOMATIC , ALIGRED, BINARY,, FIXED(1S5,0)
650,652¢802,808,822:835,845,848,848,854,863,870,1085,1085

BUILY-IN FUNCTION
1322

AUTOMATIC yUNALIGNEO,STRING(50) ,CHARACTER
140,1236 -

STATEMENT LABEL CONSTANT
42,1080



GCL KOs IDENTIFIER ATTRIBUTES ANC REFERENCES

32 TQUE CONTROLLED,/ALIGNEDyBINARY,FLCAT(SINGLE)
8884110491109,1109,1113,1122,1259,1311

31 TR {(*, %] AUTOMAT ICoALIGNED, BINARY + FLOAT ( SINGLE)
190+21842274288,370,387,403,472,1109,1140

280 TRAMTM ENTRY yOEC IMAL,FLOAT{S INGLE)
114

32 TREP (%) CONTROLLED,ALIGNED ¢ BINARY , FLOAT{ S INGLE)
888,1145,1153,1303,1311

1187 TROUBLE STATEMENT LABEL CONSTANT
1198

1199 TROUSLE_DUT STATEMENT LABEL COANSTANT
1189

32 TSEC {#) CONTROLLED,ALIGNED,BINARY, FLOAT{SINGLE}
888,1158,1229,1230,1281,1311

31 xkkapxnkk TWO AUTOMATIC ,ALIGNED, BINARY,FIXEC(1540)
344603,606+697.700,1055,41396,1102

32 UBHL CCNTROLLED,ALIGNED ¢ BINARY,FLCAT{SINGLE)
888,1050,1053,1054+1056+1163,1169,1170,1175,1175,1263,1311

89 UP_RD STATEMENT LABEL CONSTANT
82

32 VAR CONTROLLEDsAL IGNEDyBINARY,FLCAT{SINGLE)
888410529 1053,1054,1173,1174,1311

31 FRREAKERE Y (%) AUTOMATIC , ALIGNED, BINARY, FIXED(15,0}
6llv6149614,615,615,6224654v654+692,711,728

940 W_LOOP STATEMENT LABEL CONSTANT
1060

943 W_L.o0P2 STATEMENT iABEL CONSTANT
1065

858 W.TIES STATEMENT LABEL CONSTANT
950

32 WORKLJAD (%} CONTROLLEDyALIGNEDDEC IMAL,FLOAT { DOUBLE)

888194019429942,9541954,4955+973:973,1045,1045,1046,1049,1049,1052
1058, 1064+1092+1096,1099,1165,116651166,1167,1168,1169,1170,1214%
1223,41224,1273,1311

31 X {*) AUTOMATIC , ALIGNED, BINARY s FLOAT(S INGLE )
2121921442144218,21843059315+335,348,384

3 X8DPRNB {#y %) AUTOMATICyALIGNED, DECIMAL,FLCAT(DOUBLE)

..Og—




0CL hC. ITOENTIFIER

31

31

31

31

31

31

31

31

31

31

31

xDuv

XIicM

XSPEED

XSTPROB

XUCH

YOUHM

YICH

YSPEED

YUCH

TR Udkkyx ZERQ

ATTRIBUTES AND REFERENCES
679,853

AUTOMATIC,ALIGNED, 8INARY, FLOAT(SINGLE)
111;112'131u132,L44.145v1807181v182p183.226y227,286y287.288p300'305
305.309,313.31613183329'335v335p34213461349¢351y396v403v403.408.408
413.454.457'643.645o645,647.647,655pé76'677y68716880726.7651765,760
9027904.911.912'918.918.916'922'931o9420945'996,9981998.999,1083
10857LlSBpllﬁOnll#Ovll‘Zy116211167.116811175}1250.125211253:1256
1281,1297,1297,1303

{*) AUTOMATIC, ALIGNEDy BINARY , FLOAT (S INGLE }
342+348,355,3664369

AUTOMAT IC.ALIGNED, BINARY, FLOAT(SINGLE)
41.195'196.196'197,201v202.202.218p227,315,348:366;384

(%%} AUTOMAT IC,ALIGNED, BINARY,FLOAT{ SINGLE}
50,790,894

(*)AUTOHATIC,ALIGNED,B[NARY.FLOAT(SINGLE)
309,4315+322,366,368+384,386

(*) AUTOMATIC, ALIGNEDs BINARY » FLOAT (S INGLE )
2121215:215+2184218,306,315,336,348,38%

AUTCMATIC yALIGNED, BINARY, FLOAT(SINGLE)
111,1131131.133.224'227'301p306p306|310v315;3l6v318y330q336|336,343
348,349.351.899.902,920.922.922,924,931,932.964y9661966o968,968y973
974,974,995;996'1005v1005,1006g1006,1012.1016,1028,1040,104111211
1214, 1214,1217,1299,1300,1301,1302 .

(*) AUTOMATIC, ALIGNED, BINARY , FLOAT (S INGLE}
343,348,366

AUTOMATIC ,AL IGNEDy BINARY, FLOAT(SINGLE)
421197,2064207,207,218,227,315,348, 366,384

(%) AUTOMATIC+ALIGNED, BINARY » FLOAT{SINGLE}
310,3154366,384

AUTOMATIC AL IGNED,BINARY,FIXED(15,0)
36461141666
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Appendix
ADDRESSES FOR FURTHER INFORMATION

1, For documentation of the Hypercube Queulng Model, copies of the

program on cards or tape, or answers to questions about the program:

Dr. Jan Chaiken

The Rand Corporation

1700 Main Street

Santa Monica, California 90406
(213) 393-0411

Professor Richard Larson
Room 4--209 .
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

(617) 253-1358

2. Research sponsox:

U.S. Department of Housing and Urban Development

Alan Siegel, Director
Hartley Campbell Fitts, Program Manage:

Office of Policy Development and Research
Community Development and Management
Research Division
451 Seventh Street, S.W.
Washington, D.C. 20410
(202) 755-6970
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