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PREPACE 

The Hypercube Queuing Model is a computer program that calculates 

selected performance measures of emergency service systems (police, 

fire, and medical). It is 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 ~aat 

model and an appro~mate 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 Hype1'ouhe Queuing Model, fo1' FaaiZity 

Loaation and RedistI'iating in U1'han Eme1'genay Se1'vices l 

R-1238-HUD. 
o Richard C. Larson, U1'ban Eme1'genay Se1'viae Systems: An 

Iterative ProaedUI'e fo1' App1'O~:mating Pe1'foI'manae Charaa
t~i8tia81 R-1493-HUD. 

The computer program itself is described in three volum~s. The 

first volume is a summary, describing potential applications of the 

Hypercube Queuing Model, how it works, when it should be used in pref

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

o Jan M. Chaiken, Hyperoube Queuing Model,: E:ceautive Surrma:xyJ 

R-1688/l-HUD. <,', , 
~ * t-"" 

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

ments for operation: 
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o Richard C. Larson, Hype~aube Queuing ModeZ: UBe~'8 ManuaZ~ 

R-1688/2-HUD. '~:. ' 

The present volume (R-1688/3-HUD) comprises a listing of the computer 

prog'i:'am for the Hypercube Queuing Model t which will be of use to data 

processing personnel who may wish to modify the program or keypunch 

it. The program is available 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 CQrporation, is an Associate 

Professor of Electrical Engineering and Urban Studies at the Massachu

setts Institute of Technology. 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 ~ounda

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 RUD. 

The project funded by HUD ~as 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 HOD (at the addresses 

in the Appendix). 
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HYPERCUBE QUEUING M'.)DEL: PROGRAM DESCRIPTION 

The version of the Hypercube Queuing Model lis ted in this repol.'t 

is a batch program issued in 1975. Wa anticipate possible future re

visions baaed on suggestions from users, and an interactive version of 
, 

the progrw4, which is currently under development at the Massachusetts 

Ins ti tute (If 'technology, may also be releas~d at a later date. When 

the program is requested from either 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 cards at a cost of $35 or on tape at a 

cost of $25, plus $15 if we supply the tape. It is wr:1.tten 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 contained ott data cards, 

which must be prepared in accordance with the inatl."Uctions in the user's 

manual. (2) System control cards to compile, link-~dit, and execute the 

program must appear before the source deck listed here, and the source 

deck is followed directly by the data cards. 

If the program is to be operated repeatedly, we recommend creation 

of an object module containins the compi~ed program, 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 L~S on an IBM system 370/168 require under 300K bytes of 

core storage, SO 'we recommend testing the program first with this amount 

of core and then adjusti~g subsequent runs in accordance with the actual 

amount of core needed with the user's data carda on the test run. 

'rile program listing which followa i8 generat.ed by the c~iler and 

indicates line numbers p the program level for subroutines and blocks, 



STHT 
1 

2 

3 
4 

5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
11 
18 
19 
;:0 
a 
a 
23 
;:4 
25 
26 
27 

28 

t9 
ao 
H 
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and the nest level for do-loops. Also included is an attribute and 

cross-reference table, whic.~ describes the characteristics of each pro

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

lEVEL NEST 
tjYPCUBE: 000(\0010 

PROCEDURE OPTIONS (HAIN); oonOO020 
1 OCL 00000030 

(N, 00000040 
M, 00000050 
R, OOOOOObO 
NUM, 00000070 
ESTSTAT, 00000080 
DEBUG, 00000090 
NCO EFf!, 00000100 
N_BO_STSI FIXED BIN; 00000110 

I*M=TOTAL NUMBER OF RESPONSE UNITS(E.G.,PATROL CARS) R-TOTAL NUMBER 00000 120 
OF REPORTING AREAS N-TOTAL NUMBER OF BINARY STATES ON HYPERCUBE 00000.130 
NCOEFF=NUMBER OF COEFFICIENTS THAT MUST BE STORED TO SOLVE EQUAS ooOO(ll4{l 
N_BO_STSaNUMBER OF STATES IN REDUCED BIRTH A~D DEATH MOOEl NUM-TOTAL 00000150 
NUMBER OF RUNS*I 000'00160 
I*'STAT' SIGNALS TYPE OF STATISTICAL OUTPUT: 0 - ONLY HVPERCUBE 00000170 
STAll STl CS ; 1 - ONLY ESTIMATED STATISTICS; 2 - BOTH *1 00000180 

1 DEBUG-O; 00000190 
1 lOOP: 00,)00200 

GET DATA (~,R,NUM,ESTSTAT,DEBUGI;I*FIRST DATA CARD *1 00 0 OiP10 
1 IF CEBUG>O THEN 00000220 
1 CO; 0OOOO23q: 
1 1 PUT LIST('START') SKIP; 0OOO02~1C> 
1 1 CALL PRNT _TIM E; 00000250 
1 1 END; 00000260 
1 If' ESTSTAT .... 1 & H>15 THEN 00000270 
1 CALL ERRIlI; 00000280 
1 IF R>200 THEN 00000290 
1 ('ALL ERR(2); 00000300 
1 IF I\U"'>10 THEN 00000310 
1 ~UM"10; 0000032Q 
1 IF ESTSTAT<OI ESTSTA T>2 THEN 000QO~30 
1 CALL ERRI31; OQQoO;3ftQ 
1 N-1; 00000350 
1 IF ESTSTAT~xl THeN 00000360 
1 1\&2**1'1; 00000310 
1 NCO EF F-l; 00000380 
1 'IF ESTSTAT ..... 1 THEN 00000390 
1 I\COEfF-N + M·N/2~ 00000400 
1 N_S C_STS.'<1+l; 00000410 
1 CALL CALCVAL; 00000420 
1 GO TO LOOP; 00000430 
1 FINISH: 000004ltO 

RET URN; 00000450 
1 CnCVAL: 00000460 

PROC; 00000470 
2 IF CE BUG>O THEN 00000480 
2 PUT LJSTC'CAlCV~l ENTERED'I SKIP: 00000490 
2 DCL 00000500 

IL( Rl , 00000510 
TlM+l,R), 00000520 
RO, 00000530 
TR(P,RI, 00000540 
SECIM,R), 00000550 
IRO, 00000560 



SHIT Lc~EI. NEST 

XI r<." 
VIR ,. 
XSPEI:O, 
VSPEED, 
SEI\VTM, 
T_RATHNCOr;,<'o;j, 
KDU/I, 
VDUII, 
MIN~AL, 
CAPAC tTY. 
CCM+l,R), 
XUCIIClH, 
VUC 1411.\), 
X[CtJ( 1'4.'. 
YICIIOO, 
QUF~C PO, 
STH I Ill.) , 
PH_SPEED, 
STPROrHN) , 
CON IU>!ETR t C, 
EPSILON, 
INFINlTV, 
50101 , 
XSiFROB(N,NUIO, 
HUe Ill, 
o_SCALEI FLOAT BIN. 
10EIIO~, 
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BOPRooeN_BD_STS+l), 
XBoFROA(N_BO_STS.ltNUM)) FLOAT OECIMAL(lZl, 
(RUIINUM, 
ONE, 
TWO, 
KBt 
KC, 
f, 
J, 
JJ, 
K, 
B(lO, 
seA lE 1, 
SCALE:!, 
IOU'"', 
SCAlE3, 
WIN I, 
MAP HI), 
I_T_OROIM,Rl, 
NCHANGE, 
NTI E, 
ZEIl C, 
KK, 
RR, 
TtECAP IMI, 
ADDRESS, 
NSI "_Bo_STS), 
ITERATE, 

00000510 
00000580 
00000590 
00000600 
OOOOOl:lO 
00000620 
00000t-30 
00000640 
00000650 
000006t,0 
00000670' 
OOOOO(:BO 
00000690 
00\)00700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000600 
00000610 
00000820 
OM00830 
00000840 
00000850 
00000860. 
000001870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000«;60 
00000970 
00000'980 
00000990 
00001000 
00001010 
Il0001020 
00001030 
00001040 
00001050 
00('10106(1 
00001070 
000010BO 
00001090 
00001100 
00001110 

/ 

.J 



5TMT LEVEL NEST 

2 

N5E LECT, 
NPR EF, 
NCAR, 
MAxeOUND, 
5IMIR+1), 
1511'1(R+1)' 
FLAG(RJ, 
FRS T_PREF. 
DIS_METHOD, 
PAT _FLAG. 
OYE RR J DE. 
PRNT_TR, 
TFL AG. 
NO.lINITIMI t 
NO_CISTlMh 
PRN'T_A'T_FLAG, 
A_MAP(RII FIXED BIN, 
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FAC'T(16) FIXED(13) DECIMAL INITIALI1,1,2,6,Z4,l20,1Z0,5040, 
362880,3628800,39916800,479001600.6221020800, 87118291200, 

13016143680001, 
(ALPHA, 

DCl 

8ET A, 
MASKI /oil, 
OUMBtT, 
LASTYERI 81T(151 ALIGNED, 
COM" CHARI 101, 
CBIT BITll1 ALIGNED, 
( I_RETURN, 
K_RETUIIN, 
ALT_RETURN) LABEL, 
TITLE CHAR(50h 
(R_OI ST, 
NM_UN IT( MJ, 
NM.ClSTIMI, 
ATOMI CHAR (81, 
IR_UNIT, 
T_CCST, 
CFS ) CHAR U81 ; 

I (MilL, 
MISC, 
TAY, 
VAR, 
SWL, 
UBWl, 
DIN PUTI M I, 
PINpUT(MII FLOAT BIN, 
(POIM,RI, 
P.02 (M ,Ill, 
WOR.KL OA1)( I'll , 
SATPROBI FLOAT DECIMAL(12), 
(TCARIHI, 
T5ECC/o\) , 
TREP(RI, 
TQUe, 

00001.1.20 
0000113(1 
00001140 
00QOl150 
00(10116(1 
00001170 
00001180 
00001190 
00001200 
0000121(1 
00001220 
00001230 
00001240 
00001250 
0000126(1 
00001270 
00,)01280 

40320,0000129(1 
00001300 
00001310 
00001320 
00001330 
0000134(1 
00001350 
00001360 
00001370 
00001380 
0000139(1 
00001400 
00001410 
00001420 
000014~0 
OOOP14"(1 
000oil,5Q 
00001460 
00001410 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001510 
00001580 
00001590 
00001600 
00001610 
00001620 
00001630 
001)01640 
00001650 
00001660 



STHl' Levr.:L NEST 

~3 2 
~4 2 
~5 2 
36 2 
37 2 
~8 2 
~9 2 
40 2 

Itl 2 
42 2 
43 2 

44 2 
1t5 2 
46 2 
047 2 
48 2 
109 2 
SO 2 
H 2 
52 2 
S3 2 

S4 2 

~5 2 

56 2 
57 2 
5S 2 
59 2 

OCAA04J , 
osee( H), 
OREP(R), 
OWL C/oi', 
PWl(M) , 
OISCOCH) , 
PIS CO'Ho!) , 
DISCI (I'll, 
PISOI(M', 
[NP I,;T HO , 
OTS EC (M), 
PTSEt on. 
GWK LO 00\), 
ISOC''''h 
ISOI(M), 
PINSEC(M' , 
MOX, 
HON, 
PATFREQCP+l)' 

-5-

PINT(M)' FLOAT BINI CONTROLLED; I.... tNITI~lIZE CONSTANTS ••••• 1 
ONE -1; 
T1/0-2 ; 
INFINITY-1.OE+7; 
ZERO-O; 
MAX BOUNO-40; 
epSILON •• OOI/N; 
HI NVAL-.001/N; 
CAPACITY-OEO; 

XSP EEO-I0./60.; 
YSPEEOcl0./60.; 
0_5 Cf. LEa l./52 .8; 

SER VH!-30. EO; 
TFLAGaO; 
5TH l"'lEO; 
PAT _FLAG .. O; 
PAT_SPEEO-7.5; 
PRNT_AT_FLAG-O; 
XST FReS-O; 
OVE fiR I DEaO; 
PRNT_ TP-O; 
MU"INFINITV; 

FRS T_PREF.O; 

I-DEFAULT ASSUMES ZERO-LINE 
CAPACITY QUEUE-' 

I*OEFAULT:TRAV SF -10MPH *1 
'.OEFAULT: CONVERTS 100FT UNITS 
INTO MILES.I 

I*THIS SERVES DUAL PURPOSE 
LATER.' . 
I.OEFAULT: DISTRICT UNITS NOT 
GIVEN 1ST PAEF.I 

I.OISPATCH METHODS: ltSCH, 2tHCM, 
EX MeH.1 

3zEX SCM, 4tEX HeM DEFAULT ASSUMES 

DIS_METHOO-4; 
/.. SET UP GLOSSARY •••• OEFAULT 

R_OISTa'OISTRICT'; 
R_UNIT.'RESPONSE_UNIT·; 
T_COST-'TRAVEL TIHE'; 
CFS.'CALLS FOR SERV[CE'4 

VERSION •• , 

00001670 
00001680 
00001690 
00001700 
00001710 
00001720 
00001730 
00001740 
00001750 
00001760 
00001170 
00001780 
00001790 
00001aOO 
OOOOUllO 
00001820 
00001830 
00001840 
00001850 
00001860 
009(11670 
00')(11880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001<;70 
00')01980 
00001990 
00002000 
(10002010 
00002020 
00002030 
00002040 
00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
00002110 
00002120 
0000Zl30 
00002140 
00002150 
00002160 
00002110 
00002180 
00002190 
00002200 
00002210 



snIT LEVEL NE ST 

60 
H 

t2 
63 
t4 
t.5 
1:.6 
67 
to 
t9 
70 

11 
12 
73 
14 

75 
16 
17 
78 
19 

EO 
I!l 
S2 
83 
E4 
65 
86 
67 
88 
E9 

90 
91 

92 
<;3 
<;4 
<;5 
<;6 
<;7 
'i8 

<;9 

100 
101 
102 

103 
1,04 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

2 
2 
2 
2 
2 
2 
2 

2 

2 
2 
2 

2 
2 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 
1 
1 

A TOMa I ATOH' ; 
00 t"l TO H; 

NO_UNITC X I-I; 
NO_DISTll).f; 

I' 

~M_UNITCI)·' UNIT'; 
NM_DISTIl'a'DIST'; 

'.SEY UP UNIT AND RESPONSE AREA 
DEFAULTS"" 

END: '.LOOP eN [*' 
00 [101 TO R I 

A_MAPC O-t; 
END; '* LOOP ON I ., 

START: 

t N[: 

K_RE"TUliNaINI; 
IF CEPUG>O THEN 

PUT LlSTCt READATA CALLEDI) SKIP; 
Go TO READATA; 

K~RETVRN·PROG_LOOPI 
RVNt.UMaO; 
IF CCBVG>O THEN 

PUT t.ISTe' INITIALlte CALLED." SlOP; 
GO 10 INlT 1 AL Ill:; 

PROG':'LOOP:, " , i' 

RUNNUM=RUHNUM+l; ,. 
IF RVNNUM>NUI1.THEN 

GO TO CCOUT; , ; 
K_RETURN:OUP_RO; " "". 
tF CEBUG>O THEN 

co; 
PUT LtSt"SOLV~EO'CALLEO') SKIP; 
CALL PRNT_T'lHE: 

fND; 
GO TO SOLV_EQ; 

UP_RO: 
ROw PO+ I RO; 
GO TO PROG_LOOP; 

CCOUT: 

RET: 

K_R ETURN* ST AR 1; 
IF CEIlUG>O THEN 

co; 
PUT LISTC'CALCOUT CALLED" SKIP; 
CALL PRNT_TIHEI 

END; , • 
GO TO CALCbun 

RET URN I 
READATA: 

GET LtSTCCOHMH 
IF COMH·'GLOSSARY'. THEN 

• GET DAh,' , 
p~. , 
LIST('NSF'RANN-HUO'SPATt~Llv DISTRIBUTED QUEUING HODEL OF AN" 
PAGE;, . ',' .. .. .:;:" " 
PUT LIST(iURllAN EMERGENCV SERVI CE SYSTEM" SKIP; 

put t.lstC'.:;E~:~:?~~~.'!.~~y- ' .. fR~YNI'r". TOTAL NUMBER- ',M) SKIPI 

,I, 

... 

'., 
. ~, 

00002220 
00002230 
00002240 
00002250 
OOll02260 
00002210 
00002280 
00002290 
00002300 
00a02310 
00002320 
00002330 
OQ002340 
00002350 
001302360 
00002310 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002410 
00002480 
00002490 
00002500 
00002510 
001102520 
00002530 
OOOQ254Q 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002t:l0 
00002620 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
00(j026~0 
00002700 
00002710 
00002720 
00002730 
,00002740 
00002750 
00002760 



STMT LEVEL NEST 

105 
106 
101 
loa 

109 

110 
111 

112 
113 
114 
115 

116 
117 
119 
120 La 
122 

123 
124 

125 
126 
127 
1:28 
1~C; 
130 
IH 
1.32 
123 
134 

U5 
136 

1H 
138 _ 

139 
i40 

It, 1 
142 
143 
144 
145 

2 
2 
2 
2 

2 

2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 

2. 

2 
2. 

2. 
2 
2 
2 
2 
2. 
2 
2 
2. 
2 

2. 
2 

2. 
2 

2 
2 

2 
2 
2 
2 
2 

1 

1 
1 
1 
1 

1 
2 
2 
2 
2 

2 

2 
3 

3 
2 
1 
1 

1 
1 
1 
1 

1 
1 

lAAP: 
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PUT lIST('RESPONSE AREA- ',R_DIST,' 
PUT LIST('GEOGRAPHICAL ATOM- ',ATOM,' 
GO TO LAAP2; 

TOTAL NUMBER- ',I'll SKIP; 
TOTAL NUMBERs ',R) SKIP: 

GET lISTCCOMM); I*THIS IS BASIC INSTRUCTIO~ 
USED TO READ IN COMMS*I 

lA4P2: ,*rwo CPTIONS FOR STARTING EXECUTION AFTER READING IN OR 
CHANGING DATA RUN ASSUMES A CHANGED GEOGRAPHY (& CALLS TRAVTMI RERUN 
DOES NOHI 

IF COHM-'RUN' THEN 
co: 

GET lISTIXDUH,VDUM): 

RO-XOUH*SERVTM/60.: 
lRO-YOUM*SERVTH/60.; 
CALL TRAVTH; 

I*XDUH-_CAlLS/HOUR, 
YDUM-INCREMENT*I 
I.RO·~CALlS/SERVICE TIME UNIT*' 

PUT eOITIR_UNIT" SPATIAL ALLOCATION, WHILE AVAILABLE'I C 
COLUMN(SI,A.AI PAGE: 

DO J a l TO H BY 10: 
IF J+9(H THEN KKcJ+9; 
ELSE KK-M: 

PUT EOITIATDM,'lD OF ',R_UNIT)(A,COLUMNC161,A,AI SKIP(21; 
PUT EDIT( 'NO.' ,cNM_UNlTlI) DO IaJ TO KKII C 

A,COLUMNIlOI, (MHA(8) ,XllI)) SKIP: 
PUT EDITCINO_UNIT(II 00 I-J TO KKIII 
COLUtoIN(1),OUIF(3"X(611l SKIP: 

00 K-l TO R; 
PUT EOITIA_MAPIK),(SECII,K) 00 I-J TO KKII ( 

COLUMNC21,F(3i,COLUMN(91,IMICF(6,31,Xe31)1; 
END; 

END; I-LOOP ON J*I 
GO TO K_RETURN; 

END; 
IF COMM*'RERUN' THEN 

CO; 
GFT LIST(XOUM,YDUMI; 
RO*XOUM*SERVTM/60.; 
IRO-YOUM*SERVTH/60.; 
PUT EDIT('GEOGRAPHy UNCHANGED FRO~ PReVIOUS RUN'I ( 

COLUMN(5) ,A) PAGE: 
GO TO K_RETUfl.N; 

END; 
I·FINISHES PROCESSING ON ONE GEOGRAPHICAL CONFIGURA1ION*1 

IF COMM·'JOB' THEN 
GO TO RET; 

I*TITLE CF RUN: 50 CHARACTERS OR LESS*I 
IF COM~.'TITLE' THEN 

GET LIST(TITLE): 
I*LeJI-FPACTION OF CALL FO~ SERVICE WORKLOAD GENERATED IN ATOH J READ 
IN NUMBERS THAT ARE PROPORTIONAL TO L'S AND THEy ARE NORMALIZE.' 

IF COHM.'LAM' THEN 
CO; 

GET' LI Sf( LI ; 
XDUM-SUHI L I; 
L-L/XOUM; 

00002710 
00002780 
00002790 
00002800 
00002810 
00002820 
00002830 
00002840 
00002850 
00002860 
00002870 
00002880 
00002890 
00002900 
00002910 
00002920 
00')02930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
0000301(1 
00003020 
00003030 
000()3040 
00003050 
00003060 
00003070 
00003080 
00003090 
00003 too 
00003110 
00003120 
00003130 
00003140 
00003150 
00D031('>() 
00003 )'./0-
00003:180 
00003,'i90 
000(iii200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
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146 

147 
148 

149 
150 

Hl 
152 
153 
154 
us 
156 

1S7 
158 
159 
1M 

161 
H2 
H3 

H4 
itS 
166 
167 
168 
169 
110 
171 
172 
U3 

114 
175 
1'16 
177 
178 

119 
180 
181 
182 
1e3 
left 
184 
us 

2 

2 
2. 

2 
2 

2 
2 
2 
2 
2. 
2 

2 
2 
Z 
2 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
Z 
2 

2 
2 
2 
2. 
2 
2 
Z 
2. 

1 

1 
2 

2 
1 

1 
1 
1 
2 

2 
1 
1 
1 

1 

1 
1 
1 
2 
2 
2 
1 
1 

1 
1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
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PUT EOITICFS,' DISTRIBUTION, BY ',ATOM. ICOLUMN(SI,A,A,A) 
SKIPl3I; 
00 Kal TO R; 

PUT EDtTCA_HAPCKI,UKI.' 
COlUMN(7) ,f131 ,COlUMNU81 ,F(7,5H SKIP; 

ENOl 
END; '-ENd OF 'lAM' INSTRUCTIONS., 

I*SECII,JI~·OEO IF ATOM J IS IN SECTOR IIOEO OTHERWISE 2 OPTIONS: 11 
CONSTRUCT WITH '5', ASSUMING lOCATION DEFAULT 21 READ IN DIRECTLY 
USING 'SS', WHILE DEFINING DISTRS., 

IF COHM&'VAR_SER_TM' THEN 
CO; 

GeT LIST""UI; '*1ST READ IN AS SEPVICE TIMes., 
PUT EOITI'SERVICE TIME FOR EACH ',R_UNITIIA,AI SKIPI41; 
00 1-1 TO 104; 

PUT EDITINM_UNITIII,NO_UNITCII,MUII),' MINUTES') 
AI8ltXI31 ,FI31 ,XISI ,f-16,2ltAI SKIP; 

END; 
MU-1/HU; 
SERVTM-M/SUMCMUI; 
MU-MU.SERVTM; 

END; 
IF COM~.'SERVTM'. THEN 

GET LlST(SERVTMJ ; 
I.DETERMINE ATOMS IN UNIT I'S 
~OT ~ ATCMS THEIR _'S THIS IS 
DIRECTLY ., 

IF COMMa'S' THEN 
CO; 

GET LIST II,HH 
SECC 1,.,aOEO; 
DO K"l TO H; 

GET I,ISTlJ'; 
SEC I I, J )-1 EO; 

I.CONVERT TO RATES*' 
I*NEW SERVICE TIME UNIT., 
I.RElATIVE SERVICE RATES PER 
SERVICE TIME UNIT., 
I.END VARIABLE SERV TIME INPUT., 

DISTRICT (OPTION 1 ABOVE' CARD: UNIT N 
NOT USED IF SEC ARRAY IS READ IN 

END; '* lOOP ON K *1 
CALL CALCSECIII; 

END; 
I.OPTION 2: DEFINE DISTRICTS AND RELATIVE AllOCATIONS CAROt UNIT f 
TOT' ATCMS ATOM # 1 REL FRAC TIME IN , 1 ATOM N 2 REl FRAC TIME IN f 
2, ••• ETC. EXAMPLEs 2 2 It lEO 13.2EO *1 

IF COMM-·SS· THEN 
CO; 

GET tlST([,H); 
SECI I ,*,aOEO; 
SOM-OEO; 

I*SECII,J)(OEO IMPLIES ATOM J NINN DIST I BUT UNIT I SPENDS NO TM TH*I 
DO K-l TO H; 

GET LISTIJ,XDUH); 
SECII,JJ-XDUM; 
If XOUM>OEO THEN 

SOM-SOH+XDUM; 
ELSE . 

SECI I,J 1--1.EO; 
END; ,"'I,oop ON K"" 

00003320 
001303330 
00003340 
00003350 
00003360 
00003310 
00003380 
00003390 
00003400 
OOOOJ410 
00003420 
00003430 
00003440 
000031050 
000031060 
000031070 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003610 
00003620 
00003630 
00003640 
0000'!6s0 
00003660 
00003670 
00003680 
0000369() 
00003100 
00003110 
00003720 
00003HO 
00003740 
00003750 
00003760 
00003770 
00003780 
00003790 
b0003800 
00003810 
00003820 
00003830 
00003840 
00003850 
00003860 



S1"'T lEVEL NEST 

1 86 
IE? 

168 
IS9 
190 
ItJl 
19Z 

tC;3 
1<;4 
10;5 
1<;6 
191 
l<;B 

1<;9 
2"00 
201 
202 
203 
204 
Z05 
206 
Z07 
208 

ZOq 
Z10 
211 
212 
213 
214 
215 
216 
211 
218 

219 
220 
221 

2.t2 
123 
224 
225 
226 
221 
228 
229 

2~0 
231 

2 
2 

2 
2 
2 
2 
1-

2 
2 
2 
2 
2 
2 

2 
2 
2 
2. 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
2 
2 
1 
1 
1 
2 
3 

3 
2 
1 

1 
1 
2 
2 
2 
1 
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SECII,*laSEC(l,.I'SOM; 
END; 

I*TRtl,J)-~tAN TRAVEL TtME FRO~ ATOM t TO ATCM J*/ 
IF CO~~·'TR' THEN 

CO; 
GET LISTITRI: 
TFLAGal; 

END; 
,.EFFECTIVE SPEEDS OF RESPONSE*I 

IF CC~H.'SPEEO' THEN 
CO; 

GET LIST(XSPEEO); 
XSPEEO-XSPEEO/60.; 
VSPEEO·XSPEEO; 

END; '*BOTH SPEEOS ASSUMED EQUAL IF 
ONLY ONE PEAO IN.' 

JF COMM·'XSPEEO· THEN 
CO; 

GET LJSTIXSPEEOI# 
XSPEEO-XSPEEO/60.; 

END: 
IF CO'"''''··YSPEED' THEN 

CO; 
GET LtSTtYSPEED); 
YSPEEO-YSPEEO/60.; 

eND; 
'.OEFAULT OPTION FOR TRAVEL TIMES:ASSUMES RIGHT-ANGLE OISTANCE NEED 
TO READ IN SPEEDS FIRST. I 

IF COMM"'TX' THEN 
VOl 

00 I-I TO R; 
GET LlSTIXllJ.vC111; 

ENO; 
X"X*O_SCALE; 
yaY.O_SCAlE; 
00 t-l TO R; 

00 Jal TO II,; 
TRCI,J)a(ABSCXII)-XIJJ)'XSPEEO + CABSCYCIJ-YCJ),), 
YSPI!\So; 

END; 
END; '.LOO~ ON J t THEN 1*1 

END; 
'_AN OPTIONAL PART Of THE TRAVEL TIME DEFAULT CORRECTS INTRA-ATOM 
TRAVEL TIMES MUST BE READ IN AFTER 'TX'.' 

IF COHH-'eORTH' THEN 
co; 

GET LlSTCYDUM,; 
DO I-I TO R: 

GET LISTCXDU'U; 
TR(I,l)~YDUH.SQRTCXDUM/'XSPEED.VSPEEOI): 

END; 
ENO; '*LOOP ON I f THEN FINISH 

CONDITIONAL"" 
IF COMM-'TX_OV' THeN 

co; '.SELECTIVE OVERRIOE OF RIGHT 

00')03B10 
000(13880 
00003890 
OOOO~qOO 
00003910 
00003920 
~0003q3a 
00003940 
0(1003950 
00003960 
00003<;10 
oaoo) <;80 
00003990 
00004000 
00')04010 
00004020 
00004030 
00004040 
00004050 
001)04060 
00004070 
00004080 
00004090 
0(0)04100 
00004110 
(100(14120 
00004130 
00004 kltO 
00001.150 
000041bO 
00004170 
00004180 
00004190 
00004200 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260 
00004270 
000042S0 
00004290 
00004300 
00004310 
00004320 
00004330 
00004340 
00004.350 
00004360 
00004370 
00004380 
00004390 
00004400 
00004411> 
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232 
233 
234 
235 
236 

237 
228 

229 
2'10 
241 
242 
243 
244 
245 
246 

21,7 
248 
249 
HO 
2~1 
252 
253 
254 
255 

256 
257 
258 
259 
260 
261 
262 
U3 
U4 
2(;5 
266 
267 

U8 

2(;9 

270 
271 
272 
213 
214 

2 
2 
2 
2 
2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

3 

3 
3 
.3 
3 
3 

1 
1 
1 

1 
1 
1 
1 
2 

2 
1 
1 

1 
1 
1 

,----

GeT DAU; 
TFLAG-2; 

END; 
IF COHH-'O_SCALE' THEN 

GET LISTID_SCALEI; 

-10-

ANGLe DISTS*' 

'*A 'CAP' C~RO SIGNALS INFINITE CAPACITY QUeUE;ELSE lFRO LINE CAPAC.*' 
IF COHM.'CAP' THEN . 

CAPACITY-INFINITY; 
'*FOUR PCSSIBLe DISPATCH OPTIONS., 

IF COH~='sc~' THEN 
CI S_METHOO-l; 

IF COHMa'MCM' THEN 
CIS_METHOO-2 ; 

IF COMM-'ESCH' THEN 
0IS_METHOO-3; 

IF COM~.'EMCM' THEN 
01 S_METHOD-41 

'*A 'FRST' CARD SIGNALS 1ST PREF FOR DISTRICT UNIT.' 
IF COMM- 'FRST' THEN 

FRST_PR Ef><l; 
IF COMM-'PATROL' THEN 

00; 
GET LISTtPAT_SPEEOI; 
GET LIST(STMII; 
PUT EOITt'?ATROL STREET MILES PER ',ATO~I(A,AI PAGe; 
DO J-1 TO 11.; 

PUT EDIT (A_HAP( JI ,STHl (J I. (COLUfo1NI51 ,F(:;)' X( 51, F( 7,2) ) 
SK IP; 

END; 
PAT_FLAG-ll 

END; 
IF COM~c'nlSP_OV_RU' THEN 

CVERRIOE-1 ; 
IF COMM-'PRNT_TR' THEN 

PRNT_TR-l; 
IF COMH-'NO_PRNT_AT' THEN 

PRNT_AT_FLAGal; . 
IF CO~M·'ATOM_NO' THEN 

GET LIST lA_MAP); 
GO TO LAAP; 

'*CALCSEC IS A CONVENIENT DEFAULT FOR DETERMINING SPATIAL POSITiCN CF 
RESPONSE UNIT WHILE IDLE; HOWEVER IT IS NOT GENE~AL ANC ONE MAY wISH 
TO READ IN THE SPATIAL DIST (SECI OIRECTLV SECCI,J) IS MANIPULATEO TO 
EQUAL FRAC CF IDLE TIME UNIT 1 SPENDS IN ATOH J*' 
CALCSEC: 

PROCn I; 
DCL 

C I , 
JI FIXED BINI 
SOM-OEO; 
DO J"l TO 11.; 

IF SECt 1 ,JI> OEO THEN 
SOM-SOHf-U J,; 

ENO; ,. LOOP ON J ., 

00004420 
000041;30 
001104440 
00004450 
000u446(l 
000041.70 
00001;'181' 
00,1041;90 
0()00 .. 500 
00,)04510 
00004520 
00004531' 
00004S40 
00004550 
00u04560 
0000 .. 570 
00004580 
00004~90 
00004600 
00004610 
00004(;20 
00004630 
00004640 
00004650 
000046b0 
00004670 
00004680 
00004690 
00004700 
00004710 
00004720 
00004730 
00004740 
OOOOlt7!!O 
00004 '1t10 
00004770 
00004780 
00004790 
00004800 
00004 HO 
00004e20 
00004830 
00004840 
00004850 
00004860 
00004870 
00004880 
00004890 
00004<;00· 
0000491.0 
00004920 
000<Y.930 
000Q4940 
00004950 
00004960 
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215 
276 
277 
218 
279 

2111 
21'12 
2~\3 

284 
285 
ZS\; 
2e1' 
Z88' 
289 
250 
291 
29l 

293 
294 
295 

Z<;6 
Z<;7 
Z'I8 

2'19 
300 
301 
302 
303 
304 
3r.5 
306 
3C7 
JOB 
309 
310 
.311 
:H2 

313 
314 
315 

316 
317 
318 
319 
3~0 

3 
:3 
:3 
:3 
:3 

2 

:3 
J 
3 
3 
:3 
3 
3 
3 
3 
~ 
3 
3 

3 
3 
3 

3 
3 
3 

3 
J 
3 
3 
:3 
3 
3 
3 
:. 
3 
3 
3 
3 
3 

3 
3 
J 

3 
3 
3 
3 
:3 

1 
2 
2 
'3 

:3 
3 
2 
2 
1 

1 
2 
2 
2 
3 
3 
4 
4 
4 

2 
2 
2 
2 

'} 

3 
4 

4 
4 
5 
5 
5 
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DO J"l TO R; 
IF SECI I ,J I) OEO THEN 

SECIl,JlwLIJI/SOM; 
END; 

END CA LC SEC; 
I. lOOP ON J "I 

I-TRAVTM CO~PUTES ESTIMATED TRAVEL TIMES FROM DISTRICTS TO ATOMS 
CQHPUTATIO~ DEPENDS ON TYPE OF DISPATCH HETHOD(OIS_METHODI ALSO 
COMPUTES TII,JI-EXACT EXP TRAV TIME FROM DISTRICT I TO ATOM J*I 
TPAVTM: 

PROC; 
C--l.FO; 
DO 1-1 TO 1'1; 

CO J"l TO R; 
SOK"OEO; 
DO Kal TO R; 

XDUM"SEC( I ,KI; 
IF XDUM)OEO THEN 

SCHaSOH+XDUM.TRIK,JI; 
END; 
Hl,JluSOM; 

END; 

I. LOOP ON K "I 

E"IO; 
I"""*DEVICE FOR STATE '111 ••• 11' 

TIM+l.*I=INFINI1Y; 

l"lOOP ON J. THEN 1*1 
IN .TOUR· ••••••• I 

IF CIS_METHOD-4 THEN 
C .. T; I'FINISt4ED IF EX MCM, 

DISPATCHING"I 
CI~+l,.'·INFINITY; 
IF OIS_METHOD<3 THEN 

t'0; I"FIND CENTER-OF-MASS POSITIO~S 
OF UNITS'I 

00 1"1 TO M; 
XDUM-OEO; 
YDur-I-OEO; 
DO J-l TO R; 

IF SECII,JI)OEO THEN 
DO; 

XOUM-XOUM+XIJI*SECII,JI; 
YOUM-YOUM+YIJI'SEC(I,JI; 

END; 
END; 
XUCMII'·XDUM; 
YUCMIII·YDUM; 
1FT FLAG)O THEN 

00; I*CORRECTION:PL~CE C.H. ON CENT 
OF .1 

XDUM= INf:INlTV; 
00 J*l TO R; 

1 •• "* NEAREST ATOM "."*1 

VDUM-IASSIXUCMtll-XIJ) IIIXSPE~D 
ASSIYUCMIII-YIJI II/VSPEEO; 

IF YOUM<XDUM THEN 
0011 

XDUM·YDUM; 
t<-J; 

END'; 

+ ( 

00004910 
00004980 
00004990 
00005000 
00005010 
00005020 
000050~0 
00005040 
00005050 
00005060 
OOOOS070 
00005080 
00005090 
00005100 
00005110 
00005120 
00005130 
00005140 
013005150 
00005160 
00005110 
00005160 
00005190 
00005200 
00005210 
0000,5220 
00005230 
00005240 
00005250 
00005260 
00005210 
00005280 
00005290 
00005300 
On00,5310 
00005320 
00005330 
00005340 
00005350 
00005360 
00005310 
00005380 
00J05390 
00005400 
00005410 
00005420 
00005430 
00,005440 
000054.50 
00005460 
00005410 
00005480 
00005490 
00005,5Dn 
00005510 
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3H 
322 

323 

3~4 
325 

326 
3H 

328 
329 
330 
3H 
332 
323 
334 
325 
:I~6 
3~7 
338 
3::9 
340 
341 
342 
343 
344 
345 
346 
341 
348 

349 
350 
351 
352 
353 
3S4 
355 
356 
3H 

350 
.359 
360 

3U 
362 
363 
364 
365 
366 

'3 
'3 

3 

3 
3 

'3 
3 

3 
3 
3 
3 
3 
3 
'3 
3 
3 
3 
'3 
'3 
3 
3 
3 
3 
3 
:3 
3 
3 
3 

3 
:3 
3 
3 
3 
3 
3 
3 
3 

'3 
3 
3 

:3 
'3 
3 
3 
:3 
3 

4 
3 

3 

2 
1 

1 
2 
2 
2 
2 
:3 
3 
of 
4 
4 
4 
:3 
2 
2 
2 
2 
2 
2 
3 
3 
4 

4 
4 
5 
5 
5 
4 
:3 
3 
2 

1 
2 
:3 

4 
4 
5 
5 
6 
6 

-12-

END; 
XUCM( Il-KI 

END; 
END; 

ENOl 

If' CIS_METHOD-l THEN 
C(1 ~ 

/"'LOOP CN J*I 
I*.*IMPORTANT: HERE XUCM IS 
USED TO INDEX ATOM N CLOSEST 
STATIS C.M.*I 

00005520 
00005530 

TO 000055"0 
00005550 
00005560 
00005570 

I.END 00 THAT CORRECTS FOR C.M. 
LOCAT I DNS*I 

/.LOOP ON I ANO END OF 
CONOlTIONAL'40/ 

00005580 
00005590 
00005600 
00005610 

/*cnMPUTE CENTER-OF-~SS POSITIONS OF INCIDENTS POTENTIAL PROBLEMS 
Hc~E FOR OVERLAPPING DISTRICTS*/ 

00005620 
00005630 
00005t-ltO 

DO 1-1 TO M i 
XDUM-OEO; 
YDUM-OEO; 
SOM-OEO; 
DO Jal TO R: 

00005650 
00005660 
00005670 
00005680 
00005690 

IF SEC! l,J' .. -OEO THEN 00005700 
00005710 
0000.5720 

DO; 1* ..... " CORRECT HERE*I 
~DUM-XOUM+X(J'*L(J): 
Y DUM-YDUM+Y (J )*LC J); 
SOM-SOH+L( J) ; 

END; 
eND; 

00005730 
00005740 
00005750 

I*ENO CONDITIONAL ANO LOOP ON J*/00005760 
00005170 
00005780 
00005790 
00005800 
00005810 
00005820 
00005830 

IF S OM-OED THEN 
GO TO NO_SEC; 

Xl¢M!tl a XDUH/SOM; 
VICMlil·YDUM/SOM; 
1FT FLAG)O THEN 

00; 
XDUM-INF1NlTY; 
00 J-1 TO R; 

VOUM·IABS(XICMII,-X(J')I/XSPEEO 
ABS(VICM(I)-V(JII'/YSPEEO; 

IF YOUM<XOUM THEN 

END; I*LOOP ON J*I 

+ ( 
00005840 
00005850 
00005860 
00005870 
00005BBO 
00005890 
00005900 
00005910 

XICH( OaK; 
END; 

I*SAHE SITUATION AS XUCH ABOVE*I 
I*E~D TFLAG CONO., 

00005920 
00005930 
00005940 

END; 
00 1-1 TO H; 

00 J-l TO R; 
00 Kal TO 1'1; I*NOTE IMPLICIT 

"EO UNS*I 

00005950 
00005960 
OOOOS'HO 
00005980 

IF SEC(K,J' ... OEO THEN 

PREF FOR LOWER 00005990 
00006000 
00006010 
00006020 
00006030 
0000601t0 

DO: 
IF CtI,JI<OEO THEN 

DO; 
IF TFLAG-O THEN 

C(I~J'.ABS(XUCM(I'-~ICM(K"/XSPEEO 
00006050 

+00006060 

-------~-----------------------------------



snIT LEVEL NEST 

3H 
3~7 
3t8 
369 
370 
311 
312 
313 
374 
375 
376 
377 
378 

379 
380 
381 
382 
383 
3eft 

385 
:leS 
386 
3E7 
38a 
389 
3<;0 
391 

3q2 
393 

394 
3'15 
396 
3en 
3 .. 8 
399 
'tOO 

401 
402 
4(13 
404 
405 
406 
407 

"08 
1t09 
HO 
Hl 
H2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

3 
3 
3 
3 
3 
3 
3 

3 
.3 
3 
3 
3 
3 
.1 

3 
3 
3 
3 
3 

6 
6 
7 
7 
1 
7 
6 
6 
5 
4 
:3 
2 
1 

1 
2 
3 
3 

3 
3 
4 
4 
4 
3 
2 
1 

1 
2 
~ 
3 
3 
4 
4 

5 
5 
6 
6 
6 
5 
4 

3 
3 
4 
4 
5 

ENOl 
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ABSIYUCHIII-VICM(KII/YSPEEO; 
ELSE 

DOl 
JJ-XUCMI II; 
KK-XICHIKI; 
CI I.JI"Tr\(JJ,KK); 

END; 
KaM+l; 

END; 
I.TERMINATE 2 CONDITIONALS-I 

END; 
END; 

END; I.LOOP ON K,J.t*, 
END; I'FINISHED WITH OIS_HETHOO~l 

CONDITIONAL·' 
IF CIS_METHOO.2 THEN 

00; 
DO 1-1 TO M; 

DO J-l TO I~; 
IF TFLAG-O THEN 

CII,JI*ABSIXUCM(II-XCJII/XSPEED + 
ABSIYUCHIII-YCJ) I/YSPEEO; 

ELSE 
001 

J,'-XUCHI I I; 
CIII,JI·TRIJJ.JI I 

END; 
ENOl 

eND; 
END; 

IF C: S_IoIETtIOO.3 THEN 
CO; 

'.LOOP ON J AND I, THEN END 
COND. FOR MC"'.' 

"I-UNIT't K-M OF DISTRICT Of INCIDENT'I 
00 1-1 TO Ht 

00 K-l TO H; 
XDUH lIOEO; 
SOH-OEO; 
00 J-l TO R; 

IF SECII.JI)OEO THE~ 
DO JJII1 TO R; 

I*SCREENING THRU ATOMS TO TEST FOR UNIT 1*1 

END; 

IF SECIK,JJI,-OEO THEN 

END; 

DO; I*DIST K TEST-I 
XDUMaXDUH+TRtJ,JJI*SEC(l,JI*LIJJII 
SOM-SOM+LIJJI*SECII,JI; 

END; 

I*LOOP ON JJ,eNC CONO., LOOP ON 
J.' 

XDUM-XOUl41 SOM: 
00 JJ-l '1'0 R; 

[F SEC(K.JJI,..OEO THEN 
001 

IF C([,JJ)<oeo THEN 

00)06070 
00006060 
00006090 
00006100 
00006110 
00')06120 
00)06130 
00006140 
00006150 
00006160 
00006170 
00006180 
00006190 
00006200 
00006210 
00006220 
00006230 
00006240 
0000!.250 
00006260 
00006270 
00006280 
00006290 
00006300 
0000.6310 
00006320 
00006330 
00006340 
00006350 
00006360 
000Q6370 
00006380 
00006390 
00006400 
0(1)06410 
00006420 
00006430 
00006440 
00006450 
00006460 
00006470 
00006480 
00006490 
(JO006500 
001106510 
00006520 
000f16530 
00006540 
'00006550 
00006560 
00006!i70 
00006580 
00006590 
00006600 
00006610 



snIT LEVEL NE ST 

413 
414 
415 
416 
H7 
41tl 

419 
420 

421 
422 
H3 
424 
4~5 
426 
421 
428 
4<19 
43.:1 
4;1 
4n 
433 

434 
435 
436 
431 
428 
429 

440 
44! 
442 
4.1t3 
444 
445 
446 
447 
446 

449 
4SCI 
4H 
452 
H3 
't~4 
H5 
456 
457 
458 
459 
4~0 

461 

3 
:1 
'3 
3 
3 
3 

3 
'3 

'3 
3 
'3 
'3 
J 
3 
.3 
'3 
'3 
3 
3 
3 
'3 

3 
3 
'3 
3 
'3 
'3 

3 
3 
'3 
'3 
3 
3 
3 
:3 
'3 

.3 
'3 
'3 
.3 
3 
3 
3 
3 
3 
3 
3 
'3 

5 
5 
4 
'3 
2 
1 

1 
2 
3 
3 
4 
4 
4 
3 
2 
1 

1 
1 
2 
2 
3 
3 

J 
2 
2 
1 
1 
2 
2 
3 
:3 

~ 
2 
2 
1 
1 
2 
2 
3 
'3 
3 
2 
2 

1 

ENOl 
ENO: 

FNO; 
END: 

f:ND; 

IF FRST_PREF-1 THE~ 
co; 
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'-ENO CONO. AND LOOP ON JJ*/ 

'*LOOP ON K ANn I AND END CF 
COND •• , 

I~OISTRIr.T UNIT GETS 1ST 
DO J .. l TO R; 

PREF? IF SO, PREF GIVfN TO LOwER _ UNITS*/ 

00001>620 
00006630 
00.:106640 
0000b650 
0000b660 
00006670 
001)06680 
OOOObb90 
1.>000b 700 
00000710 
OOOOb 72(1 

'JV: 

DC 1-1 TO Hi 
IF SEC(I,JI ... OE.O 

00; 
CII,JI"'OEO; 
1 .. 101+1; 

END; 
E~O; 

rNO; 

END; 

IF CVERPIDE-l THEN 
co; 

GeT LIST (COMHI; 
IF COHM-tFRONT' THEN 

DO; 
GET LISTlI,H), 
DO K-l TO HI 

GET LISTIJI; 
CU,JlaOEO; 

END; 
GO TO OVI 

F~O; 
IF COMM.tBACK' THEN 

DO; 
GET l.ISTII,H); 
00 K-l TO H; 

GET LlSTlJH 
CII,JI·999.; 

END; 
GO TO CV; 

END; 
IF COHM.'HIOOLE' THEN 

DO: 

THEN 

GET LISTII,XOUM,HI; 
00 Kal TO HI 

GET LlST(JI; 
C( 1, JI-XDUM; 

ENOl 
GO TO OVI 

ENO; 

00006730 
OOOM 740 
001)06750 
00006760 
00,,)06770 
001106780 
(10006790 
00000800 

'-LOOP n~ I;J Aue EI'cO OF CCND ... , 00006816 
OOOOb820 

'*ASSU~ES TME5f COHMANDS FCLLOW*'0000~830 
000066/,0 
0000b!l50 
00006860 
001>06870 

I-I-UNIT ., H-. ATOMS INVOLVED'" 000068ijO 

I-NOTE TIE IN CASE or uSE CF 
FRST _PREF"l'" 
/*LOOP eN K'" 

I+NOTE POSSIBILITY OF TIES HERE 
ALSO"" 
I+LOOP ON K*I 

I"'LOOP eN K*/ 

/*ENO CO-, . 

110006890 
00006900 
1l01>I.>b910 
000U6920 
00006930 
OOOOb940 
0000b950 
00006%0 
000\36910 
000060;80 
00006990 
00007000 
00007010 
00001020 
00007030 
00007040 
001>01050 
0(1001060 
00001010 
00007080 
00001090 
00001100 

/l."ENO_CV_RO' 
ENO; 

CARD IMPLICITLY ASSUMED HERE"I 

00001110 
OM01120 
00001130 
00001140 
00001150 
00007160 '''EN~ BIG DO FOR OVERRIDe", 



STMT LEVEL NEST 

462 
40. 
4t4 

4t5 
466 
4tl 
468 
Iota 
469 

470 

4H 
412 

413 
474 
415 
416 

417 
478 
419 
480 

491 
41:2 
4e3 

484 
4E5 
41:16 
487 
488 
489 
490 
4<;1 
4'll 
4<;3 
4<;4 
4<;5 

4<;6 
4~7 
498 
4'i9 

5(10 
5C1 

502 
503 

J 
:3 
l 

3 
:3 
3 
:3 
:3 
:3 

:3 

3 
:3 

3 
:3 
:3 
3 

3 
:3 
:; 
3 

:3 
:3 
:3 

.3 
3 
:3 
3 
:3 
a 
3 
.3 
:3 
3 
:3 
~ 

3 
:3 
3 
~ 

:3 

" 
:3 
1 

1 

, 1 
2 
2 
2 
2 
2 

2 

2 
3 

'3 
2 
J 

1 

1 
L 
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IF PRNT_TP=l THEN 
CC' ; 

PIIT EDITI'TMVEL TIME MATRIX: INTER-' ,AT0f'41 ( 
CUlUMNI10~.A,AI PAGE; 

00 K41 'TO R BY 10~ 
1 F K+9<R THEN 

KK"K+9; 
, ELSE 

KK::r-.; 
PUT 
EOITIATO"'.' NUMBER: ORIGIN',ATC/oI,' NUMBER:OESTtNATION' ) 
I 
A,A,X(bl,A,A~ SKII>(2); 

PUT EOUIlA_HAP( 1I DO 11IK TO KKI)( 
COlUMNIJII,ILOtIF(3), X(5)11 SKIP; 

00 J-l TO R; 
PUT EOITIA_MAPIJltlTRIJ,I1 CO I-K TO KKI) I 
COLUMN(16),FI31,COLUMNeZ9),ll0)IF(6,21,X(Z~II; 

END; '~LOOP ON J., 
END; l-lCOP eN K~' 

END; '-END PRNT_TR*' 
PUT EDITt''''EAN TRAVEL TIMES FOR EACH ',R_UNITIICCLUMhllOI,A,A, 
PAGF: 
PUT EDITe ITC EACH' ,ATOMI ICClUMNI 10) ,AtA) SKIP; 
PUT EDITIATOM,'ID OF ',R_UNIT)(A,XI61,A,A) SKIPIZ1; 
PUT EDIT ( , 10' II A I SKI P • 
PUT EDITI'NO' ,IN"'_UNITll1 1)0 1=1 TO 1-11 I I 
A,COLUMIHol,(M)(AI8I,XI1l11 SKIP; 

PUT ECJTI(M_UNITIt! DO 1"1 TO /of)IICOLUflN(11,(MHF(3),l{(6l)I; 
00 K=l TO R; 

FUT EDITIA_MAP(K',(TlI,KI DO r,.l TO MIll 
F(:3"XIll,IMHF(6,2" XI3))1 SKIP; 

E~O; '-LOOP ON K*I 
IF CI5'_METHOO-l THEN 

PUT LISTI'STFdCT CENTER-OF-MASS DISPATCHI'IIG'1 PAGtl 
IF CIS_METHOD-Z THEN 

PUT LISTI'MODIFIEO CENTER-OF-MASS DISPATCHING') PAGE; 
I~ CIS_METHOD-3 THEN 

FUT LIST('EXPECTEC SCM 01SPATCHING'I PAGE; 
IF CIS_"'ETHOD-4 THEN 

PUT LISTI'EXPECTEO MCM DISPATCHING') PAGE; 
IF FRST_PPEF-l THEN 

CO; 
PUT EDITl'FIRsr PR~?ERE~CE ASSIGNEe TO ~,R_UNtT)IAIAI 
SKIPIZ) ; 
PUT EOITICASSOC(ATED WITH ~ACH ',R_CISTIIA,AI; 

END I 
IF TFLAG-l THEN 

FUT EDtTI'ARBITRA~Y (EMPIRICAL) TRAV~L tJMES USED') (AI 
SK t P I 21 ; 

IF TFLAG-2 THEN 
PUT EUIT('SELECTIVE OVERRIbE ~F RIGHT-ANGLE DISTANCE USED')( 
AI SKIPI21; 

IF TFLAG)O G DIS.METHOO<3 THEN 
FUT 

00007110 
00001180 
00007190 
00007200 
ooil01210 
00001220 
00001230 
00007<:40 
00001250 
00007260 
000)01210 
00001280 
00001290 
00001300 
00001310 
00001320 
00007330 
00007340 
000Q1350 
00007360 
00007310 
00007380 
00007390 
00007400 
00JOi'410 
00007420 
OO()~1410 
00007440 
00001450 
(l0()01460 
00001470 
00001480 
00007490 
0000750('1 
(0)07510 
00007520 
00001530 
00001540 
00007550 
00007560 
00007511'1 
00007580 
000137590 
00007600 
00007610 
000n7620 
00007630 
00001640 
00007650 
00001660 
00001670 
00007680 
00007~90 
00007700 
00,)01710 

\J 



S'TMT LEVEL NEST 

504 

5(15 
506 
.5(17 
508 

509 
510 
511 

512 
513 

514 

515 
516 
517 
518 
519 
520 
5:(1 

522 
523 
524 
525 

526 
526 
521 
528 
529 
530 
5:U 
5.32 

533 
534 

535 
536 
537 
538 
539 
540 
541 
542 
51d 

3 

3 
:3 
'3 
'3 

3 
3 
3 

3 
'3 

2 

2 
2 
2 
2 
2 
:2 
2 

2 
2 
2 
2 

2 
2 
2 
:2 
2 
2 
2 
2 

2 
2 

:2 
2 
:2 
:2 
2 
2 
2 
:l 
2 

1 

1 
1 
1 

1 
1 

2 
3 
3 
2 

1 
I 
2 
3 
:3 
2 
1 
1 

2 
2 

2 
3 
:3 
3 
4 
4 
4 
3 
3 
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tDITI'CENTER-OF-MASS POSITICNS OF UNITS AND/CR INCIDENTS', 
• ~DVED TO NEAREST CENTER OF ',ATOM)IAI s~rp~ 

PUT EDITI'ESTIMATED "COST" OF DISPATCHING Y_TH ',R_UNITIIA,AI 
SK I PI 2); 
PUT EDITI'TO J_TH ',ATO"') ICOLUMNlb' ,A,A); 
PUT EDITIATOM,'ID Of ',R_UNtTIIA,X(6),A,A) SKIPIZI; 
PUT EeITI '1[,' HAl SKIP; 
PUT EDITI'NO',(NM_UNITtr) DO 1"1 TO MI)( 
A,COLUMNI61,IMIIA(81,XIUI) SKIP; 

PUT fC'lTHNO_UNITIII DO 1-1 TO MI)(COLUf-If';(71,(MIIFI31,XI6I,,; 
DO K=1 TO R; 

PUT EClTIA_MAPIK)tlClI,K' DO I>ol TO MIl( 
FI3I,XIll~IM)(FI6.21, X(JIII SKIll; 

END; 
END TF AYTI'I; 

I*COMPUTE MATRIX OF ORDERED OISPATCH PREFERENCES C{I.J)~nCOST" OF 
ASSIGNING UNIT I TO ATOM J ••• TIES ALLOWEO I_T_ORDII.JI-NUMBER OF ITH 
BEST UNIT TO ASSIGN TO ATOM ~-I 
I NIT t AL I ZE : 

IF CEBUG>O THEN. 
CO; 

PUT LIST('TIMING I_T_O~D'I SKIP; 
CALL PRNT_TIMEI 

END; 
DO J"1 TO R; 

IF J=1 THEN 
DC; I.[NITIAL OUMMY GUESS (,F 

ORDER INGS-' 
00 ["'1 TO /<II 

[_ T _ORO I I , 11 .. t ; 
ENO; I*LOOP C~ 1*1 

END; 
I.SINCE ADJAC~N'r 
ORDERI~G AS GOOD 

ELSE 

I*ENO OF FIRST CONDITIONAL*I 
ATOMS IN LIST HAVE SIMILAR CHARACTERISTICS, USE LAST 
FIRST GUESS-I 

SWITCH: 

DO; 
00 I -1 TO M; 

I_T_ORDII,J).I_T_OROII,J-11; 
END; I-LOOP ON 1*1 

END: I~END CF SECOND CONDITIONAL*' 
NCHANGE-l; 
CO Ixl TO M+1 ~H[LE (NCHANGE>0);I*"M+1" IS A DUMMY STOPPING 

. PT.' 
NCHANGE"O; 
DO K-I TO Mwl; '.TIES DO NOT GENERATE 

RANDOMNESS IN ORDERING*I 
IF CII_T_OROIK+l,J),JI(CI[_T_OROIK.JI,J) THEN 

GO TO SWITCH; 
If CII_T_PROIK+l,JI,JI-CIl_T_OROIK,JI,JI THEN 

00; 
IF I_T_ORO(K+I,J.<I_T_OROIK,J) THEN 

GO TO SWITCH; 
END; '-END CHECK FOR TIES~' 

GO TO END_SWITCH; 

00007720 
001107730 
00007740 
~i)007750 
00007760 
00001770 
00007780 
00001790 
000078{1{1 
00007810 
00007 B20 
00007830 
00007840 
00007 eso 
00007860 
000(l187{1 
00007880 
00007890 
00007GOO 
001107910 
001'\07920 
00007930 
00')079'.0 
00007'350 
00007960 
{lOOO7<l70 
00007<;60 
0000799{1 
00008000 
00008010 
00006020 
OO)OR03Q 
OClOoao40 
OOOQIHlliQ 
00008060 
00008070 
00008080 
0000B(l90 
00006100 
00008110 
00008120 
00008130 
00006140 
00,)08150 
00n0816D 
OOOOB170 
00008180 
00008190 
00008200 
00008210 
00,)08220 
00008230 
0000821t0 
00008250 
00008260 



S1HT LEVEL NEST 

5 ... 4 
545 
546 
547 

546 
549 
5~0 
551 
552 
553 
554 
555 
556 

551 
556 
559 
5tO 
5fl 
Sl:2 
50 

564 
565 

5l:6 
5f.:1 
568 

5l:9 
510 
571 
512 
513 

514 
575 
576 

517 
578 
579 
580 
581 
51:2 

583 
584 
585 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

z 
Z 
2 
2 
2 
2 
2 

2 
2 

2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
Z 

3 
3 
3 
3 

2 
1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
2 
2 

2 
3 
3 
3 
2 

3 
3 
4 

" " of 
3 
3 
3 

2 
2 
2 

-17-

!OUM-I_T_OROIK,JI; 
I_1_0RDIK,J/=1_1_0RDIK+1,JI; 
I_T_OROIK+l,J)aIDUH; 
NCHANGEoNCHANGE+l; 

END_SWITCH: 
END; 

END; 
II' 1-101+2 THEN 

CALL ERRI 4 I; 
END; 
IF CE BUG>O TH EN 

CO; 

'*LCOP ON K*/ 
"LOOP ON 1'1 

I*LOOP ON J*I 

PUT LISTI'I_T_ORD FINISHEO., SKIP; 
C~lL PRNLTl"lE; 

END; 
l*SET UP TABLE I"ENTIFVING SIMILAR ATOMS RR .. 'hiTAL NUMBER OF SETS OF 
SIMILAR ATOMS ISIMIJI=LOC IN SIH OF 1ST OF A SET OF ATOM NO.5 
BELONGING TO JTH SIMILARITV SET; J.l,Z, •••• PR ISIM(RR+ll.R+l RV 
DEF I NI1'J eN-I 

RR .. O; 
FLAG-O; 
ISIMI1I-1; 
00 leI TO R; 

IF FLAG( 11"1 THEN 
GO TO E~O_SIM_LP; 

PR"~F,+l ; 

tSI~IRR+l)·ISIM(RRI+l; 
SIMIIStlo\(RRII-I; 

I*FLAG IS A BINARY VECTOR.I 

I*IS ATOM I ALREADV IN A *1 
I*ONE MORE 5 ET I DENT! F I ED 
SIMILARITV SET? *1 

I*N~W SEARCH FOR OTHER MEMBERS OF THIS SET-I 
00 Jal+l TO R; 

IF FLAGlJI"'l THEN 
GO TO J_LO OP; 

I.OK, ATr.M J NOT YET IN A StMILARITY SET NOW TEST FOR SIMILARITY.I 
00 Kal TO Ml 

IF I_T_ORD IK, 11 .. -1 ~T _ORO(K.J) THEN 
GO TO J_LOOP; 

END; I*LOOP ON K*I 
DO Kozl TO 1'1-1; I*CHECK THAT ANV TIES ARE 

IDENTICAL*I 
IF CII_T_ORDIK+l.II.II-CCI_T_OROIK.II.II.OEO THEN 

DO; 
IF C (I_T •• ORDIK+l.J),.J .... c (J_T_ORD(K,JI.J)...."OEO 
THEN 

GO TO J_lOOP; 

00008270 
00008280 
00008290 
0000830Q 
0000831(\ 
00008320 
0000B330 
00008340 
00008350 
00008360 
00008370 
00008.38(1 
0000839(1 
00\)08400 
00008410 
0000'3420 
00008430 
00008440 
00008450 
0000846~ 
00008470 
00008480 
00008490 
00008500 
00008510 
00008520 
00008530 
00008540 
00008550 
00008560 
00008570 
00008580 
00008590 
00008600 
00008610 
00008620 
00008630 
00008(:40 
00008650 
00008660 
00008670 
00008680 
00008690 
00008700 
00008710 

GO TO K_LOOP; I-THERE IS A TIE FOR BOTH 
eND; l.eND OF CONDITIONAL*I 

IF CII_T_ORDIK+l,JI,JI-C(I_T_QRDIK,JI,JI.OEO THEN 
GO TO J_LOOP I 

END; I-LOOP ON K*/ 
IS FOUND TO BE SIMILAR TO ATOM 1: .1 

FLAGIJ)·l; 
SIMIISIMIRR+11)·JI 
ISIMIRR+1I·tSIMIRR+11+1; 

ATOM5*100008720 
00008730 
00006740 
00008750 
00008760 
00008170 
00006780 
00008790 
00008800 
00008810 



STHT LEVEL NEST 

SE6 

581 

see 
sa9 
5S0 

591 
5<;2. 
5<;3 
5<;4 
5'15 
5% 

5<;7 
5"18 
5<;9 
600 

601 
602. 
603 
604 
605 
606 
601 
608 
609 
610 

611 
612 
613 
614 
615 
615 
616 

617 

618 
619 

620 
621 

2 

2. 
2 
2 

2 
2 
2. 
2 
2. 
2. 

2 
2 
2. 
2 

2 
2 
2 
2. 
2 
1. 
2 
2 
2. 
2 

2. 
2 
2 
2 
2. 
2 
2 

2. 

2 
2. 

2 
2 

1. 
2. 

2 

1 
1 
1 
2. 

2. 
1 

1 
1 
1 
2 
2 
1 

1 
1 
1 
1 
1 

1 
1 

eND: 
END_S I/"_ LP : 

EN£) ; 
IF tSIM(R~+1)~~R+l THEN 

CALL ERR!S); 
PUT 
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I"'LOOP ON J*I 

EOITI'THE FOLLOWING ',ATO~.' GROUPS HAve aEFN FORMED BECAUSE') 
A,A,A) SK!P!41; 

PUT ~CITI'OF IDENTICAL DISPATCH PREFERENCES'IIA) SKIP; 
DO I .. 1 TC RR; 

IDUM=ISIMII+1I-ISIMII): 
IF IOUM>l THEN 

no' 
'PUT EOITIIAjAPISIMIISIM(ll+JII DO J .. O TO !DUM-l)) 

COLlIMt-I(S) ,(IOUM)IF(31 ,X(3»)) SKIP; 

END I 
END; I*END CdNOITIONAL*' 

''''LOOP ON 1*1 
IF ESTSTAT 2 1 THEN 

GO TO K_RETURN; 
I.ALGORITHM FOR DETERMINING UNIT-ST~P TOUP OF HYP~RCUBE VERTICES 
61l)-I_TH VERTEX IN TOUR *1 

6(11-0B; 
BI21"16; 
SCA lE 2"TWO; 
00 J"2 TO M; 

SCALE1"SCALE2; 
SCAlf2:SCALE2*TWO; 
CO I .. SCALEI TO SCALE2-1; 

BII+1)·SCALEl + BISCALE2-11; 
END; 

END; '.LOOP CN I THEN J*' 
I.DETERMINE WEIGHTS CF 
wEIGHT OF ~UMBER WHOSE 
SEQUENCE *1 

BINA~Y NUMBERS W(KI·0,1,2, ••• ,M; WIKI 15 
VALUE IS K-1 USE UNIT-STeP PROPERTY OF ABOVE 

W(1)=ZEPO; 
00 1<=2 TO Ni 

IF BIKI>BCK-l1 THEN 
WIB(K)tll·W(BIK-11+11+1; 

f:LSf 
W(BIKI+1'=WlcIK-11+11-1; 

END; '.LOOP ON K*I 
I*OFTERMINE NUMBER OF STATES IN EACH DIAGONAL HYPERPLANE NSIJI-~ 
ST~TES l~ J-1ST HYPERPLANE; J x l,2, ••• ,M+l*1 

DO 1"'0 TO ~I; I*RECALL: 
FACT( II=II-llFACTOIlIAL-' 

NS(I+1IwFACTIM+1)/(FACTIM+1-I)*FACTII+1!); 
END; 

I-SET UP ~AP FeR PACKED MATRIX OF "UPWARD" ANC "ON-DIAGONAL" COEF 
TOT!L NUMBe~ OF MATRIX ENTRIES- 2*.M + (12*"'~).M)/2. *1 

MAP 111:.1; 
DO 1<"2 TO N; 

1.'+1' FeR NI-DIAG TER,.., 'wlK-lI' FOR EACH BUSY UNIT-I 
/1,6 P C Kl -MAP I K-ll tl+WIK-11 ; 

END; 

00 )06 820 
001")08830 
001l0ij840 
00(086)0 
00006860 
00008870 
00\lOS680 
00008890 
0000890(1 
00008'110 
00')08920 
00,)08930 
00;)08940 
00006950 
00J08960 
00008970 
00,)08<;60 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
0000901>0 
00009010 
00009080 
00009090 
00-)09100 
00009110 
0000912(l 
00009130 
00009140 
00')09150 
00009160 
00009110 
00009180 
00\)09190 
000)09200 
00009210 
000092.20 
00009230 
00009240 
00009250 
00009260 
00009270 
00009"280 
00009290 
00009300 
00009310 
00009320 
00009330 
00')09340 
00009350 
00009360 



STHT LEVEL NEST 

t.24 
625 
626 
621 
628 

6;:9 
630 
6'H 
6::2 
633 

634 
635 
6::6 

637 
6~8 

639 
640 
641 

642 

643 

644 
6J.5 
646 
647 

648 
649 
650 
651 

655 
656 
657 

658 

659 

2 
2 
2 
2 
2 

2 
2: 
2 
2 
2 

2 
2 
2 

2 
2 

2 
2 
2 

2 

2 

2 
2 
2 
2 

2 
2 
2 
2 

2. 
2 
2 

2 
2 
2 

2 

2 

1 
1 
1 

1 
1 

1 
1 
1 

1 
1. 
! 

1 
1 
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I*GENERATE BI~ARY MASKS; ~ASK IS A 15-0IGIT BIN~RY STRING*I 
MASKl11"'O'B; 
DC 1=2 TO M: 

IC'UM"ZU(I-J.1 - 1; 
fJASK( I ) .. IDUM; I*EX:MA5KI41-000000000000111B*1 

EI\lOl /.LOOPONI*I 
I*FILL l~ ~ATRtX OF COEFFICIENTS*I 

Ll: 

L2: 

T_RATE=OrO; 1*INlTlALlZE"'1 
1_~ETUPNmMATRIX_INPUTl 
AL,_RETURN~HERe_IF_ONES; 
KK=O; . 

KI<= I<K+ 1; 
IF KK>IIf1 TIiEN 

GC TC MATRET; 
Joo S 1M ( I S I II. 1 KK ) ) ; 

K"O; 

K=K + 1 ; 
IF K>N THEN 

GO TO Ll; 

1*1ST (G ARBITRARY) MEMBER OF 
KKTH 5IH SET*I 

ALP~A·eIK); I*BIT STflING REPRESENTATION OF 
STATE BIK)*! 0 

GO TO TOUR; 
1.\jOW INPUT INTO MATF.IX. "OFF-DIAGONAL TERMS" HERE*I 
'1ATRIX_I ~PUT: 

XDU/,=OFO; I.AGGREGATE CALL RATES FROM 51/04 
ATOMS·I 

00 JJ=ISl~IKKI TO ISIMIKK+l)-l; 
)DUM=XOUM+LISIMIJJ)); 

END; 
XDU/J"XDUMI II';T IE+1); 

00 1=1 TO NTtE+ll 
PETt.=ALPHA; 

I*LOOP ON JJ*' 
'.INCREMENTAL LAMBD~ FOR EtCH 
OPTIMAL UNI T*' 

SUBSTRIBETA,16-TIECARII),l)='ltBI/*GET ADJACENT ST*' 
Kfl=BETA+ll I*NUMEIlICAL VALUE OF ADJACENT 

STATE.I 
,.FINO NC OF BUSV UNITS IN STAT~ BETA WHOSE U~IT NO DESIGNATIONS ARE 
LESS THAI'; TIECtRII) ••• THIS GIVES US CORRECT ADD~ESS IN PACKED MATRIX*I 

CUMBIT=BETAGMASKITIECAR(I) I; 
KC-DUMB IT+l; 
AOORESSsMAPIKBI+WIKB)-WIKC); 

'''''l:lTE ThAT THIS FILLINt. CF T_RATE IS RJ INDE'PE'NO-' 
T_RtTE(ADDRESS)cT_RATEIA~D~eSS)+XDUM; 

ENr; '~LOOP CN 1*1 
HE:R.E_IF_CNES: 

GO TO L21 
'lATRET: 

GO TC K_RETURN; 
I~SuLVE EQUA~IO~S OF. DETAILED RALANCE ON HVPERCURE FIRST COMPUTE 
BIRTH ANC CFATH PROBABIL ITIES.' 
SOLV_E'Q: 

BDPFOSaOEO: 

~---

00009:no 
Ob009380 
00009390 
0000<)400 
(10009410 
0000<1420 
0(10(19430 
U01)0944/) 
00009450 
0000<)460 
00.109470 
00009480 
00009490 
00009500 
00009510 
00009520 
00009530 
OOJ095'.0 
00009550 
00009560 
00009570 
00009580 
00009590 
00009600 
00009(:10 
00009620 
00009630 
00009t40 
00009650 
00009660 
00009l;10 
00009680 
00009(;90 
00009700 
00009710 
00009720 
00009730 
00009740 
00009750 
00009760 
00009770 
000097BO 
00009790 
0000980(1 
000091:!lO 
00009820 
00009830 
00009840 
00009850 
00009860 
(l0009BtO 
00009880 
00009890 
00009900 
00009910 



S'TMT LEVEL NEST 

660 
6H 
6tl 
60 
6t4 
6t5 
6E:6 
6E:7 
668 
6tC) 

(:70 
611 
6n 
673 
674 
675 
676 
677 
618 

679 

6eo 
681 

6E2 
61!3 
6€4 
6e5 
61:6 
6E6 
6e7 
6ee 
689 

690 
6<;1 
6<;2 
693 
6<,;4 
6<,;5 
6<;6 
6<;7 
6<';8 
6<;9 
700 
701 
702 
703 
704 

2 
2 
2 
2 
2. 
2 
2. 
2. 
2. 
2 

2. 
2 
2. 

2 
2 
2 
2 
2 
2 

2 

2 
2 

2. 
2. 
2 
2 
2 
2. 
2 
2. 
2 

2 
2 
2 
2 
2. 
2. 
2 
2 
2 
2. 
2 
2 
2 
2. 
·2 

1 
1 
1 

1 
1 

1 
1 
1 

1 
1 

1 
1 

1 
1 
1 

1 
1 

1 
1 
1 
1 
2 
2 
2 
3 
3 
2 
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'-ABOVE ~ATRIX [NIT. IMPORTANT FOR BDPROB(M+2)MPROB 
L~NGTH BOPRQBIII.PROB OF BEING r~ BtD STATE 1-1 FOR 
'CAPAC[T~I>O SIGNALS INFI~ITE CAPACITY QUEUE*' 

BOP R(1 B ( 1\- 1 EO ; 
O:NC/oI,.lEO; 
DO t"l TO Hj 

BOPRQR([+ll·~OPROB([)*RQ'll 
DENO/ol&OENOM+BOP~OS(I+11; 

END; 
IF tAPAC[TY>ZERO THEN 

CO; 

1* LOOP ON '*1 

IF FO>-'" THEN 
CALL ERRlb); I*TEST STILL 

MU'S*I 
80PROSIM+21-S0PROBCM+l)*RO/(M-ROI: 

OF A QUEUE OF + 
1 ... 1,2 .... ,"1+1 

APPLIES w[TH O[FF 

OENOM-OENOM+SOPROBIM+2); 
END; I-END OPS FOR INFINITE CAPACITY 

QUEUE!I<I 
DO 1=1 Te M+2; 

BOPRUS(II=BDPROBIII/DENOM; I*NDRMALIZE*I 
END; 
XDU~=SUM(BD?ROBI; 
IF ABSIXDUM-iEO».OOl THEN 

PUT LrSTI'ROUNOING ERR.,RUN PROCEEDING') SKIP; 
I-POSSIBLE ceDE HER~ TO CORRECT ROUNO[NG ERRCRS****** •• ********.*I 

XBDPPOBC*,RUNNUM)&BDPROS; I.STORE RESULTS FOR OUTPUT 
CALCULATIONS"'I 

IF fSTSTAT-l THEN 
GO TO K_RETURN; 

I*I~SERT CURPENT VALUE OF RC IN MATRIX OF COEFFICIENTS-I 
IF RUNNUM=l THEN 

CO; 
T_RATE-RO*T_RATEI I"'MATRIX MULTIPLICATION*I 

END; 
ELS E 

COl 
XDUMaRO/IRO-IRO); 
T_RATE=T_PATE*XOUM; I"'SCALES UP FROM LAST VALUE"'I 

FNO; 
I*NOW FILL IN "ON-DIAGONAL" TERMS.I 

IF MUll'-INFINITY THEN 
00 1<-1 TO N; 

T_RATEIMAPIKI)-RO +WtKI; 
END; I"'LOOP ON Kal 
ELSE DO; 
T_RATEIMAPIB(ll+ll)-RO; 
T_R~TEtMAPIB(Z)+1))·MUI11+RO; 
SCAlEZ-T\o/O; 
00 J .. z TO M; 
SCAlEl"SCAlEZ; 
SCALE2.=SCALEZ*TWO; 
00 I:SCAlEl TO SCALEZ-l; 
T_RATEIM~P(Bt[+1)+11).MUIJI+T_RATE(MAPIBtSCALE2-I)+lJ'; 
E~O ; 
END; 

00009920 
00009930 
00009940 
00009'150 
00009960 
00009970 
00009980 
00009990 
OOOlOOOQ 
00010010 
00010020 
00010030 
0001('040 
00010050 
00010060 
00010070 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
00010160 
00010110 
00010180 
00010190 
00010200 
00010210 
000102Z0 
00010Z30 
00010240 
00010250 
00010260 
00010270 
00010280 
00010290 
00010300 
00010310 
00010320 
00010330 
00010340 
00010350 
00010360 
00010370 
00010380 
00(H0390 
00010400 
00010410 
00010"20 
00010430 
00010440 
00010450 
00010460 



S TMT lE VEL NEST 

70S 
706 

108 
109 

710 

711 
712 
713 

714 
115 
716 
11'1 
718 
719 
no 
721 

7~2 
723 
724 
725 
726 
127 
728 

n,9 
730 
7.31 
732 

733 
7;4 
135 
7.36 
731 

738 
738 
739 
11.0 

2 
2 

2 
2 

2 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
Z 

2 
2 
2 
2 

1 
1 
1 

1 
1 
1 

1 
1 
2 
Z 
2 
2 
2 

2 
2 
Z 
3 

3 
: 
3 
3 

3 
3 
4 
4 
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END; '-END ELSr: DO eONO.' 
IF CoAPACITV"OEO "HEN T_RATE("IAP (Nil "T_RAH(MAPINII-RO; 

I*COMPUTE INITIAL STATE PR08ABILITV GUESSES FOP STATFS IN EVEN
~U~BE~EO HVPERPLANES:0.2.4.6, •••• ' 

STPfl08"0; 
00 J~1 TO N 8'1' 2; 

I=BIJl+l ; 

'.USE ODD-EVEN HVPERPLANE PROP 
OF UNIT-STEP TOUp., 
/*lNOEX UP ~NE FC~ ARRAY 
CORRESPONOENCE·/ 

IOU""W( 11+ 1; 
5TPR08III·BDPROBIICUMI'NSlrOUMI; 

END; /.LOOP ON J*' 
'.ITERATE FOR SOLUTIONS TO EQUATIONS.' 
'-FOR SOfo'F STATE KA, THE EQUATtCN OF I)EUILEt BALANCE IS 
STPRCBIKAI*T_RATEIMAPIKAl, .. SUM OF M TERMS. IF UNIT I IS BUSV IN 
STATE KA, THE~ TER~ I ICOUNTING FRO~ THE RIGhT) IS 
STPROBIKel*T_RATEI"IAPIKAl + WIKAI - INOEXl W~E~E KB=STATE 
UNIT-HAMfo'ING DISTANCE FROM KA, WITH DIGIT I A ZERO I~OEX-N OTHER BUSV 
SERVERS IN STATE KA TO THE ~IGHT rF UNIT I ELSE TFRM I IS 
STPROB(KBI·~UIKI *' 

IF CEBUG>O THEII4 
co; 

PUT LIST('TIMING ITERATIONS') SKIP; 
CALL PRNT_TIME; 

END; 
CON V_METR I C-1I:0; 
IOU,.. .. Z; '-STAPf ITEPATING ON 

ODD-NUMBERED HYPERPLANES*' 
DO ITERATE-I TO MAX BOUND WHILE ICONV_METRIC>EPSILONI;/'DOUB 

COUNT·' 
CONV_METRIC-OEO; 
co J=lDUM TO N BY 2; 

ALPHA .. a(J); 
I=AlPHA+l; 
XOUM .. ST PROB (1 I ; 
STPROBI [I "OEO;. 
ADCRESSaHAPIII.WIII.1; 

'*ONE LESS.~ULT IN CRIT LOOP IF All SERV TIM~S ARE IOENT*/ 
IF MUIII-INFINITY THEN 

GO TO NO_MUlT; 
DO K"1 TO H; 

BETA-ALPHA; 
'*READING BINARV DIGITS FROM RIGHT TO LEFT., 

CBIT&~SUBSTRIAlPHA,16-K,1'; 
SUBSTRIBETA,16-K,11"CBIT; 
KB-eETA+l; 
IF CBlT-'l'B THEN 

STPROBIIJzSTPROBIIJ+MUIK1·STPROBIKB); 
,.ABOVE ~AS TRANSITIONING FROM A 'I' TO A '0' BELOW IS REVE~SE 
(HAR.DER CASE) *' 

ELSE 
00; 

ADDRESS-ADDRESS-1; 
STPROBCII-STPROB(II+STPROB(KBI· 
1_RATECADDRESS); 

(I ('hll(l 410 
000104BO 
00010490 
00010500 
00010510 
00('11(152(1 
00010530 
00010540 
0001.:> 550 
00010560 
00010570 
00011)580 
()(lO 1(1590 
000310600 
00':>106l0 
0(1)10620 
000lOt-30 
OOl'1Q640 
00010650 
00'110660 
01)010610 
00010680 
0(101.169(1 
00010700 
00')10710 
00010)120 
00010 '/30 
00010140 
00010750 
00010160 
00010710 
00010180 
00010190 
00010800 
OOll10BIO 
00010820 
00010630 
00010841) 
000 lolB50 
0001086(1 
00010e70 
00010B80 
00010890 
00010900 
00010910 
OOOlono 
00010930 
00010940 
00010950 
00010960 
00010970 
00010980 
00010990 
00011000 
00011010 



SHIT LEVEL NEST 

741 
142 
743 
744 

745 
146 
147 
74e 
749 
1!l0 

751 
751 
7~2 
753 

"lS4 
755 
756 

757 
75B 
759 
760 
7tl 
71:2 
H3 
7f.4 
765 
766 
71:.7 
768 
769 
770 
771 
712. 
173 
713 

714 
115 

116 
771 
77B 
779 
780 
761 
781 
762 
183 
7tl4 
785 
786 

2. 
2 
2 
2. 

2 
2 
2. 
2 
2 
2 

2. 
2 
2: 
2 

2 
2 
2. 

2 
2. 
2 
2 
2 
2. 
2. 
2. 
l 
2. 
2. 
2. 
2. 
2. 
2 
2 
2 
2. 

2 
2. 

2. 
2 
2 
2 
2 
2 
2 
2 
Z 
2. 
2 
2 

4 
3 
2. 
2 

.3 

.3 
'3 
3 
3 
.3 

.3 
.3 
4 
4 

" .3 
2. 

2. 
2 
3 
3 
.3 
.3 
2 
2. 
3 
3 
.3 
2 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 

1 
1 
1. 
1 
2 
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END; 
END; '-LOOP ON K*' 
GO TO DIAG_DIV; 

00 Kal TO H; 
BETA-ALPHA ;0 
CBIT· ... SUB5TRI ALPHA,16-K, U ; 
SUBSTRIBETA,16-K,1)·CBIT; 
KB-BETA+1; 
IF CBIT-'l'B THEN 

STPRDBI!)-STPROBII)+STPROBIKSI: 
'*A COEFF OF MU-l IS ASSUMED.' 

ELSE 
DO; 

ADDRESSaADORESS-l; 
STPROSlljaSTPROBII)+STPROBIKB). 
T_RATE(ADDRESS); 

END; 
END; '-LOOP ON K*I 

STPROBII)·STPROBlI)!T_RATEIMAPII)):I·DIVIOE BY ON-DIAG *1 
IF I-N & CAPACITY>OEO THEN 

DO; 
STPROBIN,-STPROBINI.'M-RO'.8DPROBlM+2)!IM+RO); 
IF HUI1)<INFINITY THEN 

BDPROBIM+2I a STPRDBIN'*RO/(M-RO); 
END; I-END TEST FOR BOUNDARY STATE-' 

IF STPROBII')MINVAL THEN 
00; 

END; 

XDUM-ABSIXDUM-STPROBIII); 
CONV_METRICaMAXICONV_METRIC,XDUM); 

END; '.END CONVERGENCE 
I.LooP ON J*' 

IF DEBUG>O THEN 
PUT DATAICONV_METRICI SKIP; 

IF IOUM"2 THEN 
IDUM-l; 

ELSE 
IDUM=2; 

TEST-' 

'.ONE ITERATION COMPLETED ••••••••••• I 
END; 
ITERATE-ITERATE/2; 

!.ITERATE ON 'ITERATE'.I 
!·ELIMINATES THE DOUBLE 
COUNT ING*I 

IF CAPACITY-OEO THEN 
CO; 

DENOM-SUMISTPROBI; 
STPROe-STPROB/DENOM; 

END; 
ELSE 

CO; 
OENOM-SUMtSTPROBJ + STPROBCN,$RO/CM-RO); 
STPROB-STPROB/OENOM; 
IF MU(1) .... INFINITV THEN 

DO; !.MUST NORMALIZE THESE iN GeN"'1 
BDPROB(M+2,eBOPROBIM+21/DENCM; 

------~--------~-

00011020 
00011030 
000U040 
00011050 
001)11 060 
00011010 
00011080 
00011090 
00011100 
00011110 
00011120 
00011130 
00011140 
00011150 
00011160 
00011110 
00011180 
00011190 
00011200 
00011210 
00011220 
00011230 
00011240 
00011250 
00011260 
00011210 
00011280 
00011290 
00011300 
00011310 
00011320 
00011330 
OQOll34\> 
00011350 
000113bO 
00011310 
00011380 
00011390 
00011400 
00011410 
00011420 
00011430 
00011440 
00011450 
00011460 
000U410 
00011480 
00011490 
00011500 
00011510 
00011520 
00011530 
00011540 
00011550 
00011560 



STHT lEVEL NEST 

787 

7e8 

7e9 
1<;0 
7tH 
1<;2 
7<;3 
7<;4 
7<;5 
H6 
797 
7<;8 

7'99 
800 

801 
802 
81;3 
804 

BOS 
B06 
Be7 
BOB 
B09 
810 
61L 
812 

813 
614 
815 

816 
811 
818 
819 

620 
821 
822 
823 
824 
825 
826 
627 
828 
829 

2 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

1 

1 
1 
1 
1 

1 

1 
1 
1 
1 

2 
2 
2 
2 
2 
1 
1 

1 
1 

2 
2 
2 
2 
:3 
3 
4 
4 
It 
3 
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BDPROBCH+1J-STPROBCNI;I*CORRECTS FOR APPROX PROC- IF 
REO*I 

END; I*END ceND FOR DIFF SERVICE 
TI HES"'I 

END; 
XSTPROBI*,RUNNUMI*STPROB; 
IF rEeUG>o THEN 

CO; 
PUT LISTC'ITERATION CO~PLETEO'I 
PUT DATAIITERATEI SKIP; 

SKIP; 

GO 
TOUR: 

CALL PRNT_TIHE; 
END; 
TO K_RETURN; 

IF 1<-1 THEN 
CO; 

NPREF-l; 

I*NSELECT-N UNIT DESIGNATED BY NPREF*I 
NSELECTaI_T_ORDC1,J); 
TIECARIII-NSELECT; 
NTlE-O; 

I*NPR EF-PRE F. 
DISPATCHED TO 

N OF UNIT 
J"'I 

DO 1-2 TO M; I-REMOTE POSS. OF TIES,EVEN 
WHEN ALL AV"'I 

IF CII_T_ORDCI,J"J'>CII_T_ORD(l,JI,JI THEN 
GO TO I_RETURN; 

NTlE-NTl E+ 1; 
TIECARII'*I_T_ORDII,JI; 

END; 
GO TO I_RETURN; 

,*LOOP ON 1*' 

END; I"'FINISI"ED HER£' IF 1< .. 1*1 
LASTVER"BIK-lI; I*SIT STRING*I 

I*DUMBIT-RINARY STRING WITH ALL ZERO"S EXCEPT A O~E IN POSITION 
CORRESPONDING TO A CHANGED STATUS"'I 

DUMeIT&CLASTVERG~ALPHAJI II~LASTVERI&ALPHAI; 
KC-CUM6IT; I*KC-l ,2.4, 8, ••• *, 
NCAR-LOG2CKC'+1; I*THIS IS 1ST INSTRUCTION THAT 

MAPS CAR*I 
,*,'S ONTO BINARY STATES; 
2ND, ETC •• ' 

CAR 1 STATUS IN RIGHT-MOST DIGIT, CAR 2 IN 

IF BIKI(BIK-11 THEN 
CO; I*IMPLIES UNIT NCA~ NOW AV_IL*' 

IF CCNCAR,JI(CCNSEtECT,J) THEN 
DO; 

I.CAR NCAR IS NOW THE OPTIMAL UNIT*' 
NSELEcr-NCAR; 
NTIE-O; 
TIECARC1J-NSELECT; 
DO 1-1 TO H; '*GET PREFERENCE NUMBER-' 

IF I_T_OROIl,J'-NCAR THEN' 

ENO; 

DO; 
NPREF-I; 
I -M+l; 

END; /.END CONDITIONAL./ 
I*LooP ON 1*' 

00UlL570 
00011580 
00011590 
00011600 
00011610 
00011620 
00011 630 
00011640 
00011650 
00011660 
00011670 
OOOllaRO 
00011690 
00011 700 
00011710 
00011720 
00011 730 
001)11140 
00011 750 
00011 760 
00011770 
00011180 
001)11790 
GOOli800 
00911610 
0'0011820 
00011830 
00011840 
00i)11850 
00011860 
00011670 
00011880 
00011890 
00011900 
00011 'i10 
00011920 
00011930 
00011940 
00011950 
00011960 
00011970 
00011980 
00011990 
00012000 
00012010 
00012020 
00012030 
00012040 
00012050 
00012060 
0001207(t 
00012080 
00012090 
00012100 
00012110 



5 TMT LEVEL NE ST 

830 
8::1 

8:3Z 
833 
834 
835 
836 
837 
a38 

839 
839 

a40 
841 

C4Z 
C43 

844 
845 
846 

847 
848 
849 
850 
851 
852 
853 
854 
855 
8~6 

657 
857 

858 

859 

8fO 
861 
atz 
663 

6€:4 
865 

866 
an 

2 
Z 

Z 
2 
2 
2 
2. 
2 
2 

2 
2 

2. 
2 

2. 
2. 

2 
Z 
2 

2 
Z 
2 
2 
2 
Z 
2. 
2. 
2 
2. 

2 
2. 

2. 

2 

2 
2. 
Z 
2 

2. 
Z 

2 
2. 

Z 
2. 

1 
1 
2 
2 
2. 
2 
1 

1 
1 

Z 
2 

:3 
4 
4 

5 
6 
6 
5 
5 
4 
3 
3 
'3 
3 

2 
2 

3 

4 

4 
5 
5 
5 

$ 
6 

C 
7 
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GO TO I_RETURN; 
END; '.FINISHEO,IF NEW UNIT IS 

OPTIMAL·' 
IF CINCAR,J)=CINSELECT,JI THEN 

00; '.A TIE.' 
NTlE-NT lEU; 
TIECARINTIE+11-NCAR; 
GO TO I_RETURN; 

END, '.FINISHEO, IF TIE.I 
END; '.ENO CASE FOR WHICH NCAR ~OW 

AVAILABLE.' 
ELSE 

CO; '.IMPLIES UNIT NCAR NOw 
UIJAVA ILABlE., 

'*WAS U~IT NCAR AN OPTIMAL CHOICE?, 
IF CINCAR,JI-CINSELECT.JI THEN 

00; 
I*IF SO, WAS THERE A TIE?' 

IF NTlE, .. O THEN 
00; 

l*tF SO, REMOVE NCAR FROM TIE LIST.' 
00 I-I TO NTl E; 

IF TIECARIII-NCAR THEN 
00; 

"THIS Leop DOES NCT ERASE TIECAR( NTIE+ll. OCES NOT MATTER.*/ 
00 JJaI TO NTIE; 

TIECARIJJI-TIECAR(JJ+11; 
END; ,.LOOP ON JJ" 

END; 

laNT IE+l; 
END; ,.END OF CONO. *' 

I.LOOP ON I., 
NTIE-NTl E-l; 
NSELECT-TIECAR(ll; 
GO TO CRETURN: 

END; "FINISH OPERATIONS 
CASE! Of A 'f%5*1 

ELSE 
00; 

FOR THE 

GOOlZ 120 
0001.1130 
0001Z l't(.\ 
0001Z 150 
0001Z100 
0001Z170 
00012180 
0001Z190 
00012.200 
00012210 
00012.220 
00012230 
00012240 
00012250 
00012260 
00012270 
00011.280 
00012290 
00012300 
00012.310 
00012.320 
00012330 
00012340 
00012350 
0001Z36<> 
0001Z370 
0001Z 380 
00012390 
00012400 
00012410 
00012420 
00012430 
00012440 
0001Z450 
00012460 
00012"70 
00012.480 
00012490 

'*NO TIE 

''''IS THE 

AND NCAR WAS OPTIMAL FIND NEXT PREFERRASLE AVAILABL~ 
00 I-NPREF+1 TO M; 

UNIT.' 0001Z500 
00012510 

NEXT PREFERRED UNIT AVAILABLE?, 00012.52.0 
00012.530 
00012540 

IF SUBSTP(ALpHA,16-I_T_OROII.JI,1,utOtS 
THEN 

00; 
NPREF-I; 
NSELECT-I_T_CRO(I,JI; 
TIECAR(ll-NSELECT; 

00012550 
00012560 
0001.1570 
00012580 
00012.590 

00 JJsI+1 TO M; 0001.2600 
IF CINSELECT,JlzCll_T_ORD,IJJ,J),JI 00012610 
THEN 00012620 

00; 00012630 
IF 00012640 
SUBSTR (ALPHA, 16-1_T _ono IJJ ,J I ,11-00012650 

00012660 



S1MT LEVEL NE ST 

866 
8~9 
870 

871 
672 
872 
8H 
614 
875 
875 

616 
677 
678 
819 

8eo 
aH 

a82 
aS3 

SS4 

SSS 

aS6 

BE7 
6SS 

SS9 
8<;0 

S<;l 
892 
893 
sst, 
S<;5 
6C;6 
S<;7 
8<;8 

8<;9 
900 
901 
'102 

2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 

2 
2 

2 

2 

2 

2 
2 

2 
2 

2 
2 
2 
2 
~ 
2 
2 
2 

2 
2 
2 
2 

7 
B 
e 

8 
7 
7 
8 
1 
6 
6 

7 
7 
6 
5 

5 
4 

3 
3 

3 

2 

1 

1 
1 
1 
2 
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'O'B TIiEN 
00; 
NT rE"'NTlE+l; 
TI ECAR tNT! E+ 11= 
I_T_ORO(JJ,JI; 
END;!*FINISH AV CK~' 
EL~e 
DO; 
END; '.OUMMY.I 
END; 

ELSE 
DO; 

I*NO TIES, OR AT LEAST, NO MORE TIES*' 
GO TO I_RETURN; 
ENO;I*ENO TeST *' 

END; '.LOOP ON JJ*! 
GO TO I_RETURN; 

'.FINALLV, END INSTRUC INVOKED ONCE OPTIMAL UNIT FOUND.I 
END; 

END; 
'*ARTIF DEVICE FOR STATE '111 ••• 11'.' 

NSELECT-M+l; 
GO TO ALT_RETURN; 

I*END CONDITIONAL FOR WHICH NCAR WAS AN OP UN*' 

000126'10 
00012680 
00012690 
00012700 
00012710 
00012120 
00012730 
00012740 
000127S0 
00012760 
00012710 
00012780 
00012790 
00012800 
00012810 
00012620 
00012S30 
00012840 
00012850 
00012860 
00011870 
00012880 
00012890 
00012'100 
00012910 END; 

'**.*.IF NCAR WAS NOT AN 
END; 

CPTIHAL UNIT THE~ NCTHXNG HAPPENS ••••• *.! 00012920 
!.END OF INSTR FOR 00012930 
TeNCAR,J)~T(NSELECT,J)*' 00012940 

END; '*END OF INSTR FOR UNIT NCAR 00012950 
NOW UNAVAILABLE.' 00012960 

GO TO I_RETURN; 00011970 
CALCOUT: 00012980 

ALLCCATE PD,P02,HWL,MISD,TAV,VAR,SWL,UBWLIDINPUT,prNP~T, 00012990 
INP~T, WORkLOAO,TCAR,TSEC,TPEP,TQUE, OCA~,OSEC,DREP,D"L,PWL,DISOO,00013000 
PISCO, OISOl,PISOI,DTSEC,PTSEC,ISOO,ISDI,PINSEC,MOX.MON,PINT, 00013010 
SATPROe,GWKLO,PATFRE~; 00013020 
RUN~UM"O; 00013030 

OUTLOOP: 00013040 
RUNNUM.RUNNUM+l; 00013050 
IF 1l1lN~UM>NUM THEN 00013060 

GO TO OUTlOOP_FINI; 00013070 
BDPIlOB"XBOPROB(*,RUNNUMI; 00013080 
STPROBaXSTPROB(*,RUNNUMI; 00013090 
SATFRoe-BOPROB(M+ll; 00013100 
PD2=OEO; 00013110 
IF CAPACITY>OEO THEN 00013120 

CO; 00013130 
I*COMPUTE PD2(I,JI-FRAC OF ALL DISPATCHES THAT IllARE 'UNIT I TO ATOM 00013140 
J' AND 121 INCUR A POSITIVE QUe:UE DHAY *1 00013150 

YOUM-SUHeHU); '*2_NO FUNCTiON OF MUCI)'S*' ~0013160 
SATPROB-SATPRoe + BDPRoeIM+21; 00013170 
00 1"1 TO MI 00013180 

~DUM.SATP~oe.MUlil!YDU~;'.EVEN WORKS WHEN 000131'10 
Huell-INFINITV •• FOF 00013200 
SUFFICIENTLY SMAll ,NFINITV.' 00013210 



STt-IT LeVEL NEST 

903 
904 
905 
906 
907 

908 
909 
910 

911 

912 
913 
914 

915 
916 
911 
918 
919 
920 
<iH 
922 
923 
92't 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 

936 

931 
'938 
939 

940 

941 
942 

943 

9~4 
945 

2 
2 
2 
2 
Z 

2 
2 
2 

z 
2 
2 
2 

2 
2 
Z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Z 
2 
2 

2 

2 
2 
2 

2 

2 
2 

2 

2 
2 

2 
3 
3 
2 
1 

1 
1 
2 
2 
1 
1 
1 
2 
2 
2 
1 

1 
1 
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DO J-l TO R; 
PO~'I.J)·XDUM.lIJI; 

END; 
END; 

END; 

ESTSTAT-ABSleSTSTATj; 
IF ESTSTAT~.1 THEN 

GO TO PO_CAL; 

I-LOOP eN J., 
I-LOOP eN 1"1 
,-END OF CO~DITIONAL FOR 
INFINITE CAPACITN Queue., 

,.COMPUTE ESTIMATED WORKLOADS.' 
'*XOUM-AVERAGE LAMBDA. MWL-MEAN WORKLOAD.' 
APPROX: 

XDU~·'RO-INUM.I-RUNNUM).IRO)/M; 
MWL=XDUM; 
IF CAPACITY-OEO THEN 

~WL=MWL·(IEO-BDPROB(M+111; 

00013220 
00013230 
00013240 
00013250 
00013260 
00013270 
0001.:;260 
(14)013290 
0'1)013300 
00013310 
00013320 
00013330 
00013340 
00013350 
00013360 
00013370 

I.FIRST COMPUT~ QUEUE SCALE FACTORS 
QUF.&C .. OEO; 
MON -I 1"0; 
IF CAPACITY-OEO THEN 

Due TO R~NDOK INCID ON BUSY UNITS*/000133BO 
00013390 
000U400 

~ONz(1EO-XDUM'/11EO-XDUM+BDP~QB(M+l'.XDUMI; 
00013410 
00013420 

DO J a 2 TO M; ,.J.PREF N OF 
"DUM-OEO; 

1ST AVAIL UNIT*' 00013430 

CO 1- I) TO M-J; 
YDUM-YDUM+CM-I-J+l'.CM*XDUM,·*I'FACT(I+ll; 

END; '*LOO' ON 1*1 
QUFAC I J, -YOUM.FA C T (M-J+ l)IH\. 'ii, J"lI ; 
IF CAPACITY-OEO THEN 

DO, 
MON-MON*'IEO,IIEO-BOPROBCM+l"I; 
OUFACIJ'.QUFACIJI*MON; 

END; ''''END teND (iN lEnl) QU\;UE*' 
ENO; '-LOOP eN J'H 
YOU~·BDPROBll)"FACT(M+l'*'1EO-XDUMll; 
QUFAC-OUFAC*YDUMI 
QUFAC ( 1)-1 EO; 
IF CEBUG>O THEN 

PUT DATA(QUFACI SKlP(51; 
I*Maw COMPUTE EITHER WORKLOADS OR FRAC PISPS THAT ARE UN I TO AT J*, 

GWKLD"MWL; 
CALCULATING WKLOS;-1 IMPLIES PO CALC.' 

OQ013440 
00013450 
00013460 
000 131t70 
00013480 
00013490 
00013500 
00013510 
00013520 
00013~30 
00013540 
0001H50 
00013560 
00013510 
00013580 
00013590 
00013600 
00013610 
00013~20 
00013630 

1* IDUM aO IMPLlES 
IDUI/aO; 
PO-OEO; 
1TE~ATE·l: 

00013640 
I*COUNTS N ITERATIONS THRU MAIN 00013650 
LOOP.,' 00013660 

W_LOOP: 
WORKLOAD-iF.O; '*fo\A HI LOOP FOR .. ORKLOAO 

CALCUlAT IONS., 
IF CAPACITY>OEO THEN 

WORKLOAO.WORKLOAD+XDUM*(BOPROBlM+1'+BDPROBCM+2')/1 
lEO-MWL); 

00013670 
00013660 
00013690 
00013100 
00013110 
00013 no 

W_LOOP2: 
DO J-1 TO R; 

IF IDUM -0 THEN 
MOX-LIJI*XDUM*M; 

00013130 
'.MAIN LOOP FOR PO CALCULATIONS.100013140 

00013150 
,*CALLS/SERV TM UNIT FR AT J*' 00013760 
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SHIT LEVEL NEST 

946 l 1 ELSE 00013710 
946 2 1 HOX-L(J); 00013780 
947 2 1 CO 1=1 TO 1'1; I.CENTR~L SUBLOOP ••• IHPLEHENTS 00013790 

APPROX EQUATION.' 00013800 
948 .2 2 IF 1 ..... 1'1 THEN 00013810 
94'i1 2 .2 IF C(I_T_ORDII.J),J)aCCI_T_ORpCI+l,J),JI THEN 00013820 
950 .2 .2 GO TO W_TIES; 00013830 
951 2 2 ELSE 0001~840 
<;51 .2 2 ; 00013850 
9~2 2 2 ELSE 0l,}I,)13860 
952 .2 .2 ; 00013870 
953 2 .2 IF IDUM-O THEN 00013880 

/*TOTAL kKLD OF l_TH P~EFERREO UNIT FOR ATOM J IS INCREMENTED 6V THE 00013890 

954 2 2 
RELATIVE FREQUFNCY WITH WHICH IT IS DISP~TCHED TO ATOM J -I 00013900 

WORKLOADtl_T_O~O(I,J'I·WORKLOACCI_T_OROtI,JI) + 00013910 
MOX*(IUFACI I I; OOO13nO 

955 2 2 ELSE 00013930 
955 2 2 PO I I •• LORD I I ,J) ,J I-POI I_T_ORO I I ,JI. J 'HIOX* I 00013940 

1EO- WORKLaAD(I_T_ORO(I,J')I*QUFAClll; 00013950 
956 2 2 HOX¥HOX*GWKLOII_T_ORO(I,JII; 000 13'i60 
OJ 57 2 2 GO TO ENO_w_LOOP; ''''SKIP OVER TIES*' 00013970 
1)58 2 2 W_Tl ES: 00013'180 

NTlE-l; 00013990 
959 2 2 00 K-I+l TO M-l; ,*HOW MANY TIES?*' 00014000 
960 2 3 IF C(I_T_OROIK,J"JI-C(l_T_OROlK+l,JI,J' THEN 00014010 
9t! ;. 3 NTlE-NTIE+li 00014020 
9l:2 2 3 ELSE 00014030 
9l:2 2 3 K-M+l ; 00014040 
963 2 3 ENDi ,!IILOOP ON K"" 00014050 
9(:4 .2 2 VDUM-OEO: 00014060 
q~5 2 2 00 K-O TO NTlE; 00014070 
966 2 3 VDUH·VOUM+G~KLO(I_T_ORD(I+K,JI'; 00014080 
9(:7 2 3 E'NO; ''''LOOP ON K*' 00014090 
9(:8 2 2 VCUM-VOUM'INTIE+1'; 00014100 
9l:9 2 2 SWL~~OX'(NTIE+l); 00014110 
970 .2 2 DO K"O TO NTlE; 00014120 
9H 2 3 DC, KK.O TO NTlE i 00014130 
972 2 4 I F lOU~I-O THEN 00014140 
973 , 2 4 WORKLOADCI_T_ORO(I+KK,J)= 00014150 

WORKLOAO(I_T_ORotI+KK,J)I +SWL*VOUM**K*QUFAC(I+K); 00014160 
914 2 4 ELSE 00014170 
914 2 4 POCI_T_ORO(I+KK,JI,JI=POtI_T_ORDCI+KK,J"J)+ SWL*( 00014180 . 

1EO-VOUMI*VDUH**K*QUFACll+ KI; 00014190 
'i75 2 4 ENO; IHOOP ON KK*' 00014200 
<;76 2 3 END; '*LOOP eN K*I 00014210 
977 2 2 00 K-O TO NTt E; 00014220 
en8 2 :3 MOX·HOX*G~KLD(l_T_OROt I+K,JI); 00014230 
979 2 :3 END; '.LOOP ON 1<*' 00014240 
980 2 2 I-I+NTlE; ,*ENO PROCESSING OF TlES*' 00014250 
ge1 .2 2 F.NO_W_LCCP: 00014260 

END; I*LOOP CN 1*' 00014270 
91)2 2 END; '*LOOP ON J*' 00014280 
'H:I 2 IF mUMs} THEN 00014290 
ge4 2 Cl' ; '.CONDITIONS NEXT 40 OR so 00014300 

INSTRUCTIONS*I 00014310 



SHIT LE VEL HE ST 

91!5 
9M 
~e7 

gee 
989 
90;0 
991 
9<;2 
993 

994 

9';5 
996 
9H 
.,9a 
999 

1000 
10(11 
1002 
1003 
1004 
1005 
1006 

1007 
1008 
1009 
1010 
1011 
1012 
LOU 
1014 
1015 
1016 
1017 
1017 
1018 
1019 
1020 

1021 
1022 
1022 
1023 
1024 
1025 
1026 
1021 
1026 

1029 
1030 

2 
2 
2 

2 
2 
2 
2 
2 
2 

2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2' 
2 

1 
1 
1 

1 
1 
1 
2 
2 
2 

2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
3 
3 
3 
'. 
" 4 
3 
3 
3 
3 
4 

" 5 

5 
5 
5 
5 
5 

" 5 
5 
6 

6 
6 

''''THIS lOOP 
RECYCLE: 

'-STRINGENT 
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IF CAPACITyaOEO THEN 
PO-PO/I1EO-SATPROB); 

MOX-1EO; 

IF CAPACITY>OEO THEN 
MOX-IEO-SATPROSI 

00 J-1 TO R; 
IF LIJ)·OEO THEN 

GO TO SK!P_J; 
1<-0; 

'.USED AS MULT IN NORMALIZING 
PROC*, 

00014320 
00014330 
00014340 
00014350 
00014360 
00014370 
00014380 
00014390 
00014400 
00014410 

NORMALIZES PDC •• J' TO KNOWN VALUE BY use OF EXPON DAMP*' 00014420 

MON-SUMIPOC*,J)I; 
YOUM.MON-LIJ'*MOX; 
XDUM-YDUM'IlCJ)·,..OXI; . • XDUM-ABseXOUMI; 

CONV CRITERION FOR REL 
IF XDUM<.OOlEO THEN 

GO TO SKIP_J; 
K-Ktl; 
IF K)30 THEN 

'.ABS AMT OF ERROR.' 

ERROR·' 

00014430 
00014440 
0001'.450 
00014460 
00014470 
00014460 
00014490 
00014500 
00014510 
00014520 
00014530 
000145 /.0 GO TO SKlp_JJ; 

MON.ltJ '*HOX; 
YDUH-MON'CHON+YOUHI; 
YDUH-SQRT(YOUMI; 

00014550 
'.EXPONENTIAL CORRECTION FACTOR*'00014560 
'*MAoe SMALLER TO AVOID 00014570 
OSCILLATION·' 00014560 

I 00014590 
00 1-2 TO HI 

.lJ-l_T_ORDCI ,JI; 
IF I-M THEN 

I-EXECUTE EXPONENTIAL DAMPING-' 00014600 
00014610 
00014620 

00; 
PDlJJ,J)-PDIJJ,J'*CYDU,..**(I-l"5 
GOTO END_II 

ENOl 
IF CIJJ.JI,-CCI_T_ORDII+1,J),JI THEN 

PDIJJ,J)·POIJJ,J)-CYOUH*·11-1)'; 
ELSE 

DO; 
NTIE-I: 
00 JJ-I+1 TO M-1; 

IF C( I_T_ORDIJJ,JJ ,JI.C( I.T_OROeJJ+l,Jl,JI 
THEN 

NTlE-NTlE+l; 
ELSE 

JJaH+l; . 
END; '*lOOP ON JJ*' 
00 JJ-O TO NTIE; 

MON-oeoa 
00 KK-O TO NTl E I 

MONaPD'I.T_ORO(I+JJ,JI,J~.( 
YOUM**II+KK-IJ' + MON; 

; 
END; '.LooP ON KK*' 

00014630 
00014640 
00Q146~O 
00Q1~660 
00014670 
00014680 
0001.4690 
00014700 
00014710 
000 147Z0 
00014730 
00014740 
00014750 
00014760 
00014770 
0001H80 
00014790 
00011t800 
00014810 
00014820 
00014830 
00014840 
00014850 
00014860 



SHIT LEVEL NEST 

1031 
1032 
10~3 
1034 
1035 
1036 

Ion 
1039 

1039 

10 /,0 
101,1 
101t2 

1043 
1044 

1045 
1046 
1041 
10~B 
10"9 
10~0 
lOB 
10!:2 
10~3 
1054 
1055 
1056 
1057 
10!:B 
1059 
10fO 
IOU 
1062 
10t:2 
10~3 

1064 
1065 
10t6 

1067 

1068 
1069 
1070 
1011 

1072 
1073 
1074 

:2 
2 
2 
2 
2 
2 

2 
2 

2 

2 
2 
2 

2 
2 

2 
2 
.2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 

2 
2 
2 
2 

2 
2 
2 

5 
5 
5 
I, 
4 
:3 

2 
2 

2 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

END; 
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. 
END; 
1 .X+NT IE; 

END; 

GO fa RECYCLE; 

'* LOa P ON JJ t E:~O OF DO.' 

'.LOOP eN 1$1 

SKIP_JJ: 
PUT LlsTl'TOO MANY ITERATIONS, RUN PROCEEDING') ~KIP; 

SKIP_J: 
END; '.LooP ON J., 
YOUM-SU/IU PO) I 
IF ABSIYOUM-MOX».OOI * SQRTIR) TH~N 

PUT LISTC'PO ~UM ERROR, RUN ~ROCEEOING') SKIP; 
'.EXIT FROM APPROXIMATION PROCEDURE TO OUTPUT STATISTICS.' 

GO TO T_CAL; 
END; ,. END CO NO FOR r DUM .. 1*1 

,.MANIPULATING AS IN OER OF EQ FOR 4PPROl( WKLCS.' 
WORKLOAO-IEOqlEO/WORKLOAO; 
MON-SUM(WORKLOADI, 
IION-MON/H; 
MON"HON'HWL; 
WORKLOAD-WORKLOAD/MON; '*NOR~ALlze., 
USWLwOEO; 
DO 1*1 TO foil 

IIAR .. ASSIWORKLOADC l)-GWI(LO(I I );I.C~lPTG LARGEST CHNG tN WKLDSJltI 
IF VAR)USWL THEN 

USWL-VAR; 
END; 
IF U6~L>.001'M THEN 

00 ; 
GWKlO-WORKLOA 0 I 
ITERATE-ITERATE+l; 
GO TO W_LOOP; 

END: 
ELse . 

COl 
10UM-1& 

GWKLoaWORI<LOAD; 

I-LOOP ON 1*' 
'.CONVERGENCE TEST*I 

I.FINISHEo WITH WORKLOADS. NOW 
ON TO PO., 

GO TO W_LOOP2; ,.GO TO 2_NO MAIN LOOP., 
END; 

I.CALCULATE PO(I,JJ.F~ACTION Of ALL DISPATCHES THAT (1'ARE 'UNIT J TO 
ATOM J' ~O (2) INCUR NO QUEUE DELAY.' 
PD_CALs 

LUt 

Po-OEO; '.HAlRI>', INITIALIZATION.' 
I_R ETURNaPD_CALCa 
AlT_RETURN-ALL_BUSY; 
I<l(a 0; 

I<K-I<K+ I; 
IF KK>RR THEN 

GO TO RETOUR_fINl; 
JaS UlIlSIM(KKJ I; 

00014610 
00014860 
00014890 
00014900 
00014910 
00014920 
00014-930 
00014940 
0001495C 
OO(H4960 
00014911) 
000149$''\ 
00014990 
00015000 
00015010 
00015020 
00015030 
00015040 
000'15050 
00015060 
00015070 
00015060 
000l!'090 
00015100 
00015110 
00015120 
00015130 
tJ0015140 
000151~0 
0001516a 
00015170 
00015180 
00015190 
00015200 
00015210 
0001522t} 
00015230 
00015240 
00015250 
00015260 
00015270 
(01)15280 
00015290 
00015300 
00015310 
00015320 
00015330 
00015340 
00015350 
00015360 
00015310 
00015380 
00015390 
00015400 
00015410 



I 
i 

5TMT LEVEL NEST 

1.015 
1076 

1077 
1078 
1079 
1-080 
1081 

1082 
1083 
1084 
1085 
1086 
1081 
lOBS 

1089 

1090 

1091 

10'12 

10'l3 
10'l4 
1.0<;5 
10'>6 
10<;7 

10<;8 
10';9 
HOO 
1101 
1102 
1103 

1104 

1105 
1106 
1101 
1108 
1109 

1110 
1111 
1112 

1113 

2 
2 

2 
2 
it 
2 
2 

2 
2 
2 
2 
it 
2 
it 

2 

2 

2 

it 
it 
it 
2 
2 

it 
2 
2 
2 
2 
2 

2 

2 
2 
2 
Z 
it 

it 
2 
2 

2 

1 
1 
1 
2 
2 
1 

1 
1 
1 
1 

2 
3 
3 
2 
1 
I 

1 
2 
3 

3 
2 
1 
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L22: 
KIRK +l; 
IF I<>N THEN 

GO TO Ll11 
ALPt<A-B(Kl; 
GO TO TOUR; 

PO_CAlC: 
DO JJ-rSIM(KKI TO ISlMIKK+l)-l; 

J-SIMIJJI; 
XOUM-LIJ)/(NTIE+ll; 
CO ral TO NTIE+l; 

PDlTIECARIII,JI·PD(TIECARIII,J)+STPROBIBIK)+l)*XDUH# 
END: 

END; I*LUOP CN I, THEN JJ*I 
ALL_BUSY: 

GO TO L:l2; 
RETOLJR..,F INl: . 

If CAPACITY aOEO THEN 
fD.~oi(leO-STPROB(NIJ; 

I*COMPUTE WORKLOADS. THIS IS DONE BY SUMMING CERTAIN STATE PROBS IN 
THE ORDEP DETERMINED BV THE HYPERCUBE TOUR. AS INDICATED 6Y Bill, •• _ 
N THE STPICT PE~tODICITIES ASSOCIATED WITH EACH UNIT ARE EXPLOITED. *1 

SCALEl .. l; I.POlt-lTER TO LAST "0" BEfORE 
FIRST "1" FOR UNIT 1*1 

I*EACH U~IT WORKS THE TIME THAT A QUEUE EXISTS~I 
WORI<LOAOkBDPROS(M+Z); I.MATRIX OP;- 0 FOR O-LINE 

CAPACITy CAse*, 
00 1=1 TO 1'1; 

IF r .... M THEN 
SCALE2-SCALE1*TWO; 

SCALE3-TWO*SCALE2; 
CO J·SCALE1 BY SCALE3 

"NUMBER OF SUCCESSIVE ENTRIE*' 
I*S HAVING '1' IN lTH DIGIT., 

WHILEIJ<NI ;'.SKIP TO NEXT seT OF STATES 
WITH SUCCESSIVE 'l"S.1 

00 Kal TO SCAlE2; I.PICK UP SUCCESSIVE ENTRIES.I 
WORKl.OAO( 1 ';'WORKLOAO( II+STPROBCBCJ+Kl+ll; 

END; I.LOOP ON "'*' 
END; I.LOOP ON J*' 
SCA~El·SCAlEl.TWO; 

END: ''''LOOP ON 1'*1 
I.CALCULATE TRAVEL TIMES.I 
I*TQUE=MEAN TRAVEL TIME TO CALLS THAT INCUR A POSITIVE QUEUE DELAY., 
T_CAL: 

TQUe-OEO; 
IF CAPACITY>OEO THEN 

CO; 
00 J=1 TO R; 

DO "''''1 TO R; 
TQUEaTQUE+L(JI*LCKI.TRIJ,KI; 

I***ABOVE CNLY APPROX FOR CASE OF UNEQ SERV TIMES'I 
END; 

END; 
END; 

TAV=l'QUE*SATPROB; 

I.LOOP eN K, THEN J.I 
I*TQUE NOW CALCULATED FOR 
INFINIH CAPAC lTY CASE.I 
"NOTE THIS IS lERO FOR 

00015420 
00015430 
00015440 
00015450 
00015"60 
00015470 
00015480 
0001549C; 
00015500 
00015510 
00015520 
00015530 
00015540 
00015550 
00015560 
00015570 
00015560 
000115590 
00015600 
000156111 
00015620 
00015630 
00015640 
0001.5650 
00015660 
00015610 
0001%60 
0001%90 
00015700 
00015710 
00015720 
00015130 
00015740 
00015750 
00015760 
00015770 
00015780 
00015790 
00015800 
00015810 
00015620 
00015830 
000).5840 
00015850 
00015860 
00015870 
0001568C 
00015890 
00015900 
00015910 
00015920 
000159;'0 
00015940 
000.15950 
00015960 



STHT LEVEL "IE ST 

1114 
HIS 
1116 
1117 
1118 
1119 
1120 
112l 

1122 
1123 
1124 
1125 

1126 

1127 
1128 

ll29 
1130 
U31 
1132 
1133 
1134 
1135 
1136 

1137 
1138 
1139 
1140 
1141 
1142 
1~~;3 

1144 

1145 

1146 
ll47 

1148 
11109 
ll!iO 
11 ~1 
11 ~2 
11 ~3 
11~4 
1l!:5 
ll!i6 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 

2 

2 
2 

2 
2 
2 
.2 
2 
2 
2 
2 
2 

1 
1 
1 
2 
Z 
2 
1 

1 
1 
1 
1 

1 
1 
1 
2 
2 
2 
1 
1 

2 
2 
2 
3 
3 
2 
2 

1 

1 
1 
1 
2 
2 
3 
3 
3 
2 

01) 1=1 TO H; 
SOH"'OEO; 
DENOM .. OEO; 
CO J"l TO R; 
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SOM3S0H+POII,JJ*TII,JJ; 
OENOM-OENOM+PO(I,JJ; 

ENO; 
TAVaTAV+SOHI 

ZERO-CAPACITY CASE*I 

l.lOOP eN J*I 
I*COMPUTING COMMAND-WIDE MEAN 
TRAVEL TIM!:*I 

'-THE FOLLOWING 2 INSTRUCTIONS ONLY APPROXIMATE THE MEAN TRAVEL TIME 
FOR UNIT I FOA QUEUED CAllS*1 

SOMsSOM + TQUE*SATPROB/H; 
IF CAPACITY>OEO THEN 

DENOMoOENOM + SATPROB/M; 
[CArH II-OENOM; 

TCARII)=SO~'DENOH; 

END; 
DO ~"l TO R; 

SOM-OEO; 
[F.NOM=OEO; 
ro 1"1 TO H; 

SOM-SOM+POII,JJ*T(l,Jt; 
OENOMaDENOM+PDII,JI; 

' •• FRACTION OF ALL DISPATCHES 
WHICH ARE TO UN I., 
I*CONO MEAN TRAVEL TIME OF UNIT 
1*' 
,.lOOP ON T *1 
I.NOW COMPUTE CONO MEAN TRAVEL 
TIMES TC REP AREAS*/ 

ENO; 'HOOP ON 1*/ 
IF CAPACITY>OEO THEN 

00; 
I*FOLlOWING INSTRUCTIONS INVOlVE NO APP.ROXIMATIONSfASSUMG a SERV THS*I 

OENO~·DENOM+LIJ'*SATPROB; 
XDUH-OEO; 
00 K-l TO R; 

XDUMaXDUM+U K '4ITR I K.,J); 
END; ''''lOOP eN K*I 
SCM-SOM*XDUM*SATPRoa*LIJ'; 

END; I*END CCNDITIONAL FOR INFINITE 
CAPAC[T~ QUEUE CASE.' 

OREP(J'·OENO~; IhFRACTlON OF TOTAL DISPATCHES 
FROM REP AR J*I 

lREP(J'3S0~/OENOM; ''''CONOITIONAL MEAN TRAVEL TIME 
TO RfP A J*' 

END; l*laop eN J*' 
DO r·l TO M; ''''COMPUTE CONDITIONAL MEAN 

TRAVEL TIMES TO SECTORS.' 
SOM-OEO; 
OENOM-OEO; 
CO Jill TO ~; 

IF SEC(I,JI,aOEO THEN 
DO; 

END; 

--~-

~CM"SOI'H~TREP(JJ*OREPIJ) ; 
DENOM-DENOM*DPEPIJ) ; 

END; 

00015970 
00015980 
00015990 
00016000 
000160.10 
00016020 
00016030 
00016040 
00016050 
00016060 
000;'6070 
00016080 
00016090 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
00016180 
00016190 
00016200 
00016210 
00016220 
00016230 
00016240 
00016250 
00016260 
00016270 
00016280 
00016290 
00016300 

gggt:i~g 
00016330 
00016340 
00016350 
00016360 
00016370 
00016380 
00016390 
00016400 
00016410 
00016420 
00016430 
00016440 
00016450 
0001.6460 
00016470 
00016480 
000lb490 
00016500 
00016510 



S TMT LE VEL NE ST 

USI 

l1~O 
1159 

lHO 
1161 
IH2 
1163 
1164 
1165 
l1.66 
1161 
1166 
1H9 
1110 
1111 
un 
1113 
1174 
1175 

1176 
1171 
1116 
1119 
11EO 
1181 
1182 

llel 
1184 
1185 

1186 
1).87 

1188 
1109 
1190 
1191 
1192 
ll<Jl 

1194 
11.95 
11<;6 
1191 

1198 

L ____ _ 

2 

2. 
2 

2 
2 
2 
2. 
2 
2. 
2 
2. 
2 
2 
2 
Z 
2. 
2. 
2 
2. 

2 
2. 
2 
2 
2 
2 
2 

2 
2 
2. 

2 
2. 

2. 
2 
2. 
2. 
2 
2 

2 
2 
2 
2 

2. 

1 

1 
1 

1 
1 
1 
1 
1 
l 
1 

1 
2 
2 
2 
1 

1 
1 

1 
1 

1 
1 
1 
1. 
2 
2 

3 
3 
3 
2 

1 

aSEe« 1) -OENOM; 

TS EC I I). SO""OENOM; 
END; 
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I.~EAN WCR~LOAO ANO UNBALANCE*I 
MilL "OEO; 
$CM"OEO; 
XDUI#" INFINITY; 
U8I/L-OEO; 
00 I-I TO M; 

'.·FRACTION OF ALL DISPATCHES 
FROM SECTOR I., 
'*OESIReD COND TRAVEL TIME*I 
'.LOOP eN 1*' 

'.FIX LATE~ ~ITH MAX AND MIN*/ 

~WL.MWL+I/ORKLOAO(I'~ 
SOMsSOM+WORKLOAOII'.WORKLOAOII'; 
IF WORKLOAOII'(XOUM THEN 

XOUMaWORKLOAOII,; 
IF WORKLOAOIII>UBWL THEN 

UBWL-WORKLOAOIII; 
END; '*LOOP ON 1*' 
MWL-MI/L/M; 

'VARs, SCM-M"'MW L*MWL) /I M-1); 
SWL"SQII.T(VAR' ; 
UBWL-UeWL - XOUM; 

I*AGGREGATE INPUT C~lLS*/ 
II>IPLi"OEO; 
00 1"1 TO M; 

CO J·l TO R; 
IF SECIl,JI~aOEO THEN 

I NPUTll) -I NPUTI 11 +LC J, ; 
END; 

END; '.LooP ON J, THEN I"" 
I. FINO ~ DISPATCHES THAT ARE INTERSECTOR*I 
I*LOOP BY RESPONse UNIT IN ONE CASE, BY DISTRICT IN ANOTHER*' 

DO I'" 1 TO M; 
FINSECI I '''OEO; 
PINT(II·OEO; 

I*PINSEC (t '-FRAC OF ALL DISPATCHES THAT ARE INTO DISTRICT I AND ARE 
INTRA DISTRICT PINT(I)-FRAC OF ALL DISPATCHES THAT IltORIGINATE FROM 
ATOMS CONTAINED IN DISTRICT I AND (21 ASSIGN UNIT I *1 

J-O; 
TROUBLE: 

J-J+l ; 
IF J>R THEN 

GO TO TROUBLE_OUT; 
IF SEC(l,J),.OEO THEN 

DO; I*IS ATCH J IN DIST 11*1 
PINT(I)·PINTtl)+PDtl,JI+PD2tt,J'; 
00 K .. l TO H; 

''''OOES lINIT K'S OIST OVERLAP WITH THIS PART Of 0151 11 If so, ALL 
DISpS OF UNIT K TO ATOM J MUST BE CONSIDERED INTRAOISTRtCT fOR 
DISTRICT 1*' 

If SEC(K,J'~.OEO THEN 
PIHSECtll-ptNSECtl'+PDtK,J) + P02tK.J); 

END; 
END; 

GO TO TROUBLE; 

''''LOOP ON K A~O END OF 
CONDITIONAL·' 

00016520 
00016~30 
00016540 
00016550 
000)'6500 
0001b510 
00016580 
00('1 16;l,}0 
0001.6600 
00016t:l0 
00016620 
00016630 
0001664(1 
00016t:50 
0001666('1 
000lb610 
00016b80 
00016690 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
000161BO 
00016190 
00016800 
00016810 
00016820 
00016830 
00016640 
OOfJ168~0 
OOOl~ eMl 
000161110 
00016680 
00016890 
00016900 
00016910 
00016920 
00016930 
00016940 
00016950 
00016960 
00016910 
00016980 
00016990 
00017000 
00011010 
00011020 
00017010 
000110it0 
00017050 
00017060 



S1"'T LEVEL NEST 

1199 

lZOO 
1201 
1202 

1203 
1204 
1205 
1206 

1207 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
i2i1 
1218 
1218 
1219 
1220 
1221 

1222 
12Z3 
1224 
l225 

1226 

1227 

1228 

1229 

1230 
1231 

1232 
1233 

1234 

1236 
1231 

2 

2 
2 
2 

2 
2 
2 
2 

Z. 
2 
2 
2 
2 
2 
2 
2 
2. 
2 
2 
2 
2 
2 
2 

2 
2 
2. 
2 

2 

2 

2 

2 

2 
2 

2 
2 

2 

2 

2 
2 

1 
1 
1 

1 
1 
2 
2 
:3 
:3 
.'3 
2 
2 
2 
2 
2 
2 
1 

1 
1 
1 

1 

1 

1 

1 

1 
1 

1 
1 

TROUBLE_OUT: 
END; 
SOM=OEO; 
00 1"1 TO /II: 
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I.LOOP ON 1*1 
00017070 
00017080 
00017090 
00(111100 

ISOO(I)=lEO-PINTIII/DtAR(II; '*INTERSEC OISPATCHES FOR UNIT 00017110 
1*1 

ISDI(II~lEo-PINSEC(l)/DSEC(II;I*OISPATCHES INTO S~CTOR I *1 
SOM .. SOH+PINTt U l laTHAT ARE INTERSECTOR*I 

END; I.LDOP ON 1*1 
MIse-lEO-SOH; InOhL FRAt OF ALL D1SP TI-lAT 

ARE tNT~ASECTOR*1 
I.CCMPUTE PATROL FREQUENCIES.' 
IF PAT_FLAG-l THEN DOl 
PATFII.EQIR+U"'OEtH I"'REGION-WIDE PATRC!. FREQUENCV-' 
DO J" 1 TC R; 
YDU»I-OEfI; 
DO 1=1 TO PH 
IF SECII,J')OEO THEN 

YDUMaYDUM+SEC(I,J'*(l.-WORKLOAD(I',; 
END; I*LooP ON 1*1 
IF STlUt.J»OEO THEN 
PATFREQ(J,=VDUM*PAT_SPEED/STHI(J'; 
ELS E 
PATFREQ(J'aOEO; 
PAT FREQI FI."l '''PATFRE Q( R+l J +LI J J*PATF REQI J'; 
END; ''''LOOP ON J*I 
END; ""END PATROL CONDITIONAL*I 

I*CALCULATE DIFFERENCE AND' DIFF FOR OUTPUT*I 

00017120 
00017130 
00011140 
00017150 
00011160 
00017170 
00017180 
00011190 
00017200 
00017210 
00017220 
00017230 
00017240 
00017250 
00017260 
00017261 
00017262 
00017263 
00011264 
00017265 
00017266 
00017261 
00017270 
00017280 00 1=1 TO 14; 

CWL(I).WO~KLOAD(I)-MWl; 
PWl( U-WORKI.OAD( B/HWl; 
CISOOIIJ-[SDO(I'-MISD; 

I*WORKLOAO DIFFERENCE I"''' Of' MAEN*I 
fROM MEAN*/00017290 

/*OIFf' FROM MEAN OF INTERSEC , 
00017300 
00011310 
00011320 

PISOOII)· ISDOIII/MISDI 

CISDIII1.tSOl(I)~MlSO; 

PISOrlI)-ISOICI)/MtSO; 

DtSP FOP"" 
,." OF IAEAN 
1*1 

................ UNIT 00017330 

CT SECn )"7 SEC( II-YAY; 

PTSECII)aTSECll)/TAY; 
OINPUTI['-tNPUT(ll-lcO/M; 

PINPUTII). INPUT'I)."'; 
END; 

1* PRINT OUTPUT *1 
PUT 

I*OIFF FROM MEAN OF INTERSEC 
DISP FOR*I 
1*'1, OF 
~EAN** ••• **.**.**OtsTRICr 1*1 
I*OIFF FROM MEAN OF MEAN TRAV 
TM TO S 1*1 
1*" OF MEAN-I 
I*SECTOP'S DIFF FROM MEAN 
LAMBDA·I 
1*'1, OF MEAN"" 
''''LOOP ON 1>1'1 

EDlTi 'NSF/RANN - HUO SP~TIAllY DISTRIBUTEO QUEUING MODEL OF AN') 
Al PAGE; 

PUT 

(10017340 
00011350 
00017360 
00017370 
00017380 
00011390 
00017400 
00017410 
00017420 
00017430 
00017440 
00017450 
00017460 
00017410 

(00011480 
00017490 
00017500 

EOITI'URBAN SERVICE SYSTEH: COMPUTED PERFORMANCE MEASURES" (AI 00011510 
SKI P; 
PUT EOITt'PROBlEM TITLE: ',TITLEICAtAt 
IF ESTSTAT-l I ESTSTAT--2 THEN 

SI<lP; 
00017520 
00011530 
00011540 



sr,..,. LEVEL NEST 

1238 
1239 

12040 

12041 
1242 
1243 

1244 
121,4 

1245 
121,6 

121,1 
1246 
1249 
12~0 
12!;1 

1252 

1251 

1256 
12!i9 

12tO 
1261 

lU2 
12f3 

2 
2 

2 

2 
2 
2 

2 
2 

2 
2 

2 
2 
2 
2 
2 

2 

2 

2 
2 

2 

2 

2 
2 

2 
2 

2 
2 

1 
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DO; 
PUT EDITt'***ITERATIVE APPPDXIMATICN METHOD USED**.')I 

COLUMN(5l,A) SKIP(2); 
PUT EDITI'NUMBER OF ITERATIONS REQUIRED: ',ITERATE)! 
COLUMNI5I,A,AII 

END; 
IF CAPACITV>OEO THEN 

PUT 
HHTI 

00017550 
00011561" 
00011570 
00017580 
00017590 
00017600 
00017610 
00011620 
00017630 

'UNLIMITED CAPACITY QUEUE WITH I_ST-COME I_ST-SERVEO QUEUE 
II 

AI SKI P; 
ELSE 

PUT 

D(SCIPLINf'OOU17~40 
00017t:50 
001117660 
00017670 
00011680 

EO ITI 
'NO QUEUING ALLOWED, 
SKIP; 

BACK-UP SYSTEM FOR OVERFLOWS ASSUMEC'I(AI 

IF CAPACITY>OEO G MUIll,aINFINITY THEN 
PUT 
fD IT( 

00017690 
00017700 
00017110 
00017720 
00017730 
00017140 

'IN-QUEUE TRAVEL TIMES 
II 

CNLV APPROXIMATE DUE TO UNEQUAL SERVICE TIMES' 00017 750 
00017760 

AI SKIP; 
PUT EDIT('RUN NUMBER: ',RUNNUMIIA,F(21) SKIP; 
PUT EDITIR_UNIT".~.TOTAL NUMBER OF = ',~I(A,X(2),A,F(2)1 SKIP; 
PUT EDIT/ATOM,· ••• TOTAL NUMBER OF = ',RI(A,XI2I,A,FI31) SKIP; 
XOU~=RO-(NUM.l-kuNNUM)*IRn; 
PUT EOtTI'AVERAGE SE~VICE TIME= ',SERVT~.' MINUTES'II 
A,F(6,2I,AI SKIP; 

PUT 
EOITI'AVERAGE NUMBER 

A,A,A,FI7,3)1 SKIP; 
PUT 

PER HOUR OF ',CFS,' = ',XDUM$60./SERVTM) 

EOIT( 'AVERAGE NUMBER PER • ,SERVTM.· MINUTES OF ',CFS,' .. ',XQUf04) 
A, FI b,21 ,A,A,A,FI7 ,31 I SKIP; 

IF PAT_FLAG-l THEN 
PIlT EDIT (I SPEED 
51'. IP; 

PUT 
EOITI 

'AVERAGE UTILIlATICN FACTOR (IN THE CASE OF LNLIMITEO LINE CAPACITY). , 
XOUM/~)(A,F(1,3)1 SKIP; 

PUT EOITI'REGtON-WIOE AVERAGE TRAVEL TIMEa ',TAV,' MINUTES') ( 
A,FI7,3I,A) SKIPI31; 

IF CAPACITY>OEO THEN 
PUT 
~OITI'AVERAGE TRAVEL 
I 
A,FI7,3I,A) SKIPI31; 

TIME FOR QUEUED CALLS- t,TQUE,' MINUTES') 

PUT EOlT(lPI<OBABILITY OF SATURATION- ',SATPROBIIA,FI1,5)I SKIP; 
PUT EDITI'REGION-WIDE AVERAGE WORKLOAD (~ TIME BUSYI= ',MWLI ( 

A , F I 7,51 J SK 1 P; 
PUT EDITI'STANDARD DEVIATION OF WORKLOAC~ ',SWL)(A,FI7,311 SKIP; 
PUT EDITI'MAXIMUM WORKLOAD I~BALANCE. ',UBWLI(A,FI7,SII SKIP; 

00017770 
00017780 
00017790 
00017800 
0001781(1 
00017820 
00017830 
00011840 
000176!>0 
00017860 
00017810 

100017860 
00017890 
00017900 
0001791u 
00017920 
00('117930 
00017940 

'0(\011950 
00017960 
00017970 
00017980 
00017<)90 
00018000 
00018010 
00018020 
0(1018('130 
00018040 
00018050 
00018060 
00018070 
00018(18(1 
00018090 



snIT LEVEL NEST 

1264 

IU5 
1266 

1261 

1268 
1269 
1270 

1271 

1214 
1215 

1276 
1271 
1216 

1279 

1280 
128t 

126Z 
128, 
1284 
121!5 

1286 

1257 
1268 

2 

2 
2 

2 

2 
2 
2 

2 

2 
2 

2 
2 

2 
Z 
2 

2 

2 
2 

l 
2 
l 
2 

2 
2 
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PUT 
EOtT('FRpCTION OF DtSPATCHES THAT ARE iNTER-',R_OIST,' ,. ',~ISOI 
A,p,A,Ft7,5)) SKIP!)); 

IF PAT_FLA~.1 TH~~ 

PUT 

PUT 
EDIT( 'REGION-WIOE AVERAGE PATROL FREQ~:fENCV. I, 
PATFREQIR+ll,' PASSES PER HOUR!)I 
A,FI8,3),A) SKIPI); 

EOITI'PEPFORMANCE MEASURES THAT APE SPECIFIC TO EACH ',~_UNITI 
A,.4) PAGE; 

PUT ECrTI'IO OF,),COLUMNI41,AI SKIP(2); 
PUT EDIT(P_UNIT,IFRACTION OF'IICOLUMN(4),A,COLUMNC341,AI SKIP; 
PUT eOIT('WQRKLOAO','t OF','OISPATCHES'," OF','AVERAGE') ( 
Cr.LU~N(16),AtCOLU~N(28),A,CoLUMNC34),A,COLU~N'50I,A, COLUM~(581. 
AI SKIP; 

PUi 
EOITI'NAME','NO OF UNIT','ME~N"'OUT OF ',R_OlST, 

, ~EAN . TRAVEL TIME'II 
A,COLUMNIIZ',A,COLUMNIZ8l,A,COLUHNI34"A,A,A) SKIP; 

DO 1"'1 TO 1'4; 
FUT 
~O Ii INM_UN IT( I I ,NC_UN IT It I ,W~KLOAO( I ItPWL( 11*100. ,ISOOI I) t 
PISDOII)*100.,TCARIllll 
~,COLUMNll1I,f(3),COLUMNll11,FI5,3I,CCLUMNIZ1),F(5,1); 
COLU~NI31),FC~,4I,COLU~NI49),FI5,1)tCOLU~NI58},F(1,3») S~lP: 

END; I*LOOP ON 1*1 
PUT 
EOITI'PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH ',R_DISTI 

A, ~I SKIP( 51; 
PUT EOlrl'to OF'IICOLUMN{4I,AI SKIP(21~ 
PU~ EOITIR_OIST,'FRACTION OF"ICOLU~NI31,AtCOLUMNI341.AI SKIP. 
PUT EOtT('WQf<.KLOA.O','~ OF','OISPATCHES',':C OF','AVERAGEI) ( 
COlUMNI161,A,CulUMNI28I,A,COLUMNI341.A,COLUMN(501,A,COLUMNI581, 

A I; 
PUT 
EDITC'NAHEI,'NO OF "R_DIST,' MEAN INTER-'.R_OIST, 

'/-IF.AN .TRAVEL TIME' IIA,COLUMNI12I,A,A,A,A,COLUMNCSOI,A) SKIP: 
oa 1"'1 TO 1'4: 

PUT 
ECITINM_DISTIII,NO_OISTIII,INPUTII'*XOUM,plNPUTII}.1000' 

aOOlalM 
C 00018110 

0001.8120 
00018130 
0001,8140 
0001815() 
00018151 
00018170 
00018160 
00018190 
O()016Z00 
00018Z10 
00018220 
00016Z30 
00016240 
00018250 
00018260 
00018210 
00018280 
00016290 
00018300 
00018310 
000183Z0 
00018330 
00013340 
00018350 
00018360 
00018310 
00018380 
00018390 
00018400 
00018410 
00018420 
00018430 
000Ul440 ~, 
000184S0· 
000L6460 
00018470 
00018480 
00018490 
00016500 
00018510 
(\{I018S20 

j SOl( I I, lOO. * r SOl Ill/MI SO, TSEC (I I I C 
h,COLUHNlllltf(3),COLUMNt17);FIS,3), COL\)MNIZ1"FI5,lI, 
rCLUMN(31),FI5,4I,COLUMNI491,FIS,ll,COLUMNI58I, F11,311 

END; '*LOOP eN 1./ 
IF PR~T_AT_FLAG~l THEN 

GO TO AT_SKIf'. 
PUT 

SK r P; 00 ill a 530 
00018540 
00018 S50' 
00018560 
00018510 

EOITI'PEkFORMANCE MEASURES THAT ARE SPECIFIC TO rACH ',ATOM) 

PAGl'1 
PUT fOIT(' to M WCRKLOAO' ,'AVE': 

A,COLUMN(23),A,A) SKIPIZ): 
!OUII"29<1>MA.XIH,S*MI; 
IF PAT_FLAG-l THEN 

FRACTION OF 'tCFSI I 

IA,AIOO'H8580 
M018590 
0(hH8600 
OOiH8HO. 
OO0186Z() 
00)018630 
00018640 



S1/o1T LEVEL NEST 

neq 
1290 

1291 
1292 
12<;3 

tZ94 
1295 
12C;;6 

12<)7 
129B 
1299 
13<'0 
1301 
I.3P2 
1303 

1304 
1305 
1306 
13C7 

130B 
1309 
1310 
1311 

1312 
1313 
1314 
1315 
1316 
1317 
131B 
ln9 

1320 

1321 

1322 
1323 
l'324 

2 
2 

2 
2 
2 

2 
2 
2 

~ 
2 
2 
2 
2 
2 
2 

2 
2 
? 
2 

2 
2 
2 
2 

2 
Z 
2 
Z 
Z 
2 
2 
1 

2 

2 

Z 
2 
2 

1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
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PUT f.DITt'fREQUENCY OF'I(COLUMN(IOUM1,A) SKtP(Ol; 
PUT EDITlI\TOM,'OF', 'TRAV FROM ',ATOMI ( 

A, C.OLUMN( 13I,A,COLUto!NIZ31 ,A, Al SKI PI 
IF PAT_FLAG=l THEN 

~UT EDITI'PREVENTIVE PATROL"(COLUMNIIDUM),AI SKIPtOI; 
PUT EDIT(ATOM,'TIME SERVICED BV UNIT NU~AER:'11 
COLUt-'NIIZI,A, COLUMNIZ3),AI SKIP; 

IF PAT_FLAG-t THEN 
PUT EDITI'PASSINGSIif/HOURI') ICOLUMNI IDUMI,AI SKIP(O); 

PUT F.OITPIIiCALLS/IOOHRI',(NO_lINITIII 00 Ixl TO MIl ( 
COlU,",NI91,A,COLUMN(291,IM)(FDI,)«(ZIII SKIP; 
xou~·xnUM·6000./SERVTM; 
DO J m l TO R; 

YOUM-U J l; 
IF vDUM.OF.O THEN 

vOUM-INFHH TV ; 
t<"A_MAP(JI: 
PUT 
~OIT(K,L(J)*XDUM,TREPIJ),! 
ttpOtl,JI+PC2\t,JH/YOUMI 00 \"1 TO !'In I 
COLUMN (3) ,F( 3), COLUMN 1111 ,F (6,2) ,COLUMN! ZO) ,F (1,3) , 

COLUMN(Z81, (MHF(4,ZI,)«(l)1I SKIP; 
IF PAT_FLAG=1 THEN 

PUT F.DITIPATFREQ(J»)(COLUMN(IOUM+2),FI6,2» SKIPIOI; 
END; l*lOOP ON J*/ 

AT_SKIP: 
ESTSTAT=-ESTSTAT; 
IF ESTSTAT~-2 THEN 

GO TO APPROX1 
GO TO OUTLOOP; 

CUTLOOP_FHII: 
FRE~ PD,PD2,MWL,MISO,TAV,VAR,SWL,U6Wl,DINPUT,PINPur,INPUT. 
WOPKLOAD,TCAR,TSEC,TREP,TQUE, OCAR,DSEC,CREP,DWL,PWL,DISDO,PISDO, 
DlSCI,PIsor,OTSEc,PTSEC,ISDO,ISDl,PINSEC.~OX,~ON,PINT,SATPRCB, 
GWKLO,PATFREQ; 
IF CE6UG>0 THEN 

CO; 
PUT lIST('TIME AT COMPLETION OF RUN') SKIP(S); 
CAll PRN'T_TlME; 

END; 
G'J TO K_RETURN; 

END CALCVAL; 
PRNT_TlME: 

PROC; 
OCL 

DCl 
TIME BUILTIN; 

ATI"E CHAR(9), 
HR CHARIZ), 
!'IN CHAR(2), 
SC CHARI21, 
foiLS CHARI3J; 
ATI ME-UME; 
HR.SUB5'T~(ATIME.l,2); 
MN~SUBSTRIATIME,3,2): 

OOOLSl:SO 
00018660 
00018610 
00n6~80 
00018690 
00016700 
00018710 
00016720 
0001S 730 
0001B740 
00018750 
00018160 
00016110 
00018780 
00t)l8790 
0001B600 
0(11)18610 
00018B20 
00016630 
0<)O.lB64Q 
00016B50 
00018660 
00016610 
00018871 
00019000 
00019010 
00019020 
00019030 
00019040 
00019050 
00019060 
00019070 
00019080 
OOO~9Q90 
00 0 t9l.01,) 
00019110 
00019120 
00019130 
00019140 
00019150 
00019160 
00019171,) 
00019180 
00019190 
00019200 
00019210 
00019220 
00019230 
00019240 
00019250 
00019260 
00019210 
000192M 
00019290 
00019.300 



SHIT lEVEL NEST 

1325 
1326 
1327 

132" 
1329 
1330 

13~1 

1332 
1333 
1334 
1325 
1336 
1331 
1.338 
1339 
1340 
1341 
lH2 
1343 
1344 
13'15 
1346 
lllt7 

2 
2 
2 

2 
2 
1 

2 

2 
Z 
2 
2 
2 
2 
2 
Z 
2 
2 
2 
2 
2 
2 
2 
1 

SC=SUBSTR(ATIHE,5,2j; 
MlS=SUBSTRIATIME,7,31; 
PUT 

-37-

'=OIT(tCURRENT TIME: ',HR,' HR ',MN,' MIN ',SC, ' SEC ',lollS, 
, ~ILLISEC'ICA,A,A,A,A,A,A,A,AI SKIP; 

PUT SKIPC21; 
E'JD PR NT _ TIM!:; 

!:1lP.: 
PROCt t); 
DCl. 

t FIXED DECIMALIZI; 
IF 1=1 THFN 

PUT lISTC'TOO MANV UNITS FOR EXACT MCDEl'1 SKIP; 
IF 1'=2 THEN 

PUT LIST('TOO MANV GEOGRAPHICAL ATOMS') SKIP; 
IF 1-3 THEN 

PUT LISTI'INCORRECT SPECIFICATION FOR ESTSTAT" SKIP; 
IF 1-4 THEN 

PUT LISTI'OROERING LOOP ERROR') SKIP; 
IF 1=5 THEN 

FUT LlSTI'SIMILARITV SET ERROR') SKIP; 
IF 1"6 THEN 

PUT LISTI'QUEUE SATURATEO') SKIP; 
PUT lISTC'RUN TERMINATED" SKIP; 
STOP; 

END ER II; 
END HVPCUBE; 

00019310 
00019320 
OO'.ll9:nO 
00019340 
00019350 
00019360 
000193N 
0001qJ80 
(01)193<10 
00019400 
00019410 
00vl~420 
00019430 
00019440 
0001'1450 
00019460 
00019470 
00019480 
00019490 
00019500 
00019510 
00019520 
0001953('1 
00019540 
00019550 
('I1')('I195M 
U0019570 



DCl hO. IDENTIFI~R 

31 

ABS 

31 ••••••••• ADDRESS 

31 ALPHA 

911 APPROX 

1301 

1321 ATIME 

31 ATOM 

31 •••• * •••• B 

31 BOPROB 

31 eETA 

31 C 

BBB CALC OUT 

268 CALCSFC 

ATTRIBUTE AN~ tROSS-REFEPEhCE TABLE 

ATTRIAUTES AND REFERENCES 

'*)AUTOMATIC,ALIGNED,BINARy,FIXEOI15.0) 
68.124,148,255,2~6,410,412.483,511.596.1302 

GENERIC,BUILT-IN FUNCTllON 
218,218,315,315.348,348,366,366,384,3B4.611,165,908,998,1041,1052 

AUTOMATIC,ALIGNEO,BINARY,FIXEOI15,0) 
654,655,655.128,139,139,140,152,152,153 

STATEMENT LABEL COtlSUNT 
1069 

AUTO~ATIC,ALIGNEO,STRING(15),BIT 
641,649,124,125,132,133,145,146,813,813,859,861,1019 

AUTOMUIC ,LABEL 
631 ,883,1069 

STATEMENT LABEL CONSTANT 
1309 

STATE~tNT LABEL CONSTANT 
1284 

AUTOMATIC,UNAlIGNEO,STRING(9),CHA~ACTER 
1322,1323,1324,1325,1326 

AUTOMATIC,UNALIGNEO,STRING(81,CHAPACTER 
60,106,120,146,253,464,469,469,471,418,503,505,506,590,1249,1285 
1290,12'10 t 1293 

'*IAUTOHATIC,ALIGNEO,BINARY,FIXEOI15,01 
601,60'2,608,608,613,613,614,614,615.615, 641 ,695,6<;6,102.102.110,124 
812,Bl~,816,1079,1085,1099 

(*IAUTOMATIC,ALIGNED,O~CIMAl,FLOATIDCUBLEI 
b59,660,663,663,664,610,670,671.674,614,676,679,712,159,161,186,18~ 
181,893,895,900,914,918,927,931,942,942,1092 

AUTOMATIC ,ALlG~lED,STltING(l5) ,BlT 
649,650,651.652,732.734.135.745.147,148 

(.,.'AUTOMATIC.ALIGNED,BINARY.FLC'T(SI~GLEI 
281.295,296.363.366 ,HO ,384 ,387,412,413,425,439,"'48,457, 51lt 535,535 
531,S37,514,514,576,'76,580,580,~b~,805,81B,B1B,8]2,B32.840.840,865 
B65.949,949,960.960,LOI5,1015,1020, 1020 

STAT~~ENT LABEL COhSTANT 
91 

ENTRY~DEC1HAL.FLOAT(SINGLS) 

I 
W 
(» 
I 



DCl "c. IDEIf~IFr[-q ATTRI BUrES AND REFERENCES 

172 

28 CALCVAl ENTRV,rECIMAL,FLOATISINGlEI 
25 

31 CAPO\CITV AUTO~ATIC,AlIGNED,BINARy,FLOATISINGLEI 
40,238,66e,106,151,l16~891,q13,911,925,941,985,988,l089,1105,1123 
1135,12 .. 2,1245,12S8 

31 CRIT AUTOMATtC,ALIGNEO,STPINGIll,BtT 
133,134,136,146,141,149 

91 CCOUT STATE~ENT LABEL CONSTANT 
Bl 

31 CFS AUTOMAT IC ,UNALl GllED ,5 TR I NG ( 16) tCH~RACTER 
59,146,1252,1253,1286 

31 COMM AUTOMATIC,UNALIGNED,STRINGII0),CHARACTER 
99,100,108,109,129,131,139,141,151, 162,164,114,188,193,199,204,209 
222.230,235,231,239,241,243,245,247,249,259,261,263,265,433,434,443 
452 

31 CONV_'1FTRIC AUTOMATIC,AlIGNFD,BINARN,FLOAT(SI~GLEI 
119,721,722,766,166,110 

I 
31 C_SCAlE AUTOMATIC,ALIGNED,RINARY,FlOATISINGLE) w 

\0 
43,21'\,215,236 I 

32 CCA~ C.'CONTROllEO,ALIGNED,BINAqV,FLOATISINGLEI 
888,1125,1202,1311 

2 .......... DEBUG AUTOMATIC.ALIG~EO,BJ~ARy,FIXEO(15,0) 
3.4,5,29,11,76,83,92,514,552,114,769.191.934,1312 

31 CENO'1 AUTOMATIC,ALIG~EO,OECIMAl,FLOAT~OCUBlEI 
661,664,664,671,611,674,778,779,782.183,180,1116,1119,1119,l124,11l4 
1125,1126,l130,lI33,1133,1137,1131,ll44.1145.1149,1154,1154.1151 
U58 

756 CIAG_IlIV STATEMENT LABEL CONSTANT 
743 

32 CINPUT C*ICONTROlLEO,ALIGNEO,BINARV,FLOAT(SlNGlEI 
888,1231,1311 

31 ••••••••• CI S_MET~OD AUTOMATIC,AlIGNEO,BINARy,FIXEOC15,01 
55.240,242,244,246,294,297,326.379,392,485,487.489.491,502 

32 DISOI '.'CONTROllEO,ALIGNEJ,6INARY,FLOATISINGlEI 
888,1227,1311 

32 DISDO C*ICONTROLLEO,ALIGNEO,8INARV,FLOATCSINGLEI 
6B8 ti225. 1311 



DCL 1'10. IDENTIFIER ATTRIBUTES AND REFERENCES 

32 DREP 1*ICONTROLLED,ALIGNED,6INARy,FLOATISINGLEI 
888,1144,1153.1154.1311 

32 OSEe I.ICONTROLLED,ALIGNED,BINARY,FLOAT(SINGLEI 
B88,IS51 t 120),1311 

32 OTSEC 1*)CONTROLLED,ALIGNED,8INARy,FLOATISINGLEI 
886,1129.1311 

31 CUMBIT AUTOHATIC,ALIGNED,S~"INGI151,BtT 
652,6531,813,614 

32 OWL 1.~CONTROLlED,ALIGNEO,8INARY,FLOATISINGLEI 
868, t 2;t3, 1311 

1036 ENO_t STA l'EMENT LABEL CONSTANT 
1013 

581 ENO_SIf04_LP STATEMENT LA B EL CONST ANT 
562 

547 END_SWITCH STATEMENT LA8EL COr-,STANT 
542 

981 ~ND_W_LOOP STATEMENT LABEL CONSTANT 
957 

I 
J;:o.. 
0 

31 EPSILON AUTOMATIC,ALIGNEO,BINARV,FLOATISINGLEI I 

38,72.1 

1330 ERR ENTRV,DECIHAL,FLOATCSINGLE) 
11,13,17,550,589,669 

2 ........... ESTSTAT AUTOMATle,ALIGNED,BINARy,FIXECII5,O) 
4,10,16,16,19,22,599,680,908,908,909,1237,1231,1307,1307,1308 

31 fACT (16)AUTOMATIC,ALIGNED,INITIAL,OECIMAL,FIXEJI13,0) 
618,618,618,922,924,931 

21 FINtSH STATEMENT LABEL CO~STANT 

31 ........ * FI:.AG 1*)AUTOMATIC,ALIGNED,BI~ARy,FIXEOI15,01 
558,561,567,583 

31 •••• It •••• FRST_PREF AUTOMATIC,ALIGNEO,BINARy,FIXEDI15,0) 
54, 21t 8 ,419, 493 

32 GWKLO (.)CONTROLLED,ALIGNEO,BINARY,fLOATCSINGLE) 
888,936,956,966,978,1052,1058,1064,1311 

H AUTOMATIC,ALIGNEO,OECIMAL,FLOAT(SINGLEI 
166,168,176,179,436,437,445,446,454,455 

657 MERE_I F_ONES STATEMENT LABEL CONSTANT 
631 



DCL f\O. IDENTI FIE R 

1321 HR 

i HVPCUBE 

1331 

269 ••••••••• 
31 

31 LRETURN 

31 

31 ****..... IOUM 

31 INFINITY 

INI 

ATTRI8UTES AND REFERENCES 

AUTOMATIC,UN~LIGNED,STRI~GC21,CHARACTER 
1323,1327 

ENTRY,DECIMAL.FLOATCSINGLEJ 

PARAMETER,ALIGNEO.~~CIMAL,FIXEO~2,OJ 
1330,1332,1334,1336,1338,1340,1342 

PARAMETER,ALIGNEO,BINARV,FIXEDCI5.01 
268,2.72,276,277 

AUTOMATIC,ALIGNEO,BINARY,FIXEDII5,01 
61,62,62,63,63,64,65,67,68,68,121,121,122,122,124,124,155.156,156 
156,166,167.170,172,176,177,181,184,186,186,211,212,212,216,218,218 
218,225,227,227.282,286,290,299,303,305,306,309,310,315,315,322,328 
333,342.343.348,348,355.358.363,366,366,366,368,31~.381,384,384,384 
386,387,394,399,403.404,412,413,422,423,425,426,436,439 t 445,448,454 
457,410,410,412,472,480,480,481.481,483,483.508,508,509,509,511.511 
522,523,523,527.528,528,532,549,560,561,565 .5(16, 510,5 74, 514,574,574 
592,593,593,596,601,608,608,611,618,618,618. 625,626 ,627, t.48, 650, 6 52 
662,663,663,663,664,613,~74,614,101,102,102,1l0,711,712,725,726,727 
728,128,137,731,740,740,750,750,753,753,756,756,756,757,763,765,604 
805,808,808,823,824,826,821,844,845,847,850,818,859,861,662,864,901 
902,904,921,922,9~2,922f941,~48,949,949,954,954,954,955,955,955.955 
956,959,966,973,973,973,974,974,974,978,980,980,1008.1009,1010,1012 
1015,1016,1019,1~28,1028,1031,1034,1034,1051,1052,l052,1084,1085 
1085, 1093 ,1094,1099,1099.1114,1118',1118, 1119, 1125,1126,1131,1132 
1132,1133,1147,lI51,l157,1158,1164,1165,1166,1166,ll67,1168,1169 
1170,1177,1179,1180,1180,1183,1184,1185,1190, 1192,11~2,1192,1192 
1195,1195,1201,1202,1202,1202,1203,1203,1203.1204,1212.1213,1214 
1214,1222,1223,1223,1224,1224,1225,1225,1226,1226,IZ27,1227,12ZU 
1228.12Z9,1229,1230,1230,1231,1231,1232,1232,1272,1273,1273,1273 
1273,1273,1273,1273,1280,1281.1281,1281,IZ81,1281,1281,1281,lZ96 
1296,1303,1303,1:;03 

AUTOMAT Ie ,LABEL 
630,806,810,830,836,855,87c,879,887,1068 

1*, '* I AUTCMAT Ie, AUGNEO, BINARY. F I XED C 15,0 I 
523,528,528,535,535,537,537.539,539,543,544,544,545,570,570,574,574 
576,576,580,580,B01,805,805,808,824,859,662,8~5,861,810,949,949.954 
954,955,955,955,956,960,960,966,973,913,914,974.978,1009,1015,1020 
1020,1028.1031 

AUTO~ATIC,ALIGNED,BINAPY,FIXEC(15.0J 
543,545,593.594,596.596,626,627,111,112,712,720,723,771,772,713,937 
944,953,972,983tl063,1287.L289,129Z,1295,1305 

AUTOMAT IC ,AL I GNED, BINAFY, FLOAT( S I "'GLE' I 
35,53,238,293,29~,313,346,~90,729,760,784,1162,1245.1301 

STATE~ENT LABEL CO~STANT 
70 



DCl liD. IDENTIFIER ATTRIBUTES ANC REFERENCES 

514 INIT 14LIlE STATEMENT lABEL rO~STANT 
18 

32 INPUT '.,CCNTROLlEO,AlIGNEO,BINARY,FLOATCSINGlEI 
888,1116,1180,1180.1231.1232,1281,1311 

31 IRQ AUTOMATIC.ALIGNEO.8INARY,FlOATISIIIGLEI 
89,113,133,681,911,1250 

32 ISOI 1·'CONTROLLEO,ALIGNEO,BINARy,FlO~TISINGLEI 
888,1203,1221,1228,1281,1281,1311 

32 1500 I*ICONTROLLEO,ALIGNEO,BINAPV.FLOATCSINGLEI 
888,1202.1225,1226,1213.1311 

II .. "'''' ...... ISHI C.)AUTOMATIC,AlIGNEO,BINARY,FIXEOl15,0) 
559,564,564,565,5B4.585,585,588,5~3,593,596,636,644,644,1014,1081 
1081 

31 •••• 11.* •• ITE~ATE AUTOMATIC,AlIGNEO,BINARY,FIXEDI15,01 
121,115,715,794,939,1059,1059,1~40 

2t.9 .* •••• *** J AUTO~ATIC,AlIGNEO,BINA~y,FIXEC(15,0) 

271,272,213,215,216,211,211 

31 * •••••••• J AUTOMATIC,AlIGNEO,BINARY,FIXEOCI5,OJ I 
116,117,118,121,122.124,169,170,L80,181,184.217,218,218,218,254,255 -"'" 

N 
255,283,288,290,302,303,305.305,306.306,314,315,315,319,332.333,335 I 
335,336,336,331,341,348,348,352,359,361,363,366.310,382.384,384.384 
381,381,398,399.403,403,404.421,423,425.438.439.441,448,456.457,471 
472,472,5i9,52P,528,528,535,535,535,535,531,531.531,531,539,539.543 
544,544,545,566,56?,510.516,576,516,576,580,5eO,580,~80,583,584,596 
596,604,636,6~8.102t109,110,723,724,801,805,805,805,805,B08,818,818 
824,832,832,840,840,859,862,865,865,865,867,810.903,904.904,919,921 
922,924,924,924,928,928.943,945,946,949,949,949,949,954,954,955.955 
955,955,955,956,960.960,960,960,966,~1],913,914,914,974,914,918,9;0 
991,994,995,996,1004,1009,1012,1012,1015,1015,1015,101~,1016,1020 
1020,1020,1020,1028,1028,1031,1031,1074,1082,108],1085,1085,1091 
1091,1099,1107.1109,1109,1117,1118,1118,1119,1128.1132,1132,1133 
1131,1140,1142,1144.1145.1150,1151,1153,1153,1154,1118,1119,1180 
1186,1181,1181,1188,1190,1192,1192,1194,1195,1195.1210.1213.1£14 
121~tI211,1211,1218,1219,1219,1298,1299,1302.1303,1303,1303,1303 
1305 

586 LLOOP STATEMENT LABEL CQNSTANT 
568,571.571,5et 

31 ••••• ** •• JJ AUTOMATIC,AlIGNEO,BINARY,FIXEO(15,O) 
368,370,386,381,400,401,403,403,404,409,410,412.413,644.645,841,848 
848,8f4,865,861,810,1009,1012,1012,1015,1016,1016,1019,1020,1020 
lO22,1025,1028,1031,10Al,1082 

31 *** .. * ••• - K AUTOMATIC,ALIGNEO,8INARV,FIXEO(15,O' 
123,124,124,141,148,14e,168,179,285,286,288,319,322,35l.355,J60,361 
366,366,369,372,395,401.410,431,446,455.465,466,461,470.412,482.481 



----------------

OCl ,.0. IOE'jT lFiER ATT~ISUT~S AND REFERENCES 

483,510,511,511,534,535,535,537,537,539,S39,5~3,54~,544,~45,569,'10 
570,573,574,574,576.576,580~5aO,612t613,613,614,614,615,615,621,622 
622,622,637,63B,63a,639,641,691,6S2,692,131,733,734,737,744,746,747 
798,aI2,816,81~,959,960,960,96Z,9~5,S66,S70,97j,973,914,914,977.978 
993,1001,1001,1(1('2, lCl15, 1076, 1076,1077, 10H,1085, 1e98, 1099,1108,1109 
1109, 1139,11',0,1140 d193, U 94,1195; 1195, 130Z, 1303 

582 K_lOOP STATE~ENT lABEL CONSTANT 
578 

31 K_RETURN AUTOMAT Ie ,LABEL 
70,74,62,91,127,Lj5,600,6SB,6Bl,191.1317 

31 .,.".**~ "'* .. K8 AUTO~ATIC,ALIGNEO,BINAPy,FtXEO(15,OI 
651,654,654,735,737,740,748,750,753 

31 ••• "'*** •• KC AUTCMATIC,ALIGNEO,8INARY,FIXEO(15,0) 
653,654,814,815 

31 ........... KK AUTOMATIC,ALIGNED,BINAPV,FIXEO(15,01 
116,119,121,122,124,369,310,467,468,470,472,632,633,633,634,636,644 
644,971,913,973,974,974,1027,1028,1070,1071,1071,1072,1074,1081,1081 

31 L (+JAUTOMATIC,AlIGNED,BINARY,FLOAT(SINGLEI 
143,144,145,145,146,273,277,335.336,337,401. 4 04.645,904,945,946,991 
995.9~6,1004,lOB3,1109,ll09,1137,1140,1142,11eo,1219,1299,1303 I 

~ 

633 Ll STATEI4ENT 
Ul 

LABEL COf\STANT I 
640 

1011 lU STA TEMENT LABEL (1)1'-I5TAI'<1 
1078 

63B l2 STI. TEMENT LABEL CONSTANT 
657 

1076 L22 STA TEMENT LABEL CONSTANT 
1088 

lOB lUP SHTEMENT LABEL COf\STANT 
261 

109 LAAP2 STATEfo!ENT LABEL CONSTANT 
101 

31 lA5TVER AUTOMATIC,AlIGNEO,STRING{15I,BIT 
812,613,B13 

LOG2 GENEPIC,dUILT-IN FUNCTION 
815 

4 LOOP STATEMeNT LABEL CONSTANT 
26 

2 •• ** •• *** M AUTOMAT!C,ALIGNED,BINARY,FIXEOI15.01 



DCL ,.0. IDENTIFIER 

••••••••• MAP 

31 "ASK 

658 MATRET 

643 

,..AX 

31 ••••••••• M~XBOUND 

31 IIINVAL 

32 MISD 

1321 I'ILS 

1321 !'IN 

32 

32 MOX 

31 MU 

32 "WL 

ATTRIBUTES AND REFERENCES 

4,10,20,23,24,31,31,31,31,31,31,31,31,31,31,31,31,31.31,31,31,61,104 
105,116,117,119,121,122,124.155,159.282.293,296,299.328,358,360,372 
381,394,395,422,426,480,480,481,481,483,483,508,508,509.509.511.511 
522,527,532,534,549,569,573,604,617,618,618,625,662,668,b70,670,670 
671,613,698,731,744,75~,759,759,761,761,782,7e6,786,787,804,823,827 
858,864.882,32,32,32,32,32,32.32.32,32,32,32,32,32,32,32,32,32,32,J2 
32,32,32,32,8~5.900,901,911,914.918,919,921,922,922,924.924,927,931 
942,942,945,947,948,959,962,1008,1010,1019,1022,1041,1051,1056,1092 
1093,1094,1114,1122,1124,1131;1147,1164,1172,1173,1173,1177,1183 
1193,1201,1212,1222,1231,1232,1248,1256,1272,1280,1287,1296,1296 
1303,130) 

1·'AUTOMATIC,AlIGNED,8tNARY,FIXEDI15,01 
620,622,622,654,692,695,696,702,702,707,707,728,756 

1*'AUTOMATIC,AlIGNEO,STPINGI151,BIT 
624,627,652 

STATEMENT LABEL CO~STANT 
635 

STATEMENT LABEL CONSTANT 
630 

GENERIC,BUILT-IN FUNCTICN 
16601287 

AUTOMATIC,ALIGNEO,BINARY,FIXEOt15,01 
37,721 

AUTOMAT(C,ALIGNEO,BINARY,FlOATISINGlE) 
39,163 

CONTROLlED,ALI~NED,BINA~YtFLCAT(SINGlE) 
88B,1206,1225,1226,1221,1228,1264,1281,1311 

AUTOMATIC,UNALIGNED,STRING(3),CHARACTER 
1326,1327 

AUTOMATIC.UNALIGNED,STRING(ZI,CHAFACTER 
1324, 1327 

CONTROlLED,ALIGNED,BINARY,FLGAT(SINGlEI 
888,916,9l8,921,921,928,994,995.1004,1005,l005,1026,lO28,1028,1031 
1046,1041,1041,1048.1048,1049,1311 

CONTROllED,ALIGNED,BINARY,FLGATtSINGLEI 
888,945,946,954,955,956.956,969,978,978,987,989,995,996,1004,1041 
1311 

(*'AUTOMATIC,AllGNEO,BINARy,FLOAT(Sl~GLEI 
53,153,156,158,158,159,160,160,690,696,702,729,737,760,784,899,902 
1245 

CDNTROllED,ALIGNED,SINARY,FLOAT(SINGlEI 

I 
.f:
.f:
I 



DCl NO. tDENl'lFIER ATTRIBUTES AND REFERENCES 

88B,912r914,914,936,942,104S,1160,1165,1165,l172,1172,1173,1173,1223 
1224,1261,1311 

2 "'."'."1<*", N AUTOMAT1C,AlIGNED,B[NARV,FIX~DI15,QJ 
18,20,23,23,31,31,31,31,31,38,39,612,621,6)9,691, 707, 707, 709, 7:!.3, 157 
759,759,761.782.787,1071,1090,1097 

Z ••••••••• N_BD_STS AUTCMAT1C,ALIGNEO,BINARY,fIXEOI15,O. 
24,31,31,31 

31 •• ** ••••• NCAR AUTOMATIC,AlIG~ED,eINARV,FIXEDI15,OI 
815,818,820,824,832,835,840,845 

31 .** ... , •••• NCHANGE AUTOMATIC,ALIG~ED,B1NARY.FIXEDI15,OI 
531,532,533,546,546 

2 ••••••••• NCOEFF AUTOMATIC,ALIGNED,BINARY.FIXEDCI5,OI 
21,23,31 

31 NH_DIST C.)AUTOMATIC,UNALIGNED,STRINGC81,CHARACTER 
65,12Bl 

31 NH_UNIT (*IAUTOHATIC,UNAL1GNEO,STR1NGC8l,CHARACtER 
64,121,156,480,50B,1273 

31 ••••••••• NO_DIST t*') AUTOMA TIC, ALlG~EO, BINARY, FIXEOU 5,0. I 
63,1281 .&::> 

V1 
I 

Hit NO_,",ULT STAfEMENT lABEL CONSTANT 
130 

357 NO_SEC STATEMENT lABEL CONSTANT 
341 

31 ..... ,. .... NO_UNIT (.'AUTOMATIC,ALfGNEOtBINARy,~IXEO(15,OI 
62,122,156,481,509,1213,1296 

31 ••••••••• NPREF 1UTO~ATIC,ALIGNEO,BINARy,FIXED(15,0) 
80(1,826,658,861 

31 +u •• u.* NS (.IAUTOM~TIC,ALIG~EO,81NARy,~IXEC(15,O) 
618,712 

11 ... ** ••••• NSELECT AUTOMATIC.AlIGNED,BINARV,FIXEO(15,01 
801.802,818,820,822,832t$40,65~,862,863eB65,R82 

31 ••••••••• NTJE AUTOMATIC,AlIGNED,BINARy,FIXEDI15~O) 
647,648,803,801,B07,a21,834,834,835t842,844,8~7,B50,853,ij~~,869,8t9 
870,QS8,961,961,965,968,969.970,971.977,980,1018,1021,1021,1025.1077 
1031r 1Q34.1083,1084 

\ 

2 ••••••••• NUM AUTOMATIC,AL1GNEO,BINARy,FIXEOI15,Q) 
4,14,15,31,31,80,891,911,1250 

31 ••••••••• ONE AUTO~ATrC,AlIGNEO,BINARY,FIXECI15,OJ 

i 



Del liD. I DENT I f-I ER ATTRIBUTES AND REFERENCES 

33 

890 CUT\..OOP STA TEHENT LABEL CONSTANT 
1310 

1311 CUTlOOP_FtNI STATEMENT lABEL CONSTANT 
892 

433 CV STATEMENT LABEL CONSTANT 
'.41,450,459 

31 ... "' ...... OVERRIDE AUTO~ATIC,ALtGNEDtBtNARy,FtXEDI15.01 
51,200,431 

31 ..... .4<.,. ••• PAT_FLAG AUTOMATIC,ALIGNED,BINARy,FJXECI15,01 
47,257,1207,12~4,1265,128B,1291,1294,1304 

31 PAY-SPEED AUTOMATIC,AlIGNEO,BINARY,FLOATISINGlEI 
48,251,1211,1255 

32 PATFREQ 1.~COIITROlLEO,ALJGNEO,61NARV,FlOAlISINGlE) 
888.12~9,ll17,1218,1219,1219,121q,1266,1305,1311 

32 PO 1·,*)CONTROLLEO,ALIGNED,OECI~Al,FlOATIDOUBLEI 
888,938,955,~55,974,974,986,980,9o/t,1012,1012,1016,1016,1028,1031 
1040,1067,1085,1095,1090.1090,1118,1119,1132,1133,1192,1195,130~ I 

~ 
1311 CI\ 

I 

32 P02 1·,.JCONTROLLEO,ALIGNEO,OECI~A~,FlO~TIDOU8\..E) 
888,896,904,1192,1195,1303,1311 

1067 PO_CAL SUTEMENT LABEL CONSTANT 
910 

1081 PO_CALC STATE,.,ENT LABEL CONSTANT 
1068 

32 PINPIJT C*ICONTROlLED,ALIGNED,SINAPy,FLOAlISINGLE) 
8B8,1~32,1281,1311 

32 PINSEC 1.)CONTROLLEO,ALJGNEO,61NARV,FLOATCSINGLE) 
888,1184,1195,1195,1203,l311 

32 PINT (.)CO~TROLlED.ALJGNEO,8INARV,FLOA1CStNGLE) 
888,1165,1192,1192.1202,1204,1311 

32 PISO[ 1.ICONTROlLEO,ALIGNEO,8INARy,FLOATISINGlE) 
888,1228,1311 

32 PISOO '.)CONTROLLEO,ALIGNED,BINARV,FLOATISINGLEI 
888,1226,1273,1311 

31 •• ,\ •••• >!:. FRNT_AT_FLAG AUTOHATIC,AlIGhEO,BINAPV,FJXEOC15,0) 
49.26~,,1283 



DCl t-o, 

1319 

31 .............. 
79 

32 

32 

31 

2 ••••••• ** 

31 

31 

99 

994 

98 

lCtl9 

31 

31 ...... " ..... 
31 •••• 11"* .... 

~2 

II)ENTlFIE~ 

PR~T ... TIME 

PRNT_TR 

PRUG_LOOP 

PTSEC 

PWL 

CUFAC 

R 

il_DISr 

R_U"IIT 

READ~TA 

RECVCLF 

IIET 

R~TI)UR_FINr 

=lO 

RR 

IlUNNUM 

SATPROB 

~TTRtBUTES AND REFERENCES 

ENTRy,CECIMAl,FLOAT(SrNGL~1 
6,66,95,517,555,717,795,1315 

AUTOKATIC,ALIG~EQ,BJNA~y,FIXED(15,O) 
52,262.',62 

STATEMENT LABrL CONSTANT 
74,90 

'·'CO~TR~LLED,ALIGNED,HINAPV,FlOAT(SINGLEI 
888,1230.1.311 

1.'CONTROLLED,ALIGNEO,BrNARY,FLOATISINGLEI 
880,122.,1273,1311 

t*IAUTOMATIC,ALIGNEO,BINARV,FLOATISINGLE) 
915.924,928,928.9Jl,93£,933,935,954,955,973,974 

AUTD~ATIC,AlIGNEO.8INA~Y.FrXED(15,01 
4.12,31,31,31.31,31,31,31.31,3L,31,31,31,31.31,67,106,123,147,211 
216,217,225,254,271,275,283,285,302,314,332,347,359,382,398,400,409 
421,465,466.46B.471,482,510,519,5fO,566,58B,32,32,32,32,32,903,943 
990,1041, 1107, llOB, 1117 ,1128 ,1139 ,1150,1178,1168,1209,121(1, t219, t i!l9 
12"'9,1266,12<)8 

4UTO~hTrC,UNALIGNEP,STRING(8)tCHARACTER 
$6.105,496,1264,1271,1275,1277,1279,1279 

AUTO~ATIC,UNALIGNED,STRING!181,CHARACTER 
57,104,115,120,154,476,476,495,504,506,1248,1267,1269 

STATEMENT lAAEL CO~STANT 
73 

STATEMENT LABEL CONSTANT 
1037 

STATEMENT LABEL CONSTANT 
138 

STATFHENT LABEL CO~STANT 
1073 

AUTOMAT[C,ALtGNED,BI~ARY,FLOAT(S[NGLEl 
89,69,11l,132,t63.668,670,670.604,667.687,692,695,696,707,75<),759 
761,761,782~7e2,911,1250 

AUTOMATIC ,ALIG~ED, OINARY, FIXED! 15,0 I 
557,563,563,564,564,565,584,585,585,568,592,634,1072 

AUTOMATICtALrG~Eo,BlNAPYtFIXEO(15,OI 
75,79,79~aO,679,682,790,689,690,890,891,693,8~41911,1241,1250 

CONTP.CLLEO,ALIGNED,CECI~AL,FlCAT(COUBLEI 
866,095,<)00,900,902,966,989,1113,1122,1124,1137,1142,1260,1311 

---------~-~-- -~-~-~-

I 
.;::.. 
-..J 
I 



DCL !-lO. lDENTIFtER 

1321 SC 

31 •• *.*."'** SCALEl 

31 .......... SCALE2 

31 •• ** •• "' •• SCALE3 

31 SEC 

31 SE'RVHI 

31 .. "' ...... 51H 

1039 SK t P_J 

1038 SKIP_JJ 

659 SOLV_EQ 

31 SOH 

SQRT 

70 START 

31 STMI 

31 STPR08 

SUBSTR 

ATTRLeUTES AND REFERENCES 

AU10MATIC,UNALIGNED,STRINGI2I,CHARACTER 
1325; 1321 

~UTOMATIC,ALIG!-lEO,BINARV,FIXEO'15,01 
605,601,608,699,701,1091.1095.1091,1102,1102 

AUTOMAT IC ,ALI GI;EO, B INARV, F I XED! 15,0) 
603,~05,606,606,607,60e.697,699,100,700,101,7~2,1095,1096,1098 

AUTOMATIC,ALIG~EO,BrNAPy,f-IXEO(15,01 
1096,1091 

'*,*IAUTOMATIC,ALIGNED,BINARY,FLOATISINGLEI 
124,167.170,117,181,IB4,186,186,272,276,271,286,30),305,3U6,3)3,361 
399. ~I'IL.403,404 ,410 ;423,1151, 117.9 ,1190; 119 .. , 1213,1214 

AUTOMATIC,ALIGNEO,BINARV,FLDAT'SI~GLE) 
44,112,113,132,133,1591160,163,1251,1252,1253,1297 

t*IAUTOHATIC,AllGNEO,BINhRV,FIXEOtI5,0) 
565,584,596,636,645,1074,10B2 

STATEMENT LABEL CONSTANT 
992,1000 

STATE~ENT LABEL COHSTA~T 
1003 

STATEMENT LABEL CONSTANT 
88 

AUTCMATIC,ALIGNEO,BINARV,FlOAT(SINGLEI 
178,IB3,183,186,270,273.273,277.2e4,288,288,290,331,337,3)7,340,342 
343,397,404,~04,408,1115,1118,111e,1121,1122,11l2,1126,1129,1132 
1132,1142,1142.1145,1148,1153,1153,1158.1161;1166.1160,1173.1200 
1204.1204,1206 

GENERIC,BU~LT-IN FUNCTICN 
227,1006,1041,1174 

STATE~ENT LABEL CONSTANT 
91 

(*IAUTOHATIC,ALIGNED,BINARV,FLOATISINGLEI 
46.252,455,1216,1211 

(*IAUTOHATIC,ALIGNED,8JNARV,FLOAT(S!NGlEI 
708,712,726,727,737,731,731,740,740.740,150,750,750,753,753,753,156 
156,759.759,761,763,765,178.779,779,182,182,183,183,781,790,894,1085 
1090,1099 

GENER JC.,BU IL 1'-1 N FUNC TI ON 
650,733.734,746,147,859,B61,1323,1324,1325,1326 

I 
,p.-
CO 
I 



DCL 1\0. 

543 

32 

31 

110lt 

31 

31 

32 

32 

31 .**.~***. 

31 .............. 

1320 

31 

198 

WENT IfIER 

SUM 

SWITCH 

SWr. 

SYStN 

SYSPRINT 

T 

T_CAL 

T_COST 

T_RATE 

TAV 

TCAR 

TFLAG 

TtECAR 

HI4E 

TITLE 

TOUR 

ATTRIBUTES AND RtFERENCES 

GENERIC,BUILT-IN FUNCTION 
144 ,l59 ,6 76.778,762,899,994,.1040,1046 

STATEMF.NT LABEL CO~STANT 
536,540 

CONTROLlEO,ALIGNEO,61NARY,FLOAT(SINGLEI 
888,969,973,974.1174.1262,1311 

FIL E, EXTERNAL 
4,99,101,108,111,131,140,143,153,163,166,169,176,180,190,195,201,206 
212,224,226,232,236,251,252,266,433,436,438,44,,441,454,456 

FIL E, EXTERNAL 
7.30,12,17,85,94,102,103,104,105,106,115,120. l.H, lU, 124,134,146,148 
154,156,253,255,464,469,470,412,416,477,478,479,480,481,483,486,488 
490,492,495,496,499,501,503,504,505,506,507,508,509,51l,516,554,590 
591,596,616,116,170,793,794,935,1038,1042,1234,1235,1236,1239,1240 
1243,1244,1246,1247,1248,1249,1251,125Z,1253,1255,1256.1257,1259 
1260,1261,1262,1263,1264,1266,1267,1268,12b9,1210,1~71,1273,1275 
1216,1271,1218,1279,IZ81,1285,126t, 1289, lZQO,1292,129) ,1295,1296 
1303,1305.1314,1321,1328,1333,1335,1331,1339, 1341, l343 ,1344 

(.,.)AUTOMATIC,ALIGNEO,BINARV,FLOAT(SINGLE) 
Z?O,Z93,295,483.1118,1132 

STATEMENT LABEL CONSTANT 
1043 

AUTOMATtC,UNAlIGNED,STRINGI18),CH~RACTE~ 
58 

1*IAUTOMATIC,ALIGNEO,BINARV,FlOATISINGlEI 
629.655,655,684,664,668,668.692,6~5,696,702,702,701.701,140,753,150 

CONTROlLED,ALIGNEO,BINARV,FLOATISINGLf) 
663.1113,1121,1121,1229,1230,1251.1311 

(·ICO~TROLLED.ALIGNED,BINARy,FLQAT(S!NGLEI 
888,1126,1273,131l 

AUT 0"1 AT IC ,AL I GNED, 6 IN ARY, FTXED (1,5,0 I 
4S,19L,aJ3,311,344,365,383,498,SOO,S02 

(*)AUTOMATIC,~lIGNrO,BINARy,FIXEOt15,O) 
650,652.602,8D8,822,835,845,846,848,B54,B63,ij70,1065,1085 

6UILT-IN FUNCTION 
1322 

AUT0I4ATIC.UNAlIGNEO,ST~INGI501,CHARACTER 
14(1,1236 

STATE~ENT LA8El CO~STANT 
642.10BO 



,:.,' 

OCL 1\0. laE"ITIf'IER ATTRIBUTES ANC REFERENCES 

32 TQUE CONTROLLEO,AlIGNED,BINARY,FlCAT(SINGLEI 
888,1104,1109,1109,1113,l122,1259,t311 

31 TR 1*,*IAUTOMATIC,ALIGNED,8INARV,FlOAT(SINGLEI 
190,218,2,7,288,370,381,403,472,1109,1140 

280 TflAI{HI ENTRY,DECIMAL.FLOAT(SINGLEI 
114 

32 TREP '*ICQNTROLLED,4LIGNEO,BINARV,FLOATISINGLEI 
888.1145.1153.1303,1311 

1187 T~OUBLE STATE"'ENT LABEL CONSTANT 
1198 

1199 TROU9LE_OUT STArEI'ENT LABEL COI\STANT 
1189 

32 TSEC (*ICONTROLLED,ALIGNEO,8INARY,FLOAT(SINGLEI 
888,1158,1229,1230,1281,1311 

31 **** .... ** TWO AUTOMATIC,ALIGNEO,BINARY,FIXECI15,OI 
34,603,606,697.700,1095,1096,1102 

32 URWL CCNTROLlEO,ALrGNED,BI~ARy,FLCATISINGlEI I 
888,1050,1053,1054,1056,1163,1169,1170,1175.1175,1263,1311 tn 

0 
89 UP_R'J STATEMENT LABEL CONSTANT I 

82 

32 VAR CONTRDLLEO,ALIGNED,BI~ARy,FLCATISINGLEI 
888,1052, 1053,1054,1173,1174,1311 

31 .******** W 1*1 AUTOMATIC, AL IGNED, BI NARY. F I XED (15 ,01 
611 ,614,614,615,615,622,654,654.692.711,728 

940 w_LOOP STATEMENT LABEL CONSTANT 
1060 

943 W_LOOP2 STAT'EME'NT LABEL COt';STANT 
1065 

958 w_TlES STATEI'ENT LABEL CONSTANT 
950 

32 WORKLOAD I*ICONTROLlED,ALIGNED,DECIMAL,FLOATIOQUBLE) 
886,940,942,942.954,954,955.973,973.1045,1045,1046, 1049,1049,1052. 
1058.1064.1092,109~~109~,L165,ll6~,1166,l167,1166,1169,1170,1214 
1223,1224,1273,1311 

31 X 1*IAUTOMATIC,ALIGNED,BINARY,FLOATISINGLEI 
212,214.214,218,218,305,315,335,348.384 

31 XflDPROB I* •• 'AUTOMATIC,ALIGNED,DECIMAL,FLCATIOQUBLE) 

'. 



DCL 110. I,)E'ITIFI~R 

31 XDU'1 

31 XIC~ 

31 XSPEED 

31 XSTPR::lB 

31 XUC,.. 

31 Y 

31 YOUM 

31 VIC"! 

31 YSP!:EO 

31 YUC,", 

31 ......... * .... ZERO 

ATTRIBUT~S AND REFE~ENCES 

679,893 

AUTOMATIC,ALIGNED.BINAPY,FLOAT(SINGLEI 
111.112,131,132.144.145,180.1B1,182,183.226.227.286,287,288,300,305 
305.309,313'll~.318e329,335,335,342,346,349,J51.396,403,40),408.408 
413,454.457,643.645.645.647,647.655.676,677.687.688p726.165,765,16~ 
902,904,ql1,912.918.918.918,922.931.~42,945.9~6.9ge,998,999,10A3 
1085. Li3B .1140,1140,114 2,1162.1167,1168, II 75',1250,1252.1253.1256 
1281.1297,1297,1303 

(*IAUTOMATIC,~LIGNEO,BINARY,FLDAT(SINGLEI 
342,348,355.366,369 

AUTOMATIC,~LIGNED.BINAPy,FLOAT'SINGLEI 
41,195.196.196,197.201.202.202.218.227,315.348.366,384 

(· •• I~UTO~ATICtALIGNED.BINARY.FLOtT(SINGLEI 
50.790.894 

(*IAUTOMATIC,ALIGNED.BINARY.FLOATtSINGLEI 
3~9,315,322,366.368t384,386 

'*IAUTOMATIC,AlIGNED,BINARY,FLOATISINGLEI 
212,215.215,218,218,306,315.336,348.384 

AUTt~ATIC,ALIGNE~.BINARY.FLOATtSI~GLEI 
111,113.131,133.224.221,301.306,306,310,,315,316,318,330,336, 3 36,343 
348,34Q,351,899.902,920,922,922.924.931,932.964,96t.Q66,968,968.973 
974,974,995,996,1005.1005,1006,1006,1012.1016,1028,1040,1041,1211 
1214.1214,1217,1299,1300,1301.1303 

(*IAUTOMATIC.ALICNEO,BINARV.FLOAT(SINGLEI 
343,348.366 

AUTOMATIC.ALIGNED.BINAP~,FLOAT(SINGLE) 
42.191,206,201.207,218.227,315,348,366,384 

(*IAUTOI1ATIC,ALIGNED,BINARV.FLOATISINGLEI 
310,315,366,384 

AUTOMATIC,ALIGNED,BINARY,FIXEO(15.0) 
36,611,666 

.' 
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Appendix 

ADDRESSES FO~ FURTHER INFORMATION 

1. For documentation of the Hypercube Queuing Model, copies of the 

program on cards or tape) or answers to questions about the programt 

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. RE~search sponsor: 

U.S. Department of Housing and Urban Development 

Alan Siegel, Direct:or 
Hartley Campbell Fitts, Program Manage)' 

Office of Policy Development and Research 
Community Development and Management 

Research D:I.vision 
451 Seventh Street, S.W. 
Washington, D.C. 20410 

(202) 755-6970 

, _ .. _~---'''''''''''' _____ ~_h'''''' 
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