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July 1979

This program is based >a "BIAP: A Computer Progranm
to Obtain Solutions to th2 Iransportation-Allocation
Problem and Other Travelliny Salesman Type Problems” by
Or and Pierskalla (1976)*. Saveral modifications ars made
to the original progranm:

{a) Some machine depéniaut fzatures are replaced by

standard FORTRAN IV statements.

(b) Plotting routines ani program timers are not usei

in this version.

(c) Five built-in option§ are available to the user

for selecting the allacation algorithas.

{(d) The input instructions ara simplified.

{£)Bounds on the capacities of sach blood banks can be

specified.

* Or and Pierskalla, Dept. 2f Industrial Enginesring and
Management Sciences, Northwestern University, Evanston,

TI11 60201, August 1976,
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I. Program Options
The current version of this program has five options for

selecting the allocation ani allocation improvement algorithms.

In addition, vehicle routingy and dispatching can be performad

in each option. These five options are:

Option 1: To find th2 optimal allocation and routing which
minimize th2 a2xpa2cted amergency blood delivery
cost.

Option 2: To find th2 sptimal allocation and routing which
minimize.the vehicle routing cost.

Option 3: To find tha optimal allocation and routing which
minimize both 2ma2rgancy blood delivery and vshicla
routine :ost.‘ An improvement aljyorithm is used to
test pait-wisa independent exchanges of hospitals
between two banks for any possible cost saving.

Option 4: Same as Option 3 excapt that the exchanges of
hospitals ar2 performed among several banks in
various combinations. This option will slow down
the proqram 2xcution considerably but may yi=ld
better results.

Option 5: To provide tha allocation by user himself.

For each option, the user should decide whethsr the v=zhicle
dispatching and bounds on tha2 blood bank capacities are to be
used or not. The bounding z2thod in this program is a penality
function techniqua. Th2 p2nality for the axcessive amount X ovar

the bound is given by th2 following function

Penality = a * [ X / 1000 1 ¢+ b * ¥,
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where [ X / 1000 ] is the iategar part of X/1000; a and b are
penality parameters. The vilues of a and b zan bes modified in

SUBROUTINE PNALTY. They ar=2 curreatly set at a=10, b=500.

IXI. Input Instructions

This program needs twd> to three input files da2pendingy on
which programr is selected. Fil2s are numbered by the reading
unit in the program. Fila #3 and #5 ar2 necessary for all
options; File #8 is needel only when Option 5 is used.

Pile #3 contains th2 informations for the geographical
coordinates of hospitals and the corresponding 2mergency
frequencies and expected blood usage. PFile #5 contaihs the
program option control carils, number of blood banks, blood bank
iD dumbers, and bounds bn th2 capacities for each bank. Pile #8
contains the allocation of hospitals assigned by the us2r. Pile
#3 and #8 are assumed to b2 tape files or disk files. File #5
can be read in from keyboard or card reader. All of thesa are
card image files.

The details in each fila are listed below:
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a) File #3

n+1

n+2

n+3

2n+1

- -

I4

F5.0
P5.0
F5.0

Same as

Same as

sane as
I4

I6

Same as

same as

- e w - -

- . - - -

sSame as

Nuaber of hospitals, n
X-coordinatas of hospital 1
Yf-coordinate of hospital 1
Expactad number of 2mergancy deliveries
per period for hospital 1
cacrd #2 for hospital 2 =-=--=-c-=c-----

cardl $#2 for hospital 3 ==-==e-ccccce~--

card #2 for hospital n =====cce-cccc---
Hospital index
Aaount of blood used per y=ar in this
hospital

ok Vo B 3 R B L el

card #a+l ~--ecccceccccccemr e s
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b)File #5

D D D D UD D D D G - D D P L D W GRS G S G D P D A D D NS S D YR W - . A WO > > A W W W GP D W W WS W @ W W

Card coluan Fromat Information

1 1-2 I2 Nuaber of blood banks, a
3-7 I5 Laiax of hospital which is us231 as bank 1
8-12 I5 - = = = same as above ~-==-- bank 2
13-17 I5 _ - = = - same as above =~=-- bank 3

LR L IR R B B JE N IR 2B BE BR BF B B BN BE BE BN BN BN Y AN 3

e © 05 000 9P OO D SO S8 OSSO0

2 1-2 I2 Ini2x >f the options to be usai.
4 L1 *T' if bounds are used for the capacities
of 2ach bank; 'F' if not usad.
5 L1 ' if vehiéle dispatching is to b2
parformad; *F' if not.

{The following columns are neaded if cblumn S is T.)

6-10 I5 Maxiaum number of stops allowed for eaca
vahiclas
11-15 I5 carrying capacity for 2ach vehicle

(The following card(s) is ansc2ssary only when column 4 of the seconi
card is T.)

3 1-10 I10 Lower bound for bank 1
11-20 I10 Uppar bound for bank 1
21-30 I10 Lawer bound for bank 2
31-40 I10 Uppar bound for bank 2
u1’50 110 sesessvvss0vesoe bank 3
51-60 110 I EEEEEEEREEEEEEERS bank 3

4 1 I1 SYSTEM CZOST OPTION.

OPIIONS 1 THROUSH 4 COMPUTE THE COST ro?
BOI'd THE REGION AND THE CENTRAL BANKS.
OPTION 5 COMPUTES THE COST ONLY FOR THE
CENTRAL BANKS.
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182.

183.

184,
185,
186.
187.
188,
189.
130.
191.
192,

193.

c) FPile #8

{This file is needed only whan Option 5 is chosen.)

1 6-10 I5 Ini2x >f the bank to whizh hospital 1 is
assijned.

11-15 I5  eeemmmcccccmcccece-- hospital 2 ---
16-20 IS ~  =e=e--- ————eeeeeeeee hospital 3 =---
'50-55 15 cessncccanmaceseeaa. hospital 10 --

2 6-10 I5 AR e ane DL LT P hospital 11 --

11-15 I5 cesecccmecccccacaaa. 12 --

50-55 IS  eemcmceccccemmmecao- 20 --

® S 550 859 80 098 S OO SIS NSO PTe s e 09D

L R I B BN 2R IR B B BN N 2R BE IR BE OF BE BRI BN BE BN BE AR N AY 3N

and SO 0N ecesee

-------------------- hospital n =----

**%* Note 1: Format I indizatas an integer without dacimal point.
Format P indicates a real number with a decimal point.

koK Format L indicates a 'T!' or 'pv,

**%* Note 2: The maximum nuaber of hospitals allowed is 1503 the
maximum numbar 5f banks allowed is 10.

*¥*** Note 3: When bounds on tha capacities are used, the SUBROUTINE
TEST performs intarchange tasting 2ven when tha
direction of zaanyes may increase the value of the
penality fuaction. It is vary inafficiart but the

current proqramz structure only allows such testing.
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Appendix C2

1. //BTAP JOB (T595,005F,2,005,AA),' DEUERMEYER?
2. /*LEVEL 0
3. /*JOBPARM R=192
4. // EXEC FPORTX,REGION=192K
5. //GO.PTO7F001 DD SYSOUT=A
6. //GO.FTO3F001 DD DSN=WYL.AA.TQJI.FILE3,DISP=SHR
7. //GO.FTO8F001 DD DSN=WYL.AA.PQI.FILES,DISP=SHR
8. //SOURCE DD *
9. COMMON/C/IBANK (10) ,NUM{53) , IHULL {300, 3)
10. COMMON/BKSQ/NHOSP,NBANK
11. ~ LOGICAL VDP,TIMES,ALLOC1,ALLOC2,PLOTA1,PLOTA2
12. LOGICAL IMPRV1,IMPRV2,0PTION({4,10),BOUND
13. . INTEGER VCAP
14, COMMON/OPT/OPTION,PLOTA1,PLOTA2,TINES
15. CONMON/BDD/BOUND,LVOL(5) ,NVOL (5)
16. COMMON/CD/JD
17. 311 FPORMAT (/2X,'COMPUTATIONS ARE NOW STARTING, TIME IS ',F3.3/)
18. 312 PORMAT{/2X,'ROUTINGS BASED ON ALLOC1 ARE COMPUTED, TIME IS ',FS8.:
19. 313 FORMAT(/2X,*'ROUTINGS BASED ON ALLOC2 ARE COMPUTED, TIME IS ' ,F8.:
20. 314 FORMAT(/2X,*ALL INDEPENDENI EXCHANGES ARE TESTED, TIME IS ',F8.3)
21. /315 PORMAT {/2X, 'DEPENDENI EXCHANGES ARE TESTED, TIME IS ',F8.3)
22. 316 FORMAT(/2X,'MULTIPLE VEHICLE SOLUTION IS COMPUTED, TIME IS ',F8.2
23. READ(5,300) NBANK, (IBANK(J),Jd=1,NBANK)
24. WRITE(6,901) NBANK, (IBANK(J),J=1,NBANK)
25. READ{5,301) KOPT,BOUND,VDP, MSTOP, VCAP
26. 301 FPORMAT(IZ2, 1X,2L1,2I5)
27. WRITE (6,701) KOPT
28. 701 FORMAT(' PROGRAM OPTION #',I2,' IS USED')
29. 901 PORMAT(' NUMBER OP BANK3=',I2,", BANK ID#=',10I4)
30. . 300 PORMAT (I2,10(1X,I4))
31. ALLOC1=0PTION{1,KOPT)
32. ALLOC2=0PTION (2,KOPT)
33. ‘ IMPRV1=0PTION (3,KOPT)
34, ‘ IMPRV2=0PTION (4, KOPT)
35, , WRITE(6,702) (OPTION(J,KJPT),J=1,4),BOUND
36. 702 FORMAT(1X///' ALLOCATION PARAMETERS:',4X,'ALLOC1',2X,'ALLOC2',
37. §2X, 'IMPRV1?,2X, *IMPRV2',3X, ' BOUND'/25X,5 (7X,L1))
38. IF(.NOT.BOUND)GO TO 88
39. READ(5,801) (LVOL (J) ,4VJL (J) ,J=1, NBANK)
40. 801 PORMAT (8I10)
41. WRITE(6,802)
42. . 802 PORMAT(' BOUNDS ON THE VOLUMES FOR EACH BANK:'//6X,
43. &'BANK',4X, "LOVER BOUND®,2X,'UPPER BOUND')
44, DO 89 J=1,NBANK
45. 89 WRITE(6,803)J,LVOL{J),NVOL(J)
46. 803 FORMAT (8X,I2,5X,I10,3X,I110)
47. 88 CONTINUE
48. WRITE(6,304) VDP,MSTOP, VZAP
49. 304 PORMAT(1X///' DISPATCHING PARAMETERS:',7X,'VDP',3X,'MSTOP',4%,
50. , §'VCAP'/32X,L1,2(3X,I5))
51. READ(5,305) JD
52. 305 PORMAT (I1)

53. WRITE (6,308)



54. 308 FORMAT (//)

- 55, WRITE(6,303) JD

56. 303 FORMAT (/2X,*SYSTEM CJOSI OPTION:',2X,I1)

57. CALL READ1

58. : CALL DISMAT (2.0)

59. IF(.NOT.TIMES) GO TO 1

60. X=SECOND {X)

61. WRITE(6,311) X

62. 1 CONTINUE

63. IF (.NOT. ALLOC?) GO I3 20

64, : CALL ALOC1(3.0)

65. CALL TRAVEL({(0)

66. IF(PLOTA1) CALL PLOTNG({J,NBANK, NBANK)

67. IF{.NOT.TIMES) GO TO 2)

68. X=SECOND (X)

69. WRITE(6,312) X

70. 20 IF (.NOT. ALLOC2) 30 TIJ 40

71. CALL ALOC2 (3.0)

72. CALL TRAVEL(1)

73. IF(PLOTA2) CALL PLOTNG(1,NBANK, NBANK)

74, IF(.NOT.TIMES) GO TO 4)

75. X=SECOND {X)

76. WRITE(6,313) X

17. . 40 KX=0

78. IF ((.NOT. ALLOC1) .AND. {(«.NOT. ALLOC2)) KX=-2
79. IP ((.NOT. ALLOC1) ,OR. {+.NOT. ALLOC2)) GO TO 41
80. c

81. IF (IMPRV1) CALL IMPROV{1)

82. IF (IMPRV2) CALL IMPROV{2)

83. IF(.NOT.TIMES) GO TO 41

84. X=SECOWND (X)

85. IF {(IMPBV1 ,AND. TIMES) WRITE(6,314) X

86. IF {(IMPRVZ2 .AND. TIHMES) WRITE(2,315) X

87. 41 CONTINUE

88. : IF {.NOT. VDP) STOP

89. IF (ALLOC2) KRX=1

90. IF (INMPRV1 .OR. IMPRV2) KX=-1

91. CALL DISPAC(KX,MSTOP,VCAP)

92. IF{.NOT.TIMES) STOP

93. . X=SECOND (X)

94. 4 WRITE(6,316) X

95. STOP

96. END

97. BLOCK DATA

98. . LOGICAL BOUND,OPTION(4,10),PLOTA1,PLOTA2,TINMES
99, COMMON/OPT/OPTION,PLOTA1,PLOTA2,TIMES

100. DATA PLOTA1,PLOTA2,TIMES/.FALSE.,.FALSE.,.FALSE./
101. : DATA OPTION/.TBRUE.,.FALSE.,.FALSE.,.FALSE.,.FALSE.,.TRUE.,
102. &« FALSE.,.FALSE.,3*.TRUE.,.FALSE.,2*,TRUE.,.FALSE.,.TRUE.,
103. 4%, FALSE. ,20*%,FALSE./

104, . END

105. SUBROUTINE READ1

106. COoOMMON /E/X(150) ,Y{150) ,ALFA (150),IBLAD (159)

107. . COMMON/BKSQ/NHOSP,NBANK
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701
700

10

16

100

COMMON/K/TSCOST (9) , EMCOST (5) ,NBLAD {5)
FORMAT (3F5.0)
FORMAT (I4,I6)
DO 2 I=1,150
IBLAD(I) =0
READ (3,700) NHOSP
WRITE({6,701) NHOSP
FORMAT(1X///' NUMBER OF HOSPITALS=',Il)
FORMAT (I 4) :
IF{NHOSP.GT. 150) STOP
DO 1 N=1,NHOSP
READ (3,102) X({N),Y(N) ,ALFA(N)
DO 10 J=1,NHOSP
READ(3,104) I,IBLD
IBLAD(I)=IBLD
CONTINUE
RETURN
END
SUBROUTINE DISNAT(Z)
coMMON /E/X(150),Y{150) ,ALFA{150) ,IBLAD(150)
COMMON/BKSQ/NHOSP,NBANK
COMMON/CMM/DM {11325)
N=NHOSP
DO 16 I=1,N
II1=I-1
I1=I-1
KK= IIT*N-(I*I1)/2
DO 16 J=I,N
DUM= (Y (I) =Y (J)) **2+ (X (I)~X(J)) **2
K=KK+J
DM (K) = SQRT(DUM)
RETURN
END
SUBROUTINE ALOC1(Z)
COMMON/A/IHOSP{150,5) /E/X {150) ,¥(150) ,ALFA(150) ,IBLAD(150)
COMMON/K/TSCOST(9) , EMCOST (5) ,NBLAD (5)
COMMON/C/IBANK{10) ,NOM({50) , IHULL (300,3)
COMMON/BKSQ/NHOSP,NBANK
FORMAT (5X, 101I5)
N=NHOSP
DO 1 I=1,NBANK
EMCOST {I) =0
NBLAD(I) =0
NOM({I) =0
CONTINUE
po 5 I=1,N
II=IBANK({1)
DUM=DMAT(I,II)
NBR=1
IF(NBANK.EQ.1) 50 TO 6
DO 4 J=2,NBANK
KK=IBANK {J)
DMT=DMAT (I,KK)
IF(DMT.GE.DUM) 530 TO &
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100

10

1

DUHM=DMT
NBR=J
CONTINUE
CONTINUE
IHOSP (I, 4) =NBR
NUM (NBR) =NUM (NBR) +1
EMCOST(NBR) =EMCOST (NBR) +ALFA (I) *DUM
NBLAD (NBR) =NBLAD{NBR) +IBLAD(I)
CONTINUE
WRITE({7,100) ({(IHOSP(L,4) ,I=1,N)
RETURN
END
SUBROUTINE ALOC2(2)
COHMON/A/IHOSP(150,S)/D/CANDID(SOO,M),IADRES(SOO)
COMMON/C/IBANK(10) ,NUM(50),IHULL (300,3)
COMMON /E/X(150),Y(15J) ,ALFA(150) ,IBLAD(150)
COMMON/K/TSCOST(9) ,EMZISI (5) ,NBLAD(5)
COMMON/BKSQ/NHOSP,NBANK
FORMAT (5X,101I5)
N=NHOSP
NSIZE=0
KPOINT=0
DO 5 I=1,N
IHOSP{I,3)=0
DO 6 J=1,NBANK
EMCOST (J) =0
NBLAD (J) =0
JJ=IBANK (J)
IHOSP({JJ,3)=d
DO 10 I=1,NBANK
II=IBANK(I)
ISTAR=II
DO 7 MNM=1,3
DMIN=9999
po 9 J=1,N
IF (IHOSP{J,3) .NE. 0) 30 TO 9
DJ=DMAT (II,J)
IF{DJ.GE.DMIN) GO TO 9
DMIN=DJ
IEND=J
CONTINUE
IHOSP(IEND,3)=I
CALL PFIND({NSIZE,ISTAR,IEND,O0,4,4,4)
ISTAR=IEND
CONTINUE
NGM({I) =4
CALL PFIND (NSIZE,ISTAR,II,J,4,4,4)
CONTINUE
MM=N-4 *NBANK
DO 30 JJ=1,MHM
KPOINT=KPOINT+1
ISTAR=IADRES {KPOINT)
IBAR=CANDID(ISTAR,2)
K1=CANDID (ISTAR, 3)
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261,
262.
263.
264,
265.
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39
490
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K2=CANDID (ISTAR,4)
IF (IHOSP (IBAR,3) .EQ. J) GO TO 25

CALL PPIND(NSIZE,K1,K2,KPOINT,4,4,4)

GO TO 11

IGRUP=IHOSP (K1, 3)

IHOSP (IBAK,3) =IGRUP

NUM (IGRUP) =NUM (IGRUP) +1

CALL PFIND(NSIZE,K1,IBAR,KPOINT,4,%,4)

CALL PPIND (NSIZE,IBAR,K2,KPOINT,4,4,4)
CONTINUE

DO 40 I=1,N

IHOSP (I, 5) =THOSP (I, 3)

IB=IHOSP (I,3)

IBK=IBANK (IB). }

EMCOST (IB) =EMCOST (IB) +ALFA (I) *DMAT (I, IBK)
NBLAD (IB)=NBLAD (IB) +IBLAD (I)

CONTINUE

WRITE(7,100) (IHOSP(I,5),I=1,N)

RETURN

END

SUBROUTINE TRAVEL(KX)
COMMON/C/IBANK (10) ,NOUM(50) , IHULL (300, 3) /B/IHULLA (150,2)
COMMON/K/TSCOST (9) , EMCIST (5) , NBLAD (5)
COMMON/BKSQ/NHOSP,NBANK

N=NHOSP

ISTAR=0

DO 5 II=1,NBANK

MEM=NUM(II) ,

CALL CHOULL1{IC,KX,II)

CALL BOUND1(IC,TSCOSI,KX,ITI)

IF (NUM(II) .GE. 5) CALL REPIN?1(TSCOST,KX,II)
DO 6 I=1,MEM .

IHULLA (ISTAR+I,KX+1) =LHULL (I, 1)
ISTAR=ISTAR+NUM (II)

CONTINUE

CALL PRINTS({KX,1,1,1)

RETURN

END

SUBROUTINE DISPAC (KX,SIOPS,UNITS)

INTEGER BPRDAY,STOPS,UNITS
COMMON/A/THOSP {150, 5)

COMMON/BKSQ/NHOSP,NBANK

COMMON/C/IBANK (10) ,NUM(50) ,IHULL (300,3) /B/LHULLA (150,2)
COMMON/F/IBLDTR(50) ,IBFR(5) ,R(150) ,TETA(152) ,IPOL {120), NUKIR (50)
,COST(9) ,IBLADT (9) ,IDUM (352)

COMMON /K /TSCOST(9) ,EMCIST (5) ,NBLAD (5)
COMMON/E/X (150} ,Y {150) ,ALFA (150) ,IBLAD {150)
FORMAT (5X, 10I5)

FORMAT (1H1/9X,'THE POLLOWINS ALLOCATION IS SUPPLIED EXPERNALLY'//
FORMAT (6X,10I5)

KK=KX

N=NHOSP

PI=3.141593

IF (KX .LT. 0) KK=0
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neEN

IF (KX .NE. =-2) GO TO 3

READ (8,100) (IHOSP(I,4+KK), I=1,N)
WRITE({6,200)

WRITE(6,210) (IHOSP(I,4+KK), I=1,N)
DO S IB=1,NBANK

INUM=IBANK {IB)

EMCOST (IB)=0.0

NBLAD(IB) =0

DO 4 I=1,N '

IF (IHOSP(I,4+KK) .NE. IB) 30 TO 4
DMT=DMAT (I,INON)

EMCOST (IB) =EMCOST (IB) +DMT

NBLAD(IB) =NBLAD(IB)+IBLAD(I)

IF (INUM .EQ. I) GO TO U

R(I)=DMT

IF (X{I) .EQ. X{INUM)) 30 TO 1
TETA(I)=ATAN({(Y(I)-Y(INUM})/(X(I)-X(INOM)))
IF((Y(I)-Y(INUM))/(X(L)~-X({INUM)).LT.0.0) TETA(I)=TETA(I)+PI
IF (Y(I) .GT. Y({INUM)) 30 TO U4

IF (Y(I) .EQ. Y(INUM)) GO TO 2

TETA (I)=TETA (I) +PI

GO TO 4

IF (Y(I) .GE. Y(INUNM)) TETA{(I)=PI/2.0
IF (Y(I) .LT. Y(INUM)) TPETA(I)=(3.0%PI)/2.0
GO TO & .

IF {(X(I) .LT. X{INUM)) TETA(I)=PI
CONTINUE :

CONTINUE

ISTAR=0

JSTAR=0

DO 50 IB=1,NBANK

INUM=IBANK (IB)

TSCOST{IB)=0.0

NS=0

IBTR(IB)=0

. DO 15 J=1,N
. IHOSP(J,5-KK)=0

IP (IHOSP(J,4+KK) .NE.. IB) 30 TO 15

IF (INUM .EQ. J) GO TO 15

NS=NS+1

IF (NS .EQ. 1) GO TO 10

IEND=NS-1

DO 7 I=1,IEND

JPOINT=IPOL {I)

IF (TETA({J) .LT. TETA(JPOINF)) GO TO 8
IF (TETA(J) .GT. TETA(JPOINT)) GO TO 7
IF (R(J) .LT. B(JPOINT)) GO TO 8
CONTINUE

IPOL (NS)=J

GO TO 15

JEND=NS-I

DO 9 JJ=1,JEND

IPOL (NS+1-JJ)=IPOL(NS-J1J)

IPOL (I)=J



324,
325.
326.

. 327.

328.
329.
330.
331.

- 332.

.333.

334,
335.

. 336.

337.
338.
339.
340.

341,
342,

343,
344,
345,
346.
3587,
348.

. 349,

350.
351.
352.
353.
354,
355.

356.

357.
358.
359.
360.

.. 361.
. 362.

363.
364.

. 365.

366.
367.
368.

. 369.

370.

. 371.

372.

. 373,

374,

- 375,

376.
377.

15 CONTINUE

25

30

41

40
50
55

WRITE(6,100) (IPOL(J),J=1,45)
IBLD=0
N¥=0
NTR=1
bo 30 J=1,NsS
I=IPOL {J)
BPRDAY=IBLAD(I) /260.+0.999

IF ((IBLD+BPRDAY .GT. UNITS) .JB. {NM+#1 .GT. STIPS)) G2 TO 25

IBLD=IBLD+BPRDAY
NM=NN+1

IHOSP (I,5-KK) =NTR

GO TO 30

NUM (NTR) =NM

IBLADT (NTR) =IBLD
NTR=NTR+1

NM=1

IBLD=BPRDAY
IHOSP(I,5-KK)=NTR
CONTINUE

NUM (NTR) =NN

IBLADT (NTR) =IBLD
IBTR(IB) =NTR
WRITE(6,100) NTR, (NUM(J),J=1,NTR)
DO 40 J=1,NTR

. THOSP (INUM,5-KK) =J

NUM {J) =NUM (J) +1

CALL CHOLL1(IC,1-KK,J)

CALL BOUND1{IC,COST,1-KK,J)

IF (NUM(J) .GE. 6) CALL REFIN1(COST, 1-KK,J)
NS=NUN (J)

DO 41 I=1,NS
IHULLA(ISTAR+I,KK+1)=IHULL(I,1)

TSCOST (IB)=TSCOST (IB) +CIST (J)

NOMTR (JSTAR+J) =NUN (J)

IBLDTR (SSTAR+J) =IBLADT (J)
ISTAR=ISTAR+NUY (J)

CONTINUE

JSTAR=JSTAR+NTR

CONTINUE

DO 55 J=1,JSTAR

NUM (J)=NUMTR (J)

I=STOPS

J=UNITS

CALL PRINTS(KX,2,I,J)

CALL PLOTNG (KX, NBANK,JS5TAR)

RETURN

END

SUBROUTINE CHULL?{IC,KX,IX)
COMMON/A/IHOSP (150,5) /JE/X (150) ,¥ (150) ,ALFA(150) , IBLAD{130)
COMMON/C/IBANK(10) ,NUM(50) , IHULL (300,3)
COMMON/BKSQ/NHOSP,NBANK

N=NHOSP

IC=0



378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
389.
390.
391.
392.
393.
394,
395.
396.
397.
398.
399.
400.
401.
402.
403.
404,
405,
406.
407.
408.

409. .

.410.
811,

413.
414,

415.
416,
417,
418.
419.
420.
421.
422.
423.
424,
u25.
426.
427,
428.
429,
430.
431.

10

DO 1 KY=1,N

I=KY ,

IF (IHOSP(I,U4+KX) .EQ. IX) GO TO 2
CONTINUE

STOP

BEST=X {I)

MEND=I

XLAST=X(I)

MSTAR=I

DO 5 KY=1,N

IHOSP (KY,3)=0

ISTART=I+1

DO 10 J=ISTART,N

IF (IHOSP(J,4+KX) .NE. IX) GO TO 10
IF (X{J) .GE. BEST) GO IO 8
MSTAR=J

BEST=X {J)

IF {(X(J) .LE. XLAST) G0 Id 10
MEND=J .

XLAST=X{(J)

CONTINUE

. IHOSP{MSTAR,3)=1

1

16

M=MSTAR

BEST=-10000

Do 20 I=1,N

IF (IHOSP(I,4+KX) .NE. IX) GO T3 20
IF (X(I)-X(M)) 20,16,17

IF (Y(I) .EQ. Y(M)) 33 Td 20

. IF (Y(I) .GT. Y{M)) SLOPE=9999

17
18

IF (Y(I) .LT. Y(M)) SLOPE=-9999
GO TO 18
SLOPE=(Y (I) =Y (M) ) /(X (I)-X(M))
IF (SLOPE .LE. BEST) 32 IO 20

. BEST=SLOPE

20

21

23

24

ANEXT=I
CONTINUE

IHOSP (MNEXT,3)=IC+2

CALL PPIND{(IC,M,MNEXT,d,KX,IX,1)
IHULL (IC,1) =M .

IHULL (IC,2) =MNEXT

M=MNEXT

IF (M .NE. MEND) GO IJ 11
BEST=-10000

DO 30 I=1,N

IF (IHOSP{I,4+KX) .NE. IX) 30 TO 30
IF (X{I)-X(M)) 24,23,30

IF (Y(I) .EQ. Y(¥)) 30 TO 30

IF (Y(I) .LT. Y(M)) SLOPE=9999
IF (Y{I) .GT. Y{(M)) SLIPE=-9999
GO TO 25
SLOPE=(Y(I)-Y(¥))/(X(I)-X{H))

IF (SLOPE .LE. BEST) 3J TID 30
BEST=SLOPE

MNEXT=I



432,
433,
434,

435,

. 436.

437,

. 438,

439,
440,
441,
542,
443,
su4,
445,
446,

. 448,

449,
450.

. B51,
. 452,

453.
u56-
457,
458,
459,
460.
461.
462.
463.
4oy,
4e5.
466.
467.
468,
469.
470.
471.
472,

. 473,

474,
475,
476.
477,
478.
479,
480.
481.
482,
483,
484,
485,

30 CONTINUE

19

20
100

10
25

IHOSP (MNEXT,3) =IC#+2
CALL PFIND(IC,M,MNEXT,0,KX,IX,1)
IHULL{IC,1)=M

IHULL (IC,2) =MNEXT

M=MNEXT ,

IP (M .NE. MSTAR) GO PrJ 21

RETURN

END

SUBROUTINE PFIND (NSIZE,K1,K2,KPOINT,KX,IX,IENT)
COMMON/A/IHOSP{150,5) /D/CANDID (600,4),IADRES (600)
COMMON /E/X(150),Y{150),aLPA(150) ,IBLAD(150)
COMMON/BKSQ/NHOSP, NBANK

N=NHOSP

BESS=100000

IF (IENT.EQ.4) GO TO 120

DO 20 I=1,N

IF (IHOSP{I,4+KX) .NE. IX) 30 TO 20

IF (IHOSP(I,3) .GE. 1) 33 IO 20

D1=DMAT (I,K1}

D2=DMAT (I,K2)

D12=DMAT (K 1,K2)

DIF=D1+D2-D12

ANG= (D1+D2) /D12

DIS=DIF*ANG

IF (DIS .GT. BESS) G3 I 2)

BESS=DIS

IBEST=T

CONTINUE

GO TO 25

CONTINUE

YMID=(Y (K1) +Y(K2))/2.0
XMID=(X (K1) +X{K2)) /2.0

DO 10 I=1,N

IF (IHOSP(I,3) .GE. 1) 30 TI0 10
DMID=SQRT ( {XMID=-X(I)) **2+ (YMID=Y (I)) **2)
D1=DMAT(I,K1)

D2=DMAT (I,K2)

D12=DMAT (K1,K2)

DIS=AMIN1(D1,D2,DNID)

COSI=(D1%*2 + D2%*2 - D12%%2) /(2.0%D1%D2)
DIS=DIS+COSI

IF (DIS .GT. BESS) GO 2 10

BESS=DIS

IBEST=I

CONTINUE

NSIZE=NSIZE+1

CANDID (NSIZE,1) =BESS

CANDID{NSIZE,2) =IBEST

CANDID (NSIZE,3) =K1

CANDID(NSIZE,4)=K2

CALL ADRES (NSIZE,KPOINT)

RETURN

END



486. SUBROUTINE ADRES (NSIZE,KPOINT)

487. COMMON/A/IHOSP (150,5) /D/ZANDID(600,4) ,IADRES (620)
488. IF (NSIZE .EQ. 1) GO Ird 10

489. ISTAR=KPOINT#+1

490. IEND=NSIZE-1

491, DO 1 I=ISTAR,IEND

492, JPOINT=IADRES (I)

493. IF (CANDID(JPOINT,?1) .3T. CANDID(NSIZE,1)) 50 IO 8
494, 1 CONTINOE

495, 10 IADRES(NSIZE)=NSIZE

496. RETURN

497, 8 JEND=NSIZE-I

498. DO 9 J=1,JEND

499, 9 IADRES (NSIZE+1-J)=IADRES (NSIZE-J)

500.. TADRES {I) =NSIZE "

501. RETURN

502. END

503. SUBROUTINE BOUND1(IC,CO5Tr,KX, IX)

504.. COMMON/A/IHOSP (150,5) /D/CANDID(630,4), IADRES(SOO)
505. COMMON/BKSQ/NHOSP,NBANK

506. COMMON/C/IBANK{10) ,NUM(50) , IHULL (300, 3)
507. DINMENSION COST{9)

508. N=NHOSP

509. KPOINT=0

510. ‘NSIZE=IC

511. ICONT=IC

512. DO 1 I=1,300

513. Y THULL{I,3)=0

514, MM=NUM{IX) ~-IC

515. IF (MM .EQ. 0) GO TO 31

516, DO 30 JJ=1,MM

517. - . 11 KPOINT=KPOINT+1

518 , ISTAR=IADRES (KPOINT)

519. IBAR=CANDID(ISTAR,2)

520. K1=CANDID (ISTAR, 3)

521, K2=CANDID(ISTAR,4)

522. IF (IHOSP(IBAR,3) .EQ. J) GO IO 25

523. CALL PPIND (NSIZE,K1,K2,KPOINT,KX,IX, 1)
524. . GO TO M

525. 25 DO 26 I=1,IC

526. IF (IHULL(I,') .EQ. K1) IHULL(I,3)=1
527. 26 CONTINUE

528. . ICONT=ICONT#+1

529. IHOSP (IBAR,3) =ICONT

530. IC =IC+1

531. IBULL{IC, 1) =K1

532. THULL (IC,2) =IBAR

533. CALL PFIND(NSIZE,K1,IBAR,KPOINT,KX,IX,1)
534, . IC=IC+1

53S. : IHULL(IC,1)=IBAR

536. IHULL(IC,2)=

537. CALL PFIND{NSIZE,IBAR,K2,KPOINT,KX,IX,1)
538. 30 CONTINUE

539. 31 COST(IX)=0



540. Do 40 I=1,IC

541. IF (IHOUOLL(I,3) .EQ. 1) 30 TO 40
. 542. ISTAR=IHULL (I, 1)
543, IHOSP(ISTAR,2)=IHULL(I,?2)
544, IEND=IHULL (I,2)
- 545, IHOSP(IEND, 1) =IHULL{I,1)
544. COST(IX)=COST(IX) +DMAT(ISTAR,IEND)
. 547, 40 CONTINUE
548, DO 41 ITI=1,N
549, IF (IHOSP (II,KX+4) .EQ. IX) GO TO 43
- 550. 41 CONTINUE
551. STOP
552. 43 IPREV=II
553. INEXT=IHOSP{II,2)
554, ) IEND=NUM(IX)
555. DO 45 I=1,IEND
556. IRULL (I, 1)=IPREV
557. IHULL (I,2) =INEXT
553, IPREV=INEXT
559, . INEXT=IHOSP {INEXT,2)
S60. 45 CONTINUE
. 561. RETURN
562. END
563. SUBROUTINE REFIN?1({COSI,KX,IX)
564. COMMON/C/IBANK (10) ,NUM{50) ,IHULL (300,3)
565. COMMON/BKSQ/NHOSP,NBANK
566. COMMON/A/IHOSP{150,5)
567. i DIMENSION COST({9)
568. N=NHOSP
569. Do 11 33=1,2
. §70. KK=3-3J
571. DO 11 I=1,N
_572. IF (IHOSP (I,4+KX) .NE. IX) GO IO 12
14 573. I1=I
574, J1=IHOSP(I, 1)
575. I2=THOSP (I, 1)
576. DO 6 IN=1,KK
577. . 6 I2=IHOSP(I2,2)
578. J2=IHOSP{I1I2,2)
579. DIF1=DMAT (I1,J1) & DMAT(I2,J2) - DMAT(J1,32)
580. ISTAR=J2
. 581. IEND=NUM {IX) -KK-1
582. DO 10 J=1,IEND
583. K1=ISTAR
. 584, K2=TIHOSP (ISTAR,2)
585. . DIF2=DMAT(I2,K1) +DMAT(I1,K2) -DMAT (K1,K2)
586. IF {DIF1 .GT. DIF2) GO TD 7
. 587. . ISTAR=IHOSP{ISTAR,2)
588. 10 CONTINUE
589, GO TO 12
590. 7 CALL CHANGE({I1,I2,J1,J2,K1,K2)
591. 12 CONTINUE
. 892. .11 CONTINUE

593. COST (IX) =0



594, DO 13 J=1,N

595. IF (IHOSP(J,4+KX) .EQ. IX) GO TJ 14
596. 13 CONTINUE

597. : STOP

598. 14 IPREV=J

599. : INEXT=IHOSP(J,2)

600. IEND=NUM{IX)

601. DO 15 I=1,IEND

602. ~COST(IX)=COST({IX)+DMAT(LPREV,INEXT)
603. IHULL (I, 1) =IPREV

604, : ITHULL (X, 2) =INEXT

605. IPREV=INEXT

606. INEXT=IHOSP (INEXT,2)

607. 15 CONTINUE

608. . RETURN

609. END

610. SUBROUTINE CHANGE(I1,I2,J1,J2,K1,K2)
611, . COMMON/BKSQ/NHOSP,NBANK

612. COMMON A/ IHOSP{150,5)

613.. N=NHOSP

614, : IHOSP (J1,2)=J2

615. . IHOSP(Jd2,1)=4J1

616. ; THOSP (K1,2) =12

617. IHOSP (K2,1)=I1

618.. THOSP(I1,1)=K2

619.. : INEXT=I2

620. IPREV=K1

621. 10 IHOSP (INEXT,2)=IHOSP(INEXT,1)

622. IHOSP {INEXT, 1) =IPREV

623, IF (INEXT .EQ. I1) GJ TJ 15

624. IPREV=INEXT

625. , INEXT=IHOSP(INEXT,2)

626« GO TO 10

627. 15 CONTINUE

628, RETURN

629, END

630. SUBROUTINE IMPROV{EXINDP)

631. INTEGER EXINDP

632. COMMON/BKSQ/NHOSP,NBANK

633. COMMON/F /IALTER(5,5,10) ,NALTER(5,5), IIHOSP(150,3),IDUM(150)
634. COMMON/A/IHOSP (150,5)

635. COHHON/C/IBANK(10),NUH(SO),IHULL(300 3) /B/IHULLA (150,2)
636. 110 FORMAT{(1H1//5X,'LIST OF POSSIBLE EX»HANGES’/)
637. 120 FORMAT (///5X,'HOSPITAL3 IN GROUP',I3,* TO BE TRIED IN SROUP’
638. 1,I3/)

639. 121 FORMAT(2X,10I5)

640. A N=NHOSP

641. DO 1 I=1,NBANK

6u2, DO 1 J=1,NBANK

643. NALTER(I,J)=0

644, DO 1 K=1,10

645, IALTER(I,J,K)=0

646. .1 CONTINUE

647, . po 10 I=1,N



648.

650.

.651,

652.
653.
654,
655.

. 656,

657.
658.

. 659,

660.

. 661,
. 662.
. 663,
. 664.

665.

. 666
. 667.

668.
669.
670.
671.

. 672,
. 673.

674.
675.

. 676.

677.
678.

. 679.

680.
681.

. 682,

683.
684,

. 685,

686.
687.
688.
689,

. 690,

691.
692,
693.

694.

695.
696.
697.
698.
699.
700.

. 701,

1
12

15

IIHOSP (I, 3)=-1
IF (IHOSP(I,4) .EQ. IHOSP(I,5)) S0 TO 10
II=IHOSP (I,4)

JJ=IHOSP (I,5)

IBI=IBANK (II)

IBJ= IBANK (JJ) _
DI=DMAT(IBI,I)-DMAT (IBJ,I)

NALTER (II,JJ)=NALTER(IL,JJ)+1
NFIND=NALTER (IX,JJ)

IF (NALTER{II,JJ) .GI. 10) NALTER(II,JJ)=1)
NM=NALTER(II,JJ)

JEND=NM-1

IF (NM .EQ. 1) GO TO 7

DO 6 J=1,JEND

JX=IALTER(II,JdJ,J)

DJ=DMAT (IBI,JX)-DMAT(IBJ,JX)
IF(DI.LE.DJ) GO TO 8
CONTINUE

IF (NFIND.LT. 11) IALIER(II,JJ,NM)=L
JX=IALTER (II,JJ,NM)

DJ=DMAT (IBI,JX) -DMAT (IBJ,JX)
IP(DI.LE.DJ) IALTER(IL,JJ,NM)=I
GO TO 10
JEND=NM-J
Do 9 J=1,JEND

IALTER(II,JJ,NM#1-J) =IALTER(II,JJ,NM=-J)
CONTINUE

IALTER{II,JJ,NM-JEND) =L
CONTINUE

WRITE(6,110)

DO 12 I=1,NBANK

DO 11 J=1,NBANK

IF (NALTER(I,J) .EQ. 0) 30 TO 11
WRITE (6,120) J,I

NM=NALTER(I,J) .
WRITE (6,121) (IALTER(I,J,K),K=1,NN)
CONTINUE
CONTINUE
DO 15 I=1,N

IHOSP (I, 4) =IHOSP (I,5)
ITHOSP (I, 1) =IHOSP(I,1)

IIHOSP (I,2)=IHOSP(I,2)

IHULLA (I, 1) =IHOLLA(I,2)
CONTINUE

IF (EXINDP.EQ.1) CALL ALTER1(3.0)
IF (EXINDP.EQ.2) CALL ALTER2(3.0)
CALL PLOTNG(-1,NBANK, NBANK)

CALL PRINTS(-1,1,.1,1)

RETURN

END

SUBROUTINE ALTER1({2Z)

LOGICAL INDIC

COMMON/FP/IALTER(S5,5,10),NALTER(5,5),IIHOSP(150,3),IDUd (150

COMMON/BKSQ/NHOSP,NBANK



702. DIMENSION COST(9) ,LIST{(5)

703, N=NHOSP
704. IEND=NBANK=-1

705. DO 30 I=1,IEND

706. JSTAR=T+1

707. DO 29 J=JSTAR,NBANK

708. ITER=MAXO (NALTER(I,J) ,NALTER(J,I))
709. IF (ITER .EQ. 0) GO Id 29

710. . DO 25 K1=1,ITER

711. IP (K1 .GT. NALTER(I,J)} GO TO 20

712, LIST(1)=IALTER(I,J, K1)

713. CALL TEST(I,J,COST,LISF,1,1,INDIC)

T4, IF (INDIC) CALL UPDAPE(IL,J,COST,LIST,1,1)
715. Cx** THE MODIPIED PLOTNG CALLS ONLY PLOT THE RESULTS
716. C*** THE INTERMEDIATE WILL NOT BE PLOTTED
717. C** IP (INDIC) CALL PLOTNG (-1, NBANK, NBANK)
718. 20 IF (K1 .GT. NALTER(J,I)) GO TO 25

719. LIST (1) =IALTER(J,I, K1)

720. CALL TEST(J,I,COST,LIST,1,0,INDIC)

721. IF (INDIC) CALL UPDArE(J,I,COST,LIST,1,0)
722. C** IF (INDIC) CALL PLOTNG(-1,NBANK,NBANK)
723. 25 CONTINUE

724, . 29 CONTINUE

725. 30 CONTINUE

726. RETURN

727, END

728. SUBROUTINE ALTER2(Z)

729. LOGICAL INDIC

730. COMMON/BKSQ/NHOSP,NBANK

731.. COMMON/F/IALTER(5,5,13) ,NALTER{(5,5), IIHOSP(150,3),IDUM{150)
732. DIMENSION COST(9),LIST{(5)

733. N=NHOSP

734, IEND=NBANK=-1

735. . DO 30 I=1,IEND

736. JSTAR=I+1

737. DO 29 J=JSTAR,NBANK

738. ITER=MAXO (NALTER(I,J) ,SALTER(J,I))

739. IF (ITER .EQ. 0) GO IJ. 29

780. DO 25 K1=1,ITER

741. 12=I

742, Jz=J

743, KX=1

744, 15 IF (K1 .GT. NALTER(IZ,JZ)) 30 TO 20
745, J1=IALTER (IZ,J%,K1)

746, IF (IIHOSP(J1,3) .EQ. 0) GO TO 20

747, NBR=1

748, LIST(1)=4J1

749, CALL TEST(IZ,JZ,COST,LIST,NBR,KX,INDIC)
750. IF (INDIC) GO TO 19

751. J2=IIHOSP (J1,1)

752. IF (IIHOSP(J1,3) .EQ. J2) 30 TO 16

753. IIHOSP(J1,3) =d2

754. LIST(2)=J2

755. NBR=2



756.
. 757.
758.
759.
760.
76 1.
762.
763.
764.
765.
766.
767.
768.
769.

. 770.
771,
772,
773.
774,
775.
776.
777.
778.
779.
780.
781.
782.
783.
784,
785'

_ 786.
- 787.
788.
789.
1%-790.
791,
792.
793.
794,
795.
796,
797,
798.
799.
800.
801.
802.

803.

. 804,
805.
806.
807.
808.
809.

16

17

19

CALL TEST(1Z2,J2,CO0ST,LIST,NBR,KX,INDIC)
IF (INDIC) GO TO 19

J3=IIHOSP(J1,2)

IF (ITIHOSP(J3,3) .EQ. J1) GO TO 17
IIHOSP (J33,3)=J1

NBR=2

LIST (2)=J3

CALL TEST(IZ,J2,COST,LIST,NBR,KX,INDIC)
IF (INDIC) GO TO 19

LIST(2)=4d2

LIST (3)=J3

- NBR=3

CALL TEST{(IZ,Jd%,COST,LIST,NBR,KX,INDIC)
IF (INDIC) GO TO 19

GO TOo 20

CALL UPDATE(IZ,J2,C0ST,LIST,NBR,KX)

C*** NO INTERMEDIATE PLOTTING

Cxx
20

25
29
30

100
110

. 115

120
130
140
153
160

1200

CALL PLOTNG {-1,NBANK, NBANK)

IP (IZ .EQ. J) GO T3 25

IzZ=J

JZ=1

KX=0

GO TO 15

CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE TEST(I,J,20ST,LILST,NBR,KX,INDIC)
COMMON/BKSQ/NHOSP,NBANK

LOGICAL INDIC,BOUND

COMMON/BDD/BOUND,LVOL(35) ,MVOL {5)
COMMON/F/IALTER(5,5,10) ,NALTER(5,5) ,IIHIOSP(150,3),IDUNM(150)
COMMON/K/TSCOST({9) ,EMCIST (5) ,NBLAD(5)
COMMON/C/IBARK(10) ,NUM(50) , IHULL (300, 3)

COMMON /E/X(150) ,Y(150) ,ALFA(150) ,IBLAD(150) /A/IHOSP (150,5)
COMMON/CO/JD

DIMENSION COST({9),LISI(5)

FORMAT (1H1/10X,*TEST DATLA'//)

FORMAT(///2X,'ORIGINAL ROUTING COST FOR GROUP!,I3,'=',Fil4.2/

12X,*REVISED ROUTING COST FOR GROUP',I3,'=',F9.3//)

PORMAT(///2X,'ORIGINAL YOLUME FOR 3ROUP',I3,*'I5',IB8/2X,

&'REVISED VOLUME FOR GR0OJP*,I3,'IS',I8//)

PORMAT (/2X,? MARGINAL DIFFERENCE IN EMERGENCY COST=',F9.3///)
FORMAT (2X, *MARGINAL DIFFERENCE IN SYSTEM COST=',F14.2///)
FORMAT (2X, 'TOTAL NARGINAL DIFFERENCE=‘,F1U4.2///)

FORMAT (2X,10I5)

PORMAT(//5X,*HOSPITALS ASSIGNED TO 5SROUP',I3,

1*¥ FROM GROUP*,I3,* >!,5I5//)

FORMAT (//2X,'REVISED ROUTING FOR GROUP',I3/)
N=NHOSP

EMDIF=0

SYDIF=0.

INDIC=.PALSE.



810.
811.
812.
813.
814.
815.
81 6'0
817.
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824.

825,
826.
827.
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836.
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838.
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847.
848,

849..

850.
851.
852.
853.
854.
855.
856.
857.
858.
859.
860.
861.
862.

863.

Cxx
C*x
Cx*

C*x 9

99

10

NUHM (I) =NUM {I) +NBR

NUM(J) =NUM (J) -NBR

IVOL1=NBLAD(I)

IVOL2=NBLAD(J)

DO 1 ITI=1,NBR

JI=LIST(II)

IVOL1=IVOL1+IBLAD(JJ)
IVOL2=IVQL2-IBLAD (JJ)

IHOSP (JJ, 4+KX) =1

IP (. NOT.BOUND)GO TO 9
IP{IVOL1.GT.MVOL{(I)) 32 IO 14
IF(IVOL2.LT.LVOL{J}))30 Id 14

CONTINUE

CALL CHULL1{IC,KX,I)

CALL BOUND1(IC,COST,KX,I)

IF. (NUM(I) .GE. 5) CALL REFIN1(COST,KX,I)
NI=NUN(I) :

DO 5 II=1,NI

IDUM(II)=IHULL(II,?1)

CALL CHULL1{IC,KX,J)

CALL BOUND1{IC,CDST,KX,J)

IF (NUM(J) .GE. 5) CALL REFIN1(COST,KX,J)
NJ=NUM {J)

TSDIP=COST (I) #+COST (J) -ISCOST (I) -TSCOST(J)
SYDIF=CBC(JD,IVOL1)-CBC{(JD,NBLAD({I))
SYDIFP=SYDIF+CBC(JD,IVOL2)-CBC{(JD,NBLAD(J))
IF (.NOT.BOUND)GO TO 99
ADIF=PNALTY(IVOL1t,I)~ PNALIY(NBLAD(I),I)*PNALTY(IVOLZ,J)‘
EPNALTY (NBLAD {J) ,J)

CONTINUE

IB=IBANK(I)

JB=IBANK {J)

. DO 10 II=1,NBR

I1=LIST(II)

EMDIF=EMDIF+ALPA(I1)*(DYAT (IB,I1)~-DMAT(JB,I1))
CONTINUE

DIF=SYDIF+TSDIF*260%.)3/5, 1+ENDIF*20.*.03%*.25
TADIF=DIF+ADIF

C ** THE QUANTITY TO BE TESIBD‘ DIF HAS BEEN CHANGED TO TADIF *¢#

IF (TADIF .LE. 0.) INDIZ=.TRUE.
WRITE(6,100)

WRITE(6,160) I,J, (LISF(II),II=1,NBR)
WRITE(6,200) I

WRITE(6,153) {(IDUM(II),II=1,NI)
WRITE(6,200) J .
WRITE(6,153) {(IBULL(LIZ,1),LI=1,NJ)
WRITE(6,110) I,TSCOST(I),I,COST(I)
9RITE (6,110) J,TSCOST(J),3,COST (J)
WRITE(6,115) I,NBLAD (L), L,IVOL?
WRITE(6,115) J,NBLAD{J),J,IVOL2
WRITE (6,120) EMDIF

WRITE({6,130) SYDIF
WRITE(6,140) DIF

IF {.NOT.BOUND)GO TO 14



864. WRITE(6,310) ADIF

865. WRITE(6,320) TADIF
866. 310 FORMAT(2X,'MARGINAL DIFFERENCE OF ARTIFITIAL PENALITIES=',E14.2)
867. 320 FORMAT {2X,*TOTAL COMBINED MARGINAL DIFFERENCE=',E14.2)
868. 14 CONTINUE
869. IF (INDIC) RETURN
870. NUM (I) =NUM(I) ~NBR
- 871, NUH (J) =NUM(J) +NBR
872. : DO 15 II=1,NBR
873. JJ=LIST(II)
874, 15 IHOSP (JJ,4+KX)=J
. 875, RETURN
876. END
877. SUBROUTINE UPDATE(I,J,23ST,LIST,NBR,KX)
878. COMMON/C/IBANK{10),NUM(50),IHULL (300,3)
879. COMMON/BKSQ/NHOSP,NBANK
880. COMMON/P/IALTER(S5,5,10) ,NALTER (S5, 5),IIHOSP(150 3) ,IDUM(150)
881. : COMMON/K/TSCOST (9) , EHCDST(S),NBLAD(S)
. 882. COMMON/B/IHULLA (150, 2)/E/X(150),¥(150),ALFA(150),IBLAD(150)
883. COMHON/A/IHOSP (150,5)
884. DIMENSION COST({9),LISI{(5)
885. N=NHOSP
886. ISTARX=0
887. ' ISTAR=0
888. : DO 40 II=1,NBANK
889. : IEND=NUM(II)
890. IF (IT .EQ .I) GO TO 23
891. IF (II .EQ. J) GO Ird 30
892. po 15 JJ=1,IEND
893. IHULLA (ISTAR+JJ, 1) =IHOLLA {ISTARX+JJ, 1)
894, 15 CONTINUE
.. 895. . ISTARX=ISTARX+NUM(II)
. 896. GO TO 39
897. 20 ISTARX=ISTARX+NUM({II)-NBR
898. GO TO 39
' 899. 30 po 35 JJ=1,IEND
. 900. IHULLA (ISTAR+JJ,1)=IHULL (JJ, 1)
301.: 35 CONTINUE
902. : ISTARX=ISTARX+NUM(II) ¢NBR
903. . 39 ISTAR=ISTAR+NUN(II)
904, 40 CONTINUE
905. ISTAR=0
906. DO 45 II=1,NBANK
. 907, IF (II .NE. I) GO IO 4u
908. IEND=NUM(II)
909. DO 41 J3=1,IEND
. 910. IHULLA (ISTAR+JJ,1)=IDUNM(JJ)
911. 41 CONTINUE
912. GO TO 46
913. 44 ISTAR=ISTAR+NUM{II)
914, 45 CONTINUE
915. 46 TSCOST(I)=COST(I)
916. TSCOST (J) =COST (J)

317. DO 50 II=1,NBR



918.
919.

920. .

921.
923.
924,
925.
926.
327.
928.
929.
930.
931.
932.
934,
935,
936.
937.
938.
939,
940.
942,
943,
9uy4,
945,
9ue6,
947,
348,
950.
951.
953.
954.
955.

956.

957.
958,
959.
960.
961.
962.
963.
964,
965.
966.
967.
368.
969.
370.
971.

- 113 FORMAT(///3X,'EMERGENZY CO5P',9X,P9.2//3X,'ROUTINE DELIVERY yOSP

JI=LIST(II)
ITHOSP (33, 3)=0
EMCOST(I) =EMCOST {I)+ALFA(JJ) *DMAT(I,JJ)
EMCOST (J) =EMCOST {J) -ALFA (JJ) *DHAT (J, JJ)
NBLAD(I) =NBLAD(I) +IBLAD{(JJ)
NBLAD (J) =NBLAD(J) -IBLAD(JJ)
IHOSP (JJ,5-KX)=1I
50 CONTINUE
DO 51 II=1,N
IIHOSP (II, 1) =IHOSP(II,1)
ITHOSP(II,2) IHOSP(II 2)
51 CONTINUE
RETURN
END
SUBROUTINE PRINTS (KX,Ni,ISTOP,IUNIT)
COMMON/C/IBANK(10) ,NUM{(50),IHULL (300,3) /B/IHULLA (150,2)
COMHEON/BKSQ/NHOSP,NBANK
COMMON/K/TSCOST {9) ,EMCIST (5) ,NBLAD(5)
COMMON/F/IBLDTR (50) ,IBTR{S) ,IDUM (820)
COMMON/CO/JD
110 FORMAT (//5X, 'OPTIMAL ALLOCATION AND ROUTINSG */6X,*ALLOCATION BASED
1 ON EMERGENCY COSTS ONLY'//)
111 PORMAT (///3X,*BANK *,I2,' , IDENTIFICATION-HOSPITAL',I4/3X,'ROUTI
1NG*/)
** THE POLLOWING FORMAT IS NOT REFERENCED * %

C*109 PORMAT (2X,5F10.3)

112 FORMAT (10X,10I5) '
1,F10.2/7/)

120 EOHHAT(//SX,'OPTIH&L ALLOCATION AND ROUTINS */6X,'ALLOCATION BASED
1 ON ROUTING COSTS ONLY*'//)

125 FORMAT (//5X,'NUMBER JFP 3IJSPITALS IN THE SYSTEM ',I7/)

126 FORMAT(/S5X,'AMOUNT OF BLOOD USED IN THE SYSTEM',2X,I9/)

127 FORMAT{/S5X,'SYSTEM CJSI FOR CBC',2X,P11.2/)

130 FORMAT(// ,5X,'OPTIMAL ALLOCATION AND ROUTING ?/6X,'ALLOCATION 3AS
1ED ON ROUTING,EMERGENCY AND SYSTEM COSTS'//)

210 FORMAT({1H1,/40X,'SINGLE VEHICLE SOLUTION'/)

220 FORMAT (1H1,/40X,*MULTI VEHICLE SOLUTION'//5X,'CONSTRAINTS>?',4X,
1*MAXIMUM NUMBER OF STOPS~-',I4/21X,'MAXIMUM NUMBER OF ONITS~',IU/)

.230 FORMAT(/6X,*'TRUCK NO',I3,6X, 'NOMBER OF STOPS?,I3,6X, 'NUMBER OF ONI

1TS*,1I5/)

N=NHOSP

KK=KX

IF (KX .LT. 0) KEK=0

IF (NX .EQ. 1) WRITE(5,210)
IF (NX .EQ. 2) WRITE(5,222) ISTOP,IUNIT
IF (KX .EQ. 0) WRITE({6,110)
IF (KX .EQ. 1) WRITE(5,120)
IF (KX .EQ. =1} WRITE(6,130)
ECOST=0

RCOST=0

SCOSsT=0

ISTAR=0

JSTAR=0
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9

10

IPREV=0
DO 6 II=1,NBANK

WRITE(6,111) II,IBANK(LI)

IF (§X .EQ. 1) GO TO &4

NTR=IBTR (II)

DO 3 J=1,NTR

WRITE (6,230) J, NUM{JSTAR+J),IBLDTR(JSTAR+J)
JEND=NUM {JSTAR+J)

WRITE(6,112) (IHULLA(ISTAR+I,KK+1),I=1,JEND)
ISTAR=ISTAR+JEND

CONTINUE

MEMBER=ISTAR-IPREV-NPR+1

IPREV=ISTAR

WRITE(6,125) MEMBER

JSTAR=JSTAR+NTR

GO TO 5

MEMBER=NUM (II)

WRITE(6,112) (IHULLA(ISFAR+I,1+KK),I=1,MEMBER)
WRITE(6,125) NUM(II)

ISTAR=ISTAR+NOM (II)

WRITE(6,126) NWBLAD(II)

ECOST=ECOST+EMCOST (II)

RCOST=RCOST+TSCOST(II)

CBCOST=CBC (JD,NBLAD (LI} )

SCOST=SCOST+CBCOST

WRITE(6,127) CBCOST

CONTINUE

TOT=SCOST+ (RCOST*.03/5.1) *260+ (ECOST*,03#,25) *20
WRITE(6,113) ECOST,RIOST

ITOT=0

ccec=0.

COREG=0.

COST AT THE COMMUNITY CENTERS

DO 7 I=1,NBANK

ITOT=ITOT+NBLAD{(I)

CCC=CCC+CBC (JD, NBLAD (I} )

CONTINUE

IF (JD.EQ.5) GO TO 11

COST AT THE REGIONAL ZENTER

COREG=REG {JD,ITOT)

WRITE(6,8) COREG

FORMAT (//3X,'TOTAL 2OSI AT THE REGIONAL CENTER',9X,F11.2)
WRITE(6,9)CCC

PORMAT (//3X,'TOTAL SYST'EM ZOST AT THE COMMUNITY CENTERS',9X,

* F11.2)

TSC=COREG*CCC

WRITE(6,10) TSC

FORMAT {(//3X,'TOTAL SYSTEM COST',%X,F11.2//)
RETURN

END

SUBROUTINE PLOTNG{KX,NBANK, NTRUCK)

RETURN

END

FPONCTION DMAT(I,.,J)



1026.. COMMON/CHM/DM (11325)

1027, . COMMON/BKSQ/NHOSP, NBANK
1028. . MN=1I
10289. MX=J
1030. IF(I.LT.J) GO TO 1
1031. MN=J
1032. MX=T
1033. 1 MN1=MN~-1
1034, IS=MN*MN1/2
1035. K=MN1*NHOSP + MX - IS
1036.. DMAT=DM {K)
1037. RETORN
.1038. END
1039, C #%%kxk%*x THE FOLLOWING IS A DUMMY FUNCTION *¥%k%%kkx%
1040, FUNCTION SECOND({X)
1041. ; SECOND=0.
1042. , RETURN
1043. END
1044, . FUNCTION REG{I,IVOL)
1045, DIMENSION COEFF({4,2)
1046. . DATA COEFF/2.81,2.2,1.,52,0.45,395.,340.,342.,0./
1087, XVOL=IVOL/1000.
1048. REG=IVOL* (COEFF({I,1) +CJEPF(I,2)/XVOL/XVOL)
1049. RETURN :
1050. END
051. FUNCTION CBC{I,IVOL)
052. DIMENSION COEFF(5,2)
153. DATA COEFF/.%4,1.19,1.31,2.9,3.29,98.8,178.8,187.,490.4,539./
54, XVOL=IVOL/1000. v
55. CBC=IVOL*(COEFF(I,1)+CIEPF{I,2) /XVOL/XVOL)
56. RETURN
)J57. v END
058, FUNCTION PNALTY({IVOL,K)
1059, COMMON/BDD/BOUND,LVOL(5) ,MVOL({5)
1060. PNALTY=0.
1062. . cM2=10.
1063. 4 "IDIF=IVOL-MYOL {K)
1064, JDIF=LVOL{K)-IVOL
1065. IF{IDIF.LE.0)GO TO 10
1066, PNALTY=({{IDIF/1000) %%2) «ZM2+IDIF*CM1
1067. 10 IF(JDIF.LE.D)GO TO 20
1068, PNALTY= {(JDIF/1000) **2) *xCH2+JDIF*CH1
1069, 20 RETURN
1070, END
107 1. //SYSIN DD *
1072. 3 1 2 3 109
1073. . 3 TT 1000 1000
1074, 50000 130000 50000 156000 50030 112000

1075. 2



Appendix C3

RU BTF
NUMBRER OF BANKS= 3y BANK ID#= 1 2 3
FROGRAM OFTION # 1 IS USED
ALLOCATION FARAMETERS: ALLDOC1  ALLOC2  IMFRVI  IMFRVZ BOUND
T F F F T

BOUNDS ON THE VOLUMES FOR EACH BANK:
BANK LOWER BOUND  UFFER BOUND

1 50000 130000
2 30000 150000
3 30000 110000
DISFATCHING FARAMETERS? VIOF MSTOF YCAF
T 1000 1000

SYSTEM COST OFTION: 2

NUMBER OF HOSFITALS= 117

1 2 3 3 1 i 1 3 1
2 3 3 2 3 i 2 3 1 1
3 3 3 1 2 2 1 1 3 3
3 1 1 3 3 2 2 1 3 2
2 2 3 2 1 3 3 3 1 3
3 2 3 3 3 1 3 3 3 3
2 3 2 2 1 3 1 2 3 3
i 2 2 2 3 3 2 3 1 2
3 2 1 3 3 1 1 2 2 2
3 3 1 3 3 3 3 3 2 3
3 3 3 3 1 1 1 1 3 3
3 1 i 1 1 3 3



SINGLE VEHICLE SOLUTION

OFTIMAL ALLOCATION AND ROUTING
ALLOCATION RASED ON EMERGENCY COSTS

BANK 1 » IDENTIFICATION-HOSFITAL 1
ROUTING

1 93 33 67 14 38
71 108 107 113 108 106
20 79 10 36 24 8
19 32 6

NUMBER OF HOSFITALS IN THE SYSTEM

AMOUNT OF BLOOD USED IN THE SYSTEM

BYSTEM COST FOR CRC 120873.57

BANK 2 » IDENTIFICATION-HOSFITAL
ROUTING

3

2 &4 14 F0 ¢9 37
&8 8¢ 23 74 82 8%
36 i1 26 77 88 44

NUMRER OF HOSFITALS IN THE SYSTEM

AMOUNT OF BLOOD USED IN THE SYSTEM

SYSTEM COST FOR CgO 10904813

ONLY
65 49
112 115
43 28

33
100073
41 40
&1 43

52

3 -?
899467

87
114

?3
17

86
27
83



BANK 3 » IDENTIFICATION-HOSFITAL

ROUTING

3
54
21

110
69
@

18
P9
89
104
7
29

81
48
116
109
58

?6

39 21
P2 46
117 102
101 59
13 70
60 78

3

22
31
111
75
84

NUMERER OF HOSFITALS IN THE SYSTEM

AMOUNT OF BLOOD

SYSTEM COST FOR CEC

EMERGENCY COST

ROUTINE DELIVERY COST

TOTAL COST AT

TOTAL SYSTEM COST AT THE

TOTAL SYSTEM C

27 113
106 108
71 38
33 93

1 32
44 92
61 80
14 40

1 26
S50 78
46 P4
104 110
100 12
49 83
G 22

1 Sé

THE

08T

114
83

63

&3
77

,:,
34
97

X
wt

21
18

REGIONAL

45

113

34
74
37

ol o
wd )

15
57
46
24
21

43894,99

12120.34

CENTER

USED IN THE SYSTEM

?4 93
?7 a7z
23 12
35 47
Y83 a2
90

3
177814

COMMUNITY CENTERS

12852735.70

28 96
24 10
32 14
11 17
25 82
73 41
&9 101
3% 29
28 51
? P2
33 117
39 81

79
105
67

88
&8

70
30
111
7é

20
19

86

42

&4
47
31

102
116

810207.47

&0
75
03
23
13

pe

76
a1
100
H6
43

107
49

26

35
109
&2
34

G4

13
34
103

[ 2onl
59

30



CONSTRAINTS

OFTIMAL ALLOCATION AND
ALLOCATION RASED

MULTI VEHICLE

MAXIMUM NUMBER
MAXIMUM NUMRER

OF STOFS-1000
OF UNITS-1000

ROUTING

ON EMERGENCY COSTS ONLY

SOLUTION

BANK 1 + IDENTIFICATION-HOSFITAL 1
ROUTING
TRUCK NO 1 NUMRER OF STOPS 33 NUMRBER OF UNITS
1 ?3 33 67 146 38 &35 49 87 B84
71 105 107 113 108 1046 112 115 114 27
20 79 10 56 24 8 45 28 b 83
19 32 b
NUMBER OF HOSFITALS IN THE SYSTEM 33
AMOUNT OF RLOOD USED IN THE SYSTEM 100073
SYSTEM COST FOR CRC 120873.57
BANK 2 » TLDENTIFICATION-HOSFITAL 2
ROUTING
TRUCK NO 1 NUMBER OF STOFS 27 NUMERER OF UNITS
2 &4 14 20 ?Q 37 41 40 73 72
658 80 25 74 82 8% 61 63 17 42
34 11 26 77 88 44 52
NUMRBER OF HOSFITALS IN THE SYSTEM 27
AMOUNT OF RBLOOD USEDR IN THE SYSTEM BROL7
SYSTEM COST FOR CrC 109048,.13



BANK 3 » IDENTIFICATION-HOSFITAL 3

ROUTING
TRUCK NO 1 NUMRER OF STOFS 57 NUMRER OF UNITS 598
3 18 81 39 ?1 22 ?4 93 76 13
4 ?5 48 P2 46 31 97 57 91 34
21 85 116 117 102 111 23 12 100 103
110 104 109 101 a9 4 35 47 66 55
69 7 58 15 70 75 ?8 62 43 30
? 29 P8 60 78 84 S0
NUMEER OF HOSFITALS IN THE SYSTEM a7
AMOUNT OF PRLOOD USED IN THE S8YSTEM 177816
SYSTEM COST FOR CRC 212606.37
EMERGENCY COST 43894,99

ROUTINE DELIVERY COST 12120.34

TOTAL COST AT THE REGIDMAL CENTER 810207.47
MR RN

TOTAL SYSTEM COST AT THE COMMUNITY CENTERS 442528, 27

TOTAL SYSTEM COST 1252735.70



Appendix Ch

THE MATHEMATICAL MODEL AND ALGORITHIMS FOR BTAP

The Blood Transportation-Allocation Problem (BTAP), can be stated as
follows: '"Locations and expected blood requirements of a set of N hospitals:
are given. Each hospital is to be assigned to a community blood center
(CBC) which will periodically supply the hospital's blood requirements as
well as supply its emergency blood demands at the time of the emergency.

The blood shipments. are to be made by special delivery vehicles which have
given capacities and given limits on the number of deliveries they can make
per day. The problem is to decide how many CBCs to set up, where to locate
them, how to allocate the hospitals to the banks, and how to route the peri-
odic supply operation, so that the total of transportation costs (periodic
and emergency supply costs) and the system costs are a minimum."

The following notation will be used in formulating the BTAP,

i) "N'" is the number of demand points.

ii) "M" is the number of supply points.

iii) "n" is the maximum number of supply vehicles available.
iv) 5 = {Hl,..., HN} is a set of N demand points.

v) S = {HN+1""’ HN+M} is a set of M supply points.

vi) ¥ =L5US is the set of all points involved in the problem.

vii) dij is the "distance" from Hi to Hj' It should be noted that al-
though Euclidean distances among locations of hospitals and central
banks are used in the solution procedure, one could obtain a matrix
of accurate travel times between all pairs of hospitals and banks,

and one could use this matrix or any other "distance measure" in-

stead of the Euclidean distance matrix.



viii)

ix)

x)

x1i)

xii)

xiii)

xiv)

k=1,..., n is the capacity of supply vehicle k.

Q., i=1,..., N is the requirement of demand point i.

k = l,.:.,'nmis the maximum distance supply wvehicle k may

v., 1 =1,..., N is the expected number of emergency deliveries
to ﬁospital Hi per period. Yy is the probability that the demand
at Hi exceeds the supply at Hi given the optimal inventory level
at Hi is used.

s(L, k) is the systems cost function of a region, where & is the
number of hospitals in that region, and k is the amount of blood
used per year in that region. s, k) is defined and finite for

all feasible combinations of £ and k.

yij’ i=1,..., N; j=N+1,..., N+M is a zero-one variable such

that yij_is 1 if hospital Hi is assigned to central bank Hj and is
0 otherwise.

Xijk’ i=1,..., N+M; j=1,..., N+m; k = 1,..., n is a zero-one
variable such that xijk is 1 if vehicle k goes from hospital Hi to

Hj and is 0 otherwise.



viii)

ix)

X)

xi)

xii)

xiii)

xiv)

Ck’ k=1,..., n is the capacity of supply vehicle k.

Q,, i=1,..., Nis the requirement of demand point i.

Dk’ k = 1,,;., n is the maximﬁm éistance suppl? vehicle k may
travel.

Yi’ i=1,..., Nis the expected number of emergency deliveries
to ﬂospital Hi per period. 2 is the probability that the demand
at Hi exceeds the supply at Hi given the optimal inventory level
at Hi is used.

s(L, k) is the systems cost function of a region, where Z is the
number of hospitals in that region, and k is the amount of blood

used per year in that region. s(£, k) is defined and finite for

all feasible combinations of 4 and k.

yij’ i=1,..., Ny j=0N+1,..., N+M is a zero-one variable such

that yij is 1 if hospital Hi is assigned to central bank Hj and is
0 otherwise,

Xijk’ i=1,..., N+M; j=1,..., N+m; k = 1,..., n is a zero-one
variable such that xijk

Hj and is 0 otherwise.

is 1 if vehicle k goes from hospital Hi to



The BTAP is:

Problem 1

1 gﬁn MM n N
minz (%, v) = 2 2 = x,..d..+ 2 2 y.y..d
=1 j=1 k=1 S H 4oy gamg PRI
WM N N
+ = (T Vi & (3000 (7, ) L
=+l i=l i=1 J
subject to
8w
P X, . =1 i=1,..., N (2)
k=1 j=1 I
MM N
2 2Q <C k =1 (3)
d Ld LR, yeeey 0
j=1 i=1 iijk k
MM MM
= di‘xi'ks Dk k=1,..., n (&)
j=1 i=1 3+
n —
= x,,, 21 for all (S, S) (5)

ijk

2 o _ .
{i:HiES} {j:Hjes} k=1

where S is any proper subset of ¥ containing #/ and S is the complement

of S,
gﬁn MM
= 2 =1,...,1; h=1,..., N+M 6
SR T 2 Egy k=loeeem : 6
j=1 i=1



NeM

L oy..=1 i=1,..., N (7

j=Mel

Qﬁﬂ %gﬂ :
V.. 2 4L X, + X.,. =1 i=1,..., ¥; j=N+1,..., N+M (8)
ij h=1 ihk h=1 jhk

' k=l, ,

xijk =0, 1 i=1,..., N+M; 3 =1,..., N+M; k= 1,..., n 9)
(note that Xk " 0)

y.. =0, 1 i=1,..., N; j=N+1,..., N+NM . (10)

The explanation of these constraint sets are as follows. Constraints
(2) require that every hospital receive a shipment from some vehicle; (3)
are the vehicle capacity counstraints; (4) are the maximum travel distance
constraints (note, it is implicitly assumed that Qi = Ck fori=1,..., N
and k = 1,..,, n); (5) require that graph £ corresponding to x is con-
nected; (6) imply that a vehicle departs from a point h if amnd only if it
enters there (conservation of flow); (7) requires that each hospitai is

assigned to a central bank; (8) contains the coupling constraints between

variables x = {xijk} and y = {yij}. It means that if there is vehicle k

—— - - e e e e - - P —

assing from both nospital 1 (2 x, = 1) vane 5 (3 %, = 1)
passing from both hospital i 2 Kihk 1} and from bank j ﬂjl xjhk = l/

then hospital i is assigned to bank j (yi: 2 1+1-1=1),
]
Problem 1 has some redundant constraints, namely constraint set (7).
In order to show this, assume (7) was removed and a feasible solution was

found such that



then, by (8) we have

MM MM MM MM MM
02 2 Ex,ohk+_2 Ex.hk- =1
j=M+1 h=1 * j=W+1 h=1 j=l1
= (M) X.oy, + ., ~M k=1,...,n
h=l TP el =1 IPE

Through constraint set (2) we know that there exists a k* €[1, 2,..., n]

such that

MM
Z
h=1

Xope = 1 (vehicle k¥° passes from i°)

and through constraint sets (5) and (6) we know that

M M
z .z e = 1 (vehicle ¥° passes from a bank)
j=¥+1 h=1
N+M
which contradicts the above inequality. Therefore L V5 = 1 when
j=D1

constraint set (8) is satisfied, and thus comnstraint set (7) is redundant.
We have included (7) in Problem 1 for the reader's intuition.
In Problem 1 the wvariables x = {xijk} correspond to the routing of

the periodic delivery vehicles and the variables y = {yij} correspond to

the allocations of the hospitals to the blood banks. For a given

X = {xq, },y= {yij} is uniquely determined, but the converse is not -

true; if we are given the allocations, a series of M vehi;le dispatch
problems ﬁave to be solved, in order to obtain the routings. Problem 1
has a finite feasible solution set and 2 nonempty optimal solutiom set.
However, the underlying Multiple Vehicle Dispatch Problem (MVDP) makes
it a complex integer programming problem; for N of any significant size

(N = 20), the BTAP is too large to be solved by conventional mathematical

programming techniques in a reasonable amount of time. In the following
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section we will introduce and discuss a good heuristic solution procedure

for the BTAP. First, let us thoroughly examine the subproblems of the

BTAP that we will be using in the heuristic approaches.

In Problem 1, if Yio i=1,..., N are small or emergency costs negli-

gible (actual yi's range from .0002 to .06 when optimal ordering policies

are followed, see Pierskalla and Yen [1978]) and the functiom s(Z, k) is

essentially constant, then

2 MMM MM n
z°(x) = 2 > Xi'kdi’
i=1 j=1 k=l *3°*J

would be the dominating term in the objective function (1).

just solve the MVDP,

where S is any proper subset

Problem 2
MM MM o
min ~ L 2 xi'kdi'
i=l j=1 k=1 ~°
subject to
25 N+M
; X = 1 i=1,..., N
k=1 j=1 3K
we
Ld L Q.x. <C k=l:' , 1
3 k
=1 4=t b K
MM MM
d. .z k=1,..., n
X, | .
j=1 g=1 113K '
n -
> Z x, 21 for all (S, S)
{1:1 €83{3 HjE } k=1 *J

of ¥ containing o+,

: = k=1,...,0; h=1,..., N+M
= Fe T 7 Tk ST T SRR
j=1 i=1
x,.,. =0, 1 i=1,..., N+M; j =1, , N+M
ijk
k=1,..., n

Then we could

(11)

(12)
(13)
(14)

(15)

(16)

(17)



in order to obtain the optimal x* for Problem 1. The optimal allocations,
y*, would then be uniquely determined by x*.

On the other hand, if Yio i=1,..., N are relatively large (&hich
might happen under nonmoptimal ordering policies) or system costs and peri-

odic delivery costs are negligible, then

3 ty\ >
27(y) = L I vy.y..d. .
=] jemel = H3Oi

would be the dominating term in the objective function. Then we could

just solve the allocation problem,

Problem 3

£§ WM
min 2 oy,y..4d. ., (18)
i=1 j=t1 = *3
subject to MM
Z oy, =1 i=1,..., N (19)
j=w1
y..=0,1 i=1,..., N j=N+1,..., N+M (20)

in order to get the optimal ¥° for‘P;oblem 1. Then, optimal routings,
¥, would be obtained by solving a vehicle dispatch problem for each one
of the M regions determined by y° .

Let x* be an optimal solution of Problem 2. Let y* be the alloca-
tions determined by x*. Let y° be an optimal solution of Problem 3.

Define Ph(y) to be the set consisting of central bank. N+h and the hos-

pitals which it serves. Let P(y) = {Pl(y), Pz(y),..., PM(y)} such that
Yol = V. e Py s . s =
He \Ph(y), h=1,..., M; Hi Ph(y) if and only if Vi h 1, i
M
l,..., N; h=1,..., M. (It should be noted that U P, (y) =% and
A
le(y)fWsz(y) =8, i # jos J1» J2 =1,..., M; for all y feasible in

Problem 1.)
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Let ¥ be the routings obtained by solving the following vehicle

dispatch problem for h = 1,..., M (and renumbering the vehicles so that

each corresponds to a different circuit).

Problem 4

4

2y
min z b

= = % a9
(2:H,€2, ()50, (¥} k=1

3

subject to

n
2> = : % = 1 for all i such that H, €, (5°)
k=1 {j:H.€P_(7")
i h

z b3 Q.x,.. sC k=1,...,n
SEIENCAMETEIENCO B

2 = d..x, . €D k=1,...,0
(s:8,8, WHim e )]

o
= Z_ =z % 21 forall G, 3)

{lzaies}[J:szs} k=1

where S is any proper subset of Ph(y°)

2 XZ'k = i e for all 4 such that
(pre ) 7F {ome (7))

itk
HzePh(y°) and k = 1,..., n
= : . Fd Q 3. & 231 =
% ik 0, 1 {l'Hi“Ph(yv)}’ {J.Hj\Ph(y’)J, k=1,..., n

(=5 = O

It directly follows from the above definitioms that
zz(x*) < -22(x°)
() 5 22 ()
and if the systems costs are essentially constant
zz(x*) + 23(37" )

would be a good lower bound on the optimal value of Problem 1.

-8 -

(21)

(22)

(23)

(26)

(27)



Heuristic Solution Procedures for the BTAP
Let EX(jl, jz) be the set of all hospitals such that
. . : * o
HiEEX(Jl, 12) if and only if Hi £/ and HiGle(y ), HiEsz(y )

In other words Hi'EEX(jl, jz) means that hospifal Hi would have been al-
"located to bank HN+jl if only periodic delivery costs were minimized, and
hospital Hi would have been allocated to bank HN+j2’ if only emergency
delivery costs were minimized.
The basic idea behind the solution procedures that will be discussed

in this section is fairiy simple: First, the feasible solutions (x*, v
and (x°, ¥°) of Problem 1, discussed in the previous section, are obtained.
Then, they are compared and for each pair (jl, jz), iy #'jz; iy 3y =
1,..., M, hospitals Hi<EEX(j1, jz) are removed temporarily from le(y*)
and inserted into sz(y*). (Let us call this operation an exchange be-
tween sets le(y*) and sz(y*)). After each exchange, Problem 4 is solved
for the two sets le(y*) and sz(y*), under consideration, in order to ob-
tain the corresponding components of the variable (x, y) of Problem 1.
The components of (x, y) corresponding to sets Pj(y*), i# jl’ j# i, are
left unchanged. The resulting feasible solution, to Problem 1, is com-
pared with the.better of (x*, v¥) and (¥, y°). If there is a decrease
in the objective function value, zl(x, y), the exchange is made permanent.
Then another exchange is considered and so on.

 Two algorithms have been developed, both based on the idea described
above, and differing only in the way the exchanges implied by the sets
"EX(jl, jz), jl # j2’ jl, j2 =1,..., M" are ordered and executed. The

first algorithm is reasonably fast, but the set of exchanges it tests
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is not very large; it tests the elements in U EX(jl, jz) only one
(31,39)
by one and independent of each other. The second algorithm tests a
larger set, besides testing the elements in U' EX(jl, jz), it also
(31,32)
tests many different combinations of them. Hence, the second algorithm
produces a better solution. Unfortunately, these latter tests are time
consuming, and they slow down the algorithm considerably. Both of these
algorithms were originally developed assuming no vehicle capacity con-
straints and no maximum number of stops per vehicle type constraints.
In other words, constraint sets (3) and (&) of Problem 1 were assumed to
be nonbinding (in which case, of course, the underlyihg MVDP reduces to
the Multiple Traveling Salesman Problem (MTSP)). Then both algorithms
were extended to provide solutions to the BTAP also when the constraints
on the vehicles were binding. It should be noted that, in these algo-
rithms heuristic procedures are employed to solve Problems 2 and 4. So,
(x*, y*) obtained is not the optimal solution of Problem 2, but a near
optimal solution. Similarly, x° is a combination of near optimal solu-

tions obtained by solving Problem 4 for h = 1,..., M. Therefore, the

inequality

zz(x*) < zz(x) for all x feasible for Problem 2

which is always true when x* is optimal, might not always hold in our
>4 P g y

heuristic approaches, since there x* is only "near optimal."

Algorithm 1:
The following algorithm is a solution procedure for the BTAP, when

the constraints on the vehicles (constraint sets (3) and (4) of Problem 1)

-]0_



are not binding. In this algorithm the sets EX(jl, jz) are ordered such

that for all H, H11+1 :EX(jl, jz)

1
d, ., -d, . =d, ., =d. ..
llJ]_ l]_Jz ll+l3J]_ ll+l’J2

In other words the margin#l decrease in the emergency delivery cost if
Hil were to be placed in sz(y*) is greater than the decrease if Hil+l
were to be placed in sz(y*). Then, each set EX(jl, i), i i P
jl’ j2 =1l,..., M is considered one at a time. Starting with the first
element, all elements of the set EX(jl, jz), under consideration, are,
one by one, temporarily removed from le(y*) and inserted into sz(y*)
Then two traveling salesman problems are solved for these two sets. The
resulting feasible solution to Problem 1 is compared with (x*, y*) and
(¥, ¥°); if it is better, the chaﬁge is made permanent.

Assume the following parameters are given: the coordinates of N
hospitals and M Bﬁﬁis; the function s(f, k); the daily blood usage, Qi’
in each hospital Hi; the period for the periodic deliveries; and the ex-

pected number of emergency deliveries-yi for each hospital Hi in one

period. Then the steps of algorithm 1 are as follows:

1: Read in all the data..
2: Compute the distance matrix, D = {dij}, i=1,..., N+M; §j =1,...,
3: For each hospital H, determine the closest bank . . Set ¥
pi i’ HN‘Jl yilJl
(This step will determine y°.)
4 For each set Pj(yg), j=1,..., M, solve the traveling salesman prob-

lem, using the convex hull algorithm or any traveling salesman algo-
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rithm. available. The convex hull algorithm is given in Appendix A.

(This step will determine ¥ .)

5: Apply the multiple assignment algorithm to the given set of points.

This algorithm is given in Appendix B. (This step will determine y*.)

6: For each set Pj(y*), j=1,..., M, solve the traveling salesman prob-

lem, using the convex hull algorithm. (This step will determine x*.)

7: Let Z in = min(z(x*, v*), z(x®, ¥ )), where
z(x, y) = L x,.d,, + L v.v..d.. + ; s(Z y,. 300 2Q.v..).
i=1 j=1 T3 ga1 jemer MM gamer i=1 P i=1 &

Note that z(x, y) is just the objective function of Problem 1 with

the subscript k of x and summation over k deleted. Since there is

only a single vehicle serving each supply point, this deletion does
not affect the optimal value of Problem 1.

~ *
Let (E, v) = (x°, y*)

8: a) Execute the following operations for each pair (j,, jz), iy ol P
Jip dp = L, M When dome, go to 9.
b) Determine the set EX(jl, j2), if it is empty go to 8a.
£X( 5 . - £ EX(; .
¢)  Order EX(j;, j,) such that for all Hil, Hil+l EX(3y, 3p)

d, . =-d, . =d, o=dl ..
11J1 1132 iy+l,3p Ti1Fl.dn

d) Go to 8a.
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Case 15: obtains the solution (x, y) to the BTAP, using the assignments
y’ obtained in case 9. The vehicle constraints are 20 stops per vehicle

and 150 units per vehicle maximum.

Based on these cases, we can make a few interesting observations.

1. Algorithm 2, which is far slower than algorithm 1, produces very

little significant improvement in the solution.

2. The problem is insensitive to the parameter Yy i=1,..., N.

(Even though a large value was assumed for Yo i=1,..., N, in the mar-
. . * * o o - : .

ginal analysis of (x , vy ) and (x®*, ¥ ), the periodic delivery cost con-

siderations always dominated the emergency cost comsiderations.)

3. In the existence of binding capacity constraints, ? produces very

little significant improvement over y° .

These observations, provided ‘that they hold in other cases in future
research, imply that complex heuristics do very little over simple heuris-
tics to improve the solution of the BTAP. This is a very interesting re-
sult; it might enable us to use simple heuristics and decision rules in
the complex blood tramsportation-allocation probiem. For example, if the
first observation is true in general, algorithm 2 may be abandoned with
considerable savings in execution time. If the last observation is true
in general, one might simply use the allocations given by y°, which are
very easy to determine, in the solution procedure of the BTAP, and avoid
all the complicated processes to obtain y* or ¥. The second observation
reduces the need for accurate estimates for \oE the expected number of
emergency deliveries to hospital Hi in one period. These observations, of

course, have to be further tested, and this is left for future research.
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b)

c)

d)

e)

£)

g)

10:

a) Execute the following operations for each pair (Gys 35 31 # 3y,

jl’ j2 =1,..., M. When done, go to 10.
If EX(jl, j2) is empty, go to 9a.

Remove the first element of EX(jl, jZ); let it be Hil. Define

¥ = {¥.,} such that ¥. . = ¥, . = 3 =3 ;
y {YIJ} uc yllJl 0, y1137 1, and yij yij otherwise.

Solve the traveling salesman problem for the sets Pj (¥) and Pj2(§).
1

Store the resulting tours in X = {Eij} such that

x,.=1 if H,€P, (), H. €P., (¥) and the convex hull algorithm
1] 1 J1i J Ji
solution to Pj (¥) contains an edge between Hi and Hj.
1
X,,=0 if H, €P, (¥), H, €P. (¥) and the convex hull solution to
1] 1 J1 J J1
le(§) does not contain an edge between H, and Hj'
X, .=1 if H, €P, (y), H. €P. (¥) and the convex hull solution to
1] i 12 ] J2
Pj2(§) contains an edge between Hi and Hj'
X, =0 if H, €P, , H. €P. (¥) and the convex hull solution to
ij 1 €Fy, (s By €Ry (5)
sz does not contain an edge between Hi and Hj'
X,. = X, otherwise.
ij ij

C i . i a go to 9b; erwise
ompare z . with z(X, ¥) I£ Z o in LS sm ller go to 9b; otherwis

proceed.
Update x, y, and Zoin £ % X, v =7, and 2 in = z(X, 7).
Go to 9b.

All of the exchanges are completed, terminate. (X, 7) is the re-

sulting near optimal solution; Z in is the resulting near optimal

value,
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In most applicatioﬁ;, thé aﬁove algorithm will produce a very good
solution in a reasonable amount of time (see the next section for the
actual execution times). Héwever, in some extreme cases (i.e., cases in
which most of the sets EX(jl, j2) are very large), it could be very time
- consuming, considering that two traveling salesman problems are solved
after each exchange and there are as many exchanges as the total number

of elements in the sets EX(jl, jz), j1 # g5 jl’ jz =1,..., M (i.e.,

M M
there are " 2 L lEX(jl, jz)\" exchanges),
3=l 3,=1
1 22,
_]27‘J1

Algorithm 2
The following algorithm is a solution procedure for the BTAP, when
the constraints on the vehicles are not binding. In this algorithm, the
sets EX(Jl, 32) are ordered such that for all Hi’ Hi+lv:EX(j1, 32)
d, . -d, ., s d, . =d, .
i131 i1i2 i+, i1+l,390

. ’ I3 v V- . v-v- h _—.‘7-..‘ ) -. (S -
Then each pair of sets EX(Jl, 32), EX(JZ, Jl), 1< ip <, M are comn
sidered one at a time. The first elements Hi1’ Hiz of the sets under

consideration, EX(jl, j,) and EX(jZ’ jl), respectively, are removed, and

the following temporary exchanges are done in the given order:

H, is removed from P, (y") and inserted into P, (y7).
1 J1 12
Hi and one of the hospitals adjacent to it (adjacent in the graph de-
1
fined by (X) are removed from Pj_(y“) and inserted into sz(y*).
1
Hi and the other hospital adjacent to it (adjacent in the graph defined
1

by (%) are removed from le(y*) and inserted into sz(y*).
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Hil and both of the hospitals adjacent to it are removed from Pj (y®)
' 1

and inserted into sz(y*).

H, 1is removed from P, (y*) and inserted into P, (y¥).

12 12 J1
Hiz and one of the hospitals adjacent to it are removed from sz(y*)
and inserted into le(y*).

Hig and the other hospital adjacent to it are removed from sz(y*) and

inserted into le(y*).

Hi2 and both of the hospitals adjacent to it are removed from Pj (y™)
2

and inserted into Pj (y5).
1

After each exchange the new feasible solution to Problem 1 is determined
(as described in the previous section) and compared with (¥, ¥°), (x*, 7).
If it is a better solutiom, the corresponding exchange is made permanent.
This process is continued until both of the sets EX(jl, j2), EX(jz, jl),
for jl’ j2 under consideration, are empty. (Details of this algorithm are

given in Or [1976].)

Extensions of Algorithm 1 andAAlgorithm 2

The algorithms presented in previous sections may be extended quite
easily, to provide solutions also in the cases in which the constraints
on the vehicles are binding (i.e., the underlying multidepot problem is
the MVDP rather than the MTSP). One possible extension would be to use
the Gillett and Miller sweep algorithm instead of the comvex hull algo-
rithm in steps &4, 6, 94 of algorithm 1 and in algorithm 2. Let us call
this extension 1. Another extension would be to leave the first nine steps
of the algorithm the same and change step 10 to:
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10: Comsider ¥ to be the near optimal allocations. For each set
Pj(§), j=1,..., M, solve the vehicle dispatch problem using the

sweep algorithm.

Let us call this last extension, extension 2. Notice that in extension
2 the sweep algorithm is applied only M times (in step 10), whereas in
extension 1, it is applied M times in step &4, M times in step 6 and then
twice after each exchange (it replaces the convex hull algorithm). Hence,
as the sweep algorithm is slower than the convex hull algorithm, exteﬁ—
sion 1 is slower than extension 2. Extension 2 is coded in fortran IV
and tested with the data given in Appendix 1 (see the next section for
the computational result;).

Considering how large and complex the BTAP is, algorithms 1 and 2
and their extensions are at least a good start; they produce some very
acceptable feasible solutions and give us some insights about the BTAP,
as will be discussed in the next section. However, we should note that
we do not really know how good (or bad) a solution we are getting from
these algorithms. For example, we do not know whether the allocatioms,
'V (which were obtained for the MTSP and used in step 10 of extensionm 2,
in solving the MVDP) are near optimal allocation for the MVDP or not.
Similarly, we do not know how good an assigmment for the MVDP will be
obtained in step 5 of extension 1 using the assignment algorithm of
section 3.5, which was developed for the MISP. Also, the sweep algorithm
itself has an arbitrary nature, the solutions it produces are not guaran-
teed to be near optimal, These are all relevant shortcomings of our so-
lution procedures and more research will be done to resolve them. (These

algorithms and their extenmsions are available in Or and Pierskalla [1976].)
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The Convex Hull Algorithm

(A Heuristic Algorithm fcr the Traveling Salesman Problem)

The Convex Hull Algorithm is a "tour building" algorithm. It starts
with a subtour and builds that into a tour by including unassigned nodes
into the graph one by ome. The Karg-Thompson [1964] algorithm is also
based on this principle. The two algorithms, however, differ in some
very important aspects. fhe Karg-Thompson algorithm starts with a tri-
angle and ''expands'' arbitrarily to include the other nodes, whereas the
Convex Hull Algorithm starts with the circuit forming the boundary of the
convex hull of the nodes and "contracts" in a definite order to include
all the other nodes.

Let N be the set of n nodes. The convex hull on N, call G, is the
smallest convex set that includes N. So, by definitiom, the boundary of
G is made up of edges that connect nodes of N, and it is a circuit. Also,
there exists an optimal tour of N, in which the relative order of nodes
on the boundary of G is preserved [Bellmore and Nemhauser, 1968]. This
means, if the optimal tour were followed, nodes on the boundary of G
would be visited in the same order as if the boundary of G were followed.
This observation is ome important reason why the boundary of G is a good
starting point. The basic idea of the Convex Hull Algorithm will work
when nodes are in R3 or for that matter R (for whatever physical meaning
the Traveling Salesman Problem might have in RF) and when the underlying
distance matrix is not symmetric. However, for descriptive simplicity,

computational speed and real world problems of interest to us, we will
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confine ourselves to R? and to symmetric problems from now on. Also it
should be noted that the distance matrix does not have to obey the.tri-
angle inequality for the algorithm to be successful. (This last point is
‘ shown by the performance of the algorithm on test problems 2 and 4). How-
ever, the Convex Hull Algorithm does depend on the topology of the given
set of nodes and is not expected to perform well on randomly generated
distance matrices. In this last class of problems there is the additional

difficulty of defining the boundary of the convex hull.

The Algorithm

Assume the coordinates of n nodes and a distance norm (Euclidean,
Rectilinear, etc.) or a distance matrix and nodes on the boundary of the
convex hull of N (this is the starting circuit) are given. The algorithm

is as follows:

1. If you are given the distance matrix and nodes on the boundary of G,
go to step 2. Otherwise, compute the distance matrix and determine the
circuit that forms the boundary of G. This is the starting circuit. If
the starting circuit has n nodes, stop, this is the optimal solution

[Bellmore and Nemhauser, 1968]. Otherwise continue.

2. a) For each edge on the starting circuit, find the ”closes;” (this
term will be defined separately) node among nodes that are not in the
circuit yet. These are the "candidate nodes’ to be included in the cir-
cuit;

b) Store the two endpoints of each edge, the corresponding candidate
node and the '"distance'" between that node and the edge as four attributes

of the entity candidate.
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c) Order the stored candidates according to how ''close' they are to

the circuit (from closest to the farthest).

3. Pick and remove the candidate at the top of the ordered list (closest
to the existing circuit). Check if the candidate node is already in the
circuit by having been chosen at an earlier iteration. If it is not, go

~to step 5. Otherwise continue.

4, Consider the edge defined by the two endpoint attributes of the
chosen entity, candidate. For this edge, find the "closest” node among
nodes that are not in the circuit yet. Include this node and the edge

in the ordered candidate list the same way as in step 2. Go to step 3.

5. a) Consider the edge defined by the two attributes of the chosen
entity, candidate. Modify the existing circuit by deleting this edge
and adding the two edges that connect the endpoints of the deleted edge
to the chosen candidate node. | |
b) For each of the two new edges find the '"closest'" node among nodes
that are not in the circuit yet, and include the edge and that node in

the ordered candidate list the same way as in step 2.

6. If all of the n nodes are in the circuit constructed, terminate.
The existing circuit is the near-optimal Traveling Salesman Tour. Other-

wise go to step 3.

In the above algorithm 'closeness" of a node Vi to an edge (vi, vj)
can be measured by many different criteria. The length of the shortast

straight line from v, to (vi, Vj) is one criterion. The difference given

k
by [D: distance (Vi’ vk) + distance (v, Vj) - distance (vi, vj)] is
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another criterion. The ratio [R: (distance (vi, Vk) + distance (vk, vj))/
distance (Vi’ vj)] is still another. We have experimented with all of the
above criteria and their combinations. The best results were obta;‘.ned by
using the product of difference and ratio [RxD: (d(vi, Vk)+d(vk’ Vj)
-d(vi, vj)) X (d(vi, vk)+d(vk, vj))/d(vi, vj)]; however, we do not yet
fully understand why this criterion yields better results. A hypothesis

is that D alone has trouble distinguishing between cases of equé.l differ-

ences such as

;;k :;k
5,’ \\f and ’10,. -7 T~ ..10‘
GL_S—'E == —=a
v. v . 15 v
i . J 1 J
(a) (b)

and R alone has trouble with the equal ratios of similar triangles such

as

k
A
v /N
k \
15, \15
/}3\\ / b
5 5 , .
/ \\ and C( \b
Feoo— -
] 3 vj v, 15 vJ
(e) (4

whereas topology and common sense tell us that case (b) should be con-
sidered before case (a) and that case (c) should be considered before

case (4).
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Extensions

The algorithm described above is very fast; however, its accuracy
can be improved. In this case one might be willing to sacrifice séme
speed for additional accuracy. One source Qf inaccuracy is the algo-
rithm's inflexibility in changing the order of nodes aiready in the cir-
cuit in later iterations. The extensions we h;ve devised try to solve
this problem.

In Extension 1 the search for the '"closest'" node (to a given edge)
in steps 4 and 5 is done over all nodes (rather than being restricted
to a subset of nodes, i.e., nodes which are not in the circuit yet).
Then in step 4 the chosen candidate node (which is already in the cir-
cuit) is not immediately discarded, but it is checked to ascertain whether
the solution would improve if that node is removed from its existing posi-
tion and placed in a new position (as defined by the edge contained in
the chosen candidate). If an improvement is found, the route is altered
accordingly, and if not then it is discarded and a new candidate is
chosen.

In Extension 2 the algorithm (steps 1 to 6) is not changed, but an
extra step is added to "refine" the tour obtaimed. In this refinement
process a check is made to ascertain whether the existing tour would im-
prove if the position (in that tour) of any edge is changed. If an im-
provement is found, the tour is altered accordingly. Then a check is
made to discover whether the existing tour would improve again if the
position (in that tour) of any node is changed. If an improvement is
found, the tour is altered accordingly. This concept of tour improve-
ments is similar to the concept of A\ - optimality in the Lin [1973] al-
gorithm.
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Results

The Convex Hull Algorithm and its extensions were coded in Fortran IV
and run on the CDC.6400 computer of Northwestern University. The execu-
tion times obtained are quite impressive even on large (117 node) problems.
The solutions obtained for some well-known problems in the literature are
0% to 1.5% above the known optimal solutions. Table A-1 below summarizes
the performance of the Convex Hull Algorithm on these problems. Many of
the test problems in the literature have a randomly generated distance
matrix, this is the main reason why our comparative tests are limited to
5 problems. Table A-2 below gives the performance of the algorithm with

1"

and without its extensions and A-3 with different 'closeness' criteria.

Finally, our calculations and results from the experiments show that this

. . 3 . . X ) .
algorithm is of the n~ type. (The execution times increase in proportion

3 - .
to n~ when number of nodes n increases.)
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Test Refer- Number Convex Optimal % Execution
Prob- ence - of Hull ., Solution Differ- Time of
lem Nodes Algorithm - ence C. lull
Solution {3} Alg. (2]
111 Karp 1723 g
1962 25 1711 0.70% 0.301
Karg 4
2 196/ 33 10861 10861 None 0.496
+
3 ancaie 42 707 699 1.4 0.789
4 Karg 57 13066 12955 0.857 1.479
1964 | > +03% .
5 Py waﬂ 100 21282 21282 None 3.897

{1] The convex hull for this problem is obtained by plotting the nodes on a plane [from

matrix, using a compass.

{2] A1l execution times are given in seconds.

[3) The algorithm used is the convex hull algorithm with both of its extensions.
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Test Refer-  Number Convex Hull Algorithm Convex Hull Alg. Convex Null Alg. Convex Hull Alg.
Prob- ence of Without Extensions With Extension.l With Extension 2 With Extension 1,2

Nod
lem s Solution Exec. Time Solution Time Solution Time Solution Time

2 faes 33 10929 0.37 10929 0.41 10861 0.45 10861 0.49
3 wwmm&m 42 724 0.54 716 0.69 | 707 0.66 707 0.79
4 oes 57 13114 1.11 13170 1.35 13066 1.17 13066 1.47
5 ﬁwwmx 100 22083 2.33 21310 3.24 21366 2.80 21282  3.89
6 zaw_::x 117 11343.1 2.84 . 11193.4  3.72
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Test Number Solution with [1] Solution with {1) Solution with (1]

Prob- of criterion criterion criterion
lem Nodes "R x D" "R" "p*
2 33 | 10929 11586 10929
3 42 124 732 | 724
b | 57 13114 14482 13957
5 100 22083 22516 23049

{1]) The algorithm used is the original convex hull algorithm without its extensions.
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Multiple Assignment Algorithm

(A Heuristic Algorithm for MTSP)

Given N demand points and M supply points and a distance relation-
ship between all pairs of points, the algorithm below first assigns the
demand points to the supply points and then uses the Convex Hull Algo-
rithm, discussed in previous sections, to solve M separate Traveling
Salesman Problems.

The algorithm is:

1. For each supply point create a group and find the p closest unas-
signed demand points (p can be 1, 2, 3, &4 or 5, the choice of p will be
discussed after the presentation of the algorithm). Assign them to that

supply point by putting them into the corresponding group.

2. For each group comstruct a circuit that includes all the points in
that circuit. These will be the starting circuits and their union will

be the starting graph.

3. a) For each edge on each starting circuit find the "closest' unas-
signed point. These are the '"candidate" points to be assigned to a sup-
ply point by being included in the corresponding groups.

b) Store the two endpoints of each edge, the corresponding candidate
point, and the "distance' between that point and the edge as the four at-
tributes of the entity, ''candidate'.

c) Order the stored candidates according to how 'close' they are to

the existing graph (from closest to the farthest).
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4., Pick and remove the candidate at the top of the candidate list
(closest to the existing graph). Check if the candidate point is al-
ready in a group (assigned to a supply point). If it ism't, go to step

6; otherwise continue.

5. Consider the edge, defined by the two endpoint attributes of the
chosen entity, candidate. For this edge, find the "closest' unassigned
point. Include this point and the edge in the ordered candidate list,

in the same way as in step 3. Go to step 4.

6. a) Consider the edge defined by the two endpoint attributes of the
chosen entity, candidate. Modify the existing graph by deleting this
edge from the circuit that contained it and adding to that circuit the
two edges that connect the endpoints of the deleted edge to the chosen
candidate point. Assign the candidate point by including it in the cor-
responding group.

b) For each of the two new edges ‘find the "closest" unassigned point
and include the edge and that point to the candidate list the same way

as in step 3.

7. If all of the N demand points are assigned, proceed to step 8.

Otherwise go to step &,

8. The assignments are completed., Each group contains one supply point
and the demand points assigned to it. Apply the Comvex Hull Algorithm

to each group, to get the delivery routes, then terminate.

In the above assignment algorithm, a number of different "closeness'

criteria have been tried. The best results were obtained by using the
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criterion "sum of the shortest straight line from the node to the edge (SH)
and the cosine of the angle between the two new edges at the node ﬁANG)".
Again, we do not yet fully understand why this criteriom yields better
results. The "product of difference (D) and ratioc (R)" criterion, which
gave good results when used in the Convex Hull Algorithm, did not perform
that well in the above assignment algorithm. One hypothesis against the
use of the ratio (alone or as a multiplier) is that, in early stages of

the algorithm, most of the edges in the existing circuits are relatively
short, hence using their lengths as denominators in the ratios will pro-
duce large "distances" and will bias the candidate nodes towards the longer
edges. For example, using the criterion "RX D", the algorithm would con-
sider the case in figure A-1, which has an RX D value of 80, before the
case in figure A-2, which has an RxD value of 90, even though the latter

seems like a better first choice.

- k= te—__1
Ve 20 5%,
- 5
20
), R = 10
R=2, D= 40 J D=9
Fig. (1) Fig. (2)

The criterion SH was also tested in the assignment algorithm. This cri-
terion's major drawback was that it failed to distinguish between cases
such as the ones in figures A-3 and A-4 (it is clear that the case in
figure A-4 should be considered first). The criterion "SH + ANG'" over-
came that drawback. A criterionm such as "ANG x SH" would also have over-
come that drawback, but using ANG as a multiplier would have caused prob-

lems similar to the ones caused by using R as a multiplier.
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Sometimes, because of the topology of the demand points, the solu-
tion we get from the above assignment algorithm is very sensitive ﬁo the
choice of p, the number of demand points in the starting circuits. If
it is too large, the arbitrary nature of the initial assignments will
take their toll. For example, given the topology in figures A-5 and
A-6, p = 4 would lead to the solution illustrated in figure A-5, and
p S 3 would lead to the better solution illustrated in figure A-6. 1If

p is too small, on the other hand, the probability of an unbalance growth

® represents a supply point

© represents a demand point
Fig. 5 Fig. 6

in the groups will be larger. TFor an example of unbalanced growth, take
the case p = 1. At the end of step 3 of the algorithm, there will be two
entries in the candidate list for each group (note that the two entities
corresponding to the same group will be equal in distance and candidate

point attributes). Then, if the candidates corresponding to any ome
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group have comparatively large distance values, the other groups might
grow very large before the algorithm ever reaches those candidates in
the expanding ordered candidate list. On the average, lower valueg of p
give better results in smaller problems and higher values of p in larger
problems. In the application of the assignment algorithm to the blood
transportation allocation problem, three different values of p (two,
three and four) were tested. The best results were obtained using p = 3.

It should be noted that in the above assignment algorithm, actual
construction and storage of the circuits are not really necessary, as
long as one keeps track of the assignments and the candidate list accu-
rately; those steps are included only to clarify the reasoning behind
the algorithm and to complete the parallel between the Convex Hull Algo-
rithm and this one.

This assignment algorithm is very similar, in structure, to the
Convex Hull Algorithm. So, once the latter is coded, it is very easy
Vﬁoréxtééd”it to tﬁéréséignmenﬁﬁpfocesg aérdeSCQiBed abové. Inrfact, this
assignment algorithm is coded as a subroutine (subroutine ALLOC2, Or and
Pierskalla {1976]) and applied to some MTSP in solving the blood tramspor-
tation allocation problem. Also, it is very easy to adopt the assignment
algorithm for solving the MVDP. The first seven steps would be the same
and in step 8 an algorithm for the MVDP would be used instead of the Con-
vex Hull Algorithm. This feature too is coded as a subroutine (subroutine
DISPATCH).

There is a possible improvement of the assignment algorithm based
on a concept first used by Gillett and Johnson [1974]. This is changing

step 1 to:
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1. a) For each supply point initialize a group.

b) For each demand point i find the closest supply point jl and the
second closest supply point j, and compute the ratio, t(i) = di,jl/di,jz'
c¢) Assign all demand points i that have r(i) > § (for a predetermined §)

to their closest supply point by including them in the corresponding group.

The original step 1 is very rigid in the way it forms the starting
groups, since it does not take into consideration the topology of the
problem. '"The p closest unassigned demand points to a supply point" might
be a very poor decision rule with which to assign points. On the other
hand initially assigning only those points i with large r(i) is a more
topologically oriented decision rule. If § is large enough, there is a
very good chance that assignments made through this decision rule are op-
timal assignments (optimal in the sense that there exists an optimal so-
lution in which the assignments of those points are the same). The fol-

lowing example will clarify this argument.

. i i
120 ® @l
o) I 1P @
ig 9 i

Fig. 7

Given the configuration of figure A-7, original step 1 would as-
sign 13,14,15 to jl and il’iZ’ié to j2 and the application of the whole

algorithm would result in the circuits given by figure A-8.
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Fig. 8

Whereas the revised step 1 would assign 17’18’19 to i and 1,14 to iy
and the application of the whole algorithm would result in the circuits

given by figure A-9,

Fig. 9

So, through the above arguments, this change is expected to improve
the performance of the assignment algorithm; however, it has not yet been

coded and tested.
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