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ABSTRACT

As far as transportation problems are concerned, the minimization of transportation cost is
the most prevailing object. But in some cases, the cargo delivery time is the utter problem
rather than the cost. For instance, we may imagine the case that the delivery of the constru-
ction materials is delayed behind the schedule and this makes the construction cost increased
because of idle time of other materials and man power, in addition to the indemnity.

Therefore the allocation of ships, in marine transportation which is now the main route of
overseas trade, to the needed area on the required time is to be appropriately performed.

However, there are several restrictions for cargo delivery to meet the demand, such as ship’s
size, number to be employed and cargo handling capacity of the ports, etc. And there are some
other factors to be considered, that is, the degree of necessities of commodities, on their kinds,
amount, and the time of arrival, etc.

This paper deals with the problem of optimum allocation of ships emphasizing the cargo
delivery time adopting Linear Programming technique with those cargo delivery restrictions and

factors transformed by introducing the multi-speed conception, the conversion of multi-commo-
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dity to a single commodity, allowable delivery time, weight penalty number and nominating
priority. This paper presents a case of optimum allocation of ships in the light of cargo
delivery time for a construction company which has two different construction places and
analyzes the result. This study will give a planner a good tool for optimum planning of marine
transportation and be used for decision of schemes.
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[Table 1] An example of the travelling time for Ship’s type k
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[Table 3| The specification of ships
Ship’s Type D.W.T Speed No. of App. (S¢)
k1 Bulk Carrier 20, 000 15 kts Si 12
ko Bulk Carrier 50, 000 16 kts S, 8
ks General Cargo C, 10, 000 12 kts S, 8
ki Ore Carrier 40, 000 14 kts S 4
ks General Cargo C. 25, 000 17 kts Ss 12
[Table 4] Another commodity carrying capabilities(ton)
Ship’s Type Bulk (Wks) Gen (Wie) Ore (Wio)
ki Bulk C, 18, 500 19, 000
ks Bulk C. 46, 000 48, 000
ks General C,C, 12, 000 11, 000
ky Ore C. 43, 000 38, 000
ks General C.C, 28, 000 26, 000
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AR, FERAA olw el &, #isel Ho FAWEENY FiAAE 1 Kol BHE T W
onz FERS HEN oA & FATES BHLY F59 oL Bfie] solof s+ HE
BIfel Bl EtE BRFEe] B &itel wel o] F HMRY 5 ol FBAE ¢ e B 2
Weight & Zig g4 B/ML FHEelA aiEstd KESA =5 FEE.

4. w2l BRI

B3wolA ohE HIREE R BmEKY BRS LR s NUTAAE oE¢ MANME
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el SIERHNE o 2 Sz A 15
AL.P.)ez @iqbdh= el e g¥sir 2 gk
w1z ol gt MEE Hanez Byl Heke MARMQ digeh e ey o-gak el

B Z = o1 SrEimnel 88 ihilE « 9F o) =) Wiie E{r Weight ¢ 3F 1,
Z=2wex (4.1.1)
2ol E juiMbE Bk MOk e BN R JRER el dpiRel ol ¥ Bel WgEch =, o

Bydgel $3 % flE bz oA (GEE HEUGEEe s el BBAENN S SR
A ikt —HEke ok dtEE

Dx=b

(4+1-2)
PR T 3 R S

Zn’Z <q (4-1-3)
o wE & MK ATE DHCH R A 4 RETHe 1l RET S de BE e o
LGRS MRSk SShd LES SN CGHIOE b ik s B2 Al o
Bl A A AN HICE KR S 908 bl e, BB S P
ol A JHANE e} MUEEMD ¥ Hiyibel A el FifiARS MES ¢ forz

SxZu (4-1-4)
wosln, ebARe Rl (4-1-5)Sh e HEfEES Tl &Ll A FEUUR HAS 4mne)
ot —HE B 5 e g Rkl EEA R o U,

3 =TE=0 (4.1.5)

——
-

- SR el el ot
o el A ARe] ke B
vhAl o] B gilrel Bl A A & BV % RS A dmE ek Biek e o g
sbA S BEske oF St
Ayl (4e1-Delvh x ob3 885 %S AT fish Bk Ak LI R & 1

.)/\
a4 L (A
A 714

N
..M~
“pq~
B Nk

ijkm ijkm+ ZW’I fl_' V‘V.P)k R}k (4'16)
(fﬂ, Xiien 20
R,-k20>

714 e 1T £ Weight W Wel sl e 1Rpyow affsshsd fiol e

LTS T
HA GEL ETE Aol h
1

ek R BT, W inaisk Wre grel (RIS HH ek ¥l A

o] & ax % sl A3 FRpel fioll HEHAA FEF B metd Wrel jphihe Wl ok
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16 1981%F 4 7 WENGEKEHE Hi6k
B AEE FR o2 dG-s <o 289 MAS ol TEE ukel o] (2:2,3+5 2Ry

Eshd e Al melflel B HERE, ogo® FiSt: MR LUl A EIEME, st aton
(178 ke BBIEEZ ot Bhoez vepd Aok,

§1 el A factor Pir &= ko] Sol o] Bt o) oy Ly o S5 G I S 4
RS ARE RALSE 2R BEY & ZES Ao Wi Wi K o e R
REST. B 2REy BEE 2A 7] S8 Razhe MEH 2 o® okl 4 HRRIAA B
Bl A 2% FERS &R EBEY 1T f’ of BlESA Hx oln] G A L & Weight 3t Wot &

Hel glolA HRMOZ MRt vk RAMEE o) 571 ¢luh. Hehd sb3 Bifel ¢u: factor
Pir & BEMS oF ATRMQ ERIRIY #iize] WEES Ao

HIREEAR (4-1-2)% FRY TERS 18 & Belel f0sh fiftiko] 1 o %A @& %
A RRY REl B A KR AA HEIE L BRERY 40 o BEKS Bl e
TER PAA 2L GBS BARTEE EE 89 BE HMURAIA of BRRERS
7bA S 1758 FREY

MK J

22X Xijem+ fi=bi el (4+1-7)

m k5

\_W\E

B oH3, f FERE L,6,62 HHE % Vector 8} fi 47 Vector & 1}5o]2] 288 TR 55
fES =8 e HEfFAoE #iashd,

firfnel BIREEAR (4-1-3)¢ K59 RBHBHHANA FBRES S35t F BELAMY T
FEE A"

IMz

i’, ’k’;‘;}:?’" +%—iikm’Xikm+Rﬂ::qik ii{{ (4-1+8)
£ E Ha,

MR (415, S 2 BT SS9 £ RN S 3w RERRE ok
a9 AR u§ HESIA golok stmz

ZZZXUIM =uj jef _ (4-1-9)
B B H. =3,
WX (4-1-5)% o & Hokstd

M .
Y Xim=0 HEJT (4-1-10)

L3 % S 9w

BlEom e, B9 RIS RELSD i FNIAY ALERRY RIES HkS dt
A EoKE 2 BEdE Rt gimd A RES RS &1 L.P. ¢ Jpstoz %
AfeE b g g

*1. 2:2 B
* 2. BEYR 1),2),3),4),5),8) BR
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5. &l

H.oDo e drid = (g}

#

DIER GETR AR ol 3 LRk e el Bieh
SLeh. el il LR ALYTUE SO ANl st g <) =
URATE WS FUIS LR (nshast oo JIpE(l Fol A Q) A
Tr. LEETH O] R B BYENSD BB - GRS s P e s B T L e M S
ﬂj' Tl'x“ v~ [Tabie 6 7 8 9] ij‘ﬂrj- :'/J_’b}-ﬁ}
[Table 61 The specification of ships

e i pe o o Wk S ) . ,‘W; -

Shin’s Tv ‘ P L s S0 4L Mt B Ship’s

Ship’s Type [ D.w. T Gen. Bulk Speed

ki General C. C. 54, 000 50, 000 12,5 kts

£y Bulk Carrier 20, 000 22, 000 ‘ 21.0 kts

|

[Table 7] The requirement of Destination

" Table 8! The Capacities of Ports(10, 000 ton)

T Pob @GRk

" . POE
Destination rh Period - {, U )
FEA S H L &5 ton 4 150 150 1034 9201) | 10 50 100
(10,000 ton)
SRR R R L&D 267D ISP ZON 60 80 100
olefs)|  3(7H) :
| 30742 91T 100 100 100
40450 401 ‘
P TS i 2 40715 901100 100 100 100
‘Table 9; The Travelling time for ship’s type &, % (dav;
T‘rb‘ T il ' t;\i e
SN o LT -
1t n il 7 1 oo i
t 6 6
te i7 17 9 9
" ¥ 0 30 0 20 0 20 0 10
. 3 LD 1 i
: 4 j 1
| 5 ? 5
L A U A 6 3
T Ly 00 50 0 15 0 5
| L, 2 | 1 |0 0
f o T 4
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18 198lF 4 HBIBHERBRE Bleit

B, - A 33 HD. gl A AT 5 d& &ele A8 21}ele] AT Y 21
< k8] [Table 83} zte] #mgketn et

A BES HSRES LR s+ Weight Penaly function -& JEshe] of shis] 7)o = 1%
SR FRdtd [Fig. 419 2-& Bz Foiiidn FEEgs

10000

A\
Weight _/_\J\/’"\/‘J\_/J\/
™

Penalty r,/—_\r*-—-—" T ~— |

W)

10

8
L7 2
6 - P -
’I
rd
Id
4
A
2 N
~
~
N
N
e

0 t t ¢ fo

Time(T)

[Fig.4] Weight Penalty Function

ol AS AN weh Row e g gt

Priority @
T w(t)-——A (t t)+5
! e : ’ (5-1+1)
<ttt y= w2(t)-— (t &) +10
‘Priority @
LSS - y=w1’(t)= (t—tl)+3
} (5-1-2)
to<t§tl y= wq’(t) (t tz)+7

BES BRENH B2 BERE (FREH Table 10)3+ 2o} Ao
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[ Table 10! Transporiation table

- e e e L RIVIEEA R RES: AT
. i

SEALU R SRS ton 1Y . 1,500,000 1, 400, 600

SFESIRRDUIICTY G | 1

S TR 2 ‘ 2 3

SRR G 1 ! 1 i 1

B2 A v
7[43

Time - Ship’s
|
ton g | 1y

Period | Tvpe

' Weight - Py R Gix

1 ko 50, 000 5 ] 5 +  xn 20,0000  «© 0.01 ° R 460

(9211) | ke

I
20,000. 5 ‘ 5 AN 20.000 @A, 0.m R 460
{

ool k500000 4 ol x. 3w o001 R 268
@201) k20,0000 4 © 07 xe 3 x. o001 R 363

300 i 50, 000 5 3 X 0 R N )] K- 455
9111y © A 20, 000 5 8 o 0 S 0.01 R. 455

4 ks 50100 5, 16 X 7 o001 R 540
on) ik ‘

0.01 * R 540

]
i
<
L)
=}
(o}
—
<
1
~)
P

10,000, fa 9,300.
i (”") TR !

[Table 1012 @3k N(4-1-6)el s NiwiyleE G5upskel, ik

oy

Z= bx,;  +20000x,.+ 5x.. +20000x..+ Oxy +3x..
+0xy, +  3x. 4+ 8x.; +  Ox. + 8x, +0x:.
+10x;; 4 7x. + 10x, +  7x +10000f5: +9900f 5 |
—0.01R,;:-0.01R..—-0.01R.. —0.01R,; ~0.01R.-—-0.01R;,
—0.01R-,—0.01R:-+ MA, +MA, +MA, +MA,
+MA, +MA. +MA  +MA, +MA, +MA,
+0S, +0S., +08S. +0S; +0S: +0S;

! (5-13)

+0S; +0S, +0S, +0S., +0S,, +0S,.



20 19814 4 H WENSPERBRICE Hl6k
{8, M= Big weight **
A & Artificial variable *
S = Slack variable

(417Kl R FER #-L,

x“+x31+x“+x“+x51+x61+x71+x.1+f91+A1=150;] 5-1.0)
Xy F Xyy + Xgy + Xy F Xy + Xy + Xqp + gy + fon + A, =150
(4-1-8)5X 8 (4-1-10)ik o 2 el MHEES 4IRS,
10x;; + 6% + Ry3+ A; =460
20x,; + 102y, + Ry3 + A, =460
10x3, +6x35; +Ry;+ A; =368
20x4; +10x4y + Rys + A; =368 (5-1-5)
10x5; +6%52 + R53 + A, =455
20%:1 + 105, + Rys + A, =455
10x;; + 6%, + Ry3 + 4, =540
20x5; + 104, + Ry + A1y =540
(4:1-9)5Rel (R Hfgts MRERe H-e,
X+ 2+ S = 40
X+ x5, +S,= 50
x5 +x0+S;= 60
X3+ x,+S= 80 (5-1-6)
X514 %5 +S; =100 /
x5+ x5+ S; =100
Xt 2y +S; =100
X7, + %+ S5 =100
(@ 1DR KT AitE HEARY B,
Xy iy Xy X0y + 53 =100 1
Xy + X5yt x4 + 245+ S1 =100 : (5+1+7)

K51+ Kso + X1 + %5y + 511 =100

/
X711 +x72 + X33 + Xgy +Slg =100

2 3ol A o] Computer £ JEE (219 1% BI)sHd MBS 78 #T [Table 11]5F
2,

3. BEWEL 1) p.p.211~215, 3) p.p. 154~63
4. BEYTE D p.p.210~211, 3) p.p.63~165

— 272 —



el SRERSEE bk oz sl= EBMT o1

"Table 15) Analysis of the Results
- - - ___(i0,000ton;

Yestination i H i el ol 2] o)
» T ) T Hiflts
150 150 TR RAARANC I
3 5
P 2 3
GBI G 4 | 4
i AR
Time \\ R 1 | 2 !
Pered | Ship’s e : [ o e
R ) . EI‘WITJ e 3 [ 1 I Y Ri LR OE &
I Cox 40. [ X Ry, 59. 999
1 : | . )
A0 X f X { i R:x 1 4600
o B "4 i
i :
ki Lox 36.8 A Ry, k
ke o 136 x 9.6 Ri |
. L A

% x4 i 75. 833 i Ra;

\ k. PO %3 24.167  Rs - 213.333

e ~ ‘ = {
| I3 \ 54. : R
B
I v 5.6 \ 104 1 R, 24
: ll o o [ 1 ‘
i i !
LR W SLEIRRIA  fe] 4, dEaAdchs S10n Hel e kb k

TOREkel el ERiel GRRIE GNIRNE 504,000 ton = 854,330 ton - - ldesie] el ok
TG EEEIEEIRT ¢ e s I R G I S i AU
JHRERRE ek b2 siel o] 400,000 tono] JFME b T AE
86,000 ton o] [UiEsl g o=, ol nl o w T &k 1,500,006
ool - 2.2 F 3594 WS T

‘,Ii SRR i

S TR

P ()

@A, Sl A 0e fUEsel A o Ragll s b, che W Aol jE7iel <ol A

AL C1.0.0 et & ¢
-8 ‘H»IOI AR T il i /"\DiL;

PLES B4z o5 fIUsE7] - skt oF Tiel A g ikdbst 4

»

c.
SRV e R I B < V7 it i B




22 1981F 4 7 HEABHEABHRE Hl68E
Aie BESE MEsnd S BME kad ERetn 98¢ B Fu dvhn 4dd
=%, HEE B b tn RE ERAG Y2 BEY BREEE I BEE 5 JenD A
BREHARS FEY A4 BRE BRI} B@e PR ) domE ®BE KR i
BT e wREY REESC RENSE BEE REst o ZERURY WHE K0
= 9w

6. ¥ B

K BRLAAL K SIERNE RELLE T Kips BRAY HHBA oA Mne M@
E EEsHe MEE M.

#e3%S BRMELE —BNoe s BAR/INEE BEA SR A gtovt &R BRI, WS K
H ORETE %o HPA: K5 ENR B wie BBdE Ao H& RER ¥WuwE M
STEF weh

BlE =9 AREo Y, EESR REMHEC T Al S 2 €BY RE, HREERE Y
EBBEI R B AR5 ¥ B9 BB, B BHste EEnE, T/t BdA BT
ol YA EHE Hd AL BES AL RES BTHA ZEeEA zHde &
Bl 9 g Aol Eifs] HBEMAC e Rl A Bk 5 v H% HEoue #HES
Z2 BIEEA o] ol B3I WL =% EESIL RHE Ei HEY Helo

#4e BIERINE WRSEE st RRMEE FENY HdA Bavd e By HE
BS HRAY 9% HHEE 249 BREEAAS sl =z GHalel 2 5 &= Aol #E
ol & wBo HIREEG-S B H o EHES M "9 ), 29 RERMEE E-KHI
BE e REFRA WA= Bkt e REMHSZE S el Sfslan TEkbd
A ZEE S mRY 8, B8 ¥ Rt -4 g% 2 obvE &2Y Bl I & A
o] AR HIRCE olF FAY Hed REBHBIEOZ = 1 ko] HES ).

ol B M-S FET KBRS MEE 57 39 K RAAE i) HAEN =9 BAL
2 de 7R AR Htkel wE FHEMEE ¢ B9 REMEE Késta, i) SRERHS B
o) HAEHE B Eas HASG LA, i) FEMAA LEESHE Bl BEMLE F
sha, iv) TEESHR 28 FEC A BET B KRRl oY & U=F FHEFFELMS
ZkEsta, v) Weight Penalty Number & BB T2 A BAN SIS FMAS oo 22 BRMHE
F ERLE T 57 Y4

=, BRIy BEsn s THE ZUWITHRCA BRA 717 98ty EHE #46 508y &
MMUEE G2 B AT BRI BRE EASL o HoHE %5 sRsks e o, GHE
el AREAIReR oS HET MEA H/I filx HFA X3S sy 9.

A RANA RS MEMAC R ol 28 RMAMEE 57 AstdA BEpS #Hire msts
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Ho AN REge R e ERME 283
W, AR % el feardiel wbe de] EFEIMRISl AAA FESH: RS REME fReT
BT S 9 el A delvhn £&MEY RIS %<& @ystd ol & Aol® HIAIA Sl Handling
Rate t} #7498 Queueing R 453+ BIESA A el PIGmms sl fant Pigesteior & ol

2 E X ®

1) Robert L, Childress; Sets, Matrices, and Linear Programming, Prentice-Hall, Inc., Englewo -
Cliffs, New Jersey, p.p. 274~280 (1974)
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3) Mokhtar S, Bazara and John J. Jarvis; Linear Programming and Network Flows, John Wiley &
Sons, New York, p.p.81~403(1977).
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24 1981 4 B WESHEREBRTE 1601
Fft8%: Programming

PANAFACOM UMOS/D E004 FORTRAN V01/L05 —760101—

ASN STNO, SOURCE STATEMENT
C PROGRAM FOR LINEAR PROGRAMMING BY SIMPLEX METHOD
1 DIMENSION CNVP(22), CNVN(22), ClIP(22), Ci(22), NI(22), B(22)
-2 DIMENSION Cl(48), NXJ(48), NXI(22), A(22, 48), Z(48) ,ZC(48)
3 DIMENSION RHSP(22), RHSN(22), RHS(22)
4 - " DIMENSION BX(22), UL(22), SL(22)
5 DIMENSION COFP(22), COFN(22), CUL(22), CLL (22), CJp(22), COFF (22)
6 1 READ(7,61) PROB, PR, M, N, KODE, MN, PTYPE, NN, NS
7 READ(7, 62) (NXI(D), I=1,M)
8 READ(7,63) (B(), I1=1,M)
9 READ(7,63) (CI(J), J=1,N)
‘10 READ(7,62) (NXJ(), J=1,N)
11 ITER=0
12 L=0
13 DO 5 I=1,M
14 5 BX(D)=B(Q)
a5 NZ=N-M
16 DO 7 I=1,M
17 7 READ(7,63) (A(L)),]=1,NZ)
18 JJ=NZ+1
‘19 DO 121=1,M
20 DO 13 J=J],N
21 JZ=]-NZ
22 A D=0.0
23 - IF(LEQ.JZ) AL ))=1.
24 13 CONTINUE
25 12 CONTINUE
226 DO 15 I=1,M
27 DO 15 J=1,N
28 IF(NXI(I) -NXJ()))15, 14, 15
.29 14 CID)=CJ()
30 15 CONTINUE
31 21 DO 25 J=1,N
32 Z()=0.0
33 DO 24 I=1,M
3 24 Z(D=Z) +CID*A{, D
35 25 ZCH=Z(H-CJ)
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AEF R AR
ISN STNO- SOURCE STATEMENT
36 OBJ=0.0
37 DO 28 I=1,M
38 28 OBI=0BJ+CIHD*E)
39 WRITE(S, 54) PROB, PR,ITER, OBJ
40 LP=100*L
41 IFCITER.NE.LP) GO TO 59
42 N1=1
43 N2=38
44 43 IT(N2-N3j45, 45,44
45 44 N2=\XN
46 45 WRITE(8,65) (CJ()), 1=N1,N2)
47 WRITE(8, 66) (NXJ(]), ]=N1,N2)
48 WRITE(8, 70)
49 DO 48 I=1,A1
50 48 WRITE(S, 67;CI(D), NXI(I), B(I), (A, ]) J=N1 N2}
51 WRITE(8, 68)0B], (Z(]), J=N1,N2)
52 WRITE(8, 69) (ZC(J), J=N1,N2)
53 IF{N2-N)52, 55,55
54 52 N1=N1+8
55 N2=N2+8
56 GO TO 43
57 55 CONTINUE
58 L=L+1
59 WRITE(S, 70)
60 59 ZCM=ZC(1)
61 M=1
62 DO 109 J=2,N
63 IF(KODE)106, 105, 106
64 105 [IF(ZC(]) -ZCM)107, 109, 109
65 106 IF{ZC(J) —ZCM)109, 108, 107
66 107 ZCM=7C(})
67 IM=]
68 109 CONTINUE
69 [I'(KODE)122, 121, 122
70 121 IF(ZCM)131, 123,123
71 122 [F(ZCM)123, 123,131
72 123 MMN=M+MN
73 MCO=M+1
74 IF(OM.EQ.NS) GO TC 116
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26

ISN

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

90
91
92
93
94
95
96
97
98
99

160
101

102
103
104
105
106
107

108
109
110
111

19814 4 7 B AERE il

STNO.

202

201

116

192

194

196
197

124

998

999
888
126
127

204

205

206

207

208
210

212

SOURCE STATEMENT

DO 201 I=1,M

MXN=NS+1

DO 202 J=MXN,M

IF(NXI(I). EQ.NXJ(])) GO TO 180

CONTINUE

CONTINUE

DO 194 K=MO, MMN

DO 192 I=1,M

IF(NXJ(K). EQ.NXI(I)) GO TO 194

CONTINUE

IF(ZC(K).EQ.0.0) GO TO 196

CONTINUE

GO TO 124

WRITE(8, 197)ITER

FORMAT(‘-’,5X, ‘ALTERNATE OPTIMAL SOLUTIONS EXIST---ITERATL
10N’, I5)

WRITE (8, 71) ITER

DO 999 I=1,M

IF(B(I).NE.0.0) GO TO 999

WRITE (8,998) ITER

FORMAT(‘+’, 28X, ‘— —DEGENERATE---SOLUTION ITERATION’, I5)
GO TO 888

CONTINUE

IF(NN)204, 126, 204

WRITE(8, 127)

FORMAT(‘~’, “*** DATA ERROR *** SENSITIVITY ANALYSIS(COL. 31-33,
1DATA CARD#1) CODE: —1=NO, 1=YES’)

WRITE(8, 73)

WRITE(8, 206)ITER _
FORMAT( ‘", 5X, “***+* FINAL SOLUTION ***+...[TERATION’,15//)
WRITE (8, 207)

FORMAT(‘-’, 8%, ‘C(I)’,8X, ‘VARIABLE NO.’, 14X, ‘VALUE’)

DO 210 1=1,M

WRITE(8, 208) CI(I), NXI(D), B(I)

FORMATY( ‘0", 2X, F12.3, 10X, ‘X(’,12, )’,11X,F15.8)

CONTINUE

OBJP=ABS(OB])

WRITE(S, 212)0BJP

FORMAT(///‘~’,5X, ‘Z=",F25.8)
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SN STNO.

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

128
180
181

182

137

139

141

151

154

157

160
161

61
62
63
64
65

1Y DIERNIEE DR s BMm 27

SOURCE STATEMENT

IF(NN)128, 128, 280

GO TO 1

WRITE (8, 181)ITER

FORMAT ( ‘-, 10X, ‘INFEASABLE SOLUTION---ITERATION’, I5)
WRITE (8, 182)

FORMAT( ‘1)

GO TO 128

XM=1.0E38

M=0

DO 135 [=1,M

IF (A, JM;)139,139,1335

XX=B/D/Ad, IM)

IF (XX —-XM)137,139, 139

XM=XX

IM=I

CONTINUE

IF(IM; 141, 141, 151

WRITE (8, 72

GO TU 1

XX =AM, 3D

B(M =B{UM; /XX

DO 154 J=1,N

AN, =AM, 1H/XX

DO 161 [=1,M

IF(I-1V) 157,161, 157

XX =AU, JMD

BI) =EI) — XX*BUM;

DO 160 J=1,N

AL =A0DH -XX*AUNM, J)

CONTINUE

CIUMy =CJ{JAD

NXI(IN = NXJ(WD

ITER=ITER +1

GO TC 21

FORMAT (2A4, 2X, 4(I3), 2X, F4.0, 2X, 2(I3))
FORMAT (2613, 2X)

FORMAT (8F10.3)

FORMAT(/ ‘PROBLEM TYPE’, 6X, 2A4, 8X, ‘ITERATION’, 15, 3X, ‘Z(J)=",E12.5)
FORMAT(//26X, ‘C())', 1X, ‘=",2X,8F12.3)

— 279 —



28 19814 4 H WERIFIEABRIE Hl64

ISN STNO. SOURCE STATEMENT
151 66 FORMAT(8X, ‘C(I)’, 2X, ‘BASIS’, 6X, ‘B(I)’,5X,8(6H X(,I2,4H ))
152 67 FORMAT(1X,F12.3,1X, 3H X(,I2,2H), E12.5,1X, 8E12.5)
153 68 FORMAT (/14X, ‘Z(J)’, 3X,E12. 5, 1X, 8E12.5)
154 69 FORMAT(11X, ‘Z(J)-C(J)’, 14X, 8E12.5)
155 70 FORMAT(1H )
156 71 FORMAT(///2X, ‘OPTIMAL SOLUTION FOUND------ITERATION’, I5)
157 72 FORMAT (19H UNBOUNDED SOLUTION/19X, 1H)
158 73 FORMAT(1H1///)

C SENSITIVITY ANALYSIS

C *¥Exk:4RIGHT HAND SIDE RANGING
159 280 WRITE(S, 73)
160 WRITE (8, 281)
161 281 FORMAT( ‘Y, 20X, “***** LP SENSITIVITY ANALYSIS ****¥'// /)
162 WRITE (8, 291)
163 291 FORMAT(‘~", “*kx(Ay**x’ 21¥X RIGHT HAND SIDE RANGING’)
164 WRITE (8, 292)
165 292 FORMAT(‘+’12X, ‘------==-==m-mmmemmnee ")
166 WRITE S, 295)
167 295 FORMAT( ‘0", ‘CONSTARINT NO.’, 11X, ‘LL’, 14X, ‘B(I)’, 16X, ‘UL’)
168 DO 380 K=1,NS
169 285 DO 290 J=1,M
170 RHSP (J) =9999999.
171 RHSN(J) = —9999999.
172 RHS()) =0.0
173 290 CONTINUE
174 DO 330 J=1,M
175 IF(A(], K)) 305, 300, 305
176 300 RHS(J)=9999999.
177 GO TO 320
178 305 IF(B(J))315, 310, 315
179 310 IF(A(J,K).LT.0.0) RHS(J)= —0.000001
180 IF(A(J,K).GT.0.0) RHS(J)=0.000001
181 GO TO 320
182 315 RHS()) =B(J)/A(J,K)
183 320 RHS(J) =RHS())*(-1)
184 IF(RHS(J). GT.0.0) RHSP(J)=RHS(J)
185 IF(RHS(]). LT.0.0) RHSN(J)=RHS(J)
186 330 CONTINUE
187 J=1
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1SN STNO. SOURCE STATEMENT

188 RHSUP =RHSP())

189 RHSLL =RHSN(J)

190 DO 335 J=2,M

191 IF(RHSUP. EQ. 0.0) RHSUP=RHSP())

192 IF(RHSUP. GT. RHSP(]J))RHSUP =RHSP())

153 IF(RHSLL. EQ. 0. 0)RHSLL = RHSN (})

194 JF(RHSLL. LT. RHSN(J))RHSLL =RHSN(}J)

195 335 CONTINUE

196 IF (RHSUP. EQ. 9999999. ) GO TO 340

197 GO TO 345

198 340 UL (K) =9999999.

199 GO TO 350

200 345 IF(RHSUP. EQ..000001)RHSUP=0.0

201 UL (K) =BX(K) +RHSUP

202 350 IF(RHSLL. EQ.0.0) GO TO 355

203 IF(RHSLL. EQ. —9999999.)GO TO 355

204 GO TO 360

205 355 SL(K) = —9999999.

206 GO TG 370

207 360 IF(RHSLL.EQ. -.000001)RHSLL=0.0

208 365 SL(K)=BX(K)+RHSLL

209 370 WRITE(8, 375)K, SL(K), BX(K), UL(K)

210 375 FORMAT( 0, 4X,13, 1X, 3(5X,F15.5))

211 380 CONTINUE

C FiekrkxsrkskRASIS VARJABLE COEFFICIENT RANGING

212 IF (MN) 387, 387, 390

213 387 WRITE(S, 388)

214 388 FORMAT(‘-’, “*** DATA ERROR *** -- NO. OF REAL VARIABLES(COL.20-
122, DATA CARD #1)")

215 GO TO 560

216 390 WRITE(8, 391)

217 391 FORMAT(//‘—’, “=¥**(By**** BASIS VARIABLE COEFFICIENT RANGING’)

218 WRITE (8, 392)

219 392 FORMAT(‘+7",12X, “-=emmmmmmmme et )

220 WRITE (8, 503)

221 395 DO 480 1=1,M

222 DO 400 K =MO, MMN

293 IF(NXI(I). EQ. NXJ(K))GO TO 405

224 400 CONTINUE
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ISN STNO.

295
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

405

401

410

415
420

421
422

430

435

440

445

448

450

455

SOURCE STATEMENT

GO TO 480

DO 401 J=1,N

COFP(J) =9999999.

COFN(J) = —9999999.

COFF(])=0.0

CONTINUE

DO 430 J=1,N

IF(A(], ]))415, 410, 415

IF(ZC(J). GT. 0.0)COFF (J) =9999999.
IF(ZC(D). LT.0.0)COFF (J) = —9999999.
GO TO 422

IF(ZC(J))421, 420, 421

IF(A(L, ). GT. 0.0)COFF (J) =0. 000001
IF (A(,7).LT.0.0)COFF(I) = — 0. 000001
GO TO 422

COFF(J) =ZC()/A(LT)

COFF(J) = COFF(J)*A(l, J)
IF(NXI(I). EQ.NXJ(J)) GO TO 430

IF (COFF (J). GT. 0. 0)COFP (J) =COFF (J)
IF(COFF(J). LT.0.0)COFN(J) = COFF (J)
CONTINUE

=1

COFUP =COFP(J)

COFLL = COFN(J)

DO 435 J=2,N

IF (COFUP. GT. COFP(J)) COFUP =COFP (J)
IF (COFLL. LT. COFN(J))COFLL = COFN(J)
CONTINUE

IF (COFUP. EQ. 9999999.) GO TO 440
GO TO 445

CUL (1) =9999999.

GO TO 448

IF (COFUP. EQ. . 000001)COFUP =0. 0
CUL(I) =CJ(K) +COFUP

IF (COFLL. EQ. -9999999.) GO TO 450
GO TO 455

CLL(I) = —9999999.

GO TO 469 -
IF(COFLL. EQ. . 000001) COFLL =0. 0
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360
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460
469
462
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475

480

501

502

503

510

515

560
558

el BLEN S Mo s Sb mANma A

SOURCE STATEMENT

CLL(D =CJ(K) +COFLL

IF(PTYPE)470, 555, 462

COL(Jy=CULD*{-1.0)

IF(CULI).LT.0.0;CULI) =C.0

CLL(D =CLL()™(-1.0)

Cl) =CI{D*(-1.0)

WRITE(8, 475) NXI{I), CUL (1), CI(I), CLL (1)

GO TO 480

WRITE(8, 475)NXI), CLL (1), CI{I), CUL ()

FORMAT(0", 3X, X(,12, )", 3(5X,F15.5))

CONTINUE

Fkrkik NON-BASIS VARIABLE COEFFICIENT RANGING
WRITE(S, 501)

FORMAT (// =" “*%%+ (C)**#* NON-BASIS VARIABLE COEFFICIENT RANGING")
WRITE(8, 502)

FORMAT(‘+’, 18X,V - S, - - - <o D)

WRITE (8, 503)

FORMAT (‘0", ‘VARIABLE NO.’, 13X, ‘LL’, 14X, ‘C(J)’, 16X, ‘UL")
DO 550 K=MO, MMN

DO 510 I=1,M

IF(INXJ(K).EQ.NX(1))GO TO 545

CONTINUE

IF(PTYPE)520, 555, 515

CNVP(K) = (CJK) +ZCEN)*(-1.0)

CNVN(K) =9999999.

CIE) =CIEK)*(-1.0)

GO TO 538

CNVP (K) =9999999.

CNVN(X) =CJ(K) + ZC(K)

WRITE(8, 475)NXJ(K), CNVN(K), CI(K), CNVP(K)
IF(K.EQ.MMN) GO TO 560

CONTINUE

WRITE(S, 556)

FORMAT (-, “***DATA ERRCR***-UNDEFINED PRCBLEM TYPE(COL. 25
1-28, DATA CARDZ1) CODE: MIN=-1,MAX=1")
WRITE (8, 558)

FORMAT(1")

GO TO 1

STOP

END
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