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Network Scheduling Problem
with Limited Resources

——(0-1) Integer Programming Approach——
Toshiko FUKUMA and Masaaki YAMAMOTO

Abstract

A multiproject scheduling problem with limited resources is solved hy using a
zero one (0-1) linear programming.

We developed an algorithm which examine the feasibility of (0-1) programm-
ing problems rather than solve it exactly. It can attain an optimal solution in
less iteration steps than PATTERSON and HUBER did previously.

The formulation requires the huge size of matrix and it must be coded as a
special form of LP-cede which depends on a computer used. In the algorithm
it is necessary to change the matrix in each iteration. To generate an adequate
matrix automatically we developed the MATRIX-GENERATOR and connect it with
LP-code.
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Fig. 1 Network of the test problem.

Table 1 Project number, Job number, Job Durations, Resource Requirements,
and Arrival Times,

7 : project number

. . d
! J “ Tk au 7 ¢ job number

1 1 4 3 1 dsy: job duration of job j in project 7,

1 2 2 2 1 riye: amount of type % resource required on job jin
1 3 3 1 1 project 7. .

1 4 9 3 1 ay: arrival period of job j in project 7.

2 1 3 1 3

2 2 3 3 3

(G=G:=13) Gi: absolute due date

(=1, R,=4) Ry: resource availability

% : resource number
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Fig. 2 Ulustraction of a schedule for Example.
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§4. Bounding-Algorithm
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Table 2 Elements of the input Matrix.

Xl X2 X3---XN RHS

N: number of (0-1) variables

Coefficients of objective [unction M: number of constraints

Vi X1, X2, -, XN: name of variables
Right Hand V1, V2, -, VM: name of constraints
sz Constraint coefficients Sid
: ide
i} :
M| VM

Matrix iZi%, Table 2 (iR T EHLLBETHS, D Matrix 6, BHEHEERE > 2 5
LDAN7 4 — 2 EER LTS, KIS, 2 X 208BABRINIICKTLANY + — LVEIRBE
Table 3 TR,



BERT - WWAES  EBORFETEMPIEEE (F198) 167

Table 3 MPS-6 input form for 2X2 problem.

Objective function OBJ: 5x,+3xs—Max
. Vi @ o+ 287
Constraints {Va T o= 1S4
z1 and x2 are integer variables of 0L x, z:<5
<Input form>>
1 8
FILE REIDAI
LGL OBJ (F)
LGL Vi (P
LGL vz (P
STR X1 (INTEGER=(, 5)
STR X2 (INTEGER=0, 5)
MATRIX OBJ, X1=5
MATRIX OBJ, X2=3
MATRIX Vi1 X1=1
MATRIX V1, X2=1
MATRIX V2, X1=1
MATRIX V2, X2=~-1
RHS V1, RHS=7
RHS V1, RHS=4
END#%%
FILE Define file name,
LGL Define logical variables.
STR Define structure variables,
MATRIX Define elements of matrix.
RHS Define right hand side.
END#%%%  End card of file deck.
(PLUS) or (P) =
(FREE) or (F) Indicate logical variables which can take any value.
(INTEGER) Indicate integar variables and give the interval where integer variable can
take.
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Input
initial data

*
Calculate T with
initial data

1

Generate the magrix
using
Matrix Generator

Solve the matrix
applying
[ MPS-6 ]

Check
the feasibility o
the solution

+ _*
T-TH

Print (0-1)
integer solution

Fig. 3 Flow chart of the proposed method,

(1,2,1,2)

(1,1,3,2)

7£h&, Zo LP CIRREFTREL K DKRIZ,
Branch-and-Bound i€ & % (0-1) ¥H &% %
FTHHMIBE D, HREBHIERSH
T %, X MPS-6 D74 =) XAHK
CERFELTELDHRETHD,

§7. BTE®R LM

MBEREOE LT, #x4@lOY 3 7%4
L2007 Vb EFTHEArCa—
v 78 % Fig. 4 127”7,

¥ 72, Table 4 33 BAS Ry RIEC %
LTHBATWS, MR B I\ T,
PATTERSON and HUBER 31T » 2= #JHIX 1§
T X b 2step B SHIcKME T* Ao h
oo THIZL DRBAFE TUL, 2step THE
T&%,

L L, T=10 ORI B\T, Branch-
and-Bound FIEI X % (0-1) ¥EMOEE
i, HRICHHEZBLTVDZ LEHEN5,

(asgs digy ey 112d
agy; arrival period of job j, project i.
di;; job duration of job j, project i.
rigp; amount of type # resource

Fig. 4 Network of test problem of eight jobs in two projects requiring two resources,
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Table 4 Calculation time, number of constraints and number of
variables on each 7 and T* period

T Methed T T*
Calculation time\ (Patterson method)| (Proposed method)
Calculation time to get
initial value 1.296 1.305
T=17 MAT.GEN 1.679
M=30 MPS-6 2. 563
N=7 others 2.094
T=8 MAT.GEN 1.818
M=34 MDPS-6 3.284
N=17 others 2.339
T=9 MA'.[\ GEN 2.199 2. 186
M=38 MPS-6 4,283 4. 250
N=27 others 2. 487 2.612
T=10 MAT,. GEN 2.489 2.474
M=42 MPS-6 *49. 181 *48.772
N=37 others 5. 146 5.053
Total 1:20. 858 1 : 06,552
T : time period

M: number of constraints
N: number of variables
MAT. GEN: Matrix-Generator
MPS-G: Application paccage of LP

—%, EiHEIhi: T=7, 8 ORKETH, MPS-6 T LAFGBOUECHLE LT 5 EMMEIL
hk:ﬂ: L'beﬁ"caﬁ 60

9 MBDOMBECH LTHAELT > 2R % Table 5 IZR7,
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WThoRBECHLTH, T X 58K T PATTERSON and HUBER (2 X A T KM% 555k
IRDIENTELE, L2L, BDOOED Step T, EKFAZT I TD Branch-and-Bound

DHERMA K ZVOT, BRTERFE T, HEIhI2EOENELRTLIR,
Table 5 Results of nine test problems
Test problem number 1 2 3 4 5 6 7 9 9
Size of the Number of jobs 9 13 8 8 7 7 10 11 8
problem | Number of 2 | 2] 2| 2] 2|2 ]|2/|¢:2].:
Size of the final matrix | 57x 48] 50X 19| 42x 37| 33x 32| 45% 37| 37x 24| 42x 18] 53 54| 42X 33
Patterson & Number of steps; 3 2 4 4 R 5 3 2 2 4
Huber’s method| p,;ecging time*| 47.0713:38.51[1:46.33] 51.39[3:18.17] 30.19| 20.63}2:34.541:22. 69
Proposed Number of steps| 2 2 2 3 3 2 1 1 3
method Processing time¥|  38.01[3:38.00[1:31. 22| 45.55(3:04.83 23.63 14.16/2:24.231:15. 46

* Processing time is given by (minuit: second)
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