RERENEEE
F22E BAR
197% 128

115

AYAES VI AYF FEY
Tl AR el B o

t o\ﬁ.
N
rife

O

Y

o137 - HAl - AQA*

The Worker Scheduling Scheme for Maximum Work
Efficiency with Workloads Balancing Consideration

Hong-Chul Lee - Jae-Myoung An - Sung-Shick Kim*

Abstract

The problem addressed in this paper is to minimize the deviations of workloads assigned to worker and

to maximize the total utilizations(degree of skill) between workers and machines simultaneously. Each

worker can handle the set of machines with the different degree of skill and each machine has the

workloads needed to be processed. Also, each worker has to be assigned to at least one machine with the

minimum workload deviation. This problem can be formulated as a preemptive goal programming with

generalized assignment constraints. The proposed algorithm consists of two phases. First, a capacitated

circulation network is constructed to assign the workers to machines with the maximum total utilizations

while considering workloads balance, Then, a refinement process is applied to the split machines to satisfy

the feasibility condition. The real industrial application in a plastic extrusion manufacturer is included along

with several computational experiments.
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capacitated circulation network-& TAsH (2
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Bt z7] &) STEP 2.

JWa 1 {7, 10} qs 11
JWg : {8, 5, 6} gB : 10
JWe - {4, 3} qc 10
JWp {1, 2} ap 7
UA : {9}

(2) 7 WA iteration

STEP 2. UACA 714 98 Ad3td FA4Ea
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STEP 3. ZZd sidste AdAst 7147
G-
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JWy & {7, 10} ga 11
JWs 1 {1, 5, 6 qg - 11
JWe = {4, 3} qc ¢ 10
JWp {2, 9} ap + 10
UA @ {8}

(3) M WA iteration
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R&v(%) A2 (%)
Bl B2 B3 B4 Bl B2 B3 B4
95.9 943 954 97.0 35 27 42 33
921 916 95.6 96.8 26 34 a3 43
95.0 979 95.6 97.4 32 29 35 51
930 929 97.3 97.0 21 5.1 34 74
90.1 94.8 95.4 7.0 32 50 51 24
88.7 96.7 96.0 96.4 31 32 25 59
973 9.3 955 9.3 38 35 26 76
956 90.7 987 83.7 2.1 37 36 50
947 91.3 96.1 90.4 33 27 47 50
Al 937 91.9 94.0 7.6 28 41 41 27
96.3 988 9.5 9438 26 36 28 35
922 96.2 944 945 25 33 44 44
89.7 974 96.2 993 22 34 6.2 6.1
937 99,5 956 975 41 5.0 65 49
945 955 94.7 92.2 20 36 36 6.8
948 9.3 938 99.6 26 34 37 32
931 9.6 98.0 98.2 28 50 49 34
96.0 96.7 984 958 2.7 57 60 89
96.6 94.0 932 98.2 2.1 43 65 40
89.7 957 957 97.7 27 38 31 66
g 93.6 954 95.8 96.2 2.8 39 42 50
95.1 954 97.8 97.7 1.0 29 38 38
95.1 9438 95.3 965 2.1 37 25 31
955 96.9 96.8 96.8 19 33 52 39
94.0 95.8 96.2 96.4 13 38 24 35
929 954 965 96.1 30 2.6 37 28
96.8 955 953 96.2 17 3.0 55 24
94.1 97.2 96.3 9.5 30 36 21 58
945 95.0 940 951 20 23 52 25
93.0 96.1 971 96.9 20 32 43 2.1
A2 92.7 951 974 98.1 19 2.8 2.8 29
94.6 96.6 97.3 97.8 3.0 29 29 34
95.1 945 98.0 94.8 19 2.6 45 26
929 958 96.4 97.6 24 2.4 33 34
9%5.6 9.3 97.0 95.1 15 31 39 32
9.3 942 96.2 95.7 22 18 41 45
931 956 965 976 22 40 16 48
923 934 95.4 96.1 24 38 20 54
95.1 97.0 95.0 954 22 3.0 61 22
96.1 96.1 95.8 97.8 2.4 29 34 47
97.0 95.2 95.4 96.2 27 27 24 48
H 94.6 9556 9.3 96.5 21 30 36 36
959 94.4 935 96.4 24 40 54 37
922 916 917 93.7 25 48 31 56
95.0 97.9 956 947 21 49 33 43
930 929 95.0 934 19 38 57 42
90.1 94,8 94.9 95.0 37 47 6.2 38
88.7 96.7 947 92.2 23 38 47 53
973 9.3 9238 94,3 36 38 56 41
956 95.3 94.1 958 25 39 53 33
947 91.3 916 92.2 32 52 44 43
A3 937 91.9 95.8 a4.7 36 38 39 41
96.3 9.8 927 935 30 38 44 37
922 96.2 934 936 29 30 38 7.7
89.7 97.4 94.3 935 31 40 52 46
937 995 95.0 9.8 3.0 59 46 32
945 955 937 932 31 36 45 47
9438 96.7 93.7 95.0 30 38 44 36
931 96.6 94.8 95.7 33 32 39 36
96.0 96.7 93.9 955 24 38 43 55
96.6 940 94.4 95.0 22 2.8 51 42
89.7 9.7 931 96.0 27 33 41 39
H 7 936 955 93.9 94.3 28 40 46 44




128 o] %d . kA - A4 BRSNS e
—
—&— A2
|~ A3
Bi1 B2 B3 B4
A8 4) 4 AEToMe §89 vl B
AA Aol dg FFAE Hl 7} 95.11%, Az & F gty delA AFEFo F &
B A= 367% 01t ol Hd AAdFH g dE keI E
(2" Helle 127HA9 Z Adxzde st T3] AMAE AR F §lol zt FAdAY 2
4w HAFXNIF IGZE FAH Utk Al ol HEgeool B, FAH Y A9 A
2} A2°ﬂ*1% % ™G HlsiA Hd AdF FRlol sobd F AP st AY5H
go] & o 2 Z88E A A3Y A&7t & w7t o #2 HAWE T O
75—?—1 \’401 g0l v £ glrh ol A By, A F g AdFYH 487 =
T R} Zol Fol FAFF AU AP T Bx ool HYE HAWI ALHoFE o v
Yol 7H7k¢9 @xeF #3 =5 & FHA AXE FeEvdes RE (AY 5HaM € + Uk
o AAgol AAe] Hd 2AYTHE Zs} JHEE, & A7 ¢IHFES AAREY F
= A$7r g Ee QuElEY STEP 48 AX A g5 vs) e FAFES s IAE
A =l network flow sHAM UYE 7AT s A B8FE dele AAFS AT
e ALFsr] HEA AFGES] R FEOE HEHANAZFL
diy, A3Y AAE Hd AY THol £ =
ol HE dRK7t A& Wz golHe o
G G APJEE T £ T Atk TP ZA 6. 7%% Uk] Z‘l%—/q—a:ﬂ
B F Q%o 7 AdxANMY ague] HF
AE 93% o9 @& 2 Qi JyE=E 2
A9 A FS A48 e g BF 2 AFeMe 7 Z)Alel EFE g Tl ol
F AYEES U2 & F Y I, 7F AdAY 1A i FPdEgol vE
(I8 5ele 74 Agzded g Had g AFeM AYELEES FTolX, 4 A9 Y
HFA7E et Aok FFAELS EF ZAda FE HAEste AL BAHoE s whH<
9 HF AAFY 5% o3y oA F2 AQA &g dreEs AdsA At ¢



M22% R4

# AYALY PHo B 97 129

H R (%) 3

B1 B2

(3Bl 5 2 AlEX

(=]

T &L HA network flow sIEE o] &3t
AL HFIAINHM FPEEE U= 3
FEe A5 Fad a8y, g 1A 29 o)A

o A7 E2E £ 7] Wi, F AA &
Ao 223 XAFE olgstg A FHYAY
AY AA5Y ol 7IAE EFdAM T 7|
Alell & el APt FHEE HE T
A dnFS Z NNAN EFE G Fel
ol 7k Bol Ui, #EAY FAYREel Aozt
Zol v AFdME 2 Adaest 7 Fd
Aol A HEstd FAdFe] EFE HE FUH
E, A¥AFAN B FXo] ZPAS A9
T, A A FAAsH v BAGe o
#29A 22 ME 7T F UATh

£ d7dA U2 d1dFe 394 9L

2R 3ty A A Y 3HE £

29 AMeFe AZde FH2EAM 20U9
AE71AZ FAHY gtk AEAES AFE
# 7AES FAYe) 2F AL d=d
AEgE JNAES U EAH U o
ol & AdA7E A8 Ao NAE FAA &
g8+ Atk A 158 =0t ded F
Aotk F2 ZAPstE A7 A7) AE #F

83 B4

HolMe| HAtH|2| He

Azte] &gol Zt JIAEE HNE T2A YEd
. 23A MR OE AdATE T8 1AM
T4 AL sddAE 74 FAAY JACd o
SUxd w2} A4 FIAF(SANTT A
F)ol gEAA o
EH’S* 2R E AL ZE AFEC] T
Ade g NANTE I JhEE
FHPLE ZHIA FAFE

r°"

gl

gol #9482 A ARHA Bk FHNAE
g AYE ARAYel G 7 AZE(BAT
o ATy 1 AZEY AYES AFY &3
of ue AP 229 AAS eIeA ©oh
4z AFAe) AAE) WP HAdFel @
AW FAAS SAES AQe volwo|
g 7 o) et AUANE A eI
o AR 7 slAd BE SALE 3FFL
2 urol #g AAAd tael A S
& AAARY 1, 08, 059 FYEE RL
T 7 H=EY ARAd & FzYEL AE
o 2t NAEE FAANA TLHAT. Lad
2eAE T2 ARel B 1 gLAYLS 1

~—

‘l)l

¢



130 o]

olok

A .

o
ol

o
oX,

4] BEAEREEE

HE ForgolAY $H & st §Ae
2H A Y& ARE JhE ALLER
A @AY gAAAY PAE YLoEM B
TAA ZelatA g o A A (7R
o AJE - 1A 2, o 5, FAYAr
ol A3A slx, ged TE Pl siA
A= Aol AFEGE Aol g uz
= 937] AsiMeltt B Q7 2 sy

BEFAM -3 2297 QU

2 AFANME & AARTE FAl FHL @
T e ZIAE] g A AZ ANA )
A 243 Ho e oM 2747 7ye
MEEget, FF AFHAZE 7)A wfo] <
 AYGA ol AE zHEsty AYe XNE D
A7t EAEE Aol EL&HA AR &

T FALAFE s Rolth

o B 5§ wT

2

ol

FaEd

[1] Bertesk, D. and P. Tseng, “Relaxation
methods for minimum cost ordinary and
generalized network flow problems”, Opera-
tions Research, Vol. 36, No.1(1988), pp.93-
114,

(2] Bertesk, D. and P. Tseng, “RELAXT-1I:
A new and improved version of the
RELAXT code. Laboratory for Informa-
tion and Decision System Report LIDS-P
-1990", MIT, Cambridge, MA, 1990,

(3] Bobrowski, P. M. and S. Park, “An
evaluation of labor assignment rules when
workers are not perfectly interchange-

able”, Journal of Operations Manage-

ment, Vol. 11, No. 7(1993), pp.257-268.

(4] Burns, R. N, and G. J. Koop, “A
modular approach to optimal multiple-
shift manpower scheduling”, Operations
Research, Vol. 35, No. 1(1987), pp.100-
110.

[5] Gavish, B. and H. Pirkul, “Algorithms for
the multi-resource generalized assignment

Management Science, Vol.
37, No. 6(1991), pp.695-713.

(6] Malhotra, M. K. and H. V. Kher, “An

evaluation of worker assignment polices

problem”,

in dual resource-constrained job shops
with heterogeneous resources and worker
transfer delays”, International Journal
of Production Research, vol. 32, No.
5(1994), pp.1087-1103.

(7] Mazzola, J. B., “Generalized assignment
with nonlinear capacity interaction”,
Management Science, Vol. 35, No.
8(1989), pp.923-941,

[8] Philips, D. T. and A. Garcia, FUNDAMEN-
TALS OF NETWORK ANALYSIS,
Prentice-Hall, Englewood Cliffs, 1981.

[9] Sarker, B. R, “Optimum manpower models
for a production system with varying
production rates”, European Journal of
Operational Research, Vol. 24(1986),
pp.447-454,

[10] Weeks, J. K. and J. S. Fryera, “Simulation
study of operating policies in a hypothetical
-constrained job shop”, Management
Science, Vol. 22, No. 12(1976),
pp.1362-1371,

[11] Worthington, D. and M. Guy., “Alloca-



H22% AW

)
e
MY
ffo
tlo
=
I
ot
&
2

AF HEE L FYALT o #F A7 131

ting nursing staff to hospital wards-A
case study”, European Journal of Opera-
tional Research, Vol. 33, No. 2(1988),
pp.174-182.



