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The Workload Assignment Problem in consideration of the Worker
Pairing and the Workload Balancing

Dong-Hyun Shim - Young Hoon Lee

Dept. of Information and Industrial Engineering, YONSEI University, Seoul 120-749, Korea

This research deals with a task assignment problem to worker group which consists of one master and one
assistant. Each task must be assigned to only one worker group and it is possible to make a pair of each
master and each assistant to organize a worker group. A worker group may have more than one task
assigned to it, but the workloads of each worker group must be balanced within the allowable range. This
problem can be formulated mathematically using the Mixed Integer Programming(MIP), where the
objective function is to minimize the total assignment cost. A two phase heuristic algorithm is suggested in
order to find approximate solutions. The first phase is to obtain an initial solution, where the initial
assignment is performed to follow the workload adjustment. In the second phase, the solution is improved
through the repeated process of the exchange and the assignment adjustment. Numerical experiments have
been performed to evaluate the performance of the heuristic algorithm.

Keyword: pairing exchange, heuristic algorithm, generalized assignment problem(GAP)
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2184
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G EE ELEREE Jr & 2 el o g @ EEIIE AU B AT
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FHHofof shal, 23 202 FAE AYEs BE Minimize 222 CinXije o
Ae 73 WA uA ‘”LE} 2743 24 #A o & LS
dx2s FAGL RE AYS %Wﬂ Azl A Sgats 2
A5y ARz ByEte Mg Arosle AL SR g b
t}. w3l 7 2o 27} shguke & kojeko w7 Akl gk tjn) Y, =Xy Vi gk @
B2 82 (@) W olol lojoF sk, B A A HAW: V-1 v 6)
i ’
Average Workload)o| & 7} 24127} Wt & 0 2 F3)5t= Y i=1
I
$8 oulshe Ao B AINUD e AR p B V= b Vi 4
k=1 =
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G oA 2A 243t 20] 742h 304 o], = afof i=1j=1
& Aol Pt Ao, 7 499 4P2RAMLIE 0.6 S p iy~ v ©
7,8,9 ]{}giim/\]ﬂolt} <Table 1>& 274, 24, 2] j=1h=1
o 2ol wp2 EFH 8-S HAGF A0, o5 EW 1W 27 AW-a= @ =AW+a, Vi )
19 Z29o] _}o]jg:g o]2o] 19 2L Za)ahd 279] H] Lo X €10, 11 Y00, 1} Vi gk ®)
LA ol FAol tisto] A4 F WA} 58AE 4417
° 2 HAste HAHE P, 24 139 29 27k 1 AAS 9]9) Aol A A (1) B e md o] B2 07X 2¢]43)
Faata, 24 29 24 300 2,38 QS s, 2439 o AR Y= S-S HAdshe AS eG4
29 10] 4,59 AL =g st} 7 Az Ao 10,13, © THE AFAZRAAT A4S T 5 Avke S 97
17A7be.2 BFael e 13,3347 the] s %) Wejoly ML A G)F A (e 189 233 189 2do s AdxE
o glom, % Hlg-2 947} Hh TAY F dthe AFH 27, 292 U9 Az 592
AA G EAE 2437} 29 B o] A x2S FAeE o © 2& UBhITE 4 O 4749] 242 she] 4
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AGEA S FA0) A Ad2Ee PG BAE 28 & ARG 4O 2 /H S APxY T S
3 298 47 dH dige dgar, Az Qe E AU AoH, 4 ) 74 Azl A EEE A
Table 1. Data( Cia) and Optimal Solutions of Example
(k) 1 2 3 4 s
=0
Z72Ki) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 27 12 32 20 44 43 34 21 43 15 45 25 37 29 14
2 41 20 43 42 35 37 43 41 12 33 36 30 15 27 46
3 39 16 36 42 38 36 45 43 35 19 48 49 14 27 43
) [ A4ale) 2%, 29, 498
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28 PASE Aol LS PASE AL 2ARE A7l TA A WA B o) A A AR 7
08 drjde B AN, 93P €N 2R 2 B 5 e, 2% A WASTEP OF 7 220 493
92 AAo] AL TN AUZE TAT TAF 2N ol 21 4 ()9] AL WEA7| AT Felhe 1
S OE 2, 29 AP E FAST oA Bh 2FE 7] 2A A FUE2 <Table 4> 9} 2t} F HASTEP D)= Ha}
Fo2 Ayat Hote] A3 MBY Aok 2 eAUE A A8 AHBAE HE AA2) AAFS ol Aolw, A
o deizz PAE 240 293 0] AUES T4 WASTIPDE B 68 A0 13T A2 A9
e A F AAHE <Table 2> 9} 2T} So)= Mot}

Table 2. Procedure of STEP A Table 4. Procedure of STEP C
STEP A. Pairing STEP C. Feasibility Check

Let M1 be the index set of master {1, 2, ---, I}
Let M2 be the index set of assistant {1, 2, ---, I}
Let PAIR = O

A-1. For each iEMI and jEM2, Calculate

A-2. For eacEEMl Calculate GAP,
GAP, = M?lxz(CU) ]l[mZ(C”)

A-3. PAIR «— PAIR U {(7,7)}, M1 «— M1-{{'},
M2 — M2-{j}
i =arg {iEM1, Max,(GAP,)}
j=arg {jEM2, Min,(C";;)}

A4 If M1 = & or M2 = &, then STOP
else Go to Step A-2

A-19) FAke F7FsE BE 2%, 249 23 tisto
AN 0ye 2 i 2L EE A 9
& 7359 F Hlee J 24 0,17}14‘”“%;0 Az
S TSR0l 2 & AR A ET A A= 4 2
AL 7IELR GAPE AT @ APL-L“WW}% T2
APEE T A9 7P v A2E TS B9

H-9] Aol ALkt Aol 2@8&4 M & 27l st
g 293 A= 735 did

2

o €47} 545 Hote) 2

Ak Hote) Az 74D 490
Al GAP,

89 S7H B
f8tA GARE ARSI AR 7Y 7V 2 27 Hisked 7}
FFeAY2E TAY 7 odE 2902 A4zs PAHY
o ‘Efﬂ AP2S 79T 24 292 2APx Tl
A AL A2, A-38] RS AAEA RE 23 2410]

AAzE FAHA 9.

2718} 74¢] STEP B 7} 240 s
?_ 4@_1_ Z]-qu,‘ z 7]_1]_ 3]-3 %E‘:EQ 71’% X}Oé}‘oﬂﬂ] Z_']-%i
< s AR} A <Table 3> 2},

Table 3. Procedure of STEP B

STEP B. Initial Assignment
Let N be the index set of task {1, 2,
X, =0, Vi jk

B-1. For each k&N, X yr=1, Go to STEP C.
(4,j) = arg {( ,j)EPAIR Ming; ;) (Czi_‘j)‘k)}

e K}

C-1. For each(i, )EPAIR, Calculate @); ;

5
)~ k§:31Pk R
C-2. For each (i, )EPAIR,
If AW—a< @i,y < AW +« then go to STEP F.
else if there exists (i, j) holds for Q(M) > AW+ a
then go to STEP D.
else Go to STEP E.

STEP B9] A72 3} 2
8 Beucta 219 T8 Fad 3044 2
ok 3 A2} 91 A}, BE 49

7<1-04 % xl-q_]j g,’\_o]]

o] ZefgFo] Has] *ﬁ& | ]OPOW ﬁx}ﬂ% BHEhA| B
o 2 A9 x7} % 73% STEP EZ Z18)3te] 2 o] F-5
A2 AR S sEE s TPt

2718 7449 Al HWH A2} & STEP D& U4} 518 4314
£ e A9z Ad#Fs Fole datolth. 44Fe £
e A9s 2UE S71AY A971E FE gk 53
sk Wo] 9l v 2/} Havt HEE S8

STEP D] A|H-A 2} <Table 5> 9} 2t}

D-1(Giving)®] A= A HBAE ZAehe 44z
2] g 23344 e AYZOA £ BS, &7 we 2
29 A9 o] 4] F A S 294 B A4S 8
of 1§ Z717} 71 AL A9 Zol Ale §21h D=2
(interchange)®] M A= D-1(Giving)®] A2 A% FIAE
JEe Az A =9 5 ¢S AL 35 H+e,
A A dE AR Aol E AYS dA &
Azl F1 Adgol ¥R e Az Aelgol
e AL A 0= WS Bal 44T FolA A of

A=

o} 2o, A9 x7)2] &Y g oA =H HE-o 7}
7b A s Hed B8-S ST g A A5 Foh 4
Sughs Stk

Z718) 7439 Al HA AA}F 5 STEP Ev & 2= &
Aol 384T ARA R} AT, A8 o
AR 2o 427t BAT AS 429 4UFE 59
= ZA}o|t}. STEP E+= STEP D&] D-2(interchange) A 2}2 i)

2 535t A A A= <Table 6>} 2T} STEP Eof| 4] STEP
D] D-1(Giving) AAHE 8 3}A] %= o] f-& STEP D] A3}
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Table 5. Procedure of STEP D

STEP D. Decreasing Workload to below Upper limit
Let OV_Pair be the index set of (i, j) such that {(i,j) € PAIR, Q ; > AW +a}
Let ST Pair be the index set of (i, j) such that {(i, j)EPAIR, Q @9 g AW +a}
(Clearly OV_Pair U ST_Pair = PAIR)
Let OV_Task be the index set of task allocated to (4, j) EOV_Pair
Let EXPR be the index set of (k, k'), where Task k is interchanged with &

D-1. (Giving)
For each kEOV_Task, for each (i, j) EST Pair
if there exists (i,7) holds for @, »t B < AW +a then Go to Step D-1-1.
else Go to Step D-2.

D-1-1. Caleulate #; ;= Ci; jy = iy
(i, §)'s k= arg{(i, j) EST_Pair, Qw +P, < AW+a}
G §)", k :arg{ i, j)EPAIR, X, :1}

D-1-2. X v =1, X, ;=0 for the smallest t; ., and Go to STEP C.

D-2. (Interchange)

D-2-1. For each k&OV_Task, and for each k’ & OV_Task, such that P, <P, and
(k, k') ZEXPR, Calculate t(, 1y =(Ci; ;) o+ Ci i) = (Ci it Cl i)

Xy =1 Xy =1 for the smallest ¢, ,,), EXPR = EXPR U (k, k') and
Go to STEP C
(i, j), k=arg{(i, JEPAIR X, ;) , =1}, (i.j) K =arg{(i, ) EPAIR X, ; , =1}

Table 6. Procedure of STEP E

STEP E. Increasing Workload to above Lower limit
Let DF_Pair be the index set of {i, j} such that {(i, ))EPAIR Q, ;) <AW—a}
Let DFT_Pair be the index set of {i,j} such that {(i, j)EPAIR, Qw > AW—a}
(Clearly DF_Pair U DFT_Pair = PAIR)
Let DF Task be the index set of task allocated to (i,5) EDF_Pair
E-1. (Interchange)
For each kEDF Task, and for each k* & DF_Task, such that P, > P, and (k, k') & EXPR,
Calculate ¢, ;) = (QMM' + Gy )= (Gt Gy o)
X yn=L X, =1 for the smallest ¢, ,,, EXPR = EXPR U (k k) and Go to STEP C.
(i ,j), = arg{ 3, ] EPAJR, X, =1} G §) K =arg{(i, j) EPAIR X,; ;) =1}
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- 1 ) =) = o ] S STHas U6 )
s d= HAagE ;L ¥ A9F WX A% Aere A2 w2514 "k F29] Abgho] BF Y ASd = o
Az AR 7V AL 1180 SR Ak WEAT)
E2 gEolgi AR o,
STEP FE ¢l sfo] 7HAdo] 27k B 293 g =4
[9e 1As) ¥ 284S HATeEN S

(1) 319 7121 (PHASE 1) ANA &gH A
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Table 7. Procedure of STEP F
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Table 9. Procedure of STEP H

STEP F. Change Pairing (Master Setting/Assistant change)
Decision Variables ¥}, and X,

Let Task_Group, be the index set of task

Input Data :

allocated to master ¢
Let J be the index set of assistant.
F-1. For each i and j, Calculate C”;;
C”ij = E Q;L
kE Tusk_Group,
F-2. For each j and j” (j < j7and j,5" €.J),
Calculate 7 Cbstjrjn

L Gosty o =(C"p+ C) = (C 4 €
i'j':arg{' ), ¥, =1}
i = arg{ i), Y, =1}
F-3. If there exists (j',5”) such that I Cost; » <0

then
Yoy =LYy =1 Yy
smallest I_Cost
change X, accordingly and Go To Step F-1.

else Go to STEP G.

=0, ¥;,» =0 holds for the

Table 8. Procedure of STEP G

STEP G. Change Pairing (Master change/Assistant setting)

: Decision Variables V.. and X

Input Data y ik

Let Tusk_Group; be the index set of task
allocated to assistant j
Let 7 be the index set of master.
G-1. For each 7 and j, Calculate C”;
"= > o
k€ Task_Group;
G-2. For each i and 7’ (i’ <i"and i, i"€1I), Calculate
I_Cost;

I Costy ;o (C", A C )= (C7 + C i)
ij —arg{ ) Y, =1} 7'/J”—arg{( i Y, =1}
G-3.1If there exists (i, ") such that I_Cost; ;» <0
then
Y” =17, =1, Y;J =0, Yiujr,:O holds for the
smallest 7_Cost,:;,

change X, accordingly and Go To STEP F.
else Go to STEP H.

STEP G9| Aal= 298 nA st 244 WAt 89 7)
A& Aleshs A2 A STEP FO] ZE Ao 247 29S
HH s o FU3 AR} Hek G3o M 2 WA S T3 3

0
9] /)L 4=8) 5} STEP FS} STEP G&] A& wlE
a2} 7§ /d o] o] FofA1A] ob& 73 STEP HO| AW E & 58
& o] 7HdAAZ ol
STEP GZ 53l 39 7j4o] &7hsd 29 A9
2 weto 2 s g ofd W AR}

<Table 9>9f] YE} 9]

STEP H. Change Task Group (Master and Assistant setting)
Let Pair) be the index of (i, ]) allocated to task k.
Let K be the index set of task.
H-1.For each k and &
(k, KEK and k<K and Pair, # Pair,, and
AW—a = @p,, —L+ Py =AW+a and
AW —-a < qum —P.+P <AW+a)
Calculate I Cost,, = (q7j)k + Qi,j)'k')
- (%J)k + Qf,j)’k-’)
(i), k=arg{((i.5), k), X, 5, =1}
(3) K =arg{((.3)' ). X, 0 =1)
H-2.If there exists (k, k') such that I (bst,, <
)((1 §) ok =L X =1L ‘X(ivj)v
for the smallest L Cbstk o
and Go to STEP F.
Else STOP

0 then
k=0, Xy, =0

H-194= A7k e FA87] fel A48 wedd 7
T AR dze Aol 884 ool A= A i

o2 AAueA T }b H|§-9] Z71E 7 4keit) H2dl A
= H&9 S7PF 54 Bl vlgo) a7
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<Table 10>9]E AR LXE HFZ A su2 HAs}
of 7 2718 1084 & 5038] AP APAEH AAEE &

2% -

°o]dE

A3 F503) 9] A3 T 33]o) A HAF 7oz FAL
S 7 4 AL, TAH 7 o= H A hn] Ht 1242%
o] Aol & Yepllth L1 7oz AL AYxE o] 43}
o] A 3 AT AA HA ) il T 7.43%9] Aol &
UERRAL, 2EE 7Y A9Ed SN FUHH R
4.63%9) 2to] 2 YA 7] A0 2 VEhdth & 5039 AF F
o) ML SR e HAFe 103 H L, Y AME

Table 10. Results of Numerical Experiments [(ov = 5%)

a7 | em | 8 A gas 7 e s
(@ Valuel A AR 7Y Value2 GAP GAP-II Value3 GAP-I
1 1513 251 0.38 280 11.55 0.00 280 11.55
2 1.425 281 0.47 342 21.71 10.68 309 9.96
3 1.313 257 0.72 267 3.89 0.00 267 3.89
4 1.400 274 0.52 274 0.00 0.00 274 0.00
5 1.388 270 0.30 277 2.59 2.59 270 0.00
Al 6 1.438 228 0.38 259 13.60 0.00 259 13.60
(4/4/10)
7 1.450 250 0.36 257 2.80 0.00 257 2.80
8 1.438 238 0.34 289 21.43 21.43 238 0.00
9 1.525 272 0.36 299 9.93 1.36 295 8.46
10 1.375 233 0.47 245 5.15 0.00 245 5.15
Bt 9.26 3.61 Ty 5.54
1 1.150 283 2.53 344 21.55 0.88 341 20.49
2 1.225 278 5.64 283 1.80 0.00 283 1.80
3 1.267 254 1.53 319 25.59 14.34 279 9.84
4 1.192 284 3.00 356 25.35 11.95 318 11.97
5 1.250 293 6.81 X
A2 6 1.183 260 3.72 286 10.00 10.00 260 0.00
(6/6/20)
7 1.292 283 5.67 330 16.61 4.76 315 1131
8 1.358 290 3.97 351 21.03 9.35 321 10.69
9 1.208 287 14.38 330 14.98 7.49 307 6.97
10 1.167 309 9.83 365 18.12 5.19 347 12.30
B 17.23 7.11 ey 9.49
1 1.431 399 456.36 491 23.06 8.39 453 13.53
2 1.338 383 321.81 443 15.67 3.26 429 12.01
3 1.306 381 109.31 463 21.52 5.71 438 14.96
4 1.288 368 114.97 410 11.41 2.76 399 8.42
5 1.413 367 182.72 407 10.90 1.50 401 9.26
(8/1;/330) 6 1.519 374 118.05 413 10.43 6.17 389 4.01
7 1513 385 253.83 410 6.49 2.50 400 3.90
8 1.381 377 128.61 473 25.46 4.42 453 20.16
9 1.400 368 37.52 424 15.22 3.92 408 10.87
10 1.469 385 1050.92 440 14.29 3.04 427 1091
b 15.44 4.17 bRy 10.80
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(@ Valuel ARAZE Value2 GAP GAP-II Value3 GAP-I

1 1.450 478 2461.50 541 13.18 4.44 518 8.37

2 1.450 465 455.70 526 13.12 3.95 506 8.82

3 1.395 465 882.11
4 1.520 510° (3600) 606 18.82 11.40 544 6.67
5 1.525 459 350.14 566 23.31 5.40 537 16.99
1o /‘1\3 140) 6 1.590 482* 2748.64

7 1.465 478 (3600) 568 18.83 3.27 550 15.06

8 1.510 462 1964.13 510 10.39 3.66 492 6.49

9 1.520 479" (3600) 545 13.78 3.22 528 10.23

10 1.470 470" (3600) 504 7.23 2.23 493 4.89

g 14.83 4.70 by 9.69

1 1.500 582" (3600) 641 10.14 1.10 634 8.93

2 1.438 611" (3600) 630 3.11 1.12 623 1.96

3 1.542 621" (3600) 659 6.12 5.27 626 0.81

4 1.550 622" (3600) 639 2.73 2.40 624 0.32

5 1.517 590" (3600) 642 8.81 5.25 610 3.39

W /‘?25 50) 6 1.508 656: (3600) 626 457 245 611 -6.86
7 1.479 579 (3600) 709 22.45 12.18 632 9.15

8 1.571 624" (3600) 662 6.09 3.76 638 2.24

9 1.529 628" (3600) 632 0.64 1.77 621 -1.11

10 1.546 593" (3600) 636 7.25 291 618 4.22

Ht 6.28 3.82 sy 2.31

Total 12.42 4.63 7.43

) " time limit(36003)S A4 8}e] AL Best Solution.
GAP . (Value2-Valuel)/Valuel x100(%).
GAP-I  : (Value3-Valuel)/Valuel x100(%).
GAP-II : (Value2-Value3)/Value3x100(%).

5t 403] 9] AHS ol Az w7
2 F 9739 NS St Aoz
7} <Table 11>9]] A5 o] T}

23], A4 &g W7 953
Uit ool ok A

Table 11. Number of Improvement in Numerical Experiments I

(o =5%)

3 A

] 3] 7haA
=7 gz K g el igny 5

A "] A] Y
H7 H7

Al 1 9 10 3
A2 1 21 22 2
A3 0 18 18 1
Ad 0 21 21 2
AS 0 26 26 2
Al 2 95 97 10

<Table 12>of| & H2} 5] &
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Table 12. Results of Numerical Experiments II(cc = 10% of Average Workload)

=
o | g | FEA 273 w7 )y R
(@) Valuel AR 2 Value2 GAP GAP-II Value3 GAP-I

1 3.025 248 0.27 263 6.05 0.00 263 6.05

2 2.850 253 0.19 278 9.88 0.00 278 9.88

3 2.625 241 0.25 278 15.35 7.34 259 7.47

4 2.800 268 0.74 274 2.24 0.00 274 2.24

5 2.775 256 0.16 283 10.55 6.39 266 391

p /‘2/110) 6 2.875 228 0.23 241 5.70 0.00 241 5.70
7 2.900 221 0.50 243 9.95 0.00 243 9.95

8 2.875 217 0.05 235 8.29 8.29 217 0.00

9 3.050 261 0.33 299 14.56 3.10 290 11.11

10 2.750 220 0.20 243 10.45 2.97 236 7.27

B 9.30 2.81 Ty 6.36

1 2.300 275 2.52 311 13.09 0.00 311 13.09

2 2450 264 1.53 283 7.20 0.00 283 7.20

3 2.533 249 0.88 328 31.73 17.56 279 12.05

4 2.383 273 1.86 337 23.44 11.96 301 10.26

5 2.500 279 1.38 288 3.23 1.05 285 2.15

(6/’2/220) 6 2.367 258 1.55 258 0.00 0.00 258 0.00
7 2.583 271 4.05 331 22.14 8.17 306 12.92

8 2717 273 1.91 323 18.32 4.19 310 13.55

9 2417 276 2.47 292 5.80 0.69 290 5.07

10 2.333 289 2.67 321 11.07 0.00 321 11.07

bz 13.60 4.36 it 8.74

1 2.863 383 25.86 441 15.14 0.68 438 14.36

2 2.675 377 26.06 422 11.94 1.20 417 10.61

3 2,613 372 98.72 448 2043 4.43 429 15.32

4 2,575 359 30.47 420 16.99 7.69 390 8.64

5 2.825 359 24.13 400 11.42 2.04 392 9.19

s /‘;/330) 6 3.038 362 47.42 387 691 1.57 381 5.25
7 3.025 364 71.84 416 14.29 9.76 379 4.12

8 2.763 361 2033 457 26.59 3.39 442 22.44

9 2.800 365 27.66 402 10.14 2.03 394 7.95

10 2.938 370 12.25 419 13.24 3.20 406 9.73

o 14.71 3.60 it 10.76

1 2.900 469 877.00 530 13.01 3.11 514 9.59

2 2.900 461 558.75 493 6.94 0.41 491 6.51

3 2.790 460 299.58 528 14.78 1.54 520 13.04

4 3.040 467 490.44 563 20.56 6.43 529 13.28

5 3.050 453 678.19 542 19.65 2.07 531 17.22

(10/‘?3/40) 6 3.180 474 710.22 537 13.29 1.13 531 12.03

7 2,930 466 377.64 X

8 3.020 460 360.28 501 8.91 3.51 484 5.22

9 3.040 457 74.53 543 18.82 3.63 524 14.66

10 2.940 457 229.48 491 7.44 2.94 477 4.38

ot 13.71 2.75 ot 10.66




Az TS ALZF H T3S 29 AP S TA o F3 AT 273
|l A % Ho] Rl =z=
an | | 187 273 w217 7]y e a=s
(@ Valuel AXFAI7E Value2 GAP GAP-II Value3 GAP-I
1 3.000 557 2519.61 628 13.64 0.80 628 12.75
2 2.875 577 (3600) 613 7.63 1.31 613 6.24
3 3.083 596 (3600) 622 5.87 1.45 622 436
4 3.100 573 (3600) 616 10.30 2.60 616 7.50
5 3.033 578 (3600) 595 4.50 151 595 2.94
AS 6 3.017 613 (3600) 606 2.77 3.96 606 -1.14
(12/12/50) 7 2.958 577 (3600) 618 8.84 1.62 618 7.11
8 3.142 579 (3600) 624 8.81 0.96 624 7.77
9 3.058 578 (3600) 613 6.92 0.82 613 6.06
10 3.092 584 (3600) 609 5.65 1.31 609 4.28
B 7.49 1.63 Bt 5.79
Total 11.72 3.04 8.41
Z) " time limit(36003) A A 8}o] &-& Best Solution.
GAP  : (Value2-Valuel)/Valuel x100(%).
GAP-I  : (Value3-Valuel)/Valuel x100(%).
GAP-II : (Value2-Value3)/Value3x 100(%).
Table 13. Number of Improvement in Numerical Experiments I 5271 Aom AP rlssl 27|81 Lol Hlgo] H&
(o = 10%) Z71E T8t 3 o AN A F=& N AHE B
3o AN T b AeE 4 ik =3 dAF oz A3 v 27189
2 [ ez [Aee ] g SHEZPS w3 A0l MK R e g vl &
il W7 o, 278l o] WAZ 7o AAEd & FFE A=
Al 1 3 4 6 Ao Jds 4 itk
A2 1 9 10 7
A3 0 12 12 3 35|84 5% x|l GAP
A4 0 9 9 2 25.00 :j'ii: 15[’0/:/;|§7H74|16H§%| o —
AS 0 20 20 2 (%)20.00 S~ ~ 3 8x 10%2] WM
A 2 53 55 20 500 | i .
10.00 \\V/
ol A IR 5 A, A7) Asolde] HARE 94 5.00 e
AR S DET 5 G0l ARG G FE g0 | et
HE ArEate] WAZ 7o A9 vl At A &l 62, o i &9 Tetal
oz BAY 271 ugle] 12 Vg e A oo o E]ﬂqﬁgﬁqﬂﬂﬂmﬁ
ARS8 4 Al on, AR LA 5%} 10%90 4 242 AR - (27187 A 8l 2 A 8 x100(%)

A s il BT 1242%, 11.72%] 2}o]E UebiTh. AA &

DAF 7 2718 743 a9 A 28 A = FAE 7]
Toll, 27139 Aowet &S S8 Fart ook <Fi-

qure 3>0= 7} 3835k FAlg) 2710 w2 A3 o)
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Figure 3. Performance of Initial Solutions and Improvement
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Table 1. Data(C} ;) and Optimal Solutions of Example
2 1 2 3 4 5
eSS0
Z2G) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 27 12 32 20 44 43 34 21 43 15 45 25 37 29 14
2 41 20 43 42 35 37 43 41 12 33 36 30 15 27 46
3 39 16 36 42 38 36 45 43 35 19 48 49 14 27 43

STEP A : Pairing

M1 ={1,2,3}, M2 ={1,2,3}, PAIR = {}

Al.C' =133, C', =151, C' |y = 157,
C'y =174, Oy =159, €y = 168,
Oy =159, C'yy =172, €'y = 199

A2. GAP, = 24, GAP, = 15, GAP, = 40

A-3.i =3,7 =1,PAIRR= {3, D},Ml = {1, 2},
M2 = {2,3}

A-2. GAP,= 6, GAP, =9

A-3.4'=2, 7 =2,PAIR = {(3,1),(2, 2}, M1 = {1},
M2 = {3}

A2. GAP, =0

A3.7 =1,5 =3 PAIR={G3,1),(22), (1,3}
M1 = {}, M2 = {}, STOP.

STEP B : Initial Assignment
B-1. KXags =1 Xooyn =1 Xoggo =1
Xo92=1 X(2,2) 3=1L Xgpa=1 o]—ﬂ’

STEP C: Feasibility Check

Gl Q(LS) =9, Q(zg) =23, Q(ru) =8
C2. Qo) > AW +a (= 52/3) ] 2 & Go to STEP D

STEP D : Decreasing Workload greater than Upper limit
OV _Pair = {(2, 2)}, ST Pair = {(1, 3), 3, 1)},
OV _Task = {1, 2,3}
D-1. (Giving)
ta)e =8 tu)s =2 lane = lgns =4
olEg,
X33 =1, Xg9)3 =0, GotoSTEP C.

STEP C: Feasibility Check
C-1. @3y =16, Qgp) =16, Q31) =8
G2 Q(La)v Q(zz)v Q(:n)vg AW+a (52/3)011’}1

Q1) < AW—a (28/3) |22 Go to STEPE

STEP E : Increasing Workload less than Lower limit

DF_Pair = {(3, 1)}, DFT_Pair = {(1, 3), (2, 2)},
DF Task = {4}
E-1. (Interchange)
t,(1,4) :36, t,(514) = 3O]E§,
AXV(L:;)A = 1, )((3)1)‘5 = 1, Go to Step C.

STEP C: Feasibility Check

ClL Q(LS) =15, Q(Q,?) =16, Q(g,l) =9
Qs1) < AW—a (28/3) 9| B2 Go to STEP E

STEP E : Increasing Workload less than Lower limit

DF_Pair = {(3, 1)}, DFT_Pair = {(1, 3), (2, 2)},
DF Task = {5}

E-1. (Interchange)
t(15) =32 ojBng, Kgna =1 Xogs =1,
Go to STEP C.

STEP C: Feasibility Check

CL Q(L:;) =15, Q(Q,Q) =15, Q(S,l) =10
C2LEE Q )t AW-a=< Q, ;) < AW +a
THE3} 2 2 Goto STEPF.

STEP F : Change Pairing(Master Setting/Assistant change)

Vis=1,Y,=1,%; =1and
Xona =L Xeze =1 Xags =1 Xagua =1 Xeays =1
Task_Group, =13, 4}, Task_Group, =1{2, 5},
Task_Group; = {1}, J={1,2,3}
F-1. 0", =49,C" ,=66,C",; =68,

C" 5 =57,0" 5, =62,C" ,; =83,

C"4=39,C"4; =16, C",, =36
F-2. I Cost, y = —28, [ Cost, 3 = — 22,

I Costy 53 =19
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E3. ¥y =1, Y5 =1, Yy =0, Y3 =0 and Xoga=1 Xy =1
X1 =L Xy =1 X33 =1, Task_Group, = {2, 5}, Task_Group, = {1},
X134 =1, Xp1)5 = 1 and Go to Step F-1. Task_Group, = {3, 4} I=1{1, 2, 3}
G-1. ¢, =57, C" , =12,C" , = 68,
STEP F : Change Pairing(Master Setting/Assistant change) C"y =57,C", =20,C",, =42,
Vis=1,¥, =1,%; =1and C" 4 =56,C" 4, =16, C" 4, =84
Xgoy1 =L X =1 Xy =1 G-2. I_Cost, 5 =26, [ Costy 3 =5, I_Costy 3 =46
Xa3a=LXons =1 G3. Y,=1,Y,; =17, =0,Y,=0and
Task_Group, = {3, 4}, Task_Group, = {2, 5}, X(1,2)A1 = 1,)((3#1)#2 = 1,X<2,3)3 =1,
Task_Group; = {1}, J=1{1,2, 3} X4 =1,X43,);=1and GotoSTEPF.
-1 C" ), =49,C" ,, =66, C" 5 =68,
C"y =57,C" 4 =62,C" 5, =83, STEP F : Change Pairing(Master Setting/Assistant change)
C"4=39,C"4=16,C" 3 =36 V,,=1,Y,=1,Y; =1and
F-2. I Cost, , =28, 1 Cost, 3 =7,1 Costy3 =18 Xuo1 =L X312 =1L Xp33=1
F-3. = [ Cost7H0ETE AH & Go to STEP G. Xopa=1Xs15=1
Task_Group, = {1}, Task_Group, = {3, 4},
STEP G : Change Pairing(Master change/Assistant setting) Task_Group, =12, 5}, J=11, 2, 3}
Vi3=1,Y; =1, Y =1and F-1. C" ), =27,0",=12,C" ;= 32,
KXo =1L Xon =1, Xg33=1 C" 'y =76,C" 0 =T7,C" y =42,
Xaga =1 Xg1 =1 C" 4, =56,C" 4, =65 C"33 =179
Task_Group, ={2,5}, Task_Group, = {1}, F-2. I Cost, , =24, 1 Cost, ; =57, [_Cost,; =55
Task_Groupy = {3,4} I=1{1, 2, 3} F3. BE [ Cost7} 0BT} 22 Goto STEP G.
G-1. C" =57,C" 1, =12,C" 1, =68,
C"y =57,C" 5, =20, C" y; =42, STEP G : Change Pairing(Master change/Assistant setting)
C" 4y =56,C" 4, =16,C" 4, =84 Y, =1, ¥y =1, ¥, =1 and
G-2. [ Cost, , =—26, 1 Cost, ; =12, 1 Costy 3 =3 Xaoa =L Xgne =1 Xegs =1
G3. Y}, =1, Yy =1, ¥3,=0, ¥ =0 and Koga =1, X1, =1
Xioy1 =L Xy =1 Xog)3 =1, Task_Group, = {2, 5}, Task_Group, = {1},
X34 =1,X4,)5=1and Goto STEPF. Task_Groups = {3, 4} I={1, 2, 3}
G-1.C" |, =57, C" 1, =12, 0" 1, =68,
STEP F : Change Pairing(Master Setting/Assistant change) C" 5 =57,C" 4 =20,C" 5, =42,
Yy =1,Yy=1Y,=1and C" 4 =56,C" 4 =16, C" 5 =84
)((3‘2)_1 =1, X(Ll),g =1, )((273)73 =1, G-2. LC’ostL2 =34,1 Cost, 3 =5, LC’ostZ3 =43

Xoga=LXqns=1 G-3. 25 [ Cost7} 0BT} I 2 E Go to STEP H.

Task_Group, = {2,5}, Task_Group, = {3,4},

Task_Groups = {1}, J={1, 2,3} STEP H : Change Task Group(Master and Assistant setting)

E1.C",,=57,C" 4, =13,C" 3 =5T, Pair, = (1, 2), Pairy = (3, 1), Pairy = (2, 3),
C" 'y =76,C" =T7,C" y; =42, Puairy = (2, 3), Pairy =(3,1), K=11, 2,3, 4,5}
C"3,=39,C"; =16,C"3;, =36 H-1. I Cost, 3 =28, I_Cost, , =— 16,

F-2. I Cost, , =39, 1 Cost, ; =34, 1 Cost, 3 =45 I_Costy 5 =65, Costy 5 =21

F-3. BE I Cost7}0RTF I B2 Go to STEP G. H2 X4, =1,X5,,4=1,X543.4=0,X3,,=0
and Go to STEP F.
STEP G : Change Pairing(Master change/Assistant setting)
V=1, Yy =1, =1and
Ko =L X2 =1L Xog 3 =1

STEP F : Change Pairing(Master Setting/Assistant change)
Yy =1, Yy =1, Y3 =1 and
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Xyo1 =1 Xpg0=1, X055 =1, G-3. E I Cost7} 0E.T} 2 & Goto STEP H.
KXana=1 Xz =1
Task_Group, = {1}, Task_Group, = {2, 3}, STEP H : Change Task Group(Master and Assistant setting)
Task_Group; = {4, 5}, J={1, 2, 3} Pair, = (1, 2), Pairy = (2, 3), Pair, = (2, 3),
FlC" ) =27,0",=12,C" , =32, Pair, =(3,1), Pair; = (3, 1), K=1{1, 2, 3,4, 5}

C" 5 =85,C" 0 =176,C"p =49, H-1. I Cost, , =16, I_Cost, ; =37,

C" 4 =33,C" 4, =75,C"3 =92 I Costy y =44, 1 Costy ; =65
E-2. I Cost, , =57, 1 Cost, ; =95, I Cost,, =47 H-2. BE [ Cost7}0RTF AEZ STONE LS 7).

F-3. 25 ] Cost7}F0R.TF I 2 Z Go to STEP G.
F)5e) A2 Qe A% 2 E Aha) 9 FYsH,

STEP G : Change Pairing(Master change/Assistant setting) <Table 14> A= o] At}
V,,=1,Y,;=1,%, =1and
KXoy =1L Xz, =1 X(2 33 =1 Table 14. Results of Heuristic Algorithm in Example
Task_Group, = {4, 5}, Task_Group, = {1}, T g | ALY A |

Task_Group; = {2,3} I= {1, 2, 3} 1 2 1 10 12 10/3
G-1.C",, =52,C" 1, =12,C" |, =86,
Oy =148, 0" 5, =20, C” 5, = 49,
Oy =33,0" 4 =16,C" 4 =T1
G-2. I Cost, , =45, Cost, 3 =23, 1 Cost, =37 ) Total Cost = 94.

2 3 2,3 13 37+12 =49 34/3 1/3

3 1 4,5 17 19+14 = 33 11/3
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