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Chanwit Kangpanit 2013: Optimizing Individual Working Timetable for Multiskilled
Workforce: A Case of Finish to Start Relationship. Master of Engineering (Civil
Engineering), Major Field: Civil Engineering, Department of Civil Engineering.

Thesis Advisor: Assistant Professor Suneerat Kusalasai, Ph.D. 101 pages.

Nowadays, there is limited number of research related to the assignment of multi-
skilled workforce and none of computer program can allocate such resources properly. Most of
resource allocation techniques focus on the shape of the resource profile and the total number of
resources required on a daily basis without considering the working timetable of an individual
workforce. Generally, in a small to medium construction project, a foreman is responsible for
assigning resources to a particular activity. Most of the time, this assignment is done when an
activity is about to start. Therefore, working timetables of an individual resource cannot be
known in advance. Although most foremen can allocate resources at low cost, there are many
occasions that workers are forced to be idle between jobs or to suddenly change to different

tasks. These could result in inefficiency and affect worker’s income and their learning process.

This thesis proposes a framework of using genetic algorithm and a prototype of
computer program to assist the search for the most cost-effective working timetable of an
individual resource in a construction project with unlimited resources. In this study, the
efficiency is measured in three dimensions including: the number of releases and re-hires, the
number of resource idle days and the total number of resources required. The prototype program
is tested with a small size project and the validation is done by comparing the result from the

prototype and that from developing a worksheet to be solved by Microsoft excel solver.

Student’s signature Thesis Advisor’s signature
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Initial Schedule | Experiment 1 Experiment 2 Experiment 3 Experiment 4
(1) (2) (3) (4) (5) (6)

GA Min. Min._Durati_on + Min. Du_r_atic_n + Min. Quralion + Min_
Optimization None Proje_ct Mm._DalIy Min. IU!IIIZEIIO!\ Flulr.:.tualtuon of _Rd + Min.
Objective(s) Duration Fluctuation of R4 Period of R4 Utilization Period of R4

Gene Evaluation | 0| @ e Proj. Dur.  50% Proj. Dur.  50% Proj. Dur. 50%
_ Criteria & Weights None Proj. Dur. 100% | Mxof R4 50% | MyofR4  50% Mx+My of R4 50%
Activity Activity Priority Results o
A Lowest Highest Very High Higher Higher
B Lowest Medium Very Low Low Medium
s Lowest Medium Low Highest Very High
T Lowest Lowest Higher Very High Low
Project Duration 49 44 45 44 45
Calculated Mx 2409 2381 2265 2375 2345
Moments My 7231 6752 6952 6746 6832
of R4 Mx+My 9640 9133 9217 9121 9177
Range of R4 12 10 10 10 10
Utilization Day 1to Day 1to Day 1 to Day 1 to Day 1 to
Period of R4 Day 49 Day 44 Day 45 Day 44 | Day 45

M 15 #an 1d1ANIAATILH Genetic Algorithm
131: Hegazy et al. (1999)
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a L
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SOLUTION AFTER 15 MIN (FIVE EXPERIMENTS)

Protect sis P T Total Cost (dollars) Percent of Best Solution

roject size Best solution® (Minimum

(Number of activities) tatal project cost) (dollars) Average sD Average sD
18 199,705 199,789 116 99.96 0.06
36 391 81Y 308 688 122 99.78 0.18
b4 545 803 549,201 1,515 94943 0.25
72 793,391 801,464 1,671 98.98 0.21
90 992,272 1,010,468 3921 98.17 0.40

*Determined using Evolver after 10 h of processing.
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13 lnyas vy 1,000 - - - 1
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17 inaa 3al 1,250 1 2 g -
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21 dwon  Wuly 1,050 - - - 1
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23 1hu PITN 1,175 1 - 2 -
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a0 Aunaisanyiutiazi 60 3 13 16 13 16 0
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16

TN i vy ) B v
18 Ra 5 £| 243
iG] Rk 1 1] o6z
20 Be 10 2 a
21 R 3 3| 253
22 Total 19 11| @54
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Solver Parameters &J
Set Target Cel: 522 MR

Equal To: I Max @ Mn () Valueof: |0 Close
By Chanaing Cells:
SHS5:EHS13 )
Subject to the Constraints:
SHS5:8H513 = integer - Add
SPSoIsPS13 =1
:
“
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Target Cell (Min)
Cell Name Original Value Final Value
SH522 Total Mx 978 954

Adjustable Cells

Cell Name Original Value Final Value
SHS5 A Delay 0 0
SHS6 A Delay 0 0
SH57 A Delay [1] 1
SHS8  CDelay 0 2
$H$9  C Delay 0 0
SHS10 E Delay 0 0
SHS11 F Delay 0 0
SHS12 F Delay 0 0
SH513 H Delay 0 1]

Constraints
Cell Name Cell Value Formula Status Slack
SPS5 A Constrain 1 5PS5=1 Not Binding ]
SP56 A Constrain 1 $PS6=1 Not Binding 0
SPS7 A Constrain 1 $PS7-1 Not Binding 0
SPS8  CConstrain 1 5P58=1 Not Binding 0

H [ a 4 o a {
ﬂTWﬁ 57 WﬁTﬁNLLﬁﬂQ Answer Report YOIMIAUATIEHHINHUAAIVOININT TUMH IS TN

1 a o a
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A = J o a ~ E Y ddyw o =
I@ﬂlﬁ@ﬂ Optimize: M mtﬂumimmwuﬂnmﬂlmﬂﬁ]ﬂiiilﬂﬁﬂ"lmm%m M_angea 910

o o a A’f A 1 o A <
ﬂ']ilﬂ%fJ‘]JLﬁfJ‘]Jﬂ']WUﬂ!'Jﬁ'WI'N']HGUﬂQﬂ%ﬂ'iiﬂJﬂ1ﬂ‘VNﬁﬂ\1'J%WU'J']ﬂ']WU@LﬁﬂJé]JN-LLé}'JLﬁiEI]GUfN

9
%

J a 3 ag [y 1T v AA c!' Yo A
UAASNINTTUVOIMIADIITATINU LASAIA YUY ﬂﬂ]lﬂi‘]JﬂE) 954

| DataType: Data from calaulate = i R P sor D e
Schedule | Bar Chart | Comparison of the indicators |
Rb Daily Requimment : Max value : 7 - Act. 1D Activity Name Predecessor  Duration  Slack ESD EFD SSD SFD LSD LFD Total float
Rc Daiy Requiment - Max valus - 3
Rd Daiy Requiment - Max valus - 6 » ssrennnazADa 2 0 0 2 0 2 0|2 ]
Total : MX value : 954 7 =
Chrsone -002200 00 20 | owdwsmunndu 10 4 [] 2 3 2 6 2 | 0
andaassmudadnea 0 |owafusdaussl 10 2 1 2 4 3 5 4 s 2
iﬂndu'mmmmus?me 002100000 40 |owafuedaussl Kl 3 2 4 7 3 E] Rt 2
ool it 50 |owdadisdnueel. 2030 E [] [ E] € 9 € |9 0
Random Chromosome : 0.0.2.1.0.0.1.0.0 60 |owdadundnuseli. 40,50 4 ] 3 13 3 13 L] 0
Tigndosassausoiinua
T T LT 0 |owlasanin 0 2 ] 13 15 13 15 @ |1 1
Random Chr 001200000
e Dy Eisrainan - M v 267 80 |awnedsmiunis. 0 3 ] ] 1 12 1 | [
Rb Daily Requiment : Max value : 7 sl
Sl b 90 awmiuszauin 70,80 2 0 16 18 16 18 6|18 0
Rd Day Regquiment : Maxvalue 6 || | #
Total : MX valus - 354
Chrgmosome : 0.0.12.0.0.0.00
andsinssmudarinia
2l i I 3

| Optimize: Mx

a

Ra Target Level

]

Fb Target Level

5

R Target Level

5

Rd Target Level

5

e

{ a L4
MW 58 wamsunsziadeTsunsuduuuy Tag Optimize: M,
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A B C D E F GH[I[J[K[LIMNO[P[Q[RIS[TIU[V[W[X] Y[ Z [ AA AB AC
3
4 Summal
5 %
6 W25 UL e 950 0 1{1)afaf1)afaf2jaf1 |2 |22 f2f1fd)21]|1]| 0| 0|18 |100.00%| 17100
T W13 1nsas nyu 1000 0 i{a)afafa)dfafajafi)d|afafafsjaja])i]| 1 |1]|17 | 94.44% | 17000
8 W16 Uay Tandn 1000 0 ojojifafa)ififajifojojojofofojojojof 0 | 0| 7 |100.00%| 7000
9 w21 day iula 1050 i ojol1[1f1]1[1[1|1o]o]olofofololofof o o] 7 [100.00% | 7350
10 W15 auds Taau 1100 0 o{olof1f1|of1{1|1fo|oofofofojolojof 1 |1| 5 | 83.33% 5500
11 W1 Auzny viudla 1150 0 ojolofif1|ofif1|ifo|olofofofojolojol| 1 |1| 5 | 83.33% 5750
12 w2 AueT Funfa 1150 0 i{a|afafa)afafajaf1]d|1fafaf1|dijojo| 0| 0] 16 |100.00% | 18400
13 wo Fnand Aaim 1150 0 i{a|afafa)afafajafi]a|afafaf1|ijojo| 0| 0] 16 |100.00% | 18400
14 W23 1 Aaim 1175 0 i{a|afaf1)afafajdf1|d |1 afaf1|d|1]i]| 0| 0] 18 |100.00% | 21150
15 W3 e 261 1200 0 i{a|afafa|afafajaf1 |2 |22 faf1fd|1]i]| 0| 0] 18 |100.00% | 21600
16 W6 ns Tngivin 1250 0 1{1|afaf1)afaf2jaf1 |2 |22 faf1fi|ajo| 0| 0|16 |100.00% | 20000
17 w17 finie dnia 1250 0 i{a)afafa)afafajafd)d|afafafsfd)2])i]| 0| 0] 18 |100.00%| 22500
18 W24 Viagdl A1 1250 0 ojojafdfa)dfafajdfd)d|afafafsjoj2])i]| 1 |1]|15]| 93.75% | 18750
19 w18 AU 015 1275 i i{a|afafajafafajaf1]1|1{afaf1|olojo| o | o] 15|100.00% | 19125
20 w7 sz 1husy 1300 i ojolof1f1lofaf1|1f1 |11 f1faf1|ojojof 1 [1]11] 91.67% | 14300
21 W5 Auna AIVIU 1350 0 ojolafif1)afafajafi|d|2fafafi|ojajo| o] 0|13 |100.00%| 17550
22 W12 Fnsa AU 1350 0 o{ojofif1|ofif1|ifo|ofofofofojolojo| 1 |1| 5 | 83.33% 6750
23 w8 ] A 1375 0 ojojofif1|olofojojo]o]ofofofolojofjof o | 0] 2 [100.00% | 2750
24 W20 wymas | Fuwfou 1375 0 ojojofif1|ofofojojo]ojofofofolojofjof o 0] 2 [100.00% | 2750
25 W19 Funi Funfay 1400 0 ojojofif1|ajofojojoojojofofolojofjof o | 0] 2 |[100.00% | 2800
26 W4 gus Tanan 1450 0 ojojojif1|ojofojojo|o|ofofofo|ojofof 0 | 0| 2 |100.00% | 2300
7 Wi aula ilnde 1475 0 o|ojojofojojojojojoojofofofojojoajolo o] O i
28 Wil W wag 1500 0 ojojojofojojojojojoojofofofojojoajolo 0] O i
29 W22 1huta Vinlvg 1500 i ojo|ojofo|ofofolojo]olofofofololojolofo] o i
30 w14 ATuE dau 1550 0 ojojofofojofofojojololofofofololojo{o o] o 0
31 [[6 [ "6 [228] 96.66% [ 269425 |
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[ Solver Parameters g
Set Target Cell: _ i Solve I
Equal To: @ Max (Mn () Value of: ID | m

By Changing Cells: -
EETET B [(oess ]
Subject to the Constraints:
SD823:5L824 = binary - Add
S0S17:SWS17 <=1 ;]
£0536:5WE39 <= S0832:5WsE35 Chang
SY§17:5APS1T <=1

4 3 1 a J [ {
ﬂTWﬁ 61 NMTAIAINITINNDT 11 Excel Solver GUEN‘VI?’WEﬂﬂ‘i‘i'IEJﬁ 24 (W24)

Target Cell (Max) _
Cell Name  Original Value  Final Value

$B%2  Target Cell 0 15
Adjustable Cells A Y

Cell Name _ Original Value _ Final Value
$D$23 a A 0 6.5512E-12
$E$23 aB 0 6.5512E-12
$F$23 acC 0 0
$G$23 aD 0 6.5512E-12
$H$23 aE 0 1
$1$23  aF 0 1
$423 aG 0 1
$K$23 aH 0 6.5512E-12
$L$23 al 0 1
$D$24 cA 0 6.5512E-12
$E$24 cB 0 1
$F$24 cC 0 0
$G$24 cD 0 0
$H$24 cE 0 0
$I$24 CF 0 0
$$24 cG 0 0
$K$24 cH 0 6.5512E-12
$L$24 cI 0 0

Constraints

Cell Name Cell Value Formula Status  Slack
$0$36 aA 2 $0$36<=$04$32 Binding 0
$P$36 aB 2 $P$36<=$P$32 Binding 0
$Q3$36 aC 0 $Q$36<=$Q$32 Not Binding 3
$R$36 aD 3 $R$36<=%$R$32 Binding 0
45436 akE 1 $5436<=%5%$32 Mot Binding 1
$T$36 aF 3 $T$36<=$T$32 Mot Binding 2
$U$36 aG 1 $U$36<=$U$32 Mot Binding 3
$V$36 aH 2 $V$36<=$V$32 Binding 0
$W$36 al 4 $W$36<=$W$32 Binding 0
$0%$37 bA 2 $0$37<=$0$33 Mot Binding 1
$P$37 bB 2 $P$37<=$P$33  Not Binding 2
$Q3$37 bC 0 $Q$37<=$Q$33 Not Binding 3
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