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TIME-COST TRADE-OFF/LABOR RESOURCE CONSTRAINT

Time and cost are the main goals of the construction project management.
Planners are searching for the optimal schedules, which give both early completion
time and small total cost. The scheduling problem named Time-Cost Trade-off (TCT)
is attended by previous research. From field surveys conducted in Thailand,
contractors are also concerned at the fluctuation of labor resources supply. Most
construction labor is seasonal workers who work in agriculture. This research,
therefore, formulates the TCT model with labor resource constraints. Multi-objective
goal programming and binary integer programming are used in the formulation. The
mathematical expressions of this model are presented in the paper. Genetic Algorithm
is used to search for optimal solutions. This new model is tested with the real data
collected. The result shows that the scheduling model with labor resource constraints

gives earlier project finish time and less project cost than the one without.
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o o 1 dy Aw A ' Y Yoy 9 ya o A Y a
Aauaanan wennni luadtenduunaige ldudilgmdisns 1t msmidimeuiuiag
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NaazAUNY (Time-Cost Trade-Off Problem) Taslumsaseaums Tandinlatnmssimuali
4 @ a
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manar lumsiinuveadaznanssuimtesgasaeziluaiunialumsenssoznarlums
o A Y v 1 a 1 ) Aa o Yy
Mauimuzasnuuaaznanssululasavionisniavvea lasansnunmsnivua iy
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¢, Tugamudennamazdunui k vesdnssy i la o lugniden dwaasaumsi 2.1)
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y % v D, . . {
Wﬁ]urflmmamuwammunummau (Summary of Indirect Cost Objective) i

9 o & & o d v A 1 [ A &
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waﬁ’wﬁllﬁnﬂmiﬁmameumLm‘ufﬁmmﬂﬁﬂﬁﬁﬁ%mﬂﬁﬂuizwdwmamazﬁ'unu
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worlithuuneauszeznar lumsiiaulasamsauneadia (Time Objective)

o o a . { 19 Y] 4 [
Tagvzsmualiwasaudaunarlumsiiauvenionssud i la q Alianwduiussznin
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~ A 1 :’ v Aq Yo o 7Y
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AINITUNADA AN UANTUNITN (2.8)

H
fi—s = ZZ L Vi (2.8)
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k  fo gamadsn
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Taon y, fo dwdsdaduly Tasaziinniu 1 deygamadeni k la 9 gnidenldny
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nanssui i 1a g uazezliauiu o Woygamadoni k 1a o ligniden
Tirunanssun i laq

H ao smwnudenssululassnemsiiaulasanmsnuneaiiag
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(2.11)

fy > f, VieH (2.10)
Sy < VieH (2.11)
s, >0 VieH (2.12)
f >0 VieH (2.13)

A < a -
Tagh  f. Ae naNaTaUVININIsH i la 9
A o Yy v a 2
A szeznarlumsiinulasimsnuneaiNosgaraudsvay
MU (Ju)
- A a
i Ao nanssulaq
s, o NANTUNUVBININTTY | 1A 9
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AMIMUUAVOVIVARTUIAIVDIFHAA NV TR UTIZHI1NINTTN daneaaslu

AUNIN (2.15) D3 aumMIh (2.20)

- AAE59UUA5 191U (Finish to Start; FS)
s,— ;=0 (2.15)

< 2 4 J .. .
- ﬂiﬁmsNmué’mmmmnw?aaunmmﬁfmm (Finish to Start with lag/lead ;

FS*I)
s, — f, >, (2.16)
- nsdisuaundouiiu (Start to Start ; SS)
s, =520 (2.17)
- nsdisununoufun It oauna M AB A (Start to Start with lag/lead
ss+1)
5; =S >l (2.18)
- psaitasvundounu (Finish to Finish ; FF)
f,—f >0 (2.19)
- nsdiad e oufnnnieaunaunaoud1 (Finish to Finish with lag/lead :
FF£1)

fo—f >l (2.20)
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- GuenliiEanduafisua (Start no carlier than time D,)

5,>D, (2.21)
- Suanliininarfismua (Start no later than time D))

5, <D, (2.22)
- Fusudifvua (Start on time D))

s, =D, (2.23)

3 [~ ]
- s s (Finish no earlier than time D)

—h

. >D, (2.24)
- s e hidindnaiisinua (Finish no later than time D,)

f. <D, (2.25)

- 159U WTAMMUA (Finish on time D)

f. =D, (2.26)
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f,—D, <¥M (2.28)
f,—D, > (¥-1)M (2.29)
¥ = binary (2.30)
X,>P(f,-D,) (2.31)
X, >0 (2.32)
X, <B(D, — f,) + AW (2.33)
X, <AQ-Y) (2.34)

X, >0 (2.35)
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Offsprings
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N http://www.intelligentsolutionsinc.com/part2.htm
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|10 Penalty Rate 0.1% = 4.1195 x10°THB per day
| 11] Project Indirect Cost 332 x10°*THB per day
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E Under Over I Under | Over
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| 26] Alternative
27| | Activiey Dezcription Duration
E 1 2
0 1 Temporary Wark , Mebilization 14 7
El 2 Pilmg Werk (Pre-Bore 14 00 m } 30 15
E 3 Footing 30 15
|32 4 Smking Pit 50 25
3 5 Machme Base 35 17
E 6 | skb 14 7
|25 7 Steel Wall Frame And Ceiling Suppeort 21 10
|26 ] Gypsum Wall and Cailing 21 10
a7 9 ME&E Wozk 30 15
(28] 10 Ground Beam And Water Tank (65 m3) 56 26
E 11 Ground Flaar Slab 50 28
140 12 1zt. Column 21 10
|41] 13 2nd Floor Beam Slab & PC Slab i 10
|42 14 2nd. Column And Koof Baam 14 7
143 15 Middle Beam & Roof Beam (PC.) 56 28
|44 16 Steel Stucture For Roof & Siding Frame 63 3l
45 17 Matal Skeet Roofing Wark And Sidms 21 10
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| 51] 3 Pamting Wark 72 36
52




40

T TUJV W] X[ Y] Z[AA|AB|AC|AD[A=[AFJAG] =J | BK [BM B8W | EO
| 26 Relationship Labor
o Pred. Type Lag/Lead Cost Produetivi
1] z[3[4[1[z2]3]s|1]2]3]4 1 2 1 7
2| - = = 205 21 6 15
[20] 1 FS 0 104 107 5 13
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| 26 | Yi |26 Sum |26 Sum
27 27T 27 Yi
% 1 2 128 (28|
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30 0 1 30 1 (30 =SUM(P30:Q30)
31 1 0 31 1 131 =SUM(P31:Q31)
32 0 1 32 1 |32 =SUM(P32:Q32)
33 1 0 33 1 [33 =SUM(P33:Q33)
134 0 1 (3¢ 1 |34 =SUM(P34:Q34)
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45 1 0 |4 1 [45 =SUM(P45:Q45)
(46 0 1 (46 1 T46 =SUM(P46:Q46)
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48 0 1 (48 1 (48 =SUM(P48:Q48)
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10
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26
50
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21
25
21
10
29
U3
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| 29 =SUMPRODUCT(L29:M29,P29:Q29)
| 30 =SUMPRODUCT(L30:M30,P30:Q30)
| 31 =SUMPRODUCT(L31:M31,P31:Q31)
| 32 =SUMPRODUCT(L32:M32,P32:Q32)
| 33 =SUMPRODUCT(L33:M33,P33:Q33)
| 3¢ =SUMPRODUCT(L34:M34,P34:Q34)
| 36 =SUMPRODUCT(L35:M35,P35:Q35)
| 36 =SUMPRODUCT(L36:M36,P36:Q36)

37 =SUMPRODUCT(L37:M37,P37:Q37)
E =SUMPRODUCT/(L38:M38,P38:Q38)
| 39 =SUMPRODUCT(L39:M39,P39:Q39)
| 40 =SUMPRODUCT(L40:M40,P40:Q40)
| 41 =SUMPRODUCT(L41:M41,P41:Q41)
| 42 =SUMPRODUCT(L42:M42,P42:Q42)
| 43 =SUMPRODUCT(L43:M43.P43:Q43)
| 44 =SUMPRODUCT(L44:M44,P44:Q44)
| 45 =SUMPRODUCT(L43:M45,P45:Q45)

46 =SUMPRODUCT(L46:M46.P46:Q46)
E =SUMPRODUCT(L47:M47,P47:Q47)
| 48 =SUMPRODUCT(L48:M48,P48:Q48)
| 49 =SUMPRODUCT(L49:M49 P49:Q49)
| 50 =SUMPRODUCT(L30:M50,P50:Q30)

§1 =SUMPRODUCT(L51:M51,P51:Q51)
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=IF(3T31="ss" VLOOKUR(SUS] ares, 58+ ACI TF(SY31="5:" VLOOKUP(3U1 area 35-$AC31-1,"7)
=IF($Y32="s2" VLOOKUR($U3 L ares, S8+ $ AC3 L IF(§Y32="5" VLOOKUB(SU32 area 51~ SACI2-1.")
=IF(§¥33="ss" VLOOKUR(SU33 ares 58+ $AC33 JF(§Y33="5" VLOOKUP(SU33 ;area 51-$ACI3=1,")

&Z

=IF(ST30="2f" VLOOKUR(SU30,ares, 58-S AC30- L IF(SV30="5" VLOOKUBGU30,ares 59)-SAC30."™)
=IF(5T31="50" VLOOKURSU3 L ares, 58)-$ACH-LIF(T31="1" VLOOKUP(UIL area 35)-$ACIL ™))
=IF(S732="2f" VLOOKUR(SU32 ares, 58)-SAC32-1 IF($Y32="5" VLOOKUB(U32 ares 59)1-SACIL™)
=IF(ST33="o" VLOOKUR(SU33 ares, S-S AC33- L IF($ V33" VLOOKUBGU33 ares 59-SAC3.™)

8D

31|=MAX(AV3L-AY3])
2 |-MAYAV3AT))
73 |-MAX(AVIATY)

BE

=MAX[A7IOBCI9)
MAX(AZ30BC30)
MAX(AZ31BC31)
=MAN(AZ32BC32)
=MAN(AZ3IBCIY)

BG

=IF(BD30=0,BE30-530.3D30)
=IF(BD31=0BE31-531 3D31)
=IF(BD32=0 BE32-532 3D32)
=IF(BD33=0BE13-531.3D33)

=IF(BE2=0BG2-529-] BE29)
=IF(BE3=0,BG3(~530-1 BE30)
=IF(BE31=0,BG31-531-1 BE31)
=IF(BE3)=0BG31-532-1 BE3))
=IF(BE3=0BG3-533-LEE3Y)
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B F | @ B | oK AL
o6 26 ¥ 76
27 (e | 27 77 o Final Cost
28 28 1 2 2B 1 e
s] 1 bet] 1 a ] 205 11 205
30| 2 [ o | 1 |[[30] w4 | 107 107
a1 3 ER] 1 a 1 19 i) 19
2 4 2l 0 1 2 &7 97 @
13 5 a3 1 1] 3 7 3k 37
BL
E
T Final Cost
E
26 |=SUMPRODUCT(P29-Q29 BI29-BK29)
20 |=SUMPRODUCT(P30-Q30 BI30-BK30)
| 21 [=SUMPRODUCT(P31:Q31 BI31:BK31)
22| =SUMPRODUCT(P32:Q32, BJ32-BK32)
23 | =SUMPRODUCT(P33:Q33 BI33-BE31)
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B AH | Al [ Al [ AK | AL [ AN | AN | AD | AF | AQ | AR | AS | AT
Conatraints
SNET SNLT FNET FNLT MSO MEO Diff,

a 0 a
a 0 0
0 0 0

[

3
=
]

[ [=
-8
ry
-8

[
w
ra |
m

21 K 0 0
5 22 50| 120 O 0
51 23 51 0 0
B

.
o

0
0
0

i

i

n
]

AT

Al v Diff,
28] Diff., 25|
A ] AT
an | =IF(SAH49=""0 [F($BCI-=5AH49 $ AH49-$BG49,0]) 40 | =SUMIAT49-AKA9-AM49+AD49+AQ49+A549)
50 | =SUM{ATS0+AKS0-AMI0+-A050+AQ50+-A550)

50 |=IF(SAHS0=""0,[F($BC30-=0AH30 S AH5(-1BC50,0)) &
51| =IF{SAES1=""0 [F(3BGT 1 ==5AH51 $AHS1-3BGS1.0]) 51 |=SUM(AIS1+AES1+-AMI1+AO51+AQ51+AS51)

2
i3 |=SUM{ATIS:ATEI)

i3

i3
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20
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13
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14
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13
13
16
16

11
14
11

e e e ) e D Ch LR h L L 00 00 00 4= Uh 00 Lh WLh L th O

|29 =SUMPRODUCT(P29:Q29 BN29:B029)
|30 =SUMPRODUCT(P30:Q30,.BN30:8030)
|31 =SUMPRODUCT(P31:Q31 BN318031)
|12 =SUMPRODUCT(P32:Q32BN32:8032)
33 =SUMPRODUCT(P33:Q33 BN33 B033)
|34 =SUMPRODUCT(P34:Q34BN34:B034)
|3 =SUMPRODUCT(P35:Q35,BN35:B035)
|36 =SUMPRODUCT(P36:036 BN36:B036)
|37 =SUMPRODUCT(P37:Q37,BN37:8037)
3 =SUMPRODUCT(P38:Q38 BN38:8038)
35 =SUMPRODUCT(P39:Q39,BN39:B039)
|40 =SUMPRODUCT(P40:Q40 BN40.8040)
41 =SUMPRODUCT(P41:Q41,BN41:B041)
|42 =SUMPRODUCT(P42:Q42, BN42B042)
|43 =SUMPRODUCT(P43:Q43 BN43B043)
|44 =SUMPRODUCT(P44:Q44 BN44 BO4)
45 =SUMPRODUCT(P45:Q45 BN43:B045)
|4 =SUMPRODUCT(P46:Q46 BN46:B046)
|47 =SUMPRODUCT(P47-Q47 BN47-B04T)
43 =SUMPRODUCT(P48:Q48 BN45:B048)
|19 =SUMPRODUCT(P49:Q49 BN49.B049)
50 =SUMPRODUCT(P50:Q50.BN50:3050)

E =SUMPRODUCT(P31:Q51 BN31:B031)
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Al B | © ] D e[ F] 6] H] [ k[L[m]n]o]r[alRr
1
2] | TIME COST TRADE -OFF MODEL |
3
]
| 5| Bar Chart
5]
] Maxi Labar per Day] | [E] |
]
R Start Finish Final
10 Labar
11
12 13 s
13 14 28 13
4] 22 51 5
15 14 38 13
3z 131 150 5
13 160 174 11
24 160 i | 3
5
36 [] [] [ [ [ [ [ [ & [ [ [ [
[ E C D
(o Start Finish Final
[0 | Labor
11
12 |=TCTRCIBG2R =TCTRCIBH2G =TCTRCIZF2
13 |=TCTRCIBG2D =TCTRCIBHAO =TCTRCIZP30
| 14 |=TCTRCIBG31 =TCTRCIBHI =TCTRCIEF3
16 |=TCTRCIBG32 =TCTRCIBHA2 =TCTRCIBFI2
5]
Y =IF{AND{F511>=3812 F§11==5C12),5012,0) =IF{AND{G$11>=§B12,G511==5C12),5012,0)
13 [=IF{AND(F311=>=3B813,F311<=3C13),3013,0) =IF{AND{G%11>=8B813,G311==5C13).3D013,0)
| 14 |=IF{AND{FE11>=3814,F§11<=3C14),3014.0} =IF{AND{G311>=8B814,G311<=5C14).5014.0)
15 |=IF{ANDIF511==3B815F§11==3C15),3015,0) =IF{AND{G311==5B15,G311<=5C15) 5015,0)
32 [=IF{AND(F311>=3832 F§11<=3C32),30320) =IF{AND{G%11>=5B32,G311<=8C32).5032.0)
33 [=IF{AND(FE11>=38233 F311<=3C33),3D320) =IF{AND{G$11>=5B33,G811<=8C33).5033.0)
M |=IF(ANDIFE11==3824 F311==3C24) 3034 0) =IF(AND{G3F11>=5834,G311<=5C34) 5034,0)
5
6 |-SUM[F12:F35) —SUMIG12:635]
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T5unsu Evolver Tnafisioazidoalumstimuaou lugesnantumsimougas uTdsunsy

Microsoft Excel ﬁduﬁﬂﬂu’g“ﬂﬁ 3.11

F | G [ H

JH _t [ ™

ul|h|u |u

[]

|17} Project Duration 204 0 27
| 15] Project Cost 1,583 36 a
[ 18] | Time Constraints 10 10 0
20 Labor 50 0 29
[27]

| 22] Min. Deviation [ [ s |

23

| [ [E] H N 1 N T R P a [ R

Project Duration
Project Cost

-MAXBH29BH: 1)
=SUNPRODUCT(P0:Q51 BI-BKS1)

=-IF(H17<LI7L17-HI7.0)
=-IF(H18<LI18L18-HIB 0)

=~FHI-LITH -LIT0)
=< F(HIS-LI1S HIS-L1B0)

clslalzlz]z[a[=]z [

‘Time Constraints 4153 =-F(HILIOLIGHION  |==FHIS-LIOHIS-L100)
Labor =-FHULOLAHNOO  [==FHN-L0H0-LD0)
| D E F | G H [l

22 Min. Deviation

=SUMPRODUCT(F17:F20,P17:P20)+SUMPRODUCT(G17:G20,Q17:Q20)

4 1
(a) ﬁuﬁmm53%ﬁaumwaaw‘ﬁmﬁmam"lﬁ’ﬂuﬂnﬂmmﬂﬂmuﬂm Microsoft Excel

oA

& Evolver- Model rz|
Optimization Goal |Target Yalue ;J I:‘
Cel [=F22 =
Copstraints
| Description Formula | Type |:| Add... |
=135 <=$H$17 <= 204  Hard e |
=$H$18 <= §L§18 Hard =
~$H§19 <= $L$19  Had | _ Delete |
=4H620 <= 41420  Hard =
@ ok | cancel |
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Fzeza1 (OU)

Ranssudi Fononsa
nannd | e
Structure Work
1 Temporary Work , Mobilization 14 10
2 Piling Work (Pre-Bore 14.00 m.) 30 25
3 Footing 30 25
Machine Foundation
4 Sinking Pit 50 40
5 Machine Base 35 30
6 Slab 14 12
7 Steel Wall Frame And Ceiling Support 21 18
8 Gypsum Wall and Ceiling 21 17
9 M&E Work 30 26
10 Ground Beam And Water Tank (65 m3) 56 50
11 Ground Floor Slab 50 40
12 Ist. Column 21 18
13 2nd. Floor Beam ,Slab & PC.Slab 21 18
14 2nd. Column And Roof Beam 14 12




A13190 3.1 gaMudenszezna lumsinu (¢o)

52

- P i 32821981 (U)
NINTTUN FONINTIU
nanda | 15991
15 Middle Beam & Roof Beam (PC.) 56 50
16 Steel Structure For Roof & Siding Frame 63 58
17 Metal Sheet Roofing Work And Siding 21 18
Architectural Work
18 Concrete Block , Plastering Work 50 45
19 Doors & Windows Installation 21 16
20 Ceiling Work 21 16
21 Ceramic Tiles Work 29 22
22 Floor Finishing (PVC ,Carpet ) 30 25
23 Painting Work 72 65

- yadoyamadondaununiasdlumsiinudmsonenssululasiens

v
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MU aauaaaluas1ean 3.2

M13°99 3.2 gEaMmauasNAUNUNNATIIUMTHII

AUNU (UMN)
Ronssuil Foranssu
na1lnd 13997
Structure Work
1 Temporary Work , Mobilization 2,052,137.72 2,087,044.51
2 Piling Work (Pre-Bore 14.00 m.) 1,044,834.04 1,054,850.71
3 Footing 191,350.35 193,872.69
Machine Foundation
4 Sinking Pit 872,015.27 913,088.72
5 Machine Base 365,671.90 370,937.67
6 Slab 394,752.40 415,528.54
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53

v
AUNU )

Ranssudl Fodonsa
na1lnd 139971
7 Steel Wall Frame And Ceiling Support 238,897.17 243.,996.15
8 Gypsum Wall and Ceiling 192,128.00 197,615.43
9 M&E Work 822,739.74 826,586.94
10 Ground Beam And Water Tank (65 m3) 293,099.81 296,559.79
11 Ground Floor Slab 83,383.56 85,528.81
12 Ist. Column 361,877.95 366,291.98
13 2nd. Floor Beam ,Slab & PC.Slab 1,204,466.36 1,220,718.57
14 2nd. Column And Roof Beam 361,877.95 366,291.98
15 Middle Beam & Roof Beam (PC.) 280,920.84 283,730.19
16 Steel Structure For Roof & Siding Frame 1,303,028.85 1,318,453.46
17 Metal Sheet Roofing Work And Siding 1,181,860.05 1,197,060.05
Architectural Work
18 Concrete Block , Plastering Work 998,790.00 1,023,513.10
19 Doors & Windows Installation 1,779,571.94 1,804,208.37
20 Ceiling Work 238,211.00 245,576.60
21 Ceramic Tiles Work 154,890.00 162,982.48
22 Floor Finishing (PVC ,Carpet ) 160,696.00 165,034.17
23 Painting Work 377,079.00 382,729.41
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DNTITIU (AUADIN)

Ronssuil Foranisu
na1lnd 13997
Structure Work
1 Temporary Work , Mobilization 6 10
2 Piling Work (Pre-Bore 14.00 m.) 5 8
3 Footing 5 7
Machine Foundation
4 Sinking Pit 5 7
5 Machine Base 5 7
6 Slab 8 12
7 Steel Wall Frame And Ceiling Support 5 7
8 Gypsum Wall and Ceiling 4 6
9 M&E Work 8 12
10 Ground Beam And Water Tank (65 m3) 8 10
11 Ground Floor Slab 8 10
12 Ist. Column 5 7
13 2nd. Floor Beam ,Slab & PC.Slab 5 7
14 2nd. Column And Roof Beam 5 7
15 Middle Beam & Roof Beam (PC.) 5 7
16 Steel Structure For Roof & Siding Frame 6 9
17 Metal Sheet Roofing Work And Siding 6 9
Architectural Work
18 Concrete Block , Plastering Work 3 5
19 Doors & Windows Installation 3 5
20 Ceiling Work 4 7
21 Ceramic Tiles Work 5 7
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M13199 3.3 doyadaswsenuasiuilddmsuinuluudazianssu (de)

DNTITIU (AUADIN)
AInNTsUN ¥oNaInI T
na1lna 159971
22 Floor Finishing (PVC ,Carpet ) 4 6
23 Painting Work 3 6

a [ v ' a o o
- Ggﬂeffauua%uﬂmmﬁuwmﬁzmnmﬂﬁ:uuazmwumammimqmmm

Nn35y Asuaaaluasan 3.4

{ v o J 1 a o
Gﬂi'Nﬁ 3.4 ﬂ')'liJﬁ?JWU‘ﬁGUENLmagﬂﬁ]ﬂiﬁi\lﬁlUﬂ'l‘iVIN'lu

avwduius |,
R . i . Qo lud e
NAINTITUN PYONINTIU IEUIN -
- VBININTTY
NINTIY
Structure Work
1 Temporary Work , Mobilization -
2 Piling Work (Pre-Bore 14.00 m.) 1FS
3 Footing 2FS-7
Machine Foundation

4 Sinking Pit 28S
5 Machine Base 4FS
6 Slab 5FS-7
7 Steel Wall Frame And Ceiling Support 6FS+54
8 Gypsum Wall and Ceiling 7FS
9 M&E Work 8SS+7
10 Ground Beam And Water Tank (65 m3) 3FS-7 SNET, 30 days
11 Ground Floor Slab 10SS+21
12 Ist. Column 11SS
13 2nd. Floor Beam ,Slab & PC.Slab 12FS-7
14 2nd. Column And Roof Beam 13FS




56

{ v o 1 a o 1
A1519% 3.4 AnuduNUsvosaaznnssulumsnu (919)

avwduius |,
- . i , [Roulyd
NINTIUN FONINTIU TENIN -
- VBININTTY
NINITU
15 Middle Beam & Roof Beam (PC.) 10SS
16 Steel Structure For Roof & Siding Frame 15FS
17 Metal Sheet Roofing Work And Siding 16SS+21
Architectural Work
18 Concrete Block , Plastering Work 15FS
19 Doors & Windows Installation 18FS
20 Ceiling Work 18FS
21 Ceramic Tiles Work 18SS+30
22 Floor Finishing (PVC ,Carpet ) 21FS SNET, 120 days
23 Painting Work 21SS
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s HadNTIINMINATOL AupdeRadNEaINMINATe
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN

1 202 1,457 50 202 1,457 50
2 203 1,544 50 203 1,501 50
3 195 1,540 45 200 1,514 48
4 201 1,541 50 200 1,521 49
5 195 1,546 48 199 1,526 49
6 203 1,524 48 200 1,525 49
7 185 1,537 49 198 1,527 49
8 195 1,542 46 197 1,529 48
9 195 1,540 45 197 1,530 48
10 195 1,536 45 197 1,531 48
11 192 1,541 50 196 1,532 48
12 203 1,516 48 197 1,530 48
13 195 1,542 40 197 1,531 47
14 185 1,539 49 196 1,532 47
15 201 1,541 50 196 1,533 48
16 195 1,540 45 196 1,533 47
17 195 1,541 46 196 1,533 47
18 203 1,552 50 197 1,534 47
19 185 1,549 45 196 1,535 47
20 192 1,542 50 196 1,536 47
21 192 1,542 45 196 1,536 47
22 195 1,534 40 196 1,536 47
23 192 1,541 45 195 1,536 47
24 203 1,525 47 196 1,536 47
25 201 1,541 50 196 1,536 47
26 201 1,541 50 196 1,536 47
27 195 1,540 45 196 1,536 47
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s HadNTIINMINATOL AupdeRadNEaINMINATe
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN
28 195 1,540 45 196 1,536 47
29 195 1,540 45 196 1,536 47
30 203 1,552 46 196 1,537 47
31 203 1,524 48 196 1,537 47
32 201 1,541 50 197 1,537 47
33 2203 1,529 49 197 1,536 47
34 195 1,531 42 197 1,536 47
35 201 1,541 50 197 1,536 47
36 195 1,535 44 197 1,536 47
37 195 1,534 44 197 1,536 47
38 188 1,548 50 197 1,537 47
39 203 1,516 48 197 1,536 47
40 195 1,542 46 197 1,536 47
41 192 1,542 50 197 1,536 47
42 199 1,540 48 197 1,536 47
43 201 1,543 50 197 1,537 47
44 195 1,539 45 197 1,537 47
45 203 1,552 46 197 1,537 47
46 195 1,541 50 197 1,537 47
47 201 1,540 50 197 1,537 47
48 203 1,526 47 197 1,537 47
49 196 1,523 47 197 1,537 47
50 195 1,536 45 197 1,537 47
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s HadNTIINMINATOL AupdeRadNEINMINATO
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN

1 203 1,532 49 203 1,532 49
2 192 1,544 50 198 1,538 50
3 195 1,537 47 197 1,538 49
4 195 1,540 45 196 1,538 48
5 195 1,544 46 196 1,539 47
6 203 1,541 48 197 1,540 48
7 203 1,516 48 198 1,536 48
8 192 1,541 45 197 1,537 47
9 195 1,535 44 197 1,537 47
10 195 1,540 45 197 1,537 47
11 203 1,552 46 197 1,538 47
12 195 1,536 45 197 1,538 47
13 192 1,542 45 197 1,539 46
14 195 1,540 45 197 1,539 46
15 195 1,531 42 197 1,538 46
16 195 1,542 46 196 1,538 46
17 195 1,542 40 196 1,539 46
18 201 1,527 45 197 1,538 46
19 192 1,542 45 196 1,538 46
20 199 1,541 45 197 1,538 46
21 195 1,544 46 196 1,539 46
22 195 1,544 48 196 1,539 46
23 203 1,552 46 197 1,539 46
24 195 1,540 45 197 1,540 46
25 203 1,547 50 197 1,540 46
26 203 1,552 46 197 1,540 46
27 192 1,542 45 197 1,540 46




A v Aq Yo :’ @ a A J k4
ATNN N2 WﬁaWﬁﬂimiﬁﬂ]ﬂ’Nu’]ﬁuﬂﬂiu’]mu']ﬂﬂw%uyﬁ’]ﬁu’]ﬂﬁ'n‘ﬁgﬂgnﬂ']

Tumsiianu (@o)

80

2 HAGNEIINMINATDL AndsHadnEIINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
28 203 1,532 49 197 1,540 46
29 201 1,541 50 197 1,540 46
30 199 1,541 45 197 1,540 46
31 195 1,534 44 197 1,540 46
32 201 1,541 50 197 1,540 46
33 195 1,540 45 197 1,540 46
34 192 1,542 45 197 1,540 46
35 195 1,535 44 197 1,540 46
36 203 1,552 46 197 1,540 46
37 194 1,543 50 197 1,540 46
38 192 1,542 45 197 1,540 46
39 201 1,541 50 197 1,540 46
40 195 1,540 45 197 1,540 46
41 203 1,532 47 197 1,540 46
42 195 1,544 46 197 1,540 46
43 201 1,541 50 197 1,540 46
44 192 1,541 45 197 1,540 46
45 192 1,542 45 197 1,540 46
46 203 1,532 49 197 1,540 46
47 192 1,515 48 197 1,540 46
48 201 1,541 50 197 1,540 46
49 195 1,540 45 197 1,540 46
50 192 1,542 50 197 1,540 46
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s HadNTIINMINATOL AupdeRadNEINMINATO
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN

1 195 1,536 45 195 1,536 45
2 195 1,540 48 195 1,538 47
3 201 1,541 50 197 1,539 48
4 203 1,515 47 199 1,533 48
5 195 1,544 46 198 1,535 47
6 195 1,540 45 197 1,536 47
7 192 1,542 45 197 1,537 47
8 195 1,544 46 196 1,538 47
9 192 1,542 45 196 1,538 46
10 201 1,538 50 196 1,538 47
11 195 1,540 45 196 1,538 47
12 195 1,540 45 196 1,539 46
13 195 1,540 45 196 1,539 46
14 195 1,529 45 196 1,538 46
15 195 1,540 45 196 1,538 46
16 195 1,540 45 196 1,538 46
17 203 1,516 47 196 1,537 46
18 203 1,532 49 197 1,537 46
19 195 1,540 45 197 1,537 46
20 195 1,540 45 197 1,537 46
21 203 1,552 46 197 1,538 46
22 195 1,535 44 197 1,538 46
23 203 1,529 49 197 1,537 46
24 203 1,552 46 197 1,538 46
25 181 1,540 45 197 1,538 46
26 192 1,517 48 196 1,537 46
27 199 1,541 45 197 1,537 46
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s HadNTIINMINATOU AupdeRadNEINMINATO
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN
28 195 1,546 48 196 1,538 46
29 201 1,541 50 197 1,538 46
30 201 1,541 50 197 1,538 46
31 199 1,541 45 197 1,538 46
32 203 1,552 46 197 1,538 46
33 195 1,542 46 197 1,538 46
34 192 1,544 50 197 1,539 47
35 195 1,541 46 197 1,539 46
36 203 1,522 48 197 1,538 47
37 201 1,540 50 197 1,538 47
38 192 1,542 45 197 1,538 47
39 195 1,546 48 197 1,539 47
40 195 1,544 46 197 1,539 47
41 201 1,541 50 197 1,539 47
42 199 1,533 47 197 1,539 47
43 203 1,552 46 197 1,539 47
44 188 1,534 49 197 1,539 47
45 192 1,542 45 197 1,539 47
46 195 1,535 44 197 1,539 47
47 195 1,541 46 197 1,539 47
48 195 1,539 45 197 1,539 47
49 192 1,542 45 197 1,539 47
50 192 1,542 45 197 1,539 47
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s HadNTIINMINATOL AupdeRadNEaINMINATe
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN

1 192 1,542 45 192 1542 45
2 195 1,540 45 194 1541 45
3 195 1,540 45 194 1541 45
4 195 1,538 45 194 1540 45
5 195 1,544 46 194 1541 45
6 192 1,542 45 194 1541 45
7 203 1,552 46 195 1543 45
8 195 1,544 46 195 1543 45
9 195 1,544 46 195 1543 45
10 195 1,540 45 195 1543 45
11 195 1,531 42 195 1542 45
12 195 1,542 46 195 1542 45
13 195 1,540 45 195 1542 45
14 203 1,552 46 196 1542 45
15 201 1,541 50 196 1542 46
16 195 1,534 40 196 1542 45
17 195 1,542 46 196 1542 45
18 192 1,542 45 196 1542 45
19 195 1,540 45 196 1542 45
20 203 1,536 49 196 1541 45
21 201 1,541 50 196 1541 46
22 192 1,542 50 196 1541 46
23 195 1,537 47 196 1541 46
24 195 1,544 46 196 1541 46
25 199 1,541 45 196 1541 46
26 195 1,544 50 196 1541 46
27 192 1,542 45 196 1541 46
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s HadNTIINMINATOL AupdeRadNEaINMINATe
e Aunu S Aunu S
naaey | sTezal 52HZIM
NAT TERRRMY N9AT 1IN
28 188 1,537 42 196 1541 46
29 195 1,546 48 196 1541 46
30 195 1,541 46 196 1541 46
31 185 1,536 45 195 1541 46
32 195 1,531 42 195 1541 46
33 195 1,534 44 195 1541 46
34 195 1,528 44 195 1540 46
35 203 1,552 46 195 1541 46
36 192 1,542 45 195 1541 46
37 199 1,539 50 195 1541 46
38 192 1,542 45 195 1541 46
39 195 1,541 49 195 1541 46
40 195 1,540 45 195 1541 46
41 195 1,546 48 195 1541 46
42 192 1,542 45 195 1541 46
43 195 1,540 45 195 1541 46
44 195 1,536 45 195 1541 46
45 195 1,544 46 195 1541 46
46 199 1,541 45 195 1541 46
47 195 1,542 46 195 1541 46
48 201 1,541 50 195 1541 46
49 192 1,542 45 195 1541 46
50 203 1,552 46 196 1541 46
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TENERLY
2 HAGWEIINMINATDL AmdgHadnEIINMINATEY
o Aunu $u Aunu $u

nagol | oz 52921787
NNATY | 15U NNATY | 13U
1 203 1,552 46 203 1552 46
2 192 1,532 45 198 1542 46
3 195 1,537 49 197 1540 47
4 195 1,540 45 196 1540 46
5 195 1,540 45 196 1540 46
6 203 1,525 47 197 1538 46
7 195 1,542 46 197 1538 46
8 185 1,549 45 195 1540 46
9 195 1,540 45 195 1540 46
10 185 1,549 45 194 1541 46
11 195 1,544 46 194 1541 46
12 195 1,528 44 194 1540 46
13 195 1,530 42 194 1539 45
14 195 1,540 45 195 1539 45
15 195 1,541 47 195 1539 45
16 201 1,529 45 195 1539 45
17 185 1,542 45 194 1539 45
18 203 1,524 48 195 1538 46
19 192 1,542 45 195 1538 46
20 195 1,540 45 195 1538 46
21 192 1,542 45 195 1538 45
22 195 1,546 48 195 1539 46
23 195 1,532 40 195 1539 45
24 192 1,544 50 195 1539 46
25 203 1,514 47 195 1538 46
26 201 1,541 50 195 1538 46
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2 HAGNEIINMINATDL AndsHadnEIINMINATY
o Aunu $uu Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
27 201 1,541 50 195 1538 46
28 199 1,540 48 195 1538 46
29 192 1,542 45 195 1538 46
30 201 1,541 50 196 1538 46
31 195 1,540 45 195 1538 46
32 192 1,542 45 195 1539 46
33 192 1,542 45 195 1539 46
34 195 1,540 45 195 1539 46
35 192 1,542 45 195 1539 46
36 192 1,542 45 195 1539 46
37 192 1,542 45 195 1539 46
38 195 1,544 46 195 1539 46
39 201 1,541 50 195 1539 46
40 195 1,536 47 195 1539 46
41 202 1,535 50 195 1539 46
42 203 1,552 46 196 1539 46
43 195 1,530 45 195 1539 46
44 203 1,545 45 196 1539 46
45 195 1,540 45 196 1539 46
46 192 1,542 45 196 1539 46
47 195 1,535 44 196 1539 46
48 192 1,542 45 195 1539 46
49 195 1,540 45 195 1539 46
50 195 1,542 46 195 1539 46
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NSNEINFLTIY
2 HAGWEIINMINATDL AmdsHadNEMINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
1 195 1,534 40 195 1,534 40
2 195 1,540 45 195 1,537 43
3 201 1,541 50 197 1,538 45
4 203 1,552 46 199 1,542 45
5 195 1,540 45 198 1,541 45
6 195 1,540 45 197 1,541 45
7 185 1,548 50 196 1,542 46
8 192 1,518 50 195 1,539 46
9 203 1,552 46 196 1,541 46
10 195 1,531 42 196 1,540 46
11 196 1,523 48 196 1,538 46
12 203 1,524 47 197 1,537 46
13 195 1,544 46 196 1,537 46
14 203 1,552 46 197 1,538 46
15 192 1,542 45 197 1,539 46
16 201 1,538 50 197 1,539 46
17 195 1,542 46 197 1,539 46
18 192 1,542 45 196 1,539 46
19 195 1,540 45 196 1,539 46
20 203 1,552 46 197 1,540 46
21 203 1,545 46 197 1,540 46
22 192 1,542 45 197 1,540 46
23 195 1,540 45 197 1,540 46
24 203 1,525 47 197 1,540 46
25 192 1,542 45 197 1,540 46
26 201 1,541 50 197 1,540 46
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2 HAGWEIINMINATDL AndsHadNEMINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
27 180 1,542 48 196 1,540 46
28 195 1,540 45 196 1,540 46
29 192 1,542 45 196 1,540 46
30 201 1,541 50 196 1,540 46
31 201 1,541 50 196 1,540 46
32 201 1,541 50 197 1,540 47
33 195 1,540 45 197 1,540 46
34 203 1,531 49 197 1,540 47
35 195 1,544 46 197 1,540 47
36 192 1,542 45 197 1,540 47
37 203 1,552 46 197 1,540 46
38 195 1,542 50 197 1,540 47
39 195 1,540 45 197 1,540 47
40 192 1,542 45 197 1,540 47
41 195 1,540 45 196 1,540 46
42 203 1,515 48 197 1,540 47
43 185 1,549 45 196 1,540 46
44 195 1,535 44 196 1,540 46
45 201 1,541 50 196 1,540 46
46 192 1,532 45 196 1,540 46
47 201 1,530 45 196 1,540 46
48 195 1,544 46 196 1,540 46
49 203 1,552 46 197 1,540 46
50 202 1,535 50 197 1,540 46
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2 HAGWEIINMINATDL AndsHadNEMINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
1 194 1,544 59 194 1,544 59
2 195 1,551 79 195 1,547 69
3 194 1,556 59 194 1,550 66
4 195 1,551 79 195 1,550 69
5 203 1,549 87 196 1,550 73
6 195 1,551 79 196 1,550 74
7 195 1,551 79 196 1,550 74
8 195 1,551 79 196 1,550 75
9 194 1,556 59 196 1,551 73
10 185 1,551 59 195 1,551 72
11 195 1,551 79 195 1,551 72
12 195 1,551 79 195 1,551 73
13 196 1,551 87 195 1,551 74
14 201 1,550 59 195 1,551 73
15 195 1,551 79 195 1,551 73
16 195 1,551 79 195 1,551 74
17 194 1,556 59 195 1,551 73
18 185 1,552 79 195 1,551 73
19 203 1,549 87 195 1,551 74
20 195 1,551 79 195 1,551 74
21 196 1,555 87 195 1,551 75
22 195 1,551 79 195 1,551 75
23 185 1,552 79 195 1,551 75
24 188 1,551 87 194 1,551 76
25 201 1,550 59 195 1,551 75
26 201 1,552 59 195 1,551 74
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2 HAGWEIINMINATDL AndsHadNEMINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
27 194 1,556 59 195 1,552 74
28 201 1,543 59 195 1,551 73
29 203 1,549 87 195 1,551 74
30 188 1,551 87 195 1,551 74
31 185 1,552 79 195 1,551 74
32 188 1,551 87 195 1,551 75
33 195 1,551 79 195 1,551 75
34 195 1,551 79 195 1,551 75
35 195 1,551 79 195 1,551 75
36 188 1,551 87 194 1,551 75
37 195 1,551 79 194 1,551 76
38 185 1,552 79 194 1,551 76
39 203 1,547 76 194 1,551 76
40 195 1,551 79 194 1,551 76
41 185 1,552 79 194 1,551 76
42 195 1,551 79 194 1,551 76
43 194 1,556 59 194 1,551 75
44 201 1,550 59 194 1,551 75
45 185 1,550 75 194 1,551 75
46 201 1,550 59 194 1,551 75
47 195 1,551 79 194 1,551 75
48 195 1,551 79 194 1,551 75
49 181 1,557 87 194 1,551 75
50 203 1,549 87 194 1,551 75
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NSNEINFUTITY
2 HAGWEIINMINATDL AndsHadnEIINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
1 201 1,550 59 201 1,550 59
2 195 1,551 79 198 1,550 69
3 188 1,551 87 195 1,551 75
4 195 1,551 79 195 1,551 76
5 195 1,551 79 195 1,551 77
6 195 1,551 79 195 1,551 77
7 201 1,550 59 196 1,551 74
8 178 1,559 79 194 1,552 75
9 203 1,549 87 195 1,551 76
10 185 1,552 79 194 1,551 77
11 195 1,551 79 194 1,551 77
12 201 1,550 59 194 1,551 75
13 185 1,552 79 194 1,551 76
14 201 1,550 59 194 1,551 74
15 188 1,555 79 194 1,552 75
16 195 1,551 79 194 1,551 75
17 195 1,551 79 194 1,551 75
18 188 1,551 87 194 1,551 76
19 195 1,551 79 194 1,551 76
20 180 1,554 79 193 1,552 76
21 195 1,551 79 193 1,551 76
22 203 1,549 87 194 1,551 77
23 195 1,551 79 194 1,551 77
24 195 1,551 79 194 1,551 77
25 195 1,551 79 194 1,551 77
26 195 1,551 79 194 1,551 77
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2 HAGWEIINMINATDL AndsHadNEIINMINATY
o Aunu $u Aunu $u
nagol | oz 52921787
NNATY | 15U NNATY | 13U
27 195 1,551 79 194 1,551 77
28 195 1,548 79 194 1,551 77
29 201 1,550 59 194 1,551 77
30 188 1,541 87 194 1,551 77
31 195 1,551 79 194 1,551 77
32 195 1,551 79 194 1,551 77
33 201 1,550 59 194 1,551 77
34 195 1,551 79 194 1,551 77
35 195 1,551 79 194 1,551 77
36 188 1,557 79 194 1,551 77
37 195 1,551 79 194 1,551 77
38 195 1,551 79 194 1,551 77
39 203 1,549 87 194 1,551 77
40 195 1,551 79 194 1,551 77
41 203 1,549 87 195 1,551 77
42 173 1,560 65 194 1,551 77
43 195 1,551 79 194 1,551 77
44 195 1,551 79 194 1,551 77
45 188 1,551 87 194 1,551 77
46 195 1,551 79 194 1,551 77
47 195 1,551 79 194 1,551 78
48 194 1,556 59 194 1,551 77
49 181 1,557 87 194 1,551 77
50 195 1,551 79 194 1,551 77
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MINN N9 WANMIVATIEHNNADAAETT ANOVA fuRadnsamuszeznaluninauy

AUV

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Column 1 50 9,832 197 29
Column 2 50 9,710 194 33
ANOVA
Sou_rce_ of SS df MS F P-value F crit
Variation
Between 148.84 1.00 148.84 4.83 0.03 3.04
Groups
Within 3,017.52 98.00 30.79 i i i
Groups
Total 3,166.36 99.00 - - - -

MINA N10HAMIIATIZHNNETANIBTT ANOVA Auradnaudununienselums

NNIUNLUVIADY
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 50 76,987 1,540 71
Column 2 50 77,558 1,551 7
ANOVA

Sou_rce_ of SS df MS F P-value F crit
Variation

Between 3,254.43 1.00| 3.254.43 83.14 0.00 3.04
Groups

Within 3,836.33 98.00 39.15 i i i
Groups

Total 7,090.76 99.00 - - - -
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MINN N11HAMIVATIZHNTDARI8TT ANOVA AuRaaniausuussulums

NNIUNLUVIADY
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 50 2,324 46 5
Column 2 50 3,771 75 108
ANOVA
Sou_rce_ of SS df MS F P-value F crit
Variation
Between 20,938.09 1.00 | 20,938.09 369.67 0.00 3.04
Groups
Within 5,550.66 98.00 56.64 i i i
Groups
Total 26,488.75 99.00 - - - -
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