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Jukkrit Prajongmoon 2013: Comparison of Heuristic-based Priority Rules for Resource-
Constrained Scheduling. Master of Engineering (Civil Engineering), Major Field:
Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Assistant Professor Suphawut Malaikrisanachalee, Ph.D. 249 pages.

Since the resource-constrained scheduling is an NP-hard problem, which often yields
large computational time for optimization models, using heuristic approach for resource-
constrained scheduling seems more practical for day-to-day operation. This research presents ten
case studies of single-skilled and multi-skilled resource-constrained scheduling using twenty five
heuristic-based approaches in order to compare project costs and durations from different
approaches. Provided that the number of each resource is fixed for each case study while working
overtime and external resources are not allowed, the results show that the Worst Case Slack Time
Rule (WCS), Latest Finishing Time (LFT) and Improved Resource Scheduling Method (IRSM)
approaches consistently yield better results for single-skilled resource-constrained scheduling
while the TIMROS and TIMRES approaches seem to be good alternatives for multi-skilled
resource-constrained scheduling. The results offer useful information for selection of heuristic-

based approaches for project scheduling.
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1.1 Shortest Processing Time (SPT)

1.2 Most Immediate Successors (MIS)

1.3 Most Total Successors (MTS)

1.4 Greatest Rank Positional Weight (GRPW)

1.5 Greatest Rank Positional Weight all (GRPW*)
1.6 Earliest Starting Time (EST)

1.7 Earliest Finishing Time (EFT)

1.8 Earliest Starting Time (Dynamically) (ESTD)
1.9 Earliest Finishing Time (Dynamically) (EFTD)
1.10 Latest Starting Time (LST)

1.11 Latest Finishing Time (LFT)

1.12 Minimum Slack Time (MSL)

1.13 Minimum Slack Time (Dynamically) (MSLD)
1.14 Greatest Resource Demand (GRD)

1.15 Weighted Resource Utilization and Precedence (WRUP)

1.16 ACROS



1.17 ACTRES

1.18 TIMROS

1.19 TIMRES

1.20 Improved Resource Scheduling Method (IRSM)
1.21 Worst Case Slack Time Rule (WCS)

1.22 Average Case Slack Time Rule (ACS)

1.23 Worst Case Latest Starting Time (WCLS)

1.24 Random (RAND)

1.25 AHAMRS
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ﬂ’cjﬂJ Network-Based Rules
1. SPT
2. MIS
3. MTS
4. GRPW
5. GRPW*
ﬂtj U Critical Path-Based Rules
6. EST
7. EFT
8. ESTD
9. EFTD
10. LST
11. LFT
12. MSL
13. MSLD
ﬂ’cjﬁJ Resource-Based Rules
14. GRD
15. WRUP
ﬂﬁjﬂJ Composite Rules

16. ACROS

17. ACTRES
18. TIMROS
19. TIMRES
ﬂ’cjﬂJ Regret Based Rules
20. IRSM

21. WCS
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1. 1032 1n39918 (Network-Based Rules)
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1.1 Shortest Processing Time (SPT)
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Activity  Duration  Predecessor Daily Resource Requirement
(Days)
R1=4 R2=10 R3=7 R4=15 R5=6
A 3 - 2 2 1 1 2
B 2 - 1 1 1 1 3
C 1 - 1 0 1 1 0
D 4 - 3 5 1 0 2
E 3 A,B,C 1 1 1 0 1
F 3 B,C,D 3 1 1 1 2
G 2 C,D 1 7 3 1 4
H 1 AE 2 0 1 9 0
I 2 E,F 4 3 1 1 1
J 4 E,F,G 1 4 1 2 3
K 2 F,G 0 2 1 2 2
L 3 H,LJ 1 2 1 2 3
M 4 LILK 4 6 5 1 2

HINYHA Substitution Rules: 2R2=1R1, 2R3=1R1, 2R4=1R3, 2R5=1R3, 2R2=1R5
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D G B K
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ES |D“I-| EF Act. = Activity ES =Earlystartdate EF = Early finish date
Act. Dur. =Duration LS =Late startdate LF = Late finish date
LS |FF/TF| LF FF =Free float TF = Total float
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MW 6 15 CPM ¥04 1A5INM51a09i 1
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A S A A ]
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4 Yy A

anudnggunnInssuiilszeznaniesiiga mdauanudinguenongsy fie 3,2, 1 1ay
Y v

4 MUAIAY IMT1ZREHUSIAUANUEIAYVOININTTH AD NINTTH C, B, A 1Az D MNSIAUITY
31nPINT3Y C aunsoiuldiieanninsnonimisane luiueudenunangsy B uaz A

A 9 A = @ =1 a 0o v w A a 1 A Y
305114 Hisanninsnenseans nanssuaausa li e fanssu D Tuausoisyld
Ho99ANSTeNINg R1 4na 1 3 viisuaznine1ns R5 viall 1 vilenanssy D doudou
81990 1 1U3UN 2 915190 3 MIUAAINIMIUIUMITIANS NENTULUNIYZ R Tae147T

SPT

2) Ui 2 AINTINAT Av NINTTU A, B tlag D MauaNud1Ayvd
AINTIU AD NINTIN B, A 1AL D MNAIAY NINTIV B 1Az A Maeiiiod91niui 1 nanssy

a ] 2 9 4 [ ]
dauoa 'l e nanssu D liamnsosulaiiosnnniwens R1 via'lil 2 wiie tay
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3) YUN 3 NINITTUNT AD NINTIV A tiag D NINTTN A Maeriiod1niu
1 Y a o o (Y] A a 1 A 9 zﬂ' [
Aouni nanssuasuna 1 Ao nangsu D Tiawsaisy Idiiosannswens R1 el 1

e I lidevdsunateen liluiun 4

Y v
4) sunadnvazPenuiilunng u fe ganiuinnsanninnssy

v
= A A Aa o 1

9 [
Tathe mmiuldanudiryiufinssuidisszeznaniveigaliliansvinou szoznaives
Tasamstnanan 1 Av 24 1 wazlia1991e A 184,000 1M AW 7 UEAQ Bar Chart Y94

Tasamssiaoan 1 Tasldas SPT lumssansnennsuuuinyz@e)

d' o o [ o = Jax
M990 3 AMTNMIAUIUMTIANTNONTUUUNNB2ASD TAe1HI5 SPT

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7) (15) (6)
1-1 C 1 1 1 0 1 1 0 Start
1-2 B 2 2 1 1 1 1 3 Start
1-3 A 3 3 2 ) 1 1 2 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue
- D 4 4 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 4 3(-1) 5 1 0 2 Delay
4-6 E 3 3 1 1 1 0 1 Start
4-7 D 4 4 3 5 1 0 2 Start
7-7 D 3 5 1 0 2 Continue
- H 1 1 2(-1) 0 1 9 0 Delay
8-8 H 1 1 2 0 1 9 0 Start
8-9 G 2 2 1 7 3 1 4 Start
- F 3 3 3(-2) 1 1 1 2 Delay
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M3191 3 (90)

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4 (10) (7 (15) (6)
9-9 G 1 7 3 1 4 Continue
9-11 F 3 3 3 1 1 1 2 Start
10-11 F 3 1 1 1 2 Continue
12-13 I 2 2 4 3 1 1 1 Start
12-13 K 2 2 0 2 1 2 2 Start
- J 4 4 1(-1) 4 1 2 3 Delay
14-17 J 4 4 1 4 1 2 3 Start
18-20 L 3 3 1 2 1 2 3 Start
- M 4 4 4(-1) 6 5 1 2 Delay
21-24 M 4 4 4 6 5 1 2 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) (10 @ 1s) (6
1-1 C 1 1 1 0 1 1 0 Start
1-2 B 2 2 1 1 1 1 3 Start
1-3 A 3 3 2 2 1 1 2 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue  2R2=1R5
2-3 A 2 2 1 1 2 Continue  4R3=2R1
2-5 D 4 4 3(-2)+2 5+2  1+4 0 2(-1)*+1  Start
3-3 A 2 2 1 1 2 Continue  2R3=1R1
3-5 D 3-1)+1 5 TFz 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 3 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-7 G 2 2 1 7 3 1 4 Start
= F 3 3 3(-1) 1 1 1 2(-1) Delay
7-7 G 1 7 3 1 4 Continue ~ 2R2=1R1
7-7 H 1 1 2 0 1 9 0 Start 2R3=1R1
7-9 F 3 3 3(-2)+1+1 142 12 1 ) Start
8-9 F 3 1 1 1 2 Continue
10-11 1 2 2 4 3 1 1 1 Start 2R3=1R1
10-11 K 2 2 0 2 1 2 2 Start
10-13 J 4 4 1(-1)+1 4 1+2 2 3 Start
12-13 ] 1 4 1 2 3 Continue
14-16 L 3 3 1 2 1 2 3 Start 2R2=1R1
14-17 M 4 4 4-1)+1  6+2 5 1 2 Start
17-17 M 4 6 5 1 2 Continue
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4 (10) (7 (15) (6)
1-1 C 1 3 1 0 1 1 0 Start
1-3 A 3 2 2 2 1 1 2 Start
1-2 B 2 2 1 1 1 1 3 Start
- D 4 2 3(-1) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 2 3(-1) 5 1 0 2 Delay
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Time Act. Dur. Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
33 A 2 2 1 1 2 Continue
- D 4 3(-1) 5 1 0 2 Delay
4-6 E 3 1 1 1 0 1 Start
4-7 D 4 3 5 1 0 2 Start
7-7 D 3 5 1 0 2 Continue
- H 1 2(-1) 0 1 9 0 Delay
8-10 F 3 3 1 1 1 2 Start
8-9 G 2 1 7 3 1 4 Start
- H 1 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 2(-1) 0 1 9 0 Delay
11-12 I 2 4 3 1 1 1 Start
- J 4 1(-1) 4 1 2 3 Delay
- H 1 2(-2) 0 1 9 0 Delay
11-12 K 2 0 2 1 2 2 Start
13-16 J 4 1 4 1 2 3 Start
13-13 H 1 2 0 1 9 0 Start
14-16 J 1 4 1 2 3 Delay
17-19 L 3 1 2 1 2 3 Start
- M 4 4 6 5 1 2 Delay
20-23 M 4 4 6 5 1 2 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 RS
4) (10 (15 (6)
1-1 C 1 3 1 0 1 1 0 Start
-3 A 3 2 2 2 1 1 2 Start
-2 B 2 2 1 1 1 1 3 Start
- D 4 2 3(-3) 5 1 0 2(-1) Delay
23 A 2 2 1 1 2 Continue  2R2=IRS5
2-2 B 1 1 1 1 3 Continue  4R3=2R1
2-5 D 4 2 3(-2+2 5+2 1+ 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue  2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2. Continue
45 D 3 5 1 0 2 Continue
4-6 E 3 3 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 3 3 1 1 1 2 Start
- G 2 2 1(-1) 7 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue  2R2=1R1
7-8 G 2 2 1 7 3 1 4 Start 2R3=IR1
7-7 H 1 1 2(-2)+1+1 0+2 182 9 0 Start
8-8 F 3 1 1 1 2 Continue
88 G 1 7 3 1 4 Continue
9-10 I 2 2 4 3 1 1 1 Start 2R3=1R1
9-12 J 4 2 1(-1D+1 4 1+2 2 3 Start
9-10 K 2 1 0 2 1 2 2 Start
11-10 J 1 4 1 2 3 Continue
13-15 L 3 0 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 0 4(-1) 6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
1-1 C 1 9 1 0 1 1 0 Start
1-2 B 2 8 1 1 1 1 3 Start
- D 4 7 3(-1) 5 1 0 2 Delay
1-3 A 3 6 2 2 1 1 2 Start
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue
- D 4 7 3(-2) 5 1 0 2(-1) Delay
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) 1o a3 (6)
1-1 C 1 9 1 0 1 1 0 Start 2R3=1R1
-2 B 2 8 1 1 1 1 3 Start
-4 D 4 7 3(-D+1 5 1+2 0 2 Start
- A 3 6 2(-2) 2 1 1 2(-1) Delay
2-2 B 1 1 1 1 3 Continue  4R3=2R1
2-4 D 3 5 1 0 2 Continue  2R2=1R5
2-4 A 3 6 2(-2+2 2+2 1+4 1 2(-1)+1 Start
34 D 3 5 1 0 2 Continue  2R3=1R1
3-4 A 2(-1)+1 2 1+2 1 2 Continue
57 E 3 5 1 1 1 0 1 Start
57 F 3 5 3 4 1 1 2 Start
- G 2 5 1(-1) 7 3 1 4 Delay
89 G 2 5 1 7 3 1 4 Start 2R3=1R1
8-9 I 2 2 4(-1D+1 3 1+2 1 1 Start
- H 1 1 2(-2) 0 1 9 0 Delay
10-13 ] 4 2 1 4 1 2 3 Start
10-10 H 1 1 2 0 1 9 0 Start
10-11 K 2 1 0 2 1 2 2 Start
11-13 J 1 4 1 2 3 Continue
11-11 K 0 2 1 2 2 Continue
12-13 J 1 4 1 2 3 Continue
14-16 L 3 - 1 2 1 2 3 Start 2R2=1R1
14-17 M 4 - 4D+ 612 5 1 2 Start
17-17 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
12l 3]alslelzls]olw]ullnlulis]islizlis]iolo

A 3 6 I I | | I f I I
B 2 8 [ L, _] [
c [ 1 [ || | 11
D | 417 44 ___T_T_—:—____}:LJ_-
E 3 5
Fl 3]s N e A
G | 2 4 FE— rr T
H 1 1 | _] |1
1] 2 ]2 rr—- L
J 4 2 I
K | 2 1 0 [ i
L 3 B P_J__L T
M 4 Lo I
Resource Max

R1 4 lalalalalalalalalalsloli]ilalalals

R2 10 |6lwol7]7l2]2]2fw0]w]lelelalalio]liofio]e

R3 7 Islalalalalololelels]oli]li]lels]els

R4 5 [oloa il ol el alalalulalaloalslsls]:

RS 6 |slelalalslalsls]sls]slslslsls]s]2

MNWA 12 Bar Chart ¥041A39m 3512997 1 Tagld3s MTS Tumsdanswenstuuvialennye

1.4 Greatest Rank Positional Weight (GRPW)
as A Y o @ 1 a d' o w A [
75 GRPW Ap M3 11ANudfyLnszezaInangsunmaInnsansmny
FLHZANINTTUNMNHAINUNINNFA Taga1auANNAIAYNINTINGIINTLELIAININTTY
v A 5 a =) U

A o A v v A = Y A o
1/]ﬂ'l'sNWﬁ]'lﬁﬂﬂﬁ'JiJﬂ‘]J§$ﬂgl'liﬂﬂﬂﬂﬁﬁﬂJVlﬂWNﬂaQWUVIﬂJTﬂﬂq@ll‘].]u@t’l“ﬂﬁ;ﬂ%%ua'] U

anudagnnunlidosasaunisi 4)
(max) P,= dj—ZiEFj d. (4)
[ [ @ =S Yy
1.4.1 Masaninensuuuninyzfed lasleis GRPW

1) Yuf 1 NINITUNT AB NINTIV A, B, C 1Az D NITUININTITY A
JZHLIANINTTU A A9 3 11U DINTTUNMUNAININTTY A Ao NINTTU H U3zezal Ao 1

VINAUMIN (4) MAWUANUTRNYVOININTTY A 7D 3+1=4 KUFURSINUAUNNAINTTY AT

[

MAUANNAIAYUBININTIY A, B, C tiaz D A0 4, 8, 9 1Az 9 MUY s AN 1Ay

A1 o w 9

1 9
ﬂi]ﬂiill&j]“’l]”lﬂﬂi]ﬂiihﬁuﬂiaiﬂﬂﬂliﬂﬁ”lﬂiyfl]”lﬂlﬂﬂllﬂfl}ﬂﬁl !W'J"Wﬂ%uuﬁ"lﬂﬂﬂ’ﬂhf’hﬂﬂlﬂlﬂﬂ



A9ATIV AD NINITU C, D, B 11z A MUaI9 nanTsu C uaz D awnsaisu ldiiosnni)

(% =\ a o o (Y = a ] A yd‘ [
NSWeINTNeane nanssuaiaudall As nanssu B Tueauisaisy ldiieannnsnens R1
a1 1 wie fenssudduda’lil e danssu A Tuemusosyldidieainninens R1 1a

T4 2 wiae 191990 9 TLEAIMIAILIUMIIANTHeINTLVUNDEZAe Tae 19I5 GRPW

9

2) YU 2 AINTTUNT Ao NINTIV A, B tag D aUaNNa A0

g

A o w Y a

AINTIU AD NINITU D, B 1Az A MUEIAU nINT5N D Masiiiod1nunounti nanssy

9
o o (% A a 2 Y A 1Y = a o w [ A
dauoall Ao NaNITH B aunsoitu Idiioannnsnensiieans nanssuaiausa lil Ao
a 1 A 9 d' (% 1
Aangsu A Tueansaisy ldiieannnsnerns R1 ua 'l 2 vie
[ d‘ a d‘d A a a [ ! ﬁ' U

3) U 4 NINTTUNT AD NAINTIU D LA A NINITH D ¥deliiod1n i

AounI Nanssuaaua 1 Ao nanTsuA liaansaisuldiissnnnswens R1 ana'lil 1

U

Y '
4) MuuanyuzPeIn Ul lunne U szezna1ved1ATIN1T 918091 |
A [ S Y = A o A
A0 26 71 wazia 19918 Av 188,000 V1N NINA 13 LEAQ Bar Chart Y04 1n53n1591009% 1

Tag1435 GRPW Tumssanswennsuuuinyzi@e)

31



32

M990 9 NTNMIAIHIUMIIANTNNTLLUNNEzEe TaslHIs GRPW

Time Act. Dur. P. Resource Decision

R1(4) R2(10) R3(7) R4(15) R5(6)

1-1 C 1 9 1 0 1 1 0 Start
1-4 D 4 9 3 5 1 0 2 Start
- B 2 8 1(-1) 1 1 1 3 Delay
- A 3 4 2(-2) 2 1 1 2 Delay
2-4 D 3 5 1 0 2 Continue
2-3 B 2 8 1 1 1 1 3 Start
- A 3 4 2(-2) 2 1 1 2 Delay
4-4 D 3 5 1 0 2 Continue
- A 3 4 2(-1) 2 1 1 2 Delay
5-7 F 3 11 3 1 1 1 2 Start
5-6 G 2 8 1 7 3 1 4 Start
- A 3 4 2(-2) 2 1 1 2(-2) Delay
7-7 F 3 1 1 1 2 Continue
- A 3 4 2(-1) 2 1 1 2 Delay
8-9 K 2 6 0 2 1 2 2 Start
8-10 A 3 4 2 2 1 1 2 Start
10-10 A 2 2 1 1 2 Continue
11-13 E 3 5 1 1 1 0 1 Start
14-17 J 4 11 1 4 1 2 3 Start
- I 2 9 4(-1) 3 1 1 1 Delay
14-14 H 1 4 2 0 1 9 0 Start
15-17 J 1 4 1 2 3 Continue
- I 2 9 4(-1) 3 1 1 1 Delay
18-19 I 2 9 4 3 1 1 1 Start
20-23 M 4 4 4 6 5 1 2 Start
- L 3 3 1(-1) 2 1 2 3 Delay
24-26 L 3 3 1 2 1 2 3 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) 1o a3 (6)
1-1 C 1 9 1 0 1 1 0 Start 2R3=1R1
-4 D 4 9 3 5 1 0 2 Start
-2 B 2 8 1(-1)+1 1 1+2 1 3 Start
- A 3 4 2(-2) 2 1 1 2(-1) Delay
2-4 D 3 5 1 0 2 Continue  2R2=IR5
22 B 1 1 1 1 3 Continue ~ 4R3=2R1
2-4 A 3 4  2(-2)+2 2+2 1+4 1 2(-1)+1 Start
34 D 3 5 1 0 2 Continue  2R3=1R1
3-4 A 2(-1)+1 2 1+2 1 2 Continue
5-7 F 3 11 3 1 1 1 2 Start
57 E 3 10 1 1 1 0 1 Start
- G 2 8 1(-1) 7 3 1 4(-1) Delay
8-9 I 2 9 4 3 1 1 1 Start 2R3=1R1
8-9 G 2 8 1(-1) 7 3+2 1 4 Start
- H 1 4 2(-2) 0 1 9 0 Delay
10-13 ] 4 11 1 4 1 2 3 Start
10-11 K 2 6 0 2 1 2 2 Start
10-10 H 1 4 2 0 1 9 0 Start
11-13 J 1 4 1 2 3 Continue
11-11 K 0 2 1 2 2 Continue
12-13 J 1 4 1 2 3 Continue
14-17 M 4 4 4 6 5 1 2 Start 2R2=1R1
14-16 L 3 3 1¢-D+1 242 1 2 3 Start
17-17 M 4 6 5 1 2 Continue
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. Duration

Act | Dur. | P) g [ o [1o] 1] 12[13[1a] 15[ 16]17] 18] 19]20
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4 (10) (7 (15) (6)
1-1 C 1 25 1 0 1 1 0 Start
1-2 B 2 24 1 1 1 1 3 Start
- D 4 24 3(-2) 5 1 0 2 Delay
1-3 A 3 20 2 2 1 1 2 Start
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue



M5199 11 (99)

38

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
- D 4 24 3(-1) 5 1 0 2(-1) Delay
33 A 2 2 1 1 2 Continue
- D 4 24 3(-1) 5 1 0 2 Delay
4-7 D 4 24 3 5 1 0 2 Start
4-6 E 3 17 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 4 2(-1) 0 1 9 0 Delay
8-10 F 3 18 3 1 1 1 2 Start
8-9 G 2 15 1 7 3 1 4 Start
- H 1 4 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 4 2(-1) 0 1 9 0 Delay
11-14 J 4 11 1 4 1 2 3 Start
- I 2 9 4(-1) 3 1 1 1 Delay
11-12 K 2 6 0 2 1 2 2 Start
11-11 H 1 4 2 0 1 9 0 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 9 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- I 2 9 4(-1) 3 1 1 1 Delay
15-16 I 2 9 4(-1) 3 1 1 1 Start
17-20 M 4 4 4 6 5 1 2 Start
- L 3 3 1(-1) 2 1 2 3 Delay
21-23 L 3 3 1 2 1 2 3 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) 1o a3 (6)
1-1 C 1 25 1 0 1 1 0 Start 2R3=1R1
-2 B 2 24 1 1 1 1 3 Start
-4 D 4 24 3(-1)+1 5 1+2 0 2 Start
- A 3 20 2(-2) 2 1 1 2(-1) Delay
2-2 B 1 1 1 1 3 Continue  2R2=IR5
2-4 D 3 5 1 0 2 Continue ~ 4R3=2R1
2-4 A 320 2(-2)+2 2+2  1+4 1 2(-1) Start
34 D 3 5 1 0 2 Continue  2R3=1R1
3-4 A 2(-1)+1 2 1+2 1 2 Continue
57 F 3 18 3 1 1 1 2 Start
57 E 3 17 1 1 1 0 1 Start
- G 2 15 1(-1) 7 3 1 4(-1) Delay
89 G 2 15 1 7 3 1 4 Start 2R3=1R1
8-9 I 2 9 4(-1+1 3 1+2 1 1 Start
- H 1 4 2(-2) 0 1 9 0 Delay
10-13 ] 4 11 1 4 1 2 3 Start
10-11 K 2 6 0 2 1 2 2 Start
10-10 H 1 4 2 0 1 9 0 Start
11-13 J 1 4 1 2 3 Continue
11-11 K 0 2 1 2 2 Continue
12-13 J 1 4 1 2 3 Continue
14-17 M 4 4 4 6 5 1 2 Start 2R2=1R1
14-16 L 3 3 1¢-D+1 242 1 2 3 Start
17-17 M 4 6 5 1 2 Continue
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Duration
Act Dur. Pj
1]ol3lalslelzlslolwlulnlnlulislielizlig]io]o
I I I
A 3 20 e | L L L 1 1 11 __
B 2 | I I | | | I
C 1 | 25 I I I T i I
T T 1
D | 4 ]2 S R O Y O
E 3 17 I I | |
G 2 15 T
o —{7———|———I—'—I—I—-I—-I--I-—I-—L—l———I—
L T —
1| i ! J—K—E‘- - |
J 4 | u
I T e |
K 2 6 | |
N T T | T
0 I | | | o e iy By
Resource Max
RI 4 [alalalalalalalalalsl il il ilalala]s
R2 0 [elwol7l7]2l2]2]wlw]eleslalalio]in]io]s
R3 7 Isl7lalalalolole]lelalali]lilelsls]s
R4 15 |2 o2 ]2 slal2f2]3]3]3]1
RS 6 |s alals]s]s]s]slslslslslslsls]2

d’ o d' Y [ [
MNA 16 Bar Chart Y94 1A59n15918999 1 1agl$I5GRPW* lUnsaanswennsuuuviale
NN

9 aam

2. UBYAI5I0INYA Critical Path-Based Rules
1 an 7. A 99 ° Y as
NQUIT Critical Path-Based Rules A9 ﬂ1ﬂwayamﬂmimmmma’m CPM 210
msua e (Forward Pass) HazMIAMUIUTIUNGY (Backward Pass) 1% 178115
3 = 8 — A g9 )
1399 A (Early Start) 1304391399 A (Early Finish) 1281130319 @ (Late Start) 1IQUA33H19A

Y
(Late Finish) iJudu Taetasane 111

2.1 Earliest Starting Time (EST)

ax =) 9 v

Yo w Y a A A 9y g A
99 EST f1© ﬂﬁlislﬁﬁ']ﬂ‘llﬂj']llﬁ'] 3] Uﬂ%ﬂﬁﬁuﬂﬂnﬁ’]lﬁuﬁutﬁ?ﬂq@ (ESJ) Iﬂﬂ

9 v a

° a o w ' 9 { {
A1u9n35 CPM Tuneuusn diduanudidyvesnanssugane ES, tesiiga linniga

9

A o w o v 9 o v w A
i]$3Jm@mﬂ’JTJJTdiﬂﬂluiﬂﬂlﬂﬂllﬂuﬂwnumﬂﬂﬂﬂﬁllmi‘Vl (6)

(min) P,= ES, (6)
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2.1.1 MmIsanswensuuunnuz@eTaelds EST
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d’ o o @ o = ya
M1919N 13 G]’lfl"Nﬂ’]iﬂ’lu?mﬂ’lﬁﬂ@%ﬁwfl’lﬂillﬂﬂﬂﬂyglﬂﬂﬁiﬂﬂclﬂf?ﬁ EST

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 1 3(-1) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 1 3(-1) 5 1 0 2 Delay
4-7 D 4 1 3 5 1 0 2 Start
4-6 E 3 4 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 7 2(-1) 0 1 9 0 Delay
8-10 F 3 5 3 1 1 1 2 Start
8-9 G 2 5 1 7 3 1 4 Start
- H 1 7 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 7 2(-1) 0 1 9 0 Delay
11-11 H 1 7 2 0 1 9 0 Start
- I 2 8 4(-2) 3 1 1 1 Delay
11-14 J 4 8 1 4 1 2 3 Start
11-12 K 2 8 0 2 1 2 2 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 8 4(-1) 3 1 1 1 Delay
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M350 13 (99)

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
13-14 J 1 4 1 2 3 Continue
- I 2 8 4(-1) 3 1 1 1 Delay
15-16 I 2 8 4 3 1 1 1 Start
17-19 L 3 12 1 2 1 2 3 Start
- M 4 12 4(-1) 6 5 1 2 Delay
20-23 M 4 12 4 6 5 1 2 Start
pct| pur| Duration
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R1 4 {alslolalalalslalals]slo]o]ofalalifif1lalalala
R2 10]3]3)2]6lele6]lslslslt]lelelalals]slzl2]2]6l6le]e
R3 7 I3l a2 2fafafalala]s]lalt]t)t)t]]t]i]s]s]s]s
R4 15 [3f2f1foflololo]a]alt]3lala]2|t]|t]2]2]2]1f1]1]:
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2.1.2 mIsanswensuuuratennye Iaeldis EST

a 1
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 RS
4) (10 (15 (6)
-3 A 3 1 2 2 1 1 2 Start
-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
23 A 2 2 1 1 2 Continue  2R2=IRS5
2-2 B 1 1 1 1 3 Continue  4R3=2R1
2-5 D 4 1 322 5+2 1+4 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue  2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2. Continue
45 D 3 5 1 0 2 Continue
4-6 E 3 4 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 5 3 1 1 1 2 Start
- G 2 5 1(-1) 7 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue  2R2=1R1
7-8 G 2 5 1 7 3 1 4 Start 2R3=IR1
7-7 H 1 7 2(-2)+1+1 0+2 12 9 0 Start
8-8 F 3 1 1 1 2 Continue
88 G 1 7 3 1 4 Continue
9-10 I 2 8 4 3 1 1 1 Start 2R3=1R1
9-12 J 4 8 1(-D+1 4 1+2 2 3 Start
9-10 K 2 8 0 2 1 2 2 Start
11-12 J 1 4 1 2 3 Continue
13-15 L 3 12 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 12 4(-1D+1  6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
t]olalalslel 7zl slolwlulnlnlulisleliz]iis]lio]

A 3 1 I I I I I I I I
B 2 1 | I Ly, [
c [ | | T 11
D 4 1 T Ll
E 3 4 |
1 i e e R e e e
¢ [T s P T T S S A R R B
T 7 | ] ! | I |
1|2 [ 8 L1l P I T L
. 2 - 4+ o+
K | 2 8 |
L 3 2 T T b4 ™ T
e e T
Resource Max

RI 4 Lalalalalalalalalalal il i]alalala

R2 10 [3]wo]7]e]lslafwols]olo]la]lalw]iwfn]s

R3 7 sl 7lalalololslals]s]i]li]le]le]e]s

R4 15 [3]2li]ololifulals]s]alals]sls]:

RS 6 |slelals]lslsleleles]leslslslslsls]2

MW 18 Bar Chart ¥041A39mM 3512997 1 Tael¥33 EST lumssansnennsuuuvaiennye
2.2 Earliest Finishing Time (EFT)

a A Yo o o o 1a A v 3 3 A
7% EFT fle M3 IMaauanudingunnanssuninaiaiaiuiinga (EF)
Taeia1n35 CPM Tunenusn duanudiAyvestanssugan EF, Hesligaliun

~ A o w o o Y o v W A
mqmzmmummmﬂmmﬂmm”lﬂu%mumﬂumfmmﬁ‘n @)
(min) R NEL (7)
22.1 MIsanswensuuunnyzeelaeles EFT

1) Ui 1 DInNFsudl Av NINTTH A, B, C ag D maauanudinyg

Y g
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o [ 1Y o = Y
MIAUIUMITIANTNOINTUU VNN BIAE 1ae 19I5 EFT
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2) Ui 2 AINssUAT AD NAINTTU A, B tag D SuaNud1fveq

A9ATIV AD NINITU B, A 1Az D MUEIAU NINTIN B LAz A Maeiiinaainiuasumiii

a o w [ A a 1 A sld' [ ]
ﬂfﬂﬂﬁﬁma'lﬂ‘llﬂﬂulﬂ A9 NINTIN D llllﬁ']iJ']ﬁf]LiiJUlﬂLu@Q(mﬂ‘VIﬁWﬂ"lﬂﬁ R1 ‘U"Iﬂul,ﬂ 2 UYL

NSWeINT RS 119 1 1 vie

3) YUN 3 NINTTUNT Ao NINTIV A tiag D NINITN A Meiiiod1niu

J Y a o w (% A a 1 A 9 &' [
NOUHUN ﬂ’i]ﬂi'illﬁTﬂ‘]Jﬂﬂ"lﬂ B NINITIN D ulﬂJfﬂllﬁm’ill"lﬂmﬂ\iﬁ]”lﬂﬂﬁwmﬂi R1 le”Iﬂ]lﬂ 1

WU

Y [
4) MuuanyuzAeInuilunng U sze2na1v03 131531030 1

A [ = 91 A d' o d’
o 23 U wazim 14910 Ao 182,000 119D HINN 19 LieTAd Bar Chart vo41A5IMITaedn 1

Tag143% EFT lumsdsansnennsuuunnuz@en

M990 15 MMTNMIMUIUNMIIANSNINTHUVUNIBZIRe) Tae 1935 EFT

Time Act. Resource Decision
R1 R2 R3 R4 RS
4 (10) @) (15) (6)
1-1 C 1 0 1 1 0 Start
1-2 B 1 1 1 1 3 Start
1-3 A 2 2 1 1 2 Start
- D 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue
- D 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 3(-1) 5 1 0 2 Delay
4-7 D 3 5 1 0 2 Start
4-6 E 1 1 1 0 1 Start
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
7-7 D 3 5 1 0 2 Continue
- H 1 7 2(-1) 0 1 9 0 Delay
8-9 G 2 6 1 7 3 1 4 Start
8-10 F 3 7 3 1 1 1 2 Start
- H 1 7 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 7 2(-1) 0 1 9 0 Delay
11-11 H 1 7 2 0 1 9 0 Start
- I 2 9 4(-2) 3 1 1 1 Delay
11-12 K 2 9 0 2 1 2 2 Start
11-14 J 4 11 1 4 1 2 3 Start
12-12 K 0 ) 1 2 2 Continue
12-14 J 1 4 1 2 3 Continue
- I 2 9 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- I 2 9 4(-1) 3 1 1 1 Delay
15-16 I 2 9 4 3 1 1 1 Start
17-19 L 3 14 1 2 1 2 3 Start
- M 4 15 4(-1) 6 5 1 2 Delay
20-23 M 4 15 4 6 5 1 2 Start




51

Duration
Act | Dur.| Pj
1) 2]3l4als]e] 78] oliolii]12]13]14]15]16]17] 18] 19] 20]21{ 22| 23] 24] 25| 26| 27] 28] 29] 30
LI I
N ERE L A R B A
B| 2|2
- O i gt g N
S n_ — T T I_I_Tl—_—_
Dfa]4 et i
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1 trogtroottr
Gl2]6 r T TT ' T
A0 S T T O T A S
S R s T o o e o o S
L 2 '_Ll__l_IJL___l_LI_
' IENET
b — 4+ —— 4+ F
S R ""__l_l'r'r___f'rl_
L]3]u e 1 L)oo
M| 4|15 Il
Resource | Max
R1 4 lals]olalalalslalals]ls] ol i]alafofi]1]a]afa]4
R2 |10 |3]3]2l6lele]slslslile]lelalals]sfal2]2]6]6l6]s
R3 7 slafula]2]oflalal s alalalafalala]efs]s]5]s
R4 |15 [3]2]ifofolo]olafa]i]islafafali]a]af2]2]1] ][]t
RS 6 |s|slalsls]slalels]l2]slsla]ls]ilils]ls]sl2]2]2]2

d’ o d’ YA [ [y @ =
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MUY tazNFNeIns R5 v1a'll 1 vide esnnnswennsd lumeans d1msumsnaunuaam
Irtnanssu D gnideunateenly 131990 16 A5 1ILEAINMIMUIMMITANTHONSUUUVAY
nnve laeldds EFT

2) Uil 2 AINTTUAT Av NAINTTU A, B tlag D Suanud1fyved
A9NTIN AD NINITU B, A LAz D MUEIAY NINIIN B LAz A Maeiiinaainiuasumiii
a o w w A a % ] vy
nanssuaaudalil Ao nanssu D nSwenns R1 vialil 2 viise awnsanauny ldale
NSNEINT R3 314U 4 M8 (4R3=2R1) aznine1ns R5 a1l 1 wde ansanaunu'la

ﬁjﬂﬂVI%}Wfﬂﬂi R2 142U 2 U (2R2=1R5)
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3) YUN 3 NINITTUNT AD NINTIV A tiag D NINTTN A Maeriiod1niu
1 Yy a o v W A a o I A [ J 9 Y
AouKI NanIsuAIAuDa 1 Av NINTTN D Moiisanniunounii uanswens R1 via 'l

1 ¥l mmsammmu"lﬁ’ﬁ'aw%’wmm R3 914U 2 1iUY (2R3=1R1)
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) 1o a3 (6)
1-1 C 1 1 1 0 1 1 0 Start
-2 B 2 2 1 1 1 1 3 Start
-3 A 3 3 2 2 1 1 2 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
22 B 1 1 1 1 3 Continue  2R2=IR5
23 A 2 2 1 1 2 Continue  4R3=2R1
2-5 D 4 4 3(-2+2 52 1+ 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue  2R3=1R1
35 D 3(-D)+1 5 1+2 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 6 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
67 G 2 6 1 7 3 1 4 Start
- F 3 7 3(-1) 1 1 1 2(-1) Delay
7-7 G 1 7 3 1 4 Continue  2R2=1R1
79 F 3 7 3 1 1 1 2 Start 2R3=1R1
7-7 H 1 7 2(-2)+1+1 0+2 1+2 9 0 Start
8-9 F 3 1 1 1 2 Continue
10-11 1 2 9 4 3 1 1 1 Start 2R3=IR1
10-11 K 2 9 0 2 1 2 2 Start
10-13  J 4 11  1(-1)+1 4 1+2 2 3 Start
12-13 ] 1 4 1 2 3 Continue
14-16 L 3 14 1 2 1 2 3 Start 2R2=1R1
14-17 M 4 15 4(-D+1  6+2 5 1 2 Start
17-17 M 4 6 5 1 2 Continue
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Act | Dur. Pj Duration
1l als]als]elzlslololulnlnlulislelizlislo]

N 3 3 | 1 |

LA A III—I—-I—-I—-I——I-—+—|:{———

C ] 1

D [ 4 | 4 j

E | 3 6

F 3 7

G | 2 6

H 1 7

I 2 9

J 4 | 1

K | 2 9

L | 3 14

M | 4 | 15

Resource Max
R1 4 lalalalalalolalslalalalililalalala
R2 10 [3fw0]7]le6le]sliofli{1]lololalalioliofio]e
R3 7 [al7lalalalalzlililslslililelels6]s
R4 s [s{oalilololtlulafilslslalalsls]s]:
RS 6 |slelalslslsleloalolelslslsls]s]s]2
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2.3 Earliest Starting Time (Dynamically) (ESTD)
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
- D 4 1 3(-2) 5 1 0 2(-1) Delay
33 A 2 2 1 1 2 Continue
- D 4 3 3(-1) 5 1 0 2 Delay
4-7 D 4 4 3 5 1 0 2 Start
4-6 E 3 4 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 7 2(-1) 0 1 9 0 Delay
8-10 F 3 8 3 1 1 1 2 Start
8-9 G 2 8 1 7 3 1 4 Start
- H 1 8 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 10 2(-1) 0 1 9 0 Delay
11-11 H 1 11 2 0 1 9 0 Start
- I 2 11 4(-2) 3 1 1 1 Delay
11-14 J 4 11 1 4 1 2 3 Start
11-12 K 2 11 0 2 1 2 2 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 12 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- I 2 12 4(-1) 3 1 1 1 Delay
15-16 I 2 15 4 3 1 1 1 Start
17-19 L 3 17 1 2 1 2 3 Start
- M 4 17 4(-1) 6 5 1 2 Delay
20-23 M 4 20 4 6 5 1 2 Start
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Time Act. Dur. Resource Decision  Substitution
R1 R2 R3 R4 RS
4) (10 (15 (6)
-3 A 3 2 2 1 1 2 Start
-2 B 2 1 1 1 1 3 Start
1-1 C 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
23 A 2 2 1 1 2 Continue  4R3=2R1
2-2 B 1 1 1 1 3 Continue  2R2=IR5
2-5 D 4 2 3(-2+2 5+2 1+ 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue  2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2. Continue
45 D 3 5 1 0 2 Continue
4-6 E 3 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 3 1 1 1 2 Start
- G 2 6 1(-1) 7 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue  2R2=1R1
7-8 G 2 1 7 3 1 4 Start 2R3=IR1
7-7 H 1 7 2(-2)+1+1 0+2 12 9 0 Start
8-8 F 3 1 1 1 2 Continue
88 G 1 7 3 1 4 Continue
9-10 I 2 4 3 1 1 1 Start 2R3=1R1
9-12 J 4 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 0 2 1 2 2 Start
11-12 J 1 4 1 2 3 Continue
13-15 L 3 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 4(-1) 6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4 (10) @) (15) (6)
1-1 C 1 1 1 0 1 1 0 Start
1-2 B 2 2 1 1 1 1 3 Start
1-2 A 3 3 2 2 1 1 2 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue
- D 4 5 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 6 3(-1) 5 1 0 2 Delay
4-6 E 3 6 1 1 1 0 1 Start
4-7 D 4 7 3 5 1 0 2 Start
7-7 D 3 5 1 0 2 Continue
- H 1 7/ 2(-1) 0 1 9 0 Delay
8-8 H 1 8 2 0 1 9 0 Start
8-9 G 2 9 1 7 3 1 4 Start
- F 3 10 3(-2) 1 1 1 2 Delay
9-9 G 1 7 3 1 4 Continue
9-11 F 3 11 3 1 1 1 2 Start
10-11 F 3 1 1 1 2 Continue
12-13 I 2 13 4 3 1 1 1 Start
12-13 K 2 13 0 2 1 2 2 Start
- J 4 15 1(-1) 4 1 2 3 Delay
14-17 J 4 17 1 4 1 2 3 Start
18-20 L 3 20 1 2 1 2 3 Start
- M 4 21 4(-1) 6 5 1 2 Delay
21-24 M 4 24 4 6 5 1 2 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 R5
4) 1o a3 (6)
1-1 C 1 1 1 0 1 1 0 Start
-2 B 2 2 1 1 1 1 3 Start
-3 A 3 3 2 2 1 1 2 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
22 B 1 1 1 1 3 Continue  2R2=IR5
23 A 2 2 1 1 2 Continue  4R3=2R1
2-5 D 4 5 3(-2+2 5+2  1+4 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue ~ 2R2=1R1
35 D 3(-D)+1 5 1+2 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 6 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
67 G 2 7 1 7 3 1 4 Start
- F 3 8 3(-1) 1 1 1 2 Delay
7-7 G 1 7 3 1 4 Continue  2R2=1R1
7-7 H 1 7 2 0 1 9 0 Start 2R3=1R1
7-9 F 3 9 3(-2)+1+1 1+2 1+2 1 2 Start
8-9 F 3 1 1 1 2 Continue
10-11 1 2 11 4 3 1 1 1 Start 2R3=IR1
10-11 K 2 11 0 2 1 2 2 Start
10-13 J 4 13 1(-1)+1 4 1+2 2 3 Start
12-13 ] 1 4 1 2 3 Continue
14-16 L 3 16 1 2 1 2 3 Start 2R2=1R1
14-17 M 4 17 4D+l 6+2 5 1 2 Start
17-17 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
a3l alstlel 7] slololulllulislislizlis]lo]o

A | 3 3
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
1-4 D 4 1 3 5 1 0 2 Start
- A 3 2 2(-1) 2 1 1 2 Delay
1-2 B 2 3 1 1 1 1 3 Start
- C 1 4 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 3 2 2(-1) 2 1 1 2 Delay
3-3 C 1 4 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3 2 2(-1) 2 1 1 2 Delay
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519N 21 (99)

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
5-7 A 3 2 2 2 1 1 2 Start
- F 3 5 3(-1) 1 1 1 2 Delay
5-6 G 2 6 1 7 3 1 4 Start
7-7 A 2 2 1 1 2 Continue
- F 3 5 3(-1) 1 1 1 2 Delay
8-10 E 3 5 1 1 1 0 1 Start
8-10 F 3 5 3 1 1 1 2 Start
11-14 J 4 8 1 4 1 2 3 Start
- I 2 10 4(-1) 3 1 1 1 Delay
11-12 K 2 10 0 2 1 2 2 Start
11-11 H 1 12 D 0 1 9 0 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 10 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- I 2 10 4(-1) 3 1 1 1 Delay
15-16 I 2 10 4 3 1 1 1 Start
17-20 M 4 12 4 6 5 1 2 Start
- L 3 13 1(-1) 2 1 2 3 Delay
21-23 L 3 13 1 2 1 2 3 Start
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 RS
4) (10 (15 (6)
-4 D 4 1 3 5 1 0 2 Start 2R3=1R1
-3 A 3 2 2(-1+1 2 1+2 1 2 Start 2R2=1R5
1-2 B 2 3 1D+ 142 1+2 1 3(-1)+1 Start
- C 1 4 1(-1) 0 1(-1) 1 0 Delay
34 D 3 5 1 0 2 Continue  2R3=IR1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
33 C 1 4  1(-1)+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
46 E 3 5 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
57 F 3 5 3 1 1 1 2 Start
- G 2 6 1(-1) 7 3 1 4(-1) Delay
7-7 F 3 1 1 1 2 Continue  2R2=1R1
78 G 2 6 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 12 2(-2)+1+1 0+2  1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue  2R3=1R1
8-9 I 2 10 4(-1)+1 3 1+2 1 1 Start
9-9 I 4 3 1 1 1 Continue  2R3=1R1
9-12 J 4 8 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 10 0 2 1 2 2 Start
10-12 J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12 K 0 2 1 2 2 Continue
13-16 M 4 12 4 6 5 1 2 Start 2R2=1R1
13-15 L 313 1(-D)+1 2+2 | 2 3 Start
16-16 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
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2.6 Latest Finishing Time (LFT)
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4 (10) @) (15) (6)
1-3 A 3 4 2 2 1 1 2 Start
1-2 B 2 4 1 1 1 1 3 Start
1-1 C 1 4 1 0 1 1 0 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 4 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 4 3(-1) 5 1 0 2 Delay
4-7 D 4 4 3 5 1 0 2 Start
4-6 E 3 7 1 1 1 0 1 Start
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
7-7 D 3 5 1 0 2 Continue
- H 1 12 2(-1) 0 1 9 0 Delay
8-10 F 3 7 3 1 1 1 2 Start
8-9 G 2 7 1 7 3 1 4 Start
- H 1 12 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 12 2(-1) 0 1 9 0 Delay
11-12 I 2 11 4 3 1 1 1 Start
- J 4 11 1(-1) 4 1 2 3 Delay
11-12 K 2 11 0 2 1 2 2 Start
- H 1 12 2(-2) 0 1 9 0 Delay
13-16 J 4 11 1 4 1 3 Start
13-13 H 1 12 2 0 1 9 0 Start
14-16 J 1 4 1 2 3 Continue
17-19 L 3 15 1 2 1 2 3 Start
- M 4 15 4(-1) 6 5 1 2 Delay
20-23 M 4 15 4 6 3 1 2 Start




75

Act | Dur.| Pj Duration
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Time Act. Dur. P Resource Decision  Substitution
R1 R2 R3 R4 RS
4) (10 (15 (6)
-3 A 3 4 2 2 1 1 2 Start
-2 B 2 4 1 1 1 1 3 Start
1-1 C 1 4 1 0 1 1 0 Start
- D 4 4 3(-3) 5 1 0 2(-1) Delay
23 A 2 2 1 1 2 Continue  2R2=IRS5
2-2 B 1 1 1 1 3 Continue  4R3=2R1
2-5 D 4 4 3(-2+2 5+2 1+ 0 2(-1)+1 Start
33 A 2 2 1 1 2 Continue  2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2. Continue
45 D 3 5 1 0 2 Continue
4-6 E 3 7 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 7 3 1 1 1 2 Start
- G 2 7 1(-1) 7 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue  2R2=1R1
7-8 G 2 7 1 7 3 1 4 Start 2R3=IR1
7-7 H 1 12 2(-2)+1+1 0+2  1+2 9 0 Start
8-8 F 3 1 1 1 2 Continue
88 G 1 7 3 1 4 Continue
9-10 I 2 11 4 3 1 1 1 Start 2R3=1R1
9-12 J 4 11  1(-1)+1 4 1+2 2 3 Start
9-10 K 2 11 0 2 1 2 2 Start
11-12 J 1 4 1 2 3 Continue
13-15 L 3 15 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 15 4(-1D+1  6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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Time Act. Dur. P, Resource Decision
R1(4) R2(10) R3(7) R4(15) R5(6)
1-4 D 4 0 3 5 1 0 2 Start
- A 3 1 2(-1) 2 1 1 2 Delay
1-2 B 2 2 1 1 1 1 3 Start
- C 1 3 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
s A 3 1 2(-1) 2 1 1 2 Delay
3-3 C 1 3 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3 1 2(-1) 2 1 1 2 Delay
5-7 F 3 0 3 1 1 1 2 Start
- A 3 1 2(-1) 2 1 1 2 Delay
5-6 G 2 1 1 7 3 1 4 Start
7-7 F 3 1 1 1 2 Continue
- A 3 1 2(-1) 2 1 1 2 Delay
8-10 A s 1 2 2 1 1 2 Start
8-9 K 2 2 0 2 1 2 2 Start
10-10 A 2 2 1 1 2 Continue
11-13 E 3 1 1 1 1 0 1 Start
14-17 J 4 0 1 4 1 2 3 Start
- I 2 2 4(-1) 3 1 1 1 Delay
14-14 H 1 5 2 0 1 9 0 Start
15-17 J 4 0 1 4 1 2 3 Continue
- I 2 2 4(-1) 3 1 1 1 Delay
18-19 I 2 2 4 3 1 1 1 Start
20-23 M 4 0 4 6 5 1 2 Start
- L 3 1 1(-1) 2 1 2 3 Delay
24-26 M 4 6 5 1 2 Start
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Act | Dur.| Pj Duration
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 RS
4 1 @  as  (©
1-4 D 4 0 3 5 1 0 2 Start 2R3=1R1
1-3 A 3 1 2(-D+1 2 1+2 1 2 Start 2R2=1R5
1-2 B 2 2 1(-D+1 1+2 1+2 1 3(-1)+1 Start
- C 1 3 1(-1) 0 1(-1) 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
3-3 C 1 3 1(-1)+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 5 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 0 3 1 1 1 2 Start
- G 9 1 1(-1) 7 3 1 4(-1) Delay
7-7 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 1 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 5 2(-=2)+1+1 0+2 1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue 2R3=1R1
8-9 I 2 2 4(-1)+1 3 1+2 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 0 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 2 0 2 1 2 2 Start
10-12  J 1 4 1 2 3 Continue
10-10 K 2 2 0 2 1 2 2 Continue
11-12 J 1 4 1 2 3 Continue
13-16 M 4 0 4 6 5 1 2 Start 2R2=1R1
13-15 L 3 I 1D+ 242 1 2 3 Start
16-16 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
1ol alalslelzlslololulnlnlulislislizls]lin]

A 3 1 Fot
B | 2 | 2 ’_ _6 T
C 1 3 F :’ |
D | 4 0 _!__J__
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F 3 0 - F LA
G 2 1 _{7 _( T
H 1 5 - T
! 2 2 | N
J 4 0 F B F .
K 2 %
L 3 1 _(_ T
M | 4 0 7 Il T
Resource Max ‘

RI 4 [alalalalalalalalal il iTala]ala

R2 10 Jolw]7lsl2]2]10]0]olslala]lio]io]i]s

R3 7 [alala 2ol 7 sl sl ilile]l6ls]s

R4 5 Jololalol il alula]lslalalalsls]s]t
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Time Act. Dur. P Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 0 3 5 1 0 2 Start
- A 3 1 2(-1) 2 1 1 2 Delay
1-2 B 2 2 1 1 1 1 3 Start
- C 1 3 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 3 0 2(-1) 2 1 1 2 Delay
3-3 C 1 2 1 0 1 1 0 Start
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Time Act. Dur. P Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
4-4 D 3 5 1 0 2 Continue
- A 3 0 2(-1) 2 1 1 2 Delay
5-7 A 3 0 2 2 1 1 2 Start
- F 3 3 3(-1) 1 1 1 2 Delay
5-6 G 2 4 1 7 3 1 4 Start
7-7 A 2 2 1 1 2 Continue
- F 3 1 3(-1) 1 1 1 2 Delay
8-10 E 3 0 1 1 1 0 1 Start
8-10 F 3 0 3 1 1 1 2 Start
11-14  J 4 0 1 4 1 2 3 Start
- I 2 2 4(-1) 3 1 1 1 Delay
11-12 K 2 2 0 2 1 2 2 Start
11-11 H 1 4 2 0 1 9 0 Start
12-14 ] 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 1 4(-1) 3 1 1 1 Delay
13-14  J 1 4 1 2 3 Continue
- I 2 0 4(-1) 3 1 1 1 Delay
15-16 1 2 0 4 3 1 1 1 Start
1720 M 4 0 4 6 5 1 2 Start
- L 3 1 1(-1) 2 1 2 3 Delay
21-23 L 3 0 1 2 1 2 3 Start
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Duration
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 RS
4 1) @ as  (©
1-4 D 4 0 3 5 1 0 2 Start 2R3=1R1
1-3 A 3 1 2(-D+1 2 1+2 1 2 Start 2R2=1R5
1-2 B 2 2 1(-D+1 1+2 1+2 1 3(-1)+1 Start
- C 1 3 1(-1) 0 1(-1) 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
3-3 C 1 1 1(-1)+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 1 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 0 3 1 1 1 2 Start
- G 9 1 1(-1) 7 3 1 4(-1) Delay
7-7 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 0 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 6 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue 2R3=1R1
8-9 I 1 3 4(-1)+1 3 1+2 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 0 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 2 0 2 1 2 2 Start
10-12  J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12J 1 4 1 2 3 Continue
13-16 M 4 0 4 6 5 1 2 Start 2R2=1R1
13-15 L 3 I 1D+ 242 1 2 3 Start
16-16 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
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3. YoyamuNSneINT (Resource-Based Rules)
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Time Act. Dur. P Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 44 3 5 1 0 2 Start
- A 3 24 2(-1) 2 1 1 2 Delay
1-2 B 2 14 1 1 1 1 3 Start
- C 1 3 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 3 24 2(-1) 2 1 1 2 Delay
3-3 C 1 3 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3 24 2(-1) 2 1 1 2 Delay
5-6 G 2 32 1 7 3 1 4 Start
5-7 A 3 24 2 2 1 1 2 Start
- F 3 24 3(-2) 1 1 1 2 Delay
7-7 A 2 2 1 1 2 Continue
s F 3 24 3(-1) 1 1 1 2 Delay
8-10 F 3 24 3 1 1 1 2 Start
8-10 E 3 12 1 1 1 0 1 Start
11-14 J 4 44 1 4 1 2 3 Start
- I 2 20 4(-1) 3 1 1 1 Delay
11-12 K 2 14 0 2 1 2 2 Start
11-11 H 1 12 2 0 1 9 0 Start
12-14 ] 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 20 4(-1) 3 1 1 1 Delay
13-14 ] 1 4 1 2 3 Continue
- I 2 20 4(-1) 3 1 1 1 Delay
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M31391 29 (A9)

Time Act. Dur. Pj Resource Decision
R1 R2 R3 R4 R5
(4) (10) (7 (15) (6)
15-16 1 2 20 4 3 1 1 1 Start
17-20 M 4 72 4 6 5 1 2 Start
- L 3 27 1(-1) 2 1 2 3 Delay
21-23 L 3 27 | 2 1 2 3 Start
4 Duration
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Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 RS
4) 1o @ as) (o)
1-4 D 4 44 3 5 1 0 2 Start 2R3=1R1
1-3 A 3 44 2(-1)+1 2 1+2 1 2 Start 2R2=1R5
1-2 B 2 14 1(-1)+1 1+2 1+2 1 3(-1)+1 Start
- C 1 3 1(-1) 0 1(-1) 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
3-3 C 1 3 1(¢-1)+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 12 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-6 G 2 32 1 7 3 1 4 Start
- F 324 3(-1) 1 1 1 2(-1) Delay
7-9 F 3 24 3 1 1 1 2 Start 2R3=1R1
7-7 H 1 12 2(-1)+1 0 1+2 9 0 Start
8-9 F 3 1 1 1 2 Continue
10-13 J 4 44 1 4 1 2 3 Start 2R3=1R1
10-11 I 220 41D+l 3 142 1 1 Start
10-11 K 2 14 0 2 1 2 2 Start
12-13 ] 1 4 1 2 3 Continue
14-17 M 4 72 4 6 5 1 2 Start 2R2=1R1
14-16 L 327 1G-D+1 242 1 2 3 Start
17-17 M 4 6 5 1 2 Continue




96

Duration
Act Dur.
o]l welnluliis]ie]lz]is]io]o
L
A 3 L1 1
B 2 L T
— T T
1 T
A - _———— === e
E 3 I
- T T
F 3 L1 1
G P L T T
T T
T Frrtrtt+41---
! 2 | ] |
J 4 i -+
K |2 bl | _|
L 3 P T
M ||m—II
Resource
RI 4 lalalalalolo]alslslalalif1]a]alals
R2 10 lwlwl7lels]s]tlili]ololalalio]iofiols
R3 7 {7lal7l2lalalal ol s]sli]lile]les]lesls
R4 15 |2]2f2lolalafwofi]i]s)sfal2la]3l3]1
RS 6 lelelalsls]s]alalalelelslsls]sls]2
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3.2 Weighted Resource Utilization and Precedence (WRUP)

A

ax F2 1 ?,’ v 1 [ (% t:;d 9 1 d‘
75 WRUP Ao M3 19a10219minsaununsnensni ez nswensi

=

@0ams laoa1naaivini 19 fe 0=0.7 (Ulusoy and Qzdamar, 1989) Asaumsh (15)
Taoh a_fio niwensiszanr nlld Taefr=1,2....R
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R Ao 4, 10,7, 15 uaz 6 iy mazaziiu X5 u, ja— Q4)Q/101(1/71H(1/15)+
(2/6) = 1.24 2InauM3ii (15) MawunudiRyvesnanIsy A fie (0.7x1)+{(1-0.7)x1.24} =

Y
1.07 MUIFUASINUUAUNANINTTY AMA1AUANNTIAYVININTTY A, B, C 11ag D Av

q 9
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Time Act. Dur. P Resource Decision
R1(4) R2(10) R3(7) R4(15) R5(6)
1-1 C 1 224 1 0 1 1 0 Start
1-4 D 4 192 3 5 1 0 2 Start
- B 2 172 1(-1) 1 1 1 3 Delay
- A 3 1.07  2(-2) 2 1 1 2 Delay
2-4 D 3 3 1 0 2 Continue
2-3 B 2 1.72 1 1 1 1 3 Start
- A 3 1.07  2(-2) 2 1 1 2(-1) Delay
4-4 D 3 5 1 0 2 Continue
- A 3 1.07  2(-1) 2 1 1 2 Delay
5-7 F 3 252 3 1 1 1 2 Start
5-6 G 2 2.03 1 7 3 1 4 Start
- A 3 1.07  2(-2) 2 1 1 2(-2) Delay
7-7 F 3 1 1 1 2 Continue
- A 3 1.07  2(-1) 2 1 1 2 Delay
8-10 A 3 1.07 2 2 1 1 2 Start
8-9 K 2 094 0 2 1 2 2 Start
10-10 K 2 2 1 1 2 Continue
11-13  E 3 230 1 1 1 0 1 Start
14-15 1 2 190 4 3 1 1 1 Start
- J 4 183 1(-1) 4 1 2 3 Delay
- H 1 1.07 2(-2) 0 1 9 0 Delay
16-19 ] 4 1.83 1 4 1 2 3 Start
l6-16 H 1 1.07 2 0 1 9 0 Start
17-19 ] 1 4 1 2 3 Continue
20-23 M 4 081 4 6 5 1 2 Start
- L 3 037 1(-1) 2 1 2 3 Delay
24-26 L 3 037 1 2 1 2 3 Start
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Act | Dur.| Pj Duration
1] 2]3l4als]el7l8]olio]ii]i2]13]14]15]16]17] 18] 19]20] 21] 22] 23] 24| 25] 26] 27] 28] 29] 30
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G | 2 |203 4
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M| 4 Josi| 171 7 R sl N
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RU [ 4 [alalalslalas[elel i il aalasii i Taalaa] ] ]n
R2 |10 [s]elels]s]sli]alalal il o]i]3]3]ala]a]al6]s]sls]2]2]2
R3[| 7 e[l ulelai e i s s s s [ [h [
Re [ s [ [ilol2] 23l io oo il ful a2l [a] [ 2]2]2
Rs [ 6 [2]s]sloleleloalalal il il al a5 22022 3]5]5
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 R5
@ aq @ a5 (6
1-1 C 1 224 1 0 1 1 0 Start 2R3=1R1
1-4 D 4 192 3 5 1 0 2 Start
1-2 B 2 172 1(-1)+1 1 1+2 1 3 Start
- A 3 1.07  2(-2) 2 1 1 2(-1) Delay
2-4 D 3 5 1 0 2 Continue 2R2=1R5
2-2 B 1 1 1 1 3 Continue 4R3=2R1
2-4 A 3 1.07 2(-2)2 242 1+4 1  2(-D+1  Start
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-4 A 2(-1)+1 2 1+2 1 2 Continue
5-7 F 3 252 3 1 1 1 2 Start
5-7 E 3 230 1 1 1 0 1 Start
- G 2 203 1(-1) 7 3 1 4(-1) Delay
8-9 G 2 2.03 1 7 3 1 4 Start 2R3=1R1
8-9 I 2 190 4(-1)+1 3 1+2 1 1 Start
- H 1 1.07 2(-2) 0 1 9 0 Delay
10-13  J 4 1.83 1 4 1 2 3 Start
10-10 H 1 1.07 2 0 1 9 0 Start
10-11 K 2 094 0 2 1 2 2 Start
11-13 J 1 4 1 2 3 Continue
11-11 K 0 2 1 2 2 Continue
12-13 ] 1 4 1 2 3 Continue
14-17 M 4 0.81 4 6 5 1 2 Start 2R2=1R1
14-16 L 3037 1-D+1  2+2 1 2 3 Start
17-17 M 4 6 5 1 2 Continue
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. Duration
Act Dur. Pj
1]2]3]alslel 7] slolwofulnlnlulis]we]iz]iis]io]
A 3 | o7 e —— ! ! | | | ! !
B 2 | 17 ] ] I , | I _ I
C 1 | 224 I I | I T | I
D 4 1.92 | | T T 1 1 |
E 3 | 230 l | I I | | |
- R (o + =1 : | I - t
T ol T T g T TTT
— - -
H 1 1.07 I | [ | | |
I

I E LIV I U Y N ____|_|_|_|_J__
J 4 | 183
e e I'-'I'-':——I——I—I—-I--
L 3 037 |l Y I M A L_L_____l_l_'l"
I B T 1717 e
Resource Max

R1 4 |alalalalalalalalalal i1l 1Talalala

R2 10 lelwolz 712122 i0l0le6l6lalaliolioliole

R3 7 sl lalaloloo 6 63l 1[1le6le6le6]s

R4 5 |2l il mlalololal3l3]1

RS 6 |slelalalalalals s 51513 35151512
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4. U9 HUVNFY (Composite Rules)

1 Aax . A I Aas A Y y Y a A
NYUIT Composite Rules 719 ﬂall’J‘ﬁVIWfﬂ‘c’JHJL’E)T%H%"’U@LﬁEJﬁluﬂ'ISGlGIfGIJE]M“aG]fu@LﬂfJ’J

Q

a 1 ' [ <
Taginauan laun YeyaduTaseine doyadunar uazdoyaaiuniwens udu Tagns

= 9

o Y a Ly Aa o DAl v a1 3 @ Aad v 1 2
MUUATUNNNINTTY j ZCININTTHANUFANY Llﬁgﬁhﬁ'HJﬂ‘U’J‘ﬁE]’NuWﬁHﬂIﬂfJiJ'J‘ﬁﬂ\m@ll‘]JL!
4.1 ACROS

umMaAazdUN1vesnanIsy j (h=1,..,T0) lamuuamsyounonssu j

'
v A

' Y
gananssudulgame nwaimmuadunefinssunanuauanslag i€EIL, madno

] { @ { ' o o 1 a . ] a3
Aundovesnswensildne uduinldenn w=— 1= v, /a2 vesianssuyiedrelsiaw
A J A o [ I 1 ﬂd‘ a’/ v % v o 9y
1939101 m Ao rulszanninnnsumasimszasiumarnimindnnldnn

™ A2 o o 1 =S v Aad [ ti'
W=7 u./ 5 Teelidnyuzisu@edntds GRD asaumsh (16)

(max)P, = maX{EiEHﬁ 2::__11 u,/a, |h=1_...._.'I'IIJ-J=a|:rj (16)
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[ (% @ = Y
4.1.1 MIIANTNNNTUUUNNB2Ae) 1aelEIs ACROS

1) MUIAMAIAUANNIAYVOAAZNINTTN NITUININTIN A 910
[ v
MNN 6 NINTITN A TFUNNNIHUA 6 1dUN Ao hl = {A, H, L}, h2 = {A, E, H, L}, h3 = {A,

E,I,L},hd4={A,E, I, M},h5={A,E, J, L} uaz h6 = {A, E, ], M}
W15 hl = {A, H, L}

AINTIN A; 2o u, /5 = (2/4) +(2/10) + (1/7) + (1/15) + (2/6)
=1.24

AINTIN H; 2o gy /3= (2/4) + (0/10) + (1/7) + (9/15) + (0/6)
=1.24

AN L; 20 a5 = (1/4) + (2/10) + (1/7) + (2/15) + (3/6)
=1.23

(¥ e X5 s, -t} =124+ 1244123
i
=3.71

o o 9y Y1 o X A
mmiﬂm’smiunmﬁumﬂilzl'lﬂmmu h=1,...,6 A0 3.71, 4.37,

4.84,6.29, 4.56 11826.04 AWEIAU MNTUNTN (16) MAWUANUENYVDININTTY A Ao

B3
P, = max{z,i,&l'[ﬁ_J Z::Ri u e |h=1_...._.ﬁ]= acr,
= max{3.71,4.37, 4.81, 6.29, 4.56, 6.04 }
=6.29
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Time Act. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 7.98 3 5 1 0 2 Start
1-1 C 6.71 1 0 1 1 0 Start
- B 6.59 1(-1) 1 1 1 3 Delay
- A 629  2(-2) 2 1 1 2 Delay
2-4 D 3 5 1 0 2 Continue
2-3 B 6.59 1 1 1 1 3 Start
- A 629  2(-2) 2 1 1 2(-1) Delay
4-4 D 3 5 1 0 2 Continue
- A 629  2(-1) 2 1 1 2 Delay
5-7 A 2 2 1 1 2 Start
5-6 G 6.25 1 7 3 1 4 Start
- F 5.78 3(-2) 1 1 1 2(-2) Delay
7-7 A 2 2 1 1 2 Continue
- F 5.78 3(-1) 1 1 1 2 Delay
8-10 F 5.78 3 1 1 1 2 Start
8-10 E 5.05 1 1 1 0 1 Start
11-12 1 4.39 4 3 1 1 1 Start
- J 4.14 1(-1) 4 1 2 3 Delay
11-12 K 3.52 0 2 1 2 2 Start
- H 247  2(-2) 0 1 9 0 Delay
13-16 J 4.14 1 4 1 2 3 Start
13-13 H 2.47 2 0 1 9 0 Start
14-16 ] 1 4 1 2 3 Continue
1720 M 2.71 4 6 5 1 2 Start
- L 1.23 1(-1) 2 1 2 3 Delay
21-23 L 1.23 1 2 1 2 3 Start
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Durati
Act | Dur.| Pj o
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 RS
4) (10)  (m a5 (6

1-4 D 4 798 3 5 1 0 2 Start 2R3=1R1

1-1 C 1 671 1 0 1 1 0 Start

1-2 B 2 659 1(-1)+1 1 1+2 1 3 Start

- A 3629 2(-2) 2 1 1 2(-1) Delay

2-4 D 3 5 1 0 2 Continue 2R2=1R5

2-2 B 1 1 1 1 3 Continue  4R3=2R1

2-4 A 3629 2(-2)+2 242 1+4 1  2(-D+1  Start

3-4 D 3 S} 1 0 2 Continue 2R3=1R1

3-4 A 2(-1)+1 2 1+2 1 2 Continue

5-6 G 2 625 1 7 3 1 4 Start

5-7 F 3 578 3 1 1 1 2 Start

- E 3505  1(-1) 1 1 0 1(-1) Delay

7-7 F 3 1 1 1 2 Continue

7-9 E 3 5.05 1 1 1 0 1 Start

8-9 F 3 1 1 1 2 Continue

8-9 K 2 352 0 2 1 2 2 Start
10-11 1 2 439 4 3 1 1 1 Start 2R3=1R1
10-13  J 4 414 1(-1)+1 4 1+2 2 3 Start 2R2=1R1
10-10 H 1 247 2(-2)+1+1 0+2 1+2 9 0 Start
11-11 I 4 3 1 1 1 Continue 2R3=1R1
11-13 J 1(-1)+1 4 1+2 2 3 Continue
12-13 ] 1 4 1 2 3 Continue
14-17 M 4 271 4 6 5 1 2 Start 2R2=1R1
14-16 L 3123 1(-D)+1 2+2 1 2 3 Start
17-17 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
L2 salslelzslolwofufn]i]ulis]ie]iz]is]io]20

A [ 3 Jew Lo L1 1 T2
B 2 | 659 |l
C 1| 671 T
D | 4 | 7% T T T T
E 3 5.05 I
Fl s [ss| [ 7 T T L L T PPt
G 2 | 625 L rr
H 1 | 247 .
1 2 439 L L L1
] 4 | 414 T 1
K 2 3.52 I_ |
L | 3 |13]| [ T T T TT T 17— 77 T
YI I ]
Resource Max

RI 4 lalalalalalalalololalalolilalalala

R2 10 [e]wo]l7l7ls]sl2l3l3lolslalaliofio]io]s

R3 7 Isl7lalalalalalalalslalililelelels

R4 s [aloalalaladlalalalallslalalslsls]:

RS 6 |slelalalelelalalalalalalals]s]s]e

MW 38 Bar Chart ¥041A59mM 3512997 1 Taeld1s ACROS lumsdansweinstuuviale

e
4.2 ACTRES
as = 9 v Aas Yo 901 o 9
75 ACTRES Nanyaizaa1enuIs ACROS Tagms ldmaaaiminns e
9 Aa Aa 1 1 %’ v g o
ninenInuanaeaszuznad s uMIdiufIng sy j maruhmintlaansasuiala
10 W,=d, 2.2, u, /2 Aeaumsi (17)
(max) P, = maX{ZiEHjn Z::__ll u;,.d;/a, |h=1_...._.T[j]= act; (17)
[ [ 9 = Yy
42.1 MITANTNNTUVVNNYLAS Tas14975 ACTRES
1) MUIAMMAUANNEIAYUDUAAZNINTTH NTUININTIN A 910

9
9 4.1.1 WAUNNINUA 6 1FUNE Ap hl = {A,H, L}, h2={A,E,H,L}, h3={A,E,I,L}, h4

={A,E,LM},h5=1{A,E,J,L} ez h6 = {A, E, J, M}
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WO hl = {A, H, L}
AINTIUA; dy. Do by /2, =3x 124 =372

AONTTUH; dyg. Doe ugg, /a, = 1x 1.24 =1.24

B5

NINTIUL; dp. Qurpy v/ 3, =3x1.23 =3.69

¥ en a0 25 ua, -1} 37241244369 =865
gt

=

9
mmssalunndumszldmasiih=1, ..., 6 fio 8.65, 10.63,

(%

12.74, 19.92, 15.09 i@ 22.27 a9 3AaNM5N (17) AMA1AUANNEIAUUDININTTY A

g

A
o

P, _max{ziEH d rRl ir' A |h_ “".‘E}= acty
= max{8.65, 10.63, 12.74, 19.92, 15.09, 22.27}

=22.27

4
MMIMUIBANEULUNUNNNINTTY TasmaauANNa Ay
a A a A 1A = 1 Y
NINTTUNNITUINDAINNUINNFAVDILAALITUNI h

]
a A ' o w 9

2) N 1 PINTTUNY AB NINTTY A, B, C uag D mMa1auaNuaIfnwy

g

YOININTTY 71D 22.27, 22.86, 21.24 1Az 27.68 Mud 1Ay Tasd1auanud1AyuoanIngsug

mﬂﬂfaﬂsswﬁﬁmmwﬁﬂ"lﬂuaamm aduanudaynunlidesauddy

wmmzﬂ’uﬁﬁummﬁﬁaﬂmﬂﬂﬂﬁm Ao NINTIN D, B, A 11ag C MNa1AL NINTTN D e
A 9 d’ =) 1 = a o w [ A a 1 2

B anunsaisy laiinanniiniwennsiisans nanssudiauda il As nanssy A liansasy

9 d' [ ] o [ a o o

laiieannnsnens R1 viall 2 wiae wazniwenns rR5 el 1 wioe danssuddudall

A a [} A 9 d' [ [} d'

Ao Nan3Tu C sy ldiieaninninens R1 v1a'll 1 Mg a131990 35 a15190aad

o v [ [ Y,
MIMUIUNTIANTNAATULDHAeNNE Ine 19T ACTRES
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1 Ao NINTIU A,Cllag Da

(Y A

MMUANNEINY AD

g

A

a ] A 9 zﬂ' [ ] a o o [ A
NAINTTU A lliJﬁ'ﬂﬂimillul,ﬂL‘L!’EN%']ﬂVIinJ']ﬂi R1 Gll'lﬂll‘ﬂ 1 1UY ﬂ%ﬂiiNﬁW]‘Uﬂﬂth o
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E4 [
4) Muanyaz@eINullunne 11 szezna1vedlasan1staodn

A [ = Y A A ) A
1 Ao 23 M waziim 19910 Ao 182,000 V1N HINN 39 Le/AS Bar Chart v041A5INMITa0dn 1

Tae1435 ACTRES lumssansnennsuuunnyz@en

A9199 35 MTRNMIAMUIUNIIANSTNANTHVVINELIRe Tae 1935 ACTRES

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 277 3 5 1 0 2 Start
1-2 B 2 229 1 1 1 1 3 Start
- A 3 223 2(-2) 2 1 1 2(-1) Delay
- C 1 212 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 2(-1) 2 1 1 2 Delay
3-3 C 1 212 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3223 2(-1) 2 1 1 2 Delay
5-7 A 3 223 2 2 1 1 2 Start
5-6 G 2 208 1 7 3 1 4 Start
- F 3207 3(-2) 1 1 1 2(-2) Delay
7-7 A 2 2 1 1 2 Continue
- F 3207 3(-1) 1 1 1 2 Delay
8-10 F 3 207 3 1 1 1 2 Start
8-10 E 3 185 1 1 1 0 1 Start
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M3191 35 (A9)

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
(4) (10) (7) (15) (6)
11-14 J 4 16.6 1 4 1 2 3 Start
- | 2 14.2 4(-1) 3 1 1 1 Delay
11-12 K 2 12.5 0 2 1 2 2 Start
11-11 H 1 4.9 2 0 1 9 0 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- 1 2 14.2 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- 1 2 14.2 4(-1) 3 1 1 1 Delay
15-16 1 2 14.2 4 3 1 1 1 Start
17-20 M 4 10.7 4 6 5 1 2 Start
- L 3 3.7 1(-1) 2 1 2 3 Delay
21-23 L 3 3.7 1 2 1 2 3 Start
. Duration
APl PP 5 a5 el 71 s o Lol il el s] el izl sl o] 20 21 22] 23 [zl os] 2622 29 30
N B J_L__ZQM-' a1l |_:__ J.I__:_ 1Ll :_
N T 0 0 o 0 D A
D[4 ]27.68 I 1 ] T ] T L [
e e b B
o o I T e T b T T T, T
H| 1]4%2 | -0 | | | |
U2 Jua T ] Ty “#Hll 1 1I_ I_II [
1 [ a Tuese] 11 ] = i e HEN 1] B
SEE SRS e A N
M| 4 [10se] . 1717 7] )77 % 17 > _%_ T I~
Resource ax
R1 M444433324443111444444111
R2 10 [6]6ls[s[olol2]2]2]2l6l6]4]a]3]5]6l6l6]c]2]2]2
R3 7 el lalal o2l i s s s s i
R4 s [l oo nlae o i i [ 2 ]2
RS 6 Is5)sf2f2]6fef2f3f3f3|sfsf33ftfr1]2f2]2]2]3]3]3

MWA 39 Bar Chart ¥041A39m331a94% 1 Tae1933 ACTRES lumssanswensuuuinye
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9L
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 R5
4) (10)  (m a5 (6
1-4 D 4 277 3 5 1 0 2 Start 2R2=1R5
1-2 B 2 229 1 1 1 1 3 Start 4R3=2R1
1-3 A 3 223 2(-2)+2 2+2 1+4 1 2(-D+1 Start
- C 1 212 11 0 1(-1) 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 1 Continue
3-3 C 1 212 1(-1)+1 0 1+2 1 0 Start
4-4 D 3 S} 1 0 2 Continue
4-6 E 3 185 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-6 G 2 208 1 7 3 1 4 Start
- F 3 207 3(-1) 1 1 1 2 Delay
7-9 F 3 207 3 1 1 1 2 Start 2R3=1R1
7-7 H 1 49 2(-1)+1 0 1+2 9 0 Start
8-9 F 3 1 1 1 2 Continue
10-13 J 4 16.6 1 4 1 2 3 Start 2R3=1R1
10-11 K 2 125 0 2 1 2 2 Start
10-11 1 2 142 4(-1)+1 3 1+2 1 1 Start
12-13 ] 1 4 1 2 3 Continue
14-17 M 4 109 4 6 5 1 2 Start 2R2=1R1
14-16 L 3 37 1G-D+1 242 1 2 3 Start
17-17 M 4 6 5 1 2 Continue
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. Duration
Act Dur. Pj
1l alslalslelzlslololulnlnlulislisliz]is]io]w
I I I | I
Al s [ow R N T T i
B 2 | 2286 I | Lo Lo I
e N S SR
D | 4 {768 N U U U R A O
E 3| 18s4| | | || I |
F 3 |27 [ L [ T
G 2 |20 T T T L L T
— T =T 1
H 1 [492] 1 [ I - | C o I
+— -+
I 2 |1l L L 11 d ] e ] ] 1]
J 4 16s6| | 2l , 1 |
K | 2 || | s L e | I T
M 4 fro8] | I | &/ m |
Resource Max
Rl 4 [alalalalololals]s]alalaili]a]lalala
R2 10 Jolw]7lels]s]lt]i{ilolo]lalaliofiofio]e
R3 7 L7l al2lalalal i ifss]i]i]le]le]lsls
R4 s Jalalalol el il ilils]slalalsls]s]
RS 6 lelelslsls]slalalalelels]ls]sls]s]z

NN 40 Bar Chart ¥041A59m391a99% 1 Tael435 ACTRES Tumssanswennsuuuvale

NN
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3% TIMROS tiag TIMRES 181i11119523013F ACROS 118225 ACTRES 7o
Y 9 = a o a A v A v A 9 ) ~
mslfdunienigavesnanisy j Meununnssuauiiganie n Taadunishegalu

maeNAINg sy j Ganenssuaniigamielinnmny LS, - LS, mdauanudinyannsomla

A d‘ﬁ/ a

Tasmsmaduniananssuiienga (LS, - LS,) tie LS, fie nalsuduidgavennssy

Y
A an [ v v

qaihe taz LS, v nasuaundigavesnanssuusn uenantiasaauanudinnd

o

=

a [ 1 1 %,’ o 1 U % Y { Y A . v d‘
WA IMNNUMDIUIMIN TasA1929111inN 1% Ao 0=0.5 (Klein, 2000) A98UN1TN (18)

iuaz (19)
TIMROS; (max) P= (D.(LSH-LSJ.)/(LSH-LSI) + (1-(1)).acrj/acr1 (18)

TIMRES; (max) P= w.(LSn-LSj)/(LSn-LSI) + (1—(1)).actj/act1 (19)
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Time Act. Dur. P Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 1 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 1 3(-1) 5 1 0 2 Delay
4-7 D 4 1 3 5 1 0 2 Start
4-6 E 3 0.8 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 0.2 2(-1) 0 1 9 0 Delay
8-10 F 3 0.7 3 1 1 1 2 Start
8-9 G 2 07 1 7 3 1 4 Start
- H 1 0.2 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 0.2 2(-1) 0 1 9 0 Delay
11-14 ] 4 05 1 4 1 2 3 Start
- I 2 04 4(-1) 3 1 1 1 Delay
11-12 K 2 03 0 2 1 2 2 Start
11-11  H 1 0.2 2 0 1 9 0 Start
12-14 ] 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- I 2 04 4(-1) 3 1 1 1 Delay
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Time Act. Dur. Pj Resource Decision
R1 R2 R3 R4 R5
(4) (10) (7 (15) (6)
13-14 J 1 4 1 2 3 Continue
- I 2 0.4 4(-1) 3 1 1 1 Delay
15-16 1 2 0.4 4 3 1 1 1 Start
17-20 M 4 0.2 4 6 5 1 2 Start
- L 3 0.1 1(-1) 2 1 2 3 Delay
21-23 L 3 0.1 1 2 1 2 3 Start
> Duration
Act | Dur.| Pj
t]2l3]als]el7]8]ololii]i2]13]1a]15] 16]17] 18] 19] 20] 21 [22] 23] 24] 25| 26] 27] 28] 29 30
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E[3]o7 L b |1 + I 1,_I + I | -
F [ 3 Jo X | FITT| | | |
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Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 RS
4 (10) (m a5 (6
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue  2R2=1R5
2-2 B 1 1 1 1 3 Continue 4R3=2R1
2-5 D 4 I 3(-2)+2 542 1+4 0 2(-1)+1  Start
3-3 A 2 2 1 1 2 Continue 2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 077 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 0.70 3 1 1 1 2 Start
- G 2 068 1(-1) ) 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 0.68 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 024 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 F 3 1 1 1 2 Continue
8-8 G 1 7 3 1 4 Continue
9-12 J 4 047 1 4 1 2 3 Start 2R3=1RI1
9-10 I 2 040 4(-1)+1 3 1+2 1 1 Start
9-10 K 2 035 0 2 1 2 2 Start
1-12 J 1 4 1 2 3 Continue
13-16 M 4 0.17 4 6 5 1 2 Start 2R2=1R1
13-15 L 3 0.08 1(-1)+1 242 1 2 3 Start
16-16 M 4 6 5 1 2 Continue




121

Act Dur. Pi Duration
1ol lalslel 7l sl olwolulnlnlulislelizlslio]

A 3 | 100 rt Pt
B 2 | 100 N
C 1 | 100 1
D | 4 | Loo L oL
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K | 2 | 035 I_-u I e
TS o[ F T T T T T T - T T
M | 4 | o7 I A <Ue m I
Resource Max
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
4) (10) (7 (15) (6)
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
s D 4 1 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 1 3(-1) 5 1 0 2 Delay
4-7 D 4 1 3 5 1 0 2 Start
4-6 E 3 078 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 016  2(-1) 0 1 9 0 Delay
8-10 F 3 071 3 1 1 1 2 Start
8-9 G 2 0.67 1 7 3 1 4 Start
- H 1 016 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 016  2(-1) 0 1 9 0 Delay
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M31391 39 (A9)

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
(4) (10) (7) (15) (6)
11-14 J 4 0.51 1 4 1 2 3 Start
- | 2 0.38 4(-1) 3 1 1 1 Delay
11-12 K 2 0.35 0 2 1 2 2 Start
11-11 H 1 0.16 2 0 1 9 0 Start
12-14 J 1 4 1 2 3 Continue
12-12 K 0 2 1 2 2 Continue
- 1 2 0.38 4(-1) 3 1 1 1 Delay
13-14 J 1 4 1 2 3 Continue
- 1 2 0.38 4(-1) 3 1 1 1 Delay
15-16 1 2 0.38 4 3 1 1 1 Start
17-20 M 4 0.20 4 6 5 1 2 Start
- L 3 0.07 1(-1) 2 1 2 3 Delay
21-23 L 3 0.07 1 2 1 2 3 Start
. Duration
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 RS
4) (10) (m a5 (6
1-3 A 3 1 2 2 1 1 2 Start
1-2 B 2 1 1 1 1 1 3 Start
1-1 C 1 1 1 0 1 1 0 Start
- D 4 1 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue  2R2=1R5
2-2 B 1 1 1 1 3 Continue  4R3=2R1
2-5 D 4 1 3(-2)+2 542 1+4 0 2(-D+1  Start
3-3 A 2 2 1 1 2 Continue 2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 0.78 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 071 3 1 1 1 2 Start
- G 2 067 1(-1) ) 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 0.67 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 0.16 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 F 3 1 1 1 2 Continue
8-8 G 1 7 3 1 4 Continue
9-12 J 4 051 1 4 1 2 3 Start 2R3=1R1
9-10 K 2 035 0 2 1 2 2 Start
9-10 I 2 038 4(-1)+1 3 1+2 1 1 Start
11-12J 1 4 1 2 3 Continue
13-16 M 4 0.20 4 6 5 1 2 Start 2R2=1R1
13-15 L 3007 1G-D+1  2+2 1 2 3 Start
16-16 M 4 6 5 1 2 Continue
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: Duration
Act | Dur Pj
t]olalalslel 7zl slolwlulnlnlulislieliz]iis]lio]
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F 3 | 071 = L1 -t
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— e -
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5.1 Improved Resource Scheduling Method (IRSM)
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M3197 41 MITAATINTNEINIVBININTTY A 1ag B Tuiui 1 (BsS(ps, A)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)
A 2 2 1 1 2
B 1 1 1 1 3
Total 3 3 2 2 5
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M13199 42 MIVAATINTHEINTVOININTIY A uaz C Tuiuh 1 (EsZPs, A)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7 (15) (6)
A 2 2 1 1 2
C 1 0 1 1 0
Total 3 2 2 2 2

1INANTN 42 NINTTV A tag C INSnensiganoaInTniy e lu

Y

ui 1 vnaumsi 0) a1 T =Tl ,=1,=1 Taghi (C, A)eCsP Minaumsi 1) v21dh
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M13199 43 MIVAATINTNEINTVRININTTY A uaz D TuTud 1 (EsS(es, A)

Act. Resource
R1 R2 R3 R4 RS
4) (10) (7) (15) (6)
A 2 2 1 1 2
D 3 5 1 0 2

Total 4(-1) 7 2 1 4
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9 v
4) MuuanyuzPeInutlunng U szeza1v031ATIN1sT1a030 1
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9 23 U uazlA1 19919 Av 176,200 11N AN 45 1AAI Bar Chart ¥941A59015910037 1
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-2 B 2 0 1 1 1 1 3 Start
1-1 C 1 0 1 0 1 1 0 Start
1-3 A 3 3 2 2 1 1 2 Start
- D 4 3 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue
2-3 A 2 2 1 1 2 Continue
- D 4 3 3(-2) 5 1 0 2(-1) Delay
3-3 A 2 2 1 1 2 Continue
- D 4 3 3(-1) 5 1 0 2 Delay
4-7 D 4 3 3 5 1 0 2 Start
4-6 E 3 - 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 - 2(-1) 0 1 9 0 Delay
8-10 F 3 0 3 1 1 1 2 Start
8-9 G 2 0 1 7 3 1 4 Start
- H 1 1 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 - 2(-1) 0 1 9 0 Delay
11-11 H 1 0 2 0 1 9 0 Start
11-12 K 2 0 0 2 1 2 2 Start
- I 2 2 4(-2) 3 1 1 1 Delay
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 R5
4) (10) (m a5 (6
1-2 B 2 0 1 1 1 1 3 Start
1-1 C 1 0 1 0 1 1 0 Start
1-3 A 3 3 2 2 1 1 2 Start
- D 4 3 3(-3) 5 1 0 2(-1) Delay
2-2 B 1 1 1 1 3 Continue  2R2=1R5
2-3 A 2 2 1 1 2 Continue  4R3=2R1
2-5 D 4 - 3(-2)+2 542 1+4 0 2(-D)+1 Start
3-3 A 2 2 1 1 2 Continue 2R3=1R1
3-5 D 3(-1)+1 5 1+2 0 2 Continue
4-5 D 3 5 1 0 2 Continue
4-6 E 3 : 1 1 1 0 1 Start
6-6 E 1 1 1 0 1 Continue
6-8 F 3 0 3 1 1 1 2 Start
- G 2 1 1(-1) 7 3 1 4(-1) Delay
7-8 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 0 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 0 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 F 3 1 1 1 2 Continue
8-8 G 1 7 3 1 4 Continue
9-10 I 2 0 4 3 1 1 1 Start
9-12 J 4 0 1(-1)+1 4 1+2 2 3 Start 2R3=IR1
9-10 K 2 0 0 2 1 2 2 Start
11-12J 1 4 1 2 3 Continue
13-15 L 3 0 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 0 4(-1D)+1  6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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. Duration
Act Dur. Pj
L2l 3]als]elzls]olio]u]nlinlulis]is]m]s]io]2
I I I 1 I
A 3 3 _ I I [ N N A N I A A
B 2 0 | I I_ 1 L 1 ] I
— T =T 1
c 1 [o i jill 01—
b 2 B [ T T T7TT7 |
E | 3 - B} 11 I 1§
-+ 44— - - b+
T N T o L_1 | L
2
G 0o f e | ] Lo o
H | 1 [ o | |1 | | . l
+— -+
I 2 0 I I A I R | - | _I_ | 1 1 |
J 4 0 L 1 L I I L
— T T | o
K2 ]o 17 R ]
O e s S i i e e e | | rrT
v o | Il | g |
Resource Max
R1 4 [alalalalalalalalalali[1]ala]ala
R2 10 [3]w]7lelel2]o]s]ofola]lalio]iwofi]s
R3 7 [3l7lalalalalzlalslslili]elelels
R4 15 [3]a]ifololt]ulalslsl2]2]3]3]3]:
RS 6 |slelalslsls]le]lelelslals]ls]sls]z2

d' o A Ya @ [
MNN 46 Bar Chart Y949 1A530159109497 1 1agldis IRSM lunsaanswennsuuuviaie

Nnnee

5.2 Worst Case Slack Time Rule (WCS)
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5.2.1 MIIANTNNTUUUNNEZIAE) IagleIs WCS

v
aA

1) Ui 1 NINITUNT Al AINTIN A, B, C 11ag D fI5UININTIN A
9

9 a

(i=A) AVBININTTY i AD (B, C, D) INTIZRLUUIFANINTTUAMIZ AV A1 (i, j) = (B, A),
Y A

(C, A), (D, A) NAFHNNGAYDININTTY A A1D LS, = 2 9InMsmMuImae3s CPM Tuaou

1In

A 1a 13 =1 A 3 ~
WITUINNINTTU (B, A) = ES(PS, B) UANUHNIY AD LIAUIIFAN

MmmruananInisy A 1d s1nenssy B Sushdmuanarludun 1

M3197 46 MIAATINTNEINIVBININTTY B 1Az A 1uFui 1 (EsT(PS, B)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)
B 1 1 1 1 3
A 2 2 1 1 2
Total 3 3 2 2 5

1NN 46 NINTTY B 1Az A UNsnensiganaausasy 'l lu

'
v A

uii 1 vnaumsii o) a1 M =Tl o=t,=1 Tnefi (B, A)ECSP Mnaumsi (23) vz 1dh
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FANTAERINTIU (C, A) = ESZ(PS, C) Tianumie fie nasigad
Q A Q

MmruananInisy A 1d snenssy ¢ Sushdmmuanarluiun 1
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M13199 47 MIVAATINTNEINTVRININTTY C taz A TuTuh 1 (ES5(PS, C)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7 (15) (6)
C 1 0 1 1 0
A 2 2 1 1 2
Total 3 2 2 2 2

1INANT1N 47 NINTTY C 1AL A INSWeNnIiganeaInITniay e lu

Y

ui 1 vnaumsi 0) a1 T =Tl ,=1,=1 Taghi (C, A)ECSP Mnaumsii (23) v21dh

EST(PS, 1) N\ ﬂ]jﬂ{rn_di? ﬁ(i.j}}
ESS(PS, Q) = min{1+1,1} %

A 1a @ =\ A < ~
NTUINNINTTU (D, A) = ES ((PS, D) HANUHNIY AD LIANIIFAN

MMruananIngsy A 1d s1nenssu D Fuimvuanaluiun 1

M319% 48 MIFIAATINTNEINIVBININTTY D 1oz A Tuiud 1 (Es5(PS, D))

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)
D 3 2 1 1 2
A 2 2 1 1 2

Total 4(-1) 4 2 2 4
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-3 A 3 -3 2 2 1 1 2 Start
- D 4 -3 3(-1) 5 1 0 2 Delay
1-2 B 2 2 1 1 1 1 3 Start
1-1 C 1 3 1 0 1 1 0 Start
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 - 3(-2) 5 1 0 2 Delay
33 A 2 2 1 1 2 Continue
- D 4 - 3(-1) 5 1 0 2 Delay
4-7 D 4 3 5 1 0 2 Start
4-6 E 3 1 1 1 0 1 Start
7-7 D 3 5 1 0 2 Continue
- H 1 - 2(-1) 0 1 9 0 Delay
8-10 F 3 -1 3 1 1 1 2 Start
8-9 G 2 1 1 7 3 1 4 Start
- H 1 4 2(-2) 0 1 9 0 Delay
10-10 F 3 1 1 1 2 Continue
- H 1 - 2(-1) 0 1 9 0 Delay
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Time Act. Dur. Pj Resource Decision
R1 R2 R3 R4 R5
(4) (10) (7 (15) (6)

11-12 | 2 -2 4 3 1 1 1 Start
- J 4 -2 1(-1) 4 1 2 3 Delay
- H 1 2 2(-2) 0 1 9 0 Delay

11-12 K 2 2 0 2 1 2 2 Start

13-13 H 1 - 2 0 1 9 0 Start

13-16 ] 4 - 1 4 1 2 3 Start

14-16 J 1 4 1 2 3 Continue

17-19 L 3 -3 1 2 1 2 3 Start
- M 4 -3 4(-1) 6 5 1 2 Delay

20-23 M 4 6 5 1 2 Start

Act | Du Pi Duration

1Y TR T4l sT6] 7 12]13]14] 15] 16] 17] 18] 19] 20] 21] 22 23] 24] 25] 26| 27] 28] 29| 30
A 3 3 | 1 | 1 I I 1
B 2 2 1 I—I I ' [ L1 1
D | 4 N I T P i T T | I_I T T 1y
T it i o e I e
F 3 1 I_I T T | | T T | | | T T
gl 211 ]‘;‘}‘]‘4 |—| T ]_I | T TI | I—f T
H| 1| - i wo T L T T T
[ [ A%M%Trlll_'-r AN
J 4 = Lol Il L1 L 1l
k[2]> WL{TIT‘_H ;;III:;
L{3]-3 | i | 1
N T N
Resource | Max

R1 4 Lalslalalalalslalals]ala il alililalalala

R2 |10 ]3]3lalele]lelslalsli]s]slalalalalalolo]e]lelsle

R3 7 [sl2]alalalali]alalif2]2 il lalalsls]s]s

R4 | 1s|slalilololololalalalslslula]2lalalaf2]1]1]1]:

RS 6 Islslalslslsl2lelel2lalslslsls]slslsl3l2]2]2]2
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Time Act. Dur. P Resource Decision Substitution
R1 R2 R3 R4 R5
4) (10) (m a5 (6
1-3 A 3 -3 2 2 1 1 2 Start 2R3=1R1
1-4 D 4 -3 3(-D+1 5 142 0 2 Start 2R2=1R5
1-2 B 2 2 1D+ 142 1+2 1 3(-1)+1 Start
- C 1 3 1(-1) 0 1(-1) 1 0 Delay
3-3 A 2 2 1 1 2 Continue 2R3=1R1
3-4 D 3(-1)+1 5 1+2 0 2 Continue
3-3 C 1(-1)+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 L 3 1 1 1 2 Start
- G 2 -1 1(-1) 7 3 1 4 Delay
7-7 F 3 1 1 1 2 Continue  2R2=1R1
7-8 G 2 -1 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 5 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue 2R3=1R1
8-9 I 2 - 4(-1)+1 3 142 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 -1 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 1 0 2 1 2 2 Start
10-12 J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12J 1 4 1 2 3 Continue
13-15 L 3 -3 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 -3 4(-1) 6+2 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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Act Dur. Pj Duration
1l alslalslelzlslololulnlnlulislisliz]is]io]w

AL 3 TS R R R A
B 2 2 I P I
S T I D M
E | 3 - ,
F 3 2 T
G 2 -1 T
H 1 5 |
[ L L]
J 4 T ,
K | 2 1 T
L 3 3 T
M | 4 [ 3 1
Resource Max

RI 4 Lalalalalalalalalalailililalalals

R2 10 Jolwl7lsl2l2T0lwlolslalaliolwlwls

R3 7 Il 7l alal2lal7lelslalililelslsls

R4 s [olololol il lulalsTalalalsls3]

RS 6 lelelalslslslelslslslslsls]sls]2
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5.3 Average Case Slack Time Rule (ACS)
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(i,j)=(C,A) =ESL(PS,C) =1
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3) YUN 4 NINITTUNT Ao NINTIU D LAz A NINITN D Meeriiod1niu
1 Yy a o W (% A a 1 A 9 d’ [
Aounih Nanssuasuna i Ao nangsu A TiasaisyIdiiosannswens R1 el 1

ATRY
o % = % dal % o d'
4) mmmaﬂymxmmﬂuuiunm U 5$8$L3a1ﬂ]ﬂﬂiﬂiﬁﬂ1§ﬁnﬁ@ﬂ‘ﬂ 1
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 -1 3 5 1 0 2 Start
- A 3 -03 2(-1) 2 1 1 2 Delay
1-2 B 2 0 1 1 1 1 3 Start
- C 1 3 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 3 -1 2(-1) 2 1 1 2 Delay
3-3 C 1 0 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3 - 2(-1) 2 1 1 2 Delay
5-7 A 3 -15 2 2 1 1 2 Start
- F 3 1.5 3(-1) 1 1 1 2 Delay
5-6 G 2 4 1 7 3 1 4 Start
7-7 A 2 2 1 1 2 Continue
- F 3 - 3(-1) 1 1 1 2 Delay
8-10 E 3 - 1 1 1 0 1 Start
8-10 F 3 - 3 1 1 1 2 Start
11-14 ] 4 -0.6 1 4 1 2 3 Start
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 R5
(4) (10) @) (15) (6)

- | 2 0.3 4(-1) 3 1 1 Delay
11-12 K 2 2 0 2 1 2 2 Start
11-11 H 1 33 2 0 1 9 0 Start
12-14 J 1 4 1 ) 3 Continue
12-12 K 0 2 1 2 2 Continue

- | 4 S 4(-1) 3 1 1 Delay
13-14 J 1 4 1 2 3 Continue

- I 4 - 4(-1) 3 1 1 Delay
15-16 I 4 = 4 3 1 1 Start
17-19 L 3 -3 1 2 1 2 3 Start

- M 4 -3 4(-1) 6 5 1 2 Delay
20-23 M 4 4 6 5 1 2 Start

act| D pi Duration
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Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 RS
4 (10) (m a5 (6
1-4 D 4 -1 3 5 1 0 2 Start 2R3=1R1
1-3 A 3 -03 2(-1)+1 2 1+2 1 2 Start 2R2=1R5
1-2 B 2 0 1D+ 142 1+2 1 3(-D+1 Start
- C 1 3 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
33 C 1 - 1(-D+1 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 C 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 -2 3 1 1 1 2 Start
- G 7 -1 1(-1) 7 3 1 4(-1) Delay
7-7 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 -1 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 5 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue 2R3=1R1
8-9 I 2 - 4(-D+ 3 142 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 -1 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 1 0 2 1 2 2 Start
10-12 J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12J 1 4 1 2 3 Continue
13-15 L 3 -3 1 2 1 2 3 Start 2R2=1R1
13-16 M 4 30 4D+ 62 5 1 2 Start
16-16 M 4 6 5 1 2 Continue
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. Duration
Act Dur. Pj
t]ol3lalslelzlslolwlulnlnlulislelizlis]io]
1T T 1T 1T 1
A 3 033 [N N [ [ A [ N N A
B 2 0 e
T T
C 1 - _ N I D I I A R N S N I
b 2 1 Illll-rrrrrr
E 3 - T T
.m_ _ e
S+ + o - - -+
B T
B INEN ST L e S I B
H 1 5 I O T = T
F+ 1
] 4 [ -
R ]
K 2 ! =]
L 3 3 TTTT—r_Il—l—L
Resource Max
RI 4 [alalalalalalalalal il iTalalals
R2 10 J1olw]7lel2]2]0]w]olelalaliwo]iwo]wls
R3 7 L7z a2 22l 7lelsl2lili]elelsls
R4 15 J2lolalol o alulalslala]o]sls]s]:
RS 6 lelelalslslalelslsls]alals]sls]z2
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5.4 Worst Case Latest Starting Time (WCLS)
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M13199 53 MIVAATINTNEINTVRININTTY B ttaz A Tuuh 1 (Ls5(PS, B)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7 (15) (6)
B 1 1 1 1 3
A 2 2 1 1 2
Total 3 3 2 2 5

INAITNN 53 MTVIUN 1 NINTTu B uaz A Ininensiieans
v H ' 1
mszaziuna1nganihidvuanananssy A 14 finenssu B suhmuuanaluiui 1

Ao U 2 (LsT(PS, B) = LS, = 2)

a 1A @ a A 9y A o
NITUIYNINTTY (C,A)= LSA(PS, C) UANUYUIY ND LATIgaANN

o a Y Y a 2 o o o A
NUUAIDININTTY A Ulﬂ 21NINTTN C Lﬁummwumaaﬂmum 1

M319% 54 MIAATINTNEINIVBININTTY C 1Az A TuFui 1 (LsE(PS, C)

Act. Resource
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)
C 1 0 1 1 0
A 2 2 1 1 2
Total 3 2 2 2 2

10A51990 54 MTUIUN 1 AINTTV C 1Az A NS NeNTININD

]
A o o a

Y v H
mazaziunangaiimruananangsy A 1a inenssu ¢ Guhdmuanaluiui |

Ao UM 2 (LST(PS, C) = LS, =2)
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Act. Resource
R1 R2 R3 R4 RS
4) (10) (7) (15) (6)
D 3 5 1 0 2
A 2 2 1 1 2
Total 4(-1) 7 2 1 4

1AMTNN 55 AMTUTUN 1 DIATTN D 1Az A NSNINT lidigano
Y H v v
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2) YU 3 PINTTUNT Ao NINTIV D, A Az C NINITN D MADKid91n
Tunounil AINTIY A tag C Aesmuamaiauanuday vl NTaNINTsH A 159

a A A ..
NINTTUNHNNIZAN AD (4, j) = (C, A)

a 1A 1 a = 9y A o
NITUIYNINTTY (C,A)= LSA(PS, C) UANUYUIY AD LANTIgaANN

o a Y Y a 2 o o o A
DU UAIAININTTY A llﬂ D1DINTTN C Liam”mmuﬂnaﬂualm 3

M319% 56 MIIAATINTNEINIVBININTIY C taz A TuTuh 3 (LST(PS, ©)

Act. Resource
R1 R2 R3 R4 RS
4 (10) (7 (15) (6)
D (Fneiilos) 3 5 1 0 2
C 1 0 1 1 0
A 2 2 1 1 2
Total 4(-2) 7 3 2 4
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 1 3 5 1 0 2 Start
- A 3 2 2(-1) 2 1 1 2 Delay
1-2 B 2 3 1 1 1 1 3 Start
- C 1 4 1(-1) 0 1 1 0 Delay
3-4 D 3 5 1 0 2 Continue
- A 3 5 2(-1) 2 1 1 2 Delay
3-3 C 1 5 1 0 1 1 0 Start
4-4 D 3 5 1 0 2 Continue
- A 3 2 2(-1) 2 1 1 2 Delay
5-7 A 3 5 2 2 1 1 2 Start
- F 3 8 3(-1) 1 1 1 2 Delay
5-6 G 2 9 1 7 3 1 4 Start
7-7 A 2 2 1 1 2 Continue
- F 3 = 3(-1) 1 1 1 2 Delay
8-10 E 3 - 1 1 1 2 1 Start
8-10 F 3 - 3 1 1 1 2 Start
11-14 ] 4 11 1 4 1 2 3 Start
- I 2 12 4(-1) 3 1 1 1 Delay
11-11  H 1 13 2 0 1 9 0 Start

11-12 K 2 13 0 2 1 2 2 Start
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Resource
Substitutio
Time Act. Dur. P, R1 R2 R3 R4 R5 Decision
4 (10) (m a5 (6 !
1-4 D 4 1 3 5 1 0 2 Start 2R2=1R5
1-3 A 3 2 2(-D+1 2 1+2 1 2 Start 2R3=1R1
1-2 B 2 3 1-1)+1 1+2 1+2 1 3(-1)+1 Start
- C 1 4 1(-1) 0 1(-1) 1 0 Delay
3-4 D 3 5 1 0 2 Continue 2R3=1R1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
33 C 1 - 1D+ 0 1+2 1 0 Start
4-4 D 3 5 1 0 2 Continue
4-6 E 3 = 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 v 3 1 1 1 2 Start
- G 2 7 1(-1) 7/ 3 1 4(-1) Delay
7-7 F 3 1 1 1 2 Continue 2R2=1R1
7-8 G 2 7 1 7 3 1 4 Start 2R3=1R1
7-7 H 1 13 2(-2)+1+1 0+2 1+2 9 0 Start
8-8 G 1 7 3 1 4 Continue 2R3=1R1
8-9 I 2 - 4(-D+ 3 1+2 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 10 1(-D+1 4 1+2 2 3 Start
9-10 K 2 11 0 2 1 2 2 Start
10-12 J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12 J 1 4 1 2 3 Continue
13-16 M 4 16 4 6 5 1 2 Start 2R2=1R1
13-15 L 317 1¢-D+1 242 1 2 3 Start
16-16 M 4 6 5 1 2 Continue
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Duration

Act Dur. Pj
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R3 7 [al 7l a2l el 7 el sl ol il iTele]s6]s
R4 s [aloloalol i alulalsTalalals]3]3]
RS 6 |e6lelalslslslslslelslals]ls]s]s]2
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6.1 Random (RAND)

Y
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AINTTY AIANNITN (27)
(max) P=  rand() 27
6.1.1 mMIsansnennsuuunnyz@el Iasldis RAND
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3% RAND dmsuauidseiildmsquanasTasms Isuimsunat manuanudinyues
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MUY LASNTNINT RS slJ"Iﬂll‘]_] 1 HUIY A15199 59 M IUEAINITAIUIUNTIANT WSINTLUUY
WnuziAen Tag1975 RAND
[ d‘ a dld =) a o w 9 w
2) TUN 2 NINTTUNN AD NINTTN A, BUag D AAUANUTIAYUD
AINTIV Ao NINTTV A, B 11ag D udIal NanIsy A uag B Mdaiiieaaniunounin
a o [ A a 1 A 9}4‘ [ 1
ﬂﬁ]ﬂiiuﬁ”lﬂllﬂﬂ]lﬂ B NINIIN D ul‘JJﬁﬁJﬁﬂLﬁJhlﬂlu’t’Niﬂﬂ‘ﬂﬁWEJ”lﬂﬁ R1 sUW]II‘]J 2 UYL

NSWeINT RS 119 1 1 e

3) U 3 NINTTUNT Ao NINTITV A tiag D NINTTN A 1aeriiod1niu
Aouni nanssuaauna 1 Ao nanssu D Tiasasyldtiosnnnswens R1 ana 'l 1

N
] g = 2 dy U o d’
4) mmmaﬂymmﬂﬂ’muuiuuﬂq U iZEJZL’JﬁVUENIﬂiQﬂﬁiHﬁ@xW] 1
A v A Y A A o A
0 24 IU Lm%ﬁuﬂﬂﬂﬁﬂﬂ A8 184,000 VN HAINN 53 AN Bar Chart "UENIﬂi\‘lﬂﬁ%1ﬁ’EN‘ﬂ 1

Yy [ [ 1) =
Tae1975 RAND lumsdanswennsuuunnyzinen

M99 59 AT NMIMUIUNMIIANSNINTUUVNIBZIA Tae 1975 RAND

Resource
Time Act. Dur. P, R1 R2 R3 R4 RS Decision
4) (10) @) (15) (6)
1-3 A 3 6 2 2 1 1 2 Start
1-1 C 1 6 1 0 1 1 0 Start
1-2 B 2 5 1 1 1 1 3 Start
- D 4 2 3(-3) 5 1 0 2(-1) Delay
2-3 A 2 2 1 1 2 Continue
2-2 B 1 1 1 1 3 Continue
- D 4 2 3(-2) 5 1 0 2(-1) Delay
33 A 2 2 1 1 2 Continue
- D 4 2 3(-1) 5 1 0 2 Delay
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Resource
Time Act. Dur. P R1 R2 R3 R4 RS Decision
4) (10) (7 (15) (6)
4-6 E 3 6 1 1 1 0 1 Start
4-7 D 4 2 3 5 1 0 2 Start
7-7 D 3 5 1 0 2 Start
- H 1 8 2(-1) 0 1 9 0 Delay
8-8 H 1 8 2 0 1 9 0 Start
8-9 G 2 7 1 7 3 1 4 Start
- F 3 4 3(-2) 1 1 1 2 Delay
9-9 G 1 7 3 1 4 Continue
9-11 F 3 4 3 1 1 1 2 Start
10-11 F 3 1 1 1 2 Continue
12-13 K 2 6 0 2 1 2 2 Start
12-15 ] 4 2 1 4 1 2 3 Start
- 1 2 0 4(-1) 3 1 1 1 Delay
14-15 ] 1 4 1 2 3 Continue
- I 2 0 4(-1) 3 1 1 1 Delay
16-17 1 2 0 4 3 1 1 1 Start
18-20 L 3 9 1 2 1 2 3 Start
- M 4 2 4(-1) 6 5 1 2 Delay
21-24 M 4 2 4 6 5 1 2 Start
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Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 R5
4 (10) (M a5 (6

1-3 A 3 6 2 2 1 1 2 Start

1-1 C 1 6 1 0 1 1 0 Start

1-2 B 2 5 1 1 1 1 3 Start

- D 4 2 3(-3) 5 1 0 2(-1) Delay

2-3 A 2 2 1 1 2 Continue  2R2=1R5
2-2 B 1 1 1 1 3 Continue 4R3=2R1
2-5 D 4 2 322 5+2 1+4 0 2(-1)+1  Start

3-3 A 2 2 1 1 2 Continue 2R3=1R1
3-5 D 3(-D+1 5 1+2 0 2 Continue

4-5 D 3 5 1 0 2 Continue

4-6 E 3 6 1 1 1 0 1 Start

6-6 E 1 1 1 0 1 Continue

6-7 G 2 7 1 7 3 1 4 Start

- F 3 4 3(-1) 1 1 1 2(-1) Delay

7-7 G 1 7 3 1 4 Continue 2R2=1R1
7-7 H 1 8 2 0 1 9 0 Start 2R3=1R1
7-9 F 3 4 3(-2)+1+1 142 1+2 1 o) Start

8-9 F 3 1 1 1 2 Continue
10-11 K 2 6 0 2 1 2 2 Start 2R3=IR1
10-13 J 4 2 1 4 1 2 3 Start
10-11 1 2 0 4(-D+1 3 1+2 1 1 Start
12-13 ] 1 4 1 2 3 Continue
14-16 L 3 9 1 2 1 2 3 Start 2R2=1R1
14-17 M 4 2 4D+ 6142 5 1 2 Start
17-17 M 4 6 5 1 2 Continue
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Duration
Act Dur. Pj
L2 fslalslel7]s]lolo]u]nlnlulisleliz][is]io]2
I I I
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B | 2 5 1 . Lo l
ol T T
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E 3 6 [ |1 I~
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H 1 8 | | I
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———— L L
] 4 2 [ -
K ]2 6 R I_1
L 3 9 , rT
w2 . e e B iy
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R1 4 [alalalalalolals]s]alali]i]alalal4
R2 10 [3]wo]7]elels]wo]i]i]oloflalafliofio]i0]e
R3 7 Isl7lalalalalzlalils]slililelelels
R4 15 [sl2]t]ololtluli]i]sslafafs][s]s]:
RS 6 Islelalslslslelaloalelelslsls]s]s]z2
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6.2 Augmented Heuristic Algorithm for Multi-Skilled Resource Scheduling

(AHAMRS)
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M7 61 MTMIMUIUMIIANTNANTUDUNBIA 1a8193T Single-Skilled Resource Scheduling Without Team Constrained

Time Act. Dur. Resource Decision Progress (%) Cumulative Progress (%)
R1 R2 R3 R4 RS
4) (10) (7 (15) (6)
1-4 D 4 3 5 1 0 2 Start
1-3 A* 3 2(1)* 2 1 1 2 Start R1 = (1x1)/(2x3) =0.50 R1=0.5
- B 2 1(-1) 1 1 1 3 Delay
- 1 1(-1) 0 1 1 0 Delay
4-4 D 3 5 1 0 2 Continue
4-4 A* 2(1)* 2 1 1 2 Continue  R1=(1x1)/(2/3)=0.17 R1=10.17+0.5=0.67
- B 2 1(-1) 1 1 1 3 Delay
- C 1 1(-1) 0 1 1 0 Delay
5-5 A* 2(2)* 2 1 1 2 Continue  R1=(2x1)/(2x3) = 0.33 R1=0.33+0.67=1.00
5-6 B 2 1 1 1 1 3 Start
5-5 C 1 1 0 1 1 0 Start
6-6 B 1 1 1 1 3 Continue
6-6 G* 2 1 7 3 1 4(3)* Start R5 = (3x1)/(4x6) = 0.125 R5=0.125
7-7 G* 1 7 3 1 4(4)* Continue  R5 = (4x2)/(4x6) = 0.33 R5=0.125+0.125=0.25

LI1



M3137 61 (99)

Time Act. Dur. Pj Resource Decision Progress (%) Cumulative Progress (%)
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)
7-9 F 3 5 3 1 1 1 2 Start
- E 3 5 1(-1) 1 1 0 1 Delay
8-9 G* 1 7 3 1 4(4)* Continue  R5 = (4x2)/(4x6) = 0.33 R5=0.25+0.33 =0.58
8-9 F 3 1 1 1 2 Continue
- E 3 5 1(-1) 1 1 0 1 Delay
10-12  G* 1 7 3 1 4(4)* Continue  R5 = (4x3)/(4x6) = 0.50 R5=0.50+0.58 =1.08
10-12  E 3 5 1 1 1 0 1 Start
13-16 J 4 8 1 4 1 2 3 Start
13-14  I* 2 10 4(3)* 3 1 1 1 Start R1 = (3x2)/(4x2) =0.75 R1=0.75
13-14 2 10 0 2 1 2 2 Start
- 1 12 2(-2) 0 1 9 0 Delay
15-16 J 1 4 1 2 3 Continue
15-15  I* 4(3)* 3 1 1 1 Continue  RI1 = (3x1)/(4x2) =0.37 R1=0.37+0.75=1.12
- H 1 12 2(-2) 0 1 9 0 Delay

891



M3137 61 (99)

Time Act. Dur. Pj Resource Decision Progress (%) Cumulative Progress (%)
R1 R2 R3 R4 R5
4) (10) (7) (15) (6)

16-16 J 1 4 1 2 3 Continue

16-16 H 1 12 2 0 1 9 0 Start

1720 M 4 12 4 6 5 1 2 Start

- L 3 13 1(-1) 2 1 2 3 Delay
21-23 L 3 13 1 2 1 2 3 Start

691
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6.2.2 M3IANTNNTUVVHNYIAE? Taeld3I5 AHAMRS With Team

Constrained
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M99 62 MTWNMIMUIUNMIIANTNNTHVVHAeNE2 Iae1$35 AHAMRS With Team Constrained

Time Act. Dur. Resource Decision Substitution
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
1-4 D 4 3 5 1 0 2 Start 2R3=1R1
1-3 A 3 2(-1)+1 2 1+2 1 2 Start 2R2=1RS5
1-2 B 2 1(-1)+1 1+2 1+2 1 3(-1)+1 Start 4R4=2R3
1-1 C 1 1-D+1 0 1-D+1+(2-2) 1+2+4 0 Start
2-4 D 3 5 1 0 2 Continue 2R3=1R1
2-3 A 2(-1)+1 2 1+2 1 2 Continue 2R2=1R5
2-2 B 1(-1)+1 142 1+2 1 3(-1)+1 Continue
3-4 D 3 5 1 0 2 Continue 2R3=IR1
3-3 A 2(-1)+1 2 1+2 1 2 Continue
4-4 D 3 5 1 0 2 Continue
4-6 E 3 1 1 1 0 1 Start
5-6 E 1 1 1 0 1 Continue
5-7 F 3 3 1 1 1 2 Start
- G 2 1(-1) 7 3 1 4(-1) Delay

CLI



M31397 62 (99)

Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 R5
4 (10) (7 (15) (6)
7-7 3 1 1 1 2 Continue 2R3=1R1
7-8 G 2 6 1 7 3 1 4 Start 2R2=1R1
7-7 1 1 12 2(-2)+2 0+2 1+2 9 0 Start
8-8 1 7 3 1 4 Continue 2R3=1R1
8-9 I 2 10 4(-1)+1 3 1+2 1 1 Start
9-9 I 4 3 1 1 1 Continue 2R3=1R1
9-12 J 4 8 1(-1)+1 4 1+2 2 3 Start
9-10 K 2 10 0 2 1 2 2 Start
10-12 J 1 4 1 2 3 Continue
10-10 K 0 2 1 2 2 Continue
11-12 J 1 4 1 2 3 Continue
13-16 M 4 12 4 6 5 1 2 Start
13-15 L 3 13 1(-1)+1 2+2 1 2 3 Start
16-16 M 4 6 5 1 2 Continue

€L1
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6.2.3 MItansnensuuuvatennys Iaslds AHAMRS Without Team
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M99 63 MTWNMIMUIUNIIANTNANTUVVH AN NE2 Iae 1935 AHAMRS Without Team Constrained

Time Act. Dur. P, Resource Decision  Substitution Progress Cumulative Progress

R1 R2 R3 R4 RS (%) (%)
4 (10) (7 (15) (6)

1-4 D 4 1 3 S 1 0 2 Start 2R3=1R1

1-3 A 3 2 2(-1)+1 2 2+2 1 2 Start 6R4=3R3

1-2 B 2 3 1¢-D+H1 142 1+2 1 3(-D+1 Start 2R2=1R5

1-1 C 1 4 1-D+1 0 1¢-D+1+(2-2) 1+6 0 Start

2-4 D 3 5 1 0 2 Continue  2R3=IR1

2-3 A 2(-1)+1 2 1+2 1 2 Continue  2R2=IR5

2-2 B 1-1)+1 142 1+2 1 3(-1)+1  Continue

3-4 D 3 5 1 0 2 Continue  2R3=1R1

3-3 A 2(-1)+1 2 1+2 1 2 Continue

4-4 D 3 5 1 0 2 Continue

4-6 E 3 5 1 1 1 0 1 Start

5-6 E 1 1 1 0 1 Continue

5-7 F 3 5 3 1 1 1 2 Start

56 G* 2 6 1(-1)+1 7 3+2 1 4(3)* Start 2R3=1R1 R5=(3x2)/(4x2)=0.75 R4=0.75
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Time Act. Dur. P, Resource Decision  Substitution Progress Cumulative Progress
R1 R2 R3 R4 RS (%) (%)
4 (10) (M (15) (6)
7-7 F 3 1 1 1 2 Continue  2R2=1RI
77 G* 1 7 3 1 4(4)* Continue  2R3=I1R1  R5=(4x1)/(4x2)=0.50 R4=10.75+0.50=1.25
7-7 H 1 12 2(-2)+1+1 0+2 1+2 9 0 Start
8-11 J 4 8 1 4 1 2 3 Start 2R3=1R1
8-9 I 2 1072 4(-1)+1 3 1+2 1 1 Start
8-9 K 2 102 0 2 1 2 2 Start
10-11 J 1 4 1 2 3 Continue
12-15 M 4 12 4 6 5 1 2 Start 2R2=1R1
12-14 L 3 13 1-D+1 242 1 2 3 Start
15-15 M 4 6 5 1 2 Continue
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7. EFT 23 35 30 29 43 28 94 87 96 101 566
8. ESTD 23 35 30 29 43 27 92 99 96 90 564
9. EFTD 24 35 30 29 43 31 93 8 96 88 556
10. LST 23 33 31 30 43 29 84 98 108 90 569
11.LFT 23 35 30 29 43 28 8 87 96 88 543
12. MSL 26 37 32 30 43 29 91 98 95 88 569
13. MSLD 23 33 31 30 43 29 8 98 108 90 569
ﬂﬁjﬂJ Resource-Based Rules
14. GRD 23 33 32 30 43 29 8 98 96 88 561
15. WRUP 26 33 30 29 43 29 93 98 96 88 565
ﬂﬁjiJ Composite Rules
16. ACROS 23 33 30 30 43 29 91 99 96 88 562
17. ACTRES 23 33 31 30 43 29 91 99 96 88 563
18. TIMROS 23 33 31 29 43 27 93 99 96 90 564
19. TIMRES 23 33 31 29 43 27 93 99 96 90 564
ﬂ’cjll Regret Based Rules
20. IRSM 23 35 30 29 43 28 92 8 96 88 551
21. WCS 23 33 31 29 43 27 8 87 96 88 541
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IEMITAaAL TAsamMsneas1esians 59U
ANNAIATY 12 3 4 5 6 7 8 9 10

22. ACS 23 33 31 30 43 29 84 99 96 88 556

23. WCLS 23 33 31 29 43 29 83 98 108 90 567
fhﬁ)ﬂﬂﬁf;;fﬂ 23 33 30 29 43 27 82 87 95 88 541
f'i']iJ']ﬂ‘ﬁq@I 26 37 32 30 53 31 94 99 108 101 578
f‘hlﬂt’éﬂ 235 340 306 293 434 284 89.5 956 98.6 894 5623
ﬁwz‘ﬁ'mmummgm 1.0 1.2 07 05 21 12 42 52 5.1 2.7 8.6
nquaLe

24. RAND 24 35 32 29 43 27 93 113 119 114 629

25. AHAMRS* 23 30 23 28 41 28 74 79 72 80 478

XA Y| 75 AHAMRS* 19 75 Single-Skilled Resource Scheduling Without Team Constrained



M990 65 A 1FMIIANTNOINIUVUNNBZAED

AEMITamauANUaIATY Tnsemsneadetiand 3
1 2 3 4 5 6 7 8 9 10
ﬂ’cjﬂJ Network-Based Rules
1. SPT 184,000 259,200 211,250 188,550 368,850 247,100 770,700 789,900 1,030,750 1,034,400 5,084,700
2. MIS 182,000 259,200 211,250 188,550 368,850 235,100 770,700 837,900 1,030,750 1,042,400 5,126,700
3. MTS 182,000 259,200 211,250 188,550 368,850 235,100 737,700 837,900 1,078,750 1,042,400 5,141,700
4. GRPW 188,000 255,200 212,250 188,550 398,850 238,100 770,700 837,900 1,030,750 1,042,400 5,162,700
5. GRPW* 182,000 255,200 212,250 188,550 368,850 241,100 758,700 837,900 1,078,750 1,034,400 5,157,700
ﬂ’q'ﬂJ Critical Path-Based Rules
6. EST 182,000 259,200 211,250 188,550 368,850 235,100 770,700 837,900 1,030,750 1,042,400 5,126,700
7. EFT 182,000 259,200 211,250 188,550 368,850 238,100 773,700 789,900 1,030,750 1,086,400 5,128,700
8. ESTD 182,000 259,200 211,250 188,550 368,850 235,100 767,700 837,900 1,030,750 1,042,400 5,123,700
9. EFTD 184,000 259,200 211,250 188,550 368,850 247,100 770,700 789,900 1,030,750 1,034,400 5,084,700
10. LST 182,000 255,200 212,250 189,550 368,850 241,100 743,700 833,900 1,078,750 1,042,400 5,147,850
11.LFT 182,000 259,200 211,250 188,550 368,850 238,100 743,700 789,900 1,030,750 1,034,400 5,046,700
12. MSL 188,000 263,200 213,250 189,550 368,850 241,100 764,700 833,900 1,026,750 1,034,400 5,123,700
13. MSLD 182,000 255,200 212,250 189,550 368,850 241,100 743,700 833,900 1,078,750 1,042,400 5,147,700
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AEMITamauANUAIATY Tnsemsneadetiand 3
1 2 3 4 5 6 7 8 9 10
ﬂ’cjﬂJ Resource-Based Rules
14. GRD 182,000 255,200 213,250 189,550 368,850 241,100 758,700 833,900 1,030,750 1,034,400 5,107,700
15. WRUP 188,000 255,200 211,250 188,550 368,850 241,100 770,700 833,900 1,030,750 1,034,400 5,122,700
ﬂtjﬁJ Composite Rules
16. ACROS 182,000 255,200 211,250 189,550 368,850 241,100 764,700 837,900 1,030,750 1,034,400 5,115,700
17. ACTRES 182,000 255,200 212,250 189,550 368,850 241,100 764,700 837,900 1,030,750 1,034,400 5,116,700
18. TIMROS 182,000 255,200 212,250 188,550 368,850 235,100 770,700 837,900 1,030,750 1,042,400 5,123,700
19. TIMRES 182,000 255,200 212,250 188,550 368,850 235,100 770,700 837,900 1,030,750 1,042,400 5,123,700
ﬂ’(jll Regret Based Rules
20. IRSM 182,000 259,200 211,250 188,550 368,850 238,100 767,700 789,900 1,030,750 1,034,400 5,070,700
21. WCS 182,000 255,200 212,250 188,550 368,850 235,100 743,700 789,900 1,030,750 1,034,400 5,040,700
22. ACS 182,000 255,200 212,250 189,550 368,850 241,100 743,700 837,900 1,030,750 1,034,400 5,095,700
23. WCLS 182,000 255,200 212,250 188,550 368,850 241,100 740,700 833,900 1,078,750 1,042,400 5,143,700
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IBMIIAaIAY Tasamsneasesians 591
ANNTIATY 1 2 3 4 5 6 7 8 9 10
?hﬁjﬂ Elﬁﬁ:fﬂ 182,000 255,200 211,250 188,550 368,850 235,100 737,700 789,900 1,026,750 1,034,400 5,040,700
fhiﬂﬂﬁq@ 188,000 263,200 213,250 189,550 398,850 247,100 773,700 837,900 1,078,750 1,086,400 5,162,700
i‘ﬂlnﬂéﬁl 182,956.5 257,113.0 211,858.7 188,854.3 370,154.3 239,273.9 760,134.8 824,334.8 1,041,010.9 1,040,139.1 5,115,830.4

?in‘ﬁmmummgm 2,077.5 23724 656.4 470.5 6,255.4  3,588.5 12,5945 20,984.5  20,354.2 10,842.7 32,330

UL
24. RAND 184,000 259,200 213,250 188,550 368,850 235,100 770,700 893,900 1,122,750 1,138,400 5,374,700
25. AHAMRS* 224,000 270,600 236,900 198,200 400,250 255,700 790,300 821,400 1,000,550 1,058,600 5,256,500
Constrained

HINYLHA 7% AHAMRS* fl® 75 Single-Skilled Resource Scheduling Without Team Constrained

061



d’ I} o d' ' asy %
M1319% 66 G]15']\1&‘1]%fJ'IJL‘ﬂEJ“lJIﬂi\?ﬂ'lii]'la@\‘]‘ﬂ 6 7¢1INNID WCS NnU GRPW

191

Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
(10) (4) (12) (7 (10)

MIIANTNOINTAIBIT WCS
10-13 F 4 -3 1 4 3 1 1 Start

- H 2 -3 1 1(-1) 7 0 1 Delay

- G 3 0 1 1(-1) 1 1 1 Delay
14-16 G 3 : 1 1 1 1 1 Start
14-15 H 2 = 1 1 7 0 1 Start
14-15 I 2 - 2 1 2 1 1 Start
MITANTNOINTAIEID GRPW
10-12 G 3 11 1 1 1 1 1 Start
10-11 H 2 11 1 1 7 0 1 Start

- F 4 10 1 4(-2) 3 1 1 Delay
12-12 G 1 1 1 1 1 Continue

- F 4 10 1 4(-1) 3 1 1 Delay
13-16 F 4 10 1 4 3 1 1 Start

- L 5 8 1 4(-4) 7 1 0 Delay

- J 3 6 0 1(-1) 3 0 0 Delay
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AMIIATAL Tasemsneas1esiaes 39U
ANudIAY ' JRE I Rals A6 A 5210
ﬂ’(jil Network-Based Rules
1. SPT 43 6.1 00 0.0 00 148 134 00 1.1 0.0 39.7
2. MIS 00 61 00 00 00 0.0 134 138 1.1 23 36.6
3. MTS 00 61 00 00 00 00 0.0 138 13.7 23 35.8
4. GRPW 13,0 00 33 00 233 37 134 138 1.1 23 73.9
5. GRPW* 00 00 33 00 00 74 85 138 13.7 0.0 46.8
ﬂ?cjiJ Critical Path-Based Rules
6. EST 00 6.1 00 00 00 0.0 134 138 1.1 23 36.6
7. EFT 00 6.1 00 00 00 37 146 00 1.1 148 40.2
8. ESTD 00 61 00 00 0.0 00 122 138 1.1 23 354
9. EFTD 43 6.1 00 0.0 00 148 134 00 1.1 0.0 39.7
10. LST 00 00 33 34 00 74 24 126 137 23 45.2
11. LFT 00 61 00 00 00 37 24 00 1.1 0.0 13.3
12. MSL 13.0 121 6.7 34 00 74 11.0 126 0.0 0.0 66.3
13. MSLD 00 00 33 34 00 74 24 126 137 23 45.2
ﬂ’cjiJ Resource-Based Rules
14. GRD 00 00 67 34 00 74 85 126 1.1 0.0 39.8
15. WRUP 13.0 0.0 00 00 00 74 134 126 1.1 0.0 47.6
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ANNAIATY 12 3 4 5 6 7 8 9 10

ﬂ’cjﬂJ Composite Rules

16. ACROS 00 00 00 34 00 74 11.0 138 1.1 0.0 36.7
17. ACTRES 00 00 33 34 00 74 110 138 1.1 0.0 40.0
18. TIMROS 00 00 33 00 00 00 134 138 1.1 23 33.9
19. TIMRES 00 00 33 00 00 00 134 138 1.1 23 33.9

ﬂ’sj:il Regret Based Rules

20. IRSM 00 61 00 00 00 37 122 00 1.1 0.0 23.0
21. WCS 00 00 33 00 00 00 24 00 11 0.0 6.8
22. ACS 00 00 33 34 00 74 24 138 11 0.0 31.5
23. WCLS 00 00 33 00 00 74 12 126 137 23 40.6
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o

ANNEINY 1 2 3 >3

o

NQU Network-Based Rules

1. SPT 5 3 0 2
2. MIS 5 3 1 1
3. MTS 6 2 2 0
4. GRPW 2 5 2 1
5. GRPW* 5 1 3 1

NQU Critical Path-Based Rules

6. EST 5 3 1 1
7. EFT 5 3 1 1
8. ESTD 5 3 1 1
9. EFTD 5 3 0 2
10. LST 3 4 3 0
11.LFT 6 3 1 0
12. MSL 3 2 4 1
13. MSLD 3 4 3 0

ﬂij:ll Resource-Based Rules
14. GRD 4 3 2 1

15. WRUP 5 2 2 1
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ﬂ’cjﬁJ Composite Rules
16. ACROS
17. ACTRES
18. TIMROS
19. TIMRES
ﬂijll Regret Based Rules
20. IRSM
21. WCS
22. ACS

23. WCLS
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Time Act. Dur. P, Resource Decision
R1 R2 R3 R4 RS
(10) (4) (12) (7 (10)

MIIANTNOINTALBIT MTS
17-17 E 1 2 3 2 1 Continue
17-30 F 14 4 0 2 3 2 1 Start

- D 11 3 1 2(-2) 4 0 1 Delay

- G 12 3 2 1 2 1 0 Delay
18-30 F 0 2 3 2 1 Continue
18-28 D 1 2 4 0 1 Start

- G 2 1(-1) 2 1 0
MITANTNONNTAIID LFT
17-21 F 0 2 3 2 1 Continue
17-28 G 12 21 2 1 2 1 0 Start

- D 10 23 1 2(-1) 4 0 1 Delay

- E 10 23 1 2(-1) 3 2 1 Delay
22-28 G 2 1 2 1 0 Continue
22-32 D 11 23 1 2 4 0 1 Start

- E 10 23 1 2(-1) 3 2 1 Delay
MIIANTNOINTAIBIT WCS
17-21 F 0 2 3 2 1 Continue
17-28 G 12 -5 2 1 2 1 0 Start

- D 10 -2 1 2(-1) 4 0 1 Delay

- E 10 -1 1 2(-1) 3 2 1 Delay
22-28 G 2 1 2 1 0 Continue
22-32 D 11 -7 1 2 4 0 1 Start

- E 10 -6 1 2(-1) 3 2 1 Delay
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Time Act. Dur. P, Decision
R1 R2 RS
(5) 10) (15)
MIIANTNOINTAIBIT WCS
817 B 10 -1l 4 5 3 Start
- cC 12 -10 1 6(-1) 2 Delay
1829 C 12 1 6 2 Start
1832 D 15 3 2 2 Start
MIIANTNEINTAI8IT WCLS
819 C 12 18 1 6 2 Start
- B 10 20 4 5(-1) 3 Delay
2029 B 10 31 4 5 3 Start
- F 11 32 1 6(-1) 1 Delay
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Xmin = 541 Day
Xmax =578 Day

O =8.6 Day

X =562.3 Day
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AEMIIAaIAL Tasamsneda’eiians 5
ANNAIATY 12 3 4 5 6 7 8 9 10
ﬂﬁjiJ Network-Based Rules
1. SPT 17 25 17 19 37 19 59 73 73 73 412
2. MIS 16 25 18 18 37 19 73 73 72 73 424
3. MTS 17 25 18 18 37 19 61 73 81 73 422
4. GRPW 17 25 17 18 37 19 72 73 72 73 423
5. GRPW* 17 25 17 18 37 20 61 73 81 73 422
ﬂ’chJ Critical Path-Based Rules
6. EST 16 25 18 18 37 19 59 75 72 73 412
7. EFT 17 25 17 19 37 19 59 73 73 73 412
8. ESTD 16 25 18 19 37 19 60 73 72 73 412
9. EFTD 17 25 17 19 37 19 59 73 73 73 412
10. LST 16 25 17 18 37 20 58 73 81 73 418
11.LFT 16 25 17 19 37 19 62 75 72 73 415
12. MSL 16 25 17 18 37 21 58 73 81 73 419
13. MSLD 16 25 17 18 37 20 58 73 81 73 418
ﬂtjll Resource-Based Rules
14. GRD 17 25 17 19 37 19 72 75 73 73 427
15. WRUP 17 25 17 18 37 20 72 73 72 73 424
ﬂ’cjﬂJ Composite Rules
16. ACROS 17 25 17 19 37 20 56 73 72 73 409
17. ACTRES 17 25 17 19 37 20 56 75 72 73 411
18. TIMROS 16 25 17 18 37 19 56 73 72 73 406
19. TIMRES 16 25 17 18 37 19 56 73 72 73 406
ﬂij' U Regret Based Rules
20. IRSM 16 25 17 19 37 19 61 75 72 73 414
21. WCS 16 25 17 18 37 20 58 73 72 73 409
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5MsIAaIAY Tasamsneasesians 59
ANNAIATY 12 3 4 5 6 7 8 9 10

22. ACS 16 25 17 18 37 20 58 73 72 73 409

23. WCLS 16 25 17 18 37 20 60 73 81 73 420
fhﬁ)flﬁlﬁﬁ‘;fﬂ 16 25 17 18 37 19 56 73 72 73 406
ﬂ'ﬂ\ﬂﬂﬁq@ 17 25 18 19 37 21 73 75 81 73 427
ﬂ'"ll,ﬂéﬂ 164 25.0 172 184 37.0 19.5 61.0 73.4 74.5 73.0 415.5
ﬁuﬁmmummgm 05 00 04 05 00 06 55 08 40 00 6.2
nguaLe

24. RAND 17 25 17 18 37 20 58 75 82 73 422

25. AHAMRS*1 16 23 17 16 37 16 49 63 71 63 371

26. AHAMRS *2 15 23 17 16 31 16 49 63 62 63 355

HINYLHA 5 AHAMRS*lﬁ ® 9DAHAMRS with team constrained

3% AHAMRS*2 A0 75 AHAMRS without team constrained
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Time Act. Dur. PJ. Resource Decision Substitution

R1 R2 R3 R4 RS
(10) (4) (12 () o)

MIFANTNINIA8ID TIMROS

8-9 A 2 y) 4 1 2 Continue  2R4=1R2
8-12 C 5 1 1 1 2 1 1 Start
8-21 F 14 077 0 2(-1)+1 3 2+2 1 Start
2 E 10 0.64 1 2(-2) 3 2(-1) 1 Delay
10-12 C 1 1 2 1 1 Continue  2R4=1R2
10-21 F 0 2 3 2 1 Continue
10-19 E 10 0.64 1 2(-1)+1 3 2+2 1 Start
- D 11 0.61 1 2(-2) 4 0 1 Delay

o 1Y 9 asy
NITVANTNYINTAIYIDT GRD

8-9 A 2 2 4 1 2 Continue  2R3=1R2
8-21 F 14 112 0 2 3 2 1 Start 2R4=1R2
817 E 10 90 1 2(-2)+1+1  3+2  2+2 1 Start

S C 5 30 1 1(-1) 2(-2) 1(-1) 1 Delay
10-21 F 0 2 3 2 1 Continue 2R3=1R2
10-17 E 1 2 3 2 1 Continue  2R4=1R2
10-20 D 11 88 1 2(-2)+1+1  4+2 042 1 Start

- C 5 30 1 1(-1) 2(-2) 1 1 Delay
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3% WCS 1az ACS Fanaadlfifiuinas TIMROS, TIMRES, WCS 1ag ACS Hona1naz s i

3’; Y oA 'o a P L] 9 v 7 A
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TN1599A1AL Tasansneas1as1any 3

[

mwddAy 1 2 3 4 5 6 7 8 9 10

ﬂ’cjll Network-Based Rules

1. SPT 63 00 00 56 00 00 54 00 14 00 186
2. MIS 00 00 59 00 00 00 304 00 00 00 362
3. MTS 63 00 59 00 00 00 89 00 125 0.0 336
4. GRPW 63 00 00 00 00 00 286 00 0.0 0.0 3438
5. GRPW* 63 00 00 00 00 53 89 00 125 00 329

f fj U Critical Path-Based Rules

6. EST 00 00 59 00 00 00 54 27 00 00 14.0
7. EFT 63 00 00 56 00 00 54 00 14 0.0 186
8. ESTD 00 00 59 56 00 00 71 00 00 0.0 186
9. EFTD 63 00 00 56 00 00 54 00 14 00 186
10. LST 00 00 00 00 00 53 36 00 125 0.0 213
11.LFT 00 00 00 56 00 00 107 27 00 0.0 19.0
12. MSL 00 00 00 00 00 105 36 00 125 0.0 26.6
13. MSLD 00 00 00 00 00 53 36 00 125 00 213

ﬂijil Resource-Based Rules
14. GRD 63 00 00 56 00 00 286 27 14 0.0 445
15. WRUP 63 00 00 00 00 53 286 00 0.0 0.0 40.1

ﬂﬁjll Composite Rules

16. ACROS 63 00 00 56 00 53 00 00 00 00 171
17. ACTRES 63 00 00 56 00 53 00 27 0.0 0.0 198
18. TIMROS 00 00 00 00 00 00 00 00 00 00 0.0

19. TIMRES 00 00 00 00 00 00 00 00 00 0.0 00
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ANNAIATY 12 3 4 5 6 7 8 9 10

ﬂﬁjiJ Regret Based Rules

20. IRSM 00 00 00 56 00 00 89 27 00 00 172
21. WCS 00 00 00 00 00 53 36 00 00 00 88
22. ACS 00 00 00 00 00 53 36 00 00 00 88
23. WCLS 00 00 00 00 00 53 71 00 125 00 249
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1A [ { <3 1 a 1" o w o
11NNI1D TIMROS sataadluaisnan 77 uaasldiunsainanssuliaaauanudifn

9

Mnudo@end1aUANUEIRYYININTTUANNUIZAIHAADTZBZIA1 1ATINITANNY

M990 75 ANUAMIUIZEZIAINTIANSNINTUUUN AN DY

[

° o v A =
oy aAUN (ANUD)

[

AN 1 2 3 >3

g

ﬂtj U Network-Based Rules

1. SPT 6 3 1 0
2. MIS 8 1 0 1
3. MTS 6 2 1 1
4. GRPW 8 1 0 1
5. GRPW* 6 2 1 1

f fj U Critical Path-Based Rules

6. EST 7 2 1 0
7. EFT 6 3 1 0
8. ESTD 7 2 0 1
9. EFTD 6 3 1 0
10. LST 7 2 1 0
11.LFT 7 2 0 1
12. MSL 7 1 2 0
13. MSLD 7 2 1 0

ﬂ’sjn Resource-Based Rules
14. GRD 5 4 0 1
15. WRUP 7 2 0 1

ﬂﬁjll Composite Rules

16. ACROS 7 3 0 0
17. ACTRES 6 4 0 0
18. TIMROS 10 0 0 0

19. TIMRES 10 0 0 0
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R RIGET TG )
ANNTIATY 1 2 3 >3
ﬂ’cj U Regret Based Rules
20. IRSM 7 2 0 1
21. WCS 8 2 0 0
22. ACS 8 2 0 0
23. WCLS 7 1 1 1

d‘ [} o d’ 1 asy
M319N 76 M ulseumenTasansiasei 6 32M11935 TIMROS Hag WCS

Time Act. Dur. P, Resource Decision Substitution
R1 R2 R3 R4 R5
(10) @ 12 @ a0
M3IANTNEINTAI8IT TIMROS
1-2 A 2 1 1 1 0 1 2 Start
1-3 B 3 1 2 1 3 2) 1 Start
1-4 C 4 1 0 2 2 3 0 Start
- D 5 1 1 3(-3) 4 1 1 Delay
MIFANSNINTAIBIT WCS
1-4 C 4 -4 0 2 2 3 0 Start 2R4=1R2
1-5 D 5 -4 1 3(-1)+1 4 1+2 1 Start 2R3=1R2
- B 3 2 2 1(-1) 6 2(-1) 1 Delay
1-2 A 2 3 1 1-D+1  0+2 1 2 Start
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Time Act. Dur. Pj Resource Decision Substitution

R1 R2 R3 R4 RS
1o @ 1 O (a0

MIFANTNINIA8ID TIMROS

10-12 C 1 1 2 1 1 Continue  2R4=1R2
10-21 F 0 2 3 2 1 Continue
10-19 E 10 0.64 1 2(-1)+1 3 2+2 1 Start

;v D 11 0.61 1 2(-2) 4 0 1 Delay
M3IANTNOINTAIBIT WCS
10-12  C 1 1 2 1 1 Continue  2R4=1R2
10-21 F 0 2 3 2 1 Continue
10-20 D 11 -4 1 2(-1)+1 4 0+2 1 Start

- E 10 -4 1 2 3 2 1 Delay
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Xmin = 406 Day [1=6.2 Day

Xmax = 427 Day X =4152 Day

I

I

I

I I

I I

I I I

-3c I -20 -lo I 1o I 20 I 3o
I rmros | ser 1 owst | owmis |
| mres | EsT | wmst | wmts |
| | EFT | MSLD | GRPW |
| | ESTD | WCLS | GRPW* |
| I EFTD I I GRD |
| I LFT I I WRUP I
ACROS

I I ACTRES I | I
I b (= Easll I I
I I wes | I I
I | acs | I I

MAA 62 ANEUVUIIATIIUIZIZNINIMTIANSNNTUUUHAONYY
2. aumldae

= Y ' Y1 @ = A 1A A
wamslFeumeuaiua 1918159015 5INA9T 188D 1Ua15199 79 NUNITR
Y1 91 ? 9 ~ A Aax
Tianldg1eTasan1ssauna 10 Tnsanistiosiiga Ao 35 TIMROS, TIMRES 1tag ACROS
9 o = 1 Y Y 2 g 1 Aax A y an & & an X
dsunstisaua 1591en1990N Builunguis Composite Rules 19 3 35 B3 3 1511
9 o Y 1 Y Y 9 1 = Y o Y
szgza Insamsitudosi liaaninana lgneniedon'ld uaazTuua Tiluvi vy
] FI A g = 1 2 dy A U 9 Y o ~ [
A lgaenaasunuyuagaa laaei A arlgaielumslensnensnuannaununsweins
Tunasanuduasniszeznar Insamsunaziuu iy v l9aen1edeutiosan 'l
Y Aan A Y Y A A A R Aan 3 axa
A28 350 1WA 15918 1ATIN33900INNGA A A5 GRD, GRPW* 11ag MTSH475 GRD 111135
~ A Ay A Aan ~ ~ =
UIZezIA IATIMITIVNINNFADNAIY 1110991075 GRD U3ZoIa11ATINTIINNINNTAD

' Y1 q P v 2 2
aawaliia 15918190 MWLV INIUAINTLEIA IATINT

] da A 1a 1 Y1 Y ' a i 91
’E)EJNIIiﬂﬂ Lll’é]IIiJ‘Wi]ﬁmIﬂIGI‘]ﬁnﬂ‘I/IN@’EHJI’INIUﬂ’JIiJ’JIiWWﬁ]Itflﬂmv\ﬂgﬂﬂ“}ﬁﬂﬂ

Y o ] = J add' Y Al 3’, 9 d' =
M3 lEmsnensodnaungnalsing1135n lvia lg91e1a5an1359umM9 10 Insamsiosnga Ao

A

as o o 1 Qdd’ Y FIAl d‘ ax
9% EFT, EFTD iag MIS fnuaiay ﬁ’)u’)‘ﬁﬂﬁlﬁﬂﬂcb’mﬂjﬂiQﬂ"lii’HJ‘Jﬂﬂ“I/Iquﬂ 9 1% ESTD,



211

ladd'fly

@ { a 4

LST tiag MSLD aataad1uas1ain 80 91nmsinsennynIsn inszeznal 1nsanss

9 = @ d%} o ya A o A 9 1 A

oy vlimInaununswensinnyur ldnnssuamnsaisuduiiums 1d lag lignideunal

1 ) Y 9 9y o A da! 9 1 g’/ dy g’/ g’/ da! [ XY
o0 1) uavzinlia lgielumsldnsnensmivauaulide uanstinaiuvuegi
! FA Y ) (Y 1 [ as =\ 1 Y ~
A 1991811990068 (90819191 35 TIMROS tiag TIMRES Nszeznanaza lg1ensalsiy
1 9 9 9 d‘ as J 4‘ ra 1 Y1 9 9 1 Aax
aldmendentiosiiga 310 23 35 ualle luinsanarldsienedenudinailsing 175
1 1 to o A o W < '

TIMROS uag TIMRES fim 19318 Tasamssawegdraun 15 uag 17 amadiau uaasldimiumn
%', aqdy ] Y 13 = Y A ‘%1 é’ (Y

13 2 I geanszezna lnsams lduanzlimsldninmensmuunnuu Tasyuegny

] Y [ [ 35 = 1 A Y 1 1 IR 9
amlgelunsnaununsne1ns IUUUNTAIWINNNHIBUBINIIAT LFI1IN 190 0H



a 1 91 @ o @ =~ 1 Y Y
AN 79 ﬂ’l‘lﬁlﬁnﬂﬂ'ﬁﬂﬂﬂiWﬂ’lﬂiLLUUWa’lfJﬂﬂHg (ﬂimﬁ?ﬂﬂ’ﬂ%ﬂ’lﬂﬂ’lﬂ@@n)

5MsIAaIAY Tasamsneaiiediaes 59U
ANNAIATY 1 2 3 4 5 6 7 8 9 10
ﬂ’cjﬂJ Network-Based Rules
1. SPT 176,400 243,000 209,900 189,800 357,650 215,300 673,000 760,600 950,250 996,800 4,772,700
2. MIS 174,400 243,000 208,300 191,800 357,650 215,300 718,900 748,900 948,250 996,800 4,803,300
3. MTS 176,200 243,000 208,300 191,800 357,650 215,300 686,200 748,900 993,250 996,800 4,817,400
4. GRPW 176,200 243,000 209,900 191,800 357,650 215,300 718,100 748,900 948,250 996,800 4,805,900
5. GRPW* 176,200 243,000 209,900 191,800 357,650 216,100 683,900 748,900 993,250 996,800 4,817,500
ﬂ’q'iJ Critical Path-Based Rules
6. EST 174,400 243,000 208,300 193,300 357,650 215,300 678,300 755,700 948,250 996,800 4,771,000
7. EFT 176,400 243,000 209,900 189,800 357,650 215,300 671,000 748,900 954,250 996,800 4,763,000
8. ESTD 174,400 243,000 207,850 192,800 357,650 215,300 682,100 748,900 948,250 996,800 4,767,050
9. EFTD 176,400 243,000 209,800 189,800 357,650 215,300 677,500 749,200 950,250 996,800 4,765,700
10. LST 176,500 243,000 209,900 198,050 357,650 216,600 673,500 750,700 993,250 996,800 4,815,950
11. LFT 174,400 243,000 209,900 192,800 357,650 215,300 685,500 755,700 948,250 996,800 4,779,300
12. MSL 176,500 243,000 209,900 191,800 357,650 219,600 673,500 750,700 993,250 996,800 4,812,700
13. MSLD 176,500 243,000 209,900 193,300 357,650 216,600 673,500 754,300 993,250 996,800 4,814,800

Cle
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5MsIAaIAY Tasamsneaiiesiaes 59U
ANNAIATY 1 2 3 4 5 6 7 8 9 10
ﬂ’cjﬂJ Resource-Based Rules
14. GRD 177,800 243,000 209,900 192,800 357,650 213,400 718,100 758,100 950,250 996,800 4,817,800
15. WRUP 176,200 243,000 209,900 191,800 357,650 216,300 718,100 748,900 948,250 996,800 4,806,900
ﬂtjﬁJ Composite Rules
16. ACROS 177,400 243,000 209,900 191,300 357,650 216,600 672,600 749,200 948,250 996,800 4,762,700
17. ACTRES 177,400 243,000 209,900 192,800 357,650 216,600 672,600 756,000 948,250 996,800 4,771,000
18. TIMROS 174,400 243,000 209,900 193,300 357,650 215,300 672,800 748,900 948,250 996,800 4,760,300
19. TIMRES 174,400 243,000 209,900 193,300 357,650 215,300 672,800 750,700 948,250 996,800 4,762,100
ﬂ’(jll Regret Based Rules
20. IRSM 174,400 243,000 209,900 192,800 357,650 215,300 684,900 755,700 948,250 996,800 4,778,700
21. WCS 176,500 243,000 209,900 193,300 357,650 216,600 673,500 750,700 948,250 996,800 4,766,200
22. ACS 176,500 243,000 209,900 193,300 357,650 216,600 673,500 750,700 948,250 996,800 4,766,200
23. WCLS 176,500 243,000 209,900 190,300 357,650 216,800 682,100 750,700 993,250 996,800 4,817,000

€Ie
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5MsIAaIAY Tasamsneaiiesiaes 59U
ANNAIATY 1 2 3 4 5 6 7 8 9 10

?hﬁjﬂ El‘ﬁ’c:fﬂ 174,400 243,000 207,850 189,800 357,650 213,400 671,000 748,900 948,250 996,800 4,760,300
ﬂluﬂﬂﬁq@ 177,800 243,000 209,900 198,050 357,650 219,600 718,900 760,600 993,250 996,800 4,817,800
ﬂ'uﬂéﬁl 175,930.4 243,000.0 209,597.8 192,332.6 357,650.0 215,887.0 684,173.9 751,734.8 960,510.9  996,800.0 4,787,617.4
ﬁ?!ﬁﬂﬁlﬂﬂﬂW@ﬁﬂ?M 1,110.1 - 667.2 1,726.0 o 1,132.3  16,716.4  3,533.0 19,932.2 - 23,399
nquaue

24. RAND 176,400 243,000 209,900 193,300 357,650 216,600 673,500 755,700 996,750 996,800 4,819,600

25. AHAMRS*1 177,100 239,800 209,900 197,550 357,650 214,100 671,100 737,700 964,850 966,200 4,735,950

Constrained
26. AHAMRS*2 182,200 239,800 217,850 197,550 352,750 214,100 671,100 737,700 949,350 989,600 4,752,000

RN 7% AHAMRS*1 ﬁ © 75 AHAMRS with team constrained

2% AHAMRS*2 ﬁ © 75 AHAMRS without team constrained
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AMITamauaNud ATy Tasamsneaduiiand 39U
1 2 3 4 5 6 7 8 9 10

ﬂ'sjlﬂJ Network-Based Rules 142,400 193,000 192,900 170,800 246,650 158,300 496,000 468,600 658,250 704,800 3,431,700
1. SPT 142,400 193,000 190,300 173,800 246,650 158,300 499,900 456,900 660,250 704,800 3,426,300
2. MIS 142,200 193,000 190,300 173,800 246,650 158,300 503,200 456,900 669,250 704,800 3,438,400
3. MTS 142,200 193,000 192,900 173,800 246,650 158,300 502,100 456,900 660,250 704,800 3,430,900
4. GRPW 142,200 193,000 192,900 173,800 246,650 156,100 500,900 456,900 669,250 704,800 3,436,500
5. GRPW* 142,400 193,000 192,900 170,800 246,650 158,300 496,000 468,600 658,250 704,800 3,431,700

ﬂ’q'iJ Critical Path-Based Rules
6. EST 142,400 193,000 190,300 175,300 246,650 158,300 501,300 455,700 660,250 704,800 3,428,000
7. EFT 142,400 193,000 192,900 170,800 246,650 158,300 494,000 456,900 662,250 704,800 3,422,000
8. ESTD 142,400 193,000 207,850 173,800 246,650 158,300 502,100 456,900 660,250 704,800 3,446,050
9. EFTD 142,400 193,000 192,800 170,800 246,650 158,300 500,500 457,200 658,250 704,800 3,424,700
10. LST 144,500 193,000 192,900 180,050 246,650 156,600 499,500 458,700 669,250 704,800 3,445,950
11.LFT 142,400 193,000 192,900 173,800 246,650 158,300 499,500 455,700 660,250 704,800 3,427,300
12. MSL 144,500 193,000 192,900 173,800 246,650 156,600 499,500 458,700 669,250 704,800 3,439,700
13. MSLD 144,500 193,000 192,900 175,300 246,650 156,600 499,500 462,300 669,250 704,800 3,444,800

SIC
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5MsIAaIAY Tasamsneaiiesiaes 59U
ANNAIATY 1 2 3 4 5 6 7 8 9 10
ﬂ’cjﬂJ Resource-Based Rules
14. GRD 143,800 193,000 192,900 173,800 246,650 156,400 502,100 458,100 658,250 704,800 3,429,800
15. WRUP 142,200 193,000 192,900 173,800 246,650 156,300 502,100 456,900 660,250 704,800 3,428,900
ﬂtjﬁJ Composite Rules
16. ACROS 143,400 193,000 192,900 172,300 246,650 156,600 504,600 457,200 660,250 704,800 3,431,700
17. ACTRES 143,400 193,000 192,900 173,800 246,650 156,600 504,600 456,000 660,250 704,800 3,432,000
18. TIMROS 142,400 193,000 192,900 175,300 246,650 158,300 504,800 456,900 660,250 704,800 3,435,300
19. TIMRES 142,400 193,000 192,900 175,300 246,650 158,300 504,800 458,700 660,250 704,800 3,437,100
ﬂ’(jll Regret Based Rules
20. IRSM 142,400 193,000 192,900 173,800 246,650 158,300 501,900 455,700 660,250 704,800 3,429,700
21. WCS 144,500 193,000 192,900 175,300 246,650 156,600 499,500 458,700 660,250 704,800 3,432,200
22. ACS 144,500 193,000 192,900 175,300 246,650 156,600 499,500 458,700 660,250 704,800 3,432,200
23. WCLS 144,500 193,000 192,900 172,300 246,650 156,800 502,100 458,700 669,250 704,800 3,441,000

91¢
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5MsIAaIAY Tasamsneaiiesiaes 59U
ANNAIATY 1 2 3 4 5 6 7 8 9 10

ﬂ'Wﬁjﬂﬁlﬁﬁjﬂ 142,200 193,000 190,300 170,800 246,650 156,100 494,000 455,700 658,250 704,800 3,411,800
ﬂluﬂﬂﬁq@ 144,500 193,000 207,850 180,050 246,650 158,300 504,800 468,600 669,250 704,800 3,477,800
ﬂ'uﬂéﬁl 143,060.9 193,000.0 193,206.5 173,941.3 246,650.0 157,452.2 501,043.5 457,995.7 662,423.9 704,800.0 3,433,573.9
ﬂ'TL‘f}fNL‘iJuNW]ﬁ:ﬂ;m 966.1 - 3,314.1 1,949.4 o 914.5 2,658.7 2,735.5 4,228.2 - 6,682
UL

24. RAND 142,400 193,000 192,900 175,300 246,650 156,600 499,500 455,700 668,750 704,800 3,435,600

25. AHAMRS*1 145,100 193,800 192,900 181,550 246,650 166,100 524,100 485,700 680,850 714,200 3,530,950

Constrained
26. AHAMRS*2 152,200 193,800 200,850 181,550 259,750 166,100 524,100 485,700 701,350 737,600 3,603,000

RN 7% AHAMRS*1 ﬁ © 75 AHAMRS with team constrained

2% AHAMRS*2 ﬁ © 75 AHAMRS without team constrained
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ﬂtj U Network-Based Rules

1. SPT 4 2 1 3 6 1 1 2
2. MIS 6 2 0 2 4 2 2 2
3. MTS 4 3 0 3 5 0 2 3
4. GRPW 5 2 0 3 4 1 3 2
5. GRPW* 4 1 1 4 5 0 3 2

ﬂ’cjﬂJ Critical Path-Based Rules
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AwaRuANUdIATY i (mmﬁ)
asdisIumIdaeniedon asal lisaua lgaenaden
1 2 3 >3 1 2 3 >3
9. EFTD 4 3 2 1 5 2 0 3
10. LST 3 0 1 6 3 0 2 5
11.LFT 5 1 0 4 4 2 3 1
12. MSL 3 0 1 6 3 0 2 5
13. MSLD 3 0 0 7 3 0 2 5

ﬂ’cjﬁJ Resource-Based Rules
14. GRD 4 1 0 5 4 0 3 3
15. WRUP 5 1 0 4 4 2 3 1

ﬂ’cjll Composite Rules

16. ACROS 4 2 1 3 3 2 2 3
17. ACTRES 4 1 0 5 3 2 3 2
18. TIMROS 6 1 1 2 3 2 2 3
19. TIMRES 5 1 2 2 3 2 1 4
ﬂﬁj U Regret Based Rules
20. IRSM 5 1 0 4 4 2 2 2
21. WCS 4 0 1 5 3 1 2 4
22. ACS 4 0 1 5 3 1 1 5
23. WCLS 3 1 1 5 3 1 1 5
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WeINITUVUNNELIAS TuvaznIF TIMROS t1ag TIMRES

ﬂ’cjﬂJ Resource-Based Rules
14. GRD

15. WRUP

ﬂ’q'ﬂJ Composite Rules

16. ACROS

AFMIIADIAUANNE aals

ﬂ’q'ﬂJ Network-Based Rules

1. SPT d,

2. MIS |Fj |

3. MTS Fj“

4. GRPW di, d;

5. GRPW* di, d;
ﬂq' U Critical Path-Based Rules

6. EST ES,

7. EFT EFJ.

8. ESTD ES(PS)

9. EFTD EFj(PS)

10. LST LS,

11.LFT LFj
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MR

ANNAINY

MITANTWANTUUUNABLIAY

MFIANTNYINTHUVHAINNHE

FzezIa1 (AU)

a8 (W)

FzezIa1 (W)

g8 (1)

ﬂ’cj U Network-Based Rules

1. SPT
2. MIS
3. MTS
4. GRPW

5. GRPW*

556
565
566
578
572

f ﬁj U Critical Path-Based Rules

6. EST

7.EFT

8. ESTD
9. EFTD
10. LST
11.LFT
12. MSL

13. MSLD

565
566
564
556
569
543
569
569

ﬂﬁjﬂJ Resource-Based Rules

14. GRD

15. WRUP

561
565

ﬂﬁj 4 Composite Rules

16. ACROS

17. ACTRES
18. TIMROS

19. TIMRES

562
563
564
564

ﬂ’cjll Regret Based Rules

20. IRSM

21. WCS

551

541

5,084,700
5,126,700
5,141,700
5,162,700

5,157,700

5,126,700
5,128,700
5,123,700
5,084,700
5,147,850
5,046,700
5,123,700
5,147,700

5,107,700

5,122,700

5,115,700
5,116,700
5,123,700

5,123,700

5,070,700

5,040,700

412
424
422
423
422

412
412
412
412
418
415
419
418

427
424

409
411
406
406

414
409

4,772,700
4,803,300
4,817,400
4,805,900

4,817,500

4,771,000
4,763,000
4,767,050
4,765,700
4,815,950
4,779,300
4,812,700
4,814,800

4,817,800

4,806,900

4,762,700
4,771,000
4,760,300

4,762,100

4,778,700

4,766,200
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IBMITAMAY  MTIANSNEINTUULNNBL LAY MIVANTNYINTUUUR NN B
ANNTIADY szezna () aldme @wm)  sreznarl(u)  anldane (um)
22. ACS 556 5,095,700 409 4,766,200
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A ) " Y A
A1 NN UINN 1 m@HaIﬂﬁﬁﬂTiﬂ@ﬁi1ﬂﬂ1ﬁ@ﬂﬂ 2

Activity Duration Predecessor Daily Resource Requirement
(Days) R1=8 R2=3 R3=7 R4=8 R5=10
A 3 - 3 1 2 6 9
B 2 A 1 1 0 2 1
C 4 A 1 2 1 1 2
D 6 A 4 2 0 6 7
E 6 B,C 2 2 2 1 3
F 4 B,C,D 4 2 2 1 3
G 2 C,D 1 1 1 1 4
H 2 E,F 3 1 1 2 2
I 4 E,F,G 1 1 1 2 3
J 6 F,G 3 2 2 1 3
K 4 HIL]J 2 3 4 5 6
Cost (unit per day) 500 400 300 300 300
Indirect Cost (per day) 2000

HUEKA Substitution Rules: 2R1=1R2, 2R1=1R4, 2R3=1R2, 1R4=1R3

4215 8] 6113 14] 2115
B - E - H
8 [24] 9 10 Jo2] 15 18 [4/4] 19
113131 447 0] 4113 4] 417 20| 4123
A C F 1 o K
1 ]oo] 3 6 02| 9 10 ] 00] 13 16 1 22] 19 20 | 0/0] 23
416109 0] 2711 14] 6119
D G ]
4 1ool 9 12]22] 13 14 ] o0] 19
ES [Dur] EF Act. = Activity ES =Earlystartdate  EF = Early finish date
Act. Dur. = Duration LS = Late start date LF = Late finish date
LS |FF/TF| LF FF = Free float TF = Total float
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Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=5 R2=18 R3=18 R4=13 R5=4
A 3 - 5 3 2 1 1
B 4 = 1 13 3 2 3
C 1 A 0 6 1 1 1
D 2 A, B 5 5 1 2, 1
E 4 A, B 1 2 0 1 0
F 3 B 3 6 1 1 2
G 2 C,D 1 16 1 1 1
H 3 C,E 1 3 2 2 1
1 5 D,F 5 0 1 2 2
J 2 E, F 0 7 1 1 1
5 G, H, I 4 4 9 1 2
3 H ILJ 2 5 7 1 1
Cost (unit per day) 400 300 350 400 500
Indirect Cost (per day) 1000
TN Substitution Rules: 2R2=1R1, 3R3=1R1, 2R4=1R3
4 [ 11 4 712138
C - G
9 [2/5] 9 1 fam] 12
1 ]3] s 12716 o[ 3 Tn Bl s1i7
A - D H K
3 Tonl 6 o1l 7 wolinli plool 7
114l 5 a8 sl sli2 B3] 315
B E i L
1 lool 6 o] o9 g lool 12 A 15 Ton 17
s1 317 9o [ 2110
F ]
s lool 7 13 1241 14
ES |Dur.| EF Act. = Activity ES =Early start date EF = Early finish date
Dur. = Duration LS = Late start date LF = Late finish date
LS [FF/TH LF FF = Free float TF = Total float
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Activity  Duration Predecessor Daily Resource Requirement
(Days) R1=12 R2=5 R3=11 R4=13
A 1 - 1 2 1 1
B 3 = 1 4 7 2
C 2 - 1 2 2 2
D 3 A 2 1 1 3
E 2 A,B,C 1 5 8 1
F 2 A,B,C 1 1 1 1
G 3 A, C 1 1 1 1
H 4 D,E P, 3 4 2
I 3 D,E, F, G 1 3 4 1
J 2, E,F,G 2 1 1 1
K 3 E,F,G 3 1 2 1
L 6 H I J, K 2 1 2 2
M 7 H IJ, K 1 5 7 8
Cost (unit per day) 500 300 400 350
Indirect Cost (per day) 1000
HINYIHA Substitution Rules: 2R3=1R2, 3R4=1R2, 2R1=1R4
2 [ 3[4 61419
D H
I|[I\|1/3|I/I|5 6 1ool 9
2 Jonl 2 Lalo215s [¢e T3Ts 0] 6 15
E I A L
11 3l3 4 1ool s 7 linlo 1 linfie
B
1 Tool 3 41215 6 [ 217
F ] M
1 [ 212 5I0/1I6>§8I2/2I9
C
2I0/1I3\3Iéls |6|13<|8
4 Jonl e [7Tinlo
ES [Dur.| EF Act. = Activity ES = Early start date EF = Early finish date
Act. Dur. = Duration LS = Late start date LF = Late finish date
LS |FF/TF| LF FF  =Free float TF = Total float
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Activity  Duration Predecessor Daily Resource Requirement
(Days) R1=5 R2=10 R3=10 R4=5
A 4 - 5 4 9 2
B 8 A 4 5 2 2
C 14 A 2 2 1 1
D 12 A 1 1 3 3
E 10 B 3 2 1 4
F 9 C,D 1 3 1 4
G 6 E 5 1 2 1
H 2 G,F 5 10 10 5
Cost (unit per day) 400 350 300 400
Indirect Cost (per day) 3000
TN Substitution Rules: 2R2=1R1, 2R3=1R1, 2R2=1R4
s s ] wo] 2 »] 6] 28
B | E Sy G
s Jool 12 3] ool 2 23 | oo 28
1 a4l s s [ 4] 2] 2] 30
A - C H
1 Lool 4 6 Jon] 19 20 | oo] 30
s |12l e | o] 2
D A F
8 23] 19 20w | o8
Es | pur.| EF Act. = Activity ES =Earlystartdate  EF —Early finish date
Act. Dur. =Duration LS = Late start date LF = Late finish date
s |rrrd e FF  =Freefloat TF =Total float
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MAUNNHINN 4 ’J‘ﬁ’m’Jﬂf]WU’fNIﬂNﬂﬁﬂ’e)ﬁ’iNmaENVI 5



A ) " Y A
AN UINN 5 m@HaIﬂﬁﬁﬂTiﬂ@ﬁi1ﬂﬂ1ﬁ@ﬂﬂ 6

244

Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=10 R2=4 R3=12 R4=7 R5=10
A 2 - 1 1 0 1 2
B 3 = 2 1 6 2 1
C 4 - 0 2 2 3 0
D 5 = 1 3 4 1 1
E 5 A, B 1 1 1 1 1
F 4 A, C 1 4 3 1 1
G 3 B,D 1 1 1 1 1
H 2 C,D 1 1 7 0 1
1 2 E,F 2 1 2 1 1
J 3 E,G 0 1 3 0 0
K 4 F,H 1 1 2 1 2
L 5 G, H 1 4 7 1 0
M 3 LILK,L 2 3 5 3 2
Cost (unit per day) 300 500 400 300 400
Indirect Cost (per day) 3000
HINYINA Substitution Rules: 2R3=1R2, 2R4=1R2, 2R5=1R4, 2R1=1R4
1 [ 212 4 | 5] 8 9] 2110
A E 1
4 T3] s 6 1 o2] 10 12 [33] 13
1 [ 313 5 [ 438 o [ 3 [ 11
B F ]
3 Jo2] s 6 o1 9 112213 141 31 16
1 [ 4] 4 6 | 31 38 o[ a2 14 | ool 16
C G < K
2 Joi] s 6 ool 8 0]l
1] s]s 6 [ 2] 7 Lol s1i3
D H L
1 Jool s 7 [ 8 9 Tool 13

ES [ Dur.| EF

Act.

LS [FF/TH LF

Act.
Dur.

FF

= Activity ES = Early start

date

=Duration LS = Late start date

= Free float TF = Total float

d' atana ' 9 o ~
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EF = Early finish date
LF = Late finish date
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Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=10 R2=4 R3=12 R4=7 R5=10
A 9 - 2 2 4 1 2
B 7 = 2 3 5 2 1
C 5 - 1 2 1 1
D 11 A,B 2 4 0 1
E 10 B 2 3 2 1
F 14 B 0 2 3 2 1
G 12 B,C 2 1 2 1 0
H 12 D,E 0 1 1 1
I 10 D,F 2 2 3 0 1
J 11 E, G 3 1 0 2 2
K 13 F,G 3 7 1 1
L 15 J,K 3 3 4 2 3
M 14 H I 4 2 5 1 2
Cost (unit per day) 300 400 400 300 300
Indirect Cost (per day) 3000
HINYINA Substitution Rules: 2R3=1R2, 2R4=1R2, 2R5=1R4, 2R1=1R4
1011 ]2 Tl B S
D H
1|z|9/13|0/3|23 24 T o3] 35
4 Jo3] 12 s [ 10 17 22 [ 10 ] 31 35 1 15 | 49
1] 717 14|2?6|23><26|ll/4|35 35 o%o 24
B
0I0/0I7§8I1F4I21 20|1J1|3o 33|;}|46
1 [ 5[5 8 1 oo] 21 24 44 34 33 | 33 ] 49
C
5|2/4|9\8|102|19 22 1K3 34
10 [o2] 21 2 ool 34
ES |Dur.| EF Act. = Activity ES = Early start date EF = Early finish date
Act. Dur. =Duration LS = Late start date LF = Late finish date
LS [FF/TH LF FF  =Free float TF = Total float
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Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=4 R2=9 R3=9 R4=4 R5=7
A 10 - 2 2 3 1 2
B 12 = 3 4 3 1 1
C 15 A 3 1 1 1 0
D 10 A, B 2 2 1 1 1
E 11 B 2 S 3 0 1
F 12 C 1 8 2 2 3
G 10 C,D 4 0 1 1 1
H 14 D,E 1 1 3 0 1
I 11 F 3 5 0 1 1
J 10 F,G 1 2 1 1 1
13 G, H 2 1 5 2 3
5 LJLK 3 4 6 3 2
Cost (unit per day) 300 400 300 400 300
Indirect Cost (per day) 4000
TN Substitution Rules: 2R2=1R1, 2R3=1R1, 2R4=1R3, 2R5=1R4
T S i fs[os 26 ]y s 0] as
A - C - ¥ - 1
3 Joa|n 3oaf 28 [0n] 3 40 [22] s0
[ P D 3 w]» 26 [ 10] 35 s[w]4a si]s]ss
B A D A G A J o L
i foof 12 e HEAEAE B EAE sifool ss
[N TN 2 P2 I ]3] 50
3 H K
ool 2 24 fon] 37 38 oo so
B[Dn] B  Act Actviy ES —Barlysridste  BF - Early fiish date

Act.

LS |FF/TF| LF

Dur. =Duration LS =Late startdate LF
FF  =Free float TF =Total float

=Late finish date
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Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=5 R2=10 R3=10 R4=7 R5=15
A 7 - 4 2 3 4 5
B 10 A 4 5 2 2 3
C 12 A 1 6 1 2 2
D 15 B 3 2 1 2 2
E 12 B,C 3 2 2 1 1
F 11 C 1 6 2 4 1
G 10 D 1 1 1 1 3
H 11 D,E 5 2 1 2 2
I 13 E, F 1 6 2 2 1
J 12 G, H 5 2 2 1 3
15 H, I 1 3 2 2 2
1 J,K 5 7 1 5 2
Cost (unit per day) 400 500 300 400 450
Indirect Cost (per day) 4000
TN Substitution Rules: 2R2=1R1, 3R3=1R1, 2R5=1R3
17171 s [0]w s |15 | 52 £ T I
A B - b - G
ool 7] o fon]is 19 on |33 s |us] 4
0] 2] nluls a1 ]ss
5 A H A ]
Lslool o 20f o] 51 I ER as 4] 59
20 | 1] 30 45|15|59\60|1|60
T TRt 3 o i g e e

ES | Dur.l EF
Act.

1S [rr L

Act. =Activity ES = Early start date ~ EF = Early finish date

Dur. =Duration LS = Late start date LF = Late finish date

FF  =Free float TF

= Total float
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Activity Duration Predecessor

Daily Resource Requirement

(Days) R1=10 R2=5 R3=12 R4=12 R5=15

A 10 - 1 3 2 1
B 12 = 3 3 2 1
C 13 - 3 6 1 1
D 11 A 1 3 4 2
E 15 A, B 3 3 1 1
F 14 A C 3 6 2 1
G 13 B,C 2 10 0 1
H 14 D,E 4 0 1 1
I 11 D,F 1 2 2 1
J 10 E,F,G 0 3 1 3

16 F,G 1 9 1 2

A HILJ K 4 3 4 2

Cost (unit per day) 500 500 400 300 300
Indirect Cost (per day) 4000

HUKA Substitution Rules: 2R3=1R2, 3R4=1R2, 2R5=1R4, 2R1=1R5

MNHUINN 9

)il

FIngaveslasimsneaiediansd 10

| u [ o 28 | 14 | a1
D - H
L [ o] 1w 19 | o8 [ 2 0 [ 2 [ &
A
4 [ os | 13 B[ 15[ 2 % | u | 38
E 1
[ P D 15 [ o2 | 20 3 | 55 | @3
B
3 [ o2 | 14 4 | s | 7 2% [ 10 [ 37
F A ]
[ T T | oo | 34 | 66 | 43
C
L] ool 3 | 28 | 16 | 4
. K
s [ w [ o] P I
ES | Dur. | EF Act = Activity ES = Early start date EF
Act. Dur. = Duration LS = Late start date LF
Ls |remE| LF FF = Free float TF = Total float
A Aan

= Early finish date

= Late finish date
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