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3-(Deliverables)
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Identify Project Activites

Work Breakdown Structure (WBS)

•WBS
.

Project

Activity Activity Activity…

Activity Activity Activity…

Activity Activity Activity…

...
Activity

Level #1

Level #2

Level #m
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Identify Project Activites

WBS

WBS
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Identify Project Activites

•  )WBS(

•.

•.

•.

• Phase Orientation Approach

• Organization Orientation Approach

• Geographical Approach

•.• Product Orientation Approach

•.• Project Orientation Approach
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Identify Project Activites

WBS

WBS
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Identify Project Activites

•   .

•   .

•

•

•.

•.

• ”  Work Package “.



15

Identify Project Activites

WBS

WBS
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Identify Project Activites

• )n (  )n+1(

•.

•.

•.

• Function Orientation Approach

• Organization Orientation Approach

• Geographical Approach

•.• Product Orientation Approach

•.• Project Orientation Approach
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Identify Project Activites

WBS

WBS
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Identify Project Activites
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Identify Project Activites
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Identify Project Activites

WBS
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Identify Project Activites

•

•WBS.

•WBS
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Work Breakdown Structure
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WBSWork Breakdown Structure
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WBSWork Breakdown Structure
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WBSWork Breakdown Structure
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WBSWork Breakdown Structure
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X2 ... N2

WBSWork Breakdown Structure
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WBSWork Breakdown Structure
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180 CNG

WBSWork Breakdown Structure
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Conduct the Project Network
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Conduct the Project Network

 :Y(Predecessor )XXY

  .

Y X

•X(Successor)Y.
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   Conduct the Project Network
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   Conduct the Project Network
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   Conduct the Project Network

  Activity On Arrow (AOA)

Activity On Node (AON)
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   Conduct the Project Network

1

4

2

6

D

A
B

5

C

3
F

E

- A

A B

- C

C D

D E

B;C F
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   Conduct the Project Network

- A

A B

- C

C D

D E

B;C F

START

A B

C D E

F

FINISH

:
E
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Activity On Node (AON)
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A --

B --

C --

D A,B
E B,C
F B
G D,E
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FINISHSTART BB
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DD
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Activity Duration Estimating
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3-(Working Days) .
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Activity Duration Estimating
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5-
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Activity Duration Estimating

1-

.

:

 :20  :  :100  :Duration=5days

 :5 m3  :2  :30  :
Duration=3days
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Activity Duration Estimating

2-

.

:

 :Duration=120days

 :Duration=18days
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0

100

Activity Duration Estimating

3-

0

100

0

100
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Activity Duration Estimating

4-

.

)(

40 10/10/81 01/09/81 1

52 01/04/82 10/02/82 2

48 23/05/82 05/04/82 3

=46
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Activity Duration Estimating

4-

 )(

.

O: Optimistic

P: Pessimistic

M: Most likely

Duration=(O+4M+P)/6
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Activity Duration Estimating

6-

.

WBS

  .
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Project  Scheduling

.

WBS
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Project  Scheduling

Earliest Start     Estimated Duration      Earliest Finish

Latest Start               Total Float Latest Finish

Link to preceding activity Link to succeeding activity
Activity  Code
Or description
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Project  Scheduling

Duration (D)

0 0 0

0       0      0
Start

0 1 1

2       2      3

2
1 2 3

3
3      2      5

5 4 9

4
5       0       9

9 0 9

Finish
9      0      9

0 5 5

5
0      0      5

5 1 6

6
6      1      7

6 2 8

7
7     1      9
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Project  Scheduling

0 0 0

0       0      0
Start

0 1 1

2       2      3

2
1 2 3

3
3      2      5

5 4 9

4
5       0       9

9 0 9

Finish
9      0      9

0 5 5

5
0      0      5

5 1 6

6
6      1      7

6 2 8

7
7     1      9

Earliest Start (ES)

ES= 0              :
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Project  Scheduling

0 0      0

0       0      0
Start

0 1 1

2       2      3

2
1 2 3

3
3      2      5

5 4 9

4
5       0       9

9 0 9

Finish
9      0      9

0 5 5

5
0      0      5

5 1 6

6
6      1      7

6 2 8

7
7     1      9

Earliest Finish (EF)

EF= ES + D
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Project  Scheduling

0 0      0

0       0      0
Start

0       1 1

2       2      3

2
1 2 3

3
3      2      5

5 4 9

4
5       0       9

9 0 9

Finish
9      0      9

0      5 5

5
0      0      5

5 1 6

6
6      1      7

6 2 8

7
7     1      9

ES= max{EF} for all Predecessor :
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Project  Scheduling

0 0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9

 =EF(Finish)
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Project  Scheduling

0 0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0 9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9

LF= EF(Finish) :

Latest Finish (LF)
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Project  Scheduling

0 0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9 0 9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9

Latest Start (LS)

LS= LF - D
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Project  Scheduling

0 0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0 9

9      0      9

Finish
9 0 9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1 9

LF= min{LS} for all Succecessor :
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Project  Scheduling

0 0      0

0 0 0
Start

0       1      1

2 2 3

2
1      2      3

3
3 2 5

5       4       9

4
5 0 9

9      0      9

Finish
9 0 9

0      5      5

5
0 0 5

5      1      6

6
6 1 7

6      2      8

7
7 1 9



65

Project  Scheduling

0 0      0

0 0 0
Start

0       1      1

2 2 3

2
1      2      3

3
3 2 5

5       4       9

4
5 0 9

9      0      9

Finish
9 0 9

0      5      5

5
0 0 5

5      1      6

6
6 1 7

6      2      8

7
7 1 9

Forward Pass

Backward Pass
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Project  Scheduling

        

0 0 0 0 Start

3 2 1 0 2

5 3 3 1 3

9 5 9 5 4

5 0 5 0 5

7 6 6 5 6

9 7 8 6 7

9 9 9 9 Finish
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(Earliest Start)=i

(Earliest Finish)=    i

(Duration)=i

ESi

EFi
Di

:

A)     ES (start) = 0

B) ESi =  Max{EFj}    j={ }

C) EFi =ESi+Di

)EF(finish.
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(Latest Start)=i

(Latest Finish)=    i

(Duration)=i

LSi

LFi
Di

:

A)     LF (finish) = EF(finish)

B) LFi =  Min{LSk}    k={i }

C) LSi =LFi-Di

LFFinish) ()EF(Finish) "EF(Finish)

 (.
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: Total Float   (Total slaok)

.

TF  = LSi - ESi
OR

TF  = LFi - EFi

(Free Float)(FF):
.

.

FF  = Min{ESj}   - EFi
j={i }
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Project  Scheduling

Activity 7

ES=6 EF=8

Activity 7

LS=7 LF=9

TIME

TF

TF=LS-ES or TF=LF-EF

Total Float
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Project  Scheduling

Total Float

0       0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9
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Project  Scheduling

0       0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9

FF=MIN(0,0)-0=0

FF=MIN(5,5)-5=0 FF=MIN(6)-6=0 FF=MIN(9)-8=1

FF=MIN(9)-9=0FF=MIN(5)-3=2FF=MIN(1)-1=0

FF=0
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000
START

000

6000

60600

2700240

27030240

240150210

903060

240060

24018060

2700270
FINISH

2700270
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Project  Scheduling

•Path :.

•Critical Path : )  
(.

•.

•  

.
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Project  Scheduling

0       0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9
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Project  Scheduling

CPM

(Critical Path Method)

.
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Project  Scheduling

GANTT CHART
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–GANTT CHART

000
START

000
500

A
550

522
B

330

705
C

725

736
D

413

807
E

817

808
FINISH

808
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12

FINISH

E

D

C

B

A

START

1311109876

43 5 6 7 8210

GANTT CHART
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12

FINISH

E

D

C

B

A

START

1311109876

43 5 6 7 8210
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(Baseline):

Baseline

Baseline

 .

.
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:

(1.

(2.

(3.

(4LOOP.

(5Dummy Actirity

 .

.

.

(6  

.
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A --

B --

C A,B
D B
E D,C
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5 A --

6 B --

10 C A,B
3 D A,B
5 E D,C
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)(

5 A --

6 B --

10 C A,B
3 D A,B
5 E D,C

11

33

22

55

44

66

A(5)

B(6)

C(10)

D(3)

E(5)
0

6

6

6

16 21 ,21,16

,13

,6

,6

,0
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ES EF LS LF TF

A 0 0+5=5 6-5=1 6 1

B 0 0+6=6 6-6=0 6 0

C 6 6+10=16 16-10=6 16 0

D 6 6+3=9 16-3=13 16 7

E 16 16+5=21 21-5=16 21 0

11

33

22

55

44

66

A(5)

B(6)

C(10)

D(3)

E(5)
0-0

6-6

6-6 6-13

16-16 21-21
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= 0

kiMax {Ek + D k i}=i)Ei(

.

=

jiMin {Lj - D ij}=i)Li(

.
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i ji-j  

i  - j ES = i

i  - j EF = ES+D

i – j LF = j

i  - j LS = LF-D
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11

22

33

44

55

66

77

4

5

3

2

7

8

5

5 10

1210

2
0

4

10

3

20

15

320-0

4-8

-10

3-3

-20

-22

-32
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ES EF LS LF TF

1-2 0 0+4=4 8-4=4 8 4
1-3 0 0+3=3 3-3=0 3 0
1-4 0 0+5=5 10-5=5 10 5
2-4 4 4+2=6 10-2=8 10 4
3-4 3 3+7=10 10-7=3 10 0
2-5 4 4+5=9 20-5=15 20 11
3-6 3 3+8=11 22-8=14 22 11
4-5 10 10+10=20 20-10=10 20 0
4-6 10 10+5=15 22-5=17 22 7
4-7 10 10+2=12 32-2=30 32 20
5-7 20 20+12=32 32-12=20 32 0
6-7 15 15+10=25 32-10=22 32 7
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Project Control Process

Action

 Check

Do

Plan
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Project Control Process

Monitoring

Comparing& Analysis

Action
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Project Control Process
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Project Control Process

) (

:

) (

)(
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Project Control Process

  :
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Project Control Process

0       0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9
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Project Control Process

/ 10 11 12 13 14 15 16 17 18

Start

2
3
4
5
6
7

Finish



103

Project Control Process

  12) (:

10
17

10
8

2

12
17

11
8

3

4 - 12
8

5

.
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Project Control Process

0       0      0

0       0      0
Start

0       1      1

2       2      3

2
1      2      3

3
3      2      5

5       4       9

4
5       0       9

9      0      9

Finish
9      0      9

0      5      5

5
0      0      5

5      1      6

6
6      1      7

6      2      8

7
7     1      9

4
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Project Control Process

:

3       0      3

3       0      3

Continue

7       4      11

4
7       0      11

11      0     11

Finish
11      0      11

3      4      7

5
3      0      7

7      1      8

6
8      1      9

8      2      10

7
9     1      11
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Project Control Process

/ 10 11 12 13 14 15 16 17 18 19 20

Start

2
3
4
5
6
7

Finish

(Legend):
 )(
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Project Control Process

:

.

5.

.

45 .  
.
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Project Control Process

)(

(Weight Factor).

www.spowpowerplant.blogfa.com

http://www.spowpowerplant.blogfa.com
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Project Control Process

)-(
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Project Control Process
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Project Control Process
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Project Control Process

)) ( (  =
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Project Control Process

/ 10 11 12 13 14 15 16 17 18

Start

2
3
4
5
6
7

Finish

0

0.067

0.133

0.267

0.333

0.067

0.133

0
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Project Control Process

  12) (:

10
17

10
8

2

12
17

11
8

3

4 - 12
8

5

.

  

100%

100%

20%

0%
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Project Control Process

)20%) (0.333(+)100%) (0.133(+)100%()0.067  = (

= 26.6%

www.spowpowerplant.blogfa.com

http://www.spowpowerplant.blogfa.com
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Project Control Process

/ 10 11 12 13 14 15 16 17 18

Start

2
3
4
5
6
7

Finish

100%

100%

100%

0%

60%

0%

0%

0%
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Project Control Process

)60%) (0.333(+)100%) (0.133(+)100%()0.067  = (

= 40%

40%-26.6%= 13.4%  =
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Project Control Process

S-Curve

0

20

40

60

80

100
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Project Control Process

Actual Cost for Work Performed ACWP

Budgeted Cost for Work Performed BCWP

Budgeted Cost for Work Scheduled BCWS

Earned Value Management (EVM)
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Project Control Process

/ 10 11 12 13 14 15 16 17 18

Start

2
3
4
5
6
7

Finish

)(

0

100

300

800

250

150

100

0

BCWS 150 350 550 600 650 1000 1250 1500 1700
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Project Control Process

  12) (:

10
17

10
8

2

12
17

11
8

3

4 - 12
8

5

.

120

310

50

0

480.ACWP=480
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Project Control Process

ACWP=480BCWS=550

70

BCWP=100+300+50=450

30.

CV=Cost Variance= BCWP - ACWP=450-480=-30

SV=Schedule Variance= BCWP- BCWS=450-550=-100
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Project Control Process

} SV} CV
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Project Control Process

•Schedule Performance Index (SPI)

BCWP = 450 = 0.81
BCWS 550

{ > 1.0 indicates more work has been completed than scheduled to date}
{ < 1.0 indicates less work has been completed than scheduled to date}

• Cost Performance Index (CPI)

BCWP = 450 = 0.93
ACWP 480

{ > 1.0 indicates that work accomplished has cost less than planned}
{ < 1.0 indicates that work accomplished has cost more than planned}
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Project Control Process

Budgeted cost At Completion BAC

Estimated cost At Completion EAC

Cost Variance at Completion = BAC - EAC
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Project Control Process

EAC METHODS

1. BAC
CPI

2. ACWP + BAC-BCWP
CPI X SPI

3. ACWP + BAC-BCWP
0.8CPI + 0.2SPI

4. ACWP + BAC-BCWP
CPI

5. ACWP + (BAC-BCWP )
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-Time - Cost Tradeoff

-

2 -
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.

-Time - Cost Tradeoff

1-

.

.

.
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-Time - Cost Tradeoff
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-Time - Cost Tradeoff

1242 6 8 10 140

1,000

3,000

4,000

5,000

7,000

2,000

6,000 )Crash cost(

)Normal cost(
)Normal Duration(

)Crash Duration(
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-Time - Cost Tradeoff

.

.

www.spowpowerplant.blogfa.com
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134

-Time - Cost Tradeoff

-

A

0       7      7

2     2        9

Start
0      0       0

0       0      0

B
7      9      16

9     2      18

C

0      10   10

0     0      10
D

10       8    18

10    0     18

Finish
18     0    18

18     0       18

15.
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-Time - Cost Tradeoff

-

Start

B
N=9, $80,000
C=6, $110,000

A
N=7, $50,000
C=5, $62,000

Finish

D
N=8, $30,000
C=6, $42,000

C
N=10, $40,000
C=9, $45,000 Activity A,

$6,000/wk

Activity B,
$10,000/wk

Activity C,
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-Time - Cost Tradeoff

-

A

0       7      7

2     2        9

Start
0      0       0

0       0      0

B
7      9      16

9     2      18

C

0      10   10

0     0      10
D

10       8    18

10    0     18

Finish
18     0    18

18     0       18

Activity A,
$6,000/wk

Activity B,
$10,000/wk

Activity C,
$5,000/wk
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-Time - Cost Tradeoff

-

A

0       7      7

1     1        8

Start
0      0       0

0       0      0

B
7      9      16

8     1      17

C

0      9 9

0     0      9
D

9        8    17

9     0     17

Finish
17     0    17

17     0       17

Activity A,
$6,000/wk

Activity B,
$10,000/wk

Activity C,
$5,000/wk

1 -C
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-Time - Cost Tradeoff

-

A

0       7      7

0     0        7

Start
0      0       0

0       0      0

B
7      9      16

7     0      16

C

0      9 9

0     0      9
D

9        7    16

9     0     16

Finish
16     0    16

16     0       16

Activity A,
$6,000/wk

Activity B,
$10,000/wk

Activity C,
$5,000/wk

2-D
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-Time - Cost Tradeoff

-

A

0       6      6

0     0        6

Start
0      0       0

0       0      0

B
6      9      15

6     0      15

C

0      9 9

0     0      9
D

9        6    15

9     0     15

Finish
15     0    15

15 0       15

3 -DA

23000 .
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-Time - Cost Tradeoff

2-

 .:

)ACTIVITY BASED ((PROJECT BASED).

.
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-Time - Cost Tradeoff

C
os

t

Project Duration
Crashing

Total cost

Indirect cost

Direct cost

Time

Minimum cost = optimal project time
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-Time - Cost Tradeoff

)(
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-Time - Cost Tradeoff

-

010000.

1 -

A

0       7      7

2     2        9

Start
0      0       0

0       0      0

B
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Precedence Network (PN)

FAFB-10days

SASB+30days

SAFB+4days

FASB+8days

SASB+50%
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Precedence Network (PN)

.

:

- 5 A

FAFB+3 4 B

SBSC+2 6 C

B;SCSD+4 9 D
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Precedence Network (PN)

Start
0

C

6

Finish
0

A
5

E

4

D
9

FF+3

SS+2

SS+4
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Precedence Network (PN)

FASB+LFS

ESB=EFB+LFS

A
DA

B
DBESA EFA
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Precedence Network (PN)

FAFB+LFF

ESB=EFB+LFF-DB

A
DA

B
DBESA EFA
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Precedence Network (PN)

SASB+LSS

ESB=ESB+LSS

A
DA

B
DBESA EFA
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Precedence Network (PN)

SAFB+LSF

ESB=ESB+LSF-DB

A
DA

B
DBESA EFA
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(Earliest Start)=i

(Earliest Finish)=    i

(Duration)=i

ESi

EFi
Di

:

1)     ES (start) = 0

2)     ESi =  Max{ESi}

3)      EFi =ESi+Di

)EF(finish.
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Precedence Network (PN)

FASB+LFS

LFA=LSB-LFS

A B
DBESB EFB

LSB LFB

DAESA EFA
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Precedence Network (PN)

FAFB+LFF

A B
DBESB EFB

LSB LFB

LFA=LFB-LFF

DAESA EFA
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Precedence Network (PN)

SASB+LSS

A
DAESA EFA

B
DBESB EFB

LSB LFB

LFA=LSB-LSS+DA
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Precedence Network (PN)

SAFB+LSF

A
DAESA EFA

B
DBESB EFB

LSB LFB

LFA=LFB-LSF+DA
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(Latest Start)=i

(Latest Finish)=    i

(Duration)=i

LSi

LFi
Di

:

1) LF (finish) = EF(finish)

2) LFi =  Min{LFi}

3) LSi =LFi-Di

LFFinish) ()EF(Finish) "EF(Finish)

 (.
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Precedence Network (PN)

5.

EDBCAActivity

4916128Duration

:
1-B,CA.
2-CB

2B.
3-D7C4

BC.
D1B.

4-2DE.
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6 -PERT

 :
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Program Evaluation & Review Technique ( PERT)

1950 .  
]1[ .

]2[]3[
]4[1957 .  

 .
 .

  
]5[]6[

]7[ .
  

 .  
  

.[1] Critical Path Method (CPM)
[2] Critical Path Analysis (CPA)
[3] De Pont
[4] Remington Rand
[5] Booz-Allen Hamilton
[6] Lockheed Corporation
[7] Project Evaluation & Review Technique (PERT)
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Program Evaluation & Review Technique ( PERT)

.

10  
.

)(

10/0 1 1
20/0 2 2
50/0 5 3
10/0 1 5
10/0 1 6

 =1/3

 =89/1
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Program Evaluation & Review Technique ( PERT)

PERT3:

Optimistic Time(a):
.

.

Most Likely Time(m):
.

Pessimistic Time(b):
.

.
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Program Evaluation & Review Technique ( PERT)

.

10  
.

)(

10/0 1 1
20/0 2 2
50/0 5 3
10/0 1 5
10/0 1 6

a=1

m=3

b=6
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Program Evaluation & Review Technique ( PERT)

E(D)= (a+4m+b)/6

Var(D)= [(b-a)/6]
2

Var(D)= [(b-a)/3.2]
2

%0100%

%595%
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Program Evaluation & Review Technique ( PERT)

PERT.
.

.
.

PERT
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Program Evaluation & Review Technique ( PERT)

11

22

33

44

55 66

1-1-1

3-4-5

1-3-5

2-2-2

1-3-5

1-2-3

2-3-4

%0100%

a-m-b
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Program Evaluation & Review Technique ( PERT)

1-2 1-3 2-3 2-4 3-5 4-5 5-6

1 4 2 3 3 2 3

0 01
9

1
9

4
9

1
9

4
9
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Program Evaluation & Review Technique ( PERT)

11

22

33

44

55 66

1

4

3

2

3

0

4

1

7

4

10 ,10

,5

,7

,2

,4

,0

2

3
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Program Evaluation & Review Technique ( PERT)

11

22

33

44

55 66

1

4

3

2

3

0

4

1

7

4

10 ,10

,5

,7

,2

,4

,0

2

3

3 -15-36 -5.
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Program Evaluation & Review Technique ( PERT)

.
TT

T  
)(  
T  

.
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Program Evaluation & Review Technique ( PERT)

T=D(1-3)+D(3-5)+D(5-6)

E[T]=E[D(1-3)]+E[D(3-5)]+E[D(5-6)] E[T]=4+3+3=10

Var[T]=Var [D(1-3)]+Var [D(3-5)]+Var [D(5-6)] Var[T]= 1
9

1
9

4
9+ +

= 6
9

T    N(10,       )6
9

~
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Program Evaluation & Review Technique ( PERT)

)
)D(Var
)D(EHZ(P)HT(P
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Program Evaluation & Review Technique ( PERT)

11

93.0)5.1Z(P)

9
6
1011Z(P)11T(P
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Program Evaluation & Review Technique ( PERT)

911

)5.1Z5.1(P)

9
6
1011Z

9
6
109(P)11T9(P

86.007.093.0)5.1Z(P)5.1Z(P
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Program Evaluation & Review Technique ( PERT)

90

90.0)

9
4
10HZ(P)HT(P

28.1

9
4
10H

H=10.85
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Program Evaluation & Review Technique ( PERT)

PERT

PERT

GERT
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11

22

33

44

55 66

A(1)

B(3)

E(3)

F(2)

G(4)

C(1)

D(2)

A B C D E F G

1 3 2 4 2 3 4

.
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4
4-6 4 7 3
5-6 5 5 4 4 4 4 4

rt 4 4 4 4

(rt)2 16 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 3 7 4 4 4

(rt)2 9 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10



265

ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 4 7 7 4 4 4

(rt)2 16 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 2 2 6 7 7 4 4 4

(rt)2 4 4 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 2 4 6 7 7 4 4 4

(rt)2 4 16 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3 3 3 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 3 5 8 6 7 7 4 4 4

(rt)2 9 25 64 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1 1
1-3 0 0 3 3 3 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 4 5 8 6 7 7 4 4 4

(rt)2 16 25 64 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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11

22

33

44

55 66

A(1)

B(3)

E(3)

F(2)

G(4)

C(1)

D(2)

A B C D E F G

1 3 2 4 2 3 4

.
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4
4-6 4 7 3
5-6 5 5 4 4 4 4 4

rt 4 4 4 4

(rt)2 16 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 3 7 4 4 4

(rt)2 9 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 4 7 7 4 4 4

(rt)2 16 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 2 2 6 7 7 4 4 4

(rt)2 4 4 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 2 4 6 7 7 4 4 4

(rt)2 4 16 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1
1-3 0 0 3 3 3 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 3 5 8 6 7 7 4 4 4

(rt)2 9 25 64 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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ACTIVITY ES LS r T

1-2 0 1 1 1
1-3 0 0 3 3 3 3
2-3 1 2 2 2
2-4 1 4 2 2 2 2
3-5 3 3 4 4 4
4-6 4 7 3 3 3
5-6 5 5 4 4 4 4 4

rt 4 5 8 6 7 7 4 4 4

(rt)2 16 25 64 36 49 49 16 16 16

0 1 2 3 4 5 6 7 8 9 10
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