3- Program Evaluation and review technique (PERT)

(& sriiall) galil) daal ja g an
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p PN 8 ol 488 il o ) Lead ey s Al 3R Lgd aa 0¥ )
shlin S ci ) a8 A2 a8 e Ll 128 aatiay g ol IS eleaY
43y sk o285 (52l A5 Adma dgia ) 2de A g 5 il 2 YL e
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(Most likely time) (tm) -3
et Ylaia) O (oo ol Al Jiay sa g
 Aualgie ) Cagplal) b Ll

* Method of production(PERT) (PERT) Gidat Gl gladx

1- Determine mean time (te) for each activity

to+4tm+t
te = —— &

2- Draw the network by use of (te) for each activity and then

Determine the critical activities and critical path .

3 ks ad) Jledl) 5 A Al il s iy S8 Jaladall an i

(CPM)
3- Determine the standard deviation(S) for the critical
activities
Gaa Allad JSI 5 jlmall Gl Y] aa
€ = tp—to
5

4- Determine the standard deviation(Sc p) for the critical path

g sanal (an il )3l (5 s A 5 7l Jlusell (5 laall Gl jadY) aa

Sen = JZU(Sf + 52+ - +si2j)
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5- Determine the probability to finish the project in expected

time
Jshan s ) & il il (e Gy b g 5 phall o) Allaia) Ao 2
(Z) s
7 = Ts—Te
Sc'p

Te =Y Tecy = §or oo poom= r_r = +2bllagl] a5
gl Jlaallly
Ts= ez Dbl allaia¥l alagl ol pall 5 5 pdiall Slaliis fdeijind

Scp = standard deviation [for the uiticlpath
Z 255 Jhaa aladinly g 7 dad ey asdle adl) diilodiligin — o —
led AL (P%) Adlaial) 2

A JAAL Jglaal) i ardiuis (P%) Allaiay) J)pudl b
(Ts) Ay oAl Guat & 5 Ll ALlaal) 7 3 2a 53 & (a9 (P%)
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EX: Because of the uncertain nature of the programme for
construction of specific project it is decided to draw and analyse
the arrow network for the following activities by using three
estimates of duration for each activity what is the probability
that the programme will be completed in33weeks?

Activity Duration (week) Depend on
to tm tp

A 6 9 12 -

B 6 8 10 A

C 2 5 8 -

D 4 7 10 C

E 4 6 8 D

F 5 9 13 D

G 2 3 4 F

H 1 2 3 B,E

I 2 3 4 G,H

J 2 4 6 B

K 3 4 5 J

L 2 3 4 K,
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The critical pathC~D—-F~G— |~ L =30 week

Sep = J12 + 124 G + GF + G2 + -

16 1 1 1
_J2+'9—+a+a+a— 2.03

_ Ts-Te _33-30

Z= = = 1.48 to the right of the mean
Se 2.03

And from the tables of Z for(Z=1.48)the standard area
equal= 0.5+ 0.4306= 0.93 of the total

So the probability of completing the work in 33 weeks i
therefore 93% (high probability)
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Ex : Because of the use uncertain nature of the programme for

construction of small specific project it is decided to draw and

analyse the arrow network for the following activities by using

three estimates of duration for each activity .what is the

probability that the programme will be completed in

1-44weeks
2-55weeks
Activity Duration (week) Followed
te tm tp by
A 3 4 5 B,C,D,E
B 4 7 10 F
C 3 6 9 G
D 7 8 21 H
E 10 14 24 K
F 3 7 11 J
G 2 5 8 J
H 0.5 7 7.5 l,]
I 15 20 25 K
J 6 8 25 K
K 2 7 12 -
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Solution :

Activity [to  |[tm |[tp |te |s ES |EF |LS |LF |TF |CP
A 3 4 5 |4 |1/3|]0 4 0 4 |0 |*
B 4 7 10 |7 1 4 111 |16 |23 |12
C 3 6 |9 |6 1 4 110 (19 |25 |15
D 6 8 |22 |10 |8/3/4 14 4 14 |0 |*
E 10 14 (24 |15 |[7/3|4 |19 |25 |40 |21
F 3 7 11 7 |4/3/11 |18 |23 |30 |12
G 2 5 '8 |5 1 10 |15 |25 30 |15
H 05 7 |75/6 |7/6/14 |20 |14 |20 |0 |*
I 15 |20 |25 20 |5/3|20 40 (20 (40 0O |*
J 6 8 122 |10 [8/3/20 |30 |30 |40 |10
K 2 7 12 |7 5/3/40 |47 |40 |47 0 |*
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Critical path A-D—-H-1-K

Project completion time =47 week= te

Sep = |2 + G+ D2+ O+ O

1, 64 49 25 25
= \/5+~;+~£+?+?—3.76

1-Z, = 4:;”' ~ 0.8

Probability=0.5 —0.29 = %21

Because of 44 total left of mean

Probability=0.5+0.48=%98 Because of 55 the right of mean
Example: for the following activities find

1-The project construction duration at probability %
2-The project construction duration at probability %¢

Activity Duration (week)
to tm tp
1-2 4 5 6
1-3 1 3 5
2-4 2 2 2
2-5 3 4 5
3-7 7 8 15
4-5 1 2 3
5-6 1 1 1
6-7 6 6 12
7-8 1 2 3

\o)
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Solution:

Activity | Duration week
to 'tm [tp |te |S ES |EF |LS |LF |TF |CP

1-2 4 |5 6 |5 |(1/3/0 |5 |0 |5 |0 |*
1-3 1 |3 |5 3 2/3/0 |3 |5 |8 |5
2-4 2 |2 |2 |2 |0 |5 7 |5 |7 |0 |*
2-5 3 |4 5 4 |1/3/5 |9 |5 |9 |0 |*
3-7 7 '8 |15 |9 4/3/3 |12 |8 |17 |5
4-5 i1 {2 (3 2 1/3/7 |9 |7 |9 |0 |*
5-6 i 1 /1 |2 O |9 |10 |9 |10 O %
6-7 6 6 |12 |7 |1 10 /17 |10 |17 |0 |*
7-8 i /2 |3 |2 |1/3|17 |19 |17 |19 0 |*

_tp—to

6

TT—— /N Y
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Critical path( -2-5-6-7-8)=19weeks}

»Te=19 weeks

And Critical path ( -2-4-5-6-7-8)=19 weeks}—

1 1 1
Sept = \j GP + Q)+ (02 + (0 + 3)?

= 1+1+0+1+1—115
]9 9 9 9

— 12 2 12 2 2 12
SC.pz—\/(g) + O+ () O@F + ()7 + (D)

1 1 1
—JE+0+E+O+1+E‘1'1S

1-For probability%4 —0.5 - 0.04 =0.46— from table Z!

g —a 2 —41¢:?;94T3:19—2:1Nm

Sclp

2-For probability %81— 0.5+0.31—from table Z=08

038=f;?aﬂw49=101z1eTs=mmm
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H.W. for the following activities find

1- the project construction duration at probability %4
2-the probability of project construction 93 weelk
3-the project construction duration at probability %5

4-the probability of project construction 105 wel

Activity Duration (week) Followed
to tm tp by

A 16 19 28 D,E

B 5 7 9 F

C 7 8 9 G,K

D 10 13 22 H,1,J

E 6 8 16 F

F 9 14 19 l,])

G 5 6 6 l,]

H 12 14 22 L,M

I 6 15 24 Q,R

J 6 8 16 N,P

K 2 3 4 N,P

L 7 13 25 T

M 6 7 8 Q,R

N 16 18 20 Q,R

P 5 6 7 S

Q 6 7 14 T

R 5 6 7 S

S 7 8 9 T

t 10 16 28 -
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L/ N

o

w\\u

A
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Activity | Duration(week)

to |[tm [tp |te |s ES |EF LS |[LF |TF |[CP
A 16 |19 |28 |20 |2 O /20 O (20 |0 |*
B 5 |7 |9 |7 2/310 |7
C 7 |8 |9 |8 1/3/0 |8
D 10 113 |22 |14 |2 20 |34
E 6 |8 16 |9 5/3/20 |29 (20|29 |0 |*
F 9 |14 |19 |14 |5/3|29 |43 |29 43 |0 |*
G 5 |6 |7 |6 1/3 |8 14
H 12 14 22 15 5/3 /34 49
I 6 |15 |24 15 |3 43 |58
J 6 |8 16 |9 5/3 |43 |52 (43|52 |0 |*
K 2 (3 4 |3 1/3 8 11
L 7 |13 |25 |14 |3 49 |63
M 6 |7 |8 |7 1/3 149 |56
N 16 |18 |20 (18 |2/3 |52 |70 |52 |70 |0 |*
P 5 |6 |7 |6 1/3 52 |58
Q 6 |7 14 |8 4/3 170 |78
R 5 |6 |7 |6 1/3170 |76 |70 |76 |0 |*
S 7 |8 |9 |8 1/3 /76 |84 |76 |84 |0 |*
T 10 (16 28 |17 |3 84 |101 84 101 0 |*
S:tp to

6

Critical path=A-E-F-J-N-R-S-T
=20+9+14+9+18+6+8+17—101 Weeks

Te=project completion time=101 Weel
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3 5 5 2 1 1
Sep = j(z)z HERHER G+ + G+ B

_ Ts-Te

1-Z =

Sew
%p=%40—>0.5 — 0.4=0.1—from table of Z— for P=0.1

—7=0.25
Ts—101

4.69

2-93 week to the left of the mean 101 week
_Ts—Te_QS—lOl

7 = = = —1.706
S 4.69

From table of Z—> %P=0.5 — 0.46=%4

—0.25 =

— Ts =99.83 Week = 100 Week

3-Probability %50
%P=0.5 - 0.5=0.0 from table of Z— 7=0

Ts—Te Ts=Te
— - ()=
Sc.p 4.69
So 0=Ts-Te

So Ts=Te=101 Week

105-101
4.69

= 0.5+ 0.3023 = 0.8 = %80

4-7 =

= 0.85 = from table of Z = %p
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4- Line of balance

Ay aoliall Ay 3l dae ) Ll Callal aal 128 jiiay
Agliiall Cilas 1) (e 23 285 (e A3 gSall an jLial) (8 Bale aaA% § Auuaigl]
3 e o) 4Su 3as 5 100 Uaida g g pall (S IS 3 Sl

1388 5 daall A gludia CHLbina

Steps of follow lee L) g &l ghad

1-List the main activities
2- Assess the time needed for completion of each activity
3- Assess the labour or gung size needed for each activity
4- ldentify the plant to be used for activity
5-Decide on buffer times between activities
6- Calculate total time for one unit
7- Decide on rate of handover of subsequent units
At 1 CLlaally il 1
Alled da 3O i 31 Ol il pasd 2D
Aallad S 5lai 4 glladl) Jaall Gle gane ana 2385 -3
Agllad O il 2y lladll 352 Y] s -4
Aled JS G 4 30U i 1 Jaal g8l aast 5

Anlasy) -6
a3 58 O Lpatlast o sllaall 2 aL25Y) 7
- Advantages Gl jaaal) *

Ay ,Lall 03 3 Jee 3259 JS) Joall i) dnst Jane a5 Jaad) (3 -1
ay S e 43l e slal agh Jgusd) e -2
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bag g g pall lillad e alil) ey il dant g a8 Jeall (0 -4
& 5 pdall 2t

5 Aalall ¥ aaaily o il g g pall 3 ) g0 A3 ga5 @5 (Sae 5
Sl Y g Cilanall ) ddliza) ALY A sal)

Al s Bl e Joall 285 Jal e S (Saall (o 4 bl 034 -6
g3l (b il ol e le 5 ) A g (S

ladled 2083 daddtisall Cilamall § LIV g A0LEY) 3 gall eSS -7
Dl e se paad ) Adla) Jakadall (e ladaad Jeaall e g 5 uiall

Yz (& CEOEAY) i i g ddllad JS HaSY) Jare e 68 Jel) (10 -8
& 5 el Lgia 0 sSiall iladll a3y

sl g soall Clllad (gaa) 2ty ) ) 0 a5 (el (0 La)l -9
6 AY) il

Disadvantages *

s Gl Gilas g Ae gana (g A0 5Kl oy HLiall Jadd Aiulia 44 Hhal) 028 -1
3l Jal ye 5 LAY apenaill Cun (e 2l

G AYL A lie 2l Jal je ge Aar 3 pea aad 48 Hhall 024 -

Line of balance production O s e gl gaadas

(LOB) ¢ )lsill ady paladl ladadall ) oS5,

Sl Jaudl sl Je i) 5 (Duration) geol) Jie (55

@slall Hadl e s s (Buffer) Wi duie 3l Jual sl 5 cillladl)

(Buffer) Lin 4 31| Jaal sl 5 cilidladll el

Jiay Lain g 5 pliall Jlail i dled ) 5 aall (0 LS (8 a3l Tan
(Number of units)
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Clas g axe s ) AV ) ala s (1) JaY) ey saal Tay
Lg_d;\JM\J}M\@A%&&\MJ\jo‘)M\&jM\

4

»time
Number of

units

» time

Duration of project
Cillladll (83 s gal) CHEal) praaia 5l dpunss |
& 5 pall 281

ALald Lein g @u:d\ e 32l A B C lilladl) (2,1) A8 ol Sy -1
b A sludia g AiSan dyie ) Abald J8) () oS3 (Buffer) 4xie )
Ofillad JS g Jaladdl) Allzd IS 2085 4la 2ie
Cym llad € 348 A LY Jane e slaie W
B 4alladll Jdiide yuu J=as C B A Alladl) v
CAaliae Gldleall clles o duia 3l Alalal) C

ALald Lein g @u:d\ e 32l A B C lilladl) (3,1) pdL plsill Sy -2
Ll Jaul 8 4 gluia s A€aa dyie ) Alials Ji) () S5 (Buffer) 4xe)
A5 Cllladl) 285 Ao s Jara (5 gty @lld g IS habaddll e
A sie Lgda ghad 4S5 Sl

JS At de yu Jare ) g las C,B lilldll (5,4) a8 oudSal) Jiay -3
385 de ju Jaray C,B Gilladll (30 IS (e & il DA iilladl) (4
C Alladll e gyl B Aladll
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Alladll 285 Aoy Jara Ol 5 lae (LS C,B llladll (6,4) JS& Jiay -4
D,A lidlladll e JS de o Jana ()5 B Adladll C
C,B

OO OO

Logic diagram for sequence

Figure 1
A | Buffer | B C
Overall

duration

«—

Number

Activity A proceeding at a faster rate

Of units

than activity B Activity c proceeding at a

A slower rate than activity B

— —
Minimum buffer Duration

Figure 2
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Overall duration
4—
Number
Of un |tS Activities A,B and C all proceeding at the
Same rate of construction ’ideal’ relationship
_» 4_
Minimum buffer Duration

Figure 3



