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(Project Scheduling)
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CPM and PERT

CPM: If the duration of each activity is known with
certainty, the Critical Path Method (CPM) can be used to
determine the length of time required to complete a
project.

PERT: If the duration of activities is not known with
certainty, the Program Evaluation and Review Technique
(PERT) can be used to estimate the probability that the
project will be completed by a given deadline.



CPM and PERT are used in many applications
including the following:

- Scheduling construction projects such as office
buildings, highways and swimming pools

- Developing countdown and “hold” procedure
for the launching of space crafts

- Installing new computer systems

- Designing and marketing new products
- Completing corporate mergers

- Building ships



To apply CPM and PERT, we need a list of activities
that make up the project. The project is considered
to be completed when all activities have been
completed. For each activity there is a set of
activities (called the predecessors of the activity)
that must be completed before the activity begins. A
project network is used to represent the
precedence relationships between activities. In the
following discussions the activities will be
represented by arcs and the nodes will be used to
represent completion of a set of activities (Activity
on arc (AOA) type of network).

® - 0 @O

Activity A must be completed before activity B starts




* Signals the beginning or ending of an
activity

Event

* Designates a point in time

* Represented by a circle (node)

» Shows the sequential relationships
Network

among activities using nodes and arrows




Node

1 2 3
Branch

Lay
foundation

3
: Design house Order and
and obtain receive Select

financing materials  paint

@’ Dummy

¢ Build Finish
work



While constructing an AOA type of project diagram
one should use the following rules:

- Node | represents the start of the project. An arc should lead
from node | to represent each activity that has no predecessors.

- A node (called the finish node) representing the completion of
the project should be included in the network.

- Number the nodes in the network so that the node
representing the completion time of an activity always has a larger
number than the node representing the beginning of an activity.

- An activity should not be represented by more than one arc in
the network

- Two nodes can be connected by at most one arc.

To avoid violating rules 4 and 5, it can be sometimes necessary to
utilize a dummy activity that takes zero time.



-k Conventions
a C
O
/ \
b d

2




K/ﬁmﬂ'\ y’\.‘_'— —,C—Cﬂ = d
| 1] i\ [ -
k/u \V// [ ) \\f Wt el ey \}f

Lay foundation

O

Order material

(a) Incorrect precedence
relationship

Lay
foundation

Order material

(b) Correct precedence
relationship
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29AUSENAUNANEINSUNISILATIEY CPM laun

nstafenulasenis (Project definitions) agtdunmstmdnlafislasenis hunneues
1ASINIT LAZAUABINITNINEINT wavymaInsiaadldlulaseng

nsltlemAanssy (Activity definitions) 1a59n13 (Project) azsaagnuusuentviy
NEUYBIY (Tasks) 3oRanTsu (Activities) Mlaiamsavinisutanenlsdn Tagiith
MuuLAzFowhmstmunisnuvesaziangsy uasvinsUssnuaTedudar
s Tuuniedsfensasianuenlunmssulassnislunisfissmuuamad

n
Anantunisaziulasiniseanilunurisfanssuees

anuduiusvesianssy  (Activity relationships)  Gaududiuiifianudidunnlu
nszuaumsaulasintg Tnadunsinueiarnuduiudsenindanssusineg 3
9ei58n31 Jeulafidesiineu (Precedence constraints) Inefiazyinisuanideasu
Y89iaNITUAADATINIASINITIUNSET ALES T AL




Manager's View of CPM

INPUTS

» List of project activities

* Precedence relationship among activities
- Estimate of each activity’s duration

l

CPM processing procedures

|

OUTPUTS

* Estimated duration of project

» Identification of critical activities
« Amount of slack for each activity

12



* A task or a certain amount of \
work required in the project

ACt|V|tX * Requires time to complete

* Represented by an arrow

/
)

\_ _/
e <N

Indicates only precedence
relationships

Dummy
Activity
- / -

13

Does not require any time of effort




Path

* A connected sequence of
activities leading from the
starting event to the ending event

~

J

* The longest path (time);
determines the project duration

~

J

\
>
Critical
Path
\
>
Critical
Activities
\_

* All of the activities that make up
the critical path

~
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An example for CPM

Widgetco is about to introduce a new product.A list
of activities and the precedence relationships are given
in the table below. Draw a project diagram for this
project.

Activity Predecessors | Duration(days)
A:train workers - 6
B:purchase raw materials - 9
C:produce product 1 A, B 8
D:produce product 2 A, B 7
E:test product 2 D 10
F.assemble products 1&2 C, E 12




Project Diagram for Widgetco

@

Duémmy E 10

C3 F12

Node 1 = starting node
Node 6 = finish node



Important definitions for computation

Early Event Time:The early event time for node i,
represented by ET (i), is the earliest time at which
the event corresponding to node i can occur.

Late Event Time: The late event time for node i,
represented by LT (i), is the latest time at which
the event corresponding to node i can occur

without delaying the completion of the project.



Computation of early event time

To find the early event time for each node in the
project network we follow the steps below:

- Find each prior event to node i that is connected
by an arc to node i. These events are immediate
predecessors of node i.

- To the ET for each immediate predecessor of the
node i add the duration of the activity connecting
the immediate predecessor to node |.

- ET(i) equals the maximum of the sums computed
In previous step.



Computing ET(i). We start with the beginning node

ET(1)=0 (The starting node is always 0)

%

ET(6)=14

Let’s say ET(3)=6
ET(4)=8, ET(5)=10

ET(6) = max:

\

( E-
E-

(3)+8=14
(4)+4=12

-

" (5)+3=13



Computation of late event time

To compute LT(i) we begin with the finish node
and go backwards and we follow the steps below:

- Find each node that occurs after node i and is
connected to node i by an arc.These events are
immediate successors of node |.

« From the LT for each immediate successor to
node i subtract the duration of the activity joining
the successor the node .

- LT(i) is the smallest of the differences
determined in previous step.



Let’s compute LT(l)’s for the Widgetco example:

From the graph we know that the late completion

time for node 6 is 38.Since node 6 is the only
immediate successor of node 6, LT(5)=LT(6)-12=26.

Same way LT(4)= LT(5)-10=16.
Nodes 4 and 5 are the immediate successors of
node 3.Thus;

. [LT@)-7=9
LT (3) = mins
LT(5)-8=18
LT(2)=LT(3)-0=9
LT (2)-9=0

LT (1) = min:

LT(3)-6=3



Total Float

Before the project is begun, the duration of
each activity is unknown, and the duration of
each activity used to construct the project
network is just an estimate of the activity’s
actual completion time.The concept of total
float of an activity can be used as a measure of
how important it is to keep each activity’s
duration from greatly exceeding our estimate
of its completion time. Total float is represented
by TF(i,j) and equals:

TF(ij)=LT()-ET(i)-t,



For Widgetco example ET(i)’s and LT(i)’s are as
follows:

Node ET(i) LT(i)
1 0 0
2 9 9
3 9 9
4 16 16
5 26 26
6 38 38




According to the table on the previous slide the
TF(i,j)’s are computed as follows:

Activity B: TF(1,2)=LT(2)-ET(1)-9=0
Activity A: TF(1,3)=LT(3)-ET(1)-6=3
Activity D:TF(3,4)=LT(4)-ET(3)-7=0
Activity C:TF(3,5)=LT(5)-ET(3)-8=9
Activity E:TF(4,5)=LT(5)-ET(4)-10=0
Activity F: TF(5,6)=LT(6)-ET(5)-12=0
Dummy activity: TF(2,3)=LT(3)-ET(2)-0=0



Critical path

- An activity with a total float of zero is a
critical activity

- A path from node | to the finish node that
consists entirely of critical activities is called a
critical path.

For Widgetco example |-2-3-4-5-6 is a critical
path.



Free Float

Free float is the amount by which the starting
time of the activity corresponding to arc(i,))
can be delayed without delaying the start of
any later activity beyond the earliest possible
starting time. Free float is calculated as follows:

FF(Lj)=ET()-ET(i-t,



According to the table on the previous slide the
FF(i,j)’s are computed as follows:

Activity B: FF(1,2)=9-0-9=0
Activity A: FF(1,3)=9-0-6=3
Activity D: FF(3,4)=16-9-7=0
Activity C: FF(3,5)=26-9-8=9
Activity E: FF(4,5)=26-16-10=0
Activity F: FF(5,6)=38-26-12=0

For example a delay up to 9 days in the start or
duration of activity C will not delay the start of later
activities.



nanssu 1981 (Fal9) Aanssufidasinneu
(Activity) (Time : Hours) NUN
(Immediate
predecessors)
A 1.5 -
B 1.0 -
C 2.0 A
D 1.5 A llay B
E 1.0 C wag D

A15197 7-1 AANTTU LAZNINTSUNADININDUNUTN

A15199 7-2 STeziaanfazsaNgeu

#1897U nafidesnisvas
(Path) 1AS9N15
(F1319)
A-C-E 4.5
A-P-D-E 4.0
B-D-E 3.5




* PINYNTTHLIANASIRUVDIMAATANBLAT LGN
svegnafienianainiedne liun anganuisiufanssu A-
C-E F9azi38n71 aeeudngd (Critical path) lnefigiaan
vosasneingAffeTeseznanfidufigavewialasanis
LLazﬁaﬂssmﬁagjuumamu‘iﬂqﬁﬁ%L%&Jm"] NANITUINGH
(Critical ~ activities)  dwsunavaseuaiTiintuly
AnssidngAfezmunedinuadweslasinisfiosintu
sy pglsfnufanssilagililldoguuasnuingd d1mn

AnAUa1T1A liiNasaANNa1 T vedlASINS
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A298199 7-2 CPM
o Uitmwimidldiinsamudmiulasainmsniaideulsunsunis lagnvualidl
svovnansElasInsaseaud wdulass Wiy 25 dUai 91t
TWsunsuwesladiiunsutsenlassnsieondu 9 Aanssy wagldvihnisuszana

ANSLIANNNBINTT LEAIAIRISS

nanssy anfidaenis Aanssufifiagyin
(fUa9A) nauntNui

A. Perform market survey 3 -

B. Design graphic icons 4 A

C. Develop flowchart 2 A

D. Design input/output screens 6 B, C

E. Module 1 coding 5 C

F. Module 2 coding 3 C

G. Module 3 coding 7 E

H. Module 4 coding 5 E, F

l. Merge modules and graphics and 8 D, G, H

test program

W
P




*  PINYNITZYLLIANVDININTSUVIMUANLAAIRIANT N 7-3 WU 43 dUat @9
ululdlenazanunsa@eulusunsulamuszosiianoivuawindyu 25 dUani
AIUAZADIMNITNAZARTL oA lUNSALTLUN15ANSSUlAesaInIT 43 dUa
PNUUAIINIRsUlATIRElATINSTUENIAE I N SEIBUINgATelATING
dgjl 1 -y} ai d! [~ 1 aa = [
Peald 1A5I918U9lATINSLEAIAININT 7-5 FILAUINLAINTSUNSNINUIU 2

NaNIsu Ao P, uay P,
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7.4 PERT: Project Evaluation and Review

Technique
4 . . . )
The technique is based on the assumption that
an activity’s duration follows a probability
\distribution instead of being a single value. )
4 T s . . )
The probabilistic information about the
activities is translated into probabilistic
\information about the project. )

33



° BUAULABIYINNITANUAAIIINNITNTLINYAIVBIA LU T
lAudAIR19°) AT
o a Ao mmmﬂf\mﬁmuaawam (I\/\lmmum activity time)

¢ b Ao ﬂ'}Lfamﬁuaqmﬂﬁﬁmmmam (Maximum activity
time)

°  m fs Awawesianssumlululauiniiga (Most likely
time)

® F19819UYU ANVUAW a = 5 U b =200 Waz m = 17 Ju
LLazmﬂﬂqﬁ%’umwwmLLﬂiuﬁzJaﬂﬂf;mm%L{‘Juﬁm%’ULaa’maq
ANITUNULEAIAININN 7-9
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AN 7-9 ﬂ’l’]ﬁJ‘Vi‘L!']LLﬂU‘U'eNﬂ’]']%Jﬁ’]R]%L‘f]Ué']%%JUL’Jﬂ"l?]ﬁﬂﬁf\]ﬂi'iﬂ
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rCni

a?m%’uamagwmaqLfaawmﬁﬁmﬁﬁuﬁﬁmﬁﬂszmaﬁ’;LLUU
WA AziinsuseanansAaunsegshgdniunisAvue
Aady (Mean, p) uazA1AULUsUSIU (Variance) %389
ANUBAUUNNINTEIU (Standard deviation, ©) Yausas
AINTTU ANANNT

_a+4m+b _b—a
=76 77 7%

d195UduN15v09AULUSUSU (O2) Aglaq

0.2

_(b-a)
36
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* mwum’lmuamaauuﬂﬁmﬁﬁmmmmaauumammﬂqm A T T2,
T ﬂﬁUUL’]ﬁ'W]Q%ﬂJWU@QIﬂNﬂ’ﬁ T 4AWNAU

T:T1+T2++Tk

LaZIaRaYUDIlATINIT (Mean project time, E(T)) WazA1uLUsUTIU
299LA59n19S, Var(T) AANVAY

E(T) =pu +up + -+

Var(T) = 6% + 0% + --- + of
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DSLCL

4 N

Draw the network.

)5S Il remni

o /

Analyze the paths
through the
network and find
the critical path.

~N

T'he length of the
critical path is the
mean of the
project duration
probability
distribution which
is assumed to be

\_ normal. /
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(= A S\ @ 4o B | B .
— T\ l-! = LN

a I
The standard

deviation of the
project duration
probability
distribution is
computed by adding
the variances of the
critical activities (all of
the activities that
make up the critical
path) and taking the
square root of that
sum

| =5 R W |

- _/

a1 icui ’ =D I &

-~

Probability
computations can
now be made using
the normal
distribution table.
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f2g197l 7-4 PERT

® p1599 7-15 Yoyadniuiiegei 7-4

nanssy Min Most Likely Max _at4m+bl | (b-a)
(@) (m) (b) . 6 D

A 2 3 4 3 0.11
B 2 4 10 4.67 1.78
C 2 2 2 2 0

D 4 6 12 6.67 1.78
E 2 5 8 5 1.00
F 2 3 8 3.67 1.00
G 3 7 10 6.83 1.36
H 3 5 9 5.33 1.00
| 5 8 18 9.17 4.69
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¢ mmmmmmmwmLaasﬂmqmi E(T) ﬁ@ NAIIUUBN
F’ﬂLaﬁEJ"UE]Qﬂﬁ]ﬂ'ﬁ'ﬁlW]E]%‘U‘LIEHEJQ’]U”JﬂE]Q ‘%\‘1 2h

E(T) =3 +2+5+46.83 + 9.17 = 26 dUa
o TuvuswAeINUANUBUIUTIUTDLIAYa9LATINTS, Var(T) &
ANVNAU
Var(T) = 0.11 + 0+ 1.0 + 1.36 + 4.69 = 7.16
o mﬂamagf]uﬁ”jw;f;miamaﬁmqmﬁ, T AN15UINUIILUY

Unfl LA nafawinnu 26 da wazAdeauulInggiu
' = \7.16 = 2.68
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fee19fl 7-5 PERT

14

® NFAVENN 7-4 UADIULNULAUFI

o 1. auunzlunlasenisiazaiuisatasaduniely 22 §Uai
JAvnduwnls
1 [~ Qi dyd v 1
o 2. AaUUzldunlATINISULANNUARINISIIAININAIT 28

dUat Tawinduwinls
o 3. WIUIUFUAINEDINSLUNSNLASINsHazd A dulUlan
x@SAWINAY 0.90
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f 0.17
0.16 -
£ 015}
3 0.14 -
< 0.13 -
g o012
=20 E
SEH0E
S 0.09 |
& 008
> 0.07 |-
= 0.06
3 005 -
© 0.04 -
% 0.03 |
0.02 +
0.01 +

Olll [ e T0 U0 O VA el P [ DO Y U N IO O B I 2 e | ) G181l 1. |

k6 S8 520 T22" 724 <267 28 307327 34."" 36

Time ———

1. YINNSANUINIAT P{T < 22}

T — 22 — 22 — 26
P{T<22}=P{ ﬂ< “}zP{Z<—}
o o 2.68

= P{Z < —1.5} = 0.0668

Z \JusUsuniinnnsgiu 3991nm1519mskaniasund aglannini 7-10
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T — 28 — 28 — 26
P{T>28}=P{ U“> M}zP{Z>—}

o 2.68

= P{Z > 0.75} = 0.2266

AUy lLanIfInIng 7-11

Probability density of project time —»

0000 0000000

oooo
[efeoleoNe)
WA OO

NOO—=—=NWhOON

LI RO I IO G R N RN S e i

P T o X o R SR P I 5§

0.02
0.01

det™ L L L L L L L L L L L1 L] ] e

18 520, 722 24 226 28 30 32 34 36

S B

AR 7-11 F1RaUVD0E197 7-5 (2)
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3. INISUIANYRY t LU P{T < t} = 0.90

t_
0.90=P{T§t}=P{Z<T”}

t—p
o

= Z90
WOt = U+ 0zgy = 26 + (2.68)(1.28) = 29.43 dUn4

ANNDULARIAININA 7-12

b ioie L
16 |
g 015 |
=014k
.go.ls-
Su0ea
- 011
> O01Ff
% 0.09 -
£ 008 -
> 007 |
£ 006 -
_80.05—
o 0.04 10
< 0.03
0.02
0.01
O e SRS ..y e
16118 200 “192 w0A4 Dgsa 28w 1301 1482 m 3411+ 86
29.43 Time =

AN 7-12 ANNBUVBIR20819% 5 (3)

46



81891U9852 (Path independence)

o U/

¢ a’]‘lﬁ'ﬁU"U@“\]'lﬂﬂ‘I/lﬁ’]ﬂfU"U@ﬂ’Jﬁ PERT ﬂﬂ@ﬂ’]’iﬁ]ﬁﬁﬂiﬂ@%’]ﬂ%’l’]
awmu‘wm'gqaumL’;ma’nmumamwLﬂumammﬂqm IWEJ‘VI
ImwmmuiwwLLmaummmmLﬂulﬂlmwmmummmm
17071 1 mamummqL’Jmm”smuwammmamf\]mma
mMuawmu’mqm HONANTUIANNGIDENN 7-5 911NN
SLYLLIANANTUITY (Actual tlme) "U@Qﬂ‘\]ﬂ’ﬁ'ﬁﬂJLW@VIﬁ]”eL‘M
ﬂﬁ]ﬂﬁillm’]ﬂﬂﬁ?L'ﬁﬁ]Lﬂuﬂ\‘]WﬁNVI 7-16
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A15199 7-16 52828 MNAVUDIIVAININGTU A - |

fAangsu S2u2aN39dl nanssy 5282178193471
foIn3 f99n13
A 3.4 F 5.0
B 4.0 G 6.2
C 2.0 H 7.2
D 7.0 I 13.0
E 3.5

Tnefinanfanssuvesaneuingiues A-C-E-G-1 (28.1 dUasi) i
wlilifumecuinginfidisssognafiondan  widuaeay  A-C-F-H-
(30.6 §UA) unu Fefuaunfigiuves PERT fiiasdestimunanenidngRly
uiupulsiivAsuulasenaayliuiazgndes
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0819l 7-6 PERT (Path independence)

o PIAMA  7-13  wAnsALads  (Means)  wazAIAIULUIUTIY
(Variances) vadufazianssy mvualiadniisdudua way
NRNITN 1 Davisnsed 9 Asllaneanudnuiu 2 ateanune A-C-E-
G-l WAz B-D-F-H- Tpefivsnaivesumazasaufiaingy 41 uay
40 @anvieuafu e?fqaulé"jwmemuiﬂﬁﬁﬁ] siduaneu A-C-E-G
f\]vmuvlmf]ﬁmL’;a’muﬁ]vmaqL’;m‘vﬂ,ﬂaLﬂmﬂuaﬂmamuaﬂmmm
wile 9Indoggits 2 2189UANINTTY | m’mumﬂumﬂﬁﬁmamu
MnfinadeiuI 2 mamuummLUuaaﬁvmaﬂuamqmm et
Tt umoUYINIAIAY mamm%mmwm 2 @guiianulu
aaﬁvmmmmﬂmaawwLmﬂmqmﬂmﬁmammmmﬂmﬁmmEJ
PUNYIANYINULALY
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AT 7-13 TAseUed1visu PERT faagnefl 7-6
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nagaudainsiazmIndanuduldlaminlsflassnisiaswanasanielu 43 dUas
Muualy T, Wunaiidesnisvesansnu A-C-E-G-l wag T, Wunaifdesn1svesanssu B-D-F-

H-1 9zlgin
E(Ty) = 41 was Var(T1) =0.13 + 1+ 1.15 + 4.4 + 1 = 7.68
A
E(T2) = 40 uaz Var(T2) = 0.11 + 3.1 + 0.86 + 3.0 + 1 = 8.07
Svueld T furasnanilassnsezuduada sofu T = max(Ty, Tz) Aagléin
P(T < 43) = P{max(T1, T2) < 43} = P{T; < 43, T, < 43)
frengeanvais 2 Aflddesnindias axlddnai 2 duasdaliosnindiaadi

= P{T1 < 43}P{T2 < 43}

=P <) P 2 <)

= P{Z < 0.72}P{Z < 1.05}

= (0.7642)(0.8413) = 0.6429
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Heswnatunismuaiuiianududeu ddnsasaunfgiuniaisnuiuiinnuludasydeiy
LAIABINSNAENIIUIIIWIUEUAMITFBIN s AeldAuLazduvingy 0.90 agasnsanla

1N
P{T: < t}P{T. <t} = 0.90
39

P{z <%}P{Z <%} = 0.90

WetimsAamen t lngldisnisaesiinasign (Trial and error) &ewaganunsanazisy
INMSANINAAIINLITURD V090 = 0.95 9xladn t = 456 d@msuAiluneulsn was
t = 44.7 dwiulumendn 2 Welinsudlvaligndesaglaan t da1Ussanu 45.2 §Uavi Feazyin

TnA1AnUnztduUszan 0.904 d1rSUNaTeIAIUU1LLTUIIED Y
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o \flosanii 2 awmumaﬂmqmﬁﬁLﬂmﬁf\mﬁﬁmLﬁm‘ﬁtﬁu
Aanssusin sethulunsiaunfgnuiithasnuie 2l
mmLﬂuaaium@ﬂuﬂﬂaumwvum@ma Fanavildiany
LUEININNITNAEAUA ITLEI8UING AL 1891 ULREY
lngdrannuaniglulasinisionasiifanssusuiueg
F1UIUNN muumﬁmamm%mmmmmmmmum’mlfdu
daszronueIvvzlignaadln

® Lﬁ@ﬂﬁ]’]’im’]ﬁ]’]ﬂﬂw\lﬁ 7-14 Q%lﬁﬂﬂﬂﬂﬁﬂ%ﬂ%ﬂﬂﬁﬂﬂ?ﬂ 5 @y
$1UAD @18941% A-B-D-l, A-C-P -D-l, A-C-E-G-I, A-C-E-P_-H-
| waza18919 A-C-F-H-I Lﬁ@ﬁ’]ﬂ’]'ﬁ%’]ﬁﬁ’mﬁst’wL’Ja”l"UENﬁ\‘i 5
euaglvnnu 23.51, 20.84, 26, 23 way 23.17
GﬂﬁJa’]ﬂ‘U Iﬂ&l‘l/lﬁ’]&l\‘i’m A-C-F-H-I a“uﬂﬁmswsfmmmu 3
naniiunummﬂummawmmumaﬂﬂa A-C-E-G-
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AN 7-14 d1897U A-l d15UlAsINIS
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o avnismurainanuululenlassnistazualtasanieluy 22
FUA9 Feanvualrusazatsnududaseaaiuazlain

#41897U BAUWIA AT AMUBUIUSIUY
A-B-D-| 23.5 8.36
A-C-P,-D- 20.8 6.58
A-C-E-G-| 26.0 7.16
A-C-E-P-H-| 23.0 6.80
A-C-F-H-I 23.2 6.80

Y 1 < 1 a ¥ < < 1 a v
a1 T LUU%’N?%EJSL’)@W‘U@ﬂiﬂiﬂﬂ’]i%ﬁ]guai}Lﬂiﬁ] Wae Tq,....., Ts LU INIAINABINTITVDY

WAAEEEU 9x1A
T = max(Ty,...., Ts)
way
P{T < 22} = P{T1 < 22, T2 < 22, Ts < 22, T4 < 22, Ts < 22}

= P{T1 < 22}P{T2 < 22}P{T3 < 22}P{T4 < 22}P{Ts < 22}
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AUURINYINIANADINTTVDIAILINUINTUANLAIUNE 22 1A70

22-23.5
v8.36

P{T, < 22} = P {Z < } = P{Z < —0.52} = 0.3015

22-20.8
V6.58

P{T, <22} = P {z < } — P{Z < 0.47} = 0.6808

P{T3 < 22} = 0.0668 91n§1081971 7-5 daufl 1

22-23
V6.8

P{T, < 22} = P{Z < } = P{Z < —0.38} = 0.3520

22-23.2
V6.8

P{Ts < 22} = P {Z < } — P{Z < —0.46} = 0.3228

Aatuazula

P{T < 22} = (0.3015)(0.6808)(0.0668)(0.3520)(0.3228) = 0.0016

Annudululfvedlassmsaiefidiniu 0.0016 2 nnMTREUNRgIY
fiaeeuiianuiudass Tneidanudululdfinuuand1eafuds PERT Feazld
Aty 0.0668 astulasasenvaznanldiinnuduldilassnsazadauiand
22 duai daranululdldiesndn 6.68%
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z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.4 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879

10.5 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

1.0 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
1.2 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
1.3 0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 04131 0.4147 0.4162 0.4177
1.4 0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 04515 0.4525 0.4535 0.4545
1.7 0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
1.8 0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
1.9 04713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767
2.0 0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
2.2 0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
23 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
24 04918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936
2.5 0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
2.6 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
2.8 0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
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