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lim F(x)=1
lim F(x)=0

p(a<x<b)=F(b)-F(a)

; a<b

If X was Continuse stochastic variable then

pla<x<b)= p(a< x<b)=pla<x<b)= p(a<x<b)=F(b)~F(@)= | f (x)ix
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Chain pé b !

X; 1 2 3 4 5 6
P(x) 121 2/21 321 421 521 6/21
F(X) 121 321 621 | 10221 | 15721 1

E(x)=1xi+2xi+ ..... +6x— =433
21 7721

var(x) = E()-[E(x)F = E(x*)-4.33* =21-18.78 =2.22

f(x):{fe%xzo
p(2<x<3)=0.145
F(x):% Jx'e’%dt :%ie’%dt =1-e7
E(x):%];xe% =2
Var(x):{E(><2):%]3><2Pf§d><:8}:Var(x):8—22 =450=+4=2
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p(X <x)=15212%—>x=5
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jle—%dt:l
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171 =X 1 =X
:J.—eﬂdtz(l—ez)z—:ez=l:>—i=1nl:>x=1.3865
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X~ Exp(A)
—AX
f(x)= e x=20 = F(x)=1-e"x>0
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E(x)= %
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LE &I

. L™ b e
(B)=[x*e™dx=(8-1)r(8-1) G

BeN=T(p)=(p-1)

L™ iy @b

X ~ Gamma(ps, 1)
g x>0 A i _ goem
f(x)=41(p) ﬁ=1:>f(x)=mx e =Je
0 otherwise
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B
If X, has Exp(4) distributaion then X :ZXi has Gamma(ﬁ,i) distributaion
i=l

B B ﬁ

E(x)= E(Z xij:ZE(xi)=ﬁ*E(xi)=;

= S Vi ﬁ
Var(x)=Var[Z xij =Y Var(X;)= p*Var(X,) =
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\ 1
x ~Gamma(f = IR A= 5) X ~ Chi - square(X)
v 1 v
1.5 Y
(5)2 vo,ox (2) %_1 _g
X2 e? x>0 = f(X)_ —VX e x>0
2 2
2
0 otherwise 0 otherwise
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o X=X X,
— X, ~EXP (1/1000)

— X,~EXP (1/1000) F(x)=1-e7 & (ax) =1—e%°°°‘21:(%"0"x)i
=l

=0.636=0.64

1-0.64=0.36
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— X, ~EXP (1/20)
— X,~EXP (1/20)
— Xg~EXP (1/20)

20X50 ]—p25 S (2 5)

2
F(50)=1- e/°50><z = =1-0.543=0.457
i=0 i=0
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X ~N(u,0?)
f(x)= l e%(#%)_ —0 <X <O
2ro

Dlim f()=1im f(x)=0

2) f(x+ )= f(x—p)

3) Arg[Max(f (x))] = u

5) f(z)=

-
3

Jby @i

2 "
| y XH) e 1 2 X
4) F(X): p(X <X):J‘6\/ﬁe [”jdtz .[Tﬂez dZ:(D[ Gﬂ)

i
e? ;—w<z<+mo—>27~N(0,)

X ~N(g.c?)

E(x) = +Jioxf (x)d, :TX

2ro

Jby &g wlilg g (ool wuwl

2
j
o

Var(x)=E(x*)-[EX)] = (> +07)—(u)’ =&’

1 e%(

Jby @ig cuosas b Sl dus cole (Sisls
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If X ~N(50,9) Calculate p(x<56)

X =50 56-50
<

p(x<56)= p[

If X ~N(12,4) Calculate p(x<10) and p(10<x<12)
j:®(71):0.1587

F(12)-700) =0 232 -0 712 0(0)-0(-24)- 0(0)-( (1)

=0.5-(1-®(+1))=0.5-(1-0.084134) = 0.3413

JUbo

; j =p(z<2)=®(2)=0.9772

2
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ol b (3l 8 lyls 5 Y0 o Sike b Jles i s Jgamms sl Lol S
e Cjé\jﬁ'/.bjbla.&:}?«ffvggd\aj;qb Sdoes
If X ~N(50,9) Calculate p(x<S56)

p(x > x,)=0.05

1—@["0%25] ~0.05

q)(x()%zs) ~0.95=

35008 Blpn 0 53 L 555 53l gyl dolg T 4 Lol ke p50n 4 S

XO%ZS =1.65=29.935=30

JUbo

.r.i)\:
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1 (Inx-)

1= s

2

Note

E(x)=¢" 2

Var(x) =e** (% —1)

If Y hase Lognormal Distribution and Y =e* then

X has Normal Distribution

JoiTY @IF caogas b Joldb sue cols (Selx
5 AEL (o e oylsen JL Y ol e
o Jb dolas glaanT 3 il ol 5 Lo

.Jj)@\s

NP BLY

- e sy T@L(B)
BETA Function : B(a,ﬂ)—_(l:x 1-x"d, = et f)
BETA Distribution : f(x):L_X)ﬁfl L 0<X <1
B(a, )
E(X) = “ﬂ Izt 65 g5kdebe (sl LT 53 el el dslas jme oS5
o+
J})djgmsﬁdno@b@:wwgrjl&nb
Var = B e el s sl s
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Jouls @39

X ~Weibull(e, B)

a . _(%)u
—X" e ,0<X

f(x)=
) G

LT ildte s QL Jsuly (dolal sla e

E(0) = al' (& +1) g
B 5 o o3l Olisabl bS53 1l 3 43

Var(x) = az[r(%ﬂ)—rz(%ﬂ)}

Jeuls @iy caogas b Solai sus ol  Se>

gl (J 398
X ~T —Student(n)

Jx(x)

n

. 5 (n+1)/2
Wiika)o (P o e LS B
vrn I(n/2)

n
E(x)=0 , Var(x) =——
-2
Where Z is a standard normal random variable, Y is a chi-square random variable

with n degrees of freedom, and Z and Y are independent. X has T-Student distribution

Z

?
VY/n

Xf
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yod 25

X ~ F(nlanz)

Jx(x) - 0<x<o0

2 m

m "

I +m2)/2) rlrmz /D1
[

T (/DI (n2/2) " Tm +2)/2?

E[X]= Lz (for ny > 2)
Rz —

_ er%(m +n —2)

Wi = ny(ny — 4)(ny — 2)

(for ny > 4).

where V. and W are independent chi-square random variables with the corresponding
degrees of freedom n,,n, X has F distribution with n,,n, degrees of freedom.
B V/Hl
I/V/Jiz
rd QIY Caogas b Jolai dus Lol (S

Sl i b g ok 18 SIS

o.uaféua,'}:,‘\‘;ﬂ alydms a5 e O gl 53 oS BB 1 (55k 015 o0
3G (B2 e 6K 550 3 il BT g 3l o ool Ol s L
wals) 33.3,8 oa (57 a5 S (Sl 53 ba flond (oS 3515 a5 5
plrl aseiia (slaasla)l (6 S Gl p b alsly et 5 e 55 S Jud )

2 5 sl
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Poisson Process

A Poisson process is a special type of counting process that is a
fundamental base case for defining many other types of counting

Processes.

Definition: The counting process {N(t), t>0} is said to be a
Poisson process with rate A, A > 0, if

- N(0)=0

— the process has independent increments

— the number of events in any interval of length t is Poisson distributed

with mean At.

Prepared By Dr. Kazemipoor

Poisson Process

The single parameter A controls the rate at which events occur
over time. Since A is a constant, a Poisson process is often
referred to as a homogeneous Poisson process. The third
condition is equivalent to

e M(at)

p(N(t+s)-N(s)=n)= — 5 =0l
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1=20 min:>/1=6%0=3

e—660
At=3x2=6=p(0)= 3 =0.003
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X ~ Poisson(At)
-t n
= p(N(t):n):$ . n=0,,.
PT <) =1-p(T >0)=1- P tt o b ol 3555 o )=
- 0
1M en =D aoe s
o ot

=t~ Exp(1)
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Bolai dlasl udgi sl 59

&y Ok m9y

ol oy gy

ST (Hagd (P9)

liner congruential method L Seged S

Combined liner congruential method 8"y Jas g SbIge °

liner congruential method

ot gl e X, ®

Apo ol s piia

s

X,=(aX,_ +c)

oo Colb Hlddeic
AJLQ.:L )‘JJ.A m °

5 bty (ke L 3l b ol 5o lglp 5 b byl slie bl o oo
53 5 dieb e aeeT  zigien Wgely Wgs il b Callies C (B )l S Jsb

Jﬁ@o@b&ﬂﬁu‘WﬂyMij‘fcgé)y
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JUbo

Wb agen Sy bl 9 %5727, a=17, =43, m=100 ,slie I esliwsl L
ST A5 Sl slael I gldls

X, =27

100 100 100
X, =[17(27)+43]= 502 = 02
R, =0.02

100

X, 1;0[17(2)+ 43)= 77277
R =0.77

100
3 =

X, =[17(77)+ 43]105013521252
R, =0.52

Example

For a concrete illustration, let m = 23! — 1 = 2147483647, ¢ = 0, and a = 16807.
These parameters were originally proposed in [83]. Take xo = 12345, Then
x1 = 16,807 x 12,345 mod m = 207,482,415

207,482,41
up = 20T 882815 0966165285
m

x2 = 16,807 x 207,482,415 mod m = 1,790, 989, 8§24

1,790,989, 824
uy = 00989828 0339046274

m

x1= 16,807 x 1,790,989, 824 mod m _ 2,035, 175,616

_2,035,175,616

m

U3 = (.9477024977
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Combined liner congruential method

s Jgb ol San g0 igior Ugo dix L 95 S 5 L
S el g Jla| am js 9 odd i odd U g5 sluel

Aol Al 3
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S g 0a3T )
8 =33, 5dlS7 0 50 5T Y-
ok U g sluel JMizal sla ;;},,)‘T _y
Lgy a3l V=Y
P35 3 S5m0 Sk, —\-)-Y
o 51 55 5 S S ey, Y-
353 83500 Sakin; Isb (S S S S5 8 55 sakiny Ib) Ly Jsb ulul  Lgy 0 ga 5T =) -Y
Sar 0 a3T Y-
BUCINPSS
S g3 T —F-Y
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A ST L sl slacsy 8wl » (Bolad shiel 251580 Cos o o2, 81
A 0 Ol (S8 ls 55 90 b SIS s e s dlie Ot 4 Bl o
Ol 5 5 prlior o (23 15 0T b & Lls 1S5 g (Bolas slel oS
4 LT 53 48 ol s Hi ol b Lyl sl 25 (35 @l slisl A8

PP e gy 4 eidle (LT S ] 03 35k g L 0 Kol 55 Ol e

Hy: R ~UJ[0,1] :):;”é—\j&g}j;l.\:«l

Hyt R~UIOH e o155 5 lols shas!
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.WQTJJCVLGQ)QTQJ;:)W

sl g5 sl Jezm=P (o 3 3 35 o 3 p Cm)

£33 g5 llas S =P i o3 iy [ B o 5 )

~.\°'F3~.‘W3~.~0)~.\\° )'.A\

KS G560 cuwid -1 Jlo

el it lu ) sldel ¢ ol sldel ol w gy &S5 Lo g LS 5 3

0.14

Sl ok é,'j:g;.;\fii”b@ﬂm LT

L 0.05 0.44 0.81 0.93 |
| i/N 0.20 0.40 0.60 0.80 1.00 \
| i —ro 0.15 0.26 0.16 = 0.07 } D*=0.26
| Ro—G—1/N 0.05 = 0.04 0.21 013 | D" =0.26

=
{Dws,s =0.56

D = Max{0.21,0.26} = 0.26

}: Dygss > D= 200355 jaw 553, 2 PR
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99 I Uge 3T -Y Jlo

oSG 38 @ 03 TAD 1 s pela 3 slel ol LT el ods ad g ol 435 0SSy sl

034 090 025 089 087 044 012 021 046
083 076 079 064 070 081 094 074 022
096 099 077 067 056 041 052 073 099
047 030 017 082 056 005 045 031 078
079 071 023 019 082 093 065 037 039
099 017 099 046 005 066 0.10 042 0.18
037 051 054 001 081 028 069 034 075
072 043 056 097 030 094 096 058 073
006 039 084 024 040 064 040 0.9 079
0.18 026 097 088 0.64 047 060 011 029
T
Interval 0, E; 0 — F 0, - E)?
1 8 10 -2 4
2 8 10 -2 4
3 10 10 0 0
4 9 10 -1 1
5 12 10 ) 4
6 8 10 2 4
7 10 10 0 0
8 14 10 4 16
9 10 10 0 0
10 11 10 1 1
100 100 0

X§.05,9 =169 =

ooR 5)}151:13

JJ\JJ:}Q-)JL&
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P5d (o el 1) BB 05T
H0: pim=0
H,:p,, #0

Z=Pin oy 1 05T e,T o8 15 0L 015 gr 09037 2l 3

O -
Pim
T o Cmn @ 5 g 4 sla bl Al ol 5o
M A/
Pim = 1 |:ZRi+kai+(k+l)m:| —0.25 Gon = VM7
M +1Lk=0 Pim — 12(M +1)

JUbo

015 (o0 ¢ Stmrad Tond bl LT .l 0s W5 5 sl ¢ olst W go K Lo g5

s Bslai 740 éﬁ» SRR (RS o (@A (g Slael

+ Y ) LYY + YA A4 (AR + 7F + YA * AV .+ Ay
140 ORI e Yo 4 + ¥ r . LYy + Vo M
+FA +.F4 LY (Ao + 40 +OA CALY (A4 [Ea + AV
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i=3 N=30 M=4

0=0.05=2Z,,; =196
2
Pin = ﬁ(o.m *(0.28+0.28*0.33+0.33*%0.27
_|._
+0.27*0.05+0.05*0.36) — 0.25 =—0.1945
£
6. = NI3*4+7 0.1280
P 12(4+1)
7220 6 1.96<-1.516<1.96
0.1280
S)lWgrg Jho (2905 3 MO
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Data Collection

Data are of course central to the development and use of
simulation models. Much effort may go into the design of the
conceptual model and into the coding of the computer model.
However, if the data that are used to design and populate the
model are inaccurate then the results from the model will also be
inaccurate. The concentration on quantitative data, however,

ignores the importance of qualitative data as well.

Prepared By Dr. Kazemipoor

Ja b

Wl 690 005 5l Als (63955 Sbaosls I pae Jdbe (1 b 5 5kaie o
ol sbaosls 55T 81
pls sl sl LT Glws e 2
@35 S pasde gla bl oles,sT 3

bpisossT 4

(238 st 033 p B o (5535 Do s 3 i e sler (2 OLL 53 —

Prepared By Dr. Kazemipoor

(DIl oLyl ) azdly jLATSI
Parand. IEPU.IR vip T olLidiily gyliny ¢ waigo



http://parand.iepu.ir

Pl slaeald (5978 5 -

.4@_;@51@,:4,,@;gaww5),Tc?6|ﬂ&u4fﬂ6>|,»:6ﬁﬂuﬁ .
«;:n;>Li@pu;«u@ﬂ@,,);b&a\.;}.:w,pA;a.u«?ﬁaus;)mds&m@}n&v);w -
ol e Gyl Sgone o Sl 5 6 Lo51 (plolid g 53 0l pon o7 2L
Wosls (555155 L oljen o 525 ®
‘5)'\..44:?.2‘5:});01);9QJ‘L_J;)ysijéugjjQ:;Ja;'u':uLblel)aA.'z5)}“,?‘5&”!:;):‘,{‘_’3\5 -
.xgi&sjjT@?sA:bﬂbsuealajAéf;ﬁfﬁ
ha:\:):ﬁaﬁsh 48 gazue (al.éal .
and gy Y Lasd 59, Y=Y olaosls Do chans 15 s 3550 Jay L 55 Jlste slaoyss 5o l)L'eub\_;'im -
ns bl ) o Sls (s 1 Slakie $la0 53T 15 oalels (51 4 plis!

e Lz b 95 Ole sl gy (o) 2

Jj—'&w‘;&&éhaé\:@}f&_}ﬂ .

ool Sl g 5;'.07 ‘5&@“}53 Cy Y

n K slos,y alols sluws @‘3‘-}5 J‘}}N_\
Y. S iy R e.ué)}Tcsz- 5ue>1>644m,£ -

O RN

Voo Yol it (Sl S o3lial b (Bl s Gl ad —
> /5 . RO ..

100 v aib a gl Slelp 03 S et —

3,8 2050, Lﬂ_éb'}«@«fg!«;,f@@ﬂ)?ﬂ&‘%ﬁ“‘t -
sl b e
2 A dlel 55 s Y

s e mg Sleslial —

<wgudu¢<~5u\;@GJJ;M,d_ﬂ;}J,;u_)bgﬁwwﬂsjwéu@;;;mu@l -

We use Quantile- Quantile Plote for this section
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H, : X has poisson distribution
H, :X Don't has poisson distribution

e—l/lX B e—3A843'84X

If x has poisson distribution then p(x)=

X! X!
Prepared By Dr. Kazemipoor
dofaly  Jlo
We can say that:
e73.843 840
p(x=0)= T =0.026 = Expected frequency:100*0.026 =2.6
e'3'843. 84'
p(x=1)= 7' =0.096 = Expected frequency:100*0.096 =9.6
e—3.84‘3.842
p(x=2)= BT =0.174 = Expected frequency:100*0.174=17.4
-3 843.8410
p(x=10)= ol =0.003 = Expected frequency:100*0.003 =0.3
e’3'g43..84ll
p(x=11)= T =0.001 = Expected frequency:100*0.001=0.1
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12 2.6 e
10 9.6 7.87

19 17.4
17 21.1
10 19.2
8 14
7
5
5
3
3
1
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0.15
0.80
4.41
2.57
0.26

11.62

7 _E )2
Zszample = z (OI EI ) = 2768
i=l

4ofal) Jlo

255,7-1-1 = Zg.os,s =11.1
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P15 gl H13g03 - Jlo

b 9 BTN WY
Chip life
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dofal =Y Jlo

Fla)=1-e™ =iP ; i=0l.,K
e —1-iP=a =~ n(I-ip) 5 i=0L.K

We know that: 1=0.084 (Why?)

We recommend that: np, =5

If we haveidentical probability for each category then:
k Kk 5

For this problem we suppose that k=8 = p=0.125
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dolol -Y Jlo
a,=0
1 *
a =- In(1-1*0.125)=0.159
0.084
1 *
,=— In(1-2%0.125)=3.425
0.084
1 *
a,=- In(1—7%0.125)=24.755
0.084
ag =00
Prepared By Dr. Kazemipoor
954 r &
axi -V Jlo
| Class Observed Frequency, Expected Frequency, (0; — Ep)?
Interval 0; E; E;
| [0, 1.590) ; 19 ' 6.25 26.01
| [1.590, 3.425) 10 6.25 295
| [3.425, 5.595) 3 6.25 0.81
[5.595, 8.252) 6 6.25 0.01
| 8252, 11.677) 1 6.25 441
| [11.677, 16.503) 1 6.25 4.41
[16.503, 24.755) 4 6.25 0.81
| [24.755, 00) 6 6.25 0.01
50 50 39.6 |
L - |
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Jby x5 10 Sl 0d) dhold puni -1 Jlo

F(x)=<D(X?T’u) . <X <o

Fa)=0@ " Hy=1%p, 1If p=0.125= oG "#)=0.125
(o2 (o2

= oG4 —(-1.152)
(e}

—a =u-1.1520
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a=4951 c=247 m=256
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