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Queuing System Case 3: Delay System
Limited Server=N; With Unlimited Queue
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Queuing System Case 3: Delay System

Server=1; With Unlimited Queue; M/M/1
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M/M/1: Summary

=1/Ts

Arrival = Poisson, A

Inter Arrival Time = Exponential, 1/X
Service Rate, p

Service Time, Ts (1/u) = Exponential
Queue = FIFO

1 Server
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Queuing Model(1 Server);
M/M/1

Queue = 0, No Delay e Queue = Delay

Server 319 Server Busy

1/Ts = service rate
arrival rate For each server
2D\
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A wu=1/T,
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msauves M/M/1

State =0
— — No Q Delay
” ‘ " Queue Empty
State =1
' ‘ Delay
State = x: Queue = infinity Customer Wait in Q
State = x; x = Q+1
‘ . Severe Delay
Queue Overflow (Full)

Congestion

n3elfl Queue fau1nidn = Q
Packet Lost




Kendal Notation
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A %1311894 Interarrival Time Distribution
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Kendal Notation

=y =i s LI 1 i i = =g A =t LI o
Un@Atiseineg 1131 Short Notation nd1dfa A /B /¢ Tagausfdliin2118139849 Queue 11 1id11a
(K = o0), 9147184 Source f]mumth'ﬁ]ﬁ’ﬂ(m = o0 ) 1Az Queue Discipline 113 FCFS(First-come first-serve) 130

FIFO(First-in first-out)

Distribution ﬁ1’ﬁuA wa=B an

G/ General Independent Interarrival Time
G General Service Time
H i k-stage Hyperexponential Interarrival 138 Service Time Distribution
E Erlane-k Interarrival ‘I’i?'ﬂ Service Time Distribution
ll';" (-
M Exponential Interarrival 139 Service Time Distribution
D Deterministic(Constant) Interarrival %130 Service Time Distribution

- - . : 21 . , T
[ Uniform Interarrival ¥38 Service Time Distribution




Kendal Notation

AUV Queue Discipline ﬁﬁEJMLlﬁuﬁ
FCFS 130 FIFO  First-come first-serve 3 ® First-in first-out
LCFS 138 LIFO Last-Come First-Serve #1538 Last-in first-out
RSS 1139 SIRO Random selection for service ¥39 Service-in-random order

PRI Priority Service




Analysis a2l M/M/1

guNAnauwsnI Queue duua’lidnne

1o M/M/1 Tun1s Model waag Port aas Router (1192
Switch L3)

Arrival @ad1uiu Packet itzinauntumsnaiuils Uné

ailu pps

AU Packet &uudnluviuay wafin1snszane

wuu Exponential o

- Service Time wavusay Packet agiilu Exponential 638 il
fiuagAua Link Speed 2ay Output Port

A1 Server Utilization winduamas&iuuag Arrival

Rate 119628 Service Rate azlivuanaas&Iui

Server 3¢ Busy uag@a Link Utilization aay Output

Port aha




Queuing in Communication
NW and M/M/1

Arrival Ra‘re' ‘ Service Iia’re = 1/Service Time
y) u=1/T,
p=A1u=AT,
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Example

- Router 165U Packet 1ada 8 pps

- AuaNUaY Packet finnsnseanauuu Exponential
fagAINNENILaRe 500 Octet

- Link fiagavaanly iaauisa 64 kbps
» 1. Arrival Rate, A = 8 pps
+ 2. ANUNENIRAnuag Packet = 4000 bit

. 3. A3 Link = 64 k 69iu Service Time, Ts
aadnay Packet = 4000/64k = 1/16

* 4. Service Rate(n) = 16 pps
- 5. Server Utilization = 8/16 =0.5 = 50%



Assumption

1. aein&u71 Packet Mi2inun siagiilu
Independent way Random ulvtilu
Poisson

2. ANNENAY Packet azauyfilu
Exponential §oiiu Service Time awiilu
Exponential e3¢ wiaNy Az udazly

anEIavln

3. d1 Output Link t&en Aacilu Single
Server

4. gofingdr F9azilu M/M/1



Utilization

+ Utilization uandasaui Server ¥
Busy was&uwusiyu Probability 1
Queue AgINY
- Probability 9 Server 119 1—p

- 1u Network Aafa Probability 7
Output Link 3¢ Busy a2

p=Alu=AT,
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Arrival Rate

- Liavann Arrival Rate dn1snszanaLuyl
Poisson @ailua1l A iiludnsads
229 Customer (Packet) tdnunlu
2139131 1 U
- Probability 7iagfi k customer (Packet) 12in

1N Tuagan T I unagnlaann

(iT)ke_/IT

k!

P(X =k) = p(k) =
p(0)=e™
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Service Time

. T 1flu Service Time \a&8 waz Service
Rate »n'legann u=1/T,

- lagsan Service Time tflu Random
Variable Afinsnszanauuy Exponen‘rlal
fatiu Pr'obabull‘ry  Service Time audl
Adaanin T aziilu

pit<T)=1-eT"""
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Queue Distribution

+ AN3NsEAN8UAY Customer (State Probabili’ry)
gunsaduallaann Probability 1 svuu g
k Packet atidvil

= Po(AT,)"

- 1aai p, Aa Probabili‘ry A 2l g9

Po =1-p=1-AT,

- Fotlu e P = (- ATH(ATY)" = (11— p)p°

- ARNAA NNTNT¥ANEUAY Customer Tuszul

w3am1 State Probability agiilu Geometric
Distribution



CaRIS™L Customer &9, N
RGBS State, E[X]

ANAPX =x]=p, =1 —p)p*1a0la
E[X- - Zx 0X Px = (1 _p)Zx ()X,D
ueann (CPE231) X% jxp*~1 =2

(1—p)?
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X] = (1= p)p Teo xp™ = 15
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Queuing Delay

- AN Geometric DisTribyTion ANLDNE
AaAUIU Customer Lale ARFTUIU
Packet taaaTuszuu agnn'laann

N=_F
1-p

« gNAALANIZANUIU Customer Lalalu
Queue 19116




Queuing Delay

: a‘im%’n Network aitada anulu Packet
ety seuy wazlu Queue agnlaann
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System Delay

- weay Packet m”aﬂ?j”nmtaﬁﬂ"lums
Service T, 691U A1 Queuing Delay
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T-w4T =~ Lt 1
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Little's Theorem

- g1 T llunaadangndraslussuy uay
A iy Arrival Rate sutiudnulugnan
IR TUTTUUALLYNAL

N=AT
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a3 M/M/1

I. Notations

P, A Steadv-state probability “ﬁ:ﬂ::ﬁ N customer U3V

A . e Arrival rate(Ssdmnduvassin Aevad inter arrival time)
U . #1 Service rate(AIUNFUVBIAUR RGBT service time) = 1/T,

N . AU BgUD93 171U Customer Tu52 1A

N, AR EEUD93 117104 customer 15011 Quene

T . AURABD 17819849 Customer f*'iﬂyﬂm:uu

W . ARS8 Customer 933011 Queue 131323 Service Time

; ‘F]I’IHJEEJ*‘IJE& service Time

 Second Moment 41849 Service Time




a3 M/M/1

II. Little's Theorem

III. Poisson Distribution with Parameter in

= n

e m
p,=——. n=01..

in!

mean = variance = il

IV. Exponential Distribution with Parameter .

Plr<s]=1-e™, 520
Density: p(7) = de ™"
Mean: =1/ /

Variance= 1/ A”




(a)  Utilization Factor (8813187344 84138191 Server Busy)

’d?ﬂ M/M/l P=i

Probability Nazil N customer W52V

(b)
p, =0 (1-p). n=0.l..
(c) =T:i’l1-_l’,|1-_lLiJ_§|if_l=‘|J'E]~iI Customer 145211
N=_"
1-p

(d) I NNAPUDI Customer 14Tl
Al—p) pu—4

$1UIURASUD Customer 11 Queue

(2]

i,

N — J‘j

o "1,

B B i‘l
(H  aunasiiaoisaly Quene Y99 Customer

2
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M/M/1 Example 1

Examples (M/M/1)
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M/M/1 Example 1

AR

® 31091 LaINgMMUA Na1If Arrival HJH Poisson Distribution, Service l‘ﬂ‘IJ Exponential Distribution gz

-—

Anuensafizuimsdeia 18fias 1 4 magl1dhzunsdu M1 Model

e lun; ﬁiﬁm’rﬁ Hudonnaunie 2§ uazaoid il Na AR IREEU Arrival Rate 150 A 12
AR ABUD Service Rate A0 U ﬁﬁwﬁ’mhﬂwﬁﬂﬁa AoNUIEna1IzA AN '1uﬂiﬁimm%’aﬂ?‘ﬂwﬁmﬂw'
F1 T334 3v191amnﬂv¢m1u1ﬂ ﬂﬂﬁlﬂﬂ?ﬂﬂﬂv1ﬂ1ﬂﬂﬂuuﬂm1 a3 tile'ld 2 éniiudaRamnin:
unua 1/ lug 3 Al 1dnaa

° 'ﬂ’m%mﬁ 195718 A = 4 AudedaTis uas U=60/10=6 Audadalg

1 ¥
] W =t
® IDUNUAIRNY EJ"F'IT‘JL‘E ’Ihl'ﬂ*ﬂdﬂ

> Utilization Factor (8A15187UU8312a771 Server Busy)
A |
P =—=4/6=2/3=0.6667
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M/M/1 Example 1

» Probability "ﬁﬂxﬂ 71 customer U3z
p,=p"(1=p), n=0]1..=(2/3)"(1/3)
» gl ’JHLﬂE’%H“LIE]»‘i Customer 115211
N=F = 2—!_(3:2 A
l1-p 1/3
» NAUREYBT Customer 1152111
o, 1 |

a = = o I = o o
=1/2 %3133 ¥70 30 WIN(FUnariu 2@ 13l u% 139)

T al-p) u—-1 6-4




M/M/1 Example 1

31U IR AVD Customer 11 Queue

J._?\-'T = — e
° 1-p 1/3 3

naundendsdsaly Queue V&3 Customer

u—,a 64 "3

Queue L‘T]’I‘IJL! ﬂ@l?ﬁ]ﬂﬂﬂﬂ’lﬂﬂd :Iﬂﬂﬂﬂ“ﬂm lﬂa‘].l"l_la RF lNl'ﬁl?ﬁ]Lﬂﬂﬂ"tH‘l’i‘ﬂlﬂlH

2/3 1 .- o 2. 4 -
W = P F21319 = 20 W19 MRADIAURATIHI VRN 11

1z L*]i»i'ﬂ’llﬂﬁﬂ“r’]ﬂ“r’i’ilﬂhﬁEﬂﬂﬁlﬁ]dﬂ'}ﬂﬂﬂﬂHﬂﬁEJﬁUE]d Service Time N&1IA8 10

=1 o3 =1 . o q 3 L a=l|a!'I o
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M/M/1 Example 1

Aeoud1eui (1) Tanddaans 1iA1198 Probability N33 1905n1592A0359 11 Queue AA1FD 304

3/ af 21 M = o A 1 3)’4:?.;. ar g ¥ = 1Y 1=t g = g 13t
AMNIEADITENABDIID S ﬂﬂﬂﬂu'ﬂﬂﬂﬁu]ﬂﬂ'lﬂﬂl'{l}"fl_liﬂ'lﬁﬂgjlﬂ"lh];ﬂ-\liliﬂliﬁﬁ'lllllﬁﬂ ﬁﬂﬂl‘"ll“'lﬂil'lﬂﬁh];ll@]ﬂﬂiﬂ l

o = W oo = r_la & ot = =i ar 1 g
l!ﬂﬁﬁ11ﬂiﬂ1“ﬁﬂiﬂT h];ﬂﬂﬂﬂ ﬂﬂﬁﬁ]ﬁ1ﬂﬁ]ﬁi11iﬁ] Probability 192330 1 AW H?Blﬂﬂﬂ’ﬂlﬂizﬂﬂ

o
wis P[X =1]=>_ P, lunsaiil 18 hen i 1190594 Probability
n=1

Tao P[X >1]=1-P[X <1]=1 —P[U] —1-P =1-(2/3)°(1/3) = 0.6667

o o -=v;. i =l -=v%.I -=v;. = -=l IJ=!-=;. r_I.- = 2 =l 1 Ly o s :: o s
AIRDUFTD N (2) lﬂﬂimu‘ij ansaluAud 7 3z liiinvea Tunfelisna0madLal 6 AX SIWAVUTONMAY

U

1 =1 I 1=t =t o = g
THUsms 1 au ﬂmuﬂ’m aﬂﬂEJLLﬂ'.J du vige N sanwnnde laz liiineea iunde landdesms 11
W P[X =7]=1- P, — B —...— P, 1sia0314 MATLAB A4 92 1A 10AD 1-0.94147 =

0.05853

winewig 90(2) 01azAnn PLX =2 7]=> P, Zp 1-p)=(1- p)z i
n=7 n=7

=(1-p)> P =(1-p)p’ Zp = (- p)p’ —— = p’ =(2/3)" =0.05853

0 l—p
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M/M/1 Example 2

1 ) § | -dli' ﬁua:! =y o - o - ) Bl o al -=':.r_,' Y : -="1' ) - = 3..".
2. ﬁT]ﬂElE]ﬂWﬂﬂﬁLﬂﬂﬁLlﬁdﬁﬂﬂﬂﬂﬂﬂ?‘lﬁﬂﬂﬂﬁl':Ifﬂ ﬂaiﬂﬂﬂﬂqﬂm]ﬁﬂﬁ']ﬁﬂ'ﬂ.l':IﬂTfJ(TEllEl‘}H‘HQﬂH vInnEinyvada

&

Y = gy = 1 a0y ady g3 = o = 3/ ¥y g =
gnAIN1FuTMsnuNmasLa IRV 1FUIMI ¥ lsaz 10 AY 1agn15131v93gNA LY Random Azl
N151520180DD Poisson HazgNA WAz AMRTBNEI: 1HTMS Wunar 5 i Tagszeznainslsnu Jad ‘

[~ 1 o 1= . n & ar -=v:. c:-' af -:: as S-'-:: =5 _l"-:v:. o  me
1114 Random AU UATINITNTZBUUY Exponential 5H1A13 l‘ﬂ'ﬂﬂqr’lﬂﬂhh 3 NAMs ']JE-JJQII'HIFI‘E’E](TJ JUEENTTEN

= Y=

19381159 (1) 2911 Probability fignAiew 11192 14119 (2) 24%1 Probability 1gnA1

q¥ = 9/ =t
15 msane) Mvidaaza

3 Y = y = 9 3 = P = Yo o=
W2 ADIBUTD (3) ﬂEiEJLlﬁ’JE}ﬂ'FI’ITI!’-]J’IiJWﬁlﬁldiﬁllﬂﬂﬂﬁﬁﬂﬂﬂ'ﬂ l‘é’i’liﬂ‘lﬂ’l'ﬂﬁ lﬂﬁ"l.l"].lﬂﬂ’li (4) IHIMTAIG

I L) I
=i ars =1

¥ T i 9.8 1q_ 119 ) ¥ =9 gy = =t
zAnaTants L lsioa: iinilededation 80% VBIGnNATNA NFUTMaazii

c:-  oor =t
11339 193U




M/M/1 Example 2

J = g -_9::1 :? 1
Model #uiuda ld31dly M1 ugduiiazmaus MM/, MMN, MIM/N/N)

116191

RouBummMIiAeIms 2 dafe A uas u

2 =10 audeda T u=60/5=12 AudeF 1l

MR p=ulA=5/6

(1) Silgndegluszuy 2 aundedesnt andfidunlnsaz 18R Kt
P{X <2]= P[0]+ P[1]+ P[2]]= (1/6)[1 +5/6+25/36] = 0.421
2) nnde (1) 5deams PLY >2]=1-P[X <2]=1-.421=.579
o, 5/6 5

— = 7Tu9 vie 25 Wil
u—A 12-10 12

@) W=

g



4.691ANTARIANUINN(FAINNUIRaU LT LT N1F)LNBA
Tuwidladnagnadas 80% wasenidiniIazlau

1
v a a

. FUYATUTNTIVOnUA = X 7

. fnsyuuati State x-1 a9u gn@ANTALENUN
TERA LIS

. 151629015 P[svuvati State < x-1]> 0.8
“3a P[State < x] > 0.8
sa 1-P[State > x] > 0.8
W3a P[State >x]< 0.2 nanfAa p* < 0.2
HEdealunsud asunisiidald Log




4.6UNANTHDIAATNIUINT(FoNNUIRRULEUZN9) i Naas
Tiuiladnadneias 80% wasgidnanaslas

W3a P[State >x] < 0.2 na1i@a p* < 0.2

{98 unisud asgun1siidaldl Log
Log(p*) > log(0.2)

Note:ilasanafinau fasnduiaiasniune
x logp =1log0.2

14 Natural Log(aux39azld Log s1uaylsa’le)
xlog5/6 = 1log0.2

X > —1.60944 — 88275

— —0.18232
L1 AAIAaLAILTUIIUIULAN LR




M/M/1 Example 3

! o o 1 g o 1 o= ar 4 ar
3. 145211 Network Y998 13N 1HUH 3119 11107151119 Network 990111 3 Subnet 'F"IJEEJJ 43 Network UDIF1UNITU

l!‘r’i’dﬁ suTuiinzdeaiinsdoean Internet FNU Router (3D A ISP 11829103 19 Network Tool 31 Internet

Traffic 41990 WU Network A 1/8@351 Packet LﬂEEIEI 300 pps(Packet Per Second), Network B G 11@55 500 pps /
8z Network C 18A3URAY 600 pps TRaianyaIz 151913993 Packet 51A15A52 9181111 Poisson H'Elﬂiﬂﬂ‘lilg’.l
Famuhanaueataaz Packet Juw1a Wusduou uaeninsalszana 1d1imsnsz 18101 Exponential 1ag]
ATIBTIREY 500 Octet, &18 Lease Line 15140324313 Router 11z ISP 318A51A11529 8 Mbps 118z Router 7
511197114 11T 2AY Wire-speed 29811280 (1) Link Utilization(Uplink) V94518 Lease Line (2) fi1 Delay il
A9 Uplink (3) angtigunsal Router i Quene AifiAnwansaifiy1Ande 10 Packet 2981149011 %

Packet Drop GIITSTREETRERTS Queue Overflow i qﬂ A3l Router




M/M/1 Example 3

To ISP

_ = ==

Network A Network B Network C
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M/M/1 Example 3

\

Y

o 1 1 =4 ar =t 1 = o ar
ﬁ»‘iLﬂ-%}’J"ILlﬁ’.ﬂ Output Speed 3zUDATIAINAD 8 Mbps LAUHIA Packet 11l Exponential Distribution @#34HH Service

M1neal

Time 32133 Exponential Distribution A

A =300+ 500+ 600 =1400 packet %iﬂ%ﬂ’lﬁ(pps}
~ 8,000,000

H= 500 <8 = 2000 packet 'ﬁﬁﬁu’l"ﬁ(pps}
1400 & | .p- .
1 p=-=07 t\flum1 Utilization uav Server/

2. Delay 1:1¥a3uann Packet tiinunaunseivaan'
puu N 1dannls T=1/(u-1) = 1/600 = 1.6667

3. Queue f12u1a 10 Packet sruiuadniiilon Serve
P[X>=10+1]1=0.701= 0.019773 =19773%




End of Chapter 6

e HW6 Due Monday Noon
— goMANTILVINITU AauLTias Funs 29 n.w.
— 1d@azns M6y Counter atNRIAAT
—aagzdsemaiuaalduu Web

e Next
— Random Number Generator
— Preparation for Midterm Exam




Topics

* Random Number and Properties

* Random Number Test

* Pseudo Random Number Generator
* MT Exam Preparation
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Random Number

* Random Number ilu Set maomtawm
aimumu,unaasu(Random) waglidusa
U (Independent) 1aadfiA1n1snseans
(Distribution) ravnasmILay AN
ANUALUUTA LU

. LRULARYAINgNAzE a9 LA uduRus
AU nagau’ldannal Correlation




H5265 8525 Random Number

* Gambling

» Statistical Sampling

+ Simulation

* Cryptography

+ Computer Games

* Hash Algorithm/Searching Algorithm
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Random Number Generation

- Hluginsalitdifludiidagauasdia
Random 16adns
- True Random Number Generator(TRNG)

- Useznausiaalnsainie Physic nldAliasiian
- naglaannnuravaltiinaad Noise MAaAN

555U U6
- Thermal Noise/Shot Noise/Radioactive

- 12212 Roulette Wheel
- Pseudo Random Number Generator(PRNG)

- Computational Algorithm anaaun1Tng
D adindans TaaisuannelIa “Seed”

- finauanudiaudutilu Random weisi Period uay
fUN50ANUIURIINUIMUFUNTT LG




PRNG: Pseudo Random Number Generato
Linear Congruential Generator

* 13UAN "Seed”, X, uazAUIU Series
X1, X,, X3, ... AIAJUNT Recurrence

X411 = (aX,, + b)mod m

= a, buay miiu Integer Unfazfinunaluvg; INUIUKRUFIFO

AldighAuazgadtuaalIaal Modulus m

- Sequence laazfiA1senig [Om) vEa 0 < X <m

« Seed X,;0 <X, <m

+ Multiplier a; 0 <a<m

* Increment b;0 < b <m

- &1 b = 0 55an Multiplicative Congruential Generator #3a Lehmer
Generator fiagiuuaisntaan Mixed Congruential Generator

- ﬁ')L@‘llﬁvlﬂvﬁgflﬂﬁ’iﬂigﬁﬁﬂuﬂﬂ Uniform é16iagn1snisnssane

Sild1aU a”“l?j"ms Transformation

Algorithm fl3an LCG w3a Linear Congruential
Generator (Huiavidialunisaste PRN




Period of LCG

» Period ialdgegafa m t5an Full
Period
- u9nsalas lddanniniy duaddunisianan
'a’ uaglunsali b=0
+ Generator azdl Full Period Asalila
(Hull-Dobell Theorem)
- 1. b uag m 1ilu Relative Prime

- 2. a-1 agsavansanis laaanng factor
acilu@ prime 2ad m

1/




Parameters used

+ druluaiagled LCG N m fiaduniideaas
2 Nigninngana 232 ey 204

- MS Visual C++ T2 m=232,
a=214013,b=2531011

- MS Visual Basic 6 111 m=224,
a=1140671485,b=12820163
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CRlas AFRILCG

- fidiafAadudaleadne Wl Series uav
Random Number niiaauguiifinailssuno
LiNTU 1wsglvian Serial Correlation &9

- TutmunzAun151in1d 28ty Monte Carlo
Simulation

- LivinngAunsinldldlu Cryptography

- U908 161199 Linear Feedback

Shift Register(LFSR)
- @195 eNEn Stream uav bit

niform Distributed PRNG




R
Linear Feedback Shift Registers (LFSRs)

 Efficient design for Test Pattern Generators &

Output Response Analyzers (also used in CRC)
— FFs plus a few XOR gates  External Feedback LFSR

— better than counter P —

+ fewer gates
* higher clock frequency if.—i
* Two types of LFSRs
— External Feedback Internal Feedback LFSR

— Internal Feedback
* higher clock frequency

 Characteristic polynomial .
— defined by XOR positions
— P(x)=x*+x3+x + 1 in both examples
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PRNG so4t9 @&

* Blum Blum Shub
» Wichmann-Hill
* Multiply with Carry
* Mersenne Twister (UauuNngn)
» Park-Miller
- RC4
» Rule 30
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Randomness Test

- Wau Pattern Tuza 13a Series UadAILRY

- g'limisazfiatduadiiauiilu Random way
Independent atingiiazg

- Talunisnaday wazidaauiiay Algorithm singe
Al2du&n PRNG Taaldlugiuain

- Statistical Test nagauNNAUINTANIIRAA
- Diehard Tests isenauaiaauas Test

+ TestUO1 library dsenaueae utilities &115u
statistical testing uad uniform RNG

- Transform aaaauiédia Transform
Hadamard Transform(Generalized FT)

- Complexity anuafudauuadfiLa
* Kolmogorov complexity



https://en.wikipedia.org/wiki/Software_library
https://en.wikipedia.org/wiki/Statistical_test
https://en.wikipedia.org/wiki/Statistical_test

Midterm Preparation
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Review dlg@iggmatiaazl

* Chapter 1: Vector
- Magnitude/Direction/Unit Vector
- Direction Cosine
- Component Vector/Position Vector
- Dot/Cross Product and Properties
- Equation of Line and Plane, Angle of Vectors

* Chapter 2: Matrices
- Types of Matrices, Minor, Cofactor, Diagonal
- Determinant by Expansion
=3 verse of Matrix
Rank/Reduced Matrix (Process of Elimination)
Homogeneous/Non Homogeneous Linear Eq.




Review alg&lagatiaazl
» Chapter 3: Eigen Value/Vector/Diag

- Eigenvalues
- Eigenvectors
- Diagonalization
- Symmetric/Orthogonal Matrix
* Chapter 4: Probability
- Conditional Probability/Bayes Rule
- Random Variable
- CDF/PDF/PMF; Poisson/Exponential Distribution
=T pectation Concept
Mean, Mean Square, Variance
Joint Random Variable, Correlation/Covariance




Review dlg@iggmatiaazl

* Chapter 5: Random Process
- Stationary/Ergodic
- Autocorrelation/Cross Correlation
- Counting/Poisson Process/Birth and Death Process
- MarKov Model; Global Balanced Equation
- Simple MarKov Model; Detail Balanced Equation
* Chapter 6: Queuing System
- M/M/1 Concept
- Arrival Rate/Inter Arrival Time
par"rur'e Rate/Service Time
Utilization, P[X=k], P[X<=K]
Average Customer(System/Q), Time(System/Q)
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