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A New Key Management Mechanism and Performance Improvement for

Conditional Access System
Hyun-Sook Cho' - Sang-Ho Lee'!

ABSTRACT

The Conditional Access System is the complete system for ensuring that broadcasting services are only accessible to those who are entitled
to receive them. Four major parts to this system are scrambling, descrambling, authentication and encryption. For the proper operation, which
means hard-to-break and uninterrupted service, secure key management and efficient delivery mechanism are very important design factors to
this system. Performance analysis is another important factor to this system that is used in massive subscriber environment. In this thesis, one
of the secure and efficient key management mechanisms is proposed. For the secrecy of this mechanism, hierarchical stacking of keys and key
generation matrix are proposed. For the proof of efficient delivery of those keys, simulation results and performance analysis, which is based
on queuing analysis, are presented. Lastly, optimal key generation and delivery period, maximal and minimal key deliver time, and communication
capacity for data collection are presented for various subscriber volume.

Key word : Conditional Access System(CAS), Control Word(CW), Entitlement Contol Message(ECM), Entitlement Management
Message(EMM), Scrambler/Discrambler
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50000 i

ol—% ‘—%.”*

Hour Day Month
(3% 8) M5 JHME 7| HS TROIMSI CAS HIA|X|2e]

UHE
500000 / —— HATE EVM
450000 / —W— AN TE EOM
400000 / —&— O[BTE ENM
350000 / =X {BtT T ECM|
300000 A
250000 / ya
200000 7
150000
100000 /A < —
50000 A —

0 —!‘

Hour Day Month

(3% 9) CAS HIAIX| of CHS b|m

2 A Aulz B4 HaRe S 94 o gen
olijs) CASHIAA Fe 6% o F7H% RAolu,

719} AHg WEA g 79 wmE bsAel ANEz
719 Rl e 44 A3L Y Basl 4L Aol

4. 7Y o|&(Queuing Theory)

FYol 8L 7] AA/HE 7] 44, /a7 A
A AR, A" S A, A4 83 44 8] ¢
3 o] &dtt. £ AoME FY ol 7E M A

SAAAM F7A 2Elold Adl AAI BA &3
e B4 ddg ddse Aotk WAXNE FaA A
of FRHE Aol WAAI AFHIE gy dr)E)
i AE g Flqueue)dt It F= HY QQ %1&94 A
3 °3@1 oltt. F& Al=d WHd FRaHE 4L £ o
o, 714U dEge] gEsHE H$o: A3} ] mAl A &
A% & vk Aol Aok oA <kAA UF yrte
Hoo MARE 23 ¢ed ne
g8 FEIATAHE Ad A &
B AL A2"e RG] 712E £y 7Y o2
< 7 A7E AYste Aage Hg A ]

do] A Fehe UM FY(single ser-
ver queue) L@ BEIAHFY(multi server queune) E@o]
AT GLAMHFY Al 2"oA =2g ololdlgL firlg
(waiting line)ol tj713hth M7} 3 ololele] sk Az
E 4ot oo’ e Mulg wulA "t

<E P> FY ZHAA ARRHE J1EH getugr)
E7150] Utk ololHEL 23 it =L 12 A2Y

Mgt tAIL-E 215 71 BEl HIZILIED Ssgat 8ot g

of EAgh of@ A A vl B A9 ofo|AE| of
gl AR A BE ANa A7 ofolde
A2l o §FS A7t FaE A0 59 vlgolT)

(B 3 7Y 2ME sl Al 7)Y

7135 9] o)

A1 2F oleld B3 4

s 0 Z} ofo|gle] F MH|A A

o, ¢ Aulx Azte} EEHA

e 1 °|&E(utilization)

g ANz=g o Ex3te F ololdly HF

t, ¢ Al2" e olol’lE o) P AH] A7h

o, ' q9 EFHA

op - 9 EEHA

w  AHAE Jgele otelde HE Yy 5
t,  AH2E v|gEles olelde HFE Wy AT
0y WQ‘] E%?’]i}

M . AHE AT

gaste =d8y wgzA, 37
7btel WA Aol BAEY gl
1 Z7H9Th o249 A gYge
F glov] gd AN A9l ag

71

HH o] &g
dojel 7] Al

A 2wl o =F
Apax =1/5 ©] %E}.

H71E2 A2l Ao X3} e o2

F Jenz $H A 874 Wy av)e

ERge Axy
Z

ri om NlO

rlo_L

7R AR
gd A

3

AS c]l2Hoz AHEL 70~90%E Agar) o] mdd
& WG] 99 olold +9 WY 27): Fasm A
28o] TAHE o)e]ldEL FIFO (First-In First-Out)2

o
e A4z AYPe A w,

e 7Y 299 FeelE tad A Edetn
B9 FHEch B obolde] EARTA HolE B}
o M7} okol@e HelahA Hr.

(B 8 7128 7Y 2

o =as wu Al oJg
o -45 By Aol o2
q =At,

w = At,

t, =tyts

g-wte @Y AN o
g -w+M, Hel Aua o

st MH7E AFEA SR kA ofoldle o7 Hol A
AW Z dispatching disciplineg Al&3le] Za|doz o]%
Al "tk Alx"le] MY EYA Aus &A@, ,
T 4 MY ol &ES YL M, AA Axde o
%%% ofH gt Alzglo] #9148 4 /\l}i Y gHEL

mx =M/ s Zo] B}

FY N2gdA AHEEe dHeEe A3k 23
g #AE Add. d™Ed gel =3g, HH] ]Zl] *
oA &8 AR #A we} olold o], W] A7, o}



82 oFEEMEIED =FX H8-CH M13=(2001.2)

oldl F& T Are] FojATh <E oA E <E 3>
et dE 7Y B4E A8 AR E719el g Alx
d g EHELY #A4E 7edh

Fol7 EAe ZFEo} Poisson EEE 2Ea, MH|A A
e i3 &g 9 Y5t eFoez Zdan sH3
P& W, BEHF w by, a0 FAAE 1 W2 BFH
A 6, 01y O 01y = T 5= SUTH

41 B My Rel By

Mo Mux A7k At oz 4 7kx) FREe= (M/
G/1, MM/1, MD/D) e & Slth ofu]ell A f389 %71
= OE% e grE Add.

X/Y/N X i ofolgi7re] =2 AJZF B3,

DAHI 2 AT X,

LAY A

. general independent arrivals or service times.
: negative exponential distribution.

. deterministic arrivals or fixed length service.

oEoZ

(B 5 BY My AYe| B4

(a) A 4*(exponential) A ¥j2 A ZHM/M/1)

0 2
o= 7 w=—L2
1—-p0 1-p
t,=— P
¢ 1-p’ Y 1-p
0= Vo =
T 1-p 2 1—p

Prig=N] =(1~p)po"
N
Prlg<N] = ;0(1—0)0"

Prit, < =1—e 179
100 )
100 —»
_ 1000
mtw(r)'— 0 Xl()ge( 100__1,)

(b) “4~(constant) MW= A]ZHM/D/1)
2

M (7) = £ X loge(

o

=—r _4

“Sa=p "°

o o _s(2-0
2(1~0) 21—

; 0s 1

Y2l—-p)  1-p
S -

R“[" 2 6 12

2
__S P _p
0=, V3 T2

<F 5>9 (a)ol* AF(exponential) )2 Ajgre] ®F
#Bx7E 0D Aol A(constant) Ml A7 Fdat
Al €} <E 559 (v Ae Aula A7k H-eo 34
Hojr}, B == M/M13 M/D/1 #3838 o4&t
o 4 AA-E el AH28E FQ(Far Queuing)?]

& AR Fon ofolde FAZIIA olesA
etk AR,

42 HE[MH 7o A4

M/M/N-4 7é‘—r°ﬂ"} AHEE T A Auj2 A
A AW EH 598 NS zhet

EE MW #58A F3h EHi YT AMujA
o 7Hg %

& 6> (M/M/N)2! 22 HEIME 7ol S4
— N N

k=< S ot S (o) )
N=D

M N=0 M
PEE M7t 855 A9 i #E
1-K 0
B= =B +
1—pK q = Mp
B s
w—Bl_p, t"_M 1= +s
f= 2 S
M 1-p0
Ou= "m—“\/B(Z B)+M*1—p)?

Pr[t,> fl= Be ~M1-es
N

fy=
" M(1-p)
5 M5 42 98t =g wot

o AL 7 Axd 2d R 929 Ad 24
wek B4 7 AR Fol9 ABe 3700 we
WAA 7 ARATE AR, £ HF Holy 74
d% HAe 29 8% 44 2 49 WA &%
A g,

to mo Bt 2

51 ™ol 7| MMM Fo(et 7|2l FIlof wE 2cH/
A 7] HYAIZ MY

#HAo] WEAH &3 AFL FY )29 ng &
h 71EH o R or|A AAE dFdE A
Foluz EdY Ade AT dolg £=7 98
B, L4 29 &% 24L 95FA7) 54% o
% AAGL JHARsty EAEETh HHEIAE £ 49
o Fx7F 159 3 HHE THE T 5
FAEA A HEE ZEAATE ojFo] glovt YES
A Ade Ao} 2 A= &7 Al 4ETd dFE v
Atk (29 1009 A2d FAFS g @] FJMe &R

g o 22 7|7 B e £ denz AAY 2AQEE
A9 F UEE A2 WHE EgAH ok st} o)
dEo] 8L 23F W 238 FE(backlog)2 ¥ 39

E‘E
"ot vl8S H2gst] H3l A

2
Y

79 v 2



719 doly HA4$EE o &slof vt 1yt F 74 2
A F FF AFo #AHY UE F AEL FUlEHEBR
T T84 2] a7HT A2 o]FoAE ¢
29 AxE K2 Tsith ¢ <K<19 ASde B4 A
B dHZYME FAHRAE 283 K <e 9 AL
¥Ege g

HE9AM9 §3& 20T

#1, R
AEEELIFY
o R | System | Mbps
oy 0000 4

T4 Az 4 (N9 3A)

17 Ao dlolE &% [bps]

(T8 a8 [bpsl

s AT} AGEE A7 FEEE (0< a<l)

K=M/NR : 89 39 0 E}z‘i}% 34l e
(32 10) B4 AlAY 7] Y

QE%Z

Al 2glel AAEE ] FY o8 Td AW F A~
48 oj g3ttt o AW Fu Aulx Az Exd w3
7H #38S Jella X, A B4 e Aula A
ZHW/D/DF AF Aul2 AIZKM/M/) 2.2 o] B4 &
Aol

HEd A AL Mz ZA 2aPEHY HET)
A AAA=E 2uiste= 75T Aojdolg dustste He
shetl o] 8HE U718 EWske Vs, el 23YE"
7 d2a@dEY r)5es A9E ¢ vk (28 11)e MPE
G(Moving Picture Experts Group)-2¢l4 ECM3 EMMY
BAAEE BAEATE o] AF FA vlAA] AT FAE
W9 A7 AL 09 FFFE BAGT gubdo R A}
S5 B #HIATE e setdEed o 2FHEHY Mol
JaAe AgH e A gevh 7HIAEE 1000 2
2 JH43%t. ECML 5~01%mlth 256 bytes® A%3ln
EMM= 5~1/10 AlZtvbc} 256 bytesE A43hcia 7143k

F

E}‘ -1‘—"’1 ‘6‘T7]F 5_!_9‘]' 01z /‘}‘O}oﬂk] O],]X-]Oi ‘j
g3k}
Video —»
i MPREG-2 TS ,l Payload |
hlo =z gz [
EMM ECM
AEA7L || ABI27] (Control Word
Data Base o33} &35.7]
Au) 27 CW(Control Word)

(32! 11) ECMEH EMM ClIAIR] A

9 e A" 1000719 948 Ade Ad Alawe] 2

HstedAA-E 205 7) 22| WS 858 42t 83

3 HH A, = 10071027 AR X @ X10007HE &)
X256 X 8 (ewp Y206 X8/ 3600 (mamp )T LB 2T HAF
Amn = 02627} AY) X g X 1000(7FL &) X (256 X
8 (s +206 X8/ 3600 (mmp )T YHLE PolEolE e 9y
Ik A2 @ g9 dgsko] 50%Sn MR wakA o3t
057} H B2 10007] 228 Yo Wolsols A2
Z 4Ee o) 10242844 (1/102)0 A 4 204.85688(5
uirh) Atol2 xl:‘q

AT BAL A4 AUl AZHM/D/D) F8F Ag A

2 A M/M/D) % o2 o] BAE Aolu}

O

Peorfo o

5.1.1 Possion Z=2&-& 78x M/D/1 9 AW 7

of Bdel Alxd Si=Eade ¢¥Hd HT =&
Ade 27HYA )= 2AH gn A F7)7 ¢
7} wedTgn 1A Fe o|FoFt o] R &
old axt ggd 2ok

P oﬂ.
o

2> o
e ok rie

e ‘utilizationdl] o¥ WHF A|Ed ol L&
(AgF7] 0129 49)

time = 0.1; %% ABF7] 01329 34
N =1000; %% 7F4A &
R = 256#8+256+8/3600; %% 233 HEMM+ECM)

sM = 1024284400; %% A wiolE A%
a=1, x=1,
while (x == 1)

rtho(a) = (0.5*N*R/time)/M;
gla) = ((0.5*(rho(a)y*rho(a))/(1-rho(a)))+rho(a));
M = M-(256+8/3600+1000+256+8+1000)/1000;
ta(a) = (2-rho(a))/(Mx(1-rho(a)));
if (M <= 10346307.07)
x =0;
end
a=a+tl
end
plot(rho, q); xlabel('rho’); ylabel('q’);
title(["utilization®l 3 ¥ ZF]);

e 5ol M/D/1A Y ol &5
T g <& DI 2t o]&Eo
o
o]

AgF71E ¢
o3 old w&
£ 0.83~0.781
Sl E il D ]

DEES
B ua
o=

Flf.a_&‘

of w2t Al el EAjsteiol st
2.856~2.163¢] €t}

CE 7> 2 Z=0ll st 0|28 & wmE (M/D/1)

ALF7 [2]| e q t, [n %] M [bpsl
0.1 083 2.856 0.278 123407759
0.2 0.83 2.856 0.557 6170388.2
0.4 0.82 2688 1.049 31228184
0.6 032 2688 1574 2081878.9
0.8 031 2537 1.981 1580685.8
10 081 2537 2476 12645486
2.0 0.80 2.400 4686 640177.75
30 0.80 2.400 6.941 426785.14
40 0.79 2.276 8.772 32414060
50 0.78 2.163 10.965 262636.90

Z o|48o| 7tasHA HH ggto] BASA Hx o) ket
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>

Jas 2 HlEs) AQe Fe e 2 ¢ ¢
12 B3 A4 A4 2 A7 712 44% 5 Uk A
Hold & HEY HEE Aol fo]B2 YYshe Hold
.9 Fol WG F/7} Uk

ECME 4477 vhoh 266ukolE8 A%3n EMME
£77) vl 2erlolEE ASWTI e a8
%

o

>

o

~

[

F718 528 012 Aol X Yelg oz ALk
9 e mAE 100048 98 Ade A Axde] 2
3 A 4. = 100/1027 AD)X @ X1000(7FI=4E) X

(256 % S(ECM)+256><8/3600(M)% 283 22 HEF A
=020627AD) X o X 1000(7FY R X (256 X 8 (genp + 256
X8/ 3600 mup 2 PELE WolSolw AL dv3irh A2
3 FF ggFo] 50%et JHARskR WA e gk 0571
HEZ 10007 A2E gFoz wolEols Aade F
AFHE Ho) 10242844 (1/10Z%)oH # A 204.85688 (53w}
th) ApolZ zhed) UFdAd fFEe8s ME dAGeE 1
A2 A M9 P2 Al ARAE MHFHAS 1
1544, 7% 2: 44736, 4 3: 155 Mbps).

Zt ASuitt QlEEE doly gd ¥ Mg 2ol &
FHo2 WA Hol oo wE Zt e gES AF
& golEn2 o AEF7E 01x~5x2 HAFAT
AGF7)7F AEHE 19 o] #E3A Aok o@2
u]-x%o /\]/\Eﬂ EﬂAEE %_3]] %7_1] \é _),: gloai <E

oA FER oS 078~083 L& Ay o] &HE F
4o 4 (D7 2k
. aNR
* A= ea
pz
° 4—2(1—_m‘+p (1
.t (2—p)
“ oM(1-p)

ol olgste] gEHY AF £xE DS1 £E(B+
DS3 £%=(7 *?‘2) :Lﬂ7 DH-1 7]& —’—."—5(73-?— %

ﬂiﬂ g AVJ ARE <F 8>, <E P, <E 10>& %
& Fght},

(E 8 alth/zl25] MLAIZHM/D/1, B SEE DST)
e 7% 1:M=1544 Mbps(1,000 7t4=H)

o AlMbps] | A2F7][sec] q t, [pe secl
0.78 1.20432 0.851 2.168 1.791
0.79 1.21976 0.840 2.276 1.861
0.80 1.23520 0.829 2.400 1.938
0.81 1.25064 0.819 2537 2.023
0.82 1.26608 0.809 2.688 2117
0.83 1.28152 0.801 2.856 2.223

(9 #oH/2| 27| HEHAIZKM/D/1, HES= DS3)
© A% 2:M=44736 Mbps(1,000 7F42H

14 AlMbps] | 2 F7][msec] q t, [ secl
0.78 34.894080 29.34 2.168 0.061
0.79 35.341440 28983 2276 0.063
0.80 35.783800 28.620 2.400 0.066
0.81 36.236160 28.267 2537 0.069
0.82 36.683520 271922 2.688 0.072
0.83 37.130880 27586 2.856 0.076

. (EI0 Bth/3{ 2T MLAIZKM/D/1,8ESE SDH-1)
e 7% 3: M =155 Mbps(1,000 7}

14 AlMbps] | A2 7][msec] q ¢, L1 secl
0.78 120.90 8472 2.168 0017
0.79 122.45 8.365 2.276 0.017
0.80 124.00 8.260 2400 0.018
0.81 12555 8.158 2537 0.019
0.82 127.10 8059 2683 0.020
0.33 128.65 8.001 2.856 0.021

5.1.2 Possion =& ztm M/M/1 @ My 7
3%

o] 2dol A" AP JHFY HF =AE A&
Ade FOMEA P A= i 42 F17F GEd
ey} AT Ao ol FRT) o] RHe] A&
ol AxE ey 2t

e ‘utilizationol] thgt Bl A BYolHd A2
(AgF7] 01%29 A$)

time = 0.1; %% ALF7) 0122 4%

N =1000; %% 7H4A
R = 256+8+256+8/3600; %% %239 & FHEMM+ECM)
M = 1024284400, %% Al dloly A%
a=l, x=1;
while (x == 1)
rho(a) = (0.5*N*R/time)/M;

gl@ = ((05%(rho(a)*rho(a))/(1-rho(a)))+rho(a));
M = M-(256+8/3600+1000+256%8+1000)/1000;
tq(a) = (2-rho(a))/(Mx(1-rho(a)));
if (M <= 10346307.07)
x =0
end
a=a+l
end
plot(rho, q); xtabel('tho’); ylabel('q’);
title(['utilizationo] th3 Bl =),

AL 5 d9gxoz A3t Ao M/M/1X4Y o]&
£ ool mE HT WY FoE <& 11> Zoh

A#fAo R o]&F pr 083~078 ol=2: o]d upz}
Azg e ZAstdol st i HE ¥F A7|E 268
8~2163°] €tk °)& B3 A9 744 € A FE
AT § Atk A2="fAM g HET wFE ATt 4,0
22 = dojHel ¢, 8 Fo] A F7I7t "

gE A$E 13 BUE @tk RS s 1000822



CE 11> 24 220 U 0|2F & HEHEK(M/M/)

Ag37) 0 q t, [ secl M [bps]
0.1 083 2.688 0.444 12491273.2
02 0.33 2688 0.889 6245636.83
04 0.82 2537 1644 3200888.9
06 032 2537 2497 2107581.1
038 0381 2.400 3124 1600444.4
1.0 0.81 2400 3.906 1280355.5
20 0.80 2.276 7.345 648281.30
30 0.80 2.276 11.018 432187.50
4.0 0.79 2.163 13.845 328296.30
5.0 0.78 2.163 17.306 262636.90

7HA%tt,. BCMS d$57] ulth 296 bytesE A$sta
EMME H457] vit} 256 bytesE #43cim 714%ch o
I3 WY F71E 529 012 AbllN Yooz MY
o 9 e WD/ 9% 200 p e 0B~083 °f
W ol §HE FAL thga A

A (2F o83ty HEAHA 14 £x9 DS1 $E(H$
1, DS3 £x(F42), 28lm SDH-1 718 FE(4-%3)9
Zd%%il% AHRRE B #HAHY 7)HEE Tl wWE
AY/HA7] A AL AHL <F 12>, <E 13D, <E
14>& F3 73

=

(E 12 Zf/a|A3| HEARZKM/M/1,HEEEE DST)
® 739 1:M=1544 Mbps

4 AlMbps] | dEF7][sec] q ¢, Lo sec]
0.78 1.20432 0.851 4.882 2.943
0.79 1.21976 0.840 4556 3.084
0.80 1.23520 0.829 4.263 3.238
0.81 1.25064 0.819 4.000 3408
0.82 1.26608 0.809 3.762 3.598
083 1.28152 0.801 3.545 3.809

(E 13 Z{Ui/F27| HLAIZKM/M/1L B SET DS3)
® 39 21 M=44736 Mbps

4 AlMbps] | #EF71[msec] q ¢, [u secl
0.78 34.804080 29.354 4882 0.101
0.79 35.341440 28.983 4556 0.106
0.80 35.788800 28620 4263 0.111
081 36.236160 2267 4,000 0.117
082 36683520 27922 3.762 0.124
0.83 37.130880 21586 3545 0.131

(B 14) F{Oi/& 27| MEYAIZKM/M/1, 8 &S SDH-1)
® 735 3:M=155 Mbps

4 A[Mbpsl A g7 7] [msec] q ¢, [u secl
0.78 120.90 8472 4882 0.029
0.79 122.45 8.365 4556 0.030
0.80 124.00 8260 4.263 0.032
0.81 12555 8.158 4.000 0.033
0.82 127.10 8.059 3.762 0.035
0.33 128.65 8.001 3545 0.037

52 o= Clolg g 2Tt zxol AAH 82 &Y ¥
| Ho| MEM S
#5 ©HlolEl= PPV(Pay-Per-View) AH|29} 217
G Mul~ 8702 7 PPVE 12 992 Aggy
Z2a3 9 882 W 8822 3, Z HojEe
Zol& 256Ho|ER it

5.2.1 Possion E&&< zta dAS AMu)x AL &

Ashz M/D/1 & AH]

B 224 12 7 A g8EE A28 A
1% AHEE o FHT Ao, A Mulx NS ZE
M/D/1 @ Ay 79 F4L ot 4 (3)7 2}

° A=aNR ° s=-L
M
__ 0 ., _.s2-p
-0 TP KOTSRS
a A

o p=Ais aNR/M——;=V 3)
L1 \/ B

TP L 6 12

o AR A YL HFY o]4E TE BEL 9n|
33, Aul2 Al sE 3 AIEE Afsed 299E A

p

e dngd #AF dolH ZeYL W Av)g A4E
09 ¥4E AL PPVE 129 256 Hlo|ES AS
I I35 doEHE 1AM27 256 vlo|EE A%3vin g
AL 7rgAbeE 94 dHE Agdn. Yy es ALg
= W HF A7]= o BFvE o8 2AHY mo
JgeiM e AFHoz dgwa ged 4 Jd g =F
€2 FEHo=E HU EF A =1%x (FFIRE) x (256 %
8 (ppvy + 256 X8/3600 (mzqae 2474 HEdE AT H
TEE a=05% F3to AgH)

-°r‘5 o

(Z 15) 2 Z0f thEt 0|28 ¥ s{HZH(M/D/1)

7RI A= 0 q b, [usecl |99 Zo)e
500 0.75 1.87 4881 -
1000 0.80 240 2928 128
2000 0.81 254 1.528 1.0583
4000 0.82 269 0.800 1.0591
8000 0.83 2.34 0419 1.0739
16000 0.84 3.05 0.221 -
5 29 7 A 2489 g A1E0R A=
=(7F4A} ) X1024.2844 [bps] THE wolE2lt} 719

Z}Tc 200% 7t & A4S FAT Aot o]EE oY
oldl W& He WY F g <E 15> 2k

AHHOZ o]4E pE 075~0849 ojl21 o]d ulz}
Alzel Yol ER3teiol s A4 HF vy Z7)E 187
5~3.057F . 7Hlert 7 oulE 1A HW OEsA
HE FE 8F% F WE S8R AT 2" U
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BE AF LU Feok s Ae &+ At

BE WAzl SEsl ASRT SEE oy
A B RAAE del 9del 9. A48 20
Me wRe Z7h doly dEFel Be AL 47
3 EeHoR AFHL WEFol AL Aot HELH
of Btk & AxgY Wg F7h MgHA FHelA

HlZ&3 Ao| At}

b 7FYA 71 200% FUHEEEE 7] W% 2600
o AR oA TR FhHE Aadd AdHoez 1A
A7, dA MEge FEHA SEdEHZ IR v
o7lo] ML HAY HAEM §Fore vk 7R s
oE BEL <F 16> 71AH gm

<E 1>dME 27 HEFE 186BE 13T e &
A= ol st HF AL %%Wr Alzd g8 73 A
ojty, ¥ &% aigkel FlsiHEE FHEFME FUT
Nhozd Nzde) oWERSE vk E@ Jdde
2 g 27 8y Fe 7|Fo 2 AMNse Ak Jhesith
(E 16y DHE ol st ZF MesiM g2 (M/D/1)
71 A q t, L1 secl]  A{Mbps] MIbps)
500 1875 4.881 5121422 682856.268
1000 187 2.440 1024284.0 1365712.000
2000 1875 1.220 2048568.8 2731425.067
4000 1.875 0.610 40971376 5462850.133
8000 1875 0.305 8194275.2 10925700.27
16000 1.875 0.152 16388550.4 21851400.53

5.2.2 Possion E=&&S 7tz dAT MUl ARE &
AstE M/M/1 &Y AW 7F

5294 (521)01]/\15: Possion E?‘]’%% zZta AAZ Ay
a
AR

A ‘ﬁLC’“}‘" 7}7é° agz A}%ﬂt} l
%% BbbytesE AEstn IAFdolEHE 11\]7”4 256bytes
AFrii sz 7MYAFE 27 5008 o2 AAE o
200%64 F7HAIZIYE vt oz AN EE HE wda
71e et e o3 2AET Mol A AYA
oz gga kel 500709 Aol Hdl =& A, 7t
1X500(7FYAF) X (256 X 8 (ppyy +256 X 8/ 3600 (s3mereny ) H &
olugtel, & 20485733 bpsQ) 5007 &g J¥oz we}
Bol= Aa”o)th A2 HE F o] 50%eT 7t 5t
A wEA o FE 0501 B2 A Ado] wolsol: ¥F 9
FE A= aNR= (VIR X 10242844 bps7}+ ATt

7R 200% F7HeE A THA) AE AEH A
AT o] EE 9 oo WE HE HH §F g <X 17>
7 gt}

oo

BT ZH Z20fl et o288 & & (M/M/1)

A i q tolpsecl | o Z73
500 077 3348 8.489 -
1000 0.80 4000 4881 1.195
2000 081 4263 2.569 1.066
4000 082 4565 1.3%5 1068
8000 083 4832 0717 1075
16000 0.34 5.250 0.381 -

AHH R ol&E pE 077~084°] o223 o]o uwet
A2" el EAstelol st Ha FF By V= 334
8~52500] Htt 7tgAFrE F wlE FUkEHA HYE ke
AN BF FE £%L F ulE ZUbser A Aad
W M E F 11014 ok ks e & 4 ATk
oA 7FAA F7F 200% FUhstrietE &7] v 25007
hAAF Sl FaR FHE A" RPN, LA M
e FEHQ g2 AR Gk vy A
Aol AgM fFE 3 Add FEelH g2 <
18>¢l 7)Ao Ut

(E 18) TEE vimof] tht 2+ T3s|M S2(M/M/1)

7Hd A q ty Ly secl|  Albps] MIbps]

500 3.348 8.489 512142.2 665119.740
1000 3.348 4244 1024284.0 1330238.961
2000 3.348 2122 2048568.8 2660478.961
4000 3.348 1.061 4097137.6 5320957.922
8000 3.348 0530 8194275.2 10641915.840
16000 3.348 0.265 16388550.4 21283831.690

<E 18>9E 7] MAHS 3348 AT o 4 o
gk g3 HH A8H S3%n A" 38 73 Ao
t g8 gFagko]l FrtsidEie 288 ¥ MS SR

o2A N2gY oWEZSE tidh EF YHoE o
£ 27] Mg Tl AMSHE A% s,
6.4 B
2 pRdAE AR AzgdAe 7 B A3
Mastel AR, AAY 71 Az s Al
7014, A% GFAMS ARASE BB BE AUA

N

o B9 479 AFFAANA Fo QHERS Fol o
@ 4% AL AT 29 LEAINY A2Y FFE

Mo %
op A
> ok
lo,

£y

i

XN
fa

AgTE BAANE A
wRE Ay wAB B

AT A,
e YR 8T7E
% A% Axdd AH §F S dY 3FA
g9, 7Y oB)e vHoz s JzE A%
A% Ze] HE HF dol £HL A9 A 4
% AAS AT, A @4 IS 37k mhe

oo N Fr ol
e 1%
o,

o3
oo



F3 dols FHe AT AH9 A2d §3F2 A4 g
1otk % gxgEs Bo AdE A% TxE A8
g F AEE 3 4% TS AT 7 AFS 48 A

Fdolo] B3t}
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