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BTSAOTNMO @BEM- q 8; SKBREISKMM@IBAS, 3NN (E*$KH/@8I5kSHE$$&2>Dj$N<$G$ ;q 8; 698 gL dBj $r Cj>] 2=$7$72t
3B GBN=C[$HE=SN2r @ EKAXGIBKMIO @GH" $K!%6>e$G-Rb Y 2SS &BKIS DL?. %Rb@oRlbd< %SXENL~-MQ@rOUK1$7$75H- 1$
BTSAOTNIMIO BDL?. %Pbiv Ro@oMO BHBFSRSI $k$, !$ $=SNL~-MBIOCEA$ DL?. %R @oPlob< %05KBBSI $: I$ H\6a$INSCOS
%% %G SNoROBT?t $I51 1S MO $GB" $KIVB TS TNIMIO @KS* $SBF0 75031 k3NN (%P6 S0l B THLO TN 0B B HBFSPSI $k1%
27 1 $K<($5%1 SFPSPkShSESKS BTEAOTNS0B0SBHEGBEM-$NQ 8; $G" $k%5< % BHB Og<<$+$i $I8k% Po90Bo B30It $+3i
5R5, E~Ceb7!$ $331 $i SNoREGo%09%%6Bo FIBGCS/ BZ_ $7$78€!$ % %09680 Sr 5n$kSHESSEEbSNEGE" $k!vD 2. %Rb@6Piod< %o/
FK$*$1$k1~-M PGB RO LS HKBAL~$7'$ %< Y% BHB O g<<$Ch=3I $>$| 2s@FSH/ok< % FHBEN/oPo QoY SKBPL~$98k! %

Ol HISKB TS A0 TN B0 @ol$ Gc! SNB S CENVIWG+$i $ISK!1%

E-Ce2aDXJ %6 % @HNH/ @8- E @KAXSIBKE} 7VE*>pIs!K

%%< %%69~ 4\D, I[ 1J %@ L @HINE A~ 4\BKAXSISKE ) 7VE*>plsIK
%< %Rt 1J 2s@$NPt 'K

%P696B6 MINLLI %k< % TG ;} $GB- Sk Y@ NGBt IK

. %% %%68, N'1J %k< % FHEN/6Qh Lo @oHNAVP. =g=x$r Dj$a$ks, B' 1K

$3BNEhSLBEIMWE+$i $ISkBTEAOTND0B6@0k$r 5- =REI$kI} KI SHE7$P6 26801< %BNG- K!1J Kendall's notation!K$, 9-$/
M@$Si $1 SFESPK! %5381 $A$ DI>0 A=B =cN SN/ APr$73F5*$j 1S $=8I $>%1 I$ E-Ced\B\J, I[ 1? %5< %09~ 4\, I[ 1? %<
%Pt !1? % %9%BMMNL$r <($7TSFESPKIVAI$ B SKAXSTSFBOM 13 ;X?tJ, I[ 'K$D 1J0IDjJ, I 'K$E!1I k <! $N6'< %%,

I[ 'IK$H Ik <I$NDEX?tJ, I[ IK$GII OIHL, I[ I' FADj$NJ, I[ $r2>Dj$76I$HKS Gl 1 FHN)FI0I J, I[ I' FADj$ND, I $C2>
Dj$7$I5$3, IS E-Cat\B\E" $kS$PVoB< %309~ 4\, FHN)$G-101 SN, I[ SK=>$&535H5r 6/ DA 7S?SLENK$ISI $, MOSSi $I $k1%
%6986 MINL$, LSSEBGEN-1 993 BK A=B =c $H-cb+$! $ki%65< %$68, N'SADL>0$ @B e=go™< %S69) MMONBESr E-Ce
=gbK=hVIISk6%< %30S, N'IK$, 2>Dj$58l $F$*$j I$SFCFS (First-come, First-served) $H-ab+$l $k1%6 %5< %368, N'$r

N N

IFIF O (First-in, First-out) $HBFSPSI $k$3BHELS"$k1%



L@($9k>1 9g8Q$ FCFS A=B =c $NBh$&BK$ $35N\5- Of SNAGBK=C/ $35Hp, BHS.

BBAOTNMIO @MDL2. %Rb@6Phod< %r 47 MM $J;q 8; 699gLdBj SKBRS7$FCj>] 2=$581 $2%686@0$r DIS 7SR %6966 SN
DjNLE*$JI> 2A6r 9T$$$ LoBj 2r 7ThSNX 2K$r MB( $k2t 3XE*F; 605G $kIV<B] $N6T6966'r 1> 2A595k$?$a$KB THAO TN M}
O @' $k$SSBTHAO TN 6B Br MMPIBk:] $KEQS$°$:1$>e5- (1){(5) SNVIWGTDj$askl, MW, $" Sklvab3$3$CCraLBISYS-
$35HBOS O] $ISk% H696H6$, F101 SN/BOGBG= 8=353! $k> 9gbdI$ FI$8% #696B63, 1J $1 SNDXE Yo\ : Y $K086GR=$95kS+
$KShSCPRK O $I$k9%0B0 @06 G= 8=555 $k>I 9, $" SkSHEFSEBISHEC" $kIYB@IBS( S| SP$ BTAOTNS0B0@BCB] $No7
%96P6 $K$* $1$5k;q 8; 698gSr Cj>] E*$KI=8=87$73NN (%686 @06 G" $j !$ 809 SN6B6 G TF Dj SN F690B6 SNE_S$r |= 8=$7$7
ShENEGBCBISH %0I2<$CBBTHAOTNIMIO BN, 47$K=>$5$ 809 $Nq 8; MMOI\BESr 5R$ 809 $N6RS, ;q 8; $r @M-$98k;~ 4V
$ro%8< % %69~ 4V$ 809 SN6&M - 8; $r %< % BHBFS\S3SHEKSABK! %

2 BBAATNMOBN$aSNIpACN 1
2.1 M@l $Hb-of

BTPAOTNS 0B GBKS* $SEFE=L #ENG" $k@ G=5X 18 $KEQS SRENBTHEA ~ 4\8d% 090 B FIEN6 Rt 1) 0J2<$GhOY OFbbRPt $HBF
SVKSISI $, $" SkIVBRENE~Ceb" Sk$$SD05< %0369~ 4\, SNN(E*SKDj$Sk>1 99! $3%1 $i SNDG=X18 SBNDJE*$ICNCGECHJ
$/ 3NNt 1 random variable! K$SHEISKIYBNN (It $HEQV >] $r 2t CIG=8=37$7SSNEG" $j IS NGB($P$ ;~ 90 t $K*$1
SK7TCFIBRRt $r L (t) $HE7825HE-1$;~90 t SKITFBRt S, | NG SkSHBSE&V >] $OF L () = j g $B-=R65$! '$ $3NV >]
$,5/$35K3NN($r Pr(L(t) = j) $HqB/1%

3NNE@t X $NDj5A0MSr S $HEBKIVBIBISOBAPT(X 2 S) = 1 $G"$kIvDj5/0h S $,2D; $G"$k>19g X $ONYG 3N
NPt SHBFSPS! 1$ $=$85GI$$>| 9gSAD'BBNN(IQt $HBFSPS! $K1%

3Nt X $HY SKBRE7ZSFFX  xg $HBSS&V >ISHTY  yg $HESS&V >]$, FL~$K5/$3BK3N(Pr(X  x; Y y)
$r7k9g3NN(SHSBRYEB5SI $Kv >] T X xg $, 5/ $3BCE2BHESS&r 708N<$Gv >] Y yg $, 5/ $3Bk3NN($r>r70lUS-3N
NGHSSS Pr(Y  yjX  x) $HB/1%7k9g3NN($Cor 70lU$- SNN($r M@SSFOI2<SNSh$S&BKI= 8=$G- $k!%

PriX xY y)=Pr(X x)Pr(Y yjX Xx)

SOSTISTKOGBNN( Pr(X  x:Y  y) $, Pr(X  x)Pr(Y  y) SKEYS7$$$I$i SPSINUIQRE X $HY $CFHN)
1J independert!K$G" $kHESEoS! ISPr(Y  yjX  x) = Pr(Y y) $HBISKI%
N96 3NNt X $NI?6QJ meanKE [X ] $O

X
E[X]= X Pr(X = x) Q)
x2S
SOVIB(Si $I SKIUE[X ] $OX SNt BTCNI expectation! KSHSbBFERSI $k1%sp $21$ <B?t R $r Dj5,A0h$KEbSDO BBNN(JIQRt
X $Q, I[ 4X2t!1J distribution function!kK
F(x) = Pr(X x)

SIShSCBFF D' IUS1$i $1 SKIOEF (X) $OHSB: >/ HRLSGF (1 ) = 1 $G" SKIUFCK
Z

X

f(x)dx = F(x)

$I$k f (x) $, B8_$WBk$H-1$T (x) $OX $N)EVAX?t!] density function!K$HBFSPSI $k19d) EYAXt f (X) $OF (x) $, Hy
J, 2DG$G"$k>19g f (x) = dF (x)=dx $Gb"$kloh"$? x $rHy>. $I@3t SHE7SSHE-1$

f(x) x Prx<X x+ Xx)

SHESSENN(E*OLLASY ;} $O%B5$i SKDj5A5+$i
V4 1

f(x)dx=F(1)=1 2)
1



$GH"$j !1$ $35I SCBNN(SNDE, #15G" SkS3SHBHEY2ABGH" $Kk19) EVAX?t f (x) $r$bSDO'BBNNIQ@t X $NI BTTME[X ] $O
z 1
E[X]= xf (x)dx
1

$ONB($i $I SkI%BbS7 Pr(X < 0) = 0 $I$i $P$X $NIdJ, I[ (complemertary distribution) FC(x) = Pr(X > x) =
1 F(x) $rMO$sF z,
E[X]= F < (x)dx
0

$H=ob/ $33H5, =PMISk!%
Dj?t ci!$c; SEHBNNIQPt X I1$Y $KBR7$HS$ 4| BTCMIG:! $N@<Abr;} $0%

E[aX + Y] = aE[X]+ E[Y]; 3)
2 SENS 3INNIQt X $HY $, FHN)$ISi $P
E[XY]= E[X]E[Y]

$, @N)SIBKIVS551 $K$ OBBNI@t X $HHR u(x) SKBRSTSF

z 1
Efu(X)] = u(x)f (x)dx 4)
1
$CH"BKIVANGB SNNIQ@Pt X $N-190!$ <0 (4) $0%
X
Eu(X)l=  u(x)Pr(X = x) ®)
x2S
$G"SKINS R $NBHB-1$<0 (4) $HO0 (5) $r$"$HpaSF
z 1

Efu(x)] = ) u(x)dF (x)

$HES$EB- KI$rM@SKIVE $3BNG- KISr M@$SI SP$ X $, O'BIH-NYG $+$HESSE6NhILSr $; $: SKEJOI E*$KA| BT 1= $9$35HS,
$C- SKIVFGKS u(x) = X" $NBHB- E[u(X)] = E[X "] $On <! @R(!J the nth momert IK$HBFSRSI $k1%
:G8e$KJ, ;6 (variance) $rDj5ABIBKIYBNNIRt X $NJ, ;6 Var(X) $O

var[X]= E[(X E[X])?*]= E[X? E[XF

SOIB(S$i Bl $k1%], ;6 SCBNN(IQPt SNchSKCIB, J?6B+3i 1 SNDXEW I $ASIBSE+Br <($9;X 18 $GB" $j !$ :G=i SNEYIf $+$i Hs
li SNCNBr<hBk$36HB, J, $+8kIvE"$2$ Var[X ] $08 ="JP:9 !1J standard deviation!K$HBFSRBI $k!%

2.2 %6BbBNBX<0

:G=i $KERBYS 25N 8BKIS BTSAO TN 6B GBHEQS % #696B6 BNBOIt $+35i 5RS, E-C&S71$ %6966 FHH@I ;~ E*$KBZ_ $7$?
8el$ % V090 B0 Br 5nSk!$ SHESBEFON $r = 8=57$7%PoGBGH" $k!YBh$CERS ;~ 90 t $KB*$1$k% P090Bo FIBNGRRt I$ $9$I$0
SATTFEBRL$r L (t) SHETISA(0;t] $r6haV (0; t] SNIVBK P696B6 SKE-CS7$5RRt IS D (0; t] $r6haV (0; t] SNIVBK6 Bo96F
% $r NG &7 ?5Rt SHEOBkSHS

L(t) = L(0) + A(0;t] D(0;1] (6)

SHESS8AXT 83r K-$259%B0@0lsr BP-] SHE7SFESSk$ IS HBKBISKIYB3S3BGA,, (N = 1;2;:::) $r;~90 0 0J9_!$n H\SKECe
$7SBRBNE-Ce~9aBHB7ISN (1) = maxfn; A, tg= A(0;t] $r;~90t $"SGHKE-CS7SBRBNAML $HEIBK$HS COL;~ 4V

EV 7] SKE-COBkI?6GBRRt 1S $ABISBAS J26E-CA(  $O
N

= lim
til t

2Riemann-Stielties @@ $HFERSI $k1%



126Gt L
5F$l\E~Ce . J76®Z_ ;~4VW 5F$N\l(_%i&

%P9

7 2: %jYPbiBNBX<0

In(t)

Wi
0 p p -

0 An Dn ;~90t

2131 W,y $HI (1) SNEXT8

SOIB($i I $K!%
:GSb6=L#3" SkNISQ 26 TFbRPt L $HI?6QGFBZ ;~4VW $GB"$kI%W, (n = 1;2;:::) $r;~900 0J9 !$n H\L\$K
E-CS7$BRING-BZ_ ;~ 4\VEHBISkSHS L $SHW $C5=5| $>8
g 4T X
L= TI!|{n T . L (t)dt; W = NIl!gn N W,

n=1

SOVIB($i Bl SkIYB3SISGL $CG-=J, SKOBFAVS % F%6H6 Sr 4@, $7$25H5- SNN_ @Rt SNI?6 GG $j 1$ ;~ 4\I 26 BHBFSRS
$KI%01 J}I$SW $SABZ_;~A\BNArDBr 5R2t SRS G076 B G $j 1$ 5RI?6BHBFSRS! $k1%

0l HI$K<O (6) $rK-$2590086@0$kS*$1$kI?6QFTFERt L $HI?Z6QTFEBZ_;~4VW SNISKSDo6PhBNBx<0 Little's
formula!K$HBFRS| $kHs>aBKC F=c$I4X7 85, @N)$I$BK!%
DjM} 1 (%PoPblNBx<0) L!$ 1$W $, ABAVISBEG"$k>I 9g!$ $35! $i SNNSKSD0B< %S0 &g=x$KBhsi $: <! <08, @N)$IBk!%

L= W (7)

% %0PoBNBX<05, SIS<@N)SISk$+5r 8+5k$2$abK S <c43EN=" H@Br 9TSRYE"S: IS A, $r n HL\SNBRENE-Ce~901$ D, =
An + W, $r n HL\ SNERENNYG &~ 90SHBIBKI B 3S3IBGX <(4X2t |, (1) $r<! <OB@j5A59k!%

8
2 1, n HY\$NGRS, ;~90t $K7TOFbKS$$k>1 9g
In(t) = 1J $9$I$0BAA,  t < Dp SNBHB-IK
0, $=$N\B>

Dj5ABhS) IS W, $I$i $SPKL (t) $Cb=8I $>8I 1, (t) SrMPISF

Z, 2
Wy = I (t)dt; L(t) = In (1)
0 n=1
$ONB(Si I $k1oe™ 3 SKW,, $HI (1) SNEXT8Pr<($9%
0J>e$N=" HBN2<$@0j00 Pl BNBX<05, $IS<@N)SISkS+$r 8+SFSH/ 1%6# |$ 6UBN/ P00 B0 $+5i %090P< %M71J L (0) = O'KI$
L(T) = 0!$ $9$I$05X%%0F6 'S, 6USCH" $k$h$&BI;~ 90 T $roNG($ki%?” 4 $Q~90 T $"SGHKE-CeS7$245?NENGRS, A4SF
~90 T $"$BKNBEH7!$;~90 T SKE*$1$k7TFBRRt $, #0SGH" $k>l 9gr <($7SFSSBK31%

SN SBDOE %68, N'$, 8eCe=gb G SkSH2>Dj$TSFE$3KI%



H Wa  f
W3 B H :
; P—H :
' W3 ‘- .
7 I
0 0 s, s, -
A]_ A2 A3 Dl D3 A4 A5 Dg D5 D4 T :~9t
bbb |
2 I
L(t)
1 F
0 =
T ;~9t

?" 4: 5RtSN~4AW_@QBH GFBZ_ ;~ 4\NArDB

~90 T $"$GKE-Ceb7$?ALFEN R P090B0 $r NG S 7SFEISKSNGG
I, (t)dt = I ()dt; n=1:::;N(T)
0 0
$, @N)$BKIYEB5Si $K~90 T 0J9_$KE-CSIBKERS $IBIS0PASN > N (T) $Isk n $SKBRE7SFEQS$ ;~ 46V [0; T] $Kb*$$
$F 1, (1) = 0 $G" $kIYSBhSCHF
Zq Z 1) NTIZ 7 N(T)
L(t)dt = In(t)dt = In(t)dt = Wh
0

0 n=1 n=1 O n=1

$rF@KYBIBIS0$A6RPt SN~ AW @QBTGFIBZ_ ~ A\VBNAMDBKEYS7$$1J 2/ 4 ;2 SHKIYSHSCSAS ;~ 4\6haV [0; T] $Kb*
$1$kI?6 QT HERt $SHI?6QYAFHBZ_ ~ 4\BNI\SKSO
Zy N(T)

1 N(T) 1

= L(t)dt= —2 —— Wi

T 6 ® T N,
$, @N)$SBKIYB3B3SGN (T)=T $Q~ 46V [0; T] $K$*$1$kI?6E-CeN($G" $ki%

0l J}'$ GRUBKA*SPSI $7,~90 t SKE*$$ERE0
Z, ()
L()d = Wi + Xg

0 n=1

SG5'SKYBIBICX e SBIO SO’ 1= BHTHBIY-90 t SIS'SISKTTFLERL L (1) 3, @SIH SASS'Sknld N (1)IKSK
BRSTSF | In( )d < W, SHBISKSNEBMOSNG' X $Qi $HBISKI% SON=IUBr3d$k$H

_th( o= No 1 XY Xe
t o SOt N@E) "t
$rF@KIv%hbs7 X
lim 25 = 0

ti1 t
$I$i PSB! 1 SHPIBKS3SHBKSNS) <0 (7) $rF@KIYH3BIB@>Dj$7$? limy  Xeg=t = 0 $0O=3], ;~4\B, 7TRECS?8e$Ksb
8mMISND™ X $, 9bl9 MBBENCIBK2! $( $i $| SFESSKSISHEHEY2ABGH" kI VB IBIB0SAS $S+8ISk;~ 9aBKE* S$SFEb7 OFLBKBZ



. $TSFESKERS, NOB&ISKS SN~ 4VENDES, M-8B5GH" $| $P1$ $35N>r 708, @N)$9$KI%<B] SNDED]$I%P696B6 $XENL~-MQ
$CBOS L5>1 705K PHBNBX<08, @N)SIBKSHDNE( SFBh;Y >CSCBISH%

$3B3BOM( SV % 69686 BB TS0 TNS6B6GHIABNSr OULHSISKI, MBCBISHYNS(SPS BTOG<<SNG_S$r %7696B6 $HB+
$J$; $PS I26BTAERRt L q SHI?B@BBA~4V W, SNIBKSOL g = W ¢ $, @N)SIBKIVS $21$ %5< %R J, SN6_$r % P696F
% BHB+$ISABISHEISCH- SKIVB3BI $r J26E-CN( 1$I26(65 %869- 4V b $r $bSIDEDj$I G=G=C $r BP>] SKOMS($FS_$K!%
G=G=c $, OBD]$J$i SFE-Ce57$25REOABF65< % S6S55| SkENBGS %5< %BXSAC DL~ 4VEVS?$) J?26Q  ?MNGRS, E-Ceb9
SKIYB S %5< %BGN?26BZ_;~ A\BA?665 %369~ 4V b SKEVS 7SS USISCEAS %o oBbBNBX<OBHS] 1$ %65< % BISSKIS
$OBISOBAB< %SHTISNI26GBRRLSO b SONB($i $I $K!1%

FGKC= 11$$IBIS0$A G=G=1 $N>| 90!$ %< %SHEISNERED0IO #12\GISNBGS SIBNK2L$r %5< %8, 2TF/ $7$F5$5K3N
N($r MO$SA= 8=395k$HS

b =07M Pr(%5%B,5Y._)+ 1?M Pr(%5<%8B, 2TF/)

SHBISkI% = b SHESSISP  SOPr(%%5< %M, 2TF/) $SHSEEBNN($rMB(SKIVEB3SNE?Sa  $AVM@(1J utilization factor!K
$HELSFBRBI $k1%401 HISKC DI %5< % Br $b$ D %690B6 S, OEDj$GH" $k$2$a$Ner 7030 < 1 $Gb" $kiogt

2.3 %Poe6%6RaDBSHX 2, I[

BTSAOTNIMO @3VI@$3$i $| SKE-Ce2aDXN-i$ :G$b4pK\E*$ISHENEDoiv6086 @ SIE-CeS G SKI 901086 @ SIE-Cebr 2t 3X
E*$K=8=$98k$?$a<! SNEh$&BI>U675r IMB($k (966 1995)%~ 464V (0; T] SKK ?MENGRS, $G52$i $aSKE-CebabkSH>
Dj$OSKI VSISO AS =51 $>5 SNEREMB-SNoREHEAFHN)$K ~ 4\6h4V (0; T] FIs@®I MM, I[ $K=>$GFE-Ce~E@r A*S\$H2>
Dj$IBkIYBIENTK2LIS 1} X $r bSO UBKA*SPE $76h\GKE-CeS, $" Sk3NN (BB VEN} $@1SKOMB SISk YEBABISoPAS $"
SKERBNE-Ce~90%r  $HE7$2BHB-1$ 3, ;~ 46V (y; y + x] SKAN$ I SK3NN(SOPr( 2 (y;y+ x]  (0;T]) = x=T
SOVIB($i $I 1$ 6hA\BNOLCHr I=$9 y SNCMBFSA-HN)$GE" $k!%

A(y;y + X] $r;~4ehaV (y;y + X]  (0; T] SKE-Ceb9BkoRPt $r 1= $IBNN (IRt $SHEISK!%6$5=3I $>$| SNoRBCB_SSSKFHN)
$KE-Ce~E@rA*$S\SNEGS

K1 X k K K
TK(K KT

SOVIB($i $I$kI% = K=T $H7'$ 4| BTCMINBX<OBK=>$CEF7W $9Bk$H

Pr(A(y;y + x] = k) 1 (8)

—| %

E[A(y;y + x]] = x

SIF@KIDISABIS]  $ACDL~AEVG R SKE-CSIWKI 26 BRI SSBISOBASI26E-CN(Gri= STSF*$) 1$:~ 4BV (y; y + X]
SKE-CSBKI?6BRt $O~ 4AVBhVENDBS5 X $HIZ6E-CNSNORBVIB(Si $1 1$ 6h\VENOLC\BHEAFHN)$G" $K1%

231 %% @SIE-CeHOPLOFRaDX

$3838G6E-CN( = K=T $r0IDjSNCKI] $46J$,$i T ! 1 ISK | 1 SNGKBESrOMS(SKI%$$: 1$ <0 (8) $O

xk x K K K 1 K k+1
PriAlysy + x1= k) = k! 1 T T x T x T X
SHIF ABG- SKIVEB3S3PGX=T = x=K $KCrAlLBISk$SH
. x K x < oy
AR B
$HEIS) 1$ 5% « .
1 n — 1 n — _— ) e
Tlllfn T X_TIHn T x (n= 0k 1)

$ISNGSIP6QE-CN( = K=T $r0IDj$KI] $48J$,$i T ! 118K | 1 SN6KBBSr <hk$H! <OBr F@kI%

Pr(A(y;y+ x]=k)=¢e * —(Xk|)k (k=0;1;::7) 9

401 DjAVBVE-Cé$ 0l Dj;~ 4\065< %S6Sr $bD D =D =1 $N\>| 9gBNEDj>r 7030 1 $G"$KI%



Dj5A 2 (%Pbe6%6d, I ) <0(9) SN&IUBAIB($i I SKANN(, I[ $r!$I?6Q x SreBDoPooss, I 1J Poissondistribution 'K
SHES5&%
<I$KI$ 8_$SSK=EIS] 990 ISFSSIBN ~ 4VBU\BKE-CSIBKE Rt SNTKIGINN($r ONB($KIVK  2NBNBRS, ;~ 4\6hAV (0; T] $NIBK
8_SSSKFHN)SKOI ML I SK=SCHFE-CEIBKSHS-1$;~ 46V (0; T $KA S S| $k=EI$j OgSoBISHSSIEN~ 4BV (y1;y1 + X1]'$
(Y2;Y2 + Xa] $KS=81$>81 ki ?M$ky ?NBNGRS, E-CeBI5k7kog3NN($O
Pr(A(y1;yr + Xx1] = K1 A(yz;y2 + X2] = k2)
= Pr(A(ys;y1 + Xa] = ki) Pr(A(yz2;¥2 + X2] = Kz J A(y1;¥1 + Xa] = ki)

_ K! X1 K1 xp ke X1+ Xp K ki k2
"k Kk ky T T Y T (10)
SAMB($i $I SKIYB5Si $K<O (10) $O
k1 k2 K
Pr(A(ys;y1 + x1] = Ki; A(y2;y2 + x2] = ko) = % % X1 ; X2
K K 1 K ki ko+1
T X1 X2 T X1 X2 T X1 X2
SH=CB-495($i S| SKENSGS I?6E-CN( = K=T $rOIDjSKI] $/463$,$i T! 1 I1SK | 1 SNGKBBSrOMS(SkSH
k k
Pr(A(ys;y1 + x1] = Ki; A(y2;y2 + 2] = ko) = e G (X178 (X 2)72
k! ko!
x5 (x )% x5 (X 2)*2
— 1 2
€ ket © Kol (11)

$rF@KI%<0 (9) SKCrALBIBKSHEO (11) $O
Pr(A(ys;y1 + X1] = Ki; A(y2; ¥z + X2] = k2) = Pr(A(ys; y1 + x1] = K1) Pr(A(yz2; y2 + X2] = k2)

$H-ofb/ $35HB, $Gb- $k!YBIBIS 0B A>5- SN KBBPOVI B( $i $I SKERPNE-CaDxbKE* $FEHS 8_SPSK=EBI$j 9g$0bI$F ~ 4\V6ABKE~-Ce
$IBKERPt SA-HN)$I3NN (IRt $SHEIBK!%
Dj5A 3 (%Po®6%62aDY) 6hAV (y;y + X] SNIGKE-CSBKERPLJ, I $,J76Q X $NAP6G6906S, || SK=>SH$S $+60$ =E5I$]
95 0B IS VEKE-CeSIBKERPt $CB_SSHKFHN)SC" SkEhSEBIE-Ce2aDXSrN(  $rShSDoPodo&6RaDxJ Poissonprocessk$
$"SKESEON(  SrSbSDPod690E~Cdl PoissonarrivalsiK $H$5&8%

2.3.2  %Podo%HE~CebkS* SISKE~-Cet\B\VBHX?t J, I[

<ISKN(  $@6P66696E-CHIBKERENE-Ca\VBY X $KSTBSSFOM! $9BKI%~ 90 to SKERBNE-Ce$, $" $CH2SHESS&V >] $r
Z(to) $G=$7'$;v>] Z(to) $,5/ $IBCGHBHESPEr 705N <BCS $=5N<! SN RENE-CeS"SGBNINBV X $, X $h$j Bdb- SE3NN($r
ONB($KIVD6PoB6E-CSNH)@$NS] A(to;to + X] $Oto 0JAGBNE-CSHBAFHN)SISNEGS

Pr(X > xj Z(to)) = Pr(A(to;to + Xx] = 0j Z(to)) = Pr(A(to;to+ x]= 0)= e *
$rE@KYBHSCERS E-CANBEND, I[ 40t Pr(X X j Z(to)) $G<! <0BGIB($i $I $KI%
Pr(X xjZ(tg)=1 e * (12)

Dj5A4 (;X?tJ,1[) J, [ 4X°t$, <0 (12) SNL&IUBGVIB(Si $I SKANN(J, I[ $ro%@i%a6? $r$b$S0X2tJd, I[ 1J exponertial
distribution 'K$Hs$5&%
<0 (12) $h3$j!$ %@i%0&6? $reb$DX?td, I SN))EVIXRt$O exp( X ) $OUB(S$i $l!$n <@R(In = 1;2;:::IK$O

ni= " SOUB($i $| Sk$3BHB, J, $+$k1%
<I$K$ty SKERENE-Ceh, $"$CH?SHESSE&>T 70N <3S $=5NBeE~-CehbIsk#2?MINoRENE~Cet\V3V X 1, X2 $N7k9gJ, I[ $rING($k!%
X1 =y $Cr70U$1$r 9TS&EHS % Podo2oE~CehN-HN)@$hS)
Z
X1

Pr(X1 X1;X2> X2 Z(to)) e 7 Pr(A(to+ y;to+ y+ x2]1= 0] Z(to); Z(to + y))dy

ZO

X1

e Y Pr(A(to+ y;to + y+ x2] = 0)dy
X1
= e Ye "2dy
0
1 e *e *2
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SHBISKIYSBIBIBGPr( X1 x1; X2 X2) + Pr(X1  X1;X2 > X2) = Pr(X1  X1) $KCrAlB9$k$sH
PI’(X;L X1, X2 Xz) = Pr(xl Xl) Pr(xl X1; X2 > XZ)

1 e *HNAa e *?)

PI’(Xl X1) PI’(XQ Xz)

$rF@KIYEB3S SON( $@0P0O620E~-CSISKEREND'BIBISKE-Cet\B\SEB_SISKFHN)SCH" $j 1$ $=5I $>%I F1$8%Di0&0? $r$bSDX 2t
J, I[ SK=>$&535Hbr <($7SFESBK!I%
$56A$~ 90 0 $KGRS, E-CHTS2HDj$71$ <! SNERENE-CH SNINB\ST X $G=$AVUBIENEHS-1$ (0; to] SNIVIS <I SNBR
$, E-CBT73IS+SCE2BHBSS&> 7TOBN<BG~ 90 to + X $SGBK<! SNGRS, E-CSIBk>r70lUS-3NN( Pr(X  to + X | X > to)
$rONG(SKIUD]5ABK=SGCEFTW, $r2J$aBk$H

Pl'(to <X to + X)

Pr(X to+xjX >tg)=

Pr(X > to)
_ Pr(X to+x) Pr(X to)
- Pr(X > to)
_ (L e W) (1 e o)
e to
=1 e * (13)

$rE@KI%<0 (13) $Cr70lU$-3NN( Pr(X  to+ X j X > to) $, to SHBAFHN)$G"$j!1$;~ 90 to $+%i <! SNE-CS"$GBN
INBVBCBSSNE-Cet\V3V X $HE1$83NN(J, I] SK=>$&B3HBr <($7SFPSPKIVBIIND <ABQX 2t J, I[ $NL55-21@L) memoryless
property!K$SHBF5P5I IS 8e$@B+$k$hb &S KB TEAO TN 0B0 SN2 r @ EKS* SSSF6 Kb aSF=EMRILr 3d$r 2L.$27$59%

2.3.3 0Ol DJE-CN($N>D]

SRENE-Cet\B\G, FHN)F10I $J%@6i%862 $r$usDX2td, [ SK=$&BHS- 1$ $=SNE-CaDx$MI2<$@Dj5A5$! $k0I DjE~Ce
N(SN2>Dj$r K-$7$9%
Dj5A5 (0l DiE-CN($N2>D]) <! SN3BIBN2>Dj $r K-$ 2595 RENE-Ce2aDx$ @I DjE-CeN($N2>Dj$r K-$2595HBFBRSI $ki1%
1. FIN)AY, ' 5RENE-C$CB_$SBKFHN)$GH" kI %8I IS0PAS 8r $obi $ISBsSOBEN~ 4\VEAVENIVBKE ~CebIBkERENPt $CB_
SESKFEHN)$I3NN(JQPt SHBISKI%
2. Dj>0A}, I' Hy>. $J~4VBMV (t; t +  t] SNIVBK 1 2MN6RS, E-CSIBKINN(SO  t+ of t) SOUB($i $11$t $HO
FHN)$GE" $k1%
3. ==X@V S5REGHL?NG: SE-CeSOSKIVSABISoPAS Hy>. $J;~ 46V (1, t +  t] SNNSK 2 ?NDI>eSNERE, E-CeSISK3NN(
$O0( t) $Gb" k1%
$3838G0o( t) $OliM {1 oo( t)= t= 0 $HBISKO I$SIBISOA t SNO<I SND' $rI= $AYRSDjSN2.I$ 3. $I$i $SHKIN
NENOE, 1 $Gb" $kE3BHE+$i |$
4. Hy. $J3,~4ehV (t; t +  t] SNMVSIGRS, E-Ce7$I$BNN$O01 t+ o( t) $IB(Si I $ki%
$, @N)$IBKSISHBKCALBIBKI%0I2<SBBRENE-Cal\V3\S, FHN)F 101 $J;X 2t J, I[ $K=>$&BH- SRENE-Ce2aDx$@I DjE~-CeN(
SN2>Dj$r K-$2$9835Hbr <($9%
$°$: =i $abk2>Dj 1. $roNG($kIVE#H 2SN~ AV6MV (y1;y1 + X1] $H(Y2; Y2 + X2] $, =EBJI$j 9gB0$IsHI y1 + X1 Y2!K
SIS SRS Pr(A(y2; y2 + X2] = k2 j A(y1;y1 + X1] = K1) $CE-Ce\3\S, FHN)FI0I $3J, I $K=>$&B3BHS $IBi $SBKF ; X 2t
J, I[ $NL55-21@$h$j Pr(A(yz2;y2 + X2] = ko) SHEYS 7S/ $ISKC196595I$05A

Pr(A(yy; y1 + X1l = ki, A(y2; y2 + X2] = ko)
= Pr(A(ys;y1 + x1] = ki) Pr(A(yz;y2 + X2] = k2 j A(y1;y1 + Xa] = ki)
= Pr(A(ys; y1 + x1] = ki) Pr(A(yz;y2 + X2] = kz)

$HBIS| 1$25D] 1. $, K-525561 $k1%

51UO?A ;2>H
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<I$K~90 t $ASCHIGRS, E-CEHTSFESSISISHESSEr7TOSNSBMAV (1 t + 1] SNIVBK 1 2MNGRS, E~CeSOBKINN (Sr OM(
$KI%~90 t 0J9_1$:G=i SNE-CS SN~ MABNSr X 1 $HE7IS $551 SKE=SNK! SNERENE-CS SN~ AVINB\ST X » SHEOBK
$HS:X2tJ, [ SNLE5-21@$hSj IS SBBNN(SOPH(X 1 X > t  X1) SOAB(Si $I SKUSHSCEAS
Z t

Pr(X; tX,> t Xip)= e Ye (' ¥dy
0

= te
= t@1 t+ o t)
t+ o t)

t

$HEIS) 1$2>Dj 2. $rkK-$2$9%
:G8e$K~90 t $"$GHKERS, E-C&7$ISPSHESPEr 70Ne<$BMV (t; t +  t] SNIBK 2 ?MI>eSN6RB, E-Ceb k3NN ($r OM
$($k1%

Pr(A(t;t+ t] 2jX>t)=1 Pr(A(t;t+ t]=0) Pr(A(tt+ t]=1)
$3$35G
Pr(A(t;t+ tj=0)=e '=1 t+ o t)
SKCraLBISkSH
Pr(A(t;t+ t] 2jX>t)=1 (1 t) t+o( t)y=o0of t)

$HBI$) 25D 3. $rK-SZBIYBISCSAS FH)FI0I $3:X2tJ, I 4\B\BE-CSBKEREMDI DE-CN(SN>Dj$r K-5259535H, <($5
$1 $21%

2.3.4 0l DJE-CN(SN2>Dj$H6Po86%6RaDxX

$35! $"SCBKS % Po&6%6RaDISK=>BIE-CSIBKERENE-Cet\BVE, FHN)FI0I $J;:X 2t J, I SK=>683NN(IQPt NsbHBISk$3BHS $5
$i SKERENE-Cet\3\B, FHN)F101 $3;X 2t J, I[ $SK=>$&BHS- 1$ Ol DjE-CeN($N2>Dj$r K-$ 259535 Hpr 8+$5F5- $71%6G8e$SK$ SREN
E-Ce$, Ol DiE-CeN($N2>Dj$r K-$ 2595 H- 1$ SRENE-Ce$, %0 P080802aDXK=>S & 3B Hbr <($I Y8535l $KBh3j 1$ 5RENE-Ce$, %Poo
%92aDXK=$&B3SHS E-Cet\B\S, FHN)F 101 $J;X 2t J, || $K=>6&B3BHS $I$i SSBKERENE-Ceb, 0l DjE-CeN(SN2>Dj $SK=>58
$38Hp, Ey2ABGE" $kS3BHB, <($5$! $k1%

$7$:1$2>Dj 1. $h$j!$ %Po6o2eE-CehkE* $1$kFHN)@$A @i $+SKK-$7$55! $k1%<! $KOI DjE-CeN(SN2>Dj$N2<$ GV
(y;y + X] SKE-CebIBk5R?t A(y;y + X] $roM(SkIYEBNN( Pr(A(y;y + x] = k) $0y $HEA-HN)$G" SkENBGS Py (x) =
Pr(A(y;y + x] = k) (k = 0;1;:::) SHE*$/ $HK! <0Br F@k!%

Po(x + x) = Po(x)(1 X+ o( X))
Pe(x+ X) =P 1(X)( x+of X))+ Pc(x)(1 x+o( X))+ o x); k=1,2:::

$35| $i SNOBKS*SSSFLEILBN Py (X) $r:8 JUSXO\O $TISNIUBr X $GB$j!$ X | 0 SNGKBBSr <HBKSIBHEKSHS 1$ Hyd,
:9J, J} D0

d

ax o) = Pox)

d

)= P PrX); k=1;2:::
$rE@KIYPo(0) = 1 SKNDUBIBKSHPo(x) = exp( x ) $HpI$j!$ 5" GKISKBhSCHF

k
Pk(x):ex—(x) ; k=0;1;:::
k!
SHEISKS3BHEr <($9$3BHE, $GB- SKIVEHIBIS0BAS Pr(A(y;y + X] = k) $C0(9) $rK-$7$9%
DjM} 6 (%Po86962aDR$ ;X ?tJ, I[ E~Cel\VBVS$ 0l DjE~-CN(SN2>Dj$SNEY2A@) SRENE-Ce, %6P686962aDK=$85FHSE~

Cel\B\3, FIN)F10I $3;X?tJ, [ $K=>$&53BHS $I$i SSEKERENE-Ce$, Ol DJE-CeN($N2>Dj SK=>$&B3SHEAEY2 AP G $k!%
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# 2

X: ECe~E@

10006666666 e:
10000666666 e:
1000066666 ®

LOO0O00O0
COO0C0O00
VOO00C0O0C0
VOO0C0O00

=Bv2aDx -
27 5: %Po®%2aDNEVIIN = 2IK

2.3.5 %pPbeoe2aDXN-E>v$H, 4t

=EBNDG$S0$; $PE-CaN.SKE*$ISKE-Ce\VB\Gr X SH7$2$HB-1$X > x SHBISK3NN($Q~4VBhAV (0; x] SNHGKERS, E~Ce
S7SISEINN(SKEVS 7S/ 15 8e<TSCBSE: $I SNE-CeN.$+5i $5RE, E~Ceb7SISEINN(SKEVS 7555 2$5a
" l#
W X
Pr(X > x) = e “=exp i X

i=1 i=1
$HBIS IS E-CeBV X $O0Q%&0? = 1+  + N SNX?tJ, I[ SK=>8&B3$Hp, J, $+8KI %581 SKE-Ceh\BV X $, x $G
$"$CEBHEE & 705N <$CS S=PNE-Ce$, | H\L\SNE-CeN.$+$i E-Ceh7$5RG"Sk3NN( d; $O

di

IimOPr(j H\A$H$I SNECej x < X X+ X)

x!

im Pr(;~4vehaV(x; x +  x] $Kj H\L\ $+$5i SNE~Co
x! 0 Prix< X x+ Xx)

exp( x)(j x+o( X)) _ j
xt o exp( x)  x+of x))

$HEIS$) 1S E-Ce\3V X SHEAFHN)$KI?76E-CeN(SNBAIgSOVIB( $i $I $k1%
DjM} 7 (FHN)$J%P666262aDsSNEEY) N SDBNFHN)SIN( (i = 1;::1;N) $robSDvepesese@aDxbr =EsNgS0s; $7E-Ce
2aDON( = 1+  + N NP8 R2aDBHBISKIVEB $71$ E-Ceb, $" $CPPSHESBE>T 705N<$B$ $=BNE-Ceh, | H\L\
SNE-CeN.$+5i SNEREGH" SKINN(SE-CeA\BBHBAFHN)SK = $OVIB($i $I $k1%

<ISKSN(  $@6PoB0SHE-CeSISKEREr IS $=5I $>6I FHN)SKSNN(pi (i = 1;2;:::;N) $Gi HL\SNYN.$X3d$j EVEFSk$3
SHErONS(SKIYA; (0; t]1 1 = 1;2;:::; N IK$r;~4\6h4V (0; t] SMVBKYN. i $SKE-CeS7$75RPt $HEO$K!I%B09 $NoREAFHN)$K
3NN(pi $GYN. | $K3d$j EVBFSi $I SKENSGp1 + p2 + + py = LIS SIBIS0SAS

et =g (Ptp2t pn)t = g P1t g Ppat e Pt

SKCralBOBk$HS

Pr(A1(0;t]=ni;i=12;2;:::;N) = Pr(A(O;t] = ng+ ny + + nn)

Pr(Ai(0;t]=ni;i=121;2;:::;N jJA@O;t]= ng+ ny + + nn)

=e! (t)nerner Tow (ni+np+  + nN)!pnlpnz pov
(ng+ ny+ + ny)! niln,! ny! 1F2 N
et (P1D™ (pal)™ (pnt)™
n1! n2! nN!
- e pat(Pat)™ e p ot (P21)" e put(PNE)™
nq! ny! ny!

Pr(A1(0;t] = ny) Pr(A2(0;t]= n2)  Pr(An(0;t] = ny)

$rE@K%
DjM} 8 (%P686262aDN, 4t) N(  $@6Po®6S6E-CBOSKEREr $=5 $51 FHN)SIBNN( pi (i = 1;:::;N) $Gi HLA$NY
N.$)X30$] EVGFSZ5HB-1$ 1 HVASNY N.SBSNYN.SHEAFHNSIN( pi - SN/6P686262aDxSHBISKI%%
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[¢))
[¢))
»

d: E-cDA0

%% %309 %% %309 %% %309

0 1 2 3 4 5 ;~4V

?7 6: D=D=1 $K*$1$kERPt SNIQR=

2.3.6  %PbBOSHE-CSHIBKERS, 8+5k6P696B6 SN-UBV (Cooper 1981)

‘GBS N(  $TPod6HE-CHISKERENE+SKY6 69656 SN-UB\Br OMB(SKIZEQ(t) $r:~90 t SKE*$1$K7 OFHBRRt SHEBKI%
$$ASP (1) $r;~90 t SNDBeSKERS, E-CH7$25HB& 1 705N <SEBNS$ ;~ 90 t $K$*$15K7 TFEERRt SHEIBKIVBIBISOBA P (t)
SE-CSTSSRE, 845k P96 BN-UB\EG" $KIVEB3$3SGC (X; y] $ri~4VBMV (X; y] $KERS, E-C&bok:v >] SHEASKSH

Pr(P(t) = k) = lim _Pr(Q(t) = kjC(tit+ t])

$Gb" SKIVEBhSCBF
i PrQM = kiC(tt+ t])
t! 0 Pr(C(t;t+ t])

_ i PRC(ET+ 100 = W PrQM = K
tr o Pr(C(t;t+ t])

Pr(P(t) = k)

(14)

$r F@K Y3335 S E-CeSKAXS 7TSH-CBR2 252D $ 7$ P $$ IS $S 3P HEKC raLBIBk! %6

~90 t $KE*$15k%F6I6BBN-LBVQ() $O~90 t 0JABNE-CSNG SKSHECEFDj$ $KI%0I J} 1$ SRENE-CSVoPo86968aDx
SK=>5857%al$ ;~90 t 0J9_SNE~CebCh=$| 0JATBBNE~-CeSHBT-HN)$G" SkIYBh$CERS % P02 E~CeSN>1 9g'$ %% 90B60 SN>u
BBHSGFHN)SKE-Ce$, $*$35k$?Sa Pr(C(t;t+ t]j Q(t) = k) = Pr(C(t;t+ t))=  t+ o( t) $G"$k1vsS33I $i $r
<0 (14) $KBe--$9Bk$H<! <OBr F@K!%

Pr(P(t) = k) = Pr(Q(t) = k)

DM} 9 (%Po6626E-CSIBKERS, 8+$k%Po9oBoSN-UBY  %Pod6%6E-CHIBKERE, 8+$k% P9 BBN-LBVP (t) $CB0It 4Q!
<T$, 84$k%V696B6 SN-UBVQ (1) SKEYS TSHU BK$% P696F63, Dj>0>LBVI steady state!K$KS" $K$$IBISBAPT (Q(t) = k)
$,;~90 t SKOMBES7$I$$>| 9g!$ %6 P666%6&E ~CebISKEREAD)>0>UB\BI 8+$K1%

$IBNTK2LSO$ %PoB6S6E-CHIZMWBN1 980, $: $7TSh@$j N)S2$ISSSIBHKCALBBKIVNSHETSF?" 6 SKE-Cel\BV 2 IC!$
%%< %309~4V 1 ICSND =D=1 !1J 0l Dj$NE-Cet\3\BHDI Dj$SNoi< %309~ 4\8r;} $OCDI %5 %BTBAATNIK $SK7GFI6R?t SN
JQR=$r<($9% G=i $N6RS, %P6 90Bo SKE-CebIPk;~90br 0 $HPIBKSHS (2t; 2t + 1] It = 0; 1; 2; :  IKSNNSONB< % ST f
$E'$j IS (2t + L2t + 2] 1Jt = 0;1;2; 1 IKSNIS o P696B6 SBUSG" SKIUBHECEAS 2 $K<($581 SFBISKShSEBK30It 4Q!
<TSQA4~4\BN1/2 $NIVS 2TF/ CISNA6 70900 $HB+SKS, IS E~Ceb9Sk5REC- 05 Ko uSN6 0906 $r 8+$kI Va5 33NEh$&SKIS O HL
$KEQ$ E-CebIBKERENB+5k%6 %090 P SN>UB\BCBOIt 4Q! <T$, 8+5k% %6 90K SN>UB\BHD[ $I$k!%

1i =, LdBj

#2>CBNX6H-BMBNG'

Ld 2.1 I %j%PlBN8x<0

J6QTFBZ_~4\Br W1$I26Q BRIt $r LI$I?26E-CNGr  SHBOBKI%

(1) W, L, SNN\SKON)S$WKAX78<r<($; 1J > @AT MIK%

(2) OEDj$J G=G=c BTAOTNSSr ONG( SKIUBRENI?66%< %869~ A\Br b SHETS25HB- 1$ %65< %6 ST fSNI?6BRPt $r Saashi%

(3) OEDj$J G=G=1 BTSAOTNsSr OMS( SKIUBRENI?66%< %6869~ A\Gr b SHE7S2$HB- 1$ SRS, %5< % So@i$GH" SKINN ($r 5aashi%
Ld 2.2 !l 9%Pbeb&62aD$ND|5A

0J2<SN_ASSSKE ZB( $hi%

(1) ~4haV[y;y + X] SNIBKE-CEIBKERPt SKCrh\ S7TSAN(  $N6P686%62aDxr Dj5A5; $hi%
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(2) O'BBIBKE-CeNBVXn!lIn = 1;2;:: :IKSKCh\$7$AN(  $NPeB626RaDXbr Dj5AS; $hi%
(3) Hy/$I~AVBMV (Lt +  t] $K5/$3Bkv >] SKC\STSAN(  $N6Po86262aDxsr Dj5AB; $hi%
Ld 2.3 11 ;X?tJ, I[ $N_55-21@-
0J2<SN_dB$SKEZ($hi%
(1) 3NNEt X $, $1 SNEh$&BI@<Abr ShSFEAL55- 21@$r $bSCHHB @ 0! $k$+=RbY$h!%
(2) ;X?tJ, I[ $,L55-21@%r;} $O535HEr <($; 1%
Ld 2.4 !l %Pb86%6RaDXSND<A
FHN)A}, $GB" SKE-Ce2aDxbr ING($k1%
(1) DB5 t SN~AVAB\ENINSKE-CSIBKERPt S, J26Q t  SNV6P66906S, I| SK=>S&BHS- 1$ E-Cal\BWBND, I[ 4XCt $rF3511%
(2) E-Cel\B\B, %@hi6e&6? $NX?tJ, I[ $K=>H&5HE-1$ 0l DiSNE-CaN(SN>D]$, K-57$581 $k$3$HBr <($; 1%
(3) Ol DJSNE-CAN(SNSDjIIN(  IKS, K-$75551 $k$HB- 13 DB5 t SNIVGKE-CIBKERt A (t) $NBNN(@AXRt Pr(A(t) = k) $r5ababhios
Ld 2.5 !l %P6&6%R2aDXSN-E-VSH], 4t
0J2<SN_dB$SKEZ($hi%
(1) N 8DBNFHN)SIN( i (i = 1;:::;N) $robSDopes69eQaDsr =EsNghos; $7E-C2aDX) =BV2aDXK$,N( = 1+  + y
$I\%PA;%%J§aD>$F$J$k$$F$r<($ 1%
(2) $5%i $K$=E-V2aDSK$* SSSFE-Ce$, $" SCH25HE$S&>r 705N <GS $=PNE-Ce$, | HL\ SNE-CeN.$+$5i SNOREGH" SK3NN(SE-Ce\3V
SHBOFHN)BK = $OVIB(S$i S| SkS3BHBr<($; 1%
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N}=, LB

Ld 2.6 !l p
Hdi @BtCIr$Hk3NNEQRt X SNIZBGOE[X]= 1 Pr(X > k) $SOUB(Si $I Sk$35Hr<($; 1%

0

Ld27 R
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Ld 2.8 !l
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Xi (=121 n) $roo@es6? | SreosOX?td, [ $Ke>H88_SSSKEHN)SIZNN(IQRt SHEOSKIZEB3BNEHE- Pr(X; < X for all i =
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Dj5/6h$j I$=R@8 L&RaDxL (t) $CHdi $N@Ot CMir<h$j!$==], $K>. $557;~ 4\ \BKE* SSERSCB=SNC D19 #1$7$+A}
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%ot SNAMD ESCE=3N>UB\BXF~SK3NN (%Yot SNATDBBKEYS 7$$%F KIS =R@8 L@aDX$N>| 9g!$ >UB\A0\ $, N$j 9gh&>u
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$IF@KIYK = 0;1;:::;n 1 $KSCBISRIUI!S B-$79¢505; $78e!$ 2~$a$F n = k $H*$/ $H
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$rF@K YBIBIS0BA
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3.22 M=M=1=K
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%P9 P SNVIINLS, M-8BEGH" $k%0B0Boi$ G A$ FCKS$ E-Ceb 7375 RENFDIS % P090B0 SKF-~$k$35HE, $GB- $: <: $obl $FRH7$M
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M =M =1=K $OM =M =1 $I$*$1k% % YFINVINISr K $SKOBBEE7$00Po@BG" $KIYB=-$35C$ < 1 $N6HE-I$ M =M =1
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SUBVK $KBRBO$KI?9UD} DX<OBOST (K) $rMOSSFOI2<SNhSEBKES- 2<8; $K1%
po=f(@)p1
( +f(K) = pk 1+ f(k+Dpraa; k=120
$IF@KIYK = 0;1;:::;n 1 $KSOBISRIUI!S B-$790505; $78e!$ 2~$a$F n = k $H-*$/ $H
Pk 1= F(k)p; k=1,2:::

$r F@K!I YIS IS0PA
Pk = ka 1= ka 1 k=12:::

$, ABFENKII Kk = 1;2;:: IKSKBRS7$F@N)$ 9Bkl %ShS CEF

2 k

pk:mpk 1=mpk 2= = Po k=12:::
()
1=1
$rF@KYBNN (SN BGH1$CH" SkSNBG
b * k X1 k % K
P = Po+ Pp=  —pot ——po=1
k=0 k=1 £1) k=0 K! koo OO €

1=1

$, @N)$BKl, MW, $" Skl YEBh$CERS Dj>0>uB\BNN($, B8_ $9$k$2$abkbO =c < 1 $G"$ki, MW, $"$j !1$ $3B3NHB-Dj>0>u
BBKS*$1SK7AFBRt J, I[ i $C<! <OBOIB($i $I $k1%

l§(1 k c #1
Po = R e ——
Ko ki (¢ 1Yc )
8 k . _— ) e
% Hpo, k=0;:::;¢c 1
Pk = 3 k . (23)
_ Wpo k=cc+1
$55i $KI?6QY TRt E[L] $O
X1 k 2 #
e I A TR A I

22



20

15

E[L] 10

27 12: M =M =c $NI?6 Y GFIB Rt

0 1 PPP k1 k kt1 PPP
2 (k 1) k (k+1) o

7 13: M=M =1 $N-uB\AO\B.EY?"

$HBIS| 1$ 26V OFEBZ._ i~ AV E [W] $OioRblNx<tBhsj] E[W]= E[L]= $OUB($i $I $ki%

21 12 $ChT69%6B6 SNGNGI = $R65< %Rt ¢ SAIMO(  $r @5, 2=$7$2$H5- SNM =M =c $NI?6Q THBRet E[L] $r<(
STSPBENEGH" $k!% =C $, Ey$7$$5>1 9g'$ %5< %Pl ?2MEVE?$] $KB+$+$kli 2YBCH5< %Rt $KAXbobi $: Ey$ 7$$$3HBKCAUE9
$KI%C SCBN6E< %68, $"Sk>| 9g$ 7TAFERRtS, ¢ PMII>eBGH" SkSHS- SONBFENOE< %8, 2TF/$IBKS, ISC 1 2MII2<SN-1 9g!$
TOFBKERS, SSSKSKEDI4Si $: %6%5< %SoSr OTSCPRESSIS$065< %68, B8 $ABKI%7K2LSHE TSRS % 769686 SNAMBNGr >0~ H/
AX$OBKS3BHD, $CB- $I$$$725a@GS, N12=$95KI /B @IBYE($| $P ¢ STBNV6S< % Br MQUEISKSHS] 1$ ¢ G\SNGNGr $b$DDI $D
$NV6B< %6Br MOUBASK]} $, G-N(E*$GH" SkSISHBr <(STSRSESKI%

324 M=M-=1

L58BBIBNV6B< % Br ShSBTEAOTNSM =M =1 $rONG($kI9865< %Pt $, LEBBSGH" SkNBGS E-Ceb 7S B REMB T 2555 $k$3$H
$IB/ DSABKU6B< % SoSr <US1SkS3BHE, $GB- $k194_58B%%< % B THAITNSS =], $KB S/ $SN65< %8B, MQUESS! $F$*$j!$ E~Ce
5R5, BTS?$55| Sk$35H5, $[ SHEsSI $ISS>1 9gSNeBGBBGh" $KI %5 $71$ $IBNENSEEI>U6 7$GEAS % #6906 B6 FISGENGRENP6Iq
$$5, 8_SISKFHN)$HB+$IS; $k$25al$ NCB($P$ $" SkCONFIBP6$6807™ %RbSHK@BTIENPMP $d!$ Bes, LO\ @FBNSRRt
$r %% P68,k E@@0B6@R=-59k:] SKMMOGH-$k!%

M =M =c SHFIMBING DO @K$h$) M=M =1 SNCFIBRt L(t) $O v = Wk =0;1;:::)K$ = k k= 1;2;:::IK$N
=RO8 LRaDx$HISK!%?" 13 $KM =M =1 $N-uB\A+0\ B.EY?"$r <($9%

SUBVK $KBRSO$KI?9LD} Dx<OBCK! <0BGVITB(S$i $1 $K1%

Po= P1
( +k)pk=pk 1+ (k+1)pys; k=12

23



0 1 PPP Kk 1 K PPP ¢ 1 c
2 (k 1) k  (k+1) (c1) ¢

?” 14: M =M =c=c$N-uB\A+0\ B.EY?"

$IF@KIYK = 0;1;:::;n 1 $KSOBISRIUI!S B-$79¢505; $78e!$ 2~$a$F n = k $H*$/ $H
Pk 1=Kkpk; k=12
$rF@K VBB IS0BA
Pk = P 1= 4P 1 k=1,2:::
$, ABFBNKII k = 1; 2; : 1 :IKSKBRS7$F@ N)$ 9B k! 9dBh$ CSF

2 k
pk:Epk 1:mpk 5= :Hpo k=1;2;:::

$rF@K'%>e<0B0k = 0 $N>1 9gSb@N)$ISk$3BHEKCTALBIBKI VBN (SNADEBGH1$G" SkENBG

ps X«
Pk = Upo =ep =1
k=0 k=0

$, CGPUBN  $KBRETSHON)SIBKIVSBhSCIHS M =M =1  $O-abKOEDj$@Dj>0>uB\B, B8_$7'$pp = exp( ) $Cb" $kI%b5$i
$KDj>0>UB\BNN( px $O

Pk = € F; k=0;1;::: (24)

SOVIB($i $I1$J76Q  $rShSDPed6 08, I $HEISK!%

$I$*1$<0 (24) $ONI< %S~ 4BN?76CH, 1= $G"Sk$hSEBIABFENM =G=1 $KBRE7$FSb@N)$IBk$3SHE, C$i Sl $F
SEBKIVBIBNEISEBKIS %< %6869~ 4\D, || SKAXGTSAS S=SNI?6ECNNG_SGTTFBRt SNBNN(J, I $, Dj$ASk@<ABr %6%< %369
~ 4\, I] $SKAXSIBKIT 46@1] insensitivity ! KSHE$$&%

3.25 M =M =c=c

BOg<<$r;} $75I$$ ¢ 8OEN/O5< %oBr $hSCBTEAOTNS M =M =c=c$r ING($k! VBB IS0BAS$ 5RB, E-Ceh7$7,~ E@B05< %,
ALBR2TH Ci$GH" $l $P$ E-Ceb 73?5 RbON 090 B SKECESBkS3BHE, =AMII$: |$ 8FB; $HEISK! %

Nc13 BDHS, C bps $Ns@$, $"$j '$ 3AVIMRTS®I DiSNBDh 1 bps $r MBESISKSH>Dj$AsKI%SbS TE-Ce~ $K6US- BDh

$, I bps LSK-$GH" $kSI$i SPS SINVIMOIBESCEGH]S5S! 1$ 8FB; SHEISKIV2S@MMOIBES, N( SN/6P666%62aDXSK=5C

$FH/@871$ 2s@@B3~4\8,J26Q 1 ICSNX?tJ, I $K=>5&BI5i SIS $3BNLS@ENVIMOUE 7SS E-CeN( 15 %5< %S60(
$rSbSDM =M =c=c$@oBo@HR=5G- SKUS @7 ¢ = bC=rc $OTTB}MBGH- $k: GBMM@T?t $G"$K1%

M =M =1=K $N-1 9gBHF IMBIKS$7TFIBRPt S, c+ 1 0J>eBKISi $ISTEHE @) s$A$>UBVC SKE*$1$k=RDBI (Sr#05H*$/ $3
$HEG=8=555 SkIV$IBISABASM =M =c=cSNVTFIER?t L (1) $O = k= 0;:::5¢ 1IKS$ = 0Jk = c;c+ 1;:::IK$
k = k Jk=1;:::;,c'KSN-RQ8 LRaDxsHpI$k!%6?" 14 $KM =M =c=c$N-UB\A+0\ B.EY?"$r <($9%

SUBVK $KBRSO$KI?9LD} Dx<0BCK! <0BGVIB(S$i $1 $K1%

Po= P21
( +k)pk=pk 1+ (K+1)pke; k=212::::¢c 1
pc lchc

24



SrF@®KYk = 0;1;:::;n 1Jn  cKSKSDBSSRIU9!S$ B-$79g$03; $78e!$ 2~$asF n = k $HE*$/ $H
Pk 1= Kpk; k=12:::;¢
$rF@K YBBISaBA
Pk = 1P 1= P 1 k=12:::;c
$, ABFBNKII Kk = 1;2;:::; cCKSKBRE7$F@N)$ 9K VBB ChF

2 k
Pk = 1P l:mpkzz = P k=12:::;c

$rF@k!%>e<0BOk = 0 $N>1 9gSb@N)$ABkS3FHEKCraLBISKI YBNN(SNAMD B G 1$G" SKENEG

e Xtk
Pk = KaiPo = 1
k=0 k=0
$, GHUWBN  $KBRS7SF@N)$OSKIUSHSCEAS M =M =c=c$O-cSKOEDj$Dj>0>UB\S, B8 $7$
ookl
Po = o
k=0 k!
SHEISKIYEBhSCERS$ 7aFBRPt SNDj>0>UB\BNN( pk!J k = 0;1;:::; cIK$O
K=k
pk—xci, k—O,...,C (25)

T=j)
i=0
SOMB($i $I SKVM =M =1 $SHFIMIBIKS$ <0 (25) $%%5< %69~ 4\0, I[ SKBRS7SAT 46@$r SHECBRE*$j 1$ J26 Vo< %%69~ 4V
$, 1= $G" SkShSEBIABFEN M =G=c=cSKBRS7$SF@N)$I5KI%

M 13 SNM =M =1 $KBRE9Sk>UB\A+0\ B.EY?"$H?" 14 $N M =M =c=c $KBREIBk>UB\A+0\ B. EY?"$r 8+HISYSI $FJ, $+
Sk$NSEBKE M =M =c=c$OM =M =1 $KB*$15k% PP SNVILEr c SK@BBE7$7%0B0@IBCE" SKIYL v =1 $ISi $SBK
Lm=m=c=c $r&$=31$>$l1$SM=M=1 $I$i $SKS=$| SKBRL~$98k M =M =c=c $NDj>0>uB\SKS* $1$k7 TFIbRPt $HEOBK!%6<0
(25) SN, :RJ, J1 SKS=51 $581 exp( ) $r3] $1$<0 (24) SHHI3BIKSIHBISHS] ISABFINKII k = 0: 1: 1 - :: CIKSKBRSTSF

Pr(by=v=1 =K) _ Pr(Lm=v=1 =K)
x Pr(Lv=m=1 )

Pr(Lm=m=1 =1)
1=0

SHEISCERPSEKS3BHS, J, $+KIYBBISABAS M =M =c=cSNVTFIERt J, I SOM =M =1 S$KF*$BBRtS$, ¢ ?MI2<$CGH" $k$H
$$5&1 7TOSNR<SBN-T 701US- 7GFEERRL I, 1] $OVB(Si S $K1%

Pr(Lm=m=c=c = K) =

=Pr(Lm=v-=1 = KjLm=w=1 ©

8FB; N($Dj>0>UB\BKS" $k96 769686 SKE-CS7$75R5, 8+SK7TFIBRIL S, ¢ 2MBGH" SkANN($GH" $k$, 1S SISNBNN($O$ SREN
E-Ce$, %6Ph86262aDBK=SCFEESKE 25al$ 2.3.6 @BNK2LShS] 1$ >65- $GBasas Dj>0>UB\BNN( pe SKEYS7$HY<0 (25) $G

k= c $H*$$$?
C:d

Pe = 3z (26)
=il
i=0
$0%'1< %%8FB;<0J Erlang loss formula!K$HFERS| SFESSKIVIMME($,  $+5D05< %Pt$, ¢ SNEHE-$N<O (26) $GU?
$($i $1 $k8FB;N( pe $r B(c; ) SHBSK$HB (1; ) = =(1+ ) $I%$i $SBK
B(c L) .
c+ B(c 1)’

$KSHS] =g! 1S 8FB; N($r 5a5aSk35Hs, $GB- $K1%

B(c; )= c=23;:::

27 15 $ONC 13 $KS*$$SF0I 2MEVG2$) SNVIBEBDh 1 $, 64kbps SN-| 9gSNBFB; N($r <($7$Fs$$KI%2s@$NBDh C $,
45Mbps $N>| 9g8OM =G=703=703 $KBPL-$7!$ 155Mbps $N>| 9g8OM =G=2421=2421 $KBPL-$7$F$$$KI%i 2YSNA}Bg
SKHSHS 8FB; N(STBKSaSFHN7cHKAT2ChIPk$35HS, J, $+5Kk1%

25



I
s

0.01F

1le-03
Pc

1e-04 F C = 45Mbps —
i C = 155Mbps —
1le-05 e

le-06 -

le-07" ' ' ' '
0 1000 2000 3000 4000 5000

?7 15: M =G=c=c$K$*$1$k8FB;N( pc

1i =, LdBj

#3>CBNX6H-BMBNG'

Ld 3.1 !! =R@8 L&@aDx
Hdi @OtCMIr>B\SKSIED-RA8 LRaDroNG(SKoeWBVKI k = 0; 1;: : [ IK$4$i >lBVK+ 1 $XEN-O\N@Gr ¢ I$>WBVKIk = 1;2;:::IK
$+$i>BVK 1 XSNAO\NG$r  « $HEO$K!%
(1) %P69%B6%, Dj>05Cs" $k$HE71$ 2D, >UBVK $GB"$KkDj>BNN(Sr pr $HE7S25HS-I$>UBVK $+5i =FBK3NN (%R SHBSN-LB\B+
$i >UBVK $KF~SK3NN(%Boi $, EVE7$/ $ISk$3SHEr MM@7SRS po $Hp1 SNIVSK@N)$I$k<0br <($; 1%
(2) FIMBKS$ Pk 1, Px, Pr+r SNNBK@N)SIBk<OBr <($; 1%
(3) (1), (2) SNVK2LSrMM@TSRS P 1 SHPpk 1Tk = 1; 2; 1 [ IKSNISK@N)$IBk<0Br <($; 1%
4) pk k= 1;2;:::1K$r po $rMP$EA=$; 1%
(5) 3NN(SNDEB, #1$Gh" $k$3$HEr MMP7$RS Dj>0>uB\b, B8_ $IkS2BabN, MW 70$r<($7!$ $=$N>r 705, @N)$IBkSHE- 1$po $r7hDj
$; $hi%o
Ld3.2 ' M =M =1
E-CaN( 1$J26Q6%< %%69~4V1= $NM=M=1 $roNs($ki% = = $HE7TSAS %P6%6F6, Dj>abG" SkSH>Dj$77GFHBK k 2MEN
5R, $$$kDj>0>UB\BNN( i $r5asashivs $21$ $3BNK2LSr MOSSFDj>0>UB\BNN($, B8 $9k$25aSN, MWK 70$r <($; 1%
Ld 3.3 I M =M =1=K
E-CN( 1$%5<%S6:(  $NM =M =1=K $roNs($ki%
(1) %6986, Dj>a$G" SkSH>Dj$7!$ 7AFBK k 2MENGRS, $$$kDj>0>UB\BNN( i $r5asashi%e
(2) $"$71$ Dj>0>B\BKS* $SEFE-Ceb7$75R5, % %0900 SKE-$I $: 8FB; SHEJSK3NN($r 5abath!%
Ld3.4 ' M =M =c
E-CN( 1$J76@65< %%69-4V 1= $NM=M=c $roMs($ki% = = S$HE7SAS %P6%B6S, Dj>aG" $kSHR>Dj$7I$ 7TAFBK k ?2M
SNBRS, $$BKkDj>0>UBBNN( px  $r5abashi b $2$ $ISNTk2LSr MQSSFDj>0>UB\BNN($, B8_ $3$5k$2$asN, MW 70$r<($; 1%
Ld351I'M =M =1
E-CN( 1$J726Q05<%%69-4V1= $NM=M=1 $roNs($k'% = = $SHBTSHS%T6%6B6S, Dj>0BG" Sk$H>Dj$7I$ 7aFBK Kk ?M
SNERS, $$BKkDj>0>UB\BNN( p $r5abashi%o
Ld 3.6 ! M =M =c=c
E-CN( 1$J76@65% %%69-4V1= $NM=M=c=c$roMs($ki% = = $HBS$kI%
(1) %%90B6'S, Dj>06G" $k$H2>Dj$7!$ 7aFIBK k ?NENSRE, $$$kDj>0>UB\BNN( px $r5abashi%
(2) %x%E?t c1$li 2Y  $, MB($i $| $2$Hp-1$ Dj>0>UB\BKS* STSFE-CeS7$75RB, % %0%0H0 $KE-$| $: 8FB; SHEISKINN( B (C; ) $r
5a$abh!%
(3) 8FB;N(B(c; ) $,
B(c 1;)

_ =23
c+ B(c 1;)’ c= 23

B )= 37— B(e)=

$KEh$j 1$ =0<! 7W, $CB- Sk$3SHBr <($; 1%

N}=, LdBj

Ld 3.7 !l
%5< %S TISNo R4 $aGBgN  ?MNoRbr <} MBISK$3BHENE G- $kC DI %5< %B TSI TNSSr ING( Skl VB RENE-Ce~ EG@KS* $$$F0P0960F

26



%FBRt$, N 1 ?MI2<$G" 5l SP$ SISNo R0 P 9080 SKE~-SkS3SHE, $GB- $k$, 1$ % P090BFBRPtS, N ?MsN>| 9g'$ $3SN6RED>
$ABK0 P 90F0 $+$i SNSkSSNEHE k! 9P/ %< % BT 090 B FIBKE RS, $55k8B5 |$ E~-Ce=gbKo RENVo < %S0 S$r 9 TS&EbSNEHE ISk b RENE~-Ce
$,E-CAN(  SN6Pos6%6s, I SK=>$$$ 809 SNERENV6B< %69~ 4\J, I[ $SAFHN)FI0I $G$I26Q 1 SNX?tJ, I $K=$&5H- 1] $OSIS0SA
FIFO M=M=1=N $NSH-1KI$ 0J2<8N.d (1)!A(4) $KEZ($hI%
(1) ;~90t $KE*$SEPNPY0BOFIBKN ?2MIn = 0;1;:::; N IKSNoRS, SSSKINN(Sr Py, (t) $HBOSKIOP, (1)1 n = 0;1;:::; NIK$, K~
$2$9HyI, J} Dx<0$r F3511%
(2) N = 1$NBHB-1$P, ()1 n = 0;1,t  OK$r Py (0)1dn = 0; LKSI$i $BK 1$  $rMO$SA=$; 1J SNN(SNOBCHISC" SKSNG$
ABFSNt SKBRS7SF Po(t) + P1(t) = 11K%
(3) N = 1 $NBH-1$$I SNBhS&BI=i 4| J, I[ Pn(0)!1In = 0; LKSrA*$YSP P, (1) $Q~4Vt SKBRS7SAT JBHBISKS+<($: 1J $3BNBh$&
$33,1[ $r Ryl n = 0; IK$HBOSkSHS R,y $ADj>al, I $HBFBRSI $kiIKI%
(4) N = 1 $NBHB-!$%P696B6 FLERPt SNKBRI, I[ P = P (1 )1Jn = O; 1IK$r5a$al$ Dj>al, I[ R, $HHf3SS; $hi%e
Ld 3.8 !l
N ?MNoR5, CDI %5 %BTSA0TNYJ BTSAOTNSH UK $H2%65< % BTSAOTNYJ BTSAOTNS2IK$r 8r8_$KK, S $k% %906 $r ONG($k!J 27
16;2>HKYB0t $+$i SNE-CebCBI$/1$$"$2$ 301t SXGNNWBSLFISTSHEBKIVBTBATNSIII i = 1; 2IK$SGO$ $=$I $>$1 J76Q ! SNX2t
J, I[ $K=>5&05< %S30Sr <ub1!$ %< %SS*N;8e!$ D$ASKELSL0I I} SNBTSAO TN SPK2 Cho$k$bSNEHE9$k! %
(1) $38N~!$BTSAOTNSH#1S$, 6u$CH" $kDj>03NN( o $r5ababh!%
(2) BBAOTNS#ISNI?6QOFEBRRt E[L 1] $r5abashiod, MBOSi SPx 6 1 SNbHS-

X . nx"*2  (n+ 1)x"* + x
- 1 x)?

$, @N)SWBKS3SHr MGSSFBHEH%
(3) BTHATN2SNI?6QTFERt E[Lo] SON  E[L1] $SOUB(S$i $I SKIUN $rL5SEBGKEaSESISKEHS $1 SNBHS&BIB=]$, @BESKS+
$r E[L2]=E[L 1] $NoSFOSroN( SkS3SHBKSHS] =REYShi%

BTSAOTNS#2
2

@ .

BTSAOTNS#1

?" 16: =d2sBTEAOTNLV

4 NY% ;~4\Po%R03600D"? SHE=SNL~-MQ

SIBENDECANIE ;~ 4\ YR30 D" ? SHBFSRSI $k3NN(2aDX$HB THAO TNS6BO B0 XSNL~M@r ING($k!%

4.1 NY6;~4\V0o%R6300"? SHE=SND<A

Xnldn = 0;1;:: IK$rBP] SHEISK3NN (IRt NSSHEAKI 065351 $i SNBNN(IQRt SNeHSj F@KCIBOHSi $N@ Ot CIHE7IS $=5N
=80g6r S $G=$9%

Dj5A 14 (N9% ;~ 4\26%R63600"?) SNNJIQ@tNsX 1IN = 0;1;:::IKS,

SrK-$525HE-1I$INNIPINS X p 1IN = 0; 1;: 1 IKSONYB ;~ 4\06%R6360D™? 1] discrete-time Markov chain!K$SHFSPSI
$k!%

N6 ;~ 4\26%R6360" 2 $GBC-MBNSSFOX 141 $,8=_ $NLBVX ;, SN $Dj$"$j 1$5=51 0JABN-LBVX | (k = O;:::;n 1)
SHEA-HN)$CH" Sk Vb IBND</Br %%R6360@-(Mark ovian property) $r$$6&8%

27



0.9 1.0 0.5

27 17: >uB\VAO\?"$NNdJI S = 1 0; 1; 2; 3g'K
4.1.1 N9YB;~4VWo%R0e360"? SNAHO\ 3NN(

N%6 ;~ 4\Wo%R036D" ? SKE*$18Kk Pr(Xn+1 = | j Xpn = i) $OUBVi $+5i >uBV] $XSNAO\ SNN($S" Sk$SECPdO\ 3NN(
1J transition probabilit y!KSHBFEPSI $k190J2<3GA$ AO\3INN( Pr(Xn+1 = j j Xn = i) $, n SKOMB&7$I$$SH>Dj$71$

Pij = Pr(Xn+ =JjXn=1); iij28S

SHEIBKIYINYB ;~ 4\ Y%R0630D" ? $ri1=$90I SDBENI} KISKSUBVAHO\ ?MJ state transition diagram!K$, $" $k196>uB\A+O\ 21
$OQ" SK=E$_$, IUSSHM-82%006100HG" ) |$ YoM %BO-UB\Br 1= $AYHESi SKS YoMk %l i $+5i %M %l | $XENVI-8~ $O-uBVi
$4$i >uBV] $XODN0\2054] $HBIS0PAP;; > O'KSCH"$kE3BHBr <($71$=Bb_pi; 3, IU2GCE5$I $kiJ 22 17,2 >HK%

(i;J) MAG, pi; $SOIB($i Sl $kOTNSP = (pij ) SroN(SKUP SO0\ 3NN(9TNSP" SkS$SCPdO\ 3NN(9TN4J transition
probability matrix 'K$HBFEPSI $ki%OTNs P SNBRTSQA$ X , SNCM, MB($i $I $28HE$S&r 70N <BGBN X 1141 SNBNN(J,
I[ $r1=$7TSFSBKIVBNSCEF 9TNS P $SBAVWE, Hdi $G5" $j 1$ $+50$ 3R TSNAME, 1 $HEISk@3} 9TNSPGH" $kIVINCH($P$
27 17 $G=$551 SkNYB ;~ 4\Po%0R630D"? $N>1 9g1$ <! SNEhS&BKBISk! %

0 0O 1 2 3 1
0 07 0 0 03
p = 1R09 0 01 O
2@ 0 1 O 0
3 0 0 05 05
$56i $K (i; j ) MWE,
o}l = Pr(Xn =] ] Xo=i)

$AMB($i $1 $k@3} 9TNs P " = (pll) $r n 9696P6@HWH0\ BNN(OTNSSHBRSMIFGSK P 1 = P $Gb" SkS3BHBKCTALBASK!Y%

%%ReZ0@SNSj 1SN, m = 1;2;::: SKBRETSF

pi ™ = Pr(Xnem =] ] Xo = )
= Pr(Xn+m = j; Xn = kj Xo

i)

%S

= PrXnem = j Xn = ki X0 = i) Pr(Xn = kj Xo = i)
lsgs

= PrXnem = ] ] Xn = K)Pr(Xn = Kj Xo = i)
%S

= el

k2s

SHEIBK! VB3I $r9TNsr M@= 8=$9Bk$H
pn+m]l - pnlpm]

$G"SKVFEGKM = n = 1 $HIBISPP 2 = P 2 SHEISKENBGS M = 1 SHE7SFE" GKISr MQSSkSHN %696B6@6WHO\ 3NN(
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0J>e$r $"$HpasF<! SNDjM$r F@K!%
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Jm o) =
$, F@i $1 $k1%
$56i SKS>WBV] $1$i =FH/$71$J?6Q | %96P@BCF $S>uBV] $KLaSCEAVISK$ISi SP$I?6GHTSF | 2s$KDI 2s!$>uBV

i $rK,$l Sk$3SHBKBISKENEGS Dj>0>UB\, I $QI?6QF 5"~ 4A\BNBLPt 1= | SKEYS7$/ $ISKI%0I>eShS] IS <! SNDjMSr
F@K%

DjM} 19 (%%R6360"? SNDj>0>UB\BNN($H~4\076Q 4{Ls$GDF 5" E*$J%Y%R6360"? $G<0 (29) $r K-5250M#BI SNDj
>0>UB\BNN($r SbBAS $=$| $AI?6QF 5"~ A\BN6LPt SKEVS TSRS $2$ ~ A\I?26Q, I[ $Dj>0>uB\J, I[ SHEVSTS/1$=i 4| >UBV
3, 1[ $SHAFHN)$GS" $K1%

0 J}1$ 4{Ls!$ @F 5"E*$ $+$0$ Hs<~4| E*$I%%6R6360"? SKBRST$FBCK! <08, @N)$9$kI%

- 1]
J

. [n] _ .
APyt = i

>e<BAsNn ! 1 $N6KBBPKS*$FE%R0300D"? $, $"Sk>uBV) $KB"Sk3NN($, =i 4| >uB\J, I SHEA-HN)$GH" $k$3BHBr <($7
SREFBKIVBNN( j[l I $aBKBB3NN( (limiting probability) $HBFSPSI $kI%6KBEBNN(SKAXS7$FECE! SNDMS, CISi $I SF5$5KI%
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(2) SRENNIG&~E@KS*$SSF N 2MENGRS, %6966 SKESSKD>BNN( n SNBNN(II 4X2t ( Z) $r  $J$i $SBKA, (2)!$h1Ji = 1;2IK
SrM@$SA=$; 1%
(3) ( z) $CCPU~E@KS*$ISKERRt I, I SNBNN(JI 4X2t SHE_$I$; SKMIMBr=R6Y$h!%
Ld4.15 !
DL>0$NBTEAOTNSSGAS$ %5 %30S r BTECERE$SKERE, $3$k;~ SVoi< %M, $: %5< %30$r 9TSHS %F090B6$, 6USN~$NS_Dd_ $9$k!%
$3IEIBEHOP %< %S Sr BTHCEFEFEKERE, $FBk>1 9gbGHh!$ %5< %M, Dd_ $9Bk!J 5Y2Kbr $HEKIK 0J2<$NBh$&BIC DI %5< %Po%90F0 $rOM
$( Sk %%0B0 FIBIERS, $$I$/ SISKSHS %< %BB TRt S, N 2MIN  LIKSKBISkS $GB Y2K$r SHEKIVAN 7ML\ SN6R$, E-Ceba$k
SHD$A6KE=5| $i SNCREKBRS 7SFA@ B e=gb ®o5< % 0Sr 3+,0$71$ :F $0%09086'5, 6USKEISKS $CD' BB 7$F0E< % F0Sr OTSH S 6USKEISkSH
‘FSDYV2KSr SHEKSHBSBEFON $r 7+5] IVEAUB3BNEhS&HI% Yoo Po SKE* STSRS SRENE-Ceb, N SN0P680202aDXSK=>6H$ SRENOE< %$069
i~ A\, FHN)$+$0F 101 $J0I HL, 1] $K=>5&>| 9gBr ING(SKIZ65< %869~ A\BNJ, I 4Xt$r B (X)!$ $=SN66 9610698 %96 B6#6R0A6 %I
7Abr B (S)!$J?76CHr b $HE7SRS (1) $+8i (5) SNASSSKEZB($h!%
(1) A $ro0l $CEN65 %369~ AVENIBK? 7$ S KE-CebIBKERENPt SHEABKIYA $SNBNN(JI 4X2t A(z) $r  $J$i $SEKB () $rMQ@$SH=
$; 1%

(2) Xn $r n HL\SNORENOE< %S08, =*N;$ 757D 8N B0 QB FIBRt $HB7I$pij = Pr(Xns1 = j Xn = 0) (i;j = 0;1;:::) $H
Dj5Ap9$KI% = 0 $Hi 1 SN 9gBKI, SISFONG(SkSISHBKBHS) IS piy $r ax $rMPSEA=$; 1%

(3) %9665, Dj>0>UB\BKS" $k$HR>D]j$IBKIVR6T< % B8+ N; D>BeSN6 7696 B6 FIERPt $, k PNEGH" SKDj>03NN(Sr  « SHETS?SH-1$

k SNEZIQH9
X

(2)= kZ
k=0
$r!i$ , N, B (S) $I$i $SBK o SrMPIEA=39; 1%
(4) %P69%F6S, Dj>0>UB\BKS" SkSHENZSDjSNe<$G$ o $r7hDj$; $hi%
(5) ( 2) $, Dj>C>UB\BKE*$1SkGHU~ E@BN6T696Bo FEERRt J, I SNBNN(JI 40t SHEYS TSSMMBr=REYSh!%
Ld 4.16 !l
DL>dSNBTSAO TN D6 %090B0 SCAS %5< % S0$r BTECEFE$SKERE, S35k~ ST %BO, $: %< %P 9TSHS$ %P9 Fo$, 6USN~$Ns_Dd
i SOBkI %3535 AS %B< % S0Pr BTECEFS$SKERS, $"$k>1 9g3ChhlS %5 %8, Dd_ $9%8k!J 5Y2KSr SHEKIK 0J2<$N$h$&BIC DI %5< %BTSA
9TNS6 %% B0 $r ING( $k! %0 P06 FIBKERE, $$5I5/ $ISKSHS %5< % B Y2Kr SHEK! b Y2KS, =*$k$HS BTSAOTNSBr DA YIS $b$ 75 Y2KCF
SKE-Ceb 795 %S0 $r BTEGE RS SBKERS, $" 51 SPE=$1 $i $NoB< % S0Sr 3+0$7!$ :F $D0%09%0F0 S, 6USKSISKS SO BB 780 %S0 Pr 9TSHS
BUBKSISKSHF $BY2KSr SHBKIE0! J} 1$ 5Y2KS, =*$C32~ % 7696B6'S, 6USG" $| SP$ %< %BOF $5Y2Kbr <t 1$ >65- $NKj B35- $r 748 IV
SIYBIENENBEBI% Po96Bo BKE*SFSAS SRENE-Ce, E-CN(  $N6Po86£62aDXK=$$$ 0l STEN6E< %S9~ 4\BN.) YL $, h(x)1J J26Q
E[H]!$#2<! @R( E [H 2]!$ %6066 IQUBOH (S) $HIBKIKS 0l STENGY2K~4VBNL) VRt $, v(x)1J I?6QE [V ]I$#2<! @R( E[V 2]'$
%% P6I%IQAIBOV (S) SHEBKIKSOVIB(Si $I Sk$HEBKI% = E [H] < 1 SNSHE-!$ 0JI2<SNLdSSEKEZS($hi%
(1) Ol $CBENOT< %G9~ 4\BNIVBKP 7S ?SKE-CebIBKkERt S, k1Jk = 0; 1;:::IK$SG"SKk3NN($r ax !$ 0l SDBENG Y2K ~ 4VENIVBK? 7$ 2$KE~
Ceb$koRPt S, k ?2MIk = 0; 1;:: IKSG"Sk3NN($r b $HBO$KI%a, , b $r5abadh%
(2) ax SNBNNQI 4t A(z) $HD SNBNN(II 4t B (z) $r$=$I$>811$H (), V (S) $rMO$$A=$;1%
(3) % %906, 6UBKSIS] S5Y2KEr 3+0$7$78e!$ =i $abFoE< %%0S, =*N;$7$7DBeSNVABRPt S, k ?MIK = 0;1; : 1 :IKSG" Sk3NN(
$r o SHEOSKI%C, $r ai, b SrM@$BA=$;!%
(4) i3Ji=0;1;:::)K$rDj>0>uB\BKS*$$SRS$ %P0 %0B06 $+3i 5R, NUG&IBKkD8BeSk$*$1$k7TFBRPt S, | ?MEGCH" SK3INN($HBO$KI%
$, K$2$91} Dx<0Br =cfp- 2<3; 1%
(5) i SNSNNQI4Xt (z) $r!'$ , H (s), V (8), o, o SIMP$SA=$;!%
(6) o $r7hDj$; $hi%
(7) Dj>c>B\BKS*$1$K!J ;~ MNI?6@BNKI?6Q TFIBRRt E[L] $r5asashi%

5 BTA~4I, [

$INQEGEO03 3.2 @8I$i $HK 4 4.2 @&@M! $7$7BTBLAOTNDBOGIBNBTEA~4VD, I[ $r F3=RE9$k!%

5.1 X?t%%x%SHSr$b$DFCFS BTHAOTNSSNBTBA~ 4\, I

X2t %5 %S08r $b$Dj>0b FCFS CDI %5 %BTSAOTNSSKS* $1SkBTEA~ 4\D, I[ $rONG($k!90I2<$CGA$ GHUBKA*SP
S| $PBERENE-CDABN TRt , I foc; k= 0;1;:::9 $, 4{CISGH" SkSHEIBK! %" SKERBNE-CeDAGK k ?MEN6RB, %P0 90F
% BKE$S?>1 99!$ $331 $i k ?MENGRENVB< %S0 $, =*N;$9$| $P$ E-CH7$ B RENGI %S0 $, 3+ 0$5! $k1905< %309~ 4\S,
%@Q%&7? SNX?tJ, I[ SK>SCEREEPk$ISi $PS$ ;X 2t J, I[ SN55-21@%$h$) !1$ E-Ce~ E@GNE< %S TISNoRE, %5< %S0 $r
=*N; SIS "$SEN~ 4\ Q%8067 SNX?tJ, I SK=>6HS$ B>ENv >] $HEAFHN)$G" Skl % BhSCER$ GHUBKA*SFSI $75RENB T
$A~4V W, $0$ E-Ce~E@GT TFBK K ?NENoRb, $$5I SPS %0@i%0&067? $rebSDk S8IBNEHN)$I; X2t J, I[ $K=>B&NN(ICRt
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fk(x)

M 27 J26QHISNAT< %%, I[ SNL) EVBt
SNOEBBOVIB($i Sl $K!%

$=$35C% %@i%086? $NX?tJ, I SK=>BSFHN)SISNNIRENsH; 1Ji = 1;2;:  IKSKBRE7$A$F = H1+  + Hy $H
Dj5AR7I$ Fic SNE>$83NN(J, I $r8+$$=RpA%F SN, I[ 4X2t$r Fi(x) SHIBI $P
y4

X

Fox)= (1 e " Y)e Ydy=1 e * e X x
0

SHBISKIVF IMIBKS 7

* y X X X (X )2
Fa(x) = Fo(x y)e Ydy=1 e e *x e
0

$G"$j!$5" GKISKShSCEF
b( 1 (X )i
Fr(x)=1 e * i—l;
i=0 :

SHEISKS3BHBr <($9S3BHB, $CB- SkIYEBSSi K Fy (x) $rHY, SIBkSISHBKSNS) I$ Fe SN EMXRt fi (x) $O

k=1,2::: (51)

k 1
fr(x) = ((Ii‘)l)!e X (52)

SOIB(Si Bl SkS3BHB, J, $+3K!%
Dj5A29 k SDBNFHN)$J%@6%&6?  $r$b$DX 2t J, I SK=>$83NN(IQPt SNOBS, =>$83NN(J, I[ $r k <! $NV6'I< %i%s), I

1J Erlang distribution 'KSHSSHS S=5NJ, I[ 4X2t $I$i SSBKL) EVAXCt SCh=$I $>81 <0 (51) $I$i $BK<0 (52) SOIB($i I $k!%
FGKI?6GOk= $OVB($i $1!$J, ;6 $O(k= )?=k = k= 2 $SOIB($i $I $k'%

21 27 $KIP6CH, #15GH" $kob1< %616, I SN) VAL $r<(SAYSIENAS+$i <! 2t $, ObS/ SISKSK=SCHFI, ;6 5, 8: >/ STKMMR
$, SOS+SKIUB S AS %< %1%, I SN, ;6 SO-0BKEIS8I76GHr SSDX 2t J, I $hbj $b>. S5ESSIBHEKCALBISKI%%

511 M=M =1 $NBTBA~4\], [[

ECN( 1$%%%%N( $rebSDj>abI FCFS M =M =1 $NBTBA~ 4\, I[ $roMB(SKIYDj>08GH"$kENSG = = < 1
SKCIALBIBKIIBTBA~ 4V W $rE-CDABN TFBERt LA $Gr70USISKSISHEISIS] ISBTSA~ 4V W, SN, I[ 4Pt Wq(x) =
Pr(Wg x) $O

h3
Wq(x) = Pr(Wq  X) = Pr(L® = K)Pr(Wq xjL" =Kk); x 0
k=0
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0.8 - 0.1}

0.6 - 0.01}
Wq(x)

0.2 . le-04F

0 L 1e-051
0 10 20 30 40 50 0 10 20 30 40 50
X X

27 28: M=M=1 SNBTBA~4VJ, I[ 10 = 1K

SHECB/ $3BHp, $Cb- $KIUB3B3PGLA = 0 $I$i SP W, = 0 $SISNEG
Pr(Wg xjLA=0)= 1 x 0
$G"$j ISk 1 $I$k k SKBRE7TSFSOPr(Wy X j LA = k) = Fy(x) $, @N)$Ik$SISHEKCraLESKIVHSCER$ E~CeD3A0

SN'FIBRRtJ, I $r ok = Pr(L” = k)l k = 0;1;: 1 IKSHIBKSHS BTBA~ AV W, $NJ, I[ 4t Wg(x) = Pr(Wg  X) $O

b3
Wo(X) = o+  akFk(X)
k=1
SONB($i $I $KIYQOP6OSE-CSND</BhSj |$ E~CDATKS* $1$k7 TFHERPt SNDj>0>UB\BNN( ) $CEPHUBKA*SPS $2~ E@K
$*$I$kDj>>UBVBNN(px = (1 ) K SKEYS7SSS3BHBKCALBISKSHS

We(x)=1 + (1 )+ 1 e

SHBISKIVB5S $K GBESNEYIf SNLEIUBKB=5! SKLESBOBOexp( x ) $HbJSj I$ <! SNDMBr F@K!%

DjM}30 (FCFS M=M=1 $NBBA~4\J,I[) < 1 $NBHB-!$Dj>08] FCFS M =M =1 $K$*$1SK5RENBTBA~ 48N, I
4t Wq(x) $O
We(x)=1 e @ )x; x 0 (53)

SOVIB($i $I $k1%

<0 (53) $h$j BTSA~ ABNIZ6QE [Wq] $J$i $BKI, :6 Var[W,] $0$ $=5! $>9I

: @ )
@ )’ @ )2

SONB($i $ $KIYPN 28 SKFCFS M =M =1 SNBTSA~4\BNJ, I[ 452t W (x) $I$i $SBK-LNd, I[ Wo(X) = Pr(Wy > x) =
1T Wq(x) $r<($9%MMQ( SNCKSHSCBAS BTBA~ A\GNFA@S$, Bab- $/ O] SISKS35HE, J, $+8k1%

E[Wq] = Var[Wg] =
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20

15

E[Wq] 10 |

21 29: Gl =M =1 $KE*$1$kI26BTBA~4UI = 1IK

51.2 Gl =M =1 $NBBA~4\J, [

E-Cal\3\§, J76Q 1 $rebsly, I 4X°t G(x) SK=>BH$ %5 %6®(  $r$bSIDj>05) FCFS Gl =M =1 $NBTA~ 4\,
[ SrOMS($KI% = = < 1 $NBHB-1$ E-CDABNTFBRLS, k 2MG $SkINNBOG = = (1 ) X SOIB($i $I $k
$NEG$ M =M =1 $HFIMBINGDO @KShSj <! SNDjMSr F@k!%

DjM}31 (FCFS GI=M=1 $NBBA~4VI, I[) < 1 $N6H-1$Dj>06J FCFS Gl =M =1 $KS*$1SKBTA~M\EN, I 4t
Wq(x) $O
We(x)=1 e @ )x; x 0 (54)

SOVIB($i $I $k1%

<0 (54) $hj BTSA~ ABNIZ6QE [Wq] $J$i $BKI, :6 Var[W,] $0$ $=51 $>9I

2 )

Var[Wq] = W

E[Wq] = 7(1 ) ;

SOVIB(S$i $I $k!1%

E-Cel\3\0, I[ G(x) $, @GSKIB(SKLFEASr 8+5k$23a$K$ F1$8126@E-CeNBY 1 $I3i $SBK0%<%BoB( = 1 $r$b
$DD =M =1SE,=M =1I$M =M =11$ H ,=M =1 $K$*$1$kI?6(B A~ 4\Vr ING(SkIVeB3PISGE $Ok <! $NA'1<%i%d, I[ 1$
Hyx $Ok <!$NDGX?tJ, I[ \J hyperexponertial distribution 'K$r1=$9% %86l< %BN5- 9f $GB" $k!%k <! SNDBX?tJ, I[ $H

$=$NJ, I[ 4%t Gy (x) $O

X

G(x)= P e )
i=1
P P

SOIB($i$I1$I76Q ., pi= i1$2<1@W( <, 2pi= 2 $r$psOUDEX?td, I SN2 <! @R(STF1$8126Gr $HSDX 2t J,
I[ SN2 <! @R(ShS] >0SKBOS- $5535Hp, CI$i $| SFESKIVBISIS0SADEX 2t J, I[ NI} $, ;X 2t J, I[ $hej ShIQECS, Bo- $/ $J
$KIYR" 29 $K$3$! $i #ASCENBTELOTNS6B6GBNI26 BTBA~ 4\8r <($AYBB@7 2 <! SNDEX?tJ, I $OG(X) = 0:25(1
exp( x=2))+ 0:75(1 exp( 3x= 2)) $G"$kI% $h$j E-Ce~ AVA\B\GNIGFCS, Bgh-$/ SISKSK=$HS @GS, 0-2=59k
$35H5, J, $+8KI%
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51.3 M =M =c $NBTBA~4\J, ||

E-CN( '$%%<%%0MN( Sr$b$Dj>0$] FCFS M =M =c SNBTA~4\J, I[ $rING($kIYE~Ce~ E@KS*$1$k7O-BR?t
$, ¢ ?MI>eSNbHB- $Nb_!$ E~-Ceb7$ 5 REM T 2355151 $PBISi $I$H 985551 $K$ SRENE~-CEDABNOFIBRPtS, ¢ 1+ k
Ik = 1;2;:::)K?MJISi SPSE-CeDJ9_ k ?NSNoRENOT< %6368, =*N;$7$7,~ E@GS$ SISNERENO5< %3069, 3+0$5%1 $k!1%6X
?tJ, I[ $NL55-21@9$h$j |$ E~Ce~ E@Q@< %S0 Tf$CH" $k8D9 SNERE, %05< %6 S$r =*N; PSS $CEN~ 4\SCE=$I $>$| FHN)
$1%0@086? SNX?tJ, || SK=>88%Bh$SGBRSc 1+ k ¢ ?MNBRS, 7FBKESERSHE- 1$ SRENNG &\ o @hivo&6?C
SNX?tJ, I SK=>$RY 5 $$ %6Podo8oE~CebND</B+$i | E-Ce~E@KS*$1Sk7TBRt I, I foc; k= 0;1;:::g $Dj>0>u
BV, I[ fpk;k=0;1;:::9 SKEVS7$H%

0J>e5MNONM! SKEHS] 1$965< %S9~ 4\B, ;: X?tJ, I SK=>$81 9g $I#2t SN/ %o Br S BB TNS6B6GENB BA~ 4D, I[ $CDI
%5< %BN>| 9gSHF IMBIKS 73 F5 b ab kS 35Hp, $GB- SKEIBHE, SAB+BKIVEEKM =M =cSNP19g$0: 14k = Pe 1+k = Pe 1( =C)¥
Dk = 1;2;:IK$SISNBGS BBA~ AV Wy $NJ, I[ 4t Wq(x) = Pr(Wg  x) $O

|

X 1 X K i 1 n
Wq(x) = Pt Po1 g 1 e”%
k=0 k=1 n=0 '
§( 1
= PPt 1 e )X
k=0 ¢

P
SHBISKIZB5SI SK S opk =1 pe 1=(c ) SISNBGS <! SNDjMISrF @K%

DjM} 32 (FCFS M=M=c $NBTBA~4\D,I[ ) < C $NHB-!$Dj>06J FCFS M =M =c $K$*$1SkBTBA~4\BND, I[ 42t
Wq(x) $O

e (¢ )x x 0

Wo(x) =1 pc 13

SOVIB($i $I $k1%

514 M=M =1=K $NBTA~4\J, ||

E-CAN( 1$%5<%868( $rebsDj>ab] FCFS M =M =1=K $NBTSA~4\J, I[ $roMs($kIvrFBKE®b9 K ?MNSRS7
S<IMBGCH- $I55575al$ 8FB; $, 5/ $3BK! V65 3ENEh$ &BI% o906 Fo $KE* $1SkBTSA~ 4\$0$ DI>d$ 7TFb K<} MB5$I $?75REKBP
$TSFENG_Dj 55531 $K1V90Poe6%E~-CNO</BhS) IS E-CDABN T-BRt I, I $Dj>0c>uBV, I[ $SHEWS 7$HYSHECEBRE, 70
FIBk<} MB5$| SkSHSS&>r 705N <$G$ E-CDABN TFIBRPt $, k ?MEGE" $k3NN( g $O
Px

1 pc’
SO B(Si Sl $KIYEB5Si SKS E-CDAGBKS* SI1SK7TFIBRt S, k ?NEGE" Sl $PS S3SNERENBTBA~ 4SOk <! $No'l< %i%es, I $G
MB($i S| SKUShSCEFBTBA~ 4V Wq SN, If 42t Wo(x) = Pr(Wg  x) $O

q(:

K 1 5 1 [
Wo(X) = o+ & 1 e ()i(,)
k=1 i=0 :

=1 ylp—kkle X(X)i

ke 1P it

$HBJIS) 1$ OBNEG=X$T 8r 49696k$He! SNDjMBr F@KI%

DjM} 33 (FCFS M=M=1=K $NBTSA~4\, I[ ) Dj>aBJ FCFS M =M =1=K $KS*$I$kBTBA~A\BNJ, I 4%t Wq(x) $O
! _
X2 Xt p « ()"

Wq(x) =1
iz k=ie1 T PK
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SOVIB(S$i $I $k!1%

52 M =G=1 $\BBA~4\J, [

E-CN( !$%5 %869-4\8, J26Qb $rebsy, I[ 4X°t H (X) $Ke>$8Dj>a) FCFS M =G=1 $NBTSA~4\J, I $rON($ki%
SRENE-CEDAGBK K ?MENSRS, $$52SHEIBKSHS $ISNERENBTBA~ 4\ B=_ %5< %S T fFSNSRENDMH6%< %6369~ 4\SHE=$| $K
B3/ k 1 2NBN65< %6869~ A\GNDBONB($i $| $K 0! HISKS E-CDABK TFIBKSSSKEREOS 8= 9TS0B! SFESSKo65< %$69
$NB+0;~ E@GH $K3$$75REHB=_ $N65< %S\ P2a;~ A\SNIBKE-CeS 7S5 RBKI, N $OSKS3$HS, $Cb- SKIVP65< %6869~ 4V
$,01 HL, I $K=>6&>| 9g'$ 7P2a%65< %S9~ 4\EHDMH65< %S9~ A\ENIVBKEOA| 456, $" $k$25al$ 7P2a ~ AVFIBKE-CSIBKER
2t SHDMS65< %869~ A\VBNIVBKA] 45, @BSSKIZ- ShSCEAS ;X 2t %< % S6SN-| 9gSH- IMBING DD @ 9 TH&B3SHS, $CB- $ISH %6

$=$35G$ 0J2<$GBTBA~ 4\, I[ SHRENNIGDBESNGRRLJ, [ $r4X0'SES15kS35Hr OMS(SKI Y965 %869~ 4D, I[ H (X)
SNILLPEI69 % 96B6H6ROB6%IQIBT H (S) SHETIS GHUBKA*SPSl $5RENBTSA~ 4\D, I SN6IL0D6I698 % 96B686R686%69
JQUGr W, (s) SHEBKIYBRN'GFIBZ_~4VW $BTSA~ 4V Wq SH65< %869~ 4VH SNOBSGVB(Si $1 1$ N> TSAFHN)$J
$NBGS$ 7AFEBZ_;~4\D, I $N6R6VE698 %96B66R6B6%IQO W (S) $O

W (s) = Wy (s)H (s)
SOIB($i $I $k1%

FCFS M =G=1 $G0$ 5RSNNG 863K T KSSSKABFSN REONG S 7 SRENV GFIBZ._ i~ AVBNIVGKE-CeS TSFSBKIVSBA
$71$ GHUBKA*SPS| $75RENNIG &~ E @S $1$K5Rt SNBNN(JI 4XPt $G<0 (38) $AVB($i $1 $7Dj>0>UB\BKS* $1$K7 FEBRRL J,
I[ SNBNNQI 450t L (2) SHEYS7S$S3BHEKCIALBOBKI%

$BIBGTAFBZ_ ;~ 4\VENNSKE-CehIBKE Rt $rONG( SKIVGCPBKA*SFSI $75RENVGFBZ_ i~ 4\8, X $G" $CE7$HE$BE&>r70
IN<BCP S=BNIBKN(  $B0PodHE-CehIBKERt SNBNN(JI 4X°t $O

R O n (o

=0 n!
SONB($i S| SKIUBHSCEF W (X) $rGHUBKA*SRSl $75RENFGFIBZ_ i~ 4\BND, I[ 42t SHEABKSHS $3SNERENNIG D BeSN6 Rt
$NBNN(JI 42t L (z) $O z,

L (2) = X e  Z2Xdw(x)

$r K-$799YHB3BN0BA$ 7G-BZ_;~4\J, I] $N6i% D809 %Yo Fod0R0BO%IUBNDZ?t s $K Z $rBe-$7377ABK$ISC
SFESKIUBhSChF

L (2)=W ( z) = Wy( z)H ( Z) (55)
SrF@KIYEB33$33Gs = z $H*$-1$<0 (55) $r W, (s) SKSCBSSF2r$/ $H
W(s)=L —— =H (s)

Sr F@K!98555i $K<0 (38) $r M@SEkSH<! SNDjMSr F@k!%

DjM}34 (FCFS M=G=1 $NBTBA~4VJ,I[) < 1 $NBHB-1$ FCFS M =G=1 $K&*$1SkBTSA~ 4D, I SN66061%698 %9
%B686ROBE%IQUI W, (S) $O

W (9)= 8 (56)

+H (9
SOIB($i $I $K1%

11:%2tJ, I SNl 9gBQS$ L55- 21@$KBHSj IS 7F2a%6%< %369~ A\GHDMS65< %S9~ ASTFHN)SHEISKS, 1$;X 2t J, I 0J30BCBON><TENIVBKA]j 435, $" SKIYNC
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$i %P9 1 $"SGHNEREODSIMIBB" $r;} SCHFS*S) 1S $35! $i SNERENV6B< %6B68g=x$, $I SNEHSEBISHSNEGE" SnS&BHEDIS
ABFEN/B< %96%, =*N; SIBKS " SBTH2$5$! SkE3BHBKSIS) IS $=SN~ A\BDLSIMI@B" $r ShSTHRENV6B< %S g=XSKONS $J
$HUSBhSCERS %P01%691 $+$i %0P6i%69) 1 $NoRBr SREHBOBENOR6I%69H  $HE_$IS7!$ %0R6I%69H , %R6169, j + 1;:::; N
$43i $IBkY0 P 90F0 Br NS (Sk! VB 3ENEHE- : GSObSIMI@ B $r S0P 6i%00H SNE-CN( 1, J?6Q05 %309~ 4V by 1$ %E<
%869~ 4\BN#2<! @R 2 $CB=$! $>8

_xl . _xli . (2)_‘9(1 i 2.
o= oo b= —hr bY = —

i=1 =1 H i=1

SHBIS ISMM( p $O 1 = 1+  + ;1 SOUB(Si S SKIYS3IB! $r<0 (61) $KE, MOISKSH

X q(Z) X q(2)
[un]_(l W@ w5 . I . X
i=1 I i=1 I
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20 T T
%P0o%91 —
151 %R6ReS2 — i
%P0o%93 ——
And?6Q: - - -
5 - —
0 .
0 0.2

27 31: HBd9~$_MI@B, N'$K*$1$kJ?6@BBA~4MI = 3 IK

$rF@KIYHSBA9~$_MIBB, N'$rMO$S! SPS O] $ISk<oN SNERBKO[ $ISkMIBB" $r MB( SkSISHE @666 @\VENDGSr:9 JL2=
$ABKS3BHB, $GB- k1%

<I$K$%R6Y (j = 1;:::;N) SNERENI?Z6BTSA~ 4\BKBRE TSRS C DL~ A\VEVE?$] @5N6S696HT $, $+S+SKSHBTISE,
E\BIHSAO~$_7265< %68, N'$r MQSSAS % #6986 ABNSCN6Z696H o $1:G>. SKEIBKSHESSAL AB] S IMB( $k!%

minimize Cipta = CiE[Wqg;]
j=1

$3IBNBHB-
C. Cu Cu

ra rp rn
$r$_$2BIBhELBIVPOINEGEX [1;12; 01Ty $rDj$al$ %R0 $, %P6 41 ;1 ;I SKBRE7SFMI@A" $r $bSCH3d
9~$ M@B, N'$r MOSSkSHAR03690H 11a) $, :G>. 2=55$1 $k$35HB, CI$i $I SRSk (Gelerbe and Mitrani 1980)%

(62)

P
Nc38 FGKC; = j= N, | SHBOBKSHS ArPOY006H o STBDUBKA'SRS| $25RENI 26 THA~ 4US $95S03AAMI26Q

BBA~ABHBISKIVB3SNEHE- Cj= ; = 1=y 1= L, | $G"$k$NBGS<0 (62) $h$j I76Q%< %S9 4\8, C;$$%/%61%69
$KBRE7$FhS] ObSIMI@B" $r MB( $kSISHBGAM 76 BTEA~ 4\$r :G>. 2=$CB- $k$35HB, J, $+5k!%

27 31 $O6P6I%9) 1] = 1;2; IKSNERS, $=51 $>6| FHN)SKFI$8N(  $r$bSD/oPoe86262aDXK=$SE-Ceb7!$ %5 %%69
-~ NG, %@i%&6? | = 2=j SNX?tJ, || $K=>58&| 9gBKI$ %P6i%91, 2, 3 SN-gSKOLSIMIBB" $rMB($25HE- SNI 26 BTHA~
A\NGr <($7S2ShENEG" $k1942 INSNG 2$al$ And?76 BTBA~ 4VEHFCFS $N-1 9gSNI 76 B TA ~ 4\Bb<($55 SFESSKI VB3NNGS G
$0sh = j=21$b? = j2=2% | = | =2 $G"SKUBSASFCFSSNI9gBO = 3 1$b= 1$HD = 14=61$ =3 I$
%< %909~ 4\BNJ, I[ 43t H (x) $O3 <ISNDBX?2tJ, I H(X) = 2(1 e )+ (1 e X))+ (1 e 273) $OUB(S$i
$I $k M =G=1 $HpISk$3SHEKCALBI$K!%6? $h$) %0000 F\ECD GSKBD- $I0CSS, $" $k$3BHB, J, $+KIVTFCh KL P90 BN
li 2Y$, 1 $KBalUS/ SK=>BCEF6R0i%93 SNIZ6@BTEA~AVEOH/;6 STSFBES/ $, I$ %R61%691 $H2 SNI?6@B A~ 4\BCOM-8BSN
CIKN B SRSkl V8 $21$ A 26 BTBA~ 4\BOFCFS $N-| 9gshsj $b>. $55/ $ISCHFESSKS, I$ $35 SOGSbDSIMIBE" $r
SED0L01%093 SNEREND G3r 5>@FKEIBkSISHKENSCEH- @i $1 SFE$SKS3BHEKC LB IBk! %

6.4 %W %2080 %0'% %0808 THAOTNSSHBXI?@-

0J2<$NBh$&BEIC DI %B< % B TSAOTNsBr ING($k!%7 G-BK n ?NENERB, $SPKSHE- 1S %65< %BONOIK % SHENSBr6EWKN J,
3d$7'$ $33| $i SNoRBr $=31 $>61 1=n SNGNSETBOI TS 7S5 %S $r TS YSBIENEhS &IV < % S36B, N' $r %o Péib %@ S6 70’
%'%j%860) Processor-Sharing:PSIK$Hs$$& (Kelly 1979)%
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Nc 39 %VoPoRoRb@BHEISCEFE$Sk2s@%r B2/ SNl $, 68M-$7SF$Sk>U6 75r ING($KIVRs@B.EYr C bps $HE7$7$H
$-1$ $3BN2s@%r N.$l $k%Lhtr $, n K\$GH"$1 $P$ 809 $N6lhtr $GB" $25+5b C=n $Nes@B. EXB@05< %G0$58 SRk
$hS&BKB+$I$; $k!%b=$3$G$ DL?. %R @oPlod< YoFLBKN. $I $k8D9 SNt $r SREHE_$I$7!$ %600 PbRORDCoSHEISk2s@$r

%%< % BHE_$I$ISHS %0660 @080 %6'%'%020866, N'$SK=>$8C DI %5< % B TEAOTNS6Bo@0, F@i $1 $k!%

FCK$5RBNE-Ceb, N( SNPod0802aDXBK=>5H$ SRENA %%6S, FHN)$I%R0%0&07 SNX?tJ, I[ $K=>$8&>| 9g!$ PS
M =M =1 $KE*$1SK7FIBRPtSOS=RABI( !$;" LAN(  $r$b3D-R@8 LRaDX$G=8=35%I $k!%H9$IS03AS Dj>0a>uB\BKE*
$1$k7AFBRRt J, Il SOFCFS M =M =1 $H-1$88K$J$j 1$ <0 (21) $OIB(S$i $I $k!%

%0 Y6@086 %% %6966, N' SAIVEIB+SN=L#?<$$@</Br ShSTH3SHS, CISi $| SFEESKIVS$: 1$ SRENE-Ce, N( $N6]
%6622aDBK=BHS SRENGS< %%6S, FHN)$SG?6Q L $reb$DPS M =G=1 $K*$$$A$ = = < 1 $J$i SA$Dj>0>u
BBKS*$13k7TFLERRt J, I $O$ %< %369~ 4\0, I SNI?6CENG_SADj$$j 1S %65< %969~ 4\0, I $=SNBbSNEKSDMBES75I$H%
$OBISOBPASM =G=1 $d M =G=c=c$H IMBIO65< %69~ A\J, I[ SKOSTSAT 46@$r SbSCHFS*$j 1$ J26(65< %869~ 4\5,

1 SOVB($i $I $k$I$i $PS$Dj>0>UB\BKS*$1SK7AFEBRJ, I $G<0 (21) SAVIB($i $I SIVB5Si SKS %5 %869~ 4VH = X
$rEoSIBRENI?6QYFIBZ~4VE[W j H = X] $(65< %%69- 4\, I SKEDMBSS; $:1$
X

1 (63)

EIWjH =x]=

SOVIB(S$i $I $k!1%

Nc40 13 Nc39 $NB35- 1K0J2<$GHDI STHN6RbiN $, EAVBISKI6G: %NISNI?6Gr h byte SHEASKIUFCSKS %Bots SNH/@8
$,N(  $N6PoE66RaDXSK=>585ISi $P$ $3Ns@FCENCYL.d! I AGBFENAG: %Br Ave. $7=*$k$"$CGEK, MWRJ;~4VK$Q$ Mx
MQ( = 8h=C < 1 $r$b$DPS M =G=1 $@6BGR=$C-!$ FGKX byte $NAG: % %r EAAVEIBKENEK, MBRII?6Q~ 4V
T[x] $3<0 (63) $h$

8x=C
T = 7

(64)
SO B(Si $I $k1%

<0(64) $Hj 1$<! SNHBEBISIBHS, So-+5KI98 26 E A~ 4A\BAEABIKY6G Yo RISKO S " SKONS(SP$2 GSN6G %6SrAw
Sk BABKEA?6Q2 GSN~4\5, $+5+5KIIBID $r8@IBS(SKSHSL byte SNEABrOTS& BBk, MBHSISKMS, $J~4\6®I Dj
SHESSEBIBHECH" SKUBIISBASY G YRS, X SNoBhtr S, HBKMI, $1~4B0(8x=C)=(1 ) 8x=C = 8x=C =(1 )
SHEISKINGGS 1 byte SNEANGT OTS&E72$abK, MBHBISKMI, $J~4BO8=FC(L  )g SOUB(Si $I SKIUBISNMI, $J;~ 4V
$01 COLSNOG % BNEAAVEK, MWI%Z030RoB0H< $HB+$ISOB3BHE, $CB- IS $=SN6Z6I0R6B0A< $, EAAVBIBkY0G Yo BNAMIL
SHEHN)$GH" SKSHESE0 UL HE@BxJ 25" $KI%535 0J305KS Ne 38 SNHSEBKS C: 5366 % SNEAVBKODSIVIG@B" $rMB(SkSH
$ESEOMS(J} $b$" $KI%01 J} 1$ DBI6G: % BNEABr MIBE*SKO7$8>1 9g!$ C; P66 % SNEAVBKB RISk 26 YLAShS] $bD9
$$%66 % BNEMVBKBRSIBKIZ6YLASNI} $, >. $58/ $I$K20GD@$, @BSPKIUBLS T$3NEHEESISISHS, 5/ $- $1 $P$ MMRTSO
ITI, MBKDBING: %BrDL?. %Rb@oPlod< YoSKN.$=$ESHEISkS+ShCI$I $ISH 90 R HD 26 B08670'%6'%0 /0 SBCCHD $55| $k8X
J2@$MMRTSNEISNSHSE5I261q $5r KISOF/$-$, $" $K1%

6.5 BBKoM =G=c=c

M =M =c=c$"$k$$OM =G=c=c$CCh=3$| $>%| SNoRB, 0l SCENV5< %Br @M-$9$k$H2>D) S5 SFEFBKS, IS $35N0BoB0k
$r3HDIB7IS Yoo 15+$i %oo%IN $ASGN <ON'SNERS, $$j 1S %6R61%9 SNREOG 8TEN/6B %oBr F1,~ $KHM@OSK>|
OgBr ONG(SKIV6R66Y SNERBAN( | $NVP6B696RaDBK=BIE-CSHTI$E-Ce~ $K C 8TBNO5< %BNBEBAC 8DDI>eBN65<
%, 6USCH" S| SPS S=SNCIS+$i ¢ SIBNV6B< %Br FL~ SKOM-$71$ %5< % S6Sr <USISKI%6USN/6B< %8, ¢ SO K-S\ 9g
SBFB; SHBISKIYD6P6%6Y SNERENV6ES %869~ A\BMDI HLI, I $K=>5H$ $=$NIP6GBOb $GB" SkSHBOBKI%65< %B6S, =*N;$9
SkEHOM-S7SF$$? ¢ BCBENOE< % Br F1,~ $K3-+]| $9$k!%
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L\E+5i SNNUG &

L\VEXENE~Ce Foit O\FO L\$+$5i SNNG &

LVEXSENE~Ce

?7 32: BIHAOTNAYV

Nc4l BDh$, C bps $Nes@$, $"$j!$%6%9 1Jj = 1;:::; N IKSNVMQTS®I Dj$SNBDh ¢ bps $rMBaSISKI YBhS 7E~
Ce~$K6U$-BRNS, ¢ bps LIK-$G"$k$I$i SPS$ S3SNVIMQIBESCHOH]$58! 1$ 8FB; SHEISKIY®6R61%9 SNIMQTSNS@MxX
M@NBES, N( | $N6Po&026LaDBK=>$$H/@87!$ 2s@@B3~4\%, J76Qb $I$i $P$ $35N2s@SENVIIM UG 7$C-e5- SNBBF
<0 M =G=c=c$@0B@HR-$Ch- Sk ?$@7 c = C $G"$k!%

$3BNBOBOBGGSLE=LHSNG" SKNIS6R669 $NERS, 8FB; SHEISKNN( B; $Gb"$j 1$ $3$I $G<! <OBAMB($i $I $k (Kelly
1979)%

B;j=1 G(c ¢)=G(c); i=1:5R
$2@7n = (ng;::;nn) (np 0) $He= (cp;iiisen)’ SKBRBTSF (( x) = fR;0 Re  xg $SHB71$ | = ;b $HB7
$723H- G(x) $O
X W o
G(x) = '—| 0 x ¢
2 (x)j=1 1’

SOB(Si $I $kIZN = 1 $NEHB-1$ <0 (26) $No'I< %L SFB; <CBHEY2ASGH" $k!%

6.6 BTSAOTNL\SHRDRr

$351 $" S0 @TFS- $7BTHATNY6BO@BOASFOI STENCE @W65< %S6$r MBASISKSHSNEG” $CH2053535GB0A$ $" Sk
CE®OL %SHPr <ub1$?5RE, BSSNCE@KO\ FOB7!$ $=$33E 7$2$J% < %S Pr <uS1$kBTSAO TN 0B0GokS $I5I$05A$ BT
$A0TNS J queueingnetwork KSKSB$SANIS/ CI$i $| SFESSK7K2LSr >RpSBKIvR" 32 SAFSSIENOM %68545i SISKBTHAOT
NLVENNEGE" $K19/630It $+5i LVSXSNE~-CePONI} SNVoINK % IBKS" k1% 1C I\ SN %15 @65< % S0S$r =*N; $7$?5RENDI It $O
L\VBrN9G&9BkS, !S5 ;DFj $G12C 1L\ SN %I$X8~$+58%2C 1\ $NoMN %GB 1C L\ SNo %15+$i MIS?5REHBOIE $+$i Mh
$75R5, 01 STENBTSAOTNSST :n $j 1$ =g<! 15 %8< % S6Sr <US1$28e!$ L\Gr NIG&ISKI%

$56R$J 8OHENVOM %5+ SISKBTEAOTNL VBrING($KI%G HW\ SN YlBKEON( j SNoPo80262aDBK=>5$30It $+$i 5R
$, E-CebBKSH2>Dj$9BKI%G HW\ SN %65 GBNAT %S0 S I2 <K< ($H3SCHENV6 2030 BNESS: S| $+01 STHGH" SkSHEIBK!%

M =M =c 7? ¢; SDBNVAB< %M, $"$j IS %5< %69~ A\VBD6@P686? | SNX?tJ, I[ SK=>6&%

M =G=1 77 L58EBDBNAS<%B, $"$j!$ 7665 %69~ A\BO1= | $G"$KIoaXE6>eq = 1 $HBOBKI%

PS 72 #18DBN65< %8, $"$j 1$ SREC6 VR %6@636%6 %% 686065 %6%68, N' SK=BH6%5< %6 S6S$r <US1$kI%6) 26 Vo< %$69
~4\B01= | $G"$KI%EIe ¢ = 1 SHEIBKI%

$55i $K|j H\L\ $NoM % BCENAS % BoBr =*N;$7$?5RBAS3NN( 1 $Ck H\L\ SN %58 ~$+$&5HR>Dj $BK! VS CERS
j HV\ SN6MK %BCBNVB< %6B68r =*N;8e!$ LVNBOIt SXNIBEBISK3NN( rj: o $O
X
fpo=1 ik 0
k=1
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SOVIB(S$i $I $k!1%

$3$33G$ COL~AVEVE?S) $Kj HV\ SNoN Y BKE-CSHBKERPt SNI?6GBr | SHBOBKSHS | $G<! <0BrK-$739%
X
=gt il (65)
i=1
$5%i SKL\GKE-CSTSBRECESS: $1 1, $: L\Br NBESIBKSH>Dj$IBKI B @IBX($kEHS <0 (65) $rK-$289@6M ; < 1 $,B8
L$TI$ | = = ; SHETSPSHE-ISABFEN] SKBRETSF | < G $, @N)SOBKSHR D] SIBKIUSISNEHE- 1$ SIBNBTHAO TN \GO
OEDj$G"$j !$ 7AFERPt SNTKOGBNN (SKAXS 7$FDj>0>UB\2r $, B8 $95k$35HS, CISi $1 SF5$8kI%

MB($i $| $k (Baskett et al. 1975)%

p(ka;iiisky) = pa(ka)  pa(ks) (66)
$73@7 pj (kj) $OM =M =c 72833 $P<0 (23) $OVIB($i $I ISM =G=1 72$I$i $P<0 (24) $OUB($i $I I$PS 72$I$i $P<0
(21) $OVIB($i $I $k1%

$3ENBhS&BKIS 7T IHRPt $KAXBISK7KIGBNN ($, 809 SN Y6 IBKAXEIBKINN (SN RV B( $i $I $k$7$al$ <0 (66) $ADTA<0
2r!J product-form solution!K$HFSPS| $FE$Bk!%

A %Po8626RaDSNFHN)AL, @SKSIBSSF
SRENE~CeNB\S, FHN)F 101 $J:X 2t J, I $K=>8&1 9gi$ FHN)AN, @Sr ShSTBIBHEr <($A%SIS*I$ SIN-CENFOMBKOS TSF

$0$ 6e=#9) 6HBPBXENFLELP 7?7 M- Z65<x$+$i B2t $Nb. =E5J% 308080 Hr D:$$$ A YB3 3SK< DU = $7$"$A%

JdBj 43 FHN)FI0I $%@QP6&6? $reusDX?t], || SK=$EE-CA\B\EBRS, E-Ce$Ik$H>Dj$IBKIVEB3$3BCSA(X; Y] $ri~
A6V (X; y] SKE-CebIBKERt $r 1= $BNN(ICPt SHEOSKI VIS 71$ #2BDBN~ 4\BMV (y1; Y1 + X1] SH(Y2; Y2 + X2] $, =EbJ
$J 99$0$J$$'J Y1+ X1 yQ!K $J%i $P$

Pr(A(yz;y2 + X2l = k2 J A(y1;y1 + X1] = ki) = Pr(A(yz;y2 + x2] = k2)
$, @N)SBBK!%

> @ :G=i$K$5RENE-Cet\3\S, FHN)F10I $IGHBN, I $K=>58>| 9gSKSDbSSF

$"SkERENE~-Ce~90%r;~90 0 $HE7!$y; 0 $Gb"$k

$H$$&2>Dj SN <$ @ HIE*SK@N)$Bk@<ABKS B S =R Y$k! %

0J2<$GAS$ o = 0 SHE7I$ | $r k H\\ SNERENE-Ce~ 90SHBOSKIVBISNEHB- IS E-CeBST Yy = | 1 $G=$95J
SISPS | = Yo+ Yot + Y $GSKIVE-CeNB\S, FHN)FI0I $J, I[ $K=>6&1 9g'$

« t o, A0t K
$, @N)$7!$ 0l HISK$OQ$ ABFENN (n = 0;1;:::) SKBRETSF

n+k n t ’ A(n; n+t] k
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$, @N)$BK YEB3BNEhSBKS E-Cet\3\B, FHN)F101 $3J, I] $K=>$&>19g!$n HV\SNBRENE-Ce~90 ,, $, MB($i $I SkSHE=SI
0J9_$NbRBNE-Ce~903Aa%$Nn 1 HY\$"$GNoRENE-Ce~ 90SHEAFHN)SHE ISk S S HEKC ra LB Bk %

$55AS jast $r;~90 Yo 0JAGBNGBESNSRBNE-Ce~90BHE7IS et $r;~90 Y2 0J9_$NG=i SNoRENE-Ce~ 90$HpIBK!%Dj
SABISI 1S last Y2 < next $CB'SKIVB $PS;~90 nexi SKE-CSHBKSRENE-CENBEr X1 = next  last SHEBKIVEBESI
SKS$ next 0J9_SNE-Cel\BBr=gbK X, (n = 2;3;:::) $Hb/1%

#1$;~ 4BV [0; y] SNI\BKS*$15k: GBeSNE-Ca~ 908481 y $"$GBN~AVABEr To(y) SHBOSKIYDj5ABNS] To(y2) =
Yo o orast SHBISIISX 1 > To(yz) $G"SKI%To(y) SN, I[ 4Rt$r Fy(z) SHB-1$;v>]  $HESS& I 7o8N<SGEBN To(y) $N
I [ &t Fy(z] ) SHCH/1%

(i) A(yr+ X1;y2] > O SN>19¢ 1! $3BNEHS-IBy1+ X1 < jast = Y2 To(y2) Yo $C"SkSNSCSS3BNSHBEBI To(y2) $, MB(
$i $| SKSHSE-Ca\B\S, FHN)FI0I $J, I[ $K=>$&B3BHBNS] 1$,~90 (a5t 0J9_SNE-Ce~ 90BN _$Mj$ kv >] A(Ya; Vot X2] = Ko
$O~90 jast 0JAGBNE-Ce~903@j$"$k;v >] A(y1;y1 + X1] SHEA-HN)SHBISK!I $3SNEh$&BI>1 9ghr >r 70lUS- FHN)$GH" $k
1J conditionally independert!K$H$5& KIYShSCEF

Pr(AQ/Z;yZ + X2] = K2 jJ A(y1;y1 + X1] = Ki; Ay + X1;y2] > 0)
Y2 Y1 X1
= Pr(A(yz2;y2 + X2] = K2 j To(y2) = Z; A(y1; Y1 + X1] = Ki; A(y1 + X1;¥2] > 0)
0
dFy,(zj A(yy1 + X1l = ki, Ay + X1;y2] > 0)
Zyz Y1 X1

= Pr(A(yz;y2 + X2] = K2 j To(y2) = z)dFy,(z j A(y1;y1 + X1] = ki; A(y1 + X1;y2] > 0)
0

(i) Ay yr+ Xa]> O A(y1 + X1;y2] = O SNeI9g" ! S3BNBHE-18Y1 < jast = Y2 To(y2) Y1+ X1 $@"$j!1$$3I3N
$h$&BI To(y2) $, MB(S$i $I $25H8-

A(yn;y1+ X1 = ki >0 Alyi;y2 To(y2)) =ki 1 O
$G" $KIVBhSCHF

PV(AQ’Z:YZ + X2] = K2 j A(y1;y1 + X1] = k1 > 0;A(y1 + X1;¥2] = 0)
Y2 Y1
= Pr(A(yz;y2 + X2] = k2 j To(y2) = z; A(y1; Y1 + X1] = kK1 > O;A(y1 + X1;y2] = 0)
Y2 Y1 X1

dFy,(z j A(y1;y1 + X1] = k1 > 0;A(y1 + X1;y2] = 0)

Zyz Y1

Pr(A(yz2;y2 + X2] = k2 j To(y2) = Z;A(y,y2 z)=ki 1 0)
Y2 Y1 X1

dFy,(z j A(y1;y1 + X1l = k1 > O;A(y1 + X1;y2] = 0)

Zyz Y1

Pr(A(yz2;y2 + X2] = K2  To(y2) = z)dFy,(z j A(y1;y1 + Xa] = ki > 0;A(y1 + X1;¥2] = 0)
Y2 Y1 X1

(i) A(yi;y1+ X1) = 0GA(y1 + X1;Y2] = O $N19g" 1! $3BNEHE-1$0  jast = Y2 To(y2) Y1 $3"$j!$

0 vy2 Toly2) y1 ) A(ynyr+ Xi]= 0 $#8DA(y1 + X1;y2]= 0
$Gb" SKIVBhSCRS

PY(A(ZZ;YZ + X2] = ko j A(Y1;y1 + X1] = O;A(y1 + X1;y2] = 0)
y2

= Pr(A(yz;y2 + X2] = k2  To(y2) = z; A(y1;¥1 + Xa] = O;A(y1 + X1;y2] = 0)
Y2 Y1
z y2

= Pr(A(yz2;y2 + X2] = K2 j To(y2) = 2)dFy,(zj A(y1;y1 + X1] = O;A(y1 + X1;y2] = 0)
Y2 Y1

dFy,(zZj A(y1;y1 + x1]1 = O;A(y1 + X1;y2] = 0)
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ShSCBAS (ii), (iii) SN| 9ghr $"$HBaSF5- =REBKSHE! <CBr F@KI%

Pr(A(yz;y2 + X2] = k2 j A(y1;y1 + X1] = ki)
= Pr(A(y1 + X1;¥2] > 0] A(y1;y1 + X1] = ki)
Pr(A(yz;y2 + X2] = K2 JA(y1;y1 + X1] = Ki; Ay + X1;y2] > 0)
+ Pr(A(y:1 + X1;¥2] = 0] A(y1;y1 + X1] = ki)
Pr(A(y2;y2 + X2] = kz j A(y1;y1 + Xa] = ki; A(ys + Xa5y2] = 0)

= PV(A(%L + X1;¥2] > 0] A(y1;y1 + X1] = K1)
Y2 Y1 X1 ] ]
Pr(A(yz;yz2 + X2] = K2 j To(y2) = 2)dFy,(zj A(y1;y1 + X1] = Ki; Ay + Xa;y2] > 0)
0
+ Pr(é(yl + X1,¥2] = 0] A(y1;y1 + X1] = K1)
Y2
Pr(A(yz;y2 + X2] = K2 j To(y2) = z)dFy,(z ] A(y1;y1 + X1] = ki; A(y1 + X1;¥2] = 0)
Y2 Y1 X1

>65-$@B=$| $?HADQ 24Xt SONBFFISSTAPIr(A(Y2; Yo + X2] = Ko | To(y2) = z) Sre7srs*$j1$

Pr(A(yz;y2 + X2] = ka2 j To(y2) = 2)
= Pr(A(y2 ziy2+ x2]=kajToly2 2z)=0;A(y2 Zzy2]=0)

= Pr(Xi+ X+ + Xk, Z+ X2 X1+ X+ + X, + Xipe1 > Z+ X2 j X1 > 2)
$H-ofp/ $3BH, $GB- $k!%

FGK$Xn (n = 1;2;:::) $, FHN)FI0I $J%@0%&6? $reosDX?tJ, I[ $K=>68&199!$;X?tJ, I[ $N.55-21@$h$j X1 > z
SHESBEr 702<BKB*$IBEX V= X1z $OX 1 $HFI$SI, I] $K=>$8%

Pr(X:1 x+2z;X1>2)
Pr(X,> 2)
_ Pr(z< X1 x+2)
Pr(Xy1> 2)
exp[ (2)] exp[ (x+ 2)]
exp[ z]
1 exp( x)

Pr(X; x)

Pr(X: z XjX1>2)=

$h$CSF

Pr(A(yz2;y2 + X2] = k2 j To(y2) = 2)
= Pr(Xi+ X+ + Xk, Z+ X2 X1+ X+ + X, + Xipe1 > Z+ X2 j X1 > 2)
PriX9+ Xo+  + Xy, Xx2:X2+ Xo+  + Xy, + Xi,41 > X2)

Pr(A(yz;yz2 + x2] = ka2 j To(y2) = 0)

$3BNENSEEKS >e5- $B=5| $76EDISNHA@ @ 4X2t Pr(A(y2; Y2 + X2] = Ko j To(y2) = z) $0z $SHHN)$INLSHEISK!%
0J>eSNsDO@hSj '$

Pr(A(yz;y2 + X2] = k2 j A(y1;y1 + Xa] = ki)

= PV(A(% + X1,Y2] > 0] A(y1;y1 + x1] = ki)
Y2 Y1 X1
Pr(A(yz;y2 + X2] = k2 j To(y2) = z)dFy,(z j A(y1;y1 + Xa1] = ki; A(y1 + X1;y2] > 0)
0

+ Pr(A(y1 + X1;¥2] = 0j A(y1;y1 + X1] = Ki)
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z

: ) Pr(A(yz;y2 + X2] = K2 j To(y2) = 2)dFy, (] A(y1;y1 + Xa] = Ki; A(ys + X1;y2] = 0)
= Pr(A(y1 +y2><1)illyz] > 0j A(yz;y1+ x1] = kl% _—
Pr(A(y2;y2 + X2] = k2 j To(y2) = 0) ; dFy,(z ] A(y1;y1 + X1l = Ki; A(ys + X1;y2] > 0)
+ Pr(A(ys + X1;y2] = 0 A(y1;ya + X1] = %(1)/)2
Pr(A(yz;y2 + x2] = k2 j To(y2) = 0) _— dFy, (] A(y1,y1 + X1] = Ki; A(y1 + X1;y2] = 0)

Pr(A(y:1 + X1;¥2] > 0j A(y1;y1 + X1] = K1) Pr(A(y2;y2 + X2] = ka2 j To(y2) = 0)
+ Pr(A(y1 + X1;¥2] = 0j A(y1;y1 + X1] = K1) Pr(A(yz2;y2 + x2]1 = k2 j To(y2) = 0)
Pr(A(yz;y2 + X2] = k2 j To(y2) = 0)

SrE@KIYOI I} Pr(A(yz2; Y2 + X2] = k2) $SKAXS7SREh
z 1

Pr(A(yz2;y2 + x2] = k) Pr(A(yz2;y2 + X2] = ka2 j To(y2) = 2)dFy,(2)

Z°,

Pr(A(yz;y2 + x2] = ka2 j To(y2) = 0)dFy,(z)
0
Pr(A(yz2;y2 + X2] = k2 j To(y2) = 0)

$HEISKIUBShSCEIBj OB, <($55! $71%
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B :G>.8BE-$95Y$-$38H

NSAFBMIBr MPr $ISKAM SEHE7$FOES- $9$Y$- ;v $r NHs$7$FE*$/1%

J?6Qa $N6PA6%6S, I

ak
Pr(N=k)=eaW; k=01;:::
%@e&6? $rebsOX?td, I[ 1JJI?6Q1= K

Pr(X x)=1 e *

; x 0
L)EYRt$Q, I 42t $rHy, $TS7SbSNS %@i%6a6? $reb$OX2td, I $N-19g e
exp(a) SNoYoPbiR %bEBHI 0 <~$j SNV %il< EBHK

e? = X a—k
k!
k=0
EyHfSi 2t $NOB 8
X <an L @™ gy
ak = 1 a ’
k=m n m+ 1 a=
Hdi N9® 3NNt L SNBNN(JI 4Xt 1 BNN(@X2t SNZ JQU9K L (2)
b3
L(=E z- = Pr(L=k)z"
k=0

Hdi 3NNt X $No096%098 %90B080R080' %I L) EMIX?t SNoeWeIQUAKX  (S)

Zl Zl
X ()= E e X =

e ¥dF(x) = e ¥f (x)dx

0
$W@7 F (X)I1$ (x) $GB=H$61 X SN, I 4XCtI$ L) EVDXt

C  1i= LdBjSNN,2r

2.1, N (1) 7%EK%SNDMIL$r;2>H! (2) 2.2 @ENGBeSNE2CIMIAJ 9 %7< %8 $r ;2 >H
2.2.

N,I' (1) 10%Z< %8NDj5A3 $r;2>H! (2) 11 %I %EN>. $551%B6P6S6BG-S+$l $2t J, SNe<@H ;2 >H! (3)
11 %X %8NNI DjE-CN(SN2>Dj$r;2 >H

2.3, NI' 11%X& %8N0 (13) $r4r$" CMn2 >H

2.4. N, (1) 10%Z&%$N2.3.2@2>H! (2) 11 %K %8N2.3.3@2>H! (3) 12%K %GN2.3.4@2 >H!

2.5. N,I" 13% K %$N2.3.5@2 >H

2.6.

K1
Pr(X > k) = Pr(X =n) = Pr(X =n) = nPr(X =n)
k=0 k=0 n=k+1 n=1 k=0 n=1
P

SN 1o Pr(X > k) = E[X]'%
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27. LI HCt$r F(x) = Pr(X  x)I$L)EWCtSr f (x) = dF (x)=dx SHEOBKI%S3SNEHS-
Z Z Z
' Pr(X > x)dx = ' (1 FX)dx=[x(1 FX)]5 + ' xf (x)dx = [x(1 F(X)]} + E[X]
0 0 0
$HS7TE[X]= 1 $J$i$P
X1 FXI = Jim x(1 F(x) 0

$h$j BjOLBA@N)I%0I J}1$ E[X ] $, M-BEBIS$i $P1&IUBR19" $O
X1 FX); = lim x(1 F(x) 0

$+$D Z, Z, Z,
Iim x(1 F(x)) = lim x f(y)dy = lim xf (y)dy  lim yf (y)dy
x11 x11 x11 X x11 X

X

$G" SKIUB3$3$G z, Z, zZ,
yf(y)dy = . yf (y)dy + yf(y)dy= E[X]< 1
$+$0% Z, Z,
yidy = lim - yf(dy=EX]<1
$h$j I1$ z,
x||i1m yf (y)dy =0

$rF@KYSISGFIX(L F(X)]3 = limyy x(1  F(x)) = 0 $H6J$j BjOS, @N)!%

28. (D)WXmax XVBOVABFENN SKBRETSF X, XIVBHEVRZAYK , $@B_SFBKEHN)SISNGPr(X1 X ::: Xy
x) = Pr(X; x) Pr(Xn  X) $h$j FN(X) I (2) VX min > XWSQVALSFSNN SKBRS7SF X, > XIWBHEY2A$
(1) SHFIMBIONS(SF Pr(Xmin > x) = (1 F(x)" $h$j 1 (1 FO)M

2.9, 26KXmin = Xj = X SHBOBKSHS3FilJi = 1;2;:::;N, i 6 jIKSKBR7T$F X = X 2+ X $H-0$-D$9$35HS,
$G-SKIUGX 2t J, I SNL55-21@$+$i X © $T6@6&6? SNX?2tJ, || SK=>B&Y0| I} 1$ S35NGHS-

Y = Xmax  Xmin = Max(X1; X205 Xn)  x=max(Xe x5 X) 1 X0Xj41 x:i0 XN X)

$, X SNCKEX$03i $: @N)$BKUBhSCEF Y $A-HN)$G-101 $I%%i%0&? $NX?tJ, I[ SK=>6&N 1 8CBNBNN(IQPtSNG
BICMIHEVS 7$8903>e$h$j (1 exp( x )N 1%

2.10. X; = x $IBi$PVX; = min(X ;1 Xa )W VX > X (i 6 j)Wer MMk %

Pr(Xj = min(Xq;:::; X)) = je Xe ¥ e 1 e inX e n¥Xdx
0
Zl

= e(1+ +n)de: J
0 1+ 2+ + n

2.11. N = n $Cr70USI$rOTSHFW $95I $SFF@i $I $k1%
x n (p )< R n ok k
— L) — _ k n ok _ p) (1 p) ] _ (p) 1 p)
Pr(Sy = k) = n:kPr(N =n) K p*(1 p) = e K . n k) =e i e
Cep )

k!

3.1, N (1) 17%Z<%8N0 (16) ;2>H! (2) 17 %I %EN<O (17) ;2>H! (3) 17 %I %SN0 (18) ;2>H! (4) 17
%Z<%BNO (19) ;2 >H! (5) 17 %IZ< %SNO (20) ;2 >H!
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3.2, N,!I' 18%X<%8$N3.2.1@2 >H

33, () NI 19%K%SN3.2.2@2 >H! (2) E-Ce~$KITFBRtS$, K ?MNGH" $C?5RECBFB; $HEISKI 90Pa&0%62a
DxX$N@</$h$) 1$ E-CHRB, 8+5k% P09 B0 SN>UB\BNN($Dj>0>UB\BNN($KEYS 7$H %Bh$CPRBFB;N($Opk  $AVIB(S$i $I $k1%

34. N/!'" 21%X<%8N3.2.3@2 >H
3.5, N,I' 23%X<%8$N3.2.4@2 >H

3.6. (1) NI (2) ECe~SKITFBRLS, ¢ 2N6GH" $CH75REBFB; $HISKIY06P686%62aDSNA<ASHS) I$ E-CESRS, 8+
$kV6P6966 SN>UB\BNN (S >0>UB\BNN (SKEYS 7$$USHSGBFBFB; N( B (C; ) $Ope SKEVSTSHUA! (3) (F5"<06O(2) $NTk
21$r 18 UBKBEE 595! SPINB+$asi $I $k

3.7. (1)

Po(t+ t)=(1 t+ o t))Po(t) + ( t+ of t))Pu(t)

Pot+ t)=( t+o(t)Py, 1()+ (1 ( + )t+o( t)Pa(t)+ ( t+o t))Pr+a(t); n=1:::;N 1
Pu(t+ t)=( t+o( t))Pn 1()+ (1 t+ o( t))Pn ()

$hSCEF
Sroy = Po+ Pl
EPi=Poa® (+ PO+ Pra(®; n=LinN 1
d

aPN(t): Pn 2(t) Pn(D)

(2) N = 1 $NsHB- Po(t) + Py(t) = 1 $G" SKI%ShSCHF

SPo= Po+ Pa= ( + IPo(0) +

SP= Pol) Pi)= ( + P+

$=31 $>81 #13, @7AHY, J} DxxOBISNCGE, EVBIJ} KISRr $/ $H

Po(t) = +  Po(0) — exp( ( + )Y
P.(t) = +  P1(0) — exp( ( + )Y
3)
Po(0) = ——; P1(0) = ——
4)
Po(t) = +  Po(0) — exp( ( + )Y
P.(t) = +  P1(0) — exp( ( + )Y

SIS*$ISASlimyy  exp( ( + )t) = 0 SISNEGP; (1) SNBH29" SOHOSHBISKIYSHSCHF

P0=P0(1)=T; Pi=Py(1)= "

$&"3j

Ro = P Ri = "
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$ISNEGS $331 $i SAFIS83NN(J, I[ $Gb"$k!%

3.8. BTSAOTNS28KFS?MNJ>eSNo R, $58k>1 991 'a BTBAOTNSH1SKESBKERE, N 2 0J2<3N>1 99K S %5< %S TIEN-s
NGRS, $=51 561 SKN(  » S@6B< %6B6Sr <US1SKSISHEKSISKIVBIENGH- 15965 %368, =*N:SIBKN(GSO2 » $Gb"$j 1$ %<
%968, =*N;$IBkSHBTAOTNSHISNGRRL $, 01 $DAJS( $KIVHF IMIBIK'S BTSAOTNS#2$K0! 2MBNGRS, $85k> 9g1) BTBAOTNSHISNGR
28, N 1 $\o| 90IKIS %< %68, =*N;SIBKN(SO , $GB"$j IS %5< %868, =*N; SWKSHB THAOTNSHISNGRRL $, 0 SDA}S(
$KIVE S S BTSAOTNSY2SIGRS, $$5I55>1 99! BIAOTNSHISNGRRL $, A}S(SKSISHECBISHY0! I} 1$ BT AOTNSAISKOI 2M0I>e
SNERB, SS5ko1 9GS N( 1 $SPoB< %68, =*N:$71$ SI5NGHS- BTHAOTNSHISNSRPt S0 $IB: SKIVSHSCH RS BT A NS 1SKS$ok
SRENPt $r>UB\VIQRt SK<HBKSHS $35] $C2<5- SNNS&BI N + 1 >UB\Br $U$D=R@S LRaDxSHBISKI%

(1) =2 ,= 1 SHETSBH-1S 6 1$I$ISP o= 21 )21 M)+ N 'S = 1$Ii$P o= 1=(N + 0:5)
N (2) 6 1$3i$P
2 N N 2 N +1 + N N +2

(1 )(2 N N+l)

= 1$I$ISPE[L1] = N2=(2N + 1)19d! (3) < 1$ISISPE[LoJ=E[L1]! 1 '$$9$I$06ABTHAOTNHZSKS] SHs$I Ad
SFENGRS, =85 SKIUBLBK > 1 $J$i E[Lo]=E[L1]! 0, $95I$06ABTHATNSHISKS] $HEs$I AGBFENGRS, =83"$k1% = 1 $N
SI9gSE[Lo]=E[L1]! 1, $OBISOBASSRECH $sSYSs$IS/ FSSTENBTAOTNSSKG $i SPEKI $1 $ABi $+01 I} SKBGB 72t SNGRS,
=8%"$k;v SCBISHKI%

E[L4] =

41. N (1) 27%E%SNDjSA14;2>H! (2) 27 %I< %SNDj5A14$Nc! SNIS$r ;2 >H! (3) 30%Z< %& >H! (4) 30
%I<%&R >H! (5) 31%F< %82 >H!

42. (1) !
p = 1 p p
q 1 q
(2
ot 1=1 (o )P =0(0 1)
$hej 1$
.= q . L= p
p+q p+q
(3) PN = P" $G"$KiI%P $rBRQ@=$IBKSISHEKSNS]
~Bpra prag 1 0 a P
1 q 01 p g 1 1
p+qgq p+tq
Sh$CHF
0 1 D 1 | |
P[n]:%p+q p+ q 1 0 q p
1 q 0 @1 p Q" 11
¥ n
o PTa pra, 0 1
q p p p
_ p+q p+tq n p+qgq p+q
BPLA PrARiq p grBPTI PLAR
p+q p+tq p+q p+q

68



(4) 3NN(SNDB, #18JSNGPr(Xo = 1) = 1 1o@$2$ [N = (Pr(X,, = 0); Pr(X, = 1)) $H9$k$H [N = [lpn
$, @N)!YShSChF

qQ ,p qd )( b 9"  Pr(X,=1)= P P qd )(l

l n
p+q p+q p+q p+q P9

Pr(X, =0) =

()
q

pP+q

Pr(X,; =0)= n||i1m Pr(X, = 0) =
FIMBKPr(X, = 1) = pp+ g) $I$NG$ Dj>0>uB\BNN($HDI C\H9$K!%

43. (1) OlHI$Ka, $O33%< %BN0 (31) SAVIB($i $I SKIVD6B< %S9~ 4VB, %@%&6? SNX?tJ, I[ $K=>5&>1 9g!$

Z, Z, )
(x )k (+) (x)
- X < )
ak - o e k' e dX = . e k' dX
$HEISKSNGG$
V4 1
%= 0 e 17 Mdx= + 7
k1 1 K1
- (+ )Xﬁ P )X(X) _
ak e K, + . ¢ (K 1)!dx —a 1 (k 1)
$h3j
k
& = 3 " (k=0;12::)
(2{(7) N,I' 33%Z<%SNO0 (31) 0J9_$NSCO@ ;2 >H
4.4, DiSASK=>BCBFTW, $98KI%(1)
Z, .
G (S) = e e Xdx=
0 S+
(2) . )
i
P (2)= e 7 =e (Z'):e ez = @ 2
j=0 J j=0 J
45 (1)
L=t s
) "1z

k=0
(2 E[L] = limy 1dP (2)=dz= =(1 )1l (3) %PePoBNBx<OBhSj J26@BZ_;~4VBOE[L]= = 1=f (1  )gl9®IJ}!$
I2%6@BZ_;~ INBAP6BTBA~ 4V E [W,] $HI?6Q65< %8694V 1= SNOBAUB($i 8| SKSNSGE[Wy] = E[L]= 1= =
=f (1 )g%

46.  (DI3) N, (1) 37 %< %8NO0 (36) $KB3/S00@ ;2 >H! (2) 37 %< %8N0 (36) $r;2>H! (3) 38 %< %8
$NKO (37) $X] SKSOO@ ;2 >H! (4) Jl 450t $I$i SSBRO66VE698 %696 B6R6R086 I QAEND <ABr ShMQOBKIVES S: I$

ZIi!mlH ( z)= sIi!mOH (s)=1

_ . d B B
Imgh ¢ 2)= ImgH©E= (b=
im S H (2= 20im SH (9= 2P
2!l 1 dz? s!' 0 ds?

$KCraUY), JI $rJ' $C52<0
L@z H( 2z)]=@Q )z HH( z)

69



SNNIIUBr#23, Hyd, $7'$ q
ZIi!mlL(z) =1; ZIi!m1 EL (z) = E[L]

$SKCrALBISKSH
2E[LIA ) @ =21 )
$rF@KIYShSCEF 240
HHT e T
(5) J26QTFHBZ_;~ 4V E [W] $DoBBNBX<05+3i
b®@
E[W]: E[L]: = ﬁ"‘ b

SHEISKIVE [W] = E[Wq] + b $Gb" SkENBGEZP($C-e<OBNL&IUBR#19™ 1%

47.  (1){(11) N, 38%&%8N4.2.2@R2 >H! (12) %P66626E-CSISNSE-CS TSRS, 8+3k% %6966 SN-UB\ED)
>al, I P SK=>8Q06T696R0 SKE-5I SISTBHESSRBISHEOS E-Ca~ SITTBRS, K $Gb"SkSHBSSEBIBHBHEV2ABCH" 3] 1$
$=SNBNN(SOPLS) SOUB($i $I $kI%

48. N, 40%Z<%8NDjM}26 $NBe$KB3H/ SDO@r ;2 >H!
49. N, 41%K%$NA.2.3@%r;2 >H!
4.10. N,I' 44%7< %8SNDjM} 28 SNDAGBNCMi$r;2 >H!

411. LEWXt$O exp( x ) $ISNSG$ Dj5ASHS]

$G"$j 18k 1 SKBRETSRBO

Zl 1 Zl
(x )X (o (X)X (x)k 1!
= X X = X + X X —_
&= e lgge T ;¢ kK, T+ o, % & 1 dx= ——a 1
$h3j
k k
a = a = ;o k=120

4.12. (1) X = k $Gr70lU$1$r9T$&%

X X X
E[z']= Pr(X = K)E[z" j X = k] = Pr(X = K)E[z%* *4¢] = Pr(X = kK)E[z%'] E[z%¥]
k=0 k=0 k=0
X
= Pr(X = k)1 p+p2)kX=F@ p+ p2)
k=0

(2)

* *
E[ZXjY=X]= Pr(Y=X=kjX=Y)E[ZXjY=X=Kkl= Pr(Y=X=kjX =Y)z"
k=0 k=0

$'$2$
Pr(Y = X = k) = Pr(X = kK)Pr(Y = kj X = k) = Pr(X = k)p¥

b3 X
Pr(X =Y)=  Pr(X=KPr(X=YjX=k= Pr(X=kp=F(p)
k=0 k=0
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$ISNBGPr(Y = X = kjX = Y) = Pr(Y = X = k)=Pr(Y = X) = Pr(X = K)p*=F(p)!%$h$CsF

X
E[ZXjY=X]= Pr(X = k)p“z*=F(p) = F (p2)=F(p)

k=0
(3) $7%:J, I[ $HII 4X°t SGH1IBRHISKBPL~$7SF5*$j 1$ Il X2t $NDz?t $0jzj 1 $@Dj5A855! $F5*$j!$ 8=_ SNDDj$GQ$ z
$Op SHEAFHN)$IICRL $G" SKSSSHBKCIAUYE (1 p+ p2)F (p) = F(pz) $Kz = 0 $rBeF-$TSFF (L p)F(p) = F(0)!%
S35 SrMQ@$SF F (p) $r>Gn$ask$HF (1 p+ pz2)F(0) = F(1  p)F(p) $rF@KY$3535GG(z) = F (z)=F(0) $H*$/
SHG(1L p)G(pz) = G(1 p+ pz) $, @N)YBIBoSoPAG(X)G(Y) = G(X + y) $, @N)!%H (x) = logG(x) $H*$/
$HH (x) + H(y) = H(X + y), $95J$0$A$$"$kDj?t a SrM@SF H (X) = ax SHp+$ISKIVBhSCEF G(z) = ¥ $G"$j!$
F(2) = F(0)e™ $rF@K%l Xt $NDjSAShS] F (1) = 1 $ISNEGF (0) = e 21%Bh$CPF
X an

n!

Pr(X =n)z"=F(z)=e ¥ =¢e @ n

n=0 n=0

$HBI$j Pr(X = n)lJ  OK$G"$k@Bj?t a $rM@$SF Pr(X = n) = e 2a"=n1UEZ($MoPe86%03, I[ 1%
413. N =K$MBSISISISPSY = X1+ + Xy $&"$j!$X; FHN)FI0I $3J, I[ SK=>$&SNEG
Y, (s) = E[e ¥ jN = k] = (G (s))

$GB" Skl UBhSCBF

s k
Y@= e gh@=enl ( G (9
k=0 ’
4.14. (1) Dj5A$hS] Z
a(l) — e X (X )kh(X)dX
k
$GB" SkSNBG
X 2y Z,
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71



SrF@KIUim, 1 ( 2) = 1 $hdj

zA1(z) Az(2) _ im A1(2) + zA(2) AY(2) _ 1+ by b

1= At
© Tz AN2) 0 a1 1 AY2) ° 1 b,

SHPISKENGGS <! <0Br F@K!%
1 b, ZA]_(Z) A, (Z)

(D= 15, b, 2z AQ)
(3) ( 2) SDj>0>UB\BKS* S18k%5< %6B6&*N:DBeSNERRL J, I SNBNN(JI 430t S SKIUERRt 2aDXENS K\O S 69686 Q6065
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4.15. (1)
R Z, k Z4 s k Z,
A= 2 e xDVgpy= e BXggng= e 2xaB) =B ( z)
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