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BEEBRRVIBGEOEGE DV TIHHREINO S T AKHMB KUFHbREOE— X
VP RRD. E2HOEREMFEN FCFS & LCFS KB 2 BEMOE— XV b HOBR
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2.1 Notations
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2l rate A OFRR7Y VIBRIYEVERATIET 2,
X : HBERHOY A A2RITHEREY

P(X=1m) =g, n=1,2,... | (1)

G(z) © X OB

by K
G(z) = T 9z°- (2)
k=1
X OE—AY b
g = EX) = Gy, (3)
g2 = E(xx-11 = 6121y, (4)
g3 - Exxex-nx-2» = 63 ). (5)

SIX) (s(X)) 1 H—p AKE S OHHRE (BREEEK)

S*(8) I SDOITIRA e AF 4 NFx AZH (LS

VD (VD) Ny—yayy 4 a v OSERE (ERRERED
v¥(e) 1 VLSt

EEET %o

2.2 RIES OB

RSB 3RS LR S ROCHIEREEHCTRINT 5. ¥Y—N\DE
BRORIRY ¥ —C ARRE2HIERE L. REBEHRY ¥ —E ARBOHE&2 R
Y= NPNr—Y a VhORIRON Ty —Y a2y sy 4 L2 @RI E U, R ERY
Nr—2 32y L hOEERMREZBZER IV VAT LAORERI AL T{LU. TS
RBICBT BV AT LORBRROBERER 2 FE > THRET 5.

0 if the server is on vacation,

& =

“
1 if the server is busy.



L : BEOEH
S : H—EAPORDOFERY ¥ —E AKH
Ny —arQH—NORINr—vary 4,

&E¥3,
M, (x)dx = P(L = n, x < 8§ = x+dx, £ = 1), n=1,2,.
wy(x)dx = P(L = n, x < V = x+dx, € =0), n= 0,1,
% _ -8 ’
nn(e) = J‘°6’e Xnn(x)dx,
%* - -0x
wn(e) = Jpge wn(x)dx
EThIIROAERFEAREE S,
dnl(x)
T Tdx = —}\nl(x) + n2(0)s(x) + wl(O)s(x),
dnn(x) n-1
- —a = _}mn(x) + kijl;\gknn_k(x) + nml(O)s(x) ,
+ wn(())s(x), (n=z 2)
dwo(x)
B el -N.)O(x) + my (0vix) + wo.(O)v(x),
dwn(x) : n
T Tax T —)\wn(x) + kztl?\gkwn_k(x),. (nz 1)
(M, @ &Y

-OnT(G) + m(0) = -An?(e) + n2(0)s*(e) + w1(0)s*(9),

(6.

(6.

(7.

(7.

(8.

(8.

(8.

(8.

a)

b)

a)

b)

a)

b)

c)

d)

{9.a)
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h-1
— % *
Xnn(e) + k§lkgknn_k(9)
= (9.b)

n

*
—Gnn(G) + nn(O)

*
o (0STE) +w (0)8*0), (nz 2)

oy ¥ % %
By (8) + wy(0) = -Awj(8) + ny (0V* () + wO(O)V*(G), (9.¢)

n
_p ¥ _ * %
Gwn(e) t w,(0) = -Awn(G) + kflkgkwn_k(e) (n2 1) (9.4)
18%. BE%
[ore]
- n
nitz, 0) = 2 nn(OJZ , (10.a)
n=1
00
) _ n
wlz, 0) = X wn(O)Z s (10.Db)
n=0
L3 by *
_ n
n(z, 8) = 2 nn(e)z , (10.c)
n=1
[o20]
wXiz, = = w;(e)zn (10.4)
n=0

EEETRE. (9.2), (9.h) kY

[6-A+AG(z)1In" (z, 6) = -8*(8)[n(z, 0)-m (0)z)/z

(11)

[w(z, 0)—w0(0)]s*(9) + n(z, 0).

(g.C), (god) &9

[6-A+AG(Z)1w*(Z, )

wlz, 0)—n1(0)v*(9)—w0(0)v*(6) "(12)

%%, 9 = A - AG(z) 2 (D, 12) KRATZE
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-S®(A-AG(2Z)) [n(zZ, 0)-1; (0)z1/2z- [w(z. 0)~w0(0)ls*(A—AG(z))

+. ‘T[(Zo 0) = ’0-
wlz, 0) - nl(O)V*(A—AG(z)) - woto)v*(A-AG(z)) =
EHRS. (1D z = 0 BAL w0, 0) = 0g(0) BEE>3E
wg(0) = V¥(m (0)/11-VF Q)]
B3, (15) & (14) HRALT
w(z, 0) = V*(A-AG(z))nI(O)/[l-v*(A)J
2185, (13), (16) &Y

ZS*(A-AG(Z)) [V*(A-AG(Z))-117%. (D)
n(z, 0) =~ - 1

[1-V*(A)10z-S%(A-AG(Z))1]

2185, (15), (16), (A7) # (A1) KKATHE

(13)

0 (14)

(15)

(16)

(17)

ZIVH(A-AG(2))-11[S* (A-AG(2))-S*(8)1n. (0)

n*(z, 0) = 1

[1-V*(A)10z-S* (A-AG(Z))1[6-A+AG(Z)]

%183, (15), (16) % (12) WRAThiL

N , [V*(A-AG(Z))-V*(G)]nl(D)
wi(z, 8) =

[1-VX(A)IL8-A+AG(Z)]

213%. x*(1, 0) + 05, 0) = 1 &0

M 0) = (1-p)[1-V (A I/EV).

(EL p = AgES) < 1 )

(18)

(19)

(20)
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& > THEERL BT 5 FIRAKE

%*
E(L) = an (z, 8)
az

; B (z, 8)

z=1,0=0 Z  |z=1,8=0
, . (21)
= o+ AMEWVT) | AMAG“E(s%)+q P E(8)]
2E(V) C2(1-p)

&%,

2.3 Busy Period O%4H

P=NBNTP =Y aV I L LPER> TP SV AFLBELZRYIRON =Y 3y ¥ 4
L% 5 E TORMER busy period B XEHEUB ()R B D LST &F%., n AD
B> THE >Rz L 2D busy period £ B, &U. 20 LST B ()
(n=0,1,...) ¥ 3¢

B¥(9) = S*(8 + A - AG(BY(8))) (22)

*
Bn(e)

(B (6110 (23)

R ITBEBBESCHOD S, £oT

j k

¥*
B*(9) Uk

2
j=0
00 J

K
i -Ax  *¥K
s B3] = (AX)_e=AXg7Kqv (x) (24)

1 k!

j=0 k=0

V¥(A - AG(BY(8)))

(BBL gJ*_‘k i 9; @ k-fold convolution ) T3%. (22), 20 XY

E(Bl) = E(S)/(1-p) ' (25)

E(B) = pE(V)/(1-p) (26)
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2.4 &BIEY — ¥ AR (FCFS) KB 2 FbERIN

Vi 1 33EBOFRECHEEFORAOEOY —E ADBHEE N S £ TOR
B

Uy : HZEBOELAUVEHCEL. 2ORLYBEIY—EATNEROMH
L

LY. HIEROROEBHE wp & Yygp = W + W2

(LST Wp(g) = WEO)W5(6))

[oe] (o]
v = T mps*eikl 4+ s wite)[s*(e)]k
| K=1 k=0
= 7%(s*0)., 8)/5%0) + w*(s*o). (27)
o U-p)[1-V ()]
E(V)L[O-A+AG(S*(8))1

r, : »3FEORHPMEEFHO n FEWCLHHES
&9 2%, Burke [3] &Y

o0
r.= L3 g.. (28)
n Ik=n K
TH5Hh o
00 » *
Wye) = = r rs*erikls 1=GLS(0)) (29)
k=1 gl1-S*(0))1

tﬁ%O\h & W, WL THEHh o

%* * %*
WVF(O) WI(G)W2(9)

(30)
o (1-p)@U1-G(S (81~ 1-V (@)

gLo-A+AG(S*(9))111-8%(8)1 9BV

-1-
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E72%,

3. RBEMEY—E 2 E (LCFS) kBB M /6/1 OFLEEAE

3.1 {RE L Notations

¥—E ZRREBIEELF DOV T nonpreemptive LCFS, AT VY L& T 5,

S(x), 5%(8) RENETRBYY—E AWM S MR, LST &5k,
Kleinrock [8] &Y

= 1 X -
§(x) =sySoll - sttiat, (31)
§%9) = 1 - S*(8)1/0E(S). (32)

g 0x), VO BERThBRONY —v gy 42 0 OMERK. LST &ThiT

= L gXpy
VOO = =550l - Vit)idt, (33)

0% = 11 - V*@)1/6E(W) (34)

v@&%o

32 Ny—varyI L hkDRBRVIGE

5 ZEEOROPERICFUVERNTRRY—EAXhZEN n - 1 AL SRR
THB, MX/G/1 BOWTH—NY idle THEAHERIE | - p THBSHho
(Chaudhry [51)« B % 1-busy period &3 hil. EEOROHFH BRI

ﬁ% (1 - p)rn T Bl + o4 Bn'l

g or, T S+B1 + """+ B

n-1 + Bn + *°°° + B

m+n-1

(REU By,....B _ ... & BOBMIKEYEL. w WAV F—LAKE S
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DORICBIELV LT TH3,
VL REEOEROEEABEM (LST Wi(e)) t¥3s

00
W) = = (1-p)r, [B*(g)In-1
n=1
o0 00
n=1" Pn=ox=o

o0
(1‘0)R‘B 01 4 = pr (B*(6)17718%(6+A-AG(B*(8)))

B*(9) n=1

3% % :
. (1-p)[1-G(B (§))1 , AL1-G(B”(§))] (35)

gl1-B¥(o1 O+ A-AG(B*(8)) 8

Td%5, BU
S z[1-G(z) ] |
( Z n . zll-G(z

R(z) n§1rnz (o (36)

&9 %, (35) &Y

2, '
_ A9E(S%) E(S) (379
EQW) = 50y 1 2g(1—p) ’

o _ agEsD) | 2%%wEis®H? | P Esn?
E(W) = 2t 3 ! 2
3(1-p) 2(1-p) 3g9(1-p)
' | (38)
. A2 e ¢ aema' PR
, 29(1-p)3
2%
Remark 1. FCFS W54t BEBMALIM Vg O LST Vg o) W
* o) - (1-0)8L1-G(S" :
gLo-A+AG(S*(81)101-5% ()1

-9~



(Cooper[7]) TH 3, (39) &Y

2 (2)

_ AQE(SD) |, g “CE(S)
EOR) = 500yt 25(1-m)
2. _ a9y | A%5%Es®)? | P Es)?
E(Wg) =3 + 2 " T 3g(1-p)
(1-p) 2(1-p) g(l-p
. 2a? % (E)% +0)a P E(s?)
2g9(1-p) %
BEOINS, &oT

(38), (41) kv E(WE) = E(w%)/(l-p)

DY DZEBDLN S, Thid Tacaks [11] 5 M/G/1 WOV THEHL LERED

M</G/1 T BHERICIR > TW 3,

3.3 Nr—=vavdLnkdoRe

(40)

(41)

(42)

(43)

Y=NPNr—=2alF L LRZ0EWRIT 1 - p EZHd ((18), (19) kvHELZHD

%) « EEOBODESFH R

= (I-p)r, € 0+ By + "+ \Bm+n-1
(REU m 3BROINr—varyy40 U ORRBEL RTHD
WE or, T 34 By + ... + Bp+n-1

(27U m WYY —E B S ORICBIE U R
THZ. Uy REROROERNSHE (LST W), (8)) x¥3&

-10_
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g

©Q m

* m+n-1 L0(At)
(1-p)r T 2 [BX(®)] fﬁ—ET—_e

WX (9)
VL 1 n=0Kk=0

"
Y

n

8

1 "m=0k=0

-+
T

n

K
"+ tgxkag(t)

k :
or, T T (B*(6)1*N" LAL o (M+8) tgxkag(t)

(44)

(1-0)[1 - V(6 + A - AG(B (8)))1[1 - G(B (8))1

gil - B¥(6)116 + A - AG(B*(8))IEW)

TH%. &>T (4D &Y

2 2 (2)

E(We, y - E(V ) + AGE(S ) 4 g E(S),
VL) ® 2Rty T 201-0) 255 (1-p)

(2) 2 3

(45)

2 2 3
9 E(S)E(V ) 4 E(V ) + A9E(S JE(V ) 4 AgE(S )

E(Wg ) =
2g(1-p) 2E(V) BU1-p)E(V)  2(1-p)2E(V) 3(1-p)2
2 2 2 2 (3) 2
+ A g [ESH] 4, 9 IE(S)] (46)
2(1-p)3 3g(1-p)2
(2) 2 3 (2) 2
+ Alg “17[E(S)1” + (1+0)g _E(S).
2g(1-p)3
BPRAZEBTES,
Remark 2. FCFS OIEEWOVTE M (30) £
VF 2E(V) T 2(1-p) 2g(1—p) ’
B2y = s ¥ Es)EW?) . E(V) . AQE(SZ)E(VZ) ; AQE(S°)
VF 29(1-p)E(V) 3E(V) 2(1-p)E(V) 3(1-p)
' 2292 E(s%)1? . 3 [E(s)12 (48)
, a2 1% E)1% ¢+ 14019 PRS2
Zg(l—p)2

-11-
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BFEOhB, &oT

“6), 48 kv EWZ ) = BWdp)/(1-p) (50)

PRYOYD, Zhid [16] T MG/l COVTER SN RO M/6/1 23T 3R
DTL‘%O
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