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DEFEBITHIOFNICE 5 —DRFBITHIZER L, 2 DDO/FLITHIDOMICT — FERITFS. cDXS T —
r2E A LTz M/G/1+4vacation ¥ AT LICDWTDFEE%R, Level-Crossing i£% FIWT#ET %23 5.

F—7—F ! Level-Crossing %, M/G/1 vacation 7))V, 7— b, BREEER, GHEMSH

1 F—r2E8ALTEM/G/1
+vacation €7 JU

BE (28w B WS, SRR AA H (¢) ISHED B—DY—
N (WUEREEE) T — Y A BT 52Hic, BIEMESf
At) ICRESBIBRIRTY AT LCEE L, Y—\hMlod
Ty MK OERAFPTHBE, V—CRZZIBHET
DT LDTEBHBEDRBITH] (V3 7 7)) IMFET
%Y A5 Is, Kendall DFEEEEFWVT GI/G/1 LEFLE
N3 AT LITDOWT, Level-Crossing &% W TE#
R B 2158 5 fEimBfe 2 AR AHHESE 12 % 1] I«
BWTil 7z, £z, ERRDOI AT LIS, Kl (N 7r—
Tal) LT BRIRMEEZ A T2 AT LTO Level-
Crossing iEIC K 5, fEIMERZAREHEL 148 [2] ITk
Wi, :

FED 2 DDV AT LTIRE I, TR E(H)
CEERIERIN E(A) OMIC E(H) < E(A) DBFISH
MU, VAT LICERIRENMEEL, BIEEE K5, . L
ML, EH) M E(A) a2 DONT, YAT LA
HET 58y FOBMBELLEML, £, ¥—YX
2T B E TOFEHF B R & IR Eng 5
T, T—NBREEICHEIRECRS. KIEEEEN

LEIRWEEDREZ LD TH->TEH, F—NDBZFDR
BICBITT AT N TERNC LICKS. CODRERRE
BEL, RERRAI VT TH—I\DRIBICETT S XS
12, FHERFEBRHSEL &8Ny 7 7 &Y R iR
TEICT B ZEOHITREND S, SEIX, kD
IS T 7 Qp DEHICE D —DDINw T 7 Qo YL, 2
DD T 7 DN — RS, 77— FORIcE >
T Q1 TEZ/)ry bS53 AT LEHS.
7w ME, BIEBE N DRT YV VBRI TV X T
LICBEIEL, £V T 7 Qo IABHEINED, F'—H
FACTWABIREEIR D TINY 77 Q4 [T T A TERL.
Y—INIMAIBDN SR> Te R DA — F DB E, Qo WD
FARTDIy b T 7 Q ICBEL, /37w D
BEIDZ T LEOEBICT-FEHLS. —NE Q1 N
DIy R EFENE (FIFO) IS L, Q, NDRETD/S
ry D ZRE T B L BOKIRICHFET 5. DR
W UTzEMZ S A7 LTHNUE, Y— 30y 7 7 ADIS
oy S OB AT LICBIE LIy b
FUSEEI NS, SE, F—hDEAICKD, Y—U
AT B LT 8 v MEY— b & D RIS
BODT Qo WITHED, Y—\DMRIRERKRZ T, 7 — b
MR DZ/LEEDLE T LIckS. K1y — EEA
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1: M/G/1+4vacation with gate model -

L7z M/G/1+vacation ETF IV ZRY. RET VALY —
k (gate) BEUEFDFHID/INY T 7 Qo ZEIDFRL &,

AATEEE 14 % 2] TS & LTz M/G/14vacation

TSR B.
S, AEOLEDFE LT, XD IEEDLEEEZS.

Multiple Vacation (MV) : J— SRS R - 7z
RRT Qo ICTF B/ Yy RV VUL, BUKIRIC
H¥d 5. TOHE, T—NIEHHERIREE (71 Fb)
ICix% T Lidiz, o

Single Vacation I (SV;) : H— AR 5 5o 12HE
BIT Qo KB/ MO, ZOXEH

Ttz 80y N OFERRED (375 BRI —EIR -

D). Ty FBEETNE S — PR TY—E
RZEATD. KRR BRSO TERERIC Qo ICF B/
FRBNE, T BT TUEZITS.

Single Vacation IT (SVy,) : ¥ — /DKL SR> 7z
RERIC Qo IS B/ 8w b ABH - TE, TRIRAFICE]
=Ly R NE, #ifeZa 8w L OFE
ZRFD. 2Ny FAEE TN LR — MU
T9D.

o3y S OMERRE (H) &SRR (V) &, '
WICHSLTENT NS H(t) & V() iK/ES. 77
M HE) & V() DT TIT R« AT 4 )VF 2 AEH
(LST: Laplace-Stieltjes Transform) % Z41Z4 H*(s),
V*(s) £ERL, ZNHED m KEEEK (m =1,2,3) ZZN
Fhm) oM LEF . 72720 hi=hW, v :=0® &3
5. £l ROEEZHANS.

p = Ah,
Q(z) = H*(\ — Ax),

po =20 1)

Qu(z) =V*(A = Ax)
LITDMF T, YAT LDOEFREDEESRMLEL L

THHE p=M <1 ZIRET 3.

2 N7y OFBRESH

EEIRRET D/ O BB Z R 57, L
TOHEELOSHEBBLTZD LST ZEEKT 5.

Y — NUB G R ERN/ Ty b ORRILIEEE (the
sum of all remaining service times in the system) 2 R,
9%, £z, BRKIEFRE (remaining vacation time)
Z Ry EBL U—NNZ, YATLICBET S/ R
MY AT LARCHFBIAHEER (R,) WA T, KRR
MEMBEITREAREL LTRS 2, TERETOYA
T LAERMTERE W, & W, =R, + Ry &75.

AT LICEE Uiz 1 DOy - ORFBIR (W) 13,
20y R OBEENEAOBALER (W,) 1051
&, ThEEHBIM (actual waiting time) &FER . &
UKL T, N7y FORIEBEERRRMUNTEER LT
Fons w, 28R HEM (virtual waiting time) &
W, RAES. 2T, W<z BEOCW, <z &%4%
HRTENTNONHBEHZERL, 2IHh5 LST %
EETSH. Thbdb,

AR bR D MR L ZD LST ¢

Wy(z) = Pr{W, <z} |
Wi(s) = /0 e St dW, (1),

RGBS E ZFD LST :
W(z) =Pr{W <z}

W*(s) = =StaW (t).

(s) /0 et (1)

3 I\7v FOFEEEOERATE

BRMtER W, OMFIBRE (W} 2EZ 5. TOEXR
BEEL (U TR R) W i, BIEE N ORT Y U (28
v b)) DEEEIMER H BT LYy 795,
FRRICH — I NDMARBRIC A B Tz ICEEE V 720 Eicy v
VTETBDT, TORIEEAEE “ vacation FE” LB L



T}

T, ZOFERE N\, ERT. ThLSNORREERTE,
Y — PR D B 728, VIR AE —1 OAED

EEOETOOEMRTHS. K2 M/G/1+MV EFIL

(= br L) DY TN RAERT. SEDETIVER,
F—F NEAZTNTWVWABDT, KEEDREM & vacation
DEE (=Y —C AHMOBIE) LIdRZ 5 LICEET
BRENDB.

4 Level-Crossing &IC & 28T

Level-Crossing i &3, BIFRRE (0, T) ORI, L)L
x 72 W, O 2T ISAD B b NCHEY] 258 (down-
rate) DB Nyown(T)/T &, Th 5 EICHEY) %48
& (up-rate) DRERITIT N, (T)/T B, +oECREH
(T — 00) T5ZETEHELLAS LW AR, D,
FHEREOHEBEES I FIETHS.

. Ndown(T) T
i S S )

FIEOFMIIAFILESE 14 % 2] IKBRNTHZDT, &
XNz, , :

EARLER W, OHSERE (W} 2E2, TOYVYT
JVIRAIEHBNT, L\ rayy vy 7ERERTUS, KR
DR HEREES.

Whiz) _ /0 V(e - y)dI(y)

Nup(T)

+AlxﬁmfyMW@Lm>O 3)

CCC, H(z) &, H(z) D#inH (H(z)=1-H(z)) T
Ho, AL V() &, V(z) DERH (V(z)=1-V(z))
TH5. £iz, J(z) i& vacation FEOEIFE E R R DFR
RULEE J ONMEHTHS. FHEAER (3) DL,
W, DYV TIVISAH, LNV ¢ &2 S TFICHEY 548
£ (down-rate) Z&K L, FUL{AHAITHS LIS
$HE (up-rate) ZZ L TW5. G0 1 IHIE, vacation
MEOEFE (KIRDOBAGE) IC K> T Wy W)Lz ZThH
b RIcHy 2 5E&Icn L, E2EE Ty b (RT7V Y
M) DEIFICK > T W, LNV ¢ Z 05 RICKEY) S
BEICHELTWVS. ,

R (3) DAHEMD vacation WDEEZR N\, &M
J(x) &, BIERHTHAD, BICThDOERETS.

FIX Q) DILZETNETNT T I A AT 4 )VF 2 A
LT 5. |

W;(S) - Wv(o)

V*(s)

Dl 0] H*(s)
S

. 1_
* A—
J*(s) + p

TTT J*(s) 1, DB J(z) D LST T, BAMEE
(convolution) @ LST NHKZHWe. £7z, W,(0) I3F;

Wr(s) (@)

IR AZER 2 18 % - (2008)

LERAY T, DEDEE LTy NIFBEEbER

3BT LR EBINENEBRENIHERTHS.
Iy MERT Y VBRI TR T 5 T L EIREL
THDT, R7Y VEFEDRME (PASTA: Poisson arrivals

see time-averages) N5,

W;(s) = W(s), Wy(0) =W(0) ()

THD. EoT, R @4)ERDLS ICEEENS.
W*(s) — W(0)

_ )\vl —V*(s)

7 () + 3 By (6)
 OTHARERIE MV, SV EFVO™ATHIIL, P —
INDEDEK DRI AB I, Ny, J*(s) BT W(0)
DEAENERRIC KM E 5.
multiple vacation (MV) E7/MCHBWTIE, Y—\F
P—UEAFEMRBFRD EL ENDIRREICH D, FIFELKE
2y MEX LTRBREETN T —EAZBIAT 5
7RV, ZONERHEN S (7) B D AT D.
W(0) =0 (7)
ERESRE W*(0) =1 &K 3) DA EX)VDEHE
EH\WBT LT, vacation MEOFIIFIFER N, ZLITD
X118 %.

Ao = (1=p)/v (8)

RIRFED LST J*(s) ZBAREDR (9) T W*(s) hi&
TNs.

(1-p)s  1-V*(s)

W (S)zs—)\—t—)\H*(s) vs

J*(s)  (9)

single vacation (SV;, SVy £ &) EFICBV T,
DIz T —INDMRBO SRS 1R T Qo MZETHN
R, BNy FHEET 5 X TRIEIREL 25, T —
INIMFHEIRERIC H % & X, FifzicB=E Lz 8y M
LTk, #BHRMECuTELICY—EAERRTSZ L
WTCEBDT, W0)>0 &h5.

Fiz, 77— MDA LIRS D S5 ROS — N BT
R E TOREZY A 7V & A K (cycle time) C &7
% b, single vacation EFIVCHBWTIX, T DERHIOH
IZ vacation FFY 1 DEENBEICES. 2D LehD,

(10)

TH5T M5, single vacation TTFIVTD A, B
KU W(0) DRI TR B 2RI N0,
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A vacation arrival epoch

A packet arrival epoch

2: A sample path of M/G/1+MV model

5 J*s) DEH
5.1 MV EFIVTD J*(s) DEH

%9, multiple vacation (MV) EFIICEBIF B J*(s)
DIRFZATS.

EREE DIy NS A DOREE (PGF: Probability
Generating Function) ZRXDX S ICEERT 5.

U(r) : R TRES (# Y~ ABAAIER) D Qo D
By MO {Yisi = 0,1,2,---} O PGF
(= E(f—_o wixi)

U, (z) : RIRBEGREE S OD Qo DFEHB/T v MDD
PGF

Q(z) : JLEERE (H) ICBET 2/87y FOEEHAD
PGF (Q(z) = H*(A — \z))

Qu(z) : PRI (V) ICBIET /37y OGO
PGF (Qu(z) = V*(A - Az))

= b RO L DX (11) DAL L, T(z) & U, (z)
iF (12) OBERYH 5.

¥, (z) = ¥Q(z)] (11)
\Il(x) = ‘I'v(x)Qv(w) (12)

£oT, RD U(x) DEHAEREES.
¥(z) = UQ(2)]Qu(z) (13)

C OBEARRORE R AITRY. BICHBRES
DOFRERNROBHICHE & R B 85718 U/(1) R ¥7(1) 13,
ZTOMERVEL LY, TOHBROTLE ¢ THH L
IRl z=1&BVT, XADXSITKDENS.

v'(1) = 1’%”'0 (14)
| Moy (A +2hv) A2

" _ v

YW= aga-ee time M

&T, TTT vacation MEOFFEHEBLOBRHEHEED LST
% F*(s) = J*(s)V*(s) LREW, MBI TSIV T

F*(A = Az) = J*(A = Az)V*(A — Az) = Ty (2)Qu(2)
(16)
WIS BN 5, Uy(z) BBV T(z) O PCF 2L
T, J*(s) XAk hEEN S, ’

J*(s) = Uy(1 — s/A) = U[H"(s)]

J*(s) DFE :
T =J 255 KROMIER R (B, T=J+V
B ZORBORTIAE L, B2 T 5173 Qo OF

B8y MO PGE % Gr(z) & REIERADEDS
ns.

(17)

Gi(x) = Uy(z), Grrv(z) = Uy(z)Qu(z)  (18)

Tabb, T =0 IRBICHIL DY —/ DY — Y ABH%E
KL (FIORIBO THZ) TH O, JidFCK U —
Y2 (T —E AR BIRIBORIISE T) & HEIN
5. LIeh->T, K (16) BEURAXNHKILT 5.

J' (A = Ax) = Uy(z), J*(s) = U[H"(s)] (19)

TTT, J*(s) # U [H*(s)] ICHERET 5. FHEDVBOLLR
WDIX, REEDBIRE & vacation FEDEE (V- AHAR D
BR) HE—RZITlE7 <, vacation FEDRZER L DFRR
HEE (J*(s)) SIRBOBRMFEROHER (V,[H*(s)])
NELLI WL THS.

5.2 SV EFIVTD J*(s) DEH

RI< single vacation (SV) ET IV TOMNZITS.
Iy MIGORORBI PGF ZH72ICEET 5.

U(z) : MRIEHARIIR THE (= Y —E RBAAEF D D Qo
OFFBITy VG {51 =1,2,3,---} D PGF
(: Zzl ")bz@'l)



U, (), Q(z), Qu(z) & multile vacation (MV) ET )V
ERUTHBEDT, U,(x) idX (11) T, £, Qz) =
H*(A = )x), Qu(z) =V*(A—Az) THZABHNS.
Y —  NHMRIRRERE IS 1 D&/ + OBIE DR
R q0 L,
go =V*(\)

T, &5, KRBBRBRETONY 77 Qy N TY—E
ABFESTWBINT Y N0 THBHER py %

(20)

po = ¥,(0) (21)

LREHRTD. TD2DDE (qo, po) ZERT HDE, ¥—
INHF— R EZBALTHh ORI — BT ETOD
—B# (AT IEA L) B, SV, ETFIVE SV, BTV
YTCRERZNLTHD. DFL, SV, TFILTE, &
BB THRES T Qo WZEDBEE (RIERIERE SR T AT LD
22 THD, HOERIBHRIC 1 D&y RBEE L),
Y D HEIREEIC I B DICH LT, SV, EFIVTIR,
RIREFRHIC 1 D878y R DOFEDN T ST —H

HHRIRBICBITI DT po ZERT SLENZES

DTH%.

FNFND single vacation T T IIC IV TROBEHRI
AR D 32D,
(i) SV,

‘I’(Jf) = {wv(x)_pO}Qv(x)+p0{Qv($)*QO(l_"L‘)} (22)

(ii) SV

U(z) = ¥y (z){Qu(z) — qo(1 —2)} (23)
Ko T, XD U(z) DEAEGEREES.
(i) SV,
U(z) = ¥[Q(2)]Qy(z) — pogo(l — ) (24)
(i) SVy,
U(z) = V[Q@)HQu(x) —a(l —2)}  (25)

C ORISR OMAERE A IORE. ThED J*(s) B
RETCEEND.

J(s) = Wyl —s/N) = UH*(s)]  (26)

6 FHEEM2HmORFEN

- R—=2 kB M/G/1 VAT L TORFBER 2D
LST W*(S)IW/G/I %J;{TODJ: ‘5 L:E%j‘%

(1—p)s

s — A+ AH*(s) (27)

W*(s)m/an =

BRI RFEAER 18% (2008)

7z, MV, 8V, SV, £dic, RDKSIC z(x) ZiE
£9 5.

zo(z)=z, 0<x<1,
Zk(-'r) = Q[z/c-1<x)}? k= 172737 Tt

T, FRARRIEFEEIO LST Ry (s) ZRDOK S ITE
#LTHBL.

(28)

ngzlléiﬂ (29)

5, FRARKIEHRRED m RERZRDEL 51135,
Y1)

B = (30)

¥lC, —XMER E(RY) % E(Ry) LT 3EIRAVS.

Theorem 1 (MV) ‘
multiple vacation (MV) &7 )LD BRHEDHD LST
ZRDESICERDT.

W*(s) = W*(s)m/c 1Ry (s)J*(s)
J*(s) =W, (1 —s/A) = U[H(s)]

U(z) = [] Qulex(x)]
k=0

(31)

Theorem 2 (SV) ,

single vacation (SV; BX U SVy,) EFIIVORFHEM Y
D LST ZRD & H1cEDHT.

W (0) DEMARNAREZ, (18 B 22 I niz.

W*(s) = W*(s)m/an
mi + (1 = m) Ry (5) T (s)]
(0)
1-p
T*(8) = Wy(1 — s/\) = W[H(s)]

(32)

g .

Uy

SV, DS, HEETERTD Y 77 Qo TOMHS
Iy NG (z) RO & S 1c5% HhB.

U(2) = [] Quler(@)] - pogo(1 - )
k=0 .
' (e k—1
—Podo {(1 — zu(2)) [ ] QU[Zk(m)]} (33)
k=1 =0

SV DFE, KR TEETONY Ty Qo TOREH
I MR U(z) BRD K S IcEABNS.

U(z) = [ {Quler(@)] — qo(t — z(2))} (34)

k=0
ZDESICLT, Y= MIEDOFETIVCBIT B[S
RO LST W*(s) ZRALTENUL, 2T BHF
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BRI DT (—IHEER) & ZREEDPRD KL S IKRD 5
ns.

' 3 dW*(s)

EW) = (-1) B |, (35)
B 2W*(s)

EW?) = (-1)? TaE |, (36)

Ric, FHRBOBEARERT.
Corollary 1 (MV)

77— MM ¥ multi vacation (MV) EFNVICEIF S,
HRIED 1 &R E(W) BXU 2 XEER E(W?) 2D
X51c135. '
o)

AR®) puh

EW) = iyt T, (37
EW?) = EW?)men+ E(RY)+E(J?)
EW)ym/enE(Ry)
+2- + EW)manE(J)
+ E(Ry)E(J) |
AA3) [)\h@)]? M @2 43
T O31-p) 20-p2 20-p2  Bv
(1+p+pH)peh®  p(1 + 2p)0®
A= 1—p? 38
2)
E(W)M/GAE%
_AR® [AR(2]2
B0 e = 50— aq—pp (9
E(J) =9 (1)h

E(J?) = 9" (1)ph + W' (1)Ah?

TTTD W(1), ¥'(1) & MV EF)ILTOK (14), (15)
EBIRENTZ.

Corollary 2 (SV;)

77— Mt ¥ single vacation (SV;) ETI/IVICBIT S, #F
BEFED 1 XHE R E(W) BXU 2 XER BE(W?) ZRD
K2c1§5.

AR Av?) puh
EW) = 2(1-p)  2(pv +pogo) 1-0p (40)
EW?) = EW?)mcn
+(1 —m)E(RY) + E(J?)
+2(1 — o) -

+ EW)pmanE(J)

{ EW)m/anE(Ry)
+ E(Rv)E(J)

| o

HQv [zk(o)]
B k=0
Podo = ——— o1
1+ Z {(1 — 2z,(0)) H Qv[zj(o)]}
k=1 j=0
_ Podo
*~ pu + 100 (42)

E(J)=U(1)h

E(J?) = 9" (1)ph + U (1)Ah3?

\I"(l) — Pv1+_pOQO

(1) = (2ppvp+ /\th));l)f;(l) + A%

Corollary 3 (SVy)

27— M & single vacation (SVy) EFI/VCEIT S, f+F
BEED 1 XER E(W) BEU 2 XER E(W?) ZRD
51185,

AR A2 wh
By = 2(1—p) " 2(ps + 20) 1p— p
EW?*)m/en
+(1 — 7o) E(R%) + E(J?)
+2(1 — mp) -
EW)y/anE(Ry)
+ EW)menE(J)
+ E(Ry)E(J)

(43)

(44)

do
Pv +qo0
E(J)=9'(1)h
E(J?) = 9" (1)ph + ¥ (1)AR?
) = {2p(py + qo) + NP}/ (1) + A2
= 1

o =

\P,,(l

(45)

7T FE&H

FHITHIT AT LOBENRET AL LT, /Ny
N DI TERICEB 2V AT LAy M ICER
T HENIL T THEEEESD, VAT LRy RO
ISR 7 &2 REE B & LU THLD AN % fliBhZ
BiEia EHBIFON, EbIC, SEIERRBOL O A%
HE Lle— R Ric X 2 BrhEE T3 [3],[4].
TN LT, Level-Crossing {EiC & 2 ##MTIE, ¥ AT
LABRREERICET 2 PEARENZRIC LT, TF



REBICBIT 2R/ BRDAO LST W*(s) ZEEMICE
BIBBENTE, FHERHO—REL T IHERZ
ROBZET, APVV—IVF « Y—EBRICBWTEE
IRBEEMETH AR bREORED 2 EBMICEHMET %
TENWAREL BB R DD B.

ALHREE 14 & 2) THRELE, F—FDkEV
M/G/1+vacation (MV) BX T (SV) EFIVTIE, KR
DRARER & vacation FEDRFR SN —HL T 5. f
A, 7= Dz M/G/1+vacation (MV) £7I)LT
X, HFHBESAO LST W*(s) B TDOXL S ickko Tz,

W*(s) = W*(s)myay1 - By (s) (46)

EAOFPERNIEAR LD M/G/1 ETIVEDHFET
Ho, YATLAT Y MEIBEOTHBEOEDERL
2 RIROZE 513 ALDOBYEE T TREL 5T N TE
%. GE, AYATLICS— eBA LT T, K (31)
ICRT K DI vacation FEDRIEFEFIN S TOBRRMLTER
DIEBEED LST J*(s) DHNF SNTIKEET W (s) B
BNz, chicld, ALY ML TWSC
CICESTY—=NERD Q IL—EBICABRT EDTES
PRy MEUCHIRRA DD, FIE LISy RS Qo T
7— N IRICE < OZ R DRI ORISR DIAE N TV
%. ZDI=%, RIEBHEARE S S ROKIEEARE S E TD
RERIAVEL 2D, BRILUZ K S ICBIRIERICHTRT %
IRERDBRDORRERE FIFB N TELZC LICKD. #E
BRic, 3K (46) &30 (31) T, WY/ ST A—2ERALT
HEZRITO L, Ny FORERLNEIEBICHEN, F—
M & DEGEOTFHEFBREA Y — MEL OBFE D
BRI LD EIEBMNICRKRELGRB T LRI NI,
CThETHRRNzEI2ic, Y= LBEEZEAL
M/G/14vacation E7 /WX LT, Level-Crossing %%
W3 ET, /87y FOBD K S BN —2 Tk <,
RRIN— A THBZHET R EHEHICK S T LD
RTER. FBBITHY AT LT 358, $985—
EBEVDRMRETEV AT LTOVEELEMTH
5M 5, Level-Crossing LI Z DD ORERTH S C
EIRFIERhEWRY. BRRARAEZE LI, P
FHEXTH B (1) KBNS (bR & 2R B
DENELL KRBT L (K (B) ZEHALTVWADT, /8
7y FOEEERRT Y VBRICH S T EZFML LTV
BH, FHITHIY AT L EORLRNERES [AEnE
DEFANYE] ELTH|S TENTERZ D, 7
OEAEHEIIDEOIENEEDEEZHNS.
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Summary

A situation is frequently happened in our daily life that a user commonly shares some limited resources with
other users or waits until he can use these resources; e.g. at an automated teller machine (ATM) in a bank.
As one of these queueing systems, a M/G/1 queueing model (denoted by Kendall’s notation; “M” specifies the
arraival process is a renewal arrival process, “G” specifies the service time distribution is a general distribution,
and “1” denotes a single server) is a basic queueing system with non-exhaustive service, and has a fundamental
and an important role in evaluation of quality if service (QoS) of queueing systems. To analyie a queueing system,
the method of the imbedded Markov chain is commonly used for finding a distribution function of the number of
users in the system, though an obtained generating function of the number of users is expressed in mathmatical
form and is not easily understandable.

In this paper, a M/G/1 queueing system with gated vacations is considered. In this queueing system, as soon
as all of the users within the gate have been served, the server goes on a vacation, and users outside of the gate
‘have to wait for the next server’s service. Taking the level-crossing method, we have obtained the probability
density function of waiting time in the M/G/1 queueing model with vacations and gated service disipline, more

intuitively than using the generating function of the distribution of th users, and discuss this method’s validity.

key words: level-crossing method, M/G/1 queueing model, virtual waiting time, distribution function of the

waiting time, gated vacations
;



