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ABSTRACT

This paper, in order to minimize the ground waiting time of an Air tanker, the queuing theory, that is, a queue that calculates the
waiting fime under single-server and multi-server situations, was used in the sfudy. Since the national budget and resources are limited,
the unlimited increase of the logistics support service team s limited. Therefore, the number of logistic support service teams that can
adaptively control the ground waiting fime according to the wartime preparation stage or war environment was calculated. The results
of this study provide a stfipulated standard for calculating the optimal number of air tanker logistic support service teams of the Air
Force, providing a basis for the logistical commander to assign logistic support service tfeams to each stage from peacetime to
wartime.
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(Figure 1) Air tanker logistics support system
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(Figure 2) Logistics support for Air tanker applying
queuing theory

2.2 Queuing Theory

Queuing 1 29F 7o] Au]~
ztof el ol whe} Queveol =2 &, A
Al BTk Serverol] AHI2 AIZK T97F ALk

ox &
> o
oo
S
o
T
=

r
=)
)
rlo
>~
[
ot

g olgell Hrh £AE e BT R e 3
FAASLRA W £A0Ae Aotk LA Sol
e st Auzel ke TAd olalN AR
Stz Aol ol H AR AT AN 2 S BN
el Ak AN2E B4 W e ga
AT, ol Wit AUl A7k oFold,

7188 Al adelg YA Ee] 3 22 ’\1"1 =i
TG A2" S Pt ] mE e LA E0|
"13@4 Q714 dE :r“*o}“ 395 Atk ol g
A+E 5—?5333 Al2glolgtal gk AW g o7t o8
W PEES EopHaM Mu|2sls B ALY E
AUtk MEAQ P BA LD S0l AAEHA T4
e Al2" S d71dE yEYASY FE
718 82 Kendall 3%7]%ell w2} Amival process /
Service time / Servers / Max occupancy & %—‘715}04 FAH,
Arrival process= T2 AIZHE=ZHE N = 1/ E(1))&
o]\ &} 31, Service time> A1 H] X /\]ﬂ(}\iﬂl/\ HE
=1/ E©®)= 2Jv] 3t Number of servers= AHE9] &5
o|u)&}3l, Max occupancy+ Hh4& 7t 14 &5

ojmgiet,

(1) Ar2x/det2 R oMy CiEAMH 3 24
(Table 1) Exponential distribution/General distri
bution Single-server, multi-server matrix

analysis
T 8 3 3 g
3L} o|Ake] ey
ot olgel At TEARZIDL MH|A ARZES
HeEY o, w3l i
A . &% =gFo|of, £&
gy | SR RS0l | ST
A uiae wes g HESE Al t 1=
, Queue CHZ|AIZE B2}
Queue CHZ|AIZE cb=
X|T2Z= Markovol
amiE T ajap} i '
KlAt::— —||.7.|c>| [eZks3=1 l:i|-0|> ELI.E} DIEH?I. 710.”
T HE e8= = ZEag|x| ok alzkM
/ YRR | R0 AMH|A AJZHO|
ZHo oifsiEHTa
J|E ME|A ol B
=HEDH T2 22

35



771 R tH7IAIZE H3H Fof 71"

A A A A A A
M M N N N
ololoololo
A A A WA W AW A WA
W H W u H 1]
(O3 3) M f=o| AefNo|=
(Figure 3) State transition diagram of single server matrix
2.2.1 X=X

MEIAARZE SHAAME 3 (M/M/1)

A el A7t R AFEE MR A G
MEle 29 33 o] A9 =R ER djZlE0] A&
of S0123 itk Il A AH 2= 1
F7]13Th =S AH A Bl &2
olm EZ3 H 7152 Queuedl A AH] 2
d2o 24 @ ol dee MvzE
Zol Y F UL pTpiL Aot

rlo
I =
1
T

olth. HEE £ &

- n
F ool 1 e 12 FAET £ 9 2o

i P, =1 @

n=0
A" Wl 7 nol k7 o1 Se FELS Pl
>k AL ol i7le] EAste HA & Pl
=0 A Al=" Wel i 7 no] k-17] 1S &E P

gkn ﬂﬁ-ﬁq.ﬂq.fvdo($4 Faguy

Pm=k=P(n>0)Pm=<k1) = 1 -Pa<kl) (3
Al Z=E] i 0“3 o] A& FE
S§ QA BF HakE 1- f gho] 5298 o

2ol @ 4 A

0 1-p

1 P-7

2 772 7

| ki ﬁup
1-p

TR FAG)E the @k 2ol vkl = itk

1-Pa<kl) = 1-(1-p" = pF = (%)"‘ @

A2 el TSI kT 2 g BB (%)’*+1
ol AzE Wl X457 kP Y FE P = k2 TA(5)%
Zro] E&=E )

P(n=k) = (%)k-( )L = g = G ep) 5)

A28 el

o 27 F N2 (63 2o =ZHth

MBIV = S0P, = np'd - p)
t—o0 . n=0 n=0
P, 14
=(1 - = -
( p)[ngjonp 1= - Pl 1_p)2]
= _P = A 6)
1—p n—A (

A2 Wl 2AY i th7) 4122 Little's Theory
(N = \DE 23] (7)3h 2ol £k

N 1
T=3=7=x ™
Queue®] F3t H7]AZE (§)¢h o] = ALt
W = AlZE A ) 71 A17E - A E) 21 7
S R T B el VY
N R eV
X
B TES TS ®)

AR Al 2z=Ee] 144 N = AT Queue® H
AHG No= 99 #2ol =&

Ny=AW = \—F— - ©)

36

2022. 10



CEEMH 72 22 0|88 ZE277| A4 t7[AZH HSX Hof 7|y
s . 2 5 fEl MG/IS BaTh AulzAle] SR ok
MM NE NCC ANPTE G2 /18P 145 NS Markov
'\_‘_D LA ZRA~E FAA dETh MG/LOA ojn]

GOl

(O3 4) cksAe YZHo| AefNo|=
(Figure 4) State transition diagram of multi server matrix

ep

2.2.2 RFE2E MH|I2ARZE CESAE > (M/M/c)

AR AH2AZE T B MM 1849}
2ol ool WaMMEe] MH2E HL lolA
Queuct ©] t)71A17ke] 871202 FolET s o)l
AN AR 0% o A0 e A3
S MIE A9l E eA) fFRAEA ELE A2
e siok 3 @ oA 2851E A2 4005

p=— 10)
2] (100 1) Zo] yepd & it

A
cp == (11
P )

Queuesr o] th71 A1 (12)8 o] =& €T

N Pyt P
_tYe_ Fl=p Pl
V=3 By 1= p) (12)

A2 AAIZF obd YA 5t 7R (13) 7 2ol
EEdch

Al zE Wl i 34 = (149 2o] =EETh

A AP, )
N-KT-(Z+C _)\)-(Cp‘ffp) (14

Ay 2s w2 o] M)k JEFS lilﬂi M/M/1
ANAE destA 14 ¢ FES 7 5 Atk
M/G/1°ﬂ*1 TR EAAES ioh‘rﬁr@ olnE
PASTA(Poison Arrivals See Time Averages)7} A g-Hr}
SR FEFH7) kY P B8 i YeNd
A IAF G Po 2k B FEahvr & A
A LA RS Aol EZsA & oy AH A
olRBEE EAAY FEFHY] 5 FF 1, E olgs)
AR FEaf7] g EF 7,9 2ok wEkA (15)

10 rul

m, = P, =m, 15)

A a5 g8 PE T fEiAe A
SH7 A5 & 7,5 Foid gk
FE=F57] g Nol (N = njollA N = n-1} A==
A%, F FTFRHI FFAY AU AE B o)gdle
T d TS FRII7E Al A Bl
Akl wel gekxA "o AT MIG1Y MHE| A~
t71gel Ao, Az ¥ AFAIZHE Pollaczek-
Khinchine 3-2]oll w2} 28 4= th 25AY AU A5
W19 SEa 17t 7 ItRlE AI R 7AWl sk
718 E SoA Zdels F555719 dFE ENgl,
TEER S U HE Hﬂl* A7} E[S]e]H, E[Nq]<}
E[SIE F3te] t7jai gl trlEd F5aF71d ost
MBI 2AIZHS T F JTh Aol AE[ AT F
F719] o] Mul 2 A7 ER]S B3 ¥5FH7
A QA A W77 WIS (16)3 o] 528 5

=

;gr
Ty ofn et

E[W] = ENg] - E[S] + EIR] (16)

SR FFFR B NG FoEE B4

A G171 §E 71 A4 Nael 16k A7) 2 2ske
lo

Litle®] H2 ol w} Fa 713 L 7E
A7 %@ A (17), (18)3 o] =

QHFE . AH|AA|ZF CIIAM B S
2.2.3 BT MHIAAIZF ERRIAE] B2I(M/G/1) EING] = AE[W] an
Az AN 2A7 gAY d2e 149 3F
a3 2 & 349 E[R]
TR} £AE A 2E Toks HPow EReT EIW) = 1
A9 AW 2] AT M AN QRS
312 olEjul M3 (23753) 8



CisMe 7Y 222 0|88t 35

771 R tH7IAIZE H3H Fof 71"

AUl A AMEIAFQ] AY ] 2 ROE tAZFe
AAA R)= FolE7 Eoh RO o] THZE 3
S AR o] kS HaL lon o] 4h7hEe] WA
Aul 2 2 o] F S Yehdth AulA $9l 29 &
R HFa2 AH| 2 2] 2HE A2 rd
Aok A MW fFAIke R REE A 5
TEHH71Y A 2238 98| A€k welA ER)S
EW)E (19)9 20)2.8 E&9t}

rlorﬁt_

o
=

O
=

[ed

L ey — L3 g

ElR]= t/OR(t )dt' = tiglzsi

n,o1l ywle 1
Dt L= g HsT w9
A= 285 )

B+t 71 A 7+ol o) 3F Pollaczek-Khinchine ¥ 732
E[W]e} 227) A 2= A1ZF E[S]oll 93] Ha A FAIZ
E[TIE QD& 7ol 45 F AUrh

E[T] = E[S] + E[W] @n

P 717 EWISH AFAZE BT WEAS)
AF C?l 93 229 23) 07 =ZH )

AEST 1HCT )

ETVWZ 2(1_p) = 9 1— ° E[S} (22)
BURICRSE @
e,
=0+t — 1_p)-E[S]

Little’s 3-2]ol w2} ol th7131aL =
Fo} A" A g7]8ta e AA e FE

@4 258 E=Hh

N E[S7
EIN,|= \EIW]= 2(—p) @4
1+ c R
T2 1—p
2
BV = AT = s+ 221 o)
2(1—p)
1+C7 Vs
=p+ 5 -,

g B3 PK BETHE MM t71ge] F4=
U S5 A0 TIAR S R
bz

AR E MU 27 g E 2 YA FEe
F717F 22E NS 2t EokEAH O E AR A Yl &
ZFelaL A AH 2 AR AR S w2 S|t
A AB|2AI7Ee] opd ARKESE AB| 217k T 7] 8]
d AR AMHAFR] FEF71E] o] ARA AR
ojn] ZLAY T Aul2 ol wt A=, S vl
A2 AZEE ] ZEAD A A7k JRe W

A& udt £33 Aquiz 717 Abol= o)
7b AL Aw e Mu2AIZE S A E 2 A7
E[S] = Yu®] UWHEE GE wEth o9 24X AHE
FYH AT H5YHoly =AU E AE oY +4AY
M7t Aelshs Au 2 A2Hl g cpbt 2 P A e
Zlolth MUl g pE Q6% o] =2

p= o (26)

wAE TEFRI 25AY AU 2E v 95

t7lslor & & PM)= 27)F 2ol =F R

c—1 n c
ROn=(% (Ai‘j) +d(a/ ﬁ)p))* @

LAY A2E Y FEFH717 e PR Af-ole
MMc 71 E Al2Ee] & INE AMHE-8le] M/Gle

239 2 AASFA=T loss A2E Q] A ZALY
A7t vg F53-E YERA T Kimura[14]E /9] &
FAY A 2E BE7}E upz] oke Aol = M/Glest
MM/c t718E A 2"e] A8 A& Holi 917]
o A AP E MM Al2ES Y3 dth

AL A" U FEFR7E ¢ ASdde
Lee[4]© M/Glc A|2=H19] £2F TAMIT17] S8t 499
B yE EY8ATE a7 25AY AlZE Y]
nt7} 28 &E PnG)E (28)F 7ol =&Hh

n!

Cle,ep)(1—v)v

c

P (G):{W“)" P, (0= n < 01)} )

38



CisMe 7Y 222 0|8t

0K

Sa/| A 71 HEH Hof 7Y

2 yE o7l AsiA = Little©] 42 moment W2 B85k M/GleSt MM/ce] th71A17F 7ke) A
matching 7|¥ S F &3tk M M/M/c A28, GE e Bo= =9k
M/Glc ANlZ="S oudtty dohd Lg, M/M/c = A

Wq, M/M/c, Lg, M/G/c = A Wgq, M/G/c7} A H =T Bl = c? +1 G gy 36)
o]Z1& Aol thsl 2 ¥ moment matchingS 3HH
@93 #ol =Fdn Ce AuA ABEE) WEASEN EZUETS
AHEE TAbE BE Aol A8 S gAT Au s
p ~ v ST = = = e =5
1—_pW<},M/G/c* T Warnare 29 Az BE g F7F ARE AFWOH 5
TARA7E Y
R2 (30)9F 7ol ot
3. Ay
o VV(],A]/G/C
R= === (30)
W anage
3.1 AJAH gt
24y (293 G0l ofste] 31yt o] =EEn
3.1.1 LR AME|AE Fok
___PR
R, @D & =R ZFAL AH2E ) AdHR, A%
A g, g FERE 5 ABHOR FEFH710
Kimura[14]:= R= 541 €] AH] 2 AH 9] &= c9} ¢ AZHE AL DIk shte 24U AuaEe
IR FH o ko] Au) 2 AjRbe] st E[T+], 3 A WA R gu] ok oA E 2 ek AulAL F A,
a2 A ESIE (32)& EEsith #F AT, AT, 1A, 7% § TR
) F&2 a9 ARAIM GHEte] HulatelA B
limR=c« E[T] - el (32 she FEHE T A HA, 719 Aol delEHE
—0
! B 5 AN L3 U E &k gl
E[T+He AN Ha e Mu| 2 A7he] Hit goz pAEo] gtk 71E DA ZFA YA Au A
o2 (33)9} o] =EHTE Ski= MH k9] ghef A AAAZ AR FFADA A2 ALAS
A7, Ge Rl AHl2 A7) EEFFE ehdic gelate] APAE 2o G AR AMulx vt
ol FHstd FWAHBEAA AHAAN E A2
ET= E[minSpSz, 5] (33) e A2" FAEES Yehw 1859} ko] Uit
= [Ta-cwya A5F 25A QAN £ TFFHI)E AT
0 W Au2as wow Z37t so) o]fF F 9lA
Wang[16]% E[T+]§‘ ?—'5]—}]:‘- HJ'%]T% (34)34_ 7E].o] ‘:’3 E]?]‘ﬂ' E'_)l: ]'?‘Lk]tﬁoﬂ Z%‘%%7]7]’ Tﬂ'_Ez "?]"\L_.;
RETteS 33 5 FFALAMHIE QDA A ghS 2
A B FEALMU2E 30 s A7 F7E
+ gto] FEFH719 AN AN TE FHSFHoE A
AT = ELS]+ 3E1S7] o iPCj s R71e A WAL o]
4c she Zlo] Alzde] 5ol

ARG 4 (D)ol i Ishel B v oI g
£ 408l die PaOE $469)E EERT.

) 1_2 - B0 ()

Pol6)= . C1-p

W W7IME 78] 984 Kingman®] &3]

31T QlEY Hstsl (23253) »



CEMH 7Y Z2E 0|38 SS=7/| X t7[AIZE H3H Hof 7|8

25X @M~ #1

.nu,

Levmet g

- '..-a:h- L)
ﬂ L emr 2,
‘h_‘;&\]ﬁr-u-::?_g:n
. =
IT‘:»ﬁJ smmmmy o o

2 []

v
X AME|A #2 [
..;gm:

L
-

ynt

ast
'ﬁ( SSae, e,
. -
: °..:‘§Fﬂi.=....q;'i‘—é.::
Fa sl ogyemmmny 7 18
CTEE -

B 4
2AX| QM| A #c [N

=
et PRS-

L)

eI g ]
‘i -

. Taw

P L T T T P T R T T Y

(O3 b5) 3ZE7| A AlAH FET
(Figure 5) Air tanker logistics support service
system architecture

3.1.2 Mu|A HMIBHAIZE Fl|oH

TEFHE ATE A0 2EAQ AN A BT
Az okre] 2712 thFo2 AFfalor SER
MBI A 7H] A SS B BT Qs FEFRIIE
4t), 2EFH7)9) FEAAYTE 847 HE T 25
A9 YTA A7 L o5 99 23 AL 7 247
o2ty ARG BEERT) @ U= s AT F
15370 HW TS 5 WAl ZEFF17) ol 53 A7
2ot ZEFHYRE S B a2 £ 309
2EFHE BEFHYRA EJE) YA 3 oo
TEFHE 9T A A4 2008 237 44 247,
2 407 A SER 20A170e] EEAY AU 2 A7
gy "ok WA, A4 BE ZEF40e gee
WEol 9100 A-A BAsA 2047k olle] 24
A ANAE 97 T FEIHIL AZHdE L
g,

3.1.3 Utilization p [t

3 e FFAY Mul AR 9Ye HAZ
Ho QI A, By, G ATz X¥E <
T Houg AR mE

TN

o

o

S

p—

rlo

e

_>|,]_:/

1o

M

2

o

)
2o N oo g
fu rle 3L rlo o

=
2xo] SgE FAAE E §FAA A
9 2

T B A

LA

o2 L ofl ofx
O
ofl
ulS
Ia
ol
oftf
> o
S ol
c - E
~ 2 olr
TR S
g o iﬂ i
= ro e 1 o
MELE
gy Lo o
N x O
lo > o of t_]{_
W = o

o X ox N2

o &

o
Il
%
i)
2
Mo
o2
i,
Auj
o
=)
>
o
ofy
re
o

1

o

o
rir
o
il
i

of of ©

Y
M oge = ol offf d

% % A (ATO) ¢+ ¢4
(ATO) ZL8]3L A8l <
ATO)Z F&Ho| At} zzhe] &
a7k glof vtz AEAsr = AR

Aol 2FAY Au2E By AEH3H :
Aol MUl A Wo e 0= FEFER71S £ E
ALFE p 2 FHEth AAEH AL 364 2,
2014 12 4ol Aol FU A4E AYse
FFAFEZA(ATO) 71 71
Fob 24 F Ao HEote =

Pr-ATO®] HlOIEIE 34 <1§3te] BE3 713

<y o
i)
of
ol
N
>,
N
>,
%
o%
of ©
oo ®
g o

of
X
fo i x 2 Hu o of

Mo
ot
>,

3.1.4 e SSE77| 2 et

fe TFAY Muj2g T
omat fol] Hdel &

N
o



K&t 7AIZE HEX Mol 71Y

TE ougit) o] ko AAAE BES Fale] ¢Ehd
AFFE 7hs Aol AT FFF 7] HdE Tt

(38)F Zo] =& H T

EWM . (f_l)+ (38)
f
A $8 327 deE FAG) 27 718 337
oA F2(38) Fd FF g7 e Aolg
Ueld oz (39)3 7o) =& HTh
Eﬁf e e - Eﬂfi (f=1D7" ©9
f f

FEFH AR 7014 WA e B
S Ut 2549 A7t 2

o)
D=7 (40)
f

H] 3GHA], 29HA, 1944, A A A 7R
5HA= ?l sHER] Aed £ QY 1de] A8F
7 dAEE Y0 289

For Aot £tz g

offe ) ofj
RLw k1
ne,
1o,
N
)
o
N

>~
5
rir
o,
>
lo,
o}l
ol
ey
Ho
N
=i
—d

|o
fil

o ¥ X M Y ko gt
—lOIOE—QJEoEﬁmZ
ko
oX
i

9 s g
Fod pA A HEUS BAR o
E}—

[
RN
b 2
{.; <ot Em
o Jo = H
el
o, Hu e i
" 3
by ¥

2 |-
JEHU

FRR7) AN, 937
2o
H=

E
N
ol-}(: _Iﬂ‘, o

> X
Rl

=]
AT A=z Sl

2

o
AA
7ko] 2QFBE oE
715 712tH7F Mu| 2 &5

B ‘Qﬁ%i 'S%:“’ﬂ

=3 Fﬂo jﬁ 4
(TN

]
ol
ol
—_
[\*]
=
(@)
e

o rd
—_
e
ol

o

o
&
30
KT
SU:
&
rTg
b

oft
L
i

MN
=2
>

N Koo by
2

1x ol I oft rir
e
= 5
s
k]
ok
4y T

_0|L

rir

I

251

N

offt

g ofl

L 2
rlo o
5y
2 o
_>L

> OH
oy *
ol
o
N
>

N

HN
e

3
=X
i
o

o
&
)
QL
paed
T

-

3ol =
FT719] fFrdol B JoR AvEn. A4 it
o el M 19739k T VFESR
P37 LHES A8 69 71T L UFE AT
A% w13 2ol 69 71 ool 5717k F-F3E
He As g8l ARE EAITh

(£ 2) MUAHE 27| oo 2 FFS
(Table 2) Aircraft idle rate according to attack

AABERAD) | FNFFE%) |6871F T
= (1950) 44 2.6
LA (1966) 35 2.1
A (1967) 30 1.8
LA (1968) 15 0.9
T (1973) 100 6.0
A (1991) 4 0.2

HAA A AAI7EA] 302 €] 717be A, AFEEH

5

Me, TeA, T8, 24 % seAZ 72k
WA 629 717ke] FoIH I AT PlAL A A
4 93712 AGT B2 & 5 AFA0) vgn
g s BFNN AUAS MY FAS FEAS
o2 2t AME 6 B/ FF YA
AL 62 N1 % 7209 BFFR717E St
5o 7 WA 1209 FFFR17E 44T

Z7hsl 92 Theel ®204 BAT 5

71E
2y
45
=
ATt

(£ 3) BA-EA Y 718 S55771
(Table 3) Phased available Air tankers

oAl el | EH (A Al

1~6% [7~12¥[13~18%(19~24YU25~30Y

FEEF7IA) 7200 | 7290 | 7200 | 7200 | 7249
FFdE71B)| 6l 6th 6th | 6th 6t
A-B 129 | 129 | 129 | 1290 | 129

whepa] A, {—Er—frﬂ] MeA, TeA, TeA, AA
=]

F SWAOIA S 4FE5E $e7 dasel
RIS %&—2—715 12944 Z718PA Hlof 2549

41



CEMH 7Y Z2E 0|38 SS=7/| X t7[AIZE H3H Hof 7|8

Aol olot G719 vt wAER
2748 T BRI A 2E p 10007 A4
p W< 0.95, 096, 0.97, 098, 0992 =3t

_h r;'L %
Jo &

o
7
A

o

1A 218k AulA A9
M=m+1

2232707 A=t } 4.{ ZaA9 AU A A

Collect,
MEZ DA IS
nEE HB|AE),
m (THEHH A=)

MBF TA AR
n(Eg HE2E),
m=1 (T MH)

i 2 R L1 Bt
A2 2 RAZH Ty) 278

Frint,
Ts (A2” & 2242

m (AH A=)

Print,
Toe (A 2E & 22T

m (AHA )

TSR Z2AH Abl2 TE=w7 Z+AY M2
#E T e A8 T AHEH

(O3 6) 3587/ Xl Md|A 58
(Figure 6) Air tanker logistics support service flow chart

4. 4597t 9 Y

4.1 AIZY0|M AlL2|2

B =R ALHE 72 715 9 ol5L B
7o) Gelatalnt, F4A9 Ayl 20 el TEEH7)
ot p4AQ A28 S 27 WS A colth, 2R
el aE g A7 @ e TEEE Aelan
AT Ml AL polth 19 A7 E 3

F47) AT A 207, 234 97 24702 A9
Lol 2041 3bo] e} A1l T 1A T, ©
529 AU 22 Aok L FES Ay 1))
Z347] % A9 25AY A 29 F csh o] WF
ol v&owﬂ A28 t7)A17HS Litdle's Theory S 44

~

s

oﬂ Ml orek ofy Rl fe 1o o

oltt. ©UMH L T ] th7]

T /\ K
efl 4] %%%%71 S RTa PA P Rd s R R4 |
p

Z’:
"o oo ngaoaa 488 Ay
/\(1 p) pik o2
o 2aAY A ADEWE @ A2 10
B R T I P P
2878 200 ez Ageel Axd
b Wake Bk ABAL FBE 4
Sheith Eo, BAAN A9 B
Aol E FA5H7] Ashel 279 A
27 RS AN A9 2RAL AH 27 )
oPHL TN 818 FEHA AEATE 95

l-:l

skt

(Z 4) A= AlZ2folMd A& uf2loly
(Table 4) Queuing model simulation application parameters

i 9] H DM | OFAE | ] AL
A pMET) ITER He
§ 2R Au s A g 1 1 ek
c | EFAY AuH|ze] F H
Tax AW A28 O71A7H 20 20 7FR R
AL AP AE
P | Adam g ag | b | Mo |wE
T [weane Aze g wa
n—A
P 1
W [tsAH Al )7 |A7H Q I
mpu—A\
T o) 7128 & (Queue) WA p .
QB FEER WY (=) o
7120 2(Queue) WHell A PP, N
W &
9 |G FEER) 7 IAZY Ni—p) | °"

4.2 AIE0|M
4.2.1 M/M/1 My 7 22 Xg

AN (N =D 18 72 BR 2449 6|2
PN

N . ) . W) 9 15 FEFRIE 285, 5 A
st W4 _)\ olt}. thEAw AlAH t7]A|7F A AHEE(p)o] 74 A28 Yol A B 7] A7kl

NFFSRA0E ZHEE FAT F Uk A2 AEE
42 2022. 7



CEMH 7Y Z2E 0|38 SS=7/| X t7[AIZE H3H Hof 7|8

(p)Z 09l 12 S7HE FHad7] A7 10022
Tt Stk 3.1.2. ATHIZ A SAITE AlQEeA] A
ARl M-HA 5Y %P A 20417 ol F5AY
AMH|2E S5 & %717} AEAs)oF stB=

HA U 2FAY MEAE

(3 7) MM/ M EZHolA pZt Bisto]] w2 AIAE]
CH7 [AfZH
(Figure 7) System waiting time according to the

change of p value under the single server
in M/M/1

(ag 8) M/M/c EFEAMH SZHolM pzt Bislol| 2 AJAH
Ci7 Al
(Figure 8) System waiting time according to the
change of p value under the multi
server in M/M/c

4.2.2 M/M/c cisAM 7 2Ho| 45

1H 82 A MBI AE ol WA F4tol
A TEL W GAMB(Ng=1)S ML B p

ol F7Kgel wel Al2"ol A Hagt) 7] AlZke o st
A5S JeEMI Atk DU (Ng,=1) THEAIHE
A2 ARS-E(p)©] 099014 12 S71ErRE AJZF] WiellA]
7] Alzke] 7l o2 215 ER1E 9l
AAER] MEHA(p=0.96), AAFH] [HA(p=097)L UH
247l HFAZE 208 TEA7)71 A& FFAY
AUl 2" 27 o] folojok gtk HAFEH] T A
(p=098)Y o, A7) HFAIZF 208 5417171 S0
TFAY MBI A”E 37 o)ifelojop gttt HAl(p
=0994 o, A7l HFAZ 208 FFAI717] S8l
TFAYL MBI 2" 57 o] ifelofof sttt

4.2.3 M/G/1 HIMef 72 2d X2

GAMH(N,=DE 18 95 Bl 25 Mu2g
w7 9 h1Ee] FEER1F e E, &
AE 2 ALEE(p)o] F7HEFE Al2E YA Hi
7] Azte] NeFFHeE Z7HEE F3ad &
AT MH2 AFEE(p)= 0 |
7] A 98602 6}1 Atk 3.12. AH
A GAIZE AP A AF 3 3
20A17F ool A MBI A 88 & FSFA717)
ANEA3 ok TEE p Zho] 0952 FAI T 20417 W)

i >[n

) o
Utization

(38 9) M/G/1 LM 2ol p3t Hslol| e AIAR
CHo |AJZH
(Figure 9) System waiting time according to the

change of p value under the single
server in M/G/1

et QlE|Hl HE 3| (23753)

43



Sa/| A 71 HEH Hof 7Y

Jeing Model when when = 1

Average Time In System for Multple Server Queu

(33l 10) M/G/c tiEAH ?éoilﬁ pak HiSlol| 2 A|AR
CHZ|AIZE
(Figure 10) System waiting time according to the

change of p value under the multi server
in M/G/c

4.2.4 M/G/c CisAH 7 2Ho| 45

2

19 10 AL Au 2 AR el Bk &
A2 Fxdu GAdNM(Ng=De AN 73
pikel F7 el wheh Aol X e 7] A7kl o
A5e eI otk BB (V=19 TEAH
MBI ARE-E(p)©] 09914 12 S7HEFE Al 2E )
ol Gt 7] A7ke] Zlsta s R FUHeHE 89
F Atk AAEH MEA(p=096), AAEH] TEA(p
=097 wl, AFH7] HAFAIZ 20 FFHA717] 930
FFAD MU 27 o] olojok gtk HAIEH]
HAl(p=098)L ®, A7 AT 20& FHAT)7
Al AL AHI2"E 370 o] iFolofof gtk A
(p=099) ], AFh7] HFAZ 208 FFA1717] 28l
FFAL MH2EE 570 o) golefof itk

o

rlr rSL o

-, =

4.2.5 Mofzk =8oll me XAlh| AlzH st

B 2 2F 244 Au2E @] 99
WEA BEFRIL ZNESE F, A2 AEE
() Bol Z7hgel Wk A2y Binls] Azre] F

HSHaL itk ST BEA (N =2, Ne=3, Ng=4,

Ngg=5)Q 7% Azd9) 45ol o $5ake ddA

B ojul Alzgel A Bat) A7) gad weld,
z

MUl ALEE(p)Rte]l AZFE AT Aol7t AA
2 AEe $AF F AUk o AFAE BAS 2W o
TAME &Y *1H1(N5T—1)EE} g U A5 714
IS A

r'
¢
o
e 8,
oZiFEmIO
= = [
et
N
N

[y o
T

A AFH 2GR G, %1 a‘ﬂiA &
HEo] A5S 7MEte] AP &S B Eito] e
BEZ 7pgseh ol dAMM(N,=)e T e
Mu2 AMEE(p)o] 099014 12 Z7184E A2 ol
7] Aol NeFFEHL R Z715He g9 4 9l
ok HA(p=095) TEF 7] =FAY Mu2gbe |
AL wl 2407 A A28 d7) A7 208 S5
SAEE AAEH] MEA(p=096), HAAIEH] T@A(p
=0.97)2 o, A7) FAEAT 20 FEA717] Y3l
A Y M| 28L& 7)) o] Aelojof ek AAFEH] 1
A (p=098)2 wl, AN HFEAZ 20 FFHAT)7]
3 TEAY e8> 370 Ol“c’lfﬂek gk AA(p
=099 o, A7 HFAIZ 208 FF5A717] 30
FFEAY AH| 2" L 57) o] Afolook EJE}. ol2AM YF
AWMU B9 Mu)2 AMEE(p) o) EoAE F54AY
Au 2 A FEFA719 A 71412 20412F Sl
AEA & 5 Itk G GEMEY FS

AzE el 5T FAT 5 ATk

_>L

ZaF38(Reference)

[1] AEls, T=2AdW) AdAsta dstEs
#3+4, 2010.

[2] Yoon, Bong-K., Kim, Nam-K., Chae, Kyung-C., “A
Mlrcroscopic  Application of the Little’s Formula”,
Journal of Korean Institute of Industrial Engineers, vol.
25, Issue 1, pp. 125-129, 1999.
http:/fwww koreascience.or. kifarticle/JAKO199929464078542. page

D

4

2022. 7



CisMe 7Y 222 0|8t

0K

Sa/| A 71 HEH Hof 7Y

[3] el=%, 7ol &, , AlZvhkzd 2, 2006.

[4] "GULF AA,, 5 ELER, pp. 254-356, 1992.

[5] "werdd,, 718474, 2021

[6] T=felrt Fol,, =0 dHFAtaday,
2021

[7] A73%, &8+, AN 599 542 bl
g7 A4 sddF AE7E A7, dEA
g 283, pp. 117-129, 2019.

[8] Young-Su Son, Seong-Woo Kim, Bong-Kyoo Yoon,
“A Study on the Criteria to Decide the Number of
Aircrafts  Considering Operational ~Characteristics”,
Journal of the Korea Institute of Military Science and
Technology, vol. 17, Issue 1, pp. 51-57, 2014.
https://doi.org/10.9766/KIMST.2014.17.1.041

[9] W, 158, 24, 8 974 % 74 Tl
o HE7 7L 28 Oi]é R A9, 2AAHA
T, 24(D), pp 81-95. 2016.

[10] £319, &84, “2&7HEE L A oAF7
H) $F d?—”, FZRA2E2AE, 16(2), pp. 105-120,
2008.

[11] ©]¢%, “olzta A} it <tr; olgka A4

A9 Agts”, 7GR EAAFL AR AT,
46(2), pp. 55-83, 2003

[12] 258, 57, “$459 /198 29 289
B Ao 73_4171 $85F BAY, 9B,

36(1), pp. 3749, 2019.

[13] Seong-Woo Kim, Bong-Kyoo Yoon, “A Study on the
Optimal Allocation of Maintenance Personnel in the
Naval Ship Maintenance System”, Journal of the Korea
Academia-Industrial cooperation Society, 16(3), pp.
1853-1862, 2015.
https://doi.org/10.5762/KAIS.2015.16.3.1853

[14] Kimura.T., “A Transform-free Approximation for the
Finite Capacity M/G/s Queue”, Oper. Res., Vol.44,
Pp-984-988, 1996.
https://doi.org/10.1287/opre.44.6.984

[15] Lee, H-Y. and Hur, S., “An Approximation for the
System Size of M/G/c Queuing Systems”, KORMS -
KIIE AUTUMN CONFERENCE, pp.585-590, 1999.

[16] Wang, C. and R. W. Wolff, “The M/G/c queue in light
traffic”, Queuing Systems, Vol.29, pp.17-34, 1998.
https://doi.org/10.1023/A: 1019171711535

[17] J. Virtamo “38.3143 Queuing Theory”, pp. 1-34

[18] Allen R, Dantzig G B, “The Allocation of Aircraft to
Routes An Example of Linear Programming under
Uncertain Demand”, Management Science, 3(1), 45-73, 1956.

https://doi.org/10.1287/mnsc.3.1.45

[19] Baker S F, Morton D P, Rosenthal R.E, Williams L
M, "Optimizing Military Airlift”, Operations Research,
50(4), 582-602, 2002.
https://doi.org/10.1287/opre.50.4.582.2864

[20] Choi J H, Govindaraju P, Davendralingam N, Crossley
W A, "Platform Design for Fleet Level Efficiency”,
Naval Postgraduate School, Monterey, 2013.
https://doi.org/10.21236/ada613052

[21] Takagi H, Queuing Analysis, Volume 2:Finite Systems,
Tokyo: IBM Research, 1993.
https://doi.org/10.1007/springerreference_65597

[22] Adve, V. S. and Nelson, R, “The relationship between
Bernoulli and fixed feedback policies for the M/G/1
queue” Operation Research, Vol.42, pp. 380-385, 1994.
https://doi.org/10.1287/opre.42.2.380

[23] Ross, S. M., Introduction to probability Models, 5th ed,
Academic Press, San Diego, 1993.
https://doi.org/10.1016/b978-0-12-598455-3.50004-0

[24] Whitt. W., “A review of L=AW and extensions.”
Queuing Systems, Vol.9, pp. 235-268, 1991.
https://doi.org/10.1007/BF01158466

[25] Wolff, R. W., “Poisson arrivals see time averages”
Operations Research, Vol.30, pp. 223-231, 1982.
https://doi.org/10.1287/opre.30.2.223

[26] Shaler, S. Jr. and Richard, W., “A Survey of Markov
Decision Models for Control of Networks of Queues,”
Queuing systems, Vol. 13, No. 1-3, pp.291-314, 1993.
https://doi.org/10.1007/BF01158935

[27] Lee, S.-H. and Lee, L.-G., “Heuristic Algorithm for the
Singlemachine Scheduling with Periodic Maintenance”,
Journal of the Korean Institute of Industrial Engineers,
34(1), 318-327, 2008.

[28] Military Benefits. (2021) “DEFCON Levels” [$1-8¢
b 2021.11.29.]
https://militarybenefits.info/defcon-levels

[29] Government of Canada, “Canadian Forces Aerospace
Shape Doctrine”, 2021. [Q18YU=F 2021.11.29)]
http://www.rcaf-arc.forces.gc.ca/en/cf-aerospace-warfare-
centre/doctrine/ad-b-ga-403-000-fp-001-chapter-5.page

[30] Global Security, “The Air Campaign”, 2021. [2]&<
2} 2021.12.4]
https://www.globalsecurity.org/military/ops/air.htm

el

1= olEll B ats| (23753)

45



CisMe 7Y 222 0|8t

0K

Sa/| A 71 HEH Hof 7Y

OXN X200 0

£ 2 A(Yong-Sik Sohn)

20060 SEUEtw W71 AAFE (FEA

201591 A5t AYgoietd A8t} (FFEAAD
2018'3~20199 FEE TR FRAYUET
2020~20219 3 A5EFF7 SR Bt
2022 AM gt dutete g3kE et (F-5EAh
20223~3A] FTEE 7S BFER 25

T4 EoF : Packet Optimize, IoT, Al, 5G

E-mail : suavelO@yonsei.ac.kr, suavel0@mensakorea.org

H 3 E(Jong-Moon Chung)

199214 AAM st AA-F3t (F8HAh

1904d AAlgsh AA-EsE) (FSHA

19999 Pennsylvania State University, Electrical Engineering (&3}

19974 ~1999' Pennsylvania State University, Electrical Engineering, Faculty Instructor & %
200051 ~2005%d Oklahoma State University, Electrical and Computer Engineering S-al42(4\d
20059 ~AA FAdSt A7 AAEEH e dRA)

2011'3 ~ &4 Editor, IEEE Trans. on Vehicular Technology

2013\ ~ & A KSII Trans. on Internet and Information Systems (TIS) Co-EiC

20159 ~ A AAEt Y SHEEESETHE FIdus

2017'a ~ 34 Section Editor, Wiley ETRI Journal

20183 ~AA AANStw FFHehet 75t

20199 ~ @A) F=AHNF R3S (KSI) F-3)7%

20199 ~ A At oAt St ad (AT

2019'3 ~ 34 IEEE Consumer Electronics Society 3]%

2019'd ~ A Senior Editor, IEEE Trans. on Consumer Electronics

20213 ~ 37} IEEE Product Safety Engineering Society 53] %

FAEF . FATFAL o558, Ad Hoc, BHO|E, FAlHL

E-mail : jmc@yonsei.ac.kr, jmc@ieee.org

A
Ly

46

2022. 7



