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Abstract

This paper studies the optimization design of airport security-check queuing lines based on the
passengers’ risk classification. We develop a simulation model of security-check queuing system
with two types of inspection channels, where the risk threshold is used to differentiate the incom-
ing passengers into two risk classes. In addition, we perform a sensitivity analysis to study the in-
fluence of the decision variables on the average waiting time and the safety level for the proposed
security-check system. In this paper, the interested decision variables include the risk threshold
used for assigning passengers to different inspection channels and the number of devices in each
inspection channel. This study presents an optimization strategy for balancing the customs clear-
ance efficiency and the safety level. In the numerical experiments, we conduct a series of data
analysis on the alternatives, which reveal the relationship between the decision variables and the
overall performance of the proposed security-check queuing system. Finally, based on the pre-
sented sensitivity analysis, we put forward an operating mechanism to optimize the proposed se-
curity-check queuing lines, which could provide useful suggestions for airport security manage-
ment in China.
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1. 5|8

W EH BT — RPER L SRR RIR S PPl 5 RS 2R, HREUE A& R4
At T RURIE B Tt R PR BE M L7 1) 22 4 /K o S AR SR G 4363 R AR Bk KU M B %8, Wl e
R AR B B SRR K . By Y830 43 iR 2B VAT o0 R AT Z A AR fm, B R RS R
Ja%E 8 I TG R AT (O T7E— & WIBR P9I 24 BRI o 7™ A5 AN TReAL R A s 383t 2 5 iR R g
BRI AHSCHET 1 Ui S A5 BAEIA L, K 75 ZEN N PR 3fe A RO 44 B RO R 22 EE H
FEILEG, H 2018 45 H 1 HARLE— 2 A PR P 1 bR ) RF e 7™ 3 R A5 NS Als IR s 4%

SRIM, P2k HLE B 2 A AR 7] R 5 BH LI NS5 Wi A2 A6 7™ B30 B 1) R, 8 G ik 2 Ik BA S5 15 22 e
A S K SR BN IRSS JoT& R SR R TR G A K e i is i A BE A R S 1 L. DL IR
), &z % % 4> # 5 (Transportation Security Administration, [&FK TSA)TE 2016 F32 % 1 M%)k &%}
R R HERA IR BIHE VY, Rl R 7E 2 N aF B B /R [ BRAL3%(Chicago O’Hare International Airport), B %
AMRKIEFERFR S, TSA N T KERR & OUHENI ) 2R & Lz kd 142, FFERPRINIIgIEIR 1%
R 03 o TAE A B OB SRR T T, B S5 BerE 2 = m A E AN RAR KRS — RS UG 2018 FBUN T
PEFR R, Fa et “—ar — B8 7 IR RE A E, R BAOE G [ 48 = 2 — M B br. H
SRR, WAl R AL 2 A UG 5 B -5 3 S R il o B B (P 98 R A

AL F B (ESBE T E RS “ =17 HEdt Rl S WO 7 R RE A (B K& [2014]168 5)
AT 58 Bt Ok T80t R AR SCREAM R R I T R L) (R [2015]16 5 ) K5#f, 723 BNLI% 22 A (1) AU
ZARNKPFHERMEHZET, WRBRZAN RGN TREE . AHF TR R & RS AR A TR IR LR
% BAEEFH AT R, PR B AR AT Ok A HE A RAEBEHAT A, I REZ
GURRIN, AR E BAT RS 22 2Pl L TT %8 o AR R Z2A SR R PR N, & S AR R A
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2. ERSMEXICER
2.1. REFRSTEMR

H 1998 )5, ZEEMLIHMME AL H 1T HHL I & R Gi(Computer-Assisted Passenger Prescreening
System, f&#% CAPPS), K A\ GiiR#E CAPPS &A% R G ¥ Pe i I8 Xk % & 70 15 5t A AL ZEHTEL
PRE DT SR BEE TR, AT RN E SRR IR . B TRIRRSE S, RN B2 SR /AT
BHp A, FRNEEHITZENERTFZS%, MARSER P LR L2k & (5% A
MBI ZE R, S EONE B A R PR 22 A0 2

McLay 5[ 142 HFIH B R R HUCIRIRIIRSAE, PROE ISR X/ AA R R a9, XSE &
R ER T . Virta 2P0 R BRI AW 1EH ANik(Selectee) FIIEAEH A ik
(Non-Selectee), FFARHEFL G IR AP ) 2240 . Nie SE[3 G B AR Hl%
K618 18 (Normal Lane)Fl /A% 242 #6118 (Selectee Lane), oA JE 2246 18 18 AR B L FR BN TRk, 1 A% %2
R TE (ks 2O RO P BB . Wang [4146 8 1 ol &5 9008 0GR 25 22 Rl (R oF B L0 LAY, 5™
6 22 K8 T AN R A e R TE LA 1 T . McLay S5[515 A RSS2 FEAIA A 1 2 A, 1E
Wi S TR SR URPR G ZUT B AR Bt B DI 1 e 2485 7 S B i AL

YRR R ST A SR () R Bk My, Shafieezadeh Z5[6]42 H— B XU FE 284y,  DLEE LI 2
(RVEER 2 o L TR A M LR % 1K AU:, Bagehi #1 Paul [718FFiH1I% % 42 BHUR I S AL &
Wang [ 81538 ¢ 22 K 1n] @ A A4 jl— B AR Y, 30 3 U B B ) e 5 0 BT 7% . Lee Al Jacobson [9]42
T PIRE SR A B A oy O SR EG : — FlONERAS B EES,  BIFERR SRS T DU 8 R A ik 2% 27 i
BEAL ARG E G FINLRAE; 79— MOASIAS ISR, £ B BEAT 73 FT (Transient Analysis) ¥ € ik 25 18 R S B,
DAY TE A 4R L3R AR A5 B AE 2 A A R G I ] . Wang S5[ 1054 B2 4038 O 22 o 1) 8 3L R
SRR, TIF 7T AR A 1 38 e KUK AN SE 1 I [A] 953 5% » Kierzkowski A1 Kisiel [ 1175 H— Fh 3L T HOH 12 H (Fuzzy
Logio) NI % R4 % H RPN, B ER DT 22k R IR S5 7KF- . A S AEEE A I 25 %

70 [E 235 A R 78 AR LR b, B KT [12108F FU R W W3 A iR B AT 2 2 IR 2 55 oy
K, AL BT SO iR e, RORIRE T LA S 2 (I R, SR AL R B et RREE
(I3RS ML, X LA WL 2k R PEREIEAT 7007, 4t DUBR 25 XU &5 4 9 ik s 1) 73 21 e A
o R B HEAS [R] XU 25 20 40y e AR iR 2« v JRUISG e 2 ATVIG XU i 250, A [7) PRI 8 20 ) i 25 SR BN
(7] () 22 e 7 2o TR B 5 b I [ 145K FH B8O 42908 10 777 9% 8 St 0% XU, 73 SR FIUIAR Y, ok g s 4l oK B gk AT 73
e, RE AR UG PPAS A o X AR QA5 15 TR [l P Ah 273 X AL e A DR 2 UK 73 280 7, 4R
HIR 2 73 B O BRI A RGEHEE 77 & RREH R . RIS 2 EE R EaT .

22. ZRARGHEMR

[ A Aha2 )i N T AL L BORSRAIR Rl R AU, DAl R P, SR Tl e AR i B
K, 2 R G EIE I EL N 5 R G A A B R R 2 — o FEE P RAHSCHT T, (UEE SR
(16147 it HAT M 2 R Sl RIS E 8 UK I EZ g4 . ¥ IRREE(17]132 T CBENL Petri
POAN R B, X RIS 22 [ BRAL Iz ot 6 A i 2 22 AR REAT A S TSRO M o MR AESE 18]
N BEARHUIAAT 2 22 A I (0 s AN A, M) R R R 20 A SRRl v VA SR AL BIE A2 RS TR), 1A s W T R
AR E . FR(191E Petri WONERBE T A, 257 7l AR EBYUIARE T FREMT E RS Bk
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B

B R ZE[20] 5] A REAUHEBA IR &, B TH BN LR AT 3R E AN A R GBI 78 5 5056 .
FFE (21 BB T N AIME O 2k R IS AR RS A B SC IR AR OGSk, i LB TR 2 R A 8 Ok %2
R HIZEREE . Wang Al Lan [22 ¥ HLIZ IR 73 =AU 55 2%, Arena 7 ELARIE X IR 200 R 4t
IFEHEAT O A, PPN AN [F) SR B P WL R 2 il O 22 A R PR RER I

BRI % [ 22 N T AL BEOR T @ 8 R A7 T, 2 A e A R 48 i vk L7 F0AE
A, DU FCIE G R ERA AL SRR . B0, de Lange SF[23 1R HTHENUG B SLE, AT SIP NI 28
TE I REHE A ZIZ 1T 2% . Boekhold “5[24 18 RO tH SALOT EAAY, VPG E NI 2 2 & R4t .
Dorton [25]K F B s 44 A< L (Discrete Event Simulation)F1HEBA 2%, FIH TH BN F A Arena 5T T
IINHLIZAT 255 RN 22 A G 0 () R 4 2R 2 [A] ) 5% & o Kierzkowski A1 Kisiel [26]F] H Flexsim {77 B 78 3
2 WIS e Al R H — MRl e s RGBT, THEIRR S 2R () B E] . P
Y15 BE I TR AN 224G 0 138 8 TAERT 8. Alodhaibi S5[27]H & B BRI Z84,  F CLVEAS LIz A ol i
ik BRI REE . Perboli S8 [28 0 L7 )32 B i B EAT B B A0 SUB BRI 23 A, SR IR WL
WZ RGN SH, U R G AR ERE .

2.3. HIPAIEIRHI N RS

Bk N HHENER 1S, AR M OC A RGN AS T RERS AT R, AT AR 2RI R R M
GO, fRICATIE A, B0, Zhang (2918 FHHEBA S J5 12 43 H1 € [l 5 S K 2 18] (38 26 2246 R
gt, EAMH B i B I HER Y, DUHE T8 SC AN e A R~ S S AR IS 18], TP Ah 5 2R AT AR
T B B AETRIE L2 . Wang S ([30]5HE A B OC 22k (D HE AR, BRI (I LR PSR I AR )
GAVEE R RS . Luh S [3 1R HHEDGS @R E 75, THEEA PR I B e A i 2 1)
SEREIE O ] . Lin 5563218 F 2 i 55 28 O HERABE A, Tl ik 5538 5C (1) ZEIR i) [A] . Huang 5[33]LAE A] R
RS FEPR T FR YR IE OCR 2% 2 e Fh 22 Ar 8 T 1) o),  HLPT B iR 2 ke &b v] 4y B 3 PPz kridiE, JF LA
PRALLIE K 3 SR AR il 25 1) 22645 18 43 e 7 20 . Wang [34)73Fr— ol FL A 19 248 22 A0 00 (1E 5 6 28 308 3 A 4
EIRIE)HEA RS0, R H B TRAERMARSHLR T RS, F LSRR 2 A HE BB T (55 B ) LART

i 5 (351 T HEBR BT XS LA AN [F] I B B M R B 25 23 e 2 b B2 R, U SRR 2% 1R S AR5 B[] 5 0 4
I ) A B T T RO . SKAEEE[36138 F) M/M/1 Al M/M/c HEBME RS 3 ST WL 26 R RCR IR, %
RSB (1 IR 55 560 B LURA S8 LT, 43 BT S e 0 X 53R IR R 3R o A AR IRR[3 712 S 6 T 1 3 B S 31 it
Sl P ey DX 2 B3 A3 AT TR AR Y, 3% 4% GU/MY/C HEBMS AL TR 2 A X 25 R A B A i 75 55 A I 1) 554
B, FEAESEERHR 7K H Service Model B AT HEAT 07 HARAM . X IR pUMTBR 2 ZE [ 38151 N AK (4 By IR B R AT A K
TRIA R LA A WL 2t B fa b i i, DA AR DGR 1T o0t 2o v % B 8 N R IR . X o An
P IREE 391N FH HE A IR XS LI A sl 1 1) 22 A R A R GEEAT A AL 3 1T, 8 SZ P M 22 Al AR Y DA T B 22
IBATHRFR, FEXT LE AP HE AR (RIS AT 205 o« 7K B 5[40 T AMA 1 ATHE AR LA LI ek AR 1 )
ZEIBRY, DL AT e R AR OB TR, S HRAE R R A T %

(41 38 0 R ] 32 1R R A AT T I EE YRR, i E AT R E R 2 R I SR A7
TERIREC BEA G BN R AIE R 0 . T2 = SHR[42) T LR, I HE 7 1R S bRl
KRG, HENHP RNV TR T B R T 2 m 8, A2 T o E Rl
MR, T RMM AT TADR 2SR, Fitk, FR—E A E 257 E 1 128 1
B, DM R eAs TAEM R & B — e I & X

DA A 538 50 2R I JR 1) 2 3, 50/ 25 RE i 25 1FE S I TRD BIR ), 2350040 5 388 B[] R 1) (0 S gk )
W HEE A IHEBI A, U 2 AN [F] 22 AR 23 (138 SR F R IR A AR M. 5 DR T
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PEANFRIZ A, A SOR ARSI % 4T S R BRI RN, @RS B U 70 R B 2 A
BARGE0T AR, b S5 PFASFEA RIS E5E T A R GUs MR, 4R 1 H XU 22 47K ORAE R0 77 &
FE A B OGIE G AL SRR 5T, ARSCRE BT B AN AR D5 1 5 0 FOE R, RETHH IR R
HE ML epe B ,  NAERAT AR S R T

3. HUREXRREHA R G 1LIE) R

Bl et i) B BIAE T 1085 BB A R AR B R G R a) 0L, e Rk 2 () ) F A0
LRI M2 2 1 2 K BB G . TE R AR A RGA M TR K ARG, o5 R E kK
(False Alarm)FE5 12T (False Clear), #8<xi&ERAH A%, JUIHE MERBUTH, a5l %
s, JERAHLRAR . A E LA I B X R AN E SR T AR A, o AH RGN 2 R OGN ], S T AR
FRER A5 iR HEBA 2o 2 B, 15 2 A BB 2 KR B Fh o ddAd 2 2R e B AR A s 1) g v A 38 s
BRIk N R, SR 72 SR 2 B I0AS /D BROAS # ROAS RO A I [R], ARG B ()38 SRt 2 B 2
o FTLL, ML 47K~ RE SR AR A R B 1) H s

AW TN S IE L0 G R HERA 2k deit, RIS EIR 2 KUK 20 2R 1 Bl B, AR Ak 7 Bo A iR
BRSFEIP AT R R AL T, BN IE R 2P RIE R . MLk RS T Je i 4 A 2 25 ol 2%
(051 73 R PRI 3 B, P L2 B AN R ek e o iR A, 1h 2 dar A D3 BR AR va XU 2 PR AR A i 2 2
SRR, DAk B2 Aor 2R G0 1) ARG B 3L o g A 200 1) e A R MR A LT R B ) 5 e R R T A
PRI 2 B RSB ey, U A IR P A RR B s G 22k RGN R AR IR 2 I R B, B4
AN 5 PRASSE (R AR R 25 208 1 PR 22 Aar B T, 17 FE RS 0 22 A5 52 R AR I 052 8 (B N D 0) R BRI A o XURS: 1At
REZS T 2R RS, 24 R GEREHERA R 1) HE AR RS 2 P XS 2, b IRER XU 12 ) AR A i 2 e 19 48 AN 2D
SERFINFIA), o 2 R AN AR XS P A HL i R 1) H AT e B A

3.1. ERMRKEEEDHEXZELER

FRATIR S T RS 43 K WL 08 S e frim A, i i A I R 2 A HF AR 0 LAY, i st s e i
53 R 22 A B G 1) 22 4K SP AR OGN [8) 2 jE 0, T8 OB R 22k RAIAEIE. il 1 ML 2 Aimis
BIFT7R, ASCHT % RS AR T R 7 RN 224 R G0 B P Al 2 Rl . ™ 4% 22K Il 1 (Selectee Lane)x i
i 2 AR, EE IR A%, T L 2 A I T (Normal - Lane) X 8 5% fife 25 AR 2 U AFR X 848 o W37 2248 N R
FH RS 4% 3 G5 PE 4R A 1A SRV E I AR R 25 (1 UGB, SE R AN AN &9y« A LR TR
J73 S5 0 45 & 1 T AR > 45 A 308 DGR 225 R 0 2 18 AR B o ) P 0 5 1 PR KU 1) R IR T 0%
5 100% 2 [8]), FATATRERF R IR X 73 AN 7] (1) XU 55 2 (Selectee B Non-Selectee), R4 £ o e 25 1)
DRSS F5 YR R AT P b 22 A e 0 () 22 il o iR % 11 XU {EL(Risk Value) 24 B RGAFH1,  KER 73 SCHR AR
TR 1R RIS B Al M 8% BT 415 25073 Afi (Truncated Exponential Distribution), 41 McLay [1]. Wang [4]. Lee
15 Jacobson [9]55 . USHEL 458 my (1R 25 4R IR 28 20 A R A 0™ 86 (1)) A 2o A, AR iR 2 A M2 p R IR
2P A s T RS (A AR R R 2 FR IR A A B BEAA (1 H L e R T, R iR % A MR (1-p) B4R IR
BRI LZRIEIE . AHEFOR RS TTIRE 0 241 SR E AT R G 07 BB 70 b, B & 2 i 1 A
0, 22K RGN 247K P A R AR L B4 -

TATVE I8 K LR A A B — TR L0 AR, SRARIE K 2 2R B A i 8. AN 2k
AR, PREEA B — AP IR B AR IR AN [F) 2kl (R AR T HRME. 0, B TS A &, T 59—
Tl AR B L A A I C B, UV 0 2 A e A P 22 Ay T ) AT A B sy S 00 BT BSOS
o WAUACI By AR 2 P VR I IE I (B AL PR BRI R, o] o 58 F8 VIR 25 /i A3 A [ A 225 308 7E) JX
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ERE, BRARIK

S 1) I B S % e Rl R BE 6 KL, (S LI A RGEI) %2 2K SL ANIE SR [A] Wk AL .
3.2. REGHBARGH) Arena {TEIEE

AW TR AT LA Arena AN EEMBLIUANLIZ I8 A RARAH T R . Arena #2355 E Rockwell
Software 2 7 FF- /& ()38 A7 BLAAE , BAA 0 R%E 4% 5 ik A (Object Linking and Embedding, & #X OLE) Y6«
AIAAG TR AL B ES L B N AT . BRI AT G DL K B R S D e . Arena
WA RAMA T, SIS, hm SRS, AR5 g S oG R HE AR, 1T B AR KR R
KB REERSHOAT IS EIIZAT, FFREAT S B A AL «

¥ 2 1) Arena AR B AR, BRES T A R E BN 1 INLI 2k iR B AN E i ot
F. fE Arena FCIFRTHLAL IR p HISR A AR Y (R BE A BT RO AR S, R @ 0 LAY A RE A A A L TR
BANEEAY, AT BRI SR B . B AR AR (Flowchart Module) FlE i #E
(Data Module), JRFEEIMEE{LFE Create. Dispose. Process. Decide. Batch. Separate. Assign Il Record
&, BRI HE Entity. Queues Resource. Variables Schedule F1 Set 5. FRATIFIH Create fEH I HE>

(Selectee Lane)

RSB R 5E)
PR A RSB A2 15
T TR

2R IE TE
(Normal Lane)

Figure 1. A flowchart of airport security-check process based on the risk classification

1. BT R L BINIA R RIZE

Correct Number

1 [ \
\ Assign Risk i e Selection or FalSe, ™ fue Selection at
Arrive Iﬁ Risk Classification _3+———— |Queue Record 1 [—j| Mormal Lane — Norral | e Take off 1
[] 0
[ P

0
False Se\enlmn‘_
at Normal LaneJ 4 ekelc2
0

Number of Errors

Correct Number

[
ion Gl 1% 1ue Selection at
__'Esaemee Lane Take off 3
[
alse Selection
at Selectes Lan}’ Take off 4
0

Number of Errors

—

%eue Record 2 f—=| Selectee Lane

1]

Figure 2. The flowchart of Arena model for the proposed security-check system
2. AXREMRK RS Arena HEURIZE
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A BB RIR B SR, 2k RGN R R IR R AR LE G 444 Arrive 1] Create BEH 7742 ; Process HEHL2
LR RGBT, FeA ik 7 @ 44 A Selectee Lane #1 Normal Lane ] Process B H1 AT 22 4k
#; Dispose I Arena fj FE A 8RN SSAR B TF (I #EE . 20V RN, Arena {i7 EUBEAY 2L4% fP 45
7 %4 Create. Process Fll Dispose S5 #5idk, AT LUE L #idi “Connect” 4 4 BE M F20 B iy 2 14T
B 2

AR FHET RS 4 KIHLI7 % Arena ff B ALRRE(WE 2 o), FARMEHFBSRBanR. 3R
ITEA Arrive BEHAE SR, RORFHRIRE BE I G 24 R 4. Assign Risk Value BRI T &4
SR R AE, a0 w] AR W i A BEHU T — N T 0 5 1 Z A %{E . Risk Classification JI/ i
PO AR SEAR I KBS AE 5 RS T R #EAT R /N, B R IX 7 vy JRU: ik 25 VIS R Tk 25, A2 23 il i N
AH L PR 22 A5 1838 - Normal Lane 183 7~ 5 AU £ 3, 170 Selectee Lane BEHLR 7R A% K 75 3l - Queue Record
1 REHRC SR 22 G I 24 AT I HEBAANEL 1T Queue Record 2 AREHRIC SR ™ 4 2 A6 I IE 24 BT O HERA %o
FA M8 FH True Selection or False Error fEH R THE 4% R BT (False Clear) IR, 43 A 40 5% 8 ik A, 75 3
() S f ik 2 NN 22 42 ik 28 AL 1T Correct Selection or False Error BEHU F SR i 545 R E 4R (False
Alarm) FJREES, )30 T 7™ A A A 3 1) L S £ [ ik 2 N ORI 22 4 ik e N 8. FATTFI A Correct Number 17
B0 AR W HEAT 2 8 2R SEAR N B, 3 Correct Number FRES40 3% & AE A 1R 93 2 2246 () SR $ . Take
of f B K IR iR 2 B T2 v

1t Arena fAIH, Create BT E S EE0HE: ZF (Name). AR (Entity Type). Flik[A]RR
6] 73 A 25 5 (Time between Arrivals Type). X 1A 1) 548> % (Entities per Arrival). SEA4 5 K3 & (Max
Arrival)55 240, Process BT LA B IS HE: A (Name). ZE8Y(Type). #EH3l(Action)5s, HHIEHZE)
Al LA HAEIR S5 T (Delay Type)s 5 - ZEIR - FEJf(Seize Delay Release). .47 (Units)F1 73 Bt (Allocation)
& TR ESLREATH, BAMEHE A 7 A s Ab 3R SR AN B B, BA 5 I R AR R AR A

AT LLIE IS Run Setup W B F 2 i HiE 17 2 % (Replication Parameters), 1408 & £/ E X E(Number
of Replications). 1/j EBEHLIS [A](Warm-Up Period). 1/j Hiz 47K 5 (Replication Length). & A ] B (Base
Time Units). 46 H ] 51} [H](Star Date and Time)55i2 17244

1t Arena /i HSLIHEATE NG, WREEE Arena ff H LIS HUES R, 1 LAE Reports A FH L4k
& BE SIS DR SRR A S B SR EdE, o Category Overview R 25 3245 T 07 HL LI O E 48
THEE, 52L& (Category by Replications) V&L 1477 FAS AL BA A ity 56 4 I 1) A1 2545 N B H~F- 35
B mKREMRMEES TR

4. HESSIEBIES T
4.1. IHENHEFELE

A TR BUE SR8 2 BE T Arena 1 BT & (B EERRA 524 14.00.00000) , FLANIZ AT FR 554 Windows 10
BER S, CPU 4 Intel Core i5-2520M (2.5 GHz), WAEAN 8GB. S8e I R SR AR HOE A T IRIME 0, /2
FERAL R DAIX 43 i AR IR & H AT AR IR & A i kA, HBMEE R 0 < 0 < 1. 7ERRAIII R
SR Jife 25 FR KU R R MR T R A0 A (S BB BN 0.0625), FABR B —ANFRRA R 25 (100 XU (AR B AT
it 7 125 (8] B BT T R AR B0 BT, 5 22 oy 8 T R 7™ A 22 Ay T T P 2 560 B ] IR ANFE S B, A AR T [R) 2
H5 ROEE R K W T AT R R, KsAT &% K M1 51217 Ji i (Replication Length)
NV B A3 ) 714 B 18] (Warm-Up Period), PLKZHX 8 YR B 5 &2 X $(Number of Replications)it 555K
AR 2 ME, RSB ERES N NE.
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4.2. REGEHFHEXHRITM

FEA/NFTSZRG H, FRATTEFE 22 v 46 BBy i AR A IN RV B2 o AR LTSI, FRATTRE XU 1)
18 0 WEN 0.05, FHEIRE T RE RN 3 (N RALISTE]), 4% ZRNETERE & e (T 2RSSR N 1.5
(NJEALIE]), W R ROE TE A S B T IR ST Ry 2 (N/BAEI A]) o S K i ied A2 2 P b 22 A T
B R AR R, 0 SRR 0 P B R DG S AR I (R AN . AESESS M b, AR SR B AT Bk
W FCRAL AT AR A SCIR Y Arena £ FUBRAY, FEREE B MG EER M A B E P & AR S 4, RaEEAT
THEENLO B S 5 8 4 -

FEGE E MM ZAS e & BCR I A G J7 R, ASSEIRAS B (8 45 R DB BN 1. ] 3 AN 4 s
WEEHE | HSIR AR, AT TG I8 A0 2 A A o™ A% 2 R TE ) e O, AT ARG % BB TE A
TRB A SRR R0 [RIR, P 3 ] 4 [ 8cds 7 26 B 3 i B i 2 S5 s I TR A S g4k, HLALA
PR et K B W B L 06 2 R T . A U, AR ST BIA R AR MRS, fHEN— 6
L& ARG AR N5/ Tk 5~ 420 S5 A 8] B4 T P P 2 BB/ o 57 A, [ R 38 T 79 i 2 A S T 1 e 6
ANSCRT DA BRAR A% 2 o 38 (1 2 S Ap i 8], 1T L B K 5 PRI R A 22 A6 2R St ) T 2438 S 1]

4.3. R IRMERE XM R NR 2K FHIF

FEA/NAT HBBURAE 73 B ey, FRAVTH ORI FH SR [X 73R Ao ik 25 DA A (] RS 56 2% 1) JRUI: T ] 1A, WL IR
I T E AR B 0 8 SRR RCR A R G 2 /KPR . TESL 05 B, FRATIR PR T RRIA, HE
— 4 T b 22 R I 4 BRI B — R 2% 6 HERA R 4i(Single-Server Queueing System), 1M 7 & W 5 Fl 42 46;
IWIE N 2 M55 & HERA R St(Multi-Server Queueing System). FJFHASCHEH 1) Arena {7 AR, ZeAG 5 #HE
HRI AT LU AR BSE S5 AT T R A S 4, AT AH R T R RIAR (R BUE M 73T (Sensitivity Analysis).

Table 1. Average waiting time for various combinations of two types of inspection equipments

= 1. AMREIRETRIE S BTSSR E

WPk v 4 A A & W A I Y fa 57 o8 B A1) R R YRR
e B PS8 SRR I ] S SB SE AR I ] S SB SE AR I ]
B TR PG TR W, W, W

1 2 320.22 18.69 178.73

1 3 269.16 9.20 149.30

1 4 265.96 6.18 142.23

1 5 260.23 4.55 133.02

1 6 259.42 3.60 139.38

2 1 23.28 548.57 266.51

3 1 11.00 453.93 218.41

4 1 6.83 450.94 212.47

5 1 5.01 452.51 212.23

6 1 3.94 473.83 221.52

2 2 24.83 30.18 27.34

3 3 11.33 13.93 12.55

4 4 7.10 8.38 7.69

5 5 5.09 6.01 5.52

6 6 3.87 4.66 424
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Figure 3. The effect on the average waiting time via varying the number of inspection equipments at normal lanes
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Figure 4. The effect on the average waiting time via varying the number of inspection equipments at selectee lanes
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Figure 5. The impact of risk threshold on the average waiting time (W, and W,) for two types of inspection channels under
Scheme I
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Figure 6. The impact of risk threshold on the average waiting time W and safety level SL for the security-check system under
Scheme |
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Figure 7. The impact of risk threshold on the average waiting time (W, and W) for two types of inspection channels under
Scheme 1T
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Figure 8. The impact of risk threshold on the average waiting time W and safety level SL for the security-check system under
Scheme 11
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