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The Feasibility Study on Blockchain Technology for Preservation
and Validation of National Defense Personnel Documents:
Commission Certificate of ROC Armed Forces
Officer/NCO

Su, Pin-Chang  Wang, Yeong-Jyh"
Department of Information Management, National Defense University, Taiwan, R.O.C.
Abstract

Blockchain is a groundbreaking technology that combines cryptography, mathematics, and
consensus mechanisms. With the emergence of "smart contracts", blockchain applications have
made an explosive breakthrough and leapt into other fields. Countries are also starting to
research blockchain for defense, such as drone management. At present, most of the national
defense personnel documents are still presented in paper form, which are easily lost due to
various factors, making it difficult to reissue and check them later. In this study, we propose a
blockchain technology to design the operation flow of the blockchain after the commission
certificate of ROC Armed Forces officers/NCOs, which can effectively solve the problems of
preservation and replacement of paper documents, saving on national defense budget,
improving the efficiency of the national defense personnel documents processing, and

enhancing the image of ROC Armed Forces.

Keywords: Blockchain, Commission Certificate, Cryptography, Smart Contract
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Optimizing Ground Forces Deployment for National Defense —

Application of Shortest Path Network Interdiction Problem

Lai, Chyh-Ming? Chen, Shiou-Jing **

* Graduate School of Resources Management and Decision Science,
National Defense University, Taiwan, R.O.C.

> Supply Oil Depot, Army 4th Regional Support Command, Taiwan, R.O.C.
Abstract

This study applies the network interception problem to the construction of the fourth line
of defense for national security from the perspective of national defense. The enemy's objective
is to seek the shortest total time attack path from the landing point to the capital city, and the
interception actions are taken to increase the difficulty of achieving this objective for strategic
endurance. Therefore, the shortest path network interception problem is adopted as the basis to
construct the "defender-attacker" model using game theory. The top layer of the model is an
optimization problem for choosing the ambush points for the military, and the bottom layer is
the shortest path problem for enemy attack, which belongs to a two-layer binary integer
programming problem. To balance solution efficiency and quality, this study proposes a nested
sequence architecture based on simplified swarm optimization for solving the problem. To
improve algorithm performance, a local search mechanism for the shortest ambush path is also
proposed. Finally, algorithm parameter settings, verification, and empirical analysis are

conducted on 20 random problems of different sizes and 24 example problems.

Keywords: Network Interdiction, Bi-level Programming, Nested Sequential, Simplified

Swarm Optimization, Dijkstra Algorithm

* Corresponding Author: Chen, Shiou-Jing email: chenshioujingl4@gmail.com
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1173 %%

CIE RN AT T = Ei%“"”"#ﬁ%ﬁﬂﬂ SN RN AN UE T
PR AR AR PP FETRER (H31-m1nandLee,2020) o ;2*}#,’&_. 9 e
BLA90/5 72 s sk Rk 2 5 K X ehfE Ik ML B I E L 4 ik s o ;i@fﬁ
ERA 4 0 E D A ERERAATFIZ > NEFREF A gk B SRR T8
BB i) hiFRp %o

BRI pFERL Y o P R ap R ‘ﬁ?é%‘»ﬁii%’léifa?i‘%”ﬁ%}ﬁgﬁ/\Jo«
TR RS HITRP %E—#&'/Exmfr A e G AR PR g AR RS &
o B EAREALE PR LE SR Ao RSB L0 R P K
- A IEEE AR B AP ?fc‘@i&l’f TRR AR At p e ¥ T A AL o T d 17250
(R EA e TRIPEE R R RACRE LSRR AFET U]
JHEIRORM ARET BT R E B RE R B )55 E RS o
TP AT F RS RIL S ORI AE oG S A A LN P B R
il e frg R R S o R Ha et ¥4 % (Hunzekeretal, 2018) -

HIRIER P mav‘llﬁl’f%‘i ﬂ—\:}ﬁ#&];&]ﬂlfffﬁﬁ*ﬁ%‘ F{E‘u“:g‘_?\@’uv«&r“ Fo do
B~ ol T8 o WF P REDRES N VA AR RELSRE ~ B
PRGED H (Aok AP ) o A R Iﬁ:ﬁ%?%mﬂ o LBV UERSEE T A 0 FI
ERE U S TRE o0 1B Ak Mg/ § g %"*« L BEPER LI BRRELEOTE R
BHELFBERrE AR CAEHR > X3 - BRTOp A (M E > 2013) o
mﬁq—%t%m % e AT EELLRY ﬂfr]‘ HFEAL P ET »L/w,‘fﬁ‘;g_ofijj‘“_fbfr]‘?”g‘;;‘*
T;K* 7 flen T s FEL LT RE 4 ,%?ﬁgﬁ?%m%;\ldﬁ-#aiﬁﬁq)\%,f%;’ﬁ
J‘é"n)‘if?i,ﬂ\—‘ DR E R IR Pk Rz P o BB AT A PSRRI RE m%
4 32 % (Ricks, 2007; Strachan, 2019 )

45'1@““\“'2;

1275 &2 p

AP g iAo ARE F RS OFRT m@éﬁ%miﬁfﬁﬁﬁl VIR
R R ARG B ERERL A BT S E R R ] 0 R
BREFALPER > PRLIIVHA RFH S e g RSP R (5 8K
2009 ; £ F~> 2017 ; Shengand Gao,2016) > % AFF 7 42 — o ptob > £ R F4 2 5
FRGEFEN ~F GREF R P ERBEFERe - I R PRI Z LA
Bt Bz g § R EGEp - m B BF{oir R K% 2 o g - BITR S3Een
e f (R R 20200 Fp s AL E B AR E PR 1L N
z“a ;:mw%r%ﬁwm LSRR AR PR SRR N

P padF# (network interdiction ) i & x4 fI* 5 Lenf 4 > FFAHFFE RS 50
R PLIERE > ¥ H sy 2P (Wollmer, 1964) o A F I IEP o JFH T
B g A FF A U E PR @ R R RBP4 R e
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Fid RSN B A A A Bl RS I PR IF IR F L AR
B o 0 1Up R nfd R e (i e P ST S RS A ) B R
gL g BaaN R EE > R F4HE (Bidgoli and Kheirkhah, 2018; Smith and Song,
2020; Wood, 2010 ) o & ¥ iz £ A RB 7 B FE P &> bldchf 48 % (arc) &
(nodal) » £ i& {75 "V (76 > M FEETRCE B sT R A ~ AT AN MR E > 1Y
EeSURSE 10 RG-S S F A c) il
FLREVCHIPETR? B pRFE DML BB REF l‘"‘ﬁ?f’?%%@%
“3AEAE B ERIPFETY 08 SEFR X h S e g R 1 H S Ben
BB BB FRA Y RE G LR F R N RERA (Hunzeker et al.,
2018) it A e B AR B AL B R RIS B HOA) o HEA Y o S FRR L K AR
%;—&m»i_ ¢ f R RE R ER > AR BRPET K i“:i’iﬁ ZEE SERRNT /€
CEPRAFR e kR g o B FRAFHAE BT L B ke
NEREE 0 m A AP R A S EFE TR R e E » ROFEAR (v' 4eig * REF
RS S RIRCLE U 2 DR G RES o @;’Jﬁ-fmuxsﬁJ e e S ST
Ao B o RS A B E A g kB S > T BAER] S E B IR
BB EREFI 0 E AT P - o
Wood (1993) #m l% BT B A AR DR T o R F A A 4 9 £ NP-complete
R @ BER ARA S AT B TNP-hardf® 42 o Tt > fjd i g Pk 2 8- 58
AP BT e f 19708 1 % BE RN S BEARB RS E > S 2 R
# (branch-and-bound ) ( Bard and Falk, 1982 ) ~ Karush-Kuhn-Tucker ;2 ( Bard and Moore,
1990) ~ ¥ gz (penalty function ) (White and Anandalingam, 1993 ) frrifg = & &2
(Benders decomposition ) (Panetal.,2003) - X @ > BA RLF| P L) & &; b et RN
fei2ipr g 4 (Israeli, 1999) o g > %Jﬁﬂ“ E AR S - A TN S NPE N ek £ o
FHRHEFMBEI PR CHEER S PRERE 4 RALEER P RETNEG
fRegr B Z 82 Hgpvt o KSR S eh R A S ahd i AB% 2 — (Saidetal., 2022;
Sinha et al., 2017; Talbi, 2013 ) o & ;X B 7[erdF B8 & b ~ T K P27 % i § oz
FCERREE 2N F R E ) RS R R R T RS zi:}"\ﬁ’ir’@
f2¢ C ZRLIARNIMNE BiRERLT TEAEEM SR, FPHFE g1 BB
TR R AR R -
< BT %R 0 §¥F 8% (Simplified Swarm Optimization, SSO) . % #ch
Fra8ynFE e Ly HFRPoREAEEEGED ré%\mﬁﬁza% 7 % JLiE R (Laiand
Yeh, 2016) o »#* % 2L FFd A3RAL > PR EHEFE 2R A58 R RPN FE 2
i B (Yeh,2009) ¢ F]pt o AT U EIE B F G OAAD RSB - B RS REsE
PURfR AT N - RPN R R BT R Rl T
REORIPERE > L5 AFF P2 o
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2.1 RRAFE A

R dF A B 32 (network interdiction problem) & % /& p *>M1950& % #1id 2 ende < i
B 2] ®32 (Ford and Fulkerson, 1956 ) o gL # B 38 5 8 g * QI £ 30 02 > 4
ERETARLZUEFEREF v HEI AT RE R P 0% > et F R H
“Qmiﬁ’{gﬁ%PHWﬁ%mi‘%ﬁ7*° ﬁﬁ&uﬂ%yﬁéh&mvﬁ
P g MR RPOERER RS EFEEEE 2 FhF R (leader-follower
game ) ( Smith and Lim, 2008 ) -

BRI RRFEFIEFA JHALE NP RIET RA S ZBE (- ) B
MBRBEFERNIE (2 ) BA T ARLRRFENEY (2) AERCERFEF
( Smith and Song, 2020; Xlang and Wei, 2020 ) © & 7 P fEAFA] » AR HF @ § LB de o
FE gL IR ﬁ!’«é"lﬁ'!ii BRI 1S cne Rl i R R ﬁx'i vHp RS
LR RSB AT 3R R i‘i\b*" il ﬁéﬁ?‘i‘] m.?&-ﬁ’é.#@é‘ FPRE o Dde s doo] (b 4o ghee al o
B epe S BEA (B BRI R R AR ) o R I {@f BT RAGAA (- ) mE
2 (Z ) % #1 (Ramirez-Marquez, 2010 ) > » ¥ %R AL E & Fie 0 T E PR P 428
B TS B B R

B9 BCEEL TR IFE AL Israeli and Wood (2002) P 2Z R REY N
'?'f P I FH - FRA NSRS S8tz FhER R (8 ‘& g\_\;ggﬁg& . g\,ﬁz}, %)
S AR RIAR Y G VTR R BURF L AR H R R 2R
B B CERCE R 0 B AP 2R AK G RRT

2.2 #E RE)
B R AR AR (bilevel programming problem ) ¥ 143 j#3]1934#& > Stackelberg 7 B

W BNk ¥ Y 5 ok ) (Von Stackelberg, 1934) - 2 A A7) ¢ » § B A3 T
freng AF FiEET o ﬁ [ "Lﬁjﬁffpf#‘li#ﬁ%ﬁt’ MEfAENEpE (PR
Ffe) o REARPF T EHEY -2 o B ) enhp o (leader) 145 E K

(follower) B E it {8 e R 2% > @ 2 p Sk ] 14 > ¥ 4F %"ﬁ - € %2%’%&“&%‘
FAgen® (Ffafop ol a EEF - RERFHPRERFL G Ap5 PRFES (
Bard, 2013 ) -

AL AN 5 BRI B R B - BREAT - BhoE AL
O+W&uwhﬁqﬁﬁﬁ;¥%j(Féﬂr@%iﬂﬁiﬁ PR BT IR RERIALAL 5
CEENERE DIV S I RER Y L R St SR AR R
i—%ﬁ%ﬁt AR (B ARl sy (T ) AR TR L8
$E TR AR SEEFTRE A R AR R G Sl 2k KRR Tk bk
W&&{J@&uﬂﬁ&m”#*a—’ﬁ@%i’ﬁjﬂgﬁTﬁéﬁ&%ﬁfﬁi
F RN enfE > 4 FAR S ¥ (7 f% (Sinha et al,, 2017 ) o 3 ¥ H A RF|IF T L5 N
% T 4o ’i,f'Tt‘xeRnl_éi’yeR"Z :
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fin Foy) (1a)
s.t. G(x,y) <0 (1b)
myinf(x,y) (1c)
s.t. g(x,y) <0 (1d)

B RA A R R B TR Tk ¥ € RU{rT K Ry € R™
ke SfF P R™M X R™ - Rfcf 1 R™M X R™ - RA &£+ ko™ & chp Eadic; &
BG P R™M X R™ - R™MArg © R™ X R" - R™2p] 2 6 81 & {o7 & 1 iE 2 o b g 2
FIEEHZE A B BT Rl (T TrxBy) > TP RFHTNES o QP BB
BN (bl B KR8 BRETESRRPF R RAZ I RERGLS S
» T R ;‘i—?}‘;iﬁ ;4 P 7% (Colson et al., 2005) -

23[HETE 2

e E e o & el = (xf,xf, o xf, ) 3RS B - 2T E
e £ 0 LTS KA 0 K R AR 6 AT 0 £ i RS
SpBest s 1P = (Dyy, iz s Dijp o )3 5 Bt d AR o B b i b S B B P2
s gBest 11G = (gu, o s g )T o BH BRI UFE BT 2 bt H
(h{ #7# 4] (update mechanism) » H A dprh £ > & efze €9 o] Likyp- B
1350, 1) 2 B e i diepr ; 3% -8y ~ Cp % €y #7 L i 5 % 7% Jiy  gBest
(T3 2hdk) ~pBest (T3 BBHAR) ~ Ak &2 - LEHT TR IHES > 1
23R 0 S 1 (Lai, 2019; Yeh, 2009, 2012a, 2012b) » # § 374455 755 4o 2
F(2) A B xR BRSSO BIEfROS R R e x AN T R U

%L

9g; if pf; €[0,Cy]
t _ ) Pu if pij € [Cg, Cp]
Yoo lxft it pf e [C, G0l
Lx  if plje Gl

(2)

VAR %8 Yeh 2015 3 i ecig enfd 3% 8 72 (improved simplified
swarm optimization, iSSO) > i #cfé e R FI4e 258 (3) #rn (Yeh,2015) > H ¥ y;
4o 30 (4) “R 0 Nvar 88 » " 2 xRS j B et TR

gj t Pl-os,05] " Y if pf;€ [0,C,]
xij =9y Xij +Pros0s) Y if pi; €[CqCul (3)
X7t +preses) (x5 —g;) if pij € (G 1]
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. =xjmm _xjmax (4)
J 2 - Nvar
BEFEEDLRTBH Ay~ cp B A M AT RLATI 2 B EfE - T
R AR REE e AR OP T Sl P TRCy=cy RS ol 8

Nk

R R R LLEICy =gty R fRELATI R A
8 Cy=cgtcptoy,=1—c 2T fRLATDEA L 2B F % B 38 T 58 Y Nsol
ENitra w4 mHAM L ) 2 e Ak REFE ﬁ,ﬂ?&r%‘\» 1#75% o

g

1 [EFEZ WL

SSO Procedure

Initialization Phase:

Step 0.  Randomly generate X}, calculate F(X}), define pBest P, and gBest G,
andlet t=1 for i =1,2,...,Nsol.

Evolution Phase:

Step 1. Let i =1.

Step2.  Update X/™! to X! basedon Eq. (2) and calculate F(X}).
Step 3. If F(X}) is better than F(P)), let P; = X}; otherwise, go to Step 5.
Step 4. If F(P;) is better than F(G),let G = P;.

Step 5. If i < Nsol,let i =i+ 1 and go to Step 2.

Step 6. If t < Nitr,let t =t + 1 and go to Step 1. Otherwise, haltand gBest isthe
final solution.

2.4 Dijkstra & & ;3

Dijkstraiir & ;2 £_#f2 5 @R /T P el FiF 5 2 22— o d Jr it B %48 REdsger
Dijkstra*>+ 1956 # fﬁ 19598 3 40 g S Pl PARLs & B ek JF &0 8L [ e BRI
FiEAAERY 28 7 f L F OB @B R 4L (Dijkstra, 1959) > HpF R4 R 5
O(V?)» i & »aF g2 2w ra i £ /2 > 4oFloyd-Warshallig & 2 (0(V3) ) 22 Bellman-Ford
w82 (O(V-E)) % (DiCaprio etal., 2022) -

TR Y AcBseVE ¥t e Ve i fs o Dijkstraig 872 7 e ¥ 12 K j2S gh2 FEE &
MR (TERARRE) 2 RE R T - A ek E @ § By € Vink BR
EERLW) > tF v 5B HG = (VEw)? >4 - BHHEE (TERAS 2) chidk
WwE->N>427@° FBFWv)EEL T - B2 FikoEE Cowv)eEN - §
wuv)=0u€eVzr w(u,v)=0o,(uv) ¢ EF » ¥ &3 8BIBFBE 5 0: VXV > NU{x}-
Dijkstra;# & /% e+ 8 2 5 4r 4 29757 (Deepa et al., 2018 ) -
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# 2 Dijkstra ;% & # 53-8 2 5
Dijkstra Algorithm Procedure
Input: Edge-weighted graph, G = (V,E, w) with (extended) weight function w : V X
IV = N, and a source vertex s € V.
Output: Function L : V = N U {0}, such that for all v € V, L(v) is the length of the
shortest path from s to v in G.
Algorithm:
Initialize S < {s}; L(s) < 0;
Initialize L(v) < w(s,v), forall v € V — {s};
while (S #V) do
U < arg ZTET}}PS{L(Z)}
S« Su{u}
forall veV —S suchthat (u,v) € E do
L(v) « min{L(v),L(u) + w(u, v)}
end for
end while
Output function L(.).

AL kR : Deepaetal. (2018)
B S

3.1 K AEH it
AEL BT BCERCRRAFE AT AH S L RE e HRCERLPE
B E R S - AR e SE R RHEE  E Y
HA (4eB® 1557 ) > FEE S EL B ririz g - Vﬂﬂ’F%*ﬁp/
BRFEEE B F R TR ,s‘—é.'-’]‘#_@ FCE BT ERITR AL o

ERASHE (EE)

B A bR i st &

P RERRAE

TREHE (ReH) |

B MU IS AR 6 H8E

AR AR MR

M1 AE s T E R



8] = [ e T e D B i A L — i R S A B AR R

3zﬁﬁﬁw
AT RN EE AT PR E AR AT
nCt 7 EHRFap gt LR WEgL T 7 REL
I 23 &8kl & o ' = {s,1,2,...,nCt, t}
I K'T‘ TACEE g PR EL b ey g ghen@ & o [ =1 /{s, t}
A g ZU| XI5 p (0, 1)AEE > 0 A r Bk B G Apid o 1 &7
G2hs B afApig e
nEg ASiE i o
D(i) B &gt BehE L oViel
E() é»%%i%ééﬁ%@vWEF

\1-1

m LA E R 2R

coe  TRER N BECS TV B Bom 2 P Sk -

o EELi% 2 B R o VijET

« prEhEHER R Him o o2/ o

A BEMEEL > AT REGEREFLGTE B OPER o H L] P o
wi; @B Bfeigd > RAERF  HEL ) FoVijel
5 [ RS2 4 LWz gk N2 R B

1) RFFI G BEIRE o
X = Vi el
0> RIE -
1) FeHBrejee 7 &8k -
y; :{ ¥ v ¢ Viel
0> RIE -
1> FEHEEBITEIE S 7 & 28iT]jaud -
aij { ? - 3’% Vi,jEI’
0 RIE o

33 #Alwp

FHEEBGPEF AR 2 0 L g n FRUIBRREF R hB e B30 (e

T FEAAFERE) ERAE (FREEFIASNGEE) E'F%Eﬁ“?’f%‘f’q}‘
i’il‘i%ﬁaﬁ—i it " Mo e E pirTig? o BN BEENGRER > HITRGESD 7 F
LB R KRB EIBEHFERIR SR Naik tREDFEER 0 MAER T
OB G R BRI 2 1 B -

AT BERE R S TR g %"vi“%’ Fleb o RE ] R R 2B
IR BT A L R (LB E W TR GRS ))TE DR P B e
238 (5) #or o B9 dy/af ik ypif (i, )) TEEYd; * F{Sﬁ T B RarrtE chiT B P
EOAREFEE > A n IR0F RF TG B i 2 B F ok o rE BITR T DA
FEST A (6) 3-8 -
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WU=dU/a+AX1,Vl,]EI, (5)
'] [r']

5= ZZ“UWU (6)
i=1j=

AEFRNF D ES e RS 4 N b R A 0 R AT R
LA+ BB AR 4o

max f (7)

s.t.

ZnSm (8)

=1
X € {0,1},Vl el (9)
f =mind (10)
S.t.
1, ifi=s
Aij = A = {—1, ifi=¢t Vi kel (11)

(i,))ED () (k,)EE () 0, otherwise

11|

Zaij=yi,ViEI (12)

j=1

y; €{0,1},Viel (13)

aijE{O,l},Vi,jEI’ (14)

AP RS (7) %%g‘f RIFBLE S B & 1 o) BITRTRAFE R o 50
(8) & FR* 4] > "] 975 IR BB PG BB A AZF T E30F PR R Em o LR
(9) =& kA K %8s = ’U%ﬁv 28 (10) TR PRl VR RE R K

- (RF B R ) Bo] IV HBSTR SRR o U (1) "B IT F A gk
SEALT HEtER 0 TR Y A EAFE - S8 o A (12) R ped BT IS7F 7 58
A& FARE g8y P RS ATE TRy g - B anf o LFIN (13) 2
%T}é] AR BB - A L (14) EJL%WM/L% R - ~RE

D e

Y

AT RN EAGES E 0 B - LA R SR ﬁ'zhz R
Enumeration-Dijkstra Algorithm (EDA)’ P ARSI T oA~ 5 {A
E R AR BB S B0 2 R R A AR R o EDA el %L.u X 51
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Bory REBLe & > T KR Dijkstra j7 502 kdp 2 RFBE L > REERERISAN A

o % - BE AP EIFY 22 Dijkstra ig 5 2 g Bk i 2 o A HREREZEE

= A i B 4k B fL2 SSO-Dijkstra Bilevel Evolutionary Algorithm (SDBEA )« % = f& &_

%7 4% SDBEA e ¥ v 4 » Ry F P TR F UHREREREZ BB B4

» 3% ¥4 & & % Shortest-path-based Ambushing Scheme (SAS) » 12 4c i f#§ ¥ % 8 % e ac

BRF KRS 0 fL2 SDBEAsas e = fifE > 2 et ~ TR 2ZRFSHLRE A3
%3 Rz

LA EDA SDBEA SDBEAsas
L ,.‘%ﬁé Enumeration SSO SSO + SAS

T B Dijkstra Algorithm Dijkstra Algorithm Dijkstra Algorithm

4.1 Enumeration-Dijkstra Algorithm

EDA i @ FFBL e rafdiz » 5 - PR EVERZ 7 BN gy v A28 & (RF
BLIEE KR ) R DR B R R B &3k~ B8 Dijkstra 7 5 2 RfET K REEESF R
s LR R S BT R AP BB R KRR RI 2 A FET
FRacniticinsol Xy 2 YA Bl A P R RIEfRE R HEOT R X =
(X0, X2 oo, XnsorJ P e 77+ B R ZEEF B G I9T F 7RG & o

/  amanssx [/
|

1
1
;
: BREFRLERMETIMLE
1
1

¥ & arg rga}t’xf{x,-, ¥)¥i=12,..,nsol
Btk

X = {X:.X:, ...,Xl'.. "-rXu.snr}
e ittt === ittt
| =T pi=1
' |
- i A LA ALX,
I
! i Dijkstraif § 3= £ T &
| i) 4 B o 0 MU R AR Y, SLER IR 4T oY SR RS,
| i=i+1 l
: LA S (X, Y) =6
I

B2 EDA z fjz;n42Hl
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4.2 SSO-Dijkstra Bilevel Evolutionary Algorithm
SDBEA i} & Aﬁ{u BHFE i ffgad R EF kG- 3E R fiE
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Shortest-path-based Ambushing Scheme Procedure
Step 1. Let Apt; be the ambush point set selected by X{ = [xf j]lxNvar
its corresponding shortest path found by lower-level method.

, and path; be

Step 2. Randomly select vy, and v,; from Path; and Apt;respectively.

t t+1 t+1 t t+1 t
Step3. Copy X; to Xy, let x;, < xip, oand Xxip < Xy,
Step 4. Output X{*' = [x{ 1 xnvar-
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A Study on Fan Page Messaging Strategies and Military

Academy Recruitment

Chen, Shih-Yi *" Liu, Hsian-Ming ¢

? Department of Information Management, National Defense University, Taiwan, R.O.C.
® Business Administration, National Taipei University, Taiwan, R.O.C.

°Department of Financial Management, National Defense University, Taiwan, R.O.C.

Abstract

The issue of declining birth rates in Taiwan has significantly impacted student
recruitment across all levels of education, and military academies are no exception. As the
primary training grounds for military officers, these academies face the urgent challenge of
mitigating the effects of low birth rates to attract young students and meet the personnel
demands of the armed forces. Compared to traditional marketing methods, social media and
networks offer marketing advantages that transcend temporal and spatial limitations, making
them particularly effective for disseminating information about military academies. This
study, grounded in the Stimulus-Organism-Response (SOR) theoretical framework,
examines the messaging strategies of Facebook fan page as stimulus factors, with perceived
value and sharing intention serving as the organism and response factors, respectively. The
research aims to identify which messaging strategies on fan pages yield better
communication outcomes, specifically in terms of eliciting users' intention to share, thereby
achieving broad dissemination and viral marketing effects. The findings indicate that
message strategies such as informativeness, timeliness, and entertainment significantly
influence users' perceived value. Moreover, these attributes not only enhance perceived
value but also positively affect users' intention to share. By exploring the relationship
between message strategies and behavioral intentions, this study seeks to provide military
academy and web administrators with strategic insights for managing fan pages, thereby
strengthening school marketing and recruitment efforts.

Keywords: Stimulus-Organism-Response Model, Fan Page Messaging Strategy, Perceived

Value, Share Intention
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The Study on the Application of Multi-Class Frequent Pattern
Mining to the Data Analysis of the National Defense Comptroller
Cloud Information System

Chen, Liang-Chu ** Fu, Tsu-Ming "

* Department of Information Management, National Defense University, Taiwan, R.O.C

" Finance Center, Comptroller Bureau Ministry of National Defense, Taiwan, R.0.C
Abstract

In the era of globalization and the rapidly evolving digital landscape, businesses and
government agencies increasingly rely on management and information systems to support their
diverse operations. Within the complex environment of integrating multiple systems and
analyzing heterogeneous data, the effective functioning of internal control and auditing
mechanisms is crucial for optimizing operational efficiency. However, traditional manual
internal control procedures often fail to address operational vulnerabilities or provide timely
warnings for financial risks. As a result, leveraging data mining and analysis techniques can

empower organizations to enhance their internal control and auditing processes.

This study focuses on employing multi-type association rule calculation methods to
analyze a dataset containing erroneous data from vacation subsidy and refund applications
within the National Defense Comptroller Cloud Information System. The primary objective is
to investigate the association patterns among various types of errors in the dataset. In addition
to identifying these patterns using different algorithmic approaches, the study aims to conduct
a differential analysis of the discovered associations. The findings are expected to offer valuable
insights for developing system-level error-proofing mechanisms and designing targeted training
programs for frontline internal audit personnel. Ultimately, these efforts are intended to improve

the overall efficiency of audit operations.

Keywords: Internal Audit, Comptroller Cloud Information System, Vacation Subsidy and
Refund Applications, Frequent Pattern Mining, Association Rule
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BT R B RE R R OnT e 0 TR AR 2 2% (Boseetal,
2022) MR BAT S BAR P BT BT RF AT LR A SR AT R
R e Nl S LA S ii“*m’kﬁgmﬂﬁpi%%iﬁﬁb*ﬁi**,g
B IR B PR R Y E O B A 15 0 AT RS AR IE B (Earley, 2015)

BE S FIR TR g B o AT 3 ERE ];E]Eég»"%?—k 4 Eg@;r\e:a 2 L
REZH2 i pRix T WE 4 F?J*’TL”*“*PF» Z»PEJ GRELFIMEBTA AR
B2 ATE NG **’?’HR:}ZH MAFEIFEAYE > AE ,—%jz»ﬁ (P g 25
HrimWAFEBALERS ZRF (H *'\' b2 2015) H P hpt ke 30 X
BN ERITCEE N THBLEE LA (BB AT EERE KT ERE) &

i
AR R ﬁ@w‘:xt; sttt F g FF ArE AR F A .g_xﬁ 1T ARG A £ >

7
SNLENELE R Y S = A R {ﬁ'wﬁ‘”'w”*#“"’? R
PRI P FrA et TR B R IR (s 020) BARATE R RS A LR R
Rkt ® b S g B9 kiar e RE AP 5 ~¢w@ oA er & A
S B A R AR A LA G T 4 FiTE 1985 ¢ 3R & 4&?‘..-«&-%#@
o W AR W RE hiBAT Y A AR IE L BdpdF R R A 472 o

MR RN TORRE B B > ¢ 354 3 (classification ) ~ 4~ ¥ (clustering ) ~ B 55 2R
2B E % (Tsaietal,2013) 0 8 7 B SR B ﬁ—w’"aé’flﬁ?b%ﬁur* fﬁi "ifiﬁé
( Angeline, 2013 ) » iﬁb%ﬁ@ﬂﬁ?ﬂﬁﬂtﬁ%*% 3 BE T O AR 2 °
BEEHLP]H B BN - 4T A & 5 A% E 2 (join-based algorlthms) sy é/%z’ﬁ %
( tree-based algorlthms) 2 4% 4] = £ % &2 (pattern growth algorithms ) = + #f (Cheeet
al.,2019) = Bl > AR Y PR R FARA M BARRIT X 2 2 o R 2 A PTRE iR
e R A AR A RR B A R M R E L AR R LA R
B2 R 38 0 iEm P IRy o AV AR gL .
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BN T B FRERE—— SRt —H
SRR

2.1 p LT
NI LACR P BE B RO IR ITE A A B 5 e ML E R P
FERBET o EHE IR ML R F B L2 1968 #37THL u%ﬁ,r =
@ﬂf%miﬁLﬁﬁﬂiJ”ﬁﬁiﬁééL%?W%%"“éfL4ﬁ*%ﬁzaﬁ%%z’ Flgcd %
FE (AP ’2009)0 p\ﬁfifiﬁ, VD T E‘Lm;;‘;ai %Emﬁv T%p,, i

pISE R R (2 A?EF 2004)° TE kR MR R f&?{? %fr}%ﬁw TR IF
FH i FRRAP s e BREFL G ~ F R E e 2 FHER
¥R EE =9 (FH&e2016)-

HRF (2015) REFFEAP LA AP FEFTAL S VR ELEAP AR
B TRABRTERE S PRERC EFFIL AR SFF A o 2R (2016)
Bl TR R F A PET L S ki@ o L FREE G B
FTAABHEFTERERR GG 8T ME S FRV A Db R TRFZ T ApH
TEAR o — HLEF i PR AP RETEIE S EF LR R E T

T~
BLA

EFUPHPEE R T 0 f PP A IREE 0 B AR A 1SS
Help A S S fo|UTiE 7 P\ R q_?r"llff?%ﬁ F% VB S R P\ M2 RN B
% (TAEPE02017)cdm FEAPRFEFBEAPEET > FEGH KA P hE b
B~ By B R '}ﬂ;’ﬂl"ﬁ?’l e EAY B ¢ KL F AP TR T E2 A (Yan
etal., 2019; Nan, 2022) -
R FTRPATOF R LEFFOEEF L 2 TRED PSR foi B2 ik
%4 P4 F IR G B ARGVE R T o SEE A B AL ® A éﬁ'ﬁ Earley (2015)
e BT ITEY R BERAP G BALR A (L) TH B PRER AL R
FOORE R AL 5 E TR () T LB LR TR SN E AR AP S
T2 BRIy 2 Eqofmk A 4l 7 e 8 5P 1T ¥ ¢ B it i R I AL S
()1 A BV i * 2hpd iz ficdp e PR AP TER BT F it L Pﬁﬁfﬁd
Beyp v oaE IR R R E TR R R enf# i 2k - Boseetal. (2022) RIS &
P17 MG R ARIET A TER (1) B A4S P A RR kS g e
Bd 5 (2) RBIMBEIFT R EFEHE P D 5 (3) BrkBIR ¥ foid > 1z Ak
R Y T Rl (4) LB Sy TS R R RN R R
ﬁvﬂl’iﬁ»frﬁ’;’#—‘% % o
P TR S B A AT BT B R A R PRI R AR DR F it 0 T E
ﬁz%?ﬁé%b‘_%ﬁ—?—! BRI R T 2 R REFIRTL I SR L P INER
e iTsc % (Capriotti, 2014)
22 FREEB AR P IR
TR end psEf i » L2 f FAKPE & gy Flp THHFB S TRE
Foavg B (Knowledge Discovery in Databases KDD) Hisi> /@ B & ¥ L I PRIF BT eh



2 RE RS B RE R B I P I B B 2 o - SR B oA < e

£ & &4 (Frawleyetal,1992) 5 # p s i te Sy TR EY BHEZ ~ A0 8
e B M I * L (Keyvanpour et al, 2011) © iz 2 &2k » FARFFR ¢ S4B

et wHE E&E e (Koksaletal,2011) ~ & pesv 8t iR (Ngai etal ,2011) ~ = B
7 % g pl( Hassani etal., 2016 )~ ?5}%‘ &g pRF+(Islametal., 2018 )% # % £ % 4 #7( Romero
and Ventura, 2020 ) ﬁiépfv TF o Rm > sehe G5 MAFAT I * FREFHE L I EL
MBEMTPAIAE L F A~ EA5 42 P *@"’#Hﬁx? M‘ﬁiﬁ HERELFEGAE R w2

# 7 (Shabani et al. 2021) e B FRITHIEAETARE Y E Y B A TR B A
fett 42 FF B (Earley, 2015) -

Kirkosetal. (2007) #£3F 7 iRt~ # G i{cl E4Z AR E = BT AFER L
KRBT kBl e B A ARl o WA AE4FE £ 5 * 14 o Bai et al. (2008)
W R P4 7348 4 (False Financial Statements, FFS ) ¥ & 2_ 377 » 4n BEFTA - F
Pl 10 7 W3 FFS F era @ o i P I P fjle, & R % & ot jF AT

( Classification and Regression Tree, CART ) Hjtrie (78 4 2 & Bp4 7338 & 2. FER] »
1 4.5 (2012) ¥ % f WE R SR AR F ® % 312 ) (Benford Law ) ~ = J‘bff
i ;2 P (Second-order Benford Law ) ~ & ¥ % z = (Zipfs Law ) &2 8 4p 0 & &
(Levenshtein Distance ) % ~ F#HF# Rl B s k{imet A P M HET E > T g 3 ¥
WP LA FIAP 5 G FEP o Albashrawi (2016) v Bz 2004-2015 & @ ¢ * F 47
1Bkl ERETART Y 2 1,? P TP AR A HOIT AT AIT A IRAR S L A B e
BE At o HEFEL I LRY R WE“\?}” 12,44 iﬁ-ﬁ‘?ﬂﬁrzﬁf (logistic
regressionmodel ) & &R & g dci¥ & ¥ ® * 7 & o Al-Hashedi and Magalingam (2021)
% iE 2 }g% AOEE S W R ORIF R AR AT TR B Bw e R4 533 80 o B (financial fraud
detection) 7§ > I § #> }I%%“/\,%E WAL R E T T 0 @ SVM ~ Naive Bayes %
Random Forest &_ a0 = 78 & % & * c3 47 8 fLjir o

Saglar and Kefe (2021) 4 ¢ % 38 TALF M HAFR* S AR T T 0 & 3508

A & e gt (Artificial Neural Networks, ANN ) ~ B {&: fpﬁ? ( Logistic Regression, LR )
K #t (Decision Trees, DT) ~ 3% £ # (Support Vector Machines, SVM ) ~ & Flig &
( Genetic Algorithms, GA) %2 ¢ F4£# (txtmining) ¥ > F PR A {34212 P
3 & 337p] - Boskou et al. (2018) # & 133 R "M 20 @ P43F » &~ B 112 F I ~ SVM/
PCA/Regression # = j# i& {7 4" 47 » 3 LB J 4 3 (separation of duties and responsibilities )
F 11 38 p 38542 cnE & F14 o Renand Chen (2021) M RHEE A 472 287 5% 4 %'E'}n” *
Wehp 2 F ¥ > FIR20 272 &2 2 5@ RehL @ * 3 o Shanetal. (2022) # ¥ %
EFRED 1500 BE G RFTHRT 24 FHE o 0 F AT F—I}jz&ﬁ;ﬁ
( financial audit) ?P B2 WA 0 BeEEE R B C45 k- X F B - Xuanyuan et al.
(2022) WHE® &% 2 P MIBFR 0 1 CAS ARAHTE > 2 RER L FG & b
ﬁﬂ%’wmﬁfiiﬁ\mﬁﬂo
@ Tsaietal. (2013 ) &35 A* 48451+ (classify pattern/ find events ) ~ 4 7 # 4% (labeled
data/unlabeled data) % #% i # & 12 (sequential/ nonsequential ) % it A B S S 2Ty
WA FTRFRE s AR A F S MBRR 2 ARG B Y MERR P RGS #



BpERS S BT AE BN hERE = A

PR BT B AR MEE AR B R -

FArdn (2020) FE RS PR A b KPP $ ~ FP-growth FORF® X 2 I
FE AR RBAT R P L Bdp A 177 AR R A DR 7 SR Y AR Ry
AR BFERAZ T ARG EMEE > X AL ME R KRE M T2
% o M ASE EAe s (2022) P& B ERE AR RBA T 2 fE By ;ﬁd Apriori
B AP g kg A A AR R B BE RIS IR A A AR 0 R H 2 2 iy

RBERT GRS o AT RIFE IR BT 5 2 G [EafiiT o

2.3 #ERHREER MR
TAF 2 o7 AT £ ¢ 3 B ond & Jope> 35 % CRERE AT
RGBT RER BT SRR FER (FrequentPattern Mining, FPM ) # # ¢ - 4
€& P B RS o SRR SY (frequentpattern) £dp 2B LA FRFET PR L B IR
38 P f & (Agrawaletal., 1993) o Yunand Ryu (2011 ) 3 ZAE S 4\ 58 4 E 2 <~;;
77 gl fhle By 0 ¢ 5 M B AR (associationrules ) ~ 4p B +2 (correlations )
F % f& (sequential patterns ) ~ # 7= 7 (streamdata) ~ B2 # f& (graph patterns ) EL ,
Hoo BRI P RGEFRAFAOTE F G LY BR XX DIM - PN
( Angeline, 2013 ) »
FRESFELRARBTRLS A0 LB L FRE 55 EY N
(association) 73 k& i 1 jfd B ehiE X L R FOREY 5 BAERAD Ko ik
R ab A FRT D ENA TR g FH N L Sk BAP L L (Chee et al,
2019) HiF (T A %L 4oB) 1 277 o

A0

Fa '...l"x Freque Palle l‘ "
‘_h.—‘_" o ."\]1!"?::1_1 I:I;n::'lililzll111 = ._"‘._":\_
A—A—A

Bl 1 AR RN ERE TR A
T kiR ¢ Tsaietal. (2013)

BEEHARP) L & P DA iR < L e TREY AL A ERPMNES R TBD &

g oot (Agrawal etal, 1993) 5 7 FiEd if § hiBEL RIS 0 e pRaF £ g p s
oAt BRNE M GEE ek RERFERFEF RRELS AT
PATRRIA B - KRERF A 1T - AF A MIEE R (Pruengkarn etal.,2017 )e
— AR R MEARPFE RN T A L 3 44 (Cheeetal ,2019): (1) & & % A7
%% (join-based algorithms) H_r/ 7 ¥7:#-4Echde » 38 B B ¢ $dy ¥ 17 7R % R 4p BE 55
iﬁvj‘ AEFREE(2) BBk L AFE 2 (tree-based algorithms ) F_#-4F 4 4% 12 g1 B
FRAAETRAEZ RGBT D E AP B LFRE E(3) A K FE 2 (pattern
growth algorithms ) r4 FP-growth ;i & i & Ad#F it @ k> 4 & E L2kt FP 2
BEEGSHT R LR MR 4 S A FHE R P B (frequentitemsets) 8L b
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fﬁ:ﬁ
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i
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A
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\a—,ﬁ
&
/o>

B S0 T B

RN R Y Gl T g F R R R AR R B2 B A B o & IE R EAE
A2 KA MR E 2 Ao 2 T o

e .
il il 6 4 )
¥ ¥ [ ]
RAEHR A G0 O K Wik BHR A ik B e ik
mE (Join-Based Algorithms) [Tree-based Algorithms) {Puttern Growih Algorithms)
L 3 L ] L ]
+ Apriori v + FP-Growth
« DI - .'~P el « TITF
e + ApriorTID . mokr. -SSR
FEE «  AprioriHybrid . "..'II-"I-R « P-Mine
*  Sandwich-Apriori . +  LP-Growth
. L = MATFIA " L
= MR-Aprion « DIEESET = Can-Mining
+  HP-Apriori . ™ o * EXTRACT

B 2 BEEEE 2 s iR
FAL kR - :zig p Cheeetal. (2019)

& 5w E 2 (join-based algorithms) I * 5 p 2 & k4 LA p § ¢ ehigE
iﬂ’f B & em wFIIE P el B (Agrawal etal., 1993) - H % & ;2 & 7 Direct Hashing
and Pruning (DHP) % Apriori eh% ;% :x 2% & % > &]4c @ AprioriTID ~ AprioriHybrid ~
Sandwich-Apriori ~ MapReduce-Apriori ( MR-Apriori ) ~ Horizontal Parallel-Apriori ( HP-
Apriori) & o H ¥ BB R AP F¥ SR L auFE 2 T L Apriori i 8 i o

Bk i A% 8% (Tree-based Algorithms ) £ & S A A B Y BT 6 » K12 (4r
WIERFRR A BAE S FAGETD BRSBTS 5 5 T B RER

B2 MO - 2 ‘%‘—?iﬁi’*%?*ﬁgﬂé“i‘“@“' CRDR G AFEE A XY
HP B FDER 2 E4E2 30 i i IR E DM B2 (Borah et al., 2019) © Ak &
% 8 2 & 7 Hotspot~Artificial Immune System( AIS )~TreeProjection~ Equivalence CLAss
clustering and bottom-up lattice Traversal( EClaT )~ VIPER -MAFIA -DIFFSET % Transaction
Mapping (TM) % % Big &2 -

¥ A+ £ &2 (pattern growth algorithms ) @ IR F e A S Lig B2 @ » < 34
#_d FP-growth #4827 % ko o8 %5 FP-growth W@ * #ifcdp fi& (77 X4
ﬁ’*@ﬁﬁﬁﬁ%ﬁﬁ%&%%’ﬁﬁﬁﬁ$4$@§ﬁﬂﬁﬁﬁﬁﬁﬁ*%ﬁﬁﬁ

(Mittal et al., 2015) o &3] = & ZFEiE 2 FP 2 N is BN HFTHE G BiFH 2
#ﬁnﬁﬁﬁi%ﬁ?ﬁﬂ%?iﬁﬁ&ﬁﬁ.%mﬁ@%u s RO R e
%% (Cheeetal, 2019) -

R REARE
31 #3172 *#—-1 I 1 2 e

AR SBTOR AT 2 G A SRAPME F R TR A R K
BT HBRL GERENE/ R - MEBFRFEEY L5 07 R R AR (e



BpERS S BT AE BN hERE = A

— R/ R — — BAEERRNEER — — FERSITHEE —
o SR e ) AR |
i :ﬁ"ﬁl-‘.l-!‘idl—w‘-ir.*ﬂl? o) &0 By 2 W Il a
P TR Bl | (Join-based Algorithm) | {8 Rk 2180
e ] g ] — ., - ST TR F Y
AR B | T o
'_"_4 i_!.-r L. ﬁ'ﬂ-ﬂ_ﬁ'-_’ﬂ_' %’ { Tree-based Algorithm) ﬂ!ﬁ#iﬁﬁ.lﬂﬂ-’}ﬁ
* F 5 . |4 (SMAELEEERSH
Vi A [ & U EHRN : IR T s 0 e
(B Ay 1L 0 k) (Futtem Growih G AT SRS T
T 5 Algorithm) |
| I AT ] : ¥
AR e 5 1 mAAHER
R REIERE ] (Weka) it

DEEIEN R S S T

- FHEAR/REICMRIIMTAZISIRBRE DG CRIIEPHRoRERY D
i’}‘leﬁLF"’a"”’;b"z&%v’ R AEE T iiﬁ » TRFTAL SRR 4T o

o MERMFEEY I R{EAFTEL BROF L EROT AL > » % 0u Chee et al.
(2019) #% 1 ens & 5 A% £ 72 (join-based algorithms )~ ik 5 L% & /2 (tree-based
algorithms )~ #% | = £ /% & 2 (pattern growth algorithms ) 5 = %7 B B 2P| $E 8 > 2 >
FEPFANEAMFEFEFFLIT BEBEL PR RIFEH 8 Weka 5 1 & 297

B o

N R R Ea s Rl e S S L R A E G
ER L SATE R IER

|

fi

3.2 AR

- FREE/RE

AEFTURELMAFTAZRIRBEIATERT T LR RE 2 BIRIE G AHAF
ELMAMERTN AN REIRNEMB -ER2AFIHECRY « REPNTFE L P
TR BRI LA R TR 2 B A SRR Y B AT B E By A T AR o
AR W e kLT L%ﬁﬁ#ﬁﬂﬁ”iﬁﬁ;ﬁ%%@fﬁﬁ,ﬁ%mﬁf
g L R AR FREE AT o RA o FIRBAT R A ARI05 £ 10 &
Boo#GFEARISEZ & 12 F > SaPEf8#48a §i322 E+i%3§ar’
BITAE20,033 2 o KA R AL LS S RBA(Y P ) BB B(Y A )R
BC(EHE)Z A8 - AHFABHURAFHIATZ c R FHEL ABELEE -

AR g A A AP By Thd P FREY AP E TR AATHEEY Y e
o X KRB IR G RBPES PRAEAHBE T HRE L2 & 22
A R AT A A s AIERE T 1S R A 4 o



2 RE RS B RE R B I P I B B 2 o - SR B oA < e

# 1 At e a4 FRE &

AAIEP AT

43 4 /‘L-‘ 43 4 L= ~" 25 2,

ZxL‘F'_V—a'J E'iﬁ‘gt it X NG i % Ayt (funj)

Ve 15 AOI~ALS 2% 72 B FFs? B P R@EF T B¢ FA%
(A) PR RHERER/ A R4

¢4 20 BOI~B20 #§7 #~2A@FE2 B Y FR P KK
(B) PR RBELFR ERPN S AZL EAA
& E 17 C01~C17 1{:}7‘5% S4B LR YA A ﬁ%;\fu ﬁ%gt
(C) EoHBeRY I @0 Hipp P iikimp £ 4

= MR K E

BB P BE F AR AT S T £ & endp Rt L 3 & (support )£ 1 #7 & (confidence )-
FXYBARG A FORES b B p o R R R ity R Bdp Y o R
ﬁwxn%ﬁﬁﬂw%ﬁw*:aﬁﬁ&{i%ww%émwu%ﬁﬁﬁa’ﬁﬁia
FAXPEIFEPNiEET 5L g4 Y $ 23 p Arik et ¢ (Harikumar and Dilikumar,
2016) 3+ 8 238 2 wl4e (1) (2) #77¢ (Linand Tseng, 2006; Manimaran and Velmurugan,
2015):

Support (X—Y) =P (XUY) (1)

Confidence (X—Y ) = Support (XUY ) /Support (X) (2)

BEFRPFERAR R g P (L5 >2017) (1) w S A HFRGHEP &>
FEHRE P E (frequentitemset) 3 (2) - BAEe 2 kBAEP > AIFHE2L 2 kIEP
B (k-itemsets) 5 (3) FE k-B R B A& L FR > EJ?ﬁs—\ AR % k-7 P & (frequent
k-itemsets )

*T 7 534 ¥ Chee et al. (2019) RO E LA CHBR LA CBAXEE
AP EF N EFHFES A T E R KA G IR AP LN A EEP T
HE W FER R FEASRELABTE S o

(-) &# 54wy =% 1 Apriori
Apriori j# 52 W2 PE N A Foenfp 3 R M GHIR TP DGR p 2 B adp >
FBd & fE e benBl T ﬁ%;pﬁéé%%%mmﬁa&&%1%wmmn%%%m
i R g Ae T (F 225 0 2007 5 Agrawal and Srikant, 1994) » e BF I B B IR
ARREiE R B4R (4R 4)
. #E2H#4ABPOIFRZBER > FRLETMBARN D5 ) L F A (minimum
support ) £ & | i #f & (minimum confidence ) #E o & = & 1145 X P F IR 2 =X
(%) ™+ (Min Support=2) 2 2 $FR HFHEE -
2. HEBFHEY T s AN L-E PP EAF BRI IED G FER
B & & (candidateitemset) £ iEEIE P & L hA B R F WX Tehkb | A EHER (TP



BpERS S BT AE BN hERE = A

hREC L ARSI D R ) REEEEN D R EARZEN P {4 (frequent
itemset) © & b TR F Bdpio B SR > iz E CL AR AR P B £ Lo

3. BFAMRAPRELLINS L AL GEEEC2 BRFFHFTPEIFES - B
E 2P B FER M FRAF BRI  AFRSED F o ALRRAE B
L2 o o

4. FFHr L2 L kA2 BEFLCOH FERFHEFTREI T 3 3-:@3;_&;@1
FRREEAIATIHERED Lo LG ATOGEED EE S o

50 38 ERKAP FArA S B AR > FR ] B AR O BIBERA S 2 o

AR L1 C2=L1*L1
EXIETN
i 1 ADL - BOI ADL 3 A, Bod 2
{hili 2 BO1 - BOZ - BOA - €02 Bo1 4 AD1.BOZ 2
ghdl 3 AD1 - BOZ - BO4 - COZ BOZ 3 AT BO4 i
{4l 4 BOL - ADL - BOZ - BO3 Bo4 3 BO1,B02 z
4 5 BO1 - ADZ - BOM - COZ coz 3 B01,B04 2
L2 BO1,C02 2
#h 2N m C3=L2%L2 02,504 2
AO1,BO1 2 mm ROZ,CO2 2
ADLBOZ 2 BB COLS i1 04,002 3
R ” BOLBOMCOZ 2
o 2 ewews 4 ECITNNED
BO1,C02 2 AR REDEDR ¥ —_—  BO2.B04,002 2
802,804 2 bod-boe-bad BO1BO4COZ 2
802,007 2 et LS Min Support = 2
BO4,C02 3 et bl | JoHe 2 R
B0 RO CD? 1
ADLBOZBO3 3

Bl 4 Apriori ;# & 38 * ¥ that § 2 4 7 inAe (§6])
FH KR R S &4 (2022)

(=) Ak 5 A& 2 % Hotspot

HotSpot ;% & j# % %P Friedman and Fisher (1999 ) 323 #7 B 4 ¢ Weka M 5 2L |
vk BV SRR R B TR R K] A R DM TR T 5
R Ay éﬁmﬁl;;‘ TR e R (Qing-dao-er-ji et al., 2020 ) - HotSpot i# & /= &
i * R RARDD R P (targetitem) 5 13E 8 hdo] LR U] T HEF B
Bt H IEEI vk BN E PRI R NRAFF BB PR P L R - B p &
8L B FiHiEE < &~ L & (Max Branching Factor, MBF ) e & & # < i & & | v i
A e pARIE P T AR & (Left Hand Side, LHS ) » I PFiE = — £ fHik
:%f;:rﬁ—%wl °

F2 7 #-%t+ Hotspot & & 2 @ Mk & 8.0 MBF K Fld* » T UL R 2 S AP

BRAEAIERMIARR - B8 %2R EF0AAE S 277 -



2 JER S BORR RE R I P I B 5 U = SRR B AT BT

AR E _
target item (4
h# %1 ADL-BO1 %ﬁ.;'}*]% AD1 [50% » 2/4] + 2/4)
#ii 2 BO1 - BOZ - BO4 - CO2 T BO1 § - oo {25%--3/4} _..E-ﬂz 15096 2/4)
wETEH ROz [50% - 2/4) B04 [50% + 2/4]
k3§ %3 AD1 - BOZ2 - BO4 - CO2 &1 s B B33 PR AN ooz [50% * 2/4]
{3l ff4 BO1 - ADL - BOZ - BO3 & 45 B50% BO4 [50% + 2/4]
il 5 BO1 - AD2 - BO4 - CO2 * 02 [50% + 2/4]

Bl 5 Hotspot i & & * »v ifdd 7 2 L 742 (2 51])

(2) #A =& 5 A% 8 > 2 ! FP-growth
FP-growth £ # 4] = & 5 AR EALP] P &% L auF & 47 2] (Borgelt, 2005 )» FP-growth

A G BF 8 42 (Kumaretal,,2010) @ F 44345 4> F 402 4 FP A (FP-Tree ) » 2R (4
EJP&Jﬁ%ﬁ?M%ﬁﬁ°ﬁ%3?*$ﬁfxﬁﬁﬁf’?*iAmmﬂ?%?E
REAFTAEHFR TR AL A T FERD Eood FRFW2FT E2 P - M A
B R i ARAeT P (Hanetal,,2004) @ P B 6 5 f5 BB (T 5 RP o
1. 24 FP-tree © #-F# B iES - B ?T‘ié SHE RO RS

(1). REFHEZS)AFRE FhZFTHLE TEEET 150 vt &R -

(2). FER 100 FRAFRPA - LRAPR I AFR DT D HIL - EF

A e & k2 - B2 null & 5 2 & 2L FP-tree »

2. JFP-tree 42 46 M WAL 1) : B3 — 4B 20 FP-tree e 2ol | HESS 4230 2 32 o

(1). $==ZHHED Fﬁﬁi& y T fi@ﬁ@ia‘“ﬁ:}*ﬁ HE B3 2 =0 FP-tree m?r}»’éﬁé °

(2). 2iFB 27 EE FP-tree ¥ RE L H 975 cnx A5 p & o

%
T P

f 19
L1 AD - BOL A —
T T TS T 3071 5 8014
AR BOL- ADL s
hi&®3 ADI - BO2 - BO4 - CO2 g e s | 012 || B02:1 ]I BO4:1 | | 802:1 |
(kA4 BO1 - AD1 - BOZ - BO3 W §3  ADL - BOZ - BO4 - CO2 :
MRS BOL - AG - B4 - €02 $hif4 BOL - ADI - BO2 ooz [[ oo J[co2a | [e0ua ]
H®S BO1- B4 - CO2
C -
o1 4 1
R F-List = BOI - AOI - B02
BO2 3
B4 3
o2 3

B 6 FP-growth i ¥ 8 * »t kit § 2 7 im 42 (§61))

S AR

B SRR E TR A A 2 TR A 8 2 i
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