W R PR
15 & IE I 2 &
Vol.20 2020

H

=R

2 DT> AT LK S % iRl il & 2 Ofiis:

----------------------

PN
HERN
Introduce the CyExec System for Cybersecurity Training Platform
and Cybersecurity Research Trends Related to Data Analysis =~ cecoees [ENEEL
BHREZRL BEREHIZEZE 0 eieeececetetetctataeaaes ok
LSIfRHIC 351 % 7 A b Dt ds K CEENMER LB 9 2 W58,
.............. + R

11

19

22



PROCEEDINGS

OF THE
SCHOOL OF INFORMATION
SCIENCE AND TECHNOLOGY

TOKAI UNIVERSITY
SERIES J

CONTENTS

VOL.20 2020

Papers

Component Assignment Problem of Two-dimensional Lattice Systems and Its  Solution =~ +eececeeceere. Taishin Nakamura 1

Introduce the CyExec System for Cybersecurity Training Platform and

Cybersecurity Research Trends Related to DataAnalysis ~ eceeecccccccccss SanggyuShin 11
............................ Tomohiro Takahashi 19

Introduction of Research: Takahashi laboratry

Research introduction on speedup and improving reliability of testing for executing at LSI shipment
.................... Hidekazu TSUCHIYA 22



FRMER SO S PR EE T4
Vol.20 , 2020, pp. 1-10
DOI: 10.18995/24352152. 20-1. 1

2IRTCIEF > AT LT % o Pl iE A & 2 DTk

HR RAE

Component Assignment Problem of Two-dimensional Lattice
Systems and Its Solution

by
Taishin Nakamura

Abstract

BRERIZEFBADHEEPES LE XA TWEELKDYATADPFIET S, TN6D Y AT L% \WHIZ L EMIHE
SEEIPNEETHY, VAT LADYHE Y ICEELET SNBHEETH B EFEEOMMEITREL 2> T\W5. M
T2 (R, FEMEEE) Oo2H T, HEVATLAORBERIZVATLAETANEEREINTED, TOVA
TLAETMIRUT, VAT LOMWEREHI AL, Bl PRl RS AR 212D\ T ORI FIEOAE R THhh T
W5, AFETE, YATLEMRT 2EROEPRELFMT S 2 ik TV AT L7 2EAL, EENINLETIC
T E2BAT 5. B, FEETYATICEWT, WD EER T 2 Kol B E O BEm & s
mﬁﬁ%ﬁ%%ijuxA IOVWTHULK BT 2. SRR REKYY 7 b 2 7R TE BN > TET

WaeLThH, BHEIEFIC

HARRVHBIZES <AET 270, MENROBEMLMEZRMTLI LT, TRZE

S Ui 7V I ) XL 2T 2 Z P AREL D, B4 RBIEREOMRYIZ D2 H 5.
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1 & C & I

FIRHABIZEHRL DHEPES LEZATWEEL
DY AT LT D, TNSDY AT LITFEEIF
ETBZ e BERELE 2 Z i3k, Wil
L, Bkanh-e2RETE < s, Bz, FH¥
FIFEEFT A ZEREDNRE U 72358121, Bz 5 RN
BEIZEZST, AzEL, Tx OEICLEEMD
DEREWEEE ST AREND L. fEoT, VA
T LR OHPIZLEMICKEB I B2 00NEETHY, ¥
AT LHIRRE D ICEIE LKL SN BB TH HEHH
PEDRERIZERE L 2> T\W 5. EHEETELHIET D
%, TEPEELTWEH5055D DL DIZEALT,
PR I, MY B0 OMEE T 5
MRS, B EEEEMNE5E T THS [1].

BED Y AT LSRN - ShRIERT 572012
&, BEEE (EHCHET 2HER) %287 AL TR
fliL, YAT LDEr - EHBRE TS DK Z i

TUSSRI T4 a0 Yo — G TR

UBZeWnEeLs. FEETY (K, FEkERK
) ORH T, HEVATFLORMERZ VAT
LETUDRHE IEEINTEY, TOVATLET

WZRLUT, YAT LOMERETHME AT, e v
WAL TR 212 DWW T OB LB M Th I
TW3., ARTIZ, YATALZNEKT 2EEDEFIK
%39 5 “QIRTHFV AT LY ZAL, FEED
INETIf TR ERBNT 5. R, FEETY
ABFIZB T, WD D EE L METH 5 HoEi &R
O BEZE & RN 72 BB R 7L TV AL
DWTEEL < Bl 5.

2 2RTBFIRAT LA

QMTHFVAT AL, VAT LDEKEZTH
53VEKR—3Y MR 2R TRICEES N, Tho
DAVKR—F v "D —EHFAIZEP L TRRET S 2
AT LRI EER 5 XD AT L - R ERET S
VATLETNTH D, BFEIZE, avF—3 VR

SIZIELTH, Aoy FR—% v bANgEL
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O: working component
@: failed component

72aVR—2 v N OWREZ T T 2R EDBMEIZLD
VAT LAERE UTIRIEFICHEAET 25, aVvR—x
VPR LU THET 2 VAT ADIERIZEREL 72
{BRBENSEMAERTZ VAT A (£721F, BE)»
FETS. 2B FVAT AL, Z0k5H Tav
A= > b TERPHC SR U TS 5 L igiRd 5
WS VAT LADRBAERATZVATLETIVTHS.
QTR TV AT L, TV AT LtR) & TSt
Tk OBRAN) =2 a UDMEIE T B, ARSTIR T
AT LR OBE»SHELU

o BEABELY ZF I

o MfFEIY 25 A

o N—F AWM T A
EENTHNL, EEVRINE TIIT- %20
BIZHNT 5.

2.1 RAWMBS AT A

E AR connected-X-out-of-(m, n):F ¥ AT A
(AT, BABMY AT L) &, m T n dlOKFIRIZ
AKXV IPEBEBINTVWEYAT LT, X &
VAT LBIEDSEM L B TV ER— 3 b OEERIR
2RT. HI2IE, X2 (r,s) OGS, M1IRTED
i, ri7 s OV E—R Y MR TRTHET 255
L IR B Y AT LERBTES 2. £/, XA
(1,2)-0r-(2,1) DIGE, 1472503V F—F > b
HEd 2] H LI AT 10TV E—3 Y FAIK
BET5] (0D, BELZ 22003V R—3 VIR
HGNEE S 2) BAICBEE VAT LERBTE
% [2.

RABRIY AT L%, 228958 GEUINIC) R
EXNZY Y YV VAT L ERETES, Loy
VIVAT L, BEHNRIIEVYRRET S,
T, WHHRENEL, TOREINLERICEDE, A
MARERERET VAT LTH S, MILO G

EROY VY 2 EAHENEET S X5 IR RIS
BITLHILT, HEEUUDRELTH, FHEOL Y
B ERRPH 24D 72, HEBEREERTSI LN
TES. —hH, BVUPEPLTHEET S L, BEHA
WHEEPED, vy vy IV AT AIIERICHERE L 2
K735, BRAWMY AT LAEHWEIET, Z0D&>
vy VTV AT AOGEETHI - %ElEEET S
ZeMTESL. Tofuzd, EABIY AT LIRS
FEDOFRRY AT LRHREORIFAR L IHATE % [4].

[EHEME T2 0 X B 2D 1 DI HEE S H R EA
H5. ZOMER, avK—3> OEHEE (EHICH)
fET BHER) BEZ SN i, VAT LEEDEE
EEREHTAMETH S, VAT LDOHRFBEBIZIE W
T, YATLMEEEERREHL, EAIK > TRIERM
IS ZLIIIEEICERATH S, —BINIZ, N{#oa
VR—=F VMNP ORDB VAT LMEMHE R KD BHEIC
&, 3 VER—F Y MEEIHNLIZERT R 51E, T
RTCaAVKE—2V FOREEFIZEL, THhoDHERD
WAL D AT LAEHEEEZRDONS. LU, £
ORBUZ 2V TH Y, TVE—F Y ML VIEAIC
BRI ERE 289 5. 22T, Nakamura ftf [5]
X, KBZZGanERKIY 257 LOEEE 2K S
B, FIRGRER [6) ZITAIRBICHE X, [THONR
SREHEE TR U2 TREIZEFEEN RO SN D
ZrZERLUT.

BEAZ A5 [7,8] Ik D BB OB EMEZ KDL Z &
BHEBRIZTERETH > TH, VAT LOMEIKEN
72, FHAERMECEEARSE, HEEOHNTHESRE
THRERIGENL L, FEEREARELRY AT LD
YA XIFREWTH 5. %2 T, Nakamura fth [9] i,
FEHBR Y AT LR UT, BEGIE L AR TE O
MCRHAATREZR S A T LMETEE O ERRAE K O FRRAE %
BHUZ, 22T, BEEDO ETREZIE, AT A
DIEMHEENZ DEM ETHRY, HEWVIFIDETT
BWIZ RGBT ARMETH D, VAT LMSHHE D
X ERE FIROFEMIZINE > TWb7zd, ETF
FRAEADS—E U 7235 B 121 ZF OFEPIZB W T Y AT A
THEDOHEME AT I ENTE 5.

Nakamura fti [10] %, Increasing Failure Rate
(IFR) MEFEEECE D MLA 2. ZofEE, 3V KR—
FYRDBIFR TH 2 (Y E—F ¥ b OEERH
ZNZH U CHBARINT ) 22DV AT AITHEFE
Nz, ¥hbb, VAFLAERTIFR %52
CEHSHIICTEMETH D, FHEMEMFIIBEVT,
IV VZIIEELETH Y, WERERDOEIRE
RIS Z kv oNns, avKR—%2 2 M IFR T
HBEZEDRVATLZEREFEIND ZEAHLDITR
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i, IVR-F Y I BMEROEFEG/GE2/HEOGEI
BB REEEAROEE [11-13) R EICHE5T 5.
Nakamura fll [10] Tl, ¥ AT LDTEM 2,3,4 D
BE FIBUIMMER) tBWVWT, IV RE—%> bD IFR
WRFEEIND VAT LW 3FEEFET 5 2 & 2RI
R Uz, VAT LD EFEREHIZ5 UL DY
AT LT LTI, BEFERZT, EBROHIPHNT
FaYvFRE—=—% Y MO IFR BMREFEINDE VAT LH—D
LRV L 2R L.

EHIF, ROEEEBREICEI D MATE 2. Bl
EREEE X, &aVR—3 Y bOEHEENRH—TZV
BE, avR—2 bR EDLIIRETNIEY A
T LAEHENRKRIZEDENEVWSHETHD. 22T
AVE—2 Y NEHHIZANEZTH VAT LD
EUTIERIEN W Z L 2EiIR L § 5. FodfidE % K
SBZLE, [BHEMEZ GG 72 AT L% RFIICH
T3 ETEEE RS, RARMY AT LIIHT 55
R EMEICELTIE 3 =ETH L BRR S,

2.2 AFRIITA

M connected-X-out-of-(m, n):F ¥ A7 A (BA
T, AR Z5 L) &, RABIMY X5 LM 2
WEEEL-MEE2EL, 2V F—3x Vb2 mMn
B OMABRIZEES LTS (X 2).

ALY 27 A, R PFENOBERY AT LTEA
TE%. ZOYVATLAIMBEYOREEE D & 5T
Er PRI oNTED, FERNOREST%
RS 5. BIROMERREHE T S8, BJRCH
SRREDREIVDHLLEXD L, HBOBHE L
VY OERIT L 0 BPROMERIRE AT Z 2 A
TE5. UL, BB Edm LTl 5L, B
EMAIT DI ENTERLRYD, YATLHEE 5.

O: working component
@: failed component
O

m circles

M3 h—32MY2F L 3

Nakamura fti [14] T, Finite Markov Chain
Imbedding Approach (FMCIA) % FH\W\ T, FMfE#d
VAT LIS B EBEELREICE Y AT FM-
CIA 2 &, T AT ABERFAEL R WL 51T, Y AT
LA X% RELT L] & V3 7HBIZBT
LIRAGER | IZRE I EBH I LT, v a 7HEDE 2
FEMMA Uy AT MEMERSGIETH S [15,16].
BRIz, MR 2T L0oE2EICvIVa 7
AL, HEBHERITY 2RO 7%, FryTvr=
eI 7 HREAEHNDZ LT, VAT LMMEHEE
B, I, SRNEFEERHEWEICT 5720
2, MY AT L ORBIZIE U7 2 FEO k%R
EU7, BUEEBRICE Y, Kz, avFE—% v M
EWR—TH 256, BREFEIINRMZS AT LME
HEZ2EBTERZWbhro7z. T, IV K-
2V MEHEENFE—TH 285G, TN TOHMBMET
FINELL 23720 TH5.

2.3 F—FRBIZFL

Nakamura fil [17] 135D E AR Y 2T L MfE
MY AT LEFRLUZI Y E=2 Y FR b —F AR
Bli& X 17z b — 5 A& connected-X-out-of-(m, n):F
VAT L (BAF, =T ABYAT L) RREL.
DYAT LI, EAMMI AT LD EFEEAD 231
EENTNEFE UG ERE, IVR—2 Y M m
AnBO =7 2ARIEEI LTS (K2). =7
ABIDFEY AT LTI, FER IR, T TE
F ORI NET —F T2 F v (18] R EOHIHH 5.
Nakamura ffl [19] Ti&, +F—F AR AT AITHL
T FMCIA AW ERERTTEe R L2, BT,
Nakamura i [20] TiZ, FEER OO OHERAR
KREEHL, ThEAMALZTVITY AL EREL.
BARMIZIE, b—=FRBIY 2T L OEFEE D 3
VR—2V NDOREEEZIZNS IRV AT LORITER
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TILT, FRMIZYAT LAEBEEZE L.

2 Wk T ¥ A7 LITBT 5581, Kuo and
Zuo [21], Yamamoto and Akiba [22], Akiba il [4],
Cuift 23] mEiIzF & HLENTVS.

3 Lin/(r,s)/(m,n):F YA F LICHT 2REEE
=8

AFE T, KA connected-(r, s)-out-of-(m, n):F
VAT L (BAF, Lin/(r, s)/(m,n):F ¥ A7 L) 1T
2 oHBlEMEIC BT 2 BEA R 2 M L, EEMT-
MR TORRERY. 22T, Lin/(r,s)/(m,n):F
VAT L, TVE=2Y IR m AT n ORI
EINTHD, YATLHNOERDMEIZENT r
7sFINDIYR=2 Y FPTARTHEEST L L &Iy
AT LHEL BV ATLATHD (K1), 7z, Hol
MEME 1, YAT7 LAMEHEZ ANERE LT, %
NERARETSaR—3 > MlEZRRT HHET
HD. WKL TEVATFLADIAVR—F > - 2EYC
WMOERDZ LT, VAT LMEHEN L2EBL, %
EREAD TR b, 3EE 4 ETIE

(a) TVER—=FV b ATF LIBEAHERED 2 4R
Bz,
(b) T YAR—F > MMIMNTIZ L

() avF—F» MEHEIIEZONTED,

(d) TyHR=—F Y MIEROABEIZEID HTE5ND
ZEERRET .

3.1 ZEREMEOENL

AEITIE, Lin/(r,s)/(m,n):F Y AT LT 5
BEREMEOEAMLEITS. ¢ = 1,2,...,m &
J=1,2,...,n LT, (4,)) &YATFLND i 17
jAIDAEE TS, 7(i,5) (€ {1,2,...,mn}) ZAE
(i,j) KElv Y TonzarvR-—3 VI ERLT L,
mxnflD3 Y R—% > b DOEE X

M= (7(4,5)1<icm,1<j<n (1)
W&o TREHEING., aVR—F Y NEER 7 (€
{1,2,....mn}) £$5&, aVKR=—F2+ 17 DFHE
Blp, 2RIh, —BEE2ESI %L, pr<p <
e X< P T B DFED, p ik T FHIEFHEOK
WaYR—4 FOFEEEZEERLTWS, £z, N
MV p=(p1,p2,.. ,Pmn) EEFETD. HIZ, pH
EZ256N0TED, BEM I THS Lin/(r,s)/(m,n):F
VAT LDEEEE R((r,s), (m,n),p; 1) £45. Z
NSO EEMANT, Lin/(r,s)/(m,n):F Y AT LD
oAl EMEII T LS el hs.

1" = arg max R((r, 5), (m, n), p; 1) (2)
IIeQ

72720, QRITATOREI OEEGLT 5.

3.2 REREMEICEYTEERR

AEiTIE, Lin/(r,s)/(m,n):F ¥ AT L O5#ENE
IR B3 B BEZE 2 #8715, Lin/(r, s)/(m, n):F
AT L OBGEEEMEICE S S5 (A) BRENE
PROMEEOPFAE L (B) BolllEER T VT ) X LD
KA E NS,

(A) RBERE’ROHEEDREE Zuo [24]1F, r=m
H ULk s =nDBEAIZBITS Lin/(r,s)/(m,n):F ¥
AT BTN U TRBERE DR T N E R BESMF 2 EHl L
7-. ZD#, Koutras fl [25] %, Lin/(r,s)/(m,n):F
VAT LDBRGERLEI R TN E BEGFEE U7,

£ 1 (Koutras it [25]). Lin/(r,s)/(m,n):F ¥ X

TLZBEWT, I P EHEILE T dH 2 0 BRI

(a) 2 < j < min{s,n — s+ 1} o, i =
1,2,...,m iz LT,

Tr(i7j - 1) < TF(i,j)

(b) max{n — s+ 2,s+ 1} < j < n &6,
i=1,2,..., mIzxLT,

w(i,j — 1) > m(i, j)
() 2 < i < min{r,m —r+ 1} &6IE, j =
1,2,...,n iz LT,

w(i—1,7) < 7(3,75)

(d) max{m —r +2,7r+1} < i < m &5,
j=1,2,...,n IZXLT,

7T(Z* 17]) > ﬂ—(lmj)
ThH5.

ZZT, 7w, —1) <7(i,5) & prgig—1) < Pr(ig)
DED, filE (1,7 — 1) £ EAE (4,5) IEEED
BWIVKR—32 Y b EEDYTEZILR2ERLTVS.
MEZEME WM SR OEE X, &0 BEBUE (FH
) BREVHBENGFET 5720, BHEEIZRD X
BNZ e bhd. molblE 2 ERT DK, BESRMG
EHAWS Z & THRE PR U TR ZEE %2 BT %
ZEWTESL. ZTDD, BERMIISHRNIZ REE
BERERTLLTEATHS.

{315 % HEI% & 9 2 ROl R BRIz 1d T2
EWVWIERRHD B, AENE IXREEED T VR — %
Y NMEFEOMIZIKERET, £IVR—3 Y MHE
DRNEARDAIAMATFTT 2MBTHD. 1FLAEDY
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AT LCHEVTH, REAEL T YR -4 MEE
DIEIHAFT B (RLLREREDTD 5 17a\n) T
EDTERINTVWBAY, HITIE, AL moiE % 38
DLYATLADFEIET S, TOHE, I VKR—F Vb
FHEOXNER D INIL, FHHEEERVWS Z L2
{, RMIEZRET S NN TE%. Hwang and
Dinghua [26] 1&, AFDEHIZL D, r=m (s=n)
DEEIZBT S Lin/(r,s)/(m,n):F ¥ AT LORZEN
DIFEZMAZH S PIZ LTV S,

EH# 2 (Hwang and Dinghua [26]). (a) r =2 2D
s=n—1, (b)r=2712s5=1, (¢)s=ndDOVT
N DEHEIZBWTIE, Lin/(r,s)/(r,n):F ¥ AT A
IARE L ERLE 2 R0 5.

B %1%, Lin/(2,1)/(2,5)F ¥ 2F 4 ((b) DHE)
D B il &

o — 1 2 3 4 5 (3)
10 9 8 7 6
TH5. ZIT, fTHNOMEIZFIYR—F 2 FEST
»Ho, p1 <p2<...<p1o'C“355.

(B) REEBZFRT7I I XLORKE FEEOMNE
ger BT, RIEBNZ X - TEE D ORERIE A2 5
L UTH, BolENRFEI N ERD 2 LA R L
Hmote. UL, BolilidEMEIZ NP WA
HLMETH 2720, EANLBREOBERNIZS LT
B BRE R & DN TR BIERS 67210 T
BEREREZES ZEI3# LW, 22T, 5A613
AT —ADWE % R U 7220 2N 7 il il & EE R T
V) AL EINTE . Omura il [27] &35
REFEEZRXN—AL LT, r=m—10D2s>n D
BIZBIETNVITY A LEFEFLZ.

2, HRETEVATFLEMOVIFEVLESG Y
ATLIMEI®L LT, REAREEROREL
EfIoMRBBIhbN TS, ZOZ i, Hil
fbEny AT LOBREREZ KD 5N E, Lo
Lin/(r,s)/(m,n):F ¥ AT LORHEEEDRKES Z &
ZEEKT 5. Omurafll [28] 1%, r=m»Ds=2D
BEBWT, Lin/(r,s)/(m,n):F ¥ AT L% Bl
AT LRESE, ZOYAT AOFEOAREM: &
U 7= BoEfLiEsR 7V 3 A L& B U7z, Nakamura
ft [29] 1%, r = m DHFAEIZHBIT B Lin/(r, s)/(m,n):F
YAT LMY AT MIRE S, RN TV T
U X L%BEL. Nakamura ftl [30] 1%, r=m —1
MO s=n—10ERIRKELEZTVTY XL ZREE

U7z, EARWZREZEZ L& LT, Lin/(r,s)/(m,n):F
VATLARr=m—12Ds=n—105FH 2T
L&, EH1[25 #HVEZ LT ImnfioayR—
I v hCTHEIE 7z Lin/(r, s)/(m,n):F Y AT L] &
M2(m+n) — 5 D3 Y KR—3 2 bAFPRIZEE X N
Y AT L CRAETRETH B T & 2 BERIIZ R U T
Nakamura ffl [30] I%, ZDHH{LI N/ AT LITH
TRREAERRT IV T XL ERE L.

ZO&SITREEE R L S BEETLZTLTI X
LORFIXTHbNTEZ. L, L, Nakamura il [29]
DT7NTY XLk r =m OHE, Nakamura fifl [30]
DTNVIVALIEr=m—-1"2D2s=n—10D
HADEDIZBED T IV TV X LIRSS P RE X
THH, —f7 Lin/(r, s)/(m,n):F ¥ A7 AIZI3i#
AT 5ZeMTERMNo7. I T, Nakamura and
Yamamoto [31] 1Z& b, —f##7%: Lin/(r, s)/(m, n):F
VAT LAIHUT, BEREICEEIEE SRR 5TV
TV A LD TN,

4 Lin/(r,s)/(m,n):F ¥ 27 ALICK T 2 B EIR
R7ILTY XL

AT, Nakamura and Yamamoto [31] {2 & D
’EI N7z Lin/(r, 5)/(m,n):F Y AT LI 2 5o
BLERRET VT AL EBNT 5.

4.1 BERERBTATT

9, TVTVRLDERE DT A TT 2BR5.
BERARZAWT, IRTOEE () 25120, %
DS IEIEE RO 556, £ DFREL2E
U, ERNLKHCREREZ KDL Z L IRETH
5. ®HZ, Lin/(r,s)/(m,n):F ¥ AT LT 5 mod
REMEDS S, HRBEBORIZREREIHE A N
PRELIRD, INEEEET 57200213, BOHRE & 4%
5 RIAADIEVELE & BRI D FIE LW 2 L AYE
BThD. NEREETIE, HARRIZIEAFIEE & K
BERAREZRWIEREITO N, Z O CRENEIC
RO AN LA S ADOHHIZ ko> TRENBGE,
TN EOHEREITDIR. TN EBRERME U<
&, BAID &5, Nakamura and Yamamoto [31] (2
FOREINZT VT XLTIE, DHEEBEEE -
AZREBRIEIZL D, BRI DEEHREZMZA S5 T
AN BB E 2 R 5. BARAIZIE, BITFO 3
FEE DR D =iz & b [REBIEE1T .

o MERSRMITED BN D St

o XIFRACE & HEbR§ 2 B b Seff:

o VAT MMEHFREICEED A D St
BT, BIAEEZTS LT, OYTHIV A%
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FMEERL, TOMEOHREZNS<T 5.

4.2 B oo E

REITIE, RIS AT % A0 E T B T
PRA BT 5. EEE 1 (25] & D, BEtEEKS y
<, AT ORME X >TH D HT3 3y K->
MRS T EATE S,

1 2r>mb»D2s >nawold, RLEEHEED
B3y R—3 Y MIE (1,1) 12, FEEDOSEW
(2r—m)(2s—n) O3V E—% > MNIUTOESE C
DEZTHBMEIZH DY TS,

C={(,j)|m—-r+1<i<rn-—s+1<j<s}

Lin/(r,s)/(m,n):F ¥ AT LM 2r > mM»D2s >n
Wiz 961X, ZOMLIETS Z LT, #YTS
AVR—=2 Y MIE mn iS5 (mn— (2r —m)(2s —
n)— 1) AETHLE I LNTES.

4.3 DEFMEICEDRMY &4

REITIE, BBEE SN E BESM [25]) I0F
EAYAWE S U Fs

9, Ml (1,1) @M TS ATV R—F2 b
ERETH7-00%M4%2525.

B &M 1. fiE (1,1) I2a > R—3 > b2 DY
Tonikzt &,

(i) 2r>m»22s>nR5E, w(l,1)=1

(i) 2r>m»22s<niold,

m(1,1) <mn—2sm+1
(iii) 2r <m M2 2s>n 51,

m(1,1) <mn—2rn+1
(iv) 2r<m »22s<n oI,

m(1,1) <mn—4rs+1
7 E RN, B D &2475.

BIZIE, 2r > m 5D 2s <nRoIE, 7 HEIEH

EOEVWIVRE—FY N (1<7<mn—2sm+1) %
P (1,1) i2# 0 BT3B,

Iz, BEREIZBWTALE (4,5) I2#H04TS5H
53 VR—3 Y MILATF DG %7

AW &M 2. ALl (4,7) ICIVR—2 2 F2¥EI D Y
Tohle &,

(i) i=1,2,....mIHLT, 2<j<skblE,
m(i,j — 1) <7(i,J)
() i=1,2,...,m LT, max{n—s+2,s+
1} <j<n#ioid,
w(i,j — 1) > m(i, j)
(iii) j=1,2,...,nIZ/]LT, 2<i<r sl
(i —1,5) < 7(i,7)
(iv) j=1,2,...,n LT, max{m—r+2,r+
1} <i<m&biE,
w(i—1,5) > n(i, j)
Bz X, B0 2475,

4.4 NHBEEZHRRT 2N Y FE
Lin/(r,s)/(m,n):F Y AT LIZHEWT, TVKR—3
VIMEEENGAONZE E, VAT AMEEEXT Y
R—2 Y SO REEIC L > THRES. Thbb,
R RERDIBIEIZL D, MUY AT AGEEEZRD
AEMIZEMAERORENENS. > T, HdEkl
BEERDBGEITE, AEMIZEHERKED >S5 1D
DOFLE % FZETNE, MORE % 5127 5 BEIFR.
D7D, BETEZTNITYALTIE, IFOEMAEE
WETHHEDAEERD.

KXV &4 3.

(i) m#EnHULLIEr#£siold,

. — min m(1,1), m(m, 1),
ay=ma{ TN )
(4)
(ii) m=nhor=s%olX, X4 &
w(m,1) < 7(l,n) (5)

AW TR NIE, BAID &4T5.

ZZ7c, X@4) I A& (1,1), (m, 1), (1,n), (m,n)
IZEIDYToNE IV R—2 Y FOFTHRLEFHED
BwaryR—t > bafiE (1,1) ICHOETEI L%
Bk 5.

4.5 YRATLEHEEDRHHE

BOMAERERE 7 VT XL TR, fLE (m,j) ( =
1,2,...,n) IZIVFR—2 Y FOEID YT S5 NRERIC
BT, Yamamoto and Miyakawa [6] V& U 72
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W AR E W TEAMIZ Y AT MEHEE 2 38T 5.
ToHFEABENIRKEOME £, HET 5.
BOMELEMEZ R B, SRNREEER L HEE
AWTSH, 2L OEFHEEFENIRDONE D, £<
DHEARZET 5. #£-T, DI RFEHTH->T
b VAT MMEFE OFERA 2 il 5 Z L3RI
HELRD., £IT, ABEETE MOV R—%
¥ N DOBRPERILDFEEPBIRINFIEINDE Z L ITE
HU, BN TENHET S Z & TEEE
HAEOEEEYEHT 5.

fle LT, Lin/(2,2)/(3,5):F Y AF LZBWT, B
TOlE T4, g 2D 2DDVATLEHEZD.

1 8 5 |10

Ma=| 12 15 13|14 - (6)
2 7 69
1 8 5109

Mg=| 12 15 13|11 |- (7)
2 7 6|4

ZZT, ATHIRD ¢ ika v R—2 v "SI0 ST o
TWEWI e aEKRT 5. KX (6) EA(7) ITRT LD
2, R((2,2),(3,5),p;11a) & R((2,2),(3,5), p;115)
TIX15H»S 3FHOEEIFLETHS. £oT,
—FOEFELZ RO A LB R A EEZTEL TS
ZeT, I—[DEHEEEZDRVFHREETRD S
ZEMTES., Z0&DIZ, 2L OBEIZHIET SV
AT LMEHEEEFET BRI, RFEOMEFTEL,
FHT2Z e TIEREEZ L, RN EHEE
AHREDREE IR B,

F7z, VAT LMEHEEE AW IREEEEERT 5.
VAT LMEFREIRS] nozx LTI TS 5720,
AN I Y R—32 Y " ARESI N2 AT L DEHE
ERZNE TOERTELSNHREORE ST S
AT LMEHEE R FEl - 2551, EolzaryiR—x
VIREEDYTTHEBEZIHEMLZY. 2%h, *
N EIVER—R Y M2E DY TEREIZRN. 22
T, BET7 VT XATIE, YAFAMEEEIZHEDL
HAl D % Rfis 5.

BMUEH 4. j = s,s+1,...,n 2L T, fiE
(m,j) I3 FE =XV bAE DB ToNEL &,
Rmax < R((r, s), (m, 7), p; IT) (8)

iz g, BN 2455, 22T, Rmax &
INFTOBRRTHESN-HREDOEEIZNIGT SR
TLEEHETHS.

4.6 REREBERRF7ILITY XLOFIE

W, SRREEE AWZRET LV TY ZLOFIE
EEEICHET 5. BANZRFIEIZ, Nakamura and
Yamamoto [31] 2 Z{E N7z,

9, 2r > m»PDO25 > n E2HELTOTH
niE, R 1 OFLEZTS. TOHK, IV ER—3 v
R (2,1),(3, 1), .., (my 1), (1,2), ..., (m,2), (1,3),
s, (myn) QIRIZEHD Y TS, ZoLE, FIAEICE
DERIZa Y R=2 Y FDBEIO LB TENT VSRS,
ZTOMEANDOEN D BTEAXY 5. FHEREEIC
IVEOYTOENEZIVR—F VMR LTEE,

mn— (2r—m)(2s—n) —1
o= 2r > m "2 2s >n DHE
mn Z DAt

(9)

b, FEOIEHIZaYR—3 Y b2EIDYTH L &,
k=1,2,...,a X LT, DFS(k) % k HHOAHEIZ
aAVR—F Y PEID Y TEEHDNIN—F T 5,
HL—F > DFS(k) DRI T D ELEH THS.
STEP 1: KA b &t 1 2 HWCEEREELZITS.
STEP 2: KoM v &k 2 2 FWTIREREEITS.
STEP 3: ¥ D&M 3 2AVWTHREHEEITD.
STEP 4: mTHIZaVER—% Y " ED 4 Tons
L&, BRARER (6] VTV AT LMEHE
2T 5.
STEP 5: KoM 0 &k 4 2 FHWTIREREZRITS.
STEP 6: mn AT _RTDOaAYR—F > bHE D 4T
S5N7HiED Rmax Kb REIFE, 2o
Bl % 7L, Rmax 2 HHT 5.
LEOEFEET R TCORBELZHNET 5 ETHRIERL,
TRTOMEZFNZE UK B, VAT LEHEED
Rmax THAMENPREREL 5.

4.7 BERROBER

AHiTiE, Nakamura and Yamamoto [31] D7)V
TY XL & Omura fll [27) D7V T X L% GHRRE
MOBSP SIS 5. Ak, 7Ty XL [27] 13,
r=m—1MmD2s>n DHEIZOABERAETH S
A, DD, —bEfTo7z. R1LIZTVII R
L [31] 7TV XL [27] OHERRE O LR %
AT FRHD “N/A” IFRERCE ORI 24 LA L
BB LEERT S, K 1ITRTLIIZ, 7TV
AL 314, 7TV XL [27) ICHART, EWEH
THROEREN KD 5N D, UEDZ &h s, Bl &
FRZ L B IEBREDERITHREL TWD 2 & 2bir .
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*®1

AT LR (7)) [3]

(7, s) (2,2) (3,2) (3,3) (3,3) (3,4) (3,3) (4,4) (4,5) (5,4) (5,5)
(m,n) (4,4) (4,4  (4,4)  (4,5) (4,5) (5,4) (5,5 (5,6) (6,5) (6,6)
(A) 7)VTY XL [31] | 408.81  52.84  0.08 3686.04  2.30  4548.24 40.84 1144.77 1532.19 19645.68
(B) 7TV XL [27]) | 462.77 7245 7.23  19529.64 6066.08 41857.86 N/A  N/A N/A N/A
(A)/(B) 88.34% 72.93% 1.12% 18.87%  0.04%  10.87%  — — — —
VAT LMEEE 0.328  0.782 0.960  0.943 0.989 0.943  0.998 0.992  0.992 0.997
48 ¥ & & VT XLTROND RITEEEPRGEE N T WS 72

ARFETIE, Lin/(r,s)/(m,n):F AT LIZHLT,
DEREEER—2 & LT, BBELRAIZEDBND
Zeftk, WFRBCLE & PERR S BN D Sk, ¥ AT LMEHE
JEIZEED SHON b etk & M AR A TZ B ERLERR 7 )V
TV X LR Uz, BT, BT X - TRt %
KO EEVBTHIAVR—F Y MIEWES LTz,
MAT, DEEETE—HOI Y R—% 2V F DA
R BBLENBIRIIFIEIND ZLIZEHL, £ied
T UTHENFIET 2 2 L CREEEROEEE
FEHL L 7z, Nakamura and Yamamoto [31] T
NIZFHABERTIE, Zo7VT Y XA, BHETV
Y X [27] L HERL T, SR TREELE NS S N
5 mER L.

Nakamura and Yamamoto [31] T/ & 7z i D
121F, BRLEFEESEY (BEEHZHEY) aYR—3 v
MEWFONDZ & THD. JITHIgE [27-30] T,
AR Y AT MTHIRAH o 7248, "ET LTV
ALTIE, (BERAICIE) —##972 Lin/(r, s)/(m, n):F
VAT LDOREREEFS I LN TE S, RERED
Fonsd T, FEMEZRIEL 722 AT L% REFIC
HEtT B ENAREL D, BFEDV AT LG E
T 2700 L D LIHEITIREFREIZZR S
LEZOND. XYYV ITYAT MRS T, TR
DEBRFEV VAT LB2RIHEE 52 5) WO B
ke ZATR NS0, Lin/(r,s)/(m,n):F
VAT e UTRBTTRER S HRIRBIE Y X T L DOFHH
e BT E .

UL, BIEIZHENZHEITRERRE N &
%<, TOHE, RETVITY AL E2HNTHBOERE
ERDI VMO THEEL 205, FEHL, FITRER
RO SENTWBDIFTIEAWTD, RBERAERER
KRB ZIHER KD B Z L% BT R RANME
DREEENRDSNS. ZOBE, BRNT LT Y XLP
7V an = —EdE bk & QPR A KRR E B
#HT 5D TIE7% <, Nakamura and Yamamoto [31]
TEH U BN D &2 flAAD Z 8T, fREERZER
RO, BRYEOM PG TES. HIZ, RBRET

&, FERWEDOMIZHRNEI BE2EALI LD
TE5. ZO&5IT, FERMMEORE R OIS
WT3H Nakamura and Yamamoto [31] IXERAFEET
HBLEEZTVSD.

5 8 b W I

AfETl, BARE - MfER - h—F AR AT L%
WAL, TSI L TINETITF>TE LM%
fHHIZHEA L, BIZ, INETOWERRED 1 D&
LT, EEETENEFIZENT, RifEr >EERME
TH 5Bl EMEICN T 23RN R ol B R T
VT XA LEFHIAL 7. ESMEREREHEEPY 7 by
THHHTEZRENES>TETVWSELTH, BE
WIEFICAR R VWEBEIZERS < FHETS. L, M
BB RFOBOEM M A FIA L, TRERES U23hR
M2 7N ) XL EREEST D2 8T, xR BERNE
DFPIZEHERTED L EZT WS,

AR, A REEEGELVWDNS, ToT, ¥y
F—2&, Al 213U & T 55— X FIEHOEMH E0H
WIERBLTETED, ZHoDHEMIzED, NEIN
F—RELH LIRS S Z EAHREIC AR D DD
H5. EEETHEDONHIZENTS, IoT I2L55F—
ZNERFTLNTH Y, INETHITLRETH - /-
HOM 2B i D BLER YL - T ORI D T — X & %%
GHZNEET B Z e M HREL o TV [32]. 2D &S
BT - TH7ZREMELTE Y, TOIEIC
K BIRREDRM KD SN B, Al T —X 2k
T2 4 PPEEEMIINIRT L, SHBEEEETY
B BEMEICE Y ATV,

Z £ x M
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Abstract

Recently, the threats of cyberattacks, mainly targeted attacks, are increasing rapidly, and many cyberse-

curity incidents are frequently occurring. On the other hand, capable personnel is much lacking, becoming

an urgent issue that strengthens the systematic human resource development cultivating cybersecurity ac-

tivities capabilities.

Only a few universities and companies in Japan are conducting education using an

effective training system on the market because of expensive and difficult to use that adopted and operation

the training system like Cyber Range in higher education institutions and SMEs. In this paper, I introduce

CyExec, an effective cybersecurity training platform that can be exercised at a lower cost and based on the

open environment. Also, I introduce the cybersecurity research trends related to data analysis.

Keywords: CyExec, cybersecurity, training platform

1 Introduction

This paper introduces CyExec, a training plat-
form for cybersecurity education based on a vir-
tual environment [1]. Additionally, recapitulate the
cybersecurity education curriculum and research
trends related to data analysis.

It is the world problem that the growing work-
force shortage of qualified cybersecurity profession-
als and practitioners. On the CSO website, both
government and non-government sources project
nearly 1.8 million cybersecurity-related positions
going unfilled by 2022 [2].
is acute, immediate, and growing worldwide [3].

The workforce demand

Cyberattacks are bringing profound social in-
fluences, causing vast cybersecurity incidents and
even affecting business continuity. In Japan, $530
million of cryptocurrencies stolen occurred in Jan-
uary 2018, and cyberattacks targeted the organi-
zations associated with the Pyeongchang Winter
Olympics in February 2018 [4]. Kevin Morooney
— former Vice Provost for Information Technology
at Pennsylvania State University — told The New
York Times that Penn State faced an average of 20

1 Tokai University, Kanagawa, Japan

million attacks per day, an amount “typical for a
research university [5].”

A recent study conducted by consulting firm
Frost & Sullivan projects that there will be 1.8 mil-
lion unfilled cybersecurity jobs by 2020 in Amer-
ica and that this talent shortage exists on a global
scale, with nearly 70 percent of professionals glob-
ally saying there are too few cybersecurity work-
ers on staff. With demand for cybersecurity tal-
ent far outpacing supply, companies often pay top
dollar for cybersecurity expertise [6]. On cyberse-
curity strategy of the Government of Japan cited
human resource development as a serious issue.
The Japanese government also estimated the in-
sufficiency of human resources of cybersecurity to
grow at 190,000 by 2020. Additionally, the lack of
technical knowledge and skill is worried even in per-
sonnel engaged in cybersecurity operations [7][8].

In an effort to develop a security workforce,
some higher education institutions provide practi-
cal exercise-style education. For example, Cyber
Range provides exercise environments that are sim-
ilarly real-world for assuming an actual security
incident [9][10]. Participants of the Cyber Range

exercises learn practical defense technology against
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an assumed cyberattack on the virtual environment
network. Participants also learn the systematic cor-
respondence method depending on the organiza-
tion’s roles by using possible realistic scenarios such
as real malware infection. Therefore, high training
effects can be expected [9].

However, universities have not enough exercise
infrastructure to bring up a cybersecurity workforce
because of the high cost of introducing the practi-
cal exercises system and the lack of personnel to
maintain the practice environment. Therefore, it is
strongly required in the universities that a cyberse-
curity exercise platform can promote joint develop-
ment and typical use. These requirements are the
reason why we developed a cybersecurity exercises
platform, “Cybersecurity Exercises” (from now on
referred to as CyExec), using a virtual computer
environment of VirtualBox and Docker [11][12].

In this paper, I introduce the constitution of the
cybersecurity exercises platform CyExec and the
training contents we implemented on it. In Chap-
ter 2, I introduce cybersecurity in higher education,
including the topics that the international standard
of cybersecurity education and information secu-
rity education in Japan. Introduces an overview of
the CyExec that cybersecurity exercise system in
Chapter 3. Chapter 4 introduces the cybersecurity
trends recently, and Chapter 5 introduces cyberse-
curity and data analytics.

2 Cybersecurity in Higher Education

Some strategies exist for combating the cyber-
attacks faced by society. Some involve strategies
that higher education I'T professionals must employ
themselves, while others include strategies that ev-
eryone in the higher education community, includ-
Though the cy-
bersecurity challenges facing higher education are

ing end-users, must implement.

significant and the cost of solving them is steep, the
potential financial and reputational risks that come
with insufficient defense are likely even higher [6].

Cybersecurity education is an issue not only
in advanced countries but also in developing na-
tions. The ability to prevent successful cyberat-
tacks against a nation ’ s critical infrastructure de-
pends on the availability of a skilled cyber-literate

workforce, and therefore, on an educational system

that can build such capabilities [13].

2.1 Standard of Cybersecurity Education
Whether developing full new programs, defin-

ing new concentrations within existing programs,

or augmenting existing course content, these insti-
tutions need curricular guidance based on a com-
prehensive view of the cybersecurity field, the base
discipline’s specific demands, and the relationship
between the curriculum and cybersecurity work-
force frameworks. In August 2015, the Association
for Computing Machinery (ACM) Education Board
recognized this urgent need [14]. It took measures
to assemble a Joint Task Force on Cybersecurity

Education (CSEC2017) with other professional and

scientific computing societies to develop compre-

hensive curricular guidance in cybersecurity educa-
tion [15]. Based on this mission, the CSEC2017

JTF established the following goals for the curric-

ular volume:

e To describe a vision of proficiency in cybersecu-
rity,

e To define a structure for the cybersecurity disci-
pline by developing a thought model that defines
the boundaries of the domain and outlines criti-
cal dimensions of the curricular design,

e To support the alignment of academic programs
with industry needs in cybersecurity,

e To involve a broad global audience of stakehold-
ers through continuous community engagement
during the development process,

e To develop curricular guidance that is compre-
hensive enough to support a wide range of pro-
gram types, and

e To develop curricular advice grounded in fun-
damental principles that provide stability yet is
structured to provide flexibility to support evolv-
ing program needs.

2.2 Information security education in Japan

The environment surrounding ICT in Japan has
been changing day by day, and information security
threat has increased. It can be said that about 147
million viruses have been detected so far; nearly 18
million new malware were found in the second quar-
ter of 2013. In order to improve this environment,
the education for information security is started in



the kindergarten stage in japan [16].

The primary cybersecurity education and train-
ing programs available in Higher Education, which
we believe are mostly unknown outside the coun-
try. Typical training systems include Secure Eggs,
enPiT-Security (also known as SecCap), and CY-
DER [17].

Secure Eggs is an introductory hands-on cyber-
security course offered by Nomura Research Insti-
tute (NRI) Secure Technologies. The word Eggs in
the program title, an acronym for “ Essentials and
Global Guidance for Security,” emphasizes the pro-
gram’ s focus on necessary cybersecurity skills [18].

A consortium of five Japanese universities started
the enPiT-Security training program: JAIST, To-
hoku University, Nara Institute of Science and
Technology, Keio University, and Institute of Infor-
mation Security. The SecCap program is a curricu-
lum for university students to develop the neces-
sary skills needed by IT security engineers through
courses and hands-on activities regarding security-
related aspects of operating systems, software, net-
works, and malware-related countermeasures tech-
nologies. The program participants were selected
based on their cybersecurity knowledge and inter-
ests among the students at the end of their studies
in the five participating universities [17][19].

CYDER (CYber Defense Exercise with Recur-
rence) is a training program initiated in September
2013 by the Ministry of Internal Affairs and Com-
munications in Japan [6]. The program focuses on
the improvement of competence in dealing with cy-
berattacks of the IT and cybersecurity-related per-
sonnel of central government offices, independent
administrative agencies, and large companies. The
practical cybersecurity training conducted in the
CYDER program takes place over two days, based
on a training scenario defined by several organizing
parties. Throughout the program, there is a focus
on the use of hands-on training so that the trainees
become able to handle potential cybersecurity inci-
dents in real life [20].

2.3 Cybersecurity training in higher educa-
tion

In order to know the state of cybersecurity educa-

tion, Y. Seto, et al. researched the contents/courses

of cyber attacking and defense exercises in educa-
tional institutes such as universities or specialized
institutions. The survey method was conducted
by interviewing six organizations and others, in-
cluding public information, questionnaire surveys
by concerned parties, and participating in exercises
[21][22]. Table 1 shows the target organizations and
a brief of their training. Based on the survey, we
divided the practices into the following two forms.
(1) Exercises by the learning applications

(2) Exercises by the Cyber Range We confirmed

each type’s main contents.
According to a document from the Ministry of
Economy, Trade and Industry of Japan, the secu-
rity personnel needed in the future are as follow,
(1) advanced security technicians such as white
hackers

(2) those who have acquired the security tech-
nologies necessary to create secure informa-
tion systems

(3) those who manage the security of the com-
pany in cooperation with in-house security
technicians.

3 CyExec - Cybersecurity Exercises Plat-
form

The goal of CyExec is to provide an exercise
system that learns the necessary technology of
cyberattacks and defense intended for introduc-
tion in higher education institutions and small and
medium enterprises [21]. The features of CyExec
as follow.

3.1 Low cost, highly portable exercise envi-
ronment

Most of the costs of building and maintaining
the exercise system are equipment and the cost of
licensing software. The system requires specialized
skills to renew the exercise, and the price, such as
labor cost, is substantial.

In order to reduce these costs, CyExec was built
an exercise environment using virtualization tech-
nology to quickly implement the developed exer-
cise program in an existing computer environment
(client PC, server, etc.). Using VirtualBox, we im-
plemented the exercise program operating environ-

ment in a virtual environment.



Table1l Contents of the exercise and training to raise the security personnel resources

Name

Overview

Tokyo Institute of Tech-
nology

The university offered a specialized study program of Five courses from 2016 as
their cybersecurity. External lecturers from cooperating companies assign exercise

subjects. Training focuses on how to use tools and OWASP applications etc.

Institute of Information

Security

IIS introduced a large-scale exercise system, operated in cooperation with compa-
nies. The learners can be mastering a wide range of practical security skills through
exercises, from technical subjects to social science subjects, towards multi-talent

security human resources.

enPiT

Covering a wide range of practical security skills, from technical entity to social
science subject, toward the training of human security resources sought by in-
dustry. Learning security practical skills in various forms such as learning using

learning applications, joint exercises, group exercises.

Tokyo Denki University

International Cyber Security Special Course “CySec” started in 2015. The gradu-
ate students and people aim to become senior security engineers or CISO engineers.
Practice exercises on security technology, attack countermeasure, and network de-

sign.

The university of AIZU

Developed and implemented practical cyber defense exercises from 2016 for admin-
istrative agencies, local governments, independent executive agencies, and essential
social infrastructure operators in the country as stipulated in the Cyber Security
Basic Law. Practical exercises by constructing a virtual exercise environment at
NICT “StarBED.”

NICT (National
tute of Information and
Tech-

Insti-

Communications

nology)

Developed and implemented practical cyber defence exercises from 2016 for ad-
ministrative agencies, local governments, independent administrative agencies, and
important social infrastructure operators in the country as stipulated in the Cyber
Security Basic Law. Practical exercises by constructing a virtual exercise environ-
ment at NICT “StarBED.”

3.2 Exercise environment to secure joint

development and use

The development of the training program cur-
riculum requires a high level of expertise and
time, and advances in the security technology field
rapidly change. For these reasons, it is challeng-
ing to complete the exercise program development
at a single higher education institution. Therefore,
it needs to develop practice programs that several
higher education institutions and private compa-
nies need to work together.

The CyEcex realizes joint development and ex-
ercise programs in multiple organizations by intro-
ducing the ecosystem concept. The ecosystem is
not a single organization, but a word that indi-
cates that the whole related organization develops
through associated organizations’ collaboration.
CyExec enriches the exercise program of CyExec
not only by a single organization but also by joint
development and use of related organizations.

For the training system, to realize joint devel-
opment and utilization by multiple higher educa-
tion institutions, it is necessary to develop and uti-

lize exercise programs among different institutions
quickly. To achieve this request, we implemented
container technology using Docker.

The CyExec implemented Docker on the vir-
tual environment configured with VirtualBox and
install a container on Docker. By implementing
vulnerability assessments and various exercise pro-
grams on attacks and defenses and running them
on a Docker container, we could easily construct a
practice environment for each purpose. The CyE-
cex can also be used jointly by creating an image
file of a container that runs the developed exercise
program and publishing it in related organizations.
Table 2 shows the comparison of CyExec and other
exercise systems.

Figure 1 shows the architecture of the CyExec ex-
ercise system. The exercise system’s architecture is
to install Docker on the guest OS running on Virtu-
alBox on the host OS and implement the process on
which the attack and defense exercise program runs
on the container on Docker. The portability that
can operate in the existing computer environment
of VirtualBox and the Docker container’s high ex-



Table2 The comparison of CyExec and other exercise systems

Exercise system example (Developer)

Proposed exercise system CyExec WebGoat (OWASP), App- CYBERIUM (Fujitsu), TAME

Goat (IPA)

Range (DNP)

Cost - Program, text development free - Text development cost

- Expensive system introduc-

tion operation cost

Individual learning /

Large-scale exercise
Exercise form . Operation of other ex-
ercise systems is also

possible

Individual learning/Small

- Large scale exercise

exercise

Can learn from the

- Fixed exercise content

fundamentals of vulner-

- Personnel with exper-

- Update depends on the

ability detection to an

Exercise con- organizational response

tise is required for oper-

developer

ation

- Practice exercises con-

tent method

Customizable accord-

cerning commentary/usage

Update by develop-
ment/provider (paid)

ing to study purpose

guides

- High portability /extensibility

- It can be carried out on
student PCs and can be

with the ecosystem as a

development concept
Feature Improvement of the
appropriate curriculum
by cooperative develop-

ment

- Easy to introduce prac-

quired

- Exercise imitating the

used on their own

real environment

- Practical exercises us-

tical environment

ing actual malware

- Supplementary text re-

tensibility enable joint development and use of our

exercise program.

Exam Sfenario

[Attacik side Defenfe sidg
t ( \

container container

Docker

Linux (Guest) OS

VM

VirtualBox
Host OS

Figurel The architecture of the CyExec exercise sys-
tem

3.3 Exercise example
Figure 2 shows the system configuration of the
applied exercise. We implemented Docker on a vir-

tual environment configured with VirtualBox and
installed a container on Docker. Implementing vari-
ous exercise programs related to attack and defense,
such as virtual digital signage and trap server used
by attackers, and running them on containers, it is
possible to construct an exercise environment for
each purpose easily. We built a physical environ-
ment that imitated digital signage using Raspberry
Pi. By connecting via CyExec, it is possible to per-
form safe exercises in an isolated environment from
the outside while using the actual machine. By
preparing IoT devices as a rial physical environ-
ment, the learner could imagine the attack’s actual
situation. Therefore, we expect to enable easy-to-
understand exercises with high educational effects.
If a lecturer cannot prepare the physical environ-
ment, practices in virtual environments only are
also possible.

4 Cybersecurity Trends

By the COVID-19, nearly 70 organizations sur-
veyed by Skybox said over a third of their work-
force would remain remote for at least the next 18
months [24].

Bitdefender researchers agree and say securing
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Figure2 System configuration of the applied exercise
remote workers will become a primary focus for tection and remediation process.” Cybersecurity

organizations. Cybersecurity is an essential is-
sue since remote workers will continue to present
a unique set of hackers’ opportunities. Indepen-
dent cybersecurity and data privacy consultancy
Bridewell Consulting issued six predictions that
will impact cybersecurity in 2021 [25].

Also, with the digital revolution around all busi-
nesses, small or large corporations, organizations,
and even governments rely on computerized sys-
tems to manage their day-to-day activities, thus
making cybersecurity a primary goal to safeguard
data from various online attacks or any unautho-
rized access. Continuous change in technologies
also implies a parallel shift in cybersecurity trends
as news of data breach, ransomware, and hacks be-
come the norm. N. Duggal and other workers who
the cybersecurity field upped the issue of cyberse-

curity trends for 2021 [26].
5 Cybersecurity and data analytics

In general, cybersecurity is the practice of de-
fending computers, servers, mobile devices, elec-
tronic systems, networks, and data from malicious
attacks. As a definition, cybersecurity analytics
has its industry definition as “analyzing data to
detect anomalies, unusual user behavior, and other
threats ” .

tire enterprise ecosystem and turns that data into

It aggregates data from across the en-

actionable insights — so that the IT team can
promptly act on minimizing those risks. Advanced
features like artificial intelligence (AI) and machine
learning (ML) further help by automating the de-

analytics combines big data capabilities with threat
intelligence to help detect, analyze and alleviate in-
sider threats, as well as targeted attacks from bad
external actors and persistent cyber threats [27].

The need for automated, scalable, machine-speed
vulnerability detection and patching is large and
growing fast as more and more systems—from
household appliances to major military platforms
—get connected to and become dependent upon
the internet. To help overcome these challenges,
DARPA launched the Cyber Grand Challenge,
a competition to create automatic defensive sys-
tems capable of reasoning about flaws, formulating
patches and deploying them on a network in real
time [28].

There are two main ways to find software vul-
nerabilities using artificial intelligence technology.
First, it is a method to extract patterns from vul-
nerability data and then find parts with code flows
similar to this pattern in the program under analy-
sis. The second method is to construct a framework
that behaves like a single organism that explores,
tracks, and validates the program’s central part.
The former is a data-driven technique, and the lat-
ter is an algorithm-driven technique. It is fast and
effective in the former case, but only similarity pat-
terns can be found, and its coverage is limited. In
the latter case, it is a method of delegating all pro-
cesses from vulnerability discovery to verification
in the machine, which requires more consideration
than data-driven techniques and is challenging to

— 16 —



implement. Some teams opened to the public their
paper when they participated in the CGC [29][30].

S. Chr presented MAYHEM, a new system for
automatically finding exploitable bugs in binary
(i.e., executable) programs. Every bug reported
by MAYHEM is accompanied by a working shell-
spawning exploit. The working exploits ensure
soundness and that each bug report is security-
MAYHEM works on raw

binary code without debugging information [29].

critical and actionable.

Y. Shoshitaishvili discussed their cyber reason-
ing system, Mechanical Phish, which they have
open-sourced; the lessons they learned in partic-
ipating in this ground-breaking competition; and
their system’s performance as a tool in assisting hu-
mans during the DEF CON Capture-the-Flag com-
petition, which followed the DARPA Cyber Grand
Challenge [30].

6 Conclusion

Cyber-attacks such as targeted attacks are in-
creasing, and it is becoming a problem of digi-
tal society. Human resource development, which
has attack and defense technology, is an impor-
tant theme. Therefore, the environment improve-
ment to security human resource development has
not progressed due to the exercise system’s build-
ing cost and the shortage of personnel who main-
tain and manage the exercise environment. There-
fore, this paper introduced CyExec that developed
for the cybersecurity exercise system, an ecosystem
consisting of virtual computer environments using
VirtualBox and Docker. Additionally, through this
paper, I introduced cybersecurity trends and cyber-
security and data analytics recently.
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Research introduction on speedup and improving reliability of testing for
executing at LSI shipment

by

Hidekazu TSUCHIYA™

(received & accepted)

Abstract

Recently, LSIs have been used in various products such as smartphones and automobiles etc. are indispensable parts in
modern society. Also, the operating speed of LSl is faster and the scale of circuit for LSl is larger. LSls are always tested on
an individual basis at the time of shipment, these induce increasing power dissipation and the amount of test data for testing.
For the reduction of these factors, we research the testing method that adjustable for power dissipation and test data size
during testing by applying the clock control. The testing method achieve to reduce the test data size by using the method to
mix pseudo random vector and ATPG (Automatic Test Pattern Generation) vector. In addition, the testing method achieve to
reduce for power dissipation of CUT (Circuit Under Test) during testing by applying the clock control. In this paper, we

introduce our research for LS| testing method.

Keywords: LSI Testing, Test pattern generation, Low power

1. [FL®IC

BI{E, LSI I Db w2 EHERICHEZAEN, Fix OEN
IZ& > THBERARREAFT NAALRSTND. ZHET,
LS| 3 BEE oI K 0, Bl O KRBEIC X 2 ke
LB EREE OB #EL e CORELZEF &L, LirL, Bl
TEORIEH AW THBRE 72 R RCBRE OB b & DRk~
RERICL-T, 4O LSIETERME LTHETLZ &
NREEL 72> TWDH Y. 2o, LSI JiEr T 525
TANRMELE RS> TWD. Fiz, LSI OEIEEO KL
iz o T, BIEIEME RVELT A FBREEHIZ R > T
W5, ZLTC, ZOHREREIFILSI A—IPBRIMED—>2&
eoTWb., flxix, MiAAHO~A 2255 L,
RMEEEEHOLOLFEETD. LhLAaRb, TO~vA 2
CETANT AL, KT MA~#EMN O &R LS T
AL EMALT, EOEEMT 2 F 247272 < TEAR LR,
E 51T, LSI OFEBMERE TOT A MRS T 50120,
KO EMERERLSI T A RRELRDLZ D, TA AR
MOEIMT 5. o, HENEDRWLSI T AX EZER LT
T AN EITIR o e ANE, FEBEERET A MBMTRATICT
2 NHEOKRTERHL.
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1 Oo0F v FIHE# T 5 SOC(System On Chip)fb 23 A T
W5, IhbOEEELES LSHICH LT, koo
TAMHEEBELELELL, TAMEHRMPEXRIT S 2. ZOHE
B, LSI 7 A X O AR L 2 HmhEOKTIZL -
TTAMIANBREMT S, 72, RERICT AR TR
NESEE, 7 A MVEOKRTORD, Hitk DR B RB3HY
My 2B/NBH5. ZnbOHERELET LFED—DEL
T, BIST(Built In Self Test) L MEIEN D FIENRF T B D.
BIST i%, LSI 7 A2 h®—# £ 72134 T% LSI WIZHLAT Z &
T, HET A EHEHATIFETHY, BETAMIE-T
LSl 7 A2 &2 OfFE AR OB A FZBL L, 72 b= 2 b ZHIK

-
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THZENARETHD. £, EIHEHET X MBLO%ES
TARDEZE T, TAMNMVEOR EZERTLZ LN

ARECH 5. BIST ITIE, EEEEE T A hOm WM
ZROTLI2EMET A MOREBL, 7 A MNEMOEMCEDE
DT AN ANOHNEE OB NEREINLTND
INET, LSI TARMDOEZL FEMEET VO —DTHDHH
-fE R R A xS & LR R A ATy, R AR L T
7V Z O HEREE L, T A FERHOESRO
I, TN L ODOEFHROMIEN 0 £ 721% 1 ICEHE (i
B) EShTLE>HETHD 2. T, NMOS A »/R—%
EHNCHET D E,Figl DX RLA &Y —ANEMK LT
Lo, AT X oREE DTS Z L0 FmBEE 0 2 ) S 4,
ZoWREEE O FRIE LS. — 5T, Fig2 DXk 9T LA
VERLRS— FRER LSS, AN X OREEZMDTHD
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Z L0mEM L NE S, ZoREE 1 MRk &S,
FAL A o RIS k3 2 B — i IR [ 1%, ATPG(Automatic
Test Pattern Generator) & FE X0 5 887 A b %5 o [8] #5 4# ik F
K S arva—FvIalb—varyriVEgkashssr
A R oXZ—2R, LFSR (Linear Feedback Shift Register) & I
a7 LY REZOE Y MIO—HE2IY 1 LHEHLAEH
BRMERY, ANMEY RELTTZ74— KNI 3T5ZLTHE
RENDEMT v F BieT A MASE =V ERCTHRIEST S Z
ENRTED. LML, ZLOLSHT—RUIZNEFE®ETHY,
MAGhbEREOMICHEBRIEE LT7Y v 7 7m vy THRE
EanTtnsd

z
7t
—q
Fig.1 Stuck-at O fault
VDD VDD

Ffﬁﬁi

KLA> g—h
X —
R

Fig.2 Stuck-at 1 fault

FIT, TAME =V ELEORKEEINICEHMT 5729
i, 207V yF7uy FTOREEIT LY HIETE 548
ERHY, AFXx U TAMBRESANLERTHS. 2T
Fig.3 IZR T X212, 7 A MRRIZIZBRIEANO 7V v T 7 v v 7
FF %22 U T VEERICHR L, AX vy F g EMFEND Y
TRV AZELTHEMESED. AXF YT ARNTIE, T A
M=% D TNANT =2 L TAF YT oA VIZAT)
(AX v AY) L, RARISE =T 587 2 FEIEK
DHINEE % LSI DS~ (AFx T U M) $252&
MNTED. ZOEIHIT, KROBELMR LZKRET, 72
MREGIT/2 D K DI LS| ORED —HICAET 2 M2 72 5%F
TFEET A MNRGALHR EWS. T A NESHERG T, FH
@Lr%<@@%%%%% CEMEESE DL EHLTED. O
FElE, TA N EZEMET L ENTRETH DN, WEE
m%&w&f?xbﬁwﬁ%%ﬁm%ML,%ﬁu;é%@
EREPE, S BDICHBEOBIEICENLIBNAHDH. £z, =
LV bhavwA 7 b—varlMEng, 43BN iRraxllBE
L, ERNERORENKE L T < BRI X D2 EEEDK
THiEE 72 5.

Z 2T, AR TIE LS o mE b L OME sE M iz B
THMRICENT, [T X MNEOHEE 2K T 57 X R3S

H— RN L LT, TR NEOWMBEN M5 2
ETCHBEVRKTZMEIL, T A N RERE T @O R R
REERTHZLICEIVEWT A MOVEOFEBR LT R b
A NEHEL, EBEHETT A MY - ERESTDHZ
ETERWT A MVEEZERRT L7 A MSZ— U AZROBI
B LT A bF — U ApiE 9O TR SETH
<.

— #AEhEER -l— HArabemEE -l— HHaabeEE —

SCaN I st Lo Soan OUL

Fig.3 Structure of scan testing

2. TRAINEOHEEEHZNFHT S
TR MNA — 2 E Rl

2.1 #1%

BIST Tl Figd ® L 517 A FEIKKICMZ TT A h ¥
—VHAELRR, T A RRE =T B NIRE O T — LA
1770 9 W NIRE LRGSR, T A MXE = OHAIRE L ZD
I A LT 57 A MERIEIC L o TR I S.

BTAFvF
N T FA 5 E

.
@m*nm&f} *;‘g:f » qE

BBFAIRSISE
[y e ] ~I|*

| RHE—a S

Fig.4 BIST principle diagram

T2, ATPG IZL > CTER LT A M3X = Oy ES
RE, BDOHT AN MVETLIZT A MRE— U BERT D
H1E, ROM 72 EDFT A T VIR O Pf g% 045 o
LSITAZDAEY AT 5. £z, BISTIZIET A k7
MV 72 EM DBt e BT A R MAEFIALTT A
FRE = B ERT DAL, LR DT AT FVEF]
912, LFSR (Linear Feedback Shift Register: ##E~ ¢ —
KRRy 7 LIRE) R BREDN—R Y =T |28 -T
TARNRE = BAERTDIHFAND D, EEhizT A kX
= I T A FRIBEICEIME L, 20T A b8 — k)
35 71 MISR (Multiple Input Signature Register: %]\
Ny T X F x> 7 FLURE) 7o EOWMNISEIE G
TE%éﬂé.éf@%xh«&hw%ROMﬁkL%m¢
HLERFBEOATYPRLIEZ/RS>TLE S 28, BIST TldHh
JIE % LFSR 0N U > & 72 & O ) I8 A 7% TIEAME L
JERME L2 NS E (72 F v) & IELWHIRHE % E#E L7
EEZHELTT A METRS. 20X ITHREENER
ZRAWTCEM LIRS & E UWCEIRHE 2 EM U724
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BT D7 A MFRE IR TF &V, Efdns v 73
FXVVRLZERLF T ITIRTFXTFIAFELEES. ZOHFT
Y, BIST AT A h %% — 34 (TPG : Test Pattern
Generator) (%, BIST DR EROHFTHLT A NOREE AL
THESTHY, Lo nwnN— R =T BETHRERT A
hoZ— BB L, mWEBER R Z @R T 2 2 & NS
LENTWD. LFSR OARIZ K> THELT v X L7 bV %
AT BEGAEX, T A MEIBOHREBE LRV, i

BEREICEBRL RN T A P PAREERENTLES.

WoT, MOVWMBEREEZERTIODOERRT A hK
—VBEMNT D ENRE L o TS, AT, BV
ERHELZERTERVEERHD. £i2, ATPG <7 bV
LU T U LR NVERESEZT A NRE = EARK
THEA1E, ATPG X7 MV OHBBEEZEmD L Z itk -
T, HWT A MR TEWMEREZELERT D WREED D
%. LHL, ATPG X7 b EIEMNT 272 HIZ1L ROM 72 & D
AEUNKBELRE20, BT A ME TS AR
EERLRNASY, ATPG N7 M aKMNT 5 AT U B4
BT D EBNHETHD.

TPG IZBI LTI, LFSR IZ L BT v & LT hILRF
WX DMIERIEDIREZUET H-OOFEL LT, EAffE
LT v H LR —FED, By b7 4y P AFEY, B
v b7 U BT RED REBMEREN TS, £, B
FUL AR fLE ATPG N7 M EIRESE D FIELE L
T, LFSR oWz AT 5 Y v — NFE 0, ATPG <7
MoESGEGETTICL, FET NE =V EERT D5
o7 MEW SRy FofrEr—FTy FAX ¥
FTHN—=T Y L ARy UFE D RERERZINATHS. —
U5, ISR D B EEEE O @l kR0 B B O KA LIk -
T, 7AMNEOHEEBENIAMEL /o TWD. b DkE
IZOWTIE, WL o7 ? Gated Clock FIENIZE S Ld S
ncTnz ¥~19 Gated Clock FETix, #EI L7zl Z &1
say 7R EEIET S 2 LIk o T, WHEEBHEZYEIET S
TENTED. AT, BET X7 bLre ATPG X
7 MVEIRESHE S FELE LT, Gated Clock ka2 A L7
SEI T NE TPG ORI & T A b3 F — ARk R 1R
L, MOBMBEREROERICLERT A MREAE &,
SEEE I, NS EE B LT, SR D43 EI% K O Gated Clock
2R DEMER LR L OBIMR A FEMI L72. CUT IZ1X ISCAS’
85 N Fw— s HEE A, L SE, ATPG K O® LFSR
L L.

2.2 FRMRB—UREBROEBER

Fig.5 & Gated Clock {2 & W 7 A hRF O E 8 F7 & Ml 95
TA R = EMiE#EA LT A b XF— AR TPG
OREEHER A2 RT. 22T, v 7 LY A X SR O EIEE K,
FIMFICEET 5 SR % g, #7 A FEIE CUT O A% E m
4%, TPGIEAEY MR &7 v v 7 #Hl#H¥ CP & k HIZ4y
Hehsvay 7HERERAINZY 7 PLY A SRIZEDY
BaEns. MRIZKkE Y hOXRRIEEZEL, ATPG X7 kL
OEFEEBHEMEI, BHSh=T —4287 vy 7 Hl#Ec
Mo TH SRICHBLENS. CPOANTHBHA F—TIEE
(enable_1~enable_k) DA A DHEIZL Y, SREIZZ 1 v 7 il
W7, CUT ICEBWTHEI L2 BIEEIC 7 vy 7 s

DEAI VT HHMT DL T, HWEBENZHIKATRETH 5.
TPG ITBWT, T ¥ L — THRIERERKETH D
rpr(random pattern resistant)f [& D # & BE Ll 7 > & A7 T A
MRS = DB TR E, WKRT A MRXF— RN
LD LR, M TEFICHEER I FE O T 2 = ik
OEMERREORAERNEL RDABERNSH. T2 T, K
Wiz@A L7z TPG Tk vy Z N EMH &N/ SRICED,
MR BT 287 A MEIE ORI 2 5 8 L AR LT
ATPG X7 MO EAEEH NS Z & C, rprighEd b4
L. Fiz, rprigBELIAA OB IL SR OV 7 NEIEIC X B L
TUELRY MUVEMBRALTHRETS. 20X 512, rprighE
DIA DM BRI IT IR T v Z 57 RV &R L, rpr #bE
ML ATPG X7 MV EEMT 5 Z &C, ATPG X7 hb
DETHEAEVITHBHET, TORNEAORE AT VITK
WT B0, AT UICHKMT B ATPG X7 kB HIlE 2 7T
BTHD. ZHIZXY, LSI TAXZDAFUMENRSLEL R
LZHEZKEATRETH Y, a X MERICHST5. 72, rpr
HbEZ ATPG ~7 M CTRHRINT 5 2 & T, #kERHICTR R
TA R MVEHIBFREL 220, HWT A R ECE VK RE
BHEROERNATETH S.

MR (k-bit outpub) \

/% :

i SBOE [— s m stage
o1 | SR SR
g2

enable_Z

4
et
4
g : "
enabie_h—:D <Ak

| CUT (m-bit input)

clock
enable_1

Fig.5 Circuit structure for test pattern generator

2.3 TRARMXZI—2DHER
AEHR T, AF v o7 2 NP EA S A O EER
Wk E g e L, MEREIELZRACTERTD.

N e H ke 8 4%
W R E = x100% (2.1)
LRI — TUR SR L

AEICE DT A M= ERIZOVWTIRRS . T2 b
RE— DERIE, KESHTT2o0LERTHRENSD.
ATPG X7 MVOESHES ORI T, EET A MEFBB LD
WMER AT Y BEHIET 572912, ATPG X7 MLV OERDEE
B ERD DEAE L IEMBRIELITR S . ZOBEE, K&
BT TE4ODORT vy I THRIND. Fiz, TPGIZ L DT
A MR — AR T, EEEICHET A MEIKIZT A RS —
CEEHNT B2 HI, ATPG N7 M OESEAEZTICLT
TPGIZ RV T A MRE =V EAKRTDH. ZOHMEIF, K&<
FFTC2oO0AT vy 7 THKEND. LLTFICEBRIEOEMEZ
R
DATPG R~ L DA EL DRIV
Step1: ATPG YV — A A LT, #7 2 RIS 5@ 0

HE R B R & R T D ATPG N7 MVEA Z AT
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5.

Step 2: /3 EIEL k B X ONFEIRRIZENET 5 SR %t g ORI E D
WT, DEIT FEIEIC Lo THEIV T FERET X
X E—2BRDD.

Step 3: EIL T MENETA MY =V EMA LT, HiE
Va2 b= VEITRY, BB AR A E Ak
TOHECTIKHERSNIEHIEEND, L&D ATPG
NI MO ESERD D, BRIy EE DI
[k D72 ATPG X7 ML OIRSES LR L, REE
TN SN T BE1T Step 4 12B Y, FRLSMIRETE
K7z ATPG X7 MV DA & /N & 70 LRE
T 5.

Step 4 : RO 7= ATPG N2 ML DRSS EA DR E I ES S
R MV E rpr RIS E T ML EHIFFL,
Fig.6 ® L 5 IZEFUT O X 72 Step 2 IRV, ZD
FIEZ 40 &

VO V3 Vl
detecting rpr fault detecting rpr fault
Vl VO V3
detecting rpr fault detecting rpr fault
VZ Vl VD
detecting rpr fault
V3 VZ VZ
detecting rpr fault
Vv Vv Vv

4 4 4

Fig.6 Reordering vectors

@TPG I L BT A 78K — AR

Step 1: “OATPG X7 ML DI EA DB TRD-E5
ELEEATVITHKMNTS.

Step 2: ATPG N7 MV OERG A Z Il 27 vy 7 fil4#H 23 8 1
SN ko SRIZEY, HEI7 hEnEy Ma
BmMEY NOTFTANRNE—UBNEREINE. T A X
2= 2, V7 NEMEIC X o THER S AL S v
H By L& ATPG X7 MVBRET 5.

ZZT, FIRFICEET S SREAE g & LD SR 0@ AR
RN CTEHRT 5.

BI/ESR AR = % x100%, 1<g<k (22)

JCIZ72 D ATPG <27 bV, sElE iz k D SRIZE -
Ty 7 FaN2.T205, TREND SR IZEWTATPG ~
7 hidmlk 7 FZEICHBT LS. E T, ENENLDSR IX
Gated Clock (k- T klg Z&icvy 7 b5, Thbb, &
o7 METPG I2HWT ATPG 7 hLid(mik) X (kig) =
mig [EI T EICHBLT 5. gt b T Mihq L L X
WICAEKATRE/RR T A R MK OZEORIZEEND ATPG
RY RAE, BT VX AR MABITLL TR ERD.

EREARE7R X7 R AVE=(q - 1) x (m/g) + 1 (2.3)
ATPG ~N7 hL¥k=q (2.4)

Bl 7 v 4 LT V= (g-1)x(m/g)+1 —q (2.5)

T A SRS — U DERA Z CUT D AT ¥ m=4, 53 EH k=2,

B{ER AR.=50%& LT, Fig.6 1253 . Vo(Voo,Vo1,Voz,Vos) &
Vi(V10,V11,V12,V13) & TEIZ L T ATPG X 7 b /L 2 {# (Voo,Vo1,Vo2,Vos),
(V10,V11,Vi2,V13), BBl T v &% 57 N v 3 f# (Va1,Voo,Voz2,Vo3)
(V11,Voo,V13,Ve2) s (Vio,V11,Via,Vo2) & £ L, Vi(V10,V11,Vi2,V13) &
V2(V20,V21,V22,V23) & TG IZ L C ATPG X7 kL 2 {&(V10,V11,V12,V13),
(V20,V21,V22,V23), #E{ELT > & A7 L 3 il (Var,Vi0,Vi2,V1s),
(Va1,V10,V23,V12),  (V2o,V21,Vaa, Vi) & AR L TW A . T 7205,
ATPG X7 MV 1@ H 7= ATPG X7 btV 1 f#, Sl7 %
LAY PV IEEERLTND. ZDEIIT, MRITHKHS
Mic ATPG ~7 bV OER4E A %, Gated Clock 2338 i & v 7z
SRTYT7 PLARBOLTAMNE = DEKEITI oD, BT
A2 FOHEHTUTOMERHFSND.

(1) BV iERHFEOERNDATRETSH S.

(2) EBEEETOT A MR — U ARBARETH D.

(3) Gated Clock IZX % SR OEMERDEEICL T, T
ANRETERDRT MV, T A MR EEHERD
H#RL—FAT7E2AREET 5.

Vo = (Voo Vor | Voz Vos) (Voo Vor | Voz Vo)
(V11 Voo | Voz Vos)
(V11 Voo | Vaz Vor)
(Vio Vi1 | Viz Vo)
Vi = (Vo Vas | Vip Viz) (Vio Vi | Vip Vi)
(Va1 Vi | Vi Vi)
(Va1 Vig | Va3 Vi2)
(Voo Va1 | Va3 Viz)
Vo = (Voo Vau | Voo Va3) (Voo Var | Va2 Va3)

Fig.7 Example of the pattern generation
3. EMEAE

HIR DT A NEEDOVEEE ) 2 MEIT 27 2 ho8Z — U Ak
iz o\ T, rEikk k=1, 2, 4, 8, BifE = A.R.[%]=100, 50, 25,
125 & L, FFM0RE % @\ il 2SR ORI L E R T A
bR, Jteed 7 MV, F¥ERE LT SR OoEIE
FO7 vy 7 HIENC K D EER &R IE & D BILR &2 7ML 7.
TLERDHRT FAVESIT ATPG Y — /L TAERK L, 2.3 HD FIE
THEMG LBIRE (TR o7, A= v T AL AL LT, T
TT ALK YBEEICT 4 VA NVEKEHERATRERT NA AT
&5 FPGA (Xilinx # Virtex-E:xcv405e-8fg676) (2 Xilinx #&:
BT A Y — b ISE9LI &AW, FlixtRoEEE 1
FU AL ET, WEA R L7 CUT RO TPG 2xt L
T,ISEQLN ICHE R SN TV D 1H#EFE ))& X = L — & (XPower)
EHOWCEYBROFMEITo7 (7Y y 7 HOBELE=1.8V).
CUT 21X ISCAS’ 85 N> F~—7 [ % H\ 7=, Table 1 (2
PRI R &R, GBS AR R X, FPGA OBl ~7 vy 7 T
&% 4 ANJLUT (Look Up Table) 2% C/r L7z, il 4,
ATPG 5 X OVEAA LFSR & L7-. F 7=, RiLfff &5 i L 7= TPG,
ATPG, JFUE LFSRICK o THREN DT A MXF — 0%, £
NENEWSER R EZER T o0 L Lz,



FE~ H—

Table 1 Evaluation targets

AN [EA[F—F[4 A

Ly
cut i dE AR Ay
27 Fr I
C432 |EIYiAd 36 7| 160 91
avko—5
32 EvkS oL
C499 | T o or e 41| 32| 202 78
©880 |8 EwhkALU 60| 26| 383 101
2EvrI VT L
I5—%
C1355 TE Bl 41| 32| 546 78

(C499 MXOR %4
AJINAND [ZE#A)
16 EvhIS—HH
/ETIE[E R

12 EkALU
C2670| /i n = 233 140 1193 158
C5315 |9 EwkALU 178] 123| 2307 389
c6288|16 x 16 EEE 32| 32| 2406 703
34 EwhinEss
S ARAN)T4
FryoftE
K/MELERES

C1908 33| 25| 880 130

C7552 207| 108| 3512 442

4. FHEFER

FEMAS R & L TRy T~ — 7 [E#E C499 125 H L, Table 2
IR, ZEDFIINDG, CUT : ISCAS 85 R F~— 7 [\ D
B4, #k : SR O3EIE, %AR. : £KD SR IZxt L CIRIKE
W27 FEEL TS SR HDOEIA, %FE. : B R,
#L: BWHIER IR A ERT D DI ERT A M,
#MR : MR IZHEMI S D ATPG X7 R LD EESR, #power :
TANETREO Y ERE RS ZOfREE DL L2, ATPG
B LU LFSR x4 & L TAREINICOW TR 217572,
F72, SRODEK Kk BLOY o v 7 #HlfNc L 2EEFR AR.
LR E OB E R L.

Table 2 Evaluation result (C499)

% % " MR #power

out K A.R. |F.E. [mA]
1 100{ 100 334 9] 1.77
9 50{ 100 578 15 89

100{ 100 258 13
25| 100 535 14

0.

1.

0.
4 50{ 100 373 19] 1.02
100] 100 231 24| 2.03
0499 12.5] 100 801 21| 0.34
8 25| 100 521 27| 0.61
100] 100 176 36| 2.12

4

(ATPG) 100 100 52 52| 3.31
LFSR 100] 100 1167 0] 2.15

4.1 ATPG & D EE#

ATPG IZHARTT A MRIIRLSRD2bDOD, LD
VR L OVERER 2 KBS ATRECTH 5. B, T
BB FILOREINRT 2B ATPG N2 b L% 3~ THI
L7ZAICk4 % ATPG X7 b LD/ D ESWIZE LTI,
ATPG /X H — v &+ XTHM LG/ T, b ATPG
7 hvE (3 60.8%) T\ iR HEhEE (99.5~100%)
EFERTDLIZENWETHD. £, FHEFROM/ NIRRT A

B ATPG X7 bV & XTHN L 2B AT 5 EHE
OFENDOEAVICE L TIX, ATPG /8% — 2 &3 XTHINL
TG AT T2 (FF 42.4%).

Bl 2 1E C499 IZ8B W T, ATPG (43%1$k k=41) 2k L Tk=
8DOH{EEEZD. BERAR=25%TIE, TERDHT ML
B 52 5 27 12 LAY 0.52 £, EHIEFTIL 3.31mA 22 5
0.74mA 12D L# 022 fficiBAd 4 5. £/, @hER
AR.=125%TlE, TTE2RD 7 FVERN 52 006 21 1A L
#90.40 %, FHERIL 3.31mA 25 0.47mA IZiE4 L#J 0.14
fEZWAT 5.

4.2 LFSR & DL

LFSR 2T, Jue R NABKE LR D0, T X
FRZRIBIZHNET 2 Z ENARETH Y, FEHER D BER
AR B TKIBIZHIET 2 Z B3 CT& 5. 7 A MEDOHEN
I 7bH LFSR OT A MR T M/ OEAWVICE LT
X, LFSR THAR L= Z = ZHIMLZEEICH T, &
W Z MR () 35.9%) TE W H %% (99.5~100%)
EIEMTD.

il 21X C499 128 T, LFSR IZXf L CTHr#El$ k=8 b5
&, EIER AR=25%TIX, T A hE 1167 205 521 (2
L#9 0.45 fiz, SEXEHEA 2.16mA 225 0.74mA (237> L 0.34
fBICWY T 5. £7-, BIER AR=125%DEAIE, T A ME
2% 1167 7> 5 801 1Z¥i2b L#Y 0.69 fi%, B A 2.15mA 70 5
0.47mA IZIHA L 0.22 {124 5.

4.3 HEBKBLUBEERAR

D SR O EHITIE U T, ATPG 7 RO H B
BEEEZDIENRTE S, Thbb, HEKK OB IHE-
T, #ET X LNy PAVOHBBENEEY, T2 MR
RARBbDD, TLRBAY MAKEHIET B 2 LAk
ThD.

FAM L7 #PH T, AEIEARARO k=m (ATPG) |ZxfL
THEE RO k=1 OHFAEIL, BEE AR =100% T,
LB DB 455% W5, 72, BifE%
AR IZBLTIE, TOXREZIETFEHEDZIIMHST, 7TAMEF
B pn, FHBREZHIKT S - L BWETHS. L
HFE T, S Kk = 8 OBRA, BIER/RAD AR, =
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