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Abstract

Many of the infrastructure systems in modern society can be represented by sim-
ple networks of points and edges. However, these networks are becoming larger
and more complex, and the consequences of damage are likely to increase. Road
networks, one of the most important infrastructures in modern society, are no
exception. The severance of infrastructure due to earthquakes, snow damage,
etc. have had a major impact on logistics. However, if alternative routes can be
constructed to avoid the damaged parts of the network when it is damaged, the
network can be resilient to failure. To facilitate the construction of alternative
paths, the number of paths in the network that do not share points or edges with
each other, i.e. non-intersecting paths, is important. Therefore, it is possible to
evaluate the resilience of the network to disasters by using the non-intersecting
paths as a numerical indicator of the resilience of the network to failures. It is
known from the national freight semi-flow survey that 90% of the distribution to
Ishikawa Prefecture is from the Kansai, Chubu, and Kanto regions. In this study,
the number of non-intersecting routes is calculated for the national road network
from Ishikawa Prefecture to Osaka, Aichi, and Tokyo, which are the representative
points of Kansai, Chubu, and Kanto, the central cities of logistics. However, it is
known that the computational complexity of the problem of finding the number of
non-intersecting routes is enormous since each side of the national road network
has two possible ways of passing in both directions. Therefore, in this study, the
target network is mapped onto a planar, unclosed, finite, and directed graph, so
that the properties of the path sum matrix, a method of mathematical physics,
can be applied, and the number of non-intersecting paths is obtained in an ap-
proximate manner. The path sum matrix is a matrix whose components are the
sum of the number of paths connecting the start and end points corresponding to
each row and column. In order to apply the particularity of the path sum ma-
trix, a fitness condition exists. The fitness condition refers to the fact that the
combinations of start/end points in the target network are aligned on a boundary
that is isomorphic to the circle. In this case, the boundary is planar and does
not allow three-dimensional intersections. The submatrix of the path sum matrix
satisfying the Fitness condition has a non-intersecting path representation. There-
fore, the number of non-intersecting routes can be obtained from the sum of the
sub-matrices by creating a path sum matrix connecting the first neighbours of the
start and end points of the network to be analysed with a circular planar bound-
ary. In this study, the national road network was mapped using a geographical
information system based on road data distributed by the Ministry of Land, In-
frastructure, Transport, and Tourism. The mapping is directed so that no closed
roads and no detours are allowed by orientating the vectors of start/end points on



the network so that the inner product with the edges is greater than zero. By using
the algorithm of token propagation on the mapped data, the number of paths of
the target start and end points is efficiently obtained and a path union matrix is
created. The algorithm of token propagation takes a certain point as a starting
point and passes tokens to neighbouring points. The value of the token at each
point is equal to the number of times it is passed, i.e. the number of times it is
passed, so the path sum can be obtained in a closed, finite and directed network.
From the above process, a route summation matrix was created, and the number
of non-intersecting routes was obtained and evaluated. In addition, the possible
effects of disasters were analysed by comparing the results with the situation in
which major national roads were made unusable. The results of the analysis show
that there are several localities where the number of non-intersecting routes is re-
duced to zero when one major national road becomes unusable. For example, when
National Highway No. 8 is disabled, there is only one route in Fukui and Shiga
Prefectures, and the number of non-intersecting routes from Ishikawa to Osaka
is zero. If Route 158 is not available, there will be no route connecting Gifu and
Nagano from east to west, and the number of non-intersecting routes from Ishikawa
to Tokyo will be zero. Therefore, the national road network to Ishikawa Prefecture
is found to be heavily dependent on two national roads. National Highway No.
8 and No. 158 are well-known for the damage caused by snow. It is considered
that the unavailability of major national roads in the event of a disaster would
have a significant impact, and it is, therefore, clear that new routes need to be
constructed to avoid damage to logistics.
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F1E LI

1.1 HEE=

T, WBEM, SoEER CRRERICBIIZ2ZL DA Y753 AT A1%, THA
EAERW#ESGNRAY h =2 LTREATE S, L2ALEDES, TNHDY
AT DFKHBC S FEH L L TE D | FEERICRIZTHED IR LTV
H2. HEROER Y FV—27 BN TIIHRL, BAWEEZZ T TE. fle LT,
2020 4 12 A DRKZFIC & 2 BB BEEIHEE T HF4ERC 2018 EDILFESEF I X,
FEHARSERPCHAARAKRERRERBICLD T4 774 04 7 70WHEn LI
LIZEZ > TW3 (1,2 ZOXSRFEREENET 272012, 1y bV =725
POJRENC X DB L 72580, BB EFHT2 e 8EZ NS, SEFE TS
ZAX, BeARHIE DR 72 81RO TERE L - HH103H 5 [3]). KREFRAICHH A, 1]
HICHIBA[EER Ry bV — 2 B2 EZ 372012, RERBOEELLTXE2ED XS
WERHHE TR Z 0 EH STV 6. BRI R v b7 — 27 OUHERERT 28T 5 T
TR I N Z 720, REBRERRELLIT K 37210, HRPUEHRELRVWE S
AR DB ERETH 5. DF D, RERICHERTIEER A v bV — 2 % E WAL
RIERE LB OMAEDEREZRD 2 Z L CilMlid 2 Z e Ar[EEL 72 5. FEXR
R OMHASDLEEIZ, 2y FU—212B1F 2 2[HABORBOHAEHED S
5, BWVTEARAZ G LR W OHAGOEDTH 5. EWVIZTHRRUZ
HELZWHEEICE D, REEK 2 DES.

1.2 ®HZEEM

AHZED HINZE, AREZHLE LZEER Yy P 7 =218 LT, (RBREE O
LT X DR L 72 5 IR AR DA G DB D & EREIVFHEIZ 35 Z & T,
KERFOMRRL A Y bV — 7 OisFHFERICEHRT 2 2 2 BIES. AllIIEADY
BHOWMADN, 9 H2BEPE - il - B2 O TEDY, 2hzhotDEldisroh
JNESEE TOEER Y bV =220 RE T 5 [4].

AHFFETIX, v b7 — ZFHlOfERE Y U CIERERE DA G HEEE V3
ZDMAEOEDOEERD S Z 12L& D, flAEHLERD DI WTHSRI, MagyE
LM C & 2. IERAEREOMASDOEBOFTEICIX, MR T 25 2[HAMD
BB ERDZREDRDH 2. L LIS, FUBNEAITH 358, #0200



INSBITIEDIED JT3E Z 6270, BHHZERD L5 LT 2 LatEREMERIC
o TLED. 207, A - Iy - AR - ARty b7 —27ICEES v
N =%y BV IR 5 28T, Ry SRR W7 Y O TR
ZHM L, ISR OMASDERENR X CIIMINTRD b D T5. K7z,
ARRFFETIR, REFARIC FREEET AR o 7552 E L, TEEEZ
Ay b L7ty bV =218 L TIRGEREDOMAGOERIC X 27HIi 21T Z
& T, RERIIESN X E LIS 5.



FE28 FEERAZE

RETIE, BEEWE O TIET D 2T (6] ZHH L7z, IESGEREE DM A
BOEROHETE M, 20700 %bT 2~y B ZHRICOWTHAT 5.

2.1 FERXERK

AR L7 B0, IFAER I, 2y P 7 —2128B1F % 2 THAM DR O A
BOEDS B, FWHRRHZHEE LW OMAEOETHS. 207D, #%
B Py, P DIERERKTH B L &, HERBOHFES T, - Ty ZIHWT, XU
ToXziHE 7.

TiNT; =0 (2.1)

TRl i# D01 <i<k1<j<kTh3s HIAEHAELARVWE X LBHLH
LW, RIFRDORHEDFERE & 72 2 IERARERK DA G HDERBIZOWTK 2.1 Z H
WTCHIHS 5.

2.1: 3XDIHAEDYE, IFZERBOMHAGTDOER 2B DAY bV —72

21 WBVT, HBE S AT ETORBICBVTHR - F - FRORKIZ, H
WICEARTERZIET 2 282, HEWIIHY. L TW3.
S-TRNCBIT ZHROEKIZ 28D, H - X 1ED T ORDTIARDMHAFTOEIZ
BIF2IEREZRBOMHAEGOERHIZ2Xx 1 x1=2@bRs. LrLEdb,

3



By P =27 DK SRRy N U — 2 DGE, 1 AROMALIZN LT, BT
DED STHEZHND 7D, BAA n AR LT, 2" @D O@BY TBEZ 6N 5T
D, FEDHRI AT LD XS RSy b7 =27 D5E, M A Y b7 —2
RIS 7 D TIRGER 2RO 2 Z L BINHETH 5.

FDID, KBRS Yy b7 — 271281 2 IFERROMA G DR Z KD 5 R,
<y ¥ ZMWT, Gt - EHRLZ1TS 2 e TIEMUEZEX D, H 2 AR
DEFSIBLVEIBRAY P =212 %. 2 XD, BATTHIOME ZHWwT
MR E L, IR OHAEDOERERD 20 A[REL 72 5.

2.1.1 $RERFITH

FERERUTINC DOWTHIAT 2 [6]. 75, MEEANITIHI OB ERIIBR S 1 HMEAT
ANDREFNZOWT, IR D WVIIRET 5 2 2 TRBETH 5. 725X
FAZHIERL (S, ., Sm) * HERL(TY, ., T) WG L, ZDERW (S, T) & S; &
T, 2B R EZFH TR TD 5.

SlTl SlTQ s SlTj
SoTy STy -+ ST

_ 2. 1 O2d2 2. j (2.2)
Sy STy - ST

HPAE - AR - Gty bV — 73RS 2 EEFRMF 2 THE, v bY—
7 DREBEATHNE FINT, IR DMAGTDERZ KD 2 Z L EETH 5.

2.1.2 IERERBOHEAEHEHDEE

HEARS - B - BAOSEEEHT-T 2y V=7 D EADIER AR DHAS
LR ERD B, WEFRMEEHT TREAITII W D k x & O/MTAIFIEIG U745
BB OIERZREOMHAGDOERE 125 [6]. Ticdt vy bV — 27 XKEHIZHH

Pt

119
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Ty
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X 2.4: (75)S, — T, O 1A, () S, — T, MO 4 &

£ o T, REEHITHI W K OIER R DA G DE-II,

=4x4-10x1=6 (2.3)

4 1
detW:‘ 0‘

2%,

2.1.3 BEEXH

RS AIITAZ -V 2121, BIR - B - EAKZ Ay b7 =020 R LT, Z
DRI L CHIBEEE 24> TW0W 3 2 e kth v 72 3. HIBEE M 2 1%, K
2.2 D X D ITRERBEHATHN DS S, T B L [ [E— DR FIicii iz 2 TH
5. Fiz, BEEAATHI DM R HIET B HEIC, Sk mIE & 12 SN B D 5
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2.5: gk R & [RIME 7R 5 B A 72 IRRE

M2z 3 & &, R T 0@ &S 275
P e p(Si,T;),Q € p(Sk, Th) 2 i<k, j>I THIUX P & QERAET 3 [6] (2.4)

ISR Z M7 L TW AR A DHAGDLEDHE LT, K230y 7= 23
EZOND. 12771, 2<i<k,2<j<l TH 5.

2.6: WSR2 TR RO A G DY

It R DA G DB D LR DA SR 27z S, 1THI3 detW 25 k ADIEZE
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SR OMA A DEROMALDERE G2 2 6] 7721, Kb 51 2 REITHTN
AT B R AR E LTV 3.

2.1.4 Ry bI—ODERCERARGERI T IANDIVEVTE

GIR - ARy MY — 7 DR EZZ B, 1 RO E, WHFDILD
MENEZSNLT2D, mAOIXT LT 2™ i@ OFREEHFAE L, FREMNICA]EE
REM T 7 OMAESOERDE RIS, £/, ABERO Ay bV —2TIE,
IER AR DA G LR EE Z BB, H 515 ¥ B % R0k CHERRE b DfHA
EOEDREZLNTLED. 207D, SHE T HANER D ZHF LWL HICH
mbz175 Z 2T, AF - AR - WK LA v b7 =212 L LiAA, DR
ULz D | FHREZES LoD, BENITIIOMEICHEEHIK S X 5123 5 [6].
~ v BV 7K, LFTOFEEZITS . R DORT bL D LR RZR S THAE N;
MO N; ZBSADRT PV e(N;, Nj) DNEDBIEICL 5 X5 I2HALS 5. LITO

FlEZ, ArfboRF e UT, STHROBEEIRI 2R U 72BHEZTA A ZHICHW 5.
if(D-e(N;,N;) > 0) (2.5)

A(N;,N;j) =1

A(N;j,N;) =0

elif(D - e(N;, N;) <0)

A(N;,;N;) =0

A(N;,N;) =1

772U, D e(N;, N;) = 0 D&, Bk e LTLEETS.

2.1.5 EHEITIZAVCEBIMITIOHE

TP TH DB R 2 KD 5 i & BAMNL TR, BHEITH A 2 W=D T O3
NEZOLND.

fj AM (2.6)

72720, M X 0<M Do AM RFELTHN 12 2MHTH 5. L LEDXRS, ZOFERK
BT EZFELIDHEEIHYKRZ W=D, KB Ry P — 27 @A LIS W,
Z 2T, AT, BEAOEMBEGREZR TR Y X b2 W b =27 VMBI
X 2 IEBEATH DRI EFIEE W5 (7).



2.1.6 ;=B ZRAV-EEMTIOE

I3, MAMOE1IBHRC =2 V"1 RRET D, b= UDRESINTHED S
BIEEAOBHEY Z PSR, BHEL TOWATEAIC =2 Vv 2EB LTV, Tt
. BRIEMOR/NER Y THEELRT 5. RARCEROREKD S 1 DOEAICE
BT+ DHEIEBLEZZNZAD F—27 VDEDME 125, %72, &/NE|
ERY THEDKEWRY THTEET 2RI, ThTwa iz tns
Ry TN =0 U RIEREIE S e TRANEER Yy TROZRREIETS. Ky
TINEEBIET 256, Ky TEEZELIER V. UL D, R O8E 1 B
HEPOGKREDE I BET TEBEIELILT, =2 YDfEEZRDTVL. KD
T2 b =27 0%, SR OB 1 BHETES 2 S ORBANCE LWV, b — 27 U RiBE e B
BT R HWBIGED 17T 22 X 2 FETRE O 2TV, KERENEL
Z 7, B EBIERICIERT 5.



F£3FE T7IDdUVXL

2T, 221 TRz b =7 Va2 R A U 72 IER SRR O RETFED 7 v
Y X LZEHET S (7).

31 +F—OUEBOT7ILII XL

FIHRED IR UM T 2 B8 propagate_token % €33 5. B propagate_token
R TETHA» SRV R b 2R, [TEXIEED B LETOH 1BEE T
=2 VEREITORBTH 5.

Algorithm 1 propagate_token

Require: M _up, Token, Hop, Z1, Z2,;list, x_cord; list(coordinate), y_cord; list(coordinate)
Require: Adj; 2d list(adjacent list), S; start,ord_num, T target_nord_num, K; hop_count_num
1 listM up_tmp =[]
2: while length(M _up) do
3. for i+ 0 to length(M_up)—1 do

4: for j < 0 to length(Adj[M upli]]) —1 do

5: if (z_cord|T)—x_cord[S])*(x_cord[Adj[M _upli]][j]] — z_cord[M upli]])+
(y_cord|T| —y_cord|S])* (y_cord[Adj|M _up[il|[j]] — y-cord[M _upli]]) > 0
then

6: if Adj{M _upli]][j]! = T then

7: if Hop|[M _up[i]][j] == 0 then

8: Token[Adj[M _upli]|[j]]+ = Token[M _upli]]

9: Hop[Adj[M upli]][j] = K

10: M _up_tmp.append(Adj[M _upli]][j])

11: else if Hop[M _upli]][j] == K then

12: Token[Adj[M _upli]|[j]]+ = Token[M _upli]]

13: else

14: Z1.append(M _upli])

15: Z2.append(Adj[M _upli]][j])

16: end if

17: end if

18: end if

10



19: end for

20:  end for

21: K+ =1

22: M _up =M up_tmp
23: M _up_tmp.clear()
24: end while

3.2 REMITIEN CIEREZRBOBEASHEHEED
7ILdU X Ls

I, b= MERKIT X BREBEFTHIDIERL & IER R DA S OB DA
TAIYRLELTICEE TS, 2O7 AT XL, tREOSE 1SR S F—2
YEEERITS . FOR, iRk LRy I SN b — 2 EREEITVL, B
BANTHOZITOEZZIEITRKRD TV . ZHEZIREROE 1 BEEEOEY RS, 5
[E%, R THEHT 2 k=2 ROFRDOMHABDOEDOHEZFHLHL TV

Algorithm 2 Calculate Path Matrix for using token

Require: x_cord;list(coordinate),y_cord; list(coordinate), Adj; 2d_list(adjacent_list),
Require: S;start_nord_num,T';target_nord_num
1: matricW = zeros
2 K =1
zerolistToken, hop
listZ1,22 = ||
for i < 0 to length(Adj[S]) — 1 do
Token[Adj[S]] =1
Hop[Adj[S]] = K
end for
K+=1
10: for i <— 0 to length(Adj[S]) — 1 do
11:  for j < 0 to length(Adj[Adj[S][i]]) — 1 do

12: if Adj[Adj[S][i]][j]! = T then

13: if Hop[Adj[Adj[S][i]][j]] == 0 then

14: Token[Adj[Adj[S][i]][ ]] Token[Adj[S][i]]
15: Hop[Adj[Adj[S][:]][5]] =

16: else if Hop[Adj[Adj[S][i]][J ]] == K then

17: Token|Adj[Adj[S][i]][7]]4+ = Token[Adj[S][i]]
18: else

19: Z1.append(Adj[S][i])

20: Z2.append(Adj[Adj[S][4]][7])

11



21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:

46

47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:

end if
end if
end for
for j < 0 to length(Adj[S]) — 1 do
M _up = Adj[Adj[S][;]]
propagate_token(M _up, Token, Hop, Z1, 72, x_cord,y_cord, Adj, S, T, K)
end for
Z1tmp, Z2 tmp = ||
while length(Z1)! = 0 do
for k < 0 to length(Z1) — 1 do
Hop =0, ...,0]
Token[Z2[j]|4+ = Token[Z1]j]]
Hop[Z2[j]]1 =1
K=2
propagate_token([Z2[j]], Token, Hop, Z1_tmp, Z2_tmp, x_cord, y_cord, Adj, S, T, K)
end for
Z1=Z1tmp
Z2=721tmp
Z1tmp, Z2_tmp = ||
end while
for j < 0 to length(Adj[T]) — 1 do
W (i, j) = Token[Adj[T)[j)
end for
end for
wnt; Total =0
: for i < 0 to length(W) — 1 do
for j < 0 to length(W) — 1 do
for k < 0 to length(W) — 1 do
for [ < 0 to length(W) —1 do
if © < jand k <[ then
if Wi|[k] « W[j][l] — Wi][l] « W[j][k] > 0 then
Total+ = Wi [k] = W[j][I] = Wd][l] =« WT[j][k]
else
Total+ = Wi)[l] « W[j][k] — W d][k] « W[j][l]
end if
end if
end for
end for
end for

12



60: end for
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F4E EEFE

FEEEPIFEHRATH 2G5E50HELTNDL 72D, IEREFKEOMAE DY
Boe ke 3 FiE%E, AINEOESE D PG - BAH - P oRERETOEES v b
=2 LTCHEINT 5. R, A)IBAOYITROHL Y 72 2 [FHiE 8 SR D
HPAZBECEE 18 EMED Y P Lzt y b7 =210 LT, IERERE DAL
HOEHDO B Z1TS.

4.1 AIRFTOEE®RY FT—7

E+AGBERMEL TV B GIS R — AR—IH 5, BB UOITRRBO S = — 7
T7ANERY O —FRT3 [, Xvra—KRLikyz—F7741% QGIS &
MEEAN 2 HIBE RS 2 7 ACHAA TR T, LUTOREZITS . BEE T — X056
DB FEEDAND 7 — R EHIFR L, RERDADR Y MLEERRICT 5 Z & TH
L2175, T E UTMAOWELEZ 3790, EHE L FIEN 2 YT AR L
THZRWEEZEVWTWS [9]. 272U, BREEFITYNICEH T = 2 AR 2 2
T2y U TERITD 12D, N7 MVEITLOREZZEIT S X5 BT dLD
BEEHT. Hle LT, TRIO X5 ITARR SRk 2 Bk L, EfICT %
NETHED, EARICT 5 L REORERD LS ICMOREREELR-TLES 129
R % T 5 T2 DITIRE DRI Z D F FHR T

14



B 4.1: Bf(ic X 258228 255

7, Bt e L THRERNICIFES 2 —HROMEDREFT DA TR D & 5 7258 R
RO B ZAT S .

X 4.2: BSOS

SN, ViR ota Rz A BT e & 2, TEEHHEETORKE LT, #
gl B RS WEO6 RSy VY= BB L. ZDH
He LTAIRICEE TS b7y Z75toBYoOW, dbkEdr 5 0B xR < L B -
HER -« BIERDSKER D % T WA 728, FHG OFULHIT H % KB + Z5H] - T
METOEBEAY bV =2 %GR e Lz [4]. BIFEIEEHES - KRERADESE, ki =
HILE M OERADREE, BIRIIILAL - #E5 - IARNORE-LHRKRLAE LT, 2
N KBRIG PP E - RN TRE - SRR T eI AR

15



TR M L7 Pajek JHR [10] D3 v b7 — 27 ORHULEITH 2.
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X 4.3: AIREEFTOEELAY b7 —72

D%y b —IMNSEES SR 185 E Y b 5.
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4.4: HE8 Stz v LIS

18



4.5: FHE 158 5% v b LI5S
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4.6: FES SN UEIE 18 52y P LGS

INEDAy b7 — 2 2 AT Z W TIER AR DA S DB E KD
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%. Pajek TERD v bV —2 7 7 4 )L H&ATHME L A DOHEFIRI % 50A A, IhRE
HORZ VB HAONBEEIHEL, ~v V72175, 1o~y P Z7DMER
PHRACKTEHNDOBHEY 2 N 2/ERT 5. ER L 7ZBHEY 2+ e HAOERE FIC,
b= et O TARR AT N CIER R IR DRI R Z1TS . b= VRIET
W, Ao BISETORY BRI, TR OE 1 B S SR RO 1 B
METORBERE Zhzikd 3. K5 1 BHE AR L ORI BT W @
FRITHIGSE, k= 2 KOG EDIFR K DHAGTHLEEHOEDIZ, WD 2x2
D/IMTHNIR DK Z KD 5 .

4.1.1 FH@EE

FEEES v MATRIZBWT, oAl L SN TRHE L, BEES v Ml
DIFA R DI AE OB D 21T S .

4.2 RERBRCER

E=2% L7 A REOMAGOEREE, eOEESR Y vV — 27 IEH L7254
BRI ERL4IT7T.

B
Al ‘ 4067442 123596 539832

£ 4.1 AINEEETCOERESRY PY—2

BN 5 EHl
Alll ‘ 4067442 — 0 123596 — 120 539832 — 5829

K 4.2: FiESSHRE A v b LEHE

K 5 4]
Al ‘ 4067442 — 2562 123596 — 0 539832 — 46800

# 4.3 EE 158 52 v b LISGE

KW s A
Al ‘ 4067442 — 0 123596 — 0 539832 — 0

# 4.4: EE S BN UEE 158 52 v M LGS

21



Dy v U — 27 OENTFERIITIRICEE T 5. 24U, A)IROYIIRAEE 8
SN OEE 18 BICKELMKEFELTWE Z 2R LTWS. filz13, BEFETHEA
DIEHE LT, mFERMNICH 2 EE S 5 L [FHIE 365 BEX B NENH 5. LrLAK
Mo, ZOHSBEESEZ Ay b3 2 L EKIXEE3SEDALR-TLED. %
72, IR AORKIIE L — KR —» EFOIEICEH T 3 — s2FLTH D, [FHE
158 EDMERHRAI OGS, FEZBHL TAED $231L—FDAIZKE->TLES.
HERANDRERIX, EE S 5H B2 WX 158 BED R AMEHAARAIDIGETY, HHIEE
DIER R DIHAE OB BOBTEAEL TEB D, KEROHELZIFIILVWEEZD
N5, LrLians, PHoRBR e ANEZE V- M, wmHEIEEIL» S
FILICESRENZENEFN S 5L 1585 TH 5720, Wi FOEENEH ] DGE
WCIER R DA DR 01272 5. A)llEIERKERnicEn Ttz Z b
LD D, FHITANORBEBROLNTLE->TWDS. 2D, FiESED & 5 1k
FEHEOE VRO REL, HEER LI X2 KEROEENKEL DTV LR
EZoND. T, FHAFNOEEZHERT 5121%, EHiE 8 BN D /- 704%
BEERT 2DERHIEELND.

4.2.1 BHETHZRAVWRBE L b—0 UGBz AVSI5EDEITH
D LEE

Z T, REEATHI & IERL MR DA A B DR DT RICEHEITAIZ A L7
B8 (Matrix) & b —2 UafE (Token) ZHIH L 7258 OFEITRRH & 2 DL %2 5
9 5. U, FEATIRFR (Matrix)/ FEATHRM (Token) 12 & % @ LR 250 H& L
TW5. 3y b7 =270 A4 ZWETESEN = 333, J0E M = 511 TH D, multitime
a<r FZHWT, 10 BOFEETRMZETHI L7z, 2B, FHLZPCDORAXRY
ZEIRDBEHTHB. TAYZ v T PC
OS : Ubuntu 20.04.3 LTS
CPU : Corei7 10700 2.90GHz
X €Y : 16GB
72 7 4v 27 : UHD Graphic 630 (CML GT2)

FATR DFERIZA T OHED TH 5.

\ KB B EHI
FATHER (Token) | 0.020 0.010 0.009
FATIRER (Matrix) | 293.379  804.002  2237.295
FEITHRERE O EELER | 14.6 x10° 80.4 x10° 248.6 x10°

7% 4.5: real time D LEHR (sec)

22



\ KB B EHI

FATHREE (Token) | 0.018 0.009 0.006
FATIRR (Matrix) | 4353.285 12641.144  35155.219
FITHREE O EE LG | 43.5x10*  140.5x10*  585.9%x10*

R 4.6: user time D LLEL (sec)

| KBR H R
FATRER (Token) | 0.002 0.001 0.003

P 7 S

FATHRER (Matrix) | 11.271  196.742 548.448
FATRFE D B LS | 5.6x10°  196.7x10% 182.8x10°

# 4.7: system time @ FLER (sec)

4.2.2 SHBODFE

SROBMEL LT, FlliiTr — 2 L AaEbES T, KERICED X
STMENNET 207 EDFBORHE LTS ZehF T onsd. £, FEIGIE
AR DHATDEB DM LD AR o TLEoTWB 0, F v I
I & 2 IR D FITRERE R DA N O a ) A VBB D2 Lh 5 e
LN S D2 E BT 5FENRE T oM.
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EHE IbHDIC

AWFETIE, GINBEADEES v bV — 2 % FE - EEAK - GR - Amkt v
=213 LA Z & T, BEEYIF O FIETH 2 BB TH ORIk EZ M L
T FEEHOCTIERERRDMHASDLDEHEZRD, 2y bV =2 DM 21T - 7.
SN, SREROFELHFNS 72012, THEEETH 2 FEiE 8 SN CEE 158 5
MDA 72 o 12358 THE 21T o 72, ZOMEE LT, AIIEADOEE* v b
v — 27 XEE 8 B L [EE 158 BN ZIVERARNA OHEIC, IER AR OMAES
DOEED 0122 2 BFEE L, TRADHEBENRKRE L RN Z B30 o 7.
W, IR 2 R DEREIZ R E RIFEL TWALLE, BHEZAHE L, (B 25T
BZREN RIS IR EZ .
—JT, KL T, IERZEREDMHAB OB DBNT L o> TED X 5 RAFRH
o 7=DMPFIZONWTEZ 2RI D 5. IEREREDOHABDLEE P S DAT
X, R EARORESELEIEZ 2 Z e LW, IER AR DHAS DEE
DIEDPITHEEE DR Z 5 & 5 BFHMETFEICOWTHE X R/ MDD 5.
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S EE

KtFEe D 212H72 D, MERERD» S BZZREPEZ2HD £ L. B&
#HEL ETFET. £/, e UTHBRICE > TOWRZWIFEE DBERIC  KH
DREERLET.
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HASTHE

TR, FEEEZ 1T Oy L, IERAERBOMHAGDODERICEZ 2 E
{EEFANZ. FROXGRE 722 RVUEFRSNECH v b L, IERERROMAED
BHERDEBDRRICE LD B.

55555

Al EESS%EA v MF 255 (FBHEN)
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71y b1 KR B I

£ | 4067442 — 3050490 123596 — 5612 539832 — 401340
71w M2 7N Hat R

A1l | 4067442 — 1460364 123596 — 44940 539832 — 338808
71w M3 PN Ht ZH

A1l | 4067442 — 1460364 123596 — 123596 539832 — 366576
71y b4 7N B 2R

A1 | 4067442 — 2609321 123596 — 123596 539832 — 290784
71y M5 KB Hat ZH

Al | 4067442 — 2916242 123596 — 123596 539832 — 426924
71w b6 7N ot 2R

Al | 4067442 — 596640 123596 — 123596 539832 — 284124

KAL HESSZA Y MT 256 (BHIERN)

A2 EIERSE A vy T 256 (FBH-EER)
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By b1

KB

Hnt

A

Al
Ay M2

4067442 — 1832040
7N

123596 — 123596
Hat

539832 — 411978
R

A1
A1y b3

4067442 — 4067442
PN

123596 — 123596
Ht

539832 — 539832
2

A1
By M4

4067442 — 2832042
7N

123596 — 123596
B

939832 — 411978
A

Al
Ay Fi5

4067442 — 2421182
KB

123596 — 123596
Hat

539832 — 355524
ZH

A1
A1y b6

4067442 — 2421182
7N

123596 — 123596
ot

539832 — 355524
2R

A
By NAT

4067442 — 1185782
7N

123596 — 123596
B

939832 — 227670
]

A
VB URS

4067442 — 2626612
KER

123596 — 123596
Hat

539832 — 227670
2R

A1
Ay b9

4067442 — 3874012
7N

123596 — 123596
A

539832 — 227670
2

Al

4067442 — 3594690

123596 — 123596

KA2 HESSZA Y T 256 (FEH-#

539832 — 454552
HIRSR)

=

A3 EESEE Sy M T 258 (KEERN)
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71y b1 KR B I

A1 | 4067442 — 3119490 123596 — 123596 539832 — 369272
71w M2 7N Hat R

Il | 4067442 — 553410 123596 — 123596 539832 — 369272
71w M3 PN Ht ZH

A1l | 4067442 — 2768174 123596 — 123596 539832 — 454552
71y b4 7N B 2R

)1l | 4067442 — 1159306 123596 — 123596 539832 — 539832
71y M5 KB Hat ZH

A1l | 4067442 — 3550654 123596 — 123596 539832 — 539832
71w b6 7N ot 2R

Al | 4067442 — 2745952 123596 — 123596 539832 — 539832
71y M7 7N B 2

F)Il | 4067442 — 4067442 123596 — 123596 539832 — 539832

LU

K A3 EESSZA Y bT5E (WERN)

Ad: EESSEH vy MF 255 (BILEN)
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1y b1 PN Hnt A

A1 | 4067442 — 4067442 123596 — 92460 539832 — 515922
71y b2 PN Hat Z R

)1l | 4067442 — 3254466 123596 — 93116 539832 — 512964
71w M3 7N Ht 2R

F)1l | 4067442 — 2847978 123596 — 77792 539832 — 373272
71w b4 7N B R

AT | 4067442 — 4067442 123596 — 93980 539832 — 206712
F1v b5 PN Hat Z R

A1 | 4067442 — 4067442 123596 — 14380 539832 — 539832
K AL HESSEA Y M 225G (BILRN)

RE-TY RE-TY

AL EES %A vy bF 255 (BIL-HREIRE)

J1v b1 KB ot 2

A1l | 4067442 — 4067442 123596 — 6864 539832 — 539832
F1v b2 PN B Z R

A1 | 4067442 — 4067442 123596 — 123596 539832 — 539832
F1v b3 PN Hat 2RI

A1 | 4067442 — 4067442 123596 — 123596 539832 — 539832

K AL EESSZA Y bF 256 (BL-HiBRE)
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A6 EHERSEA vy M 285G (HRRN)
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FHv vl KB B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

Fv M2 KB B I
ANl | 4067442 — 4067442 123596 — 123596 539832 — 539832

SR KB B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

F v 4 KB B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

F v N5 KB B ZHI
ANl | 4067442 — 4067442 123596 — 123596 539832 — 539832

Fv N6 KB B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

Fy M7 KB B ZHI
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

RS YR KB B 5
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

Fy F9 KB B FHI
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

F v b 10 KR B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

Zv M1 KB B ZH
Al | 4067442 — 4067442 123596 — 123596 539832 — 539832

K A6 FHESSZA Y T 355 (FRRN)
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S(IK}

RETY

R TE-TY

AT EE 158 5%y T EGE

J1v b1 7N B R

A1 | 4067442 — 4052802 123596 — 5612 539832 — 338148
71y b2 KFR Hat ZHI

A1l | 4067442 — 2748322 123596 — 62060 539832 — 439152
J1v b3 7N ot ZH

A1 | 4067442 — 1321682 123596 — 56972 539832 — 410532
J1v bill4 PN B Z R

A1 | 4067442 — 4067442 123596 — 97332 539832 — 477576
F1v b5 KFR Hat 2R

A1 | 4067442 — 4067442 123596 — 117512 539832 — 539832
J1v b6 7N O ZH

A1 | 4067442 — 4067442 123596 — 117512 539832 — 539832
F1v BT 7N B Z R

A1 | 4067442 — 4067442 123596 — 110124 539832 — 470208

AT EHEIEEZDY FTA5E
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T #&B QGISONYZ=a7Jl

T, AFRTHEALZGCISOY 7 b =27 Th 3 QGIS DfE~v=a 7L
ZEET 5.
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