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1 &ETF R FIENSIRRE 2 ETHIFXAENEIRRE
Figure 1 Paraphrases acquisition based on “pivot” Figure 2 Paraphrases acquisition based on translation re-

lation graph

M ARG T RXh SREUR A RIVR R 5 V8 5 e X L [R] — A SCRE R A TR N R R RS, tedn <B AT
e F0 B JIEERIFEAGR “bicycle”, NIMENEIR. fERE A FIAGE T ERARGM, Zik4s E T
ASCEIALGRIIE T Al RIRRBOUNER RIRYE, 320 7 o5 &, BT 3 ANJr:

(1) AR R E R R, R0 R B IR IR 1, 25 8L P 0 iR, 3R
P 2 =8,

(2) BOHHSEBUE TR BEA LT E 5%, WITIETT A (4 EHTE) A, £ N BT WAT E;

(3) #R T HE P B BR W E Lt HO7 ik, MANE D BRI R RS R SR EmiEL
8] B 2R AT REdE.

2 MxXIfE

SR FR R O AR R T KE MR, MR8 TR s R R T LAy N BA T 4 2K B (1)
TR RISREL, B i R RS N 28 B8, AR TR 3 T A B I R IR BT % (2) i T LLiE
ISR, 2 AN [R5 ) ]9 0k [R]— AR I, ARRIEIT VLT <im0 IR IR, (3) A
RAEFATE BRI, Bk PATE R, EERET WX 7715, (4) WETE-FATIE RIS, Ean b
SCCEEAE S AN R BRI R AS B LA B0 RPN () 225 35, AR A 2L T LA B IR BRI 7 V.

MRIETEARME T, XL TVE SRR, B — € R R, BB AT E R R el A #D, M E
PRIV IR AR AT SR, BT TR BRAE o] EU iR BRI R, 5 B B v &, (BRI k2
A1 22 BB S ARBAT 15 SCAH S SR XS, XUE-PAT IR B A0V X EAHSE, R RS2 4t 1 AR
JREA. R, 25 Bl E o0 8] B R AT B BRSO SR IR B e F e ik} B2 T X0E-FAT1E R
() SR SR ET VA B R BEHR.

ST “MXEH BRI OUE AT TR R B & AR 1) J7¥2: i Bannard A Callison-Burch [ 2 H, FEAE
AREIE FFERIE AN EIE EOAER, K 1 Fos. B PSS BIE “motorway” 5 “highway” A 4k
[F VAR 1% “autoroute”, AR AR FHETE “autoroute” VEJy “Wxfl” AJ DASRHUSEIE [ &R X “motorway”
5 “highway”. J&T “fXHhr JriE Mt S8 s e SaE 7 TH, R S5 LA S S 1E R X, (22,
ZITE ARG T LRl — AN MERAE E R R B R 2 R R O &, BRI 13RI 2 5208 (1) mT Re .

by b, an i A R AR OC RO LB TE AR R ok, K IRZ B ENZIA K R,
Kl 2 SR T R R DGRRE Z AIBIPE R R I — M7, DOERTE “BAT4 . <B4 M <4 |
i B HIE “bicycle” M “bike” pAlIEREER. EAAGRKEET W J7idd, Rggl “BI7%E &
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x 1 EERENERNGIT

Table 1 Examples of the Chinese-English phrases translation table

. Chinese-English English-Chinese
Example Chinese phrase English phrase
translation probability translation probability
1 FE 24 B AR acts as an anode 0.333333 0.25
2 FHEBARK acts as an anode 0.333333 1
3 FAE BHAKR serving as an anode 0.5 0.0416
4 1E N EEM% serving as an anode 1 0.0313

“bicycle” B “HLZAE" KPR “ 7 NRIR, MJCTRIRECE] “BIEE 2= DR 88 5 1Y) A BEAF (L 1)
IR, ASCEERMESGE X 23 i A 25 B D A SR PR, S A Ok AR IRR T BEALAT 28 B
RIR IR ITiE.

3 ETEFEXRENERREGE

AT UMD TAT TERRIBGE R IR 9], PEAR A TR0 5¢ & B ) R AR U VA M SC LA 1.
BOTFEREN T HATE S E o, A BRI BRI AT TE R b b s A 0 R i R
R (LURRIAR “EIER); A5, MO EDUEMISEREIE T ISR K, £ EOR E b %
T BRI BENLAT A TR AN TS B B R W A5 BE v ST ik

3.1 FFEXARENME

B2, BAVA B DERAEER R HIB T, 3 1 Fos. B 1 DGERTE “76 4 BI9aE M5
“acts as an anode” FIBHPENEZ N 0.333333, [ 7 [A] BN RN R 0.25. 61 2 A1 3 AOPGERGIEAH A, X
AN BB RS [FIRE, B 1A 2 (RSB A EAE [R], X RS PGS RS, ISR A 2 A EIE R R,
JR AR S P R FH B AT LAT A S92 A S it A o X e 1% o AR DRI 7 s ke ok, T LR BT 7 1Y)

BATHEFIBE X REE MR E, B0~ e X SESs Vv filgEs B

(1) T ARG, FTA OB A JETE A4 B A

(2) B A i R RS RN ERROC 2R, AT A5 R0 5 B0t B B J VAR A R A R OC
R, A (G, ) JBTHEE B, AFEWEEDL (G, ) BT E.

Wi, M REERBEXRE. BIEXRETH N V] < V] BIFERE W FRoR, BRI
R Wiy RoRidl (i, g) XIRBIREMESR. Fpikth, (BN 0 RORAAFAERIBEL R [0,

BN R R I WK 3 Fis, C1, C2, C3 FoRDUEHIET &, E1, B2, E3, B4 F/R%
TR A BRATESREL C1 MR, I LA 5 1 B AR SREUR B B A C1 H R 43 il 148 1)
El, E2, E3, EAIXN2HIE AR €2, C2 X4 E4 5 C3 #4:. HILRI C1 FEBAMUATEER C2,
ARER C3. AL, AN M SRICE A,

3.2 ETHEXRENEIRIRE

N R A R R R BRI R BT, R 3 RIS R, B C1 R, &
W —SRAMEIA RLATE R E1, BON— AT E; k82 E1 &0 — S4B A 247 3E B C2, FRAM
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Figure 3 Translation relation graph of phrases translation table

WATE. BN C1 A 2 JEFEHA EL, BTl CL AT C2 AR E IR, B LA HAE S EE T “HiX
il BIJTERGE B R P AT R R DL, ST B0 AR BRI A R

LG JE N CL R RATERI, RAEk3] C2 fENEIR. Sibr b, C3 MR2IEMER. WM
C2 GEATER| B4, A B4 ATER] O3, XA rTIRIE] 55— ARk €3, N C1 ARITAE T 425, i
PR BLEIE P20 PA B ATE, AT DL GCE 2 R R . J T 1B 0 R RO A 5 b il i &
W, R S 4 MR A JE, IR RS A ST A TE R =R, ik, v LSRR
BRIUAE 55 e 40 R [ rARALLS R el . (RIS, O 7S 95 RN R, it TR N OB EENLATE

3.3 PRE N £rIBEHITE

PR 1] e R B 4 R I ) B R VR TR UAT AL RO HE 0% 1Y Sarkar 45 12 7EHEF 5L
PR R ROR 5 BT 2, 3 B — e 2 1 s TR BLRE A R . BRATR 20T i
SELE T REALATE M R IRI, BARTT BB a0 T

B _ERBENLAT E R R4 E — DB — AN HUR R, BN IE 3 — AR S8 MO sl B4 1, R e
L R A A, ERUL R ATH — R RAT I R AR — N BENAT E AL,
Z RIBBARER Z A RENUAT BT RS G E 1k s ik, B R I B MLt e 35— AN Q015 s AT A 2
ABJE AT b, SR IER BIAR R RO R R, R R R, HEREHUTIE R BOA BIRE
BN HAR. K4 B8 TR EEAT LR, B 4(a) FROSIDIUAL TG A, & 4(b) Fongd
BEMLAT AE 2 i B AT J 4 A

BB M RIS R R RO IR RENLATE, & IS RAT AR AT, AN 52 T AR 4505
—EAH G, PUEH T SRRSO O 2, BT RS R RO SR AR AR OR. A BE AL 1
AR B S U A ) T FEA B AR L. AR TR R A B S R B b SR TS Y AU IR B34 DAY
PEMERAE B, RO PSR R TS BRI, 7 ELRESR 0K, T8 SR 45 sCre #7358 R I8 B RAT
7E, BRI UE A5 SR A s i3 AR R A% 3% B AR Y A
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Start node Start node

(@) (b)
4 B EIREHLITE

Figure 4 The random walk of an ant. (a) The ant at the start node; (b) after one step of random walk
3.4 N SHENUTERL

AL ] B TR UAT R SR R, AT LA B IA 10k 4 55 R AR TR IR, BT AER
BB LB W, BN ADE, N RoR. 8 7528 M R IsE B ERIBEHLAT E, AR
PN AR, — S RACSATEIRES, 71— MR £e. i, #iik N DRENUT ERE.

(1) BIa6At M RISCIRES: A RS b T 1% R, A7 E P ¢ = 0;

(2) TCsRAE R AGCY HRRES: EFEIBCE AT AT ALY AL, S50 52— IR BIAZ T A, AR —
KRBT, THRRIC 10 RIS IAT & 15 5L

(3) MRAEREML %8 2 B A MSWCR — P BHE M B4 SR IO AT MR T L, XL
B SR MR A 2 OB R MZ LB R 3 X T8, b b A AR 55 SR 7 2R — AN RE LA,
T BE AL S AR IR DX TR, oA B s B2 RS D9 T — 0 EE I BB A

(4) M RESWAFTATAE 2 R4 L — D REE RAT E it Ae, B RISBUARTTE —2, ¢ = t41;

(5) FIWrEE AMBOR A AT E TR E N, & CATERIPH N, 450 SMBERIE (2) 2.

ASCRH CH++ LB T N OBREHUTE RS, SEm AT, SEREREN O (M x N),
Hh, M FRRISUEEL, N RRBENAT E B KB L

ik 1 BT N PINEENATE B
Input: Graph, M, N

Output: AntState

1: while t < N do

2: j<=1;

3: while j < M do

4: RandomDetermineTheNextPath(j, Graph);
5: GoForwardOneStep;

6: Record(AntState);

7 jE=i+1L

8:

end while
9: t<=t+1;
10: end while

3.5 ETHELHNERTEEITE

Bt N OPBENUTEZ G, M R SSUITREN mS R R B AARLRE, tRE T R R R i K
EE NIRRT RENE. it ASCER 2 TP B R w5 R T ik
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Figure 5 Translation relation graph of Chinese-English phrase translation table integrated with that of English-Japanese

FERETRENUAT B R EEG UG, B R A AT, WEPBURHEF IR, e LAY 18
PR B KBENLAT P HON N BT, M RSO 5 FFRE BT E, 55— IRHA T & 5 1)
SERTIESH, R (1) ST S EREE E. M I AT E SRR W G, B m Rk
i g, U e RIS — R 5 AT HORAN, 3T M —m RBCE BANT A 5 B, A
TN N.

Stk + (M —m)x N

i = - , (1)

o, BN FoR R i MR Z WIS EG MO RRISBUREG N RRBENTE RO o &
NGk RIS — IR ENET AL BT R EG MO AU R AR EAT R M > 1/2621og(32), n /&
I s N, 6 A e ST 02 IR TN 80 M OIS B, R 6 AF 0 < 6,e < 1L

AR FENT A 5 DGR | BT m ORI HL BRI s RIS AT AP EL ¢ RN, T AN
FRMEBR N, I8 A% 7 ORI HE A A T o (R PR B, ARAURE . SR IR AR 55 v, R A
RPTRIR R AR R, BONRGR R {5 Rl . WS B OC R I B ATk, R

LR ST A BEATLAT AR HH A R R 45 B R A& . BENLATHE — € P U, PR S 2 A I BT A5
R, BEWRE A 2GS B RS B RNRIZ R A, R R TE SUE BARIE % R
BOR, A2 RS AR R ARV SC AT MR . 53— D7 T, B ISOM H e e e R i 2 T 0 1
RN E BT R, RN T 1, BWE AT E PR (S B R, B R R UE

A7 A D Bl B R R SR B R BRI, BIATY mIE S R A R SGBARIE, SO R
A TR REPEK.

4 HEEZESIHEEXRET R

FEE 3 MR RS R, AN PO IR 5 F DI IR R R R AL T BRI R,
EE XA 2 IR Z AL . O 1 pax A el A, A St — B3 51N BT T8 5 0 8 R
PR AERTT . BATLLSIATE H A EFR NPT R, & e MBIk R E 5 s, WK 5 &
FIUAE H, R SRR AL TR 7 B A el PO TR R ORI O R IE SR, TR T 3 ML T . Ho, C1
M C2 HIEERR, (AR C3 M C4 ZIABAERKR, C3 5 C4 AR A. GINBIE X

1071



D75 FTRINATE N P RIDOE R RO Ik

Ja, A6 B AR R RGN 7 B b S E A 1, 3RS T DOERE. B 5 P, J2 IS8 E1 A E3,
MM C1 AN C4 fOL TIERR AR, WA 5 BBl E 2, Bl NS H IR R G &L 7 LR %A
FREOC R T I, BE S T 3 DRI R AR T, AIMTE C1 5 C3 1 C4 18] 73 il e Sk
FIRIEIR R,

XA 3 A Ok R B SR REAT B O, AR R AR 1Sk AR IR TR T (RN 5N 229 O
BRA, AR

(1) FER R AR B TP IR s 16 5 MR IPRIL, AR IS 5 Rk s w] LUR A 1078 5 — A
N AR AR AL P

(2) BFxF 2 Rl F AT, R T EIREM T A B R R K

(3) R F& e AOBH < AR I, 5 BR M) P i 13 (0 BEATLAT S8 B30, W AT - R R IUR A

5 TENSCISERSHT

IR 12 TR 00 R BRIV R 7%, AL AT B B0 S 2 R W A5 BE (R 53 R Xl
PR AKIE LY R, A T AR, T, 8 3 NSRIGIIERT R A R S 1, Hok
A R LBUE G AL T “HX Al TR N R GTRIUEIR; S286 2, IR 15 AL 2 i
BERARK, FIHRE N DIIREHUT EFVERBULE; K5 3, AT H AR, /R RY R L3R
WA, Bha, 72 HrbedL 3 A Seds i vrIn g .

5.1 SEIGEIE

AT NTCIR100 J3 A% FIIN FEFATIERIAT 300 3 A)%F e HTATiER. & 26 R GIZA++
HBEAT B XS 55, ARG H ] grow-diag-final & & S Ak B3 X 5745 0L, O SERISE H EIE R, FE
et B AT I, EL AT R G

(1) LI & A R R 45 (R A B 0 DA K & A5 452 P 37 £ 6 4 56

(2) 3yt LLB R HE R HE 10 15 A7 DUG AR B N R S E X

%%, i iR S R TE R AAE 21610194 FRAEXT, J¢ H AR R HE 34465517 & MG XT. 1£
FIPER R MM R a0 S BT X N N AE, KRR FERT. Bttt DU i vor &

(1) AFBESSEMEIEARFEXRIEE, IS CRE R REFIEXRY R IEEA A
WAE, I DL A SR A B B 0 R A

(2) X R AP H L R 5], ARG 2R 5| P4k 21 5 45 e s B A # R0 RN ELE FR N N A7

5.2 SEIGBHUETE

e (1) WISAFPR I, [F] A A PRAIE S 56 ) Rl A7 PR RN S8 25 B IE R P, AR SCSR st 1 S 30t e
.

(1) FRZEE d =8. fEVIHEE A, FRATR BE R R R, MSA e 5 A R AR PR3 R
BB ARG i R R, 28 5l NS HOE, A sz kIR IR &, A 1R g EE 1
T, SRECE B IR, [JEA T B 1L E R T B S a4, AR R, e 54 E
FEIENT SR KRS, B ES d =8.
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Table 2 Some phrases for experiment

Number Given phrase Number Given phrase
1 flikehim e 6 AR
2 firr A 7 ZBE b
3 A 2l 8 78 B
4 KIEEIG 9 TABHE
5 R 2R L 10 Lk

(2) EFAEIERKT R EH n = 50000, Jy 1 G AR IR OC R B R AHE LTS, B
KA R N 53— D5, BT R EOE /N & TovE SCRFRI R R R R IR . ARSI L 7 756 YU AT
PR T R B R AN BT Gt AU B TE R AN O By 17 A
1.6. HRERIEIMRE d =8, I H P B aa i Mo T 2, WMok & BT 5808 50000.

(3) BEMLAT AE RIS E M = 1000000. #H8CHINECR A (1) FSEARFEMTF M > 1/2¢% log(3)
7€, 27 Sarkar {1 TAE 12 6 1 e MMED I E N 6 = 0.05, € = 0.03.

(4) AKFEHATELE N = 12. BIERENZE d = 8, AEHISI T, 23 H 8 7/ T FTM
KT d WIBENATEEL, 73508 N =4, 8 DL 12. SHIGZERE, N = 4 BRI S R 4= Rb; N
= 8 WHRMPEREEL T N =4 KN N = 12 R REERZ. 208, TOTA A N
= 4 WAL _b IEvAE 3 B fz (AR LS 5, WORIUI IR IR, N =8 I A R] REE 2 AR L iRz i)
WAL FTUBEZ T N =4 M5 AHET N =8, N = 12 B il gk 25 2 w75 21, BT AREX
MR ERL. RATMIFE T N KT 12 0, KRR EEEBAT WG, §ok S KRENLATAE
AN 12, TP B ARRE AT RE R AT R AT REJS IR, FERBENUTE LB EN N > d, DIRIERE
HUTEAT AT REAE B Hom (079 s, WEREAY RSP BON 12, BWRE BOA WSBOE 2% m B iy
PECLL 12 D IRBIR N L T, AU RPN T 12 A RN ER, FFREAT PRI,

5.3 MHEERIIE

FESMH S5 R b ORI 7 LN PR SE B0: (1) B R4 AR ARG, Blngs e mIE N a2
Y, W REAEDY <H MR (2) AR AR, Glangs e ARy e B, A
SENBARR < “VEARARR 7. FATIN I PR bl ke AR FUR Ja AL S PR s, SRR
B CERISIR, DR T R AT I g SEE DL (1) ALK A N R R R 10 (2) ROk
5 45 HE R B R AR A

5.4 SCIGZER

I FEHGIER P REHLIE R 100 2 D08 EIEVE N IREEE, 5600 E ik 2 FiR.

BT A R BRI S RIFERIE R B K, TN TR FHR T SRR S R, i ek A A
[A] e 8 SREAT IO, ik, SRECF EEI 2. 5T 3 ANsEIe s i R R A R, N (1 A) H
Wit g it Hoh B S I IEFE IR N L, R A IR R, 100 20 E s RSP E g5 R ansk 3 fr
IR, T AR

(1) SEB& 1 (83T “MXdi J7ik) “FHI3REL 3.79 MRS R, Hrb P IEm SR BE N 2.88. 5L
5 2 (BENUATED L N = 12) “FI3RIL 11.56 NMIALE R, Hp-F EMEREE R 7.18, 5556 1 10
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#* 3 ZWIFNER
Table 3 The experimental results

. Average number Average number Average error Average penalty
Experiment
of paraphrases of correct paraphrases rate (%) (The error rate of single paraphrases)
1 3.79 2.88 24.01 8.34
2 11.56 7.18 37.89 5.28
3 15.32 9.04 40.99 4.53

YT MR T EZ MIEFE IR, I 1 45 R 2.49 15, W T AR R A E L 2
ARIIEEST, B0 1P B OC AR B A BE LA AL SRR SR (A7 21

(2) L 3 (ZEFXMBERREY ) PRI 15.32 MRIASER, Hh- P B IEm K Lk HoE
N 9.04, 555 2 MZERMLLHE— DRI T B2 MRE, BRI T 26%, Kk 1305 50 24T #
PERRY M5 1A k.

(3) [AINY, FESEEE 2 A1 3, BB LA R R SR AN, PR iRR AT Frgn. Weiprd, dif
TAEARRIER A%, Fre ekt A BRI FEX A R AR AT G, N TR
BYEMEIRR AT —H B, NIRRT X — ARk, DA 7 RRSER N5 IR
FETHZIAIR R AR, HPP AR 51 2 IR R R B0 A LU 3R A B IE A A (R 4 1 41, A6
o TS i S AL R Y iz 45 R RO ARO B, betn, N TR IEm SR i, Pt B4 R B
FE3R 3 WiRJE 5. S REBWIZET ARSI IR R SR 2 A 3 SRIUER &R 1 T 11 70 i 9 5.28
A 4.53, WAL T TALGIT 5506 1 ) 8.34. @I /M LEALSRIR &5 R, KIS AL G VAL, AT
P07 VLM IR B 2 B (0 R, BE— B IRAIE T A SR AR A k.

(1) 2 U PHAE N E IR A AT FEVFINR br, W8OI, 2Ros ONSS € J 1 I 2R i)
RETEMOR. 2 4 g5t 1 AR 2Dk RE 8 1) B R 45 SR UL KR N T EE 20 B, 45 R4 IR0 52 20 B0 s 19 P
A, ASCWEE T b g5 0 1, 2, 3 [ 3 MR KA 45 R

(1) 5N 1 IR TE IR SR, KOUNESEUNT 12 BHEE AU 1 25 R AL T8
SCEFSE MR, LA S — A Ak s AE AL AEisREAL; B AR T 12
(R 4 PR RILARR ) BHEE ST 148 RAETE B SINRFE AR ZROR, anHHE S +— A “ar
D RIEED A+ AL “PRE T AR SRR R BOR. AT R D HUN T 12
IS RAFNEIR, BEARSN T A LB T UMD RS T 12 SR, R RIZARIR. XS s
R, PR R D B AT S AR R IR B P HUN T 12 AR N R i B bn 2 FT AT .

(2) MEG TN 2 FNRETE FR REER, KIHHES — 060 “Mise” LEHESE DAL “Hefi
FEE G IR

(3) ME G 5N 3 HIMIBRAETE “PAA2TE” MEE R, KIHHESE AL B hHHES =1L
(K] “ Mg ATE fE1E TR .

X ELy M 45 AR, F AR Al 5 FEARbRont 45 AR Ak v SO e Il 1 1 45 Ak
FE 7RI, T SO Sl B FOHELE TR . tHubfS i ahie, ME BV E bl 5 R bt S B A
R, S B G IN, X6 ISR RV RO R B AT RE TR

BEAb, XA R B SE RAMPEAT T 0. AR 4 P50y 4 BOINARTE AWTR T BISE R, K
BUHEAE S DU L AN SR N AL IS5 3 IR IR g A <DL KRS JFA R ARy IRR, HEGHIX
se 28 R BRI SETT AL & 21 A A T, BRUOSLEAE P TR A Mt 55 2k vl {5
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Table 4 Some examples of the acquired paraphrase results and the corresponding hitting time

Number Given phrase The result of Hitting time Number Given phrase The result of Hitting time

paraphrases paraphrases

RIE L T 9.44202 EIX SR N 11.2896

1512 B Ak 10.6529 EETHE 11.3157

&4 3 328 v 10.8738 Hasfg s 11.8252

FE 1% B3 vty 11.3424 IEE 11.8338

FEH R I v 11.452 pEESB )1 11.8834

B 11.8415 DL 3R 11.9046

(e 11.8629 E syl 11.9507

1 e Ealby S ok P 11.9333 4 A Wrdt & EE | 11.9507

e i 11.9999 Hiitt s 11.9636

PO TS 2 U 11.9999 SRIG IR 11.9724

i A Rk H 12 LRSSl 11.9935

BE B 1% 0T i 12 e L+ 11.9943

[F1]) 376 i S i 12 Frat K 11.9947

BBEIER 12 SR 11.9964

gz o & 12 ENGEDN 11.9970

M 11.8173 EIT A 9.59756
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Acquiring Chinese paraphrases based on random walk of N
steps

Jun MA, Yujie ZHANG", Jin’an XU & Yufeng CHEN
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Abstract The conventional “pivot” approach of acquiring paraphrases from bilingual corpus has certain limita-
tions where only candidate paraphrases within two steps are considered. In this paper, we propose a graph-based
model of acquiring paraphrases from a phrase translation table. First, we describe a graph-based model repre-
senting Chinese-English phrase translation relations, a random walk algorithm based on N number of steps and a
confidence metric for the obtained paraphrases. Furthermore, with the aim of finding more potential for Chinese
paraphrases, we augment the model so that it is able to integrate other language pairs, such as English-Japanese
phrase translation relations. We performed experiments on NTCIR Chinese-English and English-Japanese bilin-
gual corpus and compared the results to those of conventional methods. The experimental results show that
the proposed approach acquires more paraphrases. In addition, the performance was improved further after the
English-Japanese phrase translations were added to the graph-based model.

Keywords paraphrase acquisition, phrase translation table, translation relation graph, random walk, hitting

time
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