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Research on Low-Carbon Optimization Method of Knowledge-

Driven Remanufacturing Processing Path for Used Parts

ABSTRACT

Remanufacturing processing is considered an advanced form of
recycling in the circular economy and a new model for the transformation
and upgrading of the equipment manufacturing industry, as well as an
important way to achieve the goals of “peak carbon” and “carbon
neutrality.” Due to the uniqueness and complexity of the remanufacturing
process itself, optimizing the remanufacturing processing path is crucial
for fully leveraging the advantages of remanufacturing. Historically, the
optimization of remanufacturing processing paths has relied on
practitioners’ experience and has been overly focused on economic
factors. With the introduction of China’s dual carbon goals, the
optimization of remanufacturing processing paths needs to consider not
only economic benefits but also environmental benefits. The problems
and deficiencies in the current optimization of remanufacturing
processing paths have become bottlenecks restricting the further
development of remanufacturing enterprises. Therefore, research on the
low-carbon optimization of remanufacturing processing paths has become

one of the key issues urgently needing to be addressed for the green
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development of the remanufacturing industry. Focusing on these issues,
this paper takes the remanufacturing processing system as the research
object and proposes a knowledge-driven approach. The goal is to
automate and reduce the carbon footprint of remanufacturing processing
path optimization. The main contents are as follows:

First, this paper constructs a knowledge graph of remanufacturing
processing paths to provide a query and storage platform for low-carbon
optimization of remanufacturing processing paths. By collecting
successful remanufacturing cases and data in the past, we extract the
relevant knowledge of remanufacturing processing path design, start from
the influencing factors, refine the remanufacturing ontology layer by
layer, and then based on the ontology, the collected knowledge is stored
in the Neo4j graph database, which facilitates the retrieval and storage of
remanufacturing processing paths.

Second, an initial remanufacturing processing path generation
method based on knowledge mapping and case-based reasoning is
proposed. The method extracts and represents the key features of the to-
be-remanufactured parts, matches the similar subgraphs in the
remanufacturing processing path knowledge base, and then performs
similarity calculation on the matched subgraphs to generate the initial

remanufacturing processing path.
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Then, a carbon footprint accounting model of the remanufacturing
processing path is established, based on which a knowledge-driven low-
carbon optimization method for the remanufacturing processing path of
used parts is proposed. The method establishes a carbon emission
measurement model for the production process, including energy
consumption carbon emission, material consumption carbon emission and
waste carbon emission. In addition, the method converts the quality loss
function, time loss function and cost into carbon emissions, and accounts
for the carbon footprint of the initial remanufacturing processing path
from the perspectives of quality, time and cost, and based on this, the
initial remanufacturing processing path is optimized in a low-carbon
manner, and the optimal remanufacturing processing path is generated for
each remanufactured part. Finally, taking the remanufacturing of machine
tools as an example, the knowledge graph of remanufacturing processing
paths of machine tools is constructed, and the generation of initial
remanufacturing processing paths and the low-carbon optimization of
remanufacturing processing paths are illustrated in detail through the
spindle of a machine tool to be remanufactured, which proves the
feasibility and validity of the method of this paper.

This study provides new ideas and tools for the low-carbon
optimization control and management of remanufacturing enterprise

processing systems, supporting the sustainable development of
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remanufacturing enterprises with theories and methodologies. In addition,
it lays a foundation for the intelligent transformation of remanufacturing
enterprises.

KEY WORDS: Remanufacturing; Processing path; Knowledge graph;

Case-based reasoning; Low-carbon optimization
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SR ACEHRE AR, ARSE A A BRI H B e R AR B S, AR
G LAERHE S AT IR TR XA ARG ML S S B b, ROV e
B R IR A BRI A 75 o ARSI AT DL S AR A, B4 SCAR S
K. B ML HCBRN A BT IR, TN A REEE T RER
BRERCAR . BEPIER. EHBOEE, SRZWAKSHMKER, Hit
7 BRI ) RO EUE - RIS 2

BN RSRIGS AR I — [, — RS, ARSI T B e EEA AN L
KRB CEAZIEREBG BRI =R N TARBORR, 8 7 2N AT AR K
FEHEZ SRR B bE. RAELE. BT Tzt
MOCHRBERE, B X200, AR BORFSE SRS BORIE U s AR, B n] BLARAEE
FRRHERAVEA R . BEJA, AT X 80 pFREAT & o T, BB,
B R AR FRE S . N TTERBUNIR BARTE N ) EFRONECKR, B9k B I [A]
WARK, (H2n DIORIERR A B R . R, IR 7 2B EER o i 2%
71, BRSNS T RR SR PR UE DS T LSRR . i AN TIRUHIR, ARIIE 1 /1R
BB RHER. SeB, ANTATAZ M. 245 B I RIUR . A B 3h 3k
FIREE S 7 N LSRBC B S AR 7 20, AT RS B F P B8 DR f) SR R A
BN, IRy 2O I 4 B LR BE SRS T T RIR ARG . i, w]
LA B SR 18 5 A BEEOR M SCAR R B A OG 22, AR BN DR AT RO A
WE BB ABIENREE . BEAt, & w] DA R EeE i IO R B R, R
MG B IR PR B R, AR5 i N TACEE . @i B 3R BRI 7
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BT T NI EA S & TR, AR AR AU R 5 REAT = 2
AN B REBAR AR LAV FIR AL (R0 TR 3% 0+ 3 o B 9 210 22
Tho 1 B EHBRBCGNR, R BT S URE e AH AR K sl S &R 5 A Hds
2 5HMPFRN B G, N TR BEANLES 5 > BRI K& A it
AT TANALEE, i PR B T SCRIFIR A A . B SR BRI R 110 2 7l X
RSB BE AT voi R A A R AR AR A B, I RN S S B 5 Ak 2
BEAT ARSI, B8 NS R A M-I, (5 SR a A 2
AT B P PR SR U 745 2, SIS Bl R RER AT ISR R GE R, A2
Rl B A O RRR U AR . X = ARSI T AL 55, HdE MR
WAAHE, HAAmZR 3-2 fros:
R 3-2 FRRIUOT s

ARPOT P 5% &5

AERA TR RE TR
AT EHTERE. Al
PRty S S

gty T NKFRIBLE MR
I B S T R
=, HRE

R RHUAEAL B, S
HBhZREC IR, ATREAR A AR
ZS

B ES (NP R (5
Bl A w= w5 M
L%

R ANLZE AR
RTINS K
NI UL

B ESEZAT. BR
RIETTREME R SR ER
SCHRRRE S SR R
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Xt RIR A E SR AR = (37
b= e I BN E

Bk, ARIRRESE

i B G NSRRI AL
WL, MRS
Wr. EED M. BT OUEEE

i B SN e Ak AT AN
FIARERE 3755, A0l Tl
ot HERERE. B3t
E9ie

E P I T e A R B M i i R, 5 3 A A I B AR R

W RV P 24, (HRER B S, L =F. #ln, W RFID HdfE %
SRS IR TH 2 B A SR AR A St SR T 2t it . D20 LN L5 2
J& TR AR, B LE DU & B R AT i3 B R A B0 2R R AL
BAMLGRE T AR TN R a 555w TARS A E S, SR ek —Fh
Bl , WREERLIATRRES . B TR SR B S, F IR
PRUERRIHERERA R, L, A ORI B SRR sk Iy 3. BARRAE N
e B 21 55 PG AH G (0 5 R SR A R B e, N Ty SO AR S AL B 5
FEE R T ROV ER LA EE , RAE 7 3R BCR A HER 1
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VAR A A 58 78 P g 5 R X B 25 M A B 5 ko RDF = el sk,
SRIGAIATARTE, HRITRRANS, MR — S ek, £l b
IR SE R T AR ISR S Al A
3.3.2 MR EE F ik

BT EARAL S EURE B2 P, SRR BB R, &R
B 1) 7 P ATt A R T K, R R PR A R R, R o T A e ) A
HERIAT it 7 B S b v EL v LA 7 v o 1R PR B 77 i o B2 R 7 A ) A B
U 1 A7 R L A e T AR Al 0

BEE BRI R, AR A% 7 A 280, A 0 2 LU PR
FURCHE PE A7 it D% AR PE A7 it SR B e A7 i AN = n A7 it o BB P 2
BT T A A2 DR B B B R . 7R RIEERE R, R L
(FRRTLARBMERD Al RRTRZERR) BB B E SR
ERGE RS RN R, IHRAE T RIEERERE R . LI B B R A
Neo4j. ArangoDB. JanusGraph %. 7E&RHHEAEH, I K WG 40 LR
A, KPR NRAE LR, FMMTRE—ADTE, AERZM
o8 RIBIEAMERF R . RARBIREMA SQL A5 & R T HUE 2l AR A
S R F R RS A B TR R i et AEATI SR T DU T A7k e il 1] i 4
Yo STRSHHE 2R A7 o0 R LR i s DA R R 2, @ HAE A JSON BBl
i B SRR IR — AN, SR AR T DAL F A SR sl . SORS S
PESE T AR 240 ARSI EaE, SRt T ROEVERTRT R . B S
PY%HE 22 AL MongoDB. Couchbase %5, SRS KR 12 77 fif R0 R B3 1) 5080 LA ST RS
B, @HAEA JSON BRI . A STRIFR AR — Nk, ORI T
CAEL B oAl SCRY BB o ORI PESE F T R 2 1. ARG M B, #2
fE 7 RGEVERI AT . H LI SCRSEOE & 045 MongoDB. Couchbase %o =JG
AR AR S R R om v F R R = o, Kb BRIk, 1BE
TRRR, FBFRRHAS AR EE . X P77 0B E M H RDF (IR RAHELD)
KA IR FAEAEEE, T SPARQL N2 —FE HINEWIES . = nHAmiEH T
FIBEIRMTE O RMICEE, A BT 9205 S RS o 3 DUl 8 B 1) i
PERIDLER R NEE 3-3 s
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* 3-3 HIRAEA# T IR EE

R 2 e B
RN SHAZ IR 2 RS I B R AL T A
gy R PO IR,
R, SERI TS REEAM A E 2 S S AR AL
LK R
A AR BRI R e
KRMIREL SoL g, cipta  DECHERIDERIT
fi REURE, STt o T S e
7 LR S5 H A R 17 per
EETPEREIR, S v i
SRR RIS kR S IR
1 9, ER TR AR T
AL R AL Bl A2k i
R E = o i}
! T S B A 2R KA SR
1 N 2 \ N N Lk 557, 0
Souigehy o SEATRORBIPEARAIT o e b e e s

HHafs 2, EEAERRERE
SRR

ZRar UL B arAroxt b, 6 A SCHIE S A% A 3 o I A R R L Ao P T s
PRk B i B o PR B P A 15 R s SR 22 TB) B2 24k PR 5% 28 R I 2% 4 41
g5t REMSH RO RBHEHGELERE T MU R. KA. @i B
Ya e A4k, R LASE G BN ) A B ARG N T AR O A OGN, BRI
ENDEIR SN [ B =1 D) VS oS N vie Pl 1 0 Ry N | R Sk € e
Ak P 2 P N AR A R R P, R RS SR 2% B G i D R AT
AR BRI AT, FELF SR R SRR AL PG I T AR . [, BE i
WA T, 5 BN B AN AR ST R ANE 2, R ) SR AT
P EDIE 35 th e 0 56 2 1 11 32 SUIsl Rt - ey S8 JE R AR AN 2 2% O AR I A B 5 T 5
Ko LE PR, IR A 22 R ARG I AR 0 SR P B H AT B 19
TEHITERESS,  RENEAT RESCRFF A IE AR SRR 18 BRAN R -

Neodj s&—Fhit TR HIC K KB EEE A5, LIIH T, &AM
HEWETEHELE . € RHI A (Node) « K& (Relationship) HJE M
(Property) HIMEEREAREE, FAEH BB 2 1 7 2ORAE B il 2 1] 1 2
IR F o ATCEFE Neodj 1F ARG BB 2 1 2A LT R . 5%,
Neo4j LAY gl SRAMBEMER T AR R, AR5 & & fliik AN 2 i n T

RN 1 B2 PR R
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BEARAR R AR I B 2R 6 R AN 2% 254 o S8 RO IO B, W R R
AN IV 5V S U Sl TR S WY il 1 N 5 o Wl L L NP RS vt
Ko IR, Neodj $RALT SCREH P EAT 8% R B0 &0 5 4 S 4 15 K&
JEEWIES Cypher, REWSEEAAYN'S Cypher EUIEH), )5S HiliEm L1t
(RHEER SR AL T ORI ER], DERBOC R 5 ANRIZ T &R 1S B . BRibz 4k,
Neodj TEREHEL, Wb KRS B HRE, SCRPSER R 5 b 18
PR3 0 T B A2 A HE R Hh, DR ) PR SR S A BT R E T Neo4j g
B R IXEE TR R . BT, Neodj HSCHFRIAY FE, RN & 1 il in L% A%
RIS KR

Bl, A b — N IREUR OKE RDF = SR A7 AE7E Excel B, SRJG1HH
Neo4j [f] Cypher f7fifiE = £ FAF Neodj EIBHEEF, LUK IHZHBAF SR RIS
FERFIESEAR KR &R0, BARERINT

LOAD CSV WITH HEADERS FROM'FILE://l Z/HZEEB#£.CSV'AS line

CREATE(: £ /HEZBH{ B 15 Fi-line. B 1 E 71, #/E & \ine. #1& /3, B
=:line. #/E&Y)

LOAD CSV WITH HEADERS FROM'FILE:/// #/Z ##4FE.CSV'AS line

CREATE(: A H1E KT /E-line. K T #5/Z, F ET#A#E /Z:line. e ETHAHE /2, B
ZEline. EZ/E))

LOAD CSV WITH HEADERS FROM'FILE:/// #.%.CSV'AS line

MATCH(FROM: /A EZBH 1L 7 line. BEHEE 7Y, (TO #E B #F{ R+
&/ line. K T#5/Z})

MERGE(FROM)-[r: £ &]->(TO)
3.4 KEINGE

AR VEANFAR T F I T m R B A R . B, KRR
Ty 1) P 8 S0 ANAH SCHOHE , e 2 A B A 0 T BB A 1) s e R 3 A e
T HEARRI DGR A T V2. Fok, xh P 0 T8 A2 0 i i 64T T it
BE 7 ARRERE I T, ot TR AR R . SRS R e R R )
A T PGS TR AR A, AR R MG, T T AR IS 5 R
(7730 CAMCOAJERE, BT T AR R, JRIG P 0 TR AR 10 AR
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CARIR S I AU AF T Neodj IR, v SR OIHERE KR 2L (10 n LA
PSR AL HERA AT R] 5 BRI . B AT 4R A R R S HESE, (645 H 3 hn L
20 s F 7 sUE IR, S 1 AR I TR A AT N A A E
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FAE ETHREREA Z ORI BHLEN TR

Em R T AR BN AR TS, G I TR AR A B E T
WAL . AR TEAESEBLAE LB 7 — P T U R 401 B 1 4] 4 P A g
TR RITE. BERARKIKE, ZEHEFER (Cased-Based Reasoning,
CBR) iz FEHIE M & ATk, 7R 9 N T8 A 4id h — I = 22 ) F 7
R, B AT LE A 4 A A A DAAE AN [R] S 451 2 T 9 36 5] fORRR AR, AT 3 H
BRI KRS BRI TR SR RS A4S 4, S 2 )3
T AR BARBRACAG b, AT DL AR 1) M )3 0 T % A% R 1R Hh DU A4
PRSI T AR, AR G I TR AR I HE B R, A R A
4.1 MG EHE M TR R4 A A IR

HT T HRARC NS 8] R AR 45 R Ao FH R 45 077 T PR AN S 1 3 B30 R A ) iR
A HEI AL AR A i A SR B IR A HAT R IR, B — N PR AR R B AT AN 5] ) 2% Rlks
fiE, XFGERL BN RAEHEE RO SR LR, XA T L
fEN G 4, T BB 7 B E I T . Bk, 0T X R
T RS MIBUIR, AR SO il 7 iR T 1 SR R 2R B AR AT R A n T
BEAT A, E ST R PRI A R 1) P A3 0 T B AR R R e R A DL BE B
TR 55 15 T A DG SRR A AR AL I T8 8, 7R S T () et b, 4y
AT AR P A1) 2 A 1 B P B, EAT P A TR A ) SR A0 EE AT A A
A A AT A6 BN LR AR

BE T G A9 (00 100 T AR B 19 J5 B e o A 2 R A9 R v 5 AR I T A AR AL
ZB, MHIRECH SN T L2 BMAK, ARG RIS EEESHEHT
T AR AR DU A R ) 22 490 HE B A R — AR AR g e P ) 04 A
SE M7 SNARIE N ] E B8 SO, SR ARV LE SR ek, (H il T/
HE N TR R RS BB, TR e H R, 0 [ 115 SRR
AL TAERER, MHSRZ RIEN, MRECEICT . SRR, FiRERE R
TET IR AR SCAR, BRI, SR 7 vt Tl 1 R 0 R 2R AN IE
AR T RS T AR B R AR, fEUR SRR B, kAT
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e, PRHT RS T N TR A AR S ) RO, /T T
AT ENR B SR B9 e ik 5 RS, D FE I N B AR A IR A Ak FR A1k
TH,

ARSI R HEFR A HESL AL 5 LR AN 49

(LD FZPIRER: Ah, FEIATHREGRR. 8RR mbE st
ST, WRAFRIFEARFAE, AORMEEAE, K BERRAE DL A R SRR AE H I B — L6 4
SKBERFAE, 75 AR PE PG 2R 5 SRR 52 A AR IR A ] o R 5 Sk 2 S 451l ik 4T
BB IR R, AR O 1 S AL AN [R] AR AL BE S vk SR AE AR ALLEE , P
FHJZ V53 BT T 3% S5 HE AN [R] AR T SR A ADLRE , AT o 4+ i 3t R A
R HE N TEAE . RO R — PR BRI, E B
fR T R &

(2) ZHIEE: OB RES RO RLUG, O hlG & 515
)3 A 2 TR) PR R AL RS B A AN 2 2, I R B N A5 & B e
B8 A P A A R 1 T — 2R I T AR

(3) ZRBIEH] . Z M XA F I A 2R a6 N LB A2 HEA TS
BT I A ST B A1 P e o L B AR AT SR EE A

(4) ZHMES: ZBIE SURE IS R BIR 2 A5 H 1 P HE I TR AR 5 &
PR R 2% A B AR 7840 5 B0 B S 3R P A A, s gl 75 0 A
F PR o) o L B AR EAT I 24 118 5OOR S T FH B4 PR AR A

(5) RGIEAE: R IRE S VTR S5 FE 3 0 LB A1 9 97 1) 2 481 LA
SR P 1) T A N B N AR R R, DU A i T 1 R e R A
PTG N T B4 . SXRE, B IR B HERS R SR, T LAR
Z AR Z ).

MRAE DL R BIHEFLAIAESE, A5G TP AR I, A SO T — B g &
ST T 1 S HE SR A A ] 4-1 R
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(e lbe | RBERFE o BitE
PRAF TR T TH

) 4

EEW@?@ XTIEEE?‘J& Mﬁﬁ%”jﬁt’ﬂl
‘ 5 ‘ S B 17 AT o
@7 s [ T T B

HAELE = e

No

A

FplBit

B 4-1 R P AR SR A5 HE B P A

4.2 FHEFIEHN KRBTSR ITE
4.2.1 FHEFEIEGR XBIFERIN S FIRRTR

XoF A5 P 1) 3 A P P A L AR A R ) R — R TR S TR AR 2 AN R &
N TAERR A SRR, ARG IX L 520 PR 21 5L 1 P A 0 A
W SRT, X SE PR A — e R I I TR AR KR, (R
1X 6 BT 3R AE A5 PR A A A AR R BOAN I, 90 ARy Pl A A ) S8 28, A AR 1)
AR A, AR PR S AR AT, T I B ARAS [F) 2 B P AR o g R 2k
FURHE, BETHFEHSERKOAR, i REZEHAT LR, XA
SFHHCRIRT, B/ ERE R IR, 7™ = AR 1 1 1IN T AR A A AR
W, MA, R AU R K TR, TR LR PR R i AR AT — ey
SERIRL, tan, EEMT &N, TEIITYEE, 7 ORUEA ™ IR
17, TEIFIRAE RN TS, SOt 75 ZE AT 4 e 1 B W B i T A i
an FRAREVE AT AR SRR 2 ) B TR SR AT E I AAMEAG A P A . R, E
BEAT GBI HERE 2 BTG b AT — IRBIIR I 128, B AFEE 2 B BB T = 4
B, FTLLA R F s I TR AR A O, FF A S A R A
MELF ZANJ7 AR BB AE: 27 R HELR . X B KR R & .

FESR B4 P3G A B SRR AE LU S, W] RAds B —J 1 iy R iR 7 73X
IR L S B R IE R 78 N — 4 RDF = e H A7 7E Excel H, {#H Cypher i& & ¥ 5L
FAZE] Neodj 1, M5 R 1 x5 F I AR O BRF AL 5~ B ST, (381 e T Y
TEIVLAC
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4.2.2 FHHBHIEH SRR T Bl R LA
FERT R UL — 2 B AP, K O CUM 5 R F) o T F1) 3 1 O SRR A 1 7 1

FE TG N LR AR AR E R R R R A 5 e T, R ERE T —8E
AL R R ) 1 R BN AR P A7 A 5 R A3 B R A B SR B AR ALE 5
A7 P AR R B AR AL, 3K 8 R A P TR o ) 2R R ST 4%y DA N B 4 T () (¥ A
UEAS I PR . XM R VT EC A AR 8 AR 500202 Neodj SCRFFAHALE
Bk, A FZAEH LRI

T ICARR R PEE R, GRS i e S s SRS TR Y
1\, M Sorensen-Dice FHLEE s, HAIUT (4.1) Fros:
_2x|X Y|
RN

Horp, XORY 23 2 R B3 AR O 58 i i R SR B OGN 3%, X
NY| FRES X FEE Y FIZERA . Ea T SBIEAT AR S &
5 FCAh AR [R) 2R 2R TS AR SCA Y Ja 1tk AR AL RE , Ji e o B AN TS R SR SR R
{E¥) Sorensen-Dice FHMLEE R%L, AT LALELE AT A1 AHALE , AHALRE R &,
Sorensen-Dice AHLAEE REGHELIT 1, FULEBAL, Sorensen-Dice HHLAEE 48k
Feile 0o o, BRI i 0 22 TH 000 s 0 AR S AL 8 1 S A
AR AR B T () AT SR BRI AT AKX AN B YY) Sorensen-Dice AHALEE, H
Zoad R R R TE RN R B0 LAY Neodj TR T 11 id 4 1, W LA BLR Cypher i
= A A Sorensen-Dice AHLAFE ek H AT AHALLRE 2 0«

MATCH (pl: & /HEH 1), (2: 8 THZE 1)

WHERE id(p1) = 1 AND id(p2) <> 1

Sim (4.1)

RETURN id(p1) AS fromNode, id(p2) AS toNode,
apoc.text.sorensenDiceSimilarity(pl. /4257, p2. /% 125 7E AS similarity

ORDER BY similarity DESC

XF T HE Y JE VA RA , AR FE R AR B 2 R R B . L S A Y
fIa, (M Euclidean MBI 4L, Hatn (4.2) Por:

Sim=———— (4.2)

Forbr,  XORIY 43 5 2 7 455 7 A1) dd R R 8 56 B 7 s A2 PR BB B OGRER 3
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Euclidean FHLLE REUBAEIT 1, Fom DT R CBERFDBAR L, 245 Rk
0, RN TA B CHFHIEB A AL B, ZEE0E A dh 4l i 2R 1R 5B A
s PR TR REDRE 8 8 A 55 P ) 3 o T BB A0 R AR v 1R P A A7) RT3 A T R XA
JE YL Euclidean AR, JLZe3d Fnil SR n e AN R BT B A Neodj I T id Dy 1,
ey LA LLR Cypher & 5 18 B Euclidean AHARLRE #EAT #EALLEE 25410«

MATCH (p1: 27 £/ 1E), (02: A1 F4F1E)

WHERE id(p1) = 1 AND id(p2) <> 1

WITH p1, p2, gds.alpha.similarity.euclidean( [pl. 7 /7 #1#5/2],[p2. 7 [ #1#5
/%]) AS similarity

RETURN id(p1) AS fromNode, id(p2) AS toNode, similarity

ORDER BY similarity DESC

AR > 7 SPARQL Eifif 5 3 Cypher f)— L8 V2 AN e i FH A
SPARQL & SRR, (H e AA — L8 5 4 (1 T A 79 0]V Hc i e ) 45 ' BE
HW, S THEEEMTE. RS TRaEaE s RT 2, mH R
IR B BB R A SO R, n] L% & B BT LM A] Cypher 1 5 #E4T
A, B, SR I 1 R S B REAE 1 & MR A R A SR T D LK B il
RIEHREEZ Ny 0.05, HliE e o, 1M H 7 Z46E BN T A A FIRA IR
I, AT P A AR B AT R R

match(a: & /HEZ5 1D, (0: 77 /E 11D, (C: 1 L 775

where (a. &8 70=~"* PLIR*|.* i1 #5.* ) AND (a. #/& /7= /= %) AND (b. %
[ET##/%=0.05) AND (. 2/ L i &= 15 4 2 P)

return a,b,c

SR, XA 0 BEAS B BRI PR IE AR 78 4 — B &=, RERA — Tk
BRFIEA —2, RMEARE A S kbR, RSB T 2SS RMEAH
ARIE BT IR A BRI, R, IX A7 SNARAE — E 1 R BR 1

BEXS IR AT B B FR A SR s, AR DOR B ARFIE 2 92 XSG
SRR AN PR AT R B SR M SRR I 2 /R SR HE LA . o T A FE
KRR RS, WEREA LR &, W B G EAT I T4 it
VL HC RS ) 1 N 58 4 TR AR LA R o 58, BAR AN 8] 4-2 Fros:
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\ 4

1AL

LHIHE ||

BRI

Xtk

SCAE

_‘

HiRa

| BRHHE

| s

Dice

Sorensen-

FHABLE

Euclidean

HRABAE

K 4-2 7R RE

.| Cypher& | |
WinE

43 FHEFEHSTE FERUETE

4.3.1 FEIRGIEMUETE R AFESR

Y
= B ILHE
" FE
NO
L—p

poguy it

E#HITHE

MEHE

ESLTany

FEVCIE B FEILUG, N T In TR Em e, 7 20X s 2 i
ROIREATRE— DRI . AR, @ TS F I 1 B AR A AT UL A
3 B RE R B (0 R A A AR ALE B AR BL PSR S8 )X — 20 Bk O 7 AR BEE AT TR AR
B, EArE AN RMERAREUL, SRV REALL . A R 1S AR
FAERARBLE , FROv A R . BARTHSERAE WA 4-3 frs:

=1+1

\ 4

Hias b =1

v

N XAY )5 A

JEtE

v

b Jog 1158 7

\ 4

R R BIF T E XY
5 7 MR = 3
FEARL E

P 4-3 FHLLEE T SRR 1A
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Forb XONAF A&, Y R R HEEFRE R R H 851 OB IR S,
n @R EE. — BRI FE A E T P ) 3 I0 AR R S i LR B A
IR JE A, Al A R R PR SRR, i SIS g P 1 R af AR LU . 85
B A S PR R A 3 DD AR A AR, R IR 0 ik (AHP) I T AL
5, RRERE P N RAAR LA B R, TR XA Y 2 [A) 4 R AR
B, @R A XL (4.3) .

Sim(X,Y)zia}(ai)xSim(aix ,aiy) 4.3)

Horbr, X flay ol DG X FMEE Y B i AN EEE, Moe(a) 2
T | ANBERAE. Sim(X,Y)h X 5 Y A RMAE, sim(a*,a)) R
JRIFRARABAEE
432 B ERUERNITE

R AS SCHA E 1RGN AR A 2, PR IH 28 1) B R ik s 1 1Y
RMEFEA =M. BUER, BEMULSCAR, BARINE 4-4 Pros:

TR (1432
| |
HO B R T TR AT
R
RV Pttt
F IR AR ety
B TR oy
S R %%?%
mIss || e oty
...... R
V4% 475
4-4 JE PR 7R
(LD XFHEWEE, HEWE T, HirEAR (4.4) Fin:
a* —a’
sim(a,a) )=1 ‘ — ‘ (4.4)

- Max (&, )—Min(a;)

Forp Max(a, ) BT Min (&) 2r BB FIIH S | AN PG 1O R /MEL
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(2) M TREERWESE, HEMHEZZEUR, BN REUE, Hn] sy
BUE WAL, a0 TS BE— 3 — oINS L, B BN LAk
IMTIOANSEL, HAE AR (45) Fs:

A, N O | ANBHERSERRE, —8Bo8 10 DUNTRE e, 5%
BTN 56 R AN 3R 4-1 B

sim(a*,a)= (4.5)

R A-LINTAEEERAE MG R

TkE  —8mLT KBEmnL EEENT gekinT
AR e B 0.25 0.5 0.75 1

(3) XFFICRRENE, BN, BRASERE, RIFZHR, RICESE, HEk
ELEEN, WA (4.6) T8 RERARUE:

. 0 a‘=a
Slm(aix,af):{l 2 g

Y (4.6)

XA RS R S IR X2 | SRR B SR Y B AR ZEASE
3, HAHRERR 0, RE%E 34N 1.

MG, REEHLEBATHEF, WE —MHUERE e, WmRITH
S ) 4 SRy AR S HOK T BEE T & 10 DU D9 A P A6 A B 2 P e o L et 4%
WA T &, R B ML S0, SR 7 L8 3 & AR AR RS 1Y
S, IR R B IR B R RS AN RS TR AR, SR
TERETE B N TR AR . B AR R, FR B Bt
FYTT B PSRN
4.4 REING

A B T T 0 R R A A TR AR T i
o R IK 2 S HEFE T IR AT TR, AR LIS AR T T 0 I 6 7 )
I TE A MR R SIS . BS, b 7R B R R AR, AT
ARy S AR A 3 A R O SRR AL DA R A B AR IE AR B FHAR SRR ik AR )a, TRA
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