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A Batch Matching System for Valve Parts Based on Hopcroft—Karp Algorithm

XU Zhe, LIU Xiang, QIAO Hongjuan, ZHAO Jianpeng
(Sichuan Aerospace Long March Equipment Manufacturing Co., Ltd.,Chengdu 636371, China)
Abstract : In order to reduce part selection time in value assembly process, increase spare parts rate and improve value mass
production efficiency, a value part batch selection system based on HK algorithm was developed. The value fitting tolerance
database was established inside the system, targeting at the maximum mathing number, the maximum matching was calculated
using HK algorithm, and the advantages of graphic programming of Labview platform and data processing of Python programming
language were combined to improve the efficiency and flexibility of system development and enhance engineering application. A
batch of matching clearance requirements of 0.055 mm to 0.075 mm pressure reducer selection were verified. It took the system
10 s, 30 s and 50 s respectively choosing 200, 500 and 1000 parts in line with the matching clearance requirements,
successfully matching the number of sets as 195,419 and 871. Compared with the existing manual parts matching method, the
results show that the intelligent matching system can improve the production efficiency, and provides intelligent means for batch
manufacturing of value.
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for i, (bid, bqty) in enumerate(b.items()) :
for j, (aid, aqty) in enumerate(a.items( ) ) :
error _ matrix[i][j] = bqty — aqty

H HHR 2H

Print (© 7, end="")

for aid in a. keys () :

print (aid, end="")

print ()

for i, row in enumerate ( error_matrix ) :

print (list(b.keys( ) ) [i], row)

#EE S

Similarity _ matrix = np. Array ( error_matrix)
tolup = aa

toldown = bb

G = nx.Graph()

for i in range(len( bvalues) ) :

for j in range( len( avalues) ) :

if toldown < similarity_matrix[i][j] < tolup:
G.add_edge( bvalues[ i], avalues[j])
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matching = nx.algorithms. matching. maximal_matching( G)

H L AR A AT T Python 17 AY nx. algorithms.
matching. Maximal _ matching( G ) PRELRIZE{FITHL R
ey HK Sk KICRCTIRE , g A X (a7 2R,
32 RETEHME

AR 8 1 J5E 0] A R N7 A A ) AR SR
Labview 5 Python 18 2 i J7 20 55 B R Ge 9 #5 4,
HrAr Python 7F R 4t Hh SZ 8 HK 5.3k D g, 1 H
Labview H4ff Vi(System Exec.vi) R SZEEX] Python

FEF 098 B (R B ah 25 56 H Python A& S AH 1 11
exe, A AT SLELH ) , M BT Labview J& BUE AL 9
T HSHEE R O 8 @ DL R 45
Sy LB, HASHHERIANE 6 Fi .

Access AEETHE

SRESTHIS I
NERE

LN
PHEE

St #rif]

P
Labview | Python
SILAC
"
FZARIULRCEE R
PRI, JifEEs
Jakt

6 RELEME

Labview 1 ADO it 5 Access ZUEJZE 1T
A SCIL A 22 WA PR RL A A 25 B
f& 33845 Python 1) HK 553k 15 H K DL L 45
B HLERARAF ) Excel b, [A] I 7R FL T 2R ok
e RN 53 A1 1B O, 5 8 T2 20 N GOt i 1 i)
AP BRI TIER . R GE E R A TR %
A (WA hE ) i R 4 (QMS) h 3 A
Bl ) O 25 A8 S5 R (] B DA R d5 /)N ) B
XL R ORAFIRICAS R iR 22 3R R 25
5 %y, B A 7 Fios

@
= EHERERRR
HJ\EIHI'I?E EMNE BE i% Bt R &
;
cAsc
EEm Bty b BRE AR
FAALBHRY ZET 001 BOO1 - A002,-0.1 HEPER
[T=rian EATER B ETEE
i b CELEE o -39 BO61 - AD33,-39 it
0_ 21000000 [ 51300
ARS BRY E&RE _0.25%
A023 45.25 BO41 4195 -3.300000 _0'56 E
A040 7925  |BO76 7590 |-3.350000 o5t
AD13 2525 |B0O20 21.58 | -3.670000 ZL00E
AD28 5525 | BOS1 5165 | -3.600000 TlasE
A039 7725 |BO74 7396 | -3.290000 Z150E
AD12 2325 |BO18 1964 | -3.610000 175
AD17 3335 | B029 3031 | -2.940000 T 00E
A006 1125 |BOO6 8.00 | -3.250000  asE
A029 5725 |BOS53 53.59 | -3.660000 = 2505 |
A008 15.25 BO10 11.88 |-3.370000 = _2';75 3 =l
A022 4325 |B039 4001 | -3.240000 3005 i
A030 59.25 | BOSS 5553 |-3.720000 3a5E A =t i
A031 6125 |BOS7 5747 |-3.780000 350 EV\/ \/ | V v
A009 17.25  |B012 1382 |-3.430000 3752 |
A015 2925 |B024 2546 |-3.790000 _a.00 e e R N W | SR TR
A003 525 | BOOZ 412 |-1130000 : 5 10 15 20 25 30 35 40
An1n 100€  ena 176 | 2 aannon e
SE ] EE akb s 2
E7 BEITEHERERREAE

4 IEFELERKIEIE
AT B D R TR R I R AR B

J1 , RAE R GE N FR ) ANl i B L AT fR 4
HADBE R IE R 1847, 16 KE IS A, iR
PRI — B AR o R A 77, B LUTE A

- 183 -



- BEREA - W, F

J F Hoperoft—Karp 5% 9 8 1T 2435

AL A%

SRR IR A i ZLA D s ARs PR i A ARt
FYVCEC SR A, AR 1k ad PR KR & FIAS 22 2t K
S, P L R B D) AR B AR M R I [
P, DR — 20 1 8 g 4 K 5 oR
Uﬁf¢ﬂﬂa}£%%ﬁfﬁﬂ,$ﬂﬁﬁ”§&gﬁg,H

i BOR WA G, B HEAIE AR ST R 5 0
4% 200 14 .500 .1 000 {1 R ~HE B A3
R A TEO AL A B B K S 0.055 mm ~
0.075 mm, ¥ A 45 H DL S BE A [\ B 4 A 4o
8RN,

AXTHIRS [ARYT  [BET(RE BRY [RAnE e
A152 34947 B139 35017 | 0.070000 0074 H
A126 34959 B049 35.033 | 0.074000
A013 34958 BOOS 35.029 |0.071000 0.072 ” ;
A026 34939 B027 35.003 | 0.064000 - ! h
Al33 34947 B128 35.019 |0.072000
A159 34956 B196 35.022 | 0.066000 0.068 H
Al127 34945 | Bl124 35011 |0.066000 E 1
AD74 34959 BO30 35.020 |0.061000 ﬁo'%" el i i i
A021 34944 B022 35.011 |0.067000 E o oes
A056 3495  BO73 35007 | 0.057000 s 1
Al177 34945 B159 35.003 |0.058000 0.062 F
A150 34956 B192 35019 | 0.063000
A065 34957 | B024 35.015 | 0.058000 0060 F
A050 34957 B023 35.024 |0.067000 0058 b
AD44 34939 BO63 35.006 | 0.067000
AD85 34.947 B097 35.003 | 0.056000 0.056 0 20 40 60 80 100 120 140 160 180 200
:\1"}] 24 QL7 nnAa1 2K NN nn7annn /‘\73‘8(
(a) 200 4
ALTHES ARY  BAFMHRS BRY EALE i 0076
A438 34958 B222 35031 0.073000 I, : | ] T | l il H i ‘
A387 34959 B206 35027 0.068000
A013 34945 | B037 35002 0.057000 0.072 | '
A169 34943 B351 35.004 0.061000 -
A359 34955 | B191 35011 0.056000
A429 34950 |B216 35019 0.060000 £ 0068 |
A163 34953  B092 35010 0.057000 £ \
A281 34955 |B145 35023 0.068000 g 0066 '\ M
A476 34954 | B250 35018 0.064000 %0054 l l
A250 34943 |B404 35015 0.072000 =
A367 34956 B195 35012 0.056000 0.062
A377 3495 B199 35017 0.067000 o060 \
Al64 3494 B346 35.009 0.069000 i | ‘
A317 34939 |B460 35.001 0.062000 0.058
A202 34949 B262 35012 0.063000
A303 134959 B159 35022 0.063000 0%y 300 i 400
A7A l2aqaa r27a 2cn12 | nneannn v e
. » ™M
(b) 500 {7
AXETHRES ART | BETHERE BRYT |EAXKE I
A750 34952 |B554 35.008 |0.056000
Al61 34947 |B114 35.009 |0.062000
A558 34944 |B977 35017 |0.073000
A813 34951 |B589 35.024 |0.073000
A626 34953 |B471 35.020 |0.067000
A424 34941 |B90S 35.014 |0.073000 g
A123 34949 |B0O90 35,008 |0.059000 &
A272 34949 |B187 35.020 |0.071000 E
A335 34952 |B241 35.013 |0.061000 z w
A257 34948 |B179 35.018 |0.070000 : | "[ |
A240 34958 |B171 35.027 |0.069000 } : i\ \
A6 34943 |B930 35,001 |0.058000
AD46 34947 |B0O36 35.022 |0.075000
A279 34947 |B196 35.021 |0.074000 ’ ‘
A386 34958 |B277 35.016 |0.058000 IH Il
A436 34955 | B315 35.027 0.072000 100 200 300 400 500 600 700 800 900
;M'\Dl 24040 RNCO AC NA1I LN NAANNAN = v /‘\%{

() 10004

B8 #EERERUKRES

- 184 -

18] B 53 75



- BEREA -

#F# % - AT Hoperofti—Karp F 69 I 1T R E LA A%

ZARGAEERL 200 £ ,500 .1 000 4 ZF 14
i, RS 4351 10,30, 50 s, 356 Bt 2 505 5 A
195 & 419 &£ 871 &, #Eid K 8 Wil EF
PR HRAF AU 75 R T TBE B A 22 8K T i it 1
I THEAE 7= B B i e e 80 o 40 5/ 8, Hod AT
VERLIZ 40 £ 0 170 B (8] 24 S 2 oK, B ARk i
J& A K F R 4y, 1 ™ FIR B, H AR it
TR 2B /R BRI AR S B0, S ] o

ERGEMNE TR R E, B0 R A
JA1 30% LA L, H3E i AL T VS BC A %50
1T R T K PR 2 3 BRI BRI AN A AR

5 4&iE

ASCEF XU R I 1) i 15 L R e TR 2 |
TG A 25 B AR RN ST BT A A
ZHPEE , Python 55 Labview IR 9w 5 FBH &K T
— T Hoperoft—Karp 5% 19 % (442 BB 1L AL R
gt , TR LA M E TR E R Ty |, i KR
o 1000 4, ) AR 4k 552 s i 5K B B0 R I I
B, 38 FE A CIE A E] PR K O 0.055 mm ~
0.075 mm PR A il B E FCHEA T 39000, R G AE
TEAL 200 £ 500 14 .1 000 {4 LEHE, FH 5] A
10s.30s,50s, AL E R0 K 195 & 419 &
871 &, Wik AT 45 R KW X R B A& LB
TR A, BARE TSN Tk RL, A0
PRV RS A A 72 R 30% LA | R
AT B T R, RS RG] H:A
Ko 2458, J7 A I N O3 ARG A | B AIG VS 7E 1Y) I i
AU
£
(1] EFr. A EmRRHE S sl e 45 (2022 4F) [J]. &

SRS R IB A AR (FPEEC) ,2023(1) :20.

[2] 2=, 5lefh. 2023 4 EMEK & ST 55 3500 5 e

B[], FEMK,2023(5) ;12-18.

[3] BRGEA, Q. 1Ml R B 4 o ] v A 2 53 1) B A

WFFE[T]. FHLFAR ,2022,43(8) :1055-1064.

(4] PNEEIG, D6 B RE 2 A B ZE RN X 28 36 T 111 fi

o[ J]. MRHE R, 2016(1) :49-51.

[5] skrZE, THRAE, XU BT A4 RS B % o 4
AERSEMA AT (1], FAALAR, 2022, 50(8) : 45-50.

[6] BRi&iom, 220, BT Aeme— B n) i A e i o7
WEWESE[ ], FUBRCT RS2 41, 2023, 59(12) : 112-120.

(7] skifeA:=, B0, B A8 55, 2T 2 Hbr it (6 51k
NSGA- L RV ik s 26 FCAIC A6 S SE B[ 7] HLAR 3
T+ 5mF5% ,2022,38(5) : 112-116, 121.

[8] SR 5E, RIS, BRI B F7 SR AL BRAE X it & 3
BE[T]. BRACHIE TR ,2021(9) :47-51.

[9] FYBE. & HURZ R i 5 B R FFE [ D]
AR PH  PU R R 7, 2023,

[ 107 JHHH AR VTR, AR, 45 ROSTHS RE 24 5T 146 it
i AR R A AL DT TS (], ML TR A2 4R,
2022,58(19) :221-228.

[11] MR /NS TIOR3 B VR BT MRS 4 o
R DIFE[T]. B HURS A sh b THAR,
2020(7) : 1-4.

[12] SR, A Bt i RUFORBIRAL 5T . —Fh 1
PRI H AR A A 7k [T ] Al Tk
#HAR ,2019,40(6) :61-66,10.

[13] E5, 25415, TRHIIE. BT HAL 00 1) 2 1400 %
BLAE LA sE (1], ALt 5 il ik, 2022,
60(5): 78-82

[14] Xl BENT, Ph7 0. S BT A AL S 2
ZA S I TR E R (1], #E AR 5K,
2023, 72(3) . 45-50.

[15] BRI, JEok4e, SRmeid. w1122 R4 i AR 7 ok i
TZMBRTTREITELI]. TP, 2023, 51(7):
33-38.

[16] ZHANG Y, WANG L. Hopcroft — karp algorithm vs.
metaheuristics: a comparative study on bipartite graph
matching [ J ]. IEEE Transactions on Evolutionary
Computation, 2023, 27(2) . 345-358.

[17] CHEN X, LIU H. Accelerating hungarian algorithm
using hoperoft — karp optimization for large — scale
assignments|[ J |. Journal of Combinatorial Optimization,

2022, 44(3) . 1125-1140.

e B H9.2023 - 08— 11

- 185 -



