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Service composition based on directed bipartite graph in graph database
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(School of Computer Science and Technology, Shandong University of Technology,
Zibo, Shandong 255000, P. R. China)

Abstract: The advent of cloud computing and big data era has promoted the development of web services.
Due to the complexity of user requirements, when a single service cannot meet the requirements, multiple
services can be composed to provide solutions. As there are a lot of services in the cloud, it is non-
deterministic polynomial hard to find a proper service composition. This paper proposes a method to solve
the problem of composition by using the graph database. Through constructing a service composition graph
based on a directed bipartite graph, services are pre-composed and stored in a Neo4j graph database, using
the least service composition query and Dijkstra search algorithm to find the solution with the least number
of services or the best quality of service. In addition, service compositions in the graph database can be
added, deleted, and updated according to the availability of services. The experimental results show that
the method can find the service composition that meets the user’s needs in a short time in the graph
database.
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MTE AT R AASAT . B3 A ORT TBM 4528 ) T80 () 17 3 4241k 2 H0 80 2 L = IR 55 3 26 i 55 DA it i8¢ vt )
iR % (1aaS, infrastructure as a service) ., & HVAR 45 (PaaS, platform as a service) #1184 B R 55 (SaaS,
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Ho— e 2 5 i S e b B T ) 43 R i A 55 20 6 B ik D IR 55 465 Tl A
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Py Bk W 2= IR 55 U3l T A S H R R RN . B8 2l 1 Gk BB R g e IR 55 1 SR 04 e 7 R ] F b
iy FR ] 17 B T FE L LA S BOHE 09 22 4 KRR Rh A R, SR [9 178 #0 S o h S A 4t B T BRI (To T
internet of things) IR 55 X YA & T ik, W45 48 I ] ABEA SRR AR, E e R T B ahih gt s, R
J5 S BT G SRR i I AR 1 98 RO D E B AF R . T B A SR W B 3 1 IR 55 A i
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JHG TR R MELE (RDF, resource description framework) = JGZH AR 8, 33X Fof A5 AU 07 56 & SR I T A 2 56 R AU
B AT R BRI R 20 0 B A AN SR R R AR AR A 2 A A b 3R S A B
S, SCBRL14 182 M T 5T Neod) [EIEHE P2 AY SUBUA A ok B o H A 78 73l B AS UK 70 B0 £ i AN B R R JF
BEIE 1R A AU ST A I S5 B U R RETE Neeodj 8l 2, 33k AT L ORI/ BT 5 14 47 it 25 18] OF $2 i A R 80
TR 55 41 G 40 I8, SCRR LS T4 ) — b 56 7 388 4% S50 AR TR R8I 2 1) IR 55 46 T ik o o SE AR B0 A At 7 P 0 2 o
M4 B A BT Y 4 & SRl AT A SRR AL e B et . AR, B2 BT X B s e AT Uitk iy . 2B 38t —Fh
ANER X H bR Y T 1 0 A 55 2H A R AL B IR 55 2H G T AR A B AR A i A TR B T Y A T — Ay I
o Dijkstra 58005 SRR 55 2405 i P 7 58 o 51 X VBN R P2 rb kg 2 1) IR 55 206 181 3 A7 B0 o LA DR IE il 55 20
& YA S



% 7 REM.F AREETAG > BMEGIRS S 21

2 B=HIR
2.1 QoS BAMMREAESE

EX 1 M5 w o UH =004 (i s weu » Q)R F R . K w, & w B—A A SE HA YIRS T
A A SR R RS A SRR s w0 w I — AN S Q B w M —d AR E T

WH RS R 2 A DhaeE AR peJE k. AEThRER 1 QoS AR g T MR S5 1 AT A 4 N S
FAPE . SCHeRe e LS R) e A SR IR S5 Y QoS bR .

M) S5 B[] CR )« FF Gy AT 381 A5 9600 91 2 28] & 32 g 1 ¥ . 19 BF ] ) B (B 2 mis)

ARk (T) - 28 j 3 {5 05 18 B0 A% 3 T8 5L 7 240352, i A F0 10 Y2l 1 (AL s requests /)

2 (C) P R Web Al 55 %08 BT A5 A4 (B0 . D)

T ASE Y QoS A il H A A [F] 19 &2 44 A oAy, PR 75 223 — 4k QoS Arife (i H HA o] Heodd: . il il d /-
BRI F AR . QoS bR Z ] (1) 22 5 7l KL Z B AT, IF HAT IR B2 QoS H I JE iR 434 . SCH R 7 B (D
Xof v kg 1A T A — Ak R R O B (2) S i 8 )R] SR AT U — 4k A O R (D X AE S AT IH — 1k .

Tmx — T ‘ |
m'lx—(.zrfjinj)’ if T wax — T min -0,
B (D
L, if TmﬂX*Tmi":O’
R(w}) mein ‘
————, {f R™ —R™™ £ 0,
R(w:) ={ R™ — R™" .
17 if Rmex — Rmin —0,
C(wj) 7Cmiu ‘
— lf Cmux . Cmm i O ,
C(‘Z,Uj) = Cmax _ (Cmin o
1, 1{ Cmax . Cmin _ O ,

AP T AREF M requests/s; R AR R MR ], ms; C AR IR, J0;w; 18R Web IS5 . H—FH QoS
B /N 7R o B R

EX 2 Web RS HEG MR LLHMITHCS, Cus Cous QKFER, Hh .S RIS A RE;C, 25
ASEARRE Co. 25 S8R RE :Q &M 55 i AT BREE

Web JIR 55 A L) $ B (9 7 3 422 A mT DA BROR AT 09 O s 42 . DU 3% 3 W IR 45 02 — A2 — A e e
B (wy 5wy 5w, ) s JFATEIEM RS BIFATE BB (v, | s [ o[ [w,) . AT LA — QoS 4k Bk
FoR — AU A WHERR I AR AR AR A 1) QoS i .

R(w1;wg;'";w,,):zR(w;), 4
R(w, || w, || ws [+ ]| w,) =maxR (w;), (5)
T(wswszs e sw,) =minT (w,), (6)
TCw, || w, [|wy | ]]w,)=minT (w,), &)
Clw 3w, 303w, = >,C(w,), (&
Clwy || ws [ ws [ [ w)=>,Cw). (9)

Web A& F (OWL, Web ontology language) " i it ff F A {45 i 55 149 17 45 4% 1 0 450 2R 6 7R ok “ 1R
B XS Z MR . A0, Web IR S5 005 A R 28000 02 BE& 7 i 52481, W87 J2 AR 55 1Y) i 42
AR S, WH RS VS 2 X K B0 VT e B Cexact) (4 14 VE TE & (plug-in) . F 2RV L & (subsume) 14
WU DCE B (Fail) ™™ o S 1) RS B DG B B 7 2 DS 88 Xof A 45 2E 7 DR

R VCfC . R w MR S w5 o A SE w ZEM RS WEX LR T =w,.=wi,.

FRPCREL : WR w o B wl W — B MIERX LN T =wl = won.
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EX3 AmgKREHG = (V, E)FERN 4K, BTSSR AWM ESGV, MV,
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Fig. 1 System architecture
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Bix1 REMHELAIE
fA M55 SR
FOR each srv in SR DO
service <= CreateService (srv)
Cin» Cou< GetConceptOfService (w,)

response, throughput, cost <= GetQosOfService(srv)

outputConcept <= SearchConcept (C,,)
IF intputConcept = @THEN

1

2

3

4

5. inputConcept < SearchConcept (C;,)

6

7

8 inputConcept <—CreateConcept (Cj,)
9

. END IF
10. IF outputConcept<—(@THEN
11. outputConcept <—CreateConcept(C,,)
12. END IF
13. link <= Createlink(from inputConcept to service)
14. WriteWeight(link, response, throughput, cost)
15. link < CreateLink(from service to outputConcept)

16. WriteWeight(link, 0, 0, 0)
17. END FOR

Hik2 HARAEM
LIPS & XY NN
1. FOR each service w; in SR DO
2 FOR each service w, in SR and w2 w1 DO
3 Cl,,, Cly,< getConceptOfService (w,)
4 C2,, C24,< getConceptOfService (w,)
5. IF C1,, subsume or exact match to C2,, THEN
6 link <= CreateLink(from w, to C1,,)
7 WriteWeight(link, 0, 0, 0)
8 END IF
9 IF C1,, subsume or exact match to C2,, THEN

10. link < CreateLink(from w, to Cl,,)

11. WriteWeight(link, 0, 0, 0)

12. END IF

13. END FOR

14. END FOR

Akl IRSERBAIE 7RSS HEA /i SEEERS AR PR RR, B Z8E RS G
SR WA IR SS srv 7EBUHE PR A A — AT A Service (58 2 17) . ok, WA S A/ fi i S BUE AN FE T3
P (B8 3~12 47) , 4353 Bt 1 55 6 i A S B8R Fifin th S8R TR . SR L 20 A — > M A S 508k
o0 B IR 55 T00 A B9 A 1] 320 0 — 4> DA IR 55 Tt 380 i 118 25 008 oA A A Tl i, O 17 0 (1) ~ 20 (3D s v A i 7
Af (] i S A P 5 A L A B R SCE (58 13~16 F7) . B AR UL i A S B4 Tk 31 IR 55 TS A A
[61) 370 1) Jag 1 S A v ek o 7 ERF (8] B2 A6 9% B0 AR R AR A C5F 14 A7) o AR 55 T 300 i 1 2 00 TOU A A9 AT 1) 320 1) )
PEBZE A E (5 16 17)

BYE 2 BRI S R A B AR . B SR Ry A IR B IR, 2R w L PN IR S
W o TR — D ICRAFTEAG B VC FL B T R VE O 2R A QIR SF w, B w930 JFHE SRS % (5 5~
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841 W w W FIEANTCERE T w5 — A>T F A7 76K 0 VT BL 2 7 28 DE BC 56 R B A i AR 55w, 3
Wy o L IR B E TG 9~1217).,
32 HIBEEFHN

T2 55 SR v AT 2 b Bk A 0 2 v S AT B 55 %S i 95 AL PR A R

Bk 3 s Mgk
i csrv

1.

. links<-LinksOfAService(service)

(S Y I W)

service<SearchService(srv)

. removeFromDB(links)
. removeFromDB (service)

. removeConceptsWithoutLinksFromDB()

x4 RSB
B BIRSS ns, RS 0% SR, EBUIEE DB

10.

1
2
3
4
5.
6
7
8
9

service <= CreateService (ns)
Cins Coww< getConceptOfService (ns)
response, throughput, cost<-GetQosOfService(ns)
inputConcept <= SearchConcept (Cj,)
outputConcept < SearchConcept ( C,y.)
IF intputConcept =¢ THEN
inputConcept <—CreateConcept (C;,)
END IF
IF outputConcept=() THEN

outputConcept <—CreateConcept (C,,)

11.END IF
12.link < CreateLink(from C,, to ns)

13.WriteWeight(link, responseTime, throughput, cost)

14.link <= CreateLink(from ns to C,,)

15. WriteWeight(link, 0, 0, 0)

16.CreatePath(ns,SR)

k3 RSN BR ] T A 0 2 A IR 55 JF R A SCAR B BR . 1 o He B B BR 0 e 55 (B 1 A7) B K
KB A i G 2 47) o HW MR IR 5 A ml i1 G5 3 471> . SR JE . MBR AR 55 (56 4 17) . & M BR 250808
S A AT AT A ) 2 OCHR B A/ SR

SR 4 MRS AN TR IR 55 s n ) 1 B R b e TR R T A — BT IR 55 ns TR (B 1
1o H A A/ SEEE TG 2~ 1147 I A - AR G [ I 5105 3 Fr A /i th 2 808 T (5

13~15471), SRJG . WIRS ns Q5 HAMR S5 920 & B8 A2 (55 16 47) . 5081 2058 5~16 7).

W5 3 AT A4 WUF$AT » BIAG JR 55 S8 .
3.3 BETWXBEE

e B A A i vb )R T e A 0 Bk MRS P O R R R U BROHE 2 v 3 3 e A0 9 i 55 4H B kAR OF
Cypher #1555 #HATHIIA

&% 5 Dijkstra HEEH

HIA:Ciws Cous qos:HIA it S EERTE 2 1 QoS

i :path, total

1.
2.
3.

from<—SearchConcept(C;,)
to<-SearchConcept (C,,)

path<-Dijkstra (from, to, qos)
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4. IF qos equals response THEN

5. totalresponse<—calculateResponse(path)

6. RETURN path, totalresponse

7. ELSE IF qos equals throughput THEN

8 totalthroughput<—calculateThroughput(path)
9 RETURN path, totalthroughput

10. ELSE IF qos equals cost THEN

11. totalcost<—calculateCost(path)
12.  RETURN path, totalcost
13. END IF

ko6 mOMSEHAEEN

A Cus CousHA iyt 2800

#i il : path, totalresponse, totalthroughput, totalcost
from<—SearchConcept (C;,)

to<—SearchConcept (C,,)

path<-Fewest(from, to)
totalresponse<—CalculateResponse(path)
totalthroughput<-CalculateThroughput(path)
totalcost<—CalculateCost(path)

~N O Ul R~ W D

. RETURN path, totalresponse, totalthroughput, totalcost

B 5 Dijkstra 414 Al H] Dijkstra J5 ik - $R e 57 B 8] 5 B ol A ik i B K Bl A6 9 B0 1 IR 55 20 & %
7. ELUH P IIRETR KA QoS S A . T H] 7 2L E A SN 07 N ] Y A T 7 SR AR I8 4 s R F|
LA /N A — Al 1 B[]S F0 A B8 AR (5 3~6 17) . QiR P 5 B 5 B KA i o 0 M TR O B2 B AR, U AT
8 7~9 17, WP REEA R R O R AT 10~13 17,

BYE 6 /DRSS B A AR T SR R T EEAR S 1 iR BRI S B D IR A R, B
B H P D REFR SRAE M A LSR5 48 R IR 55 Bt e D 0 B AR G 3 7)) IRAR 5 =X (1) ~ 5K () 1H 530 5 e 7 s
] e i S A 2% (5 4~6 17) .

4 TLIHHFER

4.1 SLEIRE

EEAVTE &M AN FE 4752 5% . OCPU: Intel (R) Core (TM) i5-7200U 2.50GHz2.71GHz ;
@RAM:8.00GB DDR4-2400; @ffi # . LITEON T11 256GB, TOSHIBA MQO1ACF050 500GB; @#:/E & % .
Windows 10 LR 64 1 s @ 8088 JF : Neodj Desktop BRAS 1.1.13, B Java SE8,

42 HIEE

i FSCHR[3]H /) TestsetGenerator AR 5 UGS, Ho B4 1 A 572 MRS .1 578 MHES.
B4 2 A 4 129 MRS .12 388 M., Bd¥dE 3 B 8 138 Mk 55.18 573 MHlE& . FudisE 4 A
8 30155 .18 673 MHES . BdngE 5 4 15 211 MRS .31 044 MR,

F 1~ 3 7 BIHRAE TR ol DT AC . 2R VT AT R0R) B Bk s o s S . AT DU A DT A 4 1 O i L 1
Tk BELIE BRI B P 0 — B T g . IR 1.3 2 HaT LUE L A g VG i T 725 38 21 i Jie Jr 58 L 1 78 A1
A T F2UCEC AT DL, X F e 20 IR 55 B0 A A 2 o0 B30 o AR &) [0 3300, 2 v B 4 PR T A b 9 5508 R RHAT 49
HD 43 ) F R M 55 A1 A B i e g B ) ik dE S4B 2% . Dijkstra HU8 IR 55 0 AH R QoS, HHt, Dijkstra
W 137 B[]\ Dijkstra #¥ ik f&  Dijkstra 46 2% 3 5 7Rl 2 Dijkstra 553 DUuw 3 B[] ik & 48 2% o i AU 8 &R
MRS A . AT RE R LA, 7T LE 3 Dijkstra 8 5 F 5 0 M 55 804 & A0 ORI RS s fe 4 &
v LA A R B (R 25 L L J2 Dijkstra 8 830158 B9 QoS {8 45 5 /0 IR 45 %0 41 4 25 ) B 90 %) R 1 345 19 QoS
B 7] = 5 4
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1 BHEERANIBER

Table 1 Experimental results of precise matching

Tk 4 B B4 2 BEde 3 Bande 4 B 5
R 55 B & A i 0 0 0 0 0
Dijkstra 0 0 0 0 0

x2 FEREEPHIHER

Table 2 Experimental results of subsumption matching

Tk B 1 B4 2 B4 3 B4 4 B SE 5
=] /l‘ﬂ K
Hjﬁ/jf‘;& 6/1 210/1 000/304 5/1 720/7 000/187 10/2 440/1 000/483 6/1 760/2 000/197 6/1 790/3 000/294
HeaET
Dijkstra M 57 i 7] 6/820 5/1 470 10/2 440 6/810 6/1 350
Dijkstra 77 - 6/16 000 5/1 470 10/5 000 6/11 000 6/3 000
Dijkstra {£ 3% 6/138 5/187 10/461 6/141 6/235

F3 HMUEEENLEER
Table 3 Experimental results of planning graph
Ji k4 ok 1 Ha e 2 Bt 3 B4 4 EE S
BRI A 6/1 120/3 000/314 5/1720/7 000/187  10/2 490/5 000/510  6/1 630/2 000/311 6/1 670/3 000/267

4.3 MEREST

FE Ak BET7 167 Q&L 2 B 7is . T LAFE 20K 6 DT JE A0 -5~ 2 DT 0 ELAT 35 ALY ST s 1) . Bl 2 I 95 80 Y
B, Ak BRE ] AR AR TR A . YIRS IR F] 15 000 BF L FE 1 h DL AR EARESE M. ® 1 R, 7T
Pie B AT B 2 % A R 2 P ol SR T DA 3 2K DR RE T i TP R R B e AR AT RE TGk TR B DT ISC AY 7 ik 4R E
(Number 2 0) A4S Fil A BEAE 5 FE T, (E AT DU7E A i) 2 72 rh Do 4R 21 i o 7 52

100 ~
T FHRER
A -7 A
80
. 60 -
E
=
=
= r
20 |
0

ekl BdRfE2 BRE3 BRfR4 BdRESS
Hhge
B2 ke E

Fig. 2 Pre-processing time

TEA8 ) 18] 77 10, Dijkstra 535 Ho /b I 55 $0 4 4 A 30 (9 PR T I (0] 206, nT&T 3 vz . i & T LA 31 A
AL QoS {ELAYBEAE 11 J5 % 7T LA 2 IR 55 8 A B L5 (H AR BEPRIIES 2 QoS R,
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Fig. 3 Query time

SR DI A 3 Bros il LU B8 IR 95 B0 /988, 3R 5107 vk 22 W38 /b AT I E] i dn, 2 R 55
Bl 15 000 B, 251 07 1 W AT B )2 28 51 0 1 M R0 B R) 93 30 £%

7 i 55 W3 v o BE AL BR — > I 95 e 552 e 55 AR SC I IE s o 7 IR 55 44 B A s R 51 I A $hAT ik (8] 75 T
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