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Abstract: An approach based on backward tree to compose services automatically is proposed. It composes
services for a user through three steps: 1) Builds a complete backward trees on-line; 2) Searches for optimal valid
generation sources (generation-paths); 3) Composes generation paths. Compared to traditional graph-based methods,
it has a smaller search space and avoids the repetition search. Experimental results show that this method has a good
performance even the repository has a large number of services.
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Fig.1 Service rule repository
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MEE7%: RuleTransformer ffIBS ) 52 2% B 5 25 (M 52 4% BE 34 24 O(n).

&% 1. RuleTransformer.

Input: A service repository S={s1,S,,...,5}-

Output: The service rule repository Rs=(1,0,R) generated according to S.

1. For each service s=(n,P) in the service repository {
2 For each operation p={1,0} in s {

3 Rs.I=Rs.1up.I;

4 Rs.0=Rs.0up.O;

5. For each output 0;ep.O (1<i<|p.O|) {

6 Create an generation rule r;i=(Og;,Oy;,p;) for 0; where:
7 Osi=l, Ogi={0} and p;=p;

8 Rs.R=Rs.RU{r};

9. }

10. }

11. }

12. Return Rg;
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Fig.2 An example of service rule repository
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Fig.3 Backward-Tree and non-backward-tree
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Fig.4 An example of generation path
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&% 2. CBTC (complete-backward-tree-constructor).
Input: A Service-Rule-Repository Rs=(l,0,R) and an output object 0€O.
Output: Complete-Backward-Tree t,=(V,y,E) for o.
Set tQueue as a first-in-first-out queue of node;
Set tNode as a node;
Set the root of t, aso;
V.add(0); //add the root node into the set V
tQueue.push(o);
While ('tQueue.empty()) {
tNode=tQueue.top(); //get the top node
tQueue.pop(); //eliminate the top node from the queue
Set O™°%=»(tNode)O;
For each o’ eO™%® {
11. Set | =(ej,e,,...,e,) as the path from tNode to the root;
12. For each reR {

© ©o N o gk~ wNe

=
o

13. If (r.0=={0'} && r.O, r{ Ue 0, J —2){

gjel’

14. Create a new node cNode;

15. Set y(cNode)=(y(tNode)—{o'})ur.O;

16. tQueue.push(cNode);

17. V.add(cNode);

18. Create an edge e=(cNode,tNode,r);

19. E.add(e);

20. }

21. }

22.  }

23. }

24. Return t =(V,zE);

% CBTC Sy %4 52 0 M3t 5% 46 [ 9P (10 e A5 2 R 3 007 5 WA 50 15 T 02 A 35 A
SR ) 300, E T MU PR o (R A R 2 B R A A L LA A 1 7G4 T A, FLSEHE CBTC 76

B ARSI L 79 5N, 28 SR A AT 1O, r{Uei.O jzz@  DUJBE S DR 1Y A 80T 16 9 1 B A2
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b BT G ) PR 47 B A T AT A5 A o B A, R e AE 595 CBTC My i [l b 4 — S R A S RAEH IR P 2
Ja 21k WM 5% CBTC U AT BAEA ik 1 B 2 T A5 L.
A% CBTC Mi — RS n AT AU [BEHIR A4 DR &8 — A5 R B8 RO S Hwe 2 o0 mJik
55 0] P v B A [ — A O SR PR R B 22 DA g, BRITIRTRRE £ A mxq, F T CBTC ik W 11 2 1k )7
Jr AR (1, DA, B AT 45 B L TR R 2% B2 O O(nxmixq), 2 (R B2 2% 52 O(n). LAIET 2 (K3 B 26 4 81, i ) CBTC &
PR R 58 o (R, A A R A R LA 8 R
(1) BIa615 60 A P 5(a) Btz (A, e I tQuique BAA R AT BLUARS HH W 52 F O AR DRI 2 r 2R R r AABA

F 5t 2 )5 493 5 tNode=r, L I, O™ ={F},0'=F. i1 T ¥ W rs (1 H AR X %4 &rs.04={F} H 1,.0, m( Ue .0, ] =

eel’
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Fig.5 Construction of complete-backward-tree
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Fig.6 An example of operation-chaining
K6 AR B
M E R e={1",0 ¥R 2 T n AN H 6 5 B, AR 3 & 72 OpChainComposeri X n AN i Hi e % 14 fe 44 2E %
AR T 0T N B A 1k R IR 55
% 3. OpChainComposer.
Input: q,,d,,,.d, :Anarray of Operation-Chainings.
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Output: f;=(s,e,N,R, O, ,Og): A Flow-Service.

1 Create start node s;

2 Create end node ¢;

3 For each Operation-Chaining g,=(n;,...,n;,...,ny) in the array {
4 R=RU{(s,ni).(N.€)};

5. For each element n in g, in sequence {

6 N=Nu{n};

7 If (n=n) {

8 R=Ru{(n,succ(n)};

9. }

10. }

11. O, =0, un;.0q;

12. O=0gnk.O¢;

13. }

14. Returnfg;

Hy% OpChainComposer 1556 M FE MRS BN O35 & s FIH O 55 e R)G R 8 — &8 EsEE TN D

R T 2 T, I ) A2 27 R R 2 (1) 52 2% 2349 2 O(nxm), 26 n Ol B AR BEAN He, m Ay B4R B b A0 35 O R A
TR KA

M4 573% OpChainComposer ) & B 12, 45 58 n BV BE, 55 o 15 R W R A 5 RO 4 R 1 7 o et 14
A B AR RS t D 3 SR PR — i OGS B 1 e AT 2 R AR I AR R R A AR T R R AR

O = U x(gpVv.)=0" (1)
1<m<n
e,.r.p e,.rp ,.r.p
o x(ey ) V) BT RV x(8a V)
O (€ V)
Nj1 Nia "

e,.I.p

e.,.I €.,.I.
Z(em-ve) Z(ejz-vs) 2 %(ejz-ve) Z(ekz-vs) P

0, = U (8 V5)

1<m<n

Oy = U 2(e V)

1<m<n

(8, V,)

[
€,.I. e .r €I
N O I TR A g 1 TR AR O Ry
Nin njn Nin

Fig.7 Flow service illustration
K7 kRS s ERE
B AERE P NN BB g(ei.ve) R I AT BB RIS AR B AR 5 0 T T i SRkr={17,013, 56 & y(eivs) <l AL, R
UEAFAEIN R R &
Oe = U I(eim'vs) o= Ir (2)

%%m%%%?ﬂ%%%%%Hm%%ﬁ&@ﬂ%ﬁﬁ%%%%ﬁimF%%%%ﬁﬁ&ﬁ%%%@
W) W] TR A 55 L5 T B AR R AR 1R A SR AR RO B it mT LU A T P S0 B2 () B AT i e X
G IRA V)M AR (2)F R W] T [P0 18 1 25 191 3l 241 65 D kR E Al PR AN 5 BV RS 27K 41 75 i 55 A2 S
TETfI AL HT P 75 2R K.

3.4 BEIRSFZAESTH
PO 2 s (4 1 55 K00 128 DA 46, 336 W i R P 6 T [T £ i 55 19 3 28 4 D ik AL R A2 T P 37 SR
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r={1", 0"}, 1"={a,c,D,E,f},O"={A,F}) i F2E M 55 AR 4l 25 T (R W A% 1 I 45 B sh Al & 07, AT A0 LR 3 AN
PRFAT IR S5 A 5

(1) BV H ey 3 5 6 TR

U 56 4 IR 19 2 42 50 CBTC Sy I iat s iy i 1 nf S AT I IR 45 0L D0 e v 4 0 )it 36 5 4% [
Bt At Gl 8 B,

r:{F}
r: {A}
) t .
. @ ) :
€1 84.p1
€1: S1.p1 {B,D,f}
Nq: Y,y
ny: {a,B} €2 S2.p1 €3: S3.01
€. 2.1 :
{DE, N3: {avaEif}
ny: {a,D,E} " { f}
- €4 SaP2 €s. S3.01
ns: {a,E.f} n,: {a,E.f} s a8

Fig.8 Complete-Backward-Trees for A and F
K8 Mt ARIF 58 % 1
(2) BLFES LA 2 A A
X OB AAE ty AR AT U R, T g, = (Po, o = (Ny Ny, 1)1, {8, D, EY) A 1ok A FR B (A 280 ik
PO FE te i RREARAE P AN R0 R T g, = (P, = (M1, 10,1, {D,E, £3) S 1 X F AR AT 2L
(3) F A BLE AR
A P 4% S AR 2 M A5 B 70 g A i S AR 5572 OpChainComposer 4 & i 4 & 9 Frzs ) i Fi A 45
S-Py g P

{a,D,E}

0, ={a,D,E, f} B o (AR}

Fig.9 A flow-service constructed by the composition of two operation-chainings
K9 el 4 R AR B A5 T PR R IR 5%
ZIFEMRSSAEN Y s O P I AN X %8250, ={a,D,E, f}2 )5, 23 WM 4k B4 55X 3 AN
HAE (52-p1,S1-PL IS4 p) R T JS A5 HY 19T s A0 7 22 T 015 ) A A X SR AT,

4 PFEKBEERSN

S 7 U B T R R 1R IR 5% 1 B 2 7 9 I T AT R A e, A 1 S T — 47 L S SR R i v
FE AN R AR ) R0 00 J22 v 38R AT I 45 24 Wk #0 BF 1) 4 8% )i B ek 5 — & 0 G S 6 o0 88 b 7 ) — LSS 1T LA AN TR
o G2 B R I 2 w3 AT R 45 25 BN 1 e 1) 4
41 FEXBESR

FH 1% 07 ¥ 38 N A0 IR 45 M0 U] P2 1 it AT uhb o 200 5 3 7 I 25 000 26 AEL Bl T 21 i Bk = A SR AR HE IR 55
FRATTE AL RE T 17 B AR RRIR 25 00 DA A4 s R D) P26 7 A S IR 45 R W) 22 Rs=(1,0,R) I, FRATT A 1~500 1) 11 2R 24k
GAE I G DN BFEARE — DA BTG AE A Bk 45 B0 178 AR il — 4% 38 1 IR 45 F I r=(O5, 0 g, p) IS, X
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B, I HLUL2S w0 )i 5 A A iz B ) AR TR DR AR 45 R U] A AR R U A G {0 —2 {23} Bk
{4,2,5}—2{8} LR S B U r BB AT S L TP AR R S 23 N B A B 4L W% 2 Al
XG5 T AR A 0 G 8.k T A5 Ko R U) PR ARG R4 A 55 I A s 1 i b 3R AT SR ODKLLS SE B T [m3
1) Web Ik 45 B 8l 416 77325, 202 ST FAT 1K [l 1 B0 I #4036 55 A2 B B A IR I IO AN P R G 0 M RSk B is
1T4E IBM X260 JIKk45%s b, Ho @ 0@ {4 il & & 1.86G Xeon CPU,G RAM,Redhat Linux Operating System,
MySQL 5.0

4.2 FEXRFEHEAHNEFHITHESR

K bl Mg 45 M U] (9 0L A 5 7 9, BRATT = A2 6 AN AN TR HUAE (R0 DU 2 R, R, - Ree, A BT 23 0 &5
100,200,500,1 000,2 000 £ 5 000 4% A~ [ (1) IR 55 HE I A T A5 % S 1A £ 55 0 D00 80 ) LE A9 DR RF — B0, FRAT T AR
X 6 AN HR A% BN EE IS, 23 5 A 500 x5 gk Y 10,20,50,100,200 FT 500 AN XG4T A w5 4R B AR AN U R
HARIERAS 100 KSR 38 SRk 6 T8 — A 7 38 skr={1", 0"}, A4 1 ol F2 24 B AL X G B A ik B 3~5
KT B A B A ARG, TR T B G rp BE R IE B 1~3 A0 41 e - B EE 45 31 1) b oo 4R
40"

*£ 1 BRKRZ B IR A TR 100 AN Pk SR 41E IR S5 Ja i b R 12 45 R 2R WA 000 F4E e f e o)
Btk 22, FH P3G SRR A2 1 R B K 3 A K S R AR AR A FRA e SR — Ik R P s SRR Ak B B O] e S
3 I SR AL TR 5 AN B Tl A R T SRR AS [R] R0 2 ) S 3 A B N ], T R U] Ry R EAT 1Y 100
RIR 25 20 & FRATT TSR 3L rh B9 Y my i A2 1) FH 7 97 S 11 P 12 Kb S ] 1 61 2 A% fi i A 1) FH P 478 SR ) S 340 b B T
], 25 R an 18l 10 Frow.

Table 1 Results of requests in repositories with different scales
1 T E SRAEAS ARSI R0 U] v 1 Ak 288 &5 S

Rule Number Number of Obi Number of satisfiable Number of unsatisfiable
. . ject set
repository of rules objects user requests user requests
Rs1 100 10 Natural number 1~10 39 61
Rs» 200 20 Natural number 1~20 47 53
Rs3 500 50 Natural number 1~50 51 49
Rss 1000 100 Natural number 1~100 79 21
Rss 2 000 200 Natural number 1~200 83 17
Rss 5000 500 Natural number 1~500 91 9
5 7000
B 6000— @ Satisfiable requests
E’g 5000— ®Unsatisfiable requests
T, 4000
£2 3000
8 & 2000
g 1000
= 0

100 200 500 1000 2000 5000
Scale of service repositories (number of rules)

Fig.10 Time comparison in service repositories with different scales
10 ANTFPHUABERE I 28 Hh Fey I 1) B A

10 {27 R 4 SR AR SR WY A8 ] AN RN P2 o ) T S V0 A 10 P 7 0 5, G Ak 3L 1] B T 96 A2 1) D P 34 oK
FRD A BB T B T DR Ay 0o T T 3 il A P P 338 S 3 200 kg D 7 SR R g — A i 0 R S L SR R Y e A
(B399 B8 4 i 4] 5 2% [ AR PP AN A R0 F (2 B A2) R Ak, 12 4 SRt e WY ok T Tk AL RO D 7 i K B
FOR U] P R U 5 8 o, S A P ) A S B b T A AR A T 2%

DAL 56 25 [l 9B P B0 IR ) 3 1 122 1 Bl I 55 20 6 O 9k R DR R 0 B, A ok, AT A — A D 2 e BE LB X 10 A
ANTED S G, AT 5 4 [l B 0 1 8 A 5730 CBTC 43531 243X 10 Ao S RTINS ey 4t 56 26 [l W0, 1 S A R o 46 [
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R 0 A I ), T 10 BRIET AR (10~ 82 A I 1], 45 SR G 18T 10 B s 4 SRR W, 6 AN [ JABE £ 00 00 28 v g s ) 2
(K9 56 5% [ RS £ I 1) 45 5 L) ORABE £ 385 A ot A7 s e (EL EC AR 3 B0 1 83X 55 1 10 Hroxt - Je ki
AR PP SR R~ 25 b BRI TR] PR 389 K S PR RF — B8R DA T Ik i 2 1 P R L BN TR 5 T 2
TR 58 26 (B RRY FR) AL St o g, AT b 9 2 ) KR A AR A 1)
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Average time for generating
complete backward tree (ms)

0
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Scale of service repositories (number of rules)
Fig.11 Time comparison for generating complete-backward-tree
in service repositories with different scales
P11 AEAN RIS AR A0 U J v 24 ol 5 6 (B AR £ i) B¢
43 EHREMEMBEERRMNKEERIMN EPHITHESE
A 7R S R U RIS AN A8 (E G g R U LA [ T AE A TR RS ) A AN [ 0 B0
PRI D P o BB AT S 56, FRATT 7 A 6 N 1 000 4RI A R ZER g1 Rea, .. Ree, A3 B AT NS S A 20 30 &5 A7
50,100,200,300,400 Fi1 500 AM%f 5.5 b — 415286 75 VAH A), FATDRBE— AR ST PEFRAS 100 AN 37 3K 45 21
R 2 s HORE B G B G SR AR WY A8 IR 55 R0 U o F R DU B[R] ) 0 RV R B A R R A EOAN R H
A A R P 3R SR AT B W S R AR AR e T RE A b AR RE — B B WIZ T 1 IR A5 R P v R 8
A ELR ISR LR DU AR AT [ RE, JA 145 2R — AN R0 mh g A2 0 TP 35 SRONIIG ikl 2 KD P 3
SR 25 b RIS T), 45 BB 12 7. i 4l AR BT, PO A2 (10 7 SR ) Acd JER I T L TG V2 0 A2 180 97 3K P A JER I i) 22
X 1 AP SR BAZ A R R0 R SR, AL B I TR) AT W) 3D, i A O R
AR RO o T A vt (1 37 St 2 2 e el ke ] 60, 5 T R 0 1 I 45 11 B 245 D7 3 1) 1k B 2 R 55 7 v £ 55
SIS,
DL A ST 0 4 S 34 3R W 6 1 (R 19 IR 25 B B A1 U7 32 JE Ve 6 Rl 1 o SROE 2 TR VAT R 1)
FH P 378 3R, 80 BE AR A0 N 8] P L S 45t 45 300 0 P A 1) FH 0 5 R PR 4 5 L T AT TR R R 55 LA 2 F P
it oK.
Table 2 Results of requests in repositories with the same scale but different numbers of objects

T2 U SRAEAR [ RS T FLAT AN 7]k G i (1 0 22 b £ Ak B

Rule Number of Number of . Number of satisfiable Number of unsatisfiable
. . Object set
repository rules objects user requests user requests
Rs1 1000 50 Natural number 1~50 80 20
Rs» 1000 100 Natural number 1~100 79 21
Rs3 1000 200 Natural number 1~200 82 18
R4 1000 300 Natural number 1~300 77 23
Rss 1000 400 Natural number 1~400 79 21
Rss 1000 500 Natural number 1~500 81 19
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Fig.12 Time comparison in repositories with different numbers of objects
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THE AT N TEARIME AR 520 AR JEE PR A i (7 US040 SRR W% 7 VA RE 06 R I 1) A S
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SEAlt LR TT;2) Ao 0 SR bR 5 328 W e 3 A R AR R A B IR R I 55 1) 7 A3 8 1 T A N % TE
B, Al A2 50, B 2% 8 ) 0 2l it A2 PR I R, 3% 8 4 Jd IR 55 R o BT A P FRD IR 55 (3478 ) 1) 7 380 4, SR [17] 0
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