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Abstract: The emergence of open mobile platform accelerates the development of service composition in mobile application. However,
most current mobile applications fulfill service through static and clustering-based composition. It is prone to “software function
overloading” and overlong service accessing path, hindering the efficient use for the users. In this paper, an exploratory service
composition method for mobile application. With this method, candidate composable services are provided to the user when the context
changes and the selected service(s) is(are) composed into the application just in time. To acquire the candidate services, association rules
between the contexts and services are mined based on the history of service selection by different users in different contexts, and used as

the matching basis. Further, the traditional FP-tree algorithm is extended to enable the mining of two-dimensional items in mobile
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application. Experiments show that the extended algorithm has higher precision and recall rate than the traditional method in matching for
candidate services.

Key words: exploratory service composition; context-aware; mobile application; association rules; FP-tree
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Fig.1 Service composition in APP

1 BNk A&

(2) MRZ5AT B AT 7 BEAL ™ 2R

5 FEIEE N IR 55 20 6 AL 88 5y S FH A A AT TR 4530 v 14 A JIR 25 VA FH TR A B 56 0, IR 45 PR T ¥ A T 7 AR, T
S BT W S s AN TR RT 7 AR AN [ (9 1 45 9 0 A3 < e BE A 2R APP 4R 8 T ML )L Bl
BNAS I PRS2 A 1 LA K I 1) 15 25 IR 55 3K 6 IR 45 2 T) AN A7 [ s (¥l 45 38 4 0GR, i 8 FH P U
e B 383 FH P (R 5 i 47 Ay 7 A Tl RIS 80 IR L 1 DRI, AN I T R g 1) e 45 AT 1 A2 49 A K P P A
“BLIABNAS B MR 55 A WK K — LI RS A8 WU b IRk 55 1 e IR FEH LR (A I 1 PR A2 1 BT o) A
FH P A1 ot B 3 2 A 180 IR 45 4 10 3 e At B TG S8 % B 0 2 5, 0 FH <o IR 5 5 TR 45 T A AL I [ 133 S M
(0BT I Can ) 1 AR 2 ITOR).

(3) XF bR SCAF T sk

# 2 Nt A Sl M 5 R X AT BN\ R RN SOE B N BUK .GPS %8 . MEMS(micro-
electro-mechanical system)*54% &35 0 1 2 N AR IOF 2R a2 BT SCE R TFAITE Jeid i) 0 sl pe fit 74
79 3CRF. 0 308 I B H AL a8 Bl R R 5 1) R H 3 I SE (augmented reality )4 AR, H P B A4 RIS A
W) ACBEEIRS T , b T S B B 3 N B A 1A IR 45 AN T ik (1) E AR AR
1.2 FHERY B

(1) NHZBEL K



2194 Journal of Sofiware 333k Vol.26, No.9, September 2015

MR A B W SR AR — R A R IR 55 4 N PO RS IR S5 AL A AR BAERE Y 7 A A
JE TG & S I, AN BE AR FH 7 1) 55 B 7 B2 BEAT B2 (1 T8 26 (384 00 S5 ) 1ok S8 6 ik 55 ) A A 7 75 1) 2 Y BT
ST RS 00 AH R IR A A TR T AR 2 RN 3 S (BRSO NI 2 e AN A TR SR N B
T A AR SR 78 0 S e 19 07 30, W7 b 4 O 22 19 R 45, DA S5 T 22 1) B i 75 SR, TR WL AR 2 ) 0 i o g i 2
i) .

(2) mE&RGIZRIT R

o5l N 0 AR5 K 22 SR o 2R SR AL 7 3 R 55 4 R D e AR S M R 40 S A TR 20 T B LA SR IR R
5148 S H . 2 N A TP AR T 0 £ AR S5 T RECED SRR R O I IR K 5 S T L TR A IR G R E
YO, i gE e 2 APP Wi 2 7 Kk LR ISR H St (AR5 3.7.2, F 8 A “Bi .58 3 APP 1)%).

(3) FH i FH 2 AR, e 6 22

Iy BT BV A 7 A AE 45 1) (0 DI - i 59, 75 22 P 36 30 25 R IR IE 38 9T 75 1 IR 25 IR ik, 24 I 45 R 5
JE VR T S 22 AR 2 N P (1A P 20 56 I 3 ol o2 B R34 % 45 4 73 S5 DRl I et T R B RS+ 20 A R
0 F R e & i 5, I IR IR 45 R 51 RR A P 5 B 2 IRAS A Rk B R B M 55 A9 A < BE A
% APP v I AR B 1) ATM LG, 75 B IR st WL — I 28 5 1t — B35 Bt — T3 ALk B —ATM”S
G b R D R B A AT RN B3 B AR AR S5, N I S e 22 SR S T A A% P I S B R A
SRR, P e R R FH IR 55 10 20 2% b gt ARG AR 3 A2 i o B 8 I8 P W 0 1) 1 3 = 0, 0 O S K I A ) S50
ABLIRY N FH AELAN [ I FH 6 1R) — i 45 () 5 IR BE vl 85 BT AN IR n: (R /2 ATM ML R R4S, UE & X" APP LI XL
TR ATM HURIAL T, B HLI% " APP LU I 18 A 7 ATM HLAL Mgk A APP M4 5h & 5 A ST
hie KM 5l 52 5T T ATM AL B (B 2 JiR). 6 3 IR S5 406 77 20, 0 P RO E ik~ 8 AE Fl A
RE T AR A 25 1 22 5 o 248 Bl o 11 IR 95 3 ol 25 e R AN D7 X 8 2 - G 1, T P AR 3 4 2.

N LN 3 al1ooxl 16:06
© tnsBRERNHBT

RIRTATN TI-CCREABECHE
@ o (coztd)

RARTATM TICZBERENECHE
@ = coom)

POREATH TICORBERSAHA
@5 (5w

RIFRTATN TICORBRGESBNA
@ 5 (©m)

BTRGATN TICOBBRESHNL
@ i OnEEE

ERRFEATN ICORBAESBNL
® son

ERRTATN ICCRBACERAE
@ [wl ]

RERFAT AC_EBAGHAS

® & (ruoesEEs0)

TEHRTATN TICCBE@NBIECHRE
@ = (comm)

1R RFATN T3C-BORELAHE
@ 5 (omm)

PBRGATN TIC=REBBEFE
@ = (RinE)

(2) (®) ()

Fig.2 Three kind of navigation services for ATM
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Context={Time.current=2013-10-01,11:00:00;
Time.last=60minutes;
Location.longitude=3121'33";
Location.latitude=12147'67",
User.age=22;
User.gender=male;
User.interests={sports};
Business.state=security check done
}
FCrr Toe R T.0 53 530 3 70 24 iy I 0] 0980 4% 6 T m ] 3E 5 5 o 5046 B0 A1 2R G 3R A5 L. long F1 L.lat 735337 24 1
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LS A AE BRI COR Tk M IR SS RAE BD S={s1,50,...,8m} . Z BT LUK S Fom M IR 5 B 2 R 28
Bl R SRR T IR S5 TR I AT B P AE LS A AL I AR W 5 AR A ) 5T T S P BT
M PRI IR ST S BRI {35 215 8 T80, e 1) 352
AT HGIE T
Table 1 Examples of transactions
F1 H5R

tID 45
1 {T.c=11:03:19, T.I=57m, L.long=3121'33", L.lat=12147'67", U.a=22, U.g=m, U.i={sports}, B.s=security _check done}— {}f. %}
2 {T.c=14:25:52, T.I=120m, L.long=3111'53", L.lat=12148'19", U.a=30, U.g=f, U.i={shopping}, B.s=check_in_done}— {/¥]}
3 {T.c=11:10:37, T.I=50m, L.long=318'5", L.lat=12129'11", U.a=65, U.g=m, U.i={news}, B.s=security check done}—>{f%#L}
4 {T.c=11:32:28, T.I=58m, L.long=3111'9", L.lat=121'53"1", U.a=62, U.g=m, U.i={news}, B.s=security check done}— {{&Hl}
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2) RS ER R D P T 55 3 FP-tree B A A 4% 2 5 S BB Hh AR — A AR B TR 4%
55, BE AR N — 4 B (R i A, B AE O AR R AR Y R
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Fig.6 Fp-Tree built by traditional algorithm
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Fig.7 Sketch map of the algorithm
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PHIEEAL*/
1. FIS=;
2. root=new Node(-);
3. FP-tree.root=root;
PRI A T/
4. foreachiinD
5 if FIS.contains(i)
6 i.count++;
7. else
8 FIS.add(i);
9 i.count=1;
10.  endif
11. end for
12. for each i in FIS
13. ifiiskind of C

14. i.sup=i.count/N;

15. if L. sup<MinSup; qurivuse
16. FIS.delete(i),

17. end if

18.  endif

19. end for

20. sort FIS in descending order by MinSup;

21. sort FIS in descending order by i.count;
/¥ K FP-tree #4*/

22. for each transaction ¢ in D

23. for each i in ¢

24, If | FIS.contains(i)
25. delete i;

26. end if

27.  end for

28.  sortiin ¢ with FIS order;
29.  insert(t,root);
30. end for
31. return FP-tree;
%%, INSERT.
LIPNE
B9 55 node;
i :NULL.
32. i=t.getFirst(-);
i Ay bR S
33.ifiis kind of C
34.  I=t.removeFirst(-);
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35.  child=node.findChild(i);
36.  if child!=null

37. child.count++;

38. node=child,

39.  else

40. new_node=new Node(-);

41. node.addChild(new_node);

42. new_node.count=1;

43. new_node.parent=node;

44. node=new_node;

45.  endif

46.  insert(l,node); /738 U

1*i MR 55 T/

47. else

48.  if node.hasChild

49. leaf=node.getChild(-);

50. for eachiin ¢

51. if leaf.contains(i)

52. leaf.get(i).count++;

53. else

54. leaf.add(i);

55. leaf.get(i).count=1;

56. end if

57. end for

58. else

59. leaf=new Node(-);

60. foreachiin ¢

61. leaf.add(i);

62. leaf.get(i).count=1;

63. end for

64. endif

65. end if

HEAN LA WA SO0 PR il I AR IR (B 4 AT~ 21 47), WA S B LA A4 4 FP-tree(5F 22 1T
~55 31 AT) ARG 2.2.2 50T T KA 2 PR WL AR SC AR B IRRL AR AN SR A s bR SOl R REAS BRSO

J A EH N ST RN A 2 RS SRR R 55 IR — IO, I 55 4 R R SR A U A A Bk P R R A
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ORE s 7 P, BRSO U.g=f ISZRFBEDY 0.25, LXK B TR SCR P Ulg 108/ SERFBEDY 0.4, 38 W) 1R 30
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0.25 5§ b N ST AR T.2CT A% I 1)) B HARL Y FBIARDS 5 T P 0 L€ 1 /NI i /N SCRFIRE 0.1, 4875 |1 3¢
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Fig.8 FP-Tree built by extended algorithm
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% %. RECOMMENDATION.
i XN :FP-tree,
F P 4T Bk R SO C,
IR [HT 25 AL K,
RS RS S
1. filter and sort C by FP-tree.FIS; I A A ek R HE
2. P=FP-tree.getAllPath(-);
3. foreachpinP
Pt SR AR R K/
4. if C is a subset of p
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5 p-weight=3+1/|p|;

6 else if C is a true superset of p

7. p-weight=2+(1-1/|p|);

8 else if C and p crossed

9. p-weight=1+(1-1/|intersection(C,p)|);
10.  else

11. break; 1] 208 TG K A%
12.  endif
Pk SR 55 ST RE R
13.  for each s in p.leaf
14. if S.contains(s)
15. s'=S.get(s);
16. s'.count=s'.count+s.count*p.weight;
17. S.set(s");
18. else
19. s.count=s.count*p.weight;
20. S.add(s);
21.  end for
22. end for
23. sort S by s.count; 1145 SR 5 SRR 7 HEA
24. filter S to get top k services; IIEMCHET k S48

25. return S,
3 KSR
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Fig.10 Usage procedure of AirportAssistant APP in scenario two
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