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Abstract  There are a large number of mobile applications ( App for short) in the application
market, which play a very important role in the daily life of individuals and in the professional
application domains. Each App is independently designed and developed by a different provider,
providing a specific service that was not designed to work with other Apps at the beginning. This
isolation phenomenon from each other heterogeneous Apps leads to a fragmented feature of Apps.
Faced with increasing the complex requirements of users, this fragmentation feature drives users
to switch frequently and manually between multiple Apps to complete a specific task, resulting in
a poor user experience. In this paper, we focus on the collaborative interaction between heterogeneous

autonomous Apps and between Apps and users. In order to meet the complex requirements of
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users, it proposes an Android-based Apps Collaborative Framework to achieve the seamless
connection of Apps, which allows information sharing between related Apps and executes them
one by one according to the application flow automatically. The key technology of the framework
consists of three parts: (1) Representing the internal data of the heterogeneous App as a set of
(storage, semantics, grammar) triple, and using the Data-driven static program analysis and
dynamic program analysis techniques to generate the abstract service model of Apps; (2) Using
the App prediction method combined with Nowcasting and Forecasting and user customized profile
(UCP) to build a mobile application flow (App Flow); (3) Designing the automatic collaborative
execution engine based on parameter injection and the inter-process communication mechanism in
Android to realize the on-demand switch between Apps. The advantages of this framework are
mainly reflected in two aspects: (1) Mobile application prediction and recommendation based on
application flow avoids the shortcomings of user-defined process. and human-computer interaction
based on feedback and inductive learning further improves the accuracy of recommendation results;
(2) Mobile application flow execution based on UCP avoids the complex calculation required for
application prediction while preserving the flexibility and personalized features of mobile computing,
and the sharing of the application process configuration profile among different users can overcome
the cold start issue caused by missing user history to some extent. The framework prototype is
built on the Android 7.1 system. Based on the prototype, the typical application scenario of
travel out is used as a case study to demonstrate the automatic collaboration of the heterogeneous
autonomous Apps. The results show that our App Collaborative Framework is effective and
promising. In short, the framework proposed and constructed in this paper can effectively break
the information barrier between different mobile applications, and greatly improve the user
experience in the face of increasingly complexity of user requirements. In the future, we will
focus on the following works: (1) The abstract model needs to be further enriched, distinguishing
front-end UI, back-end cloud services, and third-party cloud services to be compatible with more
interaction requirements and complex business processes; (2) The potential security risks in the
implementation process flow will be analyzed and optimized to improve the security and robustness
of application flow collaboration.

Keywords app flow; automatic collaboration; app recommendation; user customization; Android
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55 AR L PR AL T S ST R 55, 24 H PR R iR
AR 5 8 7 () B M 5 2R L R i T
AT RE 23 14 B AE M O ZR 5 10 A8 3 8 7 1Y) B 1Y Hb U Rg
B RS B Sl KRR A B A5 B 8
AN TN, BB A% 6 AR L IE 6 09 7 i AE
UK B 3l H 817

T SCAR Ry TR R T T R R Web Ik 45 18 X
FREJTIEPY N T2 5 R A4S S 3
B T RICR B [R) B B2 8 A 1 %) o o . 52 30 S5 4 % Bl
A L2, Ttem 15 XAF AWM BB AN TR Z
— HLA R ) M T, 38 2 B S item (1) 35 ST C
HE, — e BB EoA RS S N B Y item X HLBEE T
FEAl. TE T R AT RS B T T S 80 AR 5]
A P 56 F b v 45 R AR B S B B AT A Y
AR HE— 2P A item AR E LR, BT RO HEIIL
A AR T BT o 1% 18 SObR T R AR 4 2L = 0 R AR
4.3 T HARIB IR,
4.1.3 Ttem &

B T8 SCIH IS AN, 18 1918 TR A% 26 TR AR item
FH P 5 S/ IE B 0t 2 L SR . — N

<?xml version="1.0" encoding="UTF-8"?>
<app EorF="E" packageName="com.nuomi">
- <item>
- «storage style="sharedprefsLabel">

A BN A C AT 52 80 A X B T E ok
YA LA “yyyy-MM-dd” 84 “ yyyy/ MM/ dd” 45 %
L AETE AR A H e # 3l B r9 JH - AR 2
2 P s 30 O e e o T e sz s AP g N T
i

M5 item, F ivem, 5T 8] —AF% 3l 1 FH ) 4l
A N PR R IR O -

(D & CENEAAR A B A R R

item,.sematics = =1ilem,.sematics &.&.
item,.storage #item,.storage.

HY A7 25 4 A [ o 45 508l 4 X A TR) L A7 AE
— AP i A AEL 2 A A A TR 0 B R 0.
TE“HERE” b ST 44 R AR 7 AU B AR A 3R 1 &
a3 A T (ELIE A R S ) B L

(2) T SCAS S5 A (B 77 i o AR ) B ) — o7 ¢
TRAFZ A item 2. R8Ny

item,.sematics Zitem,.sematics & &.
item,.storage = =item,.storage.

FAY AL E WA AR T 2 T — Y item,
B ANTE KA SATLT RS Sl W R HE R Sl A H R
Sl T PR AFAE LA 23 H B ] — 9 BRAS

B 3l 1N FH 0 PN R e A/ W S R D R i
SR Zoud s A XML S A I T HR v 4
R S A AZ B AT 4 52 K0l [ a8 20 &P i
it RESTful APT #4730 & 5 Sy il 52 SO 7 i)
TEZ7s ) A AR 5 — A 1 SO O Location™ [
item ., HLAEAE 2544 D P JZ o 4036 TUZ /9 SpObject 47
i FIEJZ Y DbField % 40, H AR & B 3RCA #g X2
K. “complexoptions” #5325 K /8 HAF & bk [a] —fi
ERAFZA item SE017 B R IR 1K O

- «sharedprefslabel complex="true" from="true" spTargetType="String" spKeyValue="cityselect_select_codes" spName="com.nuomi_preferences">

- <targetfrom=>

- <databasefiled version="4" tableName="city" dbName="nuominew.db">

- <dbkey>
<dbfield fieldType="string" fieldName="city_id"/>
</dbkey:>
- <dbtarget complex="false" from="false">

<dbfield fieldType="String" fieldName="short_name"/>

</dbtarget>
< /databasefiled>
</targetfrom=>

<complexoptions addOrUpdate="false" separator=":" position="0"/>

</sharedprefslabel=>
</storage:
<semantic concept="Location"/>
<syntax style="null"/=
<fitem>
</app>

B 5 RS il

4.1.4 APK 43#7

ASCHE T APK #2500 BT 135 s BT HOR Y K
A5 HT I A A B R K APK 43 B i
it K A2 Sl L TS D R A5 B B APK 2 rid

FE o3 = A B Be. BT B
(D BrBe 1.5t AR AB SN 2T &5

@  https://www. tripadvisor. cn/
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WY item {5 B A 2 80U BLAE Android (1)
ActivityH, 24 Android #:4/E R 4 5 5 61 & Activity
if £x8 11 onRestorelnstanceState 8% % onCreate J5
PR 52 S ) A SRR S EAE | DRI DA A
fift (1) 158 2 ST %) 25k A5 8 T P AL R
TEM item. FlowDroid™?Y J& Android H #5 — 4~ I
T SRR I U B U X G U A i SR
T 0 0 50 a5 A3 AT T 5 DS A A 52 TR 4R 1Y)
API W4 source, T K 15 & 5 1 9 4L 7R (L) AP
A sink, A% 3CF] A FlowDroid B source API oI
sink APT R0 £ 2l i 1w ) 08k 0 R A5 31— 4> Z1
I # Bl 1 A R B AR

5 6 & APK #2504 05 v 5 K ActiVity 3"‘5

FiAn JFy i 1ok setContentView $E4T 2 HE, Ff 8
1T 1E.

1D % 5 i v 1) 26 20F

! Y
N

>
Tem 74k le— £ ' Z
<0 =

Ttemi# X

L

findViewBy ID
K6 APK #2500 77 M i &

(2) BrBe 2, st i/ B 1 B Bl i 48
I, RS2 Bl N AR T 2 Activity,
HIHRER > Activity J& A& L. O 1T FEAR 2>
Br B9S2 2k it BT 5 IR LAY B Activity,
M7 08 i e 2 2 R S A AT AFGA Y Activity. 52 H
ALK AR K5 % - Android 3818 (ADB) |

Monkey ., View Server 5§l i J7 i F1 T B B0 P
FLERAE  BAGE SR T = O o 454 B AT 315K 1
LT

HoG sk ADB 4y 4 3 Sh B 4, L APK
IJa iz APK. {fi | Monkey Il i {5 #% 2l jii ] 3% 5]
WHREATIRAS S8 2R I B g i A JFff ] ADB &
BB . &% “DUMP "4 i& kK View
Server IRHCY I Activity B4 Jm B 15 B . i Ja B
8 45 5 RE RS H SO 7 2 AT 2 3 oAt Activity s
i [l adb input tap Ay B B R HE

IR E B T A =N A IA Y Activity # U5 7] 45
W 2PN T B 1 B g AT B B 5 A B

Prid B anlE 7 fros.

1. BB = i 4. 545 H App
ADPKﬁ”%é T 2. JA BN Appl—3» 3. Monkey il i [ mﬁfﬂ/\pp

View Server

7. HIEAPK

Sk (€ 6. BN €

K7 sh&orrid i

(3) BB 34 3 32 XoF if 194 B B3 il A5 114 B840 it a2 A 7
I3 ﬁnﬁl,\gméﬂﬁ B, B item f7 4\ 18 SCHIIE
2. B 8 TR T AT A S5 AR 10 23 B B - () 3R SR
Hi 1] AR 43 A 45 30 1) B0 DA 40 A ok #4528 n(b)
FTR. (O ER T M sink APT 4G, 5% A S 1] 4 1l
TN 43 BT 4k B S 8 E?H‘Yﬁﬁ%mﬂ‘]ﬁ%‘ﬁfﬁﬂ:
XA S bR A SO R R (B S 2 8CEAT item i SUBR
. E BT 2 1 ME DA 3R B item 18945 B R DL KR
TARBHUR T ThREE R .

@O0verride
public wvoid onCreate(Bundle savedinstanceState) {
super.onCreate(savedinstanceState);

SharedPreferences prefs = getSharedPreferences("mash_settings' ,Context MODE_PRIVATE);

String :ling =|prefs.getString("city_name", "");

Source

cityText = TTEJ(tVlE@_ﬁndVlew E\vldtR id.city];
cm(‘l'e:)t setTem:tmwNameJ Sink AF |
} = =7

(a) RAAIRTAES R o A i f2

Forward analysis

: act 1\-1t3-"| '1"{
| LVN

ﬁ’ I

| - $r9 =

v

Found a flow to sink wvirtualinvoke $r4.<android.widget.TextView: wvoid
setText{java.lang.CharSequence)>($r9), from the following sources:
interfaceinvoke $r8.<android.content.SharedPreferences:

| java.lang.5tring getString(java.lang.String,java.lang.String)>("city_name", "*
<com.example .mashweather.WeatherActivity: wvoid onCreate(android.os.Bundle)>)

) (in

(b) Hlmim s Hridfess

@0verride

public woid onCreate(Bundle saved|nstanceState) | —
super.onCreate(sa instan:eState] ¢,
SharedPreferEnces\p
String tlt'.r[\Ja e = pre String("city_name", "");
cityText = tTeg:t\flew} ﬁndVlew Byld(R.id.city);
cityText.setT {cuzf'N‘gmeJ
} o

—ggtﬁaredl’referencesi"mash settings”, Context.MODE_FRIVATE);

(o) RHIRIAFZEHIRIRT 23 A 3RS H

" Ttem-StorageZe e |
% !
oo i

Backward analysis

B8 A7k

S5 B BT I A
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4.2 NMARHE

o I 2R S g 51 {Appos Apprs=ss s Appi-i}s
BT 78 2l g FH T500 0 o, FH R e T B R R R T
T30 B Bl TR G B B R AE R T A AT fE
BT —ARJHEN App, B3 2.
4.2.1 A OG &R

RUTFLIA Web I A&, App, M RES S
BRI CAppos Apprs s Appi o A 1E R
F WA RE 5 Y HT N App,— 6 BUTE 4 OC FR . T il
KFR YR 58I 2, 16 8 % 5l i A B0 ) —
AFHIE. SIEXRR SRR AWM 5540

BAEXR R Gl TR App, 5 S HI# 3 N A Y
ZROE AR B B E X R Scoop, KR, i
AT P BE A an X (D iR, Abs Jg App,
MR Current Flow 378 2 i # 3 I R A item 4R
B s Reused BEAE R AL T 5 T 21 15 I FIiE LR M
item A B . ZX () MO #HIAR T Reused $EAE
M E 407 .S s item 824, se 5& semantics 45
5. A %3N Scoop St [FH A 1E 16 .

Z Reused Ccurrent Flow,item)

item € /\/7\[

Scoop, = @D

| Abs, |
Reused (S ,item) =

max(VS, € S,Reused_single(S; item)) (2)

1. S5 item 15 L5y

0.9, S, 5 item 1& X AHL

Reused_single(S; ,item) =< 0.8, S;1& L A% T item

0.6, item i XA ETF S,

0, HAth
(3)

S RFR LU App Fl Appi—y Z I8 Y T8 SO
2 5 G FR  FH Scomp, 27« T4 HEFR R 1Y i 128
M’ %. Scomp, ZEM T Abs, 5 Abs;—, B item % & [6] By
AL (5 Jaccard #HOC R EH5E . =X (4 i,

Reused(App;—, sitem)

item € (Abs; n Al).\’/ )

4
‘Abs,-fl U Abs, ‘ 2

Scomp, =

Abs;, |, Abs,=
{item & Abs, ‘Reused(Ap[),,l sitem) >0} (5)
Abs;_UAbs, = (Abs,/ (Abs,_NAbs,))UAbs, ., (6)
BT Appi T item Y I, X (5) TR
Abs; 1 1 Abs, 7% Abs, 1 1 5, i 15 item n] DL H]
Appi— W i AE. 2.6) i Abs,—, U Abs, J&:
Abs; . Fll Abs, 5 Abs, . N Abs, ZHE I 4E.
T A5 % 8l S 8] Scom p ¥ 1852 4 18] . B3
AR SR TR S R Rk 1 .

Bk 1. APP MHFEMEIAE A P CalCorrelation.
k5 A\. AppSet is the candidate set composed of all Apps
installed in User’s smartphone; and
{Appo sAppy s+ App;—1} is the current Appflow
i 4. Scoop assigns the cooperation correlation;
Scomp assigns the competation correlation

1. For each App; in AppSet do
2 Reused ({appy s+ sappi—1 | sitem)

item € app;

2. Scooplil= ‘upp ‘

Reused(app;— »item)

item € <“/’P:71 ﬂup/;l )

lappi—i Uapp |

3. Scompl[i]=

4. endfor

5. return Scoop, Scomp
4.2.2 FPIEZERE

AR SO R TN R AE 43 =2 A% Bl R OGPk
FRAE B R SCHRRAE L I RPAE.

% 3l W AR G PR RRAE 2 T B S S AR A S S
KA 3N 0 2808 SO .

% B B AT 10 B 1A% [ i BE A8 I 1 SR 4R o] 1L A 5
M E AL EF D A BEFEIE S S {5 B TR
g T o & OG E E AE Y AR SO R
T TE] B A A A R RS s AR |
T SCRFALE.

W P 8 R s vh 24> i F B AR 4K S 3h B AR 2
JIR AT 3 A1 B 2 B 5k 2 B 3R T T R H AR AR
S R A T 18 C(App Usage Graph, AUG) S fif
IRAS[R) 7 A 2 A B R oe R o, AUG
R VARER SN App. A 10110 E; FKom N
SN App VISl App, - Bl App, I App )5 2
ML 3 E AL ROR LR RO T MR 5
IS I 2l B [ 8] B £ R £

fiiF AUG 15 5 FRAE v] LUK B U (A p po s
Apprs=sAppi VRIS HCPoss pros s pir)s FHe
P RRTEN T App & 0] E 5 BSR4 (4
o 1 ANE AR R SN S DO App 9 HE
BT app, B E R O JE app = app FIHEE
I app, BT ] A IR B R BT A 3l 1 H
A XS REAR. HUCR IR B B35 appi i
B I 2 O S BA MLE LS80 8
FHJE T 8] —> it i ] me Pk s s A B A 6,
A0 AR SCH I H — Ak Scoop, AR 4R 0, #F
(TSR N7 =
4. 2.3 Nowecasting il Forecasting £ Ji{, 7 ill]

T Nowcasting J7 1% (1 #% 2l i JH 191 DU 37t 72 4n
9 Fi7s. Appire P w9 = B % 3h 34 iy fE 4>



2640 it <A

e i 2019 4

# 3l 1 TR A AT BE Ay 22 Hi 3 £ O HL R — i 2 H
AE Hh B e 22— BB 1 B8 2l . R AH SC PR RRALE L B
T SCHRAE U R AR S B B R R Sy (R R A A 10
7. 25 R B W T AR 0 45 2 B0 AR Sy R B Y
PR LA K B K A P ) L AR SCRE BRI — FPOR
Tvi] J %) 7 sk i w5k i XL SR CP sk & o fi £
AR P=parafac_als(X,R) % BA [ J& 1 P [7] 7 78
7 (& R=4); i H] K /K & (Kalman) J§ i 35 B2
B 2] 1) W5 A 03 ) PR 5 R T e/ - 3fe [m1 1 %o 2 i
RV A DM DR 5 e A P /) B 5l 1 AT e APk [
VA 5 5 J 0 >4 i B 220 i A 7% 3l g A S0 A
EHE A5 21 00 45

v

1. ¥ Panel > 2. TR 3. CP3KE 7 il

!

4. Kalman Ji€J

6. SEIF TN - 5. /N 3felnl )

K 9 Nowcasting /%3158 3 2

TIME STEP 10:30 | 1L:00 | 1L:30 | 12:00  NOW(12:20)
OFFICE 1 0 0 o 0
HOME 0 0 0 1 1
FLOWFEA(APPx) 0 0.3 0.5 0.2 03
FLOWFEA(APPY) 0 0 0 0.6 0
LASTAPP(APP)) 0 0 0 1 i
LASTAPP(APP;) 1 0 0 0 0
APP1 0 0 1] 1] ?
APP2 1 0 0 0

& 10 Panel 754 &

AR K B IR 4 R 1] 328 83 1) Nowreasting
B LN MATLAB SE3L, JF 346 U Jar 7€ Eclipse
IDE J J #5554 ]
1E Forecasting &7 >R Hl K I 4B 7r K H % IF
W B S i A B AR 43 26 b3 4 KO 20 0 647 74 30
7 TG, Bk 2 iR T Forecasting BT i 2.
&% 2. Forecasting i85 CalForecasting.
#iA. TS is the Training Set (80% App usage record)
cr is the current usage record
iy, forecasting App is the forecasting recommenda-
tion Set
foreach App; in TS do
dis; =distance(App; scr) s // B AE AL BE 154

endfor

= w o=

RecordSet is top 20% nearest dis;
Map{(App.sum)map; //build a map which is the
//CUSUM of the distance’s reciprocal between App
//and feature

6. foreach App; in RecordSet do

ul

7. map(App;.app)+=(1/dis;);
8. end
9. FApp=ordering map.key in map.value descending
//sort the key of map according to the desc of
//map’ value and set to FApp
10. return FApp
2i4 Nowcasting f Forecasting W A7 45
I ASRAE A B 2R o P e A
4.3 MARHIT
4.3.1 ZH N
YN A HE R A R R P R T A
S ARG I 8 3l P R HE SR 5L T B e SR i
SCPEANTE SCRALE 7153 5748 2R 538 i 2 80 A3
e v RS Bl g T AT L S BAS 2l I ) ) 2 BRO0T
RS, i AR P REAEAE R H AT e AP AE 2 5
HRVCHC A 00 - e A o5 2 e TP 047 28 A IR 65 2
B B Ab X T2 B0 SCHRLE TR T3 2R A A A% 3 b
FATIM P  Reused_single, BI 2 (3) B HLI. XF T %
BB S A SCHE XS R 3l e T IR 55 2 B0k AT 4y
Brbn v i il b AR T AL AR AR TR L S A L AL E N
2 B 5 5 2 L 9 HL B AT Y IR M A U el 53
SRR T — DA AEST RS 3 i T B¢
SR I R B T OCSEE . B P 5 RS B
FHI 28 HIRBOAS 22 AB S RL A AL AE B3 7 v] ik — 25
i DL LIRSS |5k S T SCIZ T 1) 1B S A B AHL A B
TR R AR R S5 27 2T T A 45 48 1 B/ IR B A
AR T UGG I IR 9 A T R B
ZHCE P A B AN 11 R . 2803 90 4
TR — S5 B, 4 Reuse(P,.P,.P) . £ x5
Py EAZE P EM A RE M AR P (D
RSO NLE , R PS (M KHY PoAE NS
A SNPaIE 28
PSp p, =P XReused_single(P,,P,) h)

Baws &

B
Reuse(P,, P,)

&mzwzm

|

Reuse(P,, P,, 0.6)

Reuse(P,, P,, 0.7)
£

B 11 28 I 4 7R
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TE B 22 T 30 1) P R 75 A A8 e 2 B L
PN P By et 47 SR MU SR AR T R
e S48 > 151
4.3.2 Rk

TR TP B NI B 3 P R HE 2R 2% 1
R T LG Web g5 40 G 9 o 4 - a2 7% 30
O T 160 14 5 L A B % 3l T ) il R A 2R 5 B
SRl s SR R B R A 12 R,

X@‘- \\%A\;}
3&7\9../ \%
\’3}%
W™ 7/ | ~
.7 ~
S/ | ~

TS IBEHUER

—>  SEFREER

B 12 SHfkiE R EE

13 7R T S8l {3 A F S 3 i o8 2 5
P ZHAR BN & 13 Ca) vz, >4 W Wy 21 A 7 0B el
B E AR P I AR OV App - NS P
ANBE LA JG e e HL 506 App G B
B> Trem AT HEIBCIEAF < 2 R e T00 22 1 A9 0L 352
B Trem SE] L 5% 46 Ry DL Key-Value X BB Horpr,
Key prit Ttem 15 XAE S, Value Sy JI P 8048 i
NS

WA BB 13 (b)) froR, S & %A
PP i A B App I8 8 B ifs 09 item 524 A
2 SEBLSM A% B P R 2L 5 B DL TEART A A
S 2 B WO Bad B R ST R E R . D
App » 3% AT 38 2 R FH I T HE FE B 4 e U 1Y)
UCP 52, 845 AR AR App A R A5 B ALRE B Al &
i A KA S 2 ) 2 P i A TP 5 20 A A
JE B v B FH P i BB B S . BIARAE App R AR
SN i A AT 18 ¢ X A IR B] Ttem
Storage H JiG [a] b 19 MUY 5580 Ttem SE . 45 24>
T SCORERL A ARE & A SR T 1Y 3R 6 2 s 455 I ] | g
E—WARFE B P i A, 5 ST A item #R I
AJa i B2 ClassLoader, SEFL AN A 13 () Fr7n 1Y
RS 3 App..

BHApp,, E»ngpp‘ JAEApp,
B
RN ]
‘AMFZ%MAMkﬁ%E%YHL \AM;:%MAMﬁmm%iﬁﬂ \ FEHLUR ) Intent

v

[ ic—wAbsi#TER |

it =RfAbSHEATEN |

startActivity () i FH JE 31 ‘

|
|
|
|
|
|
|
|
|
| I
| |
@ g5
H il A | |
= 7E
LN .
item BRI | l
oL ___M\(_J_ | BE el | |
I | I | "
| I : item : |
: : | e B ET
w1 [ msmsrosmrma | | | el —mpRE A 1| )| AwBREE
| | | | | |
| SO | | | et | |1
| | | | v |
| | - | | |
|| e Gemiz G A | [P A em e || !
e | | |
| | |
4@ : i  ffitem 51 =
______________ /
/
,
_______ //
(@) ZHHR (b) PENILRE (o) IR )

B 13 SHERBC A RS 3 id 72
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BB RA T DA A3 3 BT .
&% 3. WHRMITE Y FlowExecution.
i A\. Flow, the existed App flow
. foreach App; in Flow do
foreach item; in App;, do
read; //get value of item;

save; //save item;’ s semantics and value

1

2

3

4

5. end
6 get Appi+1 of Flow;

7 foreach item; in App:+, do

8 item correspondence;

9 inject item; mainly based on item storage;
10.  end

11.  get package and class information of App,:;
12.  construct Intent of Appii1;

13.  start Activity to launch App;

14.  if Appi+i is the last App of Flow then

15. break;
16.  end
17. end

5 App RHEFXR

VAL Bl T A T S A ST AR SR
7 — WS Android J5 G R L WA TR
10 Z B EH = NI T LA TS 00, 3k 6233 44l
% k5 (AppName, Date, Time, Location) . %f %
i 1 AL P R

(1) ol 25 B 3 X b 057 8 0 A7 b 132 4 0 AH
MIAFRZE, 0 Lab.Dorm 45 ;

(2) 3 4fg I [] - g5 & 3 19 B — S50 sk A iE b —
WA i %% 3l i 1T 5 10 S AL S CAppName,
Date, Time, LocationTag.LastApp) ;

(3) Fifi e I ][] B /I F° o — B E Az (R S0P IR
Ar=1m) [ 3% 223 3l AR TE 8 TR . a0 Appe —
Appr—App,— = —App,1. JLH Appo BT DL
s Appo App . 555 85 4k

Bk JAVA fi MATLAB R4 4 e 908 . 1847
F 2. 8GHz Intel CPU.12GB N 1#.64 fif Windows 8
R AE 2R G000 2 B PR L LU R B VR I 2R 5 L 5
=R A

SCGPEAN 8 bR R F SCHR L9 ] vb % 2 44 1] 5 1
— AL i R 25 nDCG V- 2 44 [0 3 ] ok i i &
e TN 25 R A A b A8 nDCG R Al i 45 R HF
Bt A X 8) L () R

ZI(Rec, capp;)
: 8

AverageRecall = C

1
; log, (p+1)
nDCG =" (9)
C|
Horp, G B A C H iy 5 — A~ 0038 1
I(Rec; « App ) PRELAEHERE SN F] Rec, fig H H L 45
App T, B 0. p KR App AEHELE I R 1)
He A B A i »DCG 24 0.

SIS HE T AN A DGR FRAE 1Y forecasting
U~ “forecasting M ", “nowcasting Fl” LA f
“forecasting Fl nowcasting 254 W ” pu i LT
HEFF top3 . top6 . top9 % Bl N Y LB 45 L L &) 14
s, 0] LLE H ¥ forecasting Fll nowcasting 285 & Y
TR 4 [ R (] 14 () A — AR 7 451 B A
i (B 14 (b)) S48 F HoAth Jy i, Horp P 1y 4 o] 22T
PLkF] 0.7 LA . 25 18R BET-HLAY 5t A Rp AR, A SOk
£ top6 S5 RN HI .

1.0 - - -

0.9% —e—forecasting without realtion

0.8F o forecasting

0.7F --- nowcasting
3 0.6 combining of nowcasting
S - —0- A
é 0.5F and forecasting

0.4r

0.3

021

0.1f

OO 3 6 9
top-k
(a) Recall

0.8 - - -

o7l 0.660.6 70'36—8- __.—%7 —e— forecasting without realtion

06k O-g’-()’_:_;jg—o—-%i().ég 0.68 - forecasting
5050 055 043046 048 |- nowf’as‘ing
<) Al g _o - combining of nowcasting
‘Q: 041 0.37.. ; 0.30.32 034 -~ and forecasting
So3p o3 027

0.2F

0.1

OO 2 4 6 8 10
top-k
(b) nDCG

B 14 o seu gk

6 HROIFR

AR CHE Android 7.1 - B E T N T H 8
PRI RE SR SRR R 40 £ X R 17 40t AL 3 S il AT
19F 5 - Jo 7% D 70 2 96 1 i RS RL

1 5 TR A 2 L[] 2 2 B M 2 2018 4F 11 H
12~15 H 1) ICSOC “FAR 2L 76 H & BN T %% -
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(D BIHFE 11 H 12 H Y F AR R
) H 53Nk

(2) A 1 oM 1T 1 B — V0 I, AHE RN
11 A 12 HL.BMERFE 11 H 15 H. BN R B &
Wb S LB NG 2 2 BT N

3) A WMEEET AN SE R

(D A 11 A 12~15 H AN A9 RGO

)BT 25 B I BT M5 B R 0L S 47
17 5] £ 1 57 v DAL Bt s 2 ).

NG IR TS T ELHET 9 A SR
FHOCHY R . L AR R AT AR AT K G R
AR ST IR 55 . e G A R LI 6 5
PEAEG IS FT IR 55 . 35 HA A R R K TR
PR AT il 55 AR KRN 2345 RRVIRHER R
JIR 55« * v 1t T 7 U4 A3 b P S AR 55 DA b 9 A5
=B %S LG B4, il APK 4
Frof a2 5 B IRAAEER g i s B &0 ATk
FEAbFEIE U AE B

2 P BT R R )R s R AT K
R N R I T KRR AE B B 15 i Stepl
JER T BAT KB T T P AL R IR
DINERE TN A= R i N
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