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A Formal Model and a Design of Inference Engine for
Context—-Aware Mobile Computing

Moon Kwon Kim' - Soo Dong Kim'™

ABSTRACT

Context-aware mobile computing has become the primary approach to realize automatic, autonomous, and user-centric computing in the
context of largely increasing the amount of mobile devices used that embed available sensors. However, designing an inference engine
nonetheless requires the tasks of analyzing contexts, situations that can be inferred, etc. Moreover, a mobile device has limited resources
and limited computation capability, which results in recognizing the common sense of its unsuitable environment for processing inference.
Hence, we propose context-situation reasoning elements and their formal models in this paper, and we verify the formal models’
applicability by applying them to an example. Finally, we design and implement an inference engine that realize the context-situation
inference elements in computing environment, and we experiment an example by using the proposed inference engine to verify applicability

and reusability of the inference engine.
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Fig. 1. Process of Context-Situation Inference
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Fig. 2. Graph Representation of Context-related Elements
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Table 1. Specification of Transportation Mode Example
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Fig. 7. Architecture of InfEngine

KIPS Tr. Software and Data Eng.



246 HEM2ISI=FX/AZE0 2 CIOIE S 2@ M4=(2013 4)

pr—

% CONTEXT READER

Salect tranarmitesaon wary
Select Period

Input Directly
The unit s Milsecon and & value should be
mete than 500

Nime: BMAT50 3-axn Accokiomuter
Type: 1 .
Vendor: Bash
s C 4
| Power: 0.2
Rmhms 015328120
Timestamp: 1134322352000
Valuss:
= (3405087 e T
1] = -0.10896278
| = 10410566
(St 7o [REEGRG Eiocnea Tun RO

{b) Main Activity

Select Sefﬁil'lﬂ Time 1 mrraste >

Input Directly »
Tha unfl is *Second” and 1he vatus of 0 moans
uriimitet sensing

Select Sensors

Salect $ensors whasa datn will be transmitted
10 SRV,

(a) Setting Activity
Fig. 8. Context Monitor Agent

FE 829 #BES} FE 7]
o F8 5 o3 2ok
o AEAE g|AH] (CTX Receiver): HEAE HUE °ﬂ°|

AEQ AY2E AE77 A48 AY2EE P} A

£e AdrEy) o HAE2EES I 45, 01

ZAE2E FAFE qA Ze AE2ER 33l HY

2E dyAe) Al A%t
e A 2E vy (CTX Manager): ZE2E g]AJH7}

& AY2EE FAY2E Ao AGsn AYE U

AEES g0l 59 Ad2E #E 7|15¢ 4t

AL2E A2 E B AHAEE AYAE AL

of A#=7] o]l ?H"Tﬂl'%l"ﬂ AAgg ol dA A

gree] FHAHA AT ﬂ‘ﬂ'oi FE2E YA

AA PHY2EE ﬂe—'lﬁ.‘-f-. A7 A ko 7|A 5%

g4 53 AFgch
o 213 oA (SIT Manager): 52 =vlols} #Adsl 8

849 A8y Agrcg pedoh ALgAdels 33

BE (SMODE)$t %% (SIT)el F7}, 4, A4€ +

k. AgREE oy FEE JFES sy F 4

g2 oy sl £¥ 4§ oo
et wel ofuA (SCMM Manager): 283 #Ag|~EZE

8 oy BAE = AF-AE2E Y 29

(SCMM)E #e g}, F AHEAE oud 33e A%

g oy AYzed oPF F Uk FE FAHAA o

o) 2dg 7|wto R 3¢ HoJEHE APt
e A48 %87] (SIT Inferrer): 4&-AH2E wjg RdS

7oz oll§ AHAES AYor FEH} 5 4%

2271 INF %58 A&sd, INF &5E AHA7L

Ague Ag-Ad2E o)y wde JPY, FE Lug

Z %228 Ad2eg JYs9, AgA7 4EF 245

& 53 H2E AHAEE Ao FE5 FE A

& AHgAbol Al kg g

58 AEsE InfEngine A

InfEnginee- DEAE #e|, 43 #e, vy 24 3,
& HXE F9 7 %% GUIZ A&7 f18) g BE
& xgdch
o e 2E 7}A3 = (CTX Visualizer): £E 71418}

EHTe =4, ¥4 59 e °]—r°{ ﬁi‘c e

EE 9] 2D 2=, 3D 2= £ 5 o] gl A

o] A Yol = 9l& HeE 7 sEhe Eqtolt),

e 32 g4 ¥ 4 (Element Manager): A€ AE 43
A¥gre A-Ad2E oy 2d Fo FE 8459
#e & GUIR AFshs =0t

e FE Ag X3 (INF Tester): F& 45 H2ESE=
EFolth FE 84 ) SEFoA FEo ALSE A
Re Ag-Ad2E o3y vd FE HYAEE M9
il F8 Ag EpoA 8 gauFy F& 430 4
go] Me&E st FE Aol g BurME
& + 9l
-rk- ol 71 3} "?E-‘l"E E‘-IFH ol HEE %-SH ﬂ‘ﬂi‘-E.
FE 84 #e, 78 H2EE Fsle F& #74 2

ojF, F& ﬁﬁﬂﬂl"]‘ﬁ“ﬂ"ﬂ A FEE ﬂ’éﬁ}l

A3 4%& L8 5 Sl FE o EAoldE o
{J" 2ES T3

2 34 $%7] (INF Caller): InfEngine®] A7} Jﬂl%"

1"_ & ¥ APIZ 553 988 93dh §

g g5 3EVE= FEo s ﬂ%ﬂﬂl"]"ﬂ"“"ﬂ

InfEngine?] 52 APl %% 98] & du=F 4%

rE Ag-Ad2E oy 2d I, FEY dH2E

58 AEoF g,

e 43k W] (SIT Builder): F& o&#H ol elA
InfEnginedl 2%& F7H¢ + Stk 4% dd7t
InfEngine A o] APIE T&3dlo] 713 48] BA|gt
A A% e 2 FE A 23 dyATL
28 Ao 23F 42E FY olF F7HE 4
g B4 A EFNE & dod AT 4% 2
29 |y 2dg F7hste] 29 AHEE F Sk

e 3] wel W (SCMM Builder): 7433l oigh 4H3-71d
2E )Y RES F7} = FAHE 5 Aok 54 A4
2EE v 2dd F7t Fo2H JAE FH2ER o
Pt AG-Ad2E ujg 2do dojHrt FHEHZE
4 glon EA A% EHse A JY2EE 1Y
pdo] F7bele AL FE9 AF}E F7HE o]tk
InfEnginedl = A8 2E, A% HA%RE 43-FAH2E

3 pd So 22 948 $edy] 98 o BEE]

ZA 3} ol2jd FB R4EL HFW IAAM JEH

(Realize)3}7] $13) Fig. 99} o] A & A,
Zzaor2 o7 9d CM, CTX, SIT, SMODE,

SCMM 59 228 E&8%ch & Sd2: 3% 29

o 2Eas AN} 4L FAEAS F W= CM

& A"rE ZHAE, 22 CTX: HAH2EE, &

SITe Agte Zd2 SMODE:E 48 R=g i

-'.'-'- riru i 11_

o do e o

% 3



HHAE QIX| 2Ht HAREE 25 FHI2Y 2 FE AAH 4H 247

User
email Group
pw . name
name
auth
™M
CTX
Device device e
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Ve value CTX_TYPE
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SMODE SIT SCMM
name * | name sit
sit parent ctx

Fig. 9. Object Model of InfEngine
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9 922 FEHAS F, Diango7t AF ks Hlo|E o]
2 F713F (ORM; 2A) A i)l €8 Django 29 &
e 7o g doleue]x HolE 2 #A Hol&e]
A s 3 el

Table 314 Z2EEQ] InfEnginec] | F3dH= AP
URL #€d, HTTP GET ¥4} 18, HTTP Post &4 ¥,
Z9of dis) 4.

ztzbo] API®] URL #€ls} HTTP GET #4] o] &
TEH2 (Regular Expression) 2.2 X &A= gt ol &
B FolAM caxdde AY2EQ] ID, smodelds 2% R=
ID, semmld: 33-AE2E o)) nde D, sitlde 43
IDE v} F, ctxld® 2% S22 CTXS 5718150}
Sl dleleso]~ HolEolAe] 7|27 (Primary Key)&
o|nl&tn smodeld, scmmld, sitld A o9} SAMa}A T
de HolEo 7170tk Fig. 1004 EZ2EES]
InfEngine®] GUIE RoFv GUIY Egso U&=
SMODE List, CTX List, CM List, CTX Chart® 2}z
SMODE #|2E HTML 35 APL CTX #~E HTML §
5 APL, CM #£E HTML &5 APl CTX #E HTML
85 APIE AHg-3to] FA U,

Z2EEY] InfEngine FEL T2 93 g
FE ¢YFEE AFsE Pythone 714 st gojng
291 scikit-learn[13]1& AHE8 & ZR2 BB InfEngine
o] 48 FE7|0M F2 2452 scikit-learno] ©lo]E &
2o gbAl A FAEAL scikit-learn®] APIE 3%}

Table 2. Description of Class Attributes

Class Attribute Description
device An ID of a device that gathered the context measurement
type A type of context measurement (type € CM_TYPE)
time Time when the context measurement is gathered by the device
M . The value of the gathered context measurement
i In the case of acceleration, the form of the value is 3-dimensional vector, <x, y, 2>,
CMLTYFE A’IELS@: l?itciﬂmsﬂmrﬁgefmtfm. Orientation, etc.
type A type of context (type € CTX_TYPE)
CTX cm A set of context measurements
crxryee | A E;:cgm;oxr:u:owss of Sequential, Relational, and Complex.
— name The name of the situation
parent The parenet situation of the situation (An abstract situation)
— name The name of the situation mode (Domain name)
sit A set of situations included in the situation mode
Seafi sit A situation that the situation-context mapping model represents
ctx A set of contexts mapped to the situation

KIPS Tr. Software and Data Eng.



248 FEMCED=EXNN/LZEAN H

CIOIE &3 M2 Xl4=(2013. 4)

Table 3. APls of Prototype InfEngine

API Name URL Pattern and GET Input

POST Input (JSON) Output

Transmitting CMs “ctxmarn/send A set of CMs to be stored
; i ; A set of CMs included in
Browsing CTX ctxman/retrieve/( ?P<ctxId>\d+) the CTX
{sitName: SIT name to be
Adding SIT “sitman/add/(?P<smodeld>\d+) added, parentSit: parent SIT
name)
; - : A set of SITs included in
Browsing SMODEs sitman/retrieve/(?P<smodeld>\d+) the SMODE
ladd: CTX list to be added,
Updating SCMM “semmman/update/(?P<scmmld>\d+) remove: CTX list to be
removed)
Parameters of INF function .
. i A set of SITs inferred
Inferring SITs “ctxreasoner/infer/(?7P<smodeld>\d+) (CTX for inferring, INF with p:obabilisty
algorithm, etc.)
Acquiring HTHML R y oL HTML document for
document fqr a render/smodeList$ SMODE list
SMODE List
Acquiriig: HTML HTML document f
document for a CTX “render/ctxList/(?P<sitld>\d+)$ e X
: CTX list
List
Acquiring HIML HTML document for CM
document for a CM | “render/cmList/(?P<ctxId>\d+)$ e o
List

Acquiring HTML

document for a CTX “render/ctxChart/(7P<ctxId>\d+)$

HTML document for

o|o|w|o|n|slu|n
olelel|ele|e|e|e
BlE(BYIB S8

;! CTX chart
Chart
InfEngine [#of simai 2) Infer |
SMODE List CTX List
ke
Gesture 1|0 20
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Triangle
Squere.

12
13
14
15
16

CM List

Value Time

(-0.5701118111610413,
3 845070860064331,
-8. 7@1%

17
18
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3.845070860064331,
-5.7435102462768555]

145068021 18000

s|ele|e|e|e|e|e|e]|el:
IR|BIBIBI=|2|S|=(

10

[-5.53078556080791,
1.9225144386201504,

14597032484000

Fig. 10. GUI of Prototype InfEngine

53 InfEngineg ol&%t F& HH

&/% %2 9% (Hand Gesture Recognition): 2w}
tufo] 28 Fe €02 Uy 2L AdUe 9, 7
&% (Acceleration) AEAEE 7|Wtog Fi 4%2
zzdry &/% §2 A FE 82EF& Table 4%
2

&% B4 JAE 9% FEFF YAE o] FEO
HMME o] 8319 ctxE SMODEy; o =3¢ 4% F 3
Uz F3de AL ougd. 4%-#A€2E vy 24
A%, mapSetol E£&E o7 #AH2EE (Training CTXs)
2 FAHSE SCMME FEFs FEE Ud2zE
(Testing CTX), ctx= Fig. 113} 2t}
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Table 4. Specification of Hand Gesture Recognition Example

Element

Formal Representation of Element

Inference Function

INF(HMM, SMODEy;, mapSet, cts, 1)

Situation Mode

SMODEyg = {SIT¢iycter SITrriangter SITsquare}

A Set of Situation-Context Mapping Models

mapSet = [SCMMan»u, SCM MTrl‘aﬂg!ev SCMMSQHare]

Training Data (Training CTXs)
SCMM gz

Test Data (Testing CTX)
Expected Result: STy,

Log Likelihood Probability:
-926.807471

Log Likelihood Probability :
-910.633597

Log Likelihood Probability:
-486.278608

Fig. 11. Experiment of Hand Gesture Recognition Example
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