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Abstract Various networked objects or smart objects are embedded in physical world to transfer it into an intelligent
world, which increases the reasoning complexity based on the unified abstraction model framework. This paper presen-
ted a new method to represent such an intelligent world based on the knowledge reformulation and abstraction model
proposed by Saitta and Zucker. We automatically constructed three distinguishable and interrelated sub-models, i. e. , the
model of physical world, networked world and virtual world,according to the communicational ways of the compositive
entities by a perception reformulation process. The relationships between the three sub-models are constructed to make
them form an integrated model of the intelligent world. We focused on the formalized representation of the perception
reformulation and reasoning mechanism in this paper. We built practical intelligent worlds and set up diagnosis reaso-

ning experiments, showing that comparing to the knowledge reformulation and abstraction model, the reasoning process

of the proposed modeling method can limit malfunctions to one of the sub-models to reduce the diagnosis space.
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BN 103 Lk, PhEntity) —MYBETEREE—4
HHEEARBERTRENN S, AUE S EEHA  YSH
TAERHYERE AR ATEOIS , LE TSR N
BUANRE SE5H).

EN 2(MEA 3k, NWEntity)  #tA TSRS PUFT 8
BALERES (FR oy ML iR 8 Uy BB s e g S MR fh L %,
— AR g iE R — N E AR, AT L B S R SR L R
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X (ISR, VEntity) —A BT ERE 844
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AR ESE B RITERE.

EX 4L ZERE, NWConn)  — MBI LEE S —
ANSEAR G RS2k 45 fh SR AR R E B 0L S0 440 i ) 4% kiR
BHER M EER.

EN SO HEER, PhConn) W3 858 1 SL PRy bk
BCnBLk FIB S RN N,
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ML,
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3.1 BEXREA

MRHESCHR (4,10, 14], 8 X FEABRE A~ FHIoH, B
PriP= (PriOBJ, PriATT, PriBEHAV, PriCONN, PriOBS),
B PriOB] &S HEM R InW R SSAKEL, PriATT #5R%
LB MR R, PRBEHAV A E T T N IEE&E &, Pri-
CONN RLRARIBMEREXRLR, SHMRGRTUT

* PriOBJ={TYPE,; [ 1<i<IN}

» PriATT = { NWAtt. TYPE; - A} U {A;: TYPE, |
TYPE;. NWAuli]>A; » 1<K MY, A= {Dy | Type(Dy) =
NWDevice, 1<<k<T} | {Ds | Type (D) 7%= NWDevice, 1< k<<
T

¢ PriBEHAV={b: TYPE; X TYPEy X -+ —>(C, | 1<
k<S}

» PriCONN={r, & TYPE; X TYPE;, | 1<<h<R)

RT3 AT X4 R B B, EE AR PR
T —oaaBYE NWAR(RELBE) , BRERRMEL
el RGBT AR ML R4 258, Ret, & X
T TR B HEFAT A (RS RERE . EEARATRE
L RS EAR REEIT N RS EAMELE T
B SEARGHE— 35 58 R F SEAR I HAT R AT AL A .

VI 1 P et R T W 6, A RMEE 5 f
RIRIER A4, B light ., wire, nwswitch , environment . virtualser-
vice, BMEGAERA/MREEETER, B W Wi
A B B PriP = (PriOBJ, PriATT, PriBEHAV, Pri-
CONN, PriOBS) , B— AR F «

« PriOBJ] = {LIGHT, WIRE, NWSWITCH, ENV,
VIRSER}

s PriATT={NWAtt:PriOB]—{SWITCH,SENSOR,
ACTUATOR,RECEIVE, CONTROL, OPERATION} U ©,
PriObj Type: PriOBJ | PriOBJ, NWAu [i]— {light, wire,
nwswitch , env, virser, switch, sensor, actuator, receive, con-
trol s operation} , isNWDevice: PriOBJ. NWAu [i]— { yes,
no} s InType: PriOB]J | PriOBJ. NWAt[ i }—={signal,current,
pressuresdata} s OutType: PriOBJ | PriOBJ. NWAst{i]—
{ signal, current, pressure, data}, State;: NWSWITCH.
NWAGt[i]—>{open,closed} ,OP; NWSWITCH. NWAu[ i1~
{turnon,turnof f snull} sisEmpty: ENV—{yes,no}}

o PriBEHAV = { PriBlight: LIGHT ~> { ACax = Acin
Aoz = Oy } s PriBwire: WIRE —>{ Acuu = ACin 5 Afaw = A1y, } 5
PriBnwswitchg, : NWSWITCH — { NWAr (SWITCH) =
state(close)=> Acaw = ACir 3 AFaw = Arystate (open) = Aca, = Ac,
= —; Ari, = +}, PriBnwswitch, s NWSWITCH — { NWAt1t
(SENSOR) = SENSOR,..: = SENSOR,,, s SENSOR... =
SENSOR,; } » PriBswitch,: NWSWITCH — { NWA# (AC-
TUATOR) = {ACTUATOR,;, = turnon=>op (turnon); state



(close) s ACTUATOR,, = closed}; { ACTUATOR,;, = turnof f
=op(turnof f) ; state(open) ; ACTUATOR,, =open}}, PriB-
envs ENV— { If isEmpty (no), SENSOR,; = somebody; if
not  SENSOR,1 =nobody; } , PriBuirser, ; VIRSER—{ NWA#t
(RECEIVE)=RECEIVE,.,, =RECEIVE,, ; RECEIVEu:: =
RECEIVE,; }, PriBuvirser,: VIRSER — { NWAtt (OPERA-
TION)=>{OPERATION;,, = somebody N OPERATION,,; =
open=> OPERATION.1 = 1; OPERATION;: = nobody N\
OPERATION;: =closed=>OPERATION,.; =0} } , PriBuir-
ser. : VIRSER—{ NWAt(CONTROL)={CONTROL,, =1=>
CONTROL,, == turnon; CONTROL,, = 0=>CONTROL,; =
turnoff}}

« PriCONN= {connected=PriOBJ X PriOB]J }

FI R B AT IR R wire, light DL K R 48 4k T % (0 BRER

5 X B AEEEMNNEMNERTH., BRBRMRRNEX
FFIEERE AL PriSd.

» TablePriObj = ( PriObj, NWAtt, PriObjType, is-
NWDevice, InType,OutType,State,OP ,isEmpty)

» TableSubPriObj = ( PriObj , SubPriObj , Obj Type, is-
NWDevice, InType,OutType, State, OP)

» TableConnected= (PriObj, , PriObj;)

BARAME 1% 3 B3,

#£1 EFREGEPFHEARIREHBIE(TablePriOb))

PriObj NWAtt ObjType InType OutType  isEmpty

L 0 light { current, {current, N/A
pressure} pressure}

W, o wire {current, {current, N/A
pressure} pressure}

W, o wire {current, {current, N/A
pressure} pressure}

Wa o wire {current, {current, N/A
pressure} pressure}

E (] env signal signal yes
{current, {current,

NWSW {SW,S,A} nwswitch pressure, pressure, N/A
signal} signal, op}

vsS (R,0OP,C} virser {signal,data} {signal,data} N/A

R 2 TablePriObj RHMEII R NWAz BIEE DA HIXTR

(TableSubPriObj)
PriObj SubPriObj ObjType isNWDevice InType OutType State OP
NWSW SW  swich no lourrent, {eurrent, o na
pressure} pressure}
NWSW S sensor yes signal signal N/A  null
NWSW A actuator yes signal ¢ Slog:)al ' N/A  null
AA) R receive N/A signal data N/A N/A
Vs (0)34 operation N/A data data N/A N/A
A C control N/A data signal  N/A N/A

# 3 BANRZEEFKBEX R (TableConnected)

(IN) PriObj (OUT) PriObj (IN)PriObj  (QUT)PriObj
Wi L W3 NwWSwW
L W2 E NwWsw
We Other physical oy Vs
entities
Other physical Ws

entities

EABAOHEMBES TR R CERI10]. MK
EABAMAE 2 FiR.

B2 PriWhiEARRANIEERLMR

MNTFHR—TE SR BEENYELEES, BAK
HE XN NWAw & 08, T2 75 2R 4 AR O B i i o4
HTE FERERETETEIHRIBEEEAIRERX
%,

3.2 BuEfAER

EEABANER, AERBHA P BN ZERTRNT —4
BB RBX TARRZ BN R RFTHE. BTRIE
B2V REMEAERER 3 PMTROHERIR, B
HHERRBRANERLRR.

EHWEHA RefP E X H—A"HITLH, B RefP= (Re-
fOBJ,RefATT, RefBEHAV, RefREL, RefOBS), & /R 1
T

* RefOBJ = {( EntityCLS;, TYPE;) | EntityCLS; €
{ PhyEntity, NWEntity,VEntity} , 1<GU<N}

* RefATT= PriATT

* RefBEHAV = {b,: TYPE, | TYPE,. NWA#t[s] X
TYPE; | TYPE;. NWAu[t] X «+—C, | 1<<RS)

* RefREL={(ConnCLS, , 1) | ConnCLS, € { PhyConn,
NWConn, VConn §, r, @ TYPE, | TYPE,;. NWAn [i] X
TYPE; | TYPE;,. NWA[i],1<h<{R}

TR SR B o P TR R L) WA TR

D A BT IENEEH AT —EE
if NWAtt(A) =0, then EntityCLS(A) =PhyEntity;
if NWAtt(A)#Q

if (3E;€NWAtt(A) and isNWDevice(E;) =yes), then EntityCLS
(A)=NWEntity;

if (For every Ei € NWAtt(A),isNWDevice(E;)=N/A), then Enti-
tyCLS(A) = VEntity;

)% A M B BATEIRNE R R i mA Lk

if connected(A,B) and the relation between A and B is r
//ABIRIHS B R AMEE;
if OutType(A) and InType(B) are both physical quantity or physi-
cal operation,
then ConnCLS(r) =PhyConn;
else if OutType (A) and InType (B) are both signal quantity,
then ConnCLS(r)=NWConn;
Hean, 82 3 MR KT X AL T .
* PhyEntities:L,W,,W,,W;3,E;
« NWEntities: SW;
* VEntities : VS,
SR TR X«
» PhyConn.{(W,,L),(L,W,),(W,,Other physical en-
tities), ( Other physical entities, W3 ), (W3, NWSW),
(NWSW, W)}
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« NWConn: {(E, NWSW), ( NWSW, VS), (VS,
NWSW)};

» VConn; {(VS,Other virtual services)}.

BAEMS R AL TEARLEN PriS BB BIED
ZEMLERZIEXR, AT LUBBIIE 3 Bimfy 3 X
S HE SRR FHER .

gntities

virtual world
B3 PriWgi 3 MTRAH HEXBEN TR
BB A /8B KRV, B NWEntities il VEntities 1™

» W

physical world networked world

\

AL B M R X REOAT A, SEAK R T X 43 SR BR G FR T LA
BE—HE X,

» PhyConn:(W,,L),(L,W,),(W,,Other physical enti-
ties) , (Other physical entities, W3 ), (W3, NWSW., SW),
(NWSW. SW,W1),(NWSW. A, NWSW., SW);

* NWConn:(E, NWSW. S), (NWSW. A, NWSW. S),
(NWSW. S,VS. R),(VS. C,NWSW. A);

+ VConn : (VS.R,VS. OP),(VS. OP,VS. O), (VS, Oth-
er virtual services)

B 1 PoRRYE e A EME R H 3 T X M E
RELFREAEVH A, I 4 FTR .

-

physical

NWSW.A}— »[NWsWsF—~ 7

entities

~

physical world

R networked world

B4 Priw R TiRRR

3.3 XREMIR

SAFHAZE KX RBE L ENZ MR TEGE.
Xt F A SCH LB e Y B R AR SR Z B B R R R
A Ry, Rt R R Z B X RFRN R, , Yy
FOR L R 2 @K R FR N Ry, I 5 B7R .

ES5 PriWwHy 3 AN-FHAZEIKXRER
3NMRFZFEEREANT .
+ R : NWSW. A sends signal (the state of the NWSW.
SW,1. e. ,open or closed) to NWSW. S
* R, : NWSW. S sends sensor signal (the state of E and

the state of NWSW. SW it receives from NWSW., A) to VS.
R

* R; :VS. C sends control signal (turn on or turn off the
light) to NWSW, A

UEBEMBILXRIEN 3N TFTHRAZEBXKXR, H
AT AR AT 497 38 e 57 SR (R 02 READ R W IE R Y, 4R 1k
i 57 A S 2 TR ER R P 45 fh R HE Y » HE B 5 S A 2 | &R
R R HATE B2 B4 XTI LA Ry SR A — o i 2 ] LA i R SR VR 4R 1L
R HERRIT SRR RAE.

4 IWEDH

RAEUTELFARNLRAG, 2 TEERENYRN
SRR LB ETLRBEET 5 MEEHA. (InW,, In-
W, It W, Tt W, It Ws) , 354y AIHI T 218 KRA (RS
(KRAM, ,KRAM, ,KRAM; , KRAM, , KRAM; ) FI48 i it &
B E MR (M, , IneMy , IneM , [tM, , TeMG ), BOREAD
BRI TR, subMp . subMy 1 subMy , B8 7 H

o« 22 o

FACHE R AR UL R X RIS . MR R IR 4 T3,

F4 SANERHFRER

KRAHA EHwgs FHERARAHBHEE
KRAM; IntM; subMp/8 subMn/2 subMy/3

FHiER
IntW;

IntWz KRAM: IntMz subMp/12 subMN/5 subMy/5
IntW3 KRAM;3 IntM; subMp/7 subMN/3 subMv/5
IntWy KRAMy IntM; subMp/10 subMn/5 subMy/7
IntWs KRAM; IntMs subMp/8 subMn/5 subMy/3

RIS DI RE AT e 8 PR AR, 80T 7 R T R
MF ,1<G<<T, N E LT subMp . subMy . subMy . subMp U
subMy subMp U subMy . subMn U subMy , 85 subMp U subMy
UsubMy 1, ABAEREF T HESMRRESERITT 34
AR RARREUE, SR B2 51 BT KRA R 3 # A
TRELE. NTEM R PRERE R, ER 3
WHEES R EE, FoR R R R A, X FE
RhECEE, $HE 5 MR AP A R R R EE T
KRA BRI 2 Wi 22 A 5 T 3 MR R 12 B o AR5 17 i 1)
B EARME, 43 BHER Tiram 1 T, IR ZH G HOAE : Trna/
Trrav » R INE 6 Fin. WE 6 FH L EFERLT X FH#
WEThRE MF, MF, #0 MFy , 3&T 5 W8 B2 Wik 2% W B E] B
BT KRA B RIS Wi 7L SR Ad I 4 T 65265 x¢ T H e T Bk
MF,,MF; 1 MF;, B2 TEMHE RS H LR L ET
KRA BEIZ Wit A8/ T 83 % s X T e h g MF, , &
TEWEEISWITE SR AR ] B F KRA B EL2 B TE 2h 6 1E)
WA T 9500, Xt TFRIABBBERR, BT EMEEIS KL
Bt iE) 4 T KRA AW a1 74. 3%,

B6 FHELT 7 HEABNETFERERSEIRESET KRA
RERY LW 2 1K B4 S 1 e 6] 45 57
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3 HHEEIFSE TAEST T 250 . & 56, MAERSE /D T = |,
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