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Abstract

Context-aware computing systems require real-time context reasoning process for context awareness. Context
reasoning can be done by comparing input information from sensors with knowledge-base within system. This method
is identical with it of rule-based systems. In this paper, we propose hardware rule-based system architecture which
can process context reasoning in real-time. Compared to previous architecture, hardware rule-based system
architecture can reduce the number of constraints on rule representations and combinations of condition terms in rules.
The modified content addressable memory, crossbar switch network and pre-processing module are used for reducing
constraints. Using SystemC for description can provide easy modification of system configuration later.
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Fig. 1. Overview of real-time rule based system
architecture.
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Rule 1
IF «<OK-response>
THEN reset abnormal-pulse-rate flag
reset abnormal-temperature flag
reset OK-respense flag
| Rule 2
i IF <abnormal-pulse-rate» AND <abnormal-temperature>
| THEN set abnormal-state flag
ask the master “How do you feel?”
set event-time-1
Rule 3
IF <blood-pressure = upper-normal-pressure>
THEN set abnormal-blood-pressure flag
prepare hypertensive drug
Rule 4
IF <wait-respense> AND <clock-time — event-time-1 2 specified-time-1>
THEN set abmormal-state flag
reset wait-response flag

a9 2. 48" B9 JdaA.
Fig. 2. Example of rules.

input buffer7t A4 2 A2= AAE Sd8iA FoiAE B
EARE $4 AR F WEe 2AF HE A4 PPMs
£ gt A4 8 2 WM 223 HolgE 7123t
a9 29 EES A% HaME AMERNY WEke AR
2 ALgale] §Ee] 2R AMZRE FoAAY, AAR
2 Aa" AHAHIE Alz=® 27|38 Al ARHDG &
input buffers] dlolElE X A-ujo]2~ © WMA AHEE 7
% attributert 2AEEY] S A% v7bE dlojg ol
ol 9 Bo] b Fo] FE Huhy,

If A AND B then Action

o7|M A, BE 99 attributed = 3, 919 I3 294
g} o] ol dite] AR F% gt} ¢ 'W 1Y 29
Rule 4914 A¥ <wait-response>2 K44 272 947
? @Y attribute® YENWZ B  <clock-time -
event-time-1 > specified-time-1>2A] input buffere]
A4 diolHE 7Xx Axke 33 Adoloh v x4
o8 FAEE wiZelrt 5709 contentsE olFolA U,
Zt contentd] A= 179 £48 VEMIUHE $o 22 v}
S5 o] z|A-Hle|x vEed] AFHE BEHoT Jeld £
Ak

Address 0 1 2 3 4
Content A B dc d'c d'c

714 0, 1, 2, 3, 4= 2} contentell #oig F4 Fhola, d'c
= 9 EoyEe 2 94X £4& S LHSo 7Rz 9
A @ee Yehit E o0gd 2 BEo B

If A AND E AND C then Action
& g} o] A 4-wolx Wxo] AgA,

Address 0 1 2 3
Content A d'c C d'c E

asd WME $1¢F 2o 5719 contents® F4HY 4 ¢
2o &4 E-wlo)xe] A 2 oA Alxdle] o
2 E 7ASH g ddE Ad¥E CAMS Akl 93
A B9 WHE vfHo] 7MeF BE AA-wolxE FAH &



nx
=

F gtk olg} ol A A-wo] At WME T48t7] 8lA
+ input buffero]l AFE UL diolE]E9] 1ol L35t
g}, o] CSN# PPME E3) o]Fo] A} ojg} o] x]2]-
olxg FAJFoRA o]RFoF x|A-Hlojre] BE E
2} WMete] HlwE 3hte] |4k slojd ol F=8)o] 75
st}

23 WMe} E9 |LHS ¢elad

A A 2 ¥y oAS Astd WM £9 LHS
o B3 gmgd-S a2 o) v WMl Z+ content”}
m-bitsol'd A~N7HA 9] MZOE classE 71AE WMo

220

25e a9 33 2] 28 € 5 Aok

% Class A Class B Class N

i Attribute Attribute Attribute | ... Attribute Attribute

! Value Value Value | ... Value Value
———

m bits

% 3. WM =4,
Fig. 3. The form of working memory.

Class A Class B Class N
Attribute | Attribute § Attribute | ..., Attribute | Attribute
Value / Value / Vatue / Value / Value /
Variable Variable Variable | 777 Variable Variable
[————
mm Lits
l 1 0] l 0] l ¢] ‘ 0O l 1 o] I 1 l 0 I
EENCE Wy 28 RN RS

a8 4. W4E ¥ee E9 LHS 4.
Fig. 4. The form of rule’s LHS.

a9 4L £9] LHSY ¥4E 7M1 gl dua oy 2
2 ¥fos AZH dolgo W4 oF Wfo TH W
o J4E FEYE 4 Aut 224AA = Te] E9
LHSE FA43tE contentsy® 1 ezl WMt 2tk WM
contents® ¥¥ 715 AL attribute B oA EH 7}
T 2AEY 4 A9 B T F vk o9 & ur
o2 HE oAE A8 WM B-83} o|Fo] A" 44|
o]z TAL 2% A A CAM Alold] Ex9] sl=9o] 2
o] glolx Ak & AA-dlo|xg FA3HE CAMo] WM
o} Z} content® A =#HAAE A M vigldo] 5]
A #& B AAd 258 WEH e vjA shesith o
714 BB oA 5 £EE5& o]& variable binding block®. 2
A ol HF ufd 72 A doh ¥d Es v
o 7S 0]F9 HolA =3t

2.4 M3 E Crossbar Switch Network

CSN2 T4 2~94s B3l 52 U¥9E8 /e =
=3 JHANAE AFE F e VEHYZ T4 ol
cH10]. st=do} E-wlo]x Al2~® LR ME CSNE A
3ta] input buffer2%E WMe contents® A" dlo]E
ol A% 2 20E9 2FE T da 2AE A 9
th o]z o] E-wlolx AlxaHle) Ag FAH U Eo| FAol

A

I
ot
re
=
filo
i
e
o
n
30

J0f E-#l0|A AlARol P

T o

2 249 CSNY| 293 dAo wAgtoz AF2¢ 4
o A 4 g 2HF9 FAo| slestA @t B
TZ% EA4 multi-point switchinge] 7Fs3t22
buffer2 -8 dlole] #R] Al ~AEH Atg &
. CSN Abell 928} PPMs& Z759 |4 Ay
g 4= ol UFo ALURA ¥HRe] A8 T4
ol drto] Jhestng AA E-wlo]x A]A
HE T2 AN SN gEEe AT 22 A

A

Lo o6

—
=
—

pu

off o > my -y
to lo to > 30
A T
o % 3

&

Fre- Pre- Pre
Crossbar Switch N k by i P i Pr
Madule Mudule Maodule

|
LI
L ]

Working Memory

28} 5, Crossbar switch network® T4,
Fig. 5. The crossbar switch network organization.

o] PPMs9| Aite] £F FAE 95t CSN2 294 A
Al dAitel 2HE MHIE input signale]l FHEE} o]
CSNet PPMse] 4t =288 AlZHS PPME) 749} AlAbs o]
oF 3t ZAFEY gl Y&k FUMHd CSN ¥
PPMse] A7 zpdo] Ha vl wide cped 2 At
Mold 429] A4bo] Jhei)

Nmber of Condition terms ]
Nmber of Pre— Processing Modules

& 59 100709 =AF3 30709 PPMs7t dvhd, & 4
8lo] CSN ~9iAnto g RE 24F9] dabe] 7hgsith 1
4 5% st=dlo] E-wlo|2 ol CSNo| A &4 HEgojrh

No. of cycles= |

25 HEH CAMe =

E-lo]2 Ajxagle]l A A-Ho|~E AT W ALEHE=
W 2g] tulo] 22 A CAMY A& Eo oA Ao &
T AE AFE F Aok A CAMY H$ key
register® Fo] 9489 dA FEE maskings & 4 Al
2tH11]. ©] masking 7152 YHCZ Fojx|E BE bitd
AH wiEde] BE content$} ¥IWEA] ¢Fal masking®
bitTHE v Zisolt) & Yo Folzl AHF A
By Adx&x e oA bitE: AEstA 3ok s
B =Rl A3 CAM2 ¢] masking 71%5°] /g4 o
Hhzol L9l tpEx)

71 olfE= WM contentsell= 32 4 i attribute
9 24F59 ditel A7 AR o) AN E2
o) % attribute @ ZAFEE B% 7HA 1 FAEE Aol oy
gl dEure zdste] ke 28 etk od
CAMSZE Fdg A A-wojzof] A= o] CAME] ¥
o7 E0]0F WMQ contentsS FolA A4S mjy o
& ¢ 5 9le Y attribute ¥ ZAZEHS vlw &= Ao



HX ® XsA2HEE =FX 2004, Vol. 14, No. 5

Word 1 [Xu | L Ky | (K | [Kin ]

o Ty
Ki Ki Kim

woeti | K2 [Ra ] [(Rim |
Km Ky J Kom

Wt ]
(]
Bit1 Bitj Bitk Bitm

a7 6. Aty CAM] 2
Fig. 6. The modified form of CAM

dasich ol s ¥ 69 Zol dwrEd CAMAIA
masking register] 7i%°] #d¥ FEE masking
register?] 71%¢ 3 23& ZF memory celld] 2443 +
A, a7 69 CAM2 23 4 71s%
SystemC ver. 20 ZEZ FAHO 1 7% ¥ 23 A
%9 F=& 89 7Mssidch

=
=

26 st=¢o] = J|ute W4 uiold 7Y

E-Mo]la A2Rlg AT &Ao HEar] olalE oF
E 2 A8 ANzro] =2]7] giEolih olx AA A3 A7+
9] 90% AEE AAsE wjA dide] o FP A,
(90%%F 7FF B2 F8& 5 uigS A Q4o A%
"HoH4]) oo B =FdAMe uA da F A3 22 3}
Az W vy AHE A7 =do] 2 vuke] 7Y
£ A¢tit). 7]&9] RETES 28 daz|Fol axzoez
W4 uRIgS 94 VIS Aoy, ¥ uige &
Aof wal dalgo] M ELEH o F7ME § Y& ol A
KATHS).

Class A Class B Class N
Amrbute | Auribute § Attribute | Awgibute | Attribute
Working Memwry Content
red yellow geen | .. gay white
Class A [Class B Class N
Aurbute | Atrbute | Amrdute | L Awribute | Atribute
Rule’s LHS
red Xo D¢ N Y0 white
Varisble X Variable Y
X3 empty Y3 empty
X2 | ewply Y2 | emply Not Match {
X1 green Yi empty
X0 yellow Y0 a3y

a8 7. WS welde) o - 1
Fig. 7. Example of variable binding process -1

AT ol& SHE 9 F=do] TRE AUz
A @ vl o) Aol ol A Fm A4 =Y A=
do] d3dd i nAHez AAED £ Aok IY 7AA, T
d WMt A 4-djo] 2ol AZE E9 Rgo|l a¥F I
9, EolM X0, X1& 19 49 22 Y g3 xHeE
Foltt. stEdo] FoA W BIgE 3 7I¥e 4
EPE & e 4 dsuit E oA o2 857 A2 R

590

&8 7@ e CAME 73 J& Atk 12E 2339
£9 A 3ty & W] WgE Ao CAM F%d 1
] 9121 712 ¢ itk olv variable binding block&
ol Wprh debd AAe] WM content® € W] W
7 AX S A FH BAME F, 7 W CAMY
FLE content”t £ YEAES HJEA @k B a7 7
I e A, W X9 X0, X19 content”} A2 th
B2 0¥ 74 ¥99 €2 ¥ AkIGS AHsiA €k o
g HFHos FERT FFoE F74E 5 oA I

Class A Class B Class N
Atribute | Attribute § Attrbute | ... Attribute | Attribute
‘Working Memory Cantent
red Feen geen | ... gay gray
Class A iClass B Class N
Asrbute | Atrbute | Attribute | .. Astribute | Attribute
Rule’s LHS
red X0 X1 . Y0 be)
Varisble X Varisble Y
X3 emply Y3 emply
x2 emply Y2 empty Match ¢
X1 green Y1 gray
X0 zeen Yo Jay

3% 8. W wllgde o - 2
Fig. 8. Example of variable binding process - 2

a9 8& ¥4 X9 Yo Z contentoll FYF 3HEo] x4
o glermz W4 uRlgo] AFstd o] mjAY Ag-olth

27 5944

Conflict resolution block2 ©|d Gl AAE £=27F
A AP F &L e BEo|t) o] conflict reso-
lutiong s Aoz thokst o] itk dwrdow
o2 e WA Eo] HEHedH, BE o550 2~37)
AEE FAlC HEAZIeH4]

(1) AgendacllAx R ¥HA 73L& M3,

(2) Condition®] 7} 7}¢ B2 1&g Adich

(3) 7H¥ Ho) ¥R objectst BHAA FHL M=)

@ 71 & 499 73 E Agd,

(5) o}A Mo|ZFoN HAE FHL agendacl F715HA &
ok

(6) BYT =49 73] 3} ol wE dejz HeFicl

$loll dAZ 671x9] AHo] sl=gojder E FTE
7FsEu, B =RdAe A @), 571 Jed studol s
A HLse) ole FEe 93 4 Evitt $HAEAE
H857] g vy olde 43 §5E A + Jde
dxo 71eH 23L& At E3 conflict resolution
blocke 23lc] AR Eo] WM &L WSl & A
- Ho]HE 32E ITZMAME RURA &3 AF input
bufferell HIsld wiolele] dlolEr}t sp53ict o]aA
gozx I2E ZZAAG Holg] ALo g AT onF=
g 7#A4A4E = 9tk



Al
=

3. AlZ2alol4d & Z3

2 EFAA A AlA"ge 2F6A AFE A A
Hl2~ 288 9% 56709 37 Q4 7453 E-Hlolx Al
Hogol HLS EXHoZ AAFHIYCH A=
SystemC ver. 209} behavioral A7 718§ AM&slg o,
SystemC A A AF3e= AlEHlA 719E ALE3t]
2 B 3FE #EsaTh AME IF=+  SysnopsysAtel
System CompilierE AH&-3le] =2 &4 7153 HDL 2=
2 AAEe] FHgxE glo]H#d technologyol A#glo|
27 A o] 7Msslty. B3 SystemCe #9H A A do) 23)
o) sl defulg] X WAge T opekdt 79 3
=90 F2E AT F stk AEE A ALgE T2
100 ¥=9] input bufferst 50 Y =29 WM, 4719 PPMs 1
23 2.8kB2] A|2]-dlo]~ vRz|2 HAHUY dddHz
A AgHolAE B 1 T3 RolEE FUsh dhte
£ wiAEA dgsted dele A AolFe s F 1

3} 2,

=
e

E 1. 279 2 J2Y QN Hol2
Table 1. Measured processing cycles for each path

Processing path #lt)efqgcis
From input buffer to WM 3
From WM to knowledge-base 1
From knowledge-base to variable binding (avrg.) b
From conflict resolution to input buffer (avrg.) 5
Total (avrg.)14

B 19 ok AAF S=del TEE S0MHze) A=
29 @7elN B2 AT FEHeZ o) % 3500,000
slo] 32 FAY 5 Yk HIS IR BrE ZAA )
dole 14 918 SHAI} DHHXNRE FAA L, WA
e oms|Est 2ol 95 AN A dlolE Wl elalA
ga 7HEere, of A AL MNZREe] 4 Holg
of ANztem viea & 9de Al S=eh @ & ok

pu.

4.

I}

=2
[

L

Ly

=Rl e AEH Auja 2R HLE context
-aware computing A28 FHE £HOE A7 E-H
ol Alxdle] FHedojF FZE A%sINt =AY AE
old Azl dlofeElof st 43 Q4L S ZEY 9
AA diolEE HAAzte g Hested &) gle A
&£x7} 7Fego] =AY £3 MY Feje) CAMY
CSNe] Agog 7|&Eo FZoA EAA HW 9 =4
29 FRA Y Ae aHdoz Ed F UL T2E
Z2AMeE dxe] ALUY PPMsE Fol 89 FUE9
At A £2F FPAHT AA"g T2 SystemC ver.
208 Este] dAlEe] 5 Alzde] W3 9 #go] §o
A=Y

Al

4

bl

(o

2l

zt

AS fIE StEfO] E-HiolA AlAHS Fx

2o g s

[11 GD. Abowd, AK. Dey "Towards a Better Under

-standing of Context and Context-Awareness” Proc.

1st Int'l Symp. Handheld and Ubiquitous Computing

(HUC 99), Lecture Notes in Computer Science, no

1707 Springer-Verlag, Germany, pp. 304-307, 1999.

Abowd, G.D.; Ebling, M., Hung, G.; Hui Lej

Gellersen, H.-W. “Context-aware computing”

Pervasive Computing, IEEE , Volume: 1 , Issue: 3 ,

July-Sept. pp. 22-23, 2002.

Munoz, M.A.; Rodriguez, M.; Favela, ], Mar

-tinez-Garcia, Al; Gonzalez, V.M. “Context-aware

mobile communication in hospitals” Computer |,

Volume: 36 , Issue: 9 , Sept. pp. 38-46, 2003,

[4] Joseph Giarratano, Gary Riley "EXPERT SYSTEM
Principles and Programming”, PWS-KENT
Publishing Company pp. 501-532, 1989.

[5] P. Kogge, J. Oldfield, M. Brule, and C. Stormon,
"VLSI and rule-based systems,” in VLSI for
Artificial Intelligence, J. G. Delgado-Frias and W.
R. Moore, Eds. Norwell, MA: Kluwer pp. 95-108,
1989.

[6] Pratibha and P.Dasiewicz, "A CAM Based Archi
—tecture for Production System Matching”, reprinted
in VLSI for Aurtificial Intelligence and Neural

Networks, edited by J.G. Delgado-Frias and W.R.
Moore, Plenum Press pp. 57-66, 1991.

[7]1 Dou, C. "A highly-parallel match architecture for Al
production systems using application—specific asso—
ciative matching processors”, Application—Specific
Array Processors, Proceeding, International
Conference pp. 180-183, 1993.

[8] CL. Forgy, "RETE : A Fast Algorithm for the
Many Pattern/Many Object Pattern Match Problem”,
Artificial Intelligence vol. 19 pp. 17-37, 1982.

[O] Mostafa M. Aref, Mohammed A. Tayyib,
“Lana-Match Algorithm: A Parallel Version of the
Rete~Match Algorithm.”, Parallel Computing vol. 24.
pp. 763-775, 1998.

[10] Kai Hwang "Advanced Computer Architecture :
Parallelism, Scalability, Programmability”,
McGRAW -HILL pp. 329-402, 1993.

[11] M. Morris Mano "Computer System Archite -cture
3rd edn”, Prentice Hall pp. 456-768, 1997.

{2]

(3]

591



x| d XsMNLHES =2 2004, Vol. 14, No. 5

X XA 74

0l 5 2(Seung Wook Lee)

20004 : AT@diEn A71Ax 2 AFE
FEE 29

2002 : AeEdigta gy ArjHR
2 AFE I A}

20023 ~#A . AEAdste gisky Azt
A7 AF wAlEA

TR ¢ AeA 2" A zE A2d23]
Phone : 031-290-7173

Fax : 031-290-7173

E-mail : swlee@ece.skku.ac.kr

| Z e} (Jong Tae Kim)
19824 : AFBUEn AR =9

1987'3 : University of California, Irvine,
Electrical Engineering A}
1992\ : University of California, Irvine,

Electrical and
Engineering ¥}
1993@ : The Aerospace Corp. US.A,
Member of technical staff.
1996\ : AENEw AFE TG AURAL
19959~ @A : AaddEdn FRFd FEE i

Computer

ALk A28 A 2dey
Phone : 031-290-7130

Fax 1 031-290-7179

E-mail : jtkim@yurim.skku.ac.kr

#£371(Bong Ki Sohn)
1998y : Mgdigte WAt 4.
20004 : SEugw ikl AxMALHE
A4}
200008 ~dA © FEuE gk HAA
A

F B do|AE Axzd J|ASE, AZEES A"
Phone : 043-264-2263

Fax @ (43-273-2265
E-mail : dobest@aicore.chungbuk.ac.kr

592

o} 2% (Keon Myung Lee)

1990 : KAIST HAbsta} shap

1992 : KAIST #A4kstag A}

1995 : KAIST A%ksha} uka}

1995~1996 : =2 INSA de Lyon,
Post-Doc

1996~ @A) FESE A7) AAAFY
FEE Rus

AR} : AAGE, doly shold, 2TE PFY, Yuu

¢l BEAHRE

Phone : 043-261-2263

Fax 1 043-273-2265

E-mail : kmlee@cbucc.chungbuk.ac.kr

ZZS(Jun Dong Cho)

198949 : Polytechnic Univ.ollA] s}
AA}

19939 : Northwestern Univ. o4 A7)
A28} ukal

19963 64€ : IEEE Senior Member

19953~ & A . Aot JEFA

TR m

2T AT
B FoF . Low Power SoC/CAD, SDR
Phone : 031-290-7127
Fax : 031-290-7191

E-mail : jdchoi@skku.ac.kr

0| x} @ (Jee Hyung Lee)

19939 : #FHET|Ed HAiksta EA)
1995 : $=x3r|Ed Asky A
19999 : A Er]ed Pitsta 9kt
20023 : SRI International, International
Fellow
20023 ~dA - AT FUEE ARFNFT
SR =z s

b fha el il | LA o
BARE: HAOE ¥ 58, ASAAY, ApAnA

Phone : 031-290-7154
Fax : 031-290-7211
E-mail : jhlee@ece.skku.ac.kr

HA S (Jae Wook Jeon)

1984 @ Agigta HAAFE £

1986 : Medistw gy Mx}E sty

A2}
1990 : Purdue University, Ph.D
199013 ~ 19943 : g AR S A H
AdA+4

19943~ @A : Aoddiga JREA
SR wg

ARl 2RFE, WY A2" FARFE

Phone : 031-290-7129

Fax : 031-290-7231

E-mail : jwjeon@yurim.skku.ac.kr




