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Description of Active Database Systems Using Process Algebras
- Isao KOJIMA Yoshinao ISOBE Kazuhito OHMAKI

Information Base Section, Electrotechincal Laboratory

Abstract
This paper presents the approach for active databases using process algebras. Data

models for active databases are required to support dynamic aspects of databases such as
events and update propagations. Process algebras like CCS are suitable for these appli-
cation. Several equalities defined on the algrebra can be used for the consiétensy checking
on active databases. Also, process algebra will be useful as programming language for

describing the mechanism of active databases.

Keywords: Active databases, Process Algebra, Equality/Confluence, Consistency checking
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1)
Event: update exchange-rate
Condition:  new value I= old value

Action:  display new-value

2)
Event : update exhange-rate
Condition: currency ="$" &
new value <116
Action: buy $10000 from account
3)

Event: buy$
Condition: balance <0

Action :  If balance < 0 then report warning

B 1: 7274 77— ~N— 2D

3. C-AV— ViR (8] &, TOEBD
BB, L, OnXo X ) ICHRMIZA Ry b
FLRT & 5 & ) BAEAT R SN WBER (9] A°
Hbo

e Ariel :  Starburst F#. 5247 priority
DIRENTE 50—l ARL 50 [13],
T DIADERMZEEE. BEFoy 17
o TEEoTV 2,

¢ Ode: CH+R—RADF—sR—27UF5
IVIEEFEOH+H T = VR IIA T2 D,
FIUFZVay, VUH, AR L OBSE:
F0 [16, 17]e

o XKBRELETOH I a -V AFL: K
EERE, 7042 a v VWY AFL%%E
DEF2REWEDF— 5 2 FIBT B L 10
WLIZDDOIMOENT WD, & i, BEELED
DIV FUTIEDELBOETFTEFTEI LS %
LOTHD, BEFIFFT—F_R—RIIKMENT
Va1l YAFLAOMKLEECA 7—%572
FrR>HEVERIN TR,

112 b Exodus Rule System[12], Alert 3 &
7 & [14]. ADAM Y A7 4 [15] Z EatmbhTw
%o
2.2 FPUFT1ITF-ENR-ZADEK

INEOMRICBITS, STEELMELIET LD
ELRDEHITD (1],

o F—REFILCHTIER

TIFATP—IR—ADI=DDOF—F EFN
JSEBEHEICIE,. KO ERSELLN
%,

1. 1 X2 FOF {17, 21]

V=N hkBETBA N N OREL ED
WEAEBRTEDZILEND S, 41X
BREROF— I R—ATRHEHHEDLN
Lol BETHY, THRIZMEBEETL,
7V VEMEVORT— Y EFN
OEHIWHL L THRMOMEL 2o Tw
%o

2. TH. REEBOEL
—RIZEHIC L D75 N— A DIRELE
fLofwii, EELBIROMNRE LTa
BRTEY., HFLOWRIKIThbRTY
5 [18,19, 200 72 F 4 TF—FR—2
Tt V= VIREIC X TS & F SR
D =5 R— 2 DRBEEC DR R %4k
WHRARTRTHY, XS 2%
BCELERET/EFNVTHHLEN
Hb,o

¢ VATL T—FFUF 4 IIWTHIEKR

TIFATFP—FR—AYRAF A, RT3
EHEEART — & N— RN R RIT DL BB
TAXY P OFER TR ) 720z, kDT R
THERRE 22RO &) RERN DS [4, 13,
23Jo

1. EFEFLOXE
ARV FOBRBPRV— VOO FNE
wolis, HEDODBMSTIEESATY
BVWEFTFA D XA OHENLEROL
ENd s,

2. 25T a-yrg
REML NV VRBIIERER SV H
7avRBTCLHIDOT, XFIHOH
WP—F R~ 2 NBEEHT H7-DDX
FIa—) Y IFEMLETHL,

3. EMMEDIREE
FRAEVBRBEICV—-VEIERTE 20T,
FIYF I a v ORITHFELVERE
A DEIDPORIETIRE X = X AM
‘;Z‘%’C‘&)éo



3 FPUF4TF—aR=ZADT
O+ XRHF770—-F

CCS. = -calculus & o7z 7ot ALE [24, 25]
i, T AOEHEORER L KO- DIlHveR
LEBERTHY, 77574 7T~ RXR—ADFREAD
BEELTEZBE, ROXS BRI H 5,

1. WHMERIRIES £ BRICIRA 3,

FZEEFICE 2REEBRIRELHACTY
ERTEBH, TOEARBICL BT TO—F
. REICEAH0ICERT, REOBB* 3%
BT A B E Vol lAH b, £/, 2T
FLIARY POBVIZLBELPTWEEZ
S (-

2. e U5 ANEMEOHE. REEOHEHS
?%60
FIHEIEL ONV—NVEBE, 70FFA6LT
W GBR TR, —EBEEOBIRRTFE T 58
B L2 WREREDEL S B, ERICIECH
SR T ¥y va VLERROESEREM 2
EOBESIZL o TR LTW A, 7atAf
ISR & ) R HEOREOHE X BIR
WITRABILNTE D,

3. 7AJSICIDERTHH 3,
75 7 RREERE & v o e HER O EH T AN
HEODOBAL R, REEHIED
BWOT, TREHFE2HEVTV-VEERER
PWETAEAS TV a—FORAETBT LI L
MHTELHTKRELBHTHL, —F. O
BOBFELTHETH 5,

SITRIETCCSEMELT, Ukank) 2tk
HERBT 5o

3.1 CCS &xDHR

CCS[24, 1] 1. B2 &) %M L #rkE o T
2,

KT, TOLETW L DA OEHEROI D OHE
PHELTEY ., S iliofziie R8N 2
PRENTVWS, FIZIE H3DL) %, HEE/H
WEOMBMEREBEEIC L BHMER Y 2y M
IAEREEID LT B, TRPNHEoTZD 2D
@ CCS ST ANMICEMTH S T LR IR TY
%o

UK mic
inaction 0

prefix a.E
summation El +E2
composition EIE2
restriction (L E\L
relabelling Ef]

2.3 SR

Act taE-a—E

Sum (i)El-a—~E',P-E1+Ez-a-—rE’,+Ez

i ‘Ea_a-)Elz"El'FEl_a'—'El"'Ev?
&i))Ex —a— E;i—EdE,—a-*E’.lEz’
(i) B2 - & = By & ErlBa — o = Eil B
(i) By —1 = BiA B, ~T1— B}
F BB -7 BB
E—-a— E’A(G,EQL) :
FE\L-a— E\L
Rel E—a— B F B[]~ f(e) = B

Comm

Res

Con P——cr—*P'I‘\(Ad:dP.)"A’a_'A,

B 2: CCS i & Hrk

REEBH (L)

consume consume

AMYRvh (&5

B 3: &R, HEEOME



(1)
50 ¥ 451
51 % 4.52+75.50
s2 4 F.s2
(2)
c ¥ ac
c ¢ 5o

PC—8YSTEM € (Clsync/b]|Clsync/a])\sync

PC — SY STEM |produce/a, consume/b)

4 CCSIL&d. 7951475 —%
N—ZDHF W

EC, ZoLH i fioT, 1) FYubankl
TORTIFA4TF~FR~R, 2) ArTa-FkL
TOT I F4TF—FR~2AD, FNEFNROTERIZZ
DEH BT ARBASERTEDIPE ) PER D,

SFY, 1) MEONV—NEERLIBEI. F
NLOHESERERIZ Lo T—E LA ET
XKoahank, 2) YAFLOEHERREABRLTAY
Va—5 L LTELVWEEZEHT 5T &AW, L
;KON TERET B, CCSHETRAEDE TS
BT HEDLLARELROTC, URoMlidELLiche
o Tz,

4.1 HyTYLd - F— FOFEW

TSa bk aVvlLREROBIE LT, V- VEOh v S
VY7 E-VYORBEITE e Iy SV TE-FE
¥, ECA V— @ Event,Condition,Action &%8
SFOFIE FOFBRFRE 2200 U F I aryo
EHRMRE LTS X200 TH D,

Bl Z AL OB & 5% { B0 RITE OBIR%E 2
DL UF I ayOMREEL. COHEAEDYE
FHiZw L oh0@IRB A5 X TRHRAZEFHRETE S L
L, BFERRERELTYS, HIPACOH v
TV UT - 2—F[3] TR, RO L) LEEISRES
nTwb,

1. immediate FUZLED T v HF o vy
7S5 a vl LTHINS V2
a WL TERICITR ),

2. deffered B+ 5 Y2 aroa3 v b
WY 75 o¥r v arkrETT S,

1) immediate

triggered-operation

event-signal  ——=(Q) e-0-t — commit

2) deffered

triggered-operation

event-signal  ~=()—e e-0-t —___.\___commit

3) de-coupled

b-o-t - triggered-operation —= ¢ot « commit

/

event-signal

\ o e-0-t commit

B4 Ay TYYT - E—F

3. de-coupled HUHY M7 ¥ Tavis
KD T F 22 ar b LTEITT 5,

ChICE ), FIAREIICEIMOLEENKRE
W= VB ONFE DML IRET AT ETREE &2
B, ITETE NI V¥ v a v OoBRSHERR 40
£ h B, : ‘

ST, Ihi CCS LB RITHE L, B5
HRAR LA E Y 2 L /AL RS D) DL S
&60 o

EBONV—WEZDE) Z—Vxzy VEHWT
RT3 e, BHETELRAEONE, ¥CT, Hv T
Yy SE-FRESLLEMNS VI a v ORIT—H
DOMFBFEERET 2. CCS DB TH ShidR
#éhf‘l‘ét%i&ﬂ%o .

F7z, 2 (immediate) % 3 (deffered) 2k » T
BEEINII~TVzV VOBERDXD ZHEND
%n )

1. AMMZEMICAV SR TWS commit A8
# (restrict) STV, SHBD LEBMETE L
Vi, TOZEIE, commit i EAF V-
WFIZ BV B PHREIMEP S RA 2w L%
RLTWA, W—VAEIZ BT 5 HEIRES &
I PIZOVTIE, VL DIDT T —F Pt
H5[B]H. 0L i EES & THRE
Lizh, #ifcE 2,



Agent:
A0 event. Al
A1 operation. ok . commit.A0 + op.nok.abort.A0 ...

Controller:
1) de-coupled
Cdc='A [update/event, opl, ..... } | A[update/event.op2...
2) immediate
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3) deffered
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| Afcommitl/event, op2, ..., commit2])
\ {commit1,commit2}
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(Transaction Manager)
™S event(list). TM’
TM’= Commii(list).TM+abori(listy TM

(Condition Evaluator) mrgRe+sz
(Rule Manager)

def
RM=(TMItrig/commit,] | TM [trig/event])\ trig
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RM [transaction-signal/event, condition-signal/commit]
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specification PC-SYSTEM[produceconsume]:  noexit

behavior
hide sync In
Cell[produce,sync]! {sync]! Cell[sync,consume]}
where
process Cellfinput,output]: noexit:=
input;output;Cell{input,output]
endproc
endspec
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specification PC-SYSTEMI[produce,consume]: noexit

type State
sort State
op s0,s1,;52;-> State
Op -eq-:State ,State -> Bool

Is boolean

eqns 50 eq s0 = true; s0 eq sl = false;
»
endtype
or FSMi[prod 1(s0)
where

process FSM[produce,consume](s:State): noexit:=
[s eq s0] -> produce; FSM[produce,consume](sl) N

[J[seqsil-> FSM{pr
{] (produce;FSM(produce, consume]( )
(s eq s2] -> ;FSM [pr 1(s1)
endproc
endspec
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