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This paper discusses the distributed query processing and distributed control in KBMS
PHI. PHI is an experimental distributed knowledge management system that efficiently handles
a large shared knowledge using the database technology. The kernel of PHI is a distributed
deductive database system.

A distributed query processing strategy is developed based on the distributed
relational database and the deductive database technologies. The paper describes this two
phase staging strategy that is an extension of the staging strategy proposed by the authores
to dinamically optimize query processing in the system connected by a broadcast-type local
area network. It also briefly discusses the distributed control in PHI such as the
communication management and transaction management.



d.igbsie

MBS B B WL, BWaSHIcH 458
MUMHEFSF— 9 R—2 (DB) X274, Hb,
DB Y 27 ARESWLHMBR— A SEER OB
RABEFHEIRTWE, HEN—XEREHICBITAE
MY LT, ARRMBR—ROFHEKH, LHEOS
HAL R BRI A D B

BHMRavyEaA—2 - oY b TR, IS
DFWHYEMICH T AHEN 1 2L LTHBED Bl
TR -2 X7 LPH DIFRET->TW
5, WEDBOEBAFREL LT, F—VE L BHRAK
aﬁﬂt%&%&%@%ﬁo:tm%ﬁb.ﬁ—yﬁ
FEREEICERL, 2OBREEERTTLILEL
S ORBOYRIEREFRANH S, PHL ZZDOHFR
PHBEL L, WEDBHETRETIMBAETERLE
BDBREFHRLTANBIHBNELLL% 5,

AR TP BT 5 R~V BRWSEIEH S 540
KEWAEORMA—FRE LT, 2RBRF—YY
ZWESSHFRERE TS, CoFRII[EHS] TH

HELAHREBREWSEREBAERLELOTH S,

39, 2ETPHI DY AFABRIZOWT, 3ETH
WS TS LCoBRBEERET 2500 BHIH
FRzonWT, 4ETHHMNWEGEONEHEICON
T, RiRlC S ETHREWSEREIZOWTHNR S,

2. PHIDY AT LK

PHI CRAHAMBET TORBEMBERN—RDOEHER
WO EHELLTEYD, TOVATLABRIIHE
L2 BREOEREMH2 L (PS) Eiz{lx oM
TR ZATLAERE LS BBOMEN XL AT A
Th A [FHES6] . Hx DMBEH S R F LIIEIRD B
PRELAHEBDBYERICERTL[EHS], 2.1
MICPHI OOPBEER, 2. 20 CPHI o0 SBRARIR % 5B X
2,

2.1 PHIOWME

PHI (3 BRMICIZ LIRS RICE Y A + &R 4
w7 —2 (LAN) THELHRLLS., &4 M
PSI THYH, #RLEHRAY T~ 273 HEWE
HEYLLSUET 2 B0 IBMHEDEETHIEL FHOLA
N (ICOT-LAN) [TAGUS4]TH 5. &9 4 MIARLTH
NHMBOBBENELSTRETHL LI, LBIZEL
THDTA L EDHPALLNEEFTI L LTHRTH
5,

HA T AR
@s1) ®sh)
I ] ICOT-LAN
PHi PHi PHi
(PSI) s (PSI)
11 PHIOPHEAGRE,

2. 2 PHI DR

PHI (2BITAMEMR 2R 2 2R CH487], &4
4 MIEEER IR RE, HHHEERUDBE
HE,PLA D, MEHEEBIL a4 Vi [BANC86] 12
HEISEVELORE LTV T AADMBEADM
WEEOEE, MBO—BELHMNT 5, HEEIHE
BHWDBIEISUBEER Y, 2—FiZH L TF—
» D@, 94 FEOD BO—HEEDH LR
$%. DBEHRRIZHT A ML 2BRD BOEH
2R, h—VHiN7 72 MY T 2EHRIED
BEIUY, A—&D7 77 bESE 1DOBGRIEHIG
8¢5, g4, V—ILICHYTEES (MBDB) X
BRDBOY 2 —DHIRICH D MBREHBETNET S,

PHI (2517 BBIVAE ML, &1 MELE X
DHA R BEE B MEA— RCH T BN E B
OV A R EBIALLH SRS Z L 2 AL LT
B, ZOXSHMEERRT LS, BATRIIAL



DA YHT 2= AL D VAT AR KIS LR
WEFS 70— LA — R - 2 A3 (GKEN) &,
P4 ML RS 4 L EBAL TS n—
BN — R - 2 A — Y % (LKBM) 2 BRI R T 5 .
CKBMIBIER 707 5 AZH IS LT ¥ X7 AR 1 D4
BaR, LBMZBVA¢CHAT 2 0BE/OV 4k
BIZ12ERENE, COEFNVIE[FHIIICEBITS
RSHF2L Y A=Y o () —F—b - Th—
v O EFNEFEEOA BT S &5 CHEEF
272bDTH5B,

!

SR

pites et GKBM
I (Global Knowledge Base Manager)

I PHI

[ ]
I |
SRS SRR
RS o el LKBM
D BEHR D BT (Local Knowledge
Base Manager)

(2 PHIOYREEMER

3. PHI2HIT55r8iHIMH

PII O BHMIZOVTARS , FETHN S EH
WHRE, ABLBICRTARENACAERFS b
CRAEL SNABRHERELT NS, RETILHBRH
MHEOEBIEOHT ) EEFE, ) F—5FE, (o
VSO IEE, ELT@MENT T L g VEH
ZoWTENR S,

3.1 GHEEHE

BV ATFATHEHBEZ2BEEEFRICOVWTRENX
3. HMYRFADBE, 4 NEOEE R HRLI

TIZEHBETHS, BED LA LEEOATIER
+H5THY, PHL CHWALAN TIIEHRBE S &0
BBl RET S, PHI 2BITS 4wy bV —2 DH{E
BRBE LTk 15t 1#1E, (b) 77— 7581, (O R
HEESDH 5, FWEBBIZZABRICHEL2BER
Anwbhs, RicEHBEBBOMAMERT,

(2) LKBMEA DR OEER, L L IR EOMFE S
SR 58 I,

(0) HEBRIV AR ORAT, [ &-E LB
MROMML LI A AR TS 2300,

OFFYFI7La VBB (RS F 2y a VOl

BT BV AT ARKADEIE.

3.2 F-r¥H

T4 FHDOF—F (HHK) OBMAR IOV
Rz, BEREDH EDBIHEKEBEROT A LK
WLUBEHEET I FRANH S, EERELLHEDE
BEF— S BO—BHOFBOME L RREL 228
L, FEHSBEBELLE, ZOBETLRy b7 —
7 OWE L ARBEEIC L D ERSBRBOBHE L R
THELWERETSELZWERDRS,

3.3 AhrureEn

BR7TY 5 Ah b Rl — 5 OMEEBME W
THXE, 2B AT L2 AT BRIIEF
— I MEREELL L LHATHRTHE - LisgS
Lo, SOBREHL, PH TRF L2 Y Ea—
FEIPDSNLAL Y - T4 b LB L2k
MEBAEEERLL, F4L2 MY EREOL—F
EREE Y RF AN Y A~ 1R BERS E DR IER
THE, FIUFEI Y a B, GRBMIZF 4 L 2
NUEBRL, 1-FEHAL 70— LR EELE
THTD, F4L 2 M VRRAREREERGS S L 2
RELTWEE, FEENIREL T2,



3.4 BT e ER
FmIR—ZADUBBTHENTF 272 a v DHy
BEHEAFAZMRE, BRTA MCELHB L%
G2 arEEHT 3 LTRIBEL T 2 0N FEKE
TR —A2 LD BEO—BHNRETH S, PH
I DFFRTIE, SHFEEEN - XA EHOERKHT ORI
FHRLGHEELTWE, #oThTUF 2y g VEH
FRIIPHT BHEAT LAy b~ 2 DBBEENMLT
TRBICEMIC LD Z e < Po+o4d e R
BILEHBLLTRDEIZHAERM LI, GKBM
BEIUFI7 e a YRR RIICHERT HREE
Hfiloy72BaLebiz, BYUTIHMREMML
TWBHTAL FEXNRELTNSI U2 a VilBIEYS
NV—T7%EBRTE. bIFI2La yRTHICIIWEH
LeBE#E7 oy 295, Chiigi272—Xn
v 2 HRZETNTNWG, g3 v P AL
[FlERCESSEPY 27 —-Xa3I vy b2
WERWBZ L E L,

4. G iy e

PHI OFIETIIRED BOMNEREWZDOLDOWY
E, ThEHNBBBETICHGS YR L W3 2o0HHE
HhHd, TNLENFHETh ZTh VB ORER 4
ATEDHREZFEBCH—ICRETT 2 2 L I3E
ThH-72, £ TP TIIH#D BlzBIT 23RN %4
BIWE BRI 4 2 MET L WEED BRI H T 5 K
srezrhenisy, RERBIZZThS2HET27 7
O—FERBLL. FETRIRLDENFICBITS
IR L T DRME, ZLTZhZhDFREERL
LMEEHAE LA Y2 F A ToMVE S0
Z2oWTikNR3%,

4. 1 HWF—IR—RABFERAF—Y V7R

SED BB AHWAYAEORERIZ, Bl

FA MNP BHEEDI L WAL ORBILTH
5, BEYA M B WETRAROERELE
L, COEBRIZ MIMEYRICAELBEL S 2
5, T, BFWEDETTA FRBEOETHAD
WREL TOBBROEEET A L RET L L FEH
L%,

ek Z DBEAICH LT3, BWlcEEDETIEF
LZDYA FERETEAUNANFRIZ L 2 H%
Tra—FHEfFhbhT Wiz, L LA 6EREN X
S I X D FE I R RET B X TdIEER
BIFWEE IR LREL RO FESRIRTE 2 LI3R
b7,

ZDAHPHL (251 548D B TIILAN O FIHE
HEZERL, MWatoRTRICRELEBE 2 RET
BB TNTY XLERFL, AF-Y AR E
RELA[EHHEHS]., ZOFATEYTA VETERLY
FEFMICNE 2 D D TIEL L, R/ HRADEA
(RAF—=2) RHHLTBEZDAF—VI2ETIM
HETD.

AF—=Y Yy 7HRATHE, TRVWEELHkE 120
7I7ERT, F/—FE2FRBEMTE/ —Rp
L1D2FOHMETE., CND1OD/—KEXF—VL
BE, COLELDDFRF—VERETIHERNOR
TFYHBEETIHEND L. COBARIIRLD
AF—VRTEOEFERF—SOKR (BR) 0%
TIEREL, AWEETREORB Y B LA
Db, COBB/) —FbL B ATF— V2 BEERAT—
VERE,

RF— Py VRBYER 1, OBWEEIEER
=ANTFA MHLTRTSNS, FO—HNT 1 b
BRAF—YATHYA FTUBTEZLDOPLERFT
5, HAEXT—Y DY L ORBIREHLE
LZEBIZOVWTHEEHYT LTS META v -V 2K
WL, AROERET M P ERRELLDSSNEE
D

4. 2 FERTF—IR—RAEZBIIRNTHAHEE

TRE VAT BRI T WS, BEOBIKH



WAYLELIEHEHTHY, £OREHFALEEDB
LREBICHS e HFTE S, MEMWAELETHE
ERBDIIHBREIVWAE 2 WA EHICAE T S
THhd., BHAFREWESEHE L TL, HBamE
FEFTIEHILTEY, ERTERAVWSECHL
ThH#EOPOFRPIREZ TV 5 [BANC8E] , FHIRME
WA EFRIZIER ATy 7R by 7Y R
DREHFHY, KFLT7 v 7HEBWTERWAEE
BMFEEEIERL, MEREOEF X D MnEtE
MBTBLEWIEBIH L, by Ty BN
FUEDEEEFVRBEL Y T VDARHETEL LW
IEBBH B,

PHI TRRIhLEHEZCRINLT v 7RONHEE
A LT R/NFE) S (LFP ) BEEOWRICE DHR
FWwgtd 0832, ZoFRATRE, BnwaEElaE
DEFBELCESWTHOP ORI NG EITHEL,
IRLDEHENECRTHBMRENEEETW, &
HWAFWERICIIEHRBRE, WHLLFP BREFDOH
XEFBAL, BREAWVEGEENET 2 [MIVAS6, JI4S8
7, BT, CHOXIHAFRERATLILICLD,
HROD BRI FEHICHATLIE LR LS.,

4. 3 HEBREET—IR—2ANEFN

AETITHRICARLHHDBLEMEDB L 24 L
T EIREBNEBERIZOWTHRNR 2, PHI £4ThfE

WA E FILIZOTWTIE[TIAEST]IC#E Lz,

WIEDBIZBWIARENIHEARRBEZDE L HE
DBIZBWIEFTLABEOBERNLEOBBENE >
TWwa, s, BRNLEBEROTA MeBwWTl
BENHEERETL L, A IWTHRRLHBMDB
OMBTRERBEHARL LTWEWDT, AR, A
—DBBRERVELOZATF v I CHEREERXS S L
WO RTTRLMBETD ZEWH VBT LN,
T, HREAVWEGEE2EZEL A NBRESLEICY
5, ZOREERTBELRRNDARDBTHORTFT—Y
7B TEREEFED LN,

PHI TREF—YEHILXLTRIWE SR, HEIRKR

THME, LG MRS HELIAKTET T 71
HEINWT, —BEHORAF-V 7 (R70uxF—Y
¥7) BV, ZDOZERHSATORERRRICH TS
BEBDRATF—V 7 (270RXF—=Y V7)) 2175
2BRATF—Yy7edh, CHOFREL270RT
=V rZEBWIHRNLEE 1 DORH L TEIL
CEDERERRLOVWABBMNICAHETE S, ER
FATHEHBRICAGTIRVBELAEBORTTA M %
BEL, BDRELZLELZ2WREIZA. 1R
FREFOWYA MR Z LV EEOURILETS .
COFRIZE D HEEED Bz B 2 HEMBIWS Y
MIERHBIYZT S LA TE S,

5. HExEWEANE

FETR2BERATF -V 7 FR0BMEENS,
PHI TRRMIWAY£39, EHRFL 1O0E LT
Ry e LTHRY, RTORE (v70X57—-Y) 2
MITBNHE, 2IaRTF—YrIEFS, COBER
7AATF—ZIcH LTHRRERAKREERL, ZoBRKRK
BliH LREORITRMEL (T 70x7—-Y) 24
TN, S7ORF-Yr7ETS, RIRICRAT—
CEIZARKBORTIEFLBMIcRELETT S,
UT2BBATF—Y 7/ nlMEdN5,

5.1 R70x5-vVr¥
RIAATF—=Y 7 TIIRERRI> I2HTH X7 —
VHEETD ., RIATF—VDEHREERLISRT,

(E#1] <w7zuxF—Y

HMEMR S IR ENLEKEI VIR, T3
LRERREZSURMVEEL VWL HRREE S
FRWEN ST 7R 1 OO/ —RICHBE S5
2Grkds, GrhDE /—KRE1DODTIORF
—JkT5,



k#2797 [WAESTHIAAD BRI — L b 5 REE
Bl (N Bip b iliF 4 REEAD) IKFHFRERTHE
W79 7THY, MEMRMEHE IR L& D WBEE
Do BN T I T THE, KIS T 7 EHREERS

NERLZ 77T, £/ - FIZHEERRENES,

YMED B BRI 5 I5 9 5 7838, JEEIRREE S X
T—=NonThipki->TEY, BEERMZE-T
BEROT A FICHET ZREEEOHAVH 5.
DOBECBELEZEHIATHRTF—IHH (2702
F—Yv ) PRELY b G.3WMBR) .

X, ZOLSMWAEFERAAL &3 20N,
RIORF-Y Y EHEATRE I IGridT N
—REHHR/—R1@EZLD, ShizdlTErzaR
F—Vy I HFb S, ZOBHE, BWEELEITy
BMDB TR LEAF—Y Y 7B 0 Z S HEAT
HEThHD.

-
—

2

1

5. TIVNRATF— Y DMBIRFDORE

2IARTF—Yr 7HROFVEEIZHLT, F27

NRAF—YORTMFLRET 5. ZOMMFOREIL,

#2702 F—CETOHBREDERI2ESWUT
3. BnEEEMEHATE (H38R) . p 1RV
p 2253 2 BRAED BHICHET 5 ERET
%,

7-q (A, taro).

qX, V) - p1X,Y).

X, Y} - r(X,7), p1(Z,Y).
r(XY) - p2(XY).

rX,Y) :~ p2(X,2), r(Z,Y).

M3 BWaEEH

AF=Yr 7 OMBE b7 I 7ER4ANL S %
Na, pl, p2BthEhe70uXF—YLi
2T W5, ZObsE 2 LRIHIMSENE (Y=taro) 254
plN, 2WTp 1(Ataro) & LT r NMEHET 50T
H87], f->TRINAF—~VORTGMFLLTp 1
>rREENS.,

r,

q

-
. A@

{p1(A, taro)} l
p2

B4 HIREHRRR G

5.3 SIZURAF—YrY

IR F—Y 75 M THERLT IO TF—
CEIRES, 37X F—Y U734 1T HE
FBRBHEICHTBRATF—Y V7 HEERLLT, &
NEERBRERIH LTRLARATF -V 7 TH
B, I/OURF—VEIIORAF—YVIOBRET
BEEATF—VDERLER2, 3LFRT. WEAT
—VOWSREFHAT AN, 120BRIEROWEHE
THAINZHADNB LR T HI2DTH S,

[EHF2] 370RTF-Y

5260 7BRARMIY LEEEZ 120D /—F
rL, 79 7%%RT5, TNDTF7ICHLE/ —F
Do 2FRBEBIESEOT5, 2L ENEREHDH
BHERIZTHOEWLDELED, ZOFFTIFINL
J=REIIu2F—Ytd5s (RK58R) .

/N

- T B
XD X K REAEE
// / R~U : (%
R S T U
FE5 Ionxs—u

[EHK3] BHEXT—Y
F—OBES*{HOIZ20RF—YDHT, 12DF
J—RERFETE/ —RBHLGHE, O/ —FEE



PRAAT-VET S (H6BH) .

—@

\X@
N
U

XD

T

Bl6 #E&EXF—H

F7QAF—Y 7 TEERIOAT—VATHOHN
FRBFNzH T 2RF—IHRETI, 70X TF—
VOHERBLEZEUHACBIOERMELRSTTS
T4 LOREFLBLL S, CHAELELET I
AF=YRBWC, ZhO6PBRAB2 S, &3
WP EOUTORACHIFITLET S,

(QBRLEZATHE

¢, vr7uAF—YIHET 5 RRAKER %
ERL, AF—YHHEFI, COLEF—YA M
FIL20BE 120/ —RICHBIETER S, KT,
BB LUREILEERERE<EGTSH, BRDE
LMEEFTIVA FERET S,

b)) BRBEEEILWHE

29, vruRF—YICHBT A RRAREES &
ARL, JoOBEBIH LA IRTHRRERAF -V
YITLRARDAT V72T, CHLER—YA
MCHILARBIZL SO/ — FIZHBRIETHERS.

5. 4 BRRRRDOEST

AF—=Y 7 NBRERSNIEWEEE, w70
AF=YDLNNTIE (LBIZIBLT) B8 RT
WREPHESR, IZ7axF—-YOLNLTIE, &Y
ELMBOETY A FBSRES R, BHmzRTIER
PHESRTWS, FLEBMZZ DR ->T2 70

AF—=YOEFHMETVEN S, ?70RATF—YH
TORRMREFILNET S, BRI 72T
—~VHETERSN, T70RF—VRTEFEN
5, EDRIURT—VRLEFLTRLIMNE, 5.3
WMTWEFST 6N LD ZOIFT, MFERO%L
WLOREMICRET S, REShIYZ70AT—Y
ANOERRRBFIDORFICONWTLTIR®ENRS,
£ OAF—-YATOBERRBENL, (o—
ANRTUTEELRE, Ot oAt LEE
THEE, C)EAAT-VARE, (OHEVELLE
WBRICHNSG, ChHBEWMBICHLTIInAF—Y
TRESNLIBEFTEFTLTRL, @)~ ) DHEIE
DWW, KBS L TEHN 2 REL, BIHERENE
YA NREBEDEFTHEOREEZ TV HLEWE
HEWNET S, (DOWEIZH L-UIFERIZETHA
FS 3D ATF— LSy I BWTHREINT WA S,
CETREDT T IETVWEEFTEFS, (A ~()
BRIEZRTEICEFTENRS,

() 2 — A NRITTHLZREIGEEREL L <28y
AFARHALL2HERETH S, ZOHER O A
FEBRLLS ENRTETD .

M4 FLoRMELEETLIEREI()DEEAR
F=YOBRELRE, 294 NIV L 2HERT
Ho, FIZE, 294 rBDY a4 VIREF DS,
D/EFEID2H A4 MHBEWZEY A FAOBERDY
AXEETML ZOBBICLVBERERTYA b, T
HERRETSH,

(VEART—VOBEFRFZE 3V Mcd 5%
220EBB 1 2ERELLPORITTERAETDH
5. ZOBHEE3IYA VEATLELBREHRE ML,
ZORRICEIVRARTIA FERET S, ZOHE
Rz & 2 ERERO BRI R RO AT R,
LLKB IS MEEDE LTI ABRRROELH)
Ry TES.



6. BHLYNEC

PDBAFES— 2L 25 LPHI THREHD 2B F
=YY FERICE B HBEWEENBIZOWTBR L,
2RBATF—Y 7 FRTIE, h—rBRWgE i
THEKFI I INRIaATF—V vy, BRI 0
AT =YRDEFTMFDORE, £2 70 AF—YHD
BRRBEMeH T IZzurs—Y 7, RUBIGR
HADOBRRITICL D iS¢ 2 0Es 3,
FHERERAVWLZLIZLD, EEEWAEORND 1
DTHHHIRREO N 2 HRBRB T L <
T LBHHFETES,

SHBAFTRAOWREFTIL L LI, oFRED
H#zFwWAFROFHE, RU%ERFATLTET
H5b,

[ZF 3R]

[BANC86] : Bancilbon, F., Ramakrishnan,R. : An
Amateur’s Introduction to Recursive
Query Processing Strategies, ACM
SIGMOD, pp. 16-52 (1986)

[MIYA86] : Miyazaki, N., et. al : Compiling Horn
Clause Queries in Deductive
Databases:A Horn Clause
Transformation Approach, ICOT
Technical Report TR-183 (1986)

[TAGU84] : A. Taguchi et.al:INI:Internal Network
in the ICOT Programming Laboratory
and Its Future, ICCC, Sydney,

Australia, October (1984)

L (FTAL - KBMS PHI (1) : 5 BRI A — 2 & 2
TLDY AT LWERFN, HHROEREE
320 (FARMGIEEF) £EA%, 2M-5
(1986)

D FIA: I - KBMS PHI, fR4RIAIRE %34

(EBf62sE ERIH) 2EK£,
3K-5~9 (1987)

[} #86]

(F14:87]

[E%86)

(= 0%87]

(& H86]

: B WEfh : KBMS PHIQ2) : W& 57— & Ok

Y 5 —FF, HHILEFEEE
(BAelEEmY) 2EK%,
2M-6 (1986)

B, P BRT - RX-RZBITAH

#9118 /NA 8, 1COT Technical Report
(1987)

: S 0 KBMS PRI (3) : 4 HUHIER A — 2§ 1

Fah, HHAEELR32E (A6 1FEBEw
) £EKX£, 2M-7 (1986)



