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Unification in A Knowledge Base Machine

L,
RN
i

Hzaruo Yokota, Smigekt Shiboyama, Nobuvesn Mivazaly,
Takeo Kakuea, Kunio Muraka=i
Institute for New Generztion Computer Teckaslegy (1COT)

1. Introductjon

It is impaortant for the knowledge information
processing system to manage large amounts knowledge
efficiently. When we implement such a system using
a logic prosramming languoge based en Frolog,
callections of Horn-clauses can  be viewed as a kind
of knowledge. I the volume of knowledge exceeds
the capacity of mzin memeory, the current version of
Prolog processor cannot handle the lead. We must
consider how o deal with knowledge by using the
secondary memary effectively,

Horn-clauses are classified into three types: unit
clanses without variables, unit clauses with varizbles,
and pon-unit clavses 1. It is known that a unic
clause without wvariables bears a8  one-lo-one
correspondence o 2 wple in o relational database.
We plan to construct a knowledze base machine as an
erhanced relational! database machine, We are now
developing relational database machine Delta which
manipulates streams between the hierarchical memory
svstern and  the relational darabase enpine. The
knowledze base maching then handles Horn-clavses by
manipelating the streams,

We have presented 2 draft for putting thres
types of Horn-clauses into the kaowledge base ina
wple siyle Il In erder to retrieve all types of
clawses, we proposed  wsing the unifization command
as o knowledpe base operation; it i treated os an
enhanced relational alzebra command. In this paper,
we further investigate that approach.

2. Scheme for Siorine Hora-clause

We group clauses by name and arty (number
of arguments) of their positive literal. Each group
forms a table, The name of the positive literal in the
grouped clauses becomes the name of the table. A
tuple in the table corresponds to @ clause and has a
pnumber of attributes. Clause arguments arc convertad
to attributes on a one-to-one  basis,  Two  speoial
attributes are provided for the bodies of clauses and
for the most general unifiers genernted by the
unification commands. If 8 clause has no  body, the
earrasponding anribute is empty.

Example 1: We use the DEC-10 Prolog syntax here,
If there are four clauses, such as:

plabe,12).

plefz22).

plhii Xy = qkim XL Y e ()

PO, YLILY = g M)sntkim 2,200, ¥ A= 2.

the ollowing toble, named p, is formed.

argl i argl ! bedy of clause | mest peneral un.iﬁ:r!
abe | 12 B i i b !
efg |22 . | -
Ri | X | a@emXIeYy { . i
PoY] 1l | gXbent(klm Z 2T | *

When a query P-gAJ2) is made, the. knowledge
base machine searches for unifiable tuples and
generates the most general unifiers for the clauses
found, as follows:

wgl [arg? | bedy of clause | mos: general unifier
abe 12 . 1A fabe]
kii by qilklm, XY 0rY 14 thif120X)

From the latter takle, one answer, A=ahe is

cbtainsd and 2 mew guery, F-gffdim 2l Yie(YL is

ereated. []
3. Arcument Farms

An argument of a Prolog-clovse is formed by
either an atom, & wvariable, or a structure, We
dissinguish each type using tags. An atom is merely
a character string with a tag. A wariable can be
represented using a  sequential number with a tag
Since the current version of Prolog doss mot  support
global variables, a variable 15 wsed to relate the
argument to other arguments in the clause,

The Prolog processar  does not place  etrustures
in the some location at which orpuments are stored,
There are pointers to  indicate the location at which
the structures are actually stored. It s for this
reason  that strectures are  tregted  dynamically in
Prolog. For insiance, a variable can be unified with
any kind of structure



Eowever, when vaiinak.e ciavses are ssarcked for,
fnstaniizticn fs not necessary, It 3s only needed 1o
verify whether ths variabizss are unmifizhis with the
sorusture, Adorezover, if we use sireams 1o reirisve
clavses, pointers ars naot sehiable,  Thes, I the
knowledze base maching, strucisres may be placed m
the samsz locmion =t which the erivments are siored.

Structures are representec by funcior name, argument
Motice that
variable-lenpth records must be supperted for storing

eount, and a list of the argumenis

sirucliures.

Ezxamgle 2: Arguments appearing in Example 1 are
represented as foillows:

alom:
ahe =3 la abr
rind =r 2127 |
variable:
x oo |y d
Slruciure:
[kim, %] =»ai. 12ialum s b 2 iv sl

12
Y1 ex s l2lvrr Fslizdelzlai]
i

siiklmZZ) => 5 51 03 aikim v 1 v 1

Here, [a,b] stands for -{4..{‘;:.!1)}-. il
+. Dperational Flow

When o knowledpe base query, which 15 a Prolog
pesl sequence, is made, one goal is selesied Trom the
sequence and unifiable ¢lavees are searched Far in the
table hiaving the sams name a3 the poal. A new poual
segquence can be created from  cach unifiabie  clause
and the most general vnilizr Tor tha clause,

If a wendiat

sequonce to winch the

te clavss hes no body, the r25 of the
rel unmiiier hoy been
applied becomes o new gool seguence. Ohierwise, 1o,
il e vnifiable claose has a body, the most geoeral
wnifier is applied to bosk e body and the rest of
the sequence, A concstenaiion of these two instanees
becomes gne of the new goal ssquences. Empriness
of the new goal sequence indicates that ons of the

answers to the guery hos been ohimped.

Concurrently obtaining  an entire  mew  goal
sequences for  the guery implies  the use of

OR-parallelism, However, Merthe: new goal sequences
must be generated concersently for exch obtained
goal sequence.  The number of pozls that must be
kandled concurrently  dncreases  rapidly, This
phenomenon is called OR-paraliclism explosion.

There are three 1ypes of opimization for
sequentially generating new poal sequences. First, we
allow processes o be invoked in the inference

call processes, which
Conzeguently,  we

machanism, espesislly recursive
cezess anmiy  main
partiion knowledze inio two  tyvpes, according to s
valime asd eontemis Small guenpires of itzranive
knowledzs are put imia the infersnce mechaniim
Large guaniidies of kaowledge are stored in the
knpwlades bage meshaniem., To take thiz approoch,
some imterface berween the inference mechanism 2nd
knowledpe base mechanism is nesded. In [2] we
propose a deferred evaluation method for interfacing
Prolog with relational databases.  We can improvs
these two
without massive modifications.

Cnamory.

this method to interfoce mechanisms

Second, we can  proup processes that access the
same tatle. A head literal in the bedy of the
erifiable clause indizates a table that will be accessed
in the next stage. We can ecllect clauses thar have
the same head literal in each body by going through
the clavse-body attribute of the unifiable clauses table
being szarched.

Las:, we can control the arder of clause
sclection according to the literal count in  the clause
body, The length of the body often indicates the
complexity of the resolution process when the process
-ines Mol contain & recursive  cafl. The count of the
nezative [iterals ean be wsed as o kind of evnluation
funcrion for prioriry contrel. A unifiable clause thar
kag 2 shorter body iz invoked prier to those having
longer bodies.

. Conelusion

We have presented a method that stores anwv type
of Horn-clagses in the knowledge bose,  We hove
shown that atome, varizbles and  stroctures  ean be
hamdled by the knowledge bose. It 1s didficult to
implement OR-parallelism in the knowledge base
mechaniem. For seguential  execution, wse  hawe
propoeed thees types of optimization,
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ICOT's Relabtionzl databaze pachine (Delta)
has adopied an attribute-bazed detabase schema
for storing relations in  secondary storage
devices (poving=head-disha]. The reas=ons W
selected the attribute=based schema are;  a)

predefined accesc paths are net sveilable, bl

UnRECASEARY  ACCESEEL te disk should  be

minigized, and ¢) tuples are ‘erpected to be

sepecmed evenly. In this paper, wa will

investigate the properties associated with this

aohena,

o 1 - by -
The differences beiween attribute-based

schezmas and tuple-bazed schemas are as follows:

(1) Tuple reconstruction time; atiribute-based
schezas muest  reconstruckt corresponding
attpibutes Cfor output or tuple-oriented
operations such &= union with duplicate
elimination.

{2) External storzge aeecess ecost (both
lateney tioe and deta
time): tuple-baced schezas must
extrez (unnecessary) attributes
rot used in the guery.

{31} Clustering of tuplesSfatiributes:
-] nu=her of methods
tuplesdatiributes in elustérs and provide
apeesn bo then, This iz closely related to
kow symmetrically the acceszs methods ezn
kandle the gttributes of & relation.

{4) Space efficicncy: an attribute-based schema
vzuzlly requiren tuple-identiliers (tids)

seel
tranafer
poesEs
in tuples

there are
af BLering

e indicate Euple relaticnanips BRonE
ztiributos. This reguires  additional
starige.

{5} Temporary rolation representatlon: in &
tuple-bazed senema, uzurlly, Leeporary
relations must actually be made. With a&an
attribute~bazed schema, tezporary relations
exist in ecncept only; however, efficient
internal representation ol topparary

relations is possible.

_1:1! sterins
In Delta, we have cnosen an atiribute-based

acheza with  two-level clustering [1).  An
example of this elustering if shown in Fig. 1.
This =zchema is devized to match the reguirements

for a database pachine wuzed within a leogie
progreezing research envirgonment. In
perticular, the syenetrlical attribute 2cc2ss

property L3 thowpght to be essential. Im Prolog,
a representative lopie prograsming language,
facts (unit elauses with no variables) directly
correzpond to tuples in a relatiomal databasze.
Peelap faeta do not explicitly incorporate the

congept of keys, HWe believe that wnegual
prossasing timas far marnipul ating various
attributes 1sa an  undesirable feature for

Cenier
Computer Technology {ICOT)

datzbase wmachine wusers. Therefore, we decided
to handle 211 the attributes syzoetrically. The
gppropriatencss  of this specific schema receains
ba ke evalusted.

1 - [a] rEEE - w
o b i Time L]
There are severzl hardware &nd software
requirecents for adepting &n atiribute-based

scheza in 2 database machine.

1) Fast jein capabiliby:
of perferming relational database operations
with en atiribute-based schema censists of, a)
producing & tid 1ist densting result relations,
and b} generating result relations frec the tid
ii=%, Az the attributes used in the query are
storcd seperabtely with their corresponding tids,
tid-restrictions to the tid list are pecessary
for all the attribetes. This iz the same, froa
a processing point of wview, &= egui-joins
between attributes. IF egui-joins are performed

gererally, the process

siawly, overall perforoance  will net  be
satisfaotory.

2) Fast tuplefattribute transposition
capability: tid-restriction is the first stage
¢f gpenerating result relations. After the
tid-restricticns gre  cozplete, artributes
(tid-pestricted and sorted with the tids) aoust
ba transposed with tuples.

1) Cluster-foreation papabiliby: this is

speeific to the two-level clustering scneca of
Delte. After the transposition eof 2ttributes
{in the ferp of attribute befferc), ezch
pttribute omust ge through  the  elustering
pracess. Thiz is deas by, a) =zerting each
attribobe wits the attribete walue, b) dividing
the wvelpe-sorted duffers into a certaln nusber
of mmaller ssciions (sones) according o value
ranges, <) sorting each zome with the tid-
valuez, &nd d} dividing each zome into a pumber
of =maller =eotions (pAapen) aceording to the tid

value rangmes and creating a directory for tne
clusters., Tid Vatew
Tid Ranee = 5| 2
=19 ‘-// (5] o
19 n| =
i 1 om
Vakue Raege
I 2| .
au L ——— . 1-15
I b FJ}"_ 7| =
ar? 12i- 159 1:: ——
- 9=
ail 3 Foal-25 !_llul.ﬁ.
T aai 1-24 3 | (]
Beb 14-33 "o
ccr -T2 | 15
: 5| W

Fig. 1 Delta's Attribute-Dascd Scheoa
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Smemprsdise vpimem sea frems soca,Tpeas Babees
felloesirs ELL-1i%ke query:

anmm maa T T e |
pERI AN st LGl AL Il g SR

[Bamsie gquery;
zeleqt name, labsratery, group
froz icol

where gonfany = nait
zelecl egompany_nums

Tfrez ecaopany
where location = [¥ehchanmal

The fellewing lists the processes perforaed
in response to this gque=y. Shared fte= nushers
indicates source-resust reiationships.
{(Increczcing prioes indisate sueesssive scurce-

resuis relaticnzhips.)

{1} prepare coap=locction atiribute

(1)* tid({e)}:eanp=location (=[vekohaz=a])

(1117 tidfe) reonp=-location (Sort by tidlel)

{2) prepare cocpensoce (= tid{c) of (1)''}

(2} tiglic)icomp=name (= tid{c) af (1)'*)

{3) prepary ieote-cospany (= comp=pome of (21')

(237, 03)=2(5)" new-tid:tid{e):zid(i)
{noturol-join by comp-noze and
ieot-coapany}

)M inpw=bLidrtidle)stid{i) {(mert by Eid(i))

B) deotename (= tig{il of {3)"")

1" mew-tidiigot-rmane [(Lid-restripction by

tidiidi

e A

(2} femt-lal (=
{2 reyeiidricon
{£} lesb=-group
(6} row=tidiico
{G) ¥V pew-tidiioc
(51 'pow=tidiing
-4 5
ey Zl
fEvra
L) Qg

s=mooo tle

Trzn and

¥ For

£ beffaor

and icob=

Le eanple,
astribute-tace ccsential
catabaze guery Cohcise

reprezentatisns, yzrtly nandle
larmo tomparory porf ormed
effiziently with he post tine-
consuming lactor the astual’

fopantion of re
2! regdout of ou
devian

This peauires,
Fewm a edzk
L.n=rpstription of
the output eliributes trancpesition  of
attributos  with tuples. In Delza, 2 l=rme
semiconductor dizk (abeut 1200E} is incerporatec

i

by
Y
and, €.
-

fer c<isk cache wse to improve Lhe hib rablo and
for buffer use to ensure  Bhat almest all  the
intorgediate recsulic in & query recadn In
high-cpeed seerzpn, Freguent operatisoss wit

thizs schema, such az tid-restriection and jein,
are porlermed using  speefal-purpose  hardware
callec the Qelational Databsse Ensine (ACZD)

[23.

The pelztive performenee is pompzrad bo thRzt
ef resueli tuple  selestiviiy im Fig. 2.
Ezstimsilcn oocel iz & selectien put in EQL e=:

rElact AVAS .. gal
frz= A
where rI {emp) Cleriterion;

The folloving conditione aps geanumad:

(i) 2 zpeciflec pepe can be identifies by either
itr tid or value
tid=-reztricted attributes are reiad Jreo disk
ng &
sndary index
race zeek ond letenoy
erzh page

ACTEEE

tid=pestriection regquires buflfer pemory read
E0d Write
transpesition
cparations
there In constant overhezf cime
faecusulation &f oversead
szzogicted with each eperction)
The estimate soows thet, a)l a full
tid-resiricted atiributes is

i
und
seeondar

o
(3} ave

v time are pequired
fos

recuirer 10 buffer Pegd/write

scan of
required for =&

seleciivity rapge larger than 1 3, b)) tuple
reconstruction time effects perforoance for
selectivity ranges larger thaz 0 %, o)

wid=restriction tipe is short compered with

dizsk

&drecess tine, end d) overall processing tine
inorestes procuclly, Eveluztion ef the join
operation will show  sisiler pPeiults, because
Lol = Lhe procesaine tieme consist: of
tid=reztricted etiributes RoCESs and
trancposiiien iine,
i Ame ] e ] ey

Le=tazec zchecidz can exploit efficlent

reprecentations of Lemparzry
re ite progeszing e93% ligs in reacd-cub
ar Eid-restriored attribites. Turle
reconstruction tius iz not wvery large in low
nala ranoeo.
[Feleranuec?
maa, 8., et ai., ny Felaticnsl
o [lReklire witn Leefe Seslesndustes
£ng Farcsiare Eelacionas Alzebrs
ar,” Iess Coperation Comoptine,
epringer, Vol.2, Ho.2, pp.131 - 135,

T., et al,, Thevel prsent ol 2
Eelational Latabaze Engine (1) to (6)}," Proc.
20wk IR Conforcnen, BF-§ te YF=i0.

tine tid-restriction
atiribute pocdout L,a F
-Lr_,—-———ri"f_-'\\:'_'- - ..,l.
P, i Nkt 4
e ‘ra“:pﬂﬁinﬂ"adw’)
= .- S -
[ overnew . .
.12 1% 105 002
felestivity

Fig. 2 DPerforsance Estization
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Study of & Newspaper's Treatment of Proper Names

Satoru Ishil

Enstitute for New Generation Computer Technology

1. Irtradustion

Pecple's natmes are importart keywords in sentences,
and care must be taken that they be carrect. However, errors
in mames are dificult to detect. For this task, compuierized
mame-checking sFeiem mar be of great assistance ia avonding
erfors, and may reduce the proofreader’s workload. 1}

With 2 Tiew toward designing a computerized direstery-
cogsultation system, thiz stady wred one day's output of
3 trpical Japaness newspaper to determine the feliowing
charagteristics of the use of personal proper names:

{1} Style :x which mames appear
(2] Level of sentence understanding reguired
(3] Trpes of directories required. (2]

2. Bample Data

Thke morning and evening editions of the July 1%, 1923
Asshi Shimbur coastituted the study’s sample data. All
seolences, inciudiog besdlinss and Lobles, were aooalyzed.
Advertisements, TV and radio listings aod semals were -
nored. Assumned pames such as pen names and sereen names
were ireated as coaventicnal satnes,

The data contained & high volume of sports reporting,
especially, stores about amatewr and prolessicual baseball,
this bBisx has oot been overlocked.

3. Btyle of Name Usage

We established four categories of style,[12]{13] and tabu-
lated names falling into each category. The categories and
1he oumber of appearenses are as [ollows,

Mames are used:

wilh an ergapiancion and a post 79 Limes
with 2 post 217 times
with a litle or au hozonfic 272 times
with none of the above 1293 times

The £rst categery malnly iaciuded names of statesmen.
The second category mainly included names of stateimen
and sporta figures. The third category inciuded names of
various persens falling inte no paticular grouping. The last
mainly included names ol a3porls figures and entleriainers.

There ware 12 names that could net be assigned 1o any
of Lthese four categories; these were igoored.

4. Contextual Understanding Reguired

I a computerized copsultation statem, iz the case
of government officials for instance, three felds musl
be geoerated through comtextual wnderstapding: the ime
dividual's same, the erganization he belongs to and the past
be bolds. We divided the contextual understanding required
into aix levels and counted nemes appearing in each,

The levels, from easy to difficult, have been tentatively
established as follows. Figures in pareotheses indicale Lhe
percentape of appearsnees in each lavel

Understazding of BUNSETSU required(I0%8): In the
BUNSETSU iz which tke name appears, the organization
and post alse appear. Therefore, understanding of the
BUMNSETSU is required, BUNSETEU is a concept unigue to
the Japazese language, a2d bas po Epglisk equivalent.-Ed.

Understanding of tex: format required{43%2): Thae text
i5 pased on a well-def-ed format, the woderstanding of
which 15 required.[8] A typical example is a table of bazeball
RSrel.

Understanding of relstionstip to another appearence
raquired[853) The name appears in the same Lext in 2 more:
detailed style, and understzading the relationship between
Lthese appearsnces is required.

Understanding of context required{14%5): The arganiza-
tien and the pest appear in the text, therefore, the context
must be voderstood.

Uonderstasdiog of text domain required(24%a); The text
domaia, for example, sports or science, [s mecessary.

Imprssible{198): The nams forms part of anather ward,
In such eases, iL is unpossible to distinguish the name.

Understanding of the BUNSETSU is sufficient for ocly
10%af the sppearances. For 909%6! the appearances, more
lo-depth understendiog is required.

5 Efectiveoess of Directorica

We divided names ioto nine classes, selected appropriate
directories for eack class and determined the effectiveness of
each, The results are shown in Table 1.

Mames of government officials and forelgn statesmen
were efectively located, Names of professors and directors
could be located; however, since such mames were few, rels-
tive to the size of the edrresponding directories, confirmatian
of pames in these classes would be ipeffcient iz & coms
puterized system. Names of crealive artists were difficult to
loeate. Mames of sports Gpures were effeetively located, but
thiz depends on the sports involved. To locate the names of
entertaimers, an extensive directory was required.

Of the enmtire sample, about T5%e! the appearences
could be lozated using & number of directories whose entries
iisted approximalely 200,000 persons.

6. Conclusion

Using one day's output of a large Japanese newspaper,
we studied tke wsage patterns of persopal proper names.
Thiz work represents the first stage in the design of a com-
puterized directory-consultation sysiem.

{1} ¥e divided the names inte four categeries and fouend that
nar:es unaccompanied by titles appeared most frequestly.
(2] Far generaling database gueries, the understanding of
BUNSETSV was sulicivnt for coly 10%5e! the appearences.
{3) Using adequate directories with approximately 200,000
entries, ahont T5%af the appesrences could be located.



Taeble 1., Effectivenacs ol Directorlies
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Ciazs Il.-'-.;-:ear— I DirgeTories : Locrtod I EfB 1 E."‘.“ ! rag
ances | Used : I (%1 ‘ Lxl
] (g} ! D: Sniries | ;
| | {ir | i .
‘ | 16004} | ' |
Savernment ni‘z"ir_ialsl EEEIREN | [3] E 1 219 |. o i 4 s
Forelzn statesaen | 61(3} | (3] i | i s | 236
1 H i T
Frofessors | eseny | |50 !| g5 | 190 L oe.07 | T
] 1 H 1 1
Directars boaray | (s) L zo | z2 | 62 | o.08 5
i E - |
Crestive artizts PR [2] 1 3 i KL 28 0.6 L 17
= (71[E] i i
Sparts Cipures 103855y | [101011] 50 | até | g4 g 168
Tiy]ens ! !
Tntertginers TR [E] 4 5T I go 0.6 1 EB
’ |
Hewspepermen 27(1) === | - I 0 | o 1 —_— | _—
Cthers 1696011%) l —— k - | o 4] —_— —_—
Total 187101000 \ 141 1412 | T8 | 0.7 B3
!
*#  This figure represents only professorz and assistant professers. Names ol other
univerzity inastructors were assumed not to heve been 1Zzied.
## Thiz fipure repreasnts only directars.,  Memes of other company officials were
aszuned not to have been listed.
#2% Only the number of ROUEDD YAR¥I high schoc! beseball) teams was found. Names of

piavers were aszumned to have been listed.
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