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Program

Wednesday, 15 November
14:30-16:30 Demonstrations

o Demo Session A (on PSI-11)

14:30-15:00 CAL
15:00-15:30 CAP-LA
15:30-16:00 VISTA
16:00-16:30 Kappa

o Demo Session B (on PSI-II)
14:30-15:00 APRICOT /0
15:00-15:30 MECHANICOT
15:30-16:00 LTE

Thursday, 16 November
13:30-15:30 Demonstrations

o Demo Session A (on PSI-II)

13:30-14:00 CAL
14:00-14:30 CAP-LA
[4:30-15:00 VISTA
15:00-15:30 Kappa

o Dewo Session B (on PSI-IT)
13:30-14:00 APRICOT/0
14:00-14:30 MECHANICOT

14:30-15:00 LTB



A List of Demonstrations

o Demo Session A (on PSI-11)

1. Constraint Logic Programming Experimental System CAL

2. Computer Aided Proof CAP-LA

3. Visunalization and Transformation Apprentice

for Concurrent Logic Programming VISTA

4. Knowledge Application Oriented Advanced DBMS Kappa

o Demo Session B (on PSI-II)

S Assuniption-Based Problem Solver APRICOT/0

0. Constraint-Based Knowledge Compiler

-Design Expert Systern Building Tool- MECHANICOT

. A Software Library for Japanese Language Processing LTB



Title| (Constraint Logic Programming Experimental System CAL

1) Programs easier to write and read
Purpose 2) Highly abstract programming

3) Research on efficient problem solving techniques

1) Amalgamation of logic programming and constraint solving

2) Multiple Constraint Solvers

3) Solution of non-linear algebraic equations and Boolean equations

4) Natural extension of Prolog
Outline

&

Features

usf/ »| Pre-processor

y program/
query/
command
System internal form
Configu= | answer 4
ration Inference Engine
w1
constraints normal forms
L J
Constraint Solver —|
[




* Examples of CAL : Heron's Formula(non-linear)

Frogram & Query&Answer

:— public triangle/d, trianglel/4.
surface(Height, Base, Area) : — Base * Height = 2*Area.
pythagoras(A, B, Hypotenuse) : = A°2 + B2 = Hypotenuse 2.
triangle(A, B, C, 8) : —

C = CA + CB:alg,

pythagoras(CA, H, A},

pythagoras(CB, H, B),

surface(H, C, 5).
trianglel(A, B, C, 8) : — precedence(S :> 0), triangle(A, B, C, S).

?— heron:trianglel(a, b, ¢, s).

s'2= —~1/16*b"4+1/8*%a"2*h"2—
1/16*%a"4+1/8%c"2*b 2+ 1/8%c"2%a"2 —1/16%¢" 4

surface: pythagoras:
Hypotenuse
A
Height
triangle: o
Base B
A H B
1
CA CB
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* Examples of CAL : Cone Volume using Lagrange(dynamic constraints)

Program & Query&Answer

:— public lagrange/3.
lagrange(l, Constraints, Vars) : —
construct__1{Constraints, L),
partials(Vars, F, L).
partials([], _,_):— L
partials([Var|Vars], F, L) : —
dif(F, Var) = dif(L,, Var):alg,
partials(Vars, F, L).
construet 1([],0):= L
construet__1{{C|Cs], C*Alpha + L):—
C = 0:alg,
construct__1(Cs, L), .

?—lagrange({1/2+1)"2*%a+(1/2 —r)"2*b,
[a"24+(1/24r)"2=1,b"24+(1/2=1)"2 = 1],
[a, b, r]).

r'T=(29/12)*r" 5+ (-17/48)*r"3 +(5/576)*r

Maximize f{xq,...) Maximize fla, b} = a(l/2+ )2 +b(1/2—r)2
s Lexy,..)=.. =0 gt al+(1/2+r)2-1=0,
b2+(1/2=r2=1=0
Lagrange = Lagrange
¥ L
Solve Salve
alfax; = affax;, .. 22+ (124 r)2-1=b24+(1/2-r)2-1=0
clxy, ) =..=10 dliga = alfaa, alfab = afisb
where l(x1, ...} = eylxg, Jag + .. where |1= (a2+(1/2+0)2=1)ay +
’ (b2+(1/2—r)2—1)ay




1

(3/5)

?7—lagrange((1/2+r)"2%a +(1/2 =) " 2*b,

Query

[a°2+(1/241)"2 = 1,b"24+(1/2—1)"2 = 1],

[a, b, r]).
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* Examples of Boolean CAL : Counter Circuit

Program& Query& Answer

:— public cireuit/8.
circuit(X1, X2, X3, X4 X5, Y1, Y2, Y3):—

I1 = X1&X2Z:bool, I2 = X1V X2:bool, I3 = X3&X4:bool,
I4 = X3V X4:bool, 15 = I1:bool, 16 = I12:bool,

17 = 13:bool, 18 = I14:bool, 19 = 11 V13:bool,
110 = I1&I3:bool, 111 = 16 V 18:bool, I12 = 16&I18:bool,
113 = X5:bool, 114 = I5&I12:bool, I15 = I7&I4:bool,
116 = I14:bool, I17 = I15:bool, 118 = 115 V 116:boel,

119 = 114 VI1T:bool, 120 = I14 VI115:bool, I21 =116 VI17:bool,
122 = 19& 14 &12&X5:bool, 123 = 111&17&I158118:bool,

124 = X5&118&119:boal, 125 = T13&I120&121:bool,

126 = 122 V I10:bool, 127 = 126 V123 V 12;bool,

Y1 = I26:bool, Y2 = I27:bool. Y3 =124 VI25:bool.

? — count:circuit(x1,x2,x3,x4,%5,1,0,1).
?— count:cirenit(1,x2,x3 x4,%5,y1,y2,y3), x2 = x3 : bool x5 = 1.

¥l

T2

Y3
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* Conclusions

® Constraint Logic Programming

1) Constraint Logic Programming extends unification to constraint
solving, allowing symbolic answers to queries

2) Powerful semantically clean, language in which to generate and solve
constraints.

3) More powerful pruning of search space.

e CAL
1) Solves linear and non-linear equalities over complex numbers using
Grébner Base method.,
2) Solves Boolean constraints using Boolean Griobner Base method
developped at ICOT.




T
Pt1el Computer Aided Proof (CAP-LA)
(1) Man-machine cooperation in mathematical problem solving
Purpose
{2) Assistance in proof checking and formula manipulation
outline
(1) Checking theorems and proofs in linear algebra
(2) Assistance in writing therorems and proofs
Outline features
& (1) Checking proofs with inference gaps
(2) Interactive checking and debugging
Features . s ‘s
(3) Proof-structure-oriented writing and editing
Structure editer (Grammar guidance, Partial parsing, Structure editing)
Trtoutput Natural language description
. | o
Equation editor [ Checkpoint display | Proof checking strategy
Proof checker
System . Proof tree generation ‘
Configu- Proof checking
retion N Inference gap interpolation
Inference rule aquisition
Equation checker I
. Proof k
Term rewriter ¥ nowledge base
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thaorem
det_trans:
all Arsgu_mat.
det (&) =det (tran= (4]}
proof
let Aisgu_mat be arbitrary:
row (&) =col [trans (&) ) :
Proof written in PDL (Proof col (A) =row(trans (A} :
dat [A)=slgma piparm<col (&)=
inti o (sgnlp)®pi i:l..ecal{a).
Description Language) Al 1)
msigma pipermdool (A >,
{sgnlinvip))#pi 1:1..col (A},
AllImv(ad ) (D). QD)
using sigma_pi
=sigma p:permecol (a)>.
{man{z) *pi i:1.. eclia).
Allimeded) (), p{1}]}
using sigma_pi
=sipma p:perm<col (A)>,
fsgnio)*pi i:1..col (A).
Allinv(p)) (p (i)}, pilE)])
using sigma_pi
=xigma piperm<col (A) >,
{sgnipl #pi i:1..col (Al
AlL, U]
valng sigma_pl
ssigma pipermicel [A) =
(sgnlp)*pl i:1..ccl(a).
ttrans{a}) [p (i), 11)
using sigma_pi
=det (trans (A))
end_proot
end_thearam
THESREME: det_trams:

TEX output For all A gsquare matriz,
det [A) = det (*A)

PROGE:
Now let A €square matrix be achiteary

row (A} = eal('4)

col{d) = row ("4}
cod{d)
det{d)= 3 seip) J] A
FES it et
ealfd]

= 2 swmie) I] Apvina
PES gaufah i=1
USIng SigmA_pi
ealid]
Yol [] Avvoem

PEF g i=l

WSINLE SIEMA_pI
zal{d}

3 swmip) T As-siptinrinn

FES punpay =l

using sigma_pi
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Equation Editor

(1) Initialization

dat_trans:.
all Alegu.mat.
dat (&) =dat (trans (A})
since
lot A:sgu_mat bo arbitrary:

and_thagren

of ihrans (A}

EHACS l:émg.lﬂ derol] sysdusery
[ Repd ! JCD!.lﬁﬂ--}::u}r;p‘};qn‘a;;?t.I

Etmts leapl (57,6 E44/ 70

—=Tep—- 3

(2) Formula manipulation

EQUALLTY ECITOR ==» LEFT HAND SIDE

Fuls Tapida! func dat
Conditiont (Aisgu mak)

ACS [nag) &1 #4587 1=
thiz rule iy/nSaibartrlTy
replacaf{i_li! p
replacedi_2hi i

(3} Final result

228y Structurn Madn

dok CAd=dat (trans (A3 )
ainca
lat Arsgu_mat be arbitrary;
dab (Al =aigma piparmiea] (dl),
(taignipi®pl izl..eol la),

CAD . @) idIbY
saigma piparmicol (trmna (A1),

(izigniplepi iil..colitrans (Al).
lipd diy, 11112
=sigma p:parmces] (Erana (AR D,
(laigaipimpi irl..col (kransidl),
PibransChIIEE. dpd €idfis)

=Eatdlrans (Al
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Structure-oriented proof development

(This example illustrates “universal quantifier elimination™)

tructure

Before elimination

{ruls a (V]
! pE v _&] g m i

contradiction

After elimination
all Alagu_mat.
got (Al sdat (krmna (A1}

and.thooras

Proof checking (This example illustrates an error in indexing)

CAP-LASD ===} Structure Modm...

thegrem .
trans_brans:
all m. nipgs. Atmabrixdm. n¥.
_Ctrana(trans (A} ) sid
sinep -
lot o. nipos. Atmatrisds. nd be arbitrarg:
trans (trans (A ) =p
since using thoorem mat B0
col ttrans (tranz (A) ) =rau(trans (A))
=cal (A);
rowltrans (trans (A1) =2o0] (trans (4) )
0 Srawld) §
all i:l..col{trans (brans CANDD . jrl.. rowdal.
(trons (brang (ARIILE. JI=CADCi. jJ
BiNCH
tat i:l..col {trans(trans (4333 . rowlh) bo arbitrarg;
ttransttranstAY)ILia jl= :
. : =tailis j1
end_£inco

BUAMUARF PARMAC AFEAKE B ]

Gramnar nase? redl
Toe Category neos lbhearyd? 3
Buffar iTRTRI : =G

CEGUALITY)
goal: (tranaliranatAYID0G . JT = tdranadiddli. J2 sveol (brans{al] = a
rl‘ul?é!::ﬁﬂ-!lﬂ-ﬁ--ﬂ] =« _A[_C._BY rrrowitrans {tranaiabid = n
f griany itternce of. .. sreol {transitranafal )l = m
i mnd _B. j oand _C. | and JC. 5 and _B rrpwiteanatAll = m

FrrawiAl * oA

rrcal (AY =

CIMEQUALTTY>

L i LELI TR

FEL L

reatare function : trans ... OLK. »rj e 1
¥m e ]

pp b g

L Braowr= 1

:Et-ﬁjﬁollﬂlrln!llun:ﬂ!Hl'i.._i! w ferans(AIDi. 1 ¢ dby squa
Vg

prass mry key




Title V1S8TA : Visualization and Transformation Apprentice for
Concurrent Logic Programming

The system helps programmers develop concurrent logic programs
Purpase easily by providing visualization of program structures which may
be useful to understand programs.

¢ VISTA has two visualization modes
- Static mode : a structure of the program is visualized by unfolding
a given top level goal.
- Dynamic mode : an execution of the program is visualized by
replacing a parent process with child processes and by redrawing

Outline the stream lines between processes.

, <> VISTA can be used to examine concurrent programming technigues
eatures - Layered-stream program
- Knuth-Bendix completion program

<> VISTA can be used to compare different versions of programs
- Two versions of unification program
- Partially evaluated program and its original

PR

r Fleatic Imoge Gemerstar

A
System
Cﬂﬂfigu— Source ‘_?rag:;m Translormetion = D0iimip Dicplay
Frogram Fartlal Compwuiallon
ration
y

—)iﬂ'rnlml.z Imige Cenerator




<> Layered-stream program

Layered streamn 1s a type of data structure, which is designed for efficient
search programming in GHC. Through a layered stream, information is prop-
agated to consumer processes as soon as possible, even if the information is
incomplete. Thus it provides very high parallelism. In our demonstration, a
4-Queens program using a Layered Stream is visualized.

SOUTCE-FTDEF&HI

fourQueens(Q4) := true |

q(begin,Q1), q(Q1,02), q(02,03), q(Q3,04).

q(In,0ut) := true |
filter(In,1,1,0ut1), filter(In,2,1,0ut2),

filter(In,3,1,0utld), filter(In,4,1,0ut4),
Out = [1*0uti,2*0ut2,3*0ut3,4*0utd].

filter(begin,_,_,0ut) :- true | Out = begin.

filter([],_,_,0ut) :- true | Dut = [].

filter([I*_|Ins],I,D,0ut) :- true | filter(Ins,I,D,0ut).
filter([J*_|Ins],I,D,0ut) := D =:= I-J | filter(Ins,I,D,0ut).
filter ([J*_1Ins],I,D,0ut) := D =:= J-I | filter(Ims,I,D,C0ut).

filter([J*Ini|Ins],I,D,0ut) :- J \=1I, D =\= I-J, D =\= J-I |
D1 := D+1, filter{(Ini,I,Di,0utl),
filter(Inse,I,D,Duts),
Out = [J*0Outi|Duts].

four Quoan

fourtiaen

o ™ BT B
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» Parsing program

A parsing program called Meta-PAX is presented. Meta-PAX, given a set
of grammar rules and a sentence, checks whether the sentence is acceptable. A
sentence varies each time Meta-PAX is used whereas a set of grammar rules
is fixed for some time while Meta-PAX is used, for parsing many sentences.
Using partial evaluation, a version of the Meta-PAX program specialized for
the given set of grammar rules is obtained which is more efficient than the
original program.

paragiltime.fliosll ¥ aftar FE

rnr:u
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¢ Unification program

Two programs for unifying two terms are presented. The difference between
the programs can be easily seen by visualizing them. The first one tries to
unify two compound terms one branch at a time, updating the intermediate
result of the unifying substitution. The second one tries to generate a unifying
substitution at each branch of the given compound terms in parallel and tries
to check consistency between separately generated substitutions.

parallel wnifigation - ---

L fy
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{» Knuth-Bendix completion program

The Knuth-Bendix completion program is a kind of a compiler that, given
a set of equations, produces a set of term rewriting rules which has a nice
property called canonical. There are two major processes running in parallel
in the program: one for converting an equation to a rewrite rule, the other
for generating a new equation (ealled a critical pair) from a pair of rewrite
rules. Critical pair generation can be done in parallel for every pair of rewriting
rules, whereas conversion of an equation has to he serialized so that the simpler
rewriting rule is generated first. The serialization of the conversion process
15 realized by using a unique programming technique that makes the most of

stream parallelism.

Faral lal Knuth-Bandlx Complation

gnplation Frooeduro -




Title

Knowledge Application Oriented Advanced DBMS : Kappa

Purpose

Kappa, a DBMS hased on the nested relational model, is implemented on PSI-TT in or-
der to study management of very large and/or complex structured databases in the logic
programuing envirenment and to provide a platform for implementing various knowledge

applications (including deductive DBs and semantic networks).

(utline

&

Features

Kappa is a DBMS with the following features:

1. Nested relational model is adopted.
2. Terms stored as one data type are retrieved by unification.

3. Large amounts of data, such as electronic dictionaries, math-
ematical knowledge and genetic information, are effectively
accessed.

4. An User interface suitable for nested relations and program
interface customizable for various applications are provided.

5. It’s written in object-oriented logic programming language
ESP, and will be rewritten in parallel language KLI.

System
Comfigu-

ration

Knowledge
Applications

ti by ti

User Administrator

Kappa Kappa Metadata
User Interface Program Interface Manipulator
(Tuned for Nested Relations) {Customizable Commands) and other utilities

1 H ¥

Kappa
Nested Relations
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GenBank Sequence DB on Kappa

1  Guidance

1.1 Features of Nested Relational Model

The definition of the nested relational model (according to the standpoint of Kappa) is:
NRCE, =...=FE,
E; z= D | 2VR

while that of the relational model is:
RCEDyx...xD,

where D; is a domain, R is a relation and NIU is a nested relation.

In Kappa (the nested relational model) :
1. We can represent tree-structure naturally.

o It's suitable for complex structured data.

» 1t’'s more user-friendly than the relational model.
2. We can utilize features of the relational model.

¢ Extended relational algebra is available.
+ Entity-relationship concept are effective at the design and the management
phases.

¢ Deductive database system is implemented on Kappa.

1.2 Schema of GenBank/Kappa

Schema bascd on nested relational model for GenBank data is shown in Fig. 1 in detail.

gene : main table which has locus name, definition, accession, keywords, iden-
tifiers to the other tables, and so on.

reference : table which has its authors, title, journal where it has appeared,
and so on,

feature : consists of a region of the sequence and its feature.

seqdata : sequence data represented in string form.

1.3 Stored Data

Data we stored for this demonstration is sequences of invertebrate, virus, bacteria and
phage. The total amount is 7285 entrics, 10 mega bases, and 22 mega characters in the
original data, which is stored into 60 mega bytes (30 mega characters) including 10 indexes
and about 10 mega bytes (8 mage characters) of ‘“teztdata’in Kappa.

GenBank sequence DB (89.6.15) has 26323 entries, 32 Mega bases. So it will cost
about 240 mega bytes in Kappa.
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2 Demonstration

2.1 Show Schema : Metadata Manipulator

We can see the schema of the database.

We show the schema of all four tables of GenBank/Kappa (gene, seqdata, reference
and feature, Fig. 1) through metadata manipulator.

gene table reference table
ref i [indesed)
— locus DAIDE (imdexed) rel.comment
base_range ref fram
| ime L refto
molecule_type authors () (indesed)
shape title
division S —— std.degree
5
date E ';.F;Lh std Jevel
day
— definition
— accession [*) (indeeed)
— kev_words (%) (mbesat) . b fﬁﬂ.iu-tﬂ_tﬂ-blﬁ
[~ segment — | segment.number
e total_number
— gource _E abbreviation |: Jfid [induad.]
Organism T formal features - key .names
E ar:_lew.'l {sndezed) ¢ region {* from_mark
— refblock [*) — ref_number from
ref_id {iadessd) tomark
— feature did findexed) b
= comment cstrand flag
— base_count a description
L
‘ E
L
o data tabl
[ sequence |~ origin seqdata table
block [*) T queue
ﬂaia.:'d [indexed)
— textdata

C Esgd'nm.r'd (indexed)
ata

Fig. 1 Schema of GenBank/Kappa (‘(*)’ means repeating)

2.2 Display Tables : Kappa User Interface

We can see how the data is stored.

We show all four tables by projecting into simaller tables (Fig 2.1), and the contents
of their attributes by clicking each cell. Kappa can have attributes with variable length
directly in each record. Now in the attribute fertdata we can see the excerpt of each flat
gene data as it is in GenBank original (Fig 2.2).

Kappa can also have attributes with multi-values. So it is necessary to scroll values
in the user interface.
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2.2 Hetrieve Data

We can retrieve deta by various conditions.

Example: make a table of genes whose reference Mr. Smith,C. writes.

Mref_id Lgaulht::-rsz‘Sn‘.-ith,C.’{reference)) M gene

Tables and attributes are shown in Fig. 3.

reference table ene table
:r'#l.'r il [imdexed}
E rel_rumment |'— locus DAME findesed)
[ base_range T ref_from = length
ref Ao — strand
authors (*) findesed)  molecule_type
Litle = shape
Jl:urﬁald W — division
standar sbl_degree = date
T_T std level * E‘:.ua;th
day
— definition
= necession {(*) findeed)
— key owords (¥} fimdeasd)
[ segment I— segment number
t?JLhaJ,,upm_h{:r
e — reviation
org formal

arganism _E
orgdevel findesed)
— relllock (*) ‘-‘—Er:[_numher

ref id {indexed]
— Jfeature fd (indezed)
= conunenl
= base.count a
C
4
L
o
[ sequence — origin
black (*) T gueue
data_id {indesed)
== textdata

Fig. 3 Tables and Attributes('(*)' means repeating)

2.4 Translate into Protein & DP matching

We can translate DNA code inlo amino acid sequence and execute DP matching.
Flowchart is shown in Fig. 4.1,

Translation We select a DNA sequence in the feature table to translate into an amino
acid sequence. The sequence is translated according to the table shown in Fig. 4.2.

DP matching We compare the “translated” sequence with the object sequence deter-
mined in advance. The sequences are compared according to the table selected by
the user shown in Fig. 4.3 for example.
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(GenBank DNA)

atgrtigactgereaatggacgiacactaa

// Translation Phase \

atg = start{m)

Eac ;‘- d
gta = v

tag,tamtg:a = end.
N J

mvdwamdvy

(Amino Acid)

(Object Amino Acid)

mvwpldhg

l

/ DP matching Phase N

mv-wpld-hg
(NI R
mvdwamdv-gq

Fig. 4.1 Translation and DP matching

Fig. 4.2 DNA-Amine Acid Table

Fig. 4.3 Amine Acid Difference

N _J

Table
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G

{* terminate coden)

: cysteme
serine

: threonine

: proline

. alanine

: plyeine

: asparagine

: aspartic acid
. glutamic acid
: glutamine

: histidine

i arginine

k: lysine

m: mathionine
i: isoleucine

I: leucine

Vi varing

f: phenylalanine
¥ tyrosine

w: tryptophan
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Title

Hypothetical Reasoning System: APRICOT/0

The purposc of this demonstration is to show that APRICOT/0 is an
efficient system in both rule compiling and hypothetical reasoning. As an
example on APRICOT/0, a logic design problem is taken up.

Outline

&

Features

The APRICOT/0 svstemn for hypothetical reasoning consists of an ATMS
and a rule-hased inference engine. The ATMS maintains consistency based
on environments which are sets of assumptions. The rule-based inference
engine is a forward-chaining system based on the Rete algonthm extended
to handle multiple contexts. APRICOT/U is implemented in ESP. 1t has the
following features:

1. Generating hypatheses dynamically.

9. Avoiding redundant execution of problem-solving tasks wlich are shared
among multiple contexts in the ATMS,

3. Allowing faster hypothetical reasoning since the two-input nodes in the
Rete network keep the internal labels which are sets of environments.

4. Recompiling knowledge base faster due to incremental construction
method of the Rete network.

System
Configu-

ration

Incremental compiler
. State of a network

work
5

nlgle]
bR -]
=M
o3m
-
==
L1~ 4]
W e

e

‘ Inference engine

1 | G i
iBelIefs l]ﬁgff?fé

J ATMS

hvypotheses

State of beliefs
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protacins such as logic design, many choice alternatives often
appear 1 diierenl levels of a hierarchy, APRICOT/0 can deal with those
alternatives as hvpotlicses generated dvnamically. As an example of lagic de-
sicn, the ciroat aaleulating the greatest common divisor (G. C. 1.) between
Lo inteaers b asing the Buclidean algorithm is taken up.

Fhonle s cantems several kinds of knowledge: datapath design {Fig. 1),
comnponent desion (g ), CMOS standard cell library (Fig. 5), and area

i

atinl LN consilaiids
Prhe mnput te APIICOT /0 15 the rule set (Mg, 2, Mg 4, Iig. 6) and
alpettoas crvennts which are described by CMOS standard cells, that satisfy

Aot Lonstratbs

3 ¥l
= @ @
] """-'r“! MUK

Fig. 1: Au cxample of knowledge about block diagrams of datapaths.

caren 2
comgoaeat (dpa_ctrl_bax, D_CTRL_BOM. &wi).
comagrrat fregister, REGI, NI},
cemognent [(register, REGD. CN3L,
camzanent [not, NOT, CMa),
comgonent imul tiplener. MUXE, ©NS)
component imultiplexer, WUXZ, CNE).
companent [comoarator, COMP. CNT),
camponent (f_Subtracter_with_MUX, SUB_with_MUX, CHA),
cell_rumber (CELL_C). -
(CHT #CHNIFOMBCNE FONSHCNG+ CRTAENGE = CELL _MuM,
CELL_C »» CELL_ MM |},
delay_constraint (Delay_constraint).

! delavifcircuit_constraint. [D_CTRL_BOW REGI. REGZ. maT. wuwi, K2, €

OMP. SUB_with_mMuil, Delay].
Oalay_esastraint >= Dalay,
colot (2olot, CELL_NUM, Delay)

]

circwit (2. I0_CTAL_BOX. REGI, REGZ. MOT. UKD, MUNZ, COMP, SUB_w|th MUN], Oelay

CELL_taum] ,

Fig. 2: A rule representing knowledge shown in Fig. 1.
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1" S COMPLEMENT

.

- — ADDER R |
$n

Fig. 3: An example of knowledge for component design
ahoul & subtracter.

compenent_desigr_f_Subtracter::
necessary_element [subtracter),
component (adder, ADDER, CELL_MNUMI),
component (f_1_Complementer, CMPL_1, CELL_NUM2},
[ CELL_NUMI + CELL_WUM2 = CELL_NUM }

assume (component (subtracter, subtracter { [ADDER, CMPL_1]}, CELL_NUM})

Fig. 4: A rule representing knowledge shown in Fig. 3.

S SO G S S

§=Bit i=8B11 4—Bit
— e # ® ®  — CLA I‘

CLA Cel CLA Cell
1$ “i‘ 4$

Fig. 5: An example of knowledge aboul an adder
mapped by the CMOS standard cells.

technology_mapeing_f_Adde F_lz:

necessary_e|ement (adder),
cell [adh, HNUMI,
| CELL_NUM = MNUM®Z }

-
assume {component (adder, adder [ [adh. adh] ), CELL_NUM]}.

Fig. 6: A rule representing knowledge shown in Fig. 5.

Constraints on area are expressed as inequalities in the basic cell count,
for example: “The total basic cell count must not exceed 400", Constraints
on time arc cxpressed as inequalities in the delay, for example: “The delay
must not exceed 60 nanoseconds”,

APRICOT /0 prunes the search tree earlicr by the rules (Fig. T) for in-
cremental evaluation of constraints on area.

All solutions that satisfy all given constraints (Fig. 8} are obtained by
APRICOT/0.
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cireult_constraintQl0; :
component (dopg_ctrl_beox, D_CTRL_BOX, CNI1),
component (rFeglster, REG!, CHZ),
cell_number (CELL_NUM],
{ CHI+GN2 = CELL_NUM ]

(.

circuit_conatraimt00:
component ldeg_ctrl_box, D_CTRL_BOM, CNil.
component (register, REGI], CNZ].
component [register, REG2, CN3),
component [not, NOT. CNd),
component (multiplexer, MUX|, CNS),
component (multipleser, MUX2, CNS),
cell_number (GELL_NUM) .
{ CNIH+CNZ+CNI+CNA+CHNS+ONE > CELL_NUM }

.

circuit_constraintlQ::
component (dpg_ctrl_kbox, D_CTRL_BOX, CHN1J.
component (register, REGI, CM2),
component [register, REGZ. CN3),
component (not, NOT, CN4),
companent (multiplexer, MWUXI, ENS).
component (multipleser, MUXZ, CNEB),
component (comparatar, COMP, CNT),
cell_number (CELL_NUM,
{ CNI+#CN2 #CNI+CNA+CNSH+CNBHCNT > CELL_NUM ]

(.

Fig. 7: Rules for incremental evaluation of constraints on area.

LER

48

o ke 408 502 lcellad

Fig. 8: Mapping all solutions on time-area.

Reference
F. Maruyama, et al, “co-LODEXN: A Cooperative Expert System for Logic
Design”, Proc. of FGCS "88 Vol. 3, pp.1200-1306 (1988).
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Title

Constraint-based Knowledge Compiler

- MECHANICOT -

Purpose

The purpose of this research 15 to consider constraints as a knowledge represen-
tation and to apply the constraint problem-solving paradigm to practical problems.
The focus of the research is to generate a plan for problem solving from declar-

ative knowledge (constraint) representation.

thitline

&

Features

When knowledge is described as constraints, it is easy to understand and main-
tain it, since knowledge is expressed in a declarative form. However, it is hard to
obtain efliciency In problem solving, because most declarative representations lack
control information such as the strategy of problem solving,.

The constraint-based knowledge compiler {IC) provides lacilities to overcome
this problem. The KO regards knowledre as constraints, and generates a plan for
problem solving by analyzing dependencies between constraints. The inputs to the
K are explicit knowledse written in a frame-like language and the output is a
program written in ESP, which is a problem-solving plan generated by the KC.

To generate a problem-solving plan, the KC uses:

¢ Conslrainis

+ Input parameters
s The hierarchy of problem decomposition {problem subproblem relations)

+ A problem-solving strategy (generate and test, in this case)

MECHANICOT is a prototype KC, which is applied lo a mechanical design,

System
Configu-

ration

MECHAMICOT (en a PSI)

Dezignar Libraries
Db jact ——--tithmiul PafLE L units (ghaltle bearlnge geare) |

THelar
Inharic
1 Medify Desagn Fermulas catalopiues. tables |

structure

Freblen =
salwing
knewledga

Spacifications

Constraint—based knowledge compiler
olaslge precest = Congiralat fatizsfaction

’ Cesien hnewledee
Input Speeiliea tinns :I—- Constraints

{Text)

oGeneration of o design plan
“Dependenciel DaTwern caniTraints
»Specilicationt
«The ebpect structurs (prablem subproblem reletian)
+ The preblem solving strategy (generate L test)

J l Cutput
I "
!.rr:'i::;";; __freut T Design expert syvstem (ESP program) Output instance of
specilications salutiony
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CPurpose of this research
CiConstraints = Declarative knowledge representation
OTe apply the constraint problem=solving paradigm to practical problems

UDeclarative knowledge (constraints) < Efficiency of problem solving
©To generate a plan for efficient problem solving from glven constraints

LCenstraint ~based knowledge compiler
ORegarding knowledge as constraints
DGeneration of a problem—solving plan
- Constraints
- Input parameters
- The hierarchy of problem decomposition (problem subpreblem relations)
- The problem solving strategy (zenerate and test)

CMECHANICOT
S Application of the knowledge compiler Lo a mechanical design

CCharacteristic of routine design

Design knowladge -
Design specification — — Constraints

Oiach design leads to a different design plan

[Example of design (gear unit) )

J=f=-—-- OSpecification {Input}
| ] - Moment: Tin, Tout
Pd_out - Bhearing strength: Gin, Gout
Dout [ [ - Torsion angle: &in, Hout
Teout < Input revolution: Rin

I o [Design parameter {Output)

- Gear ratio: Rg
Din I_i 1] Pd_in + Gear pitch diameter: Pd_in, Pd_out
Tin l + Shaft diameter: Din, Dout
e - Output revelution: Rout

OKnowledge of object structure
OFroblem subproblem relation

[Gear unit

Input qhaft
Cutput shaft

rears |

OConnective retation

Teo build the unit,
in = (Heole diameter of input gear)
Dout= (Hole diameter of output gear)
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i 1 5

CKnowledge for preblem seolving

OGear ratio

Rg=Tout. Tin

1Shaft diameter

4[32Tin %180 x1000
xGinx @in

Din =

OiGear module

CO0utput shaft revalution

Rout=RinRg

Dout — 4] 32Teut x 180 % 1000
out = o Gout X &out

m_gen {Module} % Select a value from the standard value set
2 012.0. 2.5, 4.0, 5.0, 6.0!

DGear pitch diameters

Pd& {shaft diameter) +7x {module}
PA=2000 x = (shaft revolution}

Pdmin_in=Din+7m

Pdmax_in=2000. x Rin

pd_gen (Pdmin, Pdmax, Pd)
% pd_gen:

OGear ratio
Re=Pd_out. Pd_in

Pdmin_ocut=Dout+7Tm
Pdmax_out=2000" 7 Rout

Generate a value between Pdmin and Pdmax

[Input of

cless_name
E8EF_URBiT:

censist_of
imput_shalt.
sutput_shaft.
Eear.

PRramacer

Lin, teut, Tin., rE  Feut:
A stTuetual conztralme
ginput_shaftitin,

K (@ elass ([)perameter
fleutput_zhaftizour
Hgearirin,

HEearlrout

HEearirg:

constraint
tin =

Tout =
fin =
TOUT =
TE -

des iEn_method
(irel.
rE=toutstin
b
{lrouel.
reut=rinsrg
Foa

snd,

X input & eUTPUT parametsrs

MECHANICOT]

cless_name
input.shafc:

A design objecT ETTuETUr®

PITII‘IIt.tI'

tin, gin. @in. din:

canstralint
din = gigearidin;:

X relass (1Y paramater

desiEn_methed
{ldin],
din =« {{IZ*¥Tin¥]1 800000
A8, BTEEIinESIR) ) wE], 25
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[Intermediate result of analysis)

Theagn R T - P
E_!Htlfil:lliol‘l fsal wa? i ] 1% sih ! i
! H :

j-r[_|np.u1; Tin Gin  &in T0utput Tout Geut HAeut
iLzhatt | i i i!.hl..t__...] ! i }

w5 : H sl 7L ]!
Din |sgl6 : : Dl-u'lliﬂ“

#all k]
Pdmin_in Pdmax_in Pdmin_osut Fdmax_in
wg [ pd_gan ] | po_gan ]
Pd_in i?d_-u T
s | Rg=rd_in-Fd_out ]

w B 1 i

um:l

oy o mum'Fm -
Pdmin_in Pdmax_in Pdmin_sut Pdmax_in

]| pd_gan ] s | pd_gen ]
Pd_in _lPd.nut
B Rg=rd_in-Fd_out ]

ll’d_ln ll"d_wt

N i o o e e o e e 1 L T e W e o o s e s o i PP




A Software Library for Japanese Language Processing

Title
LTB
p - LTB(Language Tool Box) provides an efficient development environ-
ment for basic and general modules for analvsis, generation ete.
o Modules
LAX: The morphelogical and semantie analyzer
SAX: Syatactic and semantic analyzer. The grammar is written in DCG.
GEMN: Japaness sentence generator. The input is a frame structure written in OTL.
CIL: Basic programming language of the LTB. Every tool in the LTB has access to CIL
Outline and its programmng environments,
& DatuBase: The dictionary and the thesaurus, both of which are referred by both analysis
modules and the generation module.
Features Shell: The LTB-shell coordinates the eperation of every madule in a uniform way, and
it manages communications between any two modules,
o Develapment environment
Editors: edit rules, dictionary, inpul/outpul data,
Tracevs: lrace the execution of LTB modules.
Inspeetors: ingpect the system state during/after the execution.
Pretty Printers: display the data on the screen
dictionary iﬁ
sditor [J (] fe
inspectar [ A
X D
pratty - % 3
printar [ a i
. a L
- g i
tracer i - =} T 4
System 5 S| B
wisuml o ﬁ, ;'_:' I
Conf igu= aabuggar | |y j% 5
ti trae | :: h
ration Browsar o e
|
i b 1
aditor = i
G
E|-
B e
debugaesr b

=3
—_
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A Scenario of the Demonstration

Analyzing sentences:

o LAX analyzes an input sentence, and transforms it into a sequence of phrases.

¢ JAX analyzes this sequence of phrases, which i5 the output of LAX, and ccn-

structs its semantic structure.

-Generating sentences:

o GEN generates a Japanese sentence. The input is a frame structure, called

Intermediate Representation.

Sample sentences:

Japanese: ABIct - THRBHRE VAR OEWRTH S,
prenounciation: Ningen-ni totte sizen-wa kagirinai sigen-no héko-dearu.
English: For man, nature is a treasure house of unlimited resources.

intermediate representation:

{Batk /{3E% /B3 },

rel lex  “be
m—a f{ECERR /{H0RE [ {(FBR /B )
role topic comp lex ‘nature’

P& [ Al /(M / {#cket / (RO /=20 ),

content comp modifee modifee lex  ‘treasure-house’

EidgEr [ {FhRe R }),

modifier  lex  ‘resource’

UkAER [ {BS6R /{355 /RO #w 1]},

modifier rel lex  ‘unlimited’

i /{ BN ek T,

manner surf ‘for'

w0k [{RER /AR }1))

comp lex  ‘man’
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Development environment:

LTH-shell:

serxdeme
LTH> gaal SEem eonsuli =d " jg_dic_r o
-

peprivadliPrsyeroswrPigshovl0=dictiona
Ty=jE—dle_r emp, 2 ... cemsalt en
LTH> goal Sfgem ponzult =d % je dicow, o1
mp~

jepsiRAd sy ruserisshovwiQdietionat
ry=fE_dig_w, Emp, £ ... tébsulT an

L TH> ereate ltb_zaxEfsex saw

LTE> geal Ssax =w " sizen dop”

LTE? greate las_wlleBHlaw_shell lax
LTHR> goal Elax =d "sizan” -—-x

LTH> eveats JEsh_vw|O0HEiE_sh_tep 1lop
LTH>

LT

LTE> put Me:sleem txt

iepalzdg: i>syauseirdemesleen, Lut, 2

ANETE - T BN e LT Ca d
and ol tves

I.TR> gesl Elax =3 § maicizen, txi L
[AML b T, BB W, o, R O TH TAE]
LTE> [T

LAX - dictionary editor:

LAX > wditer

LAl

olass
pepriniar

inagscior

LLLARE L
e

CTLLLLTTY

fran3date fyegisizen

fav_IFana
fediting] 174 L k]
Cat !B
Fwr AN LA
i LFes:and (|28 )
Gk b RF w3 d (el

emd T tyew
LTE> gral §las ®

irmpwctor
o

mnamrchs
L L]
HEA1 I NUSEE
animgary
mrd nEn
LLEAE T RL)

i A= A
ey il P
sk ol dar
pag=doldar
ctamr-mll
Ehasr-deim

wad

-3
|
w
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SAX - tree browser:

Exmcutar Window
raburn

1.1
tree

ILigr i
sapant iea  Sabup

paras  tracesna cloas awxil

EXECopaTIR

= @@ o TH TR
Tims 3§ mamc.

Farced Tres window

L

SENTEMIE=AM kT
2 Parsa,

Ul
Executlan

ANALYZEZ>Tran

EAE

213
W
teemp A iwp
inmd #f typs |- I —_—
LTE> gwsl 3 1ip E!temp T
LTB> cal1 1 i e e T —
LTEB> [ him Tinp 4219 HY 4
18 :imoun | 10BN TTop
e T |
Bing atinag Z0TneRp
T 1
ddiadj Tihp |
|
I l3insun
ket e d LT ae a -

Tk

GEN - debugget®

GENERATOR
CONSULT DEBUG

SENTENCE
INFUT EXECUTE

MODE

COWFILE EI'.I!I'I'

OTHEHE EXIT

_aEpARAFREETE _

BE PAVIdEse T dIF_VW1AmAacTA
pemp lata

cemsul L

Jimamee wxec_all

AR S THSER DG AR TE R,

expand, ail, |

JG>dabug debug _mecro_sxpand
JGrexas enec_wll
§ { macro EEpang .
ASE IS RS TR BT L HESIAED ., TRa s Smh . (BER)
N —iig™ Hosuds (BRI 0L, . L, . o . L. 4 .. Lol =LY
e LA CR wat (R T, e e e s L. 11" mduy
FLLT i . srm' SR m/r' lha"' AR R 'H_/'I.I_H!]. "Eped
P 'F**:.,n.w.srt P -’r.l:m! % Brethert
Lgl-idtp (B137) 1 BCALL™ jg_teritate (%7 suf [0EdE ¢ |
end of type BnLr W . . . R R B P TOE S A - A
LTE> gawt 51| Fl=xliim . oo M1t mdterm’ S OORSE, BAS
LTE> eall I Lo bO—A rn e 0 -'I""' we .. ull"’l'll'- *pas” BN . AL T F
o S
LTE> gaal 33| mmoava:r IE_valee (NB. XT3, Wetida
Padnrebif jE_mspeat (KT. K81, t SRR
Teipirtlific g le_relws (X8 X33, Xa=i
£ F-23 JE_gw fun (X5 K10, KAmET
EET 27 lg mlcemakace (X10. XELDY, Ko
WEryLcd bie_toaitote il X o] Moy
. jeg meishike {412, X135, Xelk
METE L JE_jiesd (Hp3 K14). Ny
EREUTTL JE_mednl (Xi4 H15). Kemsd




