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Title

Pentomino — Packing Piece Puzzle Solver

Purpose

Dynamic load balancing scheme for OR-parallel search programs is studied.
Multi-level load balancing scheme is proposed, and evaluated by implementing
all-selution exhaustive search Packing Plece Puzzie (Pentomine) sclver program.

Mutline

&

Features

Packing Piece Puzzle is a puzzle, consisting of a rectangular box and a collection
of pieces with various shapes. The problem is to find all possible ways to pack
the pieces into the box. This puzzle is known as the Pentomino puzzle, when
the pieces are all made up of 5 squares. This is a typical OR-parallel search
program. A multi-level dynamic load balancing scheme is developed to highly
utilize the processors.

Program structure:
An OR-parallel exhaustive search.

Load distribution:
Tasks are generated by a master processing elements (PE), and are dis-
tributed to idle PEs, in order to balance work loads. To overcome the task
supply bottleneck at the master PE, multi-level load balancing is intro-

duced.

System
Configu-

ration

Packing Piece Puzzle with 5 pieces ;
Search Tree and Load Distribution o
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1 QOverview

In the demonstration, packing piece puzzie with 10 pieces (Fig.1) is solved with increasing
number of processing elements (PEs), and speedup figures are shown.
The demonstration is carried out as follows.

e Program is executed on 16 processors with simple load balancing scheme.

e Load balancing can be observed real-time in the performance meter window.
e Program is executed on 64 processors with simple load balancing scheme.

e Task supply bottleneck can be observed in the performance meter window.

¢ Program is executed on 64 processors with multi-level load balancing scheme.

s Near-linear speedup is obtained.
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Figure 1: Packing Piece Puzzle

2 Description of the program

To solve this puzzle, the program starts with the empty box, and finds all pessible place-
ments of a piece to cover the square at the top left corner. Then, for each of those placement,
it finds all pessible placements of a piece (out of the remaining pieces) to cover the uncov-
ered square which is the topmost leftmost, and so on until the box is completely filled. Each
partly filled box defines an OR-node, where the possible placements of a piece to cover the
uncovered topmost leftmost square define child nodes.

The program does a top-down exhaustive search of this OR-tree. Here, deepening the
tree depth corresponds to place one piece in the box. The number of OR-nodes increases
as the search level deepens, but since some OR-nodes are pruned when there are no more
possible placements, number of OR-nodes decreases below a certain tree depth.

3 Load balancing scheme
Load balancing is done on master PE by partitioning a program into mutually independent

subtasks (Subtask Generation), and by distributing subtasks to idle PEs so as to balance
work loads (Subtask Allocation). To detect idle PEs, on-demand distribution method is

e
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utilized. When a PE becomes idle, it sends a message to the master PE, requesting a new
subtask. Subtask generation is done until the search reaches the certain depth in the tree.
However, as the number of processors increases, the rate of subtask execution eventually
becomes larger than the rate of subtask supply. In other words, subtask generation becomes
a bottleneck.

To overcome this bottleneck, we have introduced multi-level load balancing scheme.
Each subtask generator is in charge of a certain fixed number of processors, which form
processor groups (PG). N processors are grouped into M processor groups, therefore, each
PG is composed with £; PEs and a certain PE in a PG is called group master PE,

In Fig.2, two-level load balancing scheme is shown. At the first level distribution, super-
subtasks are distributed to idle PEs to balance the loads of PGs. At the second level,
subtasks are distributed to idle PEs to balance the loads of PEs which belong to 2 PG.

This scheme is scalable to any number of processors because of this multi-level structure.

Super-Subtask

‘:ﬂk Generator
‘ﬂﬂ]ﬂ [ﬂ]]] H]m [ﬂ]]] I]m] H]]Iﬂm Super-Subtasks

| Distribution

Mq 0|1V e v
e PG“ rc,,  Distribution
I [

Subtasks
Oco

Distribution

Second Level
Distribution

PEy ., PEg
PG, J

Figure 2: Structure of Multi-Level Load Balancing
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4 Speedup Measurement

Execution times are measured for one-level load balancing and two-level load balancing.
Speedup (Sy) is defined as the ratio of execution time on 1 PE (T}) to N PEs (Tw), and

caleulated by %‘_-1 and it is deseribed in Figure 3.
Speedup of one-level load balancing becomes saturated because of the subtask generation

bottleneck. However, it is improved by two-level load balancing, and near-linear speedups
are obtained: 7.7 with 8 PEs, 15 with 16 PEs, 28.4 with 32 PEs, 50 with 64 PEs.
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Figure 3: Speedups

5 Conclusion and Future Works

This scheme is efficient not only for OR-parallel search problems, but also applicable to
general trees search problems including alpha-beta pruning problems, which does not invelve
frequent inter-processor communication.

This multi-level dynamic load balancing scheme is now availavle as a utility program to

come with the operating system PIMOS.




Titlel Bestpath — Shortest Path Problem Solver

The problem of mapping intercommunicating processes on loosely-coupled
Purpose multiprocessors is studied and evaluated by implementing a shortest path
problem solver. '

Problem : The single-source shortest path problem is to find the minimum
cost paths between a given starting vertex and all other vertices of a
graph in which each edge has a non-negative cost. Large-scale grid
graphs with tens of thousands of vertices are used in the demonstra-
tion. Edge costs are given by random numbers as the tést data.

Outlina
Algorithm : Processes corresponding to each vertex exchange messages
& with each other. Each message contains path and cost from the start-
L=}

Features ing vertex. A priority is attached to each message so that a message
with lower cost is sent earlier than one with higher cost. Each vertex
remembers the shortest path notified so far by the messages and its
cost.

Load balancing : Three different static mapping strategies are tried to
get high processor utilization with low interprocessor communication.

System

Configu-

ration

Starting vertex




Qutline

The single-source shortest path problem is to find the minimum cost paths between
a given starting vertex and all other vertices of a graph in which each edge has a
non-negative cost. In the demonstration, the grid graph consists of forty thousand

vertices. Edge costs are given by random numbers.
In the demonstrated program, processes are generated for each vertex in a graph

and computation is performed by exchanging messages between processes. This
algorithm requires less computation than the algorithm in which processes are forked
for each candidate path. Priority control efficiently prunes the search branches, so
the algorithm is as computationally efficient as Dijkstra’s algorithm.

Algorithm

A message contains the path from the starting vertex to the receiver vertex and its
cost. The computation is initiated by sending a message with an empty path and
zero cost to the starting vertex. All the vertices remember the minimum cost to reach
the vertex notified by the messages received so far. Initially, the cost remembered
by each vertex is infinite (Figure 1).

When a message arrives at a vertex and the cost notified by the message is smaller
than the minimum cost remembered in the vertex, the new cost is remembered and
messages with better paths and costs are sent further to the adjacent vertices (Figure
2). If the message has a larger cost value than the known minimum, it is simply
discarded.

Since a message is represented by a process, sending a message means creating
a message process, while receiving a message means executing a message process.
Each message process has a priority decided by the cost: a message with a lower
cost is received earlier than one with a higher cost.

When there are no messages left in the graph, each vertex has the shortest path

from the starting vertex and its cost.

Load Balancing

The heaviest part of the processing is communication, which is initiated at the
starting vertex and propagates gradually to the whole graph like wave propagation.
So, the processor utilization is expected to be higher as the grid is divided into
smaller blocks.

Conversely, when the grid is divided into blocks for mapping, interprocessor
communication arises at the boundaries of the blocks. So the more the grid is
divided into smaller blocks, the more interprocessor communication occurs.

The program tries to attain a good compromise between communication local-

ization and processor utilization.
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Mapping Strategies

The following three mapping strategies are tried. In each mapping, p = ¢° pProcessors
are employed.

Two-Dimensional Simple Mapping _
Divide the grid into ¢ X ¢ blocks and map each block onto the corresponding

PTOCESSOT.

Two-Dimensional Multiple Mapping
Divide the grid into k super-blocks, each of which is again divided into p blocks

just as in the two-dimensional simple mapping. Each processor is responsible
for k blocks, one from each super-block.

One-Dimensional Simple Mapping
Divide the grid simply as p narrow rectangular strips and map them onto the

PLOCEssSOTS,




The shaded block is mapped onte processer 0.

Figure 3: Decomposition of a grid for two-dimensional simple mapping
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1121 3]  The shaded blocks are mapped onto processor 0.

Figure 4: Decomposition of a grid for two-dimensional multiple mapping
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The shaded block is mapped onto processor 0.

Figure 5: Decompesition of a grid for one-dimensional simple mapping
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Performance Results for a 40,000-vertex grid
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Figure 6: The speedup for various mappings and numbers of processors
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Bestpath

— Shortest Path Problem Solver —

Kumiko Wada
ICOT 2nd Lab.

October 17th, 1990

Demonstration at the
Joint ICOT/DTI-SERC Workshop



What is the single-source
shortest path problem 7

End vertex

Shortest path

Starting vertex



The distributed algorithm

Each vertex process remembers the
minimum cost path known so far

Initial values:
(Cost;, Path;) = (oo, undefined)

Vertex v remembers

(1234, w) oF
/
w
e /5 10 ‘-Oy
O ~Ou

Starting vertex



The distributed algorithm

Each vertex process remembers the
minimum cost path known so far

Initial values:
(Cost;, Path;) = (oo, undefined)

Vertex v remembers

£
(3234, w) O
1121
iy "!'H:E_:j,:lq: I’;‘ﬂ, ‘1...'-
with pr:nn‘l'y Pl
w / 10 Y
O 2.0

//'V{ Miﬁ:ﬂﬂffll‘?h[,'u-:i with priority Py
’ Message (1121, u)
@‘“‘ ;@ w at Frnorl'h’! P

Starting vertex

Priority : ( higher) P2 P 2P (lower)
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Message communication
with the priority

e Messages are given priorities

e Lower cost messages are given higher
priorities

= Efficient pruning
for the search space



Demonstration

Graph: 40,000-vertices grid

Mapping strategies:
¢ [wo-dimensional simple mapping
e [ wo-dimensional multiple mapping

e One-dimensional simple mapping

Processors: 16



Two-dimensional simple
mapping(2s)

e For given p = ¢2 processors, divide the
grid into ¢ x g blocks, map each block
onto the corresponding processor

e preserves locality of a graph well, with
the same number of vertices in each
block

e Speedup of \/p

12 13} 14 15

8 9 10 11

4 5 6 7




Logical processor
configuration of the
Multi-PSI (16PESs)
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Two-dimensional multiple
mapping(2m)

e Divide the grid into k& super-blocks,
then, each is again divided into p
blocks just as in 2s mapping

e Higher processor utilization ?

|

= = = =

= =| = =

& 1|23 (k =4 x 4)




One-dimensional simple
mapping(1s)

Divide the grid into p narrow
rectangular strips, and map them
onto the processors

e High processor utilization by the
minimum graph decomposition

e Speedup of %-p

..... 15




Speedup

Speedup
301

149 16 25 36 49 64

Number of processors
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Processor utilization

rate(%)
100

50

E—

I

One-dimensional simple

rate(%) rate(%)
100H 100

I

Two-dimensional simple Two-dimensional multiple

= Rate of operations for communication
— Rate of other operations except communication

(with 16 processors)



Conclusion

2s: low processor utilization

2m: best performance;
high processor utilization but heavy
communication overhead

1s: low communication overhead and
not so high processor utilization
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Titie Genome Analysis Program (1):
Multiple Sequence Alignment by 3-Dimensional DP-matching

o Parallel programming on a large-scale problem in KL1.

¢ e The first step to genome analysis.

[Outline]

The system solves three-sequence alignment problems by 3-

dimensional DP-matching. The DP-matching is executed by a

Outline | DPTISI networlk of I{L1 processes. The network works as a parallel
ipeline.

2 Pl
Features

[Feature]

o Efficient DP-matching by parallel pipeline processing.

e Quality improvement in three-sequence alignments.

= ==
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| T »
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System 3 sequences rd
Cont igu- = : i
ration [ : fﬁ
r d
|~
Aligned ‘|_|' <___| v

3 sequences

3D DP matcher made of
KL1 process-network
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1  What is multiple sequence alignment?

Biologists often align DNA and protein sequences in order to determine how similar they
are. DNA is a chain of four kinds of nucleic acids and a protein is a chain of twenty kinds of
amino acids, which are translated from a chain of nucleic acids. Strong similarities hetween
sequences may result from a commeon evolutionary relationship, and these sequences may

have almost same function.
Figure 1 shows a typical multiple sequence alignment. Twelve fractions of enzyme

proteins are aligned. Each letter stands for an amino acid: D is aspartic acid, R is
arginine, H is histidine, and P is proline. A good alignment has same or similar amino
acids in each column. To make an alignment good, each sequence is shifted or gaps {dash

characters) are inserted into the sequence.

m—wDORHP-IPHMOEILGKLGRC—MHYFTTIDLAKGFHOQIEMDPESYSKTAFS
e —DAYH—LPMKOELLTLIRGEK=-KIFSSFOCKSGFWOYLLDOQESRPLTAFT———==~~
---DIHPT?PHPrﬂLLSGLPPSHQwYTvaL:unFrcLﬂLHFTSQFLFAFEH-RDPEH
e L-FGPYOQRGCLPLLEALPQOWKL |~I IDIKOCFFSIPLYPRORPRFAFTIPSLHHM
———P—FG#?QQEAF?LSALPHEHPLH-?LDLNDEFFﬁIPLAEQDRE#FAFTLPS?HHQ
-=-DLSSSSPGPPOL-SSLPTTLAHLQTIOLRDAFFQIPLPKQFQPYFAFTVPRQCHY
—e=TLTSPSPGPPOL-TSLPTALPHLQTIDLTDAFFQIPLPKQYQPYFAFTIPQPCNY
———PIPALSPGPPDL-TAIPTHPPHIICLDLKOAFFQIPYEDRFRSYLSFTLPSPGGL
=D~ FWEVOLG I PHPAGLKKKKSYT-YLDYGOAYFSVPLOEDFRKYTAFTIPSINNE
VHWPEF-AYPHLOTLANLLSTDLOWL-SLOYSAAFYHIPISPAAVPHLLYG======~
YSWPEKF~AVPHLOSLTNLLSSHLSWL-SLOVSAAFYHIPLHPAAMPHLLYG
WRFPRYT-WSPHNLSTLRRILPYGCMPRI-SLOLSQAFYHLPLHPASSSRLAVS=—-=-=~

Figure 1 Multiple sequence alignment

2 Dynamic programming on seqguence matching

Dynamic programming (DP) is a basic method to find an optimal alignment. The method
path search in the N-dimensional network. In the method, for
example, if two sequences, ADHE and AHIE are given, we form a 2-dimensional network
that has 25 nodes connected by arrows. A cost is assigned to each arrow. We search a
path from the top left node to the bottom right node, minimizing the total cost of arrows.
In this case, the set of arrows that connect while circle nodes is the best path. This best
path corresponds to the optimal alignment, ADH-E and A-HIE (Figure 2.1).

is regarded as the best
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Costs on arrows should reflect similarity between compared characters. In the case
of protein sequence alignment, Dayhoff's odds matrix (Figure 2.2) is thelmnst pﬂpu.[ar
way of obtaining the costs. The matrix was obtained by statistical analysis of mutation
probability of amino acids. .

Though DP-matching is an optimal method for alignment, it takes a lot of calculation
time. DP-matching with more than three dimensions is too time-wasteful to be used for
practical alignment. So DP-matching has been used for partial mat_chilng, u,:hen several
sequences need to be aligned. For instance, we can produce all pairwise alignments of
given sequences with 2-dimensional DF, then merge the alignments one by one.

Figure 2.1 DP-matching method
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3 Parallel pipeline processing of 3-dimensional DP

If 3-dimensional DP can be executed rapidly, it is useful for partial matching because it
tolerates noise better than 2-dimensional DP does. We have implemented 3-dimensional
DP on the parallel machine, Multi-PSI, and improved the speed of three-sequence match-
ing.
Our system constructs a 3-dimensional prism network with KL1 processes (Figure
3). The prism network is divided into 64 subprisms of equal volume and is mapped to
64 process elements (PEs). The KL1 is suitable for constructing such mesh-like process
networks and the network can be used as data-flow pipeline easily.

[f many different combinations of three-sequence alignments are available, we expect to
merge whole sequences adequately for multiple alignment. This system provides optimal

three-sequence alignments by parallel pipeline processing.

4 Demonstration

The demonstration system solves three-sequence alignment problems continuously by par-
allel pipeline processing. After several initial alignment data are fed to PEO, their optimal
alignments come out from PE63 and are displayed at short intervals. During processing,
the performance meter window shows that several wavefronts pack and propagate from

PEOD to PEG3 clearly.

o ———
: . p—
T 1 L1
L XA
FE 1 ..—-'"f
s L1
P L _..--"'#
O L~
+ P
7 |~
S . -
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.-. "",_ !

Figure 3 3-dimensional DP-matching
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Title Genome Analysis Program (2):
Multiple Sequence Alignment by Parallel Simulated Annealing

o Application of a parallel simulated annealing to a practical

problem.

e The first step to genome analysis.

[Outline]

The system solves a multiple sequence alignment problem by
scheduleless parallel simulated annealing. Each PE has a con-

outline | Stant temperature and exchanges solutions with neighbor PEs

in some probabilistic way.

Features
[Feature]

o Simulated annealing without designing a cooling schedule.

« Generating various alignments in different local minima.

| Initial Sequences l

Ty =23 — { on PE1
Ts LTELIN ) I i t on PE2
Configu- T ... T..... T —

Ts 0 T T T f on PE3
ration T« $ $ "'i"': -~ t on PE4
Ts === on PES

| Aligned Sequences '

System




1 Simulated annealing algorithm

In many important practical problems, a solution is an arrangement of a set of discrete
objects according to a given set of constraints. Such problems are typically known as
combinatorial problems. The set of all solutions is referred to as the solution space and
an energy function is defined for all solutions. To solve a combinatorial problem is to find
a minimum-energy spot in the solution space.

A general strategy to search in the space is the method of ‘iterative improvement’.
The method requires a set of moves that can be used to modify a solution. One starts
with an initial solution and examines its moves until a neighboring solution with a lower
energy is discovered. The neighbor becomes the new solution and the process is continued
to examine the neighbors of the new solution. This iteration terminates when it arrives
at a spot that has locally minimum energy.

Simulated annealing algorithm is an extension of the method of iterative improvernent
based on an analogy between a combinatorial problem and the problem of determining
the ground state of a physical system. To bring a fluid to a highly ordered state like a
single crystal, a process called ‘annealing’ can be employed. We first melt the system by
heating it to a high temperature, then cool it slowly, spending a long time at temperatures
in the vicinity of the freezing point. Kirkpatrick et al suggested that better results to
combinatorial problems can be obtained by simulating the annealing process of physical
systems {Figure 1).

begin _
Xz := Initial selution |
{ T} amt,...-1 := Temperature
for n:=0 toN-Ido
bt}ﬁf‘? .= Some random neighboring selution of Xa
AE = E(X"%) - E(Xa);
if AE <0 then
Xar1:=X'n
else
if exp(-4E/Ta) 2 random(0,1) then
Xnel = X'n
else
Xnel = Xﬂ
end;
Output Xn; - |
end; Figure 1 Simulated annealing algorithm

(Cooling schedule);

2 Multiple alignment as a combinatorial problem

There may be some ways to formulate multiple sequence alignment as a combinatorial
problem. Kanehisa, a professor at Kyoto university, developed an ingenious formulation in
order to solve multiple alignment problems by simulated annealing algorithm. We adopt

his formulation.

— 44
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I anehisa’s idea is as follows. First, we make an initial alignment by adding a number
of gaps to both head and tail of each sequence (Figure 2.1). To modify the alignment,
we focus on one sequence in the alignment and select a gap and an amino acid randomly
in that sequence. Moving the gap to the other side of the selected amino acid gives the
modified alignment (Figure 2.2).

The energy of an alignment is calculated by summing up each correlation value of pairs
of characters located in the same column. The correlation value comes from Dayhoff's
odds matrix. If the energy of the modified alignment is lower than that of the previous
one, the modified alignment is always regarded as a new alignment. If not, whether the
modified one is regarded as a new alignment or not depends on the probability derived by
temperature. The temperature is decided according to a cooling schedule. This annealing

operation often brings good alignment (Figure 2.3).

Mmoo —NAPATFQRCMNDILRPLLNKHCLVFSTSLD-~---~~
L LKQAPS IFQRHMDEAFRVFRKFCCVFSNNE=---=~~~ 1
L NSPTLFDEALHRDLADFRIQHPDLILLQAA-------

M EMANSPTICQLYMQEALEPIRKQFTSLIVIH-====== "

Wommmmmm TCSPTICQLVVGQVLEPLRLKHPSLCMLHA======="
=== -~SPTLFEMGLAHILQPIRQAFPQCTILQASP---===~

Figure 2.1 An initial alignment

R MANSPTICQLYV-QEALEPIRKQFTSLIVIH------~
W TCSPTICOLVVGOQVLEPLRLKHPSLCMLHA= ===~~~ "

M- -~MANSPTICQLYV-QEA-LEPIR-KQFTSLIVIH-=-----
----- TCSPTICQLVVGQ-V-LEPLRLKH-PSLCMLHA--~~~~-"
R SPTLF-EMQLAHT-LQPIRQA-FPQCTILQASP----"

Figure 2.3 A good alignment

3 Scheduleless parallel simulated annealing

Designing a cooling schedule is troublesome because the optimal cooling schedule depends
on the type and the scale of combinatorial problems. Without careful temperature reduc-
tion, a solution is trapped in a local minimum which has relatively high energy. Kimura,
a member of ICOT, developed the method of parallel simulated annealing that makes it
possible to avoid designing the cooling schedule.
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In Kimura's method, each process element (PL) maintains one solution and performs
the annealing operation concurrently under a constant temperature that differs from PE
to PE. The solutions obtained by the PEs are occasionally exchanged between PEs that
hold neighbor temperatures (Figure 3). This exchange of solutions is controlled in some
probabilistic way. Kimura proposed a scheme of the probabilistic exchange, and justified
it from the viewpoint of the probability theory. He applied his method to a graph-
partitioning problem, one of the representative combinatorial problem. That proved his

method to be efficient.

T (temperature )

by, a cooling schedule for the

i1 K. sequential simulated annealing
IEE L2
ey Ks i
T4 K
Ts ,.ﬁ,._

0 ~ { (time )

“ parallelize

T == 3 ~— t on PE1
T2 L““i i L Y - { on PE2
Ts T '“"::““I‘"ﬁ i. T t on PE3
T4 T = T =5 ~ t on PE4
Ts - ~==*=~ t on PE5

1 : aprobabilistic exchange of solutions

Figure 3 Scheduleless parallel simulated annealing

4 Demonstration

The demonstration system solves multiple sequence alignment problems by the parallel
simulated annealing method. The multiple alignment problem is formulated as a combi-
natorial problem by Kanehisa's idea, and the simulated annealing operation is processed
by Kimura's method.

Generally, it takes hundreds of hours for optimization by simulated annealing. The
demonstration is a brief version of multiple alignment. It shows you gradual improvement

of the alignment of some small protein sequences.




Title

Molecular Biological Database in Nappa

We are providing a new-concept DBMS, together with several tools. for
the effective use of molecular biological data. We are planning to integrate

Purpose molecular biological databases on our database management system. First
we stored GenBank and PIR; now we are researching the best way to use
them together.

Demonstration Outhne:

(1) Nested relational schemas for molecular biological database
- of GenBank
- of PIR

(2) Functions and performance of the user interface of Kappa

Cutline - Display Dala
- Data Retrieval
&

(3} Examples of tools, their simplicity and perlormances

Features . . 9 -

(Functions of the program interlace of lappal

= Feature Expression

- Similarity Judgment

Metadata User Interface Program Interface

Manipulator for Nested Relations to E5P
Data
PIR

Systes Data
Conf igu- Retrieval
ration

K L

INappa
Mested Relations




D e t a i 1 5 {I/&)

1 Preliminary

1.1 Kappa

Kappa (Knowledge APPlication-oriented Advanced database management system)
is one of the ICOT KBMS projects, and aims to provide DBMS for Knowledge
Information Processing Systems (KIPS). Kappa is the DBMS on PSI-II/SIMPOS,
while kappa-P, which we are now developing, is the parallel version of Kappa, on
PIM/PIMOS. '

lappa is 2 DBMS with the following features:

(1) Nested relational model is Emplnﬁ'fl.

(2) Large amounts of data are effectively accessed.

(3) An user interface tuned for nested relational model is provided.
(4) ESP program interface and extended relational algebra are provided.

(5) Program interface can be customized for each application.

1.2 MNested Relational Model

The definition of the nested relational model (whicl is emploved by Kappa) is intu-
itively as follows:

NRCE x...x L,
E; == D | 2NR
Compared to the relational model:
RCDy x...x D,
where D; is a domain, R is a relation and NR is a nested relation,

Relational:

Group
Tour Schedule Name E Member
l Date [ To | Group I Setting-(i | Sugino
90.6.4 | ANL | Setting-G || Lecture_G | Ichiyoshi
90.6.25 | ANL | Lecture.G || Lecture.G | kondo
Leclture G | Susaki

Mested [lelational:

Tour Schedule

Date To Group

Name | Member
90.6.4 | ANL | Setting G | Sugino

90.6.25 | ANL | Lecture G | Ichiyoshi
Kondo
Susaki

48
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1.3 Malecular Biology

DNA sequence: It can be considered as a string, whose length can be more than
several hundred thousand. It consists of 4 characters, namely A, T.G,C.

amino acid sequence: Protein may also be considered as a string. 1t consists of
20 characters, which represent amino acids.

protein coding region: It is part of @ DNA sequence. It is translated into
amino acid sequences by a certain rule.

exon and intren: Protein coding regions of some organisms include sequences
which are not translated into amine acid sequences. We call themn introns,
while exons are the translated parts.

genome: The ‘full set’ of DNA sequences of an organism. Notice that cach
human possesses two genomes in his chromosomes.

restriction enzyme: We use it to cut a DNA sequence to a modest length. Lo
read DNA. The position it cuts is called restriction site.

1.4 Molecular Biological Databases
1.4.1 GenDank

There are two major databases of DNA sequences: GenBank' and EMBL?. They
and DDBJ? have agreements on dividing tasks of data collection and exchanging
data collected. The distribution forms of the data are flat files, in M7, FD. CD-
ROM, or through networks. Soinc portion of distribution will remaiu in the flat
file for the time being, while it will soon be something hierarchical, and exchanged
hetween DBMS. GenBank began to manage their data on a relational database in
1939,

1.4.2 PIR

PIR* is the representative database of protein sequence. It contains a DNA sequence
database in a similar format. Tt also uses flat file distribution. Il is distriluted with
access methods on VAX/VMS, called NAQ and PSQ.

1.4.3 Othor Databnscs

Protein Structure PDB’ is the databasc of atomic coordinates of amino acids,
namely J-cimensional struclures of proteins.

Maps of DNA We have maps of restriction sites, which are used as physical maps,
and of relational distances between genes, which are uscd as genetic maps,

T Genetis Sequonce Data Bank, IntelliGenetics e, and Los Alamoa National Laboratory, Us
T Nuclestide Sequence Data Library, Eurnpean Molecular Biology Laloratory, EC

TONA Data Hise of Japan

4 Pratein Information Tesource, National Biomedical Research Foundation, US

b Protein Dala Bank
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2 Specifications

2.1 Schema of GenBank in Kappa

The sclhiema based on the nested relational model for GenBank is shown in I'1g. 1
in detail.
gene @ main table which has locus name, definition, accession, keywords,
identifiers to the other tables, and so on.

reference : table which has authors, Litles, journals in which the paper
was published, and se on.

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

seqdata : sequence data represented in string form.

2.2 Schema of PIR in Kappa
pir-gen : main tahle which includes names, placements, sources and se-
quence data.
pir.ref ;. table which has authers, titles, journals and so on.

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

Schema for PIR is shown in Fig. 2.

- 2.3 Stored Data

‘GenBank | Release 60.0 (89.6.15)

26323 entries. 32 M bases
PIR Release 21.0 (59.6.30)

G155 entries, 1.7 M rﬂsiﬂuﬂﬁl

et ——e———
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3 Demonstration

3.1 Display Tables : Kappa User Interface
3.2 Retrieve Data

Example: make a gene table which consists of entries (records) whose reference Dr.

Woese wrote.

Tref_id (J&uthﬂm:”ﬁ’u ese™’ (IEfEIIE“ re ) } M gene

3.3 Feature Expression
3.4 Similarity Judgment
Flowehart is shown in Fig. 3.

Translation We select a DNA sequence in the feature tahle ta translate into an
amino acid sequence. The sequence is translated according to the table shown
in Fig. 4.

DT matching We compare the ‘translafed’ sequence with another (selected and
translated) sequence. The sequences are compared according to the table se-
lected by the user shown in Fig. 5, for example.
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— locus (line) name {+)

length

strand

molecule_type

shape

division

date -———— ¥ear
= definition E motith
— accession (*) (+) day

= key_wards {(*) (+)
P gegneinl EHEIILE.‘II.L_ND.
|: total.Na.

— zource —E abbreviation
— refblock (* }—[ rel_Neo.

— femture. :n’ rrf 1d |:
— comumenk
—— base count a

C

E

I

i

— Sequence G
E yours e

block
ek ]_{dnm.id{”

organism T org._formal
argalevel [+}

Ef_ld {+
features (*)
keynames (+)
region [*)
fromomark
frowm
to.mark
to
c_strand flag
description (4)

— vefuid (4}

— refl_comment

— hase_range ref_fram
‘—E ref.to

— authors (*} {+)

— title [+]

— journal {+)

— slandard std_degree
_E sid.level

segdain.ad (+)
data (%)

Fig. 1 Schema of GenBank in Nappa

— id.code
— Ly e SR
— title
== aller name {*)
— date
= placement —-———--L superfaimn
fam

ec.number

= source [ *)
— accession (%)
— lest (*)

— conmment (%)

— monetic T I
position ele.

—= koywords {*)

L sequence

E id_code

feature [¥)
position (*)
i fune
name_fune
ext

— icl.code

= idrefl

— sul_comment
—— authors (*)

— Journal J-naumne
Ej_year
J-page

 Litle

— camument [*}

Fig. 2 Schema of PIR tn Kappa (excerpt)
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{GenBank DNA)

alggitpactgoecaatggacgtacactan

|

/r Trauslation Phase ‘\

\-

bl

tag.taa.lga = end.

lg =» start{in)

gac = d
ola = v

/

|

mvidwamdvy ‘—v—

{Amino Acid)

(Another Amino Acid)

mvwpldhe ‘

l

/_ DP matching Phase I

mv-wpld-hg
(SRR

mvdwamdv-gq

.

Fig. 3 Similarity Judgment between DNA s

iz, 4 Translation Table

Fig. 5 Mutation Table [Feng)

=
Mutability c s t p a g n d e
[ st 2l 3rd ¢ cysteine G
EI (Bend) | TTC]A]GC] (3end) 5. SETIE 4 6
T s v |le || T t: threonine 586
[ P proline 2 4 4 6
1 =1t A a: alanine 08 8 a4 i
*lw | C = glvcine 305 2 % 5 6
Ef P lpih e )| T n: AsSpRCAgine 2 0 4 2 3 % 0
o d: asparticacid [ 1 3 2 2 4 4 5 @
i A e glutamicacid |0 3 3 3 4 4 3 5 6
i G q glutamine 1 3 3 3 3 2 3 4 4
M i . |n|s T Ii: histidine 203 2 3 1 o4 % 72
o r: arginine 23 3 03 203 02 01 2
k|l A k: Ivsine 0o 3 4 2 3 2 4 % 4
m G m: methionine 201 03 2 2 11 0w 1
[ v |[a |d g |[T i isoleucine @02 03 2 2 2 2 11
[ [: lewcine 02 0203 @z 1 0101
& A Vi varine 202 4 3 5 4 2 3 4
G f: pl:euf]a]auine o301 02 9 1 1 [}
™ terminate codon ) M t-}"l'l:iﬁi.llﬂ ki 3 '2 z ? 2 :! 2 1
we Levptophan 302 | o 2 03 0 0 1
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Guarded Definite Clause with Constraints

Title
Experimental Svstem
1. Research on Parallel Constraint Solving
Purpose 9. Commited Choice Approach to Control in Parallelism
3. Test Bed for Parallel CAL
1. Amalgamation of Concurrent Logic Programming and Constraint Para-
digm
2. Provision For Multiple Constraint Solvers
Outline 3. Solution of non-linear Algebraic Equations
&
Features
System
Configu-
GDCC Shell |-
ration
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X =
Xz
X3
x4
Y
Yz
Y3
¥4
Yes,

7- 0

- paracstartip (X1, Y1), p (X2, Y22,
p (X3, Y3). p (X4, Y427,
alg (X1, X2, ¥3, ¥4, Y1, Y2, Y3, Y4).

atomSBE3IBRI1Y
atemiBIBOIZO
atemEB3IBO3IZL
atomEB3BO322
atem3IB3IBOIZI
atemEB3IBEIZ4
atomiB3IBOIZE
atem3AIBOIZE

:= module para.

:- domains alg(=).

:- public start/4.

start (P1,P2,P3,P4) :- true |
create points{[A,B,C,D]),
mid pa1nt5{[Pl,P2.?3,P4,F1],[h,B,C,D]},
check_para (i, B,C,D).

{input alg ¥1,¥1,%2,¥2,X%X3,¥3,%4,Y4

Jcheck para(p(X1,Y1),p(X2,Y2),p(X3,¥3), p(X4,¥4)} :-

alg:{Kl—xzi‘{YB-Y4l-{Yl~Y2}*{x3~x4].
alg:[Xl—x41*t¥2-¥31-t¥1—¥4}*[KZ—HHJ
true.
{inpet alg X1,¥1,X2,¥2,X3,Y3)

mid (p{X1,¥1l),p(X2,¥2),p(X3,Y3)) :- true |
alg:+2*X3=K1+X2,

P4

alg:+2*Y3=Y1+¥2.

{create alg X,Y}
create_point (P) :- true | P=p (X, Y).

create_points((]).

createppoints{[llrs]j 1= true |
create_pm%nt:[},
create_palntsEIsl.

mid_points ((_J,(]}.

mid_points ([A,B[Is], [MIMs]) :- true |
mid (A, B, M),
mid points([B|Is],Ms).

Fl

|

— GR —
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(3} Ellipse Problem

GDCC Listener i ) _

F - ilE{Yl.K.Y}.Fl-p{-j.YIJ.FZFP[—I.IL
P3=p (1, 13, Pd=p (1, =17,
ellipsetstart(Pl, P2 P3, Pd. ¥ [ 5 I I

Pl = pi(-1, atom3B389295)
I"Z - P(-ll 1)
PEI - Ptlr ]}

Fqa = p (1, =1)
Tl e (KENKY ] = ~o%atomBBETAGILIZ KT+

-2x-tnm$3389312#H»3xxxx+1#x*Y1+
okatom$BIAUI12+24Y+ ~1¥X+ ~ZK 12

sule (aTomEB309I12%Y1 — 2XX¥YI14
Jkatem$BIASI 12 H4%Y4 —2%¥+ =1%Y1+ —-1%1}

rgle (atomIB3E0312katomEB3EE31E -
skatom$B389312 %X+ —2¥XEN+ 1% 13

¥es,
7= 0
r= module ellipse. cale transform(T,Pl,F2,P3) :- true
;- domalins alg(=). square_2 (LL,UL,UR, LR},
1= public start/S. transform{LL,T.FL},
start(Pl,P2,P3,P4,P) :- Lrue | transform({UL,T.P2},
create_points([A,B.C,D]). transform(UR, T, P3).
mid_point!{[Pl,PE,P],P%;Pl],[h;B;E,D]}-
calc_ellipse(h,B,C,D,F). eale_transforml{T,Pl,P2,P3,P4} :-
true
[input alg X1,Y¥1,%2,¥2,%3,¥3,X4,¥4 square_2({LL, UL, UR, LR},
leale ellipse(Pl,P2,P3,P4,P) - tranaform{LL,T,PLl},
Pl=p(X1,¥L),P2=p(X2,¥2), transform(UL,T,P2),
FlI=p(X3,¥3), Pd=p(X4,¥4), transform({UR,T,P3),
alg: (E1=X2)%(¥3I-Y4)=(¥1-Y2)*{X3-X4), transform{LR, T,P4).
Blg: (X1-X4)*(¥Y2-¥2)=(¥1-v4)*{X2-X3)
transform matrix{T), square_2({LL,UL,UR,LR) :- true |
calc_transform({T,P1l,P2,P3}, UL=p{-1,+1l), UR=p{+1,+1),
create_polnt{Pp), LL=p{-1,-1), LR=p{+l,-1}.
transform(Fp,T.F). )
circle_2(Pp). {input alg Xp,¥pl
transform(P, [L1,L2],Pp) :- true |
[input alg XY Pp = plXip. Yp).
circle_2(piX,¥})) :- true | transforal(P,Ll,Xp),
alg:Xa+2 + YA+2 = +2, transforml{P, L3, ¥p).
[create alg Al,B1,C1,A2,B2,C2) {input alg X,Y,A,8,C,P)
transform matrix{T) :- true | transforml{p{X.¥).[(A.B,Cl,F} :- true |
T-[fhl,Bl;El],[AE.HE;CE]], alg:P=A*X+B*Y+C.
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* CALOF i

e (RO . BO%). [Hokl ., TR0 OMOREDS L% 2 [HE
e CHREOMEIZIE., ROOORENDH D
BOK + BO = WK
AXBOE + 2XBOR = E0

trkm(Tsuru, Kame, Atama, Ashi) : —
Kame + Tsuru = Atama,
4*Kame + 2*Tsuru = Ashi,

SOTOFI LI LT, KOL) LREVwWEbHETIFNTE S,

BN =2 ol =5
=>

Bo¥=3 Bl =14

¥ =6 BoO¥ =23
==

oM =18  HoN=3




& L. [ L% % Prolog® > THC k...

trkm(Tsuru, Kame, Atama, Ashi) : = int(Kame), int(Tsuru), !,
Atama is Kame + Tsuru,
Ashi is 4*Kame + 2*Tsuru.

trkm(Tsuru, Kame, Atama, Ashi) : — int{Kame), int{Atama), |,
Tsuru is Atama — Kame,
Ashi is 3*Kame + Atama.

trkm(Tsuru, Kame, Atama, Ashi) : — int(Kame), int(Ashi), |,
Tsuru is Ashi/2 — 2*Kame,
Atama is Ashi/2 — Kame.

trlm(Tsuru, Kame, Atama, Ashi): — int(Tsuru), int(Atama), !,
Kame is Atama —Tsuru,
Ashi is 4*Atama — 2*Tsuru.

trkm(Tsuru, Kame, Atama, Ashi) i — int(Tsuru), int(Ashi), |,
Kame is Ashi/4 — Tsuru/2,
Atama is Ashi/4 4+ Tsurw/2.

trkm(Tsuru, Kame, Atama, Ashi) :— int(Atama), int(Ashi), !,
Kame is Atama/3 — Ashi/o,
Teuru is 2*Atama + Ashi/6.

trlem(Tsuru, Kame, Atama, Ashi):— int{Kame), |,
Tsuru = Atama - F.'a.me. _
Ashi = 2*Kame + 2*Atama.

trkm(Tsuru, Kame, Atama, Ashi) i — int(Tsuru), !,
Kame = Atama — Tsuru,
Ashi = 4*Atama — 2*Tsuru.

trkm(Tsuru, Kame, Atama, Ashi) : — int(Atama), !,
Kame = Atama — Tsuru,
Ashi = 4*Atama — 2*Tsuru.




Loan

loan(R, P, T, SB, EB) :-
1=0, SB=EB.

loan(R, P, T, SB, EB) :-
non_zero(T), Interest=R*SB,
NB=SB+Interest-P, NT=T-1,
loan(R, P, NT, NB, EB).

non_zero(A) :- A*Alpha=1.

Now we can ask some questions:

Rate = 0.01/month

Time = 15months = Payment =~ 725
StartBalance = 10000



D e t a i | 5 «C /)
* CALOM : ~ 8 ¥ OB (FEMFEHE)
surface(Height, Base, Area) :-
alg:Base*Height = 2%*Area.
pythagoras(A, B, Hypotenuse) :-
A~24B~2 = Hypotenuse™ 2.
triangle(A, B, C, S) :-
alg:C = CA4-CB,
pythagoras(CA, H, A),
pythagoras(CB, H, B),
surface(H, C, S).
surface: pythagoras:
Hypotenuse
A
Height
triangle: -
Base B
A H B
M
CA CB
C

T4 —




* CALOF B+ v oo Ex{k@tyi-# s h 3 &)

Turs L, Mughd, B

: — public lagrange/3.
lagrange(F, Constraints, Vars) : —
construct__l(Constraints, L),
partials(Vars, F, L).
partials({], __, _J):— L
partials([Var[Vars], F, L) : —
dif{F, Var) = dif(L, Var):alg,
partials(Vars, F, L).
construct_ 1{([],0):— L
construct__{[C|Cs], C*Alpha + L) :—
C = 0:alg,
construct__1(Cs, L), L.

?—lagrange((1/2+r1)"2*a+(1/2~1r)"2*b,
[a*2+(1/24+)"2 =1,b"2+(1/2—-1)"°2 = 1],
{a, b, r]).

r*7=(29/12)*r"5+(-17/48)*r" 3+ (5/576)*r

Maximize fIxy,...) Maximize Ma, b) = a(l/24r)2+b{l/2-r)?
s tele,.)=..=0 5.t al+{1/2+r)2-1=0,
b2+ (1/2—r)2~1=0
Lagrange = Lagrange
. v
Solve Solve
dligx) = alfaxy, ... al4 (124 Mt=1=b24(1/2-r)2~1=0
cilxy, ) =..=0 dllaa = alfga, al/ab = aliab
where 1(xg,...) = eylxg, .. Jay + ... where 1= (a2+(1/2+)2—1ay+
(b2 +({1/2—r)2—1L)ag




fElvwg

?7—lagrange((1/2 +r)"2*%a+(1/2 —r)"2*b,
(a24(1/2+r)"2=1,b"2+(L/2-1)"2 = 1],
[a, b, r]).
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Handling Robot Kinematics




e X.

Vector

(8 Joints

rd
Y

—

R3 = (0,0,213)

Sketch of a Robot

and 6 freedoms)

ARLI= (0,0,z21)

0 (0.0.0)




yes
?- r1obotd:
robot ([[cos3, sin3,0,0,23,0,0,1],
[cos2, sinZ, x2,0,0,1,0,0],
[cosi, sinl,0,0,21,0,0,1]],
5.0,0,1,0,0,0,1,0,
40, 30, 20,1/3,2/3,-2/8,-2/8,2/3,1/3)

sinl”2 = 1/5 .
cos? = =5/3%sinl .
sin2 = 2/3 .

cosl = =2#%sinl .
zl = 6 .

cos3 = 2%sinl .
sind3 = —=l%¥sinl .
z3 = 26 .

x2 = 105%sinl .

yes




* 7= VCALOH 1NEEHI S O 25

circuit(X1, X2, X3, X4, X5, Y1, ¥2, ¥3) -
bool'll = X1&X2, booll2 = X1VX2, bool: I3 = X3& X4,
bool:l4 = X3vX4, bool:ls = ~11, boolle = ~I2,
booll7 = ~I3, bool:I8 = ~I14, booll9 = I1VI3,
bool: 110 = 11&1I13, bool:lll = I6VI8, boolll2 = 16418,
bool'113 = ~X5, boolil4 = I5&I12, boollls = IT&14,

bool 116 = ~I14, boolll7 = ~I15, boollll8 = 115vI16,

bool 119 = 114VvI17, bool:120 = 114VvI15, booll2l = 11eVvILT,
bool: 122 = 19&14&I12& X5, boolil23 =11 1817 & 158113,

hool: 124 = X5&I18&19, bool:I25 = 113&120&]121,

bool: 126 = 122vI10, boolll27 = 126vI23vIZ,

bool'¥1 = 126, bool:¥2 = ~I[27, bool!¥3 = 124wI125.

X1 |
‘ _D&D Y1

X2

Y2
X
3 | __DLF\
X4 —T)

X5 :

'DJ Y3

s
O,
=0 "

- g0 -




* I L

o BlEn Yy s TorsIvreriEvalt, MEFHEIZ. »oFEWE
BT HIENTED,

o HBENLMEORREIL. YAFLMEDWAS,
e Tussvit, MEOEEZE»I L { ELIED,

o HIHU Yy 2 TUSIIVIERVAILILL 2T, TOFITOLE
EomErFREThb,



CAP v—Ir7oZ5 Lot

o %
wom-n s LOLREMEN T 0r S 1 L EROMR. B XUEBIERRE
B M
AGEALEEB oS L yEROBIRMREBNLT 2,
(1) gRoMABEREFELE 0T LOBRIL - BStEaiEs 5 BREIC
& & IEIAE
e (2) ZMRFEIZ XM A, WAOEHL
BV
68| ) A HFTFoyrsiyrEAiELTIRREIROFIA
(4) 2R - 2BcHGE LA T o yS AMHERD., #H2ASMEDRE
AT LR
T 7Y 28 1, IF4 ¥ T —si
“ﬁL——Eﬁﬁi?Jf
I E ] BT - L FIBRRAE
R ,
momR|  EVIRIE L FEVRERE —— oYvrEH, |
i JE®-EEDB |
7
Fo ¥ 5 Lol S0 5 Ll E ——— T 055 LA |
S _l
S
i e m s s s mnmnay
SOy 5 LEF | M LB M5ASMHEE |
: L___-_-_f-------------J
I'"":"":
KL 1
P i




7 £ %} H (13

EFEVA R =23 @ TH, Y= b7AT)XLERE LT, ARNAREICESVEIEEISO T
045 AHEREF 5, BUFClbBEee, SFHey - Frad) ZLoRE FEFROREET .

7o s 5 LidH

TR E7o¥Fhtl, FTHOXSKHEI L EHTED. COMBCR ST ey 7 LMIET 5.

= — ==.
TurIL ALY B
- B D& L (recursion) | Induction PUPIRRES £ OIBR A TEVIRAR D E L NG
« o3 (i-then-else) V-elimination - weonrronEie, il then else & ¥osh il
- A% (Tunction) ¥, 3 sintroduction | +vo x KHLT, ¥ STRET S C bafEmin. y=([[x) KHT
- PABEH ¥ -climination F =T x H LTAL D I oA AT o BT e
(#)
< #EDSE L (recursion)

sort([ ][]}

sort{|[X|Y], ) : —sort{Y), insert{ X, Y, Z).

—

3y : L.lsorted(tail(x), y)]

Jy : L.sorted(nil, y) iy : Losorted(z,y)
¥z:L,3y: L.sorted(z,y)

{String-Induclion})

* HAE

sort(L,5): (L= (), 5 = [} L= [X|L]],sert(L], LS), insert(X, L5, 5)).
=
[z = nil] |z # nii}
sorted(z,nil} nil i L serted(z, insert(head(z),1))
r=nilVz #nl 3y : L.sorted(z,y) Ay Losoried(z, y)
Jy : L sorted(z, y}

(W -elimination)

+ PR

addene X, swee X))

=
[z : Nat]

suce(z) = suee(z)

3 -Intro
dy: Nat.y = suce(z) ( ) ) (¥ -Tntro)
¥z : Nat.3y: Nal.y = succ(z)

- DA

F{X): —addene(zero, A').

-
¥z : Nat,Jy: Nat.y = succ(z) zere: Nel

(¥ -elimination}
Jy: Nal.y = succ(zera)

- B3 —




= £ %] 5 (2.3)

Y — T AT X 4L EEEH

FEEmUzbcﬁLT.ﬁfﬁﬂ%#ﬁ(itmmm}t%UEitUxhﬁﬁEi
é.!&vﬁﬁﬁﬂﬂmbé.?—owﬂfﬁhﬁmméﬂé.Etﬁﬁfbu?tn
FESICTHD AN L - TR -2y — F7LTY XLAEoRD,

Iﬂ}ﬁd\iﬁt%ﬂi}fm{l. ....Bubble Sort
EEAFIEDOY I b 1 g
248 @i e Flic4rE0 L. Insert Sort
Uzbmw—hliﬁﬁﬂﬁmm}

WY A RicsE \
(PRI IE) @7 — JIc L DEESE ... Merge Sort

i@anpendi:;% & ....Quick Sort

(D Dubble Sort ® Insert Sort

remain

a

hh<a. aa huu

v s R — e

L insert

n b: |.. ]| bu

Btilter

(. S —_— et

sorted

@ Quick Sort @ Merge Sort

E l.! I i

(e lDRFVREQTR ) (ad9dhavBEDYA L)

Lb-b
—1 R -

B e O —
i i.__h;:; ...... _:®
& |

-— B4 —
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vl £ A =z (1.3)

1 . {EELHESH - = F £~

FiiEigR, ReFLLmaEdhbhp o 0ME (Fseemll) 2FEXDLNLGIRNE
LvaﬁELTmmEﬁﬁmmﬁﬁrﬁﬂ AR ~<— 2 o455 ( M ARF R R 2 M T
arwkmha:tﬂraaoccr MRS EMEL T, APRICOT, 704

ﬂ.ﬁf‘-‘ﬁ(ﬁnﬁﬂ-‘t ‘E.:L._lTT‘E"Mt .rrTn

1 - 1 FEORTR — — == D {¥]

W e L EBIEN e AT LAOATE, k= TIOINS (SEETIIN) EIERFT 0
LIS ($ﬁ£ﬁmﬁjfﬁaﬁmt?5,

Bl lcmit~<~— 2@ ERd, M—rid, " BIGCREINE (B5: s5) VT 05 :n)
T\XNMﬂﬁ{ﬁ%:n}f,Yﬁl@%ﬂ@ﬁ{ﬁﬁ:c)ﬂéd\[K,Y]hﬁﬁﬁf
ié"ctiﬂmLTUaﬁw&Ta;:cm~assumemx“mmﬁﬁﬁLﬂh"thﬁ
REERESCETTMTD (L—ib r RIEMFT 7 2 4 b - wfﬁé}uﬁt.ﬂﬁﬁﬁﬂ
ﬁ~xHMEh~y1m1®HHE%\yEHIQMﬁ@ﬁtU7ﬁﬁhm ~—AlEEhT

LWaHbDELTWE,

r::n€s), a (X), e{(¥) —>assume (s ([X, ¥1)).
assume (n {(s)?. assume (a (x} ).
assume (c {(y13}). assume (e (v2)),

1. ma~— 2o

1 - = {IRBCHERT = = 7 L D ez {7

ASEE LM~ — A e BT R e EIT T S EBRIER 2 725, MM &N » 2 > ERE
i B UERs (Assumption—~-based Truth Maintena
nce System: ATMS) sictnifikdacsdTtaz,

e gkl =il FEre s 7o FERCE, SILWF—ryE2iYid 3 L3I0 Pl
(EB=TTETESE) TATMSICED, ATMSH., F—fOHERBIM (ABATELSATL
. FEVWRELGNTVLWHEVEIVSTUTELSORMEIFTILL) 2ERLTED., tmx
YEUL, BEF-7OESOREEREY, ATMSHENTEZF— 211, B4 oM imdgftid
DIESGORT. TOF—FE2REOUAYARE (BEMTEHT) ONSOE/NMASIKL TS5~
A ENd, COF—7E5<ADHEATMS /=F {7 : <F=%, 4>} LIFH,
Mz, miEsitas » YV EATMS E2MCES LR ERRER 27 o018 S
TR+ 6DTH S NimEHnz v Y rdUEMTMcM+anBt5isl bicdn., F0
HREMoRMATREEL S,

FF. ATMS SRR E~n (), a (x), ¢ (¥
Tnl(s) Talx) Telri) 7¢{j?]ﬁ=ﬁ‘:‘?11rf1'“5t?5n { [l Fidn (s @37,
(Mg P Ra (x)@5<n, [ (Mg} ] ldc (yl1)@a~a, [ ([} ) ldc (y2)
DAL THL, - dEfTadds ([x, vy113, s {[x, v2] ) 23+ sl
Wit J 1, J2AATMSIZESH, (M) U (Ml U (M3 U (Tl & (Ml v
[Tal U (M) U (Tl AT EN 5B,

L LA s, EIRMRFRE T—REIER <— 2 onip &ty ¥ ré&thid, CoLdn
[EE » TR T w274l S~AHTMAFE, HFLLUBELTIRUAL,

1y, e{y2)os=F
H

Inference engine ATMS

—————————————————— IMybfshs
tnfs), a {X), c {Y} T

-}ﬁssume{s([K.Y]}}

Whi ¢

eh 2%,
ATMS/—F
B2, Tt e 2 # Lol EFT (Fo ] )




F + A E (2/3)

J1: <n(s), (M) > <a(x), (Tl > <elyl), (T} >,
<ls, (Mgt} > = <s ([x, y1]). 0l Ty T Tsh | >,

J2: <n(s), ((rp) > <a @, (gl > <eclyz), (Mg} >
<Pp (Mgt} > = <s ([x, y2]), {{F Tp Mg Feb b >

B2, PEhoffidlm e 7 Lol LB (2D2)

1 - 3 AP R I COT._ 0

Mait. APRICOT, /0O EUEETRTLOTH L, TOHMWIR., WW~—-2EZRE
TES o b —=#lcawtd b LTHE, T2 AN — FizBOTikiz » & » i pR]0 AR
difid €13, Ja, 15) EATMSKED, TORMFGNLATMS /= FEZT DT — %
o AEY (WMY IRFLTECCEiRED, ATMSD 3~ IIREHTESI L
TH e

flic s, REeIRFUH, ERETIREE ( (ryg v irg v irs v (s,
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(ry, Col wirg , (g I'ab W (g, (T, Fa gl U ils), (M o
Cgbo U g ) &MY, 5S~ARHAMMAAPRICOT/00HEHBUCHENTS 2,0

Inference engine
Queue
m 7 nis) |Ta{:} |?c{rl} l‘fcli:r?}
n (s) a (%) e ($) ?5{[1'-1'1]}‘ ”S':EX.J'E]}
Wil : W : WM :
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A 7 (373

4
et

ja: <nds), (M)l > <a(x), (Mgt = =
<n (s) "a (x), ({r, Tgl >

Ja: <n(s) "o (x), UM, Tl > <eclyld, {(irg } > =
en sy Ta(x) Telyly, My T Ighl >

15: <n(s) "a(x), (ML Tgl> <cy2), ({Tg)>=
cn(s) “a(x) “c(y2y, (ML Ty Tyl >

J6: <n {-s}'n{x}'c{yl}; { ([, Ty gt > <Tg [l > =
<s ([x, v11), {irL T Ty T} >

17: €n(s) "adx) "e(y2), (M, Ty Dyl > <T {iFgl } = =
<s ([x, y21), (0L 'y Ty Tgh} =

@3. APRI1COT//0DipsTT (£D2)

=2 . 58

SIDESS SO m I, S RIZOEMBTEYTE ( OFIREFTFET S, ChoOliR
BrBRtcEREs s ESRe s ud ROl Lo, FMERETS>ENTE S,

2 - 1 PAIRA
FIE OB & RS T B T R &
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HR*F5
The Preservation of Nature

iz F08H
Kazuakl Ito

1. A, cotiFolcd i@ty AR, F5LTh. BEROES
Kbt tbivr,

In order to continue to live on the earth, human being necessarily must
depend on the blessing of nature.

Q

Ao o iR T Akl fKEbadnEEbir
B,

What must human being depend on to continue to live on the eacth?

: BfoEAKHO AR B,

(He) must depend on the blessing of nature.

AR, @oibcERolRcHoithd b,
Why must human being depend on the blessing of nature?

coMEo bt FETTwW (AEBEHL I E bR,
In order to continue to live on the earth, (human being) must depend

on (the blessing of nature).

et RAOBELCHLEDRE bR NDD,
What kind of blessing must we depend on?

: BAROE .

The blessing af nature.

AR ErTER Tt BRolACH A0,

Where does human being continue Lo live depending on the blessing
of nature?

CoMEo kT ET I RhIcHES,
(He) depends on (the blessing of nature) to live on the earth,

: A HROMACH b AT kb,

Who must depend on the blessing of nature?

A e LA ES RV,

Human being must depend an (the blessing of nature).



L HALHEEE~28), ELTWIEL., M5EA L. bR WAL,
2L ERRSLFCANEHTDH D,

The things we eat every day,the houses we live in, or the clothes we wear
are all originally what we obtain from nature.

Q: HASHAEE~5D.
What do we eal?

A SER~5.
(We) eat things.

Q: ARIR{FIEMS 2.

What dees human being wear?

.lﬂL.‘ mfﬁ'ﬁ.
(He) wears clothes.

Q: AMIRE CREALTE D,
Where does human being live?

A: BKEATWD,
{He) lives in house,

Q: B LAELTWIFRETEE D

What is the houses we live in?

A: BERDLFRARDIGY,

(Those are) what we get from nature.

Q: FALHE-IHH, FChbBFLAhTTHED.
Where do we get the things we eat from?

Ar BHESE»HFICAR S8,
(We get) the things from nature.

Q: fid, AABRBENICFEAREGTE IS,

What we get [rom nature?

A: IEE~58 EEUN LT STMFT,

(We get) the things we eat every day, the houses we live in, and the
clothes we wear.
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3. AN, THEEI AL, UEYDELTTFSe LAY, TETEHCT

ZhbC, BEVMIMGEREE- KD LTI,
To make residential areas, human being levels mountaing and smooths
the terrain, and for convenient transportation, cuts down forests and ¢on-

structs roads,

Q:

Al

Why does human being leve]l mountains and smeoth the terrain?

EMESHSADCYYBLCTTRICT 3,
{He) levels {mountains) and smooths terrain in order to make resi-
dential areas.

A, BB b, R T,

What does human being level in order to make residential areas?

D .

(He) levels mountains,

ARBILED D L Ciicd 2,

What does human being make by means of leveling mountains?

: Fiicd 5,

(He) makes flat grounds.

: AR BE, BRTUIRA-OEB TSI 00,

Why does human being cuts down forests and constructs roads?

THTEHICT LI REWTRE,
(He) cuts down (foresis) and constructs (roads) becauss of conve-
nient transportation.

AR, BEO OO R 5,

What dees human being construct by means of cutting down [orests?

T A,

(He) makes roads.
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Language Tool Box (LTB):

A Software Library for Japanese Language Processing

LTB provides a general and flexible development enviromment
for the Japanese based natural language processing system. LTB is
developed by integrating such compoment techniques for NLF that vere
established through the development of Discourse Processing System
(DS} in ICOT.

Currently, LTE  comsists of lexical analyzer (LAX),
syntactic analyzer (SAX), Japanese sentence generator(GEN), kmovledge
representation language (CIL), end so forth. All the modules in LTB
ara implemented in terms of ESP language and run on the PSI machine.

Qutline
aof
Demo

The demcnstration consists of two parts. First, analysis and
Eeneration process of a Japanese sentence are displayed through the
LTE-shell. LTB-shell enables us to activate each sub-module and
control the flow of data structures.After that, major debugging tools
including tracer and inspector for each sub-—modules (LAX, SAX, GEN)
are demonstrated briefly.

Syslem
Configu-

ration

LTB-SHELL

dan tanea
Eamsrarar

Limguintin
[P

Lasinal

Blassan
Lamguagy

» LAX(Lexical Analyzer): constructs a sequence of phrases with their
meanings from a Japanese sentence using extended regular grammar.

* SAX(Syntactic Analyzer): constructs a parse tree or a semantic
structure of a sentence 'I.lﬁi.bg extended DOG grammar.

- CIL(KR-Language) : supplies the basic data structure(PST:partially
specified term) necessary for semantic processing.

» CEN(Japanese sentence generator): generates a Japanese sentence
from a sort of syntactic structure.

+ KWIC(Key Word In Context): Database for linguistic research.

» Linguist{Grammar Workbench): DCC grammar prototyping system.

— g8 -
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Process of Lexical and Syntactic Analysis
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Process of Japanese Sentence Generation
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Debugging Tools for Syntactic Analyzer SAX
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Debugging Tools for Japanese Sentence Generator GEN
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