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ABETRACT

This paper describes a new interactive
routing syYstem based aon arctificial
intelligence technigua. In the VLS5I routing
problem, meost of the time is spent on the
interactive design operations to get the
complete connection after automatic
routing. An expert designer has to delete,
modify or draw routing patterns on  the
éigplay terminals by exploiting his own
specific knowledge and experience. This
interactive process is done in a &ty and
error manner, Aand usually takes a lot of
design time. The system proposed here,
adopts a rule=based method and enables a
designer te relieve the burden from
complicated design operaticns. This syst=em
accegts the desicner's knowledge in clausal
form of the first order predicate locic,

rolog language. This rule-based routing
system has been developed to solve a large
scale real problem of a few thousand gacte
VL5I, and showed gquite promising result.

L. INTRODUCTION

A rouzing problem is to determine a
connecting path meeting all physical and
electrical constraints for each given net.
From a computational point of wview, a
reuting prablem iz considered to be & hard
combinatorial preoblem. It is far Lat
difficult <o complete the whole design by
only using automatic programs. The total
cesign process consists of automatic and
manual design. In most practical cases, a

large porticn of the design time is spent
on manual design, such as drawing, error
checking and correction after automatic

.design.
In these years, highly interactive CAD
eygtems have been developed (1,2,3) and the

layout design time is reduced in a great
deal. However, its successful cperation is
a fully dependent on the designer's

&bility. The aexpert designer carries out
the design by exploiting his own specific
knewledge, The knowledge specifies 2
cartain operaticn in accordance with a
specific situation, which is represented in
a form of the design objects, their
properties, and legical relations among

them. Recently, several new CAD systems,
based on artificial intelligence technigue,
have been reported (4,5,6). Howewer, ,it
seems that there remain some problems to
solve the large scale real problems. The
gystem proposed here is focused on applyine
the designer’'s specific knowledge inte the
design process for practical routing design
problems. The rule is a set of knowledce
acguired through the expert's dasgign
axperience and it guickly leads to arn
appropriate design goal. Here, the rule is
expressed in Proleg language and stored in
the knowledge base. The Prolog interpretecs
{7) compiles the rule and makes infarance
on the knowledge. The inference result is
transformed inte a certain procedurs
sequence, a set of FORTRAN subrouzines., In
this  way, the procedure sequence is
executed in a high speed manner,

2. Al APPROACH TO ROUTING PROBLEM

In & large scale routing problem, a
large portion of the design time is spent
on manual dasign for unconnected nets,
after automacic routing., In erder to reduce
the manual design time in interactive
systems, it is impertant to classify which
work a human being should be responsible
for and whiech part a computer progras
should do. A human being is superior to =

computer  program  in  understanding and
recognizing the design situation  and
planning strategy. On the other hand, a
computer can achieve high speed processinc

in simple data manipulaticn. We hawve
developed integrated CAD systems, where the
optimum exploitation of human intelligence
and the computer's high speed processing is
reaxlized by integrating avtomatic and
interactive functicns (2,3).

_ However, a large portion of the design
Lime 1= spent an the interactive design
operation in completing connection of
unconnected nets. The design activity
depends upon  the designer's abiliey,
Therefore, when a part of the interaesive
degign precess is replaced by computers
programs, the design time will be reduced
with more intelligent man-machine inter=-
face. In worder to such an intelligen:
system, 1t 1z essential %o have a mechanism
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rig.l Syztem Configquration

whigh represents and utilities the
designer's knowledge. In the prapusgd
system, tne designer's xnowledge is
represented as rules in Prolog language,
and the design goal is reached by

exploiting those rules.

2. SYSTEM CONFIGURATION

The Figure 1 shows a system configqu-
rarion. The system includes two kinds of

databases, knowledge dJatabase and CAD
Batabase. The knowledge database stores &
certain amount of design knowledge about
1specific routing situations : properties of
design chjects, relations among thea
objects, and rules for guiding problem
solving. The CAD database, which is a

conventional database, contains physical
information about the design objectives,

At present, the inference system is
Preleg 4intergreter. Proleg language has
inference mechanism in itself. And the
designer's knowledge is written direetly in
Prolog language. In this language, rules
can be considered as a set of knowledge and
they are represented as a seguence of
predicates. For linking to the existing CAD
SYystam, our Proleg Lnterpreter allows
predicates that correspond to procedures in

the CAD system. The procedures manipulate
ghysical data on the CAD database and
execute design primitives, High speed

processing 15 realized in this way.
) Rules in Prolog programs  make a
hierarchical structure, and rules at the

top level of the hierarchy can be

considered as commands to the system. As
the designer inputs a rule name,  the
interpreter compiles the program and

produce a certain procedure seqguence. This

seguence simulates the designer's
cperation. These mechanisms enable the
designer to solve a practical routing

problem within a reascnable Eime.

4. PROLOG INTERPRETER

_ In case of Prolog, the form of a term
13 expressed by the Horn clause subset of
logic. Proleg is one of languages suitabls
for representing knowledge and developing
rule-hased systems., Prelog is characterized
by the following three points : the firse
peint is te have a basic inference
mechanism in itself, The second point is to
be able to manipulate tructured data
objects, such as lists and trees, applyving
pattern matching. The Third point is to
access program and data 1o the same way and
be mixed together.

In general,
based system is
repetition of selecting and executing
rules. The rule=based system mus L
cperated pattern matching process whenever
such A repetition would occur. Thorefore,
the more rules the rule-based system has in
the knowledge database, the slower it
becomes in inference. In Freleg
Frogramaing, data are expressed by clauses
with emoty bodviunit clauses). The rule=-
based system has to store programs and many
rules in the knowledge database o sclve
problems with a large amount of data. This
causes the slower inference speed.

To cope with this preblem, procedural
knowledge should be written in more
adequate language such as FORTRAN. A lot of
knowledge in the dessign process is

rule-
gimple

the mechanism of a
considered to &

procedural knowledge, that 1is, how to
manipulate physical data and which design
primitives ghould be exscuted. We hawve

developed Prolog interpreter which has the
additional funetisn 29 as to link to
FORTRAN language. Design data in the CAD
database of an existing CAD system can be
accessed by FORTRAN routines. This is an
efficient method to take advantage of
accumulated programs in an existing CAD
system. Predicates corresponding to FORTRAN
routines can be defined in the Proleg
interpreter, Those routines are procedures
in the CAD system, and they can access dakta
ln the CAD database. These predicates are
called external functional predicates .
This additicnal functlon cnables the system
to realize high speed processing. The
interpretar also provides standard built-in
predicates,
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5. DESIGN ¥NOWLEDGE REPRESENTATION

hutomatic routers cannot always give &
complete routing, Since a net routing is
often blocked by 2 wiring pattern whieh has
been routed early. In conventional CAD
systems, the designer does two kinds of
manipulations in order to accomplish 100%
routing after automatic routing. One is ©o
modify existing wiring patterns : altering

wire routes, removing detour pattesns,
eliminating via holes. Fig. ? shows
these examples. The other kind of manipu-

larions is to connect unconnected nets.

The designer's operations are based on
his knewledge aguired through hig
experiences. In order to EXpress the
designer's knowledge as seguence of rules,
we must analize the designer's cperation.

In case of completing unconnected
nets, the designer will find the reason why
nets are failed in connectivity. The
reagsons are classified inte the following
two cases.

{1} A& signal net is blocked
arcund its pins by other nets.

near or

(23 & signal net is blocked on  the
routing channel area far from the pins.

The first case 1is explained in
detail. Fig. 3 shows topoleogical relations
between blocking wiring patterns and pins.
Unconnected nets are indicated by chain
lines. Fig.2 (2) shows a situation wherein
a signal pin is placed on upper or lowers
gide of a rovting area, and it is blocked
by other net wiring pattern on the neighbor
grid. Fig.3 (b) zhows the sitvation wherein
a signal pin is on the right or lefr side.

The designer represents his knowledge
to soclve the situation of Fig.3 (al, as
follows.

BLOCKING (*NET_U, *NET_B) :-
GETPIN[*NET_U, *LAY, *XS,"¥S),
EQ(*LAY,1),

DIRECTION(*Y¥S, *DIR],
SGRIDSEARCH ("DIR, LAY, *XS, *¥S, *NET_B).

1 IT J:I_:*L.

{a] removing (%) elimipa;ing

detour pattern via holas

Tig.? Modifying Wiring Ssament

Variables are represented as
letters headed by **', and the external
functional predicates are headed by '§°.
*MET_U ies an unconnected signal net number,
*WET B is a blocking oncoc. The first
predicate takes out two coprdinates of anm
uncennected gpin end a leyer number. *X5 is
& X-coordinate, *YS is a Y-coordinate, *LAY
is a laver number. The second predicate
succeeds when a pin is on the first laver.
The third predicate determines a direction
where & blocking wiring pattern may pass
through. *DIR is a direction. The lLast
predicate denote a procedure which searches |
for a blocking wiring pattern in a given
direction and finds a net number of the
blocking wiring pattern.

In case of the sitvation wherein a
net routing is blecked like shown in Fig.3,
in most cases, the designer can connect an
unconneted net by & following sequence of
operations @ deleting a blocking wiring
pattern, connecting an unconnected net, and
connecting the deleted net. 5Such a process
are described by a clause as follows.

capital

RULE30(*NET U) :-
BLOCKING (*NET_U, *NET_B],
SDELETE(*NET_E),
5CﬂNNECTﬂ*HET_U}.
SCONNECT (*NET B).

The secons predicate executes deleting
a specific part of a wiring pattern, where
each end point of the deleting part is’

pither a pin or a hranch. The las*
predicate executes finding an error free
path always guaranteed without any
redundancy.
A
e A
o« e
a =3
y-} =]
- .
—_— ~ a
e &
ta) (k)
[:] : reuting area

—= ¢t wire segment

{c) altering
wire routec

(£irst layar}

¢ = pin
A 1 prohibited point
o—= ! unfefnfected net

Fig.3 Blocking Wiring Situation
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Fig.4 Unconnected net

:~RULE30 (NET_U}.

As the designer gives the system this
goal clause, the system can connect an
unconnected net NET_U. Fig.4 shows an
uncannected net and Fig.5 shows the resualt
which the system executes the goal clause.

The above clause is a rule which
represents one of the designer's knowledge.
The rule simalates the degigner's
cperations =] achieve complaete netc
connectivity. When the desiqgner hits upon a
good sirategy Lo se¢lve the situation, he
can add new rules to the knowledge dacabase
and use them, while he is designing.

By accumulating more rules
representing the designer's knowledge,
corresponding to various design situations,
more complex reuting problems can be solve
in a short time.

. CONCLUSION

This paper sresents a new interactive
routing sveiemn maged an artificial
intelligence technigue. The expert designer
can store his own specific knowledge in the
system and use them in the design process.
The proposed rule-based system achieved an
acceptable  interaction  speed  and a
reasonable result, For 2100 gate Mastero-
Slice LSI routing problem, this system
could make the complete net connection
automatically  within half an heur by
applying several rules, whose paths could
not be found by auromatic routers.

By accumulating more rules, the system
will Became mors intelligent and be able to
solve more diffiecult problem. An essential
difference between human beings and a
computer progcam  is considered to be  an

intuitive ability for reaching an
aporopriaste goal. In order t=o achieve fast
and high guality design, & GCAD sSystem

shoeuld have a mechanism with the designer's
knowledge fzom now.

ﬂﬂh}ackinq wiring pattern
(¥ connecting path of an unconnected net
(3 connecting path of the dsleted net

Fig.S Exmcution fesult
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