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abstract

describes a new
system for VLS]
on artificial

This paper
interactive routing
lavout design based
intelligence techniques. In the VLSI
routing problem, mast of the time s
spent an the interactive deslgn
pperations to 9et the complete connectlon
after automatic routing. An  expert
designer has to delete, modify or draw
routing patterns on the display terminals
by exploiiing his own specific knowledge
and experience. This interactive process

i= done in a trial gnd error manner, and
usually takes a lot of design time.
The =ystem proposed here, adopts a

¥nowledee-based method and relieves a
designer from the burden of complicated
design operatione. This system accepts
the desisner's knowledge as a set of
rules represented In Prolog language.
Tne Prolog interpreter {nterprets the
rules and makes 1nference on the
knowledge. This knowledge-based routlng
system has been developed to solve a
jarge scale real problem. [t has Dbeen
applied to design custom VLSIs with
seyveral thousand 9gates and has shown
quite promising result.

L. Iptroductiicon

Recent advances in microelectronics
technology have required high density
layout design techniques for VLS with
complicated design rules. This makes it

necessary to_establish a highly effective

lavout design system with automatic and
interactive function.

A routlng problem In VLSI lavout
design is to determine a connecting path
meeting all physical and electrical
constralnts for each given net. From a
computational point of view., a routing
problem is considered to be a hard
combinatorial problem. [t is far too

difflcult to complete the whole design by
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only using automatic Programs with
deterministic algorithms. The total
design process consists of automatic and

manual design. Inm most practical cases, a
large portion of the design time = spent
on manual design, sSuch as drawing, error
checking and correction after automatic
design.

In these wears, highly interactive
CAD systems have been developed to cope
with this problem [1.2.3] and the lavout
design time has been reduced in a great
deal. Howaver, 1tz successful operation
is fully dependent on the designer’'s
ability. The desjgner carries cut the
design by exploiting his own specific
knowledge on the layout. The expert
designer must examine the wiring patterns

carefully on the <raprhic display to
modifvy or create wiring patterns for
complete net connecticon. This is time

consuming and error prone.

an essential
bheings and

In the desisn process.
difference between human
computer s an intultive ability for
reaching an appropriate goal. The ability
is conzidered to be based oo a mechanism
for applying a "rule of thumb". Recently.
seyeral new Cal systems, based an
artificial Intelligence techniques. have
been reported [4.5%.8.7]. However, it
seems that there remain some difficulties
to solve the large scale real problems.
The system proposed here Is focused on
applying the designer's specific
knowledge Into the design process far
practical routing design problems. The
desi{gner's knowledge speciflies a certain
operation in accordance with a specific
sityation. which {5 represented In a form
of the design objects, their properties.
and logical relatlons among them. [n this
system, the knowledge is expressed Iln a
set of rules and written In Frolog
language [8]1 and stored in the knowledge
database. The Prolos interpreter
interprets the rules and makes Inference
on the knowledse to perform lavout design
task.



In order to make a computer an
expert designer"s assistant, this paper
presents a new interactive routing svstem
which treats with the designer’s specific
knowledge for a practical deslgn problem.

2. Al Approach to VLS1 Routipng

A VLEI routing problem 15 to find a
connecting path meeting all phisical and
electrical constrains for each given
signal mnet. The connecting path 15 made
by meta! wires of tuwo different layers
and via holes for lnterlaver connections.
A signal net s a connection requirement
to be electrically egquivalent for a set
of pins. To simplify lavout design, grid
lines are introduced 1in the chip
vertically and horizontally. Wirtns
patterns connecting pins can be routed
anly on these grid lines. Fle. ltal
shows connection requirement for the nets
A, B, C, and one of the saluticons is
shown in Flg. [{b). .

caomputational complexity
poimt of wlew, the routing problem 15
considered to be a hard combinatorfal
problem, in the sense that the
computation time required to obtain the
real oPt 1 mum solution increases in
expanential order, when the problem =ize,

From the

l.e., number of s1gnal nets. incresses,
Hence, the routing algorithms have been
based on heuristic rationales. Although
those heuristic algorithms hawve been
imeroved vyear by wear, they have not

succesded vyet to give a complete desigg
in practical aprlication.

The final routing goal is to achieve
complete net connectivity ln as short a
degign time as possible. To cope wWwith
this problem, interactive editing svstems

transmitted to the graphic display
station for further completion. The
designer has to create or modify wiring

rPatterns on CRT in order to achieve 100%
routing. This 15 time consuming and error
pProne.

In the above interactive design
process, the desianer effectively
exploits his knowledge aguired through
his experience or intuitien and salves

the problem. Therefore, If a part of the
interactive design operations 15 replaced
by automatic computer programs. the

design time is expected to be  extremely
reduced.

Until now, artificial intelligent
techniques have been actively developed

and  there  arise_ wishes__among  CAD
engineers to use them for their own
purpose, In this routing problem, the

following key problems have to be made
clear.

(1] Knowledge acguisitiaon What
agperations will the designer do to

solve a problem ln a specific situation 7

(2} EKnowledge representation : How to
represent the designer's operation
in knowledge-based form by programming
language 7 ,

(3! Knowledge utiiizatfﬂn : How to
utilize or exploit the knowledae
database to solve a specific problem 7

We have analyzed the designer's
operations for many cases and formalirzed
Lhem as a set of rules. This work |Is
fully done by manuals right now., and we
Want o wake (L1 in an automatic way and
establish an automated knowledge
acquisgition system in a year or so.

have been practically uvused in the wiring
tavout design (1,2,31. When 100% routing A a language to represent and
iIs not achieved by automatic programs, utilize the knowledse, we adeopt Prolos
the incomplete routing result is language. However, Frolog language
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requires too extravagant memory and runs
too slow to ke used practically in VLSI
routing problem. Therefore. we have
developed a new Prolog interpreter which
has a function to link with FORTRAN
pragrams.

3. Swstem Configuration

The Figure 2
configuration. The
kinds of datahases,
and CAD database.

shows a system
system includes two
knowledge database
The knowledge database
stores a certain amount of design
knowledae about specific routing
situations properties of desisn
objects, relations among the 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 12
Prologe interpreter. Pralog language has
inference mechanism in itself. And the
designer's knowledge {5 written directly
in rolog language. [n this language,
riules can he considered as a set of
knowledae and they are represented as a
sequence of predicates, In order to have
2 linkage to the existing CAD system, our
Prolog interpreter allows predicates that
correspond to procedures In  the CAD
EvELEMm. The procedure l= itself written
in FORTRAM =tatements and manipulate
phyveical data on the CAD database.

Fules in Prolog programs have a
hierarchical structure. &nd rules at the
top level of +the hierarchy can be
cunsidered 25 commands to the system. As
the designer inputs a rule npame., the
interpreter interprets the program  and
produce a certalin procedure Sequence.

——— ==

&

(

Llsar Interiace

Eﬁﬁ !)

Kngwisdge
A } daighgse
!
l'\.
e e . e i e e R —_
CAD System

ST T

Y
! 1]
! 1
' H '
1
l I
I I
! ]
E !
i 1
1 1
1 1
1 I
L CAD dotabose !

Fig.2 System configuraticn

e e e ————

[

!

I

I

(T = s ] =
|

! .

: T (FRCLCG Iatarpratar)
I

i

|

i

disks /sys:em consale
NEC M5
Q 4— | (max lemm)| <

r;:a_[ 4 peader
megnekic ta

CJ

line printer

plettar ff

o}

N
b@

funoden eontswl tebiet and STyius

kevooard
Fig.3 Ba-dware sonfiguraticn

This sequence represents the designer s
operation on the display, and its
execution can simulate the way of design
method. These mechanisms enable the
designer (o solve a practical routing
problem within 2 reasonable computer time
and memary.

The system hardware configuration is
shown In Fie. 3 and 1t2 picture in Fig.
4. The s¥ystem operates on NEC/MS
minicomputer. Wwhich has wp to 16M byte
memary capacity and 200M byte disk
storage capacity, coupled with 21-1nch
bheam=directed refresh ographic displav.
The display terminal includes a graphics
tablet and a functiocn control kevboard
wWwith 2048 by 2048 point address space.
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Fig.4 WIREN system



4. Prolog Interpreter

Frolog 15 one of languages suitahle
for representing knowledge and developing
rule=hased systems. Frolog is
characterized by the following three
points ¢ the first point is to have a
basic inference mechanism in itself. The
second point is to be able to manipulate
structured data objects., sSuch as lists
and trees, by applving pattern matching.
The third point is to access program  and
data In the same way and allow them to be
mixed together.

In general, the mechanism of a rule-
based system {5 considered to be a simple
repetition of selecting and executing
rules. The rule-based svystem must
aperate pattern matching process whenever
such & repetition would occur. Therefore,
the more rules the rule-based system has
in the knowledge database, the slower it
becomes in inference. In Frolog
Frogramming, data are expressed by
clauses with empty body [unit clauses).
The rule-based system has to stare
programs and many rules in the knowledge
datahase to solve problems with a large
amount of data. This makes the inference
speed slower,

To cope with this problem,
rrocedural knowledge should be written In
more  adequate language such as FORTRAN
[(vi. & lot of knowledge in the design
process s procedural knowledge, such as,
how to manlpulate physical data and which
desion primitives should bhée evecited. g
have developed Frolog interpreter which
has the additional function to link with
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 advantags of
accumil]l ated Pprograms i{n an existing CAD
system. Predicates corresponding to
FORTRAN routines can be defined in the
Prolog programs. Those routines are
procedures in the CAD sysiem, and they
can access data {pn the CAD database.
These predicates are called external
functiopal predicates. This additional
function enables the system to realize
high speed processing with less computer
MEMOCY .

predicate
subroutine,

functional
FORTRAN

AN external
corresponds to A

which recovers data in the CAD database
tf the wunification 1s falled In the
following predicate, This recover

function is introduced to keep the design
result consistent with the CAD database,
when the backtrack occurs in the Prolog
clause.

2. Koowledse-Rased Boutling

The
on the
throush his

designer's operations are done
basis of his knowledge acquired
experience, In order to
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F1z.5 Desicnez's aperation

represent the designer
set of rules, we
designer s aperation.
a sipple example.

's knowledge as a
must analvze the
We will show it by

one of the
Net A cannot he
blocked by g

Figure E shows
interactive operations.
connected. since [t is
wiring pattern of net E. The desjigner
will easfly solve this problem, i.e.,
connect both net & and net B on the CRT
display by the foll!owing gperations.

(ETEP1) Find a net B.
connection of net A,

which blocks the

[ETEFZ] Delete the wirlng pattern of
net B.

(ZTEF3) Connect net A.

(ETEF4} Connect net B,

These operations., shown In Flg. 5,
are considered to be the designer's
knowledse to solve this specific problem.
This knowledge 1is described In Frolog
statements, called "RULE20", as follows.

RULE3D (#NET_A) :=
BLOCKING(*NET_A.»NET_BJ ,
SDELETE(#NET_B) ,
SCONNECT (#NET_AD,
$CONNECT (#NET_B) .

Variables are represented by letters
headed by e, and the external
functional predicates are headed by %',
The predicate "BLOCKING™ is also
represented in detalls as follows.

BLOCKING(=NET_A,#NET_B} :-
GETPIN(#NET_A.#LAY, #XS, #¥51,
EQi#LAY.11,
DIRECTION(»Y¥S,%DIR),

$GRIDSEARCH(#DIR, #LAY,#XS,%YS, #NET_B) .

F. S



The GETPIN predicate takes out a
conrdinate  (#XS,»YS) and a laver npumber
=L AY of *NET_A. The EQ predicate checks
whether the layer number is 1 or not.
«DIR is a direction. which have four
values (up, down, left and right), and
the value is set af ter gxecuting
DIRECTION predicate by unification and
&GRIDSEARCH predlcate denotes a procedure
which finds a blocking net =NET_B by
searching =LAY laver area toward #*DIR
direction around (=XS,*YS) coordinate. If
one of the blocking nets is  found, the

next predicate £DELETE is tried.
Otherwise, another blocking net s tried
to find by executing BLOCKING rule
clause.

a5 the designer gives the following
goal caluse to the system.

1= RULEZDINET_A}. o

eacn predicate of the rule clause RULEZD
is executed =tep by step sequentially.
and is backiracked if tt fails. It does
exactly gimuilate the designer’s
operations to achisve complete net
conhectivity., shown in Fig. 5.

Several examples are tried ta
evaluate the rules and inference
mechanism. Figure 6 =shows a routing
result gn the digplay, where two nets are
lefty unconnected, as shown by chain
lines. Figure 7 shows the result, where
gne net 15 succesded in connecting by
exeruting a goal clause to Fig. 6 routing
=ytuation. For 2100 gates gate-array LSI
with about 1400 connectiens., this system
could make the complete net  connecilon
automatically within half an hour by
aprivine =everal rules, wpnose paths could

nct be found by automatic routers. For
the same problem, it fock more than one
hour for an expert designer to complete
the design on the copventional

interactive design system.

. By accumulating more rules based on
tne desianer's knowlédge, more complex
and difficult routing problem will be

salved im a short time.

We have prepared about 200 rules to
the problem. These rules are mainly
classified Into the following categories.

(1) Blocking area : 4 signal net 1s

blocked near the pin or far from the
pin In the routing area.

(2] Location of signal net pins A
signal net pin whose net is
blocked by other nets ls located on the
edge of a chip or inside a
chip.

t{3) Mumber of blocking nets & signal
net is blocked by only one net

or more than that.

(4) Laver of blocking nets @ A& signal
net is blocked by the first
laver wiring pattern or the second laver
wiring pattern.
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(21 Improvement of the pattern shape @

Wiring patterns are modified to have
better shape by eliminating useless
patterns. 3See Fig. 8.

=

A

(e} altering wire routes

|
N

{a) removing

-

detour pattern

() eliminesing

via helss

Fig.d Modifying wirine sacments

Each rule 1is constructed by  the
combination of the above cases and stored
in the knowledge database. And also, the
designer can add new rules to the
knowledge database and use them at the
design stage, when he finds a good
Strategy to solve the situation.

G. Conclusion

This Paper Fresents a new
interactive routing system based on
artificial intelligence technique. The
expert designer can store his own

speclific knowledge Iin the system and use
them {n the design process. The proposed
knowledge-based system achieved

acceptable response time for the
Interactive operaticons and a reasonable
result. By accumulating more rules, the

System will become more Intelligent and
be able to solve more difficult problems.

There are several problems which we
are now attacking to have more
Intelligent system. They are

(11} automatic or semi-automatic
knowledge acquisition system.

(2] meta-rule system.
{3) meta=inference mechanism.

An essential difference hetwean
human beings and a computer program s
considered to be an intuitive ability for
reaching an appropriate goal. In order to
achteve fast and high gquality design, a
CAD system should have a mechanism with
the designer's kKnowleddge,
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