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Evaluation and Usage of Knowledge
in an Architecture Design System

Toshiyuki Takezawa and Katsuhiko Shirai

Department of Electrical Engineering, Waseda University
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169, Japan

It is expected to support the design from higher level so as to fabricate circuits that satisfies requirements
of users quickly. In order to solve this problem, it is useful to use knowledge-based technique in design process
and to build a DA or CAD system limiting application area. In such view point, we have examined how to apply
knowledge-based technique to the high-level synthesis and built an experimental system for application-specific
integrated circuits. Based on these preparation, we have built integrated design environment from high-level
synthesis to logic synthesis and improved it so as to deal with wider application area. We also show the usage of
knowledge and design tools like the cost estimation with high precision. This paper presents overview of this system
and several experiments. Inputs to this system are abstract behavioral specifications. This system synthesizes
an initial circuit based on flow graphs generated from a input specification, and searches good design according
to circuit modification by the rule-based technique. This system prepares several tools for design-estimation and
verifiers. Designers can find better design from wider design space by self-feedbacks. Some examples mcludmg
PDP-8 architecture are shown. System performance and future problems are also discussed.
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program sum(n);
type integer = unsigned bit 8;
input n: integer;
output o: integer;
var j: integer;
s: integer;
begin
s = 0
for j := 1 to n do begin
s:=s + jj
end;
0= s
end.
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<INTS> SUM;
<IN>
CLOCK,
EXEC,
RESET,
N< 0 : 7 >;
<oUT>
FIN,
o< 0 : 7 >;
<REG>
S< 0 = 7 >,
J< 0 7 >;
<TER>
FADD10<
FADD1A<
FADD1B<
FINC10O<
FINC1A<
<STC>
0=5;
<ENDSTC>;
<STT> SUM _B: CLOCK;
B0002:
IF J==N
THEN S=FADD10O;
FADD1A=S;
FADD1B=J;
FIN=1;
NEXT INIT;
FIN=0;
S=FADD10O;
FADD1A=S;
FADD1B=J;
J=FINC10;
FINC1lA=J;
NEXT B0002;
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ELSE

ENDIF;
INIT:

IF EXEC==

THEN S=0;

J=1;
FIN=0;
NEXT B0002;
FIN=1;
NEXT INIT;

ELSE

ENDIF;
<ENDSTT>;
<EXC> RESET:
NEXT SUM_B.INIT;
<ENDEXC>;
<STC>
FADD10=ADD (FADD1A,FADD1B, 0) ;
@ FINC10=INC (FINC1A) ;
<ENDSTC>;
<ENDINTS>;
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program pdp 8(ir_req,switches);
const n=i;

memory[MA] := MB;
# MB = 0
type  sig = unsigned bit 1;

s !

then PC := PC+1

input i 3: begin
put mory(MA] := AC;

switches : int12; e :=[Mo;]

output go : sig; end;

v Lisemblosd ; ig 4: begin
IR : ‘memor,

A] := PC;

AC, Pc,lm PC,MAMB : int12; PC :=yr%4]-l;
dmym : intl2; { int end;
memory : array(n] of int1%; 5: PC :=MA;

begin 6: begin

8!
i MB,113) = 1
{ fetch ﬁz instruction and decode } :{.:.nse( 9
begi
it_enable := 1;

PC := PC+1

end;
{get insiruction and (T addras ) o

o
IR := range(MB,2,0) "“"‘“m(m,m -1
then

{effective address calculation } begin
IR <=5 if range(MB,11,11) = 1
then ) then
begin

if range(MB4,4) = 1

begin
if range(MB,4,4) = 1
then MA :='range(MB,115) negeMBAY

then AC = 0;

fresel

A i

case range{MB,7,6) of
L AC = 4095—AC {AC = not AC}

{L = not L}

{AC = not AC)
{L = not L}

end;

if range(MB,11,11) = 1

then AC = AC+1;

if range(MB,10,10) = 1

then

begin

case range(MB,9,8) of
1: AC := shi{AC,2);
2: AC := shr(AC,1);
end;

else MA = cn(nnge(lut,PC 4,0),range(MB,11,5)); end end
it f smogoMB.Y) = else e
begin begin
he‘m if ( range(MB,8,8) = 1) and (( range(MB,7,7) = 1) and (L ='1) case range(MB.9,8) of

if range(MA80) = 1
then memory(MA} = memory[MAJ+1;

1: AC := shi(AC,1);

or (renge(MBAE) = 1 2 AC = she(AC.1);

and (range(AC,11,11) = 1))

MA = m; = 1 end;
s ::? PC = PC+. s
end; begin end;
= 0) and ((range(MB,7,5) = 0) end;
{ instruction decode and execute instruction } i ange(MBAH) = ) (( (r‘ufgg(MB;'l) _) 1) end; .
case IR of .,.d L=0 if (ed <> 1) and (irenable=0) and (ir_req =1)
0: begin or (range(MB,6,6) = 1) then
MB := memory[MA}; and (AC <> 0) begin
AC := band(AC,MB); or (range(MB,55) = 1) memory{0] := PC;
end; and (range(AC,11,11) = 0)) PC:= I
1: begin then PC = PC+1; end;
MB := memory[MAJ; if range(MB 4, end.
AC := AC + MB; then AC -
end; if range(M
2: begin then AC = box(AC switches);
MB := memory[MA; if range(MB,10,10) =1
MB := MB+1;

then go := 0;
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Y =A0x X — Bl x W1;
!

T001 = A0 x X;

T002 = Bl x W1;

Y = T0001 — 70002;

(a)
Y =0;

Y =Y + A0 x X;
Y =Y — Bl x W1;

!
Y =0;
T001 = A0 x X;;
Y =Y + T0001;

T002 = Bl x W1
Y =Y — T0002;
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