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Investigation of Controller Synthesis in Designing
Special Purpose Processors

Toshiyuki Takezawa, Takeshi Ikenaga Katsuhiko Shirai

Department of Electrical Engineering, Waseda University
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 160, Japan

This paper discusses the controller synthesis method in designing special
purpose processors. Two types of controller which are the hard wired logic
one and the micro-programming one should be considered. Especialy in
them, the instruction set synthesis by the rule based approach is examined.
We also propose a framework of a software development tool for synthesized
circuits to prepare a code generator automatically. An example to synthesize
a circuit with a hard wired logic controller is shown. Results of preliminary
experiments to synthesize an insturction set and to prepare a code generator
are shown. The method proposed in this paper is expected to be very useful
for system designers to consider various posibilities in the design process.
Future problems are also discussed.
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MROM MIR: Micro Instruction Register

MPC: Micro Program Counter
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MROM: Micro Program Memory (ROM)
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program Quick Sort_Soft (eport);
const N = 65536;
M = 2048;
type integer = unsigned bit 16;
real = unsigned bit 32;
input eport : real;
output eport : real;
var e : array [N] of real; { 6/Kw * 32bit }
stack h, stackl : array [M] of integer; { JKw * 16bit }
i, j, k, 1 : integer;
x, w : real;
P : unsigned bit 12;
begin
{ input data from pori(eport) to RAM{(e) }
for i := 0 to N—1 do
e[i] := eport;
{ body of quick sort }
p := 0; stack h[0] := 0; stack][0] := N-—1;

repeat
k := stack_h[p]; 1 := stacklfp}; p := p-1;
repeat
=k ji=1 x:= e}
repeat

while efi] < x do i := i+1;
while x < efj] do j = j-1;
if i <= j then begin
w = efi]; efi] := efi]; efj] i= w;
i:= i+l j = j-1;
end
until i > j;
if i < 1 then begin )
P := p+1; stack hip] := i; stackl[p] := 1
end;
1:=j
until k >= 1
until p = 0;

{ output data from RAM(e) to pori(eport) }

for i := 0 to N—1 do
eport = efi]

end.
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(PROGRAM QUICK SORT SOFT

(INPUT
(CLOCK (UNSIGNED BIT 1))
(EXEC (UNSIGNED BIT 1))
(RESET_INCTL (UNSIGNED BIT 1))
(EPORT_OUTEN (UNSIGNED BIT 1))
(EPORT_INEN (UNSIGNED BIT 1)))
(OUTPUT
(EPORT_OUTREQ (UNSIGNED BIT 1))
(EPORT_INREQ (UNSIGNED BIT 1))
(BIDIRECT
(EPORT (UNSIGNED BIT 32)))
(REGISTER
(T0014 (UNSIGNED BIT 32))
(P (UNSIGNED BIT 12))
(W (UNSIGNED BIT 32))
(X (UNSIGNED BIT 32))
(L (UNSIGNED BIT 16))
(K (UNSIGNED BIT 16))
(I (UNSIGNED BIT 16))
(1 (UNSIGNED BIT 16)))
(TERMINAL
(T0010 (UNSIGNED BIT 32))
(T0007 (UNSIGNED BIT 32)))
(RAM
(STACK L (2048) (UNSIGNED BIT 16))
(STACK_H (2048) (UNSIGNED BIT 16))
(E (65536) (UNSIGNED BIT 32)))
(EXTERNAL-RAM)
(ROM)
(STATIC)

i
(STATE QUICK SORT SOFT_BLOCK (CLOCK)

(B0002
(IF (1 > 65535)

(THEN
(P:=0)
(STACK_H (0) := 0)
(STACKLL (0) := 65535)
(GOTO B0005))

(ELSE
(EPORT INREQ := 1)
(GOTO B0003—-1))))

(B0003—1
(IF (EPORT_INEN = 0)
(THEN - _
(GOTO B0003-1))
. (ELSE

(E (I) :== EPORT)
(EPORT_INREQ := 0)
(GOTO B0003-4))))

(B0003—4
(I == INC I)
(GOTO B0002))
(Bo005
(K := STACK Il (P))
(L := STACKL (P))
(P := DEC P)
(GOTO B000S))
(B000S

(X := E (K))

(GOTO B0007))
(Bo007

(T0007 := E (1))

(IF (T0007 < X)

(THEN
(1 := INC I)
(GOTO B0007))
(ELSE
(GOTO B0010))))
(B0030
(GOTO B0009))
(B0031
(GOTO B0010))
(B0010
(T0010 := E (3))
(IF (X < T0010)
(THEN
(3 := DEC J)
(GOTO B0010))
(ELSE '
(GOTO B0013))))
(Bo013
(IF (1 <= 1J)
(THEN
(W= E (1))
(GOTO B0015-1))
(ELSE :
(GOTO B0016))))
(BoO15—1

(T0014 := E ()

(GOTO B0015—-2))
(B0015—2

(E (I) == T0014)

(B @) =W

(I := INC 1)

(3 == DEC J)

(GOTO Boo16))
(B0016 «

aF (1> 73)

(THEN

(GOTO B0018)) ‘

”w

(ELSE
(GOTO B0007))))
(B0029
(GOTO B0018))
(Boo18
(IF (I < L)
(THEN
(P := INC P)
(STACKH (P) :== 1)
(STACKL (P) := L)
(GOTO B0021))
(ELSE
(GOTO B0021))))
(B0021
L:=13
(IF (K >= 1)
(THEN
(GOTO B0023))
(ELSE

(GOTO Bo00s))))
(B0023
(IF (P = 0)
(THEN
(1:=0) .
(GOTO Bo026))
(ELSE
(GOTO Bo00s))))
(Bo026
(IF (I > 65535)
(THEN
(GOTO INIT))
(ELSE
(EPORT OUTREQ := 1)
(GOTO B0027-1))))
(B0027—1 ,
(IF (EPORT OUTEN = 0)
(THEN
(GOTO B0027-1))
(ELSE
(EPORT := E (I)) .
(EPORT OUTREQ := 0)
(GOTO B0027-4))))
(B0027—4
(I:=INC]) |
(GOTO B0026))
(INIT
(IF (EXEC = 1)
(THEN
(X :=0)
. (GOTO B0002)) - -
(BELSE
(GOTO INIT)))))

(EXCEPTION
(IF RESET_INCTL
(THEN
(GOTO INIT)))))
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Pattern :
Code

(A:memory = B:register(dead) op C:momory)
+ Calc Ix-pointer (Address C);

OP B, RAML;

Calc Ix-pointer (Address A);

MOV RAM1, B;

Pattern : (A:register = B:register op C:register)
Code 1 MOV A, B;
MOV NON, C;

0P A, IB;

Pattern : (A:register = B:memory % C:register)

Code : Calc Ix-polinter (Address B);

MOV KLRIL, C;
NOP;
MOV A, ML;
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NOP;

RAM1, WRO;
LABEL;

¥
LABEL;
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