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Abstract In this paper, we propose a high-level synthesis method using data path information given by
a designer. The main purpose of this method is to generate a control unit, one of the most difficult part in
hardware design. In general, designers can specify data paths easily. So, we believe that a method based on
specified data path information is the best way to synthesize hardware closer to the designer’s intention.
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reset(count); reset(m);
done <="0";
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1 entity MULT is

2 port { a_port, b_port : in BIT_VECTOR(3 downto 0);
3 m_out : out BIT_VECTOR(7 downto 0);

4 clk : in BIT;

5 start : in BIT;

6 done : out BIT );

7 end MULT;

8

9 architecture SHIFT_MULT of MULT is

10 begin

11 process

12 variable a, b : BIT_VECTOR(3 downto 0);
13 variable count, m : BIT_VECTOR(3 downto 0);
14 begin

15 wait until(staxt = ’1’);

16 a := a_port; b := b_port;

17 reset(count); reset(m);

18 done <= ’0’;

19 while(count < B"0100" ) loop

20 if(a(0) = 21°) then

21 m:=n+b;

22 end if;

23 a := rshift(a, m(0));

24 m := rshift(m, ’0°);

25 count := count + B"0001";

26 end loop;

27 m_out <= m & a;

28 done <= ’17;

29 end process;

30 end SHIFT_MULT;
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/*txkxk Type declaration #kikkkkkkskirk/
type(input_pin, ’i_a_port<3:0>’).
type(output_pin, ’o_m_out<3:0>’).
type(mux2, mux_5).

type(compl, compare).

type(addl, adder).

type(rshift, shri).

type(regl, a).

/¥dkkkx Path declaration #kkkkkkikickkskk/
path(p1, [a,’01<3:0>’], [o_m_out,’m_out<3:0>°]).
path(p2, [a,’01<3:0>’], [shr2,’i2<3:0>’]).
path(p3, [adder,’01<3:0>’], [count,’i1<3:0>°]).
path(p4, [adder,’01<3:0>°], [mux_1,’i2<3:0>’]).
path(p5, [b,’01<3:0>°], [mux_4,’ii<3:0>°]).

/*kxkxk Function declaration #kwkkikisr/
function(mux_5,’s(0)’, [[mux_5,’01°],=, [mux_5,’i1°]]) .
function(mux_5,’s(1)’, [[mux_5,’01’],=, [mux_5,i2°]1) .
function(adder,nil, [[adder,’01<3:0>°],=,

[[adder, ’11<3:0>°],+, [adder, ’12<3:0>7]1]11) .
function(shri,nil, [[shri, 01<3:0>’],=,

[func,rshift, [shr1,’i2<3:0>°], [shri,’i1°11]) .
function(m,’g(1)’,[[n},<-, m,?i1<3:0>71]) .
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IDERT : SMUL2 ;

DATE : 12/02/92 ;
AUTHOR : T.MIYAZAKT ;
VERSION ¢ V1.0 ;
WAME : SMUL2 ;
PURPOSE : LOGSIN ;
LEVEL : CHIP ;

VERSION : V1.0 ;
INPUTS : A_PORT<3:0>, B_PORT<3:0>, START, CLK, RSET ;
M_OUT<7:0>, DOBE ;
TYPES  : MUX2(I2#INPUTS, I1#INPUTS, O1#0UTPUTS, S#IFPUTS)
COMP1(I1<3:0>#INPUTS, O1#0UTPUTS, 12<3:0>#INPUTS)
ADD1(I1<3:0>#IRPUTS, 01<3:0>30UTPUTS, I2<3:0>FINPUTS)
REG1(01<3:0>20UTPUTS, I11<3:0>#INPUTS, G¥INPUTS)
CU(RSET#INPUTS, CLK#INPUTS, START#INPUTS, CMPEINPUTS
, AORINPUTS, MUX_1#0UTPUTS, MUX_2#0UTPUTS, MUX_3#0UTPUTS
, MUX_4#0UTPUTS, MUX_S#OUTPUTS, MUX_G#0UTPUTS
, MUX_TROUTPUTS, A®OUTPUTS, B¥OUTPUTS, COUNTHOUTPUTS
, COUNT_RROUTPUTS, M#OUTPUTS, M_R#OUTPUTS).
BO(D1#0UTPUTS)
B0001 (01<3 :0>#0UTPUTS)
B0100(01<3:0>#0UTPUTS)
B1(01#0UTPUTS)
MUX24(T2<3:0>#INPUTS, I1<3:0>FINPUTS, 01<3:0>#0UTPUTS
, S#INPUTS)
, RSHIFT(I{#INPUTS, I12¢3:0>¥INPUTS, 01<3:0>#0UTPUTS)
, REGIR(01<3:0>#0UTPUTS, I1<3:0>#INPUTS, GRINPUTS, REINPUTS
)
MUX2 : MUX.5, MUI6 ;
COMP1 : GOMPARE ;
ADD1 : ADDER ;
REG1 : A, B ;
CU : CONTROLLER
BO : BO_2, BO.1
B0001 : B0OO1_t
B0100 : BO100_1
Bl : B1.1 ;
MUX24 : MUX_1, MUX_2, MUX_3, MUX. 4, MUX_7 ;
RSHIFT : SHR1 ;
REGIR : M, COUNT ;
EFD_TYPES ;
NET_SECTION ;
W7<3:0> = FROM ( MUX_2.01<3:0> ) TO ( A.I1<3:0> ) ;
¥20<3:0> = FROM ( COUNT.01<3:0> ) TO ( COMPARE.I1<3:0>, MUX_3.I2<3:0>

W16<3:0> = FRIJ}’! ( B.01<3:0> ) TD ( MUX_4.I1<3:0> ) ;
W5<3:0> = FROM ( ADDER.01<3:0> ) TO ( COUNT.I1<3:0>, MUX_1.I2<3:0> )

H
W26<0> = FROM ( A.01<0> ) TD ( .M_OUT<0>, MUX_7.I2<0>, CONTROLLER.AO

5
¥26<3:1> = FRON ( A.01<3:1> ) T0 ( .M_OUT<3:1>, MUX_7.12<3:1> ) ;
V22 = FROM ( BO_1.01 ) T ( MUX_5.T71 ) ;
¥23 = FROM ( B1.1.01 ) TO ( MUX_6.I2 ) ;
W18<3:0> = FROM ( MUX_3.01<3:0> ) TO ( ADDER.I1<3:0> ) ;
V19<3:0> = FROM ( MUX_4.01<3:0> ) TO ( ADDER.I2<3:0> ) ;
1 = FROM ( MUX_5.01 ) T0 ¢ .DONE ) ;
0

W17<3:0> = FROE ( BOOO1_1.01<3:0> ) TO ( MUX_4.I2<3:0> ) ;
W21<3:0> = FROM ( B0100_1.01<3:0> ) TO ( COMPARE.I2<3:0> ) ;
W0<3:0> = FROM ( .A_PORT<3:0> ) TO ( MUX_2.12<3:0> ) ;
W1<3:0> = FROM ( .B_PORT<3:0> ) TO ( B.I1<3:0> ) ;

0

W8 = FROM ( B0_2.01 ) TO ( MUX.6.I1 ) ;

W28 = FROM ( MUX_6.01 ) TO ( SHR1.I1 ) ;

¥29<3:0> = FROM ( MUX_7.01<3:0> ) T0 ( SHR1.I2<3:0> ) ;

W2¢3:0> = FROM ( SHR1.01<3:0> ) TO ( MUX_2.T1<3:0>, MUX_1.T1<3:0> ) ;

W9<0> = FROM ( M.01<0> ) TO ( MUX_6.I2, MUX_7.I1<0>, MUX_3.I1<0>

, M_OUT<S> ) ;
¥9<3:1> = FROM ( M.01<3:1> ) T0 ( MUX_7.I1<3:1>, MUX_3.11<3:1>
, -M_OUT<7:8> ) ;

W25 = FROM ( COMPARE.O1 ) TO ( CONTROLLER.CHP ) ;

S16 = FROM ( .CLX ) TO ( CONTROLLER.CIK ) ;
= FROM ( .START ) TO ( CONTROLLER.START ) ;

:0> = FROM ( MUX_1.01<3:0> ) TO ( M.I1<3:0> ) ;

FROM ( CONTROLLER.MUX_1 )
FROM ( COFTROLLER.MUX_2 )
FROM ( CONTROLLER.MUX_3 )
FROM ( CONTROLLER.MUX_4 )

S5 = FROM ( CONTROLLER.MUX_S )

)
)

[t

azaz

1
Nonswhe

5z

S6 = FROM ( CONTROLLER.MUX_6
S7 = FROM ( CONTROLLER.MUX_7
510 = FROM ( CONTROLLER.COUET
58 = FROM ( CONTROLLER.A ) TO
S9 = FROK ( CONTROLLER.B ) TO
S11 = FROM ( GONTROLLER.COUET.
$13 = FROM ( CONTROLLER.M_R )
$12 = FROM ( CONTROLLER.M ) TO
515 = FROM ( .RSET ) TO ( COETRI
END_SECTION ;
END ;
CEND ;
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.design SMUL2_st

.inputnames clk reset start cmp a0

.outputnames muli mul2 mul3 mul4 muls mul6 mul?

.outputnames a b count count_r m m_xr

.clock clk rising edge

asynchronous_reset reset rising sO

#State Table

#

#

# s

# t

# ac

# ma

# tp0

#
[ s0 s0
1-—- s0 s1
-0- s1 s0
-1- s1 s2
-0 82 s3
-1 s2 s3
- s3 s4
— s4 si
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