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A Comparison of Hardware Description Languages

Hiroto Yasuura and Hiroyuki Kanbara
Dept. of Information Systems, Kyushu Univ. ASTEM RI
Kasuga-Koen, Kasuga 816 Japan Simogyo-ku, Kyoto 600 Japan

Abstract We disucuss factors which make differences among Hardware Design Languages
(HDL's) and compare four HDL's, UDL/I, VHDL, Verilog HDL and SFL. The comparison is
done from the viewpoins of target design levels and methodologies, semantics definitions,
assumptions on timing issue, data types and syntax. We use a design of Kue-Chip, an 8-bit
microprocessor, as a benchmark of the comparison. We show statistic data for the descriptions of
the processor in these languages and discuss the differences of the languages by the descriptions.
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45 end
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entity ram is

port ( clk : in bit;
™w :in bit;
tw_internal  : in bit;
mar : in bit_vector (7 downto 0);
data_in : in bit_vector (7 downto 0);
data_out : out bit_vector (7 downto 0);
err : out bit);

end ram;
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signal mem0, mem1, mem2, mem3, mem4
: bit_vector(7 downto 0);

begin
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begin
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case mar is
when X"00" =>
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err <='0%
when X"01" =>
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err <='0%
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case mar is
when X"00" =>
data_out <= mem0;
err <=0
when X"01" =>
data_out <= mem1;
err <=0
end case;
end if;
end process READ_WRITE;
end behavioral;

Verilog HDL T, XEViZ 8 ¥y MEDL YR ¥ 535256 i A
RVIRST7ANELTAEY R ERT 5,
reg {7:0] IM[0:2557 ;

SFL Tid, X €V %ET7— 4 Bmem # VT £ 35k
TELA, ATV IEELE (BROGRLLEVWEY2—)
ELTORERTETH Y, LR P CEME A EY % Eokt
L7 SRR ERTAILETER Y,

circuit_class memory_256_8 {

input adrs<8> ;
input in<8>;
output  out<8>;
mem cell[256]1<8> ;
instrin  read ;

instrin  write ;

instruct_arg read(adrs) ;
instruct_arg write(adrs, in) ;
instruct read out = cell[adrs] ;

instruct write celi[adrs] := in ;

)
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1 case CURRENT_STATE_2 is

2 when p0 =>

6 CURRENT_STATE_2 <= pl;
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4 forever begin
5 PO;
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1 stage exec {

2 state_name phase0 ;
3 state_name phasel ;
4 state_name phase?2 ;
5 state_name phase3 ;
6 state_name phased ;
7 state_name phase5 ;
8 first_state phase0 ;
15 state phase0 par {
22 goto phasel ;
24 }
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1. UDL/I iZ & % KUE-CHIP ®Ej{EsER
(ray s 72—2Zp0,p1)
1 AUTOMATON : ril : Arst: Aclk : RISE(.clk)

2

3 p0 :WAIT(wcond) :

4 mar :=pc

5 pc = INC(pc) ;

6 ->pl;

7

8 pl :WAIT(wcond) :

9 CASEOF

10 #inmem  ir := imem<.ab> ;
11 #exmem  ir:=.dbi ;
12 END_CASEOF;

13 CASEOF

14 #exmem  .mem_re:=1b0;
15 OFFSTATE 1 END_CASEOF;
16 CASEOF

17 #halt ->p2_halt ;

18 #nop ->p2_nop ;

19 #in > p2_in

20 #out ->p2_out ;

21 #shift  -> p2_shift ;

22 #alul ->pd_alu ;

23 #alu2, alu3 ->p2_alu ;

24 #1d1 ->p4_ld ;

25 #1d2,1d3  ->p2_ld ;

26 #st ->p2_st

27 #brn ->p2_bra ;

28 END_CASEOF;



2. VHDL & & % KUE-CHIP DBV 56  begin

(#1y s 72—Zp0,pl) 57 ARG2<= ARGL;
1 case CURRENT_STATE_2 is 58  result(0) := ARGL(0) xor '1;
2 when p0 => 59 carry :=ARG1(0)and 'l
3 if (wcond = '1') then 60 foriin 1 to 7 loop
4 MOV_INC(pc, mar); 61 result(i) := ARG1(i) xor carry;
5 rw_internal <= '0"; 62 carry = ARG1(i) and carry;
6 CURRENT_STATE_2 <= pl; 63  end loop;
7 elsif (wcond = '0") then 64  ARGI <= result;
8 NULL; 65 end;
9 end if;
10 when pl =>
11 if (weond ='1") then
12 if (halt = '1') then 3. Verilog HDL = & % KUE-CHIPOEj#EST R
13 CURRENT_STATE_2 <= p2_halt; (#8257 2=Zp0,p1)
14 elsif (nop = '1") then 1 i"mal.
15 CURRENT_STATE_2 <= p2_nop; 2 Degin
16 elsif (in_op = '1') then 3 H )
17 CURRENT_STATE_2 <= p2_in; 4 forever begin
18 elsif (out_op = '1") then 5 PO;
19 CURRENT_STATE_2 <= p2_out: 6 P13
20 elsif (shift = '1") then 7 /P2
21 CURRENT_STATE_2 <= p2_shift; 8 begin
22 elsif (alul = '1) then o P = 6'6000100;
23 CURRENT_STATE_2 <= p4_alu; 10 casex (IR)
24 elsif ((alu2 = "1') or (alu3 = '1) then 11 8b11111111: H;  //Halt
25 CURRENT_STATE_2 <= p2_alu; 12 §'b11110000: NOP; // No Operation
26 elsif (1d1 = '1') then 13 8'bl11101xxx: IN; // Input
27 CURRENT_STATE_2 <= p4_ld; 14 8b11100xxx:  OUT; // Output
28 elsif (142 = '1') or (1d3 = '1")) then 15 8'b10xxx001: Shift; // Shift
29 CURRENT_STATE_2 <= p2_Id; 16 80000 1xxxx, / Tnverse Subtract
30 elsif (st = 1") then 17 8'50010xxxx, /f Subtract
31 CURRENT_STATE_2 <= p2_st; 18 85001 Txxxx, // Add
32 elsif (brn = '1") then 19 8'b0100xxxx, // Exclusive Or
33 CURRENT_STATE_2 <= p2_brn; 20 8'00101xxxx, /1 0r
34 end if: 21 8'b0110xxxx: P2_ALU; // And
35 elsif (weond = '0) then 22 850000xxxx: L; //Load
36 NULL; 23 8'b0111xxxx: ST; // Store
37 end if; 24 8b11001111, // Branch Always
38  end case; 25 8'b11001110, // Branch on Not Positive
39 26 8'b11001101, // Branch on Not Negative
40  FETCH : process (cIk) 27 8'b11001100, // Branch on Zero
41  begin 28 811001011, /I Branch on Not Zero
4 if(clk'event and clk = '0') then 29 8'b11001010, // Branch on Negative
43 if current_state_2 = p1 then 30 8'b11001001, // Branch on Positive
44 if (weond ='1") then 31 8'611001000, // Branch on Overflow
45 it <= data_out: 32 8'b11000001, // Branch No Output
46 elsif (weond = '0') then 33 8'511000000: P2_B; //Branch No Input
47 NULL; 34 endcase
48 end if; 35 end
49 end if: 36 if (halt_request == “yes) H;
50 end if; 37 end // forever loop
51  end process FETCH; 38 end
52 39 task PO;
53 procedure MOV_INC (signal ARG1 : inout bit_vector; 40 begin
signal ARG?2 : out bit_vector) is 41 P =6'b000001;
54 variable carry : bit := 0" 42 @ (posedge CLK) begin
43 MAR = PC;

55  variable result : bit_vector(7 downto 0);



44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

PC =PC + 1'bl;

end
@ (negedge CLK)
if(SP_stop=="yes) H;
end
endtask
task P1;
begin
P =6000010;
if(MEM_SEL=="internal_memory)
dbi_sel="sel_IM;
else
MEM_RE=1'b0;

@ (posedge CLK)
IR=DBj;

@ (negedge CLK) begin
dbi_sel="se]_NONE;
MEM_RE=1b1;
if(SP_stop=="yes) H;

end
end
endtask

4.SFL 2 & 5 KUE-CHIP D BIfESEAR
(78vy272—Xpo,pl)

stage exec {
state_name phase0 ;
state_name phasel ;
slate_naxﬁe phase2 ;
state_name phase3 ;
state_name phase4 ;
state_name phase5 ;
first_state phase0 ;
par {
opQ;
any {
stop_immediately : finish ;
}
}
state phase0 par {
ptoQ ;
any {
stop_instruction : finish ;
else : par {
mar :=pc;
pc := inc_pc.up(pc).out ;
goto phasel ;
}

)
state phasel par {
ptiQ;
ir := memory_read().mem_r_data ;
goto phase2 ;

}

PANEL @EE]

OB

DBi

Controller

Clock
Gen.

Inter
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DB

PANEL {[ MCLOCK

[()HUF

ACC  Accumulator Clock Gen. Clock Generator
X Index Register Inter Mem. Internal Memory
Sel. Selector IBUF Input Buffer
ALU  Arithmetic Logic Unit OBUF Output Buffer
PC Program Counter OQuter Mem. Outer Memory
IR Instruction Register MCLOCK Master Clock
1DC Instruction Decoder
MAR Memory Address Register
OB Observer Bus DBi Data Bus for Input
AB Address Bus DBo Data Bus for Output
® 3 State Buffer
KUE-CHIPD 7@ v 7 [
PO —x P0 Pl P2 3 I Py | s l
a0
i HALT
NOP NOP
IN (IBUF2ACC | FLAG CLEAR
OUT (ACC)~OBUF | STROBE OUT
SHIFT SHIFT STATUS SET ACC
(a) > S “lix
18 |ACC.IX (a*)~ALU—a | STATUS SET
S smidi (a)  — g s GET
immidiate ALU—¢ | STATUS SET
QOR , PCyMaR  em ‘
OR direct (PCy>MAR (Mem)—>MAR @ -
AND (Mem)—IR PC++ ™ ALU—a | STATUS SET
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direct (Mem)>MAR
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