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Simulator Generation for Digital Signal Processors

KyOoSUKE KASAHARA,! NOZOMU TOGAWA, i1t MASAO YANAGISAWAT
and TATSUO OHTSUKI!

This paper proposes a methodology to generate instruction-set and pipeline simulators in
hardware/software cosynthesis system for digital signal processors. Since the system synthe-
sizes an application-specific processor core based on a given application program and its data,
simulators must be configured so that they can be applied to the synthesized processor core,
i.e., retargetable simulators for a variety of processor cores are required. In the proposed
methodology, type and number of functional units, pipeline behavior and number of pipeline
stages, instruction behavior in pipeline, and forwarding unit behavior are analyzed from func-
tional unit definitions, pipeline stage definitions, forwarding unit definitions and instruction
set. Simulators are generated by transforming them into C++ language description. The
generated simulators evaluate processor performance and verify assembly codes for the pro-
cessor core synthesized by the system. The experimental result shows the effectiveness of the
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proposed methodology.
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Table 1 Basic instructions (underlined instructions are
necessary instructions).
0000 1 ADD, SUB, SRA, SRL, SLL, AND,
oooooag OR, XOR, MUL, DIV, SLT, SEQ,
SNE, COM2, MAC, INC, DEC,
ADDI, SUBI, SRAI, SRLI, SLLI,
ANDI, ORI, XORI, MULI, DIVI
oooo 2 LDX, LDY, STX, STY, LDRX,
oooo/ LDRY, STRX, STRY, LDXI, LDYT,
oooooo STXI, STYI, LDIX, LDIY, STIX,
STIY, MV, IMM
oooo 3 BEQ, BNE, BZ, BNZ, JP, L0OOP,
0oooo RPT, CALL, RET, NOP, HLT
ooooao
0oooo 4 LDPX, STPX
ooooog/
oooooo
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KERNEL kernelO1 {
if{
imem_1l.read(i-adrs, i_inst, i_rdy);
pc-l.inc(i-adrs, me2ex_halt);
PREG if2id(clock_sig, reset_sig);
s
id
DEC decode(i-inst);
PREG id2ex(me2ex_halt,me_flush,clock_sig,reset_sig);
i
ex{
EXU ex_unit_1();
fwd_1.id_source(opl, op2, datl, dat2);
fwd_1.sink(fw_datl, fw_dat2);
PREG ex2me(clock_sig, reset_sig);
s
me{
dmem_1.halt(me2ex_halt:direct);
fwd_1.me_source(op-dst, ex_rslt, w_ctrl);
PREG me2wb(clock-sig, reset_sig);
s
wh{
fwd_1.wb_source(op-dst, me_rslt, w_ctrl);

}

03 0OOoogooooooood
Fig.3 Input (pipeline stage definitions).

UNIT {
DMEM : dmem_1(group 1);
IMEM : imem_1(group 1);
CLOCK : clock_1(group 1);
HALT : halt_1(group 1);
PC : pc_1(group 1);
FORWARD : fwd_1(group 1);
ALU : alu_1(group 1),alu_2(group 1);
ADD16 : add_2(group 1);
SHIFT32 : shift_1(group 1);
REGFILE : reg_1(type 1);
PREG : if2id(type 2), id2ex(type 1),
ex2me(type 2), me2wb(type 2);
SYSCALL : syscall(type 1);

04 0000O0DDOODO
Fig.4 Input (functional units).
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—alu type
code 1 {
(31:26, inst);
(25:24, opl);
(23:22, op2);
(21:20, op-dst);
}
—alui Is st beq imm type
code 2 {
(31:26, inst);
(25:24, opl);
(23:22, op2);
(21:20, op-dst);
(15:0, imm);
}
—operation
operation {
add(code 1, inst 1_1(opl, op2, op-dst));
ldx(code 2, inst 26_la(opl, op-dst, imm));
beqg(code 2, inst 30_1(opl, op-dst, imm));

05 000000000000
Fig.5 Input (instruction format).

— add rl, r2, r_dst

inst 1.1(rl, r2, rdst) {
i£():
id{reg-l.read_w(rl, r2, datl, dat2, w_ctrl)};
ex{alu_2.add(fw_datl, fw_dat2, ex_rslt)};
me{syscall.assign(me_rslt, ex_rslt)};
wb{reg_1.write(r_dst, me_rslt)};

} end;

— ldx rl, rdst, imm

inst 26_la(rl, r_dst, imm) {
if{};
id{reg-l.read_w(rl, r_dst, datl, dat2, w_ctrl)};
ex{add_-2.add(fw_datl, imm, ex_adrs)};
me{dmem_1.read(me_rslt, ex_adrs)};
wb{reg_1.write(r_dst, me_rslt)};

} end;

— beq rl, r_dst, imm

inst 30_1(rl, r_dst, imm) {
if{};
id{reg-l.read(rl, r_dst, datl, dat2)};
ex{add_l.zout(fw_datl, fw_dat2, zout);

add_2.add(i-adrs, imm, ex_adrs)};

me{pc_1.beq(zout, ex_adrs, me_flush)};
wb{};

} end;

06 0O000D0O0O0OODOOOOOO

Fig.6 Input (instruction behaviors in pipeline).
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PORT ( id2ex.rsl : in opnd;
id2ex_rs2 : in opnd;
id2ex_opl : in data;
id2ex_op2 : in data;
ex2me_dst : in opnd;
me2wb_dst : in opnd;
ex2me_w : in std_logic;
me2wb_w : in std_logic;
me2ex_rslt: in data;
wb2ex_rslt: in data;
fw2ex_opl : out data;
fw2ex_op2 : out data;
reset : in std_logic);

forward_unit_1 : process(ex2me_w,me2wb_w,eql,eq2)
begin
if((ex2me_w="1")and(eql="1"))
then alu_sell_sig<="01";
elsif((me2wb_w="1")and(eq2="1"))
then alu_sell_sig<="10";
else alu_sell_sig<="00";
end if;
end process;
select_unit_1 :
process(alu_sell_sig,id2ex_opl,me2ex_rslt,wb2ex_rslt)
begin
case alu_sell_sig is
when 700” => fw2ex_opl <= id2ex_opl;
when 701”7 => fw2ex_opl <= me2ex_rslt;
when 710”7 => fw2ex_opl <= wb2ex_rslt;
when others => fw2ex_opl <= id2ex_opl;
end case;
end process;

fwd_1_prcs : process(ex-opl, ex_op2, ex_datl, ex_dat2)
BEGIN

fwd_1_id2ex_rs1 <= ex-opl;

fwd_1_id2ex_rs2 <= ex_op2;

fwd_1_id2ex_opl <= ex_datl;

fwd_1_id2ex_op2 <= ex_dat2;
END process;

07 00000000000D00000 VHDLOOO
Fig.7 Input (forwarding unit (VHDL)).
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void add_if(PREG& signal)={ };
void add_id(PREG& signal)=

{ reg-l.read_w(rl, r2, datl, dat2, w_ctrl); };
void add_ex(PREG& signal)=

{ alu_2.add(fw_datl, fw_dat2, ex_rslt); };
void add-me(PREG& signal)=

{ syscall.assign(me_rslt, ex_rslt); };
void add_-wb(PREG& signal)=

{ reg_1.write(r_dst, me_rslt); };

void sub_if(PREG& signal)={ };
void sub_id(PREG& signal)=

{ reg-l.read_w(rl, r2, datl, dat2, w_ctrl); };
void sub_ex(PREG& signal)=

{ alu_l.sub(fw_datl, fw_dat2, ex_rslt); };
void sub_me(PREG& signal)=

{ syscall.assign(me_rslt, ex_rslt); };
void sub_wb(PREG& signal)=

{ reg_1.write(r_dst, me_rslt); };

void (*add[])(PREG& signal)=

{add_if, add-id, add_ex, add_me, add_wb, };
void (*sub[])(PREG& signal)=

{sub_if, sub_id, sub_ex, sub_me, sub_wb, };

void (**op_code_ex|[])(PREG& signal)={ add, sub, --- };

016 0O00OO0OOOOOOOOOOOOOOO
Fig.16 Relationship between instruction set and
instruction behavior in pipeline.

inline void kernel(void){
imem_1.read(i-adrs, i_inst, i_rdy);
pc-l.inc(i-adrs, me2ex_halt);
fwd_1.id_source(id2ex);
fwd_1.me_source(ex2me);
fwd_1.wb_source(me2wb);
fwd_1.sink(id2ex);

op-code_ex[i_inst.op_code][if] (i-inst);
op-code_ex[if2id.op_code][id] (if2id);
op-code_ex[id2ex.op_code][ex](id2ex);
op-code_ex[ex2me.op_code][me](ex2me);
op-code_ex[me2wb.op_code][wb](me2wb);

me2wb=ex2me;
ex2me=id2ex;
id2ex=if2id;
if2id=i_inst;

017 000000000 C++00
Fig.17 Pipeline structure (C++).
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class ALU{

public:
add(int datl, int dat2, int& ex-_rslt);
sub(int datl, int dat2, int& ex_rslt);

+

ALU::add(int datl, int dat2, int& ex_rslt){
ex_rslt=datl+4dat2;

ALU::sub(int datl, int dat2, int& ex_rslt){
ex_rslt=datl-dat2;

}

018 0OO0O0OOOOO C++00
Fig. 18 Functional units (C++).

DMEM dmem_1;
IMEM imem_1;
CLOCK clock-1;
HALT halt_1;

PC pc-1;
FORWARD fwd_1;
ALU alu_1,alu-2;
ADD16 add-2;
SHIFT32 shift_1;
REGFILE reg-1;
PREG if2id,id2ex,ex2me,me2wb;
SYSCALL syscall;

019 000000000
Fig.19 Functional unit definitions.

int codel(int *binary_oprand, PREG& decimal_oprand){

decimal_oprand.rl=
transform_2to10_u(binary_oprand,25,24);

decimal_oprand.r2=
transform_2to10_u(binary_oprand,23,22);

decimal_oprand.r_dst=
transform_2to10_u(binary_oprand,21,20);

return 0;

+

int (*transform_binary_oprand_to_decimal_oprand|[])
(int *binary_oprand, PREG& decimal_oprand)=
{code0,codel,code2,code3,coded,code5,codeb, };

020 000D0OO0OO0OO
Fig.20 Instruction field division.

int add_code(void)return 1;;
int sub_code(void)return 1;;

int (*search_code_typel])(void)={
add_code,sub_code, - - -};

021 0000000
Fig.21 Instruction field definitions.
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class FORWARD({
int id2ex_rs1,id2ex_rs2,id2ex_opl,id2ex_op2,
ex2me_dst,me2wb_dst, ex2me_w,me2wb_w,me2ex_rslt,
wb2ex_rslt,fw2ex_opl,fw2ex_op2,reset;

public:
id_source(PREG signal);
sink(PREG& signal);
me_source(PREG signal);
wb_source(PREG signal);

}s

FORWARD::sink(PREG& signal) {
if(id2ex_rsl1==id2ex._rsl) fw2ex_opl = id2ex_opl;
if(id2ex_rsl==ex2me_dst) fw2ex_opl = me2ex_rslt;
if(id2ex_rsl==me2wb_dst) fw2ex_opl = wb2ex_rslt;
if(id2ex_rs2==id2ex_rs2) fw2ex_op2 = id2ex_op2;
if(id2ex_rs2==ex2me_dst) fw2ex_op2 = me2ex_rslt;
if(id2ex_rs2==me2wb_dst) fw2ex_op2 = wb2ex_rslt;
signal.datl = fw2ex_-opl;
signal.dat2 = fw2ex-op2;

}

FORWARD::id_source(PREG signal){
id2ex_rs1 = signal.rl;
id2ex_rs2 = signal.r2;
id2ex_opl = signal.datl;
id2ex_op2 = signal.dat2;

022 0000000000O0O0O00
Fig. 22

Forwarding unit description.
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02 000000000O0O0O0O0OO0OooOO0
Table 2 Processor structures of generated simulators.

ooo ooo ooo HwW oooo

oo 0ooo ooo
RISC 50 3900 100 0 O
DSP1 30 3300 100 O O
DSP2 30 3600 200 O O

03 0OO0000O0O0OOoOooOoOoOoooo

Table 3 Simulation execution time.
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04 00000O0OD0OOOOOOOOOO
Table 4 Simulation execution time (proposed).
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