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Implementation and Verification of Scalar Processor Simulator
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The simulator of a pipelining scalar processor was constructed using the processor simulator
SimAlpha. In the first half, SimAlpha Version 1.0 is extended in order to implement the behavior
verification efficiently. This version is defined as SimAlpha Version 1.1, and the details are given.
In the second half, the simulator of a scalar processor with the six pipeline stages is constructed
using SimAlpha Version 1.1. In order to improve the reliability of simulator construction, the
verification mechanism is installed in the constructed scalar processor simulator.
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int main(int argc, char **argv){
if (argc==1) usage();
char *p = argv[argc-1]; /* program name */
char x*opt = argv; /* options x/

simple_chip *chip = new simple_chip(p, opt);
while(chip->step());

delete chip;

return O;

}

/** main function of SimAlpha Version 1.0.0 *x*/
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int main(int argc, char **argv){
if (arge==1) usage();
char *p = argv[argc-1]; /* program name */
char **opt = argv; /* options */
simple_chip *cl = mnew simple_chip(p, opt);
simple_chip *c2 = new simple_chip(p, opt);

while(cl->step() & c2->step());

delete cli;

delete c2;

return O;
}

/** main function to simulate two chips **/
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int main(int argc, char **argv){
printf("%s\n", VER);
if (arge==1) usage();
char *p = argv[argc-1]; /* program name */
char **opt = argv; /* options */

simple_chip *cl = new simple_chip(p, opt);
simple_chip *c2 = new simple_chip(p, opt);

int run=1;
while(run){

run = cl->step(Q);

c2->step();

int error = O;

for(int i=0; i<65; i++){

if(c1->rr(i) '=c2->rr(i)) error=1;

}

if (error){printf ("Verify Error\n"); exit(1);}
}

delete c1;

delete c2;

return O;
}

/** main function with verification **/
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uint64_t architecture_state::rr(int n){
if (n==0) return pc.1d();
if (n>=1 && n<=32) return r[n-1].14Q);
if (n>=33 && n<=64) return f[n-33].14d0);
printf ("Error:architecture_state::rr(%d)\n",n);
exit(1);
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void option_from_file(char **opt, char *name){
char *buf;
for(int i=0; i<OPTION_MAX; i++) opt[i]=NULL;
FILE *fp = fopen(name,"r");
if (fp!=NULL){
printf ("s*x Use %s\n", name);
for(int i=0; !feof (fp);){
buf = (char *)malloc(256);
fscanf (fp, "%s", buf);
if (buf [0]=="-") opt[i++] = buf;
}
}
}
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# This file is used to verify SimAlpha.
# 2003-05-21 Kenji KISE
-c

-v10000
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int main(int argc, char **argv){
printf ("%s\n", VER);
if (arge==1) usage();
char *p = argv[argc-1]; /* program name */
char **opt = argv; /* options x/
simple_chip *cl = new simple_chip(p, opt);

char *op[0OPTION_MAX];
option_from_file(op, "verify.txt");
simple_chip *c2 = new simple_chip(p, op);

int run=1;
while (run){

run = cl->step(Q);

c2->step();

int error = 0;

for(int i=0; i<65; i++){

if (c1->as->rr(i) !'=c2->as->rr(i)) error=1;

}

if (error){printf ("Verify Error\n"); exit(1);}
}

delete c1;
delete c2;

return O;

/** another main function with verification **/

22 0000000DOOO0O0

gboboddbopen000O0O00O0OOoooonOOnO
goooooboooooobboobboobooooooooo
goboboobboo20bb000b0ooobd el, ce2
gboboooooooboooboooobcecloobboonon
ob300c2000000000400000000A0
gbgbobobobobobuobobeld 20000
gboooooboobobooooboooooobbooog

gboobooboboobobooooooooboobobo
gboboooooooooooooooobooboooboon
O000Ofdtable D0 0OOO0ODOOODOOODOOODOOO
goobDO0oOdn systemmanager OO O0O0OO0OOO
gbooooboobooon

/** for example, fd_table[6]=7 *% /
/** maps real fd(6) to logical £d(7). *x*/
[ sk ks ok ok ok ok sk sk ok sk ok ok ok ok sk sk sk ok ok ok ok ok ok sk ok sk sk sk ok /
fd_table[0] = 0; // STDIN

fd_table[1] = 1; // STDOUT

fd_table[2] = 2; // STDERR

for(int i=3; i<FD_MAPPING_MAX; i++)

fd_table[i] = i + 2 - ms->fd_adjust;
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int system_manager: :translate_fd(DATA_TYPE fd){
for(int i=0; i<FD_MAPPING_MAX; i++){

if (fd_table[i] == fd) return i;
}

printf ("#x* Error in translate_fd\n");
exit(1);
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if (ms->fd_adjust){ /** rename *x*/
buf[1]="S’;
buf [2]="A";
buf [3]=’0’+ ms->fd_adjust;

}
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/* PC of the instruction  */
/* PC of the next inst. */

data_t Cpc;
data_t Npc;
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int instruction::Fetch(data_t *pc){
mem->1d_inst (pc, &ir);
Cpc.init(pc->1d0));
Npc.init(pc->1d() + 4);
return O;
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int instruction::Execute(data_t *Tpc){
/*** Update Rcv **x/
if (BR || Op==0P_JSR){
Rcv=Npc;
}



else if ('LD){
ALU(ir, &Rav, &Rbv, &Rcv);
}

/*** Update Adr *x*x*/
Adr.init(0);
if (LD || ST){

ALU(ir, &Imm, &Rbv, &Adr);
}

/*** Update Npc **xx/
if (0p==0P_JSR){
Npc = Rbv;
Npc.st(Npc.1d() & ~3ull);
}
if (BR){
BRU(ir, &Rav, &Rbv, &Npc, &Npc);
}
*Tpc = Npc;

return 0O;
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377 define.h
873 arithmetic.cc
78 chip.cc
204 debug.cc
304 etc.cc
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180 memory.cc
19 sim.cc
5563 syscall.cc

2792 total
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2.6 SimAlpha Version 1.10 0000

SimAlpha 00000000000 OOOODOOOOO
O0O0OO0OOOSPEC[] CINT9 O 8000000000
00000000o0o0o0oUooooooooog Bbo
oooooooooo

SimAlpha Vresion 1.0 0 Version 1.1 0000000
0000000 10000000 10 2000 SimAlpha
Version 1.00 000003000 SimAlpha Version 1.1
00000040000 SimAlpha Version 1.1 000
000D 200000000000000000000O
oooooooooooooooooD1o0o000o0og
000000000 o0o0ooooooooo (Million
Instructions Per Second) 0 0 00 SimAlpha 00000
000 geeversion 296000000000 0200000
0000 OIntel Xeon 2.8GHz 00 00O0O0O0O 20000
04GBO0OO0DOOOOOODOODOO

00000000000 DOD00OO0DO SimAlpha O
oooooooooooooooo

SimAlpha Version 1.0 00000000 OO0O 2.23
MIPS O OO0 OSimAlpha Version 1.10 0000000
0000 2,10 MIPSO O OO Qinstruction.cc0 OO OO
g0 CpcO0O0O0OOODOODOOOODOODODOOOO
ooo

g0ooobDoOobOoOoboooog o4rMIPSOO
oooooooooooooooooooooooog
oooooooooooooooooooooooon
O0O0OO0OSPECCINTS OO OOOOODOODOOO
00ooDooooooooooooooooooooon
oooooooooooooooooooooooon



gbobooboboobooboooooooooooon
oboooobooooobooboooooboooo

3 bDudooobooooooboo

SimAlpha Version 1.1 D0 000006000000
oooooooooooooooooooooooooon
odooooooooooooooooooooooog
000 (000O0U00o0o0Uo)000oooUoooo
goooodoooooooooooooooooooag
oooooooooooouoooooooooooog
oooooooooooooooooooooooog
oooooooooo

3.1 ODoogoobobbooodgoboo

000000D00000000000000 200
00000000 (IF)D000000 (ID)00000o
0 (RR)ODOO (EX)00D0D000 (MM)DOOOOOOO
(WB)OOOD 60000000000000000

IF ID RR EX
stg[0] stg[1] stg[2] stg[3]

MM WB
stg[4] | stg[5]

0200000000000

obooooooooobboooooobboobolo
gbobooboboobooboooooooooooon
gbooooooboooon

gboooOobobooooooooooooooonog
gboooooobobooboboobooooboooon
gooboooobooboboboobobobooooon
gbobooboboobooooooooooooooon
gbooboobobobobobooooooooboooon
O00oo0oo0oo RR)ODODODDOOOOOOO
gpoooo

gboboooooooboooooooobobonbo
goooooboboooboooboobobooooooo
oood

PALOOOOODOOOOOOOODODOOOOOOO
ooooooOoOOoOoOoUOOoOooODOOPALOOOOO
gbooooooboooon

0ooooo (eMov)ooopo2000000000
gboobooobooboboooooooooooboooon
gpooooooo

3.2 UJUOooobObooooon

000000000000000000000000
000000000000000200000000000
00000 (00)000000000000-+0000
000000000000000 SimAlpha 00000
000000000000

0000000000000000000000001
00000000000000010000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000 (000000)00— 0000
000000000000 30000000000000
0000000000000000000000000
000000000 000000000000000
000000000000000000000000 1
00000000000000000000000000
000001000000000000 (ID)00000
00000000000000000000000000
0000000000 (IF)0000000 (ID)0000
00000000000000000000000000
00000000000000

cycle: IF ID RR EX MM WB :dependency:
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385 define.h *k
873 arithmetic.cc

78 chip.cc

204 debug.cc

316 etc.cc *k

204 instruction.cc
180 memory.cc

270 scalar.cc *k
553 syscall.cc

3063 total
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#define PIPELINE_DEPTH 6
#define PBRED_MISS_PENALTY 2
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class scalar_chip{

debug *deb;

public:
data_t pc; /* Program Counter */
int depth; /* Pipeline Depth */
instruction **stg; /* Pipeline Stage */
int stall; /* data dependency stall */
int flush_pal; /* flush by PAL code */

int flush_bpred; /* flush by branch miss */
int work [PIPELINE_DEPTH];

system_config *sc;

system_manager *SySs;

evaluation_result *e;

memory_system *mem ;

architecture_state *as;



scalar_chip(char *, char *x*);
~scalar_chip();
void step(int *);
void flush();
void update();
};

scalar_chip: :scalar_chip(char #*prog, char **opt){
depth = PIPELINE_DEPTH;
stg = new instruction*[depth];
for(int i=0; i<depth; i++) stgl[i] = NULL;

sc = new system_config(prog, opt);
e = new evaluation_result;
as = new architecture_state(sc, e);

mem = new memory_system(sc, e);
deb = new debug(as, mem, sc, e);
Sys = new system_manager(as, mem, sc, e);
pc.init(as->pc.1d());
}

scalar_chip::“scalar_chip(){ /**x destructor *x/

print_evaluation_result(e, sc, sys);

delete sys;

delete deb;

delete mem;

delete as;

delete e;

delete sc;

delete stg;
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int data_dep_a(instruction *r, instruction *w){
if (r==NULL || w==NULL || w->WB==31) return O;
int ww = (w->WF << 5) | w->WB;
int ra = (r->Ai << 6) | (r->Af << 5) | r->RA;
if (ra==ww) return 1;
return O; /* No data dependency */

}

int data_dep_b(instruction *r, instruction *w){
if (r==NULL || w==NULL || w->WB==31) return O;
int ww = (w—>WF << 5) | w->WB;

int rb = (r->Bi << 6) | (r->Bf << 5) | r->RB;
if (rb==ww) return 1;
return O; /* No data dependency */

}
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void scalar_chip::step(int *run){
for(int i=0; i<depth; i++) work[i]=0;
flush_pal =0;
flush_bpred = 0;

if (stg[5] !=NULL){ /** WriteBack *x/
e->retired_inst++;
as->pc.st(stg[5]->Npc.1d());
stg[B]->WriteBack(); work[5]=1;

if (stg[5]->0p==0P_PAL){
/* sigreturn updates as->ps */
stg[5]->Npc.st(as->pc.1d());
as->pc.st(stg[5]->Npc.1d());
flush_pal = 1;

}

if (stg[5]->CM){ /* CMOV instruction */
uint64_t npc = stg[5]->Npc.1d();
execute_cmovb(stg[5], as);
stg[5]->Npc.st(npc) ;

}

}

if (stg[4]!=NULL){ /** Memory Access *x*/
stg[4]->Memory () ; work[4]=1;
}

if (stg[3] !=NULL){ /** Execute *x/
data_t target_pc;
stg[3]->Execute(&target_pc); work[3]=1;
if (stg[3]->Cpc.1d()+4 != target_pc.1d())
flush_bpred = 1;
}

if (stg[2] !=NULL){ /** RegisterRead x**/
stg[2]->Issue();
stg[2]->RegisterRead(); work[2]=1;



}

if(!stall){ /** no data dependency *x*/
if (stg[1] '=NULL){ /#* I-Decode **/
stg[1]1->Slot(); work[1]=1;
}

/*%% I-Fetch %%/
static uint64_t fetchd_inst = 0;
stg[0]=new instruction(as,mem,sys,sc,e);
stg[0]->Fetch(&pc); work[0]=1;
stg[0]->id.st(++fetchd_inst);
pc.st(pc.1d() + 4);

}

house_keeper(sys, sc, e, deb);
*run = sys->running;

}

gboO0dstepO00O000O0O0O0OOOODOOODOOODO
goobooooboooobobooboobooooooooon
O00DO0OPALOODOOOOOO (CMOV)OOOOO
gbobooooooooooooooooooboooon
gbobooboooobooooooooooboooboon
goooooboooboooboOoooo stallODDOOODO
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void scalar_chip::flush(){
if (flush_pal){
for(int i=0; i<=4; i++){
if (stgl[i] '=NULL){
delete stglil;
stg[i]=NULL;
}
}
pc.st(stg[6]->Npc.1d());
}
else if (flush_bpred){
for(int i=0; i<=2; i++){
if (stg[i] '=NULL){
delete stglil;
stg[i]=NULL;
}
}
pc.st(stg[3]->Npc.1d());
}
}

gobooOooooboooooboooooobO up-
dateD OO OODOOO

void scalar_chip::update(){

stall = 0;
stall |= data_dep_a(stgl[1]l, stgl[2]);
stall |= data_dep_b(stgl1]l, stgl[2]);

stall |= data_dep_a(stgl[1], stgl3]);
stall |= data_dep_b(stgl[1], stgl3]);

stall |= data_dep_a(stgl1], stgl4]);
stall |= data_dep_b(stgl[1l, stgl4]);

if (stg[6] !=NULL){ /#* Code Retire *x/
delete stgl[5];

¥

stgl5] = stgl4];
stgl4] = stgl3];
stgl3] = stgl2];
stg[2] = NULL;

if (Istall){
stgl2] = stglil;
stgl1] = stgl0];
stg[0] = NULL;
}
}
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int main(int argc, char **argv){
printf ("%s\n", VER);
if (arge==1) usage();
char *p = argv[argc-1]; /* program name */
char **opt = argv; /* options */
scalar_chip *cl = new scalar_chip(p, opt);

simple_chip *c2=NULL;

if (c1->sc->verify_flag){
char *op[0OPTION_MAX];
option_from_file(op, "verify.txt");
c2 = new simple_chip(p, op);

}

int run=1;
while (run){
cl->e->clock++;
cl->step(&run);
c1->flush();
if (c1->sc->trace_flag) print_pipeline(cl);



if (c1->sc->verify_flag) verify(c2, cl);
cl->update();
if (c1->flush_bpred){

}
}

cl->e->bpred_miss++;
cl->e->clock += PBRED_MISS_PENALTY;

if (c1->sc->verify_flag) delete c2;
delete c1;
return O;
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void scalar_chip::update(){

stall = 0;

stall |= data_dep_a(stgl[1], stgl[2]);
stall |= data_dep_b(stgl1]l, stgl[2]);
stall &= ((stg[2]!=NULL) &

(stg[2]1->LD | stgl2]->CM));

if (stg[6] !=NULL){ /#* Code Retire *x/
delete stgl[5];

}

stgl5] = stgl4];
stgl4] = stgl3l;
stgl3] = stgl2];
stg[2] = NULL;

if (Istall)q{

stgl2] = stglil;
stgl1] = stgl0];
stg[0] = NULL;

}

}
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if (stg[3]1!'=NULL){ /** Execute *x/

instruction *p = stgl3]; /x FWD */
if (data_dep_a(p, stgl5])) /x FWD */
p—>Rav = stg[5]->Rcv; /* FWD */
if (data_dep_b(p, stgl5])) /x FWD */
p—>Rbv = stgl[5]->Rcv;  /* FWD */
if (data_dep_a(p, stgl4])) /* FWD x/
p—>Rav = stgl[4]->Rcv;  /* FWD */
if (data_dep_b(p, stgl4])) /* FWD */
p—>Rbv = stg[4]->Rcv; /* FWD */

data_t target_pc;

stg[3]->Execute(&target_pc); work[3]=1;

if (stg[3]->Cpc.1d()+4 != target_pc.1d())
flush_bpred = 1;
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02 0000000000 (MIPS: Million Instructions
Per Second)

Program version 1.1 | scalar verify
099.go 2.05 0.90 0.35
124.m88ksim 2.09 0.88 0.35
126.gcc 2.11 0.89 0.35
129.compress 2.12 0.90 0.35
130.1i 2.13 0.87 0.35
132.ijpeg 2.18 0.84 0.37
134.perl 2.09 0.86 0.35
147.vortex 2.08 0.94 0.36
average 2.10 0.88 0.35

03 000000000o0o0 (CPL clock cycles per

instruction)

Program no forwarding | forwarding
099.go 2.43 1.68
124.m88ksim 2.50 1.75
126.gcc 2.48 1.78
129.compress 2.29 1.60
130.1i 2.46 1.84
132.ijpeg 2.07 1.43
134.perl 2.54 1.81
147 .vortex 1.89 1.53
harmonic mean 2.30 1.66

oooooooooooooooooooooooog
ooo

00000000 0O00Oo0 CPI (clock cycles per in-
struction) 0000000 3000000CPIO 100
oooooooooooooooooooooooon
000ooooooooooooooooooooooon
goooooooooooOOOoooODooOOoooODODOOO
10000000 0000000000000000CPI
00001000000 200000000000000
gboOobooobooocpeibOobDbOOo 300boOoOn
0ood0ooooooooooooo celooooon
oooooooooooooooooooooooog
goodooocpl23000000DbO0O0ODOODO
gooogobooocplliecdonoonooobDOoOoon
oooooooo



3.6 00O

SimAlpha Version 1.1 0 0000000000000
ooooDooooooooooooooooog

odoooooooooooooooooooooon
oooooooooooooooooooooooog
0000000ooooooSmAlpha00000000O
0000000000oooooOoooDodoSimAlpha
Version 1.1 00000000000000000O00OOOO
goodobOoOoooobboogsoboooogooodg

0oo0ooooodDedoUoOoUooOOoOoODODO
gooooooooooooooooooooOooogg
oooooooDooooooooooooooooogg
oooooooooooooooooooooooog
000000000000 0000000SimAlpha 00
oooooooooooooooooooooooog
oooooooooooooooooooo

goooooooooooooooooooooooo
oooooooooooooooooooooooog
O0000SmAlpha 000000000 0DOOOODOO
oooooooooooooooooooooooog
oooooooooooooooooooooooog
ooooooooooooooooooooooooag
ooooo

4 0OO0O0OO

oooooooooooooooooooooooon
oooooooooooooooooooooooog
00000 SimAlpha OO OOOOOOOO
oooooooooooDooooooooooooon
oooooooooooooooooooooooog
gooooooooooOoooooooo c++000ad
gooooooooooooooooooooooodg
oooooooooooooooooooooooog
oooooooooooooooooooooooog
oooo
oooooooooooooooooooooooon
0 00 SimAlpha Version 1.0 000000000000
SimAlpha Version 1.1 000000000000
00000000SimAlpha Version 1.1 000000
gde0000O00ODOOO0ODOOOUODOOODODOO
oooooooooooooooooooooooog
oooooooooooooooooooooooog
oooooooooooooooooooog
SimAlpha Version 1.1 000 000000000000

12

goooooo URLODOOOOOOODOOOO
http://www.yuba.is.uec.ac.jp/ kis/SimAlpha/

gooo

[1] Standard Performance Evaluation Corporation.

SPEC benchmark suites. http://www.spec.org/.

The
http://www.microlib.org/.

MicroLib.org Project Homepage.

Doug Burger and Todd M. Austin. The Simplescalar
Tool Set, Version 2.0. Technical Report CS-TR-
1997-1342, University of Wisconsin-Madison, June
1997.

Shubhendu S. Mukherjee, Sarita V. Adve, Todd
Austin, Joel Emer, and Peter S. Magnuss on. Perfor-
mance Simulation Tools. IEEE Computer, Vol. 35,
No. 2, pp. 38-39, February 2002.

O0000,0000,0000. SimAlpha: C++00
000000000 AlphaD00O0OO0O0OOOOOO.
0000000000 2002-ARC-149, pp. 163168,
August 2002.

O000,0000,0000. SimAlpha: O0O0O0OO
000000000 00o00oog Alphad00OgnO
O000000. Technical Report UEC-IS-2002-2, O
00000 D0ooooooooooog, July 2002.



