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SimAlpha: Alpha Processor Simulator with Readable Source Code

Kenji KISE, Hiroki HONDA, and Toshitsugu YUBA

Graduate School of Information Systems,
The University of Electro-Communications

We developed a processor simulator SimAlpha Version 1.0 for research and education activi-
ties. Its design policy is to maintain the simplicity and the readability of source code. SimAlpha
is written in C++ and is only 2,800 lines of code. This paper describes the software architecture
of SimAlpha referring to its source code. As an actual example of use, we report the oracle IPC

of SPEC CINT95 and CINT2000 benchmarks measured with SimAlpha.
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2.1 SimAlphaO000000O

SimAlpha 0 Intel 000000000 Linux 000
0000 0ORedHat Linux 7.2, RedHat Linux 6.2, Vine
Linux 2.5CROOCOO0O0O0O0O0O0O0O0O0O0O0O0OO0O0O0O0O

$ tar xvfz SimAlpha-release-1.0.0.tgz
$ cd SimAlpha-1.0.0
$ make
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O000000Makefile0000O0 eges 0O0DOOOO
g++ 000000Red Hat Linux 7200000000
O00g++ 00000 egesO00 10000D0OO0O0O
000000000 Makefile OOODODOOOOOOOO
O000eges 0000000 OmMake 0O0OO0OOOO
00O000o0oooooog SmAlpha ODOOODOOOO
O00ooooobooooooooooooooooooon
(1) 340 COPYING

(2) 356 README.txt

(3) 368 define.h

(4) 15 sim.cc

(5) 73 chip.cc

(6) 187 instruction.cc

(7) 271 etc.cc

(8) 179 memory.cc

9) 871 arithmetic.cc

(10) 562 syscall.cc

(11) 201 debug.cc
(12) 73 Makefile

3496 total
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/* SimAlpha 1.0 Image File */
/*%* Registers **x/

/@reg 16 0000000000000003
/@reg 17 000000011££97008
/@pc 32 0000000120007d80
/**x Memory *%k /
@11££97000 3

@11£f£f97008 11££97188
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{ /*x*x+ This is added by Kenji KISE *x*xx*/
unsigned long long a; /* Address */
unsigned long long dat;

FILE *fp = fopen("aout.txt", "w");
fprintf (fp,"/* SimAlpha 1.0 Image File */\n");

fprintf (fp,"/*** Registers **x/\n");
for(i=0; i<32; i++){
fprintf (fp, "/@reg %02d %0161lx\n",
i, regs->regs_R[il);
}
fprintf (fp,"/@pc %02d %01611lx\n",
i, regs->regs_PC);

fprintf (fp,"/*** Memory *x%x/\n") ;
for (a=0x11£f000000; a<0x121000000; a+=8){
mem_access (mem, Read, a, &dat, 8);
if (dat!=0)
fprintf (fp, "@%llx %1llx\n", a, dat);
}

for (a=0x140000000; a<0x141000000; a+=8){
mem_access (mem, Read, a, &dat, 8);
if (dat!=0)
fprintf (fp,"@%1l1lx %1llx\n", a, dat);
}
fclose(fp);
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class system_config{
public:
char program_name[512];
uint64_t end_tc;
int verbose_interval;
int debug_flag;
int syscall_flag;
int fd_stdin_flag;
int fd_stdin; /* file descripter for STDIN */
system_config(char *, charxx*);

};

system_config: :system_config(char #*program,
char **option){
memset (this, 0, sizeof (system_config));
strcpy (program_name, program);

if (option==NULL) return;

for(int i=0; option[i] !=NULL; i++){
char opt[1024];
strcpy(opt, option[i]);

if (opt[0]!=’-’) continue;
switch(opt[1]1){
case ’c’: syscall_flag = 1; break;
case ’d’: debug_flag = 1; break;
case ’v’:
verbose_interval =atoi(&opt[2]);
if (verbose_interval == 0)
verbose_interval = 100000;

if (opt [strlen(opt)-1]=="m’)
verbose_interval *= 1000000;
printf ("#** verbose interval: ’%d\n",
verbose_interval) ;
break;
case ’e’:
end_tc =atoi(&opt[2]);
if (opt [strlen(opt)-1]==’m’)
end_tc *= 1000000;
printf ("#*x Finish at J%qd code execution.\n",
end_tc);
break;
case ’i’:
fd_stdin_flag = 1;
fd_stdin = open(&opt[2], O_RDONLY);
printf ("#** SimAlpha: use [%s] as STDIN.\n",
&opt[2]);
if (fd_stdin<0){
printf("Can not open file: %s\n", &opt[2]);
exit(1);
}
break;
default:
printf ("#** Error: [Js] Wrong option!!\n\n",
opt);
usage() ;
exit(1);
}
}
}
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010000000 PpPCOOO

Machine | GS-SR101 1U Rackmount Server
Mother GA-6VXDR7 (Dual Socket 370)
Processor | Intel Pentium IIT 1GHz x 2
DRAM 512MB

(SD 512MB PC133/3/R-ECC x 1)
HD 80GB RAID-1 mirroring

(Seagate ST380021A x 2)
(ON) Red Hat Linux 7.2

(Fast Trak RAID Driver)

gbooobooboobgooboobboob1000d



SPEC CINT95 099.go 9 9 | | *1 | 138,956,479
124 .m88ksim < ctl.in (train) | | *1 | 127,441,803
126.gcc | %10 | *1 | 150,965,671
129.compress < {3000 q 2131} | | =1 | 142,023,912
130.1i train.lsp | %11 | *1 | 208,158,264
132.1ijpeg | %12 | =1 | 136,720,409
134.perl | %13 | *1 | 153,959,895
147 .vortex | %14 | *1 | 184,606,636
SPEC CINT2000 164.gzip mdred.graphic 1 | | *2 %3 | 596,563,251
175.vpr *20 | *20 | *2 *3 | 17,616,865
176.ccl mdred.rtlanal.i | | *2 *3 | 551,226,252
181.mcf smred.in | | *2 *3 | 188,605,056
186.crafty < crafty.in(test) | | *2 | 4,264,764,568
197 .parser | *21 | *2 *3 | 611,705,488
252.eon | %22 | *2 | 94,038,802
253 .perlbmk | %23 | *2 *3 | 200,692,300
254.gap | %24 | *2 | 1,169,578,113
255.vortex | %25 | %2 *3 | 147,895,384
256.bzip2 lgred.source 1 | | *2 *x3 | 1,819,780,238
300.twolf smred/smred | | *2 *3 | 91,901,750

*1 : binary is compiled with DEC C compiler -04 option

*2 : binary is downloaded from SimpleScalar LLC

*3 : used the reduced input sets from University of Minnesota

*10: ccl -quiet -funroll-loops -fforce-mem -fcse-follow-jumps
-fcse-skip-blocks -fexpensive-optimizations -fstrength-reduce
-fpeephole -fschedule-insns -finline-functions
-fschedule-insns2 -0 genrecog.i -o genrecog.s

*11: ijpeg -image_file specmun.ppm -compression.quality 50
-compression.optimize_coding O -compression.smoothing_factor
50 -difference.image 1 -difference.x_stride 10
-difference.y_stride 10 -verbose 1 -GO.findoptcomp

*12: perl scrabbl.pl scrabbl.in ("admits" in 1/5 input)

*13: train/vortex.in (PART_COUNT 10)

*20: vpr smred.net small.arch.in place.out other.out -nodisp
-place_only -init_t 5 -exit_t 0.005 -alpha_t 0.9412 -inner_num

*21: parser 2.1.dict -batch < mdred.in

*22: eon chair.control.cook chair.camera chair.surfaces
chair.cook.ppm ppm pixels_out.cook (test)

*x23: perlbmk -I. -I./1ib smred.makerand.pl

*24: gap -1 ./ -q -m 64M < test.in (test)

*25: vortex smred.raw (used a person.lk instead of a person.250)
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SimAlpha O sim-safe(3]| 0000000000000
02000000000 100000000000000
0000000000 0000 (Million Instructions Per
Second) 0000 OSimAlpha 00000000 eges-1.1.2
release0 00000000 O200000000

0 2: sim-safe 0 SimAlpha 00000000000 (Mil-

lion Instructions Per Second) 0 O O

Program sim-safe SimAlpha
099.go 3.30 1.17
124.m88ksim 3.26 1.17
126.gcc 3.21 1.17
129.compress 3.08 1.19
130.1i 3.15 1.16
132.ijpeg 3.44 1.26
134.perl 3.07 1.14
147.vortex 2.97 1.12
164.gzip 3.20 1.23
175.vpr 3.52 1.04
176.gcc 3.06 1.14
181.mcf 2.73 1.16
186.crafty 3.17 1.13
197.parser 3.18 1.14
252.eon 2.98 0.96
253.perlbmk 3.15 1.09
254.gap 2.84 1.16
255.vortex 3.18 1.10
256.bzip2 3.06 1.17
300.twolf 3.03 1.04
average 3.13 MIPS 1.14 MIPS
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SPEC CINT95 0 CINT20000 20000000000
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phal000O0O0O0OO0OOOOO(DOOOOOOOO, 32
O0000000003200000000000)00Sim-
pleScalar 000000000000 ODOOOOOCODOOO
oboooboooooooo

extern "C" int simple_cpu(int, uint64_t *);

int simple_cpu(int job, uint64_t *p){
static simple_chip *chip;

switch(job){
case 1: {
static char *opt[OPTION_MAX];
char *buf;
for(int i=0; i<OPTION_MAX; i++) opt[i]=NULL;
FILE *fp;
if ((fp=fopen("SimAlpha_Option.txt","r"))
1=NULL) {
printf ("#** Use SimAlpha_Option.txt\n");
int i=0;
while(!feof (fp)){
buf = (char *)malloc(256);
fscanf (fp, "%s", buf);

if (buf [0]=="-"){
opt[i++] = buf;
it++;

}

}

}

chip = new simple_chip(DEF_FILE_NAME, opt);
}
break;
case 2: {

*(p++) = chip->as->pc.1d();

int running = chip->step();

for(int i=0; i<31; i++)
* (P++) =chip—>as—>r [1] . ld() 5
for(int i=0; i<31; i++)
*(P++) =chip—>as—>f [i].140 5

if (running==0) delete chip;

break;
}
default:

printf ("Warning: %d siple_cpu.\n",
}

return O;

job) ;
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SimAlpha-1.0.0 000000 O make libsimalpha.lib O
00000000 libsimalpha libOOOO0OO0OO0OO0O0OO
0000O0D0O0O0D0OO SimpleScalar OO0 O0OOOOO
00000 D0 SimpleScalar O Makefile 0 OBJS OO O
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{ /**xx SimAlpha Verification by Kenji KISE **xx*/
static int init=0;

static unsigned long long *p;

int i;

if (init==0){ /****x Initialize s**xx*/
simple_cpu(l, NULL);
p = (unsigned long long
simple_cpu(2, p);
init=1;

}

*)calloc(65, 8);
/** Step Execution **/

if (regs.regs_PC!=*p){
printf ("*x PC Error %1lx %1lx \n",
regs.regs_PC, *p); exit(0);
}
for(i=0; i<31; i++){
if (x(p+i+l) !=regs.regs_R[i] ||
*(p+i+32) !=regs.regs_F.ql[i]){
printf ("\n** Index %2d *x", 1i);

myfprintf (stdout, "%7n [0x08x] @ 0x%08p: ",
sim_num_insn, md_xor_regs(&regs),
regs.regs_PC);
md_print_insn(inst, regs.regs_PC, stdout);
if (MD_OP_FLAGS(op) & F_MEM)
myfprintf (stdout, " mem: 0x),08p", addr);
printf ("\n SimAlpha(Int) ")
printf ("simplescalar (Int)");
printf(" SimAlpha(Float) simplescalar(F)\n");
for(i=0; i<31; i++){
printf("%02d 7%01611x:%01611lx ",
i,*(p+i+1) ,regs.regs_R[i]);
printf("%01611x:%01611x\n",
*(p+i+32) ,regs.regs_F.q[il);
}
exit(1);
}
}
simple_cpu(2, p); /** Step Execution *x/
} /***x END of SimAlpha Verification ***x*/
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#include "define.h"

int main(int argc, char **argv){
if (arge==1) usage();
char *p = argv([argc-1]; /* program name */
char **opt = argv; /* options x/

simple_chip *chip =
while(chip->step());
delete chip;

new simple_chip(p, opt);

return O;

0 9: SimAlpha 000000 (sim.ce)

4.2 [ 00 simple_chip
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class simple_chip{

system_config *scC;
evaluation_result *e;
debug *deb;
system_manager *SyS;
instruction *p;
public:

memory_system *mem ;
architecture_state *as;
simple_chip(char *, char *x*);
“simple_chip();
int step();

};

simple_chip: :simple_chip(char #*prog, char **opt){
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);
p = new instruction(as, mem, sys, sc, e);

}

simple_chip::~simple_chip(){ /#** destructor *x*/

print_evaluation_result(e, sc, sys);

delete p;

delete sys;

delete deb;

delete mem;

delete as;

delete e;

delete sc;

O 10: OO0 simplechipOODOOOOOOOOOOO
oooono

000000000D00000 simplecchipOOOQO4d
Ostepd 00000 11000 Oinstruction 0 OO0 OO
OO0 pO0O00O00O0DOOOOOODOOOOOOO 7O
0000 WriteBackO 8000000 OD0OO0OOO0O
010000000000 SimAlpha Version 1.00 00
odoooooobOoooooooooboooooon
000000000000 DOAlpha21264[6) 0000



int simple_chip::step(){

p->Fetch(&as->pc) ; /* pipeline stage 0 */
p—>Slot(Q); /* pipeline stage 1 */
p—>Rename () ; /* pipeline stage 2 */
p—>Issue(); /* pipeline stage 3 */
p—>RegisterRead(); /* pipeline stage 4 */
p—>Execute(&as->pc); /* pipeline stage 5 */
p->Memory () ; /* pipeline stage 6 */

p->WriteBack();

/* split a conditional move,see README.txt */
execute_cmovb(p, as);

e->retired_inst++;
house_keeper(sys, sc, e, deb);

return sys->running;
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The 21264 splits each conditional move instruction into
two new instructions only have two register sources.
The first instruction places the move value into an in-
ternal register together with a 65th bit indicating the
move’s ultimate success or failure. The second instruc-
tion reads the first result (including the 65th bit) to-
gether with the old destination register value and pro-

duces the final destination register results.
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class data_t{
uint64_t value;
public:
int cmov;
uint64_t 1dQ);
int st (uint64_t);
int init(uint64_t);
};

int data_t::init(uint64_t d){
value = d;
cmov = 0;
return 0;

}

uint64_t data_t::1d(){
return value;

}

int data_t::st(uint64_t d){
value = d;
return 0;

}

0122000000000 datat000CO0OO
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class architecture_state{
public:
data_t pc; /* program counter */
data_t r[32]; /* general purpose regs */
data_t £[32]; /* floating point regs */
architecture_state(system_config *,
evaluation_result *);

};

architecture_state::architecture_state(
system_config *sc,
evaluation_result *e){
for(int i=0; i<32; i++) r[i].init(0);
for(int i=0; i<32; i++) f[i].init(0);
char *program_name = sc->program_name;
FILE *fp;
if ((fp = fopen(program_name, "r")) == NULL) {
fprintf (stderr, "Bad file name: %s\n",
program_name) ;
exit(1);
}
int i;
DATA_TYPE dat;
char buf [4096];
fgets(buf, 4096, fp);
if (strncmp (buf+3, "SimAlpha", 8)){
fprintf (stderr,
"%s: Not a SimAlpha data file.\n",
program_name) ;
exit(1);
}
while(!feof (fp)){
fgets(buf, 4096, fp);

if (xbuf=="/’ && *(buf+1)=="0"){
sscanf (buf+6,"%d %1llx\n", &i, &dat);
if(i==32) pc.init(dat);
else r[i].init(dat);

}

if (i==32) break;
}
fclose(fp);

}

U13:00bo00b0boobobooboboobo

class evaluation_result{

public:
uint64_t retired_inst;
int used_memory_block;
time_t time_begin;
struct timeval tp;
struct timezone tzp;
evaluation_result();

/* start time stamp */
/* start time stamp */
/* start time stamp */

0 14: 000 evaluation_result 0 O O
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class instruction{
evaluation_result *e;
architecture_state *as;

system_manager *sys;

memory_system *mem;

INST_TYPE ir; /* 32bit instruction code
int Op; /* Opcode field

int RA; /* Ra field of the inst
int RB; /* Rb field of the inst
int RC; /* Rc field of the inst
int ST; /* store inst ?

int LD; /* load inst 7

int LA; /* load address inst ?
int BR; /* branch inst ?

int Ai; /* Rav is immediate 7

int Bi; /* Rbv is immediate ?

int Af; /* Rav from floating-reg 7
int Bf; /* Rbv from floating-reg ?
int WF; /* Write to the f-reg 7
int WB; /* Writeback reg index
data_t Npc; /* Update PC or PC + 4
data_t Imm; /* immediate

data_t Adr; /* load & store address
data_t Rav; /* Ra

data_t Rbv; /* Rb

data_t Rcv; /* Rc
public:

int Fetch(data_t *);

int Fetch(data_t *, INST_TYPE);

int Slot();

int Rename();

int Issue();

int RegisterRead();

int Execute(data_t *);

int Memory();

int WriteBack();

INST_TYPE get_ir();

int data_ld(data_t *, data_t *);

int data_st(data_t *, data_t *);

instruction(architecture_state *,
memory_system *,
system_manager *,
system_config *,
evaluation_result *);

0 15: 000 instruction 0 O O
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int instruction::Fetch(data_t *pc){
mem->1d_inst(pc, &ir);
Npc.init(pc->1d(0) + 4);
return O;

}

int instruction::Fetch(data_t *pc,
INST_TYPE ir_t){
ir = ir_t;
Npc.init(pc->1d0));
return 0O;

}
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int instruction::Slot(){

Op = (ir>>26) & O0x3F;

RA = (ir>>21) & Ox1F;

RB = (ir>>16) & Ox1F;

RC = (ir ) & O0x1F;

WF = ((Op&MSK2)==0x14 || (Op&MSK2)==0x20);

LA = (Op==0x08 || 0p==0x09);

LD = (Op==0x0a || Op==0x0b || Op==0x0c ||
(Op&MSK2)==0x20 || (Op&MSK2)==0x28) ;

ST = (Op==0x0d || Op==0x0e || Op==0x0f ||
(Op&MSK2)==0x24 || (Op&MSK2)==0x2c);

BR = ((Op&MSK4)==0x30);

WB = (LD || (Op&MSK2)==0x08 || Op==0xla ||

Op==0x30 || Op==0x34) ? RA :
((Op&MSK3)==0x10 || Op==0x1c) ? RC :
(0p==0x15 || Op==0x16 || Op==0x17 ||
Op==0x1c ||

(Op&MSK2)==0x24 || (Op&MSK3)==0x30) ;
Bf ((Op&MSK2)==0x14) ;

Ai = (0p==0x08 || Op==0x09 || LD);

Bi = (BR || (Op&MSK2)==0x10 && (ir & BIT12));

31;
Af =

/** For the CMOV Split Code (CMOV1) *x/
if (cmov_ir_create(ir)){

RB = RC;

Bi = 0;
}

return O;
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int instruction::Issue(){
DATA_TYPE Lit, D16, D21, tmp, d2le, di6e;
d21e = ((ir & MASK21) | EXTND21) << 2;
di6e = (ir & MASK16) | EXTND16;

Lit (ir>>13) & OxFF;
D21 (ir & BIT20) 7 d2le : (ir&MASK21)<<2;
D16 = (ir & BIT15) 7 di16e : (ir&MASK16);

if (Op==0x09) D16 = (D16 << 16);

tmp = (LA||LD|IST) 7 D16 : (BR) ? D21 : Lit;
Imm.init (tmp);
return O;

}

018 00o000ooooao

int instruction::RegisterRead(){
Rav = Ai ? Imm : Af ? as->f[RA] : as->r[RA];
Rbv = Bi ? Imm : Bf ? as->f[RB] : as->r[RB];
return 0O;

}
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int instruction::Execute(data_t *Tpc){
/**x Update Rcv **x/
if (BR || Op==0P_JSR){
Rcv=Npc;
}
else if ('LD){
ALU(ir, &Rav, &Rbv, &Rcv);
}

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

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

/**x Update Tpc **x/
*Tpc = Npc;
if (Op==0P_JSR){
*Tpc = Rbv;
Tpc->st(Tpc->1d() & ~3ull);
}
if (BR){
BRU(ir, &Rav, &Rbv, &Npc, Tpc);
}

return 0O;

0200000000000

int instruction::Memory(){
if (ST) data_st(&Adr, &Rav);
if (LD) data_ld(&Adr, &Rcv);
return O;

}

021:00000000000000O0

int instruction::WriteBack(){
if (0p==0P_PAL){
sys->execute_pal (this);

}
if ('WF && WB!=31) as->r[WB] = Rcv;
if ( WF && WB!'=31) as->f[WB] = Rcv;
return O;

}

0220000000000
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class memory_system{
evaluation_result *e;
class main_memory *mm;
void 1d_8byte(data_t *, data_t *);
void st_8byte(data_t *, data_t *, DATA_TYPE);
public:
void 1ld_inst(data_t *, INST_TYPE x);
void ld_nbyte(int, data_t *, data_t *);
void st_nbyte(int, data_t *, data_t *);
“memory_system() ;
memory_system(system_config *,
evaluation_result *);

0 23: 000 memorysystem 0 U
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class main_memory{
evaluation_result *e;
data_t *block_table[BLOCK_TABLE_SIZE];
data_t *allocblock(data_t *);
public:
void 1d_8byte(data_t *, data_t *);
void st_8byte(data_t *, data_t *, DATA_TYPE);
main_memory(evaluation_result *);

};
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main_memory: :main_memory(evaluation_result *ev){
e = ev;
for(int i=0; i<BLOCK_TABLE_SIZE; i++)
block_table[i]=NULL;
}

data_t *main_memory::allocblock(data_t *a){
data_t *ret=
(data_t *)calloc(BLOCK_SIZE/DATA_T_SIZE,
sizeof (class data_t));
block_table [MM_TABLE_INDEX(a->1d())]=ret;
if (ret==NULL){
printf ("#* Error in allocblock.\n");
exit (0);
}
e->used_memory_block++;
return ret;

}

void main_memory::1d_8byte(data_t *a, data_t *d){
ADDR_TYPE adr = a->1d() & ~7;
data_t *ptr = block_table[MM_TABLE_INDEX(adr)];
unsigned int offset =
(adr & BLOCK_MASK)/DATA_T_SIZE;
if (ptr==NULL) ptr=allocblock(a);
*d = x(ptr + offset); /** COPY *x/
}

void main_memory::st_8byte(data_t *a, data_t *d,
DATA_TYPE msk){
ADDR_TYPE adr = a->1d() & °7;
data_t *ptr = block_table[MM_TABLE_INDEX(adr)];
unsigned int offset =
(adr & BLOCK_MASK)/DATA_T_SIZE;
if (ptr==NULL) ptr=allocblock(a);
(ptr + offset)->st(((ptr + offset)->1d() & msk)
| d->1d40));
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void memory_system::1ld_nbyte(int n,

}

O

data_t *a, data_t *d){
if (a->1d()%n!=0)
printf ("*** 1ld_nbyte n=/%d miss-alignment.\n",
n);
1d_8byte(a, d);
int offset = a->1d() & 7;
switch(n){
case 1: {
DATA_TYPE data= (d->1d() >> (offset * 8))
& Oxffllu;
d->st(data);
break;
}
case 2: {
DATA_TYPE data= (d->1d() >> (offset * 8))
& Oxffffllu;
d->st(data);
break;
}
case 4: {
DATA_TYPE data= (d->1d() >> (offset * 8))
& Oxffffffffllu;
d->st(data);
break;
}
case 8: {
break;
}
default:
printf("Case %d, Error in load_nbyte\n", n);
exit(1);
}
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void memory_system::st_nbyte(int n, data_t *a,

data_t *d){
if (a->1d () %n!=0)
printf ("#** st_nbyte n=Y%d miss-alignment.\n",
n);

int offset = a->1d() & 7;
DATA_TYPE mask = 0;

switch(n){
case 1: {
mask = ~(0xffllu << offset*8);
DATA_TYPE data = (d->1d() & Oxffllu)
<< offset*8;
d->st(data);
break;
}
case 2: {
mask = ~“(0xffffllu << offset*8);
DATA_TYPE data = (d->1d() & Oxffffllu)
<< offset*8;
d->st(data) ;
break;
}
case 4: {
mask = ~“(Oxffffffffllu << offset*8);
DATA_TYPE data = (d->1d() & Oxffffffffllu)
<< offset*8;
d->st(data);
break;
}
case 8: {
mask = 0;
break;
}
default:
printf("Case %d, Error in store_nbyte\n",
n);
exit(1);
}

st_8byte(a, d, mask);
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class data_t{
uint64_t value;

public:
int cmov;
uint32_t rank;
uint64_t 1dQ);
int  st(uint64_t);
int init(uint64_t);

};

*/

/* This line is inserted.

int data_t:

rinit(uint64_t d){

]
Q.

value

s

o

cmov =
rank =

; /* This line is inserted.

o

*/

return O;
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Rav  Rbv Imm Rbv Rav Imm Rbv

A

(a) Arithmetic, Logic (b) Load (c) Store

@
(b)
©

rank(Rcv) = max(rank(Rav), rank(Rbv)) + latency(OP)
rank(Rcv) = rank(Rbv) + latency(add) + latency(mem)
rank = max(rank(Rav), rank(Rbv) + latency(add))
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int instruction::Execute(data_t *Tpc){
/**x Update Rcv **x/
if (BR || Op==0P_JSR){
Rcv=Npc;
}
else if ('LD){
ALU(ir, &Rav, &Rbv, &Rcv);
Rcv.rank = (Rav.rank>Rbv.rank) 7
Rav.rank : Rbv.rank;
Rcv.rank += 1; /* ALU latency */
¥

/*
/*
/*

/*** Update Adr *x*x*/

Adr.init(0);

if (LD || STO){
ALU(ir, &Imm, &Rbv, &Adr);
Adr.rank = (Imm.rank>Rbv.rank) 7

Imm.rank : Rbv.rank;

Adr.rank += 1; /* ALU latency */

}

/*
/*
/*

/**x Update Tpc *x*/
*Tpc = Npc;
if (Op==0P_JSR){
*Tpc = Rbv;
Tpc—>st(Tpc->1d() & ~3ull);
}
if (BR){
BRU(ir, &Rav, &Rbv, &Npc, Tpc);
}

return O;

0 30: 0000 ExecuteOO OO

int instruction::Memory(){

if (ST){
Rav.rank = (Adr.rank > Rav.rank) ? /*
Adr .rank : Rav.rank; /*
if (Rav.rank <e->systemcall_rank) /*
Rav.rank = e->systemcall_rank; /*
data_st(&Adr, &Rav);
}
if (LD){
data_1d(&Adr, &Rcv);
Rcv.rank = (Adr.rank>Rcv.rank) ? /*
Adr.rank : Rcv.rank; /*
Rcv.rank += 1; /* Load latency */ /*

}
return O;

}

O 31: 0000 Memory DO OO

Added
Added
Added

Added
Added
Added

Added
Added
Added
Added

Added
Added
Added

*/
*/
*/

*/
*/
*/

*/
*/
*/
*/

*/
*/
*/
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int instruction::WriteBack(){

if (0p==0P_PAL){
sys->execute_pal (this);

e->systemcall_rank = e->max_rank; /* Added */
}
if (WB!=31){ /* Added */
if (e->max_rank < Rcv.rank) /* Added */
e->max_rank = Rcv.rank; /* Added */
if (Rcv.rank < e->systemcall_rank) /* Added */
Rcv.rank = e->systemcall_rank; /* Added */
}
if ('WF && WB!=31) as->r[WB] = Rcv;
if( WF && WB!=31) as->f[WB] = Rcv;
return O;
}
0 32: 0000 WriteBack O OO 0O
void main_memory::st_8byte(data_t *a, data_t *d,
DATA_TYPE msk){
ADDR_TYPE adr = a->1d() & ~7;
data_t *ptr = block_table[MM_TABLE_INDEX(adr)];
unsigned int offset =
(adr & BLOCK_MASK)/DATA_T_SIZE;
if (ptr==NULL) ptr=allocblock(a);
(ptr + offset)->st(((ptr + offset)->1d() & msk)
| d->1d0));
if (msk==0) /* Added */
(ptr+offset)->rank = d->rank; /* Added */
else if ((ptr+offset)->rank < d->rank) /* Added */
(ptr+offset)->rank = d->rank; /* Added */
}
0 33: 0000 st8byteO O OO
class evaluation_result{
public:
uint64_t retired_inst;
int used_memory_block;
time_t time_begin;
struct timeval tp;
struct timezone tzp;
evaluation_result();
int max_rank; /* Added */
int systemcall_rank; /* Added */

O

34: 000 0O evaluationresult 00O 0O O
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030000 SmAlpha 0000000 OCOOOOOO
oboocobOobooooboooooooooooo

Program instruction count MIPS  IPC
099.go 138 million 1.12  64.2
124.m88ksim 127 million 1.12 105
126.gcc 150 million 1.12  41.8
129.compress 142 million 1.14 56.6
130.1i 208 million 1.11  20.0
132.ijpeg 172 million 1.21 107.0
134.perl 153 million 1.10  43.3
147 .vortex 184 million 1.07  32.0
164.gzip 596 million 1.19  16.9
175.vpr 17 million 1.00 25.1
176.gcc 551 million 1.10 47.1
181.mcf 188 million 1.12  53.1
186.crafty 4264 million 1.10 108.0
197.parser 611 million 1.10  30.9
252.eon 94 million 0.93  49.7
253.perlbmk 200 million 1.05 8.4
254.gap 1169 million 1.12  32.1
255.vortex 147 million 1.06  29.3
256.bzip2 1819 million 1.12  43.6
300.twolf 91 million 1.00 21.9
oo
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