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Implementation of ISIS-SimpleScalar

Recently, multiprocessors have been employed in a lot of systems and the structure
have become increasingly complex. For developing recent complex computing systems,
it is essential to examine many factors of the system using software simulator in the early
step of design.

Several software simulators have been provided and used to estimate the perfor-
mance of computing systems. For example, SimOS by the University of Stanford, Sim-
pleScalar by the University of Wisconsin, and ISIS developed by Amano Laboratory in
Keio University.

SimOS provides multiprocessor system simulators with high-performance processor
models. Since SimOS was developed aiming at the evaluation of a specific parallel com-
puter, users need to build a new simulator model from scratch if they want to evaluate a
new multiprocessor systems.

SimpleScalar tool set provides high-performance processor simulators. It is widely
used for the researches concerning a single-processor or the architectures of processors.
But it cannot treat parallel computing systems with more than one processor, shared
memory and networks.

ISIS is the parallel computer simulator library written in C++ language. It provides
components of parallel systems including cache and some network topologies. Simula-
tors can be built by connecting these components. Users can implement their specific
simulators easily using the components provided by ISIS library, and can simulate the
behavior of the target system exactly. However, ISIS doesn’t provide recent high-end
processors which support multiple-instruction-issue, out-of-order execution, and branch
prediction.

As stated above, there is no simulator that can easily implement a new system with
high-end processors.

ISIS-SimpleScalar combines the benefits of both ISIS and SimpleScalar by incorpo-
rating SimpleScalar into ISIS library. ISIS-SimpleScalar enables detailed simulation of
parallel systems with high-end processors.

In this report, the implementation of ISIS-SimpleScalar will be presented. Simu-
lation results of both a single-processor and a multiprocessor system built by ISIS-
SimpleScalar show that the simulation speed is practical and ISIS-SimpleScalar pro-
vides detailed statistical data for the target system.

Graduate School of Science and Technology, KEIO UNIVERSITY

(The summary of thesis should be written within 35 lines)
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DEFINST (ADDU,
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template

IntALU,
/ DGPR (RD) , DNA,

opecode
0x42, operand fields

"d,s,t", inst flag
F_ICOMP, *
DGPR (RS) , DGPR (RT) , DNA)

FU reqg’s

/

output dependency designators

#define ADDU_IMPL

{\
SET_GPR (RD,
}

GPR = General Purpose Register

GPR (RS)

input dependency designators

\

+ GPR(RT)); \
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O 2.1: SimpleScalar baseline simulator models.

Simulator Description Lines of code | Simulation speed
sim-safe Simple functional simulator 320 6MIPS
sim-fast Speed-optimized functional simulator 780 TMIPS

sim-profile Dynamic program analyzer 1300 AMIPS

sim-bpred Branch predictor simulator 1200 SMIPS

sim-cache Multilevel cache memory simulator 1400 4MIPS
sim-outorder | Detailed microarchitectuaral timing model 3900 0.3MIPS
o sim-fast

- functional O OO O0OOOOOOO
- JO000O0o0OU0o0oooobobooooo
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stg0 ! stg1 ! stg2 i stg3 i stg4 1 stg5

I : : S
Fetch |=»{ Dispatch |=»{ Scheduler |=»| Exec |=»{ Writeback |=»{ Commit
... : 1 1 .
\ i |[Memory |: |Mem |:
Y "+ i | scheduler | : e :
I-Cache -TLB "\ :

IL1 . .
L . D-Cache D-TLB '
y e (DL1) :
I-Cache o ! :
(IL2) : ) :
\ Memory | D-Cache :
(DL2) :

I-Cache = Instruction Cache
I-TLB = Instruction TLB
D-Cache = Data Cache
D-TLB = Data TLB

0 2.6: sim-outorder 0 0 OO0 0 OO

Fetch Stage

- 0000D0000 I-Cache (Instruction Cache) D 0 0 Memory D 0 DO OO OIFQO OO

Dispatch Stage

- IFQLDUOD0ODOD0ODODUODODUODRUU (Register Update Unit) DO O OO
- DO0b0DbO0b0obO0b0b0bU0bUObU0ObU0bUObUODreadyqu g

Scheduler Stage
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g
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Execute Stage
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- 0000000000 000000D0issue0 00000000 readyqO0 0000
o Commit Stage
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*» Q00000 oboobooon
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for (5;) {
ruu_commit();
ruu_writeback();
ruu_issue();
ruu_dispatchQ);
ruu_fetch(Q);

}
\_ j

e void ruu_fetch(void)
- 00000000 I-Cache 000 Memory 000000 OIFQOODO

e void ruu_dispatch(void)
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gobodgbboobuoobboobobooobuoobboobooboboboobuoobobod
gobooboooboboobooobbooboobbooboobbooboobooobobon
gobooboooobooboooobooon

ugbboobuoobbooboobboobuoobbooboobooobooboboobg
gbobooboooboboobooobbooboobboobooboboobooboooobooban
gooooobooboboboobooboboboooboboooobboboboooobooog
gbobogboobbooboboobboobuoobboobuooboboobooboobbod
gbobooboboooobpooooboobobobooboboobobooboboong

goo

timer_unit 0000000000 DOO0O0O0OO0ODOOO0ODODOOOOODOOODOOOOnOD
gbobodgbbooboobboobooobouoobbooboobobooboboobobod
0oobO0bobobouboonDgng file_iowmit 00000 0O0OO0OOOOOOOODO
goobobobobobobobobobobobobobobobobobobobobo
gobodboooboobooobuooboooboobooobuoobobooobooboo

233.6 ISISOO0O

obooooobooboobobobooobooboboboobOob0o0gbUUout-of-order 0 OO O

gboobooboooobooboobooboboobobooobooboooobOoIsIsoon
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2.00 24.000000

obooooobooooMIPSOOR30000 0000000000 IDTOOR30G1IO0O0O0O00O0O0O
O00000mm-order OO0 0O0OD0DO0ODOODOODODODOODODOODODOODODOO
gooooooIsiIsgboboboboobooooooooooooboobobobobobo
gboboobooobobooobooobbooobuooboobooobooaoo
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gbooboobooooboobbooboboobboobboobobooobooobobooooobg
goobobobobobobobobobobobobobobobobobobobobo
gboboodobooobobooboboooooobooon

gbobooboobooboboobooobbooboobboobooooon

e NUUOOOOODLDOODLOODDOODLOODLDODO

- bobobobobobobobobobobooboboooo
- bobobobobobobobobOobobOoboboboob

o DU 0ODOOOODODLODDOODODODODOODODOODDLODLODLODLODOD
oooooood

e NOODODOODDOODOODDOODLDOODODDOODLDOOD

goboobooobbooobooobboobuoobboobobooboobbooonooo
Stanford D 0O SimOSOUOO0O00O0O0OOO00O0O0OO0OOO0OOODOODLOOOOODODOobOOooogn
gbobodgboobbooboboobboobuoobboobuoobbobobooboobbod
gboooobboooboobboooobooboboooboooDobo0DObOUWisconsin O
00 SimpleScalar U DO OO0 ODO0OO0ODLOOOODOOOODOObOObOObObDODbUObLODO
gbobobuouoobuobuboooboboboobobouobuonooobobonooood
SIStbobooooooooooooooooboobobobobooooooooooooooo
gooooboooboobooobooobooobbooobbooobboobboobobooobobo
gobogboobboobooboaobodg
uboboobooboboobooboboobooobooboooboobooooboooooboooong
gobgbobooboooooooooooooboboboboboboboboboobbo
goboo0oboOSmpleScalar 00 0000000000000 0O0O0O0O0O0O0OO0OO000O0O0OOO
gboobooooooogoIsiIsgboobooooooooooooooooooooboobooDo
0oobobbO0buobobuobouoboboobooogn SimpleScalar OO0 0D OO0 OOODO
goooooooboooog i siIsboboooobobooooboboboobobobooboonDo
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0 30

oo

OoOgodOSimpleScalar DO 0000000000 O0O0ODOOODOODOOOOOODODO
goboobooboobooboboooboosIstcoboobooboobooobboobon
googd

3.1 sim-outorder] ISISO O O0O0O0O0OODOOCOOOO

sim-outorder 0 0 00000000 0OOOOISISOOO0OO0O0O0OOOODLOODOODODOD
UboOoogo 310000 simoutorderd ISISODOOOODOODOODOODODO0OOOOOOODOO
goooisiISocoooboobooooobobooooboooooooboboooobooDbo
goboooboobooobooooo

—Sim-outordes

Processor |q—p Memory

port

port

ISIS Unit
(e.g.,network, memory system)

O 3.1: sim-outorder O ISISO O O000OO00O00O0O0O0OO
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300000 3.2.SimpleScalar U0 0000000000000 0OO0OOOOO0ODO

3.2 SimpleScalar OO DO0O0O0OOOO0O0O0O0O0O0O0O0O0OOOOO
321 0O0O0OO

cOODOOoOoOononDg SimpleScalar OO0 000000 ANSIDDOO C++000000000O
00DOO00d00O00D0bOO0o0o0o00DooOOo0bOo0o0b0bOOo0bOO0o0oObOOooDbDOooDoDoOooDOon
doddoodbOOsim-ouworder 1 000000 OOOO0OOOOOODOOOOOOODOOOOO
0000000 0oOodddoodobOodoboooooooodoDoooDnooooaon
ooboooooooa

0000000 ooboouobooobobprivatel OO0 O0O00OO0OO0OOoobOoOg
0000000 publicO00OD00OO0OOOOODOcache,access)0 00D ODODOOODOOOOOOO
00000000 O0O00bO00bO00DbO0O0b0O0b00OO0OOgd publicd OO O Ocache_becopy()
OO0O0 cachesimple d O 0 00O cache access) U U OO DOOOODOOODOOODOOONO private
oooooo

<0 > cache.h

_ N
class cache_simple
{
private:
/* cache_accessQ UUOOOOOOOOOOO */
void
cache_bcopy(enum mem_cmd, struct cache_blk_t *,
md_addr_t, byte_t *, int);
public:
/#000000000oooog */
unsigned int
cache_access(struct cache_t *cp, enum mem_cmd cmd,
md_addr_t addr, void *vp, int nbytes, tick_t now,
byte_t **udata, md_addr_t *repl_addr);
J J

322 OJOOOODOOOO

00000000 oOoooOo00oDoooDO00oDodobDo0ooDoOoooDooooOooog
0000000 o00ooobOoOo0oooOo32000000000000000DO0000DO0O0O00
00 addressh O OO OO0

000000 SimpleScalar 0000000 0O0O0OO0DOOOOOODOO

o 0x100000000] Ox7fffffff
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0x00000000 Number of
Unused Pr . 0x80000000
0%x00400000 ocessors
Text
(code) ProcessorID | | 0x80000004
0x10000000 Unused
l Local 0x80000100
Data
------------------------------- Fetch and Dec
T Stack 0x80010000
0x7£f££c000 Test and Set
Args 0x80020000
0x80000000 & Env |4 Shared Data
x (Synchronous)
New Area LY | 0x90000000
OxEfffffFEFf Shared Data
Singnal 0xd0000000
Singnal2 0xd0000100
Unused
OxffffFEFE

032000000

- gbhoobbooboobboobooboo

o 0x80000000

- gboobbooboobbooboobobooboooboboobooan

e 0x80000004

- gboobbooboobobooobodobo boboon

o 0x800001000 0x8000fffc

— FetchandDecOO O OOOOOOOO

o 0x800100000] 0x8001fffc

- Testand SetOD OO0 OO0OOOOOO

o 0x800200000] Ox8ffffffc

- booobobooboobboobooobobooooboooboo

o 0x900000000] Oxcffffffc

- boboooboooboobooboobbooobooo
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o 0xdOOOOOOOL! 0xdO000100

- DO0D0O0DO0O0O0DbO0ObO0ObO0obO0Ob0O00exdeesssss U 0L 0xdeeeee166 [ 1 O
oboobobobooboooooooooooooooooooo d41000)

Fetch and Dec O Test and Set 0 O 0 0x800001000 0x8001fffc 0D OO0 ODOOOOOOO
gobooobooooboobooooooboooon

3.2.3 sim-outorderJ O 0O 0O

2324000000000000000 sim-outorder I out-of-order 1 0 0 00O OOOOO
000000000 ruudispatchQ 0000 inorder 000000000 O0OOODODOOOO
0000000000000 O0ddFunctional UnitOOOOOOOO
0000000000000 000D00000DO0000DbO0O000D00d out-of-order 000 OO
00000000000 OruwudispatchQ O O00D0O0OO0OO0ODODOOOODODOOOODODOOOO
00000ooooooobOooo00o00ooooooooOoO in-order 000000

000000 simoutorder 10000000 DOODODOOODODOODODOOODOOOODOO
do0oOo0doOo0o0ooDbOOo0oo0o0ooDoOOo0bOo0obDobooo0bo0oOooobOooooOoooDaoan
0o0o00ddoo0dDoooooo0ooDooobOodoDooonDooooaoon

. gJoooboooboooobooobooooobooboooboooooboobooobooon
bobooboboboooobobobooboboboooboboboobobobod
googoo

2. 0000000000DO0DOO0O0O00DOO0OO0ODOODObOOODOODbOObObOODOOODO
gboogbooboobboobobooooooboobooboobooboooobooobon
gboobobobobobobo

3.00boooobobooboboooobboboobooobobobobooooon
gbobooooboooooooooooooooooooooon

U00OruwdispatchQ UUO0O0000000O00O0O00O0O0O00DOOO0OOOOOODOOO
gbobooobobobobooboooboboboboobobobobooooboboon
oooopooooooobooob0oO3sgopoogoboDoO simoutorder OO OODOOO
oboooobobooboobooobooooobooboob0o0oo0obOobOn sim-outorder
goboobooobooboobooobbooboobbooboobobooobooboobobon
goooo

ugbbooboobbooboobbooboobbooboobobooobooboboobg
goboobooobbooboobbooboobbooboobobooboobooobbon
gobobooboogoboooboboooobooboobooobooobooobooobooboooboboboboo
gbobooboobboobooobboobuoobboobuooboboobooboobobon
obooobooboobbooboobooboboboooboooobU0odoUdsim-outorder 0 00O O
gbobobobobooboboboboobooobobooo

oboobobooboboooo for000O0O0O0O0OOO0OOOOOO
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~
for (55) {

ruu_commit();
ruu_writeback();
ruu_issue();
ruu_dispatchQ;
ruu_fetch(Q);
get_data(Q);

}
NS J

UStageD0DO0ODODOODODODO

e void get_data(void)

- bobob @ooooboboboboboboooooobobobonDH)ooo
uboboobobooboboobbooboboobboobooooboooooboooon
oo

e void ruu_fetch(void)

- 2324000000 sim-outorder [J Fetch Stage
- 00000000 I-Cache 000 Memory 0000 D0O0OIFQOODO

e void ruu_dispatch(void)

- 2324000000 sim-outorder [J Dispatch Stage
- IFQODODODOODOmm-order 00O 0OD0OO0OODOOOOOOOOOO
- UO0O00OD0ODO0O RUU (Register Update Unit) [0 reservation station 0 [0 0

e void ruu_issue(void)

- 2324000000 sim-outorder U Scheduler Stage
— reservation station U 0O OO ODOOOODO
1. Functional Unt U0 OO0 0000000 O0O0OO0ODOOOODOO Functional Unit O
0 O O O execution buffer 0 O [0 00 O
*» DO000000 reorderbuffer U000 OO0OOOOOO
* Functional Unit 0 0 OO 0O

2.0000000 (0x100000000 0x7££££££5) 0 Load DD O OO DO OODOOODO
0000000000000 0ob00obO0Ob00O0UOexecutionbuffer 00000

+» Jobooubooogbooobobod
+» JO00o0oooobooobobooooo
*» 00000000 b0o0obobOoooboo

3.00000 (0x800001000 Oxf££££££f)01 0 Load DD OO0 UODOOUOOOOOO
gooobooooboob@wobobooboboobobobooboboobobooO)HOo
UO00b00b00b0bO0obO0ObObODexecutionbuffer U 00O O
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+ J0000booooooooboood
+» 0000000000000 000000
*» JO0D000oooooboo

e void ruu_writeback(void)

- 2324000000 sim-outorder 0 Execute Stage [1 Writeback Stage
— executionbuffer OO O OOODOOO

1. Functional Unit 0 0 00000 O Oexecutionbuffer 1 0000000000 OOO
Functional Unit D 0 0000000000 OFunctional Unit0 O OO0 00000
00000000 reorder buffer O O O

2. 000000000 LoadOOOOexecutionbuffer 000000000 0OOONO
000000000 bOO00OO0DOO0DO0DOOoDoooooooooooooooon
0O O reorder buffer 0 0 O

3. 0000000 LeadO0O0OOD0OODDOODOOODOODOOODOO reorder buffer
ooo

- boboboobooobooobooboboboboboobooboboboboboog
ooooooon

e void ruu_commit(void)

- 2324000000 sim-outorder [ Commit Stage

- RUUOOOOOOO0O0OOOO0OO0O0O0O0O0O00O0000 reorderbuffer0 000 0O
0000000000000 0000000O00O0000000b00b0O000O0000
Store 00 O0OOO

1. 000000000 Sere0 00000000000 O00OO0O0OODOO

2. 0000000 Sered000000obOobOobObOO0ObObDO0ObObOOnDOn
ubobogobodan

324 0U0OOODOO

OStage 0000 DO0O0O0O0ODO0ODOOOODOODOOODOODOODOOODOO machine.defl
Ubooogoooooob simoutorder 00D ODOOO0O0O0O0O0O0O0ODOODOOOOOOODOO
Uo0b0obobobOo1bO#xdefined 0000000 0ODO0ODOODOODODODODODO
goboooobooobobooobbooobooobbooobbooobboobooobobon
U000 Stage0DO0OOOO

gbobobobobooboob20b00o0oogo

3.24.1 ADD

20000000000000 ADDODOOOOO0ODOODOODODLOODOODOOO0OOO0O0OO0
obobobobobobo
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#define ADD_IMPL \
{ \
if (OVER(GPR(RS), GPR(RT))) \
DECLARE_FAULT(md_fault_overflow); \
\
SET_GPR(RD, GPR(RS) + GPR(RT)); \

}

-

~

/

gbobooboobboobooboboooboobobooobooboooboobobooba
gbobgboobobooooooboobobobdbOUreorderbuffter 1000000000
OoADDOODO0OO00OD00OO reorderbuffer 10 O UODO 000000 0ODOODOODOODODOODOO

gob200000000000000000000O00O0

s ruuwritebackQ U OOO ~
/¥ 0000000 reorder buffer0 000000 OO0OOOO0O */
void ADD_impl()
{
sword_t temp, temp2;
/% reorder buffer OO0 GPR(RS)OGPR(RT) O OOOOONO
choose_operand(inl_flag, &temp, RS, 1);
choose_operand(in2_flag, &temp2, RT, 2);
if (OVER(temp, temp2)) assert(0);
/2000000 %/
resultl = temp + temp2;
resultl_flag = true;
}
N J
s ruv_.commit() 0000 ~
/¥ 0000000ooao */
void ADD_reg_impl()
{
/¥ 000000o0ooooaa =/
set_gpr(RD, resultl);
}
. J
3242 LW

gboobOd4byte0 0 0000OODODOODOOLWWDOODOOODOOOODOODODODODO

goboobooobboooboooboboooboobboobooboobobooboobon
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] N
#define LW_IMPL \
{ \
word_t _result; \
enum md_fault_type _fault; \
\
_result = READ_WORD(GPR(BS) + OFS, _fault); \
SET_GPR(RT, _result); \
\ ! J

go00dobooboobobo0bo0oooooboob0oobUoobogbUoOn Stageo g
00D0DO00O00D0O0O0DO00O0O0O reorderbuffer 000000000000 OOO0DOOODOO0O
0do0oO0ddo0dDooOo0oo0odDooOo0bO0dDoO0o0bO00oDoOooDOOoooooooDan
000000000 bOOo0bOO00ooOo4000000D00DO0O00ODODODO0ODOOODOO
e ruu_issue() OO0 ~

/* 0000000 reorder buffer 0000000000 OOO0OOOOOO0O */
void LW_addr_impl(void)

{
sword_t temp;
/* reorder buffer OO0 GPR(RS)OGPR(RT) DO O OOOOO */
choose_operand(in2_flag, &temp, BS, 2);
/¥ 0000000000000 0 */
addr = (temp + OFS);
/00000000000 byteO OO */
addr_area = 4;
/0000000000000 o0o */
if ( addr > MACHINE_ADDRESS_BOTTOM )

load_flag = true;

use_lsqg_flag = true;

3

- _J
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3.2.SimpleScalar U0 0000000000000 0OO0OOOOO0ODO

-

N

ruu_issue() 0 OO0 ~N

/¥ 0000000000000000 */
void LW_set_req_impl (void)

{

bool flag = false;

/¥ 00000000000000O00O0O0O0oo */
for ( int i = 0; i < outside_port_num; i++ ) {

}

if ( !outgoing_port[i].have_packet()

| | outgoing_port[i].have_packet()
&& outgoing_port[i].inst_id() == -1 ){
outgoing_port[i].set_read_detail (access_adr, req_label,
addr_area, puid);
flag = true;
break;

if ( !'flag )

exec_stop_flag = true;

-

ruuwritebackQ O OOO ~N

/¥ 0000000000000000000 */
void LW_impl(void)

{

/*000000000o0ooog */
if ( load_flag ) {

/¥ 00000000000000000 */
resultl = load_data;

/~#000000000booobooogno *#/

} else {
enum md_fault_type _fault;
/¥ 0000 Stered00000O0OOOOOO */
if ( 1sgq_data_flag )

}

/¥ 0000 Stere 00000 O0OoOoooooOo */
resultl = 1lsqg_data;

/¥ 000000000000ooa */
resultl = read_word(access_adr, _fault);

resultl_flag = true;
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s ruv_commit(Q 0000 ~N

/* 00000000ooga =/
void LW_reg_impl(void)
{
/*000000000D00ooo */
set_gpr(RT, resultl);

}
N J

gbobooobooboootbooobooboboobobobobooboboobooboobo

e N.impl — OJOOOOO0OOD0DDOODOODDOODOODOODDOO
e [J addr_impl - O0OUOOODOODOODOODOODODODO

e [J setreqiimpl — ODODOODODOODOODODODODOODO

e [l regimpl — OODODOOODOODODO

goboooooboooon

33 uogooooon

OO0 ISIS-SimpleScalar U D0 OO DO O0OO00O0OO0ODOODOOOOOOOOOODOOOOO
gboob330000000000

33.1 isim system[ 0O (isim_system{.h,.cc})

0dodooooooooooo 100000 ooooooooD 3300000arg00n
option_simple O 0O Ostats_simple O O O Omemory_simple 0 O O Odisim_processor [ [
do0o00odobo0ooobO0odbOoo0obOoooobOo0ooo0bOo0oobDoOoobDOoOoobOoOoooa
dopoodooooooooood

33.2 arg0 00O (arg{.h,.cc})

ugbbogobuoobbooboobboobuoobbooboobooobooboboobg
gbooooboboboooooboooooobobooooboobobooD 1ImoDooboobo
2000002000000 20000

-p [number]
ooooooooooo

-0 [number]
O00o0oO0o00oono
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option_simple @ stats_simple

memory_simple

addr_order_buffer loader_simple
order buffer writeback buffer bpred_simple

isim bus_packet

0 3.3: ISIS-SimpleScalar 0 O O O

cache_simple

3.3.3 option simple [ (options{.h,.cc})

SimpleScalar 0 O O O 0O options.c 00 0000 O OOOOMO OO branch predictor U 0 0 0O 0O O
ooooo0obOOoOooo0o0ooOoOoboboOooooobboooo

3.34 stats_simple [ O (stats{.h,.cc}, stats_eval.cc)

SimpleScalar U D OO0 stats.c U0 000000000000 DOODOO0OO0OO0O0ODOODO
gboboooboooboboobooboooobouoooboboboobobooobooboon
gooo

3.3.5 memory simple [ (memory_s{.h,.cc})

SimpleScalar 0 0 0O 0O 0O memory.c 0 000 0O O OISIS-SimpleScalar D OO0 OO0O0OOO
O00Db0b0b0ob0obobOobOobbbobOobOn ox000000000 0x7££££££F 01000
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3.3.6 isim processor [J[J [ (isim_processor{.h,.cc}, instruction.cc, inst_simple.cc)

3230 000000000000 sim-outorder 1 0 000000 OOaddr_order_buffer 0 [
0 O order_buffer 0 O O O instqueue O O O O exec_buffer 0 O O O writeback buffer O O
0 0O loader_simple 0 0O O Obpred_simple 0 0O O 0 cache_simple 0 0O O O isim_bus_port O [
ooooooo

OO0000DoOo0DnO Stage OO0 isim_processor.cc D0 00003240 00000000sim-
outorder 100000000 DOOODODOOODODOO isimprocessor00000O0OO00ONO
OO0OOinstructionecc0 00000000 ODOOOOOODOOODOOOOODOODOOOOOODOO
000000000000 ooooonogU instsimplecc0000000O0O0OOOOOOO0O
oopoooooao

000000000 DOO000O000bOO00bObOO00DbO00b0O0ddisimbusport0 00000
0000000 isimbuspacket 0000000000000 OOOOOOOOOOOOOOO
000000000 bOo0o0o0ooDbOOo0bOo0o0o0bOo0bo0obOOooDbDOooooOooDOon
odo0ooodBOOOOO

3.3.7 addr_order_buffer ] [0 [ (addr_order_buffer{.h,.cc})

LoadODODOODO Store0 0000000 0ODO0OO0ODOOOOOOOOOOOOOOOOOOO
gobooboooboobooobooobobooboobboobooboon

e JOODOOODO Store 0 UDODODUDODOOOLOOD LoadOD OO OOODODODO
Oo0o00 stall OO

e StoreJ000ODO0ODOODOODODODODODODODODODO

- stallU00O0 Load D0 O00OD0O0ODOOOOOOOODOODOO Store000000OO0
OboobooOStrel000000O00OO0OOOOO LoadODOOODO

LoadO Store 00D O0O0O0OOD0OOO0OOO0OO0O0OO0O0DOOOODO

_ N
struct ADList {
INST_SEQ_TYPE seq; (/00 ID (DO00000O00OOoOo0O)
md_addr_t addr, addr2; / /00000000000
int addr_area; (/00000000000 byteO
bool 1_or_s; //Load 00 or Storel O

sword_t lsg_data, lsgq_data2; //Stored00000O0OO0OODONO
struct ADList *next, *prev;

1
N J

goboobooooboobon

e void
updatelist (INST_SEQ_TYPE seq, md_addr_t addr, md_addr_t addr2, int addr_area)

- DO0OO0O00000ooooobobobobooboOob0o00o0bDbO addraddr2lladdr_area
goo
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e void
insert_store_data(INST_SEQ._TYPE seq, sword_t lsq.data, sword.t lsqg._data2)

- SreJ0000000O0O0O0O0OO0O0OODODDODODODODODODODODODODO 1sg.datalllsg-data2
goo

e bool
checklist(INST_SEQ.TYPE, md_addr_t addr, md_addr_t addr2, int addr_area,
bool 1 or_s, sword t* lsg.data, sword t* lsq.data2, bool* lsq.data_flag,

bool use_lsq_flag)

- LoadO0000O000O000O0O0O0OO0OOO0OOO0DOOOODOOOOOODOOOO
O falseOOOOOOO trued 00O

<O00O>000000000000000000000O00000000O Stered 00000
00000000ooDooooono Scere0 00000000 ODOOOODOOO
000000000 (Isqgdatalllsqgdata2)d Load DO OO0OOOtrued 00O

gopbogoo

3.3.8 order_buffer 000 (order_buffer{.h,.cc})

ubooooiboboboobobooboobooboooboboooboboooooooobonbog

gobogooooboo
gbboobooboboobobooboobbooooan

struct ORDERList { A
INST_SEQ_TYPE seq; (/00 ID (0O000O00000000)
int reg; //0000000o0oad
bool rw; //0000000O000O0OO0OOOCOO0OOOODOOOOOOOOOOON
struct ORDERList *next, *prev;
U /

gooooooooood

e int
check_order (INST_SEQ_TYPE seq, bool addr_flag, int inl, int in2, int in3,
int in4, int outl, int out2, int out3, int *seq, int *opr,
int *d_rw, int *my_rw);
- 0000000000O0o0o0ooOooooooooooooooooooooooon

- boobooobooboboobooboo

- gbobooboboooboboobooboobooooboobooobobooIbooan
gboooooon

+» J000000000000000 reorderbuffer0 00O 0O
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«* reorderbuffer 000000000000 OO0OOOOOO0OOOAOOreorder buffer
Ooo0oooooooooo

gobogooo

3.3.9 instqueue 0 0O O (instqueue{.h,.cc})

3230000000RUUDOODO reservationstation 0 0 0D 000000 0OO0OOOOOOOO
O00O00000Om-order0O0O0OOO0O
O000000000000000000000

N

struct INSTList {

}s

md_inst_t inst;
INST_SEQ_TYPE seq;

int inl, in2, in3, in4, outl, out2,

struct res_template *fu;
INST_SEQ_TYPE branch_seq;

int branch_result;

md_addr_t adr, adr2;

word_t load_data, load_data2;
sword_t lsq_data, lsq_data2;
int exec_time;

md_addr_t now_PC, next_PC, pred_PC;

struct INSTList *next;

//00000

//00 ID (0O00D0O000O0Oooo)
out3; //000000000O0O
//0 000 Functional Unit
//00000000000 1ID
(/0000000000000
//00000000004d
//00000000000000
//Store000000OO0OOO0O
//000000
//0000000000000D000

ubboobooobobod

instqueue: : INSTList*

return_reservation_station_inst(int time)

- ssee0000000000O0OO0OOOOOOOOO

instqueue: : INSTList*
return_inst (INST_SEQ_TYPE seq)

- bobobobobOoboIbboooooooooooooooon

int
get_ruu_inst(void)
- DO00O00oooooooooo
int
get_lsq_inst(void)
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- boobobooboobboobooboo

e void
set_good_branch(INST_SEQ_TYPE branch_seq)

- 000000000000 IDO00000000000O0 branchresultd 10000
0O0)ooo

e void
set_bad_branch(INST_SEQ_TYPE branch_seq)

- 000000000000 IDO0000000O000O0 branchresultd 20000
00)ooo

gobooaoo

3.3.10 exec_buffer 00O (exec_buffer{.h,.cc})

323000000 executionbuffer 1 0 0000000000000 OO0O instqueue d 00O
000000000 INSTList OO0 00O 000oo00doooooooooooooooon
OO00oon (Functional Unit OO0 00000000000 0O0OODOOOOOOOOOOOOOO
O00)OOooooOoOooOoDoOO (out-of-order)d

3.3.11 writeback buffer O O (writeback_buffer{.h,.cc})

Writtback 0 0 00000 00O0O0O0OOOOOOODOOOOOOO0O0OOOOO0OOOOOO
00 @doobobooooooobooooOo)yooOOOreorderbuffer 0 0000000 OOO0O ID
000000000 (in-order)

do0bOooDOo0oooobOooooooooono

_ I
struct WBList {
/¥ instqueue J OO0 000000000 INSTListOOOOOOOOGQOQ */
instqueue: : INSTList *inst;
int regl, reg2; //00000000000040d
/¥ 0000000004 */
int r_i; //int O
sfloat_t r_f; //float O
dfloat_t r_d; //double [
sword_t r_1, r_2; //signed int O
struct WBList *next;
U W

goobooboogno
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e void
get_element (INST_SEQ_TYPE seq, sword_t* r_1, sword_t* r_2, int* r_i,
sfloat_t* r_f, dfloat_t* r_d)

- booobooboobo ibogboobbooboon
- bobobobobobobobobobob

e void
get_data(int regnum, INST_SEQ_TYPE seq, bool* r_1 flag, sword t* r_1,
bool* r_2_flag, sword._t* r_2, bool* r_i_flag, int* r.i,
bool* r_f flag, sfloat_t* r_f, bool* r.d_flag, dfloat_t* r.d, int time);

- gboboobobooobo Ibbobooobouooboboooobooboobooon
obooooooo@oooooooo)ooo

— reorderbuffer 0000000000000 O0OOO0OOO

e void
is(INST_SEQ.TYPE seq)

- J00000boooD0oo IbO0D0o00o0bo0O0d reorderbuffer 10O OODOO
U00000000 trued falseO OO

gooooon

3.3.12 1loader_simple 0 OO (loader_s{.h,.cc})

SimpleScalar DO 000 loaderc 0000000000 0ODOO0OO0OOOOOODOOODO
O 0 0x004000000 Ox0f££££££ 100 O 00

3.3.13 bpred simple 0 0 O (bpred{.h,.cc})

SimpleScalar O 00 O 0 O bpred.c 0 U O O O O U O branch predictor U [0 O O O O O U branch pre-
diccor U0 DOOOO0OOO0ODOOOOO

3.3.14 cache_simple ] O O (cache{.h,.cc})

SimpleScalarJ 0 0 0O O cache.c 0O 0O 00O 0O O OISIS-SimpleScalar 0 [ 0x0000000001 0x7fffffff
ooooooOoo0oo0obooCoo00o0bODOOOo00Oo0DobO0oUoOoDbOooOOooOooDooo
oooooooooooooooooobobobooooooooboooo/moooooooobo
ooooooooooooooOoobooboboOoobooobbOoboooo

3.3.15 isimbus port [ O (isim_bus_port{.h,.cc})

isim processor 0 ISISOO DO 0O0O0OOO0O0O0OO0DOOOODOOODOOOOOOOOOOOOO
gobooobooobo3i1dpertD00DO0OO0O0OO0ODODOO0OODOODLOOOODLDDOOO
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300000 3400000

gbobobobob1ooooooooboobooboboboobobobobobobobo
goboobooobbooboobbooboobbooboobbooboobooobbon
Ub0bO0bO0obOobO isimbuspacket 00000000 DOODOODOODODODO

3.3.16 isim bus packet [ [ O (isim_bus_packet{.h,.cc})

sIsSoobobooboboobobobboboobobooboboboooboooon
gbooooooon

md_addr_t addr; / /00000000000 A
int data_size; (/00000000000 bytel
int inst_id; //00 ID
int rw; //Read or Write or Reply
int puid; ,/000000000 ID
/= 000 =/
word_t data, data2; //unsigned int [
half_t data_half; //unsigned short [
byte_t data_byte; //unsigned char [
\ )

oobodbrwDOO0OD0DOOO
e 0-0O0OOUOODOOODODOOO
e 1-00OOUOOOODLODOOO
e 2-000ODOOODODODO
gobobooooboob w0 oonoo
e NUOUODOOOODOOODLODOO
e JOUODOUODOODODODODOD

goboobogg

34 O0O0ogog

goobooboobbooboobobooboobbooboobbooboobboobo
ugbboobogbooboooo

e local_read_access
- DO0O0O000000 (0x1000000001 0x7f£f££f£fff) 00 Load DO O OO
e local_write_access

- DO0bO0oDbOobOoDbOoD Stered 0000
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e shared read access
- 0000000 (0x9000000001 0xfffffff) 10 Load DO OO O
e shared write_access
- DO0D0OO0ODOODO0O Stere0 0000
e sync_read_access
- DOD0ODOODODOODO0O (0x800001000 0x8£fffffff) 10 LoadOD OO OO
e sync_write_access
- 00000bOOo0ooooooboOog Stered OO0
e other_insts
- DO00OOoDOOooOOooo

gooobgo

341 00O0OO0O0ODOOOO

0xdoooseee N U DO 0D OO0 DO00O00OO exdesss1ed I 0O OODOOOODO
gobobooobbooobbooobbooobbooobboexdesssccs DD OOO
gboooDgexdesssee 00 000D 0OOODODOODLDOOODOODOO0OO0OOO0O0ODOO
goboobooobobooobooobooobooboobboooboooonoo

35 JO0bOoooboooooo

OooboOon SimpleScalar U D OO0 0000000 oOoooooooooooooooooo
gbobooooboobobilioboboobobobooobooboboboboobobobobooDbo
gbobooboobboobooobbooboobboobuoobboboboobooboboan
goboobooooboobooooobooboobobooboon

gboboobooboooobooooboooooo

e -cache:flush

- 0xdoooooed DI O00O0DbOonoooooooboobobonon 41000)
ubobooboobooooooon

- 0xdodool1e0 U OO DOUOD0OO000O0O00O0bOO0bO0bOO0bOO0bOobDooDOonDg

- Dobobobooo G410y oboboboobooo
gooogo

e -output [number]

- DO0D0ODO0OD0OD0O0O mumber] OO ODOODO
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*» 0 — 00000000000

* 1 - 000000000000000

* 2 — J00000O00o0ooooog

*»3 — 000000000000 000000000000000d

Ubo0obO0 (-output 3)00000000O0ODOODODODODODO

o

sim: ** simulation statistics **

= full-time statistics =

load_local_data 7063560 # total of loads executed(local data)
store_local_data 1987535 # total of stores executed(local data)
mem.ptab_accesses 182758548 # total page table accesses
mem.ptab_miss_rate 0.0000 # first level page table miss rate

= particular time statistics =

pts_load_local_data 4536836 # total of loads executed(local data)
pts_store_local_data 1169988 # total of stores executed(local data)
pts_lsg_latency 6.0241 # avg LSQ occupant latency (cycle’s)
pts_lsqg_full 0.8094 # fraction of time (cycle’s) LSQ was full

= full-time statistics =

load_local_data 6394516 # total of loads executed(local data)
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store_local_data 1201412 # total of stores executed(local data)
mem.ptab_accesses 144373176 # total page table accesses
mem.ptab_miss_rate 0.0000 # first level page table miss rate

= particular time statistics =

pts_load_local_data 4537379 # total of loads executed(local data)
pts_store_local_data 1169911 # total of stores executed(local data)
pts_lsqg_latency 6.0241 # avg LSQ occupant latency (cycle’s)
pts_lsq_full 0.8094 # fraction of time (cycle’s) LSQ was full

3.6 JOOOOO

OOoOogooISIS-SimpleScalar O ISISO O D000 0ODOOO0OOOO0OOOOOOODLDOODOOO
UooobooobuoobOob isimsystem0 0000000000 O0DOO0O0DOODOOO0OOO
gbbodgbooobuooboobobooboobbooboobobdg

U3400000000000D00DODO ISIS-SimpleScalar I OO OO ODOOOO0OOOOO
oo coooooooooobobbouoobobbooooboboOoguDbDOOoSimpleScalar
O00D00O GNUGecOGNUAsOGNULdO DO ODODODOOoOOooOoogooDo

ubobooboobbooboooboBOOOOOO
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ISIS-SimpleScalar Library

User’s Source

Inheritance
S S O Lo
O OO
=S
OO

Link

Top Module

(isim_system)

Compile & Link

C benchmark source

SimpleScalar

GCC
SimpleScalar
vy assembly
‘ SimpIeScaIar'
SimpleScalar GAS
libc.a v Object files

SimpleScalar
GLD

Simulator RESULTS

O 3.4: ISIS-SimpleScalar overview
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0 4 0

BN

OO0O00OO0O0DOO ISIS-SimpleScalar DO O OO OO
OO00OD00OSimpleScalar U0 OO OOOOOOODOODO test-mathd test-fmath test-printf[] test-

llongO test-lswir 0 SO0 000000000 00SPLASH2000000000000 300000
gobooobooooooo

041:000000000000000

FFT | 00000000 214
LU O0oo0Luoo 128x128
RADIX | 00000000 | 131072 keys

41 U0d0dUoUooOoOoooobobobooboobooobog

goobooobboobbooobooobooobbooobbobooobboobD 41O
gbobogboobboooooobboobouoobbooboaboo

fetch : 4 instructions/clock

decode : 4 instructions/clock

issue : 4 instructions/clock

commit : 4 instructions/clock

predictor : combines a bimodal and a 2-level predictor

Processor Core

size : 16 KByte

associativity : 4 way
access : 1 clock

size : 16 KByte
associativity : 4 way
access : 1 clock

size : 128 KByte
associativity : 4 way
access : 6 clock

access:18 clock |

U41:0000000000000000000
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4.00 42.000000000000000000D00

4.1.1 000000 sim-outorder J O O O

O 4.1 0 Processor Core 0000000 sim-outorder 1 D0 OO OOOOOOOOOO ISIS-
SimpleScalar U D O D OO0 O00O0D0OOOOO0OOODOOODOODO 8SO0OO0OoOoooobOoooono
4200000000000000000000

0420000000

original sim-outorder | ISIS-SimpleScalar | O 0 O

(clock) (clock) (%)

test-math 205241 202211 1.48
test-fmath 56616 56072 0.96
test-printf 1084485 1102972 1.70
test-llong 25288 25273 0.06
test-1swlr 12798 12370 3.34
FFT 36022015 35732826 0.80
LU 14717829 14627253 0.62
RADIX 26582546 28024111 542

000000 sim-outorder 0 0 ruudispatchQ O 0000000000 OOOOOONO Write-
back Stage N 0000000 0OO0DO0O0OODOODOOOOODDODODODODOOODODODOODOOO
do0ododbOoobOOobOodbOOo0bOooDoOooboo0obOoobOoOOobOOooooOobDoonoon
doo0doo0dDodooodoDoDoOoooO00oDooooDOo0ooOooDoboOoooaon

000000000 %0000000000DO0000DO000O0bOO00DObOOoO0ooOobOOoOoooDOag
oooooo

412 00O0O0O0OO0ODOOO0

000000 sim-outorder U ISIS-SimpleScalar U D 000000000008 ODOOOO
obobobob4300000000000000000000

gooooboobobooobooboobo20b4b00bobobbbobbobobDboO
oboobbooobobbooobbOobobbO0n in-order J U out-of-order OO OO OOMO
reorderbuffer 00 0000000000000 0O00O00O00O00000000O00O0O0O0O0OO
goboobooboboooboobbooboobbooboobobon

42 U00dddd0oooooooooobbooboo

ISIS-SimpleScalar U U O 00 D000 OOOODOOO0OO0OO0OO0OO0OOO0OO0ODOOOD 420
obooboooboboooooboobopibO04100000000000000D41000000
goboboooboboobobooobooobooooboooboboooboobooobboon
gboboboobobobobobobobobobob

goboboboobobooboboboboboboi1boboobooboooooooooooo
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4.00 42.000000000000000000D00

043:0000000000000

original sim-outorder | ISIS-SimpleScalar | O O O O
(sec) (sec) (0)
test-math 0.35 0.91 2.60
test-fmath 0.09 0.22 2.44
test-printf 2.20 6.50 2.95
test-llong 0.05 0.12 2.40
test-1swlr 0.02 0.04 2.00
FFT 118.28 363.51 3.07
LU 49.48 154.21 3.12
RADIX 79.17 317.08 4.00

2N

interface unit

042:.00000000000000D0ODODO

gobooboobobooboobbooboobbooboobboobooboobbon
gbobogboobboobooobboobuoobboobuoobobobobooboobbod
goboobobooboboboobooooboobboobooooboooboooobooboobon
gobobooobooobboobbuooobooobooobooo pO0DbOoOoOobLOOnO
gobogboobboooooobod
ubooguobooooboooboobooboooobooopudonoboooonooobobooooogd
goboobooboboooboooboo
goDoOgISIS-SimpleScalar U 0 0000000000000 O0OO0OO0ODOOO0DOO0O0O0ODOOO
goboobooobboooboobobooobooboboobobooboobobon
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4.00 42.000000000000000000D00

421 0J00O0O0OO0OOOOOOODOObOOObDOObOObObDbDObDbOOn

gboboooboboooboboobebbobObOPUODO 10204080160 00000
oboooooooob 4103000000 boooooboboopibobooobobooon
ooobooboouoooooooobbooouobobU 43dUinterfaceunit 00000000
gboboboboboboboboboboboobobobobobb 440000

10 LI T T T

2
S 6 ]
S
<=
S 4r i
&
g | R A o
- eIl
0 L1 1 1 L
12 4 8 16
Number of PUs

043:0000@ODOODODOODO 6)

T T T
1000 + FFT —5— X
LU ---%--- v
RADIX ---%---

800 .
600 | -
400

200

Stall time at interface unit (clock)

Number of PUs

044 000000000000000O0O0@UODODODOD 6)

o4300000000000000DO0ODOOOODODOOOODODODOOOODODOO
ogoboogooo4200b00b00ooboboboooooboboboooboboboDooooDbo
gbooooooobobobooooobbooooboboboboboo44000b00bPUODO
gobooboboobooobbooboooooooboobooboboobooooboobobon
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4.00 42.000000000000000000D00

gbooboboooooboboooooonooobooboboobobobooboboong

422 (J0OU0O00OO0OO0OOODOOODOObOOObOOOobOoOD

gbobooboboobobgoob1bobobobobPudn 1020408016000000
oboogoobooooob410300000000000000O0ODOPUDODOOOOOOOO
ogoboboooobooobobooooboobuobooboo4sbobobooboboboboobobn
gb4e6000004600000000DO00OO0O0ODODLOODOODOODOODOODODO
gobodobbooobbooboooboobbooboooboobbooboobobon
gob10o000booobooo

10 T T T
FFT —8—
LU ---%---

8 T RADIX ---%--- N
-2
S o6f -
S
=
o4t
&

2 -

0

Number of PUs
045 0000 @C0O000O00O00O00O0O0O 1)
I — T T

2
g
2
2
3
A
E
=
S
5
=z

Number of PUs

46:00000000@OUDODODODOODO D
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4.00 42.000000000000000000D00

g4500000000000DO0DOOO0ODOOOOD PUDOOOODOODOODOODOO
U000 LUD RADIXUODODUODOODODODODODUOOOODODODODODOOODODOoooDooDOo 420000
gbooboobooooboobobooboobooboopu0boobOobOoOoDbObDOO
obooboobobooooooboobob4e0bbpbPubib0ooooobobooooobDOoDO
oobooboobboobo0obobobbOo0 Lud RADIXOODDOOOOOoDODOooDO
goobobobobobobobobobobobobobobobobobobobobo
goboooboooboboooboooon

423 00O0OO0O0OOO0OODOO

goboobooobooogobooboo1gboboobopu0boboboobOoboOoOobOon
goboodobooboooboobboo rvboooboooooooboooboonooo
gbobobobobooboboobobobobobobobo470000O

—~ 25 T 1 T I I

< FFT —8—

] LU ---%—--

§ T RADIX ---%---

g

¢ Pr [ |

< /><4—/><" )

§ 10 _X/*X»-»-% ......... T B

)

g

~ I . |

S 5r° .

S

. 0 —- 1 | |
re 4 8 16

Number of PUs

U47: 000000000000 0O0O00ODOD0OODODO

4700000 0ogoobooooboooooboobboooobobooooboboboo
gbobobooooboorvoboboboboboooobooooobobooobob 47000
Lvoooobobobooooooooboooobopib0l10co20b0b0000O00O0nDOn
gooooo

U480 0000000000000 00DOOODOODOODOOOOODOODOOOD 4800
gbooLuooooooooobooooboobooooboboboobo PO 20000000
goboboopobooobboboob pUb0b1002000000000000000O000
gboboboboboboobooooooooooo

OoOoOgooISIS-SimpleScalar 0 000 00O0O0DOO0O0OOO0OOODOOOOLUOODOOO
gobooboooboobooobooboobbooboonobo
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42.000000000000000000D00

§ 100 —— T T T
8 FFT —8—
s LU ---%---
= 80r RADIX %
L
3 I -x
;\ 60 - » x—m=m T .
2 40 + />/<”/ =
§ / *
g 20 F T
~ 1 _

12 4 8 16

Number of PUs

48 00000booobooboooboobboooboobooon

424 (J0OU0O0O0OOO0OOODODODOODOODO

UbooooooobOoboboo0ob0 1000000 D0Interfaceunit 00000000000
gboboooboobobobooboobuobooooboboobobooobo4o0bobobooboboO
oooboooogboebbbOUOObOPUODOODLOOOOOODLODOOOOODOOOODOOO
04100000

1000

800

600

400

200

Stall time at shared memory (clock)

Number of PUs

40 00000000000000O0OO0@OODODOODODO D

0440049000 4600400000000 000000DOD0O00O0O0DOO0OO06e0OOOODOO
oboobogpi0o0obOobOOO0O0OO0bObDOOO0OOOODOODOODOOODbOODODOO1I0OO0
goboboooboopudoobooobboobboobbooobooobooobDbon
gboobobobetbboooooobbbobbobObbObOObObOObObOODDObLODO
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4.00 42.000000000000000000D00

T T T |
I FFT —&—
3 LU ---%---
g RADIX ------
S 08 i
g
2
S 06} |
S
2 04 r i
z
2 02 —ﬁz """" % ****************** %_
0 L1 ! | |
re 4 8 16
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U410: 00000000 @WLOOOObOOOOD 6)

gilioboboobgoboobobooboboobobooboboobobooboboboobg

425 00O0O0O0OOO0ODOOO

gbooooooobo1l1boboooooobooooooboobobooooo411ob0boboo
obobedlbubmobouonobooboboobDOobDonDg4120000

3500 |- FFT —o— i
3000 - RADIX ---%--- -
2500 - -
2000 - -
1500
1000
500

Simulation time (sec)

Number of PUs

o41:000000D0D00ODODbD @mbobOoooboooOo

041100 4120000000 booogoboobo0oooboboobooboboboo
googbopubO0obOob0OOO0bDO0OO0ObDOO0ODOOOOODOODOODOOOODOOODODO
gboodbedbboobUobbooobOoboobboobobooobobboobDobooDoDO
ooooboobooboboboogobooboooooobobboooDooobUob Lugogiepu
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4.00 42.000000000000000000D00

3500 - FFT —85— P
LU % T x

T 3000 | RADIX - P
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5 1500
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£ 1000
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ge0o00D00D0OODOODOOOLOOODODLDOODODDODOOOISIS-SimpleScalar 00000
goboodoboooobooboooobooboooobooboooboobooooboaoo
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0000000000000 D0O0D0D00o0DoO0oOooOooOonDOgnaodISIS-SimpleScalar O O
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gobooboobboobooboboooboobboooboobobooboobbooba
gbobogboobboobooobboobuoobboobuoobobobobooboobbod
goboobobooboooobooooboobbooboobooboobooooboobobon
goboobbooboobbooboooboobbooboobobooooboobLbon
gbobogboobboobooobboobuoobboobuoobobobobooboobbod
goboobooooboobooooooobooooobooon
goobooboobbooboobbooboobbooboobbooboobboobo
gbobodgbbooboobboobooobouoobbooboobbodobbooooboobod
gobobobdobetbooboooobboobobbbobbObbOobbOobbOobobobUobboDbO
gboboboboboboboboboboboboboo

2005 0 0O
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ISIS-SimpleScalar User’s Guide

Bl 0000OO0OOOO

gbobobobobobobobobobobobobo

e isis-1.1.1-2003101601-ss (O O O O ISIS O O ISIS-SimpleScalar)

goooo
gcc-2.95.3 | gee-3.3.5
OS
Fedora Core 3 (Linux) o o
Plamo 4 (Linux) o o

e isis-1.1.1-ss (O O O ISIS O O ISIS-SimpleScalar)

goooo
gcc-2.95.3 | gee-3.3.5
OS
Fedora Core 3 (Linux) o X
Plamo 4 (Linux) o X

OO0O0O0SO FedoraCore3 00 0000000000000 O0O0OOOOOOODODOOOOODO
ISIS-SimpleScalar 0 O O OO O O (http://www.am.ics.keio.ac.jp/proj/snail/isis-ss/index.html) O O [J
O00O00ogoorsiS-SimpleScalar OO0 OO 000000 0OO0O0ODOOOOODOOODOODOOOOO

B.2 ISIS-SimpleScalar

OO0000 ISIS-SimpleScalar 0 00000000

e O 0D ISISOO O ISIS-SimpleScalar — isis-1.1.1-2003101601-ss

e OO ISISO OO ISIS-SimpleScalar — isis-1.1.1-ss

isis-1.1.1-2003101601-ss O O O OO O OO
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B21 0O0O0O0O0O0O

ISISO000000 (http://www.am.ics.keio.ac.jp/isis/index-ja.html) O O ISIS-SimpleScalar O O [
0000 (http://www.am.ics.keio.ac.jp/proj/snail/isis-ss/index.htm) D 0 00 0O OO0 O0OOOOO

e isis-1.1.1-2003101601.tar.gz

e isis-1.1.1-2003101601-ss.tar.gz

B.22 OO

OooooooooooboboOonDoISISO ISIS-SimpleScalar 0 O O O 0O 00O 0O 0O 0O O OMakefile
000 ISIS-SimpleScalar H D O OO0 0O O0OOOOO

% tar zvxf isis-1.1.1-2003101601.tar.gz
% tar zvxf isis-1.1.1-2003101601-ss.tar.gz

00000 Oisis-1.1.1/lib/simoutorder/] ISIS-SimpleScalar 1 0 00000 0OO0OOOOOOOOO

addr_order_buffer{.h,.cc}

addr_order_buffer U0 000000000 LoadD 0000 Store0 00000000000
gobooboooobooboboooobooobooo

address.h

ISIS-SimpleScalar 1 0 0 00 0000000000000 O0O0O00O0OO0

arg{.h,.cc}

arg 00000000000 DOO0O00DOO0ODODbO0bObOo0bDbOO00bObOo0oDbLoOOoonon
gbobobobobobooooooooobooooooo

bpred{.h,.cc}

SimpleScalar 0 0 0 00O bpred.c 00O 0000 bpred_simple 00000 O OO OO O branch
predictor J O O O branch prediccor U D OO0 OO OOO0OOOO

cache{.h,.cc}

SimpleScalar 0 0 0 0 O cache.c DO OO0 OO0 cache_simple 00 OO 0OOOOODOOISIS-
SimpleScalar 0 0 0 0 O 0x0000000001 0x7£££ffff 000 0000000000000 0OO0O
0000000000000 00Doo00oooDo00ooooooDooDoDoDooOo00ooDoDd
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obobooooboobobobg/pmuobooooboboboboobooobobooboooooon
goboobooobboooboon

ecoff.h

SimpleScalar ECOFF 0 0 0000000000000 O0O0O0OO0OOODOOD0

endian_s{.h,.cc}

gbooboooboooooooooooooooooooooooobooooobooonDo

exec_buffer{.h,.cc}

execution_buffer 0000 0OO0ODOODOODOODOODODODODODODODODODO
OO000ooD (Functional Unit DO OO0 000000000000 0OO0O0ODOOOOODOODO
gbobo)obobobobooboboooboboobooooooo IDOODODOODODOD

host.h

gobooboobooobooboobobooboonbbo

instqueue{.h,.cc}

instqueve 000000000 OCO0OOOO0DOODOOOOOCOOOOODOOO in-order O
U0 0D OO Register Update Unit O [ O reservation station J 0 0O O O OO

isim_bus_packet{.h,.cc}

isim_bus_packet 00O OO0 DO OOOOISIS-SimpleScalar D00 0O O0O0OOO (isim_processor)
0do0oO0doO0dDooooo0o0dDooobDo0oooOoooDoOoooon

isim_bus_port{.h,.cc}

isim_bus_port 0000000000 Oisimprocessor00000000O00OO0O0OOO
O0d0o00o0dobodoooooodoooooooooboOoOonDnOod isim_bus_packet O O
dooooooooooooooo

isim_processor{.h,.cc}[] instruction.cc[] inst_simple.cc

isim_processor OO0 OOOOOO
isim_processor.cc 1 0 0000000000 StageD OO OOOOOODOO
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e void ruu_fetch(void) - Fetch Stage
e void ruu_dispatch(void) - Dispatch Stage
e void ruu_issue(void) - Schedule Stage
e void ruu_writeback(void) - Exec Stage 0 Writeback Stage
e void ruu_commit(void) — Commit Stage
instruction.cc 0 0 O isimprocessor 00000 O00O0O0O0O0OO0O0OOOO0O
e void O _impl(void) - 00000000 O0O0OO0OOOODOODOOOOOOOOOOO
e void U_addr_impl(void) - DUO0O0O0O0OOOOOOOOOOOOO
e void O _set_req_impl(void) - 000000000 OOODOODOODOODO
e void U _reg_impl(void) - ODOOOODOOODOO

instsimpleccJ 0000000 0OO0ODOODOOOOOOOOOOODOOODODODODODO
gbobobobobooboboooooooboooooooooooooon

loader_s{.h,.cc}

SimpleScalar 0 O 0 0 O loaderc 00 0O OOMO loader_simple 000000000 OOOO
O00D0D00D0D00DbObDODOD ox004000000 0x0££££££f 000 0O O

machine{.h,.cc}

Functional Unitd immediate field 0 O O 0000000000 O00O0O00OO0O00OO0OO0O0OO
ooooooo

machine.def

isimprocessor U OO DOO0O0O0O0OO0OOOOOOOOONONO Functional UnitJ 00O
gboboobooobboobooboaonbog

memory _s{.h,.cc}

SimpleScalar 1 0 0 00 memory.c 0000000 memory_simple0 000 OODOOOMOOISIS-
SimpleScalar 0 0 00000000 DOOODODOOOODOOODODOOOODODOOOOODOO
0 0x000000000] 0x7£££££££ 1100100 0

misc{.h,.cc}

gboboobogbbooboobbooboobbooboobbo
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only syscall.h

gboboooboooooooooooooon

options{.h,.cc}

SimpleScalar 1 0 0 OO options.c OO0 OO OO0 option_simple 00O O OODOOOOOOON
OO0Obranchpredictor 0 0 0000000000000 0ODOODOO0ODOOOOOOOOOOODOO

order_buffer{.h,.cc}

addr_order_buffer 000000000000 OOODOIDOOOOOOOOOOODOODO
gobooboooboobobooobooboboooboon

regs_head.h

ubobooboobooooboobooo

resource{.h,.cc}

resource_simple 0000000000 OFunctional Unit0 OO OO0

stats{.h,.cc}

SimpleScalar 1 0 O 00O stats.c DO OO0 OO stats_simple 0000000 OO0OOOOO
0000000000000 00O0000000D00O00000O000O0000000OD0000
000000oooooooooooooooon

version.h

SimpleScalar U D 0D OO 0ODOODOODLOODOODLDODOOD

writeback_buffer{.h,.cc}

writeback buffer00000000O00OOWritebackODOOOODOOOOOODOOOODOOO
oboboboouooobo@ooboobooboobuobUobuob)yob OO Oreorder buffer 0 0 0O O
goobbooobobooobgagboo

B23 000000

00000000 ANSI/ISO C++0 0000 (gee-29530¢gec-3.3.5000000O0)00ODOMOO
0O O /usr/local/sim/isis-ss-inst 1 0 O 0 00000000 O
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4 . ™
% cd isis-1.1.1

% ./configure --prefix=/usr/local/sim/isis-ss-inst \
--disable-sample --disable-shared
% make

% make install

N /

B.3 SimpleScalar 0 0 00000

SimpleScalar U0 0000000000000 00O00000000000004UOISIS-SimpleScalar
goboobooobbooboobbooboobbooboobboobooboobobon
gboboboboboobobooboooooobooo

B31 000000

SimpleScalar 01 0 0 00 00O (http://www.simplescalar.com/) D00 0000000 O00O0O00O0O

o simpleutils-990811.tar.gz
e gcc-2.7.2.3.tar.gz

e simpletools-2v0.tar.gz

B.3.2 binutilsO 000000

00000000 ANSI/ISOC++00000 (gee-33.50000000000)0D0ODOODOO
Jusr/local/sim/simplescalar-inst 0 D 0 0 000000000

% tar zvxf simpleutils-990811.tar.gz h
% cd simpleutils-990811
% ./configure --host=i386-intel-linux --build=i386-intel-linux \
--target=sslittle-na-sstrix --with-gnu-as --with-gnu-1d \
--prefix=/usr/local/sim/simplescalar-inst
% make
Y % make install )

B33 gecOUUODOOOO

O0OobDOooon ANS/ISOC++00000 (gee-33.50000000000H)0D0ODODO
Jusr/local/sim/simplescalar-inst 0 D OO0 000000000

% tar zvxf gcc-2.7.2.3.tar.gz
% cd gcc-2.7.2.3
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libgec2.cO IO ODOODOODO

e #define BITS_PER_UNIT 8

\
% ./configure --host=i386-intel-linux --build=i386-intel-linux \
--target=sslittle-na-sstrix --with-gnu-as --with-gnu-1d \
--prefix=/usr/local/sim/simplescalar-inst
% make LANGUAGES="c c++" CFLAGS="-03" CC="gcc" \
LIBGCC2_INCLUDES="-I/usr/include" )
OO0D00O000Oinsn-output.c 0 67507500823 00 0000\"00O0O
e return "FIXME\n\
% make LANGUAGES="c c++" CFLAGS="-03" CC="gcc" \
LIBGCC2_INCLUDES="-I/usr/include"
% make install LANGUAGES="c c++" CFLAGS="-03" CC="gcc" \
LIBGCC2_INCLUDES="-I/usr/include"
B.3.4 crt0.o O libc.a 0 OO
] N
% tar vxfz simpletools-2v0.tar.gz
% cp sslittle-na-sstrix/lib/crt®.o0 \
/usr/local/sim/simplescalar-inst/sslittle-na-sstrix/lib/
% cp sslittle-na-sstrix/lib/libc.a \
L /usr/local/sim/simplescalar-inst/sslittle-na-sstrix/lib/ )

B4 U0000OO0OO0OoonO

ISIS-SimpleScalar 0 0 00 000000000000 00000000O0000O000O000
0000000000000 B.100000000000000000000000000000
0000000 (PU)D 10000000 (shared memory) 0 000 00 00 (shared bus) 0 0 O
ooooog

O000PUOOB200000000000000000000CO0O0OO000000O0OO0
0D000000000oog

B41 0O0O0O0ODO0O

ISIS-SimpleScalar 0 0 OO 0 OO (http://www.am.ics.keio.ac.jp/proj/snail/isis-ss/index.html) 00 00 [
Jddooooooooo

e simple_bus_system.tar.gz

64



B. ISIS-SimpleScalar User’s Guide B4 00000OO0DOOOO

shared
memory

queue_B

interface unit

< | ‘ | ‘ » shared bus

UB1:000D00DOODODO

fetch : 4 instructions/clock

decode : 4 instructions/clock

issue : 4 instructions/clock

commit : 4 instructions/clock

predictor : combines a bimodal and a 2-level predictor

Processor Core

size : 16 KByte

associativity : 4 way
access : 1 clock

size : 16 KByte
associativity : 4 way
access : 1 clock

Local Memory access:18 clock |

UB2.0pPUODOO

size : 128 KByte
associativity : 4 way
access : 6 clock
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B42 00O

% tar zvxf simple_bus_system.tar.gz
% cd simple_bus_system

gooboboobobooboboboooboooog
e Makefile
e main.cc
e shared_memory_access_queue{.h,.cc}
e shared_bus{.h,.cc}
e shared_memory{.h,.cc}

e isim_system{.h,.cc}

shared_memory_access_queue{.h,.cc}

gbobobooboooooooogoo Iibbbobgboobo Ipbooobooooooooon
gbooboooooo

e void insertlist(int inst_id, md_addr_t addr, word_t dwl, word_-t dw2,
half_t dh, byte_t db, int data_size, int rw, int puid,
int time, bool flag)

- 000O0o0oooooooooo
e void deletelist(int inst_id, md_addr_t addr, int puid)
- JO0000000O0o0obooooo

e void get_data(int* id, md_addr_t* addr, word t* dwl, word_t* dw2,
half_t* dh, byte_t* db, int* data_size, int* rw, int* puid,
int now, bool* flag)

- bDobobobooboo

gpoboooooog

shared_bus{.h,.cc}

0 B.10 shared bus 0 O O Ointerface unit0 PUO OO OOOOOOOOOOOOOODO interface
mitd PUOOODOOOODOD0OO0O0O0O000O0O000000000000O0000000000ad
0 O O shared_-memory_access_queue{.h,.cc} D OO OO OOOOOOOOO

oo0oooooon
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e void get_packet(void)
- PUOOOmterfacewmnit 0 0000000000 O0OOOOOOOOODOOO
e void send_packet(void)

- DO0D00000b00b00bO00b0obOobOO00bUO PUODO interface unit 0 O O
RN

gpoboooooog

shared_memory{.h,.cc}

0 B.1 O interface unitd shared memory J O O O sharedbus U0 D OO OO OOOOOOOOO
OOshared memory U0 O OO0 OO0 sharedmemory D OO0 OO0 O0OO0D0OO0OOOOODOOO
gooooopUODOODOOOODOU0ODOOO sharedbusOD OO 0OO0D0O0OODOOOOODOODO
shared_memory_access_queuve{.h,.cc} U0 DO OODOOOOOOOO

ooooooooo

e void clock(void)

sharedbus U0 00O 00000000000 OOOOO0 AODDODODODOD
bbb Ad0DO0ODLOOOODO0ObLOOODbO0ObDOOoObOo0obLbOOooD
gobooboobboobooBobbOoOoboooDoo
OO00BOUOOOOOOOOOOOOSsharedbus D 0000

goboooood

isim_system{.h,.cc}

gbobooboooboooooobi1obobobobobobOobobOobobobobb
obooboooooo

e void initialize(unsigned int, int)

0000o00oooooooopuOOOoOO
O0oooooDooooooooooooon

PU O shared busU interface unit O shared bus 0 OO 0 O 0
shared memory D 00 OO0 00O
OpuOIDOODOODOO

e void simmain(void)
- 0000000000000D0O

gobooooboogn
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B43 000O0OOOO make

Makefile 0 0 OO OOCCOOOISIS-SimpleScalar 0 0 000 OO0 OOOOOOOOOOO
ANSI/ISOC++0 0000 0O0ODO O Oisisdir 0 O OISIS-SimpleScalar 00 0 000 O00O0OOOO0O
ooooooooon

<>

e CC = /usr/local/gcc/bin/g++

e isisdir = /usr/local/sim/isis-ss-inst

C % make )

“simulator’0 0000000000000 0O00O00O0O0

BS U00U0uoobuoooouoooogd

000000000000 o0oO00ooo0oo0o0ooOnnausylib O libstde++.s0.5 00
0000000000000 gee/lib/libstde++.s0.50 000000000000
<>

[ % In -s /usr/local/gcc-3.3.5/1ib/libstdc++.s0.5 /usr/lib ]

BS5S1 ODOOO0OOOOOOOOODOOO

simple_bus_system/tests 1 0 000000000 0O0OOOO0OO

e SimpleScalar 0 DO OODOOOODOOO

tests/bin.little/test-fmath

tests/bin.little/test-llong

tests/bin.little/test-1swlr.out

tests/bin.little/test-math

tests/bin.little/test-print
e 100000 DDOOODOODDODOODOOODDOOO
— tests/test/kuku.out (O OO O00OO)

gboboobooooo

[ % ./simulator (simulator00000) ODODOO0OO (O0OO0OO0OOOOOO) )

gbooooooooood
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e SimpleScalar U0 DD 000000000 @ODODOODOODOO)

% ./simulator tests/bin.little/test-lswlr.out
% ./simulator tests/bin.little/test-fmath

e JOUODOODODODODODODODODO

- gboobooob-p20-ple000000D00O0ODOO0ODOODOOODOODOODO
gooooooooood

% ./simulator -p 2 tests/test/test.out -p2
% ./simulator -p 16 tests/test/test.out -pl6

BS2 00O0OO0O0OOOOO

gbobooboobbooboobobooobooboboooboobobooobooboobooba
goooo

gboooodgn

<[ > hello_world.c

#include <stdio.h>

int main (void) {
printf("Hello World!\n");
return 0;

}
= J

gobooo

SimpleScalar O /usr/local/sim/simplescalar-inst U0 0 0 00 0000000000

% /usr/local/sim/simplescalar-inst/bin/sslittle-na-sstrix-gcc \
hello_world.c -I/usr/include -o hello_world.out

HEN

(: % ./simlator hello_world.out :}
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gooo

sim: ** starting performance simulation

Hello World!

dek e

simulation statistics **

BS3 ODOO00OOO0bOOoobooobOoobobbobooboobooboon

goboobobobooobooboobboobooobboobboobooooooOobDOogbUsim-
ple_bus_system/tests/test 1 D 0 00 0000000 DOD0O0O0OOO0OODOO0OOO0OO0OOOOODOO
oooobooob0ooboboobooobo0oobodoo ISIS-SimpleScalar O address.h O O
O00000DoOogooooooo

(ln -s /usr/local/sim/isis-ss/include/isis/address.h address.h ]

get_puid.c

gobodoibboooobooooboogoboooobobooobootdOmaindgooogog

unsigned int puid = get_puid(Q);
if ( puid == 0 ) {

OO0 A;
}

obobobobobob IboodbobOobOobUobUo AODOo

get_punum.c

gboobooooooooobobobobobobobobooobooooouobobdOmain
oooooon

[ unsigned int punum = get_punum(); ]

Ubobo0b00pumumO00O0000000000O0O00O

barrier.c

gbobobobobobobobobooobobobtUmamD00gooOOoO
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C barrier(); )

oooooooooobobOobOobObbarrier)DO000O0O00O0OOOODODOO barrier() O
goboobobood

OO0 A;
barrier();
00 B;

gobodbooobuoobooobuoo AbooboooboobboobooBObDbDOO

shared_addr_allocate.c

address.h O 00 0 OO 0 O SHARED_MEM_TOP[J SHARED MEM BOTTOM U U O D UODOO0OODOOOOO
DoobOob0obUODOmaindOOO0OODOO

unsigned int *mem;
mem = (unsigned int *)shared_addr_allocate(sizeof(unsigned int));

UoboO0oobbo00bboo0ob0o0b00d unsignedintD 0O O0D00OOODO SHARED_MEM_TOP
U SHARED MEM BOTTOMU OO OO DOOOOO

shared_addr _for_sync_allocate.c

address.h J 0 0 00 0 00 SHARED_MEM_FOR_SYNC_TOPLJ SHARED_MEM_FOR_SYNC_BOTTOM U 0 U O [
oboboboboboobob0ob0U00OmainDODODOODO

unsigned int *mem;
mem = (unsigned int *)shared_addr_for_sync_allocate(sizeof(unsigned int));

J00dddddddiddouooboooboboOO unsignedintD OO0 OOOOOO SHARED_MEM_FOR_SYNC_TOP
U SHARED_MEM_FOR_SYNC BOTTOM U U O OO

fad_addr_allocate.c

U00000ob0ob0Oodn FetchandDecOOUODDODUOODODOOOOUODUOOmainODOOOOOO

unsigned *mem;
mem = (unsigned int*)fad_addr_allocate(sizeof(unsigned int));

UoobobobobobDobobDoo00d0 unsignedintJ 0 O00O0O00OOO address.h OO
U000 FADMEM_TOPU FAD MEM BOTTOM U OO DO OOO0OOOOOOOO
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~
a if ( get_puid() == 0 )

*mem = get_punum();
barrier();

unsigned int *a;
a = (unsigned int *)shared_addr_allocate(sizeof(unsigned int));
*a = 0;

if ( *mem > 1 )
while(!(*a)) {3}
else
*a = 1;

N /
UbbOodboo0bOOd FADMEM.TOPO FAD MEM BOTTOM D OO DOOOOOOOO0OOOODOO

e JOUODOODOODODLOODODODIODODOOOLODOOOODOODOO
e NOODOOODDIOODLOODLDDOO

0000000000000 0o00o0Do0o0oUo0bDU0obUooOUUobDUoboboUooLoDoOoooo
barrierc 0O OO

tas_addr_allocate.c

0000000000l Testand Set U0 0000000000000 main0 000000

unsigned *idlock;
idlock = (unsigned*)tas_addr_allocate(sizeof(unsigned));

000o0b0o0uboooboubboub0od0U unsignedd 00000000 addresshO 000
U0 TASMEM_TOPU TASMEM BOTTOMU OO UODOOOOOOOOOO
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f M

unsigned int *id;

id = (unsigned*)shared_addr_allocate(sizeof(unsigned));
*id = 0;

unsigned int Mynum;

*jdlock = 1;

barrier();

while (*idlock) {}

Mynum = id;
id++;

*(Global->idlock) = 1;
%

Ubo0b0ob0obO0obO0O0 TASMEM.TOPO TASMEM BOTTOM D O DO D OOOOOOOOOOO

e JOUODOODIDODOLOODOODODODODODODOOODO
e JOODOODOOODLOODLOODLOOIDODO

goboboboboboooMynnmOOOODOOOO0OOOOO

system_clock.c

do0oO00obO0o0bDoo0ooOo0o0oDo0o0oOo0o0ooDoooobOo0oDoooobooooooooa
000000000 O0O0O000OoaIsiS-SimpleScalar 0 0O 0 0xdeeeeees D 0 0D D OO OO
do0oooooo exdeeeslee 100 DO ODODODOD0OD0O0O0OOOOOOOOOOODOOOOOO
000000000000 00xdessssed 1000000000000 0xdeess1e0 100000
0o0o0o0doooooo0oooooboobooobooboooobOooDbooooOoooDOon
do0boodooooboooooooo

mainO0 000000

(: unsigned int start = calc_start(); :)

gbooobogobexdesssssd I DO DUODOOOODOOODODOODLOO0ODLOO0OOODOO0DOn
gbobobobobobo

(: unsigned int end = calc_end(); :)

googboogexdesesee 00000000 DOOOOODOOOO000OOOODOODOOODOO
goboodbooobobooboooobooboooboobooobooooboooboooo
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Makefile

SimpleScalar [ /usr/local/sim/simplescalar-inst 0 0 0 0 000000000000

(j CC = /usr/local/sim/simplescalar-inst/bin/sslittle-na-sstrix-gcc j]

PROGRAMOUODOOOODOODOODODOD

PROGRAM = main.c \
get_puid.c \
get_punum.c \
barrier.c \
shared_addr_allocate.c \
shared_addr_for_sync_allocate.c \
fad_addr_allocate.c \
tas_addr_allocate.c \
system_clock.c

N /

B UUU0O00oooooon

ISIS-SimpleScalar 1 D0 000000 0O0OO0OOOISISOOOOD0ODOOOOOOOOOOODOO
0000DO0DOO0bOO0obOOooOOoooooooooOobOooooIsIsSoooobobobooooag
ISISO O 0O 00O Oisis-1.1.1 online manual (http://www.am.ics.keio.ac.jp/isis/manual/index-ja.html) [J
ooooodooooo

0000000000000 000DO0O00000DOO00O0000O00O0ODOdshared_bus{.h,.cc}
O shared memory{.h,.cc} OO0 D OO0OOOODOOOODODOO0OOODODOisim system 00O
(isim_system{.h,.cc}) 0 0 00 00O void initialize(unsigned int, int) 00000 O0OOO
0000000000 O0D00O0Ovoid simmain(void) 000 0O0O0OODOODOODOOODOODOOO
oooooo

00000000 oOO00oo0o0oDoOooooooDoOoon

void initialize(unsigned int, int)

ubbogbuoobbooboobboobuoobbooobuoobbooboobbooo

1 void

2 isim_system::initialize(unsigned int punum, int portnum)
3 {

4: soo.resize(punun) ;

5: shared_mem_isis.set_top(0x80000000) ;

6 shared_mem_isis.resize(Ox7fffffff);

7 shmem. connect_mem(shared_mem_isis);

8

shbus.set_each_pu_port_num(portnum) ;
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9:
10:
11:
12:
13:
14:
15:
16:

17:

18:
19:

shbus.set_num_of_pu_port (portnum*punum) ;

shmem.ref_shbus_port().connect(shbus.ref_mm_port());

for ( unsigned int i = 0; i < punum; i++ ) {

soo[i].set_puid(i);

soo[i].set_punum(punum) ;

soo[i].set_punum(portnum) ;

for ( int p = 0; p < portnum; p++ ) {

port(p));

shbus.ref_to_pu_port(i*portnum+p) .connect(soo[i] .ref_to_pu_

shbus.ref_from_pu_port (i*portnum+p) .connect(soo[i] .ref_from

_pu_port(p));

}

gbobooboobooboB30b00noonooDOOonDOonDOonDg

to_pu_port[1]

0x80000000 f
shared mem_isis | Ox7ffff£f£f
OxXffffffff * *
1
% mem
shmem
|shbus_port|
| mm_port I
p—1 to_pu_port[0] to_pu_port[2]

shbus

from_pu port[0]

to_pu_port[3]

| G —————

from_pu_port[1]

from_pu port[2]

from_pu_port[3]

—
| outgoing_port[1l]
outgoing port[0]

— -

incoming_port|[1]

incoming_port[0]

soo[0]

outgoing_port[1]

outgoing port[0]

incoming_ port|[1]

A

incoming_ port[0]

soo[1]

UB3:0000000000O00DOO0OOOOO

ubobooboobbooboooboboobooobbooon

2: J0oooooboobooboobobobogong
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O 0 N O

10:
12:
13:
14:
16:
17:

: isim_processor 0O 0OO0OO0OOO scod 0 OODOOOOOOOOOOOODOO

- 0B300O0O0OOO0OOO2000

: mapped_memory OO ISISOOD0O0O0OOOO)ODOOOODODO shared_mem_isis 000

UoD0O0 0x800000000 0000

: shared_mem_isisO0 0000 Ox7££££££f 00000 (00 D000 =0xffffffff)
:shmem 000000000000 shared_mem_isisO 0000

: shbusUO soo OO ODOOOODOO

: shbusU sooU OO OODOOO

— to_pu_port*soo O OOO *soo O

— from_pu_port*soo O 00O OO *soo [
shmem [J shbus_port [0 shbus 0 mm_port 00 0O O O [
soo0O0O0O0O0O IDOOOODO
soolJ U ODOOOO scoUUIOOMN
sco0000D00O0OODOODOODOODOODOOOOOODOODO
shbus [0 to_pu_port [0 soo [ incoming port 0O OO0

shbus [0 from_pu_port [0 soo [ outgoing_port 00000

void simmain(void)

0000000000 000000000O000000O00b0000O0bO000o0O0O0o0oD0oao
000000000000 Ovoid initialize(unsigned int, int) D0 OO0OOOO0OOOOO
O00000o0oooboooooonoo

O 00 N O Vv i W N =

void
isim_system: :sim_main(void)

{

for (5;) {
for ( unsigned int i = 0; i < soo.size(); i++ )
soo[i].clock_out();

shbus.get_packet();
shbus.send_packet();

shmem.clock();

for ( unsigned int i = 0; i < soo.size(); i++ ) {
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10: soo[i].clock_in(Q);

ugbboobogboobboobooobbooboobn

1: 000000000000 DO00000obDbOOoO01oobo0 10000000 oooooao
3: sool clock_out() OO (ruu_commit(OO ruu_writeback(OO ruu_issue()) O 0O O

- DO0D0OO0DO00O0Db0bO0Db0b00DO0Oseco0OODOO (outgoing_port) 10000
gbooooo

5: sooU00 shmem O OO DOO0OO0OOODOOOOOODOOshbusO OO0 oonOgd
6: shbus [ get_packetQUUIDOUOOOOOODOOOOOOODOO
7: shmem [ clockOQ O OOOOO

- shbhusOOOO0OOOO0O0OO0O0O0OOOODODOOODOOOO0O0O0O0OOOOO

- oboobooooo

- gbobOooobobooobbooobbuooobbooobDbOd shmem O shbus_port
gooogo

10: sood clock_in() 00O (ruu_dispatchQO ruu_fetch(QOget_data())O 00
- shmemO O 00000000000 OOODODOOODOOOOOOOOOOOO

Uobobo0oo0ooobobobobobbO0o0o00bOnd void initialize(unsigned int,
int) 00 00void simmain(void) 00U 000000 O0DOD0OO0O0O0ODOODOODOO0OOO
googd

B6.1 OD0O0O0OOODOODOODOODOODOO

ISIS-SimpleScalar U0 OO0 0000000 isimprocessor 00O O0O0O0OOO0OOOO0O00OO
ooobooooooboobooobooobbbo0ooobbobobo0o00bbOb00disimprocessor
gobbOb0000D0isimprocessor JUDODOOOO0OOOODOOO0O0ODOOOO0OOODOOOO0
goooo

B.6.1.1 isimprocessor0 000000

isimprocessorU 000 0O0O0OO0OOODOODOODOODOODODLOODODOD
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4 N
md_addr_t addr; /00000000000
int data_size; //00000000000 bytel
int inst_id; //00 ID
int rw; //Read or Write or Reply
int puid; //000000000 1D
/*aog */
word_t data, data2; //unsigned int O
half_t data_half; //unsigned short [
byte_t data_byte; //unsigned char [
\ )

B.6.1.2 isimprocessor 00O O0O0OOOOOOOO

isim processor 00O O0OOOOisimprocessor 1 00O 0OOOOMO (outgoing_port) [
do0oOo0doOo0oDooOo0oo0o0ooDobOOo0bOo0bDoboOoobo0oooobOOooooOoooDoaon
OdddoooooooooooooobobobobobDO000OdOdisimprocessor000000O0ONO
(outgoing port) D port ADOODOODODOOODOOOOOODOODOOODODOO

if ( port_A.have_packet() && port_A.inst_id(Q) != -1 ) { R
int inst_id = port_A.inst_idQ);
md_addr_t addr = port_A.addr();
word_t data = port_A.data(Q);
word_t data2 = port_A.data2(Q);
half_t data_half = port_A.data_half(Q);
byte_t data_byte = port_A.data_byte(Q);
int data_size = port_A.data_size();
int rw = port_A.rw();
int puid = port_A.puid(Q);
port_A.reset_packet();
/¥ 000000000000o0ooa */
\ ! J
0000000000000 inst_idO00O0O-10000isimprocessor0 000000000
OO0 inst_idO00000O0O0O0O0O0OOOOO0O0OOOOOOOOO port_A.inst_id() != -10

goboobooboboobooooboobooobooboobobooboon

(j port_A.reset_packet(); j)
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O0000000000000000000Oisimprocessor000000000000000
0 (outgoing_port) 000000000000

B.6.1.3 isimprocessor 000 O0000OONO

O00000000000000 isimprocessor I 00000000 OOOOOOOOOOO
O0000000000Odisimprocessor 000000 (incoming_port) O port_ BO OO OOO
JddddooDobooOooOoOo00ooooon

\
if ( !port_B.have_packet()

|| C port_B.have_packet()

&& port_B.inst_id() == -1 ) ) {
port_B.set_inst_id(inst_id);
port_B.set_addr(addr);
port_B.set_data(data);
port_B.set_data2(data2);
port_B.set_data_half(data_half);
port_B.set_data_byte(data_byte);
port_B.set_data_size(data_size);
port_B.set_reply();
port_B.set_puid(puid);

}
N /

0000000000000 000000 isimprocessor 1000000 Opuidd inst_id
Jo0ooooooooobooodoooooooooooobooooooooooooooo
O set_replyQUOOOOOOOOfOOODOO port_B.inst_id() == -100000000O0
Od0oooooooooOoOoooooooooooooooooooooa

B6.14 OO0O0O0OO0ODOODOOOOOOD

isimprocessor U O DOUOO0OODOOO0OO0DOOOO0O0ODOOO0OODOOO0OOOOODOO
gbooboobooooon

e lbyte U OUDDOOODODO (rw==00data_size==1) OO0 OOODO

- addr 0000000 0ODOOOO
- J00O000000 databyteO OO OO isim_processor 00O

e 2byte U OO DOOODODO (rw==00data_size==2) U0 OO ODOODO

- addr000000O00O00O0OO
- 000000000 datahalf0 0000 isim_processor O 0O O

e dbyte OO DOOODODO (rw==00data_size==4)J O OO ODOODO

— FetchandDecOOOOOOOOOOO (addr >= FAD_MEM_TOP && addr <= FAD_MEM_BOTTOM)
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+addr00000000O00O0O
+ 000000000 100000 addrDOOO0OO0O
+ 000000000 dataOOO0ODO isim_processor 000
— TestandSetD OO O0O0OO0OOOO (addr >= TAS MEM_TOP && addr <= TAS_MEM_BOTTOM)

+»addrO0O0DOO0ODOO0ODOO0O

«+ 000000000 1000 addrO000 O0O0000O0OOdatad 000000
isim_processor [ [ [

*+ 0000000000000 datal 100000 isim_processor 00
- 00000000ooooooobobob0dd0o0 @Uu0oOogd addr)

«addr OO0 O0O0O0OO0OO0OOOO
+ 000000000 datadOOODO isim_processor 000

Sbyte U O DUODODOD (rw==00data_size==8)J 00O OOODO

- addr000 addr+40000O00O0O0OOOOO

- addr 0000000000000 datalOadde+40 0000000000 ONO data2
00000 isim_processor I 00

Ibyte D0 OO0O00O00O0DO0 (rw==10data_size==1)0 0000000

— addr000 databyteJ DO OO OO0

2byte 000000000 (rw==10data-size==2) 00000000

- addr000 datahalf OO0 OO0O0O0O

4oyte 0O ODOODOODOO (rw==10datasize==4) 00000000

- addrO000 dataOOOOOOO

SbyteU DO DO UODOODOOD (rw==10data_size==8) 1O U0DOOOODO

— addr00 datadU000addr+4 000 data2 00O 0OO00O0

ugbbogobuoobbooboobboobouoobbooobooboooboobboobdyg
gbobobooooIsisgbogooooooooooogono

B.7 UU0ddooooooon

ISIS-SimpleScalar 1 D D 0O DO OOUODOOOOOOOOOOOODOO

-config [file]
[file]OOOOOODODODOODOODOOODODOODOOO

-dumpconfig [file]
O0000000000000000 [file]OODOOO
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-p [number]
0000000000 0o0oooobooooo

-redir:prog [file]
00000 [file]ODOOOO

-nice
000000000 oooooboooo

-max:inst [number]
O000000 [mnumber] O O0O00OO0O0OOO0OOOOOOODOOO

-fetch:ifqsize [number]
IFQfetch 000 000O0OODOO)OODOOODODOOO

-fetch:speed
OO0 feecchOOOOOO

-bpred {nottaken|taken|bimod|2lev|comb}
branch predictor 0 0 0 O O
nottaken — OUOOOOOOODOO
taken — ODOOOOOODOO
bimod — 2000000000OO00ODO
2lev — 2000000000000
comb — bimodal predictor [1 2-level predictor [ O [0 O [0 branch predictor

-bpred:bimod [number]
0000000000000 (0 -bpred bimodDOOOOOOOOO)

-bpred:2lev [llsize] [12size] [hist_size] [xor]
2-level predictor 1 0 OO OO (O -bpred 2levd0 0O OOODOOONO)
lisize — L100O00O0@OOOOODOO)OODOO
12size — 20000 QOUO00O0000)O0OOO
hist_list — OOO0OOO
xor — L200000000000O00O0O0O0O XOROODOODOODO

-bpred:comb [number]
bimodal predictor O 2-level predictor U0 O OO OOOOOOODOOOOOO

-bpred:btb [num_sets] [assoc]
Branch Target Buffer 1 0 0 0 QO 00O

num_sets — O0O0OO
assoc — QOO
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-decode:width [number]
00 decode OO OOOO

-issue:width [number]
OO0 issue0 00000

-commit:width [number]
OO0 commitDO0O00O0O

-ruu:size [number]
RUUO OO feechOOOOOD commit D000 0000O0O0O00)OOOOOODOOO

-1sq:size [number]
LSQLoadOO/Store D 0O OO OO)ODOOOOOOOO

-cache:dl1 {<config|none>}
L1od00oooo0ooooooonon

<config> = <name>:<nsets>:<bsize>:<assoc>:<repl>
<name> — OOOODOOOO@DOO)
<nsets> — OQ4UQgQ
<bsize> — 000 (KByte)
<assoc> - U0OO
<repl> - 00000000 (I:LRU,f:FIFO,r:random)

-cache:dl1llat [number]
L1iogoo0ooooooobo0ooooooooooooooooooo

-cache:dl2 {<config|none>}
LO0o0odooooooooooooaon

-cache:dl2lat [number]
200000000000 000000O000O000O000O000000O00

-cache:ill {<config|none>}
Liooodooooooboooooa

-cache:illlat [number]
L1gof0ooo0ooooooooooooooooooooooogo

-cache:il2 {<config|none>}
LRO00oddooooooboooooa

-cache:il2lat [number]
200000000000 00000000000O00O00O0Oogo

-cache:icompress
6400000000000 3RODOO0OOOOOO0O
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-mem:lat [fist] [next]
0000000000 0000o0oooooooon

-mem:width [number]
0000000 (bytes)

-tlb:itlb
U0 TLB(OODOOoDOOobobOo)booboo

-tlb:dtlb
oo TLBOOOOO

-tlb:lat [number]
TLBOOOOOOOOOOOOOO

-res:ialu [number]
OO0 ALUOOOOO0O0O

-res:imult [number]
O0oo0oooooooooao

-res:memport [number]
00ddoooooOoo000oooooon

-res:fpalu [number]
O0000 ALuUOOOoooaoo

-res:fpmult [number]
0000000000 000000

-0 [number]

vboboooobooooooooboooooboooooooooo

-cache: flush

gboogbobooooboboobbooobobooobobobooOoboOob (B.S.30 sys-

tem_clock.c 0 [0)

e OxdOOOOOOO DO OIDOUODOODOOODOODOOOODOLOODLDOOODOOD

goog

e OxdOOOOIOO U DD OOOOOOOOODODOOODODOODOOOOOODO

-output [number]
0o00o000ooooboooooo
0 - D0O0O0oOoOoooooo
] - 00000 O0OO0O0oOoobooooo
2 - J00ooOoboOoOoooobooooo
3

- goboobooobbooboobooboobboobooboo

83



B. ISIS-SimpleScalar User’s Guide BSs OUOOOOO

BS OU0OO0OOOO

ISIS-SimpleScalar U 0D OO0 O O0OODOOO isim_processorJ 00000000 OOOOODO0O
ooobobobobooboo

B8.1 O0O0OO0OOOOOOO

goboobooboobooboobooobooooboooboooboooboooboooboboo
oboboboboboobobobobobbobobbob0obob0O0O0OUDOoinstruction.ce OO

[ #define DEBUG_ISIM_PROCESSOR )

inst_simple.cc J [J

( #define OBSL_DEBUG_ISIM_PROCESSOR ]

gbobobobobobobobo

B82 00000 OOOOOOO

Uoo0oo0o0obOobon Ssaged 0000 obooooobobooobooboobobgooo
IDOODO0O0O0O0OD0O0OD00OD0ODOODOUJisim_processor.cc [ [

[ #define COUT_PIPELINE ]

gbobobobobobobobo
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