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[0 4.1: Slipstream processor using a two-way chip multiprocessor [11]
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[J 4.2: Hardware Implementation Aspects of DDMT [7]

k)

W

Oooboboboob A-steamUJ0000000000O00O00O00O00O0
O00OIRdetector OO DOUOODOOODOOODOOODOODOOODOO
gbobobobooooobbbuobbboooobobbboobbbogo
gobobooogd

2. Instruction-removal detector (IR-detector) 0 R-strem 0 0 0 OO0 OO0 O
00000000000 bOo000ooooooobooooooooooa
00000000000 DO00000DOOO0o0o00ooooooooa
000000000000 IR-predictor I DO OO OOOOOODODODO
ooooo

3. Delay Buffer ] A-stream 0 J R-stream 0 0000000000000 O0O

4. Recovery Controller 0 A-streem 000000000000 O0O0OOO0O
OO00oOooooobOob Asteem000000000O0OOO0OO

OO000b0o0obo0ooboobobo0 20000000000 0DbOob0OoDO
OO00O0D0O0DO0obOobooon A-steemO0 500 00000000000
OOob0oboboob0ooobooobooooooobD 120 bbobog
OOooooobooon

Slipstream processor ] 1 0 0D 00000000 ODO0OODOOODOOOOO
ooboobooooooboooooobooboooooobooooooooooon
OOoo00o0ob0o0oo0oboooobobo0oobooobooboooboooooooo
ooboooboooooobo2000b000oobooboboobooooooboooDn
Ooo0ooboobooooooobbooboobooooobooobboooo
ooobobooooobobobooooboobuoooobooobooooo
OOo0oOooooobOobooo

4.2.3 Speculative Data-Driven Multithreading
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[J 4.3: Pipeline organization of dynamic speculative precomputation [2]

4.2.4 Dynamic Speculative Precomputation
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[0 4.4: Processor model used for description and evaluation of runahead [4]

44 00000 OOOOOOOOOOOOO

gboboogboogbuodgbbogbboobbodbobbooobob
gboboggboggboogbbogboogbooboobuoobboon
gboboodbobuabbugbobuobbuobuoobboobboobuoanbn
gboobooooobobooooan

4.4.1 Runahead Execution

Mutlu OO0 Runahead O 0 4100000000000 0O0OOO0ODOOOO
gogoooobbbbbbobobobbobbbbbobbbobbdoououogo
OO0 Runahead DO OO0 0O0OO0 Normal OO O0OOO0DOOOOO0OO0O0O
gbbogdbbogbbobbuogbuooobbuoooobuboobobo
O0000000 Runahead DO OO OO ORunahead DO OO OO0OOO0OOO
gbobogoobobooooboobboboobbbboooobobooboo
gbogbobuodgbooobooobooobboobobooobboon
O0000ONormalDOOOODOOOO Runahead DO OO O ODOOOOOO0O
gbooooboon

Runahead DO OO0 OOOO0ODOO0OOFg4d400000000000O0
O Runahead OO O0ODOO0OO0O0O0OD0OOOCOCOOODOOODOOCO Runahead

23



gbobobooggoboboboooobobbuobogoboobogbooooboon
OO0000boooboobo0oooobbUbbob0U Runaheadd O OO00OOO0O
O0OO0O0ORuwnahead D000 ODOO0O0ODOOO0OODOOOODOOOOOOODOO
gbobobooogn

OO0 Runahead DO OO0 0O0OO0OOO0OOOOOOOOOODOODOOODOO
OO00bO0booooobobooooobuobooobOond invaliddNV) bit O
OO000O0000bO0bOobD0o0ob0bOobobD0o0obO0obOobognUINy bit
goboobbbooodggggoobobbbbbbboooooouaagg
DOOo0obOOobobobobobobobbRmabeadd DO O0OOOOOOOOO
OO00000boooboooobo0obooobooooo INVLItdooogo
Oo00bOo000ooobooobbooobbooooINVOIUHOOoobooono
gboodbboodbbodgbuooboobbobboobuooboonbobo
gboobgbobuogobuogobuoobogoboobobooobobooobo
gboooboogd

Runahead OO0 00000000 OOOOOOOOOOOOOOOOODOO
gbobbobudgbobugbobuoobobuoooobobbuoobbuoabn
googdgoboobodgao

gbgbbobbobodgbdooobouobobbobobooboobonob
oboooobobooobboobobooobob ecobbooobbooooo
obobbooooooooobobobbo220b0bo0booobobbbooooon
Runahead DO 000000000 O0OOOOOOOOO0OOOOOOOO0OO
gobobobolioogoooboboooboboboboooobouobobo
OO0b0O0oobobooobboobob00bbORunaheadd 00O OO0
gboggboogbooobboobuobobbooboboooboon
gobobooogoobboooooooon

442 0J00O0O0OO20000

YamamotoU D U OO OOO0DO20000000000000000000
oooboobobbobobobobooobobobuoboo m4ooboo
gbobboobbuodgbobbuooboobuoobooboooboogobo
goo

1ggobggouggbooboboobobobboobooboonbon
OOOo0obOOoobOobobOobobOobobOonbDOO (DAT: Deallocation Table) U [
gbogdbboogbboogbooobboobboobbuoobuoobo
Oooboboboobooobobobuobooboboob®oB)oooboon
goboooog

gbbgdguboodgbbogbuodgbooooboobbuoobbuooon
gbobogdgbobogdgbboobooboooboboooboobooooobo

24



OOo0bO0bobooooDbATODODODOOODOOOoOoobOobogROBOO
gbobbobodbouobbobobogubobbboboobodbad
OooboobobooboboobbbobobobooobooboOobDbATh
gboobuodbooboobobobRrROBOOODOO ROBPU OO OROBP
O2000000000b000b0o0bOo0obOobobooboobOooD
200000000000 0oo0booboboooobobobooono
gboogbuogobuobobbobooobooobboodboboobboon
oobobobooboobobooboobobobobooobgbRrOBO
OO0obOoboRrROBPOOODUOOOOODODOODOOOODLDODOODOODO ROBP
OooooboobobobooobobobgobRrROBPOODOOOOOODOO
gobobobuogogooboooooobooboo
gbbooboobobbuoobbuobuoobboboooooboogboo
O20000000000b0b00b0bOooboDooooboboboooon
gbboodgboboodgbbobuoobbuoobbuodbbobbobuadbbo
gbooggboggboogbbogbuoobbuoooooboooobooon
gboboogdbboodbboobuooboobbobboobuooboonbobo
gbboguogooobobodgbbodbbuobuoobboobboonooboo
gboogdbboodbdoobuooobooobbooobboobbodbbo
gbobbbooooobbobooobobbooogooo
gbobbooogobbbuobuoooobbobbbbuoooobbbob
gbobbgoobboogobobbouobobooobooobobbuoooon
gbogbobuogbbboobboooobooobooobbuoooobbo
gboobobobodbboobboouoooobooobooobooobo
gbbogdboggbboobuobooouobobbooboboooooobo
gboboggbobogoboggbbodgbbodbboougbbuoooon
gbogdbboodbboobbuoooooboooboogbbodbobo
gooo
gboboogboogobgbboobbodobuoobboboobuoobobo
gbobogdbboooobuogoboguobuooobooboogbboobobo
oboobobobobboobooobuooboi1boooboboobobon
DOooboboboboboboboobbOobbOobibO Runaheadd OO OO
OO00000DO00000000000Db000 RunaheadD O OOOOOO
goooood

25



SO 0oouoooboooodd
Juoogudood

gbboodgboggbboobobubobuoobboobbooboboon
gboogbogbbuodgbbuogbobubooooboooboobbuoonoon
gbogdbbodgbboobbbooobooobbbobboobboon
gogguoobobbiodddodoooooubooooooooogooo
gbodbbodgbboobbuoobbuoobbuobbobooobboob
gbooggobobbogbbogbbuogbbuoobbuoobuoboobobood
gbobboooobbobbbuoooobbboooobbn

gbobgdguogobooooboogboobboobbuoobuoobobod
gboboboooobbbooogn

50 doooooooooooo

511 000ooOoooog

gbbogdgbboogbbooobbogbboobooobobooboon
gogooobbobobobbbbbbbbbbdoduodduooooooogo
gboggbbobooogobobbuoooobboboooan

gbobooggboogboogboobbobboobboobboobbo
gboogdgbbogbboobbuogbobuogobodboboobboon
gogooobbobobobbbbbbbbbbdoduodduooooooogo
gboboggboggboogbbogbobbobbuodgbbuoobboon
goo

. J0ooooboboboboobuobooobobobDboooobobo
gobooo

2. (hoobobo0oooooobobobboooobbboooobbobooOooboobon
goo

. oboodboooboooboooboooobooboobooboobon
gobbobouoooobboon

26



Conventional

/_ Main thread _\ / Helper thread _\

loop: trigger instruction
I1 addrl=rl+1 Il addrl=rl+1
2 addr2=rl-4

I3 addr3=1r2+15 [2 addr2=rl-4

4 addr2=r2+2 4 addr2=1r2+2
I5 addrd=1r3+12 I7 addr5=r1r2-rl

16 addr7=14+12 18 bner), rl, Else
I7 addr5=1r2-rl \ /

I8 bners, rl, Eilse
19 addrd=12+13
[10 j Exit

Else:

I11 addrd=1r2+14
Exit:

\112 bne, rl, 16 loopj

0s51:0000000000000

4. g)Uobobobuobooubobooooboboboboouonoon
goooood

5. 300000000000 bbO0obOo0obObOoobDUoooDOoboboOoDO
gbobobobuooogobooooo

6. 0O00O0ODOOOOOOOOOOooOobOoboOoDs3-sSooouoon

@GoLoooboobobobobboob 1boobooboobOoobOon
ooogboboboboooboobobobooboobbobobobboob
goobooggd

OOoobOobooosigos200bdoooooboooboonoonboon
gbogdgbbdgbuogobuogobooobbuoobbuoobbuoonon
obooobbooobbobbboobbooBDoooobOoOooDoo

27



Proposed

/ Main thread _\ 7/~ Helper thread ~ "\

loop: value prediction

I1 addrl=rl+1 11 addrl=rl+1
2 addr2=rl-4 4 addr2=r2+2
I3 addr3=r2+r5 | p---=-===="==-=-=----1
[4 addr2=12+2 I7 addr5=r2-rl

I5 addrd=13+12 \18 bner), rl, Else /

16 addr7=14+12
I7 addr5=1r2-rl
18 bner), rl, Else
19 addrd=12+13
[10 j Exit

Else:

I11 addrd=1r2+14
Exit:

\112 bne, rl, 16 loopj

0s52200000000000000D00OO

gboogdbboobbuoobuobobuooobbuoobbuoobuoboboon
gooooobbobbbbbbbbodgroboobbbooooooooon
“HoROnoooooooobooobooobobobboo rRoouoboooo
obooobonooooobooboobooboobooboobog

DobooobbooboboobBooOooobooooobooobooooon
oobooono4ooobooobooobboobboooboog 17g
“HoOooooobbbM4obbbooooobb oo bbooOooUI2
gbobobooggoboood

gboobooboobooboobooboobuoobooDb 1200 18
Oo07000000000000000D0400000300000O000O0OO
gboogboogbooobbbuooboboobbooboboooboon
gbogdboodgbobodgbbodboobboobooobboobobo
gbobobooogn

28



5.2 0D0O0OO0OOOOOOOO0000oooon

gooobobbbbbbboobbbbobbobbbobbbbobbibbb
gbogbboobbuobugobuoguobuooobooooboboouooon
gbobbobooooobbboooobobbouoooobbboooo

OOoo0ooOobOobOobooslaioobooboobooooooboboboo
gboboodbooggbboobbodbobbuoobbuoobboobboo
gbbogdgbbugobuogobuogobuooobogbboobuogboo
gboodgbobbuogbbuoobbuoobobooobooobooobon
gboogdgbbgbogdgbobboobbuobooooboooobooboon
gbboboooobbbobouoooobbbod

52 O00OO0OOoOoOooooon

WOOODLhoooooboooooooboooboooobooobooo
googuoobobbbibddooooooouoobbbbiooooboooo
OO000ob0ob0obOoobooboobooboob0obOobobooobosabooo
gbboodgboboodbboobuobubobuoobbooobobbodbbo
gbboggboggbgdgbodbbobbuoobbuoobbuooboogon
gbbugoobbooobbbbouooobbuoooboooooboobo
gbbogdboggbboobboubuobooboobboobugbobo
gbobobuoobboobuoobobuooboooboooboooboogn
gobobbuooogbboboogouuoooboboooan

gboogoboobuobbuoobbuodgbbuoobobboboooboon
gboboboooobobobbbuooooboboooobobobbouooon
gboobbbobodgbbobuoobboobboobobooobooboon
gogooobbobbbbbbobboboobbbogobbbbbobobobooo
gbooggbbugbbuoobbuooobooobuoobboobboon
gbobobooooobobbuoooobobooooooboboooon

29



el OO0

6.1 0000

OobooobooooooobooobogoelooboobboboooDn
gbogobooobboboboobobbodgbuogobogobobooboood
OO000ooooboboob0oboobobobooooobonn SimpleScalar
ooOooo0o @oooboooooboooboobuoboboobooboobo
gbooobog

6.2 L0000

obhoobobooobooboobtgelboobuobobonb2000b00
goboobooodan

e Base JUDUODOOGShare DO OOODOODOODOOODO

e Proposed BASEO OO DDODODOOOOODOOOOODODODOO
obhoobooboobuoobuooboobobo loobbooboob
O1000b200000000000000000D0000bO0O0Dbd
gobobobouogoobbobooobbobboooouoboboooon

6.3 U000

DellIDODUOODODODODOObDObDObDOOODbObODOn
obooobooobooobboob20bbo0oobboobooobon
OO0 BTBOOOODDODOOOODOODODOOOOOOODDbDOoOOoDOIO0n
gboogdboodbbugbobuogboobboooboogobbodbbo
gobobbouoggoobooooon

De200000000000DOODO BTBOUOOO/ODODOODOD Base
OO0 33%000000000000000Proposedd D0 O00O0OO0OOONO
gbboobogbuabbobuooobooobboooboboobbboobn
OooboboboopooooobooboboIcoboboboooboobono
gbobbobouogoobbbobuoooobbbbuoooobbbbooooon

30



Oe61:00000000

oogooo O
ISA Alpha
fetch width 6 inst.

execution unit
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branch prediction
BTB

RAS
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L2C
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int:2,fp:2, mem: 2.
int:32,fp: 16, mem: 16

int: 128, fp: 96

8KB g-share

2K entry, 4-way

8 entry

32KB, 4-way, 64B/line, 3 cycle
4MB, 8-way, 64B/line, 15 cycle
200 cycle

for(i = 0:i <N; i++)

{

sum += func_tbl[i%2]0);
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