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Improvement of Reuse-Tables and Speculative-Execution
for Highspeed Region-Reuse
Sen Li
Abstract

In recent years, modern commercial microprocessors have been adopting
superscalar technigue and superpipeline to make the best of the clock frequency
of CPU and instruction-level parallelism. But the gap of speed between memory
and CPU has been widenning and the cache miss panlty becomes sevire problem.
To reduce the influence of cache miss, many researches have been performed,
such as Speculative MultiThreading(SpMT), region-reuse and so on.

This paper proposes an intergrated SpMT model exploiting hardware based
multilevel region speculation. It dynamically detects instruction regions from
conventional load modules generated by widely used compliers, and memorizes
the input and output of the regions to reuse buffer. At the same time, based on
the evaluation of each region a qualified instruction region is selected to execute
speculatively with predicted input value or address. The output of speculative
execution are also written into the reuse buffer so that the main thread can
reuse not only the result of previous execution but also the result of speculative
execution. In this technique, the processor have to employ the large reuse buffer
to achieve high reuse ratio. But it is difficult to achieve fast access speed in
large reuse buffer. So, I propose dividing reuse buffer into several small buffers
and improving the SpMT model.

The reuse buffer division methods that I propose are: division by region head
address(row), division by record ID(col) and division by both of them. These
mothod were evaluated with Stanford benchmark for 8,16,32,64 blocks(128,64,32,16
entries, respectively) division and it show that cr division can get the best per-
formance(7.4%,9.3%,10.8%,9.1% execution time is reduced,respectively).

Forthermore, the following improvement is also proposed: speculative threads
are classified into two groups and the selection method of region for speculative
execution. The evaluation shows that the best division number is 16 blocks with
cr division method. In the SPEC benchmark, the execution time is reduced by

24.8% in average and 61.6% for the best.
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00000 SSPOO0OOOOODOODO 36(a)00OSSPO 3000000000
000000 36(d) D00 for0000000ODOOOOODOODOOODOO
ooooMSpOOOODOOOOOoOOIO2. .. 000000D0O0O0O0O1O
gobbobuogogbbobooooobobobboooobbboooan
O00oo0o0o0ooOoboobOobOoobog SsspoOopooooooooboooooo
gogoobobboblibobboouooooobbobbobboooooooon
oooopoooboo20304. .. 0000000obDOoboooooMSspOOo
sspO0O000D0O00DOO0ODOO0ODOODOObDOObDOOMSPODOOO 10O
OoooboOos3ed0adDO0O0OMSPOODOO 2000 OODOOoOobOoboOO
gooboboboboooooMSPOOOOOODbDObDOODObOOODOO
gbo200b0o0o0b0bogbuogboobbobbdgdg 1ou0boonbbo
O0o0obO30400000SSpoOOoOoOoOoOooOobOoooMSPO 36000
O00000000000000036b 00000000000 0OO0ODO0OO
gobbobogbodgooobbbuoooobbobboooobobboboooan
O0o0ooobO0obobo0oobooooooboboboobooooooosseO
goboobooboooboobooooobooMSpOOoObOOobDbOODOOO
gobboobbbouooooobbobbouooobbobbooooooood
gobbooggbbobuooooboood

3.5 UOogoogag

03.7000000000000000000D0O0L0ODRW:Reuse WindowU
00000 (RFH)OODODDOOOO0ORB:Reuse Buffer00 000000

gboobooobooboooboRwWOoOoOoooooboboobooboobo
gbobobobobo3ryroooooboboboboorBOobDobOoboOobLO
O000ODRAOODOODOODOODOODOODOODODOODODODODODOO
wibooooooooobooboboobbooboboobooboboobooo
gboboboboobooob0obbOob RFOODODOORFOOODODOOODOO
goboboogg2edobobbogoooboooobbbooon

RwinO 100O00OO0OOooooo1b0b0b0ob0obobobOoboRBO
O0oOoOoobDRAOOOODOOOODOODOOOODOOOOODOORSB
OCAMOOOOOODORADOOOOODRBOOOOOOD1IO1IDOOO
god
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Rty

-~"|RF 2 | FoL hat INPUT Fia| #oRg |OUTPUT H HoR6
- index t3kEN Haalnesct Addr| maskaval] —— - — —— Flae[nextAddr| mask&val] - --—--—

R {Reuselifindom 3 — | ! 1 {1 | | ecceecc1 1 | | -cce-=

RF ____PRFhist
index| W |fadr |eadr|infa| -~ ————— hist pid | are | er|or|Ir[ir] ... ..

MSP/SSP

RE RA Wl
rfindex | keyv| tsid | v |mask&val EC | nextAddr [ UP [ Alt [ DM | WP riindex| DN |nextfddr maskéwval
=]

37 0u00booog

RBOOOODOOOOOOODLOODOODOODOODOODO0ODO0ODOOkey OO
O00000D0O00DO0OO0bbOOoboboOoOVval, MaskDOODOOOOO RAO
O00b0b0obbO0b0bO0b0bO0bU0UbUd nextaddr.OODOODOOO
0000000000000 0O0O00O0DO0bO0O0bO0DOOflagbODODbOOO
RAOO UPOAGODNDODODOOOOOOODOODOODOODODODOODOO
goboboobooogn

3.6 U0OOOooOon

gobogboboboboobgboboboboboobobobobob
OO0O0ORWIn O 1000000 16Bytell4dword0 0000000000000
gooooobobo10bobo0 wword D0OODOOOOOOOOODODO
3.6.1 OO0OOOOOOORWOOODOO

038()000032bit00040000000000000OOOOOOO
0000000000000 D00000000000O0ooooooOn 3.8(b)
gboooboboboboboboxooo0200000b0oooooooobd
000 0x000100000 0000000000000 38Mb)00000O0ODOO0O
000000000%0000000000%110000000000%1200
00000%B30000000000000000%00000000%o000
gobobobooodn

0013000000 %11(A1:0x00010000) 0 0 00 00O O 4byted O O 0x00000001
00000%300000000000000000000000O0O0O0OO0O
gogobobbobbbbbbbododd ox000100000 00000 0x00000001
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.........................................................

Esu m:
1 0x00002000 il: mov 0x0->%10 #i=0
1 0x00002004 i2: mov %i0->%I1 # *list->table_index

' 0x00002008 i3: 1d [%11]->%I2 # sum=list[0] list=0x00010000
Eloop: '

cemmmemeeeeomaoo | 0x0000200C i4: add %I1,0x4->%l1 # table_index++ : :
¢ 0x00002010 i5: 1d [%I11]->%13 # list[table_index]->%I3 - osoomooncan [ o,00000001

vint sum(int *list ) :i . - -
! { e 0x00002014 i6: add %12,%13->%12 # sum+=list[table_index]
. vt 0x00002018 i7: add %10,0x1->%10 # i++

v int i,sum=0; g

1 0x00010008(A3) 0x00000002

] Ros(FOed ) E E 0x0000201C i8: cmp %10,0x4 #cmp i,4 E 0x00010004(a2) | 0%00000003

——— ; i 0x00002020 A19: blt loop: # if(i<4) loop: D coooroooncar, | 000000008

' v 0x00002024 i10: mov %I2->%00  # set return-value v o )

' return sum " |

:} 11 0x00002028 ill: retl #return

(a) (b) (c)
RW_Input
Type list Type Addr.
@) 00002000 | ~=m=emmv 0001000 | --mn-m- 00000001 | 00000002 | 00000003 | 00000004

func mem | 00010000 end
head |[1111]0000(1111 {0000 1t frrerfrrrr)1nral

RW_Output:

Type Addr. RO Type
(e) Return| e e 0000000A | —cemeeee end
value 0000{0000|1111[0000

U3 u0ugoon

0000000000%2000000 oxoo00000100000000000OO
O000RWOOOOOOOOOOOK,i6000000 %11(A2:0x00010004) O
00000 0x0000000200000000%1100000000 0x00000003 O
gobogobogoobsiedbbogdbbuogobooobbuoboboa
O000000#400%1000i500%BO000ir00%0000000000
gobbboooobbobuoooobobbuooooboboooobbobooaon
0000000000000 00000000% 0000000000000
O00000000000000000 %0000 0x0000000A00000000O
O00000000000000000000000000O0 3.8(d)00 3.8(e)
gobobooooboboboooobobod
3.6.2 O0O0OOOOOO

0000000000000 00 MSP/SSPO RWOOOOOOOOOOO
oooboooooooooboooooobooooRrRBOODOODODOOODODOO
gbgobobboboobuoobooboobobbobooboobon
oooooooooobooobooboboboboboboRrwooooooo
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1g0dgbobobooooobo

39000000000 RWOODOOODOOODObOOoObOoobooDg
gobooog
I A A S 8¢
()0000000000000D0D0ODODODOODODODOOOOOOO0OO0O0O0OO
gobbobobobobodgooobobbuoooobboboooobbboooan
goggoobbboobobboobotbooddooooooo1oououogo
RBOOOOOOODOOOOODOOUOOODOOOODORADOOOODO
gobboogboboboooobboooobobuooobbobuooobb-10
oooboboOob RADOODODODODOOOODOODODODODOO S
goboboooogn 3.1oobooo:

e UPUU RBOUOUODOODOODO

e At.OODODOOODODOODODOO

e DNUUODUOODODDOODOO
gobboobobobuoogobbbooooobbbooooobobboood
gobbboog3gobooag 3esdugnonon
3.6.3 0000
gobbbuogoobobogbuouooobbboooobobboood
gobbobuogoodooggoobbouoooboboooobbboooan
U000 LRUDOOOO00OO00ORBOODOOOO4pt 00000 oooonOO
gobbobuogogbobobboooooboobboboooobbbboooan
gboboooobo4pbit 00000000 O0ODOOO0O0ODbDObDOOobOOOOoDbO
gobbboooobboboooobobboooobboooobbobooon
gboobobobobooRrRBOOODOOODOOODOODOODDODODOODOO
OO00O00o0O0o0ooobOooboRrRAOWIODODODODOODODOODOD
gooLRUODOOOOoOoooon
gobooboboobobooboboooboobbooboooobboU RB
oooobooboboboboboooRBOODODODOOOOOODOODOO
gobboboooooobobboooooooobobobboooobobbbooon
gbgobobbobooboobooboobobbobooboobon
gbgobobbobooboobooboobobbobooboobon
gbogobobboboobuoobgoobgoobobboboobd
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RW_Input:
Type ID: 1 ID: 2 ID: 3 ID: 4

Adar. Vall Val2 Val3 Val4 | Ep
F/L Al A2 A3 A4
Mask mask mask mask mask| d

00010000 0x01 0x02 0x03 0x04| En
1111 1111 1111 1111 11| d

00010000 0x01 0x04 0x05 0x06 | En
F Al A2 A3 A4
1111 1111 1111 1111 11| d

(a)
Flag Addr. Up Alt. Dn
RB 00| -1 |00010000] RA] o | A1 | -1 | A2 | 03

03| 00 | 0x01 1 A2 0
06| 03 0x02 E A3 | Sb
07 03 0x04 E A3 | Sb
09| 06 0x03 E A4
10l 06 | 0x05 E A4

12 09| 0x04
13 09 | 0x06

(b)
PCH——P{Al—P A2F——— P A3 ——P{ A4 | —>
001000 0x01 0x02 0x03 0x04

A3 > A4 >
0x04 0x05 x06
(©)

U39 000boooao
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[Pcl—{a1]—»{a2 A3 A4 >
P o AL 8 0x02 [22] Ox03>|j0x04
A3 »asl—>
0x04 0x05 x06

03:0x04 |
RB RA Flag Addr. Up Alt. Dn Cache
00| -1 |00010000 0 | A1 | -1 | A2 | 03 \
0x04
03| 00 0x01 1 A2 0
06| 03 0x02 E A3 | Sb
LG 03 | 0x04 E [ A3 | Sb w1
index| Val Dn
09| 06 | 0x03 E | A # |16
12|09 | 0x04
13|09 | 0x06

O310: 000ooshobooooogn

UO00ORFOOOODOOOODODOODO LRUDOOOODOOOODO
gooboobooboobbooboobbooboobboobobg REO
0000000000000 DORBORADOOOOWIODOOODOO
3.6.4 0000

g3gtugoboobuggbbbuoobobboogbbb3i10bood
googoooobobobbooooobbbbuooooobbbooooon
gboobuooRBOOODOODODOODLDOODOOD 00001000 0000ORB
OO000O00DOOo0DOOO0bOOO0U0ObORAODOOODDOODOOOOOOODO
O00ORAODOOOODOOOOOODOOOOOODOOOAIODODODOO
0000000000000 00DOO000AlIO0ODDOO0ODOOOOODNO
OOooOobooOoskosShbboooobo0 ooogboooboooshobong
O00000D0A200000A200000RBOOOOOODOOOODOOO
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OO0O000OO0ORAOODOOOEOCODOOOOODORAOODOOOODOO
gbobowilgoobooobooobowildboobouoobood

gobboboooobobbooogbboboooobboboooobbbod
OO0oO0o0oOo0o0oOoO0bDOoU0ooOOooOOoOoOUObDOoA.OODODOODODO
oo bNOboobooboobooooboobooboobooboo
gobboboooobbbuoooobbbuooobbboooobbbooan
gogobobbobobbbouougoooobboboobboouoobbooooon
gobbobuoooobobuooooboon
3.6.5 U0O0OOOO

SSPO00Ostore OO ODOODOODOODODODOODOODOORBOOOODOO
gobbboooobbbuoooobbbuooobobboooobbobooon
URBOOODODOOOOOOOOORBOOOOOOOOODOODODODOO
gobbboogobbboooobbbuooobobboooobbobooan
gobogbbobbodoooobbbuooobboboooobbobboooan
RBOODOOOOOOOOOOODOoOoOobOoOoobbOoobooboboobo
gobboogoobobodad

gobboboooobobbbooogbbobooooboboooobobobod
gobbbogobbobuoooobobbuoooobboooobobobooan
gobbbogobbobuoooobobbuoooobboooobobobooan
gobbbooogbobobogood

O000o0ooo0ob0obob 311oboboooRrRAODODODODOOO
O2bit 0000 (lag) 000000000 0ODRAODOOOOOODOOODOOO
goboooboboooRBOOOOODObOOODbDOODDbDOODDOODDOO
gobbobooooboooboogan

Oo0o0ooOoOoOoOoO MSPO I/JOODCCOCOOOOOOOOOOOOODO
gooboooobooooobobobob0oboooooRrBObObDOOO
gobbboooobboboooobobbuooooboboooobbobooon
googoboobodbooboboobooboobooboboobooobo
gobboooobboboooobbbooooboboooobbbooon
gbgobobbobooboobooboobobbobooboobon
gbgobobbobooboobooboobobbobooboobon
gbooobgoobo

22



7:0x07

RB RAFlag Addr. Up Alit. Dn Cache
o[ -1 [ 00010000 0 [ Al | -1 |[A2]sb
0x07
3 o0 | 0x01 1A o0 |A3]| 7
6| 3 0x02 E A3 3
7| 3 0x04 1 A3 3
w1
9| 6 0x03 E A4 6 index | Val| Dn
10 7 | 0x05 E | Ad| 7 > |18
1
B 7| 0x07 E|A4] 7
12| 9 0x04 E
13| 10 0x06 E
14| 11| 0x06 E
0 3.11: 000

sspOO000000O0O0OODOobOObOOobOOOOOobDOoOobOOoboboobooboog
goooooooooboobbobobbbbbbbibodooooog o
gobbboooobbbuoooobbbuooobobboooobobobooan
O0000DOOo0o00oDoOoDCoO0AO0ODODODOOOODOOOOOOD BO
gbobdobobooBooobobobobuobuoooobobobobobog
gbdBOOoOobOobooOoboobooboobobooboboobobon
oobooobooboobogoboo coogooobogoooboooogoooboo
gbobooboBOoobobooobooboboooboobooboobo
goboobocoobooobooboobooboboobooboboboooDo
sSspO000000000O0O0ODOOOODODODO bOobOoboobooobooboo
gobbbogobbobuoooobobbuoooobboooobobobooan
gooboboogd

0000000000000 00O00O00O0O00ob00 A3S00b0bOOoOooOo
0000000 Ar.ODNOODOODOODOO 311000000 RADDO A4O
goboobooboboooboobuoobuoobuobboboooboovup OO
O0ORAODDUOUODOOAL. DD A30OODNOO A3ODOODOODRADOO
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gogbobbbobbouooooboobobbobbouoooobbbbbodao
O0A30000000OO00ODoOooooooo
OO000O00DOOORACOOOOODOODOODOOOOOODOOD
gbgoboobbobooboobuooRBOUbDOODDOODODODOODOO
gobbogbboboooobobbbuoooobboboooobbobooooan
gobbobuogoobbobbooooobbbooooooobboboooan
guoogoobboooobboboooobbbuooobobobog

3.7 Uooooood

doobobobbodooooooboboobbd RFPUdooooobobobogog

000 RFOOODDODOODOOOODOOODODOOOOOOODObOOOOOOOn

000000 RFOOODODODOOORFOODODOO 3120000

o V:IJUIUIDODODOOOODDODOODO

o fadr: DOODOOODOOODOO

e cadr: U DODDOOOODODODO

e infor DODDOODOOODOOODODODO

e rovhmru: 000000000 readd0 0000

e wovhmru: D O00O0O0O0O0OODO writeDOOOO

e stepmru: DO OOOOOOON

e msp: MSPOOODOOODOOODO

e ssp: SSPOOOODOOODOODO

e hist: D 4000000000 RFOODODOOO 3. 12000000000
00o0b0o00o0o0ooooboboooooboboooooboboo

e histiindex: RF.hist U0 0O U0O0O0O0D4000000000000O00O0OODO
O000-10000000 hist_index[0] - histiindex(3]0 00000000
000o0o00o0o0oobobbooooooboooon

e preddist: D0 DDODOODDOOODODOOOODDOOODODDOODOOIDO
0o00boo0oooboo-1000dobboooobobooooobooo
00000000 preddist 00000 IDOOODODDOOOOOODOOO
O000MSPOOOODOOUOOOOOpreddist[4]0 0000000000
O0000000Opreddist[5| 000000000 IDOOOODOOODO
Opreddist U0 00000000 OOOO0OO0O0OO0ODOODOOODOOO
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RF
[index] W [fadr Jeadr [ infa [rohv_mru]wohv_rro[step_mru] msp[ ssp[histindex] pred_dist[- hist]

hist_index pred_dist

hizt
[pid]are] er[ar[ I ir .. ]

[T =
LIRS

shift register

higt+p™2-1

031200000

pred_dist —>Record speculative thread ID
=5 I I I I I 0 1 S I I I I I S B D B B

prediction distance

(a)
pred_dist
S I I I 0 1 5 I I I I T B S B IS B B

<
<

shift left while the region is executed by MSP
(b)

0 3.13: 00O pred_dist

000000000000000Dhist(00000)=40p(00000)=4

0000000000000 preddist 00000 31300000000

D000000000000000000000000003.13()000

DO00Opreddistd 000000000 (-(1)0000000000 IDO

000000 3.130b)000000000000MSPOOO0OOOOOO

000 preddist 00000000000000000
SSPO0000000000O0O000000000000000OOOO000
00000000000000RFOOOOOOOOOOOOOOOOOOO0O
OD0OO0OMSPOSSPOOO0O0O0OOOOOOOO0ONOOOOOOOOOOOO
0000a.00000000020000000d000000000000
2)0000a+d 000000000000 MSPOOD0O000000O0OOO
OO0nO0O0SSPOOOOOOOOSSPiO0O0O0OOOOa+dx (i+1)00
D000a+dx (n+2)0MSPOOODOOOO
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s RAEL

SEPIZLDEITIER
HEFIREEhL 7 (MSPTOREAD 7
METTE

pred_dist U2 REZY RS

"L

pred_dist U2 HIFENED 7

return 13

Ao FERZED, pred_dist
ANEETFEEE |D|1|2|3|———-| | |

{h

i HE R A FF LA pred_dist
B89 (T [---T:[5]

(&) 0]

0314 0000000000000D000

3.8 UOOOoooooogad
O000000000000000000000000000 3.14(a)0000
gbobobooboRFOODODOOOODDOODODOODODOODDODbDODO
0000000370000 00000 3.4b)000000OOODOOOOO
0040 (03.13(bh) 000000 MSPOODOOOOOOOOODOOOpred dist
00000000000 0O0O)MSpPOOOOOOOOOOOOSSpPOOOO
gobbbooobboboooobobobuooooboboooobbobooaon
ggodoooouoooboooobbbbooooooboboobobobn
preddist U0 O OD0O0O0O0O0OO0O0OO0OODOOOO0ODOODOODOO0ODOODOOO
0000000 bOobbOb0Opreddist0 000000000 0OOO0ODOOO
gobobooooooiboboboooboobobooobooooboooobooooo
O0000Opreddist00000 3.14(c)00000000O0OOODOOOODO
gbgobgsgbgoboobgobooboboboobobobobbob
gbogobuoobgoobgoobooboobobboobooboobbbon
gobbbooooobbbuoooobbbooaoboo
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3.9 Uuobooooooon

gbboooboobobooobooobooobboooboooboRrRBOO
Oo00o0o0ooOoO0ooOoooOoooOoooocAMOOO RBOOOOODOO
cCAMOOO0OO0OOO0OOODOO0OO00O0O0oOooOooOOOooo0 (Doo)oood
gobbobooogbbobtooooobbbooooooobboboooan
gboobobooobooboRBODOOOOOODDOOODOODOODDOOO
OoooboobooboooMSPO RBODOODODOODODOODOOODOO
oob0ooboooboooboobooo ;0o RBODODODODODOODOOD
gobbbogobbobuoogobobuoooobboooobobobooan
G, 00obo0oobooboogobboooboobooobboobooboooboboooDo
gbobooobobobooobob i 0obooRBObOOODOOobODOO
0 Ge,000000000D00DO00O0 Lo, DODOOODOODOODOOD

Gai=Gi0 Ri/640 Loi = Ti0 (64— Ri)/640

Ga; < Lo, 0000 RBOODODODOODOODOOOOODOODOODODOO
O000oooOo00oooOb0OoR 00DO000DOO0O0Ge, O00D0DOO0
ooooobooobobobooooooRrRBOOOOOOODODODOODOO
goboboobooboobooobbooboboobobooboobbodRrIO
gbgobobbobbooboobooboob

gbobbboooobbbooodbbbbooodobboboooobbbod
Ooboo0ooboooboOoRBOOOOOOOORBOOODODOODOOOODO
gobbbuoooobbboooobobbooooobbbobboooan
gobbbuooodobbbboooboooobbboooobbboboooan
gobbbooobbbuoooobbbuooobbboooobbbooao
gobbbooobbbuoooobbbuooobbboooobbbooao
gobbboooobbbuoooobbbuoodobbboooobbbooan
gbobooboobooboob RBOOODOODODODOODODDOODOO
gobbboogobbbuoooobbbuooobbboooobbbooan
gobbbuooogbbbbodooouooobbboooobbboboooan
gobbboooobbbuoooobbbuoobobboooobbbooaon
gboobobbobooboobuooboRrRBODOODOO
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3.10 UUooooood
OOooOoboooogosspoooobooooboobbooboobooooono
gobooooboobooooobooobooMSpOODOOODOObDODODO
SSspO000000000DOO0OO0O0O0OO0OODODODOOOOODODODbDObOO
gobbboogobbobuoooobbbuooobboooobbobooan
gobbboogobbobuoooobbbuooobobboooobbobooan
gobbooboogon
gobob:igobbobuoooooobobbooooobboobobooood
OO000ODGIDMSPOOOORBOODODOODOD XiDOOODOOD RiOO
O00O00oOooSSPO0O0O0O0ORBOOODOODOODOOOSIOODOOGiOO
O00000o0o0ooooooooooooooo MSPOOORMODOODOO
O00bDOXi+Ri=000O0O0OOOOOOOOO0OOOobOOobOOigbooooo
0000000000 Xi+RiODoOooogosSspooooooMSPOODOOO
O00000GIix (Xi+Ri)OOODODOOOOODODODOOOOOOOEDO

Ei=Gix (Xi+ Ri)x Si[

gobbobuooogbboobobbbuooobboboooobbboooan
gobbobuogoobboooobobod

OOo00o0oobbo0oobGibboooboooooobooooboobooXxib
RiOSiODOOOOOOODOO3D0064bit 0000DO0ODOOODOODOODOO
e oooogooooboboo1bbboboobobb1obobodod
0600000000000 0O0OOOSiOO0OO0O0oDbDODODODODO
gobobooobogobbooobbooobboonobbooobbe4dddd
gbgdboobbodgbbooobbooobbuooboobobbooobnoon
MSpOOOOOOOOOOOODOODOOOODOODOODObDOODOO
gobbboogoobobodad

3.11 0ODOooooood
OooooooooospMTOOOOOOOO 31 0000000D00ODO
OO0OoMSPOOOODOOOODOOOOOOOOSSPOODOOODODReuse-
Buffe0 000000000 OOOOOOORFOOOOOODOODOODOOO
MSPOOODOOOOODOOOODOOOOODOOOODOOOOOOOODnSSe
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Main Stream Processor Speculative Stream Processor

REG (+—{ ALU ool le—» REG [«—» ALU
f \
i T Predicted
redicte
< > D1$ Value D1$
A A
! Reuse "
Store * Store
y RF
i Predict for SSP
RB RA W1 Region #1
_ > History
History from MSP
Region #2
Reuse Buffer I:I shared D2$

U3l 0b0ougaoon

00000000000 SSP O Predicted Value OO OO0 O00OO0ODOOOOO
0d0o0ooooooooooooooodo0oo 0 RWIin0ooooago
00odoooooooooooo RFOODODODO0O0O0OO0O0OoO RWind 100
000002000000 FIrFOOOOOODOOOOOOOODOOOOOO
dodddooooooobobobooodooo0oooooog RWindggoaoao
O0o00oOooooSSspO00dOoOoOOO0OO0O0OoOoODODOoOO0OOOooDODOOoOOoOn
SSP [0 load O O O Predicted Value D0 O0O0O0O00OOO0OODOOOORWIin
00O 1ioORWowtD 20RWin DO OO0 ddoadag
goosspO00DOOO0OD0OODOOODOOOODODOOODOOOOMSPOOO
SSPOO00O0OO0OO0OO0DOOOORWOOOOOODODDODOOODODOOOOOO
oooooMSPOOODOOOODOOOOOODOODODOOOODODOOOO RB
doodoooooooooooooooooooooooowl oooooo
godoooooooooooooogaa
0o0o0ooooooooooo O RW OoOoooooooooooooooao
godobooooooooodoooooooooooooooooooon
godooboooooooooooooooooouooooooobooood
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MSP

Region #2
Y

Search overhead
Search overhead

Reuse #3 & taken

Search overhead% it
Search overhead W1

Reuse #4 & takend——

Region #6

A

\/
Time

O0000obO0bOobDOo 3160b0b0obDOoboDOoboobobooboboMSPO
O00000oOooobosSspO00O0oOoOoOoOoOooMSPODOODODOODODOO
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0000000000RWOOOO0O000160000000000000016
0000000000000000000000 0x0001000C000016000
000000O00”ABCDEFG’00000000000000000OO00
OO0O0ORW,, 0000 10000000000000000000000 RODO
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O0000O0O0O0RB, 0000O00O0O0O0ORWODOOOO strlen(str) O O

31



‘ Hprocessor B RB Hprocessor B RB

wtns z0T
wrMs - ZoT

WTS3geW §ZT
X91IOA" [T
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_______________________

Emove R0->Rs
'ld.b [Rs]->Rb
rcomp Rb,0
1beg end
________________________ 'loop:
i{strlen(str) char *str i:g.cbl:[{;s]»Rb
E char *s: 'comp Rb,0
U for(s=str;*s ++s) Z:Sq loop
E}return (s-str); Esub Rs.R0->R0
. ireturn
(a) source program
RW in _recordID =0 record ID =1 record ID = 2
trien | - | oooto00C | - | - || 41404344 454600-- | - | - | -
| Hoad F— CF1Me 00010000 CFIMe 1 50010010 End
11110 1111 jo =7 ™ o ofo[1111|=0f m 1110| oo fo
_______________________________ (b) RWrecord
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% Strlei]/ -- | oootoooc | -- Hit > ;p - |--| 00000006 |--
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é 0 [0 [olo 1111 e““\l 0 [Mem| 00010010 end

o key

o| 21 | 454600-- | -- |--| -- 1

S

§ 0 1111 [ 0..]0..| O.. end
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Wexec Wurite Ocl-miss BEc2-miss W reg-w Btest Mmem Dexec Murite Ocl-miss Oc2-miss Mreg-w MHtest Mmem

~

N
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T T

Exection time
Exection time

1

Quicy Bubp), Pery Treey Intm, Um Oueey, FFT Toug

(a) 8 blocks(128 entries/block)

(a) 16 blocks(64 entries/block)

Hexec Mwritedcl-miss Oc2-miss Mreg-w Mtest Mmem ‘.exec Buwrite Ocl-miss OJc2-miss Mreg-w Mtest Mmem

S

Exection time

Exection time

(c) 32 blocks(32 entries/block) (a) 64 blocks(16 entries/block)
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000000000000 41000 CAMOODOODODODODODODOOOO
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0000000000000 0DbO000b0o0o0DbO0o00DDbDO0OdOcold erd
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g410000000000000D000

RWOO |6
RFOOOOO | 256
RBOOOOO | 1K
00000000 | 1ns/cycle
CAMOOO (10240000/0000) | 5.6ns/cycle
CAMOOD (1280000/0000) | 2.6ns/cycle
CAMOOO (640000/0000) | 2.2ns/cycle
CAMOOO (320000/0000) | 1.9ns/cycle
CAMOOO (160000/0000) | L.7ns/cycle
gooooo | 32Byte
1 0 cache OO | 32K Byte
10 cacheDOOO | 4
10 cache DOOODOODO | 10cycles
2 0 cache OO | 2M Byte
20 cache DODOO | 4
20 cache OOOOOOO | 100cycles
Register-Window | 4 set

Window OO O ODOOO

20cycles/set

oooooood
Oooooooon
Oooooooon
gbooboobobooboobd
gbgoboobooboobod
gbogoboobooboobod

2 cycles
8 cycles
70 cycles
4 cycles
16 cycles
19 cycles
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no division ‘ Bexec Burite Ocl-miss Oc2-miss Breg-w Otest W mem

1.2 8 blocks

16 blocks
32 blocks

-

Execution time

124.m88ksim 126.gcc 130.11 132.1ijpeg 147.vortex 124 .m88ksim 102.swim

047 SPECODOOOOOOODOODO

042000000000
U0 | 1600 (3200 (6400
row | 0.7% | 0.7% 0.1% 1.5%
col | 8.9% 7.3% 7.8% 8.9%
cr | 7.4% 9.3% 10.8% 9.1%
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gbbodbboogboooobobuooboobbuoobooboooss3und
OO00booobooo oxlabfO0O00OOOOOODOOOOODOOOR,ODODOO
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O00000DO0D00O0O0bO0ObDOD oxlabfSOOOODOOOODODOO
O0m8ksimOOO0O00O0 OxlabfSOODODOOODO 1000000320000
goboboogsobbogoooood
gobbbooogobobooogbobod
e 160003200000 RBOODUILNOOODODOOODODODOODLODO
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.parser

.mcf
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.hydro2d|

.apsi

.waveb

.applu

.swim

.vortex

.ijpeg

L1
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.gcc
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gs3: uduggboboooon

no reuse

Ocl-miss Oc2-miss Breg-w Otest Enem

Buwrite

OT‘ Oexec

no divisi

16 blocks

64 blocks

32 blocks

8 blocks

1.2

awi} uonnoexy

197

181

101.

104.

141.

146

110.

102.

147
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124

.parser
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.waveb
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no reuse
no division

8 blocks ‘ Oexec Bwrite Ocl-miss [Oc2-miss Mreg-w Otest Mmem

Execution time

badlr-zeT
XO3IOA" LHT
wIMs*z0T
nrdde Q1T
Gonem: 9yl
Tsde 1§ T
Fouwr 18T
Tosaed 16T

PZOIPAY H0T
[A3eowol 10T

WTS3g8W " FZT
soxdwoo 67T

gss: 0200000

gs20000000000000000
U (1600 [ 3200 6400
god 20.7% | 21.3% | 21.6% | 20.1%

o001 |228% | 24.5% | 24.4% | 23.0% .
o002 |227% | 24.8% | 23.9% | 23.6%
goooo 9.9%
gs30booboboonooongon
U0 (1600 [ 3200 (6400
god 55.7% | 53.1% | 55.5% | 52.6% 0

0001 |61.9% | 61.8% | 57.8% | 59.6%
0002 |60.7% | 61.6% | 62.1% | 59.2%
oooon 47.0%

053005400000000000000000000000000 24.8%
gbogbgobboobbuobogdgb llebbuoobbuooboobbod
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0.25
0.2
0.15
0.1
0.05
70A05<D:,
-0.1
-0.15
124 126 129 13p 135 . 14y 105 119 146 147 log 103 181 197
. . . W13 . -V . . . oW, . ; . .t . .
mggksimgcc compfessl ljpeg Ortes Swip app1,, aves " Psj hy“’rwd omCathCf ParSer
(a) Time_total(before) - Time_total(proposal2)
0.25
0.2 I~
0.15 -
0.1
0-09 [[h] [E]:—[Lh]—[lﬂjﬁﬂi
-0.05—
-0.1—
-0.15
124 126 129 139 ,. 135 .. 147 105 119 146 147 1og 101 187 197
.'nagksi-gcc -Compres'll *l]peg -vOrtSwalm qppy, Waves TaWsj -hydro2d-tomc‘itv.mcf -parser
(b) Time_instruction(before) - Time_instruction(proposal2)
0.25
0.2
0.15
0.1—
0.05—
-0.05
-0.1
-0.15— ]
-0.2
-0.25
124 126 129 13p 135 . 14y 10, 119 146 147 10q 101 187 197
. . . .17 iy -V . . . ., . ; . .t . .
mSngimgco COmPr@ssl Jpeg Ortey " SWinm abpy,, aves '9Psj h“’dfogd O”’Cat‘,mcf PaISEr

(c) Time_RB(before) - Time_RB(proposal2)
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