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A Technique for Reducing Data Prefetch Hardware

Using Binary Translation

TomoaKk! UkezoNo™! and Kryorumt TANAKAT!

There is a significant gap between processor’s operational speed and mem-
ory access speed, and currently the gap is increasing. This problem is widely
known as memory wall problem. Data prefetch techniques have been studied
as a way to alleviate the memory wall problem. Data prefetch techniques can
be devided roughly into software prefetch by using a compiler and hardware
prefetch by using dedicated hardware. In general, prefetch accuracy of soft-
ware prefetch techniques is lower than that of hardware prefetch and hardware
prefetch while hardware prefetch requires higher cost of dedicated hardware. In
this paper, we propose a prefetch technique that can achive both low hardware
cost and accurate prefetching by using a dynamic optimization technique for
native binary. We confirmed that the proposed techniques can had similar or
better performance than conventional prefetch techniques by simulation, and

we showed that hardware scale of the proposed techniques was much small by
estimating required memory for each technique.
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Fig.1 User Definable Trap (UDT) hardware.
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Table 1 SLSIs for integer loads added to Alpha ISA.
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LDQU_SEQ.NEG | LDQU 000 8BOOOOO /00
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Fig.2 Example of behavior of SLSI.
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Fig.3 Memory system model for SLSI/ILI/SILI.
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Fig.4 Example of memory reference history table.
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Table 2 SimpleScalar simulation parameters.
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dll access latency 1 cycle
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i1l way 4
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ul2 size 2MB
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ul2 block size 64 B
ul2 access latency 6 cycles
memory access latency [first]:120 [inter]:12 cycles
memory access bus width | 8B
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Table 3 Parameters of handler-execution clock cycles for each step in the estimation.

Cr1 | Ch2 | Chs
180 790 4928.4
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Fig.5 Increase of execution time including software overheads.
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Fig.9 Increase of execution time with software overheads in case of UDT-OFF.

gobobooooooooooobosoooboooooooooooooboooooooo
O0o0oO0o0ouUDTOOO0OOO0OO0DOO0O0O0OO0OOUDT-OFFOOOOOOOOOOOO
gboboooboooooodoboobodoooobooooooobooooboOoooOobOboOoboboooo
IpPCOO000O00O0OO0OO0O0DODOOO0OO0OOO0O0O0OOOO0O0OODODOOO0OO 8009
gooo

08000176.gccd 188.ammp 000000 UDT-OFFOOOOOOOOOOOOO
gboooobooboodoobo sbobbo0oboboobbouobooboobooobboobboooDo
gooooooooooooooooobooOooOoOooOboOooooobooOobocOoobooDOoboOobo
ooooooooooooooboOoO0ooubT-OFFO0O0O000O0O0DOOOOOO0O0O00O0
O000000000256.bzip2000 UDT-OFFOOO0O0O0O0O0OODOOCOOOOO

000000000 000DOOooDOoooooog Vol.2 No.o4  1-14 (Dec. 2009)

gobootoobooboooooboooobooooboobobooobooOoooobbooooDooo
gobooobooobooooboooooooooboooooooooDoO sODOODO
ooooooo

oo9OoooboooboOobOOoooooobobOOoooooooboobOOn 176.geccOdOOOOOD
gboboobooobobooooooodoooooooosuboooooooooooonn
000000000200 000000000U0UDT-OFFO000O0O0O0OOOOOOOOO
gooooooooboooobobOoooOoOooOoooOoOooOoOoooobObOD1T6.gecc0OnO
gooobooooooobocoooboooOoboOooboOoOoOboO0oooobOoOoooobooOboo
jobotbobooooooobooooboooooooonon 17v6egeccbboOooooooOoOnO
obobOoobOoobOobobOooooonD 1e4gzipOOOOOOOOOODOOOOOO 4
goboooobooobooooboooo

UDT-OFF 000000 O0000000O0O0OCOO000O0O0OOOO000O0OOO0DO
gooooboooooooboooboooooooboooooboooboooooOooooooDon
0000000 20000000000000000000O00O0 SPEC20000000000
goooobooooooooooooooobooooooooooooooooOooooDoon
goooobooooboooooobooooboooooooooooooboooboobooDOoDoo
gooooooooooooobooooobobooboooooobobooooobooDOoDbDon
goooobooooooooodoooooooooooooooooobooboooooooDo
IpCOO0O0ODODOOODOOOOOOCOOOOOO

4.5 0000000 sO00000D0000O00O

gobooobooooooooobooboooooboooooooooocoooooooooon
god

OO00oooOooopPISAODOOCOOODOOOOOOOOOUOOOOOOOOOOOOOOD
00000o0o0O000oo000ooo0o0ooo SPECO0O0OOOOOOOOOOO
000000000000 000 50000000000000AIpha'® 0000000
O00000000oO0oPISADOOOOOOOOOODOOOOOO ISAODOOOOOOO
ISAODOO0OO0O0OO0O0O00OO0O00O00ODO0O000oO0O00 5000000000
000000000000 SPEC20000 00000000000 60000000O0O0OO
oooooIpCOO0O0O0O0OODOOOODOOOOLIOO0OOOOOOOOOO0OOOOO
OU0O000O0OIpPCOUO0 PISAOODOODO Alpha 0000000 ODOOO 0.5876%0 00
0000000000 3401%0000000000 Simple Scalar 0000000000

(© 2009 Information Processing Society of Japan



10 ODO0O0oO0OO0oO0OOoOoOooooooOOobOoOoOoOOoOoOoOoOoooOooOoOboboO

gooooOoOopopoOoOoOoOoOoOoOOOOOOOOOOOODOOODD 100000PISA
OMIPSOODODOODOOOOOOOOODO ISACOOOMIPSOOOOOO AlphaOO
goooobooooooooooooooooooooooooobooobooooooo
0/0000000000IISA0D0OO0O PISAD0OOODODOOOOOOOOOOO
O0000o0oo0o0oo0oOoooRISsCO0O0OOOOOOOOOOOOOOOOOO
O000000000000000Simple Scalar3.00000000 ISAODOOCOOOO
gboboobooooboooodbooooooooooooobooooobooooboOoooDo
O0000oo SAO0O00OO0OO0OO0O0O0OOO00OoOooOO00oooOOooUoooooo
Ustbboboooooooboooobocooooooooobooobboooboooobooo

5. 0000

gobooooooooboooooobooooooooOoooboobooOoooobooOoooonooon
000000000000 HboSsOOoOoOoooooooooooooooon

51 0000

goboooooooooooobooooobooooobooooobDobbooooDOboOono
gooobooooooooooobooooooooobooooooobooboosooonooo
0000000000000 00000StrideddO0O000 CorrelationO0 000000
Strem 000000O0O0OCO

Nesbit 00O OOODODOOOOOOOCOOOGHBOOOOOOOOODODOOOOOOO
0000000000000000000%Y0GHBO FIFOOOODOOOOOOOOOO
00000000 FIFOOOOOODOOO0O0O0O00000000000000000FIFO
gboboobooodoooobooooboooobooobooboobooooooooono
0000 GHBOOOOOOOOOOOOODOOOOOOOOOoOoooooooooooo
gooobooboooooooooobooOoooboboobOObo0ooobobooooboboOooooooaao
O000oo0o00oGHBOOOOOODOOODOOOOOOOO 2000000000000
goooobooooooobooboooooobooOooOoboooooooOoocobOooooooo
FIrFPOOOOOOOOOODOOOOOOO0OO0ODOO0O00ODO0O00O00oOo0ooooooo
O00o0oO0oOo0ooooooo pCOOO FIFOOOOOOODOODDOOOOOOOOOOO
OO0D0O00000O000000O0O000D00OOONeshit0OO00ODOOO0OOODOOOOOO
goooboooooooooooooooooooooooboOooobooOoboOooooboooboOoo
O0000D00ONeshit 000000000000 0O0DOODOOO0ODOOCOOOOO0O

000000000 000DOOooDOoooooog Vol.2 No.o4  1-14 (Dec. 2009)

00 PC/CSO Program Counter/Constant Stridell] PC/DCUO Program Counter/Delta
Correlation0 00 00000000000 0OOOOOOOOO

Somogyi 00 OO0IDODOODOOOOOODOOOOOOODODO StreemO00000O SMS
000000 SMS O AGTO Active Generation Tabled 0 PHTO Pattern History Ta-
bleDOOODOO20000000000C0C000ODOOO0OOODOOODOOOODOOO
pHTOOOOOOODOOOOOOODOOCOOOOODOOOOOOODOOOOOODOO
AGTOOCO PHTUOOOOOUOOODOOOUOUODOODODDODOOUODODOOUOODOPHTO
gboboboboooooooooooobobobD1bobooooooooOoooOoon
0000000000000 Spatial Region 000000000000 10000000
00000 Spatial Region Generation O O O O Spatial Region Generation 0 00000
Spatial Region 00000000 0DOO0ODOO0OOCOOOCODOOOODOOODOODODOO
OOoOOO0O0O00O0ODOO0OO0SMS OO0 Spatial Region Generation 000000000
000000000000000 Spatial Region 0000000000 OOOODO 100
goooooooboooobobobobbobobobooboboboooboboboooo
OO00OO0OPHTO 100000 1 Spatial Region Generation 0000000000000
goooooopHTODOODOODOOOOOODODOOODOOODODODODODODOO
gboboooboboobobobooboboo

O000oo0oooOoooo pe/csOopec/bCcoSMS OO0 OOOOonQ

5.2 JU00OOOOooobooooobo

00000000000000 Alpha000O00™ 00 Simple Scalar 3.0 000
gbobooboobooobooboobooboooobooobooboooooboboboobooo
000 sim-outorder 1 00O 000000 DOOCOOODOOOO 4100000020000
gooo

000 SPEC20002” 00ODO0OO0OOO0O21000000000000000000
goooo SimpleScalarDDDDQl)DDDDDDDDDDDDDDDDDDDDDDD
gboobobooboooobboboboboooooboobobboboboooooboobo
2000000000000

Simple Scalar 3.0 00000 0000000O0OOOOOODO 4100000000000
goboobbo4r0obo0oboo0o0obboboooboooboooboooboobLOoobo
gbooboooboooboooooooooboobobooLDoobooboboobo
oo00ooooboooboo0bo0bo0oobooobooobooO 100000 2000000

(© 2009 Information Processing Society of Japan



11 OO0O0O0oO0oO0oO0oOoooooooOOobOoOoOoOOoOoOoOooooOooOoOboboO

2.5
2.25
2
OsMs
@ PC/CS
mPC/DC
mHDOS
W HDOS2

0 10 SPEC20000000 IPCOOOODOO
Fig.10 Improvement ratio of IPC in SPEC 2000.

00000000020 0000000000000000000D00O0DOODODOOOOY
goooooooobobooooboooobooooooooboooobooooboobooo
goooooooooooooooooobooboooooooboboooooDbobooDbo
gooooboooooooooboooobooobooooooooobooooobooooobobo

gobooooobooobobooob 2000000000 0DOO00OOO0DOOOODOOO

000000o00oo0ooooooO pe/csopPe/DCOSMSOO0O00ODOOOOOODO
goboobooboobooboboboobooboobobooboboobooo
0000000O000ooPCc/CSOpPC/DCOOODOODOOODOOODDOOODO FIFO
0 256 0 0 0O OO Prefetch Degree 0 8 0000 0O0O0OOSMS O spatial region O 0 0O O
SKBOPHTO 16KOODUODOOODOUODOOOOODDOODODOODODODOODOOODOOODOD
O0000OSomogyi0OOOOO SMSO L1 000000 OO0OOCODOOOOOOO L1O
goooobooboooobooboooobDboobOooboboobooboboboooo
SMSO 200000000

010000000000 0OOIPCO0O0 1000000 IPCOO0OOOOODOOODO

01000000000000000 SMSOPC/CSOPC/DCUOHDOSOHDOS2000
O00000OHDOSO HDOS2O0 OO OOHDOSO AlphaOD0OOOOOOOOOOOO
HDOS20O Alpha 000000000000 OOOOOOOOOOOODOODOOOOOO

000000000 000DOOooDOoooooog Vol.2 No.o4  1-14 (Dec. 2009)

04 0O0O0OO0OODOOOOODOOOOODOODOOOODOOOOOOD
Table 4 Estimation of the amount of memory required to implement each prefetching hardware.
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