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RPT ~ Create_Reference_Prediction_Table(TABLE_SIZE)
while Computing-threads run do
curMSHR = Read_current_MSHR()
if lcurMSHR /* there is no miss event */ then
continue
end if
if (Entry « Get_RPT_entry(curMSHR;p,st_addr)) '= NULL then
/* a corresponding Reference Prediction Table entry exists */
Curret_Addr « Entryprev_addr + Entrysiride
Ent'ryst'ride - CurMSHRaddr - Entryprev,addr
Entryprev_addr < curMSHRqqdr
if curMSHR, 44, == Curret_Addr && Entrystate == STEADY then
Set_Replacement_Control flag()
end if
Entrystate — Update_State(Entrystate, Current_addr, cur MSH R gq4r)
else

© 0N W=

el el el e
NSOk W= O

/* Initialize an entry for coresponding load/store instruction address */
Set_RPT _entry(cur MSHR;pnst_addr, cur MSHRgq4r)
end if
end while
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profData ~ Read_Profiling_Data()
while Computing-threads run do
curMSHR ~ Read_current_MSHR()
if lcurMSHR then
continue
end if
if isExist(cur M SHR, prof Data) != 0 then
Set_RPT_entry(cur MSHR;pst_addr, cur MSHRgq4r)
end if
end while

© PN W

—
e

03 ODoOOoO0oO0o0O0ooOoO00000booo0o0o000bOO0000000

goooboboooooooooooooooOoooooOoooooOoobo10o00ooooDooo
gobooboooooooobooooooboooooooobiOboOol100o0oo0obObocOoOoOooDoo
00 SMT (Simultaneously Multh-Threading) 0000000
ooboooooooooboocoooboooooboo100000000obObo0oo0ooOobooooDooo
gooooooooooobooooooboooooooooboboooooDbobobooboDOb L2
O0000o0000L1ooo0oooO0O00o0oooOoMOESIOOOODOOOOOOOOD
gobooooooooooooooobo
e Base: 00U LRUDODOOODDOOOODOOOOOODOOOOOODOOOODODODO
ooooooo
e Strideneper: 0000000000000 0OODO0O0OOOOOOOOODOOODOOOO
goboboobobobooobboono
o Profileneper: 000 0000000000000 OO0O0O0O0OOOOOOODOOOODO
goooooooboooooooooon
e Striden: 0000000000000 DO0OOO0O0ODOOO0ODODOOOODOOOOODO
goooooboooooogoo
e Profilenyq: 00000 ODO0O0ODOOOOOOOOOOOOOOOOOOOOOOOO
ggbooooboooobooooo
0000000000000 (Stridepeiper O Profileneper) 000000000000 O0OOO
000000000000 00000000UoU000oooUOOoO (Stridenarad Profilenard)
goooooooooooobooooboooooOoooobooooooooOooOoboOoooooDboboo
goboboooooobooooooooooooooooooboooooooboboooooobooo

Vol.2012-ARC-199 No.13
2012/3/28

01 00000000000000
Fetch/Issue/Commit

4 instruction / cycle

Two level adaptive (1K choice table)
Bimode (1K-entry)
PHT (1K-entry)

Branch prediction

BTB 256 sets, 4way
1Q size 40
LSQ size 20

Int: 4 ALU, 1 Mult/Div, 4 Addr-gen.
FP: 2 Add, 1 Mult/Div

Load/Store: 2 ports

32KB, 8-way, 64B block

2 clock cycles hit latency

32KB, 8-way, 64B block

2 clock cycles hit latency

1MB, 8-way, 64B block

9 cycle hit latency

Functional units

L1 I-Cache

L1 D-Cache

L2 Cache

Cache replacement policy | LRU
Write Invalidiate MOESI
200 cycle latency

Coherence protocol

Main memory

0000000000000000000
0000000000000000000000000000 200000000000
010000000000000000000000 4000000000000 100
0000000000000
00000000000000000000000000000000000000 L1
0000000000000000000000000LIO00000 100%000000
00000000000000000000000000000000000000000
00000000000000000000000

42 00000O0OOOOOOO

000000000 Weighted Speedup?” 000000100000000000000
000000000 IPCO00O0O0O000000000000000OOOOOOOonn
0000000000 IPCO000C0O000000000000OO
2000000000000

00000000000000000000 200000000000 10000000
00000000000000000000 20000 Weighted Speedup 00 4000

(© 2012 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

W Base W Stride(hard) w Profile(hard) m Stride(helper) m Profile(helper)

Weighted Speedup

go_libq omn_wrf gee_libg gee_spl perl_bzip2 bzip2_gee average

Benchmarks

0 4 Weighted Speedup0000000000000O00O0: 20

H Base m Stride(hard) w Profile(hard) m Stride(helper) m Profile(helper)

L2 hit rate (%)

go_libq omn_wrf gee_libg gee_spl perl_bzip2 bzip2_gce average

Benchmarks

05 L2000000000000O00C0OO0OOOOOO0OO0: 20

0000000000000 0000000000000 50000

0400 500000000000000O0DDODOO0O0OOO0 3000O0ODOOOOOOO
0oobo00boO00oO0 s0b0odoo0oboO0oUobobOU00obDbU0UUobooOooo
gooooooooooo04000000o0bbooOb00OoboDbOobODOOoO0O0obDODOoOo
000000000000 0O00DO0000000oooO0Od Weighted Speedup 000
0000000000000 0000000 O Stridenardware 0 0 0 O O gobmk-+libquantum
0000000000 Weighted Speedup U0 3.8%0 0000000000000 0O0OO
00000000 Strideneiper O Profilepeiper 0 00 00000 OO Weighted Speedup O O
0.8%0 0000000000000 5000000000000 00O0O0ODOOO0OOOOO
gobooobo0obooboobooboboobOob0ooboboooboobo 2000
gooooooooboobooobooboboboooboooDbOooboooDbooooo

Vol.2012-ARC-199 No.13

2012/3/28
M Base W Stride(hard) W Profile(hard) W Stride(helper) W Profile(helper)

45
240
T35
o
30
Q.
w25
T
Z15
£ 1.
® 10
; 0.5

0.0

N
E N SRS Y P
07 N O
« oF & oF § l g
0 ) & N Az o7
& & N 5 N 97
b & Y N $

& < @ < &

Benchmarks

0 6 Weighted Speedup (00000000000000: 40

m Base m Stride(hard) u Profile(hard) m Stride(helper) u Profile(helper)

L2 hit rate (%)

Benchmarks

07 L20000000000000000O00O0OO0OO0O0OO0: 40

Joo0o0o00o0ooO00U0oo00Uoo0o00D0oo00oUooO0o0ooooooooo
pgoooobooobobobooboobodooboboobobboboobobobobo
000000000000 000 Weighted Speedup 0000000000000 O0OO0
oooo

4000000000000

gobo00o0ooo0o0ooobooOO0obo0oo4000000000D001D0D0000DOODOO
0000000000000 000000gg 40000 Weighted Speedup00 6 000
Jgo0oo0ooooooooooooooo 70000

gobO0oo00b0Oo0o0o0obbo0o 20400000004000000000 Weighted
Speedup 00 0000 O O Stridepardware 0 0 00000 OO Weighted Speedup 0 00O O
0 12.4%0 Stridenepe: 1000000000 56%000000000000000000

© 2012 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

ocoooooooooboooooooooooobobooboboboboboooooobooooooo
ocoooooboboooooooboooooooboboOoooobOObobOoOoOooooboboOooo
ocooooooOoOoOoOoooooOobObOOOO0OO0OOO0oO0oOoOooboboooOooOObObOOOO0O0
gobboboooboooobboooooobooooobooooooooooooooon
0O5000000000000000000 Weighted Speedup 00000000000
0000000000000 0000000000000dgec+libquantum+omnetpp+wrf
oooooooooooooooooobooooboobOOODbO00 6400000000000
gooooboooooobooooobooooooooOooboOoOooobOOoDOOboOoOoOoobooo
uoboooooooooboo
goood
osibooooooobooboooooooboobooboooocoooobooobooooono
goboboooooooobooooobooobooooooooooOooooOoooooooo
goboobooooooooboooooobooooooboooooboooooooboboooooooDooo
0000000000000 00000000U0D0o0UoOO0UoDOooDOoOoD 2%0
26%00000000000000000000000O0UOOOD0ODO0OD0OUOUOO
gooboooooooooooooobooooobooooooooooobob 1000000
gooooooooooobooooooboooooobooboboobo0ooooooo 40000
gooooooooooooobooobooooooboooooobooobobooooooDoo
gobooooboooooooooooboooooooooooobooooboboooon
ooooooooooooooooooobooboOoOoOOOOOoOObObOODObOObOOOO
cooboooooooooboobobOOoooboOoOoboooooboOoooooooboooboooo
gobobooooobooooobobooooooboobooooooooooboooooooo
gooooboooooooooooooboboooooooooooooobooooooo
goooboboboodboooooooooooooooboboooooooooooooooo
gobodooboooooooooo

5. 0 0004

gooooooooooooboooboooOoOoOoboboOobbooooooooobobooooo
gobooooooooooocoooboooooooboboooboboooboOooboOonoooo
gooboooboooooobooooobooooooOooOoOoOobboOooooboobooOoOoOoooo
OO0 MSHROOOOOOOOOOOOOOODOOOOOOOOOOOooOOoOoooooooo

Vol.2012-ARC-199 No.13
2012/3/28

| Stride(helper) | Profile(helper)

RS I T SR QNP P S 4
oF &7 &0 &7 SV ’\,3’ > &7 oS oy &7 &S &
€T & L T $ &7 L7 D
3 a7 o aF 52
< O K O KR N7 O 7
ST A S -
& L KRS PO
< < &
Core 2 Core 4
Benchmarks

08 ODOO0OO0OO0OO0O0O0O0OOOOOOOOOOOO

goboooooboboooboooooooboooooOoooooooobooOooboooon

ooooooboobobooboooobobooboooooooobooooooooooooDoo
goooobooooooooboobooooooooooooboooooooboooOooooDon
goooboooooooooooooboooooobOoOooOoobOOoOoobooooDboOonooonn
goooooooooboooooboooooooooboooooooo

goooobooooooooooooooooooooooooobobo0ooooooDoon
goooooooooooooboooooboboooooobooobooDbbooOooooDon
coooooooobooobooooobooobOoOooooooObOOoOobOOoboobobooOoDOoOon
coobooOooobobooboooooobobooboOoOoooooooOobOOObObobobOODOOOn
goboooboooooobobooooobooooooboooooooooooooon

00 0O0O000O00000O0000000000000000000000NEDOODO
oooooooooooooooooooOoooooooo IToo0o00o0mooono
ooboodoooboooooo

o o0 0O 0O

1) DoU00O,0000,0000,00000 00000000 0ODOOOOOOOOOO
oo0oo0o00/0000o00000o0.0000000000.2009-ARC-183(16),
2009.

2) Hong Wang, Perry H.Wang, Ross Dave Weldon, Scott M.Ettinger, Hideki Saito,
Milind Girkar,Steve Shih-wei Liao,John P. ShenD OO0 0 0000000000000

(© 2012 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

0000000 0o00oDO0oO0oDO0oDO00oDOO0o0oooDoOooooOoon, Intel
Technology Journal Q1, 6, 1, 2002.

3) Doug Joseph and Grunwald, Dirk, Prefetching using Markov predictors, Proceed-
ings of the 24th annual international symposium on Computer architecture, pp.252—
263, 1997.

4) Ilya Ganusov, Martin Burtscher, Efficient emulation of hard-ware prefetchers via
event-driven helper threading, Proceedings of the 15th international conference on
Parallel architectures and compilation techniques (PACT2006), pp. 144-153, 2006.

5) Md Kamruzzaman and Steven Swanson and Dean M. Tullsen, Inter-core Prefetch-
ing for Multicore Processors Using Migrating Helper Threads, Proceedings of the
sizteenth international conference on Architectural support for programming lan-
guages and operating systems (ASPLOS2011), vol.46, pp.393-404, 2011.

6) Marios Kleanthous and Yiannakis Sazeides, CATCH: a mechanism for dynamically
detecting Cache-Content-Duplication and its application to instruction caches, Pro-
ceeding of the conference on Design, automation and test in Europe (DATE 2008),
pp-1426-1431, 2008.

7) Jeffery A. Brown, Hong Wang, George Chrysos, Perry H. Wang, and John P.
Shen, Speculative precomputation on chip multiprocessors, Proceedings of the 6th
Workshop on Multithreaded Execution, Architecture, and Compilation, 2001.

8) Tien-Fu Chen, Jean-Loup Baer, Effective Hardware-Based Data Prefetching for
High-Performance Processors, IEEE Transactions on Computers, 44, pp.609-623,
1995.

9) Rakesh Kumar, Dean M. Tullsen, Parthasarathy Ranganathan, Norman P. Jouppi,
Keith I. Farkas, Single-ISA Heterogeneous Multi-Core Architectures for Multi-
threaded Workload Performance, Proceedings of the 31st International Symposium
on Computer Architecture, June, 2004, 32, 2, 2004.

10) http://www.multi2sim.org/

Vol.2012-ARC-199 No.13
2012/3/28

(© 2012 Information Processing Society of Japan



