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Assisting Cache Replacement by Helper-Threading for Chip-Multiprocessor

TAKAHIRO HASHIMOTO," MASAAKI KONDO," YASUTAKA WADAf
and HIROKI HONDAt

As the number of cores on multicore processors increases, idling cores also increase because
most of today’s applications cannot fully utilize multiple cores. Effectively utilizing idle cores
is an important research topic. The shared cache contention between multiple threads in
multicore processors is still a big issue to be addressed. In this study, we propose a helper-
threading approach to mitigate the cache contention by making good use of data locality.
The helper thread assists a cache replacement decision by estimating data locality so that the
cache replacement can be flexibly optimized by software depending on the characteristics of
executing applications. We evaluate the proposed technique and the results reveal that, at
maximum, about 11% of higher performance is obtained by our helper-threading.
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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(curMSHR, profData) != 0 then
Set_NDAT _entry(curMSHR g qq,)
end if
end while
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1. RPT . Create-Reference-Prediction-Table(TABLE-SIZE)
2. while Computing-threads run do

3. curMSHR = Read-current-MSHR()

4. if lcurMSHR /* there is no miss event */ then

5. continue

6. end if

7. if (Entry - Get.RPT_entry(curMSHR;, ot addr))
8. != NULL then

9. Curret-Addr « Entry,rey_qddr + Entrygiride
10 Entrygirige - curMSHRoqar - Bntryp ey addr
11. E"“"ypreu_addr « curMSHR, g4,

12. if curMSHR, 34, == Curret_-Addr

13. && Entrygiqte == STEADY then

14. Set_NDAT_entry(Current_Addr)

15. end if

16. Entrygigte - Update_State(Entrysigte s

17. Current.addr, curMSHR,44,)

18. else

19. /* Initialize an entry for coresponding

20. load/store instruction address */

21. Set-RPT_entry(curMSHR;, st_qddr: CUTMSHR,q4,)

22. end if

23. end while
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extensionArray ~ Extension_Array(WAY)
while Computing-threads run do
curMSHR ~ Read_current_-MSHR()
if lcurMSHR then
continue
end if
wayNo « isHit(curMSHR, extensionArray)
if isNotExist(wayNo, extensionArray) then
Set_NDAT _entry()
10. else

PeNomhLNE

11. if isReusableWayNo(wayNo, extensionArray) then
12. Set_.RDAT_entry()

13. else

14. Set.UNKNOWN_entry()

15. end if

16. end if
17. end while
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number of Cores 5

Fetch/Issue/Commit 4 instruction / cycle

2-Tevel adaptive (1K choice table)
Branch prediction Bimode (1K-entry)

PHT (1K-entry)

BTB 256 sets, dway
1Q size 10
LSQ size 48
TTLB/DTLB size 32

Tnt: 4 ALU, 1 Mult/Div, 4 Addr-gen.
FP: 2 Add, 1 Mult/Div
Load/Store: 2 ports

Functional units

32KB, 8-way, 648 block
2 clock cycles hit latency

L1 I-Cache

32KB, 8-way, 64B block
2 clock cycles hit latency

L1 D-Cache

TMB, 8-way, 648 block
9 cycle hit latency

L2 Cache

Cache replacement policy LRU

Coherence protocol Write Invalidiate MOESI

Main memory 4GB, 200 cycle latency
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