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Abstract With the increasing demand on memory capacity and energy consumption,current DRAM based memory systems face
the scalability challenges in terms of storage density and power. Hybrid memory architecture,a promising approach to large-ca-
pacity and energy-efficient main memory composed of emerging Non-Volatile Memory (NVM) and DRAM has received extensive
attention. Cache plays an important role and highly affects the number of write and read to NVM and DRAM blocks. However,
existing cache policies based on LRU failed to fully address the significant asymmetry between NVM operations and DRAM ope-
rations under different type of workloads. Cache trashing and scans problems can still seriously affect the performance of the sys-
tem. By analyzing characteristics of different types of load and the competition between DRAM and NVM data under different ac-
cess patterns, this paper proposes a dynamically adjusted level cache replacement strategy (DLRP). Experiment results show that
proposed strategy improves the performance by 16. 5% on average compared with a state-of-the-art cache policy (WBAR). DLRP
also reduces energy consumption and NVM writes by 5.1%,5. 2% against WBAR.
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Fig.1 Performance comparison of LRU and LFU in hybrid memory

environment
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HiE 1 LRP &S HRA %

1. Set=extractset(r—>getaddr())/ * r {3 X} LLC ik, 54—
AN R B K B L X R 35 ) 9 set B9 bimodal _interval il 1, ik ¥ i 4
fEnd, EHEH 0 */

. If Set. bimodal_interval=BIMODAL then

. Set. bimodal_interval =0

. else Set. bimodal_interval+ +

. endif

. If r hits in cache block C then

If C is NVM then

C—>RIlv=0/ * Rlv JEW T 8428 f7 PR R e Se 9 m
ERAE + /

9. Else if C is DRAM then

10. C—>RIv=RLVMAX/2

11. end if

12. end if

o N o Ul o W N

13. Else r miss in cache then

14. blk * findVictimO / * B AF IR B I IR 4K plv (B B K19 22 47 8,
B Z P AR B o+ /

15.  while(blk->>RIv-<RLVMAX—1){

16. for all block in cache set

17. block—> Rlv++

18. )

19, Tnsert (blk)/ * B JFUR A9 B 40 1 2 i B TE 280 fk . 37 B0 blk
SR/

20.  If blk is NVM then

21. blk—>RIv=RLVMAX—1

22.  Else blk is DRAM then

23. blk—>RIv=RLVMAX

24.  endif

25. if Set. bimodal_interval= BIMODAL then
26. blk—>RIv=RLVMAX—2

27.  endif

28. endif
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B4 T B ) JR 3 P A 9 DRAM B SR 5 K Bt i 5 46 113 s (7] =)
W2 NVM i dl . 740, % F LRU & 4 A fa 3%, TLRP
B BRI AT T AN R S R T R SR B 22 R TS
22 W I A0 1 i vh R B O vy o R PR R O T Y A
enl LI B [l A

TLRP 85 LRP AL, {1 2& % bimodal_interval J&
PRSI T B S . TLRP 223k a0 il gy v 2 pr
R. Bt kAR, % NVM Fl DRAM #3843 51 5% ] HP
AN EP S0, [R] B A vh i 22 A7 DL Rs 2 3 Sk (B ik 2 b A

1—=741), WREREE M ERENEFRE AR EER

BN 1 B b 45 0 dw s Y R A Sy R A e, [R) B ) T 45 1 e

2 7 RLVMAX, QR R 2, W% set T 09 2 A2 L1

A E N 1L E R R S E % T RLVMAX (A 2 g 8—13

). SRJE Y3 AT 00 22 17 e i A 40 500 28 700 R ) i 2 R

Al A9 % 9%, DRAM ¥4 % 8 8 RLVMAX —1.NVM &8 N

RLVMAX—2; MR 25 [m] #4538 0 3 A~ P i g, I8 4 1%

i) 5 G A8 A WA 09 BBl B PR 1, 28 05 4 A B Sk B0 (BRE 2

RS 14—24 17),

Hi% 2 TLRP EfFE ik

1. If r hits in cache block C then / * r {4 Xt LLC fifR » /

2. I Cis NVM then C—>RIlv=0 / * Rlv KT AP
TR F YA + /

. Else r miss in cache then

3. Else if C is DRAM then

4. C—>RIv=RLVMAX/2
5. MoveToHead(C)

6. end if

7. end if

8

9.

* blk =findVictim() / * WA AR R IFIA K plv L A7 45
FAH Fe R AT R IR MNZ R 5 £ = /

10.  while(blk—>RIvCRLVMAX) {

11.  for all block in cache set

12. block-> Rlv++

13 )
14, Insert (blk)/ x B[R (9 B 6 ) 2 i B T & fb , T ik & blk
EYiey

15.  If blk is NVM then

16. blk—>RIlv=RLVMAX—2
17.  Else blk is DRAM then

18. blk—>Rlv=RLVMAX—1

19.  endif

20. if is Writeback(r) then

21. blk—>Rlv=blk—>RIv—1
22. endif

23.  MoveToHead(blk)

24. endif

3.3 THMEFZERF LK DLRP

B — 1) 2 A7 5 0 SR I 7 TV AN [ ) £ 48 Bk e b A R
ER., AUEHMHENRIBEEANEAERALZE,
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A R B AE I P RE BN TT LA 25 b 2 W 3 (A B A B 1 i
AR SCHBE P A REA R AT LA B — 4~ PSEL 4 R 80 8% , — 4R
FI LRP SEM&, 5% —2H % A TLRP 56 ms . 4 LRP 41 % 4 it 2k
Bf  PSEL #1154 TLRP 4% 2 Sk it , PSEL 50880k 1.
W F W PSEL (9 1F £ 35 85 4 3 14 S 1% . 45 PSEL 4 1E, W
Pl A 0 LR AT 435 R ] TLRP SRmg , i 2 MR LRP 5mg . &
BRI ER T Y - KT 0. 2 B (r 2878 W5 A 5K W8 1 AR X
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Pk 32~64 4~ set 5 /& L1l Set Dueling #L il M T A4~ A [6] 14 ¢
e 3w v e 5 HE A I M e 7 SRR T B 4R X LIP A
TLIP #4793 7] 41, LRP #1 TLRP (4 » R F 0.2, HikA
BB GAFEN 64 4 set, 28 X MW 4, B4l 32
A~ set, 43 ISR H LIP #il TLIP $hg ., i Set Dueling ¥F 47 3l
25 B 40 TR W 1) S B R B — AN N T R T R 7 A R AE
fits . I HLUCRATRICR 5 T 3 45 11 2 0 O WS 11 25 AR /DN . 3R
T T X A T3] 7 7 ] A2 o 38 o 5 4 20t 1) 4% A 25 [t T L, 5
IR A7 R 4 R s 1 B S R

4 LBWRERSH

4.1 XWHREIEE

ARG B Gemb 4 RGBT A NVmain™
AR . Gemb HIRATHIAL 125 A1 22 77 . NV Main 2k
MANRA E7. LRAZEE T ZREGF, b —gm =%
ARSI R T4 @ 0 CPU, =R B F R EEIT,
F1HIHE T AN R G RE ML TAERR, L8 M SPEC
CPU 2006 Hik L 5 4~ B 1 400R0 3 4> 2 BT LAE T 40 4F
R AR S 5y ) DU R

F1 LRHEESH

Table 1 Parameters of simulation architecture
Parameters Configuration
Processor 1-core/4-core CMP,2 GHz,out-of-order

32KB I-caches, 64 KB D-caches 2-way associative,64B cache
L1 caches R
line, 2-cycle latency

1.2 caches 256 KB,4-way associative,64 B cache line,20-cycle latency

2MB.16-way associative, 64 B cache line.30-cycle latency.
L3(shared) X
write-back

DRAM:1GB (1 channel) \NVM:3GB (3 channel)
Main memory DRAM:tRCD 5 cycles latency,tRP 5 cycles latency
NVM:tRCD 22 cycles latency,tWP 60 cycles latency

cactusADM, dealll, lbm, libquantum, mile
Workload m%xl : (bzip2, sghmxS »milc, soplex)
mix2 : (deall, milc, xalancbmk, omnetpp)

mix3: (gobmk,bzip2 ,omnetpp, gromacs)

4.2 EHHER

A VER LRU % 1% . WBAR % % 5 DLRP %% 0% 7€ 4H
[F] 1 92 B PR N AT 3K . S IR 45 2R 4 B A TPCL N A7 L g
FENVM G AR 4 M EARaE AT X L, S 7 8 LR, S0 80
SERITLL LRU 5 W (1 5250 25 1 bR A0 — b Ak 3

B 2 g T A AL RE P T, LRU, WBAR, DLRP 3
FAS IR 1) SR A7 B SR M E IR & NAE R G T W IPC SR 45
& 2 AT LLE i, WBAR 1 DLRP 78R & mﬁﬂf“Tﬂﬁﬁ
HSH LRU % . i DLRP A H LRU #3494 16. 5% MY 2
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Fig. 2 IPC comparison of three replacement policies
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