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Buffer Cache Management based on Nonvolatile Memory to
Improve the Performance of Smartphone Storage
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Abstract DRAM is commonly used as a smartphone memory medium, but extending its capacity is challenging
due to DRAM’s large battery consumption and density limit. Meanwhile, smartphone applications such as social
network services need increasingly large memory, resulting in long latency due to additional storage accesses. To
alleviate this situation, we adopt emerging nonvolatile memory (NVRAM) as smartphone’s buffer cache and propose
an efficient management scheme. The proposed scheme stores all dirty data in NVRAM, thereby reducing the
number of storage accesses. Moreover, it separately exploits read and write histories of data accesses, leading to
more efficient management of volatile and nonvolatile buffer caches, respectively. Trace-driven simulations show
that the proposed scheme improves 1/O performances significantly.

Key Words : Smartphone, Nonvolatile memory, Buffer cache, Storage.

I M B yeh wiEe] AR Y FES ApAskE sles 74

5 QrptE oo wg HojaR Fo) 44 YEAD

srtEEe] vEeler AEeA| R 247 DRAMI E2 Mujat A g vine S 2o w stu e &3
Avlee] 7t &85 gtk DRAMS 18 48ke] dAZ  mEx) ~EgxS daaA] so] Awds md ou A

A3l o o] &F S7F gl el olERE # ok 78 Yehhu gtk

23], o)A st AFEEEtT}t Received: 24 April, 2016 / Revised: 24 May, 2016 /
"3, olstoixttisti el TSI ILAI A A Accepted: 10 June, 2016

Az}l - 2016 49 24, =ALR - 20161 59 24 "Corresponding Author: bahn@ewha.ac.kr

AR AR - 2016 6 102 Dept. of Computer Engineering, Ewha University, Korea

-7 -



Buffer Cache Management based on Nonvolatile Memory to Improve the Performance of Smartphone Storage

2 MRAM, PRAM 59] 24t 1] 32 we] 7]
&o] 712 DRAM# S AH R gt A5 AsE
u AE A2 uﬂxﬂi RS g rﬂr S A o

k3
jo_u
i
o
= 3
e
k)
fr
= ¢
3
Im
(
£}
=
H
o
_\|I_4
0
é
=}

& AFolA = 2rtEE Al Z=gol] 2Rt 1] 3 )
REE HAANHARE gAlste] AEE 5] vne] &
TFE THHA A AT 5 e N2 A

IHE Ajrettt, Aljbsle 7]e2 23 AR EE &
A £ AR, WA EE V1S U
DRAM3} H|Z 2w R 2] & 3Fo] ARE-ghth. AQtate A
#7182 37K A& 7 k. A, 3l
b F 7] Akt 27) bV ES HMER HA%
A Zh Axke] mlef B Tl el gk ol =] At
FoETh 4, 227] Qite] HAE BE T
5 v 3 el Adste] A HA) Al &
219 HA FE|Re] BYE 7HsehA sit) viAee
A+ W 559 A AA(F, 3184 DRAM 52> ]
3w ma]) e #Aglo] At SRl wet 2714 22~
EZ folHE #elste] £845 =tk F A9 Ul =
£259 ¢71 ¢ 27 A 71ES #AEs]
LRR(least recently read) 2]2~E9} LRW(least recently
written) ]| 2~EE 7ol nlefol] WA Aitol] it oS
<] Xéﬂ”o =10tk Ego]x 7uk AlEH ol HES&
o] 7]& MHINH A|&=gel Hlal] & A

7
% % 9o Fasrk

B o) PAL e ok 2ol A e vl E )

2 o8k WA I8l tek Al 4elE 7]

f&ﬂr 3ol ARkeh= 71ell dis) FAA o A

A E Agkeks 71l Boke 15 9

Bk 2 AY AE Aedh o 5904
AZES AA 3]

N
=)
ta

W

o

ML ot of m{> qu
e
g

c
Mo OIF
12

I, H22d HEsi+2e 22X de

B ol waRg el 2AE A)all
b EHel wulsal Al s Ak vl

19l 271 Set 8k, Z dlole] oA 5, el A
T 3, S 2EfA FJ2gle] AelA] AF Al
31575 het sk e, e EAE A4l &% S
ZAEkA] oA 7 Hto 239 ol &5
Aol Btsljof sz A nlgitt. i E=iolA
ugjel diold] &4 ARE mE= Aol nf Al
87 5= doleE HIAMNR AAlehs, 7P dF A
WG A 7P e ek HlolE o] Fio] w3
A 27191 S& Z3she= A5 AHlA WEsjor &
dlo|el & Al wAl dag]go] A4 & Foldith. o
u, WA daelge] e F doly o F 2EA
A glo] HaAHdA A AEEe a3 H&s
Fdigksh= Zlolth &, AEAA WIS Aol
A5 AZE(hit ratio)?) h/ire]l WH7F 2] a84L 3
ZVehe AEZ AREEHUE ol#d A4 @FAME
Belady®] MIN &arg]&o] H#o] duelsoz defA
Ao MIN e &2 AH &3 23} 48 2AA] 7}
4w oo g dlolE E5& Aol WEsich
A7) A28 o)A v o] dolE H ol
2] & &= ¢17] Witoll MIN &g &S AA] A 2elo] 2]
& 7hs s SagFe otk e, AA &8 Thss
LRl duglFES] Aol g dekghs AT st
ZHolA] ofn|7} 9tk

A FHEE HIFEA Wl gk w4 ol
TE St &5 9 A Aol o2 HFHA viH )
F7F o ARSE| R FuA Mol ek 9
AHEE 7FsA 0] 7] wiite] B A E 3 g
v B WAz S AR EE SS ZHA ST
ojuf, BE 7] Ak WS WE S AelA] o] F
olxE Ao JPgeitt o= deo] Witzte 2l
dlo[E 7} BEE= A& BAs7] el wetbA, 23}
A7 ol o g Wl Aak ALl Eag WAl o
A dlole E5o] W&y AR A HTh ¢, BE
28 E-E(clean block)& 344 HH A EAsk=
Y B5olg vlo[H7t wulHd

o [ S

5 v

F

Ao TP

HAR ol 7] gate] R wAEA gk 97 o
AR WA B5E sgt) o] @ BEL Aj4lolA 3
9 v v A9l e ey Hos sEeA) 4
7 A% BAE Q7] 9% 1FR A Al 9
A W74 AR Solth ukd, 227] Qlate] 1w
olelw MAF 4 B (dirty block)e] 5 A

-8 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 16, No. 3, pp.7—12, Jun. 30, 2016. pISSN 2289-0238, elSSN 2289-0246

)
T

11

O

1= o] 22k AR e AR Hag wkeds & i
floF it

H g W7l e] 2715 Sw, A Mosl4] el
718 Sy, & &7 84 35E, F 2] 84 s
w, /N4 A 355 het shak 28w, 18290 W7
4 A e 22 AFDFTE, F hrrw)e H3EA
W B o o]} & AT Hwrt B4 X
ok oialel, o] S A o <] gl
24 A<t Slgrelt). o) = w3y
S N4 AT dFIN=
7] Witelt). o & 2}
E] E5o] H|$Ad ﬂMﬂMﬂ OM 3 w7 ol
EAGThaL sAk o] A9 A4 Al
EIE B3 Wl R &71 Aol 2
uj, B] S WA Wl F7ke] QI A wES B
=5 AR & o]5 2EAd 25 A0S Aok
gtk o)= 9l AT AFIAE ~EFA o] Ba
& gtk A& ofn|gi.

whEbA, B3 w7
35S A @E Xé‘” aH= Zlo] st} 3, 917
Ak Al9] A4 AT A Aol ST Elo] 7L 34
EEREE HHO}E Bk W o] EAHE 2~
EeA] e "asdhA gk

ﬁ‘
o
X
rr
ofj
[
fm
Ach
N

N
i

I, ®Metsts MmN 22l 7|y

1. AIARY Of7|elR

T3 12 Atk WA e ¥ sEel 7
zwoltk 23k A4 2 B ek ALgsm, 9
Wy EAARE DRAM, WIS e Re
PRAM} 22 H]9]34 v 2.2 (NVRAMD S AH&-&het.
2E 474 HolEI S NVRAMS §AgtezH 1iglo]
WigE dolee] AL §48 F AET Fk
DRAM} 2] NVRAM B31714] A7} v 3] bge) o
2 710 WS 23 A9gA ) FAA oA
2] Qako] ololAl Z9 NVRAM §io] ¥}l
HolElZh £AUE A9 @A) ol g A% @
}\]—0 7][:Htﬂ- = 1:].

Volatile buffer cache

ora | [ [ [ [ [ ]]
.%.l. NVRAM
replacement
Flash
Memory
Secondary storage
:%’ 1. xﬂ?_rsl'é HE17H¢| l;lgl éEEIII ?'_;F_

Fig. 1. Proposed buffer cache and storage
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procedure NBM (block p, operation op)
{ if(pis in the buffer cache) /* cache hit */
{ if(op is read)
{ if(p& read list) add p at tail of read Iist,
else move p to tail of read list,
}
else /* write */
{ if(p& write_list) add p at tail of write_fist;
else move p to tail of write list,
if(p is not in NVRAM)
{ if(no free block in NVRAM)
replace NVRAM ();
move p from VRAM to NVRAM;
}
}
}
else /* cache miss */
{ if(op is read)
{ if(no free space in VRAM)
replace_ VRAM ();
add p to VRAM;
add p at tail of read list,
}
else  /* write */
{ if(no free space in NVRAM)
replace NVRAM ();
add p to NVRAM;
add p at tail of write_list
}
}
}
procedure replace_VRAM ()
{ evict the least recently read block p in VRAM;
evict the read history of p from read list,
}
procedure replace NVRAM ()
{ select the least recently written block p in
NVRAM;
evict the write history of p from wzite_fist,
if(pE read _Iist)
{ if(p is more recently read than the least
recently read block ¢ in VRAM)
{ evict g from VRAM;
evict read history of g from read_list,
move p from NVRAM to VRAM,;
}
}
else evict p from NVRAM,;

a3 3. HMetste Yne|Ee| QAL ZE
Fig. 3. pseudo—code of the proposed algorithm
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experiments

trace INS RES
Total 861168 393571
System Reads 733349 336963
calls Writes 127619 56608
Read:Write 575 59
Memory VRAM 106MB 63MB
usage NVRAM 152MB 133MB
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