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Abstract Recent advancements in mobile apps have led to continuously increasing memory demands on
smartphone systems. Unlike desktops, which use swap functions to backup the entire memory footprint
to storage when memory space is exhausted, smartphones terminate apps and lose significant context.
This occurs because large-scale I/O operations to flash memory cause severe delays when swap is
enabled on smartphones. This paper discusses how efficient memory management can be performed by
using eMRAM, which is faster in write operations than flash memory, as the swap area in mobile
systems. Considering the characteristics of backup storage (i.e., flash memory for the file system and
eMRAM for the swap areas) as well as the reference characteristics of each page, we demonstrate that
the proposed memory allocation and reclamation policies can improve the smartphone’s 1/O

performance by an average of 15%.

Key Words : smartphone, memory allocation, memory reclamation, swap, eMRAM

J5]g, o|stoixist HEE|FITH Received: 6 July, 2024 / Revised: 26 July, 2024 /
HAegA: 20249 7€ 6%, £¥YR 20249 7€ 262 Accepted: 9 August, 2024
A LA 20249 8¢Y 94 "Corresponding Author: bahn@ewha.ac.kr

Dept. of Computer Engineering, Ewha University, Korea

_29_



Memory Allocation and Reclamation Policies for Fast Swap Support in Mobile Systems

.M 2

H
o

Y ZHE 7|&9 dHoR s}, A4, GPS
S L83 & W2 Au|AE0] AEES B3 AY
et 23 AntEZ O] SlEgoji= kst HEQ]
Al ARgE AGstr|of] FES 70 o]2Flon,
A QFEZolt FHAA ZQI FF 4 89 F9- 9 =
019 1.7072.91 GHz CPU, 10 o9 Mali-G715
GPU, 8 GB9 RAM, 256 GB2| UFS 3.1 2EZAZ=
Zh5o] HEE|IATE S8517] o] SRS 5] o= Th
55|, AUEEL Y Q H 9 AXNTH IS 5 A
QIste 44 wto] 9% YT £ opg}, HTo=
ABZAS 7152 Faets Al Ed 51 Yot > 9
ol2]gt HE2 YEHAZOR Qlsl| ANEES] H|we]
8= E3F 34| Eofuhal Sirh. $HH, AUEELR o
Y] A Ao R vz fFo] BE3 o FA] &
EYAE A%E St H4Al HE TEAIZ & 35 JA
2= whAle st et AEAQl ARFE AT}
9] AnEEOA AGS AUoHA] Y= A2 =g
ZLHE AAE AEYA| AFct= AgETE= E
Y oA Hasgt FHrhS nidol] wWieshs Hho]
eHgert J1 B SEAS AT 4 971 Wiol
o}, SHAIRE ol & AlEAdo] 87EE oA 4
Edo] fAEE EAREE FHAZ & AUk
AfEEO| A AGS AN W] EHE EAl= &
&S AT HhE HAS FHst]o STHA R 42
g 27] (AL DA ot} olE sidsk| ¢
o EefAlE| R} ofd & AER] wiFQl NVMZ
ol g5t A vl NaH v It 7 B =m0 o]
gt 71& ATet T 7HA] HollA ApdskE A, 71E
A= NVME o8¢t A% Ao 23S 9= why,
2 AFE olgst AlAHY wme] Hejrt oA o|F
ojzjok skeXlo] 27S &t HmE Yo HolxE
2 1 W AR 7 ESHAH QI o LAAH] Ho]
A2t NVMQl 2% Hlo]A| 2 FREEZ B2 =52 ol
o] A "=y} /0 ¥l8-g vt v g9 9 34
718E g2tk =4, 71€ 7= NVM WA= PCMZ
F2 ARgotaAt sh g0l PCMY] matd AR A
Y2 FAA Aol =oH, old & AtoAe o
HY=8 NVMSQ! eMRAMES A% ZARZ ARSI}
sitt 20249 @A AH3AZTE eMRAMY] 14 hcH]E
34 NS SR, 8t FHE PRI EARl AL
2 BIET §lo] B AF9 Y82 71& PCM 7|§t &

gy

offt ]jzﬂl Eln
ik

jan

S~
o

I, HZ22 2 H 2+ 718 24

2 =20 AAAER 7E ANEE AP Z
Al Lol BiASHAL MEAl 5718 eMRAMZ &%
goz ARG wEbA, HEEo] EASE HolAle
EHAH oA ZEhe HolX|ek eMRAMOIA &2k
HolA& =, wEe] g tit I o=
o] = iAol 545 Wyt Zlo] Basith wAAA
g G0l 3= Holx7t 84€E 1, 3iF Holx= &
Al EE]ofA glol A EHH, o2t HojXE utd v
B Holxgtar FEt. Wi, A% JHol = HolA7t
3= 73 eMRAMOIA ¢jol A =9, o]=gt o]
AE A HoA=al Fent. EAH 2} eMRAM
o] g7] 27] 5ol Mz BE & otz wd i H)
olx|e}t <7y wof|9] ¥ wjdo] =] wiEe] &g
2l mre] s HsiHe 2 vire] Holx| o =
£/, I3 o]59] I/OE S’ 2E=X[9 ¢i7] 27
A5 1t o] Basm't M a9 12 B =R
ol Altst= vz &g % 35 7He| 7|12 F2E E

oi73 9lck

K| AE]
FAIH D2 CPU

< H22| QE/HO|~ >
= —>

:
VR
TEEYEE EEENEL |
/0 2TE{H O] A
=S ZaN
mpQIA| A El
2839 EEl 2=
o
eMRAM  ZefA|oze

I8 1. Mgksks 719 712 =
Fig. 1. Basic architecture of the proposed policy.
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Fig. 2. Memory area allocation of the proposed policy.
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