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[Abstract]

Recently, NAND flash memories have replaced magnetic disks due to non-volatility, high capacity and
high resistance, in various computer systems but it has disadvantages which are the limited lifespan and
imbalanced operation latency. Therefore, many page replacement policies have been studied to overcome
the disadvantages of NAND flash memories. Although it is clear that these policies reflect execution
characteristics of various environments and applications, researches on the foundation-policy decision for
disk buffer management are insufficient. Thus, in this paper, we propose a foundation-policy
recommendation model, called FRM for effectively utilizing NAND flash memories. FRM proposes a
suitable page replacement policy by classifying and analyzing characteristics of workloads through machine
learning. As an implementation case, we introduce FRM with a disk buffer management policy and in
experiment results, prediction accuracy and weighted average of FRM shows 92.85% and 88.97%, by

training dataset and validation dataset for foundation disk buffer management policy, respectively.

» Key words: page replacement policy, disk buffer, NAND flash memory, workload analysis,
machine learning
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I. Introduction
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II. Background & Related works

1. Background

1.1. NAND flash memory
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Table 1. The descriptions of DRAM and NAND flash
memory’s operation latency

DRAM NAND flash
Operation Unit P/E
latency latency
cycle
Read Page 15 ns 21 ps
Write Page 15 ns 200 vs < 10°
Erase Block - 1.2 ms




FRM: Foundation-policy Recommendation Model to Improve the Performance of NAND Flash Memory 3

Table 2. The consideration features of each foundation-policy

Feature LRU CLOCK FCFS LFU
Temporal locality Very high High Low High
Spatial locality High Very high High Low
Order oriented Low Low Very high Low
Frequency oriented Low Low Low Very high
1.2. Disk buffer 7152 AL dgix]A] ¢=r} [8-11]. o]2]5t o]S= A
OA3 W A|ARIO] SAEQL HE 7] R[] A 3 vjn T2jRAL XQ A|AH0] EXlof o)z} 7| & W]
|

Qb ARolth AT H
et ol 52 =5 Hol, 23
5o §X14E 454 Bet ol SAEAN ¥E
o7t eroR L8l 1 V1ol B2 B0l g

g slEoen Alatle] Ggo]
5] mheol}. by TA3 WEZ o3t 849l Hol
A A AAo] Bol B A7} ol2oix|n glr. ol
g 7150 UAS v BeARSS 1 54 9
T} & 29} o] Lol 3R & 9t [7],

LRU A2 714 52714 gl olrlSg uEs)
7] W20 A|Zt X]9A(Temporal locality) & 27t X|H
’d(Spatial locality)2 HE3t = 542 7RIt 2244
NMZ2 99 a0 ol JAEQ) eA7t gldd & 9l
1, AR HES TR FA] oY) gz FR Rleg 1
57l A=t (8]

CLOCK %7le LRUS} t127] 319 2jacs 53
oRISS Welstol, AV WES £ AR Aloe
2ott}. 12j4 E]AE Alelet ohe WAoo g Qlsf A7gH
Ho]x|o] A7} HAEA] kebg [RURCH &7 A
4 1Hsh=t fAlsit. E3F AR YI=E o856t
27| flzol W= A= A27F Hot [9].

FCFS:= F(Queue)?} 7to] QA& upalo g Ahzs)
7] W20 BlAEe] 47 HaE 4 glonl, of geo]

/\1 7(] okﬂo] x%x]x%i 0]53}_ L7} x]oﬂ/ﬂg l:l}—

QETIT 2 4 9k o9k, ALxo] he nelst EgEA
1 0l Che /1% HAS vl Y A

2 45 Aolg welelna}
},

k&

J

r|

= a S = —_—=
o2 Wiz Aapo] Ul ZJslu, SUL ol 32 ARE Al
X Al Wk CB JPEA AR 3149HS Hejsios

7129 YA i Te) g Bt ATEL
LRU, CLOCK, FCFS, Z12]1 LFUE 7|9to2 sHH, Oli
3 AT 71E BHMSL pd 2 WEslcleke 2

g olsliz EUich ol 7t 7% WejAo)
=7 5 A4l 0 o} 2 55 A48 4
_]
4

o] 7] miFolct.
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Fig. 1. The diagram and structure of FRM
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2, Classification model
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Table 3. The combining classification factors

Regularity Range Operation
Seq
(Sequence) H R
Str (Huge) (Read)
(Stride)
Ovl
(Overlap) T W
Rnd (Tiny) (Write)
(Random)
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Table 4. The request list for instance workload

No Add- Request Range Operation
’ ress size (H/T) (R/W)
1 9 3 H R
2 1 1 T W
3 3 2 H w
4 4 2 H R
5 8 1 T R

4
2
9

Request number

Address number

Fig. 2. The classification scenario example

3. Analysis model
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4. Learning model
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Table 5. The details of hyper parameters for deep neural network

Input layer Hidden layer 1 Hidden layer 2 Hidden layer 3 Output layer
# of nodes 16 32 64 32 24
Activator - Sigmoid RelLU RelLU Softmax
Loss Categorical-Crossentropy
Optimizer Adam
oJo] 9ja gzt 2 Qladulolr Sl YIRS 28517]0] 2. Experiment results

OI:] e
et 71x g AT 4 o 1o

IV. Performance evaluation

1. Experimental environment
1.1. Workload
Agshe R2e 5 Al i) Ay 0
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Table 6. The details of experimental workloads

2.1. Classification model

v L2 e HEReS gkt COFE= & 70014
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2.2. Analysis model

_}?_}\_] E'_E“Oﬂ}\‘]‘]: E% El_'::ﬂoﬂ Q]B-H i 0—6‘:] U_] E./\‘]O]
e & 79 YARESS EESIY, o YARESY
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Name Footprint Average Workload Name Footprint Average Workload
ratio (R/W) | request size size (MB) ratio (R/W) | request size size (MB)
Financial1 0.87/0.13 7.09 137.73 rsrch_1 1/0 24.35 0.44
Financial2 0.23/0.77 459 94.04 rsrch_2 0.21/0.79 8.17 6.41
hm_1 0.23/0.77 30.22 18.88 src2_0 0.79/0.21 14.41 48.95
home1 0.06/0.94 1.59 127.99 ts_0 0.58/0.42 18.01 56.56
home2 0.29/0.71 3.19 4475 wdev_0 0.41/0.59 18.45 35.64
home3 0.05/0.95 5.94 3.51 wdev_2 1/0 16.29 5.75
home4 0/1 3.15 16.66 wdev_3 0.44/0.56 10.52 0.02
homes 0.35/0.65 9.35 394.82 web_1 0.11/0.89 58.14 5.21
mail-02 0.12/0.88 9.98 96.10 web_3 0.37/0.63 76.28 1.00
mail-03 0.11/0.89 10.85 100.10 webmail 0.34/0.66 1.00 449.37
mail-04 0.16/0.84 10.26 107.72 webresearch 0/1 8.00 64.54
mail-05 0.15/0.85 9.97 134.56 webresearch-o 0/1 3.23 21.26
mds_0 0.5/0.5 18.39 37.84 WebSearch 0/1 30.07 273.01
online 0.31/0.69 8.00 112.53 WebSearch1 0/1 30.29 28.50
online-vm-mix 0.3/0.7 415 834.87 webusers 0.15/0.85 8.47 152.95
prxy_0 0.93/0.07 7.32 387.26 web-vm-o 0.3/0.7 4.15 75.06
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Fig. 3. The CCF of Financial2, online, and home3
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home3

Fig. 4. The ERF of Financial2, online, and home3
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Table 7. The compatibility of each CCF
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Eok Z4710] CCFe 9] A #AE ¥
ool AgAE =, 7 wire] et gt
g=d], ol ZF 4o Ast 71x He] FAE wHs)
71 Y3t 71x7} =t

o|MY =&% Correl A= 7} YAz o] Agst 7]
A HegAs mwoshy| el ol&&e=d, olE sl 7
CCPo|| Mgt 71 & HegaiS AAsjof sttt 71x ]
AL A (1)9] CCPo| Oigt ERF 2R1E tjYsto]
CCFRI9] AFeg ANt 4 glon, 1 APt A 4
7N3t & 7olct. o]FEA Alrtel AFEE 24 (2)0f st
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CCF LRU CLOCK FCFS LFU CCF LRU CLOCK FCFS LFU
RndHR 0.6034 0.6033 0.5992 0.5849 RndTW 0.5662 0.5662 0.5446 0.5368
StrTR 0.5709 0.5711 0.5486 0.5459 SegHR 0.5625 0.5626 0.543 0.5322
SeqTR 0.3815 0.3837 0.3782 0.3686 OviIHW 0.5349 0.5352 0.5281 0.5019
SeqTW 0.5797 0.58 0.5623 0.5623 OviHR 0.5041 0.5046 0.5253 0.491
StrTW 0.5831 0.583 0.5504 0.5702 SegHW 0.5598 0.5604 0.5947 0.507
StrHR 0.5763 0.5762 0.5434 0.5753 OviTW 0.5746 0.5744 0.5421 0.5752
StrHW 0.5746 0.5744 0.5421 0.5752 OvITR 0.5519 0.5641 0.5898 0.5022
RndTR 0.5738 0.5739 0.5484 0.5477 RndHW 0.3996 0.4009 0.3962 0.4603
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Table 9. The classification report of neural network for experimental workloads

T-value 1 > Rank of policy 3 0 F1-score Support
1 LRU CLOCK LFU FCFS 0.6667 1
3 LRU FCFS CLOCK LFU 0 1
7 CLOCK LRU FCFS LFU 1 1
8 CLOCK LRU LFU FCFS 0.8024 6
10 CLOCK LFU LRU FCFS 1 2
12 FCFS LRU CLOCK LFU 1 1
14 FCFS CLOCK LRU LFU 0.9583 11
16 FCFS LFU LRU CLOCK 1 1
21 LFU CLOCK LRU FCFS 0.8571 4
22 LFU FCFS CLOCK LRU 1 4

Accuracy 0.9285 32
Weighted Average 0.8897 32
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