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[Abstract]

In this paper, we propose practical results for cache replacement policy by measuring cache hit and search
time for each replacement algorithm through cache simulation. Thus, the structure of each cache memory
and the four types of alternative policies of FIFO, LFU, LRU and Random were implemented in software
to analyze the characteristics of each technique. The paper experiment showed that the LRU algorithm showed
hit rate and search time of 36.044% and 577.936ns in uniform distribution, 45.636% and 504.692ns in deflection
distribution, while the FIFO algorithm showed similar performance to the LRU algorithm at 36.078% and
554.772ns in even distribution and 45.662% and 489.574ns in bias distribution. Then LFU followed, Random
algorithm was measured at 30.042% and 622.866ns at even distribution, 36.36% at deflection distribution
and 553.878ns at lowest performance. The LRU replacement method commonly used in cache memory has
the complexity of implementation, but it is the most efficient alternative to conventional alternative algorithms,

indicating that it is a reasonable alternative method considering the reference information of data.

» Key words: Cache Replacement, LRU, LFU, FIFO, Random Replacement

2 9f]
=S THA AlE eI S Fall 24wl dare]se] A 8] E(Cache Hit) R AMAIRE SATOEA
AL WA Ao digh 84 AdE A gt ZEAA ] A5 o] WJ WA A WRE s
s s Slet ‘3;-8— ! ?7} gre] 218w ar gtk Z)A] v R Yk © &2 LRU(Least Recently
LRU 2] o] ¢]ol| &= 314 . 2 FIFO(First-In First-Out), LFU(Least
Frequently Used 5! Random 1 ﬂ Hao] QIt) =Ro A= A Wme 72 9 WA dugEs ATEY]
2 Fdste] 7 71je EAS BAS =i A¥E Y LRU ¢arg]o] s XA 36.044%,
577.936ns, T LA 45.636%, 504.692ns2] 5] E-&(Hit ratio)¥} 71MAIZHS W9l on FIFO &alE]ES
s XA 36.078%, 554.772ns, T3 A A 45.662%, 489.574ns% LRUS} fASH A 5S Kt
Random A H2]& 5 HEo A 30.042%, 622.866ns, A - F A 36.36%, 553.878%= 7H Sh&
AeS B ol A wEedA dwbAH oz ALgE= LRU WA o] g uA dagErct
o] S HolWA L HolH o Fx JrE aeshe 4l dugEds UEhe= lolt)

> A0 FHAl WA|, ZZZ|AARE, ZAPIEARE, MYUME, B BAP (Y

« First Author: Na Eun Park, Corresponding Author: Tae Seog Jeong
*Na Eun Park (pne0521@gmail.com), Dept. of Convergence Security Engineering, Sungshin Women’s University
**x Jongwan Kim (kimj@syu.ac.kr), Smith College of Liberal Arts, Sahmyook University
*xxTge Seog Jeong (bigstone@syu.ac.kr), Dept. of Business Administration, Sahmyook University

* Received: 2020. 03. 05, Revised: 2020. 03. 25, Accepted: 2020. 03. 26.

Copyright © 2020 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



12 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Preliminaries
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Fig. 1. Example of FIFO Replacement

2 LRU Replacement
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Fig. 2. Example of LRU Replacement

3 LFU Replacement
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Fig. 3. Example of LFU Replacement

4 Conventional Studies
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III. Implementation
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#define L1_SIZE 512
#define L2_SIZE 2048
#define L3_SIZE 20480
#define RAM_SIZE 30000
#define HDD_SIZE 50000

typedef struct {
int front;
int rear;
0 intx data;
1 3} QueueType;

HHEOONOOIRAWN

Fig. 5. Memory Size and Queue
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1 void LRU(QueueTypex q, int size, int num) {

2 int index = check(q, size, num);

3 if (index != -1) {

4 drop(q, size, index);

g q->datal[++g->rear] = num;

7 else {

8 if (is_full(q, size)) {

9 drop(q, size, 0);:

10

%% q->data[++(q->rear)] = num;

13 }

14

15 {VOid FIFO(QueueType* q, int size, int num)

16 int index = check(q, size, num);

17 if (index == -1) {

18 if (is_full(q, size)) {

19 drop(q, size, 0);

20 }

%% q->data[++(q->rear)] = num;

23 }

24

25 void LFU(QueueTypex* q, int freq[], int size,
int num) {

26 int index = check(q, size, num);

27 if (index 1= -1) {

28 freqlindex] ++;

29

30 else {

31 if (is_full(q, size)) {

32 int min = freq[0], min_index = 0

33 for (int i = 1 1 < size: i++) {

34 if (min > freq[i]) {

35 min_index = i;

36 break:

37 }

38 }

39 q->data[min_index] = num;

40 freq[min_index] = 0:

41 }

i% q->data[++g->rear] = num;

44 }

45

46 void RANDOM(QueueType* q, int size, int
num) {

47 int index = check(q, size, num);

48 if (index == -1) {

49 int rindex = rand() % size:

g(l) g->data[rindex] = num:

52 }

Fig. 6. Implementation Algorithm
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Time Cache Memory size = 5
1 3 - - - -
2 3 2 - - -
3 3 2 5 - -
4 3 2 5 1 -
5 3 2 5 1 7
6 2 5 1 7 9
7 5 1 7 9 6
8 5 1 9 6 7
9 5 1 9 6 7
10 5 1 9 7 6

|:| Replacement |:| Update

Fig. 7. Example of LRU Algorithm

IV. Experiment

Agoa= Windows 10 UWofA] Microsoft Visual
Studio 2019 Aol C9lojz xPgst F=2 olgalql
o} Algdolde Alsfst PCol e Intel Core
i7-1065G7, 1.3GHz, 8GB RAMoltt.

Alggfo]dol ARERH HlofEl= A7t Hloly H(1 ~
50000) WollA] rand() ¥4~E ol&, Holg 109t 7iE &
A2 FE0to] ARESHYIL: Fig. 81 Zo| w55t 2
£ 71 Hol8] NIE, Fig. 99} Z2 30000 oy HY=2
™ HT HolE] NIEF 27} BNIEA &35t & 10
NIEQ] Ho]H M EE o]&sto Adstgitt. Ad2 7t b
ole| N|ETIt} 109k 7] Hlo]8 & HAIE shta Ahefl=2 A
<ote] gMsks AlgdoldE stes Zlaistyl o

ZF WA 2a2)EE 31EE B GMARES HlwstRlch

4000
3500
3000
2500

0 HHMH H|H” HHH||| ”HHHH HNHHH

Frequency
- N
e U ©
e © ©
e © ©

2
(=3
(=

13 o o o 13 13
=3 S S S =3 =3
S S S S S S
— S S S =3 =3
— R ) <+ )

Range

Fig. 8. Uniform Data Distribution
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Fig. 10. Hit Ratio of Equality Data Distribution
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V. Conclusions
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