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A m2OWE2 FAo ofgzol A 2y AR 2R SHA
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AUEE J)&o] grde ISt IT 7]&o] @doez Aty AYes #
At 28 717189 Aol F5oHl HWA olggt 429 7|71E9 4%
& JHAsS] 91t g2 A7t @ds] AYHJAHEPAF, 2008). H5
AdE s oiEAClA RS S T MEﬂ Eﬂﬂﬁﬁﬂ
Python, C, Java, C++ T3 2 Zzz9 <dojo] ¥
ojFollAl A= FAA FFE WA g EFH< %ﬂ%iiﬁ di
o] 7hgstr] wiEe] 19959 A&

o7 @Wol AMERHA ARAES AV|E W

e o7 717 ERE WY dol2A BRISISH AREEC] gtom
2 WAt ARUE SEEY] die] dAAE AHpe] &8kl
Ao QAR A1 Stk ofEYAlClA A Aol FollA Hip&
1918 #AAstgon 2o 399 Hi&es AT == 1 &8L7)
Aok & 4 Qlrh

2t g2 OHo] gor BA EZUEo] FEEHA ol oy folA
g 4 9, Ak A Z1AI([JVMI:Java Virtual Machine)oll 9]s] =
b mzA|Ao wRert Agoer FeHo= FHoltH(Oracle, 2023). =
el Ae A RF9H:= B2 AAHe] AHp mrAER olfoly Qi1
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Apole). whebd wlzelo] of§ E7
o] %olAL A Aol WA
Egk At Zade Asde 98 Ad Andd C/CH Z2I
Het S4 eHslER Qs dddom L AgHEts 548 AAw
QITHOPEA, 2017). o] WEe] wlme Fre A|s 2
Ao dste] AlAE A T Fel A 4sE
oz RUHPS SEA FYS s 5 Axd ednte] Bugtel 7%

HA Hdo. &5 & AR di=mwl Z2AE Y dE2dMe olHT

ggel APAA e A% WA HuA wmd S AN He @
% B2 g

o]

Argel digt 7%
(714, 201D, 7t A A
AHgAEe] BWte Sfiastae 4
oAb 7IEE AAER ofEE] Aol A
=9 sht= 7he|A] 249d a2 il 2
b A 2" 0] ZpE] dEd wA Y Eol

A7 Agke] WASHH AR AZHEeE AHIAEAL e EAlelde] A
Fol Fetol Hrh(Oracle, 2023). whehA A Azte] HA APH5 of

EejAol el S A7t Helol 4
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AT W2 7Rl ZEE g mE Ads #AE HuE & 5 3
=5 [® 1-103% Zo] F443th #st HAE ZFQl Jmeterg AMESH]
FY9t HESHThread) 51, Tomcat ZZA|A = ¥ HEIE
(2GB, 4GB, 8GB, 16GB) = &&fste] zy 72| e wAYFo] &2
Stes AASH:. 123 Tomcat ZRA|2o]A dEAZ= 7H|A] AE

= Fo 2 JhuA FAY mire] A Az 9 sheA AAA 8

2
of
- i

2
it
-

5 2elsty ATRYEH ZE9 Scouters AREStY] ofEE|AlolHd &
o AIZF B E Y5ttt
[ 1-1] 7hulx] 2ed 49 74 2 A4
EE) 5 T[] 2 T 2]
;| OpenJDK 1.8.0.332 1 1l 2GB, 4GB, 8GB, 16GB
Tomcat 9.0.73
OpenJDK 11.0.2
2 | 0 Gl 2GB, 4GB, 8GB, 16GB
OpenJDK 17.0.2
3| pe T g0 Z 2GB, 4GB, 8GB, 16GB




2.1 of&=] Aol

A
F= AFH dHolHE AHdste ZzIdolet Hod 4 AT
AP, 2023).
olgigt ofjEYAlold ATZEol= EAAPY, ARFALL HlolEHolA,
Webrleg 4 oA, A, 2=, "Ewnte], CAD(Computer Aided
Design), CAM(Computer Aided Manufacturing) 5 THFEES] AFEofFo]
JH =] Z|9tof] AREEIL QI

2.2 AZANA AF o]
221 EeAClA AL o] ALEHT

fEeAlold AT Ao ARIFL [OY 1-1]3 Zo] AM dWS
sfgo® JiE ol VRS =74St= TIOBE index)) FAE AWE
M 20239 ZE lojE= AW dib] 2.37% 7K 13.56%(349) HAae
< 715 Aer YA Qlvk A= 20209 7HA] TP =2 A&
S A5ty om ol Python, C, C++1} H|Z3F H{E8S Holw gl

e Hg9 dree AS fASL ee o & At

1) TIOBE Software BV AtellA] <izlyoe] 4= wSiHd, Al 3594 45 7|¥te=, #HAM
217 (Google,Bing, Yahoo, Wikipedia, Amazon, YouTube, BIDU)& o]gsto] 7HF lofe] 9l
71eE 4= AR




Python s Jawa Ces - O m Witwal Btk JavaScript - 0N w— PP Go

gt 191 Python dlojolm 2022Wkof| ol= 7P &2 H/-8(14.83%)
S Hol1 Qth 291% C dojz2A 2022Wxof o]o] AL 2 =2
2(14.73%)& et 9t} 2023Wo= 19 Python ¢lojete] Ha& AAf

7 A9 71 Mzl &% Hae vlso] A== otk

do
1o
i
lo

E 2-1] TIOBE Index (TIOBE Index, 2023)

o= olo] qog @—g%gﬁ] 207\2]2%;_03 20313;;\_03
Python 14.83% +0.57% 1 1
C 14.73% +1.67% 2 2
Java 13.56% +2.37% 3 3
C++ 13.29% +4.64% 4 4
C# 7.17% +1.25% 5 5




N
T
H

>
2

s F@ol E1 Tl B fEACIA ol @
2 FYAYL St AT QY Fel st FlEW of

i =
Aleldel 7idd daels Ao AT TASHAA ASKA E

- -
T ol FF duht FHES BA 44T 5 YLAE A5 B 4
gov] APE AT ATIZE ALY BRYl AulF LS [F4
2 4 o

20228 AZEolAATLN FAY AZES] Ay MR

=
e oF 13w o

sl

Java(39.1%), C/C++(33.6%), Java
Script(25.4%)2] +=AZ2 =A ZAEITH AP doj= 1995d ESAIESA
I oH@s] AUoA HAY FF9 JdFE 52 4ot Y dojs
7

A~
Ag % % ek

o

[E 2-2] 7T Ao 2nEQJo] HEAY (RZESoIHH AT, 2022)
T 20179 | 20184 | 20199 | 20208 | 20214

C/CH++ 90.7 103.9 99.8 102.2 118.1
Ct - - 52.0 56.3 64.3
Java 121.4 122.4 134.2 123.6 137.5
Java Script 53.7 72.0 83.2 78.5 89.3
PHP 17.3 25.0 22.8 20.5 24.1
HTMLS 3.9 13.8 17.5 14.8 17.3
Object-C 9.8 16.5 21.4 17.9 18.7
Visual A€ 26.5 21.3 7.9 5.9 5.9
ol 5.9 8.5 12.6 10.2 10.8
71 7.2 11.6 10.3 7.3 8.0

2) Visual Basic, Visual C++ NET



2.2.3 Ak A 9lof B3

A AHe 5 BRFe] F5HA got ofe] BANH AT S

Mg AT A TS ZIAll sl Apup mEA|lse] wReETE ApElom

W C, Crr 7N meadgs Aut dlolz 7hEs
Exo] olrk@Eet 9, 1995). Fel Ae AA LA
o] At mRAEZ o|Fold glom AR EYuE X

NR State of Java reportd oA ZAME Zjup WA ALE dZ}e 9
(1" 2-2]°F & 20229 App 8, AHE 110] 7 dubdom ARgH
= HHEez ZAEY. 20189 EA1F AP 112 Long  Term
Service(LTS) ®Ho=z @Al 24 ol e ofEAcldY 48.44%
&2 AREET 9, ol 202099 11.11%°14 37.33% W& Z7is
s2joltt, 2L 8L 46.45%=% 2912 FAMEA, 2020 84.48%°] M
oA 38.03% #AsHAct. AEF 7= 1.71%, AEF 17% 0.37%, A 6
L 0.27%= ZAE

60%

42.44%
50% 16.45%

40%
30%
20%

10%

1.71%
0% I

0.37% 0.27%

m1] m8 m7 m17 W6

(1% 2-2] 2 W 8 ARES (New Relic, 2022)

3) Assembly language, Delphi/Object Pascal, MATLAB, Pascal, R &
4) New RelicAl o4 “d%s HIoJHE Algske= ofEiAlolAe] HolHE rige=s AR 2|&#
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(1" 2-3]= 2022¢ #dp ¥l ¥ HG3&2A4 Oracle2 34.48%=%
7 2 HRes ZAEFYY Amazone 22.04%=% ZAEITE Oracle2
2020 75% Afrgol HIsl FASHIC™  Amazons XSt o
Vendor7} ®ij2Z3t DKo &2 F7FHAINE o= Open]DK Z[HFe =
e E4o] Sl

rlo

40.00%

34.48%

35.00%

30.00%

25.00%

22.04%

20.00%

15.00%

11.48%

10.00% 8.17%

6.05% 5.38%

- - - -

M Oracle Corporation M Amazon M Eclipse Adoptium ® Azul Systems B Red Hat M IcedTea W Ubuntu M BellSoft

5.00%

0.00%

(11 2-3] #Aap g H 458 New Relic, 2022)

2.2.4 Open]DK&} Oracle]DK ¥ F3F

JDK(Java Development Kit)+= JRE(Java Runtime Environment) 279
F7F grojHeje]Eo] 2E AlEolth. Open]DKE= Open Java Development
Kit2 GNU General Public License version2 gto]dAE 2= 7] AX
Edlojoltt. Oracle]DK+= Oracle Binary Code License Agreement fo]AdA
2 gEt g2 AZEgoleld. 2 MAEd B@ B Ax TEAL
Open]DK, Oracle]DK7} 5951,  Oracle]DKe] -9 LTS #HHd Ao
2 71w M HFE AT 5 de AHol ok AEE A|AH
= = % AEskE Afole HeE H omiA] digt o= LTS HA&
ZIgtoz AlA"E Jhdro] =Hot [3E 2-3] Java Support Roadmaps HH,

_8_



LTS sgdst= JDKHAL 7, 8, 11, 17°]t}.

[3 2-3] Java Support Roadmap (Oracle, 2023)

Ver A 4 A4 717t
7 (LTS July 2011 July 2022
8 (LTS March 2014 December 2030
9  (non-LTS) September 2017 Not  Available
10 (non-LTS) March 2018 Not  Available
11 (LTS September 2018 September 2026
12 (non-LTS) March 2019 Not  Available
13 (non-LTS) September 2019 Not  Available
14 (non-LTS) March 2020 Not  Available
15  (non-LTS) September 2020 Not  Available
16  (non—LTS) March 2021 Not  Available
17 (LTS September 2021 September 2029
18  (non—-LTS) March 2022 Not  Available
19  (non-LTS) September 2022 Not  Available
20 (non-LTS) March 2023 Not  Available

Open]DKH Ao wE 7|2 7HH|x] AE= [E 2-4]9 AHE 712 7}
vzl A AT Zth Open]DK 8% Parallel 71H|2] A=z F2hH,
OpenJDK 11, 17= G1 7HH|7] AHE=z 7] S2EHH.

[ 2-4] #pat 712 74812 A&8E (Open]DK, 2023)

2 7% shA] Ae
Open]DK 8 Parallel GC

OpenJDK 11 Gl GCY

Open]DK 17 Gl GC

5) JDK 11, 17 Wede 2FAAIe] CPUZE 171 7% Serial 7H1A] 2=, 27 olgd 4

_9_



2.3 Zmt 7HE 714
2.3.1 Abp 7HA 71A A9

b7y Skl 7R C/CH+ o] B4 StEfolu 2FAAl o
2 22 7159 Aa~E 7 stEdlolol A AASlokste EHe] &4
th o] A sidstzl sl Amb dofrb W=l Awre] Y £
2-4]9} o] ojHet EiFold AJygle] HIO|E FE&T
AE 594 olgt= Aotk olddt BEAS FdsH] floiAe A Tt

7147 dasteh AHE 7HE 71Ale AHudE HRolE IEE AYPAA
= A o EYAlASE AHstke FEE EE YuH(Oracle,
2023). &% 71719 22 dHidE @M= K-7Hd 7147 AHEESL
A(FAH 2], 2004) FAE EL Micro Edition oA FEEH oA
FHY = ZHp 7H 71A17F AR

[

O

o
lo
Hu
W
o,

l

IN o2 mE m ¥

.

': ™
Program

h vy

' ™y ' ™y

Program

p vy A vy

' ™ ' ™
Operating Operating

System System

p A A A

' ™y ' ™y
Hardware Hardware

p. vy p. vy

UubH ol mz Java T2 H

(2" 2-4] A =238 =2 X% (Oracle, 2023; A7} A+A4)

2. Gl 7h)7] AE7h 7] Aol
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2.3.2 2E 7HE 71A sEE

Ao} T A4 gRe] Zea 2= SHom s golSol= o
g9 2E 9 @Fsks SR gk 292 2l AZHoz 49 2
A 2Ert ok A" HRE ZRlste] AL ojn] 2E HI+
A% WA A T, A9 Fehx 2de] fYstel AT Jeag F
Stof [1% 2-5]3F Zo] dAE TS 3ttt A ¥, 2& g9
= s oA THHeA AP JHE Z1A1S] "R FHo] == jth
gsde] wEHoR 2= @ Bast g Hol 4bol FaHL Rio
o & 9, HE 992 ol 22 EHATT YAIHE class Y FH]
b REDA A A WA, Fs0t e ok Wz 992 9
g FHIE Stk v WA, B4 92 AEY duidsasE AA Hnd
2 W7 oAl WA, 27|18 d9e Y4t QlEHelA MaE 27
3} gt

s ™
Loading

h. A

B s l ™
Verifying

h. "y

. l ™,
Linking — Preparing

h. "y

' l ™
Resolving

A iy

' l ™
Initializing

A "y

(19 2-5] 22 26 &2 (Oralce, 2023; A2 A74)
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2.3.3 ARt 2= A¥A

Aup ZE A THge ¥ wAR TR 4 ot A AR, A4 A
ol mele Al Amlels Fof class el Feje] Al wlolE BER
Antel st = WA, ANAE class 1Y Fee] HjolE FEE Fjup 7}
A A0 Sds muelA Adsth A WA, S 2oe "ag 2

~%5 29 9 =Fstel A by o)A e Qo] e ¥ WA,
ge e 2k 4 71A ee] Lete ulol= g AWt

Java Source

Java Compiler

Java Byte Code

1

Class Loader

Runtime--Data - E;;;:ution
Area ” Engine
(719 2-6] A 2= AP (Oracle, 2023; A2+ A74)
2.4 7HH)7] AEA
7haAl deEde 9 HRE] F3elA o ol AR ¥E AAlE
& SHSE wAAYSeId C/Cr+ef o

of A, ¢ vxE g9n v e AEAE A AAskAn, At
o

2 JA ZAde @ AR



7hz] AdAd g ke 2HE Qe
7kl A AZF(Puase Time)©|
A (Oracle, 2023). AP A|ARo|A & ZHE|2] Ao djste] A
o FH xS FAl AR AR 7hs?t Eolof stal, AREARES ofEd
Aol & ARgoll EHeto] gl sfjof gtrh(o]-&< 2, 2002).

Hotspot ZHH}F 7V Z1A19] o Fx& [ 2-713%F Zo] Eden,
Survival, Tenured F¥o=z Ut Eden F9e A= AAHE AA7F A

= FAIskE ol

Young Generation Old Generation

Eden Survival Tenured

[(18 2-7] Heap Memory Structure (Oracle, 2006)

Eden 9eio] A% 5§ 2717t PoldA w4

3
oy, olmfl, ¥x7F EAst= AAl= 7HA] Aol WASHHA  Survivor
Fdor olFsHA Huh. Eden ¥ Survivor e AA Hx A7
el HHESHHA 8 A7]E dolA®, Tenured P2 AAZE o]F
=tk Eden, Survival 99-& vz Z%7F S Young Generation 4

19, Tenured+= F=x7} o= AX ZIsh= Old Generation ol sgSct.

Hotspot ZHHF 7 Z1AlolA dEe 7|2 Add A s ofg
(E2-5]% ld 4 ok 7[R AdE o] A 40 H9 ZHE 7H
Z1A7F AdEE EAF 2l whet HetE o] A

O

7T
sel= A
ey
Parallel '"GC  task  thread#0  (ParallelGC)"  os_prio=0
e tid=0x0000000002789000 nid=0x5784 runnable
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"GC task thread#1 (ParallelGC)" os_prio=0
tid=0x000000000278a800 nid=0x6824 runnable
"GC task thread#2 (ParallelGC)" os_prio=0
tid=0x000000000278¢800 nid=0x29ac runnable
"GC task thread#3 (ParallelGC)" os_prio=0
tid=0x000000000278f000 nid=0x3f60 runnable
"GC task thread#4 (ParallelGC)" os_prio=0
tid=0x0000000002791000 nid=0x6fa4 runnable
"GC  task  thread#5 (ParallelGC)" os_prio=0
tid=0x0000000002792800 nid=0x4968 runnable
"GC  task  thread#6 (ParallelGC)" os_prio=0
tid=0x0000000002795800 nid=0x4ee8 runnable
"GC task thread#7 (ParallelGC)" os_prio=0
tid=0x0000000002796800 nid=0x6780 runnable

Gl

"GC Thread#0" os_prio=2 cpu=31.25ms elapsed=36.35s
tid=0x0000021307¢14000 nid=0x3cac runnable

"GC Thread#1" os_prio=2 cpu=31.25ms elapsed=35.33s
tid=0x000002132dc33000 nid=0x3840 runnable

"GC Thread#2" os_prio=2 cpu=31.25ms elapsed=35.33s
tid=0x000002132da38000 nid=0x2b04 runnable

"GC Thread#3" os_prio=2 cpu=31.25ms elapsed=35.34s
tid=0x000002132d9bd800 nid=0x6ed4 runnable

"GC Thread#4" os_prio=2 cpu=31.25ms elapsed=35.34s
tid=0x000002132d9be000 nid=0x40e8 runnable

"GC Thread#5" os_prio=2 cpu=15.63ms elapsed=35.34s
tid=0x000002132d9be800 nid=0x3178 runnable

"Gl Main  Marker" 0s_prio=2 cpu=0.00ms
elapsed=36.35s  tid=0x0000021307e72000 nid=0x3f10
runnable

"Gl Conc#0" os_prio=2 cpu=15.63ms elapsed=36.35s
tid=0x0000021307e77800 nid=0x22cc runnable

"Gl Conc#1" os_prio=2 cpu=15.63ms elapsed=34.72s
tid=0x000002132d96e000 nid=0x4cf8 runnable

"Gl Refine#0" os_prio=2 cpu=0.00ms elapsed=36.35s
tid=0x000002132bc79800 nid=0x58dc runnable

"Gl Refine#1" os_prio=2 cpu=0.00ms elapsed=35.34s
tid=0x000002132d9¢0000 nid=0x17cc runnable
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"Gl Young RemSet Sampling" os_prio=2 cpu=0.00ms
elapsed=36.35s  tid=0x000002132bc7a800 nid=0x3920
runnable

"VM  Periodic Task Thread" os_prio=2 c¢pu=0.00ms
elapsed=36.16s  tid=0x000002132c¢85¢800 nid=0x4bd4

waiting on condition

"ZDirector"  os_prio=2  cpu=0.00ms elapsed=22.23s
tid=0x0000021247d993b0 nid=0x2b70 runnable
"ZDriver'  os_prio=2  cpu=0.00ms  elapsed=22.23s
tid=0x0000021a47d989¢0 nid=0x58f8 runnable

"ZStat"  os_prio=2  cpu=0.00ms  elapsed=22.23s
tid=0x0000021a47d99d10 nid=0x6424 runnable
"ZUnmapper' os_prio=2 cpu=0.00ms elapsed=22.25s
tid=0x0000021a47d967a0 nid=0x6918 runnable
"ZUncommitter" os_prio=2 cpu=0.00ms elapsed=22.25s
tid=0x0000021a47d970f0 nid=0x3b74 runnable
"ZWorker#0" os_prio=2 c¢pu=0.00ms elapsed=22.25s
tid=0x0000021a47d86880 nid=0x3cac runnable
"ZWorker#1" os_prio=2 cpu=0.00ms elapsed=22.25s
tid=0x0000021a47d87da0 nid=0x3f10 runnable
"RuntimeWorker#0" os_prio=2 cpu=0.00ms
elapsed=22.24s  tid=0x0000021a47d9b810 nid=0x40d4
runnable

"RuntimeWorker#1" 0s_prio=2 cpu=0.00ms
elapsed=22.24s  tid=0x0000021a47d9¢9c0 nid=0x3840
runnable

"RuntimeWorker#2" 0s_prio=2 cpu=0.00ms
elapsed=22.24s  tid=0x0000021a47d9d2c0 nid=0x2b04
runnable

"RuntimeWorker#3" 0s_prio=2 cpu=0.00ms
elapsed=22.24s  tid=0x0000021a47d9e360 nid=0x6ed4
runnable

"RuntimeWorker#4" os_prio=2 cpu=0.00ms
elapsed=22.24s  tid=0x0000021a47da08c0 nid=0x4bd4

runnable
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242 7z AAH F2 g Ex

=
2.4.2.1 Parallel 71H]=] AZH

Parallel Z#E= ZHE 89 7|2 7HH|A] AAEo|x, A F4 A
(=XX:+UseParallelGC) o2 ZE Ago] 7155ttt Young Generation G4
of thaliAl of2] 7He] A EE ARE-Sto] 7HH| %] AEldS 4-2fsh= A E ot
CPU 7NaHz9] 7HH] 2] Al A EE AMESHL, of2] AYEE ARk T
= 7R 29 A sded 5825 v [ 2-8] 7ie[x] Z4dA
T2 M| A 9] Tenured Gl oA Mark—sweep—compact &ilz|Eo] 3P
Mark—-sweep—compacti= Old G ollA] 7H|Z] A& i A of thsf

2)-¢ H, Folle AAES FEo g &= WHAlolth Mark—sweepa
AA dzx 1gjmo] 3710 wet et A 4 Qlof, Mark 2Foll AH|E= AR
H A2 Q1 540 Arh(e]d&, 2006).

Will be created in eden Just allocated
Eden l
From survivor space To survivor space

Tenured

[(1™ 2-8] Garbage Collection Process (Oracle, 2006; 52t ZH4A4)
2.4.2.2 G1 7HH|#] ZHEH
Gl ZAHEHE AHE 9 wHe 7|2 7ivjz] Adgolw, 2 4 Z]A

o

_16_



(-XX:+UseG1GO) 2 &2 AdE A"o] 7isairt, A7 A7he H4dlet= A
= SRR Sk, 9 HEge HAEH d959 HdRegion) oz FAE]
B, #a 27 IMBolx Hd 27]= 32MBz 29Hr) o= o HAYE
o A7k A 247 fsiAdelnt. He Wl AA el dikk AER=

Remember Seto| A 2=},

-. I Non-Allocated Space

Young Generation
W old Generation

. . . I Recently Copied in Young Generation
. . . - Recently Copied in Old Generation

(1™ 2-9] G1 7H]#] A&AHE FA (Oracle, 2011)

Gl 7] #ZIA A= [O"d 2-913 o A58 A2 Young
Generation A7} Z3E 7 s Koo+ Old Generation Z4A|7} EZ3HE
th. A HA dAo|A= Old Generation H3F o= 7|7t EAst= AEfoltt.
2L AAl= gz ofFe] wef, ¥l 337t Mz AFA Hotow oIgd

A= Concurrent Marking 242 Zafste] A2 EE 24

O

= wi
b Agel A sgc A2 god B Agel e ade

7He @Rt Al WA @A = Reclaim %Y Compaction
A A8l Young Generationol| tafjAl 7HH]|z] A o]
FRE, O Ay AT 229 Survivor JE0] FEHIE FSEHIIT I
Young Hgtell 7H7te] YA13E dF Old Aol tsfA = 7He|=x] A= do]
s o] Aol opgto=z Old Hoto] Y=ol AAdHT

2.4.2.3 Z 7HA] HEH

Z 7pA A B4 A A4, Yelx mjgke] Ay QA FA A7
2 =2 gk A 1A oA E {H(-XX+UseZGO) 4o e
g Ago] st @, 22 AE] 276 Helstel FA Azl F7kaHA
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@oF, 8MB 22 HRejeA e 16TBS] & ¢ wke] 77 €34E & 3
OHiﬂﬂlOl*%oﬂE Z-go] 7bestth. o [19 2-10] Z 7HH]A] ZEE

Hre] JIAY sHeMe Small 2MB) 99, FA9] Medium(32MB)
o, TG0l Large(N x 2MB) J9EZ T4

e &2

o2 o

[
[Z19 2-10] Z 719]A] A E 3 22 99 (Oracle, 2018)

(19 2-11]2 Z 7H]x] A&Mde] A ¥ 4382 eplct Pause Mark
Start= Root—setoll Al ZHA Mark ZEAIE 5]-—‘;— 27] At} Concurrent
Mark/Remap+ Root-set®] ZiAo] ZXE 717 BE Ao MarkE HEA|SH
= A o|tt. Pause Mark End & AM=2-& AAo] disjs Marks FEA|SHL,
oot Zhrxof dis] A7 #rdo] =¥ Ht. Concurrent Prepare for Reloc +=
Aufz] & 998 BFx|5kal, Pause Relocate Start @Al= 2E Root %9
Auj ]S 3Pty Concurrent Relocater= Load barriersg Aot &=

AAE Az # FxE FEd.

=

N

l

Ho

Pause Mark Start Pause Mark End Pause Relocate Start
Concurrent Concurrent Concurrent
Mark/Remap Prepare for Reloc Relocate

(29 2-11] Z 78]#] A=A FA (Oracle, 2018)
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2.4.2.4 7112 28 B ol

9 Mg F7to] BEESHA EW, OutOfMemoryError of|2]#]2]7}F Ay s}

HA AAE o o] T & A ot OutOfMemoryError ¢ 2] 2+
N

of ®¥star, 7Hu|z] Al 3o Wt Agto] £ 53, SiA| = HEe]

7t A9l Q= Aol AR AAIRE o] o] =] W82 ot [&

2-6]1¢} ZAth. OutOfMemoryError7t WA A, A89 76|z A E Q]

Fdoll tisl a2 & 4 QAR 9 wEe g 27 24 20 &S
olo|

=
olio] Wme] 4 AHE ol elshs &

[ 2-6] Java OutOfMemory Error &5 (Oracle, 2014)

java.lang. OutOfMem
oryError A
HA A F7
AAE Qo dFE 4 Qle AfolH, AHH
A 7(Ee AAEHA g2 A 712 27D7
& mZEIfe] FESH] 2 FAAA] e
ol "asith. A 4ol 21 & ZEIHY
Java heap space | 0" o g magwe) A o FxE B

N
e
Jb:)
I-'>~
fu)
o
o
it
N

(e}

o,
(o]
o
il

spar gle] 7p
ngagyd 2R

Metaspace Sof @Attt JDK
[e]

7te|2] AdAdo] AL 43 Folil, 7HH|A] ZHHE

GC Overhead limit | A 39 3 Wnasl 2% mulogr HE gn

exceeded e AR Al AA = St oA/ Bkt
o

i

o] A9 §li= 7ol YA}
Requested array | ¢ W2 F7] Htp 2 8jde ddsteE AS
size | e




exceeds VM limit
request size bytes | ¥ Uﬂl:'-_ﬂoﬂ %%01 Amsts &2 HFE 0|59
for reason. 9. % 7_1':”4'?_3% HAER ZHE 7P 7
Out of swap space? | A7} %%6—]’1: S A gt i

=

[£ 2-7]& EWH Tomcat WAS 214 OufOfMemoryError @442 ¢
?lo] Java heap space H-§o= WAH ZAS & & Utk 7 AHZ ofEY
Aol gejsp &0 THA ZoflA ole] A7 © &S & & 5 Qlrh

AHE ZHE Z1ANA REshe 7Rl AEld ffof] o &Aool A
System.gc() HINEE A3 &L stojk 7HH|A] ZAbAo] 7hssitt. 54
ot System.ge() MAE $&7F SA|o] BAstE 2| Al7to] AE FHAF 714
oA st 7HE[R] A AR ARtEG e $fEE B9 Wk o]
7ol -XX:+DisableExplicitG

1
HEAStAIA ZHHR] 2dld 2 Hee 'YL 5 ok

O _4
o
Y
>

go2 WAHY A Ael4

1

[£ 2-7] Java OutOfMemory Error Tomcat Log Message

SEVERE [http—nio—8010—exec—4]

org.apache.catalina.core.Standard WrapperValve.invoke

Servlet.service) for servlet [jsp] in context with path [J threw
exception

[javax.servlet.ServletException: java.lang.OutOfMemoryError:

Java heap space] with root cause

java.lang.OutOfMemoryError: Java heap space

Stacktrace:] with root cause
java.lang.OutOfMemoryError: Java heap space
at org.apache.jsp.gc_jsp._jspService
(gc_jsp.java:124)

at org.apache.jasper.runtime.HttpJspBase.service
(HttpJspBase.java:70)

at javax.servlet.http.HttpServlet.service
(HttpServlet.java:596)
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at org.apache.jasper.servlet.JspServletWrapper.service
JspServletWrapper.java:466)

at org.apache.jasper.servlet.JspServlet.serviceJspFile
(JspServlet.java:379)

at org.apache.jasper.servlet.JspServlet.service
(JspServlet.java:327)

at javax.servlet.http.HttpServlet.service
(HttpServlet.java:596)

at org.apache.catalina.core.ApplicationFilterChain.internalDoFilter
(ApplicationFilterChain.java:209)

at org.apache.catalina.core.ApplicationFilterChain.doFilter
(ApplicationFilterChain.java:153)

at org.apache.coyote.AbstractProcessorLight.process
(AbstractProcessorLight.java:63)

at org.apache.coyote.AbstractProtocol$ ConnectionHandler.process
(AbstractProtocol.java:926)

at org.apache.tomcat.util.net.NioEndpoint$SocketProcessor.doRun
(NioEndpoint.java:1791)

at org.apache.tomcat.util.net.SocketProcessorBase.run
(SocketProcessorBase.java:49)

at org.apache.tomcat.util.threads. ThreadPoolExecutor.runWorker
(ThreadPoolExecutor.java:1191)

at org.apache.tomcat.util.threads. ThreadPoolExecutor$ Worker.run
(ThreadPoolExecutor.java:659)

at org.apache.tomcat.util.threads. TaskThread$ WrappingRunnable.run

(TaskThread.java:61)
at java.base/java.lang. Thread.run
(Thread.java:833)

Servlet.service() for servlet [jsp] in context with path [l threw
exception [An exception occurred processing [/gc.jsp] at line [7]
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2.5 7h]A AR APAT

25.1 7hH1A] A AT

[# 2-8] 7R A2dde] g JHAdy Bt Add+e] 2x=, 7|

= =1 a
'—|?_ OE}—I—(/)}\]:]_

de 79 47 g

Bj & ¥+s] | Solaris SPARC 24| AlA utz-34 dyaEe 7
4.4 d. 0] | ARt mta-2lg s daEES olgste] siHjx A
HE (2002) |Ae AA 2 7HEA] 294 7 52 =L

generation 7|WH& AMERF AHE  EHEIA Young
2]
o

oles} generation®] 7] XA w2 AL =4 AnES H&
. o, mgHe WS AL T 5T ol A7t @

<t 9
(2004) 3= o, Young generation Z7] ZAFFOZA AT

Sa0le] Ao AWAZEY] Aol Y H,

FRAABAATHNA A Aol =g At A4 o
o | AEVMelH TEE wWmel wel JHe Agtstel, A4
(2006) |44 %7k woldlel wet thwst go] Ao A AE
el

Laze worst fit, Biased allocator, ahead—of-time heap
expansion 7|H-Z AQtoto], 27| £37|9 §E2 &
= A2 BT we] el Ae5E stk dFE A
(2014) o). sl 7]HHo] WwrdH Android 2FA 7|E 8 g
IHES o]got] H7t S w, 27| 47| 47
AlZbe Y 31% =0l AiE HY.

&=

0:

HP-UX 9AALE 28 7HE 714 wixe] e =49
oA ofZzlAle]de] Life Cycle @ Zup 3 Himz] o
Aene Ao A== AuE AAES] 7iH[z] AHA €S B
(‘3018’) Hste] e F& 9 ALEY e FATIALA
st ZuE 7 714 24 FYS 59 HUAL Yo
A AREETL Qe Aol AHES] AS, A T =

Ho|Al F 31 200% ol HAH.
MAd7]Ad | 2 P 1A 27l £ U 5 Parallel
4,34 Compacte]] w3l EAst EAIH dis] = g
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Parallel Compact Gl thsto, <

(2021) e 7+ compactZ2 o] AA ‘3—1
%6]] ull GC —,—0141\17}-01 'JJEH 43%
2 H

* dE . AYAFE EdE A7 A7

252 APAF &

1

23

0]23}2004)= IM~64M=E o] F7|E ga] xAste] 7HH|z] AHA

s Z4L st 3 5USH & 3719 W Young Generation 999 2
715 AA 4 =271 tiH] 20%~50%= g 245kl AR Al }94 Aes
St 1 A% g9 A7 Ada=E 7R A4 Slert 41, 7]
2 A A A2 @ol] AaEoh FAe f =27 ¢ B¢ Young

Generations ZAL e Al Aol aFAE QT HAF(2014)= 7HF AA
Hoj| A Lazy Worst Fit allocatorE & - 7|2 A& M A9 Overhead
7} At A3E Bt AE-8(2016)2 hp—ux Operating System 23]l
A ZE 7 Z1A19] 71 2] A i"s 24 o], of &g AlelAY] 45
g SHolA MAHS &Sty Parallel 74H[Z] A&EeE Concurrent
Mark=Sweep 7H|Z] A E7} Ao AN, £ Ao Q75H+=
2o A= Young Generation® Old Generation®] H-E&2 1:1 2Ao| A5
F TS Bk ofgl UnixQ! HP-UX Operation System®] W22] 3

2 SO Aol 1yt "Hasth WAy, AYY, E(2021)2 JDK
arallel Compacte] tdt 7H]z] A4S BHE AHe R
W e 2AYER APste Aor Uiro] AYsyith. Y2 == wet Full
7iez] Add Aol ] 43%7HA] EolEw AE Ho A3 A+

oo
c
N
[\ )
N
)
R
=2
»~
-

ERoz 7iv|z] AdAlMy TS allocatortt Generation <o tigh H]

g 242 Batol Jhulx AU Aol BF A Ao ARE sl
o}

oot B4 29A4A F54S Estr] $%F Windows, macOS ¥ o1&
El

Aol sl Hojm FFEE g

o
5
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=
=
H
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=
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oo
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o AL AA AET Qi 99 Axgel 34 Wl $E Av|2 Ag
o] Zejwolof G}, AHHE JDK HAL HZ A 71F0= ¥ 2 A
Abgfe] Wl 24 HAT A4 we] A§HI Gk JDK HHOR Ao

Y Aot vjxE [E2-9]9] dA L FF7|T AHAA
2140 oAM= ofEZE Aol aF SHEA]
ARA A" As It FE F9] stz AAEo] Aot SHEHAIZRS of
o] AdY 7hseh AJFREH I Fgo] SaEl= A7 HubE Alfto]
H o Z|Ao]d AH7t AFEAtOA @ AIE HRRlet= d A= ARE
Aottt g5 Alfto] wWESE AHYEHe BEY 8F
Second)= F7FsHA Htt. A =9lg iAo 2 ol= T3
SHEAZIO] AFEAF TS0 2 olojx]A| Hut, wEhA S A7t &S nlH]

L oas F shuel shEA gelde] A Ak Folk Zo] Fasith

o
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Mo o
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4
o
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r&
D)

ol

[ 2-9] HHAAH O] GeFit%
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o =
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[ 2-10) HIAE @ ARG (FHAAT B5-FF718 YAl E-75 2

AR el s 7l B R a7 Sol S48 FEE
A, #Qletal aFAYE S50 Roke Aeele A askal
A AL A= flste] dA7IRE Al *Fe AAlske Zlo] Ha
ot HAER SHAZE ARME A2 Al A 5 A
—oH@ARE AR EHOM A AFE 84t ARPemFH ol
|26 Az2lote] 23S g w7 288 ARt

—AZ AEEF Aladle] duHoz A ] At 8% A
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W&ol Hl&
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S
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@ w2 A4 2AE sidsh] feiMde 7hHA 29d vd 34 24S

|
g "ol Qlth Young Generation®] Z7|E ©27 AHstALY
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3t Ae 9

Young Generation¥t Old Generation®] H| &S XAot= Wo| ot ofx|qt
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. 7te)x 2ee 48 44 2 7@

7|2 AHE AY AA= o [® 3-1]3 Zo] 37A= AT
LTS W7o FdA7l == Open]DK 8, 11, 17 #H-& A=t WAS
A2 dEZefo]lz AN EAL ATEQOR Wo| AMGEI
AU Tomcate AAsHH.  Z47He] A4 ZHH|x] ZAEHEE
Parallel, G1, Z ZHH=Z AHsty FASE ofZg Aol thste] A
AIZE, ZHHA] A4 3145 B [

[ 3-1] 7hulx] A 48 74 2 4%

S
Ex 3= Fhalx) A

g G 02

g G 0e

o
2 o9 ARME g2 838 AHa & 5 el "t SA ofEeAe]
S

TAdol Fotg F71 floto] RSHHAE EFEE JMeterE ARSI [Meter
© NEYAIAL HAE JF TN AeS SHctEE AAH E4as
ADEQO|2A AW Fi= AA9] Hol FEE HAE & 5 gty FA|A]
A

49 A2F O] StEgo] A AZE 0] M2 [® 3-2]9F £t



[ 3-2] A9 A2H AL

78 3% A
oS Windows 11
HW 7
CPU, Memory ir/l{t:iqic;}regzﬁC;Bu@P
Open]DK 1.8.0.332
JDK Open]DK 11.0.2
Open]DK 17.0.2
SW I WAS Tomcat 9.0.73
Hol HAEEAH Apache JMeter 5.5
e BUEHHES Scouter 2.17, 2.18

[F 3-3]9} Zol
gojg A4S Hegitt

catalina.bat o 24

M)

~

&

10
g &4

Tomcat WAS tjdlEg Fx9]

oz AFstm sz AR

Tomcat WAS 2710] ZA|SHA| E€6te =

R

gttt 9 3717F 2GB, 4GB, 8GB,
16GBE th2A] Tad sHgolA 2zt 7hula) Aeele] Ax) Azke sl 7

A4 252 Ha ARstct

[% 3-3] 7}8]#] A=A metug 9 9 37] 34

T&2 g(it?ier Garbage Collection Parameter I—Slie;ep

—verbose:gc
—XX:+PrintGCTimeStamps

AP 1 Parallel ~XX:+PrintGCDateStamps ggﬁ; fégg
—XX:+PrintGCDetails ’
—Xloggc

A S LA —verbose:gc 2GB,4GB,

d9TE 2 Gl ~Xloggc 8GB,16GB

R —verbose:gc 2GB,4GB,

RT3 |7 ~Xlog:gc* 8GB,16GB
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3.2 449 A% 2 24
3.21 A9 Ax 3 24
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ABSTRACT

A Study on the Application of Java Virtual
Machine Garbage Collector for Improving
Application Performance

— Focusing on Open Source Software Open]DK 8, 11, 17 -

Song, Seung—Heon
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Technology Consulting
Dept. of Smart Convergence Consulting

The Graduate School of Knowledge

Service Consulting

Hansung University

In modern society, digital innovation is accelerating due to the
development of the Internet, and the quality of life has been improved
by accessing various services through applications.

Moreover, in the age of COVID-19, the proportion of
non—face—to—face communication has increased and this inconvenience
has also increased. This means that as applications are modernized and
future—oriented development directions are presented, we are faced with
an era of competition to provide new services more quickly.

However, due to the rapidly increasing number of users, there

_43_



has been a problem of delaying the response of the application. As
one of the many causes, the demand for improvement in memory has
been greatly increased. The process of implementing an increasingly
complex system to respond to the needs of users has been repeated.
From the application development stage, the difficulty of developing a
system continued, always considering memory problems. It has been
28 years since Java was launched, and it still has a high market
share worldwide. Therefore, there are many application services
programmed in Java, and user inconvenience is proportionally the
highest.

The purpose of this study is to solve the problem of delayed response
time due to problems such as memory in the process of using
software—implemented applications and to suggest a performance
improvement.Methods for optimizing memory performance have long been
applied, but old programs have been difficult to implement. However,
with Java programming, Garbage Collection was developed as an
improved memory management technique. Memory management has
improved program performance, and it has an improvement effect that
can greatly resolve the complaints of users using the application.

The experiment in this study is most commonly used in the Java
project and selected Parallel, G1, and Z garbage collectors in Java 8, 11,
and 17 versions corresponding to Long Term Support. In the Tomcat
process allocated with different heap memory sizes (2GB, 4GB, 8GB,
16GB), the garbage collection Pause time, GC Count, and the response
time were compared and analyzed to implement a garbage collector
application method. Apache Jmeter and Scouter were used for evaluation.
[ would like to study the performance improvement of applications using

garbage collectors applied on a case—by—case.
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