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TpupiBueBa apxitektypa [10

3-Tier Architecture

Client Tier
Logic Tier
Web Workflow
Framework System
Data Tier
saL ()
Po3po6. Inronin A.B. 12.12
Mepesip. Xpsnkin O.B. 12.12 Tunosa apximekmypa seb-cepsicis
H. KoHmp. Xpsanxin O.B. 12.12
CriPm-18-1 Jlucm 1
3ameepo. I'pebennix I.B. 12.12 CcT Jlucmig 2




Tpaauiiiga OJ10KyIOUYa MOJENb «3’ € IHAHHI HA MOTIK)
y

Old One-Thread-Per-Client Model

Machine A

I\ Server Thread Thread Client 1

Client 1 > > e
| N\ Thread Client 2

Client 2 > > HLBC
| \ Thread Client 3

Client 3 > > HLBC
|\ Thread Client 4

Client 4 > > HLBC




ACUHXpPOHHA MOJIeJIb OJTHOIIOTOYHOTO MPUHOMY Ta JAeieralii
00pOOKHM 3aIUTIB

REGISTERCALLBACK

INTENSIVE

REQUESTS OPERATION

EVENT LOOP
(Single Thread)

FILE SYSTEMS

DATABASE

TRIGGER CALLBACK

COMPUTATION

\' WK._OPERATION

COMPLETE




Big Data 3V

Variety

.

/ * Structured
* Unstructured

4 * Semi-structured \
F = All the above '-

3Vs of
P : Big Data Ve Bach

. Raccrds_ * Real-time
* Transactions * Streams

V‘OI u m e -. * Tables files ‘\ * Mear-time :
N\ " Velocity




BizyanbHe ysaBiIeHHs paay xapakrepuctuk BigData 3V

Data '
4
(O

Velocity

Data
Volume

Data

JJ  Variety 4 =




JIOCTOBIpHICTH K yacTka 4V

Data at Rest

Terabytes to
exabytes of existing
data to process

.
;

| (.
||"I':'Iﬁ
|1

Data in Motion

Streaming data,
milliseconds to
seconds to respond

O
@
@)

L

Data in Many
Forms
Structured,

unstructured, text,
multimedia

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,
ambiguities, latency,
deception, model
approximations




—_—

[Tpunaun po6otn MapReduce

How MapReduce Works?

S >0
L

IIIIII/

< @)

|

Map()

Reduce()

hep //oiog sautherity com




Apxitektypa Apache Hadoop HDFS

HDFS Architecture

Block Ops
A DotoNodes DataNodes
Read Replication
Write

) Data
Flair




Apxitektypa Apache Hadoop YARN

MapReduce Status ———»
Job Submission ------ -
Mode Status

Resource Reguest -.........




Apxitektypa Tuiy «1 motik — 1 3anum»
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Mojenb 0OpOOKHM KIIIEHTCHKUX 3alUTIB, OOy I0BaHA HA OCHOBI
yJ1y HOTOKIB

Pool of Worker Threads

Request
Dispatching

Acceptor
Thread

T U




Mogenb myny NOTOKIB

Task Queue

- ([(@@@@© — O _l
(o) [e)([¢)| &) {[e)|[¢)

Completed Tasks \
-~([(@@@© «— O




13

Mogenb peanizaliii myJjia NOTOKIB B Java

Executor Service
Task Thread

Submitters Pool

s S Fask S uEne /m
> 4 W
V. m
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Kopensiis Mk KUIBKICTIO ITIOTOKIB Y CUCTEMI1, YaCOM Ha 3MIHY
AKTUBHOTO MOTOKY Ta JIAHUMH, 110 30€pirae KOKEH IMOTIK

30
2 25
=
38
Q
g 20 Thread data
Q
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5 15 e 4K B
= 16KB
g 10 e~ 64KB
Q
E B

0

] 2 4 8 16 32 64 128 256 512 1024 2048 4096
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['padiune B1H0OpakEHHSI CHHXPOHHOI MOJIEJI1 BUKOHAHHS

Client Daemon

Ask to perform the first request

Ask to perform the second request

L
\

Blocked! j Performing the first request

Process first request

Blocked! j Performing the second request

T )
Dispatch second request result
Process second request

Dispatch first request result

|
H




['padiune B1H0Opak€HHSI ACUHXPOHHOI MOJIE1 BUKOHAHHS

Client Daemon

Ask to perform the first request

Ask to perform the second request

Y

j Performing the first request

Process first request [: Dispatch first request result

] Performing the second request

A

Dispatch second request result

Process second request




Peasnizaiiis nukiny noaii y miardopmi Android

Po3pob. [nionin A.B. 12.12 . . ;
. , IpagpiuHe 8i00bpaxceHHA ACUHXPOHHOI

[epesip. Xpsanxin O.B. 12.12 Modesi BUKOHAHHS

H. KoHmp. Xpanxin O.B. 12.12

CrPm-18-1 Jluem 3

3ameepo. I pebennix 1.B. 12.12 CcT Jlucmie 3
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[HopiBHaAHHA BuKOpucTOoByeMux pecypciB CPU g oOpoOku
3anuty Tomcat Ta Netty

Hello Netflix, CPU per Request

LI
B rxnetty CPU_ms _per req |l tomcat CPU_ms_per_req

———S— L —

0.5 \

0.25

CPU ms/req

100 300 500 700 900

clients




[lopiBHSIHHS TeMny npukioMy 3anuTiB B Tomcat Ta Netty

reqg/sec

5000

3800

2600

1400

200

Hello Netflix, Request Rate

|
B rxnetty req/sec [l tomcat req/sec

100 300 500 700 900

clients
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[TopiBHsITIbHA XapaKTEPUCTUKA MAKCUMAJIBHO1 3aTPUMKH
00poOku 3anuTiB y Tomcat Ta Netty

Hello Netflix, Request Maximum Latency clients / Request latency (ms)
B rxnettyavg ms |l tomcat avg_ms rxnetty max_ms [l tomcat max_ms




BigHocHa xapakTepuCTHKa BUTpAaYaEMUX Ha peal3allio Ta
MIJITPUMKY TTPOEKTY 3 OJIOKYIOUOK MOJICIUTIO KOIIITIB

Blocking code

Cost (traditional) in - -coins
5X Maitenance
W Hardware

A B Software dev

3X
2X

0X

small startup large

Scale
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BigHocHa XapakTepuCTUKAa BUTpAYaEMHUX Ha PEaI3alliio Ta

Cost (reactive) in

25X

20X

10X

05X

0,0 X

HIITPUMKY IPOEKTY 3 PEAKTUBHOIO MOJICJUIIO KOIITIB

Reactive code

-coins

22

Maitenance

B Hardware

B Software dev

small

startup large

Scale




[lopiBHsJIbHA XapaKTEPUCTHUKA OFOJKETY MPOCKTY B
3QJIEKHOCTI B1JI pO3MIPY Ta BUOPAHOTO METOTY

5X Total (traditional)

Total (reactive)

4x

2X

0X
smal startup large




[HopiBHaHHA BuCcOKOpiBHEBUX apxiTekTyp CLR Tta JVM

24
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Kommusis Ta inTeprnperaiis koay B JVM

Java Bytecodes

l

Java Compiler Java Virtual Machine

Java Bytecodes

edureka!




Apxitexktypa JVM

Class Loader SubSystem

Loading Linking Initialization
Bootstrap .
Class Loader Verify
Class v v
File Extension * o Initia lization
Class Loader repare
¥
Application
Class Loader Resolve
Stack Area PC Registers
~ | PC Ragister for Tweaa 1 |
Thread 1 Thread 2 Thread n
[pcmgmfrqmaauz] Nati
Methaod ative
Area Heap Area Method
Stack Frame || Stack Frame Stack Frame Stack
_'n.'.ﬂ.l 03 | FD _'-u'.ﬁ.l 03 FD _'n'.ﬂ.l 03 FD
- - [mmgm‘-m Thrasd n I
Runtime Data Areas
Execution Engine ’t
JIT Compiler
| nte rmed ia te Code
Qe nerator
Garbage .
¥ ) Collection # Native Method S Native Method
Interpreter CodeOptimizer Profiler # Int[nir;%ce Library
¥
TargeiCode
Generator
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CrtaH BeO-cepBiCy 3 ITyJI0M HOTOKIB MICJIS 1HIIIaI13all1 31
301pHUKOM cMITTs Parallel

Heap | Metaspace

Size: 272,629,760B

Used: 141,516,144 B
Max: 2,059,403,264 B

250 MB

200 MB

150 MB

100 MB /

50 MB

0 MB

5:30 PM 5:32 PM 5:34 PM 5:36 P 5:38 PM 5:40 P 5:42 PM 5:44 P 5:46 PM

M Heap size @ Used heap
Threads x
Live: 28
Live peak: 29

av

Daemon: 24
Total started: 33

5130 PM 5132 PM 3134 PM 5136 PM 5138 PM 5140 PM 5142 PM 544 PM 5146 PM

M Live threads ®Daemon threads

27
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CtaH NOTOKIB BUKOHAHHS BEO-CEPBICY 3 MYJIOM MOTOKIB 3i

Live threads: 28

30ipHHKOM cMITTs Parallel

| Thread Dump |

Daemon threads: 24 —

Timeline %
Show: LiveThreads~ = Timeline: & @ @
|Name I 5:43:00 PM 5:43:10 P 5:43:15 P 5:43:20 PM 4 |Running |[Total ]
B Attach Listener I S I 525,154 ms (100%) 828,154 ms |
B Catalina-utility-1 I oms (%) 828154ms
B Catalina-utility-2 1 oms  (0%) 828154ms
B container-0 ] oms  (0%) 828154ms
B DestroyJavaviv T 828,154 ms (100%) 828,154 ms
OFinalizer oms (0%) 828,154 ms
B http-nio-8080-Acceptor e 828,154 ms (100%) 828,154 ms
B http-nio-8080-BlockPoller e 828,154 ms (100%) 828,154 ms
B http-nio-8080-ClientPoller I 828,154 ms (100%) 828,154 ms
B http-nio-8080-exec-1 I 2,03zms  (0.2%) 828,154ms
B http-nio-8080-exec-10 1 oms  (0%] 828154ms
B http-nio-8080-exeac-2 e oms  (0%) 828154ms
B http-nio-8080-exac-3 1 oms  (0%] 828154ms
B http-nio-8080-exac-4 e oms  (0%) 828154ms
B http-nio-8080-exac-5 1 oms  (0%] 828154ms|-
B http-nio-8080-exec-6 e oms  (0%) 828154ms
B http-nio-8080-exec-7 1 oms  (0%] 828154ms
B http-nio-8080-exec-8 e oms  (0%) 828154ms
B http-nio-8080-exec-9 . ________________________________| oms  (0%] 828154ms
O JMX server connection timeout 36 7,325ms  (0.9%) 828,154ms
B Monitor Ctrl-Break e a28,154 ms (100%) 826,154 ms
O mysql-cj-abandoned-connection-cle 0oms (0%) 828,154 ms
OReference Handler oms (0%) 828,154 ms
B RMI Scheduler(0) ] oms  (0%) 828154ms
BRMITCP Accept-0 T 828,154 ms (100%) 828,154 ms
BRMITCP Connection(1)-127.0.0.1 I 828,154 ms  (100%) 828,154 ms
B Signal Dispatcher I 828,154 s (100%) 828,154 ms
BHikariPaol-1 housekeeper | oms  (0%) 357,891ms

Po3pob. Inionin A.B. 12.12 .
: : [posedeHHs eKcriepumeHmis 3i CUHXPOHHOO
Mepesip. Xpsanxin O.B. 12.12 Modesio
H. KoHmp. Xpanxin O.B. 12.12
CrPm-18-1 Jlucm 2
3ameepo. [pebennix I.B. 12.12 CT Jlucmig 6
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CrtaH BeO-cepBiCy 3 yJIOM MNOTOKIB MICJIsI BAKOHAHHS IBOX
THUCSY OJHOYACHUX 3AMUTIB 3 MapaJieIbHUM 301pHUKOM CMITTS

Uptime: 36 min 49 sec

Heap | Metaspace

Size: 853,540,864 8
Max: 2,059,403,264 B

Perform GC | | Heap Dump

Used: 299,378,240 B

800 MB
700 MB
600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0MB

5:30 P 5135 PM 5:40 PM 5:45 P 5:50 PM 5:55 PM 6:00 P

M Heap size B Used heap
Threads

Live: 28

Daemon: 24
Live peak: 219

Total started: 224
200
150

100

50

0
530PM 5:35 PM 540 PM 545 PM 5:50 P 5:55 PM 6:00 PM

M Live threads B Daemonthreads




CtaH noTOKiB BEO-CEpBICY 3 MYJIOM OTOKIB HA MOMEHT

30

BHKOHaHHA ABOX THCAY OAHOYACHHUX 3aIIUTIB 3 IMapaJICJIbHUM

Timeline
Show: Live Threads =

\Name

Timeline: & @ @

[35 P

301pHUKOM CMITTSI

61250 P 61255 P

B http-nio-5080-exec-112
B http-nio-8080-exec-115
B http-nio-5080-exec-119
B http-nio-8080-exec-129
B http-nio-5080-exec-184
B http-nio-8080-exec-185
B http-nio-8080-exec-23
B http-nio-8080-exec-47
B http-nio-8080-exec-60
B http-nio-8080-exec-72

B RMITCP Connection(3)-127.0.0.1

B http-nio-8080-exec-201
B http-nio-5080-exec-202
B http-nio-8080-exec-203
B http-nio-5080-exec-204
B http-nio-8080-exec-205
B http-nio-5080-exec-206
B http-nio-8080-exec-207
B http-nio-8080-exec-208
B http-nio-8080-exec-209
B http-nio-8080-exec-210
B http-nio-8080-exec-211
B http-nio-8080-exec-212
B http-nio-8080-exec-213
B http-nio-5080-exec-214
B http-nio-8080-exec-215
B http-nio-5080-exec-216
B http-nio-8080-exec-217
B http-nio-5080-exec-218

6:13:00 PM = |Running | Total
4,329ms  (0.5%) 944,741 ms
6,821 ms (0.7%) 944,741 ms
3,582ms  (0.4%) 944,741 ms
7,387 ms  (0.8%) 944,741 ms
9,341 ms (1%) 944,741 ms |-
3,703ms  (0.4%) 944,741 ms
6,393ms (0.7%) 944,741 ms
3,713ms  (0.4%) 944,741 ms
5376ms (0.6%) 944,741 ms
4,791 ms (0.5%) 944,741 ms

173,577 ms  (98%) 477,093 ms
2,512ms (4.7%) 53,587 ms
2,561 ms  (4.8%) 53,587 ms

571ms  (1.1%) 53,587 ms
4,761ms (8.9%) 53,587 ms
2,395ms  (4.5%) 53,587 ms

999ms (1.9%) 53,587 ms
1,003ms (1.9%) 53,587 ms
8,428 ms (15.7%) 53,587 ms
3,374ms (6.3%) 53,587 ms
4,014ms  (7.5%) 53,587 ms
1,954ms (3.6%) 53,587 ms
3,446 ms (6.4%) 53,587 ms
1,917 ms (3.6%) 53,587 ms
3,937ms (7.3%) 53,587 ms
2,843 ms (5.3%) 53,587 ms
2,920ms (5.4%) 53,587 ms
2,118 ms (4%) 53,587 ms
2,125ms (4%) 53,587 ms |,

Po3pob. Inionin A.B. 12.12 .
: _ [MposedeHHs eKcriepumMeHmis 3i CUHXPOHHOO
[epesip. Xpankin O.B. 12.12 Modesio
H. KoHmp. Xpanxin O.B. 12.12
CriPm-18-1 Jlucm 4
3ameepO. [pebennix I.B. 12.12 CT Jlucmis 6




CraH BeO-cepBICYy 3 MYJIOM ITOTOKIB MICIA 1HIIIaI13aI1 31

301pHHKOM cMITTS G 1

C com.nyarian.diploma.tomcat.SynchronousApplicationKt (pid 5817)

Monitor
Uptime: 27 min 07 sec

Heap | Metaspace

Size: 130,023,456 B

CPU & Memory Classes [ Threads

Perform GC | | Heap Dump

x

Max: 4,118,806,560 B
1258

100 MB

75MB

50 MB

25MB

0MB
T:40 P T4ZPM

Threads

Live: 28
Live peak: 29

au

744 PM 746 PM

7.56 PM 7.58 PM
M Heapsize BUsedheap

x

740 P 742 PM

744 P 46 P

7:56 PM 7.58 PM
ELivethreads ®Daemon threads

31




32

3arajapHUM CTaH BEO-CEPBICY 3 MYJIOM MOTOKIB MICIA
BUKOHAHHS IBOX THUCSY 3amuTIB 3 G1

Uptime: 1 hrs 15 min 01 sec

Heap | Metaspace

Size: 895,483,936 B
Max: 4,118,806,560 B

Perform GC | |Heap Dump

Used: 352,160,480 B
800 MB
700 MB
600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0B

T:50 PM 7.55 P 8:00 P 8:05 P 810 PM 815PM 8:20 PM 825 P 8:30 P 835 PM 8:40 P 8:45 PM

E Heap size W Used heap

Threads x

Live: 28
Live peak: 221

Daemon: 24
Total started: 240

200

150

100

50

7:50 P 755 PM 8:00 PM 8:05 P 810 P B8:15 Pl 8:20 P 8:25 P 8:30 PM 8:35 P 8:40 PM 8:45 PV

O Live threads B Daemon threads




CtaH peakTUBHOT'O BEO-CEpBICY IICIIS 1HIIIAM3AIlT 31
30iparKoM cMmitTs Parallel

Heap | Metaspace

Size:

89,021,696 B Used: 40,648,832B
,059,403,264 B

Ma

350 MB:

300 MB

250 MB

200 MB

150 MB

100 MB

50 MB:

0

1:42:30 AM 1:43:00 AM 1:43:30 AM 1:44:00 AM 1:44:30 AM 1:45:00 AM 1:45:30 AM 1:46:00 AM 1:46:30 AM

1:47:30 AM 1:48:00 AM
B Heap size B Usedheap
Threads

x
Live: 18

Daemon: 16
Live peak: 19

Total started: 23

:42:00 AM 1:42:30 AM

1:43:30 AM

430 AM 1:45:00 AM 1:45:30 AM 1:46:00 AM 1:46:30 AM

00 AM 1

0 AR 1:48:00 AM
B Livethreads M Daemonthreads

33




34

CtaH nOTOKIB BUKOHAHHS PEaKTUBHOTO BEO-CEpBiCY 31
30ipHHKOM cMITTs Parallel

< com.nyarian.diploma.webflux.ReactorApplicationKt (pid 15285)

Threads ® Threads visualization
Live threads: 15 Thread Dump
Daemon threads: 16

Timeline x
Show: Live Threads~ = Timeline: & &, @,

Name | 10:17:40PM 10:17:45PM 10:17:50PM 10:17:55 PM 10:18:00 PM 4 || Running | Total I
B Attach Listener I 212,020ms (100%) 212,020 ms |~
B DestroyJavaVM N 212,020ms  (100%) 212,020 ms
OFinalizer oms  (0%) 212,020ms
O JmMxXserver connection timeout 22 1,931ms  (0.9%) 212,020ms

212,020ms (100%) 212,020 ms

oms (0%) 212,020 ms
212,020ms (100%) 212,020 ms

oms (0%) 212,020 ms

oms (0%) 212,020 ms
212,020ms (100%) 212,020 ms
209,706 ms (98.9%) 212,020 ms

oms (0%) 212,020 ms
212,020ms (100%) 212,020 ms
174,086 ms (100%) 174,086 ms
174,086 ms (100%) 174,086 ms
174,086 ms (100%) 174,086 ms
174,086 ms (100%) 174,086 ms
174,086 ms (100%) 174,086 ms

8 Monitor Ctrl-Break

O mysgl-cj-abandoned-connection-cle
B reactor-http-epoll-1

O Reference Handler

B RMI Scheduler(0)

BRMITCP Accept-0

BRMITCP Connection(1)-127.0.0.1
B server

| Signal Dispatcher
Breactor-http-epoll-2

B reactor-tcp-epoll-1
Breactor-tep-epoll-2
Breactor-tep-epoll-3

H reactor-tcp-epoll-4

Po3pob. Inionin A.B. 12.12 .
: : [TposedeHHsA eKcriepumeHmis 3 peakmusHoK
Mepesip. Xpsankin O.B. 12.12 Modesnio
H. KoHmp. Xpsankin O.B. 12.12
ClPm-18-1 Jluem 2
3ameepO. I'pedennix I.B. 12.12 CcT Jlucmis 6




3arajbHUN CTaH CUCTEMH PEAKTUBHOTO BEO-CEPBICY 31
301pHrKOM cMmiTTs Parallel micins Bukonanns 2000 3anuTiB

O com.nyarian.diploma.webflux.ReactorApplicationKt (pid 24467)
Monitor

Uptime: 11 min 41 sec

Heap | Metaspace

size: 682,622,976 B
Max: 2,059,403,264 B

CPU| & Memory Classes @& Threads

Perform GC | | Heap Dump

x
Used: 405,406,880 B

600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0
1:42 AM 1:42 AM

1:44 AM 1:45AM 1:46 AM 1:47 AM

1:48 AM 1:49 AM 1:50 AM 1:51 AM 1:52AM
B Heap size BUsedheap

Threads

Live: 21

%
Live peak: 21

Daemon: 19
Total started: 26

1:42 AM 1:43 &M 1:44 AM 1:45 AM 1:46 AM 1:47 &M

1:48 AW 1:49 Al 1:50 &M 1:51 AM 1:52 Al

mLive threads ®Daemon threads
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CtaH nOTOKIB BUKOHAHHS PEaKTUBHOTO BEO-CEpBiCY 31
301pHUKOM cMiTTs Parallel Ha MomenT Bukonannst 2000
3aIUTIB

Timeline
Show:|Live Threads = | = Timeline: & &, &

\_Name A 1:49:45 AM 1:49:50 AM 1:49:55 AM 1:50:00 AM 1:50:05 AM 1:50:10 AM 1:50:155\_Running _HTotaL

B attach Listener e T 517,283ms (100%) 517,283 ms
B DestroyJavaV/M e 517,283 ms (100%) 517,283 ms
OFinalizer oms  (0%) 517,283ms
O JMXserver connection timeout 27 963ms (0.2%) 517,283 ms
B Monitor Ctrl-Break I T 517,283 ms (100%) 517,283 ms
Omysgl-cj-abandoned-connection-cle oms (0%) 517,283 ms
Breactor-http-epoll-1 T 517,283 ms (100%) 517,283 ms
Breactor-http-epoll-2 I I, 517,283ms  (100%) 517,283 Ms
Breactor-tcp-epoll-1 S e s17,283ms (100%) 517,283
Breactor-tcp-epoll-2 I I,  517,283ms  (100%) 517,283 Ms
Breactor-tcp-epoll-3 T e 517,283 ms (100%) 517,283 ms
Breactor-tcp-epoll-4 e 517,283 ms (100%) 517,283 ms
OReference Handler 0oms (0%) 517,283 ms
BRMI Scheduler(0) ] oms  (0%) 517,283 ms
BRMITCP Accept-0 I e 517,283 ms (100%) 517,283 ms |
Bserver I EEEEEEEEEEEE—— oms  (0%) 517,283ms
B5ignal Dispatcher S 517,283 ms (100%)  517,283ms
BRMI TCP Connection(5)-127.0.0.1 [ 234,271 s (100%) 234,271 ms
Breactor-http-epoll-3 e 29,233ms (100%) 29,233 ms
Breactor-http-epoll-4 e 29,233ms (100%) 29,233 ms
BRMITCP Connection(6)-127.0.0.1 N 29181 ms (100%) 24,181 ms

36
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CtaH peakTUBHOT'O BEO-CEpBICY IICIIS 1HIIIAM3AIli 31
301pHHKOM cMITTS G 1

‘ Heap ‘ Metaspace

size: 130,023,456 B Used: 57,147,384 B
Max: 4,118,806,560 B

125 MB
100 Mg
75 MB:

50 MB

25 MB:

omB
2:08 AM 2:09 AM

211 AM 212 AM 213 AM 214 AM 215 AM 216 AM

B Heap size B Usedheap
Threads

x
Live: 18 Daemon: 16
Live peak: 19 Total started: 22
18

2:08 AM 2:09 AM

2110 AM 211 M

213AM 219 AM 2115 AM 2116 AM

247 AM

I Live threads B Daemon threads
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CrtaH peakTUBHOI'O BEO-CEpBEPY MICISA IBOX TUCSY 3aMUTIB 31

Heap | Metaspace

301pHHKOM cMITTS G 1

Size: 828,375,072B
Max: 4,118,806,560 B
800 MB

700 MB
600 MB
500 MB
400 MB
300 MB
200 MB

100 MB

0
208 AM

Threads

Live: 20

Live peak: 20

20

218 AM z19AM

B Heap size ®Usedheap

%

218 AM 2119 AN

mLivethreads m Dasmonthreads
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[TopiBHSIHHS 3ape3€pBOBAHOIO OOCITY KyIH

Reserved Head Size

B Synchronous H Reactive
Po3pob. Inionin A.B. 12.12 . . )

: . [MopisHAHHSA pe3ysnbmamis ekcriepumeHmis 3
fepesip. Xpanin O.B. e eaKMUBHO Ma CUHXPOHHOK MoOenaMuU
H. KoHmp. Xpankin O.B. 12.12 p p

ClriPm-18-1 Jluem 1
3ameepo. [ pebennix I.B. 12.12 CcT Jlucmie 5
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[TopiBHSIHHS MaKCUMaJIbHO BUKOPHUCTAHOTO 0OCATY KYIIH

Feak Used Head Size

W Synchronous (Parallel GC) B Reactive (G1 GC)

Po3po6. Lnonin A.B. 12.12 . . .

: . lopi8HAHHSA pe3ynbmamis ekcriepumeHmis 3
Mepesip. Xpancin O.B L2 eaKMUBHOK MA CUHXPOHHOK MoOenamMu
H. KoHmp. Xpankin O.B. 12.12 P P

CrPm-18-1 Jlucm 2

3ameepo. [pebennik 1.B. 12.12 CcT Jlucmig 5
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[TopiBHSIHHS KUIBKOCTI 301pOK MycCOpPY MpH 0OpOoOIIl 3alUTIB

B Synchronous (Parallel GC)

W Reactive (31 GC)

Garbage Collections During Requests Processing

Po3pob. Lnonin A.B. 12.12 . . .

: . [MopieHAHHSA pe3ysbmamis eKcrepumeHmie 3
epesip. Xpankin O.B. L €aKMUBHOK Ma CUHXPOHHOK MOOenamu
H. KoHmp. Xpankin O.B. 12.12 p p

ClriPm-18-1 Jluem 3
3ameepo. [ pebennix I.B. 12.12 CcT Jlucmie 5
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[TopiBHSIHHS KIIBKOCT1 aKTUBHUX MOTOKIB Y CUCTEMI

Live Threads During Requests Processing

B Synchronous (Parallel &C) B Reactive (&1 GC)

Po3pob. Lnonin A.B. 12.12 . . .

: : [MopisHAHHSA pe3ysnbmamis ekcriepumeHmis 3
Mepesip. Xpancin O.B. L2l €aKMUBHOK Ma CUHXPOHHOK MOOenamu
H. KoHmp. Xpankin O.B. 12.12 P P

CrPm-18-1 Jluecm 4

3ameep0. ['pebennix I.B. 12.12 CcT Jlucmig 5
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[TopiBHSIHHS IBUAKOCTI OOPOOKHU JIBOX THCSY 3aITUTIB

B Synchronous M Reactve
Po3po6b. Luonin A.B. 12.12 . . .

: : [TopieHAHHA pe3ysbmamis ekcrepumeHmie 3
epesip. Apankin O.B. L eaKmMuB8HO Ma CUHXPOHHOKO MOoOenaAMU
H. KoHmp. Xpankin O.B. 12.12 P P

CrpPm-18-1 Jlucm 5
3ameepo. ['pebennix I.B. 12.12 CcT Jlucmie 5
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SearchController.kt

package com.nyarian.diploma.tomcat

import com.nyarian.diploma.domain.SearchService

import com.nyarian.diploma.web.search.dto.SearchResultDto
import org.springframework.web.bind.annotation.GetMapping
import org.springframework.web.bind.annotation.RequestParam
import org.springframework.web.bind.annotation.RestController

@RestController
class SearchController (private val service: SearchService) {

@GetMapping ("/search")
fun search (
@RequestParam("query") query: String,
@RequestParam("limit", defaultvValue = "200") limit: Int
) = service.findAll (query, limit) .map(::SearchResultDto)

SynchronousApplication.kt

package com.nyarian.diploma.tomcat

import com.nyarian.diploma.domain.prioritizing.RelevanceDefinitionFactory
import org.springframework.boot.autoconfigure.SpringBootApplication
import org.springframework.boot.runApplication

import org.springframework.context.annotation.Bean

import org.springframework.context.annotation.ComponentScan

@SpringBootApplication
@ComponentScan ("com.nyarian.diploma™)
class SynchronousSearchApplication {

@Bean

fun factory() = RelevanceDefinitionFactory ()
}
fun main () {

runApplication<SynchronousSearchApplication> ()

SearchService.kt

package com.nyarian.diploma.domain

import com.nyarian.diploma.domain.prioritizing.RelevanceDefinitionFactory

import org.springframework.stereotype.Service

@Service
class SearchService (private val repository: SearchRepository, private val
factory: RelevanceDefinitionFactory) {
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fun findAll (query: String, limit: Int) =
repository.findAll (query, limit).run {
sortedWith (factory.create (query)) }

SearchService.kt

package com.nyarian.diploma.persistence

import com.nyarian.diploma.domain.SearchRepository

import com.nyarian.diploma.domain.SearchResult

import com.nyarian.diploma.persistence.SearchResultTable.COLUMN DISPLAY LINK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN LINK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN RANK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN SNIPPET
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN TITLE
import
com.nyarian.diploma.persistence.SearchResultTable.COLUMN TOTAL RESULTS
import org.springframework.jdbc.core.JdbcOperations

import org.springframework.jdbc.core.RowMapper

import org.springframework.stereotype.Repository

import java.sgl.ResultSet

@Repository
class JdbcSearchRepository(private val jdbc: JdbcOperations)
SearchRepository {
override fun findAll (query: String, limit: Int): List<SearchResult> {
val escapedQuery = query

.replace("!", "IIM)
.replace ("%", "!I%")
.replace("_ ", "! ")
.replace("[", "![")

return Jjdbc.query (
SELECT ‘"rank’, "title’, “snippet’, “display link", "link’,
"total results’
FROM search

WHERE LOWER (search.title) LIKE ? ESCAPE '!' OR
LOWER (search.snippet) LIKE ? ESCAPE '!'
LIMIT ?

""" trimIndent (),
SearchResultRowMapper,
"$$SescapedQuerys",
"$$escapedQuerys",
limit

private object SearchResultRowMapper : RowMapper<SearchResult> {
override fun mapRow (rs: ResultSet, rowNum: Int): SearchResult? {
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with(rs) {
return SearchResult (

getInt (COLUMN RANK),
getString (COLUMN TITLE),
getString (COLUMN SNIPPET),
getString (COLUMN DISPLAY LINK),
getString (COLUMN LINK),
getLong (COLUMN TOTAL RESULTS)

ReactorApplication.kt

package com.nyarian.diploma.webflux
import com.nyarian.diploma.domain.prioritizing.RelevanceDefinitionFactory
r2dbc.
r2dbc.
r2dbc.
r2dbc.
r2dbc.

import io. pool.ConnectionPool

import io. pool.ConnectionPoolConfiguration

import io. spi.ConnectionFactories

import io. spi.ConnectionFactory

import io. spi.ConnectionFactoryOptions.*

import
import
import
import

import

org.springframework
org.
org.
org.

org.

springframework.
springframework.
springframework.

springframework.

.boot.autoconfigure.SpringBootApplication

boot.runApplication
context.annotation.Bean
context.annotation.ComponentScan

web.reactive. function.server.HandlerFunction

import

org.springframework.web.reactive.function.server.
import org.springframework.web.reactive.function.

import

org.springframework.web.reactive.function.server.
import org.springframework.web.reactive.function.

@SpringBootApplication
@ComponentScan ("com.nyarian.diploma™)
class ReactorApplication {

@Bean
fun connectionFactory(): ConnectionFactory =
builder ()

.option (DRIVER, "mysqgl")

.option (HOST, "127.0.0.1")

.option (USER, "root")
.option (PASSWORD, "root")
.option (DATABASE,

.build()

"diploma")

) .run {

ConnectionPoolConfiguration.builder (this)

.maxSize (20)
Jbuild()

RequestPredicates.GET
server.RouterFunction

RouterFunctions.route
server.ServerResponse

ConnectionFactories.get (
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}.run (::ConnectionPool)

@Bean
fun searchRoute (handler: SearchHandler): RouterFunction<ServerResponse>

route (GET ("search"), HandlerFunction (handler::search))

@Bean

fun relevanceDefinitionFactory() = RelevanceDefinitionFactory()
}
fun main() {

runApplication<ReactorApplication> ()

SearchHandler.kt

package com.nyarian.diploma.webflux

import com.nyarian.diploma.domain.RxSearchService

import org.springframework.http.MediaType

import org.springframework.stereotype.Component

import org.springframework.web.reactive.function.BodyInserters.fromValue
import org.springframework.web.reactive.function.server.ServerRequest
import org.springframework.web.reactive.function.server.ServerResponse
import reactor.core.publisher.Mono

@Component
class SearchHandler (private val service: RxSearchService) {

fun search(request: ServerRequest): Mono<ServerResponse> {
return Mono.create<Pair<String, Int>> {
val queryParam = request.queryParam("query")
if (queryParam.isPresent) {
it.success (Pair (queryParam.get (),
request.queryParam ("1limit") .orElse ("200") .toInt ()))
} else {
it.error(IllegalArgumentException ())
}
}.flatMap { args: Pair<String, Int> -> service.findAll (args.first,
args.second) }
.flatMap { results ->
ServerResponse.ok () .contentType (MediaType.APPLICATION JSON) .body (fromValue (r
esults)) 1}
.onErrorResume { ServerResponse.badRequest () .body (fromvValue (it))

RxSearchService.kt
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package com.nyarian.diploma.domain

import com.nyarian.diploma.domain.prioritizing.RelevanceDefinitionFactory
import org.springframework.stereotype.Service
import reactor.core.publisher.Mono

@Service
class RxSearchService (private val repository: RxSearchRepository, private
val factory: RelevanceDefinitionFactory) {

fun findAll (query: String, limit: Int): Mono<List<SearchResult>> =
repository.findAll (query, limit) .map {
it?.sortedWith (factory.create(query)) ?: emptyList() }

RxSearchRepository.kt

package com.nyarian.diploma.persistence

import com.nyarian.diploma.domain.RxSearchRepository

import com.nyarian.diploma.domain.SearchResult

import com.nyarian.diploma.persistence.SearchResultTable.COLUMN DISPLAY LINK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN LINK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN RANK
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN SNIPPET
import com.nyarian.diploma.persistence.SearchResultTable.COLUMN TITLE
import
com.nyarian.diploma.persistence.SearchResultTable.COLUMN TOTAL RESULTS
import io.r2dbc.spi.Connection

import io.r2dbc.spi.ConnectionFactory

import io.r2dbc.spi.Row

import io.r2dbc.spi.Statement

import org.springframework.stereotype.Repository

import reactor.core.publisher.Flux

import reactor.core.publisher.Mono

@Repository
class RxJdbcSearchRepository(private val factory: ConnectionFactory)
RxSearchRepository {

override fun findAll (query: String, limit: Int):
Mono<List<SearchResult>> {
return Mono.from(factory.create())
.flatMap { connection: Connection ->
Mono.from(createStatement (connection, query,

limit) .execute())

.flatMapMany { result -> Flux.from(result.map { row:
Row, _ -> mapResult (row) }) }

.collectList ()

.flatMap {
Mono.from(connection.close()) .then (Mono.just (it)) }

}
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private fun createStatement (
connection: Connection,
query: String,
limit: Int
) : Statement {
val escapedQuery = escape (query)
return connection.createStatement (QUERY)
.bind (0, "%$SescapedQuery%")
.bind (1, "%$S$escapedQuery%")
.bind (2, limit)

private fun mapResult (row: Row) : SearchResult {
return SearchResult (

row.get (COLUMN RANK, Int::class.java)!!,
row.get (COLUMN TITLE, String::class.java)!!,
row.get (COLUMN SNIPPET, String::class.java)!!,
row.get (COLUMN DISPLAY LINK, String::class.java)!!,
row.get (COLUMN LINK, String::class.java)!!,
row.get (COLUMN TOTAL RESULTS, Long::class.java)!!

private fun escape(query: String): String {
return query

wn wypgn
- ..

.replace

mon " on
s", 1'%

.replace

nwon w "w
7 .

.replace

(
(
(
(

.replace "[", " ["

companion object {
private const val QUERY = """
SELECT "rank’, "title’, “snippet’, “display link’, "link’, "total results"
FROM search
WHERE LOWER (search.title) LIKE ? ESCAPE '!' OR LOWER (search.snippet) LIKE ?
ESCAPE '!'
LIMIT ?

SearchResult.kt

package com.nyarian.diploma.domain

data class SearchResult (
val rank: Int,
val title: String,
val snippet: String,
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val displaylLink: String,
val link: String,
val totalResults: Long

OccurrenceCountComparator.kt

package com.nyarian.diploma.domain.prioritizing

import com.nyarian.diploma.domain.SearchResult

class OccurrenceCountComparator (private val value: String)
RelevanceDefinitionStrategy {

override fun compare (left: SearchResult, right: SearchResult) =
left.occurrencesOf (value) .compareTo (right.occurrencesOf (value))

private val SearchResult.allText get () =
"${this.snippet}\n${this.title}"

private fun SearchResult.occurrencesOf (value: String) = MatchCount (
this.allText,
value

) .value

private class MatchCount (private val origin: String, private val
subsequence: String) {
val value: Int by lazy {
if (origin.isEmpty() || subsequence.isEmpty()) {
return@lazy 0
}
var count = 0
var idx = 0
while (origin.indexOf (subsequence, idx).also { idx = it } !=

count++
idx += subsequence.length

}

return@lazy count

RelationScheme.kt

package com.nyarian.diploma.persistence

object SearchResultTable {
const val COLUMN RANK = "rank"
const val COLUMN TITLE = "title"
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const val COLUMN SNIPPET = "snippet"

const val COLUMN DISPLAY LINK = "display link"
const val COLUMN LINK = "link"

const val COLUMN TOTAL RESULTS = "total results"

package

SearchResultDto.kt

com.nyarian.diploma.web.search.dto

import com.nyarian.diploma.domain.SearchResult

data class SearchResultDto (

val
val
val
val
val
val

rank: Int,

title: String,
snippet: String,
displayLink: String,
link: String,
totalResults: Long

constructor (result: SearchResult) : this(

result.rank,
result.title,
result.snippet,
result.displayLink,
result.link,
result.totalResults
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ITo3HaueHHs HaitmenyBanHs Joxn.
Ne BIJIOMOCTI
TexcToB1 TOKyMEHTH
1. | T'FOUK.504310.002 I13 [TosicHiOBanbHA 3amucKa 76 cTop.
2. | TFOUK.504310.002-01 12 01 Tekct nporpamu 8 crop.
I'padiuni goKkyMeHTH
5. | THOMK.504310.002 C10 Tumnosa apxiTekTypa BeO-CepBicCiB 2 apKymu
6. | TIOMK.504310.002 C10 ACHHXPOHHA MOZIETL ONHONOTOUROTO | o,
npuiioMy Ta jaeseraiii oOpoOKH 3amuTiB
7. T'TOHUK.504310.002 C10 Xapakrepuctuku Big Data 3 apKymu
8. TTONK.504310.002 C10 [Mpuammn podorn MapReduce 1 apkym
9. TTOMK.504310.002 C10 Apxirektypa Apache Hadoop 1 apkymn
I'tOMK.504310.002 C10 : .
10. Orunsig MOJeNl «IIOTIK Ha 3aluT» 4 apkymu
['tOMK.504310.002 C10 Kopensiis Mixk KiTBKICTIO TIOTOKIB,
11. 9acoM Ha 3MiHy aKTUBHOT'O TIOTOKY Ta 1 apkym
JAHUMH, 1110 30epirae KO>KeH MOTIK
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MO/IeJli BUKOHAHHS
13. TOMK.504310.002 C10 [MopisusiHHs Tomcat Ta Netty 3 apKymm
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17. 6 apKy1iB
PEaKTHBHOIO MOJICILITIO
I'TOUK.504310.002 C10 [TopiBHSIHHS pe3yNbTaTiB €KCIIEPUMEHTIB .
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