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1.2 AIDA CQuery History DEVIEW

AONES 2020.10 2022.07

Hive= E&ret Hadoop Eco MEL HaiE CQuery 2% AIDA CQuery £ S&lolo
Systems 7[tt5t0| CUVE Storage8l xjx| 7Hetst [22F SA HM Zaix HAL ST OI0IE =24 SUE
SQL Interface 1= DEVIEW 2021

https://deview.kr/2021/sessions/515
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[HE 21 AAIZ M2 A|AR X Trino =&iot0]
DEVIEW 2019 SQL &l £ L= 7
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1.3 AIDA CQuery Now A

NAVER RIN=

. . Avg:8.000/ day . . Avg: 10,000/ day
* Peak: 30,000/ day * Peak:14,000/ day
— —
Ny — -
Ny -y

Input : 1.x TB / day Input : 1.x TB / day
Total Size: ~ 2. xPB Total Size: ~1.xPB

Business Analytics Warehouse Business Analytics Warehouse

‘ » Avg:50/day

Avg':130 / day
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» Hive (Tez) vs Trino
* Trino Architecture & SZ ghAl



2.1Hive (Tez) vs Trino

H| ! CHAN : RHIS Et
SELECT count(*)

FROM korea_naver.mobile_click_log
WHERE log_date ='2021-06-27'
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H| W CHA 2 CQuery AFEXIS0| 71 20| A= SQL Template

Ct=~2| Inner Select, FULL OUTER JOIN, ORDER BY= &=l SQL

olF (60%) 6%

B 12
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2.1 Hive (Tez) vs Trino BEViE
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2.1 Hive (Tez) vs Trino BEViE
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2.2 Trino Architecture 3 % Y4 Sori

Trino Workers

I ectors H D FS

Trino Coordinator g Worker (Hive)

>I
—

SQL
> P Data | Shuffle
Parser/analyzer faummmdll Planncr [ammdll Scheduler |
< g
‘ . T rino Connectors
- (MySQL)
Data | Shuffle
Metadata AP Data Location AP
Trino Connectors

> Worker ‘\('KEH@\

All stages are pipelined
* No wait time

Yarn-Overhead + Query Time

Memory-to-memory

data transfer

» No disc 10

« Data chunk must
fit in memory

123 - https://blog.treasuredata.com/blog/2015/03/20/presto-versus-hive/
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2.2 Trino Architecture 3 % Y4 Sori
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2.2 Trino Architecture % St g4l
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2.2 Trino Architecture %
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Trino Coordinator
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|
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Trino Workers
- iri ectors HDFS
> Worker ,
(Hive)
Data | Shuffle
. Trino Connectors
s
Data | Shuffle
N s Trino Connectors
All stages are pipelined
« No wait time
YarnOvernead + Query Time

Memory-to-memory

data transfer

« No disc 10

« Data chunk must
fit in memo

7183 - https://blog.treasuredata.com/blog/2015/03/20/presto-versus-hive/
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2.2 Trino Architecture 3 % Y4 Sori

All stages are pipelined
* No walt time

Query Time

Memory-to-memory

data transfer

» No disc 10

» Data chunk must
fit in memory

71813 - https://blog.treasuredata.com/blog/2015/03/20/presto-versus-hive/
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31H 2 DEVIEW

0OS 'Kernel
* ;-l Lé_ll E‘ii/L‘”E-C,)—_Ii I:I-l]:['-l % 20% .Dlskand network buffers

} Other process

Other process

* Thread stacks, GC, off heap H|22| & 30%

Code cache

GC data structures

+ 2| ZH A2| 78 HIEElE= M2l 56% e e

° 100 GB }\-lH-l = 80 GB JVM (_20%) . General Query1 User

+ 80 GB JVM - 56 GB #z2| 22| (-30%) ]l
|

Query 2 User

o _._44 GB( 44% /\/\| | ‘ | System

+ HIZ22] F5AIO0OM, AlH £5E S S0

O34 - https://www.youtube.com/watch?v=Pu80FkBRP-k&t=2086s
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Query Plan

Task

Worker

Task
Worker Tack a5
' Sp||t https://www.oreilly.com/library/view/trino-

Work the-definitive/9781098107703/ch04.html
Orker 10185171 &7 Stage HS 2

Data in splits is transferred between tasks and processed on different workers
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Trino Workers

Tri ectors
(Hive)

Trino Connectors
¢

(MySQL)

Trino Connectors

" Kafkal__

Trino Coordinator g
< Data | Shuffle
Parser/analyzer [ummmd mmmdl Scheduler B
<
| | R
Data | Shuffle
Metadata AP Data Location AP
= > Worker
NNN
NNNNN
NNNN
NNNN
NNNNNNN
N~~~~
& CLUSTER OVERVIEW Log Ot
RUNNING QUEFUES ACTIVE WORKERS ' ROWS/SEC
il 875K
QUEUVED QUERIES RUNNABLE DRIVERS BYTES/SEC
0 - 21.8K 354M
BLOCKED QUERIES RESERVED MEMORY (B) WORKER PARALLELISM
0 0.00
QUERY DETAILS
R £ o con s - | e SN
202730127, 053621_01497_gawkk 2:36pm RUNNING (11%) _
§ 4
A

Trino Web Ul (Coordinator)
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3.3 Web Ul

SQL
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3.3.1Web Ul = Cluster Overview

& CLUSTER OVERVIEW

VERSION ENVIRONMENT UPTIME -

1

RUNNING QUERIES

TS

QUEUED QUERIES

0

ACTIVE WORKERS ROWS/SEC

RUNNABLE DRIVERS BYTES/SEC

BLOCKED QUERIES

0

CEiod

218K Ikl 354aM ||

RESERVED MEMORY (B) WORKER PARALLELISM

. 5 L

2
+)
A

20230127_053621_01497_gawkk

v 148259 » 22033 Il 6714
71678 © 1681s © 8.60m
& 319GB & 4.006B  :i: 321T

2:36pm

SELECT page_id, max(1lcp) as lcp, max(nxrt) as nxrt
FROM
korea_search_
WHERE
group

Trino Web Ul (Coordinator)

Web Ul IAM EXX|= 2 E dHE= DB} Ol Coordinator M2 2|0 LAl A%
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3.3.1Web Ul -

o 7180 = HM o]

14

2 "queries”: [

3 {

4 "user”: “adminl)admin2)admin3",
5 "allow": [“"execute", "kill", “view"]
6 }s

7 {

8 "allow": [“"execute", "kill"]

9 }

10 1,

11 "system_information": [

12 {

13 “user”: “adminl",

14 "allow": ["read", "write"]

15 }

16 1,

17 "impersonation”: [

18 {

19 "original_user"”: “"adminl)admin2)admin3",
20 "new_user": ".s"

21 }

22 1,

access-rules.json

NAVER
DEVIEW
2023

2 U MIA HIo]

Queries: AIEXAL 2| E A 23| E= SEof= 7| M0
o  AHFALEAI7F Web Ul 2 [ XH7| 7t Adior | 2|2F 23| /ES=27} 7tsotY!

=
QA 2| KHRl admin AISTE 2= 2|0l CHol A £2[2 ~ UEE 1=

System information: A|A&! & &2 At H|0f

. 20| TR AIAY HEIH STRSHH 2LEIX

Impersonation: AFEX7t CHE AFEXIE 71HYol= 71 M0
-+ HIOIR AHEA A== XIZ|7] floff 2t2|XHAIS admint impersonation 7ts
+  F2| 2¥0| S0 MOICt Kafka, HDFS, MS & 2 ZEXHE Hots 501 BH= HALE
A dit

Hofot7| flof 2| Xt AIS L2 T
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3.3.1Web Ul - &2 % MIA X0 DY

o 712k M4 X0

23 "system_session_properties”: [
24 {

25 “user”: "admin2",

26 "allow": true

27 }s

28 {

29 “property”: "retry policy”,
30 "allow": true

31 }

32 1,

33 "catalog_session_properties”: [
34 {

35 "catalog": "c3s",

36 "allow": true

37 }

38 ]

39 }

access-rules.json

System % Catalog Session: AI2X}7} YQ|E MM A% HE

. M| Jha S THAE AAH ST WA OFYA HEIXIN Its

=
- N XU AT 5 Catalog 28 HE 5l&
Catalogzt EE H|0|E AA0N| CHoE &

_
2f catalog 282 Bk IIY=E 22| o+ UKITHHO| JSO

Retry policy: 2| 51e €11 Al AIS2=2 THAIE
A

%
oA
0 ~

L
- ST Y CHol M RHAI =7t S ELSE BR AIEAPVHCIZE &4 U EE 58


https://trino.io/docs/current/admin/fault-tolerant-execution.html

3.3.1Web Ul = Cluster Overview

& CLUSTER OVERVIEW

]
0
0

QUERY DETAILS

20230127_053621_01497_gawkk

v 148259 » 22033 Il 6714
1678 O 1681s © 8.60m
& 3.19GB # 4.00GB  :: 321T

User, source, query ID, query state, resource group, error name, or query text

875K
354M
0.00

m v Running +” Queued +” Finished Falled » m Reorder Interval + m

2;36pm RUNNING (81%)

21.8K

Trino Web Ul (Coordinator)

Web Ul OiA] ei7 23S0l 2| &

NAVER
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3.3.1Web Ul = Cluster Overview i

20230127_053621_01497_gawkk Query D 2:36pm i

L ssxD
%) Source0|2 '
B Resource Group 0IE

v 148259 » 22033 I 6714 Split /i (2=2/488/0H7|)
21678 © 16.81s O 8.60m

W 3.19GB & 4.00GB  :i: 321T

Source : #H2| &2 client (Python, GO, JDBC §)
Resource Group : &8t 2|lAA 38 4.2 Resource Group &1
Split : OIOIE] AM2|ol= T2
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3.3.2 Web Ul = Query Overview e "

20230127_053621_01497_gawkk

) 3
+)
A
v 148259 » 22033 Il 6714
21678 O 16.81s 8.60m
& 319GB  # 4.00GB  :i: 321T

o smpaome S

Query
SELECT
FROM Kk
WHERE
AND
AND
GROUP
Stages
173 MEMORY TASKS SCHEDULED TIME SKEW
SCHEDULED 4.20s cUMULATIVE 243K PENDING O
BLockep 1.92h CURRENT OB RUNNING O
cPU 1.10s BUFFERS 0B BLOCKED ()
AILED 0.00ns reak 310KB FAILED
cPU FAILED 0.00ns FAILED rotAL 100
TIME MEMORY TASKS SCHEDULED TIME SKEW CPU TIME SKEW
SCHEDULED 29.26s CUMULATIVE 6.27M PENDING
srocken 0.00ns cURRENT 0B RUNNING O v
cru 10.66s BUFFERS 0B BLockep O
FaiLED 0.00ns peAk 55.7MB FAILED O d &
cPU FAILED 0.00ns FAILED TOTAL 197

Trino Web Ul = Overview

Stage O : Coordinator0l|A|ZF 2| = task@ = stage 1 A ®C| Z1 £S5 &4
Stage N(1) : Distributed stage@ 2 2t workerO| Al 22 £3M6H= CHA|
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3.3.3 Web Ul - Live Plan DEVIEW

Tasks
ID Host State @ P~ MW « Rows Rows/s Bytes Bytes/s Elapsed CPUTime Mem Peak Mem
7.4.0 RUNNING 0 3 0 2 220K 4.30K 406M 812K 51.16s 2.42m 85.6MB 94.2MB
7.14.0 RUNNING 0 3 0 2 255K 497K 407M 813K 51.26s 2.45m 85.7MB 85.7MB
7.28.0 RUNNING 0 3 0 2 447K 8.68K 409M 812K 51.55s 2.48m 859MB 94.5MB

Trino Web Ul -

Stage 7
Q : Queued RONNING
. CPU: 5.64h
R+ Running W
F . Finished el

Input: 7.95GB / 755M rows

Trino Web Ul = Live Plan




v e[| [ [550

Stage 0

FINISHED

CPU: 1.25s
Buffered: 0B
Blocked: 3.01h
Memory: 0B
Splits: Q:0, R:0, F:6400

Input: 7.27KB / 31.0 rows

Output
(columnNames = [period, refine_guer...

Aggregate
(type = FINAL, keys = [refine_query.

LocalExchange
(partitioning = HASH, isReplicateNu...

2.12KB / 31.0 rows

*

s Pipeline 0
7’
Split -
P | s’ PartitionedOut
putOperator
7’
ne— | s 3.94K rows/s (270KB/s)
| Output 31.0 rows (2.12KB)
Drivers 253
Stage 1
FINISHED Wall Time 7.86ms
&Pﬁzr:d"%‘é Blocked 0.00ms
Blocked: 0.00ns
Memory: 0B Input 31.0 rows (2.12KB)
Splits: Q:0, R0, F-253
Input: 1.30G8 / 930K rows T
Aggregate HashAggregationOperator
(type = PARTIAL, keys = [refine_gue... 3.58K rows/s (1 82KB/S)
Output 31.0 rows (2.12KB)
Project
0 Drivers 253
Wall Time 10.6ms
- GRS SRE IRt Blocked  0.00ms
(table = cquery-korea_nxlog_per_day...
Input 38.0 rows (1.93KB)
Trino Web Ul - Live Plan *

Pipeline : HIO|E| X{2| 24

Operator : HIO|EIE AH],

Trino Web Ul — Stage Performance

[

| HEOR 3 Q40 EUS IS 240 Y

NAVER
DEVIEW
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FilterAndProjectOperator

5.93K rows/s (249KB/s)

Output 38.0 rows (1.93KB)
Drivers 253

Wall Time 6.40ms

Blocked  0.00ms

Input 38.0 rows (1.60KB)

T

ScanFilterAndProjectOperator
39.3K rows/s (1.20MB/s

Output 38.0 rows (1.60KB)
Drivers 253

Wall Time 23.7s

Blocked 0.00ms

Input 930K rows (28.3MB)




Pipeline 3

TaskOutputOperator

0.00 rows/s (0B/s)

Output 0.00 rows (0B)
Drivers 100
Wall Time 0.22ms

Blocked 0.00ms

Input 0.00 rows (0B)

T

FilterAndProjectOperator

0.00 rows/s (0B/s)
Output 0.00 rows (0B)
Drivers 100
Wall Time 2.75ms
Blocked  0.00ms

Input 0.00 rows (0B)

A

Stage 1

FINISHED

CPU: 2.23s
Buffered: 0B
Blocked: 4.20h
Memory: 0B
Splits: Q:0, R:0, F:12900

Input: 1.96KB / 6.00 rows

Pipeline 2

HashBuilderOperator

1.47 rows/s (161B/s)

Output 5.00 rows (548B)
Drivers 3200

Wall Time 3.41s

Blocked 208ms

Input 5.00 rows (548B)

oo T

LocalExchangeSourceOperator

0.00 rows/s (0.18B/s)

Output 5.00 rows (548B)
Drivers 3200

Wall Time 50.5m

Blocked  50.5m

Input 5.00 rows (548B)

Trino Web Ul — Stage Performance

Pipeline 0

LocalExchangeSinkOperator

8.62 rows/s (819B/s)

Output 1.00 rows (95.0B)
Drivers 3200

Wall Time 116ms

Blocked  0.00ms

Input 1.00 rows (95.0B)

T

ExchangeOperator
0.00 rows/s (0.03B/s)

Output  1.00 rows (95.0B)
Drivers 3200

Wall Time 45.7m

Blocked  45.7m

Input 1.00 rows (95.0B)

NAVER
DEVIEW
2023

Stage 1
Task 3..n

HashAggregate

Bipsiine 1

HashBuild X HashBuild L I

LocalShuffle

Pipeline 2 :

ScanFilterHash ScanHash X X JB§

326 - Presto(Trino) SQL On Everything IEEE Paper
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4.1 Monitoring =X 2023

Web Ul History 7+ Ol

* Web UIE Sdll Cluster &Ei, 2| 2 5= HAIZICR & £+ UCA =H|71 EdolH &=t Ojelo}7| 0|
« ofX|2tetHN| H0|= B = AHE= Coordinator HIZ 2|0 A] 22|

« MiZ2]| StA| 20| VIKIM EXHE S Y= 23 25 K|St (CQuery 1007H)

 History H42H2 GC7t EIXI 27| IH20H 142 U2 521 O0M, Mt 2T S ol 24
https://trinodb.slack.com/archives/CGBOQHWSW/p1659118464926819

Tasks
ID Host State @ P~ MW « Rows Rows/s Bytes Bytes/s Elapsed CPUTime Mem Peak Mem
7.4.0 RUNNING 0 3 0 2 220K 430K 40.6M 812K 51.16s 2.42m 85.6MB 94.2MB
7.14.0 RUNNING 0 3 0 2 255K 497K 40.7M 813K 51.26s 2.45m 85.7MB 85.7MB
7.28.0 ' RUNNING 0 3 0 2 447K 8.68K 409M 812K 51.55s 2.48m 859MB 94.5MB
& QUERY DETAILS Log Ou

Query not found
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4.1 Monitoring HIO|E] €= DEIEw

BLIEHYE 7|5 X
E3| K22l 7|5 SQL AFIS SHSH=F| 20 ZLIEZO0| £
Web UI0I|Al 2= K| E =91 57}

AMAIZH K| el 22|0] HE

BLIEE= Sloll 28 ¢t 7|
12 XE - JMX 2 HlSot= A EE Prometheus?t 9=

Active®t Worker 2| 4
ZH| & CPU, HIE2| S el

Custom XX - Event Listenerg ¢t #2| 8 &l HES Elastic Search 2 H&
2| gH

2| AA FE (HI22], CPU, Input It 37| )

- 22| exception E&E

- 2= ur
= 0o o

rOI- rOI- rOI-
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4.1.1 JMX, Prometheus & DEVIEW

IMX 2 HI30ot= A EE Prometheus 2t S S &

Trino

Coordinator
http port

java agent—— _
/metric

Worker Prometheu Grafana

http port S Web Browser

jav _Worker S
http port

Jav[  Worker [ min

java agent—" http pc?rt
/metric
I

/
/

# HELP trino memory memorypool general reservedrevocablebytes (trino.memory<type=MemoryPool, name=general><>ReservedRevocableBytes)
# TYPE trino memory memorypool general reservedrevocablebytes gauge

trino memory memorypool general reservedrevocablebytes 0.0

# HELP trino memory memorypool general freebytes (trino.memory<type=MemoryPool, name=general><>FreeBytes)

# TYPE trino memory memorypool general freebytes gauge

trino _memory memorypool general freebytes 8.8691074662E10

# HELP trino execution taskmanager outputpositions totalcount total (trino.execution<name=TaskManager><>OutputPositions.TotalCount)
# TYPE trino_execution_taskmanager outputpositions_totalcount total counter

trino execution taskmanager outputpositions totalcount total 2.769115537E9

# HELP trino java_ runtime start time StartTime (java.lang<type=Runtime><>StartTime)

# TYPE trino_java_runtime start time gauge

w M\k‘\ ‘[_' HM | /\MU\‘WWW,\M }",m “NL | \U

SRR
LA AY YW Y I

13:00 14:00 15:00 16:00




4.1.1 IMX, Prometheus &

« JMX 2 HlI&ol= X|EE Prometheus®

I
PrometheusO| A X|S 6= Java AgentE &S0t

JMX Exporter config 28 &'&

HE
o

e OO

rules:
# trino {{{
- pattern: 'trino.execution
name: 'trino_execution_$1_$2'

type: GAUGE

- pattern: 'trino.execution
name: 'trino_execution_$1_$2 total’
type: COUNTER

# }}}

- pattern: 'trino.execution

type: GAUGE

- JMX 9 g .

help: "$1 time in milliseconds for alltime’

# Execution and queued time histograms/summaries {{{

name: 'trino_execution_querymanager_$1time_fiveminutes_p$2’
help: '$1 time in milliseconds for the $2 quantile’

jvm.config

-javaagent:/etc/trino/jmx_prometheus_javaagent-...jar=...

:/etc/trino/prometheus_config.yml

NAVER
DEVIEW
2023


https://github.com/prometheus/jmx_exporter

NAVER

4.1.2 Event Listener, Elastic Search ¥ 5™

Event Listeners S¢t 32| 8 A YHE Elastic Search 2 83 &'
+ Event Listener &= Service Provider Interface(SPI) Plugin BEE£ I3
o JHEXIZL AlE custom & & YA HIZBE=DE
SPI = Event Listener 0|2|2| Access Control, User Defined Functions & CI¥%t Plugin2 Ml&

« AlE2XITMO|E Q|oll CoordinatordlA Custom Event Listener X|€
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4.1.2 Event Listener, Elastic Search ¢ %"

= ¥

h ®

» OfcH O[HIEV| Hdig [} CustomorA| MU &~ J[_L= X[26H= Listener
® Query Creation: AF2XH ZI2|7F QI2E| T AlSHE| 7| M BHAESH= O[HIE
@ Query Completion: AF2Xt ZE2|7F E2E 0|z 2HAisH= OHIE
® Split Completion: 72| A3 & 2+2+0| Stage OICt split 22! MHOICH L ASH= O|HIE

Trino Workers

Trino Coordinator

sQL |

. < Data | Shuffle
Parser/analyzer Jommmdl Planner Bemmdll Scheduler [ |

T & T
e A

Data | Shuffle

Metadata API Data Location API

A 4
> Worker



https://trino.io/docs/current/develop/event-listener.html
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4.1.2 Event Listener, Elastic Search

Event Listener 7181
* SPI Plugin HlM getEventListenerFactoriesOl EventListenerFactory Ft&igt ZH4|
» EventListenerFactory = 7HEXI7} fLgist EventListener Zid| A&
+ EventListener ZiXll= 37l O|HIE g +& HSot= el

Ix_—|l.'_|'

public class QueryEventListenerFactory implements EventListenerFactory {

@0verride public class QueryEventListener implements EventListener {

import io.trino.spi.Plugin; public QueryEventListener(Map<String, String> config) {

import io.trino.spi.eventlistener.EventListenerFactory;

public class QueryEventListenerPlugin implements Plugin { Override fublic void queryCreated(QueryCreatedEvent event) {

LOG.debug("queryCreated");

@Override public EventListener create(Map<String, Stripe

; . +
public Iterable<EventListenerFactory> getEventListenerFactories() { return|new QueryEventListener(config);

EventListenerFactory listenerFactory =|new QueryEventListenerFactory(); oublic void queryCompleted(QueryCompletedEvent event) {

return ImmutableList.of(listenerFactory);

LOG.debug("queryCompleted");
¥

public void splitCompleted(SplitCompletedEvent event) {
LOG.debug("splitCompleted");
}




4.2 Resource Groups

S8 AEXIe| L2l #2| RS

+ FOR 2 0123 7/ HH# A SAI0 [N 23 - Coordinator At ST X|21 L AHIA S0

=

2| 4

2t QH0| B2 AL AAH S0t

e =k O le =2 O T

& CLUSTER OVERVIEW

RUNNING QUERIES

1000

QUEUED QUERIES

600

BLOCKED QUERIES

0

ACTIVE WORKERS

RUNNABLE DRIVERS

- 30.3K

RESERVED MEMORY (B)

ROWS/SEC

0.00

BY TES/SEC

0

WORKER PARALLELISM

0.00
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4.2 Resource Groups 2623

Ci+2f 2| 0 7S S oFey

AIZICH'E #2] 238 J2iD
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HIOIE{HIO|A 7|8t Resource Group &3

Soft Memory Limit Max Queue  Concurrency Limit Scheduling Wait

50% 20 10 1

80% 20 10

A
o
:E'T'é"rr

Admin: 2t2|X} 250 -’—%i 22X AIE =S B0 Chet Ko 273
$luser}: ALK AIYE R ZH2E Mot A2
0l]) Lt Al foo 2! bar 7—.*7—.* 1074 SA| & admin A& admin10| 1671 25 0|™ admin2= A|CH 57 AW 7ts
»  Soft Memory Limit: 221AE LH AFEe £+ U= Z|CH Hi2 2] Hst
* Max Queue: 7 &&= A= ZLH 7H
* Concurrency Limit: SA|0f] &8t 7ks5t 2] 74
»  Scheduling Weight: ZXl7I =2 £8 == 24 =2
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20221202_092245_00036_k38f7

L admint -
%) trino-cli

A global.admin

v 0 >0 "o

Z 0.00ms O 5.02s @ 0.00ms

@ oB & oB 50
20221202_092239_00035_k38f7

L admin2

%) trino-cli

T RESIATRN AR Se R \




4.2 Resource Groups

Demo - Max Queue (1)

16..R 3.59% 253 245K 17.3K o 192 0
17R 31.5M 2.22M 863M  60.9M 31 184 197
18P 5.32M 375K 154M  10.9M 0 o 192
19P 5.324 375K 127M  8.96M 0 o 19
20..R 4.04K 285 199K 14K 0 288 0
2IR 284 1.97M 8.13G 587M 55 419 96
22P 5.324 375K 1544  10.9M 0 o 192
23P 5.324 375K 127M  8.96M 0 o 19
24R 32.5M  2.3M 898M  63.4M 33 100 203
25P 5.32M 375K 1544  10.9M 0 o 192
26P 5.324 375K 127M  8.96M 0 o 19

-> FROM dm_query_ctr
~> ) D FULL JOIN (

-> SELECT sum(qc) as qc, sum(cc) as cc
-> FROM view_query_ctr

-> ) VON (

-> 1=1);

Query 20221202_092245_00036_k38f7, QUEUED, @ nodes, @ splits

-> cast(V.cc AS decimal(13,5)) / cast(V.qc AS decimal(13,5)) as view_ctr
> FROM (

-> SELECT sum(qc) as qc, sum(cc) as cc

-> FROM dm_query_ctr

~> ) D FULL JOIN (

-> SELECT sum(qc) as qc, sum(cc) as cc

-> FROM view_query_ctr

> )VON ( §

s 1=1);
Query 20221202_092253_00037_k38f7 failed: Too many queued queries for “"global.admin"
[rﬂw)l
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RIVERS BYTES/SEC

: 1.66
J :

EMORY (B) WORKER PARALLE]

1Ga M 17.7

"?}' ning ‘ SOt « l
c @

IEES® Test bucket ———————e-

eid_session_log AS (

adamin

ry_fos AS query, -- ASHE query (A ras 2 502

e
IEE® Test bucket ————————-

pid eecceinn 1nn AS |

a!n
2
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4.3 Guard DEVIEW

Abusing #2IZ Qloll S2HAE 2|&A TR H4ot= B ES
. E3 worker ZHI0IA Z712t CPU 2C 2t55t2 Q18H 22 AE HIOIE X2l K|
Overview
Node 1D lago-hive-worker-19-container_e123_1638224700238_1085 Uptime 3.34d
8369_01_000027 ¥
External Address 5
Heap Memory
Internal Address L~
Processors
Resource Utilization
Process CPU Utilization . ' Heap Utilization
95.2% 33.8%
System CPU Utilization : ’ | Non-Heap Memory Used |
95.0%
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select count(*) as new

from (select refine_query * %% x'"}lal'ﬁkl -ﬂ'xlé UN|ON 'E'HIE CPU E—l_}?_ﬁ J_-'-H:l' Al"g'
from ...refine_query_2020
union - IE|M =A (log_date)7t YO F7IZHCHEF) CIOIE Zg| 2X]

select refine_query
from ...daily_refine_query
where log_date <= '2021-12-87"')

SELECT count(distinct refine_query) - J1Qel reﬁne_query% He COUﬂt(diStinCt) Z0| BAHZ &Y A2
FROM ...ctr_query . - [ OFH3S SEA LR 3 RF

WHERE log_date BETWEEN '2020-01-01' AND '2021-12-07" = A0ll= 2Lk e S A A3

AND ...

AND cc>0 - G 2EX[HOIHZ TB 27|l & R MY =21 IS HIO|H &3]

l

ai= CIOIEIZG Chet MighS Rl Al 2tegt 2la4 AL Jet


https://trino.io/docs/current/functions/aggregate.html
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Query M| OHAHL|S B1H

» Trino EventListenere Query X2| AI%/S2 OHIETH IS £ US
3= HIOIEES Oolv| 2loliA SQL IHy 22

© Query AIZH ZUS WD SXIBH|0IE 2IAAE 0/0] ALSHT QUOIA YA AICHEE BO

|

+ ASM EE= BCEL 7|89 2 Java runtime hooking H&
Trino Coordinator £2£5 =400 &£ SIZ0 A SQL A2 21X THy
Coordinator JVM &€ Al JavaAgent &M= Soll runtime hooking 2% &

. X8| 7128 %= Trino &4 01S3H A HIOIEIR HIgt
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4.3 Guard — Java Agent Hooking 2655

ByteBuddy libraryZ Java Runtime Hooking 2}720i| 0|26t abusing 2| Hict

4

Java : ASM library2 ZtHMEA] Java ClassE €Al DA == &
Abusing 2| MIetS Qo] LEAAE AIDA CQuery Trino0ll &= AH| ~38ol= 2410] OtL|2}
Bytecode& runtimell £805l= 2t= instrumentation APIZ 0|20l= 4] MEH

2| 2t = mE|olA| ol = ByteBuddy Library HlAM premain 2 0| &
Premain EHA|H| Al class transformer 5ot main0| 237 | IH20| 2ciA OIS o2 [ HE = FE Al


https://docs.oracle.com/en/java/javase/17/docs/api/java.instrument/java/lang/instrument/Instrumentation.html
https://bytebuddy.net/

4.3 Guard — Java Agent Hookin

w

0.)
ho.

(io,

public List<HivePartition> getPartitionsAsList(HivePartitionResult partitionResult) portitionResult: HivePartitionResult@243

{
ImmutablelList.Builder<HivePartition> partitionList = ImmutableList.builder();
int count = 0;
Iterator<HivePartition> iterator = partitionResult.getPartitions();
while (iterator.hasNext()) {
HivePartition partition = iterator.next();

if (count == maxPartitions) {
throw new TrinoException(HIVE_EXCEEDED_PARTITION_LIMIT, format(
"Query over table '%s' can potentially read more than %s partitions",

partition.getTableName(), (@ o @
maxPartitions));

Evaluate

} Expression:
partitionList.add(partition); ipartitionResult.partitionColumns.get(O)'
count++;

} Result:

v oo result = {HiveColumnHandle@24397} "log_time:string:PARTITION_KEY"

t artitionList.build();
GSEUER R O > ¥ baseColumnName = "log_time"

¥ © baseHiveColumnindex = -1
> ) baseHiveType = {HiveType@24400} "string"
> © baseType = {VarcharType@24401} "varchar"
H > ) comment = {Optional@24402) "Optional[required_value:"date:YYYY-MM-DDTHHmMmmM"]"
N > ® hiveColumnProjectioninfo = {Optional@24372} "Optional.empty”
e : = >  name = "log_time"
R LTl e e > 0O columnType = {HiveColumnHandle$ColumnType@24404} "PARTITION_KEY"
v @ partitionResult = {HivePartitionResult@24385)
v 9 partitionColumns = {SingletonimmutableList@24
> = 0= {HiveColumnHandle@24397} "log_time:str|
> ﬁ partitions = {HivePartitionManager$lambda@24

> ¥ compactEffectivePredicate = {TunleDomain@?24

NAVER
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st2E2 Hooking

getPartitionsAsList &49] partitionResult
A7t I2I0IA ARl = R= OIE[d SE B2

OIE|M I HlLoHAl ORI e = TIEHE B2
Exceptiong HANAl 2| S=

0dl) log_time OIE|M EE H|st


https://github.com/trinodb/trino/blob/381/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HivePartitionManager.java
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4.3 Guard — Java Agent Hooking

ByteBuddyOlAl A2 agent builder &S

Ve

*/
public class HookAgent {
public static void premain(String arguments, Instrumentation instrumentation) {

// register a hook, advice in terms of byte-buddy, for io.trino.plugin.hive.HivePartitionManager#getPartitionsAsList() method

// HivePartitionManager#getPartitionsAsList() has one parameter; result of fetching Partitions in the HivePartitionManager interface.

= =

* Hooking® HivePartitionManager 22lA2| getPartitionAsList &2}
A8 H3t 0lRS Mgt T E= 0180l Al Agent Builder 83
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4.3 Guard — Java Agent Hooking

2XHE IHEIM (log date) 71E ZICH 1A K|St

SELECT count(x) FROM "ctr_query" WHERE log_date = '2022-02-15";

_colo

(1 row)

Query 20220222_074842_00003_uS5rup, FINISHED, 3 nodes
Splits: 123 total, 123 done (100.00%)
]

.91 [
.ctr_query 1].

SELECT count(x) FROM "ctr_query" WHERE log_date between '2020-01-01' and '2022-0 -
Query 20220222_074852_00004_uS5rup failed: The fleld( log_date ) range (partition size) exceeds maximum size 365 + 5 days", current size [ 782 days ], location [

. X8| 7|ZH0] |5t M| OILHT 2|7t HAIK O AlsH

. A1 7|F2 SEETAM AT 24 N 7|7to 2 B




4.4 Stability

Z|CH 19 ®let FS0 = A2l SEZ L2 HIZ22| St Xt ZX]| 2

Error Information

Error Type INSUFFICIENT_RESOURCES

Error Code EXCEEDED_LOCAL_MEMORY_LIMIT (131079)

Stack Trace §

at
at
at
at
at
at
at
at

10.
10.
10.
10.
10.
10.
10.
10.

» JH F7t FY0I0 =8

» Spill to Disk 7|1= A2

trino.
trino.
trino.
trino.

trino

trino.
trino.

io.trino.ExceededMemoryLimitException: Query exceeded per-node total memory limit of NGB [Allocated: GB, Delta:
trino.

ExceededMemorylLimiteException.exceededLocaliotalmemoryLimit{exceedeamemorylLimitException.java:46)

memory.
memory.
memory.
memory.
.memory.
memory.
memorv.

A worker = FHE|7t AFRE &= = 0 22| X[ (N GB)
ol 20| &R 2L} UNION, JOIN & 22| tCr AFEA| & Ij

QueryContext.enforceTotalMemoryLimit(QueryContext.java:378)
QueryContext.updateSystemMemory(QueryContext.java:211)
QueryContext$QueryMemoryReservationHandler.reserveMemory(QueryContext.java:351)
context.RootAggregatedMemoryContext.updateBytes(RootAggregatedMemoryContext.java:37)
context.ChildAggregatedMemoryContext.updateBytes(ChildAggregatedMemoryContext.java:38)
context.ChildAggregatedMemoryContext.updateBytes(ChildAggregatedMemoryContext.java:38)
context.ChildAaareocatedMemorvContext.undateBvtes(ChildAaareaatedMemorvContext.iava:38)

!

« UA|HOR St 0] I 2| AFE (0S8 Page Swappingt SAH

]
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https://trino.io/docs/current/admin/properties-resource-management.html

NAVER

4.4 Stability — Spill to Disk D

Revocable Memory

2R UE F/IE W22 AA8= o 8lF 5|, &&0 w2l M 22| 22[X7F 5 8¢t | 22|F CHA| 2|+~
Ste O]&} HIZ2|E AF2 otk 2tESH 2| AA A2 O R Qlol] LWiHE 4 U= deadlock X

Memory Pools

General Pool Reserved:

GB.
Revocable:
50 68

CHE #2 23 2

: Used/Reserved
. Revocable

Memory Pools ™ Free

General Pool total

40

HI22| AL MIEH20GB) 'g0{41 50GB 7t AFE - 50 GB &0l ¢ 2|+EkI0] 40GB Tt AL2, £ 10GB O & Hi=22| =tH



4.4 Stability — Spill to Disk

Spill-to-disk& 0|26t Revocable 22| HIO|EIE

ClA

YAl B2totn MR 2| =BTt CHA| 7SS A0 2IE Al (HIR2| =2 E mintx] /2| 8 SXI)
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30| YAl £ S AL

[
total 10GB

spill-path]$ 11 ~1lh

1.16 Aug 25 18:15 spill1162861998266928566.bin
1.16 Aug 25 18:16 spill12293847191661479208.bin
7.5M Aug 25 18:16 spill12344887048236082927.bin
1.16 Aug 25 18:14 spill14801098577679614139.bin
1.16 Aug 25 18:15 spill162474956787051774.bin

1.16 Aug 25 18:15 spill18274658173329399338.bin
1.16 Aug 25 18:16 spill2630188357860452690.bin
1.16 Aug 25 18:16 spill536866287967207889.bin

213M Aug 25 18:16 spill5638484848812972089.bin
1.16 Aug 25 18:16 spill6169298546350652686.bin
163M Aug 25 18:16 spill735734140055730647.bin

Memory Pools
General Pool Reser(\;l;d:
B0
ChE 22| Q4w
Memory Pools
General Pool total

glZl M2 2] THF disk0ll Al XS



5.0|2HE dAHIHL. (To be)

« CXL 7|8 H 22| PoC
* Workload Specific Cluster
* Ilceberg
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5.1 CXL 7|4t HI22| PoC oy

I 2 00| E =28 HI0|E warehouse

?? Exabyte

o e —— Scale Up
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5.1 CXL 714t B2 2] PoC e,

DDR
...- :
Controller ....

&t CXL 22|

=17 - https://www.aitimes.kr/news/articleView.html?idxno=20994

S HMND S OIF|EINEE S2|7| SlE
DRAME BIMT 3 OF7| 8K 2 = 52(7) ER—
DRAM ELCt= =2|X[2F M7t 22| ArE 7+s Memory Usage Pool 1,097 tota
0 Q! 0| 2 2] DRAM (256GB) + CXL 7|8t M7t H 22| (2TB) T2} | e ss2e 1m0
AMAHOI HIZZ LN HHEZS 37| MO 2 3HE THs 20220330_075427_00027_cjidg 0% 757MB

2TB -» JVM1.6TB - 1.09TB 7} H|2 2|




5.1.1CXL 7[€F HiZ22| PoC — EHIA

CXL Memory (3)

/

Trino Worker

N

Trino Coordinator

o

>

<

A

Trino Worker

V'

DRAM + Spill to Disk

Icelake * 2ea

NAVER
DEVIEW
2023

CXL A7t HI2e|

Icelake * 2ea
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5.1.1CXL 7|4 HIZ2 2| PoC - HIAE 213 Soas

Azt I DRAM + Spill to Disk

f\ Spill to path (Disk 10)

Trino 1.6T
worker o

U

7t8 H22| S Tt Ar& et B2 Spill to Disk &= &3 disk0l &2 XM E
H 22| disk= ChAotH #HE| 2= ¢ = X2t disk 02 ‘&5 A4 X5}
* Total Memory : 256GB *4 =768 GB

* Total SSD:1.6TB*3=4.8TB
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5.1.1 CXL 7|2t HIZ22| PoC - HIZE 23 Soas

Bat . CXL A7 HI22|

f\ Spill to path (Disk 10)

Iring () 16
worker o

o U/ . CXL N7l 222 0|30 2TB AR 7t5

H2e| 7|8t AFE A =22 Trino ds & 7|0
+ A0 B3] H22|7F &H[F 2TB = 2048 GB= gHff =&
Total Memory : 2T*3=6T
otalSSD:1.6 T*3=48T (B2 A2t &)
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5.1.2CXL 7|82t H|22| PoC — &1} DEVIEW

XS HIOIE XM2l=0X 8% S

= stz

357G

Peak Total Memory

351G

Spill to Disk Data

ﬂ

- Spill to Disk, Disk 107 E-dotX| = B2 XN Hel X2 2

+ DRAMEZ! At S If CHH| PMEM2 2 T 22| S 2HE )M AL E E2
HEl7F3.52m » 3.82m 2 = 8% Sk 85 Ao}

»+ CXL A7t 2 2|= DRAMOY| B|3l 85 Ao}

Elapsed Time 3.52m 3.82m
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5.1.2 CXL 7|dFrHiE22| PoC — &

CHEZ CIOIE] X2l=0IM 28.3%, 58.1% 35 S

24i G[O[E A7
Peak Total Memory 377G 709G

— » AT 2 82 Memory’I 755t0f Spill to Disk 2= &7t HIO[EH S
Spill to Disk Data 349G 0 MM 0] FUE| ¢AF Y Digk |O EhA

Elapsed Time 1311m  9.40m » 22T ArET B Ofl H|ol 13.10m » 9.40m 22 28.3% &4

AHfl H|O|K A7

Peak Total Memory 378G 1.55T

- O[O[E{7} 28} O] S7ol = SpillO| 810 85 AO[7F A &
Spill to Disk Data 1171 0
S !

0=

© 44.18m - 18.50m 22 2| A% A|ZH Bt 0|4 5g.1% A

Elapsed Time 4417m  18.50m
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5.1.2 CXL 7|2r | 22| PoC -

17121 DRAM ELCt X712 CXL 22| /82| B8= =il

SIEHE OXL M7} 22| < spilled data?t B8] 2Astx| @2, matM 28| B 22| 7|8 Ha| 24 s

POP

I=l CQuery Trino 2180 AM HEE HIO[H M| Al 718 M 22| S 2 oH

H 22| 72 =40 =X
A7t =2t Q5| 0] = He| ds= 7IHol = + US

Disk IO7tA| A& or= E

H‘I

H22[S ZH=ZE 20 =2 5 A< ot=/0] £2H0] CQuery Trino 221 2HOA = 0| F0] = = s

CQuery AL EH= HEZ|0M :i= A0| L= 0|L| DRAMZI CXL I 22| ‘30| 34| At0[7} LHX| 5.
[EfAM A7t DRAMELHE X712 CXL M 22| = #-80t= AO0| 714 8 =50| Rla

d= 2 d CXL, AMD Genoas =% 11
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5.2 Workload Specific Cluster — Gateway

GatewayZE 0|20l Query E4O & Cluster A= F2t

* Scheduled Cluster, Ad-hoc Cluster, Short-term Cluster

- K N
+ Testbed Cluster &A| 224 H 44 By T2 M[& 19 midad

» BIEA S&= £ E0I0iot= A= 22 AH S E

» H[O[H MH|A0|| BIZ APEE= SR AR FE AL ES

Presto Environment

218 - https://eng.lyft.com/trino-open-source-infrastructure-upgrading-at-lyft-
83f26b099fa
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5.3 Iceberg 2025

Hive Table Format = Iceberg Format
. PBEIIE 0]0] H0{4 1 242 E7}st= HIOIEIS CHEE AIDA CQuery REUIAE
Hive MetaStore2| RDBMS, Hadoop NameNode E=0| 71& 2 2X

Trino Workers

E !Tzino Connectors

(Hive)

A ‘

> < Data |Shuffle
Parser/analyzer jummmdl Planner [ammmdll Scheduler @ | %
< | 1rino Conne
l l - Worker

.

‘ (Hive)
A

‘ Metadata AP

Trino Coordinator >

SQL

*k Data | Shuffle
Data Location AP v %‘ .
I rino Connect
» <

‘ (Hive)

1. Parser, Query planning, CBO, Scheduler - 0f# HMS MH 0| M table schema/statistics 3& 278
RDBMS(mysql) 2 4 &0 LA HDFS A& scale out0| AIREX| 23t H=EX|H

2. Directory file listing HDFS NameNode / Access File Data Node
MetastoreOllA= IOIE|A CIHEL| EHE NHRZE HE, &K IFE 2 Name NodeOf| A listing
Name Node= of 7HTH &, IHHO0| 2 O™ H|O|H X2| 2Lt directory®tofl It 2| AR ot=0| A|Zt0] E&



5.3 Iceberg

data layer

Iceberg Catalog
dbl.tablel I
current metadata pointer

metadata file

_ ‘j
data files | data files | data files |

3219 - https://iceberg.apache.org/spec/
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CHAE GIOIE] A2 218H Netflix Ol JHE3! B0 &AL
Schema evolution, ACID, scan planning and file filtering S Xl&

Hive ORCE= A7|0 2d= O0|X|2&l 28] = Schema Evolution

HDFSE Al26tHA UpdateE X|l6tX| 20tA| 2= Transaction X2l
=Kl -» ACID X|&

https://trino.io/episodes/40.html



6. 22| & o 2. (Contribute)

* Open Source Contributions

* NS
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Trino

. delegation ES0| X}E T4 7|5 27t

. Resource Group DB §i= £7| ®HE 715 £t

Trino Go Client

' 2 3 ol SElil B2 == 'TH= It


https://github.com/trinodb/trino/pull/10561
https://github.com/trinodb/trino/pull/15389
https://github.com/trinodb/trino-go-client/pull/14

6.2 1 T

Trino

Trino Go Client
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ENUM Et2! conversion H

OOM 2Hdlst= preventive GC AtE oIt E 47

hidden arg 1 1
hiddenarg {1 2
HAE Scanner Z4M|7F 2712t H

jsoNYEIE & = = Ha


https://github.com/trinodb/trino/pull/13304
https://github.com/trinodb/trino/pull/15380
https://github.com/trinodb/trino-go-client/pull/5
https://github.com/trinodb/trino-go-client/pull/7
https://github.com/trinodb/trino-go-client/pull/38
https://github.com/trinodb/trino-go-client/pull/61
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6.3 XS & 2023

Al & Data Platform £74


https://naver-career.gitbook.io/kr/service/search/ai-and-data-platform
https://naver-career.gitbook.io/kr/service/search/ai-and-data-platform
https://d2.naver.com/news/7591059

Trino &34 29j

Slacks Soll Al ARLIEI IS
e 7l /HO /T2 IR e
o SR HE K| (
e https://trino.io/slack.html Join the discussion
RS T SAN AR TIRY 8454 778 627
Trino, this is the place to ask. Check out the following channels, and find SLACK MEMBERS WEEKLY ACTIVE MEMBERS CONTRIBUTORS

many more for specific topics.

()

Join Trino Slack #announcements

Hreleases



https://trinodb.slack.com/messages/C04QZG9RD41

S UAIE

o 121 - https://naver-career.gitbook.io/kr/service/search/ai-and-data-platform

o 122 - https://deview.kr/2021/sessions/515

o 123 - https://blog.treasuredata.com/blog/2015/03/20/presto-versus-hive/

o 124 - https://www.youtube.com/watch?v=Pu80FkBRP-k&t=2086s

o 125 - https://www.oreilly.com/library/view/trino-the-definitive/9781098107703/ch04.html

o 126 —Presto(Trino) SQL On Everything IEEE Paper

|

=17 - https://www.aitimes.kr/news/articleView.html?idxno=20994
o 128 - https://eng.lyft.com/trino-open-source-infrastructure-upgrading-at-lyft-83f26b099fa

e 129 - https://iceberg.apache.org/spec/
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