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3.2 Flink's Window and Trigger (1/2)

Tumbling Window ( Fixed time windows )

- EH™ A2t Interval OFCH Windows Trigger ( Fire)
- Overlap gi2

Sliding Window

- EA AlZ2F Interval OICF Window Triggered
-Overlap & 280IHOO|HE S O & = = US
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3.2 Flink's Window and Trigger (2/2)

Custom Trigger

- FlinkQ| 217 Z&Est =51 50| St
- H5t= A2 O[HIE R Trigger®El Window /4 2, Data &

1z

Event £ 7|9t Trigger f—
Early Triggering

i Con i
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p ~ | |
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4.2 Clickhouse?Q| Array&ArrayJoin (1/4) =™

Example of creating an array:

SELECT array(l, 2) AS x, toTypeName(x)

Clickhouse Array

* toTypeName(array(1l, 2))
’7[1,2] Array(UInt8) —|

- Native DataType

- CHsst St 2 B8 Ots

arrayJoin function 1

This is a very unusual function.

l \ -
r ra y J O I n Mormal functions don't change a set of rows, but just change the values in each row {map).

Aggregate functions compress a set of rows (fold or reduce).
The ‘arrayJoin’ function takes each row and generates a set of rows (unfold).

- I§ S0[5HX|2 £ TH5A0| 2L B4

- Array ElementZS Row= Converting (COI->ROW)  stect arraysotn(ta, 2, 31 a5 srey as ase, wenror, sre
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4.2 Clickhouse®2| Array&ArrayJoin (2/4) =™

Clickhouse Array?| &g

- Clickhouse Array 2} ArrayJoin2 &85} C}Z2f Z0| ROWE =4
- PV 2442 sum(), UV 2| B2 Array HEE Merge

- 2R A ArrayJoin() € 0] 8310{ Row HEHZ &

[2020-09-01] 12:03:10 | 12:03:20 [dloj{ €23 | 30-40 | F_ | Android | Browser | L | AM8xA |
[2020-09-01] 12:03:10 | 12:03:20 |[4{lojH{ 823 | 30-40 | F | Android | Browser | 3 | A8 |
[2020-09-01] 12:03:10 | 12:03:20 [4lojs{ 221] 30-40 | F | Android | Browser | 4 | A8xic |
[2020-09-01] 12:03:10 | 12:03:20 [uloj{ 22| 30-40 | F | Android | Browser | 5 | A8xiD |
Aray2E®
[2020-09-01] 12:03:10 | 12:03:20 |dlojf €21 3040 | F | Android | Browser {| 13 | }[ABXMABCDI |
ArrayJoin()
12020-09-01| 12:03:10 | 12:03:20 |[doj{ E23| 30-40 | F | Android [ Browser i[ 13 [} Al8XA |
[2020-09-01| 12:03:10 | 12:03:20 |ulo{E=1| 3040 | F | Android | Browser || 13 |} A8XB |
|2020-09-01| 12:03:10 | 12:03:20 |ulo{E=1| 3040 | F | Android | Browser || 13 |} A8XC |
12020-09-01| 12:03:10 | 12:03:20 |doj{E23| 30-40 | F | Android | Browser i 13 ; AgxID |

___________________



Clickhouse ArrayJoin2| &£

- User length@t2 PV £ LI+=0{ Query AI27ts

select hour, toUInt64(sum(pv / length(users))) AS pv, unig(arrayJoin(users)) FROM dics_stms_array_basic_20200919

WHERE stname='

- TPHO|A LI O 2 Q1 ALTO| LAl

- Round

toInt64(sum(divide(pv, length(users))))
2951

1933885
1276963

T
1353166
2151294

1353166
2151294
2

3843952

st

SIAE
EII-TE

A" GROUP BY hour ORDER BY hour asc

o

0] &3}0 7H110] 5

FROM

LIKE 'NHN/2 = / = "-') WHERE

ORDER BY F AsC

—toInt64(sum(pv))
2958685

1933885
1276963

3268710
35943

3914470
41953
3843952

GROUP BY hou
ORDER BY hour ASC

round(sum(divide(pv, length(users))))
2958685
1933885
1276963

2634075
3032598
3145136
3401656

3914470
4195365
3843952

niq(arrayJoin(users))—
1656961
1086067
714167

1658798
1790878
1889913
2074786
2217637
2039146
2051248
2046785
1976076
2194080
2076712
2115981
2245221
2255805
2354161
2094177

SELECT
sum(pv /
uniq(arra
FROM 1 stms
WHERE (stnam
GROUP BY hour
ORDER BY hour

sum(divide(

Tlength (us A
yJoin (us

_arra 0190915
LIKE 'NHN/

ASC

pv, length(users)))
2958685.000000245
1933885.0000000363
1276963.0000000177
830257.9999999893
639341.9999999969
719270.9999999901
1353166.0000000184
2151294.000000188
2634075.000000193
3032598.000000198
3145136.0000002407
3401656.000000339
3651907.000000543
3328922.0000004987
3414370.0000002976
3408452.000000306
3268710.0000003413
3594358.0000002543
3381321.0000004712
3444673.0000005183
3833032.000000459
3914470.0000006123
4195365.000000618
3843952.00000081

2 /dold /=y
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_¥ /%') AND (age !

uniq(arrayJoin(users))

1656961
1086067

714167

458694

365371

437048

847162
1352561
1658798
1790878
1889913
2074786
2217637
2039146
2051248
2046785
1976076
2194080
2076712
2115981
2245221
2255805
2354161
2094177
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4.2 Clickhouse®2| Array&ArrayJoin (4/4) =™

Clickhouse Array?| &g

- RowsE =0 Disk Access A5 M It
- AL A| ArrayJoin() & 0| 2950 Row &
- H|AtEEHO)| H2FA RowE HEY 2 HH AH| At

Clickhouse Array 2| &&

- It 35 Records -> 59 Records
- 10X CHQ|Q| AlA|ZFOLAP Ms 2tH ( 6A|ZI0|AIE B8 )
- J2iL L2 HRe] X7 |5, MY H|wE oM =7t MOl ER
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4.3 AggregatingMergeTree (1/3)

MergeTree Engine &Z0]| CH{st 7|2 Y

- C.H2| INSERTE= M2 Part & AASHH X%

- (Insert Throughput &4, 1/0 SHO|A Write Buffer &

- Background JobO| 7|&2| Part®} Sorting 50 StLI2| Part=E Merge
- AMTE= &2 7|8 717! HIO|E{& Merge St EEo| Y14t2 JHsot &

(CCITTTHEN  (TICTT N (OIITTT .
[TTT N IOTTT e [T 7.

NSNS N

[TTT e [T ([T .

NN/

MMM T T T T T T —_——

Compaction continues creating fewer, larger and larger files
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4.3 AggregatingMergeTree (2/3)

AggregatingFunction

- MergeA| &3t Primary KeyZ 2%l Row Eg&!
- SimpleAggregateFunction 2 AF295F0 min, max, sum <
- AggregateFunction & AF2610% intermediate binary 2t X%

Creating a Table
f(S1 UNION ALL S2) = f(f(S1) UNION ALL f(S2))

CREATE TABLE [IF NOT EXISTS] [db.]table name [ON CLUSTER cluster]

(
O| Z0| PH= EICHH namel [typel] [DEFAULT|MATERIALIZED|ALIAS expri],
B SimpIeAggregateFunction name2 [type2] [DEFAULT|MATERIALIZED|ALIAS expr2],
) ENGINE = AggregatingMergeTree()
JX] 4CHH

[PARTITION BY expr]

[ORDER BY expr]

[SAMPLE BY expr]

[TTL expr]

[SETTINGS name=value, ...]

- AggregateFunction

. groupArrayArra m group ArrayArra E SimpleAggregatefFunctio



|5l

CREATE TABLE URL_PAGEVIEW

cDate”™ date,
"URL® String,

"PV’ SimpleAggregateFunction(sum, UInté4)

)

ENGINE = AggregatingMergeTree()

ORDER BY (MetricDate, URL)
1.Ho|= &g

SELECT *
FROM URL_PAGEVIEW

MetricDate R P

| 2020-10-01 | https://m.naver.com ||

O20-10-0 PS://wWww.naver . com
2020-10-02 https://m.naver.com

2020-10-02 | https://www.naver.com

MetricDate——URL PV
2020-10-02 | https://www.naver.com 5
MetricDate——URL PV
2020-10-02 | https://www.naver.com 4

3.INSERT 0|

OPTIMIZE TABLE URL_PAGEVIEW FINAL

ok.

insert
insert
insert
insert
insert
insert
insert

insert

SELEC

URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW
URL_PAGEVIEW

values('2020-
values('2020-
values('2020-
values('2020-
values('2020-
values('2020-
values('2020-

values('2020-

2.H|o|E] ZH]|

FROM URL_PAGEVIEW

2020-10-01

2020-10-01
2020-10-02
2020-10-02

URL

*http
‘https
‘http

‘https

n.naver.

yww.naver.com',

https://m.naver.com
https://www.naver.com
https://m.naver.com
https://www.naver.com

o
bt
op

DEVIEW
2020



DEVIEW
2020

Clickhouse®| Materialized View

- Query?| &1t 4o = B 9| Table 44d5I= Materialized View
- Clickhouse O[A|= Ctet MergeTree 2t 28510 =551 &%
- Source Table Q| Insert 8| Trigger2 &% o= 7HE

CREATE MATERIALIZED VIEW r0.amtlcs_stms_array_basic_20201009

‘date’ Date,
hour™ UInt32,
stname’ String,
origin® String,
age’ String,
gender” String

;\‘/WAggregateFunction(sum, Float64), Aggregat|ng AIO-" AI‘%EEI C)dﬂ' _’g_ﬁ_

‘uv’ AggregateFunction(uniq, String)

tingMergeTree('/clickhouse/clusters/{cluster}/tables/amtlcs_stms_array_basic_20201009_{rOshard}', '{r0replica}')

1

] ge, gender, os, browser, date) Merge 0” Al-%EEI Primary Key

Insert Trigger A| source table OjjA] 33t SELECT

browser,

sumState(pv / length(users)) AS pv,

uniqState(arrayJoin(users)) AS uv
FROM r@.lcs_stms_array_basic_20201009
GROUP BY

date,

hour,

stname,




DEVIEW

4.4 AMT + Materialized View (2/3)

Clickhouse®| Materialized View

- Source Table =8
- A2+ £ O|o|E{E ?{5H Merge
-3 ZO0F Records & 44 It

- 5H2MAIIHC| Records -> 2500 Tl Records £ Tt9| = Merge
- {2359 -> 2380t

SELECT count(1l)

. SELECT count(1)
FROM dlcs_stms_array_basic_20201008 T

FROM damtlcs stms _array basic 20201008

count(1) count(l)
525998880 25467452




DEVIEW

4.4 AMT + Materialized View (3/3)

Source H|O|Z0j|A| CtFot HHRI 2 ZHEA| PFs
- % TH9lo] T T9le B2 To|E{} AR

— Lo —
- Agg + MVE AE, ER0] [af CHeFsh AZMEe] L4 I
- 0l= €A1 HIo|E = &2t F2HHIO|Edd s (B =5 §10])
- =280 H0|H Y= Aa

default_type
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4.5 Clickhouse’s Indexing (1/2)

Sorting Key( Primary Key ) € 0| &%t X[&g}  cretingatose

CREATE TABLE [IF NOT EXISTS] [db.]table_name [ON CLUSTER cluster]
(

- Select Query A1SO]| 74l 7|2 X0|0 Q8 MK — e R o

INDEX index_namel exprl TYPE typel(...) GRANULARITY valuel,
= O L |_ INDEX index_name2 expr2 TYPE type2(...) GRANULARITY value2
- HIo| = Al X[, 0l 21Xl &5 IHH2 e e

[PARTITION BY expr]

[PRIMARY KEY expr]

[SAMPLE BY expr]

[TTL expr [DELETE|TO DISK 'xxx'|[TO VOLUME 'xxx'], ...]
[SETTINGS name=value, ...]

Clickhouse Index2} Granularity.

- select CounterID IN (‘a’, ‘h’) =» [0, 3) and [6, 8) Read

- select “CounterID IN (‘a’, ‘'h’) AND Date=3" = [1, 3)and [7, 8) & Read

- Cardinality 7 =1 Frequent &€+ 82| ( 1 Mark for 8192 Rows, Default)
- seconds & AH™

NDATA R T T :
Counter ID i[a aaaaa bahaaaahahaqohbb cdeessesesseseececefgggggggghhhhhhhhh ik11111111]
DATE i[i]_lll ,].222222,43,331123321]. 112222223332 11311120 2223722 3 lllJ_22233 122333 ]

TICKS (. U oL \ | \ | | \ |
a,l a,2 a,3 b3 e,2 e, 3 g,1 h,2 i, 1 i,3 1,3

MarkIndex = © 1 2 3 4 5 6 7 3 9 10
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4.5 Clickhouse's Indexing (2/2)

L5 21 Primary Key2| == A|AH| BH51F 59t

- Insert A| Sorting Key2| =& &7}
- Write Performance & o}=
- Index Cache 7t A&5t= 22| & 57t AlA

Left-Prefix Rule, Primary Key &=A{7} A0 Q1o A3k
- Ex) (KEY1,KEY2) & (KEY1KEY2) AEHZ Mark 2} strfind()

1st case : KEY="(stname, starttime}"
sum{pv / length(users))) AS pv, #24 rows in set, Elapsed: 0.359 sec. Processed 1.65 million rows, 450.02 MB (4.61 millien rows/s.. 1.25 GB/s.)
1st case : KEY="(stname, starttime}"
|:> 2nd case: KEY="(starttime. stname)" 2nd case KEY="(starttime, stname)"
#24 rows in set, Elapsed: 0.336 sec. Processed 2.15 million rows, 610.71 MB (6.39 million rows/s., 1.82 GB/s.)
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4.6 Table Merge & 1124t Write

Background Merge %0| 582

- B2 T2 X Writing Sh= A2 WriteE H[2EXH2 2 U5

B BaCkg round Merge x_ll-ou-lol HEI-AOHQ *l?_|-0| ?:Il-i - https://github.com/ivi-ru/flink-clickhouse-sink
- AMT E-"Ol%E E"olE_I ACI;IAO-IO." X|?_1 HEI-ACISI - J1E3 WE Clickhouse Sink

Flink-Clickhouse-Sink

Merge 22 11245t Write Parameter 2% St
- Write tt¢l= 39 & =5 {2 ( Buffer Size) e
- 2t2+o| Write OIC} Interval & &3] -

B Merge xEI- OEIO-lLéI- _)F %EE ertlng s
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4.7 H/A 71’4 81 Monitoring Points (1/2) ™~

Flink H/A 2+

- Checkpoint 7144 2! AutoRestart 7174
- Flink Cluster/Yarn 274

Clickhouse H/A 31’4

- Zookeeper £ S9!t Replication

- Circular Topologys CtFot Replication #1d 7t

- Multi-Master Table , DistributionA| Master Preference ™2}
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4.7 H/A 718 B! Monitoring Points (2/2) &

Data Loss

- Flink 0| A] Z4X|=| = Late DataXi2|
- AllowedLateness 2| Updatable Store 2} X|&0| =|0{O &t
- J%X| 52 A2 Drop A|Z[AHL EEE X2|5H= 20| O 21tH

You should be aware that the elements emitted by a late firing should be treated as updated results of a previous computation,
i.e., your data stream will contain multiple results for the same computation. Depending on your application, you need to take these
duplicated results into account or deduplicate them.

CREATE TABLE default.url_pv
(

"MetricDate’ Date,
URL® String,
i nt64

Duplicated Result X 2| -

ENGINE = Re |1 ﬁlergeTreei'--—.‘. r)
ORDER BY (MetricDate, URL)

- ReplacingMergeTree A87ls i

MetricDate

- Merge H0j| Read 7t57d ——

2020-01-01

- OPTIMIZE XI5 A2 E7} rotricua
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4.8 2 A2 Backend 2| 31/
21 A|12F Backend 9| 1
- Data Pipeline 2 HX|H Rows+E R38O 2 Z0|7| §ldlf ==
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&1 - https://www.dataplusscience.com/Sigmoid.html
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Animations

Workbook Default

-

Duration

1.00 seconds (Slow) ¥

Style

Simultaneous v

Selected Sheet

(None Selected)

-I.J
rot
@ Ujo
3 -|0

I?J OfL|m|O] 4 B A =R X2

SQL Query Datasource

WHERE amp BETWEEN

3

<Parameters.window_start_time>
AND
addMinutes(<Parameters.window start time>, <Parameters.window_size minute>)

Embedding with JS API - Time window parameters and forced CSR option

containerDiv = document.getElementById(vizContainerId),
url = "http://[TableauServerURL]/trusted/[AuthCode]/views/[WorkbookName]/[DashboardName]",
options = {

":render": "true",

"[Parameters].[Parameter 1]": "2020-11-01 10:00:00",

"[Parameters].[Parameter 27]": 30,

"[Parameters].[Parameter 3]": "2020-11-01 10:29:50"
b

Viz = v tableau.Viz(containerDiv, url, options);
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Embedding with JS API - Time window processing

options = {
onFirstInteractive: O {
workbook = viz.getWorkbook();

f (windowEndTime <= windowCurrentTime) {
workbook . changeParameterValueAsync("window_start_time", windowStartTime).then(() => {
viz.refreshDataAsync();

D

{

workbook . changeParameterValueAsync("window_current_time", windowCurrentTime);
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CategoricalFilter Class

Properties -
P 5|
Name Type Description =l _gender @ &4
getIsExcludeMode() bool Gets a value indicating whether the filter is exclude or include
(default).
DataValue[] | Gets the collection of values that are currently set on the filter. v |x_-I x-" I;:IAI- %%
This is a native JavaScript array and not a keyed collection. If M o=
more than 5000 values are selected, only the first 200 are = O HA 3=
returned.
bool Gets a value indicating whether all values for the filter are

tIsAllSelected
L elected() selected. Returns true if all values in the filter are selected.

%1 - https://help.tableau.com/current/api/js_api/en-us/JavaScriptAPI/js_api_ref htm##filtering
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L Apply to Worksheets >
A|--g-I|-7|- OS I‘él E‘l O'IIA'I - W|ndOWS 7 - Cat.allna E?_,;Toa,;:?eter and Set Controls... R
“Windows” AMEH - Windows XP - Mojave /Show T
. . t Title...
- Windows 10 - Sierra te
Single Value (list) @0
Single Value (dropdown) =
Single Value (slider) O
v/ Multiple Values (list)
?_-_III:I- Iél E'-I ?_ DC:)LCI)_ | Iél E'-I . M:It:ple VaI:es (c;ropdown)
OS Version %E‘l (_).l ?MI' %% Multiple Values (custom list)
. . Wildcard Match =]
AL X7t 0S TE{Of| A - Windows7  -—Eatatina
u . " - H H / All Values in Database
Windows" AEH Windows XP -—Mejave

V Include Values

- Windows 10 -—Sierra Exclude Values
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Filter values in worksheet

userkey gender age browser 0s

Z2IQID7IE HY 1-6 NAVERAPP Android 1x1 Worksheet in dashboard

WEBBROWSER Android

7-12 NAVERAPP Android
i0S

WEBBROWSER  Android
i0S
Win

6M

NAVERAPP Android
i0S

WEBBROWSER Android
i0S
Linux
Mac0S
Win
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Multi-Dimensional filter with relevant values

worksheetFilter = dash.g

worksheetFilter.getFi

curViz0bjs. forEach((viz) => {
worlkbook = .getﬁmrk'“'*"
worksheets =
. forEach( ;
.applyFilterAsync(

isOverlapFilter
' ' 4+ filterName : filterName,

isOverlapFilter
appliedValues.map(obj == .id) ¢
appliedValues.map{ob] => obj.text),
tableau.FilterUpdateType.REPLACE
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