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CREATE TABLE users_online_queue EREATE TABLE users_online
C o |

“when™ DateTime, \whe? Jatelime,

NN uid® Ulnto4,

uid® Ulnte4, . -

. N page_id" UInto4d

page_id" Ulnto4 )
) ENGINE = Mergelree()
ENGINE = Kaflka() PARTITION BY toYYYYMM(when)
SETTINGS kafka_broker_list = '172.3 ORDER BY wuid, when

CREATE MATERIALIZED VIEW uses_online_mv TO users_online AS
SELECT

when,

uid,

page_id
FROM users_online_queue
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Partition 1 C SHARD 1 )
Partition 2 :> C SHARD 2 )
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Partition 3 C SHARD 3 )
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CREATE TABLE message_notify
¢
‘uid® Ulnto4,
‘message_id" String,
“when™ Datelime,
‘message” String,
“acked™ UUIntZ DEFAULT 0,
“ack_time” Datelime DEFAULT tobDateTime(@)
),
ENGINE = ReplacingMergeTree(ack_time)
PARTITION BY toYYYYMM(when)
ORDER BY wuid, when, message_id

AN A 5 31: ReplacingMergeTree

INSERT INTO message_notify (uid, message_id, when,
toUInt64((rand(1)

1000)

1) AS uid,

randomPrintableASCII(64) AS message_id,
tobatelime('2020-08-18 00:00:00' )  (rand(2)
randomPrintableASCII(1024) AS message

FROM numbers(10000000 )

SELECT count()

FROM message_notify

—count()
10000000

:

message) SELECT

((3600

24)

30)) AS when,
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1p5=2: ClickHousefEEERNE FiiA=RINFH /1. ReplacingMergeTree

INSERT INTO message_notify (uid, message_id, when, message, acked, ack_time) SELECT

uid,

message_id, SELECT count()
when, FROM message_notify
message,

1 AS acked, count()
now() AS ack_time 19193689
FROM message_notify

WHERE (cityHash64(message_id 99 0
( 4 ( g ) ) 1 rows in set. Elapsed: 0.002 sec.

VM_0_32_centos :) select count() from message_notify final;
SELECT count()

FROM message_notify
FINAL

count()
10000000

1 rows in set. Elapsed: 0.705 sec. Processed 19.19 million rows, 1.7
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SELECT
count(),
sum(cityHash64(*)) AS data
FROM message_notify
FINAL
WHERE (uid = 520) AND (NOT acked)

count() data
[_ 114 1408834122718260738_l

1 rows in set.|Elapsed: 0.049 sec.|Processed 114.69 thousand rows, 128.79 MB (2.3

VM_0_32_centos :) select count(), sum(cityHash64(*)) as data from message_notify

SELECT
count(),
sum(cityHash64(*)) AS data
FROM message_notify
FINAL
PREWHERE (uid = 520) AND (NOT acked)

count() data
[_ 10035 16578143059869350774_W

1 rows in set.]Elapsed: 0.018 sec.|Processed 114.69 thousand rows, 34.89 MB (6.31
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SELECT
count(),
sum(cityHash64(*)) AS data
FROM
(

Aggregate Functions

SELECT
uid,
message_id,
when,
argMax(message, ack_time) AS message,
argMax(acked, ack_time) AS acked,
max(ack_time) AS ack_time_
FROM message_notify
GROUP BY
uid,
message_id,
when
)
WHERE (uid = 520) AND (NOT acked)

count() data
(_ 114 1408834122718260738_w

1 rows in set. Elapsed: 0.037 sec. Processed 114.69 thousand
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CREATE TABLE message_notify_new INSERT INTO message_notify new SELECT
( . FROM message_notify
uid- UInt64, WHERE NOT acked

‘message_id" String,
“when™ DateTime,

‘message’ SimpleAggregateFunction(max, String), INSERT INTO message_notify_new SELECT

“acked® SimpleAggregateFunction(max, UInt8), uid, _
“ack_time® SimpleAggregateFunction(max, DateTime) message_id,
) when,
ENGINE = AggregatingMergeTree() ‘' AS message,
PARTITION BY toYYYYMM(when) acked,
ack_time

ORDER BY (uid, when, message_id)
FROM message_notify

WHERE acked
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SELECT
sum(cityHash64(*)) AS data

FROM
(
SELECT
uid,
message_id,
when,
max (message) AS message,
max (acked) AS acked,
max(ack_time) AS ack_time_
FROM message_notify_new
GROUP BY
uid,
message_id,
when
)
WHERE (uid = 520) AND (NOT acked)

count() data
[_ 114 1408834122718260738_W

1 rows in set. Elapsed: 0.029 sec. Processed 147.<
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17513: AggregatingMergeTree 5|28 + 114N

when——user_id—duration—

2020-07-28 13:13:41 77 1749
2020-07-28 13:15:41 77 43380
2020-07-28 13:17:41 77 56284
2020-07-28 13:19:41 77 39181
2020-07-28 13:21:41 77 98308
2020-07-28 13:23:41 77 10533
2020-07-28 13:25:41 77 17548
2020-07-28 13:27:41 77 92297
2020-07-28 13:29:41 77 29115
2020-07-28 13:31:41 77 6606

CREATE TABLE users_online_agg

(
‘user_id® UInt64,
‘max_when® AggregateFunction(max, DateTime),
‘min_when® AggregateFunction(min, DateTime),
‘avg_duration® AggregateFunction(avg, UInt64)

)

ENGINE = AggregatingMergeTree()

PARTITION BY tuplel()

ORDER BY user_id

IR
S

CREATE MATERIALIZED VIEW users_online_agg_mv TO users_online_agg AS
SELECT
user_id,
maxState(when) AS max_when,
minState(when) AS min_when,
avgState(duration) AS avg_duration
FROM users_online
GROUP BY
user_id,
when
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17513: AggregatingMergeTree 5|28 + 114N

INSERT INTO users_online_agg_mv SELECT INSERT INTO users_online SELECT
user_id, now( ) (number = 60) AS when,
maxState(when) AS max_when, 99,
minState(when) AS min_when, rand () 100

avgState(duration) AS avg_duration
FROM users online FROM system.numbers

GROUP BY LIMIT 10000

user_id,
when

‘_ INSERT INTO users_online SELECT

now() + (number * 120) AS when,

SELECT

user_id, 771
maxMerge (max_when), rand ( ) 100000
minMerge(min_when),
avgMerge (avg_duration) FROM System. numbers
FROM users_online_agg
GROUP BY user_id LIMIT 10000
LIMIT 10

ser_id——maxMerge (max_when)———minMerge(min_when) vgMerge (avg_duration)
’_“ 88 | 2020-08-01 00:07:06 | 2020-07-28 12:47:36 4967. 3095—‘




=. B ClickHouseXLht 5 #iH == BT T HE (e

17523: AggregatingMergeTree 5|28 + 114N

SELECT
user_id,
maxMerge(max_when),
minMerge(min_when),
avgMerge(avg_duration)
FROM users_online_agg
GROUP BY user id
LIMIT 10

IR
=

user_id maxMerge (max_when)——minMerge(min_when)—avgMerge(avg_duration)
88 | 2020-08-01 00:07:06 | 2020-07-28 12:47:36 4967.3095
99 | 2020-08-04 11:52:15 | 2020-07-28 13:13:15 49,7171
77 | 2020-08-11 10:31:41 | 2020-07-28 13:13:41 50528.1997
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1954: Aggregate Function M AZHI (bitmapZR5l) Rfl1: AFEFITH

Bitmap EMERF /SRS

—date—
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29
2020-07-29

—user_id—
1

© O oo NOYUL B WN

[EnY

—page_id—
2

[y
R © ©W 00 NO Ul AW

Rit, [ ERE/AFE

CREATE TABLE users_online
(
“date” Date,
‘user_id® UInt64,
“page_id® UInt32
)
ENGINE = MergeTree()
PARTITION BY toYear(date)
ORDER BY user id

BEFMNIBIEEERINA,

INSERT INTO users_online SELECT
'2020-07-29' AS date,
number AS user_id,
(number - 10) + 1 AS page_id
FROM numbers(1, 50)

INSERT INTO users_online SELECT
'2020-07-30"' AS date,
number AS user_id,
(number - 10) + 1 AS page_id
FROM numbers(11, 60)
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17524: Aggregate Function N FHZEEH] (bitmapZR5l) HHl1:
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SELECT countDistinct(a.user_id) AS users
FROM
(
SELECT DISTINCT user_id
FROM users_online
WHERE date '2020-07-29"
) AS a
INNER JOIN
(
SELECT DISTINCT user_id
FROM users_online
WHERE date '2020-07-30"
) AS b ON a.user_id - b.user_id

users
i

4

PEEITE

7<ZRJOIN, COUNT DISTINCT £}{RI1E2, FHBFoom



= . F I ClickHouse:LH iz =545 OB = 1K (inted

—\

19524: Aggregate Function BZ %5 (bitmapRFl) FfHl1: AFPEFITE

CREATE TABLE users_online_agg CREATE MATERIALIZED VIEW users_online_agg_daily_mv TO users_online_agg AS

( SELECT
date,

“date” Date, : _
‘uv' AggregateFunction(groupBitmap, UInt64) groupBitmapState(user_id) AS uv
FROM users_online

)
ENGINE = AggregatingMergeTree() GROUP BY date

PARTITION BY toYear(date)

ORDER BY date
4 SARENIE
date,

INSERT INTO users_online_agg SELECT groupBitmapMerge(uv)

FROM users_online_agg

date,
groupBitmapState(toUInt64(user_id)) AS uv GROtY BY dare
FROM users_online ———date——groupBitmapMerge (uv)
GROUP BY date 2020-07-29 50
2020-07-30 60

BEIBITMAPRILIZE, XAMERF(IZHR) ms, MsEW LS
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1#24: Aggregate Function i

WITH
(
SELECT uv
FROM users_online_agg
WHERE date  '2020-07-29'
) AS a,

(
SELECT uv
FROM users_online_agg
WHERE date  '2020-07-30'
) AS b
SELECT bitmapAndCardinality(a, b) AS users

users
el

z

32565 (bitmapR5l) FHl1: AFEBEFHE

3B:

LITEERE, EER, RIRERE

BIBITMAPRIMLIZE, XNAMERF(IZR) M=, NMsEVHER
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195=4: Aggregate Function B FHZEf5] (bitmapZRFl) FH2: [ HFBN/BFEIGME

CREATE TABLE string_lables CREATE TABLE integer_lables

CREATE TABLE float_lables

( (
“lable” String, ‘ “lable”™ String, :la?Ie: S;Pigi’
“value® String, “value™ Float64, ‘\Ljs‘nggre;teEunction(groupBitmap UInt64)
"uv’ AggregateFunction(groupBitmap, Ulntl ‘uv® AggregateFunction(groupBitmap, UInt64) ) ’

) ) ENGINE = AggregatingMergeTree()

ENGINE = AggregatingMergeTree() ENGINE = AggregatingMergeTree() PARTITION BY lable

PARTITION BY lable PARTITION BY lable ORDER BY value

ORDER BY value ORDER BY value
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17524: Aggregate Function M (bitmapFRFl) FTHl2: T HISY/
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CREATE TABLE user_float_properties CREATE TABLE user_integer_properties CREATE TABLE user_string_properties
¢ ( €
‘uid® UInte4, uid® Uintod, ‘uid® UInt64,
“lable” String, ‘1ab1e\ String, “lable” String,
‘value® Float64 ; value™ Ulntod ‘value® String
D) D)
ENGINE = MergeTree() ENGINE. = e renpc) ENGINE = Vergelree()

ORDER BY uid
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155:4: Aggregate Function P FHZ] (bitmapZRFl) Ffl2: SRE/BFPERM

CREATE MATERIALIZED VIEW float_lables_mv TO float_lables AS CREATE MATERIALIZED VIEW string_lables_mv TO string_lables AS

SELECT SELECT

lable, lable,

value, value,

groupBitmapState(uid) AS uv groupBitmapState(uid) AS uv
FROM user_float_properties FROM user_integer_properties
GROUP BY lable, value GROUP BY lable, value

CREATE MATERIALIZED VIEW integer_lables_mv TO integer_lables AS
SELECT
lable,
value,
groupBitmapState(uid) AS uv
FROM user_integer_properties
GROUP BY lable, value
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195=4: Aggregate Function B FAZEf5] (bitmapR %) FfH2: [ HBN/BF EISRM

INSERT INTO user_string_properties SELECT INSERT INTO user_integer_properties SELECT
number AS uid, number AS uid,
' ' 'age' AS lable,
gender‘ AS lable, — — multiIf(Cnumber ~ 9) @, (number  30) 1, (humber 4) @, (number  10) = 30, number  60) AS value
multiIf((number ~ 3) @, '"F', 'M') AS value FROM 1ber < ( 40000000

FROM numbers(40000000 )

INSERT INTO user_string_properties SELECT INSERT INTO user_integer_properties SELECT
number AS uid, number AS uid,
'career' AS lable, 'level' AS lable,
multilfCnumber 10000000, 'Student', 'Engineer') AS value rand() ~ 10 AS value

FROM numbers(40000000 ) FROM rumbers( 40000000 )

INSERT INTO user_string_properties SELECT
number AS uid,
'gender' AS lable,
multiIf(Chumber  3) @, 'F', 'M') AS value
FROM numbers(40000000 )
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195=4: Aggregate Function B FAZEf5] (bitmapR %) FfH2: [ HBN/BF EISRM

SELECT

SELECT lable,
lable, value,
value, groupBitmapMerge(uv)
groupBitmapMerge(uv) FROM “integep. lobles
] GROUP BY
FROM string_lables tabla,
GROUP BY value
lable, LIMIT 10
value )
—Lable——value——groupBitmapMerge(uv)—
. level 9 3998277
—Llable value groupBitmapMerge(uv)— Tevel 5 4001092
gender | F 13333334 level 3 4002348
career | Student 10000000 {e"e{ 2 ggggégg
eve
gender | M . 26666666 level 3 3999011
career Engineer 30000000 level 4 3998359
level 2 3997508
level 1 4000583
level 7 3998843
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SELECT bitmapOrCardinality(bitmapAnd(Ca, b), bitmapOr(c, d)) AS users

FROM
(
SELECT

1 AS j1,
groupBitmapMergeState(uv) AS a
FROM string_lables
WHERE (lable 'gender") (value 'F")
D)

%{[_-F : gNNER JOIN

(%%l = 2 AND BRAl = T#£1M) s 12,

groupBitmapMergeState(uv) AS b

OR FROM string_lables
WHERE (lable 'career') (value 'student')
1EA A ON j1 j2
(17 < R < 55 OR JHZE > 40000) WNER. JOIN.
C
SELECT
1 AS j3,

groupBitmapMergeState(uv) AS c
FROM integer_lables
WHERE (lable 'age') (Cvalue 17) (value 55))
) ON j2 33
INNER JOIN
(
SELECT
1 AS j4,
groupBitmapMergeState(uv) AS d
FROM float_lables
WHERE (lable  'cons') (value  40000)
) ON j3  j4

——users
8003197

1 rows in set. Elapsed: 0.442 sec. Processed 382.86 thousand rows, 20t
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MergeTree

engines [T T TN (IIITTT [T T T

1. INSERTIRERIR FHY I [T [T L
sorted S sorted S sorted S
2. SELECTIRfERE R
> FERS|/ZRhZERG| \\I \\l l/ l//
3. XITERSI/—KE (T T T T — Level 2

4. INSERT/SELECTHH E A2 —serted

5. G REHEE
6. TRRANME—

Compaction continues creating fewer, larger and larger files
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CREATE TABLE users_online SELECT |
FROM users_online
( LIMIT 10
‘when™ Datelime,
‘user_id® UInte4, when——user_id—duration—
. = 2020-07-28 17:32:39 88 12143
duration  UInto4 2020-07-28 17:33:09 88 8333
) 2020-07-28 17:33:39 88 17566
ENGINE = Vergelreel() 2020-07-28 17:34:09 88 17806
PARTITION BY toYYYYMM(when) 2020-07-28 17:34:39 88 4083
. 2020-07-28 17:35:09 88 8686
ORDER BY user_id, when 2020-07-28 17:35:39 88 389

2020-07-28 17:36:09 88 2002
‘- 2020-07-28 17:36:39 88 12079
2020-07-28 17:37:09 88 10112
INSERT INTO users_online SELECT
(now() ~ (number ~ 30)) 1 AS when,
88,
rand () 20000

FROM system.numbers
LIMIT 1000
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11
total 16K
drwxr-x——— 2 clickhouse
drwxr-x——— 2 clickhouse
drwxr-x——— 2 clickhouse
drwxr—-x——— 2 clickhouse
-rw—-r———— 1 cligkhouse

( RHERR ) / L 502007 1.1 6

D —

(detached Hs i) \

(Format Version

clickhouse 4.0K Jul 28 17:32 202007_1_1_0
clickhouse 4.0K Jul 28 17:50 202007_2_2_0
clickhouse 4.0K Jul 28 17:50 202008_3_3 0
clickhouse 6 Jul 28 17:29 detached
clickhouse 1 Jul 28 17:29 format_version.txt

tree .

checksums. txt ( Parts Ei )

columns.txt
count.txt

duration.bin
duration.mrk2

E T

partition.dat

primary.idx
user_id.bin
user_id.mrk2

( MARKX {4 )

> minmax_when. idx

=—+format_version.txt

when.bin
——-when.mrkz‘k\\\\\\\\\\\\\
>‘detached ( é&?&jﬁ: )

2 directories, 1§ files
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6]

primary.idx user_id.mrk2.
65234
(user_id, when) ]
0 2020-01-02 20:21:22
8192  |2020-01-04 20:00:12 i ‘ /
65234  |32768 131614 0 - [g5a36

1998848 |2020-01-03 11:03:23
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CPU: EiH S, B HEINEE32coresPA AN B
AF: SRRFHARELT, PageCacheIIREFMIAE ., BEEINACE128GBA FATE

H4#%: HDDZZENT], RAID-10, RAID-5, RAID-6Z{RAID-50, {IREFFIEE A, BIFIEIRME, _ESSD/NVME

IKTT =

KT RINNESKREFNSIEEMIELL., SEHEMRETBRAIN, B NZKT [RIAIESSDE,
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max_threads: BE1EFRAN%IZENE, RIANZEIE—F

max_memory_usage: ERE IR IFERNRNEF=

max_memory_usage_for_all_users: clickhoused#FfE 2 1FERANANEE,
BEREEEZRENOSTNEANF

max_bytes_before_external group_ by: GROUP BY &{E{EFRAZHBITZEHESE,

PIRSEANMEE, BIUZE Imax_memory_usage/2

max_concurrent_queries: Bx X3 & ZX PR Fl

max_bytes_before_external sort: order by Hf[F 8 5 & H{E
background_pool_size: [ &FEH
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Let’s EXPLAIN.

EXPLAIN [AST | SYNTAX | PLAN | PIPELINE] [settings = value,

EXPLAIN
SELECT a.user_id) AS users
FROM
(

SELECT DISTINCT user_id

FROM users_online

WHERE when '2020-07-29'
) AS a
INNER JOIN
(

SELECT DISTINCT user_id

FROM users_online

WHERE when '2020-07-30"
) AS b ON a.user_id  b.user_id

..., ] SELECT ... [FORMAT ...]

—explain
Union
Expression (Projection)
Expression (Before ORDER BY and SELECT)
CreatingSets (Create sets for subqueries and joins)
Aggregating
Expression (Before GROUP BY)
InflatingExpression (JOIN)
Expression (Before JOIN)
Union
Expression (Projection)
Distinct
Distinct (Preliminary DISTINCT)
Expression (Before ORDER BY and SELECT)

ReadFromStorage (Read from MergeTree)
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‘1 T o XEEHARRFAPIREE ‘4 oo REBERRA
e Ddos/VPCZENE

W ER S LimENIE IR S5 TobE & 1%
o EBIBETE . e ZIEMIESIS(EMUERE. Ckafka) ‘
o HURIE RS o SISEMIMBIT BT

WREXIERE L EEMRARRE

o PMREMM, SYENMEERERT { o & ﬁfﬁl_ TS‘Z?I@ZE {

. ETFEAWE
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