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*StarRocks Query Team Leader

eStarRocks PMC & Commuitter

*Apache Kylin PMC & Commuitter (Inactive)

* Apache Doris PMC & Committer (Retired)




G T 368 — R i A s




G T IEAR R R IEE 1« AL A

Level 1: Cluster

eLevel 1: 58P 45

eLevel 2: ZHLY JE it

Level 2: Node

eLevel 3: 23 Btk

eLevel 4: HAZ 68 Level 3: Core
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Number of Workers | Cost Per Hour | Length of Workload (hours) | Cost of Workload

& & & &
N N N N

0.5

\"&4 \"&4 &

0.25

FIRNIRURAS, B b AR AT




R AL

Tablet

---------------------------------------------------------------------------------------

| n S
_ : % = S
| : A & D_
| : |
T m_
N s |
L
>
=
(S
- — d
= P
T | : (3
o o0 - 13
R Ma S =Y
e <l
R o
ﬁ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
__ ....................................................................................... m "
Y = ~N
..... _ Mb m D "
| :
| : 2 G |
T — |
e e o - J
A
~
= <
= >
S N
=
S
S
F r-—~ - =--=-------""-"""""""""""""="""="-"="-""-""-"="-"=-== l
Py | eenneeeeeeaamereesaaneseasaaneseesanneseasanntraatannnteaaanneraanannneaannnnneaannn _
® | - _
- | _
= I _
- "
|
> o : 2|
| :
5 R o A = |
e | |
I _
l : |
e aaas _
_ _
e e e e e e e e e e e e e e e e e e e e e e .

AT AT B
AT AR
VIS EN gl

Backend 2 Backend 3

Backend 1

Backend 1




B oA

Tablet

Exec Instance
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Select Count(*) From Table
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CPU Time = Instruction Number * CPI * Clock Cycle Time
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eCPU Cache
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Front End

Instruction Cache

k__

I

Instruction Fetch & Decode

Execution Engine

J'4—6 HOpS

Reorder Buffer

Memory

L1 Data Cache

[

L2 Cache
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Level 1: Cluster

Level 2: Node

Level 3: Core




D YU FT 1SR R ZLP5ZE 2: Pre Process VS Runtime Process

Data Load Data Query

Data Source

Storage Application

Pre Process Runtime Process

e Materialized View

*Aggregate Data When Load
The more pre process, The less runtime process

eIndex

eCache
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MYV (Year, Cost)
Year Cost(sum)
Base Tabl 2016 jo | e slestsum(cost) from table
Year City Cost(sum) 2017 60
2016 be1jing 10
2016 shanghai 30
2017 beijing 20 MYV (City, Cost)
2017 shnaghai 40 City Cost(sum)
beijing 30 <«—— Select sum(cost) from table
where city = shanghai
o ﬁiﬁl B HH 7]'] wH shanghai 70

o 7% || e B ]
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Date Publisherld Country | Clicks Cost
2013/12/31 100 Us| 10 32
2014/01/01 100 US 205 103
2014/01/01 200 UK 100 50

(a) Mesa table A
Key%l| 2 7 Fr

5~ Value#| A R B 5 A B2 (Sum, Max, Min, HLL, Bitmap, Replace)

+H ] KeyH) Value 17 R &

JL-TReplace pRIZ A DLSZE 4 5 0T

FARRE, HRpSE WA E 2
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StarRocks Segment File Data Region Index Region
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BE BE BE
*Local Disk Cache
.Mem Ol‘y Pag e C a ch e Balanced Distribution
*Query Cache
*Query Result Cache
T Granular Caching
e MetaData Cache

eStatistics Cache
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SQL

Query Optimizer > PR NIERITITR

Query Scheduler > MIERITITR D &

> PIERITITRIIATT

Storage > FEREEED T EE
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SQL

e Partition And Bucket Prune

*Read Necessary Column

Query Optimizer » Generate ""Best'" Execution Plan
*Read Compressed Data
eSkip Data By Index Optimized Multiple Nodes
Query Scheduler
) Optimized Multiple Cores
*Skip Data By Metadata

o[.ate Materialization Process Data Less And Fast

. Transfer Data Less And Fast
*Operations On Encoded Data

eVectorized Process

Storage > Read Data Less And Fast

\J
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SQL

*Shutfle By Column

Query Optimizer - Generate ""Best'" Execution Plan

e Compress Data By Column

*Global Runtime Filter
Optimized Multiple Nodes

Query Scheduler —>

*Operations On Encoded Data Optimized Multiple Cores

eColocate Join
Process Data Less And Fast

-Replication Join Transter Data Less And Fast

e Bucket Shuffle Join

Storage > Read Data Less And Fast
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SQL

eData Structure and Algorithms

Query Optimizer -+ Generate ""Best" Execution Plan
*Vectorization
*SIMD Optimized Multiple Nodes
Query Scheduler >
» Adaptive Strategy Optimized Multiple Cores

*Cache Optimization Process Data Fast

. e . Transfer Data Less And Fast
C++ Low Level Optimization

Storage > Read Data Less And Fast
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Read Data Less And Fast (10)

Transfer Data Less And Fast (Network)

*Process Data Less And Fast (CPU & Memory)

TF) F 4 Linux Tools 2 Witk AE I 3




AT &R 28 & 5: Adaptive & Al Tuning
e |

Optimizer:
Chooses best plan

requests statistics
for costing plans

chosen Tables sizes,
plan . Current
histograms | gtatistics
yYa ) __\_: \ YT A)
* GLiE B
“JL H /o)
Executor: Statistics Tracker: runstats
Runs chosen plan Creates/updates statistics :

y | y A Figure 2: The traditional approach to query processing
fitAtss Cost AT A i
Query +

Optimizer:
Chooses best plan

requests statistics
for costing plans

e Continuous Query

chosen plan

. [ —
with extra ! Original +
operators to / observed Current
tr. tatisti o ieti
aacndstfaigIZeg > ,I re—optimize statistics statistics
re—optimization !
if required ’
. 7
-~
P -
Executor: Statistics on — Statistics Tracker: runstats
Runs chosen plan query Creates/updates statistics | -—-——
subexpressions and system conditions

Figure 3: AQP in plan-based systems




AT &R 28 & 5: Adaptive & Al Tuning

Query or
continuous query

Tuple Router:
Integrated optimizer
and statistics tracker

uses statistics to
choose efficient routes

routes tuples through S o
operator pool observed ~ ~ _ Operator Current
statistics M | sclectivities, statistics
costs
> A Y s LA
fEAt4s 2 {X E3§T Plan
Executor:
Pool of operators
Figure 4: AQP in routing-based systems
s BT EBIAS B AT R IS
4 U\ X Continuous
query
Optimizer:
Chooses best plan
7
v 7 \ requests StatlSthS
é Pl M or costing plans
A~ [R) BB 98 73 2H A3 B AS [R] iy Plan \
N Stream rates,
e stream data Current
re—optimize™ distributi statistics
N istributions
whlch M
Statistics AN
~ to track N
~ &( \ < .
Executor: Statistics Tracker:
Runs chosen plan - - - - — — — — Monitors statistics
. . and system conditions
combined in part specified by optimizer
for efficiency

. /

Figure 5: AQP in CQ-based systems




QAT T SRR B AR 2 S T ] H Al ViR R

double select1v1ty true_count x 1.0 / chunk_size;
if (selectivity <= 0.5) { // useful filter |
if (selectivity < 0.05) { // very useful filter, could early return
~selectivity.clear();
_selectivity.emplace(selectivity, rf_desc);
chunk—>filter(new_selection);
return;

// Only choose three most selective runtime filters
if (_selectivity.size() < 3) {

~ _selectivity.emplace(selectivity, rf_desc);
} else {

Prefer The Low Selectivity Filter
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Select Count(*) From Table Group By Id ,r
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Result Sender

i Final Agg i
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T IEm B gE % S: Hafi M. Hash 2R

Data Sender

° 1 j‘ g ip. )l:'_l: Value
Value
. ﬁ%% |/:|\ 5( %/\b Ha ShTabl e Directly Shuftle Value
Value
o JoER AR B2 Shuffle Agg By

HashTable

Scan
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o AL (Materialized View)
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#i \.: Logical Plan +

Cost 1000

odi . Cost H/NAE WP T IR

Cost 10000 VS Cost 100000

'

Best
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Search Framwork

JL | | Property Enforcement |
Plan Memo <:> Task Scheduler <j
| | %

| Sort |

. ] |

z I :

e N | [ i |
] Partition |

Rewrite

«JLF Cascades [l ORCA £ o mi

Plan

Rules

Extract Cost Estimation

Transformation

44 StarRocks TAT A P FE iy PestPian -

Cost Model
Implementation

REEEMW , TAE]Hr . N




StarRocks CBO & {4t 4+: Logical Plan Rewrite

Z TP LR KA EE LG

y N2 . FROM lineitem, supplier, orders
® ; 5 U i{ b [ 53 WHERE | suppkey =s_suppkey AND o orderkey =1 orderkey and 1 shipdate = “1992-12-29”;

Logical Project Logical Project Logical Project
count() count() count()
—L Logical Agg Logical Agg Logical Agg
Logical Project Logical Project Logical Project
1 suppkey 1 suppkey 1 suppkey
L . . M L . . i
1 m 1 t e rg e , 1 m 1 t Logical Filter Logical Join Logical Join
1 suppkey =s_suppkey and o_orderkey =1 orderkey 1 suppkey =s_suppkey 1 suppkey =s_suppkey
and |_shipdate = "1992-12-29" — —

Logical Join . .
g Logical Filter Logical Scan Logical Join Logical Scan

Hz o_orderkey =1_orderkey supplier o _orderkey =1 orderke supplier
o = /\—‘ Mer e and |_shipdate = "1992-12-29" op = o . PP
K3

Logical Scan
supplier

Logical Join Logical Join

Logical Scan

Logical Scan

lineitem rders
Jirin YEH 2 1 A2, O e °
AN = = ;
¢ l:' Logical Scan Logical Scan Logical Scan Logical Scan
’ lineitem orders lineitem orders

*Quter Join ¥ Inner Join

A

eIntersect Reorder




StarRocks CBO & {4t 4+: Logical Plan Rewrite

SELECT count(*)

Lateral Join 1V, T4
S ISR

‘Empty Node {1t

Empty Union, Intersect, Except 3% 5

*Count Distinct }i R R & KA HE

FROM lineitem, supplier, orders
WHERE 1 suppkey =s suppkey AND o orderkey =1 orderkey and 1 shipdate = “1992-12-29";

Logical Project
count()

Logical Agg

Logical Project
1 suppkey

Logical Filter
1 suppkey =s_suppkey and o_orderkey =1 orderkey

and |_shipdate = "1992-12-29"

Logical Join

N

Logical Scan

Logical Join .
supplier

N

Logical Scan
lineitem

Logical Scan
orders

Logical Project
count()

Logical Agg

Logical Project
1 suppkey

Logical Filter

Logical Join

1_suppkey = s_suppkey

o_orderkey =1 orderkey
and |_shipdate = "1992-12-29"

Logical Join

PN

Logical Scan
supplier

Logical Scan
lineitem

Logical Scan
orders

Logical Project
count()

Logical Agg

Logical Project
1 suppkey

Logical Join
o_orderkey =1 orderkey

Logical Scan
lineitem

1 shipdate = "1992-12-29"

Logical Join
| suppkey =s_suppkey

T

Logical Scan
supplier

Logical Scan
orders




StarRocks CBO &4t 75: CBO Transform

Z b B Ak

oJoin 775 KR ‘!Eig!\ ’!gﬂ!l\
Join % & Reorder

eJoin 734 A A TIERE

150000 Rows 6000000 Rows 6000000 Rows 150000 Rows

WAL e S




StarRocks CBO &4t 75: CBO Transform

Z b BER Ak
eJoin & KT E I\ E !
oJoin % 3% Reorder R — R

eJoin 734 A TIERE
° tI:@ /f’k *yllx iﬁj:% 5 E—‘)Ej 150000 Rows 1200000 Rows




StarRocks CBO &4t 75: CBO Transform

time time

Z B Ak

*Join 7c 4 KA .
11 ttr:\ I1/m\r\1 |17‘ r C I r 12 r2 13 r3

Join % Z Reorder

Join HARIUTHSE ,

06[:@{%*%3@1?%5 E:_)_[:{; ; left right left right left right ; 11 r1 12 r2 13 r3

Shuffle Join Colocate Join
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Fragment i & %R %

‘Fragment 4

=

Fragment 1
Instance

Fragment 1
Instance

Fragment 2
Instance

Fragment 2
Instance

Fragment 0
Instance

BE 1

BE 2

BE 3
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Vo —_—-

» Fragment & BE 4T 80

e Fragment £1$5%2 > Operator

* Fragment 1] D13 2447 L4

Fragment

=

Fragment

Fragment

/\

Fragment

Fragment

* 14~ BE 0] LI#AT 21~ 57 HY Fragment

A

Fragment

Filter

Fragment




MPP 7315 AT

Select K1, Sum(V1)
From A, B
Where A.K2 = B.K2
Group By K1
Order By Sum(V1)

| ”

o

H Scan B
Join
Scan A Scan B pd |
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Select Count(*) From Table Group By Id

Fragment Instance

Shuffle By Id

Final Agg
Data Receiver

3% Shuffle 58 1
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Scatter/Gather

HLY R

%58 R e oin,

g—‘é

Stage By Stage
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Pipeline Z21%3f17

user mode  _ _ _ _ .
A s |
i l
! >
| | T —— — ———— |
| : ( task ) ( task ) ( task ) :
| |ready queue |
| I I Thread Thread Thread I
: B el
: T e | [ | [Gao) |
M W 1“;‘ j< ﬂ F‘—H_‘ Y IL ____________ | : wait queue — m- = :
/( DN 'I/ W) X kernel mode IL Thread Thread Thread :
context switch
AN > 7’< > '_" usermode ~ Fo oo — = o o - o == =~ = =~
jgu )EH ) J[L\—L M g A | :ready queue ( task ) ( task ) ( task ) :
: wait queue ( task ) ( task ) ( task ) :
>

yield

kernel mode




» Pipeline Z24% 3147

Project

Plpelme HashJoin HashJoin
> Probe Build

HashJoin

Fragment Fragment

Pipeline: No Materialized




Pipeline Z21%3f17

INPUT_EMPTY

OUTPUT_FULL

-7 ’tr’an;f;r\ T~ N
pull_cpink pusk_chunk

Operator

I SourceOperator




Pipeline 24% 3147

Multi-level feedback ready queue |/ publoskedariver

Block queue

Multiple execution threads

One Poller thread

put bac;k;eddjl " A
driyet into mlfq unblock driver and put it back into
7 _ — = | Multi-level feedback queue [ — mlfq
/ 7 -
/ P ” h \
/ . . \
,- pick up ready driver |
// // _— Blocked Driver queue - _Chfcf b_IOSke_d iirz_ve£> e ol PipelineDriverPoller
[ / -~ - - _ P (thread)
\
/aside S~

\ /

chunk transfer put back again

I
\ * /
\ /
\ /
\' oy |/

[ <Source0perator>—( Operator >—.< Operator )-.( Operator )
Al Ll

)

PipelineDriverDisptacher
(thread) pull Chu@hunk
! Lot )

‘—l <Source0perator>_.< Operator >—’< Operator >—.< Operator )
| ll

PipeIineDnverDlsptacher
(thread)

pull_chunk p chunk

chunk transfer

pull_chu push_chunk

Q <Source0perator>—( Operator D—( Opera[or >—.< Opera[or )

) l

PipelineDriverDisptacher
(thread)
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CPU Time = Instruction Number * CPI * Clock Cycle Time




CPU Pertormance Analysis Top-Down Hierarchy

-----------------------------------------------------------------------------------------

e e R R o 22k 22 L SRR
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" DN P
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Retiring | Specula Backend Bound
‘ e Bound
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O||CSB|E® Core
H —
“RISC | L |18 &l & Memory Bound
: §) o 2 g S Bound
z -
o B

= 2| 2

z % g 2 : ?’ o | Execution = elE|E

£ Slel2| (55| |B] ports |®|3|3|2| DRAM

§ = E -oé § § g‘ Utilization GOy o) sBound

a =102 |2 S(S[3|5

™ - g wn

Scalar

vector

MEM
Bandwidth




CPU Pertormance Analysis Top-Down Hierarchy

CPU Performance

Retiring Bad Speculation Frontend Bound Backend Bound




> CPU Time

CPU Time = Instruction Number * CPI * Clock Cycle Time

Branch :
Mispredicts ICache Miss




> What SIMD

SIMD SIMD SIMD
Load Load Store

- 3

Scalar Operators Vector SIMD Operators

SISD SIMD
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Branch

Mispredicts

Batch  Compute By Columns
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*Data Use Column Layout All Time: Disk, Memory, NetWork
*All Operations Need To Be Vectorized

*All Expressions Need To Be Vectorized

*Use SIMD Instructions As Much As Possible

*Redesign Memory Manage

*Redesign Data Structure

*Overall Performance Improve 5x All Operations And Expressions Need Improve 5X




» mEALkI T —— Disk Column Store

Column 1

StarRocks Segment File

Data Region

Index Region




[n] AL $4T —— Memory Column Layout

session_id source_ip
Row1 1782398467 8/9/2021 4:36PM 87.10.109.110
Row2 | 1763409210 8/9/2021 4:52PM 19.127.112.98
Row3 | 1097619092 8/9/2021 5:15PM 10.98.72.46
Row4 | 1813090084 8/9/2021 6:43PM 62.114.22.13
Traditional Memory Buffer o StarRocks Memory Buffer SELECT * FROM clickstream
o -1 WHERE session_id = 1782398467
1782398467 - 1782398467 ;
Rowl | 8/9/2021 4:36PM | | 1763409210 5
.+ session_id — - @ Intel CPU
87.10.109.110 - 1097619092
! 1813090084 '
1763409210 2 -
Row2 | 8/9/2021 4:52PM - 8/9/2021 4:36PM
19.127.112.98 5 5 . 8/9/2021 4:52PM
.+ timestamp
Row3 | 8/9/2021 5:15PM 8/9/2021 643PM
L 87.10.109.110
1813090084 - | 19.127.112.98
: : source_Ip
Row4 | 8/9/2021 6:43PM | 10.98.72.46
62.114.22.13 62.114.22.13
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o L /DHY R RRECJE A

* B/DH) Gy SR

* CPU Cache B K IF

* 2 T SIMD1iAL

B TATA 2 B 52 Bad Case?

Aggregate Operator

Next Chunk Chunk

Filter Operator

Next Chunk Chunk

Scan Operator

Chunk
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Col 1 Null Col 2 Null

SIMD Bit Or

Input Null — Output Null Col 3 = Col 1 + Col 2

SIMD Add
Col 1 Data Col 2 Data

Null 2 F1Z = s 3B it 5 45002 Bad Case?




Y e T 7843 W) SIMD fii4¢

e SIMD text parsing

» SIMD string functions

* SIMD json

* SIMD join runtime filter Scalar Operatars

* SIMD case when e SIMD branchless

* SIMD gather » SIMD filter

B1

* SIMD memcpy e SIMD aggregate

B2

e SIMD memcmp » SIMD join B3

Vector SIMD Operators



] AL FNST: Ascii Substring SIMD {4t Case

char tail _has_error = 0;

for (size t i = 0; i < len; i++) {
tail_has_error |= srcli];

+

return !(tail _has _error & 0x80);

Validate Asci1 String

Asc11 Chars From 0x00 To 0x7F

_mm256_setzero_si256();

__m2561 has_error
if (len >= 32) {
for (size .t 1i = 0; i <= len - 32; i += 32) {
__m2561 current_bytes = _mm256_loadu_si256((const __ m256ix

ANANANMNANNANANANNANANN

has_error = _mm256_or_si256(has_error, current_bytes);

}
}

int error_mask = _mm256_movemask_epi8(has_error);

5X Performance Improvement
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Siring Column yith Dict Encone Select * From Table Where Platform = 'los'

Encoded Values
Dicti Platform
1ctionary Filter Platform

Value Id 0

N L i 0
Android 0 1 v
1 q———————— —— P 1
Int Compare

los | 0
] e 0

|
1 1

Int Compare is Very Faster Than String




A BT —— 2R REEECT A

Select Sum(PV) From Table Group By City, Platform

Aggregate Hash Table Aggregate Hash Table With Encoded
®
S cai Key(Binary) Sum Key(Int) Sum
” AndroidBeijin 40000 11 10000
® jimg
Fllter String Encode To TityInt
AndroidShanghai 30000 s 12 20000
® A g g Faster Scan
IosBeijing 20000 Faster Hash 21 40000
Faster Equal
Faster Memcpy
°
S Ort IosShanghai 10000 22 30000
: N, A
* Join N, /
N Platform Dictionary City Dictionary .
L\ /
e Strin o Functions Value Id Value Id
Android 1 Beijing 1
lIos 2 Shanghai 2

3X Performance Improvement For Aggregate
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* Allocate By Chunk

* Reuse Memory

+
+
ns
L
+
+

+ + + +

HyperLogLog: :~HyperLogLog() {
if (_registers.data != nullptr) {
ChunkAllocator::instance()—->free(_registers);

// Convert explicit values to register format, and clear explicit values.

// NOTE: this function won't modify _type.

void HyperLoglLog::_convert_explicit_to_register() {
DCHECK(_type == HLL_DATA_EXPLICIT)

<< " _type(" << _type << ") should be explicit(" << HLL_DATA_EXPLICIT << ")";

_registers.clear();
_registers.resize(HLL_REGISTERS_COUNT, 0);
DCHECK_EQ(_registers.data, nullptr);
ChunkAllocator::instance()—>allocate(HLL_REGISTERS_COUNT, & registers);
memset(_registers.data, 0, HLL_REGISTERS_COUNT);

5X Performance Improvement
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Table 2.2 Example Time Scale of System Latencies

Event Latency Scaled
1 CPU cycle 0.3 ns 1s
Level 1 cache access 0.9 ns 3s
Level 2 cache access 2.8 ns 95

Level 3 cache access 12.9 ns 43 s
Main memory access (DRAM, from CPU) 120 ns 6 min
Solid-state disk I/O (flash memory) 50-150 ps 2-6 days
Rotational disk I/O 1-10 ms 1-12 months
Internet: San Francisco to New York 40 ms 4 years
Internet: San Francisco to United Kingdom 81 ms 8 years
Internet: San Francisco to Australia 183 ms 19 years
TCP packet retransmit 1-3 s 105-317 years

~ OS virtualization system reboot 4 s 423 years
SCSI command time-out 30 s 3 millennia
Hardware (HW) virtualization system reboot 40 s 4 millennia
Physical system reboot Sm 32 millennia

e StarRocks

With SIMD, the performance bottleneck is from CPU bound to memory bound
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CPU Bound

Compute Bound

VS

The Performance Bottleneck Will Vary
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* Improve Locality (Spatial And Temporal)
» Align The Code And Data

* Reduce Memory Footprint

* Block

e Preftetch
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Column 1
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Column N

Doris Segment File Data Region Index Region
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174# : Bitmap B|HFE 5]

StarRocks Bitmap Index Rationale

Raw Data
Platform Dictionary Bitmap Index
Android Value Id Id Bitmap
Android Android 0 0 1110
Android Tos 1 1 0001
los

B3 NE e S0 I8N 2 4 i 98 5

Bitmap Index J5i B



https://blog.bcmeng.com/post/starrocks-look-up.html
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Select Year, City, Price From Table Where Year = 2020

Year Page City Page Price Page
Year Page City Page Price Page
Read Page
Y
Read Page
1M Rows

 /
1M Rows R P
- - - Filter By Year =2020 | cad Fage

\/

Filter By Year = 2020

\

Early Materialization

\J

L.ate Materialization
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» High Performance Database Need

Materialized View Data Model

Architecture

Continuous

And Intensive
Low Level
Algorithms .. C++ Low Level
Optimization
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* How To Build A Fast DataBase

o KOLAP %098 1 gEAbTE />



https://blog.bcmeng.com/post/database-learning.html
https://blog.bcmeng.com/post/fastest_database.html
https://github.com/kangkaisen/olap-performance




