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About me

e [%&35, TiDB Insight R&G Engineer, PingCAP

e chenshuang@pingcap.com

e Github: crazycs520



mailto:chenshuang@pingcap.com
https://github.com/crazycs520

Agenda

e TopSQL: Bind SQL With CPU Resources
e System Table

o SQL Statements Implementation

o SLOW QUERY Implementation

e Continuous Profiling Implementation



TopSQL: Bind SQL With CPU Resources




Background

e Database Performance is getting worse!
o QPS is dropping [

o Latency is rising - (/) q

e What OS tells us? O i
o top/ htop N
o High CPU usage

e Which line of code is running?
o CPU Profiler




TopSQL

tidb - 172.31.9.146:1... ® KFE5mn v Q C R v

21:41:24

3.50s

3.00 SELECT ‘¢’ FROM ‘sbtest1’

2502 WHERE ‘id" = ?

2.00s SELECT DISTINCT ‘c* FROM

1.00's SELECT ‘¢’ FROM ‘sbtest1’
500.00 ms WHERE ‘id* BETWEEN...

0ms

SELECT sum ('k') FROM
21:41:00 ‘sbtest1® WHERE ‘id" B... 21:42:30

21:39:30 21:40:00 21:40:30

SELECT ‘¢’ FROM ‘sbtest1"

T RAGET 7 SN EEREEARRSM 5 % SOL B, ATETHA—SBTHE. WHERE Tid” BETWEEN.

Hithiga

CcPU SQL iEq)

3.10 min IS SELECT "¢ FROM “sbtestl’ WHERE “id" = ?

1.93min  E——— SELECT DISTINCT ‘¢’ FROM “sbtestl’ WHERE ‘id" BETWEEN ? AND ? ORDER BY..
1.11 min I SELECT ‘¢’ FROM “shtestl’ WHERE “id" BETWEEN ? AND ? ORDER BY ‘c°
57.69's — SELECT sum ('k') FROM “sbtestl’ WHERE “id’ BETWEEN ? AND ?

54.70 s L] SELECT ‘¢’ FROM “shtestl’ WHERE “id’ BETWEEN ? AND ?

19.54 s -



How CPU Profiling works: Sampling I Foach?

T1 T2 T3 T4 T5 CPU
profiling timer ' ' ' I ' >
interval = 10ms function-A function-A
function-B function-D
function-C
timeout
function-A | | function-A | | function-A | | function-A function-A
Record function-B | | function-B | | function-B| [function-D
Call Stack :
function-C

Counter 1 1 2 1 1



How CPU Profiler works: Accumulation

I—
Stack Count
A 1
A->B 2
A->B->C 1
A->D 1

function-C(20°/o)]

[




CPU Profiling By SQL Request

profiling timer

interval = 10ms

timeoutl

Record
Request Tag

Counter

T1

T2

T3

T4 T5

P PingCAP

CPU
| | | | | )
Request-1 || Request-2 Request-3
Request-1 | [ Request-2 Request-2 | [ Request-3 Request-3
1 1 2 1 2



CPU Profiling By SQL Request

Request tag Count

Request_ 1 10 CPU Usage 40
Request 2 20 20 >0
Request_ 3 30 10 I
Request 4 40

1 2 3 4 Request ID



CPU Profiling By SQL Request

e rust-demo

e (go-demo


https://github.com/crazycs520/profile_demo/tree/main/rust-demo
https://github.com/crazycs520/profile_demo/blob/main/go-demo/main.go
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TopSQL: SQL Tag - Digest

select id from t where a=1;
select id from t where a=2;

Normalization

v

select id from t where a=7?;

Hash

v

e27d8aa363129bf86cc3b35eb7a042¢c770802a539716e20ea2af30bd924

e5909



TopSQL

CPU Usage

L 1
1
1 I
T2 T3 T4 T5 T6 T7 T8

1 SELECT * FROM t1 WHERE id = ?
"2 UPDATE t2 SET a=a+1 WHERE id = ?
'8 DELETE FROM t3 WHERE id = ?

B SELECT COUNT(*) FROM t1

T1 Time



TopSQL

tidb - 172.31.9.146:1... ® KFE5mn v Q C R v

21:41:24

3.50s

3.00 SELECT ‘¢’ FROM ‘sbtest1’

2502 WHERE ‘id" = ?

2.00s SELECT DISTINCT ‘c* FROM

1.00's SELECT ‘¢’ FROM ‘sbtest1’
500.00 ms WHERE ‘id* BETWEEN...

0ms

SELECT sum ('k') FROM
21:41:00 ‘sbtest1® WHERE ‘id" B... 21:42:30

21:39:30 21:40:00 21:40:30

SELECT ‘¢’ FROM ‘sbtest1"

T RAGET 7 SN EEREEARRSM 5 % SOL B, ATETHA—SBTHE. WHERE Tid” BETWEEN.

Hithiga

CcPU SQL iEq)

3.10 min IS SELECT "¢ FROM “sbtestl’ WHERE “id" = ?

1.93min  E——— SELECT DISTINCT ‘¢’ FROM “sbtestl’ WHERE ‘id" BETWEEN ? AND ? ORDER BY..
1.11 min I SELECT ‘¢’ FROM “shtestl’ WHERE “id" BETWEEN ? AND ? ORDER BY ‘c°
57.69's — SELECT sum ('k') FROM “sbtestl’ WHERE “id’ BETWEEN ? AND ?

54.70 s L] SELECT ‘¢’ FROM “shtestl’ WHERE “id’ BETWEEN ? AND ?

19.54 s -



TopSQL
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Another approach to CPU resource bind in Go
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Goroutine CPU Stats

e Try to collect goroutine runtime information.

begin := GetGoroutineStats()
executeSQL()

end := GetGoroutineStats()

queryCost := end.Sub(begin) // IREXIT sQL JHFEH cpu stats R




Trace

Use Go trace to collect runtime information.

curl http://localhost:10080/debug/pprof/trace\?seconds\=1 --output trace.out
go tool trace trace.out

In Goroutine analysis Page, chose the Goroutine you want to view.

Goroutine Name: github.com/pingcap/tidb/server.(*Server).onConn
Number of Goroutines: 1
Execution Time: 95.33% of total program execution time

Network Wait Time:  graph(download)
Sync Block Time: graph(download),
Blocking Syscall Time: graph(download)
Scheduler Wait Time: graph(download)

Goroutine Total i Sync block Blocking syscall Scheduler wait GC sweeping GC pause
15887(1000ms| | 995ms| 2818yus Ons 41ps| 1341p5|3113us (0.3%)|1760us (0.2%)



https://pkg.go.dev/runtime/trace

Trace - drawback

e Large performance impact.

e May generate a lot of trace data, and then parsing this data is also consume a lot of time.



How Go trace works?

Time(ms) Event goroutine_id description

0 GoCreate 1 Bl — goroutine

10 GoStart 1 FFIRIZE1T goroutine

30 GoBlockSelect 1 #% block 7, {21517 goroutine
50 GoUnpark 1 goroutine B block T

60 GoStart 1 FY41E1T goroutine

80 GoEnd 1 Z55R goroutine




How Go trace works?

Time(ms) Event goroutine_id description

0 GoCreate 1 BlIZ— goroutine

10 GoStart 1 FY4151T goroutine

30 GoBlockSelect 1 # block T, E{SiE4T goroutine
50 GoUnpark 1 goroutine J&B 4 block T
60 GoStart 1 FFIRIB1T goroutine

80 GoEnd 1 255K goroutine

Type Duration Calculate

total_time 80ms 80-0

exec_time 40ms (30-10) + (80-60)

sync_block_time 20ms 50 - 30

scheduler_wait_time 20ms (10-0) + (60-50)




Modify Go runtime to collect Goroutine stats

g
goid

stats GStats

GStats
creationTime
endTime

lastStartTime

blockSchedTime

execTime
schedWaitTime

traceGoCreate(newgqg,
newg.startpc)
newg.stats.recordGoCreate()

traceGoStart()
gp.stats.recordGoStart ()

traceGoPreempt ()
gp.stats.recordGoSched()




Modify Go runtime to collect Goroutine stats

e demo: crazycs520/go

git clone -b stats-dev2 https://github.com/crazycs520/go.git
cd go/src

./make.bash

cd ..

export GOROOT=$PWD

export PATH=$GOROOT/bin:$PATH

$ cd example

$ go run goroutine stats.go

total: 1.054196173s, exec: 366.938307ms, network wait: 131.648319ms, sync block:
443.454523ms, block syscall: 0s, scheduler wait: 148.731us, gc_sweep: 7.82us



https://github.com/crazycs520/go/tree/stats-dev2
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git clone -b stats-dev2 https://github.com/crazycs520/go.git
cd go/src

./make.bash

cd..

o export GOROOT=$PWD

export PATH=$GOROOT/bin:$PATH

- # demo
4 $ cd example
. $ go run goroutine_stats.go
total: 1.054196173s, exec: 366.938307ms, network_wait: 131.648319ms, sync_block: 443.454523ms,
o block_syscall: @s, scheduler_wait: 148.731us, gc_sweep: 7.82us
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Modify Go runtime to collect Goroutine stats

e Drawback
o Need to maintain a go branch by ourself.

e Related Issue:
proposal: runtime: add per-goroutine CPU stats - Issue #41554



https://github.com/golang/go/issues/41554

System Table
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3P PingCAP

QL Statements Implementation

[?; TiDB Dashboard

PD v5.5.0-alpha .
. © Recent 30 min v

88 Overview

Statement Template © Total Latency ® Mean Latency © # Exec © Mean Memory ©
& Cluster Info

SELECT ‘¢’ FROM “sbtestl® WHERE ‘id" = ? 20.2 min 2.8 ms I 439.2K meessssssssssss 0B
lst Top SQL

COMMIT 7.9min  — 10.8ms = 43.9K - 0B

I £ SQL Statements

SELECT DISTINCT "¢’ FROM “sbtestl’ WHERE “id' BETWEEN ? AND.. 3.8 min mmm 5.1 ms [ 43.9K - 111.9 KiB  n—
£ Slow Queries .. . . e )

SELECT "¢’ FROM “sbtestl™ WHERE “id" BETWEEN ? AND ? ORDER .. 3.1 min | 4.2 ms K 439K - 27.6KiB mm
© Key Visualizer SELECT "¢ FROM ‘sbtestl’ WHERE 'id’ BETWEEN ? AND ? 3.0min . 41ms 1 439K m 14.6KB =
(8 Cluster Diagnostics SELECT sum ('k’) FROM “shtestl’ WHERE ‘id’ BETWEEN ? AND ? 3.0 min - 4.1ms B 439K - 1.7 KiB |
B Search Logs DELETE FROM ‘shtestl’ WHERE ‘id’ = ? 2.4 min - 16.0ms = 8.9K 1 712.0B |
= - UPDATE “sbtestl” SET "¢’ = ? WHERE "id" = ? 2.4 min - 16.0ms = 8.9K 1 676.0B |
¥ Advanced Debugging A

UPDATE ‘shtestl’ SET 'k’ = "k + ? WHERE ‘id® = ? 21min = 144ms = 8.9K 1 676.0B |

® Profiling Instances ~

BEGIN 1.6 min ] 2.1 ms 43.9K - 0B

Manual Profiling
INSERT INTO ‘shtestl’ ("id", ‘k’, ‘c¢°, “pad’) VALUES (...) 24s | 266.2 us i 8.9K 1 700.0B |
Continuous Profiling
SET @@global.tidb_enable_top_sql = ? 181.4 ms 181.4 ms I 1 oB
& Debug Data R o . N X
SELECT DISTINCT “floor® (‘unix_timestamp’ ( summary_begin_t.. 51.7 ms 17.2ms = 3 30.1 KiB mm

SELECT DISTINCT “stmt_type’ FROM “information_schema. clus.. 38.3ms 128ms &= 3 11.3KB =m




STATEMENTS_SUMMARY

e Groups the SQL statements by the SQL digest and the plan digest, and provides statistics for each
SQL category.

e Is a system memory table in INFORMATION_SCHEMA
o LRU Cache
o At most store 3000 kinds of SQL statements. Control by tidb_stmt_summary_max_stmt_count
e Is periodically cleared, and only recent (30min by default) aggregated results are retained and
displayed.
o tidb_stmt_summary_refresh_interval

e STATEMENTS_SUMMARY_HISTORY saves the historical data of STATEMENTS_SUMMARY
o tidb_stmt summary_history_size



3P PingCAP

Slow Query Implementation

@ TiDB Dashboard

~"  PD v5.5.0-alphs . -
AR © Recent 30 min v Q Limit 100

88 Overview

Query Finish Time ® Latency ©® Parse Time ©® Generate Plan Time
& Cluster Info

SELECT ¢ FROM shtestl WHERE id = ? [arguments: 625488]; Today at 6:40 PM (GM... 54.7 ms Ons 11.9 us |
lul  Top SQL

SELECT ¢ FROM sbtest2 WHERE id = ? [arguments: 504827]; Today at 6:40 PM (GM... 59.1ms I Ons 27.0 pus I
# SQL Statements

SELECT ¢ FROM sbtestl WHERE id BETWEEN ? AND ? ORDER BY c¢ [.. Todayat6:40 PM (GM.. 52.8ms s Oons 103.1us 1
& Slow Queries SELECT SUM(K) FROM shtestl WHERE id BETWEEN ? AND ? [argume..  Today at 6:40 PM (GM.. 54.8 ms  mmmmm Ons 191.3pus ®
© Key Visualizer SELECT ¢ FROM shtestl WHERE id = ? [arguments: 501451]; Today at 6:40 PM (GM...  53.2ms s Ons 186us |
Cluster Diagnostics SELECT ¢ FROM sbtest2 WHERE id BETWEEN ? AND ? ORDER BY ¢ [.. Todayat6:40PM (GM.. 54.3ms Ons 2236us W
B Search Logs SELECT ¢ FROM sbtest2 WHERE id = ? [arguments: 524818]; Today at 6:40 PM (GM... 59.7 ms I Ons 22.4 ps 1
~ . SELECT ¢ FROM sbtestl WHERE id BETWEEN ? AND ? [arguments: .. Today at 6:40 PM (GM... 70.4ms Ons 94.4 us 1
¥ Advanced Debugging ~

SELECT ¢ FROM sbtest2 WHERE id = ? [arguments: 497998]; Today at 6:40 PM (GM... 60.6 ms I Ons 10.9 us 1

@ Profiling Instances A
SELECT ¢ FROM sbtestl WHERE id BETWEEN ? AND ? ORDER BY c¢ [.. Today at 6:40 PM (GM... 51.4ms Ons 2226us =
Manual Profiling
SELECT DISTINCT c FROM shtestl WHERE id BETWEEN ? AND ? ORD.. Today at 6:40 PM (GM... 78.0 ms I Ons 607.8 us =
Continuous Profiling
SELECT ¢ FROM shtest2 WHERE id = ? [arguments: 499820]; Today at 6:40 PM (GM... 542 ms - Ons 12.8 us |
& Debug Data
SELECT DISTINCT c¢ FROM shtest2 WHERE id BETWEEN ? AND ? ORD.. Today at 6:40 PM (GM... 52.3ms ——— Ons 117.3pus 1



SLOW_QUERY

e |s a system table in INFORMATION_SCHEMA

e The table data is parsed from slow-query-file.

e Use SQL to query SLOW_QUERY instead of grep slow-query-file.



https://docs.pingcap.com/tidb/stable/tidb-configuration-file#slow-query-file
https://docs.pingcap.com/tidb/stable/tidb-configuration-file#slow-query-file

SLOW QUERY FILE

The slow-query-file consists of SQL statements that take more than tidb_slow_log_threshold
milliseconds to execute.

An example record in slow-query-file :

Time: 2019-08-14T09:26:59.487776265+08:00

Txn_start_ts: 410450924122144769

User: root@127.0.0.1

Conn_ID: 3086

Query time: 1.527627037

Parse time: 0.000054933

Compile_time: 0.000129729

Cop_time: 0.387091637 Process_time: 0.613 Request_count: 2 Total keys: 131073 Process_keys: 131072 Prewrite time: 0.335415029 Commit_ time: 0.032175429
et_commit_ts_time: 0.000177098 Local_latch wait_ time: 0.106869448 Write keys: 131072 Write size: 3538944 Prewrite_region: 1
DB: test

Is_internal: false

Digest: 50a2e32d2abbd6cl1764blb7£2058d428ef2712b029282b776beb9506a365c0f1l

Stats: t:pseudo

Num_cop_tasks: 2

Cop_proc_avg: 0.3065 Cop_proc_p90: 0.322 Cop_proc_max: 0.322 Cop_proc_addr: 127.0.0.1:20160

Mem max: 525211

Prepared: false

Plan_from cache: false

Succ: true

Plan:

tidb_decode_plan('ZJAwWCTMyXzcIJMAkyMA1kYXRhO1RhYmx1U2Nhb182CjEIJMTBEfNgkxAROAdAEY 1Dp0LCByYW5nZTpbLWluZiwraWsmXSwga2VlcCBvemRle jpmYWxzZSwgc3RhdHM6CcHN1IAWRvCg==")
insert into t select * from t;

HHEBRHRHRHRHRHHFHFHROHF R HHHR

The format is same with mysql slow query log,so tools like also work.


https://docs.pingcap.com/tidb/stable/tidb-configuration-file#slow-query-file
https://docs.pingcap.com/tidb/stable/system-variables#tidb_slow_log_threshold
https://docs.pingcap.com/tidb/stable/tidb-configuration-file#slow-query-file

CLUSTER TABLES

STATEMENTS_SUMMARY/SLOW_QUERY only contains the data of current tidb-server.

CLUSTER_STATEMENTS_SUMMARY/CLUSTER_SLOW_QUERY are system table of TiDB, It contains
the related data of all tidb-servers.

TiDB Cluster




Continuous Profiling
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3P PingCAP

Continuous Profiling

@ TiDB Dashboard

PD v5.5.0-alph = . .
i A Range End Time: Range Duration: -2h

88 Overview

Instances Status Start At Duration (sec)
& Cluster Info

1 TiKV, 1 TiDB, 1 PD, 1 TiFlash  Finished Feb 24, 2022 7:25:01 PM (GMT+8) 10
lut Top SQL

1 TiKV, 1 TiDB, 1 PD, 1 TiFlash  Finished Feb 24, 2022 7:24:01 PM (GMT+8) 10
# SQL Statements

1 TiKV, 1 TiDB, 1 PD, 1 TiFlash  Finished Feb 24, 2022 7:23:01 PM (GMT+8) 10
& Slow Queries 1 TiKV, 1 TiDB, 1 PD, 1 TiFlash o Finished Feb 24, 2022 7:22:01 PM (GMT+8) 10
© Key Visualizer 1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24,2022 7:21:01 PM (GMT+8) 10
Cluster Diagnostics 1 TiKV, 1 TiDB, 1 PD, 1 TiFlash  Finished Feb 24, 2022 7:20:01 PM (GMT+8) 10
2 Soendnloss 1 TiKV, 1 TiDB, 1 PD, 1 TiFlash ® Finished Feb 24,2022 7:19:01 PM (GMT+8) 10

= 1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:18:01 PM (GMT+8) 10

& Advanced Debugging ~

1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:17:01 PM (GMT+8) 10

® Profiling Instances -~
1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:16:01 PM (GMT+8) 10
Manual Profiling
1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:15:01 PM (GMT+8) 10
Continuous Profiling
1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:14:01 PM (GMT+8) 10
& Debug Data ) ) -
1 TiKV, 1 TiDB, 1 PD, 1 TiFlash e Finished Feb 24, 2022 7:13:01 PM (GMT+8) 10



Continuous Profiling

. TiDB Cluster

PD

NG-Monitor —
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