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EZNESA

FIEN AR DBV EFiTH UTCS WEB SCAYER 4 RestFul & ifiEO

CIFE-B% SparkSq| CIFEE-3ChY Butterfly cif-rest-server

CIFE1Ffi# Bk HDFSTEfi§ n Elasticsearch

A - K N

40 T THIEEE
ODS2CIF

G cif.schema

HDFS(ZBTZHE) N
a

5

r Azkaban
Mongdb
Cif-trickle (FEEURTZE)

BaselZ HDFS (Ei4%1iE)

*

FlinkZUiE 55 Canal-analyzer oplog-analyzer

e G 4

CanalZiER& Oplog#iE R & (cif-oplog-sync)
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[ MysqlEUHE TR ] [ MongoDB{IEE J
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Flink

BHFE2008%E, HMIE T KF—"1R NStratospheretfiR[4INE, Lt
10 gnﬁl"]i? NAREBIEDITES, O6H&Z|KZ):EQ%7JFImk

2014F4 H16H# Apachellfftaspiiz=, AEMUERA 7 ASF
(Apache Software Foundation) BYTRZRINE 27—

Data Set API Data Set API Data Set API

Pact API (Java) (Scala) (Java) (Scala)

Pact Java API Stratosphere Optimizer Flink Optimizer

Pact Optimizer Stratosphere Runtime Flink Runtime

Pact Runtime & Nephele Local Remote Local Remote

Stratosphere 0.2 Stratosphere 0.4 Flink 0.6




Flink Ecosystem

FlinkgmabIBFOHEAME, 38—

A1

K Flink@= e FmabiE, hm

IR ENRIBE SN ALZGE RS, AR E N —F SRR
I8, REECHMAZUEREEX NEFN.,

|_| b rarieS CEP Streaming Tables FlinkML Gelly Batch Tables
Event Processing Relational Machine Learning | Graph Processing Relational

DataStream API

Stream Processing

AP
Core
local
DeplOy Single JVM

DataSet API

Batch Processing

Runtime
Distributed Streaming Dataflow

Cluster Cloud
Standalone, YARN GEC,EC2
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Flink Program

Program -

Dataflow

1
Optimizer /
Graph Builder

2

Dataflow graph

Status

updates
.......................... results

Flink E£2% 2514

(Worker) (Worker)

TaskManager TaskManager

Task Task Task Task Task Task
Slot Slot Slot Slot Slot Slot

Network Manager Network Manager
Actor System \

‘ A;:tor System \

Task Status ,~"

‘."'Dep/o y/Stop/
/ Cancel Tasks

N, Heartbeats |
\, Statistics | '
! ' / Trigger

Statistics & l,."Checkpo:'nrs

JobManager
|

Actor System

update job
4:<V Checkpoint
Coordinator

(Master / YARN Application Master)

Client}912% Job BIEFif, AILARIBITEEMENEEL

(5 JobManager H#i5F&EEIR]) ., #1232 Job 5,
Client AJIAZR#TE (StreamingffESH) , HAIATR
HERHAFGERIRE,

JobManager FZ 1R EE Job H 1 Task 8
checkpoint, ERT3 E1R{% Storm A9 Nimbus, A
Client £:ZU4% Job 1 JAR B & RGE, 4Rt
BEHITITR, HIA Task MRATRAERED
TaskManager =17,

TaskManager 7B ZIHIBHMER IR EF 7 HELIEX

(Slot) , 81 slot gEBEI—* Task, Task HZ&IE.
M JobManager MU EZEFER Task, FBERBED
[, 5Bl Netty %1%, BUEUEHLIE,
Job IEFif, AIMAZRIEITEEENSB L (5
JobManager #15%&EIR]) , 232 Job [§, Client
AIIAERHFE (StreamingfI{ESS) , AIATRERFA
FHFERIRME],

Y Flink £EEmE, BAXSBa1—1 JobManger F1— 18 21\ TaskManager, H Client 1233{E55458 JobManager,
JobManager BiFEESEZEI& 1 TaskManager =#1T, SRS TaskManager &0k FIZE1HE BCIRLS JobManager.
TaskManager 2Z [E]LARBIAZ VTR E . = EINIHIL JVM HiE,

P e

F

NUP
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Flink DAG EST | [Tz

StreamGraph: ZiRIEAF &1 Stream APl BERRIBERIIRE., ARRTIZEFRINGN,

StreamGraph

pacalelnm 2

|

- y Operator Chain

JobGraph: StreamGraph FEMABRERT JobGraph, 12 éﬁdobManager HEREN ., EENMAN, B IMHFERHNT R chain
FE—EEA—ITTR, ZHETUENEIRET R ZBiRErEENFEII/REIICAEREFE .

JobGraph

JobVertex JobVertex

Source o Intermediate

DataSet

ExecutionGraph: JobManager 18#E JobGraph EEJZExecutionGr : ' = hiVH TR, ZIRERRZLIIE

;Eé:él:*"g o Excoution)obiVertex IntermedateResult Execu"oncraph Exccution)obVertex

Execution)obVertox IntermeduateResult

BoecutionVertox
ExeovtionVertex

, FHatMap H ach
(1/2) wn

ExecutonVertex
ExocutionVerex

Kayed
(BRMmt) | »
(2/2) i

MIEHITE: JobManager tR#E ExecutionGraph 3¥ Job j ?Tilﬁl?., £ & " TaskManager L&E Task FZRHI“El”, HAE—1TEIEFN
RGN WRATE

ResultPartition ResultPartiton InputGate

InputGate Task
. - - “Hash
InputChannel
partition | A NP

Task

S Rebalance

(Ul) ResultPartition A InputGate
Task

InputGate
1 . 1 mt mp “Mh K
( ‘
» InputChannel -

parallelism=2 parallelism=2

paraliglsm=1

o
Z

'
=)
m
cHl
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Flink WaterMake

P A EIEE, R & EREE SRS EFE#

1|

FAE

RIS rIERE], MAHBREREEZETT
RS eI gE#R Y] o A R RIRT 8] &

|_.|—AH-.|'|ET.|E WIBRER, REIT—TT

|‘r

E TS TRE

|: SET

Flink{& 4 7 GooglefIMillWheellfiH,

FEvent Timeld 8] &

1E 1 WaterMark 33z 15

TOERLEE,

mIFIERAE, 7£ i’\‘
A, M

=




12%695%3 7 1'3 16101712*695
'

Message Queue

Multiple windows are created concurrently for the
out-of order events

wY)
19.16 10117 1286 9 5 4-5 *13 wEn 190161017 12 .
' '

New windows are constantly created and
evaluated as soon as the watermarks

Watermarks trigger window evaluation
indicate the necessary event-time progress

[2016-02-01, 2016-02-03)

[2016-02-02, 2016-02-04) | source 2

HEFEITETFEvent TimeRIAY (8] & (IR IEEIER, ©OIERERER T AN EEONERESRALE SIS
ZTREHREIEANE, BEATIERAIERELFN, FMUEFIL AERMAAUINIERE T2 EE OREREENR

HEF, WaterMarkB&—"NEJ 88, Flink{EBWaterMarkiricEia /N B E BEERN, FlinkiOEEE R
FERIAFTE/NTFEDNEEIE R EMm L RFink R RS G, SEN—TEZ 1T EE N WaterMark, fEAZ]
BRI Hj:EtUF“nk/}ILLIE%/}bEP Flink & %Tﬁ,\\\ﬁjlﬂﬁméﬁﬁﬁﬁﬁ/ﬁ)\m ﬁ/._,\, =i %kIE:EtUWaterMarkﬁj =
XA E /N F1zWaterMark R (8] 2 AV AT 8] & O AUEHI T IEH LZE F—1PEF TR, AEtMEWaterMark =% T

PR
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Flink R{FEIE

IMEAZ I RAEIELIBIEZR L 2R TFJIVMAY, {EHadoop, Spark,Hbase,KafkaZk.JVM Lt
HEEF— A HEZESZEEFRNTFL, hEFRZEIVMERASRR.




JVM Heap

Free
(User code)

)
C
Qo
<+
O
-
-
o

Memory Manager
(Sorting / Hashing /
Caching)

Network Buffers
(Shuffle / Broadcast)

Flink Runtime

—link N1F

Network Buffers: —TE i ErI32KB AW buffer, FEATHIBAIN
#{E4, 1f TaskManager BRI E S, BRIAKMER 2048 1,
] DAiBId taskmanager.network.numberOfBuffers K&

Memory Manager Pool: :X2—"1"H MemoryManager EIE8J, HR
ZMemorySegmentB R RIBALES . Flink FRYEIE (W sort/shuffle/
join) =MEXTAEMETE MemorySegment, R4 EEEGEET
Hr, FRASEEREIRE L, BIANER T, tF5 7HERFN 70%
HIR/ N

Remaining (Free) Heap: X&3 0 HIAZE B 28 AP UAB AR
TaskManager FNEURZEMERAR ., FN LIRS —RREEDN, PR
HEAR P XERNGFHEZLAPAEERN. MGCHAEXRSE, FJUIEX
BERNFER, MR XXETEHEHALRNEBERNEIEN SR,

MemorySegment: flink7E#7ME — IR F o B B [E B A/ NEIAFERMemorySegment,  flink =33 RSN F F I BIHX R
AEF, MemorySegmentBiFZ/ A TZcellZBRl, B cellk/h\32kb, Xt 2flinko B AFAE/NENL, {RA] A
MemorySegmentZ8 & al 2 A Flink E®AY java.nio.ByteBuffer, EMRER MAE2—TE 8/ Java FTHAE (byte[]) ,
] DA — 1 FRIE7EHEIMNY ByteBuffer, BFKICRES AR ZFMHEE—"13(Z T"MemorySegment,

P e
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link B4t O | T2

Flink SCE1 7 EH2HIFIIHEIESS ., S TFHURE I AR RIF—(03RSchemalE 8, TEAENFEZE., FlinkZHEERIJavadiEScalazk®!, Flink gE42BahiR
BIEIEZEERY . Flink i&id Java Reflection 1EZE 51T ETF Java B Flink 2% UDF (User Define Function)f)iRE 2 EIF K RIE R, &id Scala Compiler £ E
F Scala 9 Flink 2% UDF BJIREIZEERYEBFE, HKBFZEH Typelnformation 2R/, Typelnformation ST3FUATJLfhEEY:

BasicTypelnfo: {FRJavaB AL RI(ZEFERY) T StringzEEL ,

BasicArrayTypelnfo: {EEJavaZ A 8 BUETH (ZF809) 3 String £ 8L ,

WritableTypelnfo: {£EHadoop Writabletz RSN ZE,

TupleTypelnfo: fEEHIFlink Tuple 28 (25 Tuple 12 Tuple25), Flink tuplesZEE KEBEE LA Java Tuple
CaseClassTypelnfo: {FE R Scala CaseClass(8#E Scala tuples),

PojoTypelnfo: {EERIPOJO(JavasiScala)Javali R B A TE, SpublicfEMEN, B getter/setter 575,
GenericTypelnfo: (EEToIAILES < B JLFAPSEBUAYE,

R

1. BINMPEBIBIESE, Flink's —JL/{EEBEE}UTF_E’]TypeSeHahzer B R St BIESE HIT R MK FIT .
2. BfE—MEUERE, Flink={ERKryoTREIIEMRZEIIMN,

Tuple3<Integer, Double, Person>

IntSerializer
/N. Person**“ DoubleSerializer
public class Person { PojoSerializer
public int id; '
public String name; IntSerializer
} StringSerializer

/[Tuple3<age:Integer, height:Double, Person>3f %
(25,175.5,Person(1,"zhangsan"))

doyte Sbyte 1byte 4byte Variable length

MemorySegment

AIMXMFEIIC AR FEZEESELREN, HRinth4=FY, double58FT, POJOZ M —1FTifheader,
PojoSerializer R fi T3 1§headerF3lt it =, HRIEBITFERIINserializerdFEHITFIIL,
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BackPressure(=E)

IE#'%;R: %II—:‘%IE "E>= ﬁlh\E’\JE\ proP i F Z:EE h:m#ﬂi%, 2. \f iﬁ Ti]l %

Source Streaming job

SFEER: HELBEE< HENAXEE, RETHEHE, RABTI G,

TTHTHT 1111

HEBRZEE

1HRBARZENXR, HREZOKE, X7 HRAE.
2 REHRRIEE, RY LBLJJB%R,QC'E ERRE,




Spark BackPressure(z %)
spark streaming

update
BlockGenerator «——— ReceiverSupervisor

data stream

data blocks

recewes ’ rpc update

publish
- ReceiverRateController ——— ReceiverTracker

ReceiverinputDstream Driver

1o another BM

Job Scheduler blocks replicated
runJob

u
SparkContext

Spark Driver

sngJaualsiweans

Spark 1.5BARITIRA, HFNRE[RHIReceiverfIFIEIZIORER, AJDUBE IR EFF S HZE
spark.streaming.receiver.maxRate,

Spark Streaming Mv1.5Ha5| A ENH (back-pressure) B oSSRl 2R IR KORZR SKIE R
SERTMUIEALIRBE /] spark.streaming.backpressure.enabled,

FERZEMER _Eil E— P8 AE FRateController, X MR 11 35 s IfOnBatchCompleted 5544,
oRE MRl EY processingDelay & schedulingDelay{s &. EstimatorfkiE X (s B E H AL E
RE (rate) , s&=xaHETReceiveridIinput StreamiFratel®idReceiverTracker5
ReceiverSupervisorimplit & 2z5BlockGenerator,
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Flink BackPressure(= %)

AL 0 Rtask1Ftask2FizTER—TLET (TaskManager) |
EPX A UABEIEREZAT —Mask, —Btask2/H B TEHIEES %&Elllﬁl
9N Rtask 2tbtask11g, task1v]FHMEFXMTE EtaskfEiE,

MK ER: WNRtask1Fltask2iZTEARNILETRE, —BEHXAAY
BUEH ZiXHZE(TCP Channel), EFS#EI, TR, BUE#EEN
FMAEPBIE PP, MREHEEPXEIH, MTCPEEPAVEIEIE
_ HRBM’F’I%A?&’FFI*J? tﬂ%ﬁEﬁBE’]iﬂEE 1&)\_179'11_%'...\, zx%’ U'T‘/R: _

et TR 7 et



~link BackPressure(x /%) 1%

TaskManager TaskManager n times

Task Task Task Task
1/4 2/4 3/4 4/4

Sample Tasks

JobManager

Flink Web5iH L1211 T 3J151TJobAIBackpressurefT AR 1E, E@I{ERASamplingZi23 IE iz TR Taski# 1T
IRERRAERTI, ZKIABERT, JobManager&a & EfE50msfitl g 3 — 1 JoblE Taskik;X 1710021 IRER AR, &
it EBE— L, fli, radio=0.01, RR100;RP{NEF RS EFAMAMEE.

FlinkBBIE X 7 2l FBackpressurejRz:
OK: 0 <= Ratio <= 0.10

LOW: 0.10 < Ratio <= 0.5

HIGH: 0.5 < Ratio <=1
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link 2545

HETEMIENY

1. At most once JHER[GEEE, BEASEEEH

2. At least one JHEREA AR ZE, (BoJgESEEEH

3. Exactly once 5% E B ESHEM— /X B {NE#H—IX

Flink FaHlHIZO0MEIFELE 5 MV EUE R A ERSH—IRE, XERBERS
BRSPS, RITARLIRM—EEMNESR (checkpoint) . ETREERDHIVIRE,
Lightweight Asynchronous Snapshots for Distributed Dataflows #fiA 7 Flink gll#1R
BRI FISEIMNETE. HEXEZomIVIREBEZE Chandy-Lamport 5%, Hi3J Flink
MITIRBE =5 ET,

B 2MAE:

mms.<Z, FlinkiiofmIVIREE (snapshot) ,
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Flink checkpoint

data stream
< newer records older records =

» unm | | L

checkpoint checkpoint stream record :
barrier n barrier n-1 (event) Asynchronous Barrier Snapshots

part of part of part of
checkpoint n+1 checkpointn checkpoint n-1

Barrierfll#ll: Flink 5% VIREBAVZOEZ 2 — M ZEUEHT= (barrier) . iX£E barrier fRIRAZIEIERF, FHE
HERIN—ER D MEUE—Em Fifin), Barrier A"2THIEREIE, BUBRM™EHEF. —1 barrier XU 5 S
g8 —ER D HAEISRNRER, Z—EoHANT—TRE, 88— barrier #FHRE ID, #FH barrier ZBIRVENE
AN T ULIREE, Barrier A2 TIAEERLE, AMUIFERE, STARRBIVZ T barrier TEFRF AT HIN,
BIZMRER AT EERIATRIE .

env. (1000)

env. : (CheckpointingMode. )
env. . (60000)

env. . setMax (1)

Flinki2 & 71&15, ®TLAXFExactly onceF{X{REEat least once, LARRIEZARENEILEES.
P NEEHE 23
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T

Flink savepoint

B AR : checkpointZFlink3EM A ERY, savepoint{{{X R ZEcheckpointid— 11 &, @R checkpointf/F, 3B
Flink& B BRI BI 3B FR B IR {E IR SMcheckpoint, savepointflcheckpointlR AR ER, checkpoint&iLiT gl
fREEIEIE, Msavepoint BEEF&fA.,

Savepoint

flink list
flink savepoint job_.id
flink cancel job_id

flink run -d -s hdfs://savepoint/1 ###.jar

24
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ZE

1

1000000

500000
0

XJEE

2 worker, 2split, 2 worker, 4split, 4 worker, 8split, 8 worker, 16 split, 16 worker, 32
2 count 4 count 8 count 16 count split, 32 count

™ Flink m Storm m Samaza

MapReduce
Flink DataStream Flink DataSet

_ som Ji ) | |
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Trickle

_______________________________________________________________ ParquetX {4

| StructField(“ C1”)
StructField(“C2”)
StructField(“C3”)

1
v

Kafka Topic

f

Flink

| StructField(“Cn-1")

[Ri5E4E (HDFS)
| EREE | [Json -> versionT |

Mongdb [Json -> version2 ]
[Json -> version3 |

0-> Columni Spark
1-> Column2

2-> Column3 IEENE IR EE Parquet3Z{t |iEENTTER

IEENTTEIE |
StructField(“0”) 4 R B
HEEhdfsHEY StructField(“1”) -

record StructField(“2”)
EH iR

| N-1 ->ColumnN |

.———————————————————————————————--~
~

[StructField(“N-17)

\

Encoder

Parquet

- A




g N R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R R R R R R R R R R R R R ay,

-~ {
U4
',’ “_1d" .
,/ ukeyu :
I " "
, cols" :
I {
]
1
1
]
1
1
]
1
1
1
1
:
1 } ’
1
I {
1
1
1
1
1
1
1
1
1
1
1
1
Les },
-'.l

Schema £IE 254

"lpuhui. company_account",
: \ER+ER
"name" : "cif_tr_sortTime",- | RSB RR

"colType" : '[STRING',

o

"originType" : {"long'

BRET R Cif R PRV ER L BY

"optionFlag" :

RIEEEEMYsql/mongoR 2 EY

’
"time" : E@E@gﬁ\>

"index" 'L— g’ )

| 4

E#TElIshemaZiiE 51 BUBY [B) B (R r et Mk
)

" nanll : " 1dl. ’
"colType" : "long",

y

PRIRE S PR

"originType" : "bigint",

“time" : NNEIDEELORGE1489408669055),

Eparquet X4 ERRIRZFR

“"optionFlag" : "Normal",
"index" : 1

"name" : "name",

"colType" . "Str’.ﬂg",

"originType" : "varchar",

“time" : NOMBEFLORG(1459408669055),
"optionFlag" : "Detele",

"index" : 2

' d
-

e
S R R R R R R R R R






2 Mr22-Scala Parsers

KT EIScalag— 1 =— 1ZCNRIEIE, R 7 BELRBAREZIFLAYN, scalaif
BIRMHRARIEERBITINEE, TR EScala parser combinators, WRIREEME— R
5|22, Ul: jsonfFMT, sqlfEtT, EEEWE—I1REZIES.

Scala parser combinators, BERER=M Scala RFE S EMERN, BiTssEeF
FEFATIDUES SR E “BE7 BEME, XESEr UIRIEARAEZEEEER, MBA
ABE—MIESACERAARR, MBIBSMAIREEZHAY, Scala parser
combinators B MM EENTEE, — & T ENFEITEsRegexParsers, S— 1 E&ET1EA
HSGERETTEIRZ AT 28StandardTokenParsers, StandardTokenParserst5@& K, &3H
Spark sqlBysqlfRifr2smt 2 & FStandardTokenParsersF & H S/ .

BARMWEIXTDSL? AN ENREmFIEICPREEE D, —ESMEs (8
R e lgmiEds) NEARCEZDHEM T ERAR:

BiTes, AT IREGR AN AFE HiR AL Abstract Syntax Tree (AST)
RIBEKZ (ERmERNERT) , BTIRELAST HAMNPAEREETE,; SieX({E2s

(ERERZRRIERT) , BTFREAST HitBER AST EEMAIIINAS .

P N 30
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DSLAYEEMNZEFBNF, BNFERIEARRBIZIESHIINE. BRESHFEARREREN XM, ZMEM. AMIENS A
WBIRENX —JRERIRITIES ., LIURIT—MERTIRHIATEFIRITTIES AIBAEN, XM™E. BE. ZIEAEXHNE
WHIE S EWIRBIIRANCE, BE BN SOHEIER S 2 HBackusE X Algol601E = K12 H A9Backus-Nauriex, (Backus-Naur
Form, BNF) KEY EBA.ZUEBNF, BNFEEA—MEE. RENANAIESIEE. EFEASIZZHNHZFRIEN T,
ME, JVERRZESEMEREREEIRE X RIZIESHIEEAN,

ABNFH, W5|5FHNZF('word YK REXLEFRAE, MMdouble_quote AR RG],
XS ST (BRBEE ~ilsk) REREEESD.
<> NBEESHINWIEIN,
[]1: AEERINATIALL,
{1 REESAREE0E XA,
| RNEHAAMAEE—I, BEF'OR'HNER.,
L= EENNHER
N e ey
[..]: &I, RZJBHM—IR

4 . - M2 A E W »
& - g = ae==N\ X Y '3 B PP LY T g
4 ‘B ) — Al —] - > 0y ' K
EE =2 L), 1T B A EIEERES () p Tl (s R i s e L5
==L | =] NN sy DL N TR e
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StandardTokenParsers il

{EFEScala®F1aE B TN s BT - IAEBNFSOE, ScalaE T iaik B i 28 2 BB 4fEStandardTokenParsersix ™

KW, ZEREBTRAENBETRE, URIEEES.

o] DUE T (£ lexical delimitersF R RIFBIE SOE NIRRT REFB RN D IERF, £ lexical.reserveddl|ZREEFIITIEIZ
PRYRBEF, tE@d, DSLAR, FJBEP+"-" () XL RO RRN, EXFMIE I UEE(ISMEXET, BRI R LIS
mARNFTENBERIEAXETLE, Am, XBFESEEFEMElexicalreservelXE, HAXMTEIRNE %6 X #

=, WRA"f" "then" "SUM" "COUNT"IXLE | FhERZllexical.reserve

FEMEXAOF

* Parser: — P EE KW ABIRENTE, Z P ParserZ BRI AEBHE
* Parsers: ENXHWANRER, EX/HEGEZEZ NParser

* Reader: I NFHR, BREFRHHE/MEFLIN

* ParseResult: BEHTER, BIN/EKRMN/EEIRZH

* Positional: EMLENAE

~ Position: RRAE

- ah s 0 R I A d - y i N5 » o 5 b ! é & i Y a Lo 3 Ay T " Li- by
. N2 e = of g p i Calkl, ot e el f s b e AR b S ya s o i #a N ol Caphis, Iy e R A 4 4

! a e i : ..y\‘._"‘. P - x Cad ? 4 &£ ¢ " Aad bas oy et 34 _ sl f." .-‘i‘. " oY )' 3 Py .-4 asle - g N p b 5 e - ' e v Rl 0'_ . % ‘.~. ==
Ty D Eaa s S0l & B g T B VIR pA At L4 L A B - ) . Eed] . -




Butterfly

case class SelectStmt(projections: SeqlSqlProjl,
relations: Option[Seq[SqlRelation]],
filter: Option[SqlExpr],
groupBy: Option[SqlGroupBy],
orderBy: Option[SqlOrderBy],
limit: Option[Int], ctx: Context = null) extends Node {
def copyWithContext(c: Context) = copy(ctx = c)
def sql =
Seq(Some("select"),
Some(projections.map(_.sql).mkString(", ")),
relations.map(x = "from " + x.map(_.sql).mkString(", ")),
filter.map(x = "where " + X.sql),
groupBy.map(_.sql),
orderBy.map(_.sql),
limit.map(x => "limit " + x.toString)).flatten.mkString(" ")

Some (
SelectStmt(
List(Projection(StarProj(),None)),

TableRelationAST(user,None),
Some (And(Eq(FieldIdent(None,sex),Literal(male)),Ls(FieldIdent(None,age),Literal(100)))),

Some (SqlGroupBy(List(FieldIdent(Some(user),name), FieldIdent(Some(user),sex)))),
None

None'

)

)
- select x from user group by user.name, user.sex where sex = 'male' and age<100

Some(
SelectStmt(
List(Projection(Max(FieldIdent(None,age)),Some(mmmm)), Projection(Min(FieldIdent(None,age)),Some(yyyy)), Projection(
StarProj(),None)),
TableRelationAST(user,None),
None,
Some (SqlGroupBy(List(FieldIdent(None,sex), FieldIdent(None,name)))),

None,
None
)

)
select max(age) as mmmm,min(age) as yyyy,* from user group by sex,name
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