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o TEEMNDBVBE
o TANKRE.EHLPTENERIND

o THXRMNT—HETA—TwE
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o EFTIAAHFFLE! (write-intensive)
o RDBMSHVi&L V7 EF
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o TARTEDR=VIZ. ROR—=OADIVYITYTT—T ILEIHH
o RDBMSTIL. ZEACREATE INDEXAi S CEoN 5
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o H(IFTJOALEITONSED. VT DHESIT(Compute) EXRL—(Storage) D 78T 5D HYILE
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Figure 1: Amazon Redshift Architecture

Amazon Redshift (SIGMOD 2022)
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Database Management
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o T—AR—XMDIERHTlT
e ACID (1983£FIZiIgRIBSNT=F—T—F)
o Atomicity, Consistency, Isolation, Durability
o HIZACIDEESGE. RIEY— T4 HEE
m ANESIREINDINIE, ZEEDFHFETRAEVEDDLGEL, RIFEMRIZHEDHIFE . ACID
DEKMNHIBLELES
o 7 EEM (Isolation) D ENRLEE
o EFMERTRETE (Serializability) AYEA
m UYL avM DT DEITEINEDEEDLLRLVVRREBZHFT S, A—/\—AN YR KREL
FEOTEMIZIEFEDIKLA, BFREITLTLEEAFTONDESD
o LV EEME
m Read-Committed. Snapshot Isolation, MVCC (Multi-version concurrency control)
o ZHLEZLVFZ T O—F: Serializable Snapshot Isolation (SSI) (SIGMOD 2008 best paper)
o ;oY HLaEE (anomaly)DFiELE
m 7ML (FEFEELGULDLO—FZ, E5099Z 0 T4HH)
m  Write Skew (RICRFY 7L avbZE5RA T, ESGAICETAD)
o Repeatable Read (&L\5#54 LUV AT D HI K
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/—FDEILT—4ZRond Lo %
EXRFfT (OFE(ZEELLY)
o 1)=& —#H (leader election) . ¥ —EXT4RHN/\) A /N—yTEE
n CHOHAELKER. DT W)= —L T r—2a lg ELELKERETERL
BH3& : Zookeeper, etcd (KubernetesNEFClEHNB)
R FAEDOHLLFTO—F (2022~)
o TIVT—23lflDOSATORTHENS Y3 MIBERYN (ScalarDB)

Scalar DL Primary Servers | | Scalar DL Secondary Servers

T Scalar DL (VLDB 2022)
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NS T3>0 OBH : Amazon Aurora (SIGMOD 2018)

o HHEIERMYSQL:6DDL ) hEVERL
o  2copy x 3 AZs. Availability Zone (AZ)H¥1 2% 5 THquorum(Z #iR) b :4/6
o MySQLOT—EIR—REFIREZIOT DEZAAITZITIZHEREIE
o A=V /—FDRTERER. RAVARRAVATATH#)ITLALTRILT—2%HD
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T—2OEMS: TT—TIVLIOBKRDEIL

o WEMDIT—TILIDES

o RDBMSIZHAHBmFDT—4 (snapshot)
o HRKTHIT—TILIDELK

o MKMELBIZEILTEHT—E. ZIhBIRET HT—4 (derived data) &R 9 K5I1C

o FERIITVIVVOUDHERIZKY. pHITINBRZIZRYERT 2N KEIC

m Redshift, BigQuery, Trino, Spark, DuckDBZED YT TV  H—E X

o /\vFWIE Xk)—LANIE

o MMETIXHMABDRXAIEDIELIZH>TELVS
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watermark Tyler Akidau, Slava Chernyak
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M HT—4 (Derived Data)

o HFULDEHRT—EMNEREINSER| (Treasure Datatt)
o fl:UT)TEMINET—2DKEFREFZRDS. T—2DFE]

o dbt: V) DIKFEEZRZ L1 TZ4HSQL compiler
o #HLU Table Format: Delta Lake. Iceberg. Apache Hudi%: &,

RarEEd HICIE?

T—ILDEFREEDHERE., R FvITavkDEE(time travel) N TES
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Unixa< >R TOT—520E (R0

o S cataccess.log | grep “xxx.yyy” | awk { print $2; }' | sort | uniq

UNIXET =
o IR REZ I OBRALZIOTUFTRE

o {HRDIATUKDIFEEARNZE/NN(TTDOES

o YIJLDEAITIXaTURSEIZTOLAN;
AV

REEILTOT, TEERABD RN —LANEZLT

B OEETIDRKRBERBMFARDOSHEBTIX., VI ECTEETHEENHHT-, 7OT
A2 E, BH(mutex. signal), I/0ZRFIZHRDT=6& ., BLLVERRE

N (FEH/—F) TEITIAICIE?

21



PEVNYFIOE

e Spark (2009)

o  Microsoft DryadLINQ (2008) D7 AT 7 MR—X,
o  UNIXawyRDESHEGS UNSHETOSSL) EA - DEETT A A—

e MapReduce (Google 2004, Hadoop 2006)

o  Mapper: (key, value) DR 7% H 719 %, Reducer: FILkeylZ/E 9 SvalueZEH TEEHERZH

0 TL—LTI—sfI BB THMELT

m MapSide Join, Broadcast/Hash Join% ERRRGET IOy IOMNH A, SQLE

grep1000 | Sed500 | Sort1000l awk500 | per|50

Channels

Input
files

ol

(processes)

o DryadLINQ(2008)

E{TT=5(Hive)
map¥ A7 1 reduce’¥ A7 1
@ e ; @
mapper m2rl TL reducer
H m3,rl H
D D
F F
S | map¥RT2 reduce’¥ 277 2 S
D (e D
A H
va mapper reducer =5
> o =
1 1
L v
7 7
M| mapv 223 reduce’¥ A7 3 ~
U 1 1.r3 (SR U
m3,rilj mir
@» mapper m3.r2 m2,r3 E reducer
’23_-’—3j »m3,r3
MapReduce
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o HYITN)FT—ADANAIZEY ., BERFITIEETLEITS

o HEINE. T—IDEEZLLZINE

o MBRIIT—2UIE

SC R

<44 0s%yF . CDC (Change Data Capture)
Dataflow Model (Google, VLDB 2015)
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OREILLY"

Streaming
Systems

HEN, AND HOW
DATA PROCESSING

Tyler Akidau, Slava Chernyak

o ENTHP-TLS(late arraival) T—2DNIEZIEHEHEFLDHEMZIRT
event time, processing timeZzwatermark C& £

o Apache BeamiZE[ZEEINTLVS

Key 1 Key 2 Key 3

Key 1 Key 2 Key 3

-------

- - -

......

.......

......
-------

-

-
-------
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......

Sliding

Key 1 Key 2 Key 3

.......

-------

-------

-------

.......
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Processing Time
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o: RISONTXME, T—b., T 52 (V=F &Iy )i E
o 1970FEKhoiEimMHES GELULVERE(IRedbookIZH)
o FYbT—SFETIL (CODASYL)
o REEETIL
o JL—13FILETILIZEKSRDBMSANEE
o ERODT—AHA(JSON, XMLEE) DHR—EAY, R4 12 RDBMSIZEYAEN TLI>7=
o ZMNEH:TAR—XI[ZLEHTIE.DBMSOGE (Moo a3V R—FEE)NEET. HILLVETIL
MNEFENTH, A—F—ITETERBRIZHESEFTHOEDY A RI o=,
o AVE—HFUAIRXTYF (Impedance mismatch)
o TINVT—1a TEHEWV:EDWRIBMEEIET—2. ATV IMNEE) & T—E3R—X[ZHRINSN B EE (T—
L) Ty FLAELKR
e NoSQL
o SQL.UL—13aFILETIADT @M, FFAAVMETILGELEFENS
o NXT—FRELTIEFE-T=H. REIZNot Only SQLEL THEFRESN B K5I
o ERMNLFARFIZNDRUVEHS
o  GraphQLIZRDBMS. SQL&EXLAOAIREREELZELV7 7 O0—F, RDBMS, SQLIFFIAL D24, 7I4H5—
AV MLLMVETT—2ZREF T 5D EHHR—F
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o SO
o RDBMSER®DAUA—TJz—XfZ2f=H -,
e Google F1(VLDB2018)
o Googleft D Z#kIGEARL—2IZSQALTT7 V1R
o ZetaSQL:# i ASQLZEZE
m  BigQuerylZH{EHnTLVS
e Meta
o H@ASQL + VeloxftIEET > > (CIDR 2023)
e Trino Distributed SQL Engine
o FRDT—AI)—AADIARIIEIRM
o ARL—UREZTHFEGLSQLTV OV

trino

F1 Server

SORT
by ClickCount DESC

[

AGGREGATION (final)
COUNT(*)

1000 F1 workers

F1 Client

-

Send to worker #

hash(AdID) % 1000

\
1000 F1 workers

200 F1 workers

AGGREGATION (partial)
COUNT(*)

e

ol

HASH
JOIN

-—

HASH TABLE
by AdID

=

Send to worker #

hash(AdID)

% 1000




PR T—E3VATLDOHR

OREILLY"

ASAU—- TP\

T—5EM
7TUo—23ay
FTHA

(SR, IR, RTFHEOBL

SEWYATLEREORE

Martin Kleppmann &
il AR BR
FI@\F R




PHRT—E3ATLOHERIZIEKR

EY

)
HyperDex

TRICT
A D\S

Z 1
R oM Gou
WML Bz (& iy
SO S M iy
\ oS s Fouy
QUlserver { =
i @ Rechind DE ph
roitse Xtk Al
us) bocss, AN
& %,
e B4 -
Grand BETPRA FeoDASYL
»\‘r,,?..’v‘»*)'fg\ e
> E A

S DESIGNING
[ Data-Intensive )
Applications §:
The big ideas behind reliable, A
Q\ scalable & mammma "
Nemogas
S T

Bai¥iey DB

ot
xEy-vALYE

OREILLY"

F34Y—-IvI\Y

(2T
Bav or S REPUBLICIOFY A
o WANSACULONEPROCES s, A 7y

_4_@\‘ = =3 E &

L P
& MocNTAINS OF 3
{Corva Sromacr! "o

ronaes b N b MRS o DISTRIBUTED SYSTEMS -~
=0

!f\)“
- o/\
ATy DB MySQI

L ate

i St g t«& . S . o . D« Comsems
Ketriewsl - I o A\ »
< ARG S T . L. o SEA « RETRIE &2 P T L
SRR N -zl S e T SRR e SRS (R RaLgeEert 2 B, o N e 7 ’ I — [ /
L Pangucs ,ﬁu&.mwmﬂ,—m = = = R e K ¢ .
D = " < - < ‘\ irn|N"RGVuELI€C%’;“NcS A — - = / : ‘: ti} n n -~
= /| AN = 2 r 4 LS P % ,
& i S P o T S
\ s (Bl R - IRELT . 7o, g B S
‘\ 3 " 2 E R s =Af ¢ : e ) “I',’ , A £ . S
e N : AN S s e A AN € Bt MR, RFEOBL
Ty 2 = SRR : : ; % & { R DBYATLBRSORE -
o TN : ; acct T AR 4 > = $ E :
= 3 g = 09, - = “ Y ¥ ¥
I ”

Actual erial
xeindion @

w58
s
L

No Reao Serw No Losr Uroarss

\ P S s

Duery Raaoe

Zoro to““ Mutr-Ogpicr Arosiciry
Martin Kleppmann &
R ARD EER

Il@Es R

\ l..\:\‘ P | 4 l "

Wiercxs 0r Hosscrow Contaxaes Acoarins

To Kimgihom of Asolyis
(Chapter 3 and
Dhens ntrgpetion

(Chapier 1) g

UNCHARTED TERRITORY

i Umkwown

28



T—afgRNHhdEChapter 1DFEELRZ TS
o (SHEME
o1 Rir—IEY T4
o AUTFURM

The big ideas behind reliable,
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Tolerating
: hardware & )_
9| softwarefaults [§

)\ Human error /h
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Two significant problems mostly addressed:

1. Fanout service for Following feed was getting overloaded when |
tweeted, resulting in up to 95% of my tweets not getting delivered at all.

Following is now pulling from search (aka Earlybird). When Fanout
crashed, it would also destroy anyone else’s tweets in queue.

2. Recommendation algorithm was using absolute block count, rather
than percentile block count, causing accounts with many followers to be
dumped, even if blocks were only 0.1% of followers. Also, it’s trivial to bot
spam accounts with blocks.
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