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Google Books Ngram Viewer

Graph these comma-separated phrases: Albert Einstein,Harry Potter,Bill Gates case-insensitive

between 1800 and 2008 from the corpus English v with smoothingof 1 v .
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Google Books Ngram Viewer
Graph these comma-separated phrases: £ ImBE ' case-insensitive
between 1980 and 2008 from the corpus \ Chinese (simplified) v with smoothing of E
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Hello: (1+1+1=3)

World: (1+1=2)

Bye: (1+1+1=3)
SYSU: (1+1+1+1=4)
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Parallel Computing!

Sequential computing

Problem
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Serial 20 80 Serial 20 80
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Process 1 Process 1
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| Cannot be parallelized
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Cannot be parallelized ! W Can be parallelized
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o Communication overhead
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* ----> Load Unbalance

1. Parallel Speed-up: An Ideal Case 2. Parallel Speed-up: An Actual Case
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How do we scale-up for
Web-Scale Information
Analytics?
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a{a]1g task o #czs worker?

fNER task Eb worker ZEAS?

ANER worker FEHEEEPDEREAN?
YA CEBB D ER?

S{ERTERTA worker B&52/ T TE?
GNER worker &S AN?

What is the common theme of all of these problems?
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Two common themes

1. Communication between workers (e.g., to
exchange state)
2. Access to shared resources (e.g., data)
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ETHZ ™ worker

OREME, EAFEA]
» RAiE worker iz THOIREE
= AF0E worker (+ARHE=EHETH
» AHE worker ihRIHESEIERINF

OFEL, FAiIFE

» (528 Semaphores (BiiFE lock. s unlock)

= Z(43= Conditional variables (ZFfF wait, @*0 notify, |
1% broadcast)

= [B2CFR&E Barriers
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= Bpid Deadlock, ;581 Livelock, =525%/4% Race conditions

= Dining philosophers, sleeping barbers, cigarette smokers...
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Where the rubber meets the road
#ETH, BE—H

OF &M (concurrency) RMEHETE

O RS AHEIEE R
 FEEPIOHIR (ER2BEUESLD)
= HIERPERT

n 57/\H|§&7‘TEL

OFEARREE (debugging) 7

WEJISN )
= RE—RERIRERL R, BEXNAS
" WEECHITHE, RaEREHRITR
- iEFRENEE—t5%E

HO

20



What is the point?

e - FAEAEEX race conditions,
et 75 lock con?fention EH A e
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* HATHESR (“runtime”) LIESCERROTR
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Computational Model for Web-
scale Information Processing:
MapReduce
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MapReduce: Simplified Data Processing on Large Clusters

Jeffrey Dean and Sanjay Ghemawat
jeff@google.com, sanjay @ google.com

Google, Inc.

G Google
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HARREFEIT R0

o lterate over a large number of records
Map o Extract something of interest from each

o Shuffle and sort intermediate results

o Aggregate intermediate results Red\-‘ce

o Generate final output

Key idea: provide a functional abstraction
for these two operations
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MapReduce

Map: BREFE(E E Reduce: 134{LiH

Map
(key,, valy) --> <key,, val,>*

Reduce
(key,, val,) --> <keys, valz>*

o All values with the same key are sent to the same reducer
o <a, b>* means a list of tuples in the form of (a, b)

HEARINEIRE Map 1 Reduce Y,
HiTtEIEREGSNGT
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MapReduce
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Hello: (1+1+1=3)

World: (1+1=2)

Bye: (1+1+1=3)
SYSU: (1+1+1+1=4)
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Q: MapReduce JERHEHIKT
FIMTLA 7R 2 SEEH MapReduce, 3 v 8 X:

1. it 10TB Muh HEAEA™ URL 158K EL

2. YIHRERENE (FREIER)

3. X7 100 1Z571T 2R ID ILRVEZESE
4. SCATRMEEEZRIER (< 100ms)

5. XEANAEFHFES

245 MapReduce &i&d8  FEIFE, ~E&d . M - EEUESE
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MapReduce 2FFiE{ESE Hadoop BI#Z1
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MaplReduEe
HadoopRUit&EiRE, 2 HadoopBn izl 4R
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The Google File System

Sanjay Ghemawat, et al. The Google File System. SOSP 2003.
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Fun "facts" about Jeff Dean
SRESFEM (F1) SHRTH)
(YRR Joff &, (B Joff SRR

Dleff EAHBISAME, CSRABENT
eHMARARSS

Oleff BRRBHNEETE 2000 FEKiES 7 40 {Z,
[REEEH T USB 2.0 i9EE

024 Jeff SKARAT, ABATABNFE MapReduce #2¢ [
OFfEHTESHERSA T Jeff

Dleff WFEESBRM 1970 £ 1 B 1 B2
#, tBMAFIRE

OTo Jeff Dean, "NP" means "No Problem”
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More: https://zhuanlan.zhihu.com/p/33047210



https://zhuanlan.zhihu.com/p/33047210
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MapReduce ;RE{it
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MapReduce ;ZRELL
FIATSHD BN ARE RS

MapReduce BI—1XEMRZE ISR, 51!
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MapReduce JREAL
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141
Improving MapReduce Performance in Heterogeneous Environments, OSDI 2008

D E1 i 22

PN




QAT HE AR LT

SEBEHHIT?

HIRZ=AT RERNBHERR

& [

=

SikiE" HE"HF

HES \

T RESHE"

i

z2Z2Z...

D BY fi =2

PN

42



INEE

HEIHTT: Map ES$TH
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Data loading...

AHESD: 1/3

B i#HES: 2/3
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HENHTT: Reduce FEZITH
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MapReduce JREAL
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EEHE: MIRITERA D, BIBBRFFEA
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FHE=
BN B GASIEY

The GAS model represents three conceptual phases
of a vertex-program: Gather, Apply, and Scatter

Gather: information about adjacent vertices and edges is collected

Apply: updates the value of the central vertex

Scatter: uses the central vertex to update the data on adjacent edges
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Spark #0 GraphX

PageRank || Connected K-core

20) || Comp.20) || (60) ngzﬁ'te vee | LDA |lSVD++

T W O

Spark (30,000)

GraphX is a thin layer on top of the Spark general-
purpose dataflow framework (lines of code)

https://spark.apache.org/graphx/
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99th Percentile Latency at Scale
with Apache Kafka

Technology < Apache Kafka FEB 25, 2020 READ TIME: 23 MIN

Fraud detection, payment systems, and stock trading platforms are only a few of many Apache
Kafka® use cases that require both fast and predictable delivery of data. For example, detecting
fraud for online banking transactions has to happen in real time in order to deliver business value,
without adding more than 50—100 ms of overhead to each transaction in order to maintain a good

customer experience.

F—idillse, EEES?

50



(ifL%) REER-ER-ZEFMMWE “KEEIE”




— 66 :

EBAESAIEHER,
— A ERERBES S
(SRR ERIHFR L

\ ’, —
Fria-3rx [5%]

George Zipf
IEHAFIES TR

FIND WORD

52



un

TR FHIIKE

7 5

ARXiTrIZE5!

53



TETKE
T AR RS

A

Pt EESTREIE
AR, BERHERRaE,
=T :

7 5

xnl (WRJEE)




AR

A

1 5

sk EREIKRE : BEIRHPE

U

[0%-25%)]

[25%-50%]

[50%-75%]

[75%-100%]

—4 N MRNER—EIRFHER, 2T
U ERIEFRAE p B UE

O SN EEN NN SN BN BN BN N BN BN BN N S BN BN BN S BN B BN B B B B N B B e

=zl (WBIZE)

55



____________________________________________

A | E—LuETE|gh, HOIEAKL
| SORHOBSSE, FIBEIBIT BT LIRIE |
- H010f8, MEDBEEA1006E! |

_________________________________________________

FRHRIZE (Tail latencies) »=99% ~ 100%
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2% Jeff Dean et al. The tail at scale, CACM, 2013
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Tang et al.
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Exploring Hardware Profile-Guided Green Datacenter Scheduling, ICPP 2015
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DO0I:10.1145/2408776.2408794

Software techniques that tolerate latency
variability are vital to building responsive
large-scale Web services.

‘ BY JEFFREY DEAN AND LUIZ ANDRE BARROSO

The Tall
at Scale

Jeff Dean

Google Brain
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Bing demand distri

oution and average speedup
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i |
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4 All requests —=—
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Execution time (ms)

(a) Sequential execution

time Parallelism degree
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Effect of fixed para

1500
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Latency (ms)

(o)
-
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o
)
o

300

— SEQ99th —=— T
FIX-4 99th ——— . .
- SEQ mean —— ... .. T Y
FIX-4 mean —e— '

...............................................

0 10 20 30 40 50

Request per second (RPS)

lelism on latency in Lucene

o SEQ BMESBIFEHIT
o FIX-4 BMESER 4
> worker threads

HRHITET, SESEARZLIRKE
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Increase the probability that short requests

will finish with less parallelism, which saves

resources, while assigns long requests more
parallelism, which reduces tail latency.

BRE, FAITEFGIESISE!

Few-to-Many (FM) iiEstiAES A RTE

Few-to-Many: Incremental Parallelism for Reducing Tail Latency in Interactive Services. ASPLOS 2015.
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OFew-to-Many (FM) i8R R EREERE

Simply increase parallelism periodically, e.g., add one
thread to each request after a fixed time interval.

AN

N
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1500 -  SEQ —=— i pf ]

Simp-20ms ——

1200 | Simp-100ms —e— [+ 1/ |-
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- ] WV
' ' _ P
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= . — — ' ' '
] L} L} L} U 7 L}
' 1 o '
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H ' ' f '
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...........

-——-T—'ﬂ

o Simp-Xms M1 worker
thread 48, &g X ms
EI011™ worker thread

\

o)l YELUZIEFESIERY interval,
> A interval £4<[g RPS T8

A—FRIRI

RPS
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Few to-Many (FM) iit&stiAEEAsCI

Ofﬂinem g HT RS #IEH3E Interval Table

SSISIIIIIIII
|
OnlineffE% | ®IEiH Interval Table SCATEEFARE
I
¢ t ar ' v
Short S 2 07 d3
3 0,di 50.ds
L b} 9
ong m 46 50,d1 100,ds
0 ms 50 ms 150 ms >7 e;,di 100,ds

Figure 5: Simple workload and interval table for 50 ms in-
tervals (¢t = 0,t’ = 50), number of requests (g,.), parallelism
degree (d;), for 6 cores with speedups s(2) = 1.5, s(3) = 2.

75



all2

V=22 s == [=]

Few-to-Many (FM) &R E S AR

WSEKE

AT (L) | KSEERT0 | KSTEST1 | KETES T2

<3NMES (t= 0, p=3) | | |

3 MISS (t= 0, p=1)|(t= 50, p=27](t=100, p=3)

4 MES (t=50, p=1) |(t=100, p=2)|(t=150, p=3)
j > 4 MESF (t="-1, p=1) | (t=700, p=2)|(t=%50, p=3)
(E55i10S I i i

To T T2
FM: it BRIRNTEFEAR. KIESRIER

Few-to-Many: Incremental Parallelism for Reducing Tail Latency in Interactive Services, ASPLOS 2015
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