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Code

App

Server Mobille /\ Xaas /
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Cloud Computing K‘\_/'\_'A_/

Database oC
Cloud Computing Cloud Computing as Gartner Sees It
everything and the kitchen sink Ki;}::lfn

Google Apps, Salesforce.com, Netsuite,
Lotus, WebFilings, Zoho, Yahoo!Mail,
Hotmail, ...

EGRRSITE : PRS0

Google App Engine, Force.com,
Windows Azure, LongJump,
Rollbase, Amazon Elastic Beanstalk,
VMware CloudFoundry, ...

EiR, wit5H%
=it E: fRSRIET.

23t 5if515]
j:IE ;ji— -l'ﬁ II:I Amazon EC2, Rackspace,
VMware, Joyent, Google

Cloud Storage, ....

Source: Gartner AADI Summit Dec 2009
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twitker 13 billion API calls / day (May 2011)

NETFLIX 10 billion API calls / month (January 2011)

asamazon  Over 260 billion objects stored in S3 (January 20171)
npir 1.6 billion API-delivered stories / month (October 2010)
Google 5 billion API calls / day (April 2010)

e S billion APl calls / day (October 2009)

ehY 8 billion API calls / month (Q3 2009)

biNg 3 billion API calls / month (March 2009)
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« Amazon EC2 99.95%, Google Cloud Storage 99.9%,
Microsoft Windows Azure 99.9%
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Google  201348H17H, JLPKEIHIGooglefkss AL, FHARRILECME T FE#L40%, 722 008
Adobe  20144E5H25H, Adobe Creative Cloud ik il 23 24 /N i)

kK 20146 H23. 24H, Lync instant messaging service. Outlook Exchange online#H 4k Hi Bj #
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« CAP(20004ESIGMOD£ i keynote)

— —# M (Consistency). R (Availability)F1/X %% 53
B A B (Partition) Z [H &% R 88 HI A [F] I 2

« PACELC(2012 IEEE Computer)

— WRBIARAT RIAIFEAE S #(Partition), B] F 14
(Availability)f1—Z#: (Consistency) FEEMNE; BN
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Scalability: CAPH 8

CA Category CP Category
RDBMS

BigTable
HBase
MongeDEB
Redis

\ Consistency

Availability $§f§'§ﬂze
AP Category
\ Dynamo
Voldemort
Cassandra
CouchDB
PODC 2000:C. ASPREERIFHEHEHFAINEM!

20124EIEEE Computer EH]: The Growing
Impact of the CAP Theorem

FFEARIE. ACID, BASE, PACELC
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C:
Consistency

Data Center A P: Partition Data Center B
Tolerance
Consistency: all nodes have same data at any time

Availability: the system allows operations all the time
Partition-tolerance: the system continues to work in spite of network

partitions
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- BRI RHEHFSMATER. POSTGRES-R. HBase
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— % —3#: (Eventual Consistency)
— BFE—#tE (Timeline consistency)
— &iE—3E: (Session consistency)
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— HRIERRE —3iE: (Snapshot Isolation consistency)
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o PLEIRAZ (Fast Paxos)

o ZfiERE S (Generalized Paxos)
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o MK MALALEE
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JE4E—5 (Non-uniform Write)
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Client 4,

%
& LA
Replica, N
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LAG S LA ... S LA ) (BRFF IR

Latency L,, (d)= LA.q,*min(LC)
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B
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P(LA, elt.t+¢]) = Z P(LA e[t,t +g])(k _JP(LA< ) "P(LA>t+&)"

h(k) (t) = !g'_rfg

:/H\:/\ * LAI
P(LA, elt,t+2]) jf\ﬁlg T

&

« HT h(k)(t) , Eﬂﬂ\ﬁ?@

« BrbL:

E(LAg) — LAgy) = [ the, @dt— [ thy, , (t)et
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Hor
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v(d) = aPye(d) + 0(E(Lw(d)) — E(Lw(1)))

Kee/ME
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5P RBER A FEIR 45 R B il

s MH—TANEER, WEE:
- WREERERNVEEN,, IEEZHRBIRE N,
— P, WEE AN, +N,4)/10,000,000

NP

— fEENnE[2,9] fidE€[1,[n/2]]

— RMSE= 0.0009%, std.dev.=0.0052%
o JEIR

— EEnE[2,9] fidE[1,n]

— RMSE=0.013ms, std.dev.=0.019ms
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n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9

0 - 250
1 - »
£200
P -2 d=1 :% L2
we mg=2 0 | w(2)
- > mLw(3
=3 2 L (4)
1 W
-4 md=4 ‘9100 (4)
® mLw(5)
—
-5 50
6 0
n= 2 n= 3 n= 4 n= n= 7 n=8 n=9

Impact of d on Consistency Impact of d on Latency
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— 3 vs. HEIR

200

(5,3) (3,2)

( 7.)\ 1-10°
\\ 110
(7,3) \_ (7,2) 1-10*
(5.3 \\ 1-10°
~ 1102

(RS
(7,1)1-10%

150 100 50 0

Latency-Lw(1)(ms)
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The Variable Part v(d) (SV)

n=2 n=3 n=4 n=5 n=6 n=7 =B n=8

(a) ¢ = 0,7; = 0.0009%

0.007
0.006 -
3
= 0005 - S s
5
- Hd=1
¢ 0004 ad2
& i d=3
0.003 s [}
r &
-} | Bd=g
M oooz 4 3
5 Hd=5
i 0.001 - i
'E 1] - .
n=2

n=3 n=d n=5 n=h n=7 n=0 n=9

(d) ¢ =reb, e =0.57p or o = C,C = 0.5bry

The Variable Part v{d) (SV)

The Variable Part v(d) (SV)

N

(e p=rebre=1rp0rp=C,C =bry,

0025 -
5 -
g 0015 - s
E md=2
-8 [ ]
£ omq md-3
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g 0.005 - ks
2
= o
n=2 =3 n4 NS5 N6 N7 =8 09
(c) ¢p = 0,7 = 0.05%
0.025
2 om
g oos s
% md=2
t 001 -3 X = — . (N
3 s
E 0.005 -| md=5

n=2 n=3 n=d4 n=5 n=6 n=7 n=B n=9

(f) ¢ =reb,re =51 or o = C,C = 5bry,
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2-tier Basic Tree

Aggregation Tier

FHOXS ] 5
HiEHHE

3-tier Basic Tree

K-ary Fat Tree
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é Server

Replica Coordinator Replica

AL INTEE BIRZ D ACH LTSS, ToR; R AT RAV; Al 21K 1EH AR R &A% B
7E SR
th—Z—tor (X) Z H P(A m; )

m;+MmMy+..+mMy =

AT AR AT U7 ] 2 BV B R RIAZECH A>T
Avail (QS(bt2, PM,W)) = (1-P,) sz_z_mr (X)
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o ZREAM(IRFHBAEEEK), BIAHN=3
e PM[=(1,1,1), PM;=(2,1,0)f1 PM;=(3,0,0)
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W | —fhCassandralic ® +# IW.iHadooplit &

l Avail (PM{°") > Avail(PM5") > Avail (PM5°")

Avail(PM{") < Avail(PM5°")

1+ 2P.P, < 2P, + 2P,
< Avail(PM5")

Avail(PM5°") < Avail(PM{°") 2P, + 2P. < 1+ 2P.P,
< Avail(PM") < 2P, + 4P,

Avail(PM5°") < Avail(PM5™")

1+ 2P.P, > 2P, + 4P,
< Avail(PM{°")

3 Avail(PMi") < Avail(PM3°") < Avail(PM5°")
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Consistency(W,R) = 1 _( R )/(R)
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— BHB/MN N,] KB N, = —lg(1 — Avail(W,R))

— HHE [N MER, BR—BHERIA

— HHE [N MERM—FHEE, B/MEaW+(1- o) REFEUL




A B S R SRR

m EENE[3,9] MIWE[LN], A RFTE T RERIARE

Table 3: Write Availability Validation
RMSE STD. DEV.

2-tier Basic Tree | 0.000472% | 0.000417%
3-tier Basic Tree | 0.000763% | 0.000668%
K-ary Fat Tree | 0.00117% | 0.000934%

Folded Clos 0.000845% | 0.000689%
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o+ PR, % SR (0=0.05)

Table 4: Awvailability-Consistency Table
(4,C)| R=1 | R=2 | R=3
W=1 | (4,0.333) | (2,0.667) | (1,1.0)
W=2 | (3,0.667) | (2,1.0) | (1,1.0)
W=3 | (2,1.0) | (2,1.0) | (1,1.0)
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— 99.9%>(W,R)=(2,1) AL
— 99%>(W,R)=(3,) &AL
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time

Client R, <
. e mmmmmmmmm e -
. > IPROPOSE LOGGING  ACK LEARN EXECUTE < :
WS Replica, >! > !
(the leader)  NUMBER] !
. i LOGGING !
WS Replica, ! D —— :
(follower) i i
. | LOGGING EXECUTE |
WS Replica, | N ;

(follower) LAY BI(AGREEMENT PHASE) BT BY(EXECUTION PHASE)

FTE R B (RDG)H)
NUMBER: XHigR#&IRFHS, 1,2,3... A
HRPAT AL

ACK: 5 R&£n/2+1 ) ACKIHE B
EXECUTE: #BiERAmEHFPAT, F— N5 5 RAZ RN NFHITER

AGREEMENT PHASE: PAE O X/MaidkfTii/K £ F:4T (Pipeline Concurrency)
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« WebShopService

— getMyCart

— addToCart getMyCart getMyCart
— searchProduct C Commutable ) Can not commute
— orderProduct

searchProduct addToCart
— modifyMyProfile
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n+1 n+2 n+3

n+8
RDG of Pipeline[n+1,n+8]

LEARN:
(n+1)
(n+5)
(n+3)
(n+8)
(n+4)
(n+6)
(n+2)
(n+7)

n+7 n+8

EXECUTE Executed

Wait EXECUTE Executed
Wait EXECUTE Executed
Wait EXECUTE Executed
EXECUTE Executed

Walit EXECUTE

EXECUTE Executed
EXECUTE Executed

Executed

&4EFFR]: 3+4+4+1=12 units

AMEFRDGHI& A ] ; 5+4+4+2+1=16 units
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