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Anatomy of Twitter
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* Big,

Over 100 million users. Erem——
Over 1 billion tweets. \
Growing every minutes.

* Uneven,
Different number of followers.
Different number of tweets at diff time.
e.g. Inauguration of Obama, 1/20/2009,
Peak time 350 tweets / second,
Be forwarded over 40K times / second.
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“ Following ID Follower ID

748229 481293, 223838, ... 193922, ...
481293 223838, ... 748229, 193922, ...

6793232  2012030618455245 748229
6793231  2012030618455243 481293

» A simple implementation of Twitter:

Create tables o store the relationship,

Create tables to update the tweets. 6793232  FAL E MR FE BRI AL
: 6793231 WA =HEAFFR, Bl T 57,
« When Mr.481293 writes a Tweet 6792321, TR R TR SE, PR B 0F 2R A
" A — N N » I_IL |
WMRBAT VAT ..., AT

Twitter system will push the Tweet,

Reader ID Tweet ID in Newsfeed

193922 6793232, 6793231, ...
* e.g. Tweet 6792321 is pushed into 748229 6793231, ...

Mr.481293’s follower,
Mr.193922’s Newsfeed.

into his follower’'s Newsfeed table.



Tweet ID Time Stamp m Tweet ID Tweet Content

6793232  2012030618455245 748229 6793232 L= WIXFEIHREE AL .
6793231  2012030618455243 481293 6793231 IR BAIZHE A TR, B 771,
BRI ZEE, RO EIERZ A

| b/

—“ Following ID Follower ID

748229 481293, 223838, ... 193922, ...
481293 223838, ... 748229, 193922, ...

Reader ID Tweet ID in Newsfeed
193922 6793232, 6793231, ...

748229 6793231, ...
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| D | Followingid | FolloweriD |
Tweet ID - Author ID

748229 481293, 223838, ... 193922, ...
Author 1D =2 Follower 1Ds
481293 223838, ... 748229,193922, ...

Vector Cache
[ rwectp | rimesiam | Aushor | MemCached

6793232  2012030618455245 748229
6793231 20120306018455243 481293 ar

3)
Mr.481293 writes ,
AU TS ATFR L ) Tweatt | | @ e | #
N > a— -,
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> . 3
ﬁ - & z
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) N | £ : z
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2 3 g I'weetl Tweer2 Tweetl
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¢ [ =
= _ Author1  Author2 Follower3
E WY BIETT RN I T ERITE AR (5 1611 ) X
E¥ -
!.1 }“’ml npe 193922 6793232, 6793231, ..
L OREY  RBIESIHELTRE . W THT  BELRN0ESE . ERETEFA BN L _“ eet 2 a’-lv'
Tt DREE)L, B EREN, A—TE. #AE, WA, TR , SR - (6) (1 743229 6793231, ...
EIFA  ENMEENT. RERERNEE, FEARBEM. IRIETE, BEEE, TR x ( 3 ) 3
FETHR. ($F 1587 -
B <L
Follower 3's
Tweet Content Tweet ID = content
6793232 A =G G EA i E: Ny i A
?iiﬁd ;ﬁ ‘f;fﬁ% D T Raw Gachie
6793231 IRENNETEATRE, ) i
TRERNNES, FNEENFAN MemCached
nri
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lgnore this part

[ b | Following ID Follower ID

748229 481293, 223838, .. 193922, ..
181293 223838, .. 748229, 193922, ...
ool | Tweet|D | Tmestamp | Authorib |
Web Page assembled 6793232  2012030618155245 748229
by Web Server. 6793231  2012030618455243 481293
—resentation Tier
Apache
T T —
Pl ”»
6793232  HELEUIEMFRHET.
6793231 MBI M=HELHE, #ill Mo+
App Server - EEIIMFEE. FARENTAL
Mongrel Rails Logic Tier !
Operations run by App Server.
: 193922 6793232, 6793231, ..
748229 6793231, ..
R Data Tier

MySQL
Tables stored in database




A simple but workable
Twitter system.

Web Server
Apache

HTTP Accelerator
Varnish

The real Twitter
system architecture.

Other Protocols

“A.Pl”
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m Tweet Content

6793232 B ERUEHEMBATTE.
MBFHN B =+ ELR, #0765 F,
fﬁ?f&ﬂ:ﬂ‘]ﬁﬂ%i EAHEEMT AL
-

Reader 1D Tweet | 0in Newsfeed

153922 6793232, 6793231, ..

6793231

748229 6793231, ..

Why not use so many caches?
Disk 10 is much slower than RAM 10.

But disk is permanent storage, cache is not.

Message transportation,
Why not HTTP? Overhead.
200ms - 500ms for tweet publishing.

« Why doesn’t the newsfeed table contain

Tweet content directly,
rather than Tweet IDs?

HTTP Protocol

Web Server
Apache

search.twitter.com

HTTP Accelerator
Varnish

App Server
Mongrel Rails

CacheMoney

Other Protocols

“ API ”

<///°// :

libmemcached

Page Cache
MemCache

Fragment Cache

I

S Vector Cache
% MemCache

2 MemCache
Row Cache
;E MemCache
Database
MySQL

Presentation Tier

Logic Tier

Data Tier



* Define the data structure first,
Decide the workflow,
Design the architecture.

* Use IDs more, move content less.

)

So called, “separate signal control from data flow”.

« Use cache more, write into disk less.
Database is usually bottleneck.



Inside
MemCached



A time Transfer Power Cons. =
Media Price Read Wnte Ergse bandwidth | Act [di=/Slp = _‘
Magnetic $0.3/GB 127 ms 13.7ms N/A 8 MB/s 13W/8W/1W E
Disk (2 KB) (2 KB
NAND Flash $30/GB 80 s 200 us 1.5ms 25 MB/s 1W/0.1W/
12 KB) 12 KBy (128 KB) 0.1wW Other Protocols
DDR2-533 S$25/GB 2235ns 2235 ns N/A 4266 MB/s | 12W/6W/NA
RAM pr GB

Presentation Tier

twitter-web Load last day

[ HTTP Accelerator

50% decrease in load with
Native C gem + libmemcached

| libmemcached

@ “API”
°
"

Load/Precs

Thw 0000 The 05 00 The 32: 08 Tho 13:00
0 1.min Loao | nodet L RO W Ruming Procecses

« 500ms for tweet publishing,
Disk 10 is million times slower than RAM.

« E.g. By using Varnish, to cache search results,
Twitter load decreased for 50%.
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Program that

Usage of MemCached.
uses MemCached.

( memcached ][ memcached ]
[ memcached ][ memcached ]

function get foo(int userid] |

FS#% Firpast try the cache =/

data = memcached fetch("userrow:™ + userid):

it ['data] { -
A% not Ffound : reguest datakase *F°
data = db_select ("3ELECT * FROM users WHERE userid
A% thern store in cdche until next et *7
memcached add("userrow: ™ + userid, data):

= 27", userid):

H
return data;

function update foo(int userid, string dblUpdated3cring) |

F# Fipast update database #7
resultc = db execute (dbUpdaceitring) ;

if (result) {
A* database update successful @ Ffetch data to be stored in cache *7

data = db select ("SELECT # FROM users WHERE userid = ?7, userid]:
A* last line could also look like data = createlataFromDBEtringidbUpdateString) 7

A*% then store in cache until next get =7
wemcached set ("userrow: ™ + userid, data):
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Slabs are RAM spaces of fixed-size.

chunk 1(used)

chunk 2(free)

The slabs of the same size,

slab_class[1]

end_page_ptr chunk 3{used)

slab_list[] / chunk 3(free)
slab 1
slab 2

are grouped into SlabClass.

slab_class[2]

slab_class[3]

Each slab consists of many chunks.

slab_class[4]

Usually in the same slab,
the chunks are of the same size.

Each chunk usually contain one item.
An item is a pair of (Key, Value).

slots[]

chunk 2(free) -«

do_slab free()

Slots is an address list pointing to the re-usable chunks.

Why split the RAM into fixed-size slabs?
Easy to re-use,
but may waste from space.
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e Jused) Slab Classes
chunk 2({free) - .
end_page_ptr chunk 3(used) 88 bytes
slab_list[] / chunk 3(free) . &
1 EERTS SRR 112 bytes
100 bytes item
slab 2 - 144 bytes
slab_class[1] ._ . 184 bytes
slab_class[2] slots[] |
slab_class[3]
do_slab_free()
slab_class[4] chunk 2(free) «
Slab Class: 1 Slab Class: 2
Slabs: | Slabs:
88 bytes | | 88 bytes 112 bytes| 112 bytes
88 bytes | _. lots more! 112 bytes| . lots more!
e Before Caching an item, Slab Class: 3 Slab Class: n
. . . : Slabs: | Slabs:
find the slab with the appropriate size,
. . . 144 bytes| | 144 bytes n bytes n bytes
equal or a little bigger than item. L= s L= s
144 bytes| .. lots more! n bytes | .. more!

16 /29




[ nodel ” node2 ” node3 ] [ nodel ][ node2 |[ node3 ]

set tokyo get tokyo
| BFIRETE =

pEiE Ssethitl
RIASBESS=E

RS EEIIE

nodel | ” r:del |
node2 | ! node2 |
node3 | node3 |

p I

\ set('tokyo',data) J get('tokyo") |

« So far, we learned how to use one single MemCached.

* In case one cache is not sufficient for a large amount of data,
then we need more cache instances (nodes).

 The cache instances doesn’t communicate with each other.
Also, there is no shared information.

* When getting a cached data, how to know where it is cached previously?

17 /29



| nodet |( node2 | node3 | [

[ set tokyo
EFRTEREE '
N #EIE S setitl

— ' AMESE
nodel I
ik
node2 I
node3 |

r

.

| set('tokyo',data) . [ get('tokyo’)
N2 RIFERER

Hash(Key) 1 2 3 4 5 6 7 8
Node=hash% | ;_1o03 | > 0 1 2 0 1 7
(# nodes)

« When getting a cached data, how to know where it is cached previously?

« Solution 1, maintain a lookup table, {node, (key1, key2, ...)}.
Lookup table may consume too much memory space.

« Solution 2, use Hash algorithm, node = Hash(key) % (# of nodes).

Works fine if all nodes run reliably, and the number of nodes does not change.
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3 cache nodes.

Hash(Key)

1

2

3

(# nodes)

Node = hash %

1=1%3

4 cache nodes.

Hash(Key)

1

2

3

(# nodes)

Node = hash %

1=1%4

» Suppose when items are cached, there are 3 cache nodes,
but when items are fetched, there are 4 cache nodes.

» There will be many items, cached previously but miss hit.

* Not a lethal damage, but increase database’s load.
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3 cache nodes.

Hash(Key) 1 2 3 4 5 6 5 o © 2732

Node 1 2 3

4 cache nodes.

Hash(Key) 1 2 3 4 5 6 o o o 232

Node = hash %
(# nodes)

» Suppose when items are cached, there are 3 cache nodes,
but when items are fetched, there are 4 cache nodes.

» Map the hash values into the various cache node.
Why 27327 Because each cache node as an IP address, which is 4 bytes, 32 bits.

» There will be only a few items, cached previously but miss hit.
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In academia, the algorithm is called
Consistent-Hash.

Its mission is to reduce miss-hit,

when adding or deleting cache nodes.

Also applicable to many other uses,
including No-SQL database.

Map each node's IP
onto a ring of size 2°32.

Use the same mapping algorithm,
map the key to the same ring.

Clock-wisely find the node on the ring,
which is nearest to the key.

When adding or deleting a node,
only a few keys will be affected.

[

2

¥

it+&hash

| H+&=hash

| #tShash
node4

[ i+&shash |

| iH&hash
noded
node5 l

> it&hash
-2 251
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» Cache is for read only.
Whenever update occurs, cache must be updated according.

* Internal data structure, fixed-size for easy-reuse.
Reuse the same space to store different data from time to time.

* When using multiple cache nodes,
Consistent Hash reduces mis-hits, when adding or deleting nodes.



Inside Thrift
A Message Pipe Framework
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header header application data !
¥
|
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=|
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=

Other Protocols

“API”

(&

libmemcached

Page Cache
MemCache

Fragment Cache
MemCache

o
i |

}-*—Hmlsmbm‘..l

S Vector Cache
N MemCache

&
Row Cache
MemCache

* Message transportation,
Why not HTTP? Reduce overhead.

* More layers of protocols, more processing cost.

« Especially for frequent, but small-sized control signal messages,
as fewer protocol layers as possible.

Database
MySQL

Presentation Tier

Logic Tier

Data Tier



TCP connection, Server-side:

1. Open ServerSocket
2. Accept Connection
3. Read Request

4. Send Response

5. Close Connection.

Stream oriented vs. Buffer oriented
Block 10 vs. Non blocking 10

Encoding/decoding objects.
IDL, XML, JSON

Remote Procedure Call (RPC)
CORBA, DCOM, SOAP, RMI

Cross languages.

Any tool to make it easier?

Master Thread i

Open
ServerSocket

Worker Thread

v

Wait for Dispatch fa—

Accept

Connection

v

¥

Read Request

Dispatch to
waiting Thread

¥

Send Response

1

Close Connection

25/29




 THRIFT is
A cross-language framework,
to generate skeleton programs,
to setup TCP/IP connections,
of different types.

* THRIFT supports
the encoding/decoding Client side Server side
of popular data-types,

also supporting RPC.

User defines data structs and service APIs,
Write into a script file “xxx.thrift”.

 THRIFT is Types
In command line, compile the script file, generate several
an open framework. THRIFT skeleton programs, of different language.
User can plug-in Processor User implements the skeleton program, with the service

business logics.

self-developed User implements the skeleton programs, specifying the
transport, protocoL Protocol encoding/decoding mechanism, by calling THRIFT protocol
APIs.

and data-types.
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Usage of Thrift.
Write Thrift script.

Compile the script,
generate a few skeleton programs.

Fill the details into the skeleton.

Compile the skeleton programs,

SHRIE Y tastlava U

Namaspace java com javablogergsn

nft » BEXFMNTNT

# N2 EUTESHEUREESE, SUSLSFRPAP00 get/s
ngtooc  # W22 SNEHLS T Thrift wiki

2! bmary content

struct Blog

SRR UM

PN,

31164 oreatedTime
V. string 3
%: string péddress
6! map<stng stning> props
service ThaltCaze { # B3 {SYER=S . HFRIESPRAAAREIACHY ST
32 tostCased 232 numl, 2:132 num2, 2:string ruml) HENL.1 TEREAENTE
g testCasel(l:map<string string> numl)
void testCase4(1:list<2iog> blog) # #HWA.2 list RthritSBENRLS P12,

code A W1 FERUEUAHNLSTE, SETER

fCace lfaced

P amel

and deploy, then run! .,

int main(int argec, char** argv) {
shared_ptr<TTransport> socketi{new TSocket("localhost™, 9
shared_ptr<TTransport> transport(new TBufferedTransport(
shared_ptr<TProtocol> protocol(new TBinaryProtocol(trans

example: :BookServlet{lient clientiprotocolj;

try {

thrift —r —gen cpp service.thrift

service_constants.h
service_types.h
SharedService .h,
SharedService .cpp,

service_constants.cpp
service_types.cpp

SharedService_server.skeleton.cpp

transport ->oapen( );
vector<example: :Book_Info> books;
client. Sender(baaoks); /  RPCEAE, B ser ciRENEHAE
transport ->close();
} catch {(TException &tx) {

prints("ERROR: %s'n™, tx.what());

Example:

http://www.javabloger.com/article/thrift-java-code-
example.html?source=rss

http://dongxicheng.org/search-engine/thrift-rpc/
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http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://www.javabloger.com/article/thrift-java-code-example.html?source=rss
http://dongxicheng.org/search-engine/thrift-rpc/
http://dongxicheng.org/search-engine/thrift-rpc/
http://dongxicheng.org/search-engine/thrift-rpc/
http://dongxicheng.org/search-engine/thrift-rpc/
http://dongxicheng.org/search-engine/thrift-rpc/

* Network connection programming is different.
Transport, Protocol, Processor ...

* Framework generates skeleton,
You write a script, Thrift generates skeletons, then you fill in the details.



» No stupid questions, but it is stupid if not ask!

» Ask a good guestion, and impress your professor and classmates!
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