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GFS2,Bigtable, Megastore, Spanner

Mapreduce, Hadoop Onl ine, Mapreduce
merge

S4, Dryad, Pregel, Dremel

Cloudscale, perccolator, Caffeine
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(1) fork .*

_ (2)

2) -
L assign
map

(1) fork

User
Program

£1) fork

" assign

reduce .

split O

Spht 1 (5) remote read

split 2 M@ {4} local write

split 3

split 4

Input Map Intermediate files
files phase (on local disks)

Reduce
phase

QO _ i ipE o 2218
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(6) write

output
file O

output
file 1

Output

files
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Copy “Sort” Reduce
phase phase phase
map task paatton, reduce task
sﬁp ill to disk fetch 1. .p-_

bufferin ¢ f -h-- e

Other maps Treeeen.,py, Other reduces




Map
Reduce
Combine
Partition
Group
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— Data balance = computation balance
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. k « k: &
map ( 1,V1)a — [( 2 “UQ)] map: (k1, v1) = [(k2, v2)]

reduce: (ka, [v2])a — (k2,[v3])a reduce: (k2, [v2]) > [v3]
merge: ((ko, [vs])a, (k3, [v4])5) — [(k4, v5)],
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PE1 PE2 e PEn

Failover Management

*RP%e

QA
o4t

private queryCount = 0;

public void processEvent {(Event event)
{

queryCount ++;
]

public veold ocutput()
{

String query = (String) this.getKeyValue().get(D);
persister.set (query, queryCount);
}

<bean id="queryCounterPE"
class="com.comnpany.sd.processor.QueryCounterPE">
<property name="keys">
<list>
<value>QueryEvent queryString</value>
<flist>
</property>
<property name="persister™ ref="externalPersister®™>
<property name="gutputFrequencyByTimeBoundary"™
value="600%/>
</bean>

W e R
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(@p)
N

A keyless event (EV) arrives at PE1 with guote:
BV LQuote. . “| meant what | said and | said what | meant.”, Dr. Seuss

KEY _ﬁuﬂ_“_ QuoteSplitterPE (PE1) counts unigue
VAL _quote="l i words in Quote and emits events for
e ] eath word.
R EV  WordEvent .
. WordEvent VAL _count=4

AL ¢ i WordCountPE (PE2-4)
keeps total counts for
each word across all
guotes, Emits an event

any time a count is
updated.

VAL word="{" count=35

SartPE (PES-7)
continuously sorts partial
lists. Emits lists at periodic
intervals

MergePE (PES} combines partial
Toepk lists and sutputs final
TopkK list.

VAL M
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8&DryadL ING

- wm o ‘I

n _
Drya

e Dryadis a general-purpose distributed
execution engine for coarse-grain data-
parallel applications. A Dryad application
combines computational “vertices” with
communication “channels” to form a
dataflow graph. Dryad runs the application
by executing the vertices of this graph on a
set of available computers, communicating
as appropriate through files, TCP pipes, and

shared-memory FIFOs
o
ASC
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Urya
Application
SQL Sawzall =SQL LINQ, SQL
( Sawzall )k Pig, Hive ) DryadLINQ
Language 7 {7 <
Scope
<
Map-Reduce Hadoop
Execution Parallel Dryad
Databases
> < > < > <
Cosmos
Storage GFS e Azure
BigTable S3 ol
= AN J\ Sls=—mum

SC



%Mﬁ%-gﬁ
B uml.org.cn

Nrvad Qvetaeam Avrchi+actiire
Ul ydU OyoLCTill ni Uil LCU LuUr
' data plane '

: job schedule  ::
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Job manager control p]ane cluster
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sed, awk, grep, etc.
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SQL Perl C++ code
S
Distributed Shell DryadLING = server C++
Dryad

Distributed Filesystem

Cluster Services

Windows Windows Windows
Server Server Server

CIFS/NTFS

Windows
Server
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select distinct p.objID

from photoODbjAll p

join neighbors n — call this join “X”
on p.objlD = n.objID

and n.objID < n.neighborObjID

and p.mode =1

join photoObjAll | — call this join “Y”
on l.objid = n.neighborObjID

and [.mode =1

and abs((p.u-p.g)-(l.u-l.g))<0.05
and abs((p.g-p.r)-(l.g-l.r))<0.05
and abs((p.r-p.i)-(l.r-l.i))<0.05
and abs((p.i-p.z)-(l.i-1.z))<0.05

WWWwB?
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‘ege

ZEEUHE B E— & 5y mapreducefEill.
A FEFIEEE . Pregeli§ TN mFIAEAR A ZFFHITIZEE,
m X F| H‘-’%ﬂﬁ?’fﬂn , MAERHEEE.

MapReduceZIKJﬁJ:Eﬁﬁ Zléz’&El’J Fr LIS B &% F
mapreduce KL I T 25 B E VIR SN —1 M B &
Z|SZI—1E, XHEMEEIFZBBEME MR F
H4kFN R FEBI4L B FFEN

mapreduce{Edl P XMk T E 1 E TIEB G HMIZIEIN T X
&, XHERIIE T BEIE FEPregel B B4 superstep BYIE X H B

.
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template <typename VertexValue,

typename EdgeValue,
typename MessageValue>

class Vertex {
public:
virtual void Compute(Messagelterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgelterator GetOutEdgelterator();

void SendMessageTo(const stringk dest_vertex,
const MessageValue& message) ;

void VoteToHalt();

)\:’E%-ﬁﬁ
S uml.org.cn
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class PageRankVertex
: public Vertex<double, void, double> {
public:
virtual void Compute(Messagelterator* msgs) {
if (superstep() >= 1) {
double sum = 0;
for (; !'msgs->Done(); msgs->Next())
sum += msgs->Value();
*MutableValue() =
0.15 / NumVertices() + 0.85 * sum;
}

if (superstep() < 30) {
const int64 n = GetOutEdgelterator().size();
SendMessageToAllNeighbors(GetValue() / n);

} else {
VoteToHalt () ;

}

}
};

Figure 4: PageRank implemented in Pregel.
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Superstep 0
Superstep 1
Superstep 2

Superstep 3
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DocId: 10 Pl
Links
Forward: 20
Forward: 40
Forward: 60
Hame
Language
Code: 'en-us'
Country: 'us'
Language
Code: 'en'
Url: 'http://A°
Hames
Url: 'http://B’
Hames
Language
Code: 'en-gb'
Country: 'ghk'

Ne ~rne |
Ur Cllic |

messadge Document {
required inté64 Docld;
optional group Links {
repeated int6d Backward;
repeated intéd4 Forward; }
repeated group Name |
repeated group Language |
required string Code;
optional string Country; }
optional string Url; }}

DocId: 20 PZ
Links
Backward: 10
Backward: 30
Forward: a0
Name
Url: 'http://C

record-
onented
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e Splitting Records into Columns

e Record Assembly
e Distributed
e QUERY EXEGCUT ION

S o v
e mr A] LA Mcolumn3kF
name |records compressed) |of fields | center | factor
T1 270 A 3x
T2 ®

83 ballion 87TB

24 ballion 13TB 530 A 3
T3 4 ballion 70TB 1200 A 3Ix
T4 1+ trillion 105 TB 50 B 3x
T5 1+ trillion 20TB 30 B 2x

root server

intermediate
sServers

leaf servers
(with local
storage)

client

Il

0

Il

PO@OG_ Kini « 8
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query execution tree

If

Q00O
0

storage layer (e.g., GFS)
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e Cloudscale

e Perccolator

e Caffeine

FR0%e

Bill McCaoll

Bill left Oxford University to found Cloudscale, a
Computer Science, Head of the Parallel Compu
Faculty. Along with Les Valiant of Harvard, he d
research, product, and business teams, ina nu
supercomputing, parallel programming languag
and cloud computing. He lives in Palo Alto, CA.

Tany Faustini

Tony spent 10 years at Microsoft Silicon Valley
Windows, WebTV, and Legal and Corporate Afi
Standards. Prior to Microsoft, Tony spent three
developed the award-winning Java Studio prodi
Laboratory at SRl International and a Tenured |
Science, specializing in parallel dataflow system

W e R

uml.org.cn




,UE% e
= uml.orac

R B R g

FIF B P R bl R kA= 1)
mLEﬁL%L+H<+NE%\m%K > 53~
LA TEED)

P*Xt%iAﬁ% SM:EiY
BERSEN %
Mapreduce iy H Tt 2T HE Iz miAEH =
SCRTIT E M 5% A B Mg 5K AY | atency (freshness)

ASC

~




El FJ'JI_

,UE% R
2 S uml.org.cn

O M~ 70 B3 1IN e |F
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Mapreduce: 438, S&FM=, LOCAL,
DATA BALANCE |=COMPUTATION BALANCE, 5]

F#EHE(join), JosESRY, JoiEFET, etc.

mapreduce onli

mapreduce merge: I FHEHEI AmraTHEE

ne: ERIE E,:,Hlf

||u4

S4: BiE, WHFBHEES, checkpoinZIE

I
Dryad: {£H

g2, REAkmria X

Pregel: &%

Dremel: &%
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VAN b R o B E gl ve JA Bae == gty V4 N, T /N
JI MR INIILEXTAE <R V] =T A 1 Processia] )|

o — PO HRNABIBELFTESIZNTESG. ETZ5IZMNARFE T
ZEAGERIE (FEDAG), HH “BiMTa” A—1THPHESHEH,
m” 8 “AHEEEXEH.

o ETFiprocessBIfRFZH: —ikimizE, LIRS BYT idEFEMSE
. iprocesstRIET LERFER AT B, —HMERMSATAMY, F3E
MTEAtE, BEME, 2EITEFITA—HH.

o BRZ1L

 HEIAXHFHES, ZREZEF, IHZHE, ZEEZRSE, BR
B3R, §NMBEREWETUES —BEREFESZ LR, A FHF
= MAP/REDUCE, X R IEMEZ HREEINH, 7R EBITERES.
YEFMUAEFZgRZES], ZLFSEIE=EJ0IN. iprocessHIAi%E
NS ENEMGL, RENRGIEET TARTRE RFRIEHRIA, H]
ai: joinIhge, Z“HERS|, ERESFZE, REFERSHENMIA%RIEH
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* Record * Segment
® add record ® add segment
® batch add record ® del segment
® timer record ® modify segment
® full record ® occupy segment

® del record
® modify record
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int init(Context context);

int process(Dataltem doc);

int resolve(List<Value> valueSet);
int uninit();
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| iprocessClient
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iprocess Y ZRfgFN1+ E
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App(search)

*
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v

processMNodae{PMN)

Partition Manager

I

[ manager | |

Thrift | Processor | Tranmsacoon .
Manager hManager | | Evant nager I

Core plugin

Log |I manager | |

Merger Storage proxy
il - :-___‘.""'
Global STORAGE

rTobha tablo ShelTter tahle

| Datalnterfaca | | Datalnterfacs |

Transacton
Manager
HyperTable

hlaster

Indeax
Managear

Suffe
manager
Redo log

I RangeServer |

Reagplica
mManager

IE

Brokers

FileSystem
HDFS

LockServicez

Task isclation |
TMIEMECpET I}
Ewvent Sraph
puUmper decider
WMomory tab o
I Datalnterface |
Index
_Marlager Event
o log Broker
chema
manager
LockServicea(

chubbny)

 Stream realtime

computing

Hadoop online

s4

KR e

= uml.org.cn



Q0009 kiR emm

= uml.org.cn

A
.......... -

05 4% 4Z
Iprocess T+ HE®E

Master: =3¥=, FZmME A E
PN:SEPRBYITT &=
ki lockservice 5 5% &Elockservice

B 5 Al 55
A  lkdos

ARLEBR»» OOIxT

IDE, RIUNLEE, JFEIRINEE



Q@O _ i iri « I8
% = uml.org.cn

* MRAT AIEABSLAT?
e iprocess¥0{A[{MZEISERT?
®it KR
® AR
® =%
® S S5 41|




QOOP_ Kitf o mE

= uml.org.cn

S _ym £ = nY H)4 1A
iprocess—1Z {ETF 1A 45 T
KA 4 Ei A hierarchical FR 45 #4) 2 |
roos

|
I_lz-:r_'_i:rr_':'.l_\ Ii.ur-gmr-rl'. _I

ASC



_P0@0_ ki ez

= uml.org.cn

|Pprocess Y <14

i
T
-
O
-
If

e Memory table:s4,
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e Shelter table: hadoop online
>Mm: BME, &8
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* Global table: stream realtime computing
> EFREE, realtime, &fE
>iRn: Bit=E
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T
h
X

+n
AH

DN

e Table3t:
Table::open();
Table::addSegment(Segment* pParent, string name, seginfo* );
ScanStream* Table::startScan(schema);
int32_t Table::endScan();

e SegmentZ
Row* Segment::get(key, schema);
int32_t Segment::set(key, row);
ScanStream* Segment ::startScan(schema);
int32_t Segment ::endScan();
Segment* Segment::getParent();

e  Row:
Row::get(column);
Row::set(column, pValue);

e ScanStreamZE:
Row?* ScanStream::Next();
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o Moz 14

— int process(Dataltem doc);

T
:r
r

— int resolve(list<Value> valueSet);
— vector<VM> Partition(doc);

— ¥ RBIEO# Eprocessif F BB EH

e Reduce(key, list<v>)

e Reduce(key, tree<v>)
e Reduce(key, tree<v>)
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|process—local ity

Mt

St,gt 5 pnERE EBEI4IIEY] =5

HARB BERE A masters R s st, gth
masterg & lockserviceBImetainfo, RIE?
B 31T B 2B processoriE #58% & E B-f A 21
HIENIBRESDEIENTR

Push computation to the data

AT
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e ingZE FNHAEELNELKITH

e LUFIRYjoin&l2itt=, RAKHIZHE ZEBISE
B[4

e ETRE=FEZEL,joinkfl, 17BBmapreduce
HXFTRHEITEFiprocessBYITE [X
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Job—join

e Two—way Joins; Multi—-way Joins

Prdy—p Q Py by =y Py Mlay—ay -+ Mgy =ay Pr
« 22; #®I; BE
o BITITXI, ik
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Hadoopijt;
— Reduce-Side Join, jE¥&Egroup

void map(Text key, Text wvalues,

OutputCollector <TextPair, TextPair> output, Reporter
reporter) throws ICOExzception |

output.collect (new TextPair (key.tol3tring()

, taqg),
new TextPair (values.toString(), tag));

}

int getPartition (TextPair key, TextPair wvalue, int
numPartitions) |
return (key.getFirst().hashCode() & Integer.MAX VALUE)
£ numPartitions;

KIS I
S uml.org.cn
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b—join

|-
—

Jo

..

void reduce (TextPair key, Iterator<TextPair> values,
OutputCollector<Text, Text> output, Reporter
reporter)
throws ICException |
ArrayList<Text> Tl = new ArrayList<Text>{();
Text tag = key.getSecond();
TextPair value = null;
while(values.hasNext (}))
{
value = wvalues.next();
if(value.getSecond () .compareTo(tag)==0)
{
Tl.add(value.getFirst () );
h
else
{
for(Text wval : T1)
{
output.collect (key.getFirst (),
new Text (val.toString() + "Ht"
+ wvalue.getFirst () .toString()));

O
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Job—join
Hadoopiti&
— Map-Side Join
All datasets must be sorted
All datasets must be partitioned
The number of partitions in
the datasets must be identical.
A given key has to be in the same partition in

each dataset
-
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e Hadoop Iti%
— Broadcast Join
— Hash join
— Part join
— Etc...
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Iprocess—join

o H{kview. A.2=B.1 AND B.2=C.1

View
{
table a;
view
{
table b;
table c;
joinFiled b.2, c.1;
Ibc
joinFiled a.2, bc.1;
}
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o BT
e Reduce(key, tree<v>, output)

{

for(ancestor)
for(parent)

{
output.commbit(compoundkey(key, parent),
ancestor.getvalue(), getvalue(key));

}

}
B /RHR
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Iprocess—join

c M=
e Reduce(key, tree<v>, output)

{
for(parent)

{
output.commbit(compoundkey(key,
parent), (parent.getvalue(), getvalue(key);

}
}

HFE/RT, FHIARZofferdk, parent;z@member3z.
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Iprocess—join

e LA Ejoin Al
e Reduce(sKey,tree<v>)

{
for(childs)

{

output.commbit(compoundkey(getkey(for(child
s), sKey), getvalue(sKey), getvalue(childs));

}

}
HF/RF, HIARofferk, parent;@memberk.
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Iprocess—join

o Z&join, ERHIT
e BRLINEAHAIIOIN, BIENADD,LIST,H
/R#H(Cartesian).

o E{llBwordcount, EEEIHZES|, joinE
¥E#| EEVENT.BIND(Cartesian); T =45 5 1%

(P
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1dDIC€S JOI
Table* table = Open(‘“/gstore/jointable”);
While(1){
Record_a =readRecord(A);
If(record a==NULL)
Break;
Row* r1 = new Row(T, getJoinKey(Record_a));
ri->set(“content”, “table_a”, record a);
}
[[iZER 4B
Table* table = Open(‘“/gstore/jointable”);
While(1){
Record b =readRecord(B);
If(record_b == NULL)
Break;

Row™ r1 = new Row(T, getJoinKey(Record b));
ri->set(“content”, “table_b”, record_b);
}
Int32_t process(Dataltem doc)
{
Return buildindex(doc);
}

=) ) O o = KE‘E% - gi@

= uml.org.cn
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Iprocess—join

* Reduce-side,map-side,hash-side,bc-side,etc
e Partition: 1:1;1:1,1:n, part
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LAY joinBl joindF—55iE sk M /= H — 5%
B X 3FSLRT, 18, ©£=join
RIFIRFTKREZR, Hlan: (RiZmember JISAFRKLFEL, NFHR
FLBEF—E, MIAEEHbuild join.
Mapreduce o LM Z .
Hadoop join%/a: JRIGENIE E1&hdfs, hdfs T E(A A
(locality), tJ¥R, map, sort, combine, {&%i, sort,
merge, reduce, LF{EZEhdfs, [EFHNEEETZF. UL
HIERBEAMUEBERR LXLETEEAEEIT,
iprocessHjoinidtE, MIRWEEIEINE PinfNiprocess
GBI , BE, £RFMHE. XLEHE2HIT. REERE
AR, joinRYE[E)FLZIHENEIFERIETIE] .
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TEEFRSMRIEE!
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=4t
EN baidata Balslock ferd v wire
& B B- deta @ 3
Bob
. 52510 5 5
e 5 5: deta G 3
Joe 532 5 5:

1. Initial stata: Joa's account contains $2 dallars, Bob's 210

753 7 1 am primary 7

Boh =5 13 5> data @ 5
F: %10 5 5

Joe 5 5 5> data @ 5
5: %2 5 5=

2. The transfer transaction begins by locking Bob's account
balance by writing tha lock column. This lock is tha primary
for the wransaction. Tha ransaction also writeas dama at = start
tmeastamp. 7.

FrE3 F: 1 am primary 7

Boh =5 3 5> data @ 5
‘ F:E10 ‘ 5 5
FEET 7 primary @ Boh.bhal Fr

Joe 5 65 5r data @@ 5
5: %2 5 5=

A, Tha transaction now locks Joe's account and writas Joa's nenw
calance (again, at the siart timastamp). The lock is a sacondary
for the rransaction and confainsg a refearanca ta the primary lock
(stored in row “Bob” column “bal™); in casea this lock is strandad
dua 1 a crash, a transaction that wishas to clean up tha lock
naads tha location of tha primary to synchronize tha cleanup.

a8 5 5- data @ 7
7 53 FH 7

Bcb e i - data @ 5
F: 810 5 5
T ERL 7 primary & Bob.bal T

Joe [« % i tirdate & 5
5: 82 ‘ 5 | 5

4. The rransaction has now reached the commit paint: it erasas
tha primary lock and reglaces it with a write record at a new
timestamp (called tha commit imastamp): 8. The write record
contains a pointer to the timestamp where the data iz stored.
Future readers of the column “bal” in raw “Bobk™ will now see the
value 3.
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iprocess3=Ipagerank

int32_t process(Table(PagelD ,double) curr,Table(PagelD ,double) next ,Table(PagelD,[ PagelD ]) graph_partition )

{

for page, outlinks in get_iterator (my_partition()) {
rank = curr[page]
update = PropagationFactor * rank / len(outlinks)
f i links: N \ >
e Ol:el:t.jvrite(target , update) | pro:esﬂ%&‘% lj\] E@ 1ﬁﬂ&fﬁﬁ&gﬁ\ﬂ:7i% ( ﬁﬂ K
) HI5E, iprocesses R SLILIIBE, A
K H O TIERPAES ) o Iprocess
0T AR5 ) K

int32_t PRControl(Config conf )

{

graph = Table(PagelD ,[ PagelD ]). init("/dfs/graph")

curr = Table(PagelD , double ). init(graph. numPartitions (),DefaultSumProccessor, BATCH);
next = Table(PagelD , double ). init(graph. numPartitions (),DefaultSumProccessor, BATCH);
GroupTables (curr, next, graph);

last_iter = o;

foriinrange(last_iter, 50) {
launch(PRProcess ,instances=curr_pr. numPartitions (),locality= LOC_REQUIRED (curr),args =(curr, next, graph ));

ASC

Synchronized ();
swap(curr ,next);
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6. 51T, faHIAE
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8.compact optimization
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<result>
<ur I>http://www. taobeng. com/htab/215438_845504. htm!</ur >
<time>2011/04/27 11:46:48 Wednesday </time>
<{root>
FrRBMOFRAR: E=RABIMIEHIE/ E = AKRIZHIE/ 2= ABINTHIE/ KRE/FERER
ERAEOFERNE: R 8et; THIIE Ret; E=ARBINTHIES FRNSED
<FREEHDFT 7 i Big- EEURERD
EKRHENRDERHLAR: EBRNARBFEGRARA/ KHBLE
EHETRD
<{data>
<BISSALK-2X</ B =
GHEOORE (mm)>18. 5</i&|:l A (mm)>
HOaf (mm>2</HAOOE (mm)>
<GRE m3/h)>E=ZfU/RE (m3/h)>
EAMEE (MPa) >22407t</FAMSE (MPa)>
<{/data>
<{data>
<BISSALK-2X</ B =
<#HEAOE (mm) >22</1E ag&E (mm)>
<CHOAORE (m)>2</HO0A%E (mm)>
<GRE m3/h)>EZfU/RE (m3/h)>
EAMEE MPa) >2415t</|AMSE (MPa)>
<{/data>
<{data>
<BISSALK-2X</ B =
<#HAOE (mm) >30</1E ag&E (mm)>
<CHOAORE (m)>2</HOA%E (mm)>
<GRE m3/h)>E=ZfU/RE (m3/h)>
EAMSE (MPa) >27007T</FAMSE (MPa)>
<{/data>
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ME | admin (EHEE £4EH BAPEE QueryEE BEXE FEANF
{FFRTELE - ‘2B

yEEsEs

FE5E 54 (&2 v [EERE g [tEEE e ETES | RBEA
#72_mobile iz —R%EE BT (2011-04-27 10:20 | S| % EE HE B%  =F | mazhifeng
iE-F_2 ]k = —HEE ET% [2011-04-27 10:01 = OB ELE FE LB = mazhifeng
zgc- SRS IEH, —RkiFE £5Es |2011-04-25 11:00 =E ZE EE EE OB O=E admin
E= R —RiEEE #Es |2011-04-18 18:34 == Em O EL FE BB O=E ice.liuxg
EE R —feEsE EiTs |2011-04-18 11:01 == Em O EE =R BB == ice.liuxg
SIRICHE-SHE_copy_copy BT —EEsE ETE |2011-04-13 12:34 == OEm oEE O FsE Lk === nili.huzngnl
info_chemnat_fxps TEAESME —MEE ETE [2011-04-12 10:38 Em Em EE o=EE SR == huznging.likg
info_l-z=zz_plastic_copy TiPEAESME —EE ETE 0 [2011-04-12 10:34 E=m EE EmE o=E R == huznging.lihg
saic_ok_copy —ETE Eme [2011-04-12 09:43 mm o oEm ompE EE DR = admin
news_test_zongyuan —EE ETE [2011-04-11 18:30 =l oEm oEE ED DR = admin
SHICE-SRE_copy BFT —RikiEE OmE [2011-04-11 16:46 EE OEnh mE R BB == nili.huzngnl
SHICE-RHE 2_copy BT —ETE SEE |2011-04-11 16146 == Em o= S8 Lk == nili.huzngnl
18- _copy_copy_copy_copy_copy_copy_copy ]k = —THEE EiTH [2011-04-11 15:21 == EI ELE O=E HE == mazhifeng
HIiE-EH_copy_copy FE —RiiEE ETE |2011-04-11 11:07 == Em O EL OFE OER O =E mazhifeng
#i8_copy_copy oty —fiEE oEE |2011-04-11 11:06 == B ®E 'R BB == mazhifeng
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