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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();
}
}
2
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v PR, 2URLIY] “seed” PageRank.
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O Reduce task R & 1E% K%L
> PrEx2: PageRankZ)fc
O Map taskf5#] (URL, C(cur_rank, url_list) )
v T E—Aurl listh fu, fiH (u, cur_rank/url_list) .
v (URL, url_list) J@ibiER ARSI R KT 1) .
O Reduce task 3875 (URL, url_list) f1fE% (URL, var) {E*}
v JCivals, 3k 1-d(0.85).
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PageRank7EMapReduce # B4 SEI

o R _PrE, FEM TUEERMUR Bkey-valueX ] HI DAL :

Mapper & Z i) P .
input <PageN, RankN> -> PageA, PageB, PageC ... // Bi R &R
begin

Nn := the number of outlinks for PageN;

for each outlink PageK

output PageK -> <PageN, RankN/Nn>

// RN s B R G &R, T IEAR

output PageN -> PageA, PageB, PageC ...
end
MapperfJfthan T (S&H, FrblPageK B HHE —iE, &5 —FINRFEER RN -
PageK -> <PageN1, RankN1/Nn1>
PageK -> <PageN2, RankN2/Nn2>

PageK -> <PageAk, PageBk, PageCk>
Reduce PR 11 D 15 -
input mapper's output
begin
RankK :=0;
for each inlink PageNi
RankK += RankNi/Nni * beta
// output the PageK and its new Rank for the next iteration
output <PageK, RankK> -> <PageAk, PageBk, PageCk...>
end
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Figure 2: Maximum Value Example. Dotted lines
are messages. Shaded vertices have voted to halt.
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Pregel C++ API

> Yn’E —Pregelff /¥ 75 B4k A Pregel H C Tl i€ ) IT-H— IR ——Vertex3t

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 string& dest_vertex,
const MessageValue&
message);
void VoteToHalt();

|5
> FH 1 78 5 Vertex2R 1 fE Fh B Compute(), 1Z RS ER— /NP Xt — AN A
AT
> Compute() /77 LLEIL I FH GetValue() 5 RS 2 24 87 T s i 4E, B E I 4 H
MutableValue() /7 2 SR8 2424 51 T s R4
>0 ] DUIE I i H 3 kAR AR SR AR 1 T V2SR B A A S S I N E
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O %A EBT, AT DR AT 2 3
O 762 AR R AR B O, ELRTT LU B — 5 2 A
FHASEL.
O 9 BT LA (bR R CL AT T
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B, ZHE B EEENIAME, X CLRC D A& 5 A2 A7 1 T

H B
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CombinerstEEINTE M I EE#IH G, 1 H - iR EH 5 Combiner
EI/JIjJHm, A LLE T B2 Combine () J7iESEHl . HEZR IR A A PRI LEYE

S22 Combine i i ££ 12, @TA%%%%?/\Combme()El’]@??ﬂ
Combmmgﬁﬁﬂ’ﬁﬁ’ﬁﬂ TIRY o Fr LLCombiner H W iZ % Al i e 22 # /3 Al
gE SR EREFT T
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combiner

B F- A B FAT AR B A — 2 AH S B 1) D 1+ v O T ) B4
LB, X U 96 BT B bSO
S5 L0 S BB count B XTI —Acombiner AR AL S

TEXA K MBI FH, —Max combiner®] LI /D IEAE 514
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fw}
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Message Format

dst val
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TTﬂim
¥

Sum J\_fﬁﬁi@ﬂﬂ?i/\mﬁ ey HH B Fom] DA H SR AR R B Hrad 1Y)
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O ¥ S ReduceizERFE L0 LI=4H K.
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topology mutation

> Compute()F L m] DU SRkA& o Bl ) Fh b 25 1

> TEIER R R ZED T RERINE . IR
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handlersfi# s, [Fl—FfthandlerATLiiPEE % FH T g BT 22 A 100
BRI =R B 22 N 1 38 I =K Bl B 1 =K T I A i 9

> Pregel PP FEINLHIZ G TR, 4R B# AT g apply Z BUAS 7
BT R R IR B N TR A B . EDU R L
XTSI VB 5] AR BV H 2 kA HE

> Pregel [FJFE 0 S Fr4lilocal M FhE s, Local IR N A 2 5] &
Mo, I H I R B AR I e e e ST R AR AL, IR ORI BRI fL
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Input and Output

> A LR A 2 Mg AT B ARAE,  bbinm] DA Htext SO, KA
e, Bi# Bigtablet 4T .
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Implementation

> Pregel/& NGoogleJEERE M T BT .

> MBI - NMEREHERSGHIT, ZEHAGSETIH
FEVEN RO S RE BRI AT FH 2, B I i o 5 — S84 55 B AT
i B HARHLAS %

> FE A B WA AEGFSEBigtable F, 1 Il i SCAF EL 28 4%
) TH 2 U A AR A A

> Pregel libraryl— K E X 73 BT 2 ) partitions, &:—{>partition
BT ST AU PUIR B T i e s34 o N TR 20 e 21 35
Apartition_F 2 BT T A ID

> ERiAHpartition K% yhash(ID) mod N, NN AT partition 4

BT RA R — N Pregelf2 F $AT 1Y LN B
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> 1. H P REFIZ A copy HafEEREH BINLEs E3AT. HH—1>copy
& Y master
OMaster A% 0 it B AT =570, B S sr b ifworker G Bl
>2.masterfs B #HAT 5 X, KB —DEE | SpartitionF) 25 worker;
O%— Pworker=7E WA 4E30 - FC 2 H 2 _E¥graph partition iR 2
o FATE BT S _ERI R E X EICompute() 71 18 3 sk 11 Bk 45 HoAth
TS HITE B

Worker 1 Worker 2

\ Master

Graph
Partitioning

Worker 3
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MITEHIE

> 3.Master N&EMworker 7 Be FH 3T —3 599 o
O% AW M — RAPdR, BN IERO S EERE SN,
O A SEINEJE . BT BT S bR id Nactive .
>ALE— /N H, masteriBENEE— Mworker XHAT, WEAFEE
activelll worker—HAT, FHNE—"TactivelRZSHITNAEH
compute () 71k, EWALIECLHTE D KIERHEE .
OYworker5E % )5, E<=mmasterfE N, 45 1FmasterfE N — PP

Fractive U I EE -
>S5 HEATRIG, master& B K TA Kworker RAF-E AR/ H 1T 5 45
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Aggregate value Master Barrier Synchromzatlon
N

Messages between 2 nodes
can be combined

Load and Checkpoint
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Processing Model:

CRBAR B TR

Partition All "active™ node will be executed
(single-threaded) Whole processing completed when
a. Nomore active node
7 i
NS + NS b. Nomore in-transit messages
Superstep execution:
NS NS 1. Receive message from inbox
2. Modify node and arc
e N J properties
7 . 3. Halt self (until new message
received)
% | 4. Send messages to other nodes
Node (causing them active)
5. Remove existi t
Structure S e RN

D 0=

$
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> Master 535773 it ¥l f) partition 2] 24 17 7] FH By worker54 F..
O A6 Kpartitione M ilx B 5 #8 20 SH AR BT 5 H i checkpoint A B T 28 iR
Eﬁ%ﬁo %R ] GE LU AE M i worker F By G187 I8P ' BT LAY
%
O BANRGMNZE L B
» Confined recovery i DA & AT I AR o BR 1A
checkpoint, worker[F) B 3 2 FLAE gk B i) ook B2 A EE 20 vp ok 2
PHESANHE . XFEKE B8 IR H7E Z AL partitions |
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— A workertll g5 2> £ WAE 447 7 B 21 H 2 | ¥ graph partition
PR

1 Compute()iF K &Kk —ANE S B AN TSR, worker i JGHi A
H bR s 2 | T A workerdl 2y, 2 2 ajworker. SR Z1E
FEFJworkertl2s I, IATE RS 2iAF, AEAFRK/NIES]—
MNEME, ORI AFE S =3 7 P Hiflush 25, 1B N 50
(R — A 25 7 BAL w2 H Frworker. TSR 2 1F 24 Biworker, F4
Eﬁ;ﬂ t‘éfﬂiﬂﬁf\_\? et : RS BEBE] H RIS R AHE B
o

IR A P AL T Combiner, 8475V SN 2% H A1 5 &

ks ANBAFIN, 2 Tcombinertfi#. 5 —MIEMIFASTIE
28485, (H2=1 A8 HTH BAARE I 25 1]
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Master

« Master=¥ E 41 57 iworker 2 [8] ) TAE WA, &—workerft HiE
it Zmaster it B iz 2 4 43 B — S HE— 1D Masterljﬂillé’ﬁ)j?%~
A YETTESh K workerF1 3%, master R 171X B35 BRI 5 457 K
/NS partitionsI M, S5E|H E@Tﬁ,ﬁﬁﬂiﬂﬁ’]ﬁ Ep

o A RErFImastert) TAE, BFEmA , i, &, RIFELK
M checkpoint 1k &, #RAE— N fibarriers i 7 £ 1t

«  Master|d] B} IERA7E B TR FE DL S B graph FPIRZS I Ge it
BAE. N, MasterfE NEBia T T — PMHTTPHR S 25
K ENIXE(E R
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Aggregators

- H/~Aggregators il id Xt —AHvaluefd £ & M Faggregation tg £1
HER—NMERE. 8 Pworker#lf£1F T —aggregatorsi
SLFIEE,  Htype namefSEf A AR KRR, 24— workerXfgraph
5 — A partitionfi AT — N EE P ET, worker2combine A |
Fefgs A ) A 1~aggregator SEA 1118 £ —Mocal value: EJF|
Fi—“Maggregatort 24 Ripartition H AL 2 f) BT E Ti SR 34T R 3
ML), FEBPPERES, Fraworkers2 ¥ FTE A& Rl IR LE
[tJaggregators FME AT & Jo BV, HIC k% master. XML
Fe A2 B B worker i ids B — RREE L3 11 AN &2 0 1) 8 I AL 7K 26 1)
T FCRIY, ZPES IR R N T IFAT A N cpulIfE . 7
T—"NEJOC BN, masterit 2 Fraggregators 4 5 H &%

54— worker

CRBRH AR JB TR EHLRN Y R ziyulin



O B EET
[0 Google Pregel B+ E1&EH
[ PregelBJC++ API

O PregelZ R BB X K R L5
1 Pregel 28459 5z FA SL 1

O BuHrEFEES

0 &7k

CRBAR B TR B TR ENERE &R ziyulin@xmu.



98T | _ 35 _ ’,:_'.:.--' . 4 @,
] [

—_— )‘E V4 w / AN
i > 50
Ea b / / N
— | . SN

r
5,"'“1 e - l\‘"—:\ /-;"‘. a0

g = |3, @2

50 \\.“-‘-_;-\ .

T

CRBAR B TR B TR ENERE &R W ziyulin@xmu.edu



wE AR I A ER T e AR — 7, R R T2 N,
ZI A UM RRRERE. stEISE. &R R,

class ShortestPathVertex
: public Vertex<int, int, int> {
void Compute(Messagelterator* msgs) {
int mindist = IsSource(vertex_id()) ? 0 : INF;
for (; 'msgs->Done(); msgs->Next())
mindist = min(mindist, msgs->Value());
if (mindist < GetValue()) {
*MutableValue() = mindist;
OutEdgelterator iter = GetOutEdgelterator();
for (; 'iter.Done(); iter.Next())
SendMessageTo (iter.Target(),
mindist + iter.GetValue());
}
VoteToHalt () ;
}
};

Figure 5: Single-source shortest paths.
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