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* ClueWeb 09 Dataset
— http://lemurproject.org/clueweb09/

— Category A:

* 477G nodes, 7.94G edges

* 71GB uncompressed, 29GB compressed
— Category B:

* 0.428G nodes, 0.454G edges


http://lemurproject.org/clueweb09/
http://lemurproject.org/clueweb09/
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Algorithm 1: PageRank
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Paradigm 1: Relational
(SEE& x5 SQL Server 2008 Parallel DataWarehouse)

* Relation (= Table) (= Finite set of Tuples) [Z
X9 AHAEGEAETCTELEZRITT S

— KUV ZE-EHOER [Codd 1970]
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PageRank X SQLServer

edges link_count
e e KNS
src AS id,
1 2 COUNT(dest) AS cnt 1 23
FROM edges
1 3 .GROUP BY src * 2 10
nodes score_prev score_cur

_id [ id_score
1 1 001 _ (xx—3)
2 ‘ 2 0.01

) 4

0.01
2 0.23




While @ITER < 100

BEGIN
CREATE TABLE score cur WITH (DISTRIBUTION-HASH(id)}) AS
SELECT s.curid AS id, SUM(s.newscore) AS score FROM

(SELECT * FROM |
SELECT e.dest AS curid,
SUM((1.0-@d)* (sp.score/lc.cnt)) AS newscore
FROM score prev sp, edges e, link counts lc
WHERE sp.id = lc.id BAND sp.id = e.src
GROUP BY e.dest
WITH (DISTRIEUTED AGG)) A
UNION ALL
SELECT sp.id AS curid, (&@d / @CNODES) AS newscore
FROM score prev sp
WHERE sp.id <> &CNODES) s GROUP BY s.curid;

INSERT INTO score cur
SELECT CAST (@CNODES AS bigint) AS id,
SUM (CASE WHEN lc.cnt IS NULL
THEN sp.score ELSE 0 END) * (1.0 - @&d)

FROM score prev sp
LEFT OUTER JOIN link counts lc on sp.id = lec.id;

DROP TABLE score prev;

HENAME OBJECT score cur TO score prev;
SET @ITER += 1;



PageRank X SQLServer

0.01 SELECT
1 3 2 10 2 0.01 "o
FROM e, 1lc, sp
0.01 WHERE
1 3 1 23 1 0.01 sp.id=1c.id &
5 0.01 sp.id=e.src
(23) (0.01) GROUP BY
(1, 2) 3 (1,2) (23,10) (1,2) (0.01,0.01) e.dest
| curid | newscr [
2 - e.dest AS curid

3 .. SUM((1-d)/(sp.scr/lc.cnt)) AS newscr




Paradigm 2: Data-Parallel
(EE& %I ZR : DryadLINQ)
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— Dryad : Microsoft @) Data-Parallel 12275

— LINQ: MS D EFEHRRA TS

? ? ? ? Input files
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(prucesses)
Output files ; {



PageRank X DryadLINQ

Pages from p in pages
1=>{2, 3} join s in scores on p.Key equals s.Key
from v in p.Value
2 => {3; 4} select new LD(v, s.Value / p.Value.Length)
3> 1) scoresl
2 =>0.005
scores 3 =>0.005
1=>0.01 3 => 0.005 scores
2 =>0.01 4 => 0.005 2>
3 =>0.01 3=
4=> ...

from s in scoresl
group s.Value by s.Key into g
gselect new LD(g.Key, d / n + (1.0 - d) * g.Sum())




Paradigm 3: In-Memory Store
(SHS : Scalable Hyperlink Store)
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PageRank X SHS

for (int k = 0; k < 100; k++) {
scores.SetAll(x => d / n);

var ib = new InBuf (Name (k) ) ; ; foreachuinV ... }
foreach (long u in shs.Uids) ({

uidBatch.Add (u) ; . B\

if (uidBatch.Full || shs.IsLastUid(u)) { T—H3ARTIS
var linkBatch = shs.BatchedGetLinks (true, uidBatch)| BPEDWLNERT
var linkMap = new Shs.UidMap(linkBatch); AR E%
var scoreArr = scores.GetMany (linkMap) ; FEHTHF -

foreach (var links in linkBatch) {
double £ = (1.0 - d) * ib.ReadDouble() / links.Length;

foreach (long link in links) ({
gscoreArr [1inkMap[link]] += £; "”/”/’1sTv]+=(14ﬂ*shﬂ/|ans|}
|

}

scores.SetMany (linkMap, scorelArr);
uidBatch.Reset () ;

}

}



PageRank: & & (B {L:F))

T T

4G : 168 156,982 68,791 836,445
0.4G: 168 8,970 4,513 90,942
0.4G: 18 122,305 83,472 63,711
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Algorithm 2: SALSA

“Stochastic Approach to Link-Sensitivity Analysis”
- xﬁ:R‘:_\"‘J?"?éweb’\o—’)ﬁ'@@”authorityf;’”

é = Uer{rt UG ({ul(ur) € EY UG (nv) € E})
- Epi={(u,v) € E\UE VeAve Vp} R £ (D3 fE
3: V4= {ue Vg|in(u) >0} R N
4: fm cach ue Vpdo in-Edge M5 /—KH
S: sl = ”—;1[L11—| if ue V4; 0 otherwise Authority &4
R
6: repeat 4B
7:  foreach uc V3 do PETELIEL
&: SJ{U] = Z(VU &ERZ (u,w)EER gur(S[]H?n( /) ZJ&B?\‘37J:§
9:  foreach uc V4 do 2VF LI —D
10- s[u] == SJM infoutX 3 TIEFR 1L
I1: until sconverges




Implementation

e SQL
— PageRank DIz H LU= KD =L
* DryadLINQ

— Stream join “s.Key equals p.Key” DA SHHE T
Vg, E, KD
—O—HJIL/—FTAUDETE
* SHS
- a—FD@EYIZV, E,ZKRDHD
—O—hIL/—RTAVDEE



SALSA: 1R (B {L: )

DosiesMsine | SQL__|__ Dryad m

4G : 1658 2,199 2,221
0.4G: 165 2,034 439 163
0.4G: 18 5,873 4,843 37




Algorithm 3: 53

Algorithm 3 SCC(G)

Input: A directed graph G = (V. F).

belonging to the SCC.
1: for each wve Vdo

2: fwdVisited[u| -= false, fwdParent[u] = Nil
3: time =0

4: for each ue Vda

5: if fwdVisited[u] = false then

6:  DFS-VISIT(u, E, fwdVisited, fwdFarent, f)
7: ET = {{(vu)|(u,v) € E}

8: for each u< Vdo

9:  bwdVisited|u] -= false, bwd Farent[u] = Nil

10: for each u € V' in decreasing order of [y} do
11:  if bwdVisited[u] = false then
12: DES-VisiT(u. ET, bwdVisited, bwdParent. b)

13: Output the vertices of each tree 1 the backward depth-first forest as a

separate strongly connected component.

Algorithm 3 DFS-VISIT(u, E, visited, parent, f)

time := time + 1
links[u] -= {v|(u,v) € E}
for each v € Jinks[u] do
if visited|v] = false then
parent|v] == u
DFS-VISIT(v, E, visited, parent, f)
visited|u] = true, flu] -= time

ERGRST 57

Output: A list of SCCs where each SCC i1s represented as a set of nodes
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Algorithm 3: 58 3E#5 Bk 77 70 fiz

> CHNIEAREMIZ sequential GO TET TS
workaround: R&E#1D /—K L5 Zfx<




SCC: iR (B {L: D)

el SQL L Dryad LSHS_ L sHS__

4G : 165 7,306 6,294 15,903
0.4G : 165 475 446 1,073 214,858
04G: 15 1,147 3,243 816 94,836

Prune degree-1 node
+ local naive computation

Naive



Algorithm 4: & 73 (]

1: for each v € V' do <E$_@%~ibj§(:ﬁiﬁ}
2:  replul:=u (RERT=B%7)
3: repeat
4:  progress .= false IUERFETHRYRL
5:  foreach ue VVdo s N
6: links|u] == {v|(u,v) € E} &/—RIZDWT
7 minid = rep|du] - /
8 for each v e links|u| do g FORERD |
9: if rep| vl # minid then |y E/\DIDT
10: minid := min(minid, rep|V])
11: progress = true B 55 (D EE) D
12: replu] := minid RETEETHRZ
13: for each v e links|u] do
14 rep|V| := minid

15: until — progress
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* Disjoint-Set Forest (Galler & Fischer 64)

— a.k.a. Union-Find

- 2/—FTRETEEA DD TEE KKITIS
WO R ZBZATRKEBEZES. RKOFEH
log N [CTEHKIITITKRT S

> Zh¥ sequential LETE HEL D T,
SQLX>Data-Parallel TIFEZ(Z<KLY




WCC: R E (B L5

O(mn/p) > O(m a(n))

T T

4G : 168 214,479 160,168 26,219
0.4G: 168 4,207 3,844 1,976
0.4G: 18 63,972 74,359 1,801

Naive Disjoint-set

DataStructure
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Algorithm 5: LMHE—EEE%'E7IU
(Sketch-based: E1,585Z & b '10)

S i=27N {ED “seed” }

C:={uec V|degree(u) > 2}
[:=40,1,...,[loglC] |}
for cach 7€ /do
S; := Random sample of 2? elements of C
for cach u <€ I/ and each 7 € [ do
seed|ul|i] == u
dist|u|1] := 0 if u € Sj; e otherwise
repeat
progress .= false
for each (u,v) € £ and each i € [/ do
if dist|u]|1] < dist|v]|]] then
seed|v||1] := seed|u|1]
dist|[v|[1] := dist[u][i] + 1
progress := true %/—PIZ’JL\’C }

. until - progress xiTseedE T DEEEAETH

(Bellman-Ford)




ASP: R (BL:FD) o)

RSN

Datasize:Machine | QL | Dryad |  SHS
4G : 165 671,142 749,016 2,381,278
0.4G: 165 30,379 17,089 246,944
0.4G: 18 138,911 175,839 77,214

index{E Al D 51 & B[]
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— PageRank => inherently parallel. good.
- EALSA => BT B3R R T 1
\
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— SCC, ASP vs WCC => sequential vs arbitrary-order
access
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