Piccolo

- Fast, Distributed Programs with Partitioned Tables

' w iy

§gturdoy, October 15,



Qutline

® Background

® |ntuition

X K
N W e .
'\F: — AOI )

el s ¥ B ‘A“". ¥ < fee ] X

§gturdoy, October 15,



Qutline

® Background

® |ntuition

X K
N W e .
'\F: — AOI )

el s ¥ B ‘A“". ¥ < fee ] X

§gturdoy, October 15,



MapReduce

§gturd0y, October 15,



MapReduce

§gturdoy, October 15,



MapReduce

§gturd0y, October 15,



MapReduce

§gturdoy, October 15,



MapReduce

§gturdoy, October 15,



MapReduce

§gturd0y, October 15,



MPl / RPC

§gturd0y, October 15,



MPl / RPC

Messages
All Around

§gturdoy, October 15,



MPl / RPC

§gturd0y, October 15,



Distributed Shared
Memor
’

§gturdoy, October 15,



Distributed Shared
Memor
Q G

e 8]

| Underlying Message
write / read

b S 4 Lol x B
= f:. '\'.-'\"‘.o X b4

§gturdoy, October 15,



Distributed Shared
Memor
G

- Lo

Non-atomic

I I d t t. .
o n ; : ’*.‘j‘-.. ‘l’ ":L'.l - ¥ (il f-‘ ‘ o . - wip S 7 --‘- '. ‘.'.. 2 v L i St g . Al == . L [ .’ : '~, - ‘.' ¥ . £ ; : r .
', d = u'd e N = E 0 K k $ - x > 1 - X 3
N o by SCRPIRT R 3 AR T SRR N - < e P 8~ B e e v | e " ARTE ....'. o 4 et . ._', (e, — ._',-" s :: o, 4 "_.;‘ firating ’

§gturdoy, October 15,



Key-Value Table

§gturdoy, October 15,



Key-Value Table

Q —_— <;:>

| Underlying Message

out / get

- A i 2 i s
.t . ‘*" ATy B i e ._ i ” *
i » 5 G TN S M & :
) ) P T L

§gturdoy, October 15,



Key-Value Table

Atomic
Ty Easytooptimize

oy ¢ > b 3 K X sl A L P e .
_ 3 AL o : 82T . ) B
N P T A el o B _ . 3 : 4 i 3 AN v

§gturdoy, October 15,



Qutline

® Background

® |ntuition

X K
N W e .
'\F: — AOI )

el s ¥ B ‘A“". ¥ < fee ] X

§gturdoy, October 15,



What do we need!?

MapReduce

MPI / RPC

§gturd0y, October 15,



What do we need!?

® |n-memory MapReduce

MPI / RPC

§gturd0y, October 15,



What do we need!?

® |n-memory MapReduce

® Data-centric MP| / RPC

i £, .. g : “wt ol - : » e - e s (= T q
- SR ARI~ T Sair®s 5 3 R ‘:.' 3 PP LN ‘ L et ."' Wt Clnde . .. » (aen s e \ A e e 1) '. 5= -'4_..1'_—_‘_ Y |. o) Bt A1 Rl
» - L y w .
"-s_ s CYRP P SR Al s NP b 1Y -,‘,.‘-7. WA, ¢ G R \“.“- v P '_J. e - 'f- i 2 B A P ey k -
] & e oS AN i T i A v 4 PRy, T , o -

§gturd0y, October 15,



What do we need!?

® |n-memory MapReduce

® Data-centric MP| / RPC

[
3.0 E)(QSII’] (o) s L \AS al"d- state |
vy LR 2SN ke \ s Legw AT =2 A" e b Qs ot 7 ShEiian b ot
L ,.._..’ S ‘3.‘.'.,.,,“_‘_.‘ L B N ey . Sk Th --‘.,-.‘-.._‘-,’ A s s o Al e e v :
- . Sl L : > P ¥ s o .- oy ) ¢ |y - - - . N s e by’ L -

. -~
NS © Rl N T ey .
N . ] o l ¥
R e L e S s

= i
TR P X
Ao T

§gturdoy, October 15,



What do we need!?

® |nh-memory

® Data-centric MP| / RPC

¥ R 4 o Rl S 1 . ”
- - s N 4
‘.“‘ 1 e A v .) \ y f. A .l -'A\ g R 1
- '.' L YN ¥ T ST T VR PPN ¢ et L

§gturd0y, October 15,



What do we need!?

® |nh-memory

® Data-centric MP| / RPC

[
- ® Exposing globally shared state
5 3 e S N _ - ¢ " h " ’ T D Py ™ ) - e ik "». 0 il - po N by \ L p Sy W e ' 'J"‘_".l' s .
: ‘ S AfE I "‘“ '- ) - ‘.-P-' - X v-" o, e LIRS = " '. e '.'.; LAls ." L ad . .?!-0"; ._‘. o s J-’)I. ' 4 '. . -.:- ,. _-'..f " R Toa Xy '

§gturdoy, October 15,



What do we need!?

® |nh-memory
® Data-centric

[
L@ o globally shared state ' '
1 1a ..,v ‘ . EX ! QSIn () o - Do L -, v.",‘b-‘ ‘ = S~ g -. o = 3 \v‘ - -~ T N e 5 S $iiea "-".-‘ L A S o
e - X ek - ~ ‘.'_"v .*’.'<-‘-- T g _ gL A ~"'-.‘ - s = v "‘-1 v ‘.7 f" T = re -. ) .-'-"l.'\ .J 3 T % e b .’. r &o
& e 1 . [l T 1 s Al L wersl At e L Wb T LA, e

4 - B Ll
,‘o;:f ?r‘-.f:,.—‘-.‘ y

= i
TR P X
Ao T

§gturdoy, October 15,



What do we need!?

® |n-memory
® Data-centric

- ® Exposing globally shared state
TR, rENer AR A s LRt ' b Ll Sioa s _-,.'. e

. o >
. ' “. R g T ..J-‘r_'-.J e e T 4%
’."‘_, Sl g X - PN, .
H %

§gturdoy, October 15,



What do we need!?

® |nh-memory
® Data-centric

[
- ® Exposing globally shared state
5 3 e S N _ - ¢ " h " ’ T D Py ™ ) - e ik "». 0 il - po N by \ L p Sy W e ' 'J"‘_".l' s .
: ‘ S AfE I "‘“ '- ) - ‘.-P-' - X v-" o, e LIRS = " '. e '.'.; LAls ." L ad . .?!-0"; ._‘. o s J-’)I. ' 4 '. . -.:- ,. _-'..f " R Toa Xy '

§gturdoy, October 15,



What do we need!?

® |nh-memory
® Data-centric

[
- ® Exposing globally shared state
5 3 e S N _ - ¢ " h " ’ T D Py ™ ) - e ik "». 0 il - po N by \ L p Sy W e ' 'J"‘_".l' s .
: ‘ S AfE I "‘“ '- ) - ‘.-P-' - X v-" o, e LIRS = " '. e '.'.; LAls ." L ad . .?!-0"; ._‘. o s J-’)I. ' 4 '. . -.:- ,. _-'..f " R Toa Xy '

§gturdoy, October 15,



Is k/vTable enough?

® Replace put-get pairs to atomic ops
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Expressing Locality

® Reduce remote read (get)

® Co-locate a kernel execution with some
- table partitions
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Scaling - Speedup
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Figure 6: Scaling performance (fixed default input size)
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Scaling - Input (cont.)
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Figure 8: Scaling input size on EC2.
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Comparison with
MapReduce on Hadoop
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Figure 9: Per-iteration running time of PageRank and k-means
in Hadoop and Piccolo (fixed default input size).
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Comparison with MPI
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Figure 10: Runtime of matrix multiply, scaled relative to MPI.
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Future Work

® | og-based scalable failure handling
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