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Quick Facts about Hadoop-SE as of today @ UCSD
!!Bestman Server!0;'-57<%9<,=;><*>,8!?5=&'*8!?$@!A*-8!$BA#5(,%C*28!>62(-.=!)'.>D%E!
;*/*=%&'!F>*G*/&E*>!06!H*''*2=*I

!!NameNode Server FC(>&&E54<7:<75?<*7JI!E'&K657<%9<,=;><*>,8!?5=&'*8!7L$@!A*-

!!15 DataNode Client =&-0.2(%.&2!&D!M5?!=&'*!-(=C.2*;8!?57L$@!A*-8!7$0!,E5/.2N8!(/;&!
O&'N.2)!(;!P&'N*'Q&>*

!!27 Gridftp Server!RLST!',2!>=(=C*!E&&/!(2>!PQ8!R33T!',2!U(>&&E5V(%(Q&>*

!!ALL WorkerNode!!FU(>&&E5D,;*54<7:<75?<*7JI!+,;*5-&,2%!F'*(>!G.(!D,;*8!O'.%*!G.(!
;'-=EI

!!6 interactive machines!+,;*5-&,2%!F'*(>!(2>!O'.%*!G.(!D,;*I

!!10+ active local users!M9!H@!.2!%&%(/8!9J53J!H@!,;*>!.2!%C*!E(;%!O**N<!W;!E/(22*>8!(//!
,;*'!>(%(!O.//!0*!-.)'(%*>!%&!C(>&&E5#X!F(/-&;%!>&2*I<

!!ALL grid users!YA#!Z"!,;*';!C(G*!O'.%*!(==*;;8!&%C*'!Z";!C(G*!E&&/!-(EE.2)!(2>!
'*[,*;%50(;*>!(==&,2%!<<<

!!Daily adminstration!2*O!'*/*(;*!F'E-8!\"Y]#I8!0(/(2=*'8!2*O!,;*'!;*%,E8!-&2.%&'.2)8!G*'6!
D*O!E'&0/*-;!'*E&'%*>!06!,;*'!&2=*!.%!.;!;*%,E!(2>!G(/.>(%*><!^*;;!%C(2!94!-.2!(!>(6!D&'!&E*'(%.&2



Scalable Architecture

Highly distributed services across worknodes!
U(>&&E!>(%(52&>*!=/.*2%
)'.>D%E!;*'G*'

Two replication of files in hadoop
@(/(2=*!0*%O**2!;E(=*!,;()*8!(2>!;=(/(0./.%6!(2>!'*/.(0./.%6
@/&=N!;._*!79?!A@!

In the long run, possible bottlenecks in central service, architecture 
and network F-&;%!&D!=&-E&2*2%;!('*![,.%*!;=(/(0/*I

@*;%-(2
$BA#
U(>&&E!2(-*52&>*
Y/,;%*'!('(=C.%*=%,'*
PWQ



Scalability Test Goals

Debug the release and system configuration

Understand the performance
define a number of tunable parameters
find the most possible use cases and access pattern from users

Look for weakest point in the architecture
I/O, memory usage ...

Establish test/validation for the hadoop-SE 
management of raw monitoring data
system analysis procedure
observables

Gain more operation experience



Specification of the Test Jobs

Scalability Test of Bestman
)'.>!`&0;!',2!;'-/;
)'.>!`&0;!',2!;'-=E!O.%C!;-(//!D./*;!F7]@I

Scalability Test of Gridftp and Hadoop
)'.>!`&0;!',2!;'-=E!O.%C!/(')*!;._*!F7$@I
aCXV*K!/&(>%*;%

Scalability Test of Hadoop via Fuse access
/&=(/!`&0;!',2!YA##P!()(.2;%!7!D./*
/&=(/!`&0;!',2!YA##P!()(.2;%!74!D./*;!

Grid jobs are sent via glideinWMS
;.-./('!%&!%C*!2&'-(/!,;*'!>(%(!(==*;;!E(%%*'2<!
=&2%'&//*>!R7444!`&0;!('*!=&2=,''*2%/6!',22.2)!D&'!%C*!%*;%!(%!%C*!

/(')*;%!;=(/*8!0*=(,;*!/.-.%*>!;._*!&D!&,'!C(>&&E!;6;%*-



Limitation of the current Test

The test was run on the production system, which inevitably has 
some limitation in how the tests to be organized. 

" H*;%!O&2b%!;C&O!%C*!EC6;.=(/!/.-.%!&D!;&-*!;%(2>(/&2*!=&-E&2*2%;8!
0*=(,;*!>(%(2&>*8!O&'N2&>*8!)'.>D%E8!>=(=C*!E&&/!('*!',22.2)!c%&)*%C*'d

" HC*!)'.>!`&0;!('*!2&%!,2>*'!D,//!=&2%'&/<!$/.>*.2PA#!(2>!>.'*=%!=&2>&'!`&0!
;,0-.;;.&2;!O&2b%!).G*!(!;-&&%C!=,'G*!&D!`&0!D'&-!.>/*!%&!',2<!HC*!'*;,/%;!
E&;;.0/6!>*E*2>*2%!&2!%C*!;%(%,;!&D!%C*!YX!>,'.2)!%C*!E*'.&>!&D!%C*!%*;%

" HC*!.-E(=%!&D!%C*!ef"!&D!%C*!O&'N2&>*!D'&-!&%C*'!,;*'!`&0;!('*!2&%!,2>*'!
=&2%'&/

So we can take a factor of extra 10-30% w.r.t. the ideal scalability 
that can be achieved due to the limitation of the current tests

But the results are more realistic ...



Some numbers from STEP09

CMS has ~20-30,000 Cores in T2/3 globally across ~50 sites.

We have seen single users use up to 10k jobs at once.

Testing at the scale of O(1000) simultaneous “stage-out” is not 
completely unrealistic.



srmls on Bestman

Test measured via job output file which record the 
start_time and end_time of the srmls command

BE!%&!:44!;'-/;!(=%.G*!>,'.2)!34;*=!E*'.&> A&;%!/.N*/6!%.-*!E*'!;'-/;!g!J4;



srmcp of small files (Bestman test)

Better performance of srmcp small file (1KB) than srmls
This requires further study to understand it better.

BE!%&!S44!;'-=E!(=%.G*!>,'.2)!34;*=!E*'.&> A&;%!/.N*/6!%.-*!E*'!;'-/;!g!34;



srmls rate of Bestman

#,;%(.2*>!E*'D&'-(2=*!&D!('&,2>!74U_



srmcp rate of small files (Bestman test)

Both srmls and srmcp tests shows the highest rate of 10 Hz in the Bestman
Others have seen srmls of up to 50Hz
Differences remain to be understood. 



Turn-off Delagation in srm client

Without proxy delegation, the scalability will be significantly increased.

Average processing time per job decreases 
from 30+ sec (w/ delegation) to 3 sec (w/o 
delegation) with ~800 simultaneous jobs in 
the system

Average processing rate increases from 10 
Hz (w/ delegation) to 20-25 Hz (w/o 
delegation) with ~800 simultaneous jobs in 
the system



PhEDEx Load Test between UCSD and Caltech

SE-SE file transfer, continuously running for months, 
network traffic via Cenic 10 Gb shared with others!

Test results are collected 
from gridftp log file



Performance of Single File Transfer in Loadtest

30 MB/s is a reasonable rate for transfering single file over the 
grid with 10 streams and average 10 file transfers a time
Detailed structure not yet understood.



Accumulated Rate in LoadTest

150 MB/s transfer rate from loadtest is sustained for months
Scale here is by design. We have not tried to stress the system via this test. 



Large Number of File Transfers

Each job transfers 1 GB 
file with one stream

Test results are 
collected from job log 
file

BE!%&!S44!;.-,/%(2*&,;!;'-=E!&D!/(')*!D./*;



Performance of Single Job Transfer

The scale test is characterized by many file transfer and each transfer 
only taking small amount of bandwidth, in contrast to loadtest, small 
number of transfer, each transfer taking a decent amount of network

H'(2;D*'!%.-*!E*'!;'-=E!&D!7$@!D./*!OC*2!
M445S44!%'(2;D*';!('*!(=%.G*!;.-,/%(2*&,;/6<



Accumulated Rate

Peak rate
      700 MB/s

sustained for hours
      550 MB/s

cH(./;d!E'&0(0/6!*KE/(.2*>!06!;.%*;!O.%C!QWH!(;!;&,'=*;!D&'!;'-=E!D'&-!PQ<



Three Calculations to estimate the Peak Rate

F7I!^.-.%!D'&-!)D%E!;*'G*'!=&,2%h!U.)C*;%!%C*&'*%.=(/!E*'D&'-(2=*!&D!;.2)/*!
)'.>D%E!%'(2;D*'!:4!A@f;<!A(K!O'.%*!'(%*!9S)D%E!!i!:4A@f;!g 2430 MB/s8!0,%!
(%!E'*;*2%!O*!('*!/.-.%*>!06!2,-0*'!&D!>(%(2&>*!%&!(==*E%!%C&;*!>(%(!D'&-!
)'.>D%E<

F9I!^.-.%!0(;*>!&2!^WQ!2*%O&'Nh!H&%(/!7J!>(%(!2&>*8!.>*(/!-(K!O'.%*!'(%*!7J!
$0f9!g!930 MB/s.!+(=%&'!j!.;!(;;,-.2)!'*E/.=(%.&2!%(N*;!J4T!&D!%C*!
.2%*'2(/!2*%O&'N<

F3I!^.-.%!0(;*>!&2!C('>'.G*!e"h!eD!(;;,-.2)!-(K!'(%*!&D!O'.%.2)!%&!>.;N!.;!
R:4A@f;!=&-0.2*>!O.%C!)'.>D%E!F(;!-*(;,'*>!;*E('(%*/6I8!%C*!-(K!O'.%*!
'(%*!.;!:4!i!7Jf9!g!675 MB/s

What we see, 700 MB/s, is consistent with the
estimated maximum for hardrive IO.

=> adding more datanodes into hadoop should increase total IO.

!



Correlation of single transfer time and number of 
transfers in the system

WG*'()*!%.-*!E*'!;'-=E!.2='*(;*;!O.%C!k!&D!;.-,/%(2*&,;!;'-=E<
#E'*(>!.2!%.-*!E*'!;'-=E!.2='*(;*;!O.%C!k!&D!;.-,/%(2*&,;!;'-=E<



CMSSW Jobs accessing Data via Fuse

CMSSW jobs consuming large amount of data 
Left: all jobs access one same file (1GB in size)
Right: all jobs access ten files (10 GB in size) 

Each 1GB file has 8 blocks (16 with 
replications). Good distribution of all 
the blocks in the hadoop datanode

BE!%&!794!;.-,/%(2*&,;!'*(>;!&D!&2*!D./* BE!%&!9J4!;.-,/%(2*&,;!'*(>;!
&D!74!D./*;!;*[,*2%.(//6<



Average Jobs Processing Time

One job access 1 file One job access 10 file

\*(>!%.-*!D'&-!/&=(/!>.;N!FR9J4;*=I!.;!=&-E('(0/*!%&!'*(>!%.-*!G.(!+B#X

V.DD*'*2=*!.2!E*'D&'-(2=*!;E'*(>!0*%O**2!%C*!%O&!%*;%;!2&%!6*%!,2>*';%&&><



Correlation between Job processing time and 
number of same jobs in the system

WEE('*2%!.2='*(;*!.2!;E'*(>!&D!E'&=*;;.2)!%.-*;!
E*'!`&0!D&'!-&'*!%C(2!S45?4!;.-,/%(2*&,;!`&0;<

"2*!D./*!'*(>!E*'!`&0



Correlation between Job processing time and 
number of same jobs in the system

WEE('*2%!.2='*(;*!.2!;E'*(>!&D!E'&=*;;.2)!%.-*;!
E*'!`&0!D&'!-&'*!%C(2!744!;.-,/%(2*&,;!`&0;<

74!D./*!'*(>!E*'!`&0



Summary
Excellent scalability of Hadoop-based SE is observed

" Q&!>(-().2)!*DD*=%;!O*'*!D&,2>!.2!%C*!C(>&&E5#X!>,'.2)!%C*!%*;%
" U(>&&E!(EE*(';!'*/.(0/*!*G*2!,2>*'!*K%'*-*!=&2>.%.&2;

" A&;%!%C*!'*;,/%;!('*!.2!/.2*!O.%C!&,'!*KE*=%(%.&2!.2!%*'-;!&D!EC6;.=(/!/.-.%;!&D!%C*!
2*%O&'N8!ef"!&D!*(=C!=&-E&2*2%

" HC*!;6;%*-!,2>*'!C*(G6!;%'*;;!Fef"8!-*-&'68!YaB!<<<I!.;!;%.//!'*;E&2>.2)!O.%C!
'*(;&2(0/*!E*'D&'-(2=*!

To-be-investigated
" B2>*';%(2>!@*;%-(2!;=(/(0./.%6

" =,''*2%/6!.%!C(;!(!/.-.%!&D!74U_
" @'.(2!;**;!(!/.-.%!&D!J4U_!5l!>.DD*'*2=*!.2!%*;%;8!(2>!-(60*!.2;%(//(%.&2m

" Y&2%.2,*!;%,>6!OC6!O*!;**!(==,-,/(%*>!%'(2;D*'!'(%*!L44!A@f;!&D!&,'!;6;%*-
" W>>!-&'*!;%&'()*!%&!C(>&&E!(2>!G*'.D6!%C(%!E*'D&'-(2=*!;=(/*;

" B2>*';%(2>!C&O!-,=C!D./*!%'(2;D*'!'(%*!.;!/.-.%*>!06!%C*!'*-&%*!;.%*<
" +.2>!%C*!/.-.%!&D!+,;*!<<<!=,''*2%/6!O*!('*!&2/6!',22.2)!(%!R944!=&2=,''*2%!'*(>.2)
" W26!/.-.%!;*%!06!C(>&&E!;6;%*-8!(/%C&,)C!-&;%!&D!%C*!/.-.%;!O*!&0;*'G*>!('*!;*%!06!
%C*!2*%O&'N!&'!('=C.%*=%,'*!<<<<
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