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What is Hadoop

Map-Reduce plus the HDFS filesystem implemented in java

Map-Reduce is a highly parallelized distributed computing
system

HDFS is the distributed cluster filesystem
% This is the feature that we are most interested in

Open source project hosted by Apache
Commercial support available from Cloudera

Used throughout Yahoo. Cloudera and Yahoo are major
contributors to the Apache Hadoop project.
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HDFS

Distributed Cluster filesystem

Extremely scalable - Yahoo uses it for multi-PB storage
Easy to manage - few services and little hardware overhead

Files split into blocks and spread across multiple cluster
datanodes

* 64MB blocks default, configurable
* Block-level decomposition avoids 'hot-file' access bottlenecks

* Block-level decomposition means the loss of multliple data nodes
will result in the loss of more files than file-level decomposition

Not 100% posix compliant
* non-sequential writes not supported

* Not a replacement for NFS
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HDFS Services

Namenode - Manages the filesystem namespace
operations
* File/directory creation/deletion
* Block allocation/removal
* Block locations

Datanode - Stores file blocks on one or more disk
partitions

Secondary Namenode - Helper service for merging
namespace changes

Services communicate through java RPC, with some
functionality exposed through http interfaces
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Namenode (NN)

Purpose is similar to dCache PNFS

Keeps track of entire fs image
* The entire filesystem directory structure
* The file block -> datanode mapping
* Block replication level
* ~1GB per 1e6 blocks recommended

Entire namespace is stored in memory, but persisted
to disk

* Block locations not persisted to disk

* All namespace requests served from memory

* Fsck across entire namespace is really fast
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Namenode Journals

NN fs image is read from disk only once at startup.

Any changes to the namespace (mkdir, rm) are written
to one or more journal files (local disk, NFS, ...)

Journal is periodically merged with the fs image

Merging can temporarily require extra memory to store
two copies of fs image at once.
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Secondary NN

The name is misleading... this is NOT a backup
namenode or hot spare namenode. It does NOT
respond to namespace requests.

Optional checkpoint server for offloading the NN
journal -> fsimage merges

Download fs image from namenode (once)
Periodically download journal from namenode
Merge journal and fs image

Uploaded merged fs image back to namenode

Contents of merged fsimage can be manually copied

to NN in case of namenode corruption or failure.
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Datanode (DN)

Purpose is similar to dCache pool

Stores file block metadata and file block contents in
one or more local disk partitions. Datanode scales
well with # local partitions

* Caltech is using one per local disk (2-4 per datanode)

* Nebraska has 48 individual partitions on Sun Thumpers

Sends heartheat to namenode every 3 seconds
Sends full block report to namenode every hour

Namenode uses report + heartheats to keep track of

which block replicas are still accessible
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Client access

When a client requests a file, it first contacts the
namenode for namespace information.

The namenode looks up the block locations for the
requested files, and returns the datanodes that contain
the requested blocks

The client contacts the datanodes directly to retrieve
the file contents from the blocks on the datanodes
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Hadoop Architecture

Metadata (Name, replicas, ...):
Metadata,gpg"[ Namenode /home/foo/data, 3, ...
Block ops
Read Datanodes Datanodes

! | |
Replication L

\ Blocks

. \ ,/ \ )

Rack 1 V\rite Rack 2
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Native client

A native java client can be used to perform all file and
management operations

All operations use native Hadoop java APIs
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FUSE client

FUSE == Filesystem in Userspace

Presents a posix-like interface to arbitrary backend
storage systems (ntfs, lustre, ssh)

HDFS fuse module provides posix interface to HDFS
using the HDFS APIs. Allows the use of rm, mkdir, cat,
and other standard filesystem commands on HDFS.

HDFS does not support non-sequential (random)
writes

* root TFile can't write directly to HDFS fuse, but not really
necessary for CMS

Random reads are ok
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Gridftp/SRM clients h
Gridftp could write to HDFS+FUSE with a single stream

Multiple streams will fail due to non-sequential writes

UNL developed a GridFTP dsi module to buffer
multiple streams so that data can be written to HDFS
sequentially

Bestman SRM can perform namespace operations by
using FUSE

* Running in gateway mode
* srmrm, srmls, srmmkdir
* Treats hdfs as local posix filesystem
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Hadoop monitoring

Nagios
* check_hadoop_health - parses output of 'hadoop fsck’
* check_jmx - blockverify failures, datanode space

% check_hadoop_checkpoint - parses secondary nn logs to make sure
checkpoints are occurring

Ganglia
* Native integration with Hadoop
* Many internal parameters

MonALISA
* Collects Ganglia parameters
gridftpspy
Hadoop Chronicle
jconsole

hadoop native web pages
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File Edit View History Bookmarks Tools Help
= v & [[OFEITEEEED https://cms.hep.caltech.edu/hadoop/ v

[ Most Visitedv € EVO #&\. Eldocs~ E3Caltech T2v EJFedorav

-.'v|

[ﬂThe Hadoop Chronicle ] T w

2009 _06_26_0E:30
2009 08

-
.
Selected or last chronicle : fggz Eg
® 2009 06
2009_06_26_@8:30 e Zooo oc
® 2009 06
The Hadoop Chronicle | 46 % | Fri Jun.26.2009 08:30 * 2009 06
® 2009 06
® 2009 06
. 2
Global storage . 3333 gg
________________ ® 2009 06
Configured Capacity: 191813069336576 (174.45 TB) . ees
Present Capacity: 191707608577536 (174.36 TB) » 2009 06
DFS Remaining: 102718547960182 (93.42 TB) * 2009 06
DFS Used: 88989052617354 (80.94 TB) * 2008 06
DFS Used%: 46.42% ¢ 2008 06
® 2009 06
. 2
/store/ area . 3333 gg
______________ *® 2009 06
Path Size(GB)  #Files #Dirs e
/store/PhEDEx_LoadTest@7 667 262 668 s Sooo oo
Jstore/data 24337 33474 462 # 2009 06
Jstore/mc 2353 2146 15 * 2009 06
/storefunmerged 438 3416 172 e
/store/user 2461 25234 433 s To09 06
----------- ® 2009 06
User area * 2008 06
___________ ® 2009 06
Path SizelGB)  #Files  #Dirs e
Jstorefuser/burt 2} 2 1 * 2009 06
Jstorefuser/chiorbo 962 5341 127 * 2009 0§
/storefuser/dkcira ] 17 13 : fggz 32
/storefuser/dorian 41 286 1 s To09 06
/storefuser/hpi 2 4] 21 * 2009 06
/store/user/ligiol 2} 2 1 * 2009 0§
/storefuser/1itvin ] 3 8 . fEEE Eg
/storefuser/oatramen 3178 1036 77 s Sooo oo
/storefuser/ssekmen o] 4 4 * 2009 06
J/storefuser/test a 2 5 * 2008 06
/store/user/tucker ] 17 6 : fggz 32
fstorefuser/uscms@377 16 7 1 s Sooo oo
J/storefuser/fuscms@755 614 2754 3 # 2009 05
Jstorefuser/viitvin 3709 15754 153 * 2009 05
/storefuser/wart 1 3 1 : 2008 08

2009 05 31 17:52

Total size: 38929932017766 B (Total open files size: 3887807744 B)

Total dirs: 1765

Total files: 64551 (Files currently being written: 2)

Total blocks (validated): 358583 (avg. block size 188598254 B) (Total open file blocks (not validated): 23)

Minimally replicated blocks: 358503 (100.0 %)

Over-replicated blocks: 63 (0.017573075 %)

Under-replicated blocks: 0 (0.0 %)

Mis-replicated blocks: 0 1(08.0 %

Default replication factor: 2

Average block replication: 2.349721

Corrupt blocks: 6] L
Missinn renlicas: A (.0 % j
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3
©~ |6/ Hadoop NameNode com...| % v
NameNode 'compute-13-1.local:9000'
Started: Tue May 26 12:12:00 PDT 2009
Version: 0.19.2-dev, r748415
Compiled: Mon Mar 23 15:21:37 PDT 2009 by wart
Upgrades: There are no upgrades in progress.

Browse the filesystem
Namenode Logs

Cluster Summary

66825 files and directories, 359972 blocks = 426797 total. Heap Size is 269.38 MB / 888.94 MB (30%)

Configured Capacity : 174.45TB
DFS Used : 81.13TB
MNon DFS Used : 98.23 GB
DFS Remaining : 93.237TB
DFS Used% : 46.51 %
DFS Remaining% : 53.44 %
Live Nodes : 65
Dead Nodes : 6

Live Datanodes : 65

ode | chust, | mdminstate | Sonfiured | Used | tonors | Remaitng | Used | used | nemaiting | goeq
compute-11-11 2 In Service 1.61 0.75 0 0.86 46.87 53.13 7579
compute-11-12 1 In Service 1.61 0.82 0 0.79 50.93 49.07 8252
compute-11-9 1 In Service 1.61 0.8 0 0.81 49.54 50.46 7998
compute-14-10 0 In Service 1.61 0.82 0 0.79 50.87 49.13 8092
compute-14-11 2 In Service 1.61 0.82 0 0.79 51 49 8432
compute-14-12 1 In Service 1.61 0.81 0 0.8 50.17 49.83 8325
compute-14-13 0 In Service 1.61 0.83 0 0.78 51.36 43.64 8465
compute-14-14 2 In Service 1.61 0.81 0 0.8 50.26 49.74 8156
compute-14-15 1 In Service 1.61 0.83 0 0.78 51.27 48.73 8342
compute-14-16 2 In Service 1.61 0.79 0 0.82 49.2 50.8 8057
compute-14-17 1 In Service 1.38 0.71 0 0.67 51.51 48.49 6999
compute-14-18 0 In Service 1.61 0.82 0 0.79 51.21 48.79 8379
compute-14-19 2 In Service 1.61 0.8 0 0.81 49.97 50.03 8182
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File
Main
Log file:

Job PID
21996
22129

24758
24677
23017

-
File
Main
Log file:

Job PID
8834
8963
9085
9176
9361
9452
9552
9818

10024
10179
10325
10500
10591
10662
10769
10868
11008
11116
114868
11640
11761
11862

userid
cmsprod
uscms0994
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
cmsprod
uscms0377
phedex
phedex

userid
cmsprod
cmsprod
phedex
cmsprod
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
phedex
usems0377
cmsprod
phedex

[11882] Tue Jun 30 15:29:44 2009 ::

User Hame

Andrea Sciaha
Paul Rossman

Donan kKcira
Dorian Kcira
Dorian Keira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dotian Kcira
Dotian Kcira
Dotian Kcira

Andrea Sciaha
Michael Thomas

Donan kKcira
Dorian Kcira

User Name
Andrea Sciaba
Andrea Sciaba
Dorian Kcira
Andrea Sciaba
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dorian Kcira
Dotian Kcira
Dotian Kcira
Dotian Kcira
Dotian Kcira
Donan Kcira
Dorian Kcira
Dorian Kcira
Michael Thomas
Andrea Sciaba
Dorian Kcira

Remote host
vocms36.cem.ch
cmsstv4a.fnal.gov
CmsTts] .fhal.gov
cmsfts1.mal.gov
cmsftsl.fnal.gov
cmsftsl.fnal.gov
cmsfts1.fnal.gov
cmsfts1.fnal.gov
cmsftsl.fnal.gov
cmsftsl.fnal.gov
cmsftsl.fnal.gov
cmsftsl.fnal.gov
cmsTts1 .fhal.gov
cmsTtsl .fhal.gov
cmsTts1 fhal.gov
cmsTts1 .fhal.gov
cmsTts] .fhal.gov
cmsTts1 .fhal.gov
cithep200.ultralight.org
cithep252.ultralight.org

Start. Date
Tue Jun 30 03:02:46 PM PDT 2009
Tue Jun 30 03:03:29 PM FDT 2009
Tue Jun 30 03:04:27 PM PDT 2009
Tue Jun 30 03:06:51 PM PDT 2009
Tue Jun 30 03:06:51 PM PDT 2009
Tue Jun 30 03:06:51 PM PDT Z009
Tue Jun 30 03:06:54 PM PDT Z009
Tue Jun 30 03:06:56 PM PDT Z009
Tue Jun 30 03:09:25 PM PDT Z009
7 PM PDT 2009
PM PDT 2009

PM PDT 2003
PM PDT 2003
Tue Jun 30 03:26:06 PM PDT 2009
Tue Jun 30 03:28:55 PM PDT 2009

gridftpspy

CmsTts] .fhal.gov
cmsfts1.mal.gov

Remote host
vocms36.cem.ch
vocms36.cem.ch
cmsfts1.fnal.gov
vocms36.cem.ch
cmsfts.fnal.gov
cmsftsl.fnal.gov
cmsfts.fnal.gov
cmsftsl.fnal.gov
cmsfts1 .fnal.gov
cmsftsl .fnal.gov
cmsfts1 . fnal.gov
cmsfts1 fnal.gov
cmsfts1.fnal.gov
cmsfts1.fnal.gov
cmsfts1.fnal.gov
cmsfts1.fnal.gov
CMsftsl.fhal.gov
cmsfts1.fal.gov
cmsftsl.fnal.gov

cithepZ52Z.ultralight.org
12-headnode ultralight.org
cmsfts1.fnal.gov

Tue Jun 30 03:29:46 PM PDT 2009

[25017] Tue Jun 30 15:30:19 2009 :: Closed connection from cmsfts1.fnal .gov:43876

Start Date
Tue Jun 30 03:02:34 PM PDT 2009
PM PDT 2009
PHM PDT 2009
PHM PDT 2009
PHM PDT 2009
PHM PDT 2009
PHM PDT 2009
PHM PDT 2009
PHM PDT 2009
PM PDT 2009
Tue Jun 30 03:13:47 PM PDT 2009
Tue Jun 30 03:22:38 PM PDT 2009
Tue Jun 30 03:22:38 PM PDT 2009
Tue Jun 30 03:22:39 PM PDT 2009
Tue Jun 30 03:22:39 PM PDT 2009
Tue Jun 30 03:22:39 PM PDT 2009
Tue Jun 30 03:22:39 PM PDT 2009
Tue Jun 30 03:22:39 PM PDT 2009
Tue Jun 30 03:24:37 PM PDT 2009

Tue Jun 30 D3z Z!] 00 PM PDT 2009

Closed connection from cmsTts1 .fhal.gov:49535

End Daie Size Rale
Tue Jun 30 03:02:47 PM PDT 2009 H472  40.5KBis
]
Tue Jun 30 03:05:03 PM PDT 2009 2740771472 72.61MBIs
Tue Jun 30 03:07:39 PM PDT 2009 2684334960 33.33MBfs
Tue Jun 30 03:07:44 PM PDT 2009 2684354560  48.3MBfs
Tue Jun 30 03:07:35 PM PDT 2009 2684334560 358.18MBfs
Tue Jun 30 03:07:46 PM PDT 2009 2684354560 49.23MBIfs
Tue Jun 30 03:07:59 PM PDT 2009 2684354560 40.63MBIfs
Tue Jun 30 03:09:59 PM PDT 2009 2684354560 75.29MBIfs
2684354560 85.33MBfs
2684354560  80.0MBfs
2684354560  45.71MBfs
2684354560 45.71MBfs
2684354560 38.21MB/s
2684354560 44.14MBfs
2684354560 44.14MB/s
2684354560 38.79MB/s
2684354560 39.36MB/s
20000
Tue Jun 30 03:28:06 PM PDT 2009 128
Tue Jun 30 03:29:28 PM PDT 2009 2684334060 77.58MBIs
Tue Jun 30 03:30:17 PM PDT 2009 2684334060 82.58MBfs
ftpspy #2
End Date Size Rate
Tue Jun 30 03:02:34 PM PDT 2009 NATE2
Tue Jun 30 03:03:30 PM PDT 2009 Naiz 40.5KBfs
Tue Jun 30 03:27:58 PM PDT 2003 2563227279 1.73MBfs
Tue Jun 30 03:04:26 PM PDT 2009 NAFZ 40.5KBfs
Tue Jun 30 03:07:56 PM PDT 2003 2684354560 39.38MB/s
Tue Jun 30 03:07:40 PM PDT 2003 2684354560 5Z.Z4MBfs
Tue Jun 30 03:07:40 PM PDT 2003 2684354560 S5Z.Z4MBfs
Tue Jun 30 03:07:45 PM PDT 2003 2684354560 5Z.Z4MBfs
Tue Jun 30 03:09:52 PM PDT 2003 2684354560 60.95MB/s
Tue Jun 30 03:12:27 PM PDT 2003 26864354560 51.2MB/s
Tue Jun 30 03:14:25 PM PDT 2008 2664354560 67.37MB/s
Tue Jun 30 03:23:42 PM PDT 2009 2664354560  40.0MB/s
Tue Jun 30 03:24:06 PM PDT 2009 2684354560 29.09MB/s
Tue Jun 30 03:23:51 PM PDT 2009 2684354560 35.06MB/s
Tue Jun 30 03:23:57 PM PDT 2009 2684354560 32.62ZMB/s
Tue Jun 30 03:23:29 PM PDT 2009 2684354560 51.2ZMB/s
Tue Jun 30 03:23:56 PM PDT 2009 2664354960 33.20MBfs
Tue Jun 30 03:23:46 PM PDT 2009 2664354960 37.1MBfs
Tue Jun 30 03:25:09 PM PDT 2009 2684354560 &0.0MB/s
Tue Jun 30 03:28:03 PM PDT 2009 126
Tue Jun 30 03:28:35 PM PDT 2009 20000
Tue Jun 30 03:29:43 PM PDT 2003 2684354560 59.53MBfs

+# buffers | direction

1A

1A
1621645
17221
1721760
1300957
A29F 76
AI6I6Z1
7261776
711Fa5
5021594
23MATF
3917431
3141437
342/616
1/560
B697/657
359/697
1A

1A
1161804
60176863

11

11
663/663

11
5437901
A61f727
5907681
1451676
8121948
5507629
665/696
1295601
6531853
3201858
4931927
2241468
308699
3697916
BF7f733

11

11
3361952

# buffers | direction

file

b:;:-jj,f (]

(CIVE

il 4o

Tue Jun 30, 15:33

"

in fstorefunmeryed/SAMitestS RM/SAM-cit-sez.ultralight.orgAcg-utilftestfile-gt-rm-gt-notoken-20090701-000239.txt
fmnthadoop/store/PhEDEX_LoadTest07/LoadTest07_Prod_Caltech/LoadTest07_Caltech_A6
in fstore/PhEDEX_LoadTest07/LoadTest07_Debug FHAL/Caltech/33/LoadTestDF_FHAL 53_JaZBI7ui9pYQEIOH 93
in /store/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDICaltech/635/Load TestD7_UCSD_CE_oOMCgZSg43nD7UVK 633
in fstorefPhEDEx_LoadTest07/LoadTest07_Debug UCSD/Caltechf635/LoadTestD7_UCSD_AD mkmV3UTzXrvWe17O_B35
in fstore/PhEDEx_LoadTest07/LoadTest07_Debug_UCSD/Caltech/635/Load Test07_UCSD_4D_S5dLjZdi9Dmcpevd_635
in fstorefPhEDEx_loadTest07/LoadTest07_Debug UCSD/Caltech/635/Load TestD7_UCSD_59_XgDRxKvGXkPi9C_635
in /store/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDICaltech/635/LoadTest07_UCSD_F3_9yYosKNdivulci3_635
in fstorefPhEDEx_loadTest07/LoadTest07_Debug_UCSD/Caltech/633/Load TesiD7_UCSD_ED_8wUlau3GrmEINnyd_633
in fstorefPhEDEx_loadTest07/LoadTest07_Debug_UCSD/Caltech/634/Load TesiD7_UCSD_05_IMbfBAHoAuGrOVEA_B34
in fstorefPhEDEx_loadTest07/LoadTest07_Debug_UCSD/Caltech/633/Load TesiD7_UCSD_F2_W64wVwHpoES|6iZA_633
in fstore/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/635/Load Testd7_UCSD_C3_kWnaNokhZOpZoXTe_633
in /store/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/635/Load Testd7_UCSD_BD_SJiljwbitsyTyoOc_635
in Istore/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/635{Load Testd7_UCSD_C7_xKqgtbugjdZJArcz_635
in Istore/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/633{Load Testd7_UCSD_4D_yukBUcoc DEB4HbLA_633
in fstore/PhEDEx_LoadTest07/LoadTest07 _Debug_UCSD/Caltech/635/Load TestD7_UCSD_AS_zimTZKhaDhFAXMnx_E35
in fstore/PhEDEx_LoadTest07/LoadTest07 Debug UCSD/Caltech/635/LoadTest07 _UCSD 57 KHt4sxkkLrAlkkWS 635
in ’store/PhEDEx_LoadTest07/LoadTest07 Debug UCSD/Caltech/634/LoadTestd7_UCSD_0C_NYXHYJkqOGjVDOBU 634

in fstorefunmeryed/SAM/Stage OutTest-610-Tue-Jun-30-15_26_39-2009
Imnthadoop/rsvi246400880-storage-probe-test-file-remote. 31742

in fstore/PhEDEX_LoadTest07/LoadTest07_Debug UCSD/Caltech/633/Load TestDy UCSD 6D _kwcPFKcxalJEIDD4 633
in fstorefPhEDEx_LoadTest07/LoadTest07_Debug UCSD/Caltech/633/Load TestD7_UCSD_AD hrWTRRfzKOVsijSx_B633

file
#mnt.

SAM- clt sez. ultmllght orygfcg-utilitestfile-cp-notoken-20090701-0001 44.txt

jed/ token-20090701-000323.txt
Istore/PhEDEx_LoadTest07/Load Test07 Dehug FNRUCa]tE[:hBS."LI]adTESU]? FHAL_D1_KKial CuJ Ogifi6Fq_93

ged! SRMISAM-cit: token-20030701-0001 &.txt
Istore!PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/B35/LoadTestd7_UCSD_59_76fgMy=WUIRHHNGI_635
Istore!PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/B35/Load Test07_UCSD_AS_3s0XP3GgkQsWXOsR_B35
Istore/PhEDEx_Load Test07/Load Test07_Debug_UCSDfCaltech/635f/Load Test07_UCSD_0D_zimrzuMOh5PoawcP_B35
Istore!PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/635/Load Testd7_UCSD_97_gZ55UTaBQrBuPFB7_635
Istore!PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/633/LoadTestd7_UCSD_0C_VCAxs7ZualgvFmy.J_633
Istore/PhEDEx_LoadTest07/LoadTest07_Debuy_UCSDiCaltech/634/Load Testd7_UCSD_4D_aAlpkiPCa0XJDfaD_634
Istore/PhEDEx_LoadTest07/LoadTest07_Debuy_UCSD/Caltech/634/Load TestD7_UCSD_5B_8olmwS3enupanX1iE_634
Istore/PhEDEx_LoadTest07/LoadTest07_Debug_UCSDiCaltech/635/LoadTestd7_UCSD_1D_jnxuHmldyeClvel3_635
Istore/PhEDEX_LoadTest07/LoadTest07_Debuy_UCSD/Caltech/635/LoadTest07_UCSD_DA_xhKPAW7wsFijdr_635
Istore/PhEDEX_LoadTest07/LoadTest07_Debuy_UCSD/Caltech/635/LoadTest07_UCSD_FA_pydHYbhgVzcficpZ 635
Istore/PhEDEx_LoadTest07/LoadTest07_Debuy UCSD/Caltech/635/LoadTestD7 UCSD 94 o6tzORvFDIHhJM3E 635
Istore/PhEDEx_LoadTest07/LoadTest07_Debuy UCSD/Caltech/635/LoadTestD7 UCSD Al _qWxliDloVa3lsWHD 635
fstore/PhEDEX_LoadTest07/LoadTestD7_Debuy_UCSDJ/Caltech/635/LoadTestd7_UCSD_8C_FPJnyDK4dKwyl1Clu_635
fstore/PhEDEx_LoadTest07/LoadTestD7_Debug_LCSD/Caltech/635/LoadTestD7_UCSD_07_FnYigy¥NILvAFBIO 635
Istore/PhEDEx_LoadTest07/LoadTest07 Debug UCSDfCaltech/B33/LoadTestD7_UCSD_AD 7iGIhvW1ZTaNbVs4N_633
Irsv1246400880-storage-probe-test-file-remote. 31742
Istorefunmerged!SAMIStage OutTest-9462-Tue-Jun-30-15_28_27-2009
fstore/PhEDEx_LoadTes107/LoadTestD7_Debug_UCSD/Caltech/634/Load TestD7_UCSD_FC_dBu¥sJhL7KdgFDRa_634

F ged/
RMISAM-cit-se?.

T gt

i I
orgficy:

L

=

1 gridftpspy

O gridftpspy #2
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Caltech Setup

Caltech Tier2 Hadoop Private Subnet

10.0.0.0/8

Hadoop NN,
Condor Master

- GridFTP-HDFS

Hadoop
Secondary NN

iwl2

- GridFTP-HDFS

Hadoop DN,
Condor worker

+ Bestman SRM 5“14""'

Hadoop DN,
Condor worker
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Caltech Setup

 Namenode runs on same system as Condor
negotiator/collector

%* 8 cores, 16GB RAM

* System is very over-provisioned. Load never exceeds 1.0, JVM uses
~2GB out of 4GB

* Plenty of room for scaling to more blocks

« Secondary NN runs on a mostly dedicated server
* Used to OOM when run on a worker node

« 140 data nodes, 560TB available space
* Includes 2 Sun Thumpers running Solaris
* Currently 470TB used
* Most datanodes are also condor batch workers
* Single Bestman(-gateway) SRM server using FUSE for file ops

e 12 gridftp-hdfs servers
* 4 with 2 x 10GbE, 8 with 2 x 1GbE
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Deployment history

T2_US_Nebraska first started investigating Hadoop in
late 2008. They performed a lot of R&D to get Hadoop
to work in the CMS context

Two SEs in SAM

Gridftp-hdfs DSI module

Use of Bestman SRM

Many internal Hadoop bug fixes and improvements

Presented this work to the USCMS T2 community in
February 2009
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6) Caltech Deployment =

Started using Hadoop in Feb. 2009 on a 4-node testhed

Created RPMS to greatly simplify the deployment
across an entire cluster

Deployed Hadoop on new RHELS cluster of 64 nodes

Basic functionality worked out of the box, but
performance was poor.

Attended a USCMS Tier2 hadoop workshop at UCSD in
early March
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Tier2 Hadoop Workshop

 Held at UCSD in early March 2009

* Intended to help get interested USCMS Tier2 sites
jump-start their hadoop installations

* Results:
* Caltech, UCSD expanded their hadoop installations
* Wisconsin delayed deployment due to facility problems
* Bestman, GridFTP servers deployed
* Initial SRM stress tests performed
¥ UCSD <-> Caltech load tests started
* Hadoop SEs added to SAM
* Improved RPM packaging
* Better online documentation for CMS

https:/itwiki.grid.iu.edu/bin/view/Storage/HdfsWorkshop
Michael Thomas US Atlas T2/T3 Workshop Nov. 12 2009 22



Caltech Deployment
Migrated OSG RSV tests to Hadoop in mid-march

Migrated data from dCache to Hadoop over the course
of 6 months (Apr. - Oct.). Operating with two SEs
during this time.

Added read-only http interface in mid-May

CMS review of Hadoop on Sep. 16. Formal approval
given on Oct. 21.

Decommissioned dCache on Oct. 22.
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Current Successes

- SAM tests passing
 All PhEDEX load tests passing

 RPMs provide easy installs, reinstalls
* hadoop, gridftp, bestman, xrootd (under development)

- Bestman + GridFTP-HDFS have heen stable
 Good Nagios coverage

« Great inter-node transfer rates (4GBls aggregate)
* Adequate WAN transfer rates (7Gbps peaks)

- Extensive Install/config documentation
%* https:/itwiki.grid.iu.edu/bin/view/Storage/Hadoop

* Primary storage system at 3 USCMS T2 sites
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https://twiki.grid.iu.edu/bin/view/Storage/Hadoop

Why Hadoop?

Caltech: “Lower operational overhead due to fewer
moving parts. The simple architecture is relatively
easy to understand”

UCSD: “Scalable SRM and replication that just works,
and the FUSE interface is simple for admins and users
to work with”

UNL: “Manageability and reliability”
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Not without problems...

« OSG RSV tests required patch to remove “:” from
filenames. This is not a valid character in hadoop
filenames. (resolved in OSG 1.2)

- Bestman dropped VOMS FQAN for non-delegated
proxies, caused improper user mappings and
filesystem permission failures for SAM, PhEDEX
(resolved)

- Bestman error messages incompatible with lcg-utils
(resolved)

 TFC not so “t” with multiple SEs

 Datanode/Namenode version mismatches
(improved)

 [nitial performance was poor (400MBIs aggregate)
due to cluster switch configuration (resolved)
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Not without more problems...

FUSE was not so stable

* Boundary condition error for files with a specific size crashed fuse
(resolved)

* df sometimes not showing fuse mount space (resolved)

* Lazy java garbage collection resulted in hitting ulimit for open files
(resolved with larger ulimit)

* scp, tar, rsync didn't work (resolved)

GridFTP servers crashing
¥* Excessive memory usage for large files (resolved)
* temp file not configurable (resolved)
* Unstable NIC driver (resolved)

Running two CEs and SEs requires extra care so that both CEs
can access hoth SEs

¥* Some private network configuration issues (resolved)
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Daily Operations

Wait for Nagios to alert for node-specific problems

Balance datanode disk usage daily with cron:
% hadoop balance -threshold 5

Set replicas based on file path daily with cron:
* Default replication ==
% hadoop fs -setrep -R 3 /store/user

gridftpspy running on desktop to watch for errors

Decommission node for maintenance
% vi /etc/hadoop/hosts _exclude && hadoop dfsadmin -refreshNodes

Just for fun: hadoop fsck /
Michael Thomas US Atlas T2/T3 Workshop Nov. 12 2009 28



Next Steps

xrootd interface

Improve application 10 profiles
Collaborations with Cloudera

Transition packaging and testing to VDT/OSG
Hadoop 0.20.1, 0.21.0

Evangelize
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Overall Impressions

Management of HDFS is simple relative to other SE
options

Performance has been more than adequate

Scaled from 4 to 64 to 140 nodes with minimal
problems

~50% of our initial problems were related to Hadoop,
the other 50% were Bestman, TFC, PhEDEXx agent, or
caused by running multiple SEs

Hadoop now serves 100% of the CMS data at Caltech,
UNL, and UCSD
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