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Google K Jeff Dean
Evolution and Future Directions of Large -Scale
Storage and Computation Systems at Google

Facebook K Jason Sobel
Building Facebook : Performance at Massive Scale

Salesforce.com K Rob Woollen
The Internal Design of  Salesforce.com's Multi -
Tenant Architecture
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The Joys of Reg| Hardware
Typical first year for a new Cluster:

~1 network rewiring (rolling

~20 rack failures (40-80 ma

~5 racks 90 wonky (40-80 machines see 50% Packetloss)

~8 network maintenances (4 might cause ~30-minute random connectivity losses)
~12 router reloads (takes out DNS and external vips for 3 Couple minutes)

~3 router failures (have to immediately pull traffic for an hour)
~dozens of minor 30-second blips for dns

~1000 individual machine failures
~thousands of hard drive failures
slow disks, bad memory, misconfigured machines. flaky machines, etc.

Long distance links: wild dogs, sharks, dead horses, drunken hunters, etc.




1 115
Google Jeff Dean l e

Some Commonly Used Systems Infrastructyre at Google

*GFS & Colossus (next gen GFS)
—Cluster-leve] file System (dis
* Cluster Scheduling system
—assigns resources to jobs made up of tasks
* MapReduce

tributed across thousands of nodes)

—distributed semi-structured storage system
—adaptively spreads data across thousands of nodes
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MapReduce Usage Statistics Over Time

Aug, ‘04 Mar, ‘06 Sep,'07 May, '10
29K 71K 2217K  4.474K
Average completion time (secs) 634 87

Number of jobs

395 748

4

Machine years used 217 2,002 11,081 39,121
Input data read (TB) 3,288 52,254 403,152 946460
Intermediate data (TB 758 6,743 34774 132,960
Output data written (TB) 193 2,970 14,018 45720

Average worker machines
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