CWL 18746 Slorage Sysbems 2 May 2003
Spring 20403 Exam 2

Name:

Instructions

There are four (4) gquestions on the exam. You may fnd questions that could have several answers and
require an explanation or a justification. As we™ve said, many answers in storage systems are “I depends!T.
[n these cases, we ame more inerested in vour justification, so make sure you're clear. Good luck!

Problem 1 : Short answer. [36 poinis]

(a) One approach o disaster recovery is 1o maintain two physically distant replicas. with each update
going to both, Another approach is w periodically send modified blocks from the local primary Lo the
remole replica in the background. For each approach, identify a reasom why it might be preferred over
the ather.

Approack I van condirue eperationy al the replica site with ne data loss even with a calastrophic
Jailure ai the primary {immediale failover).

Approach 2: is cheaper and fasier. Wriles are acknowledped more gquickly by the local primary, and
pefentially fexs nehwork traffic iy generaled fo updale the replica sife.

(b File systems (eg., WAFL and LFS) that remap newly-written blocks into sequential ranges improve
performance for BAID 4 and BAID 5 amways. How?
By clustering a bunch of small wriltes inte ene large siriped wrile, yor reduce the number of wrilex
and improve efficiency. To avoid losing data, there must be a nenvolatile buffer.



() Fordistributed file systems that use callbacks, describe how consislency could be compromised if the
server rebools,
Client A writes 1o a file that client B has cached. The server rebools before notifving B of the write.
Then client B writes to the file. The initial write made by A will be lost,

(di MFS is a “staleless™ protoeol, meaning that the server keeps no state about the clients using it As
a result, the consistency guarantees provided to client applications are very weak, How could NS
clients be changed to achicve strong consistency guarantess? What would be the consequence?

If all NFS clients divable their local caches, the clients would be asswred of strong consisiency puar-
antees. Thix would slow down every operation and increase the lead on the nehwork.



(e) Consider a virtwalizing switch for MES servers that replicates all files acmoss two servers in order Lo
impronee availability. It does so by simply sending cach wrile-lvpe request (eog., create, delete, write)
to both servers.

(i) How should the switch decide where o send each read if seeking to ensure that, when no writes
are in progress, two clients performing reads will see the same answer? (Remember that the
swilch could crash and rehool. )

The mwilch could alwayy send reads o the same server. IF could also do a smarter scheme, like
hashing the NFX filchanale and sending all requests whose hasi v an “even” mumber o ang
server, and reguests with " odd " -numbered hashes to the other server

(i} What new capability could be added to the swikch touse more aggressive read routing algorithms
withoul violaling the above design goal ?

The switch conld support Iransactions.






