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A demandaware network with fast
reconfigurations + highkanout. ProjecToR
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Manya Ghobadi et al.*
(* collaboratorsfrom U. Arizona!)
Kudosfor someslided
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ProjecToRn More Detalls:
EmpiricaMotivation
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Microsoftdata: 200Kservers across 4 productiatusters, clustesizes: 100 2500racks.
Mix of workloads:MapReduceype jobs, index buildergjatabaseandstorage systems.



Observation 1;

ProjecToRn More Detalls:

EmpiricaMotivation

A Many rack pairs exchange _

fAGOE S

0dNF FU

A Only somenot rack pairs

are active

Observation 2;

A Some sourceacks send
large amounts of traffi¢o
many other racks

2000 !\

Source rack

0 1000 2 00
Destinatio

rack

[}
o
I
I

1.0
0.8
0.6

Thishas
implicationson
network design!

%100_-5.9.. e (1).2
® ISt | o
v st )

28 50 75 100 20

Jestination rack

500 - -2 NJ 1 '.___._._

oL

0 500 1000
Destination rack

o

004
0.2}
0.0

----------------

5-min window
Day

0

50

100 150 200

Elephant outdegree

Microsoftdata: 200Kservers across 4 productiatusters, clustesizes: 100 2500racks.
Mix of workloads:MapReduceype jobs, index buildergjatabaseandstorage systems.



ProjecToRn More Detalls:
EmpiricaMotivation

Implication forstatic topologywith uniform -
CapaCIty: - -
A Overprovisionedfor most rack pairs ———
A Underprovisionedfor few others

Implications fordynamic topology

A Must be able to create direct links to lots of
other racks Ilfigh fan-out)

A Andswitch quickly among destination®
switching time) “B-N-N N BB
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ProjecToRn More Detalls:
DMDs

Array of

. . Memor I
micromirrors emoryce

INSTRUMENTS

A Eachmicromirrorcanbe turned on/off
A Essentialya 0/1-image e.g.,arraysize768x 1024
A Directionof the diffracted light can bénely tuned



Light Intensity

ProjecToRn More Detalls:
DMDsto Redirect LighFast
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ProjecToRn More Detalls:
DMDsto Redirect LighFast

Light Intensity

Challenge: (‘

O limited angular 1 1
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ProjecToRn More Detalls:
CouplingDMDs with angled mirrors
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Coupling point theDMDs toward

ad RA-@&IORf ¢ YANNRBNI I 348
installedoverhead.
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ProjecToRn More Detalls:
CouplingDMDs with angled mirrors

60x higher farout (can directly connecall pairs)
and 2500xaster switching time
P— than optical circuit switches




ProjecToRn More Detalls:
2-Topology Approach

+
e
ToR ToR,
dedicatedtopology | opportunisticlinks
(multihop, changes slowly) (singlehop changes fast)

k-shortestpathsrouting Decentralizedstablematching



ProjecToRn More Detalls:
Based on Virtual Output Queue Technique

Virtual output queues




ProjecToRn More Detalls:
Based on Virtual Output Queue Technique

size ~10x reconfiguration latency

A Bundles = samsrcdst pair,

Virtual output queues




ProjecToRn More Detalls:
Matchingwith a Twist

A Challenge: scheduling problemZisiered:
I Whiletraffic matrix isbetweenToRs
I matchingoccurs between laseiand photodetectors: multiplesf those perToR



