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A demand-aware network with fast 
reconfigurations + high fanout: ProjecToR

Manya Ghobadi et al.*
(* collaboratorsfrom U. Arizona!)
Kudosfor someslides!
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Fasterthan
moving

antennas!



ProjecToRin More Details: 
EmpiricalMotivation
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Microsoft data: 200K servers across 4 production clusters, cluster sizes: 100 - 2500 racks.
Mix of workloads: MapReduce-type jobs, index builders, database and storage systems.

Observation 1:
Å Many rack pairs exchange 
ƭƛǘǘƭŜ ǘǊŀŦŬŎ

Å Only some hot rack pairs
are active

Observation 2:
Å Some source racks send 

large amounts of traffic to 
many other racks
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This has
implicationson 
networkdesign!

Microsoft data: 200K servers across 4 production clusters, cluster sizes: 100 - 2500 racks.
Mix of workloads: MapReduce-type jobs, index builders, database and storage systems.



Implication for static topologywith uniform 
capacity:
Å Over-provisionedfor most rack pairs 
Å Under-provisionedfor few others

Implications for dynamic topology:
Å Must be able to create direct links to lots of 

other racks (high fan-out)
Å And switch quickly among destinations (low 

switching time)
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ProjecToRin More Details: 
Technological Enabler
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Laser Photodetector



ProjecToRin More Details: 
DMDs

Array of 
micromirrors

Memory cell 

ÅEachmicromirrorcanbe turned on/off
ÅEssentiallya 0/1-image: e.g., arraysize768 x 1024
ÅDirection of the diffracted light can be finely tuned
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Challenge: 
limited angular 

range+/- 3°



ProjecToRin More Details: 
Coupling DMDs with angled mirrors 
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Coupling: point the DMDs toward 
a άŘƛǎŎƻ-ōŀƭƭέ ƳƛǊǊƻǊ ŀǎǎŜƳōƭȅ
installed overhead.

!ǎǎŜƳōƭȅΩǎ angled facets magnify
ǘƘŜ 5a5Ωǎ ǊŜŀŎƘ ǘƻ ǘƘŜ ŜƴǘƛǊŜ DC.



ProjecToRin More Details: 
Coupling DMDs with angled mirrors 

16



ProjecToRin More Details: 
Coupling DMDs with angled mirrors 

17

60x higher fan-out (can directly connect all pairs)
and 2500x faster switching time

than optical circuit switches



ProjecToRin More Details: 
2-Topology Approach
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dedicatedtopology
(multihop, changes slowly)

opportunisticlinks
(singlehop, changes fast)

+

k-shortestpathsrouting Decentralizedstablematching



ProjecToRin More Details: 
Based on Virtual Output Queue Technique
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Bundles = same src-dst pair,
size ~10x reconfiguration latency



ProjecToRin More Details: 
Matching with a Twist

ÅChallenge: scheduling problem is 2-tiered:
ïWhile traffic matrix is between ToRs
ï matchingoccurs between lasers and photodetectors: multiples of those per ToR!


