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[1] C. E. Leiserson. Fat-trees: Universal Networks for Hardware-Efficient Supercomputing. IEEE Transactions on Computers. 1985.
[2] M. Besta and T. Hoefler. Slim Fly: A Cost Effective Low-Diameter Network Topology. SC14.
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diameter = 43-level fat tree [1]:

[1] C. E. Leiserson. Fat-trees: Universal Networks for Hardware-Efficient Supercomputing. IEEE Transactions on Computers. 1985.
[2] M. Besta and T. Hoefler. Slim Fly: A Cost Effective Low-Diameter Network Topology. SC14.
[3] Hoffman, Alan J.; Singleton, Robert R. (1960), Moore graphs with diameter 2 and 3, IBM Journal of Research and Development

Slim Fly [2] based on
the Hoffman-Singleton

Graph [3]:

diameter = 2
> ~50% fewer routers
> ~30% fewer cables

TSUBAME2.0
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Torus 3D

Cray XE6

Torus 5D

IBM BG/Q

Hypercube

NASA Pleiades

Long Hop [1]

[1] Tomic, Ratko V. Optimal networks from error correcting codes. 2013 ACM/IEEE Symposium on  Architectures for Networking and 
Communications Systems (ANCS)

Infinetics
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[1] C. E. Leiserson. Fat-trees: universal networks for hardware-efficient supercomputing. IEEE Transactions on Computers. 1985
[2] J. Kim, W. J. Dally, D. Abts. Flattened butterfly: a cost-efficient topology for high-radix networks. ISCA’07
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Fat tree [1]

Flattened Butterfly [2]

Dragonfly [3]
Random

Topologies [4]

TSUBAME2.0

Cray Cascade
[1] C. E. Leiserson. Fat-trees: universal networks for hardware-efficient supercomputing. IEEE Transactions on Computers. 1985
[2] J. Kim, W. J. Dally, D. Abts. Flattened butterfly: a cost-efficient topology for high-radix networks. ISCA’07
[3] J. Kim, W. J. Dally, S. Scott, D. Abts. Technology-Driven, Highly-Scalable Dragonfly Topology. ISCA’08
[4] M. Koibuchi, H. Matsutani, H. Amano, D. F. Hsu, H. Casanova. A case for random shortcut topologies for HPC interconnects. ISCA’12
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Cluster structure

Rack structure

Structure of router groups

Routers

Cables

Models
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RESULTS: COST OF NETWORK CONSTRUCTION

Cost reduced by ~25-30% 
compared to the second best 

topology (Dragonfly)
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RESULTS: PERFORMANCE

Lowest latency, throughput better 
than that of Dragonfly and negligibly 

lower than that of Fat tree.
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MULTI PATHING?

Minimal paths?

Non-minimal paths?

Expanders 
are sparse…

IS THERE

ENOUGH

PATH

DIVERSITY?

HOW TO USE

MULTIPATHING?



spcl.inf.ethz.ch

@spcl_eth

RESULTS: MINIMAL PATHS

Slim Fly



spcl.inf.ethz.ch

@spcl_eth

RESULTS: MINIMAL PATHS

DragonflySlim Fly



spcl.inf.ethz.ch

@spcl_eth

RESULTS: NON-MINIMAL PATHS



spcl.inf.ethz.ch

@spcl_eth

DEPLOYMENT: LAYERS OF “ALMOST” MINIMAL PATHS



spcl.inf.ethz.ch

@spcl_eth

DEPLOYMENT: LAYERS OF “ALMOST” MINIMAL PATHS

Layer 1: include all links and 
route minimally



spcl.inf.ethz.ch

@spcl_eth

DEPLOYMENT: LAYERS OF “ALMOST” MINIMAL PATHS

Layer 1: include all links and 
route minimally

Layers 2-n: remove some links 
(e.g., select uniformly at 

random) and route minimally



spcl.inf.ethz.ch

@spcl_eth

RESULTS: ALL-TO-ALL

Layers



spcl.inf.ethz.ch

@spcl_eth

RESULTS: RANDOM UNIFORM

Layers



spcl.inf.ethz.ch

@spcl_eth

OTHER RESULTS



spcl.inf.ethz.ch

@spcl_eth

OTHER RESULTS



spcl.inf.ethz.ch

@spcl_eth



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth

POTENTIAL FOR NOVEL SOLUTIONS



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth

POTENTIAL FOR NOVEL SOLUTIONS



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth

POTENTIAL FOR NOVEL SOLUTIONS



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY

 Approaching the Moore Bound

 Resilient

A COST & POWER EFFECTIVE TOPOLOGY

 25% less expensive than Dragonfly,

 26% less power-hungry than Dragonfly

A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth

Thank you 
for your attention

POTENTIAL FOR NOVEL SOLUTIONS



spcl.inf.ethz.ch

@spcl_eth

TAKE-AWAY MESSAGE

A LOWEST-DIAMETER TOPOLOGY
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 Resilient
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A HIGH-PERFORMANCE TOPOLOGY

 Lowest latency

 Full global bandwidth

Thank you 
for your attention

POTENTIAL FOR NOVEL SOLUTIONS

http://spcl.inf.ethz.ch/
Research/
Scalable_Networking/
SlimFly
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Lowering Diameter Enables Cost-Effective and High-Performance Networks
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ℱ𝑞 = ℤ/𝑞ℤ

Assuming q is prime:

= {0,1, … , 𝑞 − 1}

with modular arithmetic. 

Example:E 𝑞 = 5
Select a prime power q

50 routers
network radix: 7 

5

5

5

5

𝑞 = 4𝑤 + 𝛿;
𝛿 ∈ −1,0,1 ,𝑤 ∈ ℕ

Number of routers:
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Construct a finite field .2 ℱ𝑞

ℱ𝑞 = ℤ/𝑞ℤ

Assuming q is prime:

= {0,1, … , 𝑞 − 1}

with modular arithmetic. 

Example:E

ℱ5 = {0,1,2,3,4}

𝑞 = 5
Select a prime power q

50 routers
network radix: 7 

5

5

5

5

𝑞 = 4𝑤 + 𝛿;
𝛿 ∈ −1,0,1 ,𝑤 ∈ ℕ

Number of routers:

Network radix:
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 For a 1-hop path use VC0

 For a 2-hop path use VC0 (hop 1) and VC1 (hop 2)

 One can also use the DFSSSP scheme [1]

MINIMUM STATIC ROUTING

[1] J. Domke, T. Hoefler, and W. Nagel. Deadlock-Free Oblivious Routing for Arbitrary Topologies. IPDPS’11
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