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[1] D. Abts et al. (2010), Energy Proportional Datacenter Networks, ISCAô10

[2] J. Kim et al. (2007), Flattened Butterfly: A Cost-Efficient Topology for High-Radix Networks, ISCAô07
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Key ideas:

ñItôs the diameter, stupidò

Lower diameter:

Ą Less cables traversed

Ą Less cables needed

Ą Less routers needed

Cost and energy savings:

Ą Up to 50% over Fat Tree

Ą Up to 33% over Dragonfly
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

EXAMPLE: FULL-BANDWIDTH FAT TREE VS HOFFMAN-SINGLETON GRAPH

diameter = 4

3-level fat tree:

[1] Hoffman, Alan J.; Singleton, Robert R. (1960), Moore graphs with diameter 2 and 3, IBM Journal of Research and Development

Slim Fly based on the

Hoffman-Singleton

Graph [1]:

diameter = 2

> ~50% fewer routers

> ~30% fewer cables

TSUBAME2.0
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Key method

Optimize towards the Moore 

Bound [1]: the upper bound 

on the number of vertices in a 

graph with given diameter D

and radix k.

DESIGNING AN EFFICIENT NETWORK TOPOLOGY

ρ Ὧ

ὓὄὈȟὯ ρ Ὧ Ὧ ρ

ὯὯ ρ

ὯὯ ρ Ễ

ὓὄὈȟὯ

[1] M. Miller, J. Sir§Ŕ. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

Example Slim Fly design for diameter = 2: MMS graphs [1]

[1] B. D. McKay, M. Miller, and J. Sir§Ŕ. A note on large graphs of diameter two and given maximum degree. Journal of Combinatorial 

Theory, Series B, 74(1):110 ï118, 1998

A subgraph with

identical groups of routers
A subgraph with

identical groups of routers

CONNECTING ROUTERS: DIAMETER 2
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

Groups form a fully-connected bipartite graph
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

A Slim Fly based on     :

ςή

1

ή

σή Ⱦς‏

ή

ή ή

ή

Construct a finite field .2 ꞈ

ꞈ ᴚȾήᴚ

Assuming q is prime:

πȟρȟȣȟή ρ

with modular arithmetic. 

Example:E

ꞈ πȟρȟςȟσȟτ

ή υ
Select a prime power q

50 routers

network radix: 7 

υ

υ

υ

υ

ή τύ Ƞ‏
ᶰ‏ ρȟπȟρȟύᶰᴓ

Number of routers:

Network radix:
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

πȟρ ꞈ ꞈ

Set of routers:

Label the routers

Routers (0,.,.) Routers (1,.,.)

Example:E ή υ

(0,1,.) (0,2,.) (0,3,.) (0,4,.)(0,0,.) (1,1,.) (1,2,.) (1,3,.) (1,4,.)(1,0,.)

é

(0,0,0)

(0,0,1)

(0,0,2)

(0,0,3)

(0,0,4)

(1,4,0)

(1,4,1)

(1,4,2)

(1,4,3)

(1,4,4)
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

Find primitive element4

‚ɴ ꞈ generates      : 

‚

ꞈ

All non-zero elements of

can be written as 

ꞈ

‚ȠὭɴ ᴓ

Example:E

ꞈ πȟρȟςȟσȟτ

ή υ

ρ ‚άέὨυ
ςάέὨυ ρφάέὨυ

Build Generator Sets5

ὢ ρȟ‚ȟȣȟ‚

ὢᴂ ‚ȟ‚ȟȣȟ‚

‚ ς

ὢ ρȟτ

ὢᴂ ςȟσ
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

Intra-group connections6
Example:E ή υ

Two routers in one group are connected iff

their ñvertical Manhattan distanceò is an 

element from:
Take Routers πȟπȟȢ

(0,0,0)

(0,0,1)

(0,0,2)

(0,0,3)

(0,0,4)

ὢ ρȟτὢ ρȟ‚ȟȣȟ‚

ὢᴂ ‚ȟ‚ȟȣȟ‚

(for subgraph 0)

(for subgraph 1)
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

Example:E ή υ

Take Routers ρȟτȟȢ

ὢᴂ ςȟσ

Intra-group connections6

Two routers in one group are connected iff

their ñvertical Manhattan distanceò is an 

element from:

ὢ ρȟ‚ȟȣȟ‚

ὢᴂ ‚ȟ‚ȟȣȟ‚

(for subgraph 0)

(for subgraph 1)
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

CONNECTING ROUTERS: DIAMETER 2

Inter-group connections7

Example:E ή υ

Router πȟὼȟώ ρȟάȟὧ

iff ώ άὼ ὧ

Take Router              ρȟπȟπ

(1,0,0)

ά πȟὧ π

ρȟπȟπ πȟὼȟπ

Take Router              

(1,1,0)

Take Router              ρȟρȟπ ά ρȟὧ π

ρȟπȟπ πȟὼȟὼ
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Á How many endpoints do we attach to each router?

Á As many to ensure full global bandwidth:

ÁGlobal bandwidth: the theoretical cumulative throughput in all-to-all in a 

steady state

Number of ports

to endpoints ȩ

DESIGNING AN EFFICIENT NETWORK TOPOLOGY

ATTACHING ENDPOINTS: DIAMETER 2
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DESIGNING AN EFFICIENT NETWORK TOPOLOGY

Get load l per router-router channel (average number of routes per channel)

ὰ
ὸέὸὥὰὲόάὦὩὶέὪὶέόὸὩί

ὸέὸὥὰὲόάὦὩὶέὪὧὬὥὲὲὩὰί

Make the network balanced, i.e.,:

ὰ

each endpoint can inject at full capacity

ὰέὧὥὰόὴὰὭὲὯὰέὥὨὲόάὦὩὶέὪὩὲὨὴέὭὲὸί

ATTACHING ENDPOINTS: DIAMETER 2

1

2

33% of ports lead

to endpoints

67% of ports lead

to other routers
ὰ ὰ ὰ

ὰ ὰ ὰ
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...

...

...

...

COST COMPARISON

COST MODELS: VARIANTS

...

...

...

A rack

Variant 1: Routers 
and servers together

...

...

...

Variant 2: Routers and 
servers separately

...

...

1 m
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COST COMPARISON

CABLE COST MODEL

Á Cable cost as a function of distance

Á The functions obtained using linear regression*

Á Optical transceivers considered

Á Cables used:

Mellanox IB FDR10 40Gb/s QSFP

Á Other used cables:

*Prices based on:

Mellanox IB QDR

56Gb/s QSFP

Mellanox Ethernet

40Gb/s QSFP

Mellanox Ethernet

10Gb/s SFP+

Elpeus Ethernet

10Gb/s SFP+
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COST COMPARISON

ROUTER COST MODEL

Á Router cost as a function of radix

Á The function obtained using linear regression*

Á Routers used: 

Mellanox IB FDR10

Mellanox Ethernet 10/40 Gb

*Prices based on:
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COST COMPARISON

RESULTS

10 20 30 40 500

0

25

50

75

100

Number of endpoints [thousands]

T
o
ta

l 
c
o
s
t 
[m

ill
io

n
s
 o

f 
$
]

Variant 1:

Variant 2:
SF less expensive than DF by 

~13% (Mellanox IB routers) up to 

~39% (Mellanox Ethernet routers)
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COST & POWER COMPARISON

DETAILED CASE-STUDY

Á A Slim Fly with;

ÁN = 10,830

Á k = 43

ÁNr = 722
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COST & POWER COMPARISON

DETAILED CASE-STUDY: HIGH-RADIX TOPOLOGIES

Fat tree DragonflyFlat. ButterflyRandom Slim Fly

Fat tree DragonflyFlat. ButterflyRandom Slim Fly
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STRUCTURE ANALYSIS

RESILIENCY

Á Disconnection metrics

Á Other studied metrics:

ÁAverage path length (increase by 2);

SF is 10% more resilient than DF

ñ-ò means that a given topology does not 

have a variant of a given size 

Torus3D Torus5D Hypercube Long Hop Fat tree Dragonfly Flat. Butterfly Random Slim FlyNumber of

endpoints
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PERFORMANCE & ROUTING

MINIMUM ROUTING

Intra-group connections1

ᶬPath of length 1 or 2 

between two routers

Inter-group connections

(different types of groups)
2

ᶬPath of length 1 or 2 

between two routers

Inter-group connections

(identical types of groups)
3

ᶬPath of length 2 between 

two routers
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PERFORMANCE & ROUTING

RANDOM UNIFORM TRAFFIC
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OTHER

RESULTS


