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[1] C. ELeisersonFattrees: Universal Networks for Hardwakdficient Supercomputing. IEEE Transactions on Computers. 1985
[2] M. Besta and Hoefler Slim Fly: A Cost Effective l-Diameter Network Topology. SC14

[3] Hoffman, Alan J.; Singleton, Robert R. (198@pre graphs with diameter 2 and BM Journal of Research and Development
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[2] M. Besta and Hoefler Slim Fly: A Cost Effective -Diameter Network Topology. SC14
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> ~509% fewer routers
> ~30% fewer cables

[1] C. ELeisersonFattrees: Universal Networks for Hardwakdficient Supercomputing. IEEE Transactions on Computers. 1985

[3] Hoffman, Alan J.; Singleton, Robert R. (198@pre graphs with diameter 2 and BM Journal of Research and Development



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY



v aswcen ETHzUrich

DESIGNIN&N EFFICIENNETWORKOPOLOGY




v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

0 6 OhQ

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

0 6 OhQ

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

0D 60hQ p

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

0D 60hQ p 7

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

DOONQ p 0 l/\

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

DOONQ p 0

i/'\

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

DOONQ p 0 QQ p

i/'\

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradix k

DOONQ p 0 QQ p

%/\

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DESIGNIN&N EFFICIENNETWORKOPOLOGY

x Key method

Optimize towards the Moore Boungil]:
the upper bound on theumber of verticem
a graph with givediameter Dandradixk

DOONQ p 0 QQ p

p Q Qp

[1] M. Miller, J{ A NMoare graphs and beyond: A survey of the degree/diampteblem, Electronic Journal G@ombinatorics2005.



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2

A subgraph with

identical groups of routers
Il Il N e Il Il N e
Il E Il E e Il Il N e
Il E Il E e Il Il N e
Il E Il E e Il Il N e



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2

A subgraph with
identical groups of routers

o o e cmmmm

e e s ammmm




v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2

A subgraph with A subgraph with
identical groups of routers identical groups of routers

Il Il N e

e o -

I Bl | B . Il Il N e

e e s ammmm



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2

A subgraph with A subgraph with
identical groups of routers iIdentical groups of routers




v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

A Example design fatiameter= 2



v e on ETHziirich

DIAMETERZ2 Q.IM HY
STRUCTURIKTUITION

WWWWM ViR s

Groups form a fulhconnected bipartite graph



v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ W QM £ 0 0 Qi
0 £ RO WA QNE ¢ Qa i

a




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

(2] Make the network balanced, i1.e.,:




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

® \ake the network balanced, i.e.,:
each endpoint can inject at full capacity




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

® \ake the network balanced, i.e.,:
each endpoint can inject at full capacity
0 ¢ waot VE Q'R 60 & wiDE QN € Q¢ o i




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

(2] Make the network balanced, i1.e.,:

each endpoint can inject at full capacity
0 ¢ waot VE Q'R 0 d wiDE QR € Q8 O




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

(2] Make the network balanced, i1.e.,:

each endpoint can inject at full capacity
0 ¢ waot VE Q'R 0 d wiDE QR € Q8 O

/

concentration = 33% of router radix




v e on ETHziirich

DIAMETERZ2 S.IM HY
ATTACHINENDPOINTDAMETER

O Get load per routerrouter channelaverage nmber of routes per channel)
0 ¢ WO QN € 0 0 Qi
0 £ W WO QME &€ Qa i

a

network radix =
® \ake the network balanced, i.e.,: 67% of router radl

. . . . \
each endpoint can inject at full capacity
0 ¢ waot VE Q'R 0 d wiDE QR € Q8 O

concentration = 33% of router radix




ST =g | v o en EETH zlrich

Systems@ ETH.

GOMPARISONARGETS
LOW-RADIXTOPOLOGIES



SO -§;
COMPARISONARGETS
LOW-RADIXTOPOLOGIES
Torus 3D
27
: 7‘ Moy |
i Cray XEG6

v e on ETHziirich



spcl.inf.ethz.ch

y @spcl_eth

ETH:zurich

GOMPARISONARGETS

LOW-RADIXTOPOLOGIES

Torus 3D

)/{ilé

i

Cray XEG6

BM BG/O

'['oru,s 5D




v e on ETHziirich

GOMPARISONARGETS

LOW-RADIXTOPOLOGIES Torus 5D

Torus 3D
A

BM BG/Q

Hypercube

7 NASA Pleiades




v e on ETHziirich

COMPARISONARGETS
LOW-RADIXTOPOLOGIES Torus 5D
Torus 3D
AL 7,
IZA Ve
A
i
Hypercube Long Hop [1]
__ W— NASA Pleiades Infinetics 5

[1] Tomic, Ratko \Optimal networks from error correcting codez013 ACM/IEEE Symposium Architecturesfor Networkingand
Communications Systems (ANCS)
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[1] C. ELeisersonFattrees: universal networks for hardwasdficient supercomputing. IEEE Transactions on Computers. 1985

[2] J. Kim, W. J. Dally, Bots Flattened butterfly: a costfficient topology for higiNF RAE Yy SUg2NJ ad L{/!QnrT

[3] J. Kim, W. J. Dally, S. ScottABts TechnologyDriven, High{ OF f 6 f S 5N} 32y Ff & ¢2L12f23&8d L{/!C
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AT VA

8 2
H B B

CosT COMPARISON
CosT MODELS: GROUPS

t e
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they are thus smaller
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they are optical \ /
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they are either
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Racks in a group a square as possible
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a square as possible

Structure of router groups
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*Most cables skipped for CosT MODELS: GROUPS

] ]

CosT COMPARISON

CosT MODELS: RACKS Variant 1: Variant 2:
Central racks
Variant 1: top-of-rack Sta,%ﬁgr\glth Variant 2: Electric cables Racks in each group
routers only contain routers;
they are thus smaller
/ Some cables

lead to routers

in other groups; Electric cables
they are optical \ /

Cables to other
groups lead to
routers only;
they are optical

electric cables,

/ avg length: 1m /

Servers are in
other racks

Other cables
lead to servers;

N
S

[\ .
i they are either
I =TI L All servers of electric or optical
a given router \ / (depends on the .
are in the distance) arll?aancgg d":a: gg%uepto
L7 Bame rack Racks in a group a square as possible
arranged as close to
A A 42U rack a square as possible
e nm

—__ (other sizes
also verified)

] Structure of router groups
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Rack structure

CosT COMPARISON
CosT MODELS: VARIANTS

Arack

\

Variant 1: Routers

Variant 2: Routers and
and servers together

servers separately

a2
B
H B

“Most cables skipped for clarity

CosT COMPARISON

QSFP 40 Gbls

10 20 30

-8~ Router cost

Length [m]
% 200001
&

10000 -

04

Routers used:
Mellanox IB FDR10

30 60 90
Radix [K]
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