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3-level fat tree [1): diameter = 4

TSUBAME2.0

% L o )

- v" [l 4 : 3
Slim Fly [2] based on IR

".‘ “"‘7:5’i',tl \ R ‘\?3“4 !

the Hoffman-Singleton
Graph [3]:

[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
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!

TSUBAME?2

=<3\ = — A __\“w‘;l-. ' —
LR diameter = 2
r‘l o T f " ::‘.“‘ ". “.,“"Q‘! & "l

Vils oSy
B cava R At

Slim Fly [2] based on
the Hoffman-Singleton

Graph [3]:

el

!!‘_. ’ o ‘.! '-.-ﬁ"_g,r , v"-;g
L 55 ‘%7‘3? ﬂ:’ Ay

> ~“50% fewer routers
N A ™~ 0
Puegy > ~30% fewer cables

i [

% ‘_}‘!5.;; =

[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
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x 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.

[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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Optimize towards the Moore Bound [1]:
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a graph with given diameter D and radix k.
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[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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x Key method

Optimize towards the Moore Bound [1]:
the upper bound on the number of vertices in
a graph with given diameter D and radixXk,

MB(D,k) =1 +k +k(k —1)
+k(k—1)%+ -

D-1
— 14k Z(k 1
=0

[1] M. Miller, J. Siran. Moore graphs and beyond: A survey of the degree/diameter problem, Electronic Journal of Combinatorics, 2005.
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Groups form a fully-connected bipartite graph
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ATTACHING ENDPOINTS: DIAMETER 2

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

total number of routes

~ total number of channels

network radix =

O Make the network balanced, i.e.,: 67% ofrouter\radix

/

concentration = 33% of router radix

each endpoint can inject at full capacity
local uplink load = number of endpoints = [
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COMPARISON TARGETS
LOW-RADIX TOPOLOGIES

Torug, 5D

Torus 3D i
77, ,
7 % IBM BG/Q
v
Hypercube 2 Long Hop [1]
b , /] | :§
(__ ¥— NASA Pleiades Infinetics 7

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

Communications Systems (ANCS)
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[1] C. E. Leiserson. Fat-trees: universal networks for hardware-efficient supercomputing. IEEE Transactions on Computers. 1985
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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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Flattened Butterfly [2]

TSUBAME2.0

CAS ADE
il\
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

Dragonfly [3]
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Flattened Butterfly [2]

Dragonfly [3] N Random
- . Topologies [4]

| | CAS APE
i LA

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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CosT COMPARISON
CosT MODELS: VARIANTS

Variant 1: Routers
A rack and servers together

m-EEE
- W
N - EEp

[

3

Variant 2: Routers and
servers separately
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MODELS’ VARIANTS CosT MODELS: VARIANTS

Variant 1: Routers Variant 2: Routers and
A rack and servers together servers separately

8 2
H B B

CosT COMPARISON
CosT MODELS: GROUPS

“Most cables skipped for clarity

t e

Variant 1: Variant 2:
Electric cables Racks in each group
only contain routers;
they are thus smaller
Some cables

lead to routers

in other groups; Electric cables
they are optical \ /

Cables to other
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q= 4w + 5; Assuming q is prime:
w E N = {_1’0’1}’ Tq = Z/CIZ = {0,1, Y 1}

A Slim Fly based on @ :
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a Select a prime power q Q Construct a finite field f]:'q.

q = 4w + 5; Assuming q is prime: GExampIe: q = 5
w E N = {_1’0’1}’ Tq = Z/CIZ = {0,1, Y 1}

with modular arithmetic.
A Slim Fly based on (4 :
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e Label the routers
G Example: q = 5

Set of routers:

{0,1} Y| F, X F,

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

(0,0,0) (1,4,0)
(0,0,1) 1,4,1)
(0,0,2) 1,4,2)
(0,0,3) (1,4,3)
(0,0,4) (1,4,4)
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Fs ={0,1,2,3,4}
e Find primitive element & e Build Generator Sets §=2
: _ z4 _
§ € Fy generates T X = (1,82, .. §9°3) \ 1=¢&"mod5 =
All non-zero elements of F o 3 q=2 2*mod 5 = 16 mod 5
can be writtenas &'; i €N ={£,67%,...,8777}
X =1{1,4}
X' =1{2,3}



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY



spcl.inf.ethz.ch L
v onion  ETHzUrich

DIAMETER-2 SLIM FLY

G Intra-group connections



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

G Intra-group connections

Two routers in one group are connected iff
their “vertical Manhattan distance” is an
element from:



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

G Intra-group connections

Two routers in one group are connected iff
their “vertical Manhattan distance” is an
element from:

X ={1,&% ..,&973} (for subgraph 0)



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

e Intra-group connections

Two routers in one group are connected iff G Example: q =5
their “vertical Manhattan distance” is an
element from:

X ={1,&% ..,&973} (for subgraph 0)
X' ={§&3, ..,E97%} (for subgraph 1)



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

e Intra-group connections

Two routers in one group are connected iff G Example: q =5
their “vertical Manhattan distance” is an
element from: Take Routers  (0,0,.)

X ={1,&% ..,&973} (for subgraph 0)
X' ={§&3, ..,E97%} (for subgraph 1)



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

e Intra-group connections

Two routers in one group are connected iff G Example: q =5
their “vertical Manhattan distance” is an
element from: Take Routers  (0,0,.)

X ={1,&% ..,&973} (for subgraph 0)
X' ={§&3, ..,E97%} (for subgraph 1)

00—l N BN BN Il Bl E NN
col) - I I I Il Bl E NN
©02) — N BN B = Il Bl E NN
003 — i N BN N Il Bl E NN
o4 —i I BN I = N BN N B



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

e Intra-group connections

Two routers in one group are connected iff G Example: q =5
their “vertical Manhattan distance” is an
element from: Take Routers  (0,0,.)

X ={1,&% ..,&973} (for subgraph 0)
X' ={§&3, ..,E97%} (for subgraph 1)

X ={1,4}

00—l N BN BN Il Bl E NN
col) - I I I Il Bl E NN
©02) — N BN B = Il Bl E NN
003 — i N BN N Il Bl E NN
o4 —i I BN I = N BN N B



spcl.inf.ethz.ch oo o
v owien  ETH ZUrich

DIAMETER-2 SLIM FLY

e Intra-group connections

Two routers in one group are connected iff G Example: q = 5
their “vertical Manhattan distance” is an
element from: Take Routers  (0,0,.)
— 2 q-3
X ={1,¢&%,..,&897°} (for subgraph 0) ¥ = @4}

X' ={§&3, ..,E97%} (for subgraph 1)
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