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SLim FLy: AN EFFICIENT LOW-DIAMETER NETWORK TOPOLOGY [1]

‘@ Keyidea
y routers
Lower diameter \\H H
and thus average H \| H

path length: H endpoints H
fewer cables H H

and routers

necessary. H H H H

[1] M. Besta, T. Hoefler. Slim Fly: A Cost-Effective Low-Diameter Network Topology. ACM/IEEE Supercomputing, 2014. Best Student Paper Award
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SLim FLy: AN EFFICIENT LOW-DIAMETER NETWORK TOPOLOGY [1]

\ L/

“@~ Key idea

Lower diameter
and thus average
path length:
fewer cables
and routers
necessary.

[1] M. Besta, T. Hoefler. Slim Fly: A Cost-Effective Low-Diameter Network Topology. ACM/IEEE Supercomputing, 2014. Best Student Paper Award
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SLIM FLY: AN EFFICIENT LOW-DIAMETER NETWORK TOPOLOGY [1]

Lower diameter = more performance,
: smaller cost, less consumed power
\ Y-/

"@~ Keyidea
Lower diameter AR
and thus average o ‘
ath length: N YL
P gth: dés /] AT dob
fewer cables ‘ S S2Z

and routers
necessary.

[1] M. Besta, T. Hoefler. Slim Fly: A Cost-Effective Low-Diameter Network Topology. ACM/IEEE Supercomputing, 2014. Best Student Paper Award
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SLiM FLy: AN EFFICIENT LOW-DIAMETER NETWORK TOPOLOGY

L Fix radix k (router With Moore Bound
Fix diameter .
~ port count) as optimization, the network gets
(e.g.,D=2) )
needed as many routers as possible
x Key method (cost per router is minimized)

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

MB(D,k) =1 +k +k(k—1)
+ k(k—1)%*+ -

= 1+kDZ_:1(k—1)i i/\‘
=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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LOW-DIAMETER NETWORK TOPOLOGIES
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a) Step 1: Constructing Base Ring Z,: Let Z, =
{0,1,...,q — 1} be a commutative ring with modulo addition
and multiplication. We have to find a primitive element & of Z,.
¢ is an element of Z, that generates Z,: all non-zero elements
Moore graph of Z, can be written as &' (z € N). In general, there exists
Atticle  Talk no universal scheme for finding £ [45], however an exhaustive
search i1s viable for smaller rings; all the SF MMS networks
that we tested were constructed using this approach.

These networks look complicated...

From Wikipedia, the free encyclopedia

In graph theory, a Moore graph is a regular graph whose girth (the shortest cycle length) is

more than twice its diameter (the distance between the farthest two vertices). If the degree

b) Step 2: Constructing Generator Sets X and X': In

of such a graph is d and its diameter is £, its girth must equal 2k + 1. This is true, for a

graph of degree d and diameter £, if and only if its number of vertices equals the next step we utilize 5 to construct two sets X and X’ called

- generators [35]. For 6 = 1 we have X = {1,£2,...,£773} and

1+d) (d—1), X' = {£,63,...,6972} (consult [35] for other formulae). We
=0

will use both X and X’ while connecting routers.

Are they really so complex? Let’s see an example

Can we route/deploy them? o

Slim Fly
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DEPLOYING SLIM FLY: STRUCTURE INTUITION >0 routers, 200 servers (omitted)

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




ASECL. 2., @ cscs ETHziirich

spcl.ethz.ch

DEPLOYING SLIM FLY: STRUCTURE INTUITION >0 routers, 200 servers (omitted)

-
-
Details on how exactly one connects specific routers are
a bit lenghty and omitted (but it all comes down to -
constructing a finite field and usings its elements to (1)
appropriately label the routers and (2) connect them) -
O

Groups form a fully-connected bipartite graph
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Black IB cables:
Copper cables for intra-rack
InfiniBand connections

Orange IB cables:
Optical cables for inter-rack

InfiniBand connections. , —
Each bunch contains 10 links ’ 4 N

5 x IB Switches

Login Node

Colored Ethernet cables:
The blue, white and green
cables are Ethernet cables

Ethernet Switches

5 x IB Switches
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DEPLOYING SLIM FLy: PHYSICAL LAYOUT 50 routers, 200 servers (omitted)

=R

Mix (pairwise) groups
with different cabling patterns
to shorten inter-group cables

14
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DEPLOYING SLIM FLy: PHYSICAL LAYOUT 50 routers, 200 servers (omitted)

I =R

15
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DEPLOYING SLIM FLy: PHYSICAL LAYOUT 50 routers, 200 servers (omitted)
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50 routers, 200 servers (omitted)

DEPLOYING SLIM FLY: PHYSICAL LAYOUT

Racks form a fully-connected graph

17
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DEPLOYING SLIM FLY: PHYSICAL LAYOUT

Ports to  Ports to
endpoints switches
o000 0000OOFO
o000 o0000OCGO
o000 0000OOO
o000 0000OGOGO

Switches in
subgroup 0

Endpoints in
subgroup 0

— N —

Endpoints in
subgroup 1

o000 0000000
0000 0000O0OO
o000 0000000
o000 0000OOO
0000 o000OOO

Switches in
subgroup 1

—

18
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DEPLOYING SLIM FLY — STEP 1: INTRA-SUBGROUP CONNECTIONS

Ports to  Ports to
endpoints switches

Switches in
subgroun.s

Endpoints in
subgroup 0

Endpoints in
subgroup 1

SWitChES in 0000 0000O0OO
o000 0000000

G o o o o o a o

o

subgroup 1 eeee ocssesee
eeee cececcee
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DEPLOYING SLIM FLY — STEP 2: INTER-SUBGROUP CONNECTIONS

Ports to  Ports to
endpoints switches

0000 000004,

000s oTe0000

Switches in
subgroupd

Endpoints in
subgroup 0

Endpoints in
subgroup 1

o000 0000000
Switches in 0000 0000O0OO

-G o o o o o a o

b 1 o000 0000000
subgroup o000 0000OOO
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DEPLOYING SLIM FLY — STEP 3: INTER-RACK CONNECTIONS

_ ===

Orange IB cables: Black IB cables:

Optical cables for inter-rack Copper cables for intra-rack
InfiniBand connections. InfiniBand connections
Each bunch contains 10 links ’,

5 x IB Switches
Login Node
— o — Colored Ethernet cables:
40 x Compute Nodes i The blue, white and green
‘ ! cables are Ethernet cables
Ethernet Switches
5 x IB Switches

G o o o o o a o

\
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DEPLOYING SLIM FLY — VERIFICATION

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

| | | | | | | | | |
(OIOIO) (1'470)
(0,0,1) (1,4,1) Connectivity determined by the
following algebraic equations
(01012) (1’4’2) g g q
(01013) (1'4'3)
router (0,x,y) is connected to (0,z,y") iff y —y' € X;
(0,0,4) (1,4,4) router (1,m,c) is connected to (1,m,c) iff c — ¢ € X';
router (0, x,y) is connected to (1, m, c) iff y = mzx + ¢;

l Problems with switch 90e200:
Rack: 5 Slot: 10

. Missing or Extra Connections:
Switch 90e200 (Rack: 5 Slot: 10) should have been

/ connected to the following other switches but
. isn’t: 90db80, e46880
I / l l Incorrectly wired ports:

Switch 90e200 (Rack: 5 Slot: 10) does not have a
connection on port 5, but should be connected

[ ]
INFINIBAND" to 90db80 (Rack: 5 Slot: 8)
TRADE ASSOC ATION

Switch 90e200 (Rack: 5 Slot: 10) does not have
a connection on port 10, but should be
connected to e46880 (Rack: 2 Slot: 3)

19
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Rack 0 Rack 1 Rack 0 Rack 2
0.0.0 0.1.0 0.0.0 020
(s e HoH] (e e HeeH] (e e HoH] e He HeH]
0.01 0.11 0.01 021
e He HeeH] (e He HeeH] (e He HoH] B;8;8:8
0.0.2 0.1.2 0.0.2 0.2.2
B5;8;8;8 0;8;8;8 ;8,88 2 He HeeH]
0.03 013 0.0.3 023
(s e HioH] (s e HroH] (2= HoH] s He HoH]
e f- e [
Verification iIs
(s = HoH] (s e HeeH] (s H{s HH | s Hs HreHx]
[ ]
straightforward
(e He HeeH] (2 He HeH] (= He HeoH e HeHe ]
1.01 111 1.0.1 1.2.1
e He HeeH] (e He HeeH] B8;8;8;8 B8;8;8:8
1.0.2 11.2 1.0.2 1.2.2
(s HeHreH] (s e HreH] (= HeHoH s He HoeH)
1.03 113 1.0.3 123
(s e HoH] (s e HeoH] (2 = HoH] s He HooH]
1.04 114 1.04 124
2 e HeoH] 2 e HeeH] B;8;0;8 o He HeoH]
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ROUTING IN FAT TRees &

e High-performance routing is
facilitated by numerous multiple
shortest paths of equal lengths
between any endpoints
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ROUTING IN FAT TRees &

INFORMATIONAL

Network Working Group C. Hopps
Request for Comments: 2992 ECM P NextHop Technologies
Category: Informational November 2000

Analysis of an Equal-Cost Multi-Path Algorithm

e High-performance routing is
facilitated by numerous multiple
shortest paths of equal lengths
between any endpoints Ectablished t€c

. mu\t‘\path'\ﬂ '
using of designs aVa\\a_b\e

WCMP for DC [233]

Source routing for
e DC fabric [117]

hniques fOf
o & p\ethora

Monsoon [91]

We want to use

multipathing in Slim Fly [HSAaaiel U SIS
ECMP-VLB [123]

Work by Linden et al. [215]
Work by Suchara et al. [204]
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What are the problems '
that we want to tackle
with multipathing?

<@ cscs ETH:zirich

Let’s map some
workload...
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MULTIPATH ROUTING: MOTIVATION @

Flows collide!

What are the problems
that we want to tackle
with multipathing?

Let’s map some

workload...
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MULTIPATH ROUTING: MOTIVATION @

Flows collide!

What are the problems
that we want to tackle
with multipathing?

SV

Let’s map some

workload...
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What are the problems '
that we want to tackle
with multipathing?
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Let’s map some
workload...
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What are the problems '
that we want to tackle
with multipathing?

<@ cscs ETH:zirich

Let’s map some
workload...
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What are the problems vy
that we want to tackle
with multipathing?

Let’s map some
workload...
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.! How many multiple
paths do we need to Are there enough multiple

tackle flow collisions? paths in Slim Fly?

Key Insight 1: We need
three disjoint paths per
router pair to handle [almost
all] colliding flows [1]

Key Insight 2: In most cases,
there is only enough path
diversity when considering
“almost” minimal paths [1]

[1] M. Besta et al. FatPaths: Routing in Supercomputers and Data Centers when Shortest Paths Fall Short. SC’20.
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Layer O: minimal
paths

Layers 1-...:
non-minimal paths

<@ cscs ETH:zirich

Key idea: distribute & encode different
paths across ,,routing layers”

We minimize the overlap
of paths between layers
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What are example problems that
we need to tackle when

0 implementing this with IB?




mASPCL 2,

<¥e cscs ETHzirich

spcl.ethz.ch

InfiniBand - Addressing

Key idea: use multiple LIDs
(LID = Local Identifier) for

the same endpoint to

encode multiple path

S

Problem 1: How do

we introduce layers
in InfiniBand?

Switch 1

Destination LID

Next Hop

200

3
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InfiniBand - Addressing

Key idea: use multiple L

IDs

(LID = Local Identifier) for

the same endpoint to
encode multiple paths

Problem 1: How do

we introduce layers
in InfiniBand?

Switch 1
Destination LID | Next Hop
200 3
201 4
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IB Address Space Limitations

Problem 2: How
many layers can we

#Layers Max #Switches Max #Endnodes #Endnodes per Switch Network radix

support?
1 578 7514 13 25
2 587 7514 13 25
4 578 7514 13 25
IB supports at most 49’151
8 450 5400 12 23 .
unicast addresses
16 288 2592 9 18
32 162 134 7 13
64 98 588 6 1 For a given number of layers,
128 - 360 . 9 what is the largest Slimfly

network that IB can support,

while maintaining full global
bandwidth?




mMSPCL 9. ¥ cscs ETHzdrich

spcl.ethz.ch

InfiniBand - Layer Generation Algorithm

Problem 3: Given that we
want 3 disjoint paths, how
many layers do we need?

For each switch pair find and add an
almost-minimal path in every layer
(use minimal paths in Layer 0)

Switch 1
Destination LID | Next Hop
200 3

201 4
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InfiniBand - Layer Generation Algorithm

Problem 4: Can
All packets that are in switch 5 we fail to add an

that want to reach switch 2 almost-minimal

have to take the direct link in .. .
?
this layer (due to IB's dISjOInt path :

destination based routing)

Setting: We are trying to add a non-minimal path
to this layer for the switch pair (5, 2), after a path
for the pair (1, 2) has been inserted

Switch 5
Destination LID | Next Hop
201 2
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Evaluation : |
m ‘GR
1]
Orange IB cables: — e | : — Black IB cables:

Optical cables for inter-rack
InfiniBand connections.
Each bunch contains 10 links

Copper cables for intra-rack
InfiniBand connections

5 x IB Switches

Login Node

Colored Ethernet cables:
The blue, white and green
cables are Ethernet cables

Ethernet Switches

5 x IB Switches
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Comparison Baselines & Setup

iy Diameter: 4 Diameter: 3 Diameter: 3 Diameter: 3 Diameter: 2
. . @ Fat tree Dragonfly HyperX Xpander Slim Fly
Theoretical analysis =
2256 - T =k ) 000 Y Fg00
= B oo.o ° Al e °
~ A o O o
= 30 A o®
- Z Z fisiv['éu.m(si.ii)+T(3i:ti)'TS07 1= 112:"'ak (5) a_ P AAAAA 4--aa @ A,EA'QQ—H'A
veVil=1,...n 'g’ 4 A aAd 1 1
AALEY ey A
Z Z fiuvi ' 61),0‘:(1&,&,) < C(U»U)’ V(u,v) €k (6) 8 & AAMA “ AQA‘A'AI
i=1,..kl=1,.n = A A
Z Fiwot * Ou oy (urty) — Z fioul *Ouor(oiny =0, i=1,...k I=1,...,n,VueV\{s;t} (7 = 32 256 2048 32 256 2048 32 256 2048 32 256 2048 32 256 2048
vev vev flow size (KiB) o— Fatpaths 4— . Baseline |f— Mean
Z Z fisivl " az;_m(si_ti) S I-TT:LppcrbDunci : T(su t@), 1= 1; ey k' (8) equiv. to message size Q- atFatns A= = based on NDP - 1% tail
veVi=1l,..n
Z Z févs,l .(Ss,“o[(v,ti) =07 1= 17"'7k (9)
veV I=1,...n
SF DF HX3 XP FT3 SF-JF
|-+- SPAIN —A—FatPaths (minimizing interference) —X<-PAST -\/- k-shortest paths|
51 % w I 1
£ |5 i‘ B et ¥
3 PRI ek X S !
v ke v % N\SA D
IEO- Ve Ny Versfnnny Ve Y-y %’V"-V----V ’v N X7 ‘\v.
B ek 5 A i b S KX KLY
O O L © O L OO OO LD O O L ® S L L P &
& Qp“\/g,“ F LS L LS &P Q)DQ‘\,,\”LQ AN ‘A{.Asi!“
Number of endpoints Y 2 N
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Comparison Baselines & Setup

Networks Routing

LI

S AU
LEHES

\ >~="2%

Baseline: Deadlock-
Free SSSP (DFSSSP)
[1] routing, a

Baseline: 2-Level Non-Blocking Fat-Tree standard IB protocol

constructed using the same hardware

Rank Placement Strategy: Linear for both [1] J. Domke et al. Deadlock-Free

Slim Fly (SF) and Fat-Tree (FT) Oblivious Routing for Arbitrary
Topologies. IPDPS, 2011.
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Microbenchmarks ;
In most scenarios, SF

is comparable to FT

MPI Bcast — SF vs. FT MPI Allreduce — SF vs. FT
1.01 1.00 1.00 1.05 1.11 1.07 1.05 1.03 [0.67 0.71
1.01 1.00 1.05 1.07 0.95 1.03 1.14 1.10 1.09 1.07 |0.71 0.79
For 8 and 16-node 1.03 1.00 098 1.21 1.24 0.89 1.05 1.02 1.02 1.08 |0.72 0.78
i-g% %-8({ 8-23 8-2% (1)-32 0.90 1.02 1.03 1.01 1.06 0.82 0.87
configurations — especially 102 101 105 090 097 101 1.06 SR 0.97 [0195
. . 1.03 1.02 0.95 1.07 0.98 1'01 '02 1.08 1'07 1'04
1.02 1.00 0.95 0.95 1.00 ' ) : ' ’
with smaller message sizes ey Lo 200 IR 104 01 102 104 100
— the FT displays marginal 1.03 1.00 0.95 0.95 0.99 1.00 .00 0.97 0.98 1.08
1.05 1.06 1.02 0.97 1.00 1.03 .98 0.96 0.98 0.99
1.01 1.01 1.00 1.01 1.00 0.99 .00 0.97 0.97 0.97
advantages‘ 1.00 1.01 1.00 0.98 0.99 1.01 .84 0.89 0.86 1.29
0.98 1.01 0.97 1.37 1.00 1.09 .93 0.97 0.98 1.00
1.03 1.01 1.01 0.99 1.02 0.95 97 1.02 1.03 1.00
1-8(15 %-gg %-8% 8-3; %-gg 0.95 .06 1.04 1.01 1.01
2 M - 0.93 .05 0.98 1.05 1.01
. 1.02 1.00 1.03 0.98 1.03
Reason: FT has 16 nodes 0.97 1.03 1.00 1.02 1.07 Uos 03" 1.01 "1.02" O
) : 1.01 1.02 1.03 1.01 1.02 oo o2 R 00
. 1.00 1.02 1.02 1.02 1.06 : : : ' :
per switch (SF: 4), leading ) 267 1.02 (102 T S A L0 B
5 0.99 1.05 1.03 0.98 1.05 1.34 D.94 0.98 1.03 1.02
to more localized, zero 098 1.02 104 102 102 1.28 D97 110 1.04 101
1.00 0.98 1.03 1.01 1.02 1.07 1.02 1.04 0.97 1.02

inter-switch hop traffic N
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Microbenchmarks

Linear Random

Traffic congestion on the
(often) single shortest path
between a few switches.

placement in SF placement in SF

MPI Alltoall = SF vs. FT MPI Alltoall = SF vs. FT

222 1 0.99 222 ] 100 101 1.04 103 097 113  1.06
’ I k f d t' I d 2211 1.00 2214 099 099 105 110 1.01 111  1.04
H W S a C O a a p |Ve Oa 220 f 100 2201 099 101 1.09 113 1.07 111 1.06

219 1 o0.97 1.01 1.14 1.21 1.15 1.13 1.09

218 1 0.95 108 125 131 122 114 111

17 4 o001 111 131 149 136  1.23 1.15

Q 2164 o087 1.05 120 151 142 128 1.11

2154 089 092 109 125 129 121 1.14
0O 2141 979 o088 098 108 110 119 116 1.01
21321 090 118 094 092 | 144 109 129 124
N 2124 085 08 099 099 118 1.00 121 129
") 2114 083 08 103 091 118 126 097 1.01
091 094 108 137 110 101  1.03
1.04 1.07 132 102 0.98

0.98 _ 0.99 1.01
Another advantege of |[EECEECEELIE

1.01 1.07 1.04 1.03 1.02

2194 100

balancing support (which g 100
we do enable in the 2] 1o
protocols) limits its

practical improvement

rEREPES 9O =

214 1 0.99
4 102 124 . e
4 102 092 108 097
099 1.02 097  0.89
2101 100 101 090 115
294 096 098 1.08 1.08
284 107 098 100 101
274 098 1.06 096 095
26 1 105 101 1.00 098 .
254 102 102 104 102 . o o 097 114 1.03 102 103
ARV having low diameter ©  FEEETEENCGEEN GG
234 103 104 097 102 b 098 110 1.02 1.02 103
095 1.04 1.03 101  1.01
110 104 101 1.00 101
082 096 1.00 1.09 1.03 101  1.03

2 4 8 16 32 64 128 200 2 4 8 16 32 64 128 200
Nodes Nodes

=

Message Size [byte]
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Random placement for SF,
overcomes this bottleneck 22 Jross 1os EEER 1os
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Deep Learning Proxy Workloads CosmoFlow: Data + operator parallelism, requires allgather,

reduce-scatter, allreduce, and point-to-point

ResNet152: Pure data parallelism, only requires allreduce

GPT-3 : Data + operator + pipeline parallelism, requires
allreduce and point-to-point

SFvs FT

Both GPT-3 and ResNet152 predominantly rely
on allreduces at higher node counts...

Ilteration Time [s]

...but GPT-3 handles significantly larger
messages than ResNet152. Expectedly, the

Ccoooo cCOCOO OCOOOO performance trend of GPT-3 matches the trend
TEN8S Y9998 79998 .
2z 00 zZUA N zzZT 0 of MPI Allreduce for the high node count

= =2 = =2 =2 =2 = =2 =2

CosmoFlow  GPT3  ResNetl52 configurations
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HPC Benchmarks

SFvs FT
2258 3308 9333 8389 SF competes effectively with FT
O 4 - Lo T o B B | —N O d O ~N =~

in terms of performance

SF is effective for scaling HPC
benchmarks

GTEPS or GFLOPS

n © o o n O o o n O o o n © O O
NN oo NN oo NN OO NN oo
o~ e 1 = o | | I B | I B I |
== 1 1 == 1 1 == 1 | == 1 1

=2 =2 =2 = =z = =z =

BFS16 BFSi2s BFS1024 HPL
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Routing Improvements

Layered Routing outperforms
DFSSSP

Layered Routing vs DFSSSP

Routing Improvement

1.003 1.000 | N=200
This is thanks to the multi-
1.003 1.000 | N=160 pathing support (despite not
being able to leverage
0.994 1.165 1.007 F N=120 adaptivity)

0.995 1.121 1.022 F N=80

1.032 1.097 1.017 [ N=40

CosmoFlow GPT3 ResNetl52
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Cluster Use Cases, Research Outcomes, & Future Potential

Swing: Short-cutting Rings for Higher Bandwidth Allreduce Pa St P rese nt/ F u t ure

Daniele De Sensi Tommaso Bonato David Saam
Sapienza University of Rome ETH Zurich RWTH Aachen University

Testing SOTA
interconnects

Foundations of

Torsen ol performance > e
measures for P( |anF]|ml|r3]g| eSS:c ’)
: olarFly, PolarStar
’ Interconnects ’
HammingMesh: A Network Topology for @ 5C’22, o
Large-Scale Deep Learning Reproducibility

o s o e D e S P8 L1 Advancement Award, Enabling cheap computations by
‘ ‘ — ‘ Invited as CACM

: . Research Highlight filling idleness gaps on HPC
Congestion Benchmarking and systems (,, HPC for Free”).

Visualization of Large-Scale
Interconnection Networks

@ NSDI'24 Testing new batch scheduler

A High-Performance Design, Implementation, Deployment, policies, new paradigms, etc.
and Evaluation of The Slim Fly Network

Nils Blach*, Maciej Besta*, Daniele De Sensi*, Jens Domke?,

Hussein Harake§, Shigang Li*, Patrick Iff*, Marek Konieczny‘“, Kartik Lal{hotia”, Bandwidth—Optimal, Fully-Ofﬂoaded Collectives
Ales Kubicek™®, Marcel Ferrari*, Fabrizio Petrini”, Torsten Hoefler*
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Conclusions More of SPCUs research:

u youtube.com/@spcl 180+ Talks

u twitter.com/spcl_eth € ELICE | [T

O github.com/spcl 3.8K+ Stars

The First Slim Fly Construction MuttipaTH RouTiNG: MoTivation &

Flows collide!

ﬁ

What are the problems = ¢
that we want to tackle

with multipathing? ... or spcl.ethz.ch

/ Multipathing
o W B would help
o o~

Each bunch candains 10 links

Calored Exhernet cables:
The blue, white and green
cables ave Ethernet eables.

Let’s map some
workload...

Comparison Baselines & Setup Deep Learning Proxy Workloads CosmoFlow: Data + operator parallelis

atter, allreduce, and p

G e Dy Senear Damwry Owmeer
Theoretical analysis g e ety Mek e smem  F |00 | 88283 ure data paral
i fﬂff‘)‘;‘ et 10"
. 5 FE et B 3
o £ L Lt allreduce and p:
® H ‘ Faall et e I
I e S]] :
ok squiv. o message szs |37 FalPals 77 15 X
N = . 00 Both GPT-3 and ResNet152 predominantly rely
[t c .
s on allreduces at higher node counts...
o
SF DF HX3 XP FT3 SF-JF qL)
- sean i ST = =

...but GPT-3 handles significantly larger

S'WM%::W o

HI ee| TR il . messages than ResNet152. Expectedly, the
eigg Bd | Wmie Fees | mal Wy 1070 - ssos performance trend of GPT-3 matches the trend
FEEF PFPE ﬁ:‘ffi:&iﬁ\‘) EEFE PSS 13979 335975 214999 of MPI Allreduce for the high node count

zzZz zZzz zZzZ . .
CosmoFlow  GPT3  ResNet152 configurations
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