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Connectmg two hosts

. A Q
| Weusealmk - ﬁ_
Such as copper wlre

Or radio waves .

wlth the purpose of sendmg
blts
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‘Weneedrules! . = - @&

Both hosts need to use
~thesamerules =

When does a message start?-

'Howis the data encoded? .

| We call these rules network
o protocols+ - )

—+



-Ethernet Language of two
| hosts |

+

.Alternatiues: o

Inflmband often used for HPC in the
datacenters+ o o

X +
arF . +

Wi-Fi.for radio waves
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“Internet Protocol (IP)

+

Deueloped to send data to hosts not . -
dlrectlg connected -

We use routers to forward packets

We can now*haue networks — llttle
Internets! - .t
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| foanxspo'rt*.Protocols

+

We want to run- multtple network appllcatlon on
the same host

We add a new protocol with a field called PORT

+

= 'User Datagram Prxotocol'(UP)
.~ Transmission Control Protocol (TCP)

+



Lifeis hard, packets get lost sometimes -

+

LS

‘We need reliable transfer of data -
retransmission

+



Lifeis hard, packets get lost sometimes -

o

~
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‘We need reliable transfer of data -
retransmission

+



'Congestlon Control

Ju

| Rellabllltg => Retransmlsswn -> Congestlon

util = 10%

time



Congestion Control

Reliability => Retransmission => Congestion

W=16.3
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time



DATA FILE

Application Layer
|
Y L
. TCP
TCP la
¥eL header DATA
l |
IP La Ir TCP
— headeq headef DPATA
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Link Layer MAC 1P TCP
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| |

Physical Layer TRANSMIT




'Aﬁplicatidn protocols
Upon TCP/ IP gou can build gour own

B HTTP muented by Tim Berns at CERN
the basis for the World Wide Web |

Dbniajn Name Protocol (DNS)
(142.250.186. 142 <-> google.com).

X.Message Passing Interface(M PI) for
parallel computing
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Flow

Switch (also routing)




Each server should be able to speak
with any other server

¥

If most of the traffic is intra- data center then there is a very
uneven distribution of bandwidth




‘Hierarchical =~ . = .

+ Core .
o — Aggregation

= @ : e e == == Top of The Rack (TOR)
EEEE EEEEEEEEEEEE S



FatTree =~ - - +
Special case of Clos networks (1952 e
telecommunlcatlons) o

+

Core

A&gregation

Edge
(TOR)

X

T X Pod

Al-Fares, M., Loukissas, A., 8Vahdat A. (2008) Ascalable commodity data center network
~architecture. ACM SIGCOMM computer communication review, 38(4), 63-74.



FatTree =~ - - +
Special case of Clos networks (1952 e
telecommunlcatlons) o

+

Theorem there exists an optimal arrangement of flows -

Most of the datacenters use it

Core

Ag+gregation

Edge
(TOR)

X

+ x Pod
Al-Fares, M., Loukissas, A., SVahdat A. (2008) Ascalable commodity data center network

" architecture. ACM SIGCOMM computer communication review, 38(4),.63-74.






‘Why Fat Tre*.e?f

+

800 - - 8000
+ 700 - , . . - 7000
; 600 - " Hierarchical design | 6000
p Fat-tree
- Scales better Csw o0 &
x . . E 400 - - 4000 E
x X . 300 - - 3000
- We can use consumer 200 - 2000
' : 100 - - 1000
grade Ethernet fabric - . ,
5 ’ x . . Total power (kW) Total heat dissipation
(KBTU/hr)
Hierarchical design Fat-tree '
. Cost/ . Cost/ T -
Year | 10 GigE | Hosts GigE GigE | Hosts GigE q .
2002 | 28-port | 4480 | $25.3K | 28-port | 5488 | $4.5K
2004 | 32-port | 7,680 | $4.4K | 48-port | 27,648 | $1.6K x
2006 | 64-port | 10,240 | $2.1K | 48-port | 27,648 | $1.2K
2008 | 128-port | 20,480 | $1.8K | 48-port | 27,648 | $0.3K N +

+

X

L

Al-Fares, M., Loukissas, A., SxVahdat, A. (2008). A scalable, commodity data center ﬁetwork

architecture. ACM SIGCOMM computer communication review, 38(4),.63-74.
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DragonFly -~~~ . .

"cables dominate network cost"[1] .

+

Dragonfly was designed to reduce this.
~cost . :

Used only in some HPC datacenters - |

+

+

L
+ X X +

[1]Kim, John, et al. "Technolc?gg—driuen, highly-scalable dragonfly topology." ACM SIGARCH Cc;mputer
" Architecture News 36.3 (2008): 77-88. . C .
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Figure 19. Cost comparison of the dragonfly topology to alter-
native topologies.



Lots of other topologies for
spec1allzed workloads

- 3d Torus - . . Bigtterflg



"How are paths chosen?
. Each flow is placed on one randoemly chosén path

between the endpoints by using the Equal-cost -
multipath (ECMP)

+

A form of load balancing the links




Il. Achieving High |
- Throughput and Low latency
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GPUs create more traffic than ever




'Trafflc Patterns between GPUS cause X
,ouerloadmg of the network x S

+
+

Usuallg lmplemented in commumcatlon ;
llbrarles (e.g. NCCL, RCCL, MPI)

All-reduce . * } * All-gather
0,1 ) . 2] 151 * [0, ] i "2, (5.
[ Rank 0 ]+[ Rank 1 } [ Rank 2 J [ Rank 3 ] [ Rank 0 } [ Rank 1 } [ Rank 2 } [ Rank 3 }
4 x + +
g = + -
. [ Ranko | | Rank1 | [ RankZJ CRank3 | Rank0 | | Rank1 | | Rank2 | [ Ranks |-

[T = tO+1+2+t3] [T =t0+11+12+t3] [T = 0+11+12+13]  [T= t0+1+2+13] P [tO, t1, t2, t3]  [tO, t1: t2, t3] - [tO, t»fl t2, 3] [tO, t1, t2, t3]
x +



For dlstrlbuted computatlon OpenMPI PgTorch

. When you have 10000s of GPUS -
Commumcatlon becomes a bottleneck

kernel_type sum percentage

0 COMPUTATION 3430656 61.3

1 COMMUNICATION 2167936 38.7

T2 MEMORY 408 0.0

+ 3 COMPUTATION overlapping COMMUNICATION 0 0.0

4 COMPUTATION overlapping MEMORY 0 0.0

oS

+



| Remote Dlrect Memorg Access (RDMA)

- Packets bypass the kernel and CPU (us through the kernel in
TCP/ IP) , , X + A

+

Ju

~ Initially added to InfiniBand fabric

-

( N .
Dat . ' Data

HPC App (MPI) (RZ,\‘;‘) ] x HPC App (MPI)  [JESA ]

. ) U . '
x (

Kernel S Buffer ] I Sl TCP/IP ]
~ . \ N L

| ‘[NIC(Network card) ~ Buffer ] . x [NIC Buffer ]

+

+

" . Recio, Renato, et al. A remote direct+memor'y access pr'otocél specification. No. rfc5040. 2907.



Looking closer
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HPC App

Communication Library (e.g. NCCL/MPI)

InfiniBan

~

RDMA API
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Why RDMA?

% Peak Bandwidth
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==TCP over Infiniband
==RDMA over Infiniband
—TCP over GigE

Message Size (Bytes)




+

- Rlse of multipath protocols

- The protocols SO far are smgle path transports (e.g. ROCE or TCP)
+ eachflowis placed on'one randomly chosen path by ECMP

-What if we break a flow into multiple smaller flows? : R
© " Thisis called Multipath - x
|
=
[ <

. + x
+

- +
[1] Raiciu, Costm etal.' Improvmg datacenter performance and robustness with multlpath TCP." ACM SIGCOMM
Computer Communlcat/on Review 41 4 (2011): 266-277. .



Throughput (Mb/s)
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~ TCP Flow Throughput =

0 1
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Receiver driven control loop

The receiver host controls the "speed" at which the packets are
sent by the sender host

You can send 4 packets
TOR

1 TOR
% |

W | _UDP_|
: 'l]]]%] B ) Om =

The sending host will send packets only
when asked by the receiver

SN >




| Ultra Ethernet Transport

Plans to bypass NVIDIA's monopolg wlth InflmBand on
datacenter networking - Utragthemet S

+

Steering Members

AMD ARISTA  ©BROADCOM "c|l'$'é|<;' EVIDEN A
Most big companies are sz intel  OOMeta B wMicosoft  ORACLE

working ‘ x ’ General Members
‘On an open network stack |

y € Alibaba Cloud AAFIFlCUS .0... thEH* ! ByteDanéa
over Ethernet forHPC BaidhBE

VMET

> + L — —— —
+ . ' . DeL echrologis 9 enfabrica @@ EEEE JUNIPEr
HUAWEI 0
L oveser St |Hweee . H3C NOKIA
+
+

Pﬁretfgg;ﬁg Ospirent synoesys



UEC Stack

Ultra Ethernet ‘Tr*anSpofrtx -

| UEC extensions |

Multi-iaath ;5a'cl‘<etxsp*rxagi.ng"+ L R

Packet Delivery

| Congestion Management | Reliability Modes |

jTransport optimized for RDMA - * =

-+

‘Multiple transport delivery services
:

+ x

x

and soon.:

[N ]

_+_ X
+ ' ‘
N x S N
+
+
- +



X

+ + +
+
X
X . :
. * + x
X
+ X .
C X
. x x +
+
X

X
X .
X
.+. X
+
L] +
+ + .
. x
.
x
.
.
+
. aF X
X
+ + °
X
. . +

X X
. X
x aF
+ 5
. . x
+ x
X + +
° o
4L
X
~ -
+ o

x

X



‘Oversubscription I

worst-case achievable bandwidth among the end hosts -

total bisection bandwidth of a particular éorhmunicétionjopolo@y

- L mem L1 indicates thxat thg aggregate.
‘bandwidth not decrease from one tier

to the next as we approach the core.

80 Gbps +

K +

e 5:1 'means that only 20% of
available host bandwidth is available
for some communication- patterns. -

10 Gbps link +

Aggregate Bandwidth Between Aggregate Bandwidth at This Level
These Switches of Tree

-+ x +
X B



