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« Up To 30 Ton Sensible Capacity Per Unit

Computer Air Handling

* Air Discharge Can Be Upflow Or Downflow Configuration
* Downflow Configuration Used With Raised Floor To Create

MEHE

A Pressurized Supply Air Plenum With Floor Supply Diffusers

Power Distribution Unit (PDU)

« Typical Capacities Up To 225 kVA Per Unit

» Redundancy Through Dual PDU's With
Integral Static Transfer Switch (STS)
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Total Electrical Load To Building
« Can Be Located Underground Or At

RIS HA B

£
s

Heat Rejection Devices &
« Drycoolers, Air Cooled Chillers, Etc.

* Up To 400 Ton Capacity Per Unit
¢ Mounted At Grade Or On Roof

S

The Datacenter as a Computer

Flexible Suite Sq.Ft. Areas.
« Suites Consist Of Multiple Cabinets With
Secured Partitions (Cages, Walls, Etc.)
MRS ER

Colocation Suites
* Modular Configuration For

Ines

to the Design of Warehouse-Scale Mach

ion

An Introduct
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1. ZHENA
Cloud Computing Intro

2. RS BIER
Cloud Service and
Deployment Models

— TitER%

3. o MAME
Cloud Distributed Computing

4. =ItREIRHO
Cloud Data Center

5. ZRASGEUEEN
Cloud Data Communication

6. Openstack and AWS

7. EBERAR

Virtualization

8. BasIgmHk

Docker and Kubernetes

9. MEFREE
Load Migration

10. RUEEX—1])
Software-defined Everything

SITERA

= GIRSHEA

M~ ZREME

1. =RE
Cloud Native

12. ARSS 5 ERERENARSS

Microservices and FaaS

13. =TzfiE
Cloud Storage

14. zRISEMSATAMY
Cloud Reliability & Availability

15. RS EREEH
Cloud Intelligent IT Operations

16. EIRM AR

Resource Usage Optimization

17. RIS LE
Cloud Privacy & Security

18. BUEHOTIRE
Data Center Energy Save
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E. Masanet, et al. Recalibrating global data center energy-use estimates, Science, Vol 367, Issue 6481, 2020
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Flow Size (Bytes)
Web search, data mining (Microsoft) [Alizadeh 2010]
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EdtmimE (North-south Traffic)
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XiEm4LE (Regional network)
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HEAZRHY: 242 (Bus)
- N Bus Rt =EE

Bus: ﬁﬁﬁ*ﬁ@é—%ﬁ%ﬁﬁ @6 6 0
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BERZRt: (& (Mesh)

"Mesh: 35 SiEmISIKEE N
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- ETHEELERE (40 IBM Blue Gene)
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. Torus MAIFEEERE? — LA 4x4 3l

Mesh: (0,0) — (3,3) B% 3+3 = 6 Bk BfE: 6 — 2, L 67%!

%12 (0,0—(1,00—(2,0)—(3,00~(3,1)—(3,2)—(3,3)

Torus: (0,0) — (3,3) HE 1+1 = 2 Bk (/RRFBM wrap)

812 (0,00—(3,00—(3,3) (iEiT wrap-around)
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Out0 Outl Out2 Out3

BEXZE8): 32X FFX (Crossbar)
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Clos PZ&5E4

OClos M#32—AFRRZERIZRASHRMILE (non-blocking,
multistage switching network)
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Clos X Z&ZEF4]
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CISaSETRI PR IRIOTER,
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Three-stage Clos network
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Clos PYZ&22%4

N7 SCIZEREME, AR R AL,
= Ingress (3%IA) BiE=
= Middle (4h[&]) MEXR
= Egress (%) BiE=

Input switch 1

Input switch 2 Middle switch 1

Input switch 3 Middle switch 2

Stage 2: Middle

Input switch 4

Three-stage Clos network

Output switch 2

T=MrERAIZRM :

Output switch 1

Output switch 4

Output switch 3

41



Clos z&Z2%4

—F1Eg Clos MZRH 3 NEEEN.: n,m,k

* Ingress fIERE m MR, BNMEE n NMAF k N
* Middle FYERE k PN, B1MEE m MNMEAAF] m NMad
» Egress MR m 1L, B81MEE k MMaAF n M

Mo Md1 2

mXm ) | i
>< N0 —m 3X 3 crossbar
nXk/ l\kxn TN — switc
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n—— 1 jgz-\ ile — A2 —— -
Y I ‘\\\\\ /,'
[— 2 . p) f FXr ‘,\—'
EE— I I X g nxXm mXn %
_ . ] rxr
I I \_/5(\_ > E’: nXxXm hEE mXn E’:
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Clos PYZ&22%4
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Clos PYZ&22%4

XML ITEERARIITERY Clos k25

HERARIBEMINSEE (Fat-tree network)

Lea

NSHIEIESIOF, ClosZLAME (leaf-spine) 2z #n)

rxr

Spine 1 Spine 2 Middle switches — —/
Pl

rxr

fl Leaf 2 Leaf 3 Leaf 4 Leaf 5 Leaf 6 Leaf 7 Leaf 8 -

‘\A
Ingress/egress switches (input/output)

rxr

Clos leaf-spine network / Fat-tree network
Folded-Clos £5#4
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Core
NS

.| Aggregation

|irmE
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Core

S8 88

L T
................

Pod 3

An example Fat-tree architecture with k=4

Ok-ary Fat-tree:

v BININE kK NsE (8RS 0-3) |, MEES k4 pod

81 pod BEMERET CCRIEN) | BESB k/2 1N
BMENHRIDBIS k/2 NENFD k/2 NEERAHREE
%%E%@ (k/2)* DNMZOZIRI, FrBfzOIRAYEE | N[5z

CERRSHRASIR LA k/2 BIXEEEZ O3S
BESTHF k3 /4 NN, ¥k =40, kK3/4=4%/4=16

D N NI N NN
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(&4 Fat-tree ZEMRILER R

O{&4: Fat-tree ZE1989(t =
v BT #EHBE, RIfEREEMN AR BEBREA A, RIBERTE#E

VG (k/2)* SBEHE, KGR

VAEERE

C{ESE Fat-tree ZRf3RYFRMa)RE

v BiR IP/Ethernet M4 RSHEZ RIREIREPNHY (20 ECMP AY
o EIYE), BERDFIASHBESIE, SEEDHEREE

v KE

3%

D

= o=

"R FESENR
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M Fat-tree ZE#4

A Scalable, Commodity Data Center Network Architecture

Mohammad Al-Fares Alexander Loukissas Amin Vahdat
malfares@cs.ucsd.edu aloukiss@cs.ucsd.edu vahdat@cs.ucsd.edu

Department of Computer Science and Engineering
University of California, San Diego
La Jolla, CA 92093-0404
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hdim
10.17

iNE

A
B.
C
D

EAL |

I

 —

0.12.29 mask 255.255.255.254

P HEIEE ()

. 10.110.12.0

10.110.12.28

. 10.110.12.30
. 10.110.12.31

—[E—MdE

J&&
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[B] /o] FEE RS

R — KRB 2873 Bl Bl 25/ \B9 XY
ORFtmR 1P trROMISHIENERD, R B R4S

192.168.1.100 255.255.255.0

TT111111.11111111.11111111.0
Il ANDIEZE
192.168.1.0

CHE(LL 192.168.1 FFLAG IP HEUHERER— N TR
Ot312/FE 192.168.1.100/24 (gyE 24 1~ 1)
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FRhREE AN — TR

OTCP/IP iBHZE
= Destination: B#r=E# IP etk
= Gateway: ZEABIREANHIMKEE F—BEibiE

Routing tables

Destination Gateway Flags Refcnt Use Interface
140.252.13.65 140.252.13.35 UGH 0 0 emd0

127 <0 4051 127 00 <1 UH 1 0 100
default 140.252.13.33 UG 0 0 emd0
140.252-13:32 140.252.13:.34 U 4 25043 emd0

g_é =
g &ZEH-I%E;t Prefix | Output port

v BFERINE FEBRZENSEENL | oot
" §§ Q ZEIF%E;t 0.0.0.0/0 OSOu(t)'ﬁzyj8 Olltpl;t port
v BT Ef O S 0.0.0.3/8 3

\ 4

v I BN BIARIE
v B 3SR A RAR R AR O R AP SR R 53



Prefix Output port
10.2.0.0/24 0
10.2.1.0/24 1 [EEREK
0.0.0.0/0 Suffix | Output port
BB 0.0.0.2/8 2
0.0.0.3/8 3

10.2.2.1 g9iSHZFE

Core

] Aggregation

Edge

BaSitI Pttt /910.2.1.209
ENZIECEROT1 L%
A, TBRIPEZFRA
10.3.0.3g980EB N TR
3 ¥R
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IP Itbtit4mHE

Pod az#afl, IP ik : 10.pod. switch. 1
v'pod 3~ pod ID ([0,k —1])

v switch 7~ pod HWHY switch ID ([0,k—1]) , WEEIA,
MNTEIE

55



IP Itbtit4mHE

Core aZ#a#AY P ik 10.k.j.i

v 5FIJ | RRRHEAE (k/2)% 4~ Core ZHEM| S HIAL TR,
B1EXE [1, (k/2)]
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IP itbit 2k

F#HAY IP H#i3lk: 10.pod. switch.ID

VID 7R3

N

D9 1D ([2,k/2 + 1])

VB4 edge STHHIAER /24 FRFHY k/2 43

256

1L, k<
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et FRZRAE X

Aggregation JCERAIEHIEHZE

1 foreach pod x in [0, k — 1] do

2 foreach switch z in [(k/2),k — 1] do

3 foreach subnet i in [0, (k/2) — 1] do

4 addPrefix(10.x.z.1, 10.2.2.0/24, 7);

5 end

6 addPrefix(10.x.2.1, 0.0.0.0/0, 0);

7 foreach host ID i in [2, (k/2) + 1] do

8 addSuffix(10.z.2.1, 0.0.0.4/8, Prefix | Output port

(1 — 2+ z)mod(k/2) + (k/2)); | 10.2.0.0124 0
g d 10.2.1.0/24 I
cn 0.0.0.0/0 > Suffix | Output port
0.0.0.2/8 2
0.0.0.3/8 3
|

10.pod. switch. 1

}
pod x = 2

switchz = 2 -




et FRZRAE X

Aggregation ;[ ERAIHAEE

it

1 foreach pod x in [0, k — 1] do
2 foreach switch z in [(k/2),k — 1] do
3
4
5
6 addPrefix(10.x.z.1, 0.0.0.0/0, 0);
7 foreach host ID i in [2, (k/2) 4+ 1] do
8 addSuffix(10.z.2.1, 0.0.0.4/8, Suffix Output port
9 end
10 ond 0.0.0.3/8 ‘ ?

10.pod. switch. 1

|
pod x = 2

switchz =0 -




et FRZRAE X

Core (ty) 3ZHRHLESHER

1 foreach j in [1, (k/2)] do Prefix
2 foreach i in [1, (k/2)] do

3 foreach destination pod x in [0, (k/2) — 1] do 00012
4 addPrefix(10.k.7.7,10.2.0.0/16, x); 10.1.0.0/16
5
6
7

end 10.2.0.0/16
end 10.3.0.0/16

Edge

Output port

0

1
2
3
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(€5t Fat-tree ZR{YVFEEAE

@ i =it @ i:onusrER | @ RARE

Ofm&EZME: k-port 3T ERKHEY Fat-tree FEE 5k2/4 R4, k=48
AT 2800 R

O ORI ES . FE (k/2)? MU, AR LER

Dig Eﬁ%ﬁ&?s“iﬁﬂﬁ%ﬂ%&: IR RN AR im O EEE, FHRFEEE

OFNMBEAAATED: ECMP IRHRABESEIREAY (hash collision|a)R)

Dﬁ%ﬁﬂ EXIFRIRERED,: Al )IlZRhHY All-Reduce SEREEE IR

OFFEFEER: ZOERRSERINER
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724 ALIIZ

: KASES| S LA

« GPT-4 KEFMRBIFEZEHTEE 5K GPU &Ik

- #EFH17 (Data Parallelism): &1 GPU i+E#EREE All-Reduce FFE —
KEESEE

- {EBIFH1T (Model/Tensor Parallelism): #&EN D% EAR GPU — EEB
FER., SFmEE

« K& HT (Pipeline Parallelism): REIEEARIKRE — HFESXAIRIA/ A

ol
_ ESEHEL| y

400-800 Gbps <5 us BF~RT 30-50%
(3 "f') (GPU 5 & 42) (A 5) (] Zr B 1))

T B K RZR GPU £ 2FALAE SRR v

S : Shoeybi et al., Megatron-LM (2019); Narayanan et al., Efficient Large-Scale Language Model Training on GPU Clusters (2021) 81



Documents

Dense Embeddings Hidden Layers Output Units

obtained via word2vec,
doc2vec, GloVe, etc.

X

W, W, w; w, b WXy + WXy + WXy + W, X, +b a,
X

W W, W, W, : + 5 |= u.‘x,+~.'.-.x2+w\x,+v.gx‘+h - a,
X

W, W, w, w, 3 b WXy + WX, WXy W X +b a,
X4
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&0

-

o

%I B8

« 81 GPU FE=EAMREEIA
o JGEIEH D EIKZD (shards)
« 81 GPU 37 EARREEROREVEEE
o BT All-Reduce FZXHE
- B GPU Eifai’iF—&
=
v SCIfEE, BSOS 2
v JVFEMRIINELE (FEAEER)
R

X 81 GPU &EFEEEREE — NEFEHRIR
X All-Reduce @E{E5FFEME GPU £uE0

\

)

2% . lietal., "PyTorch Distributed: Experiences on Accelerating Data Parallel Training", VLDB 2020

=317 (Data Parallelism)

HEFTREE

JI1&E3E (Training Data)

vV 3&EIZ GPU

GPU O GPU 1 GPU 2 GPU 3

SoRtRE
IS

HERE

SoRtEE
ElIZ

IHERE

SoE A SR tEA

Bl
THERE

B
THEEE

2 All-Reduce: HE[RIZ 2
v Fi8 GPU {RBISEHRIF—E
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SREFHT

skEF1T (Tensor Parallelism)

-

\C

HERINEEMD S EIZ 4 GPU

o 5. %BEPEEE C = A x [BO, B1, B2, B3]
« 1 GPU it8BE0ER, ARG All-Gather ##%

ERFTRA (NVLink &% 5)

~

Bo B B, Bs
(igu)\) p 4 GPUO | GPU1 | GPU2 | GPU3

V¥ All-Gather 31545

C= [ABQ, AB1, ABz, ABg]

S : Megatron-LM (Shoeybi et al., 2019)
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IKEFHT
Ik FH1T (Pipeline Parallelism)

4 )
BRUZRSEIRR GPU

« 5: 24 Ef&ERY, 4/ GPU, BMHME6 2
o AR (micro-batch) F7KZHATT
\* S8 (bubble) EFEFE — SEMHWRE )

crvo ENENEIER "o e o [ w0
o1 DAEE DR
6Py 2 OEEDEEE

Py 3 DA DECE

— B8] (Time) KE = 58 (Bubble / ZSiH)

Z & : GPipe (Huang et al., 2019); PipeDream (Narayanan et al., 2019)
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3D FHTEEXRFHIT

AiIMStEEL)SEEHSERASMHHFTHREE: & GPU % =DP x TP x PP

Data Parallel Group 0 Data Parallel Group 1 (tHE%13)
Stage 0 Stage 1 Stage 2 Stage 3 Stage 0 Stage 1 Stage 2 Stage 3
Layer 1-6 Layer 7-12 Layer 13-18  Layer 19-24 Layer 1-6 Layer 7-12 Layer 13-18 Layer 19-24

GPU O GPU 2 GPU 4 GPU 6 GPU 8 GPU 10 GPU 12 GPU 14
(TP rank 0) (TP rank 0) (TP rank 0) (TP rank 0) (TP rank 0) (TP rank 0) (TP rank 0) (TP rank 0)

GPU 1 GPU 3 GPU 5 GPU 7 GPU 9 GPU 11 GPU 13 GPU 15
(TP rank 1) (TP rank 1) (TP rank 1) (TP rank 1) (TP rank 1) (TP rank 1) (TP rank 1) (TP rank 1)

@ Data Parallel: #2BUgIAx2, #iEHZE] @ Pipeline Parallel: #7445 4 /iER @ Tensor Parallel: 2% 2 4 GPU

. Bit: 2(DP) x4 (PP) x 2 (TP) = 16 ©* GPU | SEfFrhali BREF4 GPU
(%0 Megatron-LM 3D #17)
4 )
& ERH1T (Expert Parallelism) — MoE &G EMFhIF{T
Mixture-of-Experts #&%2 (40 DeepSeek-V3, Mixtral) ®, RFNEEZHRDHEAR GPU,

™ token RERAZIFRSEZR, Bid All-to-All BfEn AFIE
\_ 2% GShard (Lepikhin et al., 2020); Switch Transformer (Fedus et al., 2021); DeepSeek MoE (Dai et al., 2024) )




A

B HIVIIGFREIZCIBER

» All-Reduce

FrE T RBIEUEREH BEET R
BFEEFHITHISERSL (RFEN)

» All-Gather

BN ORISR ERIFTE T =
AF R THISEUE

» Reduce-Scatter
REeEnEEIARTR

5 All-Gather H&{EH

» All-to-All

BN O REMEEM T RREARREIE
BAFEFHRESIEE (MoE) AUIRH

E18(5 (Collective Communication)

Ring All-Reduce

Ring All-Reduce T &
@ Scatter-Reduce
Z1 GPU R D N 17,
iRIMEEFF RN
@ All-Gather

B EIERBIER
{58, 54 GPU sHasclas

BISE: 2(N-1)/N x {&RBX)
$£#: 2(N-1), 5 GPU #Z&iHEE

sCHR: NVIDIA NCCL, Gloo, Horovod
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\[

AIRT Al SSRFER1

Corporate network

( =

Data-center network

Gateway switches

Storage nodes

( Al cluster

Management nodes

: LY —
' | I —
' | | —
/| Storage Management
leafs [— [—] [—] [= | leafs

[T % GPU nodes

Console servers

88



RDMA 5 InfiniBand

N
RDMA (Remote Direct Memory InfiniBand £ Al ££&8f
Access) LA Al I FERHYEREBA
k. NDR 400Gbps / XDR
LSHRERFNI, EEHOTENT 800Gbps

FHEM (Zero-copy): HUEALZT CPU NVIDIA £5& (2019 Fiziy Mellanox)

NZ5SiE (Kernel Bypass): iR GTERFT

H HRVFIE
JEIR(KZE ~1-2 us (148 TCP 3 ~50 ps) « 5/ GPU #5 8xGPU + 8x400G IB
J-=
=RhsCHI R o 2Z%% Fat-tree |B ATHARNZE
° = E A =
 InfiniBand: ©F RDMA W&, MHREeR NCCL BRI SIBIE
e
RoCE v2: EFLIKMAY RDMA, BAE RFZ=6:
fi . Meta Al £8%: 16K H100 + 400G IB
IWARP: £ TCP i RDMA, SREMHSY « Microsoft Azure: ND H100 v5

J




GPU #F R HEL: NVLink 5 NVSwitch

-

PR GPU HEMEAEH
PCle: fERGZ, Gensz’J 64 GB/s, BIRE. mRAE
NVLink: NVIDIA E5&EEEEL, 544 NVLink 8448 900 GB/s YA
NVSwitch: @B, 8 GPU [B{F=mNMInIiEiEE
DGX/HGX Z8#3: 8xGPU + NVSwitch Bpi—NBRPIR", HENE
EIZRTF T AE

_ PCle Gen5 NVLink 4 NVSwitch

EEEo 64 GB/s 900 GB/s £ HEX 900 GB/s
EIR ~us 2% ~ns % ~ns 4%
GPU &% &g CPU RXTR £V
9% % s =

90







— i HYEE RSB ER T

X 1k pog 42 (Regional network)

- T T T ~~. 252 /\AZE O3l L\/EEE‘Ef? S E
I eETADEER, LUBSEATDE
/ Az Az " “ " S~
I Region o ! 7 &-“:@ :;@ N
AN &‘@_ — s L Az az T
Sso . M AZ ’,’/ \ - Region
_______ = e\ t-(_ g //
\ / Nl e =T
_________ i/c *z:c,\mfg (Core network)
- RN ore ‘ \ \, =1 ES
e e R R ERmEEER, HREATE
Regior{iz o )
N {‘- «T‘ ,’,
S~ e _ fz __\;;Z, -~ Internet
T =
:{;@_ CDN

BZERA AT & MLE (Edge/CDN)
G 7 X 3022 W B AR SS 1R RS
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MinZl =EIRICHIELER

':
i+ Using Satellite/Microwave in R !
: Usage over 100GB is $9,000/month :
5 remote areas? :
i Usag(e)bc?\Ze): ;%%gsls $19,800/month i
i Source: http://www.groundcontrol.com/ i
CREREEEL swsovwon |
i ¢ Accelerate bulk data 140 ]
i movement using HDD? T x\\’\ﬂ\” i
i . w»r 60 i
! @E®Microsoft < 4 TB per HDD, $80 per disk b;,ﬂ;g !
i > i
i adMmazon  $2.49 per data-loading-hour <o — ]
i 10 50 150 250 500 i
i GO gle $80 per disk Data Transfer Out from AWS (TB) i
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http://www.groundcontrol.com/

3= CDN

A& &ML CDN

CDN (Content Delivery Network, AZESANE) R2ESRLABTSAERIAFIINEDSR, ERPTLFNER

SAAENRE, BRInternetMBFEFIVNR, EeEFDHRIEREEIAINER, NiEHaSEEREE.,

N

THEABES &ML CDN

1012+ 2,800+ 150Tbps+

RBEHZEAFAREHEIINERS  FEAFR000HIIES R, FEARRR) BETEME, 2N
800+IHETS R

= EeAs/IEiA150Tbps

7*24/\B%

eXEeNEREEE, ETRESEEEE
BEREE
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NZEVABT D & Mzs CDN

- —IRERFEMIEXE, ZRANRIFEEHX
- Edge 1§1%37AY PoP (Point of Presence, BIAK )
+ ARG, CDN BE&EAEFEIIERIARY PoP

Region

Edge/CDN Metro area/City |

%
|

Public Internet/
Service Providers

dark fiber i

________________________________________________________
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UL EVPSERS s =TI

. ABN ML CDN (Content Delivery Network)
o HEXMEAtZ FIET RARSS 2R HIR— B & BERE A 43

RAE D =B L
(Content Delivery Component) e @"—3;} T

- B A ARG SIS (RS 5 e SR\ N

// ------------------- :;""\,... \

= - g\ T, | Billing N\
15*&% EQEFF /,/ / [Distribution| -\ *{Qrganization) A\
(Retgst Rogun\% Sy\stemI% |:| / e - .-SYStemn \ —"f \\:\
- ﬁ'\migtgl:l éLEI\Jlj_J.%H %ﬁ% |f £ Eﬁ?ﬁﬁ? CDN;”.’ ’ 8 ’]

\ ;| System | % ,

| “ v\ '-4.\\ / '.1‘1 Acscot:ntlng 4 ':

L ystem

\ [ /
4 i 2 ! > \ 7 /
ﬁﬁ: ﬁ‘ \ .l‘\ ‘:-" \ \\,\(,/\"\ .//,/"/'i\ e ‘| /
{ i
. { \ ’//“

- RERASEE, FHRIE—EE N .
\\\‘\‘]Ser‘\)’er 1 1 A Serser N":/ -

T ERaA RSN

(Accounting System) '\4@

- ThiE &, REiRS Wi iy
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CDN AR\

2P | AR5 7

ASAA (nEE)

,, ---------------------- \\ ---------------------- \\

| | | |

: RN yas

SEEE HSEEE EEER | X2 e

N NERERAON N WEARAE :
2) ET NGRS D) EFHEAHARNORS
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AEERIIEHREFOEALIRE

o Mini data center at the network edge
o Local, small server cluster

o Distributed, modestly-sized data center
o Centralized mega data center

... 1o Several MWs ~ tens of MWs
/. o Tens of KWs ~ hundreds of KWs

o Hundreds of Watts ~ several KWs
: o Less than a watt ~ tens of watts

Capacity
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