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« Bus-based Multi-core 1 Network-on-chip: Chip Multiprocessor (CMP)

CPU(S) | | CPU(S) | [ CPU(S) | | CPU(S)
Mem|R| [Mem|R| |[Mem|R]| |[Mem]|R

—

« Shared network: e.g., bus
* Low latency
« Low bandwidth: doesn’ tscale
beyond ~16 processors
« Shared property simplifies cach
e coherence protocols (later)
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CPU(S) CPU(S)
Mem| R R IMem
Mem | R R IMem
CPU(S) CPU(S)
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Point-to-point network: e.g., mesh or ring
Longer latency: may need multiple “hops”

to communicate

Higher bandwidth: scales to 1000s of

Processors

Cache coherence protocols are complex

<4 >
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« Network-on-chip: Chip Multiprocessor (CMP)
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Mesh Topology
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2-D torus topology
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Octagon topology

i : Irregular or ad hoc network
g}mﬂ Sﬁj; topologies
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« Network-on-chip: Chip Multiprocessor (CMP)

Switching strategies

« Determine how data flows through routers in the network

« Define granularity of data transfer and applied switching
technique

« phit is a unit of data that is transferred on a link in a single cycle
« typically, phit size = flit size

Packet
;_-’ Header
Head flit Body flit Body flit  Tail flit

Flit |

Message

Phit Phit Phit
In EEEE %ﬁ#@ <p>
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« Network-on-chip: Chip Multiprocessor (CMP)

NI
u “€
& A
S ) ':
< ! b
= E (Y
> '~
l59%

PEKING UNIVERSITY

+ Well-controlled electrical parameter

+ Reliable interconnection Output

+ High performance Channels

T/"e N/etwork Logic

O O O O Header
Input Decode
\Chinnels |

BIEER FEHE <7>
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« Network-on-chip: Chip Multiprocessor (CMP)
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« Static and dynamic routing
- static routing: fixed paths are used to transfer data between a particular source and destination
« does not take into account current state of the network
« advantages of static routing:

« easy to implement, since very little additional router logic is required

« in-order packet delivery if single path is used

- dynamic routing: routing decisions are made according to the current state of the network

« considering factors such as availability and load on links

« path between source and destination may change over time

« as traffic conditions and requirements of the application change
« more resources needed to monitor state of the network and dynamically change routing paths
« able to better distribute traffic in a network

BIEBEH FEHE <8>
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« Static Routing Tables
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CENTRAL ROUTING DIRECTORY

Dijkstra’s algorithm

= net topology, link costs T T T T T
known to all nodes . - —=
— accomplished via “link R [ L CC
state broadcast” TS

— all nodes have same info i

= computes least cost paths
from one node (‘source”) to ; ' —

all other nodes ‘ :

— gives routing table for :
th at N Od e Nade 4 Dircetory Node § Direetory Nade 6 Dircetory

g

4 4

P S I I e
2|l ]le e~

4] (4]

= iterative: after k iterations, N ST §
know least cost path to k ; : : : :
dest.’s : : : -

EE'*EEEE %g#@ <9>
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« Dynamic Routing
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- EHIEIEEH
Routing logic assigns set of
Every VO ofevery oo 2 outgoing VC on which flit can go
InpUt port haS bUﬂ:erS E E— VC identifier : Routing Logic | :
to hold arriving flits | | | '
\l\! _.:ED_. i VC Allocator
nput Channe E E e :V i i Switch Allocator Arbltrates between
- — e “‘J | PR competing input VC &
; | *\%EE; ; allocates output VC
Arriving flits are placed e S TN
into the buffers of S Matches successful input
corresponding VC a 1| crosssar |+ ports (allocated VC) to
5 ) (PxP) * output ports
Input Channel i i i E Output Channel
credit out | : \\ i
“““““ NPUTFORT | Flits atinput VCs getting

BIEEH REHE

grants are passed to output

\/Ca
VAW <11 >




SAZERISRIA LR AZ I
- IBHA%tHiDeadlock

.
~
l—

N>

RZEHANERSIEE
FRZAZ I ZELEE

BIEEH FEFHE

ST »
~ O\ D
NPT L >4

PEKING UNIVERSITY

- EERES T HEENESENEFTFTRRSERIRE

HIBRIKAMEZE, MMmSEEESERESEREITE
THRIBS FKIETT A &2 B R,

-« P1. P2, P3fIPAIUNMEIREHIR GRT —RIBZRIR,

FBRIVMIRIR, (EIEKINRIRNREPEIREE HE

- LIP1FIP2EERE M1, P1 EUREMNISHRAKEBH &

£ZHAERA BB =R C

- P2 HIESMIEHEEBAFCHEZRIPEIAZIIRHEED,
- P1. P293BI5FBAB, BCHEES, P1iEKEIBCHEEZHFI

REBERN, REETPASRAICDIEIRIREEEIR
M, SEP1. P2HURETARHITIRESE K. RIEFIE
REREUNREENSIRSRSE SRR E5bH

<12 >



SZERMARYAELR A
. fRRIZHFEDeadlockliyfs ik

|

_______ - N "
|

Y Y S
U,

RZEHANERSIEE
FRZAZ I ZELEE

BIEEH FEFHE

ST »
~ O\ D
NPT L >4

PEKING UNIVERSITY

1IREEZFR: %A AUNERENEATNER, £E
KAFMRE: EINEMNBENEREE. pIEBYER

Hin[IBIIEYMER, BRE—EERIRORSERITLH,
(BEEFH ARG MUIEEREE, FESEER, B

SIEIMECHEIEE, MNMEEAIRETREEZHIR

2. B RERIADS . 1277 AN N AR FE SIS PRI EIE IS ,
FEBYRITSEBHEE, RERINBIIAE

3.ENHESHEFRIGA: 1275 ZX I NMAFRIEBISFAFHIR
RAR, RIEGEEZEEUERNEENSABER., —iRER
—REREFAEE, WRIESERBEFTTRIPRE
A2, NIKEE=EhIsesl, BiEESREXK, FHIEE0H
HPLHEE FBIERH TS, (EERERRENSEREN

<13 >



« Workload Mapping

[ send msg H recv msg J

TaskA : ,  Task B
: Mapping :

BIEBEH FEHE

 Mapping issues:
« Assigning tasks to resources
« Translating task addresses to
resource/task addresses
« Establishing and closing channels
« Static allocation versus dynamic
allocation

« System software: NoC OS
 OS, RTOS, run-time scheduler
« Component and network dependent
« Application program

NT
C ol
S, 9
S &
8 )
o <
I592%

ez ) ¥
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Scaling problem
* How big NoC is needed? What are the application area requirements?

Region definition problem
« What kind of regions are needed? What kind of interfaces between regions?
« What are the capacity requirements for the regions?

Resource design problem
 What is needed inside resources? Internal computation type and internal
communication?

Application mapping flow problem
« What kind of languages, models and tools must be supported?
* How to validate and test the final products?

BIEBEH FEHE <15>
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* Instruction Issue
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Time

A J

Time >

Scalar Pipeline

Time

Limited utilization when only running one thread

Superscalar leads to more performance, but lower utilization
BHEEH FEHFE <16 >
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 Fine Grained Multithreading (FGMT)

Time »
o FGMT
B NN Rl e moete
Saturated workload -> Lots of threads a MU|t|p|e threads in pipe”ne at once

Unsaturated workload -> Lots of stalls

thread scheduler

Intra-thread dependencies still limit performance

- B Thread (Zf2) PMEAZEBRILASRIRIIT

—MNEITIES -
- ZEEETHESAD, BEFERIE -
- HAEFIEITHT, :zéd‘ﬁ— | 1&*%’%‘)%‘25)], ﬁ'ﬁ
XMHEREFEES T SNEE Many threads — many register files

,EE,*E\EEE %gﬂ:@ <17 >
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« Simultaneous Multithreading (SMT)

;“1 X, '3
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« Can we multithread an out-of-order machine?
- Don’t want to give up performance benefits
s Don’t want to give up natural tolerance of DS (L1) miss latency

Time

Maximum utilization of function units by independent operations

. « Simultaneous multithreading (SMT)

. . Tolerates all latencies (e.g., L2 misses, mispredicted branches)
. Sacrifices some single thread performance

s Thread scheduling policy

L
.... > Round-robin (just like FGMT)

Superscalar Oo0 Issue

- Pipeline partitioning
- Dynamic, hmmm...

s Example: Pentium4 (hyper-threading): 5-way issue, 2 threads
s Another example: Alpha 21464: 8-way issue, 4 threads (canceled)

FAEBEH FaHE <18 >
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« Simultaneous Multithreading (SMT)

map table

G ) »
N e 7 ) ¥
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> p—

regfile

> - ;
e SMT

o Replicate map table, share physical register file

o

thread scheduler map tables

-

- Large map table and physical register file
» #mt-entries = (#threads * #arch-regs)

m

EEEE BAAE o #phys-regs = (#threads * #arch-regs) + #in-flight insns <19 >
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« Simultaneous Multithreading (SMT) Pipeline

Fetch Decod Queue Reg Execut  Dcach Reg Retire
e/Map Read e e/Stor Write
e
:  Buffer ;

-l --74I
P P

Regs

Regs

Dcache

e g

- Thread- >
blind

CEII »
~ \) D
e 7 X ¥
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SMT Changes

Basic pipeline — unchanged

Replicated resources
a Program counters
s Register maps

Shared resources
- Register file (size increased)
s Instruction queue
5 First and second level caches
» Translation buffers
s Branch predictor

<20 >
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« Simultaneous Multithreading (SMT) vs Chip Multiprocessor (CMP)

G ) »
N A 75 F
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o If you wanted to run multiple threads would you build a...
s Chip multiprocessor (CMP): multiple separate pipelines?
» A multithreaded processor (SMT): a single larger pipeline?

« Both will get you throughput on multiple threads
1 CMP will be simpler, possibly faster clock

» SMT will get you better performance (IPC) on a single thread
- SMT is basically an ILP engine that converts TLP to ILP
> CMP is mainly a TLP engine

« Again, do both
5 Sun’s Niagara (UltraSPARC T1)
» 8 processors, each with 4-threads (coarse-grained threading)

s 1Ghz clock, in-order, short pipeline (6 stages or so)
1 Designed for power-efficient “throughput computing”

EE'*EEEE %@#@, <21 >
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- #LEBR, RIEITA T SRUBEHRGTRERERNSE

« Spent a lot of time learning about dynamic
optimizations
« Finding ways to improve ILP in hardware

« Qut-of-order execution

« Branch prediction

« But what can be done statically (at compile time)?
« As hardware architects it behooves us to understand
this.

« Partly so we are aware what things software is likely to
be better at.

« But partly so we can find ways to find
hardware/software "“synergy”

BIEEH REHE

¢ \ »
N e 7 ) ¥
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At (4Ri¥)

Improve locality of data

Remove instructions that
aren’ t needed

Reduce number of branches
executed

Many others

<23>
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o Examples; for i from 0 to 10 smASUY ()
for j from 0 to 20
o Loop interchange— alj, il =i + 3 i
£ p g gt — « Improve locality of data
Ip inner and outer BT ) e
for i from 0 to 10 : :
loops Cali,i] = i 4 3 - Remove instructions that
o Loop fission—split aren’ t needed
into multiple loops
eemeemeemeemieeeeaeieeeeeeeeoeooy . * Reduce number of branches
FoTTTTTTTTm s ih int i, a[100], o[100]; executed
int i, a[100], b[100 i for (1 = 0; 1 < 100; i++) {
 for (i = 0; i < 100; i++) {i} ali] = 1;
el =L i |+ Many others
! i) = 2; W for (i = 0; i < 100; i++) { ]
) o obril = 2; 5
L e memmmemeeesememeeessess—esness A ;

ELE,'*EEEE %@#@, <24 >
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- Register optimization

 Registers are fast, and
doing “spills and fills” is
slow.

« So keep the data likely to
be used next in registers.

5L

« Common sub-expression
elimination

(a + b) - (a +Db)/4

« Just compute a+b once.

« Constant folding
« Replace (3+5) with 8.

BIEEH REHE

« Loop invariant code

motion

« Move recomputed
statements outside of

the loop.

for (int i=0; i<n; i++) {
= y+z;
af[i] = 6*i+x*x;

= y+z;
for (int i=0; i<n; i++) {
af[i] = 6*i+x*x;

}

> »
C ) N
NIECE R

PEKING UNIVERSITY

At (4Ri¥)

Improve locality of data

Remove instructions that
aren’ t needed

Reduce number of branches
executed

Many others

< 25>
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it (4miF)
« FVBranchix#§

« Using predicates or CMOVs instead of short branches
« Loop unrolling

At (4Ri¥)

Improve locality of data

for (i=0,i<10000;i++)

Remove instructions that

{ I
A[i]=B[i]+C[i]; aren’ t needed
}

« Reduce number of
for (i=0;i<10000;i=i+2) branches executed
{

A[i]=B[i]+C[i]; H
A[i+1]=B[i+1]+C[i+1]; * Many others
}

BIEBEH FEHE < 26>
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RSt (4RiF)

- Hitnflitbrnix

“Hoist” loads S (RiF)

« That is move the loads up so if there is a miss we can hides Improve locality of data

that latency.

Remove instructions that
- Very similar goal to our OoO processor. aren’ t needed

Reduce number of branches
XXKXXX LD R1=MEM[x] executed
XXXXX

XXXXX
LD R1=MEM|[x] XXXXX
R2=R1+R3 R2=R1+R3 Many others

EE'*EEEE %g#@ <27 >
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RSt (4RiF)

- Hitnflitbrnix

Static dependency checking s (42)
BRER VF

- A superscalar processor has to do certain - Improve locality of data

dependency checking at issue (or dispatch)
. « Remove instructions that
« Is a given set of instructions dependent on each other? aren’ t needed

« If ALU resources are shared are there enough resources?

« Reduce number of branches
executed

« Many of these issues can be resolved at compile time.
« What can’ t be resolved? « Many others

« Once resolved, how do you tell the CPU?

BIEBEH FEHE <28>



gNTE?‘I; . SRS HREEIRFT
. BFmFNeFSG
. GPGPUZEHSHETGEAI]

. HAKPaper Reviewiks




GPU: Overview NEBE |

PEKING UNIVERSITY
-~ g

Coupled Map Lattice Simulation [Harris 02]

« Application

Great diversity of materials and lights in the world!

RUCE *

Sparse Matrix Solvers [Bolz 03]
o EQEEI %"’_‘é‘-#@ <30>
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GPU: Overview
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« Highly Parallel Coprocessor

Control ALU ALU
ALL

ALU

« GPU%SR
- BHEBHDRAMATRE
- ZMERITEZD
- JEE/\HICache

- FHTIBITESA AR - e —
 GPU Threads E : :

« GPU Threadst7i2& (JLFEAFEE creation/context switch) E _ | !

« JTIXZEfull efficiency, GPUEEZE/DJ T threads omas

H
i

BIEEH FEFHE <31>
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GPU: Overview

« What is GPU Good at

?éz]‘ixJ’ >

598 PEKING UNIVERSITY

 GPU is good at data-parallel processing
- XYZdata elementFHITiH{THEERVITEIE{/E—oow control flow
overhead
« High SP floating point arithmetic intensity
« Many calculations per memory access
- EESINERAIEEMIFETITE
- BEEERAEOTEIintensityf1E ZHYdata elementEkEmemory access
RYGEIRFIT R RIZERItAEL AT LABEE AT (A ZE KHIcache)

EE'*EEEE %g#@ <32>



GPU: Overview

« General Purpose GPU

« In 2006, Nvidia introduced GeForce 8800 GPU

SeTH | Pemm | Somm | EEES : :

e I supporting a new programming language: CUDA

5 o ) +  “Compute Unified Device Architecture”
I _ ,

BBo0 | Booo || 8558 | 5088 | | ~150-3006B/sec « Subsequently, broader industry pushing for OpenCL, a

e R R R (high end GPUs) Memory ) )

e | | || | - DDRS DRAM vendor -neutral version of same ideas.

I | | | . :

58E8 | 8858 | 8888 | 5858 (afewGB)  ldea: Take advantage of GPU computational

EEED EEEE B EEE .

5 5 e 6 S | R Y performance and memory bandwidth to accelerate

B Em e e cermels | .

—L 1 some kernels for general -purpose computing

EED B [ERE B - Attached processor model: Host CPU issues data-

GPU

parallel kernels to GPGPU for execution

EE'*EE EE %@#@, <33>



ez XY

PEKING UNIVERSITY

GPU: Overview
« Example GGPGPU System & Example GPU

CPU
(host)

GPU w/
local DRAM
(device)

PCI Express*
x16 Graphics

16 Multiprocessors N B B

Intel® HE:
Definition Audio Register File

N\
=, DOOBOLOE

8 Hi-Speed
USB 2.0 Ports B B B

1.5GB

RAM (Global Memory)

© David Kirk/NVIDIA and Wen-mei W. Hwu, 2007 7
ECE 498AL, University of lllinois, Urbana-Champaign

H

SE A <34>
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GPU: Architecture

« Example: NVIDIA Fermi Architecture

Streaming Processor (SM)

Raster Engine

T 3 T 3 T 3 T 3

SM sSM SM SM

I iemory Controller
Jajjonjuo D Aloway

— — — — — — — — i — ——
ymorph Engine m Polymorph Engine

.
=
I
=
o
(5]
=
]
=
o
=

Ja|joauo Aowspy

m e

Memory Controller
J3]|ojuoD Aloway

3 1 3 1 3 T 3 1 3 1T 3 1 3 1T 3 1

Raster Engine Raster Engine

GPC GPC

SFU

192ZKB L1 Data Cache / Shared Memory

Tex Tex

,EEZFE\E EE %ﬁ#@ <35>



GPU: Architecture NPT
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« Example: NVIDIA Fermi Architecture

Streaming Processor (SM)

- B/ SMAEFF 324 Streaming Processor (SP)
+ BPNTREMZES129SP

TTT & - IEEHEJ/I~200GOPS

Instruction Cache
Warp Scheduler Warp Scheduler

Dispatch Unit Dispatch Unit
= f =

Register File (32,768 x 32-bit)

ST
LDIST
LDIST
LDIST
LDIST
LDIST
LDIST
LDIST
LDIST
LDIST

CUDA Core

Dispatch Port
Operand Collector

LDIST
LDIST
LDIST
LDIST
LDIST

64 KB Shared Memory / L1 Cache
Uniform Cache

Tex Tex

Texture Cache
PelyMerph Engine

Viewport
Vertex Fetch | [ Tessellator

[attribute setup| [ stream output |

<36 >
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GPU: Architecture

- Warp

Ex/JMhread scheduling unit  (XJFNVIDIA GPU 832 threads)

Stream Multiprocessor (SM)

Stream Multiprocessor (SM)

Zk
Stream Multiprocessor (SM) iteback
5
- g
Ins;r;.:z:on » Decode » Execute » Memory » Writeback §
S - B ® Off Chip
¥ | | | I :e g Global Memory
I 1 ' ' 3 (DRAM)
g . ! : b I : | .z
3 _ SIMD Execution Unit | |—qeorstcache -
B I-cache s e T ... 7 7 | [Daiacache _ — e
® File > Y £
i | o

,EEZFD\E EEl %"’_‘é\#@ < 37>
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« Memory Hierarchy

® Each thread can: Grid
® Read/write per-thread registers Block (0, 0) Block (1, 0)
® Read/write per-block shared memory ’ ’
® Read/write per-grid global memory Shared Memory Shared Memory

® Most important, commonly used

« Shared memory/L1 cache: ~50 cycles

Registers Registers  Registers Registers
® Each thread can also:
® Read/write per-thread local memory Thread (0,0) Thread (1,0)  Thread (0,0) Thread (1, 0)

L2 cache: ~150 cycles

® Read only per-grid constant memo
«  Global memory (GDDR5): ~500 cycles ® Read only per-grid texture memory [ RER—
® Used for convenience/performance Memory  Memory Memory  Memory
® More details later
Global
® The host can read/write global, —
constant, and texture memory Somery
(stored in DRAM) —

Memory
3 NVIDIA Comaration 2008
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GPU: H100 Overview

 Overview

- HRer AR —{ IR
« IEANFP32 Core. FP64 Core. Tensor Core, SM Core
- XFAHBM3, HBM2elEIMihFEFT o

Peak FP8 Tensor TFLOPS with FP16 = NA 2000/4000° 1600/32007
GPU Features NVIDIA A100 NVIDIA H100 SXM5' NVIDIA H100 PCle! Accumulate!
GPU Architecture NVIDIA Ampere NVIDIA Hopper NVIDIA Hopper Peak FP8 Tensor TFLOPS with FP32 | NA 2000/4000? 1600732007

1

GPU Board Farm Factor SXM4 SXM5 PCle Gen 5 Accumulate

Peak FP16 Tensor TFLOPS with 312/6242 1000/2000° 800/1600?
SMs 108 132 114 FP16 Accumulate!
TPCs 54 62 57 Peak FP16 Tensor TFLOPS with 312/6242 1000/20002 800/1600?

FP32 Accumulate®
FP32 Cores / SM 64 128 128

Peak BF16 Tensor TFLOPS with 312/6247 1000/2000? 800/16007
FP32 Cores / GPU 6912 16896 14592 EP32 Accumulate?
FP64 Cores / SM (excl. Tensor) 32 64 64 Peak TF32 Tensor TFLOPS! 156/312° 500/1000? 400/23007
FP64 Cores / GPU (excl. Tensor) 3456 8448 7296 Peak FP64 Tensor TFLOPS! 19.5 60 48
INT32 Cores / SM 64 64 64 Peak INT8 Tensor TOPS' 624/1248 2000/4000? 1600/3200?
INT32 Cores / GPU 6912 8448 7296 Peak FP16 TFLOPS (non-Tensor)* 78 120 96

2 1

Tensor Cores / SM 4 a 4 Peak BF16 TFLOPS (non-Tensor) 39 120 96

Peak FP32 TFLOPS (non-Tensor)* 19.5 60 48
Tensor Cores / GPU 432 528 456

Peak FP64 TFLOPS (non-Tensor)! 9.7 30 24
GPU Boost Clock 1410 MHz Not Finalized Not Finalized

Peak INT32 TOPS! 19.5 30 24
(Not Finalized for H100) 3

Texture Units 432 528 456

EE'*EE EE %@#@, < 39>



GPU: H100 Improvements

- FP8 Improvement

+ STHFHIMETIESM25E4AMS, RRISRFPI2/FP161FE, mvIMRE

BIEEH FEFHE

g Range Precision
o exponent mantissa

8 | m23

FP32 BT
ed m10

FP16 &—{III0|(ITIIIITID

e8 m7
BF16 B/[ITIITITIITTIIT]
e5  m

g0

ed| m3

Allocate 1 bit to either
range or precision

Figure 9.
H100 FP16 / BF16

N

FP8
matrix

multiply

FP8

accumulate into

FP32 or FP16

bias/act/...

convert

FP32|FP16|BF16|FP8

matrix

matrix |

)

and output types

Support for multiple accumulator

New Hopper FP8 Precisions - 2x throughput and half the footprint of

éx"\”"e »
TP

PEKING UNIVERSITY
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« Memory Design

N) A¢ 7
PEKING UNIVERSITY

« Memoryxz3FSECDEDZ§5f8, Sideband ECC for HBM (1 stack for ECC)
- HBM: Memory Row Remapping

&~

z 2x DRAM
« L2 cache \4OMBIZ-KXZE50MB, FHz#FData Compression E iﬂ
 Combined L1 Cache & Shared Memory g
* Total 256KB/SM "% F o2 %
« Tensor Memory Accelerator (TMA) Far 1 it o M G o, D
. BRREFESTensorfxglobal memoryfshared memory[a{&k
« Common in domain specific accelerators (DSA) G o i Using TMA Unit

Addr gen by threads

SM SM
Tensor ictars Tensor ;
e ‘! Addr gen by TMA
Thvenc
TMA

Reads Data + TransCnt

BIEEH FEFHE
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« Thread Block Clusters

« Agroup of Thread Blocks that are concurrently scheduled onto a group of SMs
» Clusters have hardware accelerated barriers and new memory access collaboration

» Adedicated SM-to-SM network provides fast data sharing between threads in a Cluster

Grid with Clusters (H100)
Grid (A‘] 00) Thread Block Cluster Thread Block Cluster

{rn o B L

i

the above diagram. The Hopper architecture adds an optional Cluster hierarchy, shown in the right half of the
diagram.

Thread Block

SMEM

A100 H100
Thread Block AL Thread Block ;
SM to SM
SMEM Network I SMEM
Global
MEM

BIEEH FEFHE | <42>
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y) At %
\
PEKING UNIVERSITY

« Asynchronous Execution

* Asynchronous Transaction Barrier
» Block threads until all the producer threads have performed an Arrive, and the sum of

all the transaction counts reaches an expected value

Asynchronous Barrier (from A100) Async Transaction Barrier (New on H100)
Threads Produce Data lhreads Produce Data SMEM Stores
i ‘ /C i
/Cyi - |w !I a
Thl'eads COUI'It'Ed as i‘ Y Thread:" cmntEd a_s lwl| Data arrival
they arrive at barrier they arrive at barrier | 4 increments
| 4 | & transaction
: Independent . Overlapped E . |Independent COUmE
v v Work ~ Execution ¥ Work
A100: Waiters spin Waiters sleep until
until all threads all threads have arrived
have arrived and transaction count
Consume Data is reached Consume Data
BIEEH FEHE <43 >
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« Transformer Engine

« XFERRARE
o RIEEESIT o ool EEE scaling factor
- BEsmiTEERoutput range
« ZE[E~N—EHrange
- TEERSBERNSER
« scale[B] F—/ZHYrange

——p Adaptive precision === High precision =——p Auxiliary data

H
i

:\\3F~\§EE| %ﬁ#@ <44 >
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(D »
TP

PEKING UNIVERSITY

- MIG & TEE

o HRz=Im, YNTEHNEWENA, EEEEMW. multiinstancelYszH:F
« Multi-Instance GPU (MIG}E—1"GPU% A7/ MH3ZGPU Instance
« Trusted Execution Environment (TEE) &3/ Z£HI95 GPUShost CPUARRBIMNE

CSP Multi-Instance GPU (MIG)

* El
NE
E
B E E
5

{ = Figure 23. Secure MIG Example in Multi-Tenant Single GPU Configuration
{

H
i

BIEEH FEFHE

C
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GPU: H100 Improvements

« DPS, NVLink, PCle Gen5

- DPX{g§<IliEDynamic Programming&ix

«  Gen4 NVLIinki2{it900GB/spy s (PCle Gen5pJ7{Z, A1008Y1.5(2) , FFEx25256
GPURYEEX

»  Gen3 NVSwitch373&64iROAINVLINk, HR7.2Tbits/sEENZ13.6Tbits/s

« PCle Gen5 H16”Mane interfaceiZ{t128GB/sTEs (Gendfi{s)

DGX H100 256 SuperPOD

DYNAMIC PROGRAMING A BROAD RANGE OF USE CASES

Exponential to polynomial time problem solving from genomics to routing optimization

o000 D
K <>:| RS\ | P | .. 32 nodes (256 GPUs) ... | 80
IﬂQ I'-'O IIIII-II e es{ SJ 1 $117
Graph Analytics Data Processing

Fully NVLink-connected
Massive bisection bandwidth

<46 >



GPU: CUDA

« C-extension Programming Language

- FICHRIEIES,
EITRVER
«  CUDARYHSR 172 MEILGPURYSLRR

capabilitiesflperformance

ATREEGPUL

characteristics

- PEFProgram Types

» Device program (Kernel): run on
GPU
* Host program: run on CPU to call

device programs

BEBEH REHE

G ) »
N e 7 ) ¥

PEKING UNIVERSITY

C/C++ CUDA

* NVCC Application

— Compiler driver

CPU Code
— Invoke cudacc, g++, cl

+ PTX

— Parallel Thread eXecution

1d.global.v4.f32 {$f1,$f3,%f5,$F7}, [$r9+0];
mad.f32 $f1, $f5, $f3, $f1;

PTX Code

PTX to Target
Compiler

Courtesy NVIDIA

Target code

Adapted from Utah SCl Institute

<47 >
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« Thread Batching

Host Device

- FEFPHUEFITRIERD Likernel X fEANRIthread L4514 T

Kernel | Block Block Block
(0, 0) (1,0 (2,0

v

» Kernel is executed as grid of thread blocks

Block.” Block ' Block

Block (1, 1)

- PiBthreadsit=data memory=s|g] w3t )] &5 || &
» Athread block is a batch of threads that can cooperate with | srif,z" .
each other by: ol T I
« Synchronizing their execution o T

* For hazard-free shared memory accesses
 Efficiently sharing data through a low latency shared
memory —

-

18

Courtesy: NVIDIA

m

,EE?F~\§EE %"’_‘é\#@ <48 >
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« Memory Space Overview

* Each thread can: (Device) Grid
— R/W per-thread registers

Block (0, 0) Block (1, 0)
— R/W per-thread local memory

— R/W per-block shared memory

— R/W per-grid global memory ’ ! ’
— Read only per-grid constant memory
— Read only per-grid texture memory Thread (0, 0)| Thread (1,0) | Thread (0,0) Thread (1, 0)

e The host can R/W
global, constant, and
texture memories

Host

F 9

© David Kirk/NVIDIA and Wen-mei W. Hwu, 2007
ECE 498AL, University of lllinois, Urbana-Champaign
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RIS
- Paper ReviewfiEiF5 M

AIfERAIHREZ LE IiEES
ESEAINNEEES: Fused-layer cnn accelerators, Eyeriess, Google TPUS
FrLAINmEsE (KiEBTransformer, Neural ODE, MANN/DNC, PINNZ)
GPGPUEHITSY
M4 EEE (Multithreaded Streaming Multiprocessors, CUDARIEKIR)
FPGAZRIIEF (AImIBZiEIR. IRIZIEHSF)
ZE5iBEMNT IR
BXEARIE (AES. RSA) | it (MPEGSE) . BG4 (LDPC. Polars)

FSSIGN »
NPT TS

PEKING UNIVERSITY

(&4 CPUZEIS
{lt{tBranch Predictor, Load-Store, E{FFREEN. MIZEEF—HESE
Hipass = )

FE—EEE—. EFTE. £UERLIE. BHNoC, XiRHE
BFRERIECMOSEHERIZA (RILTRELRE. SIHFTRRIEF)

BIEBEH FEHE <51>
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