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B Many Perspectives on NVIDIA GPU
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B How Systems Researchers See NVIDIA GPU
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B A Breadboard and an NVIDIA B200: Same Ingredients
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1.1 From Circuit to Link
MES. EF. EFE5RITWIER] FEER

“Mr. Watson, come here, [ want to see you.”
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CPO Switch with 144x800 Gbps InfiniBand Port
NVIDIA Quantum-X InfiniBand Photonics Switch - NVIDIA



B Wire and Communication

A[7:0]

The Main Line Circuit.
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B Case Study: UART

Y

DEVICE 1 -« DEVICE 2

SAMPLING POINTS

VYV VYV VYV

DO Dl D2 DS 04 D5 D6 D?

— llllll l llllll l llllll l llllll | llllll | llllll l llllll l llllll l

8 DATA BITS

BUS IDLE BUS IDLE

START BIT 1 STOP BIT
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B Flow Control

> Receiver

* *Q?EZ_ IU\E)(& — VALID: El_l
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B Flow Control

TO T1 T2 T3 TO ™ T2 T3

ACLK! | ! | ; ack T L L [

\ fi‘ X INFORMAﬂONé é é X ﬁ

INFORMATION :

TVALID ;_ é ] ( é é\& TVALID é é é ﬁ”““‘i&_______
| éﬁ______?ﬁ______ TREADYéay é ; 2“

TREADY

Figure 2-1 Handshake with TVALID asserted before TREADY Figure 2-2 Handshake with TREADY asserted before TVALID

TO T1 T2 T3

ackk L [ L

INFORMATION | 1 )

TVALID

TREADY |

Figure 2-3 Handshake with TVALID and TREADY asserted simultaneously
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B Long Wires
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B Long Wires
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B Long Wires

’ \ E—
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IXFR LR I ToIMI L& (Lossless).,

v IRl Foka#) (ACKNAK/ Retry) : RETFAIERA, XT7THE FEX, RXmRMHREE TX Window,
IERFARIEIREEEI ACK [BI3R, IXHERABIRMLE(Lossy).




B Credit
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B Credit & Replay Window
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B Failure Everywhere in the world

§>®O©@@O@Od@©@@©@8
"2 /Q[ ik ]Qgi
O

EDOOOOOO 0]0]0]0]0]100]0]0I0)

v IR (Lossless)FIBIRMZE(Lossy) X BIET, EXEERENGEY, RAMMRIE(GEEEFER).
v HBFUSCHFREFTHE(Failure), BHKEINEUETTEEALIBIZE(Rot), FTEFBRESLIR/BHRESHIXE,
v BRRINEBRM: —FEF AR Redundant)SLEEE, —MINERBEFRHEE (Retry),

MNERRVASAS: RTINS, FAELRMES, TRERMES, FAEERMES



B Case Study: PCle Link Layer

Flow Control:

=8 (Posted / Non-Posted / Completion)
HSLSEFRIRIIICHK, & VCiclK, VCO &,
SHER: #3816 B/1™, L 11/,

FEEF: InitFC1 BiR (FAGE R UE) —

InitFC2 #A ({RAAEIUR) ; WARBGTZAY,

SRR _E TSR,

1=1THE: UpdateFC DLLP BERTIREE, KIEHRTG
credit A&,

R(RECER = 1RIFEE—1&RAE (0x40 = 1024
B+ 16B) ; MetRiBEUNEEERERER, &
NAR7K LR,

Retry:

HEWSIEKR: TLP &ij0 12-bit FF5. f5i0 32-bit
LCRC, ElIA7% Retry Buffer;

ACK #Et ACKD_SEQ 1Bk, NAK (CRC$5iR) 8k
B — KRFEWN (Go-Back-N) .

B4 #: (NEXT TRANSMIT SEQ - ACKD SEQ)
mod 4096 > 2048 BMEILET TLP—FFS= @/
> 2x B, BNES%EHIBARSD.

HBAT424E: REPLAY TIMER REEHENEE—
EiEEEENEHEIE, FA2ER%MmI,
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B Case Study: PCle Link Layer

------
- ~
- ~
- A

STP| LH ‘&S&E& LCRC |END Please STP| LH OE&@&E&(’iCRC EDB

Replay! - -
| Q"
k Drop It!
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Set EnD Ba&

Cut-through
STP| LH Oﬁgbﬂf& LCRC | END 9 > |sTP| LH 'f&@ﬁ{g ~LCRC] EDB]| 4

L N 7 Nullify g

~.
~
________

Calculate and Poison(Revert) LCRC

PCle Switch

PCle 2—FPXF &k Credit FoIRiRIEFNZDBE Replay RJSE(E48(Go-Back-N) BIFHIAEIZE,

f£ Non-FLIT #&=2z{ T, Switch BJfEAO TLP mEd LCRC BE&Rf# T Cut-Through ¥%&. HBEIX
SEZAAMAO LCRC FiR, BLARFEHANFHAIE.

Nullify: Switch {#5f8&f8 LCRC #1 EDB 53R EFIAAIZERIHO TLP, TS EIRBIA—RAIRIXIX
i, BEER, AMEAHOMEEKRFS, BAMA TF Replay; [RIAFEIRUBEANOSEEED
NAK/Replay &, 4tk LROBKHER, BEIEERE



B Appendix: Slicing and Dicing

YE (slicing) : —&BEEUIRJ/LEEN — w5, FHAS. RRIE
YR (dicing) : JIEFEBEESHR—HmN — im0, FHrdb., BER

XERIR ERERIATARRE, & CPU BZAYSIR), B—HF DIMM BilEREREEMEN—157.

o (U (- -) (RN (> - (eIl

50 - - - 25 - 25 - 20 - 20 -
< - ooni < 2 -
- (4x failure domains) 25:25| - | = 30:20| - | -

o QBB - 1 -
Racks

Sf

2121 8 I ﬂrrhhﬂﬁﬁfiss ﬂ 12 38 H Pie? %T hrﬁf g‘rﬁr( 12 38 H it T h”ﬁﬁ?smﬂr(
=2 feitisi at e il | [ sl N
<ZI-ZIX> <12--38> <]2--38>
2121 - 8| NNGegRi=— R —|l] 38 - - 12 38 - - 25
88@8-1!)} - [allB]lc]D] -38((55-\AHBHCHD\
512x100Gbps =3 256x100Gbps
blnck ---{ block 100Gbps block-to-block logical links | The underlying physical links for these logical links
512x200Gbps { } Block-to-block 200Gbps block-to-block logical links / are striped across all the OCS in the DCNI layer.
block Demand matrix in Tbps

Figure 5: An incrementally deployable Jupiter fabric with a direct-connect topology enhanced by dynamic traffic and topology
engineering. (D: Initially, Aggregation Blocks A, B are added with 512 uplinks each. 2): Block C is added with 512 uplinks. Each
block has 50T outgoing demand, uniformly distributed across other blocks. Topology engineering forms a uniform mesh
topology to match the uniform steady-state demand matrix. 3): Traffic Engineering (TE) adjusts Weighted Cost Multi Path
(WCMP) weights based on finer-grained version of demand in @): A sends all traffic (20T) to B directly (pink) and splits traffic
to C (cyan) 5:1 (25T:5T) between direct and indirect paths (via B). @: Block D is added with 256 uplinks (only a subset of
machine racks in D are populated). ®: Block D is augmented to 512 uplinks. ®: Blocks C, D are refreshed to 200G link speed.
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1.2 From Link to Network
R, FESEEE

“UNIX is basically a simple operating system, but you have to be a

genius to understand the simplicity.”

e 23

RIENITR A EPEN
Blackwell NVLINK Switch Tray - NVIDIA



B Router

N

\

AN

\

AN

v

AN

. w (- ! )
Sender [€ > RXFIFO :
Sender | > RXFIFO
Sender K > RXFIFO
Sender [€ > RXFIFO
) ’ \_Receiver | Sender )

v

F—EFR(IMESTEE, XBEFEF N pilinzlin = —&iKHEs
FENE = Receiver + RX FIFO (GX&R5EEE credit BUiEMKiR)
- BT&HZ = Sender (F—HEY FIFO Fi2erYERIR)



B Router

N

N

\

\

AN

v

—&IRH2E = &4 N (pr5E iR
.  FHAZ = Receiver + RX FIFO (GX£&4558% credit BUiClkis)
- HBEH% = Sender (T—HEY FIFO REERIEIKIR)

SIEMNZLRHZ: sk 5 Crossbar
W ER? SASENKITEAZE?

- S / |
Sender < > RX FIFO ; Arbiter
Sender [« > RXFIFO <> >
X ) <> - <>
( 3 . rossbar
Sender [¢ > RXFIFO <_'>s:.a <_><_>
Sender [€ > RXFIFO
) ’ \Receiver : Sender/

AN

v



B Head-of-Line Blocking

Sender [¢ > E([ LIH—x—E W><
Sender [¢ > O \\._/
Crossbar
Sender [€ > |
Sender [¢ >
\Receiver i Sender/
FIFO st BABEIA T, BEEEENBEMIEST;

N

AE#IEE, FamBR=H: BASLEE (Head-of-Line Blocking)

BEVLRET, BARFISHEIRIEIL EFRAE 58.6% (Karol, 1987) ——PUpkaZiRaE I ASLIEZENZ =,

v
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B Virtual Channel

, % E N
Sender < > B E rbiter
O :
Sender [¢ g O—__
. < i M\
< > <—] 1
\ Sender | :.\ i
Sender ¢ > T > >
> g \Receiver : Sender/
B ANORAJLEFHITING, XER(IZHARERSFHEBA—VC0 i##E, VC1 BRE.

"RAELE: MEANKNRE—K, ERM/NEYD + (EIECERKREREENEE, 819 VC—FRBECH
credit I, HHEASIN
Bt EFYEEE . REXRE—RIIETUZHEERSMRERRB VC, XAEZE, BERMMYRILHM




B Full Router Diagram

Credits Out Credits In
—f ~a
- VC Allocator <
>
Route
Computation
)
i Switch Allocator
A
Y

Y

Input 1 vC 2‘:':':'] Output 1
~ves T[> -

b Input Buffers .

L .

. ]
veil [ [ [ ]
vea[ [ [T ] o

Input 5 tput 5
oS s lve (T[> e
vea [ [ [ ]
Input Buffers

Crossbar Switch

Figure 6.1: A credit-based virtual channel router microarchitecture.



B Case Study: Intel TeraFLOPS

. 2 Lane 1 : Stage 5
from “—5 J,‘.\...l ﬂ i 1»__\ To PE
- -»—Ezi' wiigclli=
Y k =y 39
From = ! ” 'u / "u—" ToN
N —»Z ; g ="
From = "u’_. ToE
- -
= =z / ¢ -
From é‘ ,_l > ToS
S —» < —v
Z 39
Fom — : ) Tow
hirs D
2|/ ———
o Crossbar switch
Buffer Buffer Route Port/Lane Switch Link
write read compute arb raversal | traversal

(b) Router Microarchitecture and Pipeline

Lare |

Port?

B

1
|
i
i
1
l

ql

. “Port B

|
|
|
i

(c) Double-pumped Crossbar Circuit (d) Router Layout

Figure 8.15: Intel TeraFLOPS: 8 x 10 mesh [158].
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B 5 Stage Pipeline DAMQ Router

FAIR— P HEZBAFIREE A VC - E—1BAF,

Control Plane

@ BW: HEEAN &GS TDawmplane | L 1
@ RC.  itHEkIXEY BfR Output k] L[ BEEEN,, |
® VA IHEaEiRE VC 4=M puts | EB%EE s
: : o vee (L e
E Input Buffer E
@ SA: [ Fif VC B head HiRiE, {Hs i
J94 Output i S=ikis— AT EH VC
head) Input N i — E Output M
® ST RXFXEISHEME, KA
XE i Input Buffer Crossbar

Frontend Backend
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B Packet and FLIT
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B Build Fabric with Router and Wire
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B Causation

- BEENSEHIRFRIERABRERE (happens-before) : &, —
EREAEENZ . ERM ARG REENERI D A e Ll
"IESTAIE"ZTHLL. BEmIMFHEERBEERE, HithERE
FEX B (undefined).

v KiE Slave 0 5 Slave 1 BIREFFZZESBRERE, FRIER
Slave 1 {98, th&ltk Slave 0 BFCHEEIARIREL,

v’ k1 Slave 0 RN EEESIRFENL, IRF<RFFIRE: ES
FREEEMNENEREE, HEAFXEASELR.

v FHFeRIE Slave 0 555, FRREIFHEALE Slave 1: REHIM
MEPERAIRAY, EBIT(Serialize)iBIRT HITE.

Interconnect

Slave 0
] ﬁ ~100 cycle
i
5 (]
—_ "g <
BHE i
- o
. I:I '§ Slave 1
< a —1>
~1 cycle l]
P
\ O
%

Figure 3-3: 1-to-N AXI Interconnect Use Case



B Deadlock and Livelock .

Write request channel
Address and
control
Interconnection Network —
Core/Cache terconnectio etwe Core/Cache
Wile data channal
Send Recv M Wit Write Wi Write Subordinat
1—»55* - - S -
Cache Cache
— > — —» ——» —»
Controller Controller
<o & - 0 .- P —
ecy 21l
Write
response
pa—

Figure 2.3: Protocol-level deadlock. Figure adapted from [294].

Figure A1.1: Channel architecture of writes

B— ISR =FP L5t el :
REREFA = Fe8(X 5 TFHE); RRERS = i&81; EEBA = OrderlLock, AWVALID
> T MERSERALE, BERETTHIAE: — REEE SRS N

WVALID! ——»» BVALID

N SN

b AWREADY WREADY BREADY
Mz%ﬁ;ﬁﬁ%?g I‘IQEI\J @‘0 t Dependencies on the assertion of WVALID also require the assertion of WLAST
iﬁ%gﬁ l]l'f]]m , {E%%%Ejﬁ&o Figure A3-7 AXI4 and AXI5 write transaction handshake dependencies

= —wt SEpe Bk — | AWENHZAEES (TEmki)

> A ARIRS, HEAT, 2 .

MEKFIK — | BMEN BTG HEME GRHIFERN)



B SIGCOMM’25: Orderlock

I RFE3L: fTJE EENIRFRIRESET RIEIF .

L FTHRM%Es: SRERERTRESETE.

0 ELFFE: MNATFRONGIESSIERONTE, BFR—AF 0,
—REEER. =EFF + BPER > il

v PCle: {RFIERR. Foinft&h. (Go-Back-N)
v TCP: {(RFRIRAZ. . ELEISB (Selective ACK)

v" Infiniband Adaptive Routing + Out-of-Order Placement:
. TitEh. ALEEE

38

Path 1

A
T ]
[.[B]A]] Path 2

(a) Head-of-Line Blocking
Self Blocking

v

I
L[ piff——>{[n] .. T4[3]2] |

Virtual Arrival Queue

(b) Orderlock

Normal Queue

o )_

[\ - 302

i
&
el
Y\,

000 Queue

(c) Orderlock with VOQs

Figure 2: Orderlock is a self-blocking deadlock



B Case Study: Infiniband
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Processor Node

‘ CcPU ’W‘ 000 W‘
IS Processor Node
Processor Node HCA [ Mem [§ HCA | | cPu |["CPU | ooo [ cpu |
I—A_[—I

CPU |[ €PU | cco [ cpu | CA Fabric
: : . - /(Subnet)
L wRN r IB Subnets
] . s
RAID Subsystem \ Swnch Swm::h ' |
. Pro ssssss Nodes
O0 o et

B@ ‘SCSI Processor ' -

0 seit— mem| //, \ s 00
a scsl / / /@@
/ Switch

INFINIBAND"

TRADE ASSOCIATION

52 o B
! 4
\\ Storage E}B
Subsystem .
| / a h \‘\\- B@
I | W ™~ —_—
L .
= L Loy 10 ~ . switeh > ) 1/O
P £ - Chassis _ Chassis
23|23 |23 eg '§é 24
H | S HEE
ol of| 2f| e ° o
e HCA = InfiniBand Channel Adapter in processer node
'(_l} Ethenet T hannel Graphics TCA = InfiniSand Channel Adapter in /0 node
hub & FC
Mellanox s
TecnnoLoc es NMVIDIA, Figure 6 IBA System Area Network

5PCleR@E(P.24), Infiniband 2—FKF &k Credit ZiRinifs, (BifZim Replay nISE(ESH (RCIEI) RUREXIMN . SB—IRFE
AiRiniE: B2 %&HRLNTE, —iR fabric REITES 1/0,

[FHE HPC BEXZ$——Mpyrinet, Quadrics, SCI, LAKM——-r=EH457T Infiniband, i, fEE Al ZiEkls, LAANIERS
RoCE/UEC LAK Efth#rAYtHY B3,

|B At LRRURY : tREMY ELE ASIC, LAMRRAERIRIERA ES I fRfeM &,



B Case Study: Infiniband

IBA Message (End to End)

IBA Data Packeit (Routed unit of \3vork)\ el

acket Payloa outing rans}:b' ackel Payloa T
CRC| | Header | Header CRC|

Message Data

|
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Table 38 OpCode field
Code[7-5] | Code[4-0] Description Packet c::::;:::::‘::?ame Base
00000 SEND First PayLd
00001 SEND Middle PayLd
000 00010  |SEND Last PayLd
Reliable 00011 SEND Last with Immediate ImmDt, PayLd
Connection (RC) | 00100 |SEND Only PayLd
00101 SEND Only with Immediate ImmDt, PayLd
00110 RDMA WRITE First RETH, FayLd
00111 RDMA WRITE Middle PayLd
01000 RDMA WRITE Last PayLd
01001 RDMA WRITE Last with Immediate  |ImmDt, PayLd
01010 RDMA WRITE Only RETH, PayLd
01011 RDMA WRITE Only with Immediate |RETH, ImmDt, PaylLd
01100 RDMA READ Request RETH
01101 RDMA READ response First AETH, PayLd
01110 RDMA READ response Middle PayLd
01111 RDMA READ response Last AETH, PayLd
10000 RDMA READ response Only AETH, PayLd
10001 Acknowledge AETH
10010 ATOMIC Acknowledge AETH, AtomicAckETH
10011 CmpSwap AtomicETH
10100 FetchAdd AtomicETH
10101 Reserved Undefined
10110 SEND Last with Invalidate IETH. PayLd
10111 SEND Only with Invalidate IETH, PayLd
11000-11111 |Reserved undefined
Table 43 Schedule of Valid OpCode Sequences

Previous Packet OpCode

Valid OpCodes for Current Packet

None e.g., first packet following
connection establishment

“First” packet
“Only" packet

“First” packet

“Middle” packet (message is 3 or more packets)
“Last” packet (message is exactly 2 packets)
Type of operation must match the previous CpCode

“Middle” packet

“Middle” packet
“Last” packet
Type of operation must match the previous OpCode

outing [ Transpo
Header | Header
Figure 44 IBA Messages and Packets
bits 31-24 23-16 15-8 7-0
bytes
0-3 VLo [ Wver SL  [Rsv2|LNH Destination Local Identifier
4-7 Reserve 5 | Packet Length (11 bits) Source Local |dentifier
Figure 55 Local Route Header (LRH)
bits 31-24 23-16 15-8 7-0
bytes
0-3 OpCode SE ‘ M ‘ Pad | TVer Partition Key
4-7 F/Res1 @ B/Res1? Reserved 6 2 Destination QP
8-1 A ‘ Reserved 7 PSN - Packet Sequence Number
Figure 67 Base Transport Header (BTH)
hits 31-24 23-16 15-8 7-0
bytes
0-3 Virtual Address (63-32)
4-7 Virtual Address (31-0)
8-11 R_Key
12-15 DMA Length
Figure 70 RDMA Extended Transport Header (RETH)

“Last” packet

“First” packet (1st packet of a new message)
“Only" packet (1st packet of a new single packet msg)

“Only" packet

“First” packet
“Only" packet




B Open Question: What about Lossy Fabric Router?

N

Sender

Sender

AN

Y

Y

Sender

J\.

AN

Sender

J\.

N

N

AN

\ 4

A

N

N

1
1
1
4 ! )
~ 1
2 : TX Window
1
1
1
> ! TX Window
:
1
1
> ! TX Window
:
1
1
> ! TX Window
1
\_Receiver : Sender /
|
1
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PART | Chapter 3

1.3 From Connectivity to

Management
B8, Scale-Up 5 Scale-Out

“A distributed system is one in which the failure of a computer you

didn't even know existed can render your own computer unusable.”

— R =A% BT RERH
Supermicro NVIDIA GB200 NVL72 - Supermicro



B Domain and Connection

v 1(Domain): FFEREENH (58EKE5) AR —(D
WERRSESEE. MR BRI AEEEER
v & (Connection): WNMEZBIRELZBEN N
OB TR, EEREEEmNAGRE

, HAFMS a1 R.
BANR [
asusxrsaﬂ @@ w248 g g { v ﬁE(NeSt) E Domain WE']-LX#QE SUb_
2 L ST B Domain LAREEIRIERIAZR. RETLUS EidiE
S B SYPNHRN PN N . N
SPS RN | f:’ S BEMAYZ A Domain §3H9—1 Mega-
SIS SIS Domain,

v BMERFOS): AFEENNE, —SitEA
LIB— OS &, LIRS HzlRIZ 1 OS
PHIEIE, FHHREMHLH M EEE,

43



B Case Study: NVIDIA Grace Blackwell NVL72 SuperPod

NVIDIA GB200 Grace NVIDIA GB200 Grace Blackwell
Blackwell Superchip NVL4 Superchip

_ 1,296 connections for
| 4 GPUs per compute tray

10 compute trays

18 compute trays
9 NVLink Switch trays - » s

8 compute trays

1
o
0
0
Ik
D.
.
o
U

i

9 NVLink Switch trays
2 NVLink Switches with 72 ports each

44

g
[ u:n. I u;n. I Lo;fl. Lt:fl. [ Le:fl. I u;n. I Le;fl. I u:fz. J [ L‘:"- I L’;"- I ‘-';"' Leaf.4
=~ T _ 7| PR\ T | ﬁﬁ’* ] 5
‘ j 72 Blackwell HESE) LLI_D i 72x Blackwell 72 Bladkwel
~.GB200 NVL72-1 BPUs ! +.GB200 NVL72-2 GPUS GpUs GBZOO NVL72-8
L 1% NVLS— / lxNVL
5 - : 72xNVLS ., N AR '

«  — NVL72 {liEE2— Domain: 18 NMIEHEE (Tray)BENEER
T, B 18 Grace CPU 5 2 g Blackwell GPUQHEJ?, ﬂﬁﬂ]zﬁlﬁé
F NVLINK-C2C —E%(Coherence) 2@, T2 (ahE
NVLINK BEXZ %t (Scale-Up)EiX. T\IEE’\J NVL72 %é}fu;
Infiniband 4% %z (Scale-Out), EEE‘@EFL%?*EJLTE?LL&O
: /\*,'f—:"\ﬁﬂ_LEl’J OS WAL RHN—HERFEEHITEEATA
T RIENY CUDA SR, SEIRFIRET LA FFE BRI FhIE.



B Computer System: State and Computing

HEINE—TIHFRRASSHT R (RESEBLERE) NFR.
WERMICENSFR, TRIPASRZENIE. KSHERE, WfTas
2, EREHE), TR, BE—E0RERES/OE., FHESXNK
M——IXLEMAIER, RERRESRMT AR,

SR BNAFRESNE RREE, BZRVEERINEZEENDE, &
B—HIMES REE TXEEC. BIR, b : EREEFELR
&, PREARSE, MRSEHEETELN NG, #ISH
BRI, BETEX.

INXREE, X IFAERAIEE CHIE (Trade-Off) 5pk: 173,
%7, 7. maAF BRNGESE. BR. —HESHEEEZE
HUENE, ISA 5 DSA, BhEEERASTRZENEE. EESkStE
ARERPIEENR, 2T IR,

Q" = f(Q, Input)
Output = g(Q, Input)

Xy —>

Combinational logic >
X, —> e
0 — X3 "o
T O,
( 0 FF3 —‘
S P
 I—
1 FF,
S P

CK

CLKM [N

C

D Q

Launch

Tck2q
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Capture
flip-flop

flip-flop _—=
Combinational
Launch path —D- logic (po)

D Q—

> CK

L~

>CK

=

UFFO ﬁﬂw

-

capture

UFF1



46

B Library Bisearch Problem

EREERNEFRREAKBRR. BFRR: Zoak—-kE:l

EBEEF, FBES, REXCFLAELEREGHFE, BRH=, BE

log n JXFEIT .

« PEARRHFFI—EARIREB AL T BF X1
&, MAEFERESHRRNTE,

o "ERIEFARE O()—FENInREE EAFE, RBREIRFS
EiR%E. B8 L log n JREEEE, SEFR.E n IRFEERE,

"RNEFE"BAIERARN, EANETIE0R0E, SYEMEZ5THIERGEY
K. HE, BE. AMER—=AF, RREERTALI, Kiz
IAREI=A

V' 9%,

RS S0y

Qe LS
ORY A&@A Lm§/



B The Fundamental Fact

A
a2 - - Why 128x1287?
operations per T e TPU Core |
operand ratio ;[ Unit :
3 =
Matrix
utilization W
2 — ratio : Vector
1.7% Unit | Transpose/ | '
' Permute Unit
17T 1x o E 5
(heirmalized) (normalized) -
| | | » Constant
I I I FLOPS
256x256 128x128 64x64
(1x) (4x) (16x)
Relative Energy Cost
Operation Energy [pJ] Relative Cost
32 bit int ADD 0.1 1
32 bit float ADD 0.9 9
32 bit Register File 1 10
32 bit int MULT 3.1 31
32 bit float MULT 3.7 37
32 bit SRAM Cache 5 50
32 bit DRAM Memory 640 6400

1 10 100 1000 10000

Figure 1: Energy table for 45nm CMOS process [7]. Memory access is 3 orders of magnitude more
energy expensive than simple arithmetic.



B Synchronization

AL RRFERRANRF—EARREIEEANINIR, TAKESE, REcrdtEiRadtit
B,
PR NIREBYIIEIEE SR RSEERE, RIATE T ARRIH:

BER HLH BA(HELR) il F
AN ELEHITIRERR (AL cycles 000 CPU, SIMT
=) /IRFEHRITELFEE
#%i8] (8 SoC) —H DY + FFE ~10 ns—1us MESI, DMB
% e e (RBRR) Programmed 1/O / Doorbell ~ ~100 ns—ps BlueFlame, SQ, cp.async

% < 1%%E (58RX) i) / PET(AF,A%Z)  ~100 ns—ps evq, UINTR, IRQ, mbarrier
wa vkl Replicate, Fence >1 RTT Paxos, Raft




B The Same Story: Prior? Posterior?

a0 P.19,

SV EETAC RIS, RATMEST
. Sl EEZAISENE

. Bk EE, BERE

imK: #, BEIRE () ——Programmed I/0
Hi, ERL] (fF3%) ——Doorbell

ek FEBRAE (fcie) —ithdss / eig(Polling)
XJ7oK (j532) ——FRER(Interrupt)

49

Waiting for an Event: Family vacation

Polling
Are we there Ye‘t?
Are we there Yet?
Are we there yet?
Are we there yet?
Are we there yet?

Ave we there vet?

Interrupts

Wake me up when we get there...
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B Case Study: Audio Device Timer Model

—MRERNZEG: SIKEAFHEFHT
ESE TR XEREE., RYEFHEE—ERANKEE, T2,

v FRRt&EBY(Poettering 2008):

Zim: KEolE / NKIEIR R KEHE / /NGBS
v iHEIEREEE:

LIRS FFEIFHRIAR— IRQ Bla). THEtIEREF. EEARTEHE. PulseAudio
- FR: gESVABELTXIFREER, LIERERASEITE

[ ®<«] systemd

[ERFRYEES

- X% (Valve Source 5|2) : RS=REIE tick, BIREF—IHIIEER (SiR) | FFinfullses], IRS::
matMERERE—RY. FRERWIRY, ~FEIHRAY.

- 1ME (Coroutine) : ILERISELIE (TTHIER) | IEATVEAE: BERIHATHT (FRiR) .




B SQ/CQ Model ;

- GPU

- NIC

<= Write
4> Read

eeeeeeeeeeeeee

( ons - E
1/0 1/0 (|BA0P rations)
Sul hmision Cnmpletlun @ S hmisslun Cumpletion
Channel CQE
Adapter =
woey |4 wal

Host Kernel

fezel5y

IBA Operatiol

(IBA Packe! ls)

IBA Packets

Channel Adapter

050/166

(=)
U/
|
|
|
|
|
|

Packet Relay
A Packet A o
J1:0) lrQ l1RQ | Y K Y |

Port Port

[ Device ‘ ‘ sical NIC r ’
) Fab (Symbols)
184 Communication tack - —()—

_RI /\E /\Ej /-II— .

@ Host 5 A\fiiF DRAM 59 SQ(WQ, Work Queue),

@ [E—NET Device BUiUE=SEHFIT—IBENEIE (MMIO) . IXME(FHARRD
1%,

® RFWEITXA Doorbell (82T Host [A Device &H—1"rHT), M SQ EEEHES.

@ 9T, ASEFE CQ,

® Device xiielfi(Doorbell B[R, Hii(55%. Host BHEZEHRTANERER, KF=¥EH.



https://developer.nvidia.com/blog/improving-network-performance-of-hpc-systems-using-nvidia-magnum-io-nvshmem-and-gpudirect-async/

B Case Study: Ethernet

Ve PLAN TO BUILD A SO-CALLED BROADCAST COMPUTER COMMUNICATION
—
NETWORK, NOT UNLIKE THE ALDTIA SYSTEM'S RADIO NETWORK, BUT

v LAKMFTRATE: AT SEIBEEMIRE.

v ALOHA FEeM%s (BRERE, ~1970) —
RIS ETEENZ—, ALOHA A2ERIZE
BHIHRE,; EEEEHRELAKREFLR I,

v IR E] PARC ff5HL) Bob Metcalfe 5
David Boggs £ 1973, May 22 (& =R
Y "The ETHER Network" Y448,

v LK, BISNHFK: Radio Ether, Cable Ether,
Telephone Ether..... Io3EK, FRLATRAATE,

SPECIFICALLY FOR IN-BUILDING MINICOMPUTER COMMUNICATION,
¥e THINK IN TER'S OF NOVA's A0 ALTO'S JOINED BY COAXIAL CABLES,

WHILE WE MAY END UP USING COAXIAL CABLE TREES TO CARRY OR

BROADCAST TRANSMISSIONS, IT SEEMS WISE TO TALK IN TERMS OF

AN ETHER, RATHER THAN ‘THE CABLE', FOR AS LONG AS POSSIBLE.

THIS WILL KEEP THINGS GENERAL AND HHO KNOWS WHAT OTHER MEDIA

WILL PROVE BETTER THAN CABLE FOR A BROADCAST NETWORK; MAYBE

RADIO OR TELEPHONE CIRCUITS, OR POMER WIRING OR FREQUENCY-MATI-PLEXED
CAIV, OR MICROWAVE ENVIRONENTS, OR EVEN CYBINATIONS THEREOF,

THE ESSENTIAL FEATURE OF OLR MEDILM — THE ETHER — IS THAT IT

CARRIES TRANSMISSIONS, PROPAGATES BITS TO ALL STATIONS,
KE ARE TO INVESTIGATE THE APPLICABILITY OF ETHER NETWORKS.




B Case Study: Ethernet

0sI reference model layers Ethernet layers
Application Higher layers
Presentation

o MNRBIYMZEREE, £TRMEEIEOFR NIC (Network | Logieal link control (LLC) or other MAC clent

Media access control (MAC)
Interface Card) . FALED NIC ZEZRDIHIRILAA K, TER/UDP |  Feconcilaton |

P Network ia-independent interface
v IR (RFEHR) BEEAS: #5A%F. DMA, doorbell, & o o
Ethernet
I)_Kﬁ Physical Physical layer (PHY)
Media-dependent interface
v XIS (RHESR) SRk, fF5. NMR. NEBRRF oD

Medium

L3
N
(atom 1 C) EIJ ° Figure 2.1: IEEE 802.3 simplified layer architecture in relation to the 0SI reference model.
Adopted from [5, fig. 1-1].

TX_EN

-« MAC Bz O AU FRY MAC il SSAETIE. /ME FURRE

oiElE I (CSMA/CDER TR, TFIktezr FRakmie). ,
CRC RIS TNEE, @id MIl (AT ETEIEN) SPHYIEE.
. PHY IMURIBSEHISINGE, BEIRREHLEE MDI (AR
BXEO) L, RS RS TN E L,

MII/GMII MII only GMII only

Figure 2.2: Signals used by MII and GMII in full-duplex operation. Adopted from [5, fig.
22-3] and [5, fig. 35-2].



B Case Study: Ethernet

- BE:
=%
- HB:
. LREh:
- B8

%l.

/

Figure 4-1. CoreRGMII Timing Diagram of Packet Transmitted

k™ _ /S

MAC_GMII_TX_EN
MAC_GMII_TXD [7:0]
MAC_GMII_TX_ER
TX_CTL

TD [3:0]

PHY &5

EERHN

MDI 81755, EEaXKi
RGMII FH17ES, EFH
MR AR s SHMRISIRES

_<

55

S
§
S S G G G GI=I G G &
§
)

S A W A W A U A S A
—
)

|

f

: EEEEEOEOECEEEEEE:




B Case Study: Ethernet (LL2)

7 OCTETS PREAMBLE
1 OCTET SFD
6 OCTETS DESTINATION ADDRESS
6 OCTETS SOURCE ADDRESS ‘ E OCTETS
2 OCTETS LENGTH/TYPE € 22 TRANSMITTED
. >< [&  TOPTOBOTTOM
46 TO 1500 OR 1504/ ! MAC CLIENT DATA ' E [
OR19820CTETS 4 +--=--=s-=s-=--ommmeonns
(SEE 3.2.7) : PAD :
4 OCTETS | FRAME CHECK SEQUENCE | |
. EXTENSION .
Ul SION ) y
S I I e
b? b’

‘ BITS
TRANSMITTED ———

LEFT TO RIGHT

Figure 3—1—Packet format

v MAC idik: 48 bit = OUl (T BmS) + mKks, 2 B
ZIEEZEY: FRUOEK— "X PRI OHE"
RIM=EM (BN 300s) , iRBEHMNY, RBEE: BEAREED
FEARYmFRR—BRPFRED A,

v RAOmkEELR: INRBRtE — BOEE; SRS 1%

(FF:FF:....) — &z,




B Case Study: IP (L3)

v IR EP X T EAT? EE

v R ARERIR T AT =R /’Wc => IP ¥, AIRGHIERIN

AL L3 EBHEX, L2 EAE. REBE, BERTLFA.
CIDR: —™ IP 1thiik5 \bﬁuﬁﬁﬂl:f}?z, FEEXY, s

IP Header TCP/UDP-Header DATA

20Byte 20Byte Data

Time to Live | Protocol Header Checksum

Service 192.168.0.42/24
Indentification Flags Fragment =
Offset
// =S =

Source Address

Destination Address

Figure 24. IP Header

192.168.0.0/24 eth0 |
Version | IHL | Type of Total Length

0 16 32Bit 192.168.0.43/24

56

192 , 168 . 122 | 100 /| 24

—— e A | e | |

1st 2nd 3rd 4th nefmask __
octet octet octet octet /ﬁl‘lber
J’ J’ : ‘L 2441

11000000 10101000 1111010 W

&7
11111111 11111111 11111111 00000000 | ¢———

Network Network Network Hosts

192.168.0.0/24 eth0

192.168.1.42 /24

A WAN

192.168.1.0/24 ethl *

192.168.0.1/24
192.168.1.1/24

\

192.168.1.41/24

192.168.0.0/24 eth0 192.168.1.1

192.168.1.0/24 eth0

0.0.0.0/0 eth0 192.168.1.42



B Case Study: IP

Physical Addresses  |P Addresses
[02-60-8C-01-02-03| [ 197.15.22.33 | ARP: xTEBRIHERY IP, Bz ERIA MAC,
|00-00-A2-05-09-89| | 197.15.22.44 | | | Destination = 197.15.22.126 |
109-00-20-67-92-89 | | 197.15.22.123 |
Io&mz‘ww%II 197.15.224 | @ J#: R 197.15.22.1267?
Sare @ B#E: B2 197.15.22.126, MACHEILE......

Who|s19715221267Iam199152233from Jobe i o e
%! g~ J @ BREMFH ARP &
\ L s |

| 19915 38 || 197.1522.44 | 197.15.22.123 || 197.15.22.4 |
B4 : EtherType 0x0806, 5 IP Y££z——ARP

ﬁl \ﬁ] 2 IP 19—, & L2/L3 Z[E898
| am 199.15.22.126 from
TVEC

| 197 15.22.37 [ 19?1522125|
| Destination |




B Case Study: TCP/IP

>
w
w

L
S z A

9 A~
k@/

xRS

v

ACK

Time ———

!

Data D
NS ¢_7 o\- @
Da[a Qﬁ X Qq’
A

/

DKMERAER, IPRAOMA—AR. iF. X8, KFREEAE. P EHNERBSIRERE.

Beixhtk @HRHERREFT) .

- HE—=2XEF BERDBFS, BE SYNEE
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CLOSED

Passive open Close

A

Active open /SYN

Close
A

SYN/SYN + ACK

;

SYN_

LISTEN

Send SYN

Y %>

Y
FIN_WAIT_2 &,
(%
FIN/ACK

« BC—RREREE: FIN 5—MFS, &40 ACK; "HiRT 7" AFT "RiRzT".
« SFR—TIME_WAIT 2MSL: FiRF|EFIE + FEXNERE ACK R (Linux 60s)

« FEE——RST: 755, A, & CEUEER

SYN_SENT

CLOSE_WAIT

Close/FIN
Y

CLOSING LAST_ACK

ACK Timeout af_ter two ACK
Y segment lifetimes

TIME_WAIT

CLOSED

AR, TCP EXEMSR L
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B Principles of Research

EHRIX—&RI, BT —RET.

¥MiIF, SBEABEERE. g AlL # Infra, &
Oh. BY. XETERERTRE, RUEREAASR
HENTEHAILE, SEEFRIBE, ABRFER
1TRIT X IRMNBREHRSERID, BESKTKRIA

BXESAE2REEEN. EERILE: BEXS
. AEQ. ETHE, (HURETHERR. EREZERE
b, WIREEXG, SRIERRRGEIES, RIRERR
WmlZeE., BIEWEAOEZHERN, A2k, mmEEA
RIBHERSERIAR—ZI. BRHEERERZIRILFE,
A—EERREBE. EEERRR,




B Principles of Research

- ERIFHRET, BFEHEE, BEETHARRSISEE, MsISMIERIBENZBSAERE. B1FEA
MRTRZ, ERAMFERFITBERE ANSHRE, RZEEM01E CH—MSRER, BIEXMIRATS
RENPFETTBEBHEORNRE. EXEREER, ZEITS ARHTAEXIIFNER, BBiIXKE=18tes
iR, MRE—NKERKBXEHNENA, BAREERENHESAKNELD, BHRET—EEA, 85
SN, HNIUEHARHERS, XIERRAEUDBRIRE.

- BN XKZSENAESH. HIAEFHIRA, A, REFREXLEHERMHE, BI1ZEEAMEIBLAEHRTEY
ABBERIEEIL . RERHANERMISIRXERENR? XE— MR, TZB—T1EME. 8%, HEEN
AERMR: (BREAMIRAZANMBZEHNRBADNC—, SltiEHBEEPSARTHEBHEABER
i3, REEBBZELIAERIREIMB. —MEFERNARRBERBNAESE, HAEWHMEHNTEHSR
—IXHMEERERHENASELERRETNME, AEIERURINESE. T2, EdRREENES
, JLABHEME. REEREICFERAKEmZITHTHRE,



B Principles of Research

FR T XFEREEISN, EFEE—MRRRAIE. MISBURESTFHRINBINAN, HECEL—IE=RICE
STEHEHHRES, A5, RIOGXERXBEIEENFHPRRMASEEHER, HFLUERES. ExX
. WAL B EEFMBEARFEREEIENAS N MIEX—1]. iSRS REELRNAE CRREERY
iy, NTEDN AZRRIIRISEERS HTEE RNTRELE.

- MEFFNESEENE LT AR ESZEVHRAGRNEEHEFER. EENXLEER, &HEE
HERER, REEVESRNERER LNER. BT XM5AC ERIARENE, AMATESHEN, Eie)
BEFESMAERFERIIRER, XNMEEEEC LRI, BYIEFIIARKIE, ER—HE, 28
— A LCEMBIPREAERBYR., NERERNARTX—ERBOA, BAEHA, HE—REECHRL, Lt
USRI, REENRSECHREZ @HRAZENHR —XIEZR R MERIER EfibRIATRY “AXKAIH
g .

- MEEFREBEIFEAFTANRICHARENILME BBIRE. HBIAN, JIErDiHHH SN FHEIRIRHET
ItE,



B Principles of Research

- EFTEREERNERT, HCYEFRIVHFES SEAFEMNTE? ERASTIRRN, SERIEHERTREL
AABFHAESTRELEINGRSRA. B—HH, MEFRUIRETSIERE B CRIMRER: heitHET
AR T RE RS, Y THEHOLE LIRS R F R AR KA E EZ e T BT RENE SR
HHITE, #EH T AKEEMEENAEE. XIUREEDNH, RENT ESTLAOEEME. SHTEHmRENE.
BE, SAIB/NMEESGFIEESRTMELIRIVRAMAANER, REEMHARSIFNFZARBEAFRINX—
NGB UE? IXFME/IMBERMAYSSORIRER, EEMEES L "FHIEL" XEIRIRS? k2, BE%
BY. BEAERIECHEFEIENESR, SMEVNSEHESER, EMIIAUEZANRBEEEUE. BT
LER, MREFIEASTEELARCENEE, BB URGEMTERNRSE, Shmir—iIBAdE

(Bff%anidiz) A9IRiE. B, YEFRNFEHFEERN=EME, HE—MRFEN LRI,



B Infiniband and TCP/iWARP worldviews

RIERSIHRESR. OREXRE, POBHERR.

Infiniband: TCP/IWARP:

« 5 = fabric: #BH_E NoC ZEFRZENFEZIL. - HR = ims: TIEHEETmY.

- IFFMEETE QP/EEE: credit. ITF. TRRIEN. - PRt dTER=: BE. F. RS,

- FEEREERTE: TR, BE. BERD. « ENEENERYTE: Eif. DRAM, FEINE,

- AKX, KEHEFOW, ZRPRAESH, 7% c FLMKEBERIAR, IiF. BE. BAEEREEN
fabric F&RE. NEE

- BRME: i, TR, HEFESIIHAESER - & BEERRMRES DRAM/SIHRASHIHRE
ia, WX DC NSHEASESEEILEEH, Big; DEsSE KBRS IRz,
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B Today Large Distributed Network System Blueprint

> ImrZy 7 xPU/DMA/AGU F=aEitiibizi, CPU iBER=HImE;
> RET T KRGS, oEERIARAER, =NE—(0TE. FiE. ERIRS).
> HEL T ThARTRE. BARER. SE2EEES, ILFEEIA, SEEEFH AHZR—7K fabric

> BER T =8, Alr. FE. HE. IREHEERRAN, —RENTREERE. K5k, HER

Figure 1: B4 global topology. Each marker indicates a site or multiple sites
located in close geographical proximity. B4 consists of 33 sites as of Jan-
uary, 2018.

GPU tray lid

2 X 5th generation

8x NVIDIA B200
Blackwell Uitra GPUs

Self-Encrypting

Drives BlueField-3 DPU

DC-SCM



B Traffic Dimension

A
Message Tile

Reliable Scalar Reliable Bulk

Load/Store/ Atomic Tile/Move
(Retry) (Packetize, SACK)
Perishable
Unreliable Scalar

Gaming/RTC...

(Redundant, Predict)

> FIEE

- IREERERMN: FREEAXDAEEREKSI—HAIE (RTT/EQR) . T8 (TR) . K&
(E=/BN/EERIT) |, BEMT (RAOmA) . ENRBWGRR, FEEm.

- (P ARIFZ, REXERMWEREM: NFRAIEHRIBEREEER(CBFC / LLR); K2
BAEERRERERS, YN &% SV EGAHSIIR, TREEREIESmSR.




B Old cosmos is crashing

&%t RC QP BAHEaEHTEAAENEEE— TR L:

BiH BN R CHCHYEEX
517 (QPN 3iit) KE&Ew: b—REH. —RERHAEFSA
liiF (PSN ==[a) B—FS: —Bz2kx, MARSBERERSILR
it (BH/ER) BEREE NIC: ERHH SRAM LR 8HUE
g2 (ATh) SUE: BHERE. FERG, FZEESH
SLHmE (SQ/RQ/CQ) CPU~NIC HE=ERATFS, ERNEX

JEFERIARAN . BRERIR. Go-Back-N. iE#EEZ NIC SRAM fREI. PFC TiRitbE. HiER QP

UEC fBFF T B8R (BmA/ALR/IEEER) | BRISE: EEIRANEE NIC, BlintBEREE/ZFBERIR
SHUREIC; RUDIERBIABERIR, BEASANEENT.

R S —1N, HRMIEEEER. EZIRKE, MESE QP, HiBERARGERE, T &, ME
il NIC SRAM, #3L#AN, FaSEEuR.

HEE: ARGEEY, MEEMPE—ANE®ER, HMESEX,; BB RIRMEENIREAIERR.



B Network Hierarchy Design

BXE ESEIMGRB ML 1) Hk
EiE = EEES. oA, FRFENENNESE

HITE 79 Message. Tile LI ERASHEESFEERESHMIIR
== EHMEA. B, RIT(SER/EHEAZ)MENR
BSCI= B Tunnel MT] (&% SR

= 7 AR R S




B Network Architecture

Spine 1

Tunnel 1
{sourcelP, destIP, tunne

ort, destPo

Leaf 1

$

destPort(fixed)

Spine 2

Leaf 2

$

tunnel1Port, tunnel2Port

Tunnel 2

sourcelP, destIP, tunnel2Port, destPort}

Leaf 3
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B Network Architecture

Spine

Leaf

+# RNIC: 3+3*2*4 Tunnels

“# DPU: 2*4 Tunnels

i 3 2

jv e 2

Aggregation

Access

70



PART Ill

111 |

Beyond the Monolith: Modern
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Computing




B Stateful Operation is inevitable

1%, BEFERIREH: RISC 5 ELAFFIRTEHEMERE
HE, BFEERTH: EERKREESHNEIEER
P46/47: ERMITER, BEIMARBI TR/ BESIES.

v B M ERA, Bl LIRIRESRY Spill/Restore PN EUEE RSV AT HESRIT,
v AERS: EEZMETHNERS, SREEEGIER, h EFERTSATEMESERO.

A —> Operation [—>Y A —> Operation [—>Y

| |

Spill Restore




B Tile Descriptor

© A two-dimensional colum-major tensor. )
G A two-dimensional tensor with a more complex layout.

0| 4|8 |12|16|20 24 28] AL0,31=12 bt | PP o137 [3ps] €103 1-C1o (1,1)1=9
1 § /9 |AB |AY D1 Dk DD 273 11011 |18 19 |26 27 We can still access with 2D coords
TURING TENSOR CORES TURING TENSOR CORES TURING TENSOR CORES g dsfadaidad : e e
ot T8 [ 2/ 6/ 10|14 18 22 26 30 4 4511213202128 29 |:4'(2'4):]
'g' 3|7 [11[15|19 (23|27 |3 |:1,4:| 5 el 12000 c:12,(1,8)],Fp32
: AL 7 FP32 +17538
(a) 4x8H|EF5KE: stride (1,4) (b) % 49 hierarchical dim (2,4) FIE %
i

14: Graphene FHKENFEM AR (5 CuTe Layout<Shape, Stride>TEE(*# L [Al
F9)o (o) RTEIBAIBIEFAD; (b) RTEE Y stride HRMRIMAT, AR CuTe hi
Layout< (4, (2,4)), (8, (1,4))>MRIKRES, (RIH: Hagedorn et al., PLDI 2023, Fig. 3)

‘ 3 |12]16[20|24|28 |:2:| I:lo:l T Tor: el oo lons 7] [(2,2)
15 |9 1ala7jaalasioe] A-tile(]1],[1]) = 105 |9 )17 212529 A.tite([2], |(1,4)]) =
Tl276 (10 14]18]22]26 30 : ; :
2 : 1 L4 : | [2' 2] [2'} 2 | 6J10/14]18 26 30 2 2,(2’ 2)
L e B2, 16] |1, 4], Fp32 3| 7 Janjasiao las|ams] o .[1,8] [2,(4,16)] rp3n
—— & —offset in scalar elements to advance to the next tile. 2nd tile size: "Tiles with two adjacent cols repeated twice with stride 4"

(a) VI3 2x2 > 2x4 JESE tile (b) PAEXTARELERYZRAL tile

Bl 15: Graphene Hf1Y Tiling #1% (5 CuTe Layout::tile() / TiledMMA / TiledCopy [F#4),
(a) JE/REHANESE tile X575 (b) B/RIEIEIE unit stride SEEARYE 7% tile MRS, JXIEE CuTe b
M 1dmatrix FEE PTX HUEB N I KEIAZ0ORE T, CRIE: Hagedorn et al., PLDI 2023,
Fig. 4)



B The Future Belongs to Tile

TR R EIE R :

. MR Tile &: CPU %BFEH R (Intel AMX / ARM SME / ACE) . GPU Tensor Core

- MR Tile 5: Tile #gfE5ez( (TileLang / Tilus / CUDA Tile......) ., Shape / Stride 7~
RE45 AGU HIHHARE.

MR 7 Tile HUEHMISRAMESARERNE]:
- Tile EEARN/BEH/INSHRINEN, EAZMKIETTES DRAM, B#KiERE|, DRAM 5
IR . BEEF—X RTT,

PLZIRIREREE "B FRAIIAIRES": Tile F—HETENR, FERBIIEEHIHKIIKHEE




B CPU owns setup. xPU owns issue.

EOTT:
iTE R Tile, YRR Tile, A EMEIEH5 Atomic; BER48i: Tile Load / Tile Store,
ER/MREY/fPRE CPU —R3RYF, ZIe8UEEAEIE CPU, DMA EiE, A2&i1E.
SQ/CQ 1B DMA AT SQE / doorbell / CQE / KL / 52k, ILEBIRBSERNE
=HIEFLL,; BT ABl ZpkFTE xPU BINHERLY, BAKES.
T eiLIX Bl . AFIEERIRIT T BiMRIE " BIRN——BimikiR, FKEICAIRERE.
NVMe ZF s RiAF, 1EW verbs ZF us &Kk4s; io_uring Lt 7BASI, ZEKXA 7 BAFI4RIE

#FRZE{R/\: Tile / Descriptor / Load-Store / Atomic / Barrier-Commit-Wait; GPU EilRAIX2
EFRREE, HhitZEIELRANX -
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B GPU Already Voted: Explicit Sync + Async Engines

if (threadidx.x < 4) {

Aj 8h|
B; §
} else { =
X; o
Y o
;; A; B; Z;
» Time

(a) Pascal JZ 5] GPU [y SIMT Warp HUTHEAL: 53 SORRUN AR B2 PR T T
(AB = X,Y), PRl 7 ZeAe Rk

if (threadIdx.x < 4) {

A;

lll
} else { .

X O

= 2 B¢
} A;

Z;
__syncwarp(Q) » Time

(b) Volta M/ AR E 5 BXFD: AGEDEARYE L PC FIARIKL, SR
__syncwarp() BRFW, T warp K ERILIER D 5 EHER

7: SIMT 73 X EHLHIR L. (a) Pre-Volta ZRA{#H SIMT Stack ERfTHLIITRERIR; (b)
Post-Volta ZRHSZ R AR R B RIC G, IXFEIEHE Volta REAS STRFAIRLEE BITFI TCH LIRS
%, (CRIE: NVIDIA V100 Whitepaper, Figs. 20 & 23)

H100
Using TMA Unit

A100
Using LDGSTS instr

Addr gen by threads

g

SM
Tensor Registers
T

Threads '1

Data Reads
Global Memory

Addr gen by TMA

v [

Data + Tranant

Global Memory

without async-copy: | EITTTI—NENE— HENE— HEC IEE— £

With Async-Copy: m_’ R
(Bypass L1) - 'm
N eeeeery) B — I — ‘
(AccessL1) " m

Asynchrony of MMA Instructions

Architecture MMA Type MMA Instruction SASS
Volta Warp-scoped mma HMMA
Ampere Warp-level synchronous mma HMMA
Hopper Warpgroup-level mwWgmma . mma_async HGMIHA
asynchronous - QGMMA

UTCHMMA

Blackwell Asynchronous tcgene5.mma UTCQMMA

UTCOMMA




B Unified System

Scale-Up @

Compute
Cluster

System
Cache

DRAM

g U

{

Fabric

{

g ¢ &

Fabric
Capsule

Englne

Agg regation

Reductlon
Engine

<:> Scale-Out

<:> Scale-Out
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Questions & Discussion
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  𝕀


  𝕃


  𝕆


   Q ∗ = f ( Q , I n p u t )


  O u t p u t = g ( Q ,   I n p u t )

