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Configurable Logic Block (CLB)

32-bit Software
Register

Debugging Only

HJ  FPGA

A 8 CPUO
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Memory Control | 102 Nvidia GA100, 7nm TSMC
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Die size w/ scribe lines:
836.66mm?2

! : . . | Die size w/o scribe lines:
core | ¢ - S i e by it | ~ 826mm?

24MiB L2$
Partition

- -1 Die shot from Nvidia

3x 512-Bit
Memory Control 1 1024" 2.430 - 3 bs | Annotations by Locuza, June 2021

3x/512:Bit HBM2(e) PHY,
Memory Control 430 - 3.186/G

Apple M3 NVIDIA H100
o OoEYj] NcohBl, €é M 2 D0De
Vo Z7Q Ythw AOa . Y NY. dp

0ys * NkXy SO



EHYN1 @

AKS3=2 % NYT vCPU GPU 3=H X " FPGA ASIC

CUNI »

N a ez J’ -‘3

W Sz
S PEKIN IVERSITY

G UN

U+ N Gaudi2 ChatGPT/GPT-4
Virtex : z-\lolz N
U) N
Q =
va&c] O 109 T
7 —I (7))
| o LL o
O O
= 10° 5\ I
< ﬁﬁff:ﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁé!,eﬁﬁw%ﬁ!,,ﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ,,,, | q10°8 'ﬁ':
7 18] e e aASIC Y4YAa 1 =
o i % i
2)—_ 0
&) 19 . ~<
: 7
1.0-3 T T T T T T T T T . | 10-12
1990 2000 2010 2020 2030 2040
- Q oWy p
[ " AT oYAN 1T @ f ] [ HLw YYT U ¢ N n A am ]

0ys * NkXy <92



EHYN1 @

ARa |~ Af oun1 ®dva

y) At %
\
PEKING UNIVERSITY

€1 b éH " &

CPU/GPU

\' Df

50TB/s

Scaling of Peak FLOPS, and Memo — A 1 P B/S
1000000-1 - MW FLOPS: ___60000x /20 e [EX 0x/2yrs) e .. ’
DDDDDDD 2 o o Uva
Interconnect BW: 30 KNL
° K40
10000 L ] GTX 580
. - L4 ®
e e . ®
° o >
©

1TB/s

40GB/s o
— > A"Ow
DDR HBM SRAM .

<t /£
X :\
N

0ys * NkXy R



EHYN1 & AT LS

s PEKING UNIVERSITY

Aa |~ Af oyn1 @v a

Transientfaults a® a fB
A E.g, high -energy particle strikes

Manufacturing faults o B
A E.g., broken connections

Wearout faults a A X [
A E.g., Electromigration

interconnect via

Device variability ag T s f3

(not all transistors created equal)
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A W'Yt & EAmdahl Law

T Y% = time

without enhancement / time with enhancement

Technique speeds up a fraction f of a task by a factorof S

time

new

= time

orig

0 @-f)+ f/S)

Snverall =1 /( (1_f) + f/S)

time

A

orig

S N »
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(1-7)

time

A

new

v

(1-1)
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X vy - the amount of independent sub  -tasks available

Work=T ¢- time to complete a computation on a sequential
systeme § VIAD ns| Q

Critical Path=T , - time to complete the same computation on an
infinitely -parallel systeme § Juw > ns|Q (

Wz X y Average Parallelism
F’a\,g =Tg/ T,
Fora p wide systeme X y P& T v /1 C
T,2max{Tgp, T, }
Pug>>p Y T,°Tdp
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W Al TT Q' T A1 H B BE"Y%.

AQ3 P a Temporal Locality [3 : If you looked something up, it is very likely that you will

look it up again soon

A P a Spatial Locality B : If you looked something up, it is very likely you will look up

something nearby next

Locality == Patterns == Predictability
Converse:
Anti-or f do!l w/ = Li [ rx kdyhgyrw grqgh vrphw
vhu/ ol nho/ | rinthe naargugure gither | w
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A oj Eyurs "t 8 EMemoization law

Dual of temporal locality but for computation
H ¢ TA H T1aMZt1 wywwBon [T HYT

b e \ EF
1 H 1 @t j He

Why does memoization work??

Examples
A Trace caches
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Aoverhead cost ;: one -time cost to set something up
Aper-unit cost : cost for per unit of operation
total cost = overhead + per -unit cost x N

b I nl@ 2 bpHil W overheadcost 1 ! @i P

Y lower the average cost
average cost = total cost / N

= (overhead /N ) + per -unit cost
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icroprocessor
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Al M »+ "t 6 Elnstruction Set Architecture

AISA (instruction set architecture)
e | T/ T OB A
. Functional definition  of operations,

modes, and storage locations
supported by hardware

. Precise description of how to
Invoke, and access them

<Yy Xj. hngo@'Ynpg Ti
0B w' | E wel T w
. Which operations are fast and which
are slow and when

. Which operations take more power
and which take less

0ys ' Nk Xy

Arithmetic and logical and, add

Data transfer move, load

Control branch, jump, call, return
System trap, rett

Floating point add, mul, div, sqrt
Decimal addd, convert

String move, compare

What operations are necessary?

What is the minimum complete ISA for a von Neuman

machine?

Too little or too simple A not expressive enough
difficult to program (by hand)
programs tend to be bigger

Too much or too complex A most of it
too much nAbaggageodo for
difficult choices during compiler optimization
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codel: rl« r2+1 code?2: rl« r2+1
rI3«r1/17 r3« r9/17
rd« rO-r3 r4« rO-rl10

rl1l« r4*16
r28« rl11*r3

a 1p
a 23
a 3B

(4
8

ILP: Instruction-Level Parallelism

(1)

Average ILP = no. instruction / no. cyc required

codel: ILP =1
i.e. must execute serially ©)

code2: ILP =3

l.e. can execute at the same time

0ys ' Nk Xy

Stall

(5)
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Time (latency) \ & H

A elapsed time vs.

processor time

Rate (bandwidth or
throughput) N

A performance = rate =

work per time

0ys ' Nk Xy

S N »
NPT TS
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Time
Processor Performance = ---------------
Program
Instructions Cycles Time
=| mmm oo X| ==mmmmmm - Dy
Program Instruction Cycle
(code size) (CP)) (cycle time)
N Oz Uy 1 &1 UN1 &/=

Architecture --> Implementation --> Realization

Compiler Designer  Processor Designer Chip Designer
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Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
Transistor count
50,000,000,000

Moore’s Law: The number of transistors on microchips doubles every two years [oitf E/)‘\/orld
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Status LEDs OMAP4430 Processor

Highlights:
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Global Smartphone Chipsets Market Share (Q3 2021 — Q4 2022)
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