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Transient faults (BFS#EfE)
« E.g, high-energy particle strikes

Manufacturing faults (Hh&EERE)
 E.g., broken connections

o FEE 1)

Wearout faults (k)

« E.g., Electromigration

interconnect via

Device variability (Z2{4iKE)

(not all transistors created equal)
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Technique speeds up a fraction f of a task by a factor of S
time,e, = timeg;-( (1-f) + /S)
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H17E - the amount of independent sub-tasks available (x-y) * (x+y)

Work=T; - time to complete a computation on a sequential
system (EE£HBITHETIERIE)

Critical Path=T_ - time to complete the same computation on an
infinitely-parallel system (E2FHITEEMNTIERIE)

S H1TE Average Parallelism
Pavg = Ts/ T,

For a pwide system (FH{TEPRIREEZRST) 14

Tp >max{ Ts/p, T,} *

Pug>>p0 = T,~Ts/p v

,EL!,H\?FE\@EE %ﬁ#@ <37 >



NPT

Gios PEKING UNIVERSITY

BRELNEPFHET - 3
- EEBIEFIEMNESHE - Locality law

IR S BT IR R LRI BRI HIET.
- BHEERE (Temporal Locality) : If you looked something up, it is very likely that you will

look it up again soon

- F[AEERM (Spatial Locality) : If you looked something up, it is very likely you will look up

something nearby next

Locality == Patterns == Predictability
Converse:

Anti-locality : If you haven’ t done something for a very long time, it is

very likely you won’ t do it in the near future either

BIEEH REHE <38>



W%gﬁwg$w'b‘ - a.I:NC%N‘g}}RS%z
- 1ICICSEHEPERHELE - Memoization law

Dual of temporal locality but for computation

MREINTRRBRE (FBEEFE. HE. 887FF) | IARTFRNERICEERSE
—ERETE, LIEAIZE

Why does memoization work??

Examples
« Trace caches

,%iZFéEEE %@#@ <39 >



BREEWEPRES -5
- WPIEBFHEMABE RS — Amortization law

« overhead cost : one-time cost to set something up
« per-unit cost : cost for per unit of operation

total cost = overhead + per-unit cost x N

NRGEAT LIS HRICE R L, BESEoverhead costZrLAES

= lower the average cost

average cost = total cost / N

= (overhead / N) + per-unit cost

BB/ FFaHE <40 >
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BRELESHLS - 6
o TRIKELIEREPHLE - Pipeline law

LAs=9bhsE/a51

,Eé,afu,\g EE %Fé‘-#@ <41 >
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BRELESHLS - 6
o TRIKELIEREPHLE - Pipeline law

ERREIEHARE

| add |

icroprocessor

|nnr|

fetch decode ALU mem writeback

L1 O O OOO%

-

3

noop
add
nor

| add

i}

BIEEH REHE <42 >

C



BREEETHES -7

) ¥

SITY

- IESEREAFELA — Instruction Set Architecture

- ISA (instruction set architecture)

- SR SRR

. Functional definition of operations,
modes, and storage locations
supported by hardware

> Precise description of how to
invoke, and access them

RS HREN SRS SR E
HIZ TR, RAREMEINsEREIA
> Which operations are fast and which
are slow and when

> Which operations take more power
and which take less

BIEEH FREHE

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 - not expressive enough
difficult to program (by hand)
programs tend to be bigger

Too much or too complex 2> most of it won’t be used
too much “baggage” for implementation.
difficult choices during compiler optimization

<43 >



BREELEFELE - 8
- ELFEHTIEAELS - Out-of-Order Instruction Execution

NELF TP

598 PEKING UNIVERSITY

codel: rl«r2+1 code2: rl«r2+1 (1)
r3«<rl/17 r3«r9/17 (2)

r4 <—r0-r3 r4 < r0-ri10 (3)

rll < r4*16 (4)

r28 <« rll*r3 (5)

ILP: Instruction-Level Parallelism

(1)

Average ILP = no. instruction / no. cyc required
code1: ILP = 1

I.e. must execute serially

codeZ2: ILP =3

I.e. can execute at the same time (5)

Stall
250 E EE %Fé‘-#@ <44 >
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BREEWERES -9
- B EEEIEIRAIERBLE - Iron law

: . Time
Time (latency) 1+ &EIERT Processor Performance = =---e--eeeeeu--
: Program
« elapsed time vs.
processor time Instructions Cycles Time
— ) S ———— ) {| E e ———— R . (e———
Program Instruction Cycle
Rate (bandwidth or (code size) (CPI) (cycle time)

BEEFISR BREWEIE  BREME/BE

Architecture --> Implementation --> Realization

throughput) IT8ERZR

« performance = rate =
P Compiler Designer Processor Designer Chip Designer

work per time

BIEEH REHE <45>
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- BHeeoHAZREHE (1833 - 1968)

F BRSRE SRR R T V] E S ZiAHR EETIRE (BT
kRIS WFHER SRR S VI RRER S )
® ® ® ® ° ® 1
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- HEGCHRARRHDSE (1968 - 2023)

BN R B x86ibIEEE NETE6EES F—a1T A P
(fa2250RME)  (16HABARBE)  (Flash) g R TRIFREEA
FL4FR S5 R 5FZ IBM2E] HAFR IBM
° ° o ° ° ° 1
1971 1978 1980 1981 1993 1997 |
i_ __________________________________________________________________ J
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| tAIERE ISR ¥R/EESE  HER B4S/R ISR =
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RiEMRAE: 1BE
#57350 pmAIFERN £
IREEREFESHLE, R
MYBESH—1EHR
th (RFIR) EAEFXS
iF (Eth) FHEESNK,
AEEE B — 1 EHBHR
(SRHEtR) Sk, X4 =R
HE1kHzRYE R0 4.5

e s Y

558 PEKING UNIVERSITY

<50 >



BEEHRHPTR: EpBIRRYAIE — 19585E/19594F
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ANTFES
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19588 A28 A AFE—IREAHEE EH/RELIR20004F Z(R15-BREF 195948 H RS —1R

R7/16x1/165% BRI FEESRGFRER
RBEEERPETANT I THERAE—R, BFE S5EI=3SE (Fairchild) F1Z457T (Intel)
HEENE T — M EEE R ZEER R 2 5P R »E), BESTEANER

BEEHH FEHE <51>



EEHBTR: BERERERIRL - 19645
- (IEFSB/TF RIS IR A XEERRL TERM "ERER"

Moore’s Law: The number of transistors on microchips doubles every two years [l [v)\/orld
in Data

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
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500,000 Explorers 32:bitg, R
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Mot : SO0 @
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ez XY

PEKING UNIVERSITY

K& ER
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\o)
%)
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Q
%)

N
o)
N2

Year in which the microchip wa

7

Data source: Wikipedia (wikipedia.or
QOurWorldinData.org

ki/Transistor_count)
ita to make prog

first introduced
l

against the world's largest problems.
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SRHETR: EBKIEFEsRFlashRIA&EE - 1967
- BTHEIGRZI, FisthRaEEET R SRR E R AL

1967$ Wordline %

%E - MRLBHE — |

. L >~
| 17 ATERAT ZMMOSFET '°“*%i"“”
Wik g A—E=Il _ fEAFEENAND
5 i S loating Gate
-~ FlashIEZ X TEFFfiEes
: EREHIR ;':H: CL H[’_‘ /H Memory cell
I / ‘ A ? ’_J
Sk () | — e
| ' | IH
| 4/096 + 128 bytes (33,792 cells) |

[ per page (4K)

Bitline

i B/ Copper metal fill
e mecatr JUE = S
NAND Flash

Dawon Kahng (&) #1 Simon Sze (4£%) £ /RE
INE=RIPTIERKIEFESRFDN] (Floating Gate ) <.

Alternating film deposition

A4 F “A Floating Gate and Its Application
to Memory Devices” (IU/REFHEAHAT)

Multi Level Contact:

Stit: High aspect ratio etch

High aspect ratio etch

Channel: Word Line: :
High aspect ratio etch Tungsten metal fill Staircaseetch
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- SRAM/DRAMERMEREBNZXIEFMESRMT, [ ZMAFRAEESHT

! Word line (W) !
! ° 4 T
| J "/J/) I |
0, |b— —dl o,
Tl o 3 ,L'
" 0 0
0y | | 03

SRAMEE6/CMOS
mRiS ERIF AL

SRAM (FSEEHZENF#ERR) RO
RECHIEER, SRFEILERELL
DRAM (ZSHEHNFENFERR) R1S
Z, BRACAFTEGRNAEEEE

EHRIFES.
BB FEHE

Zas-BREREE Y DRAM (ENSHEHFENFERS) Fikss

5SRAM#HLL, DRAMBIREETFEEmE—ELIFEHEE—1

EERE— 1 RIrERLE, HEEZTESRAMLE— M MUSEES

ANREE, EREXSHM, DRAMBEIEEENZE, S(uFiH

HEaEREELEAFEE. (BifiR, DRAMBBIGREERIE,
FEHBER KRR S,
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( )

=/ d 1BV PowerPC 750 4

| ERmERit, 2Tk
SAREIA300 MHz, 3RFS
HEEZE, F—eR

4{ SA L EEZEVEEXZEI400MHZ,
B / 1= T733%
SR HIE ) ’
B ° Ll ° B S e S M IS TS AR
- e 5, EhiEs A E AR
N III m ITHEAE, RSO SRS E
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Planar FET FinFET GAAFET MBCFET™

(Nanowire) (Nanosheet)

i %
WK Planar FET FINFET Gate-All-Around
w ’.ﬁ 1Gate on channel 3 Gates on channel 4 Gates on channel
FinFETESS: B/ SHE0a—NE
- . k. — Nk, —MEEMENSEEB . : — =
hﬂMkﬁlﬂﬁ*ﬂﬁhﬂgﬁﬂEﬂﬂiﬁﬁ F— AN B 2 BB E AR, 1 EFI“FETE“E%W_.&EHMS
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Status LEDs
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OMAP4430 Processor
Highlights:

1GHz Duat -Core ARM Cortex-A9 MPCort

Serial /RS-232 l

Camera Connectol

USB 2.0 0TG E

[TA

[a}

WLAN/Bluetooth

Expansion Connector

LCD Expansion
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Power Supply 5V

DVI Out
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Power/Reset Buttons

10/100 Ethernet & 2xUSB 2.0 Host ports

Board Dil

nnnnnnnn w:a,| H: 45" (114.3 mm)
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Samsung

S5L8900801
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Global Smartphone Chipsets Market Share (Q3 2021 — Q4 2022)

33%
11% ° 10% 9%
5% % 8% 8%
Q3 2021 Q4 2021 Q12022 Q2 2022 Q3 2022 Q4 2022
W Apple Mediatek M Qualcomm W UNISOC W Samsung M HiSilicon (Huawei)

This data is based on the smartphone AP/Soc Shipments | Note: Totals may not add up due to rounding.
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