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“The term architectureis used here to describe the
attributes of a system as seen by the programmer, i.e., Intel Quad Core Nehalem
the conceptual structure and functional behavior as giaisl mp e
distinct from the organization of the dataflow and
controls, the logic design, and the physical
implementation.”

Gene Amdah/, IBM Journal of R&D, April 1964
SR fHEAR: IBMABINZ

M1956 FRUIARFFEI=INTT IR, ATEEE (Artificial Intelligence, Al)
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IBM Compatibility Problem in Early 1960s

By early 1960’s, IBM had 4 incompatible lines of computers.
701 = 7094
650 = 7074
702 = 7080
1401= 7010

Each system had its own: John L. Hennessy

= Instruction set architecture (ISA) StonyBrook/Stanford
= |/O system and Secondary Storage: EERIF B/ T2k
magnetic tapes, drums and disks b2+
= Assemblers, compilers, libraries,... N\ 2017EE DY
= Market niche: business, scientific, real time, ... Stanford
BB BEH FREHE

<p>



IMCIR A REGERIEIR
- BRVIRIRiSEE R LB RINAECSIENMA S P REH

LR »
NELF TP

598 PEKING UNIVERSITY

- T —SKFIMRIKETT (TAPE) | #X
DR NE—TIMEF, BMEFLEES
— N REEREEERNTS

- £: —MEBL (HEAD) |, AlLAfEH Lk
Eafs], seiEHSERIsAS T LIRS,
Hee B SR ENTE

- BEZEN: —E#HN (TABLE) , 1RIE=EI
RS R LBNES LATEtEF LT SRiRE
5L N—EREE

o IKE: —MRESSHESE K (STATE) |, (R
FEI RV HaAVIRES

<7 >



Rt e
- ERNAS P EIERE— A bTa AR

—EERTAEREN A T = {Q Z, T, do Yacceptr Arejects 3(A:5)}
Q SFSEERSES
T SERMAGEE, HARHSEag O e
M IESARSRHEE Te I, SO0 -3, BER— A HIER RIS
. qo € Q ETERNEERS

* qaccept € Q ;E,—_Tﬂ:%ﬁ)lﬁlj&

FSSIGN »
NPT TS

PEKING UNIVERSITY

* qreject < Q ;ET_TT}E?@,%?&, E-qreject > CIaccept

« 3(q,5): Qx = Qx T x{L R} ZHBEL, WREIFNZAFSSHIRINEQRE F— R
&, BABRS. KhBslaEiiES, L RENEELERALBEAZRETS, - R ien)]
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HBMz(e) PHY; 3x'512-Bit HBMz(e) PHY. 3x'512-Bit | HBM2(e) PHY.
1024- 186 Gpbs | Memory Control | 1024-8it] @ 2.430- 31186 Gpbs || Memory Control | 1024-8it] @ 2.430 - 3186 Gpbs.

Nvidia GA100, 7nm TSMC

1 1| x8 GPC, x64 TPC, 128x SM

3x¢Streamingy
ultiprocessor;

24MiB L2¢)% 24MiB L2$

Partition | | = L. |Partition

3x 512-Bit
s | Memory Control ‘1024

NVIDIA H100

TR FESIHTRERETNE, KESEHITIER,

MITIEFR R R OREE:

l

g (IEH-I1TE-BA)

8192 FP32 ,,U
4096 FP64 ,,Units"
48MB L2 Cache

‘| 6144-Bit HBM2(e)

Die size w/ scribe lines:
836.66mm?2

Die size w/o scribe lines:
~ 826mm?2

Die shot from Nvidia

s | Annotations by Locuza, June 2021
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Output Global Buffer
Stationary

Weight
Stationary
Input Global Buffer
Stationary !
| 10 | 16
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. METEEET R SRR

A FE %R

BEBEH REHE

Transient faults (BFSHEfE)
« E.g, high-energy particle strikes

Manufacturing faults (Fh&EERIE)
 E.g., broken connections

Wearout faults (E{k)

 E.g., Electromigration

interconnect via

Device variability (B{4iKE)

(not all transistors created equal)

<17 >
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« Functions

« Performance Functions

e Power Performance

* Area —Design 1
Security Power —Design 2

« Cost

« Availability Availbilty o

« Security Cont
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FREEPEFIRE -1

- FEEIRAHLS — Amdahl Law

NOEEEL = timeyithout enhancement / tIMEyith enhancement
Technique speeds up a fraction f of a task by a factor of S
time,,, = timeg;( (1-f) + 1/S)
Soverat = 1/ ((1-f) + 1/S)

timeq

(1-1)

time

new

(1-1)

fIS

BIEE FEHE

RO >
NELF TP
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BREEEERES - 2
o FITUERIERHLE - Parallelism law

FSSIGN »
NEF T
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X =a + b;
y =b * 2
H17E - the amount of independent sub-tasks available z =(x-y) * (x+y)
Work=T; - time to complete a computation on a sequential A ]b
system h l
Critical Path=T_ - time to complete the same computation on an N o
infinitely-parallel system
xJ IY
I9FH4TE Average Parallelism J Y
Pavg = T/ T., ] ’
For a p wide system I
Tp >max{ T</p, T} N
Pag>>p = T,2Ts/p ]

BIEBEH FEHE <20>



BRELEPHE - 3
- REREFEIERIEPHLE - Locality law

SR ESHRIT IR R R A& IFHIIETT.
- BEBEPE (Temporal Locality) : If you looked something up, it is very likely that you will

:éz)txJ’ >

598 PEKING UNIVERSITY

look it up again soon

- FEIEERE (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

EE'*EEEE %@#@, <21 >



SRETESES - 4 @ik
- ICICSFEBNESRELE - Memoization law

Dual of temporal locality but for computation

MREINTRRBRE (FBEEFE. HE. 887FF) | BARTFRNERICEERSE
—ERETIE], LASARTZ R

Why does memoization work??

Examples
« Trace caches

ELE,'*EEEE %g#@ <22 >



BREAEEPELE -5
- AMBFHEEBEAHELS — 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

SISEAMERTIASS MBI BN b, @3RS foverhead costRATLUES

= lower the average cost

average cost = total cost / N

= (overhead / N ) + per-unit cost

BIEBEH FEHE <23>
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BREIEESHE - 6
o KELIBRIBEPHLE - Pipeline law

W=/ syl

ELE,'*EEEE %‘g#@ <24 >



BREIEESHE - 6
o KELIBRIBEPHLE - Pipeline law

EITEIE AR E

| add |

icroprocessor

fetch decode ALU mem writeback

OO0 OO0 O0 %

-

[ ]

2

nor

add

noop
add

BiEBH FEHE < 25>



BREEETHES -7

) ¥

SITY

- IESERHEAFRLS — 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

EQEHTHREAN SNSRI L
HUIZ TR, RAEHIIgEEA
> Which operations are fast and which
are slow and when

> Which operations take more power
and which take less

BIEEH REHE

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

<26 >
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FREEETHRE -8

- ALEHTFIOEAELS: - Out-of-Order Instruction Execution

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

r4 < r0-r3 r4 < r0 - r10 (3)

r1l < 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 ©)

code2: ILP =3

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

Stall
ELE,'*EEEE %‘g#@ <27 >
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FREEPEFHE -9
- TE(HFIEREISIRRIEPHELE - Iron law

: . Time
Time (latency) TTE3ERY Processor Performance = =---emememen---
: Program
« elapsed time vs.
processor time Instructions Cycles Time
- -y P,
Program Instruction Cycle
Rate (bandwidth or (code size) (CPI) (cycle time)

HAEFEiR BREEEER  REE/BIE

Architecture --> Implementation --> Realization

throughput) ITEIE=R

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

work per time

BEBEH ®REaHE <28 >
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6 B 2 e AR R S BB RT :-Fri $SEEEHT HEZRE (BFE)
SERIE NEER SR hER B HHa G E
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| EE=RE  ERS/stKeEty NPNE O BFEALZ JEET R
| (BT E) § STONE IS RiIEE BIRLRIAE (BIT)  ZEIFMNEEE TRLE ke
I
IR
| HENN  SEPEFR & ST R S XIEH E# R
e ° ® °o ® ® ® 1
1906 1907-1932 1947 1950 1952 1956 1958 |
S J
I
|  MOSFET " . CMOSEE .y s
| mumess  TEATE g RRER ESBHEHSE  DRAM
I
| SRWE | EREPHE (IEAT %2 EER TU/RSEH = IBM
e o o o o o >
1959 1960 1963 1964 1967 1968

,Eé,H\?FE\EEE %ﬁ#@ <31>



ez X%

PEKING UNIVERSITY

S R R
- BRECRRAZREBE (1968 - 2023)

B HAIEE B 86 A TR SR N7Z 71k 88 ZE—B1A I
(41312250 S (A &) (1661475 1 RIAE) (Flash) & (PC) FECPU SR A ERA
BHFR HHFR RZ IBMZ ] FEEFR IBM
° ° ° ° ° ° 1
1971 1978 1980 1981 1993 1997 |
i_ __________________________________________________________________ J
: FINFETRIRMA S #EEZECPU FEEFHSoCGEH  45nmIZTR 320mIZE R 22nmIZFR  3DFlashib A
|
L Es B/ RR/GESE BB HAEIR HHIR =g
- ° ° o ° S S !
1997 2006 2007 2008 2010 2011 2012 :
S J
|
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- FEISH—LBEZETIRERIA Tk, et BiniEER AR FREREEIRT A

19065, HEHFHHE—FBHE
FIRERIAN THIR, =
Sy iR RN FR F RIFE
H=ENa91579, HtREERD
VAR=BRTR A A S FRA. T
MBEHFERMASRE. =
ERFE TR, BMXHiE7
RITDEE, ERMRmSREKKY
B, HEETE—SIMTENX
RIERFiITEIREM5ERIEE.

7206é - AUDION TRIODE
LEE DE FOREST

FIRST NON
MECHANICAL
AMPLIFIER DEVICE,
PRECURSOR OF
VACUUM TUBE

=

THE SMALL CURRENT
FROM THE NERVE
CONNECTED TO THE
GRID MODULATES THE
LARGE CURRENT
RUNNING BETWEEN _———————
THE FILAMENT AND NERVE

THE PLATE

EZEBFEITHENIAC
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EEHPTR: SRAFBIEAYAE — 19585 /19594
- EHINEEATITERIMEREL Jack Kilby) R8T S5—IREERLHBER
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19588 A28 A AFE—IREHEEE EH/RELIR20004F Z{a5- 18RI F 195948 A R IBSE—IR

R7/16x1/165 B IRS EEESRRFRER
RBEEERPEERNL I TEAERE—R, BT S5CIIEFESE (Fairchild) #2450 (Intel)
EEIE Y — M B R % ER R0 E 2 SRR S 27, TETEHANESR
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EEHEFHE: MOSFETIAMRERIBEAIAIE - 19594F/19605F RS
« 3Z¥&Hi (Martin Atalla) #1Z Xt (Dawon Kahng) H[E4& BT MOSFETIZ M RIS

Metal-Oxide-Semiconductor Field-Effect Transistor

Drain Source

depletion region

FEZHE

Gate (MOSFET)
Aug. 27, 1963 DAWON KAHNG 3,102,230 :
ELECTRIC FIELD CONTROLLED SEMICONDUCTOR DEVICE U

it 31, 1 :
27 2
- v &
| PMOS1% M5
2 22 ! : ¢ &
10 NG5 .’ {i A |
P siar s %j/ “i"'

?@5 @ @ *ﬁ @ = MOSFETE&Rk
@ _@ @ # _@ . SR FIRRIRS

Iizﬁl:;ﬁ (Martin Atalla) *u%*ﬁ (Dawon Kahng) JFET IEERIMOSFET IEREEIMOSFET (EEEETR) F==BMOSFET gﬂm%m
F&@EEE %:’_‘é‘#@ < 38 >




SEHEHH: MOSFETRSE TR - 1959£F/19604F NS
- MOSFETE=ATLIERE: Biff. &t (KBXE) . 0 (BERRRREIHEM)

VDS < VGS' VTH

Source Gate D’rain
VGs2 Vin Channell
B E————

(inversion layer)

30 electron density for Vd=0.6
electron density for = 1-Vd=06Y-Vg=0V

Linear operating region (ohmic mode)

> Vbs =~ Ves~ Vru
Source Drain Source Gate Drain

Vg (V)

0.2

ld-Yg Characteristics

Saturation mode at point of pinch-off Saturation mode

FE?@E EEl %"_@#@ < 39>
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. 1IJJ§‘ LSF1963FFHRLZIPEINEBRANIIESIH (Complementary Metal Oxide Sem.)

Inverter ,_;,Ei;ba, } } j}
3]
Source Va5
P-channel N } } }
Gate | MOSFET - S5 ] TN
. i -~
Drain ﬂ’w
Input o— —o Output i
Draln N-channel | 4': m .
&mJEk] MOSFET — E%Tﬁ?ﬂ%% SHERBEREESRE
cource | — BRSNS XN A TR
mﬂ.ﬁﬂﬁﬁﬁéﬁbﬂﬁﬂgﬁ,
CMOSHEIJBERE IZtRREilmREBRESERG

ERREEIR EFIHENMOS (n-type MOSFET) #IPMOS (p-type MOSFET) BIEAEE
4, HFNMOSSPMOSTEMIRIFIE L AEME, BEUIEFRIICMOS

EEEE %ﬁ#@ <40 >
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Moore’s Law: The number of transistors on microchips doubles every two years
in Data

ez XY

PEKING UNIVERSITY

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

10,000,000,000
5,000,000,000
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