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MoC: K R#L(Turing Machine,1936)

« HINTENRIZSE 5178 (ABC)
— &P T DL B G 1 4 &7
— —AMEEL (FEEFE0. 1. b) L
_ AP (AT E S TR 64
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5B — G IACH %fr%m Ef?’*’“, 1946 35

« ENIAC( Electronic Numerical Integrator and Computer), 194645 4 : B W K
- BEHEEE 50000%/F0, THEE150kw/h, HHB17Om2 , M 100/53ET0. FTIES S A] Sk,
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EDVACTHENL, 1944~1952

« Electronic Discrete Variable Automatic Computer
— 1IMHz, ki), FK32f7, FAT
— TEfE 2 FF (Stored Program)

i S (John von Neumann) FIBEAEER (Julius Robert Oppenheimer) 5 pR it 541



5 atefE ity EDSAC -

» Electronic Delay Storage Automatic Calculator
- %%EDVACM 1946~19494WilkesTE S| #r 5L B1
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| [#34bFKHI512F,

VLS [E]1.5ms, VLR E]4ms.
e PATTHENL (BRI E A
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= <UFE)7, FFE/7, Cache, ...

BBE - MR

Maurice Vincent Wilkes, % —JaE R ¥, 1967
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CPU (core)

* Generic Block Diagram of a Typical CPU
— ¥ 4B M datapath, #5588

. . F
Control >~ Anthmetic Internal
Unit Logic Umt data bus
Registers Instruction
Decoder +—9
-




Processor

* Generic Block Diagram - =l S
Internal
data bu
! : Internal
+—>» Memory To external
data bus
CPU J
| Data
Configuration Buffer To external
Registers / address bus
«p| Address
Latch
To external
1O / devices
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SR AL12 (2018%kA40) WK

8.4 by 9.91 mm
/-nm process
6912/ Fh R
2.49GHz

ARMvV8.3-A/641;

bigCore X 2 : |
smallCoreX4 FE
G PUcore X4 : System Caché
NPU X 1 : 4x Slices

Big Cores —

CPU Complex W
"1 L2 4x Banks

Small L2
x2 Banks

RV32[{1-9

Small Cores
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- . DDRLogic'
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Intel 4004 circuit layout, 1971
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From HLL to LLL

. [K1-4
o HARN “T52 245"

High-leve
language
program
(in C)

Assembly
language
program

(for RISC-V)

Binary machine
language
program

(for RISC-V)

swap(size_t v[], size_t k)
{

size_t temp;

temp = v[k];:

vik] = v[k+1];

vlk+1l] = temp;

swap:
s11i x6, x11, 3
add x6, x10, x6
1d x5, 0(x6)
1d x7, 8(x6)
sd x7, 0(xk)
sd x5, B(xk)
jalr x0, 0(x1)
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oooo000O0O0O0OOOOO110011001010000011
oooo0000OO0O100000110011001110000011
ooooo00OOO11100110011000000100011
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- & WHH, Vifs, 110, OS%
Not runnable Blocked
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release) time time time time ] Preempted
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Queueing system
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— PAT K IRS IR IR B % (CPD
* TR %ﬂj?ﬁé\ 1. Instruction 2. Decode/ ) 5. Reg.
 IPC " Fetch Register - £Xecute 4. Memory Write
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Moore's Law,
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Microprocessor Performance

Performance (vs. VAX-11/780)

100,000
Intel Xeon 4 cores 3.6 GHz (Boost 10 4.0)
Intel Core |7 4 cores 3.4 GHz (boost 10 3.8 GHz)
Intel Xeon & cores, 3.3 GHz (boost to 3.6 GHz) 34 967
Intel Xeon 4 cores, 3.3 GHz {boost 1o 3.6 GHz) 1 999
Intel Core |7 Extreme 4 cores 3.2 GHz (boost to 3.5 GHz 1
Intel Core Duo Extreme 2 cores, 3.0 GHz
Intel Core 2 Extreme 2 cores, 2.9 GHz
10,000 - rremrimrmariaiiiaiiaiiaa, chiuatcspvatvasbvabuaniabrisivsatantispiaivesianiiavisirisvaensanie evbesenssasitais AMD Athton 64,28 GHz ; .
AMD Athlon, 2.6 GHz . -*2
Intel Xeon EE 3.2 GHz 7,108
Inted DBSOEMVR motherboard | Hz, Pentium 4 processor with Hyper-threading Technology) 6.043 6681
IBM Powerd, 1.3 GHz 4,196
Intel VC820 motherbeard, 1.0 GHz Pentium Il processor
Professional Workstation XP1000, 667 MHz 21264A
................... vvessssraensasnsssnrasner e QAL APNASAIVEr. 0400 B/BT75, 575 MHR 21264, @ rtre, e0r . EOSSCEUISIUSTI I
1000 993
+ 649
22%/year
e R I e on 100 1 190 M N e JA7 i S I SIS O . ... ... ..
IBM RS6000/540, 30 MHz,
MIPS M2000, 25 MHz
MIPS M/120, 16.7 MHz
10 - riacnianiiinanas Sun-4v’260167MHz o et n e s b A r g N m At AN RS ARSI A g RPN A AN SRS S e AR e S8 S A8 b SR AR S T B A R AR MRS SR RS KNSR - - -« « < - ¢ < -
VAX 8700, 22 MHz
AX-11/780, 5 MHz ool
""25% C3Le 5, vax-11/785
1

1978 1980 1982 1984 1986 1088 1000 102 1094 1906 1908 20002002 2004 2006 2008 2010 2012 2014
50% improvement every year!! 28
What contributes to this improvement?

Source: COD5K|1-17
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Clock Rate (MH

Power Wall: Power Consumption Trends<;

« dynamic power = o. activity X capacitance x voltage? x frequency

— Voltage and frequency are somewhat constant now, while
capacitance per transistor is decreasing and number of transistors
(activity) is increasing

« Leakage power is also rising (function of #trans and voltage)

10,000 o — 120
3300 3400
0 [] ] m -+ 100
1000 -+
Clock Rate 20 | 180 2
. | ©
! > i 7o 2
100 - : 60 =
| L
e
12.5 : +40 Q2
10 + 5
3.3 | 1%
1 ! ' , , % —t—rt % st 0
—_— —_ _ et < T D < o D - —
2Y 388 23 58 g5 TE-EEoc~sc2m5 @Ba
N@ mO) vO’) )] = 2o ) D Uv o % O Ve~ 'S v
Q0 — o0 — Q0 — Q v C~ = oo ‘Emo OEO OmN O>N
o~ ® o gEﬁm“QOmQ‘,O—VO>V

Source: COD5



SOC Era

_ASICEra SoC Era %
1985 1995 MPSoC Era
| § 2005

D T

TRt ssss st mART s TARE TR AREERE T

ASIC Single-Processor Dualitripple- Multiple-Processor
SoC Processor SoC SoC

DNLIRNZAT I 2 A2 AR 2 R AT 2

4
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AT . Amdahl's Law,

100, [eo] ] eoo] o]
1 |

Performance = ] [@

increase ratio 4 I;lx i

X: Ratio of code that must be U llorulicrulicry @ X=0%

executed sequentially core | | core | |core | | cora 22nm w
N: Number of CPU cores cPu | [cpul [cpul [cPU SO
Ccore | |Core | |Core | |Ccore - -
CPU ||CPU 32nm "

Performance increase ratio

10 x=10%
——===9
-
X=20%
CPU
core X=50%
90nm —

No significant throughput improvement if ratio
of code that can be executed in parallel is low

1]

Gene Amdahl

FEFFHATHS Al 2t
1) N1, fnEber

2) Xz PR e !
X1, WL
x=17?

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 3) & KN 2

Fig 3 Amdahl’s Law an Obstacle to Improved Performance Performance will not rise in
the same proportion as the increase in CPU cores. Performance gains are limited by the ratio
of software processing that must be executed sequentially. Amdahl’s Law is a major obstacle
in boosting multicore microprocessor performance. Diagram assumes no overhead in parallel
processing. Years shown for design rules based on Intel planned and actual technology. Core
count assumed to double for each rule generation. .$1.10,%6.2

N=°0, /i@ﬂ] ?
S AT

4) 3 iAo 328 YA

,$6.13



AP et 1088

— ZAZINE L = AH[FI [A) 2% TAE =/ 3z TR &
= (s+p*N)/(s+p) =1 - F + F*N
NIZEL,  s=HR AT A, p=JFATIf(E], F= p/(s+p)=JFAT M (a] 4t
— SpeeduplfENTIZE MRS K H AT 214 BE
o MRk AL AL F S B A EE G

John Gustafson
2012 AMD GPU & J& 254 ifi

120

Speedup
3

Parallel

~ s o a141

Computer
Organization
and Design

3
-

40
———— Amdahl |
Gustafson /
zﬂ .l'-‘

===, 7T T T T T 7T T T T T
O P VP PP TP P P N PP PP

N=100 o7 %o

K1-16
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e, feaeEens G
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MIPS: 8 H %o —15%
FLOPS: #:fPVF sSis i ikEi——AF

Computer Performance Decimal Binary
term Abbreviation term Abbreviation % Largar

Name FLOPS kilobyte kibibyte KiB 21*J
byte 1IE}r‘3 mebibyte MiB
ottaFLOPS 102 meea
yotia gigabyte GB 10° gibibyte GiB 23‘J 7%
7ettaFLOPS 1021 terabyte B 102 tebibyte TiB 240 10%
petabyte PB 10 pebibyte PiB 250 13%

exaFLOPS 1018 exabyte EB 101 exbibyte EiB 260 15%

15 zettabyte ZB 10% zebibyte ZiB 27 18%
petaFLOPS 10 yottabyte YB 1024 yobibyte YiB 280 219%
teraFLOPS 1012 -
SELEES &1-1

gigaFLOPS 10°
megaFLOPS 106
kiloFLOPS 103
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W1 —TACTEEE, EHN20MHz , 1A R b H
= — MWL B2 B E B R, P3RS TR 2 H 3L
s BRI TR], B “8 R, G E AN AR 1 is
ITIEEMIPS. :

‘I.vlnstruction é. Decode/ )

Fetch Register 3. Execute 4. Memory > \?Ver%e
[ﬁﬁ] Read
| ]
1 1
it 5 H = =
ISf P AR 20MHz
=0.05%x10°°S
. 1
347 JE = -
T R PATEE(S)
L = 3.33MIPS

T 0.05x10 ® =6



- Measuring performance (Sys vi

o PATHIE] (CPUKYE]. Elapsed Time)
« IE{H#F (Peak Performance)

» 1% (load)

« JF44 (Overhead)

 FIFI% (Utilization Ratio)

« MIFIERE (Saturate Performance)

« 7% (Bandwidth)

e JEIR (Latency) ’27/
o it (Throughput) Qg\\%‘l{

« ikl (Speedup) e
« ZE (Efficiency)

—
—
T —— —
—




pEEFE R (Benchmark) $1.

SPECcpu2017/(System Performance Evaluation Cooperative)
SPECpower: T Javatif:SPECjbb2005

Lmbench: #AERZgMHEE, SGIH K

— RGN, BT 6, pipe. UDP, TCP. RPCHJIEIR I
i, WAE. Cache. TLBRJEELEM:RE, 1Ffig o) Tt RE

Webstone: WebfiR%1ERE, SGIFE1995FE T K&

— FEILE (MBYS) o SR Com—ANTURTARIART D &4 e i
SUBHL T EEREAR . KK

Netperf: M54

— WA HEIENDLPI (Data Link Provider Interface) , Unix Domain
Socket ) 14 fE

— TCP. UDP)7 % MG 3K W2 4L

PECSTSO7: NFSICAH AR 2545 i 7 e 5 AR ) |2 s (1]
PECjvm98:  JAVARE LI PERE

PLASH: JL=17 4% R 51 Be

now




PCRYEEE) 5 AT

Window 4 5873 H %5
pcw2008 v186.exe: PC
CPU Z

Intel Battery Life Analyzer

— MECPUFIH %

— P E CPUR] I Z A B
— M ECPUIMCHAHY

— BLARIUSBZ#r#%
Sysinternals Process Monitor

— Filemon+Regmon
— 110 (HE#E. PZ%)

Intel VTune

Fraction of time

0.03 [ -
0.025
0.02 [
0.015 |||

0.01 |||

0.005 T

il

Op " 01 02 03

IIf IIf
0.4 05 0.6 0.7 0.8 09 1.0
GPU utilization

Barroso and Holzle,

“The case for energy-proportional

computing” . Computer, 2007
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—_ A . B I OC k d I ag Fam Serl n_{ 55, D5 0 Y Do O _Ls.;(g;&m
B BTN, WRAEN [ [ [l [

« State Machine: FSM
» Timing Diagram AUAURUAWAY
— C: Timing Diagram
* Clocking methordology
— edge-triggered
— level-triggered

— BT e IR ? — N

Clock period Rising edge
N2,

o H 1B BT

Falling edge
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DFA (2B BRBE3IL) : State Machin

- mmif] “Sequential Machines”
— Zsteps (Z T8I

 FSM: 6Jcdl, whnt
— Mealy® (George Mealy, 1955)
*« <§, 1,0, SXI-S, h: S XI-0, g,>
— MooreZ! (Edward Moore, 1956)
e <S, I,0,f: S XI-S, h: S-0, Jo >
« TRKFHR: “one- -step delay”

sigG /

crossing

i tHER &
(RATEME )

RENE  RELK  BBHA

Mealy B4 IR7S



O FSMEISLHL: K AR AL )

Inputs
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