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ER? 5 BREA?

- [5E. B, EF. T wURSR?
— the Voyager spacecraft, USA, 1977
« Meaning, Messages, Information?
— the central dogma of information theory (? )

* Information is independent of the meaning that it
expresses, and of the language used to express it.

« All that is needed to transfer information from one
language to another is a coding system.
— Language, word, Zmfi5
« The story of the drum language: Each Kele (N5

i) word is spoken by the drums as a sequence of ALPHA & OLMEGA feat. SHEY]
low and high beats. *THEAFRICANE Tis

o W FN/EIE (RE or BE)
- K, 0/14mh5

(fabio genito, zepherin saint, trinidadian deep rmxs)

— (The Information: A History, a Theory, a Flood) TRISEO|7
« 20114FEHAR, 10/02=Ih20154F 4T
1 2 4 5 6 7 8 9 10 10 1000 l000O0 | © P2 % 4 et
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. i%fElfF%%-é’%éPﬁl(Norbert Wiener) , 1948
— @?E%IJVB» : = t.x/?j]:ﬂ:_,fl:l ) E%Tﬂfq:%ﬁ’ @T%ﬁ%%”
« FHA (Claude Shannon) , “EfEmEEFHEL” , 1948
— “fE R REERINLA R AR A ?
— “fERmIs/PNEREAES (CHERFS) 7
o AR AE EHRET CARAE H AR AN A 25, 4% 0 — 5@ (0 4 AR U 3R T
4y, Byéélﬁﬁzjj Wi HE, — KBS E?
— EFEERE: AR t+AFNEEZ M EEE?
o [R5 BAAEAETUA
- IRELERFEEVYEM S (7. FrhkaisnE) HIER A <
« [EEM: BERETHR T IURERTFHERRE
- $4ﬁ HSCFT
— k=82 ($tr9.65F, H4.03HE)

o lIxx: FEERNMERINAIDMN (i) ©
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— B 1% (Charles Babbage) 1%, 1833
o HANFHEIISEI: EPEi
s ALY o AR REHIE. (A A KA
. Ada, ’%%‘ﬁ%}?i, Adaif 51981
— BRI B LA

— 7fﬁ1”r (Vannevar Bush) o] B, 1945
“As We May Think”: {5 B X Hi&E?

y frﬁ*ﬂﬁﬁnﬁﬁ RS E%?)%

— HEHEE. BR
« Turing Machine, 1936, mJit&M:, fFfiEf T

— HEI TR BiEKE
« von Neuman Machine, 1945, {ftiey




8547+ H 14 (computability thedgy)
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— Bt E G O A 25 R B, AR A T AR
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— AFEA S EAREEEHE

— dER[ i E R B RED N ?

HHEAEA (MoC)

— ZIH “THE” SRR RABRE RS
o NEFE(EAT. BIH). mEE OFMT. 0Ah) &

- W& AREAE (LTS)

o BADIRASFAHATAE, BERET BT AL B A R B HO BUE BT R0
L. A2, farth U ECADLAS .
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MoC: KR HL.(Turing Machine,1936)

S ENLEN 51T N
S TEETT DL JC [ A fe (g 2 e
_ BBk (R0, 1. b) N e o
_ NP (BT HIEE S TAE R 6 4
c L ORES. B - (B2, B3, RE)

COREEE ARG, RIIRA, SRS

_ MG FORAR, HL(H)

— ANMEEEIE (primitives) : 2. 5. &£, A . FiE

3 i & R

0001.1101111100 q,01Rq;

bl 83 9,10Rq,

q,bbRq,

./\\./-\‘\./\ ....... /'X\./":\. q,bbLq,
WMHRA th R A SHRE d,00Hq,

d,11Hq,
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« ENIAC( Electronic Numerical Integrator and Computer), 19464 5 47 % e W K%
- IBHECHEEE 50009%/FP, ThEE150kw/h, (HH1170m2 , M 100530, T E S .

- ANE%Z “HRER” Gt Al gaks, HIEF A E
— ErpZhadsMEaERmA (wired) o MTAFSERETHE, 752 THHE N B /MEFER .
- PHERIIHT U ENL (R AR IO D .




EDVACHHEWML, 1944~1952

« Electronic Discrete Variable Automatic Computer
— 1IMHz, ki, K324, 1T
— fFi#FE 7(Stored Program)

HiEfk = (John von Neumann) Fl1ELAMEER (Julius Robert Oppenheimer) 5% bk H A1



%’%~éﬁﬁ%%ﬂ?ﬁﬁ%ﬁﬂEDSA

 Electronic Delay Storage Automatic Calculator
— Z%EDVACHL, 1946~ 1949FEWilkesE &I S

KK IR 2 A ey, PIAT

A [#34bFE K512,

MIVERTE]1.5ms, FRVER[E]4ms.

B R ATTHREL (R AT s Y
T AR T

e lfE/7, TFE/7, Cache, ...

.......
llllllllll

LT

iy .
Wiy ] | T
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BRE - TR

Maurice Vincent Wilkes, % —JaE R ¥, 1967



von Neuman Machine

- Z 5 LENIACFIEDVACTTHHL

o U “YEEFEE (Stored Program)” , 1945

— (First Draft of a Report on the EDVAC)
o« #ZFKJyvon Neumannik R45#) (Fuz)
o« KR i iTACE I tHEE H1 A IFEHT 17

— “offers general purpose computing”
- B} “EHH” . dedicated hardware

— AFETHE “need reconfigure or rewire hardware”
» programmed machines: i [f] & R A

— ANJA] A “only requires writing the new program to
memory”
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CPU

* Generic Block Diagram of a Typical CPU
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Processor

» Generic Block Diagram

Control
Uit

) ) 4
| Arthmetic Internal
"|  Logic Unit data bus

Registers
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data bu
A f Internal
. | Memory To external
data bus
CPU J
‘M:I‘>
. Bufter
Configuration To external
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: \ Address
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To external
10 devices
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Intel 4004 circuit layout
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register decode
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rl*ﬁﬂ{zlif%éﬁﬁ(Computer architecture)
“OEJF R n] DL HL A A

e G. M. Amdahl, 1964 Ope;zttzir?‘
o FRER: BHEPIE ST R C..Puss‘,". ‘:’IM e .@
o JBIE: BE SR IERI D RERRE hr-__Digital Desion |
— XYL SR
o JENLAR(org & impl, WHiu-architecture)

— EVE RS E S, BFE
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HEHLE REEHI 52 $6.3

T L 0 -
_ E%{fjﬁ*é&;ﬁk (CISC) Single Multiple
— FERifE 24 (RISC) 12| sIsD | sSIMD
- HibrE (Superscalar) § ’
« HRI/KZ (Superpipeline) £ S| MISD | MIMD

« EKELF (VLIW)
o FIATIATHRIIE: $6.3
— HIRATREEIER (SISD) : Von Neumann machine
— FIEASMEZ IR (SIMD) : &=L, GPU
— ZILWBEIER (MISD) : 44
— ZHRAMZEIER (MIMD) : £4%, LS




Instruction-Set Processor Desi

 Architecture (ISA) programmer/compiler view

—“functional appearance to its immediate user/system
programmer”

— Opcodes, addressing modes, architected registers,
IEEE floating point

—HAsTE S
« Implementation (LArch) processor designer view

—“logical structure or organization that performs the =
architecture”

— functional units, pipelining, caches, physical registers

 Realization (chip) chip/system designer view

—“physical structure that embodies the
implementation”

— Gates, cells, transistors, wires
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— PCHL: FERHATHIE] (i S [E], 58 Rt Ta])
o ERFEATS B MARE: CPU, WifE, 110, OS%
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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 &6 cores, 3.3 GHz (boost to 3.6 GHz) 34,967
Intel Xeon 4 cores, 3.3 GHz {boost to 3.6 GHz) 1999
Intel Core |7 Extreme 4 cores 3.2 GHz (boost 1o 3.5 GHz g
Intel Core Duo Extreme 2 cores, 3.0 GHz
Intel Core 2 Extreme 2 cores, 2.9 GHz 4 13,
10.000" .............................................................. s Sbvespasvsbcisaviasearbasiqacs A"‘D Athk)n& 2GGHZ '.., 1{&#5?
AMD Athlen, 2.6 GHz
Intel Xeon EE 3.2 GHz 7,108
Intel DBSOEMVR motherboard (3.06 GHz, Pentium 4 processor with Hyper-threading Technology) 6,043 6,681
1BM Powerd, 1.3 GHz 4,198
Intel VC820 motherbeard, 1.0 GHz Pentium Il processor
Professional Workstation XP1000, 667 MHz 21264A
TN R A G P ol Digital AlRhaServer 8400 /875, 578 MHZ 21284, gt L2087 o iiresennsnnsansaars e e eSS s r e
22%l/year
T 0 O P e OIS AR DR A e b S e ey PR P e B o R s e S R R SR TN . . . . .. . . . .
MIPS M2000, 25 MHz
MIPS M/120, 16.7 MHz
0 - eertemcrmmianianiantincesiiomeicniasiinniasie ot ipwrec s aran arnatssanan e s N abS I waHe el EA TR A e N oA RN SRS SV AW <R p 8 S 4 b S R R O A R R AR S S A SRR « « = « « = « ¢ = o
1

1978 1680 1982 1984 1986 1988 19‘90 19'92 19'94 19'96 19'98 QJNM 2(;06 20'08 20'10 20'12 2014
50% improvement every year!! Source: CODS5 35
What contributes to this improvement?



z)

Clock Rate (MH

Power Wall: Power Consumption Trends%;

« dynamic power = a 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 T+ 120
2000 3300 3400
[] (] M + 100
1000 + | =
Clock Rate 9oqq ! +80 2
66 > o 77 g
100 + 0 | 160 <
! 0]
| 2
12.5 ; T40 @&
10 + |
3.3 | + 20
1 . F | | % . | ——+0
— — — —~— ()]
2y 828 23 55 5 EE-oEfevgg 2z PEs
No &2 0h = O =D 5 Eox- ES% = 0T O0C
O Q Q co® B SEQC 298 288 5¥9 509
T ©oT. ol o c—- S g9 T 0L RN Q. N
°T 89 558558858 08% 02

Source: COD5



SOC Era

B i e

ASIC Era

SoC Era

ad
1985

ASIC
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L L L L T L L L L L

1995

Single-Processor
SoC

i 1

B L T T e L T

MPSoC Era

2005

Dualitripple-
Processor SoC SoC

Multiple-Processor



AT #E L. Amdanhl
= ®
HAT IR LG dahl’s Law,
100, =]
Performance = [@
increaseratio x4 —— IL”] @ ﬂ]
|
X: Ratio of code that must be U llcrulicry ey E] X=0%
executed sequentially core | |cora | |core | | core 22nm B
8 N: Number of CPU cores cpu|[cpul [cpu] [cPU o7
S Core | |Core | |Core | | Ccore ",’
@ ~7
§ CPU ||CPU 32nm %
g
g 10 x=10%
c ———==9
e~
£ «20%__Gene Amdahl
5 Computer Pioneer
CPU
core N
x=50% | Nt, Ay
90nm = No significant throughput improvement if ratio
oy s of code that can be executed Iin parallel is low Y- AR AR,
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 XT ’ jJ Dﬁ Hﬁl
Fig 3 Amdahl’s Law an Obstacle to Improved Performance Performance will not rise in x=17
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 =7 N=20 ?

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.
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HHTEE R AR E S, 1988

o Z1%Speedup = 2% FENFE] | BAZ T R[]
= (s+p*N)/(s+p) = s+p*N = N+(1-N)*s
— IR BRI EE A, “EHBATRmIMERE”

120

40
— ——— Amdahl !
Gustafson ;

20 .

/ ________________ - John Gustafson
S B P G B D o S P P P AMD GPU & 543 )i

O HPAOI PO O PO PO DPANOD PO
oF M ¥ P 0P P 07 P 02 07 ' P 0P P 7 P
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MIPS: 8 H s ——T8%
FLOPS: ##0¥ mia S ik Ei——fE

Computer Performance Decimal H m
term Abbreviatio 'I:arm Abbre
Name FLOPS kilobyte KB kibibyte KiB 21G 2%
byte MB 1(}‘3 mebibyte MiB 5%
ottaFLOPS 102 Mmega
yotia gigabyte GB 10° gibibyte GiB 23D 7%
zettaFLOPS 1021 terabyte B 102 tebibyte TiB 240 10%
petabyte PB 10 pebibyte PiB 250 13%
exaFLOPS 1018 exabyte EB 1018 exbibyte EiB 260 15%
15 zettabyte ZB 10% zebibyte ZiB 27 18%
petaFLOPS 10 yottabyte YB 102¢ yobibyte YiB 280 21%
teraFLOPS 1012 K]1-1

qigaFLOPS 10°
megaFLOPS 106
kiloFLOPS 103
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- Measuring performance (Sys vi

o AT ] (CPURSTE]. Elapsed Time)
« IE{H# R (Peak Performance)

» £ (load)

e J74Y4 (Overhead)

« M= (Utilization Ratio)

« MFIMERE (Saturate Performance)

e F%E (Bandwidth)

e JEiR (Latency) g/
« +H2% (Throughput) g\%g\\;l{

» ik Lk (Speedup) r
« ZE (Efficiency)

—
— —
—




GENE AR (Benchmark) - $1.
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