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Computational thinking will be a
fundamental skill used by
everyone in the world by the
middle of the 21st Century.
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Computational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

omputational thinking cisely. Stating the difficulty of a problem accounts
Cbuilds on the power and for the underlying power of the machine—the com-
limits of compurting puting device that will run the solution. We must
processes, whether they are exe-  consider the machine’s instruction set, its resource
cuted by a human or by a constraints, and its operating environment.
machine. Computational In solving a problem efficiently, we might further
methods and models give us  ask whether an approximate solution is good
the courage to solve prob- enough, whether we can use randomization to our

ITE B4 (Computational Thinking) : 2006838, FLA
E (Jeannette M. Wing) £ {Communications of the
ACM) EZEH.
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AlphaFold is an artificial intelligence (Al) program developed by
Alphabet's/Google's DeepMind which performs predictions of
protein structure.The program is designed as a deep learning
system.
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TIOBE Programming Community Index

Source: www.tiobe.com

Ratings (%)

2002 2004 2006 2008 2010 2012 2014 2016

2018 2020

= Java == Python == C++ == C# == Visual Basic .NET JavaScript == PHP == SQL Swift

https://www.tiobe.com/tiobe-index/

The index can be used to check whether your programming skills are still up to date or to
make a strategic decision about what programming language should be adopted when
starting to build a new software system.




Feb 2020

Feb 2019 Change
7

2

3

4

7 IS
5 v
6 v
8

9

20 N
18 N
1 v
15 N
23 A
16 -~
12 M
21 A
14

13 ¥
10

Programming Language

Java

C#
Visual Basic .NET

JavaScript

Assembly language
R

D

Ruby

MATLAB

PL/SQL
Delphi/Object Pascal
Perl

Objective-C

Ratings
17.358%
16.766%
9.345%
6.164%
5.927%
5.862%
2.060%
2018%
1.526%
1.460%
1.431%
1.411%
1.005%
0917%
0.844%
0.794%
0.764%
0.748%
0.697%

0.688%

Change
+1.48%
+4.34%
+1.77%
-1.28%
+3.08%
1.23%
0.79%
-0.25%
0.37%
+0.54%
+0.17%
0.27%
-0.04%
+0.28%
0.19%
0.40%
-0.05%
-0.32%
-0.40%

-0.76%




Feaazas

Position

Programming Language
sas

Visual Basic
oar

Seraten
Scatn
ooy
TransactSoL
[

Rust

cosoL
e

Lsp

Katin

Logo

RPG

wa

Fortan
Pauershan
2
LabviEw
Erang

suia

M

Scneme
Haskell
TypeSerint
Opendge ABL
LiveCote
Pastscrt

Actonscrit

Ratings.
06565
06035
05535
0525
050
041
03785
03525
0.6
0335
03085
02085
02673
02535
02105
[E
02204
02085
02085
0.176%
01745
01708
01605
0.160%
0.160%
055
0.150%
01465
01445

0142

#51to #100

(Visual) FoxPro, Apex,
ATLAS, Awk, Bash, bc,
Bourne shell, C shell, cg, CL
(0S/400), Clojure, Common
Lisp, Crystal, cT, Curl, Elixir,
Emacs Lisp, Forth, Hack,
Icon, Inform, lo, J, JScript,
Korn shell, Ladder Logic,
Maple, MEL, Mercury,
MQL4, NATURAL, OpencCL,
Oz, PL/I, Programming
Without Coding Technology,
Prolog, Pure Data, Q, Raku,
Red, Ring, S, Smalltalk,
SPARK, Stata, Tcl, VBScript,
Verilog, VHDL,
WebAssembly
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-

RS (2r1)
2671 R A A ?

In 1903 Frank Nelson Cole famously made a presentation to a meeting of
the American Mathematical Society where he identified the factors of

the Mersenne number . During Cole’s so-called “lecture”, he approached the
chalkboard and in complete silence proceeded to calculate the value of
Mg, with the result being 147,573,952,589,676,412,927. Cole then moved
to the other side of the board and wrote 193,707,721 X 761,838,257,287,
and worked through the tedious calculations by hand. Upon completing the
multiplication and demonstrating that the result equaled My, Cole returned
to his seat, not having uttered a word during the hour-long presentation.
His audience greeted the presentation with a standing ovation. Cole later
admitted that finding the factors had taken ‘three years of Sundays”.




a= 2 * 7 -1
print (a)

flag = 1
i=3

ile flag:
ifa%i==0:
print (i)
print (a/1)
flag = 0
i=1+2

G ¢0mzLhxs

14757305258967641 2927
193707721
TE1B3B26TZE7. 0

p




. Python

- PythonE— M HEHERRIHES, B MM
B, SRR BT S eI (shell script), BEEIRAR
FHEESIMIGOR, WS EET . K2

- 1991FZES

python

* https://www.python.org/

Guido van Rossum(19565F —)
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Number of top 39 U.S. computer science departments
that use each language to teach introductory courses

Java MATLAB

i B Wl Ll =
Python

C++
Analysis done by Philip Guo (wwwpgbovine.net) in July 2014, last updated 2014-07-29

Scheme Scratch

o>
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« Charles Babbage, 19tt4ERIFAZ#IT
« BRETESTAIDAHES, RITENRRLIK

- fHERE: MIBERTERSE, A-itEH-ERNEEEK?
« Vannevar Bush, 20tH4CFRETE TS Be30%
« REBTHS DN, RHT Memex M A&

- BRI : IR B, REFEERE?
« Alan Turing, 20HE2EREITENEIZFRIUCER
 RETERNSERUN, ENRIZECHEEASATERERIK

@R EEE T ER] '



b CREEE: Wit EL
CENA: EAHL (1837)

 Zhbl: kiR ROCHERE, WERE AT : n—
e Ada: %_ ,fjﬁ 5 E"\ :T:;;m.!“ —BPHLF Ada
° gﬁ# l!fl\ “ lzl i%_{é H(J 7 i‘+ ;%:*)Liﬁ-ﬁ‘ S, BRI

 AIHAON TR BT S — N HEE# AT —4
Feffde NG
© AZIHAT 5%
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Charles Babbage
1792—1871

ORLLETTEY
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* Alonzo Church & Alan Turing:
Church-Turing Hypothesis:

Any reasonable attempt to model mathematically
computer algorithms and their performance is
bound to end up with a model of computation and
associated time cost that is equivalent to Turing
machines within a polynomial.

Alan Turing
1912-1954
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TURERE: +EFEH—/ME

 BE&ITEH (supercomputer)

« KB (mainframe)

« /NI (minicomputer)

« #1Bf (cluster)

o T{EiL (workstation)

« B (microcomputer)

- TSN (portable)

« NAERLEE (dedicated device)

« EBEFHL (smart phone)

- AIEFEITENL (wearable computer)
G EO Az LA S
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« EINEIHIREE: H{EMRIEEAESS
CBME BER. BR. 47

« MemexE—&X BN ARK
- FTEERERZISER

- ZEEFHZBDARPA MemextAstitkl (2014)
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« SRBECMUAR}AEHuang Lingdong, BJ4®iEpkJavascript, th
BI4RIERLPython, TG4k Eowigss (IDE) I EREIETT.

« GitHubitbtik: https://github.com/LingDong-/wenyan-lang

ICOMPILED JAVASCRIPT

RUAT4PAI2 = () => 0;
KUAT4PAI2 = (31A3) {
(J1A3.1length <= 1) {

JIA3

Y

SHOU3 = [];
HAN4 =

_ans49 = JIA3(1 - 1);
JIA3YI1 = _ansd9;
HAN4 . push (JTA3YI1);
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Bowon e

varn = 3;

for (var i =0; 1< n; i) {
console. log("BIFRIMIFE");

}

B W e

-

a=2

~

for 1 in range(a):

3 print ("RIFEMIFIE ")

wenyan-lang Javascript Python
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. ElR#1(Turing Machine)

State
Transition
Diagram

| state

Turing Machine
Description

Jo ] ofofs1[1fofoTo [ . Table
Tape

...an unlimited memory capacity obtained in the form of an infinite tape marked out into
squares, on each of which a symbol could be printed. At any moment there is one symbol in
the machine; it is called the scanned symbol. The machine can alter the scanned symbol and
its behavior is in part determined by that symbol, but the symbols on the tape elsewhere do not
affect the behavior of the machine. However, the tape can be moved back and forth through
the machine, this being one of the elementary operations of the machine. Any symbol on the
tape may therefore eventually have an innings. (by Turing 1948)
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* Alonzo Church & Alan Turing:
Church-Turing Hypothesis:

Any reasonable attempt to model mathematically
computer algorithms and their performance is
bound to end up with a model of computation and
associated time cost that is equivalent to Turing
machines within a polynomial.

'

Alan Turing
1912-1954
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ON COMPUTABLE NUMBERS, WITH AN APPLICATION T0O
THE ENTSCHEIDUNGSPROBLEM

By A. M. TurmsG.

[Recei

¥, 1936~

112 November, 1936.)

The “computable” numbers may be described briefly as the real
numbers whose expressions as a decimal are caloulable by finite means.
Although the subject of this paper is ostensibly the computable numbers,
it is almost equally easy to define and investigate computable functions
of an integral variable or a real or computable variable, computable
predicates, and so forth. The fundamental problems involved are,
however, the same in each case, and T have chosen the computable numbers
for explicit treatnient as involving the least cumbrous technique. I hope
shortly to give an account of the relations of the computable numbers,
functions, and so forth to one another, This will include a dovelopment
of the theory of fanctions of a real variable expressed in terms of com-
putablo numbers. According to my definition, a number is computable
if its decimal can be written down by a machine.

Tn §§9. 10 T give some arguments with the intention of showing tha the
computable numbers inelude all numbers which could nataraily be
regarded as computable. In particular, I show that certain large classes
of numbers are computable. They include, for instance, the real parts of
all algebraic numbers, the real parts of the zeros of the Bessel functions.
the numbers =, ¢, ete. The computablo numbers do not, however, include
all definable numbers, and an example is given of a definable number
which s not computable.

Although the class of computable numbers is so great, and in many
ways similar to the class of real numbers, it is nevertheless enumerable.
Tn § 81 examine certain arguments which would seem to prove tho contrary.
By the correct application of one of these arguments, conclusions are
reached which are superficially similar to those of Godelt. These results

and ver-

+ Godel, *“{ber formal
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« B T (true), {& F (false)
« X T
*a?>0,

+ &8, 5 A (conjunction, and)
e XAy =1(T) iff x=y=1(T)

« #rBY, % v (disjunction, or)
*xVy=0(F) iff x=y=0(F)
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« 3 —=(negation, not)
e x=1(T) iff x=0(F)

* 225 — (material implication)
c(x—>y)=1(T)iff x=0(F)ory=1(T)

« 28 @(exclusive or)
cXx@y=1(T)iff x£y
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*XV—X=1XxXA—X=0
CXAYSYAXXVY=YyVX,XxDy=y®x (3T
*(XAY)AZ=XA(YAZ) ,
*(xVvy)vz=xV(yVvz) HaR)
-(X/\y)vzi(xvz)/\(yvz) (SRR
*(XVY)AZ=(XAZ)V(YA2)
e more ??
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o—|(xvy):—|x/\—|y
*a(XAyYy) =XV y
*X—>y=-XVYy
*X—>Yy="1Yy— X
XD Yy=("XAY)V(XATY)
*X@Yy=(KXVY)A(7XVy)
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XAy =7(7xV y)
)(Vy: —|(—|)(/\ —|y)
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« & BISE X (conjunctive normal form, CNF)

o f(Xp,e o X)= Qi AQAQ;z ... AQ,,
cHAFQ =L VLV . Vi, |=xE X

« HrELE R (disjunctive normal form, DNF)
e (X X)= Q1 VQV Q... VQy
s HAQi=hAlA AL, =x8 X
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AEGER: (-xvyVv2)

(XAYA=ZD)V(=XAVYAZ)V (XAYA-TZ)V(XAYAZ)V (XA
VA=) VEAVYADVXAYAZ)
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Euclid of Alexahdria
Elements

Vn,3dm, [(m > n) A (Prime (m))]
vn,am,Vvp,q[(m>n)A(p,q>1— pg=m)]
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(X VAGVX) AKX VKV KA (X VX VKA. ..
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o JEERKMIE e /21 GREFHEFFZD
= Jefife sy, HA Mot









;kﬁi%
- I A S E A T
- DI BT 4 9T
TN
- dith.
- AT



i B IHY

s TEN-14n-2+..+1=n*(n-1)/2 K LL &%
{8

o BINEDLT 75 En*(n-1)/ 2R ek
=Nn,Nn-1 ..,21

- BEARRETEI




i PR HE

Stepl: BEMLIEH A —ET

@@ Step2: At # 7 1 e AL HE
R ANTK ZR 97 PR

056 @%@

S‘rep3 ﬁlJ@EI



i PR HE

6 10 9
FUEEN6 6 10 9
6 10 9
5 10 9




https://en.wikipedia.org/wiki/Quicksort



i PR HE

n T2 DR
» BIFHEOL: nlog,n
= FIRTEAL: n*(n-1)/2
= “FHIEAL: O(nlog,n)




i HEF 7] it

= i
o PUEHER
o IO 2 HE R SR

o R mAHDY . R HER
TR EEH

= MR




i /ho, KOS

= B
= IZ{TIT ] O(n?)
= ROERM T A4 CEHEERAN) RECk
IR — > R AR R R HL B
= PUH AR
= “P¥7i247Hf 1A O(n logn)
" EO(I’IZ)

n /ORISR — A R T N T 5 — A e AR
, WHFT 14



i/]\o, KOigE
(o _,

— li
- £ (n) = o(g(n): im
= N8 =0o(n?)
= nlOOO — O(zn)
= (log n) 20=0o(n)
= f(n) =0O(g(n)): 3E%Kc>0, f(n)<cg(n)
F89> KIINEAL
- n1.58 ) O(nZ) 10ni58 = O(nl.58)

1000 =
=10 n= O(n) 15



i Q(),0()iLs

= f(n) = Q(g(n)): IEHKC > 0, £(n) > celn) %t
T85> KHINAL
s n2= Q) (n1%) 10n158 = ) (n158)
= F(n) =6(g(n)):
= f(n) =0(g(n) J#H.f (n) = 2g(n)
= 10n? — 20n + 45 = 0(n?)

16
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= FHRIYE ] 5 (Pancake Sorting)
— AN T — &

KN RIDE . —

(1R N TN T

LRI 2 R
. BRBCA N ARG

Jof i 7 2R B 22 /> rd S

K, A BEILRIDHEZ
MNEIRHELS?




:h Tl R )
The simplest pancake sorting

5, 3 algorithm performs at most 2n -
u 3 flips. In this algorithm, a kind
of selection sort, we bring the
- 5, 4, 1, 2, 3 largest pan(_:ake not _yet sorte_zd
to the top with one flip; take it
down to its final position with

one more flip; and repeat this

" 3’\2)1’ 4’ > process for the remaining
pancakes.

=1,23,45 SEORVE AN D B IR, AS

FERHT RN AL



* Pe7s

A=A TA, B, Co AFF.EA N (N>1)
AL, AR H R R RN, B
RAE IR BT AT [ 55 & C #F-

IR R R — AN E A

2 KIEARESTE /N L1

$eon: PRGN ET B A, A A
FERS H R B ST RS (B A KT, (BRI
R A F

u]
8
I
i
!




i SR

» BEZEMIEE: f (X)7E[a, b] EFciEEEIE
B, HkHmaxf ().

20



i SR

s BEEMRIER: f (OF[a, b] L&iBEE RS
B, HkdHmaxf ().

= idea:
o BEERSEX,, X, m\
w I (X)) > f(X,), &ZE[x,, b]

C () <f(x), B[ x] | ©
= 1T (x)) = (xy), &K[a, x,J#[x,, b]

21



i A

. HE—

X~ X,~ (& + b)/2 aXs X, X, b
BREH[a, bIFELENT =
= TM=TOR2)*2 mit olog, nx sy

n T(2)=2

22



+

I 5 4
IS PNE]

t=

J5-1
2

7 HIK R

4

X, = ta+(1-t)b, x, = (1-t)a+th, EH

3

~0.618

'ﬁ'ﬁ-l'-|_ﬁ-logl 618n/A ?&{E
~ 1.441log, n

aXsX; X

v

23



i k(1) N RIESEIEH

w HIN: XX Xg Xy YV Yog---Ya 123

= Hith: Z=XY X321

= idea: 123
X = X, X 1072+ X,, 246
Y =Y, X10"+Y, 369
Z=XY=

XlY1 X 10”+(X1Y2+X2Y1) X 10”/2+X2Y2 39483

24



i Tk (2)
s FRITE: XY, XY, XY, XY,
s FESEXRE: TN)=4T(MN/2), T1) =1
= T(n) = O(n?) M RERBERIERS

25



Rk (2)

e Y X0 (Y Y X107,
« FE: XY, XY,
XY+ Xo Y =(X ) (Y +Y,)-X Y - XY,

s FESERE: TN)=3T(/2), T(1) =1
- T(n) = n|0923z n1.59

26



i Tk (3)

s FEERE: T(n)=3T(n/2), T(L) =1

- T(n) = nlog23 ~ n1.59

! (X1+X2)(Y1+Y2)

27



i e

= BENBEEIR?

s AL RIRE R (FFT)
o BITIBX, YB3, FKERFFT
gy BB 48

10N 165N

28



X = X, X 10273+ X, X 1073 + X,
Y = Y, X 1028+ Y, X 107+ Y,
Z=XY=

X,Y, X 1093+ (X, Y ,+X,Y,) X 107
+ (XY, + X, Y +X,Y ) X 1023

+ (XYt XpY ) X10™ + X, Y,

29



+

. EiR—
s HITFEX Y XY XY, (Xg+X)(Y+Y))
(XO+X2)(YO+Y2)1 (X1+X2)(Y1+YZ)
= T(n)= 6T(n/3), T(1) =1
- T(n) = n10936 ~ 1.631

= 75 B D B R E S

30



i MR B 5“5

n ESEE 2B (complexity): BEZAEITHE
“SSE (B8
« BEZEERIFBMABRLT
« f5l80: BieHF

« BIBHERE: RMEEFRLEI-AY
BEERE
= f5lan: ETFEREHIHEFE O(nlog n)
= FANEHETE O(n?), O(n159), O(nlog n) 31



imz@

o BRIZKAFIBEANMTECIF, FRETLAMIG]
RIAFZYE BB (12 A <, B):
WREL—/KREBEIFNE L, &A]
LA “ER” LB AR AR O] RA

A is “easier” than B

32



i e
s OREA: FIE—NMNERBZIMAFERE
BB
= OJRAB: F¥IE— P ERAHZIIA iz
EHIEC IR ?

ﬁlﬂlﬂ: X3 + y3: 23, X3 + y3: 73+ us

= IERA: A<B, B, A
33



ipszP‘zP

» ZIAAATE (AIKER) [a] @ (Polynomial
time): FAEZRENEEFRIZIBIAEEA
, EMEZREEO(MN), BEhcEFEH
. NI
= O(n), O(n?), O(n3), O(n100%), O(n2'*)#B 2 % I

T Bdg]
= ZINTCETIE] 1B A B =it B sE s B R
AREY o)

34



insNP‘ZNP

n IR (8] T3 9iE (9] (NP, Non-
deterministic Polynomial time): [a]gRAY “
EBR” AL Z IR (A A3 IE
« GEZTA A ERIIERE, IERAN,
INRERE “IEWH” (%), BAGEILE
ESWNIEERRIERAX—=; Rz, —VIiE
HEERASBEIERR

= flER: —IKMEIR TR LAEITIRE?

« PHYO)RAEREFNP, i.e. P S NP 35



:_L 2 NP 1] 5

s BEAMRKIENR Y, HEREE —HWE
fEAFIX M R RIE A HUE A E ? SAT
s — K K& S EHamiltonian =] % 2

o 257 KB LSk, FlE R R G Ak
A Rk clique?

o HATALE, R
e i L2 75 TP




i NP-5¢ 4=

= SAT, Hamilton, k-clique#l&NP-524= ]
s NP-584: NPz “XE” e

o FITA HAR NP ] DL 2 2B

n WIS E] 7 —SNP-58 4= n] 8 1) 22 T = A (1]

Bk, W ATA NP A 22 0 R X,
HI P=NP

37



:_L A=ECHE

w 2578 RN, HEnR B R ZE
n IXAN ) TNPIG 2
. AT
s fE7EQ, g™ ! =1 (modn) HXIn-1Ef &
K¥p, g™ V/P =1 (modn)
« EHE: g, n-1MATE &R 1*
= QW AW g™t = 1 (mod n) ?
= WA Hin-1I R A TR & R 402
= Agrawal-Kayal-Saxena primality test, 3@02



i A 1A ANENPER [ #5 2

s G ni R, PSR SO EIE,
ST RELHE?
= HENIE, ARTEEATENPH

n 25 78— B R HLMA— M N 245 R X
FIEMAEXIX AN BB ALY
= ANTENPH
o L, BOH B RPLAEH E XA AL

39



i ERLIR L ANAT A E

o BRUAAER R
HLHREH 2
s E X ERILG
OPSEEREETPNE
= T5H(I,I) =0,
ML
s 75 TG PR A

40



Millennium Prize

= Birch and Swinnerton-Dyer Conjecture
= Hodge Conjecture

= Navier-Stokes Equations

s PVvs NP

= Poincaré Conjecture (solved)
= Riemann Hypothesis

= Yang-Mills Theory

First Clay Mathematics Institute Millennium Prize Announced:
Prize for Resolution of the Poincaré Conjecture Awarded to Dr.
Grigoriy Perelman

41



23

A
G X
P\

= ZAR P=NP 'Lﬂ

= JIR P £ NP
« FHDE

42



i %
 ETAEBHOHBIIRSARE

» ETEEXIERINRINERE

n=p*q is HARD

Rivest, Shamir, Adleman (1979)
() = (p-1)(g-1), d x e =1 (mod ®(n))
E(M)=M¢, D(C) = C 9 (mod n)

Discrete Logarithm is HARD

= INEEIERERFRMTA

BIANRLETRI M R EFEE

= BIAFRBEGEBR A

43
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THEHRES®R

THTHRAGE%




B HHEIENER. BiE
o HHILTHE: ETEERT A S RRE BIOLE

L4 ﬁ:ﬁ] i‘ﬁ :31 1 package main

N 2 import "fmt"
® ﬁfé X 3 func main() {
. 4 var name string = “Yanyong Zhang"
® ﬁ%‘é@ 5 varsumint=0
6 var i int
® ﬁ'fﬁ 7 fori=0;i<len(name); i++ {
8 sum = sum + int(name[i])
9 }
10 var sum_bytes [5]byte
— M N 11 var j int
® %mﬁ*}ﬁ ( ;I{gl lﬂ ) 12 for j = len(sum_bytes) - 1; sum !=0; j-- {
DN ] v 13 sum_bytes[j] = byte(sum % 10) +'0'
° %%Zr{f;ﬁ’ﬂz (Kj]lﬂ) 14 sum =sum/ 10
” N 15 }
PR Tk 16 var k int
17 for k =j + 1; k < len(sum_bytes); k++ {
18 fmt.Printf("%c", sum_bytes[k])
19 }
o NUIHE 20 fmt.Printin()
21}
o TILISME



ARG BLERBERBSRANRS

D “HRIRE—BARKKZE” &

o THREBERZM IR
o [FIZAATIN{#AE

o REEF IBHAFH
o EEH Mg AELR ]

HeH
A%
IE#

WA 2

G

L 873

B S A




HHERG T

o METHRGHEXAE. A 1E, ARME
o RYHL (systematic) . TMAZFERH (ad hoc)
THERGEAFRA Y B R PR, F G0 o =
PR RGEAR, AR DS
o RGEMARZGK, AT HSEH
BEAE RautE, SR tE A 2 et
At 4 R Gi k3 i architect?
o N AER “UFEVAR RS 7 (computer architecture)
o IT70F I RGN K IE
o (3L FECTACHF, IEARES
o IMIALE: ZREMERER, —MRESINE &



HaRHHAGEY4E?

o MR LIEITHE RGBT
o IMHRAMUTEMBITHRABELITERS
o VT 5HITH AZ N B APkE: &I
o RGIHHETTIE
o BItHER, BELHESKARS, TLEPITITHELRE
Ml L RIE: W RGHRBIES K4 A (decomposition)
bt MR, KA EG RS, WP AT ISR,
G VASER I )
LG AR A o BT RS A4
([ J E&%U%&; ED*EE%{’E\ ﬁﬁ%’f’h\ %%%ﬁ%
G REATRINERE, B CEmE SR IR
RGEBYEITEATT RSB TTIE (abstraction)



RN

L RS R B4
1o RO AR Bk
o B, BEEL. oagfaRE
2. RG]
3. RGEYEE T
L Rk
0. BEHUL
3. CEEhTHE
4. R YRR S



L HRIESRG B4

o ML H RS PIEAT
o HHRGHITH LR
o EHIRZG: —MIFHRGATIAT T TH LR
o BLMRG: —MHHRGEATIIT A s LR




M E RSB YA TR R —&
THENBAZERHR
o TG FLHLRRE O T RS U

o A R —RIIEME GG R R P TR, ROx
RGN ANE, UARKHR MRS IR

Borsis | Hhe. . USRS HoNBERIE. BH. . BMP B,

g% I A5 B A 7. s B R S
B FL AR SEIL . 9 dn SIS BRI hide.go
Lk TRfF o
R BATHI IR « BIANTE Linux 8591 hide ZEF2.
He R BB, THANLRENS BT .
ol ik RESR R AR IE I « BUE- Y- PAT- 5 (8] 7 DY AR
2 FRATHE WK LAF UL A S PAT . T A 1R # X —
- FPHLHIPAAT, 382 VK LR b I e S 2 ko
fe T EBML, YA R R . R
NFFREEE | BhAs Bk S AR ocdm, Mg EERTER
Hl.
HEmeg | LWl T EHEPERIAN FEREERERD .




— BTN

o BFF I NI 51IE> GOl 5 BT
o FEH: GO EE> HLEEE B

o TFENL: BAT it ST
JiFGoef
BLA#HE

o BAERG: 1IN I P e
GoRFR 3t S T

BEGoiR FREHIFERE

BIERS (JLinux)

WA URENSE AR




PR R DR AR

o R IHEN) £ H I E N Z Pk
o WS RG LA A PPRGUh EIE B R RN
Z: WS REW N 2010 Sk
2 ZPNHTE R ZRFEERE
fil: ANREFEBE R HEWI2012A2 St IR i vk ) /5L
o FEFE.: R, Bk, LEHEE
o RGN EEFEEHME (abstraction)
o TRIAEINHME RIS . HIBMRE 5THHE
TR “HARRRE. W ESIBUTIHRR”
o EMiHHHAGHE: AHE., . EE=KT RS



2. = RG B Y4ELH
o ARHEHE R SHLERI20(LAL
o MEANER ) BN RS

o BRI EAZIR UCRFAT [, 28 A ]

. %#E%%M@ﬂﬁ&%~ﬂﬁ@ﬁ%ﬁ%ﬁ%ﬁ%§§i%%

X LA ]
Bt e
e D WEM=BRT! "~ EW y
arx [ iy TR

A 4R M, BEEMERE T

el il

RGtRe
IR Ao
ETAKHE
HIER: 75 %
BAEIR: 30 2R

s i R 5

M1 M2 M3

2. HE M BR=RIAREREE T
3. ESHARGFAN Y RIUEHHRIESD

I i 5L

P

RF

P s
HE
SEUIARIERSS
WoH B

RIH R

Pk R U=
AT YA B
L] A 5
BT BLE E AR
e g A
EZN:y E el
AR Ao %
A AFE I 2

HEAZR. DRt



—A RGBS
o ABEFEMIHIHERM 2010104 R AR
o WNEAMRER JHED BiE—1 7%
o MAEREEZEUHA L 20 A 5
o H—EMPMER A NIRRT I ELITR, #ik

M1 M2 M3
2. HE M ERSRIARERME T ZME AR v AR AT B R G
3. BREMARGRAA Y RUTHNREL FERI R G52

BAEIR: 30 2R

X LB A i)
NI RS
WBEM=BFT ! » WA S BPRRE BPR
i X [] Eﬁ}]}-‘v v %2%#\ HE WESR
, HEER  mEREEe
[l O LA IS 2RSS
iy S eaiditi 551 = 5 B NFRLAE R
! R P B
; BEHLH B
; Sl B TSI A LA
: G e AT RAED B
— : T, FR. TRE, WEH
B A 5% ; EFAANR OGS & x 2l
! GHER: 75 56 e 7 28




—A RGBS
o ABEFEMIHIHERM 2010104 R AR
o WNEAMRER JHED BiE—1 7%
o MAEREEZEUHA L 20 A 5
o H—EMPMER A NIRRT I ELITR, #ik

X LA ]
TR ARG RS

T - MEWE  EIRREREGTY
T @ Ikt MU o, 'Y AT, Rl R

. BRERAE. RO
mex [ Y ERkA

Cownw, wmmmmen SRR SURRISLE

S IR RS G R
WBRZ EALHF, f54

B TR
! I E RS AR LS — 4
. R T LR 4 Sl i 2E
BlE WS : e B0RRSATSERS, WfT
5 ST 75 %8 TR RGHA
ML M2 M3 ! HAER: 30 2H) ZWE A B R E R G S
2. HE M ERSAIRREEREN : el [ et e
3. BIREREARFA v RUEHN R IGEN G




3. WH ARG RANER
o IR, HHUAARNRS, TRET I

Juy
o HHA: —MNMEAHMZMAKRZ A BAATER
o BEHAL: ARG 2 AR A Ak
THENL = 4F + KGN + N A
ERG—FU [ BRREUREE, 5 OMS
o MR
TBE A S4B
o PIERR A BTRE R G R SR 2 5T 2
BRI EI:  FA] ARk IR e
s RGMHEREIEZIR T RGUEEN (EFX AT
L =1/ (Q-F)p+ ) > 1Uf 24 pDoo ;. FHRGIMBEL >



3.1 HHARGMAB

o HIZAL: —MMEHMBIEFE SN AT R
o FEH% (abstraction) : BEZiHENEIFREEL)
5, Wt E BN
— B R —E SO R O i T BN
o MAMESLH|: —ANALPRES F I 28 Nz e e it
AR — AN EHALPER?
BEETFE . FEAE, SRR > @ S T A
HI N I E A T2
« BIEEME S S0 2 A>T 42 GPUNN# #8
» AL RENME> RO M MEAREE. ka0 EE (TPU)
o YA TN, TR, tMTHE—T
APAT?



HRAHIE R
o ~NMRATMNEZANEIR (R NMED HF
o TNEITAAHEIEFIRET %2 A 1 0]
o HH—EMRMHAE SN ERTTE, F—b3Hi%
EIRFTE BV ROERE, PR R ) f
o WHR=1)R:
o ARRME: MR IUNEE— N ERNARRA
), M AR E R, R ] — 2 R At i) R
o FEWIME: ML — MRS, E—
D N = WS/ RS R = 7
o RALME: —MNMEAIMFAREZ AR K
Al DA%, AT H AL (generalization)
FOIEA LA RS, AR5



THEHURHA RIS R AR

o MRIMEE, BIEHE DAL B B4R ATF

FAEBRAE: KBRS A HTT (RN fE) Bl
M7 B R B A a1 % “HTT T 4 AR
NAFTBOZ S Bk
BEBAE: . ow. k. B 5. 8L JE BASE
BERME: BEIRN 7 (HLanfis) Zid2) 5 —
AT CHRInAAE) o BdlERiE 2B R Esnt, AN
ISYR TN S

o BEAhR. —REIE MR

o BHIFHR. HZ MNP RASG LI REE

o BRI “LUIFIGHE. AT HIIPUTHIHR”



BAEFR (BHERRD)
o PO (bit) + HA T HEHIER

o ALLEF (hex) : 1633 %l
« 0:0000, 1:0001, 2:0010, ..., 9:1001, A:1010,..., F:1111

o ¥ (byte) : 8HL 7Y
o NSz ASCIHY. Unicodeld
o 7 (word) : 32/6ANGLIEAL. VF A FIFE
o % (pointer) . #ZH (array)
1

[z ] [i]s ]

o B,

12 .. 90
e App |34 |89\u;2 EN




fre. 8. PR, I

o AR M IR
o MEEEIUITHER?

o BABREE LR TS
o N BBRRRNY Bk A

o BIFWA: W
HARZRIZH
ViAF Ak

B R A
i N\ R AR
o ENIERR R T 5 A RAR



WHERGERIFHT
o (EHHE RSGH A I, 1%, il SRR

o (R b RECEF AL . 4. =W =T
o 7. XA A (/O) WA ZFEME?
SRPR AL W A, A 2 T KU R T B, P 25 W
o M%: KMRGFMS
BIERSR
o IRENRRT: TR PR
« VMRS open, close, read, write; ioctl
ERCSGEETE AN
« B, FFH
« PCLiEZ
« USBiZk



BIEEEH]
o HARFBHIZE: +-Xx+;5 AV,—; AL
o WHIHEAE: B, kit [FP. RE AL

}

o fAEFRIE: . T ITIF. KM
o UHWEIRIE: A, MER. UrA a2

o EHHH[EHERE: socket

.



BEER

shbb, A, B BX
o UL BN TF A LA T

o HLHitE: byte address, word address
o WZ: WMERMME (it

o HAEEX
6417 F AL

- 8028048
6908526

6383171
7212509

8028048

6908526

6383171

7212509

¥
bk
o122
1| 120
2| 117
3| 64
4 | 105
5| 99
6 | 116
7| 46
8| 97
9| 99
10| 46
11| 99
12 | 110
13| 13
14| 13
15| 13

64ht
Hiht



AT
o SHH ILEURHIN G OBRF. AHEBEE. AD

JIiFF (sequential order, Hisequence) sElxIEA.
WHE . SR R

A

] A2 A ERO: JHR TR AR
BhsE CRABER) L A
R TR a2 -0
$HI®3: Sum = A[i] + B[i] + Sum
ﬁﬁ4: i=i+1

N . BIEs. MEi<30/2, BhEFBE3
o X =FhHh G ] 2H Ak SPE6, +TE L B Sum

E%é&ﬁgi&gﬁm}m% SURT. Kb EERE
WIR2. 3. 4. SHE PR (FEFHED
WIR0: FriRHE LR

L Sum=0

SH,2. for (i=0; i<304Z; i++) Sum = A[i] + BJ[i] + Sum;
HIR3: FTHIH A R Sum

SURA: KRR




3.2 BBL: HHEAGETHEER

o BHMK: ARG MEHALE T AL
o THENL = BEF + RGUEAT + BT
AN = JEBESS + 4885 + WAS T (/0D B
o LTRSS =AY + BRI ¢ AT+ MO + .

A BIETH RN A RAE
o RRG—HME, ARMETE
o AFEHIFR/RTHEBANREE. Wi
o {5 R R i BE
o Y5 (specification) 5528 (implementation) ;&
o FOMESE
HReE BIAE B 1, B AN SRR Py 37



15 5 Rl R 2

o AL e AR O, K A SR R AR B B R
{5 S BERE IR B TTAE, g Sh T LA
BLRE BIAEBLE N E Ba s oK
o BAERER (information hiding)

FMEYUY R HHE D (interface) DA i #2 11 A] W,
(IANERAT N, BRsUT AT N BB AT N AT A 5 B
o X/HTE 5T (separation of specification
and implementation)
FEf s HAEEAMEER OIS (specification) , BJHBEI
FAMEBAT ARE, LTSI (implementation)
o HRIFEFHEIR
Y AR A BLER A3 AL R, A TR S A E
2 fERK, R EEHBM SR



{5 B F B R E L

o [ = 3RIA R B2 B HL B
o HIHRAR, ZHFEAEEAR

kB O Ok Lk O o Xx
» O B Ok O r O <
P O O O Fk kRN

v _D_z

W

Z=(X-Y)w
Vss Vss

. BREHZERE HU ISR + R B R AR




REERE X EAZHIZHE]

o BHAWIRIZH

.5: Ez: 5”33 j%ﬂ‘:
X Y|7 X V|7 ¥ |7
0 0[0 0 0[0 0T1 ég(Z)
O L |
1111 111 X—>—7 %(1)(1)
=D X

2 ) > X

! ! YDZ

o HARBHEH WYL A TP LRI AR
o FUHFE UERASBEIAR



H A E B SE R AR T RIEH
S53E(NAND) I8+

Vce

et
!

—_— OO
—_O = O




H A E SRR RIEH
SESNE s

53k CMOS H#%
X Y|Z vdd
it el
(1) 111 ~ Z
01 X
1 110 .




ERAEHE
A DB S H AT r B S B

o HHinikHE

o HEANPGEA. ARGEAEH

R RS WAL EREL | n MIABERIEN
517 Z=X-Y Y =Xy e Xy
B[] Z=X+Y Y=X1+ X2+:--+ Xn
] Z=X®Y Yy=X1® X2 @D D Xn
L:J‘EHEI‘] Z:X— y:xl-xz....xn




—HEEIINER T 11+9=20 > 1011+1001=10100

X, X, X X, 1 O 1 1

Y.V, VY, + 1 0 0 1
C, 1 0
C, 1 Q

= 1

C 1 0




R IR SE D -

[

11+9=20 - 1011+1001=10100

Input: X,X, X, X, =1011, Y,Y,Y,Y, =1001
T=2

o EINAF+HRLEAL L

o 3%4 = 12] TiER
o fUALINIESS
o 3+1=4[J3EiR

- |7 Y, =0 &
4]

X1 ,=1
‘v‘: c,=0 ‘VQ:

C,=0 c,=1 c, =1
-0 Z,=1 o z2,=0 Z,=0
Output : C,Z,Z,Z,Z, =10100
Gt -0 ! Gt
Output :C,2,2,Z,Z, =10100
c,=1 z,-0 z,-1 z,=0
A IPYV
N L m
Tt
L
e e O S . _ _ X,=1 C,=0 x2:0c271x1c1x1 cU
Input: X,X,X, X, =101, Y,Y,Y, =1001
PN Output : C,C,C,C, =1011
Y,=1  Y,=0 Y%,=0 Y,=1 °_

Input : X,X,X, X, =1011, Y,Y,Y,Y, =1001, C,C,C,C, =1011
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e Delay Flip-Flop

o EnableftEHIN #1555

e D: set/reset
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o SN 21 % Rt 24 N - LI ZIRAS B R 2
o SN ZI HPIRZS Z N 24 N 5 t- 1 ZIR S B e 2
e Out(t) = F( In(t), State(t-1) )

o State(t) = G(In(t), State(t-1) )

In(t)

| dAsmEG

MLEE

State(t)

RETERE B

State

t-1)

HEHEF

Out(t)
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FREEFTEN (SR SHE)

o i HdE A L ARIEHIRAE

oﬁﬁﬂ—kﬁ%+ﬁ%%+%kﬁﬁu%
o ANLFHEE = B B+IEHI IR+ AR
o LMK EMF (von Neumann bottleneck)

o TEEFEFITHEMNL (stored program computer)

o HATHAT

B
B e- '

= O

N
=
m

w
o
(@}

0 IR Sk
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o FFHLFEHIF A4 2 e Tf;jf\,% |
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. ﬁnmzl gmuéiﬂﬁmg? OB
. S = Zk=0§xkx Yi)n =10 (RERFESE || MF || B
o HiL 5
o BURFSMABIE OB kot

MOV #0, S; #HI4H{EHOM TS

L :z _ 0’[];]_)(0 [k] BT | ML X, Y, P; X 5 VIR TP
S=S+P Y JPLT L, R63; R6347 fifi 5§11 10°

- x0
k=k+1 Hif >128GB

Jump L if k < 10° 0

Print S

XN
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o FFFIBL HIPATE R E I N RIEM B (stage)
o UfEHEE(E: IR € M(PC)
o PfY#:{E: Signals = Decode(IR)
o HUTHEAME: Result € Op, B Address € Op
o Hal#RAE:
RF(i) € Result,
RF(i) € M(Address) 5t M(Address) € RF(i) Tk 2

= = 1448
o PATMRN, PCEPCH; FMEH 50,
=1GHz
it BB T 5E
1645 1844 4743 42 | HHAL | [ [ | i 61
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o FKIRLHIPATH B B WY ERAERT B (stage)
o WUEHEAE: IR € M(PC)
o PES#:{E: Signals = Decode(IR)
o HATHEEAME: Result € Op, 5 Address € Op
RF(i) € Result,
RF(i) € M(Address) 5t M(Address) €< RF(i) Fik 2k aEnt

o PUTHIIEIN), PCE&PC+1; FmELE Zﬁé@i"ﬁm

=1GHz

1645 b4 1643 fse | BuE [ BB | wur | 5E | P

45 44 A3 A2 | | | [ %1 | e
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TKRIER = 180, AIBEH=4 GHz
BRBEMIBLMERES, EERIGOPS (84 GFLOPS)
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W B BT SHE
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HiaiKk 2 5545 R 3
KJE: First Draft of a Report on the EDVAC
o MNMITBINESLL THEN A KITE2S, X545
BH40T ( “in absolutely exhaustive detail” )
R EALAE W B sh AT A 1H D
RN ZHAT IR RE S B RMALRE. 2P 6
T R A5
o A LI A4
THENITIUR AT — 2% 162
THRALEEHATIEFN, T %8402t 4
PATRE P B H I, A TRLE R, AR W An e A B



FHUEPITHI SR — %184

o X86THHENIHEHATINEE — 55484

o fi it FFFFFFFO (OXFFFFFFFO)

o HNAR B TR4IJUMP 000F0000
HIKEN—N 2G5 AF (FRABIOS, RlBasic Input-
Output System) 2 —%F54, FNBIOSA Mk

o WIFENIHEPATHIE —K1EL
o frTHuitFFFFFFFFBFC00000
o HANER—FRHRMNBRIETE S, KBS IREST
i (BERNE, BE) , XWICAFImEGeH
RIS 748
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o =7
o M4 —5 (Harvard Mark |)
~242 F “ Automatic Sequence Controlled Calculator”
CH BB 3E 6 AL
“HEMERF” , WAEIES, AR
o ENIACHIE G
TR — A48 WA, s~ —%48 4 1k
o HSRIMNITHENLAS
K “FEFFit%#s”  (program counter, HIPC) 5=
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TSR 30MZAF 2 A ?

R A7 Ak otk O L (R KU 2 28— Ar A7 s
A7 il A bk 1 B A RO B 2 — A2 A7 48
A A AR FIBEALUAR TN, 85 RIZ RS — D78
UREE oD I hE<3012, R HMIEIEL, [AIEIEE PR
K28 — DA AL AR I BAF AAFAH A3 O

Step 1 (%—
Step2 (5
Step 3 (3=
Step 4 (5514

Step5 (FH

A
7 N
A
B
iz MM

-

s
0 0
1
5 3
3 2
4
3012
8

AL \
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Step 1 CHE—25)

o CREA7fik AR HLhEO B K R B —
AN BFAF AR

Step 2 (55 PP

o BTN AR Rl T L R B B
A1

Step 3 CGE=2%)

o RPN AR AE A I HOE B ALUAH
. ZERERE AR

Step 4 UL

o W UL EE<3012, I
Hohbdg 1, (25 PR

Step 5 CGEAAT)

o R AE AR NEAENAL
LS URIN0)

1 2 3 4 5
T

y

%5

A
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Step 1 (E—HH -
7 DN
B

Step2 (55—

e —

Step 3 (ZF=
Step 4 (ZEVIIPED
Step 5 CGEFPE) -

R A7 Ak otk O L (R KU 2 28— Ar A7 s

A7 il A bk 1 B A RO B 2 — A2 A7 48

A A AR FIBEALUAR TN, 85 RIZ RS — D78
UREE oD I hE<3012, R HMIEIEL, [AIEIEE PR
K28 — DA AL AR I BAF AAFAH A3 O

-

w N = O

3014

s

HEE L SRS o)

~

/

THEHL
I = s p7ae
bR
(cPU)
il B

PC =

Step 2
Step 3
Step 4
Step 2
Step 3
Step 4
Step 2
Step 3
Step 4
Step 5
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o IEHHAT

o FH—KIgATEMRE?

o MHETIEA W ATHAT?

o N—KIBATEMRE?

o AL
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PATTEEE U FTIR S, ARG PAT 7 I B AR 7
o fEAEH Y
SERPHAT — AR BT U ) S AR BEAR T
o TRIKRH
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o RAGMEREHUEZIR T RGN
o MEELL =1/ ((1-f)lp+f) DL Y p>eo
“Uan—A RGPy B R4 XATY, X+Y=1, 0sX<1,
0sY<1l. YReW e (WP4a/NeEmEUE) , XAREHE L
# O (BIXEHED « Ba, RGERELEEWHSERLX, 7
o — &M 7500 MHzESI M Ab B 2805 Fr, Rk
X=Y=0.5, BIFEfFAHS R A —J-n] DLRH AL 2 253
by I
A, B FRAT T AL EE 25 1 T 42 551100045 (423500
GHz) . 1/if%. HEE2LEH K, BB EE R
HAEA$1/0.5=2, Bl —1%
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o 194344, £ % HIMHIETHFIB YRR
o TR “HLFIFEANL” MES. LT, SU
o 19414, FBENH U wRH B AE
19424F, BIHMKET: (EEESER0THEIE)
o 19434F4H2-9H, IERLI
e 1943%5H31H, ENIACH H IFRXE3)
o 1945%£11H, ENIACHHH RIS
o ENIACH] 3 EHRFIE
o B irEMNL: A BRI EL )
o T ITENL: FrEEEEEMEFEERAT
o WA EM (HT10%) : 18000 N EXFEHI KRS




IBM 360
o 19604F, IBME AR Bl B b 551 2
o AIRUHENMHERTE
B+ A I+ LA I, AT
e 1960-1962.12, IBM 360447 & Hik
o SEAITEML + HENFHE + FeAn
o TFENUKRRLE + RESLI, WH KB
o 1963.1, IBMz R #E St
o XT3k T R B ) S % R DL
o M4 T B—RGEKEWR. 5 H
o IREIE. BN AR OR. IR K
RV R AR E DB BRI, R L
e 1964.4, IBMK&AiS/360, 19654 K Ik



IBM 360254 (Infa s whelE)
o —FREIHT
o B FeAE
W — R S5 AN, BB EA B I ok
WP T, BEFCTFR. R, A5 BRI 28 ALAME AR
o
o FMES: @A (360) FHE N K
MRS | A7 e e 25 P e
= R (What) : MWICERIES AN RSHAEE, FiERRERE—
FER (FHEFEZ)
= I (How) : KGR A A BIREARUER S RS Hihb#g =, B
FOAN 5 A5 45 BB 1
o BHERR: “KANTE” GEE100f%) 2%, MiAZ “As”

o NXTEATES A (knockoff) : EhAF-HE
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e 1973, Xerox PARC Alto
e 1974, MITS Altair 8800
e 1975, MS BASICH#HT 2%
e 1976, Apple-l, (1979, VisiCalc)
e 1981, IBM PC
e Intel CPU, MS DOS, E£ R =28, BIOS
e 1996, f4HSpeedEasy Tt Bk Lk Tt

Worldwide PC Vendor Unit Shipment Estimates (Wiki) |

Source Date Lenovo HP Dell %

Asus Others

IDC Q2,2014 19.6% 18.3% 14.0% 8.2% 6.2% 33.6%
Gartner  Q2,2014 | 19.2% 17.7% 13.3% 7.9% 6.9% 35.0%
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e 1965, MIT Project MAC, Multics
e Time sharing, file system, process, shell
e 1972, Unix
o AIREHEME: Unix XM THIFHRZ T FINiTHEL
HFCE 5 S Unix fe H T 5
o RIEVE: UV AR AR SLA I A A
pipe, shell scripts; Keep It Simple, Stupid (KISS)
e 1991, Linux
o JTTRCIEAYH) “ERH-r -7 AR
o DLRMBCITEH
SERIRE . AR AR (2R PR, ATASAED
s BRI CHgR3EE . R B
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SEFIRE. B Ao R AR E 2T b 51 :}—ﬁ§ﬁ§
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Welcome to Computer Architecture

- Eiff: IRFEERK

(yanyongz@ustc.edu.cn)

FH%1£106

. HHiE: EFE
(yuboyan@ustc.edu.cn)

El+H1E1408

- REER:
http://staff.ustc.edu.cn/~comparch
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Eight Great Ideas in Computer
Architecture

These are eight great ideas that computer architects have
invented in the last 60 years of computer design. They are so
powerful they have lasted long after the first computer that
used them, with newer architects demonstrating their
admiration by imitating their predecessors -- Patterson

https://www.elsevier.com/connect/8-great-ideas-in-
computer-architecture
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Eight Great ideas in Computer

Architecture

. Design for Moore’ s Law
Abstraction to Simplify Design
Make the Common Case Fast
Dependability via Redundancy
Memory Hierarchy
Performance via Parallelism
Performance via Pipelining
Performance via Prediction

®NOWAWN S
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1. Moore’s Law (EE/RER)

Transistors

- i Per Die
E 10
g {L o2 " ¢ 1965 Actual Data 16 26 2
g 10° m MOS Arrays 4 MOS Logic 1975 Actual Data 256M 512
g1 e 108] @ 1975 Projection o Hanium™
8T Memory 1o Pentiume 4
g | 1074 M Pentium?® Ill
g, ot "o A Microprocessor
g t6 10%
< e
] gl Shsk d 104
S oo AR ]
2 ween of COMPONENTS PER INTESO H; it 102
Gé L ’/ 102
s g [ s 101
.
3= 10
2z
25
&

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

C—NWANO DD

—————————————————— 1. SERCRRBEES A kPSR AR HY R R EY
#H, SR181ARE—&.
2. WALEERMEREERIS)RIRS
—f&, | TE—F.
3. A—AEITATEEEER R AN RE,

" . o BRI ABERE.
Cramming More Components onto Integrated Circuits

— Gordon Moore, Electronics, 1965
# on transistors on cost-effective integrated circuit double every



1. Design for Moore’ s Law

The one constant for computer designers is rapid
change, which is driven largely by Moore's Law. It states
that integrated circuit resources double every 18-24
months. Moore's Law resulted from a 1965 prediction of
such growth in IC capacity made by Gordon Moore, one
of the founders of Intel. As computer designs can take
years, the resources available per chip can easily double
or quadruple between the start and finish of the project.
Like a skeet shooter, computer architects must
anticipate where the technology will be when the design
finishes rather than design for where it starts.

2/27/2025 6



2. Abstraction via Layers of

Representation
- temp = v[Kk];
High Level Language V[k] = v[k+1];
Program (e.g., C) v[k+1] = temp;
| compter e g0
w ,
Assembly Language sw $t1, 0($2)
Program (e.g., MIPS) sw $t0, 4($2)
| Assembler 0000 1001 1100 0110 1010 1111 0101 1000
Machine Language 1010 1111 0101 1000 0000 1001 1100 0110
Program (MIPS) 1100 0110 1010 1111 0101 1000 0000 1001
, | 0101 1000 0000 1001 1100 0110 1010 1111
Machine . Abstraction uses multiple levels with each level hiding the
Interpretation

details of levels below it. For example:

Hardware Archi re Description : ) . :
ard ?eeg l:c):l O(Eic(}ragr ariss(; ptio The instruction set of a processor hides the details of the
=i activities involved in executing an instruction.

Architecture . High-level languages hide the details of the sequence of
Implementation instructions needed to accomplish a task.
Logic Circuit Description Operating systems hide the details involved in handling
(Circuit Schematic Diagrams) input and output devices.

2/27/2025 7



) 2. Use Abstraction to Simplify Design

Both computer architects and programmers had to
invent techniques to make themselves more productive,
for otherwise design time would lengthen as dramatically
as resources grew by Moore's Law. A major productivity
technique for hardware and software is to use
abstractions to represent the design at different levels of
representation; lower-level details are hidden to offer a
simpler model at higher levels. We'll use the abstract
painting icon to represent this second great idea.

GIVE ME AN EXAMPLE?

2/27/2025 8



~—-] 3. Make the Common Case Fast

- EHTGTHEER, FERGEELEHSEN

« REAREZERTHNBENEFKX

- EE—M (1458) EELARMEEEHEEG
(Common case)

BN . FOESREANSREEMARREBS,
el BASHIERTRA—NA. (REWRE? A‘

-

HELHISARHZ A FI A IXNidea?  INfATELERAMES R BIEIT?

2/27/2025 9



- BETURESERDER
HRBAZIWENR  Sren
FZENETT :

ﬁﬁﬁ( E(Jﬁgk-r, Storae servers with 24 harddlsk I
%i_éémyg'rm dr|vesgand built-in hardware RAID

;giggﬁ;?% ]ceczlr;tlrsollers supporting various RAID
£100

T/ 100K BRI Rk £ ?

One of the most important ideas in data storage is the
Redundant Array of Inexpensive Disks (RAID) concept. In
most versions of RAID, data is stored redundantly on multiple
disks. The redundancy insures that if one disk fails the data

can be recovered from other disks.
2/27/2025 10




5. Memory Hierarchy

Processor

but Small

Work?

Fast, Expensive,

EDO, SD-RAM, DDR-SDRAM, RD-RAM

and More...

SSD, Flash Drive

2/27/2025

4

/
4

SUPER FAST
SUPER EXPENSIVE
TINY CAPACITY
Why Does Cache
FASTER
EXPENSIVE
SMALL CAPACITY
FAST
PRICED REASONABLY
AVERAGE CAPACITY
SOLID STATE MEMORY AVERAGE SPEED
4 N PRICED REASONABLY
A " \ ERAGE CAPACITY
Mechanical Hard Drives VIRTUAL MEMORY  Cheap, oW
4 i \ Large, PACTITY
but Slow
11




'f)f 6. Performance Through Parallelism

Doing different parts of a task in parallel accomplishes
the task in less time than doing them sequentially. A
processor engages in several activities in the execution
of an instruction. It runs faster if it can do these activities
in parallel.
+ Parallel Requests
Assigned to computer, e.g., Search “Katz”

» Parallel Threads,
Assigned to core, e.g., Lookup, Ads

+ Parallel Instructions
>1 instruction @ one time e.g., 5 pipelined instructions

+ Parallel Data
>1 data item @ one time, GPU is SIMD (Single Instruction Multiple Word)

* Hardware Descriptions
All gates functioning in parallel at same time

2/27/2025 12



This idea is an extension of the idea of parallelism. It is essentially handling the
activities involved in instruction execution as an assembly line. As soon as the
first activity of an instruction is done you move it to the second activity and
start the first activity of a new instruction. This results in executing more
instructions per unit time compared to waiting for all activities of the first
instruction to complete before starting the second instruction.

Time (in cycles)—;r cc 5 cc2 + €C3 i cc4 + €c5 + ccé6 + CCT + cc8 —
r lw ré6, 8(rb) E m E.@IE’N E[@] i : :

add r9, r8, r7 E m H.@IE’N WE
ori r4,r3,7 E m -

e
sub rb, re, r3

sw r2, 10(r3)

<—— Program Order




8. Performance Through Prediction

A conditional branch is a type of instruction that determines the next
instruction to be executed based on a condition test. Conditional branches are
essential for implementing high-level language if statements and loops.

Unfortunately, conditional branches interfere with the smooth operation of a
pipeline — the processor does not know where to fetch the next instruction
until after the condition has been tested.

Many modern processors reduce the impact of branches with speculative
execution: make an informed guess about the outcome of the condition test
and start executing the indicated instruction. Performance is improved if the
guesses are reasonably accurate and the penalty of wrong guesses is not too
severe.

FIl DIl XI| mIl wl| pea x1, %2, target

F w bubble

\ bubble

x F{] D|| X|| M|| W|| target: add x1, x2, x3

2/27/2025 I 14
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8 func main() {

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23}

if httpresp, err := http.Get("http://csintro.ucas.ac.cn/static/code_project
/Richard_Karp.txt"); err = nil || httpresp.StatusCode != http.StatusOK {

iferr I=nil {

fmt.Fprintin(os.Stderr, err.Error())
}else {

fmt.Fprintin(os.Stderr, httpresp.Status)
}
return

Telse {
if data, err := ioutil.ReadAll(httpresp.Body); err !=nil {

fmt.Fprintin(os.Stderr, err.Error())

}else {
fmt.Printin(string(data))
}

22
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