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How to Instruct a Computer?
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How to Instruct a Computer?

= [AJ@: Programming bit-by-bit doesn’t scale

= Impossible:
| m Programmer Productivity
m Efficiency and Performance

» HAJEShigh-level BEIRIES




| How to Instruct a Computer? |

ets invade a small nation

| = Why high-level? My poll ratings are low, }
S 9 I

~

4
—
—

Cross the river and take
defensive positions

Forward march, turn left J
% Sergeant .~ Stop!, Shoot

Foot Soldier gESwE




' How to Instruct a Computer? |

= High-level Candidature --- E? Nt
o m HfmAMINGAES, (HZAmbiguous
| m Same expression describes many possible actions
" m Programming languages EEFgiHaEsS
m high abstraction
m precision (avoid ambiguity)
m CONnciseness
m expressiveness
= modularity
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1.1 EFRZTHES

A RES
SRUSCER: S, SEOITHE, o i

Jacquard Loom e

. oo
¢ 1940~: =8B |
(a) Grace Hopper (b) Punch card ’
Intel :¥WFeamitge@nr | :

; 1950~: iCHmiE =S MRiCHmes
1 —~ — 10111000 00000001 00000000 00000000 00000000
i « 1 U==1> 4] BT o

10111010 00000010 00000000 00000000 00000000

7] Py 00111001 11011010
| W< A RT NG iEE 01111111 00000110

{ £ A io EA — 00001111 10101111 11000010

p I 21 3 t

{ MBS HEAIZTETET. 01000010 r
1173 tthnk Fo 15 S tthnk foicd — 11101011 11110110 ;
R4z Fo ¥5 1§ #% i & . Loonors }

ST EE, :
IC 4R 2 S RYC YR iE E Fu#l 23 iE T vaEniE. :

; Intel~:C &5 T ea & it WA |
i i WMASE N AT FEREBXA, 1T B AR\ FFE2EAXH
: Factorial: b
{ mov eax, 1 oy Yt Eresult = 1 |
mov edx, 2 5 VB IEIRS Hindex = 2 :
1 L1: cmp edx, ebx ;3 Q05 index <= N ... !
! jg L2 ‘,
imul eax, edx ;; result3®_index |
i inc edx ;; indexiBiE1 f
§ jmp L1 i BEIBEIIEERIA S |

L2: ret ;5 IR[E] I
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1057: EEIFRIATRIENS
FORTRAN; COBOL; Igol60; LISP

0 5MBTE.

@ XFEVR, AFEHEME LB @iEFEE

0 ﬁiiiﬁ'%ﬁiﬁ'i‘%xftﬂfuzl.iﬁm T Tudnif,
--‘ ST

In FORTRAN :

;In assembly language :
D = SQRT(B*B - 4*A*C) mul t1, b, b sub x1, d, b
X1 = (-B + D) / (2%A) mul t2, a, c div x1, x1, t3
X2 = (-B - D) / (2*A) mul t2, t2, 4 neg x2, b

sub ti1, tl1, t2 sub x2, x2, d

sqrt d, ti div x2, x2, t3

mul t3, a, 2

!

®1960~:

HAESHEE (BH51ER)

BAE ::)
5 oo/

BT EEMERZITES FHRBEMNIES,; B
ALGOL (ALGOrithmic Language) --- §:&if

@ Backus-Naur 3 X #iE § # R\ 8,
0 FEial, HhENRANS X (EasER).

@ MXFEEITIHIE T vadAe.

Iteration (loops): Recursion:
r =1; int fact (int n)
for (i = 2; 1 <= n; i++) { if (n <= 1)
r=1r % i; return 1;
else return fact(n - 1) * n;

}
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L1EFRITNES |

=5

1970~: #REENBHNERT

ik, K (PASCAL; C; )

| 1980~: HMEXRIES (Ada; Modular; |

Smalltalk; C++)

1990~: MILHES (Java), Libraries,
BIABES (Perl; Javascript)
o 2000~: HAFEZS(XML,UML,2)




11 BFgHES

: :/ 3 o R
TIOBE Programming Community Index
Source: www.tiobe.com
30 ;
25
-—C
20 o C++
== Python
g - C#
5 15 == PHP
£ JavaScript ,
& = Perl X
== Visual Basic .NET t
10 Ruby
5
0




L1ERZINES e

a $% (ITRHEFRSHES

s IEE

n RlZFiH&(Fortran); il EdEbE (Cobol); =40 (Lisp); UL (Latex); HUBEES(SQL);
s HSREE!

n R HEHES & ILWES
n B (FRESEfIparadigms)
m  ¥fE(ith-Generation Language, iGL)

1GL:
2GL:
3GL:
4GL:
5GL:

MesEs

CRiES

SREFZIHES, WFORTRAN, ALGOL, BASIC, LISPZ;
NEENBIRITINES, WEIEEEIIIES SQL XAHEMRPostscriptd;
BETZEMYRANES, Prolog, OPS5
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= BRIEFES (Ziﬂze.ﬁg paradlng)

m ifjﬁft(Procedural programming languages--imperative)

» EFFERENIER—MTEES
= FORTRAN, PASCAL, C

m  BREE (Functional programming languages--declarative)
n EFEHEREEH TS
m LISP HASKELL, ML, OCAML, SCALA...
n BiET (Logical programming languages--declarative)
m SO+
s PROLOG
X5, (Object-oriented programming languages)
n IFEFENSSRIRE
m Smalltalk, Java, C++, Eiffel, Ruby
n BAZ(IE= (Declarative programming): 5_EiAds <= (Imperative language) @, &6
EHE, EEREWE, (XNERRE, @& REHFEN




1.1 *Elﬁl‘hl:l =

| = E"?&*EF' = (Zzl_.lﬁﬁiﬁﬁ ‘\’.)

0 Jﬁ?ﬂi%i

-%’4’:%

B i

aaa_ﬂ@fuu:%% (compiler) ERABHRmIFMRNEL, ZEFEIITINES. —RBEZIRF (compile) . §HE (linker) XANTE. 4w
EIDRCIBRIEMAEEE, HEERIS IMERAI 2SRRI SRR R E R AT AT
fﬁ,ﬁ\: wiFsE—mESEMRFNIENREHTHE. BARERM—R, BINARERE, MLmEESIREFRIITIES. LA
R SRS T.
R WEZENREEENMEEE MEREN MR, HmENVRMRBEXN NS TINEEMTE, FRNRERAZ B EN B
B, BERBESTHRMERRNEMEARNATHITI .
1’c43§1.=..:.' C. C++_ Pascal, swift
13|:|:_"|:|
FEEmTE, BRFRESETELR, BREMESEETEFRNMRA IR TENE
R BRIFFETRAN, THUEFTETLUE T, FIERRR T RS (J'E’TWH'L) R, ERBIMRMEERESEILL, aTLA
RIEERE, ARIEHILER,
e BRETHMEERE R, M EANREEEIES,
KZFIES: JavaScript, Python, Erlang, PHP. Perl, Ruby

N=| A;:Fl \E_\_

Slas
thanc#, CHERFIIRHER R EIZRIZAAEEMETEN, NETESIRHTPEESETEETHER, FEESIETEEUTIavaE
AN, netfERZERILKBRE, FEEdIS, ERETRAITERZBNSIEEFENES, TAEERT (ERESEEY) .
JavaScAE R F B IS B Java i P EERHT.




| L1EFRRINES

= FEMEFEHESNH(FE. 318N, 28N, WEN), T
KARRNRARERFIERF
» IEINESHRIFERNRIVES RIFIEM
»  MREERXITEENEFRIHESRFIEFIEIERETEAR




iERBNES

- » FISEBYUES (Dynamically Typed Language)

s RIEAAAIETERR, BT RE
| s REGESERTIRITHNGE, IEITATIRSS rng  Groow |,
- m ERSSEBNEE (Statically Typed | s Joa
. . ?}ﬁi%ﬂ T_|' 1 E? ;% I'_E Q% Dynamic:PYthon Magik Fi# Haskel =
| s ERGHRETESGNS  izanipo .
= SRRBIENGES (Explicit type cc B e

s REAFASZRE KR

n FEXBIFENGEE (Implicit type cc v
n (RETEZFETIU LR




1.2 fRiFastiiic




1.2 fRiFEsii |

{iZ2E (Compiler) IERMIES (BED) RSIEFBIERENSNNS—HES (8
INMEs) RERIER T EE T
Cwer J—— g | -—>" mwEr

BffEFEEUNTHNNESIER, WILMERRER, LEBmAFH~EREL.

| A | B iR |

NN N - - h____ EEE . . -

BirtEFERILRESHER, WRECHRLCRRHTIRNT.
RFRIERESZ2—RIESCEMFIERAMFEFRIEIR.
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High-level of Description

| n miEEAIEE(ESS: Translate a program

Low-level of Implementation

Compiler/




1.2 fmiFaattid

High-level of Description Low-level of Implementation

Compiler/

' = Translation involves:
m Read and understand the program
m Precisely determine what actions it require
= Figure-out how to faithfully carry-out those actions
m Instruct the computer to carry out those actions




1.2 SRR *

= BRI

My poll ratings are low,
% | lets invade a small nation

% President =
Cross the river and take
R defensive positions
Yoo General -

Forward march, turn left J
% Sergeant .~ Stop!, Shoot

Foot Soldier gESwE




Input

int sumcalc(int a, int b, int N)
{

4ivevp),
04, Veax, 4)

int i, x, ¥;

x=0;

y=0;

for(i = 0; i <= N; i++) {
X =X + (4*a/b)*i + (i+1)*(i+1);
X = X + by,

}
return x;
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Standard imperative language (C, C++)

m State

m Variables,

Structures,
Arrays

s Computation

Expressions (arithmetic, logical, etc.)
Assignment statements

Control flow (conditionals, loops)
Procedures




| 1.2 fmiFESihia |

= GaH: SR
| m State
m Registers
m Memory with Flat Address Space
s Machine code — load/store architecture
m Load, store instructions

m Arithmetic, logical operations on registers
m Branch instructions
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Riges (editor) ?—ﬁxﬁﬁﬁlzliﬁialb 5l RIS IEE R BRI AR To T, 1R
. Bt EF IR EFI06E

n EEE (preprocessor) MBRFRERRTFRYER. PUTABIRUR B EXUGRIERAS,
n LRI (assembler) mERE R A A HYC RS LRt a8

n iR inken)  RBARBRBIRMHERE— A A TRISUS R

n o E(loaden) BRERIIEEIREFTRLERAT
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- n EW;IIIJ*E

Z itor

Absolute Machine Code

\ 4
Skeletal Source Program Loader/Linker
y ?

Relocatable Machine Code

¥
: Source Program

\/ 4
=P Target Assembly

Program




/ Compiler ———

source file (.c .pas .java)

A 4

assembly file (.a .asm)

A 4

Assembler

Abstract
machline code

l

libraries (.lib) —

process

A 4

Object file (.0 .obj .dcu)

A 4

Linker

'

executable file (.exe)

A 4

A

Loader

Interpreter
(Java virtual
Machine,
.NET runtime)

0OS (.dll, .so)
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- w WHEELE
| C EE CHMESEIREILR LRI

%&%ﬁﬁﬁa%%ﬁi LRI AR |

. %]JH:EI"J—HXL_?FI:
| ABI A

YRAEW IR B CHIZE T SERRRI 248 |
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You can put your dreams into reality through your efforts!
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omEEAR

- » DHrEBS (Analysis)
e EEE- AN - PEER
s EEEEFREXER, IAFE
n D, EREFRAHEIRREE (55, EUER)
= XARmTEAETH (fontend) , EFHISETRAIES
' m §pkERa (Synthesis)

o RIERFSRMPER TG BMER
» NiRmiFERRHElm (back end) , 2T H=FEXATERD




- [FSREE
o CRIFEFPERNRENZST, WESMHENE
. BFHIEEHE

. 2

= {EFELE
» TIERFHSHME. SHEREEFS

» FFERAHARFERNSIPLTERER




13 SRR, - FETi

- m aiEStr/A34E (lexical analysis, scanning)
| s EANFERFNFAR, BHEEXAIEZ(exeme)
n HFE=E, IF4iEiEE ttoken:  <token-name, attribute-value>
» EFESUIENGR/NEN
m token-nameHiE AR T B
m attribute-valuelgABENAIFFSREE, BIENSITHUBERSBER
n EFESAE 7 RIAERATANIFIER RSS!

@ operators, separators: ! 7 + - ++ —— >> == ;
@ identifiers, keywords.
@ constants: 'A', "ABC", OXAA, OXAAL.




1.3 GriFaatBpy - B

Program (character stream):
position = initial + rate * 60

Token Stream: <id, 1> <=,> <id, 2> <+,>
<id,3> <*, > <number, 4>

R4 18..23 + val#ue

\ Variable names cannot have ‘#’ character

Not a number




| 1.3 fiFERdERL - BRI

wizpthie, SEEIEERIANEZEEM
n 1BiED/ERE (syntax analysis/parsing)

= sentenceEXJEIAHVEREH

s EFIFINESHE TREETT. BURNEHENAN > 595!
expr — expr + term | expr —term | term

@ TR%F T2 &N (13E) term — term * factor | term / factor | factor
@ if expri and expr2 are expressions, then: factor — digit | (expr)
exprl '+' expr2, exprl '-' expr2,.. are expressions. (CERLE 1)
@ ':'isastatement. :
® if cxpr is an expression, then cxpr ;' is a stmt.
@ if stmt is a statement and expr is an expr, then: @ i =0; while (1 <10); {s =5+ i ; i++;}
'if' '(' expr ')' stmt isastmt. @ printf ("%c\n", 3["ABCD"]);




| 13 GRERtRL - BATT

- iBEDh/ER (syntax analysis/parsing)
| s RIESZMAEZRTHE— D EXREENEHEFRI . BE
BiEAR (syntax tree/parse tree)

» IR TIRARITARNE RS

Y
(id, 1} (=) (id, 2) (+) (id, 3) (+) (60)

Bt as

(id, 3Y 60




1.3 EBRERL - EAST

Program (character stream)

num “*” *(“ num ‘+> num ¢y’

<expr>

Token Stream <expr> <op> <expr>

1 num * ( <expr>

Parse Tree

a <expr> <op> <expr>
: num + num

|

k Saca o




= kil

Program (character stream)

Token Stream

Parse Tree

This line is a longer

L

artficle noun verb article adjective

subject object

senfence

sentence

noun




1.3 RIFSRER - EASR

Program (character stream)

Token Stream

Parse Tree

Extra parentheses

\

int * foo(i, j, k))

int i;
int j;
{
for (i=0; i j) { :
£0(:>3) NI Missing increment
return j;
} ot an expression
Not a keyword




| 1.3 fmiFaadEpy - B ]

- m {FREX(meaning), MFIRIFIRFIRLENE
- m 1B (semantic analysis)
i m semantic: the meaning of the language.

» FRIEZNMFSERPHNER, REFEFEAREESEXANENLR,

s FRNIRESREUER, BTFURBER. RN !
n RAUGES SRAUREHE @y S
i

Example of C expressions | 1Bt B |

@ type, value, |I-value and side-effect. !

. T~
. e _ Gd, 17 +
Q@ exprl '+ expr2 ERBRFRWEV IO FRFEDY RE-H (natE A G2 e
implicite conversion % /£). (id, 37 inttofloat
¥ 60

@ exprl '=' expr2 EFEEFR 1 HAE,




| 1.3 fmiFaRiHRL - 1IBX M

Program (character stream)

Type not declared

int * foo(i, j, k)
Token Stream . - ]

in
[ Syntex Analyzer (Parser) int 3 :
{ Mismatched return t
‘ Parse Tree int x: ot
x=x+ 7+ N;
| Semantic Analyzer | returdNg :

Intermediate Representation } N L _
Uninitialized variable used

Undeclared variable




13 AR — FIRAUEER:

o IREENOIEE, ERENSESNhEER
« SHhHER: !

-+_Hhh
» BNMNESREASS/NEENE i, 2 .
(id,3y”  inttofloat
¥ 610
A R A A 2B

t1l = inttofloat(60)
t2 = id3 * ¢l

t3 = 1d2 + t2

jdl = t3
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FREES, SEISEIFRIBIRICES

o EEXIRETBAST,
e bR B
n (RAERGEET BT

|
t1 = inttofloat(60)
t2 = id3 * t1
t3 = 1d2 + t2
idl = t3

TR

Y

t1 = id3 * 60.0
idl = id2 + t1




1.3 55

1¥5m

£HpY --- FFI‘E'!M‘EEE’:E *

Program (character stream)

Token Stream

Parse Tree

i
i

1

1

i

|

|

1

i

A

{ _
1

i

1

i

Intermediate Representation

Optimized Intermediate Representation




| 1.3 FiFERAERL — (LFER

» EPEETFRRRGEERES

. BEEIHE
n I5SUREE

1
t1 = id3 * 60.0

n RFESE

A A A

LDF R2, id3

MULF R2, R2, #60.0
LDF R1, id2

ADDF R1, R1, R2
STF idi, Ri




fmiFaatEpy - LBIERK

Program (character stream)
int sumcalc(int a, int b, int N)

{

int i;

int x, t, u, v;
x =0;
Token Stream 4 = ((a<<2) /b);
t = i+1;
X =X+ Vv + t*t;
Parse Tree veyTw
return x;
| Semantic Analyzer | -
Intermediate Representation
Optimized Intermediate Representation
Assembly code L7:

xorl
xorl
movl
cmpl
jg
sall
movl
cltd
idivl
leal
movl
imull
movl
imull
leal
movl
addl
cmpl
jle
movl
ret

%$r8d, %r8d
%$ecx, %ecx
$edx, %r9d
%$edx, %r8d
L7
$2, %edi
$edi, %eax

$esi

1(%rcx), %edx

%eax, %rl0d
%$ecx, %rl0d
%$edx, %ecx
%$edx, %ecx
(%rl0, $rcx) ,
%$edx, %ecx
%$eax, %r8d
$r9d, %edx
.L5

%$r8d, %eax




| 1.3 dmiFeaHpk --- fmiFEAdEd (Pass)

Cw i SIS ACET RN, SR
—AHEFA ST +
n B BEEANSI
s " FOECRRYSCIIER




| » FREESE(Interpreter): MEIZEEESISFIMMAIRMATSANITEREH

TRERNRE.

T i

» FERORERERIN

=, NIREISSGRIER, (SUSEFBEFRNT.
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SRIFRATHRFIF RaAILLER

s HEES BKX AARAX
= (FEREEMSSIEAR B: HIERF
n X3 oo

m SCILE: Bh% 2R to 12RF)vs. IEFR(ES to 185 F5)

AR AN F miERRIMmes

n OJFBIEMEF

n YERRRERERKT

n JORRRRE, 180T, ERIZUTHEEREF.
FiFsRABE ':F

. WERE, —IREE, ZRE1T, FELND

n BirERIHITIRELVER S RIES




omEEAR

= Java@ES T A
= javac BIRARIREE: SmIRANF TS (bytecode, .class3f4)
» BJVMEERERTT, TIisiEtss
s JITEDHIS®IFEES (just-in-time compiling)
AT R SR G PAT I, BT R BB AR
Rk R AT G LM IEID, H i & kMBI

o A TRA A RIRN
o KTt E e s RN

HotSpot VM: Oracle Java SE




omEEA

s Make
RS R AT, IHZEE (compile)
ZHERmIERINRE, EEaEE (build)
s MakeRHFANWETE, WETF19778F, FERTCESHIIAE
s SR HEIREREANHEEN, RESWENTE, $aLAMaketgzE,
o HERERINERS EMakefile, “make [JEIT][S4£1]"

; s Apache Ant --- EFJavafitdiZ(Build) TH



http://www.ruanyifeng.com/blog/2014/11/compiler.html
http://en.wikipedia.org/wiki/Software_build
http://en.wikipedia.org/wiki/Make_(software)
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1.4 fRiFaaYsCIn




| 1.4 gmiFRasEIN |

- = Efficient execution

Cross the river and take
defensive positions

e e General

% Sergeant

Foot Soldier RS S

Where to cross the river? Use the
bridge upstream or surprise the en¢
by crossing downstream?
How do | minimize the casus




1 <+ |f-| :
1.4 miF=asCcin |
My poll ratings are low,

i lets invade a small nation

—

- m Efficient execution

[t

President

Russia or Bermuda?
Or just stall for his poll
numbers to go up?

devr o General gﬁ O




1.4 $RiFa5SEM ‘

- n RFERER
| s Correct

m The actions requested by the program has to be faithfully
executed

m Efficient

» Intelligently and efficiently use the available resources to carry
out the requests

m (the word optimization is used loosely in the compiler
community — Optimizing compilers are never optimal)
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