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#as globe var
.data
msg: .ascii "Hello World"

1 #include <stdio.h>

main() {

2
' 3
#as main 4 printf(“hello world\n");

la $a0 msg
11 $v0 4

syscall

ELF/COFF
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#include <stdio.h>

main() {

}

printf("hello world\n"); |

b

J%ilnqr::

o
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=15 =T

Hiriz

#as globe var

.data
msg: .ascii "Hello World"

#as main
.text

la $a0 msg
19 $v0 4

syscall
R —
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Stepl 1RJE5THR

Int x;
int fact(int n; int a;){
if (n==1) return a else return fact (n-1, n*a,)
b
x=123+fact(5,1,);

print x

* intfact(int n; int a;){\n\tif (n==1) return a else return
fact(n-1, n*a,)\n};

int fact(int n; int a;){¢-if(n==1)re
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* intfact(int n; int a;){\n\tif (n==1) return a else return

fact(n-1, n*a,)\n};

- (INT,.) (ID, fact) (LPA, ) (INT,_) (ID, n) (SCO, ) (INT, ) (ID,

a) (SCO, ) (RPA, ) (BLA, ) (IF,_) (LPA, ) (ID, n) (ROP, ==
(NUM,1) (RPA, ) (RETURN, ) (ID, a) (ELSE, ) (RETURN, )
(ID, fact) (LPA, ) (ID, n) (AOP, -) (NUM,1) (CMA, ) (ID, n)
(AOP, *) (ID, a) (CMA, ) (RPA, ) (BRA, ) (SCO, )



EP SR ES Y

=¥ . NUM, FLO
PRRFT: AP E X4 T 1D

KT RE T RGP ft44 5. INT, IF, ELSE,
RETURN

inE % . AOP, ROP
N hE4F: LPA, SCO, RPA, BLA, CMA, BRA

[GIRER RPN
x=12..3+fa#ct(5; 1);
SRS Er
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int * foo(i, 73, k))

int 1,
int 73,
{ 2RI
for (1=0; 1 1 {
i(i>79)

return 7j;

A R T A FRIEI
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int x;

mian e facth2FFAIARAIEES SIBAHS

if (n==1) return a else return fact (n-1, n*a,)};
x=123+fact(5,1,); FRA2PERE. IME2RTEX 2TMESEE
print x B BOVEEMM2NER, factBHMIOES
@table: (
outer: NULL width: 28 argc: 0 arglist: NIL rtype: INT level: 0
code: [t6=123; t7=5; t8=1; PAR t7; PAR t8; t9=CALL fact, 2; t10=t6+t9; x=t10; PRINT x]
entry: (name: x type: INT offset:4)
entry: (name: fact type: FUNC offset: 12 mytab: fact@table)
entry: (name: t6 type: INT offset: 16) entry: (name: t7 type: INT offset: 20)
entry: (name: t8 type: INT offset: 24) entry: (name: t9 type: INT offset: 28))
fact@table: (
outer: @table width: 30 argc: 2 arglist: (n a) rtype: INT level: 1
code: [t1=1; IF n<=t1 THEN I1 ELSE 12; LABLE 11; RETURN a; GOTO 13; LABEL 12;
t2=1; t3=n-t2; t4=n*a; PAR t3; PAR t4; t5=CALL fact, 2; RETURN t5; LABEL 13]
entry: (name: n type: INT offset: 4) entry: (name: a type: INT offset: 8)
entry: (name: t1 type: INT offset: 12) entry: (name: t2 type: INT offset: 16)
entry: (name: t3 type: INT offset: 20) entry: (name: t4 type: INT offset: 24)
entry: (name: t5 type: INT offset: 30))
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return 7j;
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Step4fft £,

int fact(int n; int a;){if (n==1) return a else return fact(n-1, n*a,)};

- JHRREE!)S

|[t1=1; IF n=t1 THEN I1 ELSE 12; LABLE 11; RETURN a; GOTO |
3; LABEL 12; t2=1; t3=n-t2; t4=n%*a; PAR t3; PAR t4; t5=CALL fa
ct, 2; RETURN t5; LABEL I3]

|ILABEL 10; t1=1; IF n=t1 THEN 11 ELSE 12; LABLE 11; RETUR
N a; GOTO 13;: LABEL 12: t2=1; t3=n-t2; t4=n*a; PARt3- PAR t4-
t5=CALL{faet 2, RETURN+5 n=t3; a=t4; GOTO 10; LABEL I3]
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One-pass compiler: Type of software compiler that passes
through the source code only once. One-pass compilers are
faster, but may not generate an as efficient program. In
addition, one-pass compilers cannot compile all types of
source codes.
http://www.computerhope.com/jargon/o/onepassc.htm
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Example of a Simple Static Compiler

- Standard compiler organization, which uses LLVM as midlevel IR:
— Language specific front-end lowers code to LLVM IR
— Language/target independent optimizers improve code
— Code generator converts LLVM code to target (e.g. IA64) code

C

C++ —
ObjC —5

Language wmir | Mid-Level Lwmir Code

L m— ) s fil
Front-end Optimizer Generator e

Many compilers (e.g. GCC) follow this model.

http//llvm.org/



Front-end options for this compiler

+ Front-ends are truly separate from optimizer & codegen
— Can use front-end AST's that are tailored to the source language
— Optimizer & Codegen improvements benefit all front-ends
— Front-ends generate debug info and include it in the IR

C —»
CH —a
ObjC — 3

Lang uage LLVM IR
Front-end

CiC++

FORTRAM
Ada Java

GCC
Parsers

Python
JavaScript

Retarget or write
parsers for other

languages

LLVM IR

Mid-Level
Optimizer

Code

-3 s file
Generator

Key LLVM Feature:
IR is small, simple, easy

to understand, and is
well defined

llvm-gcc currently uses the GCC 4.0.1 parsers

http://llvm.org/



Optimizer options for this compiler

« Optimizer is solely concerned with semantics of LLVM IR
— Optimizer & Codegen only know LLVM, not all source languages
— LLVM includes IP framework and aggressive IP optimizations
— LLVM uses a modern and light-weight (fast) SSA-based optimizer

C .
LLVM IR - LLVM IR
Con Language Mid-Level Code

obic Front-end Optimizer Generator
Standard Scalar and
Loop Optimizations
Interprocedural Optzns
(cross function)

— 3 5 file

http//llvm.org/
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( State Number, Symbol Read) -> ( Next State Number, Symbol To
Write) Next Cell

Symbol Read: (0, 1, =1&)
(1,0) > (0,1) Left

= HlEs i?#c*lﬂim:m%mo MR AL, RS A0, (9]
E%ZB)J— NEJT

%1) -> (1,0) Left HRS1IERETAALNK A0, FERSIH
A Be—1%

(leB)}I&> (0,1) Right HETAATZTHNAL, REEAHER

g% ¢B§)o 9?1(01:}8 Halt  {2#138<, SRR TATBEMNKA TR



iR

(0, 1) -> (0, 1) Right
(0, 0) -> (0, 0) Right
(0, B) -> (1, B) Left

(1, 0) -> (0, 1) Right
(1, 1) -> (1, 0) Left
(1, B) -> (0, 1) Right

TRFsSENERYL: 564, 556

SRR
EAE,

HHORIghtIHalt, E
(E=IREREE)

R A7
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* In computer science, a universal Turing machine (UTM) is a
Turing machine that can simulate an arbitrary Turing machine
on arbitrary input. The universal machine essentially achieves
this by reading both the description of the machine to be
simulated as well as the input thereof from its own tape. Alan
Turing introduced this machine in 1936-1937. This model is
considered by some (for example, Martin Davis (2000)) to be
the origin of the stored program computer—used by John von
Neumann (1946) for the "Electronic Computing Instrument”
that now bears von Neumann's name: the von Neumann
architecture. It is also known as universal computing machine,
universal machine (UM), machine U, U.

Bk , IRBEE— Turing TLAVETEM Turing B 2R AT —FF

e RIS HFF R RS L | BBABHA Turing YlLREBRFERFZLER

EE | FEARERHYZE BAMERLIERS Turing HLANEYE |, BiHHBERA Turing #l

PiZ%80 AR P
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¢ K -ﬁﬁﬁﬁf?ﬁ Et

’ \Von

(] A + Three major parts of a computer: CPU, Memory and the bus that connects
Central Processing Unit EE— CPU from the memory.

Input Controlialt - Output =
i ontrol uni = i g
device device (ALU. P Input and
Registers, v Output (1YO)
and Contro| ]
Arithmetic/logic unit
@ Data Bus
210 y ;Ej Address Bus
storage L Control Bus
Pr of Computer Archiecture by M Murdocca and V. Heuring - Murdoccaand V. Heunng

)
4
A P Auxiliary !
> X R e T S T T T T T
Y device bl
-/ Bus that connects There a number of buses (over 100) in a computer. However, we can
Memory unit major components of classify them into three main groups:
a computer is called Data bus, Address Bus and Control Bus.
\_ J System Bus
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Languages: "ESEAFIIES, T
FEESKENERENEFSFEE
ARSI

Grammars: "SOEA LAREME—
B, ClaFiE— 1T ESNaF

N. Chomsky, Information and
Control, Vol 2, 1959

An alphabet is a set of symbols:

Sentences are strings of symbols:

A language is a set of sentences:

A arammar is a finite list of rules
defining a language.
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o AR7ZS: on, off
o MIHIRZS: on
o FEFIRA: off
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o I _LEAIFRIZ: push
o HIAFFS: push

FRF: {push}
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L, 23 FHEHETFE o ATE &
stop, to, toe are in L,

e, oyster are not in

L= {xeX|xEFF&E"t0"}
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ab$ab in L,
ab$ba  notin L,

a$$a$ notin L,
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Prove that 12 +22+32 4+ ...+ n?is ”("H)éznﬂ).

e Basis (n=1); D@D _ 23 _ g _ 42

o Induction: Let P(n) =12+ ...+ n? js 2otb@nil)

Pn+1) =12+ ... +n?+ (n+1)2 = 2tDED | (4 )2
n<n n ng n
:(n+1){ (2 +1E)i+6 +6} :(n+1){2 +7 +6}

— (n 4 1) {2n2+4%—|—3n+6} _ (n+1)(n—|é2)(2n+3)

e Since P(1) is true and P(n) = P(n+ 1), we conclude that
P(n) is true for all n > 1.
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k>=1,

Pigeonhole Principle

If there are n+ 1 pigeons and n pigeonholes, then some pigeonhole
must contain at least two pigeons.
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