Welcome to CS 536:
Introduction to Programming Languages and Compilers!

Instructor: Beck Hasti
e hasti@cs.wisc.edu
e Office hours to be determined

TAs

Andrey Yao
Robert Nagel
Sadman Sakib
Saikumar Yadugiri
Ting Cai

Course websites:

canvas.wisc.edu

www.piazza.com/wisc/spring2024/compsci536

pages.cs.wisc.edu/~hasti/cs536

About the course
We will study compilers
We will understand how they work
We will build a full compiler

‘Course mechanics
Exams. (60%)

e Midterm 1 (18%): . Thursday, February 29, 7:30 — 9 pm
e Midterm 2 (16%): Thursday, March 21, 7:30 — 9 pm
e Final (26%): ' Sunday, May 5, 2:45 — 4:45 pm

Programming Assignments (40%)
e 6 programs: 5% + 7% + 7% + 7% + 7%+ 7%

Homework Assignments
e 8 short homeworks (optional, not graded)
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What is a compiler?

Sbuea, C"‘“Q““r LA '\'qrose,-t
progen T Yomlawent R [T g
\n \U\Nsu(u\(, S ' | \n \“"3\1*0-%(, &
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e recognizer of language S \-\‘ __S
~ e atranslatorfromSto T ‘ o,
e aprogram in language H % b \30-«&&
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Front end vs back end

g‘“’f\* IR ok

s | end en)

front end = understand source code S; map S to IR
IR = intermediate representation

backend =map IRto T
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Overview of typical compiler

Source program

sequence of characters
\ 4

\exiueN

P2 Scanner a2~

sequence of tokens

A4

9& ' Q’S Parser LA
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Symbol M X
table AST (A'sestroct %'mwl ‘“‘Qb\
\/ -
_ Noohe o«w.\\g\; ?“\
Semantic analyzer “"\Qb O\f\u\«t\'& Pg
augmented, annotated AST
\ 2
Intermediate code generator
front end
________._____..___..___lR ___________
back end \ 4
Optimzer
optimized IR
v

Code generator r\)Q’

assembly or machchine code ©F “ﬂ‘osw\
code

A4

Object program
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Scanner
Input: characters from source program
Output: sequence of tokens

Actions: = (’°“5:\°L] weth ~550C\ 0o APAL
e group characters into lexemes (tokens)
e identify and ignore whitespace, comments, etc.

. What errors can it catch?

e bad characters e"b #‘ (N Sowo\
e unterminated strings M \\ o\
e integer literals that are too large

Parser
' | Input: sequence of tokens from the scanner
Output: AST (abstract syntax tree)

Actions: :
e group tokens into sentences

What errors can it catch?
e syntaxerrors Y = N =% 5;
e (possibly) static semantic errors wese, og’ b"éw N‘?A 'VO\Q( able
Semantic analyzer '
Input: AST
Output: annotated AST

Actions: does more static semantic checks
e Name analysis

?(‘oc%> C)eo\': & wye o& Vm(‘lo-u.%
™atdn no@s v/ deds

enSocwt sc—oqi co\en

° Type%ﬁe‘;ﬁ&- ‘“U-\‘Tie\\\ "()“\.(»Teb VOFS)‘”S& o“ ““Aul\wd V(M‘;Nhl%

o\ ek Tyges & Ny e Ast

Intermediate code generator

Input: annotated AST G\SS‘,"\{S N0 53 reten I SHefL-se & <
Output: intermediate representation (IR)

(’.03 3"@6&?2‘5 Codl
= A SKCWNIN & Nl ot o iR ".30()21‘0%
T Govy A opatute fom Ay
}la 1 st O AST Lkt foL
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Example
a =2 * b 4+ abs,(-71);
(W N R VA W N WY L__../L(.:U L.,,\),u
Scanner produces tokens:

ID(a) ASSIGN INTLIT(2) TIMES ID(b) PLUS ID(abs) LPAREN MINUS
'INTLIT(71) RPAREN SEMICOLON P |
SConnt” dronnt Kagw

RPN aCy or \oh\w.‘

AST (from parser)

Y i e W
Symbol table f\] NG ow.g&‘ (X1 \

"3{“% Wo Sy mool xokle

i - T
o\ NIAY N

v \os VO

o feenn Leve ==y et
3-address code

templ=2*b

temp2=0-71

move temp2 paraml

call abs

move refurnl temp3

temp4 = templ + temp3 )/ o= "Qheﬁ. < '\'e“‘?‘)b
a = temp4
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Optimizer

Input: IR - \ow.\ = \Ook Gl a&w
Output: optimized IR WP Gt o D
Actions: improve code \obal = \ j .

e make it run faster, make it smaller ) 03 ot evtane

e several passes: local and global optimization cX1on oF V.L,h

e more time spent in compilation; less time in execution P"’S

Code generator

Input: IR from optimizer _F';e ‘5’5Q, o»rTQ \rS [N P\S‘\'

Output: target code

Symbol Table
Compiler keeps track of names in
e semantic analyzer — \ngeln Nane 0'\6]\1\\\ J, f\w(’f Y ATIT
e code generation = %L Ly \ato o, ‘\3
optimizer — ¢ ,
° op 500«8 hhbﬂfo\“4£f'1vadk gQ'¢§e£-(~$L,thb
P1 : implement symbol table
Block-structured language &5 _Sovva\ C, Ctx ,\OM
e nested visibility of names ~ a0 g\ (ghy 0wt (XY V) o.c S o pe Q‘c -

e easy to tell which def of a name applies (g u afly ne R
e lifetime of data is bound to scope g} \ MQ:"‘\\M dp"‘d"‘a%\
n

Example: (from C) 5\

int x, vy _
void A() { b\'E(M &R Lt W =N

SHE x5 = e ey oF Sy by
} dq,\f\; -‘&.‘ \Aw\:Q 37 \":‘i‘\ og- \\0\5\\-\'0.\0\85
void B () {

C(Z(_r Yo z)s
y TN

- ‘\,5\ b O
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