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Statements and expressions are interpreted by another program or
compiled (translated) into ancther language

s Provide means of abstraction such as naming, function definition, and objects

s Independent of hardware and operating system

statements are interpreted bv the hardware itself (sequence of 0s and 1s)
o Instructions nvoke operations &mgt&memﬁed b:j the circuitry of CPU

e no abskraction mechanism
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iTH (Read ) AP #186N ( MDD EZER )

: S PRINT || READ
F1E ( Evaluate ) £ZERN
ITEP ( Print ) L &

EVAL
i Loop ) & AR FER

d % T B % 2 Read—Eval-Print Loop (REPL)






The calculator lanquage (“Calce”)
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The calculator language ("Calc”)

calteea old (0 g

.

cebkcr add (3, multd, 271 )
253

calc> + (3, fiaEasy G
A

calc> diw (3, 8
Zerol@visierniEirrer: division By Zch0




The calculator language ("Calc”)
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Syntax and Semantics of “Calc”

CCale®yPHEPHEER
jﬁ FRER C prémiﬁve_ expression ) BK i — /,\@(ajf_
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Syntax and Semantics of “Calc”

Cprefix ) #1617 . BIEREPR R IR 3 2 B



Symtax and Semantics of “Calc”
*‘ What do expressmv\s mean

Sevanbics WA R ELEERAMTFEL , RBERHEZHIIT L -
KA R RGERIBTE S (w5, 3.14%)
R ERRHEAR ZREQEREEER Bt ] -

o add(or +): REHR %A

o sublor =) WREH-TRELE . FAHEG. EMAE-TEHEREHENRE

o wullor *); REPFEYR % #4n

o divlor /) AE - TRETRUHABR S



f# MRead-Eval-Print Loop

def reddieval gl 1 00D ()
whileTrie:
ey
‘ : expression tree = calc parse(input('calc>
4??aﬂgﬁf print(calc_eval(expression_tree?)
I $ cxXCcept ... -
Frror=fiandl@mg cede not
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Parsing

- THWMMA (Parser) S FTREHMAN # R ’\%L_‘\
o BB/ T T2 508 - 38359  Lexical Analysts ) Anik kAR Syntactic Analysis )

Identify the words:
Divide ihpub string into

meaningful tolkens, such as
inkteqer Literals, identifiers,

Derive the structure of sentence:
Converts tolkkens into a more
sktruckured representation (Fmrse
tree or expression tree).
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def ‘calesarse (TS
tokens
expression tree = RN
PEELT. eXpressien tree

Syntactic analysis

Delimiker Symbot: Literal

svmbotz NarMme 7 operator
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'(', '4', ', ')" ')']

operancis



Parsing

® % 7K ex pression

String representing the operator of a Calc expression

1ndl " sel T,

self.operator
self.operands

class XD
det

" aclel

operator, operands) :

= QOEETrALOY
= Qoperands

List of either integers, Loa&s, or other (children) Exp trees

Exp(ladd., e,




2] 3| Eval-Prinkt Loop

def reddieval gl 1 00D ()
whide T rias

gt
£ i L expression tree = calc parse(input('calc>
L o print (calc eval (expression tree))

ShAeis oiE M e
FError=handl@ng cede not




F 1A ( Evaluation )
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If the expression is a number, then re&urvx &he number ikself.
Numbers are sei.afmevamo&ms they are their owh values.

t o calgeeval (= use

—

1f type (exp) 1n
return exp

— [ | —

elif type (exp)
Y OUMCII TS
return [ca

amai.:j the operanr on the arguen& values.



R CApply)

def calc i dppividpberator, args)

ki operatorllnn(‘add' FA

1T operadt@r-an "('silee )

if len(args) ==gk:
return ‘,m1




Eval and Amﬂv

o Evalifl i T Apply , i 1330iF I T Eval B §
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del] read_eval_print_loop(interactive=Trué):
whdel'e “T'ries
e

= Read A a skabewent and Produce a Stmt object,

statement

Evaluake bhe skaktewent we read.
Use the gtcwbai environmenk,

Prink the value



115 ( Environmenk )
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class BErnviromEnent .

gdefo <@t - (self;, ‘enclgsBgien v ronnamt Nohe e
self.enclosing = enclosing environment
s R . bindingss =
selfm nonloca | oie

parev& enviromnment




Py: Environment

eskaa t v ronment ¢

def is global (self): ;
return self.enclosing 1s None

gef-note ' N@ECH (Se LT, - val Ji
self.nonlocals.append (var)




Environme ke

TLT%F+EHR am@:: NRE [var] %4 5 a\awﬁma

(sedts . wikr) :

1f var indse e Fdings
retiirn sl bindings[var}

elif not seld.is global()es

S et sed T, enc1051ng[var]

else: ‘

ralse




Environment

............................ Py;

o THPT 1 HRBnonlocal HEILMHELE,
ENHBEbInding I

class Baixrronment:

det set varilable (gelf, /" iees wvalie, . Suegll gca | —Fo L sed

Tf. 15 nonl gas s
. Sl ETEN lEES TRl Ee e | el e

e else:
® o self.bindings[name] = wvalue
(self, name, value):

~ self.set_variable(name, value, name in self.nonlocals)

TLTIRAEGE ., 5“'/~ﬂ 3WHZ [name] = value £ EWE MM
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Py: Assign Statement

Create the statement with all o the information that the statement is aomposed& of.

class AssionStmt(Stmt/f“

self.target target

self.expr = expr

R
S e L S ORI

env|[self.target] = self.expr.evaluate (env)

def

Evaluate this statement in a given environment.



Py: Call Expressions

A call expression has an operator and a series of operands.

class.@allEXer (RxXpr)
Aot "

self.op expr = op expr
sedl N opngl ExoEs = ophndidckiiee

.~ valuake the opera&on

def evaluate(self, env ;
func valtc self . ST &l
~opnd values =[S
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Evaluake the operamds

Apply the value of the o-pero&r onko the value of the opero\mclsﬂ

fov 2 functionsd & #apply



M hkze

class FuneEtso:
def INiE (s l'F ;. Targs e

ralise NotImplementedError ()

def apply(self, operands) :
ralise NotImplementedError ()

LI ) —

class*', inct: Functdomiys:
def s 1nlEeice 1 S procedtihe ¢
self+body = procedure

def apply(self, operands) :
return self . S

A[zaptjiﬁ * HZFiEA 49); ﬂgprcrﬂeciure CERERSZ L
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- R fhtyprocedure
primitive functions = | .
(Yo' Pt veBunt g8 ori| ) )
laneg e Rr mitiveFunction a Xy VA R grd V)
("no#E"™, PrimitiveFunctiomldembda xiape i 0,
("eq", PrimitiveFunctiomf{lambda xy e =— v)),
("nellZwPrimitiveBEnct ton ( Lambda X, TR = e )

def g tup @  ©0eal )
TOr name, (eElMitdies 1N DT 1miLiiiiie " file i ons::
the global ftenvitonnent i hameli = BF1mit1ve
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class CompoundEtnctron (FEunctid o)
def __init__ Self, args s medy;

def apply(self, operands):

1f len(self.args) != 1
ralse TypeError ("Wrong

return None

1l @perands) g 8

lﬁi&ﬁyﬁ?i?iksﬁbifﬁixﬂfﬁ}%ﬂi
LR B, BRI - T

number of arguments paséed o it 1o "
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ieélass StopFunction(BaseException):
ofs 0 haLe  (self, refliEENEc | e )

self.return yvaluces S e UL Vo B

class ‘ReturnStmt (SEinE
def 1nit o (seek,

TR . PR
o SEPRNT
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expr=None) :

REHEZER

def "evaluatedselt, env):
1f self.expr 1s None:
ralse StopFunction (None)
raise StopFunction(self.eXpr.evaluate (env) )
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Py: Control Statement

class Corteold Sttt (S Lmgss
def Lot sl i, cexpritablocks) ;

det evaluyaete(selt, envg

BB LEEHT, BMHERRPE Ablocks

var = self.expr.evaluate (env)
execured: = |
Rl N A

executed = blocks[0]
else:

execured = dbleaks [ 1]
for statement 1n executed:
statement.evaluate (env)



Summary until now
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