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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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Eval-Print LQOF’ (REPL)
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. g PRINT || READ
1 ( Evaluate ) K& N
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EVAL
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O THEALH 2 Read-Eval-Prink LQQF’ (REPL)






The calculator La NQuUAe (“Cale”)

dTE/MINANE - THHBE I Ml cale . FHEY
A8 R

BT 348 Y “metalinguistic Abstraction” . HEIE#ik 3 t0
AR R do mo\mﬂspea&t lanquages

S /,\#hﬂ]i% g X ﬁ*']‘}. P t%ﬂ]:,ﬁﬂ";) g@ ';: 18] ( Markdowin «
DOT. SQL. Unreal... )
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The calculator language

calteea old (0 g

.

cebkcr add (3, multd, 271 )
253

calc> + (3, fiaEasy G
A

calc> diw (3, 8
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The calculator language

3 T ¥ 1l 13' H python ( the implementation language ) ¥ ?

Il "cate” € the implemented language )
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M‘Pv&mhlﬂcﬁ%": C Cpython ) > MJava i % Jython ) i
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Syntax and Semantics o f “Cale”

Catc#‘]@ﬁ&;g‘ﬂ‘]%itﬂ :
jﬁ 75" i%.d‘_i\ ( Fori;mi;&ve_ expressiom ) BK :% 5 /l\i;‘(':f-
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. hi3rndiRAwmigeEdlL



yntax and Semantics of “Calce”
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va\%ax and Semankics an “Cale”
‘ What do ex[pressmv\s e oA

Sevanbics WA R ELEERAMTFEL , RBERHEZHIIT L -
K4 R RERETEFSE (w8 mF)
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
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def reddieval gl 1 00D ()
whileTrie:
gt
‘ : expression tree = calc parse(input('calc>
x??%ﬂ:5  print (calc eval (expression tree))
N coXxceplt ... .
Error=fiandl@ng cede not sholh
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Parsing

L

@ -TWMMA (Parser) BS T E BN 3R '\{il_‘\

Identify the words:
Divide ihpub string into

meaningful tolkens, such as
inkteqer Literals, identifiers,

Derive the structure of sentence:
Cownverts tokens inkto a wore

skructured represemﬁa&om (Fmrse
tree or expression tree).
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i.emcai. amaljsns

def ‘calesarse (TS
tokens
expression tree = N
PEELT. eXpressien tree

Syntactic analysis

Delimiker Symbot: Literal

svmbotz NarMme 7 operator

| EEEE -, il %

'(', '4', ', ')" ')']

operancis



Parsing

class

" aclel

* K

de:

String representing

1l isel T

f.operator
f.operands

the operator of a Calc expression

operator, operands):

QEElratLeTY
operands

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

Exp ('add',

| 2,




def read, eval piidt 1oop ()"
whileTrie:
gt
‘ : expression tree = calc parse(input('calc>
x??%ﬂ:5  print (calc eval (expression tree))
N coXxceplt ... .
Error=fiandl@ng cede not sholh
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EFEBREBRFEHEMME TR
s EZR )ty I 1A -
B TIEER#ITRIE (Evaluate )
BEEHAMETSHTE ¢

BIREFTERLEREDE£ £ Apply )
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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.



def calc i dppividpberator, args)

ki operatorllnn(‘add' FA

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

if len(args) ==gk:
return ‘,m1




Eval and Ameiv

° Evalifl A T Apply ., ¥ %330 A T Eval B §

d R T - T ev&twapptv ﬁ'j«ﬁi@.
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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 skatewent we read.
Use the gtcwbai environmenk,

Prink the value



115 ( Environment )
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class BErnviromEnent .

gdefo @it - (self; ‘ericlgsgaen Vv rONaRE Nohe e
self.enclosing = enclosing environment
s R . bindingss =
selfm. nonloca | oie

parem& enviromnment
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eskaa t v ronment ¢

def is global (self): ;
return selT . efncos1ng 1S S

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




Environment

TXTHFAG , ThAd yggivar] FHREMRORRA

(sedts . wikr) :
1f var 1n.sel fSodFmdings ;
return self. bindings[var}
ellf nokEas =4, ' s global:()a '
S et sed T, enc1051ng[var]
else: |

ralse




Enviromnment

% ?mz ﬂ]fﬁ QD%IEMOHLC}ﬁO\LT}E 51 AQ M TS 1E
:u)nU:T}EEQ bb&\dw\gﬂ’ﬂﬁ

class Baixrronment:

det set varilable (gelf, " iees wvalie, . Suegll gca | —Fo L sed
T 15 nonl oG s

L ... cEclEIBR @R Mg Rane | el e il
e else:
® o self.bindings[name] = value
" (self, name, value):

”Self set_variable (name, value, name in self.nonlocals)

A 71‘27\55{:% : 5”'/\ WHREY [name] = value %i%%ﬁ'ﬂi'}iﬁ



2 %) ( Statement )
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Py: Assign Statement

Create the statement with all o the information that the statement is composec’k of.

class AssionStmt(Stmt/f”

self.target target

self.expr = expr

Evaluate this statement in a given environment.



‘Pij: Call “»xpr@.ssmms _

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

class.@allEXer (RxXpr)

Sel o op el = Op e XDy
sed N opngl EoES = opndidckiiee

.~ valuake the opera&on

def evaluate(self, envl
ftunc valtc

~opnd values =
e lbilER

.......
SR

Evaluake the oper&v\ds

Apply the value of the opero&r onko the value of the oper&hd&
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class FuneEtso:
def INiE (s l'F . Targs e

raise NotImplementedError ()

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

LI ) —

class*', inct: Functdomiys:
def s 1nlEeioe L S procedti e ¢
self+body = procedure

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

Apptjiﬁ % E.?%ilgﬂﬂ:fﬁﬁﬂ?waﬁedure CAERAEREZ
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R ##procedure

primaitlvesmic t 1L O

(Yo' Pt veBunt g ori| ) )
planeg e aRr mitiveFunctieon a Xy VA R grd V)
("no#E"™, PrimitiveFunctiomldembda xiapen 0,
("eq", PrimitiveFunctiomf{lambda xy e =— v)),
("nellZwPrimitiveBanct ton ( Lambda X, TR = e )

def g tup @  ©0eal )
TOr name, (eEliMitdves 1N pDrimiiiiie e ons::
the global ftenvitonnent ihameli = BF1mi1t1ve
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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 bime 1o "
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ieélass StopFunction(BaseException):
clete it (self, refliEENEc | e )

self.return valucs S e U1 o B

class ‘Returnstmt (St
1 | |
det 1nit (self, expr=None):

B & 2k R
def "evaluatedselt, env):
1f. sl expriu s None:
ralse StopFunction (None)

ralise StopFunction (self .EXPESEERNEERE e (SR )

\
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Py: Control Statement

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

det evaluyete(selt, envg

BMBTEE AR5, BMERRME Dblocks

var - =ise | f .cxpr s ul it e (c )
execured: = |
Rl N A

executed = blocks[0]
else:

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



Summarv
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