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Project: Instruction

| define the following language which is easy to compile.

(dosls2..) sequential s1s2 ...
(=ab) assicnment a = b
(== ab) equality test a ==

(ifelse cond T-action F-action) if..then..else
(def fun-name formal body) function definition

(print ex) print integer to screen

with this simple language | can write a program like this:
(def fac n
(ifelse (==n 0)
1
(* n (fac - n 1N
(def main ()
(print (fac 6)))

Write a compiler for this language. Your work is in three parts:

1) specification: Write regular expression for words in this language. Write CFG of this
language.

2) parser: Write scanner and parser using Recursive Descent method.

3) code generation: Write a code generator to translate Parse Tree into S-code.

You can extend or change this minimal language to include interesting construct (such as

for..loop, or array). You can define your own machine code (you don't have to use S-code).

Write your compiler and your report of the work. The report should describe all three parts



with adequate explanation so that | can follow how you design your compiler. You should also
give some example of input/output of your system. Do not include the source code of your

compiler in the report. Expect the report to be read by an undergraduate student in computer
engineering. Email your code to me so | can inspect it. | expect you to spend in average 20-30

man-hours for this project.
Solution

Part 1)Specification:

(%

WATILVAIININANG WUITFULUUVRIATINUANASTY 6 AEe Al

0 0
o [

i 1 AN&Y do (Sequential Computation)

sUuuy (dosls2.)

IUINEIRUSHAUN s1 udd s2 meluisesluauasunns N5y e s1,52 Apaud

ANMUNLNY | AAUALIAYIN

L=L[ L]|7\, //rule 0 Language Terminated rule
L=(do S) //rule 1 Do-instruction rule
, S=s[S] //rule 1.1 sequential tasks repetition rule
CFG ypy
il 2 mdsruaa (Assignment)
suuuy (=ab)

AUALA a HAWIAU b W19 a Wufuwlsnaaini1siinuaan wag b Aasinsotdud

anuvng | wlsvseluiinadlag

HalASIasNa ‘ ‘ e @ ‘




L=L[ L]|7\, //rule 0 Language Terminated rule
L=(= AB) // rule 2 Assignment rule

A=Variable // rule 2.1 Left most operand must be variable
B=Expression // rule 2.2

Expression= [Binary Operator Expression] Integer|Variable // Rule of Expression

Binary Operator=+|-[*|/

CFG goy

il 3 mdaUTeuiieuniswintu (Equality Test)

sukuu (==ab)

A | Wunisedeuin a dewiniu b vdely e a, b 1Husuus viedany wiernasdl

HalASIasNa ‘ G @ @ ‘

//rule O Language Terminated rule
L=(== Expl Exp2) // rule 3 Equality test rule
Expl=Expression
Exp2=Expression
Expression = [ operator Expression ] integer | Variable
, // rule of expression (Prefix style)

CFG yy

sl 4 mdsviaunudeuls (If then else)

SUkUU (ifelse cond T-action F-action)




Narsandauly cond Afuus mnduaseazlsyunana T-action widn cond tulia

AMNNNIY | zUszUdana F-action Ly
HalASIasna ‘ @ @ @ ‘
//rule 0 Language Terminated rule
L=(ifelse T-action F-action) // rule 1.4 Equality test rule
T-action=Instruction ~ // rule 1.4.1  Define Action when True
F-action=Instruction ~ // rule 1.4.2  Define Action when False
CFG o8 Instrucitons= DC|AC|EC]|IC| PC|OP //  Define Instruction but DEF is excluded
Adadi 5 N5t Uiy (function definition)
SUkUU (def fun-name formal bodly)
\Humsuszmaaiafleidu 3o fun-name Juunldau Tneimuslsitinsdsiudoya
pugunuuiimmusliludan formal wagliflaiduilyhanunufidmunlludiuaes
AIUNUY body
LY v Body
ANGESEERR
= //rule 0 Language Terminated rule
L=(def Fun-name Formal Body) L
// rule 1.5 define new function rule
Fun-nam=Name
Formal=Expression
, Body=Instruction  // Nested definition is Excluded
CFG oy
il 6 NILERIANTILIUANDINNIIRBNN (print integer to screen)




LU (print ex)

AINUNUY Junisuanseavesinatinanduswiudumantinaenim

L=L[ L]|7\, //rule 0 Language Terminated rule
L=(print Exp) // rule 1.6 print expressions rule
CFG &8 Exp=Expression

[

a ¢ o Y o ¥ < Yo A
PnMFieTeiinlrdnasUasiatunguesniwlacil

i L Aanwniinguasniwinwiolull

ﬂgsﬁaﬁ 0 L=L[ |_]|7\, // First Rule of the Language
ﬂg&iaa%’aﬁ' 0.1 Alphabet=a..z|A..Z[Alphabet] //Alphabet definition Rule
ﬂg&iaa%’aﬁ' 0.2 Integer=0..9[Integer] //Integer definition Rule
ﬂg&i@ﬂ%ﬁ 0.3 Space = “ “[Space] //Spaces definition Rule
ﬂg&i@ﬂ%ﬁ 0.4 Underscore = “_”[Underscore] //Underscores definition Rule

ﬂgﬂ@&%@ﬁ 0.5 Name=Alphabet|Underscore[|number] // Naming rule

ﬂgﬂ@&%@ﬁ 0.6 Var=Variable // Var is short name of Variable Rule
Variable=Name // variable must follow naming rule
ﬂg&Jaa%}aﬁ 0.7 Exp = Expression // Exp is short name of Expression

Expression=[|Bl_Op Exp] Integer|Variable
ﬂg&Jaa%}aﬁ 0.8 Bl Op=Binary_Operator //Bl_Op is short name of Binary Op.

Binary Operator=+|-[*|/ // define binary operator



ngven

ngven
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nndesteil 0.8 Instruction = DCACIEC|IC|PC
1 L =DC|AC|EC|IC|DEF|PCIL]

1.1 DC = (do S)

nqdesded 1.1.1 S=s[S]

1.2 AC = (=Var Exp)

1.3 EC=(== Expl Exp2)

ﬂ{]&i@ﬂ%@ﬁ 1.3.1 Expl=Expression
ﬂ{]&i@ﬂ%@ﬁ 1.3.2 Exp2=Expression

1.4 IC = (ifelse Cond T-action F-action)
nndestedl 1.4.1 Cond=EC

ngdesdef 1.4.1 T-action=Instruction
ngdesdef 1.4.2 F-action=Instruction

1.5 DEF=(def Fun-name formal body)

ngeeetaN 1.5.1 Fun-name = Name

// Nest Def instruction is Excluded
// Program Rule

// Do sequential task rule

// more sequential tasks rule

// Assignment Command Rule

// Equality Test Rule

// If else rule

//Equality test rule

// Function definition Rule

// fun name must follow naming

ﬂgﬂ@&%@ﬁ 1.5.2 Formal = ([Expression[ Expression]]) // parameter must be expression

ﬂgﬂ@&%@ﬁ 1.5.3 Body=Instruciton[ Body]

1.6 PC=(print Exp)

Part 2) Lexical Analysis (Scanner) & Parser:

2.1 Lexical Analysis (Scanner)

// Nested definition is excluded

// Display an expression Rule



Tudu Lexical Analysis 1un15a519 scanner Wisendsnwsanuiadmune (source file)

[

1171U52naULTu Token 1890191 T8RRI NEITTULINITAUNTAEHITNYITINTVINI U usail

a £ 9 Ao o 2/ Y [y =] 1% [~ Y a =
ISUAU scan NaAuwsNE@Bantuussvia) v Snusen scanld Wiy Null liiansanaunsedl

De

RERIN
2.1.1 nsad Wudnay nandesenusitmduaundnluen {€07,1°,2°,3°,4° 5,76’ ,’7°,’8’,9’}
Tinsaarantii (advance) niuday Tvinnsazaudiiay wagyin advancesnsnusdall

winladly Widednaugadadnuse iReturn Token U Integer uazande Miaviiazauls niouvi

U5uUge position fiall w4 line Tiaanndas

digit

no digit

~ o o
gﬂ% 1 NTAANTTAILRY

2.1.2 a3l 1Ju space eusnvsednlu mndsaadu space Aviuaull uavnnuinlally space udqfay

lyidendur Token nauusiagnala fiiiean1susuyge position Tluda Token dnluliaanadaamiiiu

space

No space
or EOF

71 2 N139AN1T space

2.1.3 nsallduaseanang = Tiewsnwsialudndu= TReturn Type 1Wu Mds WSeufisunisivindu

wsanlally Tids Return Type 1Uu mdaivunen

2.1.4 nsdhdusmsnes Tieudnasdnll mnldld space wn3osmune Tinmsavaud widwlu space

'
o a

Wsowseang Wineinlamasudiu Irdsifavauls ndudu I Token Type 1u keyword 1lunsaa

fuAauL nasaiulinumerianiu wionlunse Trdedudmuds Weudusudsluaise waiass

Token Type fiaenado



Alphabet | digit | underscore

Space or
operator

U7 3 nsdnsiuanedns

A1519%7 1 AanulaasToken

ANENIU Token &@4ndu
Type Representation

def DEF def

do DO do
Ifelse IFELSE ifelse
print PRINT print

= ASSIGN =
== EQT ==

Y] 44' o A 44' v o &

NM13IANTT LATNUNNY = e == VﬂI@?J LUDBTUNULATNURUNY = I‘VWHﬂ’]i advance 11] 1 A3

r-ﬂ' = Y 9 v e v v & r.ﬂ' A ° '
LAEMNIIVFDULATIDINUNY = BAAIN ﬂ"lilﬂﬂj I‘VTE‘N Token NAULUULATDINUIY = NIDNITATNUAAN

(Assignment) uaa A LATOMINY == HTDNITNAFRUANLYNAY (Equality Test)

2.1.5 nsdlous ldsAunn Token Type wag Token represent Wumsmnsnaneluil

-'-NI o v ¢ v v (%
MITNN 2 ANUAUNUTVDINIDNYTEAU Token

Snused Token @nau
scan nu Type Representation
+ PLUS +
- MINUS -
* MULTIPLY *
( LPARM (
) RPARM )




gJelolelelalole

U7 4. nednnisnsaivia

ninanuhlvasiadulusinsumeniu python wagyitnsnageu Lexical Analysis lowa

U ‘NI
mmaaqmgﬂ‘m



Lexer was created from: (def fac n

Parser phase Token({{, "(")
Parser phase Token(def, "def")
Parser phase Token(WORD, 'fac')
Parser phase Token(WOED, 'n")

Lexer was created from: {ifelse (== n 0)

Parser phase Token({{, "(")

Parser phase Token({ifelse, 'ifelae")
Parser phase Token({{, "(")

Parser phase Token(==, "=='

Parser phase Token(WOED, 'n")

Parser phase Token(INTEGEER, 0)
Parser phase Token(), ")")

Lexer wa3 created from: 1
i

Ul 5 MNLAAINANITNAFDY Scannerlia parser AUlUsUNTUFBEN
2.2 N156519 Parse Tree
158519 Parse Tree Wunisadresulsiitetinldlunisdagisunsviauveddsunsy
TnaansulunisAnuanlanenizidu Deep First Search
2.2.1 NM58%14 parse tree Ya9Ad9 do

'
o

A& (do s1 52 ... sn) WuNISYaIunILAI&IEas s1 AU kA s2 sald aulud sn mudieu
anwautdu n-nary tree 9t MAWEU node s1 s2 WaY sn N parse tree Y99 AFIEDEY 51,52, ..

(%

sn a3 1919d59 parse tree ¥09ANES do ARl

317 6 Parse Tree 189A143 do



2.2.2 N58314 Parse Tree aM5UAEININUAAT (Assignment)

ADYIIUAIET (= a 6) ML scanner laaLATasuaIe = F96a9n138n 2 Term AaM@dAe a LATIAD 6

flazaing Tree liAagy

21/91 7 Parse Tree AM5UAAIN11LARN

al

N19@3749 parse tree 1UFLUATUIUTINAIL]

o = dgl a o o . A b4 = 1 v =2 o b4
neAUTUN TN Azl ANdanLilu Binary Operator ARAZAAIN 2 waniluedsiesasazauanils

Feenyl (-a 1) WeNLIATEIUNIE — NABINTT BN 2 1NBN ABFAIAILATALNTZNN T9iAe @ waz 1 Lie scanner

v

F@enfinansasy fiazaine parse Tree léinsgyl

21071 8 Parse Tree 189/ 44 (- a 1)

al

LTI TINTUANES assign Nazinliimdalimanududentulian n1sa514 pasrse Tree faziilulyl

(2
o

ANNAALAIT



(A) (B)

511 9 MFANNUNTNINATT 2 Wou WU (= a (- a 1) 30 a=a-1
Scanner AwLSUa519 Token (¢, ‘47, “(*, “+7, ‘@’, ‘b’, ), ‘c’, war )’ auasuanggluvan
WANISAST9 Parse Tree 2¥Ap9a519lid@anAanINUaIAUNITAIUIN

v v

azleansusail

) (8) (©) (D)

LA A

917 10 avsudulunisaing Parse Tree d1wi3l (+ (+a b) c)



2.2.3 N158519 Parse Tree d1%5U A1d4 wSauwigu

WiesanmdauSoudiou Ansvireunlidildu Binary naafe finisvieudu Termary nisadnsparse

Tree Fafianazidu 3 madagy

21071 11 Parse Tree A wsuAnda IF ELSE

al

2.2.4 NN943574 parse Tree 41115UA4S def (Function definition)

n1eaing def lunisinuue abstract instruction Wua$eandaiseieiduluailnanistimaneidanndszney
1 dl ldll a ¥ o y |dy =3 = o 3 dl ¥ o ¥ dl o =3 =3 1] ! o
pailleanis WeBenlAdslnaiil fiaziinisieumiunisinaunlinimunld uazileiieueia fazderinausn

o

A o = Py & | a v Ne ey Noa o v o
Jaenizenld nisdanldamnaunissansassulll Hfulinas1e i3 iues

Q

(def fn n (n-3)) {unsasrefaridu fn(n)=n-3 aziuingauawaniAAe n-3 daduwlfdu parse tree szl

a

317 12 Parse Tree tiaanizdounigluaes function

wsin13vineuasein e sen isiduiisndufiesinnsderdinlugeifaridu i den x Wi wlendrinuuncn
linusauls _n (fiesiinns rename TasaulsliiddY local variable watlasiulailiinsznusauls n luaadizanun

Wertdu Auuaelidusouds _n vina31afulid 16 gl



2117 13 Parse Tree Wain1s@anld function

al

2.5 NN94514 Parse Tree dMuFLANAS print

A&a (print ex) lunnstinAnaee expression lduanina Una314 parse tree 189 expression ex lafazasna

'
o o

Parse Tree 193A433l5A331) (1ia node ex unu Tree 193 expression ex)

317 14 Parse Tree 989A144 print ex

:// ~ 1 = ={X o ¥ a ' 14 ¥ A °
nnsdsenay Tree umwﬂmﬂuixmﬂmmmmu @Qﬂ’]ﬂuﬂiﬂmutﬂuﬂiﬂquﬂﬂ’]u‘ﬂ’]ﬂu‘mﬂu@?ﬂ‘LILLﬁ‘ﬂ



Part 3) Code generator:

Under construction



