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Minila (1)

* A mini programming language
* An imperative programming language
* Its processor consists of

— An interpreter

— A virtual machine

— A compiler (code generator)

Minila (2)

A program in Minila that computes 21°:

=2;

= X*X;
= X*X;
= X*X;
= X*X;

T B B




Minila (3)

A program in Minila that computes the 10t factorial:

x:=1;

n:=1;

while (n=10||n < 10) do
X 1= X*n;
n:=ntl;

od

Minila (4)

A program in Minila that computes the greatest common
divisor of 19110 & 17850 with the Euclid’s algorithm:

x :=19110;

y = 17850;
while y != 0 do
tmp = x%y;

X=Y;
y = tmp;
od




Minila (5)

A program in Minila that computes the positive integral
part of the square root of 20000 with binary search:

v0 :=20000; vl :=0; v2 :=v0;
while v1 !=v2 do
if (v2-v1)%2=0
then v3 = vl+(v2 —vl)/2;
else v3 = vi+(v2 —vl)/2+1; fi
1f v3*v3 > v0
then v2 :=v3 — 1;
else vl :=v3; fi
od

Syntax of Minila (1)

P:=S (Program)
S = ¢ (empty statement)
| var =" E "} (assign statement)
| 'if E 'then' S 'else' S 'fi' (if statement)
| 'while' E 'do' S 'od' (while statement)
| S S (sequential composition)

where var is a variable, E is an expression, and S is a statement.




Syntax of Minila (2)

E == num | -
‘CEY[-'CEY

E*E|EYE|E'"%E
E+ E|E"“E
E
E

num | var | - var

< E|E>E|E-=E|E"'"=E
'‘&&' E | E'|' E

num ::= [0-9]+

var ::= [a-zA-Z][0-9a-zA-Z]*

Syntax of Minila (3)

The precedence of the operators is as follows:

(unary) ' strongest
!*!’ V/!, l%!
+', (bynary) -
v<v’ v>v’ v:v’ "=
!&&! UL
| weakest

Every operator is left-associative, e.g. 3—2—1 is parsed as

((3-2)-D).




Front end of Minila processor (1)

Feeding a program in Minila (a source code) into the
Minila processor, the source code is stored as an object of
class SourceCode.

SourceCode
-5C: String < sc refers to a source code
+scan(): TokenList that is a string

-toToken(s: String): Token

The object makes a list of tokens from sc by receiving the
message scan().

Front end of Minila processor (2)

A list of tokens is represented as an object of class

TokenList.
£y idx refers to the token
TokenList that is processed next; Ot
-idx: Integer<----------——--- 1--— through idx—15t tokens in
tparse(): StmParseTree the token list have been
processed

The object makes a parse tree from the list of tokens if the
input program obeys the Minila syntax; displays a syntax
error message otherwise.




Front end of Minila processor (3)

A parse tree is represented as an object of one of concrete
classes that extends the abstract class StmParseTree.

«interface»
ParseTree

+compile(): List«<Command=

»

StmParseTree

+intempret{env: Map<String,Integer=): Map<String,Integer=
+genCode(): List<Command=>

A

‘EmptyParseTree‘ ‘AsswgnparseTree‘ ‘ IfParseTree ‘ ‘WhileParseTree‘ ‘SCDmpParseTree‘

Front end of Minila processor (4)

EmptyParseTree IfParseTree
+interpret(env: Map<String,Integer=): -exp: ExpParseTree
Map=<String,Integer> -stm1: StmParseTree
+compile(): List<Command= -stm2: StmParseTree

+interpret{env: Map<String.Integer=):
Map=String,Integer>
+compile(): List«<Command=>

AssignParseTree
-var: VarParseTree
-exp: ExpParseTree
+interpret{env: Map<String.Integer=): WhileParseTree
Map=<String.Integar=
+compile(): List<Command=>

-exp: ExpParseTree
-stm: StmParseTree

+interpretienv: Map<String.Integer=):
Map=<String,Integer>
+compile(): List«Command=>

SCompParseTree
-stm1: StmParseTree
-stm2: StmParseTree
+interpret{env: Map<String.Integer=):
Map=String,Integer>
+compile(): List<Command=>




Front end of Minila processor (5)

x:=1, n=1;
while (n=10||n < 10) do
X :=X*n; n:=ntl;

od

i lexical analysis

[var: X, :=, num=1, ;, var: n, :=, num=1, ;, while, (, var: n,
=, num=10, ||, var: n, <, num=10, ), do, var: x, :=, var: X,
* wvar:n, ;, var: n, :=, var: n, +, num=1, ;, od]
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Front end of Minila processor (6)

The object of TokenList looks like:

0 1 2 3 4 5
Token Token Token Token Token Token
name=Var name=ASSIGN name=Num name=SEMC name=Var name=ASSIGN
var=x numr=1 var=n
8 7 8 9 10 11
Token Token Token Joken Joken Token
name=Num name=SEMC name=WHILE | | name=LPAR name=Var | | name=EQ
numr=1 var=n
12 13 14 15 16 17 18
Token Token Token Token Token Token Token
name=Num name=0R name=\ar name=LT name=Num name=RPAR name=DO
numr=10 var=n numr=10
19 20 21 22 23 24 25
Token Token Token Token Token Token Token
name=Var name=ASSIGN name=Var name=MUL name=Var name=SEMC name=Var
varsx varsx var=n var=n
26 27 28 29 30 k1l
Token Token Token Token Token Token
name=ASSIGN name=Var name=PLUS| | name=Num name=SEMC name=0D
var=n numr=1




Front end of Minila processor (7)

[var: X, :=, num=1, ;, var: n, :=, num=1, ;, while, (, var: n,
=, num=10, ||, var: n, <, num=10, ), do, var: x, :=, var: X,
* wvar: n, ;, var: n, :=, var: n, +, num=1, ;, od]

‘ parsing

scomp(assign(x,1),
scomp(assign(n,1),
while(or(eq(n,10),lt(n,10)),
scomp(assign(x,mul(x,n)),
assign(n,add(n,1))))))

Front end of Minila processor (8)

The object diagram of the parse tree:

stm1 stin2

‘ :AssignParseTree | | SCompParseTree ‘

stin2

WhileParseTree

sim

:SCompParseTree

stfn1

‘ ‘AssignParseTree |

efp




Minila interpreter (1)

EmptyParseTree

+interpret(env: Map<String Integer=):
Map<String,Integer>
+compile(): List<Command=>

When an object of EmptyParseTree receives interpret(env),
it just returns env.
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Minila interpreter (2)

AssignParseTree

-var: VarParseTree
-exp: ExpParseTree

+interpret(env: Map<String.Integer=):
Map<String,Integer=
+compile(): ListsCommand=

When an object of AssignParseTree receives interpret(env),

1. it sends interpret(env) to exp and obtains the result val,

2. modifies env such that val is associated with the name
of var, making a new environment env', and

3. returnsenv'.




Minila interpreter (3)

| anAssign:AssignParseTree |
[

X =x—1; 7 aio
NarParseTree aSub:SubParseTree
namea="x"

envl env2 efff ept2
' ‘ NarParseTree NumParseTree
1 <"x"2> | <'. name="x" val=1
Ly , 7

v When anAssign receives interpret(envl), it sends interpret(envl) to aSub,
gets 1 and modifies envl to get env2; it then returns env2.
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Minila interpreter (4)

IfParseTree
-exp: ExpParseTree
-stm1: StmParseTree
-5tm2: StmParseTree
+interpret(env: Map<String,Integer=):
Map<String,Integer>
+compile(): List=Command=>

When an object of IfParseTree receives interpret(env),

1. it sends interpret(env) to exp and obtains the result val,

and
2. ifvalis not 0, it sends interpret(env) to stml, obtains a

new environment env' and returns env';
3. ifvalis 0, it sends interpret(env) to stm2, obtains a new

environment env' and returns env'.
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Minila interpreter (5)
vl ifx>0 =

Q’2> then x := X—l; efp st stjn2

7 else ﬁ | aGt:GtTree | | anAssign:AssignParseTree | |anEmg:EmgtyParseTree|
77777777777777777777 I I
v*ar e{(p
envz CIlV3 MarParseTree :SubParseTree
name="x"
v eptl ept2 eptl ept2
,1> <"x".0> MarParseTree :NumParseTree NarParseTree :NumParseTree
-
y name="x" val=0 name="x" val=1
---------------------- L F

v When anlf receives interpret(env1), it sends interpret(env1) to aGt and gets
1; This is why it sends interpret(env1) to anAssign and gets env2; it then

returns env2.

v When anlf receives interpret(env3), it sends interpret(env3) to aGt and gets
0; This is why it sends interpret(env3) to anEmp and gets env3; it then returns
env3.
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Minila interpreter (6)

WhileParseTree
-exp: ExpParseTree
-stm: StmParseTree
+interpret(env: Map<String.Integer=):
Map<String,Integer=
+compile(): Lists=Command=>

When an object of WhileParseTree receives interpret(env),

1. it sends interpret(env) to exp and obtains the result val,

and

2. ifvalis O, it returns env;

3. ifvalis not 0, it sends interpret(env) to stm, obtains a
new environment env', sends interpret(env') to the
object itself, obtains another new environment env",

and returns env".




Minila interpreter (7)
while x =0

dox :=x-1; od °fp
‘ anNeq:NegParseTree | | anAssign:AssignParseTree |
I I
vPr ei(p

nvl nv2 n

env env ) € V3 . MarParseTree :SubParseTree

i 1 ] 1

| | 1 name="x"

| eptl ept2 ept! ept2
| Ny 1t e 1

§< X ,1> | = X VarParseTree :NumParseTree VarParseTree :NumParseTree
| ] ] i name="x" val=0 name="x" val=1

|
|
|
|

v When aWhile receives interpret(env1), it sends interpret(env1) to anNeq
and gets 1; This is why it sends interpret(env1) to anAssign and gets env2; it
then sends interpret(env2) to itself and gets env3; it finally returns env3.

v/ When aWhile receives interpret(env2), it sends interpret(env2) to anNeq
and gets 1; This is why it sends interpret(env2) to anAssign and gets env3; it
then sends interpret(env3) to itself and gets env3; it finally returns env3.

v When aWhile receives interpret(env3), it sends interpret(env3) to anNeq
and gets 0; This is why it returns env3.
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Minila interpreter (8)

SCompParseTree
-stm1: StmParseTree
-5tm2: StmParseTree
+interpret{env: Map<String.Integer=):
Map<String,Integer=
+compile(): Liste<Command>

When an object of SCompParseTree receives interpret(env),

1. it sends interpret(env) to stml and obtains a new

environment env',
2. sends interpret(env') to stm2 and obtains another new

environment env",
3. returnsenv'.




Summary

Minila

Syntax of Minila

Front end of Minila processor
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