1.

CMSC330 Practice Problems 9 Solutions

Operational semantics

Use operational semantics to determine the values of the following OCaml codes:

a. 1
;1> 1
b. 3+7
*: 3= 3 ;77
*:3+7= 10
c. 1+(2+3)

;22 :3 3
;11 *:(2+3)> 5
*;1+(2+3)= 6

d. (funx—4)5

*;(funx —4) = (°,2x.4) // 1) evaluate function to produce a closure

;5= 5 /1 2) evaluate the argument
/I 3) evaluate body of closure, after extending
x:5;4= 4 /" environment w/ binding for parameter x)

*;(funx—4)5= 4

e. (funx—>x+6)7

x:7:x=> 7 xt7:6=> 6 /I 4) evaluate x & 6 in extended environment

*;(funx — x+6) = (°,Ax.x+ 6)//1) evaluate function to produce a closure

37> 7 /1 2) evaluate the argument
/I 3) evaluate body of closure, after extending
x:7;x+6= 13 /I environment w/ binding for parameter x)

*;(funx—>x+6)7= 13



f. (funx— (funy - y+x))89

Note expression a b ¢ is equivalent to ((a b) c), so we first evaluate (a b) to find

the value of the function, then apply the result to c.

x:8,v9:vyv= 9 x:8,v9:x=> 8§

*;(funx - (funy - y+x))= (¢, Ax.(funy — y+Xx))
*;:8=> 8

x:8:;(funy > v+x)= (x:8, Ay.(V + X))

*;(funx — (funy - y+x)) 8= (x:8, Ly.(y + X))
*:9 9

x:8,v9;:(v+tx)= 17
*;(funx > (funy - y+x))89= 17

g. letx=5inlety=7inx+y

/I'T) evaluate y & x
//  in extended env

/1 2) eval func

/1 3) eval arg

/I 4) eval body after

/I extending env for x
/I 1) eval func

//'5) eval arg

/1 6) eval body after

/I extending env for y

ox:5,v:7;x=>5 ox:5v:7y=>7

x:5:7=>7 oX:5, vi7: xty = 12

:5=5 ex:5;lety=7in xt+ty = 12
sletx=Sinlety=7inx+y = 12

h. letx=letx =15 1in x+2 in x+4

eX:SIXD5 exi5:22
55 exi5:xH27 x:7:x=>7

x:7:4=> 4

e;letx=5inx+t2=7 x:7:xH4 = 11
e;letx=letx=5inx+2 in x+4 = 11

1. letf=funx —>x+5inf7

. x:7:x=27 o xi7;5=>5

o f: (o, AX.X1+5) ; f = (o, AX.X+5)

of: (o, AxXx+5); 7= 7

. x:7:xt5 = 12

o: fun x —> X+t5 = (o, Ax.Xx1t5)  of: (o, AXXH5): f7 = 12

letf=funx > x+5inf7= 12



j. lety=5inlet f=funx — x+yinlety = 6 in f 7 (for static scoping)

y:i5, x:7;x=> 7
yv5.xi7;y=>5
y:5, f:(y:5, Ax.x+y), y:6; f = (y:5, Ax.xty)
y:5, f:(y:5, Ax.x+y), y:6; 7= 7
vi5, x:7  xty = 12
y:5, fi(y:5, Ax.x+y); 6 = 6 y:5, fi(y:5, Ax.x+y), v:6; f7 = 12
y:5; fun X — xt+y = (v:5, Ax.xt+y)  y:5, fi(y:5, Ax.xty); lety=6inf7 = 12
e5=5 vy:i5letf=funx > xtyinlety=6inf7= 12
slety=Sinletf=funx — xt+yinlety=6inf7 = 12

k. lety=5inletf=funx — x+yinlety =6 in f 7 (for dynamic scoping)

y:5, fi(v:5, Ax.x+vy), v:6, x:7:x = 7
y:5, fi(y:5, Ax.x+y), v:0, X:7; v = 6
y:5, f:(y:5, Ax.x+y), y:6; f = (y:5, Ax.xty)
y:5, f:(y:5, Ax.x+y), y:65 7= 7
y:5, f:(v:5, Ax.x+y), v:6, x:7; x+y = 13
y:5, fi(y:5, Ax.x+y); 6 = 6 y:5, fi(y:5, Ax.x+y), v:6; f7 = 13
y:5; fun X — xt+y = (v:5, Ax.xt+y) y:5, fi(y:5, Ax.xty); lety=6inf7 = 13
e5=5 vy:i5letf=funx > xtyinlety=6inf7= 13
slety=Sinletf=funx - xtyinlety=6inf7 = 13




