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Exercise 1 (40pts) “K- A3 7]”
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module type KMINUS =
sig
exception Error of string
type id = string
type exp = NUM of int | TRUE | FALSE | UNIT
VAR of id
ADD of exp * exp

MUL of exp * exp

|

|

| SUB of exp * exp
|

| DIV of exp * exp
|

EQUAL of exp * exp

Ay
2
ft
do
%
A

FEFEERFEEE EEEVE DR



LESS of exp * exp

ASSIGNF of exp * id * exp (* assign to record field *)
READ of id
WRITE of exp

|

| NOT of exp

| SEQ of exp * exp (* sequence *)

| IF of exp * exp * exp (* if-then-else *)

| WHILE of exp * exp (* while loop *)

| LETV of id * exp * exp (* variable binding *)
| LETF of id * id list * exp * exp (* procedure binding *)
| CALLV of id * exp list (* call by value *)

| CALLR of id * id list (* call by reference *)

| RECORD of (id * exp) list (* record construction *)
| FIELD of exp * id (* access record field *)
| ASSIGN of id * exp (* assign to variable *)

|

|

|

type program = exp
type memory
type env
type value
val emptyMemory: memory
val emptyEnv: env
val run: memory * env * program —> value
end
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K.run (K.emptyMemory, K.emptyEnv, S)
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numch(n) = if n<10 then numchi(n)

else if n<100 then numch10(n)

numchl(n) =
numch10(n) = if n<10 then numchl(n)
else if ...

else numchl(n) + numch10(n-10)
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leaf:
makeLtree:
makeRtree:

makeTree:

isEmpty:
rTree:
1Tree:
nodeVal:
dft:

bft:
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int — tree
int X tree — tree
int X tree — tree

int X tree X tree — tree

tree — bool
tree — tree
tree — tree
tree — int

tree — unit

tree — unit
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a leaf tree *)

(

(* a tree with only a left subtree *)

(* a tree with only a right subtree *)
(

* a tree with both subtrees *)

(* see if empty tree *)

(* right subtree *)

(* left subtree *)

(* node value *)

(* print node values in depth-first order *)

(* print node values in breath-first order *)
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