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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
SUB of exp * exp
MUL of exp * exp
DIV of exp * exp

|
|
|
|
|
| EQUAL of exp * exp
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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 (*x 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)

+ Z2IW SEAYANA Hedl, AT H o2 FUd H 29 g2 ol
FuUch olm Z2ade A@F] JOE A Z2ao] S A& wHe
Aol =2l Al Ut A3 Fol Bt o] BHA] b= =2 T3 o] ¥ Errorgh=
e AES T 7| =2 O Aol ot of gt “Error” 2 (if and
only if) o] H ojn FRomL 7 zg I on7t D £ 9= ALY
th 4E8e A4v 7beddnth 82 A4E el eI “newline” &
ZHEZYUTE O

Exercise 2 (10pts) “K- T2 4: A2E W] 47



T2 K- 2 A4 sk, flolA] 3T A7 K.run® APA A Ah =2 A
PE = A& &l

S-2luetel & 14, 10¢, 1009, 5004, 10004, 5000, 100009, 50000 A
q1§qq'$q3ﬂ JAAEEOUP: ‘—mMJAEﬂA@:ﬂ
< numchE K-2 #9235}z

o] Z 59 numch(100)2 127FA o]t} 1¥WH 10072 A~2E 39 FEH
109 1718} 19 9072 Ax~27], .-, 1009 172 AxE27).

SIE: 1¥o|3tE T A2rE+ A9+ 1. 109032 ArEE FF
IR ArEE AT + 3

o] 2
£ 295 w0dolszn Anse Ap4r 086l F2 A
+ L =

A 1> e
=
e

19
=
o
©

Tﬂ oY X, rr

=, o e 2ol AT Aojth K-z SAMA, olejRo] 443
K.runlliE.Eﬂ:iféoH H 7] vyt

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 numchi(n) + numch10(n-10)
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leaf: int — tree (* a leaf tree *)
makeLtree: int X tree — tree (* a tree with only a left subtree *)
makeRtree: int X tree — tree (* a tree with only a right subtree *)
makeTree: int X tree X tree — tree (* a tree with both subtrees *)

isEmpty: tree — bool (* see if empty tree *)
rTree: tree — tree (* right subtree *)
1Tree: tree — tree (* left subtree *)
nodeVal: tree — int (* node value *)
dft: tree — unit (* print node values in depth-first order *)
bft: tree — unit (* print node values in breath-first order *)

A9 ges e oS3 U 72 E WSl dfto} bftS FHA Al
2 H AR S5 NS FAs

iz, vhE A7) v ARFE S FAS 21
ERE 0 dubFe ¥R E anste AE AR wEE ARVt E S 9
o 3

W AER Z2AAE FHFES 3 HAak O



