Homework 2 CS420/KAIST Spring 1999 ff aŰ Due: April 1, 24:00

1999[ 3Ú 26ffi

Exercise 1 “Ł,:(inductively)œ£ f´ăČÅ.”

řü˚ Š£ŤŰú ìśèÅŹ ě¡(interpreter) intpõ ˇffiq Éèř.

intp: stm * store -> store

ìśč Š£ŤŰù stm Í«˚ ¯«ęř.

type id = string
datatype binop = PLUS | TIMES
datatype stm = SET of id * exp
             | PRINT of exp list
             | SEQ of stm list
             | IF of exp * stm * stm
             | WHILE of exp * stm
     and exp = VAR of id
             | CONST of int
             | BINOP of exp * binop * exp

Š£ŤŰ˚ ˚yŹ řüY ›åęř. ?fi <ž[(stm)ù -?ýõ žÜèÅ $# ;şú ęęř. SEQŹ ýSS!Ć –Ź <ž[ffiú òż£(£ÅĆt ąôÅœ £) ¡śęęř. SET("x",e)ù é e˚ ¯ú xĘŹ ž¡Ć 9$ęęř. PRINTŹ ýSS!Ć –Ź éffiú òż£ Šß!ęęř. ¸:, ;şăŹ ¯P¸Ć Ţ˝õ ê åęř. IF(e, s, s’)ù e¸ ¯¸ 0 ¸ Ię8 sõ ¡śăL 0 ¸8 s’ú ¡śę ęř. WHILE(e,s)ù eõ ¡śľt 0 ¸ Ię8 sõ ¡śăL řè WHILE(e,s)õ ¡śęęř. ˇ‹ e` 0¸8 ŁÄú ’<ęř.

?fi éffiù ¯ú GSęęř. VAR "x" ù ž¡ x˚ ¯«ęř. BINOPŹ ~ é ˚ ¯ú `ŞL sqŢ binary operatorõ :Ìć ¯ú 4nåęř. □

Exercise 2 “žŹ 3Ő ă#˚ ýSS!‹ ŻÅŹ {qÅ.”

žĆ OL(enqueue) „Ź(dequeue) ȷz¸ $˚ ć SSñˇœ£ ìÇþ ¡ – ŞÅ. Types of each operations are:

empty: queue
enqueue: queue * elmt -> queue
dequeue: queue -> elmt * queue

A queue [a_1, · · · , a_m, b_1, · · · , b_n] (b_n is the head) is represented as a pair of two lists L and R: L = [a_1, · · · , a_m], R = [b_n, · · · , b_1]. After adding an element x, new queue becomes [x, a_1, · · · , a_m], [b_n, · · · , b_1]. After deleting an element, new queue becomes [a_1, · · · , a_m], [b_{n−1}, · · · , b_1]. When deleting, we sometimes have to reverse the L list and let it be the R list. Empty queue is ([], []).

Implement the funtor QuickQueue:

signature QUEUE =
  sig
    type queue and elmt
    val empty: queue
    val enqueue: queue * elmt -> queue
    val dequeue: queue -> elmt * queue
  end
functor QuickQueue(...): QUEUE =
  struct
    type queue = ...
    type elmt = ...
    ...
  end

Usage:

(* int list queue *)
structure ILQueue = QuickQueue(struct type elmt = int list end)
(* string pair queue *)
structure SPQueue = QuickQueue(struct type elmt = string * string end)

□

Exercise 3 “ûU Xčõ %ı‚ăŹ ‚^[Ü& A xfú æľt.”

ûU Xč˚ ;–uSŹ Â3` ȷù §Æ Xčffi˚ ŁÄ«ęř. §Æ XčŹ A P´ÍĆ ŤšK–řL ęèř. Xčõ %ı‚ăŹ ȷzù §Æ AP´Íffiú 4„£ ăŽ§ľt À AP´Í˚ ?jú ˇffiL, ¸,ffi 4„£ řè Ãř À AP <Íú ˇffiL, ü}ř òœ8 %ı‚ý A P´Íffiú ŁÄľt ûUĆ ăOŹ Şłú Dă9ŞÅ.^1

Ť ȷz YAú functor£ vÇč ¡ –ŹÚ, řüY ›åęř. Śȷõ ffi ›q ÃL, Śȷõ řĄľ ÃČÅ.

datatype design = TURTLE | WAVE | DRAGON | KAIST (* four design patterns *)
datatype orientation = NW | NE | SE | SW
datatype box = BOX of orientation * design | GLUED of box * box * box * box
signature FRAME =
  sig
   val box: box
   val rotate: box -> box (* rotate box M to 3 to W to E *)
   val pp: box -> int * int -> unit (* pretty printer *)
  end
functor BasicFrame(Design: sig val design: design end): FRAME =
  struct
    exception NON BASIC BOX
    val box = BOX (NW, Design.design) (* a box is defined *)
    fun rotate = ...
    fun pp (BOX(NW,x)) center = ()
      | pp (BOX(NE,x)) center = ()
      | pp (BOX(SE,x)) center = ()
      | pp (BOX(SW,x)) center = ()
      | pp = raise NON BASIC BOX
  end
functor Rotate(Box: FRAME): FRAME =
  struct
   val box = ...
   val rotate = ...
   val pp = ...
  end
functor Glue(structure Nw: FRAME
             structure Ne: FRAME
             structure Se: FRAME
             structure Sw: FRAME): FRAME =
  struct
   ...
  end

æ˚ Śȷõ ¸Ìć %ı‚YA˚ ć ŽŹ ¡zè^Ć! □ 1£;& 9˚ 8Q‚Ú, ìC£ ¸ľ3 ăŞMúńÅ?

Exercise 4 “Dynamic-Scheme? Easy!”

Dynamic-Scheme Š£ŤŰú ìśèÅŹ ě¡(interpreter) dschemeõ ˇffi q Éèř:

dscheme: expr * env -> value

Dynamic-Schemeù ¸ö˚ îîľæ(scope)` ìś|Ć @AüŹ Scheme «ę ř. ìśč Š£ŤŰù expr Í«˚ ¯¸L, envŹ ¸öY ¯˚ ąú `ŞL –Ź vĘL f´ă8 `ęř.

type id = string
datatype expr = VALUE of value
             | VAR of string
             | IF of expr * expr * expr
             | BEGIN of expr list
             | APPLY of expr * expr list
     and value = INT of int
               | LIST of value list
               | CAR | CDR | CONS | NIL
               | IS_NUMBER | IS_SYMBOL | IS_LIST | IS_NULL
               | PRINT | PLUS | MINUS | MULT | DIV | EQUAL | LT
               | LAMBDA of string list * expr

æ˚ sq˚ ˚yŹ ŁăÛ¸ NL –Ź Scheme˚ EÍõ `ŞL î8ă8 `ę ř. (!Ź:

         (car 1 nil) is APPLY(VALUE CAR, [VALUE(INT 1), VALUE NIL])
(lambda (x) (+ x 1)) is VALUE(LAMBDA([‘‘x’’],
                                      APPLY(VALUE PLUS,
                                            [VAR ‘‘x’’, VALUE(INT 1)]
                                           )
                                     ))

ě¡` :Ìþ : ¸öffi˚ îîľæ` ìś;Ć @AüŹ ,¸ IęL ìś |Ć @Aüt£, Ö3 uÇč ¡ –åęř.^2

Dynamic-Scheme˚ ĂŽ>ù ¡{è^Ć! □

2#û§ Lisp¸ ¸ăřåęř.