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Problem 1 (30 %)

Racket_� expression�̀¦{9�§4�~ÃÎ�����õ�°ú̀�כ¦>�íß����H���'�áÔo�'��<ÊÃº myeval�̀¦

RacketÜ¼�Ð f��]X� ½̈�&³���.

myeval : E → V

• {9�§4��Ér ��A�\� ÅÒ#Qt���H ½©gË:\� ���� �̧½+Ë�)a E_� ·ú¡\� quote(’)�� ·¡#Q

[þt#Q�:r��. ex) ’(cons 3 5)

• Ø�¦§4��Ér Õüw��, boolean, pair_� �â
Äº Racket\�"f ]j/BN���H °ú̀�כ¦ ��6 x� 9,

lambda °úכ_� �â
Äº��H y������ e��_��Ð &ñ
_�ô�Ç��.

• {9�§4�s� &h�]X��>� %�o�|̈c Ãº \O���H �â
Äº \Vü@%�o�\�¦ :�xK� z�́'���̀¦ ×�æéß���¦
·ú�ú́��Ér Bjr�t�\�¦ Ø�¦§4�K��� ô�Ç��.

• Racket\�"f ]j/BN���H �<ÊÃº eval�Ér ��6 x½+É Ãº \O���.
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C ::= n &ñ
Ãº

| #t �ÃÐ

| #f ��f±	

| ’() NULL

E ::= C �©�Ãº

| x ���Ãº

| (if E E E) conditional

| (cons E E) pair

| (car E) car

| (cdr E) cdr

| (lambda (x∗) E) function

| (E E∗) application

| (let ((x E)∗) E) let

| (letrec ((x E)∗) E) letrec

| (+ E E) addition

| (- E E) subtraction

| (* E E) multiplication

| (= E E) equality

| (< E E) less than

| (> E E) greater than

z�́'�� \V]j

• (myeval ’(let ((p (cons 1 (cons 2 ’())))) (cons 0 p)))

���õ�: ’(0 1 2)

• (myeval ’(letrec ((f (lambda (x)

(if (= x 0) 0 (+ x (f (- x 1))))))) (f 5))

���õ�: 15

• (myeval ’((lambda (f) (lambda (x) (f x))) (lambda (x) (+ x 1))))

���õ�: ’((lmda (x) (f x)) env ...) (y���� e��_��Ð &ñ
_� ��0px)
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Problem 2 (5 %)

Racket expression�̀¦ {9�§4� ~ÃÎ�� OCaml\� &ñ
_��)a Racket ë�HZO�Ü¼�Ð ���8̈����H ��

"f\�¦F�)�<ÊÃº�Ðf��]X� ½̈�&³���. Racketë�HZO�_�&ñ
_����í�<Ê�)a��{9� (syntax.ml)õ�,

Racket expression ë�H��\P��̀¦ �Ð	�HÜ¼�Ð ½̈ì�rK�ÅÒ��H �7�"f��H �̧�§�� ]j/BNô�Ç �¦̀�	כ

��6 xô�Ç��. ��"f ½̈�&³\� z�́J�ô�Ç �â
Äº, s�Êê ë�H]j\�"f��H �̧�§�� OCaml ��s�àÔ

�ï×¼ ��s��-o� ��{9��Ð ]j/BN���H ��"f\�¦ ��6 x½+É Ãº e����.

Problem 3 (10 %)

·ú¡\�"f ½̈�&³ô�Ç ��"f\�¦ ��6 x�#�, 1��� ë�H]j\�"f ½̈�&³ô�Ç myeval�̀¦ OCaml�Ð ½̈

�&³���.

Problem 4 (5 %)

myeval�̀¦ =åQF�)(tail-recursion) þj&h��o\�¦ s�6 xK� ò́Ö�¦&h�Ü¼�Ð ½̈�&³���. ��A�

'Í	 ���P: \Vr�ü< °ú s� þj&h��o\�¦ ��6 x½+É Ãº e����H {9�§4��Ér myevals� �̀¦��ØÔ>� %�o�

½+É Ãº e��#Q�� ô�Ç��. ¿º ���P: \Vr���H þj&h��o\�¦ &h�6 x½+É Ãº \O���H \V]js���.

�2³àÔ: OCaml_� tail call þj&h��o  ü��̀¦ �Ð�̧2�¤ #��Qì�rs� ½̈�&³���H myeval�̀¦ ú̧�

½̈�&³���� �)a��.

z�́'�� \V]j

• myeval "(letrec ((f (lambda (x n)

(if (= x 0) n (f (- x 1) (+ n x)))) )) (f 999999 0) )"

���õ�: 499999500000

• myeval "(letrec ((f (lambda (x)

(if (= x 0) 0 (+ x (f (- x 1))))) )) (f 999999))"

���õ�: �̧ÀÓ(Stack overflow during evaluation (looping recursion?).)

Problem 5 (10 %)

·ú¡\�"f ½̈�&³ô�Ç myeval\� mutable pair\�¦ ÆÒ�����. mutable pair\�¦ Òqt$í
�

��H mcons, °ú̀�כ¦ ��?/�̧��H mcarõ� mcdr, $��©��)a °ú̀�כ¦ ����â
���H set-mcar!,

set-mcdr!\�¦ ½̈�&³�#��� ô�Ç��.
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E ::= ...

| (mcons E E) mutable pair

| (mcar E) mutable car

| (mcdr E) mutable cdr

| (set-mcar! E E) change first elem

| (set-mcdr! E E) change second elem

z�́'�� \V]j

• myeval "(let ((mp (mcons 1 2))) (mcar mp))"

���õ�: 1

• myeval "(let ((mp (mcons 1 2)))

(let ((tmp (set-mcdr! mp 3))) (mcdr mp)))"

���õ�: 3

Problem 6 (10 %)

myeval\� \Vü@ %�o� l�0px�̀¦ ÆÒ�����. raise\�¦ s�6 xK� \Vü@\�¦ µ1ÏÒqtr�v��¦,

with-handlers�� \Vü@\�¦ %�o�ô�Ç��.

E ::= ...

| (raise E) raise exception

| (with-handlers ((E E)+) E) exception handler

• myeval "(with-handlers

(((lambda (x) (= x 5)) (lambda (x) (* x 2))))

(cons (+ 1 3) (- 2 (raise 5))))"

���õ�: 10

Problem 7 (30 %)

lambda�<ÊÃº_�z�́'���̀¦þj@/ô�Çþj&h��o���HDh�Ðî�r���'�áÔo�'��<ÊÃº myeval memo\�¦

½̈�&³���. y���� Û¼Û¼�Ð_� ~½ÓZO��̀¦ :�xK� �ï×¼\�¦ ì�r$3��#� l�%3��o(memoization)

l�ZO��̀¦ &h�6 x�÷&, myeval memo_� z�́'�� ���õ���H ���]j�� myevalõ� °ú ���� ô�Ç��.

l�%3��o��&h�6 x�)a�<ÊÃº��Hz�́'��|̈cM:�����<ÊÃº�����ü<���õ�°ú̀�כ¦K�r�_�s��̂¦(Hash

Table)\� $��©�� 9, s� Êê °ú �Ér ������Ð ��r� Ô�¦wn= �â
Äº Õª �<ÊÃº\�¦ z�́'���t� ·ú§

�¦ K�r� _�s��̂¦\� p�o� l�%3�\� Z�~�Ér ���õ�°ú̀�כ¦ ��4Rü<"f ���Ð ìøÍ8̈�ô�Ç��. K�r�

_�s��̂¦�Ér OCaml\�"f ]j/BN���H Hashtbl�̀¦ ��6 x½+É Ãº e����.
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l�%3��o��H °úכ-×�æd�� �<ÊÃº(7£¤, Bj�̧o�\�¦ ����â
r�v�t� ·ú§���� Bj�̧o� ����o\� %ò


�¾Ó�̀¦ ~ÃÎt� ·ú§��H �<ÊÃº)\�ëß� &h�6 xK��� ô�Ç��. ÕªXO�t� ·ú§����� l�%3��o�)a �<ÊÃº�� ú̧�

3lw�)a ���õ�\�¦ ?/#Q Z�~�̀¦ Ãº e����.

þj@/ô�Ç ú́§�Ér �<ÊÃº\� l�%3��o�� &h�6 x|̈cÃº2�¤ a%~�Ér &h�Ãº\�¦ ~ÃÎ�̀¦ �.���s	כ éß�,

l�%3��o\�¦ °úכ-×�æd��s� ����� �<ÊÃº\� &h�6 xÙþ¡�̀¦ �â
Äº\���H ú̧�3lw�)a ���õ�\�¦ èq Ãº e��#Q

�̧y��9 y��&h�|̈c Ãº e��6£§�̀¦ Ä»_����.

z�́'�� \V]j

• myeval memo "(letrec ((fib

(lambda (n) (if (= n 0) 0 (if (= n 1) 1

(+ (fib (- n 1)) (fib (- n 2))) ))) )) (fib 100))"

���õ�: 1298777728820984005

• myeval memo "(let ((x 1))

(let ((f (lambda () x)))

(let ((y (f))) (let ((tmp (set! x 5))) (+ y (f))))))"

���õ�: 6
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