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2. �\(¹")ºì3�p�Ä��¡�1�è§  �±|±�
E

,�$1��óA5"

3. ûÐ��£�5")º�óØ�6u8IÅ�NX(�§lBu£

���«²�þ�"

��ÿÐ¢�§Cqq)ºì´��C++�ó�{ü)ºì§Ù�{

´C++��é��f8£e¡Cqq�ó¤§^5ÆS?Èì!)ºì¢yÚ

`z¥�Eâ[!"

2 �{Ú�½

Cqq�ó´C++�ó��é��f8§ÙÄ��{5u��K85�

5§S-U6§Ù�ó5���Xeµ

1. |±�êCþÚ�êê|§|±p�ê|§Ù��dint~þ�Ñ¶
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2. |±�ÛCþ

3. |±for, while, ifn«���é¶

4. |±¼êN^Ú48§¼êëê�U�inta.§�£��U�inta

.¶

5. |±�ê�Ä�$�§�)+, -, *, /, %, ^¶

6. ¦^�êL«boola.§=0L«false§�0L«true¶

7. |±Ü6$�§�)&&, ||, !, <, <=, >, >=, !=, ==¶

Ù���£ã�±3http://uoj.ac/problem/98þé�§ùpØ2K

ã"Ø
þãSN§Cqq�óO\
Xe�A5µ

1. O\~þL�ª§ê|eI�±d~þL�ª½Â§�~þL�ª3

$1�c�¤O�"

2. O\Cþ�Ð©zL�ª§=int Id = Expr"

3. ��È�Qi!è�àO\
break�é�|±"

4. forÌ��é�±½ÂÌ�Cþ§Ù3forÌ��éPk��^�¥"

5. O\&&, ||$�Î�á´O�"

6. |±{ü���§�{�Ø¬3Ñy�Ø?Ê�©Û§�Â�Ø¬¦

�Uõ�©ÛÑ�¹��Ø"

7. |±ü15º

3 )ºì(�

)ºì¦^
ASTÚÄuÒ�/Qi!è0��¥m�è"ÏLc{

©Û!�{©Û!a.u�!�è)¤!)º�1�Ú½¢y�è�)º§

Ù(��±deã�Ñµ
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ã 1: )ºì(�

�è(�deã�Ñµ

ã 2: �è(�

4 cà�¢y

4.1 c{©Ûì

c{©Ûì´)ºì�1�4§§Ö\iÎG/ª��è§ÑÑ

±< type, value >/ªL«�üc6"¢yc{©Ûì��«²;�{´

ïáéA�k�G�gÄÅ¿|^gÄÅ©Û"Cqq)ºì�c{©Ûìæ
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^
�«|^��/�cwIP0�{ü��{µaL¤k�/�x0Ú

5º§|^�cwIP�äAT�oSN"ÙÄ�ó��n�µ

Listing 1: c{©Ûì

1 while ( i sBlank ( lookahead ) ) lookahead = read ( )

2 switch ( lookahead ) {
3 case EOF: return EOF

4 case d i g i t : return <number , getNumber()>

5 case alpha :

6 t = getWord ( )

7 i f ( t i s keyword )

8 return <keyword , t>

9 else return <ident , t>

10 default : return getKeyword ( )

11 }

Ù¥Ïé'�i�±¦^trieäp��¢y"duI£Î��Ý¿Ø

é�§�
�B§Cqq¥��òI£Î�¤kcM��3MFL¥§zg�

��ÎéA�iÎG´Ä´,�I£Î�cM"

,	§�
¢yaL5º§c{©Ûìòü15ºm©IP//���

�I£Î"��,g£OÑ
dI£Î§aL¤k�SN§������

�1Î"

4.2 �{©Ûì

N´y²§Cqq�ó�©{´LL(1)�§Ïd�±�B�¢y48eü

��{©Ûì"�K85�5§SU6�K¡¥®²�½
©{§Cqq)º

ì�æ^Ù�½�©{"Cqq)ºì��{©ÛÜ©¦^L-�È�ª§ò�

è�È¤Ä�©{ä"

¢y48eü©Û{���¯K´?n�48Ú�úÏf"�úÏf

�±JÑ?n§~X�)ªµ

IfStmt : IF ’(’ Expr ’)’ Stmt

IfStmt : IF ’(’ Expr ’)’ Stmt ELSE Stmt

I�ò�úÏfIF ’(’ Expr ’)’ StmtJÑ",	§ùp�¬��]

�else¯K"Cqq�ó¦^ÓC++���?n�{))z�else���C
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�if§=3©Û�1��Stmt��§XJ�cwIP´ELSE§@o¦^1

�^�)ª§ÄK¦^1�^�)ª"

éu�48§/Xµ

Unit3 : Unit3 ’+’ Unit2

~5�?n�ª´òÙU�¤µ

Unit3 : Unit2 Rest

Rest : ’+’ Unit2 Rest | ε

U���©{���±^��Ì��485?n"ù�?nå5

=g,q�B§ØI��	¦^��ListP¹¤k��¿��?n"

4.3 a.u�

du)ºìI�¦�UJp�È�Ç§Cqq)ºì�a.u�4¯¢

þ�¤
µCþL�ïá§CþS�©�§~þL�ª�O�§a.u�§

ä(��O��ö�"

4.3.1 CþLÚCþS�©�

©�scope.cpp¢y
ÎÒLÚÎÒLÒ"Cqq)ºì¦^õÎÒL|

�§=�o��ÎÒLÒ§�Û�^�¤éA�ÎÒL3Ò.§Ò¥�o

�c×£ �¤km�^��L�"���#Cþ�½Â�§ÄkòTC

þIÒ§O�Ù3Ò¥� £þ§,�3�c�^�S�é´ÄkÓ¶C

þ§XJkK��§ÄKòÙ�\Òº�ÎÒL¥¶���Cþ�Ú^�§

lº�e3ÎÒL¥�Î§¿P¹Ù3Ò¥� £þÚIÒ§±ø)º$

1��é"

O� £þ�{ü�{´�o��J[�/Òº��0"���#Cþ

�½Â�§�Ù©�Òº��m¶��^�'4§=Ù¥�¤kCþ/k

�0�§òÒº��£ò§º�k�Cþ��m"�ª��¼ê¤IÒ�

m���´©�L§¥/Òº��0��� £þ"ù��©��ªQB

u¢y§q�±º�k�Cþ��m§!��m¿Jp§S��mÛÜ

5"

AO�§éê|�©�Ä�þÚéCþ�©��Ó"3Cqq�ó¥§ê

|U1��3Ò�m¥"

3¢yCþ�'?n���
��k��BugµCqq)ºì^aVarL

«��Cþ§P¹
ÙIÒ! £þ!£XJ´ê|¤ê|z����éA
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�L�ª"Ù¥§ê|z����éA�L�ª´vector<Tree*>a.§3

�Ð�¢y¥Var�Û�¼ê�¹
éê|��L�ª�Û�"�´§z

�gÚ^:Ñ¬lCþL¥éÑù�Cþ§Ïê|z����éA�L

�ª�õgÛ�
")û�{��~{üµ/�Rust¥/¤k�0�g�§

4Pkù�Cþ�<§�ù�Cþ�º��m"

4.3.2 ~þL�ª�O�

��L�ªXJ3?ÈÏ�±��(½§K¦AT3$1�cÒ�O

�"ÄkÚ\'�iconst^5L���~Cþ"XJ��L�ª��¹~

CþÚ~ê§@où�L�ª´~þL�ª§�±3a.u�Ïm�¤O

�¿òäþ���fäO�¤��~ê!:"

Cqq)ºì¬}Á|^~êz{L�ª§XJ����$�Î�Ù¥�

�L�ª´~êv±{z��L�ª��§@oÒ¬?1z{"e¡�

L�Ñ
Cqq)ºì¬Áã���êz{µ

+ - * / % AND OR

0 Op x x . 0 0 0 0 x

1 Op x . . x . . x 1

x Op 0 x x 0 err err 0 x

x Op 1 . . x x . x 1

d	§~þL�ª�^5?1��6�{z"XJ�����é�^

�L�ª´~þ§@où����éÒ�±�`z¤Ø¹����é"~

X�if�é�L�ª�~þ��0§@o�±ò��fäO�¤Ùfalse

branch±��{z��6�8�"

4.3.3 a.u�

a.u�3Cqq¥��{ü§�I�u�ê|ÚCþkvk�Ø¦^

=�"~XéCþ�ê|ö�§éê|�$���Ø"ù
ö�'�{ü§

ùpØ2Kã"

4.3.4 ä(�O�

duäH{)ºìI�H{��ä5?1)º§äþ!:£�
�
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u�Ú`z¤N�
�þ�Ã^&E§ù��ä�(�Ø
;n§�I�

�Nõõ{�O�"Cqq)ºì3a.u�4Ó�?1ä(��O�"~

X§é��Cþ�Ú^�O��
�;n�Load!:§CþÐ©z�O�

�
�;n�Assigner!:§í�¤kCþ½Â�é"ÏLù
O�§�

±¦��Y�¢y�\{'§�¦�äH{)ºì$1�\p�"

4.4 Break�é�|±

�äBreak´Ä3��Ì�S�~{ü§�ÄXÛ?1�è�È"du

æ^ä�È�Y§�Ä¦^aq.ó-�è£W�g´|±Break�é"¦

^���Û�ÒP¹�£W��è"3Ì��ém©�P¹�cÒ¥��

��êid§3Ì��é(å�§ò�uid��è£W§=�|±Break�é

�)¤"

5 �à�¢y

5.1 äH{)ºì

äH{)ºì´��{ü��à§§ÏL�Ý`kH{ä)º�

1AST"3Cqq�ó¥§äH{)ºìkeã¤«�(�µ

ã 3: äH{)ºì

)ºì�Ä�©{äµe¦^Visitor�ª�O§ÏdäH{)ºìé

Au��Visitor"äH{)ºì¦^�Ì�ó���6Ú¼êN^¢y8

I�ó���6Ú¼êN^§ÏdÜ6{ü�ß§´u¢y"�äH{)

ºì�kéõØvµ

1. ��6Ø
(¹"~X¢ygoto, break�JÝ'��"
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2. �Ç�$"Ï�ä(��;Ø
;n§�H{ä�L§¥kNõN

^!48§$1�ÇØ
p"

3. Ã{�½�`z"Ïd���-mkNõÃ^��!�§ù�K�§

S���5U"

�
)ûù
¯K§Ø�ÀJ¦^�«�\.��¥mL«µÄuÒ

�i!è"ùp^/Qi!è05¡�Cqq)ºì¤¦^�i!è"

5.2 Qi!è

Qi!è´�«ÄuÒ�i!è§Ù$13QJ[Åþ"QJ[ÅÄ:

��-8é�§�)$��-£òÒº�ü�ê�Ñ�$���£Òº¤!

���-£éÒ�Ö�¤!���-£a=Ú^�a=¤!¼êN^�-£�

�Ò�mÚº�Ò�m¤ÚÑ\ÑÑ�-"

QJ[ÅvkM�ìÚ$�êÒ§¤k�ö�ÑÄu§SÒ§ÙÒº�

�¡�top"�
¢y��B§¼êN^¦^���	�N^Ò§ÙÒº�

�¡�sp",	§QJ[Å�k§SOêìpcÚÛÜÏ���fp"¦^Ä

uÒ�i!è´�«ò©�Y"§o�
�È�Ç!$1�ÇÚ�£�5§

¿J,
éuM�ìÚp����|^Ç"

5.3 $1��;|�

duCqq�ó¿Ø|±æ©�§Ù¤k�S�©�Ñ3Òþ"Qi!è

¦^
Xeã¤«�$1��;|�µ

ã 4: $1��;|�

���¼ê�N^�§¬²{±eö�µ

1. 3�¯ó?P¹�cfp� �
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2. òfpÚtop���¯ó��� �§�gO�z�ëê

3. a=�¼ê�\��é

ù�¢y¼êN^�ªÚ�
ëêÚÛÜCþ��;§=òëêÀ�

½Â3mÞ��
Cþ§¢yå5'��B§Ó�!�
Dëê��m"

6 AST�¡�`z

Äu6ã�êâ6©Ûv
r�§�du6ãO��E,Ý�p§k

�  ¿ØU÷v)º�1�I¦"·����3AST�¡U���o

§Ý�`z"¦^AST�¡`z����^�´µ§S==�¹IO�

��6§=6ã´�5��"XJ§S¥�¹a=�-§Ù��6Ã{

�ASTéÐ�£ã§�ÒØU��Ð�`z"

CqqÄuAST�¡�Ì�`z�Ä��K´µ==Ðm��"=z�Ì

��?n���¹uÙ¥��è"XJ�Ìù�:§·��±3v
p�

�ÇSé�è��½§Ý�`z.

6.1 ��Ì�ØCL�ª

XJ��Cþ3Ì�¥vk�½�§@o¡Ù´Ì�ØC�"Ì�Ø

C�Cþ�¤�L�ª¡�Ì�ØCL�ª"��Ì�ØC�L�ªA�

3Ì��mÞØ´Ì�¥?1O�"AO�§XJ��ê|3Ì�¥�

�½�§�ù�ê|�,�Ú^�¤keI���½�§@où�Ú^�

A�3mÞ�O�¶ÄK§A�¦�Uò¤kÌ�ØC�eIýkO�"

ÏéÌ�¥��½��Cþ§|^äþ�êâ(�§�Ð�±��

�5u�è�Ý�E,Ý"duÏ~�Ì�i@�êØ�§�þ¡�

�{3Visitor�ª¥¢yJÝÚ~ê��§Cqq)ºì�¢y
E,Ý

�O(
∑
k|Code|)��{§k�ùã�èi@Ì���Ý"ÙÄ�g´´µ�

o���Û��þP¹¤k�½�:§3��Ì��ém©�P¹�þ¥

����ê§3Ì�(å�×£�þ±é�¤k#\\�¤k½�:"

6.2 �ÛCþ�©Û

XJ��¼ê�±��N^,	��¼ê§3¦��më�^k�>§

ïÑ�ã¡�¼ê�N^ã"3��¼ê��1�§�U�¯ù�¼êÚ
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Ù¤kU���¼ê¥¤k�½�:"¦^Tarjan�{òã�rëÏ©þ

 ���:§3¼��DAGþ�G�Ø �Ä�5y§�±N´���z

�Cþ´Ä�U���¼ê9Ù¤kN^�¼ê½�"

@o���ÛCþ´Ì�ØC�§XJÙØ3Ì�¥N^�¼ê��

U½��Cþ8Ü�¿"

6.3 Ïé���Ì�ØCþ

e¡£ã
��ÄuAST��\r��ÏéÌ�ØCþ�{µ

1. Ïé¤k���Ì�ØCL�ª

2. aL¤k���é(for, if, while)§×£AST

(a) ��Ú^:§\\Ú^:8Ü¥

(b) ��½�:§XJ½�Cþ��Ú^§�Ù½�L�ª´Ì�Ø

C�§òù�CþIP

3. XJ���IP�Cþ3��Ì�¥=k�g½�§òÙ��Ì�Ø

C�"

4. £�1§��vk#Cþ�IP�
Ì�ØC�"

du¢yå5'�(J§Cqq)ºì¥¿vk¢yù��{"Cqq)º

ì¢y
aq�ÏéÌ�Cþ��{"·�¡��Cþ´Ì�Cþ§XJ

Ù3Ì�¥±/Xx 7→ kx+ b�/ªO�"

1. aL¤k���é(for, if, while)§×£AST

(a) ��½�:§XJÙ½��ª/Xx = f(x)§�f(x)äkkx+b�

/ª§òÙIP

2. XJ��IP�Cþ3��Ì�¥��½�
�g§òÙ��Ì�C

þ

é²w§ù��{��±²L?U§|^S�é����g�Ì�C

þ§$�éÑ¤k�Ì�CþL�ª"ùpéÑ�Ì�Cþ�±�)¤�

è��`z�5�B"XJ¢y��gÌ�Cþ�Ïé§duéê|/�

��¯  äkù«/ª§�±��O\ê|Ï���Ý"
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7 Qi!è�¡�`z

È�¢y�Qi!èJ[Å¿ØU���Ð�5U§$�'äH{)

ºì��ú"ù�´ÎÜ�*�µäH{)ºì���6��Äu�Ì�

ó§Qi!è¢y
é��6�)º§Ù��6�Ç'��"�²L±e

�«`z§�±��Jp�1�Ç"

7.1 ��6z{

���a=�éa=��^Ã^�a=�é§�±��òc��a=

�é�8I ������a=�8I"ÏL{ü�S��{½ïã�|

^ÿÀüS?n§�±éN´���ù�:"±e��èJø
¦^S�

�{���6z{�Ä��{µ

Listing 2: ��6z{�{

1 do {
2 change = fa l se ;

3 for each branch i n s t r u c t i o n i

4 i f ( t a r g e t ( i ) == goto ) {
5 ta r g e t ( i ) = ta rg e t ( t a r g e t ( i ) )

6 change = true

7 }
8 } while ( change )

7.2 Ã^�-íØ

��)¤��è  PkNõÃ^��-"�
�B§·�5½ü«

AÏ��-µ

• �/�-µXJ���-Ø¬?UØÒº���?Û �§�Ø¬£
ÄÒ��"~XÜ6��-ÚÖ�S� ��-"

• X\Ò�-µXJ���-�¬ò����\Ò§Ø¬?UÙ¦ 
�§¡Ù�X\Ò�-"
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����/�-½X\Ò�-;�X��ÑÒ�-§@oùü��-

Ò´Ã^�§�±��íØ"�¤±�þ)¤
ù���è§���Ï´

D��é��L�ª§¿vk?Û<I�Ù�£�§I�òÙlÒ¥í

Ø"

,	§Qi!è¥kÏL�éÄ� �¼�ýé ���-fptopool"

XJ���ýé ��-Ú��lýé �¥Ö�½�ýé �����

-§�±òùü��-íØ§^��l�éÄ� �Ï���-�O�"

7.3 M�ìÚÒº��

ÄuÒ�J[ÅXJØU|^8IÅM�ì§Ùö�¤�¬��þ,"

·�F"¦�U|^M�ìéJ[Å?1`z"Äkò��top, fp, pc�

½�M�ì£¢y¥¦^
GCCJø�Sé®?�-¤",	§�±¦^¤

¢/Òº��0�Eâ?1`z"

/Òº��0�g�´§duO�Ñu)3Òº§XJòÒº�eZ

����½�M�ì§@oÒ�±��`zO�5U"QJ[Å�òÒº�

����½�M�ìCþaxµ=zgÒºUC���S��\M�ì§

O���±|^ax���$�§��
��S���m"�O�'�{ü§

AO´k�þ�/�-�§ù«üÑ�±�5é��5UJ,"

7.4 �-Ü¿

duÄ:��-�õ´"/�½�/��§3�Ï�ÚO��  I

�õg\ÒÚÑÒ"ùéuJ[Å�5U´�·�))J[Å©u�-�

¤�ép§�1õ^�-ò�þ��m^3
¼êN^þ"��{ü��

{´*¿J[Å��-?§¦�Ù|±�E,�$�§±~��-©uÚ

Ñ\Ò�¤�"äNó§Cqq)ºìÚQJ[Å�
Xe��-Ü¿µ

1. Ä:�-8¥�¹ksave�-§=ògÒº�����Òº��¤�

� �¥§¿òÒº��ÑÒ"�þ�save´^u���á=êJ

ø ��S� �¥�"�±#O���éA ���/��-±Ü

¿�-"load�-Ón"

2. ��$��-k�^uO���á=êÚÒº����§ù�5
�

½�¤�"�Ä#OòÒº��Úá=êö�¿?UÒº�/�/�

-05Ü¿�-"
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3. ¦^save·-�  �kpop�-§�±#ïsavepop�-òÙÜ¿"

4. ê|Ï�¥  ¦^/Xµ

c0 + c1x1 + c2x2 + . . .+ ck−1xk−1

�L�ª§Ù¥ci´~ê"�ÄO\��AÏ��/��-leap§L

«òÒº��¦��~ê§\�gÒº§±~�ê|Ï�I���-

�ê"

5. �±�âc¡éÌ�Cþ�Ïé���{ü�`z§éu&�Ñ�Ì

�Cþ�D�§^��AÏ��-affine£L«��N�x 7→ kx+ b¤

?n"

7.5 L�ª�è)¤

ÄuM�ì)¤L�ªä��Z�è�±¦^ErshovêÚÄuÄ�5

y��{)¤"ÄuÒ�J[Å��±¦^aq��{§e¡�~f�Ñ§

����������$��¦�^S§�U�5é��5UJ,"

b�ÑkO��fä"�ÄL�ª2+(3+(4+5))�Ä�©{ä§kO�

�¯f½m¯fòUCO��m�"

ã 5: L�ªC�

Listing 3: ©ªkO�m>

1 PUSHIMM 5

2 ADDON 4

3 ADDON 3

4 ADDON 2
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Listing 4: ©ªkO��>

1 PUSHIMM 2

2 PUSHIMM 3

3 PUSHIMM 4

4 ADDON 5

5 ADD

6 ADD

é²w§1���ª¿©|^
Òº��§m���"

l�*þù§kO��/0�fä¬¦�Ï"�$�gê��"ù

p·�{z�.§4O�¤^Òº���²þpÝ��§±���Ð��

mÛÜ5¿¦�U¦^Òº��"O��{ÚErshovê´�Ó�§3Cqq)

ºì¥§ò3AST�¡`z¥�¤éÙþ�O�"ù�3�È�è�§

�I�`kO��/0�fä§=���z¦^Ò�m�²þ�"

8 5UÿÁ

ã 6: 5UÿÁ

ÿÁÅì´Microsoft Surface Laptop)P�>M§��´Intel(R)

Core(TM) i5-7300U§ÄOªÇ2.71GHz§�pHª3.5GHz"ÿÁXÚ´Windows
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Ubuntu Subsystem£Ubuntu 16.04¤"

©OÿÁvk`z�äH{)ºì!\\`z�äH{)ºìÚ��

�Ð(J�Qi!è)ºì"À^��è�)¯�êØC�!äGê|!

îAp��{!KMP�{!Ý
¦{ÚüS�{§���ÿÁêâA+B

Problem´nÜÿÁ§�¹
üS�{!êâ(�!�ä6�{�õ«�{

�¢y"

�±uy§éuäH{)ºì§Ì�`z�kÝ
¦{¼�
'�n

��`z"ù´Ï�Cqq¢y�{ü�ÄuAST�¡�Ì�ØCL�ª©Û

É�u�è¢y§XJ�è'�E,§½öÌ�ØCL�ª�O�¿Ø´

´¶§KÃ{¼�n��`z�J"ù´AST�¡©ÛâÝ�o�(J"

ÄuQi!è)ºìÃØl)¤�è�þ�´ÄuNX(��`z

Ñ��ÐuäH{)ºì§5U�
��"Ù¥¯�üS��1�Ý®²

��
G++?È)¤�è5U�o©��"


