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>h¥Æ�\� @/ô�Ç ÂÒì�r�Ér Advanced Compiler Degisn Implementation by Steven S.Muchnick �̀¦ �ÃÐ�¦
�%i�_þvm�
��.

V� 2 â�
 5����

s���� ÅÒ\� ��Ò�¦ “Constant Folding” õ� “Algebraic Simplification” \� @/ô�Ç >h¥Æ��̀¦ çß�éß�y� ���/åL
��¦ �Å�#Q��
�̧2�¤ 
���.

2.1 Constant Folding

Constant Folding ��H Constant-expression evaluation s����¦ Ô�¦o�l��̧ 
���HX<, (����{9�r� ³ð�&³d��_� operand
�� �©�Ãº (constant) {9� �â
Äº s�\�¦ %�o�
���H �¦̀�	כ ú́�ô�Ç��. s���Ér	כ @/ÂÒì�r_� �â
Äº, Ãº'��
���HX< çß�éß�ô�Ç +þAI�s�
 9 ���©� çß�éß�ô�Ç +þAI���H �̧��H °úכ[þts� �©�Ãº�Ð s�ÀÒ#Q��� �¦̀�	כ ú́�½+É Ãº e����.

x = 1 + 2 ∗ 4

\V\�¦ [þt#Q [O�"î
ô�Ç�����, 0Aü< °ú �Ér ³ð�&³d��s� �>rF�½+É M:, s�\�¦ ��A�ü< °ú s� >�íß�÷&#Q (����{9��)a ��s��-o���
þj�èô�Ç_� Ãº'��ëß� 
��̧2�¤ 
���H �¦̀�	כ ú́�ô�Ç��.

x = 9

&ñ
Ãº_� �â
Äº, @/ÂÒì�r ë�H]j\O�s� Ãº'��½+É Ãº e����HX<, 0 Ü¼�Ð ��è�H������ overflow ü< °ú �Ér exception ÂÒì�rëß� ��
u�́ �â
Äº@/K�"f ú́�s���.(����{9��Q\�"f��Hs���s�z�́'��r�ë�H]j\O	כs�[�t��°ú�Ãºe��Ö¼��\�¦�����K�ÅÒ��H����s	כ
�©� ×�æ¹כ½+É �.���s	כ
z�́Ãº_� �â
Äº, 7á§ �8 �©�S!�s� 4�¤ú̧�ô�ÇX<, Õª s�Ä»��H compiler _� floating-point ���íß�s� z�́]j s� áÔ�ÐÕªÏþ��̀¦

[�twn= áÔ�Ð[j"f_� ���õ�°úכs� &ñ
SX�
�>� °ú �Ért� ��4R�Ð���� ô�Ç��. ÕªXO�t� ·ú§�̀¦ �â
Äº, ]j@/�Ð�)a simulation s�
(����{9��Q\�"f ½̈�&³÷&#Q�� ½+É �.���s	כ ]j@/�Ð ½̈�&³s� îß�÷&#Q e���̀¦ �â
Äº, ���õ�&h�Ü¼�Ð ú̧�3lw�)a operation �̀¦
µ1ÏÒqtr�~�́ Ãº e����. ¢̧ô�Ç ANSI/IEEE-754 ½©���\� ��ØÔ���, exception \� @/ô�Ç type õ� exception s� ��0pxô�Ç °úכ
\� @/ô�Ç &ñ
_��� ú́§s� t�&ñ
÷&#Q e������H �,>���X	כ NaN õ� °ú �Ér infinite [þt�̀¦ �í�<Ê
��¦ e����.

2.2 Algebraic Simplification

Algebraic Simplification ��H ³ð�&³d���̀¦ çß�éß�
�>� ½+É Ãº e����H :£¤&ñ
ô�Ç @/Ãº�<Æ ³ð�&³d��s����¦ ½+É Ãº e����. 0A_�
Constant Folding%�!3�(����{9��Q?/\�"f���©� ú̧�³ð�&³÷&#Q��
���H��s����¦½+ÉÃºe����.@/ÂÒì	כr_� Algebraic
Simplification [þt�Ér binary operator _� �̧½+Ë�̀¦ ��t� 9, ���Ãº�� �©�Ãº_� operator \�"f u�8̈�s� µ1Ï³ðô�Ç �¦̀�	כ
&h�{©�ô�Ç ³ð�&³d��Ü¼�Ð @/�̂ô�Ç��.

i + 0 = 0 + i = i− 0 = i
0− i = −i
i ∗ 1 = 1 ∗ i = i/1 = i
i ∗ 0 = 0 ∗ i = 0

0Aü< °ú s� binary operator \� @/ô�Ç çß�éß��o\�¦ ½+É Ãº e���̀¦ ÷�rëß� ��m��� unary operator \� @/K�"f�̧ K�{©� |̈c
Ãº e����.

−(−i) = i
i + (−j) = i− j

¢̧ô�Ç Boolean s��� bit-field type [þt\� @/K�"f�̧ K�{©�|̈c Ãº e����HX<,

b ∨ true = true ∨ b = true
b ∨ false = flase ∨ b = b

0Aü<°ú �Ér³ð�&³d��Ü¼�Ðçß�éß��o½+ÉÃºe����.Óüt�:r0A_��â
Äº[þt÷�rëß���m���, Shift���íß�s���, Relational operator
[þt\� @/K�"f�̧ (����{9�÷&��H architecture \� ���� ½̈�&³s� ��0px
���.
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void encode (HOST WIDE INT *words, unsigned HOST WIDE INT low, HOST WIDE INT hi)

two-word integer\�¦ 4 word�Ð unpackô�Ç��. LOWü< HI��H&ñ
Ãºs� 9¿º ‘HOST WIDE INT’
�̧y��s���. WORDS ��H HOST WIDE INT [þt_� C�\P��̀¦ ��ØÔv��¦ e����.

void decode (HOST WIDE INT *words, unsigned HOST WIDE INT *low, HOST WIDE INT *hi)

4 word [þt_� C�\P��̀¦ two-word integer �Ð pack ô�Ç��. WORDS ��H word [þt_� C�\P��̀¦ ��ØÔ���
��. &ñ
Ãº��H ¿º ‘HOST WIDE INT’ �̧y��Ü¼�Ð y��y�� *LOW ü< *HI \� $��©��)a��.

int force fit type (tree t, int overflow)

Type \� 5Åq
�t� ·ú§��H constant ?/ �̧��H bit \�¦ 0 <�Ê�Ér 1 �Ð [O�&ñ
�<ÊÜ¼�Ð+� &ñ
Ãº constant T
_� type \� @/K� T �� Ä»ò́
��̧2�¤ ëß���H��.
ëß���� signed overflow �� µ1ÏÒqt
���� 1 �̀¦ ÕªXO�t� ·ú§Ü¼��� 0 �̀¦ ìøÍ8̈�ô�Ç��. ëß���� OVERFLOW
�� 0 s� ��m����, signed overfow ��H T \�¦ >�íß�
���H 1lxîß� s�p� µ1ÏÒqtô�Ç �.���s	כ ÕªA�"f Õª�¦̀�	כ
éß�í�Hy� Zþt�2;��.
(�>rF�½+É �â
Äº) CHECK FLOAT VALUE \�¦  ñØ�¦�<ÊÜ¼�Ð+� type s� real constant T \� @/K�
Ä»ò́
��̧2�¤ ëß���H��.

int add double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, unsigned HOST WIDE INT
l2, HOST WIDE INT h2, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv)

¿º doubleword&ñ
Ãº[þt�̀¦ doubleword���õ��Ð�8ô�Ç��.y�� argument��H¿º ‘HOST WIDE INT’
�̧y��[þt�Ð ÅÒ#Q�����. ô�Ç argument ��H L1 õ� H1; ���Ér 
�����H L2 ü< H2 s���. °úכ�Ér *LV ü<
*HV ?/ ¿º ‘HOST WIDE INT’ �̧y��Ü¼�Ð $��©��)a��.

int neg double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, unsigned HOST WIDE INT
*lv, HOST WIDE INT *hv)

¿º doubleword &ñ
Ãº[þt�̀¦ doubleword ���õ��Ð negate ô�Ç��. Õª��s	כ sign Ü¼�Ð ��&ñ
Ùþ¡�̀¦ M: ëß�
��� operation s� overflow s����, 0 s� ����� °ú̀�כ¦ ìøÍ8̈�ô�Ç��. y�� argument ��H L1 õ� H1 ?/ ¿º
‘HOST WIDE INT’ �̧y��[þt�Ð ÅÒ#Q�����. °úכ�Ér *LV ü< *HV ?/ ¿º ‘HOST WIDE INT’ �̧y��
Ü¼�Ð $��©��)a��.

int mul double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, unsigned HOST WIDE INT
l2, HOST WIDE INT h2, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv)

¿º doubleword &ñ
Ãº[þt�̀¦ doubleword ���õ��Ð Y�Lô�Ç��. Õª��s	כ sign Ü¼�Ð ��&ñ
Ùþ¡�̀¦ M: ëß����
operations� overflows����, 0s������°ú̀�כ¦ìøÍ8̈�ô�Ç��.y�� argument��H¿º ‘HOST WIDE INT’
�̧y��[þt�Ð ÅÒ#Q�����. ô�Ç argument ��H L1 õ� H1; ���Ér 
�����H L2 ü< H2 s���. °úכ�Ér *LV ü<
*HV ?/ ¿º ‘HOST WIDE INT’ �̧y��Ü¼�Ð $��©��)a��.

void lshift double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, HOST WIDE INT count,
unsigned int prec, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv, int arith)

���õ�_� PREC bit [þtëß� Ä»t�ô�Ç�̂, L1, H2 ?/ Doubleword &ñ
Ãº\�¦ COUNT ��o��Ð ¢,aAá¤
shift ô�Ç��. ëß���� COUNT �� 6£§Ãºs���� �̧�ÉrAá¤ shift ô�Ç��. ARITH nonzero ��H arithmetic
shift �̀¦ _�p�
� 9 ÕªXO�t� ·ú§�̀¦ �±p logical shift \�¦ ��6 xô�Ç��. °úכ�Ér *LV ü< *HV ?/ ¿º

‘HOST WIDE INT’ �̧y��Ü¼�Ð $��©��)a��.

void rshift double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, HOST WIDE INT
count, unsigned int prec, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv, int arith)
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���õ�_� PREC bit [þtëß� Ä»t�ô�Ç�̂, L1, H2 ?/ Doubleword &ñ
Ãº\�¦ COUNT ��o��Ð �̧�ÉrAá¤
shift ô�Ç��. COUNT ��H ìøÍ×¼r� �ª�Ãº#��� ô�Ç��. ARITH nonzero ��H arithmetic shift �̀¦ _�p�

� 9ÕªXO�t�·ú§�̀¦�±p logical shift\�¦��6 xô�Ç��.°úכ�Ér *LVü< *HV?/¿º ‘HOST WIDE INT’
�̧y��Ü¼�Ð $��©��)a��.

void lrotate double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, HOST WIDE INT
count, unsigned int prec, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv)

���õ�_� PREC bit [þtëß� Ä»t�ô�Ç�̂, L1, H2 ?/ Doubleword &ñ
Ãº\�¦ COUNT ��o��Ð ¢,aAá¤
rotate ô�Ç��. ëß���� COUNT �� 6£§Ãº{9� �â
Äº �̧�ÉrAá¤ rotate ô�Ç��. °úכ�Ér *LV ü< *HV ?/ ¿º
‘HOST WIDE INT’ �̧y��Ü¼�Ð $��©��)a��.

void rrotate double (unsigned HOST WIDE INT l1, HOST WIDE INT h1, HOST WIDE INT
count, unsigned int prec, unsigned HOST WIDE INT *lv, HOST WIDE INT *hv)

���õ�_� PREC bit [þtëß� Ä»t�ô�Ç�̂, L1, H2 ?/ Doubleword &ñ
Ãº\�¦ COUNT ��o��Ð �̧�ÉrAá¤
rotateô�Ç��. COUNT��HìøÍ×¼r��ª�Ãº#���ô�Ç��.°úכ�Ér *LVü< *HV?/¿º ‘HOST WIDE INT’
�̧y��Ü¼�Ð $��©��)a��.

int div and round double (enum tree code code, int uns, unsigned HOST WIDE INT lnum orig,
HOST WIDE INT hnum orig, unsigned HOST WIDE INT lden orig, HOST WIDE INT hden orig,
unsigned HOST WIDE INT *lquo, HOST WIDE INT *hquo, unsigned HOST WIDE INT *lrem,
HOST WIDE INT *hrem)

doubleword integer LNUM, HNUM \�¦ doubleword integer LDEN, HDEN �Ð ��¾º"f ]���Ér
*LQUO, *HQUO \�, �� Qt���H *LREM, *HREM \� $��©�ô�Ç��. CODE ��H division _� 7áx
ÀÓ��� tree code �Ð+�, TRUNC DIV EXPR <�Ê�Ér FLOOR DIV EXPR, CEIL DIV EXPR,
ROUND DIV EXPR, EXACT DIV EXPR ×�æ 
���s���. ]��s� #Qb�G>� integer �Ð round ÷&
#Qt���Ht� ]j#Q
��¦, ëß���� operation s� overflow èß������ 0 s� ����� °ú̀�כ¦ ìøÍ8̈�ô�Ç��. UNS _�
°úכs� 0 s� ��u�́ �â
Äº, unsigned division �̀¦ Ãº'���<Ê�̀¦ _�p�ô�Ç��.

REAL VALUE TYPE real value truncate (enum machine mode mode, REAL VALUE TYPE arg)

Narrower mode \�"f ���©� ��H]X�
�>� ��0pxô�Ç °ú̀�כ¦ ³ð�&³
���H real value \�¦ ò́Ö�¦&h�Ü¼�Ð trun-
cate ô�Ç��. ���õ���H z�́]j�Ð argument ü< °ú �Ér data type Ü¼�Ð ³ð�&³÷&t�ëß� Õª��_	כ °úכ�Ér �Ð:�x
��ØÔ��.
Trap s� FP operation 1lxîß� µ1ÏÒqt½+É Ãº e��Ü¼ 9, ëß�[þt#Q��� handler \�¦ ��t���H ��Ér	כ calling
function _� Õþ�e��s���.

int target isinf (REAL VALUE TYPE x)

IEEE double precision number \�"f infinity \�¦ �����ô�Ç��.

int target isnan (REAL VALUE TYPE x)

IEEE double precision number �� NaN ���t� �����t�\�¦ �����ô�Ç��.

int target negative (REAL VALUE TYPE x)

Negative IEEE double precision number \�¦ �����ô�Ç��.

void exact real inverse 1 (PTR p)

&h�{©�ô�Ç [O�"î
s� �>rF�
�t� ·ú§��H��.

int exact real inverse (enum machine mode mode, REAL VALUE TYPE *r)

&h�{©�ô�Ç [O�"î
s� �>rF�
�t� ·ú§��H��.



3 �×�¿ Áþ�ÊÁ ��� 9�æ«�× 5

REAL VALUE TYPE real hex to f (const char *s, enum machine mode mode)

C99 hexadecimal floating point string constant S \�¦ ���8̈�ô�Ç��. Mode MODE ��� z�́Ãº°úכ
type �̀¦ ìøÍ8̈�ô�Ç��. s� �<ÊÃº��H REAL ARITHMETIC �� �>rF�
�t� ·ú§�̀¦ �â
Äº host computer
_� floating point arithmetic \�¦ ��6 xô�Ç��.

tree negate expr (tree t)

ÅÒ#Q��� ³ð�&³d�� T _� negation \�¦ ìøÍ8̈�ô�Ç��. case �� null �̀¦ ìøÍ8̈�½+É �â
Äº T �� null s� ÷&�̧
2�¤ )�|ÃÌô�Ç��.

tree split tree (tree in, enum tree code code, tree *conp, tree *litp, tree *minus litp, int
negate p)

Tree IN �̀¦ constant ü< literal, variable ÂÒì�rÜ¼�Ð ú̧����·p��. s���Ér	כ CODE \�¦ ��6 x
�#� IN
Ü¼�Ð ��r� �̧½+Ë|̈c Ãº e����H +þAI�s���. “constant” ��H TREE CONSTANT \�¦ ����� ³ð�&³d��
�̀¦ _�p�
�t� z�́]j constant \�¦ _�t�
�t� ·ú§��H��. CODE ��H ìøÍ×¼r� commutative arithmetic
operation s�#��� ô�Ç��. Constant part ��H *CONP \� $��©�
��¦ *LITP \� literal \�¦ variable
ÂÒì�r�̀¦ ìøÍ8̈�ô�Ç��. ëß���� �̧y��s� �>rF�
�t� ·ú§��H�����, NULL �Ð [O�&ñ
ô�Ç��. ëß���� tree �� s��Q
ô�Ç~½Ód��Ü¼�Ðì�rK�÷&t�·ú§��H�����, variable part��H����̂ tree\�¦ìøÍ8̈�
��¦���ÉrÂÒì�r�Ér NULL
�Ð ìøÍ8̈��)a��.
ëß���� CODE �� PLUS EXPR s����, Äºo���H ¢̧ô�Ç MINUS EXPR \�¦ ��6 xô�Ç tree [þt�Ð ì�rK�
½+É Ãº e����. K�{©� �â
Äº, Äºo���H õü�!lr�̀¦ 
���H operand \�¦ negate �<ÊÜ¼�Ð+� ½+É Ãº e����HX<, @/
��� Äºo��� literal �̀¦ 0AK� *MINUS LITP \�¦ @/��� ��6 x
���H �â
Äº��H \Vü@ s���.
ëß���� NEGATE P �� true s����, Äºo���H IN _� �̧��H �¦̀�	כ negate 
���HX< #����y�
MINUS LITP \�¦ @/��� ��6 x
���H literal _� �â
Äº \Vü@s���.
ëß���� IN �����s� literal <�Ê�Ér constant s����, &h�{©�
�>� Õª�¦̀�	כ ìøÍ8̈�ô�Ç��.
Äºo���H [j>h_� °úכ ×�æ �̧��H ��s	כ IN ü< °ú �Ér type s�����H �Ð�©��̀¦ 
�t� 3lw
�t�ëß�, Õª[þts� °ú 
�Ér signedness ü< mode \�¦ ��|9� �s�����H	כ |	� ½+É Ãº e����.

tree associate trees (tree t1, tree t2, enum tree code code, tree type)

0A_� �<ÊÃº\� _�K� ]X�éß��)a tree \�¦ F����½+Ëô�Ç��. T1 õ� T2 ��H ���½+Ë½+É ³ð�&³d��s����� null s�
��. Dh�Ðî�r ³ð�&³d���̀¦ ìøÍ8̈�ô�Ç��. ëß���� Äºo��� operation �̀¦ build ½+É �â
Äº Õª��Ér	כ TYPE õ�
CODE \�¦ ��t��¦ e����.

tree int const binop (enum tree code code, tree arg1, tree arg2, int notrunc)

Dh�Ðî�r �©�Ãº\�¦ Òqt$í

�l� 0AK� &ñ
Ãº �©�Ãº[þt ARG1 õ� ARG2 \�¦ Ãº'�� CODE 
�\�"f ���½+Ër�
�����.
ëß���� NOTRUNC �� 0 s� ��m����, Data type �̀¦ ú́�ÆÒl� 0AK� ���õ�\�¦ truncate 
�t� ·ú§��H��.

void const binop 1 (PTR data)

Float overflow handler \� _�K� �Ð ñ÷&��H 1lxîß� const binop \�¦ 0Aô�Ç real arithmetic \�¦ Ãº'��
ô�Ç��.

static tree const binop (enum tree code code, tree arg1, tree arg2, int notrunc)

Dh�Ðî�r constant \�¦ Òqt$í

�l� 0AK� operation CODE 
�\� ¿º constant ARG1 ü< ARG2 \�¦
�̧½+Ëô�Ç��. Äºo���H ARG1 ü< ARG2 �� °ú �Ér data �̀¦ ��������¦ ��&ñ

�����, &h�#Q�̧ °ú �Ér
constant �̧Ä»ü< °ú �Ér machine mode \�¦ ��������¦ ��&ñ
ô�Ç��.
NOTRUNC °úכs� 0 s� ��u�́ �â
Äº, data type �̀¦ ú́�ÆÒl� 0AK� ���õ�\�¦ truncate 
�t� ·ú§��H��.

hashval t size htab hash (const void *x)

Hash code code X, INTEGER CST \�¦ ìøÍ8̈�ô�Ç��.
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int size htab eq (const void *x, const void *y)

*X (INTEGER CST tree node) \� _�K� ³ð�&³÷&��H °úכs� *Y \� _�K� ��������H °úכõ� 1lx{9�½+É
�â
Äº 0 s� ����� °ú̀�כ¦ ìøÍ8̈�ô�Ç��.

tree size int wide (HOST WIDE INT number, enum size type kind kind)

°úכ_� low-order HOST BITS PER WIDE INT bit �� NUMBER s��¦, KIND �Ð ³ð�&³÷&��H
sizetype �̀¦ ����� INTEGER CST \�¦ ìøÍ8̈�ô�Ç��.

tree size int type wide (HOST WIDE INT number, tree type)

��_� °ú t�ëß�, õA�)a'¹כ type s� ì�r"î

�>� t�&ñ
�)a��.

tree size binop (enum tree code code, tree arg0, tree arg1)

íß�Õüt ���íß� CODE �Ð operand [þt OP1 õ� OP2 \�¦ ���½+Ëô�Ç��. CODE ��H tree code s���. ���
õ�_� type �Ér operand [þt�ÐÂÒ'� 2[K������. �ª�Aá¤ �̧¿º ìøÍ×¼r� °ú �Ér type &ñ
Ãº type s��¦ size
type s�#��� ô�Ç��. ëß���� operand [þts� �©�Ãºs����, ���õ��̧ ÕªXO���.

tree size diffop (tree arg0, tree arg1)

ÅÒ#Q��� ¿º °úכÜ¼�Ð, Ñüt�� sizetype s����� Ñüt�� bitsizetype, ¿º °úכ��s�_� 	�s�&h��̀¦ >�íß�ô�Ç��.
Operand [þt_� type \� ú́���H signed type +þAI�_� °ú̀�כ¦ ìøÍ8̈�ô�Ç��.

void fold convert 1 (PTR data)

floating-point constant [þt�̀¦ ���8̈�
�l� 0Aô�Ç �<ÊÃº. floating point exception handler \� _�K�
�Ð ñ�)a��.

tree non lvalue (tree x)

X ü< °ú �Ér expr �̀¦ ìøÍ8̈�
�t�ëß�, lvalue �Ð ���)� Ä»ò́
�t� ·ú§�Ér �¦̀�	כ ìøÍ8̈�ô�Ç��.

tree pedantic non lvalue (tree x)

pedantic {9� �â
Äº, X ü< °ú �Ér expr �̀¦ ìøÍ8̈�
�t�ëß�, pedantic lvalue �Ð+� SX�z�́y� Ä»ò́
�t� ·ú§
�̀¦ Ãº e����. ÕªXO�t� ·ú§�̀¦ �â
Äº X \�¦ ìøÍ8̈�ô�Ç��.

enum tree code invert tree comparison (enum tree code code)

ÅÒ#Q��� tree comparison code ü< �7Ho�&h���� ìøÍ@/��� code \�¦ ìøÍ8̈�ô�Ç��. NE EXPR ü<
EQ EXPR \�¦ ]jü@ô�Ç floating-point comparison \� @/K� s� �<ÊÃº\�¦ Ãº'��
���H ��Ér	כ îß����
�
t� 3lw
���.

enum tree code swap tree comparison (enum tree code code) tree code code)

q�5pw
�t�ëß�, operand[þts� swap÷&#Q������õ�\�¦q��§\�@/K�ìøÍ8̈�ô�Ç��.s���Ér	כ floating-point
\� @/K� îß����
���.

int truth value p (enum tree code code)

ëß���� CODE �� truth value \�¦ ³ð�&³
���H tree code {9� �â
Äº 0 s� ����� °ú̀�כ¦ ìøÍ8̈�ô�Ç��.

int operand equal p (tree arg0, tree arg1, int only const)

¿º operand[þts����õ�&h�Ü¼�Ð°ú ����� 0s������°ú̀�כ¦ìøÍ8̈�ô�Ç��.ëß���� ONLY CONST�� non-
zero �����, �̧f�� �©�Ãº\� @/K�"fëß� 0 s� ����� °ú̀�כ¦ ìøÍ8̈�ô�Ç��. s� �<ÊÃº��H operand [þts� ½̈Z>�
s� Ô�¦��0pxô�Çt� �����t�\�¦ �����
���HX<, s���Ér	כ C _� == operation �̀¦ ��6 x
���Ht�\�¦ ½̈ì�r
�
��H��s	כ ��m���. s��Qô�Ç ½̈Z>��Ér IEEE floating point \�"f��H ×�æ¹כô�ÇX<, s�Ä»��H ��A�ü< °ú ��.
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1. −0.0 ü< 0.0 ��H ½̈Z>�|̈c Ãº e��t�ëß�, −0.0==0.0 ��H ��m���.
2. ¿º NaN �Ér ½̈Z>�½+É Ãº \O��̀¦ t� ]�t���̧ NaN!=NaN ��H ��m���.

int operand equal for comparison p (tree arg0, tree arg1, tree other)

operand equal p ü< q�5pw
�t�ëß�, ARG1 s� OTHER ü< q��§÷&#Q|9� M: ARG1 �ÐÂÒ'�
shorten compare \� _�K� ARG0 s� ½̈$í
÷&#Q|9� Ãº e����Ht� ¶ú�(R�:r��.
��f�� ·ú� Ãº \O��̀¦ �â
Äº, 0 �̀¦ ìøÍ8̈�ô�Ç��.

int twoval comparison p (tree arg, tree *cval1, tree *cval2, int *save p)

ARG �� comparison s����� comparison \� @/ô�Ç arithmetic �̀¦ Ãº'��
���H ³ð�&³d�����t�\�¦ ¶ú�
(R�:r��. comparison [þt�Ér ìøÍ×¼r� ¿º>h_� ���Ér °úכ[þt\� @/K� q��§ K��� 
� 9, y��y�� *CVAL1
ü< *CVAL2 $��©�÷&#Q4R e���̀¦ �.���s	כ ëß���� ¿º>h_� °úכs� 0 s� ��m������ Y>�Y>� operand �� s�
p� µ1Ï|
�÷&%3�����H �¦̀�	כ _�p�ô�Ç��. ³ð�&³d��\�"f variable [þt�Ér comparison �̀¦ ]jü@ô�Ç ���Ér /BM
\�"f��H ���)� ��6 x
�t� ·ú§�̀¦ �.���s	כ ëß���� SAVE P �� true {9� �â
Äº, s���Ér	כ ³ð�&³d�� ÅÒ���\�
e����H SAVE EXPR \�¦ ]j��
��¦ save expr �� CVAL1 ü< CVAL2 \�¦ ������Ð  ñØ�¦|̈c ��¹כ��9
e��6£§�̀¦ _�p�ô�Ç��.
ëß���� s���s	כ true s���� 1 �̀¦ ìøÍ8̈�
��¦ ÕªXO�t� ·ú§�̀¦ �â
Äº 0 �̀¦ ìøÍ8̈�ô�Ç��.

tree eval subst (tree arg, tree old0, tree new0, tree old1, tree new1)

ARG ��H éß�í�Hy� arithmetic operation [þtõ� comparison [þt�̀¦ �í�<Ê
���H �Ü¼�Ð	כ ·ú��9��� tree
s���. Comparison _� operand �Ð+� OLD0 �� ����±ú� �â
Äº NEW0 Ü¼�Ð @/�̂�<ÊÜ¼�Ð+� tree
?/ operation [þt�̀¦ evaluate ô�Ç��. NEW1 õ� OLD1 \� @/K�"f�̧ ��ðøÍ��t�s���.

tree omit one operand (tree type, tree result, tree omitted)

expression_����õ��� TYPEÜ¼�Ð���8̈��)a RESULT����â
Äº\�@/ô�Ç tree\�¦ìøÍ8̈�ô�Ç��. OMIT-
TED��Hs����³ð�&³d��_� operand%i�t�ëß�,s�]j�9¹כ�
�t�·ú§��. (\V\�¦[þt���,Äºo���HOMITTED
* 0 \�¦ fold ô�Ç �â
Äº\�¦ [þt Ãº e����x��.)
ëß���� OMITTED �� side effect \�¦ ��t��¦ e�������, Äºo���H ìøÍ×¼r� Õª�¦̀�	כ F�î̈
�� 
�#��� ô�Ç
��. ÕªXO�t� ·ú§����� éß�í�Hy� TYPE Ü¼�Ð RESULT \�¦ ���8̈�ô�Ç��.

tree pedantic omit one operand (tree type, tree result, tree omitted)

q�5pw
�t�ëß�, non lvalue @/���\� pedantic non lvalue \�¦  ñØ�¦ô�Ç��.

tree invert truthvalue (tree arg)

ARG _� truth-negation \� @/K� çß�éß��o�)a tree \�¦ ìøÍ8̈�ô�Ç��. s���Ér	כ ]X�@/ ARG ���̂\�¦ ���
�â

�t� ·ú§��H��. Äºo���H ARG �� truth value (0 <�Ê�Ér 1) �̀¦ ìøÍ8̈�
���H operation Ü¼�Ð ��&ñ
ô�Ç
��.

tree distribute bit expr (enum tree code code, tree type, tree arg0, tree arg1)

ARG0ü< ARG1\�&h�6 x�)aÅÒ#Q��� bit-wise operation CODE��H¿º operand��/BN:�x�)a input
�̀¦��t���H"f�Ð���Ér bit-wise operation ���t�¶ú�(R�:r��.ÕªA�"fëß����ÕªXO������ operation �̀¦
]X����
�l� 0AK� bit operation [þt�̀¦ ì�ro�
� 9, �©�Ãº [þts� �í�<Ê÷&#Q e������� Ñüt�Ð ��0pxô�Ç ì�ro�
ô�Ç��. \V\�¦ [þt#Q

(A|B) & (A|C) \�¦ A|(B & C)

�Ð ���8̈�ô�Ç��. 7á§ �8 �������)a simplification ��H B ü< C �� �©�Ãº{9� �â
Äº µ1ÏÒqt½+É �.���s	כ
ëß���� s� þj&h��o�� Ãº'��|̈c Ãº \O������, 0 s� ìøÍ8̈�|̈c �.���s	כ

tree make bit field ref (tree inner, tree type, int bitsize, int bitpos, int unsignedp)
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BITPOS \�"f �����
���H INNER _� BITSIZE bit [þt�̀¦ �ÃÐ�̧
���H type TYPE ���
BIT FIELD REF \�¦ ìøÍ8̈�ô�Ç��. field ��H UNSIGNEDP �� 0 s� ��u�́ �â
Äº unsigned s���.

tree optimize bit field compare (enum tree code code, tree compare type, tree lhs, tree rhs)

Bit-field compare \�¦ þj&h��oô�Ç��.
¿º�â
Äº���>rF�
���HX<,'Í	���P:��H constant\�@/ô�Çq��§s� 9,¿º���P:��H field�� chunk (byte,
halfword, word) _� r����õ� �'aº��
�#� °ú �Ér bit 0Au���� ¿º item _� q��§s���. s��Qô�Ç �â
Äº Äº
o���H bitfield extraction \� ���Ér shift implicit \�¦ x�½+É Ãº e����.
Constant \� @/K�, Äºo���H mask _� BIT AND EXPR \�¦ ��t���H shifted constant ü< q��§÷&
��H operand _� byte <�Ê�Ér halfword, word _� q��§\�¦ emit ô�Ç��. °ú �Ér 0Au� _� ¿º field \� @/
K�"f��H q�5pwô�Ç mask ü< AND \�¦ Ãº'��
��¦ AND [þt_� ���õ�\�¦ q��§ô�Ç��.
CODE ��H comparison code ���X<, NE EXPR <�Ê�Ér EQ EXPR ×�æ 
���{9� �.���s	כ COM-
PARE TYPE ��H comparison _� type s� 9, LHS ü< RHS ��H y��y�� comparison _� ¢,aAá¤õ� �̧
�ÉrAá¤ operand [þts���.
ëß���� 0A\�"f [O�"î
ô�Ç þj&h��o�� Ãº'��|̈c Ãº e���̀¦ �â
Äº, ���õ� tree \�¦ ìøÍ8̈�
��¦, ÕªXO�t� ·ú§�̀¦ �â

Äº 0 �̀¦ ìøÍ8̈�ô�Ç��.

tree decode field reference (tree exp, HOST WIDE INT *pbitsize, HOST WIDE INT *pbitpos,
enum machine mode *pmode, int *punsignedp, int *pvolatilep, tree *pmask, tree *pand mask)

fold truthop _� 
�0AÀÒ�2;: field reference \�¦ K�$3�ô�Ç��.
ëß���� EXPR �� comparison reference �����, Äºo���H innermost reference \�¦ ìøÍ8̈�ô�Ç��.
*PBITSIZE��H reference?/ bit_� number�Ð[O�&ñ
÷&�¦, *PBITPOS��Hr���� bit number�Ð
[O�&ñ
�)a��.
ëß���� innermost field �� ¢-a���y� mode-sized unit \� �í�<Ê|̈c Ãº e�������, *PMODE \� K�{©�
mode �� [O�&ñ
�)a��. ÕªXO�t� ·ú§�����, VOIDmode �� [O�&ñ
�)a��.
*PVOLATILEP ��H ëß���� t��FK��t� ëß�èß� #Q�"� ³ð�&³d��s� volatile {9� �â
Äº 1 �Ð [O�&ñ
 ÷&�¦ Õª
XO�t� ·ú§����� ����â
÷&t� ·ú§��H��.
*PUNSIGNEDP ��H field _� signedness �Ð [O�&ñ
�)a��.
*PMASK ��H ��6 x�)a mask �Ð [O�&ñ
�)a��. s���Ér	כ BIT AND EXPR \� �í�<Ê÷&���� field _�
width �ÐÂÒ'� Ä»�̧�)a��.
*PAND MASK ��H µ1Ï|
�|̈c �â
Äº BIT AND EXPR \�"f µ1Ï|
��)a mask �Ð [O�&ñ
�)a��.
ëß���� s���s	כ component reference �� ��m����� Äºo��� %�o�½+É Ãº e����H ��s	כ ��m������ 0 �̀¦
ìøÍ8̈�ô�Ç��.

int all ones mask p (tree mask, int size)

ëß���� MASK �� low-order bit position ��� ��_	כ SIZE _� mask \�¦ ����è­q �â
Äº 0 s� ����� °úכ
�̀¦ ìøÍ8̈�ô�Ç��.

int simple operand p (tree exp)

fold truthop _� 
�0AÀÒ�2;: operand �� Áº�̧|	�&h�Ü¼�Ð evaluate ÷&#Q|9� Ãº e���̀¦ &ñ
�̧�Ð çß�éß�
ô�Çt�\�¦ ���&ñ
ô�Ç��.

��6£§ �<ÊÃº[þt�Ér fold range test _� 
�0AÀÒ�2;s� 9 comparison _� logical combination �̀¦ range test �Ð ����â
�̀¦
r��̧
��9�¦ ô�Ç��.
\V\�¦ [þt���, ��A�_� ¿º \V]j,

X == 2 || X == 3 || X == 4 || X == 5

ü<

X >= 2 && X <= 5
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��H ��A�ü< °ú s� ���8̈�|̈c �.���s	כ

(unsigned) (X − 2) ¡= 3

Äºo���H comparison _� y��y��_� |9�½+Ë�̀¦ range _� inside ü< outside �Ð ³ð�&³
���HX< IN P ü< °ú s� "î
"î
�)a
variable \�¦ ��6 x
�#�, lower ü< upper bound \�¦ ��t���H range \�¦ �����·p��. ëß���� bound [þt_� 
����� Òqt|ÄÌ
�)a�����, type _� ���©� Z�}�Ér °úכõ� ���©� ±ú��Ér °ú̀�כ¦ �����·p��.
��A�_� comment \�"f, Äºo���H range \�¦ F�c ñü< ¿º Õüw���Ð ³ð�&³
���HX<, ³ð�&³
���HX< e��#Q"f K�{©� range

_� inside \�¦ ³ð�&³
�l� 0AK�"f “+” \�¦ ��6 x
��¦ K�{©� range _� outside \�¦ ����?/l� 0AK� “−” ØÔ ��6 xô�Ç��.
ÕªA�"f s��Qô�Ç �̧|	��Ér prefix \� "f�Ð ���Ér l� ñ\�¦ ��6 x�<ÊÜ¼�Ð+� ìøÍ@/�Ð ëß�[þt Ãº e����. Òqt|ÄÌ�)a bound ��H
“−” �Ð �����·p��. \V\�¦ [þt#Q, “− [−, 10]” ��H ���©� ±ú��Ér °úכ\�"f r����
��¦ 10 \�"f =åQ����H #3�0A_� ��¾ú Aá¤�̀¦
_�p�
���HX<, ���Ér ú́��Ð Û�¦s�
���� 10 �Ð�� 	�H �¦̀�	כ _�p�ô�Ç��. Range “+ [−, −]” ��H �½Ó�©� true s�l� M:ë�H\�
range “− [−, −]” ��H �½Ó�©� false s���.
s�XO�>� [O�&ñ
�<ÊÜ¼�Ð+� missing bound [þt�Ér consistent manner �Ð+� ��ÀÒ#Qt�>� ÷&��HX<, s���Ér	כ missing

bound <�Ê�Ér “true” ü< “false” �� :£¤Z>�ô�Ç �â
Äº\�¦ ��6 x
�#� ��ÀÒ#Q|9� ��¹כ��9 \O��̧2�¤ ô�Ç��.

tree range binop (enum tree code code, tree type, tree arg0, tree arg1, int upper0 p, int upper1 p)

CODE \�¦ ARG0 õ� ARG1 \� &h�6 xô�Ç ���õ�°ú̀�כ¦ ìøÍ8̈�
���HX<, Òqt|ÄÌ÷&#Q��� ARG0 õ�/<�Ê�Ér
ARG1 _� �â
Äº ¢̧ô�Ç ��ê�r��. 7£¤ Áº]jô�Ç range \�¦ ��ê�r����H �.���s	כ UPPER0 P ü< UP-
PER1 P ��H ëß���� y��y��_� argument �� upper bound s��¦ lower \� @/K�"f��H 0 {9� �â
Äº 0 s�
����� °úכs���. TYPE �Ér, ëß���� 0 s� ��m����, ���õ�_� type s���. comparison \� @/K�"f��H ìøÍ
×¼r� t�&ñ
÷&#Q�� ô�Ç��. ARG1 �Ér ëß���� Ñüt�� t�&ñ
÷&#Q e���̀¦ �â
Äº, ARG0 _� type Ü¼�Ð ���8̈�
|̈c �.���s	כ

tree make range (tree exp, int *pin p, tree *plow, tree *phigh)

ÅÒ#Q��� EXP, logical expression, ��H PIN P ü< PLOW, PHIGH \� _�K� ����èß� variable
[þt�̀¦ _�Û¼àÔ
�#� range \�¦ [O�&ñ
ô�Ç��. z�́]j�Ð �����÷&#Q��� ³ð�&³d���̀¦ ìøÍ8̈�ô�Ç��. *PLOW ü<

*PHIGH ��H ìøÍ8̈�÷&��H ³ð�&³d��õ� °ú �Ér type Ü¼�Ð ½̈$í
|̈c �.���s	כ ëß���� EXP �� comparison
s� ��m������, Äºo���H @/ÂÒì�r_� �â
Äº, Ä»6 xô�Ç °úכõ� range \�¦ ìøÍ8̈�
�t� 3lw½+É �.���s	כ

tree build range check (tree type, tree exp, int in p, tree low, tree high)

ÅÒ#Q��� range��� LOWü< HIGH, IN PÕªo��¦³ð�&³d�� EXP,��t�}��Ü¼�Ð���õ� type��� TYPE
�̀¦ ��6 x
�#�, EXP �� range _� ?/ÂÒ\� e����Ht�\�¦ (<�Ê�Ér ü@ÂÒ\� e����Ht�, s���H IN P \� _��>r
ô�Ç��.) �����
�l� 0Aô�Ç ³ð�&³d���̀¦ ìøÍ8̈�ô�Ç��.

int merge ranges (int *pin p, tree *plow, tree *phigh, int in0 p, int in1 p, tree low0, tree high0, tree
low1, tree high1)

ÅÒ#Q��� ¿º range [þt�̀¦ ��6 x
�#� Äºo��� Õª�¦̀�	כ 
����Ð #î
½+Ë½+É Ãº e����Ht�\�¦ ¶ú�(R�:r��. ëß����
Äºo��� ½+É Ãº e������� 1 �̀¦ \O������ 0 �̀¦ ìøÍ8̈�ô�Ç��. t�&ñ
�)a parameter ?/\� output range \�¦
[O�&ñ
ô�Ç��.

tree fold range test (tree exp)

EXP ��H Y>�Y>� boolean test [þt_� logical combination s���. Äºo���H Y>�Y>� range test \�¦ :�xK�
"f Õª�¦̀�	כ #î
½+Ë½+É Ãº e����Ht�\�¦ ¶ú�x� 9, ��0px½+É �â
Äº Dh tree \�¦ ìøÍ8̈�ô�Ç��.

tree unextend (tree c, int p, int unsignedp, tree mask)

fold truthop _� 
�0AÀÒ�2;: C ��H P bit °úכÜ¼�Ð K�$3��)a INTEGER CST s���. s��¦̀�	כ &ñ
o�
�
#� ëß���� C �� Õª��_	כ ����̂ width \� @/K� signed-extended {9� �â
Äº\� #�ì�r_� bit \�¦ 0 Ü¼
�Ð [O�&ñ
½+É �.���s	כ ëß���� MASK �� 0 s� ����� °úכs����, #�ì�r_� bit �Ð AND ���íß�s� ÷&#Q���
INTEGER CST s���.

tree fold truthop ( enum tree code code, tree truth type, tree lhs, tree rhs)
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LHS ü< RHS _� logical expression [þt�̀¦ fold ½+É ~½ÓZO��̀¦ ¹1Ô��H��: °ú �Ér innermost item \� ¿º
comparison �̀¦ #î
½+Ë
��9�¦ ô�Ç��. “ch >= ‘0’ && ch <= ‘9”’ ü< °ú �Ér range test [þt�̀¦ ¹1Ô��H
��. q�6 xs� ú́§s� ×¼��H branch [þt�̀¦ ��t���H machine �©�\�"f çß�éß�ô�Ç +þAI�_� �̧½+Ë�̀¦ ¹1Ô�� Áº
�̧|	�&h�Ü¼�Ð RHS \�¦ evaluate ô�Ç��.
\V\�¦[þt#Q,ëß����Äºo��� p− >a == 2 && p− >b == 4\�¦��t��¦e���¦ Aü< B\�¦Zþto�l�Ø�æ
ì�ry�	�H object\�¦ëß�[þtÃºe�������, mask�Ð AND���íß�s�Ãº'���)a object\�@/ô�Ç comparison
Ü¼�Ð s��¦̀�	כ Ãº'��½+É Ãº e����.
ëß���� Äºo��� p− >a == q− >a && p− >b == q− >b \�¦ ��t��¦ e�������, ô�Ç comparison
Ü¼�Ð s��¦̀�	כ 
�l� 0AK� bit masking operation [þt�̀¦ ��6 x½+É Ãº e���̀¦ �.���s	כ
Äºo���H ¿º normal comparison [þtõ� 0A\�"f ���/åLô�Ç �<ÊÃº�Ð ëß�[þt#Q��� BIT AND EXPR [þt
�̀¦ �����ô�Ç��.
CODE ��H Ãº'���)a logical operation s���. s���Ér	כ TRUTH ANDIF EXPR <�Ê�Ér
TRUTH AND EXPR, TRUTH ORIF EXPR, TRUTH OR EXPR {9� Ãº e����.
TRUTH TYPE �Ér logical operand _� type s��¦ LHS ü< RHS �Ér Õª��_	כ ¿º operand [þts�
��.
Äºo���H çß�éß��o�)a tree \�¦ ìøÍ8̈�
����� þj&h��o�� Ô�¦��0px
���� 0 �̀¦ ìøÍ8̈�ô�Ç��.

tree optimize minmax comparison (tree t)

�©�Ãºü< MIN EXPR <�Ê�Ér MAX EXPR q��§\�¦ 
���H T \�¦ þj&h��oô�Ç��.

tree extract muldiv (tree t, tree c, enum tree code code, tree wide type)

T ��H constant C \�¦ ]�� (CODE �� #Q�"� 7áxÀÓ_� ��¾ºl� <�Ê�Ér Y�L!lr���t� ú́�ô�Ç��.) Ü¼�Ð 
�#�
��*$t�����, Y�LK�t���H integer expression s���. T 5Åq\� s�p� ���Ér operation [þt�Ð fold �)a �	כ
�̀¦ ]j��½+É Ãº e����Ht� ¶ú�(R�:r��. WIDE TYPE ��H (ëß���� nulls� ��m������) Äºo�_� type �Ð��
�8 V,��Ért� >�íß�
���HX< ��6 x ÷&��H type s���.
\V\�¦ [þt#Q, Äºo��� (X * 8) + (Y * 16) \�¦ 4 �Ð ��è�H�����, Äºo���H (X * 2) + (Y * 4) \�¦ ÷&[�t
�9 ×�¦ Ãº e����. 
�t�ëß� "é¶A�_� ³ð�&³d��s� overflow 
�t� ·ú§���� �)a������, K�{©� overflow ��
|9�_�\�¦ 
���H ���#Q\� type Ü¼�Ð &ñ
_� ÷&#Q e��t� ·ú§���� ô�Ç����H �¦̀�	כ &ñ
SX�
�>� K���ô�Ç��.
Äºo���H ¢̧ô�Ç (X + 7) * 4\�¦ X * 4 + 28�Ð����â
½+ÉÃºe����HX<, machines�multiply-accumulate
insn \�¦ ��t��¦ e������, s���s	כ addressing calculation _� ÂÒì�r{9� �â
Äº\� K�{©�ô�Ç��.
ëß���� Äºo��� non-null expression \�¦ ìøÍ8̈�ô�Ç�����, "é¶A� >�íß�õ� 1lx{9�ô�Ç +þAI���� �	כ s�t�ëß�, "é¶
A�_� type �Ér ��u�́ Ãº e����.

tree strip compound expr (tree t, tree s)

ëß���� T�� COMPOUND EXPR (s���Ér	כ S,7£¤ SAVE EXPR,\�¦ evaluate0AK�"f��_��í�<Ê
�)a��.) \�¦ �í�<Êô�Ç����� z�́]j evaluate ÷&#Q��� ³ð�&³d���̀¦ ìøÍ8̈�ô�Ç��. M:M:�Ð tree \�¦ Äºo��� Ãº
&ñ
½+É Ãº�̧ e��6£§�̀¦ �ÃÐ�¦
���.

tree constant boolean node (int value, tree type)

t�&ñ
�)a constant VALUE \�¦ ��t���H (0 <�Ê�Ér 1 {9� �,(.���s	כ ¢̧ô�Ç t�&ñ
�)a TYPE �̀¦ ��t���H
node \�¦ ìøÍ8̈�ô�Ç��.

int count cond (tree expr, int lim)

COND EXPR [þt_� nesting s� \O����� 4�¤ú̧�½+É Ãº e����Ht� �Ðl� 0Aô�Ç Ä»�9�o�w� �<ÊÃºs���.
EXPR�Ér³ð�&³d��s��¦ LIMIT��HÄºo����¦�9
�t�·ú§�̀¦&ñ
�̧_� counts���. (s���Ér	כ complex
³ð�&³d��\�"f �-Áº ú́§�Ér r�çß��̀¦ �Ð?/��H �¦̀�	כ x�K�l� 0AK�"fs���.)

tree fold binary op with conditional arg (enum tree code code, tree type, tree cond, tree arg, int
cond first p)
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‘a + (b ? x : y)’ \�¦ ‘x ? (a + b) : (a + y)’ �Ð ���+þAr������. ‘a + (x < y)’ \�¦ ‘(x < y) ? (a
+ 1) : (a + 0)’ �Ð ���+þAr������. s� CODE ��H ‘+’ \�, ‘(b ? x : y)’ <�Ê�Ér ‘(x < y)’ ü< °ú �Ér �	כ
�Ér COND ³ð�&³d��, ‘a’ ü< °ú �Ér ��Ér	כ ARG \� @/6£xô�Ç��. ëß���� COND FIRST P �� 0 s� ��u�́
�â
Äº, COND ��H CODE \� @/ô�Ç 'Í	���P: argument s� 9, ÕªXO�t� ·ú§�̀¦ �â
Äº (#�l� ÅÒ#Q��� \V
]j%�!3�) ¿º���P: argument s���. TYPE �Ér "é¶A� ³ð�&³d��_� type s���.

tree fold (tree expr)

EXPR_� constant foldingõ����Ér�'aº���)a simplification �̀¦Ãº'��ô�Ç��.�'aº���)a simplification
��H x*1 =¿ x, x*0 =¿ 0, l��� 1px1px�̀¦ �í�<Ê
��¦ associative law _� application �̧ �í�<Êô�Ç��.
NOP EXPR conversion �Ér (����̂&h���� C type ³ð�&³d���̀¦ ����â

�t� ·ú§�¦ ÅÒ_�
���H ô�Ç) ��Ä»
\�v>� ]j��|̈c Ãº e���̀¦ �.���s	כ Äºo���H CONVERT EXPR <�Ê�Ér FIX EXPR, FLOAT EXPR
\�¦ :�xK�"f��H çß�éß��o ½+É Ãº \O�t�ëß�, ëß���� Õª[þts� constant operand [þt�̀¦ ��t��¦ e�������,
constant-fold ½+É Ãº e����.

int multiple of p (tree type, tree top, tree bottom)

'Í	���P: argument �� ¿º���P: argument _� Y�L���t�\�¦ ���&ñ
ô�Ç��. ëß���� ÕªXO�t� ·ú§�����, 0 �̀¦ ìøÍ
8̈�
�����, Äºo���H ~1�>� Õª��s	כ Õª�Qô�Çt� ���&ñ
½+É Ãº \O��̀¦ �.���s	כ
Äºo��� �¦�9
���H (s� r�&h�\�"f s� routine �Ér 7á§ �8 SX�z�́y� {9�ìøÍ�o÷&#Q|9� Ãº e���¦, Ãº'��½+É
* DIV EXPR _� fold �â
Äº[þts� Áº%Á	s�|	� SX�Òqt½+É Ãº e���̀¦ �(.���s	כ #Q�"� ì�rÀÓ\� @/ô�Ç \V]j
��H ��6£§õ� °ú �Ér �¦̀�	כ µ1Ï|
�
���H �.���s	כ

SAVE EXPR (I) * SAVE EXPR (J * 8)

��H SAVE EXPR (J * 8) node [þts� °ú �Ér node s�����H �¦̀�	כ ·ú�

SAVE EXPR (J * 8)

_� Y�Lm���.
s� code ��H ¢̧ô�Ç ��6£§_� �̧�	כ µ1Ï|
�
���HX< ��,X|9� Ãº e���̀¦ �.���s	כ

SAVE EXPR (I) * SAVE EXPR (J * 8)

��H 8 _� C�Ãºs�l� M:ë�H\� Äºo���H ��0px½+É Ãº e����H �� Qt�\� @/K� ����â
�̀¦ jþt ��¹כ��9 \O���.
Äºo���H �̧f�� SAVE EXPR \�¦ #Qb�G>� >�íß�÷&#Q|9� Ãº e����Ht� ���&ñ

���HX<ëß� ?/ÂÒ\�¦ ¶ú�(R�:r
����H�;��ú�l���êøÍ·¦̀�	כ SAVE EXPR_�?/ÂÒ[þt�̀¦��t��¦���Ér#Q�"���õ	כ fold
���H���Érîß	כ
��� 
�t� ·ú§��H��. z�́'��r� evaluate ÷&#Q|9� �s�����H	כ �¦̀�	כ ·ú� Ãº \O�l� M:ë�Hs���. \V\�¦ [þt#Q 0A
_� Êê \V]j��H SAVE EXPR (I) * J <�Ê�Ér Õª��\	כ �'aô�Ç #Q�"� variant �Ð+� Ãº'��÷&#Q|9� Ãº \O�
��HX<, "é¶A� SAVE EXPR _� evaluation time \�"f J _� °úכ�Ér Dh ³ð�&³d��s� evaluate ÷&#Q|9�
r�çß�õ� °ú �̀¦ ��¹כ��9 \O�l� M:ë�Hs���. s� ì�rÀÓ\�"f Ä»ò́½+É Ãº e����H þj���_� þj&h��o��H ��H

SAVE EXPR (I) * SAVE EXPR (SAVE EXPR (J) * 8)

\�¦ 8 �Ð ��¾º#Q ��A�ü< °ú s� ����or�v���H �.���s	כ

SAVE EXPR (I) * SAVE EXPR (J)

(°ú �Ér SAVE EXPR (J) �� "é¶A�_� ��õ	כ ���+þA�)a !Q���\�"f ��6 x�)a /BM)

int tree expr nonnegative p (tree t)

ëß���� ‘t’ �� non-negative �Ð ·ú��9|9� �â
Äº, true \�¦ ìøÍ8̈�ô�Ç��.

int rtl expr nonnegative p (rtx r)

ëß���� ‘r’ s� non-negative �Ð ·ú��94R e���̀¦ �â
Äº, true \�¦ ìøÍ8̈�ô�Ç��. �̧f�� Õª í�Hçß�\�"f_� con-
stant [þtëß� ��ê�r��.
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V� 4 â�
 Ä©«Å�

s�]j ��A�ÂÒ'���H GCC _� fold () �<ÊÃº�� y�� node \� @/K�"f #Qb�G>� %�o�
���Ht�\� @/K� ¶ú�(R�Ð�̧2�¤ 
���.
��A�_� [O�"î
×�æ fold () �<ÊÃº?/\�"f ��6 x÷&��H t�%i� ���Ãº�� ���̀¦ Ãº e����HX<, t, arg0, arg1, wins �� ��

��±ú� Ãº e����. t ��H �&³F� folding �̀¦ 
��9�¦ 
���H node s���. arg0 �Ér constant folding �̀¦ z�́'��½+É node _�
'Í	���P: operand, arg1 �Ér ¿º���P: operand �� �>rF�½+É �â
Äº [O�&ñ
�)a��. ��t�}�� wins ��H arg0 õ� arg1 Ñüt ��
INTEGER CST <�Ê�Ér REAL CST node {9� �â
Äº 1 _� °ú̀�כ¦ ÕªXO�t� ·ú§�̀¦ �â
Äº 0 �̀¦ °ú�>��)a��. 7£¤ operand ��
�̧¿º �©�Ãºs���� 1 �̀¦ ��t�>� |̈c �.���s	כ

• INTEGER CST

REAL CST

VECTOR CST

STRING CST

COMPLEX CST

CONSTRUCTOR

0A TREE node [þt�Ér constant folding s� �O\¹כ��9��H node [þts���.

• CONST DECL

DECL INITIAL (t) \�¦ fold r���� node \�¦ ìøÍ8̈�ô�Ç��.

• NOP EXPR

FLOAT EXPR

CONVERT EXPR

FIX TRUNC EXPR

s� node[þt_��â
Äº, Type_����8̈�s�s�ÀÒ#Q|9�Ãº�̧e���¦, Type_����8̈�s�s�ÀÒ#Q���Êês�\�
@/ô�Ç constant tree \�¦ ìøÍ8̈�½+É Ãº e����. #�l�"f s�ÀÒ#Qt���H constant fold ��H arg0 _� type \�
����Õª_� precision �̀¦���8̈�K�ÅÒl�0AK�"f�>rF�
�l��̧ 
��¦, arg0s� constants�Ö¼��\���
��ìøÍ8̈�÷&��H°úכs�²ú���t�>��)a��.{9�ìøÍ&h���� Type���8̈��̀¦0AK�"f��H convert ()�<ÊÃº\�¦��6 x
�
t�ëß�, arg0 �� �©�Ãº{9� �â
Äº, Õªo��¦ s�×�æÜ¼�Ð ���5g��� conversion s� ����� s��©� fold constant
() �<ÊÃº\�¦ s�6 x
�#� ���8̈�÷&>� �)a��.

• VIEW CONVERT EXPR

s� node _� arg0 ¢̧ô�Ç VIEW CONVERT EXPR {9� �â
Äº, s�\� @/ô�Ç ×�æ4�¤�̀¦ ]j��ô�Ç��. 7£¤
build () �<ÊÃº\�¦ s�6 x
�#� arg0 _� arg0 �̀¦ operand �Ð Dh node \�¦ ���$í

�>� �)a��.

• COMPONENT REF

arg0 s� CONSTRUCTOR {9� �â
Äº, arg0 _� CONSTRUCTOR ELTS ×�æ arg1 õ� °ú �Ér ��s	כ
e����Ht� ¹1Ô���Ð�¦, e���̀¦ �â
Äº\���H arg1 _� TREE VALUE \�¦ ìøÍ8̈�
�>� �)a��.

• RANGE EXPR

wins °ú̀�כ¦ TREE CONSTANT (t) \� l�2�¤
�>� ÷&��HX<, ·ú¡\�"f [O�"î
Ùþ¡1pws�, ?/ÂÒ operand
[þts� constant ���t�\� ���� wins °úכs� ���&ñ
÷&>� �)a��.

• NEGATE EXPR
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s� node _� �â
Äº, −5 <�Ê�Ér, −(−a), −(a− b) ü< °ú �Ér ³ð�&³d���̀¦ ��ÀÒ>� �)a��. arg0 �� �©�Ãº{9�
�â
Äº, Õª Ãº\�¦ z�́]j node \� &h�6 x�̀¦ 
�#�, INTEGER CST <�Ê�Ér REAL CST node \�¦ Dh�Ð
½̈$í

�>� �)a��. s� ÂÒì�r\�"f��H arg0 �� &ñ
Ãº �©�Ãº���t� z�́Ãº �©�Ãº���t��� ×�æ¹כô�Ç ë�H]j�� |̈c
Ãº e����HX<, GCC \�"f s�\�¦ #Qb�G>� %�o�
���Ht���H ·ú¡_� “&ñ
Ãºü< z�́Ãº” !lo���\�"f s�p� ���/åL

�%i�Ü¼m� Õª�¦̀�	כ �ÃÐ�¦
�l� ��êøÍ��. arg0 �� NEGATE EXPR {9� �â
Äº��H −(−a) ü< °ú �Ér ³ð
�&³d��s� ���:r �â
Äºs� 9, s�\�¦ a \�¦ ����?/��H node, 7£¤ arg0 _� operand \�¦ ìøÍ8̈�ô�Ç��. ��t�}��
Ü¼�Ð −(a− b) ³ð�&³d���̀¦ (b− a) ³ð�&³d��Ü¼�Ð ���8̈�
�>� �)a��.

• ABS EXPR

]X�@/°úכ |1| (?/ÂÒ�� ���Ãº�� ����� �©�Ãº{9� �â
Äº) �Ér TREE UNSIGNED �� &ñ
_�÷&#Q e������,
INT CST LT �Ð �����½+É Ãº e����H non-negative {9� �â
Äº, ]X�@/°úכ Ãº'���̀¦ ½+É ��¹כ��9 \O�t�ëß�,
°úכs� | − 2| ü< °ú s� 6£§Ãº{9� �â
Äº, s� ]X�@/°úכ�Ér negation s� s�ÀÒ#Q4R�� ô�Ç��. &ñ
Ãº_� �â
Äº
neg double () �<ÊÃº\�¦ :�xK� K�{©� operation s� z�́'��÷& 9, z�́Ãº_� �â
Äº
REAL VALUE NEGATIVE \�¦ :�xK�"f r�'���)a��. ||1|| <�Ê�Ér | − a| ü< °ú �Ér ³ð�&³{9� �â
Äº, &h�
{©�ô�Ç ABS EXPR �̀¦ Òqt$í

�#�, s�\� @/ô�Ç ³ð�&³d���̀¦ çß�éß�
�>� ô�Ç��. Õª ü@\� Ãº'��½+É ÂÒì�rs�
\O��̀¦ �â
Äº, {9�§4�~ÃÎ�Ér ³ð�&³d���̀¦ Õª@/�Ð [�t�9ï�r��.

• CONJ EXPR

arg0 _� TYPE s� COMPLEX TYPE s� ��u�́ �â
Äº, convert () �<ÊÃº\�¦ s�6 x
�#� type ���8̈�
�̀¦ ô�Ç��. arg0 �� COMPLEX EXPR {9� �â
Äº, arg0 _� 'Í	���P: �����ü< negate expr () �<ÊÃº
\�¦ ���2; ¿º���P: ������Ð COMPLEX EXPR \�¦ Dh�Ðs� Òqt$í
ô�Ç��. arg0 �� COMPLEX CST
{9� �â
Äº, build complex \�¦ s�6 x
�#� arg0 _� 'Í	���P: �����ü< negate expr () �<ÊÃº\�¦ ���2;
¿º���P: ������Ð COMPLEX EXPR \�¦ Dh�Ðs� Òqt$í
ô�Ç��. arg0 �� PLUS EXPR <�Ê�Ér MI-
NUS EXPR {9� �â
Äº, arg0 _� 'Í	���P: ������Ð CONJ EXPR node \�¦ Òqt$í

��¦, arg0 _� ¿º
���P: ������Ð CONJ EXPR node \�¦ Òqt$í
ô�Ç Êê, Dh\�v>� Òqt|�� s� ¿º node \�¦ PLUS EXPR <�Ê
�Ér MINUS EXPR �Ð Dh\�v>� Óü���H��. arg0 �� CONJ EXPR {9� �â
Äº, arg0 _� 'Í	���P: �����
\�¦ ìøÍ8̈�ô�Ç��.

• BIT NOT EXPR

(˜1)õ�°ú s� arg0 �� constant{9��â
Äº, build int 2 ()�<ÊÃº\�¦s�6 x
�#�z�́]j>�íß�ô�Ç°ú̀�כ¦ìøÍ
8̈�
�>� ÷& 9, (˜(˜1)) õ� °ú �Ér ³ð�&³d��_� �â
Äº, ���õ�&h�Ü¼�Ð arg0 _� 'Í	���P: operand ��� 1 s�
�)a��. �� Qt� constant �� ��u�́ �â
Äº, constant folding s� µ1ÏÒqt
�t� ·ú§��H��.

• PLUS EXPR

A + (−B) ³ð�&³d��_� �â
Äº, A−B �Ð ���8̈�
��¦, (−A) + B ³ð�&³d��_� �â
Äº, B −A �Ð ���8̈�ô�Ç
��. (A + 0) õ� °ú �Ér ³ð�&³d��_� �â
Äº�� (A + (−0) õ� °ú �Ér ³ð�&³d��_� �â
Äº, arg0 �̀¦ t _� type
Ü¼�Ð convert () �<ÊÃº\�¦ s�6 x
�#� ���8̈�Êê, non lvalue () �<ÊÃº\�¦ &h�6 xô�Ç��. (a & 2) + (b &
5)³ð�&³d��õ�°ú s� arg0õ� arg1_�³ð�&³d��s� BIT AND EXPRs��¦ arg0_�¿º���P: operand
ü< arg1 _� ¿º���P: operand �� /BN:�x��� bit \�¦ ��t��¦ e��t� ·ú§��H constant {9� �â
Äº, 7á§ �8 ò́
Ö�¦&h���� çß�éß��o\�¦ r�v�l� 0AK� BIT IOR EXPR �Ð 2[/åL�̀¦ ô�Ç��. s�\�¦ 0AK�, bit ior ��6\��Ð
goto 
�>� �)a��. (((2 ∗ 4) + a) + (1 ∗ 3)) õ� °ú s� (plus (plus (mult) (foo)) (mult)) ³ð�&³d���̀¦
(((2*4)+(1*3)) + a))õ�°ú s� (plus (plus (mult) (mult)) (foo))�ÐF����½+Ë�<ÊÜ¼�Ð+� factoring
�â
Äº\�s�1pq�̀¦%3��̀¦Ãºe���̧2�¤ô�Ç��. (A∗C)+(B ∗C)ü<°ú �Ér³ð�&³d���̀¦ (A+B)∗C ü<°ú s�
F�½̈$í
ô�Ç��. z�́]j >�íß��̀¦ 
���H °úכs� &ñ
Ãº���t� z�́Ãº���t�\� ���� 0A_� ���8̈�s� &h�6 x|̈c Ãº�̧
îß�|̈cÃº�̧e������H�
�ú�l���êøÍ��.t��FK��t�K�{©�½©gË:s��>rF·¦̀�	כ�t�·ú§��¤�����, fold ()�<ÊÃº
\� ������÷&#Q e����H ��6\� bit rotate �Ð �Å�#Q��>� �)a��. s� ÂÒì�r\�"f��H ��6£§õ� °ú �Ér operation
s� {9�#Q��>� �)a��.

(A << C1) + (A >> C2) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ C1 + C2 �� A _�
size {9� �â
Äº A \�¦ C1 bit ëß��pu rotate r�v���H �s�Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.
(A << B) + (A >> (Z −B)) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ Z �� A _� size
{9� �â
Äº, A \�¦ B bit ëß��pu rotate r�v���H �Ü¼Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.
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s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&��HX<, arg0 õ� arg1 �̀¦ ���Ãº, �©�Ãº, literal �Ð ì�ro�K�"f
��r� F����½+Ë�<ÊÜ¼�Ð+� literal s� +'\�"f F����½+Ë½+É Ãº e����H l��r\�¦ 7£x�� r�v����� �©�Ãº <�Ê�Ér
literal_�½+Ë\�@/ô�Ç relocatable³ð�&³d��[þt�̀¦Òqt$í

���Hl��r\�¦7£x��r�v�l�0AK�³ð�&³d���̀¦%�
o�ô�Ç��. (2 + 5) ü< °ú s� Ñüt�� �©�Ãº{9� �â
Äº, const binop () �<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכ
Ü¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert () r�&�ï�r��.

• MINUS EXPR

A − (−B) ��� �â
Äº, A + B �Ð ���8̈�ô�Ç��. (−A) − CST ��� �â
Äº, #�l�"f CST ��H constant
\�¦ ��ØÔ(��, (−CST ) − A �Ð ���8̈�ô�Ç��. 0 − A ��� �â
Äº, negate expr () �<ÊÃº\�¦ s�6 x
�#� K�
{©� ³ð�&³d��_� negation node \�¦ Òqt$í
ô�Ç��. A − 0 ��� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð ���8̈� Êê,
non lvalue () �<ÊÃº\�¦ &h�6 xr������. (A ∗ C) − (B ∗ C) ü< °ú �Ér ³ð�&³d���̀¦ (A − B) ∗ C �Ð ìøÍ
8̈�ô�Ç��. &x − &x ü< °ú �Ér ³ð�&³d���̀¦ t _� type �̀¦ ��6 x
�#� integer zero node �Ð ���8̈�r����
��. s� ³ð�&³d��_� �â
Äº, ���õ�&h�Ü¼�Ð 0 s�l� M:ë�Hs���. s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&
��HX<, arg0 õ� arg1 �̀¦ ���Ãº, �©�Ãº, literal �Ð ì�ro�K�"f ��r� F����½+Ë�<ÊÜ¼�Ð+� literal s� +'\�
"f F����½+Ë½+É Ãº e����H l��r\�¦ 7£x�� r�v����� �©�Ãº <�Ê�Ér literal _� ½+Ë\� @/ô�Ç relocatable ³ð
�&³d��[þt�̀¦ Òqt$í

���H l��r\�¦ 7£x��r�v�l� 0AK� ³ð�&³d���̀¦ %�o�ô�Ç��. (2 − 5) ü< °ú s� Ñüt�� �©�
Ãº{9� �â
Äº, const binop () �<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶
A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert () r�&�ï�r��.

• MULT EXPR

(−A) ∗ (−B) ³ð�&³d��_� �â
Äº, A ∗ B �Ð ����â
ô�Ç��. a ∗ 0 {9� �â
Äº, omit one operand () �<ÊÃº
\�¦ s�6 x
�#� 0 �̀¦ ìøÍ8̈�
�>� �)a��. a ∗ 1 {9� �â
Äº, arg0 _� type �̀¦ ����â
Êê, non lvalue () �<ÊÃº
\�¦ &h�6 xK� ìøÍ8̈�ô�Ç��. (a ∗ (1 << b)) {9� �â
Äº <�Ê�Ér ((1 << b) ∗ a) {9� �â
Äº, y��y�� (a << b) ü<
(b << a) �Ð ����â
ô�Ç��. (X + 7) ∗ 4 ü< °ú �Ér ³ð�&³d���Ér X ∗ 4 + 28 +þAI�ü< °ú s� çß�éß��o ÷&#Q
t���HX<, s��Qô�Ç operation �Ér extract muldiv () �<ÊÃº\�"f s�ÀÒ#Q�����. x ∗ 2 ��H x + x s�l�
M:ë�H\�, s�ü< °ú s� ���8̈�r�&�ï�r��. s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&��HX<, arg0 õ� arg1
�̀¦���Ãº,�©�Ãº, literal�Ðì�ro�K�"f��r�F����½+Ë�<ÊÜ¼�Ð+� literals�+'\�"fF����½+Ë½+ÉÃºe����H
l��r\�¦ 7£x�� r�v����� �©�Ãº <�Ê�Ér literal _� ½+Ë\� @/ô�Ç relocatable ³ð�&³d��[þt�̀¦ Òqt$í

���H l�
�r\�¦ 7£x��r�v�l� 0AK� ³ð�&³d���̀¦ %�o�ô�Ç��. (2 ∗ 5) ü< °ú s� Ñüt�� �©�Ãº{9� �â
Äº, const binop
()�<ÊÃº\�¦:�xK�"ff��]X�>�íß�ô�Ç°úכÜ¼�ÐDh�Ðî�r node\�¦ëß���HÊê, "é¶A�³ð�&³d��õ�°ú �Ér type �̀¦
��t��̧2�¤ convert () r�&�ï�r��.

• BIT IOR EXPR

(a | 0xffffffff) ��� �â
Äº, omit one operand () �<ÊÃº\�¦ &h�6 xK� arg1 �̀¦ t _� type Ü¼�Ð ���8̈� Êê
non lvalue () �<ÊÃº\�¦ &h�6 xK� ìøÍ8̈�
�>� ÷&��HX<, arg0 s� TREE SIDE EFFECTS \�¦ ��t��¦
e���̀¦ �â
Äº, Äºo���H ìøÍ×¼r� Õª�¦̀�	כ F�î̈
�� K���
�l� M:ë�H\� arg0 ü< arg1 �̀¦ s�6 x
�#� Dh�Ð
î�r COMPOUND EXPR node \�¦ ëß�[þt#Q ìøÍ8̈�
�>� �)a��. (a | 0x0) ��� �â
Äº, arg0 �̀¦ t _�
type Ü¼�Ð ���8̈� Êê, non lvalue () �<ÊÃº\�¦ &h�6 xK� ìøÍ8̈�ô�Ç��. (A|B) & (A|C) ü< °ú �Ér ³ð�&³d��
{9� �â
Äº, distribute bit expr () �<ÊÃº\�¦ s�6 x
�#� A | (B & C) �Ð ���8̈�ô�Ç��. (˜a) | (˜b) _� �â

Äº, ˜(a & b) �Ð ���8̈�ô�Ç��. NAND instruction s� \O���H machine [þt\� @/K� 7á§ �8 ò́Ö�¦&h����
code \�¦ ëß�[þt#Q�·p��.t��FK��t� K�{©� ½©gË:s� �>rF�
�t�·ú§��¤�����, fold () �<ÊÃº\� ������÷&#Q e��
��H ��6\� bit rotate �Ð �Å�#Q��>� �)a��. s� ÂÒì�r\�"f��H ��6£§õ� °ú �Ér operation s� {9�#Q��>� �)a
��.

(A << C1) + (A >> C2) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ C1 + C2 �� A _�
size {9� �â
Äº A \�¦ C1 bit ëß��pu rotate r�v���H �s�Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.
(A << B) + (A >> (Z −B)) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ Z �� A _� size
{9� �â
Äº, A \�¦ B bit ëß��pu rotate r�v���H �Ü¼Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.

s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&��HX<, arg0 õ� arg1 �̀¦ ���Ãº, �©�Ãº, literal �Ð ì�ro�K�"f
��r� F����½+Ë�<ÊÜ¼�Ð+� literal s� +'\�"f F����½+Ë½+É Ãº e����H l��r\�¦ 7£x�� r�v����� �©�Ãº <�Ê�Ér
literal_�½+Ë\�@/ô�Ç relocatable³ð�&³d��[þt�̀¦Òqt$í

���Hl��r\�¦7£x��r�v�l�0AK�³ð�&³d���̀¦%�
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o�ô�Ç��. (2 | 5) ü< °ú s� Ñüt�� �©�Ãº{9� �â
Äº, const binop () �<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼
�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert () r�&�ï�r��.

• BIT XOR EXPR

(a ˆ 0x0) ü< °ú �Ér ³ð�&³d��{9� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð convert () �<ÊÃº\�¦ s�6 x
�#� ���
8̈�ô�Ç Êê, non lvalue () �<ÊÃº\�¦ &h�6 xô�Ç��. (a ˆ 0xffffffff) ³ð�&³d��{9� �â
Äº, arg0 �̀¦ t _� type
�̀¦ s�6 x
�#�, BIT NOT EXPR node \�¦ Òqt$í

�#�, Dh�Ð folding ô�Ç��. (a & 2) ˆ (b & 5) ³ð
�&³d��õ� °ú s� arg0 õ� arg1 _� ³ð�&³d��s� BIT AND EXPR s��¦ arg0 _� ¿º���P: operand ü<
arg1 _� ¿º���P: operand �� /BN:�x��� bit \�¦ ��t��¦ e��t� ·ú§��H constant {9� �â
Äº, 7á§ �8 ò́Ö�¦&h�
��� çß�éß��o\�¦ r�v�l� 0AK� BIT IOR EXPR �Ð 2[/åL�̀¦ ô�Ç��. s�\�¦ 0AK�, bit ior ��6\��Ð goto

�>� �)a��. t��FK��t� K�{©� ½©gË:s� �>rF�
�t� ·ú§��¤�����, fold () �<ÊÃº\� ������÷&#Q e����H ��6\�
bit rotate �Ð �Å�#Q��>� �)a��. s� ÂÒì�r\�"f��H ��6£§õ� °ú �Ér operation s� {9�#Q��>� �)a��.

(A << C1) + (A >> C2) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ C1 + C2 �� A _�
size {9� �â
Äº A \�¦ C1 bit ëß��pu rotate r�v���H �s�Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.
(A << B) + (A >> (Z −B)) ü< °ú �Ér ³ð�&³d��s��¦, A �� unsigned s��¦ Z �� A _� size
{9� �â
Äº, A \�¦ B bit ëß��pu rotate r�v���H �Ü¼Ù¼�Ð	כ s�\�¦ çß�éß��oô�Ç��.

s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&��HX<, arg0 õ� arg1 �̀¦ ���Ãº, �©�Ãº, literal �Ð ì�ro�K�"f
��r� F����½+Ë�<ÊÜ¼�Ð+� literal s� +'\�"f F����½+Ë½+É Ãº e����H l��r\�¦ 7£x�� r�v����� �©�Ãº <�Ê�Ér
literal_�½+Ë\�@/ô�Ç relocatable³ð�&³d��[þt�̀¦Òqt$í

���Hl��r\�¦7£x��r�v�l�0AK�³ð�&³d���̀¦%�
o�ô�Ç��. (2 | 5) ü< °ú s� Ñüt�� �©�Ãº{9� �â
Äº, const binop () �<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼
�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert () r�&�ï�r��.

• BIT AND EXPR

(a & 0xffffffff) ��� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð ���8̈� Êê, non lvalue () �<ÊÃº\�¦ &h�6 xK� ìøÍ8̈�
ô�Ç��. (a & 0x0) ��� �â
Äº, omit one operand () �<ÊÃº\�¦ &h�6 xK� arg1 �̀¦ t _� type Ü¼�Ð ���8̈�
Êê non lvalue () �<ÊÃº\�¦ &h�6 xK� ìøÍ8̈�
�>� ÷&��HX<, arg0 s� TREE SIDE EFFECTS \�¦ ��t�
�¦ e���̀¦ �â
Äº, Äºo���H ìøÍ×¼r� Õª�¦̀�	כ F�î̈
�� K���
�l� M:ë�H\� arg0 ü< arg1 �̀¦ s�6 x
�#� Dh
�Ðî�r COMPOUND EXPR node \�¦ ëß�[þt#Q ìøÍ8̈�
�>� �)a��. (A|B) & (A|C) ü< °ú �Ér ³ð�&³d��
{9� �â
Äº, distribute bit expr () �<ÊÃº\�¦ s�6 x
�#� A | (B & C) �Ð ���8̈�ô�Ç��. ((int)c & 0x377)
ü< °ú �Ér ³ð�&³d��\�"f c �� unsigned char {9� �â
Äº, (int)c �Ð çß�éß��or������. (˜a) & (˜b) _� �â

Äº, ˜(a | b) �Ð ���8̈�ô�Ç��. s���Ér	כ NOR instruction s� \O���H machine \� @/K� 7á§ �8 ò́Ö�¦&h�
��� code \�¦ ëß�[þt#Q�·p��. s�]j associate ��6\�_� Ãº'���̀¦ 
�>� ÷&��HX<, arg0 õ� arg1 �̀¦ ���Ãº,
�©�Ãº, literal �Ð ì�ro�K�"f ��r� F����½+Ë�<ÊÜ¼�Ð+� literal s� +'\�"f F����½+Ë½+É Ãº e����H l��r\�¦
7£x�� r�v����� �©�Ãº <�Ê�Ér literal _� ½+Ë\� @/ô�Ç relocatable ³ð�&³d��[þt�̀¦ Òqt$í

���H l��r\�¦ 7£x
��r�v�l� 0AK� ³ð�&³d���̀¦ %�o�ô�Ç��. (2 & 5) ü< °ú s� Ñüt�� �©�Ãº{9� �â
Äº, const binop () �<ÊÃº
\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t�
�̧2�¤ convert () r�&�ï�r��.

• BIT ANDTC EXPR

arg0 �� 0xffffffff ��� �â
Äº, arg1 _� type �̀¦ ���8̈� Êê, non lvalue () �<ÊÃº\�¦ &h�6 xK� ìøÍ8̈�ô�Ç��.
arg0s� 0����â
Äº, arg1s� side effect\�¦��t�t�·ú§��Hs��©�, arg0 �̀¦ìøÍ8̈�ô�Ç��. arg1s� INTE-
GER CST ��� �â
Äº, arg1 �̀¦ BIT NOT EXPR node �Ð ëß�[þt�¦, code \�¦ BIT AND EXPR
�Ð ����â
Êê, 0A_� BIT AND EXPR %�o� ÂÒì�rÜ¼�Ð goto ô�Ç��. 0A_� �̧��H ���½Ó\� @/K� K�{©�
÷&��H ��s	כ \O��̀¦ �â
Äº, binary ��6\��Ð goto ô�Ç��.

• RDIV EXPR

a/0 õ� °ú �Ér �â
Äº\�¦ %�o�ô�Ç��. (−A)/(−B) ü< °ú �Ér ³ð�&³d��{9� �â
Äº, A/B �Ð ���8̈��̀¦ ô�Ç��.
a/1 õ� °ú �Ér ³ð�&³d��{9� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð ���8̈� Êê, non lvalue () �<ÊÃº\�¦ &h�6 xK�
ìøÍ8̈�ô�Ç��. A/B/C ü< °ú �Ér ³ð�&³d���̀¦ A/(B ∗ C) �Ð ���8̈�ô�Ç��. A/(B/C) ü< °ú �Ér ³ð�&³d���̀¦
(A/B)∗C �Ð���8̈�ô�Ç��. (2 / 5)ü<°ú s�Ñüt���©�Ãº{9��â
Äº, const binop ()�<ÊÃº\�¦:�xK�"ff��
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]X� >�íß�ô�Ç °úכÜ¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert
() r�&�ï�r��.

• TRUNC DIV EXPR

ROUND DIV EXPR

FLOOR DIV EXPR

CEIL DIV EXPR

EXACT DIV EXPR

a/1 õ� °ú �Ér ³ð�&³d��{9� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð ���8̈� Êê, non lvalue () �<ÊÃº\�¦ &h�6 xK�
ìøÍ8̈�ô�Ç��. a/0 õ� °ú �Ér �â
Äº\�¦ %�o�ô�Ç��. ëß���� arg0 �� arg1 _� Y�L{9� �â
Äº, ���©� ���Ér ��¾º
l� operation ��� EXACT DIV EXPR node �Ð Dh\�v>� ��H��. multiple of p () �<ÊÃº\�¦ :�xK�"f
arg0�� arg1_�Y�L���t�\�¦���&ñ
ô�Ç��. ((X ∗8)+(Y ∗16))/4ü<°ú �Ér³ð�&³d���̀¦ extract muldiv
() �<ÊÃº\�¦ s�6 x
�#� (X ∗ 2)+ (Y ∗ 4) ü< °ú �Ér ³ð�&³d��Ü¼�Ð ���8̈�ô�Ç��. (2 / 5) ü< °ú s� Ñüt�� �©�
Ãº{9� �â
Äº, const binop () �<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶
A� ³ð�&³d��õ� °ú �Ér type �̀¦ ��t��̧2�¤ convert () r�&�ï�r��.

• CEIL MOD EXPR

FLOOR MOD EXPR

ROUND MOD EXPR

TRUNC MOD EXPR

(a % 1) ü< °ú �Ér ³ð�&³d��{9� �â
Äº, omit one operand () �<ÊÃº\�¦ s�6 x
�#�, arg0 \�¦ [�t�9ÅÒ>�
�)a��. (a % 0)õ�°ú �Ér³ð�&³d��{9��â
Äº, t\�¦Õª@/�Ð[�t�9ï�r��. arg1s� INTEGER CST{9��â

Äº, extract muldiv () \�¦ z�́'��
�#�, arg0 \� @/ô�Ç simplification �̀¦ Ãº'��ô�Ç��.

• LSHIFT EXPR

RSHIFT EXPR

LROTATE EXPR

RROTATE EXPR

C ���#Q_� �â
Äº, LROTATE EXPR ü< RROTATE EXPR node \�¦ ��ÀÒt� ·ú§l� M:ë�H\�

s� K�{©� node \�¦ 0Aô�Ç simplification \� @/K�"f��H ���/åL
�t� ·ú§��x��. LSHIFT EXPR ü<
RSHIFT EXPR node \� @/K�"f��H arg0 ü< arg1 �� Ñüt �� constant {9� �â
Äº, const binop ()
�<ÊÃº\�¦ :�xK�"f f��]X� >�íß�ô�Ç °úכÜ¼�Ð Dh�Ðî�r node \�¦ ëß���H Êê, "é¶A� ³ð�&³d��õ� °ú �Ér type �̀¦
��t��̧2�¤ convert () r�&�ï�r��.

• MIN EXPR

MAX EXPR

s� node _� �â
Äº, C++ \�"f ��6 x÷&��H minimum õ� maximum operator [þts�l� M:ë�H\� #�
l�\�"f��H ���/åL
�t� ·ú§��H��.

• TRUTH NOT EXPR

arg0 \�¦ invert truthvalue () �<ÊÃº\�¦ ��5g, t _� type Ü¼�Ð ���8̈� Êê ìøÍ8̈�ô�Ç��.

• TRUTH ANDIF EXPR
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ëß���� arg0 �� constant zero s���� Õª�¦̀�	כ ìøÍ8̈�ô�Ç��. ÕªXO�t� ·ú§�̀¦ �â
Äº, ��A�_�
TRUTH AND EXPR ÂÒì�rÜ¼�Ð �Å�#Qçß���.

• TRUTH AND EXPR

arg0 s� INTEGER CST s��¦ arg0 s� 0 s� ��u�́ M:, arg1 �̀¦ t _� type Ü¼�Ð ���8̈�
��¦
non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��. arg1 s� INTEGER CST s��¦ arg1 s� 0 s� ��u�́ M:,
Õªo��¦ code �� TRUTH ANDIF EXPR �� ��m����� arg0 �� side effect \�¦ ��t��¦ e��t� ·ú§
�̀¦ M:, arg0 �̀¦ t _� type Ü¼�Ð ���8̈�
��¦ non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��. arg1 s� 0
{9� �â
Äº, arg0 s� side effect \�¦ ��t�t� ·ú§��H ô�Ç, arg1 �̀¦ ìøÍ8̈�ô�Ç��. q�5pw
�>� arg0 \� @/K�"f
�̧ ��ðøÍ��t���. (A||B) && (A||C) ü< °ú �Ér ³ð�&³d���̀¦ A||(B && C) �Ð ���8̈�ô�Ç��. �� Qt� ÂÒ
ì�r\�"f��H range comparison \�¦ Òqt$í
½+É Ãº e����Ht�ü< fold truthop () �<ÊÃº\�¦ s�6 x
�#� lhs ��
rhs ü< q�5pw½+É �â
Äº, s�\�¦ merge 
��9�¦ ô�Ç��.

• TRUTH ORIF EXPR

arg0 s� INTEGER CST s��¦ 0 s� ��u�́ �â
Äº, arg0 \�¦ type ���8̈�Êê ìøÍ8̈�ô�Ç��. ��u�́ �â
Äº,
fold () �<ÊÃº\�"f TRUTH OR EXPR node \�¦ %�o�
���H ÂÒì�rÜ¼�Ð �Å�#Qçß���.

• TRUTH OR EXPR

arg0s� INTEGER CSTs��¦ arg0s� 0{9�M:, arg1 �̀¦ t_� typeÜ¼�Ð���8̈�
��¦ non lvalue ()
�<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��. arg1 s� INTEGER CST s��¦ arg1 �� 0 s� 9, t _� TYPE CODE
�� TRUTH ORIF EXPR �� ��m�����, arg0 �� TREE SIDE EFFECTS \�¦ ��t�t� ·ú§�̀¦
M:, arg0 �̀¦ t _� type Ü¼�Ð ���8̈�
��¦ non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��. arg1 s� IN-
TEGER CST s��¦ arg1 s� 0 s� ��u�́ �â
Äº, omit one operand () �<ÊÃº\�¦  ñØ�¦ô�Ç��. arg0
s� INTEGER CST s��¦ arg0 s� 0 s� ��u�́ �â
Äº, omit one operand () �<ÊÃº\�¦  ñØ�¦ô�Ç��.
(A||B) && (A||C) ü< °ú �Ér ³ð�&³d���̀¦ A||(B && C) �Ð ���8̈�ô�Ç��. �� Qt� ÂÒì�r\�"f��H range
comparison \�¦ Òqt$í
½+É Ãº e����Ht�ü< fold truthop () �<ÊÃº\�¦ s�6 x
�#� lhs �� rhs ü< q�5pw½+É
�â
Äº, s�\�¦ merge 
��9�¦ ô�Ç��.

• TRUTH XOR EXPR

arg0 s� 0 {9� �â
Äº, arg1 �̀¦ t _� type Ü¼�Ð ���8̈�
��¦ non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��.
arg1 s� 0 {9� �â
Äº, arg0 �̀¦ t _� type Ü¼�Ð ���8̈�
��¦ non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��.
arg0 s� 1 {9� �â
Äº, arg1 �̀¦ invert truthvalue () �<ÊÃº\� &h�6 xô�Ç Êê, t _� type Ü¼�Ð ���8̈�
��¦
non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��. arg1 s� 1 {9� �â
Äº, arg0 �̀¦ invert truthvalue () �<ÊÃº
\� &h�6 xô�Ç Êê, t _� type Ü¼�Ð ���8̈�
��¦ non lvalue () �<ÊÃº\�¦ ���2;Êê ìøÍ8̈�ô�Ç��.

• EQ EXPR

NE EXPR

LT EXPR

GT EXPR

LE EXPR

GE EXPR

(-a) CMP (-b) ü< °ú �Ér ³ð�&³d��{9� �â
Äº, b CMP a �Ð ���8̈�ô�Ç��. #�l�"f CMP ��H s� K�{©�
TREE CODE\�¦@/³ð
���Hl� ñs���. (-a) CMP CSTü<°ú �Ér³ð�&³d��{9��â
Äº, a swap(CMP)
(-CST) �Ð ���8̈�ô�Ç��. #�l�"f CST ��H constant s� 9, swap () �Ér l� ñ CMP \�¦ ��Ë̈��H �	כ
�̀¦ _�p�ô�Ç��. \V\�¦ [þt#Q, CMP �� GT EXPR {9� �â
Äº, swap ÷&#Qt���� LT EXPR �� �)a��.
a CMP (-0) ü< °ú �Ér ³ð�&³d���̀¦ a CMP 0 �Ð ���8̈�ô�Ç��. foo + + == CONST ü< °ú �Ér ³ð�&³
d���̀¦ + + foo == CONST + INCR ü< °ú s� ���8̈�ô�Ç��. foo−− == CONST ü< °ú �Ér ³ð
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�&³d���̀¦ − − foo == CONST − INCR ü< °ú s� ���8̈�ô�Ç��. X >= CST ü< °ú �Ér ³ð�&³d���̀¦
CST �� �ª�Ãº{9� �â
Äº, X > (CST − 1) ü< °ú s� ���8̈�ô�Ç��. (X + 2) == 1) ü< °ú �Ér ³ð�&³d���̀¦
X == (1 + 2) ���8̈�ô�Ç��. − \� @/K�"f ��ðøÍ��t��Ð (X − 2) == 1) {9� �â
Äº, X == 1 − 2)
�Ð ���8̈�ô�Ç��. NEGATE EXPR \� @/K�"f�̧ q�5pwô�ÇX<, −(X + 1) == 2 ü< °ú �Ér ³ð�&³d���̀¦
(X + 1) == −2 �Ð ���8̈�
�>� �)a��. s���Ér	כ == {9� M: ÷�rëß� ��m���, ! = {9� �â
Äº\��̧ K�{©�ô�Ç
��. X − Y == 0 ü< °ú �Ér ³ð�&³d���̀¦ X == Y �Ð ���8̈�ô�Ç��. ! = ³ð�&³d��\� @/K�"f�̧ ��ðøÍ��
t�s���. �©�Ãºü< MIN EXPR <�Ê�Ér MAX EXPR q��§\�¦ 
���H T �� �>rF�½+É �â
Äº ��A�ü< °ú �Ér
operation �̀¦ Ãº'��ô�Ç��.

�̧f�� EQ EXPR ü< GT EXPR ëß� ��ÀÒ 9, �� Qt���H logical simplification �̀¦ ��6 x
ô�Ç recursive call �̀¦ :�xK� %�o�ô�Ç��.
MAX(X, 0) == 0 \�¦ X <= 0 �Ð ���8̈�ô�Ç��.
MAX(X, 0) == 5 \�¦ X == 5 �Ð ���8̈�ô�Ç��.
MAX(X, 0) == −1 \�¦ false �Ð ���8̈�ô�Ç��.
MIN(X, 0) == 0 \�¦ X >= 0 �Ð ���8̈�ô�Ç��.
MIN(X, 0) == 5 \�¦ false �Ð ���8̈�ô�Ç��.
MIN(X, 0) == −1 \�¦ X == −1 �Ð ���8̈�ô�Ç��.
MAX(X, 0) > 0 \�¦ X > 0 Ü¼�Ð ���8̈�ô�Ç��.
MAX(X, 0) > 5 \�¦ X > 5 �Ð ���8̈�ô�Ç��.
MAX(X, 0) > −1 \�¦ true �Ð ���8̈�ô�Ç��.
MIN(X, 0) > 0 \�¦ false �Ð ���8̈�ô�Ç��.
MIN(X, 0) > 5 \�¦ false �Ð ���8̈�ô�Ç��.
MIN(X, 0) > −1 \�¦ X > −1 �Ð ���8̈�ô�Ç��.

(1 << foo) & bar ü< °ú �Ér ³ð�&³d���̀¦ (bar >> foo) & 1 �Ð ���8̈�ô�Ç��. (A & C) == C ü< °ú 
�Ér ³ð�&³d��s��¦ C �� 2 _� C�Ãºs����, (A & C)! = 0 �Ð ���8̈�ô�Ç��. X < (1 << Y ) ü< °ú �Ér ³ð
�&³d��s��¦ X �� unsigned {9� �â
Äº, X >> Y == 0 ü< °ú s� ���8̈�ô�Ç��. q�5pw
�>� >= ��H ! =
�Ð ���8̈�ô�Ç��. y�� node �� "f�Ð °ú �Ér node [þt�̀¦ q��§
��¦ e����Ht�, 7£¤ arg0 õ� arg1 s� °ú �Ért�
�����ô�Ç��. (a > b) == 0 ü< °ú �Ér ³ð�&³d��s���, ((x > y)− (y > x)) > 0 ü< °ú �Ér ³ð�&³d��s� çß�
éß��o|̈c Ãº e����Ht� SX����
��¦, çß�éß��o½+É Ãº e���̀¦ �â
Äº, çß�éß��oô�Ç��. COMPONENT REF ��
BIT FIELD REF \� @/ô�Ç q��§ ½̈ë�H{9� �â
Äº, çß�éß��o
���HX<, optimize bit field compare ()
�<ÊÃº\�¦ :�xK� Ãº'��ô�Ç��. strlen(ptr) == 0 ü< °ú �Ér ³ð�&³d���̀¦ ∗ptr == 0 �Ð ���8̈�ô�Ç��. q�5pw
�
>� strlen(ptr)! = 0 ü< °ú �Ér ³ð�&³d��_� �â
Äº ∗ptr! = 0 �Ð ���8̈�ô�Ç��.

• COND EXPR

CST ? A : B ü< °ú �Ér ³ð�&³d��{9� �â
Äº, arg0 _� °úכ\� ���� pedantic non lvalue () �<ÊÃº\�¦
��5g &h�{©�y� %�o�ô�Ç��. A ? B : B ü< °ú s� arg1 õ� arg2 _� ³ð�&³d�� node �� °ú �̀¦ �â
Äº,
pedantic omit one operand () �<ÊÃº\�¦ s�6 x
�#� Ñüt ×�æ 
���\�¦ ìøÍ8̈�ô�Ç��. A op B ? A : C ü<
°ú �Ér ³ð�&³d��_� �â
Äº, operation õ� B ü< C _� °úכ\� ���� çß�éß��o\�¦ Ãº'��ô�Ç��.

A op 0 ? A : -A {9� �â
Äº, q��§ operator \� ���� A <�Ê�Ér -A, abs (A), -abs (A) {9�
�.���s	כ A != 0 ? A : 0 {9� �â
Äº, s���Ér	כ éß�í�Hy� A s��¦, == {9� �â
Äº �½Ó�©� 0 s���.
A op B ? A : B {9� �â
Äº, s���Ér	כ operator \� ����, A <�Ê�Ér B, min (A, B) max (A,
B) s���. A op C1 ? A : C2 s��¦, C1 õ� C2 �� constant &ñ
Ãº{9� �â
Äº, çß�éß��o\�¦ Ãº
'��½+É Ãº e����HX<, \V\�¦ [þt#Q C1 s� 1 �Ð�� �������, C2 �Ð�� 1 s��©� 9þt �â
Äº, MIN <�Ê
�Ér MAX �Ð ���8̈�÷&#Q|9� Ãº e���̀¦ �.���s	כ s�\� @/K� ��[jy� ¶ú�(R�Ð��� ��A�ü< °ú ��.

operator �� EQ EXPR {9� �â
Äº, A \�¦ C1 Ü¼�Ð @/�̂ô�Ç��.
LT EXPR node s��¦ C1 s� C2 + 1 {9� �â
Äº, s���Ér	כ min(A,C2) s���.
LE EXPR node s��¦ C1 s� C2 - 1 {9� �â
Äº, s���Ér	כ min(A,C2) s���.
GT EXPR node s��¦ C1 s� C2 - 1 {9� �â
Äº, s���Ér	כ max(A, C2) s���.
GE EXPR node s��¦ C1 s� C2 + 1 {9� �â
Äº, s���Ér	כ max(A,C2) s���.

A ? 1 : 0 {9� �â
Äº, A �Ð çß�éß�y� ô�Ç��. A & 2 ? 2 : 0 ü< °ú �Ér ³ð�&³d���̀¦ ¹1Ô��, A & 2 �Ð çß�éß�
�oô�Ç��.
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• COMPOUND EXPR

arg0 s� side effect \�¦ ��t��¦ e������, pedantic {9� �â
Äº, çß�éß��o\�¦ Ãº'��
�t� ·ú§��H��. arg1 s�
0 {9� �â
Äº, NOP EXPR node \�¦ Ãº'��ô�Ç��. 0A_� �â
Äº ×�æ K�{©� ���½Ós� \O��̀¦ �â
Äº, arg1 �̀¦ t
_� type Ü¼�Ð ���8̈� Êê ìøÍ8̈�ô�Ç��.

• COMPLEX EXPR

s� tree node \� @/ô�Ç arg0 õ� arg1 s� �̧¿º �©�Ãº{9� �â
Äº, build complex () �<ÊÃº\�¦ s�6 x
�#�,
COMPLEX CST node \�¦ Òqt$í

�>� �)a��.

• REALPART EXPR

arg0 s� COMPLEX EXPR {9� �â
Äº, omit one operand () �<ÊÃº\�¦  ñØ�¦ô�Ç��. arg0 s� COM-
PLEX CST {9� �â
Äº, arg0 _� TREE REALPART \�¦ ìøÍ8̈�ô�Ç��. arg0 s� PLUS EXPR <�Ê�Ér
MINUS EXPR {9� �â
Äº, s�\�¦ folding ô�Ç��.

• IMAGPART EXPR

arg0_� types� COMPLEX TYPEs���u�́ �â
Äº, convert ()�<ÊÃº\�¦:�xK�, integer zero node
\�¦ ìøÍ8̈�ô�Ç��. arg0 s� COMPLEX EXPR {9� �â
Äº, omit one operand () �<ÊÃº\�¦  ñØ�¦ô�Ç

��. arg0 s� COMPLEX CST {9� �â
Äº, arg0 _� TREE IMAGPART \�¦ ìøÍ8̈�ô�Ç��. arg0 s�
PLUS EXPR <�Ê�Ér MINUS EXPR {9� �â
Äº, s�\�¦ folding ô�Ç��.

• CLEANUP POINT EXPR

s�\� @/ô�Ç &ñ
SX�ô�Ç \V]j\�¦ ¹1Ô�̀¦ Ãº \O�#Q ¢-a«Ñ½+É Ãº \O�%3�_þvm���.

• CALL EXPR

Built-in function �<ÊÃº[þt\� @/ô�Ç constant folding �̀¦ Ãº'��
���HX<, s� Ãº'���Ér fold builtin
() �<ÊÃº\�"f Ãº'��÷& 9, builtin constant p () built-in �<ÊÃºü< builtin classify type () �<Ê
Ãº, builtin strlen () �<ÊÃº\� @/K� Ãº'��ô�Ç��. s��Qô�Ç constant folding �̀¦ 0Aô�Ç �<ÊÃº[þt�Ér
$prefix/gcc/builtins.c ��{9�\� &ñ
_�÷&#Q e��Ü¼ 9, argument �� 0 <�Ê�Ér 1, <�Ê�Ér ���Ér �©�Ãº +þA
I���� ��\	כ @/K� %�o�\�¦ ô�Ç��.


