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s���� ÅÒ�� ���̧��HX<, �©�{©�y� ú́§�Ér r�{9�s� ���§4�_þvm���. Õª 1lxîß� �r��{9� M:ë�H\� �©�{©�y� ��åÔ>� t�?/M®o��HX<,
>�5Åq s�ü< °ú s� {9��̀¦ �>� ÷&��� y©�_�\�¦ æ¼��HX< ú́§s� 0py#Q|9� 1pw½+Ëm���.
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V� 2 â�
 ¥U>#a �ấ���â��ê�> ÉÙ&P�l�î5�?

GCC5Åq\�"f ¬Íá¬¸ ¤ÑÞ¦ÝîÍÞ¬Ýá ¨Á¨Öás���~���� ¬Íá¬¸ ÑòªÑÞÍÞ¬Ýá ¨Á̈Öáõ�°ú �Ér³ð�&³�̀¦��6 x�>��)as�Ä»��HGCC
_� "é¶A� s�2£§\�"f ·ú� Ãº e��_þvm���. 7£¤ GNU Compiler Collection s�l� M:ë�H\� #��Q ���#Q�� GCC ����H s�2£§
�\� �̧#� ¶ú��¦ e��_þvm���. ��u� |	�Óüt ½̈�̧��H °ú t�ëß� y�� ���#Q[þts� ¶ú��¦ e����H ~½Ó ?/ÂÒ �̧_þv�Ér ]jy��y�����1pw ú́�
{9�m���. #�l�"f ~½Ó ?/ÂÒ �̧_þv�̀¦ ‘���#Q 7áx5Åq&h���� ÂÒì�r’ s����¦ Òqty��ô�Ç����� |	�Óüt ½̈�̧��H ‘���#Q 1lqwn�&h���� ÂÒ
ì�r’s����¦ ½+É Ãº e���̀¦ �.���9�m}	כ |	�Óüt ½̈�̧����H ú́��̀¦ 7á§ Û�¦#Q��H����� éß�í�Hy� |	�Óüt_� �̧_þv ÷�rëß� ��m��� ������
_� C�u�, ��Û¼�'a_� 0Au� 1px1px #��Q ¦�\¹�èכ ú́�½+É Ãº e���̀¦ �.���9�m}	כ

2.1 5�³ÀUc 7�B�

s���� ÅÒ��H “���#Q 1lqwn�&h���� ÂÒì�r_� �íl��o (>h¹כ)”\� @/ô�Ç �¦̀�	כ �>� |̈c �.���9�m}	כ #�l�\�"f_� �íl��o_� _�
p���H t��FK��t� Ùþ¡~�� y©�_�ü< ��ðøÍ��t��Ð #Q�"� ��Óüt/���©��̀¦ {���̀¦ Õª2£©�̀¦ p�o� ï�rq���¦ ²ú£�� Z�~��H õ�&ñ
�̀¦
ú́�½+Ëm���. #Q�"� ÅÒ]j\� @/K�"f d���̧e��>� ¶ú�(R�Ð��H ��Ér	כ ��×�æÜ¼�Ð p�ÀÒ�¦ ����̂&h���� �̧�ª�Dh\� @/K�"f ·ú���
�Ð��H õ�&ñ
�̀¦ ���x_þvm���.
��A� ÕªaË>�Ér t��FK��t� GCC �̧_þv�̀¦ çß�éß��>� Õª�2; �.���9�m}	כ ‘GCC z�́'��’ s� ÷&��� ‘�̀v��� %�o�l�’ \�"f

Command line �©�\� {9�§4��)a option [þt�̀¦ K�$3��>� ÷& 9 /BI s�#Q"f ‘���#Q-1lqwn�&h���� �íl��o’ ü< ‘���#Q-7áx5Åq&h�
��� �íl��o’�� s�ÀÒ#Qt�>� �)a��.

GCC z�́'��

�̀v��� %�o�l�

���#Q-1lqwn�&h���� �íl��o ���#Q-7áx5Åq&h���� �íl��o

ÕªaË> 1: t��FK��t� ¶ú�(R�:r GCC ½̈�̧

s� ÂÒì�r�Ér (����{9��Q_� ½̈�̧ ×�æ ���©� ·ú¡éß�\� e����H ½̈�̧�Ð+� ��_� ‘(����{9��Q ½̈�̧’ \�¦ ���/åL½+ÉM: �Ðs�t��̧
·ú§��H ÂÒì�rs���. Õª!3� GCC ��H @/|ÄÌ #Q�"� ½̈�̧\�¦ ��t��¦ e����Ht� �̧_þvëß� �Ð��. ��A� ÕªaË>�Ér þj+þA½©}�_� /åJ
“Porting GCC Compiler” ����H ë�H"f\� ��ü< e����H �.���9�m}	כ
�t�ëß� Äºo��� t��FK �&³F� �Ð��H ÂÒì�r�Ér ‘For each function’ s���� ÂÒì�rs����¦ �Ðr���� |̈em���.

V� 3 â�
 ¥U>#a �ấ����\�ê�> ÉÙ&P�

3.1 Garbage Collector

GCC \�"f %�6£§ Ãº'�����H ���#Q 1lqwn�&h���� ÂÒì�r�Ér Garbage-Collector (s�� GC) ÂÒì�rs���. Óüt�:r �íl��o éß�
>�s�l� M:ë�H\� GC �̀¦ ½̈�&³���HX< ��6 x÷&��H ½̈�̧�̂�� ���%i����Ãº\�¦ [O�&ñ
K� ÅÒ��H ÂÒì�rs� ���ÂÒs���.

GC \� @/ô�Ç &ñ
�Ð\�¦ {����H ½̈�̧�̂ ×�æ ���©� ×�æd��\� e����H ��Ér	כ $prefix/gcc/ggc-page.c ��{9�\� ������÷&#Q e��
��H

struct globals G;

½̈�̧�̂s���. GCC \�"f ��6 x���H GC _� �â
Äº paging >h¥Æ��̀¦ ��6 x�l� M:ë�H\� ½̈�̧�̂\�¦ ½̈$í
���H ½̈$í
¹כ
�è[þt�Ér page entry, page table õ� °ú �Ér ���Ér ½̈�̧�̂ü< ½+É{©��)a &ñ
�Ð 1px1px_� �¦̀�	כ {���¦ e����.
s� ½̈�̧�̂\� @/ô�Ç ��[jô�Ç [O�"î
�Ér ��×�æ\� [O�"î
½+É �.���s	כ
Õªo��¦ l��� ���Ér GC �'aº�� &ñ
�Ð[þt�̀¦ {����H ���%i� ���Ãº[þt�̀¦ [O�&ñ
�>� |̈em���. #�l�"f [O�&ñ
÷&��H ���%i� ���

Ãº�Ð��H

object size table objects per page table size lookup

�� e����. s���+Ü¼�Ð	כ GCC ?/\� GC ½̈�̧�̂ x9� ���%i����Ãº [O�&ñ
�Ér ��u�>� �)a��.
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For each Function

Parser
TREE

Representation

Tree Optimization
Register Transfer
Language (RTL)

RTL Generation

RTL Optimization

Assembly Code
Generation

Assembler Code With or
w/o debugging infomation

ÕªaË> 2: ����̂&h���� GCC ½̈�̧

3.2 String Pool

String Pool _� �íl��o��H ��6£§õ� °ú �Ér ���%i����Ãº\�¦ �íl��o����"f çß�éß��>� ��u�>� �)a��.

ident_hash
ident_hash->alloc_node
string_stack

String Pool �̀¦ ½̈$í
���H ½̈�̧�̂�Ð��H struct ht �� e����HX<, s� ½̈�̧�̂��H $prefix/gcc/hashtable.h ��{9�\� &ñ

_�÷&#Q e����. s� ½̈�̧�̂��H CPPlib (C++ �̀¦ ��ØÔv���H ��s	כ ��m��� C PreProcessor \�¦ �����·p��.) ü< (����
{9��Q\�"f ������>� |̈c d��Z>��� (identifier) hash table [þt�̀¦ ��t��¦ e��>� �)a��. {©����ô�Ç E�l�s���xt�ëß� d��Z>���
_� ë�H��\P��̀¦ $��©����H �í���'�, d��Z>���_� ß¼l�, Y>� >h_� d��Z>����� $��©�÷&#Q e����Ht� 1px1pxõ� l��� _�s��̂¦ ��
6 x\� �'a�&³ :�x>�u�\�¦ �Ð#�ÅÒ��H ���Ãº[þt�Ð ½̈&ñ
÷&#Q e����.
s� ident hash ���%i����Ãº\� @/ô�Ç ½+É{©��Ér ht create () �<ÊÃº\� _�K� s�ÀÒ#Qt�>� ÷& 9 �&³F� GCC \�"f��H

Hash Table �̀¦ 0Aô�Ç ß¼l��Ð+� �íl�\� 16Kbytes (21̂4) \�¦ ½+É{©��>� �)a��.
���r� ht create () �<ÊÃº_� 1lx����̀¦ ���/åL��¦ ��6£§Ü¼�Ð �Å�#Q ����x_þvm���.

1. Äº��� struct ht ½̈�̧�̂\�¦ 0Aô�Ç /BNçß��̀¦ ½+É{©�½+Ëm���.

2. struct ht ½̈�̧�̂_� ½̈$í
"é¶��� stack \� @/ô�Ç �¦̀�	כ gcc obstack init () �<ÊÃº\�¦ ��6 x�#� �íl��o�>� |̈e
m���.

3. obstack alignment mask B�ß¼�Ð\�¦ ��6 x�#� s� stack _� �â
Äº ë�H��\P��̀¦ alignment ½+É ��¹כ��9 \O�6£§�̀¦
��ØÔ&� ×�̈m���.

4. Õªo��¦ ½̈$í
"é¶��� entries \� ½+É{©�|̈c /BNçß��̀¦ ��º����¦ ½̈$í
"é¶ nslots \� �&³F� Y>� >h_� ½̈$í
"é¶s� ½+É{©�÷&
%3���Ht�\�¦ $��©�½+Ëm���.

s�]j ¢̧ ���Ér ½̈$í
"é¶��� alloc node \�¦ [O�&ñ
��¦, ���%i� ���Ãº string stack \� @/K� gcc obstack init () �<ÊÃº
�Ð �íl��o\�¦ r�&�ÅÒ>� |̈em���.
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��t�}��Ü¼�Ð ggc add root () �<ÊÃº\�¦ ��6 x�#� indent hash ���%i� ���Ãº\�¦ Dh�Ðî�r garbage collection root
�Ð ÆÒ��½+Ëm���.
s��Ð+� GCC ?/_� String Pool \� @/ô�Ç �íl��o\�¦ ��ÀÒo�f±	>� |̈em���.
GCC \�"f ��6 x÷&��H hash table ½̈�̧�̂\� @/ô�Ç ��[jô�Ç [O�"î
�Ér ��6£§\� ·ú����Ð�̧2�¤ ���x_þvm���.

3.3 Obstack

Obstack s�����H ú́��Ér GCC \�¦ ì�r$3���� �Ð��� d��d��¹1Þ>� ���̧��H éß�#Q{9�m���. obstack �Ér GCC \�"f
$prefix/libiberty/obstack.h ��{9�õ� $prefix/libiberty/obstack.c ��{9�[þt�̀¦ ×�æd��Ü¼�Ð ½̈�&³÷&#Q e��Ü¼ 9, ú́§�Ér
�<ÊÃº[þtõ� B�ß¼�Ð[þt�Ð ½̈$í
÷&#Q e��_þvm���. Obstack �Ér String table �̀¦ Òqt$í
 (creating) / Ä»t� (maintaining)
���H çß�éß�ô�Ç ~½ÓZO��̀¦ ]j/BN½+Ëm���. s���Ér	כ ô�Ç ë�H��m�� (character-by-character) ë�H��\P��̀¦ ��ÅÒ ������y� ëß�[þt�¦,
M:M:�Ð Õª�¦̀�	כ Ä»t��ÐÃº <�Ê�Ér �̀l�½+É ��¹כ��9 e����H ÂÒì�r\� þj&h��o�� ÷&#Q e��_þvm���. Stack +þAd��s�l� M:ë�H
\� ��t�}��\� ½+É{©��)a ��s	כ ìøÍ×¼r� %�6£§ ���̧��H ��s	כ ÷&�̧2�¤ ½+Ëm���. �t�ëß� ���Ér��õ	כ ½̈ì�r÷&��H ‘1lqwn�&h����
obstack’_� �â
Äº s��Qô�Ç ~½Ód��\� %ò
�¾Ó�̀¦ ~ÃÎ�̀¦ ��¹כ��9 \O�_þvm���.

GCC �ï×¼×�æ\�"f :£¤Z>�y� obstack �̀¦ �íl��o���H ÂÒì�r�Ér \O�Ü¼ 9 (z�́]j�Ð��H $prefix/libiberty/obstack.*
��{9�\� �íl��o �<ÊÃº�� ½̈�&³÷&#Q e����.) z�́]j�Ð init obstacks () �<ÊÃº\���H GCC �©�\� �������)a
$prefix/gcc/collect2.c ��{9�?/_� permanent obstack ���%i����Ãº\�¦ �íl��oK�ÅÒ��H ��ëß	כ obstack ÂÒì�rõ� ����'as�
e���¦ �� Qt� ÂÒì�r[þt�Ér ���çß� �©��'a\O���H ��þts]	כ e����. 	�H ����'a$í
s� \O���H �½Ó3lqÜ¼�Ð��H ��A�ü< °ú �Ér ��s	כ e����.

1. ‘Type’ Hash Table �̀¦ {���¦ e����H type hash table ���%i����Ãº\�¦ htab create () �<ÊÃº\�¦ ��6 x�#� �íl��o
��¦ s�\�¦ ggc add deletable htab () �<ÊÃº\�¦ s�6 x�#� ‘GC root ���]j��0px 3lq2�¤’\� 1px2�¤½+Ëm���.

2. Z>��Ð obstack ÂÒì�rõ� �'aº��$í
s� \O���H ���%i����Ãº global trees ü< integer types \�¦ GC root �Ð 1px2�¤½+Ëm�
��.

3. �<ÊÃº�í���'� lang set decl assembler name \�¦ set decl assembler name �Ð [O�&ñ
½+Ëm���.

GCC ?/\� ��6 x÷&��H obstack\� @/ô�Ç ��[jô�Ç [O�"î
�Ér s� y©�_� +'\� ��º��|̈c �.���s	כ

3.4 Unique RTL object �æ·

���#Q 1lqwn�&h���� �íl��o ÂÒì�r\�"f init emit once () �<ÊÃº\�"f s�ÀÒ#Qt���H ÂÒì�r\� @/K�"f çß�éß��>� ¶ú�(R�̂vr�
��.

Unique RTL object [þt�̀¦ Òqt$í
ô�Ç����H ��Ér	כ ��×�æ\� ��ÅÒ ��6 x÷&>� |̈c RTL object [þt�̀¦ t��FK p�o� Òqt$í

K� Z�~��x����H >pw{9�m���. #��Qì�r[þts� RTL s�����H >h¥Æ�\� @/K�"f e��ņqK�4R�� ���xt�ëß� RTL �̀¦ ��×�æ\� ��ÀÒ
>� ÷&��� Õª��s	כ GCC �� (����{9�÷&>� ÷&��H machine õ� ��ÅÒ ú́§�Ér ����'as� e��_þvm���. q�2�¤ ��6 x�� {9��©�\�"f
�Ð��� éß�í�Hy� C �Ð ��#���� áÔ�ÐÕªÏþ�s���xt�ëß� (����{9��Q {9��©�\�"f �Ð��� #Q�"� ���Ãº\�¦ #Q�"� register \� C�{©�K�
�� ��¦ Õª M: ���� PC (program counter) ��H #Q�"�>� ����â
K�1>�� ��¦, 1px1px ú́§�Ér ÂÒì�r\� @/K�"f (����{9�
�Q��H Òqty��K�1>�� ½+Ëm���. Unique RTL object Òqt$í
ÂÒì�r\�"f��H 1) l���� l��:rs� ÷&��H ÂÒì�r\� @/K�"f p�o� Òqt
$í
�<ÊÜ¼�Ð+� ��×�æ\� parsing Êê ������>� |̈c q�5pwq�5pwô�Ç ÂÒì�r\� @/ô�Ç ×�æ4�¤�)a Òqt$í
�̀¦ þj@/�Ð Ø�¦s���H ��õ	כ 2)
machineõ���H�©��'a\O�s�#Q�"����©�&h���� 8̈��â
 (simulation) �̀¦ ½̈»¡¤���HX<�9¹כ�ô�ÇÂÒì�r\�@/K�"f RTL object
\�¦ ëß�[þt>� |̈em���.
��6£§Ü¼�Ð��H GCC ?/\�"f ��6 x|̈c byte mode, word mode, double mode,

ptr mode \� @/ô�Ç [O�&ñ
�̀¦ ���H �.���9�m}	כ
GCC �©�\�"f��H machine mode ����H �¦̀�	כ ��t��¦ e����HX< machine mode ��H machine level \�"f_� data

_� ß¼l�ü< format (+þAd��) �̀¦ t�&ñ
½+Ëm���. 0A\�"f [O�&ñ
÷&��H byte mode, word mode, double mode, ptr mode
[þt�̧ �&³F� target �©�\�"f GCC (����{9��Q�� ��6 x½+É byte, word, double, pointer _� mode \�¦ &ñ
���H ��9�m}	כ
��. ‘Machine Mode’\� @/K�"f�̧ ��×�æ\� ��r� ½+É �.���9�m}	כ
¢̧ô�Ç #�l�"f��H ���%i� ���Ãº�Ð �������)a ‘Register RTX’ \�¦ register number \�¦ ½+É{©��l��̧ ½+Ëm���. s�°ú s�

global �Ð ������|̈c ��¹כ��9 e����H ��\þt]	כ @/K�"f��H ���%i� ���Ãº C�\P���� global rtl ?/\� $��©�÷&>� |̈em���. register
rtx ü< �'aº�� e����H B�ß¼�Ð��H ��6£§õ� °ú _þvm���.

pc_rtx
cc0_rtx



3.5 Unique RTL object �æ· 5

stack_pointer_rtx
frame_pointer_rtx
hard_frame_pointer_rtx
arg_pointer_rtx
virtual_incoming_args_rtx
virtual_stack_vars_rtx
virtual_stack_dynamic_rtx
virtual_outgoing_args_rtx
virtual_cfa_rtx

y��y��s� �¦Ä»_� register number \�¦ ��t��¦ e��Ü¼ 9 ix386 \�"f ��6 x÷&��H YUt�Û¼'�[þt_� map �̀¦ çß�éß�y� ÕªaË>
Ü¼�Ð Õª�2;����� ��6£§õ� °ú _þvm���. ����̂ Register ½+É{©��)a ÕªaË>s� ��m� 9 {9�ÂÒì�r{9�m���.

RN Description
------------------------------------------
2 STATIC_CHAIN_REGNUM
3 PIC_OFFSET_TABLE_REGNUM

6 HARD_FRAME_POINTER_REGNUM
7 STACK_POINTER_REGNUM

16 ARG_POINTER_REGNUM

20 FRAME_POINTER_REGNUM

<FIRST_PSEUDO_REGISTER>
53 VIRTUAL_INCOMING_ARGS_REGNUM
54 VIRTUAL_STACK_VARS_REGNUM
55 VIRTUAL_STACK_DYNAMIC_REGNUM
56 VIRTUAL_OUTGOING_ARGS_REGNUM
57 VIRTUAL_CFA_REGNUM

l��:r&h���� register number ½+É{©�s� ��Áºo�÷&��� GC root �Ð+� global rtl ���%i� ���Ãº C�\P��̀¦ 1px2�¤½+Ëm���.
Õªo��¦ :£¤&ñ
 rtx code [þtõ� operand °úכ[þt�̀¦ 0Aô�Ç unique rtx [þt�̀¦ Òqt$í
½+Ëm���. #�l�"f ��6£§õ� °ú �Ér ���Ãº

[þts� [O�&ñ
|̈em���.

const int rtx const true rtx

dconst0 dconst1 dconst2 dconstm1 const tiny rtx

#�l�"f const int rtx, const tiny rtx, const true rtx �� GC root �Ð+� 1px2�¤|̈em���.
Õªo��¦ machine ���� ��ØÔ>� [O�&ñ
|̈c Ãº e����H �� Qt� register number [þt\� @/ô�Ç ½+É{©��̀¦ ½+Ëm���.

return_address_pointer_rtx
struct_value_rtx
struct_value_incoming_rtx
static_chain_rtx
static_chain_incoming_rtx
pic_offset_table_rtx

0A_� list���� Qt� register number\�K�{©����HÂÒì�r{9�m���.Õªo��¦��t�}��Ü¼�Ð0A_� list\�¦ �̧¿º GC root
�Ð 1px2�¤�>� |̈em���.
s�XO�>� �<ÊÜ¼�Ð+� GCC \�"f ��6 x÷&��H unique rtx \� @/ô�Ç l��:r&h���� [O�&ñ
�Ér =åQ��>� |̈em���.
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3.5 Register set �æ·/ mode �æ·

s� ÂÒì�r\�"f��H Register set [þt�̀¦ �íl��o�~�� �¦̀�	כ ��Áºo� f±	�¦, register mode [þt�̀¦ �íl��o�>� |̈em���.
GCC ?/\�"f Register [þt\� @/ô�Ç class �� �>rF�½+Ëm���. s�ü< °ú s� class �� �>rF����H s�Ä»��H

1. Machine description ?/\�"f_� YUt�Û¼'� ]j���

2. Constant [þt_� #3�0A &ñ
_�

M:ë�H\� �>rF�� 9 �&³F� GCC 3.1 !Q���\�"f��H 26 >h_� register class \�¦ ��t��¦ e��_þvm���. ‘Register set [þt/
mode [þt’ \�"f Ãº'��÷&��H ÂÒì�r ×�æ\� ������ init reg sets 1 () �<ÊÃº\�"f��H ß¼>� ��6£§õ� °ú �Ér {9��̀¦ ���H ��s	כ
ÅÒ\�¦ s�Ò�̈m���.

1. y�� class ?/_� hard register [þt_� Ì�	Ãº\�¦ >�íß�

2. reg class subunion[I][J] \� class I ü< J _� ½+Ë|9�½+Ë?/\� �í�<Ê÷&��H ���©�-	�H-Ãº\�¦ ��t���H Register Class
\�¦ >�íß�. #�l�\�"f��H subunion (ÂÒì�r½+Ë|9�½+Ë) �̀¦ >�íß�½+Ëm���.

3. reg class superunion[I][J] \� class I ü< J _� ½+Ë|9�½+Ë?/\� �í�<Ê÷&��H ���©�-����Ér-Ãº\�¦ ��t���H Register
Class \�¦ >�íß�

4. y�� Register Class _� subclass (reg class subclasses[I][J]) ü< superclass
(reg class superclasses[i][j]) [þt_� _�s��̂¦�̀¦ �íl��o

5. “Constant” _�s��̂¦ �íl��o. s� _�s��̂¦õ� ����'ae����H ���%i� ���Ãº�Ð��H
fixed reg set, call used reg set, call fixed reg set, regs invalidated by call �� e��_þvm���. �̧¿º type �̀¦
HARD REG SET �̀¦ ��t��¦ e����H �.���þt{9�m]	כ K�{©����H q�àÔ\� &h�{©�y� [O�&ñ
|̈c �.���9�m}	כ

6. Move Cost _�s��̂¦ �íl��o. y�� class _� �̧��H ÂÒì�r|9�½+Ë�̀¦ ¹1Ô�� #Q�"� ÂÒì�r|9�½+Ë\�"f ���Ér |9�½+ËÜ¼�Ð s�1lx
½+É r�\� ×¼��H þj@/ cost \�¦ ½̈½+Ëm���.

Õªo��¦ init reg sets 1 () �<ÊÃº�� =åQèß� Êê\� Ãº'��÷&��H init reg modes () �<ÊÃº\�"f��H ���%i����Ãº
reg raw mode[I] \�¦ 0Aô�Ç [O�&ñ
s� s�ÀÒ#Q�����.
�� Qt�ÂÒì�r\�"f��H memory move secondary cost?/\�"f��6 x|̈cY>�Y>����� stack-frame MEM reference

[þt�̀¦ ëß�[þvm���.
s��Ð+� GCC \�"f ��6 x|̈c “Register set [þt/ mode [þt”\� @/ô�Ç l��:r&h���� �íl��o��H ��Áºo�f±	>� |̈em���.

3.6 Alias sets

Alias sets �Ér #Q�"� MEM [þts� ���Ér MEM [þt�̀¦ alias ½+É Ãº e����Ht�\�¦ back-end �� ���&ñ
½+É Ãº e���̧2�¤ �̧ü<ÅÒ
��HX< ��6 x|̈em���.

GCC \�"f s� ÂÒì�r�Ér ¿º éß�>��Ð s�ÀÒ#Q|9�m���.

• Machine �©�\� �>rF�½+É Ãº e����H register [þt ×�æ incoming pointer argument \�¦ ��|9� Ãº e����Ht�\�¦ �����½+Ë
m���. s�\� @/ô�Ç ���õ�°úכ�Ér argument registers \� $��©�÷&>� |̈em���.

• #��Q alias set entry[þt�̀¦$��©����HX<��6 x÷&��H splay-tree\�¦�íl��o½+Ëm���.s���Ér	כ $prefix/gcc/alias.c
\� ������÷&#Q e����H ���%i� ���Ãº alias sets �̀¦ splay tree new () �<ÊÃº\�¦ ��6 x�#� �íl��o�>� |̈em���.

ëß���� splay-tree \� @/K� ÏãÎ�FKô�Ç ì�rs� >�r������ ��6£§õ� °ú �Ér Õþ��̀¦ {9�#Q �Ðr�l�\�¦ �Ý¶½+Ëm���.

]j3lq : Data Structures and Their Algorithms.
$��� : Lewis, Harry R. ü< Denenberg, Larry
Ø�¦óøÍ�� : Harper-Collins, Inc.
�̧��̧ : 1991
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3.7 TREE → RTL ��È*�× (expand)

GCC \���H (����{9��Q_� AST \� K�{©����H TREE ü< Low-Level IR (Intermediate Representation) \� K�{©��
��H RTL (Register Transfer Language) �̀¦ ��t��¦ e��_þvm���. {©����ô�Ç s���l�s�t�ëß� AST \�¦ IR �Ð ���8̈��̀¦ K�
�� ½+Ëm���. AST \�¦ IR �Ð ���8̈����H ÂÒì�r�Ér (����{9��Q\�"f��H middle-end &ñ
�̧_� õ�&ñ
s����¦ �Ðr���� |̈em���.
��6£§_� �0A !lo���[þt�Ér Õª\� K�{©����H ì�r��\� @/ô�Ç [O�"î
�̀¦ ÅÒ�Ð ���x_þvm���.

3.7.1 list manager

List Manager \�"f��H $prefix/gcc/rtl.def \� &ñ
_�÷&#Q e����H EXPR LIST ü<
INSN LIST [þt_� cache ��0pxô�Ç list [þt�̀¦ Ä»t��ÐÃº�>� |̈em���.

init EXPR INSN LIST cache () �<ÊÃº\�"f��H EXPR LIST ��H ½+É{©�÷&%3�t�ëß� �&³F� ��6 x�t� ·ú§��H �̧��H
EXPR LIST [þt�̀¦ �í�<Ê���H ���%i� ���Ãº unused expr list \�¦ GC root \� 1px2�¤½+Ëm���.

3.7.2 statement

Statement \� �'aK�"f��H ‘struct function’ _� stmt ½̈$í
¹�è\�"fכ ú́§�Ér ÂÒì�r�̀¦ �íl��o�>� |̈em���. init stmt
() �<ÊÃº\�"f��H éß�í�Hy� stmt obstack ���%i� ���Ãº_� obstack �̀¦ �íl��o½+É ÷�r{9�m���.

3.7.3 function

GCC _� �â
Äº #Q�"� �ï×¼\�¦ z�́]j�Ð Òqt$í
���HX< e��#Q"f, ���_� ��{9��̀¦ ����̂&h�Ü¼�Ð (����{9� ô�Ç Êê �ï×¼\�¦ Òqt
$í
�t� ·ú§_þvm���. �&³F� GCC \�"f��H ���_� �<ÊÃº\�¦ l�ï�rÜ¼�Ð (����{9�ô�Ç Êê �<ÊÃº éß�0A�Ð �ï×¼\�¦ Òqt$í
K� ès
m���. s�&h�s� ��|ÃÐ[þt�Ð ÂÒ'� ë�H]j�� ÷&��H ÂÒì�rs� ÷&�¦ e�����¦ t�&h�~ÃÎ�¦ e��Ü¼ 9 5Åq�̧ <�Ê�Ér þj&h��o\�"f s�
��� mechanism Ü¼�Ð ���K� ½̈�&³�t� 3lw���H ÂÒì�rs� e�����¦ ·ú��94R e��_þvm���.

init function once () �<ÊÃº\�"f��H cfun, outer function chain \�¦ GC root �Ð 1px2�¤�>� |̈em���.
Õªo��¦ ���%i����Ãº prologue ü< epilogue, sibcall epilogue \� @/K� VARRAY \�¦ �íl��o�>� |̈em���.
prologue ü< epilogue ��H prologue ü< epilogue insn [þt_� INSN UID [þt�̀¦ l�2�¤���HX< ��6 x|̈em���.
��×�æ\��̧ ��r� ¶ú�(R�Ð>� ÷&��xt�ëß� GCC \�"f ô�Ç �<ÊÃº_� �̧��H &ñ
�Ð��H ‘struct function’ \� �̧s�>� |̈em�

��.
‘struct function’ �̀¦ �íl��o ���H ÂÒì�r�Ér ���#Q 7áx5Åq&h���� ÂÒì�r\�"f

init dummy function start () �<ÊÃº�� {��{©����H ÂÒì�r{9�m���. s� ÂÒì�r\�"f RTL expansion mechanism �̀¦ �í
l��o½+Ëm���. s�XO�>� �<ÊÜ¼�Ð+� í�H	�&h� (sequence) Òqt$í
õ� °ú �Ér çß�éß�ô�Ç �¦̀�	כ ½+É Ãº e��_þvm���. s���Ér	כ Y>�Y>� éß�
>�[þt\�"f global initialization 1lxîß� context \�¦ ]j/BN���HX< ��6 x|̈em���.
éß�í�Hy� ‘struct function *cfun’ ½̈�̧�̂_� ½̈$í
¦�\¹�èכ s�]j z�́]j�Ð ��6 x½+É Ãº e��>� ëß�×¼��H ��s	כ 3lq³ð{9�

m���. �t�ëß� ½̈$í
��¹�èכ machine \� ���� ²ú���|9� Ãº e����H ÂÒì�rs� �>rF�ô�Ç��.
z�́]j ‘struct function’ _� ß¼l��� ��ÅÒ ß¼l� M:ë�H\� ���Ð y©�_�\�¦ ��º��½+É �.���s	כ

3.7.4 
ä»ë5Ñ-QcG�f ��DÇÙî�>

s���Ér	כ bit-field store, extrace ÂÒì�r Õªo��¦ shift, Y�L�l�, ��¾ºl�[þt�̀¦ rtl "î
§î
Ü¼�Ð ���8̈����H ÂÒì�r{9�m���.
���#Q 1lqwn�&h���� �íl��o ÂÒì�r\�"f��H #��Q RTL �̧y��[þt_� cost [þt�̀¦ �íl��o�>� |̈em���. �íl��o|̈c ��6£§_�

Y>�Y>��Ér shift count �Ð ��\P�÷&#Q e���¦ #Q�"� ��Ér	כ mode í�HÜ¼�Ð ��\P�÷&#Q e��6£§�̀¦ ��r�l� ��³1Ñm���. �íl��o÷&
��H ÂÒì�r�Ér ��6£§õ� °ú �Ér ��s	כ e��_þvm���.

zero cost, add cost,
shift cost, shiftadd cost, shiftsub cost,
negate cost,
div cost, mul cost, mul widen cost, mul highpart cost

Õªü@\���2£§õ�°ú �Ér��sכs��íl��o|̈em���.��A�_�°ú	כ 0s���u�́ �â
Äº divide[þt<�Ê�Ér modulus operation
[þts� 2 _� ]jY�L ëß��pu �©�@/&h�Ü¼�Ð cheap �l� M:ë�H\� branch [þt�̀¦ ��6 x�t� ·ú§��H �¦̀�	כ _�p�½+Ëm���. @/���
operation �̀¦ emit ½+Ëm���.

sdiv pow2 cheap, smod pow2 cheap
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3.7.5 expression

$prefix/gcc/expr.c ��{9�\� ������÷&#Q e����H init expr once () �<ÊÃº ¢̧ô�Ç tree ³ð�&³d���̀¦ rtl "î
§î
Ü¼�Ð ���8̈����H
X<��6 x÷&��H��íl��o¦̀�	כ�>� |̈em���.s��<ÊÃº\�"f��HBj�̧o�?/\�"ff��]X�&h�Ü¼�Ð��6 x|̈cÃºe����H#Q�"� mode
[þt�̀¦ [O�&ñ
��¦ block mov optab �̀¦ �íl��o�l� 0AK� (����{9�{©� ô�Ç���ëß� Ãº'��|̈em���.
s� �<ÊÃº\�"f ×�æd��&h�Ü¼�Ð [O�&ñ
÷&��H ��Ér	כ ���%i����Ãº direct load ü< direct store {9�m���. s� ¿º ���Ãº\���H y��

mode �©�\�"f Äºo��� register \�¦ Bj�̧o�?/_� K�{©� mode ��� object \�¦ f��]X�&h�Ü¼�Ð �Ð?/���� ��4R�̀¦ Ãº e��
��Ht�\�¦ (s�1lx½+É Ãº e����Ht�\�¦) l�2�¤��¦ e��_þvm���. ëß���� Äºo��� ÕªXO�>� ½+É Ãº \O������ K�{©� mode _� %ò
%i�
(field) �̀¦ ]X���H½+É M: f��]X�&h�Ü¼�Ð K�{©� mode \�¦ ��6 x½+É�9�¦ r��̧�t� ·ú§_þvm���.

3.8 i¦�\��ª (optimazation)

Thomas Pittman, James Petes �� ��H “(����{9��Q n������”s�êøÍ Õþ��̀¦ �Ð��� ��A�ü< °ú �Ér ú́�s� ���̀vm���.

�ï×¼ þj&h��o\�¦ {9�ìøÍ&h���� ¿º #3�ÅÒ�Ð ��¾º#Q Òqty�����H ��s	כ �Ð¼#�8̈�÷&#Q e����. 7£¤, 3lq&h� �×¼J?#Q
\�¦ �¦�9u� ·ú§�¦ AST \�"f s�ÀÒ#Q|9� Ãº e����H ¡È¡»- ¤ÑÞ¦ÝîÍÞ ÂÒì�rõ� ½̈�&³ x9� ̀�
¹$íכ��9¦ [O�&ñ
���H
���t��̧	כ 3lq&h� l�>�\� �'aô�Ç x9�]X�ô�Ç t�d���̀¦ ¹�Ðכ��9 ���H ¡È¡»- ¬ÇÑáÍÞ ÂÒì�rÜ¼�Ð, Êê����H ×�æçß�
�ï×¼\� @/ô�Ç $�/åL_� 4 ��t� ¹�èכ ³ð�&³(low-level quad representation) õ� þj7áx 3lq&h� �ï×¼\� &h�6 x
�)a��. Õªü< °ú �Ér "î
SX�ô�Ç l�>�-1lqwn�&h���� þj&h��o\�¦ �©�Ãº e�¦ç̀
õ� ÀÒáÔ-�©�Ãº �ï×¼ �̧���Ü¼�Ð ���d���
���"f�̧ @/ÂÒì�r_� þj&h��o�� &ñ
�̧_� 	�s���H e��t�ëß� 3lq&h� l�>� ½̈�̧\� 7áx5Åq�)a����H �Ð¼#�$í
s� ���#�

�)a r�y���̀¦ {9�ìøÍ&h�Ü¼�Ð ��t��¦ e��l� M:ë�H\� s��Qô�Ç ½̈ì�rs� Z>��Ð Ä»6 x�t� ·ú§�Ér �Ü¼�Ð	כ ·ú��¦ e��

��.

þj&h��o\� @/K�"f ·ú¡Ü¼�Ð�̧ ú́§�Ér /BNÂÒ�� e��#Q�� ���xt�ëß� GCC \�"f ‘���#Q-1lqwn�&h���� �íl��o’ ÂÒì�rõ� ���
�'a÷&#Q e����H ��\	כ @/K�"f ���/åL�̀¦ ô�Ç����� init loop () �<ÊÃº\� @/K�"f ú́�K��� ½+É �.���9�m}	כ

init loop () �<ÊÃº��H $prefix/gcc/loop.c ��{9�\� ������÷&#Q e��_þvm���. loop.c ��{9��Ér Strength reduction \�¦
�í�<Ê�#� #��Q loop þj&h��o\�¦ Ãº'�����H ÀÒ�2;[þt�̀¦ �í�<Ê��¦ e��_þvm���.
#�l�"f Ãº'��÷&��H ÂÒì�rs� ���%i� ���Ãº reg address cost ü< copy cost \�¦ �íl��o���H ��s	כ 3lq³ð{9�m���.
Õªo��¦ #Q�"� Machine �©�\�"f #Q�"� YUt�Û¼'�\�¦ ��Ò�¦ M: ×¼��H cost (q�6 x) \� @/ô�Ç >h¥Æ� ¢̧ô�Ç ·ú¡Ü¼�Ð ��

ÀÒ>� |̈c �.���9�m}	כ

3.9 Reload

Reload éß�>���H (����{9��Q\�"f Register Allocation s� s�ÀÒ#Q ��� Êê z�́'��|̈em���. Reload éß�>�\�"f��H y�� insn
\�"f ��6 x���H operand [þts� z�́]j machine �©�\�"f ���1lx½+É �â
Äº ú̧�3lw�)a �â
Äº�� µ1ÏÒqt½+É Ãº e����Ht�\�¦ ������
>� |̈em���. 0A\�"f ���/åLÙþ¡1pws� Register \��̧ class �� �>rF����HX<, operand [þts� &h�{©�ô�Ç class \� [þt#Q�� e��
��Ht�\�¦ &h�����<ÊÜ¼�Ð+� s�ÀÒ#Qt�>� |̈em���.

init reload () �<ÊÃº\�"f s�ÀÒ#Qt���H õ�&ñ
�̀¦ 7á§ ¶ú�(R�Ð>� �)a�����...
RTL _� #Q�"� �̧½+Ës� z�́]j�Ð (����{9���¦�� ���H machine \�"f Ä»ò́ô�Ç ~½ÓZO����t�\�¦ ������>� |̈em���. s�

�����\�"f ¶ú�(R�Ð>� ÷&��H ÂÒì�r�Ér [j ÂÒì�r\� @/K�"f ¶ú�(R�Ð>� |̈em���.

1. 7áx7áx (MEM (REG n)) ��H (REG n) �� stack �©�\� Z�~#�e����HX<�̧ Ô�¦½̈��¦ #����y� Ä»ò́ô�Ç �â
Äº�� e��
_þvm���. s�\� @/K� �̧�����H ÂÒì�rs� e��_þvm���. K�{©� #�ÂÒ\� @/ô�Ç &ñ
�Ð��H spill indirect levels ���%i����
Ãº\� $��©�÷&>� |̈em���.

2. Indirect addressing s� (MEM (SYMBOL REF ...)) \� @/K� Ä»ò́ô�Çt�\�¦ �����½+Ëm���.

3. reg+reg �� Ä»ò́ô�Ç (offset s� ��6 x ��0pxô�Çt�) address ���t�\�¦ �����½+Ëm���.

������� =åQèß� Êê\� Reload éß�>�\�¦ 0Aô�Ç obstack �̀¦ �íl��o½+Ëm���. s� &ñ
�Ð\�¦ ��t��¦ e���̀¦ ���%i� ���Ãº��H
$prefix/gcc/reload1.c ��{9�\� ������÷&#Q e����H reload obstack {9�m���. s� obstack �Ér register elimination 1lx
îß� rtl _� allocation �̀¦ 0AK� ��6 x|̈em���. ½+É{©��)a storage ��H find reloads () �<ÊÃº�� "î
§î
#Q\�¦ %�o�ô�Ç 7£¤r�
free |̈c Ãº e��_þvm���.
Õªo��¦ ���%i����Ãº reload startobj �� reload obstack _� r����&h��̀¦ ��ØÔv�>� |̈em���.
��t�}��Ü¼�Ð ���%i� ���Ãº spilled pseudos ü< pseudos counted \�¦ �íl��o�>� |̈em���.
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���%i����Ãº spilled pseudos��H#Q�"� pseudo�� spill÷&#Q��½+Ét�\�¦l�2�¤���HX<��6 x÷&���, pseudos counted
��H order regs for reload ü< count pseudo ��s�_� @/�o\� ��6 x|̈em���. ���_� pseudo \�¦ ¿º��� [j��H �¦̀�	כ x�
���HX< ��6 x|̈em���.

3.10 Storage Layout

Storage Layout \� @/ô�Ç Ãº'�� ÂÒì�r�̀¦ {���Ér ��{9��Ér $prefix/gcc/stor-layout.c ��{9�\� ������÷&#Q e��_þvm���. s�
��{9��Ér type [þtõ� variable [þt�̀¦ storage layout �̀¦ 0Aô�Ç C-(����{9��Q Ä»�9�o�w�[þt�̀¦ �í�<Ê��¦ e��_þvm���.

Storage Layout �Ér :£¤&ñ
 data _� ß¼l�ü< alignment \�¦ &ñ
_����HX< ��6 x|̈em���.
init stor layout once () �<ÊÃº\�"f��H éß�í�Hy� ���%i����Ãº pending sizes \�¦ GC root \� 1px2�¤½+Ëm���. #�l�"f

pending sizes ��H expand ÷&l�\�¦ l���o���H type [þtõ� decl [þt_� ß¼l�[þt�̀¦ 0Aô�Ç SAVE EXPR [þt�̀¦ ��t��¦
e��_þvm���.

3.11 Varasm

$prefix/gcc/varasm.c ��{9��̀¦ �<ÊÃº_� "î
§î
#Q (instruction) [þt�̀¦ ]jü@ô�Ç �̧��H #Q!lr�̂¦o� code _� Òqt$í
\� @/K�
��ÀÒ��H ��{9�{9�m���.

init varasm once () �<ÊÃº\�"f ���H {9��Ér ���%i����Ãº const str htab ü<
in named htab_� Hash Table �̀¦�íl��o��¦ const hash tableü< const str htab, weak decls �̀¦ GC root�Ð
1px2�¤½+Ëm���.
��t�}��Ü¼�Ð ���%i����Ãº const alias set �̀¦ [O�&ñ
½+Ëm���.

3.12 Caller Save

Caller Save \� @/K�"f��H ��×�æ\� ¶ú�(R�Ð�̧2�¤ ���.

3.13 e��� ��/�×�æ·

lang independent init () �<ÊÃº\�"f �íl��o÷&t�ëß� 	�H Óü�6£§s� ��m��� ���Ð Óü�t� ·ú§��¤~�� ���%i� ���Ãº\� @/ô�Ç [O�
&ñ
�̀¦ ¶ú�(R�Ð�̧2�¤ ½+Ëm���.
Óü�t� 3lwô�Ç ÂÒì�r�Ér �̧¿º [j>h_� ���%i� ���Ãº{9�m���. Õª\� @/K� ·ú��� �̂vr���.

decl printable name Declaration �̀¦ Ø�¦§4����HX< ��6 x÷&��H s�2£§�̀¦ >�íß����H �<ÊÃº\�¦ ��ØÔv���H �í���'�{9�
m���. #�l�"f��H decl name () �<ÊÃº_� �í���'��Ð 1px2�¤�>� |̈em���.

lang expand expr Language-Specific tree code \�¦ 0Aô�Ç rtl �̀¦ >�íß����H �<ÊÃº\�¦ ��ØÔv���H �í���'�{9�m���.
#�l�"f��H {9�éß� do abort () �<ÊÃº �í���'��Ð [O�&ñ
K� Z�~_þvm���.

tree code length ���#Q-_��>r&h���� identifier ß¼l�\�¦ [O�&ñ
½+Ëm���.
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Êë... &ñ
ú́� �̧�½�ëß�\� y©�_�\�¦ ?/Z�~>� ÷&��Hç�H¹כ. Õª1lxîß� �r��{9� M:ë�H\� ]j@/�Ð æ¼t� 3lwÙþ¡��HX< �̧�FKm�� �̧�FKm��
+�"f s�XO�>� ¢-a$í
�>� ÷&%3�_þvm���. y©�_�\�¦ æ¼��H ��Ér	כ ÕªXO�>� #Q§>�t� ·ú§t�ëß� GCC \�¦ ì�r$3����H {9�s� ���©�
#Q�9î�r 1pw½+Ëm���. ]j�� ]j@/�Ð ·ú�t� 3lw���H >h¥Æ�{9� �â
Äº ��«Ñ�̧��r� r�çß�s� ú́§s� ���wn�m���. ��6£§ y©�_�\�
"f ~³���x_þvm���.


