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s� ë�H"f��H GNU (����{9��Q_� back end ?/\�"f ��6 x÷&��H Register Transfer Language (rtl) �̀¦ ½̈$í

���H
Register Transfer Expressions (rtx’s) �̀¦ 0Aô�Ç &ñ
_�ü< ë�H"f[þt�̀¦ �í�<Ê
��¦ e��_þvm���.

V� 2 â�
 RTX Ça��+��� à�
ÃZ�

RTX ��H RTL �̀¦ ½̈$í

���H ½̈$í
�+¹�è�Ðכ RTX �� �̧#�"f RTL s� �)a��. y�� RTX ��H TREE ½̈�̧\�"f ����o
ô�Ç �̧_þvÜ¼�Ð ��o�ú̧��¦ e��Ü¼ 9, �íF�c&h�Ü¼�Ð GCC \�"f t�"é¶
���H machine [þt_� :£¤$í
[þt�̀¦ :�x½+Ë&h�Ü¼�Ð �í�<Ê
½+É Ãº e����H ½̈�̧�Ð [O�>�÷&#Q e����. $prefix/gcc/rtl.def ��{9�\���H �̧��H target [þt�̀¦ 0Aô�Ç expression &ñ
_�ü<
[O�"î
[þts� e��_þvm���. Y>�Y>��Ér #Q�"� target \�"f��H ��6 x÷&t� ·ú§�̀¦ Ãº e��_þvm���.

2.1 ¦�>W��\�ê�> (Q�y��

��A�_� ³ð\�"f “ÌfCÐÏ�”\� �'aô�Ç y�� ë�H��_� _�p�\�¦ [O�"î
�̀¦ 
���� ��6£§õ� °ú ��. y�� ë�H����H rtx ?/\�"f_� print
format õ� y�� rtx->fld[] (field) _� type �̀¦ ³ð�&³�̀¦ 
���HX<, s� +þAd��[þt�Ér ���%i����Ãº rtx format[] ?/\�
$��©��)a��.

* - &ñ
_�÷&#Q e��t� ·ú§6£§. �â
�¦ Bj[jt�\�¦ {9�Ü¼~�́ Ãº e����.

0 - field ��H ��6 x÷&t� ·ú§_þvm���. (<�Ê�Ér phase-dependent manner \�"f ��6 x|̈c Ãº�̧ e��_þvm���.) ��Áº�̧�	כ
Ø�¦§4�
�t� ·ú§��H��.

i - &ñ
Ãº. &ñ
Ãº\�¦ Ø�¦§4�ô�Ç��.

n - “i” ü< q�5pw
�t�ëß�, ‘note insn name’ \�"f entry [þt�̀¦ Ø�¦§4�ô�Ç��.

w - HOST BITS PER WIDE INT U�́s�_� &ñ
Ãº. &ñ
Ãº\�¦ Ø�¦§4�ô�Ç��.

s - ë�H��\P� �í���'�. ë�H��\P��̀¦ Ø�¦§4�ô�Ç��.

S - “s” ü< q�5pw
�t�ëß�, ���×þ�&h�: Containing rtx ��H s� operand ���\� =åQ±ú� Ãº e����.

T - “s” ü< q�5pw
�t�ëß�, RTL reader \� _�K� :£¤Z>�y� 2[/åL�)a��; �̧f�� machine description pattern [þt\�"f
ëß� ¹1Ô�̀¦ Ãº e����.

e - rtl expression �í���'�. expression �̀¦ Ø�¦§4�ô�Ç��.

E - rtl ³ð�&³d��[þt_� Ì�	Ãº\�¦ ��ØÔv���H vector �Ð_� pointer rtl ³ð�&³d��_� o�Û¼àÔ\�¦ Ø�¦§4�ô�Ç��.

V - “E” ü< q�5pw
�t�ëß�, ���×þ�&h�: Containing rtx ��H s� operand ���\� =åQ±ú� Ãº e����.

u - ���Ér insn �Ð_� pointer. insn _� uid \�¦ Ø�¦§4�ô�Ç��.

b - bitmap header \�¦ ��ØÔv���H pointer s���.

t - tree �í���'�s���.

��A�_� o�Û¼àÔ��H ³ð_� rtx _� “&P�ÇÚ”\�¦ �����·p��. s��þt�Ér]	כ rtx class ?/\� $��©�÷&�¦ GET RTX CLASS
macro \�¦ :�xK�"f ]X���H�)a��. Õª[þt�Ér ��6£§õ� °ú s� &ñ
_��)a��.

o ��H object (\V\�¦ [þt���, REG, MEM) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx code

< ��H q��§ (\V\�¦ [þt���, EQ, NE, LT) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx code

1 ��H unary íß�Õüt ³ð�&³d�� (\V\�¦ [þt���, NEG, NOT) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx code

c ��H commutative binary operation (\V\�¦[þt���, PLUS, MULT)\�¦ ����?/��HX<��6 x|̈c Ãº e����H rtx code



2.1 ¦�>W��\�ê�> (Q�y�� 3

3 ��H non-bitfield three input operation (IF THEN ELSE) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx code

2 ��H non-commutative binary operation (\V\�¦ [þt���, MINUS, DIV) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx
code

b ��H mnbit-field operation (ZERO EXTRACT, SIGN EXTRACT) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx
code

i ��H machine insn (INSN, JUMP INSN, CALL INSN) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx code

m ��H insn [þt�̀¦ B�g�A
���H #Q�"� �¦̀�	כ (\V\�¦ [þt���, MATCH DUP) ����?/��HX< ��6 x|̈c Ãº e����H rtx code

g ��H insn [þt�̀¦ �<Êa� ÕªÒ�̈�o½+É M: (\V\�¦ [þt���, GROUP PARALLEL) ��6 x|̈c Ãº e����H rtx code

a ��H autoincrement addressing mode [þt (\V\�¦ [þt���, POST DEC) \�¦ ����?/��HX< ��6 x|̈c Ãº e����H rtx
code

x ��H ���Ér �̧��H ��\	כ ��6 xH�d

��6£§ ³ð��H y�� RTX \� @/K� ·ú��� Ï@ í�H"f�Ð &ñ
o�ô�Ç ³ðs���. 0ïF��̧õ� (Ûo©¼\� @/K�"f��H 0A_� o�Û¼àÔ\�¦ �ÃÐ
�̧
���� �)a��.

s�2£§ +þAd�� ì�rÀÓ s�2£§ +þAd�� ì�rÀÓ

ABS e 1 ADDR DIFF VEC eEee0 x
ADDR VEC E x ADDRESS e m
ADDRESSOF eit o AND ee c
ASHIFT ee 2 ASHIFTRT ee 2
ASM INPUT s x ASM OPERANDS ssiEEsi x
ATTR FLAG s x ATTR s x
BARRIER iuu x CALL INSN iuueieee i
CALL PLACEHOLDER uuuu x CALL ee x
CC0 o CLOBBER e x
CODE LABEL iuu00iss x COMPARE ee 2
CONCAT ee o COND EXEC ee x
COND Ee x CONST DOUBLE CDF1 o
CONST INT w o CONST STRING s o
CONST VECTOR E x CONST e o
CONSTANT P RTX e x DEFINE ASM ATTRIBUTES V x
DEFINE ATTR sse x DEFINE COMBINE Ess x
DEFINE COND EXEC Ess x DEFINE DELAY eE x
DEFINE EXPAND sEss x DEFINE FUNCTION UNIT siieiiV x
DEFINE INSN AND SPLIT sEsTsESV x DEFINE INSN sEsTV x
DEFINE PEEPHOLE EsTV x DEFINE PEEPHOLE2 EsES x
DEFINE SPLIT EsES x DIV ee 2
EQ ATTR ss x EQ ee <
EXPR LIST ee x FFS e 1
FIX e 1 FLOAT EXTEND e 1
FLOAT TRUNCATE e 1 FLOAT e 1
GE ee < GEU ee <
GT ee < GTU ee <
HIGH e o IF THEN ELSE eee 3
INCLUDE s x INSN LIST ue x
INSN iuueiee i IOR ee c
JUMP INSN iuueiee0 i LABEL REF u00 o
LE ee < LEU ee <

1#�l�"f CDF ��H CONST DOUBLE FORMAT _� ×�¦e��ú́��Ð s� B�ß¼�Ð��H y�� target \� :£¤$í
\� ���� Õª format s� ²ú��������. s�
\� @/ô�Ç ��[jô�Ç [O�"î
�Ér ³ð_� =åQ ÂÒì�r\�"f 
��̧2�¤ 
���x��.
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LO SUM ee o LSHIFTRT ee 2
LT ee < LTGT ee <
LTU ee < MATCH DUP i m
MATCH INSN is m MATCH OP DUP iE m
MATCH OPERAND iss m MATCH OPERATOR isE m
MATCH PAR DUP iE m MATCH PARALLEL isE m
MATCH SCRATCH is m MEM e0 o
MINUS ee 2 MOD ee 2
MULT ee c NE ee <
NEG e 1 NIL * x
NOT e 1 NOTE iuu0ni x
ORDERED ee < PARALLEL E x
PC o PHI E x
PLUS ee c POST DEC e a
POST INC e a POST MODIFY ee a
PRE DEC e a PRE INC e a
PRE MODIFY ee a PREFETCH eee x
QUEUED eeeee x RANGE INFO uuEiiiiiibbii x
RANGE LIVE bi x RANGE REG iiiiiiiitt x
RANGE VAR eti x REG i0 o
RESX i x RETURN x
ROTATE ee 2 ROTATERT ee 2
SCRATCH 0 o SEQUENCE E x
SET ATTR ALTERNATIVE sE x SET ATTR ss x
SET ee x SIGN EXTEND e 1
SIGN EXTRACT eee b SMAX ee c
SMIN ee c SQRT e 1
SS MINUS ee 2 SS PLUS ee c
SS TRUNCATE e 1 STRICT LOW PART e x
SUBREG ei x SYMBOL REF s o
TRAP IF ee x TRUNCATE e 1
UDIV ee 2 UMAX ee c
UMIN ee c UMOD ee 2
UNEQ ee < UNGE ee <
UNGT ee < UNKNOWN * x
UNLE ee < UNLT ee <
UNORDERED ee < UNSIGNED FIX e 1
UNSIGNED FLOAT e 1 UNSPEC VOLATILE Ei x
UNSPEC Ei x US MINUS ee 2
US PLUS ee c US TRUNCATE e 1
USE e x VALUE 0 o
VEC CONCAT ee x VEC DUPLICATE e x
VEC MERGE eee x VEC SELECT ee x
XOR ee c ZERO EXTEND e 1
ZERO EXTRACT eee b

0A_� y��ÅÒ�Ð e����H CDF (CONST DOUBLE FORMAT _� ×�¦e��ú́�) ��H $prefix/gcc/rtl.c ��{9�_� ·ú¡ÂÒì�r
\� ������÷&#Q e����H B�ß¼�Ð\� _�K� y�� r�Û¼%7�_� :£¤$í
\� ���� �©�@/&h�Ü¼�Ð +þAd��s� ����o
�>� ÷&#Q e����. s� °úכ
�Ér z�́|9�&h�Ü¼�Ð B�ß¼�Ð REAL WIDTH _� °úכ\� ���� ����o
���HX<, s� B�ß¼�Ð\� %ò
�¾Ó�̀¦ ÅÒ��H ���Ér B�ß¼�Ð�Ð
��H REAL ARITHMETIC, MAX LONG DOUBLE TYPE SIZE, HOST BITS PER WIDE INT 1px1pxs� �>r
F�ô�Ç��. ��[jô�Ç ���1lx\� @/K�"f��H s� rtl.c ��{9��̀¦ �ÃÐ�̧
���� ~1�>� ·ú� Ãº e����.
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2.2 ḈÐ rtx Uc 7�B�

��A�_� [O�"î
_� y�� ÅÒ]j[þt�Ér /BNÑþ�ë�H���Ð ��Ðüt �â
Äº, 'Í	���P: �������H rtx _� s�2£§, ¿º���P:��H +þAd��, [j���P:��H
ì�rÀÓs���. Õªo��¦ y�� $í
���\� ���� �̀s�t�\�¦ ��¾º%3���.

áÔ�ÐÕªÏþ�_� rtl ³ð�&³d���̀¦ ½̈�̧�o
���HX< ��6 x÷&��H ³ð�&³d��[þt (Õªo��¦ “meta” ³ð�&³d��[þt).

UNKNOWN * x

expression code s�2£§s� reader \�"f ·ú� Ãº \O���H �¦e���̀	כ ����ÍÇr.

NIL * x

(NIL) ��H null �í���'�\�¦ ����?/��HX< rtl reader ü< printer \� _�K� ��6 x|̈em���.

INCLUDE s x

��{9� include
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list [þt�̀¦ ½̈$í

���HX< ��6 x÷&��H expression [þt.

EXPR LIST ee x

expression [þt_� ������ o�Û¼àÔ.

INSN LIST ue x

instruction [þt_� ������ o�Û¼àÔ.
"î
§î
#Q[þt�Ér Õª[þt_� uid [þt�̀¦ Ø�¦§4��<ÊÜ¼�Ð+� ³ð�&³÷&#Q �����.
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machine description [þt�̀¦ 0Aô�Ç ³ð�&³d�� type [þt. s��þt�Ér]	כ (����{9��Q?/_� z�́]j rtl code \�"f��H ������t� ·ú§
��H��.

MATCH OPERAND iss m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt (means) �Ér ¿º���P: arg (ë�H��\P�) �Ð "î
"î
�)a �<ÊÃº\�¦ Õüt#Q�Ð+� ��6 xô�Ç��; ëß���� B�u��)a
%3������, ½̈�̧�̂\�¦ $��©�ô�Ç��. s� ½̈�̧�̂��H 'Í	���P: arg (&ñ
Ãº) \� t�&ñ
�)a index \� e����H operand
table ?/\� B�u��)a �.���s	כ ëß���� ¿º���P: arg �� null ë�H��\P�s������, ½̈�̧�̂��H éß�í�Hy� $��©��)a��.

[j���P: ë�H��\P� �������H operand �� ½+É{©�|̈c Ãº e����H /BM\� @/ô�Ç register allocator ]jô�Ç�̀¦
�����·p��.

ëß���� target s� #Q*�ô�Ç "î
§î
#Q\� @/ô�Ç ]jô�Çs� 
¹כ��9�t� ·ú§Ü¼��� s� field ��H ìøÍ×¼r� null
ë�H��\P�s�#��� ô�Ç��.

ë�H��\P��Ér ��6£§õ� °ú s� ï�rq�
�%i���:
’=’ ��H operand �� �̧f�� æ¼l�ëß� ��0px�<Ê�̀¦ ����ÍÇr.
’+’ ��H operand �� {9�l�, æ¼l� �ª�Aá¤�� ��0px�<Ê�̀¦ ����ÍÇr.

ë�H��\P�_� y�� ë�H����H operand \�¦ 0Aô�Ç ½+É{©���0pxô�Ç class \�¦ �����·p��.
’g’ ��H operand �� #Q*�ô�Ç °úכ_� class s�#Q�̧ H�d�̀¦ �����·p��.
’i’ ��H operand �� ("î
§î
#Q\�"f) immediate data �� |̈cÃº e��6£§�̀¦ �����·p��.
’r’ ��H operand �� register ?/\� e���̀¦ Ãº e��6£§�̀¦ �����·p��.
’m’ ��H operand �� Bj�̧o� ?/\� e���̀¦ Ãº e��6£§�̀¦ �����·p��.
’m’ class _� ’o’ ÂÒì�r|9�½+Ë. Õª memory addressing mode [þt�Ér (����{9�r� offset {9�Ãº e����.
(Õª[þt\�>� �8K���� �©�Ãº\�¦ ��t��¦ e��6£§)

���Ér ë�H��[þt�Ér target dependent operand class [þt�̀¦ ����?/�¦ y�� target _� machine description
?/\� ³ð�&³÷&#Q e����.


���_� operand s��©��̀¦ ��t���H "î
§î
#Q[þt\� @/K�, class [þt_� |9�½+Ë[þt�Ér &h�{©�ô�Ç multi-operand
constraint [þt�̀¦ ��ØÔv���H comma (9�u�� ,) �Ð ½̈ì�r|̈c Ãº e����. "î
§î
#Q\� @/ô�Ç �̧��H operand ?/
_� s� class [þt_� |9�½+Ë[þt ��s�\�"f��H ìøÍ×¼r� 1 @/ 1 @/6£xK��� ô�Ç��.

MATCH SCRATCH is m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt�Ér SCRATCH <�Ê�Ér register \� B�u�ô�Ç��. rtl \�¦ Òqt$í

�l� 0AK� ��6 x|̈c M:, SCRATCH
�� Òqt$í
�)a��. MATCH OPERAND �Ð+���H mode �� a(�̈½¹כ mode \�¦ t�&ñ

��¦ 'Í	���P: �������H
operand ��� ñs���. ¿º���P: �������H constraint s���.

MATCH DUP i m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt�Ér �̧f�� ������Ð t�&ñ
�)a index _� operand table ?/\� $��©�÷&#Q e����H #Q�"� ��õ	כ °ú �Ér �	כ
�̀¦ B�u�ô�Ç��.

MATCH OPERATOR isE m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt�Ér Õüt#Q\�¦ &h�6 x
� 9, AND ��H rtx _� operand [þt�̀¦ F�)
&h�Ü¼�Ð B�u�ô�Ç��.
Operand 0 �Ér match operand ?/ü< °ú �Ér operand-��� ñ s���.
Operand 1 �Ér (ë�H��\P�, �<ÊÃº s�2£§Ü¼�Ð+�) &h�6 x½+É Õüt#Qs���.
Operand 2 ��H ³ð�&³d��[þt_� vector, y��y��_� �þt�Ér]	כ ìøÍ×¼r� s� construct �� B�g�A 
���H rtx _� ô�Ç 
�
0A³ð�&³d��õ� B�u�K��� ô�Ç��.
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MATCH PARALLEL isE m

�̧f�� machine description [þt\�"fëß� ����z��.
e��_�_� U�́s�_� PARALLEL \� B�u�÷&��H B�>h�̂[þt. Õüt#Q��H PARALLEL ü< PARALLEL �� B�
u��)a �íl�_� ³ð�&³d��[þt\� &h�6 x�)a��.
Operand 0 ��H match operand ?/ü< °ú �Ér operand-��� ñ.
Operand 1 ��H PARALLEL \� &h�6 x½+É Õüt#Qs���.
Operand 2 ��H ³ð�&³d��[þt_� vector, y��y��_� �þt�Ér]	כ ìøÍ×¼r� PARALLEL ?/\� @/6£x
���H �\¹�èכ B�
u�÷&#Q�� ô�Ç��.

MATCH OP DUP iE m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt�Ér ������Ð t�&ñ
�)a index ��� operand table ?/\� $��©�÷&#Q e����H #Q�"� ��õ	כ °ú �Ér ���ëß\	כ
B�u�ô�Ç��. MATCH OPERATOR 6 x.

MATCH PAR DUP iE m

�̧f�� machine description [þt\�"fëß� ����z��.
B�>h�̂[þt�Ér ������Ð t�&ñ
�)a index ��� operand table ?/\� $��©�÷&#Q e����H #Q�"� ��õ	כ °ú �Ér ���ëß\	כ
B�u�ô�Ç��. MATCH PARALLEL 6 x.

MATCH INSN is m

�̧f�� machine description [þt\�"fëß� ����z��.
Operand 0 ��H match operand ?/ü< °ú �Ér operand-��� ñ.
Operand 1 ��H insn \� &h�6 x½+É Õüt#Qs���.

DEFINE INSN sEsTV x

�̧f�� machine description [þt\�"fëß� ����z��.
"î
§î
#Q_� ô�Ç 7áxÀÓ\�¦ 0Aô�Ç J�����̀¦ &ñ
_�ô�Ç��.

Operand:
0: ¬È §Ïò¦Ïò¬ ¦̧Ûå §Ïò§Ïò³Éá¤´.
§Éá¬ËÞ ¬È¦Ûí¬È null §Öá­ ¬́Ïå¬È§Ïá, §Ïò¦Ïò¬ £̧Ûá ¤Éá­È machine description ¬¹ª¸
¬ÝáªÝÞ§Éá ¤Ôå ©Öá¬È­È, tree ¬¹ª¸ rtl ¦¼¬Ç ³ÒÞ­Éò­ ¬́¹¡¹ £Íí¡º­È­È ¬Éã£Ûá¤´.

1: £Ûá ²µ±Íá¬È¤´.
2: £Ûá §Öá­ ¬́Ïå¬Ýá¤¹, ¬È §Öá­ ¬́Ïå¬Ûá ¬È ²µ±Íá¬Ûå ¬ÝáªÝÞ³ ¡́È ¬Ä³Éá ¨Á¡½­ÍÞ¬Ýá ­¼¡Íá¬Ûå ­Á£Ûá

C ²À³ÏáªÝÞ¬È¤´.
NULL §Öá­ ¬́Ïå¬Ûá ¬º̈Öá¬Ç ­¼¡Íá¬È ¬Íï¬Ûí¬Ûå ¬Ç§È³Éá¤´.

3: £Ûá §Éá¬ËÞ ²µ±Íá¬È §µכÈ¤Ôá¤ §́Ïá ªÝå³Êò³Éå ³Êò¤Ñò¬È¤´.
§Éá¬ËÞ ¬È ¬ ª̧Îí̈Ûå¦¸ code template ¬È * ¦¼ ªÈ­ÉÞ³Éá¤ §́Ïá ª ¬́Õò³Éå template ¬Ûå ¡Ïå­Íò³ ¡́È

¬Ä³µ ªÝå³Êò³Éå C code ¬Ç ³Éá ¨Á¨Öá¬È¤´. ¡Æ¦Íø­È ¬Éã¤ §́Ïá ¡Æ¡Íð¬Ûá ª ¬́Õò³Éå template ¬È¤´.
4: ªÍá±ÊÞ­ÍÞ¬Æ¦¼, ¬È §Ïò¦Ïò¬ ¦̧Ûå ¬Ä³Éá attribute ¤Ûå¬Ç vector.

DEFINE PEEPHOLE EsTV x

Peephole þj&h��o_� &ñ
_�.
'Í	���P: operand : B�u�\�¦ 0Aô�Ç insn J����[þt_� vector
¿º���P: operand : ìøÍ×¼r� true #��� 
���H C ³ð�&³d��
[j���P: operand : #Q!lr�̂¦�Q output \�¦ Òqt$í

�l� 0Aô�Ç template <�Ê�Ér C code
W1���P: operand : ���×þ�&h����, s� insn �̀¦ 0Aô�Ç attribute [þt_� vector

DEFINE SPLIT EsES x
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Split operation _� &ñ
_�.

1st operand: §µכÈ¦Ûå ¬Ä³Éá insn ²µ±Íá
2nd operand: ¨Éá¤ÆªÈ true ¬º¬¶ ³ £́Ûá C ²À³ÏáªÝÞ
3rd operand: SEQUENCE £µ¬¹ ­ ¦́È­Éî¬Ûå insn ²µ±Íá¤Ûå¬Ç vector
4th operand: ªÍá±ÊÞ­ÍÞ¬Ýá, insn ¤Ûå¬Ûå ªÊòªÍò³ ¡́È ­Íá¬¹ ªÝå³Êò³Éå §Ïô§Ïô C code. ¬»¦Ûå ¤Ûå§Ïá,

¬È¡Íð¬Ûá §Ïô§Ïô RTX ¤Ûå¬Ûå ªÊòªÍò³ ¡́¼ insn-²µ±Íá¤Ûå¬Ç vector ¬¹ ¬Ç³µ ª ¬́Õò¤¿¡È ¬Ä³µ

‘recog_data.operand’ ¬Ç element ¤Ûå ªÑÞ¬¹ ¡Æ¤Ûå¬Ûå ­ ­̧Éò³Éå ¡Íð¬È¤´.
( ¬º¡Èª¸ ‘operands’ £Ûá ‘recog_data.operand’ ¦¼¬Ç alias ¬È¤´.).

DEFINE INSN AND SPLIT sEsTsESV x

Insn ü< associated split _� &ñ
_�
s���Ér	כ Y>�Y>� Ãº&ñ
ÂÒì�r[þt�̀¦ ��t���H define insn ü< define split _� ���5Åqs� 9 s��þt�Ér]	כ °ú �Ér J����
�̀¦ /BNÄ»ô�Ç��.

Operand:
0: ¬È §Ïò¦Ïò¬ ¦̧Ûå §Ïò§Ïò³Éá¤´.
§Éá¬ËÞ ¬È¦Ûí¬È null §Öá­ ¬́Ïå¬È§Ïá, §Ïò¦Ïò¬ £̧Ûá ¤Éá­È machine description ¬¹ª¸
¬ÝáªÝÞ§Éá ¤Ôå ©Öá¬È­È, tree ¬¹ª¸ rtl ¦¼¬Ç ³ÒÞ­Éò­ ¬́¹¡¹ £Íí¡º­È­È ¬Éã£Ûá¤´.

1: £Ûá ²µ±Íá¬È¤´.
2: £Ûá §Öá­ ¬́Ïå¬Ýá¤¹, ¬È §Öá­ ¬́Ïå¬Ûá ¬È ²µ±Íá¬Ûå ¬ÝáªÝÞ³ ¡́È ¬Ä³Éá ¨Á¡½­ÍÞ¬Ýá ­¼¡Íá¬Ûå ­Á£Ûá

C ²À³ÏáªÝÞ¬È¤´.
NULL §Öá­ ¬́Ïå¬Ûá ¬º̈Öá¬Ç ­¼¡Íá¬È ¬Íï¬Ûí¬Ûå ¬Ç§È³Éá¤´.

3: £Ûá §Éá¬ËÞ ²µ±Íá¬È §µכÈ¤Ôá¤ §́Ïá ªÝå³Êò³Éå ³Êò¤Ñò¬È¤´.
§Éá¬ËÞ ¬È ¬ ª̧Îí̈Ûå¦¸ code template ¬È * ¦¼ ªÈ­ÉÞ³Éá¤ §́Ïá ª ¬́Õò³Éå template ¬Ûå ¡Ïå­Íò³ ¡́È

¬Ä³µ ªÝå³Êò³Éå C code ¬Ç ³Éá ¨Á¨Öá¬È¤´. ¡Æ¦Íø­È ¬Éã¤ §́Ïá ¡Æ¡Íð¬Ûá ª ¬́Õò³Éå template ¬È¤´.
4: Split ¬¹ ¤µ³µ ¨Éá¤ÆªÈ true ¬º¬¶ ³ £́Ûá C ²À³ÏáªÝÞ. ¬È¡Íð¬Ûá split condition ¬È
¬ ¥̧Íá ¡Ïò¬Á¬¹ insn condition ¬Ç logical and ¬Ýá ¡Ïò¬Á¦ ¤́Íá¡´, ¬È operand ¬Ç
"&&" ¬¹ §Á¬Íð¬È ¤Ä¬¹ ¥´¦Æ£¶¬¹ ¥´¦´ "&&" ¬Æ¦¼ ªÈ­ÉÞ¤Ôå ªÁ ¬Ýñ¤´.

5: SEQUENCE £µ¬¹ ­ ¦́È­Éî¬Ûå insn ²µ±Íá¤Ûå¬Ç vector
6: ªÍá±ÊÞ­ÍÞ¬Æ¦¼, insn ¤Ûå¬Ûå ªÊòªÍò³ ¡́È ­Íá¬¹ ªÝå³Êò³Éå §Ïô§Ïô C code. ¬»¦Ûå ¤Ûå§Ïá,
¬È¡Íð¬Ûá §Ïô§Ïô RTX ¤Ûå¬Ûå ªÊòªÍò³ ¡́¼ insn-²µ±Íá¤Ûå¬Ç vector ¬¹ ¬Ç³µ ª ¬́Õò¤¿¡È ¬Ä³µ

‘recog_data.operand’ ¬Ç element ¤Ûå ªÑÞ¬¹ ¡Æ¤Ûå¬Ûå ­¸­Éò³Éå ¡Íð¬È¤´.
( ¬º¡Èª¸ ‘operands’ £Ûá ‘recog_data.operand’ ¦¼¬Ç alias ¬È¤´.).

7: ªÍá±ÊÞ­ÍÞ¬Æ¦¼, ¬È insn ¬Ûå ¬Ä³Éá attribute ¤Ûå¬Ç vector.

DEFINE PEEPHOLE2 EsES x

RTL peephole operation _� &ñ
_�.
define split ü< °ú �Ér �����[þts� ���Ér��.

DEFINE COMBINE Ess x

Combiner pattern _� &ñ
_�.
Operand [þts� ��f�� &ñ
_�÷&t� ·ú§��¤��.

DEFINE EXPAND sEss x

³ðï�r insn s�2£§�̀¦ 0Aô�Ç ��Ãº_� insn [þt�̀¦ #Qb�G>� Òqt$í
½+Ét�\�¦ &ñ
_�ô�Ç��.

1st operand: insn ¬È¦Ûí.
2nd operand: insn-pattern ¤Ûå¬Ç vector.
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‘recog_data.operand’ ¬Ç element ¦Ûå ¤µ¹³כ ¡́È ¬Ä³µ match_operand ¦Ûå ª ¬́Õò³Éá¤´.
3rd operand: ¬È¬Õò¡ £́Ûò³ ¡́È ¬Ä³µ ¬È¡Íð¬Ûå ¬Ä³µ ¨Éá¤ÆªÈ true ¬º¬¶³ £́Ûá C ²À³ÏáªÝÞ.

¬È¡Íð¬Ûá ¬ ¥̧ ³̧Éá operand ¤Ûå¤¼ ¡Ííª ³́ ­́È ¬Éã¬Ûå ¡Íð¬È¤´.
4th operand: insn ¤Ûå¬Ûå ªÊòªÍò³ ¡́È ­Íá¬¹ ªÝå³Êò³Éå ¬º̈Öá¬Ç C code. ¬»¦Ûå ¤Ûå§Ïá,

¬È¡Íð¬Ûá §Ïô§Ïô RTX ¤Ûå¬Ûå ªÊòªÍò³ ¡́¼ insn-²µ±Íá¤Ûå¬Ç vector ¬¹ ¬Ç³µ ª ¬́Õò¤¿¡È ¬Ä³µ

‘recog_data.operand’ ¬Ç element ¤Ûå ªÑÞ¬¹ ¡Æ¤Ûå¬Ûå ­ ­̧Éò³Éå ¡Íð¬È¤´.
( ¬º¡Èª¸ ‘operands’ £Ûá ‘recog_data.operand’ ¦¼¬Ç alias ¬È¤´.).

DEFINE DELAY eE x

Delay slot [þt�̀¦ 0Aô�Ç requirement \�¦ &ñ
_�ô�Ç��.

1st operand: insn attribute ¤Ûå¬Ûå ²¼³Éí³ £́Ûá ­¼¡Íá, §Éá¬ËÞ true ¬Ýå ¡Ïò¬Á, ¬È¡Íð¬Ûá
insn ¡´ £ ±́ £́Éá delay slot ¤Ûå¬Ç ¡ÊðªÁ¦Ûå ¬À¡Á³Éá¤´£Ûá ¡Íð¬Ûå ¡ ¦́Æ°Ýá¤´.

2nd operand: Vector ¦Ûå £ ±́ £́µ£Ûá¤¹, ¬È¡Íð¬Ç ¡Ýå¬È£Ûá ¬ÀכÍò¤Ôá delay slot ¤Ûå¬Ç
¡ÊðªÁ̈¼¤´ 3 ¨µ¬È¤´.
¡ÉÞ entry £Ûá ª¹¡ ­́È ­¼¡Íá¤Ûå¬Ûå ¬Ýñ¬Æ§º, ¡ÉÞ¡ÉÞ¬Ûá attribute ¤Ûå¬Ûå ²¼³Éí³Éá¤´.
Íð̈Íá®µ£Ûáכ delay slot location ¬Ûå כ ­́È³ ¡́È ¬Ä³Éá insn ¬¹ ¤µ³µ ¨Éá¤ÆªÈ

¶¬Éí¬È¬ºכ ³Éá¤´. ¤Á̈Íá®µ£Ûá §¼¤Ûá §Ïò¦Ïò¬ ¤̧Ûå¬¹ ¤µ³µ true ¬Ýá¤¹, §Éá¬ËÞ branch
¡´ true ¬Ýå¡Ïò¬Á §Á³À¦¼ ¤ÔåªÁ ¬Ýñ¡¼, ª¹̈Íá®µ¤¼ §¼¤Ûá insn ¤Ûå¬¹ ¤µ³µ true
¬È­È§Éá bracnch ¡´ false ¬Ýå ¡Ïò¬Á §Á³À¦¼ ¤Ôå ªÁ ¬Ýñ¤´.

��Ãº_� DEFINE DELAY [þts� �>rF�½+É Ãº e����. Õª[þt�Ér delay slot [þt\� @/ô�Ç y��l� ���Ér ̈½¹כ ��
�½Ó[þt�̀¦ ��ØÔ�����.

DEFINE FUNCTION UNIT siieiiV x

�<ÊÃº unit \� ¹ô�Çכ��9 insn [þt_� |9�½+Ë�̀¦ &ñ
_�ô�Ç��. s���Ér	כ s� insn [þts� delay Êê\� Õª[þt_� ���õ�
\�¦ Òqt$í
�<Ê�̀¦ _�p�
��¦ 1lxr�&h�Ü¼�Ð Û¼H�×�¦|̈c Ãº e����H s� type _� insn [þt_� Ì�	Ãº�©�\� ]jô�Çs� e��
�̀¦ Ãº e��6£§�̀¦ _�p�ô�Ç��.

ô�Ç DEFINE FUNCTION UNIT�Ð�� ú́§s��<ÊÃº unit �̀¦0AK�t�&ñ
|̈cÃºe����.y��y���Ér operation
[þt_� |9�½+Ëõ� associated delay [þt�̀¦ ��t��¦ e����. %�6£§ 3 >h_� operand [þt�Ér °ú �Ér �<ÊÃº unit �̀¦
0AK�"f y�� operation \� @/K� ìøÍ×¼r� °ú ����ëß� ô�Ç��.

�̧��H delay [þt�Ér cycle [þt?/\� t�&ñ
�)a��.

1st operand: ³ÉíªÁ unit ( ¤µ̈Á̈Öá §Öáª ³̧½¦Ûå ¬Ä³µ) ¬Ç ¬È¦Ûí

2nd operand: CPU £µ ¤Ñò¬Ýå³Éá ³ÉíªÁ unit ¤Ûå¬Ç ¡ÊðªÁ

3rd operand: ¬È ³ÉíªÁ unit ªÉò¬¹ª¸ ªÝå³Êò³Éå ªÁ ¬Ýñ£Ûá ¤ÑòªÈ­ÍÞ¬Ýá insn ¤Ûå¬Ç ÑÞכ

¡ÊðªÁ; §Éá¬ËÞ ­¹³Éá¬È ¬Íï¤ §́Ïá 0.
4th operand: insn attribute ¦Ûå ²¼³Éí³ £́Ûá ­¼¡Íá, §Éá¬ËÞ true ¦ §́Ïá, ¬È attribute

£Ûá ¬È ²À³ÏáªÝÞ¬Ûå ­ÍÞ¬Õò³Éå ­¸ insn ¤Ûå¬Ûå ­È­Íò³Éá¤´.
5th operand: ¬ ¥̧Íá insn ¡Ïå¡½¡´ ¬È¬Õò¡ £́Ûò³Éá­È ¥ ­́Ýá ³Á constant delay
6th operand: ¤ ¬́Ûí insn ¢ ­́È¬Ç delay £Ûá ¬È operation ¬Ûå ªÝå³Êò³Éå ³ÉíªÁ unit ªÉò¬¹

ªÆ°¹­Öå¤¿¬ ­̧Ýå ªÁ ¬Ýñ¤´. ¬Ç§È£Ûá ¤ ¬́Ûí operand ¡´ ­¹¡Ñò¤¿¬¸ ­È£Ûá£¶

¬ £́È£¶¬¹ ¤Éå¦º¬Ýñ¤´.
7th operand: §Éá¬ËÞ ¬È operand ¡´ ­È­Íò¤¿¬¸ ¬Ýñ­È ¬Éã£Ûá¤ §́Ïá 4th operand ¬½ §µכÈ

³ £́Ûá §Ïò¦Ïò¬ ¡̧´ ³ ¬́Ä¬Ç ¤ ¬́Ûí insn ¦Ûå ªÈ­ÉÞ³Éå ªÁ ¬Ýñ¬Ûå ¥µ¢ ­́È ³ÉíªÁ

unit ¬Ûå ª ¬́Õò³ ¡́È ªÈ­ÉÞ³Éá ³Á, 6th operand ¡´ cycle ¤Ûå¬Ç ªÁ¦Ûå

­Öá¤´. ¡Éï 0 £Ûá issue constraint ¤Ûå¬Ûå ¡ ­́È¡¼ ¬Ýñ­È ¬Éã¬Ûá

unit ¬¹ ¤µ³µ ª ¬́Õò¤¿¬ ­̧º¬¶ ³Éá¤´. §Éá¬ËÞ ¬¼­ÝÞ ³Éá operation §Éá¬È
³Éá̈Íá¬¹ ªÝå³Êò¤Ôå ªÁ ¬Ýñ¡¼ unit ¬È ­Íá¹כ ªÈ¡Éá¤Ñò¬Éá ¨ ©́Ûå ¡Ïò¬Á,
3rd operand ¡´ 1 ¦¼«¸ ­È­Íò¤¿¬¸¬¶ ³ ¡́¼, 6th operand £Ûá 0 ¬Æ¦¼
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­È­Íò¤¿¬¸¬¶ ³Éá¤´. ¡Æ¦È¡¼ 7th operand £Ûá ­È­Íò¤¿¬ ª̧ £̧Ûá ¬Éá¤Ôá¤´.

§Éá¬ËÞ ¬È operand ¡´ ­È­Íò¤¿¬Íñ¤ §́Ïá, ¡Æ¡Íð¬Ûá attribute ²À³ÏáªÝÞ¤Ûå¬Ç
¦ÈªÆ±Æ¬È¤´. §Éá¬ËÞ ¡Æ¦ ³̧Éá ¬ ¥̧Íá ²À³ÏáªÝÞ¤Ûå¬È true ¬Ýá insn ¡´
³Ïá­µ ³ÉíªÁ unit ªÉò¬¹ª¸ ªÝå³Êò­Öò¬È¦ §́Ïá, issue delay £Ûá 6th operand
¬¹ ¬Ç³µ ­Á¬ ­̧Ýå ¡Íð¬È¤´. ¡Æ¦Íø­È ¬Éã¤ §́Ïá, insn £Ûá ­ÛÞªÈ ªÆ°¹­Öå

¤¿¬ ­̧Ýå ªÁ ¬Ýñ¤´. (Unit ªÉò¬¹ª¸ ªÝå³Êò¤¿¬ ­̧Ýå ªÁ ¬Ýñ£Ûá ¤ÑòªÈ­ÍÞ¬Ýá

operation ¤Ûå¬Ç ¡ÊðªÁªÉò¬Ç ­¹³Éá¬¹ ¤µ³Éá ªÑÞªÍò).

DEFINE ASM ATTRIBUTES V x

‘asm’ "î
§î
#Q[þt�̀¦ 0Aô�Ç attribute computation \�¦ &ñ
_�ô�Ç��.

DEFINE COND EXEC Ess x

conditional execution meta operation _� &ñ
_�. ��1lx&h�Ü¼�Ð DEFINE INSN _� Dh�Ðî�r instance
[þt�̀¦ Òqt$í

���HX<, s� DEFINE INSN ��H attribute “predicable” true \�¦ ����� �Ü¼�Ð	כ ���×þ�÷&%3�
��. Dh�Ðî�r J�����Ér COND EXEC ü< top-level \�"f_� 5Åq$í
�̀¦ �í�<Ê½+É �.���s	כ

Operand:
0: ªÑÞªÍò( ªÖå¬¸) ²µ±Íá. top-level form ¬Ûá relational operator ¬½ §µכÈ¤¿¬¸¬¶

³Éá¤´. Operand ¤Ûå¬Ûá ¬¼­ÝÞ ³ £́ ¬́Ç alternative ¦Ûå ¡ ­́º¬¶ ³Éá¤´.
1: ªÊòªÍò¤Ôá ²µ±Íá¬Ûå ¬ÝáªÝÞ³ ¡́È ¬Ä³Éá ¨Á¡½­ÍÞ¬Ýá ­¼¡Íá¬Ûå ¤Éí¡¼ ¬Ýñ£Ûá C ²À³ÏáªÝÞ
2: ¬ ª̧Îí̈Ûå¦¸ output ¬Ûå ªÊòªÍò³ ¡́È ¬Ä³Éá template ³ÑÞ¬Ûá C code.

SEQUENCE E x

SEQUENCE ��H #��Q insn [þt�̀¦ ëß�[þtl� "é¶
���H DEFINE EXPAND \� @/ô�Ç ‘gen ...’ �<ÊÃº_� ���
õ�\�"f ����èß���. Õª��_	כ element [þt�Ér ëß�[þt#Q4R�� 
���H insn [þt_� body [þts���. ‘emit insn’ ��H
SEQUENCE _� ÂÒì�r�̀¦ ��t��¦ separate insn [þt�̀¦ ëß���H��.

ADDRESS e m

Õª��_	כ �����_� ÅÒ�è\�¦ �ÃÐ�̧ô�Ç��. s���Ér	כ �̧f�� alias.c \�"fëß� ��6 x�)a��.
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Insn attribute [þt\� ��6 x÷&��H ³ð�&³d��[þt. s��þt]	כ ¢̧ô�Ç (����{9��Q?/ z�́]j rtl code \�"f ������t� ·ú§��H��.

DEFINE ATTR sse x

Insn attribute _� &ñ
_�.
1st operand: attribute _� s�2£§
2nd operand: ��0pxô�Ç attribute °úכ[þt_� 9�u���Ð-ì�ro��)a 3lq2�¤
3rd operand: attribute _� l��:r°ú̀�כ¦ 0Aô�Ç ³ð�&³d��

ATTR s x

Attribute _� s�2£§�̀¦ 0Aô�Ç marker.

SET ATTR ss x

J����s� B�g�A
���H insn [þt�̀¦ ½+É{©�
�l� 0Aô�Ç attribute \�¦ t�&ñ

���H DEFINE ASM INSN ?/\�
"f_� ��6 x�̀¦ 0AK�"f��~����, DEFINE INSN <�Ê�Ér DEFINE PEEPHOLE _� ��t�}�� (���×þ�&h����)
operand ?/_� ��6 x\� @/K�.

(set_attr "name" "value") £Ûá
(set (attr "name") (const_string "value")) ¬½ ¡Éö¤´.

SET ATTR ALTERNATIVE sE x

DEFINE INSN ü< DEFINE PEEPHOLE _� ��t�}�� operand \�"f, s���Ér	כ attribute °úכ[þts�
alternative match ÷&��H ��\	כ ���� ½+É{©�÷&��H �¦����s	כ t�&ñ

���HX< ��6 x|̈c Ãº e����.

��6£§ [j��t� ³ð�&³d���Ér °ú ��:

(set (attr "att") (cond [(eq_attrq "alternative" "1") (const_string "a1")
(eq_attrq "alternative" "2") (const_string "a2")]

(const_string "a3")))
(set_attr_alternative "att" [(const_string "a1") (const_string "a2")

(const_string "a3")])
(set_attr "att" "a1,a2,a3")

EQ ATTR ss x

ëß���� �&³F� insn _� t�&ñ
�)a attribute _� °úכs� t�&ñ
�)a °úכõ� °ú Ü¼��� conditional ³ð�&³d��s� true s�
��. 'Í	���P: operand ��H attribute s�2£§s��¦ ¿º���P:��H comparison °úכs���.

ATTR FLAG s x

ëß���� t�&ñ
�)a flag �� reorg ?/\� Û¼H�×�¦÷&#Q��� insn \� @/K� true {9� �â
Äº true ��� conditional ³ð
�&³d��.

genattr.c ��H ��6£§_� flag [þt�̀¦ &ñ
_�
���HX<, s� flag [þt�Ér eligible for delay ?/ (attr flag “foo”) ³ð
�&³d��[þt\� _�K� _�Û¼àÔ|̈c Ãº e����.

forward ü< backward, very likely, likely, very unlikely, unlikely



2.2 ḈÐ rtx Uc 7�B� 13

"î
§î
#Q chain ?/_� �þt\�"f]	כ ��6 x÷&#Qt���H ³ð�&³d�� type [þt.
chain \�¦ ��ÀÒl� 0AK� �̧��H format [þt�Ér “iuu” �Ð ìøÍ×¼r� r����÷&#Q�� ô�Ç��. y�� insn ³ð�&³d���Ér back-end %�
o� l�çß� 1lxîß� rtl "î
§î
#Qü< Õª��_	כ semantic [þt�̀¦ ��t��¦ e����. y�� rtx->fld[] _� _�p�\�¦ s�K�
�l� 0AK�"f��H
“rtl.h” ?/_� B�ß¼�Ð[þt�̀¦ �Ð��.

INSN iuueiee i

Jump ½+É Ãº \O���H "î
§î
#Q.

JUMP INSN iuueiee0 i

Jump �� ��0px½+É Ãº e����H "î
§î
#Q Field [þt ( rtx->fld[] ) �Ér INSN [þtõ� >á¤°ú �Ér _�p�\�¦ ��t��¦ e��
��.

CALL INSN iuueieee i

Subroutine \�¦  ñØ�¦½+É ��0px$í
s� e����H "î
§î
#Q, 
�t�ëß� "î
§î
#Q�� �&³F� �<ÊÃº ?/\� ��6£§\� �̀¦ Ãº e��
6£§s� ���
�t� ·ú§�̀¦ �.Ü¼�Ð	כ Field ( rtx->fld[7] ) ��H CALL INSN FUNCTION USAGE s���. �̧
��H ���Ér field [þt ( rtx->fld[] ) ��H INSN [þtõ� ¢-a���y� °ú �Ér _�p�\�¦ �������.

BARRIER iuu x

Control s� #Q�"� �¦̀�	כ :�xK� âìØÔt� ·ú§�̀¦ �¦e���̀	כ ����?/��H marker.

CODE LABEL iuu00iss x

"î
§î
#Q\� ���Ér label \�¦ ��t��¦ e����.

Operand:
3: £Ûá label ¬Ç use-count ¦Ûå ¬Ä³µ jump.c ¬¹ª¸ ª ¬́Õò¤Ôá¤´.
4: £Ûá ¬È label ¦¼¬Ç label_ref ¤Ûå¬Ç chain ¬Ûå ¡ ¦́Æ°È¡È ¬Ä³µ flow.c ¬¹ª¸ ª ¬́Õò¤Ôá¤´.
5: £Ûá ­Íá¹כ °Íí² ¬́Ýå ¡½­Íò¬¹ª¸ ¬Å¬Ýå³Éá ¨Íá³¼¬È¤´.
6: £Ûá ¬ ®̧È³ ¬́Ïñ¤Ûá, label ¬Ç user-given name ¬È¤´.
7: £Ûá alternate label name ¬È¤´.

NOTE iuu0ni x

symbol table �̀¦ 0AK� code ?/\�"f source line s� #Qn�"f r����
���Ht� ú́�K�ï�r��.

Operand:
3: §Éá¬ËÞ ­Öå ¨Íá³¼ $>$ 0 ¬È§Ïá, ² ¬́Ýå¬È¦Ûí, ¡Æ¦Íø­È ¬Éã¬Æ§Ïá note-specific data.
4: §Éá¬ËÞ 0 ¨¼¤´ °Æ§Ïá ­Öå̈Íá³¼, ¡Æ¦Íø­È ¬Éã¬Æ§Ïá enum note_insn.
5: §Éá¬ËÞ ­Öå̈Íá³¼ == note_insn_deleted_label ¬È§Ïá unique ¨Íá³¼.



2.2 ḈÐ rtx Uc 7�B� 14

INSN ü< JUMP INSN, CALL INSN _� top level ½̈$í
 .¹�èכ

COND EXEC ee x

�̧|	�&h���� execute code.
Operand 0 ��H condition s� 9, true {9� �â
Äº, code ��H z�́'���)a��.
Operand 1 ��H z�́'��|̈c code s���. (���+þA&h���� SET).

Semantic [þt�Ér ëß���� condition s� false {9� �â
Äº ÂÒõ�&h���� %ò
�¾Ó�̀¦ ��t��¦ e��t� ·ú§��. s� J�����Ér
reloadz�́'��Êê if convertéß�>�\�_�K�"f�� target-specific splitter[þt\�_�K���1lxÜ¼�ÐÒqt$í
�)a��.

PARALLEL E x

#î
§>=�Ð %�o�÷&��H #��Q operation [þt (�����̧ COND EXEC ?/\�"f).

ASM INPUT s x

InputÜ¼�Ð#Q!lr�̂¦�Q\�>�|	�W1���ë�H��\P�.#Q!lr�̂¦�Q commentë�HZO��̀¦��6 x�<ÊÜ¼�Ð+� comment[þt
�̀¦ ì�r"î

�>� ���²ú� ½+É Ãº e����. s��þt�Ér]	כ insn ?/\�"f µ1ÏÒqt½+É Ãº e����HX<, PATTERN Ü¼�Ð+� Õª[þt
�����\�>��̧ K�{©��)a��. Õª[þt�Ér ¢̧ô�Ç ë�H��\P��̀¦ ú̧�l� 0Aô�Ç ¼#�o�ô�Ç ~½Ód��Ü¼�Ð+� ASM OPERANDS
?/\� ����±ú� Ãº e����.

ASM OPERANDS ssiEEsi x

Operand [þt�̀¦ ����� #Q!lr�̂¦�Q "î
§î
#Q.

1st operand £Ûá §Ïò¦Ïò¬¸ template ¬È¤´.
2nd operand £Ûá output ¬Ûå ¬Ä³Éá ­¹¬ËÞ­¼¡Íá¬È¤´.
3rd operand £Ûá ¬È ²À³ÏáªÝÞ¬È Éí¡¼³כ £́Ûá output ¬Ç ¡ÊðªÁ¬È¤´.

Insn ¡´ ³ £́ ¬́Ç ¡Éï ¬ÈªÉò¬Ûå ­¸­Éò³Éå ¥µ, separate ASM_OPERANDS £Ûá
¡ÉÞ output ¬¹ ¤µ³µ §Éá¤Ûå¬ ­̧Ýá¤´; ¬È ­ÍòªÁ£Ûá ¡Æ¤Ûå¡½ ¡Á̈Ïå¤Ôá¤´.

4th £Ûá input operand ¡Éï¤Ûå¬Ç vector ¬È¤´.
5th £Ûá input operand ¤Ûå¬Ûå ¬Ä³Éá mode ¤Ûå¡½ ­¹¬ËÞ­¼¡Íá¤Ûå¬Ç vector ¬È¤´.

¡ÉÞ element £Ûá ­¹¬ËÞ­¼¡Íá §Öá­ ¬́Ïå¬Ûå ²¼³Éí³ £́Ûá ASM_INPUT ¬È¡¼ ¡Æ¦ ³̧Éá

¡Íð¬Ç mode £Ûá input operand ¬Ç mode ¦Ûå ¡ ¦́Æ°Ýá¤´.
6th £Ûá ²¼³Éí³ ¡́¼ ¬Ýñ£Ûá source file ¬Ç ¬È¦Ûí¬È¤´.
7th £Ûá source line ¨Íá³¼¬È¤´.

UNSPEC Ei x

Machine-specific operation 1st operand ��H operation \� _�K� ��6 x÷&��H operand [þt_� vector s�
��. ÕªA�"f reload [þt\� ¹ô�Çכ��9 ��þts]	כ Ãº'��|̈c Ãº e����.
2nd operand ��H machine-specific operation _� #Q�"� ��� ñ�� z�́'��÷&#Q ��������t	כ \�¦ ú́�K�ÅÒ��H
unique °úכs���. (genrecog.c record ��H insn ?/\� ��o�ú̧��¦ e����H ~½Ód��Ü¼�Ð ���K�"f vector ��H ìøÍ×¼
r� 'Í	���P: operand #���ëß� �<Ê�̀¦ ·ú�l� ��êøÍ��.) s���Ér	כ PATTERN ?/\�"f Õª ������̀¦ �í�<Ê
�#�
PARALLEL _� component �Ð+� <�Ê�Ér ³ð�&³d�� ?/ÂÒ\�"f �̧¿º µ1ÏÒqt½+É Ãº e����.

UNSPEC VOLATILE Ei x

q�5pw
�t�ëß�, volatile operation s��¦ trap {9� Ãº e����.

ADDR VEC E x

ÅÒ�è[þt_� vector, ����̂ éß�#Q�Ð+� $��©��)a��.

y�� element ��H Äºo��� "é¶
���H ÅÒ�è��� CODE LABEL �Ð_� LABEL REF s���.
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ADDR DIFF VEC eEee0 x

ÅÒ�è ÂÒì�r_� ���Ér&h�\� �'aô�Ç vecotr X0 - BASE, X1 - BASE, ...
'Í	���P: operand ��H BASE s���; Vector ��H X [þt�̀¦ �í�<Ê
��¦ e����. s� rtx _� machine mode ��H
y�� ���Ér&h�\� @/K� \O����� ú́§�Ér /BNçß��̀¦ z����¿º�¦ e����Ht� ú́�K�ÅÒ�¦ ëß����

CASE VECTOR SHORTEN MODE �� &ñ
_�÷&#Q e���̀¦ �â
Äº brach shortening \� _�K� &h�6 x�)a
��.
[j���P: ü< W1���P: operand [þt�Ér $�����_� þj�èü< þj@/ ÅÒ�è[þt�̀¦ ����� target label [þt�̀¦ $��©�ô�Ç
��.
��$Á	���P: operand ��H branch shortening \�"f ��6 x|̈c flag [þt�̀¦ $��©�ô�Ç��.

shorten_branches ¬Ç ªÈ­ÉÞ ¨Á̈Öá¬¹ ªÍå­Íò:
min_align: ¬ ¥̧Íá target label ¤Ûå¬Ç ¼ª¿כ alignment.
base_after_vec: §Éá¬ËÞ BASE ¡´ ADDR_DIFF_VEC ¤Ä¬¹ ¬Ýñ¤ §́Ïá true.
min_after_vec: §Éá¬ËÞ ¼ª¿כ addr target label ¬È ADDR_DIFF_VEC ¤Ä¬¹ ¬Ýñ¤ §́Ïá true.
max_after_vec: §Éá¬ËÞ µ¤¿כ addr target label ¬È ADDR_DIFF_VEC ¤Ä¬¹ ¬Ýñ¤ §́Ïá true.
min_after_base: §Éá¬ËÞ ¼ª¿כ address target label ¡´ BASE ¤Ä¬¹ ¬Ýñ¤ §́Ïá true.
max_after_base: §Éá¬ËÞ µ¤¿כ address target label ¡´ BASE ¤Ä¬¹ ¬Ýñ¤ §́Ïá true.
ªÝå­¹ branch shortening ¡½­Íò¬¹ª¸ ªÍå­Íò:
offset_unsigned: §Éá¬ËÞ offset ¤Ûå¬È unsigned ¬Æ¦¼«¸ ¶¬¸¬¿¤Ä¡Ûîכ ³Éá¤ §́Ïá true.
scale: Mode ¬¹ §Éó¡¹ offset ¤Ûå¬Ûå §Éá¤Æ£Ûá¤¹ ²Ýå¬À³Éá scaling.

[j���P:ü< W1���P:, ��$Á	���P: operand [þt�Ér CASE VECTOR SHORTEN MODE �� &ñ
_�÷&%3��̀¦
M:ü< optimizing compilation r�\�ëß� Ä»ò́
���.

PREFETCH eee x

Y>�Y>� target [þt�©�\�"f t�"é¶÷&��H attribute [þt�̀¦ ����� Bj�̧o� prefetch. Operand 1 ��H fetch ½+É Bj
�̧o�_� ÅÒ�ès���.
Operand 2 ��H write access r� 1, ÕªXO�t� ·ú§�̀¦ �â
Äº 0 s���.
Operand 3 ��H temporal locality _� level s���; 0 �Ér temporal locality �� \O�6£§�̀¦ _�p�
��¦, 1 õ�
2, 3 �Ér temporal locality _� level s� 7£x��Ùþ¡6£§�̀¦ _�p�ô�Ç��.

Operand 2 ü< 3 \� _�K� t�&ñ
�)a attribute [þt�Ér target _� prefetch "î
§î
#Q[þts� Õª[þt�̀¦ t�"é¶
�t�
·ú§��H ��\	כ @/K�"f��H Áºr��)a��.
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"î
§î
#Q_� top level \�"f. (�����̧ PARALLEL 
�0A\�"f).

SET ee x

Assignment.
Operand 1 �Ér t�&ñ
�)a 0Au� (REG, MEM, PC, CC0 <�Ê�Ér #Q�����).
Operand 2 ��H ��l� $��©��)a °úכ.
�̧��H assignment ��H ìøÍ×¼r� SET �̀¦ ��6 xK��� ô�Ç��. ��Ãº_� assignment [þt�̀¦ Ãº'��
���H "î
§î
#Q
[þt�Ér PARALLEL 
�\�"f��H ìøÍ×¼r� ��Ãº_� SET �̀¦ ��6 xK��� ô�Ç��.

USE e x

Äºo��� [O�"î

�l�\�¦ "é¶
�t� ·ú§��H ~½Ód��Ü¼�Ð #Q�"� ��s	כ use H�d�̀¦ �����·p��. \V\�¦ [þt���, subroutine
call [þt�Ér static chiain s� |	�?/&��%3�~�� register \�¦ use ½+É �.���s	כ

CLOBBER e x

Äºo��� [O�"î

�l�\�¦ "é¶
�t� ·ú§��H ~½Ód��Ü¼�Ð #Q�"� ��s	כ clobber H�d�̀¦ �����·p��. \V\�¦ [þt���, sub-
routine call [þt�Ér Y>�Y>� Óüto�&h� register [þt�̀¦ clobber ½+É �.���s	כ (¼#�o��<Ê\� _�K� $��©�÷&t� ·ú§��H
#Q�"� �(þt]	כ

CALL ee x

subroutine �̀¦  ñØ�¦(call)½+Ëm���.
Operand 1 �Ér  ñØ�¦½+É ÅÒ�è.
Operand 2 ��H argument [þt_� Ãº.

RETURN x

subroutine Ü¼�ÐÂÒ'� return.

TRAP IF ee x

Conditional trap.
Operand 1 ��H condition s���.
Operand 2 ��H trap code s���.
unconditional trap \�¦ 0AK�, condition (const int 1) \�¦ ëß���H��.

RESX i x

�<ÊÃº call <�Ê�Ér branch �� �¹ô�Çtכ��9 �����t�\�¦ Äºo��� ·ú�l� ���\� Unwind Resume \�¦ 0Aô�Ç /BNçß�
(�©��è). Operand 1 ��H #Qn�\�"f ÂÒ'� control s� âìØÔ�¦ e����Ht�\� @/ô�Ç exception region s���.
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Expression [þt\�"f ��6 x÷&��H "é¶r�°úכ (primitive value).

CONST INT w o

Õüw����� &ñ
Ãº �©�Ãº

CONST DOUBLE CONST DOUBLE FORMAT o

Õüw����� ÂÒ1lx�èÃº&h� (z�́Ãº) �©�Ãº.
Operand 0 (‘0’) �Ér �&³F� �<ÊÃº?/\�"f ��6 x
���H �̧��H CONST DOUBLE [þt_� chain {9�m���.
�� Qt� operand [þt�Ér z�́]j°ú̀�כ¦ ��t��¦ e��_þvm���. Õª[þt�Ér �̧¿º ‘w’ s� 9 ���� 1 ÂÒ'� 4 ��t� e��
�̀¦ �;���9�m}	כ rtl.c ��{9��̀¦ �ÃÐ�̧
�z��r��̧.

CONST VECTOR E x

Vector �©�Ãº\�¦ ³ð�&³½+Ëm���.

CONST STRING s o

ë�H��\P� �©�Ãº. Attribute [þt�̀¦ 0AK�"fëß� ��6 x�)a��.

CONST e o

s���Ér	כ ³ð�&³d���̀¦ Ö�sÕýt�o
���HX< ��6 x÷&��HX<, s� ³ð�&³d��_� °úכ�Ér �©�Ãº (SYMBOL REF ü<
CONST INT _� ½+Ë>�ü< °ú �Ér) s�#�"f íß�Õüt "î
§î
#Q[þt�Ð _�K�"f �Ð����H �©�Ãº operand �Ð+� ���d��
|̈c �.���s	כ

PC o

Program counter, &ñ
�©�&h���� jump [þt�Ér %�6£§ �����\�¦ (PC) �Ð ��t���H SET \� _�K� ³ð�&³|̈em���.

VALUE 0 o

°ú̀�כ¦ ³ð�&³
�l� 0AK� cselib routine [þt ?/\�"f ��6 x�)a��.

REG i0 o

YUt�Û¼'�. “operand”��H REGNOB�ß¼�Ð�Ð]X���H|̈cÃºe����HYUt�Û¼'���� ñ (register number){9�
m���. ëß���� s� number �� FIRST PSEUDO REGISTER �Ð�� �������� hardware register �� �ÃÐ�¦
|̈em���. ¿º���P: operand ��H "é¶A� register number \�¦ ú̧��¦ e��_þvm��� - s���Ér	כ hard register �Ð ���
ô�Ç �¦̀�	כ ��t��¦ e����H pseudo register ü<��H ��\�¦ �.���s	כ s� rtx ��H MEM õ� °ú �Ér ��0pxô�Ç ú́§�Ér
(�8 ú́§�Ér) field \�¦ ��t���H �¦̀�	כ ¹�Ðכ��9 ½+Ëm���. s���Ér	כ reload 1lxîß� REG rtx [þt�̀¦ MEM [þt�Ð ���
�â
½+É Ãº e��l� M:ë�H{9�m���.

SCRATCH 0 o

Scratch register. s���Ér	כ éß�{9� insn ?/\�"fëß� ��6 x÷&��H register \�¦ ³ð�&³ô�Ç��. s���Ér	כ ëß���� ]j���
�̧|	�s�YUt�Û¼'�\�¦�9¹כ��Ð
�����, SCRATCH\�¦z����ÑütÃºe����H#Q�"��â
Äº����m������ register
allocation <�Ê�Ér reload 1lxîß� REG �Ð ���½+É �.���s	כ s� code ��H 
���_� operand \�¦ ����� �Ü¼�Ð	כ
mark |̈c �¦��s	כ ÕªA�"f s���Ér	כ REG �Ð ���8̈�|̈c Ãº e����.

SUBREG ei x

Multi-word °úכ_� ô�Ç word. 'Í	���P: operand ��H complete °úכs���; ¿º���P:�� #Q�"� word ���t� ú́�ô�Ç
��. WORDS BIG ENDIAN flag ��H word number 0 (SUBREG ?/\�"f [j#Q��� �(�+Ü¼�Ð	כ s� ��
�©� þj�©�_� <�Ê�Ér ëß�7á¤
���H Ø�æì�rô�Ç word ���t� �����t�\�¦ ]j#Qô�Ç��.

s���Ér	כ ¢̧ô�Ç���Ér machine mode?/\�"f°ú̀�כ¦�ÃÐ�̧
���HX<��6 x�)a��.\V\�¦[þt���, SImode°ú̀�כ¦��
u� Õª��s	כ Qimode ����	כ %�!3� <�Ê�Ér Õª ìøÍ@/�Ð �ÃÐ�̧
���HX< ��6 x|̈c Ãº e����. ÕªXO��±p word number
�� �½Ó�©� 0 s���.
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STRICT LOW PART e x

s� 
���_�-�������� rtx ��H move "î
§î
#Q[þt�̀¦ 0AK� ��6 x÷&��HX<, Õª��Ér	כ 3lq&h�t�_� low part ëß� ���
�o
���H �¦̀�	כ �Ð7£x~ÃÎ��H ��ëß	כ K�{©��)a��. ÕªA�"f, (SET (SUBREG:HI (REG...)) (MEM:HI ...))
��H REG _� high part �©�\� t�&ñ
÷&t� ·ú§��H %ò
�¾Ó�̀¦ ��t��¦ e��t�ëß�, (SET (STRICT LOW PART
(SUBREG:HI (REG...))) (MEM:HI ...)) ��H HImode ��� REG _� �̧f�� bit [þtëß� ����or��������H
�Ð7£xs� �)a��.

��6 x÷&��H z�́]j "î
§î
#Q��H �����̧ ¿º �â
Äº\�"f °ú �̀¦ �,�s�t�ëß	כ register ]j����̧|	�[þt�Ér
STRICT LOW PART �� ��6 x×�æ{9� M:��H 7á§ �8 �ÃÌ�ÃÌ½+É �.���s	כ

CONCAT ee o

(CONCAT a b) ��H a ü< b \�¦ �<Êa� Z�~�̀¦ Ãº e����H °ú̀�כ¦ ëß�[þtl� 0Aô�Ç a ü< b _� ���©� ������ (con-
catenation) �̀¦ �����·p��. s���Ér	כ 4�¤�èÃº°úכ[þt�̀¦ 0AK� ��6 x�)a��. �Ð:�x DECL RTL [þtõ� RTL Òqt
$í
1lxîß�\�ëß� ������t�, insn chain \�"f��H ������t� ·ú§��H��.

MEM e0 o

Bj�̧o� 0Au�; operand ��H ÅÒ�ès���. ¿º���P: operand ��H s� MEM \� ������÷&#Q e����H alias set s�
��.Äºo���H s� field \�¦ 0AK� ‘w’ @/��� ‘0’ �̀¦ ��6 x
�%i���HX< s�Ä»��H s� field ��H machine description
\� t�&ñ
|̈c ��¹כ��9 \O�l� M:ë�Hs���.

LABEL REF u00 o

s� �<ÊÃº\�¦ 0Aô�Ç code ?/ assembler label �Ð_� �ÃÐ�̧. Operand ��H insn chain \�"f µ1Ï|
��)a
CODE LABEL s���. áÔ�2;àÔ÷&t� ·ú§�Ér field [þt 1 õ� 2 ��H LABEL NEXTREF ü< CONTAIN-
ING INSN \�¦ 0AK� flow.c \�"f ��6 x�)a��.

SYMBOL REF s o

"î
"î
�)a(named) label �Ð_� �ÃÐ�̧: %�6£§ operand ��H ë�H��\P����X< ¶nqr�&h�Ü¼�Ð ·ú¡\� ‘ ’ �� �8ô�Ç +þAI�
{9�m���. \Vü@���½Ó: ëß���� %�6£§ ë�H���� "î
r�&h�Ü¼�Ð ‘*’ �� ÅÒ#Q&������� Õª�¦̀�	כ #Q!lr�̂¦�Q\�>� ×�¦ M:
‘*’ \�¦ ]j��
�t�ëß� ‘ ’ \�¦ �8
�t���H ·ú§_þvm���.

CC0 o

Condition code register��HÄºo�[þt_��©��©�5Åq\� 0õ�q��§|̈cÃºe����H°ú̀�כ¦��t��¦e����H register�Ð
+�³ð�&³|̈em���.��z�́ machine��Hs�p�Õª��¦�¡q��§Ùþ¦̀�	כ��õ�\�¦l�2�¤Ùþ¡_þvm���;
�t�ëß� condition
code \�¦ ¶ú�x���H "î
§î
#Q[þt�Ér ����̂&h���� °ú̀�כ¦ ¶ú�x��¦ Õª�¦̀�	כ q��§
���HX< ��6 x÷&��H �â
�¾Ós� e��_þvm�
��.

ADDRESSOF eit o

Register _� address \�¦ �ÃÐ�̧ (reference). CSE �� ��0pxô�Ç ú́§s� Òqt|ÄÌô�Ç Êê\� purge addressof \�
_�K� ]j���)a��.
'Í	���P: operand: address of \� É+½¹כ��9 Ãº e����H register.
¿º���P: operand: 3lq&h��̀¦ 0AK� Òqt$í
÷&%3�~�� "é¶A�_� pseudo regno.
[j���P: operand: put reg in stack 6 x, register ?/ object \�¦ 0Aô�Ç decl.

QUEUED eeeee x

QUEUED ³ð�&³d���Ér z�́]j&h�Ü¼�Ð postincrement/postdecrement \� @/K� ��×�æ\� output 
�l� 0A
K�"f "î
§î
#Q[þt_� queue _� member \�¦ ��ØÔv��¦ e����. QUEUED ³ð�&³d��[þt�Ér "î
§î
#Q[þt_� ÂÒì�r
s� ]X�@/ ÷&t� ·ú§��H��. QUEUED vygustrs� "î
§î
#Q?/\� Z�~#�&���̀¦ �â
Äº, @/��� 7£x���)a ���Ãº <�Ê�Ér
Õª��_	כ s���� °úכs� ��6 x�)a��.
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Operand ¤Ûå¬Ûá ¤ ¬́Ûí¡½ ¡Éö¤´:
0. ­Ûò¡ ¤́¿¬ ­̧Ýå (REG rtx) ¨ÏáªÁ.
1. ­Ûò¡´ §Ïò¦Ïò¬¸ ³ÑÞ¬Ûá §Éá¬ËÞ ¡Æ¡Íð¬È ¬ ­́ÝÞ output ¤¿­È ¬Éã¬Éñ¬Ûå ¡Ïò¬Á 0.
2. ¨ÏáªÁ¬Ç ¬È­Íá ¡Éï¬Ç ¨ÑÞª´̈Ñá¬Ýá REG rtx ³ÑÞ¬Ûá ¬ ­́ÝÞ ¬Íï¤ §́Ïá 0.
3. ­Ûò¡´ §Ïò¦Ïò¬ ¦̧Ûå ª ¬́Õò³Éå body.
4. Queue £µ¬Ç ¤ ¬́Ûí QUEUED ²À³ÏáªÝÞ.
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Rtl pattern ?/_� operator [þt�̀¦ 0Aô�Ç ³ð�&³d��[þt.

IF THEN ELSE eee 3

if then else. s���Ér	כ �Ð:�x_� conditional jump "î
§î
#Q[þt\�"f ��6 x�)a��.

Operand:
0: condition
1: then expr
2: else expr

COND Ee x

{9�ìøÍ&h���� conditional. 'Í	���P: operand ��H ³ð�&³d��_� #��Q �©�Ü¼�Ð ½̈$í
�)a vector s���. y�� �©�_�
'Í	���P: element ��H 	�YV�Ð y��&ñ
÷&%3���. conditional _� °úכ�Ér 'Í	���P: �©�_� ¿º���P: ³ð�&³d��s� 9 s�
�©�_� ¿º���P: ³ð�&³d��_� 'Í	���P: ³ð�&³d���Ér 0 s� ��_�� y��&ñ
ô�Ç��. ëß���� ³ð�&³d��[þt_� #QÖ¼ �̧�	כ true
�� ��m������, ¿º���P: operand ��H conditional _� °úכÜ¼�Ð+� ��6 x|̈c �.���s	כ

s���Ér	כ IF THEN ELSE _� ��6 x\� @/�̂÷&#Q�� ô�Ç��.

COMPARE ee 2

q��§, condition code ���õ�\�¦ Òqt$í
ô�Ç��.

PLUS ee c

�8
�l�

MINUS ee 2

Operand 0 \�"f operand 1 �̀¦ NSl�.

NEG e 1

Minus operand 0.

MULT ee c

Y�L
�l�

DIV ee 2

Operand 0 \�¦ operand 1 �Ð ��¾ºl�.

MOD ee 2

Operand 0 �̀¦ operand 1 �Ð ��è�H Êê_� �� Qt�.

UDIV ee 2
UMOD ee 2

Unsigned divide ü< remainder.

AND ee c
IOR ee c
XOR ee c
NOT e 1
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Bitwise operation [þt.

ASHIFT ee 2
ROTATE ee 2
ASHIFTRT ee 2
LSHIFTRT ee 2
ROTATERT ee 2

SHIFT [þt.

Operand:
0: shift ¤¿£Ûá ¡Éï.
1: bit ¤Ûå¬Ç ¡ÊðªÁ.

SMIN ee c
SMAX ee c
UMIN ee c
UMAX ee c

¿º operand [þt_� þj�èü< þj@/°úכ[þt. Äºo���H signed ü< unsigned form ¿º��t� �� 
¹כ��9���. (Äºo�
��H SMIN \�¦ 0AK� MIN �̀¦ ��6 x½+É Ãº \O���HX<, Õª��Ér	כ °ú �Ér s�2£§_� B�ß¼�Ðü< Ø�æ[�t
�l� M:ë�Hs���.

PRE DEC e a
PRE INC e a
POST DEC e a
POST INC e a

s� unary operation [þt�Ér Õª[þts� Bj�̧o� ÅÒ�è[þt\�"f ��������H ��õ	כ °ú s� 7£x��ü< y���è\�¦ ����
?/��HX< ��6 x�)a��. 7£x��ü< y��Ãº_� �ª��Ér ������t� ·ú§��HX<, Õª[þts� containing MEM _� machine-
mode �Ð ÂÒ'� a�?&ñ
�)a ��9}	כ Ãº e��l� M:ë�Hs���. s� operation [þt�Ér �̧f�� ¿º �â
Äº\�ëß� �>rF�ô�Ç��:
1. stack �©�\� push ½+É �â
Äº.
2. flow.c ?/ life analysis éß�>�\�"f ��1lxÜ¼�Ð Òqt$í
|̈c �â
Äº.

PRE MODIFY ee a POST MODIFY ee a

s� binary operation [þt�Ér 0A_� operation [þt�̀¦ ��6 x
���H çß�éß�ô�Ç 7£x�� <�Ê�Ér y���è\�¦ ]jü@
��¦ Bj
�̧o� ÅÒ�è[þt?/_� {9�ìøÍ&h���� address side-effect [þt�̀¦ ����?/��HX< ��6 x�)a��. s��þt�Ér]	כ flow.c ?/
life analysis éß�>�\� _�K� ��1lxÜ¼�Ð Òqt$í
�)a��.
'Í	���P: operand ��H address �Ð ��6 x÷&��H REG s���.
¿º���P: operand��H address\�¦ î̈
��
���H (PRE MODIFY)·ú¡<�Ê�Ér (POST MODIFY)+' register
\� ½+É{©�÷&#Q��� ³ð�&³d��s���.
�&³F�, (����{9��Q��H PLUS _� 'Í	���P: operand �� * MODIFY _� 'Í	���P: operand ü< °ú �Ér register
\�¦ ��4R�� 
���H �©��è��� (plus (reg) (reg)) ü< (plus (reg) (const int)) +þAd��_� ¿º���P: operand [þt
ëß� ��Ò�¦ Ãº e����.

NE ee <
EQ ee <
GE ee <
GT ee <
LE ee <
LT ee <
GEU ee <
GTU ee <
LEU ee <
LTU ee <
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q��§ operation [þt. ordered comparison [þt�Ér ¿º��t� ~½Ód��s� e����HX<, signed ü< Unsigned �� Õª
�.���s	כ

UNORDERED ee <
ORDERED ee <

ÆÒ��&h���� floating point unordered comparision ~½Ód��[þt.

UNEQ ee <
UNGE ee <
UNGT ee <
UNLE ee <
UNLT ee <

s��þt�Ér]	כ unordered <�Ê�Ér ... ü< °ú ��.

LTGT ee <

s���Ér	כ ordered NE ���X<, 7£¤ !UNEQ, NaN \� @/K���� false.

SIGN EXTEND e 1

éß�1lq operand \�¦ sign-extending ô�Ç ���õ�\�¦ �����·p��. operand _� <�Ê�Ér SIGN EXTEND ³ð�&³d��
_� machine mode [þt�Ér \O����� ú́§�Ér sign-extension �� ���'��÷&%3���Ht�\�¦ ���&ñ
ô�Ç��.

ZERO EXTEND e 1

zero-extension (unsigned short \�¦ int �Ð °ú s�) ü< q�5pw
���.

TRUNCATE e 1

q�5pw
�t�ëß� #�l�"f operand ��H wider mode \�¦ ��t��¦ e����.

FLOAT EXTEND e 1 FLOAT TRUNCATE e 1

floating-point °úכ[þt (SFmode \�¦ DFmode �Ð °ú s�) SX��©�
���H ��õ	כ q�5pw
���.

FLOAT e 1

floating point °úכ\� @/ô�Ç fixed point operand _� ���8̈�

FIX e 1

fixed-point machine mode \�¦ ��t���H: fixed point °úכÜ¼�Ð floating point operand _� ���8̈�. °úכ�Ér
operand_�°úכs�&ñ
Ãº{9�M:ëß�&ñ
_��)a��. floating-point machine mode (ü<°ú �Érmode��� operand)
��t���H: Operand ��H floating point �Ð @/³ð÷&��H &ñ
Ãº °ú̀�כ¦ Òqtíß�
�l� 0AK� zero �Ð round ÷&#Q���
��.

UNSIGNED FLOAT e 1

floating point �Ð unsigned fixed point operand _� ���8̈�

UNSIGNED FIX e 1

fixed-point machine mode \�¦ ��t���H: *unsigned* fixed point °úכÜ¼�Ð floating point operand _�
���8̈� °úכ�Ér operand _� °úכs� &ñ
Ãº{9� M:ëß� &ñ
_��)a��.
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ABS e 1

Absolute value

SQRT e 1

Square root

FFS e 1

[O�&ñ
�)a 'Í	���P: bit \�¦ ¹1Ô��H��. °úכ�Ér arg ?/ trailing zero [þt_� 1 + number s� 9 ëß���� arg �� 0 {9�
�â
Äº 0 s���.

SIGN EXTRACT eee b

t�&ñ
�)a ß¼l�ü< 0Au�_� signed bit-field �Ð_� �ÃÐ�̧. Operand 0 �Ér memory unit (�Ð:�x SImode <�Ê
�Ér QImode) ���X<, s���Ér	כ field _� 'Í	���P: bit \�¦ �í�<Êô�Ç��. Operand 1 �Ér bit �Ð ��I��·p width
s���. Operand 2 ��H s� field _� 'Í	���P: bit ·ú¡ memory unit ?/ bit [þt_� number s���. ëß����
BITS BIG ENDIAN �� &ñ
_�÷&#Q e�������, 'Í	���P: bit ��H msb s��¦ operand 2 ��H memory unit
_� msb �ÐÂÒ'� [j#Q�����. ÕªXO�t� ·ú§�����, 'Í	���P: bit ��H lsb s��¦ operand 2 ��H memory unit _�
lsb �ÐÂÒ'� [j#Q�����.

ZERO EXTRACT eee b

unsigned bit-field \� @/K� q�5pwô�Ç��.

HIGH e o

RISC machine 6 x. s��þt�Ér]	כ insn [þt�̀¦ ]X�éß�½+É M: Bj�̧o�\�¦ �������.

LO SUM ee o

LO SUM ��H YUt�Û¼'�_� ½+Ë>�s��¦ �©�Ãº ³ð�&³d��_� low-order bit [þts���.

RANGE INFO uuEiiiiiibbii x

Range information \�¦ 0Aô�Ç header. Operand 0 �Ér NOTE INSN RANGE BEG insn s���.
Operand 1 ��H NOTE INSN RANGE END insn s���. Operand 2 ��H s� #3�0A?/\�"f @/�̂ ��
0pxô�Ç �̧��H register [þt_� vector s���. Operand 3 �Ér #3�0A?/ call [þt_� Ì�	Ãºs���. Operand 4 ��H #3�
0A?/ insn [þt_� Ì�	Ãº. Operand 5 ��H s� #3�0A\�¦ 0Aô�Ç Ä»{9�ô�Ç range ��� ñs���. Operand 6 �Ér live
range _� r���� ÂÒì�r_� l��:r block # s���. Operand 7 �Ér live range _� =åQ ÂÒì�r_� l��:r block #
s���. Operand 8 �Ér loop depth s���. Operand 9 ��H range _� r���� ÂÒì�r\� live ô�Ç register [þt_�
bitmap s���. Operand 10 �Ér range _� =åQ ÂÒì�r\� live ô�Ç register [þt_� bitmap s���. Operand 11
�Ér #3�0A r���� ÂÒì�r�̀¦ 0Aô�Ç marker number s���. Operand 12 ��H #3�0A =åQ ÂÒì�r�̀¦ 0Aô�Ç marker
number s���.

RANGE REG iiiiiiiitt x

#3�0A?/\� @/�̂ ��0px½+É Ãº e����H YUt�Û¼'�[þt. Operand 0 �Ér "é¶A� pseudo register number s���.
Operand 1 �Ér °úכs� range _� �>r5Åq1lxîß� 4�¤��÷&#Qt���H pseudo register \�¦ ��t��̧2�¤ G�0>�����.
Operand 2��H register�Ð_�#3�0A?/ reference[þt_���� ñs���. Operand 3�Ér#3�0A?/|9�½+Ë[þt_����
 ñ <�Ê�Ér YUt�Û¼'�_� clobber [þts���. Operand 4 ��H YUt�Û¼'��� ��t��¦ e����H depth [þt_� ��� ñs�
��. Operand 5 ��H #3�0A_� r���� ÂÒì�r\�"f 4�¤���:rs� "é¶A� YUt�Û¼'�\�"f Dh�Ðî�r YUt�Û¼'��Ð ¹כ��9
ô�Çt� îß�ô�Çt�\� <�Ê�Ér Dh�Ðî�r YUt�Û¼'��ÐÂÒ'�_� 4�¤���:rs� #3�0A_� =åQ\� "é¶A��Ð [�t�9�Ð?/�� ½+Ét�

îß�½+Ét�\� @/ô�Ç �©�I�\�¦ ÅÒ��H copy flag [þts���. Operand 6 �Ér live length s���. Operand 8 �Ér ëß�
��� register �� user ���Ãº{9� �â
Äº ���Ãº_� symbol note s���. Operand 9 ��H ëß���� YUt�Û¼'��� user
���Ãº{9��â
Äº ���Ãº�� ?/\� ������÷&#Q e��6£§�̀¦ ��ØÔv���H block node s���.



2.2 ḈÐ rtx Uc 7�B� 24

RANGE VAR eti x

Local ���Ãº[þt_� ragne [þt\� �'aô�Ç &ñ
�Ð. Operand 0 �Ér ���Ér range [þt_� EXPR LIST ���X<, s� #3�
0A[þt�Ér ���Ãº�� #Q�"� ���Ér pseudo register �Ð 4�¤��÷&%3���Ht�\�¦ �����·p��. Operand 1 �Ér ���Ãº��
������÷&#Q e±	��H block s��¦, Operand 2 ��H distinct #3�0A[þt_� number s���.

RANGE LIVE bi x

�&³F� point\� live
��¦e����HYUt�Û¼'�[þt\��'aô�Ç&ñ
�Ð. Operand 0�Ér live bitmaps���. Operand
1 �Ér "é¶A� block number s���.

CONSTANT P RTX e x

unary ‘ builtin constant p’ ³ð�&³d��. s��þt�Ér]	כ �̧f�� RTL Òqt$í
1lxîß� Õªo��¦, optimize > 0 {9� �â

Äº\�ëß� ~½ÓØ�¦�)a��. Õª[þt�Ér 'Í	���P: CSE éß�>�\�"f ]j���)a��.

CALL PLACEHOLDER uuuu x

�Ð:�x_� call �Ð ����o|̈c Ãº e����H CALL INSN �̀¦ 0Aô�Ç placeholder, <�Ê�Ér sibling (tail) call, tail
recursion.

RTL Òqt$í
Êê 7£¤r�, s� placeholder ��H insn [þt\� _�K� call <�Ê�Ér sibcall, tail recursion \�¦ z�́'��
�
�̧2�¤ @/�̂|̈c �.���s	כ

RTX ��H 4 operand [þt�̀¦ ��t��¦ e����. 'Í	���P: [j>h��H �Ð:�x_� call õ� sibling call, tail recursion
�Ð+� y���� call �̀¦ Ãº'��
�l� 0Aô�Ç "î
§î
#Q[þt_� list [þts���. +'\�"f ¿º list [þt�Ér �����̧ NULL {9�
Ãº e���¦ 'Í	���P:��H ]X�@/ NULL s� ��m���.

��t�}�� operand ��H tail recursion CODE LABEL s� 9 s���Ér	כ ëß���� ���F�&h���� tail recursive call
[þts� µ1Ï|
�÷&t� 3lw
�%i��̀¦ �â
Äº NULL {9� �.���s	כ

tail recursion label �Ér ,>¹ô�ÇXכ��9 Õª����Ð Äºo���H Äºo��� call ~½Ód���̀¦ ���×þ�ô�Ç Êê
LABEL PRESERVE P \�¦ L:�FMy� ½+É Ãº e����.

s� tail-call elimination _� ~½Ód���Ér front-end ���8̈�[þts� ¢-a«Ñ�)a 7£¤r� tree-based optimization [þt�Ð
@/�̂÷&��H �â
�¾Ós� e����.

VEC MERGE eee x

¿º vector °úכ[þt ��s�_� merge operation �̀¦ ³ð�&³ô�Ç��.
Operand 0 õ� 1 [þt�Ér merge ÷&#Q|9� vector [þts��¦, operand 2 ��H ���õ�_� #Q�"� ÂÒì�rs� Áº%Á	Ü¼�Ð
ÂÒ'� ���×þ�÷&%3���Ht�\�¦ ú́�K�ÅÒ��H bitmask s���. Set bit [þt�Ér operand 0 �̀¦ ��ØÔv��¦ clear bit [þt
�Ér operand 1 �̀¦ ��ØÔ�����. ÂÒì�r[þt�Ér vector [þt_� mode �Ð &ñ
_��)a��.

VEC SELECT ee x

Vector_�ÂÒì�r[þt�̀¦���×þ�
���H operation �̀¦[O�"î
ô�Ç��. Operand 0�Ér source vectors��¦, operand
1 �Ér ���õ� vector _� 
�0AÂÒì�r_� y��y���̀¦ 0Aô�Ç CONST INT \�¦ �í�<Ê
���H PARALLEL s���. s�
���õ� vector ��H Õª�	כ îß�\� $��©�÷&#Q��ëß� 
���H source subpart _� number \�¦ ï�r��.

VEC CONCAT ee x

vector concat operation \�¦ [O�"î
ô�Ç��. Operand 0 õ� 1 [þt�Ér source vector [þts��¦, ���õ���H vector
���X<, s� vector ��H operand 0 ü< 1 s� ���½+Ëô�Ç +þAd��s��¦ ¿º source vector [þt_� ����Ws���.

VEC DUPLICATE e x

����Ér vector \�¦ input °úכ[þt�̀¦ ìøÍ4�¤�<ÊÜ¼�Ð+� 	�H �Ü¼�Ð	כ ���8̈�
���H operation �̀¦ ³ð�&³ô�Ç��. Output
vector mode ��H input vector mode �Ð+� °ú �Ér submode [þt�̀¦ ìøÍ×¼r� ��t��¦ e��#Q�� 
��¦ output
part [þt_� number ��H input part [þt_� number _� integer multiple s�#���ëß� ô�Ç��.
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SS PLUS ee c

Signed saturation \�¦ ��t���H �8
�l�

US PLUS ee c

Unsigned saturation \�¦ ��t���H �8
�l�

SS MINUS ee 2

Signed saturation \�¦ ��t���H Operand 0 NSl� operand 1.

US MINUS ee 2

Unsigned saturation \�¦ ��t���H Operand 0 NSl� operand 1.

SS TRUNCATE e 1

Signed saturating truncate.

US TRUNCATE e 1

Unsigned saturating truncate.

PHI E x

SSA phi ���íß���.

�������H 2N rtx [þt_� vector s���. Element 2N+1 ��H CONST INT ���X<, s���Ér	כ element 2N \�
"f_� register �� ��6 x÷&%3��̀¦ M: #Q�"� control �̀¦ :�xK�"f |	�W1&����Ht�\�¦ ú́�K�ÅÒ��H predecessor _�
block number \�¦ �í�<Êô�Ç��.

�ÃÐ�¦ : PHI ��H l��:r block _� r����\�"fëß� éß�t� ����èß� Ãº e����.

V� 3 â�
 16 ÌÁG1 %K�"���· =³¿6� y

��6£§ë�H"f\�"f��Hs����\�&ñ
_��)a RTX[þt�̀¦ C\�"f#Qb�G>���6 x
��¦��/BN
���Ht�Õªo��¦ RTX�'aº���<ÊÃºx9�
���%i����Ãº 1px1px�̀¦ �íF�c&h�Ü¼�Ð [O�"î

��̧2�¤ 
���x_þvm���.


