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Z=of t}& “Constant Folding” 3} “Algebraic Simplification” ©f o3t 7§ 32 7tets] AF3t3 dol 7t

2.1 Constant Folding

Constant Folding = Constant-expression evaluatlon olgtx BE|7|x =], AotLA A A9
7} 24> (constant) & A% o] st AL B3Il o] AL
o 7HE st el BRE #EOl AR O] oz AL T 5 Yt

—

r=1+4+2%x4
oAl & S A9gsittd, 99 22 xd A o] AT uf, o] & ot} Zo] ALEH AL H ulel e 7t
Aade) £ HES e AL I

r=9
A4 A, R TAIGe] 3T 5 A=, 0 22 YFThA Y overflow 9} 22 exception —t'r%‘ﬂ of
d A sl A Lol AstA el A o Ao] AMA| ZAIGlo] Bol2 & JY=pE A FE Aol 7
T F8E Zolth

Aol A9 E  4Fo] B, I o] f+ compiler 9 floating-point A4ko] A o] Z2 WS

£ 224N Ashgo] AR oA mAsolol Ae 29 G AP AT 2 simulation
Askel oA Tas olof & Aolth AT Telo] 950 9g A9, ATHA 2 F2Y operation &
1

QEAI AL A 4= Qlt} EE8F ANSI/IEEE-754 f 2Fof] up =1, exceptlon o o gt type 3} exception ©] 7}k F
o] 21 F o] = Zddl, NaN ¥} 22 infinite & ¥ 33l ot

2.2 Algebraic Simplification

Algebraic Simplification & &A1 7IHsHA & 4 Y= EAS 48 A o)gtn &
Constant Folding 4% 45} 2] o] 4 714 2 38| oloF sh A0lehn & 5 geh. o8] Alge
Simplification - binary operator 2] 23S 7}X| 3
X—]\jrt‘ﬂ- _Lza/ﬂi)_i_ \‘;Hx.ﬂt‘ﬂ-]q_

I~

1+0=0+1=1—-0=1

0—2=—1
ixl=1%xi=14/1=14
1x0=0x%x2=0

$19}F 2] binary operator o T3 Zr3lE & 4 ¢l ¥ obY 2} unary operator o A = 3 2
T Atk
(i) =i
i+ () =i
T3t Boolean ©]u bit-field type £l i = g2 4 =0,

bV true = true V b = true
bV false = flaseVb=1»>
9 e BRN 0% AT 4+ Yt BE 99 4
o thel A= D E = architecture ol wep & o] 7}
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void encode (HOST_WIDE_INT *words, unsigned HOST_WIDE_INT low, HOST_WIDE_INT hi)

two-word integer € 4 word & unpack 3t} LOW £} HI & A 4o] F ‘HOST_WIDE_INT’
ZZro|tt. WORDS = HOST_WIDE_INT £9] vj€d& 7[=27]1 Q)

void decode (HOST_WIDE_INT *words, unsigned HOST_WIDE_INT *low, HOST_-WIDE_INT *hi)

4 word 9] v} €2 two-word integer 2 pack 3T} WORDS & word 59| vjdS 71271
ot A4 F ‘HOST.WIDEINT’ & 2zZte 7 Z+zF *LOW 2} *HI o A &= t}.

int force_fit_type (tree t, int overflow)

Type o] &3}1A] 94+ constant Y| RE bit £ 0 &2 1 2 AAHTOoZH AS constant T

9] type o] i3] T 7} &= wr=t).

7hok signed overflow 7 ¥HSHE 1 & 28R grow 0 & W) weF OVERFLOW
7} 0 o] oFYH, signed overfow = T & A 4bsh= F<F on] WASE Zlojtt. ZefjA 242
3] ERinh

(£A1% 7$) CHECK FLOAT_VALUE & 3% %2 24 type ©] real constant T | T} 5]

int add_double (unsigned HOST_WIDE_INT 11, HOST_WIDE_INT h1, unsigned HOST WIDE_INT
12, HOST_WIDE_INT h2, unsigned HOST_WIDE_INT *lv, HOST WIDE_INT *hv)

R AE O

I doubleword 452 doubleword 23 & © 3lt}. ZF argument & F ‘HOST_WIDE_INT’
2Z4E2 FoAL 3 argument + L1 3} HI; o2 s+ L2 9F H2 ot} 72 *LV &}
*HV U & ‘HOST_WIDE_INT’ 270 2 *]#H ).

int neg_double (unsigned HOST _WIDE_INT 11, HOST_WIDE_INT h1, unsigned HOST WIDE_INT
*lv, HOST_WIDE_INT *hv)

I doubleword A E < doubleword A3} Z negate Stt}. 172 9] sign 2 2 7AW S

S 7
SF operation ©] overflow ©|®, 0 ©] o}d kS wEslt} ZF argument & L1 3 H1 W &
‘HOST_WIDE_INT’ ZZt5 2 Fo] At} k2 *LV 2+ *HV VY & ‘HOST_WIDE_INT’ %7+
o2 AAHr

d

int mul_double (unsigned HOST_WIDE_INT 11, HOST WIDE_INT h1, unsigned HOST WIDE_INT
12, HOST_-WIDE_INT h2, unsigned HOST_WIDE_INT *lv, HOST_WIDE_INT *hv)

I doubleword Z4+ES doubleword Z3& F3lt) 17 0] sign 22 7IA WS uff Tk
operation ¢| overflow ©] &, 0 o] o} kS ¥I3Lstr}. Zt argument & F ‘HOST_WIDE_INT’
ZZYE 2 Fo] At} 3t argument &= L1 I H1; t} & 3= L2 9F H2 o|t}. 72 *LV 2}
*HV Y & ‘HOST_WIDE_INT’ zto g7 x| &=t}

void Ishift_double (unsigned HOST_WIDE_INT 11, HOST_WIDE_INT h1, HOST WIDE_INT count,
unsigned int prec, unsigned HOST WIDE_INT *lv, HOST WIDE_INT *hv, int arith)

Axe] PREC bit E9F 5234, L1, H2 W Doubleword A4S COUNT Atg|2 9%
shift 3+t wkeF COUNT 7} &40 2 E2 shift 3t} ARITH nonzero + arithmetic
shift & oju)sly 22€x &S W logical shift & AFg3sith ZHe *LV & *HV W T+
‘HOST_WIDE_INT’ 270 2 &%t}

void rshift_double (unsigned HOST_WIDE_INT 11, HOST_WIDE_INT h1, HOST WIDE_INT
count, unsigned int prec, unsigned HOST_WIDE_INT *lv, HOST_WIDE_INT *hv, int arith)



A3 PREC bit % §x 34|, L1, H2 W Doubleword 345 COUNT Atz 2%
shift 3Ft}. COUNT &= ¥l& A] oF4~of of str}. ARITH nonzero = arithmetic shift 2 2] 1)
st 22 2] 942 Wl logical shift S AF&-3hc}. ZH-2 *LV 9} *HV U] F ‘HOST_WIDE_INT’
z7to® A%HT.

void Irotate_double (unsigned HOST_WIDE_INT 11, HOST WIDE_INT hl, HOST WIDE_INT
count, unsigned int prec, unsigned HOST_-WIDE_INT *lv, HOST_WIDE_INT *hv)

Ate] PREC bit % §x kA, L1, H2 W Doubleword B34S COUNT A2 A%
rotate 3ttt TEeF COUNT 7} 24 AL 2 EZ rotate st} -2 *LV &F *HV U F
‘HOST_WIDE_INT’ 2702 &%t}

void rrotate_double (unsigned HOST_WIDE_INT 11, HOST_WIDE_INT hl, HOST_-WIDE_INT
count, unsigned int prec, unsigned HOST_WIDE_INT *lv, HOST WIDE_INT *hv)

A3}+e] PREC bit % §A 34, L1, H2 W Doubleword 342 COUNT A28 2 &%
rotate 3tk COUNT & ¥F= A] F4=of oF Shu}. kS *LV 9F *HV U] & ‘HOST_WIDE_INT’
z7to® ARHrT.

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 Iden_orig, HOST_WIDE_INT hden_orig,
unsigned HOST_WIDE_INT *lquo, HOST_WIDE_INT *hquo, unsigned HOST_WIDE_INT *Irem,
HOST_WIDE_INT *hrem)

doubleword integer LNUM, HNUM £ doubleword integer LDEN, HDEN & U4 H2
*LQUO, ¥*HQUO o, Uw x| *LREM, *HREM o] A3ttt CODE - division 9] =
Z9] tree code 24, TRUNC_DIV_EXPR &-& FLOOR_DIV_EXPR, CEIL_DIV_EXPR,
ROUND_DIV_EXPR, EXACT_DIV_EXPR = 3}i}o|t}. Eo] oJ2 A integer 2 round =
A A=A Alofstar, Tk operation ©] overflow Wdbd 0 o] ofd ZhH-& WHESITE UNS 9

Zro]l 0 o] ofbd A% unsigned division & 3 3-S o] v 3t}
REAL_VALUE_TYPE real_value_truncate (enum machine_mode mode, REAL_VALUE_TYPE arg)

Narrower mode | A 7} 284 SHA 7153 32 X SF= real value & E& 4 2 2 trun-
cate ST}t A= AAZ argument 2F 22 data type S 2 BAFHA W 24 2 HE
o=t}

Trap ©] FP operation & HAE 4 glom, vkE0X handler & 7FA& 22 calling
function &] A ¢l o| T},

int target_isinf (REAL_VALUE_TYPE x)
IEEE double precision number | A infinity S 7 A}3tt}.
int target_isnan (REAL_VALUE_TYPE x)
IEEE double precision number 7} NaN ¢12] o} dX|E A ARSIt}
int target_negative (REAL_VALUE_TYPE x)
Negative IEEE double precision number S 7 AFgFCY.
void exact_real_inverse_1 (PTR p)
Hee 2ol 245 Fech

int exact_real_inverse (enum machine_mode mode, REAL_VALUE_TYPE *r)

Age Aol EA5A et
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REAL_VALUE_TYPE real_hex_to_f (const char *s, enum machine_mode mode)

C99 hexadecimal floating point string constant S & W23ttt Mode MODE Q1 A3k
type < uk3kstt}. o] dh4= REAL_ARITHMETIC 7} £4)38}A] ¢-& 7% host computer
9] floating point arithmetic & AF&2-3tc}.

tree negate_expr (tree t)

Fo]A HA T 9 negation & HFESIT} case 7F null & ¥F3Hs 24 T 7} null ©] H %
= Faic
tree split_tree (tree in, enum tree_code code, tree *conp, tree *litp, tree *minus_ litp, int
negate_p)

Tree IN 2 constant ¢} literal, variable &2 ¢ & Zzllit}. o] AL CODE & AF&3to] IN
o7 A 2qE 4 J= 53EH olt}. “constant” = TREE_.CONSTANT & 713 &3 A
2 2Ju]3}A] AA constant S o] XA 9=t} CODE = ¥IE A] commutative arithmetic
operation ©] o] of 3tt}. Constant part = *CONP o] A &35} *LITP 9 literal S variable
FES vbssin) whek x7bo] E2A3HA] oF=ttd, NULL & A7 strt kel tree 71 ©] &
YA 0 R Fol = A gh=ThHA, variable part = ?ﬁXﬂ tree & ¥lslsl o2 HE 2 NULL
2 QkgkE o)

¥he} CODE 7} PLUS EXPR o] 9, £ 5 MINUS EXPR & AH82 tree 52 33
6]- /\ olq_ oH\:]— _,_’ © ﬂ S mﬂl/dli 5]__ operand =3 negate tﬂog/yq 51- /\ 013:_]:-]] ;H
Al —orfﬂ 7} literal & 9] 3l >|‘MINUSLITP hAl A} LR35 A= 99 ]1‘/}.

7ok NEGATE P 7} true o], $-2]+= IN o] 2E 22 negate s}t o 23]
MINUS_LITP & thAl A}-&3}+= literal & 3% o]l 9] o]t}

ThoF IN zpAl o] literal -2 constant ©] W, 2 G3lA 171S Wkgsich

el AAY #% T EE Aol IN 9} 7L% type olgh= BFS 3HA XA W, 1E°]
2 signedness 3]— mode & 713 Aolgt= A & 4 9t}

tree associate_trees (tree t1, tree t2, enum tree_code code, tree type)

19 ol g5 AT tree £ Zﬂﬁﬁ‘ﬁh’/} T1 3 T2 & A3%3s E
o M2 234 vigsto}. wheF 98] 7} operation < bulld 3 A
CODE = 7}A 1 9t}

r (

A} o] At null ©]
$ 24L& TYPE 3

tree int_const_binop (enum tree_code code, tree argl, tree arg2, int notrunc)

Nz-g 455 A7 98] A4 A4+E ARGL 3 ARG2 & 523 CODE 3ol| A 23]
2t}
7HoF NOTRUNC 7} 0 ©] o}y ™, Data type < 57| 93] 235 truncate 344 ¢kt

void const_binop_1 (PTR data)

Float overflow handler o] &3] X &%+ 5 <F const_binop & 9] 3 real arithmetic S 43§

L=
static tree const_binop (enum tree_code code, tree argl, tree arg2, int notrunc)

M Z2-& constant = A7) 98l operation CODE 3ol T constant ARG1 2+ ARG2 &
ZYath )5 ARGL S ARG2 7h € data & Z10TH PGS Hol= 2
constant Z-72} Z+-2 machine mode & 7} t}1 7} sict.

NOTRUNC %ko] 0 o] ol d A%, data type & HF7] 93] 23E truncate 3HA] =t}

hashval_t size_htab_hash (const void *x)

Hash code code X, INTEGER_CST & ul3sic}
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int size_htab_eq (const void *x, const void *y)

*X (INTEGER_CST tree node) ol &3l 3= = ko] *Y o o8] Uelv= 3 548
0 o] o} F= whEksich

tree size_int_wide (HOST_WIDE_INT number, enum size_type_kind kind)

Pl IOW-Order HOST_BITS_PER_WIDE_INT bit 7} NUMBER ¢]Z, KIND & X35
slzetype 7}z INTEGER_CST £ w33ttt}

rlr

tree size_int_type_wide (HOST_WIDE_INT number, tree type)
7] ZA R, 239 type ©] 2 oHA A AT
tree size_binop (enum tree_code code, tree arg0, tree argl)

2tz A4F CODE £ operand & OP1 3} OP2 & ZE 3ttt CODE += tree code ©]th. 4
2] type & operand E2FE FH Atk FF BF W= 1 Z-& type T type ©]al size
type ©] ] oF st} 2HeF operand 0] Arold, AT O

.31

tree size_diffop (tree arg0, tree argl)

FolZ F o7, £} sizetype o] AU =T} bitsizetype, T ZEAFe] 9] X}o] A& A Akt
Operand £9] type o] 3+ signed type S Ej o] ZHS ®H&-3ic}.

void fold_convert_1 (PTR data)

floating-point constant 52 W&3s}7] ¢ 3l g+, floating point exception handler o 2] 3}
Azl 2=

tree non_lvalue (tree X)

X 9} Z+2 expr 2 HISHSIA| L lvalue & A S F-851A] &2 AL vI33)

£

tree pedantic_non_lvalue (tree x)

pedantic & 3%, X £} 22 expr & W31 A| 2, pedantic lvalue 24 A 3] F2317] ¢
= 7 AUtk 284 &S AF X & st

enum tree_code invert_tree_comparison (enum tree_code code

~

Z0] A tree comparison code 2} =] & <l ¥t 2l code & HIE3siT} N R
EQ_EXPR & A< 3l floating-point comparison o thal] o] St+E £3hst= A2 SHATH
A 2.

enum tree_code swap_tree_comparison (enum tree_code code) tree_code code)

H] 2 8HA] RE, operand 5 ©] swap ¥ 0] 31 232 W] of sl vEHeitt. o] 212 floating-point
of thaf At strt.

int truth_value_p (enum tree_code code)
gkek CODE 7} truth value & ¥ 3b+= tree code & 2 -F 0 o] ot FhZ vkt
int operand_equal_p (tree arg0, tree argl, int only_const)

5 operand E°] A2A o Z ZriH 0 o] ofd ZhS wiEstct. vFeF ONLY_CONST 7} non-
sero 2181, 2.2 A4l AR 0 o] obdl 9g MEUTE. of Y operand Fo]
o] 715 97] ol & AABLH, o] AL C o —— operation & A-IEAE TR
£70] ohJth o] at 78-S IEEE floating point oA+ 58 30, o] §-+= obel 9} 2tk



1. —0.0 ¢} 0.0 & %Lt‘é% 4 A" —0.0==0.0 & ot}
2. & NaN & 7433 4 ¢gl2 %] E2}x NaN!=NaN = o}t}.

int operand_equal_for_comparison_p (tree arg0, tree argl, tree other)

operand_equal_p &} B]5=381A] 9k, ARG1 ©] OTHER &} v 2% o] & uf] ARGl ZF ¥
shorten_compare °f 23] ARGO o] FAF o]& 4 Q=R 4y Er}
ozl & 4 gl& A%, 0 = vkEsit)

int twoval_comparison_p (tree arg, tree *cvall, tree *cval2, int *save_p)

ARG 7} comparison ©] A1} comparison o] T} 3t arithmetic = $3d 3= B H A QAR S AF
HE T} comparison S HlEA] F709] th2 HEo tis) v &) ofF s, zHzt *CVALl
2} *CVAL2 A= o)A d= Aotk wek F702] gho] 0 °] obu 2t 2 ¥ operand 7} ©]
n] BAF A= 2 o u]gtr}t. 33 4 o A variable 52 comparison n < AL cE
M= AF AFL A S Zolth ek SAVEP 7} true & A, o] 212 134 =0
9+ SAVE_EXPR £ A A3}l save_expr 7} CVALL 2} CVAL2 £ 2xt2 =9 J7}

922 o vl gt
u

oF o] A o] true o] ¥ 1 & WH&sty T3 A ke A 0 < Wit

tree eval_subst (tree arg, tree o0ld0, tree new0, tree old1, tree newl)

o

ARG £ ©<=3] arithmetic operation &3} comparison 52 3= Aoz L&A tree
o]t}. Comparison 2] operand &4 OLDO 7} YEbE 2% NEW0O 22 A &S Z X tree
U] operation 52 evaluate St} NEW1 3 OLD1 of tJsiA = u}zk7}<] o]t}

tree omit_one_operand (tree type, tree result, tree omitted)

expression & 237} TYPE 22 W3 E RESULT ¢l 7 $-of tf 3F tree £ W33l OMIT-
TED &= o] A 323 2] 9] operand R A 7, o] A B R 31X o). (& &9, $8l= OMITTED
*0 E fold st A9 & & AT

¥oF OMITTED 7} side offect & 7447 QIEFYl, 2 W= 1AL 4B sholot &
t} 2282 ¢l o3 TYPE © & RESULT £ ¥ 33ic}.

tree pedantic_omit_one_operand (tree type, tree result, tree omitted)

H] 52314 B non_lvalue Al 9] pedantic_non_lvalue & & & 3Hc}.

tree invert_truthvalue (tree arg)

ARG 9] truth-negation °f o3l 7+etstH tree & wWHEHsit) o] 212 o] ARG AAE A
A3tA =t} $8]+= ARG 7} truth value (0 &2 1) & ¥F33}= operation 22 7} 3k
o,

tree distribute_bit_expr (enum tree_code code, tree type, tree arg0, tree argl)

ARGO 2} ARG1 9] 2849 9] A bit-wise operation CODE += % operand 7} &% input
£ 71X = A2 t}E bit-wise operation Q1A A 2T} T A e 22t} operation &
A eka}l 7] 913l bit operation 5= w83, 44 So] 3E ] i 2 7hs s 2
3t A& &

(A|B) & (A|C) & Al(B & C)
2 A3t £ o A9 simplification = B € C 7} A4 3¢ 248
gkt o] H A 35L7E ~E 4~ Qithd, 0 o] ¥H3kE Aot

ik

Aot}

tree make_bit_field _ref (tree inner, tree type, int bitsize, int bitpos, int unsignedp)



BITPOS 9| Al A28l INNER &] BITSIZE bit & 23} type TYPE ol
BIT_FIELD _REF & %33t} field = UNSIGNEDP 7} 0 ©] o}d 7% unsigned ©]t}.

tree optimize_bit_field_compare (enum tree_code code, tree compare_type, tree lhs, tree rhs)

Bit-field compare & % & 3}-3lt}.

7357t &A=, A WA = constant o Tt H]ﬂo]“:], FRA=
halfword, word) ] A 23} & ato] ZH-2 bit 9] %] Q1 F item &f v
2] & bitfield extraction ©f] W2 shift implicit & ¥ & 4 o}
Constant ©f] o3}, ¥ 2]+ mask 2] BIT_ AND_EXPR & 7} %]+ shifted constant 2} 8] 2=
+= operand 9] byte &2 halfword, word & H]Z & emit 3t} 22 Y %] 9] F field o of
3| A= vl ek mask 9F AND £ $33tal AND £9] 2#4-E v gt
CODE + comparison code 21|, NE.LEXPR &2 EQ.EXPR % 3su¥d Zoljt}. COM-
PARE,TYPE += comparison 2] type ©] ™, LHS 2} RHS &+ Z}Z} comparison & 9%} ¢

Z operand £ ©| T}

u]-OI: QoA AHs H A 3D 4 Y AL, AT tree E WEELT, 1P A 9
0 S ¥Ehsich

field 7} chunk (byte,
olck. o2l e A% ¢

7

tjo

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 9] 3}%] % Hl: field reference & 3l A4 3lr}.
2ok EXPR 7} comparison reference 28, 2]+ innermost reference £ w-3+3ic}.
*PBITSIZE = reference Y bit &) number 2 A A= 11, *PBITPOS + A] 2 bit number &
PEL

ok innermost field 7} €+ 3] mode-sized unit o] £3=E 4 i, *PMODE °f %
mode 7} AAH . 23 % ¢rhd, VOIDmode 7} A& H ).
*PVOLATILEP £ 2HeF A& 7]}%] whd o] T3 4]o] volatile & AL 1 2 AA Hu
22 grobd WAE A geth
*PUNSIGNEDP <+ field 9] signedness 2 A& Ht}.

*PMASK = AF8-9 mask 2 A Ht} o] 212 BIT_AND_EXPR o 35 Ay field 9
width 228 $¢x5t}.

*PAND_MASK = 2749 A BIT_AND_EXPR oA 2749 mask & A=t}
gheF o] Z1 o] component reference 7} oY 7 vt 927k A2 o 9= Zo] ofyEE 0 &
Llxgel =

int all_ones_mask_p (tree mask, int size)

ko MASK 7} low-order bit position @1 A2} SIZE 2] mask & EFE A$ 0 o] ofd 3t
= laasia=

int simple_operand_p (tree exp)

fold_truthop 2] 319 & €l: operand 7} FZAA 2 Z evaluate F o] & ¢ JS AL 2 7
axe 2Aan

o

o} 452 fold_range_test 2] 319 £ &l o] comparison 2] logical combination < range test 2 H 73S
A= 3he 3 stot.
g 549, ofelY F oA,
X==2||X==3||X==4||X==5
3}

X>=2&&X <=5



= obesh 2ol WaE Rolth
(unsigned) (X — 2) =3

28]+ comparison & Z+7+e] F S range 9] inside 9} outside Z 2Hd3t=d INP 9 Zo] HyH
variable & A}-&3}9, lower 2} upper bound £ 7}A = range & YEATE WHeF bound £ du7F A=k
HAohd, type o 7HE =2 33 7HF w2 g2 UERd T

ot & comment oA}, -%-2] = range % 2359} F AR E?ﬂ'@}%tﬂ, F@st=t AolA T range
9] inside & FH3}7] YA “+” = AL ;H“’" range 9 outside & UEIW 7] 93l “—” 2 AR&-shr}
A olH T 2 A2 prefix o Az & 712 & }&?.}Oiw vt 2 wE 4 9tk A2k bound &
“—7 2 verdth °:ﬂ £ =9, “— [, 10]” & 7 w2 gl A AlZstal 10 °ﬂ"1 EUe 199 &S
ouet=dl, e UE Eolotd 10 Bt} & 23S 9 u gt} Range “+ [—, -] & @/ true o] 7] wfjZ ol
range “— [—, —|" & 3/ false o]t}

o|RA HATO ib’ﬂ missing bound S consistent manner 24 T/}—rﬂ A A ==, ©] 21 missing
bound &2 “true” 2} “false” 7} S FE AHEste] thRA A B o7t QIES it

tree range_binop (enum tree_code code, tree type, tree arg0, tree argl, int upperO_p, int upperl,p)

CODE & ARGO 3} ARGI1 o A-&3t A4S widtsi=d|, AZFE o3 ARGO 3/&
ARG1 ./] S T tETE = FA S range & THETHE Aot} UPPERO,P 9} UP-
PER1P & 9wtk 2 71-4 argument 7} upper bound ©] 1 lower o] tha|A= 0 4 F$ 0 o]
obd Ftelth TYPE 2, wkeF 0 o] ofu ™, A3}e] type ©]T}. comparison o EHOH’H“ L3
EA] A= ofoF :}"/]' ARGl kel S0} A AT o] IS A, ARGO 9] type &2 A3}
2 Zo|th

tree make_range (tree exp, int *pin_p, tree *plow, tree *phigh)

Fo]Z EXP, logical expression, += PIN_P ¢} PLOW, PHIGH ¢ &3] JEhd variable
=< HXAESY range & A 4'6}5} A 2 74/\}qu1 84S wsteich *PLOW 9}
*PHIGH & HH3E &= *Lﬁﬂ/“»]— 22 type &2 F/44E Aottt ¥k EXP 7} comparison
o] obzt, ¢-2l= thH 2%, 83 g range & WHEeLA] X Z ot}

tree build_range_check (tree type, tree exp, int in_p, tree low, tree high)

Z 0y 7 range 91 LOW ¢} HIGH, IN.P 78] 7 &4 EXP upxj gt o 2 A3} type ¢ TYPE
2 A}23}o], EXP 7} range ] WRo] QEAS (T2 9 %o] Q=a], o]& INP of 9=
Atth) AAFel7] 919 BAAL ulEa)

int merge_ranges (int *pin_p, tree *plow, tree *phigh, int in0_p, int inl_p, tree low0, tree high0, tree
lowl, tree highl)

7012 £ range £ AH30) $E7L 1AL b WY S AEAE Ao eeh e}
L7 4 011‘/}‘11 1S gitid 0 & vWk3ksto}. XA F parameter Y ol output range &
A A3}

tree fold_range_test (tree exp)

EXP = %242 boolean test 2] logical comblnatlon ojtt. $8l+= E Y range test E F 3
A DAL B 5 AEAL A, AT A5 A tree & VB

tree unextend (tree ¢, int p, int unsignedp, tree mask)
fold_truthop ¢} 3] €l: C & P bit 22 3|45 INTEGER.CST o]t} o] AL A g
of TkeF C 7} 1719 A A width o] th3) signed-extended @ Ao &< bit & 0
o] ¥ ol

= 473 Ao|th. weF MASK 7} 0 o obdl grel®l, oj 2] bit 2 AND ¢l4to]
INTEGER_CST o]t}

3t

S
X
Ll

tree fold_truthop ( enum tree_code code, tree truth_type, tree lhs, tree rhs)
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LHS ¢} RHS -4 logical expression & fold & WS 2=t} 2 =
comparison & " ¥3}# 12 st} “ch >— ‘0 && ch <= ‘9’ 9]— ZEL% range test & &=
t}. B]& o] Wo] == branch £ 7}A+ machine Aol Al 7rek3t Fejo] =S zto}
ZAZA 2 RHS £ evaluate 51—1’/}

dE So], Bk 2 7tp->a==2&&p->b==4E AT YT A Y4B E =7 F

B3 = obJect £ S 4 Yo, mask & AND A AFo] =38 H object o] o 3t comparison

oz oA 4% + 9t

i

l
|

ok 227} p— >a == q— >a && p— >b == q— >b & 7}A 1 Jt}H, 3 comparison
SO =2 o] A& 3}7] 93l bit masking operation & AFEE 4 IS A ]r/}
2+ F normal comparison 3} oA AF s T2 w50 X BIT.AND_EXPR &

(

& 2.

COD 43 9 logical operation ©]Tt}. o] 242 TRUTH_ANDIF_EXPR &
TRUTH,AND,EXPR7 TRUTH_ORIF_EXPR, TRUTH_.OR_EXPR ¢ & 3
TRUTH_TYPE -2 logical operand 2] type ©]3 LHS 2} RHS & 179 F+
t}.

Fel= S tree E HHESH AU H A 317 EVFE S E 0 2 wESESHT

-@ rlo

perand =9

tree optimize_minmax_comparison (tree t)
A2} MIN_EXPR &2 MAX_EXPR v 2 E 3= T £ F &3} st}
tree extract_muldiv (tree t, tree ¢, enum tree_code code, tree wide_type)

T = constant C & % (CODE 7} ojH £H72] U7 & FAlQA] Welt}) o7 3}o]
LA 2] A, 3380 A = integer expression 0] t}. T <0 0] "] T2 operation 52 fold & 7
© A AT % 9= A5 Hck WIDE.TYPE L (vhok null o] obuj2he) ©2]9] type B o}
131 w27 74] 2kt AHE H = type o] th

oA 5o, %87 (X *8) + (Y*16)%4EL}%D}§,%§%(X*2)+(Y*4)%Q%
H = 4 Ao} AT A TAHA o] overflow 3FA] Qrotol HTHA Y, S| Y overflow 7}
298 st Slolol type 0.2 A2 S0l 914 eolol BEFE A AA5A orar
S EF (X +7)*4E5X*4+28 F AT 4 9 =0, machine ©] multiply-accumulate
insn & 7FA 22 9l A}, o] A o] addressing calculation & HE <Y 73—?—01] af 3kt
TkoF 2] 7} non-null expression & WSO, Yl A4} 5L FEfA A o)A
A9l type £ obd 4 9le

tree strip_compound_expr (tree t, tree s)

wF T 7t COMPOUND EXPR (°] 212 S, 5 SAVE EXPR, & cvaluate 54 A8l 2.3
dtct) & 23stthd A A evaluate F o] F £ H A2 vbEsic). wju] 2 tree & $E|7F
AT 5 52 Fastet

tree constant_boolean_node (int value, tree type)

A A H constant VALUE & 7}2&= (0 £2 1 9 Aolt})
node € ¥t}

F 2]

L

“

ox,

H TYPE & 7[R =

)

int count_cond (tree expr, int lim)
COND_EXPR £9 nesting ©] duh} Bxa 4 9=2 H7] 93 142 g g*o] t}.
EXPR & @4 o] 2 LIMIT &= 2] 7} 18] 3HA] ¢kZ H = 9] count ©|T}. (o] A
FHANA U7 H2 NS ERe As 33507 HOHH °olth)

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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oo+ o
Ao +
O ..
Z
5% -
=
o
1>
o
= fo
M

2

tree fold (tree expr)

EXPR 9] constant folding ¥} t}
= x*1 =, x,x*0 =, 0, 7|e} &
NOP_EXPR conversion 2 (Z ] 21
FA AAE & J= Aotk fE&
£ oA s & 5 A,
constant-fold & 4~ QI tT}.

2 A9 simplification = 43§ 3t} A2 H simplification
52 £33} associative law 2] application & ¥ 3F3}t}.
Clype BANE WANA $7 2 @) A5
ONVERT_EXPR &-& FIX_EXPR, FLOAT_EXPR

= o

oF 7E 0] constant operand 5 7} JQtid,

rtl

int multiple_of_p (tree type, tree top, tree bottom)

AWMA argument 7} FHA] argument &] F AR5 AA ). weF 28X ki, 0 S Wl
st AY, el GA 220l 28R AR 5 9l
27} 18 3k= (o] AlH A o] routine & & ¢ &4l
* DIV EXPR ©] fold 39-50] 250]a 448 4 9& Aolth)
£ oot 2o A2 Basts Aol
SAVE_EXPR (I) * SAVE_EXPR (J * 8)
+ SAVE_EXPR (J * 8) node 9] Z-2 node °|th= & &
SAVE_EXPR (J * 8)
o BT
o code £ EW TS| A WAL FHA & 9L Rolh

SAVE_EXPR (I) * SAVE_EXPR (J * 8)

+ A= €7] Htgitk; SAVE EXPR 9] WH# =
A A gketh A A| evaluate H o F Aojgts A & 5 f17] WiZolth A&
o] & o Al= SAVEEXPR (I) * J & 7 A¢] &3t o]® variant 24 535 o] 2
=u], 93 SAVE_EXPR 9] evaluation time oA} J 9] Zk-& A} Z 3 Al o] evaluate T o] &
A 25 Fe7 g7 WiEolth o] RRelA 2T &+ e HAA AAI= =
SAVE_EXPR (I) * SAVE_EXPR (SAVE_EXPR (J) * 8)
£ 8 E Uiro] ot} Zo] W3t 7= A o]t
SAVE_EXPR (I) * SAVE_EXPR (J)
(72 SAVEEXPR (J) 7} o] A3 Wy ® v AelA A-gd 2)

int tree_expr_nonnegative_p (tree t)

wkeF 447 7} non-negative 2 &4 A A, true & ¥HE3HCH

int rtl_expr_nonnegative_p (rtx r)

Zro A 9] con-

7het o o] nonmegative 2 REA UL A, tue B WA} 27 1
stant =¥t t}=}.

c
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A4d F4
oAl o} LB GCC 9 fold () @47 2 node ol Thaj A ol @A Ml s o] tha) AT 34,
o) % G ) A K e A% BAt e o SIael 1. ane, ek wins o
Bd 4 9k t = ?jXH folding < 3}2] 3 3}+= node ©]t}. argd < constant folding < 3 node 9]
AR operand, argl & FHA operand 7} ST B¢ A A wpA ) wins £ argd % argl & o}
INTEGER_CST &2 REAL CSTnode € A% 19 32 12284 4 A% 02 ZAAT = operand 7}
B% golw 1 & AN 2 Aol
¢ INTEGER_CST
REAL_CST
VECTOR._CST
STRING_CST
COMPLEX_CST
CONSTRUCTOR

2] TREE node &- constant folding ©] ¥ 2 ¢+ node

il

ol tt.
e CONST DECL
DECL_INITIAL (t) £ fold A%l node & w33t}
e NOP_EXPR
FLOAT_EXPR
CONVERT_EXPR
FIX_ TRUNC_EXPR

°] node 52| 7%, Type o] W&ho] o] Ro]d = 9J31, Type & MEFo] o] Fo]x F ofoj
) 3} constant tree S WHEE 4= gt} of 7] A o] F 0] X &= constant fold = arg0 2] type ©l
we} 19 precision = W3] F7] YA 2A8H7) = S, argd ©] constant ©] = 1Fo] w}k
2} Qhghe] = gho] DebA| Al "th a‘?}@. 2l Type tﬁ%‘ro A3 A= convert () TE AHE-3}
A2t argd 7F A4 A9, 283 o]F 22 Z XA conversion ©] o}y o] A4} fold_constant
() &5 ol &3oto] wisk= A o

e VIEW_.CONVERT_EXPR

_4

off

©] node 9] argd 3t VIEW_CONVERT_EXPR & 7%, o]o] th3t FE-S A A}
build () &E ©]&3}9] argd ] argd 2 operand & A node & ZAd5HA] .

AN

e COMPONENT_REF

arg0 ©] CONSTRUCTOR € 7%, argd ] CONSTRUCTOR_ELTS % argl I} Z& A o]
Q2] FolR 31, 98 AL argl o TREE_ZVALUE & wt3talA =k

RANGE_EXPR

wins S TREE_.CONSTANT (t) o] 7| 234 ==t 2ol A Ag3xo], Y3 operand
< 9| constant €1 Al W} wins Fre] 2 A= A =}t

NEGATE_EXPR
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°] node & A%, -5 &2, —(—a), —(a—b) 2 T2 A4S thFA At argd 7} 44
AL 1 —,—2 A A node o] A2 3oy, INTEGER.CST &-& REAL_CST node & A &
TA3HA "tk o] R E argd 7} A¢ ¢ AR A AEAR 7 F 2% £A7F 2

T A=, GCC oA o] & oL A ﬂ‘ﬂﬁ}‘“ﬂ‘“ e “7‘4’\9} AL Ao A olu] A7
stgoy 14 s H]-E]—E]- argd 7} NEGATE_EXPR ¢ o—?—l;— —(—a) &} 2L =
& Alo] L} 7 o 2 o)H, o] & g & YEIY = node, = argd ¢ operand £ ¥3Fsit}. upx gt

o2 (o b) BAAE <b—a> maq oz WS B

e ABS EXPR

Azt 1] (WE7F A7) obd 44+ 3-¢) 2 TREE_UNSIGNED 7} zuﬂcq olﬂur
INT_CSTLT & 74/\]— 4 9= non-negative ?:_1 AL AUz SIS & 2oV} OJZ]
ol | —2| & 2ol 7Y A%, o] Azt negation o] o]=o] Ao} dlc}. Ao A
neg_double () &+E %3}1 5 peration ©] A1 3)% o], /\1/\4 7o
REAL_VALUE_NEGATIVE

i E
o]-m o

S ARAT, (1] B2 | —al % 2L EBY 4, A

A’
U ABS EXPR & 4455, olo] iR E4S QA Bk 2 9ol AT ol
A= AY, dEte 2948 OgE HE
e CONJ_EXPR
argO 2] TYPE ¢©] COMPLEX_TYPE ©] o}d Z% convert () &5 o] &3}] type HEH

I

S st} argd 7} COMPLEX_EXPR 9 ZA-%, arg0 & AAA] <l Z]-E]— negate_expr () &<
S Az F9A QA2 COMPLEX_EXPR & A Z9o] AA3tct. argd 7} COMPLEX,CST
% 7%, build_complex & ©]&3}o] argd ﬂ AMA AAL} negate_expr () 45 A
FHA o1xZ COMPLEX_EXPR & AjZo] AAASt) argd 7} PLUS_LEXPR &2 MI-
NUS_EXPR & 7%, arg0 & AAA] <1x=E CONJ_EXPR node & A4A3}11, argd 9 F+
HA] 222 CONJ_EXPR node & ;AT &, MEA A7 o] F —y— nOde PLUS_EXPR &
2 MINUS_EXPR & NEA & E]— arg0 7]— CONJ_EXPR ¢ A%, argd o A AR ?_]X]—
£ dhEsich

[t

e BIT_ NOT_EXPR

("1) 3 o] arg0 7} constant & 7%, build_int_2 () TFE o] &5t AA ALbs 3Hg vt
ShetA =, (7(71) A 22 53849 B9, AAH = arg0d o AHA operand ¢ 1
HAc} YW A constant 7} o}d 7%, constant folding ©] A 3}A] ¢F=t}.

e PLUS_EXPR

A+ (-B) 2849 3¢, A-B

th (A+0) 3 22 2d2 L (A+ (-0) F 22 3
© 2 convert () FTE o]&dt] ST, nonlvalue () F-E AE3th (a &

5) A2} ZFo] argl ¥} argl 2] &3 4] o] BIT_AND_EXPR ©] 2 arg0 2] WA operan
9} argl o A operand 7} F-5 <l bit S 7HA 1L Alzl Ok constant & A, £ o &
S HA3skE A7) 7] 9l BITJOR,EXPR 2 HFL st} o] 93, bitior g Z

goto 3}A| 511’/} ((2%4)+a)+ (1%3)) 3} Zo] (plus (plus (mult) (foo)) (mult)) T & A
(((2*4) (1*3)) + a)) 3} Z+o] (plus (plus (mult) (mult)) (foo)) & A A &2 2 A factoring

Aol o5& 85 F AEF Tk (AxC)+(B+C) 2 22 84S (A+B)+C 9 o]
A eeh AA ALte she gho]l AR AegdA o wet 8] Mto] Ad %
dE w Yve AL 7] vt AF7HA e A A °] ZXH:O‘PZ] i, fold (&=
o] M= o] 9= ¥ bit_rotate & Yol 7}A Erh o] BHEoA = t}23 2L operation
o] LofuA ALk

(A<< Cl)+ (A>>(C2) 9} 2 3ol 7} unsigned ©]a C1+ C2 7} A ¢
size ¥ AL A E C1 bit ‘3}% rotate Al 7= AolB & o] & 71-‘%_1—§]—61—E]-

(A<< B) (A>>(Z-B)) % Ze BAH 0|3, A 7
A 4, A & B bit T rotate A 7]= AL B8R o] & 7hh3) st

o
=}
&.
o]
=]
@D
(oW
&
N
N
-
>
o
“.
N
¢}
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o] A associate 2HH 2] 3PS 37| T =4, argd I} argl = W, AFE, literal 2 £ 2]
oAl A Agsro 2 A literal o] F oA AZTE = A= 718 E F7F A7 ALY A
literal &] &+of] 3} relocatable EHAEL A= 713 S Z7HA1 7] 7] & 3 A
gt} (2 + 5) 9F Zo] Eo} Fd A -$, const_binop () s FlA AF AL
07 M2 L node & THE T, Y] AT 2L type & 7FA EE convert () Al A&t}

Lo St

=N o X

r&’.‘: ﬂllo

e MINUS_EXPR

—(-B) A A%, A+ B
]

Z Alsksie} (—A) - CST 9 A%, 9714 CST & constant
, (=CST) — A 2 ¥H33t —A°
2

1 737, negate N () &+=E o]&sto 8f

QA B, argd = t & type &2 WHE T
LC) 9} BE BHAL (A—B)+C 2l
2 AF8-3}9] integer_zeronode & WA 7]
Ol t}. o] A associate 2 o] £3-& 1A =
F/] 3N A ThA] A A s o 2 K literal o] F o

=

="
321 9] negation node )
on_lvalue () S5 A A7t} (A« C') —

(o] =
=dl, argd 3 argl & WS, 434, literal

7131 S7F A7 AY

E% literal @] &of] th 3k relocatable &

A}
5} o
AAEL A4 7158 20717 A5l BRAL A2l (2 - 5) 9 Po] B} 4
4 A, constbinop () FFE FolA AH AL o2 A2 node & WE F, 4
o) EAAT 2L type & A= convert () A AZ T

(- )E?ﬂ_ﬂﬂ A, AxB & W
1

Aotk ax0 € A%, omit_one_operand () &
o 7 )

s ()&
2, arg0 2] type & W FZ non_lvalue () g
T2 (1<<b)*a) & B, 242 (a<<b)

| HAA 2 X x4+ 28 FEj} o] Het3} = of
5t operation 2 extract_muldiv () S04 o]F At z%x2 & z+x ©]7]
Zro] HE A A St} o] A associate B Q] 43S 1A T =0, argd I argl
 literal 2 2|34 ThA] A Ao = Mi literal o] H o)A A daa 4 Q=
]— /\] ZI|AY A 2 literal 2] gl t 3t relocatable 845 A= 7]
A1 7171 S8 28 A4S A st (2 « 5) & 2ol =t drd AL, COHStfbiHOP
FoA A A FOoE AHEE node § THE &, A AT 2L type =
convert () /\] AZT}.

BN

2~

gl = T

Het (a (<< b) 2 A% o
WA (X +7) x4 &F 22

=
iz
ar

o oA
° o

4=
o[N

do N o B NS i
N

ol o g ATl A

O‘N mlﬂl

—~
—

1 4
fu m{m

N
-~

e BIT_ IOR_EXPR

(a | OxfIE) <1 , omit_one_operand () &T& HL3 argl & t ] type &2 W3 T
nonIvalue () ¥4-5 485 WealA v, arg0 o TREE SIDE EFFECTS £ 74731
A= AF, FEe HEA IS AHF 7} &) oFst7] wiiol argd 2F argl = 01*0“3]‘01 A=
< COMPOUND_EXPR node & ¥t&o] HkstslA] Ec) (a | 0x0) 9 B, argd = t 2
type &2 W3 T non.lvalue () & FL3) widtsit)l (A|B) & (4|C) & 22 %49
?:_1 4%, distribute_bit_expr () & 013-6}04 A | (B & C) 2 HEsic} (~a) | Cb
£, “(a & b) 2 W33t} NAND instruction ©] §l+= machine Sof tjsf & ¢ 3
code & THEolHTth A Z7HA] s °] ZZH"S]'Z] O}x}‘:}‘ﬂ, fold () —/F"ﬂ A= o
+= 2 bit_rotate 2 Fo] 7}A Ht}. o] HEo|A = th2 3 L2 operation ©] Y ojyA
=

F

o

o
o~
it X0 O oN, 1> 19

(A<<Cl)+ (A>>C2) & 22 %34 0], A 7} unsigned ©]3 C1+ C2 7} A &

size 4 3¢ A & C1 bit 9= rotate Al 7] = ZiolEi SIE=3 71—"4-§}3PE]—

(A << B)+ (A>>( B)) 2 & 132 9]

d 75‘—‘%, A £ B bit ?}% rotate A]|7]& AoB g o]% J%@rz}u}
o

-
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e BIT_ XOR_EXPR

(a” OXO) o 22 AU A, argd S ¢ 4 type © & convert () &4E o] g3to] W
ghst ¥, non_ Ivalue () F+E 48 LH’/} ( " OxfHEf) HEHA Y 4, argO St 9 type
X -—

& t
S 0]&3}o], BIT . NOT_EXPR node & A4 3}o], A| & folding 3tt}. (a 2) “(b&5) &
/i‘,JJ— Z+o] arg0 argl 9] ji?ﬁ_@‘ 0] BIT_AND_EXPR ©] 3 arg0 9] FW#| operand 2}
gl o FHA operand 7} &5 <l bit & 7FA 3L YA o= constant & HAF, F O EEF
Z_‘ﬂ@}e Al717] 93l BITIOR_EXPR Z FHF2 sit) o] & 9 oH bit_ior 2P & goto
sHA "otk AF7HA] S o 2 °] ZXH SHA] QkATHA, fold () ol AAH o] = 2hd
bit_rotate = @o]7}A At} o] REoIA = T 22 operation o] oA ATk
(A<< Cl)+ (A>>C2) &} 22 a4 o]a, A 7} unsigned ©]3 C1+ C2 7} A &
size 4 A A & C1 bit 9= rotate A| 7] = Ao|B & o|E 7lul3)3slic).
(A<<B)+ (A >>(Z —B)) & 22 234 o], A 7} unsigned ]2 Z 7} A 9] size
d AL, A £ B bit ¥ rotate Al 7] Aorn=g °] £ 7+ks) sy

b= (el ﬂll

0, &

¢

—|—’

o| A| associate B 2] 3L 1A = =4, argd I argl & WS, A, literal 2 £ 2] 3] A
oAl A Ao = A literal o] FolM HAHFE = = 713 & S7F A7 AY A5 =2
literal ©] 3}ol] th 3k relocatable A 52 Ast= 713 & 7?’\1 7171 1l 2@ AE A
g3ttt (2] 5) & 2ol ED} A4 d 49, const_binop () g A AH ALt e
2 MELZ node & HE F 4 TG 22 type € 7HA = i convert () A=t}

e BIT_AND_EXPR

(a & Ox{IAE) O 7% argO £t 9 type &F WHE T non.lvalue () T-E F&3) wek
3t} (a & 0x0) ?_] , omit_one_operand () &5 AL argl St 9] type 2 & W3
3 pon_lvalue () é 7‘430]] %‘rb‘]-?ﬂ F =4, argd ©] TREE_SIDE_EFFECTS £ 7} %
L RS e B EA mAS AR Aok TN g0 S argl £ o) 35 A

&2 COMPOUND_EXPR node 3 WS o] Hksksl A "t} (A|B) & (AIC) & e 234
A ¢, distribute_bit_expr () g+E o] &3] A | (B & C) & W33t} ((int)c & 0x377)
o} 22 A A A ¢ 7} unsigned char & 3%, (int)c & ZFASAI T (Ta) & (Tb) & A
2, “(a | b) 2 W33t} o] 22 NOR instruction ©] {1+ machine o 3] £ o E S Zq
9l code & WEo]Wlith o)A associate 2 o] 3 & ?5]-7'11 H=d], argd 3 argl = WS,
A, literal 2 F2] 3 A ThA] A A Z O 24 literal o] F oA A AFE + A+ 7]ﬂ =
Z7F N 71 ALY A4 %8 literal 2] o]l t 3} relocatable #4152 A= 7|3 & 5
7EA 717 8l 2 AS A st (2 & 5) 9F 2ol vk A+ <L A+, const_binop () T4
£ ElA FH A %)\’oi AMZ-E node & THE ¥, def EH A 22 type = 714
T & convert () Al ASTH

ml

e BIT_ ANDTC_EXPR

arg0 7} Oxffffffﬁ ¢l A% argl 9 type S W3 & non lvalue () 5"5,\—% A L3 933}
arg0 ©] 0 ¢1 3 —,— argl o] side effect = 7} X ] &= o] Af argO £ ¥3Eskt} argl o] INTE-
GER_CST ¢l A%, argl = < BIT_NOT_EXPR node & &1, code & BIT_AND_EXPR
2 W43, 99 BIT.AAND_EXPR A2 F2 22 goto st} 919 BE Agol tisf s &
=& Aol §1& A%, binary 2h¥ & goto T}

U:J

e RDIV_EXPR
a/0 3} 22 A$E Ak (-A)/(-B) 9 2 AL 3%, A/B = WS )
a/l1 3 2 ALY 4%, argd & t 9 type &2 M T nonlvalue () T+E 283
ML) A/B/C 9 e BANL A/(BxC) = WBATL A/(B/C) 2 2L WA
(A/B)xC = W23t} (2 /5) 9} Zo] Erh A4 3%, const_binop () 55 T3l =
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A ALESE o E AHZ-E node E Tk

() A AZTH
TRUNC_DIV_EXPR

A3t 2+ type & 7FA == convert

rln
4
o
o)
E
r (
4

ROUND_DIV_EXPR
FLOOR_-DIV_EXPR
CEIL_DIV_EXPR

EXACT_DIV_EXPR

a/1 3 22 234 Y F5, argd St 2 type 22 W3 & non lvalue () 5 H 83
Hhgksich o/0 3 22 A5 ‘iﬂ?‘ﬂ—r/} ok arg0 7} argl o 39 A, 7 wE Ue

7] operation 91 EXACT_DIV_EXPR node Z A& Al £t}. multiple_of p () AL E E35) A
arg0 7} argl o] FAXE 2 tract_muldiv

Aok (X #8)+ (Y x16))/4 & 28 FHAS ex
() B2 o] 3ol (X «2) + (¥ +4) 9 22 BHA 0= Wgratch. (2/5)
ES
7 3

mi
o
i
o
>
>

7, const_binop () F+F F3HA 4 ALY oz H2L node &
HAA T} 2L type 2 7HA E 2 convert () Al AETh

CEIL_MOD_EXPR

I:H e
r&
i
o
e

FLOOR-MOD_EXPR
ROUND_-MOD_EXPR
TRUNC_MOD_EXPR

(a% 1) &} 22 J——iﬁzﬂ” =) 7§—?—, omit _one_operand () &5 o] &3}, argd & S FA
FJD} (a % 0) A At & 2= anfﬂr argl o] INTEGER_CST ¢ 7
Al 883}, arg0 o] o gt simplification & <~3§ Sttt

LSHIFT_EXPR
RSHIFT_EXPR
LROTATE_EXPR
RROTATE_EXPR

C doj9] ZA$, LROTATE_EXPR ¢} RROTATE_EXPR node & 22 7] w &

o] % node & $3} simplification o A= AF3A 2 &D\lﬂr LSHIFT _EXPR 2}
RSHIFT_EXPR node o tld] A+ argd ¢} argl 7} & T constant & 7%, const_binop ()
2 BFA 2AH AL FOoE NZE node & WHE T Ao “ﬂ*‘ﬂr 22 type =
7FA =& convert () A| AT}

MIN_EXPR
MAX_EXPR

o] node 9 AF, C++ ANA A2+ minimum I} maximum operator S ©] 7] wj&oj] of
71X = AF3HA g=tt

TRUTH_NOT_EXPR
arg) & invert_truthvalue () &5 AA, t 9 type &2 WHE & widtsic).
TRUTH_ANDIF_EXPR
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2HeF argO 7} constant zero o] 121& WHEHSTE 87 k& A, ofef e
TRUTH_AND EXPR £E o2 Joj7it}

e TRUTH_AND_EXPR

argd ©] INTEGER_CST ©]a arg0 ©] 0 ©] o}d ul, argl & t 9 type &2 WIS

non_lvalue () &4E #2135 H33tt) argl ©] INTEGER_CST ©] 3l argl ©] 0 o] o}d uj,
18] code 7} TRUTH,ANDIF,EXPR 7} oFU A} arg0 7} side effect & 7FX] a1 QA 9
o, argd € t 9 type 22 W33} non_lvalue () ;¢§ ARXNZE &3ttt argl ©] 0
735, arg0 ©] side effect & 7} A i’%t Sk argl & WHESo) H]231HA] arg0d o WMW
BT (A]|B) &k (A[C) 2 & S A|(B &Lk C) 2 MBS ) &

k1 e lo

o 4] = range comparison & A A& —’r— 2l=2] 8} fold_truthop () &<+E ©]&3}o] lhs 7}
rhs &} H]2E B, °] &5 merge O}E%- B

e TRUTH_ORIF_EXPR

arg0 ©] INTEGER_CST ©]aL 0 o] o}d o—,—, arg) = ty e
fold () 34> 4] TRUTH.OR_ EXPR node 2 Agldt= HEow

e TRUTH_OR_EXPR

arg) ©] INTEGER_CST ©]1Z arg0 ©] 0 & w, argl = t ] type &2 23} 31 non_lvalue ()
-5 ARS wrEstt). argl ©] INTEGER_CST o] a7 argl 7} 0 o] ¥, t «] TYPE_.CODE
7} TRUTH,ORIF,EXPR 7} ok A}, argd 7F TREESIDE_EFFECTS £ 7R A] 9%
o], argd = t 9] type ©F 335 non lvalue () g8 AXSE ‘?}%‘r?}l‘%. argl o] IN-
TEGER_CST ©]3l argl ©] 0 ©] o}d 7%, omit_one_operand () &4+E FT =3t} argd

o] INTEGER_CST ©]al arg0 ©] 0 ©] o}d 7%, omit_one_operand () T35 T &3t}
(A[|B) && (A|C) &} 22 2@ A< A||(B && O) & A&ITh Ym A FF o] A= range
comparison & AT = J=2]29} fold_truthop () 5 ©]83}o] lhs 7} rhs & v
A%, °] & merge S} 51_71 3ot

e TRUTH_XOR_EXPR

arg) ©] 0 & A%, argl & t & type &2 W33} non_lvalue () T+E #A X F Qb33
argl ©] 0 € A%, argd = t 9] type 2 & ¥ 33131 nonlvalue () T4E AZ T JH2sich
argd ©] 1 & A%, argl < invert_truthvalue () <ol 283 &, t 9] type &2 W33} 1
non_lvalue () &<+E AR E &3t} argl ©] 1 ¥ A%, argd £ invert_truthvalue () <=
of g3t &, t 9 type & F W33} non lvalue () 45 AXE ¥H3sic}
« EQEXPR
NE_EXPR
LT_EXPR
GT_EXPR
LE_EXPR
GE_EXPR

(-a) CMP (-b) &} 22 BdAYL A, b CMP a 2 W33t} o 7|4 CMP = o] d
TREE.CODE € t} %3} 7] & o]t}. (-a) CMP CST 9} 22 &

(-CST) 2 W3tstr}. o] 7| A CST & constant ©]W, swap () < 7]& CMP & dl= A
= 9ngtt oA E =9, MP 7} GT_EXPR & 7%, swap ¥ x| LT_EXPR 7} "t}
a CMP (-0) ¢} 22 234]& a CMP 0 2 W33t} foo+ + == CONST & 22 £3
AL + 4+ foo == CON ST—i—INC’RE]—Z:_"O] W33} foo — — == CONST & 22 3

A [:kl
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HAAS — — foo == CONST — INCR 9} Zto] W33ttt X >= CST & 22 534 &
CST 7} ¥4 A%, X > (CST — 1) 9k o] MBABT) (X +2) ==1) 9} 2L BAA S
X ==(1+2) dataict — of thal A vlRsA (X-2)==1) 4 3%, X ==1-2)
2 W@ Th NEGATE EXPR of sl A vjsedle, —(X 1) == 2 9 2& 294
(X +1) == -2 2 A&/ At o] A2 == L o] ¥t opz}, | = 4 B0l = sl 3dt
th X -Y ==0 22 A4S X —— v = Waa | = gd4d dEAE B
A o]t} 449 MIN . EXPR %2 MAX_EXPR H|22 8t= T 7} A1 4§ ofefj o 22

operation & 43 St}

2 & EQ_EXPR 9»]— GT_EXPR % t}2 1, v} %= logical simplification 2 AF&
3l recursive call 2 £3f & 3tc).
MAX(X,0)==02 X <=0 & Ha3lr}
MAX(X,0)==5 3 =5 2 HIITh
MAX(X,0)==-1% false 2 Wit
MIN(X,0)==0 2 X >=0 & H&3r}
MIN(X,0) ==5 & false & W3t}
MIN(X,0) == -1 & X == —1 & W3}
MAX(X,0)>0E X >0 28 H3A3r}
MAX(X,0)>5 % X >5 2 Hg3r}
MAX(X,0) > —1 £ true 2 W3

MIN(X,0) >0 & false & W33t}

MIN(X,0) > 5 g false 2 HEsich

MIN(X,0)> -1 5 X > -1 & H33ir}
(1 << foo) & bar -°Jr 22 AL (bar >> foo) & 1 2 AEASE (A& C)==C &} 2
o ZHAAo)I C7F29 wjgoldE, (A& C) =0= AR} X < (1<<V) 9 2& =
AAo]a X 7} unsigned & A9, X >>Y == 0 & Zo] AFSITh HEA >= = =
2 W3l 7 node 7+ HE 22 node vl skl QlEAl, 5 argd I argl ©] 224
AARI. (0> b) == 0 <} 22 Z @A, ((1’ >y) (y>m) >0 22 58] 7
a3te 4 A=A gl e & S 49, 71dEgitt. COMPONENT REF 4

ELD R

BIT_FIELD_REF of th3l v|lu &4 A9, 7t §}0}—H] optimize_bit_field_compare (
= ==029 22 E@ = #ptr == 0 & AS3rh v RS
< =02 HI3ch

ﬂ—’\—/

CST 7 A:B 9} 22 2d4Y 4%, argd 9 Ftoll el pedantic_non lvalue () <+
A A3 Atk A? B: B 9F o] argl _14- arg2 ¢ ¥4 node 7} 2L AL,
pedantic_omit_one_ operand () F+E o83t & F S W33t AopB?A:C 9}

2 32349 4%, Operation 7 B & C 9 Fholl rrJr?/‘r s st
Aop0? A:-A g Z$, v operator o] e} A &2 -A, abs (A), -abs (A) &
Aotk Al=07 A 0g A, oA D43 A O]J—’—, == A5 F40 ot
AopB?7A:B Y A, o] 22 operator o] Wk, A &2 B, min (
)O]E]— AopCl? A:C209]1, Cl3C2 7]—constant Ard AR
B 4 Qedl, oAl E 50 Cl o] 1 Bt} ZAY, C2 BHrh 1 o] & Z¢, MIN =
< MAX 2 ¥igtE o] d 4 gl2 Zojtt. ofof thaf| ApA| 3] A3 HH ofefj &} Zrt.
operator 7} EQ_EXPR ¢ 75‘ A % Cl o= tjA 3t
LT_EXPR node ©]1 C1 ©] C A A%, o] AL min(A,C2) o|th
LE_EXPR node ©] 1 C1 o] C °‘ A%, ol 212 min(A,C2)
GT_EXPR node ©]11 C1 ©] CZ 73—?— ol A2 max(A,C2) o]t}
GE_EXPR node ©]3L C1 ©o] C2 + 1 A%, o1 AL maz(A,C2) o|t}.
A

A?1:09%9 3%, AR e @D}.A&z? (09 e THAL ol A& 2 E T
3}stch
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COMPOUND_EXPR

arg0 ©] side effect & 7}A 12 YA}, pedantic & 3¢, 732 5
0 2 4%, NOP_EXPR node & 58t} 99 29 & 9% A%
o] type 02 W3 & wistsic}

COMPLEX_EXPR

o] tree node °f et arg0 ¥} argl ©] 25 A< F$, build_complex () EF& o] &3}o,
COMPLEX_CST node & A 3}A =t}

REALPART_EXPR

argd o] COMPLEX_EXPR € 7%, omit_one_operand () 45 3 &3kt argd o] COM-
PLEX_CST ¥ 7%, argd ] TREE_REALPART & w33ttt argd ©] PLUS_.EXPR &2
MINUS_EXPR & 4%, ©] & folding $tr}.

IMAGPART_EXPR

arg0 2] type ©] COMPLEX_TYPE ©] o}d % convert () 45 53, integer_zero_node
£ "Esit) argd ©] COMPLEX_EXPR € 7%, omit_oneoperand () &4+& $=73t
t}. argd ©] COMPLEX_CST ¢ 7%, arg0 9] TREE.IMAGPART & wtaslt}. arg0 ©]
PLUS_EXPR %<& MINUS_ EXPR ¥ 739, ©]Z folding 3t}

CLEANUP_POINT_EXPR
ool et A AAE 2L 4 o] AR & AAS UL
CALL_EXPR

Built-in function @450l thdt constant folding & £ 3t=d], o] £3L fold_builtin
() St 3= ™, _builtin_constant_p () built-in 42} __builtin_classify_type () &
4=, _builtin_strlen () <o ofsl] e stc}. o] 23t constant folding & 93+ =2
$prefix/gec/builtins.c L] Ao QJom, argument 7} 0 T2 1, T2 T2 A

e <l Zell wsl A2 E ot
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