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What does CodeGen do?

* A very large analysis

* lnput: LLVM IR

* Qutput: Machine Code
* optiwmize for ‘efficient” generated code
* run quickly




CodeGen Phases

* Preparation
* SelectionDAG
* |nstruction Selection and Scheduling
* Register Allocation
* Qutput
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* Unique use of DAG-based IR

* Autowmatic CSE

* Lower Level than LLVM
* lle -view-*-dags
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0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44
E
32 | en 2 | ch i32 i32 2 [ ch
= = ==
1 "
e -
a ‘opyToReg a setce
0x181754c
ouisirod | [oxta96094 | | 0x181743¢ Ox149644c
i
i32 ch 32 S it

0x149622¢

ch

==

breond
0x149633¢
ch

E22




Register #1026

0x1816ffc

.

0x181721¢

==t =y
\ .
\ Register #1025 | (Constant: § Constant: 1) \ (Register #1024

/ 0x181710¢

0x1817bac

Cor g
0x181732¢
WABIESS
i32 ch

0x1817cbe

/ Register #1030 ‘ ‘
Copy £ \ e P mal add CopyFromReg
| [Cousimoss \ 01817194 | [ 0x1817364 0x1817¢34 0x1817d44
32 [ ch 32 [ cn 32 32 32 [ en
| - -
i e g
‘ add CopyToReg add m setce
0x181754
oxistrood | [oxtasooos | | 0x181743¢ [ 0x1817¢54
32 il

‘ i32

fo4

Register #1028
0x1817al4

CopyFromReg

0x1817a%¢

f64 ch

load A=4
0x18175d4

Constant: 101
0x181765¢

mul
0x18176e4
164

164

add
0x18177f4
i64

store A=4.

0x181787¢
\ 5
Y
\ & )
load A=4
‘ 0x181798¢ /
f64 | ch

Register #1029
fadd ‘
0x1817edc
0x1817b24

CopyToReg
0x1817f64
ch

f64

‘TokenFactor
0x14962b4
ch

dag-combinel input for example:bb

0x181776¢

xor

0x14961a4

brcond
0x149633¢

Co

il
\i/

Ce )

Constant: 1
0x149611c

il

/_

Xor

0x14961a4

i1
A
(T
brcond
0x149633¢c

\ ch

([

BB: b

s
/
(T

brcond
0x149633¢

ch )

~

0x1816f74

Register #1027
0x181721¢

egister #1028
0x1817a14

CopyFromReg
0x1817a9¢

f64 ch

T

7

load A=4

-Coni'anl: 101

0x18175d4

0x181765¢

mul
0x18176e4
i64

add
0x18177f4
64

store A=4

0x181787c
‘ ch
—
T
load A=4
‘ 0x181798¢ /

AT

Register #1029

fadd
0x1817edc

0x1817b24

\ 64

CopyToReg
0x1817f64
ch

e

f64 | ch

TokenFactor

0x14962b4

ch

legalize input for example:bb

— = ) = = e
= e e e L
/ / 5
/ Register #1026 Register #1025 Constant: 3 o) N (Rt
o & &= g
/ Ox1816ffc Ox14964d4 S 0x1817bac 0x1817che
181722
| SIS i /
l [ \ c shi add CopyFromReg
= < - = Lok 21 [ox14963c4
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44
E
‘ 32 | ch 2 | ch i32 i32 2 [ ch
= = ==
| ] -
e -
a ‘opyToReg a setce
0x181754c
| ouisirod | [oxta96094 | | 0x181743¢ Ox149644c
i
i32 ch 32 S it

0x149622¢

ch

[

breond
0x149633¢
ch

GraphRoot




.

Register #1026

Register #1025 Constant: 8

0x181721¢

Ty

Constant: 1 \ Register #1024

c
0x1816ffc 0x181710¢ 0x181732¢ Ox1817204 0x1817bac 0x1817cbe
x18172a
;
| / RPN e o
l / Register #1030 \ ‘ ‘
Copy Cop mul add CopyFromReg
| 0x1817084 | 0x1817194 | | 0x18173b4 0x1817c34 0x1817d44
32 [ ch 32 [ cn 32 32 32 [ en
| - -
i e g
‘ add CopyToReg add m setce
0x181754
0x1817904 | [ oxtavess | | 0x181743¢ [ 0x1817¢54
32 il

‘ i32

\ Register #1028
0x1817al4

fo4

CopyFromReg
0x1817a9¢

f64 ch

Register #1029
fadd
0x1817edc
0x1817b24

f64

CopyToReg
0x1817f64
ch

load A=4

Constant: 101

0x18175d4

0x181765¢

mul
0x18176e4
164

164

add
0x18177f4
i64

store A=4.

0x181787¢
ch
L o
= /
load A=4
0x181798¢ /
f64 | ch

‘TokenFactor

0x14962b4

ch

dag-combinel input for example:bb

0x181776¢

CoJ

xor

0x14961a4

brcond
0x149633¢
ch

Ce )

Constant: 8

0x181732¢
32

mul

0x18173b4

i32
SN

\{

Register #1029
\ 0x1817edc

0x1816f74

Register #1027
0x181721¢

Register #1024

0x1817cbe
i32

L] —
/ / Y
Register #1026 Register #1025 Constant: 3 S
£ CopyFromReg
Ox1816ffc ontageids | (=S 0x1817bac
181722
SIS i /
/ Register #1030 ‘ ‘ ‘

Copy s \ Cop: o shi add CopyFromReg
0x1817084 \ 0x1817194 | | 0x149655¢ 0x1817c34 0x1817d44
32 | en 2 | ch i32 i32 2 [ ch

= = ==
1 "

e -
a opyToReg a setce

0x181754c

ouisirod | [oxta96094 | | 0x181743¢ Ox149644c
i

i32 ch 32 S it

egister #1028
0x1817a14

CopyFromReg
0x1817a9¢

f64 ch

(0=

T

7

load A=4

-Coni'anl: 101

0x18175d4

0x181765¢

mul
0x18176e4
i64

add
0x18177f4
64

store A=4

0x181787c
‘ ch
—
T
load A=4
‘ 0x181798¢ /

AT

fadd

0x1817b24

64

CopyToReg
0x1817f64
ch

e

f64 | ch

TokenFactor

0x14962b4

ch

legalize input for example:bb

0x149622¢

ch

==

breond
0x149633¢
ch

E22




.

Register #1026

\  (Register #1025 /(Constant: 8

0x181721¢

Ty

Constant: 1 \ Register #1024

dag-combinel input for example:bb

Cowmbi

c
0x1816ffc 0x181710¢ 0x181732¢ Ox1817204 0x1817bac
x18172a
;
| | / RPN e o
l l / Register #1030 \ ‘ ‘
Copy Cop: mal add CopyFromReg
| [Cousimoss \ 0x1817194 | | 01817364 0x1817¢34 0x1817d44
‘ 22 [ ch 32 [ cn i32 32 32 [ en
| - -
| i e g
‘ add CopyToReg add m setce
0x181754
| oxistrood | [oxtasooos | | 0x181743¢ [ 0x1817¢54
‘ 2 32 il
| Constant: 101
‘ load A=4
0x181765¢
Ox1817504
-
\ :
mu
0x181776¢
‘ Ssrer] o8t |
‘ i64
64
‘ add
‘ 0x18177¢4
\ i64
! Register #1028
store A=4
0x1817al4
0x181787¢
f64. ‘
‘ ch
—
\ E
CopyFromReg load A=4
‘ 0x1817a9¢ ‘ 0x181798¢ /
fo4 | ch fo4 | ch
Register #1029
fadd |
\ 0x1817ede
0x1817024
\l fo4 \ /
L1 \
‘opyToRe,
e 0x149611c
0x181764 \ / ()
h
'~
—
~ 1
TokenFactor xor
0x14962b4 0x14961a4
ch il
S S S
—
=~ e
breond
0x149633¢c

ch
—

0x1817cbe

Constant: 0

Constant: 8

0x181732¢
i32 |

mul |
0x18173b4 |

i32
*yl_/_ ‘

"

13 |
0x14964d4 \
i8

Constan

—

shl
0x149655¢

,,%Lf’

\{

0x1816f74

Register #1027
0x181721¢

— —_— = — — =
= - i Ly
/ / N
Register #1026 Regisver #1025 ) [ Constant 3 | S Register #1024

/ 0x1816ffc 0x14964d4 0”18”2 - 0x1817bac 0x1817cbe

x18172

| SRS pran i /

l [ \ c shl add CopyFromReg
= < - = Lok 21 [ox14963c4
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44

E

‘ 32 | ch 2 | ch 32 i32 2 [ ch

== = s
| ] -
e -
a ‘opyToReg a setec
0x181754c
‘ 0x1817904 | | 0x1496094 / 0x181743¢ 0x149644c
i
i32 ch i32 S il
| f T
(Constant: 101)
load A=4
0x181765¢
S (e
mul
‘ 0x18176e4
o4
‘ add
0x1817764
\ io4
egister #1028
store A=
0x1817al4
T, S
‘ ch
S —
3=
CopyFromReg load A=4
0x181729¢ ‘ 0x181798¢ /
f64 | ch fo4 [ ch
Register #1029
fadd ‘ /
0x1817edc
0x1817624
f64 \ /
CopyToReg
0x1817f64 \ /
ch
o
—~
~
TokenFactor
0x149622¢
rdsiaes B2
ch
ch
a1 — —3 [E—
—
\\4T77/
breond
0x149633¢
ch

legalize input for example:bb

GraphRoot




EntryToken

Register #1026

Register #1027
0x181721c

T

Constant: 1 \ Register #1024

X

0x1817bac

l / Register #1030 )
Copy Copy shi add CopyFromReg
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44.
‘ 32 | ch i32 i32

L]
add CopyToReg add
0x181754c
‘ 0x1817904 0x1496094 / 0x181743¢ -
32 ch 32

T

Constant: 101
0x181765¢

load A=4
0x18175d4

‘mul
0x18176e4
164

add
0x18177f4
164

Register #1028

store A=4

0x181787¢
\ f64
\ -
>
=t
CopyFromReg load A=4
0x1817a9¢ ‘ 0x181798¢ /

Register #1029
fadd ‘ /

0x1817b24

f64 /
f\

CopyToReg
0x1817f64 \ /
ch
~
~
B
TokenFactor
0x14962b4

ch

legalize input for examplezbb.

i64

setee

0x149644¢
il

0x149622¢

ch

~ /

JEE

breond
0x149633¢
ch

GraphRoot

0x1817cbe

()

ch

Lower

Combine

Combine

Select

Schedule

Register #1027
0x181721c

I

—

Register #1026

Constant: 3)  (Constant: 1 Register #1024,

/ . CopyFromReg
[ OxIBI6fTc \ | oxisii0e | [ ox1496404 | [ ox1817bac | \ | oxsizebe |
Ox1817204
/ AREE ﬁf
r CopyFromReg CopyFromReg add CopyFromReg
0x1817084 0x1817194 0x149655¢ Ox181734 OxI817044
‘ 2 | o 32 |
‘ add CopyToReg add X861SD:CMP.

0x1817904 | | 0x1496094

/

0x181743¢ 0x1496ffc.

i32

load A=4
0x149677c.

0x149688c.
32

=
‘ umul_lohi
0x1496914 0x1496a24 Ox14365e4 0x1496¢

TokenFactor
0x149699¢
ch

add
0x1496bbe

0x1496b34
i32

store A=4,
0x1496ddc

o

adde
0x1496d54

I
store A=4
0x1496e64

/
lﬁ

Register #1028
‘TokenFactor
0x1817al4.
0x1496eec.
fo4

ch
CopyFromReg ‘ load A=4 /

0x1817a9¢ 0x181798¢
) CIEY,

e e o

Register #1029
0x1817ede

fadd
0x1817b24)
f64,

=l
CopyToReg. /
OxI817164 \
h
& Bl D)
"~
—
“TokenFactor
0x14962b4)
ch

X86SD::BRCOND

0x1497194

ch

dag-combine2 input for e




Register #1026

EntryToken

Register #1027
0x181721c

T

Constant: 1 \

164

Register #1024

0x181

X

Tbac

0x1817cbe

l / Register #1030 )
Cop;
0x149600¢
0x1817084 \ 0x1817194
‘ 32 | ch

Copy shi

0x149655¢

32

add

CopyToReg

add

\ ”

1817904

0x1496094 /

0x181754c

0x181743¢

Register #1028

32

CopyFromReg

0x1817a9¢

32

load A=4

Constant: 101

0x18175d4

0x181765¢

0x181776¢

i64

‘mul
0x18176e4
164

add
0x18177f4
164

store A=4

0x181787c
| ch
—
_F
load A=4
‘ 0x181798¢ /

Register #1029

fadd

0x1817edc

0x1817b24

=

CopyToReg

ch

0x1817f64

9=

m{ij/*”mbh /

‘TokenFactor

0x14962b4

ch

legalize input for examplezbb.

w Coppromies| [ )
0x14963c4
0x1817c34 0x1817d44 add
[

32

setee

0x149644¢

il

~ TT/

breond
0x149633¢
ch

GraphRoot

0x149622¢

ch

0x1817714
164

Legali

Z

Register #1026
0x1816ffc

f CopyFromReg

‘ Ox1817084

‘ 32 | ch

‘ add

CopyToReg

‘ 0x1817904)

0x1496094.

i32

Register #1028
0x1817al4.

f64.

)
/

Register #1027
0xI81721c

I

—
s Constant: 3~ ((Constant: 1 Register #1024
CopyFromReg
\ | oxisii0e | [ ox1496404 | [ ox1817bac | \ | oxsizebe |
0x1817204
i32 i‘_y_?‘”_) 32
CopyFromReg add CopyFromReg
0x1817194 0x149655¢ Ox181734 OxI817044
2

add
0x181743¢

load A=4

0x149677c.

32 | ch

X86ISD:CMP.

0x14

961Tc

add
0x149688c.
32

umul_lohi

0x1496914.

0x1496a24. 0x1496aac

TokenFactor

add

0x149699¢

0x1496bbe

ch

store A=4,

0x1496ddc

I
store A=4

0x1496e64

‘TokenFactor
0x1496eec

-
[

‘ CopyFromReg load A=4
0xI81729¢ ‘ OxI81798c.
| w o o o
Register #1029
fadd
Ox1817edc
0x1817024)
\ 64

= \
CopyToReg. /
OxI817164 \
h
& Bl D)
"~
—
“TokenFactor
0x14962b4)
ch

dag-combine2 input for e

adde
0x1496d54

CaJ

X86SD::BRCOND
0x1497194
ch




Register #1026

EntryToken

Register #1027
0x181721c

== s
=
Constant: 3 Constant: 1 \ Register #1024
((Comtans3) |- ((Consani 1) :
0x14964d4 0x1817bac 0x1817cbe

X

| | (Regiierwion) (=)
Cop; Copy sh add CopyFromReg | =2
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44 h
.
‘ 32 ch 32 32

add

CopyToReg

add

\ ”

1817904

0x1496094 /

0x181743¢

0x181754c

Register #1028

64

32

CopyFromReg

0x1817a9¢

R o o
T

load A=4

0x18175d4

load A=4

‘ 0x181798¢

Register #1029

fadd

0x1817edc

0x1817b24

=

CopyToReg

ch

0x1817f64

9=
=

‘TokenFactor
0x14962b4
ch

32

Constant: 101
0x181765¢

0x181776¢

i64

‘mul
0x18176e4
164

add
0x18177f4
164

store A=4
0x181787¢
ch

legalize input for examplezbb.

setee
0x149644¢
il

0x149622¢

ch

~ /

JEE

breond
0x149633¢
ch

GraphRoot

164

add

0x1817714

164

Legali

Z

4 I A

N
7

addc

add

0x1496¢cce

0x1496bb:

-

i32

(i32 | flag )
i

A

/_

adde

0x1496d54

\ 132

flag )

Register #1027
0xI81721c

— =5 =
VAl ‘ —
/ Register /1026 \ s Constant:3)  (Constant: 1 Register #1024
/ CopyFromReg
[ OxIBI6fTc \ | oxisii0e | [ ox1496404 | [ ox1817bac | \ | oxsizebe |
0x1817204
/ / = w2 j_f i
r CopyFromReg CopyFromReg add CopyFromReg
‘ 0x1817084 0x1817194 0x149655¢ Ox181734 OxI817044
i

32 | ch

CopyToReg

add

X86ISD:CMP.

‘ 0x1817904 | [ 0x1496094 OxI81743¢c x4

961Tc

i32

load A=4
0x149677c.

ch
/ add

0x149688c.
32

umul_lohi
0x1496a24.

0x1496914 0x1496aac

TokenFactor
0x149699¢
ch

add
0x1496bbe

store A=A,
0x1496ddc

0x1496¢44.

adde
0x1496d54

I
store A=4

0x1496e64

‘TokenFactor
0x1496eec

-
[

Register #1028
0x1817al4.

f64.

‘ CopyFromReg load A=4
0x1817a% ‘ 0x181798¢.
| o o o T
Register #1029

fadd
0x1817b24)
f64,

0x1817ede

B
CopyToReg. /
OxI817164 \
h
& Bl D)
"~
—
okenFactor
0x1497084)
0x14962b4) E
ch

X86SD::BRCOND
0x1497194
ch

dag-combine2 input for e




Register #1026

EntryToken

Register #1027
0x181721c

T

Constant: 1 \

~

Register #1024

X

0x1817bac

0x1817cbe

[

Register #1027
0xI81721c

| - ister #1030 )
Cop; ‘)g T \l [com shi add CopyFromReg
N 14963
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44 : mul
d
‘ 32 | o i32 32
| [ | (e 0x18176e4
‘opyToReg a setee
0x181754c
‘ ovisirooe | [oxtaoenss | | Ox181743¢ [ostelrsac | Ox149644¢c
32 i32

Register #1028

CopyFromReg

0x1817a9¢

%T

load A=4

Constant: 101

0x18175d4

0x181765¢

i64

‘mul
0x18176e4
i64

add
0x18177f4
164

store A=4
0x181787¢
ch

load A=4

‘ 0x181798¢

f64 | ch
AT

Register #1029

fadd

0x1817edc

0x1817b24

f64
CopyToReg

0x1817f64
ch

9=
=

‘TokenFactor
0x14962b4
ch

legalize input for examplezbb.

il

TT/

breond
0x149633¢
ch

GraphRoot

0x149622¢

ch

-

Legali

164 / \ |

Z

f64.

Register #1028
0x1817al4.

load A=4
0x149677c.

ch
/ add

0x149688c.
32

umul_lohi
0x1496a24.

0x1496914. 0x1496aac

TokenFactor
0x149699¢
ch

add
0x1496bbe

store A=4,
0x1496ddc

adde
0x1496d54

I
store A=4
0x1496e64

‘TokenFactor
0x1496eec

CopyFromReg

0x181729¢

ch
load A=4 /
‘ 0x181798¢

} 64 | ch

Register #1029
OxI817edc.

fadd

i64 | ch

e e o

0x1817b24)

f64,

CopyToReg

OxI817164
h
& Bl D)
"~

=

1
0x1497084
0x14962b4. E
:

X86SD::BRCOND
0x1497194
ch

dag-combine2 input for e

— ) o |
v TAl ‘ —
/ Registr #1026 \ s ] ((Constan: ) ((Consant 1 Regiser #1024
opyFromRe;
/ [ OxI816ffc \ [Coxtsizioe| DP"W 49 [(oxta964a4 | [ ox1817bac | \ [“oxisizene |
x18172a
~N / ANEE ﬁf
f CopyFromReg CopyFromReg add CopyFromRe
‘ 0x1817084 O0x1817194 0x149655¢ Ox1817634 Ox1817d44
‘ 2 | o i 32 | o
‘ add CopyToReg add XS6ISD:CMP.
‘ 0x1817904 | | 0x1496094 0x181743¢ 0x1496ffc.
2




Register #1026

EntryToken

Register #1027
0x181721c

Constant: 1 \

T

Register #1024

X

0x1817bac 0x1817cbe

| | (Regiierwion) (=)
Copy Copy sh add CopyFromReg | =2
0x1817084 \ 0x1817194 0x149655¢ 0x1817c34 0x1817d44 h
.
‘ 32 ch 32 32

add

CopyToReg

add

‘ 0x1817904

0x181754c

0x181743¢

Register #1028

64

32

CopyFromReg

0x1817a9¢

Register #1029

0x1496094 /

32

load A=4

Constant: 101

0x18175d4

0x181765¢

i64

‘mul
0x18176e4
164

add
0x18177f4
164

store A=4

0x181787c
| ch
—
_F
load A=4
‘ 0x181798¢ /

fadd

0x1817edc

0x1817b24

=

CopyToReg

ch

0x1817f64

9=

m%iT/*”mim /

‘TokenFactor

0x14962b4

ch

legalize input for examplezbb.

setee

0x149644¢

il

Do T g1l

)

~

[

mul

0x18176¢e4

-

Legali

64
A

Register #1027
0xI81721c

— =5 =
v TAl ‘ —
/ Register /1026 \ s ] ((Constan: ) ((Consant 1 Register #1024
opyFromRe;
/ OxIBI6fTc [Coxtsizioe_| =2 £ [oxtavaas | [oxtsizbac | [“oxisizene |
0x1817204
r CopyFromReg CopyFromReg add CopyFromReg
‘ 0x1817084 O0x1817194 0x149655¢ Ox1817634 Ox1817d44
‘ 2 | o i 32 | o
‘ add CopyToReg add X86ISD-CMP
‘ 0x1817904 | | 0x1496094 0x181743¢ 0x1496ffc.
32

ze

umul_lohi

0x1496a24

132 | 132 )

C

onstant: 3

\

—

ch
/ load A=4
0x149677c.

0x149688c.
32

umul_lohi
0x1496a24.

0x1496914 0x1496aac

TokenFactor
0x149699¢
ch

add
0x1496bbe

store A=4,
0x1496ddc

o

0x1496¢44.
32

adde
0x1496d54

I
store A=4
0x1496e64

‘TokenFactor
0x1496eec

load A=4

0x14965¢4

mul

-
i

0x1496aac

132

132

\

addc

add

mul

0x1497084
0x14962b4 E
:
|

X86SD::BRCOND
0x1497194
ch

dag-combine2 input for e




Register #1026

EntryToken

Register #1027
0x181721c

BB: bb

Register #1027
0xI81721c

0x149622c

== s

=
Constant: 3 Constant: 1 \ Register #1024
((Comtans3) |- ((Consani 1) :
0x14964d4 0x1817bac 0x1817cbe

X

l » / Register #1030 \ < = o ey
S a
4 0x149600c LY z OPYION 08
0x1817084 \ 01817194 0x149655¢ 0x1817c34 0x1817d44
‘ 22 [ ch i32

\ ”

Register #1028

|
add CopyToReg add
0x181754c
1817904 0x1496094 / 0x181743¢ -
32 32

CopyFromReg

0x1817a9¢

R o o
T

load A=4

0x18175d4

load A=4

‘ 0x181798¢

Register #1029

fadd

0x1817edc

0x1817b24

=

CopyToReg

ch

0x1817f64

9=
=

‘TokenFactor
0x14962b4
ch

Constant: 101
0x181765¢

0x181776¢

i64

‘mul
0x18176e4
164

add
0x18177f4
164

store A=4
0x181787¢
ch

legalize input for examplezbb.

32

setee
0x149644¢

il

.,

~ 7

1T

breond
0x149633¢
ch

GraphRoot

ch

()

ch

~~

-

brcond
0x149633¢c
ch

Legali

Zi e B 51 |
v TAl ‘ —
/ Registr #1026 \ s ] ((Constan: ) ((Consant 1 Regiser #1024
opyFromRe;
/ [ OxI816ffc \ [Coxtsizioe| DP"W 49 [(oxta964a4 | [ ox1817bac | \ [“oxisizene |
x18172a
14 A |\ ﬁf
f CopyFromReg CopyFromReg add CopyFromRe
‘ 0x1817084 O0x1817194 0x149655¢ Ox1817634 Ox1817d44
‘ 2 | o i 32 | o
‘ add CopyToReg add XS6ISD:CMP.
‘ 0x1817904 | | 0x1496094 0x181743¢ 0x1496ffc.
2

load A=4
0x149677c.

ch
/ add

0x149688c.
32

umul_lohi
0x1496a24.

0x1496914. 0x1496aac

TokenFactor
0x149699¢
ch

add
0x1496bbe

store A=4,
0x1496ddc

Z

adde
0x1496d54

I
store A=4
0x1496e64

‘TokenFactor
0x1496eec

-
[

Register #1028
0x1817al4.

f64.

‘ CopyFromReg load A=4
0xI817a9c ‘ 0x181798¢
| w o o o

e e o

Register #1029
0x1817ede

fadd
0x1817b24)
f64,

B
CopyToReg. /
OxI817164 \
h
& Bl D)
"~
—
okenFactor
0x1497084)
0x14962b4) E
ch

X86SD::BRCOND
0x1497194
ch

dag-combine2 input for e




EntryToken

Register #1027

/ \
0x1816(74 0x181721c BB bb 2
ch i e
g g e g =t A = =
=2, == - —- = 2 |
/ = 0x149622¢c V7 : o) | (sl (Reginer 1020
73 / \ / osirioe | FEoRIomRee | 1o | [ontsimn | \ [“oxisizene |
Register #1026 Consant 3 Constant; | Register #1024 / / = Ox15 17204 c = 2
2 2 i E i
/ OxI816ffc i 0x14964d4 0x1817bac Ox1817cbe ch / ‘ \
1 CsJ y
l r CopyFromReg CopyFromReg. add CopyFromReg
/ = 0x1817084 01817194 0x149655¢ 0x1817¢34 0x1817d44
l Register #1030 =25 CT £2
Cop, £ \ Copy shi add CopyFromReg (==} ‘
0x14963c4

0x1817194 0x149655¢ 0x1817c34 0x1817d44
32 32

0x1817084 \
‘ 32 | ch

~~

ch

32 | ch

X86ISD:CMP.
0x1496ffc.

add
0x181743¢

( \ ‘ add CopyToReg

0x1817904 | | 0x1496094

‘ i ah
i
add CopyToReg add setcc
0x181754¢
‘ 0x1817904 | | 0x1496094 / 0x181743¢ [ostelrsac | 0x149644c brcond ‘ / T =
32 i32 il 0x149677c Ox149685¢
\ Clt)

0x149633c |
ch |

Legaliz

Constant: 101
0x181765¢

load A=4
0x18175d4

R
,

umul_lohi
0x1496914 | | 0x1496a24.

0x181776¢

i64

TokenFactor
0x149699¢
ch

add
0x1496bbe

‘mul
0x18176e4
164

store A=4,
0x1496ddc

add
0x18177f4
164

adde
0x1496d54

Register #1028

store A=4

|
0x181787¢ [
\ 64 ‘ 5 ‘ store A=4
e e [ \ Ox1496e64
=1

/ BB: bb

(Constant: 9\ \

/
lﬁ

CopyFromReg load A=4 (Regiver 71028
0x1817a9¢ ‘ 0x181798¢ / OX 1496220 Ox 1 497084 \ T:::::::r
f64 | ch 64 | ch Y &
‘ CopyFromReg load A=4 /
| / B Ee
0x1817b24 / o | o 64 | on /
N et \\ Gl
5 vt ™~ E e |
CopyToReg / \ L 2
0x1801h7f64 \ / \ /
-

0x1817164.

e X861SD::BRCOND Gl

ch

T
Do 0x1497194 i

ch

ch

TokenFactor

0x1497084
V== == == h 0x1496204
| / \_ C ) &
T el L1 L]
T

breond

0x149633¢ X86ISD:BRCOND

@ 0x149719%

<

legalize input for example:bb GraphRoot dag-combine2 input for ¢




EntryToken Register #1027
01816174, 0xI81721c

Register #1027
0x181721c

Constant: | Register #1024

I

Register #1026

Register #1026 / \ Register #1025

L /
Constant: 3)  (Constant: 1 Register #1024 ( OxI8I6ie 0x1817bac 0x1817cbe
/ CopyFromReg
Ox1816iTe | oxisizi0e | [‘ox14964a4 | [ ox18170ac | [ oxi8i7ebe | 32
/ Ox18172a4

A

i32 i32 [
‘ CopyFromReg
add

‘ Register #1030 v i o Py
‘opyFromReg E 4 opyFromRe;
\ 0x149600c \ o s o =
CopyFromReg CopyFromReg st CopyFromReg 0x1817084 0x1817194 0x149655¢ 0xI817c34 0x1817d44
/ 0x149600¢
0x1817084) 0x1817194) 0x149655¢. OxI817c34) Ox1817d44) 2 | ch 32 32 2 | ch
| R B | &l o |
‘ add CopyToReg
0x1496804)
‘ add CopyIGREEI [ | oy X86ISD::CMP ‘ 0x1817904 | | 0x1496094 0x181743¢ - 0x1496ffc
0x1817904 | | 0x1496094 OxI81743¢ 0x1496frc = & = ~ =
R | e
| [
‘Constant: 101 ‘ a
ad 0x181754
| a Lower i
0x149677¢ 0x149685¢
‘ 32 ‘
‘ Constant: 101
. Toad A=4) Toad A=4.
‘ [ toad A=t | | umul_tohi ” 0x14966f4,
49677c
0x1496914 | | 0x1496a24 o m I n e ‘ 0x149677¢ 0x1496914
‘ add . ‘ ‘TokenFactor umul_lohi mul
Ox1496bbc | | 0x1496034 I e a l z e ‘ 0x149699c 0x1496224 | | 0x1496b34
‘ 32 32 ‘ a2 | i
‘ Joo ‘ ‘ \ adde
0x1496dde 0x1496c44 / 0x1496ccc.
‘ 32 [ flag
‘ adde ‘ store A=4 adde
0x1496d54 0x1496dde \ 0x1496d54
‘ 2 [ flag <h
‘ ‘ I store A=4
\ 0x1496e64
8 ‘ Nl
\ -
ré—/ \ | —
Register #1028
xI817a okenFactor
= Ox1496ccc \ OxI817al4, ‘ e
x1496ecc
- | z
‘ *7—7—/ o
CopyFromReg Toad A=4 / ‘
OxI817a9¢ ‘ 0x181798¢ CopyFromReg ‘ TolIA= /
0x1817a9¢ 0x181798¢
f64 | ch f64 | ch
A/( / / 64 [ ch 64 | ch
Register #1029 / /
TR i l / ‘ Register #1029 2=
) OxI817024 0xI817b24 \ /
~ D
\ / \ 64
CopyToReg \ /
OxI817M64 CopyToReg /
ENDR 0x1817164) \
55 ch
=5 e
e BB: bb e
FokenFactor
Ox1496204 loxiiezd =
= e ) —ocrxood] 0x149622¢ | | 0x1497084
== == Ca JU s )
T ch
~ NG /R
X861SD::BRCOND. I~
L il X86ISD:BRCOND
& 0x1497194
ch

dag-combine2 input for ¢

isel input for examy




Register #1027
0x181721c

o 101

Constant: 101 Constant: 0

Register #1029

=z 1 =
o P ~ - 0x14966£4 0x149666¢
A Reginer #1025) 0 — Constant: 3)  (Constant: 1 Register #1024
7 [ \ oo | (90RO o] o |\ ousies | . .
/ A |\ 53 EIf2 5 = 32 132
f CopyFromReg / ‘ \ CopyFromReg il add CopyFromReg
Ox1817084 Ox1817194 Ox149655¢ Ox1817634 Ox1817444
‘ add CopyToReg X861SD-CMP Constant: 3 mul
0x1817904 | [ 0x1496094 OIS 1743 Ox14961Tc
w SED) o ,_u 0x14965¢4

Constant; 101
0x1496614

load A=4.
0x149677c

add
0x149688¢

load A=4
0x1496914)

umul_lohi
0x1496224

add
0x1496bbe

0x1496b34.
32

store A=4
0x1496dde

0x1496c44

adde
0x1496d54.
2

fag

Register #1028
0xI817al4

64,

‘TokenFactor
0x1496ecc.

CopyFromReg Toad A=4, /
0x1817a9¢ 0x181798¢
f64 | ch f64 | ch

fadd
0x1817b24
64,

0x1817edc

CopyToReg /
0x1817764, \
ch
==X
-
e BB: b
FokenFactor
0x149622¢
et =
ch

X861SD::BRCOND.
0x1497194.

dag-combine2 input for ¢

0x1496aac
i32

i32

add
0x1496bbc

i32
Y

Combin

(again)

mul
0x1496b34
i32

. AN J

Register #1026
0x1816ffc

0x1817084

32 | ch

CopyFromReg (

Register #1030

0x149600¢

Register #1027
0xI81721c

Constant: | Register #1024
0x1817bac 0x1817cbe

e

l
\

Register #1029

Register #1028
0x1817al4

CopyFromReg

0x1817a9¢

fadd

0xI817b24

fo4.

CopyToReg

Ox1817f64.

ch

add CopyToReg
0x1817904 | | 0x1496094 0x181743¢
i3 ch 32

load A=4

0x149677¢

CopyFromReg shl add CopyFromReg
0xI817194 0x149655¢ 0x1817c34 0x1817d44
32 ‘ 32 2 | o

0x1496ffc

i32

add
0x149688¢

Constant: 101
0x14966f4

load A=4

0x1496914

‘TokenFactor

Constant: 3

umul_lohi mul

0x149699¢

0x1496a24 | | 0x1496b34

store A=4
0x1496dde

load A=+
‘ 0x181798¢

f64 | ch

—

3

TokenFactor
0x14962b4

ch
NEAEP)

i32 | i3;

adde

Ox1496cce

i32

\

flag

adde
0x1496d54

store A=4.

0x1496¢64

ch

-

‘TokenFactor

0x1496eec

=
==
=
3

isel input for examy

-

X86ISD::BRCOND
0x1497194

ch




EntryToken Register #1027
0x1816(74 0xI81721c

Constant: 0 = =T

0x149666¢ /1
32

Register #1027

0x181721c f \

Constant: 101

== T
/N (e [l G (o) (o) 0x14966f4
i32

Constant: | Register #1024

I

Register #1026
0x1816ffc

0x1817bac 0x1817cbe

\ oo oot | [omme ]|\ [Cousire

/ ‘ \ %2 32 32

0x18172a4.

/ Register #1030
(Regies 11030 ‘ \ ‘ CopyFromReg oxtaie0n \ CopyFromReg shi add CopyFromReg
[ Copyriomte | o
! CopyFromReg CopyFromReg shl add CopyFromReg 0x1817084 ( 0x1817194 0x149655¢ 0x1817c34 0x1817d44
0x1817084 / ORISSGUE 0x1817194 0x149655 0x1817c34 0x1817d44. 32 h 32 ‘ 32 32 h
\ 2l ‘ Lo
i ort[ 2
\ - \
(et Constant: 3 \ aai | [Conyrores ==
add CopyToReg X86ISD::CMP 0x1817904 0x1496094 0x181743¢ 0x1496ffc
mu
‘ ] [ooan | (28] CuE: T = = = : -
i 52 = 0x14965¢e4

0x1496aac

Constant; 101 0x181754c

0x1496614

add
0x149688¢

load A=4.
0x149677c

add
0x149688¢

Constant: 101
0x14966f4

load A=4

load A=4 umul_lohi
0x1496914 | | 0x1496a24

0x1496914

add mul | |
0x1496bbe | | 0x1496b34 | \

Constant: 3

add
0x1496bbe

‘TokenFactor
0x149699¢

umul_lohi mul
0x1496a24 | | 0x1496b34

i32 | i3;

0x1496b34.
32

2 ) 32 ) ‘\

/
| \ / '
. | | \\4:%/&@
store A=4 \
‘ t;x‘:i{l&;dc \
| | I \

store A=4
0x1496dde

adde

0x1496c44

adde
0x1496d54.
2

adde

0x1496d54

fag

‘ ‘ ’ store A=4
‘ l 0x1496¢64
‘ ch
\ 2 Pl
\ | L
Register #1028
‘TokenFactor Register #1028
\ 0x1817al4 ‘ ‘TokenFactor
0x1496eec. 0x1817al4
64 0x1496eec
CoJ |

ch
‘ CopyFromReg load A=4 / / \ ‘
OxI8179¢ 0x181798¢ N CopyFromReg ‘ load A=4 /
0x1817a9¢ 0x181798¢
w SR onstan
} s D) / . / 64 | ch f64 [ ch

Register #1029
0xI817edc

fadd
0x1817b24
64,

Register #1029

fadd /
0xI817b24 \

fo4.

CopyToReg

L 0x149666¢ N
\—M/‘\ - == \
N 132

o

—

ch

N
=t T~
= BB:bb T
FokenFactor
[oxtag622c |

Ox1496204 =

5 e ) e 0x149622¢ | [ 0x1497084

e e = Ca U8 J

T ch
~ NERGERp
X861SD::BRCOND. I~
L il X86ISD:BRCOND
& 0x1497194
ch

dag-combine2 input for ¢

isel input for examy




Register #1027
0x181721¢

Register #1025

Register #1024
\ 0x1817che.

iR

Constant: |

Register #1026
OxI816ffc

CopyFromReg
0x1817204

asmoaganil]

CopyFromReg |
Ox1817044

= ‘ [ shl add

0x1817084 0x1817194 0x149655¢ 0x1817¢34

‘ Copy
\ |

‘ i32 ch i32 i32
| . RegierEAX
ower
‘ add CopyToReg. X86ISDCMP.
‘ 0x1817904 0x1496094 0x181743¢ 0x1496ffc gL I~ j - — —
i M S O I O T »
32 ch i32 \ 32 =
[ = s Z Y (oo @) (Wemopmiamgiints) (Regier 1620
’\ - % Btz ]| W usmssmnta | Moxizs]
2

)

m fa)

Combine A1

add
0x149688¢

e

Legalize |

load A=4 load A=4
‘ 0x14966f4 ‘ “TargetConstant: 3 Register EDX
‘ [N os1s56014 = | S
:

TokenFactor
0x149699¢

mul

0x1496b34

umul_lohi
0x1496224

C b i
0 m I n e ‘ MemOperand<imp34+0> e
FromRes
\ e Comtontes

\

g

i32

32

| / \ N
(T e
\ adde i \
/ Ox1496cce | | Ox1496c44
‘ 2 | flag
| \ A
‘ store A=4
0x1496ddc S|
| A I

Oxisiee

i

011496064

a

’ store A=4 ‘ --
(St
0x1496¢64. CopyFromReg
e V=
-02 -cn ¢ -d,

joo\lch \

Register #1028
0x1817a14

]
[ )

=
CopyFromReg Toad A=4

N
“TokenFactor 8¢
0x1496eec H—rt—)
ch D
T N
0x1817a9¢ 0x181798¢ /

\
\
|
|
|
|
|
|
|
ot Lo CIEY,
]ﬁ%/ /
\
\
\

Register #1029

fadd
0x1817ede
64

=

OxI817b24
164

CopyToReg
OxI817f64

ch

% 1 o
‘TokenFactor
0x149622¢ 0x1497084
o Ce ) T
ch

X861SD::BRCOND

0x1497194

ch

isel input for exam HleBHPIR 0L




Register #1026
OxI816ffc

i3

Register #1027
0x181721¢

§

Constant: |

i32

VEDW NN N ST
\@onﬂieg

Register #1025

s

CopyFromReg
0x18172a4

72

Cop g shl add CopyFro

Constant: 1

0x1817bac

a4

XB6ISD:CMP

0x1496fic

\ Con . S
0x149600c
0x1817084
‘ i32 ch
‘ add CopyToReg \ add
‘ 0x1817904 0x1496094 0x181743¢
32 ch 2 \

0x1817194 0x149655¢ 0x1817¢34 0x1817
or | ch

i32

Register #1028
0x1817a14

0x1817a9¢ 0x181798¢

Register #1029
fadd
0x1817edc
0x1817b24

164

CopyFromReg ‘ Toad A=4

~
CopyToReg
Ox1817f64 \ /
ch
s
L
‘TokenFactor
0x14962b4
ch '

i
a0d
Ox149688c
kot Constant: 101
oad A=
Ox1496614
i
et
s || 22222 || | s
0x149654
imn] LD x| [GamD
i [ 32 2
dd dd il "
adde a
0x149666c
Ox1396cce | [ Ox1496cas
i
2 | fag
store A=4
0x1496dde \
ch

add

x1817c34

I store A=4
0x1496¢64.
ch
e S
—
TokenFactor
Ox1496ecc
ch

BB: bb

() (G
Co

Cao )

X861SD::BRCOND

0x1497194

ch

isel input for exam HleBHPIR 0L

132

N [ ] ]

Register #1026
Oxisiee

i

= - —=
TargerConstant: 8
05149731

:\
(A

-1

TugetConstant 4) - ((MemOperand<mp3é=4> - ((Register #1024

\

\ [ ]

i

Ll

g L]
AbDsDm
N

By
[T

Er

—

MUL32m

\ [ )\

e

TugeConsant 3 _‘
Gyt
01497764 o 2
Detinie

e ;

MemOperand<tmp3t+4>

Ox1297504

s )

scheduler input for exarmple:bb.

Couwrsie | [ ouwmoer | [ousrrone
&

%




Register #1026
OxI816ffc

EntryToken

Register #1027
0x181721¢

§

Register #1025

CopyFromReg

Constant: |

0x18172a4

‘ Cop " = \ Cop, " shi
0x1817084 ( 0x1817194_| [ ox149655¢
‘ 32 | o ) 32 ‘
add CopyToReg, \ add
Ox1817904 | [ 0x1496094 OxI81743¢
32 oh

Register #1028
\ Oxl817a14
)

\omReg

CopyFro

Constant: 1

0x1817bac
72a4

0x1817¢34

i32

0x181

XB6ISD:CMP
0x1496fic
i32

add

0x

149688¢

load A=4

load A=4

Constant: 101

0x149677¢

0x149691

0x149664.

4

\
\\é/
‘ 2
\

32

TokenFactor umul_|

lohi mul

0x149699¢

0x1496224

0x1496b34

i32

32

adde add

0x1496cce

0x1496¢44

flag

store A=4.

0x1496dde.

N

i &

ch
’ store A=4
0x1496¢64
ch
e
”Lh/
‘TokenFactor
0x1496eec
ch

e

CopyFromH]
0x1817a¢

[THIE

Register #1029
0x1817edc

Opco

dein X836

namespace

: i32
ch )

add
0x1817c34

132

CopyToReg

0x1817164.
ch

T T

3

‘TokenFactor

0x14962b4

ch

BB: bb

() (G
Co

Cao )

X861SD::BRCOND

0x1497194

ch

isel input for exampledgfPhRoOL

> INC32r |

0x1817c34

32 )

4 -

S s e B
— —_ = — ==
2
= -

Register #1026
Oxisiee

05149731

i

Ky,

Register #1029
Ox18 Tede

]
[ )

Regiter EFLAGS

==

register

asmoaganil]

TugetConstant 4) - ((MemOperand<mp3é=4> - ((Register #1024

Ox149754c

-

| Comsrmon |

)

e

TargetConsant: 3

scheduler input for exarmple:bb.

MOV32me
011496064

a

MemOperand<tmp3t+4>

Ox1297504




Register #1026
OxI816ffc

i3

Register #1025

s

Cop, g shi
0x149655¢
i32

\ Con . S
0x149600c
‘ 0x1817084 0x1817194
‘ i32 ch
‘ add CopyToReg \ add
‘ 0x1817904 0x1496094 0x181743¢
i32 ch i32

load A=4

0x149677¢

Register #1028
0x1817a14

CopyFromReg

OxI817a9¢

Toad A<4
‘ 0x181798¢

(1)

fadd
OxI817b24 \
164

Register #1029

~ \
CopyToReg
OxI817f64 \
ch
s
L
‘TokenFactor
0x14962b4
ch

Register #1027
0x181721¢

CopyFromReg
0x18172a4

add
0x1817¢34

add
0x149688¢

Constant: 101
0x14966f4

cemc=0 | Fvm| B
0x14965¢4.
0x149699¢ EZEE 0x1496224 | | 0x1496b34.
i32 | 32

=

adde

add

/ ot

0x1496¢44

store A=4.

.

TokenFactor

Ox1496ecc

ch

-\

CaJ

2
mstant:

2 | flag

0x1496dde \
ch

Ca

store A=4

0x1496¢64.

ch
e

X861SD::BRCOND

0x1497194

ch

isel input for exam HleBHPIR 0L

Register #1024

4 N

load A=4

0x181798c

h )
N
T

fadd

0x1817b24

\ f64 | ch )

N [ ] ] |

Register #1026
Oxisiee

i

TargerConstant: 8
05149731

\

-1

Ll

(@0

e

S =

By
[T

—

Regiser EFLAGH

ox149721c

EFLAGS
i

T
\
\ oo |

TugetConstant 4) - ((MemOperand<mp3é=4> - ((Register #1024
4

| owtsrion

Cowwrsic | [ owwre
&

MUL32m

N

e

MemOperand<imp34+0>
[ oo |

scheduler input for exarmple:bb.

0x14977f4 i il

s )

o

MemOperand<tmp3t+4>

Ox1297504

%




Register #1026
OxI816ffc

EntryToken

Register #1025

Cop, g shi

0x1817194 0x149655¢

i32

| [omrem] | P |
‘ 0x1817084 (
‘ 32 | o
‘ add CopyToReg
‘ 0x1817904 | | 0x1496094
i32 ch 32

Register #1028
0x1817a14

0x181743¢ \
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Instruction Patterns

def ADDI :
DForm 2<14,
(outs GPRC:S$rD),
(ins GPRC:SrA, sl6imm:S$imm),
"addi $rD, SrA, Simm'",
IntGeneral,
[ (set GPRC:S$rD,
(add GPRC:SrA,
immSExtl6:$imm) ) ]>;
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Schedvule

* Topological Sort

* Schedule for register
pressure

* Schedule for latency

* Preserve physical
register dependencies




Schedule

Output: A sequence of Machinelnstrs

%reg1027 = PHI %reg1033, mbb<entry,0x1811988>, %reg1030, mbb<bb,0x18119f8>
%reg1028 = PHI %reg1034, mbb<entry,0x1811988>, %reg1029, mbb<bb,0x18119f8>
%reg1035 = MOV32ri 101

%EAX = MOV32rr %reg1035

MUL32m %reg1025, 8, %reg1027, 0, %EAX, %EDX, %EFLAGS, %EAX

%reg1036 = MOV32rr %9EAX

%reg1037 = MOV32rr %EDX

%reg1038 = IMUL32rmi8 %reg1025, 8, %reg1027, 4, 101, %EFLAGS, Mem:LD(4,4)[t7+4]
%reg1039 = ADD32rr %reg1038, %reg1037, %EFLAGS




SelectionPAG Future

* LegalizeTypes

* SEME regions, whole-functions
* More precise dependencies

* Fast -00 isel?

* BURG-styleisel?




CodeGen continves...

* Late Code Motion
* Register Allocation
* Qutput




Questions?




