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- SSALEHE (Mem2Reg)
PE{Lh8ikkg (Dead Code Elimination)

AHFFRIENHE (Common Subexpression Elimination)
)

=({&HE (Constant Propagation)

F =& (Constant Folding)
EBZIMEx (Function Inline)

- $§SEHE (Reassociation)

. EAEt (Loop Optimization)
- }=4IiRTEME (CFG Simplification)

Machine-IR
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allocafy

Mem2Reg

OERAIASASE ™ ISHISSAZLL,
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Mem2Rega] LiEMRIX SRS
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Mem2Reg 7o =4
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CEER, BAPhiIESETER
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define 132 @max(i32 %a,

entry:

%retval = alloca i32, align

%a.addr = alloca i32, align

%b.addr = alloca i32, align

store 132 %a, 132* %a.addr,
store 132 %b,
load

load

i32* %b.addr,

%0 = i32,
%1 = i32,
%cmp = icmp sgt 132 %0, %1
br i1 %cmp, label %if.then,
if.then:

%2 = load i32,
store 132 %2, 1i32* %retval,

br label %return

if.else:
%3 = load i32,
store i32 %3, 132* %retval,

br label %return

return:
%4 = load 132,
ret i32 %4

define 132 @max(i32 %a,

i32* %a.addr,
i32* %b.addr,

i32* %a.addr,

i32* %b.addr,

i32* %retval,

132 %b) #0 {

4
align 4
align 4
align 4
align 4

label %if.else

; preds
align 4
align 4
; preds
align 4
align 4
; preds
align 4

i32 %b) {

entry:
%0 = icmp sgt 132 %a, %b
br i1 %0, label %if.then,
if.then:

br label %return

if.else:

br label %return

return:

%retval =

ret i32 %retval

phi i32 [%a,

%if.then], [%b,

label %if.else

%entry

%entry

%if.else, %if.then

%if.else]
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Algorithm 3.3: Renaming algorithm for second phase of SSA construction

> rename variable definitions and uses to have one definition per variable name

1 foreach v: Variable do

2

NS s W

=)

10
11
12
13

14
15
16
17

| v.reachingDef — L

foreach BB: basic Block in depth-first search preorder traversal of the dom. tree do
foreach i: instruction in linear code sequence of BB do
foreach v : variable used by non-¢-function i do

updateReachingDef(v, i)
replace this use of v by v.reachingDefin i

foreach v :variable defined by i (may be a ¢ -function) do

updateReachingDef(v, i)

create fresh variable v’

replace this definition of v by v’ in i
v’.reachingDef « v.reachingDef
v.reachingDef — v’

foreach ¢: ¢-function in a successor of BBdo
foreach v:variable used by ¢ do

updateReachingDef(v, ¢)
replace this use of v by v.reachingDefin ¢
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Normal Function

Inline Function

( tran:
// code
I myfunctio(); {

//code }
)

control .
ster | myfunctio()

// body

RS EE R ICa ?‘aﬁ HIZER, (£

SFINEREEcallis<S

- IXA]EEiH1TRRELAEX, uﬁﬁazm
tiets, (BegeSEUCIEAFRE
FR e SIS A ]

Main Function body
(

// code

/] myfunctio();
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e Machine IR
— A FLLVM IRA=C % ¥ 8] 691R

.L3_28:
I movw vr50, :lowerlé:tape
movt vr50, :upperlé6:tape
add vr51, vrlo, #0 IR
ldr vr52, [vr50, vr51, 1lsl #2]
movw vrS53, :lowerlé6:output_length
movt vr53, :upperlé6:output_length
ldr vr54, [vr53]
movw vrS55, :lowerlé:output
movt vrS55, :upperl6:output
add vr56, vr54, #0 :
str vr52, [vr55, vr56, 1lsl #2] MaChlnE'IR
movw vrS57, :lowerlé:output_length
movt vrS57, :upperlé6:output_length
ldr vr58, [vr57]
add vr59, vr58, #1
movw vré0, :lowerl6:output_length
movt vré60, :upperlé6:output_length
str vr59, [vr60]
mov vrl@O, vré3
b .L3_35
.L3_29:
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e Instruction Selection

EMEI =, HEHE—HEa ALLVM IR E sxMachine IR

;v v w;i;w;sr:tvn oty l:‘:i[;“ g‘.m:-. -C;uuuwIFluu ‘éncw ; ¥~ I . L3_28 :
et ptions ¥ Hters ¥ « Contro ow Grap
; movw vr50, :lowerlé:tape

1 @mod = dso_local local_unnamed_addr constant i32 998244353, align

2 (@maxlen = dso_local local_unnamed_addr constant 132 18605, align 4 | movt V]_“S@, :uppe]_"16 . ta_pe
3 @.str = private unnamed_addr constant [3 x i8] c"%d\ee", align 1
4 @d = dso_local local_unnamed_addr global i32 @, align 4 add VrSl, VI‘lO, #0
; _ , A _ ldr vr52, [vr50, vr51, 1lsl #2]
6 define dso_local noundef signext i32 @main() local_unnamed_addr {
7 entry: movw vr53, :lowerlé6:output_length
8 %x = alloca i32, align 4 . .
9 call void @llvm.lifetime.start.p8(i64 4, ptr nonnull %x) #4 mOVt Vr53 I ¢ upper16 ¢ Output_length
ii ?;all; ;a}lzsig:ex?té :'L321;.p'c";l ...) @__isoc99_scanf(ptr noundef -Ld]_“ V]_“SH., [V]_“53]

%0 = load 132, ptr %x, align

: T movw vrS55, :lowerlé:output

12 %div = sdiv i32 %o, 20 I
13 store i32 %di\/,'ptr‘ %x,- align 4 \ . movt Vr55 , c upper16 0 output
14 %calll = call signext i32 (ptr, ...) @printf(ptr noundef nonnull
15 call void @llvm.lifetime.end.p@(i64 4, ptr nonnull %x) #4 add VI‘56, V1“514, #0
o —— str vr52, [vr55, vr56, 1lsl #2]
18 movw vr57, :lowerlé6:output_length
9 1 d @11lvm.lifeti 6 , ptr re) #
;3 declare void @llvm.lifetime.start.p@(i64 immarg, ptr nocapture) #1 mOVt V1“57, :uppel“16 . Output_length
;i declare noundef signext i32 @__isoc99_scanf(ptr nocapture noundef 1ldr Vr58, [Vr57]
23 declare noundef signext i32 @printf(ptr nocapture noundef readonly a.dd Vr59, Vr58, #1
24 . .
25 declare void @llvm.lifetime.end.p@(i64 immarg, ptr nocapture) #1 movw Vr60' ¢ 10W€I‘16 ¢ Output_length

6 movt vré60, :upperlé:output_length

27 declare void @llvm.dbg.assign(metadata, metadata, metadata, metada

o str vr59, [vr60]
29 140 = distinct !DIAssignID() mov vrleo vIré63
38 149 = distinct !DIAssignID() ;

b .L3_35
.L3_29:




%add = add nsw 132 %0, 20
div = sdivi32 %add, 20

li
addi

vr0,20
vrl,sp,8

addiw wvrl,vrl,20

divw

vrl,vrl,vrO
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* Load/Store

Load / StoreiX A 454, XN T2 EZT ARG LT =R LB aIEF 7T k.
s 2 HT T FEM—IEAL/M&42 %9 Load / Store

o BT = : A 1EStoreBP T

store 132 %div, ptr %x, align 4
store 132 %div, ptr @d, align 4

m—)

auipc vrl, %pcrel_hi(d)
sw  vr0, %pcrel_lo(.Lpcrel_hil)(vrl)
SW vr0, 12(sp)




* GEP

GEP#54: #1i%h — ANt %index T & 89 B Ao 454

%arrayidx9 = getelementptr inbounds
[2005 x i32], ptr %a, i64 0, i64
%indvars.iv21

%3 = load 132, ptr %arrayidx9, align 4

lw  vr2, 0(vr0)
mul vr2, vr2, vrl
sw  vr2, 0(vrO)
addi vrO, vr0, 4
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RIpw g, W FrrEsas RA—ANFH) R AREHBSR LR F
o F167T VAB 3% E A R T s fzA, 12RR160] K47

— 1@ %0 = load 132, ptr %x, align 4
X /=16; ) | v = sdiv 132 %0, 16
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li
addi
divw

vr0,16
vrl,sp,8
vrl,vrl,vrO

sral vrl, vrO, 31
srli vrl, vrl, 28

add vr0O, vr0, vrl
srai  vr0, vr0, 4
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Chapter 10. Integer Division By Constants

On many computers, division is very time consuming and is to be avoided when
possible. A value of 20 or more elementary add times is not uncommon, and the
execution time is usually the same large value even when the operands are small. This
chapter gives some methods for avoiding the divide instruction when the divisor is a
constant.

10-1 Signed Division by a Known Power of 2

Apparently, many people have made the mistake of assuming that a shift right signed
of k positions divides a number by 2%, using the usual truncating form of division
[GLS2]. It's a little more complicated than that. The code shown below computes g = n
+ 2K for 1 < k < 31 [Hop].

b . shrsi t,n, k-1 Form the integer
ac er S e 1 t shri t,t,32-k 2**k - 1 if n < 0, else 0.
add t,n,t Add it to n,
shrsi q,t, k and shift right (signed).

SEcoND EDITION 1t is branch free. It simplifies to three instructions in the common case of division by 2
(k = 1). It does, however, rely on the machine’s being able to shift by a large amount
in a short time. The case k = 31 does not make too much sense, because the number
231 is not representable in the machine. Nevertheless, the code does produce the
correct result in that case (which is g = -1 if n = —23and g = 0 for all other n).

To divide by -2, the above code can be followed by a negate instruction. There
does not seem to be any better way to do it.

The more straightforward code for dividing by 2 is

bge n,label Branch if n >= 0.
addi n,n,2**k-1 Add 2**k - 1 to n,
label shrsi n,n,k and shift right (signed).
- - ~ B = This would be preferable on a machine with slow shifts and fast branches.
HENRY S. WARREN, JR. P

PowerPC has an unusual device for speeding up division by a power of 2 [GGS]. The
shift right signed instructions set the machine’s carry bit if the number being shifted is
negative and one or more 1-bits are shifted out. That machine also has an instruction
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o J&4&4F 235 5 ALTE (machine specific IR)

LLVM IR Machine IR
c=adda,b add v2, vO, v1
d=suba,b sub v3, vO, v1

add v4, v0, v2 sub v5, v1, v3
el = awub b, c :> mov WVQ v5
e = phiel, e2 add v7, vl, vb
f=suba, e mov r10, v7

return f

ret




 HEAN4: Machine IR
e Machine IREIMIZE A%, H *F MOperand * MI&9 32 4E 4k

Machine IR

add v2, vO, v1
sub v3, vO, v1

/\ Mi MOperand

add v4, v0, v2 subv5,vi,v3| @ a——,——o
"""" r"""""""""': r-------------------:
mov v6, v4 movve,vo | . | tag: MOV |} | .- ' type: VREG |
“““““““ I B L T
“““““““““ src: v7 : .2
addv7,vl,v6 |- | L__—_—_—____1 _value ________ :
mov ri0, v7 || dst: r10 | [ | size:4B |
ret | TTTFUMSeee L i
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Register Allocator

: Live Variable Analysis
. Interference Graph Construction )
MiRwith | 1 o2 L MIRwaith
Vreg Graph Coloring reg
| Register Spilling
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c EFRESHM
o MG ILATHE AP
o M TEFHS, NEKXTEE T MR IZAE 4 09def, FHRImiZ 454 use

Machine IR
add v2,vo,vi |~ @0 vl}
sub v3, vO, vl T— ®{v0, v1, vZ}

D{vO, v1, VZN{V1, v3}

add v4, v0, v2 subv5,vl, v3 |
®{v1, v} mov v6, v4 mov v6, v5 @{v1, vo}

fv1, VM{V'] , V6}

add v7, vl, vb
mov r10, v7 T— @/}

ret — (D{r10}




- FHEHE

c A EKLERPOFAERAEE
« RALEE: TREHNMIR, FEEEH




- BFe&: BEANDETES
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o TXEWRVIKGERF
o 4E B ATV AR F A

mul v1, r6, r6

add r7, r6, v1
sub r6, v6, vl

v1 spilled

m—)

mul r7, r6, r6
sw r7, imm(sp)

Ilw r7, imm(sp)
add r7, r6, r7
sub r6, v6, r7

store after def

load before use
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