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DON'T PANIC



® Open-source prekladace: GCC, LLVM, Open64

® Just in time pfekladace: (SpiderMonkey, V8)
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® Open-source prekladace: GCC, LLVM, Open64
® Just in time pfekladace: (SpiderMonkey, V8)
e Zakladni organizace prekladu:
® P¥i prekladu:

® preprocesor
® prekladac

® assembler
® linker,

Wsyntamické analyzy — parser, generovani mezikddu a jednotlivé optimalizace)
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® Open-source prekladace: GCC, LLVM, Open64
® Just in time pfekladace: (SpiderMonkey, V8)
e Zakladni organizace prekladu:
® P¥i prekladu:

® preprocesor

® prekladac (lexikani analyze, syntakticka analyzy — parser, generovani mezikodu a jednotlivé optimalizace)
® assembler
® linker,
® Pfiinstalaci:
® reoptimalizace
® prelinking
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® Open-source prekladace: GCC, LLVM, Open64
® Just in time pfekladace: (SpiderMonkey, V8)
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® assembler
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® dynamicky linker
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Opakovani Mezijazyky CFG Skalarni optimalizace
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Minulé pfednasky

® Open-source prekladace: GCC, LLVM, Open64

¢ Just in time pfekladace: (SpiderMonkey, V8)
e Zakladni organizace prekladu:
® P¥i prekladu:
® preprocesor
® preklada¢ (lexikani analyze, syntaktickd analyzy — parser, generovani mezikédu a jednotlivé optimalizace)

® assembler
® linker,

® Pfiinstalaci:
® reoptimalizace
® prelinking
® Pfi béhu:
® dynamicky linker
® JIT pfekladac
e Zakladni vlastnosti mezijazyka
® tabulka symbolﬂé/

typy

intrukce/statementy — aritmetika
prace s paméti

fizeni toku





gcc —fdump-tree-all vypiSe GIMPLE po jednotlivych prdchodech
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GIMPLE — high-level mezijazyk GCC
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Skalarni optimalizace
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gcc —-fdump-tree-all vypiSe GIMPLE po jednotlivych priichodech
C:
int fact (int a)
{
int ret iLg
for (;a>1l;a--)

ret *= a;

return ret;
}
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GIMPLE — high-level mezijazyk GCC

gcc —-fdump-tree-all vypiSe GIMPLE po jednotlivych priichodech

C: GIMPLE:

int fact (int a) facr (20

{ int D.1918;
int ret;

int ret = 1; = mm e :4'@/6#[’1 LT

-a>1:a—— Goto <D.1915>;
for (ja>l;a )\—") <D.1914>:

ret *= a; ret = ret * a;
a=a+ -1;
return ret; <D.1915>:
if (a > 1) goto <D.1914>; else goto <D.1916>;
} <D.1916>: G

D.1918 = ret;
return D.1918;
}
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RTL — low level mezijazyk GCC
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gcc —fdump-rtl-all-slim vypiSe RTL po jednotlivych prdchodech (v Gsporné syntaxi)

C: smed IME

p"‘»‘%’hk,a

P F
&2 P :
int fact (int a) /Mm —‘36 ':gs NSN_BASIC_BLOCK 2

{

int ret
for (;a>1; a——)
ret *=

return ret;

eéf'
s
PoDM/VEA

L4

LAsopess

24:

4: r82:8I=0x1
[sE
175
1Ly
14:
16:
17:
Sfile
f.> 30: NOTE_INSN BASIC BLOCK 5
5:

225]

25:

[2SE]

T83: sr—rgés'l\ HWO”

3 NOTE_INSN_FUNCTION_BEG 24
{élags :CCGC=cmp

I, 0x1)
{ (£lags:CCGC<=0) ?L31: gcv)
NOTE_INSN_BASIC_BLOCK 3

vos CW

NOTE_INSN_BASIC_BLOCK 4
{r82:8I=r82:8I%r83:8I;clobber flags:CC;}
{r83:8I=r83:SI-0x1; clobber vce; )
flags:CCZ=cmp (r83:8I, 0x1)

pe={ (flags:CCz!=0) ?L15:pc}

L31: ‘Q!';ék.

r82:8I=0x1

L22:
NOTE_INSN_BASIC_BLOCK 6
ax:SI=r82:SI

REG_DEAD r22:SI

use ax:SI
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RTL — low level mezijazyk GCC

Na konci kompilace je téméF 1:1 souvislost mezi instrukcema RTL a instrukcema assembleru.

Finalni RTL: assembler:
NOTE_INSN_BASIC_BLOCK 2 .file "bbs.c"
ax:ﬁ:m
107 flags:CCGC=cmp (di:SI, 0x1) .p2align 4
11: pe={(flags:CCGC<=0) ?L31:pc} .globl fact
15: L15: .type fact, @function
12: NOTE_INSN_ BASIC BLOCK 3 fact:

13: {ax:SI=ax:SIxdi:SI;clobber flags:CC;} .LFBO:
14: {di:SI=di:SI-0x1;clobber flags:CC;}
16: flags:CCZ=cmp (di:SI,0x1)

17: pe={ (£lags:CCZ!=0)?L15:pc}

39: NOTE_INSN_BASIC BLOCK 4

47: use ax:SI

40: simple_return

41: barrier

.cfi_startproc
movl $1, %eax #(4
mph’m{ cmpl  $1, %edi # 10
jle .14 # 11

.p2align 4,,10
.p2align 3

31: L31: - imull %edi, %eax # 13
30: NOTE_INSN_BASIC_BLOCK 5 subl $1, %edi # 14
24: use ax:SI T.Eco 1 $1, %edi # 16
45: simple return jne .L3 # 17
46: barrier 5/‘ 7¢lb’ ret # 40

.p2align 4,,10

\u\ .p2align 3

ret # 45
.cfi_endproc
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clang -mllvm -print-after-all vypiSe RTL po jednotlivych prichodech (v Gsporné syntaxi)

C: LLVM:

; ModuleID = 'bbs.c'

int fact (int a) souzcel:lenanel=Ninpafcl
target datalayout = "e-m:e-i64:64-£80:128-n8:16:32:64-S128"
{ target triple = "x86_64-unknown-linux-gnu"

; Function Attrs: nounwind uwtable

int ret = 1;
for (:a>l:a—— P define dso_local i32 @fact(i32) #0 {
© (Ga ja=-) br label %2 -

ret *= a; ————

; preds
return ret; P = phi i32 [ %0, %1 1, [ %8, %6 ]
Poz.ior>r = phi i32 [ 1, %1 1, [ %7, %6 ]
} - acwp sq 132 %3, 1
il %5, label %6, label %9
\_/ ; preds
= mul nsw i32 %4, %3
= add nsw i32 %3, -1
label %2
SE] ; preds
ret i32 %4
}
a

%6, %1

%2

%2

N)
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LLVM

clang -mllvm —-print-after-all vypiSe RTL po jednotlivych prichodech (v Usporné syntaxi)

LLVM IR:

Function Live Ins:

bb.0 (%ir-block.1):
successors: %bb.1(0x40000000), %bb.3(0x40000000); %bb.1(50.00%), %bb.3(50.00%)
liveins: di
%5:gr32 = COPY [fledi
%6:gr32 = MOV32ri 1
CMP32ri8 %5:gr32, 2, implicit-def E]eflaqs
Jcc_1 %bb.3, 12, implicit eflags_ -
JMP_1 %bb.1

bb.1 (%ir-block.3):
; predecessors: %bb.0
successors: %bb.2(0x80000000); %bb.2(100.00%)

%8:gr32 = MOV32ri 1

bb.2 (%ir-block.4):
; predecessors: %bb.1, %bb.2
successors: $bb.2(0x7¢000000), %bb.3(0x04000000); %bb.2(96.88%), %bb.3(3.12%)

%0:gr32 = PHI %8:gr32, %bb.1, %2:gr32, %bb.2
%1:gr32 = PHI %5:gr32, %bb.1, %3:gr32, %bb.2
%2:gr32 = nsw IMUL32rr %0:gr32(tied-def 0), %1:gr32, implicit-def dead [sfeflags

%3:gr32 = nsw ADD32ri8 %1:gr32(tied-def 0), -1, implicit-def dead [Sleflags
CMP32ri8 %3:gr32, 1, implicit-def [sfeflags
Jcc 1 %bb.2, 15, implicit [Sleflags










Basic block je sekvence instrukci, kieré se,vzdy provedou za sebou’
P ———— 7]

fact (int a)

int D.1918;

Haxtagie,

ret = 1; & 4 LAML
goto <n.1915;;\_—//
AD-1214>: 4

l ret = ret ¥ a;

a=a+ -1;
<D.1915>: w g
if (a > 1) goto <D.1914>; else goto <D.1916>;
<D.1916>:

}% D.1918 = ret;
return D.1918;

}

bp
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Basic block je sekvence instrukci, které se vzdy provedou za seb

(ll_.lj Control flow graphE (CFQG) je
orientovany graf kde: &

© Vrcholy jsou basic bloky a dva speciélni vrcholy: Entry a Exit.
® Hrany jsou mozné pfechody fizeni mezi basic bloky.

fact (int a) zx/_r%-/

int D.1918;
Kﬁmr"—/
ret = 1;
goto <D.1915>;
<D.1914>:
ret = ret * a;
a=a+ -1;
<D.1915>:
if (a > 1) goto <D.1914>; else goto <D.1916>;
<D.1916>:
D.1918 = ret;
return D.1918;
}

“Ex 1
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Basic block je sekvence instrukci, které se vzdy provedou za sebou Control flow graphs (CFG) je
orientovany graf kde:

© Vrcholy jsou basic bloky a dva speciélni vrcholy: Entry a Exit.
® Hrany jsou mozné pfechody fizeni mezi basic bloky.

fact (int a) gce -02 -fdump-tree-all-graph bbs.c

dot bbs.c.012t.cfg.dot —Tpdf >cfg.pdf
int D.1918; -~
int ret;
ret = 1;
goto <D.1915>;
<D.1914>:

ret = ret * a;

a=a+ -1;

<D.1915>:

if (a > 1) goto <D.1914>; else goto <D.1916>;
<D.1916>:

D.1918 = ret;

return D.1918;
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Basic block je sekvence instrukci, které se vzdy provedou za sebou Control flow graphs (CFG) je
orientovany graf kde:

@ Vrcholy jsou basic bloky a dva specialni vrcholy: Entry a Exit.
® Hrany jsou mozné pfechody fizeni mezi basic bloky.

fact (int a)
{

gecc -02 -fdump-tree—all-graph bbs.c

dot bbs.c.012t.cfg.dot -Tpdf >cfg.pdf
int D.1918;

int ret; 0’6 ) z Dw .
;::o=<r1>;.1915> ; ?ﬂ;‘.r HR S+ oE
<D.1914>:

o\l
Bt VRCHLE
«h ¥ *2

ret = ret * a;
a=a+ -1;

<D.1915>: <bb 4>
if (a > 1) goto <D.1914>; else ! e
<D.1916>: = [EDIDERINY
D.1918 = ret; V‘ﬁﬁ“p‘/ Sttt ‘oo | [
return D.1918; ‘ cmg,/,p“)
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o Algebraické zjednodusovani
® Propagace konstant
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o Algebraické zjednodusovani
® Propagace konstant Co Lo ProP
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o Algebraické zjednodusovani
® Propagace konstant

e Eliminace spole¢nych podvyraz(
® Mazani mrtvého kédu
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Algebraické zjednodusovani
Propagace konstant

Eliminace spoleénych podvyrazu
Mazéni mrtvého kbdu /,‘_ A<t
Zjednoduseni CFG

)4 & D
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Algebraické zjednodusovani
Propagace konstant

Eliminace spoleénych podvyrazu
Mazani mrtvého kédu
Zjednoduseni CFG

“ copy ROV
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Algoritmus:

® Inicializuj prazdnou hash

Datova struktura: hash pfifazujici proménym zndmé konstantni hodnota
SUPER
® Pro kazdy basic’block

® Pro kazdou instrukci (statement):
Modifikace:Nahrad' pouzitych proménych konstantami z hashe
P Tookud fsou znmé)
a zjednodus vyrazy
o |m!a .daﬁﬁ
/7

(=] 7
)
: Vymaz z hashe v8echny proméné,
které instrukce modifikuje
Nastaveni: Uloz do hashe v8echny konstanty, g .
které instrukce uklada do proménych

Jcock
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