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Alias analyza je orakulum zodpovidajici otazku, jestli dva pfistupy do paméti mohou pfistupovat na
stejna data.
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Alias analyza je orakulum zodpovidajici otazku, jestli dva pfistupy do paméti mohou pfistupovat na
stejna data.

Pouzivéa se napfiklad pfi value numberingu, mazani mrtvého kédu, schedulingu, otimalizaci prace s
paméti (store sinking and merging, load hoisting), optimalizaci smy¢ek (vektorizaci, transformaci
vnotenych smycek atd.)
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Alias analyza je orakulum zodpovidajici otazku, jestli dva pfistupy do paméti mohou pristupovat na
stejna data.

Pouziva se napfiklad pfi value numberingu, mazani mrtvého kodu, schedulingu, otimalizaci prace s
paméti (store sinking and merging, load hoisting), optimalizaci smy¢ek (vektorizaci, transformaci
vnofrenych smycek atd.)

Typy zavoslosti

© True dependence
® Anti dependence
©® Output dependence
@ Input dependence

Zavislosti si mGzeme predstavovat jako DAG, ktery ovSem neni tranzitivni. (Tedy se na néj Uplné
nehodi SSA forma. O riznych formach memory SSA existuje mnoho publikaci, ale v praxi jsme
nenalezli Zzadnou dobre funguijici.)



Basesoffsetssizeoracle
Kazdy pfistup do paméti se rozdéli na
@ Base pointer
® Offset
® Min size
O max size

Pokud dva pfistupy maji stejny base, Ize snadno otestovat jestli se dva pfistupy protinaji.
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pfi zapisu a Cteni Ize provadét pouze “kompatibilnim typem”

V memory modelu ANSI-C (a modernéjsich jazyk(l) maji data ulozené v paméti typy. Ty se pridéluji
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setd, ze kterych je zkonstruovan

Kazdy (kanonicky) typ ma pfidéleny alias set. Ke kazdému typu se pak uréi mnozina vSech alias
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struct C {struct C c};

struct A {struct B b} =xa;
a->b->c
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Poinst-to mnozina ukazatele obsahuje vSechny pamétové lokace na které muze ukazovat

Implementovani ve dvou fazich.
1. sbirani podminek (address-of, copy, assign, dereference),
2. propagace.
int main (void)
{
struct { int *fl; }x, =*z;
int y[70], w;

zZ = &X; /*x [(z,%x,D)] */
(*z) .f1 = &w; /> [(<x.fl>,w,D), (z,x,D)]
x.fl1 = &y[0]; /» [(<x.fl>,y,P), (z,x,D)]

*/
*/
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® |ntraproceduralni / interproceduralni
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® |ntraproceduralni / interproceduralni

® Reprezentace (Andresen / Steensgaard)
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Intraproceduralni / interproceduralni

Reprezentace (Andresen / Steensgaard)
Field sensitivita

Flow sensitivita
Kontextova sensitivita
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Intraproceduralni / interproceduralni
Reprezentace (Andresen / Steensgaard)
Field sensitivita

Flow sensitivita

Kontextova sensitivita

Sbirani may a must informace
Modelovani hlady
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Statistiky z LTO-optimalizace gcc:

Al

ias oracle query stats:
refs_may_alias_p: 39 227 004 disambiguations, 47 344 870 queries
ref_maybe_used_by_call _p: 57 815 disambiguations, 39 808 081 queries
call_may_clobber_ref_p: 5 511 disambiguations, 8 287 queries
aliasing_component_ref p: 90 654 disambiguations, 269 895 queries
TBAA oracle: 11 130 153 disambiguations 34 368 560 queries

14 199 938 are in alias set O

5 193 428 queries asked about the same object

147 queries asked about the same alias set

0 access volatile

1 665 979 are dependent in the DAG

2 178 915 are aritificially in conflict with void =*

PTA query stats:

pt_solution_includes: 464 074 disambiguations, 7 105 649 queries
pt_solutions_intersect: 355 139 disambiguations, 6 952 492 queries

Profile
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© BB profile
® Edge profile
@® Path profile
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© BB profile

@ Edge profile
© Path profile
@ Value profile
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@ Odhadnuti pravdépodobnosti hran pomoci heuristik (Ball, Larus: Branch prediction for free

® Slouceni nasobnych heuristik podle first match nebo Dempster-Shafer theory: ip +(1"_‘
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Static profile estimation

©@ Odhadnuti pravdépodobnosti hran pomoci heuristik (Ball, Larus: Branch prediction for free
1993)
o . - . i . o1

® Slouceni nasobnych heuristik podle first match nebo Dempster-Shafer theory: ST~ =P)

® Propagace profilu (Wu, Larus: Static Branch Frequency and Program Profile Analysis)
Heuristiky:

© Loop: Smycky se to€i (a pokud vim kolikrat o to lIépe)

® Continue: SmyCky uzaviené pomoci continue mivaji mensi pocet iteraci nez ostatni
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Static profile estimation

©@ Odhadnuti pravdépodobnosti hran pomoci heuristik (Ball, Larus: Branch prediction for free
1993)

® Slouceni nasobnych heuristik podle first match nebo Dempster-Shafer theory: m

@ Propagace profilu (Wu, Larus: Static Branch Frequency and Program Profile Analysis)
Heuristiky:

© Loop: Smycky se to€i (a pokud vim kolikrat o to lIépe)

® Continue: SmyCky uzaviené pomoci continue mivaji mensi pocet iteraci nez ostatni

® Pointer: Ukazatele nebyvaji NULL

@ Opcode positive: Hodnoty jsou vétsSinou kladné

® Opcode nonequal: Hodnoty jsou vétsinou rdzné

@ loop header: Duplikované hlavicky smycéek jsou vétSinou true

@ loop header: Duplikované hlavicky smycek jsou vétSinou true

® goto: podminky rozhodujici o provedeni goto jsou vétsinou false

© return: Zaporné hodnoty jsou asto chybové stavy. NULL se vétSinou nevraci. Konstatni
navratové hodnoty jsou méné Casté nez nekonstatni



HEURISTICS

combined

DS theory

call

first match

no prediction

loop branch

opcode values positive
opcode values nonequal
loop header

loop exit

pointer

early return

goto

nil return

continue

negative return

const return

loop iterations
noreturn call

BRANCHES
12643
8101
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HITRATE

74.78%/ 92.
80.11%/ 94.
82.65%/ 96.
.29%
56.89%/ 91.
88.11%/ 89.
88.34%/ 89.
66.94%/ 90.
79.77%/ 93.
67.56%/ 91.
93.06%/ 98.
90.55%/ 94.
.22%
96.44%/ 99.

9.38%/ 90.
99.97%/ 99.
80.19%/ 93.
98.60%/ 98.
100.00%/100.

82.45%/ 90

79.02%/ 94

52%
05%
30%

95%
99%
09%
08%
88%
09%
11%
79%

63%
67%
99%
11%
60%
00%

COVERAGE (REL)
7203748247 100.0%
3453275146 47.9%
2130740141 29.6%
1904508787 26.4%
1845964314 25.6%
1379795296 19.1%

304001983 4.2%
811368857 11.3%
410490743 5.7%
524736878 7.3%
587903278 8.2%
33862048 0.5%
19885611 0.3%
37988786 0.5%
17406599 0.2%
6983805 0.1%
6485456 0.1%
12201 0.0%

9 0.0%
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Static profile estimation (SPEC2006)

HEURISTICS BRANCHES (REL) HITRATE COVERAGE COVERAGE (REL)
combined 53398 100.0% 70.31% / 80.36% 989164856862 989.16G 100.0%
first match 16607 31.1% 78.00% / 78.42% 702435244516  702.44G  71.0%
loop iterations 2689 5.0% 67.99% / 67.99% 408309517405 408.31G 41.3%
loop exit 9909 18.6% 91.80% / 92.81% 282927773783 282.93G 28.6%
DS theory 26385 49.4% 68.62% / 85.44% 146974369890 146.97G 14.9%
no prediction 10406 19.5% 33.41% / 84.76% 139755242456 139.76G 14.1%
early return (on trees) 6328 11.9% 54.20% / 86.48% 33569991740 33.57G 3.4%
opcode values positive 4266 8.0% 64.30% / 91.28% 16931889792 16.93G 1.7%
opcode values nonequal 6600 12.4% 66.23% / 80.60% 71483051282 71.48G 7.2%
continue 507 0.9% 66.66% / 82.85% 10086808016 10.09G 1.0%
call 11351 21.3% 67.16% / 92.24% 34680666103 34.68G 3.5%
pointer (on trees) 6230 11.7% 69.59% / 87.18% 16667735314 16.67G 1.7%
null return 393 0.7% 91.47% / 93.08% 3268678197 3.27G 0.3%
guess loop iv compare 178 0.3% 97.81% / 97.85% 4375086453 4.38G 0.4%
negative return 277 0.5% 97.94% / 99.23% 1062119028 1.06G 0.1%
noreturn call 2372 4.4% 100.00% / 100.00% 8356562323 8.36G 0.8%
guessed loop iterations 112 0.2% 62.06% / 64.49% 958458522 958.46M 0.1%
const return 271 0.5% 69.39% / 87.09% 301566712 301.57M 0.0%
overflow 1282 2.4% 100.00% / 100.00% 175074177 175.07M 0.0%
zero—-sized array 677 1.3% 100.00% / 100.00% 112723803 112.72M 0.0%
unconditional Jjump 103 0.2% 100.00% / 100.00% 491001 491.00K 0.0%
fail alloc 595 1.1% 62.18% / 100.00% 595 595200 0.0%
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