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Basic blok a dominuje basic blok b pokud na kazdé cesté z Entry do b je a.
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Basic blok a dominuje basic blok b pokud na kazdé cesté z Entry do b je a.
Pokud a dominuje b and b dominuje ¢ potom a dominuje c.
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Basic blok a dominuje basic blok b pokud na kazdé cesté z Entry do b je a.
Pokud a dominuje b and b dominuje ¢ potom a dominuje c.
Dusledek: dominance je ¢aste¢né usporadani.
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Basic blok a dominuje basic blok b pokud na kazdé cesté z Entry do b je a.

Pokud a dominuje b and b dominuje ¢ potom a dominuje c.

Dusledek: dominance je ¢aste¢né usporadani.

Pokud ai b dominuji ¢, potom a dominuje b nebo b dominuje a
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Basic blok a dominuje basic blok b pokud na kazdé cesté z Entry do b je a.
Pokud a dominuje b and b dominuje ¢ potom a dominuje c.
Dusledek: dominance je ¢aste¢né usporadani.
Pokud ai b dominuji ¢, potom a dominuje b nebo b dominuje a
Dasledek: dominance tvofi strom zakofenény v Entry.
Dusledek: dominance méa kompaktni stromovou reprezentaci pomoci preorderu a postorderu.
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Dominance dataflow
Dom(Entry) = {Entry}
Dom(b) = (

U Dom(P)) U b)
peEpreds(b)
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Dom(Entry) = {Entry}
Dom(b) = J Dom(p) | U{b}
pEpreds(b)
Pocet prichodu v reverse postorder: d(CFG) + 3.
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Pozorovani
Pro b #Entry plati
Dom(b) = {b} U IDom(b) U IDom(IDom(b)) U - - - U {Entry}
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Pro b #Entry plati

Dom(b) = {b} U IDom(b) U IDom(IDom(b)) U - - - U {Entry}
for all nodes, b /* initialize the dominators array */
doms(b] — Undefined
doms|start_node] — start_node
Changed « true
while (Changed)
Changed — false

for all nodes, b, in reverse postorder (except start_node)
new_idom — first (processed) predecessor of b /* (pick one) */
for all other predecessors, p, of b

if doms[p] # Undefined /* i.e., if doms[p] already calculated */

new_idom «— intersect(p, new_idom)
if doms[b] # new_idom

doms[b] — new_idom
Changed — true
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Pro b #Entry plati

for all nodes, b /* initialize the dominators array */
doms(b] — Undefined

doms|start_node] — start_node

Changed « true

while (Changed)
Changed — false

for all nodes, b, in reverse postorder (except start_node)

new_idom — first (processed) predecessor of b /* (pick one) */
for all other predecessors, p, of b

if doms[p] # Undefined /* i.e., if doms[p] already calculated */
new_idom «— intersect(p, new_idom)
if doms[b] # new_idom

doms[b] — new_idom

Changed — true

Dom(b) = {b} U IDom(b) U IDom(IDom(b)) U - - - U {Entry}

function intersect(b1, b2) returns node
fingerl — b1

finger2 « b2
while (fingerl # finger2)
while (fingerl < finger2)

fingerl = doms|[fingerl]
while (finger2 < fingerl)

finger2 = doms|[finger2]
return fingerl
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Pro b #Entry plati

Dom(b) = {b} U IDom(b) U IDom(IDom(b)) U - - - U {Entry}
for all nodes, b /* initialize the dominators array */
doms(b] — Undefined

doms|start_node] — start_node
Changed « true

while (Changed)
Changed — false

for all nodes, b, in reverse postorder (except start_node)

function intersect(b1, b2) returns node
new_idom — first (processed) predecessor of b /* (pick one) */ ;jgg:g : g;
for all other predecessors, p, of b while (fingerl # finger2)
if doms[p] # Undefined /* i.e., if doms[p] already calculated */ while (fingerl < finger2)
new_idom «— intersect(p, new_idom)
if doms[b] # new_idom
doms[b] — new_idom

fingerl = doms|finger1]
Changed — true

while (finger2 < fingerl)
finger2 = doms|[finger2]
return fingerl
Casova slozitost na iteraci: O(N + E x D) kde D je nejvétsi mnozina.
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Dominance

Single static assignment
ooe

00000000000

LepSi datové struktury (Cooper, Harvey, Kennedy 2001)

Pozorovani
Pro b #Entry plati

Dom(b) = {b} U IDom(b) U IDom(IDom(b)) U -- - U {Entry}

for all nodes, b /* initialize the dominators array */
doms[b] — Undefined
doms|[start_node] « start_node
Changed « true
while (Changed)
Changed « false
for all nodes, b, in reverse postorder (except start_node)
new_idom — first (processed) predecessor of b /* (pick one) */
for all other predecessors, p, of b
if doms[p] # Undefined /* i.e., if doms[p] already calculated */
new_idom « intersect(p, new_idom) fingerl = doms[fingerl]
if doms({b] # new_idom while (finger2 < fingerl)
doms[b] — new_idom finger2 = doms|[finger2]
Changed — true return fingerl

Casova slozitost na iteraci: O(N + E x D) kde D je nejvétsi mnozina.

Lengauer-Tarjan: prakticky algoritmus zalozeny na union find bézici v ase O(E log N).

function intersect(b1, b2) returns node
fingerl « bl
finger2 « b2
while (fingerl # finger2)
while (fingerl < finger2)



Program je v SSA formé pokud kazda proménna je pfitazena pravé jednou.
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Program je v SSA formé pokud kazda proménna je pfitazena pravé jednou.
Pokud nechceme pouzivat nedefinované proménné, kazda definice musi dominovat pouziti.

Operace ¢ se pouziva jen na zacatku basic bloku. Ma tolik parametr( kolik je vstupnich hran CFG.
Hodnota operace ¢ je parametr odpovidajici hrané po které program do basic bloku pfisel.
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Dominance Single static assignment
000 0O@000000000

Efektivni konstrukce SSA

Konstrukce SSA (Cytron, Ferrante, Rosen, Wegman, and Zadeck)
Pfevod do SSA formy:

© Rozmisténi ¢ operaci

® Prejmenovani proménnych na SSA jména




DF(a) = {b|(3p € Preds(b)(a dom p and —a sdom b)}
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DF(a) = {b|(3p € Preds(b)(a dom p and —a sdom b)}
Rozdélime DF(a) na DFjocai(a@) a DFyp(a):

DF(a) = DFjocal(@) U U DFy(s)

sesons(a)
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DF(a) = {b|(3p € Preds(b)(a dom p and —a sdom b)}
Rozdélime DF(a) na DFjocai(a@) a DFyp(a):

DF(a) = DFjocal(@) U U DFy(s)

sesons(a)

DFioca(2) = {b € succs(a)|—a dom b}
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DF(a) = {b|(3p € Preds(b)(a dom p and —a sdom b)}
Rozdélime DF(a) na DFjocai(a@) a DFyp(a):

DF(a) = DFjocal(@) U U DFy(s)

sesons(a)

DFioca(2) = {b € succs(a)|—a dom b}

DFup(c) = {d € DF(c)|—~idom(c) dom d}
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Cesty p: xo,X1,...X;2q: Yo, V1, - .. ¥k konverguji v bloku z pokud

Xo # Yo
Zi=Y=2
(X =y = (' = jnebo k' = k)
Pro danou mnozinu S basic bloku join set J(S) je mnozina v8ech basic bloku b takovych Ze existuji
dveé cesty se zacatky v S konvergujici v b.
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Cesty p: xo,X1,...X;2q: Yo, V1, - .. ¥k konverguji v bloku z pokud

Xo # Yo
Zj=Yxk=2
(X =y = (' = jnebo k' = k)

Pro danou mnozinu S basic bloku join set J(S) je mnozina v8ech basic bloku b takovych Ze existuji
dveé cesty se zacatky v S konvergujici v b.

Ji = J(S)
Jipr =J(SUJ)
J*(S) je sjednoceni posloupnosti Ji, Js, . . ..

<O 4@r <

iy
v
a
i

DA



DF; = DF(S)
DF,1 = DF(S UDF))
DF*(S) je sjednoceni posloupnosti DF¢, DF, . . ..
J*(S) = DF*(S)
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