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2.1 ZERIRE
EHREENEF PO X ROMR, BAEFRATE AJRERITRE EXAT :
Definition (Control-Flow Graph)

.

Formally, a control-flow graph G = (N, E) is:

@ A set of nodes N, one for each program statement

@ A set of edges E C Nx N, such that x — y iff statement y may
execute directly after statement x

@ There is a unique entry node and a unique exit node

B2 112 E
EHRENT RRIETES, MAZBRBRNEDARITREIEBEERTIE®B, 1
EHREAAERE—WAOMNED, XRUEMEDI T REHIRE, SRR
ME—MUEAR R (basic block) hEAT =, BPMEARIBFETRED EBEARAGE
ME—RA LA,
2.2 DominatorfllPost-dominator
FEREFENRE A, Dominatorfiil 15 /= 2 B T SEFR TP RIIAE X R WNRAZEBH
Dominator, HALEKEMER AORTEBHERBERU—EZTA, FRADom B, EX
(I

The dominator relation DoM € Nx N:

@ x DOM y & every path from entry to y must pass through x

o reflexive, transitive, anti-symmetric

&]2.2 Dominance ¥ R E X
Dominance * 2EH H KR (x Dom x). fZi#(x Domy H y Dom z, HBx Dom z)F1 & xR (x
Dom yAREkkz&y Dom x)E 4 F. MEXx Dom yHx!l=y, BBLIxRyHstrict dominator,
H—F 0, WMRxZEyHIstrict dominator(ic Dom!), 7B IHMERBRXLANRIyRIER
dominator w, Bw Dom x, AL Frs@yMlimmediate dominator(ic 7IDom), E¥M L,
immediate dominatorFi@dominance x &% L &iIFH—1, Post-Dominatorf1Dominator
EXER, ERx PDomy, HBAEEMyEIREREHONBRREBARLT X,



Z£dominator Xk RN —EREFEMMTRENE. W NUNEENDHRICEDESEINER
BN ZTENFERACE, XEELELERFTRNEEE— MockEBXS RZunlock,
R#EDominator X R ERE X, EE—1 T REBAME—immediate dominator, 1R
FIREREEROLME H{EEBimmediate dominatorifl, FiSZE—Hidominatorf,
LTEREFIRAE, REREHEHdominatordy, BLEEREIT REMFTEdominatorx k. THE
2.3%5 1 T —Lingot2 LUK X RZ 9 dominator# -
Program

'if (x < 0) then {

’while (y > 0) do { ®y := y-1 ; “x := z+1 }
> else { "x :=y }

Dominator Tree
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&|2.3 dominator#Z&l
B TRNEE, AEEHRE, WAREREIFTIAdominator % %, E2.42—MERKER
BE:
Dominator algorithm

DOM(entry) = {entry}
for n € N\{entry} do pom(n) = N

repeat
for n € N\{entry} do

poM(n) = {n} U (M pepred(n) POM(P))
until solution doesn’t change
&l2.4 dominator X SRR R EE
B AR, entryT RiUdominatorEE & ¥R IE A— T TTR(entryB &), FRBEHMT R/
SEVIBREABRIN T RS, BT RHEAEREE BREARZEEMNTR, HZPRFAE




IR SR RE, BOENIEETBERLT A IEEITRBEHIIDom X RiRNI#EK), X
PMEERR OBV RNTEIRF, EBEXEETTRENEEX R SETEIRFTE
“Ndominator X RKAERIEREE X BE,

ZIRE2SRREMRFBHIIE

Ordering a Graph

unmark all nodes ; DFS(entry)

define DFS(node n) {
mark n visited
pre-order: number n here

foreach edge (a,b) do {
if b is not visited then DFS(b)

}

post-order: number n here

K2.5 DFSEEFNEFMNERFHS
BHEEPNTAAFRERS, ALERMEARNAR | £ (pre-order)fl/5 % (post-
order), EXM £, Zirdominatorx RNIZEKALRF, RABIET R NIZR AT RESTIE,
EXTFERIENZEFHRRDIEREELRER. BEEXAERFEREM, NEAT
R, BT R R BT AR IRZT R BUNREERFEIIT K (reverse post-order),
MEEBREET REERHT S E, reverse post-order <[ Fpre-order, EZH
AT IS E B[]0
Dominance TreeME it E A EWE2.6FiR. HEERERTE2.4—H, FEZR/L
RS, BEMBER, NAOTRANTRAAENHRICAIT ReEmENHKLZE
(undefined), HAERIEFRBEIEERBHFTE T REHdominance X%k, NFAET R
(AOF A LELIE)F Areverse postorderskIiFALIE, EENRLET =b, BHILIE
BE— MBI (processed)IATIR, FTiBAMIEL HLEdoms[b]l ~EEUndefined R SHIT
R, X—REBEE BNERRNEEAIRELEART ETRUNESEHFAELEINRIRS
Hb#immediate dominator, X—# @idintersect(b1,b2)SEH]
intersect() X EF N Z EE TR KRG (post orden T m4m=, BirEkEb1flb2REMNA
HEIRY 2w S, NEM D whilef&E L Rreverse postorderfyiiiF ik Elreverse
postorder4g 5 /)\ (Blpostorderfg = K) HAHT R, B2 6MEEAF N T AIKEIHME—
Himmediate dominator, FFEXE(EE SRR MA—Hdominance tree,



E2.4712.6 W EEE B M A O T = (entry node) i & #iEdominator X RES, —HTRH
SREATHERBIREMAO AR, HXRNEEZERATABGEABMALO TR
WA BERETERX)Ndominance X %o X m Xk RAK, HHIAT—KE XFEFRK
BRAIE, NEARRGEERERK,
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

function intersect(bl, b2) returns node
fingerl — bl
finger2 — b2
while (fingerl # finger2)
while (fingerl < finger2)
fingerl = doms|[fingerl]
while (finger2 < fingerl)
finger2 = doms[finger2]
return fingerl
&12.6 Dominance Tree& %

2.3 FEmHIKH:
PRI LRI, (B RENAERE X FEREIENAT, EXME2.7

FfT 7o



Definition (Control Dependence)

y is control-dependent on x &

@ dpath P fromxtoy
@ VYne€ P.n# x = y PDOM n

e —(y pDOM! x)

A

B 2. 74 IR BRI TE X
X T RyHx 2 BEEEFKBREEHE =1 &M E— M REREE—FZxEyRIH
TIREP | BN FHH—FTERxEy 2 BIRBEEMIEGNIER, S <XNBEPLNER
Tan, nBHONEERRELE—F&dy, BREHyEnfIpost dominator, 2 =1&H
FRky—E A =xfstrict post dominator, B _EFE R EXFy 2 [8—E B — S mie 1l
BR, #HMERRT MxElyz A —EXE B REEIE Mt rERE, FIUE2.8FTRIIE
FH, i5a5EHEIEEsTiEm4, EiEm6fiEm4 8 %A BEENZEHIKE X R, KR4
6EZENIBERSR—&IEHIEN, B5—AMH, 1E06,7, 88Tk TiEm5 E07
PDOM! 15516, 3&EHR8 PDOM! IEAI7,

Program
linput z; Is node 6 control-dependent on
° 1= 2; node 47
3y := X+3;

“if (z < y) then {
Swhile (z < w) do {

°x = y; NO (see the formal definition).
Ty := x+3; Node 4 doesn't strictly control
Sw = y-x the execution of node 6, node 5
} does. But we can say that node 6
} else { is transitively control-dependent
oy = x; on node 4, since 6 depends on 5
0y = x-y which depends on 4.

&12.8 Rl 6l



2.4 BRI EE F &

EHEIRDTH A — T AR RNUER. XEHREH#HITREMSTERN (DFS)EREI—1 4
BR, AR forward edge. HAMEBE ML | cross edgefllbackward edge.
backward edgezR R ZEHE R EFETEIN. [O@ENFEX 7 cross edgeflbackward
edge, THELE2.9FHER AHIKIRA,

RHEREDAKTIRE, BAMEASEIEAIMNILLIREIASEY, MA[EIA (backward
edge). EAIGRISHIIFEA7EIBNAIE —K, XMFHRE—KAIRELHINEDFSEHE
B, FTH—RKMER XA (cross edge). RIFE—FMAZIBIIL, ¥IMEZERNXiN
HERENMAER - NREERMFTUMBERXA, BAZIBZRLNS TR X,

Program
Iy .= 6;
2y 1= x/2;
‘while (y > 0) do {
“if (y < x) then {
°x := x/y;
6y i= y=1
} else {
7skip
};
: = x-1
}
4
&2.9 TEERZEH]

ME—1AE, EHREPNEIRAR AR T BHr— 3Ri%EEF & (Strong
connected component), B F8E R FRNICEE LR TarjanE A, WE2.10F1X
TarjanBEZREEXNE TR EREMR BRI AR, EEOMN+mBEZRE, HAnzg
BEE, mENAKEEEPENEFNTRNKIEE). preordertZ Rt Foi& [ BN X
THEERS, norderRRTRANBENHS, nrootRRNFIEBIMET mRS, BEiRLW
BICT RATERNR AT RE NGRS, BT REENFLENFESETR, REEHN
MRT Rdes, FRRETARFEMRNSED AEIHEET /(%= ietbn/HNED, X
— S FRERIRRIEEE TR, BIINETFESET RE BEMNEETRNET



REHZFRNAETR SHd—TTR EZTRMER, XEMREMTRRD
BEEMAE—TREBFEF, BIRREENZ N FRRXHER.
TE— Y LT - YERFHAaHzEBFRNETRE, SEFERFEINTAN
rootiF (BNt FEFPENT SIEAFHR), WRER2.107, repeat/untilfEERAIZIN—
MERFTREAEM | vroot = n.order, XHFHRREBRTFESE N KirootiBIEAEE
FRNERT R, SUEFEEREBRMINEIERE G,

X FTarjanEERENFELATIESEXHEP], X TiXEENIRATIESEARE I
PETFClanglLMSE RIL,

Tarjan's Algorithm (notice the embedding of DFS)

unmark all nodes ; preorder := 0 ; stack := empty
Tarjan(entry)

define Tarjan(node n) {
mark n visited
n.root := n.order := preorder ; preorder++ ; stack.push(n)

foreach edge (n,v) do
if v is not visited then Tarjan(v)
n.root := min(n.root, v.root)

if n.root = n.order then // n is an SCC root
repeat // identify SCC nodes
v := stack.pop()
delete v from graph
until v=n

E]2.10 1 0538%E 8 F BN Tarjan &%
2.5 BATEIRFI AL i ST =
B &R (natural loops)file R B E— ALONEIR. MPTBRBEHRELTEAER, B4
BRE, NTEEgotoiZARIES, FIEMNEREBEERTENR. —RIEMIEEESZS T EE
RMERAL, @it gotoid A EREBkE: Bl — MEERITEIRMEH,
NR—MEFIRECET A TTIMT2AM L E A — T R, WFNZZEHELREZ 0]
{b &8 (reducible) :
A T NMRFTRnEE—NEIR, BOENERREHFA—TTA



B. T2 IR T REFEZIEENN, LI ZBMER.
RBREFREHRETSZTAER, NEEREFRNZEGRE, SENEFRERTIEERE
MR ILE R LB, B—EREFATEERXNP{CEREFIREE R,

SEHR
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