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§  Idea:		an	expression	E	is	very	busy	at	Point	P	if	no	maFer	
what	path	is	taken	from	P,	the	expression	E	is	evaluated	
before	any	of	its	operands	are	defined.	
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§  Idea:		an	expression	E	is	very	busy	at	Point	P	if	no	maFer	
what	path	is	taken	from	P,	the	expression	E	is	evaluated	
before	any	of	its	operands	are	defined.	

§  An	expression	a+b	is	very	busy	at	a	point	P	if	a+b	is	
evaluated	on	all	paths	from	P	to	EXIT	and	there	is	no	
definiOon	of	a	or	b	on	a	path	between	P	and	an	evaluaOon	
of	a+b 
§  Interested	in	set	of	expressions	available	at	the	start	of	a	basic	block	B	
§  Set	depends	on	paths	that	start	at	Pbefore_B	
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Examples	
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Examples	
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Very	busy	expressions	

§  An	expression	E	can	be	very	busy	at	many	points	P1,	P2,	P3,		
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Examples	
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Very	busy	expressions	

§  An	expression	E	can	be	very	busy	at	many	points	P1,	P2,	P3,	…	

§  Consider	the	point	Pi	that	is	not	dominated	by	any	other	Pj	
as	the	target	point	for	hoisOng	expression	E	
§  IntuiEvely	gives	you	the	“closest”	point	P	
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Examples	
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a =  
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Examples	
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a + b	very	busy	at	P?	

§  Path	from	P	to	E	such	that	operand	(a)	is	modified	
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Very	busy	≠	hoistable	

§  Need	addiOonal	condiOons	that	must	be	met	if	you	want	to	
hoist	a	very	busy	expression	
§  Same	definiEons	reach	P	that	reach	occurrences	of	E	that	are	hoisted	

§  No	definiEon	of	an	operand	along	any	path	from	P	to	E	
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Data	flow	vs.	opOmizaOon	

§  Data	flow	collects	program	properOes	

§  OpOmizaOons	transform	program	

§  Example	
§  Assignment	statement		x = expression	in	a	loop	
§  expression	always	evaluates	to	the	same	value	

§  QuesEon:	can	we	hoist	the	assignment	statement	out	of	the	loop?	
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while (…)  { 

 …  

 x = expr; 

 … 

} 

 

x = expr; 

while (…)  { 

 … 

} 
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§  Maybe	the	loop	is	never	executed	
§  x	has	different	value	

§  Maybe	x	is	never	read	outside	the	loop	
§  Don’t	care	about	about	value	of	x	but	may	lengthen	execuEon	

§  Maybe	x	is	read	in	loop	prior	to	assignment	

§  Maybe	assignment	is	in	a	condiOonal	statement	
while (…)  { 

   … 

   if (…) {x = expr; } 

 … 

} 
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§  O`en	cheaper	to	prune	expressions	from	list	of	very	busy	
expressions	than	to	make	global	data	flow	analysis	
complicated	
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Finding	IN(B)	and	OUT(B)	

§  N	basic	blocks,	2×N	sets	IN	/	OUT	
§  System	with	2×N	unknowns	

§  Solve	by	iteraEng	unEl	a	fixed	point	is	found	

§  How	to	start	iteraOon?	
Safe	assumpEon	IN[EXIT]	=	∅	
Nothing	is	very	busy	at	the	end	

§  IN(B)	=	U	
§  U 	set	of	all	expressions	in	program	
§  For	all	B	≠	EXIT	
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CompuOng	very	busy	expressions	

IN[EXIT]	=	∅	
IniEalize	IN[B]	=	U	for	∀	B	≠	EXIT	
	
while	(changes	to	any	IN(B))	{	
						for	(each	basic	block	B		≠	EXIT)	{	
	 						OUT(B)	=	∩	Bi,	Bi	is	successor	of	B	in	CFG	IN(Bi)	

	 									IN(B)	=	genB	∪	(OUT(B)	–	killB)		
							}	
}	
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Greek	

§  αααααβδερργλλλµµµννννωωω	
§  ⦁ 

§  ⟙	
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∩	



21	


