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341: Compilers 

Lecture 30 



The Plan 

•  Today: 
–  Dataflow analysis 

•  Project 6: Simple opBmizaBons 
–  Due: Monday, November 17th at 11:59 pm 

•  Announcement: 
–  Class is cancelled next Friday, November 21st 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(Forward) Dataflow Analysis Framework 

A forward dataflow analysis can be characterized by: 
1.  A domain of dataflow values L   

–  e.g. L = the powerset of all variables 
–  Think of  ℓ�å L  as a property, then “x �å  ℓ”  

means “x has the property” 

2.  For each node n, a flow funcBon Fn : L → L 
–  So far we’ve seen Fn(ℓ) = gen[n] �ë  (ℓ ‐ kill[n]) 
–  So:  out[n] = Fn(in[n]) 
–  “If ℓ is a property that holds before the node n, 

 then Fn(ℓ) holds a_er n” 

3.  A combining operator ⨅ 
–  “If we know either ℓ1 or ℓ2 holds on entry 

 to node n, we know at most ℓ1 ⨅ ℓ2” 

–  in[n] := ⨅n’�å pred[n]out[n’] 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Subsets of {a,b,c} ordered by �ç  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C¥  is �ç    meet ⨅  is �ì    join ⨆ is �ë   

ParBal order presented as a Hasse diagram. 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Best Possible SoluBon 
•  Suppose we have a control‐flow 

graph. 

•  If there is a path p1 starBng from 
the root node (entry point of the 
funcBon) traversing the nodes  
n0, n1, n2, … nk 

•  The best possible informaBon 
along the path p1 is: 
ℓp1 = Fnk(…Fn2(Fn1(Fn0(T)))…) 

•  Best soluBon at the output is 
some ℓ C¥ ℓp for all paths p. 

•  Meet‐over‐paths (MOP) soluBon: 

⨅p�å paths_to[n]ℓp 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if x > 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= y * 5 e = y * 3 

e 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y * 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Best answer here is:  

F5(F3(F2(F1(T))))  ⨅  F5(F3(F2(F1(T))))     



What about quality of iteraBve soluBon? 

•  Does the iteraBve soluBon: out[n] = Fn(⨅n’�å pred[n]out[n’]) 
compute the MOP soluBon? 

•  MOP SoluBon:  ⨅p�å paths_to[n] ℓp 

•  Answer:  Yes, if the flow funcBons distribute over ⨅ 
–  DistribuBve means: ⨅i Fn(ℓi) = Fn(⨅i ℓi) 

–  Proof is a bit tricky & beyond the scope of this class.  (Difficulty: loops 
in the control flow graph might mean there are infinitely many paths…) 

•  Not all analyses give MOP soluBon 
–  They are more conservaBve. 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Reaching DefiniBons is Monotone 

•  Reaching definiBons is a forward analysis. 
•  in[n] = �ë n’�å pred[n]out[n’] 
•  out[n] = gen[n] �ë  (in[n] ‐ kill[n]) 

•  Top T = Ø, meet ⨅ =�ë , join ⨆ is �ì , order C¥  is �è   

•  So: Fn[x] = gen[n] �ë  (x ‐ kill[n])    
is it monotonic?   Let x C¥ z, so z = x ⨆ y for some y. 

•  Fn[x ⨆ y]  
  =  gen[n] �ë  ((x �ì  y) ‐ kill[n])  
  =  gen[n] �ë  ((x ‐ kill[n]) �ì  (y ‐ kill[n])) 
  =  (gen[n] �ë (x ‐ kill[n])) �ì  (gen[n]�ë (y ‐ kill[n]) 
  =  Fn[x] �ì  Fn[y] 
 �ç  Fn[x] 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Reaching DefiniBons is MOP 

•  Fn[x] = gen[n] �ë  (x ‐ kill[n])    

•  Does Fn distribute over meet ⨅ =�ë ? 

•  Fn[x ⨅ y]  
  =  gen[n] �ë  ((x �ë  y) ‐ kill[n])  
  =  gen[n] �ë  ((x ‐ kill[n]) �ë  (y ‐ kill[n])) 
  =  (gen[n] �ë (x ‐ kill[n])) �ë  (gen[n]�ë (y ‐ kill[n]) 
  =  Fn[x] �ë  Fn[y] 

  =  Fn[x] ⨅ Fn[y] 

•  Therefore: Reaching DefiniBons with iteraBve analysis always 
terminates with the MOP (i.e. best) soluBon. 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“Classic” Constant PropagaBon 

•  Constant propagaBon can be formulated as a dataflow 
analysis. 

•  Idea: propagate and fold integer constants in one pass: 
x = 1;      x = 1; 
y = 5 + x;    y = 6; 
z = y * y;    z = 36; 

•  InformaBon about a single variable: 
–  Variable is never defined. 
–  Variable has a single, constant value. 
–  Variable is assigned mulBple values. 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Domains for Constant PropagaBon 

•  We can make a constant propagaBon lavce L for one 
variable like this: 

•  To accommodate mulBple variables, we take the product 
lavce, with one element per variable. 
–  Assuming there are three variables, x, y, and z, the elements of the 

product lavce are of the form (ℓx, ℓy, ℓz). 
–  AlternaBvely, think of the product domain as a context that maps 

variable names to their “abstract interpreta3ons” 

•  What are “meet” and “join” in this lavce? 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⟙ = mulBple values 

⟘ = never defined 

…, ‐3, ‐2, ‐1, 0, 1, 2, 3, … 



Flow FuncBons 

•  Consider the node x = y op z 
•  F(ℓx, ℓy, ℓz) = ? 

•  F(ℓx, ⟙, ℓz) = (⟙, ⟙, ℓz)  
•  F(ℓx, ℓy, ⟙) = (⟙, ℓy, ⟙) 
•  F(ℓx, ⟘, ℓz) = (⟘, ⟘, ℓz)  
•  F(ℓx, ℓy, ⟘) = (⟘, ℓy, ⟘) 
•  F(ℓx, i, j) = (i op j, i, j)                     

•  Flow funcBons for the other nodes are easy… 
•  Monotonic? 
•  Distributes over meets? 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“If either input might have mulBple values 
the result of the operaBon might too.” 

“If either input is undefined 
the result of the operaBon is too.” 

”If the inputs are known constants,  
calculate the output staBcally.” 



IteraBve SoluBon 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z = 1 z = 2 

x = y + z 

y = 1  y = 2 

if x > 0 

(⟘, ⟘, ⟘)  

(⟘, ⟘, ⟘)   (⟘, ⟘, ⟘)  

(⟘, 2, ⟘)  

(⟘, 2, 1)  (⟘, 1, 2)  

(⟘, 1, ⟘)  

(⟘, 1, 2) ⨅ (⟘, 2, 1) = (⟘, ⟙, ⟙)   

(⟙, ⟙, ⟙)   iteraBve soluBon 



MOP SoluBon ≠ IteraBve SoluBon 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z = 1 z = 2 

x = y + z 

y = 1  y = 2 

if x > 0 

(⟘, ⟘, ⟘)  

(⟘, ⟘, ⟘)   (⟘, ⟘, ⟘)  

(⟘, 2, ⟘)  

(⟘, 2, 1)  (⟘, 1, 2)  

(⟘, 1, ⟘)  

(3, ⟙, ⟙) ⨅ (3, ⟙, ⟙) = (3, ⟙, ⟙)   MOP soluBon 



Dataflow Analysis: Summary 

•  Many dataflow analyses fit into a common framework. 
•  Key idea: Itera3ve solu3on of a system of equaBons over a 

la5ce of constraints. 
–  IteraBon terminates if flow funcBons are monotonic. 
–  SoluBon is equivalent to meet‐over‐paths answer if the flow funcBons 

distribute over meet (⨅). 

•  Dataflow analyses as presented work for an “imperaBve” 
intermediate representaBon. 
–  The values of temporary variables are updated (“mutated”) during 

evaluaBon. 
–  Such mutaBon complicates calculaBons 
–  SSA = “Single StaBc Assignment” eliminates this problem, by 

introducing more temporaries – each one assigned to only once. 
–  Next up: ConverBng to SSA, finding loops and dominators in CFGs 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