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Not entering the loop at all, the shortest complete 
execution path consists of the program points (1, 
2, 3 ,4,9). 

The next shortest path executes one iteration of 
the loop and consists of the points
(1, 2, 3, 4 ,5,6,7,8,3,4,9). 

Flow of data value
• For example, the first time program point (5) is 

executed, the value of a is 1 due to definition d1. 
• We say that d1 reaches point (5) in the first 

iteration. 

In subsequent iterations, d3 reaches point (5) and 
the value of a is 243.

Data Flow Analysis
Different execution paths of the program 
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DFA Steps

May extend for blocks



 We denote the data-flow values before and after each 
statement s by IN[S] and OUT[S] , respectively. 

 The data-flow problem is to find a solution to a set of constraints 
on the IN [S] 'S and OUT[S] 'S, for all statements s. 

 There are two sets of constraints: 

 (a) “Transfer functions” (based on the semantics of the 
statements)

 (b) Flow of control functions.
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 The data-flow values before and after a statement are 
constrained by the TF (semantics of the statement) 

 For example, suppose data-flow analysis involves 
determining the value of variables at points. 

 If variable a has value v before executing statement b = a, 
then both a and b will have the value v after the statement.

 This relationship between the data-flow values before and 
after the assignment statement is known as a transfer 
function.

(a) Transfer Functions
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 Transfer functions come in two flavors: information may 
propagate forward along execution paths, 

 Or it may flow backwards up the execution paths. 

 In a forward-flow problem, the transfer function fs of a 
statement s, 

 (i) takes the data-flow value before the statement and

 (ii) produces a new data-flow value after the statement

(a) Transfer Functions
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(b) Control-Flow Constraints

• However, control-flow edges between basic blocks create more complex 
constraints between the last statement of one basic block and the first statement 
of the following block. 

• For example, if we wish to collect all the definitions that may reach a program 
point, 

• Then the set of definitions reaching the leader statement of a basic block is the 
• union of the definitions after the last statements of each of the predecessor 

blocks. 
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(b) Control-Flow Constraints
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May extend for blocks



Reaching Definitions (RD) Problem

d1: a=6

y=a

definition 

Point p



Reaching Definitions (RD) Problem

d1: a=6

y=a

d2: a=12

Kills the definition 



Motivation: Usage

• Drop this code segment
• Constant folding 

Copy propagation 
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RD Analysis: GEN and KILL

Kills(d9, d5, d10, d1) 



RD Analysis: DF Equations

Reaching definition at 
the entry of block B4 

Reaching definition at 
the exit of block B4 

Control flow Eqs

Transfer Eqs



RD Problem



RD algorithm





RD: Bit vector representation



RD Analysis: An example



RD algorithm



RD Analysis: An example



RD algorithm

Next iteration 
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