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Abstract— The methods  for  redundancy  detection 

can be classified as lexical approaches and value 

based approaches. Lexical approaches discover 

redundancy among lexically identical expressions. 

Value based  approaches  discovers  redundancy 

among expressions computing the same value. This 

paper studies the practical  merits  of  these 

approaches  by  implementing  both   techniques   in 

the LLVM Compiler framework and doing 

experimental comparison with the SPEC CPU 2006 

benchmarks. As a lexical method, the classical 

Common subexpression elimination was implemented. 

The Simple Algorithm for Global Value Numbering  

by Saleena and Paleri, was chosen for the 

implementation of value based  approach.  Results 

with SPEC CPU 2006 benchmarks show that in a 

practical compiler the value based method discovers 

more redundancies than lexical method. 

 

Keywords— redundancy detection, lexical approach, 

value based approach, Global Value Numbering, LLVM 

 

I.INTRODUCTION 

A program with redundant computations consumes more 

CPU and memory cycles. In order to improve the quality 

and efficiency of programs, redundancies should be 

eliminated. The information about equivalent expressions 

is the key to redundancy detection. ―Two expressions in a 

program are said to be equivalent if we can statically 

determine that both the expressions will have the same 

value during execution‖ [1]. Optimizing compilers use 

different techniques to collect the equivalence information 

in a program. 

 

Two expressions in a program are said to be value 

equivalent if their operators are same and the 

corresponding operands have same value during any 

execution. For example, an expression x + y is said to be 

value equivalent to an expression p + q if the value of x 

and p, and the value of y and q are same. Two 

expressions in a program are lexically equivalent if they 

are value equivalent and are lexically identical. 

Analysis for detecting lexical equivalences is simpler and 

less costly than the analysis required for detecting value 

equivalence. But knowledge of value equivalence can lead 

to more powerful optimization opportunities. The intention 

of this work is to study how powerful a value based 

approach is in a practical compiler. 

 

The detection of totally redundant expressions was 

considered for the experiment. The classical common 

subexpression elimination [2] was implemented as a 

lexical method. For the implementation of the  value 

based approach, the Simple Algorithm for Global Value 

Numbering [1] was chosen. It uses value numbering for 

identifying the equivalent expressions in  a  program. 

Both techniques  were implemented as analysis passes 

in the LLVM Compiler framework. Experimental results 

with SPEC CPU 2006 benchmarks show that in  a 

practical compiler the value based method discovers more 

redundancies than lexical method. 

 

LLVM Compiler Infrastructure 

―LLVM is a collection of modular and reusable compiler 

and toolchain technologies‖ [3]. It is used to optimize 

inter- mediate representation (IR) code. LLVM provides 

the middle layers of the compiler system, which takes 

intermediate code from a compiler and generates an 

optimized IR. The major components  of  LLVM  are  

front end, optimizer and a back end. A front end 

transforms the source code into intermediate code. Clang 

is the widely used front end. The optimizer takes the 

intermediate code as input and  generates  an  optimized 

IR as output. Back end  generates  the  machine  code 

from the optimized IR. The IR code consists of functions 

which is a collection of basic blocks. A basic block is a set 

of instructions. 

 

Simple Algorithm for GVN 

Simple Algorithm for GVN is a polynomial time 

algorithm to detect redundant computations in a program. 

The key concept is the use of value expressions. The 

algorithm identifies the equivalent expressions at each 

program point which will be further used for redundancy 

detection. The equivalent expressions are represented 

using an expression pool which is a partition of 

expressions into different equivalence classes. Each 
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equivalence class represents the set of expressions which 

will have the same value during  execution.  The 

algorithm consist of two important sections, transfer 

function and confluence operation. Transfer function 

calculates the expression pool at the output point if we 

know the input expression pool, whereas confluence 

operation is used to get the expression pool at the join 

points. 

 

II. LITERATURE SURVEY 

Kildall [4] is an algorithm for global analysis of program 

structure. . In this paper, Kildall presents an algorithm for 

detecting equivalent expressions. Appel [5] presents an 

algorithm for local value numbering, which can be used  

to detect redundant expressions within a basic block. A 

Simple Algorithm Global Value Numbering by Saleena 

and Paleri [1] presents a new algorithm for detecting 

redundant computations in a program. It is a polynomial 

time algorithm based on the non SSA code form. It uses 

value expression to provide a compact representation of 

equivalence information. Details of LLVM compiler 

infrastructure are available at  [3].  SPEC  CPU2006  [6] 

is  an  industry  standard  benchmark  suite  which  we 

have used for testing our implementations. 

 

III.IMPLEMENTATION 

The  implementation  details  of  value  based   and  

lexical  based  redundancy  detection  are  described  in 

the following section. The Simple Algorithm for GVN 

was chosen for the implementation of value based 

redundancy detection. 

 

Value based redundancy detection 

Simple algorithm for GVN is a polynomial time 

algorithm to identify the redundant computations in a 

program. The algorithm assumes a flow graph as input 

with empty nodes at the entry and exit points. All other 

nodes in the flow graph contains at most one assignment 

statement of the form x = e, where x is a variable and e 

is an expression. An expression can be a constant, a 

variable, or an expression of the form y op z, where y 

and z are constants or variables and op is an operator. 

 

For each node n in the flow graph, the  algorithm 

computes the expression pools at the input and output 

points. Expression- pool represents  the  set  of 

expressions that are equivalent at a particular program 

point. It contains different equivalence classes with 

expressions in the program. Each equivalence  class  in 

the pool contains expressions which have same value 

during execution. A value number will be assigned  to 

each equivalence class. The expression pools at the input 

and output points of a node are known as  input 

expression pool (denoted as EI N  )  and  output 

expression pool (denoted as EOU T ) respectively. 

This algorithm uses the concept of value expressions. It is 

an abstract way of representing the equivalence 

information in a program. For  each program expression 

its corresponding value expression is generated by 

replacing the operands with their corresponding value 

number. A value number will be assigned to  the 

generated value expression. A single value expression can 

represent a set of equivalent expressions of any length. 

 

Simple Algorithm for GVN is an iterative algorithm. The 

iteration is terminated when a fixed point is reached. i.e., 

when the output expression pool for each expression in 

the program for the current iteration matches with the 

corresponding output expression pools in the previous 

iteration. The two important sections of the algorithm are 

transfer function and confluence operation. 

 

1) Transfer Function: For  each  node  in  the  flow 

graph with an assignment statement, the algorithm applies 

transfer function to compute the output expression pool 

EOU T from the input expression pool EI N. For an 

assignment of the form x =  e,  the  algorithm  will  

remove the variable x from its equivalence class in the 

input expression pool of the associated node. If e is  of  

the form y op z  then  the  value  expression is generated 

by replacing the operands with their corresponding value 

number. If e is a constant or a variable that itself is 

returned as the value expression. If a value number is 

already assigned to the value expression of e in the input 

expression pool, the algorithm will put x in the same 

equivalence class. Otherwise a new equivalence class with 

x and value expression of e will be created with a new 

value number. 

 
Fig. 1 Transfer function example 
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As an example, we show a flow graph with four  nodes n1 

, n2 , n3 and n4 in figure 1. Each node contains a single 

assignment statement. Since n1 is the first node of the 

flow graph, its input expression pool is set as empty. The 

output expression pool for n1 is obtained by applying 

transfer function on the input expression pool of the 

same node. Since EI N of n1 is empty, the transfer 

function adds x and a to a new equivalence class with a 

new value number v1 . Since the flow graph has a single 

control flow, input expression pool of a node will be the 

same as the output expression pool of its predecessor. i.e., 

the EIN of n2 will be same as the EOU T  of n1  and 

so on. Since EI N of n2 does not contain an  

equivalence class with b, a new equivalence class is 

created for y and b with value number v2 . For the 

assignment statement a = x + y in n3 ,  transfer  

function kills the occurrence of a from EI N of the 

corresponding node. The value expression of x + y is 

created by replacing x and y with value numbers v1 and 

v2 . Since the value expression v1 + v2 does not occur in 

EI N of n2 , a new class is created for a and v1 + v2 , 

with a new value number v3 . When the assignment z = x 

+ y is found, value expression for x + y is generated. 

Since this value expression already exist in the 

equivalence class with value number v3 in the EI N of 

n3 , transfer function adds z to the same equivalence 

class. 

 

For each instruction in the intermediate code, transfer 

function computes output expression pool EOU T from 

input expression pool EI N . Transfer functions are 

defined for load and store instructions and for binary 

arithmetic instructions involving integer operands. i.e., the 

function created will be invoked when instructions with 

opcodes load, store, add, sub, mul, rem and div is found. 

A function call may cause redefinition to the program 

variables. Here the conservative assumption is that  all 

pro- gram variables are redefined by a function call. So 

when an instruction with opcode call is found, the 

expression pool is cleared. For all other instructions 

transfer function will copy the input expression pool to  

the output expression pool. 

 

2) Confluence  Operation:  The  points  in  the  flow 

graph where multiple control flow paths join are called 

join points or confluence points. The  expression  pool  at 

a confluence point should contain expressions common to 

all paths reaching that point. The algorithm uses 

confluence operation for obtaining the expression pool at 

these points. Confluence operation performs class-wise 

intersection of all incoming expression pools to get the 

common expressions those are explicitly present in the 

incoming pools [1]. In order to get the common 

expressions based on the value expressions, the 

corresponding operands of the pair of value expressions 

are examined. If the intersection of corresponding 

equivalence classes gives a non empty result, a value 

expression is generated with the value numbers of 

resulting classes as operands and it is added to the 

expression pool after confluence. The equivalence classes 

related to the  corresponding  operands  of  a  pair  of 

value expression may again contain value expressions. In 

such cases the intersection operation is repeated with the 

equivalence classes associated with the corresponding 

operands of the newly found value expressions. This 

operation is repeated until classes with no more value 

expressions are found. 

 
Fig. 2. Expression pool after confluence 

 

Equations 

The equations are an exception to the prescribed Times 

 

As an example, consider the case shown in figure 2.  

Since x is common in the incoming expression pools E1 

and E2 , it is added to the expression pool after 

confluence. Since x has different value numbers in  E1 

and E2 , a new value number is assigned to x in E3 . 

Similarly y is included in the expression pool after 

confluence, with a new value number. To extract the 

equivalence information based on the value expressions v1 

+v2 and v4 + v5 , the corresponding operands are  

taken and their related classes are intersected. A class 

with value number v7 is obtained when the classes with 

value numbers v1 and v4 are intersected. Similarly when 

the classes with value numbers v2 and v5 are intersected, 

a class with value number v8 is obtained as the result. 

Hence the value expression v7 +v8 is added to E3 to 

represent the common expression x+y. Since value 

numbers of v1 + v2 and v4 + v5 are different a new 

value number is assigned to the value expression 

obtained after confluence. 

 

In general  let  Ei  and  Ej  be  the  output  expression 

pools reaching the confluence point. Suppose Ei has a 

value expression vi1 + vi2 and  Ej  has  a  value 

expression vj1+vj2. If the intersection of classes having 

value numbers vi1 and vj1 results in a non empty class 

with value number vk1 , and the intersection of classes 
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with value numbers vi1 and vj1 results in a non empty 

class with value number vk2 , we can conclude that the 

value expressions vi1 + vi2 and vj1 + vj2 represent a 

common expression with value expression vk1 +vk2 . This 

value expression is added to the expression pool after 

confluence. If the value numbers of vi1 +vi2 and vj1 + vj2 

are same, that value number is assigned to the value 

expression vk1 +vk2 . Otherwise a new value number is 

assigned to the value expression. 

 

A function is created to perform Confluence operation 

which is used to obtain the expression pool at the 

confluence points. A confluence point is the input point  

of a basic block with more than one predecessor. 

 

When a basic block is  found,  its  number  of 

predecessors is identified. If the block  has  no 

predecessor (entry block), its input expression pool is 

taken as empty. If it is a single predecessor block, the 

output expression pool of the prede- cessor is set as the 

input expression pool to the block. If the block has two 

predecessors, confluence operation is applied to get the 

expressions common to both the incoming expression 

pools. A function confluence is written to get the 

expressions common to the output expression pools from 

two predecessor blocks. If a block with more than two 

predecessors is found, the confluence function is called 

repeatedly. The result of the confluence  of  first  two 

basic blocks and the output  pool  of  third  basic  block 

are taken. This process is repeated until the last 

predecessor block is reached. 

 

Lexical based redundancy detection 

 

Two expressions in a program are said to be lexically 

equivalent if they are value equivalent and lexically 

identical. For example the expression x+y is lexically 

equivalent to another expression x+y with the constraint 

that none of the operands are redefined in between. 

 

The important data structure  used  for  the 

implementation is a map from basic block pointer to  set 

of strings. Two instances of this map are created BBI N 

and BBOU T  to  store the expressions that are available 

at the input and output points of each basic block 

respectively. 

 

All the arithmetic expressions in the program are  stored 

in a set of strings which represents the expressions 

available at a particular point. When an arithmetic 

expression is found in the program, it is added to this set. 

When an assignment to a variable is found, all the 

expressions that contain this variable as one of its operand 

is removed from the set. If the expression is already 

present in the set of expressions, that is considered as a 

redundant expression. 

To get the expressions at the join points, the 

intersection of the set of expressions at the output points 

of predecessor blocks are taken. The resultant set gives  

the set of expressions at the join points. 

 

IV. RESULTS 

The SPEC  CPU2006  [6]  benchmark  programs  are  

used for testing the implementation. It is a standard set of 

relevant benchmarks by SPEC. These are provided as 

source codes and require user to generate executable 

binaries. The command, 

 

clang − emit − llvm − c test.c − o test.bc 

 

is used to create the .bc files. To run the pass on the binary 

executable, opt command is used. 

 

The number of redundancies detected by the algorithm is 

examined and tabulated. It is then compared with the 

number of redundancies based on lexical equivalences. 

 

In all the test cases, except one, value based approach 

detects more number of redundancies than lexical based 

approach. i.e., value based detection algorithm [1] 

detected the redundancies missed out by  the  lexical 

based approach even though the computational complexity 

is more. 

 
V. CONCLUSION 

Even though value based approaches are theoretically 

more precise in redundancy detection than lexical 

methods, it  is interesting to  see if the cost involved  with 

a value based approach is worth the optimization 

opportunities it give. The experimental studies with the 

SPEC CPU2006 [6] benchmarks reveal the practical 

merits of value based approach. 

 
TABLE I. REDUNDANCIES DETECTED USING LEXICAL 

AND VALUE BASED EQUIVALENCES 

Test Program 
Number of Redundancies 

Lexical based Value based 

473.astar 22 22 

401.bzip2 38 43 

403.gcc 75 78 

435.gromacs 237 291 

464.h264ref 1056 1383 

456.hmmer 358 367 

470.lbm 340 794 

429.mcf 30 36 

458.sjeng 197 199 
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Test Program 
Number of Redundancies 

Lexical based Value based 

453.povray 177 200 

450.soplex 18 21 

482.sphinx 25 28 
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