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ANAPERS: Sustainable Performance Analysis

Abstract

This project belongs to the research area of code optimisation, where the general question
is how to automate the process of program acceleration and code size minimisation. Many
decades of efforts brought brilliant ideas and techniques f or these purposes; consequently
nowadays compilers implement many code transformation and optimisation modules. Hun-
dreds of techniques are published and implemented since the 70's. The main problem nowa-
days is not really the need of new code optimisation techniqu es, but the combination of the
existing techniques. Code optimisation methods are comple x, and we are not able to know
how to use them in an ef�cient way. The ANAPERS project is devo ted to study the problem
of predicting which code optimisation method to use for a giv en program. A fundamental
understanding of the problem is missing, especially with th e current complex processors that
include: instruction level parallelism, thread-level par allelism, multi level caches, branch
prediction, etc.

1 Background on Program Performance Modeling

Compilers and code analysers require sometimes to guess theperformance of a program.
Current methods can be grouped into four families.

� Statistical Linear Regression Models

� Static Algorithmic Models

� Comparison Models

� Turing Machine (simulation, emulation or execution)

2 Problem of Phase Ordering in Optimizing Compilation

Let M be a �nite set of program transformations. A phase ordering p roblem would like to
construct an algorithm A that has three inputs: a program P, an input data I and a desired
execution time T for the transformed program. For each input program and its i nput data
set, the algorithm A must compute a �nite sequence s = mn � mn� 1 � � � � � m0, mi 2 M � of
optimization modules a. The same transformation can appear multiple times in the se quence,
as it occurs already in real compilers (for constant propaga tion/dead code elimination for
instance). If s is applied to P, it must generate an optimal transformed program P � according
to the input data I . Each optimization module mi 2 M has a unique input which is the
program to be rewritten, and has an output P0 = mi (P). So, the �nal generated program P �

is (mn � mn� 1 � � � � � m0)(P).

Pb. 1 (Phase-Ordering) Let t be an arbitrary performance evaluation function. LetM be a �nite
set of program transformations.8T 2 N an execution time (in processor clock cycles),8P a program,
8I input data, does there exist a sequences 2 M � such thatt(s(P); I ) < T ? In other words, if we
de�ne the set:

St;M (P; I; T ) = f s 2 M � jt(s(P); I ) < T g

is the setSt;M (P; I; T ) empty?

Answering the question of the phase ordering problem as de�n ed in Problem 1 depends
on the performance prediction model t. Since the function (or its class) t is not de�ned,
Problem 1 cannot be answered as it is, and requires to have another formulation that slightly
changes its nature. We consider in this paper a modi�ed versi on, where the function t is not
known by the optimizer.

Pb. 2 (Modi�ed Phase-Ordering) Let M be a �nite set of program transformations. For any per-
formance evaluation functiont, 8T 2 N an execution time (in processor clock cycles),8P a program,
8I input data, does there exist a sequences 2 M � such thatt(s(P); I ) < T ? In other words, if we
de�ne the set:

SM (t; P; I; T ) = f s 2 M � jt(s(P); I ) < T g;

is the setSM (t; P; I; T ) empty?

This general problem is undecidable! [Touati Barthou 2006]

a� denotes the symbol of function combination (concatenation ).

2.1 Phase Ordering for Library Optimization

Here the compiler knows the program, its inputs, the optimiz ations to play with and the
performance bound to reach.

Pb. 3 Let M be a �nite set of program transformations,P the program of a library function,I some
input andT an execution time. For any performance evaluation functiont, does there exist a sequence
s 2 M � such thatt(s(P); I ) < T ? In other words, if we de�ne the set:

SP ;I; M ;T (t) = f s 2 M � jt(s(P); I ) < T g

is the setSP ;I; M ;T (t) empty?

This problem is undecidable too [Touati Barthou 2006]

2.2 Example of a Decidable Simpli�ed Case

Pb. 4 (Phase-Ordering with Discrete Cost Function) Let t be performance evaluation function
that predicts the execution time of any programP given input dataI . Let M be a �nite set of
optimization modules. Letc(P; m) be a function that computes the cost of transforming the program
P to P0 = m(P), m 2 M . Does there exist an algorithmA that solves the following problem ?
8T 2 N an execution time (in processor clock cycles),8K 2 N a compilation cost,8P a program,8I
input data, computeA(P; I; T ) = s such thats = ( mn � mn� 1 � � � � m0) 2 M � andt(s(P); I ) < T
with c(P; m0) + c(m0(P); m1) + � � � + c((mn� 1 � � � � � m0)(P); mn ) � K .

3 Our Research Plan in the ANAPERS Project

The ANAPERS project is an academic research project providing a Ph.D. grant. The Ph.D.
study should to �rst qualitatively understand the impact of some code optimisation method
on program performances. Second, we want to be able to analyse a program in order to
deduce its sustainable performance. Third, our future know ledge in phase ordering could
be used to propose a method guiding the compiler to switch on/ off some of its optimisation
modules. In our project, we want to take into account the foll owing characteristics of the
underlying hardware.

3.1 Instruction Level Parallelism

There is some good knowledge in the literature: using regist er and functional units con-
straints, in conjunction to data dependence constraints, give us a �rst sustainable perfor-
mance limit. This is a quite mature research problem.

3.2 Memory Hierarchy

Taking caches into account for performance modeling has also been used in some studies,
but only in case of mono-cores processors. Nowadays, �rst le vel caches are private to a core,
while higher level caches are shared between cores. This is anew aspect that should be
considered.

3.1 Multi-core Parallelism

Thread-level parallelism should be taken into account for s ustainable performance analysis.
This is a new research problem.
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