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用计算函数模型增强数据流分析
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Enhancing Dataflow Analysis

With Computation Function Model

 Abstract 

A precise dataflow analysis should effectively exploit the semantic

information presented by conditional branch statements. However,

because of the potentially enormous complexity inherent in this

problem, most traditional systems have to ignore the semantic

information of logical conditions, thus avoiding the problem rather than

solving it.  Recently, as scientific computing programs are going to be

more and more complex and the application of parallelizing compilers

are going to be spread wider and wider, it turns out to be an avoidable

problem on how to effectively deal with the logical semantics of

conditional branch statements. Unfortunately, although seemingly quite

natural at a first glimpse, it is a difficult, if not an unfeasible, solution to

integrate a complete logical reasoning system into a production

parallelizing compiler as that will make the compiler system too

encumbered, inefficient and difficult to be implemented with current

technologies.

In order to solve this problem efficiently and effectively, we

introduce here the Computation Function Model corresponding to a

program section under analysis. Representing logical semantics within

the framework of this model and applying those ideas presented in this

paper, we successfully convert the logical reasoning problems into

problems on how to decide the coverage relationships between  or

Φ  Regions, which are substantially more feasible problems to be solved

by contemporary parallelizing compilers.  Compared with two

calculus systems to be implemented in a single compiler system, the

region calculus system and logical reasoning system inherent in the
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reasoning scheme, computation function model seems more simple

and efficient.  Theoretically it extends the concept of array region so

that it brings both data reference region and the logic conditional

region that ensures the data reference. Meanwhile, practically it just

needs a simple extension to the current region calculus system.

Therefore, dataflow analysis within our computation function model

can hopefully offer an effective solution for those commonly occurring

simple cases that are more critical than those complex but rare ones for

practical parallelizing compilation.

Within the framework of Computation Function Model, the logical

relationships between branch conditions are represented as the

coverage relationship of regions. We not only discuss issues on how to

represent, compute and propagate the Ω  and Φ  Region of

conditional reference, but also present methods on how to resolve the

nondeterminism caused by conditional branch statements in order to

get more precise dataflow information.
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1.3 有关的符号约定有关的符号约定有关的符号约定有关的符号约定

������ÃNÙQ M ����� �� � !"���
# $����
�)>e<

�R��t�SÅ %!�� &����'�� ������� 1�� %!���t�
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符号符号符号符号 名称名称名称名称 解释解释解释解释

P 程序段 一段被编译的程序 in Fortran C etc.

r | w 读/写引用 对变量(包括数组 下同)的读/写引用

x � 引用 引用集 对变量的引用(x可以取值为 r,ri,w,wi)

��  | 
�
读/写集 程序段 P中对被考察变量所有读/写引用

���
�

� 无反相关写集 程序段 P中关于 r的无反相关写集*

�	� � (x) 引用元素集 x在 P中引用的所有变量 数组元素的集合 (x不在 P中时

为空集) ( ) ( )�	� � �	� 
� �

� �

=
∈
!

��这里定义 对于程序段 P中的读引用 r 称 P中写引用 w是关于 r的无反相关写 如

果 r与 w在 P中无反相关 P中所有关于 r的无反相关写构成 P中关于 r的无反相关写集
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�
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��������计算函数模型的基本概念计算函数模型的基本概念计算函数模型的基本概念计算函数模型的基本概念

2.12.12.12.1 程序段的计算函数模型程序段的计算函数模型程序段的计算函数模型程序段的计算函数模型

w�<=P¥n [N)>���\&_`]^3����l^�����

���_` e ()� � �a&^3 ^����b� /îï)>0H�_`

( )ψ �

� � �� �� → ¹P w�����()� 0��yc���)>� d S

��[
�Å��_`N�)>��

0D0D0D0D ��	��	��	��	 程序段程序段程序段程序段 PPPP 的定义变量集的定义变量集的定义变量集的定义变量集 ( ) { }�� � 
 
 
�=
� �
� � �" ��)>� d �e

âDº d �[NIµ
IÒ yf�c d ���é�pÜ�jþ 程序段程序段程序段程序段 PPPP

的定义域的定义域的定义域的定义域 ( )��� � � � �� � ��
= × × ×

� �

""

0D0D0D0D ������������ 程序段程序段程序段程序段 PPPP的映象变量集的映象变量集的映象变量集的映象变量集 ( ) { }��� � � � ��=
� �
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我们用左边的程序流图来简单地示

意流不确定性消解的大致思想

图中的读 r所读的存储范围在传统

的数据流分析中由于无法为 w1 w2 所

定义的存储范围所覆盖 这里假设 w1

w2写的范围大于 r的读范围 从而使得

r的读范围成为 UE集的一部分 然而事

实上 可能 r 的读一定会在 w1 w2 处

被定义从而使得 r 的读范围不是 UE 的

一部分 我们通过导致 w1 w2 与 r 的

逻辑关系的分析可以确定这一点 例如

下面的程序

w: IF ( C > 0 )  X 1 : 10  = ...

r: IF ( C > 2 )   ....  = X 2 :

6

  X 2 6 是非暴露的读 但传统的

数据流分析得不出这样的精确结果 它

r

w1 w2
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们会认为 r的定值可能由 w提供 也可能由其他地方的定义提供 从而是一个流

不确定性的读写数据流关系 如果我们利用逻辑关系 ( C > 2 )蕴含 ( C > 0 )

那么可知 X 2 6 是非暴露的 我们介绍的区域覆盖方法事实上利用了( C > 0 )

区域覆盖( C > 2 ) 来消解这种流不确定性 得出 r的读范围一定是 w提供的定

义 而在上面的程序流程图的示例中我们可以通过区域覆盖的判定方法确定 r

的读范围是否由我们关心的 w1 或 w2提供 或由 w1 和 w2联合提供
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