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Abstraet

The detection of parallelism in sequential programs is very important aspect
towards achieving parallel processing. In this paper, a method is presented to divide the
sequential program into parts according to some rules. This includes 2 dependency
analyser that follows the flow of daia within the program to specify the locations of
defining variables and those of using them in the whole program. This technique can
analyse data dependency between statements and also within the fterations of the while
loops. Thus. a suggestion can be drawn on how the sequential program can be
implemneted in a multiprocessor system.
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Introduction
Detecting dependency between the statements of a sequential program involved
partitioning the program into separated. parts according to Some formats or rules
Williams [1] hos used a Stanza to represent a part of a sequential program writen in
Algol language. Her work was based on the Bemistien concepts [2]
the feteh from 2 memory location and the store in 4 memory location. The work in {1
i 2] was based on finding the dependency relation between fwo adjacent stanzas
of (statements or paris) and depended highly on four Bemistien sets for using memory
! locations which are defined as follows :
! 1 W set : the set of variables fetched during execution of stanza,
i 2-Xset: the setof variables stored during execution of stanza,
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Entries

Allan and Oldehioett 3] have proposed a duta flow analysis procedure that
transtormis 2 high-level program into a data Hlow program suitable to be esecuted on 4
data tlow machine. However. in this paper we follow the data analssis method of [<]
but with the aim of finding the dependency relutions between statements in order 1o

exploce parallelism in the sequential program.
subset of Pascal language is chosen o write the resource programs for o
automatic. detector of parallelism . where each Statement is represemed by o data

structure called Enary (defined below). The statements are classified into two parts

(1) Simple: the assignment statement. and the condition part of a compound statement.

(2) Compound : the iterative statements (e.g., While ... Do and Repear .. Uncil), and
conditional statements (&.g., If ... Then, and If . Then .. Else),

This partitioning of statements is vital for formulating different rules for each
<ntry that represents & Statement of any of the above types.

Definition (1)
nentey (E) s @ revord data structure composed of four feids

1. Type field: to hold the type of statement such as while , or assignment . <tc

2. Infield : to hold the input set (1) for each statement (simple or compound),

3. Out feld : to old the output set (0) for 2ach satement (simple or compound).

4. Tree field : 0 hold a pointer to the tree that represents the staterment.

The entey of a simple statement is called a single entry , and the entry of a
compound statement s called an interface entry through which the data flow
information is passed between the body of the statement and the other Statements in the
program.

It is intended in this work to find the input-set (1) and output-set (O) for each
statement of a Pascal program. Table (1) shows the Input and Output sets for the
assignment statement and the condition part of a compound statement. Meanwhile
Table (2) shows the input and output sets of the body of compound statemens.
However. the input and output sets of different types of statements in @ Pascal
program are inroduced in Table (3). Notice that, we denote any current entry in
Tables (1) and (3) by E,



By applying the rules of Tables (1) 2. and (3), the input set of the body of the while
statement (I(E}). the input set of the condition (I(C)), and the output set of the while
statement (O(E,)) are given by

0}
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O(Ey)=

Ly}

of the while statement is given by:

LEy) n.bUtirsh

Notice that. the inclusion of varizble t in the input set I(Eq), because of the rule of the
while statement as suggested by Allan and Oldehoeft 5], will confuse the process of
anafysing the flow of data as it leads to accomplish an incorrect dependency relatiort
between the while statement and the rest of statements in the program.

Now, if we modifv Exampie 1 to be as follows

end
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output variable used hy a statement | such that
as

0NL=6 .

consecuive relation between the Statements i and |

then there is a

2- Prerequisite Relation.

This refation oczurs between the statement i and ] if statement | does not contain
output variables used by statement j as input variables and vice versa, Also, there
is no common output variables in statements i and  that can be used by statement k
where k>

Thatis.
G NL=4
LN0y=4,
000 Nik=4.
eans that the statements i and | comain output variables used by 2

ment k. where & > . Formally.
0 N0yNIk =4

The Proposed Automatic Detector of Parallelism
Our proposed automatic detector of parallelism has been implemented in two
stages - Data unalysis stage, and the detection stage. These stages are explained below.

ata Analvsis Stage

The process in this stage s divided into two parts. In the first part, a table of
entries is built, whereas in the second part another table is built o maintain the
definition  use of data variables. In what follows we describe these two parts

L- Building a Table for Enries

n this part,the eniris that correspond to the statemens of the Source Program (SP)
are constructed. First, a parse tree is built for each statement in SP by using the method
of the recursive descent parser (8].This is to ensure the syntactic correctness of the
statement. Afier then. the tree s traversed to find the input and output variables of the
Statement in order to complete the contents of the eniry that corresponds to this
statement. This enry is added to a table called Entries Table. Each entry wil hold o
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Figure 1) An Entry in the Defnicion:

B- The Detection Stage
In this stage the points in the program. in swhich parallelism is enhanced. are
detected by finding the relations between the statements of the program. This process
depends on the Definition-Use Table obtained from part two f the data analysis stage.
The detection process. however, proceeds in a specific approach for each dependency
relation. where such approach can lead to satisfying the case in which e can apply the
<ondition of the dependency relation to recognize it
In what follows. we present how the dependen
9

elations can be recognized in
this

1- The Consecutive Relation

To deteet this relation. each variable in the Val field of en entry m the
Definition-Use Table that corresponds to output variables is traced. That s to find
whether this variable exists in the entries of the table that coespond to input
variaoles. The tracing is started from the entry that has a serial ‘fumber which is
immediately greater than the serial number of the current one. Consider for example
the following two entries : one corresponds to. the output variable . and the other
correspondsto 4 as input variable.

Output Input
Type_Val Use Def En No Type Val Use Def En No
asn A1 0 0 i 2 0

21 34
34 4
4 5
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fnour workl we investigated the detection of dependency relations berween the

15 of the body of the While loop. in order to know how they can be evecuted in

rallel if 2 muu:x system is available. To illustrate this case. consider the piece of
elow

states

The automatic detection of parallelism proceads  follows:
First the Entries Table-is constnicted as shown in Table (5
TGYA) o at

I Table (5). we use
the variable T of the condition part ofthe While statement is
used. in the etris mumbered 3 and 4. However, nty 6 is excluded although i has the
variable T in s input set and this is because the statement of eniry 6 uses the value
obtained from the output variable T of entry S. The tree field which contains a pointer
o the tree of each statement is not shows in Table (5) for simplicity.

i
R
X4 S
T
K
3. cond T null
R
T s
s T
R
6.assn T K
R

The Definition-{Use Table is constructed afierwards as illustrated below:
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- Thhe Conservarive Relation

This relation is recognised if the variuble in the Val feid of an entry that
Sorresponds to output variables is matched with the variabie 1 ghe ¥ L feld of the
other entries in the table where this variable js matched with the input variables of the
consequent <atries. For instance. if entries 1 and 2 have the variable b a5 an output
variable. and entrv 4 has t a5 an input variable, then by ppiving the condition of
conservative relation

O(E) N1 O (Eyy ) NI(E)) 24, forj>i+1
then e obtain the conservative telation benween entrics | and 3

Conclusion
Deteeting parallelsm in sequential programs requires a careful representative form
and traaument. Using the .
implement the data dependenc:
accuraie manner. However, representing each statement by an entry in the table helped
s 1o excluds any resiriction that can be seen ifthe statements wore represented by a
construct such as the stanza which has the limitation of the size { number of variables
Inone stanza is not more thar 15 ).

In spite of.the. difference in these two representation methods.the <oncept of
detecting the dependency relations between statements was the same with the use of the
modification it relaes 0 the data flow analysis whih e implement Therefors. e

ilowings: The flow ofdata is traced through the whole program by
using the definition and use of variables in the input and output sets of aach entry ir the
1able. Meanwhile, the recursion implementation of the input and utput sets fas
snabled us 1o include a compound statement or & misture of simple and compound
Satements Within 4 compound satemen. For instance, fsaternent & oy within
another If statement or While statement.

terations of the While loop for example,

In this work. we concentrated only on how to detect parailelism in sequential
Proerams Ut ot on how to enhance such parallelistm which requires an allogencn
seheme of processors to the statements that can run in parallel, Bosiges running the
While Loop i parallel needs a way to find synchronisation points between its iterations
according 10 their detected dependency relations. Such cases require some extensive
future investigations.

{2n he other hand.this paper does not concern the local and global variabis, and
procedures or functions. The investigation of such cases requires & care] study to the
Tyetions envizonment before and afer calling the procedure ( may be recursive .
This, obviously, requires new rules for constructémthe input and output sets for
procedures calls, This isthe topic of our next esearch paper which is in preparation,
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