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Abstract. This paper presents a static scheduler to carry out the best
assignment of a Directed Acyclic Graph (DAG) representing an applica-
tion program. Some characteristics of the DAG, a decision model, and
the evaluation parameters for choosing the best solution provided by the
selected scheduling algorithms are defined. The selection of the schedul-
ing algorithms is based on five decision levels. At each level, a subset of
scheduling algorithms is selected. When the scheduler was tested with
a series of DAGs having different characteristics, the scheduler’s deci-
sion was right 100% of the time in those cases in which the number of
available processors is known. 1

1 Introduction

This paper is included in the framework of a research project aimed at creating
a parallel compiler [1] for applications written in C programming language, in
which the scheduling algorithms for generating an efficient parallel code to be
carried out on a parallel machine are automatically selected. The input program
in C is represented by a task Directed Acyclic Graph (DAG) which is assigned
by means of scheduling algorithms, depending on the DAGs characteristics. The
stage of this project which is presented in this paper is the implementation of the
scheduler in charge of automatically selecting the scheduling algorithms which
make the best assignment of the DAG, depending on the latter’s characteristics.

The paper introduces the theoretical framework (some definitions). Section
3 describes the scheduler design and the scheduler’s decision model. Section 4
shows the results obtained. Finally, the conclusions of the work are given.

2 Theoretical Framework

The applications that it is desired to parallelize may be represented by a task
graph in the DAG form, which is a graph that has the characteristic of being
acyclic and directed, and can be regarded as a tuple D = (V, E, C, T ), where
V is the set of DAG tasks; v = |V | is the number of DAG tasks; vi is the ith

DAG task; E is the set of DAG edges, made of eij elements, eij is the edges
from task vi to task vj ; e = |E| is the number of edges; C is the set of DAG
1 This project was partially funded by FONDECYT 1000074.
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communication costs cij ; T is the set of execution time ti of the DAG tasks; ti
is the execution time of vi; tm is the average value of the execution time of the
tasks,

∑
ti/v; cm is the average value of the communication costs,

∑
cij/e; G is

the granularity, which is the tm/cm ratio in the DAG; L is the total number of
DAG levels; Rvn is the level to task ratio, 1− (L − 1)/(v − 1); blevel(vx) is the
length of the longest path between vx (included) and an output task; tlevel(vx)
is the length of the longest path between vx (not included) and an input task;
PT is the total parallel time for executing the assignment; and p is the number
of processors available for carrying out the assignment.

3 Scheduler Design

The scheduler uses the DAG and its characteristics to choose the assignment
heuristics which best assign the DAG on the target parallel machine. The sched-
uler uses both the DAG characteristics as well as those of the scheduling algo-
rithms to carry out the selection of the latter for assigning the DAG. A Gantt
chart with the DAG’s planning is given. Two types of scheduling algorithms
are considered: List and Clustering [2]. Table 1 shows a summary of the main
characteristics of the algorithms that are considered. The 2nd column shows an
order of time complexity of each algorithm. The 3rd and 4th columns indicate
whether the algorithm considers some special restriction in terms of ti and/or
cij , respectively. The 5th and 6th column show if the priority function considers
the calculation of blevel and tlevel, respectively. The last column shows if the
algorithm serves for some special case of G.

The Scheduler model input corresponds to the DAG and its characteristics,
and the output is the best DAG planning found by the scheduler. The design is
made of six blocks: Block 1 (DAG and its characteristics) represents the input
to the system; Block 2 (Scheduler decision) makes the decision of which schedul-
ing algorithms to use, depending on the specific characteristics of the analyzed
DAG. The scheduler’s decision model has five stages as shown in Fig. 1; Block 3
(Scheduling algorithms) has a set of algorithms for planning the execution of the
DAG; Block 4 (Gantt chart proposals) delivers as output a Gantt chart with the
planning of the input DAG; Block 5 (Analysis of Gantt charts) selects the best
planning delivered by the selected scheduling algorithms by comparing a set of
evaluation parameters; Block 6 (Final Gantt chart) corresponds to the planning
that gave the best yield according to the evaluation parameters, which are: PT ,
p, and total real communication time.

When stage 2 (Analysis of Characteristic k in Fig. 1) of the implemented
scheduler’s decision model is applied, five decision levels (k = 5) are obtained
(shown in Table 2).

Level 1: Sarkar’s algorithm sorts C according to their cij , giving higher pri-
ority to those which have a greater cost, with the purpose of minimizing the PT
when assigning the higher cij to the same cluster. So, the unitary C does not
consider Sarkar’s algorithm. If cij is arbitrary, the LT algorithm does not have
a good behavior. So, the arbitrary C does not consider LT algorithm.
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Table 1. Summary of the scheduling algorithms considered

Algorithm O() ti cij blevel tlevel G

LT [3] v2 Unitary Unitary Yes Yes Fine
MCP [2] v2 log v Arbitrary Arbitrary No Yes ——
ISH [4] v2 Arbitrary Arbitrary Yes No Fine
KBL [5] v(v + e) Arbitrary Arbitrary No No ——
SARKAR [6] e(v + e) Arbitrary Arbitrary No No ——
DSC [7] (v + e) log v Arbitrary Arbitrary Yes Yes ——
RC [8] v(v + e) Arbitrary Arbitrary Yes No ——

Fig. 1. The Scheduler’s decision model (Block 2)

Table 2. Decision Levels of the Scheduler

Level Characteristic Subsets

1 Communication Cost, cij Unitary: LT, MCP, ISH, KBL, DSC, RC
Arbitrary: MCP, ISH, KBL, SARKAR, DSC, RC

2 Execution Time, ti Unitary: LT, MCP, ISH, KBL, SARKAR, DSC, RC
Arbitrary: MCP, ISH, KBL, SARKAR, DSC, RC

3 Level to Task Ratio, Rvn Rvn ≥ 0.7: LT, ISH, DSC, RC
Rvn ≤ 0.5: LT, MCP, DSC
Other: LT, MCP, ISH, KBL, SARKAR, DSC, RC

4 Granularity, G G ≤ 3: LT, MCP, ISH, KBL, SARKAR, DSC, RC
Other: LT, MCP, KBL, SARKAR, DSC, RC

5 Number of Processors, p Bounded: LT, MCP, ISH, RC
Unbounded LT, MCP, ISH, KBL, SARKAR, DSC
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Level 2: If the tasks have arbitrary cost, the LT algorithm is not selected.
Level 3: First, Rvn is obtained which provides the relation between DAG

tasks and levels, giving an idea of the DAG’s degree of parallelism. For v > 1,
this index takes values in the range of [0..1] (expressed in equation 1).

Rvn = {1 ⇒ parallel; 0 ⇒ sequential}. (1)

In general [2], assignment in the order of decreasing blevel tends to assign
first the critical path tasks, while assignment in the order of increasing tlevel
tends to assign the DAG in topological order. Those scheduling algorithms which
consider the blevel within their priority function are more adequate for assign-
ing DAGs with a high degree of parallelism (Rvn ≥ 0, 7), and those scheduling
algorithms which consider the tlevel within their priority function are more ad-
equate for DAGs with a low degree of parallelism, i.e. with greater sequentiality
(Rvn ≤ 0, 5). In case the DAG does not show a marked tendency in the degree of
parallelism, it is assumed that any scheduling algorithm can give good results.

Level 4: The ISH algorithm is the only one of the algorithms considered which
shows the characteristic of working with fine grain DAGs. The particular char-
acteristic of ISH is the possibility of inserting tasks in the slots produced as a
result of communication between tasks. If the DAG has coarse grain, the com-
munication slots are smaller than ti, so it is not possible to make the insertion.

Level 5: The LT, ISH, MCP and RC algorithms carry out an assignment on
a limited p. The remaining algorithms are unable to make an assignment on a
bounded p, but rather these algorithms determine p required for the assignment
that they make.

4 Tests and Analysis of Results

The model and the scheduling algorithms considered were implemented in C
programming language under the Linux operating system. The model was tested
with a set of 100 different DAGs (regular and irregular graphs). For each of
the test DAGs, three different assignments were made on different p [3]. First,
considering an architecture with p = 2 and p = 4, and then an architecture with
an unbounded p.

Table 3 shows the percentage of effectiveness in both the choosing and the
nonchoosing of an algorithm by the scheduler. In the case of the choosing, 100%
means that of all the times that the algorithm was chosen, the best solution was
always found with this chosen algorithm. On the contrary, 0% means that the
times that the algorithm was chosen, the best solution was never found. In other
words, a better solution was found by other algorithm.

For the case of nonchoosing, 100% means that of all the times that the
algorithm was not selected, it did not find the best solution, and 0% means that
of all the times that the algorithm was not selected, it found the best solution.
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Table 3. Performance of the scheduler for each algorithm when choosing it or not

Algorithm % choice effectiveness % no choice effectiveness
p = 2 p = 4 unbounded p = 2 p = 4 unbounded

LT 100% 100% 57.1% 100% 100% 100%
MCP 85.7% 57.1% 42.9% 0% 0% 0%
ISH 100% 85.7% 28.6% 0% 20% 80%
KBL – – 0% – – 77.7%
SARKAR – – 50% – – 100%
DSC – – 25% – – 100%
RC 0% 0% – 50% 50% –

5 Conclusions

The implemented scheduler gave good overall results. The 100% success in its
main objective shows that the design and decision levels that were created are
right. It is noteworthy that this design is based only on the assignment charac-
teristics of the scheduling algorithms.

One of the main problems found in this design appears when the architecture
has an unbounded p. For the time being it is not possible to estimate a priori
p that an algorithm will use when there is a limited number of them, but in
practical terms it is always a known parameter.
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