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EM Image Compression Using the Discrete Wavelet Transform
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ABSTRACT - The image from the Electron Microscope (EM) is effectively used to analyze the fine details
of the object’s surface. When the discrete wavelet transform is applied to the image, the plain surface of the
object will be in the low-frequency subband and the edge will be in the high-frequency subbands. Thus,
compression algorithm for the EM image must take every subband of the wavelet coefficients into account.
A powerful image compression algorithm we consider is the Set Partitioning in Hierarchical Tree (SPIHT).
This coding scheme exploits the self-similarity of the wavelet coefficients across different scales and searches
for the high magnitude coefficients in every subband. In this paper, we propose an improvement of the
SPIHT algorithm. Several wavelets are then applied for comparison in order to find the best wavelet basis
for the EM image with the improved algorithm.

KEY WORD — Image compression, SPIHT, Wavelet
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Study of Interband Transition in Single Quantum well of Er S-doped InP

by Photocurrent Spectroscopy
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ABSTRACT - This work is the observation of the interband transition energies of Er 6-doped InP grown
by Organometallic Vapor phase Epitaxy using Photocurrent Spectroscopy. The photocurrent spectra show
the energy gap of ErP of 1.24 eV and three interband transition energies of InP/ErP single quantum well,
0.86 eV, 0.92 eV and 1.04 eV. The verification of these transition was made by developing a type-II single
quantum well model to analyze the corresponding subband energy levels in conduction band and also the
related transition energies. The results show good agreement to experimental data with acceptable band
offset ratio.
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Probabilistic Loop Scheduling for Applications
with Uncertain Execution Time
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Nelson Luiz Passos, Member, IEEE

ABSTRACT - One of the difficulties in high-level synthesis and compiler optimization is obtaining a good
schedule without knowing the exact computation time of the tasks involved. The uncertain computation
times of these tasks normally occur when conditional instructions are employed and/or inputs of the tasks
influence the computation time. The relationship between these tasks can be represented as a data-flow
graph where each node models the task associated with a probabilistic computation time. A set of edges
represents the dependencies between tasks. In this research, we study scheduling and optimization
algorithms taking into account the probabilistic execution times. Two novel algorithms, called probabilistic
retiming and probabilistic rotation scheduling, are developed for solving the underlying non-resource and
resource constrained scheduling problems respectively. Experimental results show that probabilistic
retiming consistently produces a graph with a smaller longest path computation time for a given confidence
level, as compared with the traditional retiming algorithm that assumes a fixed worst-case and average-case
computation times. Furthermore when considering the resource constraints and probabilistic environments,
probabilistic rotation scheduling gives a schedule whose length is guaranteed to satisfy a given probability
requirement. This schedule is better than schedules produced by other algorithms that consider worst-case
and average-case scenarios.

KEYWORDS - Scheduling, loop pipelining, probabilistic approach, retiming, rotation scheduling.

1. Introduction

In many practical applications such as interface systems,
fuzzy systems, artificial intelligence systems, and others, the
required tasks normally have uncertain computation times
(called uncertain or probabilistic tasks for brevity). Such
tasks normally contain conditional instructions and/or
operations that could take different computation times for
different inputs. A dynamic scheduling scheme may be
considered to address the problem; however, the decision of
the run-time scheduler which depends on the local on-line
knowledge may not give a good overall schedule. Although
many static scheduling techniques can thoroughly check for
the best assignment for dependent tasks, existing methods are
not able to deal with such uncertainty. Therefore, either
worst-case or average-case computation times for these tasks
are usually assumed. Such assumptions, however, may not be
applicable for the real operating situation and may result in
an inefficient schedule.

For iterative applications, statistics for the uncertain tasks are
not difficult to collect. In this paper, two novel loop
cheduling algorithms, probabilistic retiming (PR) and

probabilistic rotation scheduling (PRS), are proposed to
statically schedule these tasks for non-resource (assume
unlimited number of target processors) and resource
constrained (assume /imited number of target processors)
systems respectively. These algorithms expose the
parallelism of the probabilistic tasks across iterations as well
as take advantage of the inherent statistical data. For a
system without resource constraints, PR can be applied to
optimize the input graph (i.e., reduce the length of the longest
path of the graph such that the probability of the longest path
computation time being less than or equal to some given
computation time, ¢, is greater than or equal to a given
confidence probabilityf). The resulting graph implies a
schedule for the non-resource constrained system where the
longest path computation time determines its schedule length.
On the other hand, the PRS algorithm is used to schedule
uncertain tasks to a fixed number of multiple processing
elements. It produces a schedule length from the given graph
and incrementally reduces the length so that the probability of
it being less than the previous length is greater than or equal
to the given confidence probability.
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Figure 1. lllustrates a sample code segment, the corresponding PG and its computation time, and the retimed graph.
(a) Code segment. (b) PG. (c) Timing information. (d) Retimed PG.

In order to be compatible with the current high performance
parallel  processing technology, we assume that
synchronization is required at the end of each iteration. Such
a parallel computing style is also known as synchronous
parallelism [19], [10]. Both PR and PRS take an input
application which can be modeled as a probabilistic data-flow
graph (PG), which is a generalized version of a data-flow
graph (DFG) where a node corresponds to a task (a collection
of statements), and a set of edges representing dependencies
between these tasks and determine a schedule. The loop-
carried dependences (dependency distances) between tasks in
different iterations are represented by short bar lines on the
corresponding edges. Since the computation times of the
nodes can be either fixed or varied, a probability model is
employed to represent the timing of the task.

Fig.1b shows an example of a PG consisting of four nodes.
Note that such a graph models the code segment presented in
Fig. 1a, where, for example, 4 in the PG corresponds to 4;
and A, of the code segment. Two bar lines on the edge
between nodes D and A represent the dependency distances
between these two nodes. The computation time of nodes 4
and C are known to be fixed (2 time units). In this code, the
uncertainty occurs in the computation of nodes B and D.
Assume that each arithmetic operation and the assignment
operation (=) take 1 time unit. Furthermore, the computation
time of the comparison and random number generating
operations are assumed negligible. Hence, it may take either
4 or 2 time units to execute node B. Put another way, about
20 percent of the time (51 out of 256), statement B, will be
executed and node B will take 4 time units; otherwise node
B takes only 2 time units ( B; has only one operation).
Likewise, approximately 25 percent (64 out of 256), node D
takes 4 time units, and about 75 percent, it will take 2 time
units. Each entry in Fig. 1c shows a probability associated
with each node's possible computation time (the probability
distribution). By taking into account these varying timing
characteristics, the proposed technique can be applied to a
wide variety of applications in high-level synthesis and
compiler optimization.

Considerable research has been conducted in the area of
finding a schedule of a directed-acyclic graph (DAG) for
multiple processing systems. (Note that DAGs are obtained

from DFGs by ignoring edges of a DFG containing one or
more dependency distances.) Many heuristics have been
proposed to schedule DAGs, e.g., list scheduling, graph
decomposition [13], [11], etc. These methods, however,
consider neither exploring the parallelism across iterations
nor addressing the problems of probabilistic tasks.

For instruction level parallelism (ILP) scheduling, trace
scheduling [9] is used to globally schedule DAGs by
rearraging some operations in the graphs. Percolation
scheduling is used in a development environment [1] for
microcode compaction, i.e., parallelism extraction of
horizontal microcode. Nevertheless, the graph model used in
these techniques does not reflect the uncertainty in node
computation times. In the class of global cyclic scheduling,
software pipelining [16] is used to overlap instructions,
whereby the parallelism is exposed across iterations. This
technique, however, expands the graph by unfolding or
unrolling [22] it resulting in a larger code size. Loop
transformations are also common techniques used to
construct parallel compilers. They restructure loops from the
repetitive code segment in order to reduce the total execution
time of the schedule [2], [3], [20], [27], [28]. These
techniques, however, do not consider that the target systems
have limited number of processors or that task computation
times are uncertain.

Modulo scheduling [24], [25], [26] is a popular technique in
compiler design for exploiting ILP in loops which results in
optimized codes. This framework specifies a lower bound,
called initiation interval (II), to start with and strives to
schedule nodes based on such knowledge. Much research
was introduced to improve and/or expand the capability of
modulo scheduling. For example, research was presented
which improved modulo scheduling by producing schedules
while considering limited number of registers [7], [8], [21].
In [17], a combination of modulo scheduling and loop
unrolling was introduced and applied in the IMPACT
compiler [4]. These ILP approaches, however, are limited to
solving problems without considering uncertain computation
times (probabilistic graph model).

Some research considers the uncertainty inherit in the
computation time of nodes. Ku and De Micheli [14], [15]
proposed a relative scheduling method which handles tasks
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with unbounded delays. Nevertheless, their approach
considers a DAG as an input and does not explore the
parallelism across iterations. Furthermore, even if the
statistics of the computation time of uncertain nodes is
collected, their method will not exploit this information. A
framework that is able to handle imprecise propagation
delays is proposed by Karkowski and Otten [12]. In their
approach, fuzzy set theory [29] was employed to model the
imprecise computation times. Although their approach is
equivalent to finding a schedule of imprecise tasks to a non-
resource constrained system, their model is restricted to a
simple triangular fuzzy distribution and does not consider
probability values.

For scheduling under resource constraints, the rotation
scheduling technique was presented by Chao et al. [5], [6]
and was extended to handle multi-dimensional applications
by Passos et al. [23]. Rotation scheduling attempts to pipeline
a loop by assigning nodes from the loop to the system with a
limited number of processing elements. It implicitly uses
traditional retiming [18] in order to reduce the total
computation time of the nodes along the longest paths (also
called the critical paths), in the DFG. In other words, the
graph is transformed in such a way that the parallelism is
exposed but the behavior of the graph is preserved. In this
paper, the rotation scheduling technique is extended so that it
can deal with uncertain tasks.

Since the computation time of a node in a PG is a random
variable, the total computation time of this graph is also a
random variable. The concept of a control step (the
synchronization of the tasks “within” each iteration) is no

- H

longer applicable. A schedule conveys only the execution
order or pattern of the tasks being executed in a functional
unit and/or between different units. In order to compute the
total computation time of this ordering, a probabilistic task-
assignment graph (PTG) is constructed. A PTG is obtained
from a PG in which non-zero dependency distance edges are
ignored and each node is assigned to a specific functional
unit in the system. The PTG also contains additional edges,
called flow-control edges where a connection from u to v
means that u is executed immediately before v using the same
functional unit. Note that in the non-resource constrained
scenario, the PTG will be the DAG portion of the PG (a
subgraph that contains only no dependency distance edges).

Let us use the example in Fig. 1b. Assume that the term
longest path computation time entails finding the maximum
of the summation of computation times of nodes along paths
which contain no dependency distances. After examining all
possible longest paths of this graph, it is likely (60 percent)
that its longest path computation time is less than or equal to
8. The details of how this value is determined is given in
Section 3. Note that if all nodes in this graph are assigned
their worst-case values, the longest path computation time (or
schedule length for non-resource constrained systems) of this
graph will be 10. One might wish to reduce the longest path
of this graph in nearly all cases, for example reducing the
chance of the clock period being greater than 6. By applying
probabilistic retiming, the longest path computation time of
the graph may be improved with respect to the given
constraint. The modified graph after retiming is shown in Fig.
1d. The longest path computation time of this graph is less
than than or equal to 6 with 20 percent chance.

@}____q(g Iter .1
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Figure 2. lllustrates an example of PTG, its corresponding repeated pattern, and the static execution order.
(a) The PTG. (b) Initial execution pattern. (c) Schedule.
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Figure 3. lllustrates the corresponding retimed PG and the repeated pattern after changing iteration window.
(a) Rotate A. (b) Reshaping iteration window.



If we need to schedule nodes from the PG to two
homogeneous functional units, a possible PTG can be
constructed as shown in Fig. 2a. Since the input graph is
cyclic, an execution pattern of this PTG is repeated and the
synchronization is applied at the end of each iteration, as
shown in Fig. 2a. The solid edges in this PTG represent those
zero dependency distance edges, called dependency edges,
from the input graph (see Fig. 1b). In this figure, nodes 4, B
and D are assigned to PE, and node C is bound to PE;. Note
that D is implicitly executed after A; therefore, the direct
edge from A to D from the original input graph can be
omitted. A corresponding static schedule which shows only
one iteration from the execution pattern is shown in Fig. 2c.

The resulting longest path computation time of the PTG is
less than 9 units with 90 percent certainty. This longest path
timing and its probability are also known as a schedule
length for resource constrained systems. We can improve the
resulting schedule length by applying our probabilistic
rotation scheduling algorithm to the PG and its PTG. In this
case the algorithm first selects the root node 4 to be
rescheduled. Then one dependency distance from the
incoming edges of node 4 is moved to all its outgoing edges.
Fig.3a. shows the resulting transformation graph of the PG.
This new graph will be used as a reference to later update the
PTG. The new execution pattern is equivalent to reshaping
the iteration window as presented in Fig. 3b.

F2Y SRR @
l O O
PED  FE! PEg | B D
®——D PE: | C A
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Figure 4. lllustrates the resulting PTG and its execution
order after rescheduling A. (a) PTG. (b) Static execution
order.

By applying the PRS algorithm, node 4 from the next
iteration (see Fig. 3b.) is introduced to the static execution
pattern. Note that node A has no inter-iteration dependencies
associated with it. Therefore, 4 can be rescheduled to any
available functional unit. One possible schedule is to assign
node 4 immediately after node C in PE;. The resulting PTG
and the new execution order are shown in Fig. 4a and 4b,
respectively. The dotted arrow from C to 4 in this new PTG
represents the flow-control edge. For this PTG, the resulting
schedule length will be less than seven with higher than 90
percent confidence.

The remainder of this paper is organized as follows. Section
2 presents the graph model used in this work. Required
terminology and fundamental concepts are also presented.
Section 3 discusses probabilistic retiming and the algorithm
for computing a total computation time of a probabilistic
graph. The probabilistic rotation scheduling algorithm and
the supported routines will be discussed in Section 4.
Experimental results are discussed in Section 5. Finally,
Section 6 draws conclusions of this research.
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2. Preliminaries

In this section, the graph model which is used to represent
tasks with uncertain computation times is introduced.
Terminology and notations relevant to this work are also
discussed. We begin by examining a DFG that contains tasks
with uncertain computation time which can be modeled as a
probabilistic graph (PG). The following gives the formal
definition for such a graph.

Definition 2.1. A4 probabilistic graph (PG) is a vertex-
weighted, edge-weighted, directed graph G ={ V,E,d,T) ,
where V is the set of vertices representing tasks, E is the
set of edges representing the data dependencies between
vertices, d is a function from E to the set of non-negative
integers, representing the number of dependency distance
on an edge, and T, is a random variable representing the
computation time of a nodev € V.

Note that traditional DFGs are a special case of PGs where
all probabilities equal one. Each vertex v € V' is weighted
with a probability distribution of the computation time,
given by T,, where T, is a discrete random variable
corresponding to the computation time of v such that X, Pr
(T, = x) = 1. The notation Pr(7, = x) is read “the probability
that random variable T assumes value x". The probability
distribution of T is assumed to be discrete in this paper. The
granularity of the resulting probability distribution, if
necessary, depends on the needed degree of accuracy.

An edge e € E from u to v, u, v € V, is denoted by u

—= 5y and a path p starting from u and ending at v is

p
indicated by the notation # ~ >v. The number of dependency

distances of path p(d(p)), p = vo SRS & ...
—Sl 5y is d(p) = Zf-:ol d(e;). As an example, Fig. 1b

has the set of edges E = {4 —32—>B, 4—223C, 4

% sp, B—% >D, (—% >D, D—5 4},
The number of dependency distances on each edge e € E is
given by d(e), where, fori=1,..., 6, d(e;) =0 and d(e;) = 2.

The execution order or execution pattern of a PG are
determined by the precedence relations in the graph. During
one iteration of the graph each vertex in the execution order
is computed exactly one time. Multiple iterations are
identified by index i, starting from 0. Inter-iteration
dependencies are represented by weighted edges or
dependency distances. For any iteration j, an edge e from u
to v with dependency distance d(e) conveys that the
computation of node v at iteration j depends on the execution
of node u at iteration j - d(e). An edge with no dependency
distances represents a data dependency within the same
iteration. A legal data flow graph must have strictly positive
dependency distance cycles, i.e., the summation of the d(e)
along any cycle cannot be less than or equal to zero.
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2.1 Retiming Overview

Retiming operations rearrange registers in a circuit or
dependency distances in a data-flow graph in such a way that
the behavior of the circuit is preserved while achieving a
faster circuit. Traditionally, retiming [18] optimizes a
synchronous circuit (graph) G = (V, E, d, {y which has non-
probabilistic functional elements, i.e., each of the vertices v
€ V is associated with a fixed numerical timing value. The
optimization goal is normally to reduce the clock period or
cycle period ®(G) (also known as longest path computation
time). The cycle period represents the execution time of the
longest path (referred to as the critical path) that has all zero
dependency distance edges. It is defined by the equations

O(G) =max{t(p) : d(p) =0}, where
P=v & . Ck-1

7V ?
(p) =¥ 1o tv), and d(p) = ¥ 55 d(e).

Retiming of a graph G = (V, E, d, f) is a transformation
function from vertices to the set of integers,  : VO Z . The
retiming function describes the movement of dependency
distances with respect to the vertices so as to transform G
into a new graph G, = (V, E, d,, t), where d, represents the
number of dependency distances on the edges of G,. The
positive (or negative) value of the retiming function
determines the movement of the dependency distances.
During retiming the same number of dependency distances is
pushed from all incoming (outgoing) edges of a node to all
outgoing (incoming) edges. If a single dependency distance
is pushed from all incoming edges of node u € V to all
outgoing edges of node u, then r(u) = 1. Conversely, if one
dependency distance is pushed from all outgoing to all
incoming edges of u, then (#) = -1. The absolute value of
the retiming function conveys the number of dependency
distances that are pushed. An algorithm to find a set of
retiming functions to minimize the clock period of the graph
presented in [18] is a polynomial time algorithm which has
the time complexity of O(|V] |E| log |V]).

]

-l

(=) (b

Figure 5. lllustrates retiming transformations ((a) before and
(b) after retiming) where dotted edges represent the critical
path.

Consider Fig. 5a, which illustrates a simple graph with four
vertices, A, B, C and D. The numbers next to the vertices in
the figure represent the required computation times. Fig. 5b
represents a retimed version of Fig. 5a where #(B) =r(C) =1,
rA) = 2, and #(D) = 0. In this case, the movement of
dependency distances is as follows: r(4) = 2 is equivalent to
removing two dependency distances from the incoming edge

of vertex 4, D—<—>A4 and adding them onto edges 4

= >B, A >C, and 4 —° 5D. The retiming
functions for nodes C and B are #(B) = r(C) = 1. This means

that one dependency distance from A—SBis pushed
through vertex B to edge B ) Similarly, one
dependency distance from edge A—SC is pushed

through vertex C to C —~2 5D. An equivalent set of
retimings in Fig. 5b is #(B) = r(C) = -1, r(D)=-2,and r
(4) = 0. This equivalent set of retimings produces the same
graph by pushing the dependency distances backward
through nodes D, B and C, instead of forward through nodes
A, B and C. The dotted lines in Fig. 5a represent the critical
path of the graph, for which ®(G) = 5. After retiming, the
critical path becomes ®(G) = 3, as illustrated by the dotted
line in Fig. 5b.

The following summarizes some essential properties of the
retiming transformation:

1. risalegal retiming if d(e)= 0, Ve € E.

2. Foran edge u —2 5y, whereu,v eV,
de)=dJe) + r(u) - r(v).
p
3. Forapathu~>v, where u,v e V,
d{p) =d,p) + r(u) - r(v).
4. In any directed cycle (/) of G and G,, d.(I) = d(]) >
0.

Property 1 guarantees that the retimed graph will not have
any edge containing a negative number of dependency
distances. Properties 2 and 3 explain the movement of such
distances. If (v), v € V, has a positive value, the distances
will be deleted from the incoming edge(s) of v and inserted
onto the outgoing edge(s), and vice versa if 7(v) has the
negative value. Finally, Property 4 ensures that the number
of dependency distances in any loop of the graph remains
constant. That requires that all cycles have at least one
dependency distance. Since retiming is an optimization
technique which is subject to unlimited number of target
resources, the resulting longest path computation time after
the transformation is the underlying schedule length.
Consider only a DAG part of the retimed graph where edges
with nonzero dependency distances in the retimed graph are
ignored. The iteration boundaries of this schedule will be at
the root nodes (beginning of the iteration) and at the leaf
nodes (end of the iteration).

2.2 Rotation Scheduling

In [5], Chao et al. proposed an algorithm, called rotation
scheduling, which uses the retiming algorithm to deal with
scheduling a cyclic DFG under resource constraints. The
input to the rotation scheduling algorithm is a DFG and its
corresponding static schedule, i.e., a synchronized order of
the nodes in the DFG. Rotation scheduling reduces the
schedule length (the number of control steps needed to
execute one iteration of the schedule) by exploiting the
parallelism between iterations. This is accomplished by
shifting the scope of a static schedule in one iteration, called



the iteration window, down by one control step. Looking at a
static iteration, rotation scheduling analogously rotates tasks
from the top of the schedule of each iteration down to the
end. This process is equivalent to retiming those tasks (nodes
in the DFG) in which one dependency distance will be
deleted from all their incoming edges and added to all their
outgoing edges resulting in an intermediate retimed graph.
Once the parallelism is extracted, the algorithm reassigns the
rotated nodes to new positions so that the schedule length is
shorter.

As an example, the cyclic DFG in Fig. 6a is to be scheduled
using two processing elements. Fig. 6b presents one possible
static schedule for such a graph. By using rotation

€2 Techiiical Journal
Vol Il No.11, July-October 2001 m

scheduling, this schedule can be optimized. First, the
algorithm uses node 4 from the next iteration. The original
graph is retimed by 7(4) = 1, i.e., one dependency distance

from E—<—>4 is moved to all outgoing edges of 4 (see
Fig. 6¢). By doing so, node 4 now can be executed at any
control step in this new iteration window. Assume that
rotation scheduling uses a remapping strategy that places
node 4 immediately after node C in PE;. The resulting static
schedule length is then reduced by one control step as shown
in Fig. 6d. In Section 4, the concept of the schedule length
and the remapping strategy will be extended to handle
probabilistic inputs.

A\—“ D A.—'—'l‘ o
c
\ Iter. it Tter. i+ 1t \
B ~E PEc [A B D E|A B D B | .. B——FE
PEy [ C
(a} ®) CH
Iter.1 Iter.2
PEa A B ] B B D E
PE, c A c A
{d)

Figure 6. Illustrates an example to represent how rotation scheduling optimizes the underlying schedule length.
(a) Cyclic DFG. (b) Static schedule. (c) Retimed. (d) Resulting schedule.

3. Nonresource Constrained Scheduling

Assuming there are infinite available resources, one can
optimize a PG with respect to a desired longest path
computation time and confidence level, i.e., attempt to
reduce the longest path computation time of the graph. The
distribution of dependency distances in the PG is done
according to a probabilistic timing constraint where the
probability of obtaining the timing result (longest path
computation time) being less than or equal to a given value ¢
is greater than some confidence probability value 0. This
resulting timing information is essentially the schedule
length of the nonresource constrained problem. This section
presents an efficient algorithm for optimizing a probabilistic
graph with respect to a desired computation time (c) and its
corresponding confidence probability (0). In order to
evaluate the modified graph, we need to know the probability
distribution associated with its computation time. The
remaining subsections discuss these issues.

3.1 Computing Maximum Reaching Time

Let Gae be the DAG portion (the subgraph that has only
edges with no dependency distances) of a probabilistic graph
G. Assume that two dummy nodes, v, and v,, are added to
Gag, Where v, connects to all source nodes (roots) and v, is
connected by all sink nodes (leaves). Traditionally, the

longest path computation time of a graph is computed by
maximizing the summation of computation times of nodes
along the critical (longest) paths between these dummy
nodes. Likewise, for a probabilistic graph, we can compute
the summation of the computation time for each path from v,
to v, in the graph. In this case the largest summation value is
called the maximum reaching time or mrt of the graph. The
mrt of a PG exhibits a possible longest path computation
time of the graph and its associated probability. Therefore,
unlike the traditional approach, the summation and
maximum functions of computation time along the paths in a
PG become functions of multiple random variables.

To compute an mrt of a PG, we need to modify the graph so
that v, and v, are connected to the DAG portion of the
original graph. Formally, a set of zero dependency distance
edges is used to connect vertex v, to all roots, and to connect
all leaves to vertex v, Since it is nontrivial to efficiently
compute a function of dependent random variables,
Algorithm 1 computes the mrt(G) assuming that the random
variables are independent. This algorithm traverses the input
graph in the breadth-first fashion starting from v, and ending
at v,. In general, the algorithm accumulates the probabilistic
computation times along each traversed path. When it
reaches a node that has more than one parent, all the values
associated with its parents are maximized.

Algorithm 1 Calculate maximum reaching time of graph G
Require probabilistic graph PG
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Ensure mrt(G) = temp g (Vs, Va)

1. Go=Vy, Eo, d, T) such that Vo=V + {v,, v}
2. E0=E-{eeE:d(e)¢0}+{vS46)ve V., ue
Vi—"—> v}

3. Yuel,tempy(vs, u) =0, TVs = Tvd =0, Queue=vy
4. while Queue # 0 do

S. get node u from top of the Queue

6. tempmn(vsa u) = tempmn(vsa M) + Tu

7. forallu—"->vdo

8. decrement the incoming degree of node v by one
9. tempyn(Vy, V) = max(tempy(vy, ), temppg(vy, v))
10. if incoming degree of node v becomes 0 then

11. insert node v into the Queue

12. end if

13.  end for

14. end while

Lines 1 and 2 produce DAG G, from G containing only
edges e € E, with d(e) = 0, and the additional zero
dependency distance edges connecting v, to every root node
v € V, of G and connecting every leaf node u € V, of G to v,.
Line 3 initializes the temp,(v,, u) value for each vertex u in

the new graph and sets the computation time of T, Ve and T, d

to zero. Lines 4-12 traverse the graph in topological order
and compute the mrt of each v with respect to v, (temp(vs,
v4)). Note that the temp,,; for node v with respect to v; is
originally set to zero. It stores the current maximum
computation time of all node v's visited parents. When the
first parent of v is dequeued, v has its indegree reduced by
one (Line 8) and temp,,, mrt is updated (Line 9). Vertex v's
other parents are in turn dequeued, and the process is
repeated. Eventually, the last parent of node v will be
dequeued and maximized. At this point, node v will be
inserted into the queue since all parents have been
considered, i.e., indegree of v equals zero (Line 10). Node v
will be eventually dequeued by Line 5. Line 6 will then add
T, to the temp,,; of node v producing the final mrt with
respect to all paths reaching node v.

Note that the initial computation times are integers and the
probabilities associated with these times being greater than
the given value ¢ are accumulated as one value in the
algorithm. Only O(c+1) values need to be stored for each
vertex. Therefore, the time complexity for calculating the
summation (Line 6), or the maximum (Line 9) of two
vertices is O(c?). Since the algorithm computes the result in a
breadth first fashion, the running time of Algorithm 1 is O
(¢*|V] |E]), while the space complexity is bounded by O(c|V)).

3.2 Probabilistic Retiming

Using the concept of mrt, Algorithm 2 presents the
probabilistic retiming algorithm which reduces the longest
path computation time of the given PG to meet a timing
constraint. Such a constraint is that Pr(mrt(v,, v4) < ¢) > 0
where c is the desired longest path computation time of the
graph and 0 is the confidence probability. This requirement
can be rewritten as Pr(mrt(vy, v;) < ¢) < 8, where dis 1 - 0.

The algorithm retimes vertices whose probability of
computation time being greater than ¢ is larger than the
acceptable probability value. Initially, the retiming value for
each node is set to zero and nonzero dependency distance
edges are ecliminated. Then, v, is connected to the root-
vertices of the resulting DAG and v, is connected by the leaf-
vertices of the DAG. Lines7-17 traverse the DAG in a
breath-first search manner and update the temp,,, for each
node as in Algorithm 1. After updating a vertex, the resulting
tempy, is tested to see if the requirement, Pr(temp,,«(G) > ¢)
<9, is met. Line 19, then decreases the retiming value of any
vertex v that violates the requirement unless the vertex has
previously been retimed in a current iteration. The algorithm
then repeats the above process using the retimed graph
obtained from the previous iteration. If the algorithm finds
the solution for a given clock period, the final retimed graph
implies the number of required resources to achieve such a
schedule length.

Algorithm 2 Probabilistic retiming

Require probabilistic graph, a requirement Pr(temp,,(G) >
c)<d

Ensure retiming function » for each node to meet the
requirement

1. ¥V nodev e Vinitialize retiming function 7(v) to 0
2. fori=1to|V]do
3. retime graph G, with the retiming function r(v)
4. G, = directed acyclic portion (DAG) of G,
5. prepend dummy node v, to G
{connects to all root nodes}
6.  append dummy node v, to Gy
{connected by all leaf nodes}
7. for all nodes in G, do
8‘ tempmn(vss u) =0
9. insert v into Queue
10. T, o= T, g 0 {set timing of two dummies to
zero}
11. end for
12.  while Queue # 0
13. get node u from the Queue

14. tempy(vs, 1) = tempp(vs, u) + 7, {adding two
random variables}

15  forallu—"->v e Gydo

16. decrement number of incoming degrees of node
v by one

17. tempy(Vs, v) = max(temp,(vy, 1),
tempp(Vvs, v)) {maximizing two random
variables}

18. if Pr(tempp,(v,, v) > ¢) > & and u has not been
retimed then

19. r(u) = r(u) -1 {move one dependency

distances from all outgoing edges to all
incoming edges}

20. end if

21. if number of incoming edges of node v is 0
then

22. insert node v into a ready Queue

23. end if

24. end for

25. end while

26. end for



Line 19 pushes a dependency distance onto all incoming
edges of a node that violates the timing constraint. Since all
descendents of this node will also be retimed, Line 19 in
essence moves a dependency distance from below v, to above
this node. In other words, (1) = r(u) — 1 for all nodes from u
to v, Hence only the incoming edges of vertex u will have an
additional dependency distance. Once all nodes are not
retimed in the current iteration, the requirement Pr(mrt(v,, v,)
> ¢) < is met. Then the algorithm stops and reports the
resulting retiming functions associated with nodes in the
graph. Otherwise, the algorithm repeats at most |V] times.
Since the computation of the maximum reaching time is
performed in every iteration, the time complexity of this
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algorithm is O(c*|V|*|E|) while the space complexity remains
the same as in the maximum reaching time algorithm. The
resulting retiming function returned by Algorithm 2
guarantees (necessary condition) the following:

Theorem 3.1. Given G =(V, E, d, T), a desired cycle period,
¢, and a confidence probability, 0 = 1 - J, if Algorithm 2
(probabilistic retiming algorithm) finds a solution, then
the resulting retimed graph G, satisfies the requirement
Pr(mrt(G) <¢) > 6.

A E Time Naodes
P/ \ ‘J \ A [0 D E F [« 3 1
1 0.3 q 4] 0| Q.3 09 | 05 1]
B\D}'/c F\J)/G 2 0.7 | .8 ¥} 0.1 .5 ) o] Q 05
3 i} 0.5 0 0| 0.5 Q|05 | 08
\ / 4 i) 0.5 0| 05 a |01 0 4]
5 a | 9.2 0 0 Q Q 0 0 1]

(a)

(o)

Figure 7. lllustrates an example of a 9-node graph and its corresponding probabilistic timing information.

@
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‘v’ \J‘

{c)

Figure 8. Illustrates retimed graph corresponding to Table 1, 2, and 3.

Table 1. Shows first iteration showing probability distribution of mrt(vy, v), v e V

Pr(mrt(v,, v)) for different time
eV T2 3 4 5 6 [ >c |
A 03 (0.7 0 0 0 0 0 0
B 0 0 0.24 0.56 0 0.06 0.14 0
C 0 0 0 0.15 0.5 0.35 0 0
D 0 0 0 0 | 0.108 | 0.372 | 0.520 -1
E 0105 0 0.5 0 0 0 0
F 0 0 | 0.250 0 0.5 0 0.25 -1
G 0 0 0.45 0 0.45 0.05 | 0.050 0
H 0 0 0 | 0.056 0 | 0.338 | 0.606 -1
I 0 0 0 0 0 0 1 -1
V4 0 0 0 0 0 0 1 0
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Table 2. Shows second iteration showing probability distribution of mrt(vy, v), v € V

Pr(mrt(v,, v)) for different time

velV 1 5 3 3 6 >c r(v)
A 0.3 0.7 0 0 0 0 0 0
B 0 0| 024 0.56 0 0.06 0.14 0
C 0 0 0 0.15 0.5 0.35 0 0
D 0.9 0.1 0 0 0 0 0 -1
E 0 0.5 0 0.5 0 0 0 0
F 0.5 0 0.5 0 0 0 0 -1
G 0.9 0 0 0.1 0 0 0 0
H 0| 0.225 0 0.45 0.05 | 0.225 0.5 -1
1 0 0 0] 0.112 | 0.112 | 0.225 | 0.550 -2
\Z 0 0 0| 0.013 | 0.103 0.27 | 0.613 0

Table 3. Shows third iteration showing probability distribution of mrt(vs, v), v € V

Pr(mrt(v,, v)) for different time
eV 2 | 3 5 [ 6 [ e |V
A 0 01 0.15 0.5 | 0.35 0 0 0
B 0 0 0 01 0.12 04 | 048 -1
C 0 0 0 0 0| 0.075 | 0.925 -1
D 0.9 0.1 0 0 0 0 0 -1
E 0 0.5 0 0.5 0 0 0 0
F 0.5 0 0.5 0 0 0 0 -1
G 0.9 0 0 0.1 0 0 0 0
H 0| 0.225 0| 045 | 0.05 | 0.225 0.05 -1
I 0 0.5 0.5 0 0 0 0 -2
Vg 0 0 0 0 0 | 0.037 | 0.963 0

3.3 Example

Consider the PG and the probability distribution associated
with nodes in the graph in Fig.7. For this experiment, let ¢ =
6 be the desired longest path computation time and & = 0.2 be
the acceptable probability. Algorithm 2 works by first
checking and computing mrt from v, to 4 and E. Then, it
topologically calculates the mrt of the adjacent nodes of 4
and E. After it computes the mrt of node 7, mrt(v,, v,) is
obtained.

Three iterations of Algorithm 2 computing the results of the
maximum reaching time from v, to v including v, are
tabulated in Tables 1, 2 and 3. After the first iteration, the
retiming value associated with nodes D, F, H, and [ are
shown in Column r(v) of Table 1. The values in Columns 2-8
show the probability that the mrt(v,,v), Vv € V, ranges from 1
to 6 and greater than 6 (>6), respectively. The retimed graph
associated with the retiming value in Table 1 after the first
iteration is presented in Fig. 8a. Table 2 presents the
maximum reaching time from the dummy node v, to each
node v € V as well as the retiming function for each vertex
after the second iteration. Fig. 8b presents the retimed graph
corresponding to the retiming function presented in Table 2.
By computing the mrt(v,,v) of the retimed graph in Fig. 8b, it
becomes apparent that nodes B and C need to be retimed. Fig.
8c illustrates the final retimed graph in accordance with the
retiming function presented in Table 3. Note that Table 3 also
presents the final maximum reaching time and retiming value
for each vertex which satisfies the required configuration.
From this final retimed graph, one could, therefore, allocate a

minimum of five processing elements in order to compute the
graph in six time units with 80 percent confidence.

4. Resource-Constrained Scheduling

In this section, we present a probabilistic scheduling
algorithm which considers the limited number of resources.
The traditional rotation scheduling framework is extended to
handle the probabilistic environment. We call this algorithm
probabilistic rotation scheduling (PRS). Given a PG, the
algorithm iteratively optimizes the PG with respect to the
confidence probability and the number of resources.

Before presenting this algorithm, we first discuss two
important concepts that make scheduling under the
probabilistic  environment different from traditional
scheduling problems. First, in the probabilistic model, a
synchronization control step is not available. A node can
begin its execution if all of its parents have already been
executed. This is similar to the asynchronous model where
data request and handshaking signals are used to
communicate between nodes. The schedule can be viewed as
a directed graph where edges show either the data
requirement to execute a node or the order that a node can be
executed in a particular functional unit. Note that a
synchronization will be applied at the end of each iteration.
Second, the task remapping strategy for PRS should take the
probabilistic nature of the problem into account. The
following subsection discuss these concepts in more details.



4.1 Schedule Length Subject to the Confidence

The concept of mrt can be used to compute the underlying
schedule length. Hence, the conventional way of calculating
schedule length has to be redefined to include the mrt notion.
In order to do so, we update the probabilistic data flow graph
by adding the resource information and extra edges between
two nodes executed consecutively in the same functional unit
and have no data dependencies between them. This graph,
called the probabilistic task-assignment graph (PTG),
represents a schedule under the probabilistic model.

Definition 4.1. 4 probabilistic task-assignment graph (PTG)
G =V, E, w, T, b), is a vertex-weighted, edge-weighted,
directed acyclic graph, where V is the set of vertices
representing tasks, E is the set of edges representing the
data dependencies between vertices, w is a edge-type
function from e € E to {0,1}, where 0 represents the type
of dependency edge and 1 represents the type of flow-
control edge, T, is a random variable representing the
computation time of a node v € V, and b is a processor
binding function fromv € Vto {PE;, 1 <i<n}, where PE;
is processing element i and n is the total number of
processing elements.

Figure 9. lllustrates an example of a probabilistic
task-assignment graph (PTG) where the nodes are assigned
to PEO and PE,.

As an example, Fig. 9 shows an example of the PTG with
two functional units PE, and PE;. Nodes B and D are
assigned to PE. That is, b(By = b(D) = PE,. Meanwhile, b
(C) = b(4) = PE,. Edges consists of C—2—>4, C

2 _yp,B—5—5D, where w(e;) = 1 and w
(e2) = w(e;) = 0. Note here that if there exist edges 4 —> B and
B—D and all of the nodes are scheduled to the same
processor, edge 4 —> D, which was a true dependence edge,
can be ignored. Note also that removing redundancy edges is
simple and should be utilized to speed up the calculation of

mrt. In Fig. 9, edge C —& 54 is control-typed since A
now has no dependency to C but has to execute after C due to
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dependencies. Applying the mrt algorithm to the PTG, we
can define the probabilistic schedule length. This length is
expressed in terms of confidence probabilistic as follows.

Definition 4.2. A probabilistic schedule length of PTG G = (
V, E, w, T, by with respect to a confidence level 0, psl(G,
0), is the smallest computation time c such that Pr(mrt(G)
>c)<1-6.

For example, consider the probability distribution of the mrt
(G) shown in table 4. Given a confidence probability 6 = 0.8,
the probabilistic schedule length psl(G, 0.8) is 14. This
because the smallest possible computation time is 14, where
Pr(mrt(G) > 14) < 0.2, i.e., 0.04365 + 0.02293 + 0.00875 =
0.07818 < 0.2. Therefore, with 80 percent confidence, the
computation time of G is less than 14.

4.2 Task Remapping Heuristic: Template
Scheduling

In this section, we propose a heuristic, called template
scheduling (TS), to search for a place to reschedule a task.
This remapping phase plays an important role in reducing the
probabilistic schedule length in PRS. Since the computation
time is a random variable, there is no fixed control step
within an iteration. As long as a node is placed after its
parents, any scheduling location is legal.

In template scheduling, a schedule template is computed
using the expectation of the computation time of each node.
This template implies not only the execution order, but also
the expected control step that a node can start execution. In
order to determine an expected control step, each node in a
PTG is visited in the topological order and the following is
computed:

Definition 4.3. The expected control step of node v of PTG
G={, E w, T, b), Ecs(v), is computed by

Ecs(v) = max(Ecs(w;) + ET, ; ),

where u,-—e>v € E, ET, represents the expected
computation time of node u and Ecs(v;) = 0 for all root
nodes v; e V.

This definition assumes node v can start its execution right
after all parents finish their execution. By observing this
template, one can ascertain how long (the number of control
steps) each processing element would be idle. The template
scheduling decides where to reschedule a node using “their

resource  constraints.  Other edges represent data degree of flexibility.”
Table 4. Shows possible computation time of the mrt(G)
8 9 10 11 12 13 14 15 16
| Prob | 0.00197 | 0.04373 | 0.20902 | 0.25140 | 0.23661 | 0.18194 | 0.04365 | 0.02293 | 0.00875
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Definition 4. Given a PTG G =V, E, w, T, b), a degree of
flexibility of node u with respect to the processing element
PE;, dflex(u, i), is computed by:

dflex(u, i) = Ecs(v) - Ecs(u) — ET,,

where u—=<—>v e E and u and v are assigned to PE;.

ET=I
Fos=3

ET=4

Ecs=4.7 @

le

ET=2
Ecs=37

Eos=8.7

o O &
PED PE1 PE2

Figure 10. lllustrates an example of how to obtain the
expected control step.

The degree of flexibility conveys the expected size of
available time slot within PE;. Fig. 10 shows a typical case
where node v has more than one parent. u;, u, and u; are
parents of node v and each of these parents has the expected
computation time 1, 4, and 3, respectively. In the same order,
the expected control steps of these nodes are 3, 4.7, and 3.7,
respectively. Therefore, the expected control step Ecs(v) =
8.7. According to Definition 4.3, the degree of flexibility of u
with respect to PEy, is 8.7 — 3 — 1 = 4.7. This value conveys
how long PE|, has to wait before v can be executed. Note that
the degree of flexibility of a node, which is executed at last
in any PE, is undefined. The following steps compute the
new G after rescheduling node v.

Algorithm 3 Rescheduling rotated nodes using the template
scheduling heuristic
Require: PTG, rescheduled node
probability 6
Ensure: Rescheduling new PTG with shortest psl
1. Assume that all nodes in the PTG have their
expected computation times precomputed
2. Vnodeu € V compute Ecs(u) and dflex(u)
3. for each of target processors (PE;) do
4. Using the maximum dflex to select node x which
is scheduled to PE;
5. schedule v after x
6. reconstruct a new PTG (assigned with PE;) with
this assignment
7. compare it with others PTG and get the one that
has the best psl
8. end for

v and confidence

This rescheduling policy hopes that placing a node in the
processor with the expected biggest idle time slot results in

the least potential of increasing the total execution time. If a
computation time of the node is much smaller than the
expected time slot, this approach may allow the next
rescheduled node to be placed here also. This is similar to
worst-fit policy, where the scheduler strives to schedule a
node to biggest slot. In section 5, we demonstrate the
effectiveness of this heuristic over the method that
exhaustively finds the best place for a node. Note that this
exhaustive search is not performed globally, rather the search
is done locally in each remapping iteration. We call this
heuristic a local search (LS).

4.3 Rotation Phase

Having discussed the rescheduling heuristic, the following
presents the probabilistic rotation scheduling (PRS). Note
that the previous heuristic or any rescheduling heuristic can
be used as rescheduling part of this PRS algorithm. The
experiments in Section 5 show the efficacy of the PRS
framework with different rescheduling heuristics.

Algorithm 4 Probabilistic Rotation Scheduling
Require: PG and designer’s confidence probability 6
Ensure: PTG with a shortest psl
1. Yu e Vcompute ET,
2. Gy < find initial schedule {finding an initial
schedule for PG and keep it in G,}
3. fori=1to2|V|do
4. R < all roots of a DAG portion of G
{these are nodes to be rotated}
retime each of the nodes in R
6. reschedule these nodes one by one using the
heuristic previously presented
7. compute psl of the new graph with respect to 0
8. if psl(G,, 0) < psl (Gyegt, 0) then
9. Gpest <= G {considering that Gy 1S
initialized to G first}
10. end if
11. end for

b

In order to use template scheduling, an expected computation
time of each task will be precomputed. After that, an initial
schedule is constructed by find initial schedule. Note that
the algorithm for creating the initial schedule can be any
DAG scheduling, e.g., probabilistic list scheduling discussed
previously. Rotation scheduling loops for 2|V] times to
reschedule all nodes in the graph at least once. Like
traditional rotation scheduling, only nodes that have all their
incoming edges with nonzero dependency distances will be
drawn from each of these edges and placed on their outgoing
edges. Then, these rotated nodes will be rescheduled one by
one using the template scheduling technique. After all rotated
nodes are scheduled, if the resulting PTG is better than the
current one, Algorithm 4 will save the better PTG.
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Figure 11. lllustrates an example of the computation time of graph in Figure 1b.
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Figure 12. Illustrates initial assignment and the corresponding execution order. (a) Static execution order. (b) PTG.
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Figure 13. lllustrates the probabilistic graph after A is rotated and the template values. (a) New PTG. (b) Ecs and dflex.

Table 5. Shows possible computation time of the mrt of a PTG

8 9 10 11 12 13 14 15 16
[ Prob | 0.00197 | 0.04373 | 0.20902 | 0.25140 | 0.23661 | 0.18194 | 0.04365 | 0.02293 | 0.00875
4.4 Example are assigned to PE,. Edges B—2 > Hand C—2—G

Let us revisited the PG example in Section 3.3 as shown in
Fig. 11a and the corresponding computation time in Fig. 11b.
The confidence probability is given as 6 = 0.8. After list
scheduling is applied, the initial execution order is
constructed as shown in Fig. 12a. The corresponding PTG is
presented in Fig. 12b. Nodes 4, B, H and [ are assigned to
PE,, nodes E and F are scheduled PE, and nodes C, G and D

and G—<—> D are flow-control edges.

For this assignment, the mrt of such a PTG is computed as
shown in Table 5. Therefore, with higher than 80 percent
confidence probability, psl(G, 0.8) = 14.

According to the structure of the PTG, either 4 or £ can be
rescheduled. In the first rotation, PRS selects 4 to be
rescheduled. One dependency distance is moved from all
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incoming edges of 4 and pushed to all outgoing edges of A.
The resulting retimed graph PG is shown in Fig. 13a. In this
graph, node A4 requires no direct data dependency from any
node. Therefore, 4 can be placed at any position in the
schedule. Fig. 13b shows the expected computation time, the
expected control step, and the degree of flexibility of each
node in this PTG.

PE; [ B A H 1
PE, | E F
PEy C & o]

(@) {b

Figure 14. Illustrates the PTG, execution order and its mrt
after the first rotation where psl (G, 0.8) = 12.
(a) PTG. (b) Execution order.

5. Experimental Results

In this section we perform experiments both using
nonresource and resource constrained scheduling on two
general classes of problems. The first class are real
applications which may have a combination of nodes with
probabilistic computation times and with fixed computation
times. The second are well-known DSP filter benchmarks.
Since these benchmarks contain two uniform types of nodes,
namely multiplication and addition, the basic timing
information consisting of three probability distribution are

Based on the values in the table from Fig. 13b, it is obvious
that an expected waiting time between B and H in PE, where
psl can be reduced. The resulting PTG and its execution order
are shown in Fig. 14, where psl(G, 0.8) = 12. After running
PRS for 18 iterations, the shortest possible schedule length
was found in the 15th iteration. In Fig. 15, we present the
resulting schedule length of the this trial which is less than 9
with probability greater than 80 percent (psl(G, 0.8) =9).

assigned to each benchmark graphs. In order to show the
usability of the proposed algorithm, three applications are
profiled to get their probabilistic timing information. The
profiler reports the processing time requirement in these
applications and the corresponding frequency of this time
value. The frequency of timing occurences is used to obtain a
node probability distributions. A node in these graphs may
represent a large number of operations which cause the
uncertain computation time as well as operations which have
fixed timing information. Each timing information is
discretized to a smaller unit such as nanoseconds.

The DSP filter benchmarks used in these experiments include
a Biquadratic IIR filter, a 3-stage IIR filter, a fourth-order
Jaunmann wave digital filter, a fifth-order elliptic filter, an
unfolded fifth-order elliptic filter with an unfolding factor
equal to 4 (uf = 4), an all-pole lattice filter, an unfolded all-
pole lattice filter (uf = 2), an unfolded all-pole lattice filter
(uf = 6), a differential equation solver and a Volterra filter.
The rest of the benchmarks are the application for image
processing (Floyd-Steinberg), the application to search for a
solution which maximize some unknown function by using
genetic algorithm, and the famous example of the application
in the fuzzy logic area, the inverted pendulum problem. All
of the experiments were performed using SUN UltraSparc.

Table 6. Shows probabilistic retiming versus worst case traditional retimimg

0=0.9 0=0.8

Benchmark #nodes | c worst T % cTo%
Biquad IIR 8 78 60 | 23 57 26
Diff. Equation 11 118 81 | 31 77 135
3-stage direct IIR 12 54 44 | 19 41 | 24
All-poll Lattice 15 157 | 120 |24 | 117 |25
4™ order WDF 17 156 | 116 | 26| 112 |28
Volterra 27 276 | 216 |22 | 212 |23
5™ Elliptic 34 330 | 240 | 28 | 236 |29
All-poll Lattice (uf=2) 45 468 | 350 | 25 | 346 | 25
All-poll Lattice (uf=6) 105 1092 | 811 |26 | 806 | 26
5" Elliptic (uf=4) 170 1633 | 1185 | 27 | 1174 | 28
Floyd-Steinberg 13 30 23 | 23 21 | 30
Genetic application 18 202 | 180 | 11| 127 |37
Fuzzy application 24 19 17 | 11 17 | 11
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Figure 15. lllustrates the final PG, PTG, execution order where psl(G, 0.8) = 9. (a) PG. (b) PTG. (c) Final execution order.

Table 7. Shows probabilistic retiming versus average-case

analysis
Traditional Algorithm 2

Benchmark mri(G gvg ylo=09|6=038
Biquad IIR 7040 | 52.64 | 5230
Diff. Equation 76.05 | 73.07 | 7250
3-stage direct [IR 4190 | 37.70 | 38.36
All-poll Lattice 114.45 | 111.77 | 111.40
4™ order WDF 106.73 | 106.44 | 105.98
Volterra 204.00 | 202.44 | 202.00
5" Elliptic 233.30 | 228.41 | 227.59
All-poll Lattice (uf=2) 342.17 | 338.11 | 337.62
All-poll Lattice (uf=6) 800.51 | 794.02 | 793.39
5™ Elliptic (uf=4) 800.51 | 794.02 | 793.39
Floyd-Steinberg 18.47 18.45 18.17
Genetic application 150.89 | 144.01 | 112.46
Fuzzy application 18.03 16.08 16.08

5.1 Nonresource Constrained Experiments

In each experiment, for a given confidence level 6 = 1 - 9,
Algorithm 2 is used to search for the best longest path
computation time. In order to do this, the current desired
longest path computation time (c) is varied based on whether
or not a feasible solution is found. For instance, if ¢ is too
small, the algorithm will report that no feasible solution
exists. In this case, ¢ is increased and Algorithm 2 is
reapplied. This process will repeated, until the smallest
feasible c is found.

Table 6 shows the results for traditional retiming using worst-
case computation time assumptions (column ¢ worst) and the
probabilistic model with two high confidence probabilities (0
= 09 and 0.8). The average running time for these
experiments was determined to be below 60 seconds
including the input/output interfaces. The algorithms are
implemented in a straightforward way where array is used to
store probability distributions. Column 3 in the table presents
the optimized longest path computation times obtained from

applying traditional retiming using the worst-case
computation time for each node in the graph benchmarks. For
columns where 6 = 0.9 and 6 = 0.8, the probabilistic
retiming algorithm is applied to the benchmarks (G) while
each of these confidence probabilities is used as its input. The
numbers show in both columns are the given ¢ where Pr(mrt
(G) £ ¢) 2 0. The value ¢ from this requirement is the
smallest input value which Algorithm 2 can find a solution to
satisfy such a requirement. Notice that for all benchmarks the
longest path computation time with 6 = 0.9 are still smaller
than the computation time in Column 3. In order to quantify
the improvement of the probabilistic retiming algorithm, the
“%"” columns list the percent of computation time reductions
with respect to the value from Column 3.

Table 7 compares the probabilistic retiming algorithm to the
traditional retiming algorithm with average computation
times used for each node in the graphs. First, the probabilistic
nodes of each input graph are converted to fixed time nodes
resulting in G,,, i.e., each node assumes its average
computation time rather than probabilistic computation time.

Traditional retiming is then applied to the resulting graph,
r
avg -

resulting in graph G The purpose of this table is to

compare vag (obtained from running traditional retiming on

G ;Vg ) with retimed PGs. In order to compare with the results
produced by the proposed algorithm, the placement of
dependency distance in each vag is preserved while the

original probabilistic computation times are replaced with the
average computation times. Put another way, we transformed

each G,

avg back to a probabilistic graph. Algorithm 1 is then
used to evaluate these graphs while only the expected values
of each result are shown in the table. Columns 4 and 5
present the expected values of the results obtained from
running probabilistic retiming on each PG where the
confidence probability of 0.9 and 0.8 are considered. Note
that these results are consistently better (smaller value) than
the results obtained from running traditional retiming on each

of vag . Hence, the approach of using the expected values



€2 Techiiical Journal
Vol Il No.11, July-October 2001

for each node is neither a good heuristic in the initial design
phase nor does it give any quantitative confidence to the
resulting graphs.

5.2 Resource-Constrained Experiments

We tested the probabilistic rotation scheduling (PRS)
algorithm on the selected filter and application benchmarks:
the fifth elliptic filter, 3 stage-IIR filter, Volterra filter,
Lattice filter, and Floyd-Steinberg, Genetic algorithm, Fuzzy
logic applications. Table 8 demonstrates the effectiveness of
our approach on both 2-adder, 1-multiplier and 2-adder, 2-
multiplier systems for those filter benchmarks. The
specification of 3 and 4 general purpose processors (PEs) are
adopted for the other three application benchmarks. The
performance of PRS is evaluated by comparing the resulting
schedule length with the schedule length obtained from the
modified list scheduling technique (capable of handling the
probabilistic graphs). We also show the effectiveness of
template scheduling (TS) by comparing its results with other

heuristics, namely, local search (LS), and as-late-as possible
scheduling (AL). The average execution times of AL and TS
are very comparable (about 12 seconds running on
UltraSparc) while LS takes much longer time and does not
give the outstanding results comparing with those from TS.

In each rescheduling phase of PRS, the LS approach strives
to reschedule a node to all possible legal location (local
search) and returns the assignment which yields the minimum
psl(G, 0). This method is simple and gives a good schedule;
however, it is time consuming and not practical to try all
possible scheduling places in every iteration of PRS.
Furthermore, a PTG needs to be temporarily updated in every
trial in order to compute the possible schedule length. On the
contrary, the AL method reduces the number of trials by
attempting to schedule a task only once at the farthest legal
position in each functional unit or processor while the TS
heuristic re-maps the scheduled node after the node with the
highest degree of flexibility in each functional unit.

Table 8. Shows comparison of the results obtained from applying benchmarks modified list and
probabilistic rotation scheduling (using different remapping heuristics)

0=0.9 0=0.8

Spec. Benchmarks #nodes PL PRS PL PRS
AL | LS | TS AL | LS | TS
Diff. Equation 11 169 | 152 | 133 | 133 | 165 | 147 | 131 | 131
2 Adds. | 3-stage direct [IR 12 188 | 184 | 151 | 151 | 184 | 179 | 147 | 147
1 Mul. | All-poll Lattice 15 [ 229 | 225|142 | 141 | 225 | 220 | 138 | 138
Volterra 27 | 526 | 468 | 361 | 361 | 519 | 461 | 354 | 354
5" Elliptic 34 | 318 | 298 | 293 | 293 | 314 | 294 | 289 | 289
3PEs | Floyd-Steinberg 13 42| 32| 27| 30| 38| 28| 28| 27
Genetic application 18 434 | 295 | 216 | 275 | 438 | 180 | 150 | 150
Fuzzy application 24 52| 46| 45| 45| 52| 45| 43| 43
Diff. Equation 11 120 | 103 | 83| 90| 117|100 | 83| 91
2 Adds. | 3-stage direct [IR 12 124 | 120 | 87| 87| 120|110 | 83| 82
2 Mul. | All-poll Lattice 15 229 | 225 | 140 | 139 | 225 | 220 | 136 | 136
Volterra 27 | 359 | 270 | 237 | 259 | 353 | 265 | 221 | 256
5™ Elliptic 34 | 288 | 288 | 274 | 271 | 284 | 274 | 270 | 267
4PEs | Floyd-Steinberg 13 421 30| 26| 28| 38| 24| 24| 24
Genetic application | 18 | 434 | 291 | 205 | 275 | 337 | 180 | 180 | 180
Fuzzy application 24 49| 41| 38| 40| 47| 38| 35| 36

Table 9. Shows comparing probabilistic rotation with traditional rotation running on
graphs with average computation times

Spec. Benchmarks #nodes w]i) rst case L ?’l_{g D INZRR ePl_i g -8 NG
Diff. Equation 11 228 | 180 | 169 | 133 136 | 165 | 131 131

2 Adds. | 3-stage direct IIR 12 252 | 204 | 188 | 151 163 | 184 | 147 179
1 Mul. | All-poll Lattice 15 312 | 204 | 229 | 141 153 | 225 | 138 | 149
Volterra 27 750 | 510 | 526 | 361 | 526 | 519 | 354 | 519
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5" Elliptic 34 438 | 396 | 318 | 293 | 299 | 314 | 289 | 294
3 PEs Floyd-Steinberg 13 59 | 38 | 42 | 30 40 38 | 27 31
Genetic application 18 500 | 400 | 434 | 275 | 416 | 438 | 180 | 410
Fuzzy application 24 69 | 55 | 52 | 45 66 52 | 43 63

Columns 6 = 0.8 and 6 = 0.9 show the results when
considering the probabilistic situations with confidence
probabilities 0.8 and 0.9. Column “PL” presents the
probabilistic schedule length (psl) after modified list
scheduling is applied to the benchmarks. Columns “LS”,
“AL”, and “TS” show the resulting psl, after running PRS
against those benchmarks using the remapping heuristics LS,
AL and TS respectively. Among these three heuristics, the TS
scheme produces better results than AL which uses the
simplest criteria. Further, it yields as good as or sometimes
even better results than given by the LS approach, while TS
taking less time to select a re-scheduled position for a node.
This is because in each iteration the LS method finds the
local optimal place. However, scheduling nodes to these
positions does not always result in the global optimal
schedule length.

In Table 9, based on the system that has 2 adders and 1
multiplier (for filter benchmarks) and 3PEs (for application
benchmarks), we present the comparison results obtained
from applying the following techniques to the benchmarks:
modified list scheduling, traditional rotation scheduling,
probabilistic rotation scheduling using template scheduling
heuristic, and traditional rotation scheduling considering
average computation times. Columns “L” and “R” show the
schedule length obtained from applying modified list
scheduling and traditional rotation scheduling respectively to
the benchmarks where all probabilistic computation times are
converted into their worst-case computation times.
Obviously, considering the probabilistic case gives the
significant improvement of the schedule length over the
worst case scenario.

Column “PL” presents the initial schedule lengths obtained
from using the modified list scheduling approach. The results
in column “PRS” are obtained from Table 8 (PRS using
template scheduling heuristic). In column “AVG”, the psls
are computed by using the graphs (PTGs) retrieved from
running traditional rotation to the benchmarks where the
average computation time is assigned to each node. These
results demonstrate that considering the probabilistic
situation while performing rotation scheduling can
consistently give better schedules than considering only
worst-case or average-case computation times.

6. Conclusion

We have presented scheduling and optimization algorithms
which operate in probabilistic environment. A probabilistic
data-flow graph is used to model an application which takes
this probabilistic nature into account. The probabilistic

retiming algorithm is used to optimize the given application
when nonresource constrained environments are assumed.
Given an acceptable probability and a desired longest path
computation time, the algorithm reduces the computation
time of the given probabilistic graph to the desired value. The
concept of maximum reaching time is used to calculate
timing values of the probabilistic graph. When a limited
number of processing elements is considered, the
probabilistic rotation scheduling algorithm (where the
probabilistic concept and loop pipelining are integrated to
optimize a task schedule) is proposed. Based on the
maximum reaching time notion, the probabilistic schedule
length is used to measure the total computation time of these
tasks being scheduled in one iteration. Given a probabilistic
graph, the schedule is constructed by using the task-
assignment probabilistic graph and the probabilistic schedule
length is computed with respect to a given confidence
probability 0. Probabilistic rotation scheduling is applied to
the initial schedule in order to optimize the schedule. It
produces the best optimized schedule with respect to the
confidence probability. The remapping heuristic, template
scheduling, is incorporated in the algorithm in order to find
the scheduling position for each node.
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ABSTRACT - A Geographic Information System (GIS) is not limited to be used in cartography only, but it has grown
enormously across many disciplines and in numerous business sectors involved in map analysis. This article describes the
uses of GIS in a variety of ways, such as agricultural production improvement, earthquake analysis, public transport
management and urban transport planning. In Thailand, GIS also has been applied for decision supports in the fields of

agriculture, route analysis, tax collection, and real estate affairs.

KEY WORDS - GIS, Geographic Information System, Precision Farming, Geo-Informatic, ROMANSE, Road Management

System, Urban GIS, Tax Map, Property Information System
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ABSTRACT- The aim of our work is to contribute to an improved quality of engineering graduates by proposing a data mining

system that assists students in selecting the appropriate major according to their profile and in their course registering.

KEY WORDS - data mining, knowledge
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ABSTRACT - Data Classification and Association Rule Discovery are two important data mining
techniques. In this paper, we apply the two techniques to find appropriate laws and articles for lawsuits. We
propose a data classification method using a classifier generated from association rule discovery technique.
We utilize the classifier to help selecting laws and articles to be tried for a lawsuit. Our experiment shows
that the classifier generated from a proposed method yields better accuracy than one generated from a
general data classification method. In addition, our method increases efficiency in multi-group and multi-
level classification.

KEY WORDS - data mining, knowledge discovery from large database, lawsuit
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Information Technology Strategic Planning Process for Institutions of
Higher Education in Thailand®

Wanwipa Titthasiri
School of Information Technology, Rangsit University
Pathumthani, Thailand

ABTRACT - This study presents a survey on the status of Information Technology (IT) and IT
strategic planning in both public and private higher educational institutions in Thailand.
Questionnaires were sent to selected personnel from 18 public institutions and 16 private institutions.
A total of 112 persons constituting 82.4 percent of the population responded. The findings revealed
that there was great interest in using IT in both academic and administrative areas. One of the
problems of IT management in Thai higher educational institutions was determined to be the lack of
planning. Some important obstacles encountered when developing plans were financial and IT
manpower problems. Nevertheless, the findings of the study identified a major factor in that Thai
institutions lack understanding of how to develop an IT strategic plan. The data indicated that only
half of the representatives of Thai institutions made use of an IT strategic plan but it seems that even
then components and processes of many were incomplete. To support the development of IT strategic
planning in Thai institutions, an IT strategic planning process for Thai higher educational institutions was
proposed in this study. This process was developed, based on the perceptions of the administrative and the IT
professional groups, as well as a review of the literature. It is hoped that this process would be used as a
guideline to enable planners to develop IT strategic plans in Thai higher educational institutions.

General Terms - Higher Education, Institutions, Planning, Process, Status, Thailand.
Additional Key Words and Phrases - Information Technology (IT), Development, Private Institutions, Public
Institutions, Questionnaires, Strategic Planning.

1. INTRODUCTION IT’s role in facilitating university activities focused on both

) ) ] administrative and academic areas, where IT is being used in
Necessary to the success of the information age, society must university management, administrative processes,
constantly evolve to accommodate and keep pace with new  jmprovement of research, and the teaching-learning process.
technological advancements—advancements that can change RBecause IT is rapidly changing with no fixed limits,
the way people live, work, and learn. Today Information pniyersities need a strategic IT plan to guide their future
Technology (IT) is used in almost all facets of society, and as  jevelopment. Such a plan will help universities address the
IT undergoes rapid changes, Rowley, Lujan, and Dolence [6]  ¢hallenges of budget constraints for new or increased
pointed out that focused attention must be applied to  jpyestments in IT, better respond to the rapidly changing IT
stimulating innovations in pedagogy, research, and  epyironment, provide technical support for IT, and develop

management through computer usage. Realizing this, goftware and tools not only for research but also for the
universities have already begun to adopt IT. But to accomplish teaching-learning and administrative processes.

what Rowley, Lujan, and Dolence have stated, not only do

students need to become more highly computer literate, If a university has a good strategic plan, then the risk involved
classrooms and laboratories must be designed to accommodate ~ in IT decision making can be reduced. However, many
and provide new types of technology; also, the university’s  universities are unable to create this important strategic plan
administrative system must be modernized and integrated into ~ because they do not have the proper information and
a single platform, and a network designed to create an interface ~ experience to strategically plan and utilize IT. Therefore, IT

between the campus and the worldwide community. strategic plans must be carefully developed. Thai universities,
in particular, are in need of the IT strategic planning process.

. This full paper is as a dissertation, licensed by The University of Pittsburgh, PA, U.S.A., Year 2000.
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The objectives of this study were to describe the current and
preferred status of IT and IT strategic planning components
and processes in Thai higher education and to develop a
proposed IT strategic planning process for Thai higher
educational institutions in Thailand.

The expected outcomes of this study were:

(1)  to assess the perceptions of administrator and IT
professional in Thai higher educational institutions
as to the current and preferred status of IT and IT
strategic planning; and

(2) to develop an IT strategic planning process for
institutions of higher education in Thailand. This
process was intended to provide guidance to Thai
higher educational institutions in developing IT
strategic plans.

2. RESEARCH DESIGN

This study employed a field survey research methodology.
The survey instruments measured the current and preferred
status of IT and IT strategic planning perceptions of
administrators and IT professionals. Based on the survey
information, the data were analyzed and the results used to
develop an IT strategic planning process for higher educational
institutions in Thailand.

2.1 Research Population and Sample

The research population selected for this study was a finite
population that included:

(1)  Administrators of Thai higher educational
institutions, including (a) the vice-presidents for
administration, (b) the vice-presidents for academic
affairs, and (c) IT department chairpersons (three
persons per institutions).

(2) IT professionals in Thai higher educational
institutions, including the computing center
directors or Chief Information Officer (one person
per institution).

The population frame included both public and private higher
educational institutions in Thailand, which were founded
before 1995, and are still in existence. Further, they were
universities, with a student body of at least 4,000 students. The
population was comprised of 34 institutions, including 16
private institutions and 18 public institutions. Thus, the total
population was 136 persons (102 administrators and 34 IT
professionals). Data obtained from all the respondents were
used in this study.

2.2 Instrumentation

Two survey instruments, the administrator’s questionnaire and
the IT professionals’ questionnaire were based on a literature
review of institutional strategic planning concepts and
components of IT systems. The administrator’s questionnaire
was developed to obtain the perceptions of administrators
regarding the current and preferred status of IT and of IT
strategic planning. The IT professionals’ questionnaire was

developed to obtain background data; it also included all
questions presented in the administrators’ questionnaire. The
questions focused on: (a) the background of the administrators
and IT professionals, (b) the background of IT systems and IT
strategic planning in higher educational institutions in Thailand
as reported by IT professionals, and (c) the perceptions of
administrators and IT professionals in Thai higher educational
institutions on the current and preferred status of IT and IT
strategic planning.

2.3 Research Implementation and Data
Collection

The participants selected to answer the questionnaires were
administrators and IT professionals in Thai higher educational
institutions. All 102 administrators and 34 IT professionals
from 34 institutions were requested to complete the
questionnaires specified by the researcher. First, the
questionnaires were mailed to these two groups. As a follow-
up, each respondent was contacted by telephone to make sure
the questionnaire was received, fill out, and returned. A total of
112 persons constituting 82.4% of the population responded to
the researcher’s request. Among them, 83 responses (81.4%)
were from the administrative group and 29 responses (85.3%)
were from the IT professional group. It was believed that this
response rate was sufficient for the study and analysis of the
current status of IT and IT strategic planning in Thai higher
education in general and the development of an IT strategic
planning process.

2.4 Data Analysis

The data were analyzed by SPSS PC program. The current and
preferred status were aggregated for each institution to
determine a mean and a percentage value for each of sample
group and for all the institutions. The independent samples
t-test was also used to analyze the significantly different means
in some part of data.

3. RESULTS AND DISCUSSIONS
3.1 Demographic Data

The returned responses indicated the work experience and the
years served in their current position by respondents. The data
gave a clear indication of the respondents regarding their work
experience in Thai higher education and years served in their
current positions. Most administrators and IT professionals
have had at least ten years experience in Thai higher education,
and have served in their current position between one and three
years.

3.2 Current Status of IT

The organizational structure of IT in Thai higher educational
institutions was categorized as centralized, centralized (dual),
coordinated, and decentralized. This study found that most

Thai higher educational institutions (37.9%) were organized



IT administrative area function, 96.6% of Thai institutions
implemented IT in their registration systems. Additionally,
93.1%, 75.9%, and 75.9%, respectively of Thai institutions
implemented IT in their accounting, personnel, and entrance
systems. Second, in the IT academic area function, computer
laboratory rooms existed in all Thai institutions. About 97% of
Thai institutions had classrooms equipped with IT capabilities,
and also had implemented a digital library. Only 27.6% of Thai
institutions had equipped their research centers with IT
capabilities. Moreover, IT systems were up-to-date and were
developed in-house. Changes in user requirements were
confronted, as well as the user computer competence during IT
system implementation. The availability and capability of IT
staff and user competence were important issues in IT
functional implementation. As would be expected, the level of
staff expertise was one of the critical needs for successful
implementation. The study revealed that a computing center
existed in all Thai institutions indicating that IT is an important
and rapidly expanding tool in Thai institutions. (For more
detailed data tables; see [8])

The study indicates that administrators, faculty members, staff,
and students in Thai institutions were perceived as enthusiastic
about IT utilization. This means that people in Thai institutions
were interested and aware of the potential benefits of IT
utilities. Software investment was lower than hardware
investment in both administrative and academic functions
reflecting the ability of institutions to develop some of their
own software, while depending on outside vendors for
equipment. The use of campus network infrastructures and
access, provision of IT training and workshops, and IT support
and services were viewed as moderately satisfactory. The
availability and capacity of IT manpower and finance are
important problems that affect the progress of IT and its
implementation in Thai higher educational institutions.
Regarding administrators and IT professionals perception of
the current status of IT, it was found that there was no
significant difference between the means of the administrative
and IT professional groups, at a confidence interval of 95%.

All Thai institutions have attempted to update IT, including
both hardware and software. Reflecting campuses were under
increasing pressure from their constituents, faculty, staff, and
students to replace and upgrade out-dated equipment and
software. Therefore, because of funding considerations as well
as manpower availability, a balance between the economical
management and retention of sufficient operating flexibility to
deal with innovation and change must be addressed. Not only
hardware and software are involved with the current operating
IT, but also people. IT training and support is essential for both
IT staff and users and must be provided. This will require an
expanded institutional-wide training effort to achieve. While
currently there is a modest level of training offered, much more
must be done to meet the requirements of a rapidly-changing
technology. It was believed by administrators and IT
professionals that an IT strategic plan was required in Thai
institutions for effective IT management.
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3.2 The IT Strategic Planning Components

Most current IT strategic planning components in Thai
institutions included background, organizational development,
IT functional areas, and sub-organizational plans. Only half of
the current IT strategic planning included environmental
assessment as a component. The study found that changes
external to the institution were not an important input to the
current strategic planning situation. This was an unexpected
finding since environmental scanning is considered to be a
basic activity in the development of a strategic plan. The
absence of this component could easily affect the success of
the final plan since external changes could be occurring that
may result in a total redirection of software or hardware
utilization. The only reason this component may not be so
critical is that many of the plans were relatively short-term
covering only a few years.

However, background, environmental assessment,
organizational development, IT functional areas, and sub-
organizational area plans were preferred as components of the
IT strategic planning of Thai institutions. Nevertheless, it was
found that the components of background and environmental
assessment were preferred at a lower level than other
components. It might be because of the lack of understanding
by people involved in IT strategic planning. Most IT personnel
are not formally trained in management and have to learn on
the job. If IT planning is to be strategic, then it must address
the external environment, particularly if it is a multi-year plan.
In addition, it was found that the preferred level of the IT
professionals and the administrators had significantly different
means in the components of organizational development,
proved by the independent samples t-test. Moreover, the study
reflected the fact that organizational development was
considered as an important component in both actual and
preferred strategic planning.

3.4 The IT Strategic Planning Process

Among the existing IT strategic planning processes in Thai
institutions, the responsibility for planning was under: (a) an IT
strategic planning committee; and (b) a computer or IT-related
center. The first approach, an IT strategic planning committee,
had members who typically included the computer or IT-
related center director, the vice-president for development and
planning, and the dean of the engineering or IT school, with an
average membership of 14. In the second approach, a computer
or IT-related center approach, the president, the vice-presidents
for development and planning, and the IT staff played
important roles in the IT strategic planning, apart from the
director of computer or IT-related center itself. Another
important aspect was that the president, the vice-president for
development and planning, the IT staff, the director of the
computer or IT-related center, and the computer science or IT-
related department chairperson, have been involved in the
process at a high percentage, but that students have not been
involved. Additionally, most of the steps in the process agreed
with the IT and strategic planning literature [1][5] but a lower
percentage of respondents agreed with environmental
assessment, functional strategic formulation, IT strategies and
action plan dissemination, and IT strategic planning process
evaluation. This means that in many cases existing IT strategic
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planning is not an ongoing process. Therefore, the IT plan will
not represent the current situation in planning. A university-
wide IT advisory committee is usually responsible for the IT
strategic plan review and approval. A formal written IT
strategic plan is required by most institutions covering a one-
to-three year time frame. This seems to be too little time for a
strategic plan and represents more of an operational type of
plan.

The preferred IT strategic planning process was in agreement
with IT literature [1][6] which would indicate an increasingly
better understanding by people in IT strategic planning. The
preferred IT strategic planning process for Thai higher
educational institutions specifies that an IT strategic planning
committee be responsible for IT strategic planning. This
committee’s members should include the director of computer
or IT-related center, the vice-president for development and
planning, the IT staff, the vice-president for academic affairs,
the president, the dean of the engineering or IT school, the
vice-president for administration, with an average of seven or
eight members in all. Another important committee should be
the university-wide IT advisory committee that is responsible
for the review and approval of the IT strategic plan. A formal
written plan should be prepared by the IT strategic planning
committee. The directors of computer or IT-related centers, the
IT staff, the vice-presidents for development and planning, and
the computer science or IT-related department chairperson
need to get involved in the process. Additionally, the planning
process steps which were included in the existing IT strategic
planning process at low percentages—environmental
assessment, functional strategic formulation, IT strategies and
action plan dissemination, and IT strategic planning process
evaluation—were in need of strengthening.

However, the researcher agrees with the preferred IT strategic
planning process that it would be appropriate to improve the
planning process for Thai institutions. IT strategic planning
should be under an IT strategic planning committee instead of
the computer or IT-related center director as is done at present.
The university-wide IT advisory committee should be
responsible for the review and approval of the IT strategic
plan. A formal written plan should be an output of the planning
process. The process should start with an initiation and
agreement on IT strategic planning and development of a
project plan for implementing the IT plan. Afterwards, the
environmental assessment should be implemented to define
vision, mission, goals, and objectives and to identify the IT
strategic issues in specific functional areas, and then a
prioritization of strategies completed according to costs,
benefits, and needs. Later, functional strategies should be
formulated and reviewed by key stakeholders. After review,
the IT strategic plan should be announced and disseminated,
and then an action plan should be developed and discussed
with key people before dissemination. The final phase should
be to execute program implementation and then to evaluate the
IT strategic planning process. The last thing is that planning
has to provide for the continual implementation of the plan.
However, significantly different means were found among the
IT professionals and administrators, at a confidence interval of
95%, in the steps of defining vision, mission, goals, and
objectives, identifying the IT strategic issues in specific

functional areas, inviting key stakeholder group to review IT
strategic plan, developing operational strategy, discussing the
action plan with key people, executive program
implementation, and evaluating IT strategic planning process.

Regarding the obstacles to implementing IT strategic planning
in Thai institutions, lack of understanding by people involved
in IT strategic planning, IT manpower problems, and financial
problems were predicted by most administrators. In general,
the IT strategic planning should be developed under
institutional strategic planning, but more Thai institutions had
IT than institutional strategic plans, as shown by the study.
Therefore, knowledge or concepts of strategic planning should
be introduced in Thai higher educational institutions. In
addition, planning has to be considered, based upon the
availability and capability of IT staff and funding.

However, it was agreed that IT is still rapidly expanding and is
offering an increasing number of new opportunities at a lower
cost. Selection of alternative strategies was a complex and
difficult task because of unknowns, uncertainties, and
constraints. Therefore, Thai higher education is now in need of
more and better strategic planning in order to make correct
decisions.

1. DEVELOPMENT OF AN INFORMATION
TECHNOLOGY STRATEGIC PLANNING
PROCESS

According to this study, evidence was cited that IT strategic
plans are now required for IT functions in Thai higher
educational institutions. Almost 60% of Thai institutions had
IT strategic plans covering a one-to-three-year time period and
another 30% were developing IT strategic plans. However, it
was found that existing IT strategic planning in Thai higher
educational institutions had several weaknesses in terms of
both components and processes. This might result from a lack
of understanding of the strategic planning process. Therefore,
based on these research findings, need exists for additional
support to develop an effective IT strategic planning process in
Thai institutions.

This section presents the concepts of an IT strategic planning
process designed to assist planners in developing an IT
strategic plan for Thai higher educational institutions. The
proposed process is drawn from the results of this study (based
on the preferred status), the IT literature[5], and the strategic
planning literature[1]. This study reflected the fact that most
Thai institutions preferred producing a formal written plan as
an output of the IT strategic planning process. This planning
document would enable people to understand where they are
now (i.e., what exists), to imagine where they want to be, and
to understand how the IT functions have been successfully
implemented. The results of the study indicated that strategic
planning produces not only a document, but also provides for
the continual implementation of the plan. IT strategic planning
is long-term and continuous. The study further indicated that
all stakeholders, including administrators, faculty, staff
members, students, and others who will benefit from the
implementation of the plan, should be included in the planning
process.



The proposed IT strategic planning process is composed of
four major phases. From the literature and the results of study,
the process includes: (a) organizing a planning team, (b) fact-
finding and trend assessment, (c) determination and
dissemination of IT strategies; and (d) implementation and
revision of programs (see Figure 1). It is assumed that a larger
institutional strategic planning framework exists.

Phase 1: Organizing a Planning Team

Based on the literature [6], IT strategic planning, which is a
subset of institutional strategic planning, begins with a review
of institutional goals and objectives before initiating any IT
strategic planning and an agreement to proceed. This means
that after discussions within an institutional policy committee
and among the executive officers of a university, agreement
should be reached that the interest of the university would be
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served by having an IT plan. Once that is affirmed, then IT
strategic planning activities can be initiated.

First, a university-wide IT advisory committee should be
established. Study findings revealed that the president was
most frequently the chairman of this committee. This may be
because in Thai culture, presidents play roles at the broad
institutional level. The task of this committee would be to
develop and recommend to the administration approaches to
institutional IT problems. It is therefore recommended from the
findings that this committee should be composed of the
president as chairman, vice-president for administration, vice-
president for academic affairs, vice-president for development
and planning, senior faculty and staff representatives, and
external consultants. The aim being to provide a forum for
discussion of IT problems, needs, future planning, and review
of an IT strategic plan.

Phase 1 (Figure 2)
Organizing a
planning team

IT planning team
organizational structure

|

- Current status and
trends reports

—» - Strength/weakness, —»

- Opportunities/threats

Phase 2 (Figure 3)
Fact-finding and trend
assessment
Continually l<
revise
A

Phase 3 (Figure 4)
Determination and

dissemination of IT strategies

- Vision of success
approach —

:

Phase 4

> IT Strateegies
and action plan
Feed back
Implementation and revision ‘ I .

v

I

Figure 1. lllustrates A Proposed IT Strategic Planning Process for Institutions of Higher Education in Thailand

Next, an IT strategic planning committee should be established as an IT task group responsible for planning. Based on the study of
the preferred IT strategic planning process, the committee should be responsible for IT planning instead of a computing center, as
is presently done. This may be because most IT personnel in Thai institutions are not formally trained in managing of IT strategic
planning. The proposed committee would include many perspectives and areas of expertise in higher education. Based on the
literature [10], it was found that IT functions in higher education could be classified into three major areas: (a) administrative; (b)
academic; and (c) infrastructure and access areas. The infrastructure and access area was considered as resource sharing and was
thought to be most appropriately developed under the administrative area function since in Thai higher education, the

administrative I'T function was developed and considered as a core

part of the IT systems. Therefore, as shown in Figure 2, this IT

task group should have two subgroups: (a) an IT administrative planning group and (b) an IT academic planning group.
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Figure 2. Illustrates IT Planning Team Organizational Structure

Research findings support the preference for an IT strategic
planning committee composed of the director of the computing
or IT-related center or CIO', vice-president for development
and planning, dean of the engineering or IT school, vice-
president for academic affairs, vice-president for
administration, IT staff, external consultants, and the president.
Although some institutions include the president in the IT task
group, this researcher recommends that the president should
not be included in the IT task group since the president is
usually chairman of a university-wide IT advisory committee
responsible for reviewing and approving an IT strategic plan
developed by this IT strategic planning committee. For the
same reason, the director of department of academic affairs,
director of department of administration, and director of
department of development and planning are recommended to
replace those vice-presidents in the IT strategic planning
committee.

According to the literature [3][9], the IT administrative
planning group should be responsible for analyzing the current
Administrative Information Systems (AIS). The task of this
group should be to develop planning criteria, schedules, user
requirements, an information system plan, and an
implementation process. High technology is complex and
contains many hidden risks. The scope of administrative and
user needs, a commitment of time, an inventory of current
management processes and systems, realistic budget limits, and
a multitude of vendors with differing technologies are
important factors in planning for administrative functions.

Secondly, the IT academic planning group should be
responsible for analyzing the research and instructional
technology of the plan. According to the literature [6], there

' CIO (Chief Information Officer): this position should rank at the
vice-president level and report to the Chief Executive Office
(president) or to the provost. It’s a position that manages
administrative computing, academic computing, networking, and
telecommunications.

are three types of computer activities in academic functions:
(a) the study of computer science; (b) the use of the computer
as a tool for research or problem solving; and (c) Computer-
Aided Instruction (CAI). Planning should recognize the
implementation of instructional technology required in the
development of resource materials and the modification of
curricula to incorporate new materials.

Since research findings indicated that presently there was a
lack of an effective committee operations in Thai institutions, it
is essential that members of these two working groups should
be carefully selected. According to the literature [5], in
choosing committee members for each group, it is important to
identify individuals with: (a) a past history of willingness to
invest time and interest in educational administrative matters
for the administrative group and in research and instructions
for the academic group; (b) a leadership position in the
university; (c) a background knowledge of IT; and (d) the
influence of a key stakeholder. A secretary should be appointed
to serve on each committee. Committee members of these two
working groups should be encouraged to inspect the campus as
well as other campuses, compare existing technologies, and
envision future trends.

Phase 2: Fact-Finding and Trend Assessment.

The purpose of this phase is to evaluate the current status of IT
resources, trends and forecasts of demands, and the
environment that affects IT resources. This phase was not
considered by these surveyed as an important component of the
actual process, but in the preferred process and in the literature
[4], it is considered to be a critical research activity of the
planning process. Therefore, the proposed process should
include this component, starting with data collection from
constituents—administrators, faculty members, staff members,
students—all end users of the administrative information
systems and instructional technology.



their relationships in Phase 2. The first component—back-
end—is the background component that affects the IT systems.
This back-end component consists of three major parts.

(1) The existing IT systems that describe the current status of
hardware, software, infrastructure and network, users’
achievement, and other existing situations of IT systems.

(2) An institutional plan that delineates expected constraints
on IT resources and specifies the major decisions and
policy as to the direction of institutional technological
development.

(3) A university and IT environmental assessment including:

(a) PEST (Political, Economical, Social, and
Technological including new and emerging technology);
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(b) people (characteristics, attitudes, abilities, and
capabilities of people);

(c) organizational structure; and

(d) resources (accounting and financial management,
capital asset management, and human resource
management). Based on the study, this component was
not identified as a critical part in the existing IT strategic
planning in Thai higher educational institutions. However,
after analyzing respondents’ perception of preferred
planning components, as well as the strategic planning
literature, it was agreed (and is highly recommended by
the researcher) that the university and IT environmental
assessment must be included as a basic component in IT
strategic planning because the environmental changes
would easily affect the IT systems utilization.

The existing IT
systems

Back-end

Institutional
plan

University and IT
environment

PEST (Political, Economical,
Social, Technological)

Human
resource

Resource
management

Organizational
structure

v

v

IT
systems

Administrative Information System
Information system for library
Instructional technologies

v

v

- What is and how does the current status of IT resources operate?
- What are the existing systems, data and paper warehouse?

- What do users need and prefer?

- What are the opportunities/threats and the strength/weakness?

Front-end

Figure 3. lllustrates Fact-Finding and Trend Assessment (Phase 2)

The back-end component is treated as input because its data
affect the current status and trends of IT system
implementation on campus.

With regard to the second component, the IT systems include
an administrative information system, instructional technology,
and the information system used by the library. The IT systems
involve input from many parts of the back-end component to
produce the output from this process that serve as the front-end
component to issues that the university is facing or is expected
to face.

Data obtained from this phase would be used to determine the
strengths/weaknesses and opportunities/threats, describe what
and how the current status of IT resources are operating,
determine user needs, and decide how IT can be applied to
fulfill these needs. According to the literature [1][4], these data
would be obtained through surveys, observations, existing
records, and conversations with various individuals at various

locations. For example, the IT strategic planning committee
might visit all schools and institutes, the dean may extract data
from faculty records or student records, as well as conduct
formal surveys. The researcher recommends that surveys and
structured conversations with selected individuals be
conducted because Thai higher education has few records
available and there is little sentiment in favor of allowing
evaluations by on site observation.

Phase 3: Determination and Dissemination of IT Strategies

As shown in Figure 4, the purpose of the third phase is to build
IT strategies. Even though this phase was not considered as a
strong component in the actual processes in Thai universities,
it was recommended as a preferred process and in the literature
[1][6] it is seen as an important component.

Based on the preferred outcome of the study, a vision
statement should be developed to express what the institution
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desires and sees as the future of technology in the institution
and community. Then a mission statement should be prepared
to describe the purposes and plans to fulfill the vision of IT in
the institution. In addition, goals and objectives should be

determined stating what the institution plans to accomplish to
achieve the goals.

Current status User needs Opportunities/ Strength/
of IT threats weakness
Institutional plans/ business process
- Vision of success approach
- IT strategies and the action plan
- What existed
- What is to be
- How goals are to be achieved
Finance Facilities Human IT organizational
resources structure
Network Hardware and Data
architecture software architecture architecture

Figure 4. Illustrates Determination and Dissemination of IT Strategies (Phase 3)

According to the preferred process and the literature [1][6],
after fact finding and trend assessment, meetings with key
people—vice-presidents, deans, directors, and others—should
be held to allow people to share their tentative plans and
negotiate different points of view and different requirements in
order to build a framework of IT strategic objectives. These
objectives should then be prioritized by the representatives
from all constituencies—faculty, students, staff, library, and

the IT organization as well as key financial, academic, and
administrative officers—according to costs and benefits. These
final strategic objectives should then be disseminated to the
university community to ensure that there is sufficient
awareness of the strategic benefits to users. Finally, the
strategic objectives should be translated into operational
strategies for implementation, as shown in Table 1.

Table 1. Shows An Operational Strategies for Implementation

Strategy Areas

Considerations/Tasks

IT Architecture

Hardware Strategies

- What administrative information systems will be appropriate for use by administrators,
faculty, staffs, and students?

- What instruction/curriculum will be appropriate for use by faculty and students?

- What will be the minimum specifications of functions and capacities for hardware?

- What hardware is available in Thailand?

- Are companies willing to donate hardware to the institutions?

- What maintenance of hardware is provided by vendors?

Software Strategies

- Are other institutions using these software products?
- Should the institutions develop their own Administrative information system/instructional

technology or buy them?

- Is the software user-friendly?
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Utilisations of an Embedded System in a Physics Laboratory

Wattanapong Kurdthongmee
Lecturer, Division of Physics, Institute of Science
Walailak University, Tha-sa-la, Nakorn-si-thammarat 80160 Thailand

ABSTRACT - Majority of laboratory-designed instruments in an experimental Physics still rely on
utilizations of standard electronic devices. The instruments absolutely perform with respect to the
requirements of the design. They are, however, difficult to re-implement, replicate, maintain, and repair. In
the last few years, many modern electronics devices have been commercialized with the benefits of smaller
size, low power, low cost/performance ratio, and user-programmability. These devices are microcontrollers,
CPLDs (Complex Programmable Logic Devices), FPGAs (Field Programmable Gate Arrays), and digital
signal processors (DSPs). Unfortunately, the exploitation of these devices in Physics laboratory is limited. As
part of our research, we have improved and/or redesigned the new laboratory instruments used both in
teaching and research purposes to employ these modern electronic devices. In this paper we present the two
instruments resulted from the utilizations of a microcontroller. These are an embedded system to
automatically sample an experimental data and an embedded system to interface between a numerically
displayed scientific instrument and a computer.

Keywords - microcontroller-based system, scientific instrument
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however, difficult to re-implement, replicate, maintain, repair
and are very high power consumption. This arises from the
fact that as the instruments are getting more and more
complex as a result of the demand for higher functionality of
the instruments, the circuit complexity also increases.

1. Introduction

Most of scientific laboratories, especially in experimental
Physics which the author involves directly, rely heavily on
utilizations of electronic instruments. The examples of such

instruments are a data logger, a process controller, a radiation
counter, a programmable logic controller (PLC), a thin-film
thickness monitoring instrument, etc. While commercial
scientific instruments have been constantly developed to keep
up in pace with modern electronic devices, laboratory-
designed instruments, in contrast, still rely on utilizations of
standard electronic devices; i.e. standard TTL
74XX/74LSXX/74HCXX/74HCTXX or CMOS 4XXX
families of digital devices and standard family of linear ICs.
The instruments perform absolutely properly with respect to
the requirement of researchers/experimentors. They are,

In the last few years, many modern electronics devices have
been commercialized with the benefits of smaller size, low
power comsumption, low cost/performance ratio, and user-
programmability. These devices are high performance
microcontrollers, CPLDs (Complex Programmable Logic
Devices), FPGAs (Field Programmable Gate Arrays), and
digital signal processors (DSPs). Unfortunately, the
exploitation of these devices in laboratories, both teaching
and research, is limited. As part of our research, we have
improved and/or redesigned the laboratory instruments used
both in teaching and research purposes to exploit the benefits
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of these modern electronic devices. In this paper we present
two instruments which are the result from the utilizations of a
microcontroller.

The organization of this paper is as follow. In section 2, we
present a detail of an embedded system to automatically
sample an experimental data. An embedded system designed
to open a connectivity between a numerically displayed
scientific instrument and a computer, another utilization, i

Y-Motor X-Motor
1

presented in section 3. Finally, section 4 concludes this paper
and gives the future plan of our work. It is noted that in
section 2 and 3, we focus more on the underlying ideas and
algorithms to be used rather than specific applications. The
given examples is only for demonstrating the proposed ideas.
We hope that the readers may exploit these ideas in their own
applications.

b <+

X-Motor Controller

Buffer

=2
I

Y-Motor Controller

EPROM

51XA-G3 Microcontroller

A 4

Mechanical Part

Signal Conditioner

TTL/RS-232

Microcontroller-Based System

Figure 1. lllustrates the diagram of the microcontroller-based automatic sampling system

2. A Microcontroller-Based Sampling
System

The motivation behind the design and implementation of our
microcontroller-based sampling system came from the first
year introductory physic laboratory: the experiment to study
an electric field mapping [3, 4]. According to the
experimental procedures [8], students have to prove the
existence of electric fields in a medium by sampling values of
electric potential from uniform grids with equal separations.
These are then used to construct equipotential lines by
connecting points with approximately equal potential values.
These experimental procedures take time and only one
configuration of electrodes can be performed by our students
in a three-hour laboratory session.

Luckily, this limitation can be resolved by utilisation of a
microcontroller-based system to control a mechanical part
that is used to automatically sample potentials from a
uniform grid within a medium. A fairly simple
implementation of an automatic sampling system, with the
capability to change grid separations was designed and
constructed with an easy adaptation to another application in
mind. In this case, the system, together with a moderate
performance computer and a computer program, is
successfully used to demonstrate experimental procedures to
students.

The automatic sampling system consists of four main parts as
illustrated in Figure 1: a mechanical part, a microcontroller-
based system to control the mechanical parts, a data

acquisition subsystem and an input/output subsystem. We
avoid describing the details of the latter two parts which are
very specific to this experiment and only focus on the
mechanical and microcontroller based system. These are
detailed in the following subsections.

2.1 The Mechanical Part

Two stepping motors have been used as mechanical parts to
precisely move a probe to locations to sample potentials. To
change from a motion around the motors’ axis to a linear
motion along the x and y arms, a synchronous belt is used to
connect between the rotating axis of a motor and a freely-
rotating end at the opposite side of the arm. One end of the y-
axis arm is attached firmly to the synchronous belt of the x-
axis arm and is free to move back and forth along this axis.
The y-axis arm is supported by an aluminium rod firmly
fixed to the base of the system parallel to the x-axis arm in
order to ensure that it does not oscillate during motion. The
probe is attached to the y-axis arm at a location that allows it
to move freely in the y-direction under control of the y-
stepping motor. With this type of connection, one step of
rotation, 1.8°, is changed to 1/256 inch equally in both axis
along the arms which are the accuracy of the sampling
system.

2.2 Hardware and Software to Control
Mechanical Parts
To make the stepping motors produce enough torque and

rotate as smoothly and accurately as possible, a unipolar
driving circuit [5] is utilised in our prototype. With this type



of circuit, one end of each phase of a stepping motor is
connected to an open-collector switching power transistor
while the other end is connected to the power supply. The
power transistor is logically controlled by an output port of
the microcontroller. As we use 4-phase stepping motors, we
need 4 bits from the output port to control each transistor
separately. In order to rotate stepping motors in a half-phase
mode, the following 4-bit binary code sequences need to be
sent out to the output port: 1001, 1000, 1010, 0010, 0110,
0100, 0101 and 0001.

R(x;,y,) ®

0(x,,,)

v

1 step of a stepping motor

Y

o
P(x;, )

Figure 2. lllustrates Two ideal motion paths from P(x;,y,) to
O(x,, y) and from P(x},y;) to R(x;, y3)

We employ a Brasenham’s line algorithm [1] to use in
controlling the stepping motors. The algorithm, which is
actually a fundamental computer graphics algorithm to scan-
convert straight lines on a raster screen, is an efficient
method in that it uses only integer addition, subtraction and
multiplication by 2 [6]. Therefore, it is fairly easy to code in
an assembly language for use in a microcontroller-based
control system.

The modified Brasenham algorithm [3, 4], shown in Figure 3,
to control the stepping motors of our sampling system works
as follows. Assume that we would like to move the probe
from P(x,,y;) to Q(X,, y») as illustrated in Figure 2. The best
approximation to the ideal motion path is described by those
coordinates in the discrete domain that fall the least distance
from the ideal motion path. Call the distance to those
abscissas lying above the ideal path NE; and the distance to
those directly below it E;. The modified Brasemham’s line
algorithm identifies the decision variable, d; = NE; - E;. When
d; < 0, the closest abscissa in the discrete domain will be the
abscissa below the ideal motion path. Conversely, when d; >
0, the abscissa immediately above the ideal motion path is
closest. In figure 2, Two ideal motion paths from P(xy,y;) to
Q(x2, y2) and from P(x;,y;) to R(x3, y3) are shown by solid
lines. The gray dots are the intermediate positions of the
probe under a condition of constant increment in the x-axis.

The technique provides an efficient method for moving the
probe in directions less than or equal to 45°.from the x-axis.
For directions greater than 45° and less than 90°., the
coordinate (x, y) must be interchanged prior to passing it to
the procedure and must be interchanged again prior to
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moving the probe. The result of the interchange will cause
just 'y or both x and y to be incremented at each step.

2.3 The Computer Software

A major role of the computer program to the sampling system
is to define a group of coordinates to be sampled, group into
a communication protocol and send to the automatic
sampling system via a serial communication port.

The program divides the width and height of the sampling
region into grids with equal separations along each axis at the
required sampling resolution. The coordinate of each grid is
coded by combining it with the protocol header and sent out
to the sampling system. To avoid unnecessary waiting for
incoming data to arrive, which is against the rules of
Windows programming, we implemented the serial
communication interrupt routine to accept the potential
values from the sampling system. By this approach, the
computer is free to do another job while data gathering is in
progress. The incoming data is also in the form of a
communication protocol and needs to be decoded to remove
the protocol header from the potential value field. The
decoded data is then stored in the two-dimensional array at
the appropriate row and column.

2.4 Implementation and Result

All of the approaches and algorithms described in subsection
2.1 and 2.2 were implemented into the 51XA-G3 16-bit
microcontroller system as shown in figure 5 by use of the
51XA-specific assembly language. The computer program
described in subsection 2.3 were coded in Visual Basic.

The whole system has been successfully used in an
introductory physics laboratory to sample potentials from
different configurations of electrodes. The number of grid
points, which is actually programmable, is set to 600 (30 x
20) with a grid separation of 5 mm. The times taken to
sample potential values from all points in all experiments are
approximately 5 min. Along with experimental
demonstration to students, we also point out the benefit of
exploitation of embedded system to physics experiments.

3. An Intelligent Unit to Interface a
Computer to a Numerically Displayed
Instrument

Most of scientific measurement instruments display data in a
numeric form. Some of them, especially obsolete models, do
not have a capability to interface to a computer. This factor
limits the exploitation of such instruments in an experiment
that must be performed automatically under computer-
controlled. In this section, we present another approach to
open a connectivity between a computer and a numerically
displayed instrument. The benefit of this approach is that it
can be done without interfering any complex parts inside the
instrument. This approach has been successfully employed in
order to open a connectivity between a radiation counter,
used in nuclear physics laboratory, and a computer.

As our approach relies on a modification of a display
unit of the instrument, in the following subsection, therefore,
two configurations of this unit of the instrument are briefly
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described. Then, the interfacing techniques of both type of  display unit are presented.

// An array to hold the logical codes, in 4-bit binary format, used to drive motors (send these codes to an output
// port to which the stepping motor connected.
STEP_TABLE : ARRAY(0..7) = (1001, 1000, 1010, 0010, 0110, 0100, 0101, 0001)
// Indicate which member of the STEP_TABLE is currently used to drive the stepping motor
CURRENT _STEP_ X, CURRENT_STEP_ Y : INTEGER
// Hold the current location (coordinate) of the probe with respect to the sample space
Xcurrent, Ycurrent : INTEGER
PROCEDURE MOVETO_XY (Xend, Yend : INTEGER)
BEGIN
CURRENT _STEP X :=0
CURRENT STEP_Y :=0
dX = Xend — Xcurrent
dY := Yend — Ycurrent
incE :=2 *dY
incNE :=2 * (dY - dX)
d =incE -dX
X := Xcurrent
// X is a main axis of motion, loop until the probe has already moved to the end point at Xend
WHILE X < Xend DO
// No need to step in the Y direction
IF d <= 0 THEN
d:=d+ incrE
// Need to step in the Y direction
ELSE
d:=d+ inctNE
// STEPPING MOTOR Y is an address of the output port that controls the Y motor.
OUTPORT(STEPPING_MOTOR_Y, STEP_TABLE[CURRENT_STEP_Y])
// Update a member in the STEP_TABLE currently used to drive the Y motor.
CURRENT STEP_Y := CURRENT _STEP_ Y +1
IF CURRENT_STEP_Y >7 THEN
CURRENT STEP_ Y =0
ENDIF
ENDIF
// STEPPING MOTOR _Y is an address of the output port that controls the X motor
OUTPORT(STEPPING MOTOR_X, STEP TABLE[CURRENT_STEP_X])
// Update a member in the STEP_TABLE currently used to drive the X motor.
CURRENT _STEP X := CURRENT_STEP X +1
IF CURRENT STEP X>7 THEN
CURRENT_STEP X :=0
ENDIF
X=X+1
ENDWHILE
// Update the current location of the probe
Xcurrent := Xend
Ycurrent := Yend

Figure 3. lllustrates the modified Brasenham’s algorithm to control the stepping motors in our sampling system

3.1 The Configurations of the Display Unit are tied together and connected to the segment bus of a
microcontroller/microprocessor or special function chips; i.e.

The electronic circuits of nearly all laboratory instruments are  740911. 74C912 or 74C926. The common pin of each LED
complicate and need to be calibrated appropriately by the i< controlled digit by digit separately by a switching
manufacturers. Moreover, the details for these circuits vary  ransistor. To display a numeric value at any digits of the
from one instrument to another. Even two instruments with [ ED all switching transistors are inactivated first. This
similar functionality may have completely different ., caq every digit of the LEDs to display nothing. The
electronic circuits. We have found that only the display unit segment data to be shown is then sent out through the
of the instruments is unique and most suitable to be modified  segment bus and the switching transistor corresponding to the
and extended n order. to 1nterface. 1t Wlth a computer.  ,ctjve digit are activated causing the numeric value to appear.
Broadly, the display unit can be classified into 2 categories:  Repeating the same procedures sequentially from the first to
LED (light emitting diode) multiplexing digital display and  the [ast digit of the display unit at approximately 20 Hz of
direct-drive LED display [2]. refresh rate causes all digits to display their numeric values

o ) ) continuously.
In LED multiplexing configuration (see the shaded area in

figure 4), the same segment pins from all digits of the LED



The display unit employing the direct-drive technique, on the
other hand, uses as many BCD (Binary Coded Decimal)
counters and BCD to 7-segment decoders as the required
number of digits. Refer to the shaded area in figure 5, the
output from a BCD counter is converted to a numeric form
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by a BCD to 7-segment decoder. The output from the
decoder is, in turn, used to drive the corresponding digit of
the LED directly. By this technique, every digit of the LED
displays it’s own numeric value continuously.
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Figure 4. lllustrates The schematic of the instrument utilizing the LED multiplexing configuration and the modification.

3.2 The Modification Approaches

The most suitable electronic device to interface between a
numerically displayed instrument, in both configurations of
display unit, and a computer is a microcontroller. Employing
this device makes the appearance of the interfacing circuit
less complex as many components can be substituted by
software. In addition, a microcontroller extends the
functionalities of the system at no extra cost since many
functionalities can be added at a software level. In this
section, we present the details of the microcontroller based
interfacing unit between the display component of an
instrument and a computer in both configurations.

To automatically read data shown on the display unit of the
instrument utilizing the LED multiplexing technique, the
active digit at any instance of time must be known first. By
examining the status of the enable signals, it is possible to
point out to which digit the data at the segment bus is
currently sent (only one digit of the LEDs is active at any
instance of time). Then, the numeric data of the active digit
is read from the segment bus and stored appropriately. Refer
to the schematic in Figure 4, the enable signals from the
enable control bus are stored in the 8-bit latch before
connecting to the microcontroller. In order to avoid
unnecessary hooking the microcontroller only to check, most
of the time, unchanged state of the 8-bit latch, the
microcontroller’s timer interrupt technique is employed. The
interruption causes the microcontroller to periodically

identify the active digit by sampling the logical state from the
enable control bus. During the interrupt process, the
microcontroller samples data from the segment bus via the
segment input port. This data, in 7-segment format, is
converted to the corresponding BCD format and store in a
suitable memory location.

The pseudo-code of the interrupt service routine described
earlier is as follow.

DigitData : ARRAY [0..7] OF BYTE
/I Determine the active digit, read the segment data and
// store in an appropriate location in the array DigitData
TIMER INTERRUPT readActiveDigit
// Read the current active digit from the 8-bit latch.
ActiveDigit := INPORT(8 BIT LATCH)
// Use look-up table (LUT) to change to BCD format.
DigitIndex := BINARY_TO_BCD(ActiveDigit)
// Read seven-segment code from segment input port.

DigitDataSegmentCode :=
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INPORT(SEGMENT INPUT PORT)
// Change from seven-segment code to the corresponding
// BCD and store in the array.
DigitData[DigitIndex] :=
SEGMENT_TO_BCD(DigitDataSegmentCode)

END INTERRUPT

Although, a radiation counter with the direct-drive LED
display component appears to have fairly complicate circuit,
the microcontroller interfacing system as shown in Figure 5
is easy to understand and implement. From the figure, the
BCD signals from every digit of the BCD counters are input
to the 8-to-1 multiplexer. There are four multiplexers in the
schematic, each of them accepts only one bit of the BCD
signals; D (2%), C (2%), B (2') and A (2°). Each bit must be
arranged in order from digit 1 to 8. The output signals from
the multiplexers are, then, connected to the BCD input port of
the microcontroller. The digit to be read into the
microcontroller’s BCD input port is controlled by the
selection signals.

In this configuration, the procedure to read data is trivial and

can be implemented without utilizing any interrupt service
routine. The pseudo-code of this procedure is shown below:

DigitData : ARRAY [0..7] OF BYTE
PROCEDURE ReadBCDData

/I All digits of display

8 of BCD to 7-Segment Decoders

FOR digit := 0 TO 7
// Send out digit selection signal to the selection
// signal port of the microcontroller.
OUTPORT(SELECTION SIGNAL PORT, digit)
/I Read BCD of selected digit.
dataln := INPORT(BCD_ INPUT PORT)
// Store data in an array
DigitData[digit] := dataln
END FOR

END PROCEDURE

Apart from acquiring data from the display unit and storing it
in the array, the additional roles of the microcontroller in
both configurations is to transmit these data to a computer via
an appropriate communication channel; e.g. RS-232.
Furthermore, the microcontroller can be programmed to
partially/fully control the instrument. For example, the
microcontroller in our sample implementation, a radiation
counter interfacing system, has additional tasks to:

® release a command to the radiation counter in order to
start gathering data at the specified, sampling time,

® release a command to stop gathering data and possibly
reset the radiation counter,

® store data in its buffer if it detects that the computer is
fail to receive data.

8 of BCD Counters Connected in Cascade

The Underlying Components
of an Instrument (Don t Care)
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Figure 5. lllustrates the schematic of the instrument utilizing the direct-drive configuration and the modification.



3.3 Implementation and Result

We have implemented the proposed interfacing techniques in
an embedded system under control of the MCS-51 family of
8-bit microcontrollers. The system was designed to interface
to the ST-350 radiation counter [5] in an experiment to study
a decay time of radio active materials. Apart from being able
to read data from the radiation counter, we added features to
make the system possible to directly and automatically
control the radiation counter; i.e. start/stop collecting data at
a specified time and period, without any extra hardware. The
system is used in conjunction with a moderate performance
notebook. In the experiment, we programme the system to
gather data once a day. As the system has its own memory,
data are, therefore, mostly stored in the memory and
transferred to the computer only once a week. It is, however,
definitely obvious that employing a microcontroller system
and a computer and a few modifications of the instruments,
only in the least complex unit, is viable and can ease
experiment designs.

4. Conclusion and Future Work

We have presented two examples that exploit the benefits of
microcontrollers to Physics experiments. The examples are:
the automatic sampling system and the intelligent unit to
interface between a computer and a numerically displayed
instrument. Obviously, the application of microcontrollers to
these experiments not only eases the design process of the
instrument and it also increases the functionalilty of the
instrument. This comes from the fact that many complex
parts of the instrument can mostly be substituted by software
instead of hardware implementation which is a basic building
block in nearly all traditional laboratory-designed
instruments. It might be argued that the learning curve of
modern electronic devices is very steep as most of them rely
on using a computer program to design and simulate. This is
in constrast to the traditional hardware-based approach to use
only standard TTL/CMOS/OP-AMP devices. However, we
have found that although learning to use the modern devices
is fairly difficult at the first place, this difficulty will be paid
off in a short term.

In order to further adopt modern electronic devices to Physics
experiment, we have planned to employ CPLDs (Complex
Programmable Logic Devices), FPGAs (Field Programmable
Gate Arrays) and microcontroller with Ethernet connectivity
in the new implementation of many laboratory-designed
instruments. Currently, we have finished the CPLD
implementation of an electronic accelerometer. In the
implementation, a dozen of standard TTL devices is
substituted by only a medium density CPLD with higher
functionality/programmability than the former
implementation. The result of this implementation will be
presented elsewhere.
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Fabrication of Metal-Semiconductor-Metal GaAsP Photodetectors
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ABSTRACT - We present the fabrication and characterization of metal-semiconductor-metal (MSM) GaAsP
photodetector grown by Molecular Beam Epitaxy (MBE). Metal-Semiconductor-Metal structure is fabricated
using lithography technique. A thermal evaporator is used for growing gold electrodes. The electrode width
and gap spacing of this device are in the same value of 100 um, and the active area is 2100 x 1300 um®. The
calculated capacitance by conformal mapping technique is approximately 1 pF. At a bias voltage of 8 V, a dark
current is in order of nanoampare. This experimental data can be purposed for a potential optical
communication devices.

KEYWORDS - MSM Photodetector, GaAsP Semiconductor, and Lithography
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