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Abstract— Out-patient medication administration has been
identified as the most error-prone procedure in modern health-
care. Under or over doses due to erratic in-takes, drug-drug or
drug-food interactions caused by un-reconciled prescriptions and
the absence of in-take enforcement and monitoring mechanisms
have caused medication errors to become the common cases of
all medical errors. Most medication administration errors were
made when patients bought prescribed and over-the-counter
medicines from several drug stores and use them at home
without little or no guidance. Elderly or chronically ill patients
are particularly susceptible to these mistakes.

In this paper, we introduce Wedjat, a smart phone application
designed to help patients avoiding these mistakes. Wedjat can
remind its users to take the correct medicines on time and record
the in-take schedules for later review by healthcare professionals.
Wedjat has two distinguished features: (1) it can alert the patients
about potential drug-drug/drug-food interactions and plan a
proper in-take schedule to avoid these interactions; (2) it can
revise the in-take schedule automatically when a dose was
missed. In both cases, the software always tries to produce the
simplest schedule with least number of in-takes. Wedjat is
equipped with user friendly interfaces to help its users to
recognize the proper medicines and obtain the correct
instructions of taking these drugs. It can maintain the medicine
in-take records on board, synchronize them with a database on a
host machine or upload them onto a Personal Heath Record
(PHR) system. A proof-of-concept prototype of Wedjat has been
implemented on Window Mobile platform and will be migrated
onto Android for Google Phones. This paper introduces the
system concept and design principles of Wedjat with emphasis on
its medication scheduling algorithms and the modular imple-
mentation of mobile computing application.

Keywords— telemonitoring, medication error prevention, mobile
computing, real-time scheduling.

1. INTRODUCTION

According to a landmark study on medical errors conducted
by the US Institute of Medicine in 1999 [1], medication errors
(ME) and adverse drug reactions (ADR) are the most common
cases among all medical errors. These adverse drug events
(ADE) incurred significant tolls in terms of patient fatality,
financial costs (including additional medical expenses, income
and productivity losses), and damages to the reputation and
morale of healthcare professionals. Most of these errors are
nonetheless preventable [ 2 ]. One study found 530,000
preventable ADEs among Medicare out-patients each year.

Although errors can occur in every step of medication process
during medicine procurement, prescription, dispensing and
administration, they happen most frequently in the prescrip-
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tion and administration stages. In the past decade, increa-
singly wide-spread use of computerized physician order entry
(CPOE) [3], clinical decision support systems (CDSS) [4] and
electronic medical records (EMR) [5] along with better proce-
dures to dispense medicine has helped to eliminate a large
proportion (up to 80%) of prescription errors, which account
for half of all medication errors. In comparison, little progress
has been made in the prevention of administration errors,
which are caused by improper and failed use of prescribed
medicine. Consequently, medication administration errors
have become the prevalent cause of ADEs. They accounted
for 25%—40% of all medication errors and were the main
reason for admission of elderly into nursing homes [6].

Out-patient medication administration has been identified as
the most error prone procedure amidst the entire medication
process. Most of these errors were made when patients bought
prescribed and over-the-counter (OTC) medicines from dif-
ferent drug stores and use them at home without little or no
guidance. Common causes of these errors include: (1)
irregular medicine in-takes due to the patient’s busy or erratic
lifestyles, (2) complicated in-take schedules due to many
medicines and doses taken by the patient, (3) adverse drug
reactions caused by un-reconciled prescriptions obtained from
different sources, (4) lack of knowledge about proper use of
medicines, (5) lack of consultation with healthcare providers
when confusion arises and (6) lack of monitoring mechanisms
to keep track of patient’s medicine in-take. Recently, tele-
medicine, especially felemonitoring techniques, has been in-
vestigated as a cost-effective approach to control quality of
care (QoC) in out-patient medication administration [7,8,9,
10]. By sending in-take reminders to the patient, producing
the proper medicine from a medicine dispenser and recording
patient’s in-take schedules, Health Maintenance Organizations
(HMO) hope to reducing cost of service while improving
quality of care. Communication between HMOs and patients
is established through wired or wireless Internet connections.
Although these efforts represent progress in the right
direction, the medicine dispensers thus made are bulky,
expensive and prone to dispensing errors. A handy alternative
solution can be provided by installing a medication reminder
and monitor on a smart mobile phone and then using it along
with a traditional mechanical “pill box”. Such a solution will
be cheaper (excluding the incurred cost of the smart phone)
and may result in deeper penetration into the consumer
market.



.| In this paper, we introduce Wedjat, a smart
m phone application designed to help patients to
avoid medicine administration errors. The appli-
cation was named after the “Eye of Egyptian
God Horus” [cf. insert] from which derived the prescription
symbol R,. Wedjat can perform three primary functions:

1. Issue medicine in-take reminders — Wedjat will issue an
alert approximately 5 — 15 minutes (preset by user) before
the scheduled time to take certain medicine(s). The alert
will be issued repetitively until it is cancelled by the user.
Scheduling of in-take alerts is performed by a real-time
process/resource scheduling algorithm [Section IV] that
can satisfy time constraints according to medicine in-take
directions and drug-drug/drug-food interactions. This
function is integrated with the calendar and planner appli-
cations installed on most smart phones.

2.  Provide medicine identification and in-take directions —
Wedjat has a built-in database containing crucial informa-
tion about the medicines (including their photo images,
in-take directions and precautions) and the healthcare
providers (including physicians, pharmacists and HMOs)
relevant to its user. All these data can be retrieved with
the touch of a button while Wedjat is in use.

3.  Maintain medicine in-take records — Wedjat will record
the time at which its user cancels an in-take alert and
regard that at the time that specific medicine(s) was
taken. These medicine in-take records can be stored on
board, synchronize with the database on a host machine
and/or uploaded onto a Personal Heath Record (PHR)
system.

Wedjat has two distinguished features: (1) it can alert the
patients about potential drug-drug/drug-food interactions and
plan an in-take schedule to avoid these interactions; (2) it can
revise the in-take schedule automatically when a dose was
missed. In both cases, the software always tries to produce the
simplest schedule with least number of in-takes. A proof-of-
concept prototype of Wedjat has been implemented on the
Window Mobile platform and will be migrated onto Android
for Google Phones.

The rest of this paper presents the design concepts of Wedjat
with emphasis on its medication scheduling algorithms and
modular implementation. An overview of the Wedjat system
is given in Section II. It is followed by discussions of the
formal specification of the time constraints [Section III] and
the two algorithms used in medicine in-take scheduling
[Section IV]. Actual implementation of the mobile computing
application is discussed in Section V. Related work is
compared in Section before accomplishments and future work
are summarized in a brief conclusion.

II. SYSTEM OVERVIEW
A.  System Architecture

Figure 1 shows the system architecture of Wedjat. The system
uses an electronic medical record (EMR) or an electronic
personal health record (EPHR) system as the consolidator of

patients’ medication prescriptions and in-take records. In our
proof-of-concept prototype, an open-source EPHR system
Indivo [11] was chosen to play that role.

Medication prescriptions are loaded into the secure persistent
database of Indivo from medical clinics, hospitals and
pharmacies. The prescriptions are checked for potential drug-
drug and drug-food interactions and converted into an XML-
formatted medication scheduling specification (MSS) [Section
IILA]J.

Patient’s MSS files are sent to his/her mobile phone via RSS
feeds [ 12]. The Wedjat mobile application running on
patient’s mobile phone then computes the medication
schedules based on the MSS data and inserts alarm triggering
events into the mobile phone calendar.

Wedjat also records patient’s medicine in-take time in a medi-
cation in-take record (MIR) file when he/she presses the reset
button to cancel the alarm. The MIR files may be uploaded
onto the Indivo server at prescheduled time or by patient’s
command. Physicians and healthcare providers may review
the MIS files and change patient’s prescriptions by uploading
revised ones onto Indivo and pushing the MSS to patient’s
mobile phones. The exchanges of MSS and MIR files thus
provide the healthcare providers with an on-line mechanism
for monitoring the medication administration to the out-
patients and adjust their medication doses without additional
clinical visits.
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Figure 1 Wedjat System Architecture
B.  Operation Scenarios

For every in-take, Wedjat inserts an alarm triggering event
into the mobile phone calendar, which will then cause an
alarm to be set off at a preset time before the proper in-take
time is due. If the patient takes the medicines and reset the
alarm, Wedjat will store the in-take time in a medication in-
take record (MIR) file. If the patient forgot to take his/her
medicines, Wedjat will remind him/her again until the in-take
period expires. In that case, it will compute a new medication
schedule and remind the patient when the next in-take time is
due. If Wedjat could not produce a viable schedule that



satisfies the MSS, it will issue a warning and suggest the
patient to contact his/her healthcare provider.

ITI. MEDICINE PRESCRIPTION AND SCHEDULING
SPECIFICATION

A.  Medication Scheduling Specification

Table 1 shows the medication scheduling specification (MSS)
of a specific medicine M. The MSS can be divided into three
parts containing the prescription parameters, the dosage para-
meters and the interaction parameters.

Prescription Parameters (PP)

Medicine Identifier M

Medicine Dose g

Medicine Form Capsule/Tablet/...
Medicine Amount n

Therapy Duration T

Dosage Parameters (DP)
Nominal Min. & Max. Dose
Nominal Min. & Max.

[dmin, dmax]

[nsmin, nsmax]

Separations
Max. In-take Amount B over
(B, R)
Interval R
Min. Intake Amount L over (L. D)

Interval P
Absolute Min. & Max. Dose

Absolute Min. & Max.
Separations

[Dmin, Dmax]

[asmin, asmax]

Interaction Parameters (IP) <List>
Interferer Identifier N
Min. Separation from M to N
Min. Separation from N to M

minTolnterferer

minFrinterferer

Table 1: Sample Medication Scheduling Specification
1)  Prescription Parameters (PP)

These parameters contain essential information of a medicine
including its name M, its dosage size g and the amount n to be
taken each time (in terms of multiples of dosage size) and its
therapy duration T during which the patient should take the
medicine. A picture of the medicine is also included to help
patients recognizing the medicine.

2)  Dosage Parameters (DP)

These parameters specify the constraints imposed on dose size
and separation (i.e., the duration between two consecutive
doses) for scheduling the medicine. Take Advil for example,
its direction is “to take one capsule every 4 to 6 hours. If pain
or fever continues, two capsules may be used.” In this
example, the nominal dose size and separation of Advil are
[1,2] and [4, 6], respectively.

Supply Rate (B,R) implies that the maximum dosage faken
in any time interval of length R cannot exceed the amount B.
For example, the supply rate of Advil is (6,24) because its
direction also says “Do not exceed 6 capsules in 24 hours.”

Demand Rate (L,P) implies that the minimum dosage taken
in any time interval of length p cannot be below the amount L.

Dosage parameters may also include hard constraints such as
absolute dose sizes [Dmin, Dmax] and absolute separations
[asmin, asmax]. By making these absolute ranges wider
than the nominal ranges, we allow some flexibility in worst-
case scheduling.

3) Interaction Parameters (IP)

We refer to a medicine or food that interacts with M as an
interferer N of M. The IP section of M contains an entry for
each of its interferers.

The IP entry of each interferer N specifies two separation con-
straints: minToInterferer, which indicates the minimum
separation from the medicine M to the interferer N, and
minFrInterferer, which indicates the minimum separation
from the interferer N to the medicine M. Take Fosamax as an
example. It must be taken on empty stomach; also the patient
should not take anything within 30 minutes after taking the
medicine. Thus, the minimum separation parameters to and
from any interferer of Fosamax are 0.5 hour and 6 hours,
respectively.

IV. MEDICATION SCHEDULING ALGORITHMS

Medication scheduling is the core function of Wedjat. 1t is
performed by two scheduling algorithms known as one-
medicine-at-a-time (OMAT) and one-dose-at-a-time (ODAT)
scheduling, which are devised according to real time
scheduling theory. This section provides an overview of these
two algorithms along with their resource models, resource
allocation rules and scheduling priority schemes.

A.  Scheduling Models
1)  Resource Model

Both OMAT and ODAT use a resource model [13,14] that
employs a virtual processor PM to keep track of patient’s
availability to take a medicine M and a virtual resource RM to
account for potential interactions between that medicine and
the others. When computing a schedule, the algorithms treat
each dose of each medicine M as a job running on processor
PM and the sequence of doses of M as a fask. A job starts
when the dose it represents is taken by the user. A schedule
for a medicine M is a list of time at which jobs/doses of task/
medicine M start.

2)  Resource Allocation Rules

The scheduling algorithms maintains correct separations
between consecutive doses of a medicine by scheduling each
dose as a non-preemptive job running on PM for a minimum
duration of dsmin. In addition, the absolute maximum
separation between successive doses is enforced by imposing
a relative deadline for each dose/job.

To avoid drug-drug and drug-food interactions, the algorithms
use a virtual resource RM to maintain minimum separations



INPUT:
ListMedicationScheduleSpec MSS[number medicines]
PrioritySchemes PS
OUTPUT:
Boolean feasibleSchedule
List MedicineIntakeSchedule MIS [number medicines]
PROCEDURE :
FOR every MSS[i]({
CREATE JobModel, ResourceModel
CREATE integer latestStartTime }
ASSIGN priority to every MSS[i]
based on PrioritySchemes PS
SET feasibleSchedule to TRUE
FOR every MSS[i] according to descending priority({
SET latestStartTime of MSS[i] to 0
SET ResourceModel.feasible of MSS[i] to TRUE
WHILE ResourceModel.feasible of MSS[i] is TRUE
FOR i from JobModel.release time to
JobModel.deadline of MSS[i] {
IF ResourceModel.processor[i]==0 and
ResourceModel.resource[i]==0 {
SET Tavail to I THEN BREAK }}
IF Tavail is found
IF Tavail>=MSS[i] .TheraphyDuration THEN BREAK
APPEND Tavail to ResourseModel.Schedule
SET latestStartTime of MSS[i] to Tavail
SET JobModel.release_time to (Tavail+ nsmin)
SET JobModel.deadline to
(JobModel .release_time + asmax)
FOR k from Tavail to (Tavail + nsmin)
SET ResourceModel.process[k] of MSS[i] to 1
FOR every interferer MSS[i] .IP[j]{
FOR k from {
(Tavail - MSS[i] .IP[j] .minFrInterferer) to
(Tavail + MSS[i] .IP[j] .minToInterferer)
SET ResourceModel.resource [k] of
MSS [MSS[i] .IP[j] .med_id] to 1 }}
ELSE
SET ResourceModel.feasible of MSS[i] to FALSE
SET feasibleSchedule to FALSE }
IF feasibleSchedule is TRUE {
SET MIS[i] to ResourceModel.Schedule of MSSI[i]}
RETURN feasibleSchedule and MIS[]
END PROCEDURE

INPUT:
List MedicationScheduleSpec MSS [number medicines]
PrioritySchemes PS
OUTPUT:
Boolean feasibleSchedule
List MedicineIntakeSchedule MIS [number medicines]
PROCEDURE :
FOR every MSS[i]
CREATE JobModel, ResourceModel
SET numberMedicines to the length of MSS[] array
CREATE integer array
ReleaseTimeCurrentJobs [numberMedicines]
SET ScheduleComplete to 0
SET feasibleSchedule to TRUE
WHILE (feasibleSchedule is TRUE) and
(scheduleComplete < numberMedicines) {
FIND MSS[i] with earliest time in
ReleaseTimeCurrentJobs[] and highest priority
FOR k from JobModel.release_ time

to JobModel.deadline of MSS[i]{
IF ResourceModel.processor [k]==0
and ResourceModel.resource [k]==0{

SET Tavail to k THEN BREAK }}
IF Tavail is found
IF Tavail >= MSS[i].TheraphyDuration {
INCREMENT scheduleComplete THEN BREAK }
APPEND Tavail to ResourseModel.Schedule
APPEND ResourceModel.Schedule to MIS[i]
SET JobModel.release_time to (Tavail+nsmin)
SET JobModel.deadline to
(JobModel .release time + asmax)
SET ReleaseTimeCurrentJobs[i] to(Tavail+nsmin)
FOR k from Tavail to (Tavail + nsmin)
SET ResourceModel.process[k] of MSS[i] to 1
FOR every interferer MSS[i] .IP[j] {
FOR k from
(Tavail - MSS[i].IP[j] .minFrInterferer) to
(Tavail + MSS[i].IP[j].minToInterferer)
SET ResourceModel.resource [k] of
MSS[MSS[i] .IP[j] .med_id] to 1 }}
ELSE
SET feasibleSchedule to FALSE }
RETURN feasibleSchedule and MIS[]
END PROCEDURE

Table2: OMAT Pseudo-code

between a medicine and its interferers. The algorithms
allocate the resource RM to each job/dose of an interferer N

for the duration of minFrInterferer when it schedules a
job/dose on PM. IN other words, each job of the interferer
blocks a job/ dose of the interfering medicine M during
minFrInterferer.

3)  Priority Schemes

Both OMAT and ODAT operate based on priorities. Plausible
priority schemes include Most Interferers First (MIF) and
Shortest Separation Difference First (SSDF) schemes. They
give higher priorities to the tasks corresponding to medicines
with more interferers or larger differences between maximum
and minimum nominal separations, respectively. The best
priority schemes is the Most Victimized First (MVF) scheme,
which assigns priorities to the tasks based on their worst case
blocking times — the longer the worst case blocking time, the
higher the priority of the task/medicine.

B.  Scheduling Algorithms

Table 3: ODAT pseudo-code

Table2 and Table 3 list the pseudo-codes of basic OMAT and
ODAT algorithms. In those codes, the Boolean variable
feasible indicates whether the algorithms succeeded in
finding a feasible schedule when they terminate. If succeeded,
the array feasibleSchedule point to the schedules of the
medicines.

1)  One-Medicine-at-A-Time (OMAT)

The OMAT algorithm schedules one medicine at a time
according to a descending order of the importance of the
medicine towards the patient. Every dose of the medicine to
be taken by the patient during its therapy duration is
scheduled before the next medicine will be considered.
Interactions between the medicine and all scheduled
medicines must be avoided by satisfying the minimum
separation to/from the interferers.

OMAT performs better in compliance with the constraints
specified by the dosage parameters (DP) and interaction
parameters (IP) in the MSS. However, the schedule it




produces is inflexible. When a dose is missed, the entire
schedule must be refreshed by running the algorithms once
again. Thus, it should be used by users who tend to take their
medicines on time.

Basic OMAT algorithms tend to schedule doses of higher
priority medicines close together, leaving little or no time for
doses of lower priority medicines. A simple enhancement is to
schedule doses of medicines as close as to their respective
deadlines as possible. We call algorithms with this enhance-
ment advanced OMAT algorithms.

2)  One-Dose-at-A-Time (ODAT)

The ODAT algorithm schedules the individual doses of the
medicines one at a time according to dynamic importance of
the doses towards the patient. ODAT select the most
important dose at present to schedule. When user takes the
dose, the scheduler starts plan next dose schedule in the same
way. We have no idea about the schedule of other future doses
before user really takes the dose. ODAT performs worse than
OMAT on complying with constraints specified in MSS, but
ODAT do better in deal with the real time behavior of user’s
delay and miss doses.

Input Output
MSS

Medicine
Directions

Medicine In-
take Schedule

User
Prescription

Medicine In-
take Records

User Preference
and System
Configuration

Application

Figure 2: Wedjat Input/Output flow
V.PROTOTYPE IMPLEMENTATION

This section documents Wedjat implementation including its
platform, software design and graphic user interfaces.

C. Implementation Rationale

Wedjat is built upon the .NET framework running on
Windows Mobile 6.0.and is integrated with the built-in
Calendar application. It accesses the Calendar application
through the Calendar API included in the namespace
Microsoft .WindowsMobile.PocketOutlook.

As shown in Figure 2, Wedjat’s inputs include user
preferences and the Medication Scheduling Specification
(MSS) of all medicines. Wedjat download the user’s MSS
from Indivo personal health record (PHR) server. In addition,
user set preferences such as sleeping time and busy time by
the Wedjat graphic user interface. The scheduler keeps away
from the time slots of user’s setting when possible.

Wedjat’s outputs include medicine in-take schedule, medicine
in-take record. After Wedjat create a feasible full in-take

schedule, it writes the schedule to the Calendar application. If
the user miss or delay some dose, the system will readjust the
in-take schedule and rewrite to Calendar application. When
the user clicks OK to confirm the dosage in-take, the system
takes down medicine in-take records.

D.  Software Design

Figure 3 shows the Wedjat functional modules. Wedjat down-
loads the user’s MSS from Indivo. XML Parser parses the
MSS XML file and then SQL Server Mobile inserts all the
data into a light-weight SQL Database on mobile phone. The
user sets the preference and then starts the Medication
Scheduler. The Medication Scheduler schedules all medicine
based on the user preference setting and MSS data query to
SQL Server Mobile. If the Medication Scheduler creates
feasible schedule successfully, it shows some message to
graphic user interface and writes the schedule to Calendar
application. The Medication Scheduler will monitor the user’s
behavior by tracking the event of the schedule in Calendar.
When user delay or miss some doses, the Medication
Scheduler creates a readjust in-take schedule and refresh the
schedule in Calendar. After the user take doses, the
Medication Scheduler notes down the in-take records and
upload to Indivo periodically.
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Figure 3 : Wedjat Functional Modules

The class diagrams of Wedjat are classified to two categories:
Medication Schedule Specification, Medication Scheduler. As
the Figure 4 shows, the data structure of MSS includes the
medicine identify, Dosage Parameters, List of Interaction
Parameters. It holds all constraints parameters of MSS.
Medication Scheduler details in Figure 5 is the core module of
Wedjat. 1t creates a JobModel object, a ResourceModel
object for each medicine. The JobModel object holds the
values of jobs parameters of each medicine M. The deadline
field is set to the nominal minimum separation nsmin of M
initially. The ResourceModel maintains two integer arrays
resource and processor. The initial values of every element of
the two arrays are O which indicates the resource and
processor are free. When a job is scheduled on processor, the



processor is set to 1 for k elements in processor array which
indicates the processor is occupied by the job for the length of
execution time k. The resource of M is occupied by the
interaction medicines or foods N of M. Only when the
processor and M are free for the length of execution time and
the resource is free at the start instance of job, the job can be
scheduled and executed. The list schedule in ResourceModel
is the schedule of all doses of the medicine M and is be set to
List MIS including med_id, in-take time, dose size as the
output of the scheduler. The Medicine Priority defines five
schemes of priority including EDF, MIF, MVF, RM and
SSDF. The EDF is used by ODAT only.

Class MSS{
int med_id; DosageParameters dp;
List<InteractionParameters> ip;

1
Class DosageParameters{
int T;
int nsmin, nsmax, asmin, asmax;
inr dmin, dmax, Dmin, Dmax;
int B, R, L, P;
1

Class InteractionParameters
int med _id; int mintoInterferer;
int minFrInterferer;

}

Figure 4 : Medication Scheduling Specification Classes

Class MedicationScheduler

int feasibleSchedule;

public bool OMAT (List<MSS> mss,
PrioritySchemes ps, ref List<MIS> mis) ;

public bool ODAT (List<MSS> mss,
PrioritySchemes ps, ref List<MIS> mis) ;

private void SetDoseSize (List<MSS> mss, ref

List<MIS> mis);

private void SetProcessor (int latestStartTime,
MSS mss, ref ResourceModel rm) ;

private void SetResource (int med id,
List<MIS> mis, List<MSS> mss,
ref ResourceModel rm) ;

1
Class ResourceModel {
int [] resource = new int[T];
int [] processor = new int|[T];
bool feasible = TRUE; List<int> schedule = NULL;
int priority = 0;
1

Class JobModel {

int release_time = 0;

int execution_time = ns_min;

int deadline = release time + execution_time;
}
Class MIS{

int med_id; int time; int dose_size;
}

Enum PrioritySchemes{RM, MVF, MIF, SSDF, EDF};

Figure 5 : Medication Scheduler Classes

The Medication Scheduler supports two kinds of scheduling
algorithms including ODAT, OMAT. The other methods in

Medication Scheduler are private methods used by the
functions in Medication Scheduler only.

E.  Graphic User Interfaces

The graphic user interface we design for Wedjat is shows as
Figure 6. The first page shows three buttons for user to set
preference, load a MSS Xml file, display the result schedule
and a text field show the next dose user have to take. Before
starting the scheduler, the user has to load the MSS file and
finish preference setting. In the preference setting page, the
user can set the habit of in-take medicines such as they are
always take medicines on time or not and the unavailable time
or special time which they don’t want to take medicine. After
user setting preference and loading MSS file, they can start
the scheduler. The scheduler chooses an appropriate
scheduling algorithm for them according their setting. If the
scheduling creating in-take schedule successfully, the user can
see the result in the “Display My Medication Schedule”. By
selecting the date, the page displays the whole day in-take
schedule.
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Figure 6 : Wedjat Graphic User Interfaces
F.  Performance Evaluation

We used OMAT and ODAT algorithms to schedule a variety
of MSS samples in several simulation experiments. We
generated 1000 MSS samples for every run of simulation,
which we found are sufficient to yield a 95 percent
confidence. We present here a summary of the experiments
and performance data of success rate. The more details of
generation of MSS samples, experiment coverage and
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additional data can be found in [15]. The success rate of an
algorithm is the probability the algorithm finds a feasible
schedule. Each sample MSS used in our simulation
experiments is characterized by a number of parameters,
including the number of medicines n, the degree medicines it
interacts with other medicines. The interference probability o
is the probability of any medicines interferers with some other
medicines. The effect of interference is defined by
interference severity as follow:

8§ (M, N) =[minTointerferer + minFrinterferer]

/ max (asmax(M), asmax(N))

The dependence of success rate and the parameters used in
simulation is tested by stepped n by 1 from 3 to 20. The
parameters of pand J is selected from the even distribution
over the range [0.1, 1] independently. The success rate of
OMAT and ODAT is show as Figures 7 and 8. When the
scheduler works in the range of nominal separation of all
medicines, the success rate it achieved is poor for n equal to 5
or larger. In contrast, the scheduler works better in the range
of absolute separation of all medicines which is a wider range

VII. CONCLUSIONS

In this paper, we presented the design ideas behind Wedjat,
a medicine in-take reminder and monitor installed on a
smart phone. This mobile computing application combines

than nominal separation. We can also see from the figures that
the advanced OMAT algorithm with MVF typically performs
better than other algorithms. As a result, we will study it more
depth in the future.

VI. RELATED WORK

As mentioned in the introduction, most attempts to reduce
medicine administration errors have focused their efforts on
developing “medicine dispensers”. Most commercial products
[16,17,18,19] are low cost, manual operating devices. A
weakness shared by these devices is that their users must load
medicine doses into these devices and then program their
operation. Naturally, such a cumbersome operation is
susceptible to human errors. Automated medicine dispensers
[7,8,9,10] are definitely a step taken in the right direction.
Some of these devices will be installed in the homes for the
elderly or chronically ill. Wedjat represents a novel attempt to
integrate healthcare support with mobile computing. As next
generation smart phones such as iPhone™ and Google
Phones™ become popular, such an application has the
potential to reap a huge market share.

mobile phone based telemonitoring techniques with real-
time scheduling algorithms to offer ubiquitous services to
numerous out-patients. Notable accomplishments include
the development of OMAT/ODAT medication scheduling
algorithms and the implementation of an integrated mobile



computing application. Plenty of work remains to be done
after this initial effort: first and foremost, a thorough inte-
gration of Wedjat with electronic medical records (¢eMAR)
and electronic personal health records (ePHR). Advance
scheduling algorithms including those that can produce
incremental changes to existing schedules should be investi-
gated. The possibility of exercising on-the-fly changes of
prescriptions in response to patient’s conditions may also be
explored.

REFERENCES

[1] Kohn LT, Corrigan JM, Donaldson MS (Ed.), To Err Is
Human: Building a Safer Health System. Compiled by
the Committee on Quality of Health Care in America,
the Institute of Medicine, US National Academies;
published by National Academy Press, 1999.

[2] Preventing Medication Errors. Quality Chasm Series
compiled by the Institute of Medicine, US National
Academies; published by National Academy Press, July
2006.

[3] Koppel B, et al.,, “Role of Computerized Physician
Order Entry Systems in Facilitating Medication Errors,”

Journal of American Medical Association, Vol. 293, No.

10, 2005.

[4] Kuperman GJ, Bobb A, Payne TH, et al. “Medication
Related Clinical Decision Support in Computerized
Provider Order Entry Systems: A Review” Journal of
American Medical Informatics Association, 2007.

[5] Baron RJ, Fabens EL, Schiffman M, Wolf E,
“Electronic Health Records: Just around the corner? Or
over the clift?” Annuals of Internal Medicine, 2005.

[6] Wertheimer Al and Santella TM, “Medication Com-
pliance Research,” Journal of Applied Research in
Clinical and Experimental Therapeutics, 2003.

[7] Wan D, “Magic Medicine Cabinet: A Situated Portal for
Consumer Healthcare,” Proceedings of 1" International
Symposium on Handheld and Ubiquitous Computing
(HUC ’99), September 1999.

[8] Murray MD, “Automated medication dispensing de-
vices,” Chapter 11 in Making Healthcare Safer: a
Critical Analysis of Patient Safety, 01-E58, Agent for
Healthcare Research and Quality, 2001.

[9] Governo M, Riva V, Fiorini P, Nugent C, “MEDICATE
Tele-assistance System”, 11" International Conference
on Advance Robotics. June 2003.

[10]Liu JWS, Shih CS, Tsai PH, Yeh HC, Hsiu PC, Yu CY,
Chang WH, “End-User Support for Error Free
Medication Process,” Proceedings of High-Confidence
Medication Device Software and Systems, pp. 34 — 45,
June 2007.

[11]Indivo, the Personally Controlled Health Record system.
http://indivohealth.org/.

[12]1RSS: http://en.wikipedia.org/wiki/RSS_(file format).

[13]Tsai PH, Yeh HC, Yu CY, Hsiu PC, Shih CSand Liu
JWS, “Compliance Enforcement of Temporal and
Dosage Constraints”, Proceedings of IEEE Real-Time
Systems Symposium, December 2006.

[14] Tsai PH, Shih CS, and Liu JWS, “Algorithms for sche-
duling multiple interacting medications,” Technical
Report TR-1IS-08-001, Institute of Information Science
Academia Sinica, Taiwan, April 2008.

[15]Tsai, P. H., C. S. Shih, and J. W. S. Liu, “Algorithms for
scheduling multiple interacting medications,” Institute
of Information Science, Academia Sinica, Taiwan,
Technical Report TR-I1S-08-001, April 2008.

[16] e-Pill: http://www.epill.com/dispenser.html.

[171MD2: http://www.epill.com/md2.html.

[18]Pill boxes:
http://www.dynamicliving.com/automated _medication
dispenser.htm.

[19]1Rx Showcase,
http://www.rxinsider.com/prescription_dispensing_auto
mation.htm.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


