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Abstract—High pathogenic avian influenza remains rampant
and the epidemic size has been growing in the world. The early
warning system (EWS) for avian influenza becomes increasingly
essential to militating against the risk of outbreak crisis. An EWS
can generate timely early warnings to support decision makers in
identifying underlying vulnerabilities and implementing relevant
strategies. This paper addresses this crucial issue and focuses on
how to make full use of previous events to perform comprehensive
forecasting and generate reliable warning signals. It proposes a
hybrid knowledge-based prediction (HKBP) method which
combines case-based reasoning (CBR) with the fuzzy logic
technique. The method can improve the prediction accuracy for
avian influenza in a specific region at a specific time. An example is
presented to illustrate the capabilities and procedures of the HKBP
method.

Keywords—Case-based reasoning, knowledge-based systems,
fuzzy logic, avian influenza, early warning systems

I INTRODUCTION

Early warning systems (EWSs) have developed into
obligatory requirements worldwide. According to the results
presented by Ebi and Schmier [1], an EWS includes the four
principal components: identification and forecasting of the event;
prediction of the possible health outcomes; an effective and
timely response plan; and an ongoing evaluation of the system
and its elements. The prerequisites for EWSs are to provide
effective predictions of infectious diseases among which avian
influenza is hard to forecast and has devastating damages in
human and other animals for its virulence.

The highly pathogenic strains of avian influenza A H5N1 has
dispersed throughout Asia first and then to Europe and Africa [3].
By the end of 2008, totally 393 people had been confirmed to be
infected by the HSNI1 virus, and among them 248 died.
(http://www.who.int/csr/disease/avian_influenza/country/cases_ta
ble 2009 _01_19/en/index.html). Birds had been culled
worldwide and this has lead to billions of poultry trade loss.
Researchers in the area have been trying to explore the nature of
this virus, observing and predicting the trends and discovering the
effective vaccine against this epidemic disease. However, there
are some difficulties conducting and finding effective solutions
because of the following reasons: (1) The virus is special and
hard to extinct [4]. The virus is varied by the hosts and its origin
and has been changing continuously. Also the virus can cross
different species, for example, from birds to mammals, but it is
lucky to believe that it cannot spread among mammals [4]. (2)
Poultry farm, bird trade and wild birds’ migration make it spread
through all the possible channels [3] [4] [5]. (3) Some other
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undiscovered reasons also contribute to these difficulties [3],
such as the unreported and illegal trade of both wild birds and
domestic poultry will shield the truth. These reasons have
sparked a timely need for EWSs which can monitor and track
new, unknown diseases, produce signals to detect possible
crises at an early stage [6]. The problem is how to take
advantage of existing cases, experiences and knowledge to
improve the prediction and convey reliable early warnings to
decision makers and the society.

This paper proposes a hybrid knowledge-based prediction
(HKBP) method to solve this issue, which can overcome the
predicting difficulties by making full use of previous cases and
existing knowledge. This proposed HKBP method combines
cased-based reasoning (CBR) techniques with fuzzy logic to
make the prediction more effective and the results more
accuracy. The rest of the paper is organized as follows. Section
II reviews related research in this area. Section III describes the
HKBP method in details. Section IV uses an example to
illustrate the capability of this HKBP method and finally
conclusions and discussions are in Section V.

II.  RELATED WORK OF EPIDEMIC DISEASE PREDICTION

Epidemic disease prediction methods vary in different virus
transmission ways. Some viruses can transmit among people
directly, but others are not, such as the avian influenza virus.
Various prediction methods have been reported in literature in
the epidemic diseases warning research area. This section will
discuss these research methods in details.

A. Transmition of avian flu viruses and its prediction

Avian flu A viruses are mostly transmitted among birds,
pigs, and occasionally from birds to humans. The highly
pathogenic avian influenza viruses H5 or H7 are widespread
among birds, mammals and humans [4]. It was believed that
wild birds migration is the main reason of the virus dispersal,
but new evidences were found that human activities of farming
and marketing of poultry are highly related to the spread of the
influenza A viruses [4]. Waterfowl whether wild or human
raised are key factors of the avian influenza ecology [4]. Avian
influenza viruses are transmitted by birds including both wild
birds and farm poultry. Because birds share with human the
same capacities of travelling a long distance within short time,
so it makes this prediction problem more complicated. Wild
bird migration routes and birds number data are aggregated and
analyzed to predict possibility of virus spreading in Western
Mediterranean Wetlands where wild birds can move from
different places such as central Asia, Northern and Eastern
Europe, western Africa [7]. Other findings show that short



distance migration is more important than the long distance
migration for the ecologic immunology [5]. But Kevin Winker
[8] discovers evidences that the risk of virus transmitted by wild
birds is low. Some research findings show that poultry farming
and trading activities are the major factors responsible for the
virus spreading [4]. Others show that waterfowl is the key
element of the virus spread and in Southeast Asia free-grazing
ducking is the major risk of persisting and transmitting the virus
[9]. Also in specific regions, the factors making major
contributions to the outbreak are special [9]. It is natural that
researchers try to apply all these factors to predict the spread of
the HSN1 avian influenza [3].

Both overt factors and covert factors lead to the wide spread
of avian influenza viruses [3]. In order to fully address the
prediction issue, both two factors must be investigated closely.
Some findings are evidenced by researchers, which can be
developed into expert rules; others are history events which may
have potential knowledge can be transformed into case base for
the CBR method.

B.  Case-based reasoning method in EWSs

There have been a variety of investigations of EWS on
epidemic diseases. ProMED system [10] applied knowledge
discovery, data mining and CBR techniques to help forecasting
epidemics spread. TeCoMed [6] is another epidemic EWS which
can provide communicable disease early warning. Among the Al
techniques used in these systems, the CBR seems more powerful
and promising as a case-based knowledge acquisition solution.
Though many factors will affect the outbreak of the avian flu and
some of the reasons are not clear yet, we can still record the
events already happened as evidences for the future perdition.

Case-based reasoning employs past experiences which are
cases stored in the case base to support the current decision
making with the similar situations. This technique is most
suitable for the medical decision-making [11] because medical
decision makers often apply their previous experience to reason
and judge new cases and a CBR system can keep knowledge in
its case base. The CBR cycle consists of four steps [12]: (1)
retrieving former similar cases, (2) reusing similar cases solutions
as references, (3) revising the solutions make it adapt to the new
case and (4) retaining new learned cases.

The advantage of CBR is its knowledge acquisition
capabilities which can resolve the undiscovered knowledge
problem. However, many cases contain uncertain values and
uncertain risk levels; therefore, we will introduce fuzzy sets and
fuzzy rules created from former case findings to solve these
problems.

III. A HYBRID KNOWLEDEGE-BASED PREDICTION METHOD

This section will present the HKBP method. This HKBP
method contains two main components: an CBR component for
avian influenza and rule-based knowledge generation component.
The HKBP method contains four main steps.

A.  Knowledge body for avian influenza

We first provide the basic knowledge of the factors that can
affect the avian influenza virus spread and the case-base
structure.
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1)Factors causing the outbreak : There are many factors
which can lead to the disease outbreaks. Some of them we
have already identified, but still many other covert factors
need to be discovered in the future. Fig. 1 highlights main
factors that can affect the virus transmission and outbreak in
birds. Theses factors fall into five groups: wild birds, farm
poultry, bird trade, climate and region factors.

Stay typ Breeding
Winter site

Bird type Stop over site
Migratory pathways

mber/ density

Long distance

migration
Short distance

migration

Factors ———Wild birds

Stay type
Bird type

Number/ density

Farm poultry Poultry type_l: Water bird
No water bird

Bird number

| Bird trade Poultry —|: Poultry type—l: Water bird
Number/ density No water bird
Wwild bird-l: Bird type
Number/ density
Human activities
| Climate Temperature
parameters Plateau )
Humidity Mountain
. Basin
Region

Land type —] Plains
parameters I:W etland
E Land surface Not wetland
Land usage Rice land
—|:No rice land

Figure 1. factors associated with the outbreak

2)knowledge base structure : One basic part of knowledge is
the case base which is the database file of all the bird outbreak
events happened before. In the file the attributes are outbreak-
time, outbreak-region, region-weather, region latitude, region
geographical properties (plains, plateau, mountain, basin),
region surface properties (wetland or not), region poultry
density, region transport condition, distance to the nearest cities
outbreak level and etc. In addition to this basic data, there are
database files about poultry trade information, wild bird
migratory information, rice land usage information. These
basic attributes can be induced from the basic invent data file,
and other information can be calculated from the other three
data files. The other important part is knowledge base which
consists of fuzzy rule sets which reflect the expert knowledge
about the bird flu transmission. We need to apply the CBR
method and rule based method together to obtain better
prediction and a more accurate early warning.

B.  HKBP method processes

HKBP method has two main components and four steps.
Step 1 Problem information prepossessing: In order to predict
avian influenza spread trend in a particular area and at a
particular time, we need first collect some data about this
particular area at that time. We then transform non numerical
data into numerical values and change them into format for the
CBR case matching. For fuzzy rule applying, we transform



some case parameters (e.g. distance of the nearest infected farm)
from numerical values to fuzzy values such high, low, near, far
and others for the prerequisites of the rules.

Step 2 Using CBR technique to find the best matches to the new
case: This is a typical CBR process. First, we transform and
normalize all the data and then follow the 4R cycle, retrieve,
reuse, revise and retain. Details of the process are as follows:

a) Data preprossessing and normalization: The new case
data must be preprogressed. It include two steps: the first is to
chang some linguistic data, such as normial data (e.g. plateau)
and ordinal data, into numerical data; the second step is to
normlize the data into [0,1] interval.

b) Case retrieval: After the preprossing and normalization
, the casebase is retrieved to find the most matching cases. We

calculate the distance of case i and case j by
: | A =4,

c

Wy
@ " max(4,)—min(4,)
DC,, = o s
2w
k=1
where 4;; is iy, case’s ky, attribute, w;° is weight of the &,

attribute of the case when calculate the distances,
max(4,)—min(4,) is the largest scope of the &, attribute.

(M

¢) Case reuse and revision: A matched case is the case
which has the distance less than a small value ¢. The value of ¢
can be calibrated based on specific requirements of a real world
situation. All the matched cases can be reused, the final result
Risk’ is aggregated from each fuzzy number risk level 1?, which
is the risk level of iy, matched case among all » matched ones. We
have five risk levels, each risk level belongs to a set of linguistic
terms which can be described by triangular fuzzy numbers, such
as normal (N), low risk (LR), medium (M), high risk (HR), very
high risk (VH) as shown in Fig. 2.

Anormal

1

low risk middle high very high

L L L L »
0 0.125 025 0375 0.5 0.625 0.75 0875 1 v

Figure 2. Fuzzy membership functions of risk levels

If we have » matched cases, then the final aggregated risk
level can be calculated by

 3a-pc, )k

Risk =i """ %)
2(1 - DCi.neu)
i=1

where DC

inew

is the distance between the iy matched case and

the new case. We can notice that Risk® is also a fuzzy number.

d) Case retain: Normally if the prediction is finally
confirmed, then the new case can be retained in the case base.
Besides the cases can be obtained from real happened events.
The CBR method can be calibrated by changing weights in (1)
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and the matching value ¢. These parameters can be adjusted
dynamically according to the newly obtained real world data.
In addition, we can seek to other valuable expert knowledge,
which presents as patterns and rules.

Step 3: Applying the patterns/rules: First each rule set’s
prerequisites are used to find out if the new case parameters fit
or not. Sometimes one case can fit for more than one rule set. If
so, all rule sets which can match up the cases are applied and
final risk level is aggregated. After this aggregation, another
risk value from fuzzy rules is created.

a) Rule-based knowledge generation: There are lots of
findings about the HPAI avian influenza outbreaks. The virus
can spread based on the poultry [13], by the duck during the
rice cultivation [14] or maybe through the migration of birds
[15, 16]. It is of great significance to find out the way of
integrating all these patterns or rules to the prediction of an
outbreak. Now we present the brief version of some typical
patterns and rules as follows.

b) Poultry transmission pattern and rules : The pattern
are represented by rule set which can be diveded into two
parts. The first part consists of a set of the preconditions of
fixed values or fixed interval values, which are the
prerequisites to the applying conditions of the rules. If the
contexts of a new case are the same or similar as the first set
of preconditions, then this rule is appropriate for the new case.
The second part consists of a set of fuzzy rules in which there
are two most important conditions of the poultry density and
distance of the nearest infected farm and the result of the risk
level. The fuzzy rules are shown in Fig. 3. Before reasoning,
numeric values will be changed to fuzzy values by fuzzy
membership functions. For example, the distance between two
farms can be defined as in Fig. 4. In second part of this rule, if
the poultry density and the farm distance are known then the
final risk level can be predicted by fuzzy logic.

If

Region. Latitude= [N50, N55];

Region. Month= [2-3];

Region. Temperature=[0-8];

Region. Land_type= plain;

And if

Region. Poultry_density= X1 (very high/high/medium /low /very low);
Region. Distance-to-kernel= X2 (near/medium/far);

Then

The outbreak risk = R (very high/high/medium/low/very low)

Figure 3. Poultry density rule set

1 fnear medium far

1 I
0 100 200 300 400 500 (Km)"

Figure 4. Fuzzy membership function of distance



¢) Duck and rice cultivation pattern and rules:This pattern
indicates that in some regions the free ranged water poultry such
as ducks are the main reason responsible for the outbreak of the
virus HS5N1 during the rice harvest season. Just the same
structure as the first rule set, this one also has two parts. In order
to apply the rules that the first part of the prerequisites must be
fulfilled and then according to the land cultivate status and the
density of the duck in this area the final risk can be deduced.

If

Region. latitude= [N10, N20]

Region. month=[12,01];

Region. temperature=[20-30];

Region. surface= wetland;

Region. usage =rice_land;

And if

Region. Land usuage.status = X1 (harvest/no harvest;
Region. Poultry density. free_water foultry density = X2 (very
high/high/medium /low /very low);

Then

the outbreak risk =R (very high/high/medium /low /very low).

Figure 5. Free range duck rule set

d) Wild birds migratory Pattern and rules: This pattern is
more complicated. Firstly, the preconditions must be fulfilled
just the same as previous rules. And then the wild bird status
must be investigated in detail such as winter sites, stopover sites,
migratory pathway and etc. From this information, the interval
of the birds stay can be estimated. The longer birds stay and the
higher poultry density is, the more possible the infectious
interface can be established. The density of the local poultry will
also affect the final result.

if
Region. latitude= [N32-N38]

Region. month=5;

Region. temperature=[0-5];

Region. surface= wetland,

Region. Nearest migatory place. Status = true

And if

Region. Nearest migatory place. distance =X1(near/medium/far);
Region. Nearest migatory place. Stay interval = X2 (long/ short );
Region. Nearest migatory_place. Wild_bird density=X3 (very
high/high/mediunv/low/very low);

Region. Poultry density =Y (very high/high/medium/low/ very low);
Then

The outbreak risk = R (very high/high/medium/low /very low)

Figure 6. Wild bird migatory rule set

e) Rules aggregation: In avian influenza prediction
research, factors affecting the final results are complicated.
Some of the rules or patterns play essential roles in one
particular environment, while others take great effect in some
other environments. The reason lies in the transmission
mechanism of avian influenza virus is not fully discovered.
When a new case appears, even though the preconditions are
much similar as the rule applying conditions, we should also
consider that maybe some other rules also function under the
same context. While this concern is reasonable, there are some
limits need to be considered. That is to say, if the precondition
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difference between the rule set and the case is great enough,
then it is not necessary to apply the rule set. We must set some
measures to observe how much the rule preconditions and the
case parameters can match each other.

Suppose we have p; preconditions in the i, rule set, among
them there are ¢; numeric scope values and p; - ¢; single values.
Each rule set’s precondition has its corresponding new case
attribute value. The distance between the case parameters and
the preconditions of the iy, rule are calculate by (3).

& W:dl.St,:' W: ‘ Al,/\' - Am'w.k ‘
o max(4,)-min(4,) 5 max(4,)—min(4,)
DR - p ®
2
k=1
0. A,,, €[rmin, rmax, |

o “
dist} = Min(|rmin, — A4, ., |,

¢ [rmin,,,rmax, ]

new .k

‘ rmax, — Armu:k |)

where w; represents the iy, rule set’s k,, precondition’ weights.
A is the

ik

ky numeric attribute value of the new case relevant of 4, , .

is the iy, rule set’s ky, precondition’s value and A4

new .k

max(4, )—min(4,) is a constant, which means the scope of

the k,, attribute value. [7min,

.»Imax, ]is the iy, precondition’s
value scope of the 4, rule set. If a rule set precondition value is
nominal, we transform it into binary number and calculate its

normalized Hamming distance.

For each rule set, DR

case parameters fit for preconditions of this rule set. Here we
induce a threshold ¢.If DR,

set. Otherwise, the new case is not appropriate for applying the
rule set.

represents how much the new

i,new

<= 0, then we apply the rule

When we identify which rule set are appropriate for the
new case, some additional information for applying these rules
must be obtained, such as migratory information when
applying rule three. When all the information is obtain, we can
use second part of the rule set to deduce the result. After
applying a fuzzy rule set we can obtain a group of weighted
fuzzy numbers of risk level (e.g. {0.37/N, 0.63/LR, 0/M, O/H,
0/VH}). These fuzzy numbers are integrated by (5) to generate
a fuzzy number which represents the risk level deduced from
this rule set.

R =

i

N iﬂﬁsl’
’:15— s (5)

i
i=1

where A is the iy, A cut value of fuzzy number ﬁsf .

Finally we aggregate all these rule set’s results. Actually,
we obtain risk level value represented by a fuzzy number from
each rule set. If finally m results are obtained, then they can be
aggregated by (6).



S (-DR, )R

i=1
m >

(1-DR,,,,)
1

Risk" =

(6)
where El" is the risk value of iy, rule’s risk value. The final risk

value Risk", is also a fuzzy number.

Step 4 Synthesis the results: The final result can be obtained by
synthesize the outcomes of Step 2 and Step 3 by

Risk = Max(l?isk",]?isk') , @)

where Risk” is risk level of rules outcome and Risk® is risk level

from matching cases. For safe reason, we only obtain the
maximum value of the two as the final risk level. In order to find
out which risk level is the nearest, we can apply (8) to calculate

the distance between final risk fuzzy number and each risk
level [17],

d(@,b)=1/3{(a, ~b,)* +(a=b) +(a; =51 (8)
where a, ,a , a; are the left, middle and right points of a
triangular fuzzy number.

IV. AN AVIAN INFLUENZA EARLY WARNING EXAMPLE

Now we use an example to show the application of this
proposed hybrid knowledge-based prediction method. Related
data is shown in the Table I. We suppose there are four cases in
the case base in the example. We will illustrate that when a
new case arrives, how the proposed method conducts reasoning
to identify if this case is with a risk, and if yes, what is its risk
level.

TABLE I THE CASES EXAMPLES

region | region_| region region_ [latitudetemperatulhumidit| poultry_ |neares|nearest_ |transport |poultry|wild_bi|wild_bird| Risk level
_id type _surface usage re y density |t farm |breakout [ation_eas|_trade |rd_trad| migratio
_city y e n
1 plain wetland rice land | N40 0 70 3000 100 500 yes 500 0 no H
2 basin |not wetland |not rice land] N30 1 60 2000 300 300 yes 400 0 no VH
3 mount |not wetland not rice land| N20 25 80 3000 100 300 no 600 0 no M
4 |plateau| wetland |notrice land] N35 5 35 100 900 900 yes 100 0 no N
X plateau | wetland |not rice land| N37 10 30 20 1000 1000 yes 20 0 yes ?
1 11 1 1 40 0 70 3000 100 500 1 500 0 0 H
2 10 0 0 30 1 60 2000 300 300 1 400 0 0 VH
3 01 0 0 20 25 80 3000 100 300 0 600 0 0 M
4 00 1 0 35 5 35 100 900 900 1 100 0 0 N
X 00 1 0 37 7 30 20 1000 | 1000 1 20 0 1 ?
Scope 2 1 1 90 80 100 7000 | 1000 | 1000 1 2000 1 1
weight 1 1 1 1 1 1 1 1 1 1 1 1 1

Stepl Problem information prepossessing: When the new case
information is obtained, we need to do the transformation.
Firstly, all the ordinal, nominal data must be transformed into
the numerical ones. For example, the land type can be
transformed into binary variables shown in Table I. The logical
variable all transform yes to number “1” and no to “0”. After the
transformation, Hamming distance are used to calculate the
binary variables.

Step?2 Using CBR technique to find the best matches: After
transformation, we can use (1) to calculate distances between the
new case and all the old cases. Here we present all the distance
values between the new case and the old cases. The results are
shown in Table II. The distance of case 4 and the new case is
0.11 and if we use the € =0.15, so the DC,, < €. we use case
four’s risk level to conclude the new case’s level is Risk
=(0,0,0.25), that is to say, the risk level is “normal”.
TABLE II. DISTANCES AMONG DIFFERENT CASES
Case ID 1 2 3 4 X
X 0.47 | 0.40 | 0.57 | 0.11 | 0.00
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Step 3 Applying the patterns/rules: First, we calculate the
distance between preconditions of the rules and the case
parameters. The brief information is listed in Table III. Only
Rule 1 and Rule 3 are satisfied the rule applying conditions.
During the process, additional data of migratory birds is
gathered and we can find there is wild bird breeding place in
only 100km, moreover the bird will stay there for a month, and
wild bird density is {0.67/high, 0.33/very high}. After
obtaining enough data, we can apply Rule 1 (Table. IV) and
Rule 3 (Table V) directly to obtain the risk value. After
calculating the final results are shown in Table VL. Risk"= (o,
0.12, 0.37), it means that aggregated risk level value by rules
deducing is not “normal”.

TABLE III. RULES PRECONDITIONS AND CASE PARAMETERS

wild
region_| region_ region_ . temper| bird
no type surface usage latitude | Month ature |migrati
on
r1] plain - - 50-55 | 2--3 | 0-8 -
r2| plain wetland rice land 10--20 | 12-01 [20--30| -
r3|plateau | wetland - 32-38 5 0--5 y
x| plateau | wetland |not rice land| N37 4 7 y




TABLE. IV RULE SET ONE

poultry density
Low1/3 | medium

M HR

M M
LR(1/3) LR

TABLE V. PART OF RULE SET THREE

risk v low 2/3
near
middle

far(1)

high

VH

AR
M

very high
VH
HR
M

distance
to farm

w-birds
density
(2/3) high
(1/3)very high
High (2/3)
(1/3)very high

distance
to w-bird
near(1)
near(1)
near(1)
near(1)

risk level
N(2/3)
LR(1/3)
LR(1/3)
LR(1/3)

interval
long(1
long(1
long(1
long(1

rule id
1

poultry density

very low(2/3)

very low(2/3)
low(1/3)
low(1/3)

= = ==

2
3
4

TABLE VI. RESULTS OF APPPLYING FUZZY RULES

R/ (A\-cut)
[0.08A, 0.33-0.25 A]

DR

0.25
0.42
0.02

0=0.3

y
n

y

rule no R/ (vertices)

(0,0.08,0.33)

rule1

rule2

rule3
w1r1+w3r3|

[0.15 A, 0.40-0.25 A]
[0.12 A, 0.37-0.25 A]

(0,0.15,0.4)
(0,0.12,0.37)

Step 4 Synthesis the resulls: Since Risk’ >= Risk®, we use
Risk"= (0, 0.12, 0.37) as final result. The distances between
Risk” and the five risk levels can be calculated and the results
are listed in Table VII. The distances between the new case
risk value and N LR are similar |0.099-0.105/<0.01. Therefore
we can choose the higer risk level to describ the situation as
LR.

TABLE VII. DISTANCES TO THE RISK LEVEL

R-Level N LR M HR VH
Fuzzy number0,0,0.250,0.25,0.50.25,0.5,0.750.5,0.75,10.75,1,1
d 0.099 | 0.105 0.341 0.589 | 0.760

V.

To predict future trends and evaluate the risk level of avian
influenza is really a complex task. There are many transmission
drivers to be identified and many virus dispersal laws created
from different assumptions. In this paper, we advocate adopting
combining CBR method and fuzzy expert rules together to
overcome these difficulties.

CONCLUSIONS AND FURTHER STUDY

This proposed HKBP method has three advantages: (1)
making full use of the previous cases data and expert rules
altogether to improve the effectiveness of the prediction; (2)
combine the CBR and the fuzzy logic method to integrate the
whole knowledge body in a warning system; and (3) great ease
of expanding both kind of knowledge by simply adding cases
and rules.

Our further study includes collecting more events and
generating more rules to finalize the proposed method. The
system is under developing. The data we used in this paper are
fractions of real data of previous events from Europe and
Asian, and rules are brief versions from findings of real
epidemic researchers. So we hope to implement the system and
perfect our method and idea in the future.
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