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ABSTRACT

Graphing Calculator Technology possesses a lot of capabilities in solving a variety of scientific and
non-scientific problems. Its programming abilities make it very flexible to use. Unfortunately, it has
been underutilised. In this paper, we develop an application with the graphing calculator to handle
the processes in a Matching Scheme for Assigning Fish Types to Ponds. The application gives an
inclusion matrix which is used as the basis of the matching and finally gives summary of the as-

signment.
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INTRODUCTION

A matching scheme for assigning fish types to
ponds is a mathematical model that has been
developed to match fish types (or species) on the
basis of fish survivorship in relation to type of
ponds and the water quality variables (Dontwi et
al., 2005). This mathematical tool has been de-
veloped at a time the Government is exploiting
all avenues to help boost the production of fish
through marine fishing and fish pond culture.

Practically, it is tedious to go through the match-
ing process described by the model manually.
One is prone to numerical errors and more so a
little oversight will render the whole process
invalid. It is therefore imperative to look at ways

that will help enhance the effective use of this
model.

The use of computer software and graphing cal-

culator technology are two techniques used in

this direction. Graphing calculator in this case is
preferred to the computer due to the fact that the
graphing calculator:

1) is very portable since it can easily be carried
around any part of the country irrespective of
the weather condition.

ii) runs on dry cells and therefore will not need
electricity.

iii) is simple to use.

Though, some effort has been made to exploit

the capabilities of the graphing calculator tech-
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nology (Dunham, 2000; Kutzler, 2000; Benja-
min, 1997), we demonstrate how the TI 89
Graphing Calculator could be used for this task.

The Matching Scheme
We quickly go through the model.

Preliminaries and Notations

P the set of ponds (|P| - the number of ponds);

F the set of fish types (|F| - the number of fish
types);

NE the number of ordered list of elements or
variables;

W  measure of importance, measured through
weightings on elements for fish types;

H the utility function for fish pond elements;

S the survivorship of fish in ponds;

PE the elements in ponds; and

FE the elements in fish.

Crude Measure per Element

Measurement will be based on whether a match
is totally satisfied or partially satisfied or not
satisfied. For a given fish, i, the element, k, is
matched to pond, j, of the corresponding ele-
ment.

If the outcome is a total matching, then it means
the element range of the pond, PEkj falls com-
pletely in the element range of the fish, FEkj
That is PE*,c FE'. We shall refer to an outcome
as partially matching if matching is within an
acceptable range of violation in respect to the
ideal standard for an element, k. The matching
function will be represented by the function

where V,-jk is the acceptable violation for element,
k of fish, i based on pond, j qualities, that is the
threshold.

Utility Function

In order to measure the extent of contribution or
the importance of any particular element, k, we
give it a weighting, w/, that is the importance of
element, k for fish, i. We are, therefore, in the
position to have a weighted measure per element
which we denote as the Utility Function, h,-jk , for
fish, i, pond, j and element, k; such that

h;=Wf'g;. v (D)

The Inclusion Matrix C(i, j)

We shall consider the cumulative effect of the
matching. This then could form the basis for the
formation of an inclusion matrix. This matrix
will tell us the types of fish, i going into pond j.

NE (i)

Let S, =2 v g o (2)
k

If our weightings are independent of i then w/ =w*
In the case if total matching, this reduces
to

NE (i)
S, = > wh-1=1, where # = NE(i),ie F. - ()
k

If S i= VNVI. then fish, i can go into pond j (that
is totally satisfying). What happens if S i < VNVI. ?

In this case i might go into j. It is, therefore, nec-
essary to examine, for example, the number of

1,  for total matching, thatis, PE; < FE;

g(FEF,PE*)=gl =< A

ij >

0,  for no matching

for partial matching, that is |FE, — PE j" <V

ij >

102 Journal of Science and Technology, Volume 27 no. 2, August, 2007

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



A matching scheme for aquaculture Dontwi et. al.

elements not fully satisfied and the extent to which it missed. This, therefore, brings to bare a thresh-

old value, say, W, below which a fish is to be rejected or accepted into a particular pond.

THE GRAPHING CALCULATOR CONCEPT

Implementation

We demonstrate the program by matching three (3) fish species to four (4) ponds on the basis of their
water quality variables. The water quality variables considered are:

1. Temperature (°C)

2. pH

3. Salinity (ppt)

4. Dissolved Oxygen, DO (ppm)

The necessary data are given as follows:

Table 1: Fish Types and their respective Fish Element Values

Fish Element (FE/)
Fish .
Fish Type No. Teomp. pH Salinity DO Hardness
C) (ppt) (ppm)  (mg/L)
Clarias gariepinus
African catfish Fl1 12-32  6.5-8 2-11 2-13 32 -65
Sarotherodon melanotheron melanotheron
Blackchin tilapia F2 23-25 7-8 0-5 3-10 25-80
Cyprinus carpio carpio
Common carp F3 8 -30 7-7.5 0-9 2-16 25-80
Source: Froese and Pauly, 2005.
Table 2: Ponds and their respective Pond Element Values
Pond Element (PE}")
Town/Name of Farmer P;::d Temp. pH Salinity DO Hardness
) ‘O (ppt) (ppm) (mg/L)
P1 27 8.1 1.5 11 54
Anwomaso-Domiabra/ P2 27 7.0 L.5 13.2 52
Nana Siaw P3 27 7.2 L.5 10 34
P4 27 8.0 1.4 12 40

Source: Dontwi, 2005.
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Table 3: Values of the Acceptable Range of Violation (V,jk) for the Fish Types

Fish Temp. pH Salinity DO Hardness
No. (°C) (ppt) (ppm) (mg/L)
Fl1 4 0.2 0.5 0.2 5
F2 2 0.2 0.1 0.5 5
F3 5 0.1 0.2 1 5
F4 5 0.2 0.5 0.5 2
F5 2 0.3 0.1 1 5

Source: Froese and Pauly, 2005.

Table 4: Weightings of the Fish Elements
Fish Elements Weightings, w
Temperature (°C) 0.10
pH 0.25
Salinity (ppt) 0.40
Dissolved Oxygen (ppm) 0.15
Hardness (mg/L) 0.10

Source: Boateng, 2006

HOW THE PROGRAM WORKS

This program basically formulates a matrix
called the inclusion matrix, which represents the
matching. The program also goes further to give
the summary of the matching based on the inclu-
sion matrix. A complete program source code is
found in the Appendix.

Data Input and Editing

It is important to note that before running the
program, data to be used should be entered care-
fully. The data for fish types are entered as matri-
ces with two columns. Since the data for fish
elements (Table 1) are in ranges, the first column
takes the low limit of the range and the second

column takes the upper limit. On the other hand
data for the ponds (Table 2) are entered as vec-
tors. Data is entered with the aid of matrix editor
in the calculator. The dimension of the rows de-
pends on the number of fish/pond elements used.

The naming convention for the matrices of fish
types are fl, f2, f3,..., fn corresponding to fish
type 1, fish type 2, fish type 3 and etc. Similarly,
we have pl, p2, p3,..., pn corresponding to pond
1, pond 2, pond 3, and etc (Fig. la, 1b, 2a and
2b).

Fi-] Fz  JF3 ] i= 1= [FedF?
Tvpe: Hakriz»
Folder: gk ch =
Vorigble L]

Row dimengion: [F___|
Lol dimnsion: E
, cCEnter=OF < ESC-CANCEL 3,

AN EHD RFFED: _ FUNLC

Fig. 1a: Creating matrix flfor fish type 1.
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Fir Fc F3 H-
Ton 15| F10k StbUR|CaTT|i muas|-lut

AT
Exg

L]
—

Teps:

== Folder: rakch =
1 T Y —
< E, 2 2 Row dimension: [E____]
3 ;". l Lol dimension:
4 |2 ! CEnter=OF__ 1 ESC-CAMLCEL
rlel=12 _ FAIN EnD AFFED: _ FUHE
AN ERb pFFEOG FLHC
Fig. 3a: Creating a vector, w for weightings
Fig. 1b: i
ig. 1b: Matrix f1 values |,F11_ = TﬁT TEED
T 15[ T E Sk kUE(CETTii ]l
Fi-] Fe Fz Ei = |FEAqFS HAT
Totnde MELJ Exl —
=1 cZ [l
Tepg: Makrix = 1___
Folder: rakch = o 2
: 3 -4
Variable: 4 15
Fow I:Iir-'|-ar|:i-.'-n=
Col dimension: [E__] trlcl=.1

c EFC=CAMCEL

FLUMZ

£ Enter=0F A

FAD AFFEDG

R

Fig. 2a: Creating vector p1 for pond 1.

Fi- Fc F2 5
Ton ISP 10k SkbUR|Ca Tt mda-lat

(ol

kAl AFFRO:  FUMC

Fig. 3b: Vector, w values

Finally, the Acceptable Range of Violation val-
ues (Table 3) are entered as matrix, v, with the
row and column dimension being equal to num-
ber fish elements and number of fish types re-
spectively (Fig. 4a and 4b) .

FADL AFFED:  FLUMC

Fig. 2b: Vector p1 values.

The Weighting values (Table 4) are entered as a
vector, w. The number of rows also depends on
the elements in the WQVs (Fig. 3a and 3b).

F:I.-r'|' Fe& F3 | == = |FEH K7
Teps: Matrix =
Fioldsy: makch+
Varigble

Fow dimen:i-rn:E
Lol dimension:

. CEnter=OE 3 ¢ EZL-CAMCEL 3,

HalM EAD AFFRO: __ FUHC

Fig. 4a: Creating a matrix, v
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Fe Fz i
-:-'IE Flok Sibup|Callf: LRIRtL

Tin

1b%s -
cl 2 C3

1 ENE . -2

Z 2. . .l

= =B .1 .

4 =B . =

rlcl=4d4. _

FAIN EAD AFFED: _ FUHC

The program is launched by pressing the ENTER
key. A dialog box shown in Fig. 6 is displayed
requesting information needed to do the match-
ing.

Fig. 4b: Matrix, v values

In the same vain, data entered can be edited. This
is done by opening the matrix with the aid of the
matrix editor and effecting the necessary
changes.

Remark
All data should be stored in the directory of the
program.

The Matching Process

To use the program enter its name (we called our
program match) on the entry line of the Home
Screen of the Calculator as shown in Fig. 5. The
name of the program could be typed on the entry
line or retrieved from a directory. It is advisable
to run program from the directory of the pro-
gram. Always remember to close the bracket or
parenthesis in front of the name to avoid syntax
error.

Fl=| Fi&= |FZ=] F4= ]| FE Fi-
Tao1s|A13¢bra|Calc|0ther |FrImI0|Clan Ur

i Frouide the Followind info K

Mumber of BGYs @ |4
Mo, of Fish Evpes Fr |2
Mo, of Fonds Foo: |4

Threshold palug : ||:|_.'-' |

.___{Enttr‘:l]l'i A C EZCZCAMCEL ::l___.

mat.ch~matchi )
FAMEDT RAD AFFROR

FUME 0zl

Fir Fer |FZ=| F4r FE Fo-
Tools|A13cbralCalc|Other|FrIAmIOjCT¢an Ur

mpatich
RHD AFFROY

match
HAIN

FLUMC 0lz0

Fig. 5: Home Screen

Fig. 6: Dialog box requesting inputs

The following describe the steps to be followed
in Fig. 6:
1. Press the alpha key to remove the current

cursor position from alphabet mode to allow
entry of positive integers required.

2. Enter the number of elements in the WQVs.

3. Enter the number of fish types needed for
the matching.

4. Enter the number of ponds needed for the
matching.

5. Enter the threshold value. This is the value
below which a match is rejected.

Finally, the enter key is press twice to continue
the process.
After the dialog box, Fig. 7 is displayed.
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(

The walues generated by
Lthe matching func. g1y for
each fish are as followsi

FIZH RAD AUTO FUNE FALSE)

1 1 1 17
1 1 1 1
1 1 0 1
.3 1 1 1]
FIzH RAD AUTD FUNC FALIZE]

Fig. 7: Information about next screen

o To continue the process from one stage to
the other, the ENTER key is pressed.

The values generated by the matching function
are in a matrix form. The fish elements for a par-
ticular fish type are matched with the corre-
sponding pond elements of the various ponds and
the outcome is given by the matrix. This is done
for all the fish types. Some of the matching func-
tion values are shown in Fig. 8a and 8b.

Fig. 8b: Matching function values for Fish
type 2.

The cumulative effect of the matching together
with the weightings is given by the matrix in
Fig.9 representing the survivorship of fish types
in the various ponds.

e B S ]

[
.o ]

-
n
[—y [—y (- [—.

FIZH RAD AUTO FUNC FALEE

Fyv| Tev | FE | Fa-
s [ o |PramIDfs o s

L9380 K]
1.008 1,000 o - 250
K] o] 1.0 1,600

FIzH RAD AUTD FUNC FALZE]

Fig. 8a: Matching function values for Fish
type 1

Fig. 9: Matrix from the cumulative values of
the matching

Based on the threshold value entered, the inclu-
sion matrix is formulated. The rows and columns
of this matrix represent the fish types and ponds
respectively. The values in the matrix show
whether a fish type can go into a particular pond
or not as explained in the theory. The inclusion
matrix is shown in Fig. 10.
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Fi~ Fer Fze | FYy= FE~+
lak @kw Yars|Fish Evpgs|Fonds|Match|Exit Frod

The Inclusion matrix based
an the threshold wvalue is:

FE iads
Framib):ic ..o i

GRS CERHA

[

For partial matching we
hawve:

l.ogg 930 o 1] Fizhtype 1 mag go into

1.000 1.080 @ 350 || |Fond 2

i ) 1.000 1,000 Fizshtype Z mag go into
Fond 4

FIZH RAD ALTO FUNE 1/z0 | [FIEH RAD AUTO FUNC

FlSE

Fig. 10: Inclusion matrix

Summary of Matching

Summary of the matching has been categorised
into two. Thus, total and partial matching. The
total matching is the ones whose values in the
inclusion matrix are ones (1), and between 0 and
1 for partial matching. The summary is shown in
the Fig. 11a and 11b.

Fig. 11b: Summary of matching for partial
matching

After the summary, a message is displayed indi-
cating the end of the matching process. This is
shown in the Fig. 12.

SUMMARY OF MATCHIHMG
For total matching we hawves

Fishtype 1 can go into
Pond 1

FIZH RAD AUTO FLUMC FALZE]

THAME YOLU. THE FROCES: HA% EMDED

P, CEnkersmE

Fisrmope = Mag oo IToo
Pond 4

Fishtuype 3 mad go into
FIZH B FAD AUTO FUNC

0/

Fig. 11a: Summary of matching for total
matchingl

Fig. 12: Message indicating end process

CONCLUSION

The program presented has been made very sim-
ple to use and can be carried to field to help in
the stocking of fish in fish pond culture. The
zeros (0) in the inclusion matrix indicate mis-
matching. This implies that those fish types will
not survive in the respective ponds. It can be
modified to solve similar matching problems.
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This program would run on the TI 92 and TI 92
plus with little or no modification. However the
same can not be said about the other models of
TI graphing calculator due to language incom-
patibility. Graphing Calculation Technology has
immense potential that needs to be utilised.
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APPENDIX

Source Code of the Program
Prgm

CIr1IO

Try

NewFold fanbot

Else

setFold(fanbot)

EndTry

Dialog

Title "Provide the following info"
Request "Number of WQVs",r
Request "No. of Fish types F",n
Request "No. Of Ponds P",m
Request "Threshold value",u
EndDlog

expr(r)—r:expr(n)—n
expr(m)—m:expr(u)—u
newMat(r,2)—f

newMat(r,2)—p
newMat(m,r)—g
newMat(n,m)—s

For i,1,n

newMat(m,r)—#("g" &string(i))
EndFor

For i,1,n

#("f" &string(i))—f

For j,I,m

#("p" &string(j))—p

For k,1,r

If fk,1]1<p[k,1] and p[k,2]<f[k,2] Then
1—glj.k]

Elself abs(fTk,1]-p[k,1])<v[k,1] or abs(f]k,2]-p
[k,2])<v[k,1] Then

S5—g[jk]

Else

0—gfj.k]

EndIf

EndFor

EndFor

g—#("g" &string(i))

EndFor

Disp "The values generated by the matching
func."

Disp " g(i) for each fish are as follows:"
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Pause

For i,1,n

Disp "g"&string(i)

Disp #("'g" &string(i))

Pause

CIr1IO

EndFor

For i,1,n

#("g" &string(i))—g

For j,I,m

If T1(g[j,k],k,1,r)=0 Then
0—s[i,j]

Else

S(wlk, 11*g[j,k].k,1,r)—s[i,]]
EndIf

EndFor

EndFor

Disp "s =",s

For i,1,n

For j,I,m

If s[i,j]<u Then

0—s[1,j]

EndIf

EndFor

EndFor

s—cC

Pause

CIr1IO

Disp "The Inclusion Matrix based"
Disp " on the threshold value is"
Pause

Disp ¢

Pause

CIr1IO

Disp "SUMMARY OF MATCHING"
Disp "For total matching we have:"
Pause

For i,1,n

0—t

For j,I,m

If ¢[i,j]=1 and t=0 Then

Disp "Fish type"&string(i)&" can go into "

Disp "Pond"&string(j)

1—t

Elself c[i,j]=1 and t=1 Then
Disp "Pond"&string(j)

1—t

Else

0—t

EndIf

EndFor

Pause

EndFor

Pause

Disp

Disp "For partial matching"
Disp "we have:"

For i,1,n

0—t

For j,I,m

If ¢[1,j]>0 and c[i,j]<1 Then
If t=0 Then

Disp "Fishtype "&string(i)&" may go into "
Disp "Pond"&string(j)

1—t

Elself t=1 Then

Disp "Pond"&string(j)

1—t

Else

0—t

EndIf

EndIf

EndFor

Pause

EndFor

Text "THANK YOU. THE PROCESS HAS
ENDED."

For i,1,n

DelVar #("g"&string(i))
EndFor

DelVar f,p,g,i,j,k,n,m,r,t
setFold(main)

EndPrgm
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