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E.'<p. No. of No. of 
Algndlh lll 

Test Ti me ACCII 

No. Instance Attributes 
Parameter 

option Tuke n y 

I'ne 

Pcrccntag 

3 J48 11,108 7 c split o rault 0 .03 72·68 

66% 

Tnhlt· :j: I, 't' II 

Based on the information gained from the confusion matrix , the classifier developed 

using the .J 48 decis ion tree algorithm with 'Percentage Split ' test option and defauh 

values, classi fied t 01 8 number of instances frolll the total 11 ,108 number of instances as 

'CPE change or configuration & port' fault type, Among these instances, 750 number of 

instances (74%) were correctly classified as 'CPE change or configurat ion & port ' fault 

type and 268 (:!6%) were incorrectly classified as 'ePE change or configuration & port' 

fault type, 

Among Ih(' tot ;.! !lllmher of instances, 284 instances were classified as ;CN R or re 

network prnhl(,1ll' f.lU lt type but among these instances, 139 (49%) were class ifi d 

correctly as '(':-: 1\. o r Core network prohlem' and the rest 145 (51%) weI' c1ass ifi d 

Ag;li n fro m the total number of instances, 1606 instances were class ified as 

'Line I Fibr r Proh lrm' fault type but among these instances 1432 (8996) were class ified 

correctly ns ' l.itH' I Fiher Problem' fault type but the rest 174 ( 11 %) were classified as 

'Line I Fihcr Problcm' fault type incorrectly, 

The total [lHl1lhe l' of instances that were classified as 'MSAG power or Transmission 

problem ' fal'lt "'pc were 689 but from th is number of instances 314 (4696) were 

classified correct'y il nd 375 (54%) were classified incorrectly as 'MSAG power or 

Transmiss ion I'rohlcm' fault t)lJe, 

In addil inll, l iB !lumbers of instances were classified as 'Customer LAN or Router' type 

of fault Iwt <111''111;'; these instances 66 (56%) were classified correctly and the rest 52 

(44%) \\,("'1 ' cb<:<:;f'jed incorrectly, From the 62 total number of instances classified as 

;Email , \\'eh hos ting & Domain name problem' fa ult type, 44 (7196) were classified 
Page I 63 

1 

J 



correctly and the res t 18 (29%) IV I ' . ere c asslfied incorrectly as 

Domam name problem' fault type. 

'Email, web hosting & 

I'rt'd icted 

CI'F d, 'b(' CNR " Line I MSAG power Cullomet' I«n.lI, W<b 

," Core Fiber " LAN .. '*l1n& • 
"ccual cnnfi):,u""lioll network Problem Transmission I(oul r r Domain Total A"'''", 

& porI problem problem nln\t 

problem 

erE clHlll~C 

" conf1s\l r~lion 750 52 179 35 2 0 10 18 7496 

• port 

CNR or Core 

network 

problem 
:13 139 87 25 0 0 284 119% 

!.ine I l'ibt>r 

Problem 49 38 1432 74 9 4 1606 8996 

MSAG ]lOwer 

" 
Trallsmission 173 20 153 314 22 2 689 4696 

]lroblcll1 

Customer -I 
IAN 0< 

Router 
:l 0 13 36 66 0 11 8 5696 

_. 
Emoil, web 1 

hosting & 

Domain 
0 2 14 I I 44 62 7196 

name 

problelll 

From th is p:l rlicu\ ;1I' experimentation, it can be observed on table 5·7 that the classifier 

is morc (' () n ru ~ i no the 'MSAG power or Transmission problem' class with the 'Line I 
Fiber Prohlem' class . It is observed that most of the values in the corresponding twO 
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attribute e BB Technology' and 'Month') val ~ I ' • < lies or t liS two fault types is similar. This 

call cause I he c1a!'slik r to confuse the fault typ f < es rom one to the other. 

ExpCI'i mc nt atio n 4 5 67" .. , , , . usmg J48 decIs IOn tree algorithms with v;triolls 

folds of cross validation Icst option 

The accuracy result of the add itional eXI)criment t ' d ' ' , a Ions Ill;) C uSing J48 dcclslon Ir e 

< va I allon test option III table 5·8 algorithm by c1l<l llging the default parameter of cross I'd ' " 

below. 

- -
Cross 

No. of 
Exp. No. 

,'tt rihu tes 
Algorithm validation Time Ace\! 

fold values 

rAcy 

4 
,-

5 0 .24 72,6 

5 15 0 ,07 72·5 
7 J48 

6 20 0 .0 4 72,6 

7 25 0 .0 4 72.7 

labh' :i: ~ u" 1 I~ n( :\{TU, 'a c:!' rt' ~ ulh fur "\III'r1 11lt' .1' 1 1II1It'll'.in~J .. X 1I1~tlrithlll "illl \>i r inu", fnhl 
, uI IL e'> UIIT" .... ' II l id .II' " '' t .... lllpl iflu . 

As it can be see II from table 5.8 above, the results obtaincd th ro ugh applying diffcr nt 

fold val ues of the cross validation test option, were not predictable becnusc no 

consistent pa t!f' rlI of increasing or decreasing C<:U11l 0t be observed. But a bettcr result is 

observcd at thc fol d vnlue of 25 which results in accuracy of 72.78%. 

Expcl' im c ntali n n 8, 9 , 10,11, 12: Applying various percentage of S MOTE 

fihc l'in g tech ni 'llic on J48 decision tree algorithm with crOSS validation test 

option 

As it C:lll I'c <:'~('q f rom figure below, through visualizi ng the number of instances for 

each of the cla<:<; \·ar i'lbles, it is observed that the classes are not approximately equally 

rep rcsenl(·(l. 
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Sele<ted 3ttrbute 

Namt:: rat.;t fyI'\! 

""''9' 0 ('J',,) 

No, t~~= 

1 CP: d' ;.""~,: Cof c':nfigu'ation & pat 
:or Cc ;- ~ ;-t'Nork ~ObIem f---";: CI.' 

3 Lne I 
4 !,tS":"G 

5 Cusic 

rlO-;o ;: rc,,'~m 
~ c>', ~r cr ir31'tSm:sSlOl'l ~oblem 

,rl:'" . !.'JOf ?out;r 

'r.::' h~s: rl9 &Domail name ~ .. , 

))96 

960 

'70S 
IS41 
332 
171 

-_._--
Class: FaIJt - ~: ' 

-

T'jtIt: NorrnI 
__ lhoJe_ , 0 (1)'') 

W,q,t 

))96.0 
960,0 
.il705.0 
18~,O 

mo -- 171.0 

f u 5: 1 Class variable representation of target da ta set. 

. 1 1'aJIbt" , 

'" 

ThercfO'"n to ndd rc:5 th is dataset imbalance problem, on this experimentation section. 

Synthet; ori t ~ ' Over-sampling Technique (Sl\'IOTE) was applied, This technique is 

an o\'cr ling ;lpproach in which the minority class is over-sampled by creating 

"synt he : '1I11plc5 rather than by over-sampling with replacement. 

There nn I" I'm '11 tely 4705 instances in the majority class (Line {Fiber problem) and 

17
1
, 33::'. ,8 1 <lnd 3096 instances in the minority classes for the training set used 

in lO-fol d cross-\'a:: dation, To get a balanced number of instances for each class 

va ri nblcs S;\ lUrE over sampling technique is applied on the minority classes in different 
Page 166 



percenl il~r' .. \s it C;1 ll be seen on table 5 9 b 1 I . . . . .. . . cow t lC Illmonty classes were o\·cr·sampled 
at 300% ('I the il' ol'1~~ lIla l sIze. 

Exp. No. Aigorilhpl Test 

Applied 
Minority classes SMOTE 

N 

Option Percentage 
Ace 

cw 

uracy 

8 
Emlli ,web hOS1ini &- Domain 

IO-Fold ~:- name problem 
30096 72. 

9 Cllslvrner LAN or Router 30096 
,1.13 Cross 

7J. 

10 Validation 
Emai ,web limiting & [)ornai" 

name problem 
30096 74· 

II J CNIt or core network llroblc:m 30096 74· 

12 Customer LAN or Router 30096 n. 

As it cl1n 1)(' seen from table 5.9 above, the best result obtained from th is specific 

experilllclltal iOIl \\':15 n .9%. This class ifier accuracy is obtained from a new lowl 

number 0:' ins tances which is 21.533· 

Based 011 the informa tion gained from the confusion matrix, the classifier devel ped 

using the ,J 48 d ('ci~ io ll tree algorithm with 'Cross-Validation (10 folds), test option ond 

SMOTE filter in g, technique, 3096 number of instances were classified from the tota l 

21,5331l1l tll her of instances as 'CPE change or configuration & port' fault type. As it c..'HI 

be seell from t ;lhl{~ :; .10 below, among these instances, 2147 number of instances (69%) 

were COlT 'd ly d:1s. di ed as 'CPE change or configuration & port' fault type and 949 

(31%) wete incorrect ly classified as 'CPE change or configuration & port ' fault type. 

Among the tolal llu mher of instances, 3840 instances were classified as 'C, R or Core 

network probh' ll1 ' fa ult type but among these instances, 2963 (71J6) were classified 

correctly tlS 'C: ~ flr Core network problem' and the rest 8n (23%) were class ified 

incorrcct ly. J\}!.ain 1'10 111 the total number of instances, 4705 instances were classified as 

'Line / Fi\l('r Prnhlc lIl ' fault type but among these instances 3S 9 (7696) were class ified 
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correctl\' <1 5 'Line / Fiber Problem' fault type but the rest 1116 (0 ~) I ·f1ed ~ -4 70 were c aSS I I as 

'Line / Fiher Pr'lh1cm' fault type incorrectly. 

The tol:11 num ber of instances that were classified as 'MSAG power or Transmiss ion 

problem' f.Hllt tqle were 1844 but from this nllmber of instances 542 (2996) were 

classified correctly and 1302 (71%) were class ified incorrectly as '~'I AG power 01' 

Transmiss io ll problem' fault type. 

In addit ion. !'i? 1:::' !lll. 'l ')CrS of instances were classified as 'Customer LAN or Router' type 

of faul l hl1t ;l1lH' Tl '~ th('~ c instances 5200 (98%) were classified correctly and th rest 11 2 

(2%) were d;l ss ificd incorrectly. From the 2736 total number of instances classified as 

'Ema il. \\'c'h hm· ti (1 ~; & Domain name problem' fault type, 2338 (8596) were c1ass ificd 

corrcctly :1:1(\ d", l 'e~1 398 (15%) were classified incorrectly as 'Email, web hosting & 

Domain IW P'P rr' I,l "m ' fault type. 

Gencr;l l l~', t] c r'11 or the experimentation with SMOTE filtering technique shows that 

oversi1ll1 pli ng t Ilc minority class can improve the accuracy of the classifier. 

Expc'T"i ' 11 1' 11 ' a I ;(I n 13, 14, 15, 16, 17: using J48 decision tree ulgorilhms by 

va l-ying the value of confidence factor. 

As it can I~ , (, 11 ~(' r .. 'rd r"om the previous experimentations, the number of leaves and tree 

size is hi )!, '11](1 III f Is to be pruned so as to make the tree manageable, Therefore this 

expcr i1ll C' 1l! 'I t iOll (' ' l1 sidcrcd various confidence factors so as to decrease the tree size. 

These ('.'\1"" illl (,llt,l tionc; were made using the J48 decision tree algorithm 'cross 

validation ( 10 fn ld Y test option and by varying the value of the confidence mat rix of the 

classifier . ':-:,nril111'1 . The results obtained are summarized on table 5. 10 below. 

-
I A-Igorithm Test Confidence No of Tree Accuracy 

, I Option Factor LeavCS size 

0·3 171 213 72·87 

Exp. :\ u. " 

No. tr' ~l 

13 
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14 Cross 0 .4 190 239 72.78 

15 " J 48 Validat ion 0 .02 n 99 72.29 

16 10 folds 0 .01 73 94 12·2 1 

17 0 .001 57 74 71.99 
-

",I I.. u,m:l ry ofc, ~'r i m ' 11 ' • . . . . . I l 1.1111111 tI"ln~J 4K ,1t'l'1"wll l r('(' IIIJtorl,hm .lId .lIfh r('111 
\ .l l ll~" IIf ,'onfid" "('I' Ill a lr i \: . 

As it call be see II frf)[\1 the above table 5.10, as we increase the value of confidcn c 

matrix, the [lCCIll':lC), value will also increase and the number of leaves and tree size will 

also incrc:ls" . 011 tbe other hand as the values of the confidence faclor decreases, both 

the nUlll ber of i(';wcs :lI1d tree size will be decreased bu t the classifier accur::l cy will 

decrease. 

Summ a ,'y o r hesT I'es ults of experimentations done us ing J 48 decis io n t.'ce 

algorithm 

1\ 0 . ( r insta nces Test oplions Spccial llJlIJrOach J\ CCUI'; ICY 

-

10 Fold Cross Default 74.06% 
11 ,108 

validat ion 

10 Fold Cross SMOTE filteri ng 

:.1 1,533 validation technique (30096) 
n.90% 

-- -

. I . ' J' I'I.1 lI·h h lll . ht:rnrt'.ml ;ln ('ra ppl~ i nJt ' \H)11 
Tub .·c .. ul l ohlillllt't u "Jn ~ .. 

b ' f om the experiment.ation done using the 
As it ca n be ohscrw>d from table 5. 11 a O\e, r . 

. , Id validation the best result is obt.ained by 
J48 decisirn I 'TC a~..;or i lhm WIth 10 10 croSS, , , . ' 

. . ' ' h ' ~~~h ~_=~~~h 
usmg S110TE fi lt l' nng techmque whlc IS 77·9 ' 

the original da ta set was 72.14%. . . ' r ed 
. O'I'E l inoril)' over samphng lcchmque Imp I 

The result 01 t<l ined wit h applymg SM . J1 
. I I ellough number of instances, a better accuracy 

that if all the si" 1.1'1: \'anab es can ge 

result r an be nht;';l1<~d . 
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To confirm this idea, in addit ion to applying SMOTE, for the sake of curiosity Ih 

resC<.lfcher also ~Ol, the instances of the two class variables with the large number of 

instances and ;lpplicd J48 decision tree algorithm and 10 fold cross va lidation and got a 

classifi er :H'CIlr;t (·y of 8R·4%· 

:'.2.2 F ncr;'} en ta tion lIsing na'ive baycs classifi cation a lgorithm 

Expcl' i 111 t'!' l:t I i n il J 3 : Applying naive bayes classification algorithm wit h 

' us C' I! ' ;linin: ' ~' ' ,Icross validation (10 fold)' and 'percentage s plit (66%)' 

test options 

The n:11\,(' 11:1\<'" ('~: l "~ i fi cation model build ing experimentation was also d nc by 

applying t lln~C of the available four test options on WEKA da ta min ing tool. The sci led 

test opt ions are ' USf' t ra ining set ', 'Cross-Valida tion', and . Percentage split' . The results 

are Sl1lll llwrized i1l 11:)le 5:12 below, 

c r , I 
5 ~ 

~ "" '" c • • 
Test options Parameters .... 8 • 

• • a e ~ • c <: 
i= -

69.38-% . 
Use training sct Default 0 .0 5 

Cross validation Default 0 ,02 69.3996 

Percentage split Dcfaull 0 .0 1 69·3996 

0 ." , 
• -~ -c ~ " • 0 ~ 

E z I -
.;: ;'t " • I --: • 

S . 

l 
i'. 

na"j\c 
7 

I.:y ., 

Tuhl . 
. ,," 1 "lIIa ti (' I .. , in~ na LH' baH;:' da .... ifiC'lItiun alJ:,lInlhlll ha .1\ 

t" l,crllll l 'll a 11)1 " • • 
un the !h r!.'!.' It'''' 'I'I II ·n ... 

hi b the class ifier accuracy obtained using all the three 
As it Ct1ll 1 . sCI~n f "() Ill ta e a Qve, < 

test opLons an ' al (,~ t equal which is approximately 69%· 

. . "ve ba es classification a.lgorilhm wilh 
EX p " I'i mclltatioll 1...t. : ApplyIng nal Y , 

. .ty over sampling tcchmquc 
S ;\ TE mlllOrl 
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The n;l'j\'C b;I)TS {"~ 1 ss i fication model b 'ld ' . U1 II1g expenmentation was also done b 

applying SO:\ ITE I"incwity over sampling t h . Y 
. IT ' • ec mquc and three of the available four t t 

options 011 \\ L,;\ data mmmg tool Th I d . , . e se eete test options are 'Use training set' 

'Cross-Validation', and Percentage split ' TI 1 ' . lC resu Is are summari7.ed in table 5: 13 

below, 

c 
0 ." -• -- I -c --• c .-
e z " I .- ., 
• • <: I Z 

nal\'C 
1 

bay"s 

T;,"! 

~ 
~ - c 

I 
~ 

" ." G' 
- SMOTE " .- Test options 

c • 8 • 
<: 

f- • 
~ 

Filtering technique • " " " 
" 

E ~ " l= 
c < --

Z 

Use training sct 300% 0.05 67.0 19i. 

- Cross validation 300% 0 .0 1 6 9.0 % , 
Percentage split 300% 0 .0 1 66.14% 

,,( c :I:' J)(' l"inwnl;Iliml " "HId" , . .. In,; n,I,\ l' IM\ l' '' d;I .... ifi( .tl in n . Igunl hm "il II 
S :\I(n I- lIIi ll () rit ~ 0\ t.' r ... 1 '''!ll Ul I> l l'dHl itl Ul' . 

As it can be q 11 from table 5:13, the classifier accuracy obtained from the 

expe riment at ion 1l1.1dc with na'ive bayes classification algorithm on a dnta with \'\'I TE 

minor ity 0\,('1' ~:t !Jl pli !lg technique, was not improved. 

C()lll pa r' iSOIl a nd Discussion of accuracy results obtained with both 

algorithms 

As it has iwcll disc'!<:sr c\ in the previous experimentat ion sections, the ta rget data set has 

been tes ted in \\\'(I (;lassification algorithms (J48 decision tree and naive bayes) using 

different W EKA I(.:,"t op tions and varying values of classifier parameters. 

The result<.; ohl incd show'ed that , the classifier accuracy obtained with J48 decision tree 

algorithm 0'1 \ pcrlonl's, in all the three test options, the classifier accuracy obtained 

with ntt"jvc hIY<'s clas,.;ification algorithm. 
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In addit ion , <ll pl; 'inn S~ lOTE minority over sampling techn ique improved the classifier 

accuracy on the c:\: ~ of the J48 decision tree algo ri thm where as on same condition the 

classifirr a i 'CI!r:li'y , 'as decreasi ng for the roase of naive bayes classifica tion algorithm, 

Therefore. ;I,; the :lhll\'C experimentation shows, from the two classifica tion algorithms 

applied in ti' is par';c' !I:lI' study, it can be said that J48 decision tree algorithm is beller 

suitable fo r pl'cdidin:; Ihe target data set. 
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5.2 .3 Bes t I'lli es (,'o m the experimenta tion made us ing the J48 decis ion tree 
a lgorithm 

On th is section, selected 13 best rules are presented with a discliss ion of the niles b) 

grollping the best rules based on current handl ing site and also by the fault OCClIrrcn e 

mont h. It is understood that the list is not exhaustive but only the ones believed to be 

presented :lre listed. 'I'hese best rules were selected together with the domain cxp riS. 

Rul el: IfCu1T('nt r! mel le Site = FAN Addis: Line 1 Fibcr Problem ( In2.O/ I.0) 

Rulc2 : If Cur rcnt Ilandle Site = NNOC and Mont h = Apri l and BB Technologies 

Wired :1I1 d Tronblf' Grade = Critical: Customer LAN or Router (369.0 /50.0) 

Ru le 3: If Cu rrent r landle Site = O&M Addis and Month = August and Trouble md " 

Critical ilnd BB Tcch nnlogies = Wired: CPE change or configuration & port (100.0/ 1.0) 

Rulc 4: I f Current J-Iandle Site = O&M Addis and Month = August and Troubl Grud' 

Critical and i,l) j' 'c]' n< 'ogies = Wireless: CNR or Core network problem (4 1.0/1.0) 

RlI I (~~: I f r llT{'lll I':lndle Site = O&M Addis and Month = August and Trouble rad 

Nonn,, \: CN R or en T'! , network problem (95.0/ 13.0) 

Rul e (,: I fCrlP'{"" I '"l'l(\le Site = O&M Addis and Month = July and VI P Flag :. NO: 

CN R 01' eme network problem (731.0/3:!.O) 

FAN R . and BB Technologies = Wired: Line / 
Ru le -: If \IIITf'n l ! I:mdle Sile = ' eglOll 

Fiber Problem (I:!O}.; .O/ 25·0) 

r . II dl S·t - NNOC and Month = April and BB Technologies • 
Rulc H: I CUlT 111 II e le-
Wired and Trollh' .... ;·adc = Normal: Customer l.Al or Router (153.0/ 9.0) 

Rule (): !f (> IT 1l : I' l1e\1e Site = NNOC and Month = April and SS Technologi~ • 

Firber: Line / Fiber I' roblem (88.0/3.0) 

Rule 10: " ('I , , t '" 
ndle Site = O&M Addis and Month = July and VII' Flag . YES 
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and TrouLll Gr,1(l(' = 

problem (S::!·o/""I,o) 

Escalated and Title = Business Center: CNR or re net\\ork 

Rule I I: Ir C l l1T(' 1 ! ;'lIldle Site = NNOC and ~l onth . March and Titl e Busin -~\ 

< e ra e. nlleal: M AG po\\cr or Cen ter ;'tlld gB Tcthnologies = Wired and Troub! G de " 

TrnnSlll issioll pro~) 10lll (1 3.83/1.0) 

Rule I :! : If Current Ilandle Site = NNOC and Month . March and Title 

InSU1'ntiCC a1ld BB Technologies = Wired ' MSAG po" 'er 0 l ' .. . • r raTl Sllll SSI n 

Bunk or 

prob! In 

Rule I :~: If ( IIT"]lt I [al lel ic Site = NNOC and Month ;:I August and UI3 Technologies 

Wi l'cic! ,1m) "'"(\,,hl Grade = Critical: MSAG power or Transmission probl III 

(1l4.cl/? 0) 

Among the ilho \'c lis t .'d best rules, Rule 1 and 7 shows that , most of the faults hundled by 

FAN addis Cil rrent I 'lIldlc site were Line / Fiber. 
The ot her idorlll;,t i ' 1\ indicated by the generated rule is that in th rainy s aso ilS th ' 

most freque Illy h;' PjlCn ing broadband network fault is 'CNR or Core network probl m' 

this ca l: :H.::-;I 1 r. '11 rnles 4, 5, 6 and 10. According to the domain experts, in the rainy 

seasull t:H' (' 11' "~' 11',' ork resource transmission media, be it wireless, wired or fiber, 

ca n Cd~ ' . ')(' ;lffL!dcd 1 y the weather. Especially, the wireless network is highly uffcct d 

by the C:,\R ~incc t'll; rc is high interaction with it , including the DJl CP server. Therefore, 

there i.e- ;1 ne('d In '~i\'c due attention for such type of faults during th is period of lhe YCiU , 

Rule 2 I\: H inchc t~\ d tha t most of the network fault types handled by NN 
currc llt 

handle site re Til":', m .. :r LAN or Router'. This also indicates that such faullS should not 

nd there is a need to take measure so that the national network 

'I llL~d spend its timt! on critical fault types. Such faullS should be 

. 'i 'P rt and this also shortens the time to fix the fault . 

COI11 (, to 11'(' :-,:....;( 

opcr;lt i(ln eel t'l 

solved ;It lil'st 1 

In gell l'r;l\ it I~ ti 

company 1'nr 11'\ 

the ru k \\111111 

, ,lOIHa in experts' belief that the generated rules can be used by the 

,'n' the fault handling process, and this can happen by integrating 

L. 1.., ' 1\ Tr system. 



5.3 T nd, I F, '\l \l ation 

Evaluation i'l ;1 d:l!; \ m: ll ing process serves two purposes, these are: ~ the prediction of 

how well tIl(' r ,1 l'l'1dc\ will work in the future (or even whether it should be used at 

all), :lIld ;l S ;\11 inll'g:"<.ll part of many learning methods, which help find the model that 

best rcprcscll l S t 11,' I ],;,jl l ing data (Souza, Matwin, & Japkowicz, 2002). 

The c1a ~"in{'\" 's ('\";l1 l1'll;on is most often based on prediction accuracy (the percentage of 

correct pn'dicl i" 11 ,;i idNI hy the total number of prcdictions)(Kotsianl is, el al., 2007)· 

In ordl'r to ddem inC' to what extent the classification model meets the business 

objectives, the l'b:-:~ifi c rs accuracy was evaluated and based on the obtained accuracy 

m easl1n'S ('('Ill ·i"c:IlS were made. In addition a discussion with the domain cxpel1s 

was hC'ld I"l;..;al 'l~' " l ' usefulness of the classifier based on the obtained classifier 

performallces. 'j 11 (;r)nl~ li ll experts confirmed that the developed classifier can be used 

by the (,Olllj' 11l~' " pi edicting broad band network types. 

5.4 J LI 'n .• 1 l1l 

" ·n.:: mcnts, the deployment phase call be as simple as generating a 

repor t .. ,I 'x; . implementing a repeatable data mining process. In many cnscs 

it wil! I 'ljH' II:;' I t Ille data annlyst , who will carry out the deployment steps. In any 

case, II I '1 1l('1 'l!nderstand up front what actions will need to be carried out in 

order to 'Icll· ;lll~· Jll;"'l \e usc of the created models(Wirth & I-lipp, 2000). 

. . h It f the study "'ns discussed with the domain 
As It WilS ! l'l~\·, }' lsI. ml"n tloned, t e resu a 
expcrt~ ;lll ' it Wi"> 11 "~('s ted that since the existing information system (2 mart 111 

has a f ;It •. ~ II "1': ,lila\\' incorporating the obtained rules, it is possible to use the 

result nfthr ,III' ,.,' c company. 

. . t fo section the conclusion of this 
Based Oil til' ]'t.~. 1 " nl tained in thIS expenmcn n In , . 

. 1' , are presented on the COnlmg chapter 
study ,mel !'l'CO 1 '11' ldalions for future st llulCS 

(chapl ,. (,). 
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CHAPTER SIX 

co, TC,TTSION AND RECOMMENDATION 

6 .1 CO llc iu.<;" o n 

In this !""::;C,lrch ;111 attcm pt has been made to study the application of d:lIrl mining 

techn iques sprcif:cally classification/prediction on the dnla sct which is r luted with 

bro<ld h;I 11 (\ ~:clYi('c r~1 1l 1 t customer report infOl'mation obtained from ethia-telecom. The 

collect ed d;ll<1 \\,;IS itcr;ltively preprocessed so as to make the data ready for the data 

desired output from it. 

Among the \'a rintt !:'P~s of classification algorithms J48 decision tree algo rithm and 

na'i\\, :';lY(' .]:, ' i"ll algorithms were applied (or this particular study. The classifier 

accuracy ohLl incd hy .1_18 decision tree algorithm was 74.06% with the prcproc 55 d 

dat a sct ,lIltl an t' r 'lpp l ~ iJl g SMOTE minority over sampling technique the accurI}<'"y was 

improved If) 7: (' ( ~ . 

It \\,:l ~ f ')~I·ty"r' t',;"t J ,q decision tree algorithm is the best classification algorithm of 

the t\\ ',,'t 1 .. , I !-()l' this study while tested on unseen instances. The accuracy 

resttlt of 1'1' ("1 ' {;(" , {,htained by na'ive bayes class ification algorithm was around 6996. 

The ruks ol'l;·il ,)1 ')1 11 the decision trce indicated that on the rainy seasons the Illost 

frequently :'~111'(' ;'lg ;'; lU lt is 'CNR or Core network problem'. In addition it was 

ObSl'1"\'( ~l:1t 11]( l'IIlC faults are Line / Fiber related faults which are being handled 

by '1;.\:\ ,Ill ': l" I' " tandle site'. 
As ;1 1\":1': (1 n'" S'" 11 in the result of experimentations, the confusion matrix obtained 

wi th t1, t, ' (' I fl 1 :-, .1' lic:ltcd that the dominant fault type is Une/ fiber problem with 

42.;"" n f 11 E " 'I; f1"ltS . The company can take this dominant fault type and take 

pronet i\"l' 'let illl! 

maint ;l; n t\1,'S{, 

custom!'r 

In illlp l'O\'e its customer satisfaction. If the company manages to 
. . .. . C 42 35 % percent of the fault or 

t ' ts nroactlvely, It can mmlnllZ . 

ded by the domain experts, this proacti\'c measure 
. t\S rCCOllllllen 
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includes [ll;lint<lilli!:~ :Iw old lines or fibers before they b h ' ' eco rnc l e cause lor scn 'lCC 

fail ure. 

Some c'( th l" 1"1'11''<: n·.J~:lincd from this research can be used in Z-smart system so as to 

enhance Il,(~ (;n:ll "'~!l(l 'i ng process and improve customer satisfaction. Eth io tel com 

can usc IIH' '" ul e..; 1'1 improve the fault assignment process so as to assign particular (aull 

prohlem for th(' I'C le"a nt ha ndler site or technicia n. 

This r(':~('an!l ,] "f) i (! '[ ' ificd fault kinds faced by different customer segments like 

cril ic,d and IllnjoJ' C\1~to tl1crs . This also helps the company whil! to do for specific 

customer grcH II'S h:l'l""d 011 the fault type they are facing and the sensitivi ty of the service 

fai lu re or IhO' ('usl ""1.:1. Si nce all service types arc not equally sensitive for nil customcrs 

or custOlll ,!r S(,~:IIl' ts . For instance, iIlt l~rn et services are critical fo r flowcr farm pic 

where as <\;11.1 ::.cl"\ It..'; 'ire critical for financial institutions. 

The lill'lill~s fnl"l th ' rules generated by the nlgorithms showed that specific custom rs 

groups lik" :),lIlk: or i:'surance and business centers are affected by MSAC power or 

tran sllli~sioll I'IC :' 11' f;J ul t kind. This fault kind is true for both critical rmd major 

ClistOIiH'rS 1 I,' 'l~ ' . As domain experts commented, MSAC power problem can 

simply I" l" , '\ ' ~)' tapping generator power from nearby customers/ mobile 

tral1 s111i_, .iol1 ~ I. t' II' ... . Therefore, due consideration should be given for this fault t)1)C, 

since t!lOS(, ( I. \nL1C ~ Ie: important for the country in general and for the company in 

parti cula r. 

Gcner:lll ,1"I~t /Ill ti ll': {'\'<1 luation made on the accuracy results and testing thc results 

t 
'f the resllit of the classifier is promising. it was 

'11 "'I' I' :, even I 

t It r rls an improvement by considering different factors. Some of 
wi th TIC' 1. 

under'" 1 

theM' f, '('I 'S, ' ,,' I as a recommendation below. 
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The pI 'dicliw 1'~n" '1. \\'lich is developed in this research, generates various promising 

patt erns ;uld n" , '!It t he obtained classifier accuracy needs to be improved, '111ercfore, 

based on the r;l1 dill."~ d the study, the r{!Searcher made the following recommendations 

which C;lll pos~ibJ~' hel ril l improving the accuracy results of the predictive models, 

The targf' l (bt:l se t used for this study has six class variables. But , the instances 

f()I' ('~)I'I, (If I hest! class variables were not balanced. It was observed thaI this 

illl!d;lIH'c pl' )\ il' lll affected the classifier accuracy. Therefore in future stud ies, 

i:"T ;I"j' ,1'1'''~bcr of instances and having a balanced data sct for each class 

\', ,',',1, (':1 j. l' O\'C the classifier accuracy. 

Thc \ ;'1 1 ~~d <\; 1;'1 .~ ct used for this study was not obtained directly from the system 

data \);!..;c ra~I H: r it was generated th rough the Z-Smart Tr information system, 

1" t :'j.,.,.,.,,: 'l~ t(l the domain experts there are other additional attributes tha t 

'1 I " i 'Ie 1 fJ"l l1l the data base which are related with the target daw set. 

'I', r . ".,1 ' ;H', l:ng more attributes such as 'Area', 'Resource Type' and other 

1"(,,, ',I " tl!l ,1 test can be mll dc toimprove the accuracy, 

• SOllll "I :1"!C; in the original data set, applied for this study contains very 

• 

1\11 attempt was made to bring the values into some common 

(' ,!"~~ 1 'S "presentations. But still it needs a serious consideration because, 

<' ''''C 11" 'I rill!ltc~ val ues were encoded by human beings, there are many 

" I .~ ( 

, . ,. " " 

lhl" r:'''f) rs, upper/ lower cases, abbreviations, etc .. ) to be considered 

, 1'\' \"fl rd that represent the specific value, 

Thl' tn: T , d' l " ~ t II sed for this particular study can be tested using other da ta 

, I L.lcck for better classifier accuracy. 

.' qd 1 1 
'~. 'r>t data set used for th is particular study can be tested using 

\' ,lr101l~ t r 'S 0' (' :'~s i fi cation algorithms, 
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• Inlcgl'.llill" ".(' hl'sl ru les with the existing information system should be given 

due c01l~ i ('''!" li ( :1. 
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APPENDICES 

Appen di x J: 

s tudy. 
Sa'" 'l ie VHA code rd ' h _ app Ie 10 l e preprocessing step of the 

Dim v tln As ~I rin ,~ 

Di lllllsrdrn\\'s t's 1.(Jllg. 

Dim myarray:~'\ ", ; n~t 

mya rraYI = .Vra~r";n a llcc" , "state", "o rg", "organization", "bureau", "agency", "authority", 

"minis try", ", 1" '\' " "worcda", "au th", "wne", "era", "erca", "crcs", "family", "fcdcral", 

"fcdp]",I; ",", "I~r; ". ""n~(',''' , "illlmigration", "institute", "board", "zonal", "administration", 

"corpol';Jtion", " ]"(':1 ' ' \\';;! cr") 

myaIT'l.\':..!. = .-\rr;1~rl1S 1" , "\1llhcl' '', "undp", "gtz", "cl inton", "relief ', "foundation", "frontier" , "u n 

h er", ' hih:,' n", "\\"0':<.1", ":l fricun", "africa", "goa\" , "joy", "food", "save") 

myarr;l~ . , , 

myar rayo.l == ,\ r 

II I " " p c, P,L , I 

"Iimitcd", !':I:'\ 

"bus" , " " 

"tech", '" 

,'" 

'l~':' ocl'sity", "llllvcrsity", "college", "collage", "sehooJ", "preparatory", 

s" , "cen ter", "trade", "trading", "engineering", "enterprisc", "studio", 

_0 \pan)''', "service", "stationa ry", "import", "export", "solution", 

Iyala" , "rcsturant", "travel", "advertizing", "moenco", "brewery", 

If' il':( .. ''lcacola'', "shop", "guest", "electroniCS", "secrctarial", "secreterial" , 

mYill'l' 
\ ";1\ "1 , ,..,;t.,1 " , "clinic", "laboratory", "health", "mediCo'll") 

uset!rO\\" 'r.:! , i..: "l't! Range,RoWs,count 
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b 

uscdrol\" = liS' 1), ... " 

v~r! = Ccll~(i .::! ) 

I.sarl = I.e S{' ''l~'1) 

For x = 0 Tn 2 

I f ! rsl;lrnlYl '> (l Then 

If('I·1Is( i. 1'1 <> .. .. 'J!lCl1 

CdJs(i :~):... "Covernme ntal Organization" 

End If 

Encllf 

Next 

For v oT,) I) 

!CS!:lrr;I\" = 11Str{l sJrl , mya rray2(y)) 

If \('s l:lrl' ,IY I > () Then 

I feeJL (i, I) <> " "Theil 

C -lbU. :') " :<11; 1 (' wcrnmcntai Organization" 

End II 

Next 

For x=pTo5 

h,'S"lrI';l\'! = Jtl~,.r l.\' 11'1. myarraY3(x)) 

Ifl ("l arr:\\' 1 > {l'f ,lcn 
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l fCcJl·~ i. I) <> " " Thcn 

Ccll!'(i,:3) = "Edll(";Jt ion Centcr" 

End If 

End If 

Ncxt 

For y = (lTo;{ I 

tcst;IT"lW·I = In~td Lva rl, myarraY4(Y») 

I f !estarr:IYl > 0 ThcII 

I fC('llsl.i, I) <> " "Thcn 

C··'ls(i,?) '0 " ';l'sinC'ss Centcr" 

End If 

End J f 

Nl'xt 

For ~· = () Tn 

tcst:lrr;I\'] = Ill ~!r( lyar! , myarrays(y)) 

If trY\;l1T:lY I > () Thc ll 

If f 'l~.i.l)<> " " Thc n 

C ,s(: . ~J) = .... hit Center" 

F ' 11 

Enrl 1 

Next 
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,,"r33 hStr( I .van, "tickct") 

",tr4 InStr(L\';m, "i ntcl'natc") 

,," r5 = InSlr( l.an, "cntc rll;Jtc") 

vtl r6 I !l~I"'I.\"'lrt, "in' ro rtle l") 

"'117 = I n~lt(L\';I['J, "cmb;Jssy") 

""1'8 = InStr(l.\';lrJ , " inslIr;l l1 cc") 

"" 1'9 = InStr( [x:lr1 , "('hh") 

'va r lo = 1:1Slr(I.\':II'\ . "Iabralory"} 

va rt 2::; 1I 1~tr(I,\':l t'1. "('('peo") 

' \'an ~ = InStr( I .\"II' I. "u ni vcrs ity") 

va rl 4 = 1\\Str(lxa n, "cmhacy") 

"a rl S = InStr{lx.l rl , "carc" ) 

H";II':! > n r)r:n<{ > o (11' "a1'9 > oOrvanl > o Then 

if CcliSI l' <>" " '1'11' \1 

CcllsCi, :~: = " ';:'llk or insl1I'ancc" 

End If 

Elself,·,\ .. , I) '\"1r:~:) > o'rhcn 

If Cc]!. I' >' ''TllCll 

, .. '.:'1" ('o 111pany" 

End I.' 

EIsc lf".lL\ > () Illl'.l 

I f('ell. 1,1) <>" " T~l"n 
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t 

Cells(;, :1) "" 'tel' 

End If 

EIsel f val'l > () (); ' "11'5 > 0 Or v:\1'6 > 0 Or vans Then 

[[CdIsCi, I) <>"" Then 

Crl1s(i, ~~) = "l ntC" lll:\ Cafe" 

End 1 f 

If ('l'l1s(i, 1) <> "" '1'11<'11 

Crll. .. ;(i. '\~ = "\': l'lh<;",\-" 

End If 

Eiscl h ,IL !2 :> o Thc 1 

If ('ells (i, I) <> ""T:ll'11 

Cc]ls(i, ::) = 'T"I'('o" 

End II" 

'Eb l'l \c,d;'lTaYl 0 Or Ics tarray2 = 0 Then 

'I f(', I1s(i . I) <>"" Theil 

'Cclls(i. '\);0 "o'li"":;' 

'E- "f 

End I, 

Next 

End Sl lh 
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-----... --------~ 
uscd ro,"S '"' ~lleC .I.LI . ·d l ~ ange.Rows.Count 

uscdro\\'s = lI sed!' )\"S +~ 

Dim var! :\s ' ';1r;;1I1t 

For i = :.! To usedro\\'s 

van = CellsC;, 9) 

IfCcll :·/i, 9) <> "" Th CIl 

Cells(i, [o) .V,duc -: Lcft(\';1l'l, 10) 

End I f 

Next 

Dim " a!"l j\S SL r it " , 

Dim II scd nj\\"s As 1 <)1 ' 
" 

Di m mya rrayl As V;lriant 

0,'", "" ' I ' , 'nT"\' , " ' IT ' Il L 

Dim Ill' 

myarr;l\'! = :\'T:l~ '( " F:\~-Cr\AZ", "FAN-NAAZ", "FAN-SWAAZ", "FAN-SAAZ", "FAl.'l'- EAAZ", 

AN-II ,IIIZ', "1' 1:\- DIAZ", "FAN - EAAZ", "FAN- WAAZ") "F 

myan \':.1 = .. \1"1 ;.~ "c:, I1&CC", "CS Broadband Agent", "CS Enterprise Agent", "CS Network & 

IT" " , 1""'1\_ " .... ~ 
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myarraY3 = Array("O&M ER", "O&M NER", "O&M NR", "O&M NWR", "O&M SER", "0&~1 

" "O&M SR" "O&M WR") SWR, ' 

myarraY4 = Array("FAN NWR", "FAN SER", "FAN ER", "FAN SR&SSWR", "FAN SWR", "FAN 

WR", "FAN NER", "FAN NR", "FAN NV\TR") 

usedrows = ActiveSheet.UsedRange.Rows.Count 

used roWS = used rows + 3 

For i = 4 To used rows 

van = Cells(i, 6) 

For x = 0 To 5 

testarrayt = InStr(v3n, myarraYl(x)) 

If testarrayl > 0 Then 

I f Cells(i, 1) <> " "Then 

Cells(i, 7) = "FAN-Addis" 

End If 

End If 

Next 

For x = 0 To 4 

testarraYl = InStr(van, myarray2(x)) 

If testarraYl > 0 Then 

If Cells(i, l ) <>" "Then 

CcUs(i. 7) = "Customer Service" 

End I f 

End I f 
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Next 

For x:= OTo 7 

testarrayl := InStr(van , myarraY3(x» 

IftestarraYl > o Then 

If Cells(i, 1) <> " "Then 

Cclls(i , 7) = "O&M Regional" 

End If 

Endlf 

Next 

Forx := o To 8 

testarraYl = InStr(van, myarraY4(x)) 

IftestarraYI > 0 Then 

If Cclls( i, 1) < :> ""Then 

Cclls( i, 7) = "FAN Regional" 

End If 

End If 

Next 

Var = InStr(van, "O&M SR") 

UVar > 0 Then 

IfCells(i, I) <>"" Then 

Cclls(i , 7) = "O&M Regional" 

End If 

End If 
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t 

VarD :::; InStr(van, "IS") 

If Varo > 0 Then 

IfCells(i , 1) <> " " Then 

Cells(i, 7) = "IS" 

End If 

End If 

'var2 = I nStr(v3n , "FAN - ") 

'var3 = InStr(van . "FAN-") 

'lfvar2 > 0 Or var3 > 0 Then 

, If Cells(i, 1) < > " " Then 

'Cclls(i , 7) = "FAN-Regions" 

'End If 

'End If 

var3 = InStr(vart , "O&M Addis Zonal") 

If var3 > 0 Then 

If Cells(i, 1) <> "" Then 

Cells(i,7) = "O&M Addis Zonal" 

End If 

End If 

var4 = inStl'(van, "O&M Addis Regional") 

I fvar4 > o Then 
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If Cells(i, 1) < > " " Then 

Cells(i, 7) = "O&M Addis Regional" 

End If 

End If 

vars = InStr(van , "NNOC") 

If vars > 0 Then 

IfCells(i , I ) < >" II Then 

Cells(i,7) = "NNOC" 

End If 

End If 

Next 

End Sub 

I 
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