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A b s t r a c t  
 

C lassif ic at ion of  t h e t ask s f or real-w orld p roblems bec omes p ossible 
bec ause of  c reat ion and use of  more ef f ic ient  I T  syst ems. I t  also t arg et s 
roug h  set  met h ods as w ell desc ribed w it h  solid mat h emat ic al basis f or 
c lassif ic at ion t ask s. I n t h e p resent ed p ap er t h e ap p lic at ion of  roug h  set  
t h eory w it h  t h e usag e of  sig nif ic anc e of  at t ribut es and dec ision rule set s f or 
c lassif ic at ion of  t ax p ayers is desc ribed. T h ere are t ak en int o ac c ount  t h e 
neg at ive or p osit ive result s of  t ax at ion c ont rol, and sp ec if ic  f eat ures 
desc ribing  p ayers are c onsidered. Ap p rop riat e c h oic e of  dat a, building  t h e 
model and it s ap p lic at ion leads t o t h e sp ec if ied g oal reac h ing , w it h  bet t er 
ac c urac y in c omp arison t o “ int uit ive”  c h oic e. S imult aneously it  bec omes 
p ossible t o ex t rac t  dec ision rules in t h e ling uist ic  f orm, w h at  g ives 
op p ort unit y f or easier int erp ret at ion of  obt ained result s. As a result  of  t h e 
solut ion ap p lic at ion t h e more ac c urat e selec t ion of  t ax  p ayers is obt ained. 
T h is is of  sig nif ic ant  meaning  f or t h e t ax  aut h orit ies, and t h is leads f or t h e 
bet t er observanc e of  t h e t ax  law . 
 
K e y w o r d s :  roug h  set s, dat a mining , c lassif ic at ion, rules ex t rac t ion, 
dec ision rules. 
 
Z a st o so w a n i e t eo r i i  zb i o r ó w  p r zy b l i ż o n y c h   
w  za d a n i u  kl a sy f i ka c j i  p o d a t n i kó w  

 
S t r e s z c z e n i e  

 
R ozw iązyw anie zadań  k lasyf ik ac j i dla rzec zyw ist yc h  p roblemó w  st ał o się  
moż liw e dzię k i rozw oj ow i w ydaj niej szyc h  syst emó w  inf ormat yc znyc h . 
D ot yc zy t o ró w nież  t eorii zbioró w  p rzybliż onyc h  dla zadań  k lasyf ik ac j i. 
W  p rzedst aw ionej  p ublik ac j i zast osow ano zbiory p rzybliż one, k t ó re maj ą 
ug runt ow aną t eorię  bazuj ąc ą na rozszerzeniu t eorii zbioró w  i def iniuj ąc ą 
dolne oraz g ó rne p rzybliż enie, oraz w yznac zaj ąc ą t abelę  dec yzyj ną do 
k lasyf ik ac j i. M et odę  uż yt o do oblic zeń  ist ot noś c i at rybut ó w  oraz reg uł  
dec yzyj nyc h  op isuj ąc yc h  k lasyf ik ac j ę  p odat nik ó w  ze w zg lę du na 
p ozyt yw ny lub neg at yw ny w ynik  k ont roli, p rzy uw zg lę dnieniu 
sp ec yf ic znyc h  c ec h  ic h  op isuj ąc yc h . O dp ow iedni dobó r danyc h , budow a 
modelu oraz j eg o uż yc ie umoż liw ił o osiąg nię c ia zadaneg o c elu ze 
zw ię k szoną dok ł adnoś c ią w  st osunk u do „ int uic yj neg o”  w yboru. 
W yk orzyst anie zbioró w  p rzybliż onyc h , k t ó re w yznac zaj ą w ynik i k oń c ow e 
k lasyf ik ac j i w  p ost ac i zbioru reg uł  umoż liw ił o ic h  ek st rak c j ę  w  ł at w o 
int erp ret ow alnej  f ormie ling w ist yc znej . W  p ublik ac j i zast osow ano 
aut orsk ie rozw iązanie p rog ramow e bazuj ąc e na k olek c j ac h , t ablic ac h  oraz 
obiek t ac h  p oś rednic h , zaimp lement ow ane dla bazy danyc h  O rac le, dzię k i 
k t ó remu zrealizow ano zadanie oraz p rzedst aw iono rezult at y. D zię k i 
uzysk anym w ynik om bazuj ąc ym na modelu op art ym na uż yt ej  met odzie 
moż liw e st aj e się  dok ł adniej sze t yp ow anie p odat nik ó w  f unk c j onuj ąc yc h   
w  p olsk im syst emie p raw nym i maj ąc yc h  p roblemy p odat k ow e, k t ó ryc h  
należ y p oddać  k ont roli. T ym samym zw ię k sza się  sk ut ec znoś ć  
eg zek w ow ania p raw a p odat k ow eg o. 
 
S ł o w a  k l u c z o w e :  zbiory p rzybliż one, ek sp lorac j a danyc h , k lasyf ik ac j a, 
ek st rak c j a reg uł , reg uł y dec yzyj ne. 
 
1 .  I n t r o d u c t i o n  
 

C l assif icat ion is a process of  t raining  of  t h e m odel  describ ing  
dif f erent  dat a cl asses.  I t  is assu m ed, t h at  t h ese cl asses are k nown 
and t h ey  are det erm ined b ef ore cl assif icat ion st art .  B ecau se of  

describ ed f act s t h is k ind of  t raining  t ask s is cal l ed su perv ised 
l earning  [ 1 2 ] .  A f t er creat ion of  t h e m odel  on t h e b asis of  t raining  
dat a it  is u sab l e f or t h e produ ct ion dat a, wh ere u ncl assif ied dat a 
h av e t o b e assig ned t o correct  cl asses.  

Rou g h  set  t h eory  f or cl assif icat ion u ses not ion of  approx im at ion 
space, and l ower and u pper approx im at ions of  set  [ 3 ] .  T h e 
approx im at ion space of  a rou g h  set  is t h e cl assif icat ion of  t h e 
dom ain of  int erest  int o disj oint  cat eg ories [ 4 ] .  S u ch  a cl assif icat ion 
ref ers t o t h e ab il it y  t o ch aract erize al l  t h e cl asses in a dom ain.  I t  
l eads t o creat ion decision t ab l e, wh ich  can b e writ t en in t h e f orm  
I F  . .  T H E N  . .  ru l es.  Ru l es raised in t h is m anner can b e conv ert ed 
int o l ing u ist ic f orm , t h at  are easy  readab l e and int erpret ab l e b y  t h e 
u nsk il l ed m an.   

T h e g oal  of  t h e t ask  sol v ed in t h e paper is f inding  t h e g rou p of  
t h ese t ax pay ers, wh o ev ade ob l ig at ion of  pay ing  t ax es or t ry ing  t o 
decrease v al u e of  t ax .  F or t h is aim  t h e rou g h  set  appl icat ion is 
u sed, appl y ing  t h e al g orit h m  cl assif icat ion, wh ich  ex ecu t es 
process of  creat ion of  ru l e set s describ ing  dif f erent  dat a cl asses.  
O n t h e b asis of  inpu t  dat a describ ing  f eat u res t h at  represent  
“ cl ient s”  and k nown decision at t rib u t e t h at  inf orm s ab ou t  
prob l em s wit h  t ax  l aw – al l  t h ese cal l ed inf orm at ion sy st em  – 
t h ere wil l  b e creat ed a m odel , wh ich  wil l  b e l at er appl ied t o t h e 
new g rou p of  inpu t  dat a.  T h is wil l  al l ow t o cl assif y  t h e dat a wit h  
m ore accu racy , respect ing  t h e t ax pay er h av e or h av e not  prob l em s 
wit h  t ax at ion.  A ddit ional l y  recording  ru l es in l ing u ist ic m anner 
wil l  al l ow t ax  cl erk s easier int erpret  and u nderst and t h e resu l t s.  

 
2 .  R o u g h  set  f o r  c l a ssi f i c a t i o n  
 

I n rou g h  set s f or cl assif icat ion t ask s we def ine inf orm at ion 
sy st em  [ 5 ] , wh ere at t rib u t e Q is div ided int o t wo separab l e set s, C 
as condit ional  at t rib u t e set , and D as decision at t rib u t e, su ch  
C ∪ D =  Q and C ∩ D =  < E M P T Y  S E T > .  F or ou r t ask  C 
represent s f eat u res of  t ax  pay ers, and D is decision ab ou t  posit iv e 
or neg at iv e cont rol .  D ecision t ab l e h as t h e f ol l owing  f orm at :  
D T  =  < U, C ∪  D, V, f > , wh ere: U – u niv erse;  C, D – as describ ed 
ab ov e;  qDCq VUV ∪∈= ,  wh ere Vq is t h e set  of  discret e v al u es of  
t h e at t rib u t e q∈  Q ;   f: U x (C ∪  D) →  V is t h e decision f u nct ion, 
su ch  as f(x,q) ∈  Vq f or ev ery  q ∈Q and x ∈V .  D ecision t ab l es can 
b e div ided int o det erm inist ic ones wh ere decision at t rib u t e v al u e is 
u niq u el y  specif ied b y  com b inat ion of  condit ional  at t rib u t es, and 
non-det erm inist ic ones wh ich  h av e opposit e m eaning .  D ecision 
t ab l e f or ou r t ask  can b e represent ed in t h e f ol l owing  f orm : 
A G E = M I D D L E , I N C O M E = H I G H , T A X _ RE L I E F = H I G H  →  
C O N _ RE S U L T = 1 .  

 F or m easu ring  conf idence of  decision at t rib u t es [ 1 ]  we need t o 
def ine dependency  coef f icient  0 ≤k≤1 , wh ere set  of  at t rib u t es D 
depends on set  on at t rib u t es C in a deg ree def ined b y  k: 
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wh ere P O S C(D) is a posit iv e reg ion of  t h e part it ion U/D wit h  
respect  t o C, c ar d  is t h e cardinal it y  t h at  is t h e nu m b er of  el em ent s 
in a set .  

T h en we com pu t e sig nif icance of  condit ion σ(a) of  at t rib u t e a,  
def ined b y  f ol l owing  eq u at ion: 
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V al u e f or sig nif icance is 0 ≤σ(a)≤1 .  I f  t h is coef f icient  eq u al s 
zero or is b eneat h  f ix ed t h resh ol d f or a cert ain t ask , t h is m eans 
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that the attribute a should be elimin ated from the c omp utation  of 
dec ision  table, bec ause it has n o in fluen c e on  dec ision  attribute. 
 
3. R e s e a r c h  m o d e l  d e s c r i p t i o n  
 

The researc h p roc ess of c lassific ation  with the use of roug h sets 
theory  c on sists of the six  step s, that are rep resen ted in  the F ig . 1 . 

 

 
F i g . 1.  R e s e a r c h  m o d e l  f o r  c l a s s i f i c a t i o n  
R y s . 1.  M o d e l  b a d a w c z y  d l a  z a d a n i a  k l a s y f i k a c j i  

 
Data retriv al  
 

G atherin g  the most of p ossible data about ev ery  c ase  for 
dec ision  sy stem for tax p ay ers, is v ery  imp ortan t fac tor, bec ause of 
q uality  of en d results of data min in g  p roc ess. O n  this stag e there 
should n ot be elimin ated an y  of the in p ut attributes, bec ause this 
task  will be p erformed in  the n ex t step s. D ata in  form of attributes 
rep resen tin g  features of tax p ay ers were retriev ed from tax  sy stems 
by  the usag e of imp ,ex p  tools, an d S Q L , an d P L / S Q L  L an g uag e, 
desc ribed in  [ 1 0 ] . I n formation  table for the researc h has g ot the 
followin g  format ( S Q L  L an g uag e) :  
 

C R E A TE  TA B L E  P O D A TN I K  
(  I D  N U M B E R , 
TO W N  V A R C H A R 2 ( 4 0 ) , 
M A R TI A L _ S  C H A R ( 1 ) , 
G E N D E R  C H A R ( 1 ) , 
A G E  N U M B E R , 
I N C O M E  N U M B E R , 
TA X _ R E L I E F  N U M B E R , 
C O N _ R E S U L T N U M B E R )  
where, 
id – un iq ue iden tific ation  of tax p ay er, 
town  – p lac e of residen c e,  
matrial_ s – martial status of tax p ay er,  
g en der – g en der of tax p ay er,  
ag e – ag e of tax p ay er, 
in c ome – in c ome of tax p ay er,  
tax _ relief – g reatn ess of tax  relief, 
c on _ result – result of tax  c on trol as dec ision  attribute. 
 

Dis c retiz atio n p ro c es s  
 

D ata disc retiz ation  is imp ortan t p rep aration  step  for data min in g  
alg orithms, bec ause of rec eiv in g  reason able n umber of dec ision  
rules, sp eed of p roc ess an d in ability  or deformation  of en d results 
bec ause of missin g  of c on tin uous v alues of the data [ 7 , 8 ] . The 

disc retiz ed dec ision  table has eig ht n umeric  v alues of the 
followin g  mean in g :  

 
id – the same as abov e,  
q 1  – small, middle or big  town ,  
q 2  – n ot married – married,  
q 3  – woman  – man ,  
q 4  – y oun g , mid, older ag ed,  
q 5  – low, mid, hig h in c ome,  
q 6  – low, mid, hig h tax  relief,  
d1  – n eg ativ e, p ositiv e tax  c on trol result. 
 

C o m p u tatio n o f  attrib u te im p o rtanc e and  d ec is io ns  
c o nc erning  th e red u c tio n 
 

C alc ulation s was c arried out on  the basis of roug h set theory   
on  the whole disc retiz ed dec ision  table as c omp utation  of  
k-dep en den c y  c oeffic ien t, an d σ sig n ific an c e of attribute. The 
dec ision  of reduc tion  of attributes was made on  this basis. 

 
Div id ing  o f  inf o rm atio n tab l e 
 

I n formation  table was div ided in to two p arts in  the p rop ortion  
6 0 %  to 4 0 % :  the first was desig n ated for ex trac tion  of rule set as 
dec ision  table, the sec on d for testin g  p urp oses of rules. 
Tec hn olog ic ally  two v iews of on e table were c reated in  the 
database. 

 
P ro c es s  o f  ex trac ting  ru l e s ets  
 

O n  the basis of roug h set theory  the rules where ex trac ted [ 2 ]  
an d sav ed in  the form of dec ision  table, whic h v alues of the in p ut 
attributes in dic ate the p ositiv e or n eg ativ e results of tax  c on trol. 
A ddition ally  the in formation  about q uan tity  an d stren g th of c ertain  
rule were c omp uted [ 6 ] . 

 
C o m p u tatio n o f  C o nf u s io n M atrix  
 

A t the en d of whole p roc ess follows the v erific ation  of ac c urac y  
of the method. F or this aim the c on fusion  matrix  [ 1 1 ]  is c omp uted 
on  the basis of rules an d in formation  table for testin g  p urp oses. 
The matrix  rep resen ts the reliability  of results, p rov idin g  true 
p ositiv e-n eg ativ e an d false p ositiv e-n eg ativ e in dic atin g  ac c urac y  
of p ositiv e p redic tiv e v alues, an d n eg ativ e p redic tiv e v alues of 
results as well as ov erall ac c urac y . 
 
4 . R e s u l t s  o f  e x p e r i m e n t  
 

The data from sourc e databases were loaded in to in formation  
table in  O rac le database, an d the p roc ess of disc retiz ation  was 
made. A s a  result the Table 1  was obtain ed. 
 
T a b . 1.  F o r m  o f  d i s c r e t i z e d  i n f o r m a t i o n  t a b l e  f o r  r u l e  s e t s  e x t r a c t i o n  
T a b . 1.  T a b l i c a  i n f o r m a c y j n a  z  d a n y m i  d y s k r e t n y m i  p r z y g o t o w a n a  d o   

e k s t r a k c j i  z b i o r ó w  r e g u ł  
 

I D  Q 1 Q 2 Q 3 Q 4  Q 5  Q 6  D 1 
100001 3 1 1 3 2 2 0 
100002 3 1 2 2 2 3 0 
100003 3 1 2 2 2 2 0 
100004  3 2 2 2 3 3 1 
… … … … … … … … 

 
Then , for ev ery  in p ut attribute Q 1 ,Q 2 ,Q 3 ,Q 4 ,Q 5 ,Q 6   

k-dep en den c y  c oeffic ien t an d σ sig n ific an c e of attribute an d also 
g lobal dep en den c y  for all attributes were c omp uted. The results 
are shown  in  the Table 2 . 
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Tab. 2.  R e s u l t s  o f  d e p e n d e n c y  an d   s i g n i f i c an c e  o f  at t ri bu t e s   f o r d i s c re t i z e d  
i n f o rm at i o n  t abl e  

Tab. 2.  W y n i k i  p rz e d s t aw i aj ą c e  w s p ó ł c z y n n i k i  j ak o ś c i  p rz y bl i ż e n i a o raz   
i s t o t n o ś c i  at ry bu t ó w  d l a t abe l i  i n f o rm ac y j n e j  z  d an y m i  d y s k re t n y m i  

 
Attributes Resul ts 

Q 1  Q 2  Q 3  Q 4  Q 5  Q 6  
k 

( dep endenc y )  0, 08 1 1  0, 1 2 03  0, 06 7 4  0, 05 4 0 0, 09 7 0 0, 04 8 5  

G l o ba l   
dep endenc y  

( f o r a l l  
a ttributes)  

k 

σ 
( sig nif ic a nc e 
o f  a ttribute)  

0, 3 4 8 2  0, 03 2 7  0, 4 5 8 3  0, 5 6 5 4  0, 2 2 02  0, 6 1 01  0, 1 2 4 4  

 
B ecause ev er y inp ut  at t r ibut e h as t h e v alue o f σ ≠  0  t h e 

r educt io n o f no ne o f at t r ibut es wh er e car r ied o ut , and  all o f t h em 
will be co nsider ed fo r  co mp ut at io n o f decisio n t able. F r o m t h e 
r esult  we can co nduct , t h at  t h e mo st  imp o r t  influence o n decisio n 
at t r ibut e h av e Q 6  – TA X _ R E L I E F . 

Th e r esult  o f co mp ut at io n o f full decisio n t able is g iv en in Tab. 3 . 
 

Tab. 3.  F u l l  d e c i s i o n  t abl e  f o r d e s c ri be d  ru l e  s e t s  
Tab. 3.   P e ł n a t abl i c a d e c y z y j n a d l a o p i s an e g o  z bi o ru  re g u ł  
 
I D  Q 1 Q 2 Q 3 Q 4 Q 5  Q 6  D 1 Q u an t i t y  S t re n g t h  
1 3 1 1 1 2 1 0 104 1 
2 3 1 2 2 1 1 0 21 1 
3 3 2 2 2 3 3 1 198  0.7 27 9 
4 3 2 2 3 3 3 1 35  0, 6 8 6 2 
… … … … … … … … … … 
 
Th e simp lified decisio n t able as t h e end r esult  o f sear ch ing  fo r  

int er est ed t ax p ayer s is sh o wn in t h e Table 4 . 
 

Tab. 4.  S i m p l i f i e d  d e c i s i o n  t abl e  f o r d e s c ri be d  ru l e  s e t s  
Tab. 4.   Tabl i c a d e c y z y j n a z  u p ro s z c z o n y m i  re g u ł am i  d e c y z y j n y m i  
 
I D  Q 1 Q 2 Q 3 Q 4 Q 5  Q 6  D 1 Q u an t i t y  S t re n g t h  
1 3 1 2 - 2 - 0 5 7 9 0, 9136  
2 - 2 - 2 - 3 1 347  0, 6 8 8 7  
3 - - - 2 3 3 1 342 0, 6 95 9 
4 3 1 - - 2 3 0 25 7  0.8 7 5 4 
… … … … … … … … … … 

 
F r o m t h e Tab. 4  r esult s t h e met h o d fo r  cr eat ing  r ule set s in t h e 

fo r m o f I F  .. TH E N  st at ement . Th ese ar e easy r eadable fo r  no n-
skilled mans. B elo w t h e r ules ar e list ed: 

 
R ule  
 N o . D escr ip t io n 
 

1 .   I F  TO W N = 3  A N D  M A R TI A L _ S = 1  A N D  G E N D E R = 2  
A N D  I N C O M E = 2  TH E N  C O N _ R E S U L T= 0 , P r o b =  9 1 ,3 6 % 

2 .    I F  M A R TI A L _ S = 2  A N D  A G E = 2  A N D  TA X _ R E L I E F = 3  
TH E N  C O N _ R E S U L T= 1 , P r o b. =  6 8 ,8 7 % 

3 .   I F  A G E = 2  A N D  I N C O M E = 3  A N D  TA X _ R E L I E F = 3  
TH E N  C O N _ R E S U L T= 1 , P r o b. =  6 9 ,5 9 % 

4 .   I F  TO W N = 3  A N D  M A R TI A L _ S = 1  A N D  I N C O M E = 2  
A N D  TA X _ R E L I E F = 3  TH E N  C O N _ R E S U L T= 0 , 
P r o b.= 8 7 ,5 4 % 

 
F r o m abo v e r ules t h e mo st  int er est ing  o ne is t h e r ule no  3 , 

wh er e t h e p r o babilit y o f p o sit iv e r esult  o f t ax  co nt r o l eq uals 
6 9 ,5 9 %. Th e r ule can be ex p r essed ling uist ically, in t h e fo llo wing  
fo r m: I f t ax p ayer  is middle ag ed and h is/ h er  inco me is h ig h  and 
h is/ h er  t ax  r elief is h ig h , t h en p r o babilit y o f p o sit iv e t ax  co nt r o l 
eq uals 6 9 ,5 9 %. F r o m t h e abo v e descr ibed r ules t h er e is a fast  
r et r iev al o f t ax p ayer s t h at  sh o uld be co nt r o lled. 

A t  t h e end t h er e is r ep r esent at io n o f er r o r  r at es in t h e fo r m o f 
co nfusio n mat r ix  ( Tab. 5 ) . 
 

Tab. 5 .  C o n f u s i o n  m at ri x  f o r e rro r rat e s  m e as u re s  
Tab. 5 .   M at ry c a n i e p e w n o ś c i  z  w y n i k am i  bł ę d ó w  m e t o d y  
 
 P re d i c t e d  d at a 

 1 0 Q u an t i t y  A c c u rac y  
1 38 2 5 6  438  0.8 7 2 
0 45 7  905  136 2 0.6 6 4 

O v e ral l  
ac c u rac y  

A c t u al  
d at a 

Tru e  
p o s i t i v e  
rat e  

0.46  0.94 
  

0.7 15  

 
F r o m t h e mat r ix  it  r esult s t h at  t h e r esult s o f t h e r esear ch  ar e 

r easo nable, because accur acy o f t h e mo st  imp o r t ant  fo r  end effect  
p o sit iv e co nt r o l r esult s eq uals 8 7 ,2 %, and o v er all accur acy is 
7 1 ,5 %, wh ich  ar e r easo nable g o o d r esult s. 
 
5. S o f t w a r e  s o l u t i o n  
 

F o r  t h e t ask so lut io n t h e so ft war e p ackag e in t h e fo r m o f 
p ackag e bo dy o f O r acle P L / S Q L  and S Q L  lang uag es wit h  t h e use 
o f int er mediat e o bj ect s o n t h e basis o f o r acle co llect io n and t ables 
[ 9 ]  was dev elo p ed and used. Th e p ackag e co mp ut es 
ap p r o x imat io ns, dep endency co efficient s, sig nificance o f 
at t r ibut es as well as det er minist ic and no n-det er minist ic decisio n 
t able. I t  wo r ks fo r  O r acle 1 0 g  and abo v e, also  o n fr eely av ailable 
O r acle 1 0 g  E x p r ess E dit io n. 
 
6 . C o n c l u s i o n  
 

Th e co mp ut at io n o f r ule set s based o n r o ug h  set s t h eo r y, 
imp lement ed fo r  O r acle dat abases can be used wit h  g o o d accur acy 
r esult s fo r  t h e t ask o f t ax  p ayer s classificat io n. I t  allo ws t o  p o int  
o ut  t h e g r o up  o f t ax  p ayer , caused p o t ent ial p r o blems wit h  
o beying  o f t ax  law. F r o m t h e r ules descr ibed in t h e fo r m o f 
decisio n t able r esult s a fast  and effect iv e met h o d fo r  cr eat ing  r ules 
in t h e fo r m I F  .. TH E N . N ex t  t h e r ules can be wr it t en in t h e 
ling uist ic fo r m. Th is fo r m is easy t o  int er p r et at io n fo r  t ax  cler ks. 
Th r o ug h  t h e p r esent ed so lut io n t h e t ax p ayer s ch o ice fo r  t h e 
t ax at io n co nt r o l beco mes mo r e accur at e, wh at  incr eases 
effect iv eness o f enfo r cing  t ax  law. 
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