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A b s t r a c t  
 

T h i e  p ap e r  p r e s e n t s  an  at t e m p t  t o  c r e at e  an  ap p l i c at i o n  e n ab l i n g  t h e  u s e r  t o  
s u r f  m u c h  e as i e r  t h e  r e s o u r c e s  o f  t h e  I n t e r n e t  w i t h  t h e  h e l p  o f  v o i c e  
c o m m an d s ,  as  w e l l  as  t o  c l as s i f y  an d  ar r an g e  t h e  b r o w s e d  i n f o r m at i o n . 
T h e  ap p l i c at i o n  h as  t w o  b as i c  m o d u l e s  w h i c h  e n ab l e  b r o w s i n g  t h e  
i n f o r m at i o n  o n  t h e  I n t e r n e t . T h e  f i r s t  n av i g at i o n  m o d u l e  p r o c e s s e s  
w e b s i t e s ,  i s o l at e s  n av i g at i o n  e l e m e n t s  ,  s u c h  as  l i n k s  t o  o t h e r  w e b s i t e s ,  
f r o m  t h e m  an d  g i v e s  an  i d e n t i f i c at i o n  n am e  t o  t h e  e l e m e n t s ,  w h i c h  e n ab l e s  
t h e  u s e r  t o  p r o n o u n c e  v o i c e  c o m m an d s . T h e  w e b s i t e  i s  p r e s e n t e d  t o  t h e  
u s e r  i n  a p r ac t i c al l y  o r i g i n al  f o r m . T h e  s e c o n d  m o d u l e  al s o  p r o c e s s e s  
w e b s i t e s ,  i s o l at i n g  n av i g at i o n  e l e m e n t s  f r o m  t h e m . T h e  o n l y  d i f f e r e n c e  i n  
o p e r at i o n  o f  t h e  b o t h  m o d u l e s  i s  t h e  m o d e  o f  p r o c e s s i n g  t h e  w e b s i t e  an d  
i t s  f i n al  p r e s e n t at i o n . T h e  s e c o n d  m o d u l e  i s o l at e s  f r o m  t h e  e l e m e n t s  
v o c ab u l ar y ,  w h i c h  m ak e s  i t  p o s s i b l e  t o  c l as s i f y  t h e  i n f o r m at i o n  i n c l u d e d  i n  
t h e  w e b s i t e ,  t h i s  w ay  ac q u i r i n g  an d  d i s p l ay i n g ,  an  o r d e r e d  s e t  o f  
n av i g at i o n  e l e m e n t s . T h e  ap p l i c at i o n  w as  i m p l e m e n t e d  i n  J av a l an g u ag e  
w i t h  t h e  u s e  o f  O r ac l e  s o f t w ar e . F o r  t h e  s y s t e m  o f  r e c o g n i t i o n  an d  
u n d e r s t an d i n g  o f  s p e e c h   t h e  S p h i n x  4  t o o l  w as  u s e d  [ 1 ] . 
 
K e y w o r d s :  s p e e c h  r e c o g n i t i o n ,  t e x t  c l as s i f i c at i o n ,  i n f o r m at i o n  r e t r i e v al . 
 
Ap l i k ac j a u m o ż l i w i aj ą c a naw i g ac j ę   
w  Int ernec i e za p o m o c ą  p o l ec eń  m o w y  

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

 
W  t e j  p r ac y  p r z e d s t aw i o n o  p r ó b ę  s t w o r z e n i a ap l i k ac j i  u m o ż l i w i aj ą c e j   
s w o b o d n i e j s z ą  n aw i g ac j ę  u ż y t k o w n i k a w ś r ó d  z as o b ó w  I n t e r n e t u  z a 
p o m o c ą  p o l e c e ń  m o w y ,  k l as y f i k ac j ę  o r az  u p o r z ą d k o w an i e  p r z e g l ą d an e j  
i n f o r m ac j i . A p l i k ac j a  p o s i ad a d w a z as ad n i c z e  m o d u ł y ,  p r z y  p o m o c y  
k t ó r y c h  m o ż l i w e  j e s t  p r z e g l ą d an i e  i n f o r m ac j i  w  I n t e r n e c i e . Pi e r w s z y  
m o d u ł  n aw i g ac j i ,  p r z e t w ar z a s t r o n y  i n t e r n e t o w e ,  w y o d r ę b n i a z  n i c h  
e l e m e n t y  n aw i g ac y j n e  t ak i e  j ak  o d n o ś n i k i  d o  i n n y c h  s t r o n ,  o r az  n ad aj e  
e l e m e n t o m  i d e n t y f i k ac y j n ą  n az w ę ,  d z i ę k i  k t ó r e j  u ż y t k o w n i k  m o ż e  
w y d aw ać  s ł o w n e  p o l e c e n i a. S t r o n a i n t e r n e t o w a w y ś w i e t l o n a z o s t aj e  
u ż y t k o w n i k o w i  w  n i e m al ż e  o r y g i n al n e j  p o s t ac i . D r u g i  m o d u ł  r ó w n i e ż  
p r z e t w ar z a s t r o n y  i n t e r n e t o w e ,  w y o d r ę b n i aj ą c  z  n i c h  e l e m e n t y  
n aw i g ac y j n e . J e d y n ą  r ó ż n i c ą  w  d z i ał an i u  o b u  m o d u ł ó w  j e s t  s p o s ó b  
p r z e t w ar z an i a s t r o n y  i  o s t at e c z n e j  j e j  r e p r e z e n t ac j i . D r u g i  m o d u ł  
w y o d r ę b n i a z  e l e m e n t ó w  s ł o w n i c t w o ,  d z i ę k i  k t ó r e m u  m o ż e m y  
s k l as y f i k o w ać  i n f o r m ac j ę  z n aj d u j ą c ą  s i ę  n a s t r o n i e ,  u z y s k u j ą c   
i  w y ś w i e t l aj ą c  w  t e n  s p o s ó b  u p o r z ą d k o w an y  z b i ó r  e l e m e n t ó w  
n aw i g ac y j n y c h . A p l i k ac j a z ai m p l e m e n t o w an a z o s t ał a w  j ę z y k u  J av a  
z  w y k o r z y s t an i e m  o p r o g r am o w an i a O r ac l e . W  p r z y p ad k u  s y s t e m u  
r o z p o z n aw an i a m o w y  z as t o s o w an o  n ar z ę d z i e  S p h i n x -4  [ 1 ] . 
 
S ł o w a  k l u c z o w e :  r o z p o z n aw an i e  m o w y ,  k l as y f i k ac j a t e k s t u ,  p r z e g l ą d an i e  
i n f o r m ac j i . 
 
1 .  Int ro d u c t i o n 
 

Th e  pa pe r pre se nt s a n a ppl ica t io n b y m e a ns o f  w h ich  t h e  use r 
ca n b ro w se  t h ro ug h  t h e  I nt e rne t  using  v o ice  co m m a nd s.  Th e  
a ppl ica t io n pre se nt e d  e na b l e s co nt ro l l ing  a  b ro w se r b y v o ice   
co m m a nd s, a s w e l l  a s w it h  t h e  use  o f  a  ke yb o a rd  o r m o use .  
D e sig n o f  a ppl ica t io ns t h a t  suppo rt  v o ice  co m m a nd s is b e co m ing  

m o re  a nd  m o re  im po rt a nt .  I t  is ca use d  b y t h e  a ppe a ra nce  o f  b e t t e r 
a nd  b e t t e r syst e m s o f  re co g niz ing   h um a n spe e ch .   

Tw o  t e ch niq ue s a re  use d  f o r l o o king  t h ro ug h  t h e  I nt e rne t  
re so urce s.  F irst  o f  t h e m  is so -ca l l e d  b ro w sing  – f o l l o w ing  I nt e rne t  
l inks.  Th e  se co nd  w a y is so -ca l l e d  q ue rying  – usa g e  o f  I nt e rne t  
b ro w se rs [ 3 ] .  Th e  cre a t e d  na v ig a t io n m o d ul e  use s t h e  f irst  w a y o f  
b ro w sing  t h ro ug h  t h e  re so urce s, f o l l o w ing  t h e  na v ig a t io n 
e l e m e nt s, m a d e  a v a il a b l e  b y v a rio us I nt e rne t  re so urce s.   

Th e  co nt e m po ra ry I nt e rne t  po rt a l s a re  co m pl e x .  O f t e n, t h e   
inf o rm a t io n pre se nt e d  is no t  o rd e re d .  Ta king  t h e se  f a ct s int o  
co nsid e ra t io n, t h e  a ppl ica t io n w a s e q uippe d  w it h  a  m o d ul e   
cl a ssif ying  na v ig a t io n e l e m e nt s.  Th e  cl a ssif ica t io n a im s a t  
a cce l e ra t ing  t h e  pro ce ss o f  o b t a ining  t h e  d e sire d  inf o rm a t io n.  Th e  
ne x t  se ct io ns o f  t h e  pa pe r co nt a in d e t a il e d  inf o rm a t io n o n t h e  
a ppl ica t io n.  M o t iv a t io n f o r cre a t ing  t h e  a ppl ica t io n is pre se nt e d  in 
S e ct io n 2 .  S e ct io n 3  d e scrib e s t h e  a rch it e ct ure  a nd  f unct io ning  o f  
t h e  a ppl ica t io n.  Th e  re sul t s a re  g iv e n in S e ct io n 5 , w h il e  S e ct io n 6  
pre se nt s t h e  co ncl ud ing  re m a rks.   

 
2 .  Mo t i v at i o n 
 

Th e  m a in f a ct o r f o r cre a t ing  t h e  a ppl ica t io n w a s t h e  a m a z ing l y 
ra pid  d e v e l o pm e nt  o f  t h e  I nt e rne t .  Th e  I nt e rne t  is a  uniq ue  
inf o rm a t io n re so urce  f o r ind iv id ua l  use rs, co m pa nie s a nd  
inst it ut io ns.  A n I nt e rne t  b ro w se r is a n a b so l ut e  m inim um  f o r 
l o o king  t h ro ug h  t h e  I nt e rne t  re so urce s.  Th e re  a re  num e ro us 
a ppl ica t io ns a v a il a b l e  t h a t  e na b l e  us t o  surf  t h e  I nt e rne t .  M o st  o f  
t h e m  a re  co nt ro l l e d  b y m e a ns o f  a  ke yb o a rd  a nd  m o use .  Th e  
e nv iro nm e nt  o f  such  a ppl ica t io ns is f rie nd l y o nl y f o r a  pa rt icul a r 
g ro up o f  use rs.  

M o re  a nd  m o re  d e sig ne rs o f  open source a ppl ica t io ns use  t h e  
m e ch a nism s o f  re co g niz ing  spe e ch  [ 4 , 5 ] .  Th e  o pe ra t io n o f  such  
a ppl ica t io ns incl ud e s m o st l y cre a t ing  e d it o rs o f  d o cum e nt s.   

Th e  a ppl ica t io ns e q uippe d  w it h  a  m o d ul e  o f  re co g niz ing  h um a n 
spe e ch  a re  ca l l e d  user-f riend l y  a ppl ica t ions .  O f  co urse  it  d o e s no t  
o nl y co nce rn t h e  use rs, w h o  t o  so m e  e x t e nd  h a v e  pro b l e m s using  
t h e  ke yb o a rd .  U sing  t h e  ke yb o a rd  a nd  l ist e ning  t o  t h e  co m m a nd s 
f ro m  t h e  m icro ph o ne  a t  t h e  sa m e  t im e , since  such  a  w a y o f  
w o rking  is po ssib l e , m a y h e l p t o  pe rf o rm  so m e  t a sks f a st e r.  

E a ch  pro j e ct  o f  a ppl ica t io n m ust  f ul f il l  so m e  re q uire m e nt s.  A s 
f a r a s t h is a ppl ica t io n is co nce rne d , t h e  q ua l it y o f  re co g niz ing  a nd  
und e rst a nd ing  h um a n spe e ch , a s w e l l  a s t h e  co nst ra int s co nne ct e d  
w it h  re co g nit io n, a re  o f  h ig h  im po rt a nce .   

Th e re  ca n b e  d ist ing uish e d  t h e  suppo rt  o f  t h e  sig nif ica nt  
m a j o rit y o f  t h e  E ng l ish  l a ng ua g e  ph o ne m e s.  I t  sh o ul d  b e  no t e d  
t h a t  in so m e  ca se s o f  pa rt icul a r a ct io ns co nne ct e d  w it h  v o ice  
co m m a nd s o f  t h e  use r, t h e  t ra ining  o f  re ce pt io n a nd  t h e  a b il it y t o  
co o pe ra t e  w it h  pa cke t s o f  pro g ra m s a nd  t h e  o pe ra t io na l  syst e m  a re  
e sse nt ia l .  S o , t h e  ne x t  m o t iv a t ing  f a ct o r w a s t h e  a t t e m pt  t o  m e e t  
t h e  re q uire m e nt s m a d e  f o r t h is t ype  o f  a ppl ica t io ns.  
 
3 .  Ap p l i c at i o n – arc h i t ec t u re and  f u nc t i o ni ng  
 

Th e  f unct io ning  o f  t h e  a ppl ica t io n, i. e .  t h e  w a y in w h ich  t h e  
pa rt icul a r m o d ul e s e x ch a ng e  inf o rm a t io n, is il l ust ra t e d  in F ig .  1 .  

Co m m a nd s pro no unce d  b y t h e  use r t o  t h e  m icro ph o ne  a re  
t ra nsf e rre d  t o  t h e  spe e ch  re co g nit io n m o d ul e , S ph inx -4 .  I t  
re co g niz e s t h e  co m m a nd s suppo rt e d  b y t h e  a ppl ica t io n a nd  se nd s 
t h e m  t o  t h e  na v ig a t io n m o d ul e  w h ich  f ul f il l s t h e  t a sk a nd  se nd s 
t h e  re sul t s t o  t h e  use r.  Th e  spe e ch  re co g nit io n m o d ul e  is re a d y t o  
l ist e n t o  ne x t  co m m a nd s o f  t h e  use r.  

Th e  a ppl ica t io n a rch it e ct ure  is pre se nt e d  in F ig .  2 .   I n t h e  d e sig n 
o f  a rch it e ct ure , t h e  pa t t e rn o f  co m m a nd  w a s v e ry h e l pf ul .  Th e  
f e a t ure  o f  t h is pa t t e rn is se nd ing  co m m a nd s t o  t h e  o b j e ct s o f  
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commands. The objects of commands use methods of the receiv ers 
of commands to answ er the command. 

 
 

  
F i g .  1 .    I n f o r m a t i o n  e x c h a n g e  b e t w e e n  m o d u l e s  
R y s .  1 .   S p o s ó b  w y m i a n y  i n f o r m a c j i  m i ę d z y  m o d u ł a m i  

 
The ap p lication w as imp lemented in the J av a lang uag e,  

therefore the architecture p resented in F ig ure 2  is a facilitated 
diag ram of classes. A ll the elements of the diag ram w ere made by  
the author. The diag ram does not include the architecture of the  
sp eech recog nition sy stem S p hinx -4 .  

M ore information related to this sy stem architecture can be 
found in [ 1 ] . 

 
 

  
F i g .  2 .   A p p l i c a t i o n  a r c h i t e c t u r e   
R y s .  2 .   A r c h i t e k t u r a  a p l i k a c j i  

 
The ap p lication architecture consists of three basic p arts:  

• P art one – the module resp onsible for listening  to the commands 
of the user. I n order to recog niz e sp eech p rop erly ,  this p art of 
ap p lication emp loy s the sy stem S p hinx -4 . 

• P art tw o –  the activ ating  object,  stores the objects of the 
command and,  in a p rop er moment it manag es them in order to 
carry  out p articular commands of the user. 

• P art three – the receiv ers,  ex ecutors of commands. The objects 
of commands form a bound betw een op erations and the 
ex ecutors of commands. The calling  object sets a command to 
be carried out by  calling  a p rop er method of the object of 
command. The object of command carries out the command by  
calling  p rop er methods of the receiv er. 
The main task  of the ap p lication is to launch p articular actions,  

connected w ith the commands p ronounced by  the user. The 
module of command recog nition  listens to the w ords p ronounced 
by  the user to the microp hone,  nex t,  hav ing  recog niz ed p articular 
commands defined in the ap p lication it tak es p articular actions. 

The main object of p art one is MyBrowserBahaviour. This object 
defines p articular objects of commands and receiv ers of 
commands. I t uses the C al l O b j ec t  to call the corresp onding  objects 
of commands in order to fulfill the task  req uired by  the user. 

The commands of the user that the ap p lication can fulfill w ith 
the help  of its receiv ers,  according  to the abov e architecture are:  
• G o t o p ag e { g ot o_ p ag e}  – mov ing  to the mode of brow sing  

throug h the I nternet resources. 
• My l in k s { m y_ l in k s}  – the command causes the user’ s fav ourite 

link s to ap p ear in the nav ig ator.  
• O n e – F ive hun dred  – numerals by  means of w hich the 

w ebsites corresp onding  to nav ig ation elements in the brow ser 
can be op ened. 

• S et  n um b ers { set _ n um b ers}  –  disp lay ing  the nav ig ation 
elements sing led out on the w ebsite in the nav ig ator 

• Mak e c l assif ic at ion  { m ak e_ c l assif ic at ion }  – disp lay ing  in the 
brow ser the sing led out and then arrang ed nav ig ation elements.  

• Bac k  { b ac k }  – disp lay ing  the last w atched site in the brow ser. 
The command corresp onds to the command b ac k  of any  
I nternet brow ser. 

• F orward { f orward}  - disp lay ing  the nex t site in the brow ser. 
D ue to the av ailability  of this ap p lication for most users and 

lack  of uniq ue names identify ing  nav ig ation elements,  it w as 
assumed that p articular nav ig ation elements p laced on the 
currently  disp lay ed site w ould  be defined by  means of numerals. 
E ach site has a nav ig ation map  consisting  of numerals and 
addresses corresp onding  to them. 

A  C all O bject,  after recog niz ing  a p articular command by  the 
module of sp eech recog nition,  disp lay s a p articular object of  
a command to fulfill the command defined by  the user. The object 
of the command fulfills the command by  calling  the p rop er 
methods of the receiv er. A ccording  to the ap p lication architecture  
the follow ing  objects of command corresp ond to v oice commands:  
• C om m an dMyL in k s – command m y l in k s. The command calls 

the methods of the object W eb H yp erL in k s to read nav ig ation 
elements. N ex t,  w ith the use of the method of object,  the 
N avig at or disp lay s the elements read in the nav ig ator. 

• C om m an dS et N um b ers – command set  n um b ers. The command 
calls p rop er methods of the object Modul e1 ,  Browser ,  
N avig at or to read the contents of the I nternet brow ser,  identify  
nav ig ation elements,  build a nav ig ation map  and disp lay  the 
numbers and addresses in the nav ig ator.  

• C om m an dMak eC l assif ic at ion  – command m ak e c l assif ic at ion . 
The command sing les out nav ig ation elements from the w ebsite 
by  means of the methods of the objects Browser and Modul e2 ,  
classifies the elements and disp lay s the ordered nav ig ation 
elements in the I nternet brow ser.  

• C om m an dD isp l ayU rl I n Browser – command for numerals. The 
command uses the object Browser to follow  I nternet addresses 
corresp onding  to numerals,  disp lay ing  w ebsites that are p laced 
at the p articular address in the brow ser.   

• C om m an dBac k U rl  – command b ac k . The command uses the 
object Browser to disp lay  the p rev ious site disp lay ed by  the user.  

• C om m an dF orwardU rl  – command f orward.  The command by  
means of the object Browser disp lay s the nex t site.   
C ommands p erformed by  the receiv ers of commands. The 

defined receiv ers according  to the ap p lication architecture  are:  
• Browser – the most imp ortant object – I nternet brow ser. 

M ethods made av ailable by  the I nternet brow ser serv e for 
disp lay ing  and brow sing  throug h the resources of the I nternet. 

• N avig at or - g rap hic nav ig ation p anel – it has a g rap hic p anel 
similar to the brow ser,  serv ing  first of all to disp lay  nav ig ation 
elements and numerals corresp onding  to them,  achiev ed by  the 
command set  n um b ers. I t consists of tw o tabs. The first tab 
disp lay s the fav ourite link s of the user,  w hile the second – 
nav ig ation elements of the site. 

• Modul e [ 1 ,  2 ]  – nav ig ation modules. The first module reads the 
contents of the w ebsite,  it sing les out nav ig ation elements and 
builds a map  of internet addresses,  w hich enables the user to 
brow se throug h the resources of the I nternet by  p ronouncing  
p articular numerals. The second module also reads the content of 
the w ebsite and sing les out nav ig ation elements. U nlik e the first 
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one, it singles out key words from nav igation elements and th en it 
c lassifies th e elements into th eir c orresponding key words.  Th is 
way, th e sec ond results in a seq uenc e of nav igation elements.  

• WebHyperLinks – an obj ec t responsible for reading and sav ing to 
a file th e nav igation elements defined as often used by th e user.  

 
 

  
F i g .  3 .   A  f r a g m e n t  o f  N a v i g a t o r   
R y s .  3 .   F r a g m e n t  n a w i g a t o r a  
 

Th e applic ation enables th e user to browse th rough  websites in 
two ways:  displaying th e website in its natural form or displaying 
it with  ordered nav igation elements.  Th e browser prov ides 
approx imate options, present in ev ery I nternet browser.  
 
4. I m p l e m e n t a t i o n  
 

Th e applic ation was implemented in th e programmers’  language 
J av a with  th e use of O rac le J D ev eloper software.  S ph inx 4  software 
was used [ 1 ]  with  th e module of speec h  rec ognition.   

F ro nt -end  of th e applic ation is presented in F igure 4 .  I t c onsists 
of an I nternet browser and  nav igator.  Th e browser displays th e 
website in its original form.  I f th e user c h ooses th e mode of 
c lassific ation of nav igation elements, th en instead of th e original 
website, th e ordered nav igation elements will be displayed.  Th e 
nav igator will display th e nav igation elements of th e original 
website.  

 
 

  
F i g .  4 .   A  B r o w s e r  w i t h  N a v i g a t o r  
R y s .  4 .   P r z e g l ą d a r k a  z  n a w i g a t o r e m   

 
Th e applic ation was implemented in suc h  a way th at it allows at 

th e same time nav igation by means of v oic e c ommands as well as 
a keyboard and mouse.  To display th e c ontent of a giv en I nternet 
address in th e browser, th e user sh ould read th e number plac ed in 
th e nav igator’ s toolbar.  A fter displaying th e website, in order to 
browse th rough  its c ontents, th e user sh ould use th e c ommand 
S E T N U M B E R S .   

Th e displayed ordered set of nav igation elements is obtained by 
pronounc ing th e c ommand M A K E  C L A S S I F I C A TI O N .  Th e 
nav igator c onsists of two tabs:  tab1  and tab2 .  I n order to mov e to 
th e first tab, th e user sh ould pronounc e th e c ommand M Y  L I N K S .     

Th e user may use a c asual browser av ailable for h is operational 
system.  Th e adv antage of th e system S ph inx -4  is th e ability to 
work on many system platforms.  

 

5 . R e s u l t s  
 

Th e applic ation performs th e basic  task of I nternet nav igation, 
i. e.  it enables th e user to browse th rough  th e I nternet resourc es  by 
means both  of v oic e c ommands and a keyboard and mouse.  Th e 
applic ation may be eq uipped with  more c ommands bec ause it h as 
at its disposal a v ery good module of rec ogniz ing speec h .  S ph inx 4  
it able to rec ogniz e speec h  with out any prev ious training 
c onduc ted by th e user.  

Th e applic ation c ooperates with  th e operational system.  
W ebsites may be v iewed in th e system browser of th e user.  Th e 
c ooperation with  th e operational system, with  th e use of th e 
browser supplied togeth er with  th e operational system was tested 
on th e basis of th e platform of W indows X P  P rofessional.  

Th e c lassific ation module is rec ommended wh en th e site is so 
h uge th at finding a partic ular information takes a long time.  
A rranging elements on th e website inc reases th e possibility of  
finding partic ular information wh en th e user is performing  
a different task at th e same time.  
 
6 . C o n c l u d i n g  r e m a r k s  
 

Th e paper presents a model of applic ation, wh ic h  makes it 
possible to nav igate th rough  th e I nternet with  th e use of v oic e 
c ommands.  A n I nternet browser is not only c ontrolled by v oic e 
c ommands, but also by a keyboard and mouse.   

 A pplic ations c ontrolled by means of v oic e c ommands are more  
av ailable and friendly to th e maj ority of users.  

Th e earlier attempts of v oic e nav igation resulted in rec eiv ing  
a wide range of users’  ex perienc es during th e work with  suc h   
a system.  Th e inc rease in th e utility and better understanding of 
th e demands of th e users is nec essary for  formulating  
assumptions, working out alternativ e designs and, in general, for  
a more profound understanding of th e problem and its possible 
solutions.  Th e adv antages of suc h  an approac h  are:  faster 
c ompleting th e work on  th e system and inv olv ing th e user into th e 
c onstruc tion of th e system.  
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