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ABSTRACT
8(6C+&+",6D -): &("%;D'2>""&+,A 2"D%&+",2 6(' ('6*&+1'/ ('E
D3+,A #6+,D3 ", *%2&"#'(2 &" ('$"(& $(";D'#2/ 6,C &',C &"
;' D6;"(E+,&',2+1'/ &+#' *",2%#+,A/ $(",' &" +,*"(('*& ('2E
"D%&+",2 6,C "1'(6DD *6, *",&(+;%&' &" +,*('62'C *%2&"#'(
C+226&+246*&+",. F, &>+2 $6$'(/ G' $("$"2' 6 proactive 6$E
$("6*> &" 46*+D+&6&' &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2
6,C ('C%*+,A *%2&"#'( &+*H'&2. I%( 232&'# *",2+2&2 "4J +K 6
ticket predictor G>+*> $('C+*&2 4%&%(' *%2&"#'( &+*H'&2L 6,C
++K 6 trouble locator G>+*> >'D$2 &'*>,+*+6,2 6**'D'(6&' &>'
&("%;D'2>""&+,A $("*'22 C%(+,A 4 'DC C+2$6&*>'2. M"&> *"#E
$",',&2 +,4'( 4%&%(' &+*H'&2 6,C &("%;D' D"*6&+",2 ;62'C ",
'N+2&+,A 2$6(2' D+,' #'62%('#',&2/ 6,C &>' +,4'(',*' #"CE
'D2 6(' *",2&(%*&'C 6%&"#6&+*6DD3 %2+,A 2%$'(1+2'C #6*>+,'
D'6(,+,A &'*>,+O%'2. P' $("$"2' 2'1'(6D ,"1'D &'*>,+O%'2 &"
6CC('22 &>' "$'(6&+",6D *",2&(6+,&2 +, -): ,'&G"(H2 6,C &"
',>6,*' &>' 6**%(6*3 "4 QRSR=5FQ-. RN&',2+1' '16D%6E
&+",2 %2+,A 6, ',&+(' 3'6( G"(&> "4 *%2&"#'( &+*H'&2 6,C #'6E
2%('#',& C6&6 4("# 6 D6(A' ,'&G"(H 2>"G &>6& "%( #'&>"C
*6, $('C+*& &>"%26,C2 "4 4%&%(' *%2&"#'( &+*H'&2 $'( G''H
G+&> >+A> 6**%(6*3 6,C 2+A,+4 *6,&D3 ('C%*' &>' &+#' 6,C '4E
4"(& 4"( C+6A,"2+,A &>'2' &+*H'&2. 8>+2 +2 ;','4 *+6D 62 +& >62
&>' '44'*& "4 ;"&> ('C%*+,A &>' ,%#;'( "4 *%2&"#'( *6(' *6DD2
6,C +#$("1+,A *%2&"#'( 26&+246*&+",.

1. INTRODUCTION
-+A+&6D 2%;2*(+;'( D+,' T-):K +2 6 H'3 &'*>,"D"A3 &>6& ;(+,A2

&>' F,&'(,'& &" "%( >"#'2 &>("%A> C'C+*6&'C *"$$'( D+,'2 1+6
&>' D"*6D &'D'$>",' ,'&G"(H. U+1', &>' +#$"(&6,*' "4 &>' F,E
&'(,'& &" "%( C6+D3 D+4'/ G' G6,& 6,C 'N$'*& >+A>E('D+6;+D+&3
6,C >+A>EO%6D+&3 -): ,'&G"(H 2'(1+*'. 0,4"(&%,6&'D3/ -):
2'(1+*' $(";D'#2 *6, 6,C C" "**%(. 5"2& 2%*> $(";D'#2 "*E
*%( 6& &>' ,'&G"(H 'CA' ;'3",C &>' -): 7**'22 5%D&+$D'N'(

V'(#+22+", &" #6H' C+A+&6D "( >6(C *"$+'2 "4 6DD "( $6(& "4 &>+2 G"(H 4"(
$'(2",6D "( *D622(""# %2' +2 A(6,&'C G+&>"%& 4'' $("1+C'C &>6& *"$+'2 6('
,"& #6C' "( C+2&(+;%&'C 4"( $("4 & "( *"##'(*+6D 6C16,&6A' 6,C &>6& *"$+'2
;'6( &>+2 ,"&+*' 6,C &>' 4%DD *+&6&+", ", &>' 4 (2& $6A'. 8" *"$3 "&>'(G+2'/ &"
('$%;D+2>/ &" $"2& ", 2'(1'(2 "( &" ('C+2&(+;%&' &" D+2&2/ ('O%+('2 $(+"( 2$'*+4 *
$'(#+22+", 6,CW"( 6 4''.
7!5 !"QRX8 YZ[Z/ Q"1'#;'( \Z < -'*'#;'( \ YZ[Z/ V>+D6C'D$>+6/
0)7.
!"$3(+A>& YZ[Z 7!5 [E]^Z\EZ]]_E[W[ZW[[ ...`[Z.ZZ.

T-):75/ 2'' )'*&+", Y 4"( &>' 6(*>+&'*&%(' "4 -): ,'&E
G"(H2K C"G, &" 6,C +,*D%C+,A *%2&"#'( $('#+2'2 G+(+,A 6,C
>"#' 'O%+$#',& +22%'2/ G>+*> G' ('4'( &" 62 customer edge
problems +, &>+2 $6$'(. P>', ',*"%,&'(+,A 2%*> 6 $(";D'#/
A'&&+,A +& C+6A,"2'C 6,C ('2"D1'C *6, ;' 6 4(%2&(6&+,A 'N$'E
(+',*' 4"( ;"&> 2'(1+*' $("1+C'(2 6,C *%2&"#'(2.
8>' 2&6&'E"4E&>'E6(& "$'(6&+",6D 6$$("6*>'2 4"( C'&'*&+,A

6,C &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2 %&+D+@'C ;3 -):
2'(1+*' $("1+C'(2 6(' #6+,D3 reactive +, ,6&%('. !%2&"#'(
6A',&2 G6+& 4"( 6 2%;2*(+;'( &" ('$"(& 6,3 $(";D'# ',*"%,E
&'('C 6,C %2' C"#6+, H,"GD'CA' &" #6&*> &>' 23#$&"#2 C'E
2*(+;'C ;3 &>' *%2&"#'( &" C'&'(#+,' +4 6 &'*>,+*6D $(";D'#
"**%(2 6& &>' *%2&"#'( 'CA'. F, "(C'( &" D"*6&' &>' ,'&G"(H
'D'#',& *6%2+,A &>' $(";D'#/ 6 C+2$6&*> +2 "4&', 2*>'C%D'C
6,C 6 4 'DC &'*>,+*+6, (%,2 6 &(%*H ("DD/ A"+,A $>32+*6DD3 &"
6 *%2&"#'(a2 >"#' 6,CW"( "&>'( D"*6&+",2/ 6,C *>'*H+,A C'E
1+*'2 ",' ;3 ",' %2+,A 16(+"%2 &""D2 6,C &'2&+,A C'1+*'2 %,&+D
&>' $(";D'# +2 4 ,6DD3 2"D1'C.
Q"& ",D3 +2 2%*> 6 ('6*&+1' $("*'22 &+#'E*",2%#+,A 6,C

D6;"(E+,&',2+1' 4("# &>' F)V 2+C'/ +& 6D2" C+#+,+2>'2 &>' 'NE
$'(+',*' 4"( &>' *%2&"#'(. P>', 6 *%2&"#'( *6DD2 &>' &'*>E
,+*6D >'D$ D+,'/ 2>' +2 %2%6DD3 62H'C &" A" &>("%A> 6 2'(+'2 "4
("%&+,' C+6A,"2+2 2&'$2 2%*> 62 ('#"1+,A 6DD 4 D&'(2/ (';""&+,A
&>' -): #"C'#/ C'2H&"$/ '&*. )%*> 6, +,&'(1+'G 2'(1'2 62 6
$('D+#+,6(3 &" +C',&+43+,A &>' (""& "4 &>' $(";D'#. b"G'1'(/
&>+2 +,&'(1+'G 6& &+#'2 #63 ,"& ;' 2%**'224%D 6,C &>' *%2E
&"#'( G+DD &>', ;' 62H'C &" 2*>'C%D' G+&> 4 'DC &'*>,+*+6,2 6
$>32+*6D C+2$6&*> &" &>' *%2&"#'( $('#+2'2 4"( &>' $(";D'#
&" ;' C'&'*&'C 6,C ('2"D1'C. F& #63 &6H' ",' "( #"(' C632
TC%' &" $>32+*6D 2*>'C%D+,A "4 $'"$D' 6,C 'O%+$#',&K %,&+D
&>' ,'&G"(H +2 ;6*H &" ,"(#6D. 7 D',A&>3 ('2"D%&+", *6, D'6C
&" *%2&"#'( C+226&+246*&+", 6,C %D&+#6&'D3 D'6C &" *>%(,/ +.'./
*%2&"#'(2 &'(#+,6&+,A &>'+( *",&(6*&2.
F,2&'6C "4 ('D3+,A ", 6 ('6*&+1' 2"D%&+",/ can we trou-

bleshoot customer edge problems more proactively and with
substantially greater ef!ciency? 8>+2 +2 &>' *',&(6D *>6DD',A'
G>+*> &>+2 $6$'( 6&&'#$&2 &" 6CC('22. P' G"%DC ,''C &"
+C',&+43 *%2&"#'( 'CA' $(";D'#2 6,C 4 N &>'# O%+*HD3 ;'E
4"(' &>' *%2&"#'(2 *"#$D6+, 6;"%& &>'# "( '1', ('6D+@' &>'
'N+2&',*' "4 &>'2' $(";D'#2. F4 2%**'224%D/ G' *6, &>'(';3
('C%*' &>' ,%#;'( "4 &("%;D' &+*H'&2/ 6*>+'1' 462&'( ('2"D%E
&+",2 6,C $"&',&+6DD3 ('C%*' *>%(,. I%( A"6D +2 &" C'1'D"$



&'*>,+O%'2 &>6& G"(H G+&>+, &>' *",4 ,'2 "4 &>' 'N+2&+,A "$E
'(6&+",6D ',1+(",#',&/ %&+D+@' ",D3 'N+2&+,A +,4"(#6&+", +,E
4(62&(%*&%(' 6,C 6(' ,"& $('C+*6&'C ", 'N$',2+1' ,'G +,4(62E
&(%*&%(' +,1'2&#',&2. 7D&>"%A> &>'2' *",C+&+",2 +#$"2' *",E
2&(6+,&2/ &>'3 6(' 1+&6D 4"( ',2%(+,A &>' 2%**'224%D C'$D"3E
#',& 6,C 6C"$&+", "4 ('2%D&+,A &'*>,+O%'2 ;3 &>' "$'(6&"(2.
F, &>+2 $6$'(/ G' $("$"2' 6 ,"1'D pro-active 6$$("6*> <

('4'(('C &" 62 NEVERMIND < 4"( &("%;D'2>""&+,A *%2&"#'(
'CA' $(";D'#2. QRSR=5FQ- +2 C'2+A,'C G+&> &G" +,&'(E
('D6&'C A"6D2J +K &" C'&'*& $"&',&+6D *%2&"#'( 'CA' $(";D'#2
+, 6C16,*'/ "(/ 'O%+16D',&D3/ &" $('C+*& 4%&%(' *%2&"#'( &+*HE
'&2/ 6,C &>' "$'(6&"(2 *6, &>', ('2"D1' &>'# ;'4"(' *%2&"#'(2
*6DD &" *"#$D6+, "( '1', ;'4"(' &>'3 ('6D+@' &>' $(";D'#2L
6,C ++K &" 622+2& &'*>,+*+6,2 +, O%+*HD3 D"*6&+,A 6,C &("%E
;D'2>""&+,A $(";D'#2/ &>'(';3 2$''C+,A %$ &>' C+6A,"2+2 $("E
*'22. M"&> A"6D2 &6(A'& +#$("1+,A &>' *%2&"#'( 'N$'(+',*'
", &>' -): ,'&G"(H ;3 A('6&D3 ('C%*+,A &>' *%((',& D',A&>3
&("%;D'2>""&+,A $("*'22 "4 *%2&"#'( 'CA' $(";D'#2. !"(('E
2$",C+,AD3/ QRSR=5FQ- *",2+2&2 "4 &G" *"#$",',&2J 6
ticket predictor G>+*> C'&'*&2 $"&',&+6D *%2&"#'( 'CA' $(";E
D'#2 G>+*> #63 D'6C &" 4%&%(' *%2&"#'( &+*H'&2/ 6,C 6 trou-
ble locator G>+*> $(+"(+&+@'2 $"&',&+6D $(";D'# D"*6&+",2 &"
622+2& &'*>,+*+6,2 +, C+6A,"2+,A $(";D'#2.
8>' H'3 *>6DD',A'2 +, C'2+A,+,A QRSR=5FQ- D+' +, &>'

$(6*&+*6D "$'(6&+",6D *",2&(6+,&2. U+1', &>' *"#$D'N+&3 "4
-): ,'&G"(H2/ '2$'*+6DD3 6& &>' *%2&"#'( 'CA'2/ &>'(' 'N+2&
#6,3 passive 2+#$D' $>32+*6D *"#$",',&2 6& C+44'(',& D"*6E
&+",2 T+,2+C' 6 *%2&"#'(a2 >"#'/ &>' 2G+&*> ;"N "%&2+C' &>'
>"#'/ 6D",A &>' $>",' D+,' &" 2G+&*>+,A "44 *'/ '&*.K/ G>+*>
#63 *6%2' &>' $(";D'#. 8>'3 6(' C'C+*6&'C C'1+*'2 2$'*+4 *
&" 6 *%2&"#'( 6,C *6,,"& ;' ('#"&'D3 c$+,A'Cd "( O%'(+'C
4"( &>'+( 2&6&%2. 8>'('4"('/ +& +2 1'(3 C+44 *%D& &" ";&6+, 4 ,'
A(6+,'C 2&6&%2 #'62%('#',&2 4"( &>'2' C'1+*'2/ %,D'22 6 &'*>E
,+*+6, $>32+*6DD3 A"'2 &" &'2& &>'# ", 2+&'. 8>' D6*H "4
2%*> 4 ,' A(6+,'C C6&6 (',C'(2 #6,3 'N+2&+,A ,'&G"(H &("%E
;D'2>""&+,A #'&>"C2 $("$"2'C +, &>' D+&'(6&%('/ '.A./ e\<^/ f/
[Z/[Yg/ ," D",A'( 6$$D+*6;D'/ 62 #"2& "4 &>'# 6(' C'1'D"$'C
4"( 6*&+1' ,'&G"(H 'D'#',&2/ "( ('D3 ", *"(('D6&+",2 "4 16(+E
"%2 2&6&+2&+*2 *"DD'*&'C ", &>'2' 6*&+1' 'D'#',&2. F, *"#$6(E
+2",/ QRSR=5FQ- C"'2 ,"& ('O%+(' 4 ,'EA(6+,'C 6,C *",E
&+,%"%2 #'62%('#',&2. F,2&'6C/ +& %&+D+@'2 'N+2&+,A sparse
and noisy D+,' #'62%('#',&2 *"DD'*&'C G''HD3 6& 6 4 N'C D"E
*6&+", +, &>' -): ,'&G"(H T1+6 6 4'G ('#"&'D3 6**'22+;D'
C'1+*'2/ '.A./ -): #"C'#2 6,C -):752K/ G>+*> ('4 '*& &>'
aggregate status "4 6DD T$622+1'K C'1+*'2 6D",A '6*> +,C+1+CE
%6D C'C+*6&'C *"$$'( D+,'. )%*> D+,' #'62%('#',&2 *",&6+,
#'&(+*2 ('A6(C+,A $>32+*6D D63'( D+,' *",C+&+",2/ 2%*> 62 &>'
;+& (6&'/ &>' '2&+#6&'C D""$ D',A&> 6,C 2" ",. 5+,+,A 2%*>
2$6(2' 6,C ,"+23 C6&6 #6,%6DD3 +2 6 C6%,&+,A &62H. R#$D"3E
+,A 6C16,*'C #6*>+,' D'6(,+,A 6DA"(+&>#2/ QRSR=5FQ-
6%&"#6&+*6DD3 #+,'2 +,4'(',*' (%D'2 ;3 *"(('D6&+,A $'(+"C+*
D+,' #'62%('#',&2G+&> 'N+2&+,A *%2&"#'( &("%;D' &+*H'&2 G>+*>
*",&6+, C+6A,"2+2 $("1+C'C ;3 4 'DC &'*>,+*+6,2. 8>+2 ',6;D'2
QRSR=5FQ- &" +C',&+43 6**%(6&'D3 $"&',&+6D *%2&"#'( 'CA'
$(";D'#2 6,C 6**'D'(6&' &>' &("%;D'2>""&+,A $("*'22 '1',

G+&> 2%*> +#$'(4'*& #'62%('#',& C6&6.
:+#+&'C "$'(6&+",6D ('2"%(*'2 6(' 6,"&>'( H'3 46*&"( &>6&

644'*&2 &>' C'2+A, "4 QRSR=5FQ-. F, "(C'( &" 2'6#D'22D3
+,&'A(6&' QRSR=5FQ- +,&" &>' 'N+2&+,A -): &("%;D'2>""&E
+,A 6(*>+&'*&%('/ 6 >+A> $(+"(+&3 G"%DC ;' 622+A,'C &" *%2E
&"#'( ('$"(&'C $(";D'#2/ G+&> &>' ('#6+,+,A "$'(6&+",6D *6E
$6*+&3 %2'C ;3 QRSR=5FQ-. 8" #6H' ;'2& %2' "4 &>' ('E
#6+,+,A *6$6*+&3/ QRSR=5FQ- (6,H2 $('C+*&'C $(";D'#2
;3 &>'+( D+H'D+>""C "4 "**%((',*' 2" &>6& &>' "$'(6&"(2 G"%DC
4"*%2 ", &>' #"2& D+H'D3 *62'2. h"( &>+2 2&%C3/ G' *",2+C'(
&>' &"$ (6,H'C YZi $(";D'#2 $('C+*&'C ;3 QRSR=5FQ-.
F, "(C'( &" #6H' 6**%(6&' $('C+*&+",2/ +K G' C'1+2' 6 ,"1'D

top-N average precision based feature selection method &"
2'D'*& 6 *"#$6*& D+,' 4'6&%(' 2'&/ G>+*> ',6;D'2 &>' &+*H'&
$('C+*&"( &" 3+'DC >+A> 6**%(6*3 G+&>+, &>' *6$6*+&3 "4 &>'
"$'(6&+", ('2"%(*'2 G+&>"%& 26*(+4 *+,A &>' 2*6D6;+D+&3 "4 &>'
232&'#L 6,C ++K G' $%& 4"(&> 6 combined model G>+*> +,*"(E
$"(6&' &>' >+'(6(*>+*6D 2&(%*&%(' "4 &3$+*6D -): ,'&G"(H2.
8>+2 *"#;+,'C #"C'D *6, >'D$ &'*>,+*+6,2 '44 *+',&D3 D"*6&'
$(";D'#2 '1',G>', 6 $(";D'#",D3 "**%(2 (6('D3 +, &>' $62&.
P' '16D%6&' QRSR=5FQ- %2+,A D+,' #'62%('#',& C6&6/

*%2&"#'( &+*H'&2 6,C "&>'( C6&6 2"%(*'2 *"DD'*&'C 4("# 6 #6E
?"( -): ,'&G"(H +, &>' 0) +, YZZf. 8>+2 ,'&G"(H *",&6+,2
#+DD+",2 "4 2%;2*(+;'(2 6*("22 #6,3 C+44'(',& A'"ED"*6&+",2.
R16D%6&+",2 2>"G &>6&/ %2+,A &>' &+*H'& $('C+*&"(/ G' *6, 6*E
*%(6&'D3 $('C+*& #"(' &>6, _/ZZZ 4%&%(' &+*H'&2 $'( G''H G+&>
>+A> 6**%(6*3. F,1'2&+A6&+", "4 &>' $('C+*&+",2 &>6& C+C ,"&
D'6C &" &+*H'&2 2>"G2 &>6& &>'3 6(' 6D2" D+H'D3 ('D6&'C &" *%2E
&"#'( 'CA' $(";D'#2 ;%& 2"#'>"G ,"& ('$"(&'C ;3 -): *%2E
&"#'(2/ '.A./ 6 *%2&"#'( +2 ,"& 6G6(' "4 &>' $(";D'# ;'*6%2'
2>' G62 ,"& %2+,A &>' -): 2'(1+*' G>', &>' $(";D'# >6$E
$','C T2'' )'*&+", ^.YK. F, 6CC+&+",/ C%(+,A &>' C+2$6&*>'2
4"( ('2"D1+,A &>'2' $('C+*&'C &+*H'&2/ &>' &("%;D' D"*6&"( *6,
2+A,+4 *6,&D3 +#$("1' &>' 2$''C 4"( D"*6&+,A $(";D'#2.
8>' ('#6+,C'( "4 &>' $6$'( +2 "(A6,+@'C 62 4"DD"G2. )'*E

&+", Y "1'(1+'G2 -): ,'&G"(H2 6,C $"+,&2 "%& 2'1'(6D *>6DE
D',A'2 4"( &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2. F, )'*E
&+", \/ G' C+2*%22 &>' $(";D'#2 +, &>' *%((',& ('6*&+1' -):
*%2&"#'( *6(' 2"D%&+", 6,C $("$"2' "%( $("6*&+1' 2"D%&+", <
QRSR=5FQ-. 8>' C'&6+D2 "4 &+*H'& $('C+*&"( +, QRSR=E
5FQ- 6(' 'N$D6+,'C +, )'*&+", ] 6,C &>' '16D%6&+", ('2%D&2
6(' $('2',&'C +, )'*&+", ^. P' ;(+'4 3 C+2*%22 &>' &("%;D'
D"*6&"( +, )'*&+", j. 8>' ('D6&'C G"(H +2 +,&("C%*'C +, )'*E
&+", k 6,C )'*&+", _ *",*D%C'2 &>' $6$'(.

2. BACKGROUND AND CHALLENGES
F, &>+2 2'*&+",/ G' +,&("C%*' &>' 6(*>+&'*&%(' "4 &3$+*6D

-): ,'&G"(H2 6,C 2&%C3 &>' *>6(6*&'(+2&+*2 "4 *%2&"#'( 'CA'
$(";D'#2 +, -): ,'&G"(H2. h+,6DD3/ G' $"+,& "%& 2'1'(6D
*>6DD',A'2 +, &("%;D'2>""&+,A 2%*> $(";D'#2.

2.1 Introduction to DSL Networks
-): +2 6 G+C'D3EC'$D"3'C &'*>,"D"A3 4"( 2%$$"(&+,A C+A+E

&6D 2+A,6D &(6,2#+22+", "1'( &(6C+&+",6D &'D'$>",' D+,'2. h+A. [
2>"G2 &>' 6(*>+&'*&%(' "4 6 &3$+*6D -): ,'&G"(H. 7& &>'



*%2&"#'( $('#+2'2/ *%2&"#'( *"#$%&'(2 6,C "&>'( ,'&G"(H
C'1+*'2 6(' *",,'*&'C &" 6 -): #"C'#G>+*> +, &%(, +2 *",E
,'*&'C &" 6 $>",' D+,'. 8>+2 C'C+*6&'C *",,'*&+", &'(#+,6&'2
6& 6 -): 7**'22 5%D&+$D'N'( T-):75K. R6*> -):75 &3$E
+*6DD3 &'(#+,6&'2 &>' $'(E2%;2*(+;'( C'C+*6&'C -): *",,'*E
&+",2 4"( 2'1'(6D &',2 "4 *%2&"#'(2. F& 2'$6(6&'2 1"+*' 4("#
C6&6 2+A,6D2/ 2',C+,A &>' 4"(#'( &" &>' VD6+, IDC 8'D'$>",'
)'(1+*' TVI8)K +,4(62&(%*&%('. 8>' -):75 6AA('A6&'2 C6&6
&(644 * 4("# &>' *%2&"#'(2 6,C 4''C2 +& &" 6, %$2&('6# 785
2G+&*>. 8>' D6&&'( 'N&(6*&2 FV &(644 * T&>' &(644 * 4("# &>' -):
#"C'# &" &>' -):75 +2 &3$+*6DD3 785K 6,C 2',C2 +& &" 6
M("6C;6,C ='#"&' 7**'22 )'(1'( TM=7)K 2'(1'( G>+*> +2
&>' A6&'G63 4("# &>' -): 6**'22 ,'&G"(H &" &>' FV *"(' ,'&E
G"(H.8>' 6;"1' C'2*(+;'2 *"##",D3 C'$D"3'C -): +,4(62E
&(%*&%(' 6,C 2"#' 16(+6&+",2 6,C '1"D%&+",2 'N+2&. h"( 'N6#E
$D'/ ,'G'( FVE-):752 $'(4"(# &>' 785 &"EFV *",1'(2+",
+,&'(,6DD3 ";1+6&+,A &>' ,''C 4"( 6, 'N&'(,6D 785 2G+&*>.

Figure 1: DSL network architecture

2.2 Problems in DSL Networks
7 *%2&"#'( 'CA' $(";D'# ",D3 644'*&2 6 $6(&+*%D6( *%2E

&"#'(/ 2+,*' 6DD &>' 'D'#',&2 ", 6 C'C+*6&'C -): D+,' 6('
2$'*+4 * &" '6*> *%2&"#'(. F, *",&(62&/ C%' &" &>' >+'(6(*>+*6D
2&(%*&%(' "4 6 -): ,'&G"(H/ 6 $(";D'# "**%((+,A ;'&G'', 6
M=7) 2'(1'( 6,C 6 -):75 $6+( %2%6DD3 644'*&2 &>' *",,'*E
&+1+&3 "4 #%D&+$D' *%2&"#'(2 2'(1'C ;3 &>+2 $6+(. I$'(6&"(2
('4'( &" 2%*> $(";D'#2 62 network outage problems.

Figure 2: Root causes of customer edge problems.
R6(D+'( ('2'6(*> >62 #6+,D3 4"*%2'C ", &("%;D'2>""&+,A

,'&G"(H "%&6A' $(";D'#2. b"G'1'(/ *%2&"#'( 'CA' $(";E
D'#2 4"(# &>' "1'(G>'D#+,A #6?"(+&3 "4 6DD $(";D'#2 "*E
*%((+,A +, -): ,'&G"(H2. F, *"#$6(+2", &" 'N+2&+,A G"(H2/

+, &>+2 $6$'(/ G' 4"*%2 $(+#6(+D3 ", $('C+*&+,A 6,C &("%E
;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2. F, 6CC+&+",/ 62 G'
2>6DD 2'' +, )'*&+", ^/ ;3 *"(('D6&+,A $('C+*&'C *%2&"#'( 'CA'
$(";D'#2 ;62'C ", A'"D"*6&+",2/ G' *6, 6D2" $("1+C' %2'4%D
+,4"(#6&+", &" &>' "$'(6&"(2 6;"%& $"&',&+6D "%&6A' $(";D'#2
6& -):752. F, &>' 4"DD"G+,A/ G' ;(+'4 3 C+2*%22 &>' $D6%2+E
;D' *6%2'2 "4 C+44'(',& *%2&"#'( 'CA' $(";D'#2.
7 C'C+*6&'C -): D+,' *",,'*&2 6 -): #"C'# 6& &>' %2'(

',C &" &>' -):75 2'(1+,A &>' ,'6(;3 6('6. 8>'(' 6(' 6
D6(A' ,%#;'( "4 *"#$",',&2 ", '6*> -): D+,' "( +,2+C' *%2E
&"#'(a2 >"#' ,'&G"(H T'.A./ +,2+C' G+(+,A "( 'O%+$#',&K &>6&
#63 *",&(+;%&' &" 6 ('$"(&'C *%2&"#'( 'CA' $(";D'#. 8"
%,C'(2&6,C &>' C+44'(',& *6%2'2 "4 *%2&"#'( 'CA' $(";D'#2/
G' 2&%C3 &>' *%2&"#'( &+*H'&2 ('*'+1'C +, 7%A%2&/ YZZf T2''
)'*&+", \.\ 4"( C'&6+D2 "4 6DD &>' C6&62'&2K. R6*> &+*H'& +2 622"E
*+6&'C G+&> 6 C+2$"2+&+", ,"&' 4("# &>' 4 'DC &'*>,+*+6, +,C+E
*6&+,A &>' $(";D'# ('2"D%&+", 6*&+", E '+&>'( 6 C'1+*' "( *"#E
$",',& T'.A./ 6 C'4'*&+1' -): #"C'# "( 6 G"(, *"(CK >6C &"
;' 4 N'CW('$D6*'C/ "( 6 *",4 A%(6&+", *>6,A' '44'*&'C T'.A./
2&6;+D+@+,A &>' D+,' ;3 C"G,A(6C+,A 2$''CK. P' 2%##6(+@'
&>' ('$('2',&6&+1' C+2$"2+&+",2 6,C &>'+( *"(('2$",C+,A D"*6E
&+",2 +, h+A. Y 6,C $("1+C' 'N6#$D'2 "4 *"##", $(";D'#2
6,C C+2$"2+&+",2 +, 86;D' [.
8>'2' C+2$"2+&+",2 *6, ;' $6(&+&+",'C +,&" 4"%( #6?"( *6&E

'A"(+'2 T"( #6?"( D"*6&+",2K ;62'C ", &>' $D6*'2 G>'(' &>'
$(";D'#2 6(' ('2"D1'CJ &>' >"#' ,'&G"(H T!"K/ &>' -):75
T#$K/ &>' $6&> ;'&G'', &>' *("22;"N 6,C #$ T%&K/ 6,C &>'
$6&> ;'&G'', !" 6,C &>' *("22;"N T%'K. h+'DC &'*>,+*+6,2
&"C63 ;('6H %$ &>' ',CE',C $6&> +,&" &>'2' 4"%( D"*6&+",2/
6,C &("%;D'2>""& ;3 +,C+1+C%6D D"*6&+",. h"( 'N6#$D'/ +4 &>'
&'*>,+*+6, >62 ',"%A> '1+C',*' &" ;'D+'1' 6 $(";D'# >6$E
$',2 6& #$/ 2>' *6, 261' &+#' ;3 2H+$$+,A &'2&+,A "&>'( &>(''
D"*6&+",2. #$/ %& 6,C %' *6, ;' 6D2" *D%2&'('C +,&" 6 2+,AD'
D6(A'( *D622 E outside (home network) $(";D'#2. b"G'1'(/
C%' &" &>' 46*& &>6& &>'(' +2 ," C"#+,6,& C+2$"2+&+", +, &>'2'
#6?"( D"*6&+",2 T86;D' [K/ +& +2 C+44 *%D& &" #6H' 2%*> 6 C'*+E
2+", $%('D3 ;62'C ", 'N$'(& H,"GD'CA'.

2.3 Challenges
8>' D6(A' ,%#;'( "4 $"22+;D' C+2$"2+&+",2 *"%$D'C G+&>

1'(3 D+#+&'C +,2&(%#',&6&+", ", &>' ('6DE&+#' >'6D&> "4 &>'
,'&G"(H #6H'2 &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2 6
C+44 *%D& 6,C 'N$',2+1' &62H. 7%&"#6&'C &("%;D'2>""&+,A $("E
$"26D2/ '.A./ e]/ [Zg/ ('O%+(' *",&+,%"%2D3 &(6*H+,A &>' >'6D&>
"4 C+44'(',& ,'&G"(H *"#$",',&2 6,C &>', +,4'((+,A &>' &("%E
;D' D"*6&+",2 &>("%A> &>' *"(('D6&+",2 6*("22 &>'2' *"#$"E
,',&2. )%*> 6$$("6*>'2 6(' ,"& G'DDE2%+&'C &" "%( $(";D'#/
G>'(' &>'(' 'N+2&2 2%;2&6,&+6D >'&'("A','+&3 +, &'(#2 "4 'D'E
#',&2 6,C &>'+( *6$6;+D+&+'2/ 6,C &" G>6& 'N&',& &>'3 *6, ;'
#",+&"('C. 5"2& 'D'#',&2 ", 6 -): D+,' T'.A./ *6;D' 6,C
2$D+&&'(K 6(' ;62+* $>32+*6D C'1+*'2. 8" #'62%(' &>' 2&6&' "4
2%*> C'1+*'2/ 6 &'*>,+*+6, ,''C2 &" ;' ", 2+&' 6& &>' D"*6E
&+", "4 &>' C'1+*' 6,C #6,%6DD3 (%, C+6A,"2&+* *>'*H2 %2+,A
2$'*+6D+@'C &""D2 &" C'&'(#+,' &>' *%((',& 2&6&' "4 &>' C'1+*'.
-%' &" &>' >%A' ,%#;'( "4 -): 2%;2*(+;'(2/ *",&+,%"%2D3
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Table 1: Dispositions at different major locations.

#",+&"(+,A &>' 2&6&'2 "4 #+DD+",2 "4 C'1+*'2 1+6 2%*> #6,E
%6D &'2&+,A +2 +,4'62+;D'. R1', G>'(' +& +2 $"22+;D' &" $(";'
&>' 2&6&' ('#"&'D3 T'.A./ 4"( -): #"C'#2K/ "$'(6&+",6D *",E
2&(6+,&2 6,C ('2"%(*' D+#+&6&+",2 ('2&(+*& &>' 4 C'D+&3 6,C 4('E
O%',*3 "4 &>'2' ('$"(&2. P' ,"&' &>6& #6,3 "4 &>'2' *",E
2&(6+,&2 6(' 6 4%,*&+", "4 &>' D+#+&6&+",2 "4 'N+2&+,A C'$D"3'C
&'*>,"D"A+'2 6,C *%((',& ;'2& $(6*&+*'2 +, "$'(6&+",. 56HE
+,A *>6,A'2 &" C'$D"3'C +,4(62&(%*&%('/ '1', +4 $"22+;D'/ *6,
;' $(">+;+&+1'D3 'N$',2+1' 6,C >',*' G' ,''C 2"D%&+",2 &>6&
G"(H G+&>+, &>' *",2&(6+,&2 "4 &"C63a2 "$'(6&+",6D ',1+(",E
#',&2.

3. CURRENTSOLUTIONANDNEVERMIND
F, &>+2 2'*&+",/ G' +,&("C%*' &"C63a2 G+C'D3 %2'C ('6*E

&+1' -): &("%;D'2>""&+,A 6$$("6*> 6,C $"+,& "%& &>' $(";E
D'#2 G+&> 2%*> 6, 6$$("6*>. 5"&+16&'C ;3 &>'2' $(";D'#2/
G' $("$"2' &>' 232&'# QRSR=5FQ-/ G>+*> 2''H2 &" 6+C
$("6*&+1' ('2"D%&+", "4 *%2&"#'( 'CA' $(";D'#2.

3.1 Current DSL Troubleshooting Solution
8>' *D622+*6D 6$$("6*> &" &("%;D'2>""&+,A *%2&"#'( 'CA'

$(";D'#2/ G+C'D3 %2'C +, #"2& -): ,'&G"(H2/ +2 6 ('6*&+1'
$("*'22. F& ('D+'2 ", *%2&"#'(2 &" ('$"(& 6,3 $(";D'# ',E
*"%,&'('C/ 6,C &>', C+2$6&*>'2 &'*>,+*+6,2 &" ('2"D1' '6*>
$(";D'# %2+,A &>'+( C"#6+, 'N$'(&+2'. h+A. \ T&>' &"$ ;"NK
2>"G2 &>' 6(*>+&'*&%(' "4 2%*> 6 2"D%&+",. 8>' *%2&"#'(
6A',&2 G6+& 4"( *%2&"#'(2 &" ('$"(& 6,3 *%2&"#'( 'CA' $(";E
D'# ;3 $>",' 6,C +,&'(6*& G+&> &>' *%2&"#'( &" $'(4"(#
2"#' ;62+* C+6A,"2+2 T'.A./ (';""&+,A &>' -): #"C'# "(
;3$622+,A &>' 4 D&'(K &" 4 D&'( "%& 62 #6,3 ,",E&'*>,+*6D $(";E
D'#2 62 $"22+;D'/ 2%*> 62 ;+DD+,A +22%'2/ '&*. F4 &>' $(";E
D'# *6,,"& ;' 2"D1'C ;3 &>' *%2&"#'( 6A',&2/ &>' &+*H'& G+DD
;' '2*6D6&'C &" 78-) T7%&"#6&+* 8'2&+,A 6,C -+2$6&*>+,A

)32&'#K. 78-) *"#;+,'2 16(+"%2 2"%(*'2 "4 >+2&"(+*6D C6&6
T'.A./ 6,3 *",2&(%*&+",W('G+(+,A ('*"(C'C +, &>' ,'6(;3 6('6K
6,C ",D+,' &'2&+,A T'.A./ ('2%D&2 "4 #'&6DD+* *>'*H 6,C "&>'(
",D+,' &'2&+,A &""D2 4("# &>' &'D'$>",' *"#$6,3K &" C'&'(E
#+,' G>'&>'( &>' $(";D'# *6, ;' ('2"D1'C ;3 ('#"&' *",E
4 A%(6&+",. F4 ,"&/ 78-) G+DD *",&6*& &>' *%2&"#'( &" #6H'
6, 6$$"+,&#',& 6,C 6 4 'DC &'*>,+*+6, +2 2',& &" &>' ',C >"2&
&" D"*6&' &>' $(";D'# #6,%6DD3. 74&'( &>' C+2$6&*>/ 78-)
'+&>'( *D"2'2 &>' &+*H'& "( 6((6,A'2 6 2'*",CE("%,C C+2$6&*>
C'$',C+,A ", &>' 4''C;6*H 4("# &>' *%2&"#'(.

Figure 3: The current DSL troubleshooting approach
and the proposed NEVERMIND approach.
8>' *%((',& 6$$("6*> >62 16(+"%2 C(6G;6*H2. I$'(6&"(2

('D3 ", *%2&"#'( &+*H'&2 6,C +,&'(6*&+", G+&> *%2&"#'(2 &"
A%+C' &>'# &"G6(C2 C+2*"1'(+,A &>' %,C'(D3+,A $(";D'# 6,C
2"D%&+",. b"G'1'( &>+2 +2 1'(3 *>6DD',A+,A. 5"2& *%2&"#'(2
O%+&' ,6&%(6DD3 D6*H &>' &'*>,"D"A+*6D 'N$'(&+2' &" $+,$"+,&
&>' 6*&%6D $(";D'#. 8>'3 &3$+*6DD3 6(' 6;D' &" C'2*(+;' &>'
";2'(16;D' 23#$&"#2 &>6& *6%2'C &>'# &" *6DD. 0,D'22 &>'
%,C'(D3+,A $(";D'# 6,C +&2 23#$&"#2 6(' G'DDEH,"G,/ &>'
"$'(6&"( C"'2 ,"& >61' ',"%A> O%6D+&3 +,4"(#6&+", &" D'6C
&>' *%2&"#'( &>("%A> O%'2&+",2 &" C" '44'*&+1' (""&E*6%2'E
6,6D32+2. 8>'2' 46*&"(2 *",&(+;%&' &" D+#+&+,A &>' '44'*&+1'E
,'22 "4 &>' +,&'(1+'G/ 6,C #"2& &+*H'&2 ',C +, 6 C'&'(#+,6&+",
"4 6 4 'DC C+2$6&*>/ "4&', G+&> 6, +,6**%(6&' $("A,"2+2 6;"%&
&>' D+H'D3 *6%2'. 56,3 2%*> C+2$6&*>'2 G"%DC ;' %,,'*'2E
26(3 "( 6& D'62& #"(' '44'*&+1' +4 ;'&&'( O%6D+&3 +,4"(#6&+",
G62 616+D6;D'. h"( 'N6#$D'/ +4 6 $(";D'# +2 *6%2'C ;3 6 C'E
4'*&+1' -): #"C'#/ &>+2 *6, ;' 2"D1'C ;3 $D6*+,A 6, "(C'(
4"( 6 ,'G #"C'# C'1+*' ",D+,' G+&>"%& 6, 'N$',2+1' 4 'DC
C+2$6&*>. h%(&>'(/ G6+&+,A 4"( &>' *%2&"#'(2 &" ('$"(& *%2E
&"#'( 'CA' $(";D'#2 G+DD +#$D+*+&D3 D'6C &" +,*('62+,A %2'(2a
C+226&+246*&+", G+&> &>' 2'(1+*'. F, "(C'( &" >61' 6 $(";D'#
4 N'C/ 6 *%2&"#'( ,''C2 &" G6+& +, &>' O%'%' 4"( 6, 616+D6;D'
6A',& &" ('$"(& &>' $(";D'# 6,C #63 &6DH &" 2'1'(6D 6A',&2
%,&+D 6 C+2$6&*> +2 2*>'C%D'C. F& #63 &6H' ",' "( #"(' C632
TC%' &" $>32+*6D 2*>'C%D+,A "4 $'"$D' 6,C 'O%+$#',&K 4"(
&>' $(";D'# &" ;' 4 ,6DD3 2"D1'C ;3 4 'DC &'*>,+*+6,. P>',
6 $(";D'# +2 ,"& *"(('*&D3 +C',&+4 'C 6,C ('2"D1'C T'.A./ +,E
&'(#+&&',& *",,'*&+", $(";D'#2K/ &>' *%2&"#'( ,''C2 &" *6DD
#%D&+$D' &+#'2 &" >61' +& 4 N'C. 7DD &>'2' $("D",A &>' &("%E



;D'2>""&+,A $("*'22 6,C D'6C &" %,,'*'226(3 *%2&"#'( &+*HE
'&2/ G>+*> +2 6 ,"&+*'6;D' *",&(+;%&"( &" &>' +,*('62' +, *>%(,.
7,"&>'( $(";D'# G+&> &>' *%((',& 2"D%&+", +2 &>6& +& C'E

$',C2 &"" #%*> ", &>' 'N$'(+',*' "4 &>' 4 'DC &'*>,+*+6,2.
7 #"(' 'N$'(+',*'C &'*>,+*+6, G+DD ;' 6;D' &" 2'D'*& 6, 6$E
$("$(+6&' "(C'(+,A "4 D"*6&+",2 &" &'2&/ G>+*> ',6;D'2 >'( &"
#"(' O%+*HD3 4 ,C &>' 6*&%6D $(";D'# '6(D+'( ",L G>+D' 6, +,E
'N$'(+',*'C &'*>,+*+6, #63 G62&' &+#' +, &'2&+,A 46( #"('
$"22+;D' D"*6&+",2 ;'4"(' +C',&+43+,A &>' 2+&' "4 &>' $(";D'#.

3.2 Overview of NEVERMIND
F, &>+2 $6$'(/ G' $("$"2' QRSR=5FQ-/ 6 $("6*&+1' 2"E

D%&+", 4"( &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2 +, -):
,'&G"(H2/ G>+*> *6, ;' 2'6#D'22D3 +,&'A(6&'C +,&" &>' 'NE
+2&+,A -): &("%;D'2>""&+,A 4(6#'G"(H. 8>' 6(*>+&'*&%(' "4
QRSR=5FQ- +2 +DD%2&(6&'C +, h+A. \ T&>' ;"&&"# ;"NK. F&
*",2+2&2 "4 &G" #6+, *"#$",',&2/ 6 ticket predictor 6,C 6
trouble locator. 8>' &+*H'& $('C+*&"( %&+D+@'2 'N+2&+,A 2$6(2'
D+,' #'62%('#',&2 "4 +,C+1+C%6D -): D+,'2 &" $("6*&+1'D3
+C',&+43 D+,'2 4"( G>+*> *%2&"#'(2 6(' D+H'D3 &" ('A+2&'( $(";E
D'# &+*H'&2 +, &>' ,'6( 4%&%('. 8>'2' $('C+*&'C &+*H'&2 6('
&>', 2%;#+&&'C &" 78-) &" ;' C+6A,"2'C +, 6 2+#+D6( G63 62
,"(#6D *%2&"#'( &+*H'&2. b"G'1'(/ C%' &" &>' >+A> *"#$D'NE
+&3 "4 &>' C+6A,"2&+* $("*'22 '#$D"3'C ;3 78-)/ 6 >+A> $(+E
"(+&3 #%2& ;' 622+A,'C &" *%2&"#'( ('$"(&'C $(";D'#2/ G+&>
&>' ('#6+,+,A "$'(6&+",6D ('2"%(*'2 T64&'( ('2"D1+,A *%2&"#'(
('$"(&'C $(";D'#2K %&+D+@'C 4"( QRSR=5FQ-. h"( ;"&> &3$'2
"4 &+*H'&2/ C+2$6&*>'2 6(' 6((6,A'C +4 ,'*'226(3. M'4"(' 6 C+2E
$6&*>/ &>' &("%;D' D"*6&"( *('6&'2 6 D+2& "4 6DD $"22+;D' &("%;D'
D"*6&+",2 "(C'('C ;3 &>' D+H'D+>""C "4 ;'+,A &>' *6%2' "4 &>'
$(";D'#. 8>' D+2& +2 &>', 2',& &" &>' 4 'DC &'*>,+*+6, &" 6**'DE
'(6&' &>' &("%;D'2>""&+,A $("*'22.
QRSR=5FQ- C'$',C2 ", 'N&(6*&+,A %2'4%D +,4"(#6&+",

;3 ?"+,+,A 16(+"%2 'N+2&+,A C6&6 2"%(*'2. F, &>' 4"DD"G+,A/
G' 4 (2& +,&("C%*' &>' 16(+"%2 +,4"(#6&+", 2"%(*'2 '#$D"3'C
;3 QRSR=5FQ- 4"( #6H+,A 6**%(6&' +,4'(',*'2.

3.3 Information Sources
1. DSL Line MeasurementsJ 8>'2' *",&6+, &>' ('2%D&2 "4
$'(+"C+* ('#"&' D+,' &'2&2 +,+&+6&'C 4("# -):75 2'(1'(2 &"
'6*> "4 &>' *",,'*&'C -): D+,'2. 8>' D+,' &'2& +2 *",C%*&'C
62 4"DD"G2. R1'(3 )6&%(C63/ '6*> -):75 2'(1'( +,+&+6&'2
*",,'*&+",2 G+&> &>' -): #"C'# ", '6*> -): D+,' 6,C 'NE
*>6,A'2 6 4'G $6*H'&2 G+&> &>' #"C'#. M62'C ", &>+2 *",E
1'(26&+",/ 2'1'(6D metrics "( line features 6(' *"#$%&'C &"
('4 '*& &>' *%((',& *",C+&+", "4 &>6& -): D+,'. P' 2%##6E
(+@' &>'2' Y^ D+,' 4'6&%('2 +, 86;D' Y.
8>'2' D+,' 4'6&%('2 G'(' C'4 ,'C ;3 &>' "$'(6&"(2 ;62'C

", &>'+( *"DD'*&+1' C"#6+, 'N$'(&+2' 6,C 'N$'(+',*' A6+,'C
4("# #%D&+$D' 3'6(2 "4 "$'(6&+,A &>' 2'(1+*'/ 6,C ('$('2',&
&>' C+#',2+",2 &>'3 >61' ";2'(1'C &" ;' #"2& %2'4%D 4"( C'E
&'(#+,+,A &>' >'6D&> "4 &>' ,'&G"(H 6,C 4"( &("%;D'2>""&E
+,A $(";D'#2. 8>'2' 4'6&%('2 G'(' "(+A+,6DD3 %2'C &" 622+2&
&>' *%2&"#'( 6A',&2 +C',&+43 *%2&"#'( 'CA' $(";D'# &+*HE
'&2 4("# "&>'( &3$'2 "4 &+*H'&2. h"( 'N6#$D'/ ;62'C ", $('E

h'6&%(' -'2*(+$&+",
2&6&' +4 &>' #"C'# +2 ",
C,;(/ %$;( ;+& (6&' TH;$2K
C,$G(/ %$$G( 2+A,6D $"G'(
C,,#(/ %$,#( ,"+2' #6(A+,
C,6&',/ %$6&', 2+A,6D 6&&',%6&+",
C,('D*6$/ %$('D*6$ ('D6&+1' *6$6*+&3
C,*1*,&[/ C,*1*,&Y/ C,*1*,&\ *"C' 1+"D6&+", +,&'(16D *"%,&2

G+&> C+44'(',& &>('2>"DC2
C,'2*,&[/ C,'2*,&Y &>' ,%#;'( "4 2'*",C2 +, G>+*>

*"C' 1+"D6&+",2 "**%(('C
C,4'**,&[ C"G,2&('6# 4"(G6(C '(("( *"(('*&+",

*"%,&2 G+&> 16D%' ,"& D'22 &>6, ^Z
>+*6( &>' ;+AA'2& *6((+'( ,%#;'(
;& &>' 'N+2&',*' "4 6 ;(+CA' &6$
*("22&6DH &>' 'N+2&',*' "4 *("22 &6DH
D""$D',A&> '2&+#6&'C D""$ D',A&>
C,#6N6&&6+,4;(/ %$#6N6&&6+,4;( #6N+#%# 6&&6+,6;D' 462& ;+& (6&'
C,*'DD2/ %$*'DD2 ("DD+,A *"%,& "4 *'DD2

Table 2: Basic line features. Prexes “dn” and “up”
means downloading and uploading, respectively.

C'4 ,'C #6,%6D (%D'2/ 6, 6A',& G+DD '2*6D6&' &>' *%2&"#'(
&+*H'& &" 78-) +4 '+&>'( &>' *%((',& ;+& (6&' +2 D"G'( &>6, &>'
#+,+#%# ;+& (6&' +,C+*6&'C ;3 &>' $("4 D'/ "( &>' ('D6&+1' *6E
$6*+&3 +2 A('6&'( &>6, fYm. RN$'(& H,"GD'CA' +,C+*6&'2 &>6&
2%*> D+,' 2&6&%2 +2 #"(' D+H'D3 *6%2'C ;3 6 C'4'*&+1' C'1+*'/
6,C >',*' +& #63 ('O%+(' 4%(&>'( C+6A,"2+2 ;3 4 'DC &'*>,+E
*+6,2. 8>"%A> D+#+&'C/ &>'(' 6(' 6D2" 6 4'G #6,%6D (%D'2
%2'C ;3 &>' &'*>,+*+6,2 &"C63 &" C'&'(#+,' &>' C+2$"2+&+", "4
6 $6(&+*%D6( $(";D'#. h"( 'N6#$D'/ 6, '2&+#6&'C D""$ D',A&>
A('6&'( &>6, [^/ZZZ 4& "4&', +,C+*6&'2 &>6& &>' *%((',& *%2E
&"#'( $("4 D' +2 ,"& 2%$$"(&'C ;3 &>' -): D+,'/ 6,C 6 2$''C
C"G,A(6C' +2 ,'*'226(3 &" ('C%*' &>' ,"+2' ", &>' D+,'. b"GE
'1'(/ C%' &" &>' >+A> C+#',2+",6D+&3 "4 &>' 4'6&%(' 2$6*' 6,C
%,H,"G,WD6&',& ('D6&+",2>+$2 ;'&G'', *%2&"#'( 'CA' $(";E
D'#2 6,C &>'2' 4'6&%('2/ #6,%6DD3 C'(+1+,A 6**%(6&' +,4'(E
',*' (%D'2 +2 1'(3 C+44 *%D&. 72 G' 2>6DD 2>"G D6&'(/ "%( $("E
$"2'C 2"D%&+", +,1"D1'2 6, '44'*&+1' #'&>"C 4"( +C',&+43+,A
2%*> ('D6&+",2>+$2 6,C %2+,A &>6& H,"GD'CA' '44'*&+1'D3 4"(
&+*H'& $('C+*&+", 6,C &("%;D' D"*6&+",.
8>' ",*'E6EG''H "**%((',*' "4 &>'2' #'62%('#',&2 D+#E

+&2 &>' 4 C'D+&3 "4 &>+2 +,4"(#6&+", 2"%(*'/ 6,C 6(+2'2 4("#
"$'(6&+",6D *",2+C'(6&+",2 "4 #+,+#+@+,A 6,3 +#$6*& ", ,"(E
#6D *%2&"#'( 6*&+1+&+'2 T>',*' (%, ", G''H',C2K 62 G'DD 62
>+2&"(+*6D $'(*'$&+",2 "4 >"G "4&', &>'3 ,''C'C &" ;' (%,
TG62 "(+A+,6DD3 *",2+C'('C $6(& "4 #6+,&',6,*' $("*'C%('2K.
h("# &>' 6((+16D &+#' "4 *%2&"#'( &+*H'&2 ('*'+1'C +, 7%A%2&/
YZZf/ G' ";2'(1' 6 *D'6( G''HD3 &(',C/ G>'(' &>' ,%#;'( "4
&+*H'&2 $'6H2 ", 5",C63 6,C >+&2 &>' ;"&&"# "1'( &>' G''HE
',C. )+,*' &>' D+,' &'2&2 6(' *",C%*&'C ", 6 G''H',C/ G'
*6, 644"(C &" ('2'(1' #"(' ('2"%(*'2 &" ('2"D1' &>' $('C+*&'C
&+*H'&2 $("6*&+1'D3 C%(+,A &>'2' ('D6&+1'D3 dO%+'&d $'(+"C2/
6,C &>'(';3 6D2" ('C%*' &>' ,'G &+*H'& D"6C C%(+,A &>' G''H.

2. Customer Trouble TicketsJ 8>'2' *",&6+, $(";D'#2 ('E
$"(&'C ;3 *%2&"#'(2 T'.A./ 2D"G 2$''C "( ," *",,'*&+",K 6,C
*"(('2$",C+,A 2"D%&+",2 $("1+C'C ;3 *%2&"#'( 6A',&2 T'.A./
(';""&+,A &>' #"C'# "( ('$D6*+,A &>' *6;D'K.



!%2&"#'( 6A',&2 622+A, 6 *"6(2' D6;'D &" '6*> &+*H'&/ +,E
C+*6&+,A &>' *6&'A"(3 &>6& &>' &+*H'& ;'D",A2 &". P' C+44'(E
',&+6&' *%2&"#'( 'CA' $(";D'# &+*H'&2 4("# "&>'( &3$'2 "4
&+*H'&2 2%*> 62 ;+DD+,A ('D6&'C +22%'2 ;62'C ", &>+2 D6;'D.

3. Ticket Disposition NotesJ 8>'2' 6(' *('6&'C ;3 4 'DC
&'*>,+*+6,2 6,C 2'(1' 62 6 2%##6(3 4"( '6*> +,C+1+C%6D C+2E
$6&*>. R6*> ,"&' *",&6+,2 &>' F- "4 &>' *"(('2$",C+,A *%2E
&"#'( &+*H'& 6,C +,4"(#6&+", ('A6(C+,A &>' C+2$6&*>/ 2%*> 62
&>' 2&6(&+,A &+#'/ C%(6&+",/ '&*. 8>"%A> &>' 4 'DC &'*>,+*+6,2
C" ,"& ('*"(C &>' C'&6+D2 "4 &>' C+6A,"2+2 $("*'22 2%*> 62
('2%D&2 4("# +,&'(#'C+6&' &'2&+,A 2&'$2/ &>'3 C" $("1+C' 6
disposition code &" +,C+*6&' G>+*> C'1+*' G62 4 ,6DD3 +C',&+E
4 'C &" ;' *6%2' "4 &>' $(";D'#/ '.A./ 6 C'4'*&+1' #"C'# "(
6 G"(, *6;D'/ "( >"G &>' $(";D'# G62 %D&+#6&'D3 ('2"D1'C/
'.A./ 2&6;+D+@+,A &>' D+,' $'(4"(#6,*' &>("%A> C"G,A(6C+,A
&>' D+,' 2$''C. )%*> C+2$"2+&+", *"C'2 6(' %2'C 62 "%( A("%,C
&(%&> 4"( 2&%C3+,A '6*> $(";D'#. P' ,"&' &>6& &>' C+2$"2+E
&+", *"C'2 6(' C'&'(#+,'C ;62'C ", &>' 'N$'(& H,"GD'CA' "4
&>' &'*>,+*+6,2 6,C >',*' *6, ;' 1'(3 ,"+23. F4 6 $(";D'#
+2 *6%2'C ;3 #%D&+$D' C'1+*'2/ &>' *"C' +2 6DG632 622"*+6&'C
G+&> &>' C'1+*' *D"2'2& &" &>' ',C >"2&.

4. Subscriber ProlesJ 8>'2' 2$'*+4 '2 &>' $6(6#'&'(2 T"(
'N$'*&'C 16D%'2 "4 &>' D+,' 4'6&%('2K 4"( +,C+1+C%6D-): D+,'2/
G>+*> C'$',C ", &>' &3$' 6,C D'1'D "4 2'(1+*' &>6& 6 *%2E
&"#'( >62 2%;2*(+;'C 4"(. h"( 'N6#$D'/ -): *%2&"#'(2 G+&>
&>' ;62+* $("4 D' 6(' 'N$'*&'C &" >61' 6 C"G,D"6C+,A (6&' "4
kj_H;$2 6,C 6, %$D"6C+,A (6&' "4 \_]H;$2. F, *"#$6(+2",/
*%2&"#'(2 G+&> &>' 6C16,*'C $("4 D' G+DD >61' 6 C"G,D"6CE
+,A (6&' "4 Y.^5;$2 6,C 6, %$D"6C+,A (6&' "4 kj_H;$2.
7DD &>'2' C6&62'&2 6(' 4("# ",' "4 &>'#6?"( -): $("1+C'(2

+, &>' 0)/ G+&> 6 $"$%D6&+", "4 #+DD+",2 "4 -): 2%;2*(+;'(2
6*("22 #%D&+$D' A'"D"*6&+",2. 8>' C6&62'&2 6(' *"DD'*&'C ;3
#%D&+$D' -):752 C%(+,A &>' G>"D' 3'6( YZZf. 83$+*6DD3
&>'2' C6&62'&2 6(' 2&"('C 6& C+44'(',& D"*6&+",2 6,C 6(' ;("%A>&
&"A'&>'( 4"( "%(G"(H[. P' ,"&' &>6& '1', &>"%A> &>' 2$'*+4 *2
"4 C6&6 #63 16(3 4"( C+44'(',& ,'&G"(H2 6,C 2'(1+*' $("1+C'(2/
"%( 232&'# *6, ;' 6$$D+'C ('6C+D3 4"( $("6*&+1'D3 &("%;D'2>""&E
+,A $(";D'#2 +, "&>'( "$'(6&+",6D ,'&G"(H2.

4. PREDICTING TROUBLE TICKETS
F, &>+2 2'*&+",/ G' +,&("C%*' &>' &+*H'& $('C+*&"(/ G>"2'

4%,*&+", +2 &" 2'D'*& 6 ,%#;'( "4 -): D+,'2 &>6& 6(' D+H'D3
&" >61' 4%&%(' *%2&"#'( ('$"(&'C &+*H'&2 6,C 2%;#+& &>'# &"
78-) 4"( 4%(&>'( C+6A,"2+2. 8>+2 $(";D'# +2 'O%+16D',& &"
6 (6,H+,A $(";D'#/ G>'(' &>' &+*H'& $('C+*&"( 2'D'*&2 C"G,
#+DD+",2 "4 -): D+,'2 &" 6 2#6DD'( 2'& G>'(' $(";D'#2 #63
>6$$',. 8>' C'*+2+", "4 &>' &+*H'& $('C+*&"( +2 ;62'C ", 'NE
+2&+,A 2$6(2' D+,' #'62%('#',&2. 8>'('4"('/ &>' H'3 +, C'E
2+A,+,A &>' &+*H'& $('C+*&"( +2 &" +C',&+43 &>' *"(('D6&+", "4
D+,' #'62%('#',&2 6,C *%2&"#'( &+*H'&2.
8>'(' 6(' &G" 46*&"(2 644'*&+,A &>' C'2+A, "4 &>' &+*H'& $('E

[!%2&"#'( 6,",3#+&3 G62 $('2'(1'C C%(+,A &>+2 2&%C3 ;3 >62>E
+,A '6*> *%2&"#'( $>",' ,%#;'( &" 6 %,+O%' 6,",3#"%2 +C',&+4 '(
$(+"( &" ?"+,+,A &>'2' C6&62'&2.

C+*&"(. h+(2& "4 6DD/ &>' G''HD3 -): D+,' #'62%('#',&2 6('
O%+&' 2$6(2'/ +.'./ ",D3 6 #6N+#%# "4 ^Y ('*"(C2 6(' 616+DE
6;D' 4"( '6*> -): D+,' "1'( 6 G>"D' 3'6( $'(+"C/ >',*' G'
*6, ",D3 *",2&(%*& 1'(3 *"6(2' A(6+,'C &+#'E2'(+'2 4"( +,E
C+1+C%6D -): D+,'2/ G>+*> C" ,"& $("1+C' %2 2%44 *+',& C'E
&6+D2 4"( 'N&(6*&+,A #'6,+,A4%D $6&&'(,2. 8>'('4"('/ &>' *>6DE
D',A' +2 >"G &" *",1'(& &>'2' &+#'E2'(+'2 +,&" #'6,+,A4%D
4'6&%('2. 74&'( &>6&/ G' '#$D"3 6C16,*'C #6*>+,' D'6(,+,A
6DA"(+&>#2 &" 6%&"#6&+*6DD3 D'6(, +,4'(',*' (%D'2 &" $('C+*&
4%&%(' &+*H'&2 %2+,A &>'2' 4'6&%('2. b"G'1'(/ &>' 46*&"( "4
"$'(6&+", *",2&(6+,&2 D+#+&2 "%( *>"+*' "4 #6*>+,' D'6(,+,A
6DA"(+&>#2. F, $6(&+*%D6(/ 2+,*' G' *6, ",D3 2%;#+& YZi $('E
C+*&'C &+*H'&2 &" 78-) '1'(3 G''H/ G' C'2+(' 6 #'&>"C &>6&
#6N+#+@' &>' ,%#;'( "4 &(%' $('C+*&+",2 G+&>+, &>'2' YZi.
F, &>' 4"DD"G+,A/ G' 4 (2& 4"(#6DD3 C'4 ,' &>' &+*H'& $('E

C+*&+", $(";D'#/ 6,C &>', C+2*%22 +, C'&6+D >"G G' 6CC('22
&>'2' &G" 46*&"(2 G>+D' C'2+A,+,A &>' &+*H'& $('C+*&"(.

4.1 Problem Denition
:'& U ;' &>' 2'& "4 6DD -): *%2&"#'(2 T"( &>' 2'& "4 6DD -):

D+,'2K. h"( '6*> -): D+,' u ∈ U / D'& l(u,t) := {l(u,t)
i ; 0 ≤

i ≤ 25} ;' &>' D+,' #'62%('#',&2 *"(('2$",C+,A &" &>' -):
D+,' u 6& &>' &+#' t TG' C("$ &>' 2%$'(2*(+$&2 G>', &>' *",E
&'N& +2 *D'6(K. :'& NT (u, t) ;' &>' D',A&> "4 &>' &+#' $'(+"C
4("# t &" &>' &+#' "4 &>' +##'C+6&' ,'N& *%2&"#'( &+*H'& ";E
2'(1'C ('A+2&'('C ;3 u. :'& τ(u, t, T ) := I(NT (u, t) < T )/
G>'(' I +2 &>' +,C+*6&"( 4%,*&+", 6,C τ(u) = 1 +4 6 &+*H'&
4("# u +2 ";2'(1'C ;'&G'', [t, t + T ] 6,C τ(u) = 0 "&>'(E
G+2' T,"&' G' ('$D6*' τ(u, t, T ) G+&> τ(u) G>', t 6,C T 6('
$('C'4 ,'CK. 8>' &+*H'& $('C+*&"( "%&$%&2 &>' $(";6;+D+&3 &>6&
6 &+*H'& "**%(2 G+&>+, 6, +,&'(16D T 64&'( &+#' t/ 6,C *6, ;'
'N$('22'C 62 6 4%,*&+", f J

P (τ(u)|h) = f(h) T[K

G>'(' &>' >+2&"(3 h = {l(h,tk)), 1 ≤ k ≤ K}/ K +2 &>'
D',A&> "4 &>' >+2&"(3/ 6,C tK < t ('$('2',&2 &>' &+#' "4 &>'
#"2& ('*',& D+,' #'62%('#',&2. 7 2>"(&'( &+#' +,&'(16D T
+#$D+'2 &>6& &>' *"(('2$",C+,A *%2&"#'( 'CA' $(";D'#2 D'6C
&" +##'C+6&' *%2&"#'( &+*H'&2 T'.A./ &>' $(";D'#2 &>6& "4&',
*%& "44 &>' *",,'*&+",KL +, *",&(62&/ 6 D",A'( T 16D%' 6DD"G2
$(";D'#2 &>6& 6(' D'22 ,"&+*'6;D' ;3 *%2&"#'(2/ 2%*> 62 +,E
&'(#+&&',& *",,'*&+",2/ 2D"G 2$''C/ '&*. F, 6CC+&+",/ 6 D",A'(
&+#' +,&'(16D #63 6D2" +#$D3 &>6& 6 *%2&"#'( +2 ,"& ", 2+&'
G>', &>' $(";D'# "**%(2/ 6,C &>' $(";D'# +2 ",D3 ('$"(&'C
G>', &>' *%2&"#'( *"#'2 ;6*H >"#'. 8>'('4"('/ +, "%( 'NE
$'(+#',&/ G' &(3 &" 6CC('22 6DD &>'2' 2+&%6&+",2 ;3 *>""2+,A
6 D",A'( T 'O%6D2 &" ] G''H2.

4.2 Encoding Line Measurement History
P' ,"G C+2*%22 >"G &" ',*"C' &>' &+#'E2'(+'2 "4 D+,'

#'62%('#',&2 +,&" D+,' 4'6&%('2 2" &>6& &>'3 *6, ;' ('6C+D3
%2'C ;3 &>' &+*H'& $('C+*&"( 4"( C'&'*&+,A $"&',&+6D *%2&"#'(
'CA' $(";D'#2. I%( ;62+* +C'6 +2 &" C'4 ,' 16(+"%2 &3$'2
"4 4'6&%('2 &" ('4 '*& C+44'(',& $("$'(&+'2 "4 &>' D+,' *",C+E
&+",2 '#;"C+'C +, &>'2' &+#'E2'(+'2. P' C'4 ,' &>('' &3$'2



"4 4'6&%('2J ;62+* 4'6&%('2/ C'D&6 4'6&%('2/ 6,C &+#'E2'(+'2
4'6&%('2 T86;D' \/ ("G [E\K. F, $(6*&+*'/ G' 'N$'*& &>' &+*H'&
$('C+*&+", &" ;' *",C%*&'C '1'(3 )6&%(C63 &"A'&>'( G+&> &>'
G''HD3 D+,' #'62%('#',&. 8>'('4"('/ &>' ;62+* 4'6&%('2 ('$E
('2',& &>' *%((',& *",C+&+",2 "4 +,C+1+C%6D -): D+,'2 '1'(3
)6&%(C63. 8>' C'D&6 4'6&%('2 ('*"(C &>' *>6,A' +, &>' ;6E
2+* 4'6&%('2 *"#$6('C G+&> &>' 4'6&%(' 16D%'2 +, &>' $('1+"%2
G''H/ G>+*> #'62%('2 &>' *>6,A' G+&> ('2$'*& &" &>' 2>"(&
&'(# >+2&"(3. F, *"#$6(+2",/ &>' &+#'E2'(+'2 4'6&%('2 #'6E
2%(' &>' C'1+6&+", "4 &>' ;62+* 4'6&%('2 +, *"#$6(+2", &" 6
D",A &'(# #'62%('#',& >+2&"(3.

83$' Q6#' -'4.
b+2&"(3 M62+* lKi

-'D&6 lKi − lK−1

i
8+#'E2'(+'2 (lKi − l̄i)/var(li)

!%2&"#'( V("4 D' lKi /profile(li)
8+*H'& 8+#' 4("# &>' #"2& ('*',& &("%;D' &+*H'&
5"C'# V'(*',&6A' "4 &+#'2 &>6& &>' #"C'# +2 "44

-'(+1'C n%6C(6&+* (lti)
2

V("C%*& lti · ltj

Table 3: DSL line measurement features.
F, 6CC+&+", &" &>'2' 4'6&%('2 ('A6(C+,A D+,' *",C+&+",2/ &>'

*>6,*' "4 6 $"&',&+6D &("%;D' &+*H'& 6D2" C'$',C2 ", *'(&6+,
*>6(6*&'(+2&+*2 "4 &>' *%2&"#'(2. h"( 'N6#$D'/ 6 C"G,D"6CE
+,A 2$''C "4 [Y_H;$2 ", 6 2D"GE2$''C -): D+,' +,C+*6&'2 6
1'(3 A""C D+,' $'(4"(#6,*'. b"G'1'(/ 2%*> 6 2$''C "4&',
D'6C2 &" 6 &("%;D' &+*H'& ", 6 >+A>E2$''C D+,'. P' &>'('4"('
+,&("C%*' &>('' H+,C2 "4 *%2&"#'( ('D6&'C 4'6&%('2 +, 86;D' \
T("G ]EjK &" 6CC('22 &>+2 +22%'. 8>' $("4 D' 4'6&%('2 6(' C'E
4 ,'C 62 &>' ;62+* 4'6&%('2 C+1+C'C ;3 &>' 'N$'*&'C 4'6&%('
16D%'2 2$'*+4 'C ;3 &>' *"(('2$",C+,A *%2&"#'( $("4 D'/ '.A./
&>' #+,+#%# C"G,D"6C+,A ;+& (6&' "( &>' #6N+#%# C"G,E
D"6C+,A ;+& (6&'/ '&*. 8>' &+*H'& 4'6&%(' ('*"(C2 &>' &+#' 4("#
&>' #"2& ('*',& &("%;D' &+*H'& &" tK . F&2 $%($"2' +2 &" 6CC('22
&>' *"(('D6&+", ;'&G'', &+*H'&2 4("# &>' 26#' *%2&"#'(. h"(
'N6#$D'/ +4 &>'(' >62 ;'', 6 &+*H'& +, &>' $62& &>('' C632 6,C
$(";D'# +2 ,"& 4 N'C/ &>' D+H'D+>""C "4 ('$'6& &+*H'&2 G+DD
+,*('62'. 8>' #"C'# 4'6&%(' ('$('2',&2 &>' $'(*',&6A' "4
&+#'2 &>6& &>' -): #"C'# +2 "44 C%(+,A &>' &'2&/ G>+*> ('E
4 '*&2 &>' %26A' $6&&'(, "4 6 *%2&"#'(. P>', 6 #"C'# +2 "44
C%(+,A &>' &'2&/ G' >61' 6 #+22+,A ('*"(C 4"( &>6& *%2&"#'(.
8>' &>+(C &3$' "4 4'6&%('2 6(' C'(+1'C 4'6&%('2 T86;D' \/

("G kE_K/ G>+*> 6(' *"#$%&'C 4("# >+2&"(3 4'6&%('2 6,C *%2E
&"#'( 4'6&%('2Y. 8>' O%6C(6&+* 4'6&%('2 #"C'D &>' 16(+6,*'
"4 '6*> 16(+6;D' 6,C &>' $("C%*& 4'6&%('2 6CC('22 &>' +,&'(E
6*&+",2 ;'&G'', $6+(2 "4 16(+6;D'2\.

4.3 Top-N Average Precision Feature Selection
I%( ,'N& 2&'$ +2 &" %2' #6*>+,' D'6(,+,A 6DA"(+&>#2 &" 'NE

&(6*& &>' *"(('D6&+", ;'&G'', &>'2' D+,' 4'6&%('2 6,C 4%&%('
YP' *",1'(& '6*> *6&'A"(+*6D 16(+6;D'2 G+&> m 16D%'2 +,&" m ;+E
,6(3 16(+6;D'2 2" &>6& &>' C'(+1'C 4'6&%('2 6(' C'4 ,'C ", 6DD >+2&"(3
4'6&%('2 6,C *%2&"#'( 4'6&%('2.
\8>' C'(+1'C 4'6&%('2 6(' +,&("C%*'C &" *"#$',26&' 4"( &>' 46*& &>6&
*>"2', BStump 6DA"(+&># +A,"('2 &>' +,&'(6*&+",2 6#",A 4'6&%('2.

*%2&"#'( &+*H'&2. F, &>+2 2&%C3 G' 4"*%2 ", #6N+#+@+,A &>'
6**%(6*3 "4 &>' &"$ YZi $('C+*&+",2. 5"2& "4 &>' 2&6&'E"4E
&>'E6(& 6DA"(+&>#2 4"*%2+,A ", (6,H+,A 6**%(6*3 6(' %2%6DD3
*"#$%&6&+",6DD3 'N$',2+1' 6,C >',*' *6,,"& ;' 6$$D+'C 4"(
(6,H+,A #+DD+",2 "4 -): D+,'2. I%( 2"D%&+", &" &>+2 $(";D'#
+2 &" %2' 6 2*6D6;D' #6*>+,' D'6(,+,A 6DA"(+&># &>6& #6N+E
#+@' &>' "1'(6DD 6**%(6*3. 8" C'1+6&' &>' c6&&',&+",d "4 2%*>
6, 6DA"(+&># ",&" &>' 6**%(6*3 "4 &>' &"$ YZi $('C+*&+",2
+,2&'6C "4 &>' "1'(6DD 6**%(6*3/ G' $("$"2' 6 ,"1'D &"$EN
61'(6A' $('*+2+", #'&(+* &" 2'D'*& ",D3 4'6&%('2 &>6& $("1+C'
;'&&'( 6**%(6*3 ", &>' &"$ YZi $('C+*&+",2. P' 'D6;"(6&' &>'
4'6&%(' 2'D'*&+", #'&>"C ;'D"G.
P' 4 (2& C'4 ,' &>' &"$EN 61'(6A' $('*+2+",. :'& N ;'

&>' &"&6D ,%#;'( "4 &"$ $('C+*&+",2 2'D'*&'C. Prec(r) :=
1/r

∑r
i=1 τ(ui) +2 &>' $('*+2+", *"#$%&'C ;62'C ", &>' 4 (2&

r $('C+*&+",2. 8>' &"$EN 61'(6A' $('*+2+", +2 C'4 ,'C 62
AP (N) :=

∑N
r=1 Prec(r) × τ(ur)/N . b',*' AP (N)

#'62%('2 &>' 2%# "4 $('*+2+",2 4"( 6DD &(%' $('C+*&+",2 61'(E
6A'C ;3N / 6,C AP (N) 461"(2 (6,H+,A &>' D+,'2 G+&> 4%&%('
&+*H'&2 >+A>'( &>6, &>' D+,'2 G+&>"%& 4%&%(' &+*H'&2.
P' 6$$D3 6 A(''C3 4'6&%(' 2'D'*&+", #'&>"C ;62'C ",AP (N)

62 4"DD"G2. P' 4 (2& *",2&(%*& 6 &+*H'& $('C+*&"( T2'' )'*E
&+", ].] 4"( C'2*(+$&+", "4 &>' $('C+*&"(K A+1', '6*> +,C+1+CE
%6D 4'6&%(' ", 6 &(6+,+,A C6&62'&/ 6,C &'2& &>' $('C+*&"( ", 6
2'$6(6&' &'2& 2'&. P' &>', *"#$%&' AP (N) 4"( '6*> +,C+1+CE
%6D 4'6&%(' ;62'C ", &>' ('2%D& ", &>' &'2& 2'&. 8>' 4'6&%('2
622"*+6&'C G+&> &>' >+A>'2& AP (N) 16D%'2 6(' 2'D'*&'C. P'
C'#",2&(6&' &>' >+2&"A(6# "4 AP (20K) 4"( 6DD &>' 4'6&%('2
+, h+A. ]. P' ";2'(1' 2&(",A ;+#"C6D 2>6$'2 +, h+A. ]e6g 6,C
h+A. ]e;g 4"( >+2&"(3 6,C *%2&"#'( 4'6&%('2 6,C &>' 622"*+E
6&'C &>' O%6C(6&+* 4'6&%('2/ ('2$'*&+1'D3. P' *>""2' Z.Y 62
"%( &>('2>"DC &" 2'D'*& &>' 4'6&%('2 G>+*> 6(' 2+A,+4 *6,&D3
#"(' 6**%(6&' &>6, &>' "&>'( 4'6&%('2 "4 &>' 26#' &3$'. M'E
*6%2' '6*> $("C%*& 4'6&%(' +2 4"(#'C ;3 *"#;+,+,A &G" "&>'(
4'6&%('2/ G' >',*' 'N$'*& &>' AP (20K) 4"( &>' $("C%*& 4'6E
&%(' &" ;' 2+A,+4 *6,&D3 >+A>'( &>6, 6,3 "4 &>' &G" 4'6&%('2.
8>'('4"('/ G' *>""2' 6 >+A>'( &>('2>"DC 4"( 2'D'*&+,A $("CE
%*& 4'6&%('2 TA('6&'( &>6, Z.\K.

4.4 Learning the Ticket Predictor
:'& x ;' &>' 2'& "4 4'6&%('2 2'D'*&'C 4("# &>' "(+A+,6D >+2E

&"(3 "4 D+,' #'62%('#',&2 h. !",2&(%*&+,A &>' &+*H'& $('C+*E
&"( +2 'O%+16D',& &" 2"D1+,A &>' ('A('22+", $(";D'# P (τ(u)|x) =
f(x). P' %2' 'N+2&+,A *%2&"#'( &+*H'&2 62 &>' A("%,C &(%&>
6,C 6$$D3 2%$'(1+2'C #6*>+,' D'6(,+,A &'*>,+O%'2 &" D'6(, f
6%&"#6&+*6DD3. 8" &(6+, f / G' &('6& &>' -): D+,'2 G+&> 4%&%('
&+*H'&2 G+&>+, ] G''H2 62 $"2+&+1' 'N6#$D'2 6,C &>' ('2& "4
&>' D+,'2 62 ,'A6&+1' 'N6#$D'2.
-%' &" &>' 46*& &>6& 2"#' *%2&"#'( 'CA' $(";D'#2 #63

,"& ;' ('$"(&'C ;3 *%2&"#'(2/ &(6+,+,A C6&6 *"(('2$",C+,A &"
&>'2' $(";D'#2 6(' #+2D6;'D'C 62 ,'A6&+1' 'N6#$D'2 +,2&'6C
"4 $"2+&+1' 'N6#$D'2. M'*6%2' "4 &>' 'N+2&',*' "4 2%*> ,"+2'
+, &>' &(6+,+,A C6&6/ 2"$>+2&+*6&'C ,",ED+,'6( #"C'D2 "1'(4 &
'62+D3/ G' >',*' *>""2' 6 D+,'6( #"C'D 4"( f G>+*> +2 #"('
(";%2& 6A6+,2& ,"+2'. 8>' Adaboost 6DA"(+&># G+&> C'*+2+",
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Figure 4: Top 20K average precision for different types of derived features

2&%#$2 T+.'. ",'ED'1'D C'*+2+", &(''2K e[jg/ G>+*> G' ('4'( &"
62 BStump +, &>+2 $6$'(/ +2 2'D'*&'C &" *",2&(%*& &>' #"C'D.
8>' D+,'6( #"C'D 4("# BStump G62 2>"G, &" ;' &>' #"2&
2*6D6;D' G>+D' >61+,A 6, 6**%(6*3 *"#$6(6;D' &" 2"$>+2&+E
*6&'C ,",ED+,'6( *D622+4 '(2 ekg.

Figure 5: The schematic view of a BStump classier.

h+A. ^ A+1'2 6 2*>'#6&+* 1+'G "4 BStump. -%(+,A &(6+,E
+,A/ G' 2$'*+43 &>' ,%#;'( "4 +&'(6&+",2 T T"( &>' ,%#;'(
"4 &>' G'6H D'6(,'(2K %2'C ;3 &>' 6DA"(+&>#. 7& +&'(6&+", t/
&>' 6DA"(+&># 2'D'*&2 ",' $6(&+*%D6( D+,' 4'6&%(' 6,C &>' *"(E
('2$",C+,A 4'6&%(' 16D%' δ &>6& ;'2& $6(&+&+",2 &>' &(6+,+,A
C6&6/ G'+A>&'C ;62'C ", &>' *D622+4 *6&+", ('2%D& +, +&'(6&+",
t − 1/ +,&" $"2+&+1' 6,C ,'A6&+1' 'N6#$D'2. 8>' 6DA"(+&>#
*('6&'2 6 C'*+2+", 2&%#$ %2+,A &>' 2'D'*&'C 4'6&%(' 62 6 G'6H
D'6(,'( gt. R6*> G'6H D'6(,'( "%&$%&2 S−

TD'22 D+H'D3 &" >61'
6 4%&%(' &+*H'&K 4"( 6 4'6&%(' 16D%' ;'D"G δ T4"( *",&+,%"%2
4'6&%('2K "( ,"& 'O%6D &" δ T4"( *6&'A"(+*6D 4'6&%('2K/ 6,C "%&E
$%&2 S+ "&>'(G+2' T#"(' D+H'D3 &" >61' 6 4%&%(' &+*H'&K. h"(
'N6#$D'/ +, h+A. ^/ &>' 4 (2& G'6H D'6(,'( Tt = 1K &'2&2 &>'
C'D&6 %$D"6C+,A ;+& (6&' 6A6+,2& δ = −112/ +4 &>' %$D"6C+,A
(6&' +, &>' $('1+"%2 G''H +2 #"(' &>6, [[YH;$2 6;"1' &>6& +,
&>+2 G''H/ &>' G'6H D'6(,'( "%&$%&2 6 2*"(' S+ = 0.415/
6,C S

−
= −0.183 "&>'(G+2'. 7 &"&6D 2*"(' *"(('2$",CE

+,A &" 6 *"#;+,6&+", "4 &>' "%&$%&2 4("# 6DD G'6H D'6(,'(2
+2 *"#$%&'C 6,C 6 &>('2>"DC +2 6$$D+'C &" *"#$%&' 6 ;+,6(3
"%&*"#'. 8>' C6&6 G'+A>&2 6(' 6C?%2&'C +, "(C'( &" ;'2& ('E
$("C%*' &>' A("%,C &(%&> ", 6DD D+,' #'62%('#',& ('*"(C2.
8>+2 $("*'22 +&'(6&'2 %,&+D T G'6H D'6(,'(2 6(' A','(6&'C.
7& (%, &+#'/ 4"( '6*> D+,' #'62%('#',& ('*"(C x/ T 2*"('2

6(' A','(6&'C ;3 &>' G'6H D'6(,'(2/ 6,C &>'2' 2*"('2 6('
2%##'C %$ 62 &>' $('C+*&+", f(x) :=

∑T
t=1 gt(x). 8>'

2*"(' f +2 &>', *",1'(&'C &" &>' $"2&'(+"( $(";6;+D+&3 P (τ(u)|x)
%2+,A D"A+2&+* *6D+;(6&+",.

5. EXPERIMENTAL RESULTS
P' %2' D+,' #'62%('#',& ('*"(C2 4("# Z_WZ[WZf &" ZfW\[WZf

62 "%( &(6+,+,A C6&6/ 6,C &>' C6&6 +, &>' 4"%( *",&+A%"%2
G''H2 2&6(&+,A 4("# [ZW\[WZf 62 "%( &'2& C6&6. 8>' D+,' #'6E
2%('#',&2 4("# Z[WZ[WZf &" ZkW\[WZf 6(' >+2&"(3 ('*"(C2 4"(
*"#$%&+,A &+#'E2'(+'2 4'6&%('2 6,C *%2&"#'( ('D6&'C 4'6&%('2.
P' %2' M""2&'N&'( e[jg 62 &>' BStump +#$D'#',&6&+",. 8>'
,%#;'( "4 +&'(6&+",2 +2 2'& &" _ZZ ;62'C ", *("22E16D+C6&+",].

5.1 Evaluation of Ticket Predictor
72 &>' 4 (2& 2&'$/ G' *"#$6(' &>' $("$"2'C &"$EN 61'(6A'

$('*+2+", #'&>"C TNoYZiK G+&> "&>'( G'DDEH,"G, 4'6&%('
2'D'*&+", #'&>"C2. -%' &" &>' *"#$%&6&+",6D *"#$D'N+&3 "4
*'(&6+, 4'6&%(' 2'D'*&+", #'&>"C2 6,C &>' D6(A' ,%#;'( "4
C'(+1'C 4'6&%('2/ G' ",D3 %2' >+2&"(3 4'6&%('2 4"( &>' *"#E
$6(+2",. F, $6(&+*%D6(/ 4"( '6*> 4'6&%(' 2'D'*&+", #'&>"C/ &>'
&"$ ^Z 4'6&%('2 6(' 2'D'*&'C 6**"(C+,A &" &>' *(+&'(+6 +, 86E
;D' ]/ 6,C 6 *D622+4 '( +2 *",2&(%*&'C %2+,A &>'2' ^Z 4'6&%('2.

5'&>"C2 h'6&%(' 2'D'*&+", *(+&'(+6
70! 56N+#%# 6('6 %,C'( &>' =I! *%(1'.
71'(6A' $('*+2+", 71'(6A' $('*+2+", 16D%' ", all &>' 26#$D'2.
V!7 8"$ $(+,*+$6D *"#$",',&2.
U6+, (6&+" 8>' &"&6D ',&("$3 C'*('62' "4 &>' ('2%D&

6&&(+;%&' ;3 H,"G+,A ",' $6(&+*%D6( 4'6&%('.

Table 4: Other feature selection methods.
P' ,"&' &>6& G' %2' 6**%(6*3 +, &>+2 $6$'( 4"( '16D%6&E

+,A &>' $'(4"(#6,*' "4 &>' &+*H'& $('C+*&"(/ G>+*> +2 C'4 ,'C
62 &>' $("$"(&+", "4 2%;2*(+;'(2 622"*+6&'C G+&> &>' &"$ N
$('C+*&+",2 G>" >61' +22%'C &+*H'&2 G+&>+, ] G''H2 4("# &>'
$('C+*&+", &+#'. b"G'1'(/ 2%*> 6 #'&(+* +2 1'(3 *",2'(16E
&+1'. 7, incorrect prediction #63 ;' ('D6&'C &" 6 ('6D -):
$(";D'# ;%& 2"#'>"G &>' *%2&"#'( C+C ,"& +22%' 6 &+*H'& 4"(
16(+"%2 ('62",2. P' 2>6DD C+2*%22 &>'2' ('62",2 +, C'&6+D +,
)'*&+", ^.Y.
P' +DD%2&(6&' &>' 6**%(6*3 "4 C+44'(',& 4'6&%(' 2'D'*&+",

#'&>"C2 +, h+A. j/ G>'(' &>' xE6N+2 ('$('2',&2 &>' ,%#;'( "4
&"$ $('C+*&+",2 2'D'*&'C 6,C &>' yE6N+2 2&6,C2 4"( &>' 6**%E
]P>', &>' ,%#;'( "4 +&'(6&+", +2 'O%6D &" _ZZ/ &(6+,+,A &>' *D62E
2+4 '( ", [ #+DD+", &(6+,+,A ('*"(C2 ('O%+('2 6("%,C Y >"%(2 ", 6
&3$+*6D 2'(1'( #6*>+,' G+&>"%& $6(6DD'D+@6&+",. I,D3 D'22 &>6, [^
#+,%&'2 6(' ,''C'C 4"( (6,H+,A 6DD &>' -): D+,'2 T2'1'(6D #+DD+",K.
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Figure 6: Feature selection methods.
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Figure 7: Ticket prediction results.
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Figure 8: CDF of ticket arrival time.

(6*3 "4 &>'2' &"$ x $('C+*&+",2. P' ";2'(1' &>6& &>' $("$"2'C
&"$EN 7V #'&>"C "%&$'(4"(#2 6DD &>' "&>'( #'&>"C2 2+A,+4E
+*6,&D3 G>', D'22 &>6, YZi $('C+*&+",2 6(' *>"2',. b"GE
'1'(/ 62 #"(' $('C+*&+",2 6(' 2'D'*&'C/ &>' 6**%(6*3 4("#
&>' &"$EN 7V #'&>"C ;'*"#'2 D"G'( &>6, &>' $"$%D6( 70!
;62'C #'&>"C. 8>+2 $>',"#',", +#$D+'2 &>6&/ '1', &>"%A>
&>' ;""2&+,A 6DA"(+&># 4"*%2'2 ", #6N+#+@+,A &>' "1'(6DD
6**%(6*3/ &>' 4'6&%('2 *>"2', ;3 &>' &"$EN 7V #'&>"C '4E
4'*&+1'D3 2'D'*& #"(' &(%' $('C+*&+",2 &" ;' G+&>+, &>' &"$
YZi. F, &>+2 G63/ G' *6, #6H' ;'&&'( %2' "4 &>' 'N&(6 &+*H'&
>6,CD+,A *6$6*+&3 $("1+C'C ;3 &>' 78-) 232&'# &" $("6*E
&+1'D3 ('2"D1' #"(' $"&',&+6D *%2&"#'( 'CA' $(";D'#2. P'
,"&' &>6& +, "%( &"$EN 7V #'&>"C/ N +2 6 &%,6;D' $6(6#E
'&'(/ G>+*> *6, ;' ',D6(A'C G>', #"(' $('C+*&+",2 *6, ;'
6**"##"C6&'C ;3 78-).
P' ,'N& 2&%C3 &>' $'(4"(#6,*' "4 &>' &+*H'& $('C+*&"( ",

C+44'(',& D+,' #'62%('#',& 4'6&%('2 +, 86;D' \. h+A. k 2>"G2
&>' $('C+*&+", ('2%D&2 %,C'( C+44'(',& 4'6&%(' 2'&2/ G>'(' &>'
xE6N+2 2&6,C2 4"( &>' ,%#;'( "4 $('C+*&+",2 2'D'*&'C 6,C &>'
yE6N+2 ('$('2',&2 &>' 6**%(6*3 "( $('*+2+", +, &>' &"$ x $('E
C+*&+",2. 8>' C"&&'C *%(1' *"(('2$",C2 &" &>' 6**%(6*3 G>',
",D3 >+2&"(3 6,C *%2&"#'( 4'6&%('2 6(' %2'C/ G>+D' &>' 2"D+C
*%(1' ('$('2',&2 &>' 6**%(6*3 G>', 6DD &>' 4'6&%('2 +, 86E
;D' \ 6(' %2'C. 8>' &"$E20K 7V #'&>"C +2 6$$D+'C &" 2'D'*&
4'6&%('2 4("# ;"&> 4'6&%(' 2'&2.
h("# h+A. k/ G' 6*>+'1' A""C 6**%(6*3 T\k._mK G+&> >+2E

&"(3 6,C *%2&"#'( 4'6&%('2 4"( &>' &"$ YZi $('C+*&+",2. 8>'
6CC+&+", "4 C'(+1'C 4'6&%('2 4%(&>'( ;""2&2 &>' 6**%(6*3 &"
]Zm. 5"(' 2$'*+4 *6DD3/ G>', N ('6*>'2 &>' #6N+#%# *6E
$6*+&3 "4 YZi/ G' 6*>+'1' Y &(%' $('C+*&+",2 4"( \ +,*"(('*&
$('C+*&+",2 T"( 6 (6&+" "4 [J[.^K^. 8>+2 #'6,2 &>6& 4"( #"('
&>6, _i "4 &>' $('C+*&'C D+,'2/ G' ";2'(1' 6& D'62& ",' &+*H'&
G+&>+, 4"%( G''H2 64&'( "%( $('C+*&+",. 8>+2 C'#",2&(6&'2
&>' '44'*&+1','22 "4 +,*"($"(6&+,A &>' *"16(+6,*' "4 4'6&%('2
+,&" &>' *D622+4 '( ;3 ',*"C+,A &>'# 'N$D+*+&D3 %2+,A C'(+1'C
O%6C(6&+* 4'6&%('2 6,C $("C%*& 4'6&%('2.

5.2 Discussion of the Prediction Results
h("# &>' "$'(6&+", $'(2$'*&+1'/ &>' '44'*&+1','22 "4 6 $("6*E

&+1' 2"D%&+", +2 644'*&'C ;3 &G" 46*&"(2J [K &>' ,%#;'( "4

^P' >61' 6D2" *"#$6('C &>' ('2%D&2 %2+,A 4'6&%('2 4("# 70! 6,C
A6+, (6&+" #'&>"C2/ G>+*> 6A6+, 6(' #%*> G"(2' &>6, &>' &"$EN 7V
#'&>"C 4"( &>' &"$ YZi $('C+*&+",2. P' "#+& &>' C'&6+D >'(' C%' &"
2$6*' D+#+&.

6*&%6D *%2&"#'( 'CA' $(";D'#2 G+&>+, &>' YZi $('C+*&+",2L
YK &>' &+#' 6DD"G'C 4"( ('2"D1+,A $('C+*&'C $(";D'#2 ;'4"('
*%2&"#'(2 *"#$D6+,.
h("# &>' '16D%6&+", ('2%D& +, )'*&+", ^.[/ G' 6*>+'1' 6,

6**%(6*3 6("%,C ]Zm 4"( &>' &"$ YZi $('C+*&+",2/ +.'./ 6("%,C
[Yi +,*"(('*& $('C+*&+",2. Q"&' &>6& +, 2%*> 6, "44 +,' '16DE
%6&+",/ G' ('D3 ", 6*&%6D *%2&"#'( &+*H'&2 &" '16D%6&' &>'
6**%(6*3 "4 &>' $("$"2'C &+*H'& $('C+*&"(/ +.'./ 6 &+*H'& +2 *",E
2+C'('C &" ;' *"(('*&D3 $('C+*&'C +4 6,C ",D3 +4 6 &+*H'& 622"E
*+6&'C G+&> 6 *%2&"#'( 'CA' $(";D'# +2 ";2'(1'C G+&>+, ",'
#",&> 64&'( &>' $('C+*&+",. P' %2' ",' #",&> >'(' &" A+1'
&>' *%2&"#'(2 ',"%A> &+#' &" ('$"(& &>' $(";D'#2 C'6D+,A
G+&> +,&'(#+&&',& *",,'*&+",2 "( 2D"G ;("G2+,A $(";D'#2 62
&>'3 6(' >6(C &" $'(*'+1' "( #"(' &"D'(6;D'. )&+DD/ &>' ('$"(&'C
$(";D'#2 4("# &>' *%2&"#'( &+*H'&2 ",D3 *"#$(+2' 6 2%;2'&
"4 6DD &>' *%2&"#'( 'CA' $(";D'#2. F, &>' 4"DD"G+,A/ G' 'NE
$D"(' &G" 2*',6(+"2 G>', 6 ('6D $(";D'#G+DD ,"& ;' ('$"(&'C
;3 &>' *%2&"#'(.
Outage problems and IVR. 8>' 4 (2& 2*',6(+"2 +2 ('D6&'C &"
&>' "%&6A' $(";D'#2. P>', 6, "%&6A' $(";D'# +2 C'&'*&'C 6&
6 *'(&6+, 6('6 T'.A./ 4("# *%2&"#'( &+*H'&2 "( 232&'# 6D6(#2K/
6, +,&'(6*&+1' 1"+*' ('2$",2' TFS=K 232&'# G+DD ;' 2'& %$ &"
6%&"#6&+*6DD3 +,4"(# *%2&"#'(2 G>" *6DD 4("# &>' 26#' 6('6
6;"%& &>' "%&6A' $(";D'#. F, &>+2 *62'/ &>' *%2&"#'( C"'2 ('E
$"(& 6 $(";D'# T*6%2'C ;3 &>' "%&6A'K ;%& ," &+*H'& +2 +22%'C
2+,*' &>' $>",' *6DD +2 >6,CD'C ;3 FS= +,2&'6C "4 *%2&"#'(
6A',&2. P' 'N$D"(' &>+2 2*',6(+" 62 4"DD"G2. h"( '6*> +,*"(E
('*& $('C+*&+",/ G' 4 (2& +C',&+43 &>' *"(('2$",C+,A -):75
&>6& +& +2 622"*+6&'C G+&>. P' 622%#' &>' +,*"(('*& $('C+*&+",
;'D",A2 &" &>' FS= 2*',6(+" +4 6& D'62& ",' "%&6A' $(";D'# +2
";2'(1'C +, &>' &+*H'&2 4("# &>' *%2&"#'(2 ;'D",A+,A &" &>'
26#' -):75 G+&>+, T G''H2 4("# &>' $('C+*&+", &+#'.

[ G''H Y G''H2 \ G''H2 ] G''H2
m "4 +,*"(('*& $('C+*&+",2 [Y.k [_.] Yj.] \[.^
!"'4. 4"( "%&6A' $('C+*&+", Z.Zk\\ Z.Zk^Y Z.Zk_k Z.Zk_]
VE16D%' Z.ZZY[ Z.ZZ[\ Z.ZZYk Z.ZZ[[

Table 5: Incorrect predictions explained by outages.
M3 16(3+,A T 4("# [ G''H &" ] G''H2/ G' 2>"G &>' $("E

$"(&+", "4 +,*"(('*& $('C+*&+",2 &>6& *6, ;' 'N$D6+,'C ;3 &>'
FS= 2*',6(+" +, 86;D' ^ T("G [K. 7("%,C [Y.km +,*"(('*&
$('C+*&+",2 6(' D+H'D3 &>' 6(&+46*& "4 FS= 4"( "%&6A' $(";E
D'#2 G>', &>' "%&6A' $(";D'#2 6(' ";2'(1'C G+&>+, 6 G''H
4("# &>' $('C+*&+", &+#'. 8>+2 $("$"(&+", +,*('62'2 &" \[.^m



G>', 6& D'62& ",' "%&6A' $(";D'# +2 ('$"(&'C +, ] G''H2.
F, 46*&/ G' >61' ";2'(1'C 6 *"(('D6&+", ;'&G'', $('C+*E

&+",2 6,C 4%&%(' "%&6A' $(";D'#2. :'& outage(d, t, T ) ;' 6
;+,6(3 '1',&/ G>'(' outage(d, t, T ) = 1 +4 6& D'62& ",' "%&E
6A' $(";D'# "**%(2 +, -):75 d ;'&G'', [t, t + T ]. P'
O%6,&+43 &>' *"(('D6&+", ;'&G'', &+*H'& $('C+*&+",2 T+, &>'
&"$ YZiK 6,C 4%&%(' "%&6A' $(";D'#2 %2+,A D"A+2&+* ('A('2E
2+",J logit(#predictions) ∼ outage(d, t, T ). P' 16(3 T
4("# [ G''H &" ] G''H2. 8>' *"'44 *+',&2 6,C VE16D%'2 4("#
&>' ('A('22+", ('2%D&2 6(' $('2',&'C +, 86;D' ^ T("G YE\K. P'
";2'(1' &>6& &>'(' +2 6DG632 6 2&(",A TVE16D%'2 D'22 &>6, ^mK
$"2+&+1' T*"'44 *+',&2 A('6&'( &>6, ZK *"(('D6&+", ;'&G'', &>'
4%&%(' "%&6A' $(";D'#2 6,C ,%#;'( "4 $('C+*&'C *%2&"#'(
'CA' $(";D'#2 4("# 6 *'(&6+, -):75. M62'C ", &>+2 ";2'(E
16&+",/ &>' ,%#;'( "4 $('C+*&+",2 622"*+6&'C G+&> 6 -):75
*6, ;' %2'C 62 6, +,C+*6&"( 4"( 4%&%(' "%&6A' $(";D'#2. F, 6CE
C+&+",/ G' *6, A("%$ $('C+*&+",2 ;3 -):752 6,C 2',C ",'
&(%*H &" ('2"D1' #"2& "4 &>' $(";D'#2 +, 6 A+1', -):75.
Customers not on site. F, &>' 2'*",C 2*',6(+"/ 6 *%2&"#'(
#63 ,"& %2' &>' -): 2'(1+*' G>', &>' $('C+*&'C $(";D'# "*E
*%(2/ &>%2 2>' G+DD ,"& ,"&+*' &>' $(";D'# 6,C ," *%2&"#'(
&+*H'& +2 +22%'C. 8" +C',&+43 +,*"(('*& $('C+*&+",2 *"(('2$",CE
+,A &" &>+2 2*',6(+"/ G' *"DD'*& C6+D3 6AA('A6&'C ;3&' +,4"(E
#6&+", 4"( +,C+1+C%6D *%2&"#'(2 %,C'( &G" M=7) 2'(1'(2.
P' *",2+C'( 6 *%2&"#'( &" ;' ,"& ", 2+&' G>', ," &(644 * +2
";2'(1'C 4("# &>6& *%2&"#'( 4("# ",' G''H ;'4"(' &>' $('E
C+*&+", &+#' %,&+D ",' G''H 64&'( &>' $('C+*&+", &+#'. h"(
[Yi +,*"(('*& $('C+*&+",2/ G' +C',&+43 [Z_ 2%;2*(+;'(2 G+&>
*"(('2$",C+,A ;3&' +,4"(#6&+",. b"G'1'(/ [_ "%& "4 &>'2'
[Z_ 2%;2*(+;'(2 T[j.kmK 6(' *D622+4 'C 62 ,"& ", 2+&'. 8>+2
#'6,2 2%*> [j.km $('C+*&+",2 6(' $D6%2+;D3 G+&> ('6D *%2E
&"#'( 'CA' $(";D'#2/ ;%& &>' *%2&"#'(2 C" ,"& ('6D+@' &>'
$(";D'#2 2+,*' &>'3 6(' 6G63. 8>+2 6D2" $("1+C' %2 6 G63
&" $(+"(+&+@' &>' YZi $('C+*&+",2 ;3 4 N+,A D+,'2 G+&> #"('
*%2&"#'( 6*&+1+&+'2 4 (2&. R1', &>"%A> G' ",D3 >61' 6 2#6DD
26#$D' "4 6DD &>' -): *%2&"#'(2/ G' 'N$'*& &>' 26#' ";E
2'(16&+", >"DC2 4"( &>' -): *%2&"#'(2 *",,'*&+,A &" "&>'(
M=7) 2'(1'(2. F, 6CC+&+",/ &>'(' #+A>& ;' *%2&"#'(2 ;'E
D",A+,A &" ;"&> 2*',6(+"2 &>6& G' >61' C+2*%22'C 2" 46(. P'
G+DD +,1'2&+A6&' &>+2 +, &>' *"#+,A &(+6D "4 QRSR=5FQ-.

Determining the urgency to solve a problem. P' ,'N&
2&%C3 &>' &+#' +,&'(16D 4("# &>' &+#' "4 $('C+*&+", "4 6 $(";E
D'# &" &>' &+#' G>', 6 *%2&"#'( ('$"(&2 &>' $(";D'#. 8>'
$%($"2' +2 &" %,C'(2&6,C >"G#%*> &+#' G' >61' 4("#G>',
6 $('C+*&+", +2 #6C' ;'4"(' &>' *%2&"#'( 2&6(&2 *"#$D6+,+,A.
8>' #"(' &+#' G' >61'/ &>' #"(' *>6,*' 4"( ('2"D1+,A &>'
$(";D'# 6,C &>' >+A>'( *>6,*' 4"( ('C%*+,A 4%&%(' &+*H'&2.
P' +DD%2&(6&' &>' C+2&(+;%&+",2 "4 &>' &+#' +,&'(16D2 4"( &>'
&"$ [Zi/ &"$ YZi 6,C &"$ [ZZi $('C+*&+",2 +, h+A. _. P'
";2'(1' +, h+A. _ &>6& 6("%,C _Zm "4 6DD &>' $('C+*&'C &+*H'&2
*"#' G+&>+, &G" G''H2. 8>+2 +#$D+'2 >+A>'( 6**%(6*3 4"(
$('C+*&+,A &+*H'&2 +, &>' ,'6( 4%&%('/ G>+*> +2 ,"& 2%($(+2+,A/
2+,*' &>' *"(('D6&+", ;'&G'', D+,' #'62%('#',&2 6,C 4%&%('
*%2&"#'( &+*H'&2 ;'*"#'2 G'6H 62 &>' &+#' A6$ +,*('62'2.
P' *",2+C'( &>6& G' #+22 6 &+*H'& +4 G' 46+D &" ('2"D1' 6

$('C+*&'C &+*H'& ;'4"(' &>' *%2&"#'( *"#$D6+,2. h("# h+A. _/
+4 G' 4 N 6DD &>' $('C+*&'C $(";D'#2 ;3 5",C63 T6DD"G+,A
&G" C632 4"( 4 N+,A &>' $(";D'#2K/ G' G+DD #+22 6& #"2& [^m
"4 &>' &+*H'&2. I,D3 6& #"2& YZm "4 &>' &+*H'&2 6(' #+22'C
+4 G' 4 N 6DD $('C+*&'C $(";D'#2 +, &>('' C632. P' &>%2 >61'
$D',&3 "4 &+#' &" >6,CD' &>' $('C+*&'C *%2&"#'( &+*H'&2.

6. LOCATING PROBLEMS
F, &>+2 2'*&+",/ G' ;(+'4 3 +,&("C%*' &>' C'2+A, 6,C '16D%E

6&+", "4 &>' &("%;D' D"*6&"(. 7, +,4"(#6&+",E&>'"('&+* ?%2&+4 E
*6&+", "4 &>' $("$"2'C +,4'(',*' #"C'D *6, ;' 4"%,C +, &>'
&'*>,+*6D ('$"(& 1'(2+", "4 &>+2 $6$'( e_g.

6.1 A Simple Experience Model
P>', 6 C+2$6&*> +2 2*>'C%D'C/ 6 4 'DC &'*>,+*+6, &3$+*6DD3

A"'2 &" 6 ,%#;'( "4 D"*6&+",2/ '.A./ -):75 "( *%2&"#'(
>"#' ,'&G"(H/ 6,C &'2& #%D&+$D' C'1+*'2 %,&+D &>' $(";D'# +2
D"*6&'C. 8" 261' &+#'/ &>' &'*>,+*+6, ,''C2 &" $(+"(+&+@' 6DD
&>' $"22+;D' D"*6&+",2 +, &>' "(C'( "4 C'*('62+,A D+H'D+>""C
"4 ;'+,A &>' $(";D'# D"*6&+",. P+&>"%& 6CC+&+",6D +,4"(#6E
&+",/ &>' ;'2& (6,H'C D+2& +2 ;62'C ", &>' $(+"( $(";6;+D+&3 &>6&
$(";D'#2 "**%( 6& 6 A+1', D"*6&+", +, &>' $62&.
8>+2 2+#$D' 'N$'(+',*' #"C'D *6, ;' +#$("1'C +, 2'1'(6D

G632. h+(2&/ &'*>,+*+6,2 *6, ;' $("1+C'C G+&> 6 ;'&&'( (6,H'C
D+2& "4 D"*6&+",2 %2+,A 'N+2&+,A D+,' #'62%('#',& C6&6 +,&("E
C%*'C +, )'*. \. 8>' H'3 $(";D'# >'(' +2 &" +,4'( $(";D'# D"E
*6&+",2 4("# D+,' 4'6&%('2. )'*",C/ &>' &+#' 2$',& &'2&+,A ",'
D"*6&+", #63 C+44'( 2+A,+4 *6,&D3 4("# &>' &+#' 2$',& &'2&+,A
6,"&>'(/ 6,C/ +4 &>'2' D"*6&+",2 >61' 'O%6D $(+"( $(";6;+D+&+'2
"4 ;'+,A &>' *6%2' "4 46+D%('2/ 6 &'*>,+*+6, G+DD 261' &+#' ;3
2&6(&+,A G+&> &>' ",' G>+*> +2 &>' 462&'2& &" &'2&. 8>+(C/ &'*>E
,+*+6,2 G6,& &" #+,+#+@' &>' &+#' &>'3 2$',C #"1+,A 4("#
",' D"*6&+", &" 6,"&>'(.
8>+2 $6$'( 4"*%2'2 ", G>6& G' *6, C" G+&> &>' 616+D6;D'

+,4"(#6&+",/ ,6#'D3/ &>' 4 (2& +#$("1'#',& G>'(' &>' D"*6E
&+", +2 +,4'(('C 4("# D+,' 4'6&%('2. 7 &>+2 $"+,&/ &>' &+#'W*"2&
4"( &'2&+,A 6 D"*6&+",/ 6,C &>' &+#'W*"2& 4"( #"1+,A 4("# ",'
D"*6&+", &" 6,"&>'( 6(' ,"& 616+D6;D' 6,C *",2+C'('C 62 *",E
2&6,&2. F, &>' 4"DD"G+,A/ G' +,&("C%*' &>' +,4'(',*' #"C'D
'#$D"3'C ;3 &>' &("%;D' D"*6&"(.

6.2 Flat and Combined Inference Models
8>' C+('*& +,4'(',*' #"C'D/ G>+*> G' ('4'( &" 62 &>' "at

#"C'D/ (6,H2 6DD &>' D"*6&+",2 6**"(C+,A &" &>' $(";6;+D+&3 "4
;'+,A &>' (""& *6%2' "4 6 *%2&"#'( 'CA' $(";D'#. :'& x ∈
Rn C',"&' 6DD &>' D+,' 4'6&%('2 +, 86;D' \. :'& Ci·, 1 ≤ i ≤ 4
;' ",' "4 &>' 4"%( #6?"( $(";D'# D"*6&+",2/ '.A./ &>' >"#'
,'&G"(H THN K/ 6,C Cij ;' 6 2$'*+4 * C+2$"2+&+", 6& Ci·/ '.A./
&>' -): #"C'# 6&HN T2'' h+A. YK.
8>' 4 6& 6$$("6*> *",2+2&2 "4 &(6+,+,A 6 ",'E1'(2%2E"&>'(

;+,6(3 *D622+4 '( fCij
4"( '6*> "4 &>' Cij C+2$"2+&+",2 T&>'

,'A6&+1' *D622'2 *"(('2$",C2 &" 6DD 'N6#$D'2 &>6& C" ,"& ;'E
D",A &" Cij K. 8>' "%&$%& 4("# &>' *D622+4 '( +2 &>', *",1'(&'C
&" Pij(Cij |x) &>("%A> D"A+2&+* *6D+;(6&+",/ G>+*> ('$('2',&2/
A+1', &>' *%((',& D+,' #'62%('#',&2 x/ &>' D+H'D+>""C &>6&



&>' $(";D'# +2 *6%2'C ;3 &>' D"*6&+", 622"*+6&'C G+&> &>'
C+2$"2+&+", Cij . b',*' 6DD &>' D"*6&+",2 6(' (6,H'C 6**"(CE
+,A &" &>+2 $(";6;+D+&3 6,C &>' &'*>,+*+6, G+DD 4"DD"G 2%*> 6
(6,H D+2& C%(+,A &>' C+2$6&*>.
8" ',>6,*' &>' 6**%(6*3 "4 &>' 4 6& #"C'D/ G' $("$"2' 6

*"#;+,'C #"C'D/ G>+*> 'N$D+*+&D3 &6H'2 +,&" *",2+C'(6&+",
&>' >+'(6(*>+*6D C+2$"2+&+", "4 &>' *D622'2 +, 86;D' [. 8>' ;6E
2+* +C'6 +2 &" *"#;+,' &G" 4 6& #"C'D2/ ",' 4"( &>' C+2$"2+&+",
6,C ",' 4"( +&2 $6(',& #6?"( D"*6&+",/ &"A'&>'( 4"( &>' +,4'(E
',*'. F, $6(&+*%D6(/ 4"( '6*> C+2$"2+&+", Cij / G' D'6(, &G"
*D622+4 '(2 fCi·

a2 6,C fCij
a2 6,C *"#;+,' "%&$%&2 4("# &>'2'

*D622+4 '(2 62 &>' 4 ,6D +,4'(',*' ('2%D& P adj
ij (Cij |x) &>("%A>

D"A+2&+* ('A('22+", 62 4"DD"G2 Tγa2 6(' &>' *"'44 *+',&2 4("#
&>' D"A+2&+* ('A('22+",KJ

P adj
ij (Cij |x) =

1

1 + exp(−γ1
ijfCij

(x) − γ2
ijfCi·

(x) − γ0
ij)
TYK

6.3 Evaluating the Trouble Locator
P' 2'D'*& k G''H2 "4 D+,' #'62%('#',& C6&6 4("# Z_WZ[WZf

&" ZfW[_WZf 4"( &(6+,+,A 6,C 6,"&>'( k G''H2 C6&6 4("# ZfW[fWZf
&" [[WZjWZf 4"( &'2&+,A. M62'C ", &>' C+2$"2+&+", ,"&'2 G'
2'D'*& ^Y C+2$"2+&+",2 TCij a2/1 ≤ j ≤ 52K &>6& 6$$'6( #"('
&>6, YZ &+#'2 +, &>' C6&6/ G>+*> 6**"%,& 4"( _[.fm "4 6DD &>'
*%2&"#'( 'CA' $(";D'#2. P' 6D2" *6&'A"(+@' &>'2' ^Y C+2$"E
2+&+",2 +,&" ",' "4 &>' 4"%( #6?"( D"*6&+",2 TCi·a2/1 ≤ i ≤ 4K
+, 86;D'. [. h"( '6*> C+2$"2+&+", TCijK "( #6?"( D"*6&+",
TCi·K/ G' &(6+, 6 4 6& #"C'D TfCij

(x) "( fCi·
(x)K %2+,A &>'

BStump 6DA"(+&>#. P' &>', 622'#;D' &>' +,4'(',*' #"C'D
"4 '6*> Cij G+&> &>' #"C'D "4 +&2 $6(',& #6?"( D"*6&+", Ci·

&" 4"(# 6 *"#;+,'C +,4'(',*'#"C'D %2+,A RO.Y. 02+,A &>'2'
^Y *"#;+,'C #"C'D2 D'6(,'C ;3 &>' BStump 6DA"(+&>#/ 6
(6,H'C D+2& "4 C+2$"2+&+",2 *6, ;' *('6&'C ;62'C ", &>' $"2&'E
(+"( $(";6;+D+&+'2 P (Cadj

ij |x).
8>' ,%#;'( "4 +&'(6&+",2 4"( BStump +2 2'& &" YZZ ;62'C ",

*("22E16D+C6&+", &'2&2. P' %2' 6DD &>' D+,' 4'6&%('2 $('2',&'C
+, 86;D' \ &" ;%+DC &>' #"C'D.
Illustration of the combined inference model. P' C'#",E
2&(6&' &>' *"#;+,'C +,4'(',*' #"C'D +, h+A. f/ G>+*> +,E
4'(2 &>' D+H'D+>""C &>6&/ A+1', &>' #'62%('#',& C6&6 TxK/ &>'
$(";D'# +2 *6%2'C ;3 &>' +,2+C' G+(+,A T()K +, &>' >"#' ,'&E
G"(H T!"K.

Figure 9: Combined model for the () problem at !".
8>' ,"C'2 6& &>' ;"&&"# ('$('2',& $6(&+&+",2 "4 &>' 16D%'2

"4 C+44'(',& D+,' 4'6&%('2. 8>' ,"C'2 +, &>' #+CCD' ('$('2',&
&>' +,&'(#'C+6&' *D622+4 '( 2*"('2 "4 fIW (x) 6,C fHN (x) %2E
+,A &>' BStump #"C'D2. 8>' &"$ ,"C' +2 &>' 4 ,6D $('C+*&+",
('2%D& P (IW adj |x). 8>' 2*"('2 ", &>' 6(("G2 4("# &>' ;"&E
&"# ,"C'2 &" &>' +,&'(#'C+6&' ,"C'2 6(' 'N&(6*&'C C+('*&D3
4("# &>' G'6H D'6(,'(2 +, &>' BStump 6DA"(+&>#/ G>+*> +,E
C+*6&' >"G 2&(",A &>' +,&'(#'C+6&' ,"C'2 C'$',C ", &>' 4'6E
&%(' 16D%'2 +, &>' ;"&&"# ,"C'2. 7 $"2+&+1'W,'A6&+1' 2*"('
#'6,2 &>' *>6,*' &>6& &>' *"(('2$",C+,A $(";D'# +2 *6%2'C
;3 &>' +,&'(#'C+6&' ,"C' G+DD +,*('62'WC'*('62' +4 &>' 4'6&%('
16D%' 46DD2 G+&> &>' (6,A' 2$'*+4 'C ;3 &>' ;"&&"# ,"C'. 74E
&'( fIW (x) 6,C fHN (x) 6(' ";&6+,'C/ &>'3 6(' 4%(&>'( *"#E
;+,'C +,&" P (IW adj |x) %2+,A RO. Y.
Accuracy of the trouble locator. F, A','(6D/ &>' (6,H2 "4
D"*6&+",2 4("# &>' &("%;D' D"*6&"( %2+,A ;"&> &3$'2 "4 #"C'D2
6(' #%*> #"(' 6**%(6&' &>6, &>' basic ranks/ ;62'C ", &>'
2+#$D' 'N$'(+',*' #"C'D T)'*&+", j.[K. h"( 'N6#$D'/ %2+,A
&>' ;62+* (6,H2/ +, "(C'( &" D"*6&' ^Zm "4 &>' $(";D'#2/ 6
#6N+#%# "4 f &'2&2 6(' ,''C'C. F, *"#$6(+2",/ %2+,A '+&>'(
&>' 4 6& #"C'D "( &>' *"#;+,'C #"C'D/ ",D3 6 #6N+#%# "4 ]
&'2&2 6(' ('O%+('C. 8>+2 #'6,2 &>6&/ +, >6D4 "4 &>' C+2$6&*>'2/
6 &'*>,+*+6, *6, 261' #"(' &>6, ^Zm "4 &>' &+#' %2+,A &>'
&("%;D' D"*6&"(.

Figure 10: Rank change caused by the trouble locator

F, h+A. [Z/ G' +DD%2&(6&' &>' +#$("1'#',& "1'( &>' ;62+*
(6,H2 4"( C+44'(',& $(";D'# D"*6&+",2. P' ;+, 6DD &>' *%2E
&"#'( &+*H'&2 +, &>' &'2& C6&6 6**"(C+,A &" &>'+( ;62+* (6,H2/
6,C &>', *"#$%&' +, '6*> ;+, &>' 61'(6A' (6,H *>6,A'. P'
";2'(1' &>6& ;"&> &3$'2 "4 +,4'(',*' #"C'D2 *6, >'D$ +#E
$("1' ;62+* (6,H2 2+A,+4 *6,&D3. h"( 'N6#$D'/ 4"( &>' $(";E
D'#2 G+&> ;62+* (6,H2 ;'&G'', [j 6,C YZ/ ;"&> #"C'D2 *6,
;""2& &>' 61'(6A' (6,H ;3 ]. F, "&>'( G"(C2/ &>' &'*>,+*+6,
*6, 261' &+#' 4"( &'2&+,A ] #"(' C'1+*'2 C%(+,A '6*> C+2E
$6&*> ", 61'(6A'. )%*> +#$("1'#',& ;'*"#'2 #"(' 2+A,+4 E
*6,& G>', &>' ;62+* (6,H +2 C''$'( C"G, &>' D+2&. !"#$6(+,A
&>' $'(4"(#6,*' "4 &>' 4 6& #"C'D G+&> &>' *"#;+,'C #"C'D/
G' 2'' &>6& &>' *"#;+,'C #"C'D 4%(&>'( +#$("1'2 &>' (6,H2
4"( &>' $(";D'#2 G+&> D"G'( (6,H2.

7. RELATED WORK
8("%;D'2>""&+,A +2 6 H'3 ,'&G"(H #6,6A'#',& $(";D'#

G>+*> >62 ('*'+1'C *",2+C'(6;D' 6&&',&+", +, &>' D+&'(6&%('.
8>' #"2& G+C'D3 %2'C &("%;D'2>""&+,A 2"D%&+", +, &"C63a2
D6(A' *"##'(*+6D ,'&G"(H +2 ;62'C ", 'N$'(& (%D'2 e[/ Y/ [[g.



)%##6(+@+,A 'N$'(& (%D'2 ('D+'2 >'61+D3 ", C"#6+, H,"GDE
'CA' 6,C &>%2 +2 'N$',2+1' 6,C C"'2 ,"& A','(6D+@' G'DD.
8" "1'(*"#' &>' $(";D'# "4 %2+,A #6,%6D (%D'2/ $('1+"%2

2&%C+'2 6$$D3 #6*>+,' D'6(,+,A &'*>,+O%'2 &" 6%&"#6&+*6DD3
'N&(6*& +,4'(',*' (%D'2 %2+,A 6 $('ED6;'D'C &(6+,+,A 2'&/ 2%*>
62 e\/ ^/ j/ []/ [k<Y[g. 8>' ;62+* +C'6 +, &>'2' 2&%C+'2 +2 &"
&(6+, 6 *D622+4 '( G>+*> C+44'(',&+6&'2 >+A> D'1'D $'(4"(#6,*'
2&6&'2 ;62'C ", ,'&G"(H 232&'#ED'1'D #'&(+*2. I%( $(";D'#
C+44'(2 +, &>' 2$'*+6D "$'(6&+",6D *",2&(6+,&2 +, &("%;D'2>""&E
+,A -): $(";D'#2/ 2%*> 62 D+#+&'C "$'(6&+", ('2"%(*'2.
7,"&>'( $"$%D6( 6$$("6*> +2 &" 'N$D+*+&D3 #"C'D &>' ('D6E

&+",2>+$ 6#",A C+44'(',& ,'&G"(H *"#$",',&2 62 +,4'(',*'
A(6$>2 6,C &>', *"#$%&' &>'+( C'$',C',*+'2. )%*> C'$',E
C',*+'2 *6, ;' #'62%('C 6& 16(+"%2 D'1'D2 "4 A(6,%D6(+&3. h"(
'N6#$D'/ )>'(D"*H e]g #"C'D2 &>' C'$',C',*3 6#",A ,'&E
G"(H C'1+*'2 &" C'&'*& >+A> D'1'D $(";D'#2 D+H' *",,'*&+1E
+&3 $(";D'#2. F, *",&(62&/ Q'&5'C+* e[Zg #"C'D2 &>' C'E
$',C',*3 "4 4 ,'EA(6+,'C *"#$",',&2 D+H' $("*'22'2 &" &("%E
;D'2>""& 6$$D+*6&+", 46+D%('2. F, 6CC+&+",/ 2$'*+4 * C"#6+,
H,"GD'CA' *6, 6D2" ;' %2'C 4"( *",2&(%*&+,A +,4'(',*' A(6$>2/
2%*> 62 )!I=R e[Yg 6,C )>(+,H efg. Q'&G"(H5- e[^g 6%&"E
#6&+*6DD3 D'6(, 2%*> +,4'(',*' A(6$>2 ;3 *"(('D6&+,A 46+D%('
>+2&"(3 %2+,A ,",,'A6&+1' #6&(+N 46*&"(+@6&+",. 7 D+#+&6&+",
+, &>'2' 6$$("6*>'2 +2 &>6& &>'3 ('O%+(' 6**'22 &" #'62%('E
#',&2 "4 +,C+1+C%6D *"#$",',&2/ G>+*> 6(' &"" 'N$',2+1' &"
";&6+, +, -): ,'&G"(H2.
F, &'(#2 "4 &>' 2*6D' "4 &>' &6(A'& ,'&G"(H/ ",' ('D6&'C

G"(H +2 UFp7 e[\g G>+*> 4"*%2'2 ", &("%;D'2>""&+,A $'(E
4"(#6,*' +22%'2 +, D6(A' FV8S ,'&G"(H2. UFp7 *"(('D6&'2
>'613 >+&&'( '1',&2 &" D"*6&' $(";D'#2 ", &>' >+'(6(*>+*6D
2&(%*&%(' "4 &>' FV8S ,'&G"(H/ G>+*> 644'*& #%D&+$D' %2'(2 6&
&>' *D"2';3 6('6. F, *"#$6(+2",/ "%( #'&>"C &6(A'&2 $(+#6(E
+D3 &("%;D'2>""&+,A *%2&"#'( 'CA' $(";D'#2. 7,"&>'( H'3
C+44'(',*' +2 &>6& UFp7 +2 6 ('6*&+1' 6$$("6*> G>+*> %2'2
*%2&"#'( &+*H'&2 62 ",' "4 &>' C6&6 4''C2L G>+D' "%( 6$$("6*>
('C%*'2 4%&%(' *%2&"#'( &+*H'&2.

8. CONCLUSION
F, &>+2 $6$'(/ G' $('2',&'C QRSR=5FQ-/ 6 $("6*&+1'

6$$("6*> 4"( C'&'*&+,A 6,C &("%;D'2>""&+,A -): *%2&"#'(
'CA' $(";D'#2. QRSR=5FQ- %&+D+@'2 'N+2&+,A 2$6(2' #'6E
2%('#',&2 "4 $>32+*6D -): D+,' *",C+&+",2 &" $('C+*& 4%&%('
*%2&"#'( &+*H'&2 6,C 2"D1'2 &>'# +, 6C16,*' &" 'D+#+,6&'
&>'2' &+*H'&2 6,C $"&',&+6DD3 ('C%*' *%2&"#'( *>%(,. -%(E
+,A &>' C'2+A, "4 QRSR=5FQ-/ G' 6**"%,&'C 4"( &>' "$E
'(6&+",6D *",2&(6+,&2 6,C 2$'*+6D $("$'(&+'2 "4 &>' -): ,'&E
G"(H/ 6,C $("$"2'C ,"1'D &'*>,+O%'2/ 2%*> 62 6 &"$EN 61E
'(6A' $('*+2+", ;62'C 4'6&%(' 2'D'*&+", #'&>"C 6,C 6 *"#E
;+,'C +,4'(',*' #"C'D G>+*> +,*"($"(6&' &>' >+'(6(*>+*6D
2&(%*&%(' "4 -): ,'&G"(H2/ &" ',>6,*' &>' 6**%(6*3 "4 &>'
6$$("6*>. R16D%6&+",2 %2+,A 6 G>"D' 3'6( G"(&> "4 C6&6
A6&>'('C 4("# 6 D6(A' -): ,'&G"(H C'#",2&(6&' &>6& QRSE
R=5FQ- G62 6;D' &" 6**%(6&'D3 $('C+*& &>"%26,C2 "4 &+*H'&2
'1'(3 G''H G+&> >+A> 6**%(6*3 6,C 2+A,+4 *6,&D3 ('C%*' &>'
&("%;D'2>""&+,A &+#'. P' 6(' *%((',&D3 4"*%2+,A ", &(+6D+,A

6, "$'(6&+",6D C'$D"3#',& +, 6 D6(A' -): ,'&G"(H.
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