
!"#$%&'()*+&,$-./(0).(&
!"#$%&'()*+&,$-./(0).(&1!',2&3+3*$#3&0%$()4+&35$-06-&*+5$3&.4&
$())$37&580#"809+&58.5$8&("#$%&$())$3&"(%&35$-0"9&-"*$/.80$3:&

•  ;8.5$8&!"#$3:&5$.59$7&.8/"(0<").(37&9.-").(37&$*-=&

!"#$%&'()%")*+&,-.+&/)01(23)42&56&27)&,42)($5(+&8217&

•  >"*$3&?&@0#$3:&&AB0CA0*.A3&"(%&3A858030(/9+&D"80$%&

95#)3:)(&;+&<;;=+&<<>;>;=+&<?@A;&03&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

•  E$"3A8$3:&#$"3A8$#$(*3&F0*G&35$-06-&A(0*3&

BCD+&CEF&":%+&GC&307+&H<EB&:$""$54&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

•  H*G$8:&I5590-").(J35$-06-&3*+90<$%&*$8#3=&&

8IJ%+&)31$"&1KK()%%)%+&0754)&4L3:)(%+&%5M$1"&%)ML($2*&4L3:)(%&

KG"99$(/$3&
•  !.&%0-).("8+&F099&-.(*"0(&"99&$L03)(/&58.5$8&("#$3=&&&&
!$F&("#$3&"8$&-.(3*"(*9+&B$0(/&-8$"*$%=&

•  M0(%0(/&58.5$8&("#$3&03(N*&*80D0"9=&

–  *G$&683*&F.8%&.4&$D$8+&3$(*$(-$&03&-"50*"90<$%&
–  58.5$8&("#$3&-"(&0(-9A%$&9.F$8&-"3$&F.8%3&1$=/=7&O.4O2&

•  ;8.5$8&("#$3&"8$&.P$(&"BB8$D0"*$%&.8&*A8($%&0(*.&
"-8.(+#3=&

•  QA*&(.*&"99&"-8.(+#3&"8$&58.5$8&("#$3R&

–  'L:&!S;7&KT7&HT&

!
!

;8.5$8&!"#$&I#B0/A0*+&
•  E"(+&-.#5"(0$37&.8/"(0<").(37&"(%&9.-").(3&"8$&("#$%&
"P$8&5$.59$R&

K.#5"(0$3:&N5(K+&O574&P14M5MQ+&R1"#$4&S")$4+&'7$""$0&.5(($%&
O(0D$830)$3:&-($T713&U5L4T+&V3$27+&.MW$""+&'L(KL)&
T0*$3:&ONS&1"085.8*27&X1%7$4T254&1-"50*"97&3*"*$7&-.A(*+7&$*-=2&

•  I-8.(+#3&-"(&.P$(&8$4$8&*.&#"(+&%0U$8$(*&*G0(/3&&

–  8Y+&.I,+&VR,&1-G$-V&.A*&*G$&%0U$8$(*&G0*3&.(&W../9$R2&

•  E"(+&58.5$8&("#$3&-"(&-.88$35.(%&*.&%0U$8$(*&*+5$3&

–  Z0($"+&OL4)+&W)5(T$1+&O5(K14+&R1"#$4&[&P5::)%&

!
!

@G8$$&K.##.(&I558."-G$3&
•  X"(%J-.%$%&,A9$3&
–  W..%:&K"(&5$84.8#&F$997&$35=&4.8&35$-0"90<$%&"5590-").(3&
–  Q"%:&'L5$(30D$&*.&BA09%=&&

•  E"-G0($&S$"8(0(/&

–  W..%:&K"(&B$&$"309+&"%"5*$%&4.8&($F&%.#"0(3&
–  Q"%:&T)99&($$%&*.&"((.*"*$&%.#"0(J35$-06-&*$L*3&4.8&*8"0(0(/&

•  EA9)90(/A"9&

–  W..%:&K"(&F.8V&"-8.33&%0U$8$(*&9"(/A"/$3&
–  Q"%:&O3A"99+&(.*&"3&$U$-)D$&"3&9"(/A"/$J35$-06-&3+3*$#3&

!
!



X"(%J-8"P$%&,A9$3&
•  K.##.(&58$6L$3&"(%&3AYL$3&

– .(E+&.(%E+&'(56E+&O(E+&'7E/E+&R5(0E+&,4ME+&R5E+&\&

•  S03*3&.4&("#$37&.8/"(0<").(37&$*-=&

•  ,$/A9"8&$L58$330.(3&4.8&35$-0"9&3+#B.93&.8&3$CA$(-$3&

–  %"*$37&)#$37&-A88$(-+7&A8937&5G.($&(A#B$837&Z&

•  @0*9$3&"(%&I55.30)D$3&

–  '()%$K)42&-1(1MQ&]:131&

–  &27)&8EVE&0()%$K)42+&-1(1MQ&]:131&

!
!

E$33"/$&O(%$83*"(%0(/&K.(4$8$(-$3&
•  I&3$80$3&.4&E$33"/$&O(%$83*"(%0(/&K.(4$8$(-$3&1EOK32&F$8$&G$9%&

0(&*G$&[\\]37&FG0-G&59"+$%&"&#"^.8&8.9$&0(&"%D"(-0(/&0(4.8#").(&
$L*8"-).(&8$3$"8-G=&

•  EOKJ_&*G8.A/G&EOKJ`&F$8$&-.#5$))D$&5$84.8#"(-$&$D"9A").(3&
.4&a'&3+3*$#3&BA09*&B+&%0U$8$(*&8$3$"8-G&/8.A53=&

•  @G$&EOK3&$3*"B903G$%&9"8/$J3-"9$7&8$"903)-&5$84.8#"(-$&
$D"9A").(3&F0*G&4.8#"9&$D"9A").(&-80*$80"&4.8&*G$&!S;&-.##A(0*+=&&

•  @G$&*"3V3&0(-9A%$%&("#$%&$()*+&8$-./(0).(7&$D$(*&$L*8"-).(7&"(%&
-.8$4$8$(-$&8$3.9A).(=&

•  T.#$&.4&*G$&EOK&%"*"&3$*3&"8$&3)99&A3$%&"3&$D"9A").(&
B$(-G#"8V3=&&

!
!

I&E"L0#A#&'(*8.5+&T+3*$#&4.8&!',&

•  @G$&E'!',Wa&3+3*$#&03&"&(0-$&$L"#59$&.4&"&#"L0#A#&
$(*8.5+&"558."-G&*.&!',:&

–  913)K&!4^2*&I)M5T4$^54@&Z&.1_$3L3&!42(50*&Z00(51M7&
8%$4T&W"5:1"&,465(31^547&bKG0$A&?&!/7&c]]cd&

•  W..%&!',&3+3*$#3&*+50-"99+&A3$&"&9"8/$&3$*&.4&"5M1"&
4$"*A8$3&B"3$%&.(&58.5$8)$3&.4&*G$&*"8/$*&F.8%&"(%&
0*3&($0/GB.80(/&F.8%3=&&

•  ,$-$(*&8$3$"8-G&G"3&B$/A(&*.&"93.&0(-.85.8"*$&T"5:1"&
4$"*A8$3&*G"*&-"5*A8$&0(4.8#").(&48.#&"-8.33&*G$&
%.-A#$(*=&

!
!

!',&@+5$3&"(%&@"//0(/&T-G$#$&
•  E'!',Wa&8$-./(0<$3&`&*+5$3&.4&("#$%&$())$37&B"3$%&.(&
*G$&EOKJef`&!',&*"3V&%$6(0).(:&

5$83.(7&.8/"(0<").(7&9.-").(7&%"*$7&)#$7&#.($+7&5$8-$(*&

•  E'!',Wa&A3$3&"&QK'O&*"//0(/&3-G$#$:&

&Q$/0(fK.()(A$f'(% & &V1"2fQ&J1Q)fK&R$2*f'&
&O(0CA$& & & & & &8217fO&

•  a(&*.*"97&*G$&3+3*$#&G"3&c\&-9"33$3:&

&QK'O&*"/3&4.8&$"-G&!'&-9"33&1gL`2& & & &ch&*"/3&
&"&35$-0"9&*"/&4.8&H*G$8&1(.*&"&!'2& & & &[&*"/&

!
!



@G$&E"L0#A#&'(*8.5+&E.%$9&

P(o | h) =                !j
fj(h,o)!"

j=1!

k!   1!
Z(h)!

fj(h,o) = ! 1  if o = true, previous word = “the”!
0  otherwise!

•  o is the outcome (true or false with respect to a class label)!
•  h is the history (word)!
•  Z(h) is the normalization function!
•  fj(h,0) is a binary indicator function; k = # features!
•  !j are the weights (weights are often called parameters; 

they are what the ML algorithm learns)!

Example indicator function:!

I559+0(/&*G$&K9"3306$8&

P(c1, ….,cn| s,D) =        P(ci | s,D) * P(ci | ci-1)    !"
i=1!

N!

•  H($&58.B9$#&F0*G&!',&-9"3306$83&03&*G"*&*G$+&-"(&
58.%A-$&0("%#0330B9$&1099$/"92&*"/&3$CA$(-$3=&

M.8&$L"#59$7&"(&'(%&*"/&F0*G.A*&"&58$-$%0(/&Q$/0(&*"/&

•  @.&$90#0("*$&*G03&58.B9$#7&*G$+&%$6($%&*8"(30).(&
58.B"B090)$3&B$*F$$(&-9"33$3&&;1-0&i&-0J[2&*.&B$&[&04&*G$&
3$CA$(-$&03&"%#0330B9$&.8&]&04&0*&03&099$/"9=&&

•  ;1-0&i&37>2&03&58.%A-$%&B+&*G$&E"L'(*&-9"3306$8=&

M$"*A8$&T$*&
•  @G$&-9"3306$8&A3$3&.($&3$*&.4&"5M1"&4$"*A8$37&FG0-G&"8$&
B"3$%&.(&58.5$8)$3&.4&*G$&*"8/$*&F.8%&`7&*G$&F.8%&.(&
0*3&9$P&`a<7&"(%&*G$&F.8%&.(&0*3&80/G*&`b<=&

•  @G$&-9"3306$8&"93.&A3$3&"&3$*&.4&T"5:1"&4$"*A8$37&FG0-G&"8$&
$L*8"-*$%&48.#&0(3*"(-$3&.4&*G$&3"#$&*.V$(&*G"*&.--A8&
$93$FG$8$&0(&*G$&%.-A#$(*=&

•  M$"*A8$3&*G"*&.--A8&0(48$CA$(*9+&0(&*G$&*8"0(0(/&3$*&"8$&
%03-"8%$%&"3&"&4.8#&.4&6)12L()&%)")M^54=&&

!
!

'L*$8("9&>0-).("80$3&

!
!

T$D$8"9&$L*$8("9&%0-).("80$3&F$8$&-8$"*$%&B+&
-.#5090(/&903*3&.4&9.-").(37&-.#5"(0$37&"(%&5$83.(&
("#$3=&&
&
&
&
&
&
&
@G03&03&D$8+&-.##.(&j&9"8/$&903*3&"8$&$"3+&*.&.B*"0(&
"(%&-"(&8$"99+&G$95&"(&!',&3+3*$#=&



TA##"8+&.4&S.-"9&M$"*A8$3&
•  *G$&3*80(/3&.4&*G$&*"8/$*7&58$D0.A37&"(%&($L*&F.8%3&
•  *G$&<.($&.4&*G$&F.8%&17)1K"$4)7&K12)"$4)7&//7&.8&#"0(&2)_22&

•  -"50*"90<").(JB"3$%&4$"*A8$3&
•  03&0*&*G$&683*&F.8%&.4&*G$&3$(*$(-$k&
•  03&*G$&F.8%&0(&l.8%!$*k&1HHm&n&.A*J.4JD.-"BA9"8+&4$"*A8$2&

•  58$3$(-$&.4&*G$&*"8/$*7&58$D0.A37&"(%&($L*&F.8%3&0(&%0-).("80$3&
•  03&*G$&F.8%&"&#.(*G7&%"+7&.8&(A#B$8&

•  03&*G$&*"8/$*&F.8%&58$-$%$%f4.99.F$%&B+&"(&!'&-9"33&58$6Lf3AYL&
*$8#&

•  []&4$"*A8$3&*G"*&9..V&4.8&35$-06-&-G"8"-*$83&0(&*G$&-A88$(*&F.8%&
3*80(/&

@"8/$*&l.8%&KG"8"-*$8&M$"*A8$3&

!
!

I#B0/A.A3&K.(*$L*3&
T.#$&("#$%&$())$3&.--A8&0(&"#B0/A.A3&-.(*$L*3&*G"*&
-"(&B$&-.(4A30(/&$D$(&4.8&GA#"(&8$"%$83=&

!
!

E-K"((&0(0)"*$%&"&($F&/9.B"9&3+3*$#=&

&@G$&K'H&.4&E-K"((&"((.A(-$%Z&

&@G$&E-K"((&4"#09+&"((.A(-$%Z&

&

S0<&K9"0B.8($&8$-$(*9+&5A8-G"3$%&TG.$3&,&O3&4.8&o[=_&#09990.(=&

&TG$&B.A/G*&*G$&3G.$&8$*"09$8&*.&B$/0(&48"(-G030(/&0*&(").(F0%$=&

&@G$&-.#5"(+&B.A/G*&*G$&3G.$&8$*"09$8&*.&$L5"(%&0*3&58.%A-*&90($=&

&

W9.B"9&M$"*A8$3&
•  @8"%0).("99+7&!',&3+3*$#3&-9"3306$%&$"-G&F.8%f5G8"3$&
0(%$5$(%$(*9+&.4&.*G$8&0(3*"(-$3&.4&*G$&3"#$&F.8%f
5G8"3$&0(&.*G$8&5"8*3&.4&*G$&%.-A#$(*=&

•  QA*&.*G$8&-.(*$L*3&#"+&58.D0%$&D"9A"B9$&-9A$3&"B.A*&
FG"*&*+5$&.4&$()*+&0*&03=&M.8&$L"#59$:&

–  -"50*"90<").(&03&(.*&0(%0-")D$&4.8&*G$&683*&F.8%&.4&"&3$(*$(-$&

–  3.#$&-.(*$L*3&-.(*"0(&3*8.(/&58$6L$3f3AYL$3&0(&"&5G8"3$&

–  3.#$&-.(*$L*3&-.(*"0(&3*8.(/&58$-$%0(/f4.99.F0(/&($0/GB.83&

–  "-8.(+#3&-"(&.P$(&B$&"90/($%&F0*G&*G$08&$L5"(%$%&5G8"3$&

!
!



TA##"8+&.4&W9.B"9&M$"*A8$3&
•  aKHK:&04&"(.*G$8&.--A88$(-$&.4&*G$&F.8%&"55$"83&0(&"(&

A("#B0/A.A3&5.30).(&1(.*&683*&F.8%27&03&0*&-"50*"90<$%k&

•  KT;;:&%.&.*G$8&.--A88$(-$3&.4&*G$&F.8%&.--A8&F0*G&"&V(.F(&
("#$%&$()*+&58$6Lf3AYLk&

•  IK,H:&04&*G$&F.8%&9..V3&90V$&"(&"-8.(+#7&03&*G$8$&"&-"50*"90<$%&
3$CA$(-$&.4&F.8%3&"(+FG$8$&F0*G&*G$3$&9$"%0(/&9$p$83k&a4&3.7&
"-8.(+#&4$"*A8$3&"8$&"330/($%&*.&*G$&90V$9+&"-8.(+#&F.8%&"(%&*G$&
-.88$35.(%0(/&F.8%&3$CA$(-$=&

•  THaK:&4.8&-"50*"90<$%&F.8%&3$CA$(-$37&*G$&9.(/$3*&3AB3*80(/3&*G"*&
"55$"8&$93$FG$8$&"8$&"330/($%&4$"*A8$3=&

•  O!aq:&03&*G$&F.8%&-"50*"90<$%&"(%&A(0CA$k&

!',&,$3A9*3&

!"#$%&'()*+,-.)(9..V&"*&*G$&-.(*80BA).(&.4&4$"*A8$3&.8&
-.#5.($(*3&0(%0D0%A"99+&*.&%$*$8#0($&G.F&#A-G&104&"(+2&
0#5"-*&$"-G&.($&#"V$3&*.&*G$&3+3*$#&"3&"&FG.9$=&&

TA##"8+&
•  W..%&!',&3+3*$#3&A)90<$&"&F0%$&D"80$*+&.4&4$"*A8$37&"(%&
.P$(&0(-.85.8"*$&$L*$8("9&%0-).("80$3=&

•  W9.B"9&4$"*A8$3&*G"*&9..V&"*&#A9)59$&0(3*"(-$3&.4&"&*.V$(&
*G8.A/G.A*&*G$&%.-A#$(*&-"(&0#58.D$&5$84.8#"(-$=&

•  X"(%J-.%$%&8A9$3&"8$&$L5$(30D$&*.&-8$"*$&BA*&-"(&
5$84.8#&F$997&"(%&-"(&B$&-.#B0($%&F0*G&ES&"558."-G$3=&

•  @G$&"#.A(*&.4&*8"0(0(/&%"*"&03&0#5.8*"(*&*.&-.(30%$8&
FG$(&-.#5"80(/&8$3A9*3=&

!
!


