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0. Introduction
T h e  id en tifica tio n  o f  n am es  an d  abbrev ia tions in  a  ra w  te x t is a n  im p o rtan t sub ac tiv ity  in  the  
"to k en iza tio n "  p ro cess , i.e . th e  id en tifica tion  o f  th e  b as ic  u n its  o f  th e  tex t: parag raphs, sen ten ces 
a n d  w ords. T o k en iza tio n  is  in  its tu rn  an  im p o rtan t su b ac tiv ity  in  th e  "norm alization" o f  tex ts , th e  
to ta lity  o f  o p era tio n s  and p repara tions a te x t has  to  u n d erg o  b efo re  it is su itab le  fo r be in g  ad d ed  
to  a  te x t co rpus.

T h is  sp ec ific  p ap e r  d ea ls  in d irec tly  w ith  th e  sen ten ce  reco g n itio n  p rob lem  
co n fig u ra tio n  in  a  te x t o f  th e  ty p e

In  m o st cases a

(1) major_delirn word interspace +  up"case_letter_-t- one or more low-case_letters;

in d ica te s  th e  en d  o f  o n e  sen ten ce  an d  the  b eg in n in g  n ex t, w h ere  a  “m a jo r d e lim (ite r)” s tan d s  fo r 
a n y  o f  th e  ch arac ters  M’, ..., and a  “w o rd  in te rsp ace”  a  non-em pty  s trin g  o f  “w h ite”
ch arac te rs  (spaces an d /o r a  linebreaks). T h ere  are , h o w ev er, qu ite  a  few  excep tions to  th is  rule, 
a n d  one im p o rtan t se t o f  su ch  excep tions in vo lves co m b in a tio n s  o f  abb rev ia tions and  nam es, e.g.

cf. B r o d d a  1 9 9 8  ’ o r 'A s  H .G , W e lls  w r ite s  in  N e ith e r B ro d d a  n o r  W ells a re  h ere  
sen ten ce  o peners. T h ere  are  m an y  o ther w ay s sen ten ce  breeiks m ay  b e  in d ica ted  (o r n o t ind ica ted ) 
in  a  te x t ,  an d  th e re  are  o th e r ty p es  o f  ex cep tions (o r “ tr ick y  co n fig u ra tio n s”) b u t th e  m en tio n ed  
co n fig u ra tio n  in  (1) ce rta in ly  p ro v id es  fo r th e  v as t m a jo rity  o f  cases.

W h e n  s ta rtin g  th is  p ro jec t I s e t fo r  m y se lf  a  k in d  o f  sp ec ifica tio n : In  p rin c ip le  I sh o u ld  b e  ab le  to  
ta k e  a  ra w  te x t o f  an y  k in d  and  in  any  language, “ th ro w ” it th ro u g h  m y  a lgo rithm s and  g e t the  
n a m e s  in  i t  m ark ed . N o w , it  is n ev er as s im p le  as tha t. O ne  a lw ay s has to  m ak e  a t le ast som e 
p re lim in a ry  in v estig a tio n s , (fin d in g  ou t w h ich  ch arac te r se t is u sed , w h ich  w o rd  de lim iters  th e re  
a re , i f  th e  w o rd s  are  h y p h en a ted , i f  th e  tex ts  co n ta in  p rin tin g  codes, e tc .) an d  som e p re lim in ary  
p rep ro cess in g s  (m ak in g  so m eth in g  usefu l o u t o f  p o ssib le  p rin tin g  codes an d /o r rem o v e  them , 
f iise  h y p h en a ted  w ords, p e rfo rm  a  p re lim in ary  p a rag rap h  sep ara tio n , e tc.)

B u t  s till, in  p rin c ip le , i f  th e se  p re lim in ary  p rep ro cess in g s  a re  done, I th in k  I c an  do p rec ise ly  th is. 
I  h a v e  m a d e  ex ten siv e  te s t fo r  S w edish , w h ere  m y  a lg o rith m s  w o rk  q u ite  sa tisfac to ry , and  I h av e  
p e rfo rm ed  so m e  p re lim in a ry  te s ts  on  F rench , I ta lian  an d  E n g lish , w ith  com parab le  resu lts  so  far. 
W e  h a v e  a lso  te s ted  it  o n  E sto n ian , w here  th e  resu lts  w ere  n o t th a t im pressive  (b u t s till u sefu l). I 
h a v e  n o t  te s ted  it  o n  G erm an , b u t th a t w o u ld  p ro b ab ly  b e  a  w aste  o f  tim e; as lo n g  as th ey  in s is t 
o n  g )e llin g  th e ir  n o u n s  w ith  cap ita l in itia l le tte rs  m y  a lg o rith m s ju s t  w o n ’t  w ork ; Sorry , 
G erm an s.
A s  w e  w ill see , fo r  S w ed ish  I c an  reach  a  reca ll ra te  o f  a t  le a s t 98%  an d  a  p rec isio n  ra te  o f  ab o u t 
95+% .
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A ll c o m p u te r p ro g ram s u sed  in  th e  ex p erim en ts  rep o rted  h ere  are  w ritte n  in  th e  P C B eta  
p ro g ram m in g  sy stem ; cf. B rodda, 1998, fo rthcom ing .

1. Preliminaries
In  th is  p ap e r I w ill m a in ly  co n sid er p r o to ty p ic a l  nam es, nam es th a t ad h ere  to  w h a t I ca ll the U x- 
fo rm a t ,  o n e  u p p er case  le tte r fo llo w ed  b y  one o r m ore  co m m o n  le tters. Furtherm ore , 
p ro to ty p ica l n am es shou ld  hav e  a  ( re a s o n a b ly )  s ta b le  o r th o g ra p h y  in  th e  sense  tha t they  
a lw ay s  re ta in  th e  U x-fo rm at, and  they  on ly  tak e  som e restric ted  ty p es o f  "b end ing"; in  Sw edish  
an d  m o s t o th e r w est E uropean  lan g u ag es q u ite  reg u la rly  the gen itive , ( in  S w ed ish  and  in  th e  
o th e r  N o rd ic  lan g u ag es by  ju s t  ad d in g  a n  5 to  th e  nam e: P au l, P a u ls). C o m m erc ia l nam es fo r 
p h y s ica l o b jec ts  ten d  to  becom e u sed  as co m m o n  n o u n s and  are co rre sp o n d in g ly  flexed: Saab , 
S a a b en , S a a b a r , Saa b a rn a . T h is  ty p e  o f  f lex io n  is  a  m arg ina l p ro b lem , a n d  I w ill n o t accoun t fo r 
i t  here .

O f  co u rse  th e re  are  o ther ty p es o f  n am es th a n  th e  p ro to typ ica l o nes. 'U S A ', fo r  instance, 
rep resen ts  o n e  im p o rtan t ty p e  o f  nam es, w h ich  I w ill leave o u t h ere  (th ey  p o se  a  m in o r problem ). 
M o re  tro u b leso m e  are nam es o f  in te llec tua l w o rk s, w h ich  nam es so m etim es o ccu r d irec tly  in  th e  
te x t w ith o u t su rro u n d in g  quo ta tio n  m ark s  (as th ey  p ro b ab ly  shou ld  h av e , i f  th e  p ro o f  reader had  
d o n e  h is /h e r jo b  p roperly ). 'D y la n  w rites  in The T im es they  are  A chang ing , t h a t N ow , neither 
o f  th e  la st th ree  U x -w o rd s h av e  a  s tab le  o rth o g rap h y  (in  an  E n g lish  tex t). A t le a s t th e  w ord  The  
w o u ld  ce rta in ly  ap p ear in  th e  tex t(s) a lso  as the, and  co rresp o n d in g ly  fo r th e  w o rd  Tim es  
(m ay b e). F o r  th e  w o rd  A ch a n g in g  th e re  is a  le sse r chance o f  fin d in g  th e  w o rd  a ch a n g in g  in  the 
tex t(s ); i t  w o u ld  p ro b ab ly  b e  accep ted  as a  n am e accord ing  to  m y  alg o rith m s. T hus, w h at is 
acc ep ted  a s  a  n am e m ay  depend  o n  th e  ty p e  o f  tex ts  w e are  in v estig a tin g  an d  th e  to ta l am oun ts o f  
them .

T h e  w o rd s  The, T im es  and  A c h a n g in g  in  th e  ex am p le  above a re  ex am p les  o f  a  ty p e  w h ich  I w ill 
ca ll f o rm a l  n a m e s , w o rd s ad h erin g  to  th e  U x -fo rm a t and  appearing  in  an  in t e r io r  p o s itio n ; a t 
le a s t o n e  w o rd  (o r co rrespond ing ly ) aw ay  fro m  e ith er a  p arag rap h  b eg in n in g  o r  th e  n earest m ajo r 
d e lim (ite r) to  its  left. T he in ten d ed  m ean in g  o f  “ in terio r p o s itio n ” is , o f  course , “ sen tence 
in te r io r  p o s itio n ” , b u t as I in ten d  to  u se  m y  nam e id en tifica tion  p ro ced u re (s) as  an  a id  fo r sen ­
te n c e  d e tec tio n , I can  no t, a t th is  p o in t, a ssu m e th a t I k n o w  w h ich  th e se  are. T h e  “ in terio r 
p o s itio n ’ -co n cep t, is, b y  and  la rge , s tro n g er th a n  an y  reasonab le  m ean in g  o f  “ sen tence in terio r” . 
T h e  a d d itio n  “o r  co rresp o n d in g ly ” ab o v e  is  to  acco u n t fo r s itu a tio n s o f  th e  ty p e  cf., e.g., 
B ro d d a  1 9 9 8 ' w h ere  B ro d d a  n o w  is in te rio r ( ‘, ’ shou ld  n o t o ccu r in  sen ten ce  beg inn ings), 
w h ereas
th is  w o rd  is n o t in te rio r in  th e  co rresp o n d in g  ex am p le  in  the  In troduction .

N o w  a  fe w  w o rd s ab o u t “m a jo r d e lim (ite r)s”  and  ab o u t “w h at a  w o rd  is” . I f  a  sen tence beg ins 
w ith  '1 0 :1 5  th is  m o rn in g  B en n y  B ro d d a  p r e s e n te d  h is  ep o ch -m a k in g  th e o ry  on nam e  
id en tifica tio n ' th e n  '1 0 :1 5  ‘is, o f  cou rse , a  w ord ; i t  is p a rt o f  a  to p ica lized  tim e  adverb ial. I f  you  
h av e  an  item ized  lis t o f  th e  ty p e  ' \ 0 \ \ S  B en n y  B ro d d a  on  a  na m e id en tifica tio n  method', 
11:00 K im m o  K o sken n iem o  o n  F S-parsing ;  11.45 ...(e tc .)’, th en  it is n o t a t  a ll c lea r w hether 
‘ 1 0 :1 5 ’ sh o u ld  b e  co n sid ered  as p a rt o f  th e  fo llovring  sen tence o r  no t. (P erso n a lly  I w o u ld  say
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n ø t) . P ro p e rly  speak ing , th e  tim e  specifications h ere  sh o u ld  n o rm ally  b e  d e lim ited  by  so m eth in g  
( a  fu ll  s to p , a  co lon , o r  so ), b u t th e  p ro b lem  is w h a t y o u  do  i f  th ey  a re  not.

T h e  charac ters  u su a lly  a ssu m ed  to  b e lo n g  to  th e  se t o f  “m a jo r d e lim s” are  an d  ‘? ’, b u t
th e re  a rc  o th e r  charac ters  w h ic h  to  a  vary ing  d eg ree  h av e  s im ila r  functions, a t le a st in  ce rta in  
s itu a tio n s. T h e  m o st im p o rtan t o f  th ese  are  (co lon) a n d  (sem ico lon ). E sp ec ia lly  i f  th e se  
ch arac te rs  o ccu r in  co n fig u ra tio n s  like  (1), above, th e n  th e  b e s t p ro ced u re  is  to  co n sid er th e m  to 
b e  m a jo r delim s. In  S w ed ish  w ritin g  the  in  a  co n fig u ra tio n  o f  th e  ty p e  ‘... xxx : "U xx  x x x  ... 
m o s t ce rta in ly  in d ica tes  th a t th e  U x-w ord  co m m en ces a  sen ten ce-lik e  ob ject; th is  is  th e  o rd inary  
w a y  d irec t q u o ta tio n s  are  w ritten . In  th e  p ro ced u re  d esc rib ed  b e lo w  I w ill to  b eg in  w ith  ta k e  the  
co n serv a tiv e  p o s itio n  th a t a  q u o te -in  ch arac ter a lw ay s is eq u iv a len t to  a  m a jo r delim iter, i f  the  
q u o te d  s tre tch  o f  te x t co m p rises  m o re  th an  one w ord . D ash , ‘ finally , in  A S C II-tex ts  o ften  
o ccu rrin g  as an  o rd in ary  h y p h en  su rrounded  by  w h ite  charac ters , is  ag a in  a  ch arac te r w ith  
so m ew h a t u n s tab le  u se  as a  sen tence beg in /end  ind icato r; I a ssu m e th a t it is, i f  i t  occu rs befo re  an  
U x-w ord .

2. The test texts

T h e  b ig  id e a  w ith  m y  in v estig a tio n  is to  (p re)p rocess raw  tex t, w ith  no  m ark in g s  in  it to  beg in  
w ith . In  o rd er to  b e  ab le  to  ev a lu a te  m y  nam e id en tifica tio n  a lg o rith m , I  needed , how ever, a  te x t 
w ith  th e  n am es  a lread y  m ark ed . L uck ily , w e h ad  p rec ise ly  tha t a t m y  d epartm en t, viz. a  su b ­
stan tia l - th o u g h  p re lim in a ry  - su b se t o f  the  so called  S U C -co rp u s (S U C  =  the  S to ck h o lm -U m eå 
C o ip u s ; cf. K ällg ren : w w w .l in g .s u .s e / fo r s k n in g /  S U C /d is tr & a n v .h tm .  T he tex ts  in  S U C  are 
S G M L -m ark ed  (acco rd in g  to  the  T ex t E n co d in g  In itia tiv e  co nven tions), m ean in g  th a t they  
co n ta in  a  lo t o f  sp u rio u s in fo rm atio n  fo r m y  spec ific  p u rp o ses , so  I ex trac ted  from  it th e  te x t 
f ts e lf  to g e th e r w ith  (a  tran sfo rm ed  v arian t of) th e  nam e tag s . I a lso  k ep t th e  p arag rap h  s tru c tu re  
(e ssen tia lly  in  th e  fo rm  o f  an  em p ty  line  a fte r each  p arag rap h .) H ere  fo llow s a  sm all b u t ra th e r 
ty p ica l sam p le  o f  su ch  a  tex t. (T he asterisks do  n o t o ccu r  in  th e  S U C -tex t itse lf. T h ey  a re  the  
re su lts  o f  m y  a lgos.)

aa03a 035 bådas framtida toppmöten kommer att minska .+ Med hänvisning 
aa03a 036 till att relationen mellan [ USA ] och [ *Sovjetunionen ] nu 
aa03a 037 undergått avgörande "kvalitativa" förbättringar beslöt sig 
aa03a 038 [ president *George *Bush ] och *Sovjetledaren [ *Gorbatjov ] 
aa03a 039 från och med nu att hålla regelbundna , sannolikt årliga , 
aa03a 040 ... +

Fig. 1; A  text sample from one o f  the input texts.

“ a a 0 3 a ” in  th e  line  b eg in n in g s  is th e  n am e o f  th e  co rresp o n d in g  (su b )tex t in  S U C , an d  “ 035 , 036 , 
e tc .”  a rc  flie  (tem p o rary ) lin e  n u m b ers  w ith in  th a t te x t I u se  d u rin g  m y  experim en ts. T h e  ‘+ ’- 
s ig n s  in  frie te x t ab o v e  a re  w h a t rem a in  o f  th e  sen ten ce-in  an d  sen ten ce-o u t tag s  in  SU C ; h ere  
th e y  a re  s tr ic t sen ten ce  e n d  m arkers. T h e  ‘[‘ an d  ch arac te rs  co rrespond  to  th e  n am e-in  an d  
n am e-o u t ta g s  o f  S U C , resp ec tiv e ly . M y n am e m ark in g  p ro g ram s ju s t  d isregard  th e  charac ters  
m en tio n ed  in  th is  p a rag rap h .
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A lto g e th e r I h av e  n o w  a  corpus o f  som e 30 0 ,0 0 0 +  w o rd s, b u t fo r th e  ex p e rim en t rep o rted  here  I 
h av e  u sed  a  su b se t o f  som e 77 ,000+  ru n n in g  w ords.

W h en  ev a lu a tin g  m y  p rocedures I do , o f  course , tak e  th e  nam e-in  an d  n am e-o u t charac ters  in to  
accorm t - th ey  d e lim it a  “nam e reg io n ”  - and  I can  im m ed ia te ly  see w h ich  w o rd s a re  “ fa lse  h its” , 
“ tru e  h its ”  an d  “m isses” . T he la st tw o  co n cep ts  are  d efined  re la tive  to  w h a t I ca ll S U C -n a m es , 
U x -w o rd s  o ccu rrin g  in sid e  a  nam e reg ion . T r u e  h its  (o r ju s t  h its) are  th e  m ark ed  S U C -nam es 
an d  m isse s  th e  no n -m ark ed  ones. (N B ! ‘U S A ’ in  F ig . 1 is n o t  a  m iss ; c f  la st p a ra  o f  th is  
sec tion ). T h e  fa lse  h its  are  the  aste risk ed  w o rd s  o u ts id e  any  nam e reg io n  (e .g ., ‘ *Sovjetledaren  
“ th e  S o v ie t leader” ; in  Sw edish  a  co m p o u n d  lik e  th a t m ay  or m ay  n o t b e  spe lled  w ith  a  cap ital 
firs t le tte r, b u t e ith er w ay  it shou ld  n o t b e  co u n ted  as a  nam e. (T he E n g lish  co u n te rp art is also  a 
co m p o u n d , b u t I th in k  it  is n o t en tire ly  w ro n g  to  co n sid er th e  w ord  ‘S o v ie t’ in  it to  b e  a  nam e.)

In  th e  ev a lu a tio n s  o f  m y  algo rithm (s) I use  th e  s tandard  descrip tive  sta tis tic s  r e c a ll  an d  p re c is io n  
-  o rig in a lly  em an a tin g  from  the I/R -w o rld  - an d  (here) defined  as:

(2) recall =  (number_of_hits) / (number_of_SUC-names);
precision = (number_of_hits) /  (number_of_hits + number_of_false_hits);

B o th  th e se  s ta tis tic s  are  com m only  ex p ressed  in  p ercen t: 100%  reca ll (here) =  a ll th e  S U C -nam es 
w ere  ac tu a lly  “reca lled ” , i.e asterisked ; 100%  p rec isio n  =  all as te risk ed  w o rd s are  also  SU C - 
n am es  (=  no d is tu rb in g  “no ise” in  th e  ou tpu t).

B efo re  I  p ro ceed  I m u st exp lain  very  ca re fu lly  w h a t m y  cla im s are. F o r the  tim e  be in g  I on ly  
c o n s id e r U x -w o rd s, m ean ing  th a t I h ere  s im p ly  d is reg ard  w ords like  “U S A ” . (In  th e  n ex t w arp  I 
w ill try  to  ca tch  su ch  nam es, too ). W o rd s lik e  p re s id e n t  in  p r e s id e n t G eorge  B u sh  the  SU C - 
p e o p le  th in k  is p a rt o f  th e  nam e, b u t I w ill n o t ev en  try  to  catch  th em ; I s im p ly  th in k , th a t th e ir 
v ie w  is  w ro n g . A n o th er th ing  th a t I h av e  n o t tried  to  ca tch  so far, is  th a t n am e  co m b in atio n s like 
G eorge  B u sh  ac tu a lly  re fe r to  one an d  th e  sam e ob ject, the  c o n s te lla tio n  m u s t b e  considered  as 
o n e  n am e. A t p resen t th ey  are co u n ted  as tw o  separate  nam es. I h av e  d o n e  so m e p re lim inary  
te s tin g  fo r  iden tify in g  such  co m p lex  n am es, an d  fo r th e  m o m en t th e  b e s t - in  te rm s o f  reca ll and  
p rec is io n  - a  p rio ri p rocedure  seem s to  c o n s id e r a ll  n am e m eetings as b e in g  co referen tia l, b u t th is  
is  to o  ea r ly  to  say. P ecu liarly  enough , th e  p resen ce  o f  certa in  n o n -U x -w o rd s  seem s to  enhance 
su c h  affin itie s: O tto  von B ism arck, L o u is  de F unds, J a n  van der Velde, G a b rie l de la G ard ie, etc. 
S u c h  w o rd s  o r  w o rd  co m b in atio n s I ca ll n a m e  c o n t in u a to r s ,  and  I h av e  ab o u t 10 o f  th em  in  a 
p e rm a n en t lex icon , w h ich  is u sed  in  th e  p ro ced u res  described  in  sec tio n  4.1 an d  4 .2 . (In  fact, th is  
is  th e  o n ly  lex ico n  I use, b esides th e  te m p o ra ry  o n es  crea ted  du rin g  th e  p ro cess in g ; c f , e .g ., nex t 
sec tio n ).

T h e  n am e  m ark in g  is n o w  p e rfo rm ed  in  fiv e  d is tin c t steps, tw o  steps w h en  lo o k in g  a t s ing le 
w o rd s  in  iso la tio n , tw o  w hen  im m ed ia te  co n tex ts  are  tak en  in to  acco u n t an d  one  fin a l le ft to  rig h t 
p a ss , m a rk in g  su ch  fo rm al n am es w h ich  fo r so m e reaso n s hav e  n o t b een  m ark ed , so far.
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T h e  basic  h ere  id ea  is  to  ex trac t all fo rm al n am es in  th e  tex t(s ), m ak e  a  lex icon  o f  them , an d  th e n  
u se  th a t lex ico n  fo r m ark in g  (a lledged) n am es  o ccu rrin g  an y w h ere  in  the  tex t, in c lu d in g  th e ir 
o rig in a l positio n s.

3.1 Step It The marking of formal names

T h e  v e ry  firs t s tep  is to  m a rk  all fo rm al n am es in  th e  tex t; th is  is the  b as is  fo r a ll la te r 
p rocessin g s. T h e  te x t I  use h e re  is a  te x t called  A A -A F .T X T , w h ich  com prises 77 ,0 0 0 +  w o rd s  o f  
ru n n in g  tex t, and  th e  re su lt te x t is  ca lled  A A -A FM O .T X T . W h en  m im in g  th e  ev a lu a tio n  p ro g ram  
o n  th is  tex t, I ge t the  fo llo w in g  basic  s ta tis tic s  (F ig . 2).

LOG Output AA~AFMO.LOG date: 28/2 1998
RuleFile: NAMELOG.RUL
TextFile in: AA-AFMO.TXT, Lines in: 13764

3. Looking at names in isolation

Event statistics! 
wds 77664
runs 5575
fse 254
mss 589
hts 4986
r c l :  89.4
p r e : 95.2

%%total # of wrds
%%total # of SUC-names (Ux-words only) 
%%false hits: only marked by rules 
%%misses: only SUC-marked 
%%hits: both marked by rules and by SUC 
%%recall; 100*hts/nms
%%precision; 100*hts/(fse+hts)

Fig 2. The evaluation o f  text AA-AFM0.txt: formal names marked

P lease , observ e , th a t th e  reca ll ra te  as g iv en  in  F ig . 2  is  fo r th e  w h o le  tex t. I f  on ly  in te rio r a reas  
a re  co n sid ered  - i.e. th o se  w o rd s w h ich  S tep  1 co m p rises  - th e  reca ll ra te  is co n sid erab ly  h ig h er, 
v iz . a b o u t 98% .

A m o n g  th e  2 54  fa lse  h its  a b o u t 2 20  are  co m p o u n d s o f  th e  ty p e  *Sovjetledaren  (cf, sect. 2), an d  I 
w ill re tu rn  to  a  co m m en t ab o u t su ch  “erro rs”  in  th e  fina l section .

3.2 Step 2: Apply the information obtained in Step 1 to non-interior Ux- 
words.

3.2.1 Step 2,1: “No morphology”.
A s a  p re lim in ary  ex erc ise  w e  n o w  ex trac t a ll m ark ed  w o rd s  in  A A -A FM O .T X T , m ak e  a  lex ico n  
o f  th e m  an d  m ark  th o se  U x -w o rd s  in  A A -A FM O .T X T  th a t w ere  n o t m ark ed  in  step  1, i.e. 
e ssen tia lly  w o rd s in  sen ten ce  beg in n in g s, w e o b ta in  a  rem ark ab ly  h ig h  reca ll - v iz . 98 .1%  - b u t a t 
a  c o s t o f  a  ra th e r b ad  p rec is io n  78 .1% . I f  w e  o n ly  co n s id e r su ch  w o rd s th a t th is  step  ac tu a lly  
com prises, i.e  n o n -in te rio r w o rd s, th e  resu lt is a  n ea r ca tastro p h y . W e g e t a  p rec is io n  ra te  o f  o n ly  
2 9 .1 % , w h ich  m eans th a t m o re  th a n  70%  o f  a ll fresh ly  m a rk e d  w o rd s are  non-nam es. N o t v ery  
im pressive .
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H ie  so u rce  o f  th is  d isaste r are  to  b e  fo u n d  am o n g  “h its” in  S tep  1 o f  th e  fo llo w in g  types:

ac04c 014 köper nu ut [ *Den norske Bank ] , [Union ... 
ae07d 024 ar ingen roll *Det är det som är det fina m . .„

In  th e  firs t exam ple  D en  in  D en  n o rske  b a n k  (“ T he N o rw eg ian  B an k ”) is (p a rt of) a  nam e, w h ich  
so  fa r  is  O K  (i.e. in  S tep 1). In  th e  seco n d  exam ple , D et  is m ark ed  b eca u se  o f  a  p rin tin g  erro r in  
th e  S U C -tex t (or, raher, in  th e  o rig in a l ra w  tex t). D et h ere  sim p ly  o p en s  a  n ew  sentence, and  
th e re  sh o u ld  h av e  been  a  fu ll s top  b e fo re  it. (A s said , m y  te s t tex ts  a re  d eriv ed  from  a  p relim inary  
v e rs io n  o f  the  S U C -corpus. In  fact, u s in g  S tep 1 and  th e n  a  sea rch  fo r fa lse  h its  in  in te rio r 
p o s itio n s  is  an  ex ce llen t w ay  o f  lo ca tin g  erro rs o f  the m en tioned  ty p e , th u s  p ro v id in g  valuab le  
iq i-d a te  in fo rm atio n  fo r th e  fin a l version .

N o w , th e  w o rd s D en  and D et are  b o th  o rd inary  w ords and , in c id en ta lly , also  very  com m on. 
F u rth erm o re , th ey  are ty p ica l “ sen ten ce  o p en ers” , m ean ing  th e re  is a  g o o d  ch an ce  to  find  them  in  
sen ten ce  b eg inn ings and  spe lled  w ith  a  cap ita l in itia l le tter. A lto g e th e r th e re  w as a  handfu ll o f  
d iffe ren t w o rd s o f  th a t ty p e  m ark ed  in  S tep  1, an d  these few  w o rd s to g e th e r to ta lly  destroyed  th is  
s im p lis tic  approach.

T h is  s tep  is  n o w  m od ified  in  th e  fo llo w in g  w ay. I com pare  th e  freq u en c ies  o f  all fo rm al nam es 
o b ta in ed  in  S tep  1 w ith  th e  freq u en cies  o f  th e  sam e w ords spelled  w ith  co m m o n  letters. T hen  I 
k eep  o n ly  th o se  fo rm al n am es th a t a re  m o re  com m on  as fo rm al n am es  a s  th e y  are as com m on 
w o rd s. S im ple.

A fte r  s tep  2 .1: reca ll =  9 5 .8 %  ; p rec is io n  =  9 5 .8 .% .

3.2.1 Step 2.2: Now taking morphology into account.

A s  sa id  in  P re lim inaries I w ill a ssu m e th a t nam es can  on ly  take  the  g en itiv e  as flex ion , w h ich  in  
S w ed ish  is  a sim ple: an  -s ad d ed  to  th e  n am e (an d  no  apostrophe): P aul, P a u ls, an d  i f  the nam e 
a lre ad y  en d s in  an  -s, th en  n o th in g  is  ad d ed : N ils, N ils.

T h e  p ro ced u re  is now : F o r  every  fo rm al n am e found  in  th e  tex t, rem o v e  an  -s i f  it ends in one, 
a d d  a n  -s  i f  it does no t, and  th e n  tre a t th e  tw o  fo rm s as separate  w o rd s as in  S tep  2 .1 , i.e. m atch  
th e  freq u en cy  o f  th em  as n am es a g a in s t th e  frequency  o f  th em  as co m m o n  w ords, and  k n o ck  
th o se  n am e  fo rm s o u t th a t h ad  a  lo w er freq u en cy  as th e ir co m m o n  co u n terp arts . I f  th e  tw o  fo rm s 
o f  a n  a lleg ed  n am e b o th  su rv ive  th is  s iev e , th e y  are  aga in  fu sed  an d  trea ted  acco rd ing  to  a  d efau lt 
ru le , say in g  th a t a  fo u n d  item  m ay  o r  m ay  n o t h av e  an  ex tra  -s o n  it in  o rd e r  to  b e  accepted . T hus 
N ils  o ccu rs  in  th e  lex ico n  o n ly  as N il, b u t trea ted  acco rd ing  to  th e  d efau lt ru le , (no  N il  w as found  
in  th e  tex t, b u t w ho  cares), S va n , w h ic h  is a  co m m o n  S w ed ish  fam ily  n am e  su rv iv ed  th is o rdeal 
(a  fe w  sva n , “ sw an” , w ere  n o t m an y  en o u g h ), b u t S va n s  d id  no t; a  few  sva n s , “ta il” , k nocked  th a t 
v a r ia n t ou t. F o r  the  co m m o n  S w ed ish  firs t n am e H a n s  n e ith e r fo rm  surv ived : harts, “h is” , 
k n o ck ed  H a n s  out, han, “h e” , k n o ck ed  H a n  ou t; the  la tte r w as less ca tastro p h ic , becau se  no H a n  
a c tu a lly  ap p ea red  in  th e  tex ts . In  S tep  3 an d  4  w e  w ill se  h o w  to  sav e  H a n s.
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TTie a lg o rith m  in  th is  fin a l v e rs io n  o f  S tep  2  w as a lso  m o d ified  in  o rd e r to  acco u n t nam es lik e  
d ’A ille  an d  P r in c e ’s. T h e  so lu tio n  h ere  w as sim p ly  to  c o n s id e r th e  to  b e  a  w o rd  d e lim ite r in  
su ch  con tex ts, m ean in g  th a t no  sp ec ia l arrangem en ts n eed e d  fo r  th em . (I see  no  p ro b lem  in  u s in g  
th is  s im p le  “tr ick ”  to  so lv e  th e  gen itive  p ro b lem  fo r E n g lish .)  A n y h o w , th e  final “ scores”  fo r 
S t ^  2  a re  now :

A fte r  S tep  2 : re c a l l  =  96.0%  ; p re c is io n  =  95.7% .

4. Looking at names in context

4.1 Step 3: “The property of being a name is contagious^’.

N am es  o ften  co m e  in  “b u rs ts” , th e  earlie r m en tio n ed  ex am p le  G eorge B ush  is b y  no  m eans rare . 
O n  th e  co n tra ry , th ey  abound : H a n s *G ustavsson , S v en ska  *H andelshanken  (“The Swedish 
Business Bank”), N y a  *Zeeland , * P a ris  A l l  S tars, The In te rn a tio n a l Tennis ^W eekly , *P erstorp  
*P lastic  S ys tem s, *S turkd  ^D esign  och  R o keri and  m an y  o th e rs  (T he  aste risk s  here  are  th o se  p u t 
th e re in  S tep  2 .).

S tep  3  is  n o w  v ery  s im p le , w e  ap p ly  w hat I call “a s te risk  p ro p ag a tio n ” : A n  U x-w ord  in  in te rio r 
p o s itio n  rece iv es  an  aste risk , i f  a  n e ig h b o u r o f  i t  has  o n e , an d  th is  p ro ced u re  is  ap p lied  
recu rsiv e ly . T h e  “ in fec tio n ” m ay  also  sp read  o v e r “n am e co n in u a to rs” , ( c f  sect. 2), and  o ch  is 
o n e  o f  them . T h ro u g h  th is  m ech an ism  all th e  u n as te risk ed  U x -w o rd s  in  the exam ples ab o v e  n o w  
b eco m e  m ark ed . T h e  ten n is  jo u rn a l th ro u g h  a  rep e titiv e  a s te risk  le ft p ropagation , th e  P aris  s tars  
th ro u g h  a  co rresp o n d in g  r ig h t asterisk  p ropagation . T h e  w o rd  R o keri, “ sm oke h o u se” , rece iv es  
its  as te risk  th ro u g h  a  r ig h tw ard s  ju m p  over och. 13 o ccu rran ces , fo r  instance, o f  th e  nam e H a n s  
w e re  reco v ered  th ro u g h  S tep  3.

A fte r  S tep  3: r e c a l l  =  97.0%  ; p re c is io n  =  95.7% .

4.2 Step 4; “Once a forename, always a forename”,

ha th is  s tep  w e d efin e  an  as te risk ed  w o rd  o ccu rrin g  im m ed ia te ly  to  th e  le ft o f  ano th er as te risk ed  
w o rd  a s  a  fo re n a m e , p o ss ib ly  w ith  a  w o rd  co n tin u a to r in  b e tw een . W e s ta rt th is  s tep  by  
ex trac tin g  a ll fo renam es, m ak e  a  lex icon  o f  them , an d  ap p ly  th is  lex ico n  to  th e  w o rd s in  th e  
sen ten ce  b eg in n in g s  (w ell, in  n o n -in te rio r p o sitio n s). A  fo u n d  w o rd  is th e n  assu m ed  to  b e  a  
n am e , i f  th e  w o rd  a fte r  it is  asterisked .

T h e re  w ere  n o t m an y  n am es  cau g h t in  th is  p ro cess  (fiv e  fo r th is  tex t, to  be p rec ise , inc lu d in g  one  
H a n s)  an d  th e re  w ere  th re e  fa lse  h its. In  a  la rg e r sam p le  o f  th e  SU C -tex ts, A A -E D .T X T , 
co m p ris in g  so m ew h at m o re  th a n  300 ,000  w ords, th e  co rre sp o n d in g  figu res w ere  57  h its  an d  30 
fe lse  h its , so  th e  in c rease  in  reca ll m ay  no t b e  th a t n eg lig ib le .

A fte r  S tep  4 : r e c a l l  =  97.5%  ; p re c is io n  =  95.7% ,

I n  th e  n e x t a n d  fina l s tep  w e  ag a in  lo o k  a t in te rio r w o rd s in  iso la tio n .
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In  s e c t  3.2.1 w e b rie fly  d iscu ssed  th e  exam ple

ac04c 014 köper nu ut [ *Den norske Bank ]

5. Step 5: “Formal names are names, after all”

[ Union

T h e  w o rd  D en  in  th is  ex am p le  w as  aste risked  in  S tep  1, b u t it  lo s t its  m ark in g  th rough  th e  knock­
o u t p ro ced u res  o f  S tep  2. T h is  D en  has  th en  stayed  im aste risk ed  a fte r  tha t. B u t D en d efm es, a fte r 
a ll, a t  le a st the beg in n in g  o f  a  nam e, and  it is a  S U C -nam e acco rd in g  to  ou r defin itions. H ow  do 
w e  cap tu re  th is  o b serv a tio n ?

In  th is  final p ass w e o n ce  m o re  scan  th e  tex t fro m  le ft to  r ig h t an d  m ark  so fa r unasterisk ed  
fo rm al nam es, n o w  w ith  so m ew h a t slackened  cond itio n s co m p ared  to  S tep 1. T here  w e excluded  
U x -w o rd s occurring  im m ed ia te ly  a fte r a  quo te -in  sign. N o w  w e  accep t such  w ords un less  th is  
charac te r is p reced ed  by  a  co lo n  (w hen  th e  U x-w ord  opens a  d irec t q u o ta tio n  and  m ay  o r m ay  n o t 
b e  a  n am e). U x -n am es n o w  m ark ed  in  th is  p rocess are  m o re  o ften  th a n  n o t (the beg inn ing  of) 
e ith e r a  nam e o f  an  in te llec tu a l w o rk  o r ju s t  an  o rd in ary , co m p lex  nam e, as th e  o n e  in  the 
ex am p le  d iscussed  above.

A fte r  S tep  5: re c a l l  =  9 8 ,7 % ; p re c is io n  =  9 5 .2 % ,

6. Conclusions

W e see  a  s ligh t d ecrease  o f  p rec isio n  ra te  in  S teps 3 th ro u g h  5. T h is  decrease w ou ld  m o st 
certa in ly  be hard  to v erify  s ta tis tica lly , b u t I th in k  it is s ig n ifican t. T h e  reason  is th a t th ese  steps 
(o r ru les) m ig h t be  a  little  b it to o  heu ristic , m ean ing  th a t th e  n u m b e r o f  n ew  fa lse  h its  w ill g row  
re la tiv e ly  faste r th a n  th e  n u m b e r o f  n ew  true  h its. I t m ig h t b e  p o ssib le , I th ink , to  m arg in a lly  
re fin e  th e se  steps, b u t fo r m y  p u ip o se s  th e  p resen t figu res a re  q u ite  sa tisfac to ry .

A n y h o w , I h av e  ru n  th e  sam e se t o f  ru les o n  th e  m u c h  la rg e r te x t A A -A D .T X T , an d  found  
ab so lu te ly  co m p arab le  resu lts . T h eore tica lly  th e re  shou ld , th o u g h , ex is t som e o p tim u m  te x t size 
fo r ap p ly in g  m y  a lg o rith m s, b u t m y  find ing  so fa r seem  to  in d ica te  th a t th e  a lgo rithm s are  very  
in sen s itiv e  to  te x t size.

C o m p o u n d s o f  th e  *SovJetleader  ty p e  ( c f  sect. 2) rep resen t th e  b y  fa r  m o s t com m on  ty p e  o f  false  
h its , an d  they  co n sid erab ly  co n trib u te  to  the  sm alle r fig u re  o f  th e  p rec isio n  rate . I f  y o u  are 
ac tu a lly  try ing  to  id en tify  a ll (an d  o n ly ) the  nam es in  a  tex t, su ch  w o rd s w ill, o f  course , crea te  
tro u b le . B u t in  th e  c o n tex t o f  w h a t I am  try ing  to  do  - id en tify  sen tences - th e  q u estio n  is, 
w h e th e r  the  accep tan ce  o f  su ch  w o rd s  as nam es w o u ld  b e  so  b ad , a fte r all. I n eed  to  iden tify  
w o rd s  w ith  a  s tab le  U x -sp e llin g , an d  th e  m en tioned  co m p o u n d s  h av e  ex ac tly  that.
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