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The Idord L i s t  Ana1ysj.s Package i s  a  package of computer 
programs which a i d  t h e  l i n g u i s t  i n  h l s  a n a l y s i s  of t h e  word list 
d a t a  c o l l e c t e d  i n  a  language survey.  The phases  of t h e  a n a l y s i s  
i n  which t h e  programs a s s i s t  t h e  l l n g u i s t  a r e  phonemic a n a l y s i s ,  
l e x i c o s t a t i s t i c s ,  l e x i c a l  i s o g l o s s  a n a l y s i s ,  phonos t a t i s t i c s ,  
camparative method, phonolog ica l  i s o g l o s s  a n a l y s i s ,  and a  r e f i n e d  
p h o n o s t a t i s t i c s  i n  which t h e  r e l a t i v e  e f f e c t s  of d i f f e r e n t  causes  
of sound change can be q u a n t i f i e d .  The Word L i s t  Ana lys i s  Package 
r u n s  on a  f u l l y  p o r t a b l e  microcomputer which w i l l  ope r a t e  i n  f i e l d  
cond i t ions .  Use of t h e s e  t o o l s  can open up t o  t h e  l i n g u i s t  i n  the 
f i e l d  a  dep th  of a n a l y s i s  which is seldom achieved.  

S e c t i o n  one of t h e  paper g ive s  a b r i e f  overview of t h e  
Word L i s t  Analys is  Package and d i s c u s s e s  t h e  " p a r t i a l  automat ionH 
and ; ' i n t e r a c t i v e t t  approaches  t aken  i n  w r i t i n g  t h e  programs. 
Sec t i on  two i s  a  d e t a i l e d  u s e r ' s  guide  t o  t h e  package of programs. 
It is designed i n  such a  way t h a t  t h e  l i n g u i s t  w i th  no computer 
background, a f t e r  a  minimum of i n s t r u c t i o n  on o p e r a t i n g  t h e  
microcomputer, should  be a b l e  t o  f o l l ow  t h e  guide  s t e p  by s t e p  
t o  perform a  f u l l  a n a l y s i s  of h i s  word l ist  d a t a .  S e c t i o n  t h r e e  
g ive s  a  summary of t h e  programming language c a l l e d  FTP, t h e  
Programmable Text P roce s so r ,  which was used t o  w r i t e  t h e  programs. 
S p e c i a l  a t t e n t i o n  is  given t o  t he  changes t h a t  have been made t o  
FTP s i n c e  t h e  PTP u s e r ' s  manual ( ~ i m o n s  1977) was w r i t t e n .  I n  
s e c t i o n  f o u r ,  complete l i s t i n g s  and s t r u c t u r e d  d e s c r i p t i o n s  of 
a l l  t h e  programs comprising t h e  ulord L i s t  1Lnalysis Package a r e  
given. 

The Word L i s t  Analys is  Package was developed i n  con j unc t i on  
wi th  t h e  Corne l l  Un ive r s i t y  r e s e a r c h  p r o j e c t  "Language V a r i a t i o n  
and Limits  t o  Communicationgt (Dr. Josayh E. Grimes, P r i n c i p a l  
I n v e s t i g a t o r ) .  The p r o j e c t  i s  be ing  p a r t i a l l y  suppor ted  by 
g r a n t  BNS76-06031 from t h e  Na t i ona l  Sc ience  Foundation.  The 
programs a r e  c u r r e n t l y  o p e r a t i n g  on a  p o r t a b l e  microcomputer c a l l e d  
t h e  E l e c t r o n i c  Text P roce s so r ,  model E ~ P - 8 ~ .  It is a n  I n t e l  8080 
based 8 -b i t  microcomputer w i t h  a  16 k i l o b y t e  ( roughly  16,000 
c h a r a c t e r s )  memory. During 1977 t h e  au tho r  ha s  used a n  m p - 8 ~  
i n  t h e  SoIomon I s l a n d s  t o  p rocess  t h e  d a t a  r e s u l t i n g  from 
l i n g u i s t i c  f i e l d  r e s ea r ch .  



Figure  1. Overview of t h e  Jllord L i s t  Analysis  Package 
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1. AN OV%RVIEidY OF THE 'i!OBD LIST ANA1,YSIS PfiCKAGE 

An overview of t h e  whole '.'ord L i s t  Analys is  Package is 
diagrammed i n  F igure  1. The f i g u r e  i s  s e t  out  i n  t h r e e  columns, 
The f i r s t  column, l a b e l l e d  "User ' s  I npu t s t ,  shows what d a t a  and 
f o r m a t t i n g  must be en t e r ed  by the  u s e r  be fore  t h e  programs can  be 
run .  The second column, l a b e l l e d  ."Program Se t" ,  l ists t h e  seven 
d i f f e r e n t  s e t s  of programs of which t h e  whole package is comprised. 
The t h i r d  column, l a b e l l e d  "Program Outputf3 ,  l ists t h e  k inds  of 
ou tpu t  which t he  u se r  can o b t a i n  from t h e  r e s u l t s  of t h e  programs. 

1,l The " p a r t i a l  automationi1 and " i n t e r a c t i v e 1 '  approaches  

The approach taken i n  t h e s e  programs could be c a l l e d  one of 
" p a r t i a l  automation". That  i s , . t h e  d e r i v a t i o n  of t h e  r e s u l t s  
l i s t e d  i n  t h e  t h i r d  column of F igure  1 is not  e n t i r e l y  au tomat ic .  
The computer i s  programmed t o  do t hose  t h i n g s  which i t  does well-- 
s o r t i n g ,  count ing,  comparing, f i l i n g ,  permuting,  f inctiing examples, 
The u se r  f o r  h i s  p a r t  makes t h e  key d e c i s i o n s ,  ba s ing  t hose  
d e c i s i o n s  on both  t h e  computer 's  t a b u l a t i o n s  and h i s  own exper ience .  
Thus when F igu re  1 s t a t e s  t h a t  "phonemes and al lophones1'  a r e  
ou tpu t s  of t h e  phonemic a n a l y s i s  se t ,  i t  means t h a t  t h e  phone 
occurrence,  phone co-occurrence,  and phone d i s t r i b u t i o n  counts  
output  by t h e  phonemic a n a l y s i s  programs a r e  t h e  r e s u l t s  t o  
which t h e  u se r  can app ly  h i s  l i n g u i s t i c  exper ience  t o  o b t a i n  
d i r e c t l y  an  a n a l y s i s  of t h e  phonemes and t h e i r  a l lophones .  

The " p a r t i a l  automat ionH approach was t aken  by F r a n t z  (1970) 
i n  h i s  COMPASS program f o r  a s s i s t i n g  t h e  comparative l i n g u i s t .  I n  
many ways, my t r e a tmen t  of phonos t a t i s t j - c s  and t h e  comparative 
method a r e  based on h i s  approach. I n  t h a t  approach t h e  l i n g u i s t  
determines  which words a r e  probable  cognates  and which segments 
i n  those  words correspond.  The computer then  performs t h e  t i m e  
consuming i n t e rmed ia t e  s t e p  of comparing t h e  cognate  forms t o  
compile s t a t i s t i c s  on t h e  correspondence s e t s  t h a t  occur and list8 
of s u p p a r t i n g  evidence f o r  each. The l i n g u i s t ,  by comparing t h e  
s t a t i s t i c s  and by examining t h e  forms which evidence t h e  
correspondence s e t s ,  makes t h e  f i n a l  d e c i s i o n s  a s  t o  which a r e  
t h e  r e g u l a r  corresponces  and which a r e  t h e  i r r e g u l a r .  

I n  many cases  t h e  u s e r ' s  d6cksion making i s  f u r t h e r  a i ded  by 
an  t l i n t e r a c t i v e ' l  approach,  There a r e  a number of programs which 
r e o r d e r  t h e  r e s u l t s  and d i s p l a y  t h e  same f a c t s  i n  a d i f f e r e n t  
way. Other programs f i n d  a l l  t h e  examples of a s p e c i f i c  t h ing ,  
I n  runn ing  t h e s e  programs t h e  u se r  is able t o  ' l i n t e r a c t "  w i t h  t h e  
computer by u s ing  it t o  t e s t  d i f f e r e n t  hypotheses and f i n d  example6 
which suppo r t  or  r e f u t e  t hose  hypotheses .  Th i s  i s  ano the r  way 
i n  which t h e  computer a i d s  t h e  l i n g u i s t  i n  making f i n a l  d e c i s i o n s .  



To f u l l y  automate t h e  d e c i s i o n  making p r o c e s s e s  ( t h a t  i s ,  
t o  embody t h e  complete e x p e r i e n c e  of t h e  l i n g u i s t  i n  a computer 

is probably  imposs ib le .  I n  t h e  l e a s t  i t  would t a x  t h e  
upper l i m i t s  of t h e  microcomputer and t h e  programmer. Thus we 
adop t  a  " p a r t i a l  au tomat ion"  approach i n  which t h e  computer,  
by doing what i t  can do k ; ~ a t ,  f r e e s  t h e  l i n g u i s t  t o  devo te  h i s  
t ime t o  d o i n g  what he  can do b e s t .  

1.2 The ovcrview 

The l:ord L i s t  Ana lys i s  Package b e g i n s  w i t h  a s e t  of INPUT 
programs by means of which t h e  u s e r  e n t e r s  a l l  of t h e  word lists 
which a r e  t o  be analyzed.  A t  t h e  same t ime  t h e  u s e r  e n t e r s  
t h e  cognate  s e t  i d e n t i f i e r s  t h a t  i n d i c a t e  which words a r e  
judged t o  be cognate  and which words a r e  not .  A s  a n  i n d i v i d u a l  
word l i s t  i s  e n t e r e d  i t  may be r u n  th rough  t h e  PHONEPIIC ANALYSIS 
programs i n  o r d e r  t o  de te rmine  f o r  t h a t  d i a l e c t  t h e  phonemes and 
t h e i r  a l l o p h o n e s ,  t h e  d i s t r i b u t i o n  of phonemes, and t h e  s t r u c t u r e  
of s y l l a b l e s  and words. A f t e r  a l l  t h e  word lists have been 
e n t e r e d  and saved  on t a p e ,  t h e  u s e r  s e l e c t s  a s e t  of lists 
( e i t h e r  a l l  of them, o r  any s u b s e t )  which he wishes  t o  ana lyze .  
These i n d i v i d u a l  l ists a r e  merged i n t o  a s i n g l e  master  f i l e  
which s e r v e s  a s  t h e  b a s i c  d a t a  f i l e  f o r  t h e  r emain ing  programs. 

I n  t h e  LEXICOSTATISTIC ANALYSIS programs, t h e  number of  
cognate  words between each p a i r  of l is ts  i n  t h e  merged master  
f i l e  i s  counted. The cognate  coun t s  a r e  b u i l t  i n t o  a matrix 
which can be i n t e r a c t i v e l y  permuted i n  o r d e r  t o  e x p l o r e  t h e  
d ivergence  and convergence r e l a t i o n s h i p s  between l anguages  and 
t o  f i n d  t h e  op t ima l  pe rmuta t ion  of t h e  m a t r i x  f o r  d i s p l a y  
purposes.  

The LEXICAL ISOGSOSS AIJALYSIS prog-rams f i r s t  e x t r a c t  a  
l e x i c a l  i s o g l o s s  f i l e  from t h e  merged master  f i l e ,  Then a n  
i n t e r a c t i v e  progzam a l l o w s  t h e  u s e r  t o  permute and r e - s o r t  t h e  
i c o g l o s s  f i l e  i n  order t o  group t o g e t h e r  word l i s t  i t e m s  w i t h  
l i k e  i s o g l o s s  p a t t e r n s .  ? k e n  t h e  g roup ing  of i s o g l o s s  p a t t e r n s  
i s  completed, t h e  i s o g l o s s e s  can be copied  d i r e c t l y  o n t o  a map 
a s  i s o g l o s s  l i n e s .  Each l i n e  can  be l a b e l l e d  w i t h  t h e  numbers 
of t h e  i t e m s  exempl i fy ing  t h e  i s o g l o s s .  

Before t h e  PHONOSTATISTIC ANALYSIS programs can  be r u n ,  
t h e  u s e r  must do some manual f o r m a t t i n g  of t h e  merged master  f i l e  
t o  e n s u r e  t h a t  a l l  co r respond ing  segments i n  cogna te  words a r e  i n  
t h e  same p o s i t i o n  i n  t h e  word. A program chec'ks t h a t  t h e  
f o r m a t t i n g  i s  c o r r e c t  b e f a r e  moving t o  t h e  a n a l y s i s  s t e p ,  The 
checking program a l s o  e x t r a c t s  a  l i s t  of a l l  t h e  sound cor respon-  
dences  t h a t  occur i n  t h e  d a t a ,  Before  p roceed ing  t o  t h e  



p h o n o s t a t i s t i c  a n a l y s i s ,  the  user  is r equ i r ed  t o  a s s i g n  a d e g ~ e e  
of phonological  d i f f e r ence  t o  each sound correspondence and e n t e r  
i t  i n t o  t he  stable of correspondences. The p h o n o s t a t i s t i c s  
program is then  run  t o  compute s t a t i s t i c a l  measures of t h e  phono- 
l o g i c a l  d i f f e r ence  'between each p a i r  of dial 'ects.  

Before t he  COMPARATIVE METHOD a n a l y s i s  can be c a r r i e d  ou t ,  
i t  is necessary f o r  t he  user  t o  do  ucme e d d i t i o n a l  fo rma t t i ng  of 
t he  merged word 1 i s . t ~ .  Three propams a r e  provided t o  he lp  with  
t h i s .  khen formatting is complete, a program is r u n  t o  make a 
t a b u l a t i o n  of a l l  t h e  correspondence s e t s  t h a t  occur and t h e i r  
frequency of occurrence. Two programs a r e  provided t o  h e l p  
t h e  user  i n  h i s  a n a l y s i s  of t h e  r e su l t s - - a  program which 
permutes and r e - s o r t s  t he  t a b l e  of correspondence sets  i n  order  
t o  group l i k e  correspondences, and a propam which f i n d s  a l l  t h e  
examples of any given correspondence s e t .  On t h e  b a s i s  of t h i s  
a n a l y s i s ,  t he  user  shonld be ab l e  t o  p o s i t  t he  r e g u l a r  sound 
correspondences between the  d i a l c c t s  represen ted  i n  t h e  word 
lists. On t h e  b a s i s  of t he  r egu la r  sound correspondences he can 
de f ine  phonological  i sog los ses  a-ld r e c o n s t r u c t  proto-f orms. 

The REFINED PHONOSTATISTIC: ANALYSIS combines p h o n o s t a t i s t i c  
a n a l y s i s  wikh the  r e s u l t s  cf  t h e  c o m p r a t i v e  method t o  break down 
t h e  a n a l y s i s  of degrees of d i 3 f c r . c n c e -  i n t o  t h e  degrees  of 
d i f f e r ence  accounted f o r  by t h e  yegular  sound correspondences 
between d i a l e c t s  and t h e  degrees of d i f f e r e n c e  accounted f o r  by 
i r r e g u l a r  correspondences. The r e s u l t s  of t h i s  a n a l y s i s  provide 
s t a t i s t i c a l  measures of t h e  r e l a t i v e  e f f e c t  of d i f f e r e n t  models 
of language change i n  exp la in ing  the  phonological r e l a t i a n s  
between languages. For i n s t a n c e ,  t he  degrees of d i f f e r e n c e  
accounted f o r  by r e g u l a r  correspondences a r e  explained by a 
divergence model (eg. sound d r i f t ,  sound laws wi th  no except ions) .  
Degrees of d i f f e r e n c e  accounted f o r  by i r r e g u l a r  correspondences 
give evidence f o r  s o u  a 1  explana t ions  of language change 
( e g .  word tabooing, convergence v i a  con tac t ) .  

b 
a ,  

2. A USER'S GUIDE T O  THE WORD LIST ANALYSIS PACKAGE 

The u s e r ' s  guide i s  s e t  out i n  a step-by-step i n s t r u c t i o n  , 
format. Unless otherwise noted,  t h e  u se r  i s  meant t o  proceed 
sequent iaTly from s e c t l o n  t o  cec t ion .  I f  . the  sequence of s t e p s  is 
o ther  than  t o  t he  fol lowing s e c t i o n ,  a s ta tement  t e l I i n g  which 
s e c t i o n  t o  go t o  next xi-1.1 be given. Whenever t h e  i n s t r u c t i o n  t o  
r u n a  program i s  given, a c ross - re fe rence  t o  t h a t  program's 
l i s t i n g  i n  s e c t i o n  fou r  is a's0 given. 



Before t h e  u s e r  can ope ra t e  t he  dord L i s t  Ana lys i s  Package 
on t h e  microcomputer, i t  i s  necessa ry  t h a t  he be a b l e  t o  ope ra t e  
t h e  immediate mode commands of PTP. These i nc lude  commands f o r  
bu f f e r  p o i n t e r  movement, cha r ac t e r  d e l e t i o n  and i n s e r t i o n ,  
p o i n t e r  manipu la t ions ,  and c a s s e t t e  i n p u t  and ou tpu t .  See  t h e  
PTP use r  's manual (Simons 1977: 6-11) f o r  f u r t h e r  in format ion .  
Another command which t he  u se r  must know i s  t h e  execute  command, 
EXC. A l l  of t h e  programs a r e  s t o r e d  i n  bu f f e r  1. I n  o rder  t o  
r un  a  program, s e t  t h e  b u f f e r  p o i n t e r  t o  b u f f e r  1 (SBP command) 
and then  use  t h e  MFL (move forward a  l i n e )  command t o  s t e p  
through t h e  programs i n  t h e  program b u f f e r .  Idhen t h e  d e s i r e d  
program is found ( t h e  b u f f e r  p o i n t e r  immediately precedes  t h e  
name of t he  program) g ive  t h e  OEXC command t o  r u n  t h e  program. 

2.1.1 Ente- a g lo s s  f i l e  

P o s i t i o n  t h ?  b17Ple p o l n t e r  t o  t h e  beginning of b u f f e r  2. 
Use t he  INS ( i n s e r t )  som~nand t o  e n t e r  t h e  g l o s s  f i l e .  Each e n t r y  
i n  t h e  f i l e  must begin  w i th  t h e  double c r o s s ,  k!, c h a r a c t e r  and 
end wi th  a  CRLF ( c a r r i a g e  r e t u r n / l i n e  f e e d ) .  The f i r s t  e n t r y  is 
a mnemonic i d e n t i f i e r  f o r  the  l ist.  The remaining e n t r i e s  
a r e  t h e  g l o s s e s  f c r  t h e  word l ist  i tems.  They shou ld  begin  w i th  
a  number fox- easy r e f e ~ e n c e .  A sample g l o s s  f i l e  i s  t h e  fo l lowing :  

#ENG 
#l. head 
/#2. h a i r  
#3. nose 
7%. eye 

e t c .  

When t h e  g l o s s  f i l e  is f u l l y  en t e r ed ,  e n t e r  a  header b lock  and s ave  
t he  f i l e  on t a p e  ( s e a  PTP u s e r ' s  manual, s e c t i o n  3.6). D e l e t e  t h e  
header b lock  be fo r e  proceeding.  Next r un  "copy 2  t o  3 I s  (4.1.1) 
t o  copy t h e  g l o s s  f i l e  i n t o  b u f f e r  3. 

2.1.2 Ente r  t h e  f i r s t  word l i s t  

The g l o s s  f i l e  now copled i n t o  b u f f e r  3 may be thought of a s  
a b lank  word l i s t a  The u s e r ' s  t a s k  i s  now t o  f i l l  i n  t h e  word list. 
A l l  words a r e  an te red  C i r e c t l y  i n  f r o n t  of t he  cor respnding  g lo s s .  
P o s i t i o n  t h e  b u f f e r  poinber  to  Jbhe beginning of b u f f e r  3 and e n t e r  
t he  mnemocic Fr3entif ier  f o -  t h e  word l i s t .  It  must be t h r e e  
cha r ac t e r s  i n  l eng th .  Tc e n t e .  each word, pos t i on  t h e  b u f f e r  
po in t e r  t o  t h e  -3eginnS.n~ (7.': ",he g l o s s  and then  e n t e r  t h e  a p p r o p r i a t e  



word us ing  the  INS command. A t  t he  end of the  word, p r e s s  ESC,s - 
(escape)  t o  t e rmina te  t h e  en t ry .  No CRLF is en t e r ed ;  t h u s  t h e  . 
word and t h e  g l o s s  run  t oge the r  on t h e  same l i n e .  Give t h e  
MFL command t o  advance t o  t h e  next g lo s s .  Digraphs may no t  occur 
i n  t h e  ~ r t h o g r a p h y  used f o r  e n t e r i n g  t h e  word lists. The phonemic 
a n a l y s i s ,  g h o n o s t a t i s t i c  a n a l y s i s ,  and comparative method programs 
r e q u i r e  t h a t  a l l  phones be encoded by a s i n g l e  cha rac t e r .  
Therefore ,  a s u i t a b l e  computer orthography must be worked out  
ahead of t ime ( see  K'P u s e r ' s  manual, s e c t i o n  2,  f o r  a d i s cus s ion  
of the  cha rac t e r  s e t ) .  

Before e n t e r i n g  t h e  word lists, t h e  lists should be compared 
i tem by i tem i n  order  t o  make cognate dec i s ions .  The dec i s ions  
a r e  i nd i ca t ed  by a s s ign ing  words t o  cognate s e t s  ( ~ a r r o ~ l  and Dyen 
1962; Sanders 1777:36-7). Two words ass iened  t o  t h e  same 
cognate s e t  q e  *judged t o  be cognate;  words i n  d i f f e r e n t  cognate 
s e t s  a r e  judged t o  be non-cognate. The f i r s t  c h a r a c t e r  i n  every 
word l is t  e n t r y  is its cognate s e t  i d e n t i f i e r .  I n  gene ra l ,  a l l  
cognate s e t  i d e n t i f i e r s  i n  t h e  f i r s t  l is t  en te red  w i l l  be t h e  
number one. A s  a d d i t i o n a l  cognate s e t s  a r e  needed, they a r e  
ass igned i n  numerical  order .  After  n ine  is reached,  t h e  upper 
case  l e t t e r s  a r e  used beginning wi th  A. The completed word 
l ist should appear a s  fo l lows:  

BIL,%NG 
l tabana#l .  head 
lkataa#2. h a i r  
lnora#3. nose 
1mataiY4. eye . ' 

e tc .  

2.1.3 E x t r a c t  t h e  word l ist  alone 

Run "ex taac t  list" (4.1.2) t o  copy t h e  words without  g lo s se s  
i n t o  bu f f e r  4. The word l i s t  i n  b u f f e r  4 sh6uld now appear a s  
fol lows : 

BIL 
l t abana  
l k a t  aa 
l no ra  

. - lmata  
e t c .  

Enter a header block f o r  t h e  word l i s t  and save t h e  word list on 
tape. 



2.1.4 Phonemic a n a l y s i s  

If t h e  phonemic a n a l y s i s  programs a r e  t o  be r u n  on t h e  c u r r e n t  
ward l ist ,  i t  is b e s t  done a t  t h i s  s t a g e  whi le  t h e  l ist  a l o n e  is 
s t a n d i n g  i n  b u f f e r  4. D e l e t e  t h e  header b lock f c r  t h e  word l ist 
and then  proceed wi th  t h e  phonemic a n a l y s i s  programs a s  o u t l i n e d  
i n  s e c t i o n  2.2. Continue wi th  2.1.5 when phonemic a n a l y s i s  is 
completed. 

2.1.5 E n t e r i n g  a d d i t i o n a l  word l is ts  

For e n t e r i n g  a d d i t i o n a l  word l is ts  t h e r e  . a r e  t h r e e  o p t i o n s :  

( 1 )  E d i t  t h e  p rev ious  word list. Go t o  2.1.6. 
( 2 )  E d i t  a  former word l i s t  which was saved  on 

t a p e .  Go t o  2.1.7. 
(3)  Type t h e  whole l i s t  i n t o  a c l e a n  b u f f e r .  Go t o  2.1.8. 

I f  a l l  t h e  l ists have been e n t e r e d  and saved on t r p e ,  go t o  2.1.9. 

2.1.6 E d i t  t h e  p rev ious  word list 

The word list combined w i t h  g l o s s e s  t h a t  remains  i n  b u f f e r  3 
is e d i t e d  t o  r e p r e s e n t  t h e  new list which i s  now b e i n g  en te red .  
If words i n  t h e  new l i s t  a r e  i d e n t i c a l  t o  words i n  t h e  p r e v i o u s  
l is t ,  l e a v e  them untouched. I f  words i n  t h e  new list a r e  cognate  
bu t  have a  d i f f e r e n t  p r o n u n c i a t i o n ,  e d i t  them t o  r e p r e s e n t  t h e  
proper form i n  t h e  new list by u s i n g  t h e  PTP immediate mode t e x t  
e d i t i n g  commands. I f  words i n  t h e  new l ist  a r e  non-cognate,  
d e l e t e  t h e  p rev ious  word and e n t e r  t h e  new word w i t h  a d i f f e r e n t  
cognate s e t  i d e n t i f i e r .  I n  u s i n g  t h i s  approach i t  is b e s t  t o  
e n t e r  t h e  l i s ts  i n  such  an  o rder  t h a t  t h e  most s i m i l a r  l i s ts  a r e  
d e a l t  w i t h  i n  success ion .  I n  t h i s  way t h e  amount of work 
involved i n  e n t e r i n g  t h e  d a t a  i s  minimized. When e d i t i n g  i s  
complete, go t o  2.1.3. 

The f o l l o w i n g  example i s  g iven  t o  i l l u s t r a t e  what i s  meant by 
e d i t i n g  t h e  word list. The l i s t  on t h e  l e f t  is t h e  o r i g i n a l  l i s t ;  
t h e  list on t h e  r i g h t  is t h e  e d i t e d  second l i s t ,  I n  t h e  o r i g i n a l  
l ist, t h o s e  c h a r a c t e r s  which were d e l e t e d  a r e  u n d e r l i n e d .  I n  t h e  
second l ist ,  t h o s e  c h a r a c t e r s  which were i n s e r t e d  a r e  under l ined .  

BIL#ENG 
lTabanai#l. head 

BL2#ENG 
l t I b a n a # l .  head 

lka taa#2 .  h a i r  --} lga taa#2.  h a i r  
l E o r  a#3. nose - 2usu#3. nose 
lmata#4. eye lmatai*. eye 

e t c .  e t c .  



2.1.7 E d i t  a word l i s t  saved on t ape  

F i r s t  c l e a r  b u f f e r  3 by runn ing  t l z e ro  3" (4.1.3). Then 
r ead  t h e  d e s i r e d  l i s t  i n t o  b u f f e r  3. Run "merge g l o s s e s  i n t o  
listH (4.1.4) t o  make a  combined g l o s s  and word l ist  i n  b u f f e r  3. 
E d i t  t h e  word l ist  a s  i n  s t e p  2.1.6 above. Go. t o  2.1.3. 

2.1.8 En t e r  t h e  whole l i s t  i n t o  a c l e an  b u f f e r  

F i r s t  run  s t z e r o  3" (4.1.31 t o  d e a r  b u f f e r  3. Then r u n  
"copy 2  t o  3" (4.1.1) t o  pu t  t h e  g l o s s  f i l e  i n t o  b u f f e r  3. 
F i r s t  e n t e r  t h e  t h r e e  c h a r a c t e r  mnemonic i d e n t i f i e r  and t hen  
a l l  t h e  words w i th  t h e i r  cognate i d e n t i f i e r s .  Follow t h e  
procedure used i n  s t e p  2.1.2. Go t o  2.1.3. 

2.1.9 Merge word l is ts  i n t o  a  s i n g l e  master  f i l e  

Before any f u r t h e r  a n a l y s i s  can be done, t h e  i n d i v i d u a l  
word lists t h a t  have been saved on t a p e  must be merged i n t o  a  
s i n g l e  master  f i l e .  The u s e r  must f i r s t  s e l e c t  t h e  s e t  of 
word lists which he wishes t o  analyze .  Then r u n  "merge l istsH 
(4.1.5) t o  pmform t h e  merge. The merged master  f i l e  w i l l  be 
c r ea t ed  i n  b u f f e r  2. 

The merge program i s  i n t e r a c t i v e  and w i l l  merge any number of 
lists from two t o  n inety-nine .  \/hen t h e  program i s  r u n ,  t h e  message 
Hg los se sn  w i l l  appear on t h e  sc reen .  T h i s  i s  t h e  u s e r ' s  prompt 
message t h a t  t h e  program is  i n  t h e  view mode and ready  t o  r e a d  i n  
t h e  g l o s s  f i l e  f o r  t h e  word lists. Mount t h e  p roper  t a p e ,  
p o s i t i o n  i t  be fo r e  t h e  header b lock by means of t h e  d i g i t a l  
counter  on t h e  t a p e  d r i v e ,  and t hen  p u t  t h e  d r i v e  i n t o  p l a y  mode. 
A l l  c h a r a c t e r s  r e a d  from t h e  t a p e  w i l l  be echoed on to  t h e  s c r e e n  
b u t  no t  i n s e r t e d  i n t o  t h e  bu f f e r .  When t h e  header  b lock  appea r s ,  
p r e s s  t h e  ESC key. The program then  execu t e s  a c a s s e t t e  r e a d  
command and t h e  g l o s s  f i l e  is r ead  i n t o  buffer"  2. When t h e  
r e a d i n g  i s  comple t e  t h e  prompt q u e s t i o n  "more or no'?l1 appears .  
A t  t h i s  p o i n t  t u r n  o f f  t h e  t ape  d r i v e  and ready  t h e  nex t  word l ist  
f o r  r e a d i n g  by mounting and p o s i t i o n i n g  t h e  proper  t ape .  PTP is 
now i n  t h e  immediate mode wi th  t h e  b u f f e r  p o i n t e r  p r eced ing  t h e  
ques t i on  "more o r  no?". Answer t h i s  ques t i on  of whether o r  n o t  
t h e r e  a r e  more l ists t o  merge by p o s i t i o n i n g  t h e  b u f f e r  p o i n t e r  
i n  f r o n t  of t h e  word which is t h e  answer--"moreu i f  t h e r e  a r e  
more l ists,  l tnou i f  t h e  merging i s  completed. Then t ype  # t o  
r e t u r n  PTP t o  program c o n t r o l .  I f  t h e  response  was "more", t h e  
prompt message "viewF' appears .  ~ 4 i s  i n d i c a t e s  t h a t  t h e  program i s  
execu t i ng  a c a s s e t t e  view r o u t i n e  i n  a n t i c i p a t i o n  of r e a d i n g  i n  a  
word l is t .  Read i n  t h e  word l i s t  a s  de sc r i bed  above f o r  t h e  



g l o s s  f i l e .  When t h e  r e a d i n g  is complete,  t h e  word l ist  w i l l  be 
merged i n t o  t h e  master  f i l e  i n  b u f f e r  2. When t h i s  beg ins  t o  
happen ( i t  w i l l  be obvious i n  watching t h e  d isplay--echoing of 
c h a r a c t e r s  a s  they  a r e  r e a d  i n  s t o p s ,  and sequencing through t h e  
word list b e g i n s )  t u r n  o f f  t h e  t a p e  d r i v e  and ready  t h e  n e x t  word 
list. Answer, the q u e s t i o n  when i t  appears .  I f  t h e  r e s p o n s e  is 
'lnol1 t h e n  t h e  program t e r m i n a t e s  wi th  t h e  b u f f e r  p o i n t e r  a t  t h e  
beginning of t h e  merged master  f i l e .  

For the ,  t h r e e  word l ists BIL, BL2, and GAL w i t h  t h e  ENG g l o s s  
f i l e ,  t h e  merged master  f i l e  would appear  a s  f o l l o w s :  

#ENG 
BIL 
BL2 
GAL 
#l. head 
l t a b a n a  
l t a b a n a  
l t a b a n a  
#2. h a i r  
l k a t a a  
l g a t a a  
2kona 
#3. nose. 
l n o r  a  
2usu 
2uyu 
#4. eye 
lmata  
lmata  
lma ta  

e t c .  

I f  t h e  master  f i l e  is t o  be  saved on t a p e ,  type  a  header  block.  
Af te r  s a v i n g  t h e  f i l e ,  d e l e t e  t h e  header  block. Go t o  2.3 t o  
beg in  l e x i c o s t a t i s t i c  a n a l y s i s  of t h e  merged word lists. 

2.2 Phonemic a n a l y s i s  

The programs i n  t h e  phonemic a n a l y s i s  s e t  a i d  t h e  u s e r  i n  
determining t h e  phonemes of a  language and t h e i r  a l l o p h o n e s ,  i n  
determining t h e  d i s t r i b u t i o n  of phonemes, and i n  de te rmin ing  t h e  
s t r u c t u r e  of s y l l a b l e s  and words. With t h e  r e s u l t s  of t h e  a n a l y s i s  
s t o r e d  i n  a  b u f f e r ,  i t  would be p o s s i b l e  t o  conver t  a u t o m a t i c a l l y  a l l  
phone t i c  t r a n s c r i p t i o n s  i n t o  phonemic ones. However, p h o n e t i c  d a t a  
a r e  r e q u i r e d  f o r  t h e  p h o n o s t a t i s t i c s  programs i n  2.5 and 2.7. 



The comparative method i n  2.6 must determine r e g u l a r  correspondences  
between phones i n  o rder  f o r  t h e  r e f i n e d  p h o n o s t a t i s t i c s  program 
i n  2.7 t o  work p roper ly .  Thus t h e  phone t i c  word l ists w i l l  no t  be 
converted i n t o  phonemic ones. Neve r the l e s s ,  t h e  comparative 
method is g e n e r a l l y  app l i ed  a t  t h e  phonemic r a t h e r  t h a n  t h e  
phonet ic  l e v e l .  I n  t h i s  case ,  s i n c e  t h e  comparative method 
programs i n  2.6 w i l l  a c t u a l l y  be a p p l i e d  tocphone t ic  word l ists,  
i t  i s  necessa ry  t o  combine t h e  r e s u l t s  of phonemic a n a l y s i s  wi th  
t h e  r e s u l t s  of t he  comparative method i n  order  t o  determine t h e  
r e g u l a r  correspondences between d i a l e c t s  a t  t h e  phonemic l e v e l .  
Comparing t h e  r e s u l t s  of t h e  phonemic a n a l y s i s  of d i f f e r e n t  
word lists may show d i f r e r e n c e s  i n  t h e  a l l ophon i c  m a n i f e s t a t i o n s  
of phonemes, i n  t h e  d i s t r i b u t i o n  of phonemes, o r  i n  t h e  s t r u c t u r e  
of words and s y l l a b l e s .  I f  such d i f f e r e n c e s  occur ,  a d d i t i o n a l  
phonolog ica l  i s o g l o s s e s  can be p o s i t e d  ( s ee  s e c t i o n  2.6.3). 

A word l i s t  may no t  con t a in  enough da t a  t o  perform a complete 
phonemic a n a l y s i s .  For t h e  sake  of improving t h e  phonemic 
a n a l y s i s ,  t h e  u se r  may add words t o  t h e  l i s t  i n  b u f f e r  3. It w i l l  
be  necessa ry  t o  f o l l ow  t h e  same format  exactly--a f a k e  cognate 
s e t  i d e n t i f i e r ,  t h e  language word, a #, t h e  g l o s s ,  a  CRLF--for ea,cb 
added en t ry .  Nun " e x t r a c t  l is t"  (4.1.2) t o  copy a l l  t h e  words 
wi thout  t h e i r  g lo s se s  i n t o  b u f f e r  4. If t h e  u s e r  has  more 
ex t ens ive  d a t a  on only  one o r  two d i a l e c t s ,  t h e  complete a n a l y s i s  
can be done on those .  Then t h e  r e s u l t s  ob ta ined  from any l e s s  
complete ana ly se s  can be i n t e r p r e t e d  i n  t h e  l i g h t  of t h e  more 
complete a n a l y s i s  of a  r e l a t e d  d i a l e c t ,  

2.2.1 P r epa ra t i on  

Before performing t h e  phonemic a n a l y s i s ,  i t  i s  necessa ry  t o  
s t r i p  t h e  mnemonic i d e n t i f i e r  and t h e  cognate  s e t  i d e n t i f i e r s  from 
t h e  word l i s t  i n  bu f f e r  4. To do t h i s ,  r u n  Ifwords a lone"  (4.2.1). 
The r e s u l t  would appear  a s  fo l lows :  

tabana , 

ka t aa  
nor a  
mata 

e t c .  



2.2.2 Phone occur rences  

,Run "phone occurrencess '  (4.2.2) t o  compile i n  b u f f e r  
5 a l ist of a l l  t h e  phones which occur i n  t h e  word list and t h e i r  
f r e q u e n c i e s  of occurrence .  The N i t e m  i n  t h e  list t e l l s  how many 
words occur i n  t h e  l is t .  The ou tpu t  is an  a l p h a b e t i z e d  list of 
the. f o l l o w i n g  format : 

# 285 
a  132 
b  024 
d  028 
e  094 

e t c .  

Tha t  is ,  t h e  Iist c o n t a i n s  285 words, 5 occurs  132 t i m e s ,  & 
occurs 24 t i m e s ,  and s o  on. 

If any of t h e  phones l i s t e d  l o o k s  susp ic ious - -as  though i t  may 
be an e r r o r  i n  h e a r i n g ,  t r a n s c r i b i n g ,  or  typing--run Isf ind examples" 
(4.2.6) t o  f i n d  al.1 examples of t h e  s u s p i c i o u s  phone. Defore 
runn ing  t h e  program, u s e  t h e  immediate mode t o  r e p l a c e  t h e  double 
hyphen i n  t h e  program w i t h  t h e  c h a r a c t e r  which is  t o  be sea rched  
f o r .  'When t h e  program t e r m i n a t e s ,  eve ry  word c o n t a i n i n g  t h a t  
phone w i l l  be l i s t e d  w i t h  i t s  g l o s s  i n  b u f f e r  8. I f  t h i s  
i n v e s t i g a t i o n  does l e a d  t o  d i scovery  of an e r r o r ,  make t h e  change 
i n  t h e  word l i s t .  

I n  p r e p a r a t i o n  f o r  t h e  "phone co-occurrencest1 program, copy - 
t h e  l i s t  of phones which occur onto  a b l a n k  phone co-occurrence 
m a t r i x  a s  t h e  row and column headings.  

2.2.3 Phone codoccurrences 

gun !!phone co-occurrencesPs (4.2.3) t o  compile i n  b u f f e r  7 
a  l i s t  of a l l  t h e  phone co-occurrences which occur i n  t h e  word list 
and t h e i r  f r e q u e n c i e s  of occurrence .  I n  t h e  ou tpu t  t a b l e ,  t h e  
double c r o s s  c h a r a c t e r ,  #, is used t o  r e p r e s e n t  a  word boundary. 
Thus, #-a r e p r e s e n t s  word i n i t i a l  5 and a-# r e p r e s e n t s  word f i n a l  
a. The ou tpu t  is an a l p h a b e t i z e d  l i s t  of t h e  f o l l o w i n g  fo rmat :  - 

a-N 063 
a-b 006 
a-d 003 
a-e 017 

e t c .  

That  is,  - a  is word f i n a l  6 3  t imes ,  2 i s  followed by & 6 kimes,  and 
s o  on. 



The t a b l e  of r e s u l t s  s h o u l d  b e  cop ied  i n t o  t h e  b l a n k  co- 
occur rence  m a t r i x  p r e p a r e d  i n  2.2.2- The f i r s t  phone is t h e  i n d e x  
t o t t h e  rows of t h e  m a t r i x ,  t h e  second phone i s  t h e  i n d e x  t o  t h e  
columns of t h e  m a t r i k ,  and t h e  number of o c c u r r e n c e s  s h o u l d  be 
copied  i n t o  t h e  c e l l  a t  t h e  i n t e r a c t i o n  of t h e  p r o p e r  row and 
column, By examininc  t h i s  m a t r i x  t h e  u s e r  may d i s c o v e r  t h e  
complementary d i s t r i b u t i o n  of a l l o p h o n e s  of a  s i n g l e  phoneme. 
F i r s t  compare t h e  m a t r i x  rows of p h o n e t i c a l l y  s i m i l a r  phones. I f  
a p a i r  of rows shows complementary d i s t r i b u t i o n  ( t h a t  is, where 
one row h a s  a  f i l l e d - i n  c e l l ,  t h e  o t h e r  row h a s  a  b l a n k  one,  and 
v i c e  v e r s a ) ,  t h o s e  two phones a r e  v a r i a n t s  of a  s i n g l e  phoneme 
which a r e  c o n d i t i o n e d  by t h e  f o l l o w i n 2  segment.  Next compare t h e  
m a t r i x  columns of p h o n e t i c a l l y  similar phones. I f  a  p a i r  of 
columns shows complemebtary d i s t r i b u t i o n  t h e n  t h e  two phones a r e  
v a r i a n t s  of a  s i n g l e  phoneme which a r e  c o n d i t i o n e d  by t h e  
p r e c e d i n g  segment.  The co-occurrence  m a t r i x  a l s o  p r o v i d e s  i n f o r -  
mat ion  on t h e  c o n s o ~ a n t  c l u s t e r s  which o c c u r ,  t h e  vowel c l u s t e r s  
which o c c u r ,  and t r a n s i t i o n  f r e q u e n c i e s .  

I f  any  sequence  l o o k s  s u s p i c i o w  - ( f o r  example,  t h e r e  i s  o n l y  
a s i n g l e  example which r e f u t e s  a  complementar i ty  h y p o t h e s i s  o r  
a  h y p o t h e s i s  as t o  t h e  p o s s i b l e  c l u s t e r s  t h a t  can  o c c u r )  r u n  
" f i n d  examplesIi (4.2.6) t o  f i n d  a l l  examples of t h e  s u s p i c i o u s  
sequence .  The program is a l s o  used  t o  e x t r a c t  a l i s t  of s u p p o r t i n g  
e v i d e n c e  f o r  in2I .uding i n  a  w r i t e - u p  of t h e  r e s u l t s .  Be fo re  
r u n n i n g  t h e  'program, u s e  t h e  immediate mode t o  r e p l a c e  t h e  doub le  
hyphen i n  t h e  program w i t h  t h e  two c h a r a c t e r  s equence  which is  
t o  be s e a r c h e d  f o r .  If word boundary is one o f ' t h e  c h a r a c t e r s ,  
i t  must be  e n t e r e d  a s  CRW, n o t  a s  #. Idhen t h e  program t e r m i n a t e s ,  
e v e r y  word c o n t a i n i n g  t h a t  s equence  w i l l  be l i s t e d  w i t h  i ts  
g l o s s  i n  b u f f e r  8, I f  i n  check ing  o u t  t h e  examples any e r r o r s  
a r e  found,  t h e y  s h o u l d  be  c o r r e c t e d  i n  t h e  word list. I f  enough 
e r r o r s  a r e  found ,  i t  may be of advan tage  t o  go b a c k  t o  2.2.2. 

2.2.4 lJord s h a p e s  

The n e x t  p r o g r a a  t r a n s l a t e s  e v e r y  word i n  b u f f e r  4 i n t o  a  
sequence  of C 1 s  and V ' s  (and any  o t h e r  a p p r o p r i a t e  symbols)  i n  
o r d e r  t o  s t u d f  t h e  5 n t e r n a l  s t r u c t u r e  of words. I n  a d d i t i o n ,  t h e  
words a r e  s y l l a b i f i e d .  Be fo re  t h e  program can o p e r a t e ,  t h e  u s e r  
must e n t e r  t h e  t a b l e  f o r  t r a n s l a t i n g  segments  and  t h e  t a b l e  of 
s y l l a b i f i c a t i o n  r u T - s o  

The t a b l e  of phone o c c u r r e n c e s  i n  b u f f e r  5 i s  used  a s  t h e  
f o u n d a t i o n  f o r  t h e  trans1a';ic.n t a b l e .  F o l l o w i n g  t h e  f i r s t  c h a r a c t e r  
i n  each  l i n e  of t h e  t a b l e ,  i n s e r t  t h e  c h a r a c t e r  i n t o  which t h e  
f i r s t  c h a r a c t e r  shou ld .  be t r a n s l a t e d ,  F t h e  f i r s t  r u n  t r a n s l a t e  
a l l  consonants  i n t o  C and a l l  vcwels  i n t o  V. S p e c i a l  c h a r a c t e r s  
s h o u l d  be t r a n s l a t e d  t o  themselves--f  u r  i n s t a n c e ,  a  s t r e s s  mark 
s h o u l d  r ema in  a  s t r e s s  mark,  Only word b o u n d a r i e s ,  #, may 



t r a n s l a t e  i n t o  word boundaries.  I f  a d d i t i o n a l  word boundar ies  
a r e  c r ea t ed ,  t he  "f ind examplesii program w i l l  not  work proper ly .  
A sample t r a n s l a t i o n  t a b l e  would appear a s  fo l lows :  

j## 205 
aV 132 
bC 624 
dc 028 
eV 094 

e t c .  

The t a b l e  of s y l l a b i f i c a t i o n  r u l e s  i s  en t e r ed  i n t o  b u f f e r  6 .  
F i r s t  determine t h e  r u l e s  t h a t  c o r r e c t l y  p lace  s y l l a b l e  b reaks  i n  
t h e  words of t h e  language. For i n s t a n c e ,  f o r  t h e  B i l i a u  language 
of Papua New Guinea t h e  fo l lowing  t h r e e  r u l e s  were used ( ~ i m o n s  
and Simons 1977 :5)  : 

vcv j v. cv 
vcc -j vc. c 

The above r u l e s  a r e  no t  ordered.  I f  t h e  r u l e s  f o r  a  language must 
be ordered,  be su re  t o  put  t h e  f i r s t  r u l e  a t  t he  t op ,  and s o  on. 
To en t e r  a  r u l e  i n t o  t h e  t a b l e  of s y l l a b i f i c a t i o n  r u l e s ,  
f i r s t  count t he  number of cha rac t e r s  i n  t h e  l e f t  p a r t  of t h e  r u l e  
and e n t e r  t h e  number. Next e n t e r  t h e  l e f t  p a r t  of  t h e  r u l e .  Then 
count the  number of c h a r a c t e r s  preceding t he  s y l l a b l e  break 
( t h e  per iod)  i n  t h e  r i g h t  p a r t  of t he  r u l e  and e n t e r  t h e  number. 
F i n a l l y ,  end t h e  r u l e  wi th  a  CRLF. The proper form of t h e  above 
t h r e e  r o l e s  is the  fol lowing:  

Now run  "word shapes" (4.2.4) t o  compile i n  b u f f e r  7 a  
t a b l e  of a l l  t he  word shapes  t h a t  occur and t h e i r  frequency of 
occurrence. The output  i s  an a lphabe t ized  list of t h e  fo l l owing  
format : 

CV 023 
cv. cv 135 
CV. CVC 043 
CVC 054 

e t c .  

That is ,  t h e r e  a r e  23 words t h a t  a r e  simply CV, 135 t h a t  a r e  CV,CV, 
and s o  on. 



The o u t p u t  is used t o  s t u d y  t h e  d i s t r i b u t i o n  of s y l l a b l e  
types  w i t h i n  t h e  word and t o  d'efine t h e  p o s s i b l e  s t r u c t u r e  of 
a  word w i t h  r e s p e c t  t o  t h e  s y l l a b l e  t y p e s  and where t h e y  can 
occur.  I f  s t r e s s  i s  marked i n  t h e  t r a n s c r i p t i o n s ,  t h e  above 
ou tpu t  w i l l  a l l o w  t h e  u s e r  t o  s t u d y  t h e  d i s t r i b u t i o n  of s t r e s s  
w i t h  r e s p e c t  t o  bo th  s y l l a b l e  t y p e s  and p o s i t i o n  i n  t h e  word. 

By r e r u n n i n g  t h i s  program (and t h e  n e x t )  i t  is p o s s i b l e  t o  
check ou t  hypotheses  about r e s t r i c t i o n s  on t h e  d i s t r i b u t i o n  of 
phonemes and about a l l o p h o n i c  c o n d i t i o n i n g  f a c t o r s  t h a t  a r e  r e l a t e d  
t o  p o s i t i o n  i n  s y l l a b l e ,  p o s i t i o n  i n  word, o r  pI'acement of 
s t r e s s .  Before  r e r u n n i n g  "word shapes f1  it is n e c e s s a r y  t o  f i r s t  
r u n  " e x t r a c t  lists1 and t h e n  Itwords aloneIt .  I f  i t  is s u s p e c t e d  
t h a t  n a s a l s ,  f o r  i n s t ~ n c e ,  a r e  t h e  on ly  consonants  t h a t  can 
c l o s e  a  s y l l a b l e ,  change t h e  t r a n s l a t i o n  t a b l e  i n  b u f f e r  5 t o  
t r a n s l a t e  t h e  n a s a l s  i n t o  some unique c h a r a c t e r  such  a s  N. Rerun 
t h e  program. I f  t h e  h y p o t h e s i ~  i s  t r u e ,  a l l  d o s e d  s y l l a b l e s  
w i l l  end w i t h  N ;  none w i l l  end w i t h  C. I f  i t  is s u s p e c t e d  t h a t  
t h e  q u a l i t y  of vowels i s  cond i t ioned  by t h e  placement of s t r e s s ,  
t r a n s l a t e  t h e  vowel phones thought  t o  occur i n  u n s t r e s s e d  s y l l a b l e s  
t o  U. Rerun t h e  t o  s e e  i f  t h e  d i s t r i b u t i o n  of U and V 
is indeed cond i t ioned  by s t r e s s  placement.  I f  t h e  d i s t r i b u t i o n  
of a  p a r t i c u l a r  phone i s  of s p e c i a l  i n t e r e s t ,  t r a n s l a t e  i t  t o  
i t s e l f  and r e r u n  t h e  program. 

To f i n d  a l l  t h e  wcrds which exempl i fy  a c e r t a i n  word shape ,  
e i t h e r  t o  compile a  l ist of s u p p o r t i n g  evidence  o r  t o  check ou t  , 

counter-examples t o  hypo theses ,  r u c  " f i n d  examplesu (4.2.6). 
Before  r u n n i n g  t h e  program, u s e  t h e  immediate mode t o  r e p l a c e  t h e  
double hyphen i n  t h e  program wi th  t h e  word shape which is t o  be 
sea rched  f o r .  One can i n s e r t  a  whole word shape o r  p a r t  of one. 
I f  a  whole word shape is t o  be sea rched  f o r ,  CRLF must be  i n s e r t e d  
a s  t h e  f i r s t  and t h e  l a s t  c h a r a c t e r  of t h e  s e a r c h  s t r i n g .  Nhen 
t h e  program t e r m i n a t e s ,  eve ry  word w i t h  t h a t  shape  w i l l  be  l i s t e d  
w i t h  i ts  g l o s s  i n  b u f f e r  8. 

2.2.5 S y l l a b l e  shapes  

Run "syl l -able  shapes"  (4.2.5) t o  compile i n  b u f f e r  7 a n  
a l p h a b e t i z e d  :is.> of a l l  t h e  s y l l a b l e  t y p e s  t h a t  occur a I o n g  w i t h  
a  count of t h e i r . f r e q u e n z y  of occurrence .  The doub le  c r o s s  
c h a r a c t e r ,  # ,  i s  used t o  denote  word boundar ies .  By u s i n g  t h i s  
symbol, t h e  t a b l e  o"resu1ts d i s t i n g u i s h e s  between i n i t i a l  
s y l l a b l e s  (eg. #CV), media l  s y l l a b l e s  (eg .  CV), and f i n a l  
s y l l a b l e s  (eg.  CV#). S y l l a b l e s  t h - . ;  a r e  bo th  i n i t i a l  and f i n a l  
c o n t a i n  two # I s  ieg .  #CV#, a one s y l l a b l e  word). The t a b l e  of 



r e s u l t s  h a s  t h e  f o l l o w i n g  format  : 

That i s ,  t h e r e  a r e  242 words which beg in  wi th  a CV s y l l a b l e ,  
43 words b e g i n  wi th  a V s y l l a b l e ,  52 words have a media l  CV 
s y l l a b l e ,  and 285 wards end w i t h  a CV s y l l a b l e .  

A s  d i s c u s s e d  i n  t h e  p rev ious  s e c t i o n ,  t h i s  program is used 
w i t h  ftward shapesbi  t o  t e s t  hypotheses  about phoneme d i s t r i b u t i o n  
and a l l o p h o n i c  cond i t ion ing .  The ! 'find exampless' program is  used 
t o  compile i n  b u f f e r  8 a  l i s t  of examples of any s y l l a b l e  type.  
Before runn ing  t h e  program, use  t h e  immediate mode t o  r e p l a c e  
t h e  double hyphen i n  t h e  program w i t h  t h e  s y l l a b l e  type  which is 
t o  be sea rched  f o r .  I f  an i n i t i a l  or  f i n a l  s y l l a b l e  i s  t o  be 
sea rched  f o r ,  CRLF must be e n t e r e d  i n  p l a c e  of #, Any media l  
s y l l a b l e  border  must be  marked by t h e  p e r i o d  which is t h e  symbol 
f o r  a  media l  s y l l a b l e  b reak ,  Thus, t o  f i n d  examples of media l  
CV s y l l a b l e s ,  r e p l a c e  t h e  double hyphen wi th  ".CV. I s  . 

2.3 - L e x i c o s t a t i s t i c  a n a l y s i s  

2.3.1 Count cognates  

Hun "count cogna tess f  (4.3.1) t o  count t h e  number of cogna tes  
between e v e r y  p o s s i b l e  p a i r i n g  of word l ists i n  t h e  master  l ist ,  
The r e s u l t s  a r e  t a b u l a t e d  i n  b u f f e r  4. The r e s u l t s  a r e  i n  t h e  
f o l l o w i n g  format :  

092 BIL-BL2 
075 BIL-GAL 
054 BIL-GED 

e t c .  

The f i r s t  e n t r y  i n  t h e  t a b l e  of r e s u l t s  s t a t e s  t h a t  t h e r e  are 92 
cognate forms between t h e  BIL l i s t  and t h e  BL2 list. The count  
of cognates  i s  t h e  a b s o I u t e  number of cognates .  An e l e c t r o n i c  
c a l c u l a t o r  can be used t o  conver t  t h e  numbers i n  t h e  d i s p l a y  t o  
percentages .  Divide  t h e  number i n  t h e  d i s p l a y  by t h e  number of 
i t ems  i n  t h e  word l i s t  and m u l t i p l y  by 100. 



2.3.2 Build a  mat r ix  of cognate counts 

Run @'bui ld  cognate matr ixtq  (4.3.2) t o  conver t  t h e  l is t  of 
cognate counts i n  bu f f e r  4  i n t o  a  ma t r ix  i n  bu f f e r  6. The ma t r ix  
is square.  The mnemonic i d e n t i f i e r s  a r e  i n  t h e  f i r s t  row and 
column and t h e  diagonal  is f i l I e d  w i th  a s t e r i s k s .  That is, 

* * *  BIL BL2 GAL GED 

BIL * * *  092 075 054 

BL2 092 * * *  074 053 

GAL 075 074 * * *  056 

GED 054 053 056 * * *  

2*3.3 Permute the  mat r ix  of cognate counts  

Permuting the  matr ix  of cognate counts ( t h a t  is, changing 
the  order  of t h e  rows and columns) a l lows  t h e  u se r  t o  s e e  r e l a t i o n s  
between t h e  d i a l e c t s  t h a t  might otherwise  remain obscured i f  
t h e  mat r ix  were l e f t  i n  i ts  o r i g i n a l  p rde r .  For a  d i s cus s ion  of 
mat r ix  permutation i n  r e l a t i a n  t o  recogniz ing  p a t t e r n s  of 
divergence and convergence i n  a  l e x i c o s t a t i s t i c  mat r ix ,  s e e  
Simon8 ( 1977b). To permute t h e  ma t r ix  of cognate counts,  
run  "permute matrix" (4.3.3). This is an i n t e r a c t i v e  program. 
The program begins by e n t e r i n g  t h e  immediate mode with  the  b u f f e r  
po in t e r  a t  t he  beginning of the  t o p  row. S e t  t h e  Aux p o i n t e r  
(SAX command) t o  t h e  beginning of t h e  mnemonic i d e n t i f i e r  of t h e  
column which is t o  be moved. That i s ,  FFC t o  t h e  proper 
cha rac t e r  and then SAX. Then s e t  t he  b u f f e r  p o i n t e r  t o  precede t h e  
mnemonic i d e n t i f i e r  of t h e  column i n  f r o n t  of which t h e  o ther  
column is t o  be moved. Give t h e  # command t o  r e t u r n  t o  program 
con t ro l ;  t h e  proper column and i ts  corresponding row w i l l  be 
moved t o  t h e  des i r ed  pos i t i on .  +Af te r  t h e  move is  completed t h e  
program d i sp l ays  t h e  r e s u l t  and r e t u r n s  t o  t he  immediate mode. 
Repeat t h e  s t e p s  ou t l i ned  above t o  move another column and row. 
To te rmina te  t he  program, type # without  moving t h e  b u f f e r  
po in t e r  from i t s  p o s i t i o n  i n  the  upper l e f t  hand corner  of t he  
matrix.  



2.4 L e x i c a l  i s o g l o s s  a n a l y s i s  

2.4.1 E x t r a c t  a  l e x i c a l  i s o g z o s s  f i l e  

A l e x i c a l  i s o g l o s s  f i l e  c o n t a i n s  only  t h e  cognate  s e t  
i d e n t i f i e r s  and t h e  g l o s s e s  from t h e  merged master  f i l e .  To 
e x t r a c t  such a  f i l e ,  f i r s t  i n s e r t  a  unique one c h a r a c t e r  i d e n t i f i e r  
f o r  each word l ist i n  f r o n t  of t h e  l ist 's mnemonic i d e n t i f i e r .  
For example, 

#ENG 
aB U 
bBL2 
cGAL 
e t c .  

Then r u n  " l e x i c a l  i s o g l o s s e s u  (4.4.1) t o  e x t r a c t  a l e x i c a l  
i s o g l o s s  f i l e  i n t o  b u f f e r  5 of t h e  merged master  f i l e  i n  b u f f e r  2 ,  
The l e x i c a l  i s o g l o s s  f i l e  f o r  t h e  merged master  f i l e  shown i n  
2.1.9 is a s  f o l l o w s :  

ab cmNG 
Il1#1. head 
112#2. h a i r  
122#3. nose 
111%. eye 

e t c .  

I f  t h e  i s o g l o s s  f i l e  i s  t o  be saved on t a p e ,  type  a  header b lock ,  
s a v e  t h e  f i l e ,  and d e l e t e  t h e  header  b lock.  

2.4.2 Ana lys i s  of I e x i c a l  i s o g l o s s e s  

The program " i s o g l o s s  a n a l y s i s "  (4.4.2) a i d s  t h e  u s e r ' s  
s tudy  of l e x i c a l  i s o g l o s s e s  i n  two ways. F i r s t ,  t h e  program 
s o r t s  t h e  f i l e  of l e x i c a l  i s o g l o s s e s .  T h i s  p u t s  a l l  t h e  word l i s t  
i t e m s  wi th  t h e  same geograph ica l  d i s t r i b u t i o n  of cognates  
t o g e t h e r  i n  t h e  i s o g l o s s  f i l e .  The o r i g i n a l  i s o g l o s s  f i l e  shown 
on t h e  l e f t ,  when s o r t e d  w i l l  appear  a s  on t h e  r i g h t .  

ORIGINAL S ORTD 

abcdef g#EI\JG 
11~P111#1.  head 
1121222#2. h a i r  
l l l lI l l#3.  nose  
1111222%. eye 
l P l l l l I # 5 .  mouth 
1122222#6. e a r  
1111222#7. t o o t h  

abcdef &ENG 
111~1~1#1. head 
1111111#3. nose  
l l l I l l l#5.  mouth 
1111222#4. eye 
1111222#7. t o o t h  
1121222#2. h a i r  
1122222#6. e a r  



From t h e  s o r t e d  i s o g l o s s  f i l e  we s e e  t h a t  t h r e e  i t e m s  #1, #3, 
and #5 do not  d i f f e r e n t i a t e  t h e  d i a l e c t s  and t h e r e  i s  no 
i s o g l o s s .  I tems $4 and #7 a r e  examples of an i s o g l o s s  d i s t i n -  
gu i sh ing  d i a r e c t s  a  through d  from d i a l e c t s  - e  through g. Item 
#2 i n d i c a t e s  a n  i s o g l o s s  which d i s t i n g u i s h e s  d i a l e c t s  a, b ,  and d 
from t h e  o t h e r  f o u r  d i a l e c t s .  Item ;% i n d i c a t e s  a n  iao.glGss 
s e p a r a t i n g  5 and 2 from t h e  remaining d i a l e c t s .  From t h e  
s o r t e d  i s o g l o s s  f i I e ,  t h e  i s o g l o s s e s  can be drawn d i r e c t l y  on to  
a  map a n d '  each i s o g l o s s  l abe lTed  w i t h  t h e  numbers of t h e  word 
l ist i t ems  t h a t  evidence  it. 

The second way i n  which t h e  program can a i d  t h e  a n a l y s i s  of 
i s o g l o s s e s  i s  by a l l o w i n g  t h e  u s e r  t o  chapge t h e  o rder  of t h e  
word lists i n  t h e  i s o g l o s s  f i l e .  For i n s t a n c e ,  by swapping t h e  
o rder  of d i a l e c t  5 and d i a l e c t  d  i n  t h e  p reced ing  example, t h e  
i s o g l o s s  pat t iern f o r  #2 would become 111112222#2. hai r1! ,  r a t h e r  
t h a n  t h e  o r i g i n a l  I1BI21222#2. h a i r t 1 .  (The o t h e r  s i x  i t e m s  
remain unchanged s i n c e  5 and 2 a r e  c o g n a t e . i n  a l l  o t h e r  i tems. )  
Such'a change, by p u t t i n g  a l l  t h e  l i k e  e lements  i n  a n  i s o g l o s s  
p a t t e r n  t o g e t h e r ,  makes i t  e a s i e r  f o r  t h e  a n a l y s t  t o  s e e  t h e  
v a r i o u s  i s o g l o s s  p a t t e r n s  t h a t  occur.  . I n  g e n e r a l ,  t h e  b e s t  o r d e r i n g  
of t h e  ward l is ts  p u t s  t h e  most c7ose ly  r e l a t e d  d i a l e c t s  i n  
a d j a c e n t  s p o t s .  Thc b e s t  o r d e r i n g  can f i r s t  be  found by permuting 
t h e  m a t r i x  of cognate counts  a s  i n  2,3.3. I n  most c a s e s  t h e  b e s t  
o r d e r i n g  w i l l  a l s o  be a  geograph ica l  o r d e r i n g .  

To perform t h e  a n a l y s i s  r u n  ' t i s o g l o s s  a n a l y s i s "  (4.4.2). The 
program f i r s t  a l lows  t h e  u s e r  t o  r e o r d e r  t h e  word l ists,  t h e n  i t  
s o r t s  t h e  f i l e ,  The r e o r d e r i n g  phase of t h e  program is  i n t e r a c t i v e .  
The u s e r  a c h i e v e s  t h e  d e s i r e d  order  by moving lists one a t  a  t i m e  
t o  t h e  l e f t m o s t  p o s i t i o n .  Any o r d e r i n g  of t h e  l is ts  is achieved 
by moving t h e  l ists i n  t h e  proper s e q u e n t i a l  o r d e r .  The program 
begins  by going t o  t h e  immediate mode w i t h  t h e  b u f f e r  p o i n t e r  
p reced ing  t h e  f i r s t  c h a r a c t e r  of t h e  f i r s t  l i n e - - t h e  l i n e  of s i n g l e  
c h a r a c t e r  i d e n t i f i e r s  f o r  t h e  lists. Use MFC t o  p o s i t i o n  t h e  b u f f e r  
p o i n t e r  i n  f r o n t  of t h e  i d e n t i f i e r  f o r  t h e  list which i s  t o . , b e  
moved t o  t h e  f i r s t  p o s i t i o n .  Then t y p e  #. Execut ion r e t u r n s  t o  
program c o n t r o l  and t h e  column w i l l  be t r a n s f e r r e d  t o  t h e  i n i t i a l  
p o s i t i o n  and d e l e t e d  from i ts  o r i g i n a l  p o s i t i o n .  The r e s u l t  is 
d i s p l a y e d  and t h e  program a g a i n  goes t o  t h e  immediate mode. Repeat  
t h e  s t e p s  g iven above t o  move more lists. When t h e  i s o g l o s s  
p a t t e r n s  a r e  i n  t h e  d e s i r e d  o r d e r ,  t y p e  # withou t  moving t h e  b u f f e r  
p o i n t e r  from t h e  f r o n t  of t h e  f i r s t  l i n e .  The program w i l l  
t hen  execu'te t h e  s o r t  r o u t i n e ,  d i s p l a y  t h e  s o r t e d  f i l e ,  and 
t e rmina te .  Rurun t h e  program t o  e x p l o r e  o t h e r  o r d e r i n g s  of t h e  
word. 3ista.  I f  t h e  u s e r  wishes  t o  s t u d y  t h e  i s o g l o s s  p a t t e r n s  of 
only  a  s u b s e t  of t h e  word l is ts ,  move t h o s e  word lists t o  t h e  
l e f t m o s t  p o s i t i o n s  i n  t h e  i s o g l o s s  f i l e  and i g n o r e  t h e  o t h e r  lists. 



2.5.' Phonos t a t i s - t i c  a n a I y s i s .  

2.5.1 Pre-program d a t a  f o r m a t t i n g  

Before t h e  p h o n o s t a t i s t i c  a n a l y s i s  may be made, t h e  u s e r  
must manually do some f o r m a t t i n g  of t h e  merged master  f i l e  i n  
b u f f e r  2. The p h o n o s t a t i s t i c s  program compares cognate  words 
c h a r a c t e r  by c h a r a c t e r  and t a b u l a t e s  t h e  degrees  of d i f f e r e n c e  
between corresponding phones. The p.urpose of t h e  d a t a  
f o r m a t t i n g  i s  t o  ensure  t h a t  t h e  cor respond ing  phones i n  
cognate words occur i n  t h e  same p o s i t i o n  i n  t h e  word. T h i s  is 
done by i n s e r t i n g  a  s l a s h  where a  phoneme has  been lamt  through 
a  p rocess  of sourid change. TIhere one word i s  l o n g e r  t h a n  a n o t h e r  
because i t  c o n t a i n s  an a d d i t i o n a l  morpheme, hyphens a r e  i n s e r t e d  
i n t o  t h e  s h o r t e r  word. Using both  s l a s h  and hyphen makes i t  
p o s s i b l e  t o  d i s t i n g u i s h  between d i f f e r e n c e s  i n  form due t o  
sound change and d i f f e r e n c e s  i n  morphology. A f t e r  f o r m a t t i n g ,  
a l l  forms f o r  a  g iven word l ist  i t e m  t h a t  a r e  cognate  ( t h a t  is, 
have t h e  same cognate s e t  i d e n t i f i e r  p reced ing  them) must be of 
t h e  same l e n g t h .  Non-cognate forms a r e  n o t  compared and s o  
r e l a t i v e  l e n g t h  i s  immater ia l .  A c o r r e c t  f o r m a t t i n g  example 
fo l lows  : 

ORIGINAL FOmiATTED 

#68. snake #68. snake  
l t o f i  l t o f i  
l t o i  1 t o / i  
2wa t a 2--wata 
l t o h i  1 t o h i  
2wao 2--wa/a 
2wawaa 2wawa/a 
l o i  l / o / i  

To f a c i l i t a t e  t h e  i n s e r t i o n  of s l a s h e s  and hyphens, t h e  
u s e r  should  i n s e r t  t h e  f o l l o w i n g  s imple  programs a t  t h e  b e g i n n i n g  
of b u f f e r s  1 and 2:  

A t  t h e  beg inn ing  of b u f f e r  1: INS/$# 

A t  t h e  beg inn ing  of b u f f e r  2: INS-$# 

To i n s e r t  a  s l a s h ,  p o s i t i o n  t h e  b u f f e r  p o i n t e r  t o  t h e  p o i n t  where 
t h e  s l a s h  is t o  be i n s e r t e d  and t h e n  g iven  t h e  command EXC. To 
i n s e r t  a  hyphen, p o s i t i o n  t h e  b u f f e r  p o i n t e r  t o  t h e  p o s i t i o n  where 
t h e  hyphen is t o  be i n s e r t e d  amd give  t h e  command 2EXC. D e l e t e  
t h e  INS/$# and INS-$# programs b e f o r e  p roceed ing  t o  the  n e x t  s t e p .  



2.5.2 Format checking 

Af t e r  t h e  pre-program da t a  f o r m a t t i n g  is completed, r u n  
''check format" (4.5.1) t o  confirm t h a t  a l l  cognate forms a r e  
indeed of equa l  l eng th .  I f  any a r e  n o t ,  t h e  p h o n o s t a t i s t i c s  
program w i l l  no t  work p roper ly .  A s  t h e  "check f  ormatu program 
runs ,  t h e  d i s p l a y  is  cons t an t l y  changing a s  it s t e p s  through a l l  
t h e  pairs of words. I f  t h e  program f i n d s  a  p a i r  of cognate 
words t h a t  a r e  no t  of t he  same l e n g t h ,  t h e  program w i l l  t e rmina t e  
and r e t u r n  t o  t h e  immediate mode. The d i s p l a y  w i l l  show the  
b u f f e r  p o i n t e r  f o l l owing  t h e  message "**ERROR**" which i s  
i n s e r t e d  i n t o  the  word on which t h e  l e n g t h  e r r o r  occurred.  The 
Aux po in t e r  is a t  t he  end of t he  o t h e r  word be ing  compared. 
P r e s s  TRA t o  f i n d  t h e  o the r  wmd. Use t h e  immediate mode 
e d i t i a ~  commands t o  remove t h e  E1'*ERROR**ll message and do t h e  
proper f o r m a t t i n g  t o  e q u a l i z e  t he  l e n g t h s .  Be s u r e  t o  check 
o the r  words i n  t he  same cognate s e t ,  f o r  i t  is  l i k e I y  t h a t  o t h e r  
cognate words may be  involved.  Af t e r  e d i t i n g  is completed, ' 

run  t h e  program a g a i n  t o  check f o r  more f o r m a t t i n g  e r r o r s .  
I f  t h e  program t e r m i n e t e ~  wi thout  an message, t h e  
f i l e  is  p rope r ly  fo rmat ted .  Type a  header b lock  and s ave  t h e  
format ted f i l e  on t ape .  It w i l l  be needed aga in  i n  2.7. De l e t e  
t h e  header b lock  a f t e r  t he  f i l e  is saved.  

2.5.3 Ente r  t he  degrees  of d i f f e r e n c e  t a b l e  

The approach t o  p h o n o s t a t i s t i c s  used i n  t h e  Word L i s t  
Ana lys i s  Package is e s s e n t i a l l y  t he  method which was dev i sed  
by Joseph Grimes (Grimes and Agard 1959, Grimes 1964) and 
extended t o  a p p l i c a t i o n  on comparative word lists by Howard 
McKaughan (1964). I n  t h i s  method, corresponding phones i n  
cognate words a r e  compared and scored  q u a n t i t a t i v e l y  a s  t o  t h e  
phone t i c  "degree of d i f f e r ence"  be tween them. I d e n t i c a l  phones 
d i f f e r  by z e r o  degrees.  Phones d i f f e r i n g  by a  minimal f e a t u r e  
d i f f e r e n c e  i n  only one phone t ic  dimension d i f f e r  by one degree  
of d i f f e r e n c e ,  and s o  on. Grimes and McKaughan s p e c i f y  each of 
t h e  phones i n  t h e i r  corpus by numer ica l ly  encoding t h e i r  
phone t ic  "rank of s t r i c t u r e "  i n  each of a  number of phone t ic  
dimensions. The degree  of d i f f e r e n c e  between cor responding  
phones can then  be au toma t i ca l l y  compllted by comparing t h e  
phone t ic  s p c c i f  i c a t i o n s  of t h e  two phones. Ladef oged (1968) 
used a  s imi lar  approach i n  which phcnes were s p e c i f i e d  by 
gene ra t i ve  d i s  Linct lvc  i c a tu i9e s ,  

I n  a  review of pho r io s t a t i s t i c  nethods  (Ximons 1577a:777-9), 
I have suggested t h a t  t h e  b e s t  metnod of a s s i g n i n g  degrees  of 
d i f f e r e n c e  t o  corresponding phones is f o r  t h e  l i n g u i s t  t o  
apply  h i s  experl.ence wi th  t h e  L a n ~ x a g z s  be ing  compared, and w i th  



l anguage  i n  g e n e r a l ,  t o  a s s i g n  degree  of d i f f e r e n c e  i n  t e r m s  of 
minimal s t e p s  of sound change. I n  many c a s e s  t h e  r a n k  of s t r i c t u r e  
and d i s t i n c t i v e  f e a t u r e  approaches  y i e l d  s i m i l a r  r e s u l t s ,  b u t  i n  
some c a s e s  t h e y  do n o t .  For  i n s t a n c e ,  a  change f rom b i l a b i a l  
p o i n t  of a r t i c u l a t i o n  t o  v e l a r  p o i n t  of a r t i c u l a t i o n  (which can  be 
a  n a t u r a l  and minimal sound change where l a b i o v e l a r  cons onan ts 
a r e  found)  i s  handled  v e r y  n a t u r a l l y  by t h e  d i s t i n c t i v e  f e a t u r e  
approach  aszchange  i n  t h e  " a n t e r i o r "  f e a t u r e .  However, i t  
r e p r e s e n t s  a  h i g h  d e g r e e  of d i f f e r e n c e  i n  t h e  r a n k  of s t r i c t u r e  
approach where a l ~ e o l a r  and  a l v e o p a l a t a l  p o i n t s  of a r t i c u l a t i o n  
must be counted  a s  i n t e r v e n i n g .  Conver se ly ,  t h e  r a n k  of 
s t r i c t u r e  approach  v e r y  n a t u r a l l y  h a n d l e s  t h e  change from 
voiced  d e n t a l  f r i c a t i v e  / ? /  t o  semivowel  /Y/ t o  h i g h  vowel /i/ 
a s  minimal s t e p s  i n  t h e  d imens ion  of c o n s t r i c t i o n  of t h e  air 
stream, w h i l e  i n  t h e  d i s t i n c t i v e  f e a t u r e  approach  t h e s e  changes  
r e q u i r e  a  messy r e s h u f f l i n g  of many f e a t u r e s - - c o n s o n a n t a l ,  c o n t i n u a n t ,  
v o c a l i c ,  a n t e r i o r ,  c o r o n a l ,  h i g h ,  f r o n t .  Fu r the rmore ,  t h e r e  a r e  
some common changes t h a t  n e i t h e r  approach  can h a n d l e  a s  a  n a t u r a l  
and minimal change,  f o r  i n s t a n c e ,  /s/ t o  /h/ o r  /t/ t o  g l o t t a l  
s t o p .  (See Simons 1977a:377-9 f o r  a  more complete  d i s c u s s i o n .  ) 

I n  o r d e r  t o  a c h i e v e  t h e  most n a t u r a l  a s s ignmen t  of d e g r e e s  of 
d i f f e r e n c e  t o  sound co r re spondences ,  I s u g g e s t  t h a t  t h e  i n v e s t i g a -  
t o r  compute d e g r e e s  of d i f f e r e n c e  i n  t e rms  of minimal  s t e p s  i n  
sound change. To do t h i s ,  he must f i r s t  compile a  l ist of  a l l  t h e  
sound co r re spondences  i n  t h e  corpus  of d a t a .  He must t h e n  
examine t h e  co r re spondences  and p o s i t  t h e  network of minimal  
s t e p s  which e x p l a i n  sound change i n  t h e  co rpus  of d a t a .  For 
i n s t a n c e ,  g i v e n  t h e  co r re spondences ,  t : s ,  s : h ,  t : h ,  d : t ,  d : z ,  d : s ,  
and z : s ,  one would c o n s t r u c t  t h e  f o l l o w i n g  network of minimal  
s t e p s  : 

The degree  of d i f f e r e n c e  between two phones is  t h e n  t h e  number of 
a r c s  i n  t h e  network t h a t  a r e  t r a v e r s e d  i n  g o i n g  from t h e  f i r s t  
phone t o  t h e  second v i a  t h e  s h o r t c s t  p a t h .  From t h e  above ne twork ,  
sample d e g r e e s  of d i f f e r e n c e  a r e  : 



The program "check format" which ha s  a l r e a d y  been r u n  i n  t h e  
previous  s e c t i o n ,  compiles a l i s t  of a l l  t h e  correspondences  t h a t '  
occur i n  t h e  merged master  f i l e .  It does t h i s  a t  t h e  same t ime 
i t  i s  checking t h e  format.  Af t e r  t he  program t e r m i n a t e s  s u c c e 6 s f u l l y ,  
s e t  t h e  b u f f e r  p o i n t e r  t o  b u f f e r  3 t o  f i n d  t h e  list of correspoc-  
dences. Each i tem i n  t h e  l i s t  F s  only  two. c h a r a c t e r s ,  t h e  two 
corresponding c h a r a c t e r s ,  fo l lowed by a CRLF. The l i s t  i s  i n  
random order .  I n  t h i s  package of programs, degree  of d i f f e r e n c e  
i s  assumed t o  be symmetrical .  That i s ,  t h e  degree  of d i f f e r e n c e  
f o r  d : t  e q u a  t he  degree  of d i f f e r e n c e . f o r  t : d .  Thus a l l  
correspondences a r e  g iven only once i n  a normaxized form--the 
second cha rac t e r  w i l l  always be l e x i c a l l y  e q u a l  t o  or  g r e a t e r  
t han  t h e  f i r s t .  A sample list is a s  fo l lows :  

tt  
a a 
h s  
st 
a e 
h t 
d d 
d t  

e t c .  

From t h i s  list determine t h e  n e t m r l i  of minimal s t e p s .  
Then go through t he  l ist  i t em by i t em and i n s e r t  t h e  degree  of 
d i f f e r e n c e  measure f o r  each correspondence folLowing t h e  second 
cha rac t e r .  That  i s ,  

t t o  
aaO 
he 1 
st1 
ael 
h t 2  
ddO 
d t l  

e t c .  

The format he re  is a gene ra l  one. It does no t  r e q u i r e  t h a t  a  
minimal s t e p s  approach be taken.  I f  t h e  u s e r  p r e f e r s  a r a n k  of 
s t r i c t u r e  o r  d i s t i n c t i v e  f e a t u r e  approach,  degree  of d i f f e r e n c e  

' 
can be computed by those  methods and t h e n  i n s e r t e d  i n t o  t h e  l i s t  
a s  above. 

When t h e  degrees  of d i f f e r e n c e  t a b l e  i s  complete ly  f i l l e d  i n ,  
type a header b lock  and save  t h e  t a b l e  on t ape .  It w i l l  be needed 
a g a i n  i n  2.7. De le te  t h e  header b lock  after t h e  f i l e  i s  saved.  



Hun t ~ p h o n o s t a t i s t i c s "  (4.5.2) to' perform a  p h o n o s t a t i s t i c  
a n a l y s i s  of t h e  fo rmat ted  master  f i l e  i n  b u f f e r  2. Each p a i r  of 
lists i s  compared i n  t u r n .  A f t e r  each p a i r  i s  compared, t h e  
program goes t o  immediate mode wi th  t h e  r e s u l t s  i n  b u f f e r  4. 
Af te r  t h e  r e s u l t s  f o r  t h a t  p a i r  of lists a r e  w r i t t e n  down, 
g ive  t h e  # command t o  r e t u r n  t o  program c o n t r o l  and compute t h e  
s t a t i s t i c s  f o r  t h e  nex t  p a i r .  The r e s u l t s  appear i n  a  t a b l e  of t h e  
fo l lowing  format :  

BIIL-GAL 
w I20  
c  508 
d  308 
o 286 
1 160 
2  042 
3 016 
4  004 
5 000 

The f i r s t  l i n e ,  BU-GAL, t e l l s  t h a t  t h e  f o l l o w i n g  t a b l e  i s  
t h e  r e s u l t  of t h e  p h o n o s t a t i s t i c  comparison of t h e  BIL Iist w i t h  
t h e  GAL l i s t .  The second l i n e ,  w 120,  t e l l s  t h a t  120 cognate  
words were compared. The t h i r d  l i n e ,  c  508, t e l l s  t h a t  508 - 
corresponding phones were compared. ~ c e  f o u r t h  l i n e ,  d 308,  t e l l s  - 
t h a t  t h e  t o t a l  degree  of d i f f e r e n c e  over t h e  508 correspondences  
was 308. The remaining l i n e s  g i v e  a breakdown of t h e  correspondences  
compared and t e l l  how many correspondences  had 0  degrees  of 
d i f f e r e n c e ,  1 degree  of d i f f e r e n c e ,  and s o  on. Thus t h e  sum of 
l i n e s  0  through 5 e q u a l s  t h e  f i g u r e  f o r  2 ,  and t h e  f i g u r e  f o r  d 
equa l s  t h e  sum of t h e  p roduc t s  of d e p e e s  of d i f f e r e n c e  and th; 
number of correspondences wi th  t h a t  degree  of d i f f e r e n c e .  That  i s ,  
508 = 286 + 160 + 42 + r 6  + 4  + 0  and 308 = ( 0 x 2 8 6 )  + (1x160)  + 
( 2 x 4 2 )  + ( 3 x 1 6 )  + ( 4 x 4 )  + ( 5 x 0 ) .  

An e l e c t r o n i c  c a l c u l a t o r  can be used t o  conver t  t h e s e  
s t a t i s t i c s  i n t o  more meaningful  numbers f o r  t h e  s a k e  of comparison. 
Div id ing  c  by w g i v e s  t h e  average  number of correspondences  
compared p e r  wzrd--the average  l e n g t h  of a  word. D i v i d i n g  d  by 2 
g i v e s  t h e  average  degree  of d i f f e r e n c e  f o r  cor respond ing  phones. 
Div id ing  d by w g i v e s  t h e  average  number of p h o n e t i c  f e a t u r e s  t h a t  
a r e  d i f f e r e n t  Teg. degrees  of d i f f e r e n c e )  between cognate  words. 
The 0 through 5 l i n e s  can be made i n t o  more u s e f u l  s t a t i s t i c s  by 
conver t ing  them t o  pe rcen tages .  T h i s  is done by d i v i d i n g  each 
by c  and m u l t i p l y i n g  by 100. When t h e s e  a r e  c ~ n v e r t e d ~ ~ e r c e n t a ~ e s ,  
t h e - d i s t r i b u t i o n s  of degrees  of d i f f e r e n c e  between v a r i o u s  p a i r s  



of l ists can be compared. These computed s t a t i s t i c s  f o r  t h e  
above t a b l e  a r e :  

BIL-GAL 
c/w = 4.23 
d/c = 0.61 
d/w = 2.57 
D i s t r i b u t i o n  of c w i t h  r e s p e c t  t o  d:  . , - o 56% 

- 
1 31% 
2 8"/0 
3 3% 
4 1% 
5 007 

The d/c measure between any two p a i r s  is d i r e c t l y  comparable.  
I n  o r d e r  t o  u s e  d/v~ t o  compare a l l  t h e  r e l a t i o n s  between lists, i t  
would be b e s t  t o  no rmal i ze  a l l  d/w s c o r e s  t o  a n  a v e r a g e  l e n g t h  of 
word. I f  t h e r e  is a - 7 a r i a t j o n  i n  c/w (co r respondences  p e r  word) ,  
t h e n  v a r i a t i o n  i n  d/w w i l l  be  r e l a t e d  t o  v a r i a t i o n  i n  c/w a s  
w e l l  a s  t o  v a r i a t i o n  i n  t h e  a c t u a l  a v e r a g e  degree  of  p h o n e t i c  
d i f f e r e n c e  between t h e  lists. To c o n t r o l  f o r  t h e  v a r i a t i o n  i n  
c /w ,  f i r s t  compute t h e  ave rage  c/w. Thencompute t h e  normal i zed  
d/w by m u l t i p l y i n g  t h e  co r respond ing  d/c by t h e  a v e r a g e  c/w. 
A s i m p l e r  a l t e r n a t i v e  would be t o  compute a l l  d/w measures  on 
t h e  b a s i s  of a word of modal- ( r a t h e r  t h a n  mean) l e n g t h .  Tha t  i s ,  
i f  f o u r  c h a r a c t e r  w o ~ d s  a r e  t h e  most f r e q u e n t  i n  t h e  l anguages ,  
t h e n  compute d/w on t h e  b a s i s  of f o u r  segment words. Tha t  is, 
d/w = d/c x 4. 

To make ~ h o n o s t a t i s t i c  measures more comparable t o  l e x i c o -  
s t a t i s t i c  measures ,  a  p h o n o s t a t i s t i c  measure can be c o n v e r t e d  t o  
a  pe rcen tage .  To do t h i s  i t  is n e c e s s a r y  t o  de te rmine  t h e  maximum 
degree  of d i f f e r e n c e  p o s s i b l e  f o r  t h e  g i v e n  d a t a .  The p e r c e n t a g e  
of p h o n o s t a t i s t i c  d i f f e r e n c e  would be  t h e  p e r c e n t a g e  of obse rved  
d e g r e e s  of d i f f e r e n c e  ou t  of t h e  maximum p o s s i b l e  d e g r e e s  of 
d i f f e r e n c e .  The p e r c e n t a g e  of p h o n c s t d t i s t i c  sameness is t h e n  
100 minus t h e  p e r c e n t a g e  of phonosta t j - s t i c  d i f f e r e n c e .  Tha t  is, 
pe rcen tage  of p h o n o s t a t i s t i c  sameness (PSI would be d e f i n e d  by: 

For t h e  above d a t a ,  i f  - max is d e i i n e d  a s  5 d e g r e e s  of d i f f e r e n c e ,  
t h e  p e r c e n t a g e ' o f  p h o n o s t a t i s t i c  sameness is: 

100 - ( ( 3 0 8 x 1 0 0 ) / ( 5 0 8 ~ 5 ) )  o r  88% 

Tha t  i s ,  t h e  two lists a r e  88$$ p h o n e t i c a l z y  similar i n  t h a t  on ly  
12% of t h e  p h o n e t i c  f e a t u r e s  t h a t  cou ld  p o s s i b l y  be d i f f e r e n t  a r e  
i n  f a c t  d i f f e r e n t .  It must b e  remembered t h a t  t h i s  i s  t h e  d e g r e e  
of s i m i l a r i t y  between cogna te  words only .  



2.6 Comparative method 

2.6.1 Pre-program d a t a  f o rma t t i ng  

Before t h e  comparative a n a l y s i s  can be mnde, f u r t h e r  
manual f o r m a t t i n g  of t h e  da t a  must be done, One must begin  
wi th  t he  fo rmat ted  merged master  f i l e  produced i n  2.5.1. 
The fo rma t t i ng  i n  2.5.1 was performed t o  ensure  t h a t  a l l  cognate 
words were of t h e  same l e n g t h  and t h a t  corresponding phones 
were i n  t h e  same p o s i t i o n  i n  t h e  word. For t h e  comparative method 
t h e r e  is an a d d i t i o n a l  requirement  t h a t  a l l  t h e  words l i s t e d  
under a  g l o s s  must be of a  s i n g l e  cognate s e t .  There a r e  f o u r  
cases  t o  be d e a l t  w i t h ,  each of which is  d i scussed  i n  a paragraph 
below: (1 )  a l l  t h e  wards l i s t e d  under a  g lo s s  a r e  cognate ,  
( 2 )  none of t he  words l i s t e d  under a  g l o s s  a r e  cognate and t h e r e  
i s  not ' ling t o  compare, ( 3 )  t h e  nia j o r i t y  of t h e  words under a 
g lo s s  a r e  i n  one cognate s e t  w i th  a few odd non-cognate farms,  
and ( 4 )  more than  one cognate s e t  i s  widely  r ep r e sen t ed  under a 
s i n g l e  g l o s s  and thus  t h e r e  i s  more than  one s e t  of forms t o  
c ompar e  . 

(1 )  Iidhere a l l  t h e  words l i s t e d  under a  g lo s s  a r e  cognate ,  
run  "pre'pare a  s e t q t  (4.6.1) t o  d e l e t e  t h e  cognate s e t  i d e n t i f i e r s  
from before  t h e  words. P o s i t i o n  t h e  b u f f e r  p o i n t e r  t o  t h e  
beginning of t h e  g l o s s  ( t h a t  i s ,  preced ing  t he  #) and t hen  s e t  
the  Aux p o i n t e r  (SAX command), Find t h e  "prepare  a  s e t "  program 
i n  t h e  program b u f f e r  and run  it.  A l l  cognate s e t  i d e n t i f i e r s  
i n  t h a t  s e t  of words w i l l  be d e l e t e d  a s  i n  t he  fo l l owing  example: 

#31. mountain 
l t o l o  
l t  010 

l t o l u  -+\ 

l t  010 

l t o l o  
i 

lt 01-0 
#32. sand 

e t c .  

#3l. mountain 
t o l o  
t 010 

t o l u  . 
t o l o  
t 010 

t o l o  
#32. sand 

e t c ,  

(2)  Idhere t he  words l i s t e d  under a g l o s s  a r e  no t  cognate 
and t h e r e  i s  no da ta  t o  compare, r un  "de l e t e  a s e t "  (4.6.2) t o  
d e l e t e  t h e  g l o s s  and t h e  complete s e t  of words. P o s i t i o n  t h e  
b u f f e r  po in t e r  t o  t he  beginning of t h e  g l o s s  ( t h a t  is,  preced ing  
the  #) and then  s e t  t h e  Aux p o i n t e r  (SAX command). Find " d e l e t e  
a s e t t i  i n  t he  program b u f f e r  and r u n  i t .  The r e s u l t  w i l l  be t h a t  
a l l  l i n e s  from the  Aux t o  t h e  next  # w i l l  be d e l e t e d .  



( 3 )  Idhere t he  ma jo r i t y  of words under n g l o s s  a r e  i n  one 
cognate s e t  with a  few odd non-cognate forms, r u n  "progare a 
s e t M  (4.6.1) t o  d e l e t e  a l l  t he  odd forms s o  t h a t  only cognate 
forms remain i n  t h e  s e t .  F i r s t  p o s i t i o n  t he  b u f f e r  p o i n t e r  t o  
t h e  beginning of t he  g l o s s  ( t h a t  is ,  preced ing  t h e  #). Then i n s e r t  
t h e  number of the  cognate s e t  t h a t  i s  t o  be preserved.  P o s i t i o n  
t h e  bu f f e r  po in t e r  t o  precede t h e  number and s e t  t h e  Aux p o i n t e r  
(SAX command). Find ! 'prepare a  s e t "  i n  t h e  program b u f f e r  and 
run  i t .  The r e s u l t  w i l l  be t h a t  any form not  i n  t h e  s p e c i f i e d  
cognate s e t  w i l l  be r ep l aced  by a s t r i n g  of hyphens of t h e  sane  " 

l eng th  a s  a l l  forms i n  t h e  cognate s e t .  The s t r i n g  of hyphens 
means t h a t  no comparative d a t a  is a v a i l a b l e  f o r  t h a t  word, The 
cognate s e t  i d e n t i f i e r s  a r e  a l s o  de l e t ed .  The number preceding 
t h e  g lo s s  i s  preserved,  however. Th is  s e r v e s  t o  i d e n t i f y  t h e  
fo l lowing  d a t a  s e t  a s  t o  its cognate s e t  i d e n t i f i e r .  For i n s t a n c e ,  

1#32. sand 
Thone 
l/one 
2pususu 
l /one 
3bal'o 
l f  one 
#33. water 

e t c .  

I#32. sand 
hone 
/one > ion; ---- 
f  one 
#33. water 

e t c .  

( 4 )  Where more than  one cognate s e t  is widely r ep re sen t ed  
under a  s i n g l e  g l o s s ,  r u n  Itcop; a s e t t '  (4.6.3) t o  make a  complete 
copy of t h e  g lo s s  and t h e  words. P o s i t i o n  t h e  b u f f e r  p o i n t e r  t o  
t h e  beginning of t h e  g lo s s  ( t h a t  i s ,  preced ing  t h e  #) and t h e n  se t  
t h e  Aux p o i n t e r  (SAX command). Find t'copy a s e t t t  i n  t h e  program 
bu f f e r  and r u n  it. The r e s u l t  w i l l  be t h a t  t h e  whole s e t  of l i n e s  
f r o m t h e  Au:: t o  t h e  next  J! w i l l  be copied and i n s e r t e d  a t  
t h e  end of t h e  cu r r en t  s e t .  Then r u n  l tprcpare a  s e t t t  a s  o u t l i n e d  
i n  (3 )  above t o  p e p a r e  t h e  d i f f e r e n t  s e t s  t o  exemplify d i f f e r e n t  
cognate s e t s .  For i n s t a n c e ,  

#33. water 
lkaho  

2 t a i  
2 t e i  

/ 

l k a f  o  
#34. f i r e  

e t c .  

#33. water 
lkaho 

2 t a i  - 
2tei .  

9 
l ka f  o  
#33. water  
lkaho 
lka/o  prepare  

2 t a i  2tai a 
2 t e i  
l ka f  o  
#34. f i r e  

e t c .  

3#33. water 
kaho 
ka/o 
----. ' 

---- 
ka$ o  
2#33. water --- --- 
t a i  
t a i  
t e i  --- 
#34. f i r e  

e t c .  



2.6.2 Count correspondence s e t s  

Run Itcount correspondence s e t s t 1  (4.6.4) t o  compile a l ist 
of a l l  t h e  correspondence s e t s  t h a t  occur i n  t h e  fo rmat ted  master  
f i l e  and count t h e  number of t i m e s  each correspondence s e t  
occurs. Before runn ing  t h e  program, first i n s e r t  a  
unique one cha rac t e r  i d e n t i f i e r  f o r  each word list i n  f r o n t  of 
t h e  l i s t ' s  mnemonic i d e n t i f i e r ,  a s  i l l u s t r a t e d  p r ev ious ly  i n  
2.4.1. Then r u n  t h e  program. The r e s u l t s  w i l l  appear  i n  b u f f e r  5 
a s  a l is t  of correspondence s e t s  wi th  t h e i r  f requency of 
occurrence.  The f i r ~ t  e n t r y  i n  t h e  l i s t  i s  t h e  unique one 
cha rac t e r  i d e n t i f i e r s  f o r  t h e  word l ists ,  followed by htd (hundreds ,  
t e n s ,  d i g i t s )  which l a b e l  t h e  columns of t h e  f requency  count. 
For example, 

abcde h td  
f f f h f  006 
00000 054 
nnnnn 013 
aaaeo 008 

e t c .  

That  is ,  i n  s i x  cases  language has  /h/ where a l l  t h e  o t h e r  
languages have / f / ,  and s o  on. The correspondence s e t s  a r e  l i s t e d  
i n  an  unsor ted  o rder .  

2.6.3 Phonological  i s o g l o s s  a n a l y s i s  

Under t h e  heading of phonological  i s o g l o s s  a n a l y s i s  come a l l  
t h e  s t e p s  t aken  t o  ana lyze  t h e  list of occu r r i ng  sound correspon- 
dences and determine t h e  r e g u l a r  sound corresp ondences . Two 
programs a r e  used:  " i sog lo s s  a n a l y s i s "  (4.6.5) i s ' u s e d  t o  r e o r d e r  
t h e  columns i n  t h e  l ist of correspondences and s a r t  t h e  list, and 
" f ind  examples" (4,6.6) i s  used t o  f i n d  a l l  t h e  examples of a 
p a r t i c u l a r  correspondence. 

I n  gene ra l ,  t h e  r e g u l a r  correspondences w i l l  be t h o s e  a i c h  
occur most f r e q u e n t l y ,  I n  o rder  t o  s o r t  t h e  l i s t  of correspondences 
i n t o  t h e  o rder  of f requency,  r u n  " i s o g l o s s  a n a l y s i s "  as de sc r i bed  
c l r e a d y  i n  2.4.2. Four columns must be moved t o  t h e  f r o n t  i n  t h e  
fo l lowing  o rde r :  ( 1 )  t h e  space  column preced ing  t h e  numbers, ( 2 )  t h e  
d ( d i g i t s )  column, (3 )  t h e  t ( t e n s )  column, and (4)  t h e  2 (hundreds)  - 
coTumn. Then pass  c o n t r o l  To t h e  s o r t  r o u t i n e .  

Often i t  is h e l p f u l  t o  s o r t  a l l  t h e  correspondence s e t s  w i th  
r e e p e c t  t o  a p a r t i c u l a r  r e f e r e n c e  language,  o r  group of languages .  
To do t h i s ,  r u n  " i sog lo s s  ana lys i s I1  and move t h e  d e s i r e d  language 
o r  languages t o  t h e  f r o n t  be fo r e  s o r t i n g .  The r e s u l t  is t h a t  ax1 
correspondences wi th  t h e  same phone i n  t h e  r e f e r e n c e  language 



w i l l  bc l i s t e d  t o g e t h e r .  Thus a l l  correspondence s e t s  w i t h  2 
i n  t h e  r e f e r e n c e  language w i l l  'be l i s t e d  f i r s t  , correspondence 
s e t s  wi th  b i n  t he  r e f e r e n c e  language come n e x t f  and s o  on. By 
comparing t h e  f requency of occurrence of a l l  correspondences  i n v o l -  
v ing  a g iven  r e f e r e n c e  language phone, one can determine t h e  
r e g u l a r  correspondence s e t  i nvo lv ing  t h a t  phoneme. 

When more than  one correspondence s e t  f o r  a s i n g l e  r e f e r e n c e  
language phoneme has  a h igh  f requency of occur rence ,  one must 
l ook  a t  a l l  t h e  examples of t h e  correspondence s e t s  t o  determine 
if each of t h e  d i f f e r e n t  correspondence s e t s  occurs  i n  a d i f f e r e n t  
environment. When w r i t i u g  up r e s u l t s ,  one needs t o  compile Iistls 
of suPpor t ing  evidence. To e x t r a c t  examples of t h e  correspondence 
s e t s ,  r un  " f i nd  examples". Before t h e  program can be r u n ,  r e p l a c e  
t h e  double hyphen i n  t h e  program l i s t i n g  wi th  t h e  correspondents 
s e t  t o  be searched f o r .  Thus, t o  f i n d  a l l  examples of t h e  
correspondence s e t  a:z:fi:_&:g, t h e  pi--$ i n  t h e  program is  changed 
t o  p iaaaeea .  The c h a r a c t e r s  i n  t h e  correspondence s e t  must f o l l ow  
t h e  o rder  i n  which they  appeared i n  t h e  o r i g i n a l  r e s u l t s  from t h e  
"count correspondence s e t s v  program. Thus i f  t h e  o r i g i n a l  o rder  
of one cha rac t e r  i d e n t i f i e r s  is abcde, then  a l l  correspondence s e t s  
i n  t h e  " f i nd  exampless' program must be en t e r ed  i n  t h e  o rder  of 
phone from language f i r s t ,  t h en  phone from II, t h e n  2 ,  t h e n  c, 
and then  2. Even i f  t h e  t l i s o g l o s ~  a n a l y s i s "  program has  been 
used t o  r e o r d e r  t h e  languages  i n  t h e  correspon-  
dence s e t s ,  t h e  o r i g i n a l  o rder  of t h e  correspondence sets must be 
used i n  t h e  " f i nd  examples" program. The r e s u l t  of t h e  " f ind  
examplesf1 program is a l i s t  i n  b u f f e r  7 of t h e  i t ems  which c o n t a i n  
t h e  given correspondence s e t .  Th i s  l i s t  con t a in s  only  t h e  number 
and g l o s s  of t h e  i t em ,  no t  t h e  a c t u a l  da ta .  The d a t a  can be found 
by r e f e r r i n g  t o  a typed l i s t i n g  of t h e  merged master  f i l e .  I n  
t h e  case  where an i t em o r i g i n a l l y  had more than  one cognate s e t ,  
t h e  cognate s e t  i d e n t i f i e r  w i l l  precede t h e  g l o s s  of t h e  i tem. 
For i n s t a n c e ,  

1#15. hand 
2#23. blood 
#32. sand 
1#61. two 
#85. give  

I n  t h i s  i n s t a n c e ,  f i v e  examples of t h e  correspondence were found. 
They occur Ln cognate s e t  1 of i t em #15 'hand1 ,  cognate s e t  2 of 
i t em  #23 ' b lood ' ,  i t em #32 ' s a n d v ,  and! s o  on. 

The correspondence s e t s  w i l l  i n c l u d e  t h e  hyphen c h a r a c t e r  
which means no comparative d a t a  were a v a i l a b l e  f o r  t h a t  p a r t i c u l a r  
d i d  e c t  and word. (Remember t h a t  t h e  l o s s  of a phone is s i g n a l l e d  
by t h e  s1a sh . J  Thus a correspondence c o n t a i n i n g  a hyphen is i n  
gene ra l  an  incomplote example of one of t he  o t h e r  complete 
correspondence s e t s .  The ' f i sog lo s s  a n a l y s i s "  program, when i t  



sorts t h e  l ist  of correspondence s e t s ,  w i l l  l ist t h e  incomplete  
correspondence s e t s  nea r  t h e  complete correspondence s e t s  of 
which t h e y  a r e  only  incomplete  examples. To s i m p l i f y  t h e  r e s u l t s ,  
t h e , i n c o m p l e t e  correspondence s e t s  can be d e l e t e d  and t h e  
frequency coun ts  f o r  t h e  complete correspondence s e t s  which t h e y  
r e p r e s e n t  can be incremented a c c o r d i n g l y .  

When t h e  r e g u l a r  correspondence s e t s  have been determined,  
t h e  i r r e g u l a r  correspondence s e t s  shou ld  be d e l e t e d  from t h e  l i s t  
i n  order  t o  p repare  f o r  t h e  r e f i n e d  p h o n o s t a t i s t i c s  program. 
From t h e  list of r e g u l a r  correspondence s e t s  which remains  i n  
b u f f e r  5, t h e  phonolog ica l  i s o g l o s s e s  can be e x t r a c t e d  and drawn 
on a  map. That  i s ,  any correspondence s e t  i n  .which n o t  a l l  
members of t h e  s e t  a r e  i d e n t i c a l  r e p r e s e n t s  a  phonolog ica l  i s o g l o s s  
and i s o g l o s s  l i n e s  can be drawn on a map t o  s e p a r a t e  t h e  p o i n t s  
which have n o n - i d e n t i c a l  correspondence s e t  members. I f  one 
wishes t o  l a b e l  i s o g l o s s  l i n e s  wi th  t h e  numbers of t h e  i t e m s  which 
exemplify t h e  i s o g l o s s ,  r u n  , : f ind  examples" t o  e x t r a c t  a  l i s t  of 
t h e s e  i tems.  As p r e v i o u s l y  d i s c u s s e d  i n  2.2, t h e  r e s u l t s  of 
phonemic a n a l y s i s  shou ld  be consu l t ed  a t  t h i s  s t a g e  t o  de te rmine  
t h e  correspondences a t  t h e  phonemic l e v e l .  Comparison of t h e  
phonemic a n a l y s e s  of d i f f e r e n t  d i a l  e c t s  may a l s o  y i e l d  d i f f e r e n c e s  
i n  a l l o p h o n i c  m a n i f e s t a t i o n s  of phonemes ,d i s t r ibu t ion  of 
phonemes, or  t h e  s t r u c t u r e  of words and s y l l a b l e s .  Such d i f f e r e n c e s  
can be inc luded  i n  t h e  i s o g l o s s  map. 

It may b e  d e s i r a b l e  t o  make a  second i s o g l o s s  map showing 
t h e  i s o g l o s s e s  de f ined  by i r r e g u l a r  correspondence s e t s .  I n  
t h i s  case  t h e  i r r e g u l a r  correspondence s e t s  can be  saved i n t o  
b u f f e r  8 b e f o r e  d e l e t i n g  them from t h e  main l i s t  i n  b u f f e r  5. 
To do t h i s ,  s e t  t h e  Save p o i n t e r  t o  b u f f e r  8 by e x e c u t i n g  8SBP 
and then SSV. Before d e l e t i n g  a  correspondence set  from b u f f e r  5 
execute  SVL t o  save  i t  i n  b u f f e r  8. 

2.7 Refined p h o n o s t a t i s t i c  a n a l y s i s  

After  e s t a b l i s h i n g  t h e  r e g u l a r  correspondence s e t s  it i s  
p o s s i b l e  t o  perform a  r e f i n e d  p h o n o s t a t i s t i c  a n a l y s i s  i n  which t h e  
degree of phonological  d i f f e r e n c e  between cognate words i s  d i v i d e d  
i n t o  two components--that p o r t i o n  of t h e  d i f f e r e n c e  which is due 
t o  . r e g u l a r  scunc' ~~orre: ;pcndences and t h a t  p o r t i o n  which is  
due t o  i r r e g u l a r  correspondences. The program r e q u i r e s  t h r e e  d a t a  
f i r e s :  ( 1 )  Buf fe r  2 must c o n t a i n  t h e  merged mas te r  f i l e  f o r m a t t e d  
f o r  p h o n o s t a t i s t i c s  which w a s  saved on t a p e  i n  2.5.2. Buffer  2  
must be c l e a r e d  and t h e  f i l e  r e a d  from tape .  ( 2 )  Buffe r  3 must 
c o n t a i n  t h e  degrees  of d i f f e r e n c e  t a b l e  produced i n  2.5.3.' 
(3 )  Buffer  5 must c o n t a i n  t h e  l ist  of r e g u l a r  correspondence s e t s .  The 



one cha rac t e r  mnemonic i d e n t i f i e r s  i n  t h e  f i r s t  l i n e  of t h e  f i l e  
of r e g u l a r  correspondences must be i n  t h e  same order  a s  t h e  
mnemonic i d e n t i f i e r s  of t h e  nerged master  f i l e .  I f  t hey  a r e  n o t ,  
r u n  " i sog lo s s  a n a l y s i s "  t o  pu t  t h e  correspondence s e t s  i n t o  t h e  
proper o rde r .  

Af t e r  t h e  d a t a  f i l e s  a r e  i n  o r d e r ,  r u n  ! ' r e f ined  p h o n o s t a t i s t i c s "  
(4.7). Each p a i r  of word l i s ts  is  compared i n  t u r n .  Af t e r  each 
p a i r  i s  compared t h e  program goes t o  immediate mode w i th  t h e  r e s u l t s  
i n  bu f f e r  4. Af te r  t h e  r e s u l t s  f o r  t h a t  p a i r  of lists a r e  w r i t t e n  
down, g ive  t h e  # command t o  r e t u r n  t o  program c o n t r o l  and compute 
t h e  s t a t i s t i c s  f o r  t h e  next  p a i r .  The r e s u l t s  appear  i n  a t a b l e  
of t h e  fo l l owing  format :  

BIL-GAL 
w 104 016 
c 488 020 
d 274 034 
o 286 000 

148 012 
2 038 004 
3 014 002 
4 002 002 
5 000 000 

The f i r s t  column r e p r e s e n t s  a t a b u l a t i o n  of r e g u l a r  correspondences 
and t h e  second column of i r r e g u l a r  correspondences.  The rows have 
t h e  same meanings a s  i n  t h e  f t p h o n o s t a t i s t i c s l l  program ( s e e  2.5.4)-- 
words compared, correspondences  compared, t o t a l  degrees  of d i f f e r e n c e ,  - 
correspondences wi th  0 through 5 degrees  of d i f f e r e n c e .  The f i r s t  
row of t h e  above t a b l z  s t a t e s  t g a t  104  of t h e  words compared 
conta ined no i r r e g u l a r  correspondences ,  whi le  16 word d i d  c o n t a i n  
a t  l e a s t  one i r r e g u l a r  correspondence.  The sum of 104 and 16 ,  t h a t  
i s  120,  i s  t h e  t o t a l  number of words compared ( s e e  t h e  t a b l e  under 
2.5.4). The second row t e l l s  t h a t  488 of t he  correspondences were 
r e g u l a r  whi le  20 of them were i r r e g u l a r .  The sum of 488 and 20,  
t h a t  i s  508,  is t h e  t o t a l  number of correspondences compared ( s e e  
t h e  t a b l e  under 2.5.4). The t h i r d  r o w  . t e l l s  t h a t  t h e  488 r e g u l a r  ' 

correspondences account  f o r  274 degrees  of d i f f e r e n c e ,  whi le  t h e  
20 i r r e g u l a r  correspondences account  f o r  34 degrees  of d i f f e r e n c e .  
The sum of 274 and 34, t h a t  is 308, i s  t h e  t o t a l  degrees  of 
d i f f e r e n c e  ( s e e  t a b l e  under 2.5.4). The remaining rows of t h e  
t a b l e  a r e  a breakdown of row 2 ,  g i v i n g  t h e  number of correspondences 
r e g u l a r  and i r r e g u l a r  w i th  0 through 5 degrees  of d i f f e r e n c e .  

For t h e  sake  of comparison and i n t e r p r e t a t i o n ,  t h e  f i g u r e s  i n  
t h e  above t a b l e  a r e  b e s t  conver ted t o  pe rcen tage  s c o r e s .  T h i s  i s  
done by d i v i d i n g  each f i g u r e  by t h e  sum of t h e  row (which equa l s  t h e  
f i g u r e  given by t h e  " p h o n o s t a t i s t i c s "  program, s e e  t a b l e  under 2.5.4) 



and mu l t i p ly ing  by 100. That  i s ,  

BIL-GAL 
w 87 13 
c  96 4 
d  89 11 
0 100 0 
1 92 8 
2 go 1 0  
3 88 1 2  
4 50 50 
5 0 0  

That is,  13% of t h e  cognate words con t a in  a t  l e a s t  one i r r e g u l a r  
correspondence. While only 4% of t h e  correspondences a r e  i r r e g u l a r ,  
they account f o r  11% of t h e  phonological  degrees  of d i f f e r e n c e .  
Th is  11% of degrees  of d i f f e r e n c e  due t o  i r r e g u l a r  correspondences  
s ays  t h a t  11% of t h e  sound change observed r e l a t i v e  t o  t h e  two 
d i a l e c t s  does no t  conform t o  t h e  c l a s s i c  Neogrammarian hypothes i s  
of sound change wi thout  excep t ions .  Determining t h e  sou rce  of 
t h i s  11% discrepancy may prove s i g n i f i c a n t  f o r  e x p l a i n i n g  language 
change w i th in  t h e  a r e a  of t h e  language survey.  A p o s s i b l e  sou rce  
of d iscrepancy would be e r r o r s  i n  t h e  i n v e s t i g a t o r ' s  t r a n s c r i p t i o n  
of the  word list.  I f  t h i s  i s  no t  thought t o  account  f o r  a l l  t h e  
d iscrepancy,  two p o s s i b l e  sources  remain. (1 )  Borrowing may 
account f o r  i r r e g u l a r  correspondences.  I n  t h i s  c a s e ,  some of t h e  
forms counted a s  cognate a r e  cognate only  i n  a  synchron ic  s e n s e ,  
but  no t  i n  a  d i ach ron i c  one. ( 2 )  Sudden phonological  i nnova t i ons  
may account f o r  t h e  i r r e g u l a r  correspondences.  I n  t h i s  c a se  t h e  
c l a s s i c  model of a  cons t an t ,  g radua l ,  excep t i on l e s s  sound d r i f t  is 
indadequate.  There i s  something i n  t h e  s o c i o - c u l t u r a l  s e t t i n g ,  
such a s  a  p r a c t i c e  of word tabooing,  which mot iva tes  sudden 
phonological  change i n  i n d i v i d u a l  l e x i c a l  i tems ( s e e  f o r  i n s t a n c e  
Keesing and F i f i ' i  1969:167-168). 

3 THE FTP PROGRAMMING LANGUAGE 

The FTP programming language is described i n  "A User ' s  Manual 
f o r  PTP" (Simons 1977). Very b r i e f l y ,  FTP ope ra t e s  i n  two modes-- 
an  immediate mode and a  program mode. In  t h e  immediate mode, s t a n -  
dard t e x t  e d i t i n g  commands a r e  executed and t h e  r e s u l t s  d i s p l a y e d  
immediately on t h e  monitor sc reen .  I n  t h e  program mode, p r e d i c a t e s  
and con t ro l  s t r u c t u r e  a r e  added t o  make a  powerful programming lan-  
guage. I n  t h i s  mode t e x t  p rocess ing  i s  done au toma t i ca l l y  a cco rd ing  
t o  a  p redef ined  program. S e c t i o n  3.1 is a d i s c u s s i o n  of t h e  changes 
which have been made t o  FTP s i n c e  t h e  u s e r ' s  manual was w r i t t e n .  
Sec t i on  3 . 2  g ive s  a  summary of FTP commands and s p e c i a l  c h a r a c t e r s .  
This  is provided a s  a  r e f e r e n c e  guide f o r  r e ad ing  t h e  programs i n  
s e c t i o n  4. 



I Updates t o  t h e  FTP u s e r ' s  manual 

The fo l l owing  changes have been made: (1 )  a d d i t i o n  of a 
TRS (TRade s ave )  command, (2 )  change of I N C  ( ~ ~ ~ r e m e n t )  command - 
and d x e t i o ;  of NWi (NiNber) comn~and, ( 3 )  a d d i t i o n  of i n d i r e c t  - 
add re s s ing  of arguments,  and (4 )  a d d i t i o n  of z e r o  arguments. 

( 1 )  Trade Save - The TRS ( ~ R a d e  s ave )  command ha s  been added. 
It f u n c t i o n s  l i k e  TRA (TRade A U ~  excgpt  t h a t  t h e  bu f f e r  p o i n t e r  and - 
t h e  save  po in t e r  a r e  t r aded .  TRS i s  ass igned  i n  t h e  2 key. 

(2 )  Change i n  Increment - I N C  ha s  been r e w r i t t e n  t o  a ccep t  an  
argument and t o  perform ad 'd i t ion on a  s t r i n g  of decimal  d i g i t s  
r a t h e r  t h a n  a  s i n g I e  by te .  The NUM command is t h u s  no Ionger  
needed. The argument of  I N C  can range  from 0 t o  255 and m k e s  i t  
p o s s i b l e  t o  do add i t i on .  For i n s t a n c e ,  54INC w i l l  add 54 t o  t h e  
c u r r e n t  va lue  of t h e  number a t  t h e  b u f f e r  p o i n t e r .  The number i s  
a s t r i n g  of decimal d i g i t s  (eg .  0 through 9 )  and t h e  b u f f e r  p o i n t e r  
must be pos i t i oned  t o  precede t h e  l e a s t  s i g n i f i c a n t  d i g i t ,  I f  a  
d i g i t  is 9 and i t  is incremented,  i t  is r ep l aced  w i t h  0 and t h e  
preceding d i g i t  is incremented.  The b u f f e r  p o i n t e r  i s  not  a f f e c t e d ;  
i t  remains on t h e  l e a s t  s i g n i f i c a n t  d i g i t .  Before i n i t i a l i z i n g  
a  number (which i s  done by i n s e r t i n g  a s t r i n g  of d i g i t s ) ,  t h e  
programmer must determine whet maximum va lue  t h e  number i s  l i k e l y  
t o  reach .  Then he must i n i t i a l i z e  t h e  number w i t h  enough d i g i t s  
t o  prevent  an overflow. There i s  no l i m i t  t o  how many d i g i t s  
a  number may con ta in .  

(3)  I n d i r e c t  add re s s ing  of arguments - The k command l oads  
t h e  number a t  t h e  Save p o i n t e r  i n t o  t h e  argumenteregis ter .  k  t a k e s  
an  argument (1 t o  3 )  which t e l l s  how many d i $ i t s  f o l l owing  t c e  
Save p o i n t e r  a r e  t o  be read a s  t h e  argument. Thus t h e  command 
2kMFL w i l l  r e ad  t e  two c h a r a c t e r s  f o l l owing  t h e  Save p o i n t e r  i n t o  
t h e  argument reg i skey  and t hen  move forward t h a t  many l i n e s .  The 
use  of _k i s  i l l u s t r a t e d  i n  t h e  " p h o n o s t a t i s t i c s "  program (4.5.2). 

( 4 )  Zero arguments - A minimum argument of z e r o  i s  now 
allowed f o r  t he  fou r  move commands (MFC, MFL, MBC, MBL) , t h e  f ou r  
d e l e t e  commands (DFC, DFL, DBC, DBL), and t h e  increment  (INC) 
command. \;hen a ze ro  argument i s  given f o r  t h e s e  commands, 
no th ing  happens. The re f a r e  it  i s  meaningless t o  type  a z e r o  
argument i n  a  program. The z e r o  argument is encountered v i a  t h e  
k command ( i n d i r e c t  a d d r e s ~ i n g  of arguments)  where i t  is  u s e f u l  - 
i n  a v a r i a b l e  argumen t f o r  add re s s ing  t h e  f i r s t  row o r  column of 
a  t a b l e ,  o r  f o r  i n d i c a t i n g  a case  where no th ing  is t o  be added 
t o  t h e  count of r e s u l t s .  



3.2 A summary of PTP commands and s p e c i a l  c h a r a c t e r s  

n r e p r e s e n t s  t h a t  t h e  command may have a  numeric argument, 
e i t h e r  d i g i t s  or t he  & f unc t i on .  For moves, d e l e t e e ,  
TNC, and EXC, 0 is minimum va lue ;  f o r  a l l  o t h e r s  i t  
is  1. Maximum is 3 f o r  k, 16 f o r  SBP and EXC, - 
255 f o r  a l l  o t he r s .  

u r e p r e s e n t s  an  argument s t r i n g  of any l e n g t h  

BP a n  abb rev i a t i on  f o r  Buffer  z o i n t e r  - 
nk i n d i r e c t  add re s s ing  of argument--the n  d i g i t s  f o l l owing  

t h e  Save po in t e r  a r e  r e a d  a s  t h e  argument 

nCPC - CoFy - t h e  n - Charac te r s  fo l lowingAux t o  t h e  BP (BP updated)  

nCPL - CoFy - t h e  n  - Lines, f o l l owing  ALIX t o  t h e  BP (BP updated)  

nDBC - Dele t e  - Back n  - Charac te r s  p reced ing  BP 

nDBL - Dele te  - Back n  k i n e s  p reced ing  BP 

nDFC Dele te  - corward n  - Charac te r s  f o l l owing  BP 

nDFL - D d  e t e  - Forward n  - Lines  f o l l  wing BP 

nEXC - -  Execute t h e  program loca t ed  i n  b u f f e r  n ;  i f  n  e q u a l s  -0, 

execu te  t h e  program whi.ch beg ins  a t  t h e  BP 

IMM c a l l  t h e  - m e d i a t e  mode processor  from a  program 

nINC - INCrement t h e  number of which BP p o i n t s  t o  t h e  l e a s t  
s i g n i f i c a n t  d i g i t  

INS, ,ESC - INSert t h e  given argument s t r i n g  i n t o  t h e  b u f f e r  
a t  t h e  BP i n  t h e  immediate mode 

INL$ - INSert t h e  given argument s t r i n g  i n t o  t h e  b u f f e r  
a t  t h e  BP i n  program mode 

nMBC - Move t h e  BP - Back n  Cha rac t e r s  

nMaL - Move t h e  BP - Back n  - Lines 

nMFC Move - t h e  BP - Forward n  C ha rac t e r s  

nMFL Move - t h e  BP - Forward n  L ines  

MON MONitor - t h e  c u r r e n t  bu f f e r  

SAX - S e t  t h e  - Auz i l i a ry  p o i n t e r  t o  t h e  BP 



nSBP - S e t  t h e  - Buffer  z o i n t e r  t o  t h e  beginning of bu f f e r  n  

SSV - S e t  t he  Save po in t e r  t o  t h e  BP - - 
nSVC - Save - n  g h a r a c t e r s  fol lowing BP t o  t he  save po in t e r  

(save updated) 

nSVL - Save - n  Lines fo l lowing  BP t o  save po in t e r  (save updated) - 
TRA 'TRade t h e  Aux po in t e r  and the  BP - - 
TRS TRade - the Save p o i n t e r  and t h e  BP - 
c r  - c a s s e t t e  gead 

c v  - c a s s e t t e  view 

cw, - c a s s e t t e  - w r i t e  

Pa Does the  aux po in t e r  equa l  t h e  BP? 

nPe Are t h e  n  cha rac t e r s  fo l lowing  the  aux po in t e r  =qua1 t o  
t h e  n  cha rac t e r s  fo l lowing  t h e  BP? 

n ~ f  Are t he  n  l i n e s  fol lowing t h e  aux p o i n t e r  e q u a l  t o  t h e  
n  l i n e s  fo l lowing  t h e  BP? 

p  $3 2s t h e  s t r i n g  foI lowing BP equal  t o  t h e  argument s t r i n g ?  

PI Is the  l i n e  fol lowing the  aux po in t e r  z e x i c a l l y  g r e a t e r  
than  t h e  l i n e  fol lowing t h e  EP? 

Pm Is t h e r e  - more l e f t  i n  t h e  c u r r e n t  bu f f e r ?  

nPs, I # s e a r c h  f o r  t h e  n t n  occurrence of t he  argument s t r i n g  

( e n t e r  a  p rocedure .  

1 l e ave  a procedure 

jump t o  beginning of cu r r en t  procedure and execute  aga in  

9 jump t o  end of c u r r e n t  procedure,  f a l l  through r i g h t  
pa ren thes i s  

? on t r u e ,  f a l l  through; on f a l s e ,  jump t o  semicolon 

# t e rmina te  t h e  c u r r e n t  EXC or IMM command 

I I balanced double quotes d e l i m i t  a  comment 

d- form feed f o r  c a s s e t t e  w r i t e - - f i l l  t o  end of b lockwi th  i o t a  



4. PROGRAM LISTINGS 

I n  t h i s  s e c t i o n ,  complete program l i s t i n g s  f o r  a l l  t h e  
programs i n  t h e  Word L i s t  Ana lys i s  Package a r e  given.  I n  t h e  
i n t r o d u c t o r y  s e c t i o n  f a r  each s e t  of programs, t h e r e  is a  guide  
t o  t h e  b u f f e r  ass ignments  f o r  t h a t  s e t  of programs. I n  each 
program l i s t i n g  t h e r e  a r e  two main p a r t s  --the l i s t i n g  and 
a  s t r u c t u r e d  program d e s c r i p t i o n .  I n  t h e  program l i s t i n g s ,  t h e  
spaces  and CRLF1s a r e  . s t r i c t l y  f o r  t h e  purpose of making t h e  
programs e a s i e r  t o  read .  I n  a t e x t  buffer ,  programs a r e  s t o r e d  i n  
compact format  wi th  no spaces  between commands and no CRLF1s and 
i n d e n t a t i o m .  Where a  space  is a c t u a l l y  a n  e s s e n t i a l  p a r t  of  t h e  
program ( t h a t  is,  it is  a  c h a r a c t e r  i n  a n  argument s t r i n g  f o r  
INS or a  p r e d i c a t e )  i t  is r e p r e s e n t e d  i n  t h e  program l i s t i n g  a s  
an  u n d e r l i n e  ( - 1. Where a  CRW occurs  i n  a n  argument s t r i n g ,  
it i s  r e p r e s e n t e d  by a  c e n t  s i g n  ( t 1. I n  t h e  s t r u c t u r e d  
program d e s c r i p t i o n ,  t h e  PTP c o n t r o l  s t r u c t u r e  is copied from 
t h e  program l i s t i n g  and f i l l e d  i n  w i t h  p rose  s t a t e m e n t s  which 
g ive  t h e  i n t e n t  of  t h e  commands and p r e d i c a t e s .  

The program code f o r  t h e  e n t i r e  Word L i s t  Ana lys i s  Package 
is i n  l e n g t h .  The t o t a l  workspace a v a i l a b l e  f o r  bo th  programs 
and d a t a  is 1 3 K .  I n  o r d e r  t o  maximize t h e  amount of workspace 
a v a i l a b l e  f o r  t h e  d a t a ,  t h e  Word L i s t  Ana lys i s  Package i s  s t a r e d  
on t a p e  i n  s i x  load  modules. These range  i n  l e n g t h  from 325 b y t e s  
t o  750 bytes .  The u s e r  s e l e c t s  t h e  module f a r  t h e  phase of 
a n a l y s i s  he i s  working on and r e a d s  i n  only  t h o s e  programs. T h i s  
l e a v e s  over 12K of workspace a v a i l a b l e  f o r  d a t a  a t  a l l  t i m s .  
The o r g a n i z a t i o n  of t h e  modules and t h e i r  l e n g t h s  is a s  fo l lows :  

Name - 
Inpu t  

S e c t i o n s  f o r  .,,-,,. ., ,.,,,,, 
Phonemic a n a l y s i s  4.2 750 

L e x i c a l  a n a l y s i s  4.3 and 4.4 700 

P h o n o s t a t i s t i c s  4  . 5 600 

Comparative method 4.6 600 

Refined p h o n o s t a t i s t i c s  4.7 

TOTAL LENGTH 



4.1 Inpu t  

The b u f f e r  assignments f o r  t h e  i n p u t  programs a r e  t h e  fo l lowing :  

Buffer  1 - Frograms 
Buffer  2  - Gloss f i l e ;  merged master  f i l e  f o r  "merge lists" 
Buffer  3 - Combined word list and g l o s s  f i l e ;  t h e  l ist  be ing  

merged i n  f o r  "merge l istsM 
Buffer  4 - Word list a lone  
Buffer  5 - Prompt ques t i on  "more or no?" f o r  "merge lists" 
Buffer  6 - nnMFL# sub rou t i ne  f o r  "merge l istst1 

4.1.1 Copy 2 t o  3 

"copy 2  t o  3" 
( ~ S B P  SSV 2SBP 

(pm? SVL MFL NON:;) 3SBP)# 

4.1.2 E x t r a c t  l ist 

"ex t r ac t  list" 
(4SBP (pa?  DFL:;) SSV 
3SBP (pa? MON 

(pi#$? MFL MBC SVC MFC ; SVC MF'CI.: ) : ; ) 
4SBP)# 

( (Clea r  b u f f e r  f o u r )  S e t  t h e  Save p o i n t e r  t o  buff.er 4. 
Go t o  b u f f e r  3 t o  e x t r a c t  t h e  word list from t h e  combined l ist .  

(More? 
(Have we reached t h e  g l o s s  y e t ?  Move t o  t h e  nex t  e n t r y .  

Save t h e  CRLF a t  t h e  end of t h e  p reced ing  e n t r y ;  
No, save  t h e  cha r ac t e r  and advance t o  nex t :  ) : ; ) 

Disp lay  r e s u l t s  i n  b u f f e r  4. ) 

"zero 3" 
(3SBP (p? MON DFL: ; ) )#  



4 . ~ ~ 4  Merge g losses  i n t o  l ist  

llmerge g lo s se s  i n t o  list1' 
(2SBP SAX 3SBP 

14ON 
(pi&? DFC CPL TRA MFL TRA; MFC:):;) 

$BPI# 

(Set  Aux t o  t h e  g l o s s  f i l e .  S e t  BP t o  t h e  ward list.  
(More i n  m r d  l i s t ?  

(End of t he  word? Yes, d e l e t e  CRLF, copy g l o s s ,  and 
advance t o  nex t  g l o s s  i n  g l o s s  f i l e ;  No, next  c h a r a c t e r :  ) 

:;) Display r e s u l t  i n  b u f f e r  3 , )  

4.1.5 Merge l ists 

"mer ge l is  t s " 
(6SBP INSoOe#$ 5SBP INSmore or no?$ 
2SBP INSglossea8 MBL cv DFL MON c r  DBL 

(5SBP TMM pimore$? 3SBP INSview$ MBL cv DFL MON c r  DBL 
6SBP MFC I N C  3SBP SAX 2SBP 

(pm? MON 6EXC CPL TRA DFL TRA:;):;) 
5SBP DFL 6SBP DFL 2SBP 

( pm? MEL : ; ) INS#@$ 
2SBP)# 

( I n i t i a l i z e  t he  nnMFW subrou t ine .  I n i t i a l i z e  t h e  prompt 
quest ion.  Read t h e  g l o s s  f i l e  i n t o  b u f f e r  2. 

(Merge another  f i l e ?  Read i t  i n t o  bu f f e r  3. Increment t h e  
nnMFL# subrou t ine  . 

(Merge t h e  l ist i n  bu f f e r  3 i n t o  t h e  merged master  f i l e  
i n  b u f f e r  2 . ) : ; )  

CIaar b u f f e r s  5 and 6. 
(Find t h e  end of t h e  merged master  f i l e . )  Append #@ a s  end 

Display r e s u l t s  i n  b u f f e r  2. ) marker. 

4.2 Phonemic a n a l y s i s  

The bu f f e r  asdgnrnents  f o r  t he  phonemic a n a l y s i s  pr  ogzrams are 
t he  fol lowing:  

Buffer I - Programs 
Buffer  2  - Gloss f i l e  
Buffer 3 - Combined word l is t  and g l o s s  f i l e  
Buffer 4 - Words a lone;  t r a n s l a t i o n  of m r d s  t o  CV shapes  
Buffer  5 - Phone occurrences count ;  CV t r a n s l a t i o n  t a b l e  
Buffer 6 - S y l l a b i f i c a t i o n  r u I e s  
Buffer  7 - Resu l t s  bu f f e r  . 
Buffer  8 - Ext rac ted  l ist  of " f ind  exampleslI 



4.2.1 Words a lone 

"words a  lonet1 
(4SBP DFL 

(pm? DFC MON MFL: ; ) 
&BPI# 

(Delete  t he  mnemonic i d e n t i f i e r .  
(Delete  t he  cognate s e t  i d e n t i f i e r s . )  

Display the  r e s u l t s . )  

4.2.2 Phone occurrences 

"phone o c ~ u r r e n c e s ~ ~  
(5SBP (pm? DFL:;) 
4SBP (SAX MON 5SBP 

6pe? ~ M F C  I N C ;  6MFC pm? : ; CPC INS - 001$$ ) 
TRA MFC pm?:;) 

5SBP (pi$$? DFC INS#$; MFL:) 
5SBP (SAX 5SBP 

(pa? MFL; p l ?  MFL:; CPL TRA DFL) 
MON ~ m ? :  ;) 

5SBP)# 

( (Clear  . the  r e s u l t s  b u f f e r . )  
Se t  BP t o  d a t a  bu f f e r .  

(Se t  Aux t o  c u r r e n t  cha rac t e r  i n  d a t a ,  BP t o  r e s u l t s  buf. 
( I s  t h i s  t h e  currermt cha rac t e r ?  

Yea, move t o  t h e  count and increment;  
No, move t o  next e n t r y .  More i n  t a b l e ?  Yes, r e p e a t :  

No, make a  new en t ry .  Copy cha rac t e r  and 
i n i t i a l i z e  count t o  001. ) 

Return t o  d a t a  and advance t o  next  cha rac t e r .  More da ta? :  ;) 
(change CRLF i n  t a b l e  t o  #--a p r i n t a b l e  charac te r . )  
(Sor t  t h e  t a b l e  i n t o  a l p h a b e t i c a l  order  of t h e  phones. 
See FTP u s e r ' s  manual, s e c t i o n  6.1.2.) 

Display t h e  r e s u l t s  i n  bu f f e r  5 . )  



4.2.3 Phone co-occurrences 

"phone co-occurrences" 
( ~ S B P  ( pm? DFL : ; ) 
~ S B P  INS$$ MBC 

(SAX MON 7SBP 
(2pe? 5MFC I N C ;  7MFC pa? : ; 2CPC INS - 001$$) 

TRA 2MFC pa? MBC: ; ) 
4SBP DFC 7SBP 

(pm? (pi$$? DFC INS#$; MFC) INS-$ 
(pi$$? DFC INS#$; ) MFL: ;) 

7SBP (SAX 7SBP 
(pa?  MTL; PI?  MFL: ; CPL TRA DFL) 

MON pa?: ; ) 
7SBP)# 

The s t r u c t u r e d  program d e s c r i p t i o n  is t h e  same a s  f o r  t h e  
previous  program. The main d i f f e r e n c e  is t h a t  t h e  e n t r i e s  
i n  t h e  r e s u l t s  t a b l e  a r e  two c h a r a c t e r s  i n s t e a d  of one. 

4.2.4 Word shapes  

"word shapes"  
(7SBP (pa?  DFL:;) 
4SBP (SAX SSBP 

(pc?  MFC TRA CPC DFC MOIV; MFL: ) (p i$$? MFC; ) pm? : ; ) 
4SBP CSAX GSBP SSV MFC TRA pa? 

(kpe? TRA kMFC SSV TRA kMFC INS.$; 
TRA MFL pm? SSV MFC TRA:; TRA MFG):;) 

4SBP (SAX MON 7SBP 
( p f ?  MFL 2MFC I N C ;  2MFL pa?: ; CPL INSOO~&) 

TRA MTL pa?: ;) 
7SBP (pa?  MFL DBC IiNS - Sb WL:;)  
7SBP (SAX 7SBP 

(pa?  FFL; p l ?  IQL: ; CPL TRA DFL) 
MONpm?:;) ' 

7SBP)# 

( (Clea r  t h e  r e s u l t s  b u f f e r . )  
( S e t  Aux on d a t a  c h a r a c t e r  and BP a t  beg inn ing  of t r a n s l a t i o n  
t a b l e .  (Find t h e  c h a r a c t e r  i n  t h e  t a b l e  and t r a n s l a t e  i t . )  

( I f  t h e  c h a r a c t e r  i s  CRLF, l e t  it be.) More d a t a ? : ; )  
S y l l a b i f i c a t i o n .  ( S e t  Aux on r u l e s ,  BP on d a t a .  More d a t a ?  

- (Does T e f t  p a r t  of r u l e  f i t  on c u r r e n t  d a t a ?  
Yea, i n s e r t  t h e  s y l l a b l e  b reak ;  
No, more r u l e s ?  G e t  nex t  r u l e  : ; 

Advance t o  nex t  c h a r a c t e r  i n  d a t a ) : ; )  
(Count word shapes .  Table  e n t r i e s  a r e  two l i n e s ,  shape  and count .  ) 
(Format t h e  r e s u l t s .  Reduce two Tines  t o  one l i n e . )  
( S o r t  t h e  r e s u l t s  b u f f e r  ) Disp lay  r e s u l t s .  ) 



4.2.5 S y l l a b l e  shapes  

" s y l l a b l e  shapes"  
(7SBP (pm? DFL: ; ) 
4SBP INS#$ 

(PSG~I?  DBC INS#.#$: ; 
4SBP (SAX ps.$? MBC INS@$ 7SBP 

( p f ?  MFL 2MFC I N C ;  2MFL pm?:; CPL INS001@8) 
TRA pa$$ DBC MFC: ; ) 

4SBP DFC 
(ps#.##? 3DBC INS@$: ; ) 

7SBP (pm? MFL DBC INS - 8 MFL:;) 
7SBP (SAX 7SBP 

MFL; p l ?  MFL:; CPL TRA DFL) 
MON pm?: ; ) 

~ S B P ) #  

( ( c l e a r  r e s u l t s  b u f f e r . )  
Pu t  a n  i n i t i a l  word boundary a t  begyinning of d a t a .  

(Replace a l l  CRLF1s wi th  #.#--word f i n a l ,  s y l l a b l e  b r e a k ,  
word , i n i t i a l .  ) 

Go t o  beg inn ing  d d a t a .  
( S e t  Aux a t  beg inn ing  of c u r r e n t  s y l l a b l e .  F ind  n e x t  
s y l l a b l e  b reak  and i n s e r t  CRLF' b e f o r e  i t ,  s o  we can u s e  
pf f o r  s e a r c h i n g  i n  t h e  r e s u l t s  t a b l e .  Got t o  resul t s  t a b l e .  

(The t a b l e  e n t r i e s  a r e  two l i n e s .  F i r s t  l i n e  is s y l l a b l e  
shape ,  second is count .  T a b u l a t e  t h e  c u r r e n t  s y l l a b l e )  

Gosback  t o  d a t a  and d e l e t e  t h e  CRW. Next s y l l a b l e : ; )  
D e l e t e  t h e  i n i t i a l  word boundary a t  t h e  b e g i n n i n g  of t h e  d a t a .  

( ~ e p l a c e  t h e  # . # I s  w i th  CRLF'S.) 
(Format R e s u l t s .  Reduce two l i n e  e n t r y  t o  one l i n e . )  
( s o r t  r e s u l t s  by a l p h a b e t i c a l  o rde r  of s y l l a b l e  s h a p e s . )  

D i s p l a y  t h e  r e s u l t  b u f f e r .  ) 

4.2.6 Find examples 

I1f i n d  example s I t  

C~SBP SSV 3SBP MFL SAX 4SBP 
(pm? ( p i @ $ ?  TRA MON MFL TRA; ) 

(pi--$? TRA SVL TRA; ) 
MFC:;) 

8SBP (pm? DFC MON MFL: ; ) 
~ S B P  )# 

(Se t .  Save t o  r e s u l t  b u f f e r .  Go t o  combined word I i s t / g l o s s  f i l e ,  
move p a s t  mnemonic i d e n t i f i e r ,  and s e t  Aux. Go t o  d a t a  b u f f e r .  

(More? ( I s  c h a r a c t e r  CRW? Go t o  combined f i l e  and advance l i n e ; )  
(Found an example? Go t o  combined f i l e  and s a v e  example;)  

Advance t o  nex t  c h a r a c t e r  i n  d a t a  b u f f e r : ; )  
( s t r i p  cognate  s e t  i d e n t i f i e r s  from examples i n  r e s u l t  b u f f e r . )  

Di sp lay  r e s u l t s  i n  b u f f e r  8 . )  



4.3 L e x i c o s t a t i s t i c  anal.y,?is 

The b u f f e r  ass ignu~?i i . t s  f  c r  t h e  l e x i c o s t a t i s t i c  a n a l y s i s  
programs a r e  t h e  f o l l o w i n g :  

B u f f e r  1 - Programs 
B u f f e r  2 - Merged m a s t e r  f i l e  
B u f f e r  3 - Unused 
Buf fe r  4 - T a b l e  of cognate  c o u n t s  
B u f f e r  5 - Unused 
B u f f e r  6 - Cognate m a t r i x  
B u f f e r  7 - nnMFL# s u b r o u t i n e  

4.3.1 Count cogna te s  

"count cogna te s"  
(4SBP SSV 2SBP MFL 

(pi#$?; SAX (MPL MGN pi#$? TRA MFL; TRA SVL TRA SVL:):) 
4SBP 

?i (pm? INSOOO ;r p s ~ ~  335 XI.ITS.-$ MFL:;) 
3 ( ~ s B P  SSV TEA NMOA EYE'; pn? 

(pi#5$?; SAX .- (MFL ~ i # $ ?  T?A XFL; 

& (pa? TRS 2MFC I i JC ;  T2S) Pf.F5 TRS : ) : ) : ; ) 
~ S B P ) #  

( F i r s t  p u t  t h e  mnemonic f c i e i l t i f i e r s  f o r  each  p a i r w i s e  comparison 
i n t o  t h e  r e s u l t  b u f f e r .  Z c t  Saac t o  r e s u l t  b u f f e r .  S e t  BP 
t o  merged mas te r  f i l e  2nd odvance p a s t  g l o s s  f i l e  mnemonic. 

(End of mnemonics?; S e t  Aux t o  c.,;*rcnt mnemonic, t h e n  compare 
i t  t "ll.l t h e  r e m a i n i n g  mnemonics. 

(Advance t o  n e x t  mnemonic. End of mnemonics? 
Y e s ,  go back  t o  c u r r e n t  mnemonic and advance i t ;  
No, s a v e  t h e  two mnemonics i n t o  t h e  r e s u l t s  b u f f e r : ) : )  

(Format t h e  r e s u l t s  t a b l e .  I n s e r t  t h e  i n i t i a l i z e d  c o u n t  000 
a s  f i r s t  i t e m  i n  each  e n t r y .  Put  a  hyphen between t h e  two 
mnemonics g r  t h e  lists b e i n g  compared i n  t h a t  l i n e . )  

(The cognate  c o u n t i n r  f o l l o w s  t h e  same b a s i c  s t r a t e g y  a s  t h e  
r o u t i n e  above f o r  copying  t h e  mnemonics i n t o  t h e  r e s u l t s  
b u f f e r .  Each word l ist i t e m  is t a k e n  i n  t u r n  w i t h  t h e  n e x t  
g l o s s ,  #, b e i n g  t h e  end mark f o r  a n  i t em.  The lists a r e  
compared i n  a lower  t r i a n g l e  f a s h i o n  i n  t h e  same o r d e r  a s  t h e  
mnemonics werz cop ied  i n t o  t h e  r e s u l t s  b u f f e r .  I f  t h e  cogna te  
s e t  i d e n t i f i e r s  f o r  two words a r e  t h e  same, t h e  count  i s  
incremented .  IYL e i t h e r  c a s e ,  e v e r y  time a comparison is  made, 
t h e  Save p o i n t e r  i s  advanced t o  t h e  n e x t  e n t r y  i n  t h e  r e s u l t s  
b u f f e r .  ) 

D i s p l a y  t h e  t a b l e  , o f  c o p a t e  z o u n t s . )  



4.3.2 Bui ld  cognate  m a t r i x  

"bui ld  cognate  mat r ix"  
(7SBP LNSO0o#$ 6SBP INS#$ SSV 
2SBP MFL 

(pi#$?;  SVL MFL:) 
4SBP 4MFG 

(pm? SAX 7SBP MFC I N C  TRA SAX 6SBP MON 7EXC SSV TRA SAX 
(MBL TRS 2MFL MBC TRS 3SVC MFL 4MFC 3pe? : ; ) : ; ) 

6SBP INSw*# SSV 2SBP MFL (pi#$?; 3SVC MFL:) 
4SBP 4MFC 

(SAX TRS 2MFL MBC INS***$ SSV TRA SAX 
pm? (MBL 3SVC MFL 4MFC 3pe? : ; ) : ; )  

6SBP 
. . 

(pm3 (3MF'C 7% .: r:i e j ?  P F C ;  :I: ;) 
7SBP DE'L ~ s B P ) #  - 

( I n i t i a l i z e  t h e  nnMFL# s u b r o u t i n e .  I n s e r t  a CRLF t o  t e r m i n a t e  t h e  
f i r s t  row of t h e  mat r ix .  

(copy a l l  t h e  mnemonics a s  s e p a r a t e  l i n e s - - f i r s t  i t e m  i n  eachrow) 
( F i l l  i n  t h e  f l g u r e s  f o r  t h e  lower t r i a n g l e  by columns l e f t  tor ight .  
F i r s t  increment  t h e  nnMFL# s u b r o u t i n e .  T h i s  r o u t i n e  i s  used  t o  

sp ec'ify t h e  row i n  which t h e  nex t  column begins .  
Execute t h e  nnMFL# s u b r o u t i n e  t o  s e t  Save a t  t h e  proper  row f o r  

beg inn ing  t h e  column, Aux i s  s e t  t o  t h e  mnemonic f o r  t h e  
column i n  t h e  cognate  count t a b l e  i n  4. 

(AS l o n g  a s  t h e  f i r s t  mnemonic i n  t h e  cognate  t a b l e  e q u a l s  
t h e  mneuonic f o r  t h e  colu.mn, copy t h e  number of cogna tes  

a t  t h e  end of each row.))  
(Copy t h e  mnemonics from b u f f e r  2 t o  f i l l  i n  t h e  f i r s t  row.) 
(Now f i l l  i n  t h e  d i a g o n a l  and t h e  upper t r i a n g l e  from l e f t  t o  

r i g h t  and t o p  t o  bottom. 
(AS l o n g  a s  t h e  f i r s t  mnemonic i n t h e  cognate  t a b l e  e q u a l s  
t h e  mnerlonic f o r  t h e  c u r r e n t  row, copy t h e  f i g u r e s . ) )  

( I n s e r t  a  space  between a l l  t h e  columns,))  

4 3 . 3  Permute matrix 

"permute matr ix"  
( 7SBP INSOOS#$ 
6SBP (S,a 7SBP MON MFC I N C  TRA p i#$? ;  ME'C : ) 

(6SBP IMM p i * $ ? ;  INSS$ TRA IN=$ 6SBP SAX 
(TRA MFL TRA 3FC 3pe?:; TRA SSV TRA MFc) 
(TRA MFL TRA 4MFC 3pe?:; (pi6$?; TRS TRA TRS) TRA SVL ~ 3 % )  

~ S B P  <I-I.I"ZFC ~ i c f $ ?  SSV DFC ps6$ DBC TRS 
(4sVC 4DFC 7EXC TRS 7EXC TRS pm?: ; ) ; 

piha?  SSV DFC ps68 DBC 
(LSVC 9DFC 4MBC 7EXC TRS 4MBC 7EXC TRS grn? : ; ) ; :) : ) 

7SBP DFL 6SBP)# 



( I n i t i d  i z e  t he  nnMFC# subrout ine .  
(Increment the  nnMFC# command f o r  every cha rac t e r  i n  a  row 
of t h e  matrix.  That is ,  s e t  t he  argument of MFC t o  t h e  
number of cha rac t e r s  i n  a  row of t he  matrix.)  

(Set  BP t o  upper l e f t  corner of matrix.  Go t o  immediate made. 
Terminate?; I n s e ~ t  d e l t a  f o r  d e a t i n a t i o n  a t  BP. I n e e r t  
sigma f o r  source a t  AUX, Move t h e  source  row t o  d e s t i n a t i o n .  

(Find the  row corresponding t o  t he  f i r s t  column marked a s  
source or  d e s t i n a t i o n  and s e t  Save p o i n t e r  a t  it. 
3pe f a i l s  when t h e  f i r s t  siigma or  d e l t a  i s  found) 

( ~ i n d  t h e  row corresponding t o  the  o ther  column involved.  
( I s  i t  the  source row?; Trade t he  Save p o i n t e r )  

Save t h e  source row t o  t he  d e s t i n a t i o n  and d e l e t e  i t . )  
+ (Now move the  source  column. 

Advance t o  next column. Is it t h e  source column? 
Yes, f i n d  t he  d e s t i n a t i o n  column, Set Save t o  d e s t i n a t i o n  

and BP t o  source.  (Move t h e  source column row by row. Save 
t h e  four  cha rac t e r s ,  t b r e e  d i g i t s  and space ,  and then  
d e l e t e  them. Move the  Save and BP t o  t h e  mr re spond ing  
p lace  i n  t h e  next row by execut ing  t h e  nnMFC# subroutine); 

No. Is it  the  d c ~ t i n a t i o n  column? 
Yes, s e t  Save, Find source column and s e t  BP. 

( ~ o v e  source column row by row. Save t h e  f o u r  c h a r a c t e r s  
and d e l e t e  them. To move po in t e r s  t o  corresponding 
place i n  next row, f i r s t  move back 4  cha rac t e r s  t o  
compensate f o r  the  d e l e t e d  cha rac t e r s ,  then  execute  7); 

No: ) 
Go back t o  immediate mode t o  d i s p l a y  r e ~ u l t s  and do i t  again:)  

Clear b u f f e r  7) 

4.4 Lexica l  i s o g l o s s  a n a l y s i s  

The bu f f e r  assignments f o r  the  l e x i c a l  i s o g l o s s  a n a l y s i s  
programs a r e  t he  fol lowing:  

Buffer 1 - Programs 
Buffer 2 - Merged master f i l e  
Buffer 3 - Unused 
Buffer 4  - Cognate. counts 
Buffer 5 - Lexlca l  i s o g l o s s  f i l e  
Buffer 6 - Cognate matr ix  
Buffer 7 - nnMFC## subrout ine  



4.4.1 L e x i c a l  i s o g l o s s e s  

" l e x i c a l  is oglosses ' l  
(5SBP SS& 2SBP 

(pm? ,(pi#$? SVL; ) MFL: ; TRS DBL) 
5SBP SSV 2SFp 

(MFL pm? 'TSVC MFL pi#$? TRS MFL TRS ; : ) : ; ) 
~ s B P ) #  .' 

( S e t  Save t o  b u f f e r  5 ,  s e t  BP t o  merged mas te r  f i l e .  
(on t h e  f i r s t  p a s s  through t h e  d a t a  s a v e  a l l  t h e  g l o s s  erntr&es. 

A f t e r  a l l  t h e  glossefi a r e  saved, d e l e t e  t h e  las t  one which 
was only  t h e  end marker, #go ) 

Rwct t h e  p o i n t e r s .  
(on t h e  second p a s s  through t h e  d a t a ,  s a v e  a l l  t h e  cognate  

s e t  i d e n t i f i e r s  i n  o r d e r  i n  f r o n t  of  t h e  proper  g l o s s .  ) - 

Display t h e  r e s u l t s .  ) 

4.4.2 Is o g l o s s  a n a l y s i s  

"is og loss  a  n a I y s i s  " 
((5SBP SAX IMM pa?; SAX 7SBP INS00d## 3MBC SSV 5SBP 

(pa?; TRS I N C  TRS MFc: ) ' On 
5SBP bm? MON SSV 7EXC SVC DFC MFL: ; ) 7SBP DFL: ) 

5SBP INSa$ MBC 
(SAX 5SBP 

(pa? MFL; p l ?  MFL:; CPL TRA DFL) 
MON pm'?:;) 

5SBP DFC)# 

( F i r s t  p u t  t h e  l ists i n t o  t h e  d e s i r e d  o rder .  
(Se t  Aux t o  beg inn ing  of i s o g l o s s  f i l e  and go t o  immediate m a d e .  
Is t h e  u s e r  through moving l i s t s ?  Yes, go t o  s o r t ;  
No, i n i t i a l i z e  an  nnMFC# s u b r o u t i n e .  

( S e t  t h e  nn i n  s u b r o u t i n e  e q u a l  t o  t h e  number of l ists i n  
f r o n t  of t h e  one b e i n g  moved. ) 

(GO through t h e  whole i s o g l o s s  f i l e  s a v i n g  t h e  . 
element from t h e  proper  l is t  t o  t h e  f r o n t  of t h e - l i n e  and 
d e l e t i n g  it from i ts  o r i g i n a l  p o s i t i o n . )  

Zero t h e  nnMFC# s u b r o u t i n e  and go back t o  beginning:  ) 
S o r t  t h e  i s o g l o s s  f i l e .  F i r s t  p u t  an  a l p h a  i n  f r o n t  of t h e  

f i r s t  l i n e  c o n t a i n i n g  t h e  one c h a r a c t e r  i d e n t i f i e r s  f o r  t h e  
lists. This  e n s u r e s  t h a t  t h e  i d e n t i f i e r  l i n e  w i l l  be t h e  
f i r s t  l i n e  i n  t h e  s o r t e d  f i l e .  

( S o r t  t h e  f i l e .  ) 
D e l e t e  t h e  a lpha  and d i s p l a y  t h e  r e s u l t s . )  



4.5 P h o n o s t a t i s t i c  a n a l y s i s  

The b u f f e r  ass ignments  f o r  t h e  p h o n o s t a t i s t i c  a n a l y s i s  
programs a r e  t h e  fo l lowing :  ' 

Buffer  1 - Programs 
Buffer  2 - Merged master  f i l e  ( f o rma t t ed )  
Buffer  3 - Degrees of d i f f e r e n c e  t a b l e  
Buffer  4 - Resu l t s  f o r  each pa i rw i se  p h o n o s t a t i s t i c s  

comparison 
Buffer  5 - Al t e rna t ed  word l i s t  f o r  two lists be ing  compared 
Buffer  6 - nnMFL# sub rou t i ne  

4.5.1 Check format 

"check format 
(6SBP INSOOe#$ 3MBC SSV 2SBP (MFL TRS I N C  TRS pi#$?; : )  
3SBP (pm7 DFL:;) 
5SBP SSV 2SBP MFL 

(INS'*$ pi#$? 2DBC; 
( ~ S B P  gs*$ SAX ps*$ DBC MFL INS*$ pi#a? DBC 2SBP ps*$ DBC MFL; 

(TRA 6EXC TRA 6EXC pm? 
(pe?  TRA MFC TRA MFC 

( ( p l ?  TRA; ) TRA SVC p i@$?  TRA 
( p i @ $ ? ;  SSV 3SBP (pm? DFL:;) 5SBP (pm? DFL:;) 

~ S B P  DFL 2SBP ps*$ DBC ps*$ DBC 
TRS INS * *ERROR* *#  IMM) 

SVC,; MFC TRA SVC MFC:);) MON:;) 
5SBP 

(SAX ( p i @ # ? ;  pi-$?;  MFC p i -#?  MBC; MBC pi//$?; 
3SBP <2pe?;  2YLFC pm?: ; 2CTCj TRA) 2DFC MON pa?: ; ) 

: ) : I  
3SBP (pm? 2MFC INS$$ : ; ) 
6SBP DFL ~ s B P ) #  

( I n i t i a l i z e  an nnIvlj?L# sub rou t i ne .  
(Sa t  nn t o  number of lists i n c l u d i n g  t h e  g l o s s  l i s t . )  
(~T.ear  bu f f e r  3. ) 

S e t  Seve t o  b u f f e r  5 f o r  t h e  a l t e r n a t e d  word l i s t .  I n  t h e  
a l t e r n a t e d  l i s t ,  t h e  two word lists a r e  a l t e r n a t e d  c h a r a c t e r  by 
cha rac t e r  a s  they a r e  saved.  That  i s ,  f i r s t  a c h a r a c t e r  from 
list one, then  a c h a r a c t e r  from list two, one from list one, one 
from list two, and s o  on. The r e s u l t  is a  s e r i e s  of sound 
correspondences. 

Go t o  beginning of merged master  f i l e ,  Advance p a s t  mnemonic 
f o r  t h e  g l o s s  f i l e .  I n  t h e  folPowing r o u t i n e ,  a s t e r i s k s  a r e  
used t o  mark t h e  mnemonic i d e n t i f i e r s  of t h e  l a s t  two lists 
which were compared. 



( I lnser t  **. Have we done a l l  p a i r s ?  Yes, d e l e t e  **. E x i t ;  
( S e t  Aux t o  f i r s t  * and advance t h e  second *. 

Is i t  t o  end of mnemonics? Y e s ,  d e l e t e  second *. 
Find f i r s t  * and d e l e t e  i t .  Advance t o  nex t  mnemonic; 

No, e x t r a c t  an  a l t e r n a t e d  f i l e  of t h e  c u r r e n t  two lists. 
(Advance t o  nex t  p a i r  of words. More i n  f i l e ?  

(Are t h e  forms cognate? Move p a s t  cognate s e t  IDs. 
( (We want t o  s t o r e  on ly  a t r i a n g u l a r  ma t r i x  s i n c e  

degrees  of d i f f e r e n c e  is symmetrical .  S e t  A u n  
t o  t h e  c h a r a c t e r  t h a t  is l e x i c a l l y  g r e a t e r .  ) 

Save t h e  f i r s t  cha r ac t e r .  Is i t  CRLF? 
YES, ( I s  o t h e r  c h a r a c t e r  CRLF? Yes, go ahead; 

- ,  
No. Format t ing  e r r o r .  Clear b u f f e r s  3,  
5, and 6. De l e t e  * I s  from b u f f e r  2. 
I n s e r t  **ERROR* * meaimge . C a l l  immediate 
male t o  terminate . )  

Advance t o  nex t  c h a r a c t e r .  Save and advance 
second cha rac t e r .  : ) ; ) : ; ) 

Al t e rna t ed  l ist  is i n  b u f f e r  5. Now l o o k  up a l l  t h e  sound 
correspondences t o  make s u r e  t hey  a r e  i n  t h e  degrees  of 
d i f f  e rcnce  t a b l e  l i s t i n g .  
( (Take a correspondence from t h e  a l t e r n a t e d  l ist .  

I f  i t  is  end of word, c o n t a i n s  a -, o r  // t h e r e  is 
no correspondence.  Is i t  no correspondence?;  

( ~ o o k  up t h e  carrespondence i n  t h e  list i n  b u f f e r  3. 
I f  i t  is n o t  t h e r e ,  add i t . ) ; )  

De l e t e  t h e  correspondence from a l t e r n a t e d  f i l e .  Advance. 
More correspondences t o  l o o k  up?: ; )  

: > : I  
( I n s e r t  a CRLF a f t e r  every  correspondence i n  t h e  t a b l e  i n  3 )  

CXear b u f f e r  6 and d i s p l a y  t h e  merged master  f i l e . )  

4,5.2 P h o n o s t a t i s t i c s  

~ p h o n o s t a t i ~ t i c s ~ ~  
(6SBP I;NSOOe#$ 3MBC SSV 2SBP (MFL TRS I N C  TRS pi#$?; :) 
2SBP MFL 

(INS**$ pi#$? 2DBC; 
(2SBP ps*# SAX ps*$ DBC MFL INS*$ pi#$? DBC 2SBP pa*$ DBC MFL; 
SSV 4SBP TRS TRA SVL TRS DBC INS-$ TRS TRA SVL SSV 5SBP. TRS 

(TRA GEXC TRA 6EXC pm? 
(pe? THA MFC TRA MFC 

( ( p l ?  TRA;) TRA SVC p i##?  TWSVC; MFCTRASVC m ~ : ) ; )  
MON:;) 

~ s B P  MFL INSw 0 0 0 4 ~  - 000cd - 000@0 - 0 0 0 ~ 1  - 0 0 0 & 2 ~ 0 0 0 ~ 3 ~ 0 0 0 ~  
4 - 000#5 oooe8-~SBP 

( S A X - ( ~ ~ ~ $ ?  4SBP M3'L 41qFC I N C ;  ~ i - $ ? ;  MFC pi-#?  MBC; MBC @//$?; 
3SBP (2pe? 2MF'C SSV 4SBP 2MFL 4ME'C I N C  6MFC kINC 

MFL WL ~ M F C  INC; MFL:)) 
TRA 2DFC MON pm?:;) 

4SBP I P I  4SBP ~ODFL:) : :  GSBP DF'L 2SBP)# 



The i n i t i a l i z a t i o n  r o u t i n e  and t he  b a s i c  s t r u c t u r e  of t h e  
program a r e  t h e  same a s  t h e  "check format1' program. The f i f t h  
l i n e  is completely new. It pu t s  t h e  t i t l e  l i n e  i n t o  t h e  r e s u l t s  
b u f f e r ,  eg. MNE -MNE2$. The a l t e r n a t e d  word l ist  f o r  each p a i r  of a lists is  e x t r a c  e4 i n t o  bu f f e r  5 a s  be fore .  The code f o r  
t h e  look  up and  r e s u l t  coun t ing  i s  now. A d e s c r i p t i o n  i s  
a s  fo l lows:  

I n i t i a l i z e  t h e  r e s u l t s  b u f f e r  . 
((Get nex t  correspondence. Is i t  end of a ward? 

Count a word i n  t h e  r e s u l t s  b u f f e r ;  
Is f i r s t  c h a r a c t e r  A?; Is second c h a r a c t e r  -?; Is i t  //?; 
Look up correspondence i n  t h e  degrees  of d i f f e r e n c e  t a b l e .  

(Found? Increment correspondence count. Increment sum of 
d. of d .  count.  Go t o  l i n e  f o r  k d. of d. and increment ;  

No, advance t o  next  e n t r y  i n  d. of d. t a b l e : ) )  
De le te  c u r r e n t  correspondence. More?: ; ) 

Display r e s u l t s  i n  immediate mode. Zero r e s u l t s  b u f f e r  on 
r e t u r n  t o  program c o n t r o l .  Go back and do nex t  p a i r  of l is ts .  

4.6 Comparative methad 

Buffer  assignments f o r  the  comparative method programs a r e  
t he  fol lowing:  . 

Buffer  1 - Program6 
Buffer  2 - Formatted merged master  f i l e ;  reduced t o  a l ist  

of g l o s s e s  only i n  llcount correspondence setst1 
Buffer  3 - Degrees of  d i f f e r e n c e  t a b l e  remains 
Buffer  4 - ALternated l i s t  f o r  a l l  cf t h e  i n d i v i d u a l  l ists 
Buffer  5 - Caunt of correspondence sets 
Buffer  6 - nnMl?C# sub rou t i ne  f o r  " f i nd  examples1' and 

Itcount correspondence s e t s t 1  
Buffer  7 - nnMF'C# sub rou t i ne  f o r  l l i sog lo s s  a n a l y s i s t 1  
B u f f e ~  8 - Ext rac ted  list of examples f o r  " f ind  examples11 

4.6.1 Be-pare  a s e t  

llprepare a set" 
(TRA pi#$? (MON MFL pi##? ; DFC : ) ; 
SAX (MFL pi#$?; (pe? DFC; (DFC p i @ $ ? ; : ) ) : )  
TRA SSV (MFL pi$$?:; SVL) 
TRS MBL (pi$#?; DFC INS-$:) 
MBL SAX 2MFL (pi#$?; pi$$? CPL DFC: ; MFL: ) 
TRA DFL TRA)# 



(Is t h e r e  no cognate s e t  i d e n t i f i e r ?  
Yes, (Delete a l l  cognate s e t  i d e n t i f i e r s  f o r  t h e  s e t . ) ;  
No, t h e r e  i s  a cognate s e t  i d e n t i f i e r .  Set A m  t o  t h e  ID. 

(Advance t o  next  l i n e ,  Gnd of s e t ? ;  
( I s  t h i s  word i n  t h e  r i g h t  cognate s e t ?  De le t e  i d e n t i f i e r ;  
No, (Delete word, l e av ing  only CRLF)):) . 

Set  Save t o  precede t h e  g lo s s .  
(Find f i r s t  word i n  t h e  s e t  which is t h e  proper cognate e.t. 

Save the  word. ) 
(conver t  the  saved hard t o  a s t r i n g  of hyphens. This gives 

a s t r i n g  of hyphens t h e  same l eng th  as a l l  words i n  t h e  s e t )  
Se t  Aux t o  s t r i n g  of hyphens. Move t o  f i r s t  m r d  en t ry .  

(End of s e t ? ;  Is t h e  e n t r y  CRLF only? Copy t h e  s t r i n g  of 
hyphens and d e l e t e  t he  CRLF:; Advance t o  nex t  en t ry : )  

Delefe  s t r i n g  of hyphene. S e t  BP t o  next  g loss . )  

4.6.2 Dele te  a s e t  

! 'delete a s e t t 1  
(TRA (MON DFL pi#$$?; : ) )# 

(Delete a l l  t h e  l i n e s  between Am and t h e  nex t  #.) 

4.6.3 Copy a s e t  

llcopy a setr1 
(TRA SSV (MFL pi##? ; : ) 
TRS SAX (MON SVL MFL pi#$?; :) 'IRA)?! 

( (Find t h e  end of t h e  s e t . )  S e t  Save t o  end of s e t .  
(Save t he  s e t .  ) S e t  BP back t o  beginning of o r i g i n a l  s e t . )  

4.6.4 Count correspondence s e t s  

llcount correspondence s e t s f 1  
(5SBP SSV .2SBP 

(MFL (pi#$?; Y i C  pi#$?; I'IBC)? TRS INS - htdq!# TRS; SVC:) 
SSV 4SBP TRS 

(MON MFL pm3 
(SAX (SVC DFC 14FL (pi#$?; MFC pi#$?; MBc)?; : ) 
TRA pig$? SVC ( DFC 

6SBP INSood#$ pIBC SSV 2SBP 
(DFL (pi#$?; MFC pi#$?; MBC)?; TRS I N C  TRS:) 

6SBP SSV 4SBP 
(SAX MON 5SBP 

(2kpe? 2kMFC 3MEC I N C ;  MFL pm? : ; 2kCPC INS - 001$$) 
TRA 2kMFC (pig??? MFC;) pa?:;) 

5SBP)# 



The program makes u se  of a compound pred ica te - -  
(pi#$?; MFC pi#$?; MBC)? -- to f i n d  t h e  end of a  s e t .  Af ter  
fo rmat t ing ,  t h e  g lo s s  l i n e  may begin  wi th  # or i t  may begin  w i th  
a  cognate s e t  i d e n t i f i e r  i n  which case  t h e  # is t h e  second 
cha r ac t e r .  The compound p r e d i c a t e  t e s t s  f o r  a # i n  t h e  f i r s t  o r  
second p o s i t i o n .  On f a l l i n g  through t h e  r i g h t  p a r e n t h e s i s ,  t h e  
p r e d i c a t e  r e g i s t e r  con t a in s  t h e  t r u t h  va lue  of t h e  l a s t  p r e d i c a t e  
whit-h was executed.  Thus t h e  compound p r e d i c a t e  w i l l  r e t u r n  t r u e  
i f .  t h e  # was found, f a l s e  o therwise .  

( ( F i r s t  pu t  t h e  l i n e  of one c h a r a c t e r  i d e n t i f i e r s  i n t o  r e s u l t  b u f f e r )  
E x t r a c t  t h e  a l t e r n a t e d  list. 

(Move t o  ' f i r s t  word i n  a  set. More d a t a  i n  f i l e ?  
( (Save and d e l e t e  f i r s t  c h a r a c t e r  l e f t  i n  each word. 

Makes a correspondence s e t  i n  t h e  a l t e r n a t e d  l i s t . )  
Are w e  t o  ends of t h e  words? Save one CRLF then  d e l e t e  

them a l l . ;  Go back and save  ano ther  correspondence:) : ; ) .  . 
I n i t i a l i z e  a  nnMFC# sub rou t i ne .  The sub rou t i ne  is  used i n  

" f ind  examplestt.  The nn number only is used i n  t h i s  program 
wi th  t h e  k command. (Se t  nn t o  number of  l i s t s . )  

h u n t  t h e  correspondences.  S e t  Save on nwbdr:af  l L s t q  BP 
on a l t e r n a t e d  l i s t .  

(Set  Aux on a l t e r n a t e d  list.  Go t o  r e s u l t s  b u f f e r .  
Look up t h e  c u r r e n t  correspondence,  

( ~ o u n d ?  Increment coun t ;  advance i n  t a b l e .  More e n t r i e s : ;  
Copy t h e  correspondence i n t o  t h e  t a b l e  and i n i t  coun t )  

Advance t o  nex t  correspondence 
( I f  nex t  c h a r a c t e r  is CRLF move p a s t  i t )  More da ta? : ; )  

Display res iLts .  )# 

4.6.5 I s o g l o s s  a n a l y s i s  

Th i s  program is i d e n t i c a l  t o  t h e  t t i s o g l o s s  a n a l y s i s t 1  program 
i n  4.4.2. 

4.6.6 Find examples 

"f ind examplesn 
(8SBP SSV 2SBP SAX 4SBP 

(pm? (pi--$? TRA SVL TM;) 
6EXC ( p i @ # ?  MFC TRA MON MFL TRA; ) : ; ) 

8SBP)# 

(Se t  Save t o  r e s u l t  b u f f e r .  Set Aux t o  l ist  of g l o s s e s .  
S e t  BP t o  a l t e r n a t e d  l ist .  

(More i n  t h e  l i s t ?  ( I s  t h i s  an example of t h e  correspondence? 
Go t o  g l o s s  l ist  and s ave  example;) 

Advance t o  next  correspondence . 
( I s  it CRLF? Advance p a s t  i t ,  and cdvance a  Xine i n  g l o s s  f i l e ; )  

:;) 
Display r e s u l t s  i n  b u f f e r  8) 



4.7 Ref ined p h o n o s t a t i s t i c '  a n a l y s i s  

The b u f f e r  assignments f o r  t h e  r e f i n e d  p h o n o s t a t i s t i c s  
program a r e  t he  fo l lowing :  

Buffer  1 - Programs 
Buffer  2 - Formatted merged master  list 
Buffer  3 - Degrees of d i f f e r e n c e  t a b l e  
Buffer  4 - Resu l t s  f o r  each pa i rw i se  p h o n o s t a t i s t i c  comparison 
Buffer  5 - F i l e  of r e g u l a r  correspondences 
Buffer  6 - Al t e rna t ed  word list f o r  t h e  two lists be ing  compared 
Buffer  7 - L i s t  of r e g u l a r  correspondences f o r  t h e  two lists 
Buffer  8 - nnMFM sub rou t i ne ,  where nn is  number of lists p l u s  one 
Buffer  9 - nnMFC# sub rou t i ne ,  w h e ~ a  nn is t h e  number of 

c h a r a c t e r s  i n  a correspondence s e t  e n t r y  i n  5 
Buffer 1 0  - A 4MFM ar ~ M F C #  subrou t ine .  Th i s  s u b r o u t i n e  is 

used t o  p o s i t i o n  t h e  BP t o  t h e  p roper  column Ln 
t h e  r e s u l t s  t a b l e - - L ! - ~ ~  f o r  r e g u l a r ,  8MFc irrsguzar 

Buffer fl! - FEag f o r  s i g n a l i n g  whether o r  n o t  a word c o n t a i n s  
any i r r e g u l a r  co3frespondences , The f l a g  is 
i n i t i n l i z e d  t o  z e r o  be fo r e  each new word. Any 
time a? i r r e g u l a r  correspondence is encountered 
';he f! eg is incremented.  

t t r e f i ned  phonos ta t io  t i c s t '  
(8SBP INSOOe## 3MBC SSlT 2SBP (J'IFL TRS I N C  TRS pi#$?; :) 
9SBP TRS MDC iSVC TRS PlBC 4INC MFC INSd#$ lOSBP INS06#$ 
IILSBP INSO# 5SBP INS**$ 2SBP PPL 

(INS**$ pi#$? 2DBC 5SBP ps*# DBC pa*@ DBC; 
(2SBP ps*$ SAX ps*# DBC MFL INS*# pi#$? DBC 2SBP ps*$ DBC MFL; 
SSV 4SBP TRS TRA SVL TRS DBC INS-$ TRS TRA SVL SSV ~ S B P  TRS 

(TRA 8EXC TRA ~ E X C  pm? 
(pe? TRA MFC TRA MFC 

(TRA SVC pi&$? TRA SVC; MFC TRA SVC MHC: ) ; ) MON: ; ) 
7SBP SSV 

(5SBP ps*# SAX PS*# DBC MFC INS*$ pi-$? 
DBC MBL ps*$ DBC MFC INS* *$: ; TFLA MFG TRA 

(TRA gEXC TRA gEXC MON pm? TRA SVC TRA SVC: ; 1) 
~ S B P  MFL INSW 000 0 0 0 4 ~  000 oooqa 000 00040 000 0004 
1 - 000 0 0 0 ~ 2  0c0 05043 050 05044 050 0 5 0 ~ 5  - 050 - 050~8 6SBP 

~ s A X - ( ~ ' ~ # ~ - ~ S B ?  MFL kc'-ssv I~SBP- 
(piO$? TRS; DFC INSO# TRS 4MFC) IXC; 

pi-$?; MFC pi-$? MBC; MBC pi//#?; EOSBP DFC 7SBP 
(2pe? lOSBP MS4$; 2MFC pm?:; mSBP 1 ~ ~ 8 s  XSBP INC) 
(TRA SAX MFC pe?; p l ?  MF'C CPC TRA DFC SAX;) 

3SBP (2pe? 2MFC SSV 4SBP 2MFL lOEXC INC MFL 
IOEXC kINC MF'L kMFL TOEXC IINC; MFL:)) 

TRA 2DFC MON pa? : ; ) 
4SBP IXM 4.SF3P TODFL 7SBP DFL: ) : ) 

8SBP DFL 98BP DFL IOSBP DFL LlSBP DFL 2sBP)# 



( I n i t i a l i z e  b u f f e r s  8 t o  11. As te r i sk s  a r e  used t o  mark t h e  lists 
c u r r e n t l y  be ing  compared, a s  a l r e a d y  d e t a i l e d  i n  "check f  ormattt.  
I n s e r t  * *  i n  l i s t  of r e g u l a r  correspondences.  Go t o  master  f i l e .  

( I n s e r t  **. Have we done a l l  p a i r s  of l i s t s ?  Yes, e x i t ;  
(Set  Aux a t  f i r s t  *. Advance t h e  second *. Is i t  t o  end? 

Yes, d e l e t e  i t .  Find f i r s t  *, dexe te  i t ,  advance t o  nex t  l i n e ;  
No. Save mnemonics of l ists be ing  compared i n t o  r e s u l t s  b u f f e r .  
E x t r a c t  an z i l  te.rna.ted l ist  of t h e  c u r r e n t  two lists i n t o  6 .  

(Advance t o  nex t  p a i r  of words. More i n  f i l e ?  
(Are t h e  foyms cognate? Move p a s t  cognate  s e t  i d e n t i f i e r s .  

( " ~ v e  c h a r a c t e r  from f i r s t  list. Is i t  CRLF? 
Yes, s ave  CRLF from second list. Do no t  advance p o i n t e r s ;  
No, save  cha rac t e r  from second list. Advance p t r s : )  ; ) :; ) 

E x t r a c t  t h e  l ist  of r e g u k -  correspondences f o r  t h e  two lists i n t o  7. 
(Sa t  Aux t o  f i r s t  *. Advance second *. End of mnemonics? 

Yes, d e l e t e  sccond *, d e l e t e  f i r s t  * and i n s e r t  * *  i n  
nex t  posikion: ;  No. Advance BP one c h a r a c t e r  p a s t  f i r s t  * 
t o  coun t e r ac t  having t o  move forward an e x t r a  c h a r a c t e r  
p a s t  t h e  sccond *. 

(Advance t o  nex t  correspondence s e t ,  More i n  f i l e ?  
Save t h e  correspondence- f o r  t h e  two lists : ; ) ) 

I n i t i a l i z e  t h e  r e s u l t s  bu f f e r .  
Go t o  t h e  a l t e -na t ed  l i s t  i n  6 an3 t a b u l a t e  t h e  r e s u l t s .  

(CEnd of a  word? (Check t h e  f l a g  i n  11 f o r  any i r r egu l a r s , .  
Advclnce t o  proper column i n  r e s u l t s  t a b l e )  C a n t  t h e  word; 

Does t h e  corresponderce  c o n t a i n  - or //? No comparison; 
I n i t i a T i z c  t h e  MFC sub rou t i ne  i n  b u f f e r  TO. See i f  t h e  
c u r r e n t  correspondence is i n  t h e  l ist of reguPBr 
correspondences i n  buf f  c r  7. 

( I s  i - t  t h i s  correspondence? Y e s ,  set buf 10 t o  ~ M F c ;  
No. Advance t o  next  r e g u l a r  correspondence. More?:; 
It i s  an i r r e g u l a r  correspondence. S e t  buf 10 t o  8mc. 
Increment t h e  f l a g  i n  b u f f e r  11.) 

(The degrees  of d i f f e ~ e n c e  is a  t r i a n g l e  matr ix-- that  i s ,  
t h e  second cha rac t e r  ;.!I the e n t r y  is always e q u a l  t o  or 
l e x i c a l l y  gren.ler -Lhan t h e  f i r s t  cha r ac t e r .  Thus t h e  
cu r r en t  correspo,~dence must be checked. I f  t h e  f irst  
cha rac t e r  is  l e x i c a l l y  g r e a t e r  t han  t h e  second,  t h e  
c h a r a c t e r s  must be swapped.; 

Find t he  c w r e n t  c ~ r r e s p o c d e n c e  i n  t h e  degrees  of 
- 

d t f f e r z n c e  t a b l e .  j o ? - ~ c  -i>r)iqclence 
(Fouxd? Pncrement count ,  Increment sum of 

d ,  of d. count. G c  t o  l i n e  f o r  k  d. cP d. and increment.  
I n  a l l  c a s e s ,  t h e  4MFC or  8MFC i n  b l ~ f  PO is executed 
t o  i n c ~ ~ e n e n t  t h e  proper  column i n  t h e  t a b l e ;  
No: found,  move t o  next  e n t r y  i n  d. of 6. t a b l e  : ) )  

D e l e t e  t h e  c u r r e n t  correspondence and advance t o  ne&. Mare?:;) 
Display r e s u l t s  i n  immediate mode. On r e t u r n  t o  program m d e ,  
d e l e t e  r e s u l t s  i n  buf 4 and l i s t  of r e g u l a r  c o r r  's i n  7:) : ) 

Clear b u f f e r s  8 through 11. Disp lay  merged master  l i s t . )  
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