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Background

• Cy f ra i th  Hywel  – Medieva l  Welsh  law text  f i rst  extant  in  t he  12 th

centur y ,  but  some e lements  ostens ib ly  dat ing  to  the  10 th centur y  

• Foundat ion stone of  Welsh  cu l ture  and ident i ty  in  th i s  turbulent  per iod

• Approx imate ly  80  extant  copies ,  40  dat ing  f rom the  per iod  in  which  the  

law was  act ive

• Each copy  i s  at  the  core the  same text  but  there  are  some d ist inct  and 

s ign i f i cant  d ivergences  between the  manuscr ipts  (vocabulary,  s t ructure ,  

content ) .

• Manuscr ipts  usua l ly  grouped into  one  o f  three  sub - t rad it ions ,  namely  

Ior weth ,  Blegwr ydd and Cy fnerth .  

NLW Peniarth 28: Hawker - 
https://commons.wikimedia.org/wiki/File:Laws_of_Hywel_Dda_(f.
4.r)_Hawker_cropped.jpg



The Challenges

• Research  into  the  text  has  reached a  methodo logica l  impasse .  There  i s  a  need 

to  examine  the  mater ia l  ho l i s t i ca l l y,  but  cur rent  presentat ions  o f  the  mater ia l  

do  not  permit  th i s .

• Text  i s  e i ther  ag gregated,  los ing  deta i l ,  o r  sampled,  l imi t ing  the  broader  

appl i cab i l i ty  o f  the  conc lus ions .

• Medieva l  Welsh,  l i ke  many  medieva l  l anguages ,  has  few resources  for  

automat ica l l y  process ing  mater ia l .



The Aims

• Insp i red  by  compar i son between i s sues  fac ing  Cy f ra i th  Hywel  and those  seen 

in  re lat ion  to  la rge  sca le  data  sets  (c f.  Busch  2014) .

• Leverage  the  range  o f  benef i t s  poss ib le  w i th  computer  ana lys i s  to  fac i l i tate :

1 . ef f i c ient  and ef fect ive  access  to  the  texts

2 . t ransparent  and expandable  research.



Research Methods

Pre-process ing  met hod –  

• Analys i s  o f  key  st ructura l  and semant ic  features .

• Manual  appl i cat ion  o f  XML encoding  to  21  texts  o f  Cy f ra i th  Hywel

• Metadata  over lay  inc ludes  lemma form,  grammat ica l  breakdown,  hypernym 

categor isat ion  and st ructura l  features

• Makes  the  text  computer  readable

Ana lys i s  met hods  –  

• Stat i s t ica l  l anguage  process ing  (drawn f rom corpus  l inguist i cs  and N LP)

• Examples  o f  the  range  o f  poss ib le  computat iona l  methods  a l lowed by  the  

encoding .



In practice...

Three  incarnat ions  o f  Aber ystwyth,  N at iona l  L ibrary  o f  Wales ,  Peniar th  MS  38:

I . an  image o f  the  or ig inal  manuscr ipt  d ig i t i sed  by  L ly f rge l l  Genedlaetho l  Cymru (The  N at ional  L ibrary  

o f  Wales )

I I . a  screen grab  f rom the  R hyddia i th  Gym raeg  1300-1425  pro ject  webs i te  

I I I . a  screen grab o f  the  computer  and human readable  XML encoding  appl ied  to  the  text  through the  

process  o f  creat ing  the  corpus.  Uses  an  adapted f rom of  TE I  encoding .



Corpus Design

• N ested st ructure.

• Ref lects  d i f ferent  types  o f  segmentat ion  ev ident  

in  the  or ig ina l  manuscr ipts .

• Al lows compar i son at  a  var iety  o f  leve l s  o f  

granular i ty.



Research opportunities

Opens  the  text  to  s tat i s t ica l  l anguage  process ing .

Techniques  explored inc lude:

• token and lemma f requency  ana lys i s  and compar i sons

• unique  token and lemma counts  for  language  var iety

• measures  of  s imi lar i ty  and  d i f ference between manuscr ipts  and  sect ions  

(euc l idean  document  ter m mat r ices  and cos ine s imi lar i ty  ter m mat r ices)

• keyword ana lys i s  ( re lat ive  f requenc ies  and d i spers ion  va lues )



Cosine Similarity 

Matrix

• Empir i ca l  measure  o f  s imi lar i ty  

• Calcu lated  by  measur ing  the  Euc l id ian  

d i stance  o f  each  word f rom each other  

word  and then inversed for  the  measure  

s imi lar i ty.

• Appl ied  here  to  the  whole  text ,  but  can  be  

appl ied  on  the  book,  t ractate  or  even 

sentence  leve l .  

• 1 i s  complete  s imi lar i ty,  0  complete  

d i f ference

Cosine Similarity matrix with heatmap to indicate extent of similarity between manuscripts. 
Sections indicate MSS belonging to the Iorweth, Blegywryd and Cyfnerth redactions respectively.



Hierarchical 

Clustering
• B a s e d  o n  m e a s u r e s  o f  s i m i l a r i t y

• S i m i l a r  t o  m a n u s c r i p t  s t e m m a  i n  f o r m .

• D i s t i n c t  g r o u p i n g s  b e t w e e n  t h e  I o r w e t h  

t r a d i t i o n  a n d  t h e  o t h e r  t w o ,  b u t  

C y f n e r t h  a n d  B l e g w r y d  m o r e  i n t e r w o v e n .  

• C l e a r  c l u s t e r s  o f  s i m i l a r i t y

• H i g h l i g h t s  p o i n t s  o f  d i v e r g e a n c e .

Hierarchical clustering dendrogram to indicate branches of similarity between manuscripts.



What can this tell us?

• The d iv i s ion  o f  the  t rad i t ion  into  redact ions  i s ,  on  the  whole ,  supported but  

the  re lat ionships  between the  manuscr ipts  w i th in  each redact ion  i s  more  

compl icated.  

• Most  measures  d i sp layed here  sug gest  that  the  Cy fner th  redact ion  i s  the  most  

homogeneous  and the  Ior weth  the  most  d iverse .

• The patterns  o f  s imi lar i ty  var y  between the  `Book '  leve l  d iv i s ions  o f  the  

manuscr ipts ,  sug gest ing  that  d i f ferent  sect ions  o f  law may  draw insp i rat ion  

f rom d ivergent  branches  o f  the  overarch ing  t rad i t ion.  Th i s  a l igns  w i th  recent  

t rends  in  scho larsh ip  to  cons ider  manuscr ipt  product ion  as  ` cross - fert i l i zat ion’  

( Jenk ins  2000,  p . 13)  rather  than a  d i rect  l ine  o f  descent .



Key Thought

‘ Thus,  the ideal  role of  the computer and the purpose of  computing in digital  humanit ies is  not 

to make research better,  faster  and/or cheaper.  On the contrary,  as a number of  writers have 

argued, computing should be about making problems more diff icult ,  more complex,  more 

thri l l ing —  computing is ,  or  can be,  ‘a telescope for  the mind' (Masterman ,  1962).’  (Ortol ja-

Baird 2019)



Conclusions and future work

The encoding is a 
foundational step towards 
accurately incorporating 

digital humanities methods 
with medieval texts.

Could incorporate 
(semi)automatic analysis 
using manually encoded 

texts to train machine 
learning systems

Statistical analysis gives a 
shared language from which 

to make judgements. 

It reveals patterns that 
would be unseen through 

manual analysis

Best used in conjunction 
with manual methods, as 

the ‘human’ element can be 
difficult to determine

Plans to:
- explore corpus more fully 

at book & tractate level
- make corpus open access 
- Explore viability for cross-

language comparison



Thank You!

If you have any thoughts or questions, 
I’d love to hear from you:

Zoe.Bartliff@glasgow.ac.uk
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