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The generation by computer of written Rumanian words faces 

two difficult problems: to produce automatically the numerous 

alternations which modify the stem and to add the inflectional 

endings, building a rich set of classes and sub~lasses. The 

mechanical morphological analysls i s  also complicated because of 

the stem's phonetic alternatioris. 

For example, the Rumanian words 

UNIVERSITATE -- -- / UNIVERSIT~~I - .  (university) 

SE3lQC? -- / SERIQSI' - .  / SERIQASA 
--e 

(serious) 

PUTEA -- / P_OT/PQTI ;/ POATE -- -- - --- (may 

V ~ D E A  -- / V~/VE_EI -- -- / V ~ Z U I  -- / VADA (to see) -- -- -- 

p r e d n t  the alternations 

Phonetic rules describing the occurrence of these stem 

modifications have several exceptions and must inelude the 

presence or absehce of stress, which i s  not  marked in ordinary 
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experiments in mechanical translation from ~ngli-sh into Rumanian 

[16] and so on. Phonetic a l te rna t ion  i n  Rumanian has been 

investigated by Lombard [Ill , Felix [7] , Juglland and Edwards 

[lo] , Augerot [l'] , and others.  

The preparatory work f o r  our automatic l i n g u i s t i c  task has 

several stages : 

Examine the inflection of each word. 

Establish the set of phonetic alternations. 

Attach a specific variable letter t o  each alternation. 

I n  our conception [4] these are different from those of 

[9, 14, 151. 

Design a binary code for the variable le t ters ,  tail ing 

i n t o  ' a c c ~ u n ~ t h e  possibilities of the IRIS 50. 

Detach morphological parameters. 

Code each word. 

Punch a deck of cards. 

The card f i l e  is the Morphological Dictionary. It is exploited 

by t h e  programs in various ways. Here t h e  working principles of 

a program to produce the paradigm ( s e t  of i n f l e c t e d  forms) of 

each word in the Morphological Dictionaryare presented. 

Ir. t h i s  process t he  computer wri tes  t h e  inflected forms in 

the P positions of t h e  paradigm ? The stem allomorphs consti- 

tute a set  A wi th  n elements. The different distributions of the 

allomorphs of A in P are described by a see C; of grouping f u n c t i o n s  
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spelling. Never the less ,  the words w i t h  nonc'onstant stem are too 

numerous to be considered irreqular.  The method of storinq the 

several al,lomqrphs of the stem fortautomatic i n f l e c t i o n  misses 

t h e  n a t u r a l  uri i ty of, the word. 

We* have Constructed a mechanical Morphol og i  cal D i  o t ionary/ ,  

containing 2 0 5 8  written Rumanian words with a synthetic repre- 

s e n t a t i o n  of all these phonetic alternations. An algorithm based 

on this representatlon generates tne inriecrlonai noncompouna 

fbrms of these words. They, are Rumanian nouns, adjectives, and 

verbs, the main part belonging to t h e  basic word s b c k  [8, 171. 

About 45 percent of them present  stem al ternat ions .  1 

The algorithm whose logic was given in [ 3 ]  is t he  background 

of a set of programs written in the programming language ASSIRIS 

for the French computer IRIS 50 and its Rumanian counterpart 

FELIX C-256. The proqrams were recent ly  run at trhe Territorial 

Electronic Calculus Center of Tirnisoara, v e r i f y i n g  the algorithm. 

The s y n t h e t i c  representation uses G. C. Moisills notion of 

l e t t e r s  w i t h  v a r i a b l e  v a l u e s  [14, 151 , which V. Gut.u Romalo 

developed [9]. The setting of our research is  arcu us's theory 

of mathematical linguistics [12, 131, Diaconesculs study of word 

segmentation and t h e  degree of regularity [5, 61 , Domonkosl s 

'1t seems t h a t  in Rumanian only 28 percent or e*en less of 

the t o t a l  number of words have these phonetic a l te rna t ions ,  but 

in our  d ic t ionary .  reference i s  made generally to the most fre- 

quently used words, w i t h  re la t ive  frequency above 0.22% [17]. 
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identified bv numerals. Thus grouping function 00 associates 

allomorph a i n  A with p o s i t i o n s  1, 2 ,  5 ,  -6, . in p ,  allomorph 

b in A w i t h  positions 3 ,  8, ... in P , etc. The different p a r t i -  

t i o n s  of A are called allamorph c o n f i g u n a t i o n s  and syniholized by 

a/b (with n = 2), ab/c, a/bc, a/b/c, ... (with n = 3 ) ,  e t c .  A 

varlab3e letter maps t h e  elements of the p a r t i t i o n  i n t o  the 

Rumanian alphabet A, A, A, B, ..., 2, j3 (here pl represents the 

empty letter) . Thue the varxable letter T/C w i t h  the configura- 

tion ac/bd has the realization T in allomorphs a and c, and 

another realization C kn allomorphs b and d .  Not all of the 

theoretically possible variable letters exist in Rumanian; we 

Eound 85. 

Thg set  of f ixed,  vaxiable, and empty le t ters  is cal led the  

generalized Rumanian alphabet. A version of i,t is given in [2]. 

Words can be represented i n  this alphabet in ei ther  external or 

i n t e r n a l  code. 

The program operates in several s teps  which are described 

and then illustrated. 

&put. I n  t h e  Morphological Dic t ionary ,  t h e  f ixed  letters 

are punched i n  accordiance w i t h  the standard card code. Each 

variable letter is punched as a numerical prefix of one or two 

decimaA d i g i t s  followed by a le t ter .  Part of speech, number of 

allomorphs, word length, stem length, etc. appear as parameters. 
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1. Receding. The computer reads t h e  word on t h e  punched 

card and recodes it i n t o  an internal kdde; each letter is one 

byte .  A fixed l e t t e r  has zone E or F (leading four b i t s  I110 

or 1111); variable letters have other  zones. The recoding 

instruction in IRIS 50 is TRTR (translate and t e s t ) .  

2. Realization. The program reads the word byte by byte. 

If the zone is E or F, it writes the byte i n t o  the allomorph 

registers. If the zone i s  less than  E ,  t h e  program constxucts 

a realizatidn for each aIlomorph and stores i t  in the allomorph 

register. 

The principles that #govern the decoding of a va r iab le  

letter into realiiatiohs are given in [ 3 ] .  A s  an example, take 

the rule f o r  regular variable letters (zone 0, 1 . . . 7 ) .  Each 

regular v a r i a b l e  l e t t e r  has two realizations, and in t h e  i n t e r n a l  

code the zone of each realization is F. The numeric of one 

realization is i d e n t i c a l  with t h e  numeric of t h e  regular variable  

l e t t e r ,  and the numeric of the other realization is greater by 1. 

The method of encodihg p a r t i t i o n s  fo r  regular variable let ters  

i s  explained on t h e  next frame. 

The next program stage is on-frame 43. 
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CONFIGURATIONS FOR REGULAR VARIABLE LETTERS 

Eight  zones (0, 1, . . . , 7 )  en-code regular  variable letters. 

Each stem has two, three, ur four allomorphs. Each partition of 

the paradigm has two members f o r  a regular var iable  le t ter ;  the 

numeric of t h e  variable  l e t t e r  is copied into the allomorphs of 

the. t l rst  member of the partition, and -incremented by 1 i n k o  

those of the second member. 

Number of Allomo,rphs 

Zone 3 4 

0 ac/bd 

1 a/bcd 

2 ab/cd 

3 ac/bd 

4 ad/bc 

5 a/bcd 

6. a cdJb 

7 ab/cd 
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3. Receding. The program recodes the al lomorphs into EBCDIC 

by another TRTR. instruction. 

4 .  D i s t r i b u t i o n .  The proqrdm d i s t r i b u t e s  the allomorphs to 

their locations in another region. The word's grouping fvncti~n 

c o n t r o l s  t h e  procegs. 

5 .  ~nflection. The program adds t h e  i n f l e c t i o n a l  e n d i n g s  

to the right of the sfem allornorph in conformi ty  with the class 

and subclass noted on the punched card.  

6. P r i n t i n g ,  The Rrogrm condenses the empty l e t t e r  arid 

p r i n t s  the inflected forms. 

We illustrate concisely these ph-ases t'or two words trom our 

Morphological D i c t i o n a r y ,  the verbs A PUTEA (may), and A VEDEA 

( t o  see ) .  They have, r e s p e c t i v e l y ,  f o u r  and f i v e  d i f f e r e n t  allo- 

morphs of the stem. 

Input. The con ten t  of t h e  card is 

PUTEA' P8UlrtA8TEh V.4 L00403 

VEDEA V9E9DEA v5 0703010 

8U, 19k, 8 T ,  9E, and 9D are var iab le  letters in the external code.. 

Some morphological parameters are 

V verb; p a r t  of speech 

9 
5 number of allomorphs 

10 
0.7 worc! length 

04 
03 stem l e n g t h  

0 3  
00 grouplng  f u n c t i o n  
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1. A f t e r  translation i n t o  the i n t e r n a l  cod'e' t h e  words are 

represented in s torage as 

EA 84 A9 86 F2 FO 

E6 92 93 F2 FO 

EA., F2, FO, and. E6 represent the fixed letters . P I  E, A, and V. 

84, A9, 86, 92, and 93 represent the variable  le t te rs  UJO, a/A, 

T/T.. E&A, and D/Z. The symbol p w t l l  be replaced by blank. 

2.  The four or three stem letters, specified by 04 or 93  on 

the punched card, give the following four o r  five allomorphs. 

Thk program decodes the Irregular v a r i a b l e  letter 8 4  and 

pfoduces the realizations u snd 0 (bytes F5, F6) in the a l lo -  

morphs a (u) and %, c, d ( 0 )  , in accordance with a translation 

table.  ( 3 )  The allomorphs are translated i n t o  EBCDIC. 

4. The allornorphs are placed in new registers as specified 

by the grouping functions 03- and 00. 
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5 .  The inflectional endings a l e  added. 

PU TEA, PU TEXtE, PO T, 'POTI, POATE, PU TEM, PU TETI, PO T f  

-JEDEA, VEDERE , V ~ D ,  VEZI , VEDE , VEDEM , VEDETI , VXD , . . .  

6. The computer condensgs t h e  empty ' letter in A PUTEA and 

p r i n t s  theinflecfpd forrps. 

The var iable- le t ter ,  method has t h e  advantage of keeping the 

Q n i t y  of t h e  word i n  t h e  Morphological Dictionary and producing 

t h e  inf lected forms correct ly .  At t h e  same time it regularizes 

t h e  greatest  pa r t  of t he  i r r e g u l a r  words. The on ly  i r r e g u l a r  

verbs t h a t  still remain are A AVEA ( t o  have), A DA (to give), 

A FI (-to be) , A LUA (to take) , A STA ( t o  s tand) .  . The other  

so-called i r r egu la r  verbs A BEA ( t o  drink),,.A MINCA ( t o  e a t ) ,  

A RELUA ( t o  re take) ,  A USCA ( t o  d r y ) ,  A VREA . ( to  want), and a l l  

t h e  other semiregular verbs belonging td t h e  t h i r d  conjugation 

[ 5 ,  141 are regular for our algorithm, and so are. t h e  i r r e q u l a r  

nouns sod-SURORI (sister)  , NORA-NURORI (daughter-in-,law) , 

OM-OAMENI (man) , e tc .  

The program contains 1455  ASSIRE statements and generates 

t h e  i n f l e c t e d  forms for all the 2058 words included in t h e  

Morphological Dictionary i n  1 minute 39 seconds. I t  represents 

an experimental ver i f ica t ion  of our algorithm and may be 

extended without essen t i a l  modifications t o  a l l  other Rumanian 

words, coded i n  t h e  same way. 
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Another program meant f o r  users receives a word fxom t h e  

punched card without  i t s  speclal  external  code or grammatical 

parameters, looks f a r  it in the Morphological Dib.tionary file 

now stored on the magnetic disk, and, i f  i t  is found, produces 

the paradigm of the m r d .  Exaqples.of its outpub appear on the 

nex t  two frames. 

Subsequent frames e x h i b i t  t h e  complete internal and external  

codes. 

The-Variable-letter method enables us t o . f o m  an easy algo- 

rithm for nnrphological analysis, as indicated in [ 2 ]  . 
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TRANSCRIBED OUTPUT' 

CuvTntul cexut : PUTEA 

~ ~ s ~ u n s u l  ordinatorului : 

1. PAMDIGMA VBRBULUI A PUTEA 

Nr.prs. Prezen t  Imper,fect Perfect M a i  mult ca Prezent ImQe- 
ind i ca t i v  simplu perfect conjunctiv . . ra t iv  

Sg. I POT PUTEAM PUTUT PUTUSEM POT 

11 'POTI PUTEAI PUTUS1 PUTU'SE$I POTI POT1 

111 POATE PUTEA PUTU PUTUSE POATE 

P1. I PUTEM PUTEAM P U T U ~  PUTUSE& PUTEM 

I POT PUTEAU P U T U ~  PUTUSE$ POATE 

Modurile 
ncpersonale : I n f i n i t i v  PUTEA PUTERE 

P a r t i c i p i u  PUTUT 

Gerunziu P U T ~ N D  
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TRANSCRIBED 'OUTPUT 

~ u v f  ntul ceru t  : VEDEA 

~ & ~ u n s u l  ordinatorulus : 

1. PARADIGMA VERBULUI A VEDEA 

Nr. pers.. Prezent Imperfect Perfect Mai mult ca Prezent  .. . Impe- 
ind5cati.v s im~ . lu  perfect con junct iv r a t i v  

,111 VEGE 
- -. 

P1, I VEDEM 

VEDE'AL VAIZU$I V~(ZUSE$I VEZI 

VEDEA 

u .) 

VEDEAU vl izud V~ZUSEG VADA 

Moclhrile nepersonale : I n f i n i t i v :  VEDEA VEDERE 

VEZI 

- A 
Part-i'cipiu: VAZUT Gerunzi~ : VAZIND 
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GENERALIZED RUMANYAN ALPHABET (EXTERNKL AND INTERNAL CODE) 

Zone 

Num . . 
0 

OnOO,fl/A 

1 
0001 

2 
-0010 

0' 

OOtlO 
- - 5  .-. -- ,. 

$A 

' a; 
%;/A, 
I"--- 

1 

0001 

2 

0010 

3 
0011 

4 

1A 
A f i  

. - -h l--... 
1E 

E/0 - -  

gf a/ 

3 

0011 

5 

0101 ----- 

4 

01.00 

2: 1 3: 
?/A / 11: 
a/b ; 

Q ' T  
I . 

I - - - - ----- b 

5 5U R . .  U t 

U/O 0,'U 

, 
4: 

?/I 

6 
0110 

7 
0111 

8 
1000 

9 
l ~ O l ~ / C  

A 
1010 

t 

B 
1011 

C 
1106 

D. 
1 l Q L a  

E 
I: 1.10 

.p - 
1111 

I. 

I 

- 

I 

6. 

0110 
-..- .. 

5A 
;/A 

.. : . 5 i .  
.EJA 

. - -  - 

4A. 
A/; 

4 i  
' E 

Y 

M 
. . 

I 

I 

7 E 

0111 

I 
a 

I 10 
I 0/0 : 

F 

7A ii 
~/i  

3s 
S/S 

3~ 
T/C 

3 T* 
T/P 

• 

, 

-2 

I 

PS i 
p/S i 

A 
a 

- 
4s 

s& 

4C 
C/T 

4T 
T/T; 

4D 
D/Z , 

4 2  
z/J 

-1-1 

I ' u  
6 i - 1  7A F A 

a 

PC i J-C 2C 
!C/p !C/g 

X/E; i /~ 
K 

5s 
S/S 

5~ 
TIC 

5T 
?/IT 

5 D  
. Z ~ D  . 

I 

E 
L 

I 

.2 G 
G / I  

2N 
N/B. 

2B 
B/P : .-.- .- 

I 

I I 

I IG 
I G/la 

. .  ,.jify,/ 1N 
a / ~  ' 

I 

$/H 

. 
L 

I 

6s : 7s W . 

s: 

'.I 

s. 

' ~ 1  * 1L 
I L/% 

S/S : . S / S  . w ' ,  I 

I 
i 

x i  5 . . I 
1 I 

L 

6C ' 7C 
C / T  ,i'C/T . . Y I  

! 

T, 

b 

T 

D 

' Z 

,,,, J 

6T 7T P 
T/T' ] T/T 

I 
1 

C 

6D 
,D/.z 

I a 

.L ID N 
D/Z Y, 

6 2  H 
Z/J  ; 

- 

. - 
.B 

b * . . 
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GENERALIZED RUMANIAN ALPHABET (EXTERNAL AND.INTERNAC CODE) 

E 

1110 
A 
* A  

I? 

1111 

A 

7 

, B 

,1011 

C 

1100 

7 
0111 
- 

8 
1000 

9 
1001 

A 
s o l 0  

B 
1011 

C 
I 1 0 0  

D .  
1101 

E 
1110 

1 

. D 

1101. 

A 

1010 

+- - 

9 

100i 

Zone 

N urn . 

F !  
A 

%OA 
A/E/A , 
a/bd/c 

8 

1000 

K 

W S 
I 

I 
- - - _ - - - .  . j 

' X s L 
i 
I 

- .  . -- I -- , 
8 1 

L Y C 

1 I 

8D 
D/z/~ 

.. adb/cd 
8L  

LI-p % 

acjbd 

8C 
C/P 
ab/5cd 

9A 
.A/% 
ae /hc.d 

0. 
0000 

6- 

E 

92 17% 
T/T/% X ~ A  
ab/c/de - - - -  - . -  - abicd . --- - 

9s' 1 8 A  
s i ;  PA 
abd/c 

.- -- abdlc 
9G 19-A 

cia. %/A 
ac/bd - ab.c/d 

#A 
-A/ja 
ad/bc 

- - I  I .  ----- --- -- - --L----L--.+ -- - 5 

P T 
i 

- 

I i 

I G T 
# 

9A- 
A,& 
abe/cdf 

933 

1 
0601 

2 

l l ~ l  

M 

- 

8G 
G / P / ~  
a/b/cd 

8E 

EJA 
ac/bd 

12A 

h 
I 

N D- 
l --- 

H z 
I 

0010 

3 
o 0.1 r 

4 
0100 

. 
5- 

010r 

6. 
0110 

- 

E/I 
a/bc 

80 
obu 
abc/d 

8U 
u/o 
a1bc.d 

85 
s/g 
abc/d- 

- 8T 
T/T 
abd/c 

E/X/A + A ' / E / ~  
ac/bd/e - /  S/b/cd 

ga 1 3 ~  
D/Z ! ?/(AH 
abe/cd a;/b/cd 

' -. -r-.-.-.m.-r.--. " 

92 1 4 ~  
. D / Z / g  EJA 

, ab/c/de ab/c'd . 

15A 9J A ~ l z / ( a  - ' I,&A 
'ac/bf /de ab/c/d- 

9T • v i 6 ~  
T /TL% A/A 
a;;/b/cd ad/bc 

I 
I 

I B J 

. - .- 
' 

. 

Q 

- . r, , ,,. --. , _A ----.. -L , 

1 

I 

I 

I 

! 
I 

R I  U 

.V 0 

I I 

i 

I L* 3'1- 



Rumanian Inflection 

1. Augerot ,  James E D  A study of  RunaniiAn morph'ophonology. 

Dissertation, university of Washington, 1968. 

2 .  Bocsa, Minerva. Coda.ge de 1 ' alphabet g&n6ralis& du Roumain 

pour l'ordinateur IRIS 50 (FELIX C-256) . Cahiers  lde l i n -  

g u i s t i g u e  the/orique e t  a p p l i q u g e ,  NO. 10, Fasc, 2 ,  1973 .  

3. Boc~a ,  Minerva. Alqori tm p e n t r u  generarea c u v i n t e l o r  limbii 

romane i n  ASSIRIS. Revista de a n a l i z a '  numerics si t e o r i a  

app rox imaf i e i ,  vol .  3 ,  fasc. 1, C l u j ,  1974. 

4.  Bocqa, Minerva. Dict ionar  mor fo l  o g i c  automast a1 l i m b i i  

romane pentru p r d i n a t o r u l  I R I S  50 (FELIX C - 2 5 6 ) .  Disserta- 

t i o n ,  Universi tatea d i n  Timi~bara, 1 9 7 4 .  

5 .  Diaconescu, Paula.. Con t r ibu t i )  l a  d e f i n i r e a - ~ i  c las i f icarea 

verbeior regulate i n  l imba r@^ana'. S t u d i i  s i  ~ e r c e t % r i  l i n g -  

v i s i t i c e ,  no .  2 ,  ah X I ,  B u c u r e q t i ,  1960. 

6. Diaconescu, Paula .  structura* ~i e v o l u t i e  ?n morfo log ia  s&- 

s t a n t i  v u l u i  rom8nesq. Kditura Academiei ~ e ' p u b l i c i i  Social- 

i s t e  ~omsnia, Bucure~ti-, 1970 .  

7.  F e l i x ,  ~ i i i .  Asupra al ternanfelor  fono log i ce  d i n  f lexi ,unea 

verbala romaneasc*a. s t u d i i  lgi cercetFzi  i i n g v i s t i c e ,  no. 6&, 

an XVI. Bucureq t i ,  '1965. 

8. Graur, Alexandru.  Incescare asupra  fondul u i  principal de 

c u v i n t e .  Bucure$t$, 1954. 

9 .  Gufu Romalo, Valeria.  Morfoldgie  s t r u c t u r a l :  a l i r n b i i  

roma^ne. Editura Academiei ~epublicii Soc ia l i s t e  ~omznia, 

Bucureg t i ,  1968. 

1 0 .  J u i l l a n d ,  Alphonse, and, P .  M. H a  Edw,ards., T h e  R a r n a n i a ~  verb 

system.  Mo~tm, The Hague, 1971. 

11. Lombard, Alf. fe verbe roumain. Lund, 1954. 

1 2 .  Marcus, Solbmon. ~ i n ~ v i s  ti c s m  t ema.t,i cz .- E d i t u r a  didacriticg 

$i pedagogic!$, Bacuresti , 1966. 



itumani an Inflection 

13. Marcus, Solomon, . d lgebcb ic  l i n g u i s t i c s ,  A n a l  y t i  t a l  models. 

Academic Press, New 'York and London, 1967. 

14. Moisil, Gripare C. Probleme puse de traducerea automata, 

Cohjugarea verbelor in liqtba romana scrisa. Studii $i cer- 

cetsri l i n g v i s - t i c e ,  no. 1, Bucureq t i ,  1960. 

15. f io is i l ,  Grigoxe C .  ~robl8mes posgs par l a  traduection auto- 

hatique. La decllnaison en rbumain &it. C-ahier de l ' in-- 

g u i s t i g u e  t h e g r i g u e  e t  a p p l i q u ~ e ,  no. 1, Bucureqti, 1962. 

16. Nistor Domonkos, Erica. d l g o r i t m  de  fraducere automat: din 

l i m b a  enoldza  in l i m b a r  romana. Editura ~ i d a c t i c z  $i Peda- 

goglca, Bucure$ti,- 1966. 

17 .  Sgteu, VaTeriu. Ohservapii asupra f recven$ei cuvintelor i n  

sperele Unor scr i - i tor i  ramani. S t u d i i  si Cerce tar i  L i n g y i  s- 

t i c e  no.. 3, Bucure~ti, 1959. 


