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Pratyaharas
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aC=(a, i, u, 1,1, e, o, ai, au)
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Analysis of iko yanaci: [iK] — [yN]/_ [aC]

1. |a i u N
2. r | K
3. e o N
4. ai  au C
5 1h y v r T
6. I N

satra 6.1.77: iko yanaci (s?’ﬁ gurfer )

analysis: [ik]gen[Yan]nom[aclioc

[iK] = [yN]/_[aC]
(i,urnl)y=(v,r)/_(aiurl e o, aiau)
dadhi + atra — dadhyatra

¢ 6 ¢ ¢ ¢
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Our task

Panini’s method
@ Unique method which is especially economical
@ Method developed for a single language

@ Testing of applicability to other languages

German as a test case
@ Indoeuropean language with a smaller Sandhi-system
@ No codified grammatical description

@ 7 example processes of German
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Phonological processes of German

final devoicing /hond/ ‘dog’ — [hount]
(b,d, g,v, 2 3) — (p, t, k, £, s, [) / __ word boundary
umlaut [bal+s] ‘ball’ (sg.) + plural — [belo]
(ui, v, o, 0, a1, a, av) — (yi, Y, @1, o, €I, €, o)
velar nasal assimilation /ankunft/ ‘arrival’ — [apgkunft]
m) = () / _ (& g)
labial nasal assimilation /anbay/ ‘outbuilding’ — [ambay]
() = (m) / __ (p, b, ph, £, v)
glottal stop epenthesis /a1/ ‘egg’ — [?ai]
() — (?) / word boundary __ vowel
vowel shortening /mornaeci:/ ‘monarchy’ — [monaeci:]
(i1, y1, ex, o1, ur, o1) — (i, y, e, 9, u, 0) / __ unstressed

palatal fricative assimilation /bag/ ‘brook’ — [bax]
(¢) = (x) / (a1, a, us, v, 01,0, av) _
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Set of 10 German sound classes that have to be described

devoicing input {b, d, g, v, z, 3}

devoicing output {p, t, k, f, s, [}

umlaut input {u:, u, oz, o, a1, a, av}

umlaut output {y:, v, g1, ce, €1, €, o1}

nasal assimilation velar (right context) {k, g}

nasal assimilation labial (right context) {p, b, pf, f, v}

glottal stop epenthesis (right context)
{v,e,0,1,¢ 00,0, a,i,¢ 0,u,y, 0, a i, o, u, yi, g1, €1, aL, oL, av, €1}

vowel shortening input {i:, yz, e1, g1, uz, o1}
vowel shortening output {i, y, e, ¢, u, o}

palatal fricative assimilation {a:, a, u:, u, oz, 0, ay}
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Main theorem on pratyaharasiitras

task

Given a set of sound classes find a list of the sounds in the style of
Panini's Sivasiitras (called pratyaharasiitras) which provides a
pratyahara for each sound class.

main theorem

A set of sound classes has pratyaharasitras in which no sound occurs
more than once

-

the concept lattice of the set of sound classes is planar and each
sound occurs on its boundary.

Petersen (2009): On the Construction of Sivasiitra-Alphabets. In Proc. of the 3rd Int. Sanskrit Comp. Ling. Symp.
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{{d7 e}? {37 b}7 {b7 C? d? f? g? h? i}7 {f.? i}7 {C? d? e? f? g? h? i}7 {g? h}}

g {>
AR

C

{C7 d’ f’ g’ h7 i}
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Example: concept lattice

{{d7 e}’ {37 b}? {b7 Cﬂ dﬂ fﬂg7 h’ I}? {f’ I}? {Cﬂ dﬂ e? fﬂg7 h’ I}? {g’ h}}
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Pratyaharasitras with a minimal number of markers
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Pratyaharasitras with a minimal number of markers
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Pratyaharasitras with a minimal number of markers

o0 =

i

f
ﬁ

©

ed

Petersen & Hamann On the generalizability of Panini's pratyahara-technique



Introduction Sivasiitras German pratyaharasutras Outlook
o

000 000000

Pratyaharasitras with a minimal number of markers

edMc
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Pratyaharasitras with a minimal number of markers

edM;cfi
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Pratyaharasitras with a minimal number of markers

edMlcfiM2
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Pratyaharasitras with a minimal number of markers

edM1 Cfnggh/\/l3bM4al\/I5
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Set of 10 German sound classes that have to be described

devoicing input {b, d, g, v, z, 3}

devoicing output {p, t, k, f, s, [}

umlaut input {u:, u, oz, o, a1, a, av}

umlaut output {y:, v, g1, ce, €1, €, o1}

nasal assimilation velar (right context) {k, g}

nasal assimilation labial (right context) {p, b, pf, f, v}

glottal stop epenthesis (right context)
{v,e,0,1,¢ 00,0, a,i,¢ 0,u,y, 0, a i, o, u, yi, g1, €1, aL, oL, av, €1}

vowel shortening input {i:, yz, e1, g1, uz, o1}
vowel shortening output {i, y, e, ¢, u, o}

palatal fricative assimilation {a:, a, u:, u, oz, 0, ay}
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German sound classes: concept lattice
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German sound classes: concept lattice

Vowels constitute a planar lattice
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P

[devoicing outl lnas.assi.labial] lnas.asim.velarl devoicing in

Duplication of a consonant necessary!
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Proposed pratyaharasiitras for German

<
glottal epenthesis

dztftsslpnmj?hexgk M ts[fp Mopftbv Mszzdg M,

orvraigyeiunoaMsvoavarorur Mgirery:g: My exoroe vy e Mg
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Proposed pratyaharasiitras for German

glottal epenthesis

(%afgylgnmj?hgxngltsffp/\/lgi;fbvl\/lg,gzdg M,

orrialgyeiuoaMsuvoavarorur Meirery:g: M ezoroey e Mg
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Proposed pratyaharasiitras for German

umlaut out |vmwe| shortening m”palatal assim Hvowe\ shortening out‘ devaicing in || nas. assim. labial | | devoicing out | | nas. assim. velar

glottal epenthesis

Gztftselygnmj?hexgk Mits[fpMopfbv Msgzdg My

orralgyeiuoaMsuvoavarorur Meirery:g: M ezoroey e Mg

Petersen & Hamann On the generalizability of Panini’s pratyahara-technique



Introduction Sivasiitras method German pratyaharasutras

000 0000 O00@00

Proposed pratyaharasiitras for German

glottal epenthesis

dztftsslpnmj?hexgk M ts[fp Mopftbv Ms3zdg M,

orrialgyeiuoaMsuvoavarorur Meirery:g: M ezoroey e Mg
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Proposed pratyaharasiitras for German

glottal epenthesis

(%a‘%ylgnmj?hgxng1tsfprggfva3gzdg My

orrialgyeiuoaMsuvoavarorur Meirery:g: M ezoroey e Mg
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Proposed pratyaharasiitras for German

devaicing in || nas. assim. labial | | devoicing out | | nas. assim. velar

glottal epenthesis

dztftsslpnmj?hexgk Mits[fp Mapfbv Ms3zdg M,

orrialgyeiuoaMsuvoavarorur Meirery:g: M ezoroey e Mg

Petersen & Hamann On the generalizability of Panini’s pratyahara-technique



Introduction Sivasiitras method German pratyaharasutras Outlook
o

000 0000 O000e0

Resulting pratyaharas

dztftsslypnmj?hexgkMits[fpMopfbv Ms
szdgMsoeraigyeiuoa Msvoayarorur Mg irery:or My
erorey e Mg

bMa Input to final devoicing

kM, Output to final devoicing

gM; Input to velar nasal assimilation

fM5 Input to labial nasal assimilation

uMg Context of palatal fricative assimilation
aMs Input to umlaut

y:Mg Output to umlaut

a:M; Input to vowel shortening

@Mz Output to vowel shortening

¢ © ¢ 6 ¢ ¢ ¢ ¢ ¢ ¢

oMg Context of glottal epenthesis
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Resulting pratyaharas

dztftsslypnmj?hexgk My ts[fp Mo pf B Ms
BZ2dg Myorerargyeiuoa Msvoayuaroru Meirery:rgr My
erorey e Mg

@ BM4 Input to final devoicing (b v 32z d g)

@ kM, Output to final devoicing (k t s [ f p)
@ gM; Input to velar nasal assimilation

@ fM5; Input to labial nasal assimilation

@ uMg Context of palatal fricative assimilation
@ aMs Input to umlaut

@ y:Mg Output to umlaut

@ a:M; Input to vowel shortening

@ ¢Ms Output to vowel shortening

°

oMg Context of glottal epenthesis
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Phonological processes in pratyahara notation

dA;gE[t/églgnmj?hgxngltsfprggf-/\/k
BZidg Myorerargyeiuoa Msuvoauaroru Meirery: g My
erorceye Mg

® bMy; — kM, /__ word boundary final devoicing
° /n/ —[y] /_gM velar nasal assimilation
o /n/ — [m] /_ tM;3 labial nasal assimilation
o { } — [?] / word boundary _ oMjg glottal stop epenthesis
@ atM7 — 6Ms / __ unstressed vowel shortening
° /¢/ — [x] / uMs _ palatal fricative assimilation
o aMg — y:Msg umlaut
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Summary & outlook

@ The pratyahara method is applicable to the description of the
sound system of German

@ Our sample of German phonological processes is rather small

o Further languages (e.g. non-Indoeuropean, or with larger
Sandhi-systems) have to be investigated
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