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+ The past tense in Germanic “strong” verbs (e.g., Eng. bite ~ bit) is usually formed through ablaut (vowel alter- + Class I Pret.Sg. — vowel backing, most preferred repair \Q%&@ We attempt to model the developments beginning at a stage with the following two properties:
nation), but historically continues a Proto-Indo-European (PIE) verbal formation that obligatorily displayed o Yj? @é&% 1. Learners have failed to acquire an underlying RED morpheme; yet...
reduplication and accentually-conditioned ablaut. /bejt, PRET.SG/ PRES.: [ bejt-] hs > © 2. They are still presented with a range of “adult” forms including those which display apparent reduplication, such as Class
- In Gothic, however, reduplication and ablaut appear to coexist in complementary distribution. a, bejt £ I'pl. ['bebitum| and Class V sg. [ gegabe], and those which display apparent lengthening, such as Class V pl. ['ge:bum].
- PRINCIPAL QUESTION: How does the inherited PIE category develop into the Gothic system? b. brt (= //bjt//) ! * Given that all forms are parsed without an underlying RED morpheme, there is no strict ranking of the constraints in 2. that
. We propose that loss of mobile accentuation in Proto-Germanic (PGmc., the intermediate stage between c. =  bajt % can simultaneously and categorically predict both vowel lengthening in some forms (/geb, PRET.PL, un/ — ['ge:bum]) but
' ) K reduplication in others (/bejt, PRET.PL, un/ — [ bebitum]).
PIE and GOthiC) made more difficult the task of acquiring an underlying RED mOTPheme- - Class V Pret.Pl. — vowel lengthening, less preferred repair forced when backing and deletion are blocked .
. . . . . AN O - Because they can learn non-categorical outcomes, we employ MAxiMmUuM ENTROPY (MaxEnt) grammars (Goldwater and
2. Using Maximum Entropy learning models, we show that, once the PGmc. system is deprived of an under- 4 S & S
. e . . . . I . Qxf" P \,\0 4 \to‘z’ Johnson 2003) to model these changes.
lying RED morpheme, it inevitably moves towards the Gothic system in which reduplication is marginal. S &S / & . Data inbut: 14 input ) b 4ol f hoof th I b with bet 2 and 6 candidat
Jeh, PreTPL, um/ Press [arb . Sa. - [aab- @ - x O S ¥ @Q' F ata input: 14 inputs (one for each sg. and pl. for each of the seven classes), each with between 3 and 6 candidates.
5ED; B ’ . - Inputs marked as winners (“adult” forms) are reconstructed forms.
1 G OT H IC = D AT A a. gibum ! ' - Constraints are those used in the analysis of the Gothic system.
- - b. b %l
. ) o . . . . . 5 Em | " ' . i Here is a tableau of violations for /bejt, PRET, um/, with the “adult” form, exhibiting both reduplication and ablaut, indicated
Gothic “strong” verbs exhibit a diverse array of patterns in the formation of their preterite stems: ((1? ga bum | *: @ as the winner (thus it is given a frequency of 1, and all other candidates a frequency of 0).
. = geibum * AN >
| \&, '\ \ Q
Root Shape | Class 1.SG.PRES. 3.5G.PRET. 1.PL.PRET. GLOSS & ;o‘bc’ \00% \Q@& g\
I //bejt-a// [bejta] [/bajt// [bajt] //bjt-um// [brtom] bite’ - Class VII Pret.Pl. — "reduplication” (which is merely an INTEGRITY violation!), least preferred repair forced when all alternatives are blocked Q@x&& @,O o &Q)@Q” @é& @é&x @4 @é&% p Qf‘*&.
- _ - _ : . : x9F | | | | | | X
[CeRC/ I1 [[kews-a// [krwsa [[kaws// [kaws] [ [kws-um// [kosom | ‘choose’ \0%8}5 & @é& \0&9} \0%&@ /bejt, PRET.PL, um/ PRES: [bejt-] | O | & | N | < | < | | < |
I11 //bend-a// [binda] //band// [band] //bnd-um// [bondom ] ‘bind’ $§ "N o P "N N\ N - o ' ' ' ' ' ' ' '
: : b - S W &, & $ a bebitum | | b | ot
/CeC/ IV //nem-a// [n1ma| [/nam// [nam ] [/nexmum// [ne:xmom | ‘take’ /hajt, PRET.PL, um/ PRES.: [hajt-], Sg.: [hehajt-] S X N < 3> N N b. >> 'bitum | | | | | o1 1
v //geb-a/[ [giPa] //gab// [gat] //ge:bum// [ge:fom | give . haitum ! : C. ‘bebejtum | | o1 | | | 1
/CaC/ VI //dab-a// [daPa] //da:b// [do:p] //da:b-um// [do:fom] ‘happen’ ' - J . — p Tort | | | | | | | |
: - - i f b. hitum ( = //hjtum// ) | ! « - bejtum 1 1
Vila //hald-a// [halda] //he-hald// [hehald] //he-hald-um// [hehaldom] hold — ' N besjtum | | | | I | |
/CV{;,C}C/ | VIIb  /[lext-a// [lertan //le-la:t// [lelo:t] //le-la:t-um// [lelo:tom] let ; nejtum : ' ik ' ' ' ' ' ' ' '
: . : ‘ 1) : ho:j.tum x| *
Vllc | flazk-a/ [tlozka | [te-tlazk/[ [fetlozk] | [fe-flazk-um// [teflozkom | bewail - — dskfajtum | ) ) Note that candidate b. (the optimal form in Gothic) harmonically bounds candidate a., the “adult” form.

Each traditional “class” corresponds to a phonologically coherent set (ct. "Root Shapes”).

- Preterites formed with reduplication all belong to "Class VII,” which is comprised ot all and only the roots with long vowels 3. PIE: REDUPLICATION 4. PROTO-GERMANIC: PROSODY 6 . L EA R N A B I LITY: R E S U LTS

or with /a/ followed by two consonants.

+ All other strong preterites (Class I-VI) are formed by vowel alternations. Reduplicated Proto-Indo-European (PIE) “Perfect”: There are two aspects of the phonological system of Proto-
+ Theretore, reduplication and vowel alternation are in complementary distribution.

For MAXENT models for learning constraint weights, do off-line/batch models (conjugate gradient; ct. Hayes and Wilson 2008)

and on-line models (perceptron; ct. Pater 2008) pertorm difterently?

. Gk. 3sg.perf. [le-l6ip-e] ‘remains’ : 3.pLperf. [lé-lip-on] Germanic that pose a challenge for the preservation of the

Question: What is the preterite morpheme? N o PIE system.
— < PIE *[le-16jp-e] : *[le-lip-f - Off-Line Learning Tests (conjugate gradient; implemented in Max- - On-Line Learning Tests (perceptron; implemented in Praat v. 5.4)
it - - cat L The plural forms of CVC roots (which eventuall
1. Ifitis a (floating) vowel or vowel feature(s), then we cannot explain reduplication. o o o 1. 1he plural forms o roots (which eventually com- Ent Grammar Tool) — change compatible with learning bias — change compatible with acquisition order (Jiger 2007):
2. Ifitis a RED morpheme, we cannot explain the vowel alternations. + Skt. [co-kar-a] ‘has made’: [co-kr-tr] prise Class IV-V) are subject to consonant deletion: (Hayes et al 2009):
Proposal: We propose that the preterite morpheme is phonologically null, and that the various alternations result from con- - < PIE*[k"e-kVor-e]: *[k"e-k"r-] - Derivation: /RED, gie,bs, Um/ — (i) gre2.-gre.b3-um 1. No prior, zero initial weights (1 = 0, 0% = 10000 for all 1. Decision  strategy: ExponentialMaximumkEntropy;
straints that enforce MORPHOLOGICAL CONTRAST. . . . « ~ — (ii) gre0-0:.bo-1im — [g1e1,.-ba-im constraints): the grammar can’t choose between reduplicated Symmetric all updaterule; Initial plasticity: .0l
Two prosodic rules drive vowel alternations (“ablaut”) : T-’le< V)O‘zvel dgeleiion betV\[fien (i) ?;md <]ii) is caused b ['bebitum] and non-reduplicated ['bitum]. A weight of O is as- 2. Less than ~ 6000 replications of learning (so the learner sees
1. /e,0l =@/ M:an underlying mid vowel is deleted be- :hl ¢ rul £ 83): y signed to INTEGRITY (the constraint distinguishing those two each datum about 6000 times, updating weights with each oc-
2-1 G OT H I C 0 A N A LYS I S fore an accented morpheme a_j dut ru .e (1) (ct. §3); ) | | candidates); each receives .5 probability. currence), the winner, when evaluated without noise, is the di-
: : 2. /6] — [6] | eCo_Coe: an accented e becomes an ac- + The deletion of root /g;/ between (ii) and the SR is due 2. Non-zero initial weights, a strong prior for non-morphological achronically expected result almost everywhere. The output
: . : : . e . . ' OOt to OCP-SYLLABLE (Zukoft 2014; cf. Skt. 3.pl. [pe:cur] constraints (1 = 10, 0% = 0.6), weaker prior for morpho- distributions give a categorical results (i.e. ['bitum] >> ['bebi-
There are two active morphological contrast constraints, demanding phonological distinctiveness between related stems which cented [6] in between two unaccented [e] . , , >
diffor Gicul h factic feat ' ‘have cooked’ <— /pa-pac-ur/). logical constraints (u = 10, 0“ = 100, for REALMORPH tum]).
HHerin particiar morphosyntactic 1eatures. : , , , * . . . 3. Beyond 6000 replications, the older “winners” like [ 'bebitum ]
1. REALIZE-MORPHEME (RM; Kurisu 2001): Even though the preterite morpheme is phonologically contentless, this con- Question: How does a system with obligatory reduplica- 2. Change of PIE Mobile Accent > Fixed Leftmost Syllable: afld .PRET.. [e]>.. t}.le earned welghts predict 72 “.)ltu.m]' begin to receive some winners; eventually, the weights con-
straint dictates that the morphosyntactic feature PRETERITE be expressed (at the stem level) through some phonologica - 3.sg. PIE /ge-geb‘e/ — [gegabe| > PGmc ['gegabe] tion; original “winner” ['bebajte] receives an insignificant por-
distinction relative to the present tense. tions become the system seen in Gothic? - 3.pl. PIE /ge-geb-im/ — [ge:bim]| > PGmc | 'ge:bum]| tion.
2. ANTI-IDENT (Crosswhite 1999): The preterite singular and preterite plural stems should also be phonologically distinct. + The retraction of the accent renders both ablaut rules
| opaque.
Which deviation from the faithful mapping (which is equivalent to the present stem) a given preterite stem displays is deter- SELECTED REFERENCES P 7 2 C O N C L U S I O N
mined by which available faithfulness violation is least costly. From least costly to most costly (i.e. most preferred to least We propose that these changes made it difficult for learners . . . S . .
referred): Crosswhite, Katherine. 1999. Intra-paradigmatic Homophony Avoidance in Two Dialects of to establish the presence of an underlying RED morpheme. - We propose that the major trigger behind the loss of reduplication in the Germanic strong verb system was the opacity of
P | Slavic. In Matthew Gordon (ed.), UCLA Working Papers in Linguistics 1: Papers in Phonology, deleti that ted f f ithout cl duplicati h 'se'b
867, Los Angeles: UCLA Department of Linguistics. o os Tittle indicats £ 1 thi eletion processes that created surface forms without clear reduplication, such as ['ge:bum]|.
Back th I Class [V bai 0] [ backl-I0 4 | | | | | ge:bum| gives little indication of its presence, and this , , , , .
1. Back the vowel: Class I-V pret.sg,, e.g., [bajt] (violates IDENT|-back]-10) Goldwater, Sharon, and Mark Johnson. 2003. Learning OT Constraint Rankings Using a Max- , , , - Prior to a change in the prosodic system, the deletion processes were transparent, and speakers were correctly able to derive
. . imum Entropy Model. In Jennifer Spenader, Anders Eriksson and Osten Dahl (eds.), Pro- seems to have affected the lnterpretatlon of the entire SYS- , . , . .
2. Delete the vowel: Class I-III pret.pl,, e.g., [bit] (violates MAX-V-IO) ccedings of the Stockholm Workshop on Variation within Optimality Theory, 120 ) [ge:bim ] (with accented suffix) from /RED, geb, am/. After the change, however, speakers could not reconstruct the original
3. Lengthen the vowel: Class IV-V pret.pl. (/e/ — [e:]), e.g., [ge:bun]; Class VI pret.sg. & pret.pl. (/a/ — [a:]), e.g. [do:b], Hayes, Bruce, and Colin Wilson. 2008. A Maximum Entropy Model of Phonotactics and Phono- et . . system, inducing change.
. tactic Learning. Linguistic Inquiry 39.379-440. - Without strong evidence of a RED morpheme, it is more . L. . . . .. .
[do:bun] (violates IDENT|-long]-10) ey, B, e Ziaey Biier S anl D Oty Londle, zoeg, Netmell snd Usmstue] , .t oe:bum] as instantiat - - MaxEnt learning models predict similar diachronic outcomes, towards the Gothic system. This is true of both batch learning
: . . : o . armonic to parse [ getbum| as instantiating an - . . . . . . . . : : el
4. Reduplicate: Class VII pret.sg & pl., e.g., | hehajt], [hehajtun] (violates INTEGRITY-1O) - Comeimetigs i gt Yorvel femmmony;, Logguage Sty I P 5 , , , 5 : and on-line learning. The selection of unreduplicated forms as winners is attributable to either learning bias or acquisition
Jager’GGerhird. J2 Mal Maglﬁum EntSOIS)y o ilni SZtOChaStECdOl:))tzn allzlty Theor?% lln Janz long] violation than simulataneous violations of IDENT]- order. The grammar proposed for Gothic is a stable and learnable system
rimshaw, |. Maling, C. Manning, |. Simpson and A. Zaenen (eds.), Architectures, Rules, an 3 i . .
TOTAL GOTHIC RANKING: REALIZE-MORPHEME, * SUPERHEAVY, ~ COMPLEX, IDENT|+back]|-IO > INTEGRITY- Preferences:AFests%hrﬁfor]oafBresnaI:@, 467-79. Stanford: CSLI Publications, long| and MAx-C (and possibly also INTEGRITY). , 5 , prop , y ,
(0 ANTLT : | 0. MAX VIO < | hack IO Kurisu, Kazutaka, 2001, The Phonology of Morpheme Realization. Ph.D. diss, University of . The loss of the RED morpheme does not immediately trig- - Future Directions: (1) Learning of URs (Tesar & Smolensky 2000, Pater et al. 2012) to model the failure to learn a /RED/
> ANTI-IDENT >> IDENT|- Ong]— , MAX-V-10 > IDENT|[-back]-IO. California, Santa Cruz. S , morpheme in Proto-Germanic; (2) Motivating initial non-zero weights, especially for INTEGRITY.
Pater, Joe. 2008. Gradual Learning and Convergence. Linguistic Inquiry 39.334—45. ger IOSS Of reduphcatlon 1n the entire language. It more

Zukoft, Sam. 2014. On the Origins of Attic Reduplication. In Stephanie W. Jamison, H. Craig
Melchert and Brent Vine (eds.), Proceedings of the 25th UCLA Indo-European Conference.
Bremen: Hempen.

likely occurs gradually.



