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ABSTRACT

This is the supplemental material provided for Character-based recur-
rent neural networks for morphological relational reasoning.

1 EXAMPLE OUTPUT

The following tables contain example output generated by the model
when evaluating on the validation set. The samples are not representa-
tive, they are just picked as illustrations demonstrating in what cases
the model works and when it fails. Incorrect output is massively over-
represented. The accuracy of the model is 95.60% for English, 83.26%
for Finnish, 89.12% for German, 70.54% for Russian, and 90.10% for
Swedish. For more details, see the paper.

Model size. Table 1 shows prediction accuracy for different sizes of
the hidden state in the RNN modules. Although the difference in per-
formance between the explored values is small, using a hidden size of
50 obtained the best score on both the validation and test sets.

“A large portion of this work was done while O.M. was a PhD student at
Chalmers university of technology, Sweden
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Table 1:

Prediction accuracy of the proposed model
on English validation set
using different hidden sizes

Size Accuracy
25 94.15%
50 94.60%
75 94.40%

100 96.40%
150 93.80%
200 93.35%
250 91.40%

Table 2: English: Correct (top), and incorrect (bottom) example outputs from
the model. Samples from English validation set

Correct:
Demoword1 Demo word?2 Query Target Output
misidentify misidentifies bottleneck bottlenecks bottlenecks
obliterate obliterated prig prigged prigged
ventilating ventilates disorganizing disorganizes disorganizes
crank cranker freckly frecklier frecklier
debauchery debaucheries bumptiousness  bumptiousnesses = bumptiousnesses
Incorrect:
Demoword1 Demo word2 Query Target Output
repackage repackaged outrun outran outrunned
misinformed misinform gassed gas gass
julep juleps catfish catfish catfishes
cedar cedars midlife midlives midlifes
affrays affray buzzes buzz buzze
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Table 3: Finnish: Correct (top), and incorrect (bottom) example outputs from
the model. Samples from Finnish validation set.

Correct:
Demo word 1 Demo word 2 Query Target Output
pyori pyOrimaisillaan seikkaile seikkailemaisillaan  seikkailemaisillaan
assosiatiivisuudet  assosiatiivisuuksina mahahapot mahahappoina mahahappoina
viestintasatelliitit ~ viestintisatelliittiin ahneudet ahneuteen ahneuteen
paikossa paikot tasapuolisuudessa tasapuolisuudet tasapuolisuudet
seminormiin seminormit viestintdsatelliittiin viestintasatelliitit viestintasatelliitit
paalaenlohkoin péaéalaenlohkot hillopurkein hillopurkit hillopurkit
siamankeineen siamankeina trieereineen trieereind trieereind
falangeina falangina timantteina timanttina timanttina
glaukofaaneina glaukofaani mukavuusavioliittoina mukavuusavioliitto —mukavuusavioliitto
Incorrect:
Demo word 1 Demo word 2 Query Target Output
konjugoimaisillaan konjugoi leimautumaisillaan leimautui leimaudui
augiitteina augiitit meininkeind meiningit meininkit
paatueksi paatukina bulevardisportiksi bulevardisportteina bulevardisporttina
ortodoksikirkoksi ortodoksikirkkoina  p&datueksi padtukina péituina
anodeissa anodina betonirampeissa betoniramppina betonirampina
puhelinlaskulta puhelinlaskuna tunnolta tuntona tunnona
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Table 4: German: Correct (top), and incorrect (bottom) example outputs from
the model. Samples from German validation set.

Correct:
Demo word 1 Demo word 2 Query Target Output
erwiirben erwerben abandonnierten abandonnieren abandonnieren
erwerben erwiirben abandonnieren abandonnierten abandonnierten
abgeschmackten abgeschmackteste  zirconiumhaltigen zirconiumhaltigste  zirconiumbhaltigste
abgeschmackteste  abgeschmackten zirconiumhaltigste  zirconiumhaltigen zirconiumhaltigen
gebarfahigen gebarfahigstes herzhaften herzhaftestes herzhaftestes
gebarfahigstes gebéarfahigen herzhaftestes herzhaften herzhaften
Bleichstoffe Bleichstoff Transportvorgédnge  Transportvorgang Transportvorgang
Hufschlige Hufschlag Kniste Knast Knast
Kniste Knast Hufschlage Hufschlag Hufschlag
Incorrect:
Demo word 1 Demo word 2 Query Target Output
angeschlagenste angeschlagener schmadlste schmaler schmiler
angeschlagener angeschlagenste schmaler schmélste schmalste
Zugriffe Zugriff Sandstiirme Sandsturm Sandstiirm
Zugriff Zugriffe Sandsturm Sandstiirme Sandsturme
Bleichstoff Bleichstoffe Transportvorgang Transportvorgdnge  Transportvorgange
Hufschlag Hufschlage Knast Knéste Knaste
Knast Knéste Hufschlag Hufschliage Hufschlage
Aste Astes Aufwénde Aufwandes Aufwindes
Astes Aste Aufwandes Aufwénde Aufwande
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Table 5: Russian: Correct (top), and incorrect (bottom) example outputs from
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the model. Samples from Russian validation set

Correct:
Demo word 1 Demo word 2 Query Target Output
wnndyete wnndyem meanunte Meanm Meaanm
Tepnsa Tepnute npeanpuvHMMan  nNpeanpuvHMMaeTe  npeanpuvHMMaeTe
yKopsieTe yKkopsielb cnewnBaeTecb cnelumBaeLlbca cnewmnBaeLbea
nyTelwecTBOBaAN  NyTeLeCcTBOBaTb nposepsaan npoBepATb npoBepATb
BaNATbCA BaNACh noAaJs1aXKmBaTb noAaJ1aXKnMBato noAaJ1aXkmBato
BaNACh BaNATbCA noAasiaxmvBato noanaxmeaTb noAaiaxmBaTb
cobupatoTca cobupanca pasymetoT pasymen pasymen
6naropapv 6narofapunu NoKpbIBaW NoKpbIBann NoKpbIBan
Incorrect:
Demo word 1 Demo word 2 Query Target Output
noAaJ1IaXnBaTb NoAJIaXMBato rnapeTb IENY rnagy
noAaJ1aXkmnBeato noaNaXxkmneaTb TASKY rnapeTb rNSXaTb
npeaynpexaan npeaynpexgaelwb  Jieun neynwb neyvyélb
noabupaet nonbupan nannTcs nAnbCs nsAnCb
nenycra nenycTm NPOHMKanA NPOHNKawn NPOHNKNTb
aenmm aenawmmn BblCMMCS BbICALUMIACA BbICMBLUMICA
OTMN/bIBaeM OTMNJ/IbIBAOLLINN nennm nenawmmn oennummn
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Table 6: Swedish: Correct (top), and incorrect (bottom) example outputs from
the model. Samples from Swedish validation set

Correct:

Demo word 1 Demo word 2 Query Target Output
attackdykare attackdykare pillranden pillrande pillrande
attackdykare attackdykare pillrande pillranden pillranden
involverade involverar sprack spricker spricker
spricker sprack iriserar iriserade iriserade
sprack spricker iriserade iriserar iriserar
bensintank bensintankar arbetstid arbetstider arbetstider
slipkloss slipklossar stenaldershjarna  stendldershjdrnor  stendldershjarnor
underfundighet = underfundigheter attackdykare attackdykare attackdykare
attackdykare attackdykare pillranden pillrande pillrande
attackdykare attackdykare pillrande pillranden pillranden
pillranden pillrande tickglas tackglas tiackglas
pillrande pillranden tackglas tackglas tackglas
Incorrect:

Demo word 1 Demo word 2 Query Target Output
involverar involverade spricker sprack sprickte
otillborligare otillborlig harémmare harom haré6mm
blekas blek likas lika lik

misstagas missta ledas leda led

krylla kryllade skraddarsy skraddarsydde skraddarsyde
dodforklara dodforklarade storgrat storgrit storgratte

Relation embeddings.

relation encoder is shown in Figures 1, 2, 3, 4.

6 1]

The embeddings computed by the model in the
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. (+) N: LGSPEC1 GEN Singular-ACC NEUT Plural
-Q ‘ne? (x) N: ACC Plural-LGSPEC1 GEN NEUT Singular
L Y

e EEE (+) N: LGSPEC1 Singular-GEN NEUT Plural
& I' ¢ B (x) N: Plural-LGSPEC1 GEN NEUT Singular
. ‘,Q_ b S % - (+) N: DAT Plural-GEN NEUT Singular
- _“’1-1-6 * ® (x) N: GEN Singular-DAT NEUT Plural
& o % L4 " e ™Y EEE (+) N: DAT Plural-NOM NEUT Singular
.‘;‘3 ° " " .'" B (x) N: NOM Singular-DAT NEUT Plural
S AP % Ceg 8 =l (+) N: GEN Singular-NOM NEUT Plural
N ? *® v L4 - X ] EEE (x) N: NOM Plural-GEN NEUT Singular
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Figure 1: t-SNE visualization of all demo relation pairs from German validation
set embedded using the relation encoder. Each word pair is represented by one
point in the plot. A subset of the points are colored by the relation type that they
represent

(+) N: FRML Singular-ON+ESS Plural

.z.?-.' g."‘ (x) N: ON+ESS Plural-FRML Singular
Q oy 4 "}. EEE (+) N: IN+ABL Singular-ON+ESS Plural
&=, o B (x) N: ON+ESS Plural-IN+ABL Singular
&' = . g (+) N: IN+ESS Singular-ON+ESS Plural
” ‘ 3‘/‘, s.:t‘. (x) N: 0N+ES§ Plural-IN+ESS Singular
‘; O ®x . - € EEE (+) N: NOM Singular-ON+ESS Plural
LAY o "'} . B (x) N: ON+ESS Plural-NOM Singular
& g%; B (+) N: ON+ABL Singular-ON+ESS Plural
A I (x) N: ON+ESS Plural-ON+ABL Singular
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Figure 2: t-SNE visualization of all demo relation pairs from Finnish validation
set embedded using the relation encoder. Each word pair is represented by one
point in the plot. A subset of the points are colored by the relation type that they
represent
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(+) N: ACC-NOM Plural
@ .3 (x) N: NOM-ACC Plural

HE (+) N: ACC Singular-NOM Plural
,ﬂ ”~ & = (x) N: NOM Plural-ACC Singular
%Xy - (+) N: DAT-NOM Plural
» . ot *’, (x) N: NOM-DAT Plural
)’f e o W BB (+) N: DAT Singular-NOM Plural
“, o W, .
o k) o« EEE (x) N: NOM Plural-DAT Singular
L ]
< o - I 'S mEm (+) N: ESS-NOM Plural
m =~ },, 4> odp mm (x) N: NOM-ESS Plural
Q o ,';_ B (+) N: ESS Singular-NOM Plural
& U” Se 5-' . = (x) N: NOM Plural-ESS Singular
- === (+) N: GEN-NOM Plural
< === (x) N: NOM-GEN Plural

g~ -~ #’n (+) N: GEN Singular-NOM Plural
3 L
Cadd

(x) N: NOM Plural-GEN Singular
(+) N: INS-NOM Plural

(x) N: NOM-INS Plural

(+) N: INS Singular-NOM Plural

(x) N: NOM Plural-INS Singular

(+) N: Plural-NOM Singular

(x) N: Singular-NOM Plural

Figure 3: t-SNE visualization of all demo relation pairs from Russian validation
set embedded using the relation encoder. Each word pair is represented by one
point in the plot. A subset of the points are colored by the relation type that they
represent

(+) ADJ: Comparative-Positive

(x) ADJ: Positive-Comparative
‘ (+) ADJ: Comparative-Superlative
o (x) ADJ: Superlative-Comparative

(+) ADJ: Positive-Superlative
$ ﬁ (x) ADJ: Superlative-Positive
= (+) N: Plural-Singular
" w (x) N: Singular-Plural
ol

(+) V: ACT-Infinitive NA PASS

(x) V: PASS-Infinitive NA ACT

(+) V: Infinitive NA-Present ACT

(x) V: Present-Infinitive NA ACT

(+) V: Infinitive NA-Past ACT

(x) V: Past-Infinitive NA ACT

L 4 (+) V: Infinitive NA PASS-Present ACT
(x) V: Present ACT-Infinitive NA PASS
(+) V: Infinitive NA PASS-Past ACT
(x) V: Past ACT-Infinitive NA PASS
(+) V: Present-Past ACT

(x) V: Past-Present ACT

T R
a* W

'f

Figure 4: t-SNE visualization of all demo relation pairs from Swedish validation
set embedded using the relation encoder. Each word pair is represented by one
point in the plot, colored by the relation type that they represent
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Query embeddings. The embeddings computed by the model in the
query encoder is shown in Figures 5, 6, 7, 8.

(+) ADJ: ACC Comparative FEM Singular-GEN Plural

(x) ADJ: GEN Plural-ACC Comparative FEM Singular

(+) ADJ: Comparative MASC Singular-ACC Superlative Plural

(x) ADJ: Superlative Plural-ACC Comparative MASC Singular

(+) ADJ: ACC MASC-DAT Comparative NEUT Singular

(x) ADJ: DAT NEUT-ACC Comparative MASC Singular

(+) ADJ: ACC MASC Singular-GEN Comparative Plural

(x) ADJ: GEN Plural-ACC Comparative MASC Singular

(+) ADJ: ACC Comparative MASC Singular-GEN Superlative Plural
(x) ADJ: GEN Superlative Plural-ACC Comparative MASC Singular
(+) ADJ: ACC Comparative MASC-NOM NEUT Singular

(x) ADJ: NOM NEUT-ACC Comparative MASC Singular

(+) ADJ: Comparative NEUT-ACC Superlative FEM Singular

(x) ADJ: Superlative FEM-ACC Comparative NEUT Singular

(+) ADJ): Comparative NEUT-ACC Superlative MASC Singular

(x) ADJ: Superlative MASC-ACC Comparative NEUT Singular

(+) ADJ: Comparative-ACC Superlative NEUT Singular

(x) ADJ: Superlative-ACC Comparative NEUT Singular

(+) ADJ: Comparative NEUT Singular-ACC Plural

(x) ADJ: Plural-ACC Comparative NEUT Singular

Figure 5: t-SNE visualization of all query words from German validation set
embedded using the query encoder. Each word is represented by one point in the
plot. A subset of the points are colored by the relation type that they represent
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(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)
(+)
(x)

ADJ: ON+ABL Singular-PRIV Plural
ADJ: PRIV Plural-ON+ABL Singular
N: ACC-FRML Plural

N: FRML-ACC Plural

N: ACC-GEN Plural

N: GEN-ACC Plural

N: ACC-IN+ESS Plural

N: IN+ESS-ACC Plural

N: ACC Plural-IN+ESS Singular

N: IN+ESS Singular-ACC Plural

N: ACC Plural-IN+LAT Singular

N: IN+LAT Singular-ACC Plural

N: ACC-INS Plural

N: INS-ACC Plural

N: ACC Plural-NOM Singular

N: NOM Singular-ACC Plural

N: ACC-ON+ABL Plural

N: ON+ABL-ACC Plural

N: ACC Plural-ON+ABL Singular
N: ON+ABL Singular-ACC Plural

Figure 6: t-SNE visualization of all query words from Finnish validation set em-
bedded using the query encoder. Each word is represented by one point in the
plot. A subset of the points are colored by the relation type that they represent

(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:
(+) ADJ:
(x) ADJ:

FEM-ACC NEUT Singular
NEUT-ACC FEM Singular
ACC-DAT FEM Singular
DAT-ACC FEM Singular

ACC FEM Singular-DAT Plural
DAT Plural-ACC FEM Singular
ACC-ESS FEM Singular
ESS-ACC FEM Singular

ACC FEM-ESS NEUT Singular
ESS NEUT-ACC FEM Singular
ACC FEM Singular-ESS Plural
ESS Plural-ACC FEM Singular
ACC-GEN FEM Singular
GEN-ACC FEM Singular

ACC FEM-GEN NEUT Singular
GEN NEUT-ACC FEM Singular
ACC FEM-INS MASC Singular
INS MASC-ACC FEM Singular
ACC FEM-NOM MASC Singular
NOM MASC-ACC FEM Singular

Figure 7: t-SNE visualization of all query words from Russian validation set
embedded using the query encoder. Each word is represented by one point in the
plot. A subset of the points are colored by the relation type that they represent
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(+) ADJ: Comparative-Positive

(x) AD]J: Positive-Comparative
(+) ADJ: Comparative-Superlative
(x) ADJ: Superlative-Comparative
(+) ADJ: Positive-Superlative

(x) ADJ: Superlative-Positive

(+) N:

(x) N:

(+) V:
(x) V:
(+) V:
(x) V:
(+) V:
(x) V:
(+) V:
(x) V:
(+) V:
(x) V:
(+) V:
(x) V:

Plural-Singular

Singular-Plural

ACT-Infinitive NA PASS
PASS-Infinitive NA ACT
Infinitive NA-Present ACT
Present-Infinitive NA ACT
Infinitive NA-Past ACT
Past-Infinitive NA ACT
Infinitive NA PASS-Present ACT
Present ACT-Infinitive NA PASS
Infinitive NA PASS-Past ACT
Past ACT-Infinitive NA PASS
Present-Past ACT

Past-Present ACT

Figure 8: t-SNE visualization of all query words from Swedish validation set
embedded using the query encoder. Each word is represented by one point in

the plot, colored by the relation type that they represent

This work is licensed under the Creative Commons Attribution 3.0 Unported License.
http://creativecommons.org/licenses/by/3.0/
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