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OUTLINE
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WORD EMBEDDINGS

Index Word
… …

535 nearly

536 shares

537 member

538 campaign

539 media

540 needs

541 why

542 house

543 issues

544 costs

545 fire

… …
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WORD EMBEDDINGS

Source: Bengio et al., 2003
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WORD EMBEDDINGS
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WORD EMBEDDINGS
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WORD EMBEDDINGS

house cosine distance*

houses 0.292761

bungalow 0.312144

apartment 0.3371

bedroom 0.350306

townhouse 0.361592

residence 0.380158

mansion 0.394181

farmhouse 0.414243

duplex 0.424206

homes 0.43802

∗ 𝑐𝑜𝑠𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑢, 𝑣 = 1 −
𝑢 ⋅ 𝑣
𝑢 𝑣
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WORD EMBEDDINGS
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DNN EMBEDDINGS AS MATRIX FACTORIZATION

Source: Manning & Socher, Stanford CS224n course, 2017
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THE EMBEDDING SPACE IS STRUCTURED

http://www.alanturing.net

Source: Mikolov et al., 2013.
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THE EMBEDDING SPACE IS STRUCTURED

Source: Mikolov et al., 2013.
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THE EMBEDDING SPACE IS STRUCTURED

Source: Hewit et al., 2019.
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SYNTAX AND SEMANTICS CONTINUUM

Source: Mikolov et al., 2013.
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SYNTAX AND SEMANTICS CONTINUUM

Source: Mikolov et al., 2013.
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SYNTAX AND SEMANTICS CONTINUUM

Source: Mikolov et al., 2013.Source: Pennington et al., 2014.
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UNITS AT ALL LEVELS

Source: El Boukkouri, 2018

Source: Karpathy, 2015
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UNITS AT ALL LEVELS

Source: Akbik et al., 2018

Source: Deblin et al., 2018
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ORIGINAL THEORETICAL INSIGHTS ON LANGUAGE

• The embedding space is not only organized in neighborhoods but highly 
structured following relatively precise dimensions

• Syntax and semantics are not two clearly distinguished dimensions of  
language, but rather zones of  a continuum resulting from one and the 
same analytic procedure

• Words are not the fundamental units of  language; language is made of  
interrelated units at different levels, including non significant ones 
(letters)
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ORIGINAL THEORETICAL INSIGHTS ON LANGUAGE

• If  DNNs models are above all classificatory devices, their 
relation to natural language shows that classification is not 
about mutually exclusive classes resulting from equivalence 
relations over terms, but a deeper structure emerging from the 
interaction between terms at different levels

• Those properties are independent from the specific technique 
of  DNNs
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$PNQVUBUJPO

.PEFMT PG DPNQVUBUJPO
5VSJOH NBDIJOFT PQFSBUJPOBM NFDIBOJDBMব�DBMDVMVT GVODUJPOBM 
বܤΘܠ�ܡ ɥ ܠ ܤ= ɣ ?ܡ
*NQMFNFOUBUJPO PG UIF ব�DBMDVMVT
5SBOTMBUF UIF IJHI�MFWFM DPODFQUT UP MPX�MFWFM POFTƔ OPO�EFUFSNJOJTUJD 	CVU TUJMM DPOnVFOU
Ɣ OP EJTUJODUJPO CFUXFFO EBUB BOE PQFSBUJPO
 JOUSPEVDF B NJEEMF HSPVOE
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ɨF ,SJWJOF "CTUSBDU .BDIJOF

4QFDJmFT UIF PSEFS PG FWBMVBUJPO CZ GPDVTJOH PO QBSU PG B UFSN�
5XP DPNQPOFOUT� B UFSN BOE B DPOUFYU� B TFRVFODF PG UFSNT ଜܠ Ɣ 
ଝܠ Ɣς��
5XP SVMFT

ܡܠ  Ѱ ܠ ܡ Ɣ  	QVTI
বܤΘܠ ܡ Ɣ  Ѱ ܠ ܤ= ɣ ?ܡ  	QPQ


"MMPXT UP TJNVMBUF UIF ব�DBMDVMVT�Ɣ %FUFSNJOJTUJDƔ BDUJWF EBUB� UIF UFSNƔ JOBDUJWF EBUB� UIF DPOUFYUƔ UXP PQFSBUJPOT
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4FU ܠ UIF TFU PG DPOUFYUT ܠ JOUFSBDUT XFMM XJUI�
4FU ܠ UIF TFU PG UFSNT UIF DPOUFYUT JO ܠ JOUFSBDU XFMM XJUI�

ɨF UFSN JO ܠ CFIBWFT BT ܠ
0SUIPHPOBMJUZ JT B DMBTTJmDBUJPO QSJODJQMF�



Gastaldi & Pellissier | The Logic of Language 23

$PNQVUBUJPO

.PEFMT PG DPNQVUBUJPO
5VSJOH NBDIJOFT PQFSBUJPOBM NFDIBOJDBMব�DBMDVMVT GVODUJPOBM 
বܤΘܠ�ܡ ɥ ܠ ܤ= ɣ ?ܡ
*NQMFNFOUBUJPO PG UIF ব�DBMDVMVT
5SBOTMBUF UIF IJHI�MFWFM DPODFQUT UP MPX�MFWFM POFTƔ OPO�EFUFSNJOJTUJD 	CVU TUJMM DPOnVFOU
Ɣ OP EJTUJODUJPO CFUXFFO EBUB BOE PQFSBUJPO
 JOUSPEVDF B NJEEMF HSPVOE

ɨF ,SJWJOF "CTUSBDU .BDIJOF

4QFDJmFT UIF PSEFS PG FWBMVBUJPO CZ GPDVTJOH PO QBSU PG B UFSN�
5XP DPNQPOFOUT� B UFSN BOE B DPOUFYU� B TFRVFODF PG UFSNT ଜܠ Ɣ 
ଝܠ Ɣς��
5XP SVMFT

ܡܠ  Ѱ ܠ ܡ Ɣ  	QVTI
বܤΘܠ ܡ Ɣ  Ѱ ܠ ܤ= ɣ ?ܡ  	QPQ


"MMPXT UP TJNVMBUF UIF ব�DBMDVMVT�Ɣ %FUFSNJOJTUJDƔ BDUJWF EBUB� UIF UFSNƔ JOBDUJWF EBUB� UIF DPOUFYUƔ UXP PQFSBUJPOT

" DFOUSBM NFDIBOJTN� JOUFSBDUJPO

" UFSN JOUFSBDUT XJUI JUT DPOUFYU�
4PNF JOUFSBDUJPOT BSF XFMM�CFIBWFE 	UFSNJOBUF
 TPNF EP OPU�

0SUIPHPOBMJUZ
$POTJEFS B UFSN �ܠ
4FU ܠ UIF TFU PG DPOUFYUT ܠ JOUFSBDUT XFMM XJUI�
4FU ܠ UIF TFU PG UFSNT UIF DPOUFYUT JO ܠ JOUFSBDU XFMM XJUI�

ɨF UFSN JO ܠ CFIBWFT BT ܠ
0SUIPHPOBMJUZ JT B DMBTTJmDBUJPO QSJODJQMF�

"O FNFSHJOH MPHJD

4VQQPTF ܡܠ JT PG UZQF ۴  PG UZQF ۴�
ܡܠ  BOE  JOUFSBDU XFMM�

ܡܠ  Ѱ ܠ ܡ Ɣ 
)FODF ܠ JOUFSBDUT XFMM XJUI ܡ Ɣ �
4VQQPTF ܡ JT PG UZQF ۵ XF DBO XSJUF ܡ Ɣ  PG UZQF ۵ Ɣ ۴�
)FODF ܠ JT PG UZQF 
۵ Ɣ ۴� XIJDI XF XSJUF ۵ ɥ ۴�

" MPHJD PG JNQMJDBUJPO OFHBUJPO BOE DPOKVODUJPO FNFSHFT�



Gastaldi & Pellissier | The Logic of Language 24

$PNQVUBUJPO

.PEFMT PG DPNQVUBUJPO
5VSJOH NBDIJOFT PQFSBUJPOBM NFDIBOJDBMব�DBMDVMVT GVODUJPOBM 
বܤΘܠ�ܡ ɥ ܠ ܤ= ɣ ?ܡ
*NQMFNFOUBUJPO PG UIF ব�DBMDVMVT
5SBOTMBUF UIF IJHI�MFWFM DPODFQUT UP MPX�MFWFM POFTƔ OPO�EFUFSNJOJTUJD 	CVU TUJMM DPOnVFOU
Ɣ OP EJTUJODUJPO CFUXFFO EBUB BOE PQFSBUJPO
 JOUSPEVDF B NJEEMF HSPVOE

ɨF ,SJWJOF "CTUSBDU .BDIJOF

4QFDJmFT UIF PSEFS PG FWBMVBUJPO CZ GPDVTJOH PO QBSU PG B UFSN�
5XP DPNQPOFOUT� B UFSN BOE B DPOUFYU� B TFRVFODF PG UFSNT ଜܠ Ɣ 
ଝܠ Ɣς��
5XP SVMFT

ܡܠ  Ѱ ܠ ܡ Ɣ  	QVTI
বܤΘܠ ܡ Ɣ  Ѱ ܠ ܤ= ɣ ?ܡ  	QPQ


"MMPXT UP TJNVMBUF UIF ব�DBMDVMVT�Ɣ %FUFSNJOJTUJDƔ BDUJWF EBUB� UIF UFSNƔ JOBDUJWF EBUB� UIF DPOUFYUƔ UXP PQFSBUJPOT

" DFOUSBM NFDIBOJTN� JOUFSBDUJPO

" UFSN JOUFSBDUT XJUI JUT DPOUFYU�
4PNF JOUFSBDUJPOT BSF XFMM�CFIBWFE 	UFSNJOBUF
 TPNF EP OPU�

0SUIPHPOBMJUZ
$POTJEFS B UFSN �ܠ
4FU ܠ UIF TFU PG DPOUFYUT ܠ JOUFSBDUT XFMM XJUI�
4FU ܠ UIF TFU PG UFSNT UIF DPOUFYUT JO ܠ JOUFSBDU XFMM XJUI�

ɨF UFSN JO ܠ CFIBWFT BT ܠ
0SUIPHPOBMJUZ JT B DMBTTJmDBUJPO QSJODJQMF�

"O FNFSHJOH MPHJD

4VQQPTF ܡܠ JT PG UZQF ۴  PG UZQF ۴�
ܡܠ  BOE  JOUFSBDU XFMM�

ܡܠ  Ѱ ܠ ܡ Ɣ 
)FODF ܠ JOUFSBDUT XFMM XJUI ܡ Ɣ �
4VQQPTF ܡ JT PG UZQF ۵ XF DBO XSJUF ܡ Ɣ  PG UZQF ۵ Ɣ ۴�
)FODF ܠ JT PG UZQF 
۵ Ɣ ۴� XIJDI XF XSJUF ۵ ɥ ۴�

" MPHJD PG JNQMJDBUJPO OFHBUJPO BOE DPOKVODUJPO FNFSHFT�

5BLF BXBZT

� *OUFSBDUJPO BT B OPUJPO PG DPNQVUBUJPO
#FUXFFO TVCUFSNT PG UIF UFSN OPU CFUXFFO BHFOUT

� 0SUIPHPOBMJUZ FNFSHFT GSPN JOUFSBDUJPO
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PROOF OF CONCEPT
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PROOF OF CONCEPT

a, b, c, d, e,
h, i, j, k,

m, n, o, p... [+6] /

a, d, e, i,
l, n, o, r, u /

a, c, e, f, i, n,
o, p, r, s, t, u /

a, d, e, i, n,
p, r, s, t, u, y /

a, e, i, o, u /

⊥, /

a, e, i, o /

b, c, d, f, g,
j, l, m, n,

p, r, s, t... [+2] /

b, c, d, f, g, h,
l, m, n, p, r, s, t /

b, c, d, f, g,
k, l, m, n,

r, s, t, v... [+2] /

b, c, d, f, g,
k, l, m, n,

r, s, t, v... [+1] /

a, b, c, d, e,
g, h, j, l,

n, o, p, q... [+3] /

b, c, d, e, f,
h, l, m, n,

r, s, t, v... [+1] /

0, 1, 2, 3, 4,
6, 7, 8, 9,

e, f, g, p... [+4] /

0, 1, 2, 3, 4, 5,
6, 7, 8, 9, p, £ /

0, 1, 2, 3, 4, 5,
6, 7, 8, 9, e, s, £ /

0, 1, 2, 3, 4,
5, 6, 7, 8, 9 /

⊤, /

\ 0, 1, 2, 3, 4,
5, 6, 7, 8, 9

\ 1, 2, 3, 4,
5, 6, 7, 8, 9

\ a, e, i, o

\ ⊥,

\ ⊤,

\ 0, 1, 2, 3, 4, 5,
6, 7, 8, 9, p, °

\ a, e, i,
n, o, s, y

\ a, b, e, i, m,
o, p, r, u, y

\ a, d, e, i, k, l,
m, o, s, t, u, y

\ a, c, e, h, i, m,
o, p, s, t, u, y

\ a, b, e, i,
l, o, r, u, y

\ a, c, d, e, g,
i, o, s, t, u, y

\ a, e, f, i,
l, o, r, t, u

\ a, c, d, l, m, n, p,
r, s, t, v, w, x, y \ 2, φ

\ 0, 1, 3, θ

\ 1, 2, 3, γ

\ a, j, q, z, ζ

\ c, d, f, g, l, m,
n, r, s, t, v, z

\ b, c, d, f, g, h, l,
m, n, p, r, s, t, v, y\ a, e, o, u
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PROOF OF CONCEPT



• Cultural (collective) instead of  cognitive (individual) framework

• Alternative way of  connecting (theoretical) computer science to meaning

• Possible links between DNN models and theoretical computer science

• Neither connectionist, not symbolic, but still logical

• Not limited to natural language
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CONCLUSIONS
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