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1 At THE CARTESIAN WELL: THE
MINIMALIST PROGRAM & CATEGO-
RIAL GRAMMAR

Imagine the following scene. You are at your fa-
vorite beer hall somewhere in Amsterdam—Ilet’s
call it the Cartesian Well. Well known meeting
place of intelligentsia, you are not surprised when
a thin person dressed all in black sidles up to you
and whispers in your ear, “Have I got a linguistic
theory for you!” You of course yawn, have heard
many such fables in your time; besides you have
drunk too much. “No, wait,” the figure grabs

your shoulder, “I've discovered that Chomsky’s
latest approach to syntax and categorial gram-
nverging.”

Another flat-earth cultist? you think. “Well,
hear me out—at least let me buy you another
beer.” So you to listen to the tale:

19954 Berwick & Epstein

4 (CONCLUSIONS FROM THE BEER
HALL

To summarize, given the current push towards
“minimalism” in the so-called government-and-
binding approach seems to have eliminated both
government (and binding, not discussed here) in
favor of a single hierarchical concatenation op-
erator that meshes perfectly with the classical
theory of categorial grammar, as well as provid-
ing a natural explanation for the observed gram-
matical relations and a transparent framework on
which to build a model of sentence processing.
While this trend surely does not solve all our “re-
ligious” problems, it certainly goes a long way
towards taking down the “barriers” to a mature,
ecumenical framework within which to reach com-
mon ground among what has long appeared to
ite dispar nts of
Perhaps we can all now drink beer together.

“On the Convergence of ‘Minimalist’ syntax and Categirial Grammar”
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On the Convergence Of ‘Minimalist’ Syntax and
Categorial Grammar

Professor Robert C. Berwick, MIT Department of Computer Science

Professor Samuel David Epstein, Harvard Department of Linguistics
Cambridge, MA 02139

ABSTRACT

This paper shows that the so-called “Minimal-
ist Program” of Chomsky (1993, 1995) can be
given a natural interpretation as a categorial
system in which there is exactly one syntac-
tic (algebraic) operation: namely, “Hierarchi-
cally Concatenate” (HC) (what Chomsky calls
“Merge”), and also replacing the representations
of “D-structure,” ‘S-structure” and transforma-
tions with the derivation lines typical of catego-
rial systems—thus unifying two previously dis-
parate approaches to the analysis of natural lan-
guage. For example, the general “movement” rule
of transformational grammar is easily seen to be
a subcase of Hierarchical Concatenation of (al-
pha, beta), where alpha is a subtree of beta; this
automatically derives the usual c-command con-
dition on so-called “empty categories.” The usual
semantic interpretation henefits of the catesarial

terpret” sentences.

1 At THE CARTESIAN WELL: THE
MINIMALIST PROGRAM & CATEGO-
RIAL GRAMMAR

Imagine the following scene. You are at your fa-
vorite beer hall somewhere in Amsterdam—let’s
call it the Cartesian Well. Well known meeting
place of intelligentsia, you are not surprised when
a thin person dressed all in black sidles up to you
and whispers in your ear, “Have I got a linguistic
theory for you!” You of course yawn, have heard
many such fables in your time; besides you have
drunk too much. “No, wait,” the figure grabs
your shoulder, ‘I’ve discovered that Chomsky’s
latest approach to syntax and categorial gram-
mar are converging.”

20164

WHY ONLY US

LANGUAGE AND EVOLUTION

Robert C. Berwick . Noam Chomsky

Berwick & Chomsky
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The mathematics of sentence structure
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Sample 1
John works

John Works
n n\s

4

n(n\s)
n(n\s)

4

S



Sample 2
Poor John works

(Poor John) works
n/n n n\s

4
(n/n)n(n\s)
(n/n)n(n\s)

n(n\s)

d

S



Sample 3

John works here

(John works) here
n n\s s\s

4
n(n\s) (s\s)
n(n\s) (s\s)

s(s\s)

4

S



Sample 4
John never works

John (never works)

n (n\S)/in\S) n\s

n((n\s)/(n\s)(n\s))

n((n\s)/(n\s)(n\s))
n(n\s)

4

S



Sample 5
John works for Jane

(John works) (for Jane)
n (n\s) (s\s)/n n

(n(n\s)) ((s\s)/n)n))
(n(n\s)) ((s\s)/n)n))

s(s\s)

4

S



Sample 6
John works and Jane rests

(John works) (and  (Jane rests))

(n (n\s)) ((s\s)/s (n (n\s)))

4
(n(n\s))((s\s) / s(n(n\s)))
(n(n\s))((s\s) / s(n(n\s)))

s(s\s) /s(s))

4

S



Sample 7

John likes Jane

John (likes Jane)
n ((n\s)/n n)

n ((n\g/ nn)
n ((n\s) / nn)
n (n\s)

4

S
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From word to sentence:
a computational algebraic
approach to grammar

Joachim Lambek

http://www.math.mcgill.ca/barr/lambek/pdffiles/2
008lambek.pdf
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http://www.math.mcgill.ca/barr/lambek/pdffiles/2008lambek.pdf

Syntactic types

(I) (z/y)y —= yy\e) — =

1958F M E1E

v 2008F D EXIL

rr' — 1, ot — 1,



“She will see him” @ #&#r

She will see him

T3 T' S1j l

L jol o

She : 1,
Wlll . T[TSljl
see :io!

him : o



S DFIzHE TLNATE AR

She will see him

T3 (ﬂrsljl)(iol)o
T = Fi&

Ty = ZAMBEBOEEE
s, =HBHAFOEEX
i = BEFAOFER
j = EEHFRADOFER
0 = E¥EHMNEE




FIEF —

- Z . ROEHEmR-TFIEFET D,
RHFTFE: x > x
WRE . x > y Ty > zHbL. x > z
RAf#E:x > y Ty > xlGbx=y

RDIL—ILEEDH B,

Ty > T,L >

X—>YI[E BEXDITARTHRYTEHLEGL EMNTES,



IW—IL 3y = m, i = j DHET,

She will see him
(" s1jt)(io')o
= [m3n"]sq[j'i][0"0]

> [rr"]s1[j'j][0'o]
- 15,11 > 54

——TC., xy)z=x(yz). 1x = x = x1.
xx” = 1,x'x - 1 Z&FE>o7=,



She will see him

m3(7"s1j")(10%)o = [ma7"]s; j‘?i]_[oeo]_l
— [ra]s1 [if] oo

—>].Sll]. — 81,

(y)z = =(y2)

zx” — 1, 2fx — 1,

lr = o = x1.



"she will come”

She will come
T, 'Sl i

will: s j!

15 (1"s1j')i
— 1 (n"sjb)i
- 1 (1"s4j") j
- s jlj

— 15,1
— Sl



"She will see him”

She will see him
m, n's{j' io! o

5 (n'sjY)(io%)o
— nn'sqjlio'o
— nn's.j'jolo
- (wn")sqj j)(0'o)
- 15411
—> Sl



“Will she see him?”

Will she see him ?

(q1j'm)ms(io)o = q1 | will: qqjim

e A

T HLWE g Z28AT S
q1l&. yeshno TEZHEEXDIRER,
Fr-owilllo & g, jln! 2EYHTS,



“Whom will she see?”

Whom will she see ?

(go"q")(qu'n)ms(iot) - g
L]

CCTC.HLWE g LgzEB AT S
qld. yeshno TEZHEE DRI D EE[E X
glE. wh-8E Xz CEE DX
g1~ q —» q THD

- xtxl -1, xTx™ -1




(3.1)D K75 XA,

EDEIITVTILEA LTETSNEDD?

whom will she see — 7
(3.1) (qoeeqe)(quemg(lioe) — q

| = =

whom : qo6“d’,
whom will : qo” q‘qq j'nt — qo'j'n’,

|

whom will she : qo“j‘n‘ry — qo%j’.

h [l sh . goj‘io’ — _I(A)aoeI — q
whom will she see: O™ ] q qg.
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DisCoCat & 15

ZZTl%. Coecke®DisCoCatiXX##BNd 5,



® Monoidal category&String Diagram
EDEERNOXDEKRANIDTOER%E

H T 3 —EREITE R 5T BUE R ER

.

Part 3-1

DisCoCatm &15
Bob Coecke

FEDERNOXDEKRANIDER

y

BeERT



A7) —EEHI

&R 70 B R AR
COTIEL AT IU—REAV BB S RERRERNT B,

EAWTHBEERE. [XXOEKRIE. BRDEDERE, ;&L
L X7 T ACERAICE>TIEBMITRESNS1ELD
BRIEDREZXDOERFHENTLERIT HETH D,

(T3 —SmrIER I 7 8UERREm ] Distributional
Compositional Categorical Semantics ZDisCoCat &
ERZENHD,

DisCoCatZiRIEL =& #DimXIL. Bob Coeckebht
2010FICHRLEXDBE X THS,




Mathematical Foundations for a
Compositional Distributional Model
of Meaning

Bob Coecke, Mehrnoosh Sadrzadeh,
Stephen Clark

https://arxiv.org/abs/1003.4394

20104



https://arxiv.org/abs/1003.4394

Around 2008 @ Oxford Uni. there were 3 people:
e One knew grammar algebra:

Lambek®Pregroup?=
Mehrnoosh
Sadrzadeh n-"n-sn”'-ngl-s-1<s
“Word2Vec”
e One knew vector-space NLP:
Stephen Clark
e One (=me) knew categorical QM:

Aleks Bob

Bob Coecke

..................



N e
Bob Coecke




Bob Coecke®

[ZDULVT
[, BDEZ"Picturing
Quantum Processes” [Z.
BT ITO—FD4FEMN K
ERHNTULVS,

WA ZEF9 4String
DiagramIZDUL\TI&, FLIL
DE=F—EFH

[String Diagram Z% 5\ --
A7) —mmAM (1)1%5
Z(ZLTIZLLY,

PICTURING
QUANTUM
PROCESSES

A First Course in Quantum Theory and
Diagrammatic Reasoning

BOB COECKE AND ALEKS KISSINGER

https://www.marulabo.net/docs/category01/



https://www.marulabo.net/docs/category01/

Abstract

K2l ATV ERETIVICES D EIEKRE . Lambek(Z
EHOTEASINT=Pregroup K EIRHLL 1=3GERE! DR RLAY
BGHRE T AHFEMNREATIRET S,

COHEFHIREAIZEY | BYICE A TSN=XDEKRZE, TD
BRERDEDEKRNTRETHENTED,

B{RBIZIE. PregroupDE DZEFTIEATIVDEHI) TR IS
N, BRERDIEOENRE (KLFMTEIN) XEEXRDEIKRIZE
M9 570vRELD,



EREDIE, XEFEDEKRIE, TDXDIGEBEEFIRILIZ,
HHE—DZERICFRET HETHD, TNPZ. BEIETILT
DEZEOERDLEEREFLKIIC. COZERTORNIEZ . ETED
XDERDLLERICFIATHIENTED,

HANANSHFHBEL. XEFRDEREFYHT=OHIC,
XDHDOEERDFERDBRNTHAOHNCT S, fRIFATY
ZLEET REAREICT Do

RIRIVZERBDADS—FT— )LEBIZHIBT A5G KA D
(AT —ETILIDOHAEEL. E3F21—KDT—ILIEE
RimzEHIT 5,



ZLHIZ(ET)

EIRDEEEmETHNEKRAEL. HDOAEKRERT DinaJ o
Thd. TNENIZRFAEEMDNHS. FiE FERIT=D E TR
T. BEBIIEEBWENEEMNTHS, BHEFOXARTE. Z
ZANIART A= RAMIETILERE SR TET ILOREIZEE LD
EIREDFIET Do

ORI TIX, TUVILERZFALT, EEOERDAIILEE

DIGEHIBEDRTZ1ES,
language
QD
@0&0
©

Y
FVect «— FVect x P — P
Tm, Tg



X iEELTDPregroup N 4F I CHIRES, AN ENZ([FERT S
ENLy &7307‘*0)(3: AT GG EREIZILDE. TR
JLZERE KT ‘J)Wﬁ&i”&ﬁ@*ﬁa_’éﬁﬁtL\5C&’C°373%>o

RNYOBIVER]. B4R, TV ILEDHTI 4., Pregroupd.,
LvbhipBcompact closedhT3) EFEIENDEDDHITH S,

BRegIZI&. PregroupTOE DA E X, monoidalh73!)—
dmonoidalT YV ILIZH BT 5,

XDEKRZTEHIT HDHFHIEEIL. ERERDZDZFHAED
+7f-compact closedhT3')—&%5,

EEDEKRIEINIVMLZEBROARIRIL, XGEREEIIEXPregroup
DE (B, )OO A RKIZIEPregroup TO & R EXF o7
RIRIVERBOTVILENMEHLNS,



Monoidal category&String Diagram



EROEBMETILZRETERT

W

ORI DREGEHHDO—DOIE. ERDODERMNET ILE. K
TRELTNAIETT,

% ZTl%. Monoidal Category®String Diagram [Z&4%IR
MAWNGNTULVET,

ZTOHHBEBEIZCRTEEELLD,




PRI = K2 R B H

Monoidal A73)—®O &z DL ThHZEKXH monoidal A7
J—DNEBNLEERAR]EETHNIL. TOHFER I T OIS EE
T#HBString DiagramTHEHA[RETH S,

Ff=. TOHEBHLRYILD,

9715, String Diagram TRISRIIZEH Al gefe E K 1.
monoidal A731)—D A EMNSEIEARIEETH D,




0 E X2 &£ D E R8T G




0 E X2 &£ D E R8T G




0 E X2 &£ D E R8T G

Yv:1—> A m:A—1 mow : I —1

) AN

AN=HF-9 HAZxEEF-T
HAODHEHEFD ATDHEED
MKRE | [T Rk

“Picturing Quantum Processes” &1# M notation| Z7E->TLYS
CCTRIBHE ENSTICHRNALEEESN TSN D



0 E X2 &£ D E R8T G

n:I1>AQA €:A®A-1 1> AQA ARQA™ 1

I 1 1 1

4 4 A A
M MU



HcxER T HF

Yanking &=

la®@)o(n®@1a)=14 (€®1a)o(1a®n) =14

A A A A
(€®1p)o(lp®n) =14 (lar®€)o(n®@1lar)=1ar
4 4 4 4



String Diagram (22U TI&
RDAR—IFZBLUTIZLLY

d
i}.
(
-3

String Diagram Z= A¢ C
- HFTU—BAM (1 %% f

’

L

https://www.marulabo.net/docs/cateqgory01/
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EERMNOXDERA D
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X
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“John likes Mary” MEK S ORI
p

John likes Mary
n  (n"sn!) n Pregroupm#!

_ n(n"sn')n — 1sn'n — 1s1 — s D Pregroup TN sNDEH

4 John likes Mary

X s MEHZString
DiagramTZx*1H

\_ J

4 )
AEDERKREDOILY
XDEREKRE S

g /




“John does not like Mary” OEKk%

X TXRIRIT S

John does not like Mary
n (n'sjlo) (07jjlo) (o"jn') m

n: noun s: declarative statement
7. infinitive of the verb o: glueing type

n (n"sjlo) (6"jjlo) (6"jn')n — s

n nsya 0770 0771

NN AN




“John does not like Mary” OEKk%

X TXRIRIT S

f=1ls®esQ®ey)o(evy ®1s®1Rey Ly Q1 Q@ey @1y Qew) :
Ve(V*'eSel V) (V*eJel @V)® (V*eJeW ) @W — S

|

f(7 ® does @ not ® ¥ @ @)

®




[DEERRE 1T OERELTD

[ XD E K]

Cartesian |/|\ — /I\/I\

non-Cartesian {I\ 7 /I\ /l\

7 A
object _) 1 \ subject

meaning of sentence



[FEEDERNOXDEKRNIDER




EBEXDIERR & E 17

RIFFICRITIT HH7T3')— FVect X P

language

4
FVect <—‘FVect X P‘—» P
Tm Tg

W
AW, DERERT kSN =Z[: (W, pi)

W; € FVect : ZBw; DERRNTRIL
p;€ P: EEw, DGER




DAY wy-wy, DEBERANIMLZE W —w, ERT,

O, w; = (W, p) %, saw; DERZEMEL T, RO KH75HRE
B f €5 A%,

wi Wy = f(Wi @ - @ wn)

a = [py - pp < X|EAEXDICEHNBEHNFET H. REE
BfIE. aF Dp; W [TEZHZHZETESZENTE D,



FVect x P A ELTDI XD ERK ]

a=[p-pn < x]IFPDFTHY. f = a[p; \ W;]I&. FVectd
BEEGRLOT, ROELDIE. FVectxP D& TH 5.

(f,=)
(Wl ® ® Wn yP1 pn) — (X,X)

CDfz. [EEOEKRNOXDERANDERIEF S,




EXWGEH (f, <)

language

&
. ‘(\.0.) 2
@(\)

Y

FVect|«~—|FVect x P|—— P

Sy

(f:V—

!

(f, <) (V,p) = (W,q).




HhTd)—SmoIcAELTD
DisCoCat

ZZTl&. Tai-DanaelZXkdDisCoCat & #4
9%,



Part 3-2

AT 3 —mAIE LAY 7 B R Em

A3 —wmDAELTHDisCoCat
Tai-Danae Bradley

® hTd)—mEBEARASHENE
® Syntax Category: Pregroup Grammar
® Semantics Category: Vector Space

® Functor: Syntax — Semantics

® “bananas are fruit” OEW%*:itE T3




What is applied category theory

3.2 Natural Language Processing

Tai-Danae Bradley
20184
https://arxiv.org/pdf/
1809.05923.pdf




Monoidal Category

Monoidal A73—IE. RO =2%#(C,Q,1) TH5,

® Cl¥AhTd)—
® XI(&. functor CxC - C
0/ (. ROV TCRI—1ELTERT 24T ok

LTNHEZHE ABIZDLVTAR®B =B R ADE. Symmetric
monoidal A731)—&lLyS,



Monoidal Category® i

® (Set, X, {*})
Set [FEE. XITEHE. (+} I—DDEREITMLLEE
AN

Mo

® (Top,u, 0)
ToplXfAHZERE. LI BEFD. BIXZEERS,

® (FVect, Q, k)
FvectlZ(Ak EDEBRARIMILER. QlEToVILIE. kK
(1%,



compact closed category

ZTDETHERIDVX dual ZHFDmonoidal A731)—%
compact closed A731)—EFE SR,

BRAVMIVZER] FVectld, TDEFHR [v>ITxL T, Bk
<V|ZEFE DD T, compact closedhT3)—TH5,

compact closed h73J—IE. RUMILEMO—HRI1EEE
ZTLWY,

NYRIVZERT, TON* dualDEEZ . BATHED,



REDAYKNILZERV Tdualz®& 25

BERITOATRIILZERVIE, WAZERV* = hom(V, R)ZHD,
D, RO FOIGREEGEy, ey TEZ D,

Ny R->VRQVT, e:V"QRQV ->R
HIE {1, e, }Jc—DEDDEV =V* EIZHDT,
NR-oVQRV, eVRV-R

EEZTLWY,



NIRILZERB Dunitécounit

n:R -V QVaEaNIRILZERDUNItEMESS,
nlE. ETOEHIZ.VQVDRINILEZYH TS,

n(l) = Z cije; Q ej

L,j

eV RV - RERINILZERIDCcounit&ERE SN,
elX. ETOV QVDOARINLIZ, EFZEE|YH TS,

€ (Z ¢ijvi ® Wj) = z ¢ij(vi - wj)

i,j L,j NIy, wDAIE




—fi% M compact closed category T

unit&counit

osed A7) —DA Tz HNBERRVT &

EWVE#DET HE RD LS5 unit&counitZZE 2 L lE

compact c
LMY,
n
"

L'R->VeV e, VIV >R
T"R->V'QV e, VeV >R

FvectCIX . V* =V =V ZHE-TLVA.,
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Syntax = &

Semantics = E Mk

[Syntax = 3%k1&MSemantics = EBR D ®IED T,
Functorial Semantics@IL—LZEFESIZIX, ED KSR
MIHE=A5M? RODZ=ZDHEZLND,

1. XEMCategory: GEFEHMEMIZIRSIZITE ST LKLY
m? EREHFEMZ CategoryEL TR R 5,

2. EBRDCategory: BEREZHEMIZHESIZIFESTILKL
m? BEREHFEMZCategoryEL TR 5,

3. Functor: 3& — EIK OFunctor2ENESIZHERKT S
Mm? ZOFunctorld. XEAERDERXRZIRZADHENTES
e



he Syntax Category:
Pregroup Grammar = PregX



X ;%M Category

PregX

X &M Category Tl FEIZ#AsrLizLambek®Pregroup
Grammar Z{#5, (f=1-L. TR TH 5, )
ZDHT3)—%PregXTEREI,

ERGCEDER T, BFADE n EXDE s THSH, Inhio,
ERNERADENERSNTLK,

n = 4z

s = X
nn! = WA
n'sn! = {thE)EA

EHEET A, WL DEDE T, RO LOILGEEZTITO,
ww! = & GHAS)
ww = & GCHASD)




Pregroup® & &

Pregroup=poset+monoid+“dual”

1. (P,9) IF. #IEF

2. p<qHLIE. ETDaePIZDVTap<agTpa <
qa

3. ETDp€eP . ENF pt EENF p" HFH. ROK

MY LD, el T]l e” nr

p'p<1<pp,, pp"<1<p"p




pregrouplXcompact closed category

FEDpregroupDEEXZFTDAFFT=Z, AT73)— D&
ZZ LN,

® FIDEE p-oqiff p<gq

@ 5IDEM p<qTqg<r7bp<r

@ Bl—% p<p

pregroupld. RO KLIGFIEF LA DHEELF->TLS,
el nl e 7
plp->1-ppt, pp"->1-p'p

r

pregroupldcompact closed category T 5.






“bananas are fruit” (X TH5

bananas are Q\ul’

bananas &7 ove l




he Semantics Category:
Vector Spaces = FVec



s DERDDELET LB

{sweet, green, furry} ELVIBZETHLIAMNBHO-ELED,
ZD=DMEEZDa—/ AN context word [TEATEL, T
ZREELT. ROELSITRIFILTERT,

1 0 0
sweet = |0 green = | 1 furry = | 0
0] 0] 1

D, ZOARDFDEE banana, puppy, fruit &, XD LS
[CREND,

21 8 43
banana = | 9 puppy = | 1 fruit = | 19
0 32 0



EDERDDTEHRET ILOBI

RINEETEZIL. BRIZ. O— I AHSDT—REINSDEE
"é_Jﬁzfcd)&‘bh)leF‘aﬁl‘ifﬂ&’)i_d;‘f*&)l‘*l]%LT*OD’C%%)

& banana OEKIE (21, 9, 0). & puppy OERKIX (8, 1,
32) iE fruitEmRIE (43, 19, 0) &LVSTEIZES,

e
furey
N

%reu\
— frid

Swee ?




meanings of words = FVect

ZODEDORIMNLORABEIETENEL. TNODRTRILMN
I HM ., LLEEFNOARILEKREZFE TV LI nIX. F
NEEFEICRIETES, (I NLPTHEZELTULVS AIZ[E KL
HMoNTWNAI LT,

CoeckebMERRIHIATI) —(F. 5L TEABbNS, TNIL,
REDERRTDAIIIVERTH S

meanings of words = FVect



Functor: Syntax —» Semantics



DELETIVIE., XICIEBEHTEAL !

A7) —mIWEIZTGLS

RN S, EDEBOHEETILIZ, XZIFTEHTELGL, XE

ANCTRILXAIRNBZEIFIFEAELZ LD T, FDEZTIESFEL

LNOVEELY,

ZCT AT —@mAMITOFEELHELTLS,

BREDRBICESE(X. XOEKIX. XEERTSHELXDED
BREINOFFEUDITAIEDIL—ILTEHEINARETTH D,

HRIE, TFEOER | EZDED SGEMEE | O T %, syntax

(30E) MbsemanticsGENEKR)ANDEZEBLTEDZEMNT
=5, I EHb., RDKH7Efunctor F @ LT,

F: PregX — FVect



f=t=L. &HEL"H5

F: PregX — FVect

&LVvoFunctorial Semantics ZF| A9 47-8121&. PregX$
Fvectt BICATI—IZELTULVEITNIEAESA, EE. mE
[XEHIZ, compact closed categoriesiZE@9 %,

FIZ. strong monoidal functor&L T, compact closed

category PregXm#EiE% . compact closed category
FvectDEiEIZ5DF , FICK > THEBMENMRIFINSIDTZ,

=L COEZELGSZEDGRBAKX. SOy avTIEFR TN
TULVELY, AlD v ar TEHRAT 4,



The Functor: Syntax —» Semantics

O BA7R B 74 50

ZDEITIX. functor F : syntax —» semantics MBARAYEE
ithF 525, KYEAMIZIE, F: PregX - FVect @,

ATz HRESHZ DV TDfunctorDEEEEZE T HIEL WY,



The Functor: Syntax —» Semantics

on objects

On objects

® F assigns to the noun type n
a vector space N : Fn,
which we'll call a noun space

® F assigns to the sentence type s
a vector space S : Fs,
which we’ll call a sentence space



The Functor: Syntax —» Semantics

on objects

On morphisms X
F assigns to a type reduction 4 — b
a linear map Fa —> Fb

that sends the vector corresponding to a word or
phrase of type a in Fa to the vector corresponding to
a word or phrase of type b in Fb.



Functor F: Preg —» FVect

FlX. compact closed structure #&&E9 5

® FlX. Preg{n,s)Dunitni:1->n"n, n.:1->nn'%.
FVect@unit ny:R > N Q NIZ5D7,

F(nT) = F(n,ll) =1y (SIZTDWWTHEHR)

® Fld. Preg{n,s)MDcounitel:n"n > 1, e,:nn' - 1%,
FVectDcounit ey:N @ N - R [29D9,

F(e}) = F(eh) = ey (sIZDWWTHREFR)




Functor F: Preg —» FVect
FI&. compact closed structure Z&#F9 %

® FlX. Preg{n,s)MDdualZ. FVect®duallZ527,
F(n") = F(n') = N* zf2LFVectIEBRRITHED TN = N

F(n") =F(n') =N (sIZ2WTHEHR)

® Fl&. Preg{n,s)DEEEZ. FVectD T/ ILIEIZ3DT,

e.g. F(nrsnl) EF(n’”)(X)F(s)(X)F(nl) =NXSKN




“bananas are fruit” O=K%itE 9 5



Step 1: ZNENDEEIZ. Preg(n, s)DIER
E|YH TS

banana —» n
are — n’'sn!
fruit - n




Step 2: TRBIIZERM N = Fn X122/ S =Fs %

EEZESTETETET S

HEZRFTTANVMILERELEKD,

sweet, green, furry

1 0 0
w1 =sweet = |0, wy =green= | 1], w3 = furry = [ 0
0 0 1

NoDOEEMN BRTIZERZED




HE([ZT 5012, SEIENENIDZERIEEELT. 12O
L LT TRESNBLRITDOAYNLZERET S, EA0 e S "E"
IZxtisl. TIE "B "IZxtnd 3,

1 DARHS—EIZESEBEARSIM?

FHESIE. 1 DEDRAT—(EIE KRLIZETHAXDELRA
ORIVEEEZZTENEDOLE L AAS—HRKRETNIETRZTNIZTE,
FOXIZELWLEZEZNIZULY,

212, TREA I ZERINE S ZERESHARENIL. ENZFDZER (F42
B TEFIZABZEITEELES,
F(n"sn'))=N®SQ®N



Step 3: XHFDEBDODANIVFILRIRZRH S

bananas =

NEDRIRLIE,. TAELTRFIIZER N [ZET 5, GELL.,
FTNODNEEIIGEE n #HFOhBTE,
CDEDERDARIMILRIRIZ. XOEKRORINLRIBEEHE
THDIZFIFHAEINS,



Step 1 T. ‘are’ [F3GER n"sn! ZE->TULNSIEZH->TLY
B TNRDZ, ZNIETUVILIEN QS QNDARIRILTH S,

ZL T, ZNIEWOWNWNZa—RTH 5B, GELEL, HLEEANTE A
(T2 THB 1 ELDZEFH->TULWNIE, b EIFRIEIE-T
WAL TFRITFETIIELIE LR, FOR, 20 'are’ DRIRL
.3 X3 DITHELTHRIATES,

ZD1THc DifTiFIB DFZRE ¢;; (X RDELIITTED,

( 1, ifw;is wj,

Cij = .
0, otherwise

\




Step 4: Preg(n, s)T. 2 DETEITD

banana is fruit




Step 5: Functor F @95 !

Syntax — Semantics

banana is fruit
r 1 er-1,-€l Syntax
nn sn n | » S
Fn =N, F(ennnﬁl)—\
Fn =N, Fs = S, Fnl = N, F(1,) =15 Functor F
Fn=N F(ep:nn' > 1)= ey /
) N ® s ® E’V Semantics

NOINRKQSQKNKQN —/8 S




SOEKRDATRILRRIE?

ey ®1s R ey
NRNRKXSQKNRXN ——*S§
::"C\is GN[j:s EN- N ® N-R t(&\5ﬁ:7§ajl_]§'1%—c\:%éo
Ff- 1lE 15:5 > S EVVSENBERTHS,

NN ERE . XITHIGT HNIRVICERT S,

ey Q1 Q ey(banana®isQ@fruit)
1 0 0][43
0 1 O] 19] = 1974

O 0 11LO0
X “banana is fruit”MEmklL. 19741 ERFREINB,

=[219 0]
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® Coecke® Quantum-NLP
® Tai-Danae MReduced Density



Coecke® Quantum-NLP




Coecke®Quantum-NLP
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