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® DNN & word embedding
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DNN - Deep Neural Network
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1. Distributed Representations of Words and Phrases

and their Compositionality
Tomas Mikolov, Ilya Sutskever, Kai Chen, Greg S
Corrado, and Jeff Dean, 2013

https://arxiv.org/abs/1310.4546

2. Neural word embedding as implicit matrix
factorization
Omer Levy and Yoav Goldberg, 2014
https://papers.nips.cc/paper files/paper/2014/file
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https://arxiv.org/abs/1310.4546
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Part 3
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® singular value decomposition
® profunctor

® Isbell adjunction

® Formal concept
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® Tai-Danae Bradley,
At the Interface of Algebra and Statistics
https://arxiv.org/abs/2004.05631

® TILLVIRELTS p TEHEIIHERDIHR ]
https://www.marulabo.net/docs/density2/
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Singular Value Decomposition
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SVD®variants
m>n

Full SVD M
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Singular Value Decomposition
® tensor network THOFIH
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p140.pdf

THDEEEMNT Do


https://www.ams.org/journals/notices/202301/rnoti-p140.pdf
https://www.ams.org/journals/notices/202301/rnoti-p140.pdf

(2 FEOHTFIY—CIZRLT. hTTU—[CP, Set| ~E &
NEFEET S, ( [COP, Set]ld. CoPMbSet~Dfunctor AFIY)—%2KRITREETHB)
ZOATI)—DATHMI ATT)—CP AT —
Set~Dfunctorcihl. £D5tILfunctorflidnatural
transformation & 3,

ZNERIL. EEDX € CEEl-T1=&EF ., RMDfunctorziRd,
hom(—,X):C°? - Set

ZMDfunctorld. TRTDA € CIZRL T ADBXADTARTH

Bthom(4, X\)DEEIZFET,



Yoneda embedding

ZNDE#IL. Yoneda embedding &E

LEn., B Hfunctor

THD,

y: C - [COP, Set]

X » hom(—,

X)

Yoneda embeddingld. A73)—mTIIEXRHTH S,

BZRICIE, TnlE. HEA T UME TNICTA> TS D
RAOFBNTINDIEM TS DI LZRANTINVD,

FNEEEMNGEY—ILELTEDIIIZFEA TN ERSNIZIE
WDLUEREIAWLSMELNGEWLD, IR DHFETIX, SFEERAS

NTLVa, [3,4]



— DDRARIE, RDELIGEEDTH S,
KRIE. DEIEEZTELDT. ENTEAR—RELTARYMNLZERIZE
BIENHD, TDEE, HAHTI)—CELYKRESHATI—
%Z,Set]0)W‘&Bl:ﬁﬁL’CL\éﬁmt%iétﬁﬂlfci:bﬁﬂ:(
ZFDERH(L, [CoP,Set]ld “colimit” ZEH DM THS,
"colimit”lE. RIMILZERBDIEREES RTINS,
BIZIE.F,G € [CP,Set|Z RDKIIZFNZEEDHIEMNTES,
(F+G)X)=FX)+G(X) VX e (C°P
CCTHEAD., BEDEE Ddisjoint union TH5,
EMZ, [CoP,Set]ld. hTT)—CLEDcolimit##FD free H73
) =D TH 5,




co-Yoneda embedding

1=, COEEEEICdualg/N\—230 D HE5NDTHS !

HAA T IME ZIHLHETUKET DIRSEWNZE>THES
CEMTEDHDT=,
ZMDEZEIL. co-Yoneda embedding TiBiETE5,
z: C - |C,Set]°P
X » hom(X, —)

colimitiZdualZZ#i = (&, "limit"T&H 5. colimithFIN —AZ1t
THAIIIZ. IMitIFFED—HRIETH S,
BAREZLETIIGELA, [C,Set]°PlE, A7T)—CLD limit%
#FDOfree h73)—T1EDTH S,



19604, Isbell [2] 1. Yoneda embedding&co-Yoneda
embeddingDfEl(Z, REEDIENYMNHAHAZEIZR TV =, £
DIERIX. FDERZLDEBRIZE>THIEICESNTE = [1]IZ%F
DLEaA—HH D,

g RTOfunctor F:C? - Setld, ROKXTHZ 5N 5 Isbell
conjugate F*:C - SetZx# DD THB,
F*(X) = hom(F,y(X))

BIFkIZ. T Dfunctor G:C - Setld. ROKXTHEZLND
Isbell conjugate G*: C°P — SetZx+FD,
G*(X) = hom(z(X), @))




Isbell conjugate D Z2D/\— 3 (&, ROBD LS. 1T-
=YR-1=Y3 5 =D>MDfunctor 525D ThH5,

*

/—N
| COP, Set] |C, Set]°P

v

*

‘ 0

(O 4 Spec): CoPresheaves < S Presheaves
pec




ZTORHYIZ, Isbell dualitylL. £ oh adjoints () TH
HEWLWOTWADTZ, THHL, §TD F € [CP,Set]& G €
[C, Set]°PIZDLNT ., hom(F*, G) hom(F,GH)AY, BAIZRIE(C
HBHENIDTE,

DT T LEARRITEILBRELSHENARINLERTORD
FOTFIRREIZTUNS,

VectZz 52 oA LDIT R TORIMLEROATI)—ET
HEE. dualZ BB ED, VectEVect P MBI ZETo=YFE=YT
badjoint functorz &9 %,



Isbell dualityld, SRR GERRERDEES TV TS,
Bz, [1]

(%)

LALLM, Isbell dualitylZid, &KAEL TIR KGR D H
RSN TV, BELL. BRED—DIEEHMZEDT=, EnlL,
COHMFOEEDN, WEELLHLNTEWLENDI &L,
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Isbell duality

duality between geometry and algebra

A general abstract adjunction
O

(O  Spec): CoPresheaves S<:> Presheaves
pec

Under the interpretation of presheaves as generalized
spaces and copresheaves as generalized quantities
modeled on (Lawvere 86, see at space and quantity),
Isbell duality is the archetype of the duality between
geometry and algebra that permeates mathematics
(such as Gelfand duality, Stone duality, or the
embedding of smooth manifolds into formal duals of
R-algebras).






Formal Concept Analysis
://en.wikipedia.org/wiki/Formal concept analysis

Formal context [EXRD=2#K =< G.M,I > TH3,
CCC.GIEATOIMDESE . MIFEHEDEETHY.
[ S GXMIF.EDATOTOMEDREZEFONERT
incidence&MEIN S _IBRR TH S,

AITOTIOMNDEREEACCEEREDEDEEB < MIZXLT,
RDESI2DNEEETFET 5:

Al={me M|(gm) € I forallg € A}
ADITRTDAT VIV EFETEIRNTORMEDES
B'"={g € G|(gm) €I forallm € B}

BOIARTORMUEEEIHZIRTOAIVIMNDESR,


https://en.wikipedia.org/wiki/Formal_concept_analysis

ATk

objects

Example for a formal context: "bodies of water"

bodies of water

e

temporary

running

JE

natural

)

stagnant

constant

rnanﬂﬁnql

canal

N

v

channel

v

lagoon

v

lake

maar

SNISNISISIS

puddle

pond

pool

SNISSISNISS

reservoir

SENENENENENEN

river

rivulet

runnel

SNISIS

sea

stream

tarn

torrent

trickle

AN

NNISKISNISSS

NKNSNKNSNISSSNSISS




A={lagoon, puddle, sea }¢&95&

bodies of water attributes
temporary running natural stagnant | constant maritime
canal s y;
channel s y,
IW——%%%%
lake v 7 y;
maar 7 v y;
puddle V4 v v
pond Y v y;
@ pool 7 v y;
%’ reservoir 7 y,
© | river s v ;
rivulet s v 7
runnel s v ;
sea v 7 y; Y,
stream IV v y;
tarn v v ;
torrent Vs v ;
trickle 4 v 7




A'={temporary, running, natural, stagnant, constant,maritimesea }

) attributes
bodies of water temporary| running m ];tagnan|t constant maritimel
canal V4 v 4
channel V4 V4
lake v 4 V4 v 4
maar V4 V4 v 4
puddle V4 V4 V4
pond v v v
o | Pool v v v
% reservoir v v
© | river V4 V4 V4
rivulet V4 V4 V4
runnel V4 V4 v 4
sea v v v v
stream V4 V4 V4
tarn V4 V4 V4
torrent V4 V4 V4
trickle V4 J J




B={temporary, maritime }&95&

bodies of water

attributes

temporary

running

natural

stagnant

constant | |

nanﬂﬁnel

canal

v

channel

v

LN

lagoon

lake

maar

NN

puddle

pond

pool

SNISSISNISS

reservoir

SENENENENENEN

objects

river

rivulet

runnel

SNISIS

sea

stream

tarn

torrent

trickle

AN

NNISKISNISSS

NENININININININENENEN




B'={lagoon, puddle, sea}

bodies of water

attributes

temporary

running

natural

stagnant

constant

I

nanﬂﬁnel

canal

v

channel

v

lagoon

lake

maar

SISINIS IS

puddle

pond

pool

NS ISISISINIS

reservoir

SENENIENENEN EN

objects

river

rivulet

runnel

SNISIS

sea

stream

tarn

torrent

trickle

AN

SNKNISSNISSS

SNKNSNSNKNISSSNSISNS




closure operator

A A" = (A) for A € G (extent closure)
B » B" = (B") for B € M (intent closure).

N N

A" [Z. TRTOAT OO EESRT
B” [X. runningUI A DI RTHOEMREZELEEELLED,



formal concept

Willeld. formal conceptD IL AU MNIEEES A T-:
(AB)D#RIE. RDFEHE#mT-E L. context (GM,])Dformal

concept TS :
ACcCGB <c MA = B,and B' = A.

EE/IZE AL, (AB)AMormal concept&ibdD (L, ADT KT
DA T INDBDITRTOREMEEFDIHEETHS,



Concept lattice of a formal context

context KMformal concept (Ai, Bi) (&, S E(F T Ik)
DBE. F=IEXRFIC. AR BE) OFEDEZIZE>T(Hi57HY
(D EF{TIFHEMTES,

KOEED2DNDformal concept (Al, B1)&(A2, B2)IZxtL
T.A1cA2mEZEL (AL, Bl) < (A2, B2)EED,
RS, (AL, B1) < (A2, B2)IZ.B1 2 B2MEETH D,




ZDERFTIE. formal conceptd IR THES L. ZALE
TR, DFEYMmeetzF D, TDHNEIX. TDEENDT T

DHNEICE BT 54T O IVMTHERINDS,

BIFRIZ. XTOformal conceptDE S (F&xz/NLED £
SEEHL. TORNEBIX. ZOMEDEEDITRTDAIT Ik

BEOT A TORMENERSND,

% i

—nisMmeetiE{ELjoiniefEldlattice(R)FEET 5N HE
=9, W2, TRTHTEEERIL. HAformal context®d
concept lattice THAH_EFTRT CEMTES.



stagnant

temporary

puddle

constant

maritime

lagoon
sea

maar
lake
pond
tarn
pool

i

running

channel
canal

trickle
runnel
stream

river
rivulet
torrent




Formal Concept

Isbell adjunction @ B ffi %451

FEHEDT=6. enriched A73)—DE A bIsbell
adjunction & RAHZEITERTH S,

R—RADHT73)—%Sethio, HT7I)— 2 ={0,1}12EL KD,
ZOE., ZDODNDEMREEXEYDREID profunctor(X, 73—

2 ETenrichitani-gghhTd)—LLTHNIL., B HRE%
r: XxY = {0,1}T. Fhld, XxY EOBRIZfhER SN,



functor R*: 2% — 2Y&R,:2Y - 2X(&. Formal Concept
Analysis EHFF CTRLHbNI=XRTHD,

B R* I XDEREEA S XTRDEIOIZYDEAEEIZFET,
R*(A)={yeY|VvxeA R(xy) =1}

B RAZ.YDEREBBCSYZRDIOHIZXDE R ERIZIET,
R*(B)={xeX|VyeB. R(x,y) =1}

R*R.ER.R*DETE M. formal concept &FEIEN B,




Tnld, (4;,B;) c XXYDRFTELTHBEIN . IHAYILD,

R*(Al) —_ Bi 75\9 R*(Bl) — Ai

AR TOformal concept MES {(4;, B)MZIX.

A; € A DEMNDZDEIZRY (4;,B) < (4;,B))
ELWOEHT. FIEFEFRNEATES,
CDEMIF. B; 2 BiITFLLY,



=bIZ, £& {(4;, B)}E. complete lattice #1ERT 5.,

ITHDFERBEANIFILDOXIOIZ, 222 KRKH AW IEER/ND
formal concepthH oD THH. E2&H5

15']%.(:15 formarl concept®product &coproductht, XD L
JIZEETED,

(A, BON(4), B;) = (4; N A;, R*"R.(B; U B;))

(A, B) V (4;,B;) = (A; U 4;, R.R*(B; N B;))



A&, formal concept®limitécolimitiZld, B#iTHIR
AS/NEWANY Y3 Vel AN Ty

Fhlx. EADunion&intersectionIZEITLNA A, IEFEIZIEE
5. FhlZ. profunctor®nucleilZB 5B K54 BB ED
TAT 752 TIN5,



formal concept®limit&colimitiZld., B THRELZAXAH
A, TNl EEDuniontintersection| Z{lTLNA A, IEFEIZ
[ZRIC TIEZELY,

RAURE., Fhht, profunctor®dnucleiTHTE=LSIZ. HD
MORKBMMBEDTATT7E525L52ETHD,



SNty arTlE, KB DIsbell adjunction®EGE%# E
9530 EL T, BaezMIsbell DualityD X &M L1=,

S A%, i DFormal ConceptDE/aHET HELNDELT.
Lawvere®imX “Adjointness in Foundation” #2935,
EARMIZIE., ZIZE [+ BFormaliit i &Conceptualiit, @
DBt EIZ DLV TAdjointnessELVSIRm M SR -1 DT,

1969FMNHWLEDEN, h73)—mTIIEEZELHRIXD—DOF=
RS,
https://github.com/mattearnshaw/lawvere/blob/mast
er/pdfs/1969-adjointness-in-foundations.pdf



https://github.com/mattearnshaw/lawvere/blob/master/pdfs/1969-adjointness-in-foundations.pdf
https://github.com/mattearnshaw/lawvere/blob/master/pdfs/1969-adjointness-in-foundations.pdf

LT
LD EE

1§ll7di

F—E LT DEEICHITS

ﬁ/‘t&H,.,\O)ﬂ*TIEL’JL\’C

En B ERAABOER T, BRILLO BRI
ENB20DREEREMIZRATNAESIZEDNS,

=B (XIS IEAZREL . BATFRITH ST D

HiRZRRIET D, HANI, HAOBEREICITRRD AEN L EE

’é’*%<_tl Sl XROBMICIE, TOEENSERIT HERD

BEDYIIRIZDOLWNTEZD,

DI MEHLTELDIEHAIERTHENGTEODEELED

THD,



CCTUOSTERE [ &F HRICBVWTEBMGLDERRT 5L
ThHD, LI=AoT COERTONER T, HFEDTHFER O
NES{EIER—RT O LIE TSN,

LML, COXIIEEZINEE I OMOEED (L., #5F
DHALADTEFNLA DR EFFADFEITO. EDLSLHAT ARDEE
ELZFONTHAEELHIMT S50 DIEHIAEENTLSEED
nab,




INEARDBFDO—ETHLH=0 . MFOERETF - Y-
BTSN R ED—ERTH D

%@ﬂ/‘tE’VMﬁUﬁl %L\’C EEmIILIILIZE =D R K 7
fBlEmIcEPL., GEFEEAHL-, KYRIATIE. EEEDIE
KRl ﬁTJ')—nnﬁd)ﬂ/’d SRITER[EIEITHOTLVS,

HT73)—iwlL. EAbNT- FE(species) ADEIERIXRDT

NRTHDOH DBAREFHT-TEHFIFNRERTL TN D158
PRI RIETART, AR L-HEDIEEBHELGECIZET S
ZEERETHENSIEE ST,



HARGZEIZ SNBSS TOEKRFZFDILDZH DR
It =IEB/TOLRALZY., 5%0(,\(21: AT3)—DOMEEFRR

icle:LJ:'BtTén'tﬂd)J:')l:s HFOBEHEAIEZRICELT
Do

— 7. T BRI AnAImEmER L. 7—ILIKE.
cylindlict#k. polyadicitt#k. %L’Cu'Flhi';R&éJ:'chﬁ%iﬁﬁ
HEHHT,



AREHXDEBID—DIE, 7JT:I'J— RO S HIEE TRAIZH

fﬁﬁé’h/ ’@Ié;h'f’:bo)f’b\s nHH ( :E)i%EL/—CL\%)J:a‘»lL.\*)
N5 adjointnessDE =N EH ﬁE’]fcitd)’Gﬁ)é:td)EIEﬂL’i’%
ZBHTETHD

,E\M:E’]' lj: %III |-|' BL\—Cs Eﬂ%ﬂ’l‘id)F_nHﬁtﬂDLnHﬂ ad)ﬁEﬂd)
EENDFELUE GEBASRTRIASN S E1H D) FHHRT HDIHE
Ui E TchbdEBhHnbcartesian closed category®
B2 DONWTHRRDS,




cartesian closed categoryM#EiE(E9 ~Tadjointness|Z
o TEZLN, A28 (hyperdoctrine) IDEELRHRTH
%, BE. WEFOIAROMEEEENMNTENL TS EZEZ LN
TWAEFOMEEIZH., EFECEELI-I Zie+F(quantifiers) |
NFHET Bo

FAMERLI-LIIZ. (D ELBRM ED) recursiont., £
ERIIZ. B 4adjointlc&>THE D 155,

LT=H>T. ZNlE. KENE-T. EFR T EMNLTESREDER
RN RZE E A HEMTIEETH D, TL T, TDERDH
Tld. GREMZFEIZEFMID) TRTOEELNIEN,
adjointnessDE DAV AZVRELTRIREIN S,




ME ). TR, TERE EVS EROBERIE. R TIEHFEL
®TEBZERE-LTWEWL, Ihiold, A7) —mEMR. FICEARLE.
ERMGERZFOMDOHRLDERERL-HD. —DDH]
R REIRMT =012 COFEIZEFENITRELL,

LAL. SN EZERZICRITIEOH LOET 57G0(E, TEFE ]
R T A DARENERHE ., XG0 SR ETHIE
LD EDR DT EIDEEIRTH S,

BEBDRIZDOWTIE, FBIVEIO=xZIX., FIEGEITIELZLH.
Bl#kICERBIUEERZE O EEHOLNS—EDadjoinDIK T DiE
MICEPINTULNS, ik, HHEDT O—/\)LiEEh-
Galois connection:L TiELEER SN 5T=55,




FUET: KBBRIATEHFOEREIZHS TS

Kig it =t 7-Galois Connection

semantics

Theories®® — (Cat, [Setsl])

structure

in which the right hand side denotes a category whose morphisms are commutative tri-
angles
C \ > C

Sets!

of functors with C and C’ more or less arbitrary categories. The invariant notion of
theory here appropriate has, in all cases considered by the author, been expressed most
naturally by identifying a theory 7' itself with a category of a certain sort, in which case
the semantics (categories of models) of 7T is a certain subcategory of the category of
functors T —— Sets!. There is then a further adjoint situation

Formal Z—— Theories

describing the presentation of the invariant theories by means of the formalized languages
appropriate to the species. Composing these two adjoint situations, and tentatively iden-
tifying the Conceptual with categories of the general sort (Cat, [Sets’]), we arrive at a
family of adjoint situations

Formal®® &m——— Conceptual

(one for each species of theory) which one may reasonably hope constitute the fragments
of a precise description of the duality with which we began our discussion.



CDEDKRAL

profunctor vs. 175l

* ., D D
profunctor®if & FF:Set” — Set
E.F*:Set® - Set¢
1THIDEZS MM*: k%X > kX
M*M: kY - kY

F*Ci = di AR Ekdl = Cj

M*uj = 0'117] 75\’.) MU] — a]u]
( T3 DSVDDIFZEICIE. ROAKTF=>T=, )




Isbell conjugate D Z2D/\— 3 (&, ROBD LS. 1T-
=YR-1=Y3 5 =D>MDfunctor 525D ThH5,

*

/—N
| COP, Set] |C, Set]°P

v

*

‘ 0

(O 4 Spec): CoPresheaves < S Presheaves
pec
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[ EfriE = 1[EWordNetdD hypernymT.
[ TR = 1 [EWordNetdDhyponymTdHh 3,




WordNet Search - 3.1

Word to search for: |money Search WordNet

Display Options: | (Select option to change) V|| Change

Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun

e S: (n) money (the most common medium of exchange; functions as legal
tender) "we tried to collect the money he owed us"
o direct hyponym | full hyponym

o direct hypernym | inherited hypernym | sister term
o part holonym

o derivationally related form

e S: (n) money (wealth reckoned in terms of money) “all his money is in real
estate”

e S: (n) money (the official currency issued by a government or national bank)
"he changed his money into francs”




Noun

e S: (n) money (the most common medium of exchange; functions as legal
tender) "we tried to collect the money he owed us”

Q

direct hyponym | full hyponym

S: (n) appropriation (money set aside (as by a legislature) for a
specific purpose)

S: (n) fund, monetary fund (a reserve of money set aside for some
purpose)

sugar, wampum (informal terms for money)

S: (n) shinplaster (paper money of little value issued on insufficient
security)

S: (n) subsidization, subsidisation (money (or other benefits)
obtained as a subsidy)

S: (n) token money (coins of regular issue whose face value is
greater than their intrinsic value)

o direct hypernym | inherited hypernym | sister term

o part holonym

o derivationally related form




e S: (n) money (the most common medium of exchange; functions as legal
tender) "we tried to collect the money he owed us”
o direct hyponym | full hyponym
o direct hypernym | linherited hypernymY| sister term
e S: (n) medium of exchange, monetary system (anything that is
generally accepted as a standard of value and a measure of wealth
in a particular country or region)

e S: (n) standard, criterion, measure, touchstone (a basis for
comparison; a reference point against which other things can
be evaluated) "the schools comply with federal standards”;
“they set the measure for all subsequent work"

e S: (n) system of measurement, metric (a system of
related measures that facilitates the quantification of
some particular characteristic)

e S: (n) measure, guantity, amount (how much there
is or how many there are of something that you
can quantify)

e S: (n) abstraction, abstract entity (a general
concept formed by extracting common
features from specific examples)

e S: (n) entity (that which is perceived or
known or inferred to have its own
distinct existence (living or nonliving))
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[I_'FTan?:l—u] =0y By, AT, BEMY,; EieL=; /KD,
B, ORTLO; AR J|~o> *E%&&

[IE&EE] 5D, ZEHE TS, T HHdH;, DTRAL, DA

7%, DL, DLE;, FHBA5; DERXK

UENTSIDFHEEBEGYFET,



sl ZEIOFEEBZ/FERLTIZSLY,

THELEL =, TZEEIOFSEBZUTITHERLET,

ELEDE D F

£ BIEMELH, DEYEO THLFERERT. (B
BOTHIEA LD SHLNEWERIT1=. )

[[ =& 1DSemantic Category J:
[B&ZE] IR, Zh, BE,; AR, 1FE
[F8&EE] BXIF; 1B, 3G, 1B, 1B, 17 BiK, 55,
JEZT . Pk

Iﬁ'm\, M3

[EfIE] 28 < BRE < D < &Y < &ofF < FE&
[TRMEE] 218 > HLLEE > ZEOXR > EROZE




[ =& |DLexical Category ]:

[AT#EEE] LY, LY, S, BSof-; XET D, indi
Ly, ZxlV73; R9 5; BRAMEL:; 2HRES

[ERIE] ARD; BD; BHExD; Bo; B/, Thom;
BSofz; LY, ALY, B4<D

[E1REE] AVELY, 28D, MNELLY, BXREET S, L5, »
Y, RE5; NIEETHD, W EET D, 1T

LLEANTZE IOBERBEGYFET,



sl King IO EIRB 2L TZSLY,

[[King]DER ]:

2551 —EEAROLIEHDEETEIET . (I: The king
signed the decree.)

B2 FIRAON— T —LIGETHRVERLGRIER-TE—
AFEf=[EH—Fk, (#51: He moved his king.)

&3 HOATHFOBEHETRUVEN -, FEXEILZEANCYZE
¥69 ., (f5l: He is known as the king of pop.)

[[Kingl®Semantic Category 1:

[[El#&3E] Monarch; Ruler; Sovereign; Emperor; Tsar
[#82:E] Queen; Prince; Duke; Lord; Leader;
Emperor; Tsar; Baron; Count; Sultan



[ Ef6i#E=] King < Monarch < Ruler < Human <
Mammal < Animal

[ Ff#t=] King > Country's King > King's Subjects

[[Kingl®Lexical Category J:

[3E#%5E] rule; reign; throne; kingdom; queen; prince;
royal; crown; sovereign; authority

[ERiIZE] the; a; his; her; this; old; young; great;
powerful; beloved

[[E#EE] of; is; was; has; rules; reigned; orders;
declared; ascended; died



s&lHallucination 1M FEIE HZ{ERL TLIEELY,

[[Hallucination D EEk ]:

Bl WIKFEEIEYOZETE S, FHELEWVEDZER -
YEL-UT HEER, (f]: The patlent was having
hallucinations.)

[[Hallucinationj®Semantic Category ]:
[[El#&:E] Delusion; Mirage; Illusion; Phantasm; Vision;
Apparition; Fantasy, Dream; Reverle Trip

[#8%:&] Paranoia; Delirium; Insanity; Madness;
Confusion; Deceptlon Trlckery, Deceit; D|zzmess;
Vertigo

[ E{fii#f=] Hallucination < Perception Disorder <
Mental Disorder < Disorder < Medical Condition



[ F{#f=] Hallucination > Visual Hallucination >
Auditory Hallucination > Olfactory Hallucination >
Tactile Hallucination

[[Hallucinationl®Lexical Category ]:

[JE$%EE] visual; auditory; perception; reality;
disorder; schizophrenia; psychedelic; delusion;
experience; drug

[[ERIZE] a; the; her; his; severe; induced; visual;
auditory; terrifying; vivid

[E#EE] of; is; was; caused; experienced; due;
resulting; accompanied; suggesting; involving



[FEDERIDEEREE

FEDERIDEREE - RYb)—IBEZ.

GPT-4 (3

EE—G:%éo

1




ZE"human"DAJREE I = 230 H 1T &,
FOHE., ESVLWVSEaNL, COLEMBENEEIN,
ZEnBAE &,

LURIE, Thuman D RIgE7ZR L 22 30E5IZE L4 DT, £
NENDRERZHRALFET

Primate (ER$) - #{LFEMLEDEE

Mammal (lBELER) - EYFEMLE D5

Vertebrate (BH#E11) - £MFHIGETEE

Animal (B1%) - £YFEEH4E

Organism(£#)) - £¥YFHIE7 %8

Life form (£ dp{K) - £¥Y=F- TFG 058

Biological entity (£¥BER) - £YF - TFRIE75E
Entity (1K) - B8535 %8



Being (712) - /IG5

Sentient being (X1 J 5FE) - TF-DE
Biped(ZEH1T8) - ¥ERMHE

Homo sapiens - A% 5258
Carnivore (REB®E) - BHICED(DEE
Terrestrial animal (#hEk EDENY)) - £ E#ICE DO EE
Earth dweller (#hBk44Y)) - £ RMIZE DN 5

Natural entity (BADTFE) - BEFEH5E
Eukaryote (E# &) - HlAFRZE D 5E

Multicellular organism (Z#ifa4£4) - MREFERIG 758
Chordate (BZREIM) - £YFHIE7EE
Omnivore(#BH) - BMEICE DR ﬁ

Endotherm (1E;REN) - £WYWFBIEH

Hominid(ERE) - A$EZ- JE'H:%EI’]?‘JﬁJ\
Anthropoid (3B ANIR) - E{LFHZE D5

I
d\
ok
i

\

R4,

i




Anthropoid (JBANIR) - ELFRIGH5E

Creature (&) - £YF- TG 758

Life(Z£88) - §F0G7DEE

Fauna (E1¥5) - £M=FeIE57 58

Physical entity #3EMER) - PEZHGTHRA
Biological being (£¥IM#F7E) - £YWF - TG 748
Homo genus(FRER) - AFEFE-ELFEMETER
Earth inhabitant (3hBkD &) - £ B #IZED<H5E

TR CNS0 LRI, MBI CEME., LR L 1T
B (&



EE"human"MDAIEEX ERIE & 230 &H 1T &,
TR, ES5WHHEaML, ZOLEABEEIEEINT-H
e &K,

Thuman D e[EE%E LIS EZ SRR IXZEZ KT, £UF.
tEF, T2 IDEFLERRLATEEEEORENEZSHLE
MTEET, LTIZERh TR ansEENT-Thumani® Lt
B ZZ30EZEITFTET,

YRR R GEEZE., H5ES)

Primate - ENIERFEICHEINFET,
Mammal - EMNIMEELEEICHBESNET,
Vertebrate - ENMIEHEMMIZDTEINET,
Animal - ENMIERICDFEENF T,
Eukaryote - EFDOHIRIEIEZMRE T,
Organism - ENEI&EY) (BH#4K) TY,



Multicellular organism - ENIXZHEEMTI,
Hominid - EMEIRI= YR (AR [T EESNFT,
Biped - EMIZRSHITOEYTY,

Homo genus - ErEFRERIZELET

HAEHEFIRER(FIEF. AEF) !

Social being - EMMIHEHLTIFETT,

Cultural being - EMIIUEZEHFDEETY,

Rational being - EFXEBEZFDODEETI .

Political animal - EMNIBUSRIZZEIY (TR LADSRIR)
T,

Family member - EFIRED—BEESNFET,

TR A (R, FomL=)
Being - EMNEIFETHEDTY,



Sentient being - ENIREZFEDHEETT,
Moral agent - EFIEEMIZITEIT 5EAEKTT,
Conscious being - ErIEHBZHFOHEETY .
Physical entity - ENI¥EBRLZFETT,

DIEZME R GREREZE., HERE)
Cognitive agent - EMIEHMEFERTT,
Emotional being - EMXRIEZEHFDOFEETY.
Learning being - EMNIFEE T H5FETY .
Perceiving being - ENIEIE T H7FHETY.

Communicative being - EMEAZ 2 =45 — a3 FMATFHE
TY,

IRIERIAR s (HhEKIRIE A RER)
Terrestrial animal - erEhER EDEWTT,
Earth inhabitant - ek EHhERIZIES £ TT,



EOANM"Oe[gels E RIS A 30@ HIT L,
ZTDE., EOWVWHHREhn, COLEMEBEEIEEIN=,
FiRBAE K.

FAFEEJJODJ:LLH TIESRRIEZIEZHERT., TNIEXEYFRIL
Ra. HtEFNEER,. TFENGE A, DEFMGHRE A, e
IR R E MBS EMNAEETT , L TFIZENFNDR S
MSZIENT-T AELD LG EE30EZEIFET,

EMFRIR R GEILZE, 2 EEF) -

ERE - ARBIXERBICHEINET,
ErRL - ARBIEREIZEBLET,

ERFE - NBIXEREIZHFEINFET,
HELEE - AMIXRELEEICEINET,
MY - ABIEIEHEBMIZHEEINETT,
R - ARIEEMIRICHEINTT



EREY - AFOHMRIIEZMRTY,
£ - AEIXEWTT,
ZHREY - ABIEZHREYMTI,

HEFRIIR e

#HEEY - ABIZHESHNGEYTT,
XALBITETE - ABIEXIEEFED2HFEHETY .
IBMEEE - ABIZEEGEE>BEETY,
IE&J‘:?E’J??E ANEIIBUARGIFETY .,
XiED—8 - AHIERED—ETY,

TFHIER:

i - ARIFFEEITHLDTI,

EEEEE - AHEESZHEOHEETI,
RENEE - ARXRENGFETY,
BERETDFLE - AHIXBEREESZRFOFETI .




IDEEFRR A

ABFRE - ABEIEEIMTSFETY,
IFHEE - ARIIRRIFZFOFEETY .
FEIAHFHE - ABIFXFEITAHIFETY,
MBEMNFRE - ABIXNETSFETY,

AERIR = -

SaEAE - ARILESHEERTAHFEHETI
BEHOFLE - ARIFEMZEFHEOHFETI
EMROERFE - ABIJMEHZRDOEETI

IRIGRIFR A -

HERDAEY) - ABITHIKICERTHEMTY

IRIED—E - ARIZBERIRED—ETY,

HIKDXZECE - AFEIEIk EDFELBELAELLAFT,



RSPERE - ARIERR[POERZFIALTHRLET,
FRRAD—ED - AHIXERZRO—EITI,

NoDMEE. AR EHFRIIC &O)J:')L MESNHM. £t
A’(DI’IB@EITC&ODJ:')Lu%’JHb*L%m\ T ED LD
HAEEEEOM.. IDEFMIZEDISLEENZE DM, FLTH
Bk EDEYELTED I LG KB ZR-LTULSMhZRIRLTLY
E3C I




i =i
EPA,P




RIMXDEED

o BHRMDLLANONY—IILEFE->THEDIEDAAFIE
#ZL . Formal Concept AnalysiszhT3")—m7Z HEE TR
AT B EIZEKHOT, fi¥IZsyntacticall A NS EED
BENFEEIRET HN\SUIILLGYEFRETENTEDS,

o LYEBEKRMIZIZ., EHFEDT—FIZR 5N 5Bsyntactical i
FRZEIO—MELI=ERETIZRLSE. EREAEHZAL
’C%g)bb\d) SR EREBET T ERDZERITEST LM
-t



® {0,1MEfTIZE"/D=OITHhYEAT7EEBATEHET HEX
MoXELHEREEZIRALMNIZT S=HIZFormal Concept
Analysisz={ERAT HEMTED,

o KiETHETBEMRELenrichedhTI) —EHEMNOD &K
CEiof=Y—IL(E 5 5 #r&Formal Concept
Analysis ) IZIZB#FHLWLWEDITEWAY, @Y—ILDtEyhEER
ENSUIVEPIEIEIHEY RSN TUVELY,



ARE

LIl MEEEER BT LELYHEEROE, enriched A7 1—
RORAHN, FEROSERANE DESITEFNDHIZD
NTOERERD., ERADBEEHRT D701, BRI
ISEUNEBIF LY — L E R TE DAL T .




Rz & Formal Concept Analysis &
KYEDIT5

FCIZBRWNDK7TO—F LTI, #RKEEFormal
Concept Analysis &Y DIT5FELHS,

YhaR SN = [-00, co]F =IFEARXR[O0, 1]1%. closed
monoidal categoryDEEZ5ZH_EMNTE, HDAHTI)—
Zenrichib 3 5= DEUIGEKELTI)—E135,

DEY. [—oo, o] X [&, HhsRSN=EHM LICIEZMASEEX LD
#THY. [-00, o] TenrichitE=nfzpresheaf® A7) —¢&
RIGTEMNTESD, TLT ITIIMFEIEZTDERIL. Hhsksh
=ZE#0nAH73)—_LETenrichibahf=zprofunctoré#H#7ad " &
MTED,



nucleiD &

nucleidtEEld., {0, 1} THZEFZIL=HDHINATEEAT S
_ttK Formal Concept AnalysisICILi# 9 575 A TEZEM

COTATTIE I0FIFRERMNORHEDHERTLFEO>TLV =,
[Pav12, Pav21, Will13. Ell17. Bra20. BTV22]&ZDF D
SEXAESRINI=LY,

ZD770—FIE, T RTOhYyrAZ{EIZX T BFormal
Concept®lattice . EE#UZ K> TEHIZZE SN T-Formal
Concept&l WD 1 DDHMEFRIFRIZH—T A EEEZEZHEN
TE5,



mEhT3)—hmSenriched A7) —A~

IH5—DONEELG AL, HBERBOER). EXLDIEFLIE
DI EEEH-HWERXEYILIRES-CETH S,

A7) EERE BT REERY NSLIILGEDICT B8, X &
YIEE—St SN DR EHF GO A TI ) —EAEEINT=,

LAL. X &Y IZ597ahBenrichib T 5 7B AT S &L

BETHY . TNoDHDFEIL, SRS S ERERZRELT,
BIRHIIZIL. EE®D X-Y profunctor®dnucleilZ k3,



GED AT —mMB#RAkEDisCoCat

NLDEREFERFTFOHEIREDY—ILTRBAT A A EIIEFE
LELDEN., S DETEH[dF22]1&. ERIE. XIRBE B
3%, pregroupXiEiiE LD EBFHIEETILEATD

) —IBSROE B THERLTEY. CoeckenMDEEDHERAI
METIL[CCSI0]DILLARIZEE L TLVS,

2010FERFETHWACNSDETILTIE XOEBKIE, 3EFE
T BDEEDERE., TNODEENGEDRANIZE-TED
SOIHERENEIINSELDELDEIRIBEN TS,

ZDERIEL., FBIRENT=3GEATT) —h o BERITARIKLE
DI OGN MIEREFIEASAHTI) —~DfunctoriZ&>TET
HEshd,



CDEIGETIVITIEIGRNOERBADBEREEZZDHELT
SN, IUEDFRICKEIKFT Do

LAL. ZZTORAUME, ELXNESLULEDOEEEED>IEMN
SIROT=-L\DTHNIL, COHRIX TRBAL-HEEYEXRET
_&K, enriched A7) =N ZEDAEFIRIET HENDE
ThHbd,



ZEMRERBETOVIL-RYET—

MR MODEBEEMN, enriched A73)—EHRICHITHELDE
BrULIHITRELTWWAERTOUVEDN, SEREBKBTH

Do

BIZIEATMVERV, QV, @ - QV,DTU/ILEDTYIL
% tensor train. 5L\ dmatrix product state LFE(INS

HDIZ

A

HoRT o EE n - EOEREDHHUIYIET

SVDDOFELTEEIRTE S,

tensor train LOV,Q ~QV,

WW-H T

VN1 VN V1 V2 - Vo VN



HTIC %X Cy X - x C,,DFELEDfunctorlZxtd B E#ED
HHnucleiDF| JITDONTHDREBRDIEBmZFE L IXENSELY,

THXFAMT =R BGLHELEOAVTFAMDARTELWDLYE
WXFINERGTTDNBEARTHAETZZADE. CDRIEAT
OO DATI)—ZERIELIZL DD, FEBICELTIEXRIGE
DL ZRBIGEERBENE DLIICEFNIMNZEET LD

[SELTWVDEEZZDDNEETHAD,




AT ENERODEFHFZBIEL T

SEBOMEHEEZRLI=ZON., ZCOEH 3T,

[FEELDI(L. enriched ATFIY—ERDBHEH DY FHEBHHDS
BIRANEDIDIZEFZNAINIDODINTHDIERBEZEZDHLHZETH
5o |

ZD LT,

[ERBDEEZETA=OIZ., HBRR#MICE N EFHL
LN —ILZFRIETESE[EEE N H S, |

LEYETS,




I DIEREIZDOLTIL, BIE-FI <R BIOE2F—I KRR SET
TILDEETHEE I TN L=, enriched A73")—Z%HFHL\T
SyntaxA73!)—IZHEEZZEEAL. BERINT-
copresheaf EriazE{ELVDERAMN. SR DERMZZEA
[ZigAH LS EERNVET,

1&%0)“@%&;&( EREHEFHLLNY—ILIDOERE(L., SED
RN TOEDOINDEERMS, ﬂ’z‘%ﬁznllltuc%axmh\tt\o_t
T’tlb\b\ij_o

CORTIE WO DT7AT 7 ERENRESNTLET,



¥R 24X # & Formal Concept Analysis %

KYiEDIT S

VD EDIE, TR 8 EFormal Concept Analysis &&YiaD

[T 1ZEDREINTLVET,

BRMIIZIE, EHMX EICEXTARE%K ’E[ 0, 00]’Cenr|ch1t‘c’<

fnf-presheaf@AHTI")—&ER%EL. 1

?IE%E&“*LT:?“&%I@?J%ZFU—J:’Genrich1 téhf:profu nctort

AIET EMTEDELNDZETT,

profunctor_t@nuclei (ZNIEITHIDE

XIGYEBEZHIENTEET) DIEEZTEEM

NIEA[REIZHEAEE WVET,

HiE-

BHNTRILD
TITBHET.#F




R BOERE. BERLDIEFLULOBEZHF-LGVEEX
EYMBIEEH>TWLNADTYT (IMITNFIELNDEDIT) Y, Z2E
enrichit TZ. Z®Denrich{bIXEED X-Y profunctor®d
nucleilZRRENSHELLET,



MXGED AT 3 —mIE#HwA & DisCoCat

ERICEBEZRHEZETHABRERDOBERHL (ENIE, TL—
TR EBREDIRE | ERCEDTY) . Hof=-HTIXE I
DBBRICANDMBLLNFREA,

[3GEIDATI) —D L EKRFIEASDEREARILILZERIAD
functor &LVS5 7L — AL, Coeckes D (FLT,. MDOTHRE
BE5®)DisCoCatD77A—FIZfZYUER A,



FhIE BEDEHLTI)—DFIRIIKET HEWNSKELR
BEEIEZ TWWADTIM, TD5E AL, enrichifE TEYBAZ L
AMELNIEWNEELVET,

[Syntaxh bSemantic~ADE] (. 1L LXNESLLE
DEEZHE DI EMNLIBDOH-LDOTHNIE., D/ TIHRA
L= WEEZRRT — &7 <. enriched AT 3 —imH
TDHEERETSHENSIZETHD,



SRR BETOVIL - 2y D=7

%

WZH FBLTLSE>— DT — LAl SREERBDIERELT
DZERPALBTY

[HIZ (X, RORILZERV_1QV_2Q--QV_ndDTUVIEDTY
Y JL% tensor train. &AL Ematrix product state &FEIX
NELDIZABARTHEE n - LEOEBEDOHSUIVIE
TSVDDSELTHERIRTES, |




SHOLI=FEE, HEDOLETIDHX . “Modeling Sequences
with Quantum States: A Look Under the Hood”
https://arxiv.org/pdf/1910.07425.pdf TEREASH TLY
EX IR

—FRIONUDESF—TZEEITH p TEHETHERDHRA
https://www.marulabo.net/docs/density2/ I&. Z5L7=
F7A—FERBNALIZBDTY,



https://arxiv.org/pdf/1910.07425.pdf
https://www.marulabo.net/docs/density2/

TR T—O~DFEHDERTY M, BEHARD LI
WMATWNSHIEIFEZRZERNET,

[FXRMT—AIE BRBELOVTFRAMDRTELVS LY, E
WXFHERGTONBATHAZLEEZDE, CDEIEAT
OxHMOATI)—ERIELE-EDOD., EEBICHEULNTEXHMLE
DML ZEBHLEERBENEDLSIZETNEINZTIERT D
[ZEL TS EEZRLDNELTHAD, |

copresheaf BEBkEf(L. B, TL—X., X, XDEHT ... &}
[RLXFIERRICLIEZEDTLIZA G,



AT OB FRIREBOIFEE L <

EDENERGREZF>TLSIENHMFET,

IRAEDAIRMDEAHLI-SERIETTENTLD T, TDIRAL

LB E

EHUEELEDTIESOYEE A,

Tai—DanaeD=—1—35J)LE E%T)bjd)ittﬂli%d)s'ﬂgﬁf\
DFIMNSELE-EDTTH ., AIMTTZDOEDO D EFoERE
EROFRIEDER O LGS ETEFLTILVET,



OLT=EATIE, BIFFIC, FILLWRIFPRFER - BRI RERICA R
INTEINT, BFBEBRNEIL-HEBI DT EEZRLTNET,

OLE-REANEKRIT 2DIE., EFEMICIE, AROFEEREANICD
WTOEHNFERLOIDEVNIZELDTI A, Thht, AfEEL
IFEITHT HREDFILICEZF RS EFZLEATVET,









