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2 Digital Rule of Law Laboratory,Zhejiang University, Hangzhou 310008, China

Abstract Semantic representation is a central challenge in natural language processing (NLP). Existing approaches can be broa-
dly categorized into two paradigms:symbolic and connectionist methods. Although the latter have achieved remarkable practical
success,they suffer from theoretical limitations-commonly referred to as the “compositionality crisis” in compositional modeling
and semantic interpretability. In existing methods, categorical compositional distributional semantics provides a principled mathe-
matical framework for unifying symbolic syntactic structure with distributed semantics via type-driven composition. From a cate-
gorical perspective,this paper surveys category-theoretic approaches to semantic representation along the conceptual line of “cate-
gory theory-composition-quantum computation”. Unlike surveys organized by models or tasks,it focuses on semantic composition
mechanisms , comparing sentence-level models from a compositional viewpoint,analyzing the limitations of distributed approaches,
and outlining the theoretical shift toward compositional distributional semantics. Building on this, string diagram-based frame-
works such as DisCoCat and DisCoCirc are presented,clarifying their formal properties and quantum extensions,offering a unified
view of symbolic,connectionist,and quantum semantics.

Keywords Category theory,String diagrams.Compositional semantics,Quantum computing, Interpretability

MBSO A g A e 2 3 e U4, B A 20 42 90

AEAR LAGE VT A1 ECHE T Bl S O B8 20 A 2 SCH AR R i 1 R

HN T BE(ADBEA: LISk, | SR 05 5 4b BE (NLP) G i T R BEE 2R L ROR B R R AR SRR B
KELD T MANE T2 MR A5 LBOBOR 37 T 1 B0 J7 1 38 3k D 4 T B0 A9 3R A BB ] 4n

1 3l

il

FF5 H 1 .2025-10-28 iR 1& H 1].2026-01-26

ST H  FE A SR A 4 H ORI H (19ZDA042)

This work was supported by the Major Program of National Social Science Foundation of China(19ZDA042).
WGV F A #YE (culjiany@mail. sysu. edu. cn)



338

Computer Science THEHEL2  Vol. 53,No. 4, Apr. 2026

Word2Vec™ Fl GloVe™ DA 35 4F K 4 112 B A 9 1 F SC i
Y23 T B ELMo™ 1 BERT™ 4%, 1 2 J7 ¥ 16 i 4 )
BEHE SO G AR G iE AR S T IS T W LA, D
Chat-GPT {3 By A 11 Y1 2 488 Y, 5 4o 78 A5 280 JL A8 T
IREHE E RSy e i — D HES) TS £ U7 B 7E NLP
U 7 P A

O3 A RN BTAE NLP AR 55 rh 2 B £, (F AR e =X
G b > B REE L (o P R A EIR 35 U L AT i R 5 A A AL i
SCEBLRE ST o S I O ST, A 5T R AL A PR B W 5
Sy AT CHESE , LA Z I 5 e R M S, T A 1] k|
BT BAE Ty 1k, IR 32 B 11 5 e M i B ok T R ARORS T 5
4R, Ju 518 (Category Theory) fE 9 #2155 BB HEHL” 5
R RRCE TR R G — S5 A 5 A 2k L
BRI 32 B 2GS, 3R F I W IR 1Y O AR AL BE %0 ) 1k
FNE LR HE S B A0 ik M2 A BGE B IHE B
FAF B K (String Diagrams) 52 3 iE X 4H A& B9 v AL 4k 5 ] 35
o TR, LSS A% O AL A T OB AR L B R
W2 32 SORERL Yy e T A 4R A T Al A, SO e R B AT
A AR REE S i LR IE SRR E T IR el A

ST IS SRR R AR

EAb T 5E -5 SE BRI R W3 B R R AR E S T %
JREH 5

ASCRL I WA A - BT URE SR O L O A A B T
Wi 1 14 78 SRR s 1 2 MO 5 i TR B D Y R TR Tk
2% B FURZ 0 B i DAYE W8 O 0 Y L T SO
LIRSS L BRES F C 5 5T SR I SO BT L
380 o S 491 4 Ik Tk S O SO R B T O e e NLP Pt A
Fe B R AR 55 5 0 A BB T R R A ) A R AT O IR AR
5 I AR

S AT 3 BT 7 0 A A T A 0 A SRR I i I
J X 2 I A TR B TS Ik % R AT BB O 455 2R T RIS Y
A TR SO AR T JHG T S R R A B R A A R AR O L R
P s B2 AR SO JEIT 1838 - 55 2 s 3 & M4y 5 )2 647
Wk, Kb 2 | EEA AWM T AT 8 BTk &
FOAATE B [T, 55 3 T8 B0 Wi A i =0T 58 T R A g
A A AR TIELAEGRE TR T FA R EERE
ECHARPLE RS BT IRTH 5 5 AR T i TR
PR AL JE W B T 5 R B RO AR B B B G
AEFNMIE.

r----r——-—~—"~>""™"""""™""T""~™"" "™~ T T T TTT T T T, TTTTTT T T T T T 1
a7 GRS 2
— #iE

EXAE TR

HEEX
(CCG/Lambeq )

DisCoCirc
51

DisCoCat
FHE R

BETEREEHEME

E 1
Fig. 1

2 AFRTERNEHSSE

AR F i 40 A X ROR — HRIE S M 5 A TR
AT B 9T B 0 R, L Word2Vece, GloVe LI & BERT
85 R ARl iR A 7 5 38 S DA R AT ) o 2 3 3% B ) i
FOR, W WS T oA 0E OB R R, RS R AR
B H kR B 58 T 0 B R R R R B A R T G
SCRAE J5 & 75 0 55 5 R O 4 R 5 )k A R R AE
XA R S #E LTSI R T R,
JETEIL AR F e 5N 2 IS T E iR,
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General framework of DisCoCat-based quantum NLP implementation pipeline
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Table 1

Summary of the sentence-embedding methods and their categories
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F 2 ARECAEWIE G WETE Ik R Y 1E F 6] TR A G R
Table 2 Isomorphisms among algebra, proof theory,categorial

grammar,and programming languages

6 ¥ %8 EEF Python £ 3
W SE % iR 4% 6 9 E % DisCoPy
b & AR (A biclosed. Ty
R TG NS 17 /A biclosed. Box
A5 IE A A 4 biclosed. Diagram

4 ETEHEHNHAGIENRERELH

55 3 BARR T SEBEIS WA DL B8 — 14 45 R - -5 A
BOCHRAIE T 5 10 SO 3, AR B 3 — 25 5 1) ELAA A A [y
P, A BT B R RS 1 DB W TR R
AL A T AT X2 ) AR LK R R A i AT . R, 5 A
Y1 SURE AL (14 28 AR 8 S 3 2o 4548 B R Y o T8 A R
W5 W S 2 0 SCY G R IE AL A MR TS — B RS A AR
R S AR BRI R MR AL Bl TR S A FE N
A1 LAY DisCoCat BB, DL KoK FLal & MR W 9 e = iB 4
5 bR 3@ f) DisCoCire #5517,

4.1 ZHEEMEX LB SEERSEN

TEIE T TG 305 SR 40k, A 53 3 38 SR S 85 36 1 4
2 JEUHE R BB 7 A5 B B F o A A M R R AT R 2k
Zim, Horp, A R R BT DU A Y R 4 R R
G5 I REF R ST U 5 A (o) ol 3k 3 1 3% 43 6% 3 00 31
PR A s IR AT A () 38 1 AT 3 H 3R, % 7 i e A4
VB SN 42 1 3RoR 25 i A 45 28 i 1 454 o DI 332 65 IO ) 3 9
HEZHMWAE,

TE L W5 18 SO SR, A H ] A58 T 4 4 4R 43k L
AT 15 1 AL 5 48 25 25 5T (Identity) . & il (Copy) M & (Delete)
528 (Swap) 2 (1 BB 2%, WA 2 Fios . S %175 <
o 7 45 JL AR 4 43 i) 3 7R A 35 A& Lk 54, X N AR BT 1 48 IR
5%k,

R° i 8 IR€
R—{/ R - R—e—{ E}E
A4 785 1 & Uit 5o
[RY S RY R’ ={#} £ RY > {x} Seh:R' > RC
RY RY R¥ RY Rt R?
»

RY RY >< \( )
14 A R' R . RE R

{555 2 At ke £4) HATEA

1:RY - RY 0:R™ SR 5 RM SRYM  [®h:R'®R >R ®R”

Bl 2 A R
Fig. 2 String-diagrammatic syntax
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Fig. 3 String diagrams representation of tensor operators in SMCs
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Fig. 4 Pregroup grammar diagram of the sentence”Xiaoming

likes Xiaohong”
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Fig.5 String diagram of the sentence of “Xiaoming likes Xiaohong”
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Fig. 6 DisCoCirc diagram for the sentence “Xiaoming loves

beautiful Xiaohong”
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Fig. 7 String diagram of the sentence of “Xiaoming really likes

Xiaohong,but Xiaowang dislikes Xiaoming”
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DisCoCirc to parameterized quantum circuit elements
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Fig. 9 Correspondence betweensyntactic structure and quantum

measurement,and between lexical semantics and quantum states
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Fig. 10  Discourse-level QNLP computational workflow based on the DisCoCirc model
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Fig. 11 Quantum circuit encoding the sentence “Xiaoming likes

Xiaohong”
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