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Large Language Models
GUO Ruxuan!, MA Ruijie!, ZHOU Qingshan', BU Yi'?, WANG Xueying"*
(1. Department of Information Management, Peking University; 2. PKU-Wuhan Institute for
Artificial Intelligence)
Abstract: [Purpose/significance] National high-tech industrial development zones
serve as important spatial units within China’s innovation system, integrating policy
experimentation and the commercialization of scientific and technological
achievements. Evaluating the technological innovation capability of these zones helps
characterize their development status and provides references for decision-making by
relevant functional departments. [ Method/process] This study takes national
high-tech zones as the research object and regards innovation activities as an
innovation chain formed through the interaction of multiple elements. Based on its
structural characteristics, this study constructs an evaluation indicator system for
technological innovation capability, which comprises five dimensions: R&D
investment, innovation environment, innovation platforms, innovation output, and
innovation impact. Furthermore, this study adopts the hierarchical precedence chart
method to determine indicator weights. In the pairwise comparison process, large
language models are introduced to simulate expert judgments, and an adaptive
dynamic sampling mechanism is used to improve the stability of the comparison
results. On this basis, this study establishes a comprehensive evaluation framework
for the technological innovation capability of high-tech zones using the linear
weighted method. [Result/conclusion] An empirical analysis of five national
high-tech industrial development zones, Zhongguancun Science Park, Shenzhen
Hi-tech Industrial Park, Wuhan East Lake High-tech Development Zone, Xi'an
Hi-tech Industrial Development Zone, and Dalian High-Tech Zone, demonstrates that
the proposed indicator system and evaluation framework can effectively capture the
real differences and structural characteristics of technological innovation capability
across high-tech zones, with satisfactory validity and interpretability.

[ Innovation/limitation] The study introduces large language models to simulate
2



expert judgments and incorporates them into the hierarchical precedence chart method,
providing a novel methodological approach and perspective for innovation capability
evaluation and for the application of large language models in multi-indicator
comprehensive evaluation.

Keywords: technological innovation capability evaluation; national high-tech
industrial development zones; large language model; indicator weighting;

multi-indicator comprehensive evaluation
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Figure 1 Five-dimensional structure and logical relationships of regional innovation capability
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Table 2 Evaluation indicator system and weights for regional innovation capability (weights

retained to four decimal places)
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FHE I SE7m 1] Brh A48 BN 2951, A7 BT K38 5 A ReE AT I0 e Bk
R RO LU ST, A RO L ZOR R, SRt —E0. nl iR HIZ AR I U IR
I o
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3.3.3 KIE S BALIRE) I P VAR AL R

EHMRIES MM MAERE. LERANEHMBENEE, KXEH
Qwen3-Max B FEAT HE AR AF 0T S BRI . 7E RSt b, ASCRA AP 5 Ui
FIREAY, i R G R R A A A (e O« XSRS BURT PPN . RHBURAT 5T
FFEARR RSN LK, HXMESS T REAT IR I F P 520 [ AR A 35
I BARAESS . EEBORI AN oKk . B SRR E N temperature=0.3, HR%
HOURH -6 BROAE

AT R AT IR 23 AR e EVE R T, JF B RLAE — AR b T R — R da b
PN R R LA o AR T S S A L R i, AR TR A T RS T T
F Lk AR Y B 18 R B RAE HEWE « B B A TE AR A 4 I F b E LR I 2
BEHLZA HH “RT & T AT =M R —, MEA1/3, M TE—XHEF,
e B AT 3 IRELEL, #4510 —5 (P = 0.037 < 0.05, fE 0.05 [ 3%
KPR R v 1 D U2 L s SR TUIIG N 2 5 IR, IR 4 IR LA EFERCP =
0.045 < 0.05) {1k #FIARILEL, MEEME 7 %, LLs IKIEAHEBIE (P~
0.045 < 0.05) , AARBHEILH, WHE “FHILRZEER, WHHE. ikt
BOR 14— Tt 25 IR AE REA LR T 2400 /R = 0.05 48T 3. R, A
BRI A B AL, BV PR AT PR, B 52 b 2 I
BEAT X RS o AE FAASE I R, A SCRAIE E Prompt B, FFEERARAL DL
JSON J& 3l [ A B M PP 7 5 FIWTAR S . Bl S, T e & SR TIE A,
T8 A L R S R e T E B PR b i AU, S5 R LR 2.

RS K VS 5 AR AR B Rt LA S R B B — 8k, A SCRA AHP
[ 5 RARFAE ARV A e AR B AT — BUHEAG 3, FE45 6 =020 J& LU o6 R %
BVEREAT AN FRERAUE, S5 RN 3. FERNRHIEETL T, el IR Je i MR e 4y 0 iy
FEBRE CK 1. 0.5. 0 2 BlE#CA 2. 1. 05) , ARG IHE—SEERC =
Amax — 1)/ (m — DAT—FMEENCR = CI/RI, FH Ao I W HE 4 ) B KA
A, noNFEREREG RIgnX R BENL — SPEfabr . MR4E Saaty 52 H )H0 T
P, 4 —BUMEHARCR < 0100, FEFER)— ik n] DLz 29, 45 R EIR, #H
BEICRAES/NT 0.10, = JCH7 J& Lt Ab T-HARIKF, BB AR 1 1) et
bR 28 SR B AR B e AT — 30, RBIE N 5 SRR TS AR i T SR AL
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3 MAERE—HMRELSR

Table 3 Consistency test results of the precedence matrices

H R Febrd CR 1H —JCH & te
— R B bR 5 0.034 0.050
B R N N AR R 6 0.077 0.025
BT A5 P R 11 0.078 0.010
BT B AR N R 4 0.058 0
BT H R R 5 0.067 0.067
B3I 52 A R B 6 0.088 0

3.3.4  TEUBLES A EL B IR

I PRI ORAE B R A 28 SR KA RV AN & B, A SO 5 N DR 5K
WA 25 S AR . CRITIC VAP R A 7 04T Lo Ase . Horr, & SRAL Y
6 IS AH DG 78 2 4 BB 5 K1 5 AU [F] (9 23 IR AL 7 BN 3RS, BB B 5%
Jekt 5 A ZARPRIEAT O ELEL, BR300 & — AR bR T 8 B AR TR AR AT BN HE
B o B o TSRS AL R IAR IR, R 2 A7 L TR B 45 RV AR 8
18, EREFMP ENE M B AR R . L IR, SR T 550K 5 A,
B R A A R BALGERT CRITIC VI T S B 2540 SR B AN 5 12 15 = W e
RURBOEZ 2 5, S5RWR 4.

+*® 4 TR 5 AL ROFREX LR

Table 4 Rank correlation comparison of weighting results across different methods

LI 3 Spearman’s p Kendall's ©
KRR B vs B AP BTk 0.850"" 0.677"
KIEBILT EE vs RERGE —0.088 —0.041
KT B vs CRITIC 7% —0.181 —0.105
RIRGE vs T HIUT EIVE 0.060 0.040
CRITIC V% vs HFHMLT % —0.072 —0.069
WEBLE vs CRITIC ¥ —0.348 —0.230

T Fh B AR R E R R/p < 0.05; **FRp < 0.01; ***Frp < 0.001.

MBS R, KOs 5 B A 45 S 5 1 SRR 45 2R 2 R AT 5 v PRI RR A O
Pt (p =0.850, p <0.001; T=0.677, p<0.001) , P KIESHRAEIEIFE
TR b RS B S W A AHEL 2R, AL CRITIC VAT 45 R
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5L 5SS R 2 8][#) Spearman #HK &%/ 9 0.060 (p = 0.742) #1-0.072
(p=0.696) , AR EFZFAAKNE, RUPHEEIRS)I7VEE 2 SO br s 4
5 (072 VAT S, T 6 R b 2E R BT RE VP4 i A 10 B B 1) S B BT
Ao X —EERFEBUN], ARCRH “REFEMHLF BT AT,
RS AE B 28 K L K FIWHE AR M R, 32 = IRBOE R 1 280%
4 FETLRAEIBGER XA AIHT 8 I TP HESR

WESRPA L E G, N 7w X R BT Re ) B AT e, ARSCRR e
W Z AR E AR RS X2 T B G SR AR S & T A B s i X 4
FHEEUB e D45 a8 8. ARAERTRTEFA R IR |, R AL 2 X 35
FHEAUF e JJ PPN HESE, T8I AR HEAL 5 16 8 TR R EAT IBURAT, I SEAS [5]3F
X R G RE 1Ko BARTEATAE A P IR U R

B MERIGEEERE . WIEEm MR R, n PR RS, MR
UEHARIEREX = (xiy) o 3 x BRI VP GAL IR L X LI

BB XEIBIRPREAT B T SR EN S ERAE, N
TRAUEA R AR Z [ B A AT L, 75 20 R AR B BEAT Ar AL AL 3 . AW U R IR
Z bn e L VE /OB OB W A Y = () o Hom =

(xl-j — min(x.j))/(max(x.j) — min(x.j))o

FE MERERE., KRB XS RWERBERERNEW=
Wy, Wy, =, wp)T, Fert, BUE w3 58 j U AR TR bn 8 BEAR X SR 5 61 8T BE 1 1P
Y b AR AR

VL HRLEE VPN BENEINBGE, FRTEAL R & Bie a5 70 5
Foxr M RLE ARSI R A, FR X BRI GERE: s=Yw=
(51,52, sp) T Hos, FoR SNV RIEHLGIBTRE J1KF, B08E, &
ARSI QUL BT B 5 8 52 M 5507 TH BRI i

BEAh, IR IR 520 B — AR AR B B & B B ARSR AR 0 5 AT IALE &L
MM SRAF VA N RAEA R QT e S 4ERE B AR5y, DL — B4R HLAE % BB A 1Y
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5 AKREFXBEAIFER RS E TR SR
5.1 PPN G B o

BE 2024 F, WECHMERREREHEAR I EIXIE 178 4>, A
w AR ER U YL G P PR U, TR T AR KTV K
= BRI X AR O EAR N 2 B i AR A A R R0, [ 5K
R XA AR E RS GRS O A AR, AR R HEsh LTt
AN G| X IR B K I R FE A VR, ANl @ X AE SRR B, b &bt
5% 4% b P 3 2 e,

AT S IR E AN [F] DX R BT e 0 I 22 et S R AR R, A AT Ik
TR SRR X R H R AR @ X BRI AR TR X . P22 Eh
BRI X W AR P M X AR A VAN G o e b B AL 458 oSSR R
Fel o RN HTIX AR i DR 8 22 e X S G B . 7 b Re g e (1
Gt Bk el X, AR % o X O 2B A i B PR R e B AR 1 8T
R £ el [X 1201, 7 vt X R HE BB E 3 B R0 O T, AR SC4eit 13 E 3 2 E
K X SR SCERB N (L 2) o G ER, bRt R E X ki
PR AL, PE2e B X AR X AR E XA JE 51, B SR
FIAR Rl . OE BT B Mk bl X B AR AL TR SCRRTSY, R HAEAE
B BRSO L7 W) R ROERHFREE, AR NI ARt X ARER . Bk
K&, HRMBHLEAERH R B 50058 A A J7 T BA Se s, 5
MBI H SR8 T TR I TE B3 BRI X LA R G A 2R A0 55 A
IR B e PR AL X LA 138y AR v BT X AE ' FL {5 JEL U Rl 4 [ 4056 1 7 L B
78 22 s XA FE T 22 = & I iR AR e BT AR R ol S, 2 6 b X 3 2 f R
QTR O AT X RIS AERAAE B B R (0 ML 4R 5y T2 Bk
AR B A el (X R B A0, e Ah, rh AN R el R 2 T80 v X [ J 3 R =K
JVEEX, SR BB MBI AA =4, BAQIHEAR S A4 ILHEI,
Xf 3R AN EHT X R G RE S VRO 3BT, A7 BT 220 1 3 ] e XK R A ) S
[, B i S e v X R QBT BE T O S5 A PR ALE
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B2 EEMXRALAXES T
Figure 2 Distribution of total publications across high-tech zones

FEI )2 I, ASHIF 7835 B 2013 —2023 47 8] 75 AN [R) 8 f (2013. 2015,
2017, 2019. 2021, 2023) , BE7E o 3R E QU A R FESCRE B, HAE T W%
FH X R B B B AT . F SN RIS 30 MRS, K
P BB ZME AL T 545 B IR IR e 125 G R U &% — Sdahnts 4 .
5.2 T IXEHLEIHTRE I LB i
5.2.1 FHELOIHTRE LA TREULE 1

M 2013—2023 & EHT X FHL G RE VIR BINRICRE (K 3) , &
DX A 5 I O AR E IR FEAK SR, T RERI 4 AR BN o SRR 4 el iR
I X AL T35 —HRBN, AR SR X L 78 22 i DXORT ORI i DX AL T3 B BA
o, s R IR LR REG, TRINE R X AR S =, B 5 HTIX 2
[ FE RSG5 5 BB AP, 2R el X5 4 2 o X A9 0 O
1713 2R3 fe 7 DX 0 W S ARG T AR A, 13 AN [+ v DX E ) il . B 50 8 SRR it
REALRE ) PAFERE Z R

M ABACTE , BROE SET X Ah, HAR DA i R BT e ) fa s B 4F
g bttt . Hrr, d O RHE RS IR S X G K A B, AR SR R
X AL IR I RRSEGURTRE /) AR T IX 5 V0 22 el X AR SRS D Y A, (G S A )
W%, SE BN 2 BB ETY K. K% s DX 52 30 H 3 ) = KRR AE
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2017—2019 FAREA T ~F%, ZJaBIKE BT, ERARRTHEEZEAR, St
Rt R X AR 235 BB RE D3R T 7 AT E — E 2R

3 EEMXMEIFENEESERNEETHIER
Figure 3 Annual changes in the comprehensive innovation capability index of the high-tech
zones
5.2.2 RHLAIHTEE 145K ELE B
ARl X AMAE LR & RHL O Re 71 b 2B A% R, N RE ) 45 i A7
RS ZE R, W 4 PR SWINEHTIXAERT R BN TT A AL T4 se Ay, i —
B ELARSE R B AT R B, Ho Ak R&D WF 7T 57 i 44t 4> R&D WFFE A G L
FRLLL E Tk Ak R&D 22 9 3 H o BN SN EE BRI Y, it B A A
R BN iR R A AN AR BT i B LA, X I F T BRI
AR AT G . SR, RIS X AEGH ™ AT G s BT oAt
B, FZUHERINR B IEALIRE LA NGRS RIS, QIR ISR R
AL [ 2 TR E QU T RE ST B EE R 3R .
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E 4 FESEHRESHXUFENSHEEFIOTEEML
Figure 4 Radar chart comparison of innovation capability dimension scores of the high-tech
zones across different years
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RE 4k R B 22 7 o 1K — &5 RN T S0 1 AN 78 i) 2 Fa i Ak &R i 1X
SIESERE T —TT 1, SRETRERR NS A SWAS [F] ST DR AT e ) 1 S A
FEgts T, SAEREAR PR T AN A mE XRHS BT RE T A5 R PERE
ik, 5% i XA TR B i Fre s« 0 ST TN = b it i A — F (5:30-320

B FRFARGES, ACRECUNEI: @ Sehd Rl FE 5 4k 4 1 R
U EE S . BUHTAEE 58 5 BB AU e 1R 2R G L%, i — Db Faa a5
BORFACZ TR A4, RIS Tt 5l /i R Z B UL RO, 7870 K 3%
HAE [ KA R B S SE o QIR 8T X A AR R AL AT 2 e AT 33
B3 i D s 7 /s TN I s R o AN AL 10 - AL I i DO M 1 B =1 oy R T ) e K] DN 7 R S el
BN TE 3 R A AL, TR SR RN T FR 7 R i () A R
QAW EH X PRI R . RIFT G LA A RS0 H R s, Itk
HEBN QT B S ML 7 SRk . b A J A1 R AR T IR R FE N, (R gk A
AP AR AR R S . (DTG 2 m i X NS Ak B A B, SR T
B SAR R A FERE ), HESHBER BN . BAAER B 5 B8 ™ tH 2 [A] TR i B IR
W AR S . (B K& B X U BT R B R B R S e L L,
FELRFFR (Al R FEBR AR (M [RIINE, ISR OB PR A = S 2 B s R & $2 Tt
e AL AT 25 BT e T SR
6 i

B AR BE 712 3K sh X IR vF 3l K 5 25 M %0 1=, R i X 5E
G EEYERE, HKPFE AR e 1 XKIRAE BB S AL 5K . BRI RUR
AL ST SR G587 o ARSI IR i X IX — B B 2 (Al e, B TR aE 2%
PINTEZ AR, MR QUEIAEE . GIETEA . B HAI A Er 52 e A4 B2
KR BRI PPN PR 2R, I RArh SRR el RIS 3T X AR T e X
VG 22 fe T X RN KT e i XN Fe st &, X 2013—2023 FRIRHE AR RE )1 Kk
AT T RSVl . SRS R, TS s X IR BE R 70 Sk B A6 FEAE
R, VPSS IR S B R X I SE AR R AR AR — L, WIE T AR AR R SR T
A R A R T

20



FET7E b, RSO RAE S AL G N A o LEEA TS, B L X
FIWTHRFR Z A1 B, il 7 E AR BENE AR AR AR AU o 1% 7 R TEORFF
PEP BNESE M B L 3B 4RI I AN 25 SR T A RS A A Lt B, 320 T AL
B, WAKIE T BAE AN 3 o b R L F S48 7 i S %

AW FC I SE B R AE T, a0 2 4Edabr ik R %1 T SR X AU HE S E AN R Y
B S E R 2 S TERAAE, B G 7 B — 4R A5 3 R TV, AmE X R
R JEBUR S B IR A T AT S, AT R IR . AR, Sl X T ]
5L AN TR el X AE G135 i 46 AN R R 5 R B AT PR AL BOE T R & 5 %R E
T3 1], DT BB 4 1 HE ) v 37 X S L o e
S CER
(1] BrZor. &g M]. 38 7 hR. Bl RSB HRGE,  2020.

(2] #95, BT, (M, & SE XGRS 25 R KT R R I SIE
WHElr]. PEBEERE Rk (F3E30) , 2025, 42(3): 339-349.

[3] &R, wEI 568 A e 2z S 2 S DY IR AR 2 WA [EB/OL].
(2025-10-23) [2025-11-29].
https://www. gov. cn/yaowen/liebiao/202510/content 7045444 htm.

[4] FHEHARM.  “TMA” EEEHEA AKX R RMEIZ]. 2022.

(5] TlAME BB KB S B AR R, o BB B R g 7
B, [E K s X BT RS B R A 2024 (M1, dbnt: RREEORSCER B RA,
2025.

(6] 40k, TKEKWI. = rE XERATHT RE T S ER AR [T]. RHEAE BT IT,
2015, 35(24): 82-88.

(7] Z30Al. [ RAB IR BET R VPN A 7T [T]. BHCEBIRF 7T, 2016,
36(8): 75-79, 86.

[8] Zisk. FETHEFHITEMN RIXIRAHRE 14 bR LB AL [T]. R X 05F,
2016(1) : 22-25.

(9] B/, FBRTE. AR A B X TR E D W PPN Fe bk & 1A g 5 8
[J]. RIEEBEFF, 2017, 37(3): 114-118.

[10JELE/RIL, A, FVER, %5 JETF 3020 i DSR4 18T 68 71 VP4

21



[J]. RS SR, 2012, 29(12): 26-30.

[11]FRHate. JETR5EL TOPSIS B XA AIHTRE I SHER [T, LAV EERS
5, 2017, 36(5): 46-51.

[12] 90k, BXWusk, TkBEPH. LRIFEARVEAT XSRS BT A8 703& A w72 [T,
PIACIEH, 2017, 37(4): 138-143.

[13]HG&RI, XIBHH, Sk PE. AR XSRS BRI [J]. 3%
T 3, 2018(4): 4-11.

(14188, R, B RS XIBRE QIR 18IS N S B R 2 57
Ot [T]. BHECEHEISL, 2020, 40(2): 106-114.

(160487, WL, mRCRHE B R A S DX 7 B FE o 7 —— B TR 7 4
PR AR S R BEARRL (], db st B K 522 4R R BH RO, 2021, 23(2)
88-96.

1615k, JFNEEE, XUTewr, . HARE KRG G I N R bR 5 4
FriJ]. RIS HEAR, 2023, 43(10): 164-167.

(171285, THLEE. S EXISRHOIHTKE R RN S E ko fishs ], 4
5k, 2023, 39(21): 169-173.

(181240, WIS, &8 S AL I SCOlE R =l M 7 [J]. it s
Seik, 2025, 48(3): 169-177.

[19] EAESL, 4. ChatGPT HITi SCOIHT VRN AR S vl A7 404 [T].
FEIR R TAE, 2023, 44(5): 28-38.

[20]FEF50E, ZEZEE, MEK, % KiE S HASARS ST BT R PR
W] EREIR TAE, 2024, 68(18): 41-49.

[21)4kAmitee, X085, BEvhE. Kb o BEALERHE IR (5 P RS R
[J]. 4wiE2E4R, 2025, 37(S2): 217-223.

[22] Shxie, “Fidi, IRUG. TH ) OKVE SRR A b S B AR SCPR A B i (],
PG 22 A EE R 22 2R, 2026, 34 (1) @ 38-44.

[23]LU X, LI J, TAKEUCHI K, et al. AHP-Powered LLM Reasoning for
Multi—Criteria Evaluation of Open—Ended Responses[C]//AL-ONAIZAN Y,
BANSAL M, CHEN Y N. Findings of the Association for Computational

22



Linguistics: EMNLP 2024. Miami, Florida, USA: Association for
Computational Linguistics, 2024: 1847-1856.

[24] ABE, feiRlE, Rl NIRRT WA R QT KU 2 pr——2ik
TR G L5 A [T). hE g4, 2026(3) @ 25-34.

(251, Jsa . DUFe BIAZ IR 3 M A 8 B I B et 7t S S L .

i E PASE, 2001, 18(2) @ 119-120.

[26]Z=fEke, x5, JTH G ML B LI T 1 2 5 ko KR ST 4
AWEFCLI]. B Re AR, 2018, 20(2): 58-65.

[27]VENEGR, Bk, FRABA, 5% S THEEAUS B OISR MR IR S5
RV [T]. AP EEERER Y, 2020, 22(6) @ 26-33.

[28]LTU H, ZHANG Y. KASZ%HHHEFLRT 5454 (Survey on Logical Reasoning
of Large Pre—trained Language Models) [C]//XIN Z. Proceedings of the
23rd Chinese National Conference on Computational Linguistics
(Volume 2: Frontier Forum). Taiyuan, China: Chinese Information
Processing Society of China, 2024: 48-62.

[29]OLSON D L. The Analytic Hierarchy Process[C]//OLSOND L. Decision Aids
for Selection Problems. New York, NY: Springer, 1996: 49-68.

[30] TV ANE BAL B KAE R AR T A roty, o R 22 B BB g ik 78
Bi. B @ H X A0 6 I 2023 M), dbat: REEHEARSCER H AR AL,
2024.

[31] Tk ANE BALES. DAk AE BAL A AR 2024 48 [ 5 mif XA 45
[EB/OL]. (2024-12-23) [2026-01-22].
https://wap. miit. gov. cn/xwfb/gxdt/sjdt/art/2024/art 0b80a511849b4
33¢87621b0bbbaa46d0. html.

(2] REEFE, RUrs, HEE, 5 LIrEZEH XA REER: KEIURS

gAR M LT]. KB LET, 2021(6) @ 31-34.

23



