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Abstract

Traditional models of scientific and technological achievement transfer have long suffered from
structural dilemmas including information asymmetry, high trust costs, and fragmented processes,
which severely constrain the efficiency of transforming innovations into productive forces. This pa-
per aims to reconstruct the achievement transfer process using blockchain and smart contract tech-
nologies, enabling full-process automation and trustworthiness in achievement confirmation, trans-
action matching, fund escrow, and revenue distribution. This paper proposes a smart contract-based
system for scientific and technological achievement transfer. The system adopts a layered architec-
ture consisting of the blockchain and data layer, contract layer, service and middleware layer, and
application layer. At the contract layer, four core smart contracts are designed and implemented:
AchievementRegistry (which mints achievements as NFTs following the ERC-721 standard), Market-
place (handling listing, bidding, and deal execution logic), EscrowManager (implementing on-chain
fund locking and conditional release), and RoyaltySplitter (automatically distributing revenue among
multiple beneficiaries according to preset proportions). Data storage employs an on-chain and off-
chain collaborative model, where core metadata is stored on-chain for immutability while complete
technical documents are stored on the IPFS network. The system prototype is developed and tested
on the Ethereum Sepolia testnet using Solidity. Experimental results show that, under a gas price of
20 Gwei and an ETH market price of $1,800, the on-chain gas cost for a single complete transaction
is approximately $25.92, with contract deployment costing $129.00 (one-time investment), achieve-
ment registration costing approximately $11.23, listing costing approximately $3.06, bid submission
costing approximately $4.61, and deal execution costing approximately $7.02. The system reduces
the transaction cycle from weeks or months in traditional models to minutes. The smart contract-
based system for scientific and technological achievement transfer demonstrates significant ad-
vantages in cost-effectiveness and execution efficiency, effectively reducing transaction costs and
trust costs in achievement transfer, and providing a replicable technical reference paradigm for uni-
versity technology transfer offices, science parks, and related enterprises.
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Figure 1. Core business flowchart of the system
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Figure 2. Layered architecture diagram of the system
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Figure 3. Sequence diagram of smart contract cluster interaction

B 3. BREANERXEMNFE

DOI: 10.12677/csa.2026.168274 195 TFEARY 5N H


https://doi.org/10.12677/csa.2026.168274

7, W

3.3.1. BERFM A £ (AchievementRegistry)

AL TR R 1 S I E R T B AR . A O BRI HE

® achievementld (ME—FriR)

® owner (KAT/7ibE, BJ NFT HH#)

® metadataHash (R IEIE SCHFAE IPFS LI G A)

® timestamp (73 B[] EK)

® status (fFiE. #HizH. CHM. OXZX5%)

% NFT AT BT SE R, A R GG ERC-721 AnHRs B TR R 4518 AN v] 43 # #) NFT,
SEIUFT A AU ME— AL BEROR . R IAZ O RR S B PR, L. BRI 4mid oy NFT (1o
P, 1 76 B PV BOR SR MIAERBLE IPFS b, HAR WA 4 s .

HELARE - DK $T7H - IPFS FREBASHY

FE4: status enum ‘

full_document: QmX...PDF P> o CEihe 2

Tl TR pdf

L]

FER: timestamp uint256

inventor: 3KHIEE

‘—v field: ATE8E

R

ERC-721 i@IE

|

FER: _tokenURI string > } |- URHEMEH -  Metadata JSON

FE&: _owner address ‘

A mRERES.p

| ]

FE&: _tokenld uint256 ‘ name: BREGICNE X

Figure 4. Data structure diagram of NFT-based scientific and technological achievements
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assert(totalShares == 10000)

PO S I R

—_— \O
— o -

1) Step 3¢ $ LL BT EE K

12: for each entry in schedule do

13: amount «<— msg.value x entry.share + 10000

14: transfer(entry.beneficiary, amount)

15: /] BRI, FEAAE it Solidity [ revert HL 1A
16: end for

17: return

R SR A SR, SRR schedule B SINBTA A1, Wik AIZET 10,000 3 21(ED
100%). BSOS, FVCEPISAL, 12D 2 2 A G BFIAT #EK . FE—FTR IO BEA 2
SHEIE, TR RET L. S T U A4 A, BT 2 5 7 A2 53 AU BT 359
B

4.3. DApp HijifSEI

A P d T MetaMask 885k R G0, Ui Al LA R AZ O D RE FHH -

o INHEHAm: SCHRECEEBRIES . IPFS XM A2 A ipfs-http-client ). DL NFT #5i%
EE

® O RN O R I FIER, SCRFG A IR RS ik, SRAEHRAN AR A ThRE -

® T B P A RS NFT, 22510 F A DT 5.
4.4, Wik

Zygrimit 7 LU PRI E :

® iR X EEAN NS REBERES T 42 MR, 783 EW R R4, 4 H
Mocha 1 Chai Wi 5 FE, M7 5 FRi& 96%LL L.

® R R TE R AT B R (R — R — i — I ZE AL ), B E A AR A B 22 5 .

® &K {EH Slither FFAHT TR A LS, KA EGRFE, B EANBERNRE .
TR EE A& T .
5. SWTES S
5.1. SCIERE

NV R G RITEREM AR, FRATIFE LUKYS Sepolia A _EHEAT T —2H 520G . SIS 4N T
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ZH BOEE
W 2% Sepolia MM
DX GLpf DA BT ] —12 /X
ETH 14 2% $1800/ETH
Gas iM% 20 Gwei
IPFS 71 i Pinning Service

XTI ASE: (1) HRL TR EB R A (LSRR BB P AZRENSE); 2) ZTHL
WHE B BARZE 57 6 75 5 -

5.2. Gas A&
* 1B TR OE e & L EVETE IR 10 Gas JHFEFINT B2 A

Table 1. Gas cost analysis of core contract operations

1. LB LIRIER Gas AN

B YHRIE Gas JHAE  EMMhTHRA FE G 2 AR ONS REA Y &R AGE
AR B (4T) 3,580,000 ~$129.00 — —
TN R (& #6518 NFT) 312,000 ~$11.23 HERF= BB IL/AUR AIE ~$200~500
RATH:E 85,000 ~$3.06 EREKRMS A RS ~$500~2000
PEATHRMN I8 5 B 4 128,000 ~$4.61 R A A 51 ) ~$1000~5000
JRAZ(Fe#% NFT + J)Biiat) 195,000 ~$7.02 HRGE + BEEHE + 5K ~$2000~10,000
BERBTHEI 720,000 ~$25.92 — ~$3700~17500

TR, B RIRAL 5 fEBE L2 AR Gas THFEZIN 720,000 Gas, %3/ Gas 4 k&4 20 Gwei it
B, AR Z1$25.920 X — A TAE G4 PO b 2. RIS . A UETRAE, @ E NS G A
5%~15%) HA B EMA, JCIHAER TR S8 i SR B

5.3. MEREXTEL M4

NATHVHG AR RGMPERERIL, A SCMACBLE A IR BE N EE, ARG W R T Rt
TRt (1) B TR R EREA: (2) ET O EHR ENRARZ 51 6 .

(a) AbEEHEEXT L

KRG, BHe G LA0 B ST E LUK YT REIUNLH 5, B85 5y (A% OB AT I TR EE 2= A0 2 .
FESCHER b, FRENSMEARr DK I 26 (1) X BB [A] (2 12 P/ X HR) . —2E 5885 ) I EERR B il A8 38 5
o 3~4 Y FAE Gy (FERE S AN BRT), SNSRI Z00h 36~48 F0, fn B gAERT(R], BEpR IR S
W 5 Lo

fEam 2 NN T AR BT . B RRESIHE(1~2 )~ B07RA S RIRE A (2~4 Ji)—~
AAEESZE(~2 B~ BE& A SRR EEIL(1~2 H). ETHESLN T RAEEE il 794
g U 3Tt

bR ML, ARGERGAEEE FIEA S RO SR s M RE AR S5 2 A1 Gt
Ba e, BLER By (AL HE SE IR E = AP 21 (100~500 ms), SR X ELBERIFP AN . AR, ARSI
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BT LT G EBE T — 5 AT H AT E ARSI, 1 HEHO8 11 & 1 BE RIS H
B4, X— LGRS DU 7 A 3 B A e )

(b) HEKRBEIEEMEX L

PLRYG E M &R ZIA 15~30 TPS (Transactions Per Second), 1% s H: 25 oAb SEARAL I N FE L)
o MHILZN, PONAELFERKIT RS RER, FHEEHT R8T TPS, A EM. KM
5L 5 ey B B R AR

SR, BHEE R # BRI S A B M R R —— R R AR AT B 4F 1) SR 52 5 =i o 8+
BHEHE, PELZHIRPNE T TR T H AT XS R T, BORY) 15~30 TPS it &
SEARERE T B LR TR R, PEREIRSIFE A B L R &K

P2 AL T ST RACMERE S 4E AL RIRT L AE

Table 2. Performance comparison across different solution types

® 2. NEIHGRFEBMIEREXILL

Xt 4 e TR TR T & KAG(EEEE)
FEERE By A FEGEIR HAEHA ZF4(100~500 ms) BN R(E X LA
ARG A& (TPS) AEH N LALEE) BT -H05 15~30 (BAKY; 3 M)
REFEETEH T (F FEARI AT R 515 H) B RIB AP =AR)

&EH R A =15 A &R 7 N

B 3 e AL L] B, B EEENH. B3, EH

AN JAMC . A GALas =) I EAZIR . Gas J3h

5.4. ERiL

SRS S5 BIGUE T AR AR AL FFHEMPAT R A7 . FERHEZE, Sl REr LRz
EANHES TPRE] . —~& AR EM Gas 2% S8 TNk EAOE, T AT g KlE B — 2
X BB AT 5 I R & A BT (8] EAR TT TR, (EARSS T H AT Em g R G 28, =/ &4k
B EATAEEIRTEE A M AL —. XEFREEEGAE T P #E—50 18,

6. ZHit5RE
6.1. ARBLE

ACH I T —BETEHRE AR R EE 25 . RS NFT /ENRERRE LT S0,
JEIT IPFS sLEEE Lk R GG, P TR SRR . Z o4 BEeE Mo 8tk &
A5, SLIGLE WL, HEXT S5E FAZINS25.92, A5 FIAMAL G KB R 4558 2800, 36UFE T
77 BAE AR LG AT R L AT
6.2. TRZFBRM

R FAAE LT RRME: (1) R H BT NENIAE FiE1r, MAREESIH PR 5
ISUE; (2) PAKIEEM Gas 7 HIEBIAI e is 8 A, /N ARRE 5 G A s 3) “ARISEp
R SEUAVRENELL Y R MAF5K 77, BE b H ST SE S RVERGT AR TR SR S ER U EHERE (4)
AR RS T AP IS, HREHESE = TR E .
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6.3. RFKRE

2 QLW CIRO kP

(1) HEREY 2¥: #RZ KM Layer 2 7% 77 2 (W1 Optimistic Rollups B, ZK-Rollups)BiE % 4= & 4 fe Bk
B, DAPEMK Gas AT IR .

(2) AR SIANFFEY (ZKP)E @G A HOR,  SCIBUCRMEAE B “ar AT L7, B
TEIE FLE 5y il AN 1) 4 WX 28 3% 5 i SR I AZ O BOR R 1 .

(3) VEERA B A BT AT T 2= 5 B4 Z)(Ricardian Contract)l F SRS & VALK S B EEL
ISR E, ARG I RO 2R ) H e

(4) BREACTPAL: RZAG AL RE TN RGE, FIH KIS 552 Bl P4 28 10X 286 of b Jle SR (R 43 AR ol
[ T30 MBI REAT B SR B EL, DV I AR S S AR e DL S .

(5) B4t H AR DR S HADX (W E S e B NIRRT a5 508 1 IS 5E T, A i ST 0T

HORE R SR B
E&MHE

2024 4R BEVT PG48 #UR 7RS4 OR BTS00 F X e B AR 15 i KRB SR 4 0 o 1 52 9 7
(GJJ2403210).
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