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ABSTRACT

As the role of open-source software in the global technology ecosystem continues
to rise, understanding and assessing the value of these software and the commercial
open-source companies behind them play a crucial role in driving technological inno-
vation and industry development. Open-source software, through technology sharing
and rapid iteration, not only promotes technological exchange and swift development
but also significantly optimizes costs for businesses. However, accurately assessing the
value of open-source software and commercial open-source companies remains a com-
plex and challenging task. This study adopts the asset pricing comparison method from
finance, deeply analyzing the value indicators of similar projects or companies to ap-
proximate and fit the value of the target projects and companies.

The asset comparison method focuses on evaluating value by comparing the mar-
ket performance of similar assets, implying that key features representing the value of
software projects need to be identified for application in open-source software value

assessment.

The value of open-source projects and commercial open-source software companies
can be abstractly represented by several factors, such as development and maintenance
activity, current quality, and potential influence. Among these, development and main-
tenance activity and potential influence can be represented by the collaborative network
features of the open-source community, while the current quality can be represented by
the textual features of the software’s repositories. This study aims to develop an inno-
vative open-source software value assessment model by comprehensively considering

these factors.

Based on the above background, the main work of this thesis includes:

1. Building a benchmark dataset for assessing the commercial value of open-
source software predicting the commercial value of open-source software re-

quires information on historical financing of open-source software as a reference
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for comparison. This study, for the first time successfully expanded the financing
information data volume from 748 to 1507 through a combination of OCR technol-
ogy and professional business information collection methods, followed by strict
manual verification. Moreover, using GitHub’s official REST API and behavior
datasets, this study has collected all public activity data from 2015 to the present
and integrated it with the core organization links of commercial open-source soft-
ware companies. This process involved not only the collection of collaborative
network feature data but also the acquisition of README documents of projects
from commercial open-source software companies through automation technol-
ogy. The dataset constructed by this study covers the behavior, influence, and in-
troduction documents of commercial open-source companies, forming a complex
dataset with 9 attributes, providing comprehensive and in-depth data support for

the accurate assessment of the commercial value of open-source software.

. Proposing a core feature model combining collaborative network and repos-
itory text of open-source software this study proposes an innovative model
that not only combines the collaborative network features and repository text
features of open-source software but also introduces advanced statistical meth-
ods and data processing technologies to improve the accuracy and efficiency of
assessments. By custom-adjusting OpenRank to Dynamic OpenRank, this model
sets differentiated damping factors for different types of open-source projects, pre-
cisely reflecting their dynamic influence within the collaborative network. More-
over, using BERT technology for deep text analysis of repository README doc-
uments, the model can comprehensively utilize key information from text data,
enhancing the understanding of project content quality and community activity.
Additionally, to process and analyze the high-dimensional features in the con-
structed comprehensive dataset, this study employed Principal Component Anal-
ysis (PCA) and Kernel Principal Component Analysis (KPCA) dimensionality re-

duction techniques, optimizing the dataset’s structure and manageability. These
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statistical methods not only help identify and extract the main variables and pat-
terns in the dataset but also effectively reduce data complexity, allowing the model
to more accurately capture features crucial for commercial value assessment, fur-
ther enhancing the model’s performance and reliability in predicting the commer-

cial value of open-source software.

. Proposing an open-source software value assessment method based on
DCNN-ETNN based on the comprehensive dataset mentioned above, this study
presents an innovative open-source software value assessment method, centrally
utilizing a model based on Deep Convolutional Neural Networks (DCNN) and En-
hanced Transformer Neural Networks (ETNN). This method leverages the previ-
ously constructed dataset containing collaborative network features and repos-
itory text features and optimizes feature selection and processing through sta-
tistical methods and kernel principal component analysis dimensionality reduc-
tion techniques. In terms of model design, this study not only compared multiple
value assessment models, including linear regression, random forests, XGBoost,
and basic neural networks but also specially developed complex multi-layer neu-
ral networks with custom Transformer layers and their optimized versions. After
rigorous comparison and evaluation, a deep neural network combining DCNN
and enhanced Transformer layers was determined as the optimal model. This
model demonstrated outstanding performance in processing complex comprehen-
sive datasets, providing an efficient and accurate new method for open-source

software value assessment.

This study draws inspiration from the asset pricing comparison method in finance.

By deeply analyzing the value indicators of similar projects or companies, this study

defines a set of criteria for identifying and selecting comparison objects and employs

data processing and natural language processing technologies to adjust and compare

key value differences between different projects. The application of this method allows

us to approach open-source software value assessment from a new angle, combining

VI



traditional quantitative indicators with quality analysis of project documents, providing
a more accurate and comprehensive framework for open-source software value assess-

ment.

Keywords: Open Source Software; Asset Pricing; Machine Learning
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XL N B SIS BOR A OSS T H Ay SCAE Bhe it Ta K TR, i
fii OSS YH{EHGHTHERETTIT TR SRIMT, FRX BEEOREEE M 18 OSS Hir{H it
AL, CHRTEF AT A2 BE R OL T, H A RIS
BRo B NLP £ A% T I8 SRR T2 T GitHub. StackOverflow £54%
PSR A i 5 F AR A ) 25 AR 4 [25](21]

1.2.4  [HNAMIFSEFBY

G OSS (PP ) B BEMEAE [ PR R SRS 7712 AT, @i T2 Fhiffh
BERANTTIR, (R LR R RAE TR E R OSS 1 H 5i7% lEAT BRIt FiE s
BT H AR BT A AR [R6] . X EEWFIT S ARAEAS H AT P B T a0t
J&, (BAELEA VAL OSS IME R S PEFIRE EAUAAERR S BLoh, RT 4G4
A SCA AL BB R IEAT OSS AN R PP I W TS AE [ b BB AR B =, JEHUZAE
K YR I T K AR OSS 301 H Bt oA i [27]

= A OSS W RS 5 TS BIF T M B O BR . RV AE AR ST OSS 14 B B,
A G, AR T A Al OSS K A JE ry kA =i (I R MR T IRA
J2 (28] X—WFE A HsRIE T A — A4z, 1% Hid T2 % OSS i H A eV
PR IA DTSR, DASCRE E B _ER Se BRI R AT L5 LA Y, #E3l OSS i
{EPHEIF TR A K JE o

13 AR LM

AW 2N, JHREEER L
ABWFFEEET XA A AR PR B, BT e T — M X HE
TRASCAAE BRI AR A B . AT DOk 32 245 -
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B-m 5lE RIS R A WIS LR 2 (e SC

1 M T AR IR A B 8dESE, SEgHE R . GitHub JE31%L
A README SRS S

2. R T P ETPAAR T AR B o AT e AT H AL X 52 7
FISCRY R, AR R AR E

3. SEURMATIAE TR R, IR T D SRR L R R B A S ik
Heo

H

4. JFR 7 PR E A TR, B SRR A Al R R A S

WXL TARE, AR E IR BIE EAL, oA K
GURHIBT SO BIR B THMER S %

14 A48l

AL RS N ELIFTR

F—ENATUTEITR, S 17— FhEE A LRI SCA AL B AR BT IR 4K
PROMEPERE A, BRSO RV IR A Rl RS . I R PR TS5k sy
PR R, IR T e SRR B R A S22k T

o R T RPN R R w0 O SR SRR T M 2SR Bl
TR RN, RGN T MR R SRR AR AN O A SCARRHE A 3,
AFETIA T B ARTE S A BEEOARSR 6 TR H SO i B A 2 Ar e

o AT B SR IR AR LA A AT 55 A R R AR . AN, A
BRAE X LR S U P AR, R REEMERA Bt SeikRy R 4%
e AR B I b A vLniRs , PASEAIa PHESL R E . AT J5 22t
FEM TR AL T Al S s B

BWENG T D EIT IR PR SR Q@ SCARFHIE B, &
E S HERR LTI AL DX 3 BRI o 13 fil 75 Dynamic OpenRank #3451l BERT
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i ] HIRIME R AR ISR 2 e S

! I
! I
| I
: B HEAE1: REF |
[ B=E A RREFLNEFGHESHEESIES EEL, 58, |
! HRESIERE |
| I
e BIRRE - i
| I
I wRmE: |
| snNE SZAFERGIMERSBIENCENFSHENER | SazamyEs |
: ARIEEENE, |
! |
| oo MEER ------------———————— !
! |
i ‘ o WRRES: |
I SBHEE EFDCNN-ETNNBFFRIR N EITFE S % mEES
: CELEY LN
i i
1.1 AR SCR S5

AEPRI SCARHAE , BEATRRAARIEL . BRSO3 . e, BIAURIDRS OPGERFE
ik, AU T I IRIH P RE S BRI ] -

o U AL /NG DA S B R B B SEUE A S Uk 1O IR O (B PP AR 2R
WA, Fe sl H PEAE ) DCNN-ETNN BERUZE T JREPEO (L T2 B AR
IATET LA R, BRI A TR G T IR AL, FAAET MM
MO SCA N TR A SR E I 5 0 . e it T — S TR,
B3 BT Mp SR B VA R R H P e (e, R AR id 2 A% 61
AR St . AR RRYE, AT RNE TARKRBIFE 1, BTEsR BRIz
PERE I ML HE AR SE 5 o



FTE FRAORSEICEM

2.1 JFPRERPERRDI IR A v
2.1.1  JFIRERTERE LS

TFIREE (0SS) FEHYZILIRACH AT DAL A ARGERT . 2R . BB 2 SR
SEAPAAALE , T IREAPESR I B2 R M ERR S S B (291 JFIRER PR
T EE R IEEYIE . WA XK S Y A A X SR RO U HE T
ARAPE RIS, BFRAR T EAPEIT ZMZED R4 [14]

2.1.2  PVIFIRA RIS K e

TP IF PR F] 0 H B XL GE AT R A B B —Rh BT . B T IR 4K
PHEEBRARAE SR G R H 3@ T, MO (Rl 2w ih BT T I
HAA DA . R R RIS CA IR A, AR HA R TR A0 2%
SRS IR ST« BB T IRVEANIE . P 2T IR C A T €, DARCEETITIRRY
BAERIRSS (SaaS) KLY [15].

DA A T SRS 1) BAR ) -

L BT B SRR il 55

« Red Hat[B0] ${it> 4% Linux #:{F %45 Red Hat Enterprise Linux (RHEL)
[ SCRFRITE IR SS 45 B Al S B R R G4 BRI A o

« Canonical[31] il i H Ubuntu Advantage 2 553245 % Ml B R LRI
YIRS, BRI P Ubuntu RETREZTT

« MongoDB Inc.[32] &t MongoDB $df 1 &l S Rl i 55,
A A Bt e 1 REFI 2R A B

8
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2. WOV T L

- MySQL AB[B3] (BJy Oracle 2y wlffy—#4y) il WU VR n] A
MySQL #dl e, — I f O RIRAS , o — 07 1] 5 2 %A 1 T i 4ol
JEDRE: N RS

« Talend[34] $2 ¥ A BURMEE & PLAR 7 58, (0 FFI5AL X RORI Al
BORRCARS, 5 B BN D RERI SRR S5, 5 Bl KPR e

3. fEJFIRERTE LRt B AR

. Elasticsearch B.V.[35] JF% T Elasticsearch JFJE 8 Z 400845, [H i
PR fit X-Pack i1, fl &2, WAEAIESEMIVHIIGE, (EHLHY R
B

« GitLab Inc.[36] PAFF{ET H GitLab “fRift, $#2{it GitLab Enterprise Edi-
tion, X2 —MIERHBNEE (MM CUCD. 24, U5 E MR
) BILA AR

4. B TIFIRIT) SaaS fi!

- GitHub Inc.[37] $2 T Git (WRIITE RS, BA Git 2IFFETA,
{H GitHub @i AT RS . A QPR 2RI Rk 2R .

- Databricks[38] VA Apache Spark Aj#Z%.0>, #E—ANF—1oHr TG, i@
18 2 MR 45 AR A Bt Bk 2 SR AR VR B AR B A AN AL 28 2 T ik
%

- Nextcloud GmbH[39] £ T FF 1) Nextcloud i H $& (LA = A6 A}
YEF-E 1Y SaaS My 58, SRS FELRIVAFIRIBAYMEETIBE

AR ) S A AE T E AT T 0SS O —RiAs . = nl Sk
FHSE K ATHE X S35 o X LBIL A DO IR H S It 1l f58e K SR ¥ 6 50Fr,

9
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HESh T IR BT A )2 LA (401, [RTIS il B A 7 n] 4522 1) 2t A
HHAE

it 6 T I SR S RIF IR BRI, R B IR G 8 Rt IF IR R
AT, IR E B AT K X AR I AUt TR AL IR
NI, WIS TR QR AT

2.2 JFIROHEPERN AHOC AR

TESATH™ . WE B A E ISR, 258 OME AR = ZAL G X bk
(Comparative Approach). 4<y% (Cost Approach) Fllf#iy%: (Income Approach).
X LET AR AN 55 73 b gl 2 W, A& AR i 3 A LR i

XL BI T, T EGE S B E RO RS R AR DL B R A SR AR B
A E. fESSERT, XEORA BB Z MR S%, A — N EERHE.
BT 3 ASRBGX LE45 R o R P YRAE b 7 PG A - 1l 3 b e 5

(41][42].

o WAL AL T H B BCHCH H AR P S AR AT O E A . B R T R )
RIS BB B o A B AAS , ALFEARE, Z7 BRIl S S5 AR
AT AEFF= R PEAL, ARR @Y (43]1(44].

o WCERIEMAE P AR A S e EA T AL, I I AR SR et i ) BRAELR
R E BEP OO R XA YRIE T REAE A T T B i BE 7, BT
Fare . Ablk A [45][46].

2.2.1 W ERIEAEIFIH B ARG T S

AETFIRIH BB E PP P BCASTE R AR YR A 3E T PRS2 B R o BUASTAXE A
YA PTG P U500 a7 ok 1) ) B S A DML e AT 25 D) T i 55 7 Y26 000 -

10
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I H R BT AP, U HE X TR LS S B EE AL X DT AN AR R AR
HTEH

HBEZ T, A HOIA P RS PEAE B, AT TR H AN (E Al b A o &
o I FEBAR AR I IR H SR IR A &), FERSLEAERE (A IXVEEREE . 1
4 ) _ERERBL, ATPAXEEARTFERTTH BT AT 2R, X E
BEAY PP HESOMIEG 1 LUARHERZ , DAR DR IFAl A R A A 44

2.2.2 BATERLI S L PE 5 Pk Ak

Z WA BIUER, ARGER N (E AR AR B ] T I IR v 2
RS Horb, B RDAESBIARIR, REREFBASE SO A BA S

FAARRY, EHaRYE , Linux W —MREFIY RO H R BRPER) S50 Linux
B)Z AT IRS A i AXREMBEIOTENSFZ MRS, K E
Pl iR . SRR S BORE B BT SRAR I . Wheeler FFF8IE {53 Linux A%
A AT BRI A A SRAUE R, A0SR R BB I SARa, AR i ik 2t
fC3TT [47]. SR, EHMGRE B R T W RN ATTIOA, 208 T Linux ff
RFFHEATG IR H R ARCIHT . HE AL X KR IZ 0

Wheeler fi% Linux P44 T 1000 510, BV FF & 5K
AT, B E IR SETT, S Linux B4 S B0 B HAR G A SCRER S50k
Ao

FAARY, FEXF A, Apache JI2 55 45 BUAH 56 S B HAR SF A w7 H R BR M
Apache J2 A FERIGATH) Web IR55 452 —, HIFERAE RS2 LA A P
A DAGRBRBEA], AT 2 T W KRR AT R A . SRTT, Hahn i, BUASY
ZIEME AR AT IR A R A BOMIE, I s i 224t RAE Y E il BE AR
IR E 52 45 (48]

M Netcraft (374, Apache IR 95 %5 K2 59 Web Ik 555 37 1 £ F:4b
fif. HEZe AR E R % Apache BRI Z —, [HIXEEH EAE A
TARNER PR TR Z A

11
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[FIAERY, BEXEXSECTE, MySQL dhs AR < S BB 1 H R R . MySQL ff:
AR R B RS ARG, HMEACHE T IR RE, eAETH
PR T BB BRI HE X S 4 o Fitzgerald 5, T35 UBGATEEAL MySQL 4
FHIRBPEI, JEASR B SE MU T 7=, RO B R (A AR S R
FEOTRRTE T 322 5 HXEA AL [49]

M4 DB-Engines fY4E 11, MySQL 7 3¢ S5 e i 7 vh oAy B . SR,
T BB TO vk S A ) P BE R ) 2 PR AL DX 3% BREEXT T MySQL i {E Y 51
Bk o

)5, Mockus WY IE L 4T Apache il Mozilla i H , FE/R T X L6 T T H
QAR S A A D TR E G HE B AR BB FIAR HE R K i [50] . BT ) PRAG 2
R IR AR E R AT, Bl T RO A B B, PG TR
FEAEMOT AT, k= LA PP Ao

Apache il Mozilla T 5 X Web filt 55 &K {71 Web 01 3 g 45U ) 1 AR A Jeg ™ A
THH W, WL T 20 Web BORVRERHIE . IR0, X LETTHR I M EAE 5
ARG A P DA AR A

2.3 JFIRERAEAL DX RIS W SRR AE

HFIRAR AT H A IS EAR KA B B AR T SR AL X A DR b il e 4
B, AU RS SN S 5Ie S AT &, XA TR R
Mgk, IR TR RERIT A& [61]. — MG ERAYALIX AR R I H REfS fr2k
W5 RIDR B DR, X i T PR P52 i i e (52]

TFIRARAT 9 52 0 38R A e HESh S ARARHE R il 7 o e b ATl N i e
S DA SO A BRI AR K i (53] ok IR EREE . Disik
B ZAEPEA ST H 1352 SEME TR, ) DA T PPAS IR 52 1 1 Ay
18 (91

12
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TFIEAE DX R fE FE BE AT H 52 3 Al 2 — 2 4R Rl i, B RO HEIX
{HEREE . WU B PRS2 TSR G5 . IR IR H AR 2
PR ERIRIHT, SRR R AL SRR RO I B AR, AGREFIUE B3
R K JRRES -

2.3.1 JFIRERAFRALIX PR

TR R PR HOS R B2, BRI T — AR IR SRR L =
At PRI, Z5FACUFH M TTEE , R 7R R
G 5 SO R B DA S SR A S It A FL At M et A e 3 o AR XTI BRAREE . ZREMERI)
VEREH AW B TR H A S . RSt AR RE Ty [52). AR HE XA L
A AL R A 25 SCA R AR T (R T A DX SR B PR 2R [B4]

2.3.2  Github {f I FIRERPFAL DX LAY

GitHub 28}y A HRIE K FFIRACPETF 5767, B T30k T AR S %
FETFITH B0 METF % , U T IFIRBCPRL IR SR . BRI LR HEAT . I
PRI TR, GitHub 4k Hy R T TR H 10 % RTFICC 0 164 . %
FFif) Fork Al Pull Request L6 7 (B FHARKO VR, (15755 5 FF IR0 H A5 500
W% SRR, GitHub 1-fy Star, Fork il Watch 2555k, Ak T 45k H 2 kil

R EEMIAL DX BREE Y A5 A [B5]

2.3.3 ALXS R S it

X S 5 BRI E S0 7 0 ST TR R X . S5
A DA DTBE A . DUBUE . Tssue Al Pull Request 13 BRIE SFFRbrfeffif & . I
50 3 W] DASE 3 55 H (1 Fork %, Star i, DASZER M1 T 281 J 31
KAl o X B RALFEAR AU B T TR BRRR B, AR T H AE ) iz 4h X
AT A RIA T BRI R ) [56]
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2.3.4 OpenRank 551 B S R H

OpenRank it A AT K KB B2 5 T A2 X-lab 000 3 0F % i it
1eH547, STELE A PO TF PRI H B J) R X J B . OpenRank 3% 5
TR A | S PR SAT HL 50 e FE RS A
OpenRank Hf 74 (Open-Leaderboard), iz Jil itk f JC 2 ALHEB I . FRfBUR
R UL (R 0. % PageRank J% , RFLVEAHETT %575 £ 1 2 iy
TR TR VA R T, A SLRBAS 2 th A (B TR
ARSI T XA 2 PR R b . [57)

OpenRank J 3R 4T PageRank SLIEM— s fk, %k IFUsomt H i &
SEHIFIEL (Issues) RIRIEK (Pull Requests), DAKTF % #8641 7 Bl . ik
ANFEVEAE GitFub (3 P2 I3 5 608 T 5 2% B e R RIS T 1, e
B A RN A TR . 7RO, ARG R PG O (B2 FIF & B e
fTIE SCH A R B

55 PageRank FEY ML, OpenRank il Ffl 51K K1 ARG R FITF 5 410
b, MEA T ISR . AT, 5 PageRank /[, OpenRank Fy:7E 4
AL, RO IR T SRR, 08 T4 5 1 SR .
AR R 20 OpenRank A3 AMFRHER) TH/R 1 bR, LB RO B0
TSN

OpenRank FEEAEAE Y XA 5 s FORAO TR AT

Vi

V; = (1 — CZZ') Z Z}ji’l)j + a;vg (21)

j=1 %

Horb, v EETEIWIIGRIE, @ TR RS HAIG AR, doy 275 7 1
BURIE, wj AT J B¢ A . R 52 B S, IFH
a; YEAERE A BN FHLME, ARIRICSIGIER], Brf 15 1) OpenRank (R SIE A
ik

v=(E—AS)"HE - A)p® (2.2)
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FEIEXA 2~ 3

- v PRI R Y R @ 1 OpenRank {H.

» vo R EIRIAARME, ATABE NSO G2 1, B R B T Y B At

{HL.

- a2 R, R RUEZ DT HA IR E.

o doj FENTA G WIINBGHBE, BIATY 0 g H A B AT i i A B R AT

- wy eI, FOR AT J BT R R AR

o SN A SR E I IR S IS P AT R AR, i B E RS AL IS

9 5 AR ORI AR (ELHRUAR FE At A

» BRI, AR MER R R A S A R E R A T

%, OpenRank {H v ilid FiAAFITRATE], ST 75 e M 2% b ity B2
FSEW Sy XA RS BT A NAEBHE AT E TIFE R 45 PRI AR, P
I A ERM TR L T — MR A

FRAE R UCOE AR O RN R E, BEIAE - MRERE. N THRE
RIS, OpenRank R 5155 J& 11 i FURIAGTH , X AR B H B g4
(B, PASHE T I 38500 1) ABUMIE TR SR L S e T g 1 2

TERZE T, P KR DA 15% BT ENTRRI GO E, 1 85% M ENT1E
W28 I BB R R E . XA T SR T PageRank ERIABHLIE T IOMEE:, #fi bk
T FAR A AR R

BEAh, SR Y SR R BHE AL R B RIS, FF B 22T S o
AL HLOLRTI 1o JT A R RO R Z MR ) AR T h— T . e
LA S PRI E AT TR A A R S5 IR T 1A AR . X SEA i ) f A
BT )RRt (AHP), — ez i ARk, PARREIARY 2 1IEF—
k.

2, OpenRank S3K38 i3 £ & 25 BRI H B9 S AFAT A2 538 1 5Tk
AL T A BRI A K AR ST E R A TR
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2.4 FINERIHISEEA

TETFEHAE O E VPG U, PN RGEE e, B A P s gk
PR TN H B R AR X — R S B S IR A BRI A B, 75 20k
DR A E R DAER R SE T H AR . DA IR A A A I 5
JEI R SEERTY LA SAETTIRHAF AL A B ] -

L Bl piib 22 R ) B B I, SRR RS IBONIFAE

VeRAE (58] FETFIRBOFOMEPEAG X n] BER KBTI H AR AL 1]
AIGE BRI XS 2507 I BUOCBEHEAR -

2. B PR AR A A R P AN TN AT 55 1) 75 SR e E YRR o 5 DL A S 0 A
RUAFRERIEIA . BRAEM . BEDLARAR, SCRF BT ZE M 24545 [59] .

3. BORIIZR S5 S MEE i Y GRS A R B T SR, B S SR IE = B PP A
BRIz ALRE ST [60]

4. FPORVPARET AR, (HERR . A R F1 B R R fE
PEATPRAR [61].

eI H PEAL T, AR R R L A IR ER M . TR AT SR
[62]. 14N, LPERIARAEIRY) T RAGEAIARRE, (Hn] BETCYA AL AR Ry R 2k X
Fo MHHZTN, WREES S BRI 22 [0 25 BE R Al A S0 R AR s, (B L
BN IR, MR 2 [63].

£ M (Linear Regression ). FEHLZEM (Random Forest). XGBoost (eXtreme
Gradient Boosting) . PAKHHZEM %% (Neural Network) #4)8 T BUAGE 2~ AIHLAS#
SIS PY R, A E AR b . SO R . DA S A AR TR 4R T e PR
H AR R 3 3 55

LRIl AR A TN A ) R, AT T SR R Rl B AR B R R
IR R o ARHL) S B T8 8 5 dh MR 25 RS2, 3 T R
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B o SRR R R . SRR IR — A H AR BRI R PRI
A ] I X 1 RS R A 2 P 5 AR I A 2 B AT X 32 R [59](64] <

FEALERAR, AFA— PRI~ 07 ik, T A2 D SR R P S i el 2
WAEALHRSETH IO P A e . HRR i B B RAE AR Ak BE LSRR BIL A ke
i RS AL RE Sy, UHAE AL BE S E R R AR L A E R BRI R
i, FEMUARAR RO B R s, HAETH R T R AR [62](65]

XGBoost JE— A HfERE 7k EEIE SRR SR I A, ad 5 A IR WAL I e R 2 A
AP A, RN SEBL CRAES AR . BO(E S AR BRBEDT R BTALR
W, MAFALAESE L TAR R, BEARTE TR R TR AL TTRRCR Az A
AE 1 [66]. XGBoost £ AR 2 Bdle Bt 3a 38 i )12 W IR RA 7 HRH A R Bdie S A
BE ST A5 KM RE

MM, FipldaEE e M 4wl 2 2 BN, W5 A RBUZ AR
TG RREL, ORISR TR S R R AR I HE ST [671[63] 122 M 25 1y ik Fif
FAGPECHAE GG HARTE S A B GUIUT TR, MM
AR (S L RE A ALk P 2 P A 2R X DASAgR P v ZE AR AR P ) A

BRI, X JURMERLA A LB, e & 18 IR 5 2% R R L 1)
ARSI IE . DA B IRR m] M. FESERR BT o, S 2 PR AR 12 ~) O
TRAEAERERS TR LS DO T 1R RE AR 2 AR

2.5 HARIGGLH

H AR5 5 AL FH (Natural Language Processing, NLP) J2 i1 ALR# A L2 GE
J—A4 3, NLP £ T Z MRS fr ik, LT A vLae e AR AL
HAEES.

NLP HA% AT 55 GG 5 S 3 (M SCE I 3O FE S AL (74 B 8T
BN ) o BEE R T MRE SR & J&, NLP Calus T H AR, M
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F A2 TG 2] T LRI HBhiE . ARG E 2

[68]

NLP 1) BRI IR -

1. 1l (Tokenization)
RSO /N BAAL, JNEATR] . REEEUR) . X2 NLP ARPRAYSE —20,
NI EERTE S i B4 B A

2. 495t (Parsing)
WRISCAR P RTEVALEA , QA5 W MR R & o ANE AT BT AR A 1
WIS, SHIRE R T R AEE R [69].

3. iS5 (Semantic Analysis)
PRAEATH] . FEIEFNA) RO SO, AT SOIHE. SR AR . 15
S PR NI 5 LS R R R [70]

4. 5% P7 (Sentiment Analysis)
PRI IOCA AP RIE  y , JIZ H TAE SR AT . it o S5 4k
[(71].

5. PLAEHHE (Translation)
F—FH BT EIFN — A ERES, & NLP RV Z —. 4k,
BT UREA T A 2L B (NMT) AR — U 1 235 it (72]

BRIZA 2100 NLP {4k iy ok T 3 dinth i 284k . Rl @ Bl i 5 sy, 4
BERT (Bidirectional Encoder Representations from Transformers) il GPT (Generative
Pre-trained Transformer) , @ 7E AR SCALE EFIZ:, REASHHLE]F & 10
BRI, SRETERE AR5 BV TR0, KIESETT T NLP AL 55 R PERE [73](74]

%: T BERT Fl GPT 4}, HAftif)l XLNet. RoBERTa F{l ELECTRA Z545i%4 i 7F NLP
(22 AU R TR, BRSO IS IR RO T ARG, ARSI

18
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PREE [75][76](77] 0 X SERALFE—2BHER) T NLP SRR T, (ISR g
YA AR B A5 SIS ROk i

PNGRiE SRR FrPAs o, #0 B AE T EA TR M T Transformer 224y, %
ZEr i R P (Self-Attention Mechanism) A7 RGHIALBE5 dfs, AR <
PHEHOB K R (78] MEAh, XLERALE) 55— RIS 2 BN OREE T, RITEET
PR AT 55 AT/ SN SR 5 BEAE 15 I FH UL A AT 55 14 B [73](74] .

2.5.1 Transformer fi%l!

Transformer 57 . YK ] Vaswani 28 AZE 2017 4E X8 (Attention is All You
Need) [78] i, EL4RCN HAET AH (NLP) 4k — 4> F 5 ELFERY . Trans-
former (420 EAELZ FI ] B35 iU (Self-Attention Mechanism) SRACPE 5 514(
i, o T A0 ERASEUKE IR 2 M 24 (RNN) RIBHUHZ /% (CNN) 25
H, SEBLT S R AT A S L B B MO 4L R

H ¥ S 0L 2 Transformer [4%.0r, "B ARVFBEALE AL T 91 1 B A TR I
BB P HABTTR, IITIRT N & TR BINE AR

Hi - Transformer 58RO T B R HLH], SLZFHMIFEE . S THME
X—f5 B, Transformer TR AHRA T B HIIAGLE Hihd, A7 B HiD S A=A
PRI ZE L, SRR aph R ARl P Xt i 4 8 437 5 A 2 BRI 4 It 1

Transformer FEASAYHE H A RS T NLP 4508000 4 J& , HA A AL oA 4k 7o
ERME S ISP TR R TR, RS BRI QIH 24 T Ahfi. BERT
SR H PR E R L

2.5.2 BERT kil

2018 4F-, Google fi¢th T —Fgi i) NLP 2 — W m 4f &R (BERT), &
S BGRR[0 R MTCARE SCA 22T, SRIGRIX BRI T, DAY
JHZHYE AL BT S5 (73], BERT A2URY H BUAR 53 NLP Gusliy— KRR, E
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FEZ > NLP LS5 _FARHUS T R R PERESRETT o AETTIRERF 70 Mrdiiiak, BERT 24 n[
PAFI T E# A 73 M README SCIF . AUEIEREIDT ZEH R P R B E 0, 12
YOG SR ERR, AT A0 AL BT PRAUE AN A DA PR A S

BERT 4278 [ 4% 0o A1) 35746 T ) Transformer [ 2R 02800, T 250 B WL 1]
FoR, MIMTE) VZH NLP AL 55 FSBl T R i MEREEE T . BERT [ sl 7 A A T
HREREHAR T W A0 B R SUE R, X R Z BB R4 .

BERT #5204 1 i 1| 5 A0 35 PP By B - Masked Language Model (MLM) F/1 Next Sen-

tence Prediction (NSP),

1. Masked Language Model (MLM) 7F MLM {F-45 1, %) A SCAS [ —3B 2010 9
PR —MREIR Y [MASK] ARic, AU 55 2 TN LE g i it il . R
s, HE—MIF S, FHH R —L%EEl [MASK], BERT B4 H
X8 [MASK] A28 BRI, 2R H A i KA BB ] ok
B

2. Next Sentence Prediction (NSP) NSP {T-45 5 7£ Tl M) T2 f s 1E S2 11
SO B TEFNZRRTES, 45— AT A B, HATREN B 22 A
AR —A] e XA S5 8 AR B X B IR RAR I [CLS], FHAEMA A2
[FJ4E A [SEP] Aric R S5 3H. [CLS] Aric (o7 B 1y i 1) S0 FH R T ) %@ 5

1T Transformer ZEA4 A HATHHE P A ¥ HYAE T, BERT Jd s i Az B 4
KNG X B RONE 5 A A & B, Hor, [CLS] #mid (Clas-
sification Token) ff 2 — P AEEEIM A E gD, JUHIRTEAL BN RAES IS . Ak
NJFHIPEE A BERT A UEATAL AT, [CLS] AR @l ds 25 50 iy s i i« A2
WG BN, [CLS] ARC AR ZMRE BN EREN ARSI RGN, N
IMAEPEFT 7 FEuCHAAT 55 3 21 4 Jm iy B R SCE R
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B, FEAFAr 4TS, [CLS] ik i & (R Transformer [ J5— )2 o7
[CLS] {8 1) BROIRAS ) e R B0 1 285 . XMt A [CLS] f i th ) i I
WIN—A4EE (S EAE) M softmax ZE SN, AT 1] L 3 11
B SRR b

BERT (1) iJll it F it it S/ MU T 25445 (U1 Masked Language Model il Next
Sentence Prediction) M1k MEORIEAT, MIMTZETHRZ R FoR . TEFNZGZ
J&, WU RE, BERT W ARG RCE S VZ /Y T i NLP 4155 b, Sl () Re

WNZR5E ), BERT BLAUW] DA I 30 (fine-tuning) S Fid W A% & 1 T i
25 . WORM B BN SEUAE D RIRIL, R ETERE 55 I 2R 4%
. MTARRMTS, RFEAE BERT M 2R INE YT 552 (I
B PAIERESE), AR R B I ZRRD AT

2.5.3 README 3CARMy o 24Pk 5550 By )i i

README SR RIS H 11110, S R R it 70 FAA . 2%
Tara . B UL R TTRR TR R S5 G BEE S . I, README {4 o 4 50 1 5
T H (AT MR PR . B NLP R 44T README SCAH] DARE B PPAS H
HRSEEEME . Gy A R . il BT A BERT SRR EE 24 SR ST B AT DA
F 2175 README LR (5 BB . YA B SCRNBIGHE S 8], AN S
AL SR 2 [79]

BN README SCEFRIHA SRR AT, NLP ST DAFR IR 4 SRS 1
Jigk, ] DA IR A SRR A f, B ui 1 2 5 AN H B2 ) .

2.6 ARHUPGS

A T ITPRERAE S RO IR A TR AR, B I IRE R E L
P, PARRI A m R E T SRR AL S R G E R TTHEk. 551
Sif ] AL XSRSl I B A O e AR BRI AR AT B 4 3 A ) ER
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FOLIT IR A Rl 2 R B RS B, AR (LA 98 S8 . R R AN T T IRAY
SaaS F7M , JEIR T IR R LAY B A AT

TESRVITIREA AL AN Wi S I, AR A 48 7 ALK S5 BRI H S0 A7 1Y
H M, Jilid OpenRank fEAR R BALIXLEIN R, JRBL 1 PPAG IR H FI 0Tk 52
Wi T3 ST R o BEAh, BT HARTEF AL B (NLP) i 5 AR, 4l Transformer
FI BERT 7Y, ACELJEIR T Q] ) TR P8 2 21 B o X IF-U5L 00 1 SRS ey AR 23 A
BEJ), Feol/d BERT AU Y [CLS] ARiCoE B AR 73 AL 55 B S B T A Hh o
o [CLS] ARic/ B PR R AP AR & 2O, XA 745 F NLP
255 BREE, KRB TR TR Tt SCA ARG BE DT T AT T

TERMABA e D, AREAME R TELAPERIH ., FEYLERAR. XGBoost S5{&4¢
AR, 3 7R B 2 M ZE R YA, TR TR NLP FES PR 20 B v 1 A
AP R X S8 N R IT RS T IR B > B TR (A B 2 it 1
SR .

XHEGME VR TR AT iR T E R Rk AR IR T 3 U BRAE B A
TR H A A R R, SR XS AR FEIT IR AR I I I . R, 3
AT AR R AT A AL TG BRI . SRS S S5 7 s B, 45 ARk
WSS J5 18] o

W ARTERTTE, AN 5 S5 % T IHRR AU EEAEBAL  IF R P it
THUE GO, BTEATREAL KB L I A R A I E R WA, DAMERE
TR H A (B A R AIAE X R 25
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FZE HARRGELMHEFHESHEEREREWE

RELET IR RERIR IR SRR R AL 55 . TS5
A% OTE T IR AR AL XA A T Tl B SO R P RETT IR
FISRNG , FF i X LR R ERE T PP . T 0, ASFSE R B A TT
PRERAERI L . P 2850 o SOAR S

AR REA DO AP FEBEE T SLUEHA, M0 B oA J5 221 70t T AR A3
T AR . BARRY, AENGUTIREIALIX . 478 Rk S SO R i
B RIS TR,

3.1 KA EchE KR
3.1.1  JFIRERAE 2 vl i 2 b

R FF VR 2 B AR R T BRAE IR I H ) r LA ER T I s R G L, X
O HEHE R AR 23 A WA EEEFR A BRARIY COSS $8 %t B A - 5 2wl i R Mk s
B R TR DT YRR, DABA CRESCHE -4 i PR MV 12

X T BRI R ML IF IR (COSS ) # 9 Hid , R4 32 2K T COSS.community
R T ST RO R« B AR S AR AL TRV TR A BRI L R AME B, (A
T 1 SRR , G105 JEL S A THT R R AR A 5 AR BRI o 457 393 , Fh T+ COSS.community
W3t 18 1 Google Doc 15 1Y S € UL il S AR BR Ml , 4 T 2l 1o [ I du 4%
AR B A7 R M

TIRNRYGX — W, ARG, ARFFIFCR A T4 AR S a e T
BAFBUE B OCR OEHFAFIR ) R, ek N TAS DACRIERCHE i e it v
(801 . St vk B AR B, ZNHf AR T B ) i B LRI P S , SRR At T IR Y
Hftf. T2 5F COSS.community {7 5T DATEHE 77 W3 #5 7 COSS.community

ght: https://coss.community/

23


https://coss.community/

=R SRR R (EPPAG AT 55 1 SR S A R AR R 2 B S8 AR 24 8 S

R B B R AR B s 7 11 All Publicly-Announced Global VC Funding into COSS

from January 2020,

S R IS NV e 2 8 T i Y € N NS B | /N D B 7 4 6 R o <
F CrunchBase 1 Wind BV Pk, 810 53 —3& 48 ] AR H 58 3% 2 Bl B B0 «
CrunchBase fF A EHI AL 22 B ST AR B AR, St T 3 5w rnl T 2 a)
G, AREEARRT AR . BT, 85 E B &5 %RM . CrunchBase /1
4015 B AT7E CrunchBase [ ¥ 7575

[ B, Wind 7l e I 00 BT AR T R I A W 2 B R R
SRR A TR F AT AT . Wind 5 B 5 T B 5 R IS v
SARFHT, LAV GRS R S TR, Wind 21
AT DAEH: Wind 19375 8 #5 5.

WAL EE A X PR AR R S A, REAS A 25128 R AR Ry M T 28 ] Y
WSRO, N Ser) MR R O T 4T A Rt S i . X — iR
8 TAEADUR R T IF IR0 H 7 Ml S T A i g, AP I 342 %
JRAE AR SRt T SRRt

3.1.2  JFIREREAT B

FIRE AT BRI REK T A 28R, R EEE ST R
AR, $RHE TR AT A

GH Archive 14 GitHub AFFiE 1 J7 AR, WBFFE TR AL T = 1
TESNECE . XUCHHR BRI H 3. METIe . FrIRuE RS, R A
FII 5 BR R A 52 5095 (81]. 22 T GH Archive fO15E., 3517 I 75 3 -
GH Archivell,

2g 41k . https://www.crunchbase.com/
Sdk: http://www.wind.com.cn/
Wik https://www.gharchive.org/
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REST API {24 GitHub B 7 #2511y API £2 O AL VFRF Y B AR E W H 1
PR BRGSO, SCRFSEIEE R AR . X — AR BE & T A T R 9T ek
BRI H 1Y % R [82]. GitHub REST API {40 SCR4 W] 7E GitHub Developer [
e

REST AP X [} Pty BRI A 5000 Y F g /N, 3X— N s b b2 AT
S, ASRGRFT AU PRI RE LA 3000 YA/ NS, AR I e AT S T UL ]

B SEAE . FTDAEEATHATUE SRS R o, S5 BORG 20 b 43 e A o 4

LR ITFE K X-lab 5256 % 1) Open-Digger il H i i # A1 2 & GH Archive
o, Get T oA AR gk . Open-Digger AU L [ HURAL NS, IE
BT T B ISR R, T BRI IR 0 R R S ARG R K
M 25 15 B A L ANE.

WEBR.IMI /R, Open-Digger Hy%if#i | GH Archive VE 4N EEIRSE, Hifik
R

1. 11T GH Archive PATE/NFBOSTE 85 i , OpenDigger WAERES /N HE I
—IR GH Archive /] API #2F & 54 £ 508, WA S8 A T AU

2. RE BT ) B8 P S s il DAk B T e A B, A P A e 4 -

- R IR R
o FEDT json A% N BRI SCABE AT B S SER R 45 1O

3. S5TUAL IR OHCE AT TE 250 A B 248500 ClickHouse H1,

B 2% ClickHouse 177 i -5 V8 P 2 BUA A — 4 46 SEAS O 77 B DA B e
AT SV RO B, P P RSRAR A Y A 1 A B 0 3 B B ) )
ClickHouse,

Open-Digger Ji [ % £ { H A7 Open-Digger GitHub Bl %] .

>tk https://docs.github.com/en/rest
Sdik: https://github.com/X-1ab2017/open-digger
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\ /
( GH Archive GickHouse HiEE () l Hifgss

A

Y |

B THEFY fRIE f#HrJSON BB
; P ERTEE ™| PosBEhE " | mEREsE
SMEBRLIETR PIABIIG RS 7=fi SRR %z RPEE

] 3.1 Open-Digger %ifii At P FE
3.1.3  JFIEREREEMEM S FEEEE - Dynamic OpenRank

HEEERE R AN E T OpenRank X — W 45 Z5 A FRIE P45, AT A—A
OpenRank [1JZAE{4

H1 T+ OpenRank J&—~2&{bl PageRank [1] Markov i3 #EVA . HXHITA 15 5{ i
AR AR AN v

w:«l—aagg%fw+awO (3.1)

Horr, v R EIHIIATE, a; FORN RUOBHA IR RRE , do; 227155 7

BOREE, wj R MAT R BT 0 AL E . OpenRank Sy I i3 HOu A 4k 3 4y

a; > O BRPRICHC S o (ELBUSEA I o, AN FRURAR (A DX 000 2 P PR e RS A 2 R

[, BB RO R ESEE A AN S A -

TRAWITNT OpenRank FIAIEATHE, FRVFA R ZERAIT IREAF M 2% 1 K11
BHLJE RBCE A FERIE. ABF7Ear4%1%5834 5 Dynamic OpenRank.
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HF Dynamic OpenRank Fil OpenRank %}z 34{blF PageRank [ Markov 3 F7&:
W, ARSI 2 AR DAIE B SE Y B R . AN IR HAE L e R B9 A
0 B LT — e

R HEE P, 7E Dynamic OpenRank Sk, FoR-17 sl [ B ROARAS . X T4E
el DU @ S DU J PRS2 i Y A PR B T d; R i e . S5 RS HE
P e R B A 5 T B SR M S T

1. BEHLME (Stochasticity) HEALHFE P 2FENLAY, BWRE HA 47T 1.
X SRy A T B Ho At T R AR ) B A 1

2. B9t (Non-negativity) P HAYFTATTRAPIES, Sl THERR A,

3. Witk (Sparsity) i1 W UUZ [RIREEESEHY , FEALEIHE T SMtn, BIR
ZHROUEN 0,

N T PRAIE PageRank FIRAYILSL, FAERIFE P b e LA A -

1. An[%y (Irreducibility) f15MAT— T 2] 75— TRHESAEERR L KA, AR
HRSAR AN AT AR . SR PRIE T M 482 e e iE ey, Mk T 3EVERR AR
STy

2. EJEIIYE (Aperiodicity ) $4F5H M2 IR RN, MWEMTE—TUHEH %, &

[ 342 T 4 A I RE B SRR 0 ) il 5 AL e R B RUE 5
FFAE— SR A T DA EL R B )Rl o] 21 5 B RSB

3. etk (Stability) 5| AFE 2% d HREN/NT 1A9E GEHF R 0.85), 2
AT RIERYERRGE A SE . B H 751 A T HEVLBREE v e, Affe
T R EFE SRR AN SE R B DL AR IS

X} T Dynamic OpenRank 595 5E MR P, HotR P ETM
U pr B DU py WEEFAARER . #RYE Markov BERUFRIE, WHRMEE P 2 A 2 H.
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BRI, A% Markov FERFIR SIS — S ME—AYARE 7011, X PRIUE T Dynamic
OpenRank {E {81

FEANF] PRI PH e R BRI B, B I T R R AL P TR,
e i (RIRREXHERHAEE) .

TH 3.1 S FHEZARRA TFRE {d), WwRFA d FHZ0<d <1, Wi
BESEE P oyt 120 F 1, RmtRiE T PageRank 156490 Sk .

iER]. BT Gershgorin [J &2 M, W DAUERIFERMMRRIE S P AR AL (EAVEAE
DA di RN . O 0 < di < 1, FraBIRHLE s oehh b, PRvhT 1,
PR A AL A A XHEAR /N 1, XARIE TR N T 1o O

F#X Dynamic OpenRank S9A7EBIE_EARUE TS, EAREEHN TRINE 2
SN . B BB e IR 1 R BE & PR AR e A R, (HA vl fig
S HARURCT #) 4 Dynamic OpenRank {64 o il 4 e X IRPH e R %, Al

PATE IR SR PRAS SRR S P2 AL R B — 1A

3.1.4  JFIRERAEE % SCA Boh

GitHub (] REST API #2417 —Fh B0 HLa Ky 7 kD7 ) GitHub _EJLP BT sy
MR BL R AT A o S ARSI ) APTAE K, WF983E AT DASE [ Hb AR B S 5
H i) README SO, PARHABA G T H A5 S, Wtk s, $edis . issue
THE%F . README SUARE R AT GitHub ) REST APL 5S¢, X — @ AehEnS
P AR U BT ) README SUAR NS, W0 ) B ARTE = AL BEEOR A 00 H SOk
fefit 7 Bl EL i [83].

3.2 BB B R AR R
3.2.1  Hdiiony

RS FRUEAR AL PV 45 5 (0 2 SO AR A 2, AR it o PEIB. 2
AR A B SRR IR R A 5 S A% O I IR VR H I HMEM 45 . Tk R ALK
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A

3.2 JFIRAR PRI L. . PIME R 450 Q2 SCARE R
SRR AR BYRRRL . FEiZf A, B AR IR A ] X LRI IR
B A — A O IHER AR, BRSO AR S 2 TR AR
PR H BRI E 5 75 ST IRE A 0 H 1A VMR &R, TR i
TEMZE ;s A THRPAT O FEINA — N ESORMEE (%5 README),

XS O RAR A RO T TR H R ALK M ERI RN SEE
ZIE A E S, RN IRAE R R A A4 DR ) Ty 3t T — s
B

3.2.2  BareEpl

AT RN GBI FIE TR ARG, X SRR Bl S 1 A EAE R
LRI AR T R S B A B o X LEREB] B A s Al AR Y COSS #5321
PR ml W EAR R &, PAS N i3 REST APT ZRHUR L GitHub 4 ZIFI5H Y
Bl , WE—2 AT I DX G BRBERI I H SCR Y o
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(1) Rl IFIRA w8

TV IR 2 F R 2 WA o3 BRI COSS £ L Raha T 22 il Y iy ol 4%
i

Horpr, B COSS $w &t 205 1 2020 4F DAJSHYIFIRAA I H A1 23 7]
I BE R R R 5 B o X LERU SRR AR S S AR B TR 4
£ OCR AR BN TH LRI, Wbk T HBsmim i scier:. g, KB 1
JUASTFIR A THEM 2% R BT SEEE KP0L, SRR BB AL eiin 3=

© 2023 OSS Capital LLC This data is maintained continuously by OSS Capital since January 2020. Please email sam@oss.capital to add/correct records or provide feedback.

1

2 ‘COSS Company ?| FOSS Core(s) = | Stage ?‘Round Size (M) ?|Month A = |Year A = |Lead

3 |KSoC Kubernetes Seed $6.0 February 2022 .406 Ventures
4 |Qdrant Qdrant Seed $2.2 January 2022 42CAP, IBB Ventures
5 |Earthly Earthly Seed $2.0 October 2020 468 Capital

6 |QuestDB QuestDB A $12.0 November 2021 468 Capital

7 | Activeloop Hub Seed $5.0 November 2021 468 Capital

8 |Digital Asset DAML D $120.0 April 2021 7RIDGE

9 |Yugabyte YugabyteDB C $30.0 June 2020 8VC

10 |Acryl Data DataHub Seed $9.0 June 2021 8vVC

11 |Acryl Data Acryl Dat: A $21.0 July 2023 8VC

12 R Acryl Data o A $20.0 February 2021 A Capital

13 |P: A $15.0 September 2023 a16z

1 |R acryldataio B $40.0 December 2023 a16z

&l 3.3 COSS.community fiy fE7s i ELfitli COSS %% I a4l

AIAFERRZ, FFEA BRI 2 b s e A w505 . B
PAVE—2L1), 1854 Wind F1 Crunchbase SRER X S8 T 23 5] BT A7 4F 43 18 7 Mk
G T W55 5 . IR, SRPE LSR5 B . X B 77 AT 2RI, (5
AR T AT A B v FLIR AR IR A AL S . EBAFTR, BRT —%
JHIE22 ] PingCAP H BSL AR FT A BT i 00, B35 SEPRSBA ARG RLBE . gt
Il B SR . TANEBAFTR, /R T—% A ] Copper 34T (i
TR AT

(2)  FFORERIEEoda

BATHEMN A T I IR BR S H README SCARER I REE 7. R GH
Archive, GitHub REST API £ OpenDigger 45 £ fh V% .
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sk

B SRR R W B PG AL 55 A S i S A B AR IS R A T A 2 (68 5C

[. CONNECT TO CRM] @® SAVE

#  PingcAP

< Summary Financials People Technology Signals & News Si )
1= Announced Date v Transaction Name v Number of Investors v Money Raised v
Nov 17,2020 Series D - PingCAP 12 $270M
Sep 11,2018 Series C - PingCAP 5 $50M
Jun 13,2017 Series B - PingCAP 5 $15M
Aug 1,2016 Series A - PingCAP 1 $5M
Apr1,2015 Seed Round - PingCAP 1 $1.6M

€] 3.4 CrunchBase A &R E AL (DA PingCAP Al

W Wind Financial Terminal..Everest

KBJ

Me Stock Bond Commodity FX Fund Index News Macro Portfolio Quant Risk Market

0 Global Market Overview | 06 Watchlist

F9-SHFE-CU

01 CU200

- & X
v 6E4

v

My Chart A
Custom Chart

Systematic Column

Institutional Commodity
Capital Flow

Cost and P&L

Position Opening by Insi

Copper[CU]-Contract Profile

Current Contract

Standard Contract
SHFE
Variety

Cathode copper

Last Trading Day

Driving Factor " Name Symbol Change Limit Trading Margins Listing Date Last Trading Day Final Delivery Date
4 Variety Informati Copper 1911 contract cuto 5.00 1500 20181116 2019-11-15 2019-11-22
_ Copper 1912 contract Cu1912 5.00 10.00 2018-12-18 2019-12-16 2019-12-23
IR A Copper 2001 contract CU2001 500 700 2019-01-16 2020-01-15 2020-01-22
) Fu‘r;i‘::’é‘::f::‘:;ysis Copper 2002 contract CU2002 5.00 700 2019-02-18 2020-02-17 2020-02-24
Spot Analysis Copper 2003 contract Cu2003 5.00 7.00 2019-03-18 2020-03-16 2020-03-23
Balance of Supply and C Copper 2004 contract CU2004 5.00 7.00 2019-04-16 2020-04-15 2020-04-22
Supply Analysis Copper 2005 contract CU2005 5.00 7.00 2019-05-16 2020-05-15 2020-05-22
Demand Analysis Copper 2006 contract CU2006 5.00 7.00 2019-06-18 2020-06-15 2020-06-22
Inventory Analysis Copper 2007 contract CU2007 5.00 7.00 2019-07-16 2020-07-15 2020-07-22
Arbitrage Analysis Copper 2008 contract CU2008 5.00 7.00 2019-08-16 2020-08-17 2020-08-24
4 Position Analysis Copper 2009 contract CU2009 5.00 7.00 2019-09-17 2020-09-15 2020-09-22
Institutional Contract Ho SHFE Copper Cathode2010 Cu2010 5.00 7.00 2019-10-16 2020-10-15 2020-10-22

On the 15th of the contract month (in the event of a

Lol o

I 3.5 Wind /A G R BAEREF] (DA Copper A i)
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GH Archive j2—/>"iZ (I HRESE, Eidsk 1 GitHub ERYAITEZ.

GRS T AT 7SR B A e s A DR BRI AR BB AT A S

TRt T E S5 . GH Archive W id 43k GitHub 5t AP 2R, AWt
FEN R T — R (A SR 70 GitHub _E i 23 I8 s -

FBAFTR/RIY S GH Archive (AURAE, ©IFAIH T8 a5y
TBL RPN TR E S X T BRSO RN RIS S, S0
728 (PAJSON #8:0EH) AR SEMMKBKI R, S5 MALMFEE. R
P A T E R BRI ZA M N B B S, A B TR0 AN ST ALt A AT ]

53T RS
% 3.1 GH archive ZEf4HEIA

Name Type Description Notes
type STRING Event type as per https:
//developer.github.com/
v3/activity/events/types/
public BOOLEAN Always true for this dataset since only
public activity is recorded.
payload STRING Event payload in JSON format
repo.id INTEGER Numeric ID of the GitHub repository Part of ‘repo’ record
repo.name STRING Repository name Part of ‘repo’ record
repo.url STRING Repository URL Part of ‘repo’ record
actor.id INTEGER Numeric ID of the GitHub actor Part of ‘actor’ record
actor.login STRING Actor’s GitHub login Part of ‘actor’ record
actor.gravatar_id | STRING Actor’s Gravatar ID Part of ‘actor’ record
actor.avatar_url STRING Actor’s Gravatar URL Part of ‘actor’ record
actor.url STRING Actor’s profile URL Part of ‘actor’ record
org.id INTEGER Numeric ID of the GitHub org Part of ‘org’ record
org.login STRING Org’s GitHub login Part of ‘org’ record
org.gravatar_id STRING Org’s Gravatar ID Part of ‘org’ record
org.avatar_url STRING Org’s Gravatar URL Part of ‘org’ record
org.url STRING Org’s profile URL Part of ‘org’ record
created_at TIMESTAMP | Timestamp of associated event
id STRING Unique event ID
other STRING Unknown fields in JSON format

X —H R, GH Archive Sy HEAL X IGBFFEHRBE T — A4 W i B,
SCRFMZAYERERT GitHub _E R AT IS SIE T IRA TR S
B %} REST APL, A58 R M £ AR F Bod PyGithub JE, X — M3 K
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=R SRR R (EPPAG AT 55 1 SR S A R AR R 2 B S8 AR 24 8 S

Python i, B3¢ 1 GitHub fJ REST API, {5\ GitHub FREUHEAL 1T 5 E 5
FIRRL

N T RN I IR AL R BRE R IT R B S 500, AR T Py-
Github R KRR E G EMTTIC AL (issues) o X LERAE AEAZHR AL IC T4 X85
KA R AR BRI T B EAE B . AR 2 BRBOTHOR A ) Python AUAH K H it
ZNYE

FARZFY, GitHub i P 5 SR, RS G- AR s -

>>> repo = g.get_repo("PyGithub/PyGithub")
>>> open_1issues = repo.get_issues(state='open')
>>> for issue in open_issues:

print (issue)

Issue(title="How to get public events?", number=913)
Issue(title="Prevent .netrc from overwriting Auth

— header", number=910)
Issue(title="Cache fetch responses", number=901)
Issue(title="1Is suspended_users for github enterprise

— implemented in NamedUser?", number=900)

Issue(title="Adding migration api wrapper", number=899)

R 3.1 GitHub REST API 3 i 7755l

ARHIF5T T 5 X 1 Open-Digger %41 /% H1f# events il OpenRank J/~ . iX 2%y
PRI R TR AL D B AT AR 2 AR AL SR O T B RIS, SRR IR
I H I SR X B &S HRA AT -

events FLSR [ HFIRAL K AP A A4S P, 1 Issues FQIE . Pull Requests
HOPRAZ AR, R 1AL X TG BREE RN 2 5 A ok events SREEHI (0 S P IS
(type). 25 (actor_id. actor_login). JWiH {5 E (repo_id. repo_name) %

FBL AR H AT S i T R o
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OpenRank KA T I H K H 2 5 F W2 S PE5, @3- T 1 H &
g, XS HEEZANYEEIIRAA, SR H EEE R R AR AR
OpenRank 2454 W35 F-4 (platform). ¢ ID (repo_id). %44 (repo_name).,
AP ID (actor_id) . JH V& 5#44 (actor_login) DA f OpenRank 34} (openrank) ,
VT H N2 5 R e TR

UK 42 Open-Digger ] events [ %du4it4 K& HAH M 771k .

>>> default_table = "opensource.events"

>>> get_year_constraint = lambda x, y=None: f'"created_at
— BETWEEN ' {str(x)}-01-01 00:00:00' AND '{str(y or
— (x+1))}-01-01 00:00:00""

>>> conndb.sql = f'select * FROM {default_table} where
— {get_year_constraint(2022)} LIMIT 10;'

>>> conndb.execute()

platform id type action actor_id actor_login
— repo_id repo_name org_id org_login
— commit_comment_updated_at
0 GitHub 23454517593 CreateEvent added 22234154
— noorprajuda 522440625 rivaldiheriyan27/Koma
— 0 ... None
10 rows x 141 columns

>>> list(conndb.rs.columns)

['platform', 'id', 'type', 'action', 'actor_id',
— 'actor_login', 'repo_id', 'repo_name', 'org_id',
— 'org_login', 'created_at', 'issue_id',
— 'issue_number', 'issue_title', 'body',
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A9 5L 3.2 Open-Digger i H events £l A i th 7 191

(3) % README SCA B

XFFIIRITH IS , README SCF 5T H /Y 1T, B VR A M DTk
RO TIH BRI U] SIS RS B E B . I, R34 README
SCARAEA T PRAG T H A R D5 MR A E B R L. AT 2 (1] PyGithub
JEZRH README SC{ A 2819 Python AURS B ok th 7 1

>>> repo = g.get_repo("PyGithub/PyGithub")
>>> contents = repo.get_contents("README.md")

>>> print(contents)

ContentFile(path="README.md")

FURSE B 3.3 ZRHX GitHub (xJ% README SCH N 2 AU S ki th 7 Bl

S oty R 4 5 1 FF VR A PR AR A README SCACKUIR, ABFIER A 7
PR B A DA AR CIR ) — SO A AT AT . B R, % T
README SCAKUE, #HHB PR “< I H ID>b'<README %5 >
Hrp “TiH ID” AT ME—FRiH—4 GitHub Wi H, “README %" SAXt 5 H
README Pk S2BRSCA P25 . ORI A s 2% B T1E IS 5 OB e S5t
TR, AHTRIELE .

3.3 JEUERN

3.3.1 ¥Rk

AR, BT R R A A 2 R AR A R B AR RO H
AR, BT AR S B I - SOIC AL BR o PRI IR0 UK B8 it R AR A 5
B2 Y5 TS AR ALEE S G UL
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185729141b'# AWS Secrets Manager Agent Hooks\n\nA set of agent hooks that fetch credentials from [Amazon Secrets Managerl](https:/
1048692b 'WARNING: THIS REPOSITORY IS DEPRECATED!\n\nThe "F1" project, a way to share links implemented as a Firefox extension, ha
333840504b'# parquet-lot\nGenerate Parquet files for Spark/Arrow cross-version integration testing\n\nh/t [@sethrosen](https://tw
64225407b'# Wire\xe2\x84\xa2\n\n! [Wire logo] (https://github.com/wireapp/wire/blob/master/assets/10ogo.png?raw=true)\n\nThis reposi
134348928b'# Lightbend MicroProfile Reactive Messaging\n\nThis provides an implementation of MicroProfile Reactive Messaging buil
38797439b'# wso2-openid4java\n

674627717b'# SurrealMl\n\nThis package is for storing machine learning models with meta data in Rust so they can be used on the S
510263428b"' [! [CI](https://github.com/facebookincubator/Glean/actions/workflows/ci.yml/badge.svg)] (https://github.com/facebookincu
616956045b'## Overview\n\nThe grafana—opentelemetry-starter makes it easy to use Metrics, Traces, and Logs with OpenTelemetry\nin
557187214b'<p align="center">\n <img width="340" alt="Turborepo logo" src="https://user-images.githubusercontent.com/4060187/106
494534797b'# Gitpod in a Docker container with k3s\n\n*xThis is merely a starting pointxx\n\nThings that are working:\n- latest il
214171796b'# Flask-Unleash\n\n![] (https://github.com/unleash/flask-unleash/workflows/CI/badge.svg?branch=main) [![Coverage Status
12845209b 'WS02 EMM\n=================\n\nWS02 - Enterprise Mobility Management\n'

436600847b'# CDKTF prebuilt bindings for okta/okta provider version 4.7.@0\n\nThis repo builds and publishes the [Terraform okta p
112197641b'# parsepatch\n> Library to parse patches in an efficient manner\n\n[![Build Status](https://api.travis-ci.org/mozilla/
496631827b'# webex—contact-center—apps'

465567765b'# CIFAR 5 demo\n\n# Pull data\n\nDownload the dataset\n''‘bash\ngit clone https://github.com/YoongiKim/CIFAR-10-images
17301504b'discourse—-dwolla\ ===\n\nSupport Authentication via Dwolla\n\nConfiguration:\n==============\n\nAdd “dwoll,
618528785b'<div align="cent: ture>\n <img src="https://user-images.githubusercontent.com/68016351/222853569-b3!
15466498b ' sentry-flowdock\n=========: =\n\nAn extension for Sentry which sends notifications to your Flowdock Team Inbox.\n\nI
306446341b'# community-tc-utils\n\nUt ies for administering https://community-tc.services.mozilla.com.\n'

185466882h' | WARNING: This fork of viper is intended for use in TIstio nroiects onlv. Take denendencies at vour own risk. I\nl

K 3.6 B J5 9T H README %34, x: < Wi H ID>b’<README N % >’
(1) BhRERr

P AR AR BN E B, B a2 R B AR
DATH B AL S IE AL

1. BLAilfY COSS # Bt it R4
VEREARRER VIO B, & Sl R B 5 sh ) TaR 456 OCR (O
AR BORVE TR B, S N AR O S PR AR Y TR
PEFISEREME . AP PR 34X COSS.community $2 1t i i 9] BB & 4 |
FEARIOT IR H A B R R E

2. R AT R B A AR
Rk, A Wind I Crunchbase 3 P~ TS0 5 R A RO
AR EATDE RS, SRR EART W58 . miigRl, B ies. X—
BRRA G A ER L T R E R RE R X RN R T [H
I, Al DA X — 2 PR A R AR, RS AR 2020 4 DA HY%L
Pad e 2015 4R PASS AR .

3. A% GitHub Z1ZUF155 H )14 51
FF WA SRE R Al , 24 GitHub () REST APTREHfH HIAH &
iy GitHub ZHAMIIH o A TR T AR X R =R, N7 R
B R IETE T LAl
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4. 17 %R R AR
1) GH Archive. GitHub [1) REST API DA M AE AR 2% X-lab 5256 28 40 Bl ot
[¥) Open-Digger %#is, 4xtilisR 1 HARITFIRE ALV H A7 8 %ds . X
SRR DS T H RS S PO R A, SRR IRAT XA BREE
FIIE K et il 1 RGP HE AR

5. README US4k B
e Jri, FIA] GitHub () REST APT % ["J3H T H AL ZURI H i) README SR
fFE. E—PBNMEM B REF BRI H SOt T4t A
BT PEAL T E BT e AP SORY BT i

H17 COSS.community &K HHTAR 2 X AL TAEN P AR), Br
DASEUC A SE 8T i DA B N A R AR AT RE B DAFERI U R AR 2 R R
SRR AL 58 B B S AU AR T 2R 20 [ RRREY COSS #wt it R 4R J,
T HAREE A L SE B AT, UG 20 BORTY SE 00 T PR PRI H AN AL Z1E
FBETRAL, P/ NIRRT AT

1117 EL T REE BRI/ i A S B AN P ke S TE R AL

(2)  BedbiRAEHER

AHFFEHI R R IR ] TSR BT, A2 TR AT X e i A 28 23
FIARYE, 2Bt T RN . LT — A4l RGERITRARAL
XS5 EERE. RAREBIFUR, ZHERA & T HIR ) BRIV, 45
SR TR R R, BER TR SR AT AR A R

3.3.2 Hnpisie

B RO AR h B X E A, HH 2l — R B PR
R IR, AT A S SRR e AT IR A R (I el R R A ASBETS IR TR
R A TS . TR AR README SCAEE =4~ 3 28R 70 iy ik
HTAE.
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T

4. 7R 5. READMEX
ERIRE FEIEAIIREN
1. BRBICOSSIR B HIRRE T T
2. FHR A B EERIIREY 3. %O GitHubZREEFN IR B A9IR B!
Kl 3.7 i R AR HE SR

(1) sl IFIEA w8 Fsk e

AT RV IR T 2 WA AR 2y - Bl COSS Byl AT IR 2 JI R
bt o R FIAL X — 25 R 73 SR HER BOAS [R] B AT A

BT ELAM Y COSS $eBs s, i Tz &da ki COSS.community A4 5t
R HTAEANRTFERMAR, FroAs b IAERIIRA ARG, [N b T2 H T,
it A2 BRRT L R A ST BE % 07 SAS JLE A — R R A IR O . T
i, X RV R, AL D IR A R UE . SR Pl
XEAIEEIH— 1k .

1 BdEEvE
W EE IO, BB AR, B REREA R — S .
2. SRRAE AL

XA RAE, AWHTAERIE N I B RUT AU DL N AT AL PR, e
Fe R SR BT REA TP B 3

3. PRt
AT TR I AR ERR A5, (10 & IR E 2 454k s 2~ |l 3 H
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B

AU NERAFN, Bl & 28 ——Bot

4. BRI —1k
R T IEBRAS R AR SN A 52, X E BB I TIH A, I
% —3 [0, 1] 5% [-1, 1] 2 JA],

3K B 5 B AT B TR R M R PR RVRCR R BT A3 BT
LIRS 4R T RS
EFEFEIE A TR . 11T Wind 1 CrunchBase S 10 2 T4, BT

PAINEEB. AP, i B Al s B AT RE 2 R AR IR B 5 TR, DAL Ab R 2
R H AR N TT.
¢ 3.2 CrunchBase AN FEEE
Company Date Round Amount Investors
Akeneo Mar 15, 2022 Series D $135M Summit Partners
Akeneo Sep 12,2019  Series C $46M Summit Partners
Akeneo Dec 19,2018  Corporate Round — Salesforce Ventures
Akeneo Mar 20, 2017  Series B $13M Partech
Akeneo Sep 23,2014  Seed Round $2.3M —
Akeneo Jul 26, 2013 Seed Round €100K —
Akuity May 16, 2022  Series A $20M Decibel Partners, ...
Akuity Oct 11, 2021 Seed Round $4.5M Decibel Partners
Aleph Alpha Nov 6, 2023 Series B $500M Bosch Ventures, ...
Aleph Alpha Jul 18, 2023 Corporate Round — —
Aleph Alpha  Jun 30,2023  Series B €100M —
Aleph Alpha  Jul 27, 2021 Series A €23M Earlybird VC, Lakestar, ...
Aleph Alpha Jan 27,2021  Seed Round €5.3M 468 Capital, ...
Aleph Alpha  Jan 1, 2020 Non Equity Assistance — Public
ArangoDB Oct 6, 2021 Series B $27.8M  IRIS
ArangoDB Mar 14, 2019 Series A $10M Bow Capital
ArangoDB Jun 29,2017  Seed Round €4.2M Target Partners
ArangoDB Nov 24, 2016  Seed Round €2.2M —
ArangoDB Feb 10, 2015 Seed Round €1.9M —

(2)  JFIREAEd Akl

TR RE R P B S et ide . S i (AR BN AE SR B S 2 9K
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1. Hdh i
MRIEHFTE BARAIEE K, ISR Eis 46 i et S O S PRA R e, i G
R, ZHEFESF.

2. S EAL
PONTF AL PREC A S (E, X e PT fE 2 th TR I R AR s A AT
PR PE R Y«

3. RFIESE
ML P BB A I X BT R SRR AL, SR IBCRE B Y T 2 MRRE,
BT R 24 B B ) 00 BB B e N BB R 22 B R [ 8 B i BT
Stars A AEE 24 NI TR) G038 M2 A 30T H /Y openrank SUF

4. AR
R B AR 2 0, RS2 5 i B 2o Rl s T FiC R SR )
JERISZ I, BT DAICAL K H B o

X — BT BRI AL PR AR AR PP T IR AR E 30T H AR A S i g 2 ¢
A

(3) A README SCA B fiiib o

MEB.g R, HT readme 75 GitHub 22— A5 CARR TR, FrAS TN
fiZ HTML. URL. markdown #&3iX 21518 LT X5 . T2, X T IR
) README SCARK s, TIALPHE = BaHE SCARTEVE . i Fa bR S5 A IR .

L SORIHE: BRSO HTML #5345, URL. Zr=SH . AETEIFAFETL R
WA, FEBVNG PR T SO .

2. gpid] RFES SCA N B B SCWTRNC BT, N S SCA D A AT
PR 5 o
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3. JAIMEARTE s XS B SCARBEA TR AR, RSB ATER R IE, anain] . 3l
SR, XX T BRSO TE B TR A RIE S e

526254134:b'# panther-utils\nPanther SDK utilities repo\n\n## Match Filters\n\nThe ‘deep_exists® filter allows you to filter event e
491913280:b"' ! [tea] (https://tea.xyz/banner.png)\n\n# One-Liners\n\n*x ‘sh <(curl tea.xyz)' can be replaced with “tea’ in all example —
607780926:b'<p align="center">\n <a href="https://rudderstack.com/">\n <img src="https://user-images.githubusercontent.com/59& =
495583319:b'This repo contains set of python examples to create objects in zededa cloud. \n \nEach folders in the repo has README
20316215:b'Install\n===========\n\ninstall node.js v@.11l.+\ninstall node-webkit v@.10@.+\n\nbower install\nnpm install\nnpm install
282198105:b'# What is RudderStack?\n\n[RudderStack] (https://rudderstack.com/) is a skcustomer data pipelinex* tool for collecting, -
440139864:b'# EVerest — MODBUS \n\nThis is an (not fully done) implementation of the MODBUS communication protocol.\n\nAll documer
28967022:b'# Simple Authentication\n\nThe simple authentication utility service provides hashed password-based authentication witk ——
283377760:b'# Django + Celery on Okteto Demo\n\n## Prerequisites\n\n- Okteto CLI >= 1.8.17. Follow this [guide](/docs/getting-stak = =
145490026:b'# Testcontainers—rs\n\n![Continuous Integration](https://github.com/testcontainers/testcontainers-rs/workflows/Contint =
64225407:b'# Wire\xe2\x84\xa2\n\n! [Wire logol (https://github.com/wireapp/wire/blob/master/assets/logo.png?raw=true)\n\nThis reposi ===
346423409:b'# Learn Terraform Manage AWS RDS\n\nThls 15 a companmn repcsltory for the Hashlcorp [Manage RDS Instance tutorial](;

124348078+ h"# | inhthend MicraPrafila Reactive Maceanina Thic nrovidec an imnlementatinn af MicraPrafile Reactive Meccanina hnil

4] 3.8 F AL P README SCA K4

I LA EUY AL B R, BERS A RO README SCAKUE e Bt A
A,

MR R, Rt B SR AT RIS I SR T T RS Bt

3.4 JEAEBRRNE S n P

WEBIFIR, WUACHLS MBS S 1057 44058, M T ATFIRE M Bkik

() AR . BB AE S 1374 S50 550 10 N5
2 3.3 TUALHE 5 W BR SRR R A

FRAEARR Biadin! | ik

COSS Company object R TR AT 2 T 245

FOSS Core(s) object 2 ER O TR T
Stage object i H BT B .

Round Size float64 AR, PAA JTSET0 N EA
Month Announced int64 ﬁjﬁf EHATHI H 45

Year Announced int64 I E TR

Lead Investor object Egﬁ{ﬁ‘% 4K o

org object DI IR H 2 (5 B A 3

user object O TR 2 P S B8R
repo object B D FFIRE A 2 3 H A7 B4 3 .
OpenRank float64 OpenRank 7E il %% X5J b i 1] (I 4H
Star float64 Star B A X} W iR 4E .
Participants float64 2 5B B EAE X} Y B[R] AOAE .
Repositories int64 KO R R AAH ZR ) 1 H AL
repo_readme_feature | object HT 5 H README RN 2, i

BERT 7052 B A 43R £iF 1) .

PRI T BB A TP W AR AE R A T RS L . T DA th IR T PR AR (AR
ay Ay, HARFFEAR A — A R O -
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OpenRank Corresponding Time43#5 Star Corresponding Time% 77 Participants Corresponding Time4#5
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WA R A
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1.

F%E % (Round Size) 73T

PRI s — K FIRPTR, A A AT A 0.001 J73E5TF 1600 J5£TT, T
YR BT 2R 31.61 J1 5 0. H KL (50% 73-fi%) REBEEATN 105 1135
I T A ot TR S R N [ NG B . A o 1 o A (ER R S o0
BRI RN, ST T S AR R AR XA, B S
PG R, S MR A i AR

B A 40y (Year Announced) J34fi

RlgE A AR IO AT SR T RO Al Z 080 B IS —1 758 =
KB RI AR, ARGy (R ARAR) BRI ROIBR S, "ThE
ST AL Ay I PRERAEA Tl 1) Rl 54 BR B i

=

iz H A5 (Month Announced) 43f
WMEBIF 1758 ik TR, B AS AR5, B L
A Z0IR 2 T HALA 4. X 0T RE SRR FA s o B A .

o

RXLEGEVERT AT AL 73 MR A T X IR AR 2 Fl R BTG sh i AN B A, AL 35l

SRR AR . BTSSR AR B 2 S 00, DA B4 4R 48 O B Rl B0
g

3.5

S

ARFELER T IFPRERAT ) WM I 2815 O P2 SOA P A A 20 25 S0 SR AR B 14K

M, SRR TR S e B R, R T DA AR R AR
ML T ASRBEAT OCR HRIH] A Bidle R & 2| i GitHub REST API 4 [Hiik
SR A AT N B iy A, [RINA ] Wind A1 Crunchbase 255 2R BUT I 2 7
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fitlfo
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A R A BEARE SN H S PR AR 1) R BT Ty

Wi 1R R A m S . THIRE R . TR 2 s, AK
A AF README SCAZR RS AL . Ryl 25 i A BE A SR g 1
ARPRERIAE . P UEREIE I 1L, Rl TP G Bl 2 A g .
THRE PP TAL B R RO 8 . S A B L RRAESR OIS L F, DAR PR A
HUM AT —E . README SCAKUR AL BRI 45 SO e, RoBR A KA
B CAE s dE— 2 iy e

AR EE A SR B AR B R R R AR I R AR, R XA
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ARFEHIT IR — A, AR AR B T T IR A A WM I 24 A 5
O JESCANFAE 1T SR AN T PR PR A DTG BRI AN S i o it
BEAASCEN TATHY OpenRank (%2 H) Dynamic OpenRank S5 PR 2R IE T bR
i3 BERT 4bBH) README S5 J8E SCARRIE , HAEZ JeRIEA FFRAER ST P
Xof S TR R B R A T R AR A B AL

4.1 FRAEZEI S
411 BAMEALLH

P R R R AN BB, A5 AR B TR A T X TR IR A B T
2448175 README SCRE500 i SCARRHAE 1 TR A BILA#FI 4347 . OpenRank 15 >y i &t
X S KR bs, R 0E T — A G BRI 2 5 S5 WM I 4R AL Y
AR, AUFTON HIEA e, fUHE A S A SO M E R SRR . AN, dEad
GEHFFIRER I H B R UL, Star SECFIYH OpenRank SA1, #—HF &
TR . R, A BERT AAUXT README SCPFUEATIREETE Lot
T REAS M A P SCAS 28 P R R 5 O P SO R Y K A

Bt J SCA B AN AR SCAR S (B B8 ), SR Bl g A

M 28 R RS AR T QP 2T, A S R B TR AT R R 2%
ik - WHM Star . 25 A5 AEL. T H 1 OpenRank {H, #HXFX L85, A&
RN AL e
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SRR BALSRE AR - KFQ )% README N 4558 BERT ) tokenizer %%
# token [, XA ATE], FEREHLIIARIX L QAR token [A] 4]
WAV, 3 502 SO ) 81 SR A AL BE 5 34 -

LA RN I 3R & 5 AR PRI G G
2. BHESIHTE: % BRI ) S I e 7 iR PR 2R 720«

4.1.2  BRRFAER) Bk S V5
(1) FFIERLFE

TERE BT FIRER A OR FEAN (E PEAEA LR Iy, EFRE R AT S 0TI B8 ) il 32 G T
o RXUBRFAE LY BEMS 4 ] ST IR H AL XS BREERISE R ) o B Bl aR = A
e, KPR COSS AR S5 N LA, REBTINy COSS HZH)
#IH Star SAL. @LYEHT Y Dynamic OpenRank 5415 README SC{:H 4L A R
EFNFEIIASFRAE, HAR B T A0 i B R B 24

L whEEmr COSS 418115 15 N b

T4 N B SR B T O F A VR, SRV I B R
PRI AT . A AR T A ST 389 R0 o BRI
BREE, SO, DUE B I SRS . JEAh, BOROTF A A
RN S R TR, T ARIE FORER, b BRSO i X S
PIE T IN Y SE RN

MAL2 W57 (SNA) IR , 2 5% ATk M4 U b, e
I 19 24 MRS 3 RV T3 0 45 KM 2 (structural holes) FiTfi B 874
e, TR TR QAR BRIE . IAh, AARSERATAIINE, Ay ¥els
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G COSS 418U M H Star L%

GitHub Star $5#¢) 2 Ay @A 2 H IR H 52 0CHAR B2 A A R] BE (1 45
Pio —NT F Y Star B, R RRE TIA )2 B R A
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[ Star ZWRFE S RAYEEY BT WAh, MRIEtt LA FBIE, BmR) Star
BT RERE SR E TR R, I e IR K A

REFE ) Dynamic OpenRank S

Dynamic OpenRank {24 —ER G PEIAL K0 fighs, w4k 131 HAETFIR
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OpenRank G, fEGEHRAG— A KT HLRE R4 K LA G, XA
AU T I AR B A DR BREE , 3875 18 1 I H 5 4L CH A R 3 Y LB AR
PG H B A S T f it T — AN AT R .

i H ¥y Dynamic Openrank &A1 (DOyorar) £ 77 SR T A BETFIAL X ) 52

Wi PRI . HBA R

k
DOtotal = Z DOZ (41)

i=1

Hp ) kZALhImiH RS, DO, 2% ¢« 45 H #Y Dynamic OpenRank {5,

Dynamic OpenRank 454 1 31 H G ERE . 25 AR B2 4EE, A
AR AT SR T I H AL Ay ARYE R 45 D PEBEE , R OpenRank
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README U@ T H XPAMNEAR I “T T, B4 T IEAA . 3. 5t
BAAEF 45 B EL . AR A BERT BLZURT README SCIAFHEATIR BETE L4
B, BEDS A BRI SO0 F A« R X R AN 2 5 LR 2 O XA
RS EH T AR E W51 1. P AT BE LA SO E A X S S R &
PR MBS README SUAKRHIE, 45 A HALRMLRerR, B AR AL
FHEWESFEE, 358 IR0 R DX BRS04 BE
FIH B AR S A FER , oI U2 3] L BERT (1) [CLS] token [i] 5,
A DAM S BB R G SURRAE , B —S5ekk . I 4, X SRRRAE RS
FEURIE T F7 . APk ARE XGRS 2
[ A B 70 A README SCASIA W] DASE 7R T H AL X A2 el e qe, de—24
ISR A IR SR B AR 5 ) (R SRR AR S0
AFFHE— > COSS X B[ A 1) ) README N ZRfEffh— M52, {8
JEAFRAN KN ERIA AR AP A PRl R (Aggregate) Fizh
AHHFE (Dynamic Padding) . PAR@iX PR iR EAR BIHT -

5. K1y (Aggregate) WSCAKFIEI &
TEREG TN, ¥4 README 3C4 {Dy, Dy, ..., D, } AW H—1F%
N, SRENE BRI T B AT o XA AL D TR T8 RIS R L2
LRI, a7 T H St [m AT S, O TR 2R 0 S A H AR
AR SRR E. BN, EEZEAT, TTRAH 5] R AN X
KM PR L2 B, BCETEZ AT H P B I AR,
Bt b, RAFRATDUES VAT SCRY [CLS] i~ (H 155 -

1 n
by = > BERT(D) (4.2)
=1

Hrp, hggy BREEHSHFRR, AR THEAIH B0 S AR
NI, RETEEAIRRYE. REFNE, BRI 7R DIHE T
ARRE BRI ZE . ARG, ARLE e DI H b i SR F 40 0]
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RES Bk, XLBANTY T REXT BEARRR 2 I H i X2 SR otk sh & 2 K H 2
Hit, ERRETEEN TR ZRpE R, (HEFRES R it
HFrE e BIEMgs &, ARG ol .

6. ZhAMi9E (Dynamic Padding) R SCASERAE ] H:

GRETTEAR, SIESEFEI A A SO AR B, RS A A Bl
TR AR, AR R B S A RO P2 A SCAR R 40y . XAk
9 A 25 D AT O 00 R S PR SRl PR B T H ISR S
ST A RENS H 7RIl L n] EAE SR A e rh B2 s 1) RS R 95,
FREINH B BARAH . AL KBS AR S TR E AT AR T30 Dy,
ST HF 0y BERT B4 AME 20, FFIT5 [CLS] ARiC iR AL 1) &
hicrs)io ZRIG A AL —A> 0] 2 ] BAUE I [ W OREIX SERRAIE i) B BRSR 21)—
AFERI AR AL 25 ] -

hg,; =W -hjcrg; (4.3)

HAr, hey, iR 2l SSIFEAL B SO D; B8 XA IR L VF R 2 Al
BATH AR, RIS AR M WS IR 2 (] S —

ORI, SIS R E PR, JCHGR AL BRI H I i T S B IR R
SRR, HAEBGMECEA T H 0 Hras Rl fERR 2R A It
b, PRAFFREANIIH 23 AT A S R RE - EIO7E - 40 T e o R B IR X

(2) FFAESE

BT COSS 41815 5 A LA E Al vt COSS 41412 5 A 5 BBk 15 R
I T. S ARSI ITA 2 F (repositories) DA st S i
B (fundingTime) , i AFERE I RS 2 B2 5 N B SR E
PR S 5 AR RECH o, RIGETHL R aE. P a~ R, Wi
CountParticipants bR FEAE Rl I ) 02 BT & N R, I 2 mE 25 AR
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BT, RZGREINS 5N GEBOVERN I B0, 2SR H 2 S
NG BT

Algorithm 1 Calculate Participants for Open Source Software Value Assessment

Input: repositories, fundingTime
Output: Features calculated considering data up to fundingTime
1: Function CalculateParticipantsTotal(repositories, fundinglime)
2: participantsTotal < 0
3: for each repository in repositories do
4:  participantsTotal <«  participantsTotal4+ CountParticipants(repository,
fundingTime)
5. end for
6: return participantsTotal

7: End Function

BAh, BRIRIE AL EEBUL T G ENE AL E N CE P S 5EHENSIT
RHOR, WAL RIIFAT A H W] A R s A TRCR

:[El

BT COSS AHALK I H Star K%L Fli 7T COSS 414125 A\ bt it R
SRR T SR AL T (2% (repositories ) DA K RSE S 1A H TR 45
(fundingTime), it HAEREST I A] U2 BT Star S48 BEEE SRS S5 A
SUEHECH 0, SRIEE TS T R — O M TR, GetStarsCountAtTime

BR R BAE R T I ) s BT T R N ABSCEE, F R Star S SR ZGR A1)
Star ZUATERNE IR S22 10, %4120 T H 1Y) Star 24

Algorithm 2 Calculate Stars for Open Source Software Value Assessment

Input: repositories, fundingTime
Output: Features calculated considering data up to fundingTime
1: Function CalculateStarsTotalAtFunding(projects, fundingTime)
2: starsTotal < 0
3: for each repository in repositories do
4. starsTotal < starsTotal+ GetStarsCountAtTime(repository, fundingTime)
5. end for
6: return starsTotal

7: End Function
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WAk, VAR AR BT PR B DA A R T S 5 E ST
%, WA AR TAC W] A RO R A TR

REIE COSS 414144 55 | Dynamic OpenRank JFI A8 B 1156 74~
FE, I FetchDynamicOpenRank pK¥{of 22 7R Rl 7% I %] 2 1) Dynamic Open-
Rank . i idiXFh ) ¥ AES 58— N ER Y Dynamic OpenRank A1, A3

H AL DX i g M AE O (Epe A T A
Algorithm 3 Calculate Dynamic OpenRank for Open Source Software Value Assess-

ment

Input: repositories, fundingTime
Output: Features calculated considering data up to fundingTime
1: Function CalculateDynamicOpenRankTotalAtFunding(repositories,
fundingTime)
2: openRankTotal < 0
3: for each repository in repositories do
4:  openRankTotal <  openRankTotal+ GetOpenRankAtTime(repository,
fundingTime)
5. end for
6: return openRankTotal

7: End Function

Dynamic OpenRank & Fll #3138 5T — MO, Bl Dynamic OpenRank BEf%
AT S NI H AEFF IR X A 52 ) o X (R T IS & X Dynamic OpenRank
TWHETERGE, REEEssE TUHERE . H PS5 H A s

o
YA I 2% B LT A PR ) AR AR B Dynamic OpenRank 405 (1) 203
N T PR EVAR AT BRI HERA M, th T Dynamic OpenRank FA(E & F-/cit 55T
F7fi#i T ClickHouse Y8R, i DAIE HL #2220 18 - IO B i e B vl o
README S{PEACBRE I MBI A4S S DI IR 5 g2, %
X5 H () README SCEF, $UATRA TR AP 3R:
1 SRR BT Rhemtfa) s, $RB0% 212 Bif 5o README UK, X —#
BROA R AT NS PR B SR T RAS A B
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2. BERT AP KFH2HUH Y README SCARKG A BERT RO, SREGRETE SURAIE
[ 5o BERT A2 18 X ) G ) FE 7 Bl A5 A SCAS Hh B2 B R RE RS 4 T S L H:
T NE

3. FRAEARIR ARIESCERB AR, WA E (CREEEhSIE) R4
/N H ) README Fefik [ i, B ARG IRHIES 1 3 .

TENLF ICERRS, F 2R, BERT AUHUAL PR SCA RS 1S5

HFE. A T RRFERCR, AU GPU N5
Algorithm 4 Process README with BERT for Open Source Software Value Assessment

Input: repositories, fundingTime

Output: Features calculated considering data up to fundingTime
1: Function ProcessREADMEWIithBERT(repositories, fundingTime)
2. readmeFeaturesList < ||
3: for each repository in repositories do
4. readmeText < FetchREADMEText(repository, fundingTime)
5. featureVector <— BERTModelProcess(readmel ext)
6:  Append featureVector to readmeFeaturesList
7: end for
8: Choose between Aggregate or Dynamic Padding for readmeFeaturesList
9: return readmeFeaturesList

10: End Function

B (Aggregate) [SCAKHIEIN bt 45730 12 1157 T4 7 H README $54iE
I EARTFIE, TR MR KB AN R A FHE M & .

Zh&Yi%E (Dynamic Padding) [ QAR IA] 74 S0/ el 4 7o ol A 452
fi, FrA readme [cls] ARIT P 2R HERE (KRR 6] PR3 B 55— I K S max Len,
EFEALPRUE T8 A — 20, tARE T README U phRHE R . 3l
AR B2 BEASE AR [l K 0 SCAR i, (A ZR I 2 A
ST N R AR

IR, PG mazLen (2 — MK, FFEAEIRE BB HE ST ERCEER
Z P KB maxLen W RE £ SO GEIRAGIR B, 0 1o 00 T A 25 2k
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Algorithm 5 Aggregate README Features

Input: readmel’eaturesList

Output: Aggregated feature vector

1: Function AggregateFeatures(readmeFeaturesList)

[\

: aggregatedFeature <— Initialize to zero vector of appropriate size
3: count < 0

4: for each featureVector in readmeFeaturesList do

5. aggregatedFeature <— aggregatedFeature + featureV ector
6:  count <— count + 1

7: end for

8: if count > 0 then

9: aggregatedFeature < aggregatedFeature/count

10: end if

11: return aggregatedFeature

12: End Function

TR B, ARSI AR AR R, QB mazLen BEIES
ST YR P 0 .

4.2 HditZ Drefie e b
4.2.1  BHEFEAE S ] e}

TR H B 6, AR HBR I MR PAR R A sk, 4
JCT XS HAEA TR RO E R R, X B AR R R R LR
PR . BARICARER, B ARSCOR G S, A S 4E A4 1 22 8 FLYE
PRI L AT IR o X LB i AT 8 1A LR A A BRI 0 A 7 0 LASE D

(1) IFIRERTEIH e 211 e VE B S5 Rt LT B ity e 5 ol i

BEAL B AL AR TR BRI H DAL ol 2 i) — A 88 F) i Ay R S AN
BT URER PRI 7 A 1 i A AR AR AL R 5 R AR AL R, R X e
Kt 2 18] (A R A P B RT3 A BRI DS 0 g A ) 520
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Algorithm 6 Dynamic Padding of README Features
Input: readmeFeaturesList, maxLen

Output: Padded feature list

1: Function DynamicPadding(readmeFeaturesList, maxLen)
2: paddedFeaturesList + []

3. for each featureVector in readmeFeaturesList do

4. if length(featureVector) < maxLen then

5 paddedV ector <— Pad featureVector to max Len with zeros
6: else

7 paddedV ector < Truncate featureV ector to maxLen

8: endif

9:  Append paddedV ector to paddedFeaturesList
10: end for
11: return paddedFeaturesList

12: End Function

IR H I EARE, PMEM SRR 3 PR SUARFRIE S5 = A A E 5
i, PAK— LB SETT R IS S8 H0E . Star B S RAELANE R, SR AL
TIH RS XA DR AR A R e, T H BN Z 18 "] Ak
ARSI AR AN R AR, I 4B A IR 5 28530 H A B R PP A 22 R L

R MR ITA AT DARF R A 1 g -
L B iR st — A R O AR A A AR AP R A ARG
PR, DAET S SERI A B 734 ?

2. MEAE SO BaR A far SRU5I0 B X 28N [ S a2 ) A A B D
FORIF IR (AL DR BRBE DA 52 0 7

(2) A& TRET5 5 Bt R AIE 2 WS U 1

)27 wh Y L1 S ) ok s < Pt U4 €120 B2 R LN PR S RO
PESEUEAT IR AR, DAR & B A ik R IR a R R 2 A & IS0
R, MR Z AT B iR 2 AR RS EdE, WER AR 24k
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R AL I S 7 o AIRIRFIESE i A, AU E S AN SR AR, RF
R 2

B, AT R AR AL PRARHE L R d . DAV D Rt 2 B - S B 2 A
SR M T e dEAR NS, R LR AT, I AR PR R T (9 32 2
fit, #REARRRZEH, TFERREEEAE —EWE (—Bh 90%) FINER:
AL E P RFGE, HRMR PN & o 2 B i @ AT L,
EAMLRENS A RCE G H S IR PRI H B, b8 1 dE R 2R PR AR
SR AE LML Z T AR ELAE I AIPEAE R R

IEAYERSS Lda ) RSk e Hod 15l T i B b ST A A B35 e
PASX BL¥ 55 Shapiro-Wilk A3\ Ko & 4 & IS0 1

Shapiro-Wilk #5452 —FEEiTilid, HARFIW—MEARLR AR A S,
XA i Samuel Shapiro 71 Martin Wilk 78 1965 4R, I HLl #BOA A A%
IESTER I HITHEZ —, Rl X T/ MEAREE (8% n < 50),

Shapiro-Wille 556 () BG40 AT DATRIA 40T -

- BB (Ho) HAKER B IR

- PR (H1) FEAREHEAR A RS2

RRSEI R (W) B8 AT
(i air)’
> i (@i — 2)?
Ho - w2585 NM/IME, BV o /NFEARE. - ai 2 RE AR SET &
FIERS M By 2 e . - 2 @A ESE .

RGN WS —MNAT 0 F 1 ZRIE. WAL Ll ERE S S
IER VLSRR, ARSI T WH, BFEEE
5% W EAHX MY P AE.

W:

(4.4)
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P HREZ BN EM R T, WA R R 8RR A A B . 4n
RP AN GEE/DNTBEEAT a, W0.05), WHIELZRE, ANNFEARN R
HIERA .

1S iR EPENGA T 2 B SR 8R4 BT & IR S Halad
AR TOERF 6, WAL T R R 2y 2504 (ANOVA), HEEEHES 7
PO i A T A

Kruskal-Wallis #5352 —FIESE0W vk, AT HB = DB =A LA A FEA
R AR AEES . ERRRETZSIAESER AL, EH T
A R ES RO . Kruskal-Wallis #6555 7324 DA 25 % -

L HEFE SR T R AN A E— R, R IRER NS THES (K 1TF
fi, R EEHCFYHEY ) -

2. WGl i Kruskal-Wallis 4t 115 H @i N A5

9 2

12 R

Horp, N ZFrA Al oI ER SR, g SRR RECR, R 25 | AL
HEAA, ng A O AL I R

Bk (Permutation Test) Jg—FARZEGHINI, TR Z VR
R AFAEZE S . il B AL E o B AR 2ok AR S oA, T
BRIRE NG B A PR B Had AR

L UGG e B R IR TGS & Tons . AWFTTBEAL B FEALARAK
2. B YL TALREAAR S BRI BT & Toern SR AL MBI
3. R P RGITEIra Bt , BZ W Therm BN Tops — PR SG, PAREEK

VP .
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FEALRR AR RPAIE B R A B e I AP A XA 2R T P BE ) DR R/ o AL B

BER TSR
1 Ntrees
Ai(sy, j) (4.6)

Importance(j) = ~
trees t—1

Hr, Niees RFRMRTBVECER, Ai(se, j) 2AER BT, @R j T 0 R T

HA A AL
(AR ST Sk 53 B L2 7247 (Principal component analysis, PCA) Jg&—7if

ZARRGEIIIR, HHMRSE I h 2 R RSB R oy — A 8tk

B F 8078 o R Arid i S R () - 2L e ok, AE R R DR B

ToRAD &,
(P HITHE T AL EE 5 21k
. FRS TR TN
6 -
4 -
;; 249 ®
H
01 o®
_2 -
.
0 5 10 15 20
Frlgr 1
Bl 4.2 F 3805553 Hr

PEAEZE MU 4% 32 50434047 (Kernel Principal component analysis, PCA) 2%
G5 F AR AT — R, B A B T R A Akt e B e AR O 5 R] Y 3
gy, AR S R AT SR v 4 s TR ) e A% T L AR T T AR ek
Kl ge.
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BB S BT O SRR BT, HOR D BRI — R T & S8R
X W 5] A2 )

¢ x— o(x) (4.7)

FEXARHEZS R, ATATH A R AR, (BB ET R 2 T A AR
o AT R SO PR A ke SRl X A DR, A pR R T AR U s ) R A
R x A xg TEWRG S A AR :

k(xi %) = (¢(x:), 6(x;)) (4.8)

AR P AR S R AR G R, 0 T BB A Sk 2 AR 2 MR AL RS
B — AT 4R 25 (B ASE S 5 X Bt i, ARFE B A 1) B ek 0. (Radial Basis
Function Kernel or Gaussian Kernel) : k(x;, x;) = exp(—||x; — x;||?) ZEi158 T #%%E
M K5, B8 i B i R 2R B R 2S 18] F AR Bl i) oo Xl RAGE i
H O JE A AT RAALE 23 R S 3L

AR #Fbk (Isolation Forest) X 4% E i /TR AELE R, T ABHLEE
o 2K L AR 25 ) PP R AR A B RE(EL, SIS {68 ) I 28 AR A 2R X 5l o o A
.

b B AR — PR T A A T Y S AR RS . B RIS T R
WA AERRLE, I HAREICRAH K TR 1. Ko B8
T RUE R A I HAERHIE 2 A R AT 0 S5 I AR AR, R R
TR PR
P S AR F AR T LA B2 BREL A

el

=
Bas

>

L Kbt (iTree) MIsIn%dladle s REALIIEG— R4 T2, RS REdLIE
FARE, HAEZRHIE_EREALERE— DU MER BB, A A~y
Rho XA AR T, EEN R AAE, anrgR T —A
A BEE BRI o
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2. BRI BE B AR K B R AR TR AR Y 5 B P 1 s ) 28 i e A AR D 5
S R A AR AR, O EATAERD Y] 3 Houl RE B PR

3. WA AT B A, TR B AR, PR R S A, I
HARGE A R BE LA TR o

4. 5oy 8 (Anomaly Score) SH 7 BUR BT RiAE A I AP %4
KRR BT 1, FoR miBnTaE 2 7.

5. bRl T4 @ RRdE AL, AR E R R Bl T — A Ie e Ry
6 (AR 0.5), BEHLA ARRC A 7 HAE.

4.3 FEEEIR S Br

4.3.1 SEEREUR BT

(1) E&TERYE

AR I SE BRI R, ST a2, BoR S e Fw e T
XARHE L, X RIE A G E S . Rl E Wi, X P 2 2.2, iX
22 I I (E I ATAE

2% 4.1 Shapiro-Wilk 1F 854656 45

Variable Test Statistic P-Value

Round Size 0.315 2.20 x 1072
Month Announced 0.939 2.36 x 10720
Year Announced 0.894 2.60 x 10726
Dynamic OpenRank 0.523 1.31 x 10746
Stars 0.374 6.43 x 107°!
Participants 0.454 9.68 x 10749
Organizations 0.615 2.33 x 10743
Repositories 0.384 1.18 x 107%°

e X RS P il AN R B £ Shapiro-Wilk 1IE SIS, 45 % TA R
FEAD IR GIES . R B PUR, FraZEsm P /N 005, SREUE
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FBE JFIREACER M E R S O SO DAL A

N RPN R T e A ('S

77 IR/ . KRR, HQQ K (Quantile-Quantile [&]) i fEILH %L
R TE HA I A AR MRS, B s DR S IR A

X

At (EkdR), LI
X5, A RIEZ G

Pt or Round Size
S Test: 03154, PValue: 0.0000

90 Pot for Month Announced
SW Test: 0,939, PValue: 0,00

A

9 Pt or Year Announced

00 S Test: 0.8943, PValue: 00000

FregrE s (nEEdiR) .
HIEERKIR I AT G IR

FOR MRS RS K il o

90 Plot forlog Round Size
S0 Test: 0.9873, Palue: 0.0000

\ﬁ‘o

Q0 Pt or log Honth Arnounced
S0 Test: 09100, Pvale: 0.0000

P (npEkspmR).

Box-cox

Q0 Plot for log Year Arnounced
S Test: 0.6941, Palue: 0.0000

ot Gaussian (narme distrbuton) ot Gaussian (rormal distribution) ot Gaussian (narme disrbution) ot log ot log Gaussian ) ot log
s h T eslownie T T Shesrceca quamies T st ovanies
0 it o Openank orespording Time QQ Plo or Star Corresponding Time: 0 it o ParicipatsComespandng ime 00 Plt o log Qpenhank Conesponding Time Q0 flotfr og Star Corresponding Time 0 ot forog Pt pnts Carespondig Tme
0,523, PVslue: 0.0000 S Test: 03743, Palue: 0.0000 S Test: 0.4539, Palue: 00000 09928, Palue: 00000 SW Test: 09735, Pale: 00000 k 0.9932, Palue: 0.0001
ot Gesssn (ramal bt ot Gautson (ool dtrton) ot ot g Causio ol disrivsion
s . s
3 s 2000
7 ’ /’

meoreicalouantis
Q0 ot for repo length <

hecetcal uanties
0 Piot for org length sum
S Test: 0.6151, Pvalue: 0.0000
not Gaussian (nomal distribution)

S et 03805, Al 0.0000
ot Gaussian (norma distribution)

‘Thesresal ouanties

\. .

heortcal quatics Teoraticalouares

Al 4.3 Bda a5 s

0 ot for sart Round Size
W Test: 0.7580, Pvalue: 0.0000

G0 Plot for sqrt morth Announced
S0 Test: 0.9345, Palue: 00000

I QQ &

90 Plt for sqrt vear Announced
S Test: 0.89402, Palue: 0.0000
not sart Gaussian (normal distrbution)

90 Pot forlog repo_ength sum
S Test: 0,945, Palue: 00000
ot log Gaussian (norma distibution)

Theoreticalouanees

A\

Thesrstal quanies

4] 4.4 log 224 Bt 25 JE 1 QQ &

Optimal lambca: 0.10408396433970582
for boxcox Round Size
S Test: 0.9935, Palue: 0,002

Optimal lambda: 0.7330177516571876
GQ Plot for boxcox Month Announced

SW Test: 09407, PValue: 0.0000

Optimal lambde: 381.7272045520646
80 ot for boxcox Year Announced
S0 Tt nan, PVl 1.0000

Theoretica cuanties eorscl auarees eorscal auanees T el ouies T el ounees ) " Trcoretcol auanees
@ Pt for s Openank Corsponding Time Q0 Piot for sqrt Star Cortesponding Time 0 Pt fr s Pariants Corespnding Time optimal optima Optimal lambca: 0.002134372332977493
SW Test: 08593, P-yalue: 0.0000 SW Test: 0.7847. Palue: 0.0000 t: 0.8075, Palue: 00000 coratr oo chesfin cotesponding Tine Q0 Pt for boxcox Star Corresponcding Time rticipants Corresponding Trme
ot St causien {roma cintion) W Test: 0.9941, Palue: 0.0003 SW Test: 09861 Palue: 0.0000 S Test: 0.8933, Palue: 0.0001
s
g4
H

Treorencal Quantis

Meoretical quanties

4] 4.5 sqrt AZHe 5 A m Ik QQ
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Thereecalouarts
ptimal lambda: -0.36355245001144143
90 Piot for boxcax org length sum
W Test: 0.8449, Palue: 0.0000

hsretcalouantis
ptimallamboa: 0149653295884885
Q0 Plot or boxcox repa length, sum
S Test: 09771, Palle: 0.0000

TheretcalQuarties

=
A\

hetetcalQuantis

Teoraticalcuanties

& 4.6 Box-cox A5 J5 8 4% @t QQ K
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(2) A:BZEER

kPR, *Year Announced’. “Z: 5 E % & (Participants), “ZZ%(” (Or-
ganizations) M “@ZE%L" (Repositories) &5 i AL B ERHE . Frild “ 2
¥ (Organizations) Fil “{3E%0” (Repositories) 7 Kruskal-Wallis #5% H 55 T
e RENZE S, I BAERIE E 2 h iR B AR W, X Rk SE AR
55 RAZ R 22 1) ] e A7 AE 5 K

Ak, R4 “OpenRank #4(” (OpenRank) Fil “Star %§” (Star) #F Kruskal-Wallis
g A B thgeit 2 B R E 22, HENTERYLARARERAE 2 35 h ik
ABGE, TRER A EATITEREHUAR A b i T R S

S —J5 T, “A4EH 4 (Month Announced) 7 Kruskal-Wallis 456 H % 4
A REZESR, I BAEFHE B SIS Th AR, X R & T AR R AZ 1Y
MR/

TR R A TR, AW AT AR ] A 2 P A R R T A o R R RSO Y
B E B o AT A S B A TR MR AL . T U A i R S R R R
ASBIFSE S 1) (5 A AT AT T

(3)  ARHERAAE o L5 B R

WNERAFTR , HOS R AT B 55— FIEE 32 4> (PC1 AT PC2) & X
M2 ). LI A U B — IRl A 10, 58— U R 25 B KT
B ARGY, BTARET 37.763% W2, A A MUMERET 13.309% 1
2. BEEEAEEE— TR A0 O ) R 3 I Se R0 A PT BE A L ) i, B2

—ERA AR . REAKEE, EIE S 1R 44
AR T AN N ER 7 2

BN RINFELIFUR , TR TRRE [ 5 F 8 A 2 2 2 ) P R A B AL
gt o L P Y 1= U DT = 1 VA B 1920 s a2 e ¥ 0 S OF ' R 3 > S e S ]
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Bk

PUE TR E 285 0 SO DR R AR

S Rlow Nl e Y T v 2 DATCD'S

% 4.2 Kruskal-Wallis £255 .  EAR 060 & FEALARMCRAAE EEEPEGE T 4528

Feature Kruskal-Wallis Statistic P-Value
Month Announced 17.19 0.102
Year Announced 39.38 9.84e-06
OpenRank 1018.86 0.332
Star 559.16 0.256
Participants 407.68 0.003
Organizations 92.91 1.09e-10
Repositories 406.12 6.5%-14

Permutation Test:

Importance + Std

Year Announced
OpenRank
Repositories
Organizations

3.80% £ 1.40%
3.10% £ 1.00%
3.10% + 0.60%
1.10% £ 0.30%

Feature Importance from Random Forest

OpenRank 20.85%
Repositories 19.27%
Star 19.14%
Year Announced 11.99%
Participants 11.35%
Month Announced 10.86%
Organizations 06.54%
% 4.3 B FHIES R
Feature PC1_Weight PC2_Weight
Participants 0.5100 -
OpenRank 0.4938 -
Repositories 0.4486 0.2054
Organizations 0.4162 0.2301
Star 0.3399 0.3694
Year Announced - 0.7398
Month Announced - 0.4383
Total Variance 37.763% 13.309%
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L ARG AR TR — U AR U I . B TR AN SR
TRZHFAEAE L T B B, X RO

XA FE TR P R B E WA S 5F A" (Partici-
pants) . “OpenRank i%(” (OpenRank) . “@FE%(” (Repositories) . “ZH%
%" (Organizations) I “Star £" (Star) A x. [, B “A&EF45” (Year An-
nounced) I “A% A" (Month Announced) “Ef[AIFFAEBAREL, K5I H
FH R AR TR B Th G S AR 1, P RE RS B i R 0

TR EHARESE, AU B AN R w2

TEHENE, BT Z RIS X @ I A GRS, REE
JBA AT AT ATE RSO N A2 58 A IEAS A TR, EAR A 0 2 B w A, &
AT A T A R T REAFR B BOR T i RE . 120X BLAHIF T Ab 78 04 08 A 32 1804343
Mt ATE—25 57

(4) FHAERS ISR

eIl A T o8 A 2 I8 0T 8 4 i P B A 5 T LA AR S B
JRRY HEAS IR R A A, %7 VA B AR 1) i pR B R R R R AR R R R R . AT DA
RIS AR R B — RE R RE S5, X SR T 3 B i A 4
B T RAEAINAERFE, HAEBARAIE S 8] PRI T AR A AR S

EARER R, B TE A 3800 BRI I — R4 . IR
FRGT AT R TR AR R R . R R ERE TR (K
ESAE), A AR S . HP R A R A A M e 2 )
IR YRR . TR 25 A) 20 8 s 1% I e A FE i s AR BRI

P05 R 1A% A TR A S 0 SRR 22, VR o A il
TEAZ R AT YR I DR RS BB . T DA S A B LI WL AT 1,
T LIURHAE AR 1O R ST 22 THEZ SR B P AR, X
BT E RBURRE T 2218 2] 90% I i ST ih-F W mUdi& S AR — A Gl R
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FE PR ERM S-S GRS DR IR SRR R A A2 e S

L AR S BRSNS R T ZE R skl . DR SR A (5 B IRl . Z8ad 1158
ARG 26, WHEIEIRAE LI A% 38 7 B 45 R AE 5 26 >t
ZJE R TERAI ZAE N T Z G 3

HERHHHLER RERRRERS 4T FRES RS2 Aol
. 5 2 5 pat.
% Aoy o S« KRR y ... \ .!' ;
3 .::,.'.'y: . .'40"-' -+ ._:..‘.){' .'~":' ) ©s ;:‘ .ﬁ: ° ‘:":':"“.':.,
:c‘..i.o‘. P2) . -}.o‘."’o°.\p\v ® o o 'Ooi.cf.-'o‘:;l\" \]
L A P S 1 ), ) A Sy % ‘{o\:t.-‘g°.‘,'!
& ‘.0: :;.. ..‘.‘; 3 ﬁ- & & ] ')’c:_ :; . :“; ?;h- & H ..-. ® ::;‘. ..'.‘; 3&. )
LT AR T R BTG T S v
{“‘J gt e ) h"‘f"';:\: 4 't.‘ &!‘3"0 e %)
s ST TR YA Y 7y SN TRTA R Y Sy N A L R
R R ek Py R
et % Rt tie b 4 SO T
.{t.“‘ [] “r “‘ L} .‘t “‘ L]

B 4.7 B T o PR 2 P 4.8 X o T PR R TR 4.9 A% T A>3 A 4
Je Bl R A IERJE/E SR IE¥€/nibErae =X il

(5)  FRGRVPAG

X% PCA e Ab RIS AR SR HEA T SRR B A, it TR B SR T
RES, ABEE I RIFIRIAT IR, FrA%sd +-SNE AR BSR4 BE AR K
AT R T S8 E PR a TR . SRR AR RN & T RERIBER EER B, M
Bl 1 FOR RGBT R T SRRSO R TIRER B, (R NER
NI A X BRI

TERCAMGETT 27U, SR i b A e 4 15 R 2 PHLRRI A g g A i SR 46
PR B TR . Reil, FRRRARE. BT /R T $R80A K o 11 BERLARIE A
(t-SNE) J7 iR R Rt 2 AIAILas =~ SUS P i) 32 B TP SRS RE AN T WAL 2
AR

fe B A KO — AT RS RE R R, HMERTE -1 2 1 Z ). XTHEE
ZEREAS , FE R AR B TR S LR A AR A ) I RS (BEREE)
FEA SR AL A SRR AP R (0 BE) WA B b, SR
i, HAREEARRL s (i) 300

(4.9)
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Hor, a(i) AR « B [F]—REp HAh AR T g (RIS ), b(i) 2REAS ¢
P EAE— BRI AR TS (A EE) . RERBEET 1 TR
W VTR 2 5 B SRR [RI R ASVCEC 2 R pg 2, (HE -1 FREEAREE G0
iR SR R -5

BT /R T 1R800S0 —Fhis T B2 BRI e b . IR PR B T3
FNHRI) BB MM BRZ R B, H BN, R B . X kMR
&K, BYE-H/R TR DB & U :

pr= 1Y e (72) @

Hodr, o F e 2R3 e fl j B, o Fil oy RRBENTPEEAS 4 B B0
SRR, d(c, cj) RBRPLZ B . XA AR RMERE AR 1Y
54y, T DB 8502 g BRA595 1T ME

t-SNE J& —Fh R A AE L PERR4E R R, e ilid H T S 45 ) T 44k . t-SNE
T o AR GE 25 18] HR A B S AL, A = 4 2 ) HR A T R B S AR 4 25 [
AT, T SRR gE S e . BAKTT S, t-SNE B erE S 4E SR it
BB SRR, 540 R R R n B SR SR ITRE . SR)E, FEIRYESS
(] R X S e PR AT S B

FRARIR T AR5 2 % T B4 M AL ER T R t-SNE [ 48 S5 Bt v 5
Kritdabs LR . WRPFTAE Y, i % 3 53 7 i AL B ) B0 e 48 88 2R 5K
A 0.2737 $2THE] T 0.3895, KHARIENTRRYRER BERGN, AL IRy 4 B LA
BTG AR, EAET-1H R T IR BN 1.1360 A% 0.8080. X —45 RSt/ IER] 1
W53 3 e 4 JE AR SRR S5 A S &, SRR M4y s AR5 T B E AR T
M7 A% 3 80053 B B A R i 7n B0 1) DA Rk 25 4 1 3 o R ek
RE o

PA B ZR IS PPAL O 45 SR k20 5 A T A% 8 o — R R ALk
et T3k, TeAb PSR SR B AL A F AN (E .l R R R SR L K RN A

66



FE PR EM S-S GRS DDA SRR RSB A A=A e 3

BERSINEERE RS BB AEN

o o o g
v + I« B =

FitEEAE
o o
o o

o
=

o
w

o
[ 8]

10 20 0 a0 50 &0 70
HSHE

o L

Al 4.10 A% T2 1000 o e 48 Jm 245 1o B VT ARRE s 25004
S5, A A DGR TR R R, OSSR SRR A A SR
I EEAT 55 S0t 1 SN R A ) R Bt
Zi BRI, ASWIETERE B AR 3208073 20 A 5 ) 25 AN B S 1 s g R A

AESORMER A, F B i 1] 66 ] AR IE G AR R R B DA T S 22 20 AR 2k
4.4 JFIRHC-5 1% 33 o AT AL HRS e ) BRI EAR T HE

Data Type Silhouette Coefficient Davies-Bouldin Index
Original Data 0.2737 1.1360
Kernel PCA + t-SNE 0.3895 0.8080

(6) FRBARMEIR

AR5 A FH 0 B AP A 1 o W e A4 0 B o, el 9, AT RA
B DU T R B DU R B T B AL, AR T i A R R R
FEARIE G, X BERAR 21000 7 A AR AL 25 18] R XA B e X R

4.4 ARHUPGS

FPUERALDT T MR DTG Bk PRI i i R S R R . i i 25
F T GitHub S8 S CHR KBRS, F A B RE S BRSO R,
WA T SE MR 5 R 5 WE) ) BRAZ VRFAIE

67



FE PR EM S-S GRS DDA SRR RSB A A=A e 3

FAAE TAR ARG 8 T A REBFRAL: 2 58808 . Stars £ . OpenRank £}
73 PAS README SCPENA S 5E R AT H 15 3K-F- R B SR, OB 750 H
WS HE. EAVEER SR 17— AL X A ] BERT 2 W R B R AL R o
OpenRank £33 2565 110 FGEREE M Z AN T7 T, AR ACUEL . S KA ) AL
&, NI H LA R AL T RACA PR . README SCPEN A 23 A A 55—
AYERESRAIL 1 0 H W5 14 X 2 5 RN A BR B A SCAS UE S o

ZEEAERSCH TG TR EE , JEHGZ QQ KT Shapiro-Wilk 45 36 145
A, ATPAZ I A AR IS, X ] R AR R i sl A S AGTT OR
PAGE WA R IR SR s . IR — &6,

IR AT I ATES ¢ A RELAR IR A (t-SNE), ARBFFESEEL T 4
FRON 02737 -T2 0.3895, FAENT-11 /KT HHEUN 1.1360 FEAIR A 0.8080, F ALK
WARARI T BRE R I 1R T X 4R 1% PCA FR4E 5 e L IR 45 %L
Y E AR g A fEL

BT BRI, AFFTORIT Rl TR, R I A DR SR T A
PAG BRI T o B A AR @R it e L, KTt X2 5T0F
PRI B R o X 5 M PRI SO R R AT A L A, Y
RERS S b B AR SEIN 32, SR RERE W TR H 1 BeE NS 58 SR IS 46 =,
5 B AT R 55 T A BRBE A XS )
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$AE T DCNN-ETINN HFRIREGMEFERETE

AREFRMNA T ET BRI T IR E A T iR i or fod #e, Hobag
HERBT TP RS BT . X LR B AELE G A THIRA T A MM 0 25 R
TG PESCAEFAL, PASRAEXTA O E R TRA T .

ARE LI —FhEs & TR B R2 M 45 H114 585 Transformer 2 AT Bl 48
M2 (DCNN-ETNN) , 7 VAR S = 5B U B4 F e R B0 T Hodth
B, ABFFE AR R B 2 T — NI IR B (e A 7 ko

5.1 [k S R X
5.1.1  PPAh 5 I ARA

FERF I BUAE 5547 BB SRR, RSO 7 /N PR EAT L BRI , 7>
T -

1. 2&MEMA (Linear Regression) £k [E|H N34 S04 BERT %4, A
TG EUERIAN N KB . X A B PPN 1R 2 SOAR S B,
i, FCARRPIE TR A (ET Al ) TTRRAR B

2. Bl (Random Forest) [R]#: R ] 3074 BERT {4l 5K & (Aggregate) Ab
W7, BENLARMGE S A PSR I TR >, R Lz AL g
1o AL BT BEARAE F IR AT, 35 T8 B A0 4 SOy
fiE.

3. XGBoost jX—#f B4 Tk /2 7E S04 BERT $id R 2867 sCUAL B i
b GBI RACHA T AR E R, IR E SRR R I T4l . XG-
Boost TEAL PRI A RFAE AR, RETREUAL B B .
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4. JERNRhER I8 LT SCA BERT Rdla ity S A AL PE, ] B 22 W 45 BRI = ] 21y
ML A ARZPE R AR, AIMTERTI PRSI TERAEE .  BET RIS & TR 4R 5
HRA R A TR I = 3 5%

5. ¥4 ¥ Transformer JAMBREPNLR LGS I B0 T H 22 #) Transformer
J2, T ABEPABIEIRSE (Dynamic Padding) 77 3UAR BRS04 BERT ¥idfs, R
5 7 4RI BERT SCA [cls] tokenizer {58 . I ZhSIHFEEEZ N T 1AL
GPU R, FRE T HEEERNSCAEE, PAGN MR .

6. AR BB IE AR AL i 52 2% Multi fh22 4% (4 & A @Y Transformer
J2) AR AR S i H AR TE ST T AL, [FIRER ] shAS I e AL B
SCA BERT £l X AL B FESR TS AL AL BRI SCA BRI RE Ty, RIS
BT R SR FE

TEXANFITET , Z AR MR G T A8 A& BERT UK, 2 HENTE
00 28 R BRI, AL IR A 48 SCA B W] BE S BON R RCR AN TS
AL BT IEA B TR rpage o] Hofh G SRR AL B S, 10 AS 22 e T s U i
MEAYIZR . 55—, £ B 8K Transformer 2R Ik, W2k
THERMEE SRS BB HENEER T, BB RRCE . W s ST A
BARIREE, XM RIS A RSP GPU BER, & N SE R A8 4548, AT AE
YRR RO R R I, SRR U SCAR TR UAE R

R ER B AL A5 2% Multi 122 2%, RIEET DCNN-BERT HJ7
W, B B A E AL ZBRLLS A T IR BB A4S (DCNN) Al
BERT 15 S B A L9, s H @ 1Y) Transformer JZHE—00AL, DA W FFJRER (T
BARRRERIE . AT RN AR A RIS SC R . DA e e B
A MRV TR It

XA R A LU AN 3T, ARBEAUER T B R ST A A 7
I PR A T AR SRR E ORI MR, BT AN B R 2 S B PAIK B e £
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AIPASCR . AN, IR RF AR AR 52 s B ) o B8 PR E A (BT AR RIS 7 1) 64

JE7R

5.1.2  PEAL DS 2 APk

FETFIEHAE O E VPG A G, A% L T DAY A RG] A RO B 5 F0 23 A
K FTIRAR AT H 2 P8 S s, DAMERf B0 LA (R

FERFAESCRSRAE, AWFTEON HE AT 380 e A 4, e T2 S i 7 By
AELANEW R A1 2 B IR SR AR i 2 PRI R T AT
FFPEH T AN B

LOARRMERAE R AR IZ  d A3 M s B B 8 i i R A S 1) FUA vy
A ARZME , PRSI TR S REAE N FI R X Le AR LRt K R o BRI AL, T
HURBARLEBLTT HI R AL IR AR S AL, IR 2 M % (DCNN)
FIHY55 Transformer (2% (ETNN) , BEAETEIX AP RS MEAFAE 25 1] vh 24 > 2
BAVFFAE LR o

2. ARIES TGN A% R AR 4E 5 R AE R BEAN PR IR Ao, X8
Wi T ARGEGE VIR B R . TR, PR DT IR EXHE RS A R
OB M, REAE AX 28 A7 P ERR U (LA AH GO R . X SRR
GAEBAT ARG A B IR O T A, RS2 STl 1 i K 3 M fiE
71, HARG AR A

3. ARIMRSRRFEAYALBE AR RIS TR Bt T BB S Rl A
i, T As R U PR B RPR  . AEXAME DL, PRAER T2
HAARE LA ARG RE ST, DARBIAIA X 2852 2y SR, A TR
ez B, el @R L m] A JE IR s 2 S B S M BB, W RS2 A
PIX — PR KB
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A% BT DONN-EINN (TR AP SR BRI B2 (i

e AR A RO - R A% M e AT T R4 B ARAE T
HESTA) . AROP AR LR AR AL, [t “4ERERYIHOT”, R
W—AEEE I AR T BRI IAE T, " LAM R 4ERE P d
WO A WA RIER R, () o 2 0 45 ) TR = G5 M AP R D R AE S i
LS A B (E T o

FERSSCARNFAE, AT B SN R ROSCAE B2 38 FA: JFHIRITH 6% h
BRBEISCAELE, XEESCAEEESHEIH BN E. TR EaZ N 7
XL SCAME BRTRZ UG S, A A A2k i o 5 S8R PR LA il —
A F PR -

B SCARHIE 5 AR SCAFFE R B, AFTTIB R AR )

L WMER S EEH AT IR IR R IT 2 MR At P, 0 B Y
RPN ) A =N ey v B 1 1 B e v/ R 3 B N R
AT IEPPASIORAE, 20— AT E AR

2. AR AL BN A T AL R IR R H AR, BERR, %
GER PR A AT Tl A B e HE R A R X, DA RAER T H_ Bz AR BE A
FE AT

5.2 DCNN-ETNN Bi%If) it
5.2 ABFFEHINVFAL )5k

ABIFFEARIE RS 77 28 b ek BU VRS T G T RIALAR 2 > 5 ok sl VA 7t o
TG PAL  EAEAE I EE T W0 55 FRhn s AR B i, 200 T4k DS BREE . SCRY o i
SGIERAH RN AT MO SR G, AT T RS T SRR
TRORBIPPAGEEL, BT 45 IR B AU 22 0 28 R 55 Transformer JZ 4 22 ]
287 (DCNN-ETNN) [ 75%:.
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(1) BB

AR O PSR T8 A A IR A B P 265 1545 M README SCIFF
CIESCANFIL . WL TR B, ARSI 2 R S fEdn i AL (5 5L, i RBIR
BRSO RS 4 S RS 5 SUE R, NI SE B T IR H O (E A Az T DA

(2) BikEm

L BRIkl A A 7 Y T S PR R A T BRI, PRI g S
A

2. RS A R AU 22 N 2445 52 €1 7% Dynamic OpenRank <5 HiE 451 P41
M 25 WE SR PR TRIZ AL, [A]ISA ) BERT A ZU B AI 70 A README 1654 3C
AE

3. BORRALR A DI Al . K Pra2 SR UEA Adam fEAbgear 5, NS0T
BMZA, DAOKIS IR AEMERE

(3)  ShEHER

AHFSERY SRR A A it e o . BB, PEREPPAS NG SR A DU B B
G, i RGN R AT B, A TS X AR AR README SCARY 2R &
Bl . Wik, SO S BRI PG TTIE , ARG &bt e, A ST
BRPE2E > Y BEHLARAR . XGBoost, LRI 2% . HY N T Transformer 2R EZMZ
IR0 28 MR B3t A8 132 e IR BT I DA B 45 5 TR PE G R 22 [ 28 144 3% Transformer
JERIRIZ M 2% (DCNN-ETNN) #5284, SRJ5, il 2 SUH UE AR 58 SCAS S 4R 1Y
A, At AR R R . RS, ME TR TR e, BE TRT
DCNN-ETNN (A S A 53k
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5.2.2  HUEERIE R IRAL L &5 A TR G BIRh 2 25 b4 Transformer J2I1 IR
iM% (DCNN-ETNN)

BT SCARRRIER 4, RS TE ST b AR BIF 5% O RFH 38 o A% B4 43 W
Jr R4, (BT SORME B T80 v e HER RO I, Sz il -
1. %4 Transformer JZFiRIN—NRE GBI ML 2. #9010 Transformer J2 1) B2
JERUCA S 3. FEEC B A F A B 23X = AN R — 2D Ak T BT 14 Transformer
JRPIRREE I 263X — 53, A [ 22 Transformer J72 R BE A5 FH O 280K 241 I R AR A
GERE, DAE NIRRT R

V' = Optimized-Transformer(DCNN(Xggrr)) @ Optimized-DNN(Xcommunity) ~ (5.1)

SRS I T SRR O BT, R T SR . VR RS
BARBIGH A, RIEAE A WA 7 v R B, I IR RO (AR A
TR AT RS .

WPEBAF R, AR NS TERIE BB Z M 45 (DCNN) Hil H & X Trans-
former JZ IS AL, BAEALBRAN S HT T URAK LI H B0 Kl . iS4y
IR :

L ISR RIZR B B4, (Enhanced DCNN) BRI DASCASFAEE R A
g — RN G BURR AR TR B 08, MAREEd — 16
BUZ, BH 256 adygdefis/ A 5 BRI, 2K 1, padding BE N 2,
H W ReLU 3 R B T AR M AL . #6555 SIS BR R 20
FEPURFIE, 55 T JRAIEE =R IEAS O 512 Al 1024, HABSEOR Y
AAE o X =TSR ERZ M T 52 DONN, B ERE SO K Ty
JERFHIE -

2. Bagg I Transformer )22 DCNN [ 45 2 E90E A H £ X1 Transformer |23
TP ZEEE AL Z K BRI, PAREIZ M 4. Trans-
former JZif 1 H¥ER AL > P2 NERIHOR & &, BESRBLRUN SCAR P51
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A% BT DONN-EINN (TR AP SR BRI B2 (i

AUELE. LA, 44 Transformer $R)5#—4~2H— LA —4~/\§) Dropout,
PMESESA Yz AL RE

3. BEFFAEALBIER 5 SCARHIEHAT , BUEFF AL L — A B b BE GR P T AL B
AL PR E —N LR, RPRUER I 2 128 4E2510], FHald )z
A1 ReLU i ok Bl EA AR BE

4. FRAEALA 55 A a2 K Transformer JZFIEUAFHEAL FEAS 80 1 A J5, i@
i — RV T E A TRAE R A AR A . H o, AIFRRHMEE S —
1024 448 R, BE2ZH—1k. ReLU & B 50% (1) Dropout. [
JG, PRSI AR RS 512 48, TRV HZIH 14k, ReLU Al
Dropout. # )5, ifid— it 4ERE N i th A0 Y e 215 2 i A Tl

AR o

A AL 1 4 A DCNN Al Transformer f{0 R, A RCHAL B 1 SCA MU E R
fik, $2m IR H U (R P ER B . DCNN ER -l Ja B8 SCANRALE , 1
Transformer |2 AEAS~7 >J KBS A AR, I R 45 5 [0 REAS 4= T BEARARN 2>
PrSCAREE . [, BOERRIE R AT AL B Or TSR BERS 25 A R BT AT IS R
PEATHERA A T o

5.3 J& T DCNN-ETNN BRI i PG U5

5.3.1 RALJik

N T HE— T AT DCNN-ETNN BRI PERE, ASBFFERIC T AT LML
EHit DA ORASSZAETT IR (E DA R ME B AN R R 1

HI T VIME R 25 it i il s N LE 4R R, ANBESE B I 7R oK &
HHAERARAE EE R O SCARAIE (R B L
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A% BT DONN-EINN (TR AP SR BRI B2 (i

SCARAE PR A

' | 3% DCNN | |

N !

T i l |
[ omemwa |1 (g )
B AL PR | R, £ A
[ s o masE

! JIEESE /
_________________ i

e
)

| e

~

J

~

J

5.1 AR AL S 0 25 G IR EE B AR & M 45 FG s A8 e dy  (Transformer)
ERTREE 2 M 4% (DCNN-ETNN) 4514

(1)  WHgifeft

PR S B B R AR A 3 WoE . DU LA — PR R i 2
BATTE, B EE S EREREA, B4 &S EC IR R PERE, 5|
TSR, SRR MR R RAM L, DU e fEas 5
R R R e L S A (84]

DU DAL B 2 D REAELZ R A B UL I &St o SR X H A el B, M
e N 2SRk BAARGE, E il AP B AL A4 A

Jes oA VUM Al A~ ekor i Gaw 2milnd s, GP) KFm
XF H s U dn Bk . mind AR R RS A S LR AR, TEA
SREE AR A AR R Z ot i Alie AT HARSREL f(z), HIeK I AZIR A

f(x) ~GP(m(z), k(z,z")) (5.2)

Horpr, m(o) 2 EREL, FonTEm o ERYITER I ke, ') 207 22K % (H%K
B0, FOREIAR © F 2 Z AR A .
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e 35 ST U ARAS BT A (o, f () J&, DU 00 A B T DL S0 ) e B
PO B AR B RS0 . SRR ES & 1SRRI &, SR T H AR
BB SR i o KA R AR R (A B2kt B, DU 0 AR Sk Y
FEAER UCB) SRIERE T — VPO, G 28R AR R BORE T 24 1 1) S 0 11 0 1A
R (TEAFEMERKIECRRE) AR (FERUMERE = A KR AE ) .

Xt AU B A I A o 2 ) 45 R S DA s, 55 7 D440
PRS- T R A BRNASCERZ R E . RSk, R &g RerE
HSER A, I g kA bR PERER BB SR A . RER R AR
WGk (B, BRSPS RSB e, PAIRIAIERERTT .

DU S DA RE A% DA B0 A8 18 AQ U 4 1) 1P B e D0 BB i A0 A 2 4L
RERTF TERAERE. 1A, DU A SR AL R — AR R LA AE 2R, (ERERS
RAESHATEN, PR TR R TSR A SR

Zi bRk, DUMHBr A o WA A S R DL F It 1 — s sl HoEig 1R
SR, RER R TR A E AT 5 Lt B

(2) #t#IH—4k (Batch Normalization)

Al AL R B B 11, A BT SN S R 4
P EAmAL I, AT AR R A (i SICE P SR TR P fE . DA 2Rt —
PSR R B S IEE R AR TR A AT AL STt

BT — i —Fh) iz B TR B ST U ROR BT i A A £
PEUEATIH— AL EE, (EASRAR A I E N 0, ARifEZEoN 1. XML A AERE A
Wi, WA R h SRR, A R I ZREeR iz 4k
EJJ.

TEDRPE A IR R — ) R 5 52 T B Dl PR o 2 i
# (Internal Covariate Shift) {1 H 4, MIIANHREZLYI R FEF e mai R piz /L it
T

s

o>
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Femliy, Rt EIH—1L Y T README SC{:11) BERT [CLS] tokenizer H4FIETT
FodRE, Rl ARSI I SL B b, AT DA — 2P PR TR A SCARHE A AL
PRRET) -

L LR BAMH—AESSH E maxLen 5, MTEHH ) README U,
Joffiiad BERT B S UV AL ) IR Tt B — b . X PRAT DATE
AL 1] B TR ST AT A 2 T 5 I, DA DRI 1) A o AL TR i L
AL A o

2. - eS B e BIA— e R, B S > BIBAR R (scale)
P (shift) 240, XSSOSR, DOUE R A 7
AL, Ut SRR Y B AZ AL fE

Pem B RE L XL R AT R A, TR R R
ABI AR D YN o R v AR JEE T 2k B M TP, AT i e A R
SRS E TEAI SR

(3)  HEERLIE

TERE BRI ghd fe v, Sl — A L HBF A, U AE
Ak B 1 4 RS AN SCAR TN RN o R T G — I, ASBIF S AR A (e AL SR
SIAT FAFHLE (Early Stopping) . FFHLHE—FIEMLT B, SALERS ILBAE
gkt B MG, e Rl aE b PR L BRI AR RE A AR TH (5 1 I 25
KL

LA B 0 AR AE R ISR Y (Epoch) S RIN PRASKLAUAE— A7
BIESE ERTERE . X EORTELHETUAL PR BRI it fe 70 50 =3 Ik
8. PSRRI A . IIRAE TR 7], B b S T PPAL B A )iz AL g
1 I MO B T e A P RE DR A
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FERARN G R, g ubdE EAHIR A . WRAEIES 2 A 25 A )
FIAESE BRI RA TR ZE MR, BB S A I G . e
IENZRHRAF A AR LIRS o X — IR rT DAE A g DA 2R

L. #RAL R — DA patience,  H T 5B ik B2 40 2 AR IO 1) 1R 25 ] B K
DA —A~B{H min_delta, FRHiRE/DHH/MER, T HIWEE RS B
3

2. S BUETES Epoch 250 5, TP AUAE IR IE4E EATERE. WS 24 Hi
Epoch B 2 AH b 2 Bl S AIRH 25 08020 T 3T min_delta, JUBEHT e FRIALRES
- HE patience TT4(#5. 750, patience TR MT—-

3. WS RIT an R patience THEGES A B T W BIME, BIiEZ:Z 4> Epoch PEEEAR T
FHRT, WZARINGERE, R B SR AR .

FELHI T AR AR A T — R 30 IE WAL vk, 35 B R
ZALRE ST R BA  Be R U ZRRR . AL i I IR R, AR B 4
FH BT A]

SR, FAEHLI R R 2 3 patience Al min_delta X PN SR 0. BE
AN B R ER A AT RIS, R RE S I i, s IR,
B 40

ARG 2 YOI R R X S B SR B B, DA DR fe KRS b2F
SRR G R, W A L WG AL, AR
ks BRI T RAFHIZAGEE ST, TR E PR SR 1 RS AT SRR Fi .

(4) K3 XEHIE

N T HRB PP R R R AT R, APPSR T K I8R5 8
RHIRED N KR8, £ K — 178 RIIGEAL, IHHERIR—
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AT BT, BRI KR XM EAGE D A 1A RGBSR,
i 2 VPR IBD TR RERY AT 2 [60] -

AT AR AL BT YR PO (E AR AT 55 I ER PR A2 AL RE T - K
PrA SCHUEA (L REAS 7873 M A FRAG R B, 10 L BR ISR PPAG 1 A v 10
M ZERNT5 22, AT ARAT S A A PR AN T S A B RE AT

XFFIRIRHIAR A M AR (4055 7307 BERT %l ) , K $r58 UH ik ) S e
PR, ROVEHE THATE S MR Ergreee, St 7B A [F TR
i H README SCARBRHIALBERE ). BeAt, K338 e @ S E0R i A rh A
T EEAEN, B ol A SRR E AT 55 AR e

Zi BRI, K SUBIEAE A BSOSO TR PPAG R AR a1
B AL BE 1 AP VERAME, S 3E T DCNN-BERT (4 - JE 40 (- M (B R A 5 it
T RS R TR,

(5) M0 Adam {E1LZ%

Adam f4£%% (Adaptive Moment Estimation ) 1 Kingma 1 Ba - 2014 4E42 1, 12
TREESE ] b 2 Y —F B 3 27 >0 R AL S [85). Adam 4545 T Momentum
1 RMSProp fifb st s, i TR —BrAE (RISME) ApaE (Bpk
DA ) IR Sl FI9(E, SCBL T4 2] R B IE N, FRAE G b B
iR N T o N S e SR AN R A

AT Adam A4k 38 R AL 28 W 5 PPN BL () 240, H R AE R TRAK
PENEPPARAT 55 b 5230 s pR A A S5 B A o R A M R . B (i ] Adam fiE
i, BARURENS HOE N TR SE 5, Fe a0 A IR B AR A
M5 S, A TTLERGAE BE A AE-T-A H A5 e& B0 15 DL N PRAS RS E i B DAL IR RE

Zi LRTR, Adam {5 ] A AL N 45 PP AR 7R A BT B FF IR SR 1Ay
EPPASAE SR T om R S HE, TR T HAE TR B o S A 5 b i R0 A S
Mo I BRSO B AL, BIR TRATEADI R TR ILRI, NE
A X GUH RS T E R S E R E R .
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5.3.2 VLI
(1) ¥tz

¥9751% 2% (Mean Squared Error, MSE) Jeffif & [ A BL AL RE (Y B FiE AR 2 —
BT AR R RN T B 07 DRZEA R e B TN (5 5%
BRI 2 18] 22 53 6417 AR P, X — BE RS (U e 7 B Tl g v o, ()
I BTSRRI ) R GE M 22 . AE N, 07 IR R RS
AN FIAE 5 SR PR A 2 8] 22 5D, AR LA B i U R L . 3977
RN E TR PPAG B B, o/ MEARE AR A [l AR I o A 1 1A
Hir. RAGHTRERMN TN B i, HERsRR
P, FERRAEALBEEA S (BRI, 07 IRER T X e e (AR R AU, AThE
S FER R PR T A 2 (59). I, ERE TR ZEVE RIS ARERT
T e AL RE T T

YRR RN -

n

MSE= -5 (y: — i) (53)

i=1

Hor, g 25 0 DL SEPR(E, g @BFTNE, n 2 HA R (8.
(2) PeEFRE

P ZEL (R-squared) VRN EBIAUBREGE I RUFEAR , 1ERIARIALTEAL 5
HEHA . PRE R R R e B AR AL S A SRR L, SR R
AR RETRE . EREERM 0 2 1, o REEMEGT 1, FoBa4has
SRR OB, UARCRIBT [87]. SRTNT, B RO AN A2 T ) 448 %}
HERfPE, T RABAURRREE L Ry, I, FEE T deE RBUAE PR AR IERT
T LA G HASES , WISTTIRE, N RLZ M AR I0 45, PASRIGRS
PR RE S A TAITY) T (AR, B AU T A A (&2
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ANHABRRA) AR Mo, FOREISINE 2 i BRI R a2 E
IR ORISR PR AR B, A — 7 MR R A 000 1 e S SR 2 71 (59]

P BRI~ RN -

R2—1_— Z?:l(yi — i)
Zi:l(yi - ?7)2

2

(5.4)

Hrr, g 2 WERY-F-2{H [87].

FETTFIEHAEI0 A (A T B [ AR Al v SR 25 IR I D7 iR Mk i R 4K
Fos, A BT PRI R T AE 0 ML G AR L, DRSS 2R [ A of o i 0 0
E, XEA RAFRZILRE

5.3.3 PR bR

(1) 2 3LBRIE

S SUBUE SR — Rz B T GE T e AL ) SUR R R IR, Bl
RS A Z AR T8, R PP R LR 2 AL e

T VA R R AR AN TN BE ), ASBFFER M T K P8 Ty k. X
MO, BUREREENL R K AT BRR— 0 TSRS, 1 HARK)
K =1 PRGNS . X RREE KR, BRI R 8T8
&, RAMBIERE X K ROPHEPREFI(E [00]. XA 1Al a5
P, B SRV BRIEE SRR KA A -

IR L IBAE T HBEWS D AL 5 2R TR R ) 7 AN R S LA B 22, F it
PRI TN P B B A AR R A AT R A T

(2)  FeE SO B AR R EAG

B TGN AR Z S, ARPFFEERGIA T — A% T TR IR A s S A T
PPA e A S T A T IR I S S RRAE L A G BRI AR S README
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SCAHEM . X — BB EAE AR AL P SE PR Y 3 SRR, e sl A 2R x
T HARE S SO R B A BRI HE ] -

M AL R I — i 5 SCA B AR B VA S SRR S5 R E T XS HE, BEAZ DAL
NI RZ AL RE 1. B TELA N 2 oL :

o BrESEAR MR G R , MRS CA 9 78 0 I R B 2 AT [
« B URARER R M AR SRRy, BRI GRSl
S Al SaoE Sy elllpnive Sk SISt B UE RS R IE
» BURARAPRIET ISR, MBI IR R -
5.4 JiikERE AL
5.4.1  Beib AR LR A PF RS 5 4

(1)

L4 LR ] B 0 2 SR BRI RO . R b
BUEROL A BERUI IS HESL, (R A & README SCACBHRAS A% 4418
FAFE.

(2)  BEBLERAR

FEALRRARE L 2 5 22 A R SRR A AR 1Y 0 22 1B 2 BB 8 A B oy 4E RS
FIHELMER R, EHAE & R G BAY BERT SCALHRAY IS DL LI R4

(3) XGBoost

XGBoost 1 1 i1 A A6 JEE i TH ok SRR 52 B e AL BRI GRAn i, o i
AT RANE AL EAR, ARGUA A T &4 R A AL B BERT S YR
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(4) B4 Transformer J2MFhER 4%

T B AR 28 90 O 0 P SCOAR R I A L 2 T X SCAS A LAY token 51 b4 T
REHAE, XMESA—EMEBIK . TRAMIHE M s SE Tk
FRNTCA, T L A 0 28 S5 R AR/ NS L O L S, B I HS B T Trans-
former J2 (1)1 28 W 2838 1 45 7 H H2Y Transformer ZRACIRFHIEE, TLALRI 451
FORRETT:

V' = Transformer(Xgerr) & DNN(Xcommunity) (5.5)
Hop, © RRFHER A 1R1E, Xeerr 2O SCARFHE, X community 72 HMIE I Z84HAIE

DNN Jg I M 28 4538 7

(5)  HUEBARE XA &5 A TR B BN 2% A1 145 Transformer 2RI
i phe 4% (DCNN-ETNN)

H T AR SCARRER 4, RS TE ST b A BIF 5% O RFH 38 o A% 5 B2 43 W
J7 ARG, (BT SCARE BT8R v e HER R/ RS I, Sz il -
1. %3 Transformer JZ BN IN— MRS M2 2. 34N Transformer J2 1) B2k
JEEA L 3. G IEAAE AL BRI B2 X = AP PR IE— 2B AL T B T H9 Il Transformer
JRPIRREE I 263X — T3, s 22 Transformer J72 R RE A5 FH W 250K 24t I R A5 A
GERE, DAE NIRRT R

V' = Optimized-Transformer(DCNN(Xggrr)) @ Optimized-DNN(Xcommunity) ~ (5.6)

XAEAL S TR RS B PP, I T B P RE . it R )
BERBIBIHTR AT, A A 7 vk R e i, T IR AR A (A B 41
TR AT o
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5.4.2 XFEESR

(1)  ZePkmln

NEB.2, AT I 2R I 2 W B RA — MAJZ . AR E DA
— R, BARSETAE

1L MR WAL 774, RIS R EAT 774 L.

2. AR BHMAZZGMRE 4218 (Fully Connected, FC) J2,
EHEA 128 MAEIT. EERZERER AR TGN EICH 5K 128
PATTHTE. X200 H 12 A ABE R BURRAEH P T IR LR P e o

3. ReLU ¥E % 55— 4158254 1 ReLU (Rectified Linear Unit) 7% i
Bo ReLU MBURAL T IR M AR, (AT BEAS F L S A5 T i R 2% ¢
F. ReLU MEI MR AR T B EAR, Y TEMMEN RS, BEme
2 f(x) = max(0, x).

4. S ATERR D S RelU WG REUS =9 A EHERZ, B 64 M
BT, X— BB 5 — A R N B AR SRR AR I

5. %5/~ ReLU TG R4 : 56 A a8 2 IR IR — 4> ReLU TG R4, JAkAY
SIATEZ AR Ty, ST FIKAE )

6. ith2: o)z, ERA—MMETT, T AR R R AT AER
FERAAES T, R — M E TR T .

MBI , Lk I BT 5 28 B 45 SR 7 1595 980.89, M i ZARICH-14.68%
(2)  BEWLARBK

AT e 20 B BE AL AR AR B A 82 il SC PR s P A e 1] 01 ) B LR AV
WNEBAFTR, FAMEE R iR R 766.33, HeiE ZRCH 10.40%,
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o
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200 4
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o
100 o

AR (079
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L

12 (128)

i

RelU 347
s l R

BT (64)

l

.
ReLU 1%
J

l

W)= (1)

r

&

J

Kl 5.2 eI H 251

] 5.3 [l YIRS 2R o0 -5 25 R A X L

SKFrE vs. FE BEME vs. TE QQHE
o fotual o .
Predicted 150 10
100 100
.
M
% o ﬁ
. 0~
Y Aol s R
3
o .”‘ 50
] 4#-.:@'-«.&-'. "&&vn“\& = 3
[ 0 100 150 200 0 2 4 e 8 100 120 °
73| TRE IER A

&l 5.4 BEBLARARTI & -5 45 R B Xt L
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SRRR{H vs. FUMME FRE(E vs. A QA
Actual
200 Predicte
150 150
150 o
100 - d
- . @ i 'I
Haof . - M % .
. 50 4 8 i
. ° ° s 0 ¥
50 L. PR ®@ 09
X BRE  ac X S e X 0——-—%3 ——————————————— .
o ‘ - o s A H - S04
o B 100 150 20 © 20 3 4 0 6 B B o 1 >
| FomiE et id

¥ 5.5 XGBoost AU TN L5 4l RAHEXT EL

(3) XGBoost

AW FE I 2 FH 1Y XGBoost B AEE Al S (it F i) e M [ U ) BrE AL R A
WS , BEHLAR AT B 28 i 25 4 i 92 0 735.37, Do sE RN 14.02%.

(4) JEalipheepigs (S04 BERT B LR A Ji XAbaT)

HLR A 20 P 25 0 2 SR AR S MR AS R A ) BRI N . MR M 2 RE RS
PEGZ UL, 45 3R A AL PR BERT SCAK

SKFRE vs. TUIHE FRE(E vs. TORE QQME
o Actual
2009 Predicted 15 =
1501 . 100 11 .
. - s .’
g 100 4 . ~ v & 50 4 % 50
’ . ) e
. IV S o|0aggRes 8% oo 7 | R
50 4 . o N ) X i
g SR 3
Zysx " R b -850 9 -50
o] ¥y, «A’fmﬂ@u«-‘. >
X :
[ ES 100 150 200 ° 0 @ o = 21 ° ! 2
%3 TiNE IER M

P 5.6 JERH AR 25 ) 25 AR T Kb 5 4% SR AR G EE
0BT, XGBoost fie 8 45 I Iy istds -y 827.30, HiE REH 3.27%.
(5) B4 Transformer J2AM PR 4%
MEBAFR, AU AL R — IS M %, N 25 AR

ERFFIRER AT H A ETEAG TR O Z5 S5 R 48 23S DA LA SR 4 -
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1. X Transformer 22 5[ DCNN 2 J5 /2 —~ H /& XY Transformer )3,
X— 2 FEE AT AP DONN i . 8t 23k Bl (MultiheadAt-
tention) , I REAZ AR SCARRAEZ [A] H I BEBS MO K AR . Transformer ik
WIERTH %% . JZI9—1k (LayerNorm) . FI Dropout, J&[aH M 7 —>REMS
YUSEE 1LV E/bEI PN B

2. BEFFAEALBRER X T RUEBRAE, BRI T — N RIRAY RIS 4, fiE—
AN4iERE)Z (Linear), JE#2ZH-—1k. ReLU P47 540 Dropout, iX—i& it
E AL B R AE A TAREAL TN AE A e, SR THST M A SRS {EARFAIE 1) RiE

3. RAEREA SEN I SCORSRAE (4 Transformer ZACRE) FIRUEFE 20 40 P
J&, i PHE (torch.cat) A A—NE—RFHER . 25, ZMARHER
Il ERZRAAIE N, UF 2 AaEEZ . 2. ReLlU ik
PR Dropout, #5245 Hh I H A (B A FII 25
AR, XA R 2  ABAE S 45 A RIE G4 H E X Transformer

EAEUERFIEAL IR, A RCBAL B T TFIREA 0 H S AR A . X e
Wit BEAUALRENE N SCAS hHR IR 218 UE B, BB L& % 1B H I 8UH
BUAETR, IR H A E PSR AL T —Fh AT R AR T

WNEB.8FT7 , 41N Transformer J2 R BEAT 2 0 4 ARAL e A I S5 3 T 1R 25 R

758.37, YLEREUH 11.33%.,

(6)  HEIEBAIE AL WSS A TR 1 6 B2 45 HIE S Transformer J2RYHE
BEfZ2 %% (DCNN-ETNN)

MEBITR, BAMNLERY I iREE R 577.97, P& RECH 32.42%.

5.4.3 JLZkILEs

M T 80A Z BT AT FEROREZY , AWFT B f B it i BE 2k (Baseline) #EATEHCEL.
X P AR IR R T T ) BT SRS A RO IR . B LU H A2 R
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SCRAE PR A

[ sepiEmA
I o ' |
[ | A
[mEn A L :
D\ Lo AR
AT e [ 1
1 3 + /4 : ~
| HUERFE | A
| mma J
““““““““ Bl —————
PHERZ
Y \
=2
& 5.7 #4I1 Transformer |2 /IR FE A 25 ) 45 25 4
KIRE vs. THRME FREME vs. TUEHE QQE
° ® 10;%\ = -0 : ! TEi’el;‘ﬁ ' :

K 5.8 9l Transformer |2 43 BEFH 28 ) 45 0 %5 -5 45 SR B T L

SKFRE vs. FlE BEME vs. TE QQE
.« sotual o °
200 Predicted 251 e
100 100 °
. 0 . ,
150 75 o s .
. o Py
§ 100 ] . v .
50 4 R et )
. g ", o X0 bl ™ Ko
LT ML Y
o RTINS
[ ES 100 150 200 0 2 0 & =0 21 ) I 2
73| TRE IER A

4] 5.9 DCNN-ETNN A2 Fiiil £cthe-5 45 R s i B
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PGSR A2 i, AR FIWTITZY A TN fE ) 2 11 J0 1l 1 AR f) 30
Jiike

TEFATRIPPAL Iy, B T 60 3 7 iR 22 e AR B AR HE A FE AR A1, AR B
FULR M TR A i B B AR e i T B REABAUR A T — P ARRE
FRAYTISRNS . X TR A E R A, B AUE TN H A B AR AR I (. XA
I EANTG TR AL AT R, SUBE T F AP (ELAE B T A B T

(1) BRI ksl 5 vEql

L ST REA R Hobs A s v e, TS idnde th HARAE R e v, i
(ECRFAE N B LR Y 00 o

S|

g:

> v (5.7)

=1

2. M AT BTE RSB B, A IB IR A R e e, BRI
VE R T o

3. VHREZRERING B 5 IR EE TR, TR 4R _E Iy T IR ZE IR
TR, VTSR RO bR E . o, m R AR REAR AR, v 250
i AR AN Y SE B H AR E

(2) Jedebbikm dgitk
BEE PR 1 — b PP A R 2R AT Xk i 0 B0 SRS 1) 1R RO 5 ) D ¥k
G RRAMI T RFE I THORE, AT AT A 2] -

o WRB R O E BB R T HRAA R e AR, X R RRS B 4
NFFEA RO FAR(E,  FA R 1 F e 7 A A e

o MURBRR P E BB H 2T BB g R, X BERIRE LAY
KRB FE RN LI oA R, BRI A U 2 17 L
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5.5 SERGEDR S0P

ABFFE I S FA AN B AR

FEF H A VR RAE T IR0 (P Al Dy T b R, SR B RE.AR, &
B e — R BT RARA. JUHE XGBoost, /il Transformer J2 ¥
JERH 2 P 25 F1 DCNN 45 3% 58 Transformer J2 1) T B 48 W 25 B AUER RPN 8%
TFRRCR, R ME R RO = E AR RITERE. 1E NS, ARt
GEAE 3B LT o Bt B A )RR A I 65 SR X E A AR, 9 fik A B
Il IR 1elB. 12 5 B b 7 F L o B Reg 3277 Regression 1% ; RF 2577 BAHLARAK
XGB %7 XGBoost J7¥%; NN F/RFEAMZ M 4% 5 NN w/ T /R80T Transformer
JZIMZ M2 DCNN-T FRg5 6 T IRE GBI 4 W 25 RIS 58 11 Transformer 22 1)
RS2 2%

Li LR, BRI Z M A Ty v s IR TRARKIE, (EABIR R
BE SR, S5ATR U 28 N 45 A5 Transformer J2 () B 1 28 0 45 B 80 A BT
fli R BT R R . X — S5 AR R T TFRR AT RS T, B R

S IR 25 SRR LA S A RO A SCAR B AL AL Al 4 el
% 5.1 LIRS

Component Specification Details
Operating System Ubuntu 22.04 64-bit
Cores 16-core (vCPU)
CPU Model Intel(R) Xeon(R) CPU E5-2682 v4 @ 2.50GHz
Architecture x86_ 64
Memory RAM 120 GiB
Number of GPUs 1
GPU Model NVIDIA P100S-PCIE-32GB
Driver(CUDA) 550.54.14(12.4)

5.6 ARG

ARERALRGT T RN BTG AT, Feale i TIREGH &M
25 F3 5 Transformer |22 M 2445584 (DCNN-ETNN) (¥ &5 MW H
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FHE  FT DCNN-ETNN IR E AL SEARITTE R AT AR L2 6718 3
2% 5.2 FIRLRIUNT L
Model MSE R?
Baseline 1361.43 -59.18%
Regression 980.89 -14.68%
Random Forest 766.33  10.40%
XGBoost 735.37 14.02%
Simple Neural Network 82730  3.27%
Neural Network with Transformer 75837 11.33%
DCNN-Enhanced Transformer 577.97 32.42%
e — BEE Bt

Reg.
3

x 1
a X

NI ial Ky A

- oo ] AN
A
' Toh N g gt

NV R Jik v . o

¥ ¥ VUl | e =

v ¥ Y
y

i

85 8 8 3
HRAEE

%

5 8 8

Bl 5.10 A [FFETNZE R B 5.11 55505 HARGE AT & 5.12 55565 H ARG ARt
5505 HARGS AT T4k AR LR B R (4 R HEIT 4 n B E
AR (A7) 1) (FR5347)

AFESE T SHAR VA% LBl FEPLARAK. XGBoost, JLAfif £
W2, 52722 202 W 28 FITR BE A 22 I 45 45 5 31958 Transformer 2 #HZE M 2% . 4F
PO SCBER AL TR iHie, IR A SUERIE . RS SRR Hiz ik
RESTHEAT TAREE

AHIEFE AYIZRAEFE BRI~ B E R B AR, R H— > FR A I A, DA
R S5 Rn] DATEA TS R 2 WA B LU AR

RAAGBNGER, RGBT L W 2845 A 3858 Transformer J2 1 TR BE 1128 0 2845
A (DCNN-ETNN) TEPPAli i /s th AR R r v ae, B s 1 e &
$32.42%  ERRTIG, FRAABIAL) P BRECH -59.18% , XGBoost Mk & R ECH 11.33

%O
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2 5.3 AR EIEIMEERE SLBbr HARGE R (B0 47)

COSS(Time) Actual Reg RF XGB NN NNw/T DCNN-T
Webiny(2019-10) 0.347 21.19 13.21 13.21 14.37 18.36 13.12
Rasa(2019-04) 13.000 23.99 18.79 18.79 25.46 54.46 13.21
ToolJet(2023-01) 4.600 10.29 2553 7.62 24.75 12.93 7.29
ZEDEDA(2019-02) 1590 18.40 1854 1854 21.04  21.80 18.09
Orkes(2022-02) 9.300 12.08 17.52 17.52 11.09 22.30 18.02
Recurve(2022-08) 18.000 54.19 24.05 25.03 0.62 24.06 18.01
Tecton(2020-04) 20.000 29.15 14.70 15.36 24.25 21.99 19.97
env0(2020-07) 3.500 23.18 16.66 16.66 14.46 12.41 17.19
TileDB(2019-02) 3.000 2291 19.03 19.03 15.51 26.32 19.57
Sysdig(2016-04) 15.00 24.27 16.08 16.08 1574  19.49 16.63
Sysdig(2017-10) 25.0 33.28 17.73 17.73 13.47 17.86 23.17
Sanity(2019-09) 24 4476 20.71 20.71 26.02 18.50 4.33
ZeroTier(2015-03) 0.455 1293 1294 1294 4.58 6.82 0.53
Orbit(2021-03) 15.0 34.51 20.16 20.16 32.40 16.91 17.21
Opentrons(2020-08) 20.600 30.73 14.82 14.82 16.60 24.24 20.69
Open Raven(2022-09) 20.000 27.12 27.44 2744 29.28 20.54 19.86
Pantheon(2019-03) 42.000 43.31 21.41 21.41 29.37 36.55 42.25
SignalWire(2019-08) 11.500 31.73 16.53 16.53 28.74 16.62 11.79
TileDB(2018-12) 4.100 43.56 17.26 17.86 21.46 8.45 17.18
OpenReplay(2022-06) 4700 3499 21.46 2146 10.05 17.93 5.28
PingCAP(2018-09) 50.00 35.18 17.27 17.27 37.39 28.64 49.18
Teleport(2019-11) 25.00 30.23 14.50 1450 9.49 21.36 26.22
SimpleX Chat(2023-04) 0.37 36.51 23.70 23.70 4.11 27.21 1.59
Replicate(2023-12) 40.00 60.61 27.33 25.06 80.58 70.94 41.34
StreamNative(2019-09) 2.00 50.71 2247 22.47 39.85 20.18 3.34
Sourcegraph(2020-07) 5.00 48.71 1893 18.93 20.21 70.36 6.47
Portainer(2020-08) 1.200 26.01 13.30 13.30 33.60 21.17 1.84
Optimism(2021-02) 25.000 32.83 20.55 20.55 53.97 31.39 24.35
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BRE SREREKIE

6.1 WSS,

AHFFEE ST IREATFAE X BB E PR T, S il T — M ESET R PEAG R, 8
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