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Abstract

In practical machine learning (ML) model training scenarios, data preparation is still constrained by low resource
utilization efficiency, uncontrollable costs, and insufficient optimization under budget constraints. To address these
problems, a holistic data preparation framework named CBAprep (cost-benefit-aware data preparation) was proposed,
oriented toward cost-benefit collaborative optimization. Mathematical programming was adopted to incorporate data
preprocessing, cleaning, transformation, and other operations into a unified cost modeling and decision-making
framework, and a cost-benefit analysis and planning method for the overall pipeline was designed. Experimental results
showed that CBAprep achieved a better trade-off between cost and performance under limited budget conditions,
thereby improving the overall performance and cost-effectiveness of the data preparation process. The results indicate

that incorporating cost-benefit analysis and optimization into data preparation strategies facilitates efficient resource
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allocation and provides useful support for cost control and performance optimization in complex data processing

scenarios.
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b SR 4 e 7 AR B = TS Y
XA R R ERE R . X T
SRR HE A BHIR A B R R, 3R
FIREE e FR HBT IR s X T A
FES T PATHI @R AR T, HTE
JEREN 1, FEAEN B8 A AT

LEHREE TR P, W B, BURE
KL C(P,e) T 28 TN 6L L F(PLe), E0HE
R AE BRI LT RIR A -

max F(P, e) (4)

st.C(P.e)<B, 0<e<lje J.e=1jeJ

Hrr, e= (el,ez, -~~,e,)o

FEZ IR BRI, Rk oLk
[¥6] 72 5 R 2 A HO TSR T LR [P, ol R
ST LG B AR T IR LA AR
Mo SRR L 2 1] 5[] T M v 2 i 2 #E R
PRI HE | T O (B R AT 1 DA 2R
AR P A

(1) 3T SRR R AR B B IR AE
I3k

SERE R 7 AR T AT IO BE LR AR IR
FrRERE &, R B 2R A 1] 4% A D AT PR
6 306 A PF-Af (A1, 3 T i 2 BRI A I
HOA 75 2 BAR R Ay =006 B, 3R
R L MR At oR R A B E W . AR SR
29 ] AT 0 BE AL SR FE ST AR &
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0,60, ), B, S, KR U
B R ST (1 R W3 ROV T

e

R(A‘):f;cc(e(s)) (5)
prik e G S N
e’ =argmax R" (6)

BEUCRFER IR IANMES, WK
e [ 2 2 SR O(S g - ) #5755 HL R 2 M
B, TR S, DL R S A
TS o ARSCR F SRR ISR MR, IFLL
Frank—Wolfe J7 ¥ 4 W % BR80T fll I 1 %
g%,

(2) #F Frank—Wolfe 5 ¥E i % B
RIS

X R AL ADHEA TSR R, AR b2
KMARAE, H e RAATSEE S .
TANEGHEFERH KRR, B, Tus<
Ty 1 Cos < o S ¢, BB LM LIS, T
DA Frank—Wolfe 5 3R g 7 5 08 I HL )
(A, KR #5528 W IR T AR O A Sk
B2 R

2 RS T R IRE AR
RGN

BN TIEHEE ¢={xx,x,), i
i JE R S (@), e e[O0,1F, Fz RIE AR EL
K, HES% e

. e

I ERIETIT R e < e©

for k from 0 to K —1

/it B R

IR ZAE AL T, A3 30 AT AT 3T
Fs®y s® argmax . gy <g(k), S>

IS T BT I — 4 KR

4% «— <g(’", e s(k)>

W & W4T U7 M

if d®< e/l R WBLSE A, IR A &5
return e®
AT R LB 4 1, IREEIEAR : o, =
argmax, . (¥ + (s )
D o 4 (s —g®)
end for

*
return e

G R ITEAE0, 1V 23 M4 BN, 48
REMERATS I EEE R K,
Frank—Wolfe 5K JE Ze ME LA 0] 58 43 fi
NF BN LM AL, A% R T AE T A7 35
TS R, O/ IERITREM 1K 2] Fo
fite, SO T R AR

T [ 5 4 9 5 AR W s P R AR AL A 55
AR SR T S PR 2 oK AR I A 2
BAMTTE, BIANAPHE RS, @
A A ST GBDT Uezs s, it
ERZHRFEM, L THRESEETA
EH5RERA MBS T

4 IERESERM

4.1 HiEE

X — RV 41 AT S5 R FFSLE, BTk
a5 S HO B T S5 st BRI T

(1) Google (Google Play Store
Apps): KT Kaggle FEH LA,
& Google Play B J5 N MEE, FHEFB
B2 MR R AT AN T S (R, IR T
55 TN R P42 A T 4.0, AT TR
JEHE 5 o

(2) House (House Prices): RJHT
Kaggle FILSL¥ 44, BT . AL HE .
HE R AR E R B, ARGk
KAE . SEAE . FHETCR LA 5 45
(R o S AT 55 2 T 5 A A A v T R r

B, AT s Al o OB PRA
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(3) Shuttle: SRIETHIINAK 2R 57
L& 272 ) B4R %6 % (University of
California,
Repository, UCI) ML, @S MR
KHLURATIE R R AR R R B SR
SRR IREL, M | FRER R LRI
Sl A (], SIOG AT 5 e ) W AR TRATLR
DR FH, AT T e Fe S R B i 5

(4) Chess: KT UCI i £ 95 5% ,
A5 R RO JR R A2 B SE R,
FEAE P BRI | W A 28 1 AN ST S [
SIS S5 A& TR Sy 2 AR, W T E
PR ATYIIZRATSR & 47

(5) Uscensus: SR T UCIH 2 4F
£, UEEEANEEFNER. TR
RPN EER, FEFBGL ., AR
FERNAN Mg S )R, S 55 2 T~ A
FRAZEERTSHET, THTHS S

Irvine Machine Learning

Hr BB R AL o
b B R Jm M RCE A s
W4,

x4 THFESENEEHENEES

4.2 3FLLERBIFIEM RS

SEIG 156 B 43 AT S5 R T A 55 HEAT
B A s, ik A E #[FJH (logistic
regression, LR). Z&M:#5140 87 (linear
discriminant analysis, LDA). Fh=& IH
1 (naive Bayes, NB), DI SK5HIH
B (classification and regression tree,
CART) fEHN TEsrIemisil, DL IEA [H
T3 R AN TR A B8 48 o . BT R
7 3L o P AR R A,
REEEE RSB P REATT I, #EF
BHELETFREAFELER, F—FRALR
SERCE TETT AT .

SLEGARFRITIE, SR ABIAMEEE . AT
PR . SCPRTTE LG . ploA U 25 25 38 4 T
O P8 A 1 B RO HE A5 T RIS L AR
SR B P AT Bl A AR R, LIS R AR Y
SNERPEWERS, Hrp, BAMERERH
W (accuracy) FIF15HH 2R
PRt AT &

S5 L T EA T 45,

e Learn2Clean (fFRL2C): RAL
iRl 2= > FH ik Q-Learning, FETE X3

A SRR R {23 ] v B A R T W B £
Google 19 10800 o HAlIpipe—Al (R HAI-AD : B JH
chess ! o0 HATPipe 2 H 3 T Y L3 1 257 ) ATHL
House . Lo TR A R AR PR B TR A 2 )
Shuttle 10 0000 CIEVEx LT e/
Uscensus P 020 o DiffPrep: ¥4 Bl 4b 3 if F& 44 L
®S LRBRSNERR
ECLA RS Sl
performance BORYERE TR B ERE AT B TR IR
prep_time AT Al TR AR AR A
cost/budget SLBRBA L SbrE A AR S 28 E BT A LA
gain/cost ENETEIES TEIPERESRT-5 S b &5 A Y LU
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T A BT BRI A UL T Ak B T S S AR A
ZHL

e Ctxpipe: fEBIE ik ASREUEE -
NOICRHE, R RS TR
Tk

H—T I AME L FEEER
(random-budget search, RBS). 00O
fi (greedy knapsack, GK) J5flis4]
il 2 4 B¢ (uniform-budget allocation,
UBA) 3RS AR 2

e RBS: TETHE LK T HEALRAEH T
HERPATERE, JHFiEFERIER TR
SOIEFYE

o GK: FZHA ORI S LU HEF?, IFR
R ROl S A

e UBA: fiRFAHGHEF, KA
By5) oy B2 25 ml i ST

4.3 ERRE

7 JE 3L CBAprep MEZR TR AL 41k &5 B 1
B 2 B T T RIS, K CBAprep HE
2R 5 A % 4 o A A B A2 BT ¥ L2C
DiffPrep. Ctxpipe. HAI-AIZE{TH L,

R E B R IR A5 A T 1 4T I (R YRR
Bowr A3HIHL300 ms, 500 ms. 700 ms,
1 000 ms, WERTE B, KT, #5KE4H
T AR TS R T W R B IR AR B B
fabr, CFRHESA F1 240

X F CBAprep HEZR, HE:#i A B, TF
AR BATEF AR . BT
T3 R BB AT IN TR 24 RO R A
R, fEEARRICEERT, wmR4Ae
BCAE TE T AT I (R N A, U A
WAREATEDY, DA I (B Wi 2k
A B TE IS AT I (] e 22 TG R B e »
W) 5 12 A T R TCE AT AT A R (3R
B =" R,

SRy 3 G AR T AU A R 2 A A I BY
WRAISLE 2, HE—4 % CBAprep fESE
5 RBS, GK FlUBA 3l il 52 Ja 41 L £ 33F
T, A 7 fERE Rl Bexec 7T
RIS TR, IFHR L T
RUMERE . SRR LA B A 25

4.4 XRERS5HH

4.4.1
/b0 4

ESNHEIEET, CBAprep fFEHR 5
L2C. DiffPrep. Ctxpipe. HAI-Al $(#%
A T AR T AR AN TR TR 29 2 T
HAE W6,

RIGE6, fEL2HOSITINAEZ R
£, CBAprep #4884 50l 2 WA Z SR 1
AR E, FFRUSBRLAENE . HislT
N [ 7 22 [ %5 300 ms B, £ %k = Wi
SRR ATL A ) B Ze 0y vk o AR R U T
1M CBAprep 7£ 1A TSI E T et
AT T 56, B A A R R SZ PR IE I
PE. DL Shuttle #4842 41, CBAprep 7E
300 ms iz 17 I [A] 700 550 19 9f A 3% 05 2|
0.966, CHEITZH L7 EAE 1 000 ms
BATI A T R rEeE, B H A5k
HEREN LA, HAEH R NES
WE I AE . BEE IS AT I A TS B 300 ms
HZE1 000 ms, CBAprep KM fEFFa
Fr, RPETTRGERIRT R EE FHE
MO E. HLZ T, i ykF
= AR RS K], B AT I R TR 2
I FERIIEE, SRR E TR, #
n, L2C £F Shuttle %74 45 F 700 ms F
1 000 ms B AR 0.966, 1fifE 300 ms
1 500 ms W FE % 0.900, &Kk E,
CBAprep BB i S AL (L HE BEETRAR . T2
SEMIEIRE ST %

FEENESREARMETHR
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442 FHEBMBLILTR

A AH T 0B 24 SRR A ) (e e AT
Bk — 45 XF o CBAprep 5 1 82 J& G % 4
RBS. GK fl UBA f& # R & I5 k75 75 %
IR, ot RBS ML TS 20
it ML 3 T R 4 06 3 S B S M BB i 1R B
o728 . DA I WMl =2 . 135 S R 1T 58
FU P-4 I Wi 2 280258 O ik BB B4l FE A o
For ST S5 3 Al 2 R0 ST 15 S B 9L bE RR
TS SR B o) FN & IV N SR
R R TR AR BT 1, £RMEF

A HHRT 1, WEkET 1 #ER
AR N, FEARREIRET, A
A] 77 2% $ 3 HL 0 A A5 T R Ik RE Y L
WERT.

S AE LI, CBAprep 78 £ 5050
P FEUS T Him p R R, B
TSR AR RS B AR W 2R T T e B
FasE. S5 RBSAHE, CBAprep il I sl A<
ity 1 R 7 0 &5 SR A e R, B
g R E R A R IE TR, 5 GK
I, CBAprep AU A B T 1) B
AR, Riff—FFRAETFHEZ

R7 FALREBRYEESHZOVERENTL

g DAR7A RBSHiHIES SEEISEBR R P ARG 3R
CBAprep 0.578 8 0.733 6 0.078 6
RBS 0.588 9 1.101 0 0.100 7
Google
GK 0.554 6 1.150 9 0.1559
UBA 0.576 1 1.139 0 0.145 3
CBAprep 0.692 8 0.404 0 0.073 4
RBS 0.683 3 0.752 3 0.028 9
Jungle
GK 0.679 1 1.2051 -0.152 8
UBA 0.678 8 1.469 9 -0.123 1
CBAprep 09110 1.1527 0.0001
RBS 0.869 4 1.439 2 -0.139 1
House
GK 0.867 1 1.2051 -0.152 8
UBA 0.8738 1.469 9 -0.123 1
CBAprep 0.974 8 0.490 6 0.228 3
RBS 0.967 8 0.845 2 0.187 4
Shuttle
GK 0.833 6 0.5325 —-0.660 6
UBA 0.678 8 0.7250 0.000 3
CBAprep 0.869 5 0.8251 0.1335
RBS 0.863 3 1.150 9 0.1559
USCensus
GK 0.848 7 1.101 0 0.100 7
UBA 0.866 1 1.139 0 0.145 3
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[B) Y AH B 5% W A0SR AT R D, B R
i R T J5 FB D0 3 B T SR IR0 &5 R
5 UBAfHIt, CBAprep 8B 12 47 2 48 if
11 B & B BT VR 43 i, DT A B 4 )k

AR

4.4.3

R8 SEREVENRE

HRESCI

AR E T CBAprep HEZE T 9 fi S
5, P T30 UIF 2 G5 5% S 4 1 i AR 0 25 B
RITTHIER , RS LB S0 E X
RGEERYERE I FEN

(1) REEHIER AT

NIRRT A G S HE N R

7]

G HRH SR FEN RIS D
CBAprep N N N/
R_DIS N NG x
R_ALL NG x x
NONE X X X
R9 BEREVHRISCHNEL
TR SEES T AT ] WHER FLAOH
CBAprep 0.702 0.717 0.702
R_DIS 0.649 0.627 0.608
NB
R_ALL 0.575 0.158 0.135
NONE 0 0.175 0.148
CBAprep 0.665 0.678 0.667
R_DIS 0.547 0.654 0.638
LDA
R_ALL 0.571 0.285 0.257
NONE 0 0.079 0.061
CBAprep 0.988 0.559 0.539
R_DIS 0.722 0.537 0.512
CART
R_ALL 0.351 0.225 0.198
NONE 0 0.253 0.224
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F W~k AEmER, 78k E
CBAprep., R_DIS. R_ALL 1 NONE4 f
KugHEATR . HH, CBAprep: fEHETF
oAb 3 5 A ity B E AT B OE N RR 4 FE
R_DIS: {17 5 74 & w4k ik % .
R_ALL: 584 B AE 10 S50 40 1 45 5K B
NONE: ARiFfFH S . SHpyH e
WE NS,

WM BERWM AT, T
Google ZiR4& , % E Bexec 1 000 ms,
45 3 % H CBAprep 5 R_DIS. R_ALL.
NONE 7£ T i##% % NB, LDA F1 CART
HEEATIA] . BT A A AR R
L AT Al SIS TR 9.

k3K F, CBAprep £ NB, LDA fi
CART B8 FIGHEUS i FER R 5 F1 43
%, HAE NB B R 205 0.717, 1%
i} CBAprep BB fa & #2 FF T I A I 4 6 o
Mtz F, NONE 5 R_ALL %3 %% 22,
R_ALL & NB 8L HR (i A 22 0.158,
& WA BE AL 13 507 I R U 40 TC 45 5 16 R A
Tk R Fa5E . R_DIS 192k BEF 30 0 21
T RLALL, L& 7 51 i b A He gB A% 45 B
BARGRBEGENAE THE, BT
CBAprep, 15 B F I8 W 58 Y540 e o A 5
REH IE— PR THEH

AR 25 R IE , 72 LDA BT,
R_DIS §J 017 B[] Fb R_LALL 74> 0.024 s,
[ P B E A 2R 0,285 12 FH 22 0.654, i
A v 0 28 Al = R el =
CBAprep (Yt R_DIS ¥ H0 0.118 s, #14
Wt Rt — LT 2 0.678, FWHHIEN
PEVR 43 B A e RE A T It A B i 2 FR MR IR
RTGF TR AR 25 8

(2) BESEORE M

POV 4 T T B30 43 B SRR IR L 23 52 i
FREEEM ARG R, TR KRR EL
S 72 FFRIERFEMEARSH, X R
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GRERAE B R EE W, R
GINT S X HH Z MBS, T T HH K
VHRLSLEG , SCIG [ E AU 228 Google, T
Wi TSN LDA, Bexec N 500 ms, S, 47
WIEC 100, 800, 1 000, 5000, 10 000
150 000, ML B, 100K, FF
S WA S AR R BT o S
S T A TR T U 9 A 2 P R G P 4 TR

B 4], BEE S, 800, T
RS FAEBIFEEHETRE . Y S =
100 fi, TR Z N 0.561, HitzEd
A, USRS 2 4 S BRI 43 T Ak
WARE. FE S, 52 800f11 000, il
MR B, IREVE LGN, €W
BE N SRAE UL BB 0 1 v VR 43 Tl R &5
I E T o 24 S X E] 5 000 PA LB, Tl
TSR 28 b T R R T 8N, ARSI R
FEALHT KA PR Y & A AN P8 o R, R
SRS = 10000 152 N BRIME, DL 48 R
RSB R,

444 EAHITSHRTANRBEHEY
P58

CBAprep HE 22 1 fC 1 T 56 & M6 T
MachineCost i Al 111 8 F1 GBDT Y4 %
PR BRI T 25 58, R, ARSCETT
WA B LR gE — 25 0 B A 1 1 A7 s
ISIIE .

(1) MachineCost 4 R PEEGIE

E1 X B AL T A% 5 MachineCost, 2R
FEAS [ B 5 55 . AN TRl ST R EE A
AR R AL T IS AT L, 10 PSR
TR B A, 5 MachineCost
TR &5 R AT R . PR R PR SR T MAE |
RMSE. R* 0P ¥ 46 3% | 45 W% =
(mean absolute
MAPE), Hth, MAE il RMSE i T &
T Bk AR 5 S kA A A 46 R 22

percentage error,

057sE T DB hile
0.570
e .
i T £
& 0.565 T e
= T
& 0.5601 L
0.555F
100 800 1000 5000 10000 50000
BRRAEH
B4 5, N TBERTUERRNEIN
1o} [---- st |
PR S o id
B %
z
E 0.1}
=
=
0.01
0.001 |
0.001 0.01 0.1 1 10
SEIHAT I

5 MachineCostBIFUIHTEE) 5 ESLHTaTEINTEL

MAPE i T &AM RE, R T &8
LIS =N A NI VAR A £ B Wl 0 -
MachineCost [f9 FUM $4 47 B 7] 5 B S2Hf7
I (B QB 5 B s

MachineCost % #) MAE & 0.0685,
RMSE 4 0.4395, R*A%]0.9216, 0%
TSI BB A A o M 3L TLSL AT AR AR
B, HA LR B T B2 A
ARZESR . MAPE }25.1122%, HAHX %
ZAbF A= e E N, UL MachineCost
)7 N iy A= S AT Y

(2) GBDT My % LG IE

B U 25 A AR T GBDT B AT 2 i 56
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UE, AR SO A ] B AR O A T
PABRAG S BT A 0 L SL k pE, IFR
5 GBDT fll e s dEAT LE e o TR FE 7R
FH MAE. RMSE. R?f1Spearman fH % %
%, Hrp, Spearman #fl 5k R A T &
T A HE 5 TS0 R HE 2 1R — B
Pk . GBDT M5 (19 4 201 56 1F 45 51 4 &
FiR o

RYESLIH R, GBDT HAIR MAE A
0.0045, RMSE A 0.0077, K>k 0.8352,
T 1A 12 455 78 BB 005 4 o e L 400 5 5000 o 25 R
W5 T AL RE Z M AR 2t R &R . i
—#, GBDT &8 (] Spearman fH X & %{
i£0.9071, FHI GBDT KL 5T I i 25 HE
5 s ey A R — B, RES
AROR A I A A T . R, WA T
A B A 80 5 I CBAprep B —iF
WIEREEST, TEHEH T AR, HFE
H AT 55 5 A I B30T 11 2R BB WA T A
HIRIAT

4.5 CBAprep {EZfEH fh B Rl
ST REES

b S T B DL R 55 O R IR

7 CBAprep HEZERUR . ([EAFERE N,
CBAprep HEZL A% O BRI R T4k
AYSAER T A R A A R i 5 O Ak
AR FRAE AL R TR G 24 SR K TR A
Pt , ERTFSHEPE AT T, CBAprep HEZET]
DB i AR W A A PRI A [ A 3 5
KT EAAESS, AR AR 48 08 AR R
# MAE . RMSE & R?; X F RS (E
%, ARSI R . SAET RN O Y 5
BRI N AT, I USRS P B Bl 4
L L =R AN

R R 25 5 30H 7 e, ol e
BT A s LE, RREEART
U6 FESEIEIE . et AR R
AR ESR Y SN B vivie 37 N R v € =<5 7 Ny e
FEAE I S A W 25 B 9 &=, CBAprep
FEZL T K Token JHFE . BT AL #4155 Ak
AR N TR R 0 6 B AR G0 N B AR R B
H LA Benchmark 154 . Wi . Kl
RT3 BN A 4 e R g B e . 7 2
TR AR, SERARIT = T AR LR T
Ko WA T I K . kAR B o
FR, PR, A IS T R U 5
SRS R T A B AR f T AR
B R R R T 2 —

Tt it

0.60f

0.56}
X 0.54}
=

0.52}
0.50}
0.48}

0.58F "

—o— R

048 050 052 054 056 056 0.60

- eelg]
(a) GBDTHHTIk 45 -5 FIHHXT

5I0 1(I]0 1%0 260 2I50 3(I)0
BB 0 L B
(b) GBDTHIK 3 5 —Eehk

6 GBDTAREUNERULIIELER
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5 GFRF

B Bt 1 1 B AN T 45 5 B R A
FIRCERAN AR, AR SCH HH Y —Fof T 7]
AU a0 HY B s fE A R HE R
CBAprep. fEJ7 20, HH A 4 i
IR A AR AR A BER, SEBLT A
AAAH IR BN ISR AR S, A
SACHR AL T B A RO R, iR’
T E s A U7 S B RO O O i
A2 M 52 i 8 S B AL e I 8 ol A 43 T 5
FEEZRES, @it 7RSSR IES R’
W3 BRSNS B4 4 3 42 5 TR IR A
o, BREGAGM, #IIHEE,
T B A TR s AT I (R TR 20 R
kit £, CBAprep £F 2 404U S LRI
BAC T HoARXY e B EA e A 7 ik, B
T AR RS A3 AT LK R 5 AR B £ U
AIEE R, 9 SEBRR A WAc s T Y 1 5
AR AL T AT

SEi :

1] X2, B2 AR R0, &5 B B e Bk e

W LRI (Cl/ /88 -1 i [ f 1 i i K > 18
SCAC L) AT T Tl Hi ikt 2024
170-176.
Liu 'Y, Cao J J, Weng N F, et al. Re-
search review on data governance and
its development[C]//Proceedings of the
12th China Command and Control Con -
ference(Volume I). Beijing: Military Sci -
ence Press, 2024: 170-176.

(21 M, ZER, S, %S0 ER Y
TR ZER ] W RFAERARF AR,
2018, 58(12): 1037-10560.

Hao S, Li G L, Feng J H, et al. Survey

of structured data cleaning methods[J].
Journal of Tsinghua University (Science
and Technology), 2018, 58(12): 1037-
1050.

ERH, 2, HUNE BRI T
R e IR L AL —ARESE ()], K HL
&, 2024, 10(6): 5-15.

Huang K M, Xu D, Du X Y. Data circu -
lation security governance from the
perspective of data socialization: a five—
Big Data Re-
search, 2024, 10(6): 5-15.

Y, BRERE, F/ANDE . TR RIS 1 000 9 o
B BE 5¢ BE 0], K E R, 2019, 5(6):
1-16.

Fan J,

sphere framework[J].

Chen Y G, Du X Y. Progress on
human—in—the—loop data preparation[J].
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ing the sequence of tasks for web data
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