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Formal Verification of Properties of Al Models
Trained by XGBoost Machine-Learning Method
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Abstract: Machine learning is expected to be a development method of software which process phenomena that are difficult to
analyze and describe logically. Since machine learning develops Al models inductively, traditional deductive techniques are not
applicable for testing them. Consequently, the behavior of Al models may be inconsistent with the software design. Formal
verification of Al models solves this problem by checking that the output data of the model satisfies the given property for every
input data specified in the precondition [4]. However, much computing resources are needed for formal verification and frequently
verification does not terminate in a practical time. In this paper, we describe a formal verification method for decision tree ensemble
models trained using XGBoost machine learning method and propose a model reduction technique which uses approximation
threshold to control both verification time and verification accuracy. We evaluated the feasibility of our method through a
verification case study of house price prediction model trained on a house sales dataset [7]. Our feature work is to extend the case

study to larger models and refine our verification tool.
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#33 MEENE 3 OMGERER
Table 3.3 Verification time for property 3

IR | R EAR | RKRRZE | MREERFR (sec)
HEka7e L - - 42.65
0 3 0 51.72

20000 5 30469 43.78
40000 12 261343 47.79
60000 20 648751 30.05
80000 29 1307918 | 0.91 (&)< f1)

PLEXY, 238Hi0FEF A OMIIT, BRIEEEZRfE Lo
OMFERE 2T 5 9 2T, FYThD LiEmTED.
—J, YU LA T L TIRE T VORI 21T
b THIRRMEENFEETH Y, MENLIRICE S 5 I
MaZBET DL, ETVOMMOMENRZIZ 0. T
AREMERE R O R ED, HREOHAFTREAROE O
Bl dZ enn, LOBBOREZ2ETVICK L TIEE
TV ORI X B IREEZD =R O RILTE TR B LB %
bN5.
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4. FEH

AFaTIE, ZEOWRERNLHEREND Al T LD S5
2 FVOBEMAEIZ OV TR~ 72, JERRGE Tl aiiRsR:
ERGEME 2 5 2, ARG UE RIS T AN T — X & TH
L CHERR 17 — 2 BSGEEEE 2729 2 & 2 amBRiI MR
TS, 2T AL BT VOHEEROIE L & OMEETIZ AW
N, HERH AT — 2 NEE LEESANICH D Z & B RFET
XHRTHRERE V. —F, WEAROK O RADMAE
DRIZOWTHRIET 5 DT, FEOHAOHERITRER
O DI D. T OISR L TARTIE, AlE
TIVERMKT A Z L THERZHIT 5 FiEERE L
AN L 0 RGEREEE DS T3 2 & AK BRI S 2 "l gtk
BHDHR, WEBEMEICESWTHRNEITS 2 & T, HEr
M & MREEREE K T X 5.

V=NVt — AR ZT 412K, BT ILVOMKID
R EIR LT, BRSESE, MEEEE, TPEEE 525 &
Y — VI I RGEZ ATV, T — AR Z T 4 DET VT
DOWTIBER R NITREE L #4272 MEEIC L Y ALE
FANRE LEEL TOVRNSED EWNE LW & MEEE
TE DT TR, BRSNS % 28 2 THGIE %
DRTZET Al ETAVDOLLEVWEHFETDLZENTE
D, X0 KRR ATl BT V& RS0, HREERETE & Mabrs &
BT UASE DML UANT OFER LY — VOB,
SHOPETH 5.
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