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Over fitting-resistant improved GBDT model for
predicting IC fuse trimming codes

Zhang Lihua Zhang Junhu Liu Jian Zhan Wenfa

(School of Electronic Engineering and Intelligent Manufacturing, Anqing Normal University, Anqging 246011, China)

Abstract: To address the problems that fuse trimming in chip manufacturing still relies on sequential search of trimming codes, leading
to frequent read-write operations, long testing time, and high hardware resource consumption, this paper designs a single-shot trimming-
code prediction model based on a GBDT multi-classification framework. Overfitting-resistant mechanisms are introduced at the structural
level : during residual learning, part of the residual samples is randomly discarded to weaken excessive memorization of abnormal and
noisy samples, while Gaussian perturbations are injected into the leaf-node outputs to enhance robustness and generalization under
fluctuations in data distribution. In addition, a fuzzy-region discrimination strategy is incorporated to construct a mathematical description
of trimming-code fuzzy regions, enabling secondary discrimination and correction of samples located near adjacent class boundaries,
thereby effectively reducing misclassification between neighboring categories and achieving refined identification of uncertain trimming
codes. Experimental results show that, in the fuse-trimming indexing task, the proposed model achieves an overall prediction accuracy
above 97. 8% and an R* value greater than 0. 99, while significantly shortening test time and reducing read-write operations and hardware
resource overhead.
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Fig.2 Comparison of model evaluation metrics

2.3 ETHRYPEMEEMEREXTLL

A 2 AR 3 O A T A5 AR
RITETRIERE E 225 &1 3 A s B S ORI A )
PO LIZEA ) TN SO B, BT | & ALY
HAE&BHHBIARE S, Kb FI-GBDT #AFE A RS
RMSE F84r FALT Ho A X LA A 15 0] H 28 T 5 ) £
SEME Sz ALRE
2.4 F[REBIFMEERITEE

AR DT, AdaBoost . XGBoost . RF , CatBoost A
B th i FI-GBDT BEBUXS I8 45 22 A8 e 1 A7 Fi il it
IS5 R AN 2 FroR o 8 ik 44155 AL ff 25 1 X6 LG AT T il
B ROR X IR AL A it FI-GBDT 5% 70 A T30 v i
IR IR G b 8 i HABXT LA

®2 BREWNER

Table 2 Prediction results of different models

Xg Cat Ada FI

oA 5 RF DT
-GBDT

boost boost boost
YERRR 0.2436 0.2795 0.2486 0.3000 0.3077  0.978 2

T L UL A FI-GBDT FRAepo % e e 32, JF4E 5

® Reference

® FIGBDT

® AdaBoost

® XGBoost
CatBoost

). @®RF

% e DT
)

N
¢,

2.5 5.0 7.5 10.0
bRtz v
K3z

Fig. 3 Taylor diagram

Al R TR ) B8 Sy 3 i E B R THSIA T XK T
A7 BRI AL AB TR RN A i S ) B e S AL
Rtk , AH AR RS 17 76 H I SRR AE AR R AP e &, FI-
GBDT T UNZREAE HGe 1153 70 Fa) HEAH &R RS AL i Bk X
S, I AE TR B B ARV DI PR AR AT 40 3 — Bkl e
T 3 G P S A5 s R B R I 4 R 2 &
WA, A2 R, HAR A R e B 5 0 R AH R 45 1 T 7
R FHJ A B — PR R SRR AL B RRHE C R
AT AV 26 PR AR X BSR40 SR R

2.5 MR&ERBEERE

k2 Ay BT A R RUAE Sy AT S5 B BARR B, A
SCEEH T A AR AR TR VB R, W 4 B
71, DT . AdaBoost . XGBoost . RF Fl CatBoost 57 3] {7 7F —
FE TR BN DX 3 5 ) B 42 | RIS DA AT 4% 52 1) T &%
TP E DR, PR T,

FHELZ T, FI-GBDT B by F 5] AT 08 X 3833 51
B, BB AT S8R AL T AH &R B AT 52 X H] I AEAS A
T 2 BRI T SR 0 R A A, e TR W A MR e 3
T ST PR TN 2% R B UE T AR DX e A A v
Bk,

AR FTESHE RS AT T 22 S 5000, TR 5%
PEAERA R 200 41, B A FFSE A, Amjad 26 ff ] 200
EHE , BT XGBoost B 3L AR 87 dE AT 0, Fir 45
BERITENFEHR R 4 0. 955 ; Zhu 25120 (i 1] 252 45508 , 45
BT ALY S RF ] 2 719 ( PSO-SVR ) A5 R FU 2 A7
BT 5R B S 5L, 15 BB AL PE AN 48 AR R OOA 92.4% M
96. 6%, FHLLZ T, A WF 55 fir 44 2 5 U 1 R® {3k )
0.996 8, FHITE— 2 F2 BE I+, IO ASE AU 1) F000 5 R v 1
AR A TR0 R 5 T AT B AL, BB s il



%4 UL 5 Ak GBDT BERY TN 1C %5 22 16 9%

DT RERE R FF
00.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 5
1-0.2 0.6 B 0.6 0.0 0.0 0.0 0.0 0.0
2:0.3 0.5 0.9 1.0 1.2 0.4 0.0 0.0 0.0
5 3701 0.8 16 0.3 0.8 1.6 0.0 0.0 0.0
§4-0.1 0.7 0.8 0.3 0.7 1.1 0.0 0.0 0.0
01 0.2 0.3 0.1 0.3 0.6 0.0 0.0 0.0 |1
29-0.0 0.0 0.0 0.0 0.0 0.0

30-0.0 0.0 0.0 0.0 0.0 0.0

31-0.0 0.0 0.0 0.0 0.0 0.0 1.6
0 1 2 3 4 7 29 30 31
T
XGBoostill iR £ VB ¥ 50 B
0878 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.2
1-0.3 0.7 1.5 0.1 0.0 0.0 1.6 0.0 0.1
2-0.0 0.5 0.0 0.9 0.8 0.8 1.4 0.0 0.0 4
— 3-0.0 0.0 0.0 0.0 0.21.6 0.0 0.2
oR
§§4-0.0 0.0 0.0 0.0 0.2/2.2 1.1 0.0 0.2
= 5.0.0 0.0 0.0 0.0 0.1 1.1 0.4 0.0 0.1
29-0.0 0.0 0.0 0.0 0.0 0.0

30-0.0 0.0 0.0 0.0 0.0 0.0

31-0.0 0.0 0.0 0.0 0.0 0.0 1.6

0 i 2 3 4 7 29 30

51
CatBoostJll i AR IR FF

00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

1-0.3 0.2 8858 0.5 0.0 0.0 0.0 0.0 0.0

2-0.0 0.0 0.0 1.4 1.9 1.1 0.0 0.0 0.0 4

3-0.0 0.0 0.0 0.0 0.7 NS

=
o

0.0 0.0

S
=)

0.0 0.0

&R

§4-0.0 0.0 0.0 0.0 0.7 ENU

= 5-0.0 0.0 0.0 0.0 0.2
29-0.0 0.0 0.0 0.0 0.0

30-0.0 0.0 0.0 0.0 0.0

+ 267 -
AdaBoostil {4 VR ¥ 4 FF
oo.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5
1-0.8 0.3 &0 0.2 0.0 0.0 0.0 0.0 0.0
2:0.7 0.1 0.0 1.9 1.4 0.3 0.0 0.0 0.0 4
_ 30,5 0.1 0.0 0.6 0.70.0 0.0 0.0
R 3
X 4:0.4 0.1 0.0 0.6 0.32:2/0.0 0.0 0.0
B 501 0.1 0.0 0.2 0.2 1.0 0.0 0.0 0.0 B
29-0.0 0.0 0.0 0.0 0.0 0.0 L8N 0.0 0.0
30-0.0 0.0 0.0 0.0 0.0 0.0 MH 0.0 0.0 1
31-0.0 0.0 0.0 0.0 0.0 0.0 0.7 80} 0.3
O i 2 3 4 " 29 30 31 L
T2
RED SRR
oo.o 0.0 0.0 0.0 0.0 0.2 0.3 0.2
5
1-0.7 1.1-0.1 0.0 0.0 0.0 0.2 0.0
2:0.8 0.2 0.0 1.9 0.5 0.0 0.9 0.1 0.0 4
_ 3-0.8 1.6 0.0 1.0 0.0 0.0 1.4 0.5 0.2
oR
3
ﬁi 4:0.6 0.9 0.0 0.8 0.0 0.0 0.9 0.4 0.2
M 503 0.3 0.0 0.4 0.0 0.0 0.3 0.1 0.1 B
29-0.0 0.0 0.0 0.0 0.0 0.0 0.0
30-0.0 0.0 0.0 0.0 0.0 0.0 0.0 1
31-0.0 0.0 0.0 0.0 0.0 0.0 L9 0.1
6 1 3 3 & " 29 30 31 0
T 25
FI-GBD TR IR I 4E R
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 5
- 0.0 0.0 0.0 0.0
2. 0.0 0.0 0.0 0.0 4
_ 31 0.0 0.0 0.0 0.0
5%2 3
ﬁ4-0. .0 0.0 0.0 [ZWEN 0.0 0.0 0.0 0.0
5.0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 L,
29-0.0 0.0 0.0 0.0 0.0 o.oo.o 0.0
30-0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 L
31-0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. . . .O

o i 2 3

4
TSR

B4 MR AR MRS RN T

Fig.4 Comparison of confusion matrix results on the test set
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