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a Verified Error Clean Error

0 15.55% 2.27%
0.05 15.47% 2.43%
0.10 14.52% 2.18%
0.15 14.19% 2.17%
0.20 14.96% 2.16%
0.25 14.37% 2.12%
0.30 17.42% 3.50%
0.35 17.33% 3.57%
0.40 17.06% 3.68%
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Model Method Verified Error Clean Error

Large IBP 15.55% 2.27%
Ours 13.77% 2.17%

Small IBP 17.93% 3.48%
Ours 16.97% 3.59%

: Al 7t it AR o] il IBP 71E
A At ®E2 ojstil Ourse 219) AR 2 ojojeit.

4. 4%

98]t 7)E0) 71 A Ant wgoe EiE A5 AHYT el
7 Al R 7 A At e EAE AS 179
Q155 Wo] 452 v]@sp] 98] MNIST Hloje] Alo] cis) Age A
Sioict. ol TN Lol AE AHYe] 7AT RN 9ep}
A WS Ea) 72 A A} o] A5 SN 4 9eg w

ABE large 9—‘*‘# small 9_%% cw s5Alzion A8 57

£ £20] 3 5Ysh st

92pt et gRYEoR I ) At Yee $UY whe 7

5119 70| large 97} small RES ¢, . =042 A0
% o7 10 Ac(epoch), Z8] T 50 A, 9t T 140

oh2 x5tk oft 2]AIsHAdam optimizer)S AFREOW %7

E—TSE learning rate)= be-42 & 130/ Alch 190%x] Al o
82 1/1002 E9ct 5 92 vixle] 27} 20002 Hetg

Flo o
I

19

b

Eé

£oae
. II)‘

)

B 20|Me 718 R A Aup gyos e 299 € =04

U o] Q15 ofl2ef Ust ofl2], L2171 At WHo s HE Rl
0.4% o A5 oo} det oflE & 4 ot Large 2@}
Small 29| 39 & O 27} Akt Wios Sid wdo] A%
27t YolrlE s & & o FAHCoR2E Large REI9] 7390
£ 915 of2{7} 1.78% Hobs o, Small 2HO] Lo Q1% of2i7t
0.96% Yottt o]2{st Avl= Large modelofA] 31R80]9H a3t
o] 127} t+& 222 small modelo|M & Fapdolat: 74 & 4 9

b E0lN 289 7)E0] 77t
77 Rk o] £21 S 2Rato 2a E2lo] Zale A7 94
oA WS BYE YIS ARSI, 45 13y 28
2 si5ab7] 95l U wiRlo] o 2 o] Ot 7lol=2iol e Alake
9 29Lo0, MNIST clole] 0] et Aol Jlo|=alols)
sk Urof T2 AlE AlAT] o= sRsat o] Alkof Tjst gk

o

for

=0
gag8o

-} L OO w
BAOIG o2t AFH Yol el 52 TS ] ol

A g Y wiRIE sk ol wet At

102

[1] Mariusz Bojarski, Davide Del Testa, Daniel Dworakowski,
Bernhard Finer, Beat Flepp, Prasoon Goyal, Lawrence
DJackel, Mathew Monfort, Urs, Muller, Jiakai Zhnag, et al.
“End to end learning for self-driving cars.” arXiv
preprint arXiv:1604.07316,2016

[2] Jeffrey De Fauw, Joseph R Ledsam, Bernardino
Romera-Paredes, Stanislav Nikolov, Nenad Tomasev,
Sam Black-well, Harry Askham, Xavier Glorot, Brendan
O’Donoghue,Daniel Visentin, et al. “Clinically applicable
deep learning fordiagnosis and referral in retinal
disease.” Nature medicine,24(9):1342-1350, 2018.

[3] Nicolas Papernot, Patrick McDaniel, Xi Wu, Somesh
Jha,and Ananthram Swami. “Distillation as a defense to
adversarial perturbations against deep neural
networks.” In 2016 IEEE Symposium on Security and
Privacy (SP), pages 582-597. IEEE, 2016.

[4] Nicholas Carlini and David Wagner. “Towards
evaluating the robustness of neural networks.” In
2017 ieee symposium on security and privacy (sp),
pages 39-57. IEEE, 2017

[5] Anish Athalye, Nicholas Carlini, and David Wagner.
“Obfuscated gradients give a false sense of security:
Circumventing defenses to adversarial examples.” In
International Conference on Machine Learning, pages
274-283, 2018.

[6] Sven Gowal, Krishnamurthy Dvijotham, Robert
Stanforth, Rudy Bunel, Chongli Qin, Jonathan Uesato,
Relja Arandjelovic, Timothy Mann, and Pushmeet
Kohli. “On the effectiveness of interval bound
propagation for training verifiably robust models.”
arXiv preprint arXiv:1810.12715, 2018.

[7] Huan Zhang, Hongge Chen, Chaowei Xiao, Sven
Gowal, Robert Stanforth, Bo Li, Duane Boning, and
ChoJui Hsieh. “Towards stable and efficient training of
verifiably robust neural networks.“ arXiv preprint
arXiv:1906.06316, 2019.

[8] Ian J Goodfellow, Jonathon Shlens, and Christian
Szegedy. “Explaining and harnessing adversarial
examples.” arXiv preprint arXiv:1412.6572, 2014.

[9] Christian Szegedy, Wojciech Zaremba, Ilya Sutskever,
JoanBruna, Dumitru Erhan, Ian Goodfellow, and Rob
Fergus. “Intriguing properties of neural networks.”
arXiv preprint arXiv:1312.6199, 2013.





