Supplementary Material for “Effective End-to-end
Unsupervised Outlier Detection via Inlier Priority of
Discriminative Network”

1 Operation Set O for Surrogate Supervision

For O, each operation O(+|y) € O is defined as a combination of one or more basic transformations
from transformation sets below: 1) Rotation, which includes simple rotation transformations that
clock-wisely rotates images by integer times of 90°: Tsr = {Rot(-, (y —1)-90°)}+_,, and irregular
rotation transformations by integer times of 30° (transformations already in 7gp are excluded):
Tir = {Rot(-, (y — 1) - 30°)},2, — Tsr. 2) Flip: Tp = {Flip(-,y)},—o> Where y = 1/0 refers to
flipping the image or not. 3) Shifting, which includes x-axis shifting: Ts, = {S (-, (y —2) - D)}3_,
and y-axis shifting: Ts, = {5, (-, (y —2) - D)}2_, (D is the step of shifting). 4) Patch re-arranging,
which partitions the image into M equally-sized patches and re-organizes them into a new image by
a permutation selected from M possible permutations: Tpr = {PR(-, perm,,) 321 Then we join
the transformation sets into three operation subsets, regular affine operation set Op 4, irregular affine
operation set Oy 4 and patch re-arranging operation set Opg:

Ora =Tsr X Tr X (Tse X Tsy)s  Ora=TirxTr,  Opr="Trr (1

where “x” refers to Cartesian product. Therefore, we obtain 4 x 2 x (3 x 3) = 72 operations for
ORra, (12 — 4) x 2 = 16 operations for Oy 4 and 4! = 24 operations for Opg, so the final O has
72 4+ 16 + 24 — 1 = 111 operations in total (The permutation that corresponds to the original image
in Oppg is excluded). In our experiments, we set D = 8 pixels and M = 4. There are several
remarks: 1) The reason why we construct operation sets as (I)) is to augment the number of operations
without joining two transformations that both produce image artifact (e.g. shifting and irregular
rotation), which will degrade the UOD performance. 2) It is NOT compulsory to apply all operations
in O to provide surrogate supervision. In fact, our experiments show that Or4 can produce good
UOD performance as well, but a union of Oga, Oy and Oppr will produce the best results. 3)
Other operations like colorization [[1] or temporal shuffle [2]] can be incorporated into the surrogate
supervision for better UOD performance or deal with other data types, such as videos or optical flow.

2 Theoretical Derivation on Priority by Gradient Magnitude

To obtain (3) in the original manuscript, we consider an SSD with its network weights randomly
initialized by i.i.d. uniform distribution on [—1, 1]. Suppose that the network of SSD has an (L + 1)-

node penultimate layer and a final {-node softmax layer. We discuss the case of inliers X;,, first: For
cross-entropy loss £, only transformed inliers generated by the c-th operation X fi) = {x9|x € X;,}
are used to update w.. The gradient vector incurred by X ffb) is denoted by V&,:")C = [sz‘cﬁ]gfl_l)
with its element V,,, L given by:

Nin Nip

Vi £ = Vi, L(x:) =D (P (x:) — DA™ (x:) )

1=1 =1
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where V;,, is the inlier number (N, is the outlier number), P (x;) is the c-th node’s output of the

softmax layer and h(* )(xz) is the s-th node’s output of the penultimate layer for x; € X (C). Since
SSD is randomly initialized, we compute the expectation of inliers’ gradient magnitude to update We,

ie. B(|[VSML)3). As ||VEV L) |2 = S5 (W, . £)2, it needs to compute the term below:

Nin Nin Nin
E((Vw, £)?) = E((O_ Vo L(x:))*) =D E(Va, LX)V, L(X;)). 3
i=1 i=1 j=1
To compute H we first define a function gg’c) as follows:

959 =V, L(xi) Vi, L(x;) = (PO (x;) — 1)(P(x;) = DA (x)hP)(x;) (@)

where h(*)(x;) is the penultimate layer’s s-th node’s output and P(¢)(x;) denotes the softmax layer’s

(

c-th node’s output for x;. Our goal is to compute £ (gi;’c)) w.r.t the weights between the penultimate

layer and the final softmax layer, which is a (L + 1) x K vector w = [w.]X ;, with the weights
associated with the c-th class (1 < ¢ < K) to be a (L + 1) column vector w, = [w,, C]f+11 To
simplify computation, we use the second-order Taylor series expansion of gl(;-’c):

s,c s,C s,C 1 S,c
9577 (w) ~ 97 (1) + Vwgl7? () - (w = ) + 5 (w = )" - Vogl3 () - (w =) (5)

where p is the expectation of w. Since each Welght in w is drawn from i.i.d uniform distribution
on [—1,1], we have pi5 . = E(ws,.) = 0, BE(w?.) = 5 and E(ws cwy,c) = 0 (s # ). Therefore, the

expectation of g(v °)

i WIL W is approximated as

L+1 K L+1 K

s ]. S ]- Ss,c
E(gl? (w)) ~ g9 (0 522 V2, 050 EW?,) = g5 (0 522 V2, 99(0)

(6)

: (s,¢) (s,0)
Thus, computing £ (g” (w)) requires the computation of th ,9i;"(0). Recall the softmax
probability is computed by:

hT(xi)'wc
() (x.) — €
S ™

where h(x;) = [h®) (x;)] 5] is penultimate layer’s output for x;. Since h(x;) is independent of w,
we have:

Ve PO (x:) = =P () (8e, = PO (%)) - 1O () ®)

where d.; = 1if ¢ = [ and 6. ; = 0 otherwise. Usmg and ' we can calculate th lg”s )
by:

VQZJC=Mwmm@@a}w®@m?P@wmarJﬂx>>u—P“<»
(0 (x0))? - P () PO (i) (1 = PO (i) (1 = PO (xy)
+2h<>mw&>ﬂ% P () (Feq = PO i) (6 — PO ;)
(7)) P () (6 — PO (7)) (1~ P ()
HMW&»~ﬂW&WW@ﬂO—ﬂW&DO—ﬂW&»~ ©)



Therefore in the summation term of @, we have (L + 1) terms that satisfy ¢ = [, and in this case

2
th lg’Lj |W ois:

R R K-12%2-K K-1%*2-K K —1)?
L e T e e L=
(10)
For the rest (L + 1)(K — 1) terms in the summation term that satisfy ¢ # [, th ng(; -©) |w=o is:
. . K —1)(K —2 K —1)(K —2 , 1
9 e () [ 1) ) D=2 052 DA 2Dy a5 0 )
(1
By substituting (I0) and (TI) into (6)), we can obtain the result of (5) in the original manuscript:
L+1
s,c s s K-—-1 — ].
B(Va, £06) Vo £0)) = B(g(y (w) & 5 e 0 o) [ K10 P3 KOG o)
(12)

It remains to calculate the expectation of h(*)(x;)h(® (x;) in . To make its calculation tractable,
we consider a simplified case of a network with a single hidden-layer and sigmoid activation. In this
case, by [3l Lemma 3.b], the expectation of h(*)(x;)h(*)(x;) w.r.t. the randomly initialized weights
between the input and hidden layer satisfies F(h(®) (x;)h(® )( ;) ~ 1 and E(h®) (x;)2h®) (x;)?) ~

1. Thus, by definition of V&™) £)12 and , we yield:

(K-1)?* (K-1)(L+1)
4K2 48 K3

B[V LIB) ~ N2 | (L + 1)( )| 2N A (13)
Since L, K, A are constant suggests that the magnitude of inliers’ gradient E(||V(m)£| 2) is
proportional to N2 . Similarly, outliers’ gradient magnitude E(||Ve"" £||2) ~ - A. Thus, it is
easy to obtain:

out

E(IVwr LI N,

(14)
BV L|?)  Now

3 Implementation Details of Compared Methods

For all AE based methods, we adopt a deep CAE with the architecture below: conv(k = 3,s =
2) — bn — Relu — conv(k = 3,s = 2) — bn — relu — conv(k = 3,8 = 2) — bn — relu —
reshape — fc(4096,256) — tanh — fc(256,4096) — bn — relu — reshape — deconv(k = 3,s =
2) —bn — relu — deconv(k = 3,8 = 2) — bn — relu — deconv(k = 3, s = 2) — tanh, while k and
s refer to kernel size and stride. For each individual method, the parameters are set as follows: 1)
CAE [4]. CAE is trained by Mean Square Error Loss (MSE) and its reconstruction loss is directly
used to perform UOD. The CAE is trained by default Adam optimizer in PyTorc for 250 epochs
with learning rate 0.001 and weight decay 0.0005. The batch size is 128. 2) CAE-IF. CAE-IF is
a decoupled/hybrid method that feeds the learned representations of CAE into isolation forest (IF
[S]. The training of CAE is the illustrated above, and the IF is realized by scikit-learn framewor

The contamination parameter of IF is set by p = p to yield better UOD performance for comparison
with E3Qutlier, and other parameters are set to default values in scikit-learn. 3) Discriminative
reconstruction based autoencoder (DRAE) [6]]. We set DRAE’s encouraging term weight A = 0.1 as
recommended in [6], while other training setting is the same as CAE. 4) Robust deep autoencoder
(RDAE) [7]. We set A = 0.00065 for RDAE’s regularization, which performs best in the empirical
evaluation of [7]. To yield the best performance, we use 20 outer epochs and 1 inner epochs for the

"https://pytorch.org/
“https://scikit-learn.org/



alternating optimization. 5) Deep autoencoding gaussian mixture model (DAGMM) [8]]. As suggested
by [8]], we adopt A; = 0.1, Ay = 0.005 for the energy regularization term and the singularity penalty
term respectively. An Adam optimizer with the recommended learning rate 0.0001 is used to optimize
the CAE and density estimation network for 200 epochs. The batch size is 1024 as set in [8]]. 6)
SSD-IF. SSD-IF shares E2Outlier’s SSD part but directly feeds SSD’s learned representations into IF
to perform UOD, which is a comparison to E®Qutlier’s end-to-end UOD. SSD-IF shares exactly the
same IF setting with CAE-IF. The experiments are run on a PC with dual NVIDIA Titan Xp GPU, 64
GiB RAM and Intel 7820X CPU, under a programming environment with Python 3.6, PyTorch 0.4.1
and Keras 2.2.0.

4 Detailed Results of UOD Performance

We present detailed results of UOD performance comparison on each class of benchmarks in Table
1-15. The AUROC results are given in Table[T}5] while the AUPR results are given in Table [6}{T5]
Note that only NE based performance is shown for E3Qutlier due to limit of space. In each table, the
best overall UOD performance (“average”) on each benchmark is shown in bold.

References

[1] Richard Zhang, Phillip Isola, and Alexei A Efros. Colorful image colorization. In European
conference on computer vision, pages 649—666. Springer, 2016.

[2] Ishan Misra, C Lawrence Zitnick, and Martial Hebert. Shuffle and learn: unsupervised learning
using temporal order verification. In European Conference on Computer Vision, pages 527-544.
Springer, 2016.

[3] Rangachari Anand, Kishan G Mehrotra, Chilukuri K Mohan, and Sanjay Ranka. An improved
algorithm for neural network classification of imbalanced training sets. IEEE Transactions on
Neural Networks, 4(6):962-969, 1993.

[4] Jonathan Masci, Ueli Meier, Dan Ciresan, and Jiirgen Schmidhuber. Stacked convolutional
auto-encoders for hierarchical feature extraction. In International Conference on Artificial Neural
Networks, pages 52-59. Springer, 2011.

[5] Fei Tony Liu, Kai Ming Ting, and Zhi-Hua Zhou. Isolation forest. In 2008 Eighth IEEE
International Conference on Data Mining, pages 413—422. IEEE, 2008.

[6] Yan Xia, Xudong Cao, Fang Wen, Gang Hua, and Jian Sun. Learning discriminative reconstruc-
tions for unsupervised outlier removal. In Proceedings of the IEEE International Conference on
Computer Vision (ICCV), pages 1511-1519, 2015.

[7] Chong Zhou and Randy C Paffenroth. Anomaly detection with robust deep autoencoders. In
Proceedings of the 23rd ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining, pages 665-674. ACM, 2017.

[8] Bo Zong, Qi Song, Martin Rengiang Min, Wei Cheng, Cristian Lumezanu, Daeki Cho, and
Haifeng Chen. Deep autoencoding gaussian mixture model for unsupervised anomaly detection.
In International Conference on Learning Representations (ICLR), 2018.



Table 1: AUROC (%) when p = 0.05

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3Outlier
0 5743+3.06 92.78+0.93 62.39+3.62 69.63+2.39 71.30+21.72 92.54 £0.99 96.25 +0.28
1 99.31+£0.09 99.39+0.06 83.05+11.22 99.36+0.08 87.19+12.48 97.69+0.21 96.99 + 0.55
2 59.894+5.24 T77.84+217 69.234+9.98 62.82+3.49 50.324+11.76  94.68 £0.49 93.86 + 0.44
3 63.72+1.96 85.18+1.08 63.11+£7.12 68.33+£249 4745+4.02  97.59+0.50 97.72+£0.22
4 71.30+£2.10 85.94+2.85 70.51+6.28 74.74+1.52 62.07+4.94  96.47 £ 0.59 96.62 + 0.35
MNIST 5 61.38+3.40 81.62+2.11 57.36+4.21 67.80+1.71 53.07+£3.56  96.22 +0.99 93.42+0.58
6 71.89+4.76 90.45+1.43 66.68+9.13 77.43+1.87 52.15+12.88 98.50 £0.35 97.36 £ 0.18
7 82.70+£2.55 93.60+0.58 79.31+£3.45 88.57+1.44 T71.52+851  95.45+0.54 94.54 + 0.45
8 4798 +£6.95 74.71+1.49 49.91+5.14 50.91 &+ 4.25 52.67 +6.14 89.52 4 2.44 89.43 4+ 0.81
9 7T7.08+213 91.21+£0.78 74.00+7.22 79.99+247 59.45+7.92  96.44 £ 0.55 95.42 +0.14
average 69.27+1.02 87.27+0.34 67.56+2.84 73.96+0.83 60.72+2.09 95.51£0.30 95.16+0.15
t-shirt 65.884+5.02 87.28+0.79 66.83+6.48 77.48+1.10 64.53+15.40 90.77+1.31 94.00 + 0.39
trouser 97.02+0.21 96.76 £0.52 88.31+4.18 97.07+0.27 69.94+18.29 98.42+0.10 98.73+0.18
pullover 65.890+5.19 84.24+1.21 66.56+3.36 73.83+4.12 50.17+10.66  90.00 +1.11 91.59 +1.41
dress 79.744+1.96 87.97+1.84  76.50 & 3.09 80.18 +£2.61  77.50 4 14.41 92.39 & 0.42 92.73 + 0.67
Fashion- coat 72.914+244 84.74+1.44 64.64+1.91 74.10 £ 3.76 55.17+7.93 90.61 4 1.02 91.50 £ 1.13
MNIST sandal 80.91+4.66 70.19+2.17 76.13+6.09 75.56+12.49 84.09+6.49  90.34 +1.04 93.42 4+ 0.70
shirt 56.62+5.11 79.67+1.25 55.87+1.99 69.43+239 59.90+6.33  82.58 +£1.46 84.46 +1.15
sneaker 94.26 £1.04 94.60+£1.09 92.75+1.77 95.00+0.48 67.44+26.98 98.66 £ 0.30 99.17 £ 0.29
bag 51.224+4.38 70.40+£1.61 48.00+2.27 58.78 +£4.68 44.84 £8.31  91.37 £ 0.69 95.47 + 0.52
ankle-boot 86.44+2.16 91.65+0.93 79.24+£3.36 87.82+243 67.16+16.22 98.72+0.17 99.47 + 0.09
average 75.09+0.45 84.75+0.15 71.48+0.61 78.93+1.17 64.07£5.95  92.39+0.20 94.05+0.13
airplane 69.24 +248 62.68+0.86 72.09+£0.62 64.37+£3.64 52244936 57.98+3.45 79.44+1.15
automobile 41.79+1.73 31.724+0.86 39.55+2.12 33.38+£2.07 58.65+7.06 7547+ 2.96 95.31 +0.38
bird 65.19+1.49 66.77£1.25 66.01+0.78 68.30+1.80 48.27+2.65 57.91+1.95 75.40 +1.94
cat 59.19+1.74 52.70+1.69 59.72+1.09 57.74+1.17 49.26+3.83  57.04 £2.65 73.91+0.55
deer 61.16+2.54 68.57+2.20 62.2243.42 69.09 + 2.04 52.724+5.71 64.60 & 2.48 84.09 £ 1.39
CIFAR10 dog 55.86 +2.06 51.57+0.68 60.85+1.01 55.28+1.74  52.67+3.55  62.28 £2.57 87.88 +1.32
frog 49.96 £3.02 61.704+0.69 46.00+1.30 57.31£3.26 64.59+2.15  66.89 +4.23 84.98 +1.02
horse 49.05+1.78 46.81+0.84 52.00+1.25 48.72+0.81 55.46+5.33  77.00=+2.23 93.38 +1.00
ship 72.79+231 67.66+1.23 7259+1.21 70.06+251 5548 +5.76  73.07+3.10 92.34 +0.89
truck 37.94+1.37 3235+£2.63 38.69+3.16 34.25+3.42 61.91+4.75 75.17+2.24 89.74 £ 1.14
average 56.22+0.79 54.25+0.28 56.97+0.46 55.85+0.64 55.12+1.76  66.74+0.32 85.65+ 0.42
aquatic mammals 63.71+£2.30 63.77+1.73 67.14+2.66 66.63+2.18  49.93+6.68  55.26 £ 3.29 77.22 +1.56
fish 65.174+2.02 60.19+1.34 63.224+1.13 62.06 + 1.51 44.59 + 3.47 57.57+1.83 70.32 4+ 2.41
flowers 38884259 36.27+1.72 3721+1.85 37.51+5.36 66.024+10.09 54.31 £1.76 79.04 +2.54
food containers 60.73+4.23 59.80 £2.64 61.84+0.43 60.11+1.53 46.68+3.95 52.21+3.19 83.32+0.98
fruit and vegetables 55.21+4.32 45.63+£0.86 53.41+2.24 4858+3.19 65.91+293  53.69 +3.10 78.31+1.05
household electrical devices 52.164+1.47 44.09+221 56.954+1.88  49.75+1.88 50.11 +1.26 48.73 £4.67 64.23 £ 2.02
household furniture 59.734+4.97 53.85+£290 66.224+2.04 56.15+3.38  50.62+7.51 50.67 +2.93 82.26 +0.93
inserts 46.31 £0.92 50.45+1.82 46.26£2.11 48.20+£2.68 51.36£1.29  52.93+2.99 76.14 +£0.92
large carnivores 50.41+2.65 55.42+2.76 54.01+2.75 58.02+4.39 59.22+3.13  61.47+3.48 87.59+1.34
large man-made outdoor things  65.53 +3.69  63.06 £3.87  70.154+4.05  66.28 +£4.59  57.15+9.20 67.45 4+ 2.07 88.67 +2.38
CIFAR100  large natural outdoor scenes ~ 83.36 +1.74 82.40+£2.64 80.88+0.96 82.01+2.28 51.37+6.78  62.61 £2.48 85.93 4+ 0.65
large omnivores and herbivores  51.13 +£3.09 51.06 £3.35 56.66 +1.77  56.04 £3.43  57.51+£1.90  55.61 +0.85 83.65 + 0.69
medium-sized mammals 58.80+247 57.48+1.80 62.64+2.64 63.09+3.76 61.02+2.59  58.72+2.98 84.72+1.08
non-insert invertebrates 5291+1.39 57.02+1.97 50.59+0.92 54.87+0.77 49.94+239  49.14+0.57 63.87 +1.65
people 46.69 £1.61 39444270 47.94+1.95 4220+£274 56.84+£2.61  56.42 £ 3.45 90.61 +0.93
reptiles 54.38+1.44 55.95+£2.71 53.88+0.65 56.69+2.82 48.79+2.97  52.66 £ 1.96 69.78 4+ 3.44
small mammals 59.34 +£2.09 62.87+0.70 62.37+2.23 64.68+1.14 54.79+3.84  57.95+1.80 75.05 4 0.88
trees 62.66 +£4.30 63.74£3.50 60.81+3.37 63.36+£2.66 58.04+3.05  75.59+2.72 91.91 4+ 0.57
vehicles 1 36.04+2.54 36.45+1.35 37.85+4.59 37.72+3.15 58.24+3.25  61.66+3.38 89.94 +0.81
vehicles 2 48.37+£226 47.00£0.79 5343 +2.34 48.34 £ 1.41 49.17 £ 5.60 57.30 & 5.00 84.18 = 1.60
average 55.57+0.60 54.30+£0.26 57.174+0.58  56.11+0.65  54.37+0.51 57.10+£0.67 80.34 +0.20
0 5216 +1.67 60.13+0.98 53.52+£1.50 51.90£1.10 49.68+1.87 78.25+1.08 80.95+1.23
1 54.74+ 159 61.06+0.59 55.20£1.72 58.03+£0.92 48.28+1.32  69.28 +2.99 78.02 +0.85
2 51.424+1.24 53.94+094 49.88+0.65 51.87+0.81 49.57+1.11 78.31+2.61 93.124+0.38
3 50.09+0.85 52.51+0.65 49.37+0.61 50.10+0.94 50.41+0.55  71.82+2.49 89.39 +0.61
4 52.34+145 56.98+1.29 5245+0.96 53.25+0.97 49.47+1.55  76.67+£2.47 94.01+£0.19
SVHN 5 49.42+1.24 52.68+0.77 4855+1.34 50.18 £0.87 51.16£0.67  75.18 &+ 2.50 93.25 4+ 0.35
6 49.71+£0.98 522140.66 47.65+0.73  50.00£0.69 48.64+1.31  79.73+1.72 91.70 + 0.48
7 54.28 +1.94 57.62+1.32 52.22+1.29 5447+1.82 49.59+1.57 84.72+0.62 95.03 +0.19
8 50.13+1.34 53.90+1.09 4894+1.77 50.78+1.53 49.54+1.57  68.04 £2.50 81.39+1.24
9 50.17+0.77 52.86+1.72 4858+0.36 51.21+1.06 50.46+1.28  80.24 £1.37 92.17+0.73
average 51.454+0.27 55.39+0.46  50.64 4+ 0.41 52.18 £ 0.15 49.68 + 0.46 76.22 4+ 0.31 88.90 £+ 0.24




Table 2: AUROC (%) when p = 0.1

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E*Outlier
0 57.50£5.33 90.19+2.19 61.86+13.38 62.51+5.83 74.52+£26.99 90.90+1.01 94.384+0.28
1 99.09+£0.16 99.27+0.14 81.80+7.54 99.1940.08 89.23+15.65 96.59+0.42  95.22+0.33
2 53.78 £5.92 T74544+1.23 56.944+5.53 61.124+1.81 48.74+10.55 91.70£1.08 93.07£0.35
3 61.16 £6.48 81.80+2.60 67.41+5.25 6591+1.84 50.51+£341 95.61£0.87 97.20£0.29
4 69.94 £3.91 83.30+2.22 66.224+4.98 76.05+1.20 62.22+8.78 95.81+0.82 95.64 +0.30
MNIST 5 60.38 £0.49 79.06+1.11 64.34+3.64 65.114+243 52774537 92.77+1.28 91.72+£0.54
6 73.47£488 91.10+0.91 74664553 75.034+1.94 66.57£11.11 97.53£0.08 96.79 £0.12
7 81.79+£246 91.90+0.93 77.47+3.57 85.64+1.11 7549+£10.55 93.89+0.83 93.30+0.21
8 48204+ 1.78 73.93+£2.57 4875+5.28 51.38+230 56.98+8.17 87.80+1.49 88.5140.99
9 74.61 £1.90 89.924+1.16 69.50+16.65 75.714+2.60 63.08+4.61 95.76+0.54 95.12+£0.34
average 67.99+£0.70 85.50+0.53 66.90+2.55 T71.76+£0.99 64.01+3.70 93.84+0.32 94.09+0.13
t-shirt 57.17+£6.39 85.55+0.94 61.27+6.82 70.56+4.18 58.67+13.52 88.09+0.76  92.55+0.43
trouser 96.05+£0.30 96.34+0.55 76.73+£13.97 96.944+0.36 74.20+12.80 97.82+0.42 98.12+0.16
pullover 60.73 £2.57 82.824+1.33 61.554+3.28 68.794+4.73 52.09+£16.12 89.41+£0.97 91.86+0.90
dress 77.34+£1.80 85.22+0.70 7543+3.23 79.124+3.22 73.04+£23.18 91.00+0.71  89.99 +0.84
Fashion- coat 67.42 £2.27 82.68 +1.05 60.42 £ 3.50 73.23 + 159 49.924+14.90 89.95+ 0.37 9111 +0.44
MNIST san_dal 73.94+£421 67284228 T72574+4.08 73.644+1.33 84.47+6.00 88.09+1.08 93.64£0.29
shirt 52.09£3.99 T77.53+0.78 54254+3.28 66.34+3.00 57.02+£742 82.06£0.79 83.50£1.15
sneaker 91.00£1.69 91.56+0.75 91.69+1.48 91.15+1.14 75.66+28.60 98.18+0.33 99.11+0.14
bag 45.824+3.31 67.18+1.16 46.09+1.75 51.25+2.93 52.68+7.54 82.36+1.83 93.16+0.38
ankle-boot 81.37£2.64 86.684+1.47 71204533 823545.15 61.76 £24.67 98.58£0.27  99.40 £0.09
average 7029+£0.92 8228+0.19 67.12+1.76 7534+1.19 63.95+9.90 90.55+0.18 93.27+0.14
airplane 68.34 +£4.04 61.93+1.11 71.214+0.83 62.654+2.21 49.29+7.83 52.22+243 7822+1.19
automobile 37.81 £3.07 32.69+1.78 38.414+0.90 33354222 61.62+3.92 T71.70£2.12 93.78 £0.49
bird 61.87£4.59 66.43+1.20 65.56+1.06 66.734+1.33 48.97+4.87 54.23£2.75 71.28+£1.36
cat 59.15+£2.38 51.05+1.14 59.72+1.17 55.144+2.34 50.61+0.82 55.55+1.78  70.40+1.29
deer 64.54 £229 70424134 61.604+1.55 70944237 57.03+441 64.80+1.19 82.18+£0.22
CIFAR10 dog 5740 £3.15 50.594+1.03 61.054+0.91 55.624+1.20 54.53+4.55 62.05+£2.88 84.80+0.92
frog 53.99+£420 61.93+1.10 41.03+1.32 56.824+2.22 62.58+5.92 64.62+3.74 81.88+1.55
horse 46.49+1.29 46.01+£1.32 50.75+£1.06 49.40+1.86 57.27+3.10 73.76+£0.94 91.60+0.48
ship 72.33+£263 66.72+0.84 72.584+1.78 67.774+2.02 54.55+14.22 68.77£2.78  92.00 £0.16
truck 36.39 £2.79 33264149 38244154 3598+1.67 64.36£7.05 72.27£1.77 89.19£0.78
average 55.83+1.37 54.10+£0.11 56.01+£0.10 55.44+0.58 56.084+2.00 64.00+0.30 83.53 £0.29
aquatic mammals 64.21 £3.67 61.344+0.70 65.614+219 63.76+1.16 49.45+251 54.87+1.73 7545+2.51
fish 63.53 £3.38 57.71+1.17 64.654+1.38 60.614+2.92 43.67+£3.19 56.08+1.51 69.72£1.69
flowers 3726 £9.90 3846+1.95 35154+1.80 36.16+4.81 64.37+£6.98 55.77£1.87 77.44£0.72
food containers 61.06 £5.31 57.61+£1.67 63.254+0.96 59.114+2.01 50.12+2.28 48.60 £2.97 80.03 +1.44
fruit and vegetables 50.21 £4.25 42.544+1.95 53.084+1.97 41.96+5.07 62.67+749 53.85+259 76.17+1.38
household electrical devices 5250 £3.31 43.654+0.47 52.18+5.58 46.374+2.02 48.37+248 49.04£0.97 63.25 £2.31
household furniture 59.89 £4.51 52.25+1.04 62.48+1.68 53.67+2.66 52.23+4.69 46.60+1.03 80.08 +0.98
inserts 48.574+2.52 5256 +£2.03 46.68+1.27 49.33+4.21 49264234 52.70+0.83  72.60 4 0.94
large carnivores 54.25 £3.41 57.014+221 50.744+2.87 59.4443.12 61.05+£0.75 61.26+3.29 86.23+£1.09
large man-made outdoor things 65254+ 3.51 63.03 £1.13  66.00 £2.66 67.77+£1.29 65.50+6.67 62.01+1.11 88.444+1.03
CIFAR100 large natural outdoor scenes 76.84 £8.52 81.77+2.56 82.53+0.93 79.70+4.07 56.33+5.02 61.26+2.72 85.05+1.21
large omnivores and herbivores  53.57+1.32 53.13+£1.11  55.69 +£1.14  59.60 £2.37 59.10+2.18 57.034+3.32  83.0240.87
medium-sized mammals 59.30 £3.97 57.63+1.16 56.934+1.21 61.604+2.32 61.95+2.64 5856+£235 82.99+0.50
non-insert invertebrates 5215 £1.83 58.10+0.90 51.554+0.74 53.07+1.33 47.09+£2.04 50.52+£1.38 62.62£1.52
people 47.104+2.76  38.68+0.70 4747+1.57 45.05+1.35 54.60+2.37 53.95+2.20 89.234+0.51
reptiles 55.48 £0.85 57.294+1.18 54414135 56.804+0.62 49.98+1.71 52284220 70.09+1.81
small mammals 60.12£4.90 63.57+1.20 61.92+1.75 65.07+2.18 56.21£3.30 5594144 75.50 £1.62
trees 5728 £5.18 65.36+1.33 57.70+2.59 63.95+2.67 59.59+6.26 69.69+4.03 91.66 & 0.54
vehicles 1 36.98+£1.86 40.56+1.01 34.454+2.06 39.184+1.42 56.28+1.44 5832+£2.77 89.62+0.62
vehicles 2 47.82+4.64 48.10+£226 4944+234 4883+1.63 50.36+2.52 54.384+0.38 84.96+1.15
average 55.17+£1.51 54.52+£0.40 55.59+0.68 55.55+0.81 54.91+0.74 55.63+0.21 79.21+0.29
0 50.61 £1.80 58.86+1.51 51.59+1.06 52.16+1.70 49.83+0.99 7889+1.65 73.51+1.19
1 56.45+1.86 60.914+1.43 56.544+2.10 57.97+1.86 49.75+0.33 66.66+1.28  72.50 = 1.26
2 51.17£0.91 54.70+1.43 51444134 52154+0.89 49.68+1.08 73.45+£1.54 91.63£0.45
3 50.51+£0.49 52.18+£0.58 49.96+0.77 50.88+0.86 50.95+0.56 68.46+2.44 87.44+0.23
4 5218 £1.50 56.26 +1.50 52.474+0.67 54.944+0.69 49.53+1.33 70.15+£3.21 92.54+£0.39
SVHN 5 49.06+£0.79 52.15+£1.04 4849+1.05 49.59+0.87 50.444+1.03 T74.63+3.12 92.0540.38
6 49.86+1.09 51.21+£1.38 4811+£1.01 50.11+£0.57 50.55+1.92 75124222  89.9440.37
7 51.91+£0.47 57.124+0.92 53.15+1.16 52.414+1.61 4885+1.97 7891+3.34 93.26+0.30
8 49.424+1.40 53.38+1.17 48.03+£1.37 49.79+1.56 49.514+0.68 69.96+2.11 77.2442.22
9 50.77 £0.67 53.57+0.79 49834+0.62 51.394+0.51 50.98+1.33 77.23£1.17  90.00 £0.35
average 51.20£0.37 55.03+£0.67 50.96+£0.59 52.14+0.56 50.004+0.45 73.35+0.62 86.01+0.18




Table 3: AUROC (%) when p = 0.15

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3OQutlier
0 4820+ 5.76 88.03+£1.81 61.63+17.32 54.03£5.75 74.75+£24.67 89.48+2.75 91.42+0.29
1 98.75+0.33 99.22+0.14 87.47+9.82 98.93+0.17 80.34£29.29 96.14+0.61  91.94 4+ 0.87
2 51.38+£4.00 71.94+£1.99 55.99+6.25 53.31+3.83 49.72+4.39 89.60+0.78 92.334+0.24
3 55.72+£2.85 79.23+£2.30 66.26+8.38 64.73+144 56.79+9.84 93.83+0.49 96.89+0.13
4 68.00£2.40 80.53+1.20 69.45+9.19 72.22+1.06 65424+11.04 94.38+0.75 94.50+0.32
MNIST 5 55.61 £3.69 85.37+0.98 58194284 51.994+6.43 54.14+4.10 89.39+1.09 90.41 £ 0.55
6 66.14 £3.38 88.75+1.94 60.31+£11.78 69.38+1.35 57.53+£12.61 96.21+0.24 96.38+0.14
7 75.57+£5.34 91.47+0.59 77.40+£235 80.66£2.86 62.94+16.16 92.70+1.00 92.49+0.08
8 46.34 £4.51 7136 £1.37 58.80+9.70 49.18+5.09 54.19+541 84.48+1.26 87.49+0.94
9 73.01+244 89.10+0.87 69.74+5.35 7523+3.18 63.72+846 94.98+0.53 94.60 +0.39
average 63.87+£0.96 84.50+0.32 66.52+2.72 66.97+1.77 61.95+2.81 92.12+0.45 92.85+0.15
t-shirt 60.61 £3.73 84.494+0.56 64.85+£2.07 7040+3.24 54.69+14.71 86.86+0.40 92.19+0.32
trouser 95.42+0.57 95.67+0.86 93.124+1.51 96.414+0.56 51.66+15.28 97.36+0.65 97.48+0.14
pullover 59.83£6.78 81.61+0.66 60.95+5.63 65.04+6.564 51.204+12.41 89.00+0.63 91.7340.85
dress 75.63£1.67 82.62+1.51 73.70+1.81 7531+£3.97 59.73+10.67 89.44+0.99 87.66+1.04
Fashion- coat t?/l.lf)‘ + 1.9? 8128 + 1.%5 ()Udl +2.28 65.96 8.46 53.04 £ 17,59 8g,34 + 0.66 90.?/1 +0.40
MNIST san_dal 69.33 £2.03 63.26+1.67 72.394+1.27 71.894+4.61 82.14+12.76 86.01+1.63 92.63+0.45
shirt 51.56+£2.41 7581 +0.87 52.37+1.37 62194514 49.20+4.68 81.49+0.85 82.85+0.55
sneaker 87.78 £3.06 90.944+0.86 88.48+2.18 89.97+1.96 60.34+18.65 98.04+0.36 98.94+0.20
bag 43.85+8.22 61.98+1.95 44.98+290 46.16+8.05 47.70+11.69 77.60+2.37 89.44 + 0.86
ankle-boot 76.88+4.26 81.43+£2.67 70.67+£230 78.04+2.70 69.76+12.80 98.12+0.28  99.34 4 0.08
average 68.50£1.66 79.91+0.56 68.18+0.81 72.144+0.89 57.95+6.79 89.33+0.20 92.30+0.10
airplane 7224 +£3.19 6241+1.45 72.024+0.77 64.64+2.13 52.56+6.24 52.05+1.46 76.93+0.48
automobile 3728 £2.39 32544073 37.84+1.11 33264221 61.53+287 7047+294 93.4240.66
bird 61.74+1.33 65.88+0.38 64.73+£0.73 66.80+0.89 46.26+4.70 52.68+1.72  69.16 +0.92
cat 58.60 £1.14 52.07+0.89 59.94+0.46 5547+1.10 52.13£2.25 54.22+2.06 66.28+1.22
deer 62.84 £2.50 70.29+0.73 62.084+0.20 70.04+1.89 53.80+2.75 63.81+1.51 80.24+0.48
CIFAR10 dog 57.39+£1.72 50.61+0.75 60.37+1.14 55.094+1.87 53.00£1.99 62.91+1.67 80.15+1.34
frog 52.43+£3.20 61.39+0.69 43.62+1.86 55.694+1.91 60.94+4.26 63.55+1.85 7837+1.21
horse 47.64+0.85 46.02+0.80 50.09+0.81 48.50+0.61 57.69+4.33 68.98+2.44 89.37+0.86
ship 70924331 66.50+1.01 72.76+1.13 67.00+5.70 54.724+13.11 67.87+3.79  90.85+0.51
truck 40.12+4.11 32.59+0.92  39.61+£0.65 34.06+2.38 60.97+4.48 69.26+1.54 88.49+0.67
average 56.12+£0.47 54.03+0.08 56.31+0.22 55.06+0.63 55.36£0.54 62.58£0.76 81.33 +0.27
aquatic mammals 64.76 £1.48 61.36+1.32 65.65+1.03 64.544+090 49.52+1.87 57.00+2.34 74.54+1.32
fish 65.21£0.92 58.83+0.69 63.43+0.75 60.55+1.93 43.35+5.10 56.08+0.65 70.39 4 0.89
flowers 35.86£3.60 34.66+1.16 33.76+2.31 35.154+4.08 59.45+9.27 55.77+1.15 76.84+2.26
food containers 61.67+1.81 59.744+0.59 60.94+0.79 57.54+£2.76 47.03+£1.06 52.25+1.91 77.87+0.79
fruit and vegetables 52.51+4.58 44.93+1.14 52.60+1.57 48.55+4.36 58.92+8.45 54.07+2.50 74.51+1.61
household electrical devices 52.64£2.22 43.85+0.87 56.27+1.07 45344226 51.85+4.27 50.16+1.12 62.57+2.45
household furniture 59.55+£2.31 54.00+1.83 64.79+1.63 55.87+£2.88 51.45+£534 4799+141 78.98+1.07
inserts 49.74+£3.41 50.17+1.39 4583+1.37 4883+0.98 49.61+528 52.53+1.56 71.86+0.88
large carnivores 49.29+1.79 54.29+252 5295+1.30 54.58+047 59.94+1.74 59.70+1.83 84.97+2.15
large man-made outdoor things  63.75+2.18 62.99+1.15 69.23+1.25 66.91£2.11 63.31+£4.17 63.42+£3.07 88.10£0.87
CIFAR100 large natural outdoor scenes 82.94+£1.20 81.92+1.35 80.87+0.52 82.24+1.56 51.00+£3.40 56.81+6.28 83.81+0.75
large omnivores and herbivores  53.23 +1.23 51.65+0.47 58.33+£0.78 56.39£2.05 5892+288 54.93+1.52 81.51+1.31
medium-sized mammals 53.45+4.20 55.41+1.11 56.76+1.17 60.144+1.99 60.68+1.91 57.72+2.14 81.26+1.44
non-insert invertebrates 51.75+£1.41 56.54+0.83 49.944+1.08 53.144+0.69 47.63+1.87 49.60+0.85 59.93+1.01
people 47.20+£1.90 39.39+0.75 4855+1.37 44.22+1.31 56.19+3.39 51.79+2.71 83.26+1.28
reptiles 51.82+£1.87 55.314+1.02 53.024+1.52 55.614+0.64 49.80+2.43 53.97+2.13 68.07+2.21
small mammals 59.50£2.27 62.28+1.39 61.31+1.25 65.044+1.78 55.69+3.04 57.724+2.59 73.37+1.51
trees 59.88 £2.13 63.23+1.62 58.18+2.71 6242+1.25 60.98£525 69.51+278 91.13+0.80
vehicles 1 36.12+1.18 36.96+1.09 37.994+1.50 36.984+1.82 58174202 56.77+2.47 89.05+0.79
vehicles 2 4738 +2.69 4591+1.65 51.48+1.50 46.81+0.91 51.43+329 52.79+1.67 84.14+0.97
average 54.91+£0.23 53.67+0.45 56.09+0.45 55.04+044 54.25+0.68 55.53+0.48 178.06 + 0.42
0 51.13+£1.69 57.53+0.73 51.67+0.87 53.24+£1.27 49.77+£1.08 77.38+297 68.03+2.17
1 54.35+1.78 59.87+0.60 56.24+1.61 56.86+0.53 49.25+0.99 65.39+2.59  69.19 4+ 1.81
2 51.19+£0.90 54.09+£0.90 51.25+0.52 52.58+1.07 49.50+0.76 72.524+3.46  90.04 +0.78
3 50.00£0.67 51.434+0.27 49.20+£0.62 49.85+£0.55 50.42+£0.46 67.13+2.24 85.95+0.28
4 52.42+0.83 55.14+1.47 52.844+0.46 54.284+1.09 49.50+1.11 69.07+1.75 90.45+0.36
SVHN 5 49.81+0.56 51.99+0.33 48.84+0.56 50.42+0.39 49944046 69.14+2.21  90.59 +0.19
6 49.28+0.98 51.12+£0.52 47.83+£0.87 49.74+0.57 50.01+0.43 71.52+1.43 87.92+0.29
7 53.95+0.97 56.444+0.59 53.54+0.78 54.45+0.53 49.87+0.78 T77.60+1.34 91.384+0.49
8 49.224+1.07 52.60+1.06 48.46+0.80 49.94+1.10 50.52+1.06 69.52+2.47 71.38+1.43
9 50.41+£0.85 53.13+£0.72 49.79+0.59 51.10+0.78 50.75+1.37 73.13+1.64 88.30 4+ 0.56
average 51.18 £0.38 54.33+0.33  50.97+0.23 52.244+0.26 49.95+0.25 71.24+0.38 83.32+0.46




Table 4: AUROC (%) when p = 0.2

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3OQutlier
0 47.40£5.97 87.03+£348 57.02+£9.40 52.81+6.82 70.39+£26.55 86.53+2.71 89.26+0.64
1 98.77+£0.21 99.16+0.15 90.07+12.60 98.78 +0.08 89.85+12.77 94.51+£0.61 87.63+1.13
2 49474452 69.93+£2.67 51.93+£7.26 53.36+£4.15 50.75+£1.82 86.21+1.10 90.71+£0.45
3 58.64 £4.61 79.21+1.22 71.82+10.77 62.80+2.87 60.84+10.12 91.24+1.15 96.25+0.09
4 69.64 £3.14 78.71+1.41 70.44+544 T71.954+2.05 66.32+£13.11 93.71+0.35 92.90 £ 0.36
MNIST 5 58.58 £2.31 72.34+1.30 57.214+4.44 58.67+2.29 54.22+229 88.67+0.66 88.73+0.71
6 6292+ 1.65 87.52+£2.09 63.89+£8.90 6540+3.01 72.08+1548 95.03+0.81 95.7540.12
7 78.79+£3.42 88.67+0.88 T4.75+794 80.94+1.13 76.95+8.80 91.57+0.84 91.76+0.29
8 44174243 66.18+1.89 65.30+6.30 51.03+2.28 55.42+11.44 83.324+0.73  86.00 & 0.80
9 71.28+1.91 86.47+1.87 70.10+5.64 7420+1.39 61.99+9.79 93.86+0.66 94.14+0.29
average 63.97+1.00 81.52+0.86 67.25+2.07 67.00+0.69 65.88+2.89 90.46+0.28 91.31+0.16
t-shirt 52.15£7.19 82.04+1.37 60.33+£4.96 70.86+2.05 62.36+£19.64 86.52+0.65 90.76 +0.48
trouser 94.83£0.63 94.724+0.27 90.36 £4.71  95.394+0.93 77.39+14.51 96.88+0.45 96.68 +0.18
pullover 5776 £2.09 79.124+1.32 59.914+298 68.59+3.36 41.03+9.34 87.98+0.42 91.37+0.48
dress 69.04 £4.36 80.17+0.87 7528 +1.84 74124256 82.69+3.28 86.21+1.13 84.584+0.47
Fashion- coat 65.5§ + 3.116 80.29 £ 1.5? ?8,62 + ?,87 67.29 £ 515 /1(%.52 + 18,?2 89,05 + 9,45 90.61 £ 0.51
MNIST sandal 62.53+6.39 59.14+1.43 69.98+3.09 62.00+6.63 83.05+4.82 83.26+243 91.0940.85
shirt 50.44 £2.45 T477+£0.56 52.79+£2.50 60.30+£2.39 53.224+9.40 79.89+0.88  82.484+0.37
sneaker 82.19£3.95 88.60+0.41 7841+£15.06 88.90+1.83 84.25+8.10 97.79+0.16 98.84+0.14
bag 42.244+2.63 57.68+1.73 42.94+1.61 44.93+3.49 56.85+1587 T1.454+0.97 86.17+0.77
ankle-boot 67.66 £4.45 81.51+1.88 68.61+6.88 77.06+3.55 72.69+16.26 97.33+0.26 99.1940.03
average 64.44+181 77.81+0.61 65.72+1.93 7094+1.13 66.00+4.96 87.64+0.28 91.18+0.15
airplane 65.69+£6.20 61.96+0.66 71.06+0.78 63.37+4.40 49.73+6.13 51.10+£2.74  75.91 £0.40
automobile 39.08£4.45 32.72+0.94 37.67+1.04 31.94+1.36 61.93+217 66.55+3.87 92.7440.59
bird 62.61 £2.37 65.86+£0.69 6549+0.57 67.51+£0.82 47.194+558 53.55+2.95 66.29 4 1.05
cat 58.02+£2.31 51.924+0.86 58954044 54.70+2.24 53.12+1.50 53.53+3.16 61.47+2.24
deer 62.10£2.45 69.89+0.64 62.164+0.93 70.114+0.72 52274544 61.49+2.07 7833 +1.00
CIFAR10 dog 55.38£2.20 50.49+£0.67 59.97+0.36 54.66 +0.72 54.45+4.28 60.45+1.55 T77.154+1.95
frog 49.61 £4.28 61.16+£0.35 42.92+1.63 53.48+249 57.74+6.99 61.52+1.93 75.79+1.52
horse 45.86 £1.46 45.20+£0.77 48.87+£0.70 46.02+0.34 53.26+8.04 64.63+2.51 88.67+0.63
ship 70.17+£4.04 66.56+0.48 71.494+0.92 67.67+4.57 51.41+8.13 64.93+295 89.85+0.58
truck 3823+£2.60 3L.77+0.69 37.85+0.65 32.86+1.75 65.72+6.64 64.38+1.94 86.9540.46
average 54.67£1.18 53.75+0.10 55.64+0.32 54.23+0.89 54.68+0.70 60.21£0.82 79.324+0.16
aquatic mammals 65.03+£2.19 61.19+1.11 66.23+1.83 64.994+0.88 51.91+3.85 54.544+2.02 74.42+1.20
fish 63.52+£2.50 58.95+0.79 63.23+£0.99 60.76 +2.44 45.194+285 55.70+1.81  68.56 +0.91
flowers 35.24+£294 34.65+0.81 33.00+1.40 36.57+4.25 62.87+593 53.80+1.25 T7.16+1.34
food containers 60.68 £2.02 60.27+0.65 60.56+0.73 58.81+1.93 42.55+3.33 48.15+2.13 76.41+1.16
fruit and vegetables 51.40 £4.99 43.92+1.18 52.71+0.69 45.914+2.84 60.61+3.85 51.89+1.39 73.18+1.06
household electrical devices 50.91+£1.41 43.34+049 55.87+0.62 45.86+2.80 49.73+2.81 49494228  60.99 +1.60
household furniture 5824 £2.97 54.19+0.35 63.86+0.59 57.46+2.15 47.54+3.38 47.38+1.13 78.01+1.65
inserts 48.78 £2.33 4931 +£1.12  45.02+0.37 47.89+2.27 49.55+2.97 52.524+1.48  68.89 4 0.86
large carnivores 49.30 £3.77 53.34+£1.47 5204£1.69 55.09+£251 57.76+£2.22 56.10+1.13 83.77+£1.83
large man-made outdoor things  65.23+1.79 62.65 £1.85 68.63+£1.52 65.86+1.12 59.61+7.38 61.254+4.10 87.65%0.55
CIFAR100 large natural outdoor scenes 79.64 £2.47 81.86+1.04 79.54+0.92 80.81+2.54 49.87+3.88 57.45+1.92 83.3240.75
large omnivores and herbivores  53.34 +2.10 51.87+£1.01 58.39+£1.23 57.22+1.00 58.69+2.23 5598+2.14 80.57+0.71
medium-sized mammals 53.87+£2.03 55.62+1.74 56.76+1.73 61.914+292 61.36+2.37 58524134 80.11+1.51
non-insert invertebrates 51.48£1.79 56.30+1.18 49.33+0.75 53.20+1.36 46.49+2.26 50.06+1.73  59.03 +0.80
people 49.224+2.67 39.42+1.51 4844+1.78 4386+1.55 57.82+1.65 53.03+2.78 88.27+0.68
reptiles 52924094 55.67+0.47 52.08+0.92 55.54+0.91 50.13+1.36 5240+1.30 67.334+1.33
small mammals 59.11+£1.61 62.78+0.39 60.75+0.14 63.06+1.19 53.96+1.00 56.14+1.37 71.88+0.98
trees 58.00£3.25 62.55+1.80 56.64+2.11 60.07+1.82 59.22+3.03 66.21+2.24 90.16 +0.33
vehicles 1 34.41+£3.14 36.77+1.07 36.924+1.25 36.034+1.06 59.11+1.98 54.72+2.86 88.46+0.30
vehicles 2 48.39+2.44 46.09+1.58 50.29+148 46.99+247 51.97+331 50.26+2.11 82.85+1.05
average 54.44+£0.92 53.54+0.42 55.51+0.34 54.89+0.56 53.80+0.61 54.28+0.34 77.05+0.17
0 50.47+1.80 56.474+0.90 50.974+0.50 52.154+0.86 50.33+1.17 77.10+£2.23  62.41 £1.00
1 54.42+1.08 59.45+0.63 55.67+0.65 55.82+0.81 49.15+0.57 63.49+1.81 65.99 4+ 0.86
2 50.27£0.72 53.34+£0.85 51.04+0.84 51.63+0.74 49.424+0.78 69.23+2.88  87.90 +0.90
3 49.65+0.32 51.32+£0.76 48.95+£0.26 50.14+0.57 50.334+0.48 62.81+0.89  84.68 +0.54
4 5221 £1.52 54.994+0.55 52.66+1.07 53.354+0.61 50.53+0.91 64.27+2.93 88.74+£0.29
SVHN 5 49.06+1.05 51.97+£0.53 48.93+£0.28 50.10+£0.86 50.00+£0.73 67.25+3.35 89.37+0.34
6 49.40+1.31 50.95+£0.78 47.72+£0.96 49.72+040 49.51+0.56 71.80+1.24 85.78+0.51
7 53.06 £0.93 55.60+0.86 52.80+0.48 53.46+1.84 49.50+1.03 73.55+3.72  90.20 £ 0.36
8 49.224+1.22 51.86+0.46 48.06+0.73 49.95+0.71 50.04+0.70 70.70 +3.10  68.50 + 1.06
9 4956 £1.09 54.22+0.32 49.57+044 51.18+0.77 51.07+0.56 72.19+1.58 86.18 +0.52
average 50.73£0.38 54.02+0.20 50.64+0.34 51.75+0.30 49.99+0.24 69.24 £0.83 80.97 +0.25




Table 5: AUROC (%) when p = 0.25

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3OQutlier
0 4450 £5.86 83.08+£2.45 61.27+£9.24 49.53+3.85 64.224+24.96 84.20+1.42 85.52+1.74
1 98.18£0.96 98.54+0.29 97.07+0.66 97.754+0.95 81.83+19.71 93.62+1.10 82.77+0.51
2 46.924+2.16 64.45+293 5749+£7.90 5242+£3.46 4593+6.86 82.79+1.32 89.74+0.57
3 54.43+£3.24 7592+1.84 5829+12.36 58.66+2.83 5516752 89.35+0.86 95.46+0.49
4 63.21£3.60 77.60+1.80 62.124+2.29 68.824+2.90 6582+14.37 91.76 +£0.37 92.424+0.35
MNIST 5 55.63£230 71.44+1.85 62.00+12.01 62.65+3.27 51.54+3.39 84.60+1.48 87.46+0.62
6 60.05+3.85 84.12+1.14 57.924+10.02 68.12+3.35 59.33+17.67 93.04+0.97 95.1340.27
7 T7.74+£294 87.58+1.31 7543+3.23 80.65+2.67 67.69+10.77 90.24+1.02  90.97+0.15
8 38.03£5.44 67.084+2.50 44.06+4.47 41.774+1.98 53.44+4.44 81.74+1.37 84.24+£0.62
9 7043+1.83 85.71+1.25 66.54+8.09 74.04+2.06 59.80+8.80 93.18+0.75 93.9440.23
average 60.91£0.90 79.55+0.35 64.22+3.40 65.44+047 60.48+217 88.45+0.30 89.77+0.25
t-shirt 51.35£5.03 82.35+0.65 61.18+7.42 65.58+4.53 62.07+£20.08 85.13+1.59 89.58+0.64
trouser 94.45+0.58 92.85+0.85 87.03+8.43 95.024+0.95 66.81+11.67 96.06+0.33 95.79 4+ 0.30
pullover 51.09£2.75 79.38+0.85 59.244+250 67.714+2.89 41.70+13.02 87.124+0.60 91.06 +0.61
dress 70.15+£2.27 79.68+0.96 73.83+1.22 73.57+290 53.85+16.78 84.23+1.75 83.23+0.50
Fashion- coat 6?1.87 +6.75 78.?1 +0.37 5767 +1.63 67.58+ %.44 4?.46 +9.78  89.15+£0.77 89.?%/1 + 9.22
MNIST san.dal 62.20£7.20 57.61+2.12 66.46+2.24 6348+6.44 T76.87+£10.95 79.99+2.21 85.62+6.90
shirt 48.71+£2.60 73.97+0.76 52.32+£2.02 62.51+3.12 55.12+527 78.60+0.59 81.35+0.20
sneaker 82.02+£2.40 87.01+0.92 85.73+3.35 85.86+1.50 73.12+£27.97 97.13+0.35 98.77+0.12
bag 3824 £6.38 55.94+1.52 42144258 40974554 49.15+840 64.85+3.36 81.84+0.79
ankle-boot 6829+5.62 77.23+£3.00 67.48+254 74.06+3.69 56.02426.03 96.20+0.50 98.94 4 0.04
average 62.84 £1.59 76.47+0.36 65.31+0.73 69.63+1.72 58.32+9.69 85.85+0.54 89.61+0.55
airplane 68.18 £3.42 61.77+1.12 70.684+1.08 62.924+3.98 46.75+8.26 49.26+1.13 73.72+1.03
automobile 37.69+2.33 3252+0.46 37.49+0.86 30.95+0.42 62.80+3.80 64.81+231 91.2940.88
bird 61.70£1.26 65.92+0.45 64.84+0.24 66.724+0.58 45.55+2.42 52.59+1.69 64.81+1.59
cat 58.12+£0.61 51.82+0.70 59.444+0.48 54.50+1.86 52.10£3.73 53.62+1.06 57.06+0.93
deer 61.78 £2.55 69.98+0.44 61.77+1.18 68.4040.77 52.24+3.50 60.73+£1.08 76.38 £ 1.47
CIFAR10 dog 55.10 £1.15 49.89+0.63 59.59+0.57 54.494+1.02 56.66+3.16 59.29+2.14  75.80+1.41
frog 48.09+£2.73 61.07£0.68 42.07+£0.69 55.68+2.32 55954520 60.45+£2.72 72.56+1.72
horse 45.19+1.86 45.12+1.04 49.00+£0.87 45.84+1.14 56.45+4.57 65.23+£2.53 86.74+1.46
ship 68.15+4.72 66.19+0.44 71.01+0.90 68.99+2.73 50.48+7.22 63.22+4.36 88.9940.79
truck 38.15+£1.39 31.61+0.75 37.87+0.69 31444213 61.64+6.80 61.04+1.98 86.41+0.32
average 54.21£0.72 53.59+0.12 55.38+0.27 53.99+0.33 54.06£2.00 59.02+£0.77 77.37+0.20
aquatic mammals 63.65 £1.99 61.24+0.72 65.99+0.81 63.204+2.28 48.76+3.15 54.68+1.15 73.16 +0.87
fish 65.34 £2.22 5884+131 6335+1.02 61.164+2.23 4234+4.43 56.13+3.24 68.24+1.41
flowers 33.31+£229 34944093 32124085 36.284+3.20 53.53+£10.34 56.32+2.77  74.20 = 1.50
food containers 61.64£1.71 59.15+0.81 60.58+0.90 54.74+3.53 4546+3.91 49.07+1.96 74.25+1.36
fruit and vegetables 53.06 £4.49 4435+095 52.144+0.78 4743+236 59.34 +£3.85 51.83+1.73 72.70+1.01
household electrical devices 53.86 £1.71 42.74+0.84 55484081 45.724+2.75 49.85+4.72 48.92+1.57 58.62+1.37
household furniture 61.31+£0.40 52.85+0.75 62.80+0.92 54.10+5.09 50.90+6.71 45.07+1.06 76.86 & 0.87
inserts 46.16 +£2.05 49.31+£0.78 45.08+£0.77 46.89+1.90 46.74+3.78 53.48+1.43  67.86+0.70
large carnivores 49.06+2.19 53.09+1.39 51.08+£091 5389+£1.63 5898+1.78 56.95+240 81.59+1.35
large man-made outdoor things  63.98 £5.13 62.29 £1.26 68.30+£1.36 65.69£2.70 62.44+2.67 57.60+1.61 88.01%0.51
CIFAR100 large natural outdoor scenes 81.47+£0.92 81.20£0.25 79.50+0.52 80.08+1.68 49.68+5.38 59.53+1.74 83.34+0.80
large omnivores and herbivores  52.35+2.08 51.90£0.73  56.70 £0.85 56.45+1.33 57.75+£3.62 54.23+1.16 80.64 £ 1.09
medium-sized mammals 5550 £1.74 54.86+0.82 55.154+1.34 58.00+1.76 58.99+1.67 56.154+1.40 77.84+0.78
non-insert invertebrates 51.59£0.66 56.49+0.70 49.624+0.82 5354+ 1.77 4597+2.21 49.07+1.61 57.37+1.25
people 47.30+1.64 38.96+1.39 4849+1.48 43114273 57.04+2.56 51.354+2.03 86.00+0.87
reptiles 5225 +£1.05 55.74+0.41 52.07+0.71 56.294+1.33 49.14+3.40 5349+1.24 67.284+0.72
small mammals 60.15£1.55 62.96+0.51 59.96+0.99 64.62+0.67 53.91+2.25 54.96+1.17 71.26+0.52
trees 58.89 £3.12 62.31+1.14 56.51+1.33 63.35+1.93 59.46+1.49 63.09+1.23 90.00+0.48
vehicles 1 33.99+£0.89 36.68+1.03 36.754+1.52 38.954+238 56.58+2.49 52.23+2.79  88.20 £+ 0.56
vehicles 2 47.13+2.39 4581 +£0.77 50.12+1.11 46.82+245 49.54+244 49.46+2.38 83.05+0.95
average 54.60 £0.41 53.29+0.37 55.09+0.31 54.52+0.32 52.82+1.22 53.68+0.76 76.02+0.17
0 50.62+0.10 56.244+0.72 50.534+0.80 52.284+0.45 50.13+0.66 74.71+£0.83  56.63 +1.28
1 54.99+£1.51 58.86+0.51 55.26+0.53 55.65+1.33 50.11+0.49 64.13+1.88  63.594+0.38
2 51.19+£0.82 52.71+£0.85 50.87+0.67 51.81+0.93 50.114+0.58 65.21+1.07 86.58 +£0.73
3 49.52+0.54 50.71+£0.56 49.11+£0.88 49.88+0.44 50.08+0.74 58.98+3.55 82.94+0.43
4 51.83+£0.91 54.57+0.50 52.524+0.63 53.384+0.18 50.59 +0.68 62.90+2.15 87.40+0.91
SVHN 5 48.614+0.41 51.68+0.63 48.81+£0.63 49.69+£0.77 50.67+£0.40 6547 +£2.63 88.47+0.26
6 48.83+0.74 50.65+£0.80 47.90+£1.04 49.14+0.67 49.79+0.47 68.29+231 84.30+0.42
7 53.22+£1.23 56.07+0.67 52.14+1.29 53.934+0.56 49.04+1.41 73.254+2.03 88.79+0.25
8 48.55+0.77 52.08 £0.41 4856 +0.96 50.06+0.58 50.56 +0.47 67.52+1.78 64.92+1.14
9 4948 +£1.14 5253+£0.94 49.23+0.34 50.31+£0.55 5094+0.74 69.56 +2.29 84.74+0.81
average 50.68£0.20 53.61+0.17 50.49+0.35 51.61+0.17 50.20+£0.25 67.00+£0.71 78.84 4+ 0.26




Table 6: AUPR-in (%) (inliers as positive class) when p = 0.05

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E®Outlier
0 94.08 £0.52  99.58 £0.06 95.024+0.68 96.22+0.61 97.23 +2.65 99.55 £ 0.07 99.79 + 0.02
1 99.96 £0.00 99.97+0.00 98.53+£1.43 99.97+0.00 99.03+1.13  99.88+0.01 99.82 £ 0.04
2 94.89 £0.90 98.21+0.26 96.65+1.86 95.34£0.66 94.85+1.97 99.68 + 0.04 99.66 + 0.03
3 95.26 £0.32 99.04+£0.09 96.05+1.14 96.33+0.54 94.31+0.82  99.86 & 0.03 99.87 £ 0.01
4 96.26 £0.62 98.94+0.30 96.68+0.94 96.83+£0.22 96.49+0.64 99.78 £0.04 99.81 £ 0.02
MNIST 5 95.02+£0.50 98.76+£0.20 95.35+0.81 95.93+0.37 95.35+£0.65 99.77 £ 0.07 99.62 + 0.04
6 96.53 £0.71  99.41+0.09 96.284+1.45 97.15+£0.54 95.10+1.91 99.92 £ 0.02 99.86 £+ 0.01
7 98.06 £0.41 99.61+0.04 98.21+0.37 99.00£0.14 97.37£0.89 99.68 £ 0.05 99.67 £ 0.04
8 92.59 +£1.01 97.994+0.19 93.56+1.22 93.29+0.84 95.46 + 0.86 99.31 £0.21 99.29 + 0.06
9 97.12+£0.57 99.45+0.05 97.57£0.97 97.70+0.53 96.06+1.24  99.78 = 0.05 99.74 £ 0.01
average 95.98 £0.16 99.10+0.04 96.39+0.46 96.78 £0.15 96.13+0.28 99.72£0.03 99.71 £ 0.01
t-shirt 97.05£0.59 99.194+0.07 97.214+0.95 98.43+0.12 96.53 +1.91 99.41 £0.10 99.64 £ 0.04
trouser 99.83+£0.02 99.82+0.04 99.09+0.44 99.83+£0.02 96.74 £2.77 99.92 £0.01 99.93 £ 0.01
pullover 96.61 £0.99 98.88+0.12 96.97+0.59 97.89+0.45 95.05+1.85 99.08 £0.17 99.24 £0.18
dress 98.50£0.20 99.174+0.15 98.24+0.28 98.50+0.27 97.95+1.42  99.43+0.05 99.54 £ 0.05
Fashion- coat 97.58 £ 0.39 98.:70 + U‘:18 96,15% +0.45 97.67+0.52 95.82+1.10 99.19 £ 0.09 99.23+£0.15
MNIST sandal 98.54+0.45 97.32+0.29 98.16+£0.58 97.56+1.85 98.58+0.52  99.19+0.12 99.54 £ 0.06
shirt 96.09£0.70 98.53+0.12 96.05+0.32 97.75+£0.19 96.42+0.92 98.47 £0.15 98.85 £ 0.10
sneaker 99.62+£0.09 99.66+0.08 99.42+0.14 99.66 +0.05 86.98+18.99  99.92 4+ 0.02 99.95 £ 0.02
bag 94.86 094 97.40+0.22 94.72+£0.40 96.41+0.71 9456 +1.07  99.45+0.07 99.75 £ 0.03
ankle-boot 98.98 £0.21 99.47+0.07 98.19+0.40 99.14+0.20 96.83 £2.15 99.92 £0.01 99.97 £ 0.01
average 97.77+£0.09 98.814+0.02 97.42+0.11 98.28+0.15 95.54+1.95 99.40 £0.02  99.56 + 0.02
airplane 97.45+£0.32 96.74+0.12 97.824+0.09 96.96+0.40 95.30 +1.25 96.04 £ 0.40 98.44 £ 0.16
automobile 93.63+0.43 90.57+0.21 92.70+0.29 91.03+0.41 95.94+1.23 97.98 £ 0.36 99.70 £ 0.03
bird 96.87£0.25 97.16+0.21 97.05+£0.23 97.36+0.32 94.53+0.45  96.09 &+ 0.32 98.25+0.17
cat 96.20£0.18 95.04 £0.22 96.13+£0.23 95.79£0.12 94.87 £0.59 95.89 £ 0.37 98.12 £ 0.06
deer 96.06 £0.47 97.254+0.30 96.30+0.34 97.32+0.26 95.26 +0.76 96.94 + 0.41 98.80 £ 0.17
CIFAR10 dog 95.44+£0.34 94.81+0.20 96.094+0.15 95.30£0.36 95.35+0.42 96.66 £ 0.38 99.19 £ 0.09
frog 94.89 £0.42 96.16 £0.23 93.84+0.30 95.69£0.41 96.66 £+ 0.32 97.09 £ 0.45 99.00 £ 0.09
horse 94.274+0.20 93.69+0.26 94.41+0.25 94.08+0.32 95.54+0.76  98.21+0.21 99.60 £ 0.07
ship 97.69+£0.27 97.224+0.14 97.83+0.09 97.49+£0.28 95.70 £ 0.45 97.81+£0.28 99.46 £ 0.08
truck 92.67+0.21 90.86+0.43 92.39+0.61 91.39+0.61 96.29 £0.54 97.93 £0.24 99.16 £ 0.15
average 95.52+0.14 94.954+0.07 95.46+0.09 9524 +0.09 95.54 +0.22 97.06 £0.06  98.97 4+ 0.04
aquatic mammals 96.50 £0.31 96.65+0.27 96.96+0.24 96.96 £0.24 95.03 £0.79 95.70 £ 0.42 98.28 £0.13
fish 96.96 £0.26  96.45+0.20 96.69£0.18 96.65+0.31 94.14+0.65  95.92+0.26 97.69 £ 0.31
flowers 93.46 £0.45 92.20+0.27 92.314+0.68 9222+1.12 96.90+1.25 95.67 £0.21 98.43 £0.24
food containers 96.69 £0.54 96.524+0.39 96.92+0.11 96.66 +£0.25 94.60 £ 0.53 95.59 + 0.40 98.92 + 0.08
fruit and vegetables 95.91+£0.72 94.14+0.30 95.73+0.31 94.37+£0.59 97.14+0.24 95.43 £0.57 98.47 £ 0.08
household electrical devices 95.54£0.20 94.08+0.50 95.96+0.30 94.78 £0.38 94.94£0.31 94.89 £ 0.63 97.02+£0.24
household furniture 96.41 £0.54 9543+0.35 97.07+0.31 95.69+0.49 94.99 +1.06 95.12 £ 0.40 98.87 £ 0.07
inserts 94.87+£0.38 94.77+0.35 94424034 94.73+£0.28 95.27+0.20 95.38 £0.58 98.22 +0.12
large carnivores 94.46 £0.37 95.144+0.53 94.78 +£0.31 95.37 £0.63  96.08 £ 0.46 96.47 £0.31 99.18 £0.15
large man-made outdoor things  96.64 £0.40 96.47 +£0.58 97.254+0.57 96.72+0.68  95.95 + 1.06 97.27 £0.16 99.17 £ 0.24
CIFAR100 large natural outdoor scenes 98.86 £0.11 98.74+0.23 98.68+0.09 98.70+£0.15 95.23+1.16 96.71 £ 0.30 99.10 £ 0.06
large omnivores and herbivores  94.42 +0.40 94.81+0.57 95.17+0.34 95.39+0.59 95.80 +0.23 95.88 +£0.14 98.91 +0.03
medium-sized mammals 95.93+0.31 95.76+£0.28 96.20£0.43 96.36 £0.46 96.23+0.41  96.03+0.16 98.92+0.11
non-insert invertebrates 95.76 £0.21 96.36 £0.23 95.51 +£0.15 96.11 £0.18 94.95 £ 0.41 95.02 £0.20 96.96 £ 0.21
people 94.11+£0.31 92.714+0.56 94.25+0.30 93.15+0.51  95.96 + 0.38 95.79 £ 0.56 99.45 + 0.06
reptiles 9528 £0.22 95.88+0.28 95.27+0.14 95.92+0.31 94.72+0.57 95.35 £ 0.42 97.41+£0.52
small mammals 95.74£0.50 96.40+0.20 96.13+£0.30 96.60£0.23 95.39 £ 0.68 96.17£0.14 98.14 £ 0.08
trees 96.16 £0.81  96.174+0.47 95.46+0.57 96.09 +£0.45 95.74 + 0.66 98.11 £0.25 99.52 + 0.04
vehicles 1 92.11£0.53 92.10+0.39 92.134+0.77 92.35+£0.61  96.00 = 0.48 96.54 £ 0.37 99.28 £ 0.05
vehicles 2 94.62+0.23 94.36 £0.18 95.38+0.27 94.52+0.19 95.04 £0.90 96.12 £+ 0.62 98.89 £0.15
average 95.52+0.11 95.26+0.08 95.61+0.13 95.47+0.13  95.51 +0.09 95.96 £0.09 98.54 +0.03
0 95.40£0.32 96.49+0.21 95.51+£0.23 95.25+0.12 94.87+£0.27 98.39 £0.11 98.44+£0.19
1 95.64+0.16 96.49+0.09 95.80+0.32 96.14+0.21 94.714+0.38  97.42+0.35 98.49 £ 0.09
2 95.13£0.29 9556 +£0.16 94.944+0.12 95.32+0.16 94.92+0.32 98.46 £ 0.25 99.62 £ 0.03
3 94.95+0.17 95.324+0.11 94.94+0.23 95.01£0.21 95.04 £0.17 97.84 £0.23 99.38 £ 0.05
4 95.31£0.17 96.02+0.16 95.47+£0.10 95.50+0.15 94.97+0.31  98.29+0.23 99.68 & 0.01
SVHN 5 9490 £0.17 9548 £0.13 94.75+0.30 95.06 £0.17 95.22+£0.17 98.23 £0.24 99.61 £ 0.03
6 95.03+£0.20 9544 +0.21 94.73+0.10 95.03+0.08 94.87+0.21 98.59 +0.14 99.50 £ 0.03
7 95.61£0.24 96.03+0.16 9536 £0.22 95.57+0.35 94.90£0.25  99.03 £+ 0.07 99.73 £0.01
8 9490 £0.25 95.67+0.21 95.00+£0.26 95.17+0.21 94.94£0.29 97.39 £0.35 98.68 £ 0.13
9 95.00 £0.10 9541 4+0.26 94.83+0.14 9523+0.18 95.03+0.13 98.66 £ 0.11 99.55 £ 0.05
average 95.19£0.06 95.79+0.08 95.13£0.04 95.334+0.05 94.95+0.09 98.23+0.03 99.27 +0.03
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Table 7: AUPR-in (%) (inliers as positive class) when p = 0.1

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E>Qutlier
0 88.93+£1.38 98.76+0.31 90.84+£4.12 90.61+1.84 94.66+6.03 98.84+0.14 99.33+0.03
1 99.90 £0.02 99.92+0.01 97.46£1.17 99.91+0.01 98.26+2.79 99.60£0.05 99.43 +0.05
2 88.81+£1.63 95.66+0.40 89.84+1.85 90.49+0.55 89.24+3.08 98.92+0.16 99.20 £ 0.05
3 90.84 £1.87 97.434+047 93.14+£1.49 91.90+0.46 89.78+0.80 99.47+0.12  99.68 +£0.04
4 9236 £1.39 97.284+0.54 92.94+1.53 93.73+0.73 92.69+224 99.46+0.12 99.48 +0.04
MNIST 5 90.06 +£0.28 96.87 £0.27 9249+ 1.59 91.54+0.72 90.73+1.54 99.02+0.22 98.98 +0.08
6 93.2904+1.09 98.88+£0.13 94.814+1.94 93.99+£0.70 93.53+248 99.72+0.01  99.64 £0.01
7 95.82+1.31 98.95+0.14 95.714+0.75 97.05+0.52 9543+2.17 99.14+0.19 99.12+0.03
8 86.54£0.35 95.59+0.76 88.06£1.78 87.54+0.59 91.47+225 98.29+0.24 98.39+0.18
9 93.22+0.71 98.67+0.20 94.23+4.20 93.94+0.91 93.10£0.88 99.46+0.09 99.42+0.05
average 91.98£0.27 97.80+0.12 92.95+0.87 93.07+0.32 92.89+0.77 99.19+0.05 99.27 + 0.02
t-shirt 91.59+£1.73 98.10+0.14 93.29+1.49 95.384+0.92 91.58+3.80 98.33+£0.13  99.08 £0.06
trouser 99.54£0.03 99.58+£0.07 95.95+£3.30 99.66+0.05 95.64+2.46 99.76+£0.05 99.80 £ 0.02
pullover 92.07+£0.62 97.41+0.31 9235+£1.00 94.38+1.33 90.77£4.41 97.99+£0.25 98.46+0.25
dress 96.62+0.33 97.824+0.14 96.22+0.71 96.86 +0.57 93.07+8.49 98.63+0.14 98.65+0.13
Fashion- coat 93.59+0.77 96.97+0.24 91.18+1.17 94.78 £0.36 89.56 +3.81 98.29 £0.07 98.34 £0.21
MNIST sandal 95.71+1.05 93.97£0.68 95.69+0.85 9590+0.30 97.32+0.82 97.95+0.20 99.11 £+ 0.04
shirt 90.25+£1.35 96.69+0.20 91.78£0.81 94.79+0.68 91.63+1.79 96.79+£0.18 97.45+0.23
sneaker 98.65£0.27 98.85+0.12 98.72+£0.21 98.79+0.18 94.14£8.05 99.77+£0.05 99.88+0.02
bag 88.46£1.04 94.00+0.27 89.02+£0.66 90.56+1.07 91.05+2.11 97.25+£0.36 99.19 £ 0.05
ankle-boot 96.91+£0.55 98.084+0.26 94.28+1.54 96.80+1.43 92.28+7.00 99.81+0.04 99.93+0.01
average 94.34+£0.25 97.15+0.06 93.85+0.44 95.79+0.34 92.70£2.92 98.46+0.04 98.99+ 0.04
airplane 94.61£1.02 93.06+0.33 9535+£0.26 93.48+0.47 90.03£1.78 90.70+£0.77  96.56 £ 0.20
automobile 86.35+£0.99 82.78+0.49 85.35+£0.28 83.33+0.61 92.68+0.58 95.20+£0.35 99.12+0.12
bird 92.71+1.47 94.24+0.41 93.984+0.34 9444 +0.34 89.48+1.61 91.17+£0.72 95.62+0.33
cat 92.23+0.61 89.714+0.31 92.08+0.56 90.85+0.82 89.96+0.26 91.50+0.52 95.50+0.28
deer 93.18+0.95 94.76 £0.43 92.43+046 94.99+0.46 91.34+1.03 93.85+0.30 97.16 £0.11
CIFARI0 dog 91.31+0.80 89.39£0.33 92.10+0.23 90.91+0.34 91.11+0.96 93.24 £0.66 97.86 +0.16
frog 91.14+1.07 9243+0.44 86.724+0.41 91.21+£0.62 92.90+1.29 93.75+£0.73 97.42+0.26
horse 88.14+£0.18 87.56+0.44 88.66+0.36 88.72+0.59 91.63+0.89 95.67+£0.24 98.94+0.07
ship 95.26 £0.55 94.214+0.21 9553 +£0.38 94.37+0.46 90.67+2.99 94.67+0.52 98.87+0.03
truck 85.32+1.00 83.314+0.50 85.15+0.57 84.20+0.50 93.03+1.93 95.22+0.22 98.29+0.19
average 91.03+£0.35 90.15+0.05 90.73+£0.06 90.65+0.17 91.28+0.57 93.50+0.10 97.53 + 0.06
aquatic mammals 92.97+1.02 92.72+£0.19 93.384+0.45 93.11+£0.17 89.714+0.89 91.21+£0.51  96.08 £0.54
fish 93.53£0.87 92.30+0.27 93.65+0.43 93.00+0.74 88.16+£0.57 91.43+0.41 95.244+0.31
flowers 86.32+3.56 85.384+0.28 84.67+0.45 84.70+1.65 93.43+1.65 91.71+£0.38 96.47 +£0.22
food containers 93.29+1.21 92.304+0.58 93.98+0.23 92.81+0.56 90.23+0.56 90.16+0.81 97.20 +0.26
fruit and vegetables 90.71+1.36 87.19+£0.67 91.44+0.80 86.94+1.71 93.07+1.75 90.92+0.76  96.60 £ 0.22
household electrical devices 91.31 +£0.95 88.25+0.13 90.72+1.49 88.76 £0.62 89.38+0.48 89.75+0.20 93.65 £ 0.66
household furniture 92.62+1.13 90.25+0.48 93.024+0.59 90.82+0.81 90.654+0.91 89.12+0.53 97.28+0.14
inserts 90.07+£1.26 90.35+0.65 88.93+£0.49 89.86+0.97 90.29+0.56 90.62+0.18 95.65+0.23
large carnivores 90.37+£1.20 91.05+0.69 88.66+1.04 91.36+0.74 92.30+£0.18 9248 +0.75 98.08+£0.22
large man-made outdoor things  93.27+0.96 92.83+0.35 93.68+0.76 93.73+£0.45 93.59+1.71 93.31+£0.41 98.26 +0.23
CIFAR100 large natural outdoor scenes 95.97+1.89 97.26 £0.47 97.53+0.20 96.92+0.71 91.35+1.39 93.13+£0.73 97.97 £0.21
large omnivores and herbivores  89.62 + 0.63  90.38 £0.35 90.05+0.23 91.80+£0.69 91.98+0.59 91.61+1.06 97.62+0.17
medium-sized mammals 92.04+1.03 91.81£0.20 90.924+0.65 92.34£0.67 92.29+0.72 92.05+£0.56  97.55£0.12
non-insert invertebrates 91.21+0.52 93.00£0.29 91.444+0.11 91.86+0.32 89.194+0.56 90.00+0.40 93.56 +0.44
people 88.44+£0.94 85.70+0.29 88.11+£0.64 87.44+0.50 91.29+0.64 91.15+£0.50 98.69 £ 0.07
reptiles 90.88+£0.50 91.984+0.32 90.79+£0.45 91.69+0.15 90.04£0.42 90.50+0.66 94.87 +0.46
small mammals 91.84+1.30 93.06+0.36 92.21+0.46 93.33+0.58 91.15+1.17 91.56+0.20 96.20 £ 0.34
trees 90.85+1.79 9249 +0.40 90.51+0.60 92.16+£0.61 92.17+1.63 95.10+£0.80 98.95+0.10
vehicles 1 85.294+0.39 86.51+£0.36 84.10+0.57 85.92+£0.47 91.61+0.44 92.32+£0.80 98.53£0.11
vehicles 2 89.13+£1.39 88.97+0.54 89.85+£0.58 89.22+0.63 90.53+0.69 91.22+0.41 97.79+0.23
average 90.99+£0.39 90.69+0.08 90.88+0.21 90.89+0.26 91.12+0.23 91.47+0.06 96.81 + 0.06
0 90.02+0.66 92.42+0.46 90.48+0.27 90.69+0.34 90.08+0.16 96.76 £0.32  95.20 +0.24
1 91.65+0.55 92.93+0.38 91.77+£0.74 92.184+0.52 89.95+0.50 94.23+0.43 95.99 £0.28
2 90.12+£0.30 91.274+0.49 90.43+£0.48 90.43+0.33 89.75+0.25 96.01+£0.32  99.05+0.07
3 90.18 £0.14 90.60+0.21 90.09+£0.29 90.30+0.28 90.20£0.19 94.94+0.58 98.48 £0.05
4 90.49+£0.39 91.714+0.36 90.92+£0.22 91.46+0.30 89.83+0.50 95.30+£0.65 99.16 £ 0.05
SVHN 5 89.59+0.29 90.754+0.32 89.66+£0.18 90.02+0.19 89.96+0.30 96.27+0.56  99.07 £ 0.04
6 90.08+£0.32 90.52+0.34 89.60+£0.40 90.19+0.18 90.19+0.56 96.26+0.45 98.73+£0.04
7 90.58 +£0.05 91.82+0.35 90.82+0.40 90.67£0.36 89.94+0.63 96.96 £0.53  99.23 £+ 0.04
8 89.78 £ 0.30 91.04 £0.32 89.60+0.43 90.03+£0.48 89.844+0.28 95.18+0.38 96.33 £0.49
9 90.174+0.19 91.02+£0.21 90.024+0.18 90.43+£0.24 90.22+0.53 96.66 £0.21  98.79 £ 0.05
average 90.27+0.08 91.41+0.19 90.34+0.15 90.64 £0.14 90.00+0.14 95.86 +£0.12 98.00 £ 0.05
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Table 8: AUPR-in (%) (inliers as positive class) when p = 0.15

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3Outlier
0 80.78 £1.94 97.60+0.46 86.77+7.19 83.40+227 92.69+7.89 97.88+0.63 98.36+0.06
1 99.78 £0.06 99.87+0.02 97444224 99.81+£0.03 93.55+10.88 99.30+£0.12 98.444+0.19
2 8233 +£1.19 91.92+0.74 8558+3.06 83.33+1.32 8461+1.79 97.86+£0.15 98.62+0.05
3 84.144+1.00 95.184+0.74 90.324+3.20 87.02+0.93 86.94+£2.74 98.83£0.10 99.44 +0.02
4 8748 +£0.49 94.79+0.34 91.07+3.35 89.27+0.19 89.824+3.76 98.83+£0.17 98.97+0.05
MNIST 5 84.04+1.73 96.90+0.35 84.95+0.98 83.23+222 86.32+£2.20 97.67+0.24 98.15+0.13
6 87.22+1.15 97.70+0.48 87.58+5.50 89.16+0.64 87.78+£4.73 99.33+0.04 99.38 £0.03
7 91.054+1.98 98.324+0.14 92.80+0.74 93.85+1.04 88.21+£5.35 98.41+0.28 98.45+0.03
8 80.19+1.50 92.354+0.67 87.254+4.61 81.16+1.88 85.564+1.30 96.51+0.33 97.27+0.23
9 89.494+1.09 97.734+0.22 91.10£1.80 90.86+0.91 89.18+3.23 98.99+0.13  99.01 £0.08
average 86.65+0.25 96.23+0.12 89.49+1.20 88.11+0.56 88.47+0.84 98.36+0.11 98.61+ 0.03
t-shirt 88.16+1.92 96.824+0.19 90.844+0.99 92.77+1.37 76.514+14.59 97.04+£0.04 98.50 + 0.07
trouser 99.16 £ 0.11  99.214+0.17 98.614+0.34 99.34+0.12 78.62418.27 99.55+0.11  99.57 &+ 0.02
pullover 87.15+£2.83 95.66+0.22 83.134+221 90.43+£2.02 86.204+4.64 96.88+£0.16 97.54+0.29
dress 94.01 £0.49 95.80+£0.36 93.834+0.51 93.92+1.41 86914351 97.563+£0.27 97.35+0.24
Fashion- coat 88.70£0.89 94.94+0.28 87.314+1.28 89.25+2.80 82.60+10.02 97.16£0.21  97.15+0.12
MNIST sandal 92.01+£0.61 89454048 93.37+£0.41 93.19+1.04 94874358 96.26+0.53 98.38+0.16
shirt 85.54+1.48 94.50+0.22 86.924+0.78 90.65+1.67 85184277 94.80+0.30 95.83+0.14
sneaker 97.04+£0.95 98.08+0.24 96.994+0.67 97.82+£0.46 72.83+19.02 99.61+£0.08 99.79 +0.05
bag 82.00+3.48 88.51+£0.88 83.19+£1.29 8294+£3.90 8285+3.71 9420+£1.09 97.95+0.22
ankle-boot 9270 £2.14  95474+0.98 91.70£0.95 94.13+1.02 9041 +£4.48 99.62+£0.06 99.87 % 0.02
average 90.65+£0.61 94.84+0.19 91.094+0.34 9244+0.28 83.70+3.52 97.27+0.08 98.19+0.03
airplane 93.13+£1.25 89.65+0.54 93.144+0.23 90.66 £0.65 85.56+2.30 85.80+£0.42 94.36 +0.09
automobile 79.77+1.23 75.76+£0.26 78.90+0.43 76.39+0.88 89.17+£0.56 92.33+0.64 98.60+0.18
bird 88.91+£0.57 90.794+0.26 90.37+0.32 91.41+0.27 83.24+£1.60 86.14+£0.68 92484 0.42
cat 88.13+0.36 84.87+0.29 88.08+0.51 86.26+0.24 85.36+£0.67 86.77+0.69 91.71+0.48
deer 89.00+1.23 91.86+0.31 88.68+0.33 91.95+0.66 85.72+£0.91 90.25+0.64 95.13+0.22
CIFAR10 dog 86.79+0.68 84.14+0.33 87.85+0.42 85.96+0.71 85.77+£0.76 89.85+0.64  95.53 £ 0.36
frog 85.98+1.25 88.244+0.33 81.414+0.70 86.31+0.77 8846+1.31 89.95+0.55 94.97+0.33
horse 83.214+0.35 81.754+0.32 83.114+0.51 82.814+0.38 87.56+1.37 91.65+0.79 97.88+0.21
ship 91.91+1.41 91.06+0.39 93.234+0.40 91.08+2.03 85.83+4.03 91.51+1.23 97.944+0.13
truck 80.33+£1.79 76.06+0.39 79.394+0.41 76.87+£0.92 83.834+1.55 91.80+£0.40 97.13+0.26
average 86.71+0.18 85.42+0.07 86.42+0.12 8597+0.22 86.55+0.26 89.61+0.24 95.57 +0.09
aquatic mammals 89.58 £0.78 88.64+0.63 89.924+0.55 89.82+£0.50 84.424+0.67 87.55+£0.69 93.69+0.43
fish 90.56 £0.49 88.70+£0.10 89.814+0.24 89.09+0.74 8278+ 1.68 87.29+0.22 92.90+0.43
flowers 79814191 7746+£0.39 77.04+£0.90 77.58+1.47 87.93+£3.18 87.22+0.56 94.23+0.76
food containers 89.98+£0.75 88.82+0.21 89.994+0.40 8840+1.29 84.054+0.51 86.71+£0.53 95.20+0.15
fruit and vegetables 86.66 £2.13 82424046 86.704+0.85 83.84+254 87.394+3.05 86.38+£1.08 94.20+0.49
household electrical devices ~ 86.84 £0.82 82.53+0.44 87.56+0.67 83.05+0.78 85594 1.39 85.04+£0.69  90.26 +0.89
household furniture 88.31+£1.06 85.984+0.95 90.13+0.81 86.61+1.12 8547+£1.94 83.98+£0.55 95.50 % 0.26
inserts 86.07£1.42 84.69+0.66 83.114+0.68 84.65+0.55 84.544+1.69 85.69+£0.54 92.90+0.38
large carnivores 83.60+1.30 8520+ 1.17 84.294+0.52 85.24+0.34 87.99+£0.64 88.16+£0.67 96.71+0.57
large man-made outdoor things  89.03 £1.01 88.88£0.62 90.99+0.64 90.03+1.02 89.23+1.84 90.08+1.09 97.07+0.39
CIFAR100 large natural outdoor scenes 96.06 £0.44 9583+0.36 95.804£0.09 95.86+0.46 84.94+£1.29 87.66+£2.09 96.62+0.17
large omnivores and herbivores  84.52 £ 0.58 84.66 +£0.42 86.41+0.24 86.33+0.83 87.90+1.20 86.69+0.33 95.92+0.35
medium-sized mammals 85.324+2.51 86.27+0.53 86.16+0.53 87.70+0.96 88.19+0.81 87.71+0.67 95.60 £ 0.45
non-insert invertebrates 86.59+0.56 88.75+0.33 86.38+0.34 87.60+0.27 84.10+£0.83 84.73+0.22 89.21+0.44
people 83.214+1.09 79.234+0.45 83.024+0.58 81.10+0.88 87.02+1.19 85.68+0.85 97.77+0.28
reptiles 85.11+1.00 86.9640.52 85.4740.67 87.114+0.29 85.24+0.80 86.28+0.71  91.50 + 0.98
small mammals 87.19+£1.29 88.75+0.57 87.904+0.31 89.74+£0.89 86.544+1.07 88.02+£1.04 93.44+0.66
trees 87.11+£1.28 87.93+0.70 8530+ 1.30 87.57+0.57 88.864+1.87 92.10+£0.93 98.29+0.20
vehicles 1 78414043 7854+£0.50 78494044 7854+0.61 87.76+1.00 87.64+0.92 97.54+0.20
vehicles 2 84.10£1.03 82.86+0.49 85594051 83.32+0.29 85.624+1.15 86.52+0.47 96.28 +0.31
average 86.40+0.12 85.66+0.16 86.50+0.17 86.16£0.19 86.284+0.28 87.06+0.16 94.74+0.12
0 85.08 £0.68 87.99+0.27 85834021 86.33+£0.49 85044053 94.59+£0.99 90.34 +0.92
1 86.55+£0.73 88.87+0.27 87.534+0.66 87.64+0.28 84.604+0.44 90.83+£0.77 92.93+0.44
2 85.35+£0.52 86.55+0.54 85.594+0.32 86.07+£0.47 84784044 93.57+£1.01 98.25+0.14
3 85.01 £0.32 85.55+0.22 84.804+0.22 84.89+0.20 85054+0.20 91.88+£0.83 97.36+0.07
4 85.84+0.43 86.98+0.57 86.55+0.25 86.90+0.51 84.65+0.66 92.35+£0.65 98.31+0.07
SVHN 5 84.74+0.28 85.90+0.27 84.734+0.38 85.18+0.32 84.794+0.22 92.55+0.69 98.28+0.05
6 84.80+0.44 85.71+0.32 84264040 85.15+0.35 76.69+17.10 93.28+0.40  97.63 +0.06
7 86.73+£0.26 87.33+0.22 86.26+0.37 86.66+0.24 85.15+0.67 94.86+0.33 98.44+0.10
8 84.51+0.44 86.13+0.61 84.38+0.39 84.97+0.50 85.39+0.42 92.38+0.76  92.25+0.59
9 85.01+0.32 86.40+0.40 84.95+0.25 8547+0.33 85.22+0.46 93.74+0.56 97.79 £ 0.10
average 85.36 £0.13 86.74+0.13 85.49+0.06 85.93+0.14 84.14+1.61 93.00+0.14 96.16 +0.14
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Table 9: AUPR-in (%) (inliers as positive class) when p = 0.2

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3Outlier
0 7497 +244 96.38+£1.11 80.59£5.14 77.65£2.76 88.47+£11.29 96.26+0.83 97.04+£0.23
1 99.70 £0.06 99.80+0.03 95.744+6.62 99.71+£0.02 96.794+4.20 98.54+0.19 96.48+0.38
2 76.10£1.94 88.03£1.40 79.41+£476 7815184 80.55%£0.75 95.92+£045 97.62+0.13
3 80.36 £2.15 93.59+0.48 89.294+538 81.91+141 84434465 97.59+£0.30 99.06 +0.02
4 84.94+2.11 92404+0.51 88.244+3.26 85.72+0.93 86.39+£5.14 98.22+0.13 9812+ 0.11
MNIST 5 79.99£1.05 90.37£0.75 8244+£256 80.37+£0.96 81.66+1.46 96.60+0.31  96.93 +0.26
6 82.18+£0.84 96.41+0.65 84.39+521 8341+1.49 88.85+6.41 98.75+0.23  99.00 £ 0.02
7 89.59+1.97 96.60+0.33 90.034+4.31 91.41+0.77 9043 +3.06 97.49+0.31 97.62+0.14
8 73.67+1.11 86.72+1.16 86.62+282 76.77+1.10 82414555 94.87+0.22 95.68+0.33
9 85.854+0.96 95.86+0.73 89.334+2.23 86.86+0.83 84.17+4.65 98.25+0.22 98.52+ 0.08
average 82.73+0.46 93.62+0.29 86.61+1.16 8420+0.30 86.42+1.04 97.25+0.09 97.61+0.05
t-shirt 79.47+3.87 94.88+0.54 85.85+234 90.60+1.11 85044864 9588+0.27 97.49+0.14
trouser 98.61+0.28 98.634+0.07 97.264+1.47 98.78 £0.37 9216 £5.52 99.27+0.11  99.20 + 0.04
pullover 81.64+1.83 93.13+£0.52 83.724+1.73 8820+£1.94 76.63+558 95.32+£0.17 96.38+0.23
dress 89.07 £2.67 93.42+0.38 92.284+0.66 91.01+£1.22 92.884+0.73 95.31+£0.62 95.13+0.24
Fashion- coat 85.‘:34 +2.51 92.65+0.66 8221+ 153 85.47 + 3.0Q T7.65+880 96.034+0.23  95.90 £ 0.36
MNIST sandal 85.59£3.24 83.80+£0.99 8940+ 1.67 85.76+£3.66 93.394+2.26 93.78+£1.06 97.27+0.34
shirt 79.394+1.21 92.07+£0.25 82.74+0.78 86.33+0.64 82.00+£4.07 92.11+0.37 94.17+0.18
sneaker 93.77+£1.74 96.58+0.17 91.06+7.45 96.70+£0.68 94.36+3.09 99.39£0.07  99.69 +0.04
bag 75.16 £0.97 82.75£1.13 76.55£1.18 77.49+£242 84.124+6.97 89.34+£1.28 96.16 £0.20
ankle-boot 8528 £2.62 93.90+0.74 87454325 9147+1.61 83.35+7.66 99.27+£0.07 99.78 +0.01
average 85.33+£0.82 92.18+0.30 86.85+0.92 89.18+£0.67 86.66+2.70 95.57+0.13 97.12£0.07
airplane 87.494+2.97 85.68+0.29 90.18+0.40 86.53+2.07 80.45+2.69 80.71+1.41 91.84+0.12
automobile 74.55+£2.35 69.43+£041 72.64+£0.54 69.39£0.59 85214+0.90 87.61+£1.62 97.81+0.26
bird 85.55+1.21 87.48+0.39 87.194+0.26 88.36+0.70 78.72+£3.08 81.85+£1.21  88.46 + 0.60
cat 83.47+1.39 79.754+0.43 83.39+0.23 80.96+0.99 81.04+0.57 81.64+1.59  86.40 %+ 0.90
deer 84.68+1.46 88.80+0.48 84.68+0.55 89.23+0.32 80.45+2.05 85.85+0.99 92.67+0.38
CIFAR10 dog 81.40+1.10 78844038 83474027 80.85+0.42 81.92+1.87 84.96+0.72 92.69+0.78
frog 79.95+1.91 8391£0.40 7520£0.91 80.68+£1.27 82.23+3.45 85.67+£0.95 91.92+0.69
horse 76.93+0.91 75.62+0.38 77.20+£042 76.05+0.31 80.93+3.71 87.15+1.26 96.84+0.15
ship 88.52+1.89 87.824+0.31 90.104+0.42 88.30+2.30 8045+3.22 87.20+1.11 96.80+0.23
truck 73.74+1.77 69.34£0.28 72464040 70.08+0.85 86.16+£2.99 86.91+0.99 95.47+0.24
average 81.63+0.68 80.67+0.12 81.65+0.16 81.04+0.44 81.76+0.37 84.95+0.40 93.09=+0.07
aquatic mammals 86.21 £1.42 84.67+0.73 86.524+0.95 86.19+£0.70 80.324+1.68 82.09+£1.06 91.36 +0.59
fish 86.59 £1.63 84.82+0.50 86.01+0.54 85.33+£1.31 77.604+1.29 82.61+£0.88 89.22+0.57
flowers 7348+ 1.73 71.14+£0.35 70.15+£0.53 T71.714+1.57 85.61+£2.77 81.89+0.64 92.39+0.66
food containers 85.89 £1.07 85.03+0.34 86.17+0.59 84.83+146 76.56+1.36 79.91+£1.14 92.83+0.48
fruit and vegetables 81.83+£295 76.13+0.80 82.144+0.66 77.08+1.17 84894141 81.00+£0.83 91.56+0.55
household electrical devices 81.544+0.72 76.744+0.44 83.084+0.24 7814+1.20 80.02+1.48 79.98+£1.13 85.70 4+ 0.90
household furniture 83.88+1.35 81.344+0.39 86.10£0.56 82.54+1.14 79.12+£1.49 78.48+0.44 93.424+ 0.60
inserts 81.45+141 79.14+0.84 77434030 79.05+£1.09 79.85+1.70 81.06+£0.79 89.13+0.37
large carnivores T7.78£240 79.79+£0.94 78.84£0.99 80.69£1.68 82534+0.47 82.99+£0.51 95.06£0.77
large man-made outdoor things  85.71 £1.19 84.70£0.85 87.59+0.84 86.16+0.70 83.65+3.58 85.35+£1.67 95.96+0.33
CIFAR100 large natural outdoor scenes 92.624+1.64 94234+0.45 93.83+0.42 93.66+1.15 79.56+2.36 83.76£0.56 95.1940.24
large omnivores and herbivores  79.86 +£1.25 79.65+0.61 81.67+0.66 81.93+0.38 83.34+1.00 82.92+1.26 94.10+0.23
medium-sized mammals 80.67 +1.43 81.90+0.88 81.52+0.92 84.62+1.42 83.98+0.80 83.85+0.52 93.51+0.64
non-insert invertebrates 81.85+0.65 84.57+0.68 81.294+0.42 83.40+0.69 78.09+1.16 80.05+0.81 85.124+0.45
people 79.03+1.22 73.10£0.82 77.58+0.96 75.05+0.86 83.464+0.74 81.59+1.15 96.89+0.22
reptiles 80.18+0.42 82.504+0.48 79.804+0.48 82.494+0.57 80.24+0.70 81.10+£0.72 87.87+0.76
small mammals 8246 +£1.06 84.94+0.23 83.514+0.16 85.10+£0.31 81.454+0.76 83.23+£0.18  90.23+0.38
trees 81.66 £1.55 83.324+0.85 79.89+1.34 81.95+0.86 83.3941.57 87.89+£0.78 97.34+0.12
vehicles 1 71.50+1.30 72214036 71.77+£0.39 71.81+0.35 84.25+0.66 82.13+1.36 96.29+0.21
vehicles 2 79.424+1.47 77.37+£0.72 80.17+£0.79 78124098 81.00+£1.61 80.52+1.12  94.56 + 0.40
average 81.68+0.48 80.86+0.18 81.75+0.19 81.49+0.27 81454042 82.12+0.16 92.39+0.06
0 79.724+0.88 83.35+0.43 80.28+0.58 80.98+0.39 80.18+£0.62 9222+0.83 83.28+0.69
1 8216 £0.24 84.88+0.40 82794047 83.16+£0.56 79.274+0.41 86.72+0.78 89.13+0.26
2 79.924+0.43 81.63+£0.45 80.50+0.52 80.63+0.43 79.39+0.49 89.60+125 97.01+0.24
3 79.774+0.20 80.49+0.38 79.54+0.25 79.83+0.39 79.94+0.24 86.73+0.60 95.96+0.16
4 80.81+£0.77 82.52+0.19 81.744+0.49 81.67+048 80.16+0.74 87.60+1.59 97.21 +0.07
SVHN 5 79.384+0.39 81.11+£0.36 79.59+0.28 80.06+0.57 79.90+£0.23 88.96+1.46 97.33+0.10
6 79.69+0.70 80.73+£0.41 78.99+0.53 79.96+0.32 79.85+£0.22 90.90+0.49 96.13+0.16
7 81.79+0.56 82.59+0.51 81.28+£0.38 81.85+£0.87 79.794+0.49 91.38+£1.66 97.54+0.10
8 79.41£0.58 80.85+£0.36 79.18+£0.40 79.95+0.45 80.194+0.45 89.99+1.35 87.76+0.74
9 79.58 £0.38 82.25+£0.20 79.82+£0.48 80.56+0.32 80.31+0.21 91.03+£0.63 96.37 +£0.15
average 80.22+0.21 82.04+£0.12 80.37+0.19 80.87+0.13 79.90+0.09 89.51 £0.40 93.77 £0.10
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Table 10: AUPR-in (%) (inliers as positive class) when p = 0.25

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3Outlier
0 6843 +£2.90 93.31+1.11 79.59+6.89 71.32+1.69 82.83+13.56 94.19+0.57 94.53 +0.80
1 99.41+£0.29 99.56 £0.09 99.084+0.22 99.26+0.32 91.934+824 97.73+£046 93.21+0.28
2 69.97£0.99 81.25+2.79 77.27+6.77 7233+£1.61 72.60+4.03 9285+0.63 96.55+0.27
3 73.61+1.63 89.74+£120 79.89+6.58 7584+1.28 76.36+3.77 96.17+0.43 98.51+0.16
4 7746 £1.68 88.61£1.56 77.39+£1.09 80.49+£138 8288+6.21 96.82+£0.22 97.38+£0.12
MNIST 5 7459 £1.56 87.23+£0.97 8098+£7.39 7781+£1.71 75.65+2.15 93.77+£0.70 95.53+0.20
6 76.49£1.54 93.81£0.80 78.78+£6.15 80.51+£1.71 79.84+8.62 97.71+£0.35 98.53+0.08
7 86.154+2.66 95.06+0.56 88.77+2.40 88.79+235 83.74+£4.47 96.14+0.49  96.57 £ 0.10
8 65.42+2.36 83.58+1.80 68.204+1.99 67.34+1.03 75.94+1.70 92.64+0.69 93.53+0.38
9 81.28+1.50 94.304+0.62 82.02+5.55 83.48+1.83 79.41+4.41 97.43+0.32 98.02+ 0.08
average 77.284+0.58 90.64+0.25 81.20+2.15 79.72+0.39 80.12+1.05 95.55+0.12 96.24 4+ 0.13
t-shirt 74.97+3.25 93.61+£0.30 82.09+4.37 84.85+2.79 81.34+11.32 93.85+097 96.28 £+ 0.26
trouser 98.114+0.26 97.424+0.43 93.37+5.85 98.32+0.39 82.72+6.82 98.81+0.10 98.69+ 0.10
pullover 73.55+2.51 91.31+£0.25 78434218 84.42+281 69.98+6.86 93.41+0.36 95.2240.50
dress 86.67£1.22 91.20+£0.42 89.624+0.53 88.87+£1.90 75804888 92.87+£1.09 93.04+0.30
Fashion- coat 79.32+£5.13 89.22+£0.41 76.50 £ 1.24 81.75 + 245 74.10+6.64 9496 +£0.39 94.24+0.15
MNIST sandal 80.99 £5.04 7853+ 1.17 8525+ 1.69 83.84+3.36 83334+510 90.77+£0.95 93.72+3.79
shirt 73.97+2.18 89.59+0.22 77.18+0.98 8391+1.72 78.66+245 8885+0.53 91.85+0.19
sneaker 9128 £1.62 94.83+0.56 93.87+1.87 94.50+0.71 84.41+16.75 98.96£0.11  99.56 +0.04
bag 67.32+£351 T77.29+1.07 70.344+1.87 69.07+£3.68 73814572 83.51+£153 93294027
ankle-boot 82.61+£3.86 89.30+2.15 83.67+1.14 87.32+2.84 76.99416.10 98.68+£0.18  99.62 % 0.02
average 80.88+£1.12 89.23+0.19 83.03+0.57 85.69+121 78.61+570 93.47+0.22 95.55+0.30
airplane 85.96 +1.89 81.64+0.66 87.274+0.64 82.48+2.27 73.15+£3.79 T74.58+£0.66 88.46 +0.46
automobile 68.41+1.34 63.41+0.18 66.65+0.40 63.01+0.12 81.51+£2.01 83.36£0.98 96.46 + 0.39
bird 80.95+0.84 84.00£0.40 83.27+0.22 84.55+0.41 7223+£1.08 76.58+£0.80 84.2740.96
cat 79.72+£0.46 7483+£0.39 7948+0.33 76.01+1.11 76.03+2.01 76.88+£0.73 79.62+0.75
deer 80.72+1.83 85.66+0.52 80.24+0.90 84.93+0.34 75.17+£1.77 81.14+0.60 89.54+0.75
CIFAR10 dog 76.43£0.49 73.44£0.49 7895+£0.40 76.09+£0.47 78.07+2.05 80.30+£1.10 89.76+0.63
frog 74.11+£1.68 79.65+045 69.21+£0.26 77.22+1.32 76.914+3.06 81.12+1.47 87.59+1.17
horse 71.03+1.22 69.98+0.59 71.84+049 7049+0.67 77984256 83.49+1.22 95.09+0.54
ship 83.84+3.15 84.254+0.30 87.07+0.57 85.93+1.80 74.81+4.09 82.80+£227 9554+ 0.39
truck 67.61 £1.06 63.23+0.28 66.66+0.41 63.40+£0.99 80.154+4.09 81.45+1.04 93.77+0.23
average 76.88+0.44 76.01+0.09 77.06+0.16 76.41+0.20 76.60+1.14 80.17+0.40 90.01+0.13
aquatic mammals 80.65+1.18 80.59+0.58 82.524+0.16 81.63+1.35 74.03+2.11 77.40+£0.69 88.19+0.48
fish 84.10+£1.13 80.64+0.75 8223+0.86 81.47+1.35 70.814+232 7829+£1.76 86.18+0.88
flowers 66.40 £1.94 65.18+0.42 63.894+0.52 65.71+£149 76.804+594 7870+£1.44 88.49+0.95
food containers 82.73+£1.29 80.33+£0.63 82314083 7851+£1.88 72554273 75.17+£1.04 89.88+0.68
fruit and vegetables 78.61+297 70.72+0.72 77.33+£0.79 7215+1.43 79.63+£2.03 76.06+1.09 88.94+0.60
household electrical devices ~ 78.89 £0.79 70.99 £0.53 78454+ 0.55 72.59+1.81 75.054+2.06 74.56+£0.77 79.914+1.24
household furniture 81.66 £0.49 75854+ 0.55 81.624+0.89 76.59+2.25 76.05+£3.53 72.34+£0.91 90.84+0.45
inserts 7461 £1.85 74.07£0.72 7233£0.66 73.34+£1.28 T7358+1.79 76.52+£1.02 85.27+0.61
large carnivores 73.04£1.63 74.79£0.92 73.28+£0.66 75.181.04 78874+0.99 T78.67+£1.29 92.58 £0.67
large man-made outdoor things  80.89 £3.13 80.51 £0.86 83.96+1.12 81.95+1.64 80.82+1.83 79.63+1.30 94.79+0.41
CIFAR100 large natural outdoor scenes 92.06 £1.08 92.164+0.22 92.154+0.32 91.424+0.91 73.87+£2.97 80.46+£0.97 93.87+0.30
large omnivores and herbivores  74.09 +£1.53 74.64 £0.37 76.06 +£0.45 76.89+0.88 78.61+2.10 77.214+0.64 92.37+£0.50
medium-sized mammals 77.08£1.62 76.67+£0.36 7588+£1.05 77.90+£1.35 7831+080 7859+£0.96 90.52+0.34
non-insert invertebrates 77.49+0.56 80.55+0.26 76.73+0.27 79.21+0.79 72.68+0.97 7444+086 79.89+0.91
people 73.07+£0.92 67.02+£0.78 72.17+0.83 69.28+1.50 78.92+1.18 76.00+1.45 95.13+0.34
reptiles 75.394+0.61 7813+£0.38 74.99+0.61 7833+1.13 74054206 77.22+0.77 84.36+0.81
small mammals 78.78 £1.16 81.01+£0.28 78.69+0.67 81.76+0.75 76.20+£1.28 78.12+0.58 87.37+0.35
trees 77274190 79.19+£0.68 7527+0.83 79.74+1.20 78.99+1.55 82.92+0.60 96.46+0.21
vehicles 1 65.03 £0.47 66.23+0.45 65.864+0.58 67.15+£1.05 78.554+1.52 76.27+£1.68  95.09 + 0.32
vehicles 2 73.954+1.58 72.03+£0.40 75.19+0.62 72.74+1.12 7533+£1.39 7497+148 92.95+0.43
average 77294028 76.06+0.16 77.05+0.18 76.68+0.14 76.19+0.62 77.18+0.41 89.65+ 0.09
0 7476 +£0.25 7871+£029 7523+0.64 76.17+046 75.05+0.44 88.74+0.61 75.19+0.86
1 77714093 80.11+£0.41 78.05+0.65 78.104+0.71 7443+1.42 82924094 84.80+0.39
2 75.154+0.76  76.35+£0.54 75354046 7570+0.76 74.93+0.34 84.36+0.88 95.67+0.26
3 74.64+0.34 75434039 74474055 T7493+046 74.83+0.52 80.88+2.03 94.14+0.17
4 75.86 +£0.60 77.49+0.18 76.56+0.47 77.09+0.39 75.65+1.16 8328+1.13 95.93+0.35
SVHN 5 7419£0.38 76.05+£049 74.38+£045 7475£0.56 75.114£0.15 85.15+£1.69 96.27£0.11
6 74.32£049 7578 £0.27 73.83+£0.60 74.73£0.38 T748240.18 86.41+£1.45 94.45+0.18
7 76.76 £0.73 78.35+£0.54 76.06£0.65 76.91+£0.30 74184+1.23 8380+1.13 96.31£0.10
8 73.82+£0.46 76.25+£0.32 74.00+£0.61 7512+£0.19 75214059 85.43+£0.95 81.58+0.64
9 7468 £1.03 76.54£0.59 74.73+£0.26 7540+£0.24 75994141 87.06+£1.35 94.73+0.31
average 75.19+0.21 77.11+£0.14 75.27+0.25 75.89+0.13 75.02+0.32 85.30+0.38 90.91+0.13
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Table 11: AUPR-out (%) (outliers as positive class) when p = 0.05

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3OQutlier
0 10.76 £1.73 43.014+3.25 2543+£7.71 17.60 £1.79  36.38 £33.30  48.884+3.25 72.36 +1.86
1 86.80 +£1.67 87.45+1.63 47.39+14.83 88.15+£2.07 51.42+£19.61 70.57 £ 1.54 69.95 4+ 3.57
2 9.70+1.74 21464266 19.68+3.59 11.90 + 1.68 6.94 +2.01 55.14 +1.43 41.99 £+ 1.69
3 12.49£1.02 26.87+1.62 17.60+4.74 15.37 £ 1.55 6.51 +£3.24 74.22 +£4.28 76.02 +£1.27
4 22944288 41.33+£6.87  29.56 4 4.26 26.35 = 2.06 1448 £5.74 72.85+4.42 63.10 +2.78
MNIST 5 10.69£1.24 19.044+2.36 12.38+4.92 13.49+1.81 5.69 +0.41 68.48 4 3.37 48.06 + 2.20
6 20.274+6.25 3898 +£5.54 25.57+8.45 29.17 + 4.54 8.00 + 1.58 80.24 £ 3.70 64.37 £ 2.49
7 40.18 £5.45 58.37+£290 3281+£7.21 53.74 £ 3.79 19.84 £5.40 72.144+2.21 56.28 4 1.58
8 7.19+2.68 16.88+2.41 8.38+1.64 6.88 +1.18 20.51 £16.23  37.19+5.03 46.40 £ 1.07
9 29.14+4.04 38.38£5.60 2541879 31.39£3.25 10.09£2.90  TL57+£2.57  59.89 +1.49
average 25.034+1.10 39.18£0.88 24.42+3.41 29.40 +£1.39 17.99+4.15 65.131+0.70 59.84+0.70
t-shirt 891+1.61 23.62+1.72 10.17+£2.31 1223 +0.70 18.80£10.24  56.19 +2.63 57.814+2.01
trouser 56.144+0.84 66.01+1.81 37.60 4 4.58 60.02+2.05 31.344+11.95 73.33+£1.02 78.53 + 2.66
pullover 9.74+198 23.28+2.38 9.06 + 0.99 11.95 +2.30 7.824+2.89 67.15 4+ 2.07 72.90 + 2.37
dress 16.79 £2.04 33.514+4.96 21.44+3.71 18.34 £1.88  39.37+14.85  66.05 + 2.50 58.35 4 2.54
Fashion- coat 14.09 £1.12 31.07+3.54 15.62+1.45 15.92 +£2.44 12.06 £ 6.65 68.94 +1.95 69.36 + 1.91
MNIST sandal 25474440 11.65+2.39 19.624+4.53 26.48+12.77 52.18+12.56 63.91 £2.77 78.07 £ 0.80
shirt 5.824+0.88 16.05+1.64 5.75+0.42 8.46 +1.06 7.76 +1.60 54.80 4 3.98 53.97+2.29
sneaker 61.69+6.47 63.16£7.42 64.41+7.38 65.74+2.02 49.66 +19.16  86.18 +-2.84 94.55 4+ 0.96
bag 5384048 12.56 +0.89 4.83 +0.30 6.46 + 0.86 5.13+1.52 36.88 & 1.46 45.49 £+ 2.30
ankle-boot 34.434+290 50.47+4.63 30.86 + 3.86 37.24+£5.05 28.61+11.32 91.50+1.11 94.94 4+ 0.54
average 23.854+1.07 33.14+1.12 21.94+1.08 26.28 +1.64 25.27 £ 4.75 66.49 +0.63  70.40 £ 0.30
airplane 9.68 +0.81 7.76 +£0.36 10.55 £0.18 8.17+1.21 6.42 +2.94 6.54 +0.83 17.85 £1.62
automobile 4.01 £0.17 3.49+0.11 3.90£0.21 3.50+£0.14 9.07+2.34 18.67 £ 3.87 67.11 4+ 2.00
bird 8.75+0.52 9.59 +0.67 9.34 +0.64 9.56 £0.77 5.20+0.34 6.45 +0.45 11.17 £ 0.89
cat 7.35+0.71 6.01 & 0.46 7.42£0.51 7.14+£0.71 6.54 & 2.06 6.92 + 0.67 11.94 £0.41
deer 9.14+1.16 12474+1.85 11.18+1.88 12.29 +1.87 7.22+2.38 8.76 + 0.59 25.35+1.97
CIFARI0 dog 7.27+0.89 5.63 +£0.22 8.23 +£0.55 7.03 £ 0.60 6.19+1.04 9.14+2.24 33.23 £4.49
frog 527+ 0.50 9.01+0.30 5.70 £0.45 7.324+1.20 13.36 £4.21 11.49 £2.50 26.59 +1.12
horse 6.08 +0.72 5.04+0.10 6.15 4+ 0.37 5.78 £0.53 8.47+1.53 19.02 £4.19 49.53 + 3.02
ship 14.87+£1.61 10.654+0.97 14.14 4 0.46 12.89 + 0.85 8.76 + 6.07 13.86 +2.26 51.70 +1.26
truck 3.87+0.20 3.50 +£0.20 3.92+0.21 3.61+£0.22 15.39 £4.39 18.78 £2.57 51.18 £ 2.17
average 7.63 +£0.31 7.32+0.22 8.05+0.28 7.73+0.35 8.66 = 0.82 11.96 £0.62 34.56 + 1.06
aquatic mammals 11.61+£1.92 9.44+1.07 12.89 +£1.45 12.49 +1.76 6.40 +1.92 6.47 +1.44 17.48 + 1.69
fish 9.79 £ 1.09 8.04+£1.05 9.25 +0.75 8.96 = 0.58 5.24 +£0.81 7.92 +0.96 11.19 £1.38
flowers 3.77+0.21 3.78+£0.28 3.98+0.14 4.17+£0.56 12.41 £5.66 6.11 £ 0.50 18.46 £2.82
food containers 6.70 +0.83 7.01+1.19 6.88 +0.49 6.45+0.38 5.00 & 0.86 5.08 +£0.42 17.81 £0.71
fruit and vegetables 5.96 + 0.82 4.49+0.18 5.73+0.67 5.21+0.85 10.95 £2.78 5.83 +0.42 16.65 £ 0.54
household electrical devices 5.18 +£0.22 4.26 +0.20 6.03 + 0.45 5.01 +£0.37 5.81+0.34 4.83 + 0.65 7.44 4+ 0.90
household furniture 7.52+1.37 5.71 +£0.68 8.35+0.72 6.66 = 1.02 6.86 +2.24 5.13+£0.43 16.27 £ 1.55
inserts 4.44£0.20 5.37+0.44 4.91+0.39 5.144+0.48 6.67+1.04 5.76 £ 0.40 14.55 £ 1.16
large carnivores 6.14 & 1.00 7.79+0.75 7.77£0.59 8.75+£1.37 11.40 £1.87 9.53 +2.48 36.17+4.71
large man-made outdoor things  13.40 £3.65  9.89 + 1.62 15.88 +£2.89 13.44 + 2.68 10.14 £ 1.96 9.63 + 0.82 36.57 +4.35
CIFAR100 large natural outdoor scenes 22224394 23.95+4.78 23.62+ 3.46 24.15+£541 7.12+1.54 8.00 = 0.96 23.87+1.29
large omnivores and herbivores ~ 8.32 4 0.98 5.89+0.73 8.93+0.53 8.31+£1.05 9.24+2.10 6.21+0.43 25.93 +2.02
medium-sized mammals 10.40 £1.33  7.11+£0.34 10.94 £ 1.50 11.18 £1.23 11.47 £2.64 8.17+1.95 34.30 £ 3.51
non-insert invertebrates 5.40 & 0.50 5.89 4+ 0.32 5.26 +0.27 5.61+0.25 6.50 + 0.95 5.024+0.29 7.224+0.29
people 5.09 & 0.40 4.024+0.28 5.33+0.71 4.86 + 0.82 8.02 +1.08 6.99 + 0.60 31.454+3.31
reptiles 7.45 +0.96 7.19+1.13 7.79+1.23 7.92+1.05 6.08 +£0.71 5.70 = 0.49 13.22 £2.61
small mammals 8.79 £ 0.75 9.34+£0.71 10.76 £ 0.86 11.41 +1.56 8.92+1.05 6.72+0.72 18.53 £1.34
trees 11.81 £1.74 10.67+2.04 13.37+2.14 12.08 £+ 1.68 11.04 £1.20 14.71 £2.55 40.48 + 2.96
vehicles 1 3.724+0.24 3.73+0.15 3.94 + 0.50 3.87 £ 0.36 8.15 + 1.67 9.28 +0.89 45.14 +2.73
vehicles 2 6.23 +0.85 5.15+0.27 7.81£0.82 6.36 = 0.75 5.70 = 0.90 6.23+1.11 20.94 £+ 1.86
average 8.20+0.33 7.44+0.25 8.97+0.27 8.60 £0.17 8.16 = 0.30 7.17+0.29 22.68 +0.42
0 5.224+0.17 6.81 4+ 0.38 5.68 +0.19 5.27+0.28 9.04 +4.88 17.06 +£1.93 21.77+1.63
1 6.03 +£0.47 7.56 = 0.30 6.08 + 0.38 6.75 £ 0.30 10.22 £ 7.12 10.93 £1.99 16.22 £1.21
2 5.28 +0.08 5.82+0.24 5.09+0.20 5.37+0.13 15.45 £ 8.89 13.82+1.34 28.57+1.18
3 5.04+0.13 5.50 & 0.16 4.94+0.07 5.06 £0.12 17.29 £4.22 10.31 £1.15 21.63 £ 0.70
4 5.55 +0.43 6.67 + 0.47 5.47+0.24 5.56 £0.17 18.69 £11.30  13.32 £ 1.53 32.124+0.91
SVHN 5 4.88 +0.16 5.37+0.16 4.76 +0.14 4.99 +0.17 22.714+9.10 11.81 + 1.51 32.914+0.94
6 4.84 +£0.16 5.23+0.13 4.65+0.12 4.91+£0.17 19.19 £13.63  15.25 £2.48 31.25+1.05
7 6.16 = 0.40 6.71 £ 0.52 5.73+0.49 6.11£0.31 20.68 & 8.63 20.73+1.42 40.84 +1.06
8 5.03+0.23 5.57+0.15 4.824+0.19 5.11+£0.28 11.09 £ 7.50 9.78 +1.26 16.27 £0.70
9 5.134+0.26 5.51 +0.26 4.93 +0.09 5.32+0.29 13.65 £9.61 15.47 £1.05 29.86 + 2.56
average 5.32 +0.09 6.08 +0.10 5.21 +0.09 5.44 +0.04 15.80 £2.21 13.85+0.49 27.15+0.46
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Table 12: AUPR-out (%) (outliers as positive class) when p = 0.1

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E3Outlier
0 19.41£3.89 53.24+7.39 2859+13.07 21.21+3.30 49.61 £ 34.50 55.13 4+ 3.27 73.08 £ 1.15
1 91.68£0.99 9227+1.34 42.86+13.71 92.09+0.81 65.54+£2442 76.55+1.75 73.05+0.90
2 13.74£2.12 2826+1.66 20.44+0.95 1887+1.54 12.00=+3.67 59.02 +4.19 54.66 + 1.08
3 19.63 £4.50 36.55+£4.67 27.17+5.80 22.66+2.53 11.74+2.95 72.30 +2.88 81.49 +1.94
4 32.07£6.00 49.194+480 31.97£5.96 40.08+£2.19 19.45+6.46 77.80 £ 3.21 71.34+1.83
MNIST 5 18.85+£1.30 30.42+1.57 25314+4.19 2226+3.29 11.33+0.65 67.89 +4.01 56.59 + 2.00
6 3120+£6.41 54.11+£1.96 37.10+£8.89 33.66+£4.55 2578 £16.43 80.49£1.03 72.47+0.96
7 52.41+3.83 66.39+3.74 46.73+4.54 55.90+3.15 36.561+20.35 73.55+1.16 64.63 = 0.91
8 1240 £1.16 27.29+£2.61 13.70£2.71 13.39+1.02 15.77+5.52 47.96 £ 3.61 57.04+1.45
9 37.95+£3.36 52.03+3.51 31.43+13.47 38.01+£4.42 18.45+4.23 76.41 &+ 2.50 70.61 +1.70
average 3293+£0.74 4898+1.06 30.53+1.99 3581+0.77 26.62+531 68.71+£1.17 67.50+0.31
t-shirt 13.50£2.24 34.19+£251 14.76+2.93 18.194+2.04 21.51+8.91 59.56 & 2.03 66.31 +1.95
trouser 65.54 £1.46 74.34+237 33.44+1293 71.64+£2.00 34.73+£13.15 T7847+£3.16 83.42+1.26
pullover 15.04 £1.01 34.81+£2.46 14.63+1.28 18.97+3.00 12.63+4.92 69.48 £2.74 79.16 + 1.59
dress 23.77+£1.97 41.97+210 27.16+4.02 26.82+3.73 4757+£1522 67.29+2.49 64.01 +1.65
Fashion- coat 20.544+1.22 41.62+2.48 19.144+2.23 26.76 +£1.83 18.24 +10.26 71.59 +0.57 77.48 £0.94
MNIST sanfial 29.43+£337 18.10+1.63 2557+£3.82 24.53+£2.06 55.01+18.88 65.13+£3.10 79.98 +1.16
shirt 1047 +£1.11 2461+£0.76 10.59+0.82 14.53+1.03 1593 +2.81 56.96 +2.12 60.57 +1.73
sneaker 65.39 £3.41 63.96+297 69.15+£3.79 61.69£2.45 56.93+22.49 88.30+2.21 95.79 +£0.24
bag 9.25+0.75 20.11+£1.05 9.15 £ 0.39 10.32£0.67 11.46 4+ 2.05 36.25 £2.75 55.71+1.08
ankle-boot 39.58 £3.68 49.69+3.57 31.19+£3.52 43.794+5.38 28.86+20.98 92.70+£1.11 96.73 +0.24
average 29.25+£0.13 40.34+0.39 2548 +1.11 31.72+1.39 30.29+6.31 68.57+£0.39 75.91+0.24
airplane 1824 £2.40 14.68+0.33 19.65+0.29 14.59+1.01 10.88+3.32 10.43 £0.78 28.53 +2.68
automobile 7.57+0.51 7.29+£0.31 7.75+0.19 7.13+0.29 19.50 £ 5.92 24.26 +4.72 71.61+1.21
bird 1524 £1.94 17.00£0.55 17.09+0.67 16.38+1.28 10.17+0.98 11.17 £ 0.98 18.18 +0.62
cat 14.14£1.28 10.99+0.52 14.37+0.49 1247+1.22 11.18+0.80 12.22 £0.95 19.05+0.91
deer 19.46 £1.06 22.81+£0.88 19.59+0.92 22.29+191 15.10+2.59 17.21 £1.31 37.24 +£1.26
CIFAR10 dog 14.39+£1.88 11.03+£0.53 15.53+0.83 13.65+1.25 12.14+1.79 15.99 £ 1.48 41.31 £1.67
frog 11.66 £1.52 16.82£0.75 9.31+£0.34 13.18 £0.87  18.08 & 3.60 18.84 £4.38 36.72 + 3.04
horse 10.95+£0.59  9.774+0.45 11.624+0.59 11.484+1.14 15.10+1.68 25.9440.84 58.09 + 3.09
ship 25.074+2.84 18.99+1.04 24.37+1.23 20.77+£1.67 20.09+14.18  20.00 + 2.47 63.22 +0.81
truck 7.48+0.38 7.23+£0.23 7.80+0.20 7.56 £0.25 24.21+£7.35 27.25 4+ 2.56 60.21 +1.78
average 14.424+0.68 13.66+0.18 14.71+0.11 13.95+0.30 15.64 £1.34 18.33+0.55  43.42 4+ 0.47
aquatic mammals 20.76 £2.73 1518 £0.78 21.18+1.98 18.96 +£2.41 10.73 £0.96 12.07 £0.93 27.30 £ 2.17
fish 16.55£2.39 1328 £0.87 16.99+1.00 14.76+1.28  8.69 £ 0.89 13.09 £ 0.81 20.09 +1.06
flowers 7.68+£1.45 8.17+0.52 7.60 +0.35 7.75£0.81 19.45+5.82 1237+ 1.34 28.87 +1.09
food containers 13.62+£1.87 12.17+0.83 13.91+£046 12.64+1.02 10.34+0.61 9.23 + 0.59 27.05+£2.39
fruit and vegetables 10.01 £0.99 8.734+0.34 10.58 £ 0.53 8.85+1.27 19.02 £ 5.38 11.94 £0.91 24.54 +1.65
household electrical devices 10.49+1.46 828+0.11 10354128 897+0.54  10.05+1.03 9.52 £0.28 14.03 £ 1.07
household furniture 14.63£1.16 10.88+0.32 14.41+£0.36 11.22+1.10 12.48+3.54 9.28 +£0.24 26.64 +1.30
inserts 9.67+£0.32 11.35+045 10.02+0.43 10.36%+1.19  9.86 £ 0.52 11.41£0.35 22.39 +1.05
large carnivores 12.77£1.30 1453 +£1.45 1256 +0.88 17.12+1.83 18.30+1.66 18.40 £+ 3.88 47.93 + 3.86
large man-made outdoor things  20.79 +3.02 18.40+0.91 21.11+1.51 24.87+228 21.88+£3.73 15.88 £1.92 49.89 +£1.91
CIFARIO0  large natural outdoor scenes ~ 33.77 £6.48 38.32+4.21 37.91+£292 3381+£6.97 15.1643.15 14.51+1.19 35.79 £ 1.96
large omnivores and herbivores  15.53 £0.55 11.97+0.80 16.29+0.94 16.77+1.79 17.23+1.19 13.42£1.93 38.28 +1.06
medium-sized mammals 17.22+1.21 1291+£0.52 15.74+0.63 1847+1.85 20.08+1.43 15.60 £ 2.21 43.57 £2.63
non-insert invertebrates 10.21£0.50 11.86+0.21 10.22+0.28 10.11+0.37  9.54 £ 0.39 10.43 £ 0.40 13.60 £ 0.77
people 10.12£0.78  7.984+0.16 10.04+0.50  10.034+0.93  13.03+1.22 11.92+1.15 44.16 £2.99
reptiles 13.79+£1.10 13.13+£0.65 13.834+0.50 13.77+£0.99 10.22+0.33 11.22 £0.81 22.71+1.84
small mammals 16.92+£2.01 19.30+1.29 18.13+1.39 20.81+1.30 14.90=+0.86 13.48 £0.73 29.54 +2.53
trees 17.144+3.19 21.37+0.92 19.58+1.80 21.38+2.93 18.12+£3.25 20.31 4+ 3.83 56.26 + 2.17
vehicles 1 7.84+0.52 8.09 £0.21 7.36 +0.44 7.91+0.37 13.82+1.10 13.95 £ 1.36 56.68 +1.98
vehicles 2 10.72+£1.30 10.77+£1.00 11.33+0.94 11.63+1.30 10.90+0.84 11.50 £ 0.39 36.67 +2.35
average 14.51 £0.57 13.83+£0.21 14.96+0.11 15.01+0.43 14.19+0.45 12.98 £0.17  33.30 4+ 0.39
0 10.34 £0.37 13.17+£0.62 10.65+0.29 10.59+0.58 15.27+6.31 30.87 £3.14 25.89 +1.45
1 12.79£0.78 1457+£0.96 12.38+0.55 13.11+0.81 21.94+7.09 17.59 £0.83 22.15+1.09
2 10.75+£0.16 11.73+£0.20 10.674+0.27 10.93+0.25 17.36 £8.07 20.92 +1.69 40.71 £1.28
3 10.05£0.15 10.67£0.25 9.91+0.20 10.15+£0.19  15.81 +5.72 17.18 £1.44 32.45+0.24
4 11.014+0.44 1243+0.75 10.85+0.30 11.72+0.29 21.97£5.98 18.62 £2.11 44.26 +£1.43
SVHN 5 9.71+0.24 10.61+0.40 9.58+0.31 9.84+032 2510+£10.95 21.07+2.55 44.00 +1.80
6 9.83+£0.26 10.34+£0.37 9.44+0.22 9.89 £0.18 16.63 £ 6.96 22.18+1.82 41.63 £1.23
7 10.87£0.53 12.72+£0.35 11.35+£0.51 10.98+0.68 25.77 £14.33  28.50 £4.72 50.71 +£1.37
8 9.95+027 11.14+0.32 9.58 £0.22 9.98 £0.31 14.60 £ 8.64 19.40 £ 1.99 25.04+2.20
9 10.29+0.32 11.30+£043 10.16 £0.12 10.71+0.42 18.70 +8.92 24.09 + 0.69 39.67 £ 1.65
average 10.56 £0.12 11.87+£0.26 10.46 +£0.18 10.79+0.21 19.31+2.43 22.04+0.79 36.65+0.12
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Table 13: AUPR-out (%) (outliers as positive class) when p = 0.15

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E®Outlier
0 19.63£3.45 56.80+3.92 34.84+17.52 20.60£3.94 51.66+31.41 60.50+7.01 70.15+0.88
1 92.84 £1.76  94.57+0.99 63.41+13.90 93.78+0.76 69.22+28.68 80.60£2.59  71.06 +2.21
2 18.99+3.21 3531 £1.85 23524+4.03 19.38+2.74 16.18+£3.28 60.47+2.86 61.70£1.16
3 21.95+£2.07 42.16+3.65 32.10+£841 29.69+2.20 25.17+12.63 73.27+£1.84 84.90+0.55
4 37.58+5.59 50.08+£2.86 37.214+10.38 42.75+2.34 30.80+14.52 78.07+229 73.62+1.76
MNIST 5 20.65+1.71 51.51+1.03 2497+152 17.81+£3.57 17.18+1.68 65.53+£2.68 61.18+1.44
6 31.59+4.34 58364584 25.89+7.68 34204328 20.58+6.85 7857171 76.61+0.74
7 4450 £11.65 66.81+1.79 48.08+£3.25 50.74+5.18 38.574+20.82 74.09+2.56 69.14 £ 0.42
8 16.78 £2.35  33.83£2.09 22574+4.92 1878+252 19874595 50.92+2.83 62.90+1.71
9 43.68 £4.63 59.83+1.89 37.61+£889 43.89£599 26.06+£6.49 T79.04+1.23 75.14+1.42
average 34.82+1.84 54.93+0.76 35.02+2.52 37.16+220 31.53+£3.75 70.11+0.96 70.64 1 0.43
t-shirt 21.57+£2.11 43.29+1.61 2281+1.16 25.36+1.93 44.81+16.03 62.02+£3.19 72.47+0.70
trouser 71.854+2.31  79.02£327 66.75+4.11 7747+£230 50.89+£7.97 81.51+£4.08 85.37+£1.11
pullover 21.73£3.37 41.76 £0.75 20.87+£2.75 23.69+4.47 2281+583 T72.05+£2.58 82.45+1.21
dress 3L.72£2.77  478743.54 31.56 £2.11 3258 £2.90 49.00£8.61 69.36 £1.03  66.26 + 1.68
Fashion- coat 2‘5‘81 +1.80 47.50 &+ 3.22 25.4]0 +1.55 29.88+6.34 33.56+19.64 7‘4.2‘8 +0.55 79.95 +0.42
MNIST sanf:lal 33.17£253 21.924+1.94 3266 +£1.48 31.39+£7.72 T1.38+14.66 64.65+3.23 80.60%1.07
shirt 15,18 £0.77 31.354+1.61 14.85+£0.53 19.22+2.15 27.054+12.51 59.75+1.75 63.88+1.15
sneaker 64.38+4.59 69.43+£255 6828+436 66.56+517 59.76+£11.51 90.42+1.99 9587 +0.72
bag 13.57+£2.37 22994147 1342+£0.77 14.214+240 26.01+£14.59 39.34+2.90 57.58 £0.79
ankle-boot 4724 £4.04 50.004+3.85 36.81 £1.84 45484285 43.184+2586 91.67+1.84 97.21+0.24
average 34.62+1.14 4551+0.91 33.34+1.03 36.58+1.36 42.84+8.88 70.51+0.55 78.16+0.22
airplane 28.96 £2.69 21.624+0.98 28.72+£0.96 22.54+2.06 16.90+4.11 1590£0.91 3547+ 1.46
automobile 11.31£0.39  10.994+0.19 11.58 £0.25 10.85+0.43 24.02+£5.03 31.48+4.78 76.88+1.60
bird 22.03£0.73  24274+0.39 24.24+£036 24.02+1.08 14.16+2.11 16.10£0.94 24.80+0.52
cat 20.05+£0.76 16.93+0.51 20.68+0.23 18.73+1.17 1747+1.54 17.10£1.17 24.04+0.83
deer 25.01 £1.51 31.54+0.86 27.07+£0.47 30.60+£1.35 19.00£2.68 23.24+1.06 44.35+1.01
CIFAR10 dog 21.32+£1.08 16.54+0.58 2222+1.02 19.83+1.46 17.14+1.26 24.36+1.91 44.63+2.11
frog 16.51+£1.55 23.36 £0.73 1458 £0.59 18.64+£1.32 22424385 25.66+3.27 40.98 £1.98
horse 15.96 £0.78  14.56 £0.44 16.73£0.49 16.47+0.59 21.53+3.31 30.66+3.61  60.66 +1.13
ship 3249+£249  26.70+1.26 33.55+£0.96 28.66 £4.67 25.81+15.68 27.90+4.04 6833+ 1.41
truck 12.06 £0.96 10.814+0.12 11.96 £0.07 11.00+0.51 26.47+6.72 30.02+1.79  66.14 £0.75
average 20.57+0.23 19.73+0.07 21.13+£0.14 20.13+0.38 2049+1.20 24.24+0.91 48.63+0.18
aquatic mammals 29.51 £1.00 23274+0.79 29.46+0.87 27.64+1.90 16.03+0.85 19.37+1.70 34.82+1.87
fish 25.04+£1.33 2032+1.28 23.92+0.60 2281+1.66 13.30+1.78 19.21+0.43 28.85+1.23
flowers 11.00+0.56  11.17+£0.32  11.224+0.61 11.41+£1.20 23.69+7.50 17.86+0.96 38.07 £ 3.55
food containers 19.45+1.01 19.37+0.58 19.12£0.70 17.69+0.83 14.29+£0.50 15.06 £0.71  32.55+ 1.07
fruit and vegetables 15.65+1.36 13.70+£0.48 15.97+0.49 15.02+1.17 25.03+5.12 17.58 +1.67 32.06 +1.44
household electrical devices 1541£0.84 12,66 +0.28 1697045 1325+0.70 16.29+£2.37 14.77+£0.29 19.67 +1.26
household furniture 20.84+1.59 17.264+0.89 22.76+1.09 1847+1.74 1747+3.15 14.33+0.58 34.62+1.89
inserts 1480+ 1.07 15.544+0.47 1446042 1501£0.27 16.14+£2.95 16.37+£0.42 30.67 £ 0.89
large carnivores 16.174+0.98  19.68+1.88 19.46+0.92 19.51+0.53 24.64+0.53 23.39+3.18 55.01 +4.95
large man-made outdoor things ~ 27.54 £1.60 26.39 £1.10  34.00£0.96 30.55+1.45 28.62+£6.09 23.06+2.56 57.92+2.35
CIFAR100 large natural outdoor scenes 46.29 +£2.49 4823 £3.14 44.54+291 48.01+£3.28 18.63+2.31 18.68+3.27 43.78 £2.36
large omnivores and herbivores  21.154+0.74 17.86 £0.14 2348 +1.30 22.15+0.71 23.13£3.16 18.05+1.46 45.68 £1.90
medium-sized mammals 2059 £1.76 18.62+0.77 21.90+1.02 24.67+1.56 24.45+1.79 2226 +3.16 49.82+1.72
non-insert invertebrates 15.25+0.45 1691 £0.54 14.86+0.46 1540+£0.34 1425+0.69 15.04+0.45 18.24+0.47
people 14.88£0.75 12.224+0.22 1515£0.71 14.40+0.91 20.03+£1.78 16.65+1.92  52.46 £ 2.46
reptiles 1758 £0.92  18.29+£0.84 19.39+0.83 19.32+£0.41 1557+1.48 17.73+1.69 28.92 £ 1.60
small mammals 23.17+£0.79  25.25+0.92 2582+1.51 27.79+1.06 20.09+229 1943+£1.73 35.92+0.79
trees 25.84£1.34 27584159 29.44+1.75 2858+ 1.11 2348+3.23 29.27+3.39 63.39+1.68
vehicles 1 11.68£0.48 11.60+0.44 12.12+£0.73 11.69+0.61 20.87+1.22 19.32+2.56 6521+ 1.73
vehicles 2 15.38+0.95 14.77£085 17.98+1.08 15.83+£0.85 17.13£251 16.03+0.81 46.35 £1.83
average 20.36 £0.22  19.53+0.35 21.60+0.18 20.96+0.24 19.66+0.44 18.67+0.27 40.70 &£ 0.46
0 15.83£0.77 18514023 15.73+£0.38 16.32+0.43 20.37+£4.33 3843+3.73 29.97+1.49
1 17.59+£0.65 20.30 £0.68 18.08+0.99 18.65+0.81 21.37+6.57 24.24+2.65 27.28+2.15
2 15.72£0.28 17.024+0.40 15.63£0.22 16.30+0.41 23.08+7.58 28.30+£3.37 47.74+2.10
3 15.014+£0.23  15.65+£0.20 14.69+0.27 14.95+0.25 24.86+5.48 24.08+1.89  40.33 £ 0.66
4 16.40£0.32  17.88+0.73 16.26 £0.30 17.124+0.47 26.29+£9.36 2553+ 1.16  49.824+0.99
SVHN 5 14.92+£0.23 15.854+0.18 14.52+£0.18 15.06+0.11 23.134+13.29 24.87+1.95 50.54 £0.89
6 1458 £0.35 1545+0.23 14.12£0.32 14.73+0.25 29.024+15.07 27.17+£1.27 47.04+1.10
7 17.42£0.50 18.694+0.67 17.09+£0.65 17.59+0.50 30.14 £7.67 36.04+2.12 55.95+1.52
8 14.82+0.25 16.16+0.40 14.55£0.26 15.14+0.33 20.524+10.54 27.21£2.71  29.10+0.95
9 1528 £0.52  16.46+0.49 15.17+£0.19 15.68+0.59 23.63+£5.31 2839+1.72 46.74 £ 1.46
average 1576 £0.11  17.20£0.13 1558 £0.18 16.15+0.14 24.24+219 2843+0.34 42.45+0.59

17



Table 14: AUPR-out (%) (outliers as positive class) when p = 0.2

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E>Outlier
0 24.25+291 6227797 3391+£6.62 26.76+549 51.464+29.90 58.60+5.61 71.0941.14
1 94.72£0.76  95.66 =0.89 80.07+£15.25 94.574+0.26 74.00£23.72 81.35+1.71 68.21+1.78
2 23.89 £3.03 39.45+4.08 25.56+3.79 25.81+3.18 21.10+£1.17 60.82+1.53 6528+1.10
3 30.11 £3.97 48.24+2.61 44.39+11.30 35.184+2.99 3253+11.64 71.18+2.77 86.03+0.46
4 46.04+4.39 54.55+£3.66 46.07£590 48.36+£4.38 42.00+20.73 79.51+1.49 74.36+£0.93
MNIST 5 29.21+£2.04 3847+253 26.66+4.23 30.33+2.85 23.83+252 68.62+1.34 63.27+1.75
6 34.40+£2.93 63.89+590 39.16+7.09 37.31+3.60 51.17+24.61 79.81+1.85 78.60=+ 0.60
7 58.80£5.55 71.694+2.60 53.66+6.73 61.224+2.33 57.72+18.90 75.56 % 2.11 72.44 +0.52
8 19.86 £0.88 35.674+2.05 32.93+6.04 23.89+1.16 27.07+£10.86 54.76+2.44 66.11+0.88
9 46.01 £2.95 62.02+£285 42.44+6.51 4890+3.06 32.57+10.13 80.10+1.75 77.75+£1.01
average 40.734+0.99 57.19+1.69 4248 +2.33 43.23+0.75 41.34+5.16 71.03+0.84 72.31+0.33
t-shirt 23.31+£349 46.19+1.81 26.114+2.65 32454+1.40 38.99+17.60 66.60+1.69 73.97+0.74
trouser 76.39£1.01 80.92+1.16 6748+7.84 79.83+£1.34 54.67+1842 84.15+1.98 85.84+0.77
pullover 26.66 £1.09 45.65+2.45 26.024+1.92 33.194+230 17.71+238 74.36+1.77 83.98 £ 0.66
dress 32494264 50.12+2.53 39.56+3.17 37.77+£2.77 66.75+11.43 67.43+1.39 66.79+0.51
Fashion- coat 3447+£242 53.01+241 29414+187 3848+3.14 2535+£12.35 76.62+0.90 82.18+0.86
MNIST sanFlal 33.55+£5.41 24.77+0.65 38.98+2.88 30.15+£4.28 63.53+11.03 62.88+587 7896+ 1.52
shirt 19.89+1.09 37.51+£0.51 19.92+1.00 2399+1.55 24.03+7.65 60.59+1.70 65.75+0.52
sneaker 60.88 £5.89 68.98+1.30 59.68+19.32 69.21+2.75 64.38+14.74 91.244+0.40 96.21 +0.58
bag 17.404+0.95 26.26+0.89 17.34+£0.63 18.13+£1.15 28324+11.86 39.41+£147 57.95+£1.78
ankle-boot 42.824+4.78 56.35+3.60 41.21+6.77 50.74 +£4.18 51.50+£23.96 90.28+0.95 97.35+0.04
average 36.79+1.34 48.97+0.97 36.57+2.52 41.40+0.88 43.52+2.89 71.36+0.76 78.90 £ 0.32
airplane 31.34£4.43 27.89+0.60 35.66+0.66 28.974+292 20.32+3.75 20.23+1.27 41.60+1.15
automobile 15914+1.22 14.95+0.31 15.62+0.30 14.38+0.30 32.31+4.03 33.73+£4.39 79.73+£0.71
bird 28.71+1.48 30.73+0.70 31.25+0.88 31.90+0.54 18.95+230 22.01+2.16 29.45+0.94
cat 26.01£1.59 2248+0.59 26.31+0.56 24594155 22.79+1.29 22394215 27.81+1.73
deer 31.61+£1.79 3829+0.72 33.79+0.72 37.69+1.04 23.90+£4.55 2857+1.92 48.52+1.60
CIFAR10 dog 25.96 £1.48 21.624+0.57 28.28+0.61 2545+0.65 23.61+£3.02 29.78+247 47.05+3.04
frog 20.44+£2.29 2981+0.78 19.314+0.65 23174151 29.39+521 28.80+2.11 45.62 £ 1.81
horse 20.25+£0.91 19.154+0.54 21.56+0.32 20.254+0.23 25.77+5.59 32.38+2.19 66.72 4+ 1.68
ship 38.81+£4.02 33.61+1.02 40.14+0.88 36.11+£3.39 26.21+10.64 31.80+2.66 7248+1.70
truck 15.58 £0.61 14.40+£0.17 15.64+£0.20 1448 +0.40 39.80+8.34 31.89+1.99 68.15+1.77
average 25.46 £0.63 25.29+0.06 26.76+0.20 25.70+0.66 26.30+0.64 28.16+0.74 52.71+0.24
aquatic mammals 36.66 £2.20 29.09+1.15 37.224+1.66 35.87+1.39 23.02+3.30 23.26+1.57 41.89+1.35
fish 30.51+£2.17 26.264+0.47 30.55+£0.93 29.02+1.86 18.46+1.59 25.19+1.83 34.244+0.79
flowers 14.74+0.71 1498 +0.25 15.00+£0.53 16.11+1.76 31.44+5.00 2258+ 1.17 45.67+1.41
food containers 2499+1.19 25.80+0.73 25.024+0.39 24.174+0.74 17.65+1.82 18.28+0.91 39.26 +1.32
fruit and vegetables 20.23+£1.96 17.914+0.46 21.13+0.51 18.98+1.46 29.48+4.84 21.98+0.76 38.17+1.69
household electrical devices 19.65+0.64 16.83+0.11 2226+0.42 17.91+1.05 2048+1.18 19.16+0.88 25.08 £1.04
household furniture 2599 +£2.64 22.77+0.38 28404034 25264+1.72 19.72+1.98 18.95+0.65 41.66+2.13
inserts 1898 4+0.90 20.43+£0.51 19.08£0.57 19.67+£1.15 19.76+£0.67 22.00+£1.20 34.74+£1.23
large carnivores 22.03+£1.94 2464+1.35 2420+£1.01 26.55+£2.33 28.81+£3.13 26.56+1.98 59.16 +2.97
large man-made outdoor things 34.84 +1.73 32.68 £2.17 39.87+0.74 35.65+1.14 31.46+7.10 27.52+3.91 63.81 £+ 0.40
CIFAR100 large natural outdoor scenes 50.56 £2.94 56.18 £1.93 49.584+1.49 53.744+2.93 23.04+2.22 2490+1.57 50.57+1.73
large omnivores and herbivores  26.28 = 1.07 23.81£0.71 29.68 £0.83 2928 £1.36 28.73£2.53 24.98+2.08 51.20+£1.55
medium-sized mammals 27.10+£0.38 24.124+1.37 28.99+1.67 31.94+£270 3296+230 27.86+144 54.05+2.46
non-insert invertebrates 20.32+£0.87 22184+ 0.60 19.714+0.36 20434+0.61 18.69+0.86 19.884+0.90 23.41+0.46
people 20.36 £1.06 16.54+0.52 20.09+0.78 18.954+0.72 27.29+1.33 22.76+1.81 61.09+1.17
reptiles 23.66 £0.76 24.824+0.49 24.53+£0.98 2497+£1.20 19.94+£0.50 21.78£0.73 35.34+0.90
small mammals 2941 +1.26 32444125 31.714+0.77 33254155 24.36+1.29 24224184 42.04+0.88
trees 30.73£3.21 3451+£1.98 34.08+145 3295+2.07 29.95+259 32.09+3.10 68.3241.04
vehicles 1 15.06+0.91 1551+£0.39 15.79+£0.41 1530+£047 2742+£277 24.05+£2.14 69.71£0.83
vehicles 2 20.66 £1.63 19.68+0.86 22.59+1.01 20.65+£1.58 21.52+2.03 20.07+1.14 50.69+2.06
average 25.64 £0.58 25.06+0.40 26.97+0.19 26.53+0.37 24.71+0.65 23.40+0.49 46.51+0.39
0 20.71£0.90 23.424+0.52 20.54+0.25 21.10+0.43 2742+6.70 46.08+4.35 33.124+0.92
1 23.18£0.72 25.924+0.84 23.34+£0.70 23.55+£041 2819+£6.77 2843+1.74 30.96+1.14
2 20.64 £0.41 2216+0.51 20.794+0.29 21.2840.38 3536 +£9.87 32.95+2.88 51.79+1.97
3 20.00£0.19 20.75+£0.34 19.59+0.13 20.18 £0.17 33.424+7.00 27.36+0.60 46.89 4 0.88
4 21.52+£0.45 23.06+0.40 21.384+0.47 22214044 2643+3.86 28.224+1.60 54.93+0.93
SVHN 5 19.524+0.48 21.04+0.26 19.39+0.28 20.00+0.39 28.82+6.88 30.49+3.15 55.75+0.81
6 19.57+0.62 2028 £0.34 18.81+0.49 19.73+0.36 30.68+8.93 34.32+1.32 50.58+1.54
7 22.19+£0.56 23.73+0.57 22.15+0.37 22274+1.12 32.77+7.82 38244378 60.84+1.01
8 19.76 £0.46 21.12+0.43 19.25+0.21 20.06 +£0.33 26.54+6.64 35.86+3.21 33.97+£0.91
9 19.98+0.71 2242+039 20.14+0.31 20.76+£0.65 26.65+7.12 3545+1.65 50.85+1.01
average 20.71+£0.14 22.39+0.11 20.544+0.18 21.124+0.19 29.63+1.91 33.74 £0.68 46.97 +0.47
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Table 15: AUPR-out (%) (outliers as positive class) when p = 0.25

Dataset Class name CAE CAE-IF DRAE RDAE DAGMM SSD-IF E>Outlier
0 26.69 £2.62 61.98+3.88 40.68+6.14 28.46+3.48 453842235 60.50+3.40 68.4743.22
1 94.06 £3.44 94.00+1.46 90.14+1.79 93.204+2.68 70.89£26.56 82.89+1.59 65.56+0.89
2 26.39+£1.73 40.16+2.33 34.85+3.59 31.38+283 25.39+£449 6253+1.94 69.14+0.97
3 31.81+£2.64 51.47+1.95 3532+13.26 35.154+3.33 35.09+10.86 71.62+1.94 86.50+1.27
4 43.44+6.28 59.23+2.21 4284+3.19 50.36£5.38 47.61+23.44 79.42+099 77.31+1.09
MNIST 5 3241 +£1.86 44.70+2.81 38.17+12.58 40.024+3.50 25.95+2.35 67.59+2.17 65.84 +1.36
6 36.60 £4.95 62.754+2.00 37.44+8.17 46.62+4.35 3833+23.37 T7.45+275 80.224+0.96
7 62.03 £4.27 74.01+3.36 55.284+4.22 65424390 5238+17.20 76.34+2.20 T74.78+0.63
8 2226 £2.33 41.254+281 2536+237 23.1440.73 30.70£8.07 59.19+2.95 68.80 £+ 0.65
9 51.43+£3.32 67.114+1.99 48.58+7.40 56.62+220 37.12+£9.85 81.94+1.58 80.65=+0.60
average 42.71+1.24 59.67+0.84 44.87+2.48 47.04+0.55 40.88+3.97 71.95+0.61 73.73+0.43
t-shirt 27.79+£3.40 53.62+1.60 32424437 35584288 432241534 6848+1.48 75.03+1.20
trouser 79.63+£1.17 80.78+1.23 70.34+£8.39 81.79+£2.14 56.03£7.78 84.23+143 84.96+0.99
pullover 27.88+1.39 51.84+1.78 31.52+1.33 38.054+1.43 25994543 76.97+1.06 84.77+0.51
dress 40.74 £2.45 56.84 £2.57 4336+ 1.86 42.67+2.05 449441589 69.80+2.91  68.50 + 1.00
Fashion- coat 37.53+£4.41 57.29+0.66 34.09+1.08 43.48+1.83 29.01 £6.65 79.69 +1.52 82.75+0.38
MNIST sanFlal 38.60£5.78 29.144+1.53 40.25+£1.50 35.98+£4.69 61.05+18.57 60.85+539 73.96+6.75
shirt 23.85+1.08 42.73+0.84 24.60+0.83 30.69+1.80 2942+3.78 64.51+1.72 66.43+0.39
sneaker 67.30£3.20 70.95+1.11 71.05+5.14 68.38+2.82 68.99+21.31 91.21+1.70 96.67 +0.37
bag 20.41+£231 30.39+0.99 21.55+0.79 21.534+2.04 29.38+5.81 37.124+4.00 56.80+1.88
ankle-boot 48.66 +5.26 56.81 £3.54 44.80+1.86 53.07+3.63 45.05+20.44 88.68+1.62 97.13+0.14
average 41.244+0.92 53.04+£0.64 41.40+0.89 45.12+0.99 43.31+5.88 7214+1.17 78.70+ 0.36
airplane 38.96 £3.07 33.38+0.85 41.424+1.00 34.78+3.14 2397571 2456+0.85 44.144+1.63
automobile 19.544+£0.71 18.82+£0.16 19.69+0.34 17.90+0.21 39.18+5.95 38.53+£3.50 80.42+2.32
bird 34.55+0.55 37.27+0.44 37.00+0.36 37.87+0.61 23.04+1.53 26.59+1.26 34.57+1.27
cat 31.41+£0.64 27.32+£0.40 32.59+0.46 29.90+1.47 27.39+3.23 28.18+0.57  30.734+0.49
deer 3747+£232 4459+0.28 39.53+0.92 42.774+0.85 28.76+4.05 33.95+1.32 52424141
CIFAR10 dog 31.17+£0.87 26.414+0.35 33.82+0.33 30.68+1.21 31.95+£278 33.73+3.15 52314220
frog 24.56 £1.26 35.89+0.59 23.40+0.73 29.774+1.60 32.87+4.82 34.05+2.64 48.20+1.59
horse 24.79+£0.83 23.87+0.63 26.91+0.62 25.06+0.81 32.53+4.39 38.86+3.58 68.17+2.60
ship 43.19+4.65 39.69+0.80 46.05+£0.57 43.47+232 30.15+9.33 3585+4.28 74.13+1.86
truck 19.794+0.35 18.22+£0.27 19.71+£0.22 17.96+0.54 4091+7.75 3447+2.65 7234+0.73
average 30.54+£0.71 30.55+0.11 32.01+0.19 31.024+0.25 31.08+1.81 32.88+0.73 55.74+0.51
aquatic mammals 42.17+254 3540+£1.19 4283+1.78 39.01+£262 2557+2.12 29.01+1.25 47.31+1.54
fish 37.83+£1.98 3210+1.51 36.94+0.60 35.71+£191 21.97+239 3098+279 39.58+1.19
flowers 18.094+0.50 19.17+0.42 18.64+0.40 2022+1.49 30.54+6.71 29.80+3.09 48.77+1.79
food containers 31.34 £1.00 30.94+0.93 30.70+0.58 27.36+2.04 23.19+1.65 2387+1.13 42.69+1.76
fruit and vegetables 25.70£2.10 22.754+0.46 25.88+0.31 24.81+1.18 35.12+4.33 26.15+1.34 44.05+1.02
household electrical devices 26.00£1.10 20.91+0.35 27.27+0.52 2236+1.12 25.54+3.74 23.93+0.83 29.21+0.75
household furniture 33.97+£047 2697+£0.71 34.26+0.62 28.66+4.48 26.80+5.16 22.29+0.35 47.6441.37
inserts 22.91+£0.96 25.33+0.84 23.58+0.51 24334+1.07 2334+239 28.23+0.83 40.23+0.66
large carnivores 26.33+£1.05 29.78+1.32 28.75+£0.57 30.54+£1.06 36.38+£1.68 32.37+248 60.85+2.53
large man-made outdoor things  40.66 +4.33 37.86 £1.32 4553 +£1.06 43.49+3.14 39.77+5.00 30.71+1.07 70.37+1.41
CIFAR100 large natural outdoor scenes 58.07+£0.69 60.32+0.90 56.01+0.51 59.394+2.45 27.85+3.17 32.72+2.16  56.96 &+ 1.66
large omnivores and herbivores  31.524+0.76 28.80 £0.46 3434 £0.82 33.78 £0.95 33.20£3.81 29.08£1.35 57.69+1.40
medium-sized mammals 33.18£0.43 29.394+0.78 32.86+1.30 3431+£0.84 37.37+£260 30.85+1.56 56.59+1.56
non-insert invertebrates 2524 +£0.42 27584047 24.60+0.50 25.734+0.98 23.03+1.20 2453+1.11 28.13+0.66
people 24.36 £0.66 20.83+0.47 25.00+0.87 23414128 31.73+229 2646+1.14 63.12+1.63
reptiles 28.78 £1.46 30.05+0.15 30.14+£0.97 30.74+£1.31 25.00£241 27.32+1.12 41.484+0.40
small mammals 35.88+1.50 39.24+0.80 37.20+1.34 41.204+0.60 29.51+1.53 28.89+1.85 46.62+1.06
trees 37.26£2.71 39.51+£1.26 38.63+1.24 41.60+1.76 35.39+0.81 36.33+1.39 73.18+1.49
vehicles 1 1898+ 0.41 19.72+£0.57 19.68 £0.68 20.68£0.96 31.55+£2.30 27.76+1.88 74.05+1.63
vehicles 2 24.53+£1.52 24.37+0.63 27.32+£097 2549+2.01 2514+1.66 24.68+148 58.09+1.83
average 31.14+£0.45 30.05+0.38 32.01+0.30 31.64+0.34 29.40+0.92 28.30+0.65 51.33+0.45
0 25.65£0.15 28.93+0.55 2543+0.45 26.37+0.23 31.04+4.68 4886+1.17 34.80+1.07
1 29.07+£094 31.724+0.71 28.75+£0.34 29.29+£1.06 38.81+14.53 36.22+246 35.50+0.44
2 26.06 £0.49 27.01+0.55 25.90+0.49 26.544+0.40 38.99+8.09 3580+1.11 56.45+ 1.68
3 24.73+£0.29 2529+0.33 24.52+0.56 24.98+0.35 37.41+7.81 30.83+2.58 51.16+0.91
4 26.48 £0.51 28.32+0.53 26.63+0.32 27.234+0.25 41.05+8.46 33.94+2.11 59.22+1.78
SVHN 5 24.12+0.23 25904+0.44 24.33+041 24.71+£0.50 29.96+5.51 34.70+1.81 60.51+0.63
6 24.12+£0.37 25184+ 0.49 23.63+0.56 24.254+0.27 32.34+584 37.64+2.15 54.78+0.90
7 27.85+£0.56 29.40+0.63 26.884+1.01 28.1240.57 39.21+1443 4416+2.30 64.05+0.94
8 24.49+£0.40 26.454+0.46 2447+0.35 25.11+£042 31.96+£5.79 39.07+267 37.75+1.14
9 24.79£0.57 26.72+0.67 24.79+0.23 25.234+0.56 39.40+11.69 38.84+2.13 55.71+1.42
average 25.74 £0.13 27.49+0.16 25.53+0.25 26.18+0.18 36.02+5.04 38.01+£0.69 50.99 £ 0.40
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