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7 Theoretical Analysis

Theorem 7.1. Suppose
H(O,U_ Z) <&, (11)

and
H(St7Zt)§3t> H(MMSIUMt—I)SEt (12)

forallt =1,...,T with §; = My, Mo =0, and & = 0, where O = Q,,O(Uthth), S; =
G, (Z1; Mi—1), and My = Gy, (St UM, _1). Then, we have
T
< e,
H(O,M7) < €+ max. sk+j§;{£j (13)

for sufficiently large n, < |UL_, Z,

, e < ‘Zt

, andml S |S[UM[7]|

We prove the above main theorem step-by-step as follows:

7.1 Definitions

The greedy sampling operation on a set Z of embeddings and on a base set B is defined as
follows:

Gn(Z:B)={z€Z:z= argmax d(z{z1,...,zi-1}UB)} 19
2€Z2\{z1,-zi-1}

for 2 < i < n. The initial point z; is given as z; = argmax ez d(z,B). We denote G(Z) =
G(Z,0).
Define

d(Zl,Zz) = min min d(Zl,Zz), (15)
ZIEZ| €2y

Then Hausdorff distance H is defined by

H(S1,52) :max(maxd(zl,Sz),mag(d(zz,Sl)). (16)
226€5,

Z1E€S8]

7.2 Derivations

We first state Triangle Inequality and Subadditivity of Hausdorff distance [6, 10, 12], which
we will freely use throughout the derivations:

Proposition 7.2 (Triangle Inequality). Let A, B, and C be subsets of the same metric space
with metric d. Then,
H(A,C) <H(A,B)+H(B,C). a7

Proposition 7.3 (Subadditivity).
H(AUB,C) <max(H(A,C),H(B,C)) (18)
Note that the subadditivity trivially implicates
H(AUB,CUD) <max (H(A,C),H(B,D)) (19)

as C C CUD and same for D.
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Theorem 7.4. Suppose H(O,UL_| Z,) <&, and forallt =1,...,T we have H(S;,Z,) < &
with S| = M. Suppose H(M;,S;UM,_|) <& fort=1,...,T with Mo =0 and € = 0.
Then, we have

H(O,M7) < &,+ 8 (20)

where
5[ :§[+max(£l,8[7]) (21)

fort=1,...,T with 8§ =0

Proof. We will prove by induction that

t
H(UZk, ./\/l;) < § foreach

k=1

foreacht =1,...,T where
& =& + maX(eu 5t—1)’ d = 0.

Once this is established for t = 7', we can then combine it with

T
H(o, kL:Jl zk) < g,

to conclude the desired by the triangle inequality.
Base Case r = 1. Recall S; = M. Then

H(Z;,Mi) < H(Z1,8) + H(S;,Mi) = & +& = &

So the claim holds for # = 1.
Inductive Step. Suppose for some r — 1 > 1 we have

H(;_lezlc» Mt—l) < 5t—1-

By the triangle inequality and the assumption H(M,_; US,;, M,) <&,

t t—1
H(J 2 M) < H(UZUZ, MqUs) + &,
k=1 k=1

where

r—1 t—1
H(U ZkUZt, Mt—IUSt> < maX{H(U Zk7 Mt_1>, H(Z,,St)} < max(&_l,&‘,)
k=1 k=1

Putting it all together:

'
H(U Z, Mt) < max(6-1, &) + g = 6.
k=1
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Proposition 7.5. Consider the inductive sequence
8 =0 and & =& + max(g, §-_1) for t>1.
A direct “unrolling” of this recursion reveals the closed-form expression
t
& = max | ¢ g .
t l<k<t k + Z J
j=k
Proof. First check ¢ = 1. In that case,
1

o = §1+max(£1,5o) = 76\1—|-£:‘] = & + ZEJ =
=1

lrgrlgél(sk+ek).

Assume for some ¢ > 1 that

t—1
&_1 = max &g+ Y & ).
1<ker—1\ X ];( /

Then
o = El+max(8,, 5z—l) = maX(Ez‘FEza 01 + Et)

Inserting the inductive hypothesis into the second term,
=R t_l/\ =R 13 =R
S 1+€& = 15(12):(1(8" + jz;csj> +& = 1Sr£12<1<8k + ]Z;cej).
Hence

& = max(s,—&—%}, max
1<k<t

1 t
1(£k+ Z sj)) = 112/;32(8/(4- Z’ 8j>.
j—k j=
This completes the inductive argument and establishes (22).

Proof of Theorem 7.1. By Theorem 7.4,
H(07 MT) S &+ 6T

where
6[ - /8\[ + maX(St, 517])

forr=1,...,T with § = 0. Therefore, by Proposition 7.5, we complete the proof.

(22)

(23)

(24)
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Table 11: The results of MVTecAD dataset on few step incremental schedules where we
report task mean average precision (AP) (1) and forgetting measurement (FM) ({). The best
and second best results are marked in bold and underlined, respectively.

1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 — 1 x 5 with 6 Steps 10 — 5 with 2 Steps 14 — 1 with 2 Steps
AP (1) FM() AP(®) FM({) AP FM () AP(D)  FM() AP FM()

Method

DNE acvmne22 [18] - 75.9 10.2 76.4 44 71.4 9.8 77.0 26 76.0 1.9
UCAD aaara [20] 953 0.0 93.1 2,0 95.5 0.1 95.0 1.0 95.8 0.3
TUF ooy [27] 8411 2.0 91.1 29 953 02 95.4 19 97.8 0.3
CDAD cyprps [19] 863 8.2 95.8 1.9 98.4 0.0 98.3 0.6 98.4 0.1
ContCore (ours) 99.3 03 99.3 0.2 99.7 0.0 99.5 0.1 99.4 0.0

Table 12: The results of MVTecAD dataset on few step incremental schedules where we
report task average PRO (1) and forgetting measurement (FM) (J.). The best and second best
results are marked in bold and underlined, respectively.

1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 — 1 x 5 with 6 Steps 10 — 5 with 2 Steps 14 — 1 with 2 Steps

Method
e AUPRO (1) FM(]) AUPRO () FM (|) AUPRO () FM(|) AUPRO (1) FM () AUPRO (1) FM (])
UCAD aparas 201 87.6 0.8 711 75 80.8 12 80.7 29 86.3 12
IUF geevas [27] 787 6.8 729 538 84.3 24 85.0 32 88.6 0.6
CDAD cypros [19]  68.5 2.1 838 4.1 89.2 12 88.9 26 89.8 05
ContCore (ours)  99.3 03 96.3 0.2 99.7 0.0 96.0 0.2 9.5 0.0

8 Additional results
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Figure 5: Ablation results of ContCore on VisA by varying coreset size m (left), sampling
ratio p (middle), approximation ratio ¢ (right).

Additional quantitative results We compare ContCore with the SOTA baselines in terms of
task mean image-level Average Precision (AP) and pixel-level Area Under the Per-Region-
Overlap (AUPRO). We report the AP and AUPRO on the MVTecAD dataset in Tab. 11 and
Tab. 12, respectively. We also report the AP and AUPRO on the VisA dataset in Tab. 13
and Tab. 14, respectively. All the aforesaid tables show that ContCore outperform the SOTA
baselines in most cases.

Additional ablation results We condcut additional ablation experiments with VisA dataset
with results in Fig. 5 which shows similar aspects as the ablation study on MVTecAD dataset:
larger coreset size showing better rsults, sampling ratio doesn’t show critical effect, and
moderately high approximate ratio saves time with negligible performance drop.
Comparing with different sampling methods We compare our proposed sampling with
Reservoir and Herding. Reservoir sampling is uniform (density, not coverage) and Herding
matches the mean and needs class labels, absent in unsupervised CAD, so we adapt it with task
means. Loss-based coreset selection is undefined without a training loss. Our contribution
is making this coverage objective continuable under fixed memory and unknown 7', with
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Table 13: The results of VisA dataset on few step incremental schedules where we report task
mean average precision (AP) (1) and forgetting measurement (FM) (). The best and second
best results are marked in bold and underlined, respectively.

1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 — 1 with 2 Steps

Method
AP()  FMI) AP(D FM () AP(1) FM{) AP FM(®)
DNE acmmm22 [18]  65.1 11.6 66.1 1.3 67.3 9.8 70.8 1.6
UCAD aaar24 [20]  81.7 0.0 82.9 22 83.2 52 88.1 0.3
IUF geeveos [27] 88.8 1.2 83.0 6.9 83.4 7.5 91.6 -0.0
CDAD cypr2s [19]  67.6 14.0 84.7 1.8 85.3 3.1 89.4 -0.8
ContCore (ours)  96.5 0.1 94.1 18 96.7 0.4 94.8 0.6

Table 14: The results of VisA dataset on few step incremental schedules where we report task
average PRO (1) and forgetting measurement (FM) (].). The best and second best results are
marked in bold and underlined, respectively.

1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps

Method
etho AUPRO (1) FM(]) AUPRO (1) FM(]) AUPRO (1) FM(]) AUPRO (1) FM ()
UCAD aaar24 [20] 80.0 0.5 70.5 9.8 724 7.5 80.4 2.0
TUF gceveaa [27] 83.3 4.7 57.0 24.0 63.9 20.8 82.0 1.0
CDAD cvpr-2s [19] 59.0 17.0 717 1.7 789 1.6 81.6 -0.2
ContCore (ours) 96.5 0.1 94.1 18 96.7 04 94.8 0.6

the additive-error guarantee of Theorem. 4.1. The continuation is non-trivial beyond naive
repeated greedy downsampling. Expansion conditions on the current coreset via the base
set, so only n, coverage-adding features enter memory before consolidation, the two-step
structure Theorem 4.1 analyzes. We ran the requested fixed-memory baselines with identical
budget (m=20k), features, and inference shown in Tab. 25, averaged over all schedules.
Qualitative results We compare the quality of pixel-wise anomaly detection of the SOTA
baselines with ContCore in Fig. 6, IUF [27] and CDAD [19] show poor results presenting
false positive segmentation in normal areas. UCAD [20] shows less than IUF and CDAD,
yet still produces false positives. As shown in the samples from schedules 10 — 5 (Fig. 7),
10 — 1x5 (Fig. 8), and 14 — 1 (Fig. 9), UCAD shows poor anomaly pixel detection with
tasks with multiple classes, while IUF and CDAD show poor results when the number of
additional tasks increases for multiple steps as shown in Fig. 6, Fig. 8, and Fig. 10, suffering
from catastrophic forgetting. Our propose method ContCore, on the other hand, shows the
least false positives and predicts the anomaly maps closest to the ground truth comparing with
the SOTA baselines.
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Table 15: Full restuls of ablation on different backbones on MVTecAD dataset.
1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 — 1 x 5 with 6 Steps 10 — 5 with 2 Steps 14 - 1 with 2 Steps

AUROC (1) FM (}) AUROC (1) FM (}) AUROC (1) FM(]) AUROC (1) FM (}) AUROC (1) FM (})

DenseNet201 98.1/96.8 0.8/0.3 957/95.1 1.7/1.0 984/957 05/0.2 955/933 12/0.6 97.0/96.1 0.0/0.0
DINOv2 97.6/943 0.0/0.0 97.4/93.9 -0.0/0.0 98.5/92.3 0.0/00 97.6/92.8 0.0/0.0 98.2/92.4 0.0/0.0

EfficientNetbl 95.2/95.0 0.0/0.0 95.5/942 0.0/-0.0 96.7/942 0.0/0.0 96.1/94.0 0.0/-0.0 96.6/94.8 0.0/0.0
WideResNet101  99.0/97.8 0.1/0.1 97.2/96.7 09/0.6 99.0/969 03/02 984/96.8 0.7/0.6 98.8/97.6 0.1/0.0

Backbone

Table 16: Full restuls of ablation on different backbones on VisA dataset.
1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps

AUROC (1) FM () AUROC(?) FM(]) AUROC(1) FM() AUROC(1) FM()

DenseNet201 ~ 91.8/96.9 24/05 944/96.6 22/04 91.0/952 3.0/0.6 93.6/96.9 1.1/02
DINOv2  92.8/95.0 0.0/00 942/943 0.1/0.0 93.3/945 -00/-0.0 943/96.5 0.0/-0.0
EfficientNetbl ~ 88.3/953 0.0/00 91.0/96.1 0.0/0.0 882/953 02/-00 90.8/963 0.0/-0.0
WideResNet101 ~ 93.8/974 15/05 96.5/97.4 08/04 92.7/96.8 24/1.1 94.6/974 -0.0/0.0

Backbone

Table 17: Full results of ablation on corset size m on MVTecAD dataset.
1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 — 1 x 5 with 6 Steps 10 - 5 with 2 Steps 14 - 1 with 2 Steps

AUROC (1) FM (}) AUROC (1) FM (}) AUROC (1) FM(l) AUROC (1) FM (l) AUROC (1) FM (})

5,000 94.2/93.8 4.1/29 909/94.1 35/1.2 96.0/948 1.7/0.6 93.0/94.1 2.1/0.7 96.5/959 0.2/0.0
10,000 94.7/96.2 43/15 951/95.6 18/0.7 985/958 05/02 97.1/957 0.8/1.0 97.7/96.4 -0.1/0.0
15,000 98.3/97.0 09/0.6 954/96.2 1.5/03 99.0/96.1 0.1/04 972/96.1 1.6/0.9 98.0/96.8 0.0/0.0
20,000 98.8/97.4 0.2/0.2 982/969 0.6/0.5 989/964 03/02 97.7/96.6 05/0.5 983/97.3 0.0/0.1
25,000 99.0/97.3 0.1/02 97.7/96.9 0.3/0.3 989/969 0.1/0.1 983/97.2 0.5/0.2 98.7/97.7 -0.0/0.0

Coreset Size m

Table 18: Full results of ablation on corset size m on VisA dataset.
1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps

AUROC (1) FM(]) AUROC (1) FM () AUROC(f) FM() AUROC(t) FM()

10,000 86.5/945 69/2.1 932/953 32/13 89.0/945 34/10 923/962 09/-02
20,000 90.6/96.1 43/1.6 950/962 13/1.0 923/959 1.8/1.0 94.8/968 0.2/-02
30,000 92.6/96.8 2.1/09 952/96.6 2.1/0.7 933/964 14/06 948/97.1 -0.2/0.1
40,000 93.7/972 0.7/06 963/972 0.7/05 938/965 1.2/08 96.1/97.7 0.4/-0.0
50,000 94.0/97.5 04/02 97.0/974 05/04 946/972 05/02 96.2/97.8 04/-0.0

Coreset Size m

Table 19: Full results of ablation on sampling ratio p on MVTecAD dataset.
1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 — 1 x 5 with 6 Steps 10 - 5 with 2 Steps 14 — 1 with 2 Steps
AUROC (1) FM () AUROC () FM (}) AUROC (1) FM(|) AUROC (1) FM (}) AUROC (1) FM (})

0.01 98.8/974 02/02 982/969 0.6/0.5 989/964 03/02 97.7/96.6 0.5/0.5 98.3/97.3 0.0/0.1
0.05 97.5/96.6 14/13 96.6/96.7 1.6/0.7 984/96.7 09/03 97.8/96.7 0.4/08 97.5/97.1 0.1/0.0
0.1 97.1/968 1.7/1.1 96.6/96.7 1.6/0.7 988/96.5 05/04 97.8/96.7 0.4/0.8 97.5/97.1 0.1/0.0
025 97.4/96.6 15/14 96.6/96.7 1.6/0.7 98.9/96.6 05/03 97.8/96.7 0.4/0.8 97.6/97.1 0.0/-0.0
05 975/96.6 1.4/13 96.6/96.7 1.6/0.7 989/96.7 0.5/0.3 97.8/96.7 0.4/0.8 97.6/97.1 0.0/-0.0

Sampling Ratio p

Table 20: Full results of ablation on sampling ratio on VisA dataset.
1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps
AUROC (1) FM(}) AUROC() FM()) AUROC() FM() AUROC(}) FM()

001 93.7/972 0.7/06 963/972 0.7/05 938/965 12/08 96.1/97.7 0.4/-0.0
005 924/966 27/11 96.1/973 1.1/06 939/970 1.1/06 955/974 0.1/-0.1
0.1 91.8/9.1 32/15 959/974 17/05 939/970 11/06 953/973 -0.2/-0.0
025 91.8/957 32/20 959/97.3 1.7/05 939/970 1.1/06 953/974 -02/-0.0
05 91.8/957 32/20 959/973 1.7/05 939/970 1.1/06 953/974 -0.2/-0.0

Sampling Ratio p

Table 21: Full results of ablation on online continual on MVTecAD dataset.
1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 -1 x 5 with 6 Steps 10 — 5 with 2 Steps 14 — 1 with 2 Steps

AUROC (1) FM () AUROC (1) FM (}) AUROC (1) FM () AUROC (1) FM(l) AUROC (1) FM ()

DNE acvmva2 [18]1  76.37-  24/-  709/-  26/- 662/- 1.0/- 672/-  03/- 647/-  02/-
UCAD aara4 [20] 91.0/83.3 0.0/0.8 81.2/753 0.1/13 89.9/747 0.7/1.5 78.6/77.3 -1.0/3.5 803/70.6 -5.3/-54

TUF peovag [27] 6947782 0.1/02 71.0/80.3 04/0.1 71.9/789 0.8/0.1 72.1/81.7 0.0/0.1 70.8/834 05/-0.2
CDAD cvpras [19] 67.8/76.0 2.7/00 60.4/77.0 3.7/02 624/77.5 47/00 70.5/83.1 -0.9/0.1 69.9/882 0.0/0.0

ContCore 96.7/96.7 2.1/1.2 96.3/964 2.5/1.. 98.4/964 0.6/04 96.8/965 23/1.2 98.0/975 -0.1/0.2

Method
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Table 22: Full results of ablation on online continual on VisA dataset.
1 x 12 with 12 Steps 8 -1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps
AUROC (1) FM () AUROC(T) FM () AUROC (1) FM () AUROC (1) FM ()

DNE acmmm22 [18] 61.7/0.0 3.7/10.0 62.8/0.0 3.2/0.0 65.6/0.0 57/0.0 69.7/0.0 -0.3/0.0
UCAD aaar24 [20]  783/769  0.0/0.0 754/79.8 -02/05 66.7/73.1 -02/02 78.0/733 0.7/1.0

IUF gceveos [27] 58.0/804  02/-0.0 57.0/848  6.0/27 649/87.1 -14/09 614/877 -12/32
CDAD cvpr2s [19]  57.3/83.5  0.1/0.0 563/862 13/06 60.0/869 -1.6/-05 619/933 09/09

ContCore 91.8/96.6 23/1.1 96.2/974 03/0.6 93.1/97.0 1.8/1.0 951/97.8 0.8/03

Method

Table 23: Full results of ablation on approximate ratio on MVTecAD dataset.

1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 - 1 x 5 with 6 Steps 10 - 5 with 2 Steps 14 - 1 with 2 Steps
AUROC (1) FM (|) Time (}) AUROC (1) FM (]) Time () AUROC () FM (}) Time () AUROC () FM (]) Time () AUROC (1) FM (}) Time (})
0 98.8/97.2 03/02 95 97.2/96.7 05/03 131  98.7/96.6 03/02 163 97.9/96.6 1.3/06 172 98.4/97.5 -0.0/0.0 173

0.25 98.8/97.3 02/02 90 97.3/96.7 05/03 129 98.8/96.5 0.4/02 158 97.2/96.7 1.9/0.7 169 98.0/97.4 0.2/-00 171
0.5 983/972 08/02 83 97.0/96.7 0.6/04 127  98.6/963 05/0.3 151 97.5/96.7 1.5/0.6 167 97.8/975 0.1/0.0 168
0.75 98.8/974 02/02 79 98.2/96.9 0.6/0.5 126 98.9/964 03/02 147 97.7/96.6 0.5/0.5 165 98.3/97.3 0.0/0.1 167

1 964/96.6 08/03 75 95.1/952 0.7/04 124 86.9/91.0 1.2/03 142  945/94.1 18/1.1 164 72.6/91.7 07/00 165

pproxi Ratio ¢

Table 24: Full results of ablation on approximate ratio on VisA dataset.

1 x 12 with 12 Steps 8 -1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps
AUROC (1) FM(]) Time(]) AUROC(f) FM(]) Time(]) AUROC(f) FM(]) Time()) AUROC(f) FM(]) Time(])
0 933/972 1.2/05 372 96.2/97.2 12/05 452 94.0/97.1  2.1/05 458 95.7/91.5  -0.1/-0.1 458
025 932/973 1.2/04 352 96.6/97.5 1.1/04 432 943/972 1.5/02 442 96.0/97.5 -0.2/-0.0 442
05 934/972 1.0/05 333 96.7/97.3  08/05 412 94.0/972 1.9/02 426 96.0/97.6  04/-0.1 427

075 93.7/972 0.7/06 319 96.3/97.2  0.7/05 399 93.8/96.5 1.2/0.8 414 96.1/97.7  0.4/-0.0 416
1 907/967 3.8/1.0 311 87.1/958 09/05 391 84.9/943 2.1/06 408 91.8/96.1 2.8/0.0 408

Approximate Ratio ¢

Table 25: Averaged results of MVTecAD dataset with 5 schedules with different sampling
methods with (image/pixel) format.

Method Task AVG FM
Reservoir 92.2/96.5 14703
Herding 90.1/96.3 2.0/0.6
Ours 98.4/96.9 0.3/03

Ground
IUF UCAD Truth Image

CDAD

ContCore
(ours)

Figure 6: The qualitative results with 1 x 15 task schedule on the MVTecAD dataset.
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Figure 7: The qualitative results with 10 — 5 task schedule on the MVTecAD dataset.
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Figure 8: The qualitative results with 10 — 1 x5 task schedule on the MVTecAD dataset.
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Figure 9: The qualitative results with 14 — 1 task schedule on the MVTecAD dataset.
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Figure 10: The qualitative results with 3x5 task schedule on the MVTecAD dataset.





