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e Section 1: Feature Tokenizer and the CLS Token



Introduction

Attention layers and Transformers of Vaswani et al. (2017) celebrate huge success
in large language models (LLMs) like ChatGPT.

These network architectures process time-series data.

There are only a few applications of Transformers to tabular data; Huang et
al. (2020), Kuo—Richman (2021), Brauer (2024).

These applications require to tokenize tabular data; Gorishniy et al. (2021).

First attempts are not fully convincing:

Training of such architectures seems difficult.
Not all information is equally important and credible.

The Credibility Transformer equips Transformers with a credibility mechanism.

For this it uses a special token called classify (CLS) token; Devlin et al. (2018).



Construction of input tensor

We need to pre-process the input data to make it suitable for Transformers.

This includes the following steps:

(1) Feature tokenizer takes care of categorical and continuous covariates:

(a) Entity embedding of categorical covariates.
(b) Tokenization of continuous covariates.

(2) Positional encoding.

(3) Classify (CLS) token.

We discuss these steps in the following slides.



Pre-processing of categorical covariates

In actuarial pricing there are many categorical covariates, and many of these
categorical covariates are of nominal type. E.g., car brands like Toyota, Nissan,

Honda, Mitsubishi, Mazda, Subaru, Suzuki, Daihatsu, ...

To use categorical covariates in regression models, one needs to bring them into a
numerical representation by embedding them into a Euclidean space.

Assume the categorical covariate x has L levels A = {a1,...,ar}. One hot-
encoding maps each level a; € A to a unit basis vector of R*

reAd — (]l{x:al}n---a]l{m:aL})T c RE.

One-hot encoding implies that all different levels are orthogonal in R and there
is no notion of similarity (or adjacency).

Question: Can we learn a more dense representation?



One-hot encoding vs. more dense representation

Actuary  Accountant Quant Statistician Economist Underwriter
Actuary 1 0 0 0 0 0
Accountant 0 1 0 0 0 0
Quant 0 0 1 0 0 0
Statistician 0 0 0 1 0 0
Economist 0 0 0 0 1 0
Underwriter 0 0 0 0 0 1
Finance Maths Statistics Liabilities
Actuary 0.5 0.25 0.5 0.5
Accountant 0.5 0 0 0
Quant 0.75 0.25 0.25 0
Statistician 0 0.5 0.85 0
Economist 0.5 0.25 0.5 0
Underwriter 0 0.1 0.05 0.75

The latter maps the L = 6 different levels to a smaller space R?, with b = 4,
and more similar job profiles are closer in R*.



Entity embedding of categorical covariates

Assume there are T} categorical covariates (z;),L, in feature vector & = (z)
Assume the t-th categorical covariate x; has L; levels A; = {aq,...,ar,}.
Select a (fixed) embedding dimension b (being independent of ).

An entity embedding (EE) of covariate x; is obtained by a mapping

EE(

BEE : At — Rb, Ty — € xt).

This entity embedding involves L; - b parameters (to be learned).

This gives us an input tensor of the categorical information

(20);L, — ey (z1), .. .,B%F(ZCTl)} e RO*T1,

This input tensor has the same structure as a time-series.

T
t=1-



Tokenization of continuous covariates

Consider the continuous covariates (z;)/_p,  ; in feature vector & = (z);_;.

These continuous covariates do not need any transformation for neural network
modeling. However, we would like to bring them into the same tensor structure
as the entity embedding of the categorical covariates.

Select fully-connected feed-forward neural networks (FNNs)
Ty > z?l)(xt) = <z§2> o zi”) (z¢) € R,
e.g., of depth 2 being composed of two FNN layers

2V RSB and 2P RV R

This embeds each continuous (real-valued) covariate ; into R®.



Raw input tensor

e Concatenate the entity embeddings of the categorical covariates (xt)gl and the

FNN tokenizations of the continuous covariates (2¢);_r 1.

e This gives us the raw input tensor

._ | _EE EE (2:1) (2:1) bxT
zir = |ef (), B (ony), 25 (@n), 2 ()| € R
X Xr1 X1141 Xy

1
entity embedding tokenization

categorical covariates continuous covariates

e This was used in Huang et al. (2020), Kuo—Richman (2021), Brauer (2024).



Positional encoding

e The raw input tensor 7., does not have any notion of time or position.

e Add positional encodings to the raw tensor

ePs: {1,.... T} = R, t+s ePs(t).

e This gives us the input tensor

EE EE (2:1) (2:1)
XTqi.7 = el (xl) T eTl (le) ZT1—|—1(:CT1+1) T ZT (xT) - R2bXT.
' ePOS(l) . ePOS(Tl) ePOS(Tl + 1) - epOS(T)
X4 Xr1 X714 Xt

1

entity embedding tokenization

categorical covariates continuous covariates

b
1

positional encoding positional encoding
b
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CLS token

Each component of the input tensor x1.7 contains specific input information.

New feature: We add one more token to the input tensor. This additional token
does not carry any information.

We call this additional token the CLS token. The CLS token has been introduced
in BERT! by Devlin et al. (2018). It learns classification probabilities for the next
part of the sentence in language tasks.

Our CLS token will not learn probabilities but real numbers. Since technically it
works similarly to the CLS token in BERT, we keep the term CLS token.

We use the CLS token for a credibility mechanism (further explained below).

IBERT = Bidirectional Encoder Representations from Transformers
11



CLS token augmented input tensor

e The CLS token augmented input tensor is defined by

EE EE (2:1) (2:1)
2t 1€ (551) T éqy (le) ZT1+1(CUT1+1) ZT (CUT) Ci c ]R2b><(T+1)
1:T4+1 " — ! ] )
* ePs(1) - ePR(Ty)  ePP(Ty+1) - ePS(T) e
X4 XT1 XT1+1 XT CLS
1 c
entity embedding tokenization
categorical covariates : continuous covariates
> S
1 "
—
O
positional encoding positional encoding
b Cop

e \We emphasize, before interacting with the other columns of the augmented input

tensor &, ;, the CLS token ¢ = (¢, ¢,) € R does not contain any information.

e The input data is now in tensor structure which allows us to apply Transformers.
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e Section 2: Transformer
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Transformers and attention layers

Transformers of Vaswani et el. (2017) essentially rely on attention layers.

An attention layer can be seen as a network architecture that allows features to
interact with each other.

There are three different objects involved: queries, keys and values.

These three objects are processed from time-distributed FNNs applied individually
to all components of the augmented input tensor thH = ()

a = zq(z)) € R®,
kt = ZK (5132_) c R2b,
Vi = 2y (azf) S R%,

with query, key and value FNNs z, zx and zy,, respectively.

14



Attention mechanism (1/2)

e Collecting all components 1 <t < T + 1 gives query, key and value tensors

Q = lqy,.--, QT+1]T e RTFL>2
K = [ki,....kr41] € RITHx2
V = :’Ul, ,’UT_|_1]T < R(T+1)X2b.

o Note that g, = q,(z;"), ky = ki(z)"), v, = vi(x}"), i.e., each time-component has

so far only seen the information of that specific time point ¢.

e Now we let these components interact (across time t):

Each query q, = q,(x;") searches for keys k; = kj(a:;“) that give a “match”.

15



Attention mechanism (2/2)

Q4 Qt r1 G141 dr Q1+
e Each query g, ... 1 | c
entity embedding tokenization
categorical covariates continuous covariates
b S
1 "
o
positional encoding positional encoding
b Cop
K4 K1 Kr1+1 kj Ky Kra1
e ... searches for keys k; ... 1 ] o
entity embedding tokenization
categorical covariates continuous covariates
b 3
1 %
o
positional encoding positional encoding
b Cop

e ... that give a "match”. In that case, value v; gets a high attention for index ¢.

e Mathematically this is done by the dot/scalar product between queries and keys.

16



Attention head

e The attention weight matrix A is defined by applying the softmax function to all
rows in the following matrix?

A = softmax (QKT) e RIFHX(T+D),
where the softmax operation is applied row-wise (for fixed query gq,)

exp(q, k;)
25211 exp(q;rks)

ay ;= e (0,1), forj=1,...,T+1.

e The attention head of the Transformer is received by the matrix multiplication

H(mii_;T—H) _ (A V)T c RQbX(T—I—l)‘

e This is a new representation of the augmented input tensor a:tTH, paying more

attention to more relevant information.

*For simplicity we omit the dimension scaling here.
17



Transformer

x ., € R**TH is the augmented

. H(x] ) € R®*(T1) s the attention head transformed version thereof.

They have the same tensor structure, thus, we can use a skip connection.

input tensor and ...

In a simplified version, the Transformer essentially considers the new information

ZtranS( + ) +

L1.1r41) = L1741

+ H(x{r,,) € R20X(T+1)

The full Transformer applies additional FNN transformations, but in essence it is

the same; see Vaswani et al. (2017).
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e Section 3: The Credibility Transformer
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Buhlmann credibility

e This step is the essential difference to the classical Transformer.

o For this we take advantage of the integrated CLS token ¢ ¢ R":

e Before running through the attention mechanism, the CLS token has not seen
any input information; in the sense of Biihimann (1967) credibility it is a prior
parameter.

o After the attention mechanism has been exploited, the CLS token has extracted
the relevant information of the input a:ir:T+1, and it can be seen as data guided.

e The main idea is to combine the prior parameter and the data guided information
to a Buhlmann credibility formula for optimally training the model.

e Furthermore, in contrast to the classical Transformer, we do not further process the
entire Transformer information z"#"*(x] ;.. ), but only the information encoded

in the CLS token, thus, the CLS token acts as an input encoder.

20



e Prior information ¢

e Data guided information ¢

Credibility Transformer

10T .__ _ + 2b
prior . — V1 = ’UT_|_1($T_|_1) e R~°.

trans .

e Credibilitized information

Ccred _ thrans 4+ (1 . Z) cprior c RQb,

with Z ~ Bernoulli(«).

trans(

+ ) c RQb.

Lq1.741

X1 XT1 X711 Xy CLS
1 : (o
entity embedding tokenization
categorical covariates continuous covariates
e
2
> S
1 )
—
.- g - -y - O
positional encoding positional encoding
b Cop
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Remarks on the Credibility Transformer

Credibilitized information
ccred _ thrans + (1 . Z) Cprior c RQb,
with Z ~ Bernoulli(«).

We apply this credibility mechanism only during SGD training (similar to drop-out),
and for prediction in a trained model we set Z = 1.

This credibilitized version takes for (1 — a) - 100% of the instances in each SGD
steps the prior information ¢P"°". This has a smoothing effect during SGD training.

One can verify that in a properly trained model, ¢P™°" corresponds to the global
mean not considering any covariates.

a € [0,1] is a hyper-parameter that needs to be optimized by out-of-sample
validation (grid search). In our example, we have found a = 90%.

22



Hidden credibility mechanism

There is a 2nd (hidden) credibility mechanism involved.

We come back to the attention weight matrix A. Recall, this matrix is obtained
by applying the softmax operation to the rows of matrix QK '. Thus, the rows of
A add up to the total weight of 1.

The last row of A corresponds to the CLS token with attention weights

exp(q;+1kj)

e (0,1), fory=1,....,T+1.
ZST:JT eXP(q;Hks) ( )

ar41,5 =

This implies that the attention weights on the CLS token ¢P™°" and the values of

the input tensor (vj(x‘-L))f:l, respectively, are

J
T

P:=apy1741 € (0,1) and 1-P=Y ars1;€(0,1).
j=1
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Attention Weights for CLS Token

ar+1,1 ar+1,2 T ar+1,T ar4+1,7+1
- i
1-P= Z ar+41,; l P = arT4+1,T+1
j=1
[ Covariate Information (1-P) CLS Information (P) }

\/

Attention Output for CLS
,vtrans —P. vl + (1 . P) . vcovariate

with prior information ¢P”°" = vy, 1 and covariate information (values)

art
covariate __ +1 t +
v = E (xt ).



e Section 4: Decoder
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Decoder for the readout

The covariate information x is now encoded in the credibilitized information

Ccred _ Ccred(w) _ thrans + (1 o Z) cprior c R2b.

cred(

The final step is the decoder that builds predictions from ¢ x).

For this, we select a plain-vanilla FNN z"NN to receive predictions

r — p(x) =exp {z" V(e x))} > 0,

the log-link is chosen because we want strictly positive predictions.

The full architecture is summarized on the next slide.
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Summary of the Credibility Transformer architecture

e Our example below has 9 covariates, 5 are continuous (driver's age, power of car,
etc.) and 4 are categorical (car brand, province of living, etc.).

e As embedding dimension we selected b = 5.

Module Variable/layer | # Weights
Feature tokenizer (raw input tensor) x{.q 405
Positional encoding el 45
CLS tokens C 10
Time-distributed normalization layer zhorm 20
Credibility Transformer cered 1,073
Plain-vanilla FNN decoder 2NN 193
Total architecture 1,746
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e Section 5: Real Data Example
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French Motor Insurance Claims Frequency

We use the standard French Motor Third Party Liability (MTPL) claims frequency
data set of Dutang et al. (2024). This data set has been used in many studies.

Data has n = 678,007 instances with 5 continuous and 4 categorical covariates.

We use the same training-validation split as in Wuthrich—Merz (2023) and Brauer
(2024) — the results are directly comparable.

We show the results of the ensemble predictors over 20 different SGD runs to
reduce randomness and improve SGD training; see Richman—Wiithrich (2020).

We use the Poisson deviance loss for training and validation.

For further implementation details, see Richman et al. (2024).
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Results of the Credibility Transformer

+ Out-of-sample
Architecture Param. Poisson loss
Poisson null (no covariates) 1 25.445
Poisson GLM3 50 24.102
Ensemble plain-vanilla FNN 792 23.783
Ensemble Feature Tokenizer Transformer (FTT) (| 27,133 23.759
Ensemble Credibility Transformer: nadam 1,746 23.717
Ensemble Credibility Transformer: NormFormer 1,746 23.711

Ist block is taken from Wuthrich—Merz (2023), 2nd one from Brauer (2024).

nadam: Nesterov accelerated version of SGD variant adam.

NormFormer: SGD adapted to Transformers; see Shleifer et al. (2021).

Credibility parameter selected o@ = 90%.
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Features to improve the Credibility Transformer
State-of-the-art LLMs use some of the following features:

e Multi-head attention: The above Credibility Transformer only uses one attention
head, multi-head attention uses multiple heads in parallel.

e Deep Credibility Transformer: serial multiple Credibility Transformers.

e Gated Linear Unit (GLU) by Dauphin et al. (2017): down-weighting of less
important input components by considering a Hadamard product

ZGLU(w) o ZFNNSigmoid (CU) @ ZFNNlinear(w).

e Piecewise linear encoding (PLE) of continuous covariates by Gorishniy et al. (2021):
this provides a more informative embedding of continuous covariates compared to
our plain-vanilla FNN, as it partly preserves the topology.
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Improved results of the Credibility Transformer

+# Out-of-sample
Architecture Param. Poisson loss
Poisson null (no covariates) 1 25.445
Poisson GLM3 50 24.102
Ensemble plain-vanilla FNN 792 23.783
Ensemble Credibility Transformer (best-performing) 1,746 23.711
Ensemble Credibility Transformer o = 98% 320,000 23.577

2 attention heads (multi-head), and 3 transformer layers (deep).

Embedding dimension b = 40.
This architecture has roughly 320, 000 parameters.

This architecture is trained on GPUs.
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e Section 6: Explainability
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Attention scores by variables (1/3)

Mean Attention Scores by Variable Distribution of CLS Attention Scores
© g | B I
8 vencas: [N g n
LL 4
DrivAge 1 - 2000
Density - .
. 10001
Region - .
VehPower - I
: ; . . . 0
o° o N N " 0.05 0.10
Mean Attention Score CLS Attention Scores

Recall attention weights/scores in the CLS token

eXp(q;ij)
T+1
D o1 exp(q¥+1ks)

ari1,; = e (0,1), forj=1,...,T+1.
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Attention scores by variables (2/3)

Attention Scores predicted by Variable Values
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BonusMalus Attention Scores predicted by Bonus—Malus and Density

BonusMalus attention scores

Attention scores by variables (3/3)
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Summary

Starting point: Transformers are very successful on time-series data.

We discussed adaptation of Transformers to tabular data by tokenizing continuous
and categorical input information.

We added a non-informative CLS token to the input. This CLS token is used for a
credibility mechanism. This is beneficial in network training (similar to drop-out).

Besides the obvious Buhlmann credibility interpretation, the Credibility Transformer
has a second (more subtle) Bithimann credibility mechanism.

Since the decoder only processes the trained credibilitized CLS token (similar to
a bottleneck network), we receive some explainability about the inner working of
the network architecture.

The trained Credibility Transformer provides the best out-of-sample results.
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