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Bid Landscape Forecasting

In RTB scenario, it is very important for DSPs(agents for advertisers) to
model the market price(price for the ad impression after the auction)
distribution of each bid request. The predicted market price distribution is
a key part of the DSP’s bidding strategy.
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The Challenges

Nearly impossible to model each DSPs bidding strategy.

Censorship issue: one DSP can only know the market price of a bid
request if it wins the bid. So if only use winning bids to train the
model, it will introduce heavy bias.

Market price distribution can be diverse, it is highly related to the
features of the bid request.(eg.location)
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The Challenges
Censorship Issue

Average market price of winning set is much larger than that of losing set.
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The Challenges
Diverse distribution

Different bid request has very different market price distribution.
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Gamma Based Distribution
Methodology

It assumes that the market price distribution is a gamma distribution.
For i-th bid record in dataset, the PDF fZi (zi ) and CDF FZi (zi ) of the
market price Zi is

fZi (zi ) =
1

Γ(ki )θki
zki−1
i e

−yi
θ (1)

FZi (zi ) =
1

Γ(ki )
γ(ki ,

bi
θ

) (2)

where zi is market price, bi is bidding price, Γ and γ is the gamma
function and the lower incomplete gamma function. ki and θ is the
parameters of the gamma distribution of i-th record.
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Gamma Based Distribution
Methodology

Accroding to gamma distribution, the predicted market price is E [Zi |xi ]

zi = E [Zi |xi ] = kiθ = ebx (3)

Now we can derive the loss function.

J(b) =
1

n

∑
i

[yiL
i
W + (1− yi )L

i
L] (4)

LW = ln(fZi (zi )) (5)

LL = ln(1− FZi (bi )) (6)

b̂ = arg min
b
−J(b) + αR(b) (7)

where yi is the label indicating if it is a winning record or not.
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Gamma Based Distribution
Training

It uses a two-phase training.
First step just finds the Ki and theta

k̂i , θ̂ = arg max J(ki , θ) (8)

Second step just train b

b̂ = arg min
b

1

n

∑
i

(k̂i θ̂ − ebxi ) + αR(b) (9)

So, the predicted market price of xi is ebxi .
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Mixture Model
Methodology

It proposes a linear regression model to predict market price zi for i-th bid.

zi = βT xi + εi (10)

It assumes that εi is and iid and normally distributed random variable with
zero mean and σ variance. It uses negative log-likelyhood as loss function.

∑
i∈W

− log(φ(
zi − βTlmxi

σ
) (11)

W is the winning set.
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Mixture Model
Methodology

We need to consider censorship issue, and take the losing bid records into
consideration.

P(zi < bi ) = P(εi < bi − βTclmxi ) = Φ(
bi − βTclmxi

σ
) (12)

∑
i∈W

− log(φ(
zi − βTclmxi

σ
) +

∑
i∈L

− log(1− Φ(
bi − βTclmxi

σ
)) (13)

where L is losing set. Minimize the above loss.

Jiarui Qin (SJTU) Bid Landscape Forecasting in Real-Time Bidding Advertising May. 23, 2018 15 / 31



Mixture Model
Methodology

βlm and βclm both have bias. Needs to mix them using winning rate.

zi = [P(bi > zi )βlm + (1− P(bi > zi ))βclm]T xi = βTmixxi (14)

Using logistic function to predict winning rate.

P(zi < bi ) =
1

1 + e−β
T
lr xi

(15)

If we use Eq. 12 to calculate winning rate, it may introduce hidden
dependency.
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Survival Tree Model
Methodology: Survival Analysis

It uses Kaplan-Meier Product-Limit method to model the censored data.
According to survival theory, the probability of losing an auction with
bidding price bx is

l(bx) =
∏

bj≤bx

nj − dj
nj

(16)

where nj is the number of auctions that cannot be won with bidding price
bj − 1, and dj is the number of auctions whose market price is just bj − 1.
So, the winning probability with bidding price bx is w(bx) = 1− l(bx), and
market price probability is p(z) = w(z + 1)− w(z).
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Survival Tree Model
Methodology: Binary Decision Tree

As the market price distribution is highly related to the features of the bid
request, it uses binary decision tree to classify the bid requests and all the
bid requests that are in same leaf node have same market price distribution
which can be calculated using Kaplan-Meier Product-Limit method.
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Survival Tree Model
Methodology: Binary Decision Tree

si is the set of training samples with the same value for attribute Aj . For
s1, s2, ..., sn, we have n corresponding market price probability distributions
M1,M2, ...,Mn
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Survival Tree Model
Methodology: Binary Decision Tree

Run the building process recursively, and stop until the length of sample
data in node is less than a predifined value. When a new bid request
comes, classify it to some leaf node, and get the market price distribution.
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Survival Analysis

We define a instant winning rate as

h(b) = lim
∆b→0

Pr(b ≤ z < b + ∆b|z ≥ b)

∆b
(17)

it is like
dj
nj

in Eq.16. And we can drive that

h(b) = lim
∆b→0

Pr(b ≤ z < b + ∆b)/Pr(z ≥ b)

∆b

= lim
∆b→0

S(b)− S(b + ∆b)/Pr(z ≥ b)

∆b

= −S ′(b)

S(b)
= 1− S(b + 1)

S(b)

where S(b) = Pr(z ≥ b), it is losing probability of bidding price b.
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Survival Analysis

So, losing probability at bidding price b is S(b)

S(b) =
∏
i<b

(1− h(i)) (18)

and winning probability W (b) is

W (b) = 1− S(b) (19)

and market price probability p(z) is

p(z) = h(z)S(z) (20)
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Using RNN

We propose a RNN model to fit the survival model. the l th RNN cell
predicts the instant winning rate hl given the bid request feature xi and a
bid price b based on the previous events.
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Loss Function

For all bid records, we can utilize a cross entropy loss, because we can
treat it as a binary classification problem.
For all winning records, we use negative log-likelyhood to discribe how
good is the model. We combine the two loss functions.

Lcensor = −
∑

xi ,bi∈D
ci log S(bi |xi ) + (1− ci ) log(1− S(bi |xi )) (21)

Lz = −
∑

xi ,zi∈Dwin

log(p(z)) (22)

L = αLz + (1− α)Lcensor (23)

where ci is the label censor(losing) or not. Just minimize L.
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Evaluation

Three metrics: AUC, Log-Loss, ANLP(Average Negative Log Probability)
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