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In this project, we study a combinatorial proxy auction process in which advertising agencies place orders 

with the networks for their desired commercial slots to expose their products to targeted audience. Based 

on a widely used model for online auction of airline tickets formulated by Marta Eso in 2002, we build an 

integer programing model to demonstrate the advertisement auction mechanism behind the scene. 

Furthermore, to establish an efficient way of allocating the bids, we apply two methods (impression-based 

and demographic-based approaches) to evaluate the bidders’ orders, and therefore one can examine 

several recent algorithms for winner determination problem.

Abstract

Methods

Evaluation of Slots’ Values
To evaluate the values of the slots, we have two different evaluating methods:

It is more statistically convenient to gather the information of impressions based on the age range and the 

gender value.

Method 1: Impression-Based Approach

𝑝𝑖𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑑 𝑖 𝑖𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑠𝑙𝑜𝑡 𝑗
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𝑝∗𝑖𝑗 = 𝑏𝑖𝑗𝑝𝑖𝑗



𝑗

𝑝∗𝑖𝑗 = 𝑢𝑖 , 𝑖 = 1, … , 𝑖𝑚𝑎𝑥

𝑝𝑖𝑗 = value to order 𝑖 of slot 𝑗

𝑢𝑖 = ensures that a buyer is only awarded a slot they initially desired
𝑏𝑖𝑗 = 𝑠𝑙𝑜𝑡𝑠 𝑑𝑒𝑠𝑖𝑟𝑒𝑑

Method 2: Demographic-Based Approach

𝑝𝑖𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑏𝑖𝑑 𝑖 
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𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑎, 𝑔
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Computation Algorithm of WDP

Obvious Inclusion

Conclusion
Conclusion

By comparison of these two approaches, the 

demographic-based approach is proved to be more 

sensitive to the impressions of the demographic since a 

normally distributive perturbation with standard deviation 

5% of the original value is added to the prices of the 

orders and the relative errors for the impression-based 

approach and demographic-based approach are 7.77% 

and 10.32%, respectively. 

As the results show, the demographic-based approach 

could represent the real value more accurately.
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Auctions on Advertisement

Background
Networks 

(sellers)
Proxy

Television 

Companies

Provide the information 

about their customers’ 

demands and the 

highest money that their 

customers are willing to 

pay.

Provide the information 

about the impression of 

every slot to help the 

proxy evaluate the prices 

of the slots that the bidder 

desired.

Combinatorial Auction Mechanism

𝑆𝑒𝑎𝑙𝑒𝑑 − 𝐵𝑖𝑑 𝐴𝑢𝑐𝑡𝑖𝑜𝑛

𝐹𝑖𝑟𝑠𝑡 − 𝑃𝑟𝑖𝑐𝑒 𝑃𝑟𝑖𝑛𝑐𝑖𝑝𝑙𝑒 𝑅∗1𝑠𝑡 = 

𝑖∈𝑤

𝑝𝑖
∗1𝑠𝑡

𝑉𝑖𝑐𝑘𝑟𝑒𝑦 − 𝐶𝑙𝑎𝑟𝑘𝑒 − 𝐺𝑟𝑜𝑣𝑒𝑠 𝑉𝐶𝐺 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚 𝑅∗𝑉𝐶𝐺 = 

𝑖∈𝑤

[𝛼𝑖 −

𝑘≠𝑖

𝑏𝑘 𝑆 ]

𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝐴𝑢𝑐𝑡𝑖𝑜𝑛 ቐ

𝐴scending 𝑃𝑟𝑜𝑥𝑦 𝐴𝑢𝑐𝑡𝑖𝑜𝑛
𝐶𝑙𝑜𝑐𝑘 − 𝑃𝑟𝑜𝑥𝑦 𝐴𝑢𝑐𝑡𝑖𝑜𝑛

𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑜𝑟𝑖𝑎𝑙 𝐶𝑙𝑜𝑐𝑘 𝑃𝑟𝑜𝑥𝑦

1. Slots + Bids

2. Reserved 

Price

Check for 

winner 

determination

Stopping Criteria

No time slot conflict and 

min reserved price is met

Time for the 

auction has ended

Done

If not satisfied with 

results and have not 

exceeded auction 

time

Counteroffers

and/or

Discount

Everyone 

agreed
Done 

Some bidders 

did not accept 

counteroffer

Mathematical Approach to Algorithm Engineering 

1. Determine a P-Value Matrix for the value of each slot before bidders are allowed to bid.

2. Remove the bids that are lower than the reserved price in the P-Matrix

3. Bidders with the highest bidding price for each time slot section will win the bid with the constraint: the 

number of chosen bids can not exceed the total number of placements for one slot. If there is a tie or 

over-valued relationship, one will use the technique in auction mechanism (e.g., Clock-Proxy Auction)

4. Remove all accepted bids and consider discounts and counter offers by developing a possible 

package of slots for the bidder using their highest placed bids.

A slot is a designated time on a particular network (e.g., ABC on October 1st, 2016, from 10:11–10:14 am) 

which can run one or more commercials in pods. Here, we use S to denote the set of the slots:

𝑆 = 1,2,3, … ,𝑚

𝜋𝑗 , 𝑗 = 1,2,3, … ,𝑚 to denote the number of pods in slot 𝑗.

𝑟𝑗 , 𝑗 = 1,2,3, … ,𝑚 to denote the reserved price for each slot 𝑗.

𝑥𝑖 to denote whether the bid is accepted or not.

𝑥𝑖 = ቊ
1, 𝑖𝑓 𝑡ℎ𝑒 𝑏𝑖𝑑 𝑖𝑠 𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑

0, 𝑖𝑓 𝑛𝑜𝑡
, 𝑖 = 1,2,3, … , 𝑛

𝑏𝑖𝑗 to represent whether bidder 𝑖 wants the slot 𝑗.

𝑏𝑖𝑗 = ቊ
1, 𝑖𝑓 𝑡ℎ𝑒 𝑏𝑖𝑑𝑑𝑒𝑟 𝑖 𝑏𝑖𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑙𝑜𝑡 𝑗

0, 𝑖𝑓 𝑛𝑜𝑡
, 𝑖 = 1,2,3, … , 𝑛; 𝑗 = 1,2,3, … ,𝑚

We consider the following Integer Programming formulation:

𝑚𝑎𝑥 
𝑖=1

𝑛

[
𝑗=1

𝑚

𝑏𝑖𝑗𝑝𝑖𝑗 − 𝑏𝑖𝑗𝑟𝑗 ] 𝑥𝑖

such that


𝑖=1

𝑛

𝑏𝑖𝑗𝑥𝑖 ≤ 𝜋𝑗 , 𝑖 = 1,2,3, … , 𝑛; 𝑗 = 1,2,3, … ,𝑚

𝑝𝑖𝑗 ≥ 𝑟𝑗 , 𝑖 = 1,2,3, … , 𝑛; 𝑗 = 1,2,3, … ,𝑚

𝑥𝑖 = 0, 1

Integer Programming Formulation
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Currently 

accepted offers

New bid (disjoint)

New bid (conflict)

Currently 

accepted offers

Apply method of 

Obvious Inclusion

New bid 

received

Randomly arrange

1 2 3 4

A 0 340 1000 0

B 0 500 900 810

C 1000 1100 0 0

D 450 0 0 830

E 0 620 340 120

Slot
Bid Algorithm

Randomly arrange 

the slots and award 

the largest bid 

according to slot 1

Current 

solution

Remove allocated 

slots and select 

largest bid according 

to the nest available 

slot from remaining 

bids

Stop if no more slot 

can be added, or if 

the value can not 

exceed the best 

combination

Replace the 

latest chosen 

bid by the next 

valid bid

Results:

Start from Slot A: 1000+900+340+1000+450=3690

Start from Slot C: 1100+500+340+620=2560
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