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METHOD AND SYSTEM FORSCHEDULING 
ELECTRONIC ADVERTISING 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/507,031, filed Sep. 29, 2003. 

FIELD OF THE INVENTION 

0002 The present invention relates to methods and sys 
tems for Scheduling advertising lines, and in particular for 
scheduling electronic advertising lines. 

BACKGROUND 

0003. An electronic publisher treats the available adver 
tising space as inventory. 
0004 As used herein, the term “inventory” can include 
available advertising space in a variety of media, including 
but not limited to web pages, portions of web pages, banners, 
buttons, pop-up windows, placement within sponsored 
search listings, and streaming media (including video and/or 
audio). Each time one of these advertisement types is played 
for or presented to a user constitutes an “impression.” The 
inventory of advertising space includes the capacity to render 
advertising in any of these formats. 
0005. The term “advertising as used herein is not limited 
to commercial advertising, but may also include any purchase 
of the ability to deliver information content of any type. For 
example, a public service notice or a pure entertainment 
streaming video that is purchased by a sponsor, but only 
delivers information to the recipient without asking the 
recipient to take any action or make any purchase would still 
be encompassed by the term “advertisement as used herein. 
0006. A unit of delivery for advertising may be referred to 
as a line. A line refers to one particular set of creative expres 
sions delivered over one particular period of time for a web 
site. A line is also a unit of purchase, so it has an associated 
particular rate or cost. 
0007 Advertising media inventory may be divided into 
two general classes. The first type is 'guaranteed (also called 
Class I). This inventory is generally paid for in advance and is 
guaranteed (by contract) to be delivered within a certain 
period. Because of this constraint, Class I inventory cannot be 
oversold, and an inventory management system exists to mea 
Sure and regulate inventory availability. Class I inventory is 
generally sold to large, branding-oriented advertisers who 
need reliable delivery to achieve their marketing goals and are 
willing to pay premium prices for that inventory. Class I 
inventory is typically sold on a cost-per-impression (CPI) 
basis. 
0008. The second type of media inventory is "preempt 
ible' or non-guaranteed (referred to herein as “Class II.) It 
comprises the remnant of available inventory after Class I is 
served. Class II advertising is generally paid for in arrears, 
because it can be preempted at the publisher's discretion 
without violating any contractual obligation. Class II inven 
tory serves as a sink for excess Supply and can be thought of 
as a “spot' or “auction' marketplace. This inventory is usu 
ally sold to smaller advertisers, often to direct marketers who 
wish to drive transactions rather than branding. 
0009 Class II inventory is most frequently sold on a per 
formance basis, meaning that the advertiser pays based only 
in the event of a response to an ad, rather than just for place 
ment of that ad. This performance basis adds uncertainty to 
the estimation of the value (on a per-impression basis) of a 
media purchase. 
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0010. There are two general types of performance based 
advertising deals: “cost-per-click (CPC) and “cost-per-ac 
quisition (CPA). Cost-per-click deals require the advertiser 
to pay the electronic publisher a fixed amount per click by an 
end user that sees or hears the advertisement. This cost-per 
click is also called a "click bounty'. (This requires the viewer 
to take an action, but does not necessarily require a purchase 
by the viewer to triggeran obligation for the advertiser to pay 
the publisher.) Cost-per-acquisition deals, on the other hand, 
require the advertiser to pay the electronic publisher a fixed 
amount per action that happens after the click. For example, 
an advertiser might pay a fixed bounty for each new member 
ship to their site that was driven from the advertisement. The 
advertisement must actually be effective (in leading a viewer 
to purchase goods or services) in order to triggeran obligation 
for the advertiser to pay the publisher for the advertisement. 
This cost-per-acquisition is called an “acquisition bounty. 
0011. The prior art advertisement delivery system was 
designed for Class I inventory. The prior art system assumed 
that the sum of all the sales will be less than or equal to the 
available inventory. This is enforced by an inventory predic 
tion system and Scheduling system. In this environment, the 
ad server was designed to satisfy as many contracts as pos 
sible on Schedule. Thus when selecting an ad, the ad server 
finds the set of all appropriate ads and chooses the one from 
the contract that is most behind on its delivery schedule. If no 
contracts are behind then no ad is chosen. Since the system 
constrains the sold inventory to less than or equal to 100%, 
this results in the most Class I contracts being satisfied on 
schedule. 

0012. In Class II advertising, it is to the publisher's disad 
vantage to limit contracts to only 100% of the available inven 
tory. Also, because the contract allows the advertisement to be 
delayed (e.g., to service a more profitable advertiser), it is 
disadvantageous to always service a contract that is most 
behind on its delivery schedule. 
0013 The prior art electronic advertising environment 
required manual optimization of the preemptible inventory by 
removing low-value campaigns. This was complicated by the 
fact that optimal behavior required that orders be balanced 
with available inventory. Because Class I inventory fluctuates 
daily, this required unrealistic human maintenance effort and 
the inventory was frequently improperly scheduled. 
0014. In addition, estimations of the value of the Class II 
inventory were difficult and often incomplete. The Class II 
advertisers pay on a per-click or per-acquisition basis, but the 
advertisements must be scheduled on a per-impression basis. 
The number of impressions required to generate a desired 
number of clicks or acquisitions was not known. Schedulers 
would choose which contract to run based on criteria Such as 
client size, relationships with sales people, or the like. This 
frequently led to an inappropriate mix of contracts being 
scheduled. 

0015. An improved system to scheduling electronic adver 
tisements is desired. 

SUMMARY OF THE INVENTION 

0016. A method for scheduling advertising comprises the 
steps of estimating a respective fraction of delivered adver 
tisement impressions that result in a response from a user for 
each of a plurality of advertising contracts, estimating a value 
per impression for each of the advertising contracts, and 
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scheduling an advertising line under the contract having the 
highest value per impression at a next available advertising 
window. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a flow chart diagram of a method of sched 
uling advertisements with multiple classes. 
0018 FIG. 2 is a detailed diagram of the Class II schedul 
ing step shown in FIG. 1. 
0019 FIG. 3 is a flow chart diagram of the click through 
rate calculation step of FIG. 2. 
0020 FIG. 4 is a flow chart diagram of a method for 
calculating the conversion rate. 
0021 FIG. 5 is a flow chart diagram of a method for 
determining the number of impressions to be rendered during 
each scheduling interval. 
0022 FIG. 6 is a block diagram showing an exemplary 
ePCM system for performing the method of FIGS. 1-5. 

OVERVIEW 

0023 U.S. Provisional Application No. 60/507.031, filed 
Sep. 29, 2003, is incorporated by reference herein in its 
entirety. 
0024. Because delivery of impressions under Class II con 

tracts can be delayed at the publishers whim in order to 
service a more profitable advertiser (or group of advertisers), 
it is advantageous to allow over-scheduling to provide some 
competitive pressure on prices. (Here, “competitive pressure' 
refers to pressure on the sponsors or customers to pay a higher 
CPI, CPC or CPA.) Permissible over-scheduling may include 
any combination of (1) Class I advertising less than or equal 
to the total amount of advertising space inventory, plus (2) any 
amount of Class II advertising. 
0025 Class II prices are generally lower than Class I, so 
Class II advertisers are capable of purchasing impressions in 
much larger numbers than Class I advertisers. Also, in Class 
II, generally the bigger advertising contracts have lower Val 
ues per impression. That is, the expected value to the pub 
lisherper advertisement shown decreases as the purchase size 
increases. In this environment (overselling, bigger-is 
cheaper), ideal behavior would be delivering the advertising 
having the highest expected return per impression first. How 
ever, because the inventory is oversold, and the biggest con 
tracts are the hardest to satisfy, using the system of the prior 
art, the biggest contracts were served first. This means that the 
lowest value contracts were serviced before the higher value 
OS. 

0026. One exemplary embodiment described herein deliv 
ers Class I and Class II advertisements with different priority 
schemes. In the example with both Class I and II advertise 
ments, Class I advertisements continue to be delivered by the 
most-behind-first method described above. Another exem 
plary embodiment only handles Class II advertising. In both 
of these examples, Class II advertising is delivered in a high 
est-value-first manner. To fairly compare the values of CPI, 
CPC and CPA contracts, an effective CPI value is estimated 
for every CPC and CPA contract. 
0027 Definitions 
0028 click bounty revenue paid per click. 
0029 conversion bounty—revenue paid per conversion 
(acquisition). 
0030 CTR click through rate, or clicks per impression 
0031 CVR—conversion rate—conversions per click 
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0032 FIG. 1 is a flow chart diagram of an exemplary 
method for scheduling advertisements in a system having at 
least two classes of advertisements. 
0033. At step 100, the urgency of the advertisements is 
calculated. Urgency is a measure of how far behind schedule 
the delivery of the advertisement is. The measure of urgency 
may be the fraction of impressions remaining to be served 
divided by the fraction of time remaining to fulfill the con 
tract. 

0034. At step 102, a determination is made whether there 
are any Class I (guaranteed) impressions (advertisements) to 
be delivered. 
0035. At step 104, if there are Class I impressions to be 
delivered, then the Class I impressions are scheduled in order 
of urgency. If a large number of impressions are to be served 
for a given line, the total number of impressions to be served 
is divided into periodic groups over the period of time in 
which the impressions are guaranteed to be rendered. 
0036. At step 106, a determination is made whether any 
Class II (preemptible) advertisements are to be served. 
0037. At step 108, the Class II advertisements, if present, 
are scheduled in order of value per impression. If there are 
more Class II contracts available than it is possible to fulfill, 
only the Class I contracts plus a subset of the Class II con 
tracts having the highest value per impression are fulfilled. 
0038. At step 110, if there is a tie between two (or more) 
Class II contracts having the same value per impression, then 
at step 112, the tie is broken by scheduling the advertisement 
having the greater urgency first. This is to say that Class II 
lines of equal value compete with each other like Class I lines 
compete. 
0039. If there are no Class II advertisements, or if there is 
no tie between any Class II contracts, then the program ends 
at step 114. 
0040 FIG. 2 is a flow chart showing details of the Class II 
scheduling step 108 in FIG. 1. 
0041 At step 200, a loop including steps 202-210 is per 
formed for each Class II advertisement. 

0042. At step 202, a determination is made whether this is 
a new advertisement. For this purpose, “new” includes any 
advertisement for which an insufficient number of impres 
sions have been rendered to accurately estimate the click 
through rate and/or the conversion rate. 
0043. At step 204, if the advertisement is new, a predeter 
mined, relatively high click-through rate is assumed. In the 
case of a CPA contract, a predetermined, relatively high con 
version rate is also assumed. Then, step 210 is executed next. 
0044. At step 206, if the advertisement is not new, data on 
responses (clicks and/or acquisitions) per impression are col 
lected as advertisements are rendered. 

0045. At step 208, the click-through rate is estimated in 
near real-time as impressions are rendered. The CTR is cal 
culated in near real-time from the last previously scheduled 
set of impressions served for that contract. Also, the CVR is 
estimated daily for CPA contracts (or at another predeter 
mined interval that is preferably longer than the period 
needed to accurately estimate the click through rate). 
0046. At step 210, the value per impression is estimated. 
The CTR (the assumed CTR for a new contract, or the most 
recently estimated CTR for a contract that is not new) is 
multiplied by the click bounty for a CPC contract, or by the 
product of the conversion bounty and the CVR for a CPA 
COntract. 
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0047. At step 212, after the loop of steps 202-210 is 
repeated for each Class II contract, the advertisements are 
scheduled so that the advertisements having the highest value 
per impression are scheduled first. 

DETAILED DESCRIPTION 

0048 Estimating Value 
0049. In order to deliver Class II advertisements based on 
highest expected value, the ad system calculates the expected 
value per impression. This is done in different ways for each 
of the three different payment types (CPI, CPC, CPA). For 
CPI deals the estimation is trivial: The expected value is the 
CPI specified in the contract, i.e., no estimation is required. 
The following equation is used: 
0050 Est. Value (CPI)=CPI (cost per impression) 
0051. For CPC deals, the following equation is used: 

Est. Value(CPC) = (click bounty): (click through rate or “CTR") 

= ($f click): (clicks fimpression) 

0052 For CPA deals, the following equation is used: 

Est. Value(CPA) = (conversion bounty): (conversion rate): CTR 

= ($f conversion): (conversions/ click): 

(clicks fimpression) 

0053 Click bounty is defined as dollars per click. Conver 
sion bounty is defined as dollars per conversion. CTR is 
defined as clicks per impression. Conversion rate is defined as 
conversions per click. Expansion and cancellation of the units 
in the above equations show that in all three cases, the result 
is a quantity specified in dollars / impression. From the above 
equations, it is clear that to estimate value for a CPC contract, 
CTR must be estimated; and for a CPA contract, CTR and 
CVR must also be estimated. 
0054 Estimating CTR 
0055. In the exemplary system, priorities are calculated in 
near real-time. The expected value (expected cost per 1000 
impressions or eCPM) is calculated by the system using the 
above three equations. CTR is estimated for each individual 
contract in near real time by the system by looking at a 
window of the past click behavior. This is accomplished by 
maintaining a system of “buckets'. Each bucket represents 
the number of clicks that have occurred in a fixed number of 
page views or impressions (scale). 
0056 FIG. 3 is a flow chart diagram of an exemplary 
method for calculating the click through rate for a single 
advertising line. It will be understood that this process is 
carried out individually for each advertising line. 
0057. At step 300, upon the addition of a new advertising 

line, all of the bucket values (number of clicks in eachbucket) 
for that advertising line are set to a high initial value, corre 
sponding to a high click through rate. For example, bucket 
values corresponding to a 1% click through rate may be used. 
(The number of clicks per bucket corresponding to a particu 
lar click through rate is proportional to the size of the bucket.) 
0058 At step 302, new data are added to a separate accu 
mulator bucket, which is the same size as the rest of the 
buckets. The accumulator bucket includes a counter for the 
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number of impressions and a counter for the number of clicks 
from those impressions. The accumulator bucket stores the 
most recent impression and click data until a complete 
“bucket full of data are collected. 
0059. At step 304, the number of impressions in the accu 
mulator bucket is compared to the fixed bucket size. If the 
accumulator bucket is not full (the number of impressions is 
less than the size of the buckets, then at step 302, additional 
results of impressions are added to the accumulator bucket. 
When the number of impressions in the accumulator bucket 
reaches the bucket size, then step 306 is executed. 
0060. At step 306, the data in the least recently filled 
bucket are replaced with the data in the accumulator bucket, 
so that the buckets form a circular buffer. The time stamp of 
the least recently filled bucket is updated to reflect its current 
update time and date, so that the second least recently filled 
bucket now becomes the least recently filled bucket. 
0061. At step 308, the click through rate is calculated from 
the total number of clicks across all the buckets (except the 
accumulator bucket) divided by the total number of impres 
sions across all the buckets (except the accumulator bucket). 
0062. At step 310, the accumulator bucket values are reset 
to Zero, so that a new set of impressions can be added to the 
accumulator bucket at step 302. 
0063 For example, each bucket may have the results of 
10,000 page views. N buckets (e.g., 10 buckets) are used as a 
circular buffer, and an additional bucket is used as a tempo 
rary accumulation space. Impressions and clicks are counted, 
and stored in the N+1" bucket (accumulation space). Each 
time one bucket's worth of impressions are delivered, the next 
logical bucket in the circular buffer is filled with the accumu 
lated clicks and the temporary click and impression counts in 
the N+1" bucket are set to zero. The click through rate can be 
calculated at any time by Summing the clicks in the buckets 
and dividing by (N*number of impressions per bucket). In the 
exemplary system 10 buckets representing 10,000 impres 
sions each are used. This means that the advertising system 
looks at the last 100,000 impressions for a given contract to 
determine CTR. 
0064. When a contract first begins, there are no delivery 
data on which to base a CTR estimation. Because the exem 
plary system always delivers the advertisements in the queue 
having the highest expected CPI, it would not be satisfactory 
to pre-load every bucket with Zero's and assume an initial 
CTR of Zero (That would prevent a new advertisement from 
ever being delivered by the system). 
0065. In the exemplary embodiment, the buckets are pre 
filled with some pre-determined, high-valued CTR. For 
example, an initial CTR of 1% may be assumed, so that each 
bucket of 10,000 impressions is initially assigned 100 clicks. 
This allows a contract to initially assume a high CTR (and 
thus high estimated value) and allows new contracts to get 
started. Each time a bucket of impressions (e.g., 10,000 
impressions) are served, the contents of the bucket having the 
oldest data are replaced with the clicks in the N+1" bucket 
(the temporary bucket). With this method, by the first 
(N*bucket size) impressions (100,000 in this example), the 
CTR has fallen to the actual CTR. After the first (N*bucket 
size) impressions, CTR is calculated as a moving average 
based on actual performance data, with the calculation per 
formed each time a bucket of impressions is served. 
0.066 For example, assume an advertisement for which 
there are about 10 clicks per 100,000 impressions. In that case 
the actual CTR is 0.1%, but because the CTR is not known a 
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priori, the initial estimate of 1.0% is used. After the first 
10,000 impressions, the estimated CTR is about (9* 100+ 
1*10)/100,000–0.91%. After the second 10,000 impressions, 
the estimated CTR is about (8*100+2*10)/100,000–0.82%. 
After the third 10,000 impressions, the estimated CTR is 
about (7* 100+3*10)/100,000–0.73%. This continues until 
the tenth group of 10,000 impressions is rendered, at which 
point the estimated CTR will be about (10*10)/100,000–0. 
1%. Thereafter, the CTR will be based completely on empiri 
cal data, and the initial assumptions have no further impact. 
0067. Estimating CVR 
0068 CVR is calculated offline, once per day by the 
scheduling system. This estimated CVR is generated by: 

CVR=(conversions to date)/(clicks to date) 

0069. The scheduling system, combines this quantity with 
the CPA once per day to generate a virtual click bounty with 
the following equation: 

virtual click bounty=CVR*CPA=(conversions/clicks)* 
(cost conversion) 

0070 Thus, CPA contracts are calculated using the algo 
rithm for CPC contracts by the advertising system, with the 
result multiplied by the cost per conversion. 
(0071. Initial CVR 
0072 The number of conversions and clicks to date will 
always be Zero at the beginning of a contract. This makes 
CVR and the virtual click bounty undefined (because they are 
computed by ratios having the number of clicks in the 
denominator). To deal with this initial condition, CPA deals 
are given a 'grace period (e.g., 2 weeks) during which a 
default value of CVR is used. This default is set reasonably 
high so that the contract is assigned some delivery by the 
system. At any point during the grace period, if some conver 
sions are captured then the “true CVR is calculated. If the 
grace period expires without conversions being entered, the 
CVR falls to Zero. 
0073 FIG. 4 is a flow chart diagram of an exemplary 
method of calculating the conversion rate for a single adver 
tising line. It will be understood that this process is performed 
individually for each advertising line. 
0074 At step 400, the conversion rate is initialized at a 
sufficiently high initial value that the advertising line will be 
scheduled by the system. 
0075. At step 402, steps 404–408 are repeated while the 
time (since introduction of the advertisement) is less than the 
grace period. 
0076. At step 404, the system waits for a conversion and 
maintains two counters for this advertisement: a counter for 
clicks and a counter for conversions. 
0077. At step 406, when a click occurs (oran impression is 
rendered), but no conversion occurs, then step 402 is per 
formed, and the system continues to wait for a conversion. 
When a conversion occurs, step 408 is executed. 
0078. At step 407, once a first conversion occurs, the 
counter for the number of conversions is updated with each 
conversion. 
0079. At step 408, the conversion rate for the advertise 
ment is calculated as the total number of conversions divided 
by the total number of clicks for the advertisement since it 
was first rendered. In preferred embodiments, the counters 
are incremented each time a conversion occurs, but the con 
version rate CVR is only updated at a fixed interval, such as on 
a daily basis. In some embodiments, the period between CVR 
updates coincides with the scheduling period for advertise 
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ments. In other embodiments, after the first conversion, the 
conversion rate can be updated with each conversion, or with 
each click. It will be understood that only updating CVR with 
each conversion will produce higher estimates of CVR in 
between conversions, and updating the conversion rate with 
each click will cause CVR to drop to lower levels whenevera 
long period passes between conversions. 
0080. After the end of the grace period, step 410 is 
executed. At step 410, if there have been no clicks by the end 
of the grace period, step 414 is executed. Otherwise, step 412 
is executed. 

I0081. At step 412, CVR is calculated as the total number 
of conversions divided by the total number of clicks for the 
advertisement since it was first rendered. 

I0082. At step 414, if have been no clicks, then the conver 
sion rate is assigned a value of 0.0. 
I0083. In the exemplary embodiment, the system tries to 
deliver only as many advertisements as the advertiser wants 
delivered. However, CPC and CPA advertisers do not order 
specific numbers of impressions; the advertiser either orders 
a number of clicks (for a CPC contract) or a number of 
acquisitions (for a CPA contract). To serve up a number of 
impressions that is likely to result in the desired number of 
clicks for a CPC contract (or acquisitions for a CPA contract) 
the publisher uses the estimated CTR to determine the 
expected number of impressions to serve in order to meet the 
desired number of clicks or acquisitions. 
I0084. In addition, many contracts specify a period over 
which the impressions are to be rendered (e.g., a day, a week 
or a month). The exemplary system divides the expected 
number of impressions for the contract into a plurality of 
relatively short intervals. For example, a week's worth of 
advertisements may be divided into 336 half-hour intervals). 
The system tries to deliver the advertisements smoothly. In a 
preferred embodiment, the 336 half-hour intervals are 
weighted by the relative traffic patterns on the site. For 
example, 3:30 AM might get 1000 impressions while 1:00 
PM might get 5000. 
I0085. The number of clicks scheduled in any given inter 
Val is given by: 

(clicks remaining): (weight of this period 
licks thi iod) = (clicks this period) (CTR): (sum of all remaining period weights) 

I0086. The number of advertisements to be rendered in any 
given half-hour interval is determined by the number of clicks 
or acquisitions yet to be obtained, the current estimate of the 
CTR, and the weights of the remaining half-hour intervals. 
This produces a self-regulating effect. Because the estimated 
value per impression for both CPC and CPA contracts is 
proportional to the estimated CTR, an overly high initial 
estimate of the CTR causes an advertisement to jump ahead of 
other advertisements that actually have a higher value, but a 
smaller number of impressions are rendered than would be 
rendered if the initial estimate of CTR is closer to the actual 
CTR. Thus, higher value advertisements are not crowded out. 
0087. In an alternative embodiment, all intervals have the 
same weight. For example, if one million impressions are 
required in a week, the alternative system will schedule about 
3000 advertisements in each of the 336 half-hour intervals, 
and will not schedule one million in the first half hour. 
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0088 FIG. 5 is a flow chart diagram of an exemplary 
method for setting and adjusting the number of impressions to 
be rendered per time interval for a given advertisement. 
I0089. At step 500, when the advertisement is first deliv 
ered, an estimated click through rate is used for the initial 
period(s). 
0090. At step 502, the remaining clicks to be rendered for 
a new advertisement is set to the number of desired clicks. 
0091 At step 504, the number of intervals remaining is 
initialized at the total number of intervals for the amount of 
time in which the advertisement impressions are to be deliv 
ered. Thereafter, the click through rate, remaining clicks, and 
the number of intervals remaining are updated periodically, 
e.g., after each scheduling interval, or daily. 
0092. At step 506, the number of impressions to be ren 
dered during the next scheduling interval is assigned a value 
of: 

(clicks remaining): (weight of this period 
licks thi iod) = (clicks this period) (CTR): (sum of all remaining period weights) 

0093. At 508, after the impressions are rendered, the num 
ber of remaining clicks is set equal to the original total num 
ber of clicks desired minus the total actual number of clicks to 
date for the advertising line. 
0094. At step 510, the CTR estimate is updated, based on 
the total number of clicks in the most recent time intervals 
divided by the number of impressions in the N buckets (de 
scribed above with reference to FIG. 3). 
0095. At step 512, the number of intervals remaining is 
decremented by one. 
0096. Thereafter, the loop of steps 506-512 is executed to 
render the appropriate number of impressions, and update the 
remaining number of clicks to be obtained, CTR, number of 
intervals remaining, and number of impressions per interval. 
0097. The self regulating affect is apparent from FIG.5. If 
the CTR estimate is too high, the number of impressions 
rendered in the first interval is too low. Although the ad line 
jumps ahead of more profitable ads, only a small number are 
scheduled. Then the number of remaining clicks stays higher 
than it would be (if the correct CTR had been used), and the 
next CTR update (as shown in FIG. 3) reduces the current 
CTR estimate based on the small number of clicks observed. 
As a result the number of impressions rendered in the next 
interval increases. 
0098. On the other hand, if the CTR estimate is too low 
(but not so low as to completely prevent any impressions from 
being delivered), the number of impressions rendered in the 
first interval is higher than if the correct CTR is applied. 
Although the ad line is not delivered until after less profitable 
ads, a larger number of impressions are scheduled for the 
profitable ad. Then the number of remaining clicks drops 
lower than it would be (if the correct CTR had been used), and 
the next CTR update (as shown in FIG. 3) increases the 
current CTR estimate based on the large number of clicks 
observed. As a result, the number of impressions rendered in 
the next interval decreases. 
0099 Consider the example mentioned above with refer 
ence to FIG.3, in which the initial estimate of CTR (1%) is ten 
times the actual CTR (0.1%); then the number of impressions 
rendered in the first half hour is ten times smaller than the 
number actually needed to service the contract. Thus, there is 
less danger of Swamping the system with an overvalued 
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advertisement contract for which the estimated CTR is too 
high. When an initial estimate of CTR is too high, the adver 
tisement is served sooner than it should be, but only a rela 
tively small number of impressions are delivered in the first 
half hour the advertisement is run. When enough empirical 
data is available to reliably estimate CTR, and the much 
smaller value of CTR is used, the system recognizes that ten 
times as many impressions are needed if the advertisement is 
to be run, but the system also recognizes that this advertise 
ment has a much lower value per impression. Thus, the adver 
tisement may be preempted if there are other advertisements 
available with higher value per impression. 
0100 Although an example is provided in which the 
schedule for a contract is adjusted every half hour, other 
intervals may be used. In particular, if very large numbers of 
impressions are to be scheduled per unit of time, then the 
scheduling interval may be smaller. Preferably, a scheduling 
interval is selected that is long enough to render about (N*the 
bucket size) impressions. If the number of impressions ren 
dered during the interval is orders of magnitude greater than 
(N*the bucket size), then the circular queue wraps around 
tens or hundreds of times during the interval. In that case, 
most of the history is discarded, and only the last (N*the 
bucket size) data are considered for estimating CTR and 
scheduling advertisements for the next interval. 
0101. In some embodiments, the scheduling interval is not 
adjusted, but either N or the bucket size B is adjusted if the 
number of impressions to be rendered is much greater than 
B*N. Thus, initially N*B may be 100,000, but after a pre 
determined number of intervals in which the number of 
impressions far exceeds 100,000, either N or B is doubled. 
This process can be repeated until N*B is of the order of 
magnitude of the number of impressions served during the 
interval. 

0102. As noted above, in some embodiments, Class I 
advertising agreements are also entered, in addition to Class 
II. When Class I advertising is also performed, the system 
attempts to smoothly deliver the advertisements for the class 
I contracts by dividing the sold advertisements into several 
relatively small groups (e.g., 100,000 impressions), and 
delivering one group during each scheduling interval (e.g., 
every halfhour). To the extent that any one of these scheduled 
groups is delayed, the advertisement becomes behind Sched 
ule. Class I advertising is not, however, performed ahead of 
schedule. That is, if a Class I advertisement runs every half 
hour, once the ad has been run for a half hour period, the 
system waits until the next half hour period before running 
that ad again. 
0103) In the exemplary system, Class I advertisements are 
prioritized by how far behind schedule they are. There are a 
variety of alternative techniques for determining how far 
behind a line of advertising is. In the exemplary embodiment, 
a normalized measure is used: the percentage of the total 
contract remaining divided by the percentage of time remain 
ing to deliver the advertisements. For example, if 50% of the 
impressions for a contract are still remaining to be rendered, 
and 25% of the duration of the contract remains, then the 
measure of urgency (or how behind the contract is) would be 
50/25–2. Another contract having 50% of its advertising lines 
remaining to be run in 12.5% of the time of the whole contract 
would have an urgency of 50/12.5–4. The more data to be 
delivered in a short time, the greater the urgency. When a 
Class I contract catches up with its schedule, then its urgency 
value is 1.0 (e.g., 50% of the impressions still remaining to be 
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rendered in 50% of the contract duration, or 25% of the 
impressions still remaining to be rendered in 25% of the 
contract duration.). 
0104. In the exemplary system including both Class I and 
Class II advertising, there are three mechanisms for prioriti 
Zation. 
0105. The first mechanism is class. When both Class I and 
Class II are available to be currently scheduled, the Class I 
advertisements are rendered first. If there are no Class I adver 
tisements (or the only Class I advertisements have an urgency 
of less than or equal to 1.0, and are thus scheduled to be 
delivered in the future), then Class II advertisements can be 
run. Although the exemplary embodiment includes only two 
classes, a system may include more than two classes (e.g., 
ten). 
0106. The second mechanism is rank. Rank is a measure of 
value. In the example, rank is irrelevant for Class I (or any 
guaranteed class of advertising), because the advertisements 
are guaranteed to be run regardless of value. In the case of 
Class II advertising, as described above, all lines of advertis 
ing are assigned a rank in terms of an expected value per 
impression. 
0107 The third mechanism is urgency. With Class I, 
where all advertisements have the same class and rank, 
urgency is the primary mechanism of ordering the lines of 
advertising for delivery. As described above, urgency may be 
measured as percentage of impressions remaining to be deliv 
ered divided by percentage of contract duration remaining. 
This normalized measure is advantageous, because it puts 
contracts having a large total number of impressions on the 
same footing as contracts that have a small total number of 
impressions. This is reasonable, because all of the Class I 
advertising is guaranteed, regardless of size. In other embodi 
ments, different methods of calculating urgency may use 
used. Such as the number of impressions overdue, or the 
length of time that the most overdue impression is late. 
0108. Within Class II advertisements, urgency may come 
into play if two different class II contracts have the same (or 
substantially the same) value per impression. If the difference 
in value per impressions for two contracts is less than a 
threshold (e.g., one tenth or one hundredth of a cent), then the 
urgency would be used as the deciding factor in determining 
which advertisement to run first. 
0109 FIG. 6 is a block diagram showing an exemplary 
ePCM system 600 for performing the functions described 
above. The system 600 may be hosted on any general purpose 
processor 602. The functions of the ePCM system include 
click through rate estimation 610, conversion rate estimation 
612, value per impression estimation 614, urgency calcula 
tion 616 and impression scheduling 618. The processor has 
access to a storage medium 620, in which the click data 
buckets 622-626 and the accumulator bucket 628 are stored. 
0110. With the deployment of the eCPM system, both 
problems of the prior art (poor scheduling and inappropriate 
mix of advertisements) are solved. The Class II inventory no 
longer needs to be constrained, because the "optimal’ con 
tracts are always selected first. In addition, because the high 
est value contracts are selected first, the system creates an 
implicit reinforcement for good data entry by salespeople (in 
terms of estimating the value of a Class II contract). Sales 
people and sale operations managers will be motivated to 
insure that campaign values are appropriately tracked 
because when they fail to do so (by initially overestimating 
the click-through rate), their campaigns often stop, due to an 
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insufficient number of impressions being generated to ensure 
continued scheduling of impressions. The exemplary system 
makes estimation of value easier and more accurate. 
0111. The present invention may be embodied in the form 
of computer-implemented processes and apparatus for prac 
ticing those processes. The present invention may also be 
embodied in the form of computer program code embodied in 
tangible media, such as floppy diskettes, read only memories 
(ROMs), CD-ROMs, hard drives, “ZIPTM” disks, memory 
Sticks, or any other computer-readable storage medium, 
wherein, when the computer program code is loaded into and 
executed by a computer, the computer becomes an apparatus 
for practicing the invention. The present invention may also 
be embodied in the form of computer program code, for 
example, whether stored in a storage medium, loaded into 
and/or executed by a computer, or transmitted over some 
transmission medium, Such as over the electrical wiring or 
cabling, through fiber optics, or via electromagnetic radia 
tion, wherein, when the computer program code is loaded into 
and executed by a computer, the computer becomes an appa 
ratus for practicing the invention. When implemented on a 
general-purpose processor, the computer program code seg 
ments configure the processor to create specific logic circuits. 
0112 Although the invention has been described in terms 
of exemplary embodiments, it is not limited thereto. Rather, 
the invention should be construed broadly, to include other 
variants and embodiments, which may be made by those 
skilled in the art without departing from the scope and range 
of equivalents of the appended claims. 

1. A computer-implemented method for Scheduling adver 
tisements comprising: 

receiving a plurality of advertising contracts that are each 
associated with a time interval; 

determining a click through rate for each of a plurality of 
advertising contracts; 

determining a conversion rate for each of the plurality of 
advertising contracts; 

estimating a value per impression based on the click 
through rate and the conversion rate, wherein the esti 
mated value per impression is based on a weight 
assigned to future time intervals, further wherein the 
weight is based on an estimated relative traffic pattern 
for each future time interval; and 

scheduling the advertisements based on the estimated 
value per impression. 

2. The computer-implemented method of claim 1, wherein 
the value per impression is estimated based on a moving 
average representing a fraction of trials in which an impres 
sion is delivered and the user responds to the impression. 

3. The computer-implemented method of claim 1, wherein 
the number of impressions to be delivered during the next 
available advertising window is further determined based on 
a desired number of responses and an estimate of a fraction of 
the impressions that elicit a response from the user. 

4. The computer-implemented method of claim 1, wherein 
a sufficiently high value per impression is initially assumed 
for a new advertising contract, so as to ensure that sufficient 
trials are performed under the new contract to form an accu 
rate estimate of the value per impression. 

5. The computer-implemented method of claim 1, wherein 
each remaining time interval is associated with a time of day 
and the weight assigned to each remaining time interval is 
based on an average number of impressions delivered during 
the time of day on a plurality of previous. 
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6. The computer-implemented method of claim 1, wherein 
each time interval of the plurality of time intervals comprises 
of a half hour time interval. 

7. The computer-implemented method of claim 1, wherein, 
if two of the advertising contracts have substantially the same 
value per impression, an advertising line is scheduled under 
the one of the two contracts for which advertising delivery has 
a greater urgency. 

8. The computer-implemented method of claim 7, wherein 
a measure of urgency for each contract is based on a ratio of 
a remaining fraction of the total impressions to be delivered 
under the contract divided by a remaining fraction of the total 
time during which the contract is to be fulfilled. 

9. The computer-implemented method of claim 1, wherein 
the next available advertising window is a time period after 
which a guaranteed-delivery advertisement is scheduled. 

10. The computer-implemented method of claim 1, 
wherein the advertising is transmitted electronically to a 
recipient using one of the group consisting of web pages, 
portions of web pages, banners, buttons, pop-up windows, 
placement within sponsored search listings, and streaming 
media. 

11. A non-transitory computer readable medium encoded 
with computer program code, wherein, when the computer 
program code is executed by a processor, the processor per 
forms a method for scheduling advertising, comprising the 
steps of: 

receiving a plurality of advertising contracts that are each 
associated with a time interval; 

determining a click through rate for each of a plurality of 
advertising contracts; 

determining a conversion rate for each of the plurality of 
advertising contracts; 

estimating a cost per impression based on the click through 
rate, the conversion rate, and a weight assigned to future 
time intervals, further wherein the weight is based on an 
estimated relative traffic pattern for each future time 
interval; and 

Scheduling the advertisements based on the estimated cost 
per impression. 

12. The computer readable medium of claim 11, wherein 
the estimated cost per impression is estimated in near-real 
time based on a moving average representing a fraction of 
trials in which an impression is delivered and the user 
responds to the impression. 

Jan. 23, 2014 

13. The computer readable medium of claim 11, wherein 
the number of impressions to be delivered during the next 
available advertising window is further determined based on 
a desired number of responses and an estimate of a fraction of 
the impressions that elicit a response from the user. 

14. The computer readable medium of claim 11, wherein a 
Sufficiently high estimated cost per impression is initially 
assumed for a new advertising contract, so as to ensure that 
sufficient trials are performed under the new contract to form 
an accurate estimate of the estimated cost per impression. 

15. The computer readable medium of claim 11, wherein 
each time interval of the plurality of time intervals comprises 
of a half hour time interval. 

16. The computer readable medium of claim 11, wherein, if 
two of the advertising contracts have substantially the same 
estimated cost per impression, an advertising line is sched 
uled under the one of the two contracts for which advertising 
delivery has a greater urgency. 

17. The computer readable medium of claim 16, wherein a 
measure of urgency for each contract is based on a ratio of a 
remaining fraction of the total impressions to be delivered 
under the contract divided by a remaining fraction of the total 
time during which the contract is to be fulfilled. 

18. A computer implemented method for scheduling adver 
tisements comprising: 

determining a plurality of time intervals in which to display 
the advertisements; 

determining a number of clicks remaining over a predeter 
mined amount of the time intervals; 

determining a weight for a current time interval and for the 
remaining time intervals; and 

calculating, with at least one processor, a number of clicks 
over the current time interval based on the number of 
clicks remaining, the weight for the current time inter 
val, the weights for the remaining time intervals, and the 
click through rate. 

19. The computer implemented method of claim 18 
wherein the weight is based on an estimated relative traffic 
pattern for each future time interval. 

20. The computer implemented method of claim 18 
wherein the calculated number of clicks over the current time 
interval comprises the number of clicks remaining times the 
weight for the current time interval, which is divided by the 
multiplication of the click through rate times a sum of the 
weights for the remaining time intervals. 
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