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1 Menu:

• Project goals and motivation.

• Scientific roots and theories combined.

• Statistical models.

• Other applications (prototypes).

• System architecture and scalability.

• Service integration into web OPACS of scientific libraries.

• Development of a service concept and a service organization.

• Development of a global service infrastructure for (scientific) libraries.

(Context: Recommender services.)
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2 Motivation.

• Scientists and students are more and more incapable of efficiently finding
relevant literature in conventional database oriented catalog systems.

– Problems: Supply complexity, evaluation of the quality, information over-
load

– Typical literature research path: Asking peers

→ More sophisticated access paths to prevent information overload are
needed.

• Many universities are teaching a growing number of students with a more
or less fixed staff size.

→ Students, university teachers and researchers could free some of their
valuable time that is needed now to recommend each other e. g. standard
literature of their fields which could be done easily by behavior-based ex-
pert advice services.
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3 Project goals.

• Recommender systems aggregate knowledge from many peer groups to
the level of expert advice services.

• Recommender systems bear the potential to significantly reduce transac-
tion costs for literature searches by means of their aggregation capabili-
ties.

Goal: To convert library OPACs into customer oriented service portals
supporting the interaction of the customers .

Universität Karlsruhe (TH), Prof. Dr. Andreas Geyer-Schulz Seite 7



Lehrstuhl für Informationsdienste und elektronische Märkte Example: Detailed View of Documents (UBKA)

3.1 Example: Detailed View of Documents (UBKA)
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3.1.1 Example:List of Recommendations (UBKA)
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3.1.2 Example:List of Recommendations (UBKA)
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3.2 User Interface: Library OPAC Search (KVK)
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3.2.1 User Interface: Hit List (KVK)
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3.2.2 User Interface: Document Inspection Page (KVK)
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3.2.3 User Interface: List of Recommendations (KVK)
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4 Scientific roots and theories combined.
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• Paul A. Samuelson: Revealed Prefer-
ence Theory (Nobel Prize in Economics
1970)

• A. Michael Spence and Joseph Stiglitz:
Market Signalling and Screening by Self-
Selection (Nobel Prize in Economics
2001)

• Modelling as a “Gestaltproblem”. Causal
models versus noise models.

• Ideas from ensemble methods:
e.g. Albert Einstein’s work about the
molecular Brownian motion. (Nobel
prize in physics 1921).

• Ehrenbergs repeat-buying theory.
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(Nobel Prize in Economics 1970)

4.1 Paul A. Samuelson: Revealed Preference Theory
(Nobel Prize in Economics 1970)
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Paul A. Samuelson: Revealed Preference Theory

(Nobel Prize in Economics 1970)
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Paul A. Samuelson: Revealed Preference Theory

(Nobel Prize in Economics 1970)

Purchases reveal preferences.
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A. Michael Spence and Joseph Stiglitz:
Market Signalling and Screening by Self-Selection

(Nobel Prize in Economics 2001)

4.2 A. Michael Spence and Joseph Stiglitz:
Market Signalling and Screening by Self-Selection
(Nobel Prize in Economics 2001)

Signalling (M. Spence):

• The choice of John von
Neumann’s Quanten-
mechanik (quantum
mechanics) signals
experience and expert
knowledge.

• Incentive compatibility:
voluntary and truthful.

Screening (J. Stiglitz):

• A professor offers a
menu of course books
each of which requires
a certain level of ex-
perience and expert
knowledge.

• Selection of a book by a
student reveals the stu-
dent’s level.

• Incentive compatibility:
voluntary and truthful.

Self-selection processes build homogenous clusters of rea ders.

Universität Karlsruhe (TH), Prof. Dr. Andreas Geyer-Schulz Seite 20



Lehrstuhl für Informationsdienste und elektronische Märkte
Modelling as a “Gestaltproblem”:

Causal models versus noise models

4.3 Modelling as a “Gestaltproblem”:
Causal models versus noise models

Economics and management science versus natural sciences.
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4.4 Ideas from ensemble methods.

Ensemble methods are methods which measure the behavior and the interac-
tions of a large set of particles only by observing of the states of the aggregate
(e.g. pressure, temperature and volume of a gas).
Examples:

• Ludwig Boltzmann’s Thermodynamics.

• Albert Einstein’s work about the molecular Brownian motion.
(Nobel prize in physics 1921).

• Ilya Prigogine: Nonequilibrium Statistical Mechanics.
(Nobel prize in chemistry 1977).
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4.5 Ehrenbergs Repeat-Buying Theory.

Tim
ePurchase

Inpendent Stochastic Purchase Processes
for Product x  or Productclass x
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Integration

Independent Poisson processes act as models of noise and filt ers:
Outliers are recommendations.
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5 Statistical models.
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5.1 The LSD Model: A Mixture of Poisson Processes

The logarithmic series distribution describes, how many consumers have
bought a specific product 1, 2, 3, ... times in the observation period (with-
out taking non-buyers into account):

P (r purchases) =
−qr

r ln(1 − q)
, r ≥ 1 (1)

Mean Purchase Frequency:

w =
−q

(1 − q) ln(1 − q)
(2)

Variance:

σ2 =
−q 1+q

ln(1−q)

(1 − q)2 ln(1 − q)
(3)
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5.1.1 Stochastic Processes
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5.1.2 Generating Recommendations

• Products which are bought together more frequently than expected by the
stochastic model

• violate independence assumptions of the model
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5.2 Multinomial models: Small samples
Status of 2007-02-19

UBKA KVK
Number of total documents in catalog 1,000,000 > 10,000,000
Number of total co-inspected documents 527,363 255,248
Average market baskets size 4.9 2.9
Av. aggregated co-inspections per document 117.4 5.4

• When starting to monitor new catalogs (stores) no information about the
us age of the documents (products) in the catalog is available.

• With smaller market baskets and a greater number of total documents it
tak es much more time for many co-inspections per document to occur.

• Due to sample size constraints methods using statistical tests on distribu
tions (like LSD) are only reliably applicable with many co-inspections.

• Special small sample statistics are needed to compute recommendations
out of samples of few co-inspections.
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5.2.1 Distributions of Co-Inspections (KVK Data)
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5.2.2 Data Setup

• The number of total documents n + 1 in the catalog is finite but unknown.

• Recommendations are computed separately for each document D.

• Each user session (market basket) contains all documents that the user
inspected within that session, multiple inspections of the same document
are counted as one.

• All user session are aggregated.

• The set C(D) contains all documents, that at least one user has inspected
together with D.

• The number of co-inspections with D of all elements of C(D) is known,
this histogram is called H(D).

• H(D) can be intepreted as an integer partition with the number of co-
inspections of each co-inspected document as the summands. (For parti-
tion theory see Euler, MacMahon, Hardy, Ramanujan, Rademacher.)
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5.2.3 General Concept

Assumption: All documents in the catalog have the same probability of being
co-inspected.

• In real systems generally this assumption does not hold.

• Especially when starting to observe new catalogs no information about the
underlying distribution of the inspection processes of documents is known.

• We do not develop a causal model of a decision maker, we construct an
ideal decision maker without preferences .
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5.2.4 An Ideal Decision Maker

• Is a prototype for a class of homogenous decision-makers

• Makes choices randomly. But from what choice set?

• The conceptual model of the choice set:
Total set ⊇ awareness set ⊇ consideration set ⊇ choice set (Kotler 1980)

• Evidence for the model:

– Awareness set from 3 – 11 products (Narayana and Markin (1975)
– Interaction of emotional and rational brain activity (Bechara et al. 1997):

Emotional activity reduces size of choice set of normal persons, whereas
for patients with prefrontal damage this could not be observed.

– In a brand choice experiment successful branding reduces the choice
set to 1 (the winning brand) and the regions of the brain responsible
for emotions show high activity when measured by fMRI (Deppe et al.
2005).

Consequence: We consider a sequence of increasing event spaces.

Universität Karlsruhe (TH), Prof. Dr. Andreas Geyer-Schulz Seite 32



Lehrstuhl für Informationsdienste und elektronische Märkte Multinomial models: Small samples

5.2.5 POSICI: Probability of Single Item Co-Inspections

Question: What is the probability pj that at least one other document has
been co-inspected exactly j-times with document D?

• Let n+1 be the number of total documents, k the number of non-aggregated
co-inspections (multiple inspections in different sessions are counted sep-
arately)

• Let (N1, . . . , Nn) be the vector of the number of times document i (1 ≤ i ≤ n)
was co-inspected with D

• Then (N1, . . . , Nn) ∼ M (k; p1, . . . , pn) , pi = 1
n
, 1 ≤ i ≤ n

• Let Ai = {Ni = j}

Answer: (inclusion-exclusion principle)

pj = P







n
⋃

i=1
Ai





 =
n
∑

ν=1
(−1)ν−1 ∑

1≤i1<...<iν≤n
P (Ai1 ∩ . . . ∩ Aiν)
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5.2.6 Inspection Probabilities for Growing k and n in POSICI
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5.2.7 Interpretation of POSICI

Example for k = 9:

• Observed partitions:

– (1) 5+2+2

– (2) 5+2+1+1

• The 5-times co-inspected document has the same probability to be a re-
com mendation in both cases.

POSICI is built on the theory, that co-inspections other than j-times add
more noise than information about the incentive to co-inspect the current
document j-times. (The form of the histogram does not reveal additional

information)
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5.2.8 POMICI: Probability of multiple items co-inspection s

Question: What is the probability ppart that the partition corresponding to the
complete histogram H(D) of all co-inspections with D occurs?

• Let n+1 be the number of total documents, k the number of non-aggregated
co-inspections (multiple inspections in different sessions are counted sep-
arately)

• Let X be the set of words of length k from an alphabet of n letters, and li
the number of letters (i. e. documents), that occur exactly i-times in x ∈ X

(i. e. in H(D))

• First examine the actions of the group G = Sn × Sk on the set X, and
then the actions of the stabilizer subgroup Gx on the set Sn for the identity
id ∈ Sn
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Answer: (applying two times the orbit-stabilizer theorem together with La-
grange’s theorem from group theory and some counting arguments)

ppart =
|Gx|

|X|
=

|G|

|Gx|
=

|G|

|Gxid| |Gxid|
=

n! k!

(n − ∑k
i=1 li)!

∏k
j=1 lj! (j!)lj
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5.2.9 Partition Probabilities for Growing k and n in POMICI
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5.2.10 Interpretation of POMICI

Example for k = 9:

• Observed partitions:

– (1) 5+2+2

– (2) 5+2+1+1

• The 5-times co-inspected document has not the same probability to be a
recommendation in both cases.

• Partition (2) is more likely, so here the 5-times co-inspected document has
a very slightly higher chance of being recommended.

POMICI is built on the theory, that the distribution of co-inspections other
than j-times reveals more information than noise about the incentive to

co-inspect the current document j-times.

Universität Karlsruhe (TH), Prof. Dr. Andreas Geyer-Schulz Seite 39



Lehrstuhl für Informationsdienste und elektronische Märkte Other applications (prototypes).

6 Other applications (prototypes).
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6.1 Restricted random walk clustering for indexing
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6.2 Adaptive recommender systems
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6.3 Exploration of the information space
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7 System architecture and scalability.
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7.1 An Agency of Software Agents for Distributed Recom-
mender Services

:Information Obj.

Lib: Library

«reference»
A :Observation Agent

A1: references:=get_references()

A2: info:=observe()

A3: update(info)

B :Interface Agent

B1: request(query)

B2: result:=process(request)

B3: display(result)

User: User

An Agency of Software Agents as Analysis Pattern

Universität Karlsruhe (TH), Prof. Dr. Andreas Geyer-Schulz Seite 47



Lehrstuhl für Informationsdienste und elektronische Märkte Recommender Services for Legacy Library Systems I

7.2 Recommender Services for Legacy Library Systems I

OPAC

Recommender Management System

Legacy Library System

User

Recommender
Manager

Librarian

observe

record

Library

Retail 
Statistics

Aggregation
Agents

Recommendation
Agents

User
Interface

User Observation
Agents

Transaction
Logs

administrates

administrates

The Architecure of a Library System with Recommender Services
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7.3 Recommender Services for Legacy Library Systems II

recommender
 request information

Connection
ServerBrowser

request for detailed 
library entry

Recommendation
Server

OPAC-Server 
at Customer

delivery of detailed 
library entryinspection

 information

detailed observation
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8 Service integration into web OPACS of scientific libraries .
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8.1 Integration Variant I: apache-logs, cgi-scripts

• User Observation Agent:

– http-logs with link embedded session IDs
– preprocessing:

∗ extraction of GET requests and session splitting to take care of public
access terminals

• Aggregation Agent:

– information market: selecting information = purchase
– computes market-baskets, estimates a logarithmic series distribution

(LSD), and identifies and extracts outliers as recommendations
– performs incremental updates periodically

• Recommendation Agent:

– CGI-script on the recommendation server generates recommendation
pages and is accessed via embedded links in the OPAC

Problems with maintenance and operations.
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8.2 Integration Variants II and III: Web 2.0 Technology

• As a web-service:

– The recommender server is an (internal) web-service.
(Interface: SOAP, XML, WSDL)

– Connection server may provide a web-service interface.

Advantage: Customer has a full control on layout and layout change pro-
cesses.

• With JavaScript:

– A few lines of JavaScript are integrated at the customer’s OPAC.

– The script is dynamically rewritten and controls the process shown in
the sequence diagram.

Advantage: Minimal integration overhead.
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9 Development of a service concept and a service organi-
zation.
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10 Development of a global service infrastructure for (sci-
entific) libraries.

• Partners/alliances.

• Development of infrastructure.

• Migration to a distributed system.
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10.1 Reference Customers

• Universität Karlsruhe (TH) (OPAC und KVK), operational since 2001, 2005.

• University of Freiburg, observed.

• Badische Landesbibliothek (a State library of Baden-Württemberg), ob-
served.

• Technische Universität Berlin, observed.

• HSB Esslingen, Reutlingen, Konstanz, in preparation.

• Universität Stuttgart, in preparation.

• Universität Hohenheim, in preparation.

• Deutsche National Bibliothek, in preparation.
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Thanks for your attention!

Project Links:
http://reckvk.em.uni-karlsruhe.de/
http://www.ubka.uni-karlsruhe.de/catalog/
http://www.bibtip.org

Contact:
Andreas.Geyer-Schulz@kit.edu
Andreas.Neumann@iism.uni-karlsruhe.de
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