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1 Executive Summary

The SAP Learning Solution (SAP LSO) integrates ERP functionality with both Learning
Management System (LMS) and Content Management System (CMS) functionality in a
single offering. It provides an enterprise learning platform capable of managing and
integrating business and learning processes. At the same time blended learning is
supported comprising traditional classroom training and e-learning, as well as synchro-
nous and asynchronous collaboration. It is fully integrated with mySAP ERP, and in-
cludes content authoring, content management, and learning management capabilities,
as well as a learning portal.

Enterprises benefit considerably from e-learning — if all learners in the remote offices
have fast and reliable access to the SAP LSO server instances in the central data cen-
ter.

One of the biggest challenges is to accelerate and optimize the course content execu-
tion of Web-Based Training even if the remote offices are connected over a bandwidth
limited Wide Area Network (WAN). Such an improvement ensures a high quality learn-
ing experience for the learner, thereby making the know-how transfer most efficient.

The only viable solution to accelerate the access to Web-Based Training material is to
pre-distribute the content to the remote offices and to serve the learners directly from
the office Local Area Network (LAN). While the content must be served locally for best
performance, dynamic data, such as the learner progress, must still be updated on the
central mySAP ERP ECC server to guarantee that the Learner Account is recorded
and persisted correctly.

Castify offers the required course content distribution for SAP LSO learning material
with its SAP LSO integration modules for the Castify Enterprise Broadcast Network
(EBN) product. It can be set up to optimize and accelerate content execution for the
SAP Learning Solution and to enable the usage of rich contents within Web-Based
Training for regional, national, and global enterprise networks.

This technical white paper describes the components of a combined SAP LSO and
Castify EBN system, its architecture and configuration.
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2 Introduction

Besides the obvious benefits of running the SAP Learning Solution as a centralized
Learning Management System, one often faces the challenge of ensuring a scalable
solution. Learners accept e-learning only if they experience high-quality instructional
content and if they do not have to wait for the content. These requirements, high quality
and speed of delivery, challenge the network infrastructure especially when executing
rich media content of Web-Based Training over a Wide Area Network (WAN). Learning
Management Systems that serve content solely from central content repositories face
three major handicaps:

Low performance and vulnerability as the content is served by a single central
server and the performance is limited by the outgoing bandwidth from the cen-
tral data center

Lack of scalability in terms of the number of end users served concurrently, the
number of content items, and courses served

Low quality and low speed of delivery as the content is delivered over band-
width limited connections of the WAN and additional latency is introduced by
the network topology

High bandwidth connections — if available - do not on their own constitute the solution
to all problems. The core network unpredictability and inevitable traffic congestion con-
stitute the real challenge to any effective solution.

Moreover, a centralized SAP Learning Solution — regardless of its power — does not
constitute a practicable solution for e-learning that needs to be accessed from tens,
hundreds or thousands of locations. In such a deployment, a central content server-
based solution would become the bottleneck of the whole system.

To overcome these problems, a fully distributed platform is necessary that enables
distribution of content from the central content repository to content servers reachable
by the end-user via LAN connections. At the same time such a system has to be de-
signed in a way that ensures best return on investment at lowest cost of operation and
maintenance.

Standard web content caching solutions are not sufficient to serve WBT content locally
within the SAP Learning Solution, because SAP LSO uses user-specific context infor-
mation for individualized access to course content. This context specific information is
unique for each user and part of each HTTP request — therefore it cannot be stored
and reused by standard content caches. The distributed platform Castify EBN with the
SAP LSO modules enables content replication from the Master Repository to the local
sites and implements an intelligent proxy that resolves the user-specific requests to
serve the correct content with the correct version to the individual user.
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3 Components of the Distributed SAP Learning Solu-

tion

The integrated solution between SAP LSO and Castify EBN for a distributed SAP
Learning Solution consists of the following parts:

The centralized setup of the SAP LSO servers

o O o o

Enterprise Portal
mySAP ERP ECC
Content Player

Content Management as part of EP or as a separate WebDAV- compli-
ant Web Server

The distributed setup of Castify EBN consisting of:

0

Centralized Castify EBN Network Operation Center (NOC), which con-
trols all remote C-Routers (content caches) and always has a consistent
global view on the status of EBN and all of its components.

A standard SQL database that is used by the EBN NOC to persist con-
figurations and the status of EBN. The database server can be shared
with other (existing) applications.

Distributed C-Routers, which distribute the content within the EBN and
integrate the content server modules for the remote office users

Castify SAP LSO Integration modules, which run on the C-Routers to
serve SAP LSO course contents to the end users

Castify SAP LSO Content Ingestion module to acquire automatically the
course content from the central LSO platform and distribute this content
to the remote C-Routers.

The Castify EBN Manager, which is a Java application to configure and
monitor the Castify EBN solution and all remote C-Routers.

This solution requires no changes in the workflow of the content authors or course ad-
ministrators, nor for the learners. They simply benefit from the improved reliability and
performance of the SAP Learning Solution.

© 2005 Castify Networks Title: SAP Learning Solution — Content Caching Page 6 of 19

Date: 2005-06-28



4 Architecture of the Distributed SAP Learning Solution

4.1 Centralized Architecture

Currently customers of the SAP Learning Solution run the solution as a centralized
platform, i.e. all server components reside centrally in their network. Learner clients
access these servers via their Learning Portals through the Web browser. Very often
these connections use a Wide Area Network.

LSO

==1 Enterprise
II Portals

Content

Eﬂ Player

1 ELI mySAP ERP

e
= II Content
!9 Management

Figure 3.1 Overview of a centralized SAP Learning Solution. The server components EP, mySAP ERP, CP
and Content Management all reside centrally in the network. Learning for remote users suffers due to the high delay
imposed by geographical distance. In addition, large numbers of parallel learners cause system bottlenecks, in particu-
lar when executing rich media content out of the central Content Repository (Content Management).

With the central approach, once the learner chooses to execute a WBT or electronic
learning material, the request is directed to the central Content Repository (Content
Management). While already standard documents may grow to relatively large file
sizes — as a few megabytes - the delivery of high quality rich media (e.g. videos,
animations) causes network traffic that is far beyond that of ordinary transactional data.
The size of such content tends to be in the magnitude of several hundreds of mega-
bytes and may require bandwidth connections that are not affordable. Moreover, the
network unpredictability and inevitable traffic congestion do not constitute a practicable
solution for e-learning that needs to be accessed by hundreds or thousands of concur-
rent users based in different locations. In such a deployment, a central server-based
solution would become the bottleneck of the whole system.

4.2 Decentralized Architecture

The key idea behind a decentralized e-learning architecture is to push and replicate
content to the edge of the organization’s network in order to ensure the highest quality
to learners and to minimize the requirements on the network and its bandwidth.

4.2.1 Central Content Player

Learning net packages, documents, presentations and videos are pre-distributed to
content networking nodes (C-Routers in the terminology of Castify EBN) based on the
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requirements for a content object to be at a target learner location. Learners in a loca-
tion are then transparently redirected to their corresponding C-Router. This significantly
reduces network traffic, as only dynamic data from the portal, learning progress infor-
mation etc. are transferred through the WAN. At the same time, the network resources
are freed, while learning performance and end-user satisfaction increase.

In order to distribute the learning material to the C-Routers, a content replication unit is
necessary that enables proper management of content distribution (e.g. scheduling,
updates, target locations, content packaging etc.). This content replication unit is the
Castify EBN system as detailed in the later chapters of this white paper.
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Figure 4.1 Overview of a decentralized SAP Learning Solution. The server LSO server components are sup-
plemented with a content replication unit that ensures pre-population of C-Routers, the content servers at the learner
location. This setup not only eliminates network traffic between the clients and the central content repository thereby
ensuring a scalable solution for a large amount of concurrent learners but significantly improves the end-user experi-
ence and learning performance for each individual.

Compared to standard Web content caching mechanisms, the pre-population of con-
tent onto the C-Routers allows local content access from the very first user access.
Normal HTTP caching requires a complete download of content via the WAN for the
first learner to access the content. Therefore, only the second learner would profit from
this download. In the case of the SAP Learning Solution, HTTP caching does not even
work, since the individualized HTTP requests cannot be reused for other learners.

© 2005 Castify Networks Title: SAP Learning Solution — Content Caching Page 8 of 19
Date: 2005-06-28



5 Content Lifecycle in a Distributed SAP Learning Solu-
tion

5.1 Content Creation and Storage

The hierarchical instances of content for a Web-Based Training comprise
Learning Nets
Learning Objects
Instructional Elements

Whilst Learning Nets and Learning Objects are described only by didactical metadata,
the actual content file displayable to the end user is associated with an Instructional
Element. This metadata (e.g. references, relationships, learning objectives, etc.) and
content files are kept in the authors’ local repository as well as in the master repository,
once the author checks in the Learning Net. Thus, the content to be stored for a com-
pleted Learning Net that can be published consists of

*.crs files

*.ide files

*.txt files and

displayable Web content files (e.g. *.htm, *.gif, *.jpg, *.swf, *.wav etc.)

In its simplest case, all of these files for a Learning Net are stored under one root
folder. However, since a Learning Net normally contains one or more references to
objects that are part of another Learning Net, the whole content per Learning Net can
be distributed across the entire structure of the Master Repository. The information as
to how the individual files of a Learning Net are distributed across the Master Reposi-
tory is kept in one of the metadata files.

5.2 Content Publishing

Once a Learning Net has been checked into the Master Repository, it is not yet ready
to be executed through the Content Player. Each object of potential reusability is kept
in a status that is either Checked In, Released for reuse or Published. The status is
stored in the Publisher Database in the mySAP ERP back-end system. Only content
that has been published is ready to be included in the course catalog, hence content
that is not published cannot be executed by the learner using the Content Player.

The Replication Unit (e.g. Castify EBN) can start the distribution of the course content
once it has been published.

5.3 Content Distribution

The Replication Unit distributes all relevant content files and metadata of a complete
course from the Master Repository to the local C-Routers.

In general, a content distribution solution needs to copy all files that are contained in
the root folder of a course where the crs file is found. However the situation can be
much more complicated when this course references other Learning Objects that re-
side in other root directories. The information about all the bits and pieces in use of a
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course is kept as metadata in location mapping files. Therefore, these mapping files
must be read to ensure that all the relevant content files are retrieved.

LAN
ﬂ LSO
_.x Enterprise
C-Router E‘ Portals
LAN E" mySAP ERP

&

C-Router

Content
Player

Content
Management

Content
Replication
Unit

LAN
_

C-Router

@ T %}@ 40 0 ¢8| oD ¢ @
)/ )/ 7 6/ )/ ) 6/ 7 %

Figure 5.1 Replication of content from the Central Repository (Content Management) to the C-Routers. A
Content Replication Unit is introduced to detect the content pieces of a Learning Net to be available locally at the remote
Learner location and to trigger the copy process over the WAN. This Content Replication Unit is part of the SAP LSO
integration modules of the Castify EBN software.

The SAP LSO integration modules for Castify EBN understand the mapping files and
can automatically trigger distribution of the relevant files for each course even if the
Instructional Elements have been reused in other courses. The integration modules
also fully support the versioning scheme used by the Content Player in situations
where Learning Objects are used in different versions for different courses or learners.
The C-Routers always have the necessary copies of the content or they can get the
content in real-time from the content management server.

5.4 Content Access

Execution of content via the Content Player takes place in an advanced way that en-
ables a versioned and individualized access to the learning material. Typically, the URL
to access a piece of content named x.html looks like this:

http://content.server:8000/Ims/media/(c2lkPUE10UJCMzQ40ThBMTc2NDRCOQTIw-
MDA1OTc4RjUOMzVGINV1aWQINGZhMTIKOTRKkMzUyMDgzNCZuaWQ9NTM3NDIz
Ng==)/fool/bar2/baz3/x.html

The encoded string in parenthesis comprises user context information that prevents the
content from being served by any standard Web content cache. In order to resolve this
URL for content caching purposes, one has to introduce a proxy mechanism that re-
writes the encoded URL to be mapped onto the potentially local available x.html docu-
ment. If it cannot be mapped locally, the proxy must redirect the URL to the Master
Repository. The Castify C-Router with the SAP LSO integration modules deploy this
required proxy mechanism, which understands the encoding used by the Content
Player.

To use the C-Router proxy from the learner's workstation, the proxy settings of the
browser must point to the configurable address and port of the C-Router. If your com-
pany uses another default proxy for Web browsing, the C-Router is able to integrate
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this proxy by a configuration mechanism (proxy-proxy usage). All HTTP requests that
are not for SAP LSO content are automatically forwarded to the original Web server or
company proxy. Therefore, these settings do not disturb the normal Web browsing.
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6 Castify Enterprise Broadcast Network (EBN)

6.1 Introduction

The Castify Enterprise Broadcast Network (EBN) is a software solution to ingest, dis-
tribute and deliver any files and media streams within the global network of a company.

Castify EBN scales from deployments of tens to thousands of remote sites.

C-ROUTER

B

Figure 6.1 Overview of a typical Castify EBN deployment for accelerating the SAP LSO

The figure above depicts a typical deployment of Castify EBN. Castify EBN scales from
a regional to a global deployment. A small setup can use a star-like distribution setup
and later be extended to an international hierarchical setup as shown in Figure 6.1.
Thus, Castify EBN conserves scarce WAN bandwidth at all levels and gives the remote
users the full benefit of the media delivered with the access speed and throughput of
the office LANs.

Content is distributed over a network-independent application layer multicast tree. The
application layer multicast tree makes optimal use of the underlying network infrastruc-
ture; if IP Multicast is available, it is used - otherwise the connections are made using
IP Unicast. In addition, Castify EBN supports the use of satellite networks and extends
the distribution and delivery behind firewalls and network address translators (NAT)
that are part of many enterprise networks.

When an end user in the office requests the content with his usual Web browser, the
content is delivered locally from the nearest C-Router.

All distributed services that bring together the overall functionality of the distributed
content networking solution EBN are centrally controlled and configured by the mod-
ules that reside in the NOC.

6.2 Configuration
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The EBN Manager shows all installed C-Routers and NOC servers. The operator can
define profiles to create default configurations for a group of C-Routers. Each profile
combines a set of features that have default properties that can be overwritten by the
operator. By applying the profiles to the selected C-Routers, thOe needed software
modules are automatically distributed on the C-Routers, installed and configured. For
the integrated solution for SAP LSO, Castify offers pre-configured SAP LSO modules
and profiles. The configurations can be changed any time. The same principle is used
to configure the NOC servers.

Figure 6.2 Alert console in EBN Manager

A profile can be changed by adding or deleting features; new profiles can inherit the
features of a selected base profile.

All modules on the C-Routers and NOC servers implement alert agents that interact
with an alert service module on the NOC. Alerts are displayed within the alert console
of the EBN Manager in real-time. Additionally, the alert service module writes all alerts
persistently into the database for future analysis if desired.

The operator uses the alert console of the EBN Manager to subscribe to the list of
alerts he is interested in.

The Castify Media Manager enables any authorized person to self-manage the inser-
tion and distribution of the content that EBN distributes to the targeted locations.

The SAP LSO integration module for Castify EBN offers an automated process of con-
tent insertion and distribution, so that SAP LSO content does not need to be inserted
and scheduled by the Media Manager, but the rules are applied automatically to the
SAP LSO content that is discovered on the SAP LSO Content Management server.
Nevertheless, the media administrators can use the Castify Media Manager to fine-tune
distribution settings or to distribute other content types, including live and on-demand
video streams.
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Figure 6.3 Profile selection (SAP LSO Profile) in the EBN Manager to be applied to the C-Routers.

A Castify EBN solution is installed by first installing the NOC server. Once the NOC is
set up, the C-Routers are installed on the remote machines; only the IP address of the
NOC server must be given during this installation phase. The administrator then com-
pletes the configuration of the remote C-Routers using the EBN Manager.

To enable the SAP LSO module on the C-Routers, the administrator only needs to ap-
ply the SAP LSO profile to the selected C-Routers as shown in Figure 6.3.

In summary, to configure Castify EBN to distribute and deliver SAP LSO content, the
following configurations must be applied:

Setup of EBN with SAP LSO profiles applied to all C-Routers

Configuration of the EBN content insertion module to integrate with the SAP
Content Management Server (optional to enable automated content inges-
tion)

Configuration of the learner Web browser to use the nearest office C-Router
as proxy for http requests

The administrator can do everything by the EBN Manager except the configuration of
the Web browsers. To facilitate the setup of the Web browsers, administrators can
supply an automatic proxy configuration file (PAC file), which is applied to all browsers.
In the event of any changes, only this file needs to be changed, and all browsers will
update automatically.

The existing SAP LSO setup does not need to be changed, i.e. no additional customiz-
ing or modifications are necessary.

6.3 Performance

The maximal throughput of file transfers using TCP has an upper limit of the bandwidth
of the connection and the latency of the network. The latency is directly proportional to
the distance between the server and the client. Today’s backbones reach a latency that
is only half the speed of light (ca. 200000 km/s in fiber optic); congestions on the net-
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work path add significantly more latency and worsen this theoretical limit. Table 6.1
gives an overview of how the maximum TCP bandwidth for a file transfer is impacted
by the distance and the related round-trip time (RTT), which is twice the latency.

It has been taken from [1] and shows the calculated transmission times for large files
over a typical TCP setup with buffer sizes of 16 kB. However, the calculation assumes
infinite bandwidth on loss-free connections. The transfer time depends directly on the
RTT between the client and the server. Bandwidth bottlenecks and (normal) packet
losses worsen those maximum numbers significantly in a real-world deployment.
Readers interested in TCP throughput modelling are referred to the literature (e.g. [2]
and [3]).

The minimum transfer time for large files already indicates that e-learning courses
greater than 100 MB cannot be served on transcontinental connections, and bigger
courses can only be served locally within a meaningful time.

To make things worse, WBT content is served via HTTP and each course has multiple
embedded objects (large courses more than 1000 objects that are references in the
HTML). The learner is blocked with each new request and must wait until the transmis-
sion is completed. Since TCP has a slow start mechanism before the maximum
throughput is reached and HTTP requires a DNS lookup first, the sum of the requests
takes much longer than the transmission of the whole course at once.

Castify EBN resolves all of those issues; in the calculation example above, content
delivered by the C-Routers are always on the local network path.

Network path
trans- mult-

local continental | continental | continental satellite
latency [ms] 1 15 75 130 334
RTT [ms] 2 30 150 260 668
transfer times with TCP buffer size of 16 kB
file size: 5 MB 1s 9s 46s 1m 21s 3m 29s
file size: 100 MB 12s 3m7s 15m 27m 1h 9m
file size: 1 GB 2m 31m 2h 36m 4h 31m 11 h 35m

Table 6.1 Transmission times for large files in a typical TCP setup.

Using Castify EBN to enable remote office users to use e-learning efficiently and of
high quality results in the following performance increases:

Optimal WAN bandwidth usage: A course is distributed only once to the re-
mote locations and all accesses to the course content is then on the local
LAN.

Highly reduced latency: The remote user accesses the content locally,
therefore the request-response roundtrip time is minimal, since it does not
travel over the WAN to the central server.

Highly increased throughput: The content is directly delivered over the local
LAN that has a much higher bandwidth than the WAN. Also, TCP connec-
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tions are sensitive to packet losses, which occur much less often locally
than on the WAN connections.

Improved performance of the central server: Since content requests are
handled directly by the remote C-Routers, the central servers are freed up
and can satisfy other demands more quickly.

Less bandwidth requirements at the central site: The distribution of the con-
tent within Castify EBN can take place in off-peak hours, while being deliv-
ered to the learners locally, whenever requested. Therefore, the central site
can use the freed bandwidth to better serve other requests.

In addition to these direct performance increases, Castify EBN realizes the following
benefits:

High security: The content is distributed over secure protocols to the office
C-Routers, eliminating the risk that a malicious third party can access or
manipulate the content.

Enabling of streaming media: Castify EBN allows to optionally setup live and
on-demand streams that can be incorporated within course content.

Enabling integration of huge media assets: As with streaming media files,
any large file (e.g. CAD drawings, large interactive PDF documents, volumi-
nous Flash animations, high-resolution pictures, etc.) can be incorporated
as supportive material into the course content.

6.4 Applications Beyond E-Learning

Castify EBN product extends beyond the possibility of e-learning applications.

Businesses that use Castify EBN with the SAP LSO application modules often find it
useful to integrate further Castify application modules on the same Castify EBN plat-
form to enable and accelerate:

Business TV applications
Intranet acceleration
Huge file transfers to office locations

EBN enables a wide range of bandwidth intensive applications requiring Live and On-
Demand video and audio content streaming, such as Business TV and Web-Casting
applications for internal corporate communications and live e-learning courses.

Castify EBN also integrates the distribution of any other file-based content to the of-
fices. This enables enterprises to accelerate access to mission-critical on-line docu-
mentation.

© 2005 Castify Networks Title: SAP Learning Solution — Content Caching Page 16 of 19
Date: 2005-06-28



7 References

[1] Geoff Huston, It’s the Latency, Internet Society, The ISP Column, May 2004.
http://ispcolumn.isoc.org/2004-01/latency.pdf

[2] Padhye, J., Firoiu, V., Towsley, D., and Kurose, J., Modeling TCP Throughput: a
Simple Model and its Empirical Validation, SIGCOMM 1998.

[3] V. Paxson, End-to-End Internet Packet Dynamics. IEEE/ACM Transactions on
Networking, Vol.7, No.3, pp. 277-292, June 1999

© 2005 Castify Networks Title: SAP Learning Solution — Content Caching Page 17 of 19
Date: 2005-06-28



8 Contacts

Castify

Castify Networks is the leading technology supplier of media delivery solutions on the
Internet and on intranets. Castify Networks’ software solutions enable network provid-
ers and enterprises to build scalable, highly reliable and cost-efficient content delivery
platforms over the Internet and intranets. Castify’s technology is perfected to deliver to
networks the most compelling and comprehensive solutions; enabling content delivery
services of the highest quality via terrestrial or satellite links at the lowest cost of ser-
vice management.

Castify’'s end-to-end software solutions enable enterprises to build their own secure,
scalable and easily manageable media delivery platforms over private corporate intra-
net and on the Internet. Information on Castify Networks regarding its technology and
products is available at: http://www.castify.net .

SAP: More than 30 Years in the Business of Helping Businesses Grow

Founded in 1972, SAP is the recognized leader in providing collaborative business
solutions for all types of industries and for every major market.

With 12 million users, 91,500 installations, and more than 1,500 partners, SAP is the
world s largest inter-enterprise software company and the world s third-largest inde-
pendent software supplier overall. We have a rich history of innovation and growth that
has made us a true industry leader. Today, SAP employs more than 32,000 people in
more than 50 countries. Our professionals are dedicated to providing high-level cus-
tomer support and services.

Experience, Knowledge, and Technology for Maximizing Business

SAP has leveraged our extensive experience to deliver mySAP Business Suite, the
definitive family of business solutions for today s economy. mySAP Business Suite al-
lows employees, customers, and business partners to work together successfully --
anywhere, anytime. mySAP Business Suite is open and flexible, supporting databases,
applications, operating systems, and hardware from almost every major vendor.

By deploying the best technology, services, and development resources, SAP has de-
livered a business platform that unlocks valuable information resources, improves sup-
ply chain efficiencies, and builds strong customer relationships. To ensure SAP s posi-
tion as a technology thought leader, SAP Ventures invests in emerging entrepreneurial
companies that are developing and advancing exciting new technologies. And through
SAP Research, we introduce new ideas for future solutions.

mySAP ERP HCM: SAP Learning Solution

In a knowledge economy, the key to creating a sustainable competitive advantage is to
couple effective knowledge transfer and efficient learning techniques with corporate
strategy and business objectives.

Thats why you need SAP Learning Solution, our comprehensive learning platform that
integrates business processes, content development, and the delivery of learning
linked to employee performance.
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SAP Learning Solution is the only enterprise solution that integrates back-office ERP
functionality with both learning management system (LMS) and learning content man-
agement system (LCMS) functionality in a single offering. It provides an enterprise
learning platform capable of managing and integrating business and learning proc-
esses -- and supporting both e-learning and classroom training, as well as synchronous
and asynchronous collaboration. It is fully integrated with mySAP ERP, and includes
content authoring, content management, and learning management functionality, as
well as a learning portal.

The SAP Learning Solution offers back-office functionality for competency manage-
ment, as well as comprehensive assessment functionality for performance manage-
ment. It also offers strong analytical capabilities, including support for ad hoc reporting.

The solution applies a comprehensive learning approach to deliver knowledge to all
stakeholders, and tailors learning paths to individual educational needs and personal
learning styles.

For more information please visit:
http://www.sap.com ,

quick link: http://www.sap.com/solutions/business-suite/erp/hcm/index.epx
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