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FEP Replacement and
SNA/IP Migration

By  B i l l  T h omp s o n

SNA once prevailed as the accepted standard architecture for
enterprise networks. Since then, many organizations

have also been implementing TCP/IP-based networks, initially to take
advantage of certain technical benefits offered by TCP/IP and because
the open nature of TCP/IP provided a wide set of multi-vendor solutions.
Now, with the unprecedented success of the Internet and corporate
Intranets, organizations are aggressively planning and implementing new
business solutions that all center on a TCP/IP-based infrastructure.

Organizations still have a massive investment in SNA devices, soft-
ware, and applications. Some experts estimate that the installed base of
SNA-based applications alone is worth $20 trillion. Therefore, the goal
for enterprise organizations is to integrate the newer, TCP/IP-based
environment with the legacy, SNA-based environment. Pioneering
organizations began to integrate these two environments in the early
1990s. The technologies and products were still quite new at the time.
Since then, the solutions have become mature and stable. Gartner Group
indicates that organizations that stick with traditional SNA environ-
ments will face higher costs and substantially lower benefits than their
counterparts that implement TCP/IP and integrate the two environments
together. Some organizations are finding that this integration can also
serve as the first building block of an integrated data/voice network.

INTERNET WORKING IN IBM ENVIRONMENTS

IBM and Cisco have helped thousands of enterprise organizations
worldwide integrate SNA with IP. Mainline has the breadth of prod-
ucts and the vast experience to draw on to assist organizations of
any size in undertaking SNA/IP integration. These participants have
developed a four-phase integration model to describe a typical
migration path. This model can be used to articulate the current
state of an enterprise network or its elements, to assist in defining
the goal state of an enterprise, and to identify potential solutions
and issues.

International Data Corporation (IDC) has extensively studied the
adoption rate of TCP/IP and the investment in SNA equipment and
software. The data clearly shows that adoption of TCP/IP in enterprises
is substantive and growing around the world.

The three drivers to the adoption of TCP/IP are:

� The move to corporate Intranets
� Web-based electronic commerce
� Web-to-host access

The attributes, needs, and drivers related to networking changes are
particularly important within five key market segments:

� Banking, insurance, and financial services
� Transportation, communication, and utilities
� Manufacturing
� Government
� Education

There are some SNA/IP integration business case elements that are
common across different types of business cases. These components
can be individually analyzed and integrated into an individualized,
total business case for an enterprise:

Line consolidation, in which the network is simplified by providing
a single network infrastructure, based on TCP/IP, which accommo-
dates SNA and other traffic and allows the elimination of multiple sin-
gle-protocol lines to each location.

Front-end processor (FEP) replacement, in which expensive FEPs
(and possibly other special-purpose mainframe channel-attached
equipment) are reduced or eliminated and replaced by new channel-
attached routers that offer very high throughput, low costs, and flexible
software functionality.

Desktop consolidation, in which desktops running multiple protocol
stacks are simplified to utilize TCP/IP for access to all resources,
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including mainframes and AS/400s. This consolidation can be accom-
plished using traditional emulators that are installed on each PC but use
TCP/IP instead of SNA for host communication, or it can be accom-
plished through leveraging new browser-based access approaches.

Customers worldwide are finding financial benefits for undertaking
SNA/IP integration, however, some believe that the window of oppor-
tunity on some of these benefits is closing. For example, some early
implementers were able to more than fund the complete SNA/IP inte-
gration project from the sale of their FEPs to used equipment brokers.

Organizations that attempt to cling to an SNA-only infrastructure in
the enterprise network will be left behind. They will find it increasingly
difficult to compete with competitors that offer new services over the
Web and tightly integrate the supply chain using electronic commerce.
They will pay more for and receive less benefit from their enterprise
network than those that have an integrated SNA/IP infrastructure.

THE MIGRATION

Mainline has drawn upon its experience helping many organizations
worldwide integrate these environments to develop a four-quadrant
model illustrating a typical integration path. The model helps to
describe some common phases in SNA/IP integration. Some organiza-
tions find that their network is completely represented by one of the
phases, while others realize that they have two or more of the phases
implemented in various sectors of their network.

The phases can be differentiated by the protocol that runs in each of
three essential elements in the network: the mainframe/midrange com-
puter, the network backbone, and the desktop. The characteristics of
each of the phases are detailed below along with the problems solved,
types of products and technologies implemented, and challenges.

PHASE ONE: SNA-CENTRIC

An SNA-centric network has SNA, APPN, or APPN/HPR protocols
running on the mainframe/midrange system(s), in the network back-
bone, and at the desktop. Traditional subarea networks that were
widely implemented in the 1980s are built upon ACF/VTAM in the
mainframe, ACF/NCP in communication processors (i.e., Front End
Processors and Remote Concentrator Processors), and cluster con-
trollers with terminals attached via coaxial cable. The communication
lines utilized were predominantly leased SDLC and public or private
X.25 lines. In the late 1980s and early 1990s, traditional SNA networks
evolved to meet the new demands for client/server computing and local
area networks. PCs running terminal emulation software replaced
many of the fixed function terminals. Token Ring LANs were widely
deployed to bring higher speeds and support client/server computing.
Remote Concentrator Processors were often replaced by a new generation
of remote SNA devices in LAN gateways, bridge/routers, and Frame
Relay Access Devices.

Today the SNA-centric network is a very high-speed and dynamic
network when compared to the traditional SNA network of the past.
ACF/VTAM on the mainframe includes APPN/HPR protocols to sup-
port dynamic rerouting around failures and high-speed switching in the
network. The mainframe complex, which is now comprised of multiple
CMOS processors, implements Parallel Sysplex to provide the ultimate
in redundancy and session persistence. The Front End Processor has
often been replaced by a high performance, channel connected router.

The network backbone is comprised of high-speed switches and routers
running APPN/HPR.

Shared Token Ring LANs are being replaced with Token Ring or
Ethernet switching to the desktop, offering a dedicated LAN segment
and bandwidth to each end user. Most desktops have PCs running
advanced SNA client emulation software. Routers provide support, via
features like DLUR and DSPU concentration, to transport the traffic
from the remaining traditional SNA terminals and controllers.

The only thing stopping the widespread implementation of this new
SNA-centric network is the very predominance of TCP/IP. Very few organ-
izations and institutions remain that only support SNA and APPN/HPR
protocols. Moreover, with the burgeoning growth of Intranets, the pure
SNA-centric network that does not intermix or interoperate with a TCP/IP
network and TCP/IP technologies will be rare indeed.

PHASE TWO: IP TRANSPORT

Beginning in the 1980s, large organizations began building TCP/IP-
based networks to support client/server applications and systems. Unix,
a dominant operating system for client/server applications, natively
supports TCP/IP. As the growth of TCP/IP-based systems continued,
organizations often found that they had built parallel networks, one
running SNA and one running TCP/IP. This is obviously very expen-
sive due to the duplication of line costs, equipment, and personnel. In
order to eliminate the duplication, organizations had a choice to run the
TCP/IP traffic over the SNA backbone, or run the SNA traffic over the
TCP/IP backbone. For reasons already cited, running TCP/IP over an
SNA backbone was not a feasible choice. Routers, which formed the
core of the TCP/IP network, began to support the encapsulation of SNA
in TCP/IP for transport across the TCP/IP network. This encapsulation
brings many benefits. First, while it is encapsulated in TCP/IP the SNA
traffic is dynamically routed around network failures, a benefit that has
only recently been added to SNA networks with APPN/HPR. The
encapsulation schemes also provide more flexible configurations for
SNA devices and reduced polling traffic across the backbone. The
industry has adopted a standard, Data Link Switching (DLSw), which
has been very widely accepted and implemented. It is estimated that
more than one million routers today are implemented in enterprise
networks running DLSw. Routers also provide features to encapsu-
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late other types of legacy traffic (async, bisync, and some proprietary
protocols) in addition to SNA. In this second phase of integration,
many organizations find that the same end users that are running
advanced SNA client emulators to access mainframe and midrange sys-
tems are also accessing TCP/IP systems. This means that each PC must
run two different protocol stacks in SNA and TCP/IP for access to host
systems. Another way to transport SNA over IP is the latest Enterprise
Extender technology. This has been implemented in both OS/390 and
Cisco SNASw software. With a UDP encapsulation, the APPN HPR
data is transported towards the mainframe over an IP infrastructure.
The latest mainframe interfaces like the OSA Express Gigabit allow
high-speed access to applications providing load balancing and redun-
dancy at the IP level.

PHASE THREE: IP CLIENT

In the third phase, organizations eliminate the dual protocol stacks at
end user PCs by implementing emulation software that supports
TCP/IP. The same rich functionality that end users rely upon in their
emulation software remains the same, only it now runs over a TCP/IP
stack. TN3270(E) is widely implemented, and widely accepted as stan-
dard for achieving TCP/IP-based access to mainframes. Besides elimi-

nating a second protocol from each desktop, organizations reap enor-
mous benefits by implementing a low cost, standards-based solution
like TN3270(E):

Availability of high-performance servers—Very high capacity and
high performance gateway servers are available that offload the protocol
processing of TN3270(E) from the mainframe or midrange host. These
replace the low-capacity and expensive PC gateways that are based on
proprietary gateway protocols.

Integration with corporate Intranet—Since the desktop is based
upon TCP/IP, all of the advances taking place in corporate Intranets can
be brought to mainframe and midrange connections. For example, Virtual
Private Networks (VPNs) can be created for secure remote host access.
Encryption and authentication can become a new level of security for host
access.

Access from a browser—A whole new market, the web-to-host mar-
ket, has emerged that allows end users to access host systems using the
browser as the standard interface. This brings enormous benefits by
reducing the software distribution and administration chores for emula-
tion software and sets the stage for a new, browser style, and rejuvenated
interface to legacy applications. Organizations can look to these mis-
sion-critical applications to extend new services to their customers, as in
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FIVE AREAS OF CONCERN FOR
FEP REPLACEMENT

SNI—SNA Network Interconnect (SNI) is a typical function of
NCP and when removing FEPs, alternatives must be given to cus-
tomer. Routers cannot act as SNI gateways.

There is an equivalent function to SNI in the APPN architecture
– the Extended Border Node (EBN). This function can be used to
interconnect two APPN networks, while keeping the topologies
separate. However, the Extended Border Node requires APPN at
both sides of the border, and this in turn means a certain level of
APPN implementation at both sides. EBN has been available since
VTAM 4.2 and is quite simple to implement technically. In this
environment, the routers will simply carry the APPN data from one
site to another without being involved as APPN Nodes. This alter-
native still requires that multiple protocols be utilized in the
LAN/WAN environment.

DLSw+ can be used to transport SNA data. DLSw+ allows SNA
to be encapsulated at the router and transported to another router in
an IP network where the data is then de-encapsulated and presents
to an adjacent host or controller.

Another transport alternative would be SNA/HPR over IP with
Enterprise Extender. Enterprise Extender requires the use of APPN
and TCP/IP Virtual IP Addressing (VIPA). This implementation
uses multiple Open Systems Adapters (OSAs) running in virtual
mode to connect to a router or switch. It requires no additional chan-
nel attached routers or gateways. This option may also be used to
replace DLSw+ for downstream PU-2 controllers. However, it does
require that Cisco SNASw be installed on the down-stream routers.
Because of the inherent capability of OS/390 and z/OS, this is the
preferred method replacing an FEP and reducing the associated net-
work infrastructure costs.

NPSI—Another area where FEP replacement will require an alter-
native is X.25 and specifically with NPSI. Natively, DLSw+ supports
QLLC but many legacy applications have been written for NPSI. One
possible solution is to implement Computer Associates product called
Solve: X.25. This is anX.25 stack that will sit on to of the S/390
TCP/IP stack and emulate NPSI. SOLVE:X.25 supports PCNE,
GATE, and GATE Fast Connect interfaces across LU1 sessions to the
application. This is replacement to most NPSI-based interfaces means
there is no need to change the applications, which results in further
cost savings and risk elimination. It also allows the data center to con-
solidate by eliminating NPSI, NCP software, and the FEPs.

NRF—Network Routing Facility provides routing inside an NCP
without VTAM participation. It is an emulation program that allows
the IBM 3745 to connect to Basic Telecommunications Access
Method (BTAM) in an IBM mainframe. This is a very specialized
program product that supports custom or older applications, usually
on AS-400s using message processing.

Low Speed Lines—Often the FEPs are supporting a large con-
centration of low speed lines (9.6 or 19.2 SDLC). The Cisco serial
interfaces are generic interfaces and can support speeds up to
2Mbps. Concentration lots of low speed lines using Cisco serial
interfaces can be very expensive. An alternative is to use the Cisco
A/S serial interfaces, which can support speeds up to 128Kbps and
use a satellite router like 2600 or 3600 to concentrate them.

EP—Emulation Program has been around since the late 1960s.
Corporations have been trying to replace this protocol since the
1980s. There are protocol converters available, but they require con-
version from EP to SNA/SDLC and a serial router connection using
DLSw+ (see Low Speed Lines section above). Unfortunately, a pro-
tocol converter is needed for each BSC or RJE link and can cost
upwards of $2,000.00 each. At this juncture, there are no good solu-
tions to replace this requirement except to obsolete it.



the case of home banking, citizen access to government records, and
insurance company applications.

PHASE FOUR: IP CENTRIC

In the fourth and final stage of the logical progression from SNA to
TCP/IP, the mainframe and midrange systems natively support TCP/IP.
They share files with and transfer data to other, non-SNA systems. The
corporate databases are securely accessed in a standard way from a vari-
ety of different end user applications. The remaining legacy applications
that are based on traditional green-on-black, character-based terminals
are accessed transparently through standard emulation screens or
through intuitive, user-friendly web pages. These TCP/IP-based main-
frame and midrange systems offer advanced redundancy and high-avail-
ability features similar to those provided to SNA based applications
today. In addition, these systems provide the tightest levels of security,
the highest levels of manageability, and the most superior scalability
when compared to any other application platform available on the mar-
ket. With the full, native support of TCP/IP, the mainframe and
midrange systems can be fully participating members in the corporate
Intranet of tomorrow.

The four-phase model of SNA/IP has helped to integrate some of
the world’s largest and most complex SNA networks. In reality, very
few organizations go through a stepwise, linear migration from SNA-
Centric, to IP Transport, to IP Client, to IP-Centric. For example,
many large organizations have run TCP/IP stacks on their mainframes
for years, alongside ACF/VTAM, whether they have implemented
TCP/IP in the enterprise backbone network or not. Indeed, most large
organizations will find elements from all four phases represented
somewhere in their network. The model, however, is useful to describe
the various issues of SNA/IP integration, the common solutions to
those issues, and the characteristics of the network at various points in
the change.  
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