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Abstract 

This thesis examines the possibility of designing a fully integrated and switched 
testing environment for a test laboratory which conducts automated testing. 
Execution of tests in this environment will make it possible to manage all test 
objects without requiring any manual intervention resulting in efficient utilization 
of machine hours and test objects. The thesis explores the concepts and 
requirements for designing such an environment. It also describes the methods 
to implement the environment. 

The result of the thesis work shows that it is possible to design and implement a 
fully integrated and switched testing environment which can reduce the lead time 
for delivery by a substantial amount along with a more efficient utilization of 
machine hours and resources.  

The exact information related to the instruments, devices under testing and tools 
are removed by the author according to NDA. 
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Definitions 
 
 
• Test Case Combination – The smallest executable unit of a test case. It is a 

combination of the hardware board and the standard under the test.    
 
• Test Case – A test case is made up of a number of test case combinations. 

The purpose of a test case is to verify certain functionalities of the test object. 
In this report test case and test script are often used interchangeably. 

 
• Test Suite – A collection of test cases that can be executed together. In this 

report test suite and test group are often used interchangeably.  
 

• Device Under Testing (DUT) – A DUT is an ATM switch. It is a combination 
of different hardware boards as well as the software to control those 
hardware boards. 

 
• Verification Specification – A document that defines the functionalities that 

have to be verified on the test objects for a particular area.  
 

• Test Object – Test objects include the DUT and the test instruments. 
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1 Introduction 

1.1 General Information 

Over the past decade or so the mobile industry has flourished at an 
unprecedented rate. Just within a decade the total number of mobile 
subscriptions has gone from less than 1 million to over 1 billion! Ten years ago a 
world wide market for GSM seemed over ambitious but now the wide scale 
deployment of 3G network is just a matter of time. New technological 
advancements introduced by a number of competing companies are contributing 
to this frantic surge.  

Ericsson is the largest supplier of mobile systems in the world and it supports all 
the major standards for wireless communication. They have the largest market 
share for GSM in the world and they are also striving to become the leader in 3G 
sector. To achieve that goal Ericsson is directing a large portion of its Research 
and Development activities towards the development and enhancement of 3G 
network related technologies.  

Asynchronous Transfer Mode (ATM) is the transport protocol for the core network 
of Universal Mobile Telephone System (UMTS) as defined by 3rd Generation 
Partnership Project (3GPP). ATM is also the transport protocol for the Device 
under Testing (DUT) of this thesis work. 

Testing is an integral part of any research and development process. An efficient 
testing unit can improve the overall lead time for delivering a product to the end 
users. The same is true for Ericsson’s 3G products. Ericsson performs extensive 
testing of its 3G technology components. The section of Ericsson situated in 
Älvsjö, Stockholm performs tests on 3G products. The section has a test 
laboratory where both automated and semi-automated tests are performed on 
the DUT. The focus of these tests is different functionalities of DUT in ATM layer. 
The test laboratory at that section wanted to implement a testing environment 
that will make manual intervention obsolete in the testing process.  Hence this 
thesis work was initiated at their premises. 
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1.2 Purpose 

The purpose of this thesis is to design and implement a fully integrated and 
switched testing environment for the test laboratory at Ericsson, Älvsjö. The 
environment has been named as Fully Integrated and Switched Testing 
environment or FIST. The environment should be able to connect all test objects 
and test nodes (present at the laboratory) together and at the same time it should 
be able to switch traffic among these entities. This way the need for manually 
setting up physical connections for different tests will become obsolete. The 
environment should be designed in such a way so that its principles can be 
applied to other sections concerning the DUT. This environment will also enable 
a number of tests to run in a sequential manner on different test objects. This will 
lead to a 24 hour testing cycle instead of the existing 8 hour cycle. The end result 
of this new testing cycle will be a reduction in the lead time for delivery. It will also 
result in a better utilization of test resources and machine hours required to 
perform the tests. In order to design this environment it is imperative that the 
designer has a through knowledge of DUT. So another purpose of this thesis is to 
achieve a certain level of expertise in DUT and the methods of automated testing. 

1.3 Prerequisites 

The target audiences for this report are the developers who want to make 
changes to the FIST environment. This is report also useful for the testers who 
are going to execute tests in FIST environment. A general knowledge in 
telecommunication is preferable. A basic understanding of scripting language is 
also preferable.    

1.4 Related Work 

As far as Ericsson is concerned, no research relating to the topic of this thesis 
has been performed in their premises. None of the Ericsson Testing 
Environments have an existing setup that is similar to the one proposed in this 
thesis. As most of the technologies related to the thesis work are proprietary to 
Ericsson, there is a very little chance that similar work has been performed 
elsewhere.   

1.5 Report Structure 

The rest of the report is structured in the following way: 
 
• Chapter 2 describes related background information on DUT, ATM, 

technologies and standards relevant to the thesis work.  
• Chapter 3 describes the methods we followed for the thesis work. This 

chapter explains our goals in a more detailed manner. It describes the 
different design issues that we had to ponder upon as well as the 
requirements for the switching entity. It also describes the proposed the 
hardware structure for FIST environment.  

• Chapter 4 describes the implementation of FIST environment. It describes the 
software structure along with configuration specification for FIST. For the 
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sake of developers a guideline for adding new test cases and test suites to 
the FIST environment has also been included in this chapter. 

• Chapter 5 analyzes the result of the thesis work in the context of the goals. It 
also describes the problems and the lessons that we have learned while 
doing the thesis work.  

• Chapter 6 discusses the potential for future enhancements to the thesis work. 
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2 Background 

This chapter provides background information on various standards and 
technologies. 

2.1 Asynchronous Transfer Mode (ATM) 

2.1.1 Introduction 

Asynchronous Transfer Mode is a cell relay network protocol which encodes data 
traffic into small fixed-sized cells instead of variable sized packets as in packet-
switched networks (such as the Internet Protocol or Ethernet). It is a connection-
oriented technology in which a connection is established between the two 
endpoints before the actual data exchange begins [1]. 

ATM was intended to provide a single unified networking standard that could 
support both synchronous channel networking and packet-based networking at 
the same time supporting multiple levels of quality of service for packet traffic [1]. 

ATM intended to resolve the conflict between circuit-switched networks and 
packet-switched networks by mapping both bit streams and packet-streams onto 
a stream of small fixed-size 'cells' tagged with virtual circuit identifiers. The cells 
are typically sent on demand within a synchronous time-slot pattern in a 
synchronous bit-stream: what is asynchronous here is the sending of the cells, 
not the low-level bit stream that carries them [1]. 

Asynchronous Transfer Mode (ATM) is the transport protocol for the core network 
of Universal Mobile Telephone System (UMTS) as defined by 3rd Generation 
Partnership Project (3GPP). 

2.1.2 Design of ATM Cell 

The cornerstone of ATM is the cell. The information flow, with different and 
varying bit rates, is uniformly organized into cells which consist of a cell header of 
five octets and a user part of 48 octets; 53 octets in all. ATM is a packet mode 
technique, but the delay in the network can be kept to a minimum because the 
cells have a fixed length [1].  

The cell header is divided into different fields. The most important one is the 
address field, which - in the form of a logical channel number (Virtual Path 
Identifier (VPI) and Virtual Channel Identifier (VCI) - identify the circuit and 
provide a unique link address between two network nodes [1].  

 

The PTI (Payload Type Identifier) specifies whether the cell contains user 
information or information to be used by the network itself for operation and 
maintenance. CLP (Cell Loss Priority) specifies the priority level of the cell (out of 
two possible levels) if there is not enough space for all cells [1]. 
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HEC (Header Error Control) contains a check value, which is used by nodes in 
the network and at the receiving end to detect any distortion of the header (bit 
error) [1]. 

2.1.3 Principle of ATM Switching 

In an ATM switch, ATM cells are transported from an incoming logical channel to 
one or more outgoing logical channels. A logical channel is indicated by a 
combination of two identities: 
 
• The number of the physical link 
 
• The identity of the channel on the physical link 

The identity of the channel is made up of the Virtual Path Identifier (VPI) and the 
Virtual Channel Identifier (VCI) [1]. 

Switching of cells through an ATM node requires a tie between the identities of 
incoming and outgoing logical channels. Two transport functions that are needed 
in the ATM switch are described below; they are also compared with the 
corresponding functions in a circuit-mode switch. The first function can be 
compared to the change of Time Slot (TS) numbers in circuit-mode switch. This 
is the function that transfers a voice sample from an incoming TS to an outgoing 
TS [1]. 

In an ATM network, the identities of the different logical channels correspond to 
the timeslots. The identity is composed of two values in two different fields in the 
header of the cell, i.e. the VPI and VCI. They have the same task as the TS in a 
circuit-switched system; that is, to identify each individual connection on each 
physical link between two nodes [1]. 

2.1.4 Classification of Services 

A key concept in ATM is that of the traffic contract. When an ATM circuit is set up 
each switch is informed of the traffic class of the connection. ATM traffic 
contracts are part of the mechanism by which Quality of Service (QoS) is 
ensured. There are four basic types (and several variants) of which each has a 
set of parameters describing the connection [1]. 
 
• Constant Bit Rate (CBR): A Peak Cell Rate (PCR) is specified and it kept 

constant throughout the entire duration of the connection.  
 
• Variable Bit Rate (VBR): An average cell rate is specified which can peak at a 

certain level for a maximum interval before being problematic.  
 
• Available Bit Rate (ABR): A minimum guaranteed rate is specified.  
 
• Unspecified Bit Rate (UBR): The traffic is allocated all remaining transmission 

capacity.  
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2.1.5 ATM Adaptation Layers 

The use of ATM technology and services creates the need for an adaptation 
layer in order to support information transfer protocols which are not based on 
ATM. This adaptation layer defines how to segment and reassemble higher-layer 
packets into ATM cells and how to handle various transmission aspects in the 
ATM layer [2]. 

The following ATM Adaptation Layer (AAL) protocols have been defined by the 
ITU-T. The classification is based on whether a timing relationship must be 
maintained between the source and the destination, whether the application 
requires a constant bit rate and whether the transfer is connection oriented or 
connectionless [2]. 
 
• AAL Type 1: Supports Constant Bit Rate (CBR), synchronous, connection 

oriented traffic.  
 
• AAL Type 2: Supports time-dependent Variable Bit Rate (VBR) of 

connection-oriented, synchronous traffic. AAL2 is widely used in wireless 
applications due to the capability of multiplexing voice packets from different 
users on a single ATM connection.  

 
• AAL Type 3/4: Supports VBR data traffic, connection-oriented asynchronous 

traffic or connectionless packet data with an additional 4-byte header in the 
information payload of the cell.  

 
• AAL Type 5: It is similar to AAL 3/4 with a simplified information header 

scheme. AAL 5 is a widely used ATM adaptation layer protocol. This protocol 
was intended to provide a streamlined transport facility for higher-layer 
protocols that are connection oriented.  

2.2 Device under Testing (DUT) 

Device under Testing (DUT) is a scalable platform payload processing node. 
DUT enables a high degree of redundancy and robustness in order to suit high-
availability applications. It is a platform product from which it is possible to 
develop a packet handling network node such as ATM switch.  

DUT supports ATM protocols according to the UMTS standard. ATM is used by 
DUT for system internal communication. Information exchanged between any 
hardware boards within DUT is transported by ATM. 

DUT supports following AAL protocols: 
 
• AAL2 – Used by compressed real time variable bit rate services. 
 
• AAL5 – Variable bit rate data services such as IP, signaling, processors for 

interprocessor communication 
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DUT supports network wide dynamically set up connections and release of AAL2 
type connections (AAL2 SVC). All other AAL type connections are supported as 
permanent network wide connections. All AAL type connections can be 
dynamically set up and released within DUT. 

2.3 Common Expect Test Platform (CETP) 

Common Expect Test Platform (CETP) combines the functionalities of 
Expect/TCL scripting language with the functionalities that are specific to the 
DUT. This combination provides a framework for the test engineers for 
developing DUT specific automated test scripts. CETP is implemented as a shell.   

The test script implementation using CETP allows the automatic test cases to 
communicate with one or several DUTs and with external instruments and all in 
one test case if needed. There is no need for recompiling the test scripts before 
running the test cases because of the fact that Expect is an interpreted scripting 
language. 

Through CETP, users can write automated tests, especially those tests that are 
repetitive in nature. All tests are executed from an UNIX terminal and when the 
test is finished, the user gets a summary of the commands that have been sent 
and received. He also gets a report which lists the number of tests that have 
been passed or failed. At the same time three log files in three different formats 
are created with all events logged - one in a text format, one in HTML format and 
the other one in XML format (refer Figure 1). 

 

Figure 1   Schematic View of CETP 
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2.4 Exchange Terminal Boards 

2.4.1 Board Type 1 

It supports E1/T1/J1 standards. The physical interface is electrical.  

2.4.2 Board Type 2 

It supports E1/T1/J1 standards. The physical interface is electrical. 

2.4.3 Board Type 3 

It supports E1/T1/OC-3 standards. It is uses optical interface. 

2.4.4 Board Type 4 

It supports E3/T3 standards. The physical interface is electrical.  

2.4.5 Board Type 5 

It supports OC-3 standards. It is uses optical interface. 

2.4.6 Board Type 6 

It supports E1/T1/J1 standards. The physical interface is electrical. 

2.5 Instruments 

2.5.1 Introduction 

In the lab three different types of instruments are used for testing purpose. Due to 
the fact that specific information regarding the instruments is internal to Ericsson, 
we will use descriptive name for each of these instruments. These instruments 
are: 
 
• Instrument 1: It is used for testing characteristics of ATM layer. 
 
• Instrument 2: It is used for testing traffic shaping of ATM layer. 
 
• Instrument 3: It is used for analyzing signal characteristics of ATM layer. 
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2.6 Physical Layer Standards for Telecommunication 

2.6.1 E1 

In digital telecommunications, where a single physical wire can be used to carry 
many simultaneous voice conversations, worldwide standards have been created 
and deployed. The CEPT originally standardized the E-carrier system which 
revised and improved the earlier American T-carrier technology and this has now 
been adopted by the ITU-T. This is now widely used in almost all countries 
outside USA, Canada and Japan [3]. 

An E1 link operates over two separate sets of wires, usually coaxial cable. A 
nominal 2.4 volt signal is encoded with pulses using a method that avoids long 
periods without polarity changes. The line data rate is 2.048 Mbit/s which is split 
into 32 time slots, each being allocated 8 bits in turn. Thus each time slot sends 
and receives an 8-bit sample 8000 times per second (8 x 8000 x 32 = 2,048,000). 
This is ideal for voice telephone calls where the voice is sampled into an 8 bit 
number at that data rate and reconstructed at the other end [3]. 

One timeslot (TS0) is reserved for framing purposes, and alternately transmits a 
fixed pattern. This allows the receiver to lock onto the start of each frame and 
match up each channel in turn. The standards allow for a full Cyclic Redundancy 
Check to be performed across all bits transmitted in each frame, to detect if the 
circuit is losing bits (information), but this is not always used [3]. 

One timeslot (TS16) is often reserved for signaling purposes, to control call setup 
and teardown according to one of several standard telecommunications protocols. 
This includes Channel Associated Signaling (CAS) where a set of bits is used to 
replicate opening and closing the circuit or using tone signaling which is passed 
through on the voice circuits themselves [3].  

2.6.2 T1/J1 

T-carrier is the generic designator for any of several digitally multiplexed 
telecommunications carrier systems originally developed by Bell Labs and used 
in North America and Japan. The basic unit of the T-carrier system is the DS0, 
which has a transmission rate of 64 kbit/s, and is commonly used for one voice 
circuit. The E-carrier system, where 'E' stands for European, is incompatible with 
the T-carrier and is used just about everywhere else in the world besides North 
America and Japan [4]. 

The most common legacy of this whole system is the line rate designations. A 
"T1/J1" now seems to mean any data circuit that runs at the original 1.544 Mbit/s 
line rate. Originally the T1/J1 format carried 24 pulse-code modulated, time-
division multiplexed speech signals each encoded in 64 kbit/s streams, leaving 8 
kbit/s of framing information which facilitates the synchronization and 
demultiplexing at the receiver [4]. 
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A more common understanding of how the rate of 1.544 Mbit/s was achieved is 
as follows. Given that the highest frequency at which voice communications 
occurs is at 4000 Hz, when converting analog voice to digital data, at least 
double of that frequency for the sample rate is needed. This yields the number 
8000. Since each T1/J1 frame contains 1 byte of voice data for each of the 24 
channels, that system needs then 8000 frames per second to maintain those 24 
simultaneous voice channels. Since each frame of a T1/J1 is 193 bits in length 
(24 channels X 8 bits per channel + 1 control bit = 193 bits), 8000 frames per 
second is multiplied by 193 bits to yield a transfer rate of 1.544 Mbit/s (8000 X 
193 = 1544000) [4]. 

2.6.3 E3 

E3 links are similar to E1 links, only difference being the transmission speed and 
the number of circuits and timeslots present in the link. E3 has 510 circuit 
compared to the 30 circuits that E1 has. Physically E3 is transmitted as 512 
timeslots but one is used for framing and typically one allocated for signaling call 
setup and tear down. Unlike internet data services, E3 systems permanently 
allocate capacity for a voice call for its entire duration. This ensures high call 
quality because the transmission arrives with the same short delay (Latency) and 
capacity at all times. E3 lines are used between exchanges, operators and/or 
countries, and have a transmission speed of 34.368 Mbit/s [3]. 

2.6.4 T3 

T3 circuit channels carry multiple T1 channels multiplexed; resulting in 
transmission rates of up to 44.736 Mbit/s. Relationship between T1 and T3 is 
similar to that between E1 and E3 [4]. 

2.6.5 OC-3 

OC-3 (Optical Carrier 3) is a network line with transmission speed of 155.52 
Mbit/s (payload: 150.336 Mbit/s; overhead: 5.184 Mbit/s) using fiber optics. 
Depending on the system OC-3 is also known as STS-3 (electrical level) and 
STM-1 (SDH) [5]. 
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3 Methodology 

Section 3.1 presents the goals of the thesis work in a detailed manner. Section 
3.2 explains the concept behind FIST environment. Section 3.3 describes the 
FIST hardware structure. In order to achieve the goals some design specific 
issues had to be resolved. These issues have been addressed in section 3.4. 
The requirements for a switching entity have been discussed in section 3.5. 
Section 3.6 lists the implementation proposal for the FIST environment. 

3.1 Description of Goals 

The significance of automated testing is increasing as more and more complex 
technologies are being developed. Automated testing enables to predict the 
product quality in a cost efficient way. The same is true for all products related to 
DUT at Ericsson. The automation rate is generally very high in all product areas 
of DUT which include IP and ATM. But the case with ATM layer is slightly 
different. In ATM layer some of the test cases have been fully automated, some 
of the test cases are semi automated and the rest of the test cases have to be 
handled manually. But due to the fact that ATM layer tests are performed for a 
number of different standards plus the tests make use of a number of traffic 
generating and monitoring instruments, a lot of manual interventions are needed. 
For example a typical test case in ATM layer is performed on several different 
exchange terminal boards on several different types of DUT using a traffic 
generating and monitoring instrument. The test case is performed for a number of 
different standards. The end result is that the test case is executed for a lot of 
different combinations. For each of these combinations the DUT have to be 
physically reconfigured separately which translates into a lot of manual 
intervention. The same is not required for IP layer which has only one standard to 
deal with. Apart from the problem of manually reconfiguring physical connections, 
the problem of efficiently utilizing the machine hours is a big issue. At present the 
test cases are executed only during the usual working hours. But the cost for 
renting the instruments and test nodes are calculated on daily basis. So 2/3 of 
the time the test nodes and the instruments are kept idle. If all the test cases can 
be integrated in some way then the test cases can be executed in a 24 hour 
cycle instead of the existing 8 hour cycle. This will significantly cut down the total 
lead time for delivery. It will also allow the utilization of machine hours in a more 
efficient manner. 

In view of the above scenario this thesis work was initiated at Ericsson, Älvsjö. 
The goal of the thesis work was to investigate how the test laboratory consisting 
of nodes, instruments, workstations and local area network can be integrated and 
remotely configured from a single environment. This environment will provide the 
flexibility of reconfiguring the physical connections remotely thus allowing a large 
number of automated tests to be executed sequentially without requiring any 
manual interaction. 

 

The formal description of the goals for the thesis work is as following: 
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• Investigate the functionalities and the interfaces used by the instruments and 
the DUT 

• Get acquainted with methods of automated testing using Expect/Tcl on the 
Common Expect Test Platform (CETP) 

• Define/propose a fully integrated and switched environment that can be 
controlled and steered by automated scripts 

• Analyze strategic and logical grouping of automated test scripts and define 
longer suitable test suites that can be run over night or over the weekends 
without manual interaction 

• Define methods and procedure to design test scripts that will be used in FIST 
environment 

• Implement one test program for each different major use case 
• Facilitate the execution of test cases through a user friendly external interface 

and at the same time ensure that the test cases comply with their purposes  
• Apply the necessary adjustments to test scripts and verify the execution of 

the automated test suites over night or over the weekends 
• Summarize and evaluate the results and suggest further improvement 

possibilities to the environment 
• Suggest methods for handling the usage of limited resources in FIST 

environment   

3.2 Concept behind FIST Environment  

The architecture of DUT does not allow parallel execution of test cases on the 
same hardware board on a DUT. For example two different test cases can not be 
simultaneously executed on a board type 1 on DUT. But these two test cases can 
be executed sequentially, i.e. one after another.    

The main concept behind FIST is that if all the hardware boards on the nodes 
and the instruments can be connected to each other through some sort of 
switching mechanism then it is possible to execute the test cases automatically 
and sequentially.    
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Figure 2   Concept of FIST 

Figure 2 represents the concept of FIST. The test cases are generally kept in a 
central location called VOB (Versioned Object base). If an environment such as 
FIST can be developed then the test cases can be fetched from the VOB in a 
sequential manner and they can be executed in the FIST environment in the 
same way.  

3.3 FIST Hardware Structure 

FIST hardware structure consists of two different types of DUT, a number of test 
instruments, workstations and the local area network. All these components will 
be connected to a switching entity i.e. a physical layer switch. The reason for 
using a physical layer switch is that we don’t want to distort the traffic while the 
switching takes place inside the switch. This is very important because there are 
a number of test cases in ATM layer where some error is intentionally inserted in 
the outgoing traffic to see the response of the system. If the switch is going to 
modify the traffic in any way then the error might not show up once the traffic 
comes out of the switch. A physical layer switch simply transports the traffic from 
one port to another without disturbing the original one. Hence we took the 
decision of using a physical layer switch. The switch, DUT nodes and the 
instruments can all be configured and controlled through automated scripts. 
Figure 3 depicts the hardware structure of FIST. The red arrows denote the data 
links and the dotted arrows denote the control links.   
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Figure 3   FIST Hardware Structure 
 
• Data Link: 

Data links are the physical transmission media over which the data is carried 
in the FIST environment. In FIST environment there are two types of data links 
- the links between the physical layer switch and the exchange terminal 
boards on DUT and the links between the instruments and the physical layer 
switch. Both types of data links have different physical characteristics – they 
can either be optical or electrical. During the execution of the test cases the 
instruments can generate as well as monitor the data traffic. The traffic 
generated by the instruments is sent to the physical layer switch. The switch 
transparently forwards the data traffic to the exchange terminal boards on the 
DUT. The traffic signals received by the exchange terminal boards can either 
be translated to other type of signal or can be looped internally or can be sent 
to other exchange terminal boards. This traffic can be sent back to the 
instruments via the switch over the data links.    

 
• Control Link: 
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Control links are the physical media over which the control commands are 
sent for different components of FIST environment. The switch, DUT, 
instruments and workstations are all connected to the local area network 
which forms the control link of FIST environment. 

3.4 Design Issues  

In order to come up with an optimal solution for the FIST environment we had to 
deal with a number of design specific issues. A discussion of these issues is as 
following: 
 
• Scope: The scope for the FIST environment had to be clearly defined. At 

Ericsson there are lots of different verification specifications. That means 
there are a lot of different areas in which tests are performed on DUT in ATM 
layer. It will be almost impossible to include all of these verification 
specifications in the scope of FIST environment due to the fact that we have 
only 20 weeks to complete our work. Besides some of the verification 
specifications cannot be included in the FIST environment due to their very 
nature.    

 
• Merging of Verification Specifications: Once we settle on the scope for 

FIST environment we have to decide whether we should merge the selected 
verification specifications together or not. It means that whether we should 
provide such facility so that test cases from different verification specifications 
can be executed by a single command issued by the user.     

 
• Hardware Boards: In DUT there are different types of hardware boards. But 

the focus of our work is the exchange terminal boards. But there are a 
number of exchange terminal boards available for DUT. Some of these 
exchange terminal boards haven’t been put into actual testing phase although 
test scripts have been written for them. So we have to figure out the 
exchange terminal boards that will be used in the FIST environment. 

 
• Instruments: There are a number of instruments in the test laboratory at 

Ericsson. But some of them are not used as frequently as the others. Besides 
some of the instruments may not be applicable for the scope of the FIST 
environment. So the more frequently used instruments have to be identified. 

 
• Test Purposes: There are thousands of test purposes at Ericsson. In order 

to accomplish our work we have to select a subset of these test purposes. 
The test purposes will be selected on the basis of the difficulty of setting up 
the physical connection through the help of script. 

 
• DUT Reload: When a test case is executed on a DUT, the test script creates 

a number of Managed Objects (MO) on that node. At the end of the execution 
of the test script all the Managed Objects are deleted from the node. But the 
problem occurs when a test case is executed on a particular exchange 
terminal board in DUT for two different standards. If the test case is executed 
for the two standards one after another, then a conflict between Managed 
Objects occurs. In order to avoid this problem the DUT is reloaded once the 
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test case is executed for the first standard. Although a predefined reload 
module is already present in CETP, we found out that often we do not get the 
desired effect by executing that module. In other words we found that a lot of 
times the reload module can not clear up all the Managed Objects on the 
DUT. Hence we decided to write separate reload module for FIST 
environment. 

 
To reload the DUT it takes a certain amount of time. As it has been stated 
before the FIST environment will execute test cases for a lot different kind of 
standards and exchange terminal boards. So in the FIST environment a lot of 
node reloading will take place. But our goal is to minimize the number of node 
reload. We have two options in our hand – for any test case i) execute test 
scripts for a particular standard on all exchange terminal boards and then 
reload the node before doing the same for another standard or ii) for a 
particular exchange terminal board execute the test scripts for all standards 
on that board and then reload the node before doing the same for another 
exchange terminal board. 

 
• Physical Connection Setup: In FIST environment all physical connections 

will be setup through the automated scripts. The question is when we should 
setup the physical connection. Again we have two options here – i) in the 
beginning of the execution of a test case setup the physical connections for 
all test case combinations or ii) for each test case combination setup the 
physical connections separately. 

 
• User Input: The user interface of the FIST environment should have enough 

flexibility so that the user can dynamically define important parameters for 
executing test cases. But we have to draw a fine line here so that we don’t 
include a lot of parameters on the command prompt or else it will become 
very tiresome for the users and at the same time we should not miss out on 
the most vital ones. 

 
• Timeslots for Test Purposes: The test cases in a certain verification 

specification use the command line parameter timeslots. For each test 
combination this timeslot is mentioned separately. But if we are going to 
execute a large number of test combinations then managing this timeslot list 
will become very difficult. So we have to come up with a solution for this 
problem. 

 
• Log Files: The current system allows only three log files to be created in a 

folder. But in FIST environment hundreds of test combinations will be 
executed at one go. So we have to make a provision for creating unlimited 
number of log files in a folder. Besides the log files should be individually 
named so that the user can identify the log file for a corresponding test case 
combination. 

 
• Summary: Individual log files carry a lot of information. But when hundreds of 

test combinations are executed it would be really convenient for the users if 
some form of summary can be generated about the executed test cases. 
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• Grouping of Test Cases: As it has been mentioned before one of the goals 
of the thesis work is the strategic and logical grouping of automated test 
cases. The idea was test cases that have similar physical connections can be 
executed together. But the question is if we have a switching entity in the 
FIST environment and if all the nodes and instruments are connected to that 
switching entity then whether this grouping of test cases is at all required.                

3.5 Requirements for the Switch 

Once the design issues were addressed it was time for listing down the 
requirements for the physical layer switch that was to be used in FIST 
environment. It was necessary to decide on a set of criteria so that we can 
evaluate the prospective candidates in view of our needs. The set of 
requirements that we came up with for evaluating the switch is as following: 
 
• Operational Layer: The switch has to be a physical layer switch. The switch 

should not modify the signal while switching. 
 
• Adequate Number of Ports: The switch should have adequate number of 

ports to connect a DUT 1, a DUT 2 and three different instruments. Our initial 
estimate was that we needed a switch with 25 electrical ports (E1/T1/J1), 32 
optical ports (OC-3/STM-1) and 10 T3/E3 ports.  

 
• Modular Design: The switch has to be modular in design so that additional 

switching modules can be added later without making wholesale changes. 
 
• Remote Access: The switch should be accessible and reconfigurable 

through protocols such as telnet or ssh. 
 
• Support for Scripting in TCL: It should be possible to control the switch 

using TCL scripts because the existing test scripts are also written in TCL. 
The switch should have a command line interface so that it can be controlled 
and configured through automated scripts. 

 
• Management Option: It should be possible to hook up a PC/Workstation 

with the switch through serial and/or LAN ports. 
 
• Loop Topology: The switch should be able to emulate loop back connection. 
 
• Port Break Emulation: The switch should be able to emulate port breaking. 
 
• Option for a Trial Period: The vendor should be able to provide a trial period 

of at least four weeks for us so that we can evaluate the switch at Ericsson’s 
premise. 

 
• Support: The vendor should provide quick and efficient support in case of 

any emergency.  
 
• Option for Upgrade: It should be possible to upgrade the hardware of the 

switch (i.e. increasing the number of ports by manifolds) 
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• Power Supply: The switch should be able to run on 220 volts (AC) power 

line. 
 
• Built in APIs (Optional): If there are built in Application Programming 

Interfaces (API) provided with the switch then it will be much easier to write 
test case specific commands to configure the switch. 

 
• Vendor in Europe (Optional): A vendor in Europe will be really useful if we 

want to get the shipment within a short period of time.  
 
• GUI (Optional): A graphical user interface can prove to be real handy when 

we want to make most common configurations.  
 
• Customers (Optional): Well known customers of the vendor will enhance its 

reputation.  
 
• Price: Price is a very important factor in making the final decision! 

After an exhaustive search for prospective vendors we came up with two names 
– Apcon, Inc. [6] and Mcdata Corporation [7]. The switches from both of these 
vendors seem to fulfill all our requirements. A formal request was sent to both 
vendors asking for a trial period at Ericsson’s premise. Both vendors agreed to 
the request and it was decided that both switches will arrive at the test laboratory 
by 9th of January, 2006. The trial period was stipulated to a month. The Apcon 
switch arrived on time and we were able to successfully use it in the FIST 
environment. But the Mcdata switch didn’t arrive at the test laboratory until 14th of 
February, 2006. By then it was too late too evaluate the switch. Besides the 
switch from Apcon fulfilled all our requirements and needs. Hence it was decided 
that the switch from Apcon, Inc. will be used in FIST environment.     

3.6 Implementation Proposal 

In view of the design issues discussed in section 3.4 we have come up with the 
following implementation proposal for the FIST environment: 
 
• The scope for the FIST environment will be three different verification 

specifications.  
 
• Different verifications specifications will not be merged together. A separate 

script for each verification specification will be written. 
 

• The exchange terminal boards that will be used in FIST environment are – 
board type 1, board type 2, board type 3, board type 4 and board type 5 
board on DUT 1 and board type 6 on DUT 2. Board type 7 and board type 8 
are not available for testing. Hence they were not implemented as a part of 
the FIST environment although they will be included in the physical port 
configuration. 
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• The instruments that will be used in FIST environment are – Instrument 1, 
Instrument 2 and Instrument 3. 

 
• Altogether 14 test purposes have been selected from 3 verification 

specifications.  
 

• As explained in section 3.4 we have two options for reloading the DUT. But 
the architecture of DUT does not allow the second option to be feasible. 
Hence for reloading the DUT we propose the following rules: 

 
- Reload the node at the beginning of each test case 
- While executing a test case, for a particular standard (i.e. E1) execute the 

test case on all defined exchange terminal boards (i.e. board type 1, 
board type 2) for that test case 

- Reload the node for executing the test case for the next standard (i.e. T1) 
- If any of test case combinations require a helper board then reload the 

node before executing the test case for that helper board for that standard. 
For example, a test case is executed for E1 standard on board type 1. 
Board type 2 is used as a helper board. Once this combination is over the 
test case should be executed for E1 standard on board type 2. According 
to the above rules there is no need for reloading the node as we are 
executing the test case for the same standard. But some Managed 
Objects have already been created on board type 2 in the previous 
execution as it was used as the helper board. So in order to clear up the 
created Managed Objects on board type 2, we have to reload the node 
before executing the test case on board type 2.    

 
• The physical connections for each test case will be set up separately at the 

beginning of the execution of the test case combination. The physical 
connections will be terminated at the end of the execution of the test case 
combination. 

 
• The following parameters will be included in the user command for FIST: 

 
- DUT 1 IP address 
- DUT 2 IP address 
- Switch IP address 
- Instrument IP address (Instrument 1, Instrument 2 and Instrument 3) 
- Test case name 
- Test suite name 
- Firmware revision version 

 
• For certain test purposes the timeslots will be decided according to the test 

purpose. For example if the test purpose says that the test case should be 
performed for one/all/multi timeslots then the test case will be executed thrice 
in the FIST environment with three different types of timeslots. 

 
• The log files for each test case combination will be named by the following 

components – Name of the verification specification, test case name, 
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exchange terminal board name, standard and firmware version. All created 
log files will be moved to a separate folder. 

 
• After a test case is completed, FIST will generate a summary file. This 

summary file will be named by the following components - Name of the 
verification specification, test case name and the date and time of generation 
of the summary file. This file will contain a brief summary of the test case that 
has just been executed.  

 
• Grouping of the test cases is not needed at all because of the presence of the 

switch in FIST environment. FIST developers have the freedom to define their 
own test suites according to their need.  

 
• The FIST scripts will execute the latest version of the test scripts kept in the 

VOB so that changes in the test scripts will not require any change in the 
FIST scripts. 

 
• A common header file named aetcommon_sw.exp will be created. This file 

will contain the physical to logical port mappings of the switch. The methods 
for controlling and configuring the switch will also be defined in this file. 

 
• The basic structure of the FIST scripts will be divided into following four parts: 

 
- Reloading the node 
- Setting up physical connections by configuring switch ports 
- Executing the actual test scripts 
- Generating log and summary files      
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4 Implementation of FIST 

This chapter describes the details of implementing the FIST environment. The 
implementation phase followed the recommendations set forth in the 
implementation proposal described in section 3.6.                                                            

4.1 FIST Environment Overview 

4.1.1 Introduction 

The purpose of building the FIST environment is to provide a fully integrated and 
switched testing environment where automated test scripts can be executed 
without any kind of manual intervention thus enabling more efficient utilization of 
machine hours. It has been designed to execute test cases from three different 
verifications. All these test cases are executed on different types of exchange 
terminal boards in DUT. The test cases are executed on both DUT 1 and DUT 2. 
The exchange terminal boards used in FIST environment are - board type 1, 
board type 2, board type 3, board type 4 and board type 5 board on DUT 1 and 
board type 6 on DUT 2. Board type 7 and board type 8 were not available for 
testing. Hence they were not implemented as a part of the FIST environment 
although they are included in the physical port configuration. Different types of 
standards are tested on these exchange terminal boards. The standards tested in 
FIST environment are – E1, T1, J1, E3, T3, OC-3/STM-1, VC12, VT15, VC4 and 
STS3. In order to execute these test cases a number of instruments are also 
used for generating and monitoring different types of traffic. These instruments 
are – Instrument 1, Instrument 2 and Instrument 3. All these instruments support 
different types of physical interfaces. 

The central point of the FIST environment is a physical layer switch. Ports of 
different exchange terminal boards on DUT and the instruments are connected to 
this physical layer switch to provide a fully switched environment. The switch, 
DUT and the instruments can all be accessed by workstations via the local area 
network. 

4.1.2 FIST Script Execution 

The FIST environment is controlled by the FIST software which is a collection of 
scripts that are stored in appropriate locations in the VOB.  

For the sake of brevity a number of test suites have been defined. Each test suite 
combines a number of test cases. The user can choose to execute a single test 
case, a number of test cases or he/she can choose to execute one of the 
predefined test suites. The user can execute the FIST scripts from the command 
line interface. For example: 

CETP.sh aetceauto.exp -N:AET aetiov16 -N:CBU aetiov10 -SWITCH 
134.138.83.4 -IW 134.138.83.26 -ANT 134.138.86.144 -tc_a5 -tc_g1 -LSV  
LSV16_WP10 
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The above command will execute the FIST script aetceauto.exp which has been 
implemented to execute the test cases under the first verification specification. 
This script will execute test case a5 and test suite 1 of first verification 
specification on DUT 1 and DUT 2 with a firmware version of LSV16_WP10. The 
test cases will use two instruments – Instrument 1 and Instrument 2. The IP 
address of the switch has also been mentioned in the command. Once this 
command has been issued different combination of test cases will be executed 
sequentially. If an error occurs the script will not stop. Instead it will move on to 
the next combination. 

4.1.3 Log Files 

After a combination is completed, FIST will generate three log files in three 
different formats – text, html and xml. This log files will be named by the following 
components – Name of the verification specification, test case name, exchange 
terminal board name, standard and firmware version. For example, if test case a1 
of first verification specification is executed on board type 1 for E1 standard on a 
DUT with a firmware version of LSV16_WP10, the three log files generated will 
be:   

CE01_M1_E1_LSV16_WP10.LOG  

CE01_M1_E1_LSV16_WP10.LOG.xml 

CE01_M1_E1_LSV16_WP10.LOG.html 

These log files are the standard log files generated by the CETP.sh platform. 

4.1.4 Summary Files 

After a test case is completed, FIST will generate a summary file which will be in 
text format. This summary file will be named by the following components - Name 
of the verification specification, test case name and the date and time of 
generation of the summary file. For example: 

SUMMARY_OF_CE_TC_A1_ON_06_02_02_AT_17:45:46 

This is the name of the summary file for test case a1 of first verification 
specification which was generated at 5:45:46 pm on 2nd February, 2006. This file 
contains a brief summary of the test case that has been executed. Each 
combination of the test case is listed with the exchange terminal board name, 
standard and the status of its execution. At the end of this file, a summary of the 
test case is presented that includes the  number and the list of the combinations 
that passed as well as the  number and the list of the combinations that failed 
along with the  total number of combinations that have been executed. 

After a test suite is completed, FIST will generate a summary file which will be in 
text format. This summary file will be named by the following components - Name 
of the verification specification, test suite name and the date and time of 
generation of the summary file. For example: 
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SUMMARY_OF_CE_Group_1_ON_06_02_02_AT_19:04:19 

This is the name of the summary file for test suite 1 of first verification 
specification which was generated at 7:04:19 pm on 2nd February, 2006. This file 
contains a summary of the test suite that includes the number and the list of the 
combinations that passed as well as the number and the list of the combinations 
that failed along with the total number of combinations that have been executed. 

After all test cases and test suites are completed, these log files will be moved to 
a directory called LOG.  

4.2 Switch Port Configuration  

For implementing the FIST environment we have used the physical layer switch 
manufactured by APCON, Inc. The switch that we have used is an IntellaPatch 
144 with model number ACI-2064-C00. The chassis can accommodate 9 blades 
and 144 ports at the maximum. The switch contains 4 E1/T1/J1 blades, 3 OC-3 
blades and 2 E3/DS3/STS-1 blades. The switch has 3 different interfaces through 
which the switch can be configured. It has a graphical user interface (only for 
Windows) as well as an embedded web based interface (available for both 
Windows and Solaris). It also has a command line interface (available for both 
Windows and Solaris). More information about its features can be found on their 
homepage.  

The port setup of APCON switch in FIST environment can be found in Figure 4: 
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Figure 4   Port Configuration of Apcon Switch in FIST Environment 

In Figure 4 the blades A, B and C are E1/T1/J1 blades, blade E is OC-3 blade 
and blade H is E3/DS3/STS-1 blade. Each port of blade H is a combination of 
TX-RX pair. 

4.3 Cabling in FIST 

Since FIST is an integrated testing environment which utilizes a large portion of 
the existing structure, cables from the existing test environments can be used. 
But along with that some new cables will also be needed to connect exchange 
terminal boards and Instruments to the switch. Altogether two electrical cables 
and two optical cables are needed to form the traffic path. A short description of 
these cables is presented in the next few paragraphs. 
 
• 1301-RPM 5131737 Cable: In one end of this cable, it has a plug with the 

product number, RPV403088/001. It's the standard plug in DUT. The front 
view of this plug is shown in Figure 5. C1, C2, A2 and A4 are in one group. 
C1 and C2 are responsible for sending traffic with differential voltages, while 
A2 and A3 are responsible for receiving differential voltages as receiver. The 
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same functionalities apply to C4, C5, A5 and A6. Since there are two 
transmitter and receiver pairs in this end, two logical ports transmit and 
receive traffic signals in parallel in this side. The protocols transmitted in this 
side are E1, T1 and J1. 

 

Figure 5   RPV403088/001 Front View  

 
In the other end of this cable there are two plugs. They have the same outlook 
(shown in Figure 6) as standard RJ-48 plugs. The only difference is that the 
transmitter and receiver wires are in the opposite places as the receiver and 
transmitter wires in standard RJ-48 plugs. The plug in Figure 5 is split into two 
plugs in this side as Figure 6, any one of the two can be considered as one 
logical port that transmits and receives traffic.  

 

Figure 6   RJ-48 Front View 
 
• Crossed RJ-48 Cable: New cross cables (shown in Figure 7) have been 

made to swap the transmitter and the receiver wires so that it is same as the 
standard RJ-48 plug. The protocols transmitted in this cable are E1, T1 and 
J1. 
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Figure 7   Crossed RJ-48 Cable 
 
• Standard Ethernet Connector: Standard Ethernet connectors are used to 

connect one crossed RJ-48 cable to the RJ-48 side of 1301-RPM 5131737 
cable.   

 
• Ethernet Cable: InterWatch can be connected to APCON physical layer 

switch with standard Ethernet cables. Altogether two Ethernet cables are 
needed to interconnect the switch and the InterWatch in single user FIST 
environment.  

 
• SC-LC Optical Fiber: The two ends of this optical fiber are different. One 

end uses SC connector to connect to ports on board type 3, Instrument 1, 
Instrument 2 and to standard SC-D connector. The other end uses LC 
connector to connect to the ports on OC-3 blade of the switch. 

 
• SC-MU Optical Fiber: The two ends of this optical fiber are different. One 

end of this cable uses SC connector to connect to the standard SC-D 
connector and the other end uses MU connector to connect to the ports on 
board type 5, board type 7 and board type 8 boards. 

 
• SC-D Connector: SC-D connector is a combination of two SC connectors. It 

is used to connect one SC-LC optical fiber cable to one SC-MU optical fiber. 

4.4 Software Structure 

The FIST software receives the necessary parameters from the command issued 
by the user in the command line interface. Depending on the user input the 
appropriate FIST script begins to execute. The script gathers the necessary test 
cases and/or test suites from the VOB that were selected by the user. Then it 
proceeds to the Reload Node module. This module restarts the node in order to 
clear up all Managed Objects that may have been created by the previous test 
cases. 

After reloading the node the switch is configured to set up the physical 
connection needed to execute a particular test case combination. 
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Figure 8   FIST Software Structure 

Once the physical connection has been set up, the test case combination is 
executed with the parameters from the user input. 

When the test case combination gets over, the work flow can transfer to two 
different modules depending on the test case combination. If the next test case 
combination is run on the same standard as the previous one but on a different 
board, then the switch will be configured again for the next test case combination. 
But if the next test case combination is run on a different standard than the 
previous one then the node will be reloaded again. If a test case has been 
executed on all exchange terminal boards with a particular standard then the 
node will be reloaded to run the same test case on all exchange terminal boards 
with a different standard. 

When a test case combination execution gets finished three log files will be 
generated in different formats.  
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During the execution of FIST scripts, procedures in aetcommon_sw.exp will be 
called to configure the ports of the switch. This file also contains the physical to 
logical port mappings for the switch. 

When all test cases and test suites are finished, a summary file describing the 
test results will be generated. 

4.5 Software Description 

This section provides a through description of the FIST software and the FIST 
scripts. 

4.5.1 FIST Scripts 

The basis for FIST software is the FIST scripts. There are altogether 4 different 
scripts that have been written for FIST environment. There is a separate script for 
each verification specification. The remaining script is the common file for the 
switch. All these scripts have a common structure. The first part of the scripts 
contains all the variables that are to be used in the script. The middle part 
contains a number of procedure definitions. The last part contains a number of 
commands that execute the defined procedures. A brief description of these 
scripts is given below: 
 
• aetcommon_sw.exp: This is the common file that is used by all other FIST 

scripts. It is kept under the path /vobs/cello/tiv/NCH/common/aet/ along with 
the other common files that are used for executing the test cases. This file 
contains the logical to physical port mappings for the switch along with the 
variable names for the InterWatch ports. This file also contains a number of 
procedures that are used for configuring the switch. The procedures that are 
defined in this file are connect_ports, disconnect_port, loop_port and 
turn_off_all_ports. 

 
• aetceauto.exp: This is the script for executing first verification specification 

test cases. It is kept under the path /vobs/cello/tiv/NCH/sys_func/ce/. This file 
contains the procedures to execute test cases and test suites under the first 
verification specification. The procedures defined in this file are reloadNode, 
createIndividualSummary, createTestCaseSummary, createGroupSummary, 
printGroupSummary, calculateTime, TC_xx and Group_xx (where xx denotes 
the test case and test suite number respectively). 

 
• aettdmauto.exp: This is the script for executing second verification 

specification test cases. It is kept under the path 
/vobs/cello/tiv/NCH/sys_func/tdm/. This file contains the procedures to 
execute test cases and test suites under the second verification specification. 
The procedures defined in this file are reloadNode, createIndividualSummary, 
createTestCaseSummary, createGroupSummary, printGroupSummary, 
calculateTime, TC_xx and Group_xx (where xx denotes the test case and 
test suite number respectively). 
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• aetatmauto.exp: This is the script for executing third verification specification 
test cases. It is kept under the path /vobs/cello/tiv/NCH/sys_func/atm/. This 
file contains the procedures to execute test cases and test suites under the 
third verification specification. The procedures defined in this file are 
reloadNode, createIndividualSummary, createTestCaseSummary, 
createGroupSummary, printGroupSummary, calculateTime, TC_xx and 
Group_xx (where xx denotes the test case and test suite number 
respectively). 

4.5.2 Variables 

The variables that are used in the FIST scripts can be classified into 6 categories. 
The following sub sections briefly describe all these different types of variables. 

4.5.2.1 Node Specific  

These variables contain node specific parameters. They are as following: 
 
• aetNodeIpAdd: Contains the IP address of the DUT 1. This is a global 

variable that gets its value from the user prompt.  
• aetNodeUserName: Contains the user name for the DUT 1. Generally it is set 

to ‘x’.   
• aetNodePassword: Contains the password for the DUT 1. Generally it is set 

to ‘x’. 
• cbuNodeIpAdd: Contains the IP address of the DUT 2. This is a global 

variable that gets its value from the user prompt.   
• cbuNodeUserName: Contains the user name for the DUT 2. Generally it is 

set to ‘x’. 
• cbuNodePassword: Contains the password for the DUT 2. Generally it is set 

to ‘x’. 

4.5.2.2 Instrument Specific 

These variables contain instrument specific parameters. They are as following:  
 
• iwIpAdd: Contains the IP address for Instrument 1. This is a global variable 

that gets its value from the user prompt.  
• antIpAdd: Contains the IP address for Instrument 2. This is a global variable 

that gets its value from the user prompt. 
• anritsuIpAdd: Contains the IP address for Instrument 3. This is a global 

variable that gets its value from the user prompt. 
• optical_port1: Contains the number for the optical port 1 on Instrument 1. 
• optical_port2: Contains the number for the optical port 2 on Instrument 1. 
• e1_port1: Contains the number for the electrical (E1/T1/J1) port 1 on 

Instrument 1. 
• e1_port2: Contains the number for the electrical (E1/T1/J1) port 2 on 

Instrument 1. 
• e3_port1: Contains the number for the E3/T3 port 1 on Instrument 1. 
• e3_port2: Contains the number for the E3/T3 port 2 on Instrument 1. 
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4.5.2.3 Switch Specific 

These variables contain switch specific parameters. The variable switchIpAdd 
contains the IP address of the physical layer switch. This is a global variable that 
gets its value from the user prompt. The other variables in this category contain 
the logical to physical port mappings for the switch. The variables for the ports 
connected to the exchange terminal boards are named according to the board 
name and the physical location of the port on that particular board. For example, 
the variable for the switch port that is connected to the physical port 1 of the 
board type 1 is called M1_PORT_1. For the ports connected to the ports of the 
instruments, they are named according to the name of the instrument, the 
physical interface of the port and the physical port location. For example, the 
variable for the switch port that is connected to the physical port 1 of the electrical 
interface of Instrument 1 is called IW_E1_PORT1.  

4.5.2.4 Test Case Summary Specific 

These are the variables that are used for generating individual test case 
summary. They are as following: 
 
• failed: Contains the number of test case combinations in the test case that 

failed. 
• passed: Contains the number of test case combinations in the test case that 

passed. 
• executed: Contains the number of test case combinations in the test case 

that were executed. 
• failedList: It’s an array containing the name of the test case combinations in 

the test case that failed. Each element is named according to the exchange 
terminal board name and the standard. 

• passedList: It’s an array containing the name of the test case combinations in 
the test case that passed. Each element is named according to the exchange 
terminal board name and the standard.  

• executedList: It’s an array containing the name of the test case combinations 
in the test case that were executed. Each element is named according to the 
exchange terminal board name and the standard.  

4.5.2.5 Group Summary Specific 

These are the variables that are used for generating individual test suite 
summary. They are as following: 
 
• groupFailed: Contains the number of test case combinations in the test suite 

that failed. 
• groupPassed: Contains the number of test case combinations in the test suite 

that passed. 
• groupExecuted: Contains the number of test case combinations in the test 

suite that were executed. 
• groupFailedList: It’s an array containing the name of the test case 

combinations in the test suite that failed. Each element is named according to 
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the verification specification, the test case name, exchange terminal board 
name and the standard. For example, ATM_TC_01_M1_E1 etc. 

• groupPassedList: It’s an array containing the name of the test case 
combinations in the test suite that passed. Each element is named according 
to the verification specification, the test case name, exchange terminal board 
name and the standard. For example, ATM_TC_01_M1_E1 etc. 

• groupExecutedList: It’s an array containing the name of the test case 
combinations in the test suite that were executed. Each element is named 
according to the verification specification, the test case name, exchange 
terminal board name and the standard. For example, ATM_TC_01_M1_E1 
etc.  

4.5.2.6 Other Variables 

These variables are used for various purposes. They are as following: 
 
• CETPPATH: Contains the path to CETP.sh. Generally it is set to the value 

‘/vobs/cello/civ/test_utilities/expect_platform/CETP.sh’ 
• AETCEPATH: Contains the path to aetce.exp. Generally it is set to the value 

‘/vobs/cello/tiv/NCH/sys_func/ce/aetce.exp’ 
• AETDS0PATH: Contains the path to aetds0.exp. Generally it is set to the 

value ‘/vobs/cello/tiv/NCH/sys_func/tdm/aetds0.exp’ 
• AETATMPATH: Contains the path to aetatm.exp. Generally it is set to the 

value ‘/vobs/cello/tiv/NCH/sys_func/atm/aetatm.exp’ 
• lsv: Contains the firmware version of the DUT. This is a global variable that 

gets its value from the user prompt. 

4.5.3 Functions 

The software functions in the FIST environment can be divided into two 
categories. The following sub sections describe these functions in detail. 

4.5.3.1 Switch Control Functions 

Switch control functions consist of a collection of procedures through which the 
FIST scripts can control and configure the physical layer switch in order to set up 
the physical connections for test cases. These procedures are: 
 
• connect_ports { switchIpAdd portName1 portName2 rate } 

This procedure interconnects two ports of the switch. It also sets the data rate for 
the two ports that will be connected to each other. Currently defined rates are E1, 
T1, J1, E3, T3 and OC3. For VC12 the rate should be set to E1 and for VT15 the 
rate should be set to T1. For all optical ports the rate should be set to OC3. Valid 
values for rate are – E1, T1, J1, E3, T3 and OC3. 
 
• disconnect_port { switchIpAdd portName } 
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This procedure disconnects the port of the switch specified by the variable 
portName. 
 
• loop_port { switchIpAdd portName rate } 

This procedure loops (connects the port to itself) the port of the switch specified 
by the variable portName. It also sets the data rate for the port that will be looped. 
Currently defined rates are E1, T1, J1, E3, T3 and OC3. For VC12 the rate 
should be set to E1 and for VT15 the rate should be set to T1. For all optical 
ports the rate should be set to OC3. Valid values for rate are – E1, T1, J1, E3, T3 
and OC3. 
 
• turn_off_all_ports { switchIpAdd } 

This procedure turns off all the ports of the switch specified by the variable 
switchIpAdd. 

4.5.3.2 Automation Script Functions 

Automation script functions consist of a collection of procedures through which 
the FIST scripts can generate summaries for test cases and test suites. It also 
allows the FIST scripts to interact with the DUT. These procedures are: 
 
• reloadNode { nodeIpAdd nodeUserName nodePassword  } 

This procedure reloads the DUT before running any test cases or after running a 
particular standard on all exchange terminal boards on a node. This procedure 
initiates a cold restart of the DUT. 

 
 
• createIndividualSummary { logName board standard tcName } 

This procedure creates summary for each test combinations. In this procedure 
three different lists are maintained for test case combinations that have been 
executed, passed or failed. The procedure checks the log file for each 
combination and finds out whether any command was unsuccessful during the 
execution of the test case combination. Depending on the result of the search the 
test case combination is put either in the passed list or in the failed list. The result 
for each combination is displayed on the screen. The result is also stored in a file 
that is named according to the test case name. For example: 

SUMMARY_OF_CE_TC_A1 
 
• createTestCaseSummary { tcName time } 
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This procedure creates summary for each test case. This procedure is similar to 
the createIndividualSummary procedure. The difference is that it does not 
generate summary for each combination. Instead it generates the summary for a 
complete test case. The summary file also contains the total execution time for 
the entire test case. The summary file for a test case is named according to the 
following components - Name of the verification specification, test case name 
and the date and time of generation of the summary file. For example: 

SUMMARY_OF_CE_TC_A1_ON_06_02_02_AT_17:45:46 
 
• createGroupSummary { tcName } 

This procedure creates summary for each test suite. This procedure is similar to 
the createIndividualSummary procedure. It also maintains three global lists for 
combination of test cases that were executed, passed or failed. But this 
procedure does not produce any output to the screen or to any file. 
 
• printGroupSummary { suiteName time} 

This procedure prints summary for each test suite. This procedure stores the 
contents of the lists maintained by the createGroupSummary procedure to a file 
that is named according to the following components - Name of the verification 
specification, the test suite name and the date and time of generation of the 
group summary file. For Example: 

SUMMARY_OF_CE_Group_1_ON_06_02_02_AT_17:45:46 

The summary file also contains the total execution time for the entire test suite. 
 
• calculateTime { time } 

This procedure calculates the actual execution time for each test case and test 
suite. The parameter to this procedure is the execution time in seconds. 

4.6 Guidelines for Developers 

This section is useful for developers who want to add new test cases or test 
suites to the FIST environment. 
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4.6.1 Guidelines for Adding New Test Cases   

This sub section describes the guidelines for adding a new test case to the FIST 
environment. As an example tc_a4.exp of first verification specification is used. 
The test case uses one instrument – Instrument 2. The test case is executed on 
board type 1 and board type 2 for three standards (E1, T1 and J1). For executing 
the test case on board type 1, board type 2 is used as a helper board and vice 
versa. Board type 3 and board type 7 boards can also be used as helper boards 
but only for testing on E1 and T1 standard. The test purpose states that 
one/multi/all timeslots should be tested. So each test case combination has to be 
executed thrice with different timeslot each time. The test purpose does not 
mandate the use of board type 3 and board type 7 as helper board. So we will 
not consider them. In total 6 different test combinations will be executed. As 
mentioned before each of these test combinations will be executed thrice. In 
order to add this test case to the FIST environment following changes have to be 
made in the file aettdmauto.exp: 

1. Define the name of the procedure that will execute the test case in FIST 
environment. The name of the procedure should be TC_4. 

2. Declare the global variables. There are different types of global variables 
(refer section 4.5.2). For example: 
- Node Specific 
- Instrument Specific 
- Switch Specific 
- Test Case Summary Specific 

3. Reset all test case summary specific variables and arrays. 

4. Record current system time in a temporary variable. For example: 

set t1 [clock seconds]  

5. Start with E1 standard. The first test case combination is board type 1 E1.  

6. Reload the node with the procedure reload_node. 

7. Configure the switch ports in order to setup the physical connection for 
executing the test case. Use procedures such as connect_ports and 
loop_port with appropriate parameters.      

8. Execute the test case by spawning a CETP process with the appropriate 
parameters for the test case combination. Make sure the –dontcare switch is 
added. For example: 

spawn $CETPPATH $AETDS0PATH -N:NODE $aetNodeIpAdd -ANT 
$antIpAdd -tc_a4 -line 1 -tsList 0x2 -dev M1E1 -log 
TDM04_M1_E1_$lsv.LOG –dontcare 

interact 

9. Every time a CETP process is spawned it generates a lot of garbage in the 
memory. Add the following two lines to clear up the garbage: 
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catch {exp_close} 

catch {exp_wait -nowait} 

10. After the test case combination finishes execution release the ports of the 
switch with the help of the procedure disconnect_port. 

11. Once the execution of the test case combination gets over call the 
createIndividualSummary procedure with appropriate parameters. 

12. For this particular test case each test case combination has to be executed 
thrice. So follow steps 6 to 11 two more times. Only the tsList parameter in 
step 8 will be different each time.     

13. After completing all test combinations for E1 standard, it’s time to proceed to 
the next standard (i.e. T1). Follow steps 6 to 11. 

14. When all test combinations for the test case have been executed, record 
current system time in a temporary variable. For example: 

set t2 [clock seconds]  

15. Now call the createTestCaseSummary procedure with appropriate 
parameters. The second parameter to the createTestCaseSummary 
procedure is a call to the calculateTime procedure. For example:  

createTestCaseSummary TDM_TC_A4 [calculateTime [expr $t2-$t1]] 

16. Add the following line in the main body of aettdmauto.exp file: 

if [get_bool_arg "-tc_a4"] {TC_4} 

17. If the test case is to be added to a test suite then follow the guidelines in 
section 4.6.2. 

4.6.2 Guidelines for Adding New Test Suites 

The guidelines for adding a new test suite to the FIST environment differ from the 
guidelines for adding a new test case. Consider the following example. A new 
test suite is to be added for the first verification specification. The suite will be 
called group 2. In this test suite there will be two test cases – tc_a5.exp and 
tc_a7.exp of first verification specification. The two test cases use one instrument 
– Performance & Verification System. Refer section 4.6.1 for adding these two 
test cases to the FIST environment. In order to add this test suite to the FIST 
environment following changes have to be made in the file aetceauto.exp:  

1. Define the name of the procedure that will execute the test suite in FIST 
environment. The name of the procedure should be Group_2. 

2. Declare the global variables. There are different types of global variables 
(refer section 4.5.2). For example: 
- Test Case Summary Specific 
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- Group Summary Specific 

3. Reset all test case summary specific and group summary specific variables 
and arrays. 

4. Record current system time in a temporary variable. For example: 

set t1 [clock seconds] 

5. Call procedures to execute individual test cases one by one. Following each 
test case call the procedure createGroupSummary with appropriate 
parameters. For example: 

       TC_5 

       createGroupSummary CE_TC_A5_ 

       TC_7 

 createGroupSummary CE_TC_A7_ 

6. Record current system time in a temporary variable. For example: 

set t2 [clock seconds] 

7. Call the procedure printGroupSummary with appropriate parameters. The 
second parameter to the printGroupSummary procedure is a call to the 
calculateTime procedure. For example:  

printGroupSummary Group_2 [calculateTime [expr $t2-$t1]] 

8. Add the following line in the main body of aetceauto.exp file: 

if [get_bool_arg "-tc_g2"] {Group_2} 
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5 Conclusion 

5.1 Result Analysis 

The thesis work has proved that it is possible to design and implement a fully 
integrated and switched testing environment that can be used in a test laboratory 
conducting script driven automated testing for ATM layer. Although this 
environment is not generic, with suitable changes it can be adapted to any kind of 
automated testing scenario. If we want to analyze the result of the thesis work 
then we need a reference point to decide whether the thesis work was successful 
or not. The goals that have been set for the thesis work in the very beginning can 
be a good indicator about the success of the thesis work. The following points 
analyze the result of the thesis work in context of the goals mentioned in section 
3.1. 

 
• In order to design and implement the FIST environment it was imperative that 

we have a solid knowledge base on DUT and the test instruments used in the 
lab. Ericsson has a large collection of documents detailing every little aspect 
of DUT. We spent quite a good deal of time trying to grasp the intricacies of 
DUT. We believe that we have achieved a certain level of expertise on DUT 
and its related issues. 

  
• The FIST software is implemented using Expect scripting language using the 

Common Expect Test Platform (CETP). We spent a considerable amount of 
time to get acquainted with methods of automated testing using Expect on 
CETP. This was the cornerstone of implementing software portion of the FIST 
environment. 

 
• We have defined and implemented a fully integrated and switched 

environment that can be controlled and steered by automated scripts. 
Chapter 3 and 4 of this report explains the environment in detail. 

 
• We conducted a strategic and logical grouping of automated test scripts. But 

later on we came to realize that this grouping is irrelevant if we have a fully 
switched environment. For this reason we have not included the result for the 
grouping of automated test scripts in this report. But we did define longer 
suitable test suites that can be run over night or over the weekends without 
manual interaction. 

 
• We have defined methods and procedure to design test scripts that will be 

used in FIST environment. These methods and procedures have been 
discussed in section 4.5. 

 
• We have implemented FIST scripts for different major use case. Altogether 

14 test purposes have been implemented from three different verification 
specifications. 

 
• We have provided a user friendly external interface through which the users 

can execute the test cases and test suites. The users don’t have to put in a 
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large number of parameters in their command. But at the same time the 
scripts ensure that a particular test case complies with its test purpose. For 
example, the solution regarding the timeslot parameter in first verification 
specification (refer section 3.6). In that case the user don’t have to input the 
timeslot parameter but at the same time the test case combinations will be 
executed three times to meet its purpose. 

   
• We have verified the execution of the test suites over night. We have 

executed a total of 147 test combinations during off hours (5 pm to 9 am). In 
total it took 16 hours and 18 minutes to execute all the test combinations.  

 
• We have suggested a number of improvements to the current environment 

including the handling of the usage of limited resources in FIST environment 
in chapter 6 of this report.   

 
We believe that the FIST environment will be really useful during the regression 
testing phase. In regression test a number of test cases are executed one by one 
to uncover regression bugs. Regression bugs occur whenever software 
functionality that previously worked as desired stops working or no longer works 
in the same way that was previously planned. An initial business case showed a 
substantial reduction in three fields - lead time, required man hour and the cost. 
The business case showed that the lead time for delivery will be cut down by 
75%, the cost would be cut down by 77% and the required man hour will be cut 
down by a staggering 95%. The FIST environment can also come handy in 
function testing phase if the test scripts are designed in such way to that they can 
adapt to the FIST environment.       

5.2 Problems 

While performing the thesis work we encountered a number of problems. Each of 
these problems taught us valuable lessons from different perspectives. Here we 
present a few of those problems: 
 
• We had way too much information about the different components of DUT 

when we started working. The Ericsson databases have a comprehensive 
collection of documents describing various aspects of DUT. At first we were 
really clueless about what to study and what to ignore. In this process we 
wasted a lot of valuable time reading through documents that we later found 
out to be irrelevant to our work. 

 
• When we started working in the test laboratory at Ericsson we had absolutely 

no idea about the test automation process. We didn’t even have the clue on 
how to handle the test instruments. To make the matter worse there were no 
documentation available that was aimed at a layman user. So we had to 
plough through the Ericsson databases for clues. Sometimes other testers at 
the laboratory had to waste their valuable time to answer our most 
fundamental queries.    

 
• One of the major sources for problem was the cables. There are a lot of 

different kinds of cables in the laboratory. And sometimes the difference 
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between two different kinds of cables are so little that it’s hard to notice until 
we begin to execute the test case. Besides sometimes we had to wait for 
some other tester to finish his work before we can borrow some cables from 
his node. When the switch arrived at the laboratory we found out that it uses 
physical connectors that are different from the ones used in the laboratory. 
So new cables and connectors had to be ordered which cost us some 
valuable time. 

5.3 Lessons Learned 

We learned a lot of valuable lessons while performing the thesis work. In this 
section we would like to point out a few of those. 
 
• We learned a great deal about DUT and its components. DUT is one of 

Ericsson’s major platforms. So it was a great opportunity to learn about the 
platform. 

 
• We learned a lot about test automation process. It was a very good 

opportunity for us to exercise our scripting skills. 
 

• It was a nice opportunity to work in a professional setting which is so much 
different than the academic setting.  

 
• The thesis work was a true test of team work. It required the whole hearted 

efforts of both the members to make this thesis work a success.  
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6 Future Potentials 

We believe in the saying that there’s always room for improvement. The same 
applies to the FIST environment as well. Although it is able to provide a switched 
environment where automated test cases can be integrated for continuous 
execution, there are some improvements that can be applied to the environment. 
In this chapter we discuss a few of those enhancements. 
 
• At present the FIST environment has been designed for a single user. But it 

will be really useful if this environment can accommodate multiple users at 
the same time. Although the basic nature of DUT somewhat restricts the 
scope of multi-user environment. As it has been mentioned before, parallel 
execution of two test cases on a DUT is not possible. Hence even in the 
multi-user environment a DUT cannot be shared by two users simultaneously. 
What can be shared though are the test instruments. For example say two 
instruments are connected to FIST environment. User one executes a 
number a test case in FIST environment. User one uses instrument 1 for 50% 
of his execution time and instrument 2 for 100% of his execution time. If user 
2 wants to execute a set test cases that only uses instrument 1 then in a 
multi-user FIST environment user 2 can use instrument 1 during time when 
user 1 isn’t using it. If this multi-user environment is implemented then the 
laboratory can cut down the number of instruments that it requires thus 
saving a lot of money. Some of the suggestions for implementing the multi-
user setting is as following: 

 
- The switch can be partitioned into different sections. Each section will be 

allocated to a user. The flip side of this solution is that resources have to 
be duplicated for each section thus requiring more instruments. 

- Some kind of distributed logic can be introduced in the FIST scripts. One 
attractive solution can make use of a web server. Whenever a user will 
execute some test cases in FIST environment, the FIST script will 
generate a list which will contain the name of the resources that the test 
cases will use and the duration for their usage. This list will be updated to 
a web server which will be accessible by all users in the FIST environment. 
When a second user executes some test cases, the FIST script will 
retrieve the available lists from the web server to see which resources are 
available or if the resources are busy when they will be available. 
Depending on the result of that decision the user will be put into a queue. 

 
• Another enhancement that can be added to the FIST environment is that 

more number of verification specifications and test cases can be added to the 
existing FIST environment. Currently we implemented around 10% of the 
total available test purposes. 

 
• The process of adding new test cases and new test suites can be made a 

little more user friendly and interactive. 
 

• At present a particular test case is executed for all standards. Provisions can 
be made so that the users have the option of running only a particular 
standard or a number of particular standards. 
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7 Abbreviations 

 
3G 3rd Generation  
3GPP 3rd Generation Partnership Project  
AAL ATM Adaptation Layer 
ABR Available Bit Rate 
ANSI American National Standards Institute 
API Application Programming Interface 
ATM Asynchronous Transfer Mode 
CBR Constant Bit Rate 
CEPT Conférence européenne des administrations des postes et des               
                      télécommunications 
CETP Common Expect Test Platform 
CLP Cell Loss Priority 
ETSI European Telecommunications Standards Institute 
FIST Fully Integrated and Switched Test Environment 
GSM Global System for Mobile Communications 
GUI Graphical User Interface 
HEC Header Error Control 
HTML Hypertext Markup Language 
IP Internet Protocol 
ITU International Telecommunication Union 
ITU-T ITU Telecommunication Standardization Sector 
MO Managed Object 
OC-3 Optical Carrier 3 
PCR Peak Cell Rate 
PDH Plesiochronous Digital Hierarchy 
PTI Payload Type Identifier 
SDH Synchronous Digital Hierarchy 
SONET Synchronous Optical Network 
STM-1 Synchronous Transport Module level 1 
SVC Switched Virtual Circuit 
TCP Transmission Control Protocol 
TS Time Slot 
TTC Telecommunication Technology Committee 
UBR Unspecified Bit Rate 
UMTS Universal Mobile Telephone System 
VBR Variable Bit Rate 
VCI Virtual Channel Identifier 
VOB Versioned Object Base 
VPI Virtual Path Identifier 
WS Workstation 
XML Extensible Markup Language 
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