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(ABSTRACT) 

Vector processors conventionally have been used as an attached processor to a host computer. Within 

this limited scope, the application programmer must use the host computer in order to benefit from the 

vector processor resources. By using a local area network, programmers are no longer constrained to 

a specific host computer. The vector processor may be shared as a network resource. 

The vector processor service is developed within a distributed environment and, therefore, must address 

concerns pertinent to distributed system architecture. These issues include implementation 

methodologies, interprocess communication performance, protocol processing and network throughput, 

and the level of transparency of the implementations. This thesis presents models that facilitate 

implementation of the vector processor service over a local area network (LAN). The research 

investigates the performance of different interprocess communication techniques and alternative 

transport protocols, specifically TCP and UDP. Additionally, two LAN technologies are examined for 

the vector processor service, namely Ethernet and Fiber Data Distributed Interface (FDDI). 

Experiments are performed for a batch application using an Ethernet local area network. Simulations 

are done for a real-time application utilizing an Ethernet LAN as well as for the same batch application. 

Additionally, a FDDI local area network is simulated for a real-time application. Results indicate that 

the model based on remote program execution has better performance because of lower network



communication overhead compared to the model based on remote procedure calls. However, the 

remote procedure call model provides for a more transparent implementation of the vector processor 

service. This thesis also discusses methods to improve the performance of the vector processor service, 

including better implementations and transport protocols, alternative remote procedure call protocols, 

and new multiprocessor architectures.
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Chapter 1. Introduction 

Vector processors conventionally have been used as an attached processor to a host computer. Within 

this architecture, the user is limited to using the attached host computer in order to access the vector 

processor. By employing a distributed system approach, users are no longer constrained to a specific 

host computer. 

The goal of the research described in this thesis is to develop a distributed service for a vector 

processor, model the distributed system, identify the system bottlenecks, and make recommendations 

to improve the system throughput. 

The distributed vector processor service is developed within a chosen framework of industry standard 

protocols, under a UNIX environment employing the socket abstraction for network communications 

[1]. The vector processor service is tested using a Ethernet local area network (LAN) [2], and is 

simulated utilizing a Fiber Distributed Data Interface (FDDI) LAN [3]. Support for standard protocols 

is desired for ease of system integration and software portability. These protocols include Transmission 

Control Protocol (TCP), User Datagram Protocol (UDP), and Internet Protocol (IP) of the Department 

Chapter 1. Introduction 1



of Defense (DoD) protocol suite, as well as several application level protocols [4,5]. A UNIX 

environment is chosen for the same reasons mentioned above, as well as for its well-defined network 

communication mechanism. An Ethernet LAN is available for the experiments performed in this 

research, A FDDI local area network is also simulated because of its high speed data rate of 100 

million bits per second (Mbps). 

In implementing the distributed system, this research employs a Star Technologies ST-50 Array 

Processor, along with Sun Microsystems, Inc., and Digital Equipment Corporation workstations. The 

remainder of this chapter introduces the Star Technologies array processor family, briefly discusses 

distributed systems, and states the objectives of this research. 

1.1 Vector Processors 

Conventionally, an array processor is defined to be “a synchronous parallel computer with multiple 

arithmetic logic units," while a vector processor is a computer which processes multiple data elements 

[6]. The Star Technologies Array Processor is a multiprocessor that processes arrays of data [7]. Thus, 

in the classical sense, the Star Technologies “array processor” is a vector processor. Therefore, the term 

"VP" will be used to refer generically to the entire family of Star Technologies array processors. The 

machines are designed using custom CMOS VLSI circuitry, range in processing speed from 50 million 

floating point operations per second (Mflops) to 100 Mflops, and support data acquisition systems, 

attached fixed disks, as well as different host computers. A VP may support multiple host computers 

concurrently, each with a dedicated interface in the array processor. Each host computer is linked to 

the VP through a custom designed board residing on the host backplane bus. 
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_ Applications of the array processor include signal and image processing, molecular modeling, geophysical 

data processing, Computer Tomography (CT) scanners, and as a preprocessor for graphics workstations 

[7]. In these applications, the array processor is used in a dedicated fashion, repetitively executing a set 

of operations on large volumes of data for a specific task. Additionally, the VP has the capability for 

simultaneous computation and input/output operations. 

12 Distributed Systems 

A distributed system is "based on a set of separate computers that are capable of autonomous operation, 

linked by a computer network" [8]. Generally, distributed systems are local area networks with 

heterogenous computers, varying in size and computational power. Distributed systems benefit users 

by allowing shared access to expensive resources. Resources of a local area network typically include 

file systems, printers, and computers themselves. 

Three basic architectural models exist for distributed systems, including the workstation/server model, 

the processor pool model, and the integrated model [8]. For the purposes of this research, the 

workstation/server model is used. The workstation/server model consists of a local area network 

providing a communication medium for a group of workstations, file servers, and print servers. Users 

run applications on a workstation, sharing peripheral devices and data between tasks running on other 

workstations. 

In the workstation/server model, the array processor may be viewed as a shared peripheral device. 

Access to the array processor is handled by a “compute server," analogous to the print server and file 

Server. 

Chapter 1. Introduction 3



13 Objectives of this Research 

This thesis describes the development of a distributed vector processor service. Research performed 

in the development of the VP service includes the design of the distributed system architecture, the 

software implementation, development of simulation models, and analysis of the experimental and 

simulation results. Also presented in this thesis is a brief literature survey used to appraise various 

techniques to improve the vector processor service. 

The architectural design of the distributed environment defines the interface between the user and the 

array processor, using a workstation as the compute server. This interface is based on cooperating 

‘processes running on the compute server and the user’s workstation. These processes may employ 

interprocess communication mechanisms in various methods, each of which have different performances 

for a given application. 

The software implementations presented in this research are based on models developed from the 

distributed architecture design. The implementations are tested and performance measurements are 

made. Additionally, simulation models are developed for the distributed environment to study real-time 

performance and alternative local area networks. Analysis of the experimental and simulation results 

is also done. 

The discussion in this thesis requires an understanding of computer networks and vector processor 

operation. Chapter 2 provides the background for computer networks. Chapter 3 discusses the VP 

architecture, pointing out the major considerations for developing a distributed VP service. Chapter 4 

reviews the distributed architecture design and introduces three models that may be used to implement 

a VP service. Chapter 5 presents the experiments, results and performance evaluation of the 
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implementations. Chapter 6 introduces the simulation models, and compares simulation results to the 

experimental measurements. Chapter 7 surveys various techniques currently available to improve the 

performance of the VP service. The work is summarized and conclusions are made in Chapter 8. 
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Chapter 2. Network Environment 

Computer networks may be described abstractly using protocol layers. Communication between two 

processes on two networked computers is established by processing messages through the protocol 

layers. Several communication models exist, with a varying number of layers. The most general model, 

the OSI model, has seven layers, while earlier models such as DECnet and the ARPANET have only 

four layers [9]. 

Section 2.1 briefly describes the OSI model, which provides a framework for later discussions. Sections 

2.2 and 2.3 cover the FDDI, IP, TCP, and UDP protocol standards. Section 2.4 introduces the socket 

abstraction used for interprocess communications. Section 2.5 describes upper layer mechanisms used 

to remotely execute commands on another computer. 

2.1 OSI Model 

The International Standards Organization (ISO) developed the Open Systems Interconnect (OSI) 

communication model [9]. Every networked computer has software and hardware to implement the 
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layers. Processes executing at corresponding layers on networked computers are called peer processes. 

Peer processes communicate by exchanging data that both peers may interpret. The set of rules 

governing the data interpretation for peer processes is called a protocol for that layer [9]. 

Peer processes do not transfer data directly. Actual communication between peer processes is 

established by passing data and control information to the layer below until the data is transmitted on 

the physical media. On the receiving side, the data is processed in reverse order, ascending through the 

communication layers, eventually reaching the application layer on the receiving host. The following 

paragraphs briefly describe the functionality of each layer in the OSI model. 

The physical layer is responsible for transmitting bit information over a physical medium. Various 

media have been employed including coaxial cable, twisted pair wire, optical fiber, and air for radio and 

infrared transmissions. The physical layer defines the mechanical and electrical specifications and 

addresses such issues as connector hardware, signal representation and signal timing. 

The data link layer is divided into two sublayers, the media access control (MAC) layer and the logical 

link control (LLC) layer. The MAC layer defines the access protocol used to transmit and receive data 

on the physical media. The LLC layer is concerned with framing the data it receives from the network 

layer and provides for stable data transmission on the physical media. 

The network layer is responsible for routing packets through the network. Inherent with this 

responsibility is address resolution and interpretation. The network layer also employs congestion 

control for managing excess packets on the network. 
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The transport layer is responsible for reliable end-to-end data transfer and serves to hide the 

communication technology from the upper layers. To provide a reliable service, the transport layer uses 

synchronization, error control, and flow control mechanisms. The transport layer also manages data 

fragmentation when application data is larger than the maximum network packet size. The physical, 

data link, network, and transport layers are the minimum required for data communications. In fact, 

the DoD protocol suite and DECnet provide only for these four layers, leaving the top layer to 

implement the session, presentation, and application functions [9]. 

The session layer provides for session management between communicating entities. A session is usually 

defined to be a closed set of transactions or data transfers. Examples include remote login sessions, file 

transfer, and bank transactions. The session layer adds extra services to the basic data transport 

provided by the lower layers. 

The presentation layer is concerned with data representation. This layer provides for the translation 

between various standards such as ASCII and EBCDIC. The presentation layer also handles data 

encryption for security purposes, and data compression for data transfer efficiency. 

The user interfaces to the computer at the application layer. At this layer, applications provide services 

to the user. Examples of services include telnet and rlogin utilities which permit a user to remotely 

access a _— computer, file transfer protocol (FTP) which provides for the exchange of files between 

computers, and simple mail transfer protocol (SMTP) which provides for electronic mail. Standards 

exist to implement the majority of the seven OSI layers. The most common are the IEEE 802 standards 

for the physical and data link layers. These include Ethernet, token ring, and token bus for the physical 

layer and media access control of the data link layer. The network and transport layers have several 
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standards as well including TCP/IP, DECnet, and Systems Network Architecture (SNA). The session 

and presentation layers are not necessary for all applications, and as a result, standards for these layers 

are not as abundant. This research simulates a FDDI local area network for the vector processor 

service. The following section reviews the FDDI standard. 

2.2 FDDI 

The Fiber Distributed Data Interface (FDDI) standard is based on a 100 Mbps token passing ring local 

area network and uses optical fibers for the transmission media. FDDI defines four layers: the Physical 

Media Dependant (PMD) layer, the Physical (PHY) layer, the Media Access Control (MAC) layer, and 

the Station Management (SMT) layer. The first two layers correspond to the physical layer in the OSI 

model, and the FDDI MAC layer corresponds to the lower half of the data link layer in the OSI model. 

The FDDI SMT layer does not easily fit into the OSI model. The SMT functionality spans the physical 

and data link layers. The FDDI layers are illustrated in Figure 2.1 and are discussed in the following 

paragraph. 

The PMD layer specifies the physical hardware including fiber characteristics, connectors, wavelength, 

power levels, optical transmitters and detectors.- Presently, the PMD standard specifies a dual ring 

topology using a multi-mode optical fiber with core/cladding diameters of 62.5/125 micrometers. Data 

transmission is accomplished by light emitting diode (LED) transmitters using a nominal wavelength of 

1325 nanometers. The maximum ring length is 200 kilometers with a maximum of 500 stations on a 

ring. Currently, a specification for single mode optical fiber is being defined, which would increase the 

permissible lengths [3]. 
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Figure 2.1. FDDI Layers in Relation to the OSI Model. 
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The PHY layer defines the encoding, clocking, and framing mechanisms used for transmission. The 

PHY standard defines a four-to-five group encoding scheme requiring a transmission rate of 125 

megabaud. This is a more efficient modulation scheme than the Manchester code which requires a 

transmission rate twice the data rate. The maximum frame size is 4500 octets (bytes). 

The MAC layer defines the media access protocol, which is a timed token passing protocol. Much 

research has been done on timed token protocols and on the performance of the access protocol used 

in the FDDI standard [{10,11,12]. Nodes on a FDDI network negotiate a desired value for the Target 

Token Rotation Time (TTRT) which defines a goal for the maximum time interval between token 

arrivals at a node. FDDI uses the TTRT and timed token protocol to provide guaranteed bandwidth 

and a maximum worst-case response time. FDDI offers two types of services to allocate guaranteed 

bandwidth: synchronous and asynchronous. 

Synchronous service is reserved for deterministic intervals and data sizes, while asynchronous service is 

used for random intervals and varying data sizes. Guaranteed bandwidth required for synchronous 

service is dynamically assigned as synchronous data becomes available [13]. Unused bandwidth is then 

granted to stations for asynchronous data transmission. Chapter 6 discusses further the research on the 

TTRT values and its effect on network performance. 

In addition to the access protocol, the MAC layer defines the node addressing, handles data re- 

transmission, strips data off the media, and is responsible for ring initialization and recovery. A newer 

specification called FDDI-II adds the capability for circuit-switched services to the regular packet 

services of FDDI [13]. 
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The SMT layer handles several functions including station initialization, activation, performance 

monitoring, maintenance, and error control. Specifically, SMT defines three functions including 

connection management, ring management, and operational management to control station activity [13]. 

Connection management controls establishment and maintenance of the physical as well as logical 

topology of the network. Ring management supervises proper functioning of the ring, such as ensuring 

circulation of a usable token. Operational management controls inter-operability between stations and 

management of various parameter settings, status information, counter and timer values, etc. [13]. 

Above the FDDI layers, the vector processor service uses the IEEE logical Link Control (LLC) standard 

[14]. The LLC protocol, in turn, interfaces with the network layer protocol. The next section reviews 

the common network and transport protocols in use today. 

23 IP/TCP/UDP 

The Internet Protocol (IP), Transmission Control Protocol (TCP), and User Datagram Protocol (UDP) 

are part of the DoD protocol suite used in the ARPANET [4]. IP is a network layer protocol, while 

TCP and UDP are alternative transport protocols. 

The Internet Protocol was developed for the ARPANET in the 1970’s [15]. IP provides for the routing 

of datagrams in an unreliable subnet, handling fragmentation and re-assembly of long datagrams. 

Services such as flow control, sequencing, and additional data reliability are not provided by IP. The 

functionality of IP was purposefully limited to allow upper protocols to provide services as needed for 

a given application [15]. 
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The TCP and UDP protocols were also developed for the ARPANET. Although both TCP and UDP 

are stream-oriented transport protocols, there exist many differences between them. TCP is a 

connection-oriented protocol; TCP sets up a connection between the sender and receiver before 

transmitting any data. TCP buffers short messages, and even combines multiple messages into one large 

data unit before sending. TCP breaks large messages into datagrams, buffering the datagrams before 

transmission. TCP provides for reliable delivery using packet sequencing, which allows for the re- 

transmission of lost datagrams, and proper ordering of constituent datagrams into the original message. 

Additionally, TCP handles flow control using a variable-sized sliding window protocol [5,9]. 

UDP is a connectionless protocol; UDP transmits data without a connection being established. UDP 

does not buffer datagrams before transmission, nor does UDP combine multiple messages into larger 

data units. UDP does not provide for re-transmission or packet sequencing. Hence, UDP does not 

guarantee datagram delivery. Additionally, UDP does not provide any flow control mechanism. 

Controversy concerning the transport protocol exists for high-speed networks. TCP was designed when 

communication networks were limited to transmission speeds in the range of kilobits per second. This 

is in contrast to the multiple megabit per second speeds of today’s LANs. The argument is that TCP 

is inefficient and cannot keep up with higher network throughputs [16-20]. Proponents of TCP have 

countered that with proper implementation, TCP can handle the throughput demands of high speed 

networks such as FDDI [21,22]. This research analyzed the performance of both TCP and UDP 

protocols for use as the transport protocol in a distributed VP service. Further discussion of transport 

protocol performance is given in Chapter 7. 
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In summary, the transport layer provides an end-to-end communication facility to upper layers. Several 

methods are available to implement interprocess communication for the vector processor service using 

the transport facility. This research employs the socket abstraction, introduced in the following section, 

to establish interprocess communication. 

2.4 Socket Abstraction 

Interprocess communication (IPC) may be established by two basic methods, shared memory or 

message-passing. In the shared memory approach, processes have access to a shared address space in 

the computer. Processes may then pass information by reading and writing to this common memory. 

With the message-passing technique, processes exchange messages via some specified protocol. The 

socket abstraction provides a mechanism to pass messages between processes [1]. 

A socket may be view as a bi-directional endpoint of communication. Sockets are classified by 

communication domain and socket type. Communication domains dictate the addressing scheme for 

the socket. There are two domains in use at the time of this writing, the UNIX domain, and the 

Internet domain. The UNIX domain is primarily used for IPC whenever the communicating processes 

run on the same machine. The Internet domain is primarily used for IPC whenever the communicating 

processes execute on two separate computers. The Internet domain is used in this research since the 

distributed VP service does require communication between processes residing on different computers. 

The type of the socket determines the services that are available to the user. Five classes have been 

defined, three of which are available in BSD4.3 UNIX: stream, datagram, and raw [1]. Sockets are 

handled by system calls and library routines available to the programmer. Using these calls and 
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routines, the programmer may treat the socket in a similar manner as an open file. Thus, data transfer 

between processes is established by reading and writing to a socket. 

By using sockets, the programmer has a method to establish interprocess communication. However, 

software support is still needed to manage and interpret the data passed through sockets. Programming 

tools and techniques, such as remote procedure calls, may be used to implement the necessary support. 

2.5 Remote Shell and Remote Procedure Call 

The rsh utility is an application level service available to users. rsh allows the user to execute commands 

on another machine, copying its standard input to the remote command, and the standard output and 

standard error of the remote command to its standard output and standard error [23]. One 

implementation for the VP service uses a similar approach to remotely execute a user’s application 

program and re-direct the standard input and output channels. 

Remote procedure call (RPC) is a programming technique typically used with the connectionless method 

of communication [8]. RPC is popular in distributed systems since it is well-suited for the client-server 

paradigm. In a client-server modcl, a client process requests some work to be done by a server process. 

RPC is a session layer protocol which is layer 5 in the OSI model. The RPC protocol is analogous to 

a program making a local procedure call. However, the RPC technique enables the procedure to be 

execute remotely on another computer. To the application program, the procedure appears to be 

executed locally, so the remote execution is transparent. 
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�T�h�e� �S�M�P� �c�o�n�t�r�o�l�s� �t�h�e� �i�n�t�e�r�n�a�l� �d�a�t�a� �f�l�o�w� �w�i�t�h�i�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �[�2�4�]�.� �T�h�e� �p�r�i�m�a�r�y� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

�S�M�P� �i�s� �t�o� �t�r�a�n�s�f�e�r� �d�a�t�a� �b�e�t�w�e�e�n� �t�h�e� �m�a�i�n� �m�e�m�o�r�y� �a�n�d� �t�h�e� �c�a�c�h�e� �m�e�m�o�r�y�.� 

�T�h�e� �A�C�P� �c�o�n�t�r�o�l�s� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �c�a�c�h�e� �m�e�m�o�r�y� �a�n�d� �t�h�e� �A�C�U�,� �a�n�d� �d�i�r�e�c�t�s� �t�h�e� �d�a�t�a� 

�m�a�n�i�p�u�l�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �A�C�U�.� �T�h�e� �A�r�i�t�h�m�e�t�i�c� �C�o�n�t�r�o�l� �U�n�i�t� �c�o�n�t�a�i�n�s� �p�i�p�e�l�i�n�e�d� �a�r�i�t�h�m�e�t�i�c� �e�l�e�m�e�n�t�s�,� 

�i�n�c�l�u�d�i�n�g� �t�w�o� �a�d�d�e�r�s� �a�n�d� �t�w�o� �m�u�l�t�i�p�l�i�e�r�s�.� �T�h�e� �A�C�U� �a�l�s�o� �c�o�n�t�a�i�n�s� �a� �d�i�v�i�d�e�/�s�q�u�a�r�e� �r�o�o�t� �e�l�e�m�e�n�t� �[�2�4�]�.� 

�T�h�e� �c�a�c�h�e� �m�e�m�o�r�y� �s�e�r�v�e�s� �a�s� �t�h�e� �i�n�t�e�r�n�a�l� �w�o�r�k�i�n�g� �m�e�m�o�r�y� �f�o�r� �t�h�e� �V�P�.� �T�h�e� �c�a�c�h�e� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� 

�b�a�n�k�s�,� �e�a�c�h� �o�f� �w�h�i�c�h� �m�a�y� �b�e� �s�u�b�d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �l�o�g�i�c�a�l� �s�e�c�t�i�o�n�s�.� �T�h�e� �C�P� �m�a�y� �a�l�l�o�c�a�t�e� �a�n�y� �c�o�m�b�i�n�a�t�i�o�n� 

�o�f� �t�h�e� �s�i�x� �l�o�g�i�c�a�l� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �c�a�c�h�e� �t�o� �e�i�t�h�e�r� �t�h�e� �S�M�P� �o�r� �t�h�e� �A�C�P� �f�o�r� �d�a�t�a� �t�r�a�n�s�f�e�r�s�.� �E�a�c�h� �b�a�n�k� 

�h�o�l�d�s� �1�6�K� �(�1�6�,�3�8�4�)� �3�2�-�b�i�t� �w�o�r�d�s�,� �t�h�u�s� �t�h�e� �d�a�t�a� �c�a�c�h�e� �i�n�c�l�u�d�e�s� �a� �t�o�t�a�l� �o�f� �4�8�K� �(�4�9�,�1�5�2�)� �3�2�-�b�i�t� �w�o�r�d�s� �[�2�4�]�.� 

�T�h�e� �I�n�p�u�t�/�O�u�t�p�u�t� �S�u�b�s�y�s�t�e�m� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �m�o�v�i�n�g� �d�a�t�a� �b�e�t�w�e�e�n� �t�h�e� �h�o�s�t� �c�o�m�p�u�t�e�r� �a�n�d� �t�h�e� �V�P ��s� 

�m�a�i�n� �m�e�m�o�r�y�.� �T�h�e� �I�/�O� �s�u�b�s�y�s�t�e�m� �m�a�y� �i�n�c�l�u�d�e� �u�p� �t�o� �e�i�g�h�t� �I�/�O� �P�r�o�c�e�s�s�o�r�s� �(�I�O�P�)�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�s�p�e�c�i�f�i�c� �V�P� �m�o�d�e�l� �[�7�]�.� �O�n�e� �I�O�P� �i�s� �d�e�d�i�c�a�t�e�d� �t�o� �i�n�t�e�r�n�a�l� �d�a�t�a� �t�r�a�n�s�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �m�a�i�n� �m�e�m�o�r�y� �a�n�d� 

�t�h�e� �c�o�n�t�r�o�l� �p�r�o�c�e�s�s�o�r� �m�e�m�o�r�y�.� 

�T�h�e� �m�a�x�i�m�u�m� �m�a�i�n� �m�e�m�o�r�y� �s�i�z�e� �v�a�r�i�e�s� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �V�P� �m�o�d�e�l�,� �r�a�n�g�i�n�g� �f�r�o�m� �8� �m�i�l�l�i�o�n� �t�o� �3�2� �m�i�l�l�i�o�n� 

�3�2�-�b�i�t� �w�o�r�d�s�.� �T�h�e� �m�a�i�n� �m�e�m�o�r�y� �h�a�s� �a�s�s�i�g�n�e�d� �p�o�r�t�s� �f�o�r� �t�h�e� �I�O�P� �a�n�d� �S�M�P�.� �T�h�e� �S�M�P� �m�a�y� �a�c�c�e�s�s� �m�a�i�n� 

�m�e�m�o�r�y� �i�n� �b�y�t�e�s�,� �h�a�l�f�-�w�o�r�d�s� �(�1�6� �b�i�t�s�)� �o�r� �f�u�l�l� �w�o�r�d�s� �(�3�2� �b�i�t�s�)� �[�2�4�]�.� 

�F�o�r� �t�i�m�e�-�c�r�i�t�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�,� �a� �d�i�r�e�c�t� �m�e�m�o�r�y� �a�c�c�e�s�s� �(�D�M�A�)� �p�o�r�t� �i�s� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �C�P� �s�l�a�v�e� �c�o�n�t�r�o�l�s� 

�t�h�i�s� �D�M�A� �p�o�r�t�,� �w�h�i�c�h� �p�r�o�v�i�d�e�s� �f�o�r� �h�i�g�h�-�s�p�e�e�d� �m�e�m�o�r�y� �t�r�a�n�s�f�e�r�s� �b�e�t�w�e�e�n� �a�n� �e�x�t�e�r�n�a�l� �d�e�v�i�c�e� �a�n�d� �t�h�e� �V�P� 

�m�a�i�n� �m�e�m�o�r�y� �[�2�4�]�.� 
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�3�.�2� �S�o�f�t�w�a�r�e� �O�v�e�r�v�i�e�w� 

�T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e� �i�n�c�l�u�d�e�s� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �s�o�f�t�w�a�r�e�.� �T�h�e� �d�e�v�c�l�o�p�m�e�n�t� 

�t�o�o�l�s� �i�n�c�l�u�d�e� �a� �c�o�m�p�i�l�e�r�,� �m�a�c�r�o� �a�s�s�e�m�b�l�e�r�,� �s�e�v�e�r�a�l� �l�i�n�k�e�r�s�,� �a� �d�e�b�u�g�g�e�r�,� �a�n�d� �a� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�i�m�u�l�a�t�o�r�.� 

�T�h�e� �o�p�e�r�a�t�i�o�n�a�l� �s�o�f�t�w�a�r�e� �i�n�c�l�u�d�e�s� �t�h�e� �A�P�M� �r�u�n�n�i�n�g� �o�n� �t�h�e� �V�P�,� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �d�i�a�g�n�o�s�t�i�c� �t�o�o�l�s�,� �a�s� 

�w�e�l�l� �a�s� �d�e�v�i�c�e�-�d�e�p�e�n�d�e�n�t� �d�r�i�v�e�r�s�.� 

�3�.�2�.�1� �P�r�o�g�r�a�m�m�i�n�g� 

�A� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�p�p�l�i�c�a�t�i�o�n� �r�e�q�u�i�r�e�s� �t�h�e� �u�s�e�r� �t�o� �c�o�d�e� �t�w�o� �p�r�o�g�r�a�m�s�,� �a�n� �A�r�r�a�y� �P�r�o�c�e�s�s�o�r� �C�o�n�t�r�o�l� 

�L�a�n�g�u�a�g�e� �(�A�P�C�L�)� �p�r�o�g�r�a�m�,� �a�n�d� �a� �h�o�s�t� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m� �w�h�i�c�h� �m�a�k�e�s� �c�a�l�l�s� �t�o� �t�h�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� 

�A�r�r�a�y� �P�r�o�c�e�s�s�o�r� �e�X�e�c�u�t�i�v�e� �(�A�P�X�)� �l�i�b�r�a�r�y�.� �A�P�C�L� �i�s� �b�a�s�e�d� �o�n� �F�O�R�T�R�A�N�-�7�7� �w�i�t�h� �e�x�t�e�n�s�i�o�n�s� �t�o� �s�u�p�p�o�r�t� 

�t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�p�e�c�i�f�i�c� �h�a�r�d�w�a�r�e� �a�r�c�h�i�t�e�c�t�u�r�e� �[�2�5�]�.� �T�h�e� �A�P�X� �l�i�b�r�a�r�y� �i�s� �u�s�e�d� �t�o� �i�n�i�t�i�a�l�i�z�e� �t�h�e� �v�e�c�t�o�r� 

�p�r�o�c�e�s�s�o�r�,� �c�o�n�t�r�o�l� �d�a�t�a� �t�r�a�n�s�f�e�r�,� �a�n�d� �p�e�r�f�o�r�m� �a� �p�r�o�p�e�r� �t�e�r�m�i�n�a�t�i�o�n� �[�2�6�]�.� �W�h�i�l�e� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� 

�r�u�n�n�i�n�g�,� �t�h�e�s�e� �t�w�o� �p�r�o�g�r�a�m�s� �c�o�m�m�u�n�i�c�a�t�e� �t�o� �h�a�n�d�l�e� �t�h�e� �o�r�d�e�r�l�y� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �V�P�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� 

�d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�d�u�r�e� �i�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

�T�h�e� �p�r�o�g�r�a�m�m�e�r� �f�i�r�s�t� �c�o�d�e�s� �t�h�e� �A�P�C�L� �p�r�o�c�e�s�s�,� �c�o�m�p�i�l�e�s� �t�h�e� �s�o�u�r�c�e� �w�i�t�h� �t�h�e� �A�P�C�L� �c�o�m�p�i�l�e�r�,� �a�s�s�e�m�b�l�e�s� 

�a�n�y� �c�u�s�t�o�m� �m�a�c�r�o�s� �w�i�t�h� �t�h�e� �a�s�s�e�m�b�l�e�r�,� �t�h�e�n� �l�i�n�k�s� �t�h�e� �r�e�s�u�l�t�i�n�g� �o�b�j�e�c�t� �f�i�l�e�(�s�)� �w�i�t�h� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �t�o� 

�p�r�o�d�u�c�e� �a�n� �e�x�e�c�u�t�a�b�l�e� �l�o�a�d� �m�o�d�u�l�e�.� �D�u�r�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �h�o�s�t� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m�,� �t�h�i�s� �l�o�a�d� 

�m�o�d�u�l�e� �i�s� �d�o�w�n�l�o�a�d�e�d� �t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� 

�N�e�x�t� �t�h�e� �V�P� �p�r�o�g�r�a�m�m�e�r� �c�o�d�e�s� �t�h�e� �h�o�s�t� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m�,� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �c�a�l�l�s� �t�o� �A�P�X� �s�u�b�r�o�u�t�i�n�e�s�.� 

�T�h�e�n� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �c�o�m�p�i�l�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �w�i�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �h�o�s�t� �F�O�R�T�R�A�N� �c�o�m�p�i�l�e�r�,� 

�a�n�d� �l�i�n�k�s� �t�h�e� �o�b�j�e�c�t� �c�o�d�e� �w�i�t�h� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �l�i�b�r�a�r�y�.� �T�h�e� �V�P� �p�r�o�g�r�a�m�m�e�r� �h�a�s� �a� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e� �2�1



�c�h�o�i�c�e� �o�f� �l�i�n�k�e�r�s� �t�o� �u�s�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �t�o�o�l�s� �h�e� �o�r� �s�h�e� �w�i�s�h�e�s� �t�o� �u�s�e� �[�2�6�]�.� �T�h�e� �A�P�X� 

�s�u�b�r�o�u�t�i�n�e�s� �a�r�e� �u�s�e�d� �t�o� �s�e�t�u�p� �t�h�e� �V�P�,� �d�o�w�n�l�o�a�d� �t�h�e� �l�o�a�d� �m�o�d�u�l�e�,� �s�t�a�r�t� �V�P� �e�x�e�c�u�t�i�o�n�,� �a�n�d� �h�a�n�d�l�e� �a�n�y� 

�d�a�t�a� �t�r�a�n�s�f�e�r�s� �b�e�t�w�e�e�n� �t�h�e� �h�o�s�t� �c�o�m�p�u�t�e�r� �a�n�d� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� 

�3�.�2�.�2� �S�o�f�t�w�a�r�e� �L�a�y�e�r�s� 

�T�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �a�n�d� �t�h�e� �A�P�C�L� �p�r�o�c�e�s�s� �m�a�y� �b�e� �v�i�e�w� �i�n� �t�e�r�m�s� �o�f� �s�o�f�t�w�a�r�e� 

�l�a�y�e�r�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n� �i�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �V�M�E� �A�d�a�p�t�e�r� �f�o�r� �t�h�e� �v�e�c�t�o�r� 

�p�r�o�c�e�s�s�o�r�.� �F�i�g�u�r�e� �3�.�2� �d�e�p�i�c�t�s� �t�h�e� �l�a�y�e�r�s� �r�e�q�u�i�r�e�d� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�.� �T�h�e� �t�o�p� �l�a�y�e�r� �i�s� �t�h�e� �u�s�e�r ��s� �A�P�X� 

�a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �m�a�k�e�s� �c�a�l�l�s� �t�o� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �e�x�i�s�t�i�n�g� �o�n� �t�h�e� �h�o�s�t�.� �T�h�e� 

�A�P�X� �c�a�l�l�s� �g�e�n�e�r�a�t�e� �a� �c�o�m�m�a�n�d� �p�a�c�k�e�t� �w�h�i�c�h� �i�s� �h�a�n�d�l�e�d� �b�y� �X�P�I�O� �r�o�u�t�i�n�e�s�.� �T�h�e� �X�P�I�O� �r�o�u�t�i�n�e�s� �f�o�r�m�a�t� 

 ��a�n�d� �t�r�a�n�s�f�e�r� �t�h�e� �c�o�m�m�a�n�d� �p�a�c�k�e�t� �t�o� �t�h�e� �d�e�v�i�c�e� �d�r�i�v�e�r�.� �T�h�e� �d�e�v�i�c�e� �d�r�i�v�e�r� �i�n�t�e�r�p�r�e�t�s� �t�h�e� �c�o�m�m�a�n�d� 

�p�a�c�k�e�t�,� �a�n�d� �w�r�i�t�e�s� �c�o�n�t�r�o�l� �d�a�t�a� �t�o� �t�h�e� �V�P� �a�d�a�p�t�e�r ��s� �V�M�E� �a�d�d�r�e�s�s� �s�p�a�c�e�.� �T�h�e� �V�P� �a�d�a�p�t�e�r� �t�h�e�n� �h�a�n�d�l�e�s� 

�d�a�t�a� �t�r�a�n�s�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �V�P� �m�a�i�n� �m�e�m�o�r�y� �a�n�d� �t�h�e� �V�M�E� �m�e�m�o�r�y�.� 

�3�3� �S�y�s�t�e�m� �O�v�e�r�v�i�e�w� 

�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�,� �i�t� �i�s� �u�s�e�f�u�l� �t�o� �l�o�o�k� �a�t� �t�h�e� �f�l�o�w� 

�o�f� �d�a�t�a� �f�o�r� �a� �t�y�p�i�c�a�l� �V�P� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �t�y�p�e� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �a�f�f�e�c�t�s� �d�a�t�a� �t�r�a�n�s�f�e�r�s�,� �a�n�d� �t�h�e�r�c�f�o�r�e� �t�h�e� 

�t�w�o� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �o�f� �V�P� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �a�l�s�o� �a�d�d�r�e�s�s�e�d�.� 

�3�.�3�.�1� �D�a�t�a� �F�l�o�w� �i�n� �t�h�e� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� 

�F�i�g�u�r�e� �3�.�3� �s�h�o�w�s� �t�h�e� �m�a�j�o�r� �d�a�t�a� �f�l�o�w�s� �i�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �[�7�]�.� �R�a�w� �i�n�p�u�t� �d�a�t�a� �t�o� �t�h�e� �v�e�c�t�o�r� 

�p�r�o�c�e�s�s�o�r� �m�a�y� �b�e� �p�r�o�d�u�c�e�d� �b�y� �e�i�t�h�e�r� �t�h�e� �h�o�s�t�,� �a� �d�a�t�a� �a�c�q�u�i�s�i�t�i�o�n� �d�e�v�i�c�e�,� �o�r� �a�n� �a�t�t�a�c�h�e�d� �d�i�s�k�.� �T�h�i�s� �i�n�p�u�t� 

�d�a�t�a� �e�n�t�e�r�s� �t�h�r�o�u�g�h� �a�n� �I�O�P� �o�r� �D�M�A�.� �T�h�e� �A�P�C�L� �m�o�d�u�l�e� �i�s� �d�o�w�n�l�o�a�d�e�d� �t�o� �m�a�i�n� �m�e�m�o�r�y�.� �W�h�e�n� �t�h�e� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e� �2�2
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�F�i�g�u�r�e� �3�.�3�.� �D�a�t�a� �F�l�o�w�s� �i�n� �t�h�e� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �(�f�r�o�m� �[�7�]� �)�.� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e



�A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �h�o�s�t� �c�o�m�p�u�t�e�r�,� �t�h�e� �A�P�C�L� �m�o�d�u�l�e� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l� �p�r�o�c�e�s�s�o�r ��s� 

�l�o�c�a�l� �m�e�m�o�r�y� �f�o�r� �t�h�e� �C�P� �s�l�a�v�e� �t�o� �r�u�n�,� �T�h�e� �A�P�C�L� �m�o�d�u�l�e� �m�a�k�e�s� �S�M�P� �a�n�d� �A�C�P� �m�a�c�r�o� �c�a�l�l�s�,� �t�h�u�s� 

�d�i�r�e�c�t�i�n�g� �o�p�e�r�a�t�i�o�n�s� �i�n� �t�h�e�s�e� �p�r�o�c�e�s�s�o�r�s�.� �T�h�e� �c�a�l�l�s� �m�o�v�e� �d�a�t�a� �f�r�o�m� �t�h�e� �m�a�i�n� �m�e�m�o�r�y� �t�o� �c�a�c�h�e�,� �a�n�d� �t�h�e�n� 

�t�o� �t�h�e� �A�C�U� �t�o� �b�e� �p�r�o�c�e�s�s�e�d�.� �A�f�t�e�r� �p�r�o�c�e�s�s�i�n�g� �b�y� �t�h�e� �A�C�U�,� �t�h�e� �d�a�t�a� �i�s� �r�e�t�u�r�n�e�d� �t�o� �m�a�i�n� �m�e�m�o�r�y� �v�i�a� 

�t�h�e� �c�a�c�h�e�.� �F�r�o�m� �t�h�e� �m�a�i�n� �m�e�m�o�r�y�,� �t�h�e� �h�o�s�t� �A�P�X� �p�r�o�g�r�a�m� �t�r�a�n�s�f�e�r�s� �t�h�e� �p�r�o�c�e�s�s�e�d� �d�a�t�a� �t�o� �t�h�e� �h�o�s�t� �o�r� 

�d�i�s�k�.� 

�3�3�.�2� �T�y�p�e�s� �o�f� �V�P� �A�p�p�l�i�c�a�t�i�o�n�s� 

�A�p�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �m�a�y� �b�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �o�n�e� �o�f� �t�w�o� �c�a�t�e�g�o�r�i�e�s�,� �b�a�t�c�h� �j�o�b�s� �o�r� �r�e�a�l�-� 

�t�i�m�e� �t�a�s�k�s�.� �R�e�a�l�-�t�i�m�e� �t�a�s�k�s� �t�r�a�n�s�f�e�r� �d�a�t�a� �c�o�n�t�i�n�u�o�u�s�l�y� �d�u�r�i�n�g� �A�P� �o�p�e�r�a�t�i�o�n�.� �C�o�n�v�e�r�s�e�l�y�,� �b�a�t�c�h� �j�o�b�s� �a�r�e� 

�t�h�o�s�e� �V�P� �a�p�p�l�i�c�a�t�i�o�n�s� �t�h�a�t� �t�r�a�n�s�f�e�r� �d�a�t�a� �a�t� �d�i�s�c�r�e�t�e� �t�i�m�e�s� �r�a�t�h�e�r� �t�h�a�n� �c�o�n�t�i�n�u�o�u�s�l�y� �d�u�r�i�n�g� �t�h�e� �V�P� �p�r�o�c�e�s�s� 

�e�x�e�c�u�t�i�o�n�.� �F�o�r� �b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n�s�,�r�a�w� �d�a�t�a� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �V�P� �m�a�i�n� �m�e�m�o�r�y� �p�r�i�o�r� �t�o� �c�o�m�p�u�t�a�t�i�o�n�,� 

�a�n�d� �p�r�o�c�e�s�s�e�d� �d�a�t�a� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �h�o�s�t� �o�r� �d�i�s�k� �f�o�l�l�o�w�i�n�g� �V�P� �c�o�m�p�u�t�a�t�i�o�n�s�.� 

�T�o� �s�u�p�p�o�r�t� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �h�a�n�d�l�e�s� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �a�n�d� �p�r�o�c�e�s�s�i�n�g� 

�o�p�e�r�a�t�i�o�n�s� �c�o�n�c�u�r�r�e�n�t�l�y�.� �T�h�e� �V�P� �e�m�p�l�o�y�s� �a� �c�i�r�c�u�l�a�r� �b�u�f�f�e�r� �p�o�o�l� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �i�n� �t�h�e� �m�a�i�n� �m�e�m�o�r�y�.� 

�L�o�g�i�c�a�l�l�y�,� �a� �b�u�f�f�e�r� �p�o�o�l� �m�a�y� �b�e� �v�i�e�w�e�d� �a�s� �a�n� �e�n�d�l�e�s�s� �s�e�r�i�e�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �d�a�t�a� �b�l�o�c�k�s� �[�7�]�.� �P�h�y�s�i�c�a�l�l�y�,� �t�h�e� 

�b�u�f�f�e�r� �p�o�o�l� �i�s� �a� �s�e�t� �o�f� �a�d�d�r�e�s�s�e�s� �i�n� �m�a�i�n� �m�e�m�o�r�y�,� �w�i�t�h� �a� �p�o�i�n�t�e�r� �r�e�f�e�r�e�n�c�i�n�g� �a� �d�a�t�a� �b�l�o�c�k�.� �T�h�e� �p�o�i�n�t�e�r� 

�w�r�a�p�s� �a�r�o�u�n�d� �t�o� �t�h�e� �s�t�a�r�t�i�n�g� �d�a�t�a� �b�l�o�c�k� �a�f�t�e�r� �r�e�a�c�h�i�n�g� �t�h�e� �l�a�s�t� �d�a�t�a� �b�l�o�c�k�.� �F�i�g�u�r�e� �3�.�4� �d�e�p�i�c�t�s� �t�h�e� �b�u�f�f�e�r� 

�p�o�o�l� �o�p�e�r�a�t�i�o�n� �[�7�]�.� 

�T�h�e� �b�u�f�f�e�r� �p�o�o�l� �c�o�n�c�e�p�t� �f�o�l�l�o�w�s� �a� �p�r�o�d�u�c�e�r�/�c�o�n�s�u�m�e�r� �r�e�l�a�t�i�o�n�s�h�i�p� �[�7�]�.� �P�r�o�d�u�c�e�r�s� �p�l�a�c�e� �d�a�t�a� �i�n� �t�h�e� 

�b�u�f�f�e�r� �p�o�o�l� �w�h�i�l�e� �c�o�n�s�u�m�e�r�s� �r�e�m�o�v�e� �d�a�t�a� �f�r�o�m� �t�h�e� �b�u�f�f�e�r� �p�o�o�l�.� �P�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �s�u�c�h� �a�s� �t�h�e� �S�M�P� 

�o�r� �t�h�e� �I�O�P� �a�r�e� �a�s�s�i�g�n�e�d� �t�o� �b�e� �e�i�t�h�e�r� �p�r�o�d�u�c�e�r�s� �o�r� �c�o�n�s�u�m�e�r�s� �t�o� �t�h�e� �b�u�f�f�e�r� �p�o�o�l�.� �D�a�t�a� �t�r�a�n�s�f�e�r� �t�o� �a�n�d� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e� �2�5
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�F�i�g�u�r�e� �3�.�4�.� �B�u�f�f�e�r� �P�o�o�l� �O�p�e�r�a�t�i�o�n� �(�f�r�o�m� �[�7�]� �)� �.� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e� �2�6



�f�r�o�m� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� �i�s� �c�o�n�t�i�n�u�o�u�s�,� �t�a�k�i�n�g� �p�l�a�c�e� �c�o�n�c�u�r�r�e�n�t�l�y� �w�i�t�h� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �b�y� �t�h�e� �A�C�U�.� �T�h�i�s� 

�t�r�a�n�s�f�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �d�i�f�f�e�r�s� �f�r�o�m� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�o�r� �b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �d�a�t�a� �t�r�a�n�s�f�e�r� �o�c�c�u�r�s� 

�i�n� �s�e�r�i�e�s� �w�i�t�h� �A�C�U� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e�s�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �m�u�s�t� �b�e� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �w�h�e�n� 

�d�e�v�e�l�o�p�i�n�g� �m�o�d�e�l�s� �f�o�r� �a� �d�i�s�t�r�i�b�u�t�e�d� �V�P� �a�p�p�l�i�c�a�t�i�o�n�,� �a�s� �a�d�d�r�e�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �4�.� 

�C�h�a�p�t�e�r� �3�.� �V�e�c�t�o�r� �P�r�o�c�e�s�s�o�r� �A�r�c�h�i�t�e�c�t�u�r�e� �2�7



�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� 

�A� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �m�a�y� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �u�s�i�n�g� �a�n�y� �o�f� �f�o�u�r� �b�a�s�i�c� �s�c�h�e�m�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �w�h�i�c�h� 

�V�P� �s�o�f�t�w�a�r�e� �i�n�t�e�r�f�a�c�e� �i�s� �d�i�s�t�r�i�b�u�t�e�d� �o�v�e�r� �t�h�e� �n�e�t�w�o�r�k� �a�n�d� �t�h�e� �t�r�a�n�s�p�a�r�e�n�c�y� �p�r�o�v�i�d�e�d� �t�o� �t�h�e� �V�P� �u�s�e�r�.� 

�A�t� �t�h�e� �t�o�p� �l�e�v�e�l�,� �t�h�e� �u�s�e�r� �m�a�y� �r�e�m�o�t�e�l�y� �l�o�g�i�n�,� �e�.�g�.� �u�s�i�n�g� �r�/�o�g�i�n� �o�r� �t�e�l�n�e�t� �[�2�3�]�,� �a�n�d� �a�c�c�e�s�s� �t�h�e� �V�P� �d�i�r�e�c�t�l�y� 

�f�r�o�m� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�i�s� �m�e�t�h�o�d� �d�o�e�s� �n�o�t� �r�e�q�u�i�r�e� �a�n�y� �s�p�e�c�i�a�l� �p�r�o�g�r�a�m�m�i�n�g�,� �b�u�t� �c�o�n�s�t�r�a�i�n�s� �t�h�e� 

�u�s�e�r� �t�o� �h�a�v�e� �l�o�g�o�n� �a�c�c�e�s�s� �t�o� �t�h�e� �s�e�r�v�e�r�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� �t�h�e� �u�s�e�r� �m�a�y� �r�e�m�o�t�e�l�y� �e�x�e�c�u�t�e� �a� �s�i�n�g�l�e� �c�o�m�m�a�n�d�,� 

�i�.�e�.� �7�5�h� �[�2�3�]�,� �t�o� �r�u�n� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�i�s� �l�a�t�t�e�r� �m�e�t�h�o�d�,� �t�h�o�u�g�h� �n�o�t� �f�u�l�l�y� 

�t�r�a�n�s�p�a�r�e�n�t�,� �s�a�v�e�s� �t�h�e� �u�s�e�r� �f�r�o�m� �e�x�t�r�a� �s�t�e�p�s� �n�e�e�d�e�d� �t�o� �l�o�g�i�n� �t�o� �t�h�e� �r�e�m�o�t�e� �s�y�s�t�e�m�.� �A� �t�h�i�r�d� �t�e�c�h�n�i�q�u�e� 

�e�m�p�l�o�y�s� �a� �s�e�s�s�i�o�n� �l�e�v�e�l� �p�r�o�t�o�c�o�l� �t�o� �e�x�e�c�u�t�e� �i�n�d�i�v�i�d�u�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �r�e�m�o�t�e�l�y� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�T�h�e� �f�o�u�r�t�h� �m�a�n�n�e�r� �t�o� �i�m�p�l�e�m�e�n�t� �a� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �r�u�n�s� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �c�o�m�p�l�e�t�e�l�y� �o�n� �t�h�e� 

�u�s�e�r ��s� �c�o�m�p�u�t�e�r�,� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�c�r�o�s�s� �t�h�e� �n�e�t�w�o�r�k� �a�t� �t�h�e� �d�e�v�i�c�e� �d�r�i�v�e�r� �l�e�v�e�l�.� 

�E�a�c�h� �m�e�t�h�o�d� �m�a�y� �b�e� �m�o�d�e�l�e�d� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �a�n�a�l�y�s�i�s� �p�u�r�p�o�s�e�s�.� �S�e�c�t�i�o�n� �4�.�1� �p�r�e�s�e�n�t�s� �a�n� �o�v�e�r�v�i�e�w� 

�o�f� �t�h�e� �v�a�r�i�o�u�s� �m�o�d�e�l�s�.� �S�e�c�t�i�o�n� �4�.�2� �a�d�d�r�e�s�s�e�s� �i�s�s�u�e�s� �c�o�m�m�o�n� �t�o� �t�h�e� �t�w�o� �m�o�d�e�l�s� �w�h�i�c�h� �a�r�e� �r�e�a�l�i�z�e�d� �f�o�r� 

�t�h�i�s� �r�e�s�e�a�r�c�h�.� �S�e�c�t�i�o�n�s� �4�.�3� �a�n�d� �4�.�4� �a�s�s�e�s�s� �t�h�e� �s�p�e�c�i�f�i�c� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �t�w�o� �m�o�d�e�l�s�.� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �2�8



�4�.�1� �O�v�e�r�v�i�e�w� �o�f� �V�P� �S�e�r�v�i�c�e� �M�o�d�e�l�s� 

�T�h�e� �d�i�f�f�e�r�e�n�t� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �t�o� �i�m�p�l�e�m�e�n�t� �a� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �a�r�e� �a�l�t�e�r�n�a�t�i�v�e� �s�t�r�a�t�e�g�i�e�s� 

�t�o� �p�r�o�v�i�d�e� �a�n� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �a� �u�s�e�r� �a�n�d� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �T�h�e� �s�t�r�a�t�e�g�i�e�s� �m�a�y� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �a�s� 

�'� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�e� �V�P� �s�e�r�v�i�c�e�.� �F�i�g�u�r�e� �4�.�1� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �l�a�y�e�r�s� �t�r�a�n�s�v�e�r�s�e�d� �f�r�o�m� �t�h�e� �u�s�e�r� 

�t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�n�d� �t�h�e� �i�n�t�e�r�f�a�c�e�s� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s�.� �T�h�e� �i�n�t�e�r�f�a�c�e�s� �r�e�p�r�e�s�e�n�t� �w�h�e�r�e� �t�h�e� 

�n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e� �b�e�t�w�e�e�n� �l�a�y�e�r�s�.� 

�T�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �b�a�s�e�d� �o�n� �t�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �u�s�e�s� �t�h�e� �n�e�t�w�o�r�k� �t�o� �i�n�t�e�r�f�a�c�e� 

�b�e�t�w�e�e�n� �t�h�e� �u�s�e�r� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �a�r�e� �h�a�n�d�l�e�d� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� �i�n� 

�t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �s�i�t�u�a�t�i�o�n�.� �T�h�e� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�n�v�o�l�v�e�s� �a� �r�e�q�u�e�s�t� �f�o�r� �A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�i�o�n� 

�a�n�d� �r�e�t�u�r�n�e�d� �p�r�o�c�e�s�s�e�d� �d�a�t�a�.� 

�T�h�e� �R�P�C� �m�o�d�e�l� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �t�h�i�r�d� �m�e�t�h�o�d� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �a�n�d� �p�r�o�v�i�d�e�s� �a� �n�e�t�w�o�r�k� �i�n�t�e�r�f�a�c�e� 

�b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �A�P�X� �l�i�b�r�a�r�y�.� �T�h�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �m�a�d�e� �b�y� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� 

�a�r�e� �h�a�n�d�l�e�d� �a�s� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s� �s�e�r�v�i�c�e�d� �b�y� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�i�n�c�l�u�d�e�s� �e�x�c�h�a�n�g�i�n�g� �A�P�X� �c�a�l�l� �p�a�r�a�m�e�t�e�r�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �d�a�t�a� �t�r�a�n�s�f�e�r�s�.� 

�T�h�e� �D�E�V�I�C�E� �D�R�I�V�E�R� �m�o�d�e�l�,� �b�a�s�e�d� �o�n� �t�h�e� �f�o�u�r�t�h� �m�e�t�h�o�d�,� �u�s�e�s� �t�h�e� �n�e�t�w�o�r�k� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �X�P�I�O� �r�o�u�t�i�n�e�s� �a�n�d� �t�h�e� �d�e�v�i�c�e� �d�r�i�v�e�r�s� �f�o�r� �t�h�e� �V�M�E� �B�u�s� �a�n�d� �S�t�a�r� �V�M�E� �A�d�a�p�t�e�r�.� 

�T�h�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �a�r�e� �h�a�n�d�l�e�d� �l�o�c�a�l�l�y� �o�n� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�,� �a�n�d� �t�h�e� �f�o�r�m�a�t�t�e�d� �X�P�I�O� �c�o�m�m�a�n�d� 

�m�e�s�s�a�g�e�s� �a�r�e� �e�n�c�a�p�s�u�l�a�t�e�d� �i�n� �n�e�t�w�o�r�k� �p�a�c�k�e�t�s�.� �T�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �i�s� �t�h�e�n� 

�h�a�n�d�l�e�d� �b�y� �t�h�e� �d�e�v�i�c�e� �d�r�i�v�e�r�s�.� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �2�9
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�A� �d�i�s�t�r�i�b�u�t�e�d� �s�o�f�t�w�a�r�e� �e�n�g�i�n�e�e�r�i�n�g� �d�e�s�i�g�n� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�s� �b�o�t�h� �a� �p�a�r�t�i�t�i�o�n� �a�n�d� 

�a�l�l�o�c�a�t�i�o�n� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n ��s� �s�o�f�t�w�a�r�e� �m�o�d�u�l�e�s�.� �T�h�e� �p�a�r�t�i�t�i�o�n� �s�e�g�r�e�g�a�t�e�s� �t�h�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �a�n�d� 

�d�a�t�a� �f�i�l�e�s� �i�n�t�o� �p�r�o�c�e�s�s�e�s�,� �w�h�i�c�h� �a�r�e� �t�h�e�n� �a�l�l�o�c�a�t�e�d� �t�o� �s�p�e�c�i�f�i�c� �h�o�s�t�s�.� �T�h�e� �p�a�r�t�i�t�i�o�n� �c�h�o�s�e�n� �i�s� �a� �t�r�a�d�e�o�f�f� 

�b�e�t�w�e�e�n� �m�i�n�i�m�i�z�i�n�g� �t�h�e� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �m�a�x�i�m�i�z�i�n�g� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�a�r�a�l�l�e�l�i�s�m� �[�2�7�]�.� 

�T�h�e� �p�a�r�t�i�t�i�o�n� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�o�f�t�w�a�r�e� �m�u�s�t� �d�e�f�i�n�e� �t�h�e� �A�P�C�L� �m�o�d�u�l�e� �a�s� �o�n�e� �p�a�r�t�i�t�i�o�n� �a�l�l�o�c�a�t�e�d� 

�t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �H�o�w�e�v�e�r� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �m�a�y� �h�a�v�e� �s�e�v�e�r�a�l� �p�a�r�t�i�t�i�o�n�i�n�g�s� �a�n�d� �a�l�l�o�c�a�t�i�o�n�s�.� 

�T�h�e� �d�i�f�f�e�r�e�n�t� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �t�o� �i�m�p�l�e�m�e�n�t� �a� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �m�a�y� �b�e� �v�i�e�w�e�d� �a�s� 

�d�i�f�f�e�r�e�n�t� �p�a�r�t�i�t�i�o�n�i�n�g�s� �a�n�d� �a�l�l�o�c�a�t�i�o�n�s� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�o�f�t�w�a�r�e�.� �I�n� �t�h�e� �n�o�r�m�a�l� �s�t�a�n�d�-�a�l�o�n�e� �c�a�s�e�,� 

�t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �r�u�n�s� �t�h�e� �A�P�X� �p�r�o�g�r�a�m�,� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �t�h�e� �V�P� �i�n� �a� �c�o�n�v�e�n�t�i�o�n�a�l� �m�a�n�n�e�r�.� �T�h�e� 

�A�P�X� �l�i�b�r�a�r�y� �r�e�s�i�d�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �H�e�r�e�,� �t�h�e� �c�o�m�p�l�e�t�e� �A�P�X� �p�r�o�g�r�a�m� �i�s� �o�n�e� �p�a�r�t�i�t�i�o�n� �a�n�d� 

�a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�F�o�r� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e�,� �t�h�e�r�e� �a�r�e� �t�h�r�e�e� �p�a�r�t�i�t�i�o�n�i�n�g� �m�o�d�e�l�s� �b�a�s�e�d� �o�n� �w�h�e�r�e� �t�h�e� 

�A�P�X� �p�r�o�g�r�a�m� �a�n�d� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �r�e�s�i�d�e� �a�n�d� �e�x�e�c�u�t�e�.� �T�h�e�s�e� �m�o�d�e�l�s� �p�a�r�t�i�t�i�o�n� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� 

�d�i�f�f�e�r�e�n�t�l�y� �a�n�d� �a�l�l�o�c�a�t�e� �t�h�e� �p�r�o�c�e�s�s�e�s� �a�c�r�o�s�s� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n� �a�n�d� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �E�a�c�h� 

�p�a�r�t�i�t�i�o�n� �d�e�f�i�n�e�s� �a� �d�i�f�f�e�r�e�n�t� �l�o�a�d� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�r�e�q�u�i�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�n�d� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�.� �F�i�g�u�r�e� �4�.�2� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �t�h�r�e�e� 

�p�a�r�t�i�t�i�o�n�i�n�g�s�.� 

�I�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �b�e�i�n�g� �r�e�m�o�t�e�l�y� �i�n�v�o�k�e�d� �b�y� 

�a� �u�s�e�r� �o�n� �t�h�e� �c�l�i�e�n�t� �w�o�r�k�s�t�a�t�i�o�n�,� �a�n�d� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �r�e�s�i�d�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �A�P�X� �p�r�o�g�r�a�m� 

�h�a�s� �t�h�r�e�e� �p�a�r�t�i�t�i�o�n�s�:� �a� �c�l�i�e�n�t� �s�h�e�l�l� �p�r�o�c�e�s�s� �a�l�l�o�c�a�t�e�d� �t�o�t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�,� �a� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �3�1
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�a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �a�n�d� �a�n� �A�P�X� �s�e�r�v�e�r� �p�r�o�c�e�s�s�,� �w�h�i�c�h� �e�x�e�c�u�t�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�,� 

�i�s� �a�l�s�o� �a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �p�a�r�t�i�t�i�o�n�i�n�g� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�2�(�a�)�.� 

�I�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�.� �T�h�e� �A�P�X� �l�i�b�r�a�r�y� �r�e�s�i�d�e�s� �o�n� 

�t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �A�P�X� �p�r�o�g�r�a�m� �a�g�a�i�n� �h�a�s� �t�h�r�e�e� �p�a�r�t�i�t�i�o�n�s�,� �h�o�w�e�v�e�r� �t�h�e� �a�l�l�o�c�a�t�i�o�n�s� �a�r�e� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�2�(�b�)�.� �O�n�e� �p�a�r�t�i�t�i�o�n� �i�s� �a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �c�l�i�e�n�t� �w�o�r�k�s�t�a�t�i�o�n� 

�a�n�d� �i�n�c�l�u�d�e�s� �e�x�e�c�u�t�i�o�n� �o�f�.�t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �A� �s�e�c�o�n�d� �p�a�r�t�i�t�i�o�n� �i�s� �a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� 

�t�o� �e�x�e�c�u�t�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �a�n�d� �h�a�n�d�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �V�P�.� �A� �t�h�i�r�d� �p�a�r�t�i�t�i�o�n� �i�s� �a�l�s�o� �a�l�l�o�c�a�t�e�d� 

�t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�n�d� �e�x�e�c�u�t�e�s� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s�.� 

�T�h�e� �D�E�V�I�C�E� �D�R�I�V�E�R� �m�o�d�e�l� �s�t�i�p�u�l�a�t�e�s� �t�h�a�t� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n� �a�n�d� 

�t�h�a�t� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �a�l�s�o� �r�e�s�i�d�e�s� �o�n� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�.� �H�e�r�e� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �h�a�s� �o�n�l�y� �t�w�o� 

�p�a�r�t�i�t�i�o�n�s�,� �a�n� �A�P�X� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �a�l�l�o�c�a�t�e�d� �t�o� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n� �a�n�d� �a� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �a�l�l�o�c�a�t�e�d� �t�o� 

�t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �i�s� �n�o�t� �r�e�q�u�i�r�e�d� �t�o� �k�e�e�p� �p�r�o�c�e�s�s� �c�o�n�t�e�x�t� �i�n�f�o�r�m�a�t�i�o�n�,� �r�a�t�h�e�r� �t�h�e� 

�s�e�r�v�e�r� �h�a�n�d�l�e�s� �e�a�c�h� �r�e�q�u�e�s�t� �a�s� �i�n�d�i�v�i�d�u�a�l�,� �i�n�d�e�p�e�n�d�e�n�t� �t�r�a�n�s�a�c�t�i�o�n�s�.� �T�h�e�r�e�f�o�r�e� �t�h�e�r�e� �i�s� �n�o� �n�e�e�d� �f�o�r� �a� 

�d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s�.� �T�h�e� �D�E�V�I�C�E� �D�R�I�V�E�R� �p�a�r�t�i�t�i�o�n�i�n�g� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�2�(�c�)�.� 

�I�n� �a� �t�r�u�l�y� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�,� �a� �h�y�b�r�i�d� �o�f� �t�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �p�a�r�t�i�t�i�o�n�i�n�g� �m�o�d�c�l�s� �m�a�y� �b�e� �f�o�r�m�e�d�.� �I�n� 

�t�h�i�s� �c�i�r�c�u�m�s�t�a�n�c�e�,� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �r�e�s�i�d�e�s� �o�n� �a�n� �i�n�t�e�r�m�e�d�i�a�r�y� �h�o�s�t�,� �s�e�r�v�i�c�i�n�g� �A�P�X� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� 

�c�a�l�l�s� �f�o�r� �c�l�i�e�n�t�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�c�r�o�s�s� �t�h�e� �n�e�t�w�o�r�k� �u�s�i�n�g� �a� �l�o�w�-�l�e�v�e�l� �d�e�v�i�c�e� 

�d�r�i�v�e�r� �p�r�o�t�o�c�o�l�.� �T�h�e� �i�n�t�e�r�m�e�d�i�a�r�y� �h�o�s�t� �n�o�w� �b�e�c�o�m�e�s� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �a�n�d� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�i�n�t�e�r�f�a�c�e�s� �d�i�r�e�c�t�l�y� �t�o� �t�h�e� �L�A�N�.� �I�n� �t�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �m�u�l�t�i�p�l�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�s� �m�a�y� �e�x�i�s�t� �f�o�r� �i�n�c�r�e�a�s�e�d� 

�a�v�a�i�l�a�b�i�l�i�t�y�.� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �_� �3�3



�T�h�i�s� �r�e�s�e�a�r�c�h� �s�t�u�d�i�e�s� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �R�E�X�E�C� �a�n�d� �R�P�C� �p�a�r�t�i�t�i�o�n�i�n�g� �m�o�d�e�l�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�T�h�e� �D�E�V�I�C�E� �D�R�I�V�E�R� �m�o�d�e�l� �i�s� �n�o�t� �i�m�p�l�e�m�e�n�t�e�d� �s�i�n�c�e� �s�u�c�h� �a� �l�o�w�-�l�e�v�e�l� �d�e�s�i�g�n� �w�o�u�l�d� �r�e�q�u�i�r�e� �e�x�c�e�s�s�i�v�e� 

�d�e�v�e�l�o�p�m�e�n�t� �t�i�m�e� �a�n�d� �r�e�s�u�l�t� �i�n� �m�a�c�h�i�n�e�-�d�e�p�e�n�d�e�n�t� �c�o�d�e�.� 

�4�2� �G�e�n�e�r�a�l� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �M�o�d�e�l� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� 

�T�w�o� �m�o�d�e�l�s� �o�f� �a� �d�i�s�t�r�i�b�u�t�e�d� �V�P� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e� �e�x�a�m�i�n�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�n�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� 

�c�h�a�p�t�e�r�,� �t�h�e� �r�e�m�o�t�e� �e�x�e�c�u�t�i�o�n� �m�o�d�e�l� �(�R�E�X�E�C�)� �a�n�d� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �m�o�d�e�l� �(�R�P�C�)�,� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�1�.� �S�e�c�t�i�o�n� �4�.�2�.�1� �d�i�s�c�u�s�s�e�s� �t�h�e� 

�c�o�m�m�o�n� �a�r�c�h�i�t�e�c�t�u�r�e� �o�f� �b�o�t�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �w�h�i�l�e� �S�e�c�t�i�o�n� �4�.�2�.�2� �e�x�a�m�i�n�e�s� �t�h�e� �n�e�c�e�s�s�a�r�y� �p�r�o�t�o�c�o�l� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �t�o� �f�u�n�c�t�i�o�n� �u�s�i�n�g� �T�C�P� �a�n�d� �U�D�P�.� �S�e�c�t�i�o�n� �4�.�3� �a�n�d� �S�e�c�t�i�o�n� �4�.�4� �d�e�s�c�r�i�b�e� 

�t�h�e� �R�E�X�E�C� �a�n�d� �R�P�C� �m�o�d�e�l�s�.� 

�4�.�2�.�1� �C�o�m�m�o�n� �A�r�c�h�i�t�e�c�t�u�r�e� 

�B�o�t�h� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�n�d� �t�h�e� �R�P�C� �m�o�d�e�l� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �c�l�i�e�n�t�-�s�e�r�v�e�r� �p�a�r�a�d�i�g�m�,� �c�o�m�m�o�n� �i�n� 

�d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�s�.� �T�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s�e�s� �c�o�m�m�u�n�i�c�a�t�e� �v�i�a� �s�t�u�b� �p�r�o�c�e�d�u�r�e�s� �t�h�a�t� �m�a�s�k� �t�h�e� 

�d�e�t�a�i�l�s� �o�f� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �F�i�g�u�r�e� �4�.�3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� �t�h�e� �s�t�u�b� �p�r�o�c�e�d�u�r�e�,� �w�h�i�c�h� �m�a�y� 

�b�e� �d�e�f�i�n�e�d� �a�s� �a� �p�r�o�c�e�d�u�r�e� �t�h�a�t� �i�n�t�e�r�f�a�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �l�e�v�e�l� �p�r�o�c�e�s�s� �a�n�d� �t�h�e� �n�e�t�w�o�r�k� �[�8�]�.� �T�h�e� 

�s�t�u�b� �p�r�o�c�e�d�u�r�e� �a�p�p�e�a�r�s� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�c�e�s�s� �a�s� �a� �n�o�r�m�a�l�,� �i�.�e�.� �l�o�c�a�l�,� �p�r�o�c�e�d�u�r�e� �c�a�l�l�.� �T�h�e� �m�e�s�s�a�g�e� 

�m�o�d�u�l�e� �p�e�r�f�o�r�m�s� �t�h�e� �a�c�t�u�a�l� �t�r�a�n�s�m�i�s�s�i�o�n� �a�n�d� �r�e�c�e�p�t�i�o�n� �o�f� �m�e�s�s�a�g�e�s� �w�h�e�r�e�a�s� �t�h�e� �s�t�u�b� �p�r�o�c�e�d�u�r�e� �p�a�c�k�s� 

�a�n�d� �u�n�p�a�c�k�s� �t�h�e� �a�r�g�u�m�e�n�t�s� �i�n� �m�e�s�s�a�g�e�s�.� 

�I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �b�o�t�h� �m�o�d�e�l�s� �e�m�p�l�o�y� �a� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �t�o�  ��f�o�r�k �� �o�r� �c�r�e�a�t�e� �a� 

�s�e�r�v�e�r� �p�r�o�c�e�s�s� �t�o� �h�a�n�d�l�e� �t�h�e� �c�l�i�e�n�t ��s� �r�e�q�u�e�s�t�.� �T�h�i�s� �p�e�r�m�i�t�s� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �t�o� �h�a�n�d�l�e� �m�u�l�t�i�p�l�e� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �3�4
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�3�5� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �C�h�a�p�t�e�r� �4�.



�r�e�q�u�e�s�t�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�,� �s�i�n�c�e� �t�h�e� �V�P� �I�/�O� �s�y�s�t�e�m� �o�p�e�r�a�t�e�s� �i�n� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e� �C�P�.� �T�h�e� 

�n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s� �a�r�e� �w�r�i�t�t�e�n� �i�n� �C� �f�o�r� �a� �U�N�I�X� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �u�s�e� �t�h�e� �U�N�I�X� �s�o�c�k�e�t� 

�a�b�s�t�r�a�c�t�i�o�n� �f�o�r� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �[�1�,�2�8�]�.� �A� �F�O�R�T�R�A�N�-�t�o�-�C� �i�n�t�e�r�f�a�c�e� �i�s� �r�e�q�u�i�r�e�d� �b�e�t�w�e�e�n� 

�t�h�e� �F�O�R�T�R�A�N� �A�P�X� �p�r�o�g�r�a�m�,� �C� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s�,� �a�n�d� �t�h�e� �F�O�R�T�R�A�N� �A�P�X� �l�i�b�r�a�r�y�.� 

�4�.�2�.�2� �P�r�o�t�o�c�o�l� �S�u�p�p�o�r�t� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� 

�T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �m�a�y� �u�s�e� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s�.� �S�u�p�p�o�r�t� �f�o�r� �b�o�t�h� �T�C�P� �a�n�d� �U�D�P� �h�a�s� �b�e�e�n� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�g�r�a�m�s�.� �H�o�w�e�v�e�r�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �e�x�i�s�t� �f�o�r� �t�h�e� 

�a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �a� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s� �r�u�n�n�i�n�g� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �e�x�e�c�u�t�e�s�,� �o�r� �f�o�r�k�s�,� �a� �c�h�i�l�d� 

�p�r�o�c�e�s�s� �f�o�r� �e�a�c�h� �V�P� �c�l�i�e�n�t�.� �T�h�e� �d�i�s�p�a�t�c�h�e�r� �c�r�e�a�t�e�s� �a� �s�o�c�k�e�t� �f�o�r� �t�h�e� �c�h�i�l�d� �p�r�o�c�e�s�s� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� 

�t�h�e� �c�l�i�e�n�t�.� �O�n�l�y� �t�h�e� �s�o�c�k�e�t� �d�e�s�c�r�i�p�t�o�r� �i�s� �p�a�s�s�e�d� �t�o� �t�h�e� �c�h�i�l�d� �b�y� �t�h�e� �p�a�r�e�n�t�,� �s�o� �t�h�e� �c�h�i�l�d� �h�a�s� �n�o� �i�m�m�e�d�i�a�t�e� 

�w�a�y� �o�f� �k�n�o�w�i�n�g� �t�h�e� �c�l�i�e�n�t ��s� �n�e�t�w�o�r�k� �a�d�d�r�e�s�s�.� �F�o�r� �t�h�e� �T�C�P� �p�r�o�t�o�c�o�l�,� �t�h�e� �s�o�c�k�e�t� �i�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� 

�c�l�i�e�n�t�,� �s�o� �t�h�e� �c�h�i�l�d� �s�e�r�v�e�r� �n�e�e�d� �n�o�t� �w�o�r�r�y� �a�b�o�u�t� �t�h�e� �c�l�i�e�n�t ��s� �a�d�d�r�e�s�s�.� �F�o�r� �U�D�P�,� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �s�e�n�d�s� �t�h�e� 

�c�h�i�l�d ��s� �p�o�r�t� �n�u�m�b�e�r� �t�o� �t�h�e� �c�l�i�e�n�t� �a�f�t�e�r� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �c�r�e�a�t�e�s� �a� �d�a�t�a�g�r�a�m� �s�o�c�k�e�t� �f�o�r� �t�h�e� �c�h�i�l�d� �s�e�r�v�e�r�.� �T�h�e� 

�c�l�i�e�n�t� �t�h�e�n� �s�e�n�d�s� �a� �r�e�p�l�y� �t�o� �t�h�e� �c�h�i�l�d� �s�e�r�v�e�r� �a�t� �i�t�s� �p�o�r�t�,� �t�h�e�r�e�b�y� �r�e�v�e�a�l�i�n�g� �t�o� �t�h�e� �c�h�i�l�d� �t�h�e� �c�l�i�e�n�t ��s� �n�e�t�w�o�r�k� 

�a�d�d�r�e�s�s�.� �T�h�i�s� �e�x�c�h�a�n�g�e� �i�s� �e�f�f�e�c�t�i�v�e�l�y� �a� �h�a�n�d�s�h�a�k�e� �b�e�t�w�e�e�n� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s�e�s�.� �W�h�e�n� �u�s�i�n�g� 

�T�C�P�,� �t�h�e� �c�l�i�e�n�t�/�s�e�r�v�e�r� �h�a�n�d�s�h�a�k�e� �i�s� �h�a�n�d�l�e�d� �b�y� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �a�s� �p�a�r�t� �o�f� �t�h�e� �c�o�n�n�e�c�t�i�o�n� 

�e�s�t�a�b�l�i�s�h�m�e�n�t� �p�r�o�c�e�d�u�r�e� �[�5�]�.� 

�A�n�o�t�h�e�r� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�r�o�t�o�c�o�l� �s�u�p�p�o�r�t� �i�s� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �l�a�y�e�r� �b�u�f�f�e�r�i�n�g�.� �A�s� �m�e�n�t�i�o�n� �i�n� 

�S�e�c�t�i�o�n� �2�.�3�,� �T�C�P� �b�u�f�f�e�r�s� �d�a�t�a� �w�h�e�r�e�a�s� �U�D�P� �d�o�e�s� �n�o�t�.� �I�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �t�h�a�t� �u�s�e� �U�D�P�,� �i�t� �w�a�s� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �3�6



�o�b�s�e�r�v�e�d� �t�h�a�t� �c�a�l�l�s� �t�o� �s�e�n�d�f�o� �f�a�i�l� �f�o�r� �w�r�i�t�e�s� �o�f� �m�o�r�e� �t�h�a�n� �9�0�0�0� �b�y�t�e�s�.� �S�i�n�c�e� �t�h�i�s� �s�e�v�e�r�e�l�y� �l�i�m�i�t�s� �t�h�e� �l�e�n�g�t�h� 

�o�f� �v�e�c�t�o�r�s� �t�h�a�t� �c�o�u�l�d� �b�e� �w�r�i�t�t�e�n�,� �a� �f�i�x�e�d� �s�i�z�e�d� �b�u�f�f�e�r� �i�s� �e�m�p�l�o�y�e�d� �a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �l�e�v�e�l� �t�o� �t�r�a�n�s�m�i�t� �d�a�t�a� 

�i�n� �s�u�f�f�i�c�i�e�n�t�l�y� �s�m�a�l�l� �b�l�o�c�k�s�.� �D�a�t�a� �b�l�o�c�k�s� �t�h�a�t� �a�r�e� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �b�u�f�f�e�r� �s�i�z�e� �a�r�e� �t�r�a�n�s�m�i�t�t�e�d� �b�y� �m�a�k�i�n�g� 

�m�u�l�t�i�p�l�e� �s�e�n�d�t�o� �c�a�l�l�s�.� �T�h�e� �b�u�f�f�e�r� �s�i�z�e� �c�h�o�s�e�n� �i�s� �1�4�7�2� �b�y�t�e�s�,� �s�i�n�c�e� �t�h�i�s� �v�a�l�u�e� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� 

�o�p�t�i�m�a�l� �f�o�r� �U�D�P� �t�r�a�n�s�p�o�r�t� �i�n� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�s� �u�s�i�n�g� �E�t�h�e�r�n�e�t� �[�2�9�]�.� �T�h�i�s� �v�a�l�u�e� �i�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� 

�t�h�e� �m�a�x�i�m�u�m� �E�t�h�e�r�n�e�t� �p�a�c�k�e�t� �s�i�z�e� �o�f� �1�5�1�8� �b�y�t�e�s� �m�i�n�u�s� �4�6� �b�y�t�e�s� �o�f� �o�v�e�r�h�e�a�d� �f�o�r� �t�h�e� �E�t�h�e�r�n�e�t�,� �I�P� �a�n�d� 

�U�D�P� �h�e�a�d�e�r�s� �a�n�d� �t�r�a�i�l�e�r�s�.� 

�4�.�3� �R�e�m�o�t�e� �E�x�e�c�u�t�i�o�n� �M�o�d�e�l� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�T�h�e� �r�e�m�o�t�e� �e�x�e�c�u�t�i�o�n� �(�R�E�X�E�C�)� �m�o�d�e�l� �i�s� �a�n�a�l�o�g�o�u�s� �t�o� �t�h�e� �U�N�I�X� �s�s�h� �c�o�m�m�a�n�d� �t�h�a�t� �e�x�e�c�u�t�e�s� �a� 

�c�o�m�m�a�n�d� �o�n� �a� �r�e�m�o�t�e� �m�a�c�h�i�n�e� �[�2�3�]�.� �T�h�e� �r�e�m�o�t�e� �e�x�e�c�u�t�i�o�n� �m�o�d�e�l� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �p�a�r�t�i�t�i�o�n� �w�h�e�r�e� �t�h�e� 

�A�P�X� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �D�u�r�i�n�g� �i�n�i�t�i�a�t�i�o�n�,� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�n�g� 

�p�r�o�c�e�s�s�e�s� �a�r�e� �a� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �r�u�n�n�i�n�g� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�n�d� �a� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �r�u�n�n�i�n�g� �o�n� �t�h�e� �u�s�e�r ��s� 

�w�o�r�k�s�t�a�t�i�o�n�.� �T�h�e� �c�o�m�m�a�n�d� �l�i�n�e� �i�n�v�o�k�i�n�g� �t�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �h�o�s�t� �n�a�m�e� �a�n�d� 

�t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �n�a�m�e� �a�s� �a�r�g�u�m�e�n�t�s�,� �f�o�r� �e�x�a�m�p�l�e�,� 

�c�s�h�>� �v�p�c�l�i�e�n�t� �v�p�s�e�r�v�e�r�h�o�s�t� �v�p�a�p�p�l�i�c�a�t�i�o�n� 

�w�h�e�r�e� �"�v�p�c�l�i�e�n�t �� �i�s� �t�h�e� �l�o�c�a�l� �c�l�i�e�n�t� �p�r�o�g�r�a�m�,� �"�v�p�s�e�r�v�e�r�h�o�s�t �� �i�s� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �h�o�s�t� �n�a�m�e�,� �a�n�d� 

 ��v�p�a�p�p�l�i�c�a�t�i�o�n �� �i�s� �t�h�e� �u�s�e�r� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �t�o� �e�x�e�c�u�t�e� �r�e�m�o�t�e�l�y�.� 

�I�f� �t�h�e� �c�l�i�e�n�t� �i�s� �u�s�i�n�g� �t�h�e� �T�C�P� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�,� �a� �c�o�n�n�e�c�t�i�o�n� �i�s� �e�s�t�a�b�l�i�s�h�e�d� �w�i�t�h� �a� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �o�n� 

�t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �b�e�f�o�r�e� �p�a�c�k�i�n�g� �a�r�g�u�m�e�n�t�s� �i�n�t�o� �a� �m�e�s�s�a�g�e� �(�m�a�r�s�h�a�l�l�i�n�g�)�,� �a�n�d� �s�e�n�d�i�n�g� �t�h�e� �r�e�q�u�e�s�t� 

�m�e�s�s�a�g�e�.� �I�f� �U�D�P� �i�s� �u�s�e�d� �a�s� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�,� �t�h�e� �c�l�i�e�n�t� �s�i�m�p�l�y� �m�a�r�s�h�a�l�l�s� �a� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �a�n�d� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �3�7



�R�E�X�E�C� �R�e�q�u�e�s�t� �M�e�s�s�a�g�e� �F�o�r�m�a�t� 
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�A�P�X� �P�r�o�g�r�a�m� �N�a�m�e� 
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�F�i�g�u�r�e� �4�.�4�.� �R�E�X�E�C� �R�e�q�u�e�s�t� �a�n�d� �R�e�p�l�y� �M�e�s�s�a�g�e� �F�o�r�m�a�t�s�.� 
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�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� 

� � 

�<�- � � � � � � ��_� �v�a�r�i�a�b�l�e� �l�e�n�g�t�h� �f�i�e�l�d� �>� 

�R�E�X�E�C� �R�e�p�l�y� �M�e�s�s�a�g�e� �F�o�r�m�a�t� 

�m�s�g�.� �l�e�n�g�t�h� �P�r�o�c�e�s�s�e�d� �D�a�t�a� 

�L�a�  ��p�i�<�g� �v�a�r�i�a�b�l�e� �l�e�n�g�t�h� �f�i�e�l�d�  � � ��p�>� 
�s�i�z�e�o�f�t� �i�n�t� �)� 

�b�y�t�e�s� 

�3�8



�s�e�n�d�s� �t�h�e� �m�e�s�s�a�g�e� �t�o� �t�h�e� �s�e�r�v�e�r�.� �N�e�x�t�,� �t�h�e� �c�l�i�e�n�t�  ��b�l�o�c�k�s�, �� �o�r� �h�a�l�t�s� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�,� �u�n�t�i�l� �a� 

�r�e�p�l�y� �i�s� �r�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� �s�e�r�v�e�r�.� �T�h�e� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �c�o�n�t�a�i�n�s� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �t�o� 

�e�x�e�c�u�t�e� �a�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�4�(�a�)�.� 

�B�e�f�o�r�e� �t�h�e� �c�l�i�e�n�t� �p�r�o�g�r�a�m� �i�s� �i�n�v�o�k�e�d�,� �a� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �i�s� �f�i�r�s�t� �s�t�a�r�t�e�d� �o�n� 

�t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �t�o� �s�e�t� �u�p� �a� �w�e�l�l�-�k�n�o�w�n� �s�o�c�k�e�t�,� �w�i�t�h� �w�h�i�c�h� �i�t� �w�a�i�t�s� �f�o�r� �r�e�q�u�e�s�t�s�.� �U�p�o�n� �r�e�c�e�i�v�i�n�g� �a� 

�r�e�q�u�e�s�t�,� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �u�s�e�s� �e�i�t�h�e�r� �t�h�e� �a�c�c�e�p�t� �o�r� �s�o�c�k�e�t� �s�y�s�t�e�m� �c�a�l�l�,�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� 

�u�s�e�d�,� �t�o� �c�r�e�a�t�e� �a� �n�e�w� �s�o�c�k�e�t�.� �A�f�t�e�r� �t�h�e� �n�e�w� �s�o�c�k�e�t� �i�s� �c�r�e�a�t�e�d�,� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �f�o�r�k�s� �a� �n�e�w� �s�e�r�v�e�r� �p�r�o�c�e�s�s� 

�t�o� �h�a�n�d�l�e� �t�h�e� �r�e�q�u�e�s�t� �u�s�i�n�g� �t�h�e� �f�o�r�k� �s�y�s�t�e�m� �c�a�l�l� �[�2�3�]�.� �D�u�r�i�n�g� �o�p�e�r�a�t�i�o�n�,� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �A�P�X� 

�a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �s�o�u�r�c�e� �c�o�d�e� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� �m�i�g�r�a�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �c�o�m�p�i�l�e�d� �a�n�d� �l�i�n�k�e�d� 

�w�i�t�h� �t�h�e� �n�e�c�e�s�s�a�r�y� �l�i�b�r�a�r�i�e�s�,� �a�n�d� �i�s� �t�h�e�r�e�f�o�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �e�x�e�c�u�t�i�o�n�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n�p�u�t� �d�a�t�a� �i�s� �a�l�s�o� 

�a�s�s�u�m�e�d� �t�o� �b�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �w�h�e�n� �i�t� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�T�h�e� �d�i�s�p�a�t�c�h�e�r� �p�a�s�s�e�s� �a� �s�o�c�k�e�t� �d�e�s�c�r�i�p�t�o�r� �t�o� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �v�i�a� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �v�a�r�i�a�b�l�e�.� �T�h�e� �s�e�r�v�e�r� 

�u�n�-�m�a�r�s�h�a�l�l�s� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �n�a�m�e� �f�r�o�m� �t�h�e� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �a�n�d� �t�h�e�n� �u�s�e�s� �t�h�e� �e�x�e�c�v�e� �s�y�s�t�e�m� �c�a�l�l� 

�[�2�3�]� �t�o� �e�x�e�c�u�t�e� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �w�r�i�t�e�s� �p�r�o�c�e�s�s�e�d� �d�a�t�a�,� �r�a�t�h�e�r� �t�h�a�n� �w�r�i�t�i�n�g� �t�o� �a� 

�f�i�l�e� �o�r� �t�o� �t�h�e� �s�t�a�n�d�a�r�d� �o�u�t�p�u�t�,� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �c�a�l�l�s� �t�h�e� �C� �p�r�o�c�e�d�u�r�e� �s�t�w�r�i�t� �t�o� �w�r�i�t�e� �d�a�t�a� �t�o� �t�h�e� �c�l�i�e�n�t� 

�v�i�a� �t�h�e� �s�o�c�k�e�t� �c�r�e�a�t�e�d� �b�y� �t�h�e� �d�i�s�p�a�t�c�h�e�r�.� �O�n� �t�h�e� �f�i�r�s�t� �c�a�l�l� �t�o� �s�t�w�n�t�,� �t�h�e� �p�r�o�c�e�d�u�r�e� �r�e�a�d�s� �t�h�e� �s�o�c�k�e�t� 

�d�e�s�c�r�i�p�t�o�r� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �f�o�r�m�a�t� �o�f� �t�h�e� �r�e�p�l�y� �m�e�s�s�a�g�e� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�4�(�b�)�.� 

�U�p�o�n� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �V�P� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �s�e�r�v�e�r� �s�i�g�n�a�l�s� �t�h�e� �c�l�i�e�n�t� �w�i�t�h� �a� �p�r�e�d�e�f�i�n�e�d� �t�e�r�m�i�n�a�t�o�r� �a�n�d� 

�c�l�o�s�e�s� �t�h�e� �s�o�c�k�e�t�,� �w�h�i�c�h� �r�e�l�e�a�s�e�s� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �i�f� �t�h�e� �T�C�P� �p�r�o�t�o�c�o�l� �i�s� �u�s�e�d�.� �T�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s� 

�c�o�n�t�i�n�u�e�s� �t�o� �a�c�c�e�p�t� �d�a�t�a� �u�n�t�i�l� �i�t� �s�e�e�s� �t�h�e� �t�e�r�m�i�n�a�t�o�r�,� �a�t� �w�h�i�c�h� �t�i�m�e� �t�h�e� �c�l�i�e�n�t� �c�l�o�s�e�s� �i�t�s� �s�o�c�k�e�t� �a�n�d� �a�n�y� 

�d�a�t�a� �f�i�l�e�s�.� 
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�F�i�g�u�r�e� �4�.�5�(�a�)� �d�e�p�i�c�t�s� �a� �t�y�p�i�c�a�l� �c�l�i�e�n�t�-�s�e�r�v�e�r� �t�r�a�n�s�a�c�t�i�o�n� �f�o�r� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �e�x�e�c�u�t�i�n�g� �a� �b�a�t�c�h� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �c�l�i�e�n�t� �i�n�i�t�i�a�t�e�s� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �b�y� �m�a�k�i�n�g� �a� �r�e�q�u�e�s�t� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� 

�c�o�m�p�u�t�e� �s�e�r�v�e�r� �e�x�e�c�u�t�e�s� �t�h�e� �A�P�X� �p�r�o�g�r�a�m�,� �t�h�e�n� �s�e�n�d�s� �p�r�o�c�e�s�s�e�d� �d�a�t�a� �b�a�c�k� �t�o� �t�h�e� �c�l�i�e�n�t�.� �F�i�g�u�r�e� �4�.�5�(�b�)� 

�i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �f�o�r� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �T�h�e� �m�u�l�t�i�p�l�e� �t�r�a�n�s�f�e�r�s� 

�s�h�o�w�n� �i�n�d�i�c�a�t�e� �m�u�l�t�i�p�l�e� �r�e�a�d� �o�p�e�r�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �b�u�f�f�e�r� �p�o�o�l�.� 

�4�.�4� �R�e�m�o�t�e� �P�r�o�c�e�d�u�r�e� �C�a�l�l� �M�o�d�e�l� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�T�o� �m�a�k�e� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �l�i�n�k� �b�e�t�w�e�e�n� �t�h�e� �V�P� �a�n�d� �t�h�e� �u�s�e�r ��s� �c�o�m�p�u�t�e�r� �m�o�r�e� �t�r�a�n�s�p�a�r�e�n�t�,� �t�h�e� �r�e�m�o�t�e� 

�p�r�o�c�e�d�u�r�e� �c�a�l�l� �t�e�c�h�n�i�q�u�e� �m�a�y� �b�e� �u�s�e�d�.� �T�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �i�s� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �t�h�a�t� �e�x�e�c�u�t�e�s� �o�n� �t�h�e� 

�u�s�e�r ��s� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�k�e�s� �A�P�X� �c�a�l�l�s� �t�h�a�t� �a�p�p�e�a�r� �t�o� �b�e� �s�e�r�v�i�c�e�d� �l�o�c�a�l�l�y�.� �H�o�w�e�v�e�r�,� �t�h�e� �R�P�C� �t�e�c�h�n�i�q�u�e� 

�e�n�a�b�l�e�s� �t�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �t�o� �r�e�m�o�t�e�l�y� �u�s�e� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �t�h�a�t� �r�e�s�i�d�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�T�h�e� �u�s�e�r� �c�o�d�e�s� �t�h�e� �A�P�X� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �s�t�a�n�d�a�r�d� �F�O�R�T�R�A�N� �c�a�l�l�s� �t�o� �t�h�e� �A�P�X� �l�i�b�r�a�r�i�e�s�.� �H�o�w�e�v�e�r�,� 

�r�a�t�h�e�r� �t�h�a�n� �l�i�n�k�i�n�g� �w�i�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �A�P�X� �l�i�b�r�a�r�y�,� �t�h�e� �u�s�e�r� �l�i�n�k�s� �t�h�e� �p�r�o�g�r�a�m� �w�i�t�h� �a� �s�t�u�b� �p�r�o�c�e�d�u�r�e� 

�l�i�b�r�a�r�y� �t�h�a�t� �c�o�n�t�a�i�n�s� �a� �r�o�u�t�i�n�e� �f�o�r� �e�a�c�h� �A�P�X� �c�a�l�l�.� �T�h�e� �s�t�u�b� �l�i�b�r�a�r�y� �m�a�r�s�h�a�l�l�s� �t�h�e� �c�a�l�l� �p�a�r�a�m�e�t�e�r�s� �i�n�t�o� 

�a� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �w�h�i�c�h� �i�t� �p�a�s�s�e�s� �t�o� �t�h�e� �m�e�s�s�a�g�e� �m�o�d�u�l�e�.� �T�h�e� �m�e�s�s�a�g�e� �m�o�d�u�l�e� �t�h�e�n� �s�e�n�d�s� �t�h�e� �r�e�q�u�e�s�t� 

�m�e�s�s�a�g�e� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �F�i�g�u�r�e� �4�.�6�(�a�)� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �f�o�r�m�a�t� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l�.� 

�T�h�e� �m�e�s�s�a�g�e� �l�e�n�g�t�h� �f�i�e�l�d� �i�n�d�i�c�a�t�e�s� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� �c�o�d�e� �f�i�e�l�d� �a�n�d� �t�h�e� �A�P�X� �p�a�r�a�m�e�t�e�r� �a�n�d� �d�a�t�a� 

�f�i�e�l�d�.� �T�h�e� �f�u�n�c�t�i�o�n� �c�o�d�e� �f�i�e�l�d� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �s�p�e�c�i�f�i�c� �A�P�X� �l�i�b�r�a�r�y� �r�o�u�t�i�n�e� �t�o� �b�e� �e�x�e�c�u�t�e�d�.� �T�h�e� �A�P�X� 

�p�a�r�a�m�e�t�e�r� �a�n�d� �d�a�t�a� �f�i�e�l�d� �c�o�n�t�a�i�n� �a�n�y� �a�r�g�u�m�e�n�t�s� �a�n�d�/�o�r� �d�a�t�a� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c� �A�P�X� �l�i�b�r�a�r�y� �r�o�u�t�i�n�e�.� 

�A�s� �i�n� �t�h�e� �r�e�m�o�t�e� �e�x�e�c�u�t�i�o�n� �m�o�d�e�l�,� �a� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �f�o�r�k�s� �a� �c�h�i�l�d� �p�r�o�c�e�s�s� �t�o� 

�h�a�n�d�l�e� �a�l�l� �r�e�q�u�e�s�t�s� �f�o�r� �t�h�i�s� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �d�i�s�p�a�t�c�h�e�r� �c�r�e�a�t�e�s� �a� �n�e�w� �s�o�c�k�e�t� �a�n�d� �p�a�s�s�e�s� �i�t�s� �d�e�s�c�r�i�p�t�o�r� 

�t�o� �t�h�e� �c�h�i�l�d� �v�i�a� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �c�h�i�l�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�e�s� �w�i�t�h� �t�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s� �o�v�e�r� 
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�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �4�2



�t�h�i�s� �n�e�w�l�y�-�c�r�e�a�t�e�d� �s�o�c�k�e�t�,� �h�a�n�d�l�i�n�g� �s�u�b�s�e�q�u�e�n�t� �A�P�X� �c�a�l�l�s� �f�r�o�m� �t�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s�.� �T�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� 

�e�x�e�c�u�t�e�s� �a� �p�r�o�g�r�a�m� �t�h�a�t� �h�a�s� �b�e�e�n� �l�i�n�k�e�d� �w�i�t�h� �t�h�e� �s�t�a�n�d�a�r�d� �A�P�X� �l�i�b�r�a�r�i�e�s� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n ��s� �H�o�s�t� 

�P�r�o�c�e�s�s�o�r� �S�u�b�r�o�u�t�i�n�e� �(�H�P�S�)�,� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �p�r�o�c�e�s�s� �d�e�v�e�l�o�p�m�e�n�t�.� �U�p�o�n� �r�e�c�e�i�v�i�n�g� �a� �m�e�s�s�a�g�e�,� 

�t�h�e�s�e�r�v�e�r� �p�r�o�c�e�s�s� �i�d�e�n�t�i�f�i�e�s� �w�h�i�c�h� �s�t�u�b� �p�r�o�c�e�d�u�r�e� �t�o� �c�a�l�l� �f�r�o�m� �t�h�e� �f�u�n�c�t�i�o�n� �c�o�d�e� �f�i�e�l�d�.� �T�h�e� �f�u�n�c�t�i�o�n� �c�o�d�e� 

�i�s� �u�s�e�d� �a�s� �a�n� �i�n�d�e�x� �i�n�t�o� �a� �t�a�b�l�e� �o�f� �f�u�n�c�t�i�o�n� �p�o�i�n�t�e�r�s�.� �T�h�e� �s�p�e�c�i�f�i�e�d� �s�t�u�b� �p�r�o�c�e�d�u�r�e� �i�s� �t�h�e�n� �c�a�l�l�e�d� �v�i�a� �t�h�e� 

�i�d�e�n�t�i�f�i�e�d� �f�u�n�c�t�i�o�n� �p�o�i�n�t�e�r� �t�o� �u�n�-�m�a�r�s�h�a�l�l� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e�,� �e�x�e�c�u�t�e� �t�h�e� �s�p�e�c�i�f�i�c� �A�P�X� 

�l�i�b�r�a�r�y� �r�o�u�t�i�n�e�,� �a�n�d� �w�a�i�t� �f�o�r� �t�h�e� �r�e�t�u�r�n� �v�a�l�u�e�.� �A�f�t�e�r� �r�e�t�u�r�n�i�n�g�,� �t�h�e� �s�t�u�b� �p�a�c�k�s� �a� �d�a�t�a� �b�u�f�f�e�r� �t�o� �r�e�t�u�r�n� 

�t�o� �t�h�e� �m�a�i�n� �p�r�o�c�e�d�u�r�e�.� �T�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �t�h�e�n� �f�i�n�i�s�h�e�s� �m�a�r�s�h�a�l�l�i�n�g� �a� �r�e�p�l�y�,� �a�n�d� �s�e�n�d�s� �t�h�e� �r�e�p�l�y� 

�m�e�s�s�a�g�e� �b�a�c�k� �t�o� �t�h�e� �c�l�i�e�n�t�.� �T�h�e� �r�e�p�l�y� �m�e�s�s�a�g�e� �f�o�r�m�a�t� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�6�(�b�)�.� �T�h�e� �m�e�s�s�a�g�e� �l�e�n�g�t�h� 

�f�i�e�l�d� �i�n�d�i�c�a�t�e�s� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �d�a�t�a� �f�i�e�l�d�,� �a�n�d� �t�h�e� �d�a�t�a� �f�i�e�l�d� �c�o�n�t�a�i�n�s� �t�h�e� �A�P�X� �c�a�l�l� �s�t�a�t�u�s� �r�e�t�u�r�n�e�d� �b�y� 

�t�h�e� �A�P�X� �l�i�b�r�a�r�y� �a�n�d� �a�n�y� �d�a�t�a� �i�f� �p�r�e�s�e�n�t�.� 

�T�h�e� �s�t�u�b� �p�r�o�c�e�d�u�r�e�s� �o�n� �b�o�t�h� �t�h�e� �c�l�i�e�n�t� �h�o�s�t� �a�n�d� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �c�o�l�l�e�c�t�i�n�g� �a�n�y� 

�p�a�r�a�m�e�t�e�r�s� �n�o�r�m�a�l�l�y� �p�a�s�s�e�d� �t�o� �o�r� �r�e�c�e�i�v�e�d� �f�r�o�m� �a�n� �A�P�X� �r�o�u�t�i�n�e� �a�n�d� �p�a�c�k�i�n�g� �t�h�e�s�e� �i�n�t�o� �a� �m�e�s�s�a�g�e� �f�o�r� 

�t�r�a�n�s�m�i�s�s�i�o�n� �o�v�e�r� �t�h�e� �n�e�t�w�o�r�k�.� �P�a�r�a�m�e�t�e�r�s� �m�u�s�t� �b�e� �p�a�s�s�e�d� �b�y� �v�a�l�u�e� �s�i�n�c�e� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� 

�o�n� �a� �r�e�m�o�t�e� �m�a�c�h�i�n�e�.� �T�h�e� �A�P�X� �l�i�b�r�a�r�y� �i�s� �c�o�d�e�d� �i�n� �F�O�R�T�R�A�N�,� �w�h�i�c�h� �p�a�s�s�e�s� �p�a�r�a�m�e�t�e�r�s� �b�y� �r�e�f�e�r�e�n�c�e�,� 

�s�o� �t�h�e� �s�t�u�b� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �s�t�r�u�c�t�u�r�e�d� �t�o� �a�c�c�e�p�t� �p�o�i�n�t�e�r�s� �f�r�o�m� �a� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m�,� �a�n�d� �t�h�e�n� �m�a�r�s�h�a�l�l� 

�t�h�e� �a�c�t�u�a�l� �v�a�l�u�e�s� �o�n� �t�h�e� �c�l�i�c�n�t� �s�i�d�e�.� �T�h�e� �s�t�u�b�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �u�n�p�a�c�k� �t�h�e� �v�a�l�u�c�s� �i�n�t�o� �l�o�c�a�l� 

�v�a�r�i�a�b�l�e�s�,� �t�h�e�n� �p�a�s�s� �t�h�e� �a�d�d�r�e�s�s� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �t�o� �t�h�e� �A�P�K� �F�O�R�T�R�A�N� �r�o�u�t�i�n�e�s�.� 

�F�o�r� �s�e�v�e�r�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�,� �a� �p�o�i�n�t�e�r� �t�o� �a�n� �a�r�g�u�m�e�n�t� �i�s� �r�e�t�u�r�n�e�d�,� �w�h�i�c�h� �m�u�s�t� �b�e� �u�s�e�d� �f�o�r� �s�u�b�s�e�q�u�e�n�t� 

�A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�.� �R�a�t�h�e�r� �t�h�a�n� �u�s�i�n�g� �a�d�d�i�t�i�o�n�a�l� �m�e�m�o�r�y� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �t�o� �h�o�l�d� �t�h�e� �p�o�i�n�t�e�r�s� �i�n� 

�t�h�e� �p�r�o�c�e�s�s� �s�p�a�c�e�,� �t�h�e� �a�d�d�r�e�s�s� �i�s� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �c�l�i�e�n�t� �a�s� �a� �d�a�t�u�m�.� �S�o� �t�h�e� �a�d�d�r�e�s�s� �r�e�t�u�r�n�e�d� �b�y� �t�h�e� �A�P�X� 

�l�i�b�r�a�r�y� �i�s� �t�r�e�a�t�e�d� �a�s� �a� �v�a�l�u�e� �o�n� �t�h�e� �c�l�i�e�n�t�,� �b�u�t� �a�s� �a� �p�o�i�n�t�e�r� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�C�h�a�p�t�e�r� �4�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �M�e�t�h�o�d�s� �4�3



�F�i�g�u�r�e� �4�.�7� �s�h�o�w�s� �t�h�e� �c�l�i�e�n�t�-�s�e�r�v�e�r� �t�r�a�n�s�a�c�t�i�o�n� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l�.� �T�h�e� �c�l�i�e�n�t� �m�a�k�e�s� �m�u�l�t�i�p�l�e� �r�e�q�u�e�s�t�s� 

�t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �w�h�e�r�e� �e�a�c�h� �r�e�q�u�e�s�t� �i�s� �a�n� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�.� �T�h�e� �t�r�a�n�s�a�c�t�i�o�n� �d�i�a�g�r�a�m� �i�s� �a�c�c�u�r�a�t�e� 

�f�o�r� �b�o�t�h� �b�a�t�c�h� �m�o�d�e� �a�n�d� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� �I�n� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�,� �e�a�c�h� �b�u�f�f�e�r� �p�o�o�l� �r�e�a�d� 

�o�p�e�r�a�t�i�o�n� �i�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �a� �S�T�R�D�B� �r�e�q�u�e�s�t� �a�n�d� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �r�e�p�l�y� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� �d�a�t�a�.� 

�T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �f�o�r� �t�h�e� �R�E�X�E�C� �a�n�d� �R�P�C� �m�o�d�e�l�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �t�w�o� �s�i�t�u�a�t�i�o�n�s�.� �C�h�a�p�t�e�r� �5� �b�r�i�e�f�l�y� 

�d�i�s�c�u�s�s�e�s� �t�h�e� �t�e�s�t� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �p�r�o�c�e�d�u�r�e� �a�n�d� �p�r�e�s�e�n�t�s� �t�h�e� �t�e�s�t� �r�e�s�u�l�t�s�.� 
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�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� 

�T�o� �t�e�s�t� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �t�w�o� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �d�o�n�e� �t�o� �m�e�a�s�u�r�e� �t�h�e� 

�r�e�s�p�o�n�s�e� �t�i�m�e� �o�f� �a� �b�a�t�c�h� �d�i�s�t�r�i�b�u�t�e�d� �V�P� �a�p�p�l�i�c�a�t�i�o�n�.� �F�o�r� �r�e�f�e�r�e�n�c�e� �p�u�r�p�o�s�e�s�,� �t�h�e� �r�e�s�p�o�n�s�e� �t�i�m�e� �w�a�s� �a�l�s�o� 

�m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �c�a�s�e� �w�h�e�r�e� �t�h�e� �u�s�e�r� �r�u�n�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �d�i�r�e�c�t�l�y� �o�n� �a� �s�t�a�n�d�-�a�l�o�n�e� �h�o�s�t�,� 

�w�i�t�h�o�u�t� �a�n�y� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �n�e�c�e�s�s�a�r�y�.� �O�n�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� �r�e�p�e�a�t�e�d� �w�i�t�h� �p�r�o�f�i�l�i�n�g� �t�o� 

�m�e�a�s�u�r�e� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �s�p�e�n�t� �i�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �v�e�r�s�u�s� �c�o�m�p�u�t�a�t�i�o�n�a�l� �t�a�s�k�s�.� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�s� �v�a�r�y� �t�h�e� �l�o�a�d� �o�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �T�h�e� �r�e�s�p�o�n�s�e� �t�i�m�e� �i�n� �t�h�e� �t�w�o� �e�x�p�e�r�i�m�e�n�t�s� �w�a�s� 

�m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �U�N�I�X� �c�-�s�h�e�l�l� �t�i�m�e� �c�o�m�m�a�n�d� �[�2�3�]�.� �B�o�t�h� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �e�a�c�h� 

�m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�:� �R�P�C�/�T�C�P�,� �R�P�C�/�U�D�P�,� �R�E�X�E�C�/�T�C�P�,� �a�n�d� �R�E�X�E�C�/�U�D�P�.� �I�n� �t�h�e� �p�r�o�f�i�l�e�d� 

�e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�g�r�a�m�s� �w�e�r�e� �c�o�m�p�i�l�e�d� �w�i�t�h� �t�h�e� �-�p�g� �o�p�t�i�o�n� �f�o�r� �p�r�o�f�i�l�i�n�g�,� �a�n�d� �t�h�e� �d�a�t�a� 

�f�i�l�e� �p�r�o�d�u�c�e�d� �w�a�s� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �g�p�r�o�f� �u�t�i�l�i�t�y� �[�2�3�,�3�0�,�3�1�]�.� �S�e�c�t�i�o�n� �5�.�1� �d�e�s�c�r�i�b�e�s� �t�h�e� �t�e�s�t�i�n�g� 

�e�n�v�i�r�o�n�m�e�n�t� �u�s�e�d� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s�.� �S�e�c�t�i�o�n� �5�.�2� �s�t�u�d�i�e�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �o�f� �b�o�t�h� �m�o�d�e�l�s� 

�a�n�d� �t�h�e� �t�e�s�t� �p�r�o�c�e�d�u�r�e� �f�o�r� �b�o�t�h� �e�x�p�e�r�i�m�e�n�t�s�.� �S�e�c�t�i�o�n� �5�.�3� �p�r�e�s�e�n�t�s� �a�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �r�e�s�u�l�t�s� �i�n�c�l�u�d�i�n�g� 

�p�r�o�f�i�l�i�n�g� �d�a�t�a�,� �a�n�d� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �o�t�h�e�r� �o�b�s�e�r�v�a�t�i�o�n�s�.� �I�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e�,� 

�w�h�i�c�h� �i�s� �a�d�d�r�e�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �6�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �4�6



�5�.�1� �T�e�s�t� �E�n�v�i�r�o�n�m�e�n�t� 

�A� �s�t�a�n�d�a�r�d� �E�t�h�e�r�n�e�t� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �t�e�s�t�s�.� �T�w�o� �m�e�d�i�a� �a�c�c�e�s�s� �c�o�n�t�r�o�l� �(�M�A�C�)� �l�e�v�e�l� 

�b�r�i�d�g�e�s� �s�e�p�a�r�a�t�e�d� �t�h�e� �c�l�i�e�n�t� �m�a�c�h�i�n�e�s� �f�r�o�m� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �d�e�l�a�y� �i�n�t�r�o�d�u�c�e�d� �b�y� �t�h�e� �b�r�i�d�g�e�s� 

�h�a�s� �a� �n�e�g�l�i�g�i�b�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� �t�e�s�t� �m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� �i�s� �t�h�e�r�e�f�o�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �d�a�t�a� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �w�a�s� �a� �S�u�n� �S�P�A�R�C�s�t�a�t�i�o�n� �3�7�0� �w�o�r�k�s�t�a�t�i�o�n�,� �r�a�t�e�d� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�6� �m�i�l�l�i�o�n� 

�i�n�s�t�r�u�c�t�i�o�n�s� �p�e�r� �s�e�c�o�n�d� �(�M�I�P�S�)�.� �T�h�e� �c�l�i�e�n�t� �m�a�c�h�i�n�e�s� �i�n�c�l�u�d�e�d� �a� �S�u�n� �S�P�A�R�C�s�t�a�t�i�o�n� �1� �r�a�t�e�d� �a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�2�.�5� �M�I�P�S�,� �a� �D�i�g�i�t�a�l� �E�q�u�i�p�m�e�n�t� �C�o�r�p�o�r�a�t�i�o�n� �(�D�E�C�)� �V�A�X�s�t�a�t�i�o�n� �3�2�0�0� �r�a�t�e�d� �a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �M�I�P�S� �a�n�d� �a� �D�E�C� �V�A�X�s�t�a�t�i�o�n� �2�0�0�0� �r�a�t�e�d� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1� �M�I�P�S�.� �T�h�e� �S�u�n� �m�a�c�h�i�n�e�s� 

�r�u�n� �S�u�n�O�S� �4�.�0�.�3�,� �t�h�e� �V�A�X�s�t�a�t�i�o�n� �3�2�0�0� �r�u�n�s� �U�l�t�r�i�x� �2�.�2�,� �t�h�e� �V�A�X�s�t�a�t�i�o�n� �2�0�0�0� �r�u�n�s� �U�l�t�r�i�x� �3�.�1�.� �T�h�e� 

�h�e�t�e�r�o�g�e�n�e�o�u�s� �n�a�t�u�r�e� �o�f� �t�h�e� �m�a�c�h�i�n�e�s� �i�s� �r�e�a�l�i�s�t�i�c� �i�n� �t�e�r�m�s� �o�f� �t�y�p�i�c�a�l� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s� �i�n� �u�s�e� �t�o�d�a�y�.� 

�I�n� �r�e�g�a�r�d�s� �t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e� �s�l�o�w�e�r� �m�a�c�h�i�n�e�s� �i�n�t�r�o�d�u�c�e� �f�l�o�w� �c�o�n�t�r�o�l� �p�r�o�b�l�e�m�s�,� �w�h�i�c�h� �a�r�e� 

�a�d�d�r�e�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�3� �w�h�i�c�h� �p�r�e�s�e�n�t�s� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �r�e�s�u�l�t�s� �f�o�u�n�d� �i�n� �S�e�c�t�i�o�n� �5�.�2�.� 

�§�.�2� �E�x�p�e�r�i�m�e�n�t�a�l� �S�e�t�u�p� �a�n�d� �R�e�s�u�l�t�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�i�m�u�l�a�t�o�r� �[�3�2�]�,� �w�h�i�c�h� 

�r�u�n�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �A� �s�i�m�p�l�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �p�r�o�g�r�a�m� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �t�e�s�t� �a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �B�.� �S�i�n�c�e� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�n�c�u�r� 

�o�v�e�r�h�e�a�d� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �S�e�c�t�i�o�n� �5�.�2�.�1� �a�n�a�l�y�z�e�s� �e�a�c�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n ��s� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �f�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �a� �s�a�m�p�l�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�.� �S�e�c�t�i�o�n� 

�5�.�2�.�2� �f�o�l�l�o�w�s� �w�i�t�h� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �w�h�i�c�h� �t�e�s�t� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �u�s�i�n�g� �t�h�e� �v�e�c�t�o�r� 

�a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �4�7



�5�.�2�.�1� �C�o�m�m�u�n�i�c�a�t�i�o�n� �O�v�e�r�h�e�a�d� �o�f� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� 

�T�a�b�l�e� �5�.�1�(�a�)� �l�i�s�t�s� �t�h�e� �v�e�c�t�o�r� �l�e�n�g�t�h�s� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �n�u�m�b�e�r� �o�f� �b�y�t�e�s� �t�r�a�n�s�f�e�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� 

�c�l�i�e�n�t� �a�n�d� �t�h�e� �s�e�r�v�e�r� �f�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �R�P�C� �m�o�d�e�l�.� �S�i�m�i�l�a�r�l�y�,� �T�a�b�l�e� �5�.�1�(�b�)� 

�l�i�s�t�s� �t�h�e� �d�a�t�a� �a�n�d� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �t�r�a�n�s�f�e�r�r�e�d� �u�s�i�n�g� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �f�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �r�e�q�u�e�s�t� �b�y�t�e� �c�o�l�u�m�n� �i�n�d�i�c�a�t�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �b�y�t�e�s� �s�e�n�t� �f�r�o�m� �t�h�e� �A�P�X� �a�p�p�l�i�c�a�t�i�o�n� 

�p�r�o�g�r�a�m� �t�o� �t�h�e� �s�e�r�v�e�r�,� �w�h�i�l�e� �t�h�e� �r�e�c�e�i�v�e� �c�o�l�u�m�n� �s�h�o�w�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �b�y�t�e�s� �r�e�t�u�r�n�e�d� �b�y� �t�h�e� �s�e�r�v�e�r� 

�t�o� �t�h�e� �c�l�i�e�n�t�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �c�o�l�u�m�n�s� �i�n�d�i�c�a�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �a�d�d�e�d� �t�o� �t�h�e� �m�e�s�s�a�g�e�s� �t�o� 

�s�u�p�p�o�r�t� �t�h�e� �c�l�i�e�n�t�-�s�e�r�v�e�r� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�t�o�c�o�l�.� �T�h�e� �c�o�l�u�m�n�s� �a�r�e� �d�e�f�i�n�e�d� �b�y� �t�h�e� �p�r�o�t�o�c�o�l� �u�s�e�d� �a�n�d� �t�h�e� 

�d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�e�r� �(�"�C� �t�o� �S�"� �f�o�r� �c�l�i�e�n�t� �t�o� �s�e�r�v�e�r� �a�n�d� �"�S� �t�o� �C�"� �f�o�r� �s�e�r�v�e�r� �t�o� �c�l�i�e�n�t�)�.� �T�h�e�s�e� �n�u�m�b�e�r�s� 

�d�o� �n�o�t� �i�n�c�l�u�d�e� �t�h�e� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �t�r�a�n�s�p�o�r�t�,� �n�e�t�w�o�r�k�,� �d�a�t�a� �l�i�n�k�,� �o�r� �p�h�y�s�i�c�a�l� �l�a�y�e�r� 

�p�r�o�t�o�c�o�l�s�.� 

�I�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�e� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �a�r�e� �c�o�n�s�t�a�n�t� �s�i�n�c�e� �t�h�e� �s�t�u�b� �p�r�o�t�o�c�o�l� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �v�e�c�t�o�r� 

�l�e�n�g�t�h�.� �H�o�w�e�v�e�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�q�u�e�s�t� �d�a�t�a� �b�y�t�e�s� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �v�e�c�t�o�r�s� �s�i�n�c�e� �t�h�e� �R�P�C� �m�o�d�e�l� 

�s�e�n�d�s� �t�h�e� �v�e�c�t�o�r� �d�a�t�a� �w�i�t�h� �t�h�e� �w�r�i�t�e� �r�e�q�u�e�s�t�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �r�e�t�u�r�n�e�d� �d�a�t�a� �b�y�t�e�s� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �s�i�n�c�e� 

�t�h�e� �s�u�m� �v�e�c�t�o�r� �i�s� �r�e�a�d� �b�a�c�k�.� �T�h�e� �r�e�t�u�r�n�e�d� �d�a�t�a� �i�n�c�l�u�d�e�s� �a� �f�o�u�r� �b�y�t�e� �s�t�a�t�u�s� �v�a�l�u�e� �w�i�t�h� �t�h�e� �S�T�R�D� �c�a�l�l� 

�a�n�d� �7�6� �b�y�t�e�s� �f�o�r� �t�h�e� �t�w�e�l�v�e� �a�d�d�i�t�i�o�n�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �m�a�d�e� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� 

�I�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�q�u�e�s�t� �d�a�t�a� �b�y�t�e�s� �i�s� �c�o�n�s�t�a�n�t� �f�o�r� �a�l�l� �v�e�c�t�o�r� �l�e�n�g�t�h�s� �s�i�n�c�e� �o�n�l�y� �t�h�e� 

�n�a�m�e� �o�f� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �t�o� �e�x�e�c�u�t�e� �i�s� �p�a�s�s�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e� �n�u�m�b�e�r� �o�f� �r�e�t�u�r�n�e�d� 

�o�v�e�r�h�e�a�d� �b�y�t�e�s� �i�s� �c�o�n�s�t�a�n�t� �a�n�d� �i�s� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �t�h�e� �f�o�u�r� �b�y�t�e� �i�n�t�e�g�e�r� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �r�e�t�u�r�n�e�d� 

�m�e�s�s�a�g�e�.� �T�h�e� �r�e�t�u�r�n�e�d� �d�a�t�a� �b�y�t�e�s� �a�r�e� �t�h�e� �v�e�c�t�o�r� �d�a�t�a� �o�n�l�y�,� �n�o� �s�t�a�t�u�s� �v�a�l�u�e� �n�o�r� �o�t�h�e�r� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l� 

�p�a�r�a�m�e�t�e�r�s� �a�r�e� �r�e�t�u�r�n�e�d�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �4�8



�T�a�b�l�e� �5�.�1�(�a�)�.� �D�a�t�a� �a�n�d� �O�v�e�r�h�e�a�d� �B�y�t�e�s� �f�o�r� �t�h�e� �R�P�C� �M�o�d�e�l� �U�s�i�n�g� 
�t�h�e� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n�.� 

�R�e�q�u�e�s�t� �R�e�c�e�i�v�e� �O�v�e�r�h�e�a�d� �B�y�t�e�s� 
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�V�e�c�t�o�r� �D�a�t�a� �D�a�t�a� �T�C�P� �U�D�P� 
�L�e�n�g�t�h� �B�y�t�e�s� �B�y�t�e�s� �C�t�o�S� �S�t�o�C� �C�t�o�S� �S�t�o�C� 

�1�0� �3�7�1� �1�6�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�1�0�0� �1�8�1�1� �8�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�5�0�0� �8�2�1�1� �|� �4�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�1�0�0�0� �1�6�,�2�1�1� �8�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�2�0�0�0� �|� �3�2�,�2�1�1� �|� �1�6�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�3�0�0�0� �|� �4�8�,�2�1�1� �|� �2�4�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�4�0�0�0� �|� �6�4�,�2�1�1� �|� �3�2�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�5�0�0�0� �|� �8�0�,�2�1�1� �|� �4�0�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� 

�1�0�,�0�0�0� �|� �1�6�0�,�2�1�1� �|� �8�0�,�0�8�0� �1�1�2� �3�2� �1�1�8� �3�8� � � � � � � � � � � � � � � 
� � 

�T�a�b�l�e� �5�.�1�(�b�)�.� �D�a�t�a� �a�n�d� �O�v�e�r�h�e�a�d� �B�y�t�e�s� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� 
�t�h�e� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n�.� 

�R�e�q�u�e�s�t� �R�e�c�e�i�v�e� �O�v�e�r�h�e�a�d� �B�y�t�e�s� 
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�V�e�c�t�o�r� �D�a�t�a� �D�a�t�a� �T�C�P� �U�D�P� 
�L�e�n�g�t�h� �B�y�t�e�s� �B�y�t�e�s� �C�t�o�S� �S�t�o�C� �C�t�o�S� �S�t�o�C� 

�1�0� �6� �8�0� �6� �4� �1�2� �8� 

�1�0�0� �6� �8�0�0� �6� �4� �1�2� �8� 

�5�0�0� �6� �4�0�0�0� �6� �4� �1�2� �8� 

�1�0�0�0� �6� �8�0�0�0� �6� �4� �1�2� �8� 

�2�0�0�0� �6� �1�6�,�0�0�0� �6� �4� �1�2� �8� 

�3�0�0�0� �6� �2�4�,�0�0�0� �6� �4� �1�2� �8� 

�4�0�0�0� �6� �3�2�,�0�0�0� �6� �4� �1�2� �8� 

�5�0�0�0� �6� �4�0�,�0�0�0� �6� �4� �1�2� �8� 

�1�0�,�0�0�0� �6� �8�0�,�0�0�0� �6� �4� �1�2� �8� � � � � � � � � � � � � � � 
� � 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� 
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�N�o�t�e� �t�h�a�t� �t�h�e� �R�P�C� �m�o�d�e�l� �h�a�s� �a� �l�a�r�g�e�r� �n�u�m�b�e�r� �o�f� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �T�h�i�s� 

�i�s� �d�u�e� �t�o� �t�h�e� �s�u�m� �o�f� �a�l�l� �t�h�e� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �f�o�r� �e�a�c�h� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �v�e�r�s�u�s� �t�h�e� �s�i�n�g�l�e� 

�r�e�q�u�e�s�t� �a�n�d� �r�e�p�l�y� �c�a�l�l� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �F�o�r� �l�a�r�g�e�r� �v�e�c�t�o�r� �s�i�z�e�s�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�o�v�e�r�h�e�a�d� �b�e�c�o�m�e�s� �l�e�s�s� �s�i�g�n�i�f�i�c�a�n�t�.� 

�T�a�b�l�e� �5�.�2�(�a�)� �a�n�d� �T�a�b�l�e� �5�.�2�(�b�)� �i�n�d�i�c�a�t�e� �t�h�e� �d�a�t�a� �a�n�d� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �t�r�a�n�s�f�e�r�r�e�d� �f�o�r� �b�o�t�h� �m�o�d�e�l�s� �w�h�e�n� 

�u�s�i�n�g� �a� �s�a�m�p�l�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �v�a�r�i�o�u�s� �b�u�f�f�e�r� �p�o�o�l� �b�u�f�f�e�r� �s�i�z�e�s�.� �T�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� 

�s�o�u�r�c�e� �c�o�d�e� �i�s� �l�i�s�t�e�d� �i�n� �[�2�6�]�.� �T�h�e� �s�a�m�p�l�e� �a�p�p�l�i�c�a�t�i�o�n� �m�a�k�e�s� �n�i�n�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �f�o�r� �m�a�n�a�g�e�m�e�n�t� 

�p�u�r�p�o�s�e�s� �a�n�d� �a� �S�T�R�D�B� �c�a�l�l� �i�n�s�i�d�e� �a� �l�o�o�p�.� �T�h�e� �n�u�m�b�e�r� �o�f� �o�p�e�r�a�t�i�o�n�s� �i�s� �c�h�o�s�e�n� �b�y� �t�h�e� �u�s�e�r�.� �T�h�e� �t�a�b�l�e�s� 

�r�e�f�l�e�c�t� �v�a�l�u�e�s� �f�o�r� �r�e�a�d�i�n�g� �1�0�0�0� �b�u�f�f�e�r�s�.� 

�I�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�e� �n�u�m�b�e�r� �o�f� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �b�u�f�f�e�r� �s�i�z�e� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �i�s� 

�c�o�n�s�t�a�n�t�.� �T�h�e� �n�u�m�b�e�r� �o�f� �r�e�q�u�e�s�t� �d�a�t�a� �b�y�t�e�s�,� �w�h�i�c�h� �i�n�c�l�u�d�e� �1�3�1� �b�y�t�e�s� �f�o�r� �t�h�e� �n�i�n�e� �s�u�p�p�o�r�t�i�n�g� �A�P�X� �c�a�l�l�s�,� 

�i�s� �a�l�s�o� �c�o�n�s�t�a�n�t� �s�i�n�c�e� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �r�e�q�u�e�s�t� �d�o�e�s� �n�o�t� �d�e�p�e�n�d� �o�n� �t�h�e� �b�u�f�f�e�r� �s�i�z�e�.� �T�h�e� �r�e�c�e�i�v�e� �d�a�t�a� �b�y�t�e�s� 

�i�n�c�l�u�d�e� �8�8� �b�y�t�e�s� �f�o�r� �t�h�e� �s�u�p�p�o�r�t�i�n�g� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�,� �a�n�d� �a� �s�t�a�t�u�s� �r�e�t�u�r�n� �v�a�l�u�e� �f�o�r� �e�a�c�h� �S�T�R�D�B� �c�a�l�l�.� 

�F�o�r� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �p�o�o�l� �s�i�z�e�s�,� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �8�8� �b�y�t�e�s� �r�e�t�u�r�n�e�d� �f�o�r� �t�h�e� �n�i�n�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �b�e�c�o�m�e�s� 

�i�n�s�i�g�n�i�f�i�c�a�n�t�.� �A�l�s�o� �f�o�r� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s�,� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �t�r�a�n�s�f�e�r�r�e�d� �f�r�o�m� �t�h�e� �c�l�i�e�n�t� 

�t�o� �s�e�r�v�e�r� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �i�s� �a�m�o�r�t�i�z�e�d� �o�v�e�r� �m�o�r�e� �r�e�t�u�r�n�e�d� �d�a�t�a�.� �T�h�u�s�,� �f�o�r� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s�,� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �o�f� �t�h�e� �R�P�C� �m�o�d�e�l� �b�e�c�o�m�e�s� �l�e�s�s� �s�i�g�n�i�f�i�c�a�n�t�.� 

�I�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �t�h�e� �r�e�q�u�e�s�t� �b�y�t�e�s� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �f�o�r� �t�h�e� �b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n�,� �s�p�e�c�i�f�i�c�a�l�l�y� �t�h�e� �n�a�m�e� 

�o�f� �t�h�e� �A�P�X� �p�r�o�g�r�a�m� �t�o� �r�u�n�.� �T�h�e� �r�e�t�u�r�n�e�d� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �a�r�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �f�o�u�r�-�b�y�t�e� �i�n�t�e�g�e�r� �t�h�a�t� 

�i�n�d�i�c�a�t�e�s� �t�h�e� �l�e�n�g�t�h� �o�f� �e�a�c�h� �r�e�p�l�y� �m�e�s�s�a�g�e�.� �T�h�e� �r�e�t�u�r�n�e�d� �d�a�t�a� �b�y�t�e�s� �a�r�e� �a�l�l� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� 

�d�a�t�a�,� �n�o� �s�t�a�t�u�s� �v�a�l�u�e� �i�s� �r�e�t�u�r�n�e�d� �a�s� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�0



�T�a�b�l�e� �5�.�2�(�a�)�.� �D�a�t�a� �a�n�d� �O�v�e�r�h�e�a�d� �B�y�t�e�s� �f�o�r� �t�h�e� �R�P�C� �M�o�d�e�l� �U�s�i�n�g� 
�a� �R�e�a�l�-�T�i�m�e� �A�p�p�l�i�c�a�t�i�o�n�.� 

�R�e�q�u�e�s�t� �R�e�c�e�i�v�e� �O�v�e�r�h�e�a�d� �B�y�t�e�s� 
�B�u�f�f�e�r� �D�a�t�a� �D�a�t�a� �T�C�P� �U�D�P� 

�S�i�z�e� �B�y�t�e�s� �M�B�y�t�e�s� �C�t�o�S� �S�t�o�C� �C�t�o�S� �S�t�o�C� 

�1� �1�6�,�1�3�1� �0�.�0�1�2�0�8�8� �|� �8�0�7�2� �|� �4�0�3�6� �|� �8�0�7�8� �|� �4�0�4�2� 

�5�1�2� �1�6�,�1�3�8�1�]� �4�.�1�0�0�0�8�8� �|� �8�0�7�2�;� �4�0�3�6� �|� �8�0�7�8� �|� �4�0�4�2� 

�1�0�2�4� �|� �1�6�,�1�3�1�]� �8�.�1�9�2�0�8�8� �|� �8�0�7�2� �|� �4�0�3�6� �|� �8�0�7�8� �|� �4�0�4�2� 

�1�0�,�2�4�0� �|� �1�6�,�1�3�1�]� �8�1�.�9�2�4�0�8�8� �|� �8�0�7�2� �|� �4�0�3�6� �|� �8�0�7�8�]� �4�0�4�2� 

�6�5�,�0�2�4� �1�6�,�1�3�1� �|� �5�2�0�.�1�9�6�0�8�8� �|� �8�0�7�2� �|� �4�0�3�6� �|�}� �8�0�7�8�]� �4�0�4�2� 
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�T�a�b�l�e� �5�.�2�(�b�)�.� �D�a�t�a� �a�n�d� �O�v�e�r�h�e�a�d� �B�y�t�e�s� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� 
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�a� �R�e�a�l�-�T�i�m�e� �A�p�p�l�i�c�a�t�i�o�n�.� 
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�6�5�,�0�2�4� �6� �5�2�0�.�1�9�2�0�0�}�;� �6� �|� �4�0�0�0� �1�2� �|� �4�0�0�4� � � � � � � � � � � � � � � � � 
� � 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�1



�5�.�2�.�2� �E�x�p�e�r�i�m�e�n�t�a�l� �P�r�o�c�e�d�u�r�e� �a�n�d� �R�e�s�u�l�t�s� 

�I�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�,� �t�e�s�t�s� �a�r�e� �d�o�n�e� �w�i�t�h� �a� �s�i�n�g�l�e� �c�l�i�e�n�t� �u�s�i�n�g� �v�a�r�i�o�u�s� �v�e�c�t�o�r� �l�e�n�g�t�h�s�,� �r�a�n�g�i�n�g� �f�r�o�m� �1�0� 

�e�l�e�m�e�n�t�s� �t�o� �2�0�0�0� �e�l�e�m�e�n�t�s�.� �V�e�c�t�o�r� �l�e�n�g�t�h�s� �a�b�o�v�e� �2�0�0�0� �c�r�e�a�t�e� �p�r�o�b�l�e�m�s� �w�h�e�n� �u�s�i�n�g� �U�D�P� �d�u�e� �t�o� �t�h�e� �l�a�c�k� 

�o�f� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�.� �F�l�o�w� �c�o�n�t�r�o�l� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�3�.�3�.� �I�n� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�,� �a� 

�f�i�x�e�d� �v�e�c�t�o�r� �l�e�n�g�t�h� �o�f� �1�0�0� �e�l�e�m�e�n�t�s� �i�s� �u�s�e�d�,� �b�u�t� �t�h�e� �n�u�m�b�e�r� �o�f� �c�l�i�e�n�t�s� �d�e�m�a�n�d�i�n�g� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�r�e�s�o�u�r�c�e�s� �i�s� �v�a�r�i�e�d� �f�r�o�m� �o�n�e� �t�o� �t�h�r�e�e�.� �1�0�0� �r�e�p�e�t�i�t�i�o�n�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�.� 

�F�i�g�u�r�e� �5�.�1� �s�h�o�w�s� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �f�o�r� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�.� �A�s� �t�h�e� �v�e�c�t�o�r� �l�e�n�g�t�h� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s� �b�e�c�o�m�e� �m�o�r�e� �a�p�p�a�r�e�n�t�.� �A�t� �a� �v�e�c�t�o�r� �l�e�n�g�t�h� �o�f� �2�0�0�0� �e�l�e�m�e�n�t�s�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� 

�i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�4�.�2� �p�e�r�c�e�n�t� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l�.� �A�l�s�o�,� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �b�e�g�i�n� 

�t�o� �s�h�o�w� �p�e�r�f�o�r�m�a�n�c�e� �d�i�f�f�e�r�e�n�c�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �v�e�c�t�o�r� �l�e�n�g�t�h�.� �T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �e�m�p�l�o�y�i�n�g� �U�D�P� 

�a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�.�5� �p�e�r�c�e�n�t� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �T�C�P� �v�e�r�s�i�o�n�s� �w�h�e�n� �u�s�i�n�g� �a� �v�e�c�t�o�r� �l�e�n�g�t�h� �o�f� �2�0�0�0� �e�l�e�m�e�n�t�s�.� 

�T�h�e� �d�i�s�p�a�r�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s� �a�t� �l�a�r�g�e�r� �v�e�c�t�o�r�s� �l�e�n�g�t�h�s� �i�s� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�e�t�w�o�r�k� �t�r�a�f�f�i�c� 

�i�m�p�o�s�e�d� �b�y� �t�h�e� �R�P�C� �m�o�d�e�l�.� �T�h�e� �R�P�C� �m�o�d�e�l� �h�a�s� �a� �h�i�g�h�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �s�i�n�c�e� �t�h�i�s� �m�o�d�e�l� 

�t�r�a�n�s�m�i�t�s� �m�o�r�e� �d�a�t�a� �a�c�r�o�s�s� �t�h�e� �n�e�t�w�o�r�k� �t�h�a�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �d�o�e�s�.� �T�h�e� �s�l�i�g�h�t� �p�e�r�f�o�r�m�a�n�c�e� 

�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�r�o�t�o�c�o�l�s� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h�.� �V�a�i�d�y�a�n�a�t�h�a�n� �a�n�d� �M�i�d�k�i�f�f� �h�a�v�e� �s�h�o�w�n� 

�i�n� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �T�C�P�,� �U�D�P� �a�n�d� �D�E�C�n�e�t� �i�n� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�s�,� �t�h�a�t� �U�D�P� �h�a�s� �s�u�p�e�r�i�o�r� �p�e�r�f�o�r�m�a�n�c�e� 

�w�h�e�n� �t�r�a�n�s�f�e�r�r�i�n�g� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �d�a�t�a� �i�n� �l�a�r�g�e� �b�l�o�c�k�s� �[�2�9�]�.� 

�F�i�g�u�r�e� �5�.�2� �i�n�d�i�c�a�t�e�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�h�e�n� �e�x�e�c�u�t�e�d� �i�n� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �m�o�d�e� �w�i�t�h�o�u�t� 

�a�n�y� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n�.� �T�h�e� �n�o�r�m�a�l� �c�u�r�v�e� �c�l�o�s�e�l�y� �f�o�l�l�o�w�s� �t�h�e� �R�E�X�E�C�/�U�D�P� �c�u�r�v�e�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� 

�t�h�e� �R�E�X�E�C�/�U�D�P� �c�a�s�e� �h�a�s� �s�i�m�i�l�a�r� �p�e�r�f�o�r�m�a�n�c�e� �t�o� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �u�s�e� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �F�o�r� 

�t�h�e� �o�t�h�e�r� �t�h�r�e�e� �c�a�s�e�s�,� �m�i�n�i�m�a�l� �d�e�g�r�a�d�a�t�i�o�n� �i�s� �s�u�f�f�e�r�e�d�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�2



� � 

� � � � � � 

� � � 

� � 

� � � � 

�v�e�e� �D�O�r� �c�e�e�c�c�r�r�c�t�e�n�e�r�e�e�n�r�n�r�e�n�e�c�c�n�e�n�c�c�e�c�c�n�e�c�n�n�n�n�e�n�e�a�n�s�a�n� �s�s�p� �i�L� �s�p�e�i�g�e�t� 
�%� �a� 

�B� �R�P�C�/�T�C�P� 
�2� �Y�O�q�r�c�r�r�e�r�c� �t�e�e�s� �e�r�e�n�c�e�s� �e�n�c�e� �r�e�r�e� �t�e� �e�n�e�n�e�e� �e�n�e�r� �e�e�t�e�s�n� �e�n�s� �p�i�n�e� �A�G�M� �c� �c�e�r� �n�w�e�e�n�s�c�e�r�e�n�s�e�n�s�e�s�c�e�w�e�n�c�s�  ��+�- �� 

 �� �R�P�C�/�U�D�P� 
�8�  ��* �� 

�U�B� �V�O� �p�r�e� �r�r�r�r�r�t�r�r�r�r�t�n� � �a� �i� �R�e�x�e�c�/�T�C�P� 
�&� �a� 

�<�=� �S�f� �o�e�s� �n�a�g�e� �c�e�e� �n�e�e�c�n�e�e�n�e�e�e�n�s�e�e�n�e�e�s�n�e�c�e�e�c�e�e�s�e�s�n�a�e�s�s�n�e�e�s�s�e�s�s�e�s�s�e�e�s�e�n�s�s�s�e�s�e�n�s�e�n�e�e�e�n�e�e�s�n�e�e�t�t�y� �R�e�x�e�c�/�U�D�P� 
� � � � � � � � �0� �q� �q�v� �7� �v� �q� �'� �t� �T� 

�O� �2�0�0� �4�0�0� �6�0�0� �8�0�0� �1�0�0�0� �1�2�0�0� �1�4�0�0� �1�6�0�0� �1�8�0�0� �2�0�0�0� 
�L�e�n�g�t�h� �o�f� �V�e�c�t�o�r� �(�n�o�.� �o�f� �e�l�e�m�e�n�t�s�)� 

�F�i�g�u�r�e� �5�.�1�.� �R�e�s�u�l�t�s� �f�o�r� �E�x�p�e�r�i�m�e�n�t� �1�.� �V�a�r�y�i�n�g� �V�e�c�t�o�r� �L�e�n�g�t�h�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s



�A
�v�

g�.
� �E

�x�
e�

c�.
� �T

�i�
m

�e
� �(�s

�e�
c�s

�)� 

�o
�S

� 
�E

�S
�B

�S
� 

�o
�O

� 
�4� � � � � 

� � �0� �2�0�0� �4�0�0� �6�0�0� �8�0�0� �1�0�0�0� �1�2�0�0� �1�4�0�0� �1�6�0�0� �1�8�0�0� �2�0�0�0� 
�L�e�n�g�t�h� �o�f� �V�e�c�t�o�r� �(�n�o�.� �o�f� �e�l�e�m�e�n�t�s�)� 

� � 

�-�-� 

�R�e�x�e�c�/�U�D�P� 
 � �� 
�N�o�r�m�a�l� � � � � 
� � 

� � 
�F�i�g�u�r�e� �5�.�2�.� �P�e�r�f�o�r�m�a�n�c�e� �f�o�r� �C�o�n�v�e�n�t�i�o�n�a�l� �U�s�e� �o�f� �V�P� �U�s�i�n�g� 
�t�h�e� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�4



�F�i�g�u�r�e� �5�.�3� �s�h�o�w�s� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �i�n�c�r�e�a�s�e�s� �l�i�n�e�a�r�l�y� �w�i�t�h� �t�h�e� 

�n�u�m�b�e�r� �o�f� �c�l�i�e�n�t�s�.� �T�h�e�r�e� �i�s� �l�i�t�t�l�e� �o�r� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� 

�p�r�o�t�o�c�o�l�s�.� �A� �s�l�i�g�h�t� �d�i�f�f�e�r�e�n�c�e� �i�s� �s�e�e�n� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s�,� �a�g�a�i�n� �d�u�e� �t�o� �t�h�e� �h�e�a�v�i�e�r� �l�o�a�d� �t�h�a�t� �t�h�e� �R�P�C� 

�m�o�d�e�l� �i�m�p�o�s�e�s� �o�n� �t�h�e� �n�e�t�w�o�r�k�.� 

�§�3� �A�n�a�l�y�s�i�s� �a�n�d� �O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �R�e�s�u�l�t�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�e� �r�e�l�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �m�o�d�e�l�s� �a�n�d� �p�r�o�t�o�c�o�l�s�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� 

�t�e�s�t� �r�e�s�u�l�t�s�,� �c�o�m�p�a�r�i�s�o�n�s� �a�r�e� �m�a�d�e� �a�n�d� �e�x�p�l�a�n�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n�.� �S�e�c�t�i�o�n� �5�.�3�.�1� �a�n�a�l�y�z�e�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�r�e�s�u�l�t�s�.� �S�e�c�t�i�o�n� �5�.�3�.�2� �d�i�s�c�u�s�s�e�s� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �p�r�o�f�i�l�i�n�g� �e�x�p�e�r�i�m�e�n�t� �a�n�d� �S�e�c�t�i�o�n� �5�.�3�.�3� �m�a�k�e�s� 

�o�b�s�e�r�v�a�t�i�o�n�s� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �s�e�r�v�i�c�e�s� �a�n�d� �p�a�r�a�m�e�t�e�r�s� �a�f�f�e�c�t�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�.� 

�5�.�3�.�1� �A�n�a�l�y�s�i�s� �o�f� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� 

�A�s� �n�o�t�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �i�s� �s�l�i�g�h�t�l�y� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l�.� �T�h�e� �R�E�X�E�C� �m�o�d�e�l� �i�n�v�o�l�v�e�s� 

�o�n�e� �h�a�n�d�s�h�a�k�e� �b�e�t�w�e�e�n� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �f�o�r� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n�.�!� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �R�P�C� �m�o�d�e�l� �u�s�e�s� 

�a�  ��h�a�n�d�s�h�a�k�e�, �� �o�r� �t�r�a�n�s�a�c�t�i�o�n�,� �f�o�r� �e�a�c�h� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l� �m�a�d�e� �b�y� �t�h�e� �u�s�e�r ��s� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�i�s� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �h�a�n�d�s�h�a�k�e�s� �i�s� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �t�h�e� 

�a�s�s�o�c�i�a�t�e�d� �l�a�t�e�n�c�y�.� �T�h�e� �m�o�r�e� �h�a�n�d�s�h�a�k�e�s� �t�h�a�t� �a�r�e� �n�e�c�e�s�s�a�r�y�,� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �l�a�t�e�n�c�y� �i�n� �t�r�a�n�s�f�e�r�r�i�n�g� �u�s�e�r� 

�d�a�t�a�.� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �s�u�f�f�e�r�s� �n�e�g�l�i�g�i�b�l�e� �d�e�g�r�a�d�a�t�i�o�n� �d�u�e� 

�t�o� �t�h�e� �n�e�t�w�o�r�k� �o�v�e�r�h�e�a�d� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �s�t�a�n�d�-�a�l�o�n�e� �o�p�e�r�a�t�i�o�n� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �F�i�g�u�r�e� �5�.�2�.� �S�m�a�l�l� 

� � 

�1� �W�h�e�n� �u�s�i�n�g� �U�D�P�,� �a�n� �a�d�d�i�t�i�o�n�a�l� �h�a�n�d�s�h�a�k�e� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �g�i�v�e� �t�h�e� �c�l�i�e�n�t ��s� �n�e�t�w�o�r�k� �a�d�d�r�e�s�s� �t�o� 
�t�h�e� �s�e�r�v�e�r�.� �A�n� �e�x�p�l�a�n�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �C�h�a�p�t�e�r� �4�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�5
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�%� �C�L� 
�B�g� �p�r�e�r�c�e�e�c�t�e�e�e�t�e�t�s�s�e�t�t�s�e�t�s�s�e�e�t�e�n�e�e�n�s�e�n�e�n�s�s�a�t�s� �s�o�n�e�n�s�e�e�s� �R�E�X�E�C�/�U�D�P� 
�@� �=� �e�e�.� 

�=� �G�o�l�f� �e�c�e�c�c�c�c�e�e�c�e�e�c�e�c�e�e�e�n�e�e�s�s�s�e�s�s�s�e�e�e� �|� �c�e� �L�e�e�a�e�e�e� �R�E�X�E�C�/�T�C�P� 
�i� �a� �l�e�p�o�e� 

�g�e�r� �o�n�c�e� �R�B� �f�o�.�.�.� �R�P�C�/�U�D�P� 
�>� �B�S� �L�_�]� 
�<� �-� �R�P�C�/�T�C�P� 

�o�T�]� �c�e�r�e�c�e�c�e�c�e�n�r�e�-� �0�6�a� �U�Y� �n�n�  �� �p�e�r� �r�r�r�e�r�i�e�s� 

�0� �t�a�t� 
�1� �2� 

�N�u�m�b�e�r� �o�f� �C�l�i�e�n�t�s� 

�F�i�g�u�r�e� �5�.�3�.� �R�e�s�u�l�t�s� �f�o�r� �E�x�p�e�r�i�m�e�n�t� �2�.� �V�a�r�y�i�n�g� �t�h�e� �N�u�m�b�e�r� 
�o�f� �C�l�i�e�n�t�s�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�6



�d�e�l�a�y�s� �a�r�e� �i�n�c�u�r�r�e�d� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l� �m�a�i�n�l�y� �d�u�e� �t�o� �t�h�e� �e�x�t�r�a� �w�r�i�t�e�s� �t�h�a�t� �t�h�i�s� �m�o�d�e�l� �p�e�r�f�o�r�m�s� �f�o�r� �t�h�e� 

�v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �t�e�s�t� �r�e�s�u�l�t�s� �p�o�i�n�t� �t�o� �a� �b�o�t�t�l�e�n�e�c�k� �p�r�o�b�l�e�m� �o�n� �t�h�e� �h�o�s�t�s�.� �T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �i�s� �l�a�t�e�r� �s�u�b�s�t�a�n�t�i�a�t�e�d� �b�y� 

�s�i�m�u�l�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �6�.� �A�n�o�t�h�e�r� �c�r�i�t�i�c�a�l� �d�i�f�f�i�c�u�l�t�y� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �i�s� �t�h�e� �l�a�c�k� 

�o�f� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �i�n� �t�h�e� �U�D�P� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�c�k� �o�f� �a� �f�l�o�w� �c�o�n�t�r�o�l� 

�m�e�c�h�a�n�i�s�m�,� �p�o�r�t�i�o�n�s� �o�f� �l�a�r�g�e� �b�l�o�c�k�s� �a�r�e� �o�b�s�e�r�v�e�d� �t�o� �b�e� �l�o�s�t� �b�y� �a� �r�e�c�e�i�v�i�n�g� �h�o�s�t�.� 

�I�n� �h�i�g�h�e�r� �s�p�e�e�d� �n�e�t�w�o�r�k�s�,� �s�u�c�h� �a�s� �t�h�e� �F�i�b�e�r� �D�i�s�t�r�i�b�u�t�e�d� �D�a�t�a� �I�n�t�e�r�f�a�c�e� �(�F�D�D�I�)�,� �t�h�i�s� �p�r�o�b�l�e�m� �i�s� �e�v�e�n� 

�m�o�r�e� �p�r�o�n�o�u�n�c�e�d�.� �A� �f�a�s�t�e�r� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �f�o�r� �t�h�e� �V�P� �s�e�r�v�i�c�e�,� �b�a�s�e�d� �o�n� �a� �c�o�n�n�e�c�t�i�o�n�l�e�s�s� �s�e�r�v�i�c�e� 

�c�o�u�l�d� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �l�o�w� �e�r�r�o�r� �r�a�t�e�s� �o�f� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s�.� �H�o�w�e�v�e�r�,� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� 

�s�h�o�u�l�d� �a�l�s�o� �b�e� �s�u�p�p�o�r�t�e�d� �t�o� �h�a�n�d�l�e� �h�e�t�e�r�o�g�e�n�o�u�s� �h�o�s�t�s� �w�i�t�h� �w�i�d�e�l�y� �p�r�o�c�e�s�s�i�n�g� �v�a�r�y�i�n�g� �s�p�e�e�d�s�.� 

�A�n�o�t�h�e�r� �m�e�a�s�u�r�e� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �o�f� �t�h�e� �s�y�s�t�e�m�.� �H�e�r�e�,� �t�h�r�o�u�g�h�p�u�t� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� 

�n�u�m�b�e�r� �o�f� �f�l�o�a�t�i�n�g�-�p�o�i�n�t� �o�p�e�r�a�t�i�o�n�s� �o�r� �a�d�d�i�t�i�o�n�s� �c�o�m�p�l�e�t�e�d� �p�e�r� �s�e�c�o�n�d�.� �F�i�g�u�r�e� �5�.�4� �s�h�o�w�s� �t�h�e� 

�t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�.� �A�s� �t�h�e� �v�e�c�t�o�r� �l�e�n�g�t�h� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �h�i�g�h�e�r� 

�t�h�r�o�u�g�h�p�u�t� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l�.� �F�i�g�u�r�e� �5�.�5� �d�i�s�p�l�a�y�s� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �o�f� �b�o�t�h� �m�o�d�e�l�s� �u�s�i�n�g� �T�C�P� �f�o�r� 

�l�a�r�g�e�r� �v�e�c�t�o�r�s�.� �T�h�i�s� �f�i�g�u�r�e� �s�h�o�w�s� �t�h�a�t� �f�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �V�P� �s�e�r�v�i�c�e� 

�t�h�r�o�u�g�h�p�u�t� �i�s� �b�o�u�n�d�e�d� �b�y� �t�h�e� �n�o�r�m�a�l� �c�u�r�v�e�,� �w�h�i�c�h� �i�s� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �s�t�a�n�d�-�a�l�o�n�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r�.� �F�o�r� �o�t�h�e�r� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� 

�_� �s�e�r�v�i�c�e� �t�h�r�o�u�g�h�p�u�t� �m�a�y� �b�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �n�o�r�m�a�l� �c�a�s�e� �s�i�n�c�e� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �n�a�t�u�r�e� �p�e�r�m�i�t�s� �m�u�l�t�i�p�l�e� 

�p�r�o�c�e�s�s�o�r�s� �t�o� �s�h�a�r�e� �l�o�a�d�s�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �e�n�v�i�s�i�o�n� �a�n� �a�p�p�l�i�c�a�t�i�o�n� �w�h�e�r�e� �a�d�d�i�t�i�o�n�a�l� �c�o�m�p�u�t�a�t�i�o�n�a�l� �t�a�s�k�s� 

�a�r�e� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �o�r� �t�h�e� �c�l�i�e�n�t� �w�o�r�k�s�t�a�t�i�o�n�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �5�.�7
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�A�l�s�o� �s�e�e�n� �f�r�o�m� �F�i�g�u�r�e� �5�.�5�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �R�P�C� �a�n�d� �R�E�X�E�C� �m�o�d�e�l� �i�s� �c�o�n�s�t�a�n�t�.� �T�h�i�s� 

�d�i�f�f�e�r�e�n�c�e�,� �w�h�i�c�h� �i�s� �d�u�e� �t�o� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �s�u�f�f�e�r�e�d� �b�y� �t�h�e� �R�P�C� �m�o�d�e�l�,� �i�s� 

�c�o�n�s�t�a�n�t� �s�i�n�c�e� �t�h�e� �o�v�e�r�h�e�a�d� �i�n�c�r�e�a�s�e�s� �p�r�o�p�o�r�t�i�o�n�a�l�l�y� �w�i�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �t�r�a�n�s�f�e�r�r�e�d� �w�i�t�h� �l�a�r�g�e�r� 

�v�e�c�t�o�r�s�.� 

�F�i�g�u�r�e� �5�.�6� �i�n�d�i�c�a�t�e�s� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �t�h�r�o�u�g�h�p�u�t� �o�f� �t�h�e� �V�P� �s�e�r�v�i�c�e� 

�d�e�c�r�e�a�s�e�s� �w�i�t�h� �a�d�d�i�t�i�o�n�a�l� �c�l�i�e�n�t�s�.� �T�h�e� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �d�e�c�r�e�a�s�e�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6� 

�p�e�r�c�e�n�t� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l� �s�i�n�c�e� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �p�l�a�c�e�s� �a� �h�e�a�v�i�e�r� �l�o�a�d� �o�n� �t�h�e� �c�o�m�p�u�t�e� 

�s�e�r�v�e�r�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �R�P�C� �m�o�d�e�l� �s�h�a�r�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �e�x�e�c�u�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�p�u�t�e� 

�s�e�r�v�e�r� �a�n�d� �t�h�e� �u�s�e�r ��s� �w�o�r�k�s�t�a�t�i�o�n�.� 

�5�3�2� �P�r�o�f�i�l�i�n�g� �A�n�a�l�y�s�i�s� 

�T�h�e� �p�r�o�f�i�l�i�n�g� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �d�o�n�e� �u�s�i�n�g� �t�h�e� �g�p�r�o�f� �u�t�i�l�i�t�y� �[�2�3�,�3�0�,�3�1�]� �t�o� �a�n�a�l�y�z�e� �w�h�i�c�h� �p�r�o�c�e�d�u�r�e�s� �i�n� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�r�e� �t�h�e� �m�o�s�t� �t�i�m�e� �c�o�n�s�u�m�i�n�g�.� �T�h�e� �p�r�o�f�i�l�i�n�g� �t�e�s�t�s� �r�e�p�e�a�t�e�d� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �w�h�i�c�h� 

�v�a�r�i�e�d� �t�h�e� �v�e�c�t�o�r� �l�e�n�g�t�h�.� �T�h�e� �n�u�m�b�e�r� �o�f� �t�r�i�a�l�s� �f�o�r� �e�a�c�h� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e� �f�l�u�c�t�u�a�t�e�d� �d�u�e� �t�o� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �s�p�e�n�t� �b�y� �t�h�e� �d�i�s�p�a�t�c�h�e�r�,� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s�e�s�.� �T�o� �g�a�t�h�e�r� �m�e�a�n�i�n�g�f�u�l� 

�d�a�t�a�,� �a� �s�u�f�f�i�c�i�e�n�t� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d� �f�o�r� �t�h�e� �p�r�o�f�i�l�i�n�g� �u�t�i�l�i�t�y� �m�u�s�t� �b�e� �a�c�h�i�c�v�e�d�.� �T�h�i�s� �i�s� �e�x�p�l�a�i�n�e�d� �b�e�l�o�w�.� 

�T�h�e� �g�p�r�o�f� �u�t�i�l�i�t�y� �u�s�e�s� �a� �s�t�a�t�i�s�t�i�c�a�l� �a�p�p�r�o�a�c�h� �t�o� �g�a�t�h�e�r� �t�i�m�i�n�g� �s�t�a�t�i�s�t�i�c�s� �[�3�1�]�.� �T�o� �a�c�c�u�r�a�t�e�l�y� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�t�i�m�e� �d�i�s�t�r�i�b�u�t�i�o�n� �b�e�t�w�e�e�n� �p�r�o�c�e�d�u�r�e�s�,� �t�h�e� �p�r�o�g�r�a�m�s� �t�o� �b�e� �p�r�o�f�i�l�e�d� �m�u�s�t� �r�u�n� �l�o�n�g� �e�n�o�u�g�h� �s�o� �t�h�a�t� 

�s�u�f�f�i�c�i�e�n�t� �e�x�e�c�u�t�i�o�n� �s�a�m�p�l�e�s� �a�r�e� �t�a�k�e�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �t�r�i�a�l�s� �i�s� �i�n�c�r�e�a�s�e�d� �u�n�t�i�l� �a� �s�u�f�f�i�c�i�e�n�t�l�y� 

�l�a�r�g�e� �s�a�m�p�l�e� �p�e�r�i�o�d� �i�s� �o�b�t�a�i�n�e�d�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�0
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�S� �2�0�4� �R�E�X�E�C�/�U�D�P� 

�1�8�1� �R�E� �~�~� �R�E�X�E�C�/�T�C�P� 
�a� �1�6�  ��e �� 

�D� �R�P�C�/�U�D�P� 
�5� �V�4� �p�r�r�r�r�s�r�e�r�r�r�e�r�e�r�r�n�c�n�s� �n�s�e� �c�e�c�e�e�s�e�s�c�s�e�r�c�n�e�s� �o�o� 

�E� �1�2� �R�P�C�/�T�C�P� � � � � � � 

� � 

� � � � � � 
�N�u�m�b�e�r� �o�f� �C�l�i�e�n�t�s� 

�F�i�g�u�r�e� �5�.�6�.� �T�h�r�o�u�g�h�p�u�t� �f�o�r� �E�x�p�e�r�i�m�e�n�t� �2�.� �V�a�r�y�i�n�g� �t�h�e� 
�N�u�m�b�e�r� �o�f� �C�l�i�e�n�t�s�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�1



�T�a�b�l�e�s� �5�.�3�,� �5�.�4�,� �5�.�5� �a�n�d� �5�.�6� �l�i�s�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�i�m�e� �c�o�n�s�u�m�e�d� �f�o�r� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �p�r�o�c�e�d�u�r�e�s� �u�s�e�d� 

�i�n� �e�a�c�h� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�.� �T�h�e� �t�a�b�l�e�s� �i�n�c�l�u�d�e� �s�t�u�b� �p�r�o�c�e�d�u�r�e�s�,� �s�y�s�t�e�m� �c�a�l�l�s� �a�n�d� �C� �l�i�b�r�a�r�y� �c�a�l�l�s� 

�f�o�r� �t�h�e� �c�l�i�e�n�t�,� �s�e�r�v�e�r� �a�n�d� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s�e�s�.� �A�n�  ��X �� �i�n� �t�h�e� �t�a�b�l�e�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �p�a�r�t�i�c�u�l�a�r� 

�p�r�o�c�e�d�u�r�e� �i�s� �n�o�t� �c�a�l�l�e�d� �b�y� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �p�r�o�g�r�a�m� �l�i�s�t�e�d� �f�o�r� �t�h�a�t� �c�o�l�u�m�n�.� �N�o�t� �s�h�o�w�n� �i�n� �t�h�e� �t�a�b�l�e�s� �a�r�e� 

�t�h�e� �l�o�w�-�l�e�v�e�l� �r�o�u�t�i�n�e�s� �c�a�l�l�e�d�.� �C�a�b�r�e�r�a� �e�t�.� �a�l�.� �p�r�o�v�i�d�e� �a� �p�r�o�f�i�l�e� �o�f� �t�h�e� �T�C�P� �a�n�d� �U�D�P� �c�a�l�l�i�n�g� �h�i�e�r�a�r�c�h�y� 

�w�h�i�c�h� �i�n�c�l�u�d�e�s� �l�o�w�-�l�e�v�e�l� �p�r�o�c�e�d�u�r�e�s� �[�3�3�]�.� 

�A�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �t�a�b�l�e�s� �i�s� �t�h�e� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �i�n� �t�h�e� �A�P�X� �l�i�b�r�a�r�y�.� �T�h�e� �d�a�t�a� �f�i�l�e�s� 

�p�r�o�d�u�c�e�d� �f�o�r� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �a�r�e� �o�b�s�e�r�v�e�d� �t�o� �t�a�b�u�l�a�t�e� �p�r�o�c�e�d�u�r�e�s� �w�i�t�h� �o�n�l�y� �2�5�%� �t�o� �3�5�%� �o�f� �t�h�e� �t�o�t�a�l� 

�e�x�e�c�u�t�i�o�n� �t�i�m�e�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�i�m�e� �i�n� �t�h�e� �p�r�o�c�e�s�s� �i�s� �s�p�e�n�t� �i�n� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �w�h�i�c�h� 

�i�s� �n�o�t� �p�r�o�f�i�l�e�d�.� �A�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�e�r�v�e�r� �p�r�o�f�i�l�e� �d�a�t�a� �a�r�e� �n�u�m�e�r�o�u�s� �p�r�o�c�e�d�u�r�e�s� �w�h�i�c�h� �a�r�e� �s�y�s�t�e�m� 

�r�o�u�t�i�n�e�s� �c�a�l�l�e�d� �b�y� �t�h�e� �A�P�X� �l�i�b�r�a�r�y�.� �S�i�n�c�e� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �i�s� �n�o�t� �p�r�o�f�i�l�e�d�,� �t�h�e�s�e� �p�r�o�c�e�d�u�r�e�s� �a�r�e� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �b�e�i�n�g� �"�s�p�o�n�t�a�n�e�o�u�s�l�y� �i�n�v�o�k�e�d�. �� �T�h�e� �t�a�b�l�e�s� �l�i�s�t� �t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e�s�e� �m�i�s�c�e�l�l�a�n�e�o�u�s� �s�y�s�t�e�m� 

�p�r�o�c�e�d�u�r�e�s� �u�n�d�e�r� �t�h�e� �p�r�o�c�e�d�u�r�e� �n�a�m�e� �"�A�P�X� �s�y�s�t�e�m�. �� 

�T�h�e� �t�a�b�l�e�s� �a�r�e� �i�n�d�e�x�e�d� �b�y� �v�e�c�t�o�r� �s�i�z�e�.� �T�h�e� �d�i�s�p�a�t�c�h�e�r� �t�i�m�e�s� �a�r�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �v�e�c�t�o�r� �s�i�z�e�,� �w�h�i�l�e� �t�h�e� 

�c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �a�r�e� �n�e�c�e�s�s�a�r�i�l�y� �d�e�p�e�n�d�e�n�t�.� �T�h�e� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s� �s�p�e�n�d�s� �m�o�s�t� �o�f� �i�t�s� �t�i�m�e� �e�x�e�c�u�t�i�n�g� 

�t�h�e� �f�o�r�k� �a�n�d� �a�c�c�e�p�t� �s�y�s�t�e�m� �c�a�l�l�s�.� �T�h�o�u�g�h� �t�h�e�s�e� �a�r�e� �t�i�m�e� �c�o�n�s�u�m�i�n�g� �p�r�o�c�e�d�u�r�e�s�,� �t�h�e� �t�o�t�a�l� �e�x�e�c�u�t�i�o�n� �t�i�m�e� 

�f�o�r� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s� �a�v�e�r�a�g�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6� �m�s� �w�h�e�n� �u�s�i�n�g� �T�C�P� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�.�9� �m�s� 

�w�h�e�n� �u�s�i�n�g� �U�D�P�.� �T�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �s�m�a�l�l� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �t�o�t�a�l� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �e�v�e�n� �f�o�r� �s�h�o�r�t� �v�e�c�t�o�r�s�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �d�i�s�p�a�t�c�h�e�r� �t�i�m�e�s� �f�o�r� �T�C�P� �a�n�d� �U�D�P� �i�s� �d�u�e� �t�o� �t�h�e� �e�x�t�r�a� �h�a�n�d�s�h�a�k�i�n�g� �t�h�e� 

�U�D�P� �v�e�r�s�i�o�n�s� �m�u�s�t� �d�o� �t�o� �p�a�s�s� �t�h�e� �c�l�i�e�n�t� �a�d�d�r�e�s�s� �t�o� �t�h�e� �c�h�i�l�d�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�2



�T�a�b�l�e� �5�.�3�.� �P�r�o�f�i�l�e�d� �P�r�o�c�e�d�u�r�e�s� �f�o�r� �t�h�e� �R�P�C�/�T�C�P� �M�o�d�e�l�.� 
�V�e�c�t�o�r� 

�P�r�o�c�e�d�u�r�e�s� �S�i�z�e� �D�i�s�p�a�t�c�h�e�r� �S�e�r�v�e�r� �C�l�i�e�n�t� 
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�i�n�i�t�i�a�l�i�z�a�t�i�o�n� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �v�e�c�t�o�r� �o�p�e�r�a�t�i�o�n�s�.� 

�C�a�l�c�u�l�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �p�r�o�f�i�l�e� �d�a�t�a� �a�r�e� �m�a�d�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�u�b�s� �a�n�d� 

�o�t�h�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �v�e�r�s�u�s� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �s�p�e�n�t� �o�n� �c�o�m�p�u�t�a�t�i�o�n�a�l� �t�a�s�k�s�.� �T�h�e�s�e� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�7



�c�a�l�c�u�l�a�t�i�o�n�s� �g�i�v�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �m�o�d�e�l�s� �a�s� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�a�l� �r�u�n� �t�i�m�e� �i�s� �i�n�c�r�e�a�s�e�d�.� 

�H�i�g�h�e�r� �r�u�n� �t�i�m�e� �v�a�l�u�e�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �m�o�r�e� �t�i�m�e�-�c�o�n�s�u�m�i�n�g� �o�p�e�r�a�t�i�o�n�s� �o�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� 

�O�n�e� �m�e�t�h�o�d� �t�o� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �a�n�a�l�y�z�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s� �i�s� �t�o� �l�o�o�k� �a�t� �t�h�e� 

�r�a�t�i�o� �o�f� �t�h�e� �m�o�d�e�l� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s�.� �T�,�,�,� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �f�o�r� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�n�d� 

�T�y�p�e� �1�8� �d�e�f�i�n�e�d� �a�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l�.� �T�h�e� �r�a�t�i�o� �T�,�.�,�/�T�,�,�,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� 

�c�o�m�p�u�t�a�t�i�o�n�a�l� �r�u�n� �t�i�m�e� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �5�.�7�.� �A�t� �s�m�a�l�l� �v�a�l�u�e�s� �o�f� �r�u�n� �t�i�m�e� �t�y�p�i�c�a�l� �o�f� �s�i�m�p�l�e� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �r�a�t�i�o� �T�r�e�x�/�T� �r�p�c� �1�s� �m�u�c�h� �l�e�s�s� 

�t�h�a�n� �1�.� �A�s� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n�c�r�e�a�s�e�s�,� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s� �b�e�c�o�m�e� �s�m�a�l�l�e�r� 

�s�i�n�c�e� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�i�m�e�s� �a�r�e� �c�o�n�s�t�a�n�t� �b�u�t� �t�h�e� �r�u�n� �t�i�m�e� �i�n�c�r�e�a�s�e�s�.� �T�h�u�s�,� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�i�m�e� 

�b�e�c�o�m�e�s� �a� �s�m�a�l�l�e�r� �a�n�d� �s�m�a�l�l�e�r� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �a�s� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �i�n�c�r�e�a�s�e�s�.� �T�h�u�s�,� 

�T�r�e�x�/�T� �r�p�e� �a�p�p�r�o�a�c�h�e�s� �1�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �m�o�d�e�l�s� �i�s� �l�e�s�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �m�o�r�e� 

�c�o�m�p�l�e�x� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�A�n� �a�d�d�i�t�i�o�n�a�l� �p�o�i�n�t� �t�o� �n�o�t�e� �i�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �R�E�X�E�C� �a�n�d� �R�P�C� �m�o�d�e�l�s� 

�c�o�n�c�e�r�n�s� �t�h�e� �s�a�m�p�l�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�e� �v�e�c�t�o�r� �a�d�d� �p�r�o�g�r�a�m� �i�s� �p�e�s�s�i�m�i�s�t�i�c� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �f�r�o�m� 

�t�h�e� �v�i�e�w�p�o�i�n�t� �o�f� �t�h�e� �R�P�C� �m�o�d�e�l� �s�i�n�c�e� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�r�i�t�e�s� �t�w�o� �v�e�c�t�o�r�s� �t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�n�d� 

�r�e�a�d�s� �o�n�l�y� �o�n�e� �v�e�c�t�o�r� �b�a�c�k�.� �T�h�e� �R�E�X�E�C� �m�o�d�e�l� �d�o�e�s� �n�o�t� �s�u�f�f�e�r� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �o�f� �w�r�i�t�i�n�g� 

�v�e�c�t�o�r�s�.� �T�h�u�s�,� �f�o�r� �o�t�h�e�r� �b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n�s� �w�h�i�c�h� �p�e�r�f�o�r�m� �m�o�r�e� �r�e�a�d� �o�p�e�r�a�t�i�o�n�s� �t�h�a�n� �w�r�i�t�e� �o�p�e�r�a�t�i�o�n�s�,� 

�t�h�e� �r�e�l�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �t�w�o� �m�o�d�e�l�s� �w�o�u�l�d� �b�e� �c�l�o�s�e�r�.� 

�5�.�3�.�3� �O�b�s�e�r�v�a�t�i�o�n�s� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e� �a�n�a�l�y�s�i�s�,� �s�e�v�e�r�a�l� �o�b�s�e�r�v�a�t�i�o�n�s� �m�a�y� �b�e� �m�a�d�e� �c�o�n�c�e�r�n�i�n�g� �t�r�a�n�s�p�o�r�t� �s�e�r�v�i�c�e�s� �a�n�d� 

�t�r�a�n�s�p�o�r�t� �l�e�v�e�l� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �a�f�f�e�c�t� �t�h�e� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �s�e�r�v�i�c�e�s� �d�i�s�c�u�s�s�e�d� �c�o�n�c�e�r�n� �f�l�o�w� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�8



�T�r�e�x� �4� 
�T�r�p�c� 

� � 

� � � � 
�F�i�g�u�r�e� �5�.�7�.� �R�a�t�i�o� �o�f� �R�E�X�E�C� �E�x�e�c�u�t�i�o�n� �T�i�m�e� �t�o� 
�R�P�C� �E�x�e�c�u�t�i�o�n� �T�i�m�e� �a�s� �a� �F�u�n�c�t�i�o�n� �o�f� �R�u�n� �T�i�m�e�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �6�9



�c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �b�u�f�f�e�r�i�n�g� �l�a�r�g�e� �d�a�t�a� �b�l�o�c�k�s�.� �I�n�f�l�u�e�n�t�i�a�l� �p�a�r�a�m�e�t�e�r�s� �i�n�c�l�u�d�e� �t�h�e� �n�e�t�w�o�r�k� �p�a�c�k�e�t� 

�s�i�z�e� �a�n�d� �t�h�e� �w�i�n�d�o�w� �s�i�z�e� �u�s�e�d� �i�n� �p�r�o�t�o�c�o�l�s� �w�i�t�h� �a� �w�i�n�d�o�w�-�b�a�s�e�d� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�3�,� �T�C�P� �e�m�p�l�o�y�s� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �w�h�e�r�e�a�s� �U�D�P� �d�o�e�s� �n�o�t�.� �T�h�e� 

�e�f�f�e�c�t� �o�f� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�r�a�n�s�p�o�r�t� �s�e�r�v�i�c�e�s� �i�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t�.� �D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �a� 

�f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �i�n� �U�D�P�,� �s�l�o�w� �r�e�c�e�i�v�i�n�g� �h�o�s�t�s� �m�a�y� �l�o�s�e� �p�o�r�t�i�o�n�s� �o�f� �l�a�r�g�e� �d�a�t�a� �b�l�o�c�k�s� �w�h�i�c�h� �a�r�e� 

�t�r�a�n�s�m�i�t�t�e�d� �w�h�e�n� �l�a�r�g�e� �v�e�c�t�o�r�s� �a�r�e� �u�s�e�d�.� �T�h�i�s� �i�s� �w�h�y� �t�h�e� �f�i�r�s�t� �e�x�p�e�r�i�m�e�n�t� �i�s� �l�i�m�i�t�e�d� �t�o� �v�e�c�t�o�r� �l�e�n�g�t�h�s� 

�l�e�s�s� �t�h�a�n� �2�0�0�0� �e�l�e�m�e�n�t�s�.� �T�h�i�s� �p�r�o�b�l�e�m� �i�s� �m�o�s�t� �a�c�u�t�e� �w�h�e�n� �u�s�i�n�g� �t�h�e� �D�E�C� �V�A�X�s�t�a�t�i�o�n� �2�0�0�0�,� �w�h�i�c�h� �i�s� 

�a� �1� �M�I�P�S� �m�a�c�h�i�n�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �S�u�n� �S�P�A�R�C�s�t�a�t�i�o�n� �3�7�0�,� �w�h�i�c�h� �i�s� �a� �1�6� �M�I�P�S� �m�a�c�h�i�n�e�.� �S�i�n�c�e� �T�C�P� 

�u�s�e�s� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�,� �n�o� �s�u�c�h� �v�e�c�t�o�r� �l�e�n�g�t�h� �l�i�m�i�t�a�t�i�o�n� �i�s� �n�o�t�i�c�e�d�.� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �i�n�d�i�c�a�t�e�d�,� �T�C�P� �i�s� �a� �b�u�f�f�e�r�e�d� �t�r�a�n�s�p�o�r�t� �s�e�r�v�i�c�e� �w�h�i�l�e� �U�D�P� �i�s� �n�o�t�.� �I�n� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�h�e� �T�C�P� 

�b�u�f�f�e�r� �s�i�z�e� �d�e�f�a�u�l�t�s� �t�o� �4�0�9�6� �b�y�t�e�s� �a�n�d� �t�h�e� �U�D�P� �b�u�f�f�e�r� �s�i�z�e� �i�s� �s�e�t� �t�o� �t�h�e� �m�a�x�i�m�u�m� �s�i�z�e� �a�l�l�o�w�e�d� �w�i�t�h� 

�E�t�h�e�r�n�e�t�,� �n�a�m�e�l�y� �1�4�7�2� �b�y�t�e�s� �a�s� �c�i�t�e�d� �i�n� �C�h�a�p�t�e�r� �4�.� �(�T�h�e� �4�0�9�6�-�b�y�t�e� �b�u�f�f�e�r� �u�s�e�d� �w�i�t�h� �T�C�P� �i�s� �f�r�a�g�m�e�n�t�e�d� 

�b�y� �t�h�e� �n�e�t�w�o�r�k� �l�a�y�e�r�,� �I�P�,� �i�n�t�o� �t�h�e� �m�a�x�i�m�u�m� �s�i�z�e� �p�a�c�k�e�t�s� �f�o�r� �E�t�h�e�r�n�e�t�.�)� �I�n� �s�o�m�e� �h�i�g�h�e�r� �s�p�e�e�d� �n�e�t�w�o�r�k�s� 

�a� �l�a�r�g�e�r� �p�a�c�k�e�t� �s�i�z�e� �c�a�n� �b�e� �u�s�e�d� �w�h�i�c�h� �w�o�u�l�d� �a�v�o�i�d� �f�r�a�g�m�e�n�t�i�n�g� �T�C�P� �p�a�c�k�e�t�s� �a�n�d� �a�l�l�o�w� �f�o�r� �a� �l�a�r�g�e�r� 

�a�p�p�l�i�c�a�t�i�o�n� �b�u�f�f�e�r� �f�o�r� �t�h�e� �U�D�P� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �F�D�D�I� �p�e�r�m�i�t�s� �a� �m�a�x�i�m�u�m� �p�a�c�k�e�t� �s�i�z�e� 

�o�f� �4�5�0�0� �b�y�t�e�s� �[�3�]�.� �T�h�u�s� �t�h�e� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �e�x�p�e�c�t�e�d� �t�o� �i�m�p�r�o�v�e� �b�y� �a�v�o�i�d�i�n�g� �t�h�e� �f�r�a�g�m�e�n�t�a�t�i�o�n� 

�c�o�s�t�s�,� �a�n�d� �a� �l�a�r�g�e�r� �b�l�o�c�k� �s�i�z�e� �r�e�d�u�c�e�s� �t�h�e� �t�r�a�n�s�f�e�r� �t�i�m�e� �[�2�9�]�.� 

�A� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �a� �l�a�r�g�e�r� �p�a�c�k�e�t� �s�i�z�e� �i�n� �f�a�s�t�e�r� �n�e�t�w�o�r�k�s� �i�s� �g�r�e�a�t�e�r� �e�f�f�i�c�i�e�n�c�y� �b�e�c�a�u�s�e� �f�e�w�e�r� �p�a�c�k�e�t�s� �a�r�e� 

�n�e�c�e�s�s�a�r�y� �w�i�t�h� �l�a�r�g�e�r� �p�a�c�k�e�t� �s�i�z�e�s�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�d�u�c�i�n�g� �p�e�r� �p�a�c�k�e�t� �p�r�o�c�e�s�s� �o�v�e�r�h�e�a�d� �f�o�r� �b�o�t�h� �T�C�P� 

�a�n�d� �U�D�P�,� �t�h�i�s� �t�r�a�n�s�p�o�r�t� �l�e�v�e�l� �p�a�r�a�m�e�t�e�r� �a�l�s�o� �i�n�f�l�u�e�n�c�e�s� �T�C�P� �b�y� �r�e�d�u�c�i�n�g� �t�h�e� �p�a�c�k�e�t�i�z�a�t�i�o�n� �l�a�t�e�n�c�y�,� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �7�0



�d�e�f�i�n�e�d� �a�s� �t�h�e� �t�i�m�e� �t�o� �b�u�i�l�d� �a� �p�a�c�k�e�t�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �o�f� �T�C�P� �m�a�y� �a�l�s�o� 

�e�x�p�e�r�i�e�n�c�e� �a� �g�r�e�a�t�e�r� �e�f�f�i�c�i�e�n�c�y�.� �T�h�i�s� �r�e�a�s�o�n�i�n�g� �i�s� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s�.� 

�I�n� �a� �p�r�o�p�e�r�l�y� �c�o�n�f�i�g�u�r�e�d� �n�e�t�w�o�r�k�,� �t�h�e� �m�a�x�i�m�u�m� �p�a�c�k�e�t� �s�i�z�e� �a�n�d� �w�i�n�d�o�w� �s�i�z�e� �a�r�e� �d�e�f�i�n�e�d� �f�o�r� �h�i�g�h� 

�u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �n�e�t�w�o�r�k� �w�i�t�h�o�u�t� �r�e�q�u�i�r�i�n�g� �e�a�c�h� �r�e�c�e�i�v�i�n�g� �h�o�s�t� �t�o� �r�e�s�e�r�v�e� �a�n� �e�x�c�e�s�s�i�v�e� �b�u�f�f�e�r� �s�p�a�c�e�.� 

�I�f� �t�h�e� �d�a�t�a� �r�a�t�e� �o�f� �t�h�e� �n�e�t�w�o�r�k� �i�n�c�r�e�a�s�e�s�,� �t�h�e�n� �t�o� �m�o�r�e� �f�u�l�l�y� �u�t�i�l�i�z�e� �t�h�e� �n�e�t�w�o�r�k�,� �t�h�e� �p�a�c�k�e�t� �s�i�z�e� �s�h�o�u�l�d� 

�i�n�c�r�e�a�s�e� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �f�a�s�t�e�r� �d�a�t�a� �r�a�t�e� �a�n�d� �a�v�o�i�d� �p�e�r� �p�a�c�k�e�t� �o�v�e�r�h�e�a�d�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �f�a�s�t�e�r� 

�d�a�t�a� �r�a�t�e�,� �m�o�r�e� �d�a�t�a� �m�a�y� �b�e� �t�r�a�n�s�m�i�t�t�e�d� �i�n� �a� �g�i�v�e�n� �a�m�o�u�n�t� �o�f� �t�i�m�e� �t�h�a�n� �w�i�t�h� �t�h�e� �s�l�o�w�e�r� �n�e�t�w�o�r�k�.� 

�T�h�e�r�e�f�o�r�e�,� �t�o� �a�v�o�i�d� �t�h�e� �i�n�e�f�f�i�c�i�e�n�c�y� �o�f� �a� �p�r�o�t�o�c�o�l� �w�i�t�h� �o�n�e� �a�c�k�n�o�w�l�e�d�g�e�m�e�n�t� �p�e�r� �p�a�c�k�e�t� �t�r�a�n�s�m�i�t�t�e�d�,� �t�h�e� 

�w�i�n�d�o�w� �s�i�z�e� �s�h�o�u�l�d� �i�n�c�r�e�a�s�e�.� �T�h�i�s� �l�a�r�g�e�r� �w�i�n�d�o�w� �s�i�z�e� �m�i�n�i�m�i�z�e�s� �t�h�e� �n�e�e�d� �f�o�r� �t�h�e� �T�C�P� �f�l�o�w� �c�o�n�t�r�o�l� 

�m�e�c�h�a�n�i�s�m� �t�o� �c�a�u�s�e� �a� �t�e�m�p�o�r�a�r�y� �b�r�e�a�k� �i�n� �t�h�e� �p�a�c�k�e�t� �d�e�l�i�v�e�r�y�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �T�C�P� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�s�t�a�n�d�s� �t�o� �b�e�n�e�f�i�t� �f�r�o�m� �a� �l�a�r�g�e�r� �w�i�n�d�o�w� �s�i�z�e� �a�s� �w�e�l�l� �a�s� �f�r�o�m� �r�e�d�u�c�e�d� �p�a�c�k�e�t�i�z�a�t�i�o�n� �l�a�t�e�n�c�y�.� 

�T�h�e� �a�b�o�v�e� �a�n�a�l�y�s�i�s� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �t�e�s�t� �r�e�s�u�l�t�s� �o�b�t�a�i�n� �f�o�r� �a� �b�a�t�c�h� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� 

�A�P� �S�i�m�u�l�a�t�o�r�.� �I�n� �C�h�a�p�t�e�r� �6� �s�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �a�r�e� �d�i�s�c�u�s�s�e�d�,� 

�i�n�c�l�u�d�i�n�g� �s�i�m�u�l�a�t�i�o�n�s� �o�f� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�C�h�a�p�t�e�r� �5�.� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�s�u�l�t�s� �&� �A�n�a�l�y�s�i�s� �7�1



�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �5� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �a� �s�i�m�p�l�e� 

�b�a�t�c�h� �m�o�d�e� �a�p�p�l�i�c�a�t�i�o�n�,� �u�t�i�l�i�z�i�n�g� �a�n� �E�t�h�e�r�n�e�t� �L�A�N�.� �T�o� �s�t�u�d�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� 

�f�o�r� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s� �o�r� �a�l�t�e�r�n�a�t�i�v�e� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s�,� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �d�o�n�e�.� �S�e�c�t�i�o�n� �6�.�1� �g�i�v�e�s� 

�a� �b�r�i�e�f� �o�v�e�r�v�i�e�w� �o�f� �c�o�m�p�u�t�e�r� �n�e�t�w�o�r�k� �s�i�m�u�l�a�t�i�o�n�,� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �e�n�t�i�t�i�e�s� �e�m�p�l�o�y�e�d� �i�n� �m�o�d�e�l�i�n�g� 

�a� �c�o�m�p�u�t�e�r� �n�e�t�w�o�r�k�.� �S�e�c�t�i�o�n� �6�.�2� �p�r�e�s�e�n�t�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �a�n�d� 

�t�h�e� �v�e�r�i�f�i�c�a�t�i�o�n� �o�f� �r�e�s�u�l�t�s� �f�o�r� �a� �b�a�t�c�h� �m�o�d�e� �a�p�p�l�i�c�a�t�i�o�n�.� �S�e�c�t�i�o�n� �6�.�3� �a�n�a�l�y�z�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �a� �r�e�a�l�-� 

�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�.� �S�e�c�t�i�o�n� �6�.�4� �d�i�s�c�u�s�s�e�s� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �s�i�m�u�l�a�t�i�o�n� �u�s�i�n�g� �a� �F�D�D�I� �l�o�c�a�l� �a�r�e�a� 

�n�e�t�w�o�r�k� �a�n�d� �m�a�k�e�s� �c�o�m�p�a�r�i�s�o�n�s� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �S�e�c�t�i�o�n� �6�.�3�.� 

�6�.�1� �C�o�m�p�u�t�e�r� �N�e�t�w�o�r�k� �S�i�m�u�l�a�t�i�o�n� 

�T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �i�s� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e� �N�E�T�W�O�R�K� �I�I�.�5� �f�r�o�m� �C�A�C�T�I�,� �I�n�c�.� 

�[�3�4�]�.� �N�E�T�W�O�R�K� �I�L�S� �d�e�f�i�n�e�s� �d�i�f�f�e�r�e�n�t� �e�n�t�i�t�i�e�s�,� �i�n�c�l�u�d�i�n�g� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s�,� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�s�,� 

�m�o�d�u�l�e�s�,� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s� �t�o� �m�o�d�e�l� �a� �c�o�m�p�u�t�e�r� �n�e�t�w�o�r�k�.� �E�a�c�h� �e�n�t�i�t�y� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �7�2



�s�e�t� �o�f� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �g�o�v�e�r�n� �i�t�s� �b�e�h�a�v�i�o�r� �i�n� �a� �s�i�m�u�l�a�t�i�o�n�.� �T�a�b�l�e� �6�.�1� �l�i�s�t�s� �a� �s�u�b�s�e�t� �o�f� �t�h�e� �a�v�a�i�l�a�b�l�e� 

�e�l�e�m�e�n�t�s� �a�n�d� �t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�a�r�a�m�e�t�e�r�s�.� 

�A� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �(�P�E�)� �t�y�p�i�c�a�l�l�y� �m�o�d�e�l�s� �a� �h�o�s�t� �c�o�m�p�u�t�e�r�.� �T�h�e� �c�y�c�l�e� �t�i�m�e� �a�n�d� �i�n�s�t�r�u�c�t�i�o�n� �r�e�p�e�r�t�o�i�r�e� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �c�l�o�c�k� �s�p�e�e�d� �a�n�d� �i�n�s�t�r�u�c�t�i�o�n� �s�e�t� �o�f� �t�h�e� �m�a�c�h�i�n�e�.� �T�h�e� �t�i�m�e� �s�l�i�c�e� �p�a�r�a�m�e�t�e�r� �d�e�f�i�n�e�s� �t�h�e� 

�a�m�o�u�n�t� �o�f� �t�i�m�e� �g�i�v�e�n� �t�o� �e�a�c�h� �p�r�o�c�e�s�s� �f�o�r� �m�u�l�t�i�-�t�a�s�k�i�n�g� �s�y�s�t�e�m�s�.� �T�h�e� �i�n�p�u�t� �c�o�n�t�r�o�l�l�e�r� �a�l�l�o�w�s� �a� �P�E� �t�o� 

�r�e�c�e�i�v�e� �m�e�s�s�a�g�e�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �w�h�i�l�e� �e�x�e�c�u�t�i�n�g� �a�n� �i�n�s�t�r�u�c�t�i�o�n�.� �T�h�e� �m�e�s�s�a�g�e� �q�u�e�u�e� �s�i�z�e� �s�p�e�c�i�f�i�e�s� �a� 

�m�a�x�i�m�u�m� �r�e�c�e�i�v�e� �b�u�f�f�e�r� �s�i�z�e� �b�e�f�o�r�e� �m�e�s�s�a�g�e�s� �a�r�e� �l�o�s�t�.� �T�h�e� �I�/�O� �s�e�t�u�p� �t�i�m�e� �r�e�p�r�e�s�e�n�t�s� �t�i�m�e� �s�p�e�n�t� �f�o�r� 

�p�a�c�k�e�t� �b�u�i�l�d�i�n�g� �o�r� �c�h�e�c�k�s�u�m� �c�a�l�c�u�l�a�t�i�o�n�s�.� 

�A� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �r�e�p�r�e�s�e�n�t�s� �a� �c�o�m�m�u�n�i�c�a�t�i�o�n� �m�e�d�i�u�m� �s�u�c�h� �a�s� �a� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k� �o�r� �a� �p�r�o�c�e�s�s�o�r� �b�u�s�.� 

�T�h�e� �c�y�c�l�e� �t�i�m�e� �i�s� �b�a�s�i�c� �t�r�a�n�s�f�e�r� �r�a�t�e� �o�f� �t�h�e� �m�e�d�i�u�m�.� �T�h�e� �b�i�t�s�/�c�y�c�l�e� �a�t�t�r�i�b�u�t�e� �d�e�l�i�n�e�a�t�e�s� �s�e�r�i�a�l� �o�r� 

�p�a�r�a�l�l�e�l� �t�r�a�n�s�m�i�s�s�i�o�n�.� �T�h�e� �c�y�c�l�e�s�/�w�o�r�d� �a�n�d� �w�o�r�d�s�/�b�l�o�c�k� �p�a�r�a�m�e�t�e�r�s� �d�e�f�i�n�e� �w�o�r�d� �a�n�d� �b�l�o�c�k� �s�i�z�e�s�.� �T�h�e� 

�b�l�o�c�k� �s�i�z�e� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �t�h�e� �m�a�x�i�m�u�m� �p�a�c�k�e�t� �s�i�z�e� �f�o�r� �a� �L�A�N�.� �T�h�e� �o�v�e�r�h�e�a�d� �t�i�m�e�s� �m�a�y� �b�e� �u�s�e�d� �t�o� 

�r�e�p�r�e�s�e�n�t� �f�r�a�m�e� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s�.� �T�h�e� �c�o�n�n�e�c�t�i�o�n� �l�i�s�t� �i�d�e�n�t�i�f�i�e�s� �n�o�d�e�s� �o�n� �t�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�.� �T�h�e� 

�p�r�o�t�o�c�o�l� �a�t�t�r�i�b�u�t�e� �d�e�f�i�n�e�s� �t�h�e� �a�c�c�e�s�s� �m�e�t�h�o�d� �f�o�r� �t�h�e� �m�e�d�i�a�.� �N�E�T�W�O�R�K� �I�L�S� �s�u�p�p�o�r�t�s� �s�e�v�e�r�a�l� �a�c�c�e�s�s� 

�p�r�o�t�o�c�o�l�s� �i�n�c�l�u�d�i�n�g� �c�o�l�l�i�s�i�o�n�,� �t�o�k�e�n� �r�i�n�g�,� �A�L�O�H�A�,� �a�n�d� �f�i�r�s�t� �c�o�m�e�-�f�i�r�s�t� �s�e�r�v�e�d� �(�F�C�F�S�)�,� �a�m�o�n�g� �o�t�h�e�r�s�.� 

�T�h�e� �m�o�d�u�l�e� �e�l�e�m�e�n�t�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�r�o�g�r�a�m�s� �t�h�a�t� �r�u�n� �o�n� �t�h�e� �h�o�s�t�s�.� �M�o�d�u�l�e�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �b�y� �f�o�u�r� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�c�l�u�d�i�n�g� �s�c�h�e�d�u�l�i�n�g� �c�r�i�t�e�r�i�a� �w�h�i�c�h� �d�e�f�i�n�e� �w�h�e�n� �t�h�e� �m�o�d�u�l�e� �e�x�e�c�u�t�e�s�,� �a� �l�i�s�t� �o�f� �p�r�o�c�e�s�s�i�n�g� 

�e�l�e�m�e�n�t�s� �o�n� �w�h�i�c�h� �t�h�e� �m�o�d�u�l�e� �i�s� �p�e�r�m�i�t�t�e�d� �t�o� �r�u�n�,� �a� �l�i�s�t� �o�f� �i�n�s�t�r�u�c�t�i�o�n�s� �t�o� �e�x�e�c�u�t�e� �o�n� �t�h�e� �s�p�e�c�i�f�i�e�d� �P�E�,� 

�a�n�d� �a� �l�i�s�t� �o�f� �s�u�c�c�e�s�s�o�r� �m�o�d�u�l�e�s� �t�o� �r�u�n� �w�h�e�n� �t�h�i�s� �m�o�d�u�l�e� �h�a�s� �f�i�n�i�s�h�e�d�.� 
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�T�a�b�l�e� �6�.�1�.� �N�E�T�W�O�R�K� �I�I�.�5� �E�l�e�m�e�n�t�s� �a�n�d� �A�t�t�r�i�b�u�t�e�s� 

�N�E�T�W�O�R�K� �I�L�5� 
�E�l�e�m�e�n�t� 

�C�h�a�r�a�c�t�e�r�i�z�i�n�g� 
�P�a�r�a�m�e�t�e�r�s� 

� � 

�p�r�o�c�e�s�s�i�n�g� 
�e�l�e�m�e�n�t� 

�c�y�c�l�e� �t�i�m�e�,� �i�n�s�t�r�u�c�t�i�o�n� �r�e�p�e�r�t�o�i�r�e�,� 
�t�i�m�e� �s�l�i�c�e�,� �i�n�p�u�t� �c�o�n�t�r�o�l�l�e�r�,� 
�m�e�s�s�a�g�e� �q�u�e�u�e� �s�i�z�e�,� �I�/�O� �s�e�t�u�p� �t�i�m�e�,� 
�i�n�t�e�r�r�u�p�t� �o�v�e�r�h�e�a�d� 

� � 

�t�r�a�n�s�f�e�r� 
�d�e�v�i�c�e� 

�c�y�c�l�e� �t�i�m�e�,� �b�i�t�s�/�c�y�c�l�e�,� �c�y�c�l�e�s�/�w�o�r�d�,� 
�w�o�r�d�s�/�b�l�o�c�k�,� �w�o�r�d� �o�v�e�r�h�e�a�d�,� 
�b�l�o�c�k� �o�v�e�r�h�e�a�d�,� �c�o�n�n�e�c�t�i�o�n� �l�i�s�t�,� 
�a�c�c�e�s�s� �p�r�o�t�o�c�o�l� 

� � 

�m�o�d�u�l�e�s� �s�c�h�e�d�u�l�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� 
�h�o�s�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�,� 
�i�n�s�t�r�u�c�t�i�o�n� �l�i�s�t�,� �s�u�c�c�e�s�s�o�r� �m�o�d�u�l�e�s� 

� � 

�s�t�a�t�i�s�t�i�c�a�l� 
�d�i�s�t�r�i�b�u�t�i�o�n�s� � � � � �d�e�p�e�n�d�s� �o�n� �t�y�p�e�,� 

�e�.�g�.� �p�o�i�s�s�o�n�,� �g�a�m�m�a�,� �n�o�r�m�a�l� � � � � 
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�N�e�t�w�o�r�k� �I�I�.�5� �i�n�c�l�u�d�e�s� �d�e�f�i�n�i�t�i�o�n�s� �f�o�r� �s�e�v�e�r�a�l� �s�t�a�t�i�s�t�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� �p�o�i�s�s�o�n�,� �b�e�t�a�,� �g�a�m�m�a�,� 

�n�o�r�m�a�l�,� �a�n�d� �I�E�E�E� �B�a�c�k�o�f�f� �f�o�r� �c�o�l�l�i�s�i�o�n� �p�r�o�t�o�c�o�l�s�.� �T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �m�a�y� �b�e� �s�p�e�c�i�f�i�e�d� �f�o�r� �m�o�s�t� �r�u�n�-�t�i�m�e� 

�p�a�r�a�m�e�t�e�r�s� �s�u�c�h� �a�s� �m�e�s�s�a�g�e� �a�r�r�i�v�a�l� �t�i�m�e�s�,� �s�i�z�e� �o�f� �m�e�s�s�a�g�e�s�,� �h�o�w� �o�f�t�e�n� �t�o� �r�u�n� �a� �m�o�d�u�l�e�,� �a�n�d� �t�i�m�e�-�o�u�t� 

�p�e�r�i�o�d�s� �f�o�r� �c�o�l�l�i�s�i�o�n� �p�r�o�t�o�c�o�l�s�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �d�e�p�e�n�d� �o�n� �t�h�e� �s�p�e�c�i�f�i�c� �d�i�s�t�r�i�b�u�t�i�o�n� �t�y�p�e� �a�n�d� �u�s�u�a�l�l�y� �d�e�f�i�n�e� 

�a� �l�o�w�e�r� �a�n�d� �u�p�p�e�r� �b�o�u�n�d�,� �m�e�a�n�,� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�,� �e�t�c�.� 

�B�y� �u�s�i�n�g� �t�h�e�s�e� �d�e�f�i�n�e�d� �e�l�e�m�e�n�t�s�,� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �m�a�y� �b�e� �s�i�m�u�l�a�t�e�d� �f�o�r� �b�o�t�h� �t�h�e� �R�E�X�E�C� 

�m�o�d�e�l� �a�n�d� �R�P�C� �m�o�d�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �V�P� �s�e�r�v�i�c�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �a�n�d� �p�r�e�s�e�n�t�s� 

�v�e�r�i�f�i�c�a�t�i�o�n� �d�a�t�a�.� 

�6�.�2� �V�P� �S�e�r�v�i�c�e� �S�i�m�u�l�a�t�i�o�n� 

�T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �i�s� �m�o�d�e�l�e�d� �u�s�i�n�g� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �t�o� �r�e�p�r�e�s�e�n�t� �c�o�m�m�u�n�i�c�a�t�i�o�n� �l�a�y�e�r�s�,� 

�t�r�a�n�s�f�e�r� �d�e�v�i�c�e�s� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k� �a�n�d� �i�n�t�e�r�n�a�l� �h�o�s�t� �b�u�s�s�e�s�,� �a�n�d� �m�o�d�u�l�e�s� �t�o� �r�e�p�r�e�s�e�n�t� 

�p�r�o�g�r�a�m�s� �e�x�e�c�u�t�i�n�g� �o�n� �t�h�e� �h�o�s�t�s�.� �T�h�e� �p�a�r�a�m�e�t�e�r�s� �s�p�e�c�i�f�i�e�d� �f�o�r� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�n�d� �t�h�e� �t�r�a�n�s�f�e�r� 

�d�e�v�i�c�e�s� �a�r�e� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� �A�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �A� �a�r�e� �e�x�p�l�a�n�a�t�i�o�n�s� �f�o�r� �t�h�e� �p�a�r�t�i�c�u�l�a�r� 

�p�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �c�h�o�s�e�n�.� 

�F�i�g�u�r�e� �6�.�1� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �m�o�d�e�l� �u�s�e�d� �f�o�r� �t�h�e� �V�P� �s�e�r�v�i�c�e� �s�i�m�u�l�a�t�i�o�n�.� �B�o�t�h� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �h�o�s�t�s� �a�r�e� 

�m�o�d�e�l�e�d� �b�y� �t�w�o� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s�,� �o�n�e� �f�o�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �l�a�y�e�r� �(�a�p�p�l�i�c�)� �a�n�d� �a� �s�e�c�o�n�d� �e�l�e�m�e�n�t� �f�o�r� 

�t�h�e� �t�r�a�n�s�p�o�r�t� �l�a�y�e�r� �(�x�p�o�r�t�)�.� �A� �s�i�n�g�l�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�n�d� �t�h�e�r�e�f�o�r�e� 

�d�o�e�s� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �s�i�m�u�l�a�t�e� �t�h�e� �m�u�l�t�i�p�l�e� �p�r�o�c�e�s�s�o�r�s� �w�i�t�h�i�n� �t�h�e� �V�P�.� �H�o�w�e�v�e�r�,� �f�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� 

�a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �a� �s�i�n�g�l�e� �c�l�i�e�n�t�,� �t�h�e� �m�u�l�t�i�p�l�e� �p�r�o�c�e�s�s�o�r�s� �a�r�e� �u�t�i�l�i�z�e�d� �i�n� �a� �s�e�r�i�a�l� �f�a�s�h�i�o�n� �s�o� �t�h�e� �s�i�m�u�l�a�t�e�d� 

�u�t�i�l�i�z�a�t�i�o�n�s� �a�r�e� �v�a�l�i�d� �f�o�r� �t�h�e� �V�P� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�.� 
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�T�w�o� �a�d�d�i�t�i�o�n�a�l� �h�o�s�t�s� �a�r�e� �d�e�f�i�n�e�d� �t�o� �p�r�e�s�e�n�t� �a� �t�y�p�i�c�a�l� �l�o�a�d�,� �o�r� �l�e�v�e�l� �o�f� �t�r�a�f�f�i�c� �o�n� �t�h�e� �n�e�t�w�o�r�k�.� �A� �t�y�p�i�c�a�l� 

�l�o�a�d� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3� �t�o� �5� �p�e�r�c�e�n�t� �i�s� �u�s�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�i�s� �v�a�l�u�e� �i�s� �b�a�s�e�d� �o�n� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� 

�t�h�e� �n�e�t�w�o�r�k� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �p�r�e�v�i�o�u�s� �s�t�u�d�i�c�s� �o�f� �E�t�h�e�r�n�e�t� �p�e�r�f�q�r�m�a�n�c�e� �[�3�5�,�3�6�]�.� 

�T�h�e� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k� �i�s� �i�n�i�t�i�a�l�l�y� �p�a�t�t�e�r�n�e�d� �a�f�t�e�r� �E�t�h�e�r�n�e�t�.� �S�e�c�t�i�o�n� �6�.�4� �a�n�a�l�y�z�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �u�t�i�l�i�z�i�n�g� 

�F�D�D�I� �a�s� �t�h�e� �L�A�N�.� �T�h�e� �i�n�t�e�r�n�a�l� �b�u�s� �f�o�r� �t�h�e� �c�l�i�e�n�t� �h�o�s�t�,� �a� �S�P�A�R�C�s�t�a�t�i�o�n� �1�,� �i�s� �t�h�e� �S�u�n� �S�B�u�s� �[�3�7�]�,� �w�h�i�l�e� 

�t�h�e� �i�n�t�e�r�n�a�l� �b�u�s� �f�o�r� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �a� �S�P�A�R�C�s�t�a�t�i�o�n� �3�7�0�,� �i�s� �t�h�e� �V�M�E�b�u�s� �[�3�8�]�.� �T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�i�n�t�e�r�f�a�c�e�s� �t�o� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �v�i�a� �t�h�e� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �V�M�E� �A�d�a�p�t�e�r� �a�n�d� �i�s� �t�h�e�r�e�f�o�r�e� �m�o�d�e�l�e�d� �a�s� 

�a�n�o�t�h�e�r� �n�o�d�e� �o�n� �t�h�e� �V�M�E�b�u�s�.� �A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�n�c�l�u�d�e�s� �t�h�e� 

�s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �a� �b�l�o�c�k� �s�i�z�e� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �a� �m�a�x�i�m�u�m� �p�a�c�k�e�t� �s�i�z�e�.� �W�h�e�n� �a�s�k�e�d� �t�o� �s�e�n�d� �a� �m�e�s�s�a�g�e� 

�l�a�r�g�e�r� �t�h�a�n� �t�h�e� �b�l�o�c�k� �(�p�a�c�k�e�t�)� �s�i�z�e�,� �t�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �t�a�k�e�s� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �t�i�m�e� �t�o� �b�u�i�l�d� �a�n�d� �s�e�n�d� 

�m�u�l�t�i�p�l�e� �b�l�o�c�k�s� �(�p�a�c�k�e�t�s�)� �o�n� �t�h�e� �p�h�y�s�i�c�a�l� �m�e�d�i�a�.� 

�T�h�e� �m�o�d�u�l�e�s� �d�e�f�i�n�e� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�,� �i�n�c�l�u�d�i�n�g� �s�o�c�k�e�t� �c�r�e�a�t�i�o�n�,� �c�o�n�n�e�c�t�i�o�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�,� 

�m�e�s�s�a�g�e� �m�a�r�s�h�a�l�l�i�n�g�,� �s�e�n�d�i�n�g� �a� �m�e�s�s�a�g�e�,� �t�r�a�n�s�p�o�r�t� �l�a�y�e�r� �h�a�n�d�s�h�a�k�i�n�g�,� �f�l�o�w� �c�o�n�t�r�o�l�,� �a�n�d� �b�u�f�f�e�r�i�n�g�.� �T�h�e� 

�s�o�c�k�e�t�,� �c�o�n�n�e�c�t�,� �m�a�r�s�h�a�l�l�,� �s�e�n�d�,� �a�n�d� �b�u�i�l�d� �x�p�o�r�t� �p�k�t� �c�o�m�m�a�n�d�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �p�r�o�c�e�s�s�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�s� �w�i�t�h� 

�e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �s�p�e�c�i�f�i�e�d� �b�y� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �f�r�o�m� �t�h�e� �p�r�o�f�i�l�i�n�g� �e�x�p�e�r�i�m�e�n�t�s�.� �T�h�e� �m�a�r�s�h�a�l�l� �i�n�s�t�r�u�c�t�i�o�n� 

�r�e�p�r�e�s�e�n�t�s� �t�i�m�e� �c�o�n�s�u�m�e�d� �b�y� �t�h�e� �s�p�r�i�n�t�f�,� �s�s�c�a�n�f�,� �a�n�d� �b�c�o�p�y� �s�y�s�t�e�m� �c�a�l�l�s�.� �T�h�e� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n� �i�s� �u�s�e�d� 

�t�o� �m�o�d�e�l� �b�o�t�h� �t�h�e� �s�e�n�d� �a�n�d� �s�e�n�d�t�o� �s�y�s�t�e�m� �c�a�l�l�s�.� 

�T�h�e� �t�r�a�n�s�p�o�r�t� �m�o�d�u�l�e�s� �i�n�c�u�r� �a� �f�r�a�m�i�n�g� �d�e�l�a�y� �u�s�i�n�g� �t�h�e� �I�/�O� �S�e�t�u�p� �p�a�r�a�m�e�t�e�r� �t�o� �r�e�p�r�e�s�e�n�t� �d�a�t�a� �l�i�n�k� �l�a�y�e�r� 

�p�r�o�c�e�s�s�i�n�g�.� �S�i�m�u�l�a�t�i�o�n� �o�f� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �e�x�e�c�u�t�i�n�g� �t�h�e� �b�u�i�l�d� �x�p�o�r�t� �p�k�t� 

�i�n�s�t�r�u�c�t�i�o�n� �w�h�i�c�h� �h�a�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �c�y�c�l�e� �t�i�m�e� �f�o�r� �T�C�P� �a�n�d� �U�D�P� �s�i�m�u�l�a�t�i�o�n�s�.� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �c�y�c�l�e� 

�t�i�m�e�s� �a�r�e� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �7�7



�T�h�e� �t�r�a�n�s�p�o�r�t� �h�a�n�d�s�h�a�k�i�n�g� �o�f� �T�C�P� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� �a� �m�o�d�u�l�e� �o�n� �t�h�e� �r�e�c�e�i�v�i�n�g� �P�E� �r�e�t�u�r�n�i�n�g� �a�n� �A�C�K� 

�m�e�s�s�a�g�e� �u�p�o�n� �r�e�c�e�i�v�i�n�g� �a�n� �i�n�i�t�i�a�l� �m�e�s�s�a�g�e�.� �U�D�P� �d�o�e�s� �n�o�t� �p�e�r�f�o�r�m� �a�n�y� �h�a�n�d�s�h�a�k�i�n�g� �s�o� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� 

�o�f� �U�D�P� �d�o� �n�o�t� �u�s�e� �A�C�K� �m�e�s�s�a�g�e�s�.� 

�T�h�e� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �o�f� �T�C�P� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� �r�e�q�u�i�r�i�n�g� �t�h�e� �s�e�n�d�i�n�g� �m�o�d�u�l�e� �t�o� �w�a�i�t� �u�n�t�i�l� �a�n� �A�C�K� 

�m�e�s�s�a�g�e� �i�s� �r�e�c�e�i�v�e�d� �b�e�f�o�r�e� �s�e�n�d�i�n�g� �t�h�e� �n�e�x�t� �b�l�o�c�k�.� �F�l�o�w� �c�o�n�t�r�o�l� �i�s� �o�n�l�y� �s�i�m�u�l�a�t�e�d� �w�h�e�n� �m�e�s�s�a�g�e�s� �l�a�r�g�e�r� 

�t�h�a�n� �t�h�e� �T�C�P� �b�u�f�f�e�r� �s�i�z�e� �o�f� �4�0�9�6� �b�y�t�e�s� �a�r�e� �t�o� �b�e� �s�e�n�t�.� �T�h�e� �m�o�d�u�l�e�s� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�c�e�s�s�i�n�g� 

�e�l�e�m�e�n�t�s� �s�e�n�d� �m�u�l�t�i�p�l�e� �n�e�t�w�o�r�k� �p�a�c�k�e�t�s� �f�o�r� �e�a�c�h� �4�0�9�6�-�b�y�t�e� �b�u�f�f�e�r�.� �S�i�n�c�e� �U�D�P� �d�o�e�s� �n�o�t� �h�a�v�e� �a� �f�l�o�w� 

�c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�,� �t�r�a�n�s�p�o�r�t� �m�o�d�u�l�e�s� �i�n� �t�h�e� �U�D�P� �s�i�m�u�l�a�t�i�o�n�s� �s�e�n�d� �a�l�l� �t�h�e� �p�a�c�k�e�t�s� �w�h�i�c�h� �c�o�n�s�t�i�t�u�t�e� �a� 

�m�e�s�s�a�g�e� �a�t� �o�n�c�e� �w�i�t�h�o�u�t� �w�a�i�t�i�n�g� �f�o�r� �a�n�y� �"�c�o�n�t�i�n�u�e� �s�e�n�d�i�n�g �� �r�e�p�l�y� �f�r�o�m� �t�h�e� �r�e�c�e�i�v�i�n�g� �P�E�.� 

�T�h�e� �a�p�p�l�i�c�a�t�i�o�n�-�l�e�v�e�l� �b�u�f�f�e�r�i�n�g� �o�f� �t�h�e� �U�D�P� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� �m�o�d�u�l�e�s� �w�h�i�c�h� �s�e�n�d� �d�a�t�a� 

�i�n� �1�4�7�2�-�b�y�t�e� �b�l�o�c�k�s�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n�-�l�e�v�e�l� �b�u�f�f�e�r�i�n�g� �i�s� �o�n�l�y� �s�i�m�u�l�a�t�e�d� �w�h�e�n� �m�e�s�s�a�g�e�s� �l�a�r�g�e�r� �t�h�a�n� �1�4�7�2� 

�b�y�t�e�s� �a�r�e� �t�r�a�n�s�m�i�t�t�e�d�.� 

�R�e�c�a�l�l� �f�r�o�m� �C�h�a�p�t�e�r� �5� �t�h�a�t� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �u�s�i�n�g� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y� �[�3�2�]�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �5� �d�o� �n�o�t� �r�e�f�l�e�c�t� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e� �u�s�i�n�g� �a� �r�e�a�l� 

�v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �I�n�i�t�i�a�l�l�y�,� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y� �i�s� �s�i�m�u�l�a�t�e�d� �t�o� �v�e�r�i�f�y� �t�h�e� �m�o�d�c�l�s� �u�s�e�d� �f�o�r� �t�h�e� 

�p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�n�d� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�s� �u�s�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �l�i�m�e�s� �r�e�p�o�r�t�e�d� �i�n� �C�h�a�p�t�e�r� �5�.� �T�h�e� �A�P� 

�S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� �o�m�i�t�t�i�n�g� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �P�E� �a�n�d� �r�u�n�n�i�n�g� �s�e�r�v�e�r� �m�o�d�u�l�e�s� �o�n� �t�h�e� 

�c�o�m�p�u�t�e� �s�e�r�v�e�r� �a�p�p�l�i�c�a�t�i�o�n� �P�E�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �d�e�s�c�r�i�b�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �f�o�r� �t�h�e� �R�E�X�E�C� �a�n�d� �R�P�C� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�n�d� 

�p�r�e�s�e�n�t� �v�e�r�i�f�i�c�a�t�i�o�n� �d�a�t�a�.� �F�o�r� �e�a�s�e� �o�f� �d�i�s�c�u�s�s�i�o�n�,� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �7�8



�a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �"�c�l�i�e�n�t� �a�p�p�l�i�c�"� �a�n�d� �"�c�l�i�e�n�t� �x�p�o�r�t�"� �w�h�i�l�e� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�r�e� 

�r�e�f�e�r�r�e�d� �t�o� �a�s�  ��s�e�r�v�e�r� �a�p�p�l�i�c�"� �a�n�d� �"�s�e�r�v�e�r� �x�p�o�r�t�. �� �T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �P�E� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �"�V�P�.�"� 

�6�2�.�1� �R�E�X�E�C� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� 

�T�h�e� �R�E�X�E�C� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�t�i�l�i�z�e�s� �a� �c�l�i�e�n�t� �m�o�d�u�l�e� �w�h�i�c�h� �e�x�e�c�u�t�e�s� �o�n� �c�l�i�e�n�t� �a�p�p�l�i�c� �a�n�d� �s�e�v�e�r�a�l� �s�e�r�v�e�r� 

�m�o�d�u�l�e�s� �w�h�i�c�h� �e�x�e�c�u�t�e� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �i�n�c�l�u�d�e�s� �m�o�d�u�l�e�s� �e�x�e�c�u�t�i�n�g� �o�n� �t�h�e� 

�t�r�a�n�s�p�o�r�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �w�h�i�c�h� �r�e�l�a�y� �m�e�s�s�a�g�e�s� �b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �P�E� �a�n�d� �t�h�e� �p�e�e�r� �t�r�a�n�s�p�o�r�t� 

�P�E�,� �a�f�t�e�r� �s�i�m�u�l�a�t�i�n�g� �t�h�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�.� 

�A�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n�,� �a�  ��d�i�s�p�a�t�c�h�e�r �� �m�o�d�u�l�e� �r�u�n�s� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �a�n�d� �e�x�e�c�u�t�e�s� �t�h�e� �s�o�c�k�e�t� 

�i�n�s�t�r�u�c�t�i�o�n�,� �t�h�e�n� �p�a�s�s�e�s� �c�o�n�t�r�o�l� �t�o� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �w�h�i�c�h� �w�a�i�t�s� �f�o�r� �a� �m�e�s�s�a�g�e� �r�e�q�u�e�s�t�.� �T�h�e� �w�a�i�t�i�n�g� 

�s�e�r�v�e�r� �m�o�d�u�l�e� �m�i�m�i�c�s� �a� �p�r�o�c�e�s�s� �l�i�s�t�e�n�i�n�g� �o�n� �a� �s�o�c�k�e�t�.� �T�h�e� �c�l�i�e�n�t� �m�o�d�u�l�e� �o�n� �c�l�i�e�n�t� �a�p�p�l�i�c� �b�e�g�i�n�s� �b�y� 

�e�x�e�c�u�t�i�n�g� �t�h�e� �s�o�c�k�e�t�,� �m�a�r�s�h�a�l�l�,� �a�n�d� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n�s�.� �I�f� �T�C�P� �i�s� �s�i�m�u�l�a�t�e�d�,� �t�h�e� �m�o�d�u�l�e� �a�l�s�o� �e�x�e�c�u�t�e�s� �t�h�e� 

�c�o�n�n�e�c�t� �i�n�s�t�r�u�c�t�i�o�n�.� 

�F�o�r� �v�e�r�i�f�i�c�a�t�i�o�n�,� �a� �s�i�n�g�l�e� �s�e�r�v�e�r� �m�o�d�u�l�e� �i�s� �e�m�p�l�o�y�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y� �r�u�n�n�i�n�g� �t�h�e� 

�v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �R�E�X�E�C� �s�e�r�v�e�r� �m�o�d�u�l�e� �s�i�m�u�l�a�t�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �u�s�i�n�g� 

�e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �d�e�r�i�v�e�d� �f�r�o�m� �p�r�o�f�i�l�i�n�g� �d�a�t�a�.� �T�h�e� �s�e�r�v�e�r� �t�h�e�n� �e�x�e�c�u�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n�s� 

�b�e�f�o�r�e� �p�a�s�s�i�n�g� �a� �d�a�t�a� �m�e�s�s�a�g�e� �t�o� �s�e�r�v�e�r� �x�p�o�r�t�,� �w�h�i�c�h� �r�e�l�a�y�s� �t�h�e� �m�e�s�s�a�g�e� �t�o� �t�h�e� �c�l�i�e�n�t�.� 

�W�h�e�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �P�E� �i�s� �i�n�c�l�u�d�e�d�,� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �i�s� �s�i�m�u�l�a�t�e�d� �b�y� 

�s�e�v�e�r�a�l� �m�o�d�u�l�e�s� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �h�a�n�d�l�i�n�g� �i�n�d�i�v�i�d�u�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�.� �E�a�c�h� �s�e�r�v�e�r� �m�o�d�u�l�e� �s�i�m�u�l�a�t�e�s� 

�a� �c�o�n�t�r�o�l� �m�e�s�s�a�g�e� �a�n�d� �l�i�b�r�a�r�y� �c�a�l�l� �m�e�s�s�a�g�e� �s�e�n�t� �t�o� �t�h�e� �V�P�.� �T�h�e� �A�P�C�L� �p�r�o�c�e�s�s� �o�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �7�9



�i�s� �s�i�m�u�l�a�t�e�d� �b�y� �s�e�v�e�r�a�l� �m�o�d�u�l�e�s� �w�h�i�c�h� �n�o�w� �e�x�e�c�u�t�e� �t�h�e� �l�i�b�r�a�r�y� �c�a�l�l�s�.� �V�e�c�t�o�r� �d�a�t�a� �i�s� �e�x�c�h�a�n�g�e�d� �b�e�t�w�e�e�n� 

�s�e�r�v�e�r� �a�p�p�l�i�c� �a�n�d� �V�P� �f�o�r� �b�o�t�h� �w�r�i�t�e� �a�n�d� �r�e�a�d� �o�p�e�r�a�t�i�o�n�s�.� �O�n� �r�e�a�d� �o�p�e�r�a�t�i�o�n�s�,� �a�n� �a�d�d�i�t�i�o�n�a�l� �m�o�d�u�l�e� �o�n� 

�s�e�r�v�e�r� �a�p�p�l�i�c� �s�i�m�u�l�a�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� �f�u�n�c�t�i�o�n�s� �t�o� �p�a�s�s� �d�a�t�a� �b�a�c�k� �t�o� �t�h�e� �c�l�i�e�n�t�.� 

�T�a�b�l�e� �6�.�2�(�a�)� �l�i�s�t�s� �t�h�e� �m�e�a�s�u�r�e�d� �a�n�d� �s�i�m�u�l�a�t�e�d� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �f�o�r� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �u�s�i�n�g� �t�h�e� �v�e�c�t�o�r� 

�a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� �S�i�m�u�l�a�t�i�o�n� �w�i�t�h� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �P�E� �i�m�p�r�o�v�e�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �6�6� �p�e�r�c�e�n�t� �o�v�e�r� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y� �f�o�r� �b�o�t�h� �v�e�c�t�o�r� �l�e�n�g�t�h�s�,� �s�i�n�c�e� �t�h�e� 

�V�P� �i�s� �m�u�c�h� �f�a�s�t�e�r�.� �T�h�e�r�e� �i�s� �l�i�t�t�l�e� �o�r� �n�o� �d�i�f�f�e�r�e�n�c�e� �o�f� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �b�e�t�w�e�e�n� �t�h�e� �p�r�o�t�o�c�o�l�s�.� �T�h�e� 

�t�h�r�o�u�g�h�p�u�t� �o�f� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �i�s� �a�l�s�o� �m�e�a�s�u�r�e�d�.� �A�s� �i�n� �C�h�a�p�t�e�r� �5�,� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �b�a�t�c�h� 

�a�p�p�l�i�c�a�t�i�o�n�s� �i�s� �m�e�a�s�u�r�e�d� �i�n� �v�e�c�t�o�r� �o�p�e�r�a�t�i�o�n�s� �p�e�r� �s�e�c�o�n�d� �a�n�d� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �d�i�v�i�d�i�n�g� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� 

�v�e�c�t�o�r� �b�y� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e�.� �A�s� �e�x�p�e�c�t�e�d�,� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �v�e�c�t�o�r� �l�e�n�g�t�h�s�.� 

�T�a�b�l�e� �6�.�2�(�b�)� �l�i�s�t�s� �t�h�e� �s�i�m�u�l�a�t�e�d� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�n�d� �n�e�t�w�o�r�k� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �f�o�r� 

�t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�n�d� �t�h�e� �V�P� �P�E�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �V�P� �i�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �9�2� �p�e�r�c�e�n�t� �f�o�r� �b�o�t�h� �v�e�c�t�o�r� �l�e�n�g�t�h�s�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �o�t�h�e�r� �e�l�e�m�e�n�t�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�l�o�w�e�r� �a�n�d� �a�l�s�o� �d�o� �n�o�t� �v�a�r�y� �m�u�c�h� �b�e�t�w�e�e�n� �v�e�c�t�o�r� �l�e�n�g�t�h�s�.� 

�2�.�2� �R�P�C� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� 

�T�h�e� �R�P�C� �s�i�m�u�l�a�t�i�o�n� �m�e�d�e�l� �u�s�e�s� �a� �s�e�p�a�r�a�t�e� �c�l�i�e�n�t� �m�o�d�u�l�e� �e�x�e�c�u�t�i�n�g� �o�n� �c�l�i�e�n�t� �a�p�p�l�i�c� �f�o�r� �e�a�c�h� �A�P�X� 

�l�i�b�r�a�r�y� �r�o�u�t�i�n�e� �s�i�n�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �a�n�d� �o�v�e�r�h�e�a�d� �b�y�t�e�s� �v�a�r�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �c�a�l�l�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�s�e�v�e�r�a�l� �s�e�r�v�e�r� �m�o�d�u�l�e�s� �s�i�m�u�l�a�t�e� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �A�s� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� 

�a�  ��d�i�s�p�a�t�c�h�e�r �� �m�o�d�u�l�e� �i�n�i�t�i�a�l�l�y� �r�u�n�s� �a�n�d� �e�x�e�c�u�t�e�s� �t�h�e� �s�o�c�k�e�t� �i�n�s�t�r�u�c�t�i�o�n� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �a�n�d� �t�h�e�n� �p�a�s�s�e�s� 

�c�o�n�t�r�o�l� �t�o� �a� �s�e�r�v�e�r� �m�o�d�u�l�e� �w�a�i�t�i�n�g� �f�o�r� �a� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e�.� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�0



�T�a�b�l�e� �6�.�2�(�a�)�.� �M�e�a�s�u�r�e�d� �a�n�d� �S�i�m�u�l�a�t�e�d� �T�i�m�e�s� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� �a� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� 
�A�p�p�l�i�c�a�t�i�o�n� �(�t�i�m�e�s� �i�n� �s�e�c�o�n�d�s�,� �t�h�r�o�u�g�h�p�u�t� �i�n� �o�p�e�r�a�t�i�o�n�s�/�s�e�c�o�n�d�)� 
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�P�r�o�t�o�c�o�l� �L�e�n�g�t�h� �T�i�m�e� �T�i�m�e� �w�i�t�h� �V�P� �w�i�t�h� �V�P� 
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�T�a�b�l�e� �6�.�2�(�b�)�.� �S�i�m�u�l�a�t�e�d� �U�t�i�l�i�z�a�t�i�o�n�s� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� �a� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n� 

� � 

� � 

� � 

�V�e�c�t�o�r� �s�e�r�v�e�r� �s�e�r�v�e�r� �c�l�i�e�n�t� �c�l�i�e�n�t� �V�e�c�t�o�r� 
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�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�1



�T�h�e� �f�i�r�s�t� �c�l�i�e�n�t� �m�o�d�u�l�e� �e�x�e�c�u�t�e�s� �t�h�e� �s�o�c�k�e�t� �i�n�s�t�r�u�c�t�i�o�n� �a�n�d� �a�l�s�o� �p�r�o�c�e�s�s�e�s� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �i�n�s�t�r�u�c�t�i�o�n� �i�f� 

�T�C�P� �i�s� �b�e�i�n�g� �s�i�m�u�l�a�t�e�d�.� �A�f�t�e�r� �t�h�e� �c�l�i�e�n�t� �e�x�e�c�u�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n�s�,� �a� �m�e�s�s�a�g�e� �i�s� �s�e�n�t� 

�t�o� �t�h�e� �s�e�r�v�e�r� �m�o�d�u�l�e� �v�i�a� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s�.� �A�s� �b�e�f�o�r�e�,� �m�o�d�u�l�e�s� �o�n� �c�l�i�c�n�t� �x�p�o�r�t� �a�n�d� 

�s�e�r�v�e�r� �x�p�o�r�t� �r�e�l�a�y� �m�e�s�s�a�g�e�s� �b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �P�E�s� �a�f�t�e�r� �s�i�m�u�l�a�t�i�n�g� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�.� 

�A�s� �i�n� �t�h�e� �R�E�X�E�C� �s�i�m�u�l�a�t�i�o�n�,� �t�h�e� �R�P�C� �m�o�d�e�l� �i�s� �i�n�i�t�i�a�l�l�y� �v�e�r�i�f�i�e�d� �b�y� �s�i�m�u�l�a�t�i�n�g� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y�.� 

�T�h�e� �s�e�r�v�e�r� �m�o�d�u�l�e�s� �s�i�m�u�l�a�t�e� �a�n� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l� �b�y� �e�x�e�c�u�t�i�n�g� �a�n� �A�P�X� �c�a�l�l� �p�r�o�c�e�s�s�i�n�g� �i�n�s�t�r�u�c�t�i�o�n�,� �t�h�e�n� 

�a� �m�a�r�s�h�a�l�l� �a�n�d� �a� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n� �t�o� �e�m�u�l�a�t�e� �t�h�e� �r�e�p�l�y� �m�e�s�s�a�g�e� �b�e�i�n�g� �b�u�i�l�t� �a�n�d� �s�e�n�t�.� �E�a�c�h� �e�x�e�c�u�t�i�o�n� 

�o�f� �A�P�X� �c�a�l�l� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �r�e�f�e�r�e�n�c�e�s� �a� �t�a�b�l�e� �o�f� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �f�o�r� �e�a�c�h� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l� �u�s�e�d�.� �T�h�e� 

�e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �p�r�o�f�i�l�e� �e�x�p�e�r�i�m�e�n�t�s�.� �W�h�e�n� �t�h�e� �r�e�p�l�y� �m�e�s�s�a�g�e� �a�r�r�i�v�e�s� �o�n� �c�l�i�e�n�t� 

�a�p�p�l�i�c�,� �a� �n�e�w� �c�l�i�e�n�t� �m�o�d�u�l�e� �b�e�g�i�n�s� �e�x�e�c�u�t�i�o�n� �t�o� �s�i�m�u�l�a�t�e� �a�n�o�t�h�e�r� �r�e�m�o�t�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�.� 

�T�a�b�l�e� �6�.�3�(�a�)� �l�i�s�t�s� �t�h�e� �m�e�a�s�u�r�e�d� �a�n�d� �s�i�m�u�l�a�t�e�d� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l�.� �I�n�c�l�u�d�e�d� �i�n� �t�h�e� �t�a�b�l�e� 

�a�r�e� �t�h�e� �t�i�m�e�s� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �a�n� �a�c�t�u�a�l� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�n�d� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �o�f� �t�h�e� �R�P�C� �m�o�d�e�l� 

�w�h�e�n� �s�i�m�u�l�a�t�i�n�g� �w�i�t�h� �t�h�e� �V�P� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�.� �U�s�i�n�g� �t�h�e� �a�c�t�u�a�l� �V�P�,� �t�h�e� �s�p�e�e�d� �u�p� �i�n� �t�h�e� �e�x�e�c�u�t�i�o�n� 

�t�i�m�e� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�0� �p�e�r�c�e�n�t� �f�o�r� �1�0�0� �e�l�e�m�e�n�t� �v�e�c�t�o�r�s� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�8� �p�e�r�c�e�n�t� �f�o�r� �1�0�0�0� �e�l�e�m�e�n�t� 

�v�e�c�t�o�r�s�.� �T�h�e� �t�h�r�o�u�g�h�p�u�t� �i�s� �m�e�a�s�u�r�e�d� �i�n� �v�e�c�t�o�r� �o�p�e�r�a�t�i�o�n�s� �p�e�r� �s�e�c�o�n�d�.� �A�g�a�i�n� �a�s� �e�x�p�e�c�t�e�d�,� �t�h�e� 

�t�h�r�o�u�g�h�p�u�t� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �v�e�c�t�o�r� �l�e�n�g�t�h�s�.� 

�T�a�b�l�e� �6�.�3�(�b�)� �s�h�o�w�s� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �n�e�t�w�o�r�k� �e�l�e�m�e�n�t�s� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� 

�u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �V�P� �r�a�n�g�e�s� �b�e�t�w�e�e�n� �6�4� �a�n�d� �7�2� �p�e�r�c�e�n�t�,� �b�e�i�n�g� �l�a�r�g�e�r� �f�o�r� �t�h�e� �1�0�0� �e�l�e�m�e�n�t� �v�e�c�t�o�r�.� �T�h�e� 

�u�t�i�l�i�z�a�t�i�o�n� �i�s� �c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� �t�h�a�n� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �s�i�n�c�e� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� 

�s�u�c�c�e�s�s�i�v�e� �A�P�X� �c�a�l�l�s� �i�n�c�l�u�d�e�s� �a� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �d�e�l�a�y�.� �T�h�i�s� �d�e�l�a�y� �i�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� 

�R�E�X�E�C� �m�o�d�e�l� �s�o� �t�h�e� �i�n�t�e�r�v�a�l� �b�e�t�w�e�e�n� �A�P�X� �c�a�l�l�s� �i�s� �s�h�o�r�t�e�r� �a�n�d� �t�h�e� �V�P� �u�t�i�l�i�z�a�t�i�o�n� �i�s� �m�u�c�h� �h�i�g�h�e�r�.� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�2



�T�a�b�l�e� �6�.�3�(�a�)�.� �M�e�a�s�u�r�e�d� �a�n�d� �S�i�m�u�l�a�t�e�d� �T�i�m�e�s� �f�o�r� �t�h�e� �R�P�C� �M�o�d�e�l� �U�s�i�n�g� �a� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n� 
�(�t�i�m�e�s� �i�n� �s�e�c�o�n�d�s�,� �t�h�r�o�u�g�h�p�u�t� �i�n� �o�p�e�r�a�t�i�o�n�s�/�s�e�c�o�n�d�)� 

� � 

� � 

�S�i�m�u�l�a�t�e�d� 
�M�e�a�s�u�r�e�d� �S�i�m�u�l�a�t�e�d� �E�x�e�c�u�t�i�o�n� 

�V�e�c�t�o�r� �E�x�e�c�u�t�i�o�n� �E�x�e�c�u�t�i�o�n� �T�i�m�e� �T�h�r�o�u�g�h�p�u�t� 
�P�r�o�t�o�c�o�l� �L�e�n�g�t�h� �T�i�m�e� �T�i�m�e� �w�i�t�h� �V�P� �w�i�t�h� �V�P� 

�T�C�P� �1�0�0� �4�.�1�8� �4�.�2�4� �1�.�7�0� �5�8�.�8�2� 
�1�0�0�0� �1�3�.�8�0� �1�3�.�8�8� �5�.�7�0� �1�7�5�.�4�4� 

�U�D�P� �1�0�0� �4�.�1�6� �4�.�2�0� �1�.�6�7� �5�9�.�8�8� 
�1�0�0�0� �1�3�.�5�0� �1�3�.�2�3� �5�.�5�4� �1�8�0�.�5�1� � � � � � � � � � � � � � � � � 

�T�a�b�l�e� �6�.�3�(�b�)�.� �S�i�m�u�l�a�t�e�d� �U�t�i�l�i�z�a�t�i�o�n�s� �f�o�r� �t�h�e� �R�P�C� �M�o�d�e�l� �U�s�i�n�g� �a� �V�e�c�t�o�r� �A�d�d�i�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n� 

� � 

� � 

�V�e�c�t�o�r� �s�e�r�v�e�r� �s�e�r�v�e�r� �c�l�i�e�n�t� �c�l�i�e�n�t� �V�e�c�t�o�r� 
�P�r�o�t�o�c�o�l� �S�i�z�e� �a�p�p�l�i�c� �x�p�o�r�t� �a�p�p�l�i�c�  �� �x�p�o�r�t� �E�t�h�e�r� �_� �P�r�o�c�e�s�s�o�r� 

�T�C�P� �1�0�0� �}� �1�0�.�9�7�%� �|� �2�.�4�6�%� �|� �1�2�.�6�4�%� �|� �2�.�4�7�%� �|� �5�.�7�7�%� �|� �7�1�.�5�4�%� 
�1�0�0�0� �|� �1�2�.�1�1�%� �1�.�5�0�%� �|� �1�9�.�3�0�%� �|� �2�.�7�0�%� �|� �6�5�8�%� �|� �6�4�.�4�1�%� 

�U�D�P� �1�0�0� �|� �1�0�.�2�7�%� �2�.�6�5�%� �|� �1�2�.�8�4�%� �2�.�6�4�%� �|� �5�.�7�7�%� �|� �7�1�.�6�5�%� 
�1�0�0�0� �|� �1�2�.�1�6�%� �1�.�1�9�%� �|� �1�7�.�2�7�%� �1�.�4�8�%� �|� �5�.�6�9�%� �|� �6�7�.�9�5�%� � � � � � � � � � � � � � � � � � � � � 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�3



�I�n� �c�o�m�p�a�r�i�n�g� �T�a�b�l�e�s� �6�.�2�(�b�)� �a�n�d� �6�.�3�(�b�)�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�r�e� 

�l�a�r�g�e�r� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �t�h�a�n� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �w�o�r�k� �l�o�a�d� �i�s� �m�o�r�e� �d�i�s�t�r�i�b�u�t�e�d� 

�i�n� �t�h�e� �R�P�C� �m�o�d�e�l�.� �H�o�w�e�v�e�r�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �V�P� �i�s� �s�t�i�l�l� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r� �e�l�e�m�e�n�t� 

�u�t�i�l�i�z�a�t�i�o�n�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �E�t�h�e�r� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �f�o�r� �b�o�t�h� �m�o�d�e�l�s�.� 

�F�o�r� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �V�P� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �s�y�s�t�e�m� �b�o�t�t�l�e�n�e�c�k� �s�i�n�c�e� �i�t�s� �u�t�i�l�i�z�a�t�i�o�n� �i�s� 

�t�h�e� �h�i�g�h�e�s�t� �a�n�d� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �o�t�h�e�r� �e�l�e�m�e�n�t� �u�t�i�l�i�z�a�t�i�o�n�s�.� 

�F�i�g�u�r�e� �6�.�2� �s�h�o�w�s� �t�h�r�o�u�g�h�p�u�t� �v�e�r�s�u�s� �v�e�c�t�o�r� �l�e�n�g�t�h� �f�o�r� �t�h�e� �f�o�u�r� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�s� �u�s�i�n�g� �t�h�e� �v�e�c�t�o�r� 

�a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �h�i�g�h�e�r� �t�h�r�o�u�g�h�p�u�t� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �t�h�e� 

�l�o�n�g�e�r� �v�e�c�t�o�r� �l�e�n�g�t�h�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e�r�e� �i�s� �l�i�t�t�l�e� 

�o�r� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�w�e�e�n� �p�r�o�t�o�c�o�l�s� �f�o�r� �b�o�t�h� �m�o�d�e�l�s� �s�i�n�c�e� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �t�r�a�n�s�f�e�r�r�e�d� 

�i�s� �n�o�t� �l�a�r�g�e� �e�n�o�u�g�h� �w�h�e�r�e� �t�h�e� �p�r�o�t�o�c�o�l� �d�i�f�f�e�r�e�n�c�e� �w�o�u�l�d� �b�e�c�o�m�e� �a�p�p�a�r�e�n�t�.� 

�6�.�3� �R�e�a�l�-�T�i�m�e� �A�p�p�l�i�c�a�t�i�o�n� �S�i�m�u�l�a�t�i�o�n� 

�I�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�i�m�u�l�a�t�i�o�n�,� �t�h�e� �V�P� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �s�y�s�t�e�m� �b�o�t�t�l�e�n�e�c�k�.� �H�o�w�e�v�e�r� �t�h�e� �s�i�m�p�l�e� �v�e�c�t�o�r� 

�a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �a�t�y�p�i�c�a�l� �o�f� �m�o�s�t� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�o� �s�t�u�d�y� �a� �m�o�r�e� �c�o�m�p�l�e�x� �u�s�e� �o�f� 

�t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�,� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �s�i�m�u�l�a�t�e�d�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �s�a�m�p�l�e� �b�u�f�f�e�r� 

�p�o�o�l� �p�r�o�g�r�a�m� �a�n�a�l�y�z�e�d� �i�n� �C�h�a�p�t�e�r� �4� �a�n�d� �l�i�s�t�e�d� �i�n� �[�2�6�]�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n�s� �f�o�r� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� 

�u�s�e� �t�h�e� �s�a�m�e� �n�e�t�w�o�r�k� �l�o�a�d� �a�s� �t�h�e� �b�a�t�c�h� �m�o�d�e� �s�i�m�u�l�a�t�i�o�n�s�.� 

�F�o�r� �t�h�e� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n�s�,� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �i�s� �a�g�a�i�n� �m�o�d�e�l�e�d� �a�s� �a� �s�i�n�g�l�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �a�n�d� 

�s�o� �d�o�e�s� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �s�i�m�u�l�a�t�e� �t�h�e� �m�u�l�t�i�p�l�e� �p�r�o�c�e�s�s�o�r�s� �o�f� �t�h�e� �V�P�.� �U�n�l�i�k�e� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�,� 

�t�h�e� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n�s� �d�o� �u�t�i�l�i�z�e� �t�h�e� �S�M�P� �a�n�d� �I�O�P� �i�n�a� �p�a�r�a�l�l�e�l� �f�a�s�h�i�o�n�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �c�a�s�e� �w�h�e�r�e� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�4
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�t�h�e�r�e� �i�s� �o�n�l�y� �a� �s�i�n�g�l�e� �c�l�i�e�n�t�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �s�i�m�u�l�a�t�e�d� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �V�P� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �a�r�e� �n�o�t� 

�i�n�d�i�c�a�t�i�v�e� �o�f� �t�h�e� �t�r�u�e� �l�o�a�d� �o�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� 

�T�h�e� �s�a�m�p�l�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �e�x�e�c�u�t�e�s� �n�i�n�e� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s� �f�o�r� �a�p�p�l�i�c�a�t�i�o�n� �m�a�n�a�g�e�m�e�n�t� �a�n�d� 

�r�e�p�e�t�i�t�i�v�e�l�y� �e�x�e�c�u�t�e�s� �t�h�e� �S�T�R�D�B� �c�a�l�l� �t�o� �r�e�a�d� �a� �b�u�f�f�e�r� �p�o�o�l� �b�u�f�f�e�r�.� �S�i�n�c�e� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �i�n�t�e�r�e�s�t�e�d� �i�n� 

�t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �m�o�d�e�l� �a�s�s�u�m�e�s� �t�h�a�t� �a� �s�t�e�a�d�y�-�s�t�a�t�e� 

�c�o�n�d�i�t�i�o�n� �e�x�i�s�t�s�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �h�a�s� �r�u�n� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� 

�t�o� �n�e�g�l�e�c�t� �t�h�e� �s�e�t�u�p� �t�i�m�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�o�d�e�l� �o�n�l�y� �s�i�m�u�l�a�t�e�s� �t�h�e� �S�T�R�D�B� �c�a�l�l� �a�n�d� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� 

�s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �n�i�n�e� �o�t�h�e�r� �A�P�X� �c�a�l�l�s� �i�n� �t�h�e� �s�a�m�p�l�e� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �s�i�z�e� �o�f� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �e�a�c�h� �S�T�R�D�B� �c�a�l�l� �s�e�n�d�s� �a�c�r�o�s�s� �t�h�e� �n�e�t�w�o�r�k�.� 

�S�i�m�u�l�a�t�i�o�n�s� �a�r�e� �d�o�n�e� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �b�u�f�f�e�r� �s�i�z�e�s� �t�o� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t� �o�f� �b�u�f�f�e�r� �s�i�z�e� �o�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �V�P� �s�e�r�v�i�c�e�.� �B�o�t�h� �t�h�e� �R�P�C� �m�o�d�e�l� �a�n�d� �R�E�X�E�C� �m�o�d�e�l� �a�r�e� �s�i�m�u�l�a�t�e�d� �f�o�r� �t�h�e� �m�i�n�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�,� 

�a� �m�i�d�d�l�e� �b�u�f�f�e�r� �s�i�z�e�,� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�.� �T�h�e� �m�i�n�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e� �i�s� �4� �b�y�t�e�s� �(�1� �m�a�i�n� 

�m�e�m�o�r�y� �w�o�r�d�)� �[�2�5�]�.� �T�h�e� �m�a�x�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e� �i�s� �6�5�,�0�2�4� �b�y�t�e�s� �[�2�6�]�.� �S�e�c�t�i�o�n� �6�.�3�.�1� �d�i�s�c�u�s�s�e�s� �t�h�e� �R�E�X�E�C� 

�r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �a�n�d� �S�e�c�t�i�o�n� �6�.�3�.�2� �p�r�e�s�e�n�t�s� �t�h�e� �R�P�C� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� �A�p�p�e�n�d�i�x� 

�A� �d�i�s�c�u�s�s�e�s� �s�p�e�c�i�f�i�c� �p�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �u�s�e�d� �f�o�r� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n�s�.� 

�6�.�3�.�1� �R�E�X�E�C� �R�e�a�l�-�T�i�m�e� �S�i�m�u�l�a�t�i�o�n� 

�F�i�g�u�r�e� �6�.�3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �m�o�d�e�l� �u�s�e�d� �f�o�r� �t�h�e� �R�E�X�E�C� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n�.� �S�i�n�c�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�s�s�u�m�e�s� 

�a� �s�t�e�a�d�y�-� �s�t�a�t�e� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�t�a�r�t�s� �w�i�t�h� �a�n� �a�p�p�l�i�c�a�t�i�o�n� �m�o�d�u�l�e� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �i�s�s�u�i�n�g� �a� 

�S�T�R�D�B� �r�e�q�u�e�s�t� �t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �A� �s�e�r�v�e�r� �m�o�d�u�l�e� �r�u�n�n�i�n�g� �o�n� �t�h�e� �V�P� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� 

�e�x�e�c�u�t�e�s� �a� �m�e�m�o�r�y� �r�e�a�d� �i�n�s�t�r�u�c�t�i�o�n� �a�n�d� �r�e�t�u�r�n�s� �a� �m�e�s�s�a�g�e� �o�f� �l�e�n�g�t�h� �e�q�u�a�l� �t�o� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� �b�u�f�f�e�r� �s�i�z�e�.� 
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�O�n� �r�e�c�e�i�v�i�n�g� �t�h�e� �b�u�f�f�e�r� �d�a�t�a�,� �a� �s�e�c�o�n�d� �m�o�d�u�l�e� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �e�x�e�c�u�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� 

�i�n�s�t�r�u�c�t�i�o�n�s� �b�e�f�o�r�e� �p�a�s�s�i�n�g� �t�h�e� �d�a�t�a� �m�e�s�s�a�g�e� �t�o� �t�h�e� �s�e�r�v�e�r� �x�p�o�r�t� �P�E�.� �T�h�e� �s�e�r�v�e�r� �x�p�o�r�t� �P�E� �s�e�n�d�s� �t�h�e� �d�a�t�a� 

�t�o� �c�l�i�e�n�t� �x�p�o�r�t� �o�v�e�r� �t�h�e� �n�e�t�w�o�r�k� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�,� �s�e�n�d�i�n�g� �m�u�l�t�i�p�l�e� �b�l�o�c�k�s� �i�f� �t�h�e� �b�u�f�f�e�r� �s�i�z�e� �i�s� �l�a�r�g�e�r� �t�h�a�n� 

�t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �b�u�f�f�e�r� �s�i�z�e�.� �A�f�t�e�r� �s�e�r�v�e�r� �x�p�o�r�t� �h�a�s� �s�e�n�t� �t�h�e� �d�a�t�a�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �m�o�d�u�l�e� �o�n� �s�e�r�v�e�r� 

�a�p�p�l�i�c� �c�o�n�t�i�n�u�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �b�y� �e�x�e�c�u�t�i�n�g� �t�h�e� �/�o�o�p� �i�n�s�t�r�u�c�t�i�o�n� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �S�T�R�D�B� �l�o�o�p� �i�n� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �m�o�d�u�l�e� �m�a�k�e�s� �a�n�o�t�h�e�r� �S�T�R�D�B� �r�e�q�u�e�s�t� �a�n�d� �t�h�e� �w�h�o�l�e� 

�p�r�o�c�e�s�s� �i�s� �r�e�p�e�a�t�e�d�.� �O�n� �c�l�i�e�n�t� �a�p�p�l�i�c�,� �a� �m�o�d�u�l�e� �s�i�m�p�l�y� �r�e�a�d�s� �t�h�e� �p�r�o�c�e�s�s�e�d� �d�a�t�a� �r�e�t�u�r�n�e�d� �v�i�a� �t�h�e� 

�t�r�a�n�s�p�o�r�t� �P�E�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �r�u�n� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� �t�o� �g�a�t�h�e�r� �a�n� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �n�e�t�w�o�r�k� 

�a�n�d� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �u�t�i�l�i�z�a�t�i�o�n�.� �A�p�p�e�n�d�i�x� �A� �e�x�p�l�a�i�n�s� �t�h�e� �c�h�o�i�c�e� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �t�i�m�e� �o�f� �2�0� 

�s�e�c�o�n�d�s�.� 

�T�a�b�l�e� �6�.�4�(�a�)� �s�h�o�w�s� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �t�i�m�e� �a�n�d� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �u�s�i�n�g� �t�h�e� �r�e�a�l�-�t�i�m�e� 

�a�p�p�l�i�c�a�t�i�o�n�.� �F�o�r� �s�m�a�l�l� �b�u�f�f�e�r� �s�i�z�e�s�,� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�r�o�t�o�c�o�l�s� �s�i�n�c�e� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �i�s� 

�s�o� �s�m�a�l�l�.� �H�o�w�e�v�e�r� �f�o�r� �t�h�e� �m�a�x�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�,� �t�h�e� �U�D�P� �s�i�m�u�l�a�t�i�o�n� �s�h�o�w�s� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �b�y� 

�r�e�a�d�i�n�g� �a� �b�u�f�f�e�r� �1�3�.�5� �p�e�r�c�e�n�t� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �T�C�P� �s�i�m�u�l�a�t�i�o�n�.� �A�s� �a�l�s�o� �n�o�t�e�d� �i�n� �t�h�e� �t�a�b�l�e�,� �t�h�r�o�u�g�h�p�u�t� 

�i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s� �a�s� �e�x�p�e�c�t�e�d�.� 

�T�a�b�l�e� �6�.�4�(�b�)� �l�i�s�t�s� �t�h�e� �s�i�m�u�l�a�t�e�d� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �h�o�s�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �a�n�d� �t�h�e� �n�e�t�w�o�r�k� �t�r�a�n�s�f�e�r� 

�d�e�v�i�c�e�.� �F�o�r� �t�h�e� �s�m�a�l�l� �b�u�f�f�e�r�,� �t�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c�a�t�i�o�n� �P�E� �i�s� �m�o�s�t� �t�a�x�e�d� �s�i�n�c�e� �t�h�e� �t�r�a�n�s�f�e�r� �t�i�m�e� �o�f� �4� �b�y�t�e�s� 

�i�s� �s�o� �s�m�a�l�l� �t�h�a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �m�o�d�u�l�e� �m�u�s�t� �m�a�k�e� �s�u�b�s�e�q�u�e�n�t� �S�T�R�D�B� �c�a�l�l�s� �v�e�r�y� �q�u�i�c�k�l�y�.� �W�i�t�h� �l�a�r�g�e�r� 

�b�u�f�f�e�r� �s�i�z�e�s�,� �t�h�e� �l�a�t�e�n�c�y� �b�e�t�w�e�e�n� �r�e�a�d� �r�e�q�u�e�s�t�s� �i�n�c�r�e�a�s�e�s� �s�o� �t�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c� �u�t�i�l�i�z�a�t�i�o�n� �d�e�c�r�e�a�s�e�s�.� �T�h�e� 

�s�e�r�v�e�r� �x�p�o�r�t� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �v�e�c�t�o�r�s� �d�u�e� �t�o� �m�o�r�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �c�l�i�e�n�t� 

�x�p�o�r�t� �P�E� �u�t�i�l�i�z�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �v�e�c�t�o�r�s� �s�i�n�c�e� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� 

�p�r�o�c�e�s�s�i�n�g� �i�s� �m�o�d�e�l�e�d� �b�y� �t�h�e� �s�e�n�d�i�n�g� �h�o�s�t�.� �T�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �d�r�a�m�a�t�i�c�a�l�l�y� �w�i�t�h� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �8�8



�T�a�b�l�e� �6�.�4�(�a�)� �S�i�m�u�l�a�t�e�d� �B�u�f�f�e�r� �R�e�a�d� �T�i�m�e� �a�n�d� �T�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� �a� �R�e�a�l�-�T�i�m�e� 
�A�p�p�l�i�c�a�t�i�o�n�.� 

� � 

� � 

�B�u�f�f�e�r� �R�e�a�d� �T�h�r�o�u�g�h�p�u�t� 
�P�r�o�t�o�c�o�l� �B�u�f�f�e�r� �S�i�z�e� �T�i�m�e� �(�s�e�c�o�n�d�s�)� �(�b�y�t�e�s�/�s�e�c�)� 

�4� �0�.�0�1� �3�8�0�.�9�5� 
�T�C�P� �3�2�,�7�6�8� �2�.�0�3� �1�6�,�1�4�1�.�8�7� 

�6�5�,�0�2�4� �3�.�9�4� �1�6�,�5�0�3�.�5�5� 

�4� �0�.�0�1� �3�8�0�.�9�5� 
�U�D�P� �3�2�,�7�6�8� �1�.�7�2� �1�9�,�0�5�1�.�1�6� 

�6�5�,�0�2�4� �3�.�4�1� �1�9�,�0�6�8�.�6�2� � � � � � � � � � � � � 

�T�a�b�l�e� �6�.�4�(�b�)� �S�i�m�u�l�a�t�e�d� �U�t�i�l�i�z�a�t�i�o�n�s� �f�o�r� �t�h�e� �R�E�X�E�C� �M�o�d�e�l� �U�s�i�n�g� �a� �R�e�a�l�-�T�i�m�e� �A�p�p�l�i�c�a�t�i�o�n�.� 

� � 

�B�u�f�f�e�r� �S�i�z�e� �s�e�r�v�e�r� �s�e�r�v�e�r� �c�l�i�e�n�t� �c�l�i�e�n�t� 
�P�r�o�t�o�c�o�l� �(�b�y�t�e�s�)� �a�p�p�l�i�c� �x�p�o�r�t� �a�p�p�l�i�c� �x�p�o�r�t� �E�t�h�e�r� 

�T�C�P� �4� �7�8�.�8�7�%� �|� �2�1�.�1�3�%� �0�.�9�0�%� �1�6�.�9�6�%� �5�.�2�6�%� 
�3�2�,�7�6�8� �|� �4�1�.�8�8�%� �5�0�.�3�2�%� �3�9�.�6�6�%� �1�.�7�9�%� �2�5�.�8�6�%� 
�6�5�,�0�2�4� �|� �3�6�.�6�9�%� �5�6�.�6�9�%� �4�6�.�1�4�%� �1�.�3�3�%� �3�5�.�9�1�%� 
� � 

�U�D�P� �4� �7�8�.�8�7�%� �2�1�.�1�3�%� �0�.�9�1�%� �1�6�.�7�3�%� �5�.�2�6�%� 
�3�2�,�7�6�8� �|� �5�2�.�4�1�%� �4�7�.�5�9�%� �5�2�.�7�4�%� �3�.�5�1�%� �2�3�.�6�9�%� 
�6�5�,�0�2�4� �|� �5�2�.�3�6�%� �4�7�.�6�4�%� �5�8�.�8�9�%� �3�.�3�1�%� �2�3�.�9�5�%� � � � � � � � � � � � � � � � � � � 
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�l�a�r�g�e�r� �v�e�c�t�o�r�s� �d�u�e� �t�o� �u�n�-�m�a�r�s�h�a�l�l�i�n�g� �t�h�e� �p�r�o�c�e�s�s�e�d� �d�a�t�a�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�s� �s�m�a�l�l� 

�f�o�r� �t�h�e� �m�i�n�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�,� �h�o�w�e�v�e�r� �i�n�c�r�e�a�s�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �w�i�t�h� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�h�e�a�v�i�e�r� �o�f�f�e�r�e�d� �l�o�a�d�.� 

�6�.�3�.�2� �R�P�C� �R�e�a�l�-�T�i�m�e� �S�i�m�u�l�a�t�i�o�n� 

�F�i�g�u�r�e� �6�.�4� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �m�o�d�e�l� �u�s�e�d� �f�o�r� �t�h�e� �R�P�C� �r�e�a�l�-�t�i�m�e� �s�i�m�u�l�a�t�i�o�n�.� �S�i�n�c�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�n�l�y� �s�t�u�d�i�e�s� 

�t�h�e� �s�t�e�a�d�y�-� �s�t�a�t�e� �c�o�n�d�i�t�i�o�n�,� �n�o� �s�e�t�u�p� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s� �a�r�e� �s�i�m�u�l�a�t�e�d�.� �T�h�e� �c�l�i�e�n�t� �S�T�R�D�B� �m�o�d�u�l�e� 

�e�x�e�c�u�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n�s� �b�e�f�o�r�e� �s�e�n�d�i�n�g� �a� �r�e�q�u�e�s�t� �m�e�s�s�a�g�e� �t�o� �t�h�e� �s�e�r�v�e�r�.� �T�h�e� �c�l�i�e�n�t� 

�S�T�R�D�B� �m�o�d�u�l�e� �i�s� �t�h�e�n� �s�u�c�c�e�e�d�e�d� �b�y� �a�n�o�t�h�e�r� �m�o�d�u�l�e� �w�h�i�c�h� �w�a�i�t�s� �f�o�r� �t�h�e� �r�e�t�u�r�n�e�d� �b�u�f�f�e�r� �d�a�t�a� �p�r�i�o�r� �t�o� 

�e�x�e�c�u�t�i�o�n�.� �A�s� �b�e�f�o�r�e�,� �m�o�d�u�l�e�s� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �r�e�l�a�y� �m�e�s�s�a�g�e�s� �a�f�t�e�r� �s�i�m�u�l�a�t�i�n�g� �t�h�e� 

�p�a�c�k�e�t� �p�r�o�c�e�s�s�i�n�g�.� 

�T�h�e� �S�T�R�D�B� �s�e�r�v�e�r� �m�o�d�u�l�e� �i�s� �s�c�h�e�d�u�l�e�d� �t�o� �r�u�n� �o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �o�n�c�e� �i�t�s� �m�e�s�s�a�g�e� �r�e�q�u�i�r�e�m�e�n�t� �i�s� 

�s�a�t�i�s�f�i�e�d�.� �W�h�e�n� �a� �b�u�f�f�e�r� �r�e�a�d� �r�e�q�u�e�s�t� �a�r�r�i�v�e�s�,� �t�h�e� �s�e�r�v�e�r� �m�o�d�u�l�e� �s�e�n�d�s� �t�h�e� �c�o�n�t�r�o�l� �a�n�d� �r�e�a�d� �m�e�s�s�a�g�e�s� 

�t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �r�e�q�u�e�s�t�i�n�g� �a� �b�u�f�f�e�r� �o�f� �d�a�t�a�.� �T�h�e� �V�P� �s�e�r�v�e�r� �m�o�d�u�l�e� �e�x�e�c�u�t�e�s� �a� �r�e�a�d� �i�n�s�t�r�u�c�t�i�o�n�,� 

�w�h�o�s�e� �t�i�m�e� �i�s� �b�a�s�e�d� �o�n� �m�e�m�o�r�y� �a�c�c�e�s�s� �t�i�m�e� �i�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�.� �T�h�i�s� �V�P� �m�o�d�u�l�e� �t�h�e�n� �s�e�n�d�s� �a� 

�m�e�s�s�a�g�e� �w�i�t�h� �a� �l�e�n�g�t�h� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �b�u�f�f�e�r� �p�o�o�l� �b�u�f�f�e�r� �s�i�z�e� �t�o� �s�e�r�v�e�r� �a�p�p�l�i�c�.� �A� �r�e�c�e�i�v�i�n�g� �m�o�d�u�l�e� 

�o�n� �s�e�r�v�e�r� �a�p�p�l�i�c� �t�h�e�n� �e�x�e�c�u�t�e�s� �t�h�e� �m�a�r�s�h�a�l�l� �a�n�d� �s�e�n�d� �i�n�s�t�r�u�c�t�i�o�n�s� �a�n�d� �s�e�n�d�s� �t�h�e� �m�e�s�s�a�g�e� �t�o� �t�h�e� �c�l�i�e�n�t� 

�v�i�a� �t�h�e� �t�r�a�n�s�p�o�r�t� �P�E�s�.� 

�W�h�e�n� �t�h�e� �w�a�i�t�i�n�g� �c�l�i�e�n�t� �m�o�d�u�l�e� �r�e�c�e�i�v�e�s� �t�h�e� �b�u�f�f�e�r� �d�a�t�a�,� �i�t� �e�x�e�c�u�t�e�s� �a�n� �u�n�-�m�a�r�s�h�a�l�l�i�n�g� �i�n�s�t�r�u�c�t�i�o�n� �a�n�d� 

�a� �J�o�o�p� �i�n�s�t�r�u�c�t�i�o�n� �w�h�i�c�h� �s�i�m�u�l�a�t�e�s� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �e�x�e�c�u�t�e�d� �i�n� �t�h�e� �S�T�R�D�B� �l�o�o�p� �i�n� �t�h�e� �s�a�m�p�l�e� 

�a�p�p�l�i�c�a�t�i�o�n�.� �C�o�n�t�r�o�l� �i�s� �t�h�e�n� �p�a�s�s�e�d� �b�a�c�k� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �S�T�R�D�B� �c�l�i�e�n�t� �m�o�d�u�l�e� �a�n�d� �t�h�e� �w�h�o�l�e� �p�r�o�c�e�s�s� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �9�0
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�F�i�g�u�r�e� �6�.�4�.� �R�P�C� �R�e�a�l�-�T�i�m�e� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� 
�S�h�o�w�i�n�g� �M�e�s�s�a�g�e�-�P�a�s�s�i�n�g� �B�e�t�w�e�e�n� �M�o�d�u�l�e�s�.� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �9�1



�i�s� �r�e�p�e�a�t�e�d�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �r�u�n� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� �t�o� �g�a�t�h�e�r� �a�n� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �n�e�t�w�o�r�k� 

�a�n�d� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t� �u�t�i�l�i�z�a�t�i�o�n�.� �A�p�p�e�n�d�i�x� �A� �e�x�p�l�a�i�n�s� �t�h�e� �c�h�o�i�c�e� �o�f� �2�0� �s�e�c�o�n�d�s� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �t�i�m�e�.� 

�T�a�b�l�e� �6�.�5�(�a�)� �s�h�o�w�s� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �t�i�m�e� �a�n�d� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l� �u�s�i�n�g� �t�h�e� �r�e�a�l�-�t�i�m�e� 

�a�p�p�l�i�c�a�t�i�o�n�.� �F�o�r� �t�h�e� �m�i�n�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�,� �a�g�a�i�n� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �p�r�o�t�o�c�o�l�s�.� �F�o�r� �t�h�e� 

�m�a�x�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�,� �t�h�e� �U�D�P� �s�i�m�u�l�a�t�i�o�n� �a�g�a�i�n� �s�h�o�w�s� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�n� �t�h�e� �T�C�P� �s�i�m�u�l�a�t�i�o�n� �b�y� 

�r�e�a�d�i�n�g� �a� �b�u�f�f�e�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�3� �p�e�r�c�e�n�t� �f�a�s�t�e�r�.� �T�h�e� �p�r�o�t�o�c�o�l� �d�i�f�f�e�r�e�n�c�e� �i�s� �m�o�r�e� �a�p�p�a�r�e�n�t� �i�n� �t�h�e� �R�P�C� 

�m�o�d�e�l� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�r�g�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �t�h�a�n� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� 

�T�a�b�l�e� �6�.�5�(�b�)� �l�i�s�t�s� �t�h�e� �s�i�m�u�l�a�t�e�d� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �n�e�t�w�o�r�k� �e�l�e�m�e�n�t�s� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l� �u�s�i�n�g� �a� �r�e�a�l�-�t�i�m�e� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �a�r�e� �m�o�r�e� �e�v�e�n�l�y� �d�i�s�t�r�i�b�u�t�e�d� �f�o�r� �t�h�e� �R�P�C� �m�o�d�e�l� �t�h�a�n� �f�o�r� �t�h�e� �R�E�X�E�C�,� �s�i�n�c�e� 

�t�h�e� �R�P�C� �m�o�d�e�l� �s�h�a�r�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �l�o�a�d�.� �W�i�t�h� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r�s�,� �t�h�e� �s�e�r�v�e�r� �x�p�o�r�t� �P�E� �i�s� 

�m�o�r�e� �h�e�a�v�i�l�y� �b�u�r�d�e�n�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �c�l�i�e�n�t� �x�p�o�r�t� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �d�e�c�r�e�a�s�e�s� 

�w�i�t�h� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s� �s�i�n�c�e� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� �i�s� �m�o�d�e�l�e�d� �o�n� �t�h�e� �s�e�n�d�i�n�g� 

�h�o�s�t�,� �a�n�d� �t�h�e� �S�T�R�D�B� �r�e�q�u�e�s�t� �r�e�p�r�e�s�e�n�t�s� �a� �s�m�a�l�l�e�r� �o�v�e�r�h�e�a�d� �w�i�t�h� �l�a�r�g�e�r� �b�u�f�f�e�r�s�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �t�h�e� �c�l�i�e�n�t� 

�a�p�p�l�i�c� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �l�a�r�g�e�r� �b�u�f�f�e�r�s� �d�e�s�p�i�t�e� �l�o�n�g�e�r� �u�n�-�m�a�r�s�h�a�l�l�i�n�g� �t�i�m�e�s�.� �H�o�w�e�v�e�r�,� 

�b�e�c�a�u�s�e� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �i�s� �b�l�o�c�k�i�n�g� �a�n�d� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r�s� �t�a�k�e� �m�o�r�e� �t�i�m�e� �t�o� �r�e�a�d� �a�n�d� 

�t�r�a�n�s�m�i�t� �o�v�e�r� �t�h�e� �n�e�t�w�o�r�k�,� �t�h�e� �l�a�t�e�n�c�y� �b�e�t�w�e�e�n� �S�T�R�D�B� �r�e�q�u�e�s�t�s� �i�s� �l�a�r�g�e�r�.� �A�s� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� 

�t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�n�c�r�e�a�s�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �w�i�t�h� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s� �d�u�e� �t�o� �t�h�e� �h�e�a�v�i�e�r� 

�o�f�f�e�r�e�d� �l�o�a�d�.� 

�C�o�m�p�a�r�i�n�g� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �o�f� �b�o�t�h� �m�o�d�e�l�s�,� �t�h�e� �R�P�C� �m�o�d�e�l� �t�h�r�o�u�g�h�p�u�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� 

�t�h�r�o�u�g�h�p�u�t� �o�f� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �m�o�d�e�l�s� �i�s� �a� �r�e�s�u�l�t� 

�o�f� �t�h�e� �l�a�r�g�e�r� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�v�e�r�h�e�a�d� �a�n�d� �g�r�e�a�t�e�r� �l�a�t�e�n�c�y� �b�e�t�w�e�e�n� �S�T�R�D�B� �r�e�q�u�e�s�t�s� �f�o�r� �t�h�e� 
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�T�a�b�l�e� �6�.�5�(�a�)� �S�i�m�u�l�a�t�e�d� �B�u�f�f�e�r� �R�e�a�d� �T�i�m�e� �a�n�d� �T�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �R�P�C� �M�o�d�e�l� �U�s�i�n�g� �a� �R�e�a�l�-�T�i�m�e� 
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�R�P�C� �m�o�d�e�l�.� �E�a�c�h� �b�u�f�f�e�r� �r�e�a�d� �r�e�q�u�e�s�t� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �i�s� �h�a�n�d�l�e�d� �a�s� �a� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �a�n�d� 

�s�u�f�f�e�r�s� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �d�e�l�a�y�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �a�l�l� �t�h�e� �b�u�f�f�e�r� 

�r�e�a�d� �r�e�q�u�e�s�t�s� �a�r�e� �e�x�e�c�u�t�e�d� �l�o�c�a�l�l�y� �a�n�d� �o�n�l�y� �i�n�c�u�r� �a� �n�e�t�w�o�r�k� �d�e�l�a�y� �f�o�r� �s�e�n�d�i�n�g� �d�a�t�a� �t�o� �t�h�e� �c�l�i�e�n�t�.� 

�F�i�g�u�r�e� �6�.�5� �s�h�o�w�s� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �v�e�r�s�u�s� �t�h�e� �b�u�f�f�e�r� �s�i�z�e� �f�o�r� �t�h�e� �f�o�u�r� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�s� �u�s�i�n�g� �a� 

�r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�.� �A�s� �i�n� �t�h�e� �b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �a� �f�a�s�t�e�r� �r�i�s�i�n�g� �s�l�o�p�e� �t�h�a�n� �t�h�e� 

�R�P�C� �m�o�d�e�l�.� �T�h�u�s� �f�o�r� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �a� �s�i�n�g�l�e� �c�l�i�e�n�t�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �b�e�t�t�e�r� 

�p�e�r�f�o�r�m�a�n�c�e�.� �A�l�s�o� �s�e�e�n� �i�n� �F�i�g�u�r�e� �6�.�5�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� �t�h�a�t� �u�s�e� �U�D�P� �h�a�v�e� �h�i�g�h�e�r� �t�h�r�o�u�g�h�p�u�t� �t�h�a�n� �w�h�e�n� 

�u�s�i�n�g� �T�C�P�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�r�o�t�o�c�o�l�s� �i�s� �m�o�r�e� �a�p�p�a�r�e�n�t� �w�i�t�h� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�s�.� 

�6�.�4� �F�D�D�I� �L�A�N� �S�i�m�u�l�a�t�i�o�n� 

�T�o� �s�t�u�d�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �o�n� �a� �f�a�s�t�e�r� �n�e�t�w�o�r�k�,� �t�h�e� �p�h�y�s�i�c�a�l� �l�a�y�e�r� �t�r�a�n�s�f�e�r� 

�d�e�v�i�c�e� �i�s� �r�e�-�d�e�f�i�n�e�d� �t�o� �m�o�d�e�l� �t�h�e� �F�i�b�e�r� �D�i�s�t�r�i�b�u�t�e�d� �D�a�t�a� �I�n�t�e�r�f�a�c�e� �(�F�D�D�I�)�.� �T�h�e� �F�D�D�I� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� 

�i�s� �s�i�m�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �P�r�i�o�r�i�t�y� �T�o�k�e�n� �R�i�n�g� �P�r�o�t�o�c�o�l� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �N�E�T�W�O�R�K� �I�L�.�5� �U�s�e�r ��s� �G�u�i�d�e� 

�[�3�4�]�.� 

�V�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �F�D�D�I� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�s� �d�o�n�e� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �t�i�m�e� �f�o�r� �t�h�e� �m�o�d�e�l� �t�o� �p�a�s�s� �a� 

�m�a�x�i�m�u�m� �l�e�n�g�t�h� �F�D�D�I� �f�r�a�m�e� �o�n� �t�h�e� �n�e�t�w�o�r�k�.� �F�r�o�m� �t�h�e� �s�t�a�n�d�a�r�d�s�,� �t�h�e� �t�i�m�e� �t�o� �s�e�t�u�p� �a�n�d� �t�r�a�n�s�m�i�t� �a� 

�4�5�0�0� �b�y�t�e� �f�r�a�m�e� �i�s� �3�6�4�.�5� �m�s� �[�3�9�]�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �F�D�D�I� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �m�e�a�s�u�r�e�d� �3�6�8�.�9� �m�s�.� 

�R�e�c�a�l�l� �f�r�o�m� �C�h�a�p�t�e�r� �2� �t�h�a�t� �F�D�D�I� �g�u�a�r�a�n�t�e�e�s� �s�y�n�c�h�r�o�n�o�u�s� �b�a�n�d�w�i�d�t�h� �b�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �T�T�R�T� 

�p�a�r�a�m�e�t�e�r�.� �P�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� �e�x�a�m�i�n�e�d� �v�a�r�i�o�u�s� �v�a�l�u�e�s� �o�f� �T�T�R�T� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �e�f�f�e�c�t� �o�n� 

�n�e�t�w�o�r�k� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �r�e�a�l�-�t�i�m�e� �r�e�s�p�o�n�s�e� �[�1�0�,�1�1�,�1�2�]�.� �G�e�n�e�r�a�l�l�y�,� �a� �l�o�n�g�e�r� �t�o�k�e�n� �r�o�t�a�t�i�o�n� �t�i�m�e� �i�s� 

�r�e�f�l�e�c�t�e�d� �b�y� �h�i�g�h�e�r� �n�e�t�w�o�r�k� �u�t�i�l�i�z�a�t�i�o�n�,� �w�h�e�r�e�a�s� �a� �s�h�o�r�t�e�r� �T�T�R�T� �r�e�s�u�l�t�s� �i�n� �l�o�w�e�r� �l�a�t�e�n�c�y�.� �J�a�i�n� �c�o�n�c�l�u�d�e�d� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� �.� �9�4
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�1� �B�p�o�v�c�e�r�s� �s�e�c�r�e� �e�e�c�c�e�c�t�e�e�e� �e�n�c�e� �p�l�r�c�e�n�e�a�s�n�e�c�c�c�c�n�n�e�c�c�e�e�e�c�t�n�e�s�s�s�c�e�e�c�c�e�n�a�a�s�e�e�n�e�n�e�n�n�e�e�s� 
 ��~� �[�6� �c�t�r�c�c�e� �c�e�n�c�e� �c�c�c� �e�c� �e�t�r�e� �r�e�e�c�e� �e�e�e� �c�e�c�e� �e�e�s� �e�w�e�s� �e�e�e� �e�e�e�e�e� 

�o�O� 

�B� �j�d�f�e�e�r�e�c�e�n�e�m�e�r�n�e�n�e�t�e�r�n�r�n�e�p�l�o�r�p�e�r�e�r�e�u�n�e�m�e�n�e�n�e�n�n�e�n�e�n�e�r�i�n�e�n�e�n�e�n�n�e�n�e�n�e�i�e� �=� 
�B� �_� �|�|� �R�P�C�/�T�C�P� 
�=�e� �V�O�p�r�r�v�r�c�s�r�t�t�t�t�e�c�c�t�t�t�n�c� �c�e�t�t�e� �o�e�s� �P�e�n�n� �O�E�E� �E�R�L�E� �A�D� �+� 

�~� �o� �T�R� �4� �e�n� �R�P�C�/�U�D�P� 
�5� �2� �B�d� �L�L� �L�o�s�s� �o�x� 
�O�e� �R�E�X�/�T�C�P� 

�£� �6�-� �b�n�e�w� �e� �e�e�n� �o�n�e� �M�i� �n�n�n� �n�a�e� �e�n�e� �c�n� �c�e�e� �c�e�n� �w�e�e�n� �w�e�e�n� �c�e�e� �e�n�n�a� �e�e�e� �e�e� �e�e� �e�e� �e�e� �e�w�e�s� �c�e�e� �e�e�e� �e�n�e�c�e�e�e�n�e�e�e� �=� 

�g�d� �M�I� �o�c�e�c�c�e�e�r�e�n�s�e�s�e�n�n�s�e�s�s�e�s�s�c�s�s�s�e�n�t�n�n�n�n�n�e�s�e�e�e�s�e�s�s�e�s�t�i�s�e�s�t�i�n�e�e�e�e�s�e�e�e�e�e�e�s�e�n�e�n�e�e� �R�E�X�/�U�D�P� 
�2�5� �o�e� �f�H� �v�c�c�c�n�e�n�c�e�s�c�c�c�c�c�c�m�e�c�c�c�e�s�s�s�e�n�e�n�a�e�s�e�s�e�r� �n�e�e� �e�e�e� �a�n�n�o�n�c�e�s� �e�e�s� �e�e�e� �c�e�n� �e�a�s�e�n�e�e�m�e�e�a�a�s�a�s�s�e�s�e�n�e�e�e� 
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�0� �1�0� �2�0� �3�0� �4�0� �#�4�2�4�5�0� �°�#�&�6�0� �7�0� 
�B�u�f�f�e�r� �S�i�z�e� �(�b�y�t�e�s�)� 

�(�T�h�o�u�s�a�n�d�s�)� 

�F�i�g�u�r�e� �6�.�5�.� �S�i�m�u�l�a�t�e�d� �T�h�r�o�u�g�h�p�u�t� �o�f� �M�o�d�e�l�s� �U�s�i�n�g� �a� 
�R�e�a�l�-�T�i�m�e� �A�p�p�l�i�c�a�t�i�o�n�.� 

�C�h�a�p�t�e�r� �6�.� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s



�t�h�a�t� �a� �T�T�R�T� �v�a�l�u�e� �o�f� �8� �m�s� �h�a�s� �t�h�e� �b�e�s�t� �o�v�e�r�a�l�l� �p�e�r�f�o�r�m�a�n�c�e� �f�o�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�n�d� 

�w�o�r�k�l�o�a�d�s� �[�1�0�]�.� �P�r�e�l�i�m�i�n�a�r�y� �s�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �R�P�C�/�T�C�P� �c�a�s�e� �m�o�d�e�l� 

�s�h�o�w�e�d� �l�i�t�t�l�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �t�i�m�e� �t�o� �t�h�e� �T�T�R�T� �v�a�l�u�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�e�a�s�u�r�e�d� �s�i�m�u�l�a�t�i�o�n�s� 

�u�s�e� �a� �T�T�R�T� �v�a�l�u�e� �o�f� �8� �m�s� �a�s� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �J�a�i�n�.� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�e� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �s�a�m�e� �b�u�f�f�e�r� �s�i�z�e�s� �a�s� �i�n� �t�h�e� �e�a�r�l�i�e�r� 

�s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� �m�o�d�u�l�e�s� �u�s�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� �a�r�e� �a�l�s�o� �t�h�e� �s�a�m�e� �a�s� �u�s�e�d� �p�r�e�v�i�o�u�s�l�y�.� �O�n�l�y� �t�h�e� 

�t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �m�o�d�e�l� �h�a�s� �b�e�e�n� �c�h�a�n�g�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �s�a�m�e� �a�b�s�o�l�u�t�e� �n�e�t�w�o�r�k� �l�o�a�d� �o�f�f�e�r�e�d� �i�n� �t�h�e� 

�E�t�h�e�r�n�e�t� �s�i�m�u�l�a�t�i�o�n�s� �i�s� �u�s�e�d� �i�n� �t�h�e� �F�D�D�I� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �F�D�D�I� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� 

�u�s�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�T�a�b�l�e� �6�.�6�(�a�)� �s�h�o�w�s� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �t�i�m�e� �a�n�d� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �f�o�u�r� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�s�.� �A�s� �i�n� 

�t�h�e� �E�t�h�e�r�n�e�t� �s�i�m�u�l�a�t�i�o�n�s�,� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�r�o�t�o�c�o�l�s� �w�h�e�n� �r�e�a�d�i�n�g� �t�h�e� �4�-�b�y�t�e� �b�u�f�f�e�r�s�.� 

�H�o�w�e�v�e�r� �w�h�e�n� �r�e�a�d�i�n�g� �t�h�e� �6�5�,�0�2�4�-�b�y�t�e� �b�u�f�f�e�r�s�,� �t�h�e� �U�D�P� �s�i�m�u�l�a�t�i�o�n�s� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�8�.�6� �p�e�r�c�e�n�t� 

�f�a�s�t�e�r� �i�n� �t�h�e� �R�P�C� �m�o�d�e�l� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�8�.�9� �p�e�r�c�e�n�t� �f�a�s�t�e�r� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� �T�h�e� �t�h�r�o�u�g�h�p�u�t� 

�a�g�a�i�n� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e�.� 

�T�a�b�l�e� �6�.�6�(�b�)� �l�i�s�t�s� �t�h�e� �s�i�m�u�l�a�t�e�d� �u�t�i�l�i�z�a�t�i�o�n�s� �f�o�r� �t�h�e� �f�o�u�r� �m�o�d�e�l� �a�n�d� �p�r�o�t�o�c�o�l� �c�a�s�e�s� �f�o�r� �t�h�e� �F�D�D�I� 

�s�i�m�u�l�a�t�i�o�n�,� �T�h�e� �s�a�m�e� �p�a�t�t�e�r�n�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �E�t�h�e�r�n�e�t� �s�i�m�u�l�a�t�i�o�n�s� �m�a�y� �b�e� �s�e�e�n� �i�n� �t�h�e� �F�D�D�I� 

�s�i�m�u�l�a�t�i�o�n�s�.� �I�n� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �P�E�s� �c�h�a�n�g�e� �t�h�e� �m�o�s�t� �b�e�t�w�e�e�n� �b�u�f�f�e�r� 

�s�i�z�e�s�.� �T�h�e� �s�e�r�v�e�r� �x�p�o�r�t� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e� �d�u�e� �t�o� �m�o�r�e� �t�i�m�e� �s�p�e�n�t� 

�b�u�i�l�d�i�n�g� �p�a�c�k�e�t�s�,� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�l�i�e�n�t� �x�p�o�r�t� �u�t�i�l�i�z�a�t�i�o�n� �d�e�c�r�e�a�s�e�s� �s�i�n�c�e� �t�h�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� 

�i�s� �m�o�d�e�l�e�d� �b�y� �t�h�e� �s�e�n�d�i�n�g� �h�o�s�t�.� �I�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�,� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �P�E�s� �c�h�a�n�g�e� 

�t�h�e� �m�o�s�t� �b�e�t�w�e�e�n� �b�u�f�f�e�r� �s�i�z�e�s�.� �T�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c� �P�E� �u�t�i�l�i�z�a�t�i�o�n� �i�s� �g�r�e�a�t�e�r� �f�o�r� �t�h�e� �s�m�a�l�l�e�r� �b�u�f�f�e�r� �s�i�z�e� 
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�b�e�c�a�u�s�e� �t�h�e� �t�r�a�n�s�f�e�r� �t�i�m�e� �o�f� �t�h�e� �4�-�b�y�t�e� �b�u�f�f�e�r� �i�s� �s�h�o�r�t� �a�n�d� �t�h�e�r�e�f�o�r�e� �t�h�e� �s�e�r�v�e�r� �m�o�d�u�l�e� �m�u�s�t� �m�a�k�e� �b�u�f�f�e�r� 

�r�e�a�d�s� �r�e�q�u�e�s�t�s� �m�o�r�e� �q�u�i�c�k�l�y�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �c�l�i�e�n�t� �a�p�p�l�i�c� �P�E� �i�n�c�r�e�a�s�e�s� �d�r�a�m�a�t�i�c�a�l�l�y� �d�u�e� �t�o� �t�h�e� 

�g�r�e�a�t�e�r� �t�i�m�e� �s�p�e�n�t� �u�n�-�m�a�r�s�h�a�l�l�i�n�g� �b�u�f�f�e�r� �d�a�t�a�.� �T�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �u�t�i�l�i�z�a�t�i�o�n� �i�s� �a�l�s�o� �s�h�o�w�n� �i�n� �T�a�b�l�e� 

�6�.�6�(�b�)�.� �T�h�e� �u�t�i�l�i�z�a�t�i�o�n� �f�o�r� �F�D�D�I� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �i�s� �b�e�t�w�e�e�n� �8�7� �a�n�d� �9�0� �p�e�r�c�e�n�t� �l�e�s�s� �t�h�a�n� �f�o�r� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �E�t�h�e�r�n�e�t� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e� �u�t�i�l�i�z�a�t�i�o�n� �b�e�c�a�u�s�e� �o�f� �t�h�e� �f�a�s�t�e�r� �d�a�t�a� �r�a�t�e� �o�f� �t�h�e� �F�D�D�I� �m�o�d�e�l�.� 

�F�i�g�u�r�e� �6�.�6� �c�o�m�p�a�r�e�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �F�D�D�I� �t�o� �E�t�h�e�r�n�e�t� �f�o�r� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �a� �m�a�x�i�m�u�m� 
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�s�i�m�u�l�a�t�i�o�n� �r�a�n�g�e�s� �b�e�t�w�e�e�n� �1�0� �a�n�d� �2�0� �p�e�r�c�e�n�t� �f�o�r� �t�h�e� �6�5�,�0�2�4�-�b�y�t�e� �b�u�f�f�e�r� �a�n�d� �t�h�e� �3�2�,�7�6�8�-�b�y�t�e� �b�u�f�f�e�r� 

�h�o�w�e�v�e�r�,� �o�n�l�y� �b�e�t�w�e�e�n� �2� �a�n�d� �4� �p�e�r�c�e�n�t� �f�o�r� �t�h�e� �+�-�b�y�t�e� �b�u�f�f�e�r�.� �T�h�e� �g�r�e�a�t�e�r� �i�m�p�r�o�v�e�m�e�n�t� �w�i�t�h� �t�h�e� �6�5�,�0�2�4�-� 

�b�y�t�e� �b�u�f�f�e�r� �s�i�z�e� �i�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �h�e�a�v�i�e�r� �l�o�a�d� �i�m�p�o�s�e�d� �b�y� �t�r�a�n�s�m�i�t�t�i�n�g� �t�h�e� �l�a�r�g�e�r� �b�u�f�f�e�r� �s�i�z�e� �o�n� �t�h�e� 

�E�t�h�e�r�n�e�t� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�.� �T�h�e� �m�o�d�e�s�t� �i�m�p�r�o�v�e�m�e�n�t� �w�i�t�h� �F�D�D�I� �f�o�r� �t�h�e� �s�m�a�l�l� �b�u�f�f�e�r� �s�i�z�e� �i�s� �a� �r�e�s�u�l�t� �o�f� 

�t�h�e� �l�o�w� �E�t�h�e�r�n�e�t� �u�t�i�l�i�z�a�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �m�o�r�e� �o�f� �a� �b�o�t�t�l�e�n�e�c�k� �p�r�o�b�l�e�m� �o�n� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� �t�h�a�n� 

�t�h�e� �t�r�a�n�s�f�e�r� �d�e�v�i�c�e�.� 

�6�.�5� �F�a�s�t�e�r� �C�o�m�p�u�t�e� �S�e�r�v�e�r� �S�i�m�u�l�a�t�i�o�n� 

�A�s� �n�o�t�e�d� �i�n� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n� �t�a�b�l�e�s� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �s�i�m�u�l�a�t�i�o�n�s�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �e�l�e�m�e�n�t�s� 

�o�f�t�e�n� �h�a�v�e� �t�h�e� �h�i�g�h�e�s�t� �u�t�i�l�i�z�a�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �a� �p�o�s�s�i�b�l�e� �b�o�t�t�l�e�n�e�c�k�.� �T�o� �v�e�r�i�f�y� �t�h�i�s�,� �a�n�o�t�h�e�r� �s�i�m�u�l�a�t�i�o�n� 

�s�t�u�d�y� �i�s� �d�o�n�e�.� �T�h�e� �h�i�g�h�e�s�t� �u�t�i�l�i�z�a�t�i�o�n�s� �a�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c� �P�E� �i�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� 

�s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �d�o�u�b�l�e�s� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d� �f�o�r� �t�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c� �P�E� �t�o� �3�2� �M�I�P�S�,� �t�h�e�n� 

�s�i�m�u�l�a�t�e�s� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�g�a�i�n�,� �r�u�n�n�i�n�g� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n� �o�v�e�r� �b�o�t�h� �F�D�D�I� �a�n�d� �E�t�h�e�r�n�e�t� 

�t�r�a�n�s�f�e�r� �d�e�v�i�c�e�s�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �o�n�l�y� �r�u�n� �f�o�r� �T�C�P� �s�i�n�c�e� �t�h�e� �p�r�e�v�i�o�u�s� �u�t�i�l�i�z�a�t�i�o�n�s� �a�r�e� �s�i�m�i�l�a�r� �f�o�r� �U�D�P�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �o�n�l�y� �t�h�e� �m�i�n�i�m�u�m� �a�n�d� �m�a�x�i�m�u�m� �b�u�f�f�e�r� �s�i�z�e�s� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s�.� 
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�T�a�b�l�e� �6�.�7�(�a�)� �s�h�o�w�s� �t�h�e� �b�u�f�f�e�r� �r�e�a�d� �t�i�m�e� �a�n�d� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �t�h�e� �f�a�s�t�e�r� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �s�i�m�u�l�a�t�i�o�n�.� �A�l�s�o� 
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�i�m�p�r�o�v�e�m�e�n�t� �f�o�r� �t�h�e� �4�-�b�y�t�e� �b�u�f�f�e�r� �i�s� �d�u�e� �t�o� �t�h�e� �h�i�g�h�e�r� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �s�e�r�v�e�r� �a�p�p�l�i�c� �P�E� �f�o�r� �t�h�e� �s�m�a�l�l�e�r� 

�b�u�f�f�e�r� �s�i�z�e�.� 

�T�a�b�l�e� �6�.�7�(�b�)� �s�h�o�w�s� �t�h�e� �u�t�i�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �n�e�t�w�o�r�k� �e�l�e�m�e�n�t�s� �f�o�r� �t�h�e� �f�a�s�t�e�r� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �s�i�m�u�l�a�t�i�o�n�.� 
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�T�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�s� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�n�t�r�o�d�u�c�e�d� �i�n� �C�h�a�p�t�e�r� �4�.� �T�h�e�s�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�d�d�r�e�s�s� �c�o�n�c�e�r�n�s� �s�u�c�h� �a�s� �b�y�t�e�-� 

�o�r�d�e�r�i�n�g� �a�n�d� �d�a�t�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �h�o�w�e�v�e�r� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�r�e�,� �t�o� �s�o�m�e� �e�x�t�e�n�t�,� �a�p�p�l�i�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c�.� 

�S�e�c�t�i�o�n� �7�.�1� �d�i�s�c�u�s�s�e�s� �l�i�m�i�t�a�t�i�o�n�s� �a�n�d� �o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�f� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �n�o�t� �a�d�d�r�e�s�s�e�d� �i�n� 
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�B�e�s�i�d�e�s� �i�m�p�r�o�v�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �t�h�e�r�e� �h�a�s� �b�e�e�n� �r�e�s�e�a�r�c�h� �o�n� �r�e�l�a�t�e�d� �t�o�p�i�c�s� �t�h�a�t� �m�a�y� �e�n�h�a�n�c�e� �t�h�e� 
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�d�a�t�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s�,� �a�n�d� �f�a�u�l�t� �t�o�l�e�r�a�n�c�e� �i�s�s�u�e�s�.� �S�e�c�t�i�o�n� �7�.�1�.�1� �e�x�a�m�i�n�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� 

�d�e�p�e�n�d�e�n�c�i�e�s� �o�f� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�n�d� �S�e�c�t�i�o�n� �7�.�1�.�2� �r�e�v�i�e�w�s� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� 

�i�m�p�r�o�v�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� 

�7�.�1�.�1� �A�p�p�l�i�c�a�t�i�o�n�-�S�p�e�c�i�f�i�c� �D�e�p�e�n�d�e�n�c�i�e�s� 

�B�o�t�h� �t�h�e� �R�P�C� �a�n�d� �R�E�X�E�C� �m�o�d�e�l�s� �a�r�e� �g�e�n�e�r�a�l� �e�n�o�u�g�h� �t�o� �s�u�p�p�o�r�t� �a�n�y� �a�p�p�l�i�c�a�t�i�o�n�,� �h�o�w�e�v�e�r� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �4� �a�r�e� �d�e�v�e�l�o�p�e�d� �w�i�t�h� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �m�i�n�d�.� 

�T�h�e� �s�o�u�r�c�e� �c�o�d�e� �f�o�r� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�s� �g�i�v�e�n� �i�n� �[�6�6�]�.� �T�h�e� �R�P�C� �m�o�d�e�l� �i�s� �s�c�r�u�t�i�n�i�z�e�d� �f�i�r�s�t� �f�o�l�l�o�w�e�d� 

�b�y� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� 

�T�h�e� �R�P�C� �m�o�d�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �a�p�p�l�i�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �b�e�c�a�u�s�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �s�y�n�t�a�x� �o�f� �t�h�e� �S�T�H�P�S� 

�l�i�b�r�a�r�y� �c�a�l�l�.� �A�s� �m�e�n�t�i�o�n�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �p�r�o�c�e�s�s� �d�e�v�e�l�o�p�m�e�n�t� �i�n�c�l�u�d�e�s� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� �H�o�s�t� �P�r�o�c�e�s�s� 

�S�u�b�r�o�u�t�i�n�e� �(�H�P�S�)� �w�h�i�c�h� �n�o�r�m�a�l�l�y� �h�a�s� �o�n�l�y� �a� �l�e�n�g�t�h� �r�e�s�t�r�i�c�t�i�o�n� �o�n� �t�h�e� �n�a�m�e�.� �O�b�v�i�o�u�s�l�y�,� �w�r�i�t�i�n�g� �a� �s�t�u�b� 

�p�r�o�c�e�d�u�r�e� �f�o�r� �e�a�c�h� �n�e�w� �a�p�p�l�i�c�a�t�i�o�n ��s� �H�P�S� �i�s� �i�n�e�f�f�i�c�i�e�n�t�.� �A�s� �a� �s�o�l�u�t�i�o�n�,� �a� �h�a�r�d�-�c�o�d�e�d� �n�a�m�e� �i�s� �u�s�e�d� �f�o�r� 

�t�h�e� �h�o�s�t� �p�r�o�c�e�s�s� �s�u�b�r�o�u�t�i�n�e� �o�f� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �p�r�o�g�r�a�m�m�e�r� �m�u�s�t� �n�e�c�e�s�s�a�r�i�l�y� �b�e� 

�a�w�a�r�e� �o�f� �t�h�i�s� �w�h�e�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �t�h�e�r�e�b�y� �m�a�k�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �l�e�s�s� �t�r�a�n�s�p�a�r�e�n�t�.� 

�A�n�o�t�h�e�r� �p�o�i�n�t� �t�o� �n�o�t�e� �i�s� �t�h�a�t� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n� �w�i�l�l� �p�a�s�s� �a� �d�i�f�f�e�r�e�n�t� �n�u�m�b�e�r� �a�n�d� �t�y�p�e� �o�f� �a�r�g�u�m�e�n�t�s� �t�o� �i�t�s� 

�s�p�e�c�i�f�i�c� �H�P�S�.� �W�h�i�l�e� �t�h�e� �v�a�r�i�a�b�l�e� �l�e�n�g�t�h� �a�r�g�u�m�e�n�t� �l�i�s�t� �p�r�e�s�e�n�t�s� �a�n� �i�n�c�o�n�v�e�n�i�e�n�c�e�,� �t�h�e� �v�a�_�a�r�g� �C� �l�i�b�r�a�r�y� 

�c�a�l�l� �p�r�o�v�i�d�e�s� �a� �s�o�l�u�t�i�o�n� �t�o� �p�a�r�s�i�n�g� �t�h�e� �a�r�g�u�m�e�n�t� �l�i�s�t� �[�2�3�]�.� �H�o�w�e�v�e�r�,� �d�i�f�f�e�r�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�s� �p�a�s�s� �a� 

�d�i�f�f�e�r�e�n�t� �n�u�m�b�e�r� �o�f� �e�a�c�h� �a�r�g�u�m�e�n�t� �t�y�p�e� �a�n�d� �t�h�i�s� �v�a�r�i�a�b�i�l�i�t�y� �c�a�n�n�o�t� �b�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �e�f�f�i�c�i�e�n�t�l�y�.� �T�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �S�T�H�P�S� �s�t�u�b� �p�r�o�v�i�d�e�s� �f�o�r� �l�i�m�i�t�e�d� �f�l�e�x�i�b�i�l�i�t�y�,� �b�u�t� �i�s� �c�o�n�f�i�n�e�d� �t�o� �a�c�c�e�p�t�i�n�g� �o�n�l�y� �a� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�3



�r�e�s�t�r�i�c�t�e�d� �n�u�m�b�e�r� �o�f� �a�r�r�a�y�s� �a�n�d� �s�c�a�l�a�r�s�.� �T�o� �m�a�k�e� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �m�o�r�e� �f�l�e�x�i�b�l�e�,� �s�e�v�e�r�a�l� �s�t�u�b�s� �m�a�y� 

�b�e� �w�r�i�t�t�e�n� �f�o�r� �a�c�c�e�p�t�i�n�g� �d�i�f�f�e�r�e�n�t� �c�a�t�e�g�o�r�i�e�s� �o�f� �a�r�g�u�m�e�n�t� �l�i�s�t�s�.� 

�A� �p�r�e�f�e�r�r�e�d� �a�p�p�r�o�a�c�h� �i�n� �d�e�s�i�g�n�i�n�g� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �w�o�u�l�d� �i�n�c�l�u�d�e� �a�n�o�t�h�e�r� �l�e�v�e�l� �o�f� 

�a�b�s�t�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�o�f�t�w�a�r�e� �a�n�d� �t�h�e� �u�s�e�r�.� �P�r�e�s�e�n�t�l�y�,� �t�h�e� �V�P� �u�s�e�r� �m�u�s�t� �c�o�d�e� �t�w�o� 

�p�r�o�g�r�a�m�s� �f�o�r� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n�.� �A� �m�o�r�e� �u�s�e�r�-�f�r�i�e�n�d�l�y� �i�n�t�e�r�f�a�c�e� �m�a�y� �i�n�s�t�e�a�d� �u�s�e� �a� �s�i�n�g�l�e� �c�o�m�m�a�n�d� �f�o�r� 

�a� �V�P� �f�u�n�c�t�i�o�n�,� �e�.�g�.� �"�D�O� �F�F�T�.�"� �T�h�e� �e�x�t�r�a� �l�e�v�e�l� �o�f� �a�b�s�t�r�a�c�t�i�o�n� �w�o�u�l�d� �h�i�d�e� �t�h�e� �H�P�S� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 

�m�a�k�e� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�e�r�v�i�c�e� �m�o�r�e� �t�r�a�n�s�p�a�r�e�n�t� �t�o� �t�h�e� �V�P� �u�s�e�r�.� 

�T�h�e� �R�E�X�E�C� �m�o�d�e�l� �i�s� �i�n�h�e�r�e�n�t�l�y� �i�m�m�u�n�e� �t�o� �t�h�e� �s�y�n�t�a�x� �o�f� �i�n�d�i�v�i�d�u�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�,� �h�o�w�e�v�e�r� �t�h�e� �s�t�u�b� 

�p�r�o�c�e�d�u�r�e� �w�h�i�c�h� �s�e�n�d�s� �d�a�t�a� �b�a�c�k� �t�o� �t�h�e� �c�l�i�e�n�t� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �v�a�r�i�a�b�l�e�s� �a�n�d� �d�a�t�a� 

�t�y�p�e�s� �w�h�i�c�h� �a�r�e� �p�a�s�s�e�d� �f�r�o�m� �t�h�e� �s�e�r�v�e�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �p�a�s�s�e�s� �a� �s�i�n�g�l�e� 

�a�r�r�a�y� �o�f� �f�l�o�a�t�i�n�g� �p�o�i�n�t� �d�a�t�a�.� �A�n� �i�m�p�r�o�v�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �m�a�y� �i�n�c�l�u�d�e� �a� �d�i�f�f�e�r�e�n�t� �s�t�u�b� �f�o�r� �e�a�c�h� �p�o�s�s�i�b�l�e� 

�d�a�t�a� �t�y�p�e�,� �u�s�i�n�g� �v�a�r�i�a�b�l�e� �l�e�n�g�t�h� �a�r�g�u�m�e�n�t� �l�i�s�t� �p�a�r�s�i�n�g�.� �A� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�u�b� �o�n� �t�h�e� �c�l�i�e�n�t� �w�o�u�l�d� �a�l�s�o� 

�b�e� �n�e�c�e�s�s�a�r�y�.� �T�h�e� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �m�a�y� �b�e� �h�i�d�d�e�n� �f�r�o�m� �t�h�e� �V�P� �p�r�o�g�r�a�m�m�e�r� �u�s�i�n�g� 

�t�h�i�s� �a�p�p�r�o�a�c�h�.� 

�7�.�1�2� �A�d�d�i�t�i�o�n�a�l� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �I�s�s�u�e�s� 

�B�e�s�i�d�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�-�s�p�e�c�i�f�i�c� �l�i�m�i�t�a�t�i�o�n�s�,� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �m�u�s�t� �a�l�s�o� �a�d�d�r�e�s�s� �b�y�t�e�-�o�r�d�e�r�i�n�g�,� �d�a�t�a� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �f�a�u�l�t� �t�o�l�e�r�a�n�c�e�,� �a�n�d� �c�h�i�l�d� �p�r�o�c�e�s�s� �m�a�n�a�g�e�m�e�n�t� �i�s�s�u�e�s�.� �A�l�s�o�,� �t�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �m�u�s�t� 

�b�e� �a�w�a�r�e� �o�f� �t�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �c�l�i�e�n�t�-�s�e�r�v�e�r� �p�r�o�t�o�c�o�l�.� �T�h�e�s�e� �i�s�s�u�e�s� �b�e�c�o�m�e� �i�m�p�o�r�t�a�n�t� �w�h�e�n� �d�e�a�l�i�n�g� 

�w�i�t�h� �h�e�t�e�r�o�g�e�n�o�u�s� �c�o�m�p�u�t�e�r�s� �i�n� �d�i�s�t�r�i�b�u�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�4



�T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �4� �a�r�e� �e�x�e�c�u�t�e�d� �o�n� �b�o�t�h� �V�A�X� �a�n�d� �S�u�n� �p�l�a�t�f�o�r�m�s�,� �w�h�i�c�h� �h�a�v�e� 

�o�p�p�o�s�i�t�e� �b�y�t�e�-�o�r�d�e�r�i�n�g�s�.� �T�h�e� �n�t�o�h�l� �a�n�d� �h�t�o�n�l� �l�i�b�r�a�r�y� �r�o�u�t�i�n�e�s� �a�r�e� �u�s�e�d� �t�o� �f�o�r�m�a�t� �m�e�s�s�a�g�e�s� �i�n� �a� �s�t�a�n�d�a�r�d� 

�n�e�t�w�o�r�k� �o�r�d�e�r�.� �A� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �p�r�o�b�l�e�m� �i�s� �t�h�e� �v�a�r�i�o�u�s� �f�l�o�a�t�i�n�g� �p�o�i�n�t� �f�o�r�m�a�t�s� �u�s�e�d� �b�y� �d�i�f�f�e�r�e�n�t� 

�c�o�m�p�u�t�e�r�s�.� �T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �u�t�i�l�i�z�e�d� �a� �s�i�m�p�l�e� �A�S�C�I�I� �f�o�r�m�a�t�.� �T�h�e� �c�l�i�e�n�t� 

�a�n�d� �s�e�r�v�e�r� �s�t�u�b�s� �c�o�n�v�e�r�t� �b�e�t�w�e�e�n� �A�S�C�I�I� �a�n�d� �t�h�e�i�r� �s�p�e�c�i�f�i�c� �f�l�o�a�t�i�n�g� �p�o�i�n�t� �f�o�r�m�a�t�.� �A� �b�e�t�t�e�r� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �w�o�u�l�d� �u�s�e� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �d�a�t�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�,� �s�u�c�h� �a�s� �t�h�e� �E�x�t�e�r�n�a�l� �D�a�t�a� 

�R�e�p�r�e�s�e�n�t�a�t�i�o�n� �(�X�D�R�)� �s�t�a�n�d�a�r�d� �[�4�0�]�,� �w�h�i�c�h� �w�o�u�l�d� �r�e�d�u�c�e� �t�h�e� �n�e�t�w�o�r�k� �l�o�a�d�.� �W�h�i�l�e� �b�o�t�h� �m�o�d�e�l�s� �w�o�u�l�d� 

�b�e�n�e�f�i�t� �f�r�o�m� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �t�r�a�n�s�l�a�t�i�o�n� �p�r�o�c�e�s�s�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �R�P�C� �m�o�d�e�l� �w�o�u�l�d� �i�m�p�r�o�v�e� 

�m�o�r�e� �b�e�c�a�u�s�e� �o�f� �i�t�s� �l�a�r�g�e�r� �n�e�t�w�o�r�k� �l�o�a�d�.� 

�N�e�x�t�,� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �s�o�m�e� �d�e�g�r�e�e� �o�f� �f�a�u�l�t� �t�o�l�e�r�a�n�c�e� �o�f� �s�e�r�v�e�r� �a�n�d�/�o�r� �c�l�i�e�n�t� �f�a�i�l�u�r�e�s�.� 

�T�h�e� �c�l�i�e�n�t� �p�r�o�g�r�a�m� �p�r�e�s�e�n�t�l�y� �u�s�e�s� �a� �t�i�m�e�r� �f�a�c�i�l�i�t�y� �s�o� �t�h�a�t� �i�t� �d�o�e�s� �n�o�t� �w�a�i�t� �f�o�r� �a� �r�e�p�l�y� �i�n�d�e�f�i�n�i�t�e�l�y� �i�n� �t�h�e� 

�e�v�e�n�t� �o�f� �a� �s�e�r�v�e�r� �f�a�i�l�u�r�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�e�r�v�e�r� �d�o�e�s� �n�o�t� �c�h�e�c�k� �f�o�r� �c�l�i�e�n�t� �f�a�i�l�u�r�e�s�,� �s�o� �a� �s�e�r�v�e�r� �c�h�i�l�d� 

�p�r�o�c�e�s�s� �m�a�y� �e�x�e�c�u�t�e� �i�n�d�e�f�i�n�i�t�e�l�y�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �f�a�u�l�t� �t�o�l�e�r�a�n�t� �a�n�d� �r�e�l�i�a�b�l�e� �c�l�i�e�n�t�-� 

�s�e�r�v�e�r� �s�y�s�t�e�m�s�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �7�.�3�.� 

�C�h�i�l�d� �p�r�o�c�e�s�s� �m�a�n�a�g�e�m�e�n�t� �m�u�s�t� �a�l�s�o� �b�e� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �A� �p�r�o�b�l�e�m� �w�i�t�h� �"�z�o�m�b�i�e�"� 

�p�r�o�c�e�s�s�e�s �� �w�a�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �w�i�t�h� �t�h�e� �c�u�r�r�e�n�t� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �P�r�e�s�e�n�t�l�y�,� �t�h�e� �p�a�r�e�n�t� 

�d�i�s�p�a�t�c�h�e�r� �p�r�o�c�e�s�s� �d�o�e�s� �n�o�t� �c�h�e�c�k� �f�o�r� �t�h�e� �e�x�i�t� �s�t�a�t�u�s� �o�f� �i�t�s� �c�h�i�l�d�r�e�n�.� 

� � 

�2� �A� �z�o�m�b�i�e� �p�r�o�c�e�s�s� �i�s� �d�e�f�i�n�e�d� �a�s� �"�a� �p�r�o�c�e�s�s� �t�h�a�t� �h�a�s� 
�t�e�r�m�i�n�a�t�e�d� �b�u�t� �w�h�o�s�e� �e�x�i�t� �s�t�a�t�u�s� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� �r�e�c�e�i�v�e�d� �b�y� 
�i�t�s� �p�a�r�e�n�t� �p�r�o�c�e�s�s�.�.�.�"� �[�4�1�]�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�5



�T�h�e� �c�l�i�e�n�t�-�s�e�r�v�e�r� �p�r�o�t�o�c�o�l� �c�u�r�r�e�n�t�l�y� �u�s�e�s� �a�t�-�l�e�a�s�t�-�o�n�c�e� �c�a�l�l� �s�e�m�a�n�t�i�c�s�,� �w�h�i�c�h� �s�u�p�p�o�r�t� �i�d�e�m�p�o�t�e�n�t� 

�o�p�e�r�a�t�i�o�n�s�,� �s�i�n�c�e� �t�h�i�s� �t�y�p�e� �o�f� �s�e�m�a�n�t�i�c� �i�s� �t�h�e� �s�i�m�p�l�e�s�t� �t�o� �i�m�p�l�e�m�e�n�t� �[�8�]�.� �H�o�w�e�v�e�r�,� �m�a�n�y� �a�p�p�l�i�c�a�t�i�o�n�s� 

�h�a�v�e� �n�o�n�-�i�d�e�m�p�o�t�e�n�t� �o�p�e�r�a�t�i�o�n�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �a�t�-�m�o�s�t�-�o�n�c�e� �o�r� �e�x�a�c�t�l�y�-�o�n�c�e� �c�a�l�l� �s�e�m�a�n�t�i�c�s�.� �R�e�s�e�a�r�c�h� 

�o�n� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�i�m�i�t�i�v�e�s� �h�a�s� �i�n�c�l�u�d�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a�t�-�m�o�s�t�-�o�n�c�e� �c�a�l�l� �s�e�m�a�n�t�i�c�s� �w�i�t�h� �n�e�w� 

�p�r�o�t�o�c�o�l�s� �[�4�1�,�4�2�]�.� 

�R�e�c�e�n�t� �r�e�s�e�a�r�c�h� �h�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �s�t�u�b� �g�e�n�e�r�a�t�i�o�n� �f�o�r� �o�p�t�i�m�i�z�i�n�g� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e�.� �C�h�u�n�g� 

�e�t� �a�l�.� �c�o�n�s�i�d�e�r� �v�a�r�i�o�u�s� �d�e�s�i�g�n� �a�l�t�e�r�n�a�t�i�v�e�s� �a�n�d� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t� �o�n� �h�o�s�t� �l�o�a�d�i�n�g� �[�4�3�]�.� �T�h�e� �o�p�t�i�m�i�z�e�d� �s�t�u�b� 

�d�e�s�i�g�n� �c�o�u�l�d� �b�e�n�e�f�i�t� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �s�i�n�c�e� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �s�t�u�b�s� �w�o�u�l�d� �b�e� �m�o�r�e� 

�e�f�f�i�c�i�e�n�t� �a�n�d� �r�e�d�u�c�e� �t�h�e� �l�o�a�d� �o�n� �t�h�e� �p�r�o�c�e�s�s�o�r�.� 

�S�e�c�t�i�o�n� �7�.�1� �h�a�s� �f�o�c�u�s�e�d� �o�n� �b�e�t�t�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�s�e�r�v�i�c�e�.� �S�e�c�t�i�o�n� �7�.�2� �e�x�a�m�i�n�e�s� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �i�m�p�r�o�v�i�n�g� �t�h�e� �V�P� �s�e�r�v�i�c�e� 

�p�e�r�f�o�r�m�a�n�c�e�.� 

�7�.�2� �T�r�a�n�s�p�o�r�t� �P�r�o�t�o�c�o�l� �S�u�p�p�o�r�t� 

�T�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �r�e�p�o�r�t�e�d� �i�n� �C�h�a�p�t�e�r�s� �5� �a�n�d� �6� �r�e�f�l�e�c�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� 

�T�C�P� �a�n�d� �U�D�P� �a�s� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s�.� �S�e�v�e�r�a�l� �m�e�t�h�o�d�o�l�o�g�i�e�s� �m�a�y� �b�e� �u�s�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �i�n�c�l�u�d�i�n�g� �b�e�t�t�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �n�e�w� �p�r�o�t�o�c�o�l� �d�e�s�i�g�n�s�,� �d�e�d�i�c�a�t�e�d� 

�n�e�t�w�o�r�k� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�o�r�s�,� �a�n�d� �m�u�l�t�i�p�r�o�c�e�s�s�o�r� �a�r�c�h�i�t�e�c�t�u�r�e�s�.� �S�e�c�t�i�o�n� �7�.�2�.�1� �r�e�v�i�e�w�s� �p�r�o�t�o�c�o�l� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �S�e�c�t�i�o�n� �7�.�2�.�2� �d�i�s�c�u�s�s�e�s� �n�e�w� �p�r�o�t�o�c�o�l� �d�e�s�i�g�n�s� �a�n�d� �a�r�c�h�i�t�e�c�t�u�r�e�s� �f�o�r� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�6



�7�2�.�1� �P�r�o�t�o�c�o�l� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�M�u�c�h� �r�e�s�e�a�r�c�h� �o�n� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �f�o�r� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s� �h�a�s� �f�o�c�u�s�e�d� �o�n� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �c�u�r�r�e�n�t� 

�t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �T�C�P�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �T�C�P� �h�a�v�e� �o�f�t�e�n� �b�e�e�n� �c�r�i�t�i�c�i�z�e�d� �f�o�r� �p�o�o�r� 

�m�a�n�a�g�e�m�e�n�t� �o�f� �t�i�m�e�r� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �t�r�a�n�s�p�o�r�t� �b�u�f�f�e�r�s� �a�s� �a� �r�e�a�s�o�n� �f�o�r� �t�h�e�i�r� �l�i�m�i�t�a�t�i�o�n�s�.� �C�l�a�r�k� �e�t� �a�l�.� 

�s�t�u�d�i�e�d� �a�n� �i�m�p�r�o�v�e�d� �T�C�P� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �r�e�p�o�r�t�e�d� �f�a�v�o�r�a�b�l�e� �r�e�s�u�l�t�s� �[�2�1�]�.� �T�h�e� �a�u�t�h�o�r�s� �o�p�t�i�m�i�z�e�d� 

�T�C�P� �b�y� �r�e�w�r�i�t�i�n�g� �t�h�e� �b�u�f�f�e�r� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �t�i�m�e�r� �f�a�c�i�l�i�t�i�e�s�.� �T�h�e� �a�u�t�h�o�r�s� �j�u�s�t�i�f�i�e�d� �t�h�e� �o�p�t�i�m�i�z�e�d� �c�o�d�e� 

�b�y� �a�r�g�u�i�n�g� �t�h�a�t� �t�h�e� �b�u�f�f�e�r� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �t�i�m�e�r�s� �a�r�e� �s�y�s�t�e�m� �d�e�p�e�n�d�e�n�t� �a�n�d� �t�h�e�r�e�f�o�r�e� �s�u�f�f�e�r� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �c�o�n�s�t�r�a�i�n�t�s�.� �A� �r�e�l�a�t�e�d� �s�t�u�d�y� �b�y� �P�a�r�t�r�i�d�g�e� �d�e�m�o�n�s�t�r�a�t�e�d�,� �u�s�i�n�g� �t�h�e� �f�i�g�u�r�e�s� �f�r�o�m� �C�l�a�r�k� 

�e�t� �a�l�.�,� �t�h�a�t� �T�C�P� �c�a�n� �h�a�n�d�l�e� �t�h�e� �f�a�s�t�e�r� �d�a�t�a� �r�a�t�e�s� �o�f� �E�t�h�e�r�n�e�t� �a�n�d� �F�D�D�I� �[�2�2�]�.� �A�n�o�t�h�e�r� �s�t�u�d�y� �o�f� �t�h�e� 

�b�u�f�f�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�o�b�l�e�m� �h�a�s� �b�e�e�n� �d�o�n�e� �b�y� �C�h�a�m�t�a�c� �a�n�d� �G�a�n�z� �w�h�o� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �b�u�f�f�e�r� 

�m�a�n�a�g�e�m�e�n�t� �a�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� �o�n� �h�i�g�h� �s�p�e�e�d� �L�A�N�s� �[�4�4�]�.� �T�h�e�s�e� �a�u�t�h�o�r�s� �h�a�v�e� �p�r�o�p�o�s�e�d� 

�n�e�w� �a�l�l�o�c�a�t�i�o�n� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �i�m�p�r�o�v�e�d� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�.� �O�t�h�e�r� �t�e�c�h�n�i�q�u�e�s� �m�a�y� 

�b�e� �u�s�e�d� �f�o�r� �i�m�p�r�o�v�i�n�g� �t�h�e� �c�u�r�r�e�n�t� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �T�C�P�,� �i�n�c�l�u�d�i�n�g� �h�e�a�d�e�r� �p�r�e�d�i�c�t�i�o�n� �[�2�1�]�.� �H�e�a�d�e�r� 

�p�r�e�d�i�c�t�i�o�n� �i�s� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �t�i�m�e� �n�e�c�e�s�s�a�r�y� �t�o� �g�e�n�e�r�a�t�e� �o�u�t�g�o�i�n�g� �p�a�c�k�e�t�s� �o�n� �a� �T�C�P� �c�o�n�n�e�c�t�i�o�n�.� 

�B�e�s�i�d�e�s� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �b�u�f�f�e�r� �a�n�d� �t�i�m�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �T�C�P� �h�a�s� �a�l�s�o� �b�e�e�n� �c�r�i�t�i�c�i�z�e�d� �f�o�r� �i�t�s� �b�a�s�i�c� 

�d�e�s�i�g�n� �p�h�i�l�o�s�o�p�h�y�.� �N�e�w� �p�r�o�t�o�c�o�l�s� �w�h�i�c�h� �i�d�e�n�t�i�f�y� �d�e�s�i�g�n� �l�i�m�i�t�a�t�i�o�n�s� �i�n� �T�C�P� �a�r�e� �r�e�v�i�e�w�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�s�e�c�t�i�o�n�.� 

�7�2�.�2� �P�r�o�t�o�c�o�l� �D�e�s�i�g�n�s� �a�n�d� �A�r�c�h�i�t�e�c�t�u�r�e�s� 

�R�e�s�e�a�r�c�h� �d�e�v�e�l�o�p�m�e�n�t�s� �o�n� �n�e�w� �p�r�o�t�o�c�o�l�s� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� �d�r�a�w�b�a�c�k�s� �w�i�t�h� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �T�C�P� 

�p�r�o�t�o�c�o�l�.� �T�h�e�s�e� �n�e�w� �p�r�o�t�o�c�o�l�s� �i�n�c�l�u�d�e� �X�T�P� �[�1�6�]�,� �N�E�T�B�L�T� �[�1�7�]�,� �V�M�T�P� �[�1�8�]�,� �a�n�d� �t�h�e� �p�r�o�t�o�c�o�l� �o�f� 

�S�a�b�n�a�n�i� �a�n�d� �N�e�t�r�a�v�a�l�i� �[�1�9�]�.� �T�h�e� �l�a�t�t�e�r� �p�r�o�t�o�c�o�l� �w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �H�S�T�P� �(�H�i�g�h� �S�p�e�e�d� �T�r�a�n�s�p�o�r�t� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�7



�P�r�o�t�o�c�o�l�)� �f�o�r� �c�o�n�v�e�n�i�e�n�c�e�.� �T�h�e� �p�r�o�t�o�c�o�l� �d�e�v�e�l�o�p�m�e�n�t� �e�f�f�o�r�t�s� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �t�h�r�e�e� �k�e�y� �d�e�s�i�g�n� �p�r�o�b�l�e�m�s� 

�w�i�t�h� �T�C�P�:� �f�l�o�w� �c�o�n�t�r�o�l�,� �r�a�t�e� �c�o�n�t�r�o�l�,� �a�n�d� �e�r�r�o�r� �r�e�c�o�v�e�r�y�.� 

�A�s� �d�i�s�c�u�s�s�e�d� �p�r�e�v�i�o�u�s�l�y�,� �T�C�P� �e�m�p�l�o�y�s� �a� �w�i�n�d�o�w�-�b�a�s�e�d� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� �d�e�f�i�n�e�s� �h�o�w� �m�a�n�y� 

�p�a�c�k�e�t�s� �c�a�n� �b�e� �s�e�n�t� �b�e�f�o�r�e� �t�h�e� �w�i�n�d�o�w� �i�s� �f�u�l�l�.� �T�h�e� �m�o�r�e� �m�o�d�e�r�n� �p�r�o�t�o�c�o�l�s� �e�m�p�l�o�y� �a� �f�l�o�w� �c�o�n�t�r�o�l� 

�m�e�c�h�a�n�i�s�m� �b�a�s�e�d� �o�n� �r�a�t�e� �c�o�n�t�r�o�l�.� �A�s� �s�t�a�t�e�d� �b�y� �C�l�a�r�k� �e�t� �a�l�.�,� �"�B�y� �d�e�f�i�n�i�t�i�o�n�,� �t�h�e� �g�o�a�l� �o�f� �f�l�o�w� �c�o�n�t�r�o�l� �.�.�.� 

�i�s� �t�o� �m�a�t�c�h� �t�h�e� �d�a�t�a� �t�r�a�n�s�m�i�s�s�i�o�n� �r�a�t�e� �w�i�t�h� �t�h�e� �r�e�c�e�i�v�e�r ��s� �d�a�t�a� �c�o�n�s�u�m�p�t�i�o�n� �r�a�t�e �� �[�1�7�]�.� �T�h�e� �w�i�n�d�o�w� 

�m�e�c�h�a�n�i�s�m� �i�m�p�l�e�m�e�n�t�s� �f�l�o�w� �c�o�n�t�r�o�l� �i�n�d�i�r�e�c�t�l�y� �s�i�n�c�e� �i�t� �d�e�f�i�n�e�s� �h�o�w� �m�u�c�h� �d�a�t�a� �c�a�n� �b�e� �b�u�f�f�e�r�e�d� �t�o� �s�e�n�d� 

�r�a�t�h�e�r� �t�h�a�n� �h�o�w� �f�a�s�t� �t�o� �s�e�n�d� �t�h�e� �b�u�f�f�e�r�e�d� �d�a�t�a�.� �T�h�e� �w�i�n�d�o�w�-�b�a�s�e�d� �f�l�o�w� �c�o�n�t�r�o�l� �l�e�a�d�s� �t�o� �a� �t�r�a�d�e�-�o�f�f� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �w�i�n�d�o�w� �s�i�z�e�.� �L�a�r�g�e� �w�i�n�d�o�w�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �h�i�g�h� �t�h�r�o�u�g�h�p�u�t� �o�v�e�r� �l�o�n�g� �d�e�l�a�y� 

�n�e�t�w�o�r�k�s�,� �h�o�w�e�v�e�r� �s�m�a�l�l� �w�i�n�d�o�w�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� �h�i�g�h� �i�n�s�t�a�n�t� �d�a�t�a� �r�a�t�e� �a�n�d� �b�e�t�t�e�r� �f�l�o�w� �c�o�n�t�r�o�l� 

�p�e�r�f�o�r�m�a�n�c�e� �[�1�7�]�.� �T�h�e� �n�e�w�e�r� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �a�l�l� �e�m�p�l�o�y� �r�a�t�e� �c�o�n�t�r�o�l� �t�o� �m�o�n�i�t�o�r� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� 

�s�p�e�e�d�,� �t�h�o�u�g�h� �s�p�e�c�i�f�i�c� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �d�i�f�f�e�r�.� 

�T�h�e� �e�r�r�o�r� �r�e�c�o�v�e�r�y� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� �T�C�P� �e�m�p�l�o�y�s� �i�s� �l�i�n�k�e�d� �w�i�t�h� �i�t�s� �w�i�n�d�o�w�-�b�a�s�e�d� �f�l�o�w� �c�o�n�t�r�o�l�.� �T�C�P� 

�u�t�i�l�i�z�e�s� �a� �"�G�o� �B�a�c�k� �N�"� �p�r�o�t�o�c�o�l� �w�h�e�r�e� �N� �i�s� �t�h�e� �p�a�c�k�e�t� �s�e�q�u�e�n�c�e� �n�u�m�b�e�r�.� �W�h�e�n� �a�n� �e�r�r�o�r� �d�o�e�s� �o�c�c�u�r�,� 

�T�C�P� �r�e�t�r�a�n�s�m�i�t�s� �p�a�c�k�e�t� �N� �a�n�d� �a�l�l� �t�h�e� �p�a�c�k�e�t�s� �a�f�t�e�r� �N�,� �e�v�e�n� �i�f� �t�h�e�s�e� �p�a�c�k�e�t�s� �h�a�v�e� �a�l�r�e�a�d�y� �b�e�e�n� 

�s�u�c�c�e�s�s�f�u�l�l�y� �d�e�l�i�v�e�r�e�d�.� �T�h�e� �m�o�r�e� �m�o�d�e�r�n� �p�r�o�t�o�c�o�l�s� �u�t�i�l�i�z�e� �a� �s�e�l�e�c�t�i�v�e� �r�e�t�r�a�n�s�m�i�s�s�i�o�n� �p�o�l�i�c�y� �w�h�e�r�e� �o�n�l�y� 

�t�h�e� �p�a�c�k�e�t�s� �t�h�a�t� �w�e�r�e� �r�e�c�e�i�v�e�d� �w�i�t�h� �a�n� �e�r�r�o�r� �a�r�e� �r�e�t�r�a�n�s�m�i�t�t�e�d�.� �S�e�l�e�c�t�i�v�e� �r�e�t�r�a�n�s�m�i�s�s�i�o�n� �i�s� �a� �m�o�r�e� 

�e�f�f�i�c�i�e�n�t� �a�p�p�r�o�a�c�h� �w�h�i�c�h� �r�e�d�u�c�e�s� �t�h�e� �n�e�t�w�o�r�k� �t�r�a�f�f�i�c�.� 

�I�n� �r�e�g�a�r�d�s� �t�o� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e�,� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �o�f�f�e�r� �i�m�p�r�o�v�e�d� �t�r�a�n�s�p�o�r�t� 

�s�e�r�v�i�c�e� �f�o�r� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e�.� �H�o�w�e�v�e�r�,� �a�d�d�i�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� �a�r�e� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �V�P� �s�e�r�v�i�c�e� 

�m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d�.� �I�m�p�o�r�t�a�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �a�r�e� �b�u�l�k� �t�r�a�n�s�f�e�r� �a�n�d� �d�a�t�a� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�8



�i�n�t�e�g�r�i�t�y�.� �B�u�l�k� �t�r�a�n�s�f�e�r� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �s�h�o�u�l�d� �h�a�v�e� �h�i�g�h� �t�h�r�o�u�g�h�p�u�t�.� �D�a�t�a� �i�n�t�e�g�r�i�t�y� 

�i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �m�u�s�t� �b�e� �r�e�l�i�a�b�l�e�.� �H�i�g�h� �t�h�r�o�u�g�h�p�u�t� �i�s� �f�i�r�s�t� �a�d�d�r�e�s�s�e�d� �b�e�l�o�w�,� �f�o�l�l�o�w�e�d� 

�b�y� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �r�e�l�i�a�b�l�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �i�n� �t�h�e� �n�e�w� �p�r�o�t�o�c�o�l�s�.� 

�A� �f�u�n�d�a�m�e�n�t�a�l� �d�e�s�i�g�n� �c�o�n�c�e�p�t� �i�s� �o�b�s�e�r�v�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �d�e�s�i�g�n�e�d� �f�o�r� �e�i�t�h�e�r� �h�i�g�h� 

�t�h�r�o�u�g�h�p�u�t� �o�r� �l�o�w� �l�a�t�e�n�c�y�.� �H�i�s�t�o�r�i�c�a�l�l�y�,� �d�a�t�a�g�r�a�m� �c�o�m�m�u�n�i�c�a�t�i�o�n� �h�a�s� �n�o�t� �p�r�o�v�i�d�e�d� �g�u�a�r�a�n�t�e�e�d� 

�b�a�n�d�w�i�d�t�h�.� �A�s� �a� �r�e�s�u�l�t�,� �h�i�g�h� �t�h�r�o�u�g�h�p�u�t� �p�r�o�t�o�c�o�l�s� �c�o�n�v�e�n�t�i�o�n�a�l�l�y� �h�a�v�e� �b�e�e�n� �b�a�s�e�d� �o�n� �v�i�r�t�u�a�l� �c�i�r�c�u�i�t� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �P�r�o�t�o�c�o�l�s� �d�e�s�i�g�n�e�d� �f�o�r� �l�o�w� �l�a�t�e�n�c�y� �t�y�p�i�c�a�l�l�y� �p�r�o�v�i�d�e� �d�a�t�a�g�r�a�m� �s�e�r�v�i�c�e� �s�i�n�c�e� �n�o� 

�c�o�n�n�e�c�t�i�o�n� �o�v�e�r�h�e�a�d� �i�s� �i�n�v�o�l�v�e�d�.� �T�h�u�s�,� �t�h�e� �c�o�n�n�e�c�t�i�o�n�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�c�o�l�s� �d�e�v�e�l�o�p�e�d� �h�a�v�e� �t�y�p�i�c�a�l�l�y� �b�e�e�n� 

�d�e�s�i�g�n�e�d� �f�o�r� �b�u�l�k� �d�a�t�a� �t�r�a�n�s�p�o�r�t� �a�n�d� �h�i�g�h� �t�h�r�o�u�g�h�p�u�t�,� �w�h�i�l�e� �t�h�e� �c�o�n�n�e�c�t�i�o�n�l�e�s�s� �p�r�o�t�o�c�o�l� �d�e�s�i�g�n�s� �a�r�e� 

�t�a�r�g�e�t�e�d� �f�o�r� �c�l�i�e�n�t�-�s�e�r�v�e�r� �a�p�p�l�i�c�a�t�i�o�n�s� �w�h�e�r�e� �q�u�i�c�k� �r�e�s�p�o�n�s�e� �a�n�d� �l�o�w� �l�a�t�e�n�c�y� �a�r�e� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �[�4�5�]�.� 

�T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �i�s� �n�o�t�e�d� �i�n� �t�h�e� �N�E�T�B�L�T� �a�n�d� �V�M�T�P� �p�r�o�t�o�c�o�l�s�.� �N�E�T�B�L�T�,� �w�h�i�c�h� �i�s� �d�e�s�i�g�n�e�d� �f�o�r� �b�u�l�k� 

�d�a�t�a� �t�r�a�n�s�f�e�r�,� �i�s� �a� �c�o�n�n�e�c�t�i�o�n�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�c�o�l�.� �W�M�T�P�,� �w�h�i�c�h� �o�f�f�e�r�s� �a� �c�o�n�n�e�c�t�i�o�n�l�e�s�s� �s�e�r�v�i�c�e�,� �i�s� 

�d�e�s�i�g�n�e�d� �t�o� �h�a�n�d�l�e� �t�r�a�n�s�a�c�t�i�o�n�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �q�u�i�c�k� �r�e�s�p�o�n�s�e� �f�o�r� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �X�T�P� �a�n�d� 

�H�S�T�P� �p�r�o�t�o�c�o�l�s� �a�r�e� �i�n�t�e�r�e�s�t�i�n�g� �i�n� �t�h�a�t� �t�h�e�s�e� �p�r�o�t�o�c�o�l�s� �p�r�o�v�i�d�e� �b�o�t�h� �v�i�r�t�u�a�l� �c�i�r�c�u�i�t� �a�n�d� �d�a�t�a�g�r�a�m� �s�e�r�v�i�c�e� 

�[�1�6�,�1�9�}�.� 

�O�n�e� �l�a�s�t� �p�o�i�n�t� �t�o� �n�o�t�e� �i�n� �t�h�e� �d�e�b�a�t�e� �b�e�t�w�e�e�n� �c�o�n�n�e�c�t�i�o�n�l�e�s�s� �a�n�d� �c�o�n�n�e�c�t�i�o�n�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�c�o�l�s� �i�s� 

�o�b�s�e�r�v�e�d� �i�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �u�s�i�n�g� �c�o�n�n�e�c�t�i�o�n�l�e�s�s� �p�r�o�t�o�c�o�l�s� �m�u�s�t� �e�x�p�l�i�c�i�t�l�y� �p�a�s�s� 

�t�h�e� �c�l�i�e�n�t ��s� �a�d�d�r�e�s�s� �t�o� �t�h�e� �c�h�i�l�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �u�s�i�n�g� �a�n� �a�p�p�l�i�c�a�t�i�o�n�-�l�e�v�e�l� �h�a�n�d�s�h�a�k�e�,� �n�a�m�e� �s�e�r�v�e�r�,� �o�r� 

�s�o�m�e� �o�t�h�e�r� �m�e�a�n�s�.� �C�o�n�n�e�c�t�i�o�n�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�c�o�l�s� �n�e�e�d� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �p�a�s�s� �t�h�e� �c�l�i�e�n�t ��s� �a�d�d�r�e�s�s� �s�i�n�c�e� �t�h�e� 

�c�h�i�l�d� �s�e�r�v�e�r� �i�s� �a�l�r�e�a�d�y� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �c�l�i�e�n�t�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�0�9



�R�e�l�i�a�b�l�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �i�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �X�T�P�,� �N�E�T�B�L�T�,� �V�M�T�P�,� �a�n�d� �H�S�T�P� �p�r�o�t�o�c�o�l�s� �u�s�i�n�g� �c�h�e�c�k�s�u�m�s� 

�a�n�d� �a�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s� �o�r� �c�o�n�t�r�o�l� �p�a�c�k�e�t�s�.� �T�h�e�r�e�f�o�r�e�,� �l�i�k�e� �T�C�P�,� �t�h�e� �a�f�o�r�e�m�e�n�t�i�o�n�e�d� �p�r�o�t�o�c�o�l�s� �s�a�t�i�s�f�y� 

�t�h�e� �d�a�t�a� �i�n�t�e�g�r�i�t�y� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �t�h�e� �V�P� �s�e�r�v�i�c�e�.� �U�D�P�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �d�o�e�s� �n�o�t� �o�f�f�e�r� �a� �r�e�l�i�a�b�l�e� 

�s�e�r�v�i�c�e�.� 

�T�h�e�r�e� �e�x�i�s�t� �o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� �i�m�p�r�o�v�i�n�g� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� 

�m�a�y� �b�e� �d�e�s�i�g�n�e�d� �f�o�r� �s�i�l�i�c�o�n� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�s� �i�s� �X�T�P�,� �o�r� �d�e�s�i�g�n�e�d� �f�o�r� �p�a�r�a�l�l�e�l� �p�r�o�c�e�s�s�i�n�g� �a�s� �i�s� �H�S�T�P�.� 

�S�u�c�h� �d�e�s�i�g�n�s� �i�n�c�r�e�a�s�e� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d� �t�h�u�s� �i�m�p�r�o�v�i�n�g� �t�h�r�o�u�g�h�p�u�t�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �t�o� �o�f�f�-�l�o�a�d� �t�h�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� �t�o� �a� �n�e�t�w�o�r�k� �p�r�o�c�e�s�s�o�r� �a�s� �r�e�a�l�i�z�e�d� �i�n� �t�h�e� �V�M�P� 

�[�4�6�]� �a�n�d� �N�E�C�T�A�R� �[�4�7�,�4�8�]� �a�d�a�p�t�e�r�s�.� �T�h�e� �V�M�P� �n�e�t�w�o�r�k� �a�d�a�p�t�e�r� �b�o�a�r�d� �(�N�A�B�)� �i�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�p�r�o�c�e�s�s�o�r� �f�o�r� �t�h�e� �V�M�P� �m�u�l�t�i�p�r�o�c�e�s�s�o�r� �m�a�c�h�i�n�e�.� �T�h�e� �N�A�B� �a�r�c�h�i�t�e�c�t�u�r�e� �i�s� �d�e�s�i�g�n�e�d� �f�o�r� �r�u�n�n�i�n�g� �t�h�e� 

�V�M�T�P� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �f�o�r� �h�i�g�h� �c�o�m�p�u�t�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �N�E�C�T�A�R� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �a�c�c�e�l�e�r�a�t�o�r� �b�o�a�r�d� �(�C�A�B�)� �i�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�s�s�o�r� �f�o�r� �t�h�e� �N�E�C�T�A�R� �l�o�c�a�l� �a�r�e�a� 

�n�e�t�w�o�r�k�.� �C�o�n�t�r�a�r�y� �t�o� �t�h�e� �N�A�B� �d�e�s�i�g�n�,� �t�h�e� �C�A�B� �p�r�o�c�e�s�s�o�r� �r�u�n�s� �a�n� �i�m�p�r�o�v�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� 

�T�C�P�/�I�P� �p�r�o�t�o�c�o�l� �s�u�i�t�e�.� �A�p�p�l�i�c�a�t�i�o�n� �s�u�p�p�o�r�t� �i�s� �a�l�s�o� �p�r�o�v�i�d�e� �f�o�r� �R�P�C� �p�r�o�t�o�c�o�l�s� �o�n� �t�h�e� �C�A�B� �p�r�o�c�e�s�s�o�r�.� 

�B�e�s�i�d�e�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�s�s�o�r� �d�e�s�i�g�n�s�,� �n�e�w� �m�u�l�t�i�p�r�o�c�e�s�s�o�r� �a�r�c�h�i�t�e�c�t�u�r�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �p�r�o�p�o�s�e�d� 

�t�o� �i�n�c�r�e�a�s�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�s� �[�4�9�,�5�0�]�.� �T�h�e�s�e� �a�r�c�h�i�t�e�c�t�u�r�e�s� �e�x�p�l�o�i�t� �c�o�m�p�u�t�e�r� 

�a�r�c�h�i�t�e�c�t�u�r�e� �c�o�n�c�e�p�t�s�,� �i�n�c�l�u�d�i�n�g� �p�i�p�e�l�i�n�e� �s�t�r�u�c�t�u�r�e�s� �f�o�r� �p�r�o�t�o�c�o�l� �f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �a�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �e�a�c�h� 

�o�t�h�e�r�,� �a�n�d� �d�u�a�l�-�p�o�r�t�_� �m�e�m�o�r�y� �f�o�r� �c�o�n�c�u�r�r�e�n�t� �a�c�c�e�s�s� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �p�r�o�c�e�s�s�o�r� �a�n�d� �C�P�U�.� 

�A�l�s�o�,� �t�h�e� �r�e�s�e�a�r�c�h� �h�a�s� �s�t�u�d�i�e�d� �m�e�t�h�o�d�s� �t�o� �a�p�p�l�y� �p�a�r�a�l�l�e�l� �p�r�o�c�e�s�s�i�n�g� �t�e�c�h�n�i�q�u�e�s� �t�o� �p�r�o�t�o�c�o�l�s� �t�o� �t�a�k�e� 

�a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �i�n�h�e�r�e�n�t� �p�a�r�a�l�l�e�l�i�s�m� �i�n� �m�u�l�t�i�p�r�o�c�e�s�s�o�r�s�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�1�0



�S�e�c�t�i�o�n� �7�.�2� �h�a�s� �d�i�s�c�u�s�s�e�d� �v�a�r�i�o�u�s� �m�e�t�h�o�d�o�l�o�g�i�e�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e�s�e� 

�m�e�t�h�o�d�s� �i�n�c�l�u�d�e� �i�m�p�r�o�v�e�d� �p�r�o�t�o�c�o�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �b�e�t�t�e�r� �p�r�o�t�o�c�o�l� �d�e�s�i�g�n�,� �a�n�d� �n�e�w� �a�r�c�h�i�t�e�c�t�u�r�e�s� �f�o�r� 

�i�n�c�r�e�a�s�i�n�g� �p�r�o�t�o�c�o�l� �s�p�e�e�d�s�.� �T�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �m�a�y� �i�m�p�r�o�v�e� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �p�e�r�f�o�r�m�a�n�c�e� 

�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�r�o�u�g�h�p�u�t�.� 

�7�.�3� �A�r�c�h�i�t�e�c�t�u�r�a�l� �D�e�s�i�g�n� �I�s�s�u�e�s� 

�B�e�s�i�d�e�s� �u�s�i�n�g� �b�e�t�t�e�r� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �o�r� �o�f�f�-�l�o�a�d�i�n�g� �t�h�e� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g�,� �o�t�h�e�r� �m�e�t�h�o�d�s� �m�a�y� �a�l�s�o� 

�b�e� �e�m�p�l�o�y�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e�.� �T�h�e�s�e� �r�e�f�i�n�e�m�e�n�t�s� �a�r�e� 

�p�r�i�m�a�r�i�l�y� �g�e�a�r�e�d� �t�o�w�a�r�d�s� �t�h�e� �R�P�C� �m�o�d�e�l�,� �t�h�o�u�g�h� �s�o�m�e� �o�f� �t�h�e� �c�o�n�c�e�p�t�s� �m�a�y� �a�l�s�o� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� 

�R�E�X�E�C� �m�o�d�e�l�.� �T�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n�c�l�u�d�e� �a�l�t�e�r�n�a�t�i�v�e� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �s�t�r�a�t�e�g�i�e�s� �a�n�d� �o�p�e�r�a�t�i�n�g� 

�s�y�s�t�e�m�s�,� �n�e�w� �s�e�s�s�i�o�n� �l�a�y�e�r� �p�r�o�t�o�c�o�l�s�,� �a�n�d� �v�a�r�i�o�u�s� �d�i�s�t�r�i�b�u�t�e�d� �e�n�v�i�r�o�n�m�e�n�t� �u�t�i�l�i�t�i�e�s�.� 

�M�u�c�h� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�o�n�e� �o�n� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �(�I�P�C�)�.� �B�a�s�i�c�a�l�l�y�,� �t�h�e�r�e� �a�r�e� �t�w�o� �m�o�d�e�l�s� 

�f�o�r� �I�P�C�,� �t�h�e� �s�h�a�r�e�d� �m�e�m�o�r�y� �m�o�d�e�l� �a�n�d� �t�h�e� �m�e�s�s�a�g�e�-�p�a�s�s�i�n�g� �m�o�d�e�l�.� �F�o�r� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s�,� �m�o�s�t� �I�P�C� 

�m�e�c�h�a�n�i�s�m�s� �m�u�s�t� �u�s�e� �t�h�e� �m�e�s�s�a�g�e�-�p�a�s�s�i�n�g� �m�o�d�e�l� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�o�o�s�e�l�y�-�c�o�u�p�l�e�d� �a�r�c�h�i�t�e�c�t�u�r�e� �o�f� �L�A�N�s�.� 

�H�o�w�e�v�e�r�,� �s�e�v�e�r�a�l� �r�e�c�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �a� �s�h�a�r�e�d� �m�e�m�o�r�y� �m�e�c�h�a�n�i�s�m� �f�o�r� 

�d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�s� �[�5�1�,�5�2�]�.� �T�h�e�s�e� �a�p�p�r�o�a�c�h�e�s� �m�a�y� �i�m�p�r�o�v�e� �t�h�e� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e� �f�o�r� �t�h�e� �v�e�c�t�o�r� 

�p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �b�y� �i�m�p�r�o�v�i�n�g� �t�h�e� �I�P�C� �m�e�c�h�a�n�i�s�m� �u�s�e�d� �f�o�r� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �c�o�m�m�u�n�i�c�a�t�i�o�n�.� 

�R�e�c�e�n�t� �r�e�s�e�a�r�c�h� �h�a�s� �a�l�s�o� �e�x�a�m�i�n�e�d� �t�h�e� �m�e�s�s�a�g�e�-�p�a�s�s�i�n�g� �m�o�d�e�l�,� �s�p�e�c�i�f�i�c�a�l�l�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� �a�l�t�e�r�n�a�t�i�v�e� �R�P�C� 

�s�t�r�a�t�e�g�i�e�s�.� �T�h�e�s�e� �s�t�r�a�t�e�g�i�e�s� �i�n�c�l�u�d�e� �n�o�n�-�b�l�o�c�k�i�n�g� �R�P�C� �d�e�s�i�g�n�,� �f�a�u�l�t�-�t�o�l�e�r�a�n�t� �R�P�C� �d�e�s�i�g�n�,� �a�n�d� �v�a�r�i�o�u�s� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �R�P�C� �s�p�e�c�i�f�i�c� �t�o� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �a�r�c�h�i�t�e�c�t�u�r�e�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �a� �n�e�w� �s�e�s�s�i�o�n� �l�a�y�e�r� 

�p�r�o�t�o�c�o�l� �h�a�s� �b�e�e�n� �d�e�s�i�g�n�e�d�,� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �d�i�s�t�r�i�b�u�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s� �[�5�3�]�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�1�1



�C�o�n�v�e�n�t�i�o�n�a�l�l�y�,� �t�h�e� �R�P�C� �t�e�c�h�n�i�q�u�e� �h�a�s� �b�e�e�n� �l�i�m�i�t�e�d� �t�o� �s�y�n�c�h�r�o�n�o�u�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �T�h�i�s� �s�y�n�c�h�r�o�n�o�u�s� 

�b�e�h�a�v�i�o�r� �i�n�h�i�b�i�t�s� �t�h�e� �c�o�n�c�u�r�r�e�n�c�y� �i�n�h�e�r�e�n�t� �i�n� �a� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �a�n�d� �a�s� �a� �r�e�s�u�l�t� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� 

�b�e�e�n� �d�o�n�e� �t�o� �d�e�v�e�l�o�p� �a�s�y�n�c�h�r�o�n�o�u�s� �R�P�C� �t�e�c�h�n�i�q�u�e�s� �[�5�4�,�5�5�,�5�6�]�.� �B�y� �u�s�i�n�g� �a� �n�o�n�-�b�l�o�c�k�i�n�g� �R�P�C�,� �t�h�e� �c�l�i�e�n�t� 

�m�a�y� �d�o� �o�t�h�e�r� �u�s�e�f�u�l� �w�o�r�k� �c�o�n�c�u�r�r�e�n�t�l�y� �w�i�t�h� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �i�n�c�l�u�d�i�n�g� �a�d�d�i�t�i�o�n�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�s�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �S�e�c�t�i�o�n� �7�.�1�,� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �s�h�o�u�l�d� �a�d�d�r�e�s�s� �f�a�u�l�t� �t�o�l�e�r�a�n�c�e�.� �S�t�u�d�i�e�s� �h�a�v�e� �f�o�c�u�s�e�d� 

�o�n� �r�o�b�u�s�t� �R�P�C� �m�e�c�h�a�n�i�s�m�s� �[�5�7�,�5�8�]�.� �Y�a�p� �e�t� �a�l�.� �p�r�o�p�o�s�e� �r�e�d�u�n�d�a�n�t� �s�e�r�v�e�r� �p�r�o�c�e�d�u�r�e�s� �o�n� �a� �g�r�o�u�p� �o�f� 

�n�o�d�e�s� �t�o� �t�o�l�e�r�a�t�e� �s�e�r�v�e�r� �f�a�i�l�u�r�e�s�.� �R�a�v�i�n�d�r�a�n� �e�t� �a�l�.� �i�n�t�r�o�d�u�c�e� �a� �n�e�w� �a�p�p�r�o�a�c�h� �t�o� �s�i�m�p�l�i�f�y� �e�r�r�o�r� �r�e�c�o�v�e�r�y� 

�f�o�r� �a� �m�o�r�e� �r�e�l�i�a�b�l�e� �s�e�r�v�i�c�e�.� �T�h�e�s�e� �t�e�c�h�n�i�q�u�e�s� �m�a�y� �b�e� �u�s�e�d� �i�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �f�o�r� �i�n�c�r�e�a�s�e�d� 

�f�a�u�l�t� �t�o�l�e�r�a�n�c�e� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y�.� 

�O�f�t�e�n� �t�h�e� �s�p�e�c�i�f�i�c� �I�P�C� �m�e�c�h�a�n�i�s�m� �d�e�p�e�n�d�s� �o�n� �t�h�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �u�s�e�d� �i�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� 

�e�n�v�i�r�o�n�m�e�n�t�.� �D�i�s�t�r�i�b�u�t�e�d� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� �S�p�r�i�t�e� �[�5�9�]�,� �A�m�o�e�b�a� �[�6�0�]�,� �A�t�h�e�n�a� �[�6�1�]�,� �a�n�d� �V� �[�6�2�]� 

�h�a�v�e� �d�e�v�e�l�o�p�e�d� �t�h�e�i�r� �o�w�n� �I�P�C� �m�e�c�h�a�n�i�s�m�s�.� �A�l�l� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �s�t�r�i�v�e� �f�o�r� �l�o�w� �I�P�C� �l�a�t�e�n�c�y� �i�n� �t�h�e�i�r� 

�d�e�s�i�g�n�s�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �a�l�l� �t�h�e� �I�P�C� �m�e�c�h�a�n�i�s�m�s� �i�s� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �t�h�e�s�i�s�.� �H�o�w�e�v�e�r�,� �a�n� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �w�i�t�h� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h�i�n� �t�h�e�s�e� �s�y�s�t�e�m�s� �i�s� �c�e�r�t�a�i�n�l�y� 

�f�e�a�s�i�b�l�e� �s�i�n�c�e� �t�h�e�s�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d� �a�n�d� �p�l�a�c�e� �a� �h�i�g�h� �i�m�p�o�r�t�a�n�c�e� �o�n� �e�f�f�i�c�i�e�n�t� 

�i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�.� 

�R�e�s�e�a�r�c�h� �h�a�s� �a�l�s�o� �s�t�u�d�i�e�d� �n�e�w� �s�e�s�s�i�o�n� �l�a�y�e�r� �p�r�o�t�o�c�o�l�s� �(�5�3�]�.� �S�u�n�d�e�r�a�m� �h�a�s� �p�r�o�p�o�s�e�d� �a� �s�e�s�s�i�o�n� �l�e�v�e�l� 

�p�r�o�t�o�c�o�l�,� �c�a�l�l�e�d� �I�S�L� �(�I�n�c�l�u�s�i�v�e� �S�e�s�s�i�o�n� �L�a�y�e�r�)�,� �w�h�i�c�h� �i�n�t�e�r�f�a�c�e�s� �d�i�r�e�c�t�l�y� �w�i�t�h� �t�h�e� �d�a�t�a� �l�i�n�k� �l�a�y�e�r�,� 

�p�e�r�f�o�r�m�i�n�g� �t�h�e� �t�a�s�k�s� �f�o�r� �t�h�e� �t�r�a�n�s�p�o�r�t� �a�n�d� �n�e�t�w�o�r�k� �l�a�y�e�r�s� �a�s� �w�e�l�l�.� �T�h�e� �I�S�L� �p�r�o�t�o�c�o�l� �i�s� �d�e�s�i�g�n�e�d� �f�o�r� 

�t�r�a�n�s�a�c�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �i�s� �r�e�p�o�r�t�e�d� �t�o� �h�a�v�e� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�n� �T�C�P� �f�o�r� �t�r�a�n�s�f�e�r�r�i�n�g� 

�m�e�s�s�a�g�e�s� �u�p� �t�o� �4� �K�b�y�t�e�s�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�1�2



�U�t�i�l�i�t�i�e�s� �i�n� �a� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �m�a�y� �s�e�r�v�e� �t�o� �e�n�h�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e�.� �A� �"�t�r�a�n�s�a�c�t�i�o�n� �p�r�o�c�e�s�s�i�n�g�"� �(�T�P�)� 

�m�o�n�i�t�o�r� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �B�e�r�n�s�t�e�i�n�,� �w�h�i�c�h� �"�c�o�o�r�d�i�n�a�t�e�s� �t�h�e� �f�l�o�w� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �r�e�q�u�e�s�t�s� �b�e�t�w�e�e�n� �t�e�r�m�i�n�a�l�s� 

�.�.� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s �� �[�6�3�]�.� �A� �T�P� �m�o�n�i�t�o�r� �m�a�y� �b�e� �u�s�e�d� �t�o� �c�o�n�t�r�o�l� �a�l�l� �t�r�a�n�s�a�c�t�i�o�n� �r�e�q�u�e�s�t�s� �i�n� �a� 

�n�e�t�w�o�r�k�.� �S�u�c�h� �a� �f�a�c�i�l�i�t�y� �i�n� �a� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �w�o�u�l�d� �g�u�a�r�a�n�t�e�e� �f�a�i�r�n�e�s�s� �i�n� �a�c�c�e�s�s�i�n�g� �s�e�r�v�i�c�e�s� �a�n�d� 

�p�o�s�s�i�b�l�y� �k�e�e�p� �c�o�n�t�e�x�t� �i�n�f�o�r�m�a�t�i�o�n�,� �r�e�l�i�e�v�i�n�g� �t�h�e� �c�l�i�e�n�t� �h�o�s�t� �f�r�o�m� �d�o�i�n�g� �s�o�.� 

�T�h�e� �i�d�e�a�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �7�.�3� �m�a�y� �b�e� �t�h�o�u�g�h�t� �o�f� �a�s� �d�i�f�f�e�r�e�n�t� �m�e�t�h�o�d�o�l�o�g�i�e�s� �t�o� �e�n�h�a�n�c�e� �s�y�s�t�e�m� 

�p�e�r�f�o�r�m�a�n�c�e� �i�n� �a� �d�i�s�t�r�i�b�u�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�.� �C�h�a�p�t�e�r� �8� �g�i�v�e�s� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �V�P� �s�e�r�v�i�c�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�n�c�l�u�s�i�o�n�s� �d�r�a�w�n� �f�r�o�m� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �s�i�m�u�l�a�t�i�o�n�s�.� 

�C�h�a�p�t�e�r� �7�.� �P�e�r�f�o�r�m�a�n�c�e� �C�o�n�s�i�d�e�r�a�t�i�o�n�s� �1�1�3



�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�T�h�i�s� �r�e�s�e�a�r�c�h� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �d�e�s�i�g�n� �a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �d�i�s�t�r�i�b�u�t�e�d� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �f�o�r� 

�l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�s�.� �C�o�n�v�e�n�t�i�o�n�a�l�l�y�,� �a� �u�s�e�r� �i�s� �l�i�m�i�t�e�d� �t�o� �a�c�c�e�s�s�i�n�g� �t�h�e� �h�o�s�t� �c�o�m�p�u�t�e�r� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�V�P� �i�n� �o�r�d�e�r� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �r�e�s�o�u�r�c�e�s�.� �A� �d�i�s�t�r�i�b�u�t�e�d� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� 

�o�f�f�e�r�s� �t�h�e� �u�s�e�r� �r�e�m�o�t�e� �a�c�c�e�s�s� �t�o� �t�h�e� �V�P� �r�e�s�o�u�r�c�e�s� �a�n�d� �p�e�r�m�i�t�s� �s�h�a�r�i�n�g� �t�h�e� �V�P� �r�e�s�o�u�r�c�e�s� �a�c�r�o�s�s� �a� �l�o�c�a�l� 

�a�r�e�a� �n�e�t�w�o�r�k�.� 

�T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �i�s� �b�a�s�e�d� �o�n� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �a�r�c�h�i�t�e�c�t�u�r�e� �a�n�d� �u�s�e�s� �t�h�e� 

�c�l�i�e�n�t�-�s�e�r�v�e�r� �p�a�r�a�d�i�g�m�.� �T�h�r�e�e� �m�o�d�e�l�s� �b�a�s�e�d� �o�n� �t�h�i�s� �a�r�c�h�i�t�e�c�t�u�r�e� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�n�d� �t�w�o� �o�f� �t�h�e� �m�o�d�e�l�s� 

�w�e�r�e� �r�e�a�l�i�z�e�d�.� �T�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �a� �s�i�m�p�l�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n� �u�s�i�n�g� �a�n� 

�E�t�h�e�r�n�e�t� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�.� �S�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �s�y�s�t�e�m� �w�e�r�e� �d�o�n�e� �t�o� �s�t�u�d�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �V�P� 

�s�e�r�v�i�c�e� �f�o�r� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �u�s�i�n�g� �a� �F�D�D�I� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�.� �P�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e�s� �w�e�r�e� 

�m�a�d�e� �t�o� �c�o�m�p�a�r�e� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �m�o�d�e�l�s� �a�n�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� 

�a�n�d� �d�i�f�f�e�r�e�n�t� �L�A�N�s� �o�n� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�.� �C�o�n�c�l�u�s�i�o�n�s� �a�r�e� �g�i�v�e�n� �i�n� �S�e�c�t�i�o�n� �8�.�1� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �f�o�r� 

�f�u�t�u�r�e� �r�e�s�e�a�r�c�h� �a�r�e� �g�i�v�e�n� �i�n� �S�e�c�t�i�o�n� �8�.�2�.� 

�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�1�4



�8�.�1� �C�o�n�c�l�u�s�i�o�n�s� 

�C�o�n�c�l�u�s�i�o�n�s� �a�r�e� �d�r�a�w�n� �f�r�o�m� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �u�s�i�n�g� �t�h�e� �v�e�c�t�o�r� �a�d�d�i�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�,� �a�n�d� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�s� �u�s�i�n�g� �a� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�.� �A�s� �a� �r�e�f�e�r�e�n�c�e�,� �m�e�a�s�u�r�e�m�e�n�t�s� �a�r�e� �m�a�d�e� �f�o�r� �t�h�e� �s�a�m�e� 

�b�a�t�c�h� �a�p�p�l�i�c�a�t�i�o�n� �w�h�i�l�e� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �i�s� �a�c�c�e�s�s�e�d� �f�r�o�m� �t�h�e� �a�t�t�a�c�h�e�d� �h�o�s�t� �c�o�m�p�u�t�e�r� �a�n�d� �n�o� 

�n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�s� �i�n�v�o�l�v�e�d�.� �T�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t�,� �e�v�e�n� �f�o�r� �l�a�r�g�e� 

�v�e�c�t�o�r�s�,� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �s�u�f�f�e�r�s� �n�e�g�l�i�g�i�b�l�e� �d�e�g�r�a�d�a�t�i�o�n� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �n�e�t�w�o�r�k� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�.� 

�A�s� �a� �p�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e� �o�f� �t�h�e� �V�P� �s�e�r�v�i�c�e�,� �t�h�e� �n�e�t�w�o�r�k� �l�o�a�d� �a�n�d� �s�y�s�t�e�m� �t�h�r�o�u�g�h�p�u�t� �a�r�e� �i�n�s�p�e�c�t�e�d�.� 

�F�o�r� �t�h�e� �s�a�m�p�l�e� �a�p�p�l�i�c�a�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �s�i�m�u�l�a�t�i�o�n�s�,� �t�h�e� �m�a�x�i�m�u�m� �t�o�t�a�l� �o�f�f�e�r�e�d� �l�o�a�d� 

�f�o�r� �t�h�e� �n�e�t�w�o�r�k� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�4� �p�e�r�c�e�n�t�.� �T�y�p�i�c�a�l� �n�e�t�w�o�r�k� �l�o�a�d�s� �o�b�s�e�r�v�e�d� �o�n� �E�t�h�e�r�n�e�t� �L�A�N�s� �t�o�d�a�y� 

�r�a�n�g�e� �b�e�t�w�e�e�n� �3� �a�n�d� �5� �p�e�r�c�e�n�t�.� �A�n� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �1�0� �t�o� �1�5� �p�e�r�c�e�n�t� �i�n� �t�h�r�o�u�g�h�p�u�t� �i�s� �o�b�s�e�r�v�e�d� �w�h�e�n� 

�u�s�i�n�g� �a� �F�D�D�I� �n�e�t�w�o�r�k� �w�h�e�n�e�v�e�r� �t�h�e� �o�f�f�e�r�e�d� �l�o�a�d� �o�n� �E�t�h�e�r�n�e�t� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5� �p�e�r�c�e�n�t� �o�r� �h�i�g�h�e�r�.� 

�T�h�u�s� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �m�a�y� �b�e� �g�a�i�n�e�d� �b�y� �u�s�i�n�g� �f�a�s�t�e�r� �L�A�N�s� �w�h�e�n�e�v�e�r� �t�h�e� �l�o�a�d� 

�t�h�e� �o�n� �E�t�h�e�r�n�e�t� �L�A�N� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e�.� 

�F�u�r�t�h�e�r� �c�o�n�c�l�u�s�i�o�n�s� �a�r�e� �m�a�d�e� �b�e�l�o�w�.� �F�i�r�s�t�,� �c�o�m�p�a�r�i�s�o�n�s� �a�r�e� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�n�d� �t�h�e� 

�R�P�C� �m�o�d�e�l�.� �N�e�x�t�,� �t�h�e� �T�C�P� �a�n�d� �U�D�P� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �a�r�e� �a�n�a�l�y�z�e�d�.� 

�8�.�1�.�1� �R�E�X�E�C� �a�n�d� �R�P�C� �M�o�d�e�l� �C�o�m�p�a�r�i�s�o�n� 

�A�s� �s�h�o�w�n� �i�n� �C�h�a�p�t�e�r� �4�,� �t�h�e� �R�P�C� �m�o�d�e�l� �i�n�c�u�r�s� �a� �l�a�r�g�e�r� �o�v�e�r�h�e�a�d� �t�h�a�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �a�s� �a� �r�e�s�u�l�t� 

�o�f� �a�r�g�u�m�e�n�t� �m�a�r�s�h�a�l�l�i�n�g� �f�o�r� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �A�P�X� �l�i�b�r�a�r�y� �c�a�l�l�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �h�a�s� �b�e�t�t�e�r� 

�p�e�r�f�o�r�m�a�n�c�e� �t�h�a�n� �t�h�e� �R�P�C� �m�o�d�e�l� �f�o�r� �b�o�t�h� �t�h�e� �s�a�m�p�l�e� �b�a�t�c�h� �a�n�d� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �s�i�m�u�l�a�t�e�d� 

�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�1�5



�u�t�i�l�i�z�a�t�i�o�n�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �p�r�o�c�e�s�s�o�r�s� �p�r�e�s�e�n�t� �m�o�r�e� �o�f� �a� �b�o�t�t�l�e�n�e�c�k� �t�h�a�n� �t�h�e� �n�e�t�w�o�r�k�.� 

�T�h�i�s� �c�o�n�c�l�u�s�i�o�n� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� �u�s�i�n�g� �a� �f�a�s�t�e�r� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� 

�C�o�n�c�l�u�s�i�o�n�s� �a�b�o�u�t� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l�s� �m�a�y� �b�e� �m�a�d�e� �f�r�o�m� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �i�n� �C�h�a�p�t�e�r� �7�.� 

�B�e�t�t�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �m�u�s�t� �a�d�d�r�e�s�s� �s�e�v�e�r�a�l� �d�e�s�i�g�n� �i�s�s�u�e�s�,� �i�n�c�l�u�d�i�n�g� �e�f�f�i�c�i�e�n�t� �d�a�t�a� �t�r�a�n�s�l�a�t�i�o�n� �a�n�d� �f�a�u�l�t� 

�t�o�l�e�r�a�n�c�e�,� �f�o�r� �i�m�p�r�o�v�e�d� �p�e�r�f�o�r�m�a�n�c�e�.� �A�d�d�i�t�i�o�n�a�l� �c�o�n�c�e�r�n�s� �a�r�e� �s�u�p�p�o�r�t� �f�o�r� �b�y�t�e�-�s�w�a�p�p�i�n�g�,� �p�r�o�p�e�r� �c�l�i�e�n�t�-� 

�s�e�r�v�e�r� �s�e�m�a�n�t�i�c�s� �f�o�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�,� �a�n�d� �f�l�e�x�i�b�i�l�i�t�y� �t�o� �h�a�n�d�l�e� �a� �v�a�r�i�e�t�y� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �c�o�n�c�e�p�t� �o�f� �n�e�t�w�o�r�k� �t�r�a�n�s�p�a�r�e�n�c�y� �h�a�s� �a�l�s�o� �b�e�e�n� �d�e�l�i�b�e�r�a�t�e�d�.� �I�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�c�l�,� �t�h�e� �u�s�e�r� 

�m�u�s�t� �n�o�t� �o�n�l�y� �e�x�p�l�i�c�i�t�l�y� �n�a�m�e� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r� �t�o� �r�e�m�o�t�e�l�y� �e�x�e�c�u�t�e� �t�h�e� �V�P� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �u�s�e�r� �m�u�s�t� 

�h�a�v�e� �d�o�n�e� �d�e�v�e�l�o�p�m�e�n�t� �w�o�r�k� �o�n� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �t�s� �i�n�h�e�r�e�n�t�l�y� �n�o�n�-� 

�t�r�a�n�s�p�a�r�e�n�t�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �w�i�t�h� �a� �p�r�o�p�e�r� �R�P�C� �c�o�m�p�i�l�e�r�,� �a� �t�r�a�n�s�p�a�r�e�n�t� �R�P�C� �m�o�d�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�m�a�y� �b�e� �c�o�n�s�t�r�u�c�t�e�d�.� �A�n� �R�P�C� �c�o�m�p�i�l�e�r� �m�a�y� �g�e�n�e�r�a�t�e� �a�p�p�l�i�c�a�t�i�o�n�-�i�n�d�e�p�e�n�d�e�n�t� �s�t�u�b�s� �t�h�a�t� �c�a�n� �a�c�c�e�p�t� 

�v�a�r�i�a�b�l�e� �a�r�g�u�m�e�n�t� �l�i�s�t�s�.� �T�h�u�s�,� �t�h�e� �R�P�C� �m�o�d�e�l� �i�s� �m�o�r�e� �t�r�a�n�s�p�a�r�e�n�t� �t�h�a�n� �t�h�e� �R�E�X�E�C� �m�o�d�e�l�.� 

�8�.�1�.�2� �T�r�a�n�s�p�o�r�t� �P�r�o�t�o�c�o�l� �C�o�m�p�a�r�i�s�o�n� 

�P�e�r�f�o�r�m�a�n�c�e� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �a�p�p�a�r�e�n�t� �b�e�t�w�e�e�n� �T�C�P� �a�n�d� �U�D�P� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �f�o�r� �l�a�r�g�e� �v�e�c�t�o�r� 

�l�e�n�g�t�h�s� �a�n�d� �b�u�f�f�e�r� �s�i�z�e�s�.� �U�D�P� �h�a�s� �h�i�g�h�e�r� �t�h�r�o�u�g�h�p�u�t� �t�h�a�n� �T�C�P�,� �d�u�e� �t�o� �t�h�e� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �i�n� 

�T�C�P� �w�h�i�c�h� �l�i�m�i�t�s� �i�t�s� �t�h�r�o�u�g�h�p�u�t�.� �H�o�w�e�v�e�r� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�c�k� �o�f� �a� �f�l�o�w� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �i�n� �U�D�P�,� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �u�s�i�n�g� �U�D�P� �c�a�n�n�o�t� �t�r�a�n�s�f�e�r� �v�e�c�t�o�r�s� �w�i�t�h� �l�e�n�g�t�h�s� �a�b�o�v�e� �2�0�0�0� �e�l�e�m�e�n�t�s� �w�i�t�h�o�u�t� �l�o�s�i�n�g� 

�d�a�t�a� �a�t� �t�h�e� �r�e�c�e�i�v�i�n�g� �h�o�s�t�.� �T�h�i�s� �i�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �g�r�e�a�t�l�y� �v�a�r�y�i�n�g� �s�p�e�e�d�s� �o�f� �t�h�e� �h�e�t�e�r�o�g�e�n�o�u�s� 

�c�o�m�p�u�t�e�r�s� �o�n� �t�h�e� �l�o�c�a�l� �a�r�e�a� �n�e�t�w�o�r�k�.� 

�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�1�6



�A�s� �n�o�t�e�d� �i�n� �C�h�a�p�t�e�r� �7�,� �t�h�e� �k�e�y� �p�r�o�b�l�e�m�s� �i�d�e�n�t�i�f�i�e�d� �w�i�t�h� �T�C�P� �i�n�c�l�u�d�e� �f�l�o�w� �c�o�n�t�r�o�l�,� �r�a�t�e� �c�o�n�t�r�o�l�,� �a�n�d� 

�e�r�r�o�r� �r�e�c�o�v�e�r�y� �m�e�c�h�a�n�i�s�m�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �p�o�o�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �b�u�f�f�e�r� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �t�i�m�e�r� 

�f�a�c�i�l�i�t�i�e�s� �h�a�v�e� �b�e�e�n� �c�i�t�e�d� �a�s� �f�a�c�t�o�r�s� �l�i�m�i�t�i�n�g� �T�C�P ��s� �p�e�r�f�o�r�m�a�n�c�e�.� �N�e�w� �p�r�o�t�o�c�o�l� �d�e�s�i�g�n�s�,� �n�e�t�w�o�r�k� �p�r�o�t�o�c�o�l� 

�p�r�o�c�e�s�s�o�r�s�,� �a�n�d� �m�u�l�t�i�p�r�o�c�e�s�s�o�r� �a�r�c�h�i�t�e�c�t�u�r�e�s� �m�a�y� �b�e� �e�m�p�l�o�y�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� 

�t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�.� 

�A�l�s�o� �a�s� �c�o�m�m�e�n�t�e�d� �o�n� �i�n� �C�h�a�p�t�e�r� �7�,� �t�h�e�r�e� �a�r�e� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �t�o� �e�n�h�a�n�c�e� �t�h�e� �V�P� �s�e�r�v�i�c�e ��s� 

�p�e�r�f�o�r�m�a�n�c�e� �u�s�i�n�g� �a�l�t�e�r�n�a�t�i�v�e� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�s�.� �T�h�e�s�e� �m�e�t�h�o�d�s� �i�n�c�l�u�d�e� �n�o�n�-� 

�b�l�o�c�k�i�n�g� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s� �a�n�d� �f�a�u�l�t�-�t�o�l�e�r�a�n�t� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �f�e�a�t�u�r�e�s� �s�u�c�h� 

�a�s� �a� �t�r�a�n�s�a�c�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �m�o�n�i�t�o�r� �m�a�y� �b�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �b�e�t�t�e�r� �s�y�s�t�e�m� 

�p�e�r�f�o�r�m�a�n�c�e�.� 

�8�.�2� �S�u�g�g�e�s�t�i�o�n�s� �f�o�r� �F�u�t�u�r�e� �R�e�s�e�a�r�c�h� 

�S�e�v�e�r�a�l� �a�s�p�e�c�t�s� �o�f� �d�i�s�t�r�i�b�u�t�e�d� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e�s� �h�a�v�e� �n�o�t� �b�e�e�n� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�e�s�e� 

�p�o�i�n�t�s� �a�n�d� �o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �r�e�q�u�i�r�e� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h�.� �S�u�g�g�e�s�t�i�o�n�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�S�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �s�e�r�v�i�c�e� �w�e�r�e� �d�o�n�e� �f�o�r� �a� �s�i�n�g�l�e� �c�l�i�e�n�t�.� �T�h�e� �e�f�f�e�c�t�s� �o�n� �p�r�o�c�e�s�s�o�r� �l�o�a�d� 

�a�n�d� �n�e�t�w�o�r�k� �u�t�i�l�i�z�a�t�i�o�n� �w�e�r�e� �n�o�t� �s�t�u�d�i�e�d� �f�o�r� �m�u�l�t�i�p�l�e� �c�l�i�e�n�t�s�.� �A�s� �s�u�c�h�,� �s�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �V�P� �s�e�r�v�i�c�e� �f�o�r� 

�m�u�l�t�i�p�l�e� �c�l�i�e�n�t�s� �m�a�y� �b�e� �i�n�f�o�r�m�a�t�i�v�e�.� �S�i�n�c�e� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �e�x�e�c�u�t�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �o�n� �t�h�e� 

�c�o�m�p�u�t�e� �s�e�r�v�e�r�,� �m�u�l�t�i�p�l�e� �c�l�i�e�n�t�s� �m�a�y� �s�o�o�n� �o�v�e�r�l�o�a�d� �t�h�e� �c�o�m�p�u�t�e� �s�e�r�v�e�r�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �R�P�C� �m�o�d�e�l� 

�m�a�y� �o�u�t�p�e�r�f�o�r�m� �t�h�e� �R�E�X�E�C� �m�o�d�e�l� �f�o�r� �c�e�r�t�a�i�n� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �s�o�m�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r�s� �h�a�v�e� �m�u�l�t�i�p�l�e� �c�o�m�p�u�t�e� �h�e�a�d�s�.� �T�h�i�s� �a�l�l�o�w�s� �c�o�m�p�l�e�t�e� 

�p�a�r�a�l�l�e�l�i�s�m� �b�e�t�w�e�e�n� �c�o�m�p�u�t�e� �h�e�a�d�s� �a�n�d� �o�t�h�e�r� �p�r�o�c�e�s�s�o�r�s� �i�n� �t�h�e� �V�P�.� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �a�n�d�/�o�r� 

�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�1�7



�s�i�m�u�l�a�t�i�o�n�s� �m�a�y� �d�o�n�e� �t�o� �s�t�u�d�y� �m�u�l�t�i�p�l�e� �c�l�i�e�n�t�s� �u�s�i�n�g� �a� �V�P� �w�i�t�h� �m�u�l�t�i�p�l�e� �c�o�m�p�u�t�e� �h�e�a�d�s� �a�n�d� �t�o� �a�n�a�l�y�z�e� 

�u�t�i�l�i�z�a�t�i�o�n�s� �a�n�d� �b�o�t�t�l�e�n�e�c�k�s� �w�i�t�h�i�n� �t�h�i�s� �p�a�r�a�l�l�e�l� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m�.� 

�A�s� �e�x�p�l�a�i�n�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �t�h�e� �t�h�i�r�d� �p�a�r�t�i�t�i�o�n�i�n�g� �m�o�d�e�l� �i�s� �n�o�t� �s�t�u�d�i�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �A� �s�u�g�g�e�s�t�e�d� 

�r�e�s�e�a�r�c�h� �t�o�p�i�c� �w�o�u�l�d� �i�m�p�l�e�m�e�n�t� �a�n�d�/�o�r� �s�i�m�u�l�a�t�e� �t�h�e� �t�h�i�r�d� �p�a�r�t�i�t�i�o�n�i�n�g� �m�o�d�e�l� �f�o�r� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� 

�s�e�r�v�i�c�e�.� �P�a�r�t�i�c�u�l�a�r� �p�o�i�n�t�s� �o�f� �i�n�t�e�r�e�s�t� �t�o� �s�t�u�d�y� �i�n�c�l�u�d�e� �t�h�e� �t�r�a�n�s�p�a�r�e�n�c�y� �a�n�d� �m�a�c�h�i�n�e� �d�e�p�e�n�d�a�n�c�e� �o�f� �t�h�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�,� �a�n�d� �t�h�r�o�u�g�h�p�u�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �A�P�X� �l�i�b�r�a�r�y� �a�n�d� �X�P�I�O� �l�a�y�e�r� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� 

�t�h�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �a�n�d� �n�e�t�w�o�r�k� �t�h�r�o�u�g�h�p�u�t�.� 

�A�n�o�t�h�e�r� �s�t�u�d�y� �m�a�y� �b�e� �d�o�n�e� �t�o� �m�o�d�e�l� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l�s� �o�r� �p�o�s�s�i�b�l�y� �d�e�s�i�g�n� �a� �t�r�a�n�s�p�o�r�t� 

�p�r�o�t�o�c�o�l� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �V�P� �s�e�r�v�i�c�e�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� �n�e�t�w�o�r�k� �a�d�a�p�t�e�r�s� �o�r� �m�u�l�t�i�p�r�o�c�e�s�s�o�r� �a�r�c�h�i�t�e�c�t�u�r�e�s� �m�a�y� 

�b�e� �e�x�a�m�i�n�e�d� �f�o�r� �p�r�o�t�o�c�o�l� �p�r�o�c�e�s�s�i�n�g� �f�o�r� �t�h�i�s� �a�p�p�l�i�c�a�t�i�o�n�.� 

�A�s� �a� �l�a�s�t� �s�u�g�g�e�s�t�i�o�n�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �m�a�y� �b�e� �c�o�n�t�i�n�u�e�d� �b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �u�s�i�n�g� �a�c�t�u�a�l� 

�v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �h�a�r�d�w�a�r�e� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �A�P� �S�i�m�u�l�a�t�o�r� �u�t�i�l�i�t�y�.� �T�h�i�s� �c�o�n�t�i�n�u�a�t�i�o�n� �m�a�y� �e�x�a�m�i�n�e� �i�f� �t�h�e� 

�V�M�E� �A�d�a�p�t�e�r� �o�r� �I�O�P� �i�n� �t�h�e� �v�e�c�t�o�r� �p�r�o�c�e�s�s�o�r� �p�r�e�s�e�n�t� �p�o�t�e�n�t�i�a�l� �b�o�t�t�l�e�n�e�c�k� �p�r�o�b�l�e�m�s� �f�o�r� �d�i�f�f�e�r�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� 

�C�h�a�p�t�e�r� �8�.� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�1�8



�B�i�b�l�i�o�g�r�a�p�h�y� 

�1�0�.� 

�D�.� �C�o�f�f�i�e�l�d� �a�n�d� �D�.� �S�h�e�p�h�e�r�d�,� �"�T�u�t�o�r�i�a�l� �G�u�i�d�e� �t�o� �U�N�I�X� �S�o�c�k�e�t�s� �f�o�r� �N�e�t�w�o�r�k� 
�C�o�m�m�u�n�i�c�a�t�i�o�n�s�,�"� �C�o�m�p�u�t�e�r� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �v�o�l�.� �1�0�,� �n�o�.� �1�,� �p�p�.� �2�1�-�2�9�,� �F�e�b�r�u�a�r�y� �1�9�8�7�.� 

�A�m�e�r�i�c�a�n� �N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�,� �I�n�s�t�i�t�u�t�e� �o�f� �E�l�e�c�t�r�i�c�a�l� �a�n�d� �E�l�e�c�t�r�o�n�i�c� �E�n�g�i�n�e�e�r�s�,� �C�a�r�r�i�e�r� �S�e�n�s�e� 
�M�u�l�t�i�p�l�e� �A�c�c�e�s�s� �w�i�t�h� �C�o�l�l�i�s�i�o�n� �D�e�t�e�c�t�i�o�n� �(�C�S�M�A�/�C�D�)�,� �A�N�S�I�/�I�E�E�E� �S�t�a�n�d�a�r�d� �8�0�2�.�3�,� �1�9�8�5�.� 

�F�.�E�.� �R�o�s�s�,� �"�A�n� �O�v�e�r�v�i�e�w� �o�f� �F�D�D�I�:� �T�h�e� �F�i�b�e�r� �D�i�s�t�r�i�b�u�t�e�d� �D�a�t�a� �I�n�t�e�r�f�a�c�e�,�"� �J�E�E�E� �J�o�u�r�n�a�l� �o�n� 
�S�e�l�e�c�t�e�d� �A�r�e�a�s� �i�n� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �v�o�l�.� �7�,� �n�o�.� �7�,� �p�p�.� �1�0�4�3�-�1�0�5�1�,� �S�e�p�t�e�m�b�e�r� �1�9�8�9�.� 

�C�o�m�p�u�t�e�r� �S�c�i�e�n�c�e� �F�a�c�i�l�i�t�i�e�s� �G�r�o�u�p�,� �"�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �I�n�t�e�r�n�e�t� �P�r�o�t�o�c�o�l�s�, �� �R�u�t�g�e�r�s� 
�U�n�i�v�e�r�s�i�t�y�,� �1�9�8�7�.� 

�D�.�E�.� �C�o�m�e�r�,� �I�n�t�e�r�n�e�t�w�o�r�k�i�n�g� �w�i�t�h� �T�C�P�/�I�P�,� �P�r�i�n�c�i�p�a�l�s� �P�r�o�t�o�c�o�l�s�,� �a�n�d� �A�r�c�h�i�t�e�c�t�u�r�e�s�,� �P�r�e�n�t�i�c�e� 
�H�a�l�l�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �1�9�8�8�.� 

�K�.� �H�w�a�n�g� �a�n�d� �F�A�.� �B�r�i�g�g�s�,� �C�o�m�p�u�t�e�r� �A�r�c�h�i�t�e�c�t�u�r�e� �a�n�d� �P�a�r�a�l�l�e�l� �P�r�o�c�e�s�s�i�n�g�,� �M�c�G�r�a�w� �H�i�l�l�,� 
�N�e�w� �Y�o�r�k�,� �1�9�8�4�.� 

�S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �A�r�r�a�y� �P�r�o�c�e�s�s�o�r� �S�y�s�t�e�m� �O�v�e�r�v�i�e�w�,� �D�o�c�u�m�e�n�t� �N�o�.� �9�0�0�0�0�0�9�6� �B�,� �S�t�a�r� 
�T�e�c�h�n�o�l�o�g�i�e�s� �P�u�b�l�i�c�a�t�i�o�n�s� �D�e�p�t�.�,� �S�t�e�r�l�i�n�g� �V�a�.�,� �1�9�8�8�.� 

�G�.�F�.� �C�o�u�l�o�u�r�i�s� �a�n�d� �J�.� �D�o�l�l�i�m�o�r�e�,� �D�i�s�t�r�i�b�u�t�e�d� �S�y�s�t�e�m�s� �C�o�n�c�e�p�t�s� �a�n�d� �D�e�s�i�g�n�,� �A�d�d�i�s�o�n�-�W�e�s�l�e�y�,� 
�W�o�k�i�n�g�h�a�m�,� �E�n�g�l�a�n�d�,� �1�9�8�9�.� 

�A�S�.� �T�a�n�n�e�n�b�a�u�m�,� �C�o�m�p�u�t�e�r� �N�e�t�w�o�r�k�s�,� �P�r�e�n�t�i�c�e� �H�a�l�l�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �1�9�8�8�.� 

�R�.� �J�a�i�n�,� �"�P�e�r�f�o�r�m�a�n�c�e� �A�n�a�l�y�s�i�s� �o�f� �F�D�D�I� �T�o�k�e�n� �R�i�n�g� �N�e�t�w�o�r�k�s�:� �E�f�f�e�c�t� �o�f� �P�a�r�a�m�e�t�e�r�s� �a�n�d� 
�G�u�i�d�e�l�i�n�e�s� �f�o�r� �S�e�t�t�i�n�g� �T�T�R�T�, �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �A�C�M� �S�I�G�C�O�M�M�  ��9�0� �S�y�m�p�o�s�i�u�m�,� �p�p�.� �2�6�4�-�2�7�5�,� 
�S�e�p�t�e�m�b�e�r� �1�9�9�0�.� 

�B�i�b�l�i�o�g�r�a�p�h�y� �1�1�9



�1�1�.� 

�1�2�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�1�.� 

�2�4�.� 

�D�.� �D�y�k�e�m�a�n� �a�n�d� �W�.� �B�u�x�,�  ��A�n�a�l�y�s�i�s� �a�n�d� �T�u�n�i�n�g� �o�f� �t�h�e� �F�D�D�I� �M�e�d�i�a� �A�c�c�e�s�s� �C�o�n�t�r�o�l� 
�P�r�o�t�o�c�o�l�, �� �I�E�E�E� �J�o�u�r�n�a�l� �o�n� �S�e�l�e�c�t�e�d� �A�r�e�a�s� �i�n� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �v�o�l�.� �6�,� �n�o�.� �6�,� 
�p�p�.� �9�9�7�-�1�0�1�0�,� �J�u�l�y� �1�9�9�0�.� 

�A�.� �S�c�h�i�l�l� �a�n�d� �M�.� �Z�i�e�h�e�r�,� �"�P�e�r�f�o�r�m�a�n�c�e� �A�n�a�l�y�s�i�s� �o�f� �t�h�e� �F�D�D�I� �1�0�0� �M�b�i�t�/�s� �O�p�t�i�c�a�l� �T�o�k�e�n� 
�R�i�n�g�,�"� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �I�F�I�P� �T�C� �6�/�W�G� �I�n�t�e�r�n�a�t�i�o�n�a�l� �W�o�r�k�s�h�o�p� �i�n� �H�i�g�h� �S�p�e�e�d� �L�o�c�a�l� �A�r�e�a� 
�N�e�t�w�o�r�k�s�,� �p�p�.� �5�3�-�7�4�,� �F�e�b�r�u�a�r�y� �1�9�8�7�.� 

�F�.�E�.� �R�o�s�s�,� �J�.�R�.� �H�a�m�s�t�r�a�,� �a�n�d� �R�.�L�.� �F�i�n�k�,� �"�F�D�D�I� �-� �A� �L�A�N� �A�m�o�n�g� �M�A�N�S�, �� �C�o�m�p�u�t�e�r� 
�C�o�m�m�u�n�i�c�a�t�i�o�n�s� �R�e�v�i�e�w�,� �v�o�l�.� �2�0�,� �n�o�.� �3�,� �p�p�.� �1�6�-�3�1�,� �J�u�l�y� �1�9�9�0�.� 

�A�m�e�r�i�c�a�n� �N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�,� �I�n�s�t�i�t�u�t�e� �o�f� �E�l�e�c�t�r�i�c�a�l� �a�n�d� �E�l�e�c�t�r�o�n�i�c� �E�n�g�i�n�e�e�r�s�,� �L�o�g�i�c�a�l� �L�i�n�k� 
�C�o�n�t�r�o�l� �(�L�L�C�)�,� �A�N�S�I�/�T�E�E�E� �S�t�a�n�d�a�r�d� �8�0�2�.�2�,� �1�9�8�5�.� 

�J�.�B�.� �P�o�s�t�e�l�,� �C�.�A�.� �S�u�n�s�h�i�n�e�,� �a�n�d� �D�.� �C�o�h�e�n�,� �"�T�h�e� �A�R�P�A� �I�n�t�e�r�n�e�t� �P�r�o�t�o�c�o�l�, �� �C�o�m�p�u�t�e�r� 
�N�e�t�w�o�r�k�s�,� �v�o�l� �5�.� �n�o�.� �4�,� �p�p�.� �2�6�1�-�2�7�1�,� �J�u�l�y� �1�9�8�1�.� 

�R�.�M�.� �S�a�n�d�e�r�s� �a�n�d� �A�.�C�.� �W�e�a�v�e�r�,� �"�T�h�e� �X�p�r�e�s�s� �T�r�a�n�s�f�e�r� �P�r�o�t�o�c�o�l� �(�X�T�P�)� �-� �A� �T�u�t�o�r�i�a�l�,�"� 
�C�o�m�p�u�t�e�r� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �R�e�v�i�e�w�,� �v�o�l�.� �2�0�,� �n�o�.� �5�,� �p�p�.� �6�7�-�8�0�,� �O�c�t�o�b�e�r� �1�9�9�0�.� 

�D�.�D�.� �C�l�a�r�k�,� �M�.�L�.� �L�a�m�b�e�r�t�,� �a�n�d� �L�.� �Z�h�a�n�g�,� �"�N�E�T�B�L�T�:� �A� �H�i�g�h� �T�h�r�o�u�g�h�p�u�t� �T�r�a�n�s�p�o�r�t� 
�P�r�o�t�o�c�o�l�, �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �A�C�M� �S�I�G�C�O�M�M�  ��8�7� �S�y�m�p�o�s�i�u�m�,� �p�p�.� �3�5�3�-�3�5�9�,� �A�u�g�u�s�t� �1�9�8�7�.� 

�D�.�R�.� �C�h�e�r�i�t�o�n� �a�n�d� �C�.�L�.� �W�i�l�l�i�a�m�s�o�n�,� �"�V�M�T�P� �a�s� �t�h�e� �T�r�a�n�s�p�o�r�t� �L�a�y�e�r� �f�o�r� �H�i�g�h�-�P�e�r�f�o�r�m�a�n�c�e� 
�D�i�s�t�r�i�b�u�t�e�d� �S�y�s�t�e�m�s�, �� �J�E�E�E� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �M�a�g�a�z�i�n�e�,� �v�o�l�.� �2�7�,� �n�o�.� �6�,� �p�p�.� �3�7�-�4�4�,� �J�u�n�e� �1�9�8�9�.� 

�K�.� �S�a�b�n�a�n�i� �a�n�d� �A�.� �N�e�t�r�a�v�a�l�i�,�  ��A� �H�i�g�h� �S�p�e�e�d� �T�r�a�n�s�p�o�r�t� �P�r�o�t�o�c�o�l� �f�o�r� �D�a�t�a�g�r�a�m�/�V�i�r�t�u�a�l� 
�C�i�r�c�u�i�t� �N�e�t�w�o�r�k�s�, �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �A�C�M� �S�I�G�C�O�M�M�  ��8�9� �S�y�m�p�o�s�i�u�m�,� �p�p�.� �1�4�6�-�1�5�7�,� 
�S�e�p�t�e�m�b�e�r� �1�9�8�9�.� 

�N�.� �J�a�i�n� �a�n�d� �M�.� �S�c�h�w�a�r�t�z�,� �"�T�r�a�n�s�p�o�r�t� �P�r�o�t�o�c�o�l� �P�r�o�c�e�s�s�i�n�g� �a�t� �G�B�P�S� �R�a�t�e�s�, �� �P�r�o�c�e�e�d�i�n�g�s� �o�f� 
�A�C�M� �S�I�G�C�O�M�M�  ��9�0� �S�y�m�p�o�s�i�u�m�,� �p�p�.� �1�8�8�-�1�9�9�,� �S�e�p�t�e�m�b�e�r� �1�9�9�0�.� 

�D�.�D�.� �C�l�a�r�k�,� �V�.� �J�a�c�o�b�s�o�n�,� �J�.� �R�o�m�k�e�y�,� �a�n�d� �H�.� �S�a�l�w�e�n�,� �"�A�n� �A�n�a�l�y�s�i�s� �o�f� �T�C�P� �P�r�o�c�e�s�s�i�n�g� 
�O�v�e�r�h�e�a�d�, �� �J�E�E�E� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� �M�a�g�a�z�i�n�e�,� �v�o�l�.� �2�7�,� �n�o�.� �6�,� �p�p�.� �2�3�-�2�9�,� �J�u�n�e� �1�9�8�9�.� 

�C�.� �P�a�r�t�r�i�d�g�e�,� �"�H�o�w� �S�l�o�w� �i�s� �O�n�e� �G�i�g�a�b�i�t� �P�e�r� �S�e�c�o�n�d�?�,�"� �B�B�N� �R�e�p�o�r�t� �N�o�.� �7�0�8�0�,� �J�u�n�e�,� �1�9�8�9�.� 

�S�u�n� �M�i�c�r�o�s�y�s�t�e�m�s�,� �S�u�n�O�S� �R�e�f�e�r�e�n�c�e� �M�a�n�u�a�l�,� �D�o�c�u�m�e�n�t� �n�o�.� �8�0�0�-�1�7�5�1�-�1�0�,� �R�e�v�.� �A�,� �M�a�y� �1�9�8�8�.� 

�S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �S�T�-�X� �P�r�o�c�e�s�s�o�r� �H�a�n�d�b�o�o�k�,� �D�o�c�u�m�e�n�t� �N�o�.� �9�0�0�0�0�1�2�0� �A�,� �S�t�a�r� 
�T�e�c�h�n�o�l�o�g�i�e�s� �P�u�b�l�i�c�a�t�i�o�n�s� �D�e�p�t�.�,� �S�t�e�r�l�i�n�g� �V�a�.�,� �1�9�8�7�.� 

�S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �A�r�r�a�y� �P�r�o�c�e�s�s�o�r� �C�o�n�t�r�o�l� �L�a�n�g�u�a�g�e� �P�r�o�g�r�a�m�m�e�r ��s� �G�u�i�d�e� �S�o�f�t�w�a�r�e� 
�R�e�l�e�a�s�e� �4�.�3�,� �D�o�c�u�m�e�n�t� �n�o�.� �9�0�0�0�0�2�3�9� �A�,� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �P�u�b�l�i�c�a�t�i�o�n�s� �D�e�p�t�.�,� �S�t�e�r�l�i�n�g� 
�V�a�.�,� �1�9�8�9�.� 

�B�i�b�l�i�o�g�r�a�p�h�y� �1�2�0



�2�7�.� 

�2�9�.� 

�3�1�.� 

�3�2�.� 

�3�3�.� 

�3�5�.� 

�3�7�.� 

�3�9�.� 

�S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �A�v�r�a�y� �P�r�o�c�e�s�s�o�r� �E�x�e�c�u�t�i�v�e� �(�A�P�X�)� �U�s�e�r�'�s� �G�u�i�d�e� �f�o�r� �S�y�s�t�e�m�s� �U�s�i�n�g� 
�U�N�I�X�,� �D�o�c�u�m�e�n�t� �n�o�.� �9�0�0�0�0�2�3�4� �A�,� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �P�u�b�l�i�c�a�t�i�o�n�s� �D�e�p�t�.�,� �S�t�e�r�l�i�n�g� �V�a�.�,� 
�1�9�8�7�.� 

�S�.�M�.� �S�h�a�t�z� �a�n�d� �J�.�P�.� �W�a�n�g�,�  ��I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �D�i�s�t�r�i�b�u�t�e�d� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g�, �� �C�o�m�p�u�t�e�r�,� 
�v�o�l�.� �2�0�,� �n�o�.� �1�0�,� �p�p�.� �2�3�-�3�1�,� �O�c�t�o�b�e�r� �1�9�8�7�.� 

�S�.�J�.� �L�e�f�f�l�e�r�,� �R�.�S�.� �F�a�b�r�y�,� �a�n�d� �W�.�N�.� �J�o�y�,� �"�A� �4�.�2�B�S�D� �I�n�t�e�r�p�r�o�c�e�s�s� �C�o�m�m�u�n�i�c�a�t�i�o�n� �P�r�i�m�e�r�,�"� 
�T�e�c�h�n�i�c�a�l� �R�e�p�o�r�t�,� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�a�l�i�f�o�r�n�i�a�,� �B�e�r�k�e�l�e�y�,� �1�9�8�3�.� 

�P�,� �V�a�i�d�y�a�n�a�t�h�a�n� �a�n�d� �S�.�F�.� �M�i�d�k�i�f�f�,� �"�P�e�r�f�o�r�m�a�n�c�e� �E�v�a�l�u�a�t�i�o�n� �o�f� �C�o�m�m�u�n�i�c�a�t�i�o�n� �P�r�o�t�o�c�o�l�s� �f�o�r� 
�D�i�s�t�r�i�b�u�t�e�d� �P�r�o�c�e�s�s�i�n�g�, �� �C�o�m�p�u�t�e�r� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �v�o�l�.� �1�3�,� �n�o�.� �5�,� �p�p�.� �2�7�5�-�2�8�1�,� �J�u�n�e� �1�9�9�0�.� 

�S�.�L�.� �G�r�a�h�a�m�,� �P�.�B�.� �K�e�s�s�l�e�r�,� �a�n�d� �M�.�K�.� �M�u�K�u�s�i�c�k�,� �"�g�p�r�o�f�:� �a� �C�a�l�l� �G�r�a�p�h� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e�r�, �� 
�P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �S�I�G�P�L�A�N�  ��8�2� �S�y�m�p�o�s�i�u�m� �o�n� �C�o�m�p�i�l�e�r� �C�o�n�s�t�r�u�c�t�i�o�n�,� �v�o�l�.� �1�7�,� �n�o�.� �6�,� 
�p�p�.� �1�2�0�-�1�2�6�,� �J�u�n�e� �1�9�8�2�.� 

�E�.� �A�l�l�m�a�n�,� �"�P�r�o�f�i�l�e� �o�f� �a� �S�o�m�e�w�h�a�t� �O�l�d�e�r� �P�r�o�g�r�a�m�, �� �U�N�L�X� �R�e�v�i�e�w�,� �v�o�l�.� �8�,� �n�o�.� �1�0�,� �p�p�.� �8�0�-�8�6�,� 
�O�c�t�o�b�e�r� �1�9�9�0�.� 

�S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �I�n�c�.�,� �A�P� �P�r�o�c�e�s�s� �S�i�m�u�l�a�t�o�r� �a�n�d� �L�o�o�k� �D�e�v�e�l�o�p�m�e�n�t� �T�o�o�l� �U�s�e�r ��s� �G�u�i�d�e�,� 
�D�o�c�u�m�e�n�t� �n�o�.� �9�0�0�0�0�0�3�1� �B�,� �S�t�a�r� �T�e�c�h�n�o�l�o�g�i�e�s� �P�u�b�l�i�c�a�t�i�o�n�s� �D�e�p�t�.�,� �S�t�e�r�l�i�n�g� �V�a�.�,� �1�9�8�8�.� 

�L�.� �C�a�b�r�e�r�a�,� �E�.� �H�u�n�t�e�r�,� �M�.�J�.� �K�a�r�e�l�s�,� �a�n�d� �D�.� �M�o�s�h�e�r�,� �"�U�s�e�r� �P�r�o�c�e�s�s� �C�o�m�m�u�n�i�c�a�t�i�o�n� 
�P�e�r�f�o�r�m�a�n�c�e� �i�n� �N�e�t�w�o�r�k�s� �o�f� �C�o�m�p�u�t�e�r�s�, �� �J�E�E�E� �T�r�a�n�s�a�c�t�i�o�n�s� �o�n� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g�,� 
�v�o�l�.� �1�4�,� �n�o�.� �1�,� �p�p�.� �3�8�-�5�3�,� �J�a�n�u�a�r�y� �1�9�8�8�.� 

�C�A�C�I� �P�r�o�d�u�c�t�s� �C�o�m�p�a�n�y�,� �N�e�t�w�o�r�k� �I�I�.�5� �U�s�e�r ��s� �M�a�n�u�a�l�,� �A�u�g�u�s�t� �1�9�8�9�.� 
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