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(ABSTRACT) 

The Linda model for concurrent processing employs a shared data space 

approach for interprocess communication. The development of the distrib- 

uted Linda system presented in this thesis implements distributed process 

creation within the shared data space framework and provides for parallel 

execution of Linda processes on a network of workstations. In addition, the 

design of the system’s shared data space allows it to be distributed over 

multiple hosts, providing for parallel access to various regions of the shared 

data space, thereby reducing contention among Linda processes for this 

resource. A preliminary analysis of the system’s execution profile has iden- 

tified particular characteristics of the system which tend to limit computa- 

tional performance under conditions of heavy I/O with the shared data 

space. An investigation of the system’s I/O behavior has led to the identifi- 

cation of a technique which can improve the I/O performance of the system 

by as much as an order of magnitude. However, this technique results in 

inefficient use of network bandwidth by the Linda system. Consequently, 

potential alternative techniques for improving the system’s I/O perfor- 

mance are presented.
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1.0 Introduction 

This thesis presents the design and preliminary investigation of a system for distributed 

computation implementing the Linda model of concurrent processing. This chapter 

describes the motivation for studying and building environments for distributed comput- 

ing, and for adopting Linda’s shared data space model as the interprocess communication 

mechanism for our distributed environment. 

1.1 Motivation for Distributed Computation 

One of the goals of parallel computing systems is to exploit concurrency by providing the 

facilities to perform multiple computational tasks simultaneously. Such systems have the 

potential for increased throughput and hence, better computational performance, than their 

single processor counterparts. 

Uniprocessor concurrency 

Concurrency in single processor systems is achieved through multiprogramming, a tech- 

nique giving the illusion of parallelism by providing the means for multiple processes to 

compete for and share the computational power and time of a single CPU. Processes share 

the cycles of the CPU by executing in an interleaved fashion. One process runs for a lim- 

ited period of time, and then the CPU is turned over to another process. Since a uniproces- 

sor system can be executing only a single process at any given point in time, other 

concurrent processes on the system (i.e. those existing at the same time) are inactive, wait- 

ing either for completion of an I/O request, or to be rescheduled to run on the CPU. 
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Two types of parallelism 

Parallel processing systems have multiple CPUs, all of which can execute instructions in 

parallel. Depending on the system’s architecture, all processors may execute the same 

instruction in parallel, each operating on a different data element, or each may execute dif- 

ferent sets of instructions, independently. Flynn termed these types of parallelism SIMD 

(single-instruction stream, multiple-data streams) and MIMD (multiple-instruction 

streams, multiple-data streams), respectively [FLYM66]. 

SIMD machines are most useful for the narrow problem set domain in which algorithms 

can be written to perform operations on all elements of arrays or vectors simultaneously. 

MIMD machines, however, are useful for a much broader and more extensive domain of 

problems, since the processors of such systems are not constrained to execute the same 

instruction at the same time. 

Shared memory vs. distributed memory MIMD architecture 

MIMD machines may be designed so that memory and I/O subsystems are accessible to 

all processors. This organization is called a shared memory architecture (see Figure 1.1). 

Alternatively, these subsystems may be local and private to each processor, in which case 

the machine is said to have a distributed memory architecture (see Figure 1.2) [STOH87]. 

Additionally, there must exist some mechanism for independent processes executing on 

different processors of a MIMD system to communicate with each other. Such interpro- 

cess communication (IPC) provides processes with the means to share data, and to syn- 

chronize their activities. 
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Memory 

      

P2 | IPC 
Mechanism 

  

P3 
  

  

  

I/O 

  P4     

              

Figure 1.1. Shared Memory Architecture 

  

  Memt1 ee 

[vor HH 

Men2 o-" 

P2 
1/0 2 IPC 

Mechanism 

  

  

  

  

  

  

  

    

  

  

  Mem3_[— 
P 

0.3 S$} 
  

  

  

  

Memn4_ 

/0O4 re Pa | 

  

          

          
Figure 1.2. Distributed Memory Architecture 

Introduction



Parallelism in a distributed context 

A distributed processing system provides for parallel computation by combining the 

power of a network of machines into a unified system. Each computer on the network has 

its own local memory, and communication between processes executing on different 

nodes of the system occurs over the network. This system of networked machines can be 

viewed as a “distributed memory architecture” parallel computation system (see Figure 

1.3). 

    

| Memory1 | | Memory2 Memory3 Memory4 
              

                

Machine1 Machine2 | Machine3 ! Machine4 |                   

          
Communications Network 

Figure 1.3. Distributed Processing System 

Impetus for using Unix workstations to build a distributed Linda system 

The distributed system presented in this thesis is implemented on a group of Unix! work- 

stations connected to each other through an Ethernet” network. Our decision to build a dis- 

tributed processing system using workstation class machines running Unix is motivated by 

several factors: 

  

1. Unix is a trademark of Novell Corporation. 
2. Ethernet is a trademark of Xerox Corporation. 
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e Workstations are relatively inexpensive, commonplace, and accessible, in comparison 

with more expensive parallel computers. 

e Workstations are underutilized, and are often completely idle. Theimer and Lantz in 

[THEM89] report that of the approximately 70 workstations studied, as many as one 

third remained completely idle, even during the busiest times of the day. Harnessing 

the unused CPU cycles of such a network of machines can provide a cost effective 

source of computational power. 

¢ The Unix operating system [BACM86, LEFS89, BERK 86] is the traditional system of 

choice for workstations, and provides a wealth of convenient services to the system 

designer (e.g. multitasking, process creation, and IPC). 

¢ The original Linda system, which the VPI Linda Research Group has used as a foun- 

dation for various Linda research efforts, was implemented on and for Unix, and is 

dependent on several system facilities specific to Unix. 

1.2. Linda’s Shared Data Space Communication Model 

Computing systems allowing programs to have multiple threads of control must provide 

interprocess communication services, enabling process creation, process synchronization, 

and data sharing. These services are especially vital for parallel and distributed systems 

designed to exploit concurrency by simultaneously executing related processes. 

While several models for such communication have been proposed and studied (e.g. mes- 

sage passing, as in CSP [HOAC78, MAYM83], monitors [HOAC74, BLAA8&6, JULE88, 

BRIP75, WIRN77, LAMB80, HEWC73, AGHG86], concurrent logic programming 

[RING88, SHAE87], and functional programming ,[CHEM86, CHEM88, TURD82)), 
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Gelertner’s Linda [GELD85a, CARN86b] employs a unique shared data space approach. 

That is, it provides a repository for information storage and retrieval that is globally acces- 

sible to all processes participating in the parallel execution environment. Gelertner terms 

his model “generative communication” [GELD85a] because one process communicates 

with another process by “generating” a persistent data element in the globally shared data 

space. The other process receives the communication by accessing the data element asyn- 

chronously. 

The fact that shared data space is global to all processes in a parallel or distributed system 

greatly simplifies some of the potential complexities of developing parallel programs. For 

example, a process can synchronize its activities with those of another process by reading 

a message placed in the shared data space by that other process. A process shares data 

with one or more other processes by placing that data in the shared data space. Data pro- 

ducers require no information concerning the existence or identity of data consumers, 

since they simply place data in the shared data space. Likewise, consumers obtain data 

from the shared data space, rather than directly from producers. As a result, complex pro- 

cess addressing and message routing schemes are not needed because all messages 

between processes are data elements written to and read from the shared data repository. 

It is important to understand that the term “shared data space” refers to a logical, rather 

than a physical construct, although it can be implemented using physically shared memory 

on a uniprocessor or multiprocessor machine. A distributed system, however, would 

require an alternative implementation, as we discuss in Chapter 2. 
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1.3. Problem Statement and Proposed Solution 

This thesis discusses the development of a distributed system for concurrent process exe- 

cution that reflects the shared data space model of communication found in Gelertner’s 

Linda computational system. The Linda paradigm, as discussed above, features globally 

shared data space and provides an effective, yet conceptually simple framework for paral- 

lel programming. 

The VPI Linda Research Group obtained source code for the Linda compiler, run-time 

library, and related utilities from Yale University. This Linda implementation was 

designed to exploit parallelism on shared memory architecture multiprocessor computers. 

Initial research efforts by Schumann focused on the design of a distributed version of the 

shared data space, and requisite support systems [SCHC93]. 

The objective of the effort presented in this thesis is the evolution of Schumann’s modified 

Linda system into a distributed system which provides for simultaneous execution of 

Linda processes on a network of Unix uniprocessor workstations. Toward that end, we 

have identified and carried out the following steps: 

¢ Modification of the Linda compiler to generate code which enables a Linda program to 

create new Linda processes on remote machines. We placed considerable emphasis on 

designing this mechanism to be consistent with the Linda paradigm. More specifically, 

we wanted this mechanism to use shared data space for interprocess communication. 

* Creation of a “Linda-LAN” run time environment to facilitate the instantiation of 

remote Linda processes, and to provide for Linda network and process management. 

This has been a cooperative effort, and only those aspects and functions of the Linda- 

LAN which are pertinent to the distribution of Linda processes are discussed in detail 
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in this thesis. 

¢ Distribution of the globally shared data space over multiple hosts by implementing 

separate data space managers for the various logical data partitions of the shared data 

space. This is done to reduce potential contention among Linda processes for access to 

the shared data space, and to reduce the performance bottleneck that such contention 

would introduce. 

e Preliminary analysis of the system’s performance. The intent of the investigation is to 

identify characteristics of the distributed system that tend to enhance or limit computa- 

tional performance. In particular we investigate the impact on program execution time 

of varying the number of processors and processes in the system. 

1.4 Blueprint of the Thesis 

In preparation for discussing the design of the distributed Linda system, Chapter 2 pre- 

sents a brief introduction to Linda concepts and the Linda coordination language. We then 

describe the original single-machine version of Linda, and follow that with a discussion of 

Schumann’s “separate shared data space” version on which our distributed system is 

based. We focus attention on issues, limitations, and deficiencies of these systems perti- 

nent to the transformation of the current Linda system into one supporting truly parallel 

process execution in a distributed context. 

Chapter 3 presents the goals for the overall design of the Linda~-LAN’s topology, followed 

by an overview of that topology, and a brief description of the role of each component in 

the system. This overview will serve as a framework for a detailed discussion of the dis- 

tributed system’s design in Chapters 4 and 5. 
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Chapter 4 presents the issues which had to be addressed in designing the distributed sys- 

tem’s mechanism for remote Linda process instantiation, and the specific design goals 

reflected by their resolution. We then present and discuss the design and pertinent imple- 

mentation details, focusing on how design goals are achieved. 

Chapter 5 presents particular components of the Linda-LAN’s data subsystem, and 

describes a feature of the distributed system which enables concurrent access to various 

regions of the shared data space. 

Chapter 6 presents a section on execution dynamics, which serves to complete the overall 

picture of the system’s provision for distributed computation. 

Chapter 7 presents the results, discussion, and conclusions of the preliminary investigation 

of the distributed system’s execution profile. In addition, we describe several potential 

design alternatives which could enhance overall performance of the system. 

Chapter 8 summarizes the design and analytical work presented in this thesis. We reiterate 

important design considerations, and discuss how the design goals were achieved. Follow- 

ing that, we present insights gained and conclusions reached from the investigation of the 

distributed system’s execution profile. Finally, we suggest several topics for future investi- 

gation in the context of our distributed Linda system. 
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2.0 Background 

This chapter presents background material on basic Linda concepts. It then provides a dis- 

cussion of the two successive implementations of Linda on which we have based our 

development of the distributed Linda system. This material serves as a basis for the design 

issues to be discussed and resolved in Chapters 3 and 4. 

2.1. The Linda Paradigm - Tuple Space and Coordination Language 

Tuple Space 

We have characterized Linda as a paradigm that provides a framework which is suitable 

for writing and executing parallel programs, and one that employs the shared data space 

model of interprocess communication. In Linda parlance, this shared data space is called 

Tuple Space (TS) [GELD85a, CARN87]. As might be expected, its member objects are 

called tuples. A tuple is defined as an ordered set of data elements. Tuples are not ordered 

per se in Tuple Space, but are said to be “adrift” in Tuple Space [CARN89a]. An individ- 

ual tuple’s identity is composed of the number, order, data types, and values of its fields. 

Tuple Space can be viewed as a globally accessible associative memory [GELD85a]. That 

is, member tuples are accessed by content, and by description of content, rather than by 

address. 

Passive and Active Tuples 

A given tuple in Tuple Space can be categorized as either a passive data tuple or an active 

process tuple. Passive tuples can be viewed as conventional static data elements. They are 

placed directly into Tuple Space, and can be read and removed from Tuple Space by Linda 

Background | 10



processes. An active tuple, however, contains specifications for the execution of a Linda 

process which is eventually instantiated by the Linda system. This new Linda process 

removes the active tuple from Tuple Space, transforms it into a passive data tuple, and then 

places this new passive tuple in Tuple Space. An active tuple, or more precisely, the Linda 

process it specifies can also produce and consume passive data tuples, and generate more 

active process tuples. 

Examples of passive tuples: 

<“arrayA”, 3, 5> - the 3rd element of the integer array called “arrayA”, the 

value of which is 5. 

<“plane”, 5.6, 0.3> - a point on a plane. 

Examples of active tuples: 

<“Fibonacci”, 10, fib_compute(10)>  - specifications for a Linda process which will evaluate the 

tuple and, assuming the function “fib_compute()” does 

what we expect, place the passive tuple <“Fibonacci”, 10, 

55> in Tuple Space. 

<worker()> - specifications for a Linda process which will call the 

function worker(), presumably to perform some 

computation in parallel with the calling process. The 

passive tuple formed by evaluating this active tuple may 

not be of interest; nevertheless, it is placed in TS. 

The Linda Coordination Language 

The Linda “language” is actually a coordination language [GELD92], rather than a com- 

plete parallel programming language. A coordination language focuses on providing the 

primitives to create processes as well as to coordinate communication among those pro- 

cesses. These primitives are embedded by the programmer in a base language. Although 

several languages have been integrated with Linda [CARN89a, GELD90, JELR90O], the 
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base language used by the Linda implementations discussed in this thesis is C, and the 

resulting hybrid is called C-Linda. Carriero and Gelertner have stated that the Linda coor- 

dination language is “independent of and orthogonal to” the base language [GELD92]. 

That is, the two languages are conceptually unrelated. The base language is concerned 

with computation rather than interprocess communication. Linda, on the other hand, is 

concerned with process creation and coordination rather than computation. Process cre- 

ation, coordination, and communication are achieved by individual Linda processes 

manipulating the contents of Tuple Space by means of the Linda language primitives. 

Linda Primitives 

Linda primitives (also called Linda operations) fall into two basic categories. Generative 

operations place tuples into Tuple Space, and retrieval operations obtain tuples from Tuple 

Space. 

Generative operations: 

OUT __ - places anew passive tuple into Tuple Space. 

EVAL _ - places a new active tuple into Tuple Space. 

Retrieval operations: 

IN - requests a passive tuple from Tuple Space. If a suitable tuple is found in 

TS, it 1s returned to the calling Linda process. Otherwise, IN blocks 

until a suitable tuple arrives in TS. 

INP - similar to IN, except if no suitable tuple is found in TS, INP does not 

block, but rather returns an indication of failure. 

RD - requests a copy of a passive tuple in TS. If a suitable tuple is found in 

TS, a copy of it is returned to the calling process, and the original tuple 

is not removed from TS. Otherwise, RD blocks until a suitable tuple 

arrives in TS. 

Background 12



RDP _ - similar to RD, except if no suitable tuple is found in TS, RDP does not 

block, but rather returns an indication of failure. 

Again, active tuples are not removed from Tuple Space by Linda operations. Linda pro- 

cesses transform them into passive tuples, and then place them back into Tuple Space. 

Therefore, none of Linda’s retrieval operations deal with active tuples. 

Templates and tuple matching 

A retrieval operation specifies a template that a tuple in Tuple Space must match, rather 

than specifying an actual tuple. A template, like a tuple, is an ordered set of fields, but a 

template specifies the structure and content of tuple(s) which may be returned to the caller 

of the retrieval operation. Each field of a template is either an actual field or a formal field. 

An actual field specifies the value (and implicitly, the data type) of a matching tuple’s cor- 

responding field. A formal field specifies only the data type of a matching tuple’s corre- 

sponding field, and is assigned the tuple field’s value on successful return from the 

operation. In general, a template matches a tuple in TS when corresponding tuple and tem- 

plate fields match in number and in type. In addition, any actual fields in the template must 

equal corresponding actual fields of the matching tuple. 

As stated, a retrieval operation returns a matching tuple to the calling Linda process. This 

occurs by template formal fields being “filled in” with the values of corresponding fields 

from a matching tuple in Tuple Space. For example, a Linda process can retrieve the tuple 

<“arrayA”, 3, 5> 

by calling the IN operation as follows: 

in(“arrayA”, 3, ?1i). 
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The first and second fields of the tuple in this example match the corresponding actual 

fields of the template. The ?i notation in the template’s third field specifies a formal field, 

and we assume that the data type of i is integer. The third field of the tuple then matches 

this formal field, since it is an integer field. When the IN operation returns, the value of i 

will be 5. 

Use of the EVAL operation 

Typically, at least one of the fields of an active tuple (that is, one of the arguments to an 

EVAL operation) is a call to a function. That function will not be called until the active 

tuple is transformed by a newly instantiated Linda process. Hence, a Linda program uses 

the EVAL operation to create an independent Linda process to perform some computation, 

conceptually in parallel with its calling process. We discuss the distributed system’s han- 

dling of “EVAL-ed functions” in Chapter 4, Section 4.2. In the Linda implementations dis- 

cussed in this thesis, simple computations appearing in arguments to EVAL operations are 

evaluated prior to the active tuple’s being placed in Tuple Space. For example, consider 

the operation 

eval (*element”, i+6, compute(j*3)). 

If i has the value 2, and j has the value 3, then the active tuple placed in TS is 

<“element”, 8, compute(9)>. 

The next two sections present brief overviews of two successive implementations of Linda 

on which the distributed Linda system is built. Discussion is focused on the details which 

are germane to the design problems of the distributed Linda system. 
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2.2 The Yale University Single-Machine Linda Implementation 

The Yale University implementation of Linda is designed to run on a single uniprocessor 

or multiprocessor computer under the Unix operating system. The Linda compiler gener- 

ates a single executable program, using a preprocessor approach to transform calls to 

Linda operations into C source code. That is, each call to a Linda operation in a C-Linda 

program is analyzed in the context of the other Linda operations, and is transformed into a 

call to a new C function. The code for these new functions is also generated by the Linda 

compiler. 

The Tuple Space data structures reside in memory physically shared between the main 

Linda program and Linda processes created by calls to the EVAL operation (see Figure 

2.1). Access to the shared memory comprising Tuple Space is synchronized and serialized 

by the use of semaphores. Tuple Space access functions (also known as “kernel access 

functions’’) reside in a C run time library and are part of the executable program. 

  

  

      

        
Figure 2.1. The Yale Linda System 
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The Linda EVAL operation, used to create new Linda processes to handle active tuples, is 

implemented using the Unix fork() system call. This approach enables a Linda process 

to spawn an exact copy of itself to execute the code generated by the Linda compiler 

implementing the transformation of an active tuple into a passive tuple in Tuple Space. 

The first action taken on entering the C function implementing a particular EVAL opera- 

tion is a call to the fork() system call. The parent process immediately returns from the 

function implementing the EVAL, whereas the child process executes the function, and 

then exits. The function executed by the child process transforms the active tuple into a 

passive tuple (by evaluating any function call fields of the active tuple), and then deposits 

the passive tuple into Tuple Space. 

  

linda program 

executing 

  

eval op 

  

    

main program continues : child process handles eval by 

to execute code after executing function which 

the eval call e implements it, then exits      
Figure 2.2. EVAL causes fork() call, resulting in new process 
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The degree of parallelism potentially achievable under this system would, of course, 

depend on the number of processors available to Linda processes on the host computer. As 

described in Chapter 1, if this Linda system were run on a common uniprocessor system, 

then the concurrent Linda processes would execute in an interleaved fashion, and share the 

time of the single CPU. 

2.3 Separation of Tuple Space from the Linda Program 

The Yale Tuple Space implementation is feasible on a single uniprocessor or multiproces- 

sor machine running Unix because shared memory and semaphores are kernel services of 

the operating system. However, since there can be no physically shared memory between 

processes in a distributed system, the first step taken by the VPI Linda Group toward 

implementing a distributed Linda system addressed the use of shared memory between 

Linda processes in the implementation of Tuple Space, and the use of semaphores to con- 

trol access to the shared memory. In particular, Tuple Space and its associated kernel 

access code were separated from the actual Linda program, and a separate Tuple Space 

Manager program was developed to handle all requests for access to Tuple Space 

[SCHC93]. 

Tuple Space itself is implemented through data structures local to the Tuple Space Man- 

ager. Communication between Linda processes and the Tuple Space Manager occurs 

through the use of stream sockets. As a result, Tuple Space can reside on a machine sepa- 

rate from the one running Linda processes (see Figure 2.3). Since the Tuple Space kernel 

access code was moved to the new Tuple Space Manager, the functions in the Linda run 

time library were replaced with code to access the stream socket communication interface 

between the Linda process and the Tuple Space Manager process. 
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Figure 2.3. Separate Tuple Space Manager 

The Remaining EVAL Issue 

With Tuple Space cleanly separated from the Linda computational process, the primary 

limitation remaining to be resolved in the design of the distributed Linda system is the 

dependence of the Linda EVAL operation on the Unix fork() system call as the mecha- 

nism for creating new Linda processes. Use of the fork() call implies that the Linda 

system can only create new processes on the same machine on which the main Linda pro- 

gram is currently running. However, the distributed Linda system must accommodate the 

creation of Linda processes on remote machines. Because no semantically equivalent 
  

remote fork() call is available, a new approach must be devised to instantiate a new Linda 

process on a given machine. The design of a new EVAL mechanism which will provide 

for truly distributed process execution is the topic of Chapter 4. 
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3.0 Overview of Distributed Linda System 

Before presenting the details of the design of the distributed system, and its mechanism for 

handling distributed EVAL operations, we discuss some considerations which motivate 

our design of the overall topology of the distributed Linda environment (or “Linda- 

LAN”). We then present that topology, briefly describing the environment’s subsystems 

and the role of each component. This overview of the topology will serve as a framework 

for the design discussion in Chapter 4. 

3.1 Goals of System Design 

Several factors motivate our design for the distributed Linda environment: 

¢ First and foremost, we need a mechanism for implementing the EVAL primitive in a 

distributed context. As discussed in Chapter 2, the Linda system on which this work is 

based depends on the Unix fork() system call to create new Linda processes. We 

need a mechanism to simulate a “remote fork()” for the distributed system. 

¢ For simplicity and convenience, we want control of the distributed system to be cen- 

tralized. That is, we want a single process to be in charge of managing and monitoring 

the Linda-LAN. Centralized control simplifies collection of system status data, and 

seems to be the most straightforward design from an implementation point of view. 

¢ Implementation of the Linda-LAN has been a cooperative effort of the VPI Linda 

Research Group. Early in our design planning discussions, we recognized that the 

Linda-LAN would be comprised of both LAN control functions and tuple data flow 

functions. We decided to organize these functions into two distinct subsystems, control 

and data. Once the overall functions of the Linda-LAN were established, members of 
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the VPI Linda group would be able to design and implement these subsystems in par- 

allel. Ideally, the only “overlap” would concern the various communications interfaces 

between the subsystems. 

¢ Again for simplicity and ease of implementation, we want to use stream sockets for all 

communication between components of the distributed Linda system. 

3.2 Topology of the Distributed Linda System 

The Linda-LAN distributed processing environment is comprised of various component 

processes, each of which is a member of either the control or data subsystem. Control 

components are responsible for overall system management and decision making, whereas 

data components primarily handle the flow of tuples between Linda processes and Tuple 

Space. 

3.2.1 Two views of the Linda-LAN 

Figure 3.1 portrays a conceptual view of the distributed Linda system’s topology, showing 

the two subsystems, their components, and the relationships between the various compo- 

nents of both subsystems, in terms of their communications interfaces. The function of 

each component is described below. 

Figure 3.2 shows one likely organization of the distributed Linda system, operating on a 

network of five computers. The independent control and data information paths are 

depicted as two distinct “buses” connecting various components of the Linda-LAN. This 

illustration also indicates that any Linda-LAN component can co-reside on a machine with 

any other component. This characteristic of the Linda-LAN provides flexibility for use on 

both large and small networks. 
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3.2.2 Components of the Control Subsystem 

The control subsystem is made up of the Linda-LAN System Manager (L-Man) and the 

per-workstation Communications Manager (L-Com). 

L-Man - the Linda-LAN System Manager 

A single L-Man System Manager process maintains control over the entire distributed 

environment and has knowledge of the state of the distributed system and the status of all 

machines participating in the system. L-Man functions as a command dispatcher. Com- 

mands needing to be sent to and processed by all nodes on the Linda-LAN (such as dis- 

tribute executable program, prepare for program start-up, and program shutdown) are 

sent by L-Man to the L-Coms on each node. L-Man is also responsible for selecting 

machines on which to instantiate new Linda processes. It makes these decisions based on 

load average information obtained from the L-Com processes on each machine in the 

environment. 

L-Com - the Workstation Communications Manager 

L-Man spawns an L-Com process on each machine participating in the distributed envi- 

ronment. L-Com serves as the point of communication for L-Man on each workstation. 

That is, any messages (from Linda processes or from users) which need to be processed by 

L-Man are transmitted to L-Com, and L-Com forwards them to L-Man. Similarly, L-Man 

distributes commands to the system by sending them to the L-Coms. When L-Man selects 

a machine on which to instantiate a new Linda process, it initiates the action by sending an 

appropriate message to that machine’s L-Com. Each L-Com also periodically (and asyn- 

chronously) reports its workstation’s load average to L-Man, so that L-Man has up-to-date 

information for deciding where to instantiate new Linda processes. 
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�t�i�o�n� �m�a�n�a�g�e�m�e�n�t� �t�a�s�k�s� �f�r�o�m� �t�h�e� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r�.� �T�S�-�M�a�n ��s� �p�u�r�p�o�s�e� �i�s� �t�o� �s�e�r�v�i�c�e� 

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

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

�f�u�n�c�t�i�o�n� �o�v�e�r� �a�l�l� �t�h�e� �m�a�c�h�i�n�e�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �A�l�l� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n�s� �b�e�t�w�e�e�n� �T�S�-� 

�M�a�n� �a�n�d� �L�-�K�e�r�n�e�l�s� �a�r�e� �e�s�t�a�b�l�i�s�h�e�d� �b�e�f�o�r�e� �t�h�e� �L�i�n�d�a� �p�r�o�g�r�a�m� �r�u�n�s�.� 

�3�.�3�.� �F�o�c�u�s� �o�n� �d�e�s�i�g�n� �o�f� �d�a�t�a� �c�o�m�p�o�n�e�n�t�s� 

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

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

�C�h�a�p�t�e�r� �4�.� �T�h�e� �p�r�i�m�a�r�y� �d�e�s�i�g�n� �w�o�r�k� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �t�h�e�s�i�s� �i�s� �t�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �d�i�s�t�r�i�b�-� 

�u�t�i�n�g� �E�V�A�L� �o�p�e�r�a�t�i�o�n�s�.� �T�h�i�s� �m�e�c�h�a�n�i�s�m� �e�n�a�b�l�e�s� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �t�o� �i�n�s�t�a�n�t�i�a�t�e� �a� �n�e�w� 

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

�o�f� �t�h�e� �L�i�n�d�a�-�L�A�N�,� �a�n�d� �r�e�f�e�r� �t�o� �t�h�e� �c�o�n�t�r�o�l� �s�u�b�s�y�s�t�e�m� �o�n�l�y� �t�o� �d�e�s�c�r�i�b�e� �h�o�w� �i�t�s� �f�u�n�c�t�i�o�n�a�l�-� 

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

�O�v�e�r�v�i�e�w� �o�f� �D�i�s�t�r�i�b�u�t�e�d� �L�i�n�d�a� �S�y�s�t�e�m� �2�5



�4�.�0� �R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� 

�C�h�a�p�t�e�r� �3� �p�r�e�s�e�n�t�s� �t�h�e� �o�v�e�r�a�l�l� �t�o�p�o�l�o�g�y� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �d�i�s�c�u�s�s�e�s� �f�a�c�-� 

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

�o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �L�i�n�d�a� �s�y�s�t�e�m ��s� �m�e�c�h�a�n�i�s�m� �f�o�r� �c�o�n�c�u�r�r�e�n�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �a�c�t�i�v�e� 

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

�4�.�1� �D�e�s�i�g�n� �G�o�a�l�s� �a�n�d� �I�s�s�u�e�s� 

�B�e�f�o�r�e� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �E�V�A�L� �h�a�n�d�l�i�n�g� �m�e�c�h�a�n�i�s�m�,� �w�e� �l�i�s�t� �s�p�e�c�i�f�i�c� �g�o�a�l�s� �f�o�r� 

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

�t�h�e� �d�e�s�i�g�n�.� 

�4�.�1�.�1� �G�o�a�l�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �E�V�A�L� �M�e�c�h�a�n�i�s�m� 

�O�n�e� �o�f� �o�u�r� �m�a�j�o�r� �g�o�a�l�s� �i�n� �d�e�s�i�g�n�i�n�g� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �L�i�n�d�a� �s�y�s�t�e�m� �w�a�s� �t�o� �r�e�u�s�e� �t�h�e� �S�e�p�a�-� 

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

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

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

�g�o�a�l�s� �w�e� �w�a�n�t�e�d� �t�o� �r�e�a�l�i�z�e� �i�n� �o�u�r� �d�e�s�i�g�n� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�¢� �L�e�a�v�e� �D�-�K�e�r�n�e�l ��s� �T�u�p�l�e� �S�p�a�c�e� �a�c�c�e�s�s� �r�o�u�t�i�n�e�s� �i�n�t�a�c�t�.� �I�n� �f�a�c�t�,� �o�u�r� �g�o�a�l� �h�a�s� �b�e�e�n� �t�o� �u�s�e� 

�D�-�K�e�r�n�e�l ��s� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r� �p�r�o�g�r�a�m� �a�s� �a�n� �a�l�m�o�s�t�-�c�o�m�p�l�e�t�e� �m�o�d�e�l� �f�o�r� �t�h�e� 

�T�S�-�M�a�n� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N� �r�u�n� �t�i�m�e� �s�y�s�t�e�m�.� �O�n�l�y� �m�i�n�o�r� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

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

�e�n�a�b�l�e� �T�S�-�M�a�n� �t�o� �a�c�c�e�p�t� �a�n�d� �s�t�o�r�e� �a�c�t�i�v�e� �t�u�p�l�e�s�.� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �2�6



�¢� �R�e�u�s�e� �D�-�K�e�r�n�e�l ��s� �s�t�r�e�a�m� �s�o�c�k�e�t� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� 

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

�p�r�o�c�e�s�s�e�s� �a�n�d� �t�h�e� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r� �a�r�e� �a�b�l�e� �t�o� �s�e�n�d� �a�n�d� �r�e�c�e�i�v�e� �t�u�p�l�e�s� �o�v�e�r� �a� 

�s�e�r�i�a�l� �s�t�r�e�a�m� �s�o�c�k�e�t�.� 

�*� �G�e�n�e�r�a�t�e� �a� �s�i�n�g�l�e� �e�x�e�c�u�t�a�b�l�e� �f�i�l�e�.� �B�o�t�h� �t�h�e� �Y�a�l�e� �a�n�d� �D�-�K�e�r�n�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� 

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

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

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

�e�x�e�c�u�t�a�b�l�e� �f�i�l�e� �w�h�i�c�h� �i�s� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �a�l�l� �w�o�r�k�s�t�a�t�i�o�n�s� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �L�i�n�d�a�-�L�A�N�.� 

�(�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �e�x�e�c�u�t�a�b�l�e� �f�i�l�e�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.�)� 

�¢� �D�e�s�i�g�n� �a�n� �E�V�A�L� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �L�i�n�d�a� �p�a�r�a�d�i�g�m�.� �T�h�e� 

�D�-�K�e�r�n�e�l� �a�n�d� �Y�a�l�e� �s�y�s�t�e�m�s� �s�i�m�p�l�y� �i�n�v�o�k�e� �t�h�e� �f�o�r�k�(�)� �s�y�s�t�e�m� �c�a�l�l� �t�o� �s�p�a�w�n� �n�e�w� 

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

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

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

�s�y�s�t�e�m�, �� �r�a�t�h�e�r� �t�h�a�n� �b�y� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �w�h�i�c�h� �c�r�e�a�t�e� �t�h�e�m�.� 

�¢� �E�x�p�l�o�i�t� �T�u�p�l�e� �S�p�a�c�e� �a�n�d� �L�i�n�d�a ��s� �I�N� �a�n�d� �O�U�T� �o�p�e�r�a�t�i�o�n�s� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� 

�d�i�s�t�r�i�b�u�t�e�d� �E�V�A�L� �o�p�e�r�a�t�i�o�n�.� �S�i�n�c�e� �t�h�e� �D�-�K�e�r�n�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�l�r�e�a�d�y� �p�r�o�v�i�d�e�s� �f�o�r� 

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

�a�n�o�t�h�e�r�,� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m ��s� �E�V�A�L� �m�e�c�h�a�n�i�s�m� �s�h�o�u�l�d� �e�x�p�l�o�i�t� �t�h�i�s� 

�c�a�p�a�b�i�l�i�t�y�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �T�u�p�l�e� �S�p�a�c�e� �a�n�d� �L�i�n�d�a ��s� �I�N� �a�n�d� �O�U�T� �p�r�i�m�i�t�i�v�e�s� �s�h�o�u�l�d� �b�e� 

�u�t�i�l�i�z�e�d� �i�n� �t�h�e� �s�y�s�t�e�m ��s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �E�V�A�L�.� �T�h�a�t� �i�s�,� �w�e� �w�a�n�t� �u�s�e� �L�i�n�d�a� �i�n� �t�h�e� 

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �2�7



�4�.�1�.�2� �I�s�s�u�e�s� �t�o� �b�e� �R�e�s�o�l�v�e�d� �b�y� �t�h�e� �D�e�s�i�g�n� 

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

�s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �U�n�i�x� �f�o�r�k�(�)� �s�y�s�t�e�m� �c�a�l�l� �i�n� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �L�i�n�d�a� �E�V�A�L� �o�p�e�r�a�t�i�o�n�.� 

�A�s� �o�u�t�l�i�n�e�d� �i�n� �C�h�a�p�t�e�r� �2�,� �f�o�r�k� �(�)� �a�l�l�o�w�s� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �t�o� �s�p�a�w�n� �a�n� �e�x�a�c�t� �c�o�p�y� �o�f� �i�t�s�e�l�f� 

�t�o� �e�x�e�c�u�t�e� �t�h�e� �c�o�d�e� �i�m�p�l�e�m�e�n�t�i�n�g� �a� �g�i�v�e�n� �E�V�A�L� �c�a�l�l� �(�t�h�a�t� �i�s�,� �t�o� �t�r�a�n�s�f�o�r�m� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� 

�i�n�t�o� �a� �p�a�s�s�i�v�e� �t�u�p�l�e�)�.� �H�o�w�e�v�e�r�,� �f�o�r�k�(�)� �c�a�n� �c�r�e�a�t�e� �a� �n�e�w� �p�r�o�c�e�s�s� �o�n�l�y� �o�n� �t�h�e� �s�a�m�e� 

�m�a�c�h�i�n�e� �a�s� �t�h�e� �p�r�o�c�e�s�s� �t�h�a�t� �c�a�l�l�e�d� �f�o�r�k� �(�)�.� �B�u�t�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �r�e�q�u�i�r�e�s� �a� �L�i�n�d�a� 

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

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

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

�d�l�e� �E�V�A�L�s� �i�n� �a� �m�a�n�n�e�r� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �L�i�n�d�a� �p�a�r�a�d�i�g�m�.� 

�S�e�v�e�r�a�l� �i�s�s�u�e�s� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �s�u�c�h� �a�n� �E�V�A�L� �m�e�c�h�a�n�i�s�m�:� 

�(�1�)� �R�e�m�o�t�e� �p�r�o�c�e�s�s� �i�n�s�t�a�n�t�i�a�t�i�o�n�,� 

�(�2�)� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�p�e�r� �c�o�d�e� �f�o�r� �e�x�e�c�u�t�i�o�n� �b�y� �a� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s�,� �a�n�d� 

�(�3�)�  ��I�n�h�e�r�i�t�a�n�c�e �� �o�f� �t�h�e� �p�r�o�p�e�r� �e�x�e�c�u�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �t�h�e� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s� 

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

�e�x�t�e�n�t� �o�f� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �D�-�K�e�r�n�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�n� �w�h�i�c�h� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �i�s� 

�b�a�s�e�d�.� 

�R�e�m�o�t�e� �p�r�o�c�e�s�s� �i�n�s�t�a�n�t�i�a�t�i�o�n� 

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

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

�S�p�a�c�e�,� �t�h�e�r�e� �m�u�s�t� �b�e� �a� �w�a�y� �f�o�r� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m� �t�o� �(�1�)� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �2�8



�a�w�a�i�t�s� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�n� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� �(�2�)� �i�n�s�t�a�n�t�i�a�t�e� �a� �n�e�w� �p�r�o�c�e�s�s� �o�n� �a� �p�a�r�t�i�c�i�p�a�t�i�n�g� 

�L�i�n�d�a�-�L�A�N� �m�a�c�h�i�n�e� �t�o� �t�r�a�n�s�f�o�r�m� �t�h�i�s� �a�c�t�i�v�e� �t�u�p�l�e� �i�n�t�o� �a� �p�a�s�s�i�v�e� �t�u�p�l�e�.� �S�e�c�t�i�o�n� �4�.�2� 

�d�e�s�c�r�i�b�e�s� �h�o�w� �t�h�e�s�e� �s�t�e�p�s� �a�r�e� �c�a�r�r�i�e�d� �o�u�t� �b�y� �c�o�m�p�o�n�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �L�i�n�d�a�-�L�A�N� �e�n�v�i�r�o�n�-� 

�m�e�n�t�.� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�p�e�r� �c�o�d�e� �f�o�r� �e�x�e�c�u�t�i�o�n� �b�y� �a� �r�e�m�o�t�e� �L�i�n�d�a� �p�r�o�c�e�s�s� 

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

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

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

�D�-�K�e�r�n�e�l� �s�y�s�t�e�m�s�.� �W�h�e�n� �a� �p�r�o�c�e�s�s� �i�n� �o�n�e� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �e�n�c�o�u�n�t�e�r�s� �a� �c�a�l�l� �t�o� �E�V�A�L�,� �i�t� 

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

�i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �E�V�A�L� �c�a�l�l�.� �T�h�e� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� �e�x�e�c�u�t�i�n�g� �i�t�s� �o�w�n� �c�o�d�e� �w�i�t�h�-� 

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

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

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

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

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

�T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �L�i�n�d�a� �s�y�s�t�e�m� �c�a�n�n�o�t� �e�n�j�o�y� �t�h�i�s� �b�e�n�e�f�i�t� �o�f� �t�h�e� �f�o�r�k� �(�)� �c�a�l�l� �s�i�n�c�e� �i�t� �i�s� �n�o�t� 

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

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

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

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

 ��i�n�h�e�r�i�t�s �� �t�h�e� �c�o�d�e� �o�f� �t�h�e� �p�r�o�c�e�s�s� �w�h�i�c�h� �c�a�l�l�e�d� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �i�n�s�t�a�n�-� 

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �2�9



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

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

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

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

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

�a�n�d� �D�-�K�e�r�n�e�l� �v�e�r�s�i�o�n�s� �o�f� �L�i�n�d�a�,� �p�h�y�s�i�c�a�l�l�y� �a�c�q�u�i�r�i�n�g� �t�h�o�s�e� �p�e�r�t�i�n�e�n�t� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �r�e�l�i�e�s� 

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

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

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

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

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

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

�i�n�t�o� �a� �p�a�s�s�i�v�e� �o�n�e�.� 

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

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

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

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

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

�p�a�s�s�e�d� �t�o� �t�h�e� �n�e�w� �r�e�m�o�t�e� �p�r�o�c�e�s�s�.� 

�4�.�2� �R�e�m�o�t�e� �L�i�n�d�a� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� 

�O�n�e� �o�f� �t�h�e� �m�a�j�o�r� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N� �e�n�v�i�r�o�n�m�e�n�t� �i�s� �i�n�s�t�a�n�t�i�a�t�i�n�g� �n�e�w� �L�i�n�d�a� �p�r�o�-� 

�c�e�s�s�e�s� �t�o� �(�1�)� �t�r�a�n�s�f�o�r�m� �a�c�t�i�v�e� �t�u�p�l�e�s� �i�n�t�o� �p�a�s�s�i�v�e� �t�u�p�l�e�s�,� �a�n�d� �(�2�)� �p�l�a�c�e� �t�h�o�s�e� �p�a�s�s�i�v�e� �t�u�p�l�e�s� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�0



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

�o�f� �e�v�e�n�t�s� �(�s�e�e� �F�i�g�u�r�e� �4�.�1�)�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�(�6�)� 

�A� �L�i�n�d�a� �p�r�o�c�e�s�s� �u�s�e�s� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �t�o� �s�e�n�d� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� �t�o� �T�u�p�l�e� �S�p�a�c�e�.� 

�T�h�e� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r� �(�T�S�-�M�a�n�)� �r�e�c�e�i�v�e�s� �t�h�e� �a�c�t�i�v�e� �t�u�p�l�e�,� �p�l�a�c�e�s� �i�t� �i�n�t�o� �T�u�p�l�e� 

�S�p�a�c�e�,� �a�n�d� �n�o�t�i�f�i�e�s� �t�h�e� �L�i�n�d�a�-�L�A�N� �S�y�s�t�e�m� �M�a�n�g�e�r� �(�L�-�M�a�n�)� �t�h�a�t� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� 

�a�w�a�i�t�s� �e�v�a�l�u�a�t�i�o�n�.� 

�L�-�M�a�n� �s�e�l�e�c�t�s� �a� �L�i�n�d�a�-�L�A�N� �n�o�d�e� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �a�c�t�i�v�e� �t�u�p�l�e� �(�b�a�s�e�d� �o�n� �i�t�s� 

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

�L�A�N�)�,� �a�n�d� �s�e�n�d�s� �a� �h�a�n�d�l�e� �a�c�t�i�v�e� �t�u�p�l�e� �c�o�m�m�a�n�d� �t�o� �t�h�a�t� �n�o�d�e ��s� �L�-�C�o�m�.� 

�L�-�C�o�m� �f�o�r�w�a�r�d�s� �t�h�i�s� �c�o�m�m�a�n�d� �t�o� �i�t�s� �L�-�K�e�r�n�e�l�.� 

�L�-�K�e�r�n�e�l� �r�e�c�e�i�v�e�s� �t�h�e� �c�o�m�m�a�n�d�,� �a�n�d� �c�a�l�l�s� �f�o�r�k� �(�)� �t�o� �c�r�e�a�t�e� �a� �n�e�w� �p�r�o�c�e�s�s�.� 

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

�p�r�o�c�e�s�s� �i�m�m�e�d�i�a�t�e�l�y� �c�a�l�l�s� �t�h�e� �U�n�i�x� �e�x�e�c�l�1�(�)� �s�y�s�t�e�m� �c�a�l�l� �t�o� �t�r�a�n�s�f�o�r�m� �i�t�s�e�l�f� �i�n�t�o� �a� 

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

�c�o�m�p�i�l�e�r�.� 

�W�h�e�r�e�a�s� �t�h�e� �i�n�s�t�a�n�t�i�a�t�i�o�n� �o�f� �a� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s� �i�s� �d�i�r�e�c�t� �i�n� �t�h�e� �Y�a�l�e� �a�n�d� �D�-�K�e�r�n�e�l� �i�m�p�l�e�-� 

�m�e�n�t�a�t�i�o�n�s� �(�w�h�e�r�e� �a� �L�i�n�d�a� �p�r�o�c�e�s�s ��s� �c�a�l�l�i�n�g� �E�V�A�L� �r�e�s�u�l�t�s� �i�n� �i�t�s� �d�i�r�e�c�t� �i�n�v�o�c�a�t�i�o�n� �o�f� �t�h�e� 

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

�4�.�1�.� �T�h�e� �f�o�r�k�(�)� �c�a�l�l� �i�s� �u�s�e�d� �b�y� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �t�o� �c�r�e�a�t�e� �n�e�w� �p�r�o�c�e�s�s�e�s�,� �b�u�t� �t�h�i�s� 

�s�y�s�t�e�m� �d�o�e�s� �n�o�t� �d�e�p�e�n�d� �o�n� �a�n�y� �o�t�h�e�r� �s�e�m�a�n�t�i�c�s� �o�f� �f�o�r�k� �(�)�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e� �n�e�w� �L�i�n�d�a� 

�p�r�o�c�e�s�s� �e�m�p�l�o�y�s� �t�h�e� �e�x�e�c�1�(�)� �s�y�s�t�e�m� �c�a�l�l� �t�o� �e�n�a�b�l�e� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�i�l�e�r�-�g�e�n�e�r�a�t�e�d� 

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�1



�(�1�)� �E�V�A�L�:� 

� � � � 
�(�2�)� �n�o�t�i�f�y� 

�s�e�n�d� 
�a�c�t�i�v�e� �L�-�M�a�n� 
�t�u�p�l�e� 

�(�3�)� �h�a�n�d�l�e� 
�a�c�t�i�v�e� �t�u�p�l�e� 

�P�R�O�R�U�R�E� �T�O�N�S� 

� � 

�"� �(�4�)� �h�a�n�d�l�e� 

�2� �t�u�p�l�e� � � � 

�S�e�n�s� 

� � 

� � � � 

� � � 
�L�-�K�e�r�n�e�!� � � � � � 

�(�5�)� �f�o�r�k�(�)� �c�o�p�y� 
�o�f� �s�e�l�f� 

� � 

�n�e�w� �L�i�n�d�a� �.� 
�P�r�o�c�e�s�s� � � � 

�e�x�e�c�i�(�)� �t�o� �l�o�a�d� �n�e�w� �c�o�p�y� 
�o�f� �L�i�n�d�a� �p�r�o�g�r�a�m� 

�F�i�g�u�r�e� �4�.�1�.� �I�n�s�t�a�n�t�i�a�t�i�o�n� �o�f� �a� �N�e�w� �L�i�n�d�a� �P�r�o�c�e�s�s� �b�y� �t�h�e� �D�i�s�t�r�i�b�u�t�e�d� �S�y�s�t�e�m� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�2



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

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

�4�.�3� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �P�r�o�p�e�r� �C�o�d�e� �f�o�r� �E�x�e�c�u�t�i�o�n� �b�y� �a� �R�e�m�o�t�e� �L�i�n�d�a� �P�r�o�c�e�s�s� 

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

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

�g�r�a�m� �w�h�i�c�h� �i�s� �r�u�n� �b�y� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m� �w�h�e�n� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �a�r�e� �i�n�s�t�a�n�t�i�a�t�e�d� �(�e�i�t�h�e�r� 

�l�o�c�a�l�l�y� �o�r� �r�e�m�o�t�e�l�y�)�.� �T�h�i�s� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �h�o�w� �a� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s� �i�d�e�n�t�i�f�i�e�s� �a�n�d� �e�x�e�-� 

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

�P�a�r�t�i�t�i�o�n�i�n�g� �o�f� �P�r�e�p�r�o�c�e�s�s�e�d� �S�o�u�r�c�e� �C�o�d�e� �i�n�t�o� �R�e�a�l�_�m�a�i�n�(�)� �a�n�d� �C�a�s�e�_�m�a�i�n�(�)� 

�W�h�e�n� �a� �p�r�o�g�r�a�m�m�e�r� �w�r�i�t�e�s� �a� �L�i�n�d�a� �p�r�o�g�r�a�m�,� �h�e� �n�a�m�e�s� �h�i�s�  ��m�a�i�n�(�) �� �f�u�n�c�t�i�o�n� �r�e�a�l�_�-� 

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

�r�e�s�i�d�e�s� �i�n� �t�h�e� �L�i�n�d�a� �r�u�n� �t�i�m�e� �l�i�b�r�a�r�y�.� �T�h�e� �D�-�K�e�r�n�e�l� �s�y�s�t�e�m ��s� �m�a�i�n�(�)� �f�u�n�c�t�i�o�n� �c�o�n�n�e�c�t�s� 

�t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �t�o� �t�h�e� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r� �a�n�d� �t�h�e�n� �c�a�l�l�s� �t�h�e� �u�s�e�r ��s� �r�e�a�l�_�m�a�i�n�(�)� 

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

�m�e�n�t� �f�u�n�c�t�i�o�n�s� �p�r�o�p�e�r�l�y�.� 

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

�S�i�n�c�e� �t�h�e�r�e� �i�s� �o�n�l�y� �a� �s�i�n�g�l�e� �e�x�e�c�u�t�a�b�l�e� �L�i�n�d�a� �p�r�o�g�r�a�m�,� �e�a�c�h� �r�e�m�o�t�e� �i�n�s�t�a�n�t�i�a�t�i�o�n� �m�u�s�t� �r�e�c�-� 

�o�g�n�i�z�e� �t�h�a�t� �i�t� �i�s� �t�o� �e�v�a�l�u�a�t�e� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� �r�a�t�h�e�r� �t�h�a�n� �e�x�e�c�u�t�e� �t�h�e� �u�s�e�r ��s� �r�e�a�l�_�m�a�i�n� �(�)� 

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

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

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�3



�T�o� �i�m�p�l�e�m�e�n�t� �t�h�i�s� �r�e�q�u�i�r�e�m�e�n�t�,� �t�h�e� �L�i�n�d�a� �c�o�m�p�i�l�e�r� �(�t�h�a�t� �i�s�,� �t�h�e� �p�r�e�p�r�o�c�e�s�s�o�r� �w�h�i�c�h� �t�r�a�n�s�-� 

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

�f�u�n�c�t�i�o�n� �t�h�a�t� �i�s� �t�o� �b�e� �e�x�e�c�u�t�e�d� �b�y� �r�e�m�o�t�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �i�n�s�t�e�a�d� �o�f� �t�h�e� �u�s�e�r ��s� �r�e�a�l�_�-� 

�m�a�i�n� �(�)� �f�u�n�c�t�i�o�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n�,� �w�h�i�c�h� �w�e� �r�e�f�e�r� �t�o� �a�s�  ��c�a�s�e�_�m�a�i�n�(�) ��,� �d�e�t�e�r�m�i�n�e�s� �(�t�h�r�o�u�g�h� 

�a� �m�e�c�h�a�n�i�s�m� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�)� �w�h�i�c�h� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �i�s� �t�o� �b�e�  ��c�a�l�l�e�d ��,� �a�n�d� 

�t�h�e�n� �c�a�l�l�s� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �f�u�n�c�t�i�o�n�s� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�a�t� �p�a�r�t�i�c�u�l�a�r� �E�V�A�L� �o�p�e�r�a�t�i�o�n�.� 

�A� �L�i�n�d�a� �p�r�o�c�e�s�s� �d�e�c�i�d�e�s� �w�h�e�t�h�e�r� �t�o� �e�x�e�c�u�t�e� �r�e�a�l�_�m�a�i�n�(�)� �o�r� �c�a�s�e�_�m�a�i�n�(�)� �b�y� �d�e�t�e�r�-� 

�m�i�n�i�n�g� �w�h�e�t�h�e�r� �i�t� �w�a�s� �s�t�a�r�t�e�d� �b�y� �t�h�e� �u�s�e�r�,� �o�r� �b�y� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m�.� �I�t� �m�a�k�e�s� �t�h�i�s� �d�e�t�e�r�m�i�n�a�-� 

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

�L�i�n�d�a� �s�y�s�t�e�m� �w�i�l�l� �h�a�v�e� �L�-�K�e�r�n�e�l� �a�s� �i�t�s� �p�a�r�e�n�t� �p�r�o�c�e�s�s�,� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�2�.� 

�C�a�s�e�_�m�a�i�n�(�)� �i�s� �a� �s�p�e�c�i�a�l� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�t�a�r�t�-�u�p� �f�u�n�c�t�i�o�n�,� �s�o� �n�a�m�e�d� �b�e�c�a�u�s�e� �t�h�e� �c�a�l�l�s� �t�o� 

�t�h�e� �f�u�n�c�t�i�o�n�s� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �E�V�A�L�s� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �i�n�s�i�d�e� �a� �C� �l�a�n�g�u�a�g�e� 

 ��s�w�i�t�c�h�(�) �� �d�e�c�i�s�i�o�n� �c�o�d�e� �b�l�o�c�k�.� �E�a�c�h�  ��c�a�s�e �� �i�n� �t�h�e� �s�w�i�t�c�h� �b�l�o�c�k� �r�e�p�r�e�s�e�n�t�s� �a� �d�i�f�f�e�r�e�n�t� 

�E�V�A�L� �c�a�l�l� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �L�i�n�d�a� �s�o�u�r�c�e� �p�r�o�g�r�a�m�.� 

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

�I�D� �n�u�m�b�e�r� �t�o� �e�a�c�h� �E�V�A�L� �c�a�l�l� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �t�h�e� �L�i�n�d�a� �s�o�u�r�c�e� �c�o�d�e�.� �T�h�e� �L�i�n�d�a� �c�o�m�p�i�l�e�r� 

�u�s�e�s� �t�h�i�s� �E�V�A�L� �c�a�l�l� �I�D� �a�s� �t�h�e� �b�a�s�i�s� �f�o�r� �t�h�e� �s�w�i�t�c�h� �(�)� �b�l�o�c�k�.� �T�h�a�t� �i�s�,� �t�h�e� �c�a�s�e�_�m�a�i�n�(�)� 

�f�u�n�c�t�i�o�n� �f�i�r�s�t� �d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �E�V�A�L� �i�s� �t�o� �b�e� �e�x�e�c�u�t�e�d� �b�y� �o�b�t�a�i�n�i�n�g� �a�n� �E�V�A�L� �c�a�l�l� �I�D� 

�f�r�o�m� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m� �(�a�s� �m�o�r�e� �f�u�l�l�y� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�)�,� �a�n�d� �t�h�e�n� �c�a�l�l�s� �t�h�e� 

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

�t�h�a�t� �E�V�A�L� �c�a�l�l� �I�D�.� �T�h�i�s� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�s�e�u�d�o�c�o�d�e� �f�r�a�g�m�e�n�t�:� 

�c�a�s�e�_�m�a�i�n�(�)� �{� 

�g�e�t� �n�e�w� �E�V�A�L�_�i�d� 

�S�w�i�t�c�h� �(� �E�V�A�L�_�i�d� �)� �{� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�4



�c�a�s�e� �1�:� �m�a�k�e� �c�a�l�l�s� �f�o�r� �E�V�A�L� �1� 

�c�a�s�e� �2�:� �m�a�k�e� �c�a�l�l�s� �f�o�r� �E�V�A�L� �2� 

�O�b�t�a�i�n�i�n�g� �a�n� �E�V�A�L� �I�D� �f�r�o�m� �t�h�e� �L�i�n�d�a� �S�y�s�t�e�m� 

�W�h�e�n� �a� �r�e�m�o�t�e� �p�r�o�c�e�s�s� �h�a�s� �b�e�e�n� �i�n�s�t�a�n�t�i�a�t�e�d� �t�o� �h�a�n�d�l�e� �a�n� �E�V�A�L� �o�p�e�r�a�t�i�o�n�,� �t�h�e� �f�i�r�s�t� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �i�t� �r�e�q�u�i�r�e�s� �f�r�o�m� �t�h�e� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �(�i�.�e�.� �t�h�e� �p�r�o�c�e�s�s� �t�h�a�t� �c�a�l�l�e�d� �E�V�A�L�)� �i�s� �t�h�e� �I�D� �o�f� 

�t�h�e� �p�a�r�t�i�c�u�l�a�r� �E�V�A�L� �w�h�i�c�h� �i�t� �i�s� �i�n�t�e�n�d�e�d� �t�o� �h�a�n�d�l�e�.� �T�h�e�r�e�f�o�r�e�,� �w�h�e�n� �a� �p�r�o�c�e�s�s� �e�x�e�c�u�t�i�n�g� �a� 

�L�i�n�d�a� �p�r�o�g�r�a�m� �e�n�c�o�u�n�t�e�r�s� �a�n� �E�V�A�L� �c�a�l�l�,� �t�h�e� �f�i�r�s�t� �t�h�i�n�g� �i�t� �m�u�s�t� �d�o� �i�s� �i�m�p�a�r�t� �t�h�e� �c�o�r�r�e�-� 

�s�p�o�n�d�i�n�g� �E�V�A�L� �c�a�l�l� �I�D� �t�o� �t�h�e� �p�r�o�c�e�s�s� �w�h�i�c�h� �w�i�l�l� �a�c�t�u�a�l�l�y� �e�x�e�c�u�t�e� �t�h�e� �E�V�A�L� �c�o�d�e�.� 

�T�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �p�r�o�c�e�s�s� �c�a�l�l�i�n�g� �t�h�e� �E�V�A�L� �p�l�a�c�e� �t�h�i�s� 

�p�i�e�c�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �T�u�p�l�e� �S�p�a�c�e�,� �r�a�t�h�e�r� �t�h�a�n� �s�o�m�e�h�o�w� �p�a�s�s� �i�t� �a�s� �a� �p�a�r�a�m�e�t�e�r� �t�o� �t�h�e� 

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

�c�a�l�l�i�n�g� �t�h�e� �E�V�A�L� �s�i�m�p�l�y� �O�U�T�s� �t�h�e� �E�V�A�L� �c�a�l�l� �I�D� �t�o� �T�u�p�l�e� �S�p�a�c�e� �a�t� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �E�V�A�L� 

�c�a�l�l�,� �t�h�e�n� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�s�s� �c�a�n� �I�N� �t�h�e� �E�V�A�L� �c�a�l�l� �I�D� �a�t� �t�h�e� �t�i�m�e� �o�f� �E�V�A�L� �e�x�e�c�u�t�i�o�n�.� �I�n� 

�t�h�i�s� �w�a�y�,� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�s�s�  ��i�n�h�e�r�i�t�s �� �f�r�o�m� �i�t�s� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �s�p�e�c�i�f�i�e�s� 

�t�h�e� �p�a�r�t� �o�f� �t�h�e� �L�i�n�d�a� �c�o�d�e� �w�h�i�c�h� �i�t� �m�u�s�t� �e�x�e�c�u�t�e�.� �(�I�n� �t�h�e� �Y�a�l�e� �a�n�d� �D�-�K�e�r�n�e�l� �L�i�n�d�a� �s�y�s�t�e�m�s�,� 

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

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

�E�V�A�L� �I�D� �f�r�o�m� �t�h�e� �g�l�o�b�a�l�l�y� �s�h�a�r�e�d� �T�u�p�l�e� �S�p�a�c�e�,� �t�h�i�s� �p�r�o�c�e�s�s� �h�a�s� �n�o� �n�e�e�d� �t�o� �c�o�m�m�u�n�i�c�a�t�e� 

�d�i�r�e�c�t�l�y� �w�i�t�h� �t�h�e� �p�r�o�c�e�s�s� �t�h�a�t� �c�a�l�l�e�d� �E�V�A�L�.� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�5



�S�h�i�e�l�d�i�n�g� �E�V�A�L� �I�D� �t�u�p�l�e�s� �f�r�o�m� �u�s�e�r� �o�p�e�r�a�t�i�o�n�s� 

�T�h�e� �O�U�T� �a�n�d� �I�N� �c�a�l�l�s� �w�h�i�c�h� �s�e�n�d� �E�V�A�L� �I�D�s� �t�o� �T�u�p�l�e� �S�p�a�c�e� �a�n�d� �r�e�t�r�i�e�v�e� �t�h�e�m� �f�r�o�m� �T�u�p�l�e� 

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

�L�i�n�d�a� �c�o�m�p�i�l�e�r� �u�s�e�s� �i�t�s� �o�w�n� �f�u�n�c�t�i�o�n�s� �t�o� �h�a�n�d�l�e� �E�V�A�L� �c�a�l�l� �I�D�s�.� �A�p�t�l�y�,� �t�h�e�s�e� �f�u�n�c�t�i�o�n�s� �a�r�e� 

�c�a�l�l�e�d� �o�u�t�_�e�v�a�l�_�i�d�(�)� �a�n�d� �i�n�_�e�v�a�l�_�i�d�(�)�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�s� �d�i�f�f�e�r� �f�r�o�m� �u�s�e�r�-�c�a�l�l�e�d� 

�O�U�T�s� �a�n�d� �I�N�s� �o�n�l�y� �i�n� �t�h�a�t� �t�h�e�y� �m�a�n�i�p�u�l�a�t�e� �a� �r�e�s�e�r�v�e�d� �a�r�e�a� �o�f� �T�u�p�l�e� �S�p�a�c�e� �w�h�i�c�h� �i�s� �n�o�t� 

�a�c�c�e�s�s�i�b�l�e� �t�o� �u�s�e�r� �o�p�e�r�a�t�i�o�n�s�.� �E�a�c�h� �E�V�A�L� �I�D� �t�u�p�l�e� �c�o�n�t�a�i�n�s� �a� �s�i�n�g�l�e� �i�n�t�e�g�e�r� �f�i�e�l�d� �w�h�i�c�h� 

�c�o�n�t�a�i�n�s� �t�h�e� �I�D� �o�f� �t�h�e� �E�V�A�L� �c�a�l�l�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�n�s�i�s�t�e�n�t� �s�t�r�u�c�t�u�r�e� �o�f� �a�l�l� �E�V�A�L� �I�D� 

�t�u�p�l�e�s�,� �o�u�t�_�e�v�a�l�_�i�d�(�)� �a�n�d� �i�n�_�e�v�a�l�_�i�d�(�)� �c�a�n� �b�e� �u�s�e�d� �a�s� �r�e�u�s�a�b�l�e� �i�m�p�l�e�m�e�n�t�a�-� 

�t�i�o�n�s� �o�f� �O�U�T� �a�n�d� �I�N� �o�p�e�r�a�t�i�o�n�s� �f�o�r� �m�a�n�i�p�u�l�a�t�i�n�g� �t�h�e� �s�p�e�c�i�a�l� �E�V�A�L� �I�D� �a�r�e�a� �o�f� �T�u�p�l�e� 

�S�p�a�c�e�.� 

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

�i�n�t�o� �r�e�a�l�_�m�a�i�n�(�)� �a�n�d� �c�a�s�e�_�m�a�i�n�(�)�.� �B�y� �o�r�g�a�n�i�z�i�n�g� �t�h�e� �c�o�d�e� �t�h�i�s� �w�a�y� �a�n�d� �t�r�a�n�s�f�e�r�-� 

�r�i�n�g� �E�V�A�L� �I�D�s� �t�h�r�o�u�g�h� �T�u�p�l�e� �S�p�a�c�e�,� �w�e� �h�a�v�e� �a�d�d�r�e�s�s�e�d� �t�h�e� �p�r�o�b�l�e�m� �o�f� �h�o�w� �t�o� �i�n�f�o�r�m� �a� 

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

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

�c�e�s�s� �o�b�t�a�i�n�s� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e�.� �B�y� �t�r�a�n�s�f�e�r�r�i�n�g� �E�V�A�L� �I�D�s� �t�h�r�o�u�g�h� �T�u�p�l�e� �S�p�a�c�e� �u�s�i�n�g� �L�i�n�-� 

�d�a ��s� �O�U�T� �a�n�d� �I�N� �o�p�e�r�a�t�i�o�n�s�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �t�a�k�e�s� �a�d�v�a�n�t�a�g�e� �o�f� �L�i�n�d�a ��s� �e�x�i�s�t�i�n�g� 

�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�)� �f�a�c�i�l�i�t�i�e�s�.� 

�4�.�4�  ��I�n�h�e�r�i�t�a�n�c�e �� �o�f� �t�h�e� �P�r�o�p�e�r� �E�x�e�c�u�t�i�o�n� �E�n�v�i�r�o�n�m�e�n�t� �b�y� �t�h�e� �N�e�w� �P�r�o�c�e�s�s� 

�A�s� �d�i�s�c�u�s�s�e�d�,� �w�h�e�n� �a� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s� �i�s� �i�n�s�t�a�n�t�i�a�t�e�d�,� �i�t� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �i�n�h�e�r�i�t� �t�h�e� �e�x�e�-� 

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

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�6



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

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

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

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

�a�r�g�u�m�e�n�t�s� �t�o� �t�h�e� �E�V�A�L� �c�a�l�l�.� �A�s� �w�i�t�h� �t�h�e� �E�V�A�L� �c�a�l�l� �I�D�,� �t�h�i�s� �a�r�g�u�m�e�n�t� �l�i�s�t� �c�a�n� �b�e� �O�U�T�-�e�d� 

�t�o� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� �t�h�e� �r�e�m�o�t�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �c�a�n� �l�a�t�e�r� �I�N� �t�h�e� �a�r�g�u�m�e�n�t�s�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� 

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

�t�h�e� �a�r�g�u�m�e�n�t� �l�i�s�t� �m�u�s�t� �b�e� �u�n�i�q�u�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �E�V�A�L� �c�a�l�l� �I�D� �b�e�f�o�r�e� 

�b�e�i�n�g� �s�e�n�t� �t�o� �T�u�p�l�e� �S�p�a�c�e�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �r�e�m�o�t�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �m�u�s�t� �u�s�e� �t�h�e� �E�V�A�L� �I�D� �i�n� 

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

�T�h�i�s� �a�s�s�o�c�i�a�t�i�o�n� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �p�r�e�p�e�n�d�i�n�g� �t�h�e� �E�V�A�L� �c�a�l�l� �I�D� �t�o� �t�h�e� �a�r�g�u�m�e�n�t� �l�i�s�t� 

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

�p�r�e�p�e�n�d�s� �t�h�e� �E�V�A�L� �I�D� �(�p�r�e�v�i�o�u�s�l�y� �r�e�t�r�i�e�v�e�d� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e� �w�i�t�h� �a�n� �I�N� �c�a�l�l�)� �t�o� �i�t�s� 

�r�e�q�u�e�s�t� �f�o�r� �t�h�e� �a�c�t�i�v�e� �t�u�p�l�e ��s� �a�r�g�u�m�e�n�t� �l�i�s�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �E�V�A�L� �I�D� �r�e�t�r�i�e�v�e�d� �b�y� �t�h�e� 

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

�w�h�o�s�e� �E�V�A�L� �I�D� �i�s� �1�.� 

�T�h�e� �c�o�d�e� �f�o�r� �t�h�e� �E�V�A�L� �c�a�l�l� �i�s� �c�o�n�c�e�p�t�u�a�l�l�y� �r�e�d�e�f�i�n�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�E�V�A�L�(� �t�u�p�l�e� �}� 

�i�s� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� 

�O�U�T�(� �E�V�A�L�_�i�d� �)� 

�O�U�T�(� �E�V�A�L�_�i�d�,� �t�u�p�l�e�_�f�i�e�l�d�s� �)� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�7



�T�h�e� �c�a�s�e�_�m�a�i�n�(�)� �c�o�d�e� �i�s� �t�h�e�n� �g�e�n�e�r�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�I�N�(� �?�E�V�A�L�_�i�d� �)� 

�s�w�i�t�c�h�(� �E�V�A�L�_�i�d� �)� �{� 

�c�a�s�e� �1�:� 

�I�N�(� �1�,� �?�t�u�p�l�e�_�i�_�f�i�e�l�d�s� �)� 

�O�U�T�(� �t�u�p�l�e�_�1� �)� 

�b�r�e�a�k� 

�c�a�s�e� �2�:� 

�I�N�(� �2�,� �?�t�u�p�l�e�_�2�_�f�i�e�l�d�s� �)� 

�O�U�T�(� �t�u�p�l�e�_�2� �)� 

�b�r�e�a�k� 

�I�t� �i�s� �e�s�s�e�n�t�i�a�l� �t�h�a�t� �t�h�e� �E�V�A�L� �c�a�l�l� �I�D�s� �b�e� �s�e�n�t� �t�o� �a�n�d� �r�e�t�r�i�e�v�e�d� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e� �s�e�p�a�r�a�t�e�l�y� 

�f�r�o�m� �t�h�e� �a�r�g�u�m�e�n�t� �l�i�s�t�s�.� �I�f� �t�h�e� �E�V�A�L�(�t�u�p�l�e�)� �c�a�l�l� �w�e�r�e� �i�m�p�l�e�m�e�n�t�e�d� �s�i�m�p�l�y� �a�s� 

�O�U�T�(�E�V�A�L�_�i�d�,� �t�u�p�l�e�_�f�i�e�l�d�s�)�,� �t�h�e�n� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�s�s� �w�o�u�l�d� �h�a�v�e� �n�o� �w�a�y� �o�f� 

�k�n�o�w�i�n�g� �w�h�i�c�h� �p�a�r�t�i�c�u�l�a�r� �I�N�(� �7�E�V�A�L�_�i�d�,� �?�t�u�p�l�e�_�f�i�e�l�d�s�)� �f�u�n�c�t�i�o�n� �t�o� �i�n�v�o�k�e� �t�h�a�t� 

�h�a�s� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�u�p�l�e� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� �N�o�t� �o�n�l�y� �m�u�s�t� �t�h�e� �E�V�A�L� �I�D� �m�a�t�c�h�,� �s�o� �m�u�s�t� �t�h�e� 

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

�p�r�o�c�e�s�s� �t�o� �f�i�r�s�t� �r�e�t�r�i�e�v�e� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� �I�D� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e�.� �I�f� �m�o�r�e� �t�h�a�n� �o�n�e� �a�c�t�i�v�e� �t�u�p�l�e� 

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

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

�b�y� �c�a�l�l�i�n�g� �t�h�e� �I�N�(�E�V�A�L�_�i�d�,� �?�t�u�p�l�e�_�f�i�e�l�d�s�)� �f�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� �m�a�t�c�h�i�n�g� �E�V�A�L� 

�I�D�.� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�8



�F�u�n�c�t�i�o�n� �a�r�g�u�m�e�n�t�s� �t�o� �E�V�A�L� �o�p�e�r�a�t�i�o�n�s� 

�A�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�1�,� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �i�s� �u�s�e�d� �i�n� �a� �L�i�n�d�a� �p�r�o�g�r�a�m� �t�o� �c�r�e�a�t�e� �c�o�n�-� 

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

�f�i�e�l�d�s� �o�f� �a�n� �E�V�A�L ��s� �a�r�g�u�m�e�n�t� �l�i�s�t� �i�s� �a� �c�a�l�l� �t�o� �a� �f�u�n�c�t�i�o�n�.� �T�h�i�s� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a�n�  ��E�V�A�L�-�e�d� 

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

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

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

�S�p�a�c�e� �t�o� �r�e�m�o�t�e� �p�r�o�c�e�s�s�e�s� �(�s�i�n�c�e� �a� �r�e�m�o�t�e� �p�r�o�c�e�s�s� �d�o�e�s� �n�o�t� �s�h�a�r�e� �c�o�d�e� �a�d�d�r�e�s�s� �s�p�a�c�e� �w�i�t�h� 

�t�h�e� �p�r�o�c�e�s�s� �w�h�i�c�h� �r�e�q�u�e�s�t�e�d� �i�t�s� �i�n�s�t�a�n�t�i�a�t�i�o�n�)�,� �o�n�l�y� �t�h�e� �v�a�l�u�e�s� �o�f� �a�n�y� �a�r�g�u�m�e�n�t�s� �t�o� �E�V�A�L�-� 

�e�d� �f�u�n�c�t�i�o�n�s� �(�a�l�o�n�g� �w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� �a�n�y� �n�o�n�-�f�u�n�c�t�i�o�n� �f�i�e�l�d�s�)� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �s�u�c�h� �a�n� 

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

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

�E�V�A�L�(� �£�(� �i�)� �)� 

�I�f� �w�e� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �I�D� �o�f� �t�h�i�s� �E�V�A�L� �c�a�l�l� �i�s� �3�,� �t�h�e�n� �t�h�i�s� �E�V�A�L� �c�a�l�l� �i�s� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �o�p�e�r�a�t�i�o�n�s�:� 

�O�U�T�{� �3� �)� 

�O�U�T�(� �3�,� �i� �)� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �3�9



�T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�a�s�e�_�m�a�i�n�(�)� �c�o�d�e� �w�o�u�l�d� �b�e�:� 

�I�N�(� �?�E�V�A�L�_�i�d� �)� 

�S�w�i�t�c�h�(� �E�V�A�L�_�i�d� �)� �{� 

�c�a�s�e� �3�:� 

�I�N�(� �3�,� �?�1�i� �)� 

�o�U�T�(� �f�£�(� �i�)� �)� 

�b�r�e�a�k� 

�N�o�t�e� �t�h�a�t� �t�h�e� �f�u�n�c�t�i�o�n� �t�o� �b�e� �E�V�A�L�-�e�d�,� �£�(�i�)�,� �a�p�p�e�a�r�s� �i�n� �t�h�e� �O�U�T� �o�p�e�r�a�t�i�o�n� �i�n� �t�h�e� 

�c�a�s�e�_�m�a�i�n�(�)� �c�o�d�e�,� �r�a�t�h�e�r� �t�h�a�n� �i�n� �t�h�e� �c�a�l�l� �t�o� �E�V�A�L�.� �T�h�e� �s�e�m�a�n�t�i�c�s� �o�f� �a�n� �O�U�T� �r�e�q�u�i�r�e� 

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

�S�p�a�c�e�.� �B�u�t�,� �t�h�i�s� �i�s� �e�x�a�c�t�l�y� �w�h�a�t� �w�e� �w�a�n�t� �b�e�c�a�u�s�e� �t�h�e� �r�e�m�o�t�e�l�y� �i�n�s�t�a�n�t�i�a�t�e�d� �p�r�o�c�e�s�s� �i�s� �e�x�e�-� 

�c�u�t�i�n�g� �t�h�e� �c�a�s�e�_�m�a�i�n�(�)� �c�o�d�e�.� 

�S�h�i�e�l�d�i�n�g� �E�V�A�L� �a�r�g�u�m�e�n�t� �l�i�s�t� �t�u�p�l�e�s� �f�r�o�m� �u�s�e�r� �o�p�e�r�a�t�i�o�n�s� 

�A�s� �w�i�t�h� �E�V�A�L� �I�D� �t�u�p�l�e�s�,� �E�V�A�L� �a�r�g�u�m�e�n�t� �l�i�s�t� �t�u�p�l�e�s� �m�u�s�t� �n�o�t� �b�e� �a�c�c�e�s�s�i�b�l�e� �t�o� �L�i�n�d�a� �o�p�e�r�-� 

�a�t�i�o�n�s� �i�n� �t�h�e� �u�s�e�r ��s� �p�r�o�g�r�a�m�.� �U�n�l�i�k�e� �E�V�A�L� �I�D� �t�u�p�l�e�s�,� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �e�a�c�h� �E�V�A�L� �a�r�g�u�-� 

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

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

�t�y�p�e�s� �o�f� �t�u�p�l�e� �f�i�e�l�d�s� �b�y� �g�e�n�e�r�a�t�i�n�g� �a� �n�e�w� �u�n�i�q�u�e� �C� �f�u�n�c�t�i�o�n� �f�o�r� �e�a�c�h� �L�i�n�d�a� �o�p�e�r�a�t�i�o�n�.� �W�e� 

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

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

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�0



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

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

�s�a�m�e� �d�a�t�a� �t�y�p�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�u�p�l�e� �s�e�t�.� 

�T�o� �s�h�i�e�l�d� �E�V�A�L� �a�r�g�u�m�e�n�t� �l�i�s�t� �t�u�p�l�e�s� �f�r�o�m� �u�s�e�r� �o�p�e�r�a�t�i�o�n�s�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �L�i�n�d�a� �c�o�m�p�i�l�e�r� 

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

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

�t�h�e� �E�V�A�L� �m�e�c�h�a�n�i�s�m�.� 

�4�.�5� �A� �M�o�r�e� �C�o�m�p�l�e�t�e� �E�x�a�m�p�l�e� 

�W�e� �c�a�n� �n�o�w� �d�e�m�o�n�s�t�r�a�t�e� �m�o�r�e� �p�r�e�c�i�s�e�l�y� �h�o�w� �a�n� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �w�i�l�l� �b�e� �t�r�a�n�s�l�a�t�e�d� �b�y� �t�h�e� 

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

�e�v�a�l�(� �f�(� �i�)� �)� 

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

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

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

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

�E�V�A�L� �o�p�e�r�a�t�i�o�n� �i�s�  ��n�e�w�_�e�v�a�l � ��.� �T�h�e� �c�a�l�l� �t�o� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �i�s� �t�h�e�n� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o�:� 

�n�e�w�_�e�v�a�l�(�{� �i� �)� 

�I�f� �t�h�i�s� �E�V�A�L� �o�p�e�r�a�t�i�o�n ��s� �I�D� �i�s� �6�,� �t�h�e�n� �t�h�e� �n�e�w�_�e�v�a�l�(�)� �f�u�n�c�t�i�o�n� �i�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� 

�c�o�m�p�i�l�e�r� �a�s� �f�o�l�l�o�w�s�:� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�1



�n�e�w�_�e�v�a�l� �(� �i�n�t� �a�r�g�l� �)� �{� 

�o�u�t�_�e�v�a�l�_�i�d�(� �6� �)�;� 

�n�e�w�_�e�v�a�l�_�a�(� �a�r�g�l� �)�;� 

�A�s� �d�e�s�c�r�i�b�e�d�,� �t�h�e� �o�u�t�_�e�v�a�l�_�i�d�(�)� �f�u�n�c�t�i�o�n� �s�e�n�d�s� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n ��s� �I�D� �t�o� �T�u�p�l�e� 

�S�p�a�c�e�:� 

�o�u�t�_�e�v�a�l�_�i�d�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �a�r�g�l�;� 

�o�u�t�_�e�v�a�l�(� �&�t� �)�;� 

�o�u�t�_�e�v�a�l� �(�)� �i�s� �o�n�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �L�i�n�d�a� �r�u�n� �t�i�m�e� �l�i�b�r�a�r�y� �w�h�i�c�h� �u�s�e�s� �D�-�K�e�r�n�e�l ��s� 

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

�r�e�s�e�r�v�e�d� �E�V�A�L� �a�r�e�a� �o�f� �T�u�p�l�e� �S�p�a�c�e� �a�n�d� �w�r�i�t�e�s� �t�h�e� �r�e�q�u�e�s�t� �t�o� �t�h�e� �s�o�c�k�e�t�.� 

�T�h�e� �n�e�w�_�e�v�a�l�_�a�(�)� �f�u�n�c�t�i�o�n� �i�s� �a�l�s�o� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �c�o�m�p�i�l�e�r�.� �I�t� �s�e�n�d�s� �t�h�e� �E�V�A�L ��s� 

�a�r�g�u�m�e�n�t� �l�i�s�t� �t�o� �T�u�p�l�e� �S�p�a�c�e� �a�s� �f�o�l�l�o�w�s�:� 

�n�e�w�_�e�v�a�l�_�a�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �2�;� 

�t�.�f�i�e�l�d�[�1�]� �6�;� 

�t�.�f�i�e�l�d�[�2�]� �a�r�g�l�;� 

�o�u�t�_�p�a�r�t�i�t�i�o�n�(� �&�t� �)�;� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�2



�N�o�t�i�c�e� �t�h�a�t� �t�h�e� �E�V�A�L� �I�D� �6� �h�a�s� �b�e�e�n� �i�n�s�e�r�t�e�d� �i�n�t�o� �t�h�i�s� �t�u�p�l�e� �a�t� �f�i�e�l�d� �p�o�s�i�t�i�o�n� �1�.� �S�i�m�i�l�a�r� �t�o� 

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

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

�l�o�g�i�c�a�l� �p�a�r�t�i�t�i�o�n�s� �o�f� �T�u�p�l�e� �S�p�a�c�e�.� �T�h�e�s�e� �p�a�r�t�i�t�i�o�n�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �5�.� 

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

�c�a�s�e�_�m�a�i�n�(�)� �{� 

�i�n�t� �o�p�_�i�d�;� 

�i�n�_�e�v�a�l�_�i�d�(� �&�o�p�_�i�d� �)�;� 

�s�w�i�t�c�h�(� �o�p�_�i�d� �)� �{� 

�c�a�s�e� �6�:� �{� 

�i�n�t� �a�r�g�l�;� 

�n�e�w�_�e�v�a�l�_�b�(� �&�a�r�g�l� �)�;� 

�n�e�w�_�e�v�a�l�_�c�(� �a�r�g�l� �)�;� 

�b�r�e�a�k�;� 

�d�e�f�a�u�l�t�:� 

�b�r�e�a�k�;� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�3



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

�E�V�A�L� �o�p�e�r�a�t�i�o�n� �I�D� �f�r�o�m� �t�h�e� �E�V�A�L� �a�r�e�a� �o�f� �T�u�p�l�e� �S�p�a�c�e�:� 

�i�n�_�e�v�a�l�_�i�d�(� �i�n�t� �*�a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �a�r�g�l�;� 

�i�n�_�e�v�a�l�(� �&�t� �)�;� 

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

�f�i�e�l�d�.� �W�h�e�n� �i�n�_�e�v�a�l�(�)� �r�e�t�u�r�n�s�,� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �p�o�i�n�t�e�d� �t�o� �b�y� �a�r�g�i� �i�s� �t�h�e� 

�E�V�A�L� �I�D� �o�f� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� �w�a�i�t�i�n�g� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �n�e�w�_�e�v�a�l�_�b�(�)� �f�u�n�c�t�i�o�n� �i�s� �t�h�e� �c�o�u�n�t�e�r�p�a�r�t� �t�o� �n�e�w�_�e�v�a�l�_�a�(�)�.� �I�t� 

�r�e�t�r�i�e�v�e�s� �t�h�e� �E�V�A�L� �o�p�e�r�a�t�i�o�n ��s� �a�r�g�u�m�e�n�t� �l�i�s�t� �f�r�o�m� �T�S�.� 

�n�e�w�_�e�v�a�l�_�b�(� �i�n�t� �*�a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �2�;� 

�t�.�f�i�e�l�d�[�1�]� �U� �o
�7

� 

�t�.�f�i�e�l�d�[�2�]� �a�r�g�l�;� 

�i�n�_�p�a�r�t�i�t�i�o�n�(� �&�t� �)�;� 

�A�g�a�i�n�,� �t�h�e� �f�i�r�s�t� �f�i�e�l�d� �o�f� �t�h�e� �t�e�m�p�l�a�t�e� �i�s� �t�h�e� �E�V�A�L� �I�D�.� �T�h�e� �s�e�c�o�n�d� �f�i�e�l�d� �i�s� �a� �f�o�r�m�a�l� �f�i�e�l�d� 

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

�t�u�p�l�e� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� 

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�4



�F�i�n�a�l�l�y�,� �t�h�e� �n�e�w�_�e�v�a�l�_�c�(�)� �f�u�n�c�t�i�o�n� �a�c�t�u�a�l�l�y� �e�v�a�l�u�a�t�e�s� �t�h�e� �n�e�w�l�y� �r�e�t�r�i�e�v�e�d� �a�c�t�i�v�e� �t�u�p�l�e�,� 

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

�n�e�w�_�e�v�a�l�_�c�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �f�(� �a�r�g�l� �)�;� 

�o�u�t�_�p�a�r�t�i�t�i�o�n�(� �&�t� �)�;� 

�T�h�i�s� �e�x�a�m�p�l�e� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� �e�a�c�h� �E�V�A�L� �o�p�e�r�a�t�i�o�n� �i�n� �a� �L�i�n�d�a� �p�r�o�g�r�a�m� �i�s� �t�r�a�n�s�f�o�r�m�e�d� 

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

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�T�h�e� �o�r�i�g�i�n�a�l� �E�V�A�L� �c�a�l�l� �i�s� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �a� �c�a�l�l� �t�o� �a� �n�e�w� �f�u�n�c�t�i�o�n�,� �w�h�i�c�h� �w�e� �r�e�f�e�r� �t�o� 

�a�s� �n�e�w�_�e�v�a�l�(�)�.� �T�h�e� �n�e�w�_�e�v�a�l�(�)� �f�u�n�c�t�i�o�n� �c�a�l�l�s� �o�u�t�_�e�v�a�l�_�i�d�(�)� �a�n�d� 

�n�e�w�_�e�v�a�l�_�a�(�)�.� 

�T�h�e� �n�e�w�_�e�v�a�l�_�a�(�)� �f�u�n�c�t�i�o�n� �s�e�n�d�s� �t�h�e� �E�V�A�L ��s� �a�r�g�u�m�e�n�t� �l�i�s�t� �t�o� �T�S�.� 

�T�h�e� �n�e�w�_�e�v�a�l�_�b�/�(�)� �f�u�n�c�t�i�o�n� �r�e�t�r�i�e�v�e�s� �t�h�e� �E�V�A�L ��s� �a�r�g�u�m�e�n�t� �l�i�s�t� �f�r�o�m� �T�S�.� 

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

�p�a�s�s�i�v�e� �t�u�p�l�e� �i�n� �T�S�.� 

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

�c�a�s�e�_�m�a�i�n�(�)�.� �T�h�i�s� �c�a�s�e� �c�o�d�e� �a�c�t�u�a�l�l�y� �c�a�l�l�s� �n�e�w�_�e�v�a�l�_�b�(�)� �a�n�d� �n�e�w�_�e�v�a�l�_�c�(�)�.� 

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

�t�o� �t�r�a�n�s�f�e�r� �t�h�e� �n�e�c�e�s�s�a�r�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �t�o� �n�e�w� �r�e�m�o�t�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s�.� 

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

�R�e�m�o�t�e� �P�r�o�c�e�s�s� �I�n�s�t�a�n�t�i�a�t�i�o�n� �a�n�d� �E�x�e�c�u�t�i�o�n� �4�5



�5�.�0� �D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� 

�T�h�i�s� �c�h�a�p�t�e�r� �p�r�e�s�e�n�t�s� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N ��s� �d�a�t�a� �s�u�b�s�y�s�t�e�m�.� �S�e�c�t�i�o�n� �5�.�1� 

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

�d�e�s�c�r�i�b�e�s� �t�h�e� �p�u�r�p�o�s�e� �a�n�d� �d�e�s�i�g�n� �o�f� �L�-�K�e�r�n�e�l�.� �F�i�n�a�l�l�y�,� �S�e�c�t�i�o�n� �5�.�3� �d�i�s�c�u�s�s�e�s� �i�s�s�u�e�s� �r�e�l�a�t�e�d� 

�t�o� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s�,� �L�-�K�e�r�n�e�l�,� �a�n�d� �T�S�-�M�a�n�.� 

�5�.�1� �T�S�-�M�a�n� �a�n�d� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� 

�A�s� �s�t�a�t�e�d� �i�n� �4�.�1�.�1�,� �t�h�e� �T�S�-�M�a�n� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N ��s� �d�a�t�a� �s�u�b�s�y�s�t�e�m� �w�a�s� �m�o�d�-� 

�e�l�e�d� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �D�-�K�e�r�n�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n ��s� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r�.� �T�h�i�s� �s�e�c�t�i�o�n� �l�i�s�t�s� 

�t�h�e� �m�a�j�o�r� �f�u�n�c�t�i�o�n�s� �o�f� �T�S�-�M�a�n� �a�n�d� �p�r�o�v�i�d�e�s� �a�n� �o�v�e�r�v�i�e�w� �o�f� �i�t�s� �c�o�d�e� �o�r�g�a�n�i�z�a�t�i�o�n�.� �N�e�x�t�,� 

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

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

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

�F�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �T�S�-�M�a�n� �c�o�m�p�o�n�e�n�t� 

�¢� �A�c�c�e�p�t� �c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t�s� �f�r�o�m� �L�-�K�e�r�n�e�l�s�.� �T�h�e�s�e� �c�o�n�n�e�c�t�i�o�n�s� �a�r�e� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �p�a�r�t� 

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

�b�e�g�i�n�s� �e�x�e�c�u�t�i�o�n�.� �(�D�a�t�a� �s�u�b�s�y�s�t�e�m� �s�t�a�r�t�u�p� �i�s� �d�e�t�a�i�l�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.�)� 

�¢� �A�c�c�e�p�t� �a�n�d� �s�e�r�v�i�c�e� �r�e�q�u�e�s�t�s� �f�o�r� �a�c�c�e�s�s� �t�o� �T�u�p�l�e� �S�p�a�c�e�.� �T�h�e�s�e� �r�e�q�u�e�s�t�s� �o�r�i�g�i�n�a�t�e� �w�i�t�h� 

�L�i�n�d�a� �p�r�o�c�e�s�s�e�s�,� �a�n�d� �a�r�e� �f�o�r�w�a�r�d�e�d� �t�o� �T�S�-�M�a�n� �b�y� �t�h�e� �L�-�K�e�r�n�e�l�s�.� 

�¢� �N�o�t�i�f�y� �L�-�M�a�n� �o�f� �t�h�e� �a�r�r�i�v�a�l� �o�f� �a�l�l� �a�c�t�i�v�e� �t�u�p�l�e�s�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �4�6



�O�v�e�r�a�l�l� �D�e�s�i�g�n� �o�f� �T�S�-�M�a�n� 

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

�p�s�e�u�d�o�c�o�d�e�:� 

�w�h�i�l�e� �(� �n�o�t� �d�o�n�e� �)� �{� 

�s�e�l�e�c�t�(� �s�e�t� �o�f� �c�o�n�n�e�c�t�e�d� �L�-�K�e�r�n�e�l� �s�o�c�k�e�t�s� �)� 

�f�o�r� �(� �e�a�c�h� �L�-�K�e�r�n�e�l� �s�o�c�k�e�t� �)� �{� 

�i�f� �(� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �o�n� �s�o�c�k�e�t� �)� �{� 

�s�e�r�v�i�c�e�_�r�e�q�u�e�s�t�(� �s�o�c�k�e�t� �)�}� 

�T�S�-�M�a�n� �w�a�i�t�s� �f�o�r� �d�a�t�a� �t�o� �a�r�r�i�v�e� �f�r�o�m� �a�n�y� �o�f� �t�h�e� �c�o�n�n�e�c�t�e�d� �L�-�K�e�r�n�e�l�s�.� �W�h�e�n� �d�a�t�a� �a�r�r�i�v�e�s� 

�o�n� �a�n�y� �s�o�c�k�e�t�,� �s�e�l�e�c�t� �(�)� �r�e�t�u�r�n�s� �a�n�d� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s� �r�e�q�u�e�s�t�s� �o�n� �a�l�l� �s�o�c�k�e�t�s� �w�h�i�c�h� 

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

�L�i�n�d�a� �p�r�o�c�e�s�s�e�s�,� �i�n�c�l�u�d�i�n�g� �I�N�,� �R�D�,� �O�U�T�,� �a�n�d� �E�V�A�L�:� 

�¢� �W�h�e�n� �T�S�-�M�a�n� �r�e�c�e�i�v�e�s� �a�n� �I�N� �o�r� �R�D� �r�e�q�u�e�s�t�,� �i�t� �s�e�a�r�c�h�e�s� �T�u�p�l�e� �S�p�a�c�e� �f�o�r� �a� �m�a�t�c�h�i�n�g� 

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

�r�e�m�a�i�n�s� �u�n�t�i�l� �a� �m�a�t�c�h�i�n�g� �t�u�p�l�e� �a�r�r�i�v�e�s� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� 

�¢� �W�h�e�n� �T�S�-�M�a�n� �r�e�c�e�i�v�e�s� �a�n� �O�U�T� �r�e�q�u�e�s�t�,� �i�t� �f�i�r�s�t� �c�h�e�c�k�s� �t�h�e� �w�a�i�t� �l�i�s�t�s� �f�o�r� �m�a�t�c�h�i�n�g� �R�D� 

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

�t�h�e�n� �T�S�-�M�a�n� �p�l�a�c�e�s� �i�t� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� 

�e� �W�h�e�n� �T�S�-�M�a�n� �r�e�c�e�i�v�e�s� �a�n� �E�V�A�L� �r�e�q�u�e�s�t�,� �i�t� �p�l�a�c�e�s� �t�h�e� �n�e�w� �t�u�p�l�e� �i�n� �t�h�e� �r�e�s�e�r�v�e�d� 

�E�V�A�L� �I�D� �a�r�e�a� �o�f� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� �s�e�n�d�s� �n�o�t�i�f�i�c�a�t�i�o�n� �t�o� �L�-�M�a�n� �t�h�a�t� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� 

�a�w�a�i�t�s� �e�v�a�l�u�a�t�i�o�n� �i�n� �T�S�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �4�7



�T�S�-�M�a�n ��s� �r�e�q�u�e�s�t� �s�e�r�v�i�c�i�n�g� �f�u�n�c�t�i�o�n� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�s�e�u�d�o�c�o�d�e�:� 

�s�e�r�v�i�c�e�_�r�e�q�u�e�s�t�(�)� �{� 

�r�e�a�d� �r�e�q�u�e�s�t� �f�r�o�m� �s�o�c�k�e�t� 

�i�f� �(� �r�e�q�u�e�s�t� �=�=� �(�I�N� �o�r� �R�D�)� �)� �{� 

�i�f� �(� �a� �m�a�t�c�h�i�n�g� �t�u�p�l�e� �i�s� �f�o�u�n�d� �i�n� �T�S� �)� 

�r�e�t�u�r�n� �m�a�t�c�h�i�n�g� �t�u�p�l�e� 

�e�l�s�e� 

�p�l�a�c�e� �r�e�q�u�e�s�t� �o�n� �a�p�p�r�o�p�r�i�a�t�e� �w�a�i�t� �l�i�s�t� �(�I�N� �o�r� �R�D�)� 

�e�l�s�e� �i�f� �(� �r�e�q�u�e�s�t� �=�=� �O�U�T� �)� �{� 

�f�o�r� �(� �e�a�c�h� �r�e�q�u�e�s�t� �o�n� �t�h�e� �R�D� �w�a�i�t� �l�i�s�t� �)� �{� 

�i�f� �(� �n�e�w� �t�u�p�l�e� �m�a�t�c�h�e�s� �R�D� �r�e�q�u�e�s�t� �)� 

�r�e�t�u�r�n� �c�o�p�y� �o�f� �n�e�w� �t�u�p�l�e� 

�}� 

�i�f� �{� �a� �m�a�t�c�h�i�n�g� �r�e�q�u�e�s�t� �i�s� �f�o�u�n�d� �o�n� �t�h�e� �I�N� �w�a�i�t� �l�i�s�t� �)� 

�r�e�t�u�r�n� �n�e�w� �t�u�p�l�e� 

�e�l�s�e� 

�p�l�a�c�e� �n�e�w� �t�u�p�l�e� �i�n� �T�S� 

�}� 

�e�l�s�e� �{� �/�*�-�-�-� �(� �r�e�q�u�e�s�t� �=�=� �E�V�A�L� �)� �-�-�-�*�/� 

�p�l�a�c�e� �n�e�w� �t�u�p�l�e� �i�n� �E�V�A�L� �a�r�e�a� �o�f� �T�S� 

�n�o�t�i�f�y� �L�-�M�a�n� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �4�8



�T�u�p�l�e� �S�p�a�c�e� �P�a�r�t�i�t�i�o�n�s� 

�A�s� �d�i�s�c�u�s�s�e�d� �i�n� �s�e�c�t�i�o�n� �4�.�4�,� �t�h�e� �Y�a�l�e� �a�n�d� �D�-�K�e�r�n�e�l� �s�y�s�t�e�m�s �� �L�i�n�d�a� �c�o�m�p�i�l�e�r� �p�l�a�c�e�s� �L�i�n�d�a� 

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

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

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

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

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

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

�Q�u�e�u�e�,� �a�n�d� �H�a�s�h�.� 

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

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

�o�u�g�h� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �i�n�t�e�r�n�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �T�u�p�l�e� �S�p�a�c�e� �i�n� �[�S�C�H�C�9�3�]�.� 

�S�e�c�t�i�o�n� �4�.�3� �i�n�t�r�o�d�u�c�e�s� �a� �r�e�s�e�r�v�e�d� �a�r�e�a� �o�f� �T�u�p�l�e� �S�p�a�c�e�,� �w�h�i�c�h� �i�s� �u�s�e�d� �o�n�l�y� �f�o�r� �E�V�A�L� �I�D� 

�t�u�p�l�e�s�.� �T�h�i�s� �r�e�s�e�r�v�e�d� �a�r�e�a� �i�s� �a�c�t�u�a�l�l�y� �a� �f�o�u�r�t�h� �T�u�p�l�e� �S�p�a�c�e� �p�a�r�t�i�t�i�o�n�:� �t�h�e� �E�v�a�l� �P�a�r�t�i�t�i�o�n�.� 

�S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� 

�S�i�n�c�e� �T�u�p�l�e� �S�p�a�c�e� �i�s� �a�l�r�e�a�d�y� �d�i�v�i�d�e�d� �i�n�t�o� �d�i�s�j�o�i�n�t� �p�a�r�t�i�t�i�o�n�s� �i�n� �t�h�e� �Y�a�l�e� �a�n�d� �D�-�K�e�r�n�e�l� 

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

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

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

�S�p�a�c�e�.� �R�u�n�n�i�n�g� �e�a�c�h� �o�f� �t�h�e�s�e� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s� �o�n� �a� �s�e�p�a�r�a�t�e� �m�a�c�h�i�n�e� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N� 

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

�L�i�n�d�a� �p�r�o�c�e�s�s� �c�a�n� �a�c�c�e�s�s� �t�h�e� �Q�u�e�u�e� �P�a�r�t�i�t�i�o�n� �w�h�i�l�e� �a�n�o�t�h�e�r� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� 

�a�c�c�e�s�s�e�s� �t�h�e� �H�a�s�h� �P�a�r�t�i�t�i�o�n�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �4�9



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

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

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

�T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s� �w�i�t�h� �t�h�e� �L�-�K�e�r�n�e�l�s�,� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�,� �a�n�d� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�l� �s�u�b�s�y�s�t�e�m� 

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

�s�e�c�t�i�o�n� �5�.�3�.� 

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

�s�y�s�t�e�m�.� 

�5�.�2� �L�-�K�e�r�n�e�l� 

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

�o�f� �t�h�e� �d�a�t�a� �s�u�b�s�y�s�t�e�m�,� �a�n�d� �d�e�s�c�r�i�b�e�s� �h�o�w� �L�-�K�e�r�n�e�l� �h�a�n�d�l�e�s� �c�o�m�m�a�n�d�s� �a�n�d� �r�e�q�u�e�s�t�s�.� 

�F�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �L�-�K�e�r�n�e�l� �c�o�m�p�o�n�e�n�t� 

�W�e� �s�t�a�t�e�d� �i�n� �3�.�2�.�3� �t�h�a�t� �t�h�e� �p�r�i�m�a�r�y� �p�u�r�p�o�s�e� �o�f� �t�h�e� �L�-�K�e�r�n�e�l� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �d�a�t�a� �s�u�b�-� 

�s�y�s�t�e�m� �i�s� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�e�a�m� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n�s� �r�e�q�u�i�r�e�d� �b�e�t�w�e�e�n� �T�S�-�M�a�n� 

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

�c�e�s�s�e�s�,� �a�n�d� �d�e�m�u�l�t�i�p�l�e�x�i�n�g� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �T�S�-�M�a�n�.� �T�h�a�t� �i�s�,� �a�l�l� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �e�x�e�c�u�t�i�n�g� 

�o�n� �a� �L�i�n�d�a�-�L�A�N� �m�a�c�h�i�n�e� �s�e�n�d� �t�h�e�i�r� �r�e�q�u�e�s�t�s� �f�o�r� �T�u�p�l�e� �S�p�a�c�e� �a�c�c�e�s�s� �t�o� �L�-�K�e�r�n�e�l�.� 

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e�s�e� �r�e�q�u�e�s�t�s� �f�r�o�m� �m�u�l�t�i�p�l�e� �s�o�c�k�e�t�s� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e�m� �t�o� �T�S�-�M�a�n� �o�n� �a� 

�s�i�n�g�l�e� �s�o�c�k�e�t� �(�o�r� �o�n� �o�n�e� �s�o�c�k�e�t� �p�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s� �i�n� �t�h�e� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �s�y�s�t�e�m�)�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�0
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�c�s� �Q�u�e�u�e� �H�a�s�h� 
�T�S�-�M�a�n� �T�S�-�M�a�n� �T�S�-�M�a�n� 

�S�t�r�e�a�m� �s�o�c�k�e�t�s� 

�F�e� �e�e�e� �e�e�e� �c�o�n�t�r�o�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �Q� �=� �L�i�n�d�a� �P�r�o�c�e�s�s� 
�d�a�t�a� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�w�e�e�r�r�-�-� �c�o�n�t�r�o�l�/�d�a�t�a� �i�n�t�e�r�f�a�c�e� � � � � � � 

�F�i�g�u�r�e� �5�.�1�.� �C�o�n�c�e�p�t�u�a�l� �t�o�p�o�l�o�g�y� �o�f� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �L�i�n�d�a�-�L�A�N� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�1



�O�v�e�r�a�l�l� �D�e�s�i�g�n� �o�f� �L�-�K�e�r�n�e�l� 

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

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

�e� �L�-�C�o�m� �-� �L�-�K�e�r�n�e�l� �r�e�c�e�i�v�e�s� �s�e�v�e�r�a�l� �c�o�m�m�a�n�d�s� �f�r�o�m� �L�-�C�o�m�,� �i�n�c�l�u�d�i�n�g� 

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

�e� �T�S�-�M�a�n� �-� �L�-�K�e�r�n�e�l� �f�o�r�w�a�r�d�s� �a�l�l� �t�u�p�l�e�s� �a�n�d� �r�e�q�u�e�s�t�s� �f�o�r� �t�u�p�l�e�s� �t�o� �T�S�-�M�a�n� 

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

�t�h�i�s� �s�o�c�k�e�t�.� 

�¢� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �-� �L�-�K�e�r�n�e�l� �h�a�s� �a� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n� �t�o� �e�a�c�h� �L�i�n�d�a� �p�r�o�c�e�s�s� �o�n� �t�h�e� 

�m�a�c�h�i�n�e� �o�n� �w�h�i�c�h� �L�-�K�e�r�n�e�l� �i�s� �r�u�n�n�i�n�g�.� 

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

�w�h�i�l�e� �(� �n�o�t� �d�o�n�e� �)� �{� 

�s�e�l�e�c�t� �(� �s�e�t� �o�f� �c�o�n�n�e�c�t�e�d� �s�o�c�k�e�t�s� �)� �{� 

�i�f� �(� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �L�-�C�o�m� �)� 

�s�e�r�v�i�c�e� �L�-�C�o�m� �s�o�c�k�e�t� 

�i�f� �(� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �T�S�-�M�a�n� �)� 

�s�e�r�v�i�c�e� �T�S�-�M�a�n� �s�o�c�k�e�t� 

�f�o�r� �(� �e�a�c�h� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�o�c�k�e�t� �)� 

�i�f� �(� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�o�c�k�e�t� �)� 

�s�e�r�v�i�c�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�o�c�k�e�t� 

�L�-�K�e�r�n�e�l� �w�a�i�t�s� �f�o�r� �d�a�t�a� �t�o� �a�r�r�i�v�e� �f�r�o�m� �a�n�y� �o�f� �t�h�e� �c�o�n�n�e�c�t�e�d� �p�r�o�c�e�s�s�e�s�.� �W�h�e�n� �d�a�t�a� �a�r�r�i�v�e�s� 

�o�n� �a�n�y� �s�o�c�k�e�t�,� �s�e�l�e�c�t� �(�)� �r�e�t�u�r�n�s� �a�n�d� �L�-�K�e�r�n�e�l� �p�r�o�c�e�s�s�e�s� �r�e�q�u�e�s�t�s� �o�n� �a�l�l� �s�o�c�k�e�t�s� �w�h�i�c�h� 

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

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�2



�L�-�K�e�r�n�e�l� �s�e�r�v�i�c�e�s� �i�t�s� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�r�d�e�r�:� 

�(�1�)� �L�-�C�o�m� �s�o�c�k�e�t� 

�(�2�)� �T�S�-�M�a�n� �s�o�c�k�e�t� 

�(�3�)� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�o�c�k�e�t�s� 

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

�d�a�t�a� �a�r�r�i�v�i�n�g� �f�r�o�m� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �p�r�o�c�e�s�s�e�s� �(�L�-�C�o�m�,� �T�S�-�M�a�n�,� �a�n�d� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s�)�.� 

 ��H�a�n�d�l�e� �A�c�t�i�v�e� �T�u�p�l�e �� �c�o�m�m�a�n�d� �f�r�o�m� �L�-�C�o�m� 

�A�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �4�.�2�,� �w�h�e�n� �L�-�K�e�m�e�l� �r�e�c�e�i�v�e�s� �a� �h�a�n�d�l�e� �a�c�t�i�v�e� �t�u�p�l�e� �c�o�m�m�a�n�d� �f�r�o�m� 

�i�t�s� �L�-�C�o�m�,� �i�t� �c�a�l�l�s� �t�h�e� �U�n�i�x� �f�o�r�k�(�)� �s�y�s�t�e�m� �c�a�l�l� �t�o� �c�r�e�a�t�e� �a� �c�o�p�y� �o�f� �i�t�s�e�l�f�.� �T�h�e� �o�r�i�g�i�n�a�l� 

�(�p�a�r�e�n�t�)� �L�-�K�e�r�n�e�l� �r�e�t�u�r�n�s� �t�o� �s�e�r�v�i�c�e� �t�h�e� �n�e�x�t� �s�o�c�k�e�t�.� �T�h�e� �n�e�w�l�y� �c�r�e�a�t�e�d� �(�c�h�i�l�d�)� �c�o�p�y� �o�f� 

�L�-�K�e�r�n�e�l� �c�l�o�s�e�s� �a�l�l� �i�t�s� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n�s� �(�s�i�n�c�e� �i�t� �i�n�h�e�r�i�t�s� �t�h�e�s�e� �f�r�o�m� �t�h�e� �p�a�r�e�n�t� �p�r�o�c�e�s�s�)�,� 

�a�n�d� �t�h�e�n� �i�m�m�e�d�i�a�t�e�l�y� �i�n�v�o�k�e�s� �t�h�e� �U�n�i�x� �e�x�e�c�l�(�)� �s�y�s�t�e�m� �c�a�l�l� �t�o� �r�e�p�l�a�c�e� �t�h�e� �L�-�K�e�r�n�e�l� 

�c�o�d�e� �w�i�t�h� �L�i�n�d�a� �p�r�o�c�e�s�s� �c�o�d�e�.� 

�H�e�a�d�e�r� �a�n�d� �D�a�t�a� �P�a�c�k�e�t�s� 

�O�n�e� �o�f� �L�-�K�e�r�n�e�l ��s� �m�a�i�n� �t�a�s�k�s� �i�s� �t�o� �h�a�n�d�l�e� �r�e�q�u�e�s�t�s� �f�r�o�m� �b�o�t�h� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �a�n�d� 

�T�S�-�M�a�n�.� �B�e�f�o�r�e� �d�i�s�c�u�s�s�i�n�g� �L�-�K�e�r�n�e�l ��s� �h�a�n�d�l�i�n�g� �o�f� �t�h�e�s�e� �r�e�q�u�e�s�t�s�,� �i�t� �s�h�o�u�l�d� �b�e� �m�a�d�e� �c�l�e�a�r� 

�t�h�a�t� �e�a�c�h� �r�e�q�u�e�s�t� �f�r�o�m� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �(�w�h�e�t�h�e�r� �t�u�p�l�e� �o�r� �t�e�m�p�l�a�t�e�)� �a�n�d� �e�a�c�h� �r�e�s�p�o�n�s�e� �f�r�o�m� 

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

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

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

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�3



�(�1�)� �R�e�a�d� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t�,� �w�h�i�c�h� �i�s� �a�l�w�a�y�s� �t�h�e� �s�a�m�e� �s�i�z�e� 

�(�2�)� �E�x�t�r�a�c�t� �t�h�e� �h�e�a�d�e�r ��s� �f�i�e�l�d� �w�h�i�c�h� �s�p�e�c�i�f�i�e�s� �t�h�e� �l�e�n�g�t�h� �(�i�n� �b�y�t�e�s�)� �o�f� �t�h�e� �d�a�t�a� �p�a�c�k�e�t�,� 

�(�3�)� �R�e�a�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �p�a�c�k�e�t� �b�y�t�e�s� �f�r�o�m� �t�h�e� �s�o�c�k�e�t� 

�(�4�)� �I�f� �n�e�c�e�s�s�a�r�y�,� �r�e�c�o�n�s�t�r�u�c�t� �t�h�e� �t�u�p�l�e� �o�r� �t�e�m�p�l�a�t�e�.� 

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

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

�a�t�t�e�m�p�t� �t�o� �r�e�a�d� �f�r�o�m� �a� �s�o�c�k�e�t� �f�o�r� �e�a�c�h� �r�e�q�u�e�s�t�.� 

�L�-�K�e�r�n�e�l ��s� �H�a�n�d�l�i�n�g� �o�f� �R�e�q�u�e�s�t�s� 

�W�h�e�n� �L�-�K�e�r�n�e�l� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �a� �r�e�q�u�e�s�t� �i�s� �w�a�i�t�i�n�g� �t�o� �b�e� �r�e�a�d� �f�r�o�m� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �o�r� 

�f�r�o�m� �T�S�-�M�a�n�,� �i�t� �s�e�r�v�i�c�e�s� �t�h�a�t� �r�e�q�u�e�s�t� �b�y� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�q�u�e�n�c�e� �o�f� �a�c�t�i�o�n�s�:� 

�(�1�)� �R�e�a�d� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �f�r�o�m� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�o�c�k�e�t�,� 

�(�2�)� �F�o�r�w�a�r�d� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� �p�r�o�c�e�s�s� �b�y� �w�r�i�t�i�n�g� �i�t� �t�o� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �s�o�c�k�e�t�,� 

�(�3�)� �R�e�a�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �n�u�m�b�e�r� �o�f� �d�a�t�a� �p�a�c�k�e�t� �b�y�t�e�s� �f�r�o�m� �t�h�e� �s�o�c�k�e�t� �i�n�t�o� �a�n� 

�u�n�s�t�r�u�c�t�u�r�e�d� �b�l�o�c�k� �o�f� �m�e�m�o�r�y�,� 

�(�4�)� �F�o�r�w�a�r�d� �t�h�e� �d�a�t�a� �p�a�c�k�e�t� �t�o� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

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

�¢� �I�t� �e�x�p�l�o�i�t�s� �c�o�n�c�u�r�r�e�n�c�y� �b�y� �s�e�n�d�i�n�g� �a� �r�e�q�u�e�s�t ��s� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� �p�r�o�c�e�s�s� 

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

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�4



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

�b�y� �L�-�K�e�r�n�e�l�.� 

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

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

�A�s� �a�r�e�s�u�l�t�,� �L�-�K�e�r�n�e�l� �c�a�n� �f�o�r�w�a�r�d� �d�a�t�a� �m�o�r�e� �q�u�i�c�k�l�y�.� 

�5�.�3�.� �I�n�t�e�r�a�c�t�i�o�n� �B�e�t�w�e�e�n� �D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� 

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

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

�¢� �D�i�r�e�c�t�i�n�g� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �T�S�-�M�a�n� �b�a�c�k� �t�o� �t�h�e� �p�r�o�p�e�r� �L�i�n�d�a� �p�r�o�c�e�s�s�.� 

�e� �A�d�a�p�t�i�n�g� �L�-�K�e�r�n�e�l� �a�n�d� �T�S�-�M�a�n� �t�o� �t�h�e� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �v�e�r�s�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m� 

�D�i�r�e�c�t�i�n�g� �R�e�s�p�o�n�s�e�s� �f�r�o�m� �T�S�-�M�a�n� �B�a�c�k� �t�o� �t�h�e� �P�r�o�p�e�r� �L�i�n�d�a� �P�r�o�c�e�s�s� 

�T�h�e� �D�-�K�e�r�n�e�l� �s�y�s�t�e�m ��s� �T�u�p�l�e� �S�p�a�c�e� �M�a�n�a�g�e�r� �(�c�a�l�l�e�d�  ��d�k�e�r�n�e�l � ��)� �i�s� �a�b�l�e� �t�o� �r�e�s�p�o�n�d� �d�i�r�e�c�t�l�y� 

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

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

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

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

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

�w�a�s� �o�r�i�g�i�n�a�l�l�y� �r�e�c�e�i�v�e�d�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m ��s� �T�S�-�M�a�n� �r�e�a�d�s� �r�e�q�u�e�s�t�s� �f�r�o�m� �a�l�l� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �e�x�e�c�u�t�-� 

�i�n�g� �o�n� �a� �g�i�v�e�n� �m�a�c�h�i�n�e� �f�r�o�m� �t�h�e� �s�a�m�e� �s�o�c�k�e�t�.� �T�h�i�s� �s�o�c�k�e�t� �i�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �L�-�K�e�r�n�e�l� 

�p�r�o�c�e�s�s� �o�n� �t�h�a�t� �m�a�c�h�i�n�e�.� �A� �L�i�n�d�a� �p�r�o�c�e�s�s� �s�e�n�d�s� �a� �T�S� �a�c�c�e�s�s� �r�e�q�u�e�s�t� �t�o� �i�t�s� �L�-�K�e�r�n�e�l�,� �r�a�t�h�e�r� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �3�5



�t�h�a�n� �d�i�r�e�c�t�l�y� �t�o� �T�S�-�M�a�n�.� �L�-�K�e�r�n�e�l� �f�o�r�w�a�r�d�s� �e�a�c�h� �r�e�q�u�e�s�t� �t�o� �T�S�-�M�a�n�.� �W�h�e�n� �T�S�-�M�a�n� �i�s� 

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

�w�h�i�c�h� �t�h�e� �r�e�q�u�e�s�t� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �r�e�a�d�,� �j�u�s�t� �a�s� �i�n� �t�h�e� �D�-�K�e�r�n�e�l� �s�y�s�t�e�m�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �t�h�e� 

�r�e�s�p�o�n�s�e� �b�e�i�n�g� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �p�r�o�p�e�r� �L�-�K�e�r�n�e�l�,� �b�u�t� �t�h�e� �p�r�o�b�l�e�m� �n�o�w� �1�s� �f�o�r� �L�-�K�e�r�n�e�l� �t�o� 

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

�T�h�i�s� �p�r�o�b�l�e�m� �i�s� �s�o�l�v�e�d� �b�y� �a�d�d�i�n�g� �a�  ��L�i�n�d�a� �p�r�o�c�e�s�s� �s�o�c�k�e�t �� �f�i�e�l�d� �t�o� �T�S�-�M�a�n ��s� �r�e�q�u�e�s�t� �a�n�d� 

�r�e�s�p�o�n�s�e� �s�t�o�r�a�g�e� �s�t�r�u�c�t�u�r�e�,� �a�n�d� �b�y� �u�s�i�n�g� �t�h�i�s� �s�a�m�e� �s�t�r�u�c�t�u�r�e� �i�n� �t�h�e� �L�-�K�e�r�n�e�l�.� �W�h�e�n� �L�-�K�e�r�-� 

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

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

�t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �T�S�-�M�a�n�.� �W�h�e�n� �T�S�-�M�a�n� �r�e�c�e�i�v�e�s� �t�h�e� �r�e�q�u�e�s�t�,� �i�t� �s�t�o�r�e�s� �t�h�e� �a�d�d�r�e�s�s� �o�f� �t�h�e� �L�-� 

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

�s�o�c�k�e�t� �t�o� �w�h�i�c�h� �i�t� �s�e�n�d�s� �i�t�s� �r�e�s�p�o�n�s�e�.� �O�n� �r�e�c�e�i�v�i�n�g� �t�h�e� �r�e�s�p�o�n�s�e�,� �L�-�K�e�r�n�e�l� �f�o�r�w�a�r�d�s� �i�t� �t�o� 

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

�A�d�a�p�t�i�n�g� �L�-�K�e�r�n�e�l� �a�n�d� �T�S�-�M�a�n� �t�o� �t�h�e� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �v�e�r�s�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m� 

�A�s� �s�t�a�t�e�d� �i�n� �s�e�c�t�i�o�n� �5�.�1�,� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �c�r�e�a�t�i�n�g� �t�h�e� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �v�e�r�s�i�o�n� �o�f� �t�h�e� �d�i�s�-� 

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

�p�o�n�e�n�t�s� �i�n� �t�h�e� �L�i�n�d�a�-�L�A�N�.� �T�h�e� �i�s�s�u�e�s� �w�h�i�c�h� �h�a�d� �t�o� �b�e� �a�d�d�r�e�s�s�e�d� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�(�1�)� �L�-�M�a�n� �(�a� �m�e�m�b�e�r� �o�f� �t�h�e� �c�o�n�t�r�o�l� �s�u�b�s�y�s�t�e�m�)� �c�r�e�a�t�e�s� �o�n�l�y� �a� �s�i�n�g�l�e� �T�S�-�M�a�n� �p�r�o�c�e�s�s�.� 

�A� �m�e�c�h�a�n�i�s�m� �m�u�s�t� �b�e� �d�e�s�i�g�n�e�d� �f�o�r� �c�r�e�a�t�i�n�g� �t�h�e� �o�t�h�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s�.� 

�(�2�)� �E�a�c�h� �L�-�K�e�r�n�e�l� �m�u�s�t� �c�o�n�n�e�c�t� �t�o� �e�a�c�h� �T�S�-�M�a�n� �p�r�o�c�e�s�s� �d�u�r�i�n�g� �d�a�t�a� �s�u�b�s�y�s�t�e�m� �s�t�a�r�t�-� 

�u�p�.� �H�o�w�e�v�e�r�,� �L�-�C�o�m�,� �a� �m�e�m�b�e�r� �o�f� �t�h�e� �c�o�n�t�r�o�l� �s�u�b�s�y�s�t�e�m�,� �i�n�f�o�r�m�s� �L�-�K�e�r�n�e�l� �o�n�l�y� 

�o�f� �t�h�e� �m�a�c�h�i�n�e� �n�a�m�e� �a�n�d� �s�o�c�k�e�t� �a�d�d�r�e�s�s� �o�f� �a� �s�i�n�g�l�e� �T�S�-�M�a�n� �c�o�m�p�o�n�e�n�t�.� �W�e� �m�u�s�t� 

�d�e�s�i�g�n� �a� �m�e�c�h�a�n�i�s�m� �f�o�r� �c�o�n�n�e�c�t�i�n�g� �L�-�K�e�r�n�e�l�s� �t�o� �t�h�e� �o�t�h�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�6



�(�3�)� 

�(�4�)� 

�T�h�e� �m�a�n�a�g�e�r� �o�f� �t�h�e� �E�v�a�l� �P�a�r�t�i�t�i�o�n� �o�f� �T�S� �m�u�s�t� �n�o�t�i�f�y� �L�-�M�a�n� �w�h�e�n� �a�c�t�i�v�e� �t�u�p�l�e�s� 

�a�r�r�i�v�e�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �m�u�s�t� �h�a�v�e� �a� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n� �t�o� �L�-�M�a�n�.� 

�L�-�K�e�r�n�e�l�s� �m�u�s�t� �n�o�w� �e�x�a�m�i�n�e� �e�a�c�h� �r�e�q�u�e�s�t� �f�r�o�m� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�d�e�s�t�i�n�a�t�i�o�n� �T�S�-�M�a�n� �p�r�o�c�e�s�s�.� 

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

�t�h�e�s�e� �i�s�s�u�e�s� �a�s� �f�o�l�l�o�w�s�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�S�i�n�c�e� �L�-�M�a�n� �i�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �T�S�-�M�a�n� �i�n� �t�w�o� �r�e�s�p�e�c�t�s� �(�d�a�t�a� �s�u�b�s�y�s�t�e�m� �s�t�a�r�t�-�u�p� 

�a�n�d� �a�c�t�i�v�e� �t�u�p�l�e� �n�o�t�i�f�i�c�a�t�i�o�n�)�,� �w�e� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �T�S�-�M�a�n� �p�r�o�c�e�s�s� �s�t�a�r�t�e�d� �b�y� 

�L�-�M�a�n� �w�o�u�l�d� �b�e� �t�h�e� �o�n�e� �t�o� �m�a�n�a�g�e� �t�h�e� �E�v�a�l� �P�a�r�t�i�t�i�o�n�,� �a�n�d� �w�o�u�l�d� �b�e� �r�e�s�p�o�n�s�i�b�l�e� 

�f�o�r� �s�t�a�r�t�i�n�g� �t�h�e� �o�t�h�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s� �a�s� �p�a�r�t� �o�f� �i�t�s� �o�w�n� �s�t�a�r�t�-�u�p� �r�o�u�t�i�n�e�.� 

�W�h�e�n� �e�a�c�h� �o�f� �t�h�e� �o�t�h�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s� �s�t�a�r�t�s�,� �i�t� �c�r�e�a�t�e�s� �a� �s�o�c�k�e�t� �f�o�r� 

�c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �L�-�K�e�r�n�e�l�s�,� �a�n�d� �i�n�f�o�r�m�s� �t�h�e� �E�v�a�l� �T�S�-�M�a�n� �o�f� �t�h�e� �a�d�d�r�e�s�s� �o�f� 

�t�h�i�s� �s�o�c�k�e�t�.� �T�h�e� �E�v�a�l� �T�S�-�M�a�n� �a�l�s�o� �c�r�e�a�t�e�s� �a�n� �L�-�K�e�r�n�e�l� �s�o�c�k�e�t�,� �a�n�d� �i�n�f�o�r�m�s� �L�-�M�a�n� 

�o�f� �i�t�s� �a�d�d�r�e�s�s�.� �W�h�e�n� �a�n� �L�-�K�e�r�n�e�l� �i�s� �c�r�e�a�t�e�d�,� �i�t� �c�o�n�n�e�c�t�s� �t�o� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�.� �A�s� 

�p�a�r�t� �o�f� �t�h�e� �i�n�i�t�i�a�l�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �p�r�o�c�e�s�s�e�s�,� �t�h�e� �E�v�a�l� �T�S�-�M�a�n� �i�n�f�o�r�m�s� 

�L�-�K�e�r�n�e�l� �o�f� �t�h�e� �h�o�s�t� �n�a�m�e�s� �a�n�d� �s�o�c�k�e�t� �a�d�d�r�e�s�s�e�s� �o�f� �t�h�e� �o�t�h�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s�.� 

�W�h�e�n� �L�-�M�a�n� �s�t�a�r�t�s� �T�S�-�M�a�n�,� �i�t� �i�n�f�o�r�m�s� �T�S�-�M�a�n� �o�f� �i�t�s� �o�w�n� �h�o�s�t� �n�a�m�e� �a�n�d� �s�o�c�k�e�t� 

�a�d�d�r�e�s�s�.� �S�i�n�c�e� �t�h�e� �T�S�-�M�a�n� �s�t�a�r�t�e�d� �b�y� �L�-�M�a�n� �h�a�s� �b�e�e�n� �d�e�s�i�g�n�a�t�e�d� �a�s� �t�h�e� �E�v�a�l� 

�T�S�-�M�a�n�,� �i�t� �c�o�n�n�e�c�t�s� �t�o� �L�-�M�a�n� �a�s� �p�a�r�t� �o�f� �i�t�s� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�.� �W�h�e�n� �a�c�t�i�v�e� �t�u�p�l�e�s� 

�a�r�r�i�v�e�,� �t�h�e� �E�v�a�l� �T�S�-�M�a�n� �n�o�t�i�f�i�e�s� �L�-�M�a�n� �o�f� �t�h�i�s� �f�a�c�t� �o�v�e�r� �t�h�i�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �l�i�n�k�.� 

�W�h�e�n� �L�-�K�e�r�n�e�l� �r�e�c�e�i�v�e�s� �r�e�q�u�e�s�t�s� �f�o�r� �a�c�c�e�s�s� �t�o� �T�u�p�l�e� �S�p�a�c�e� �f�r�o�m� �c�o�n�n�e�c�t�e�d� �L�i�n�d�a� 

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

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

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �3�7



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

�d�e�s�t�i�n�a�t�i�o�n� �T�S�-�M�a�n� �p�r�o�c�e�s�s�.� 

�D�a�t�a� �S�u�b�s�y�s�t�e�m� �C�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �I�n�t�e�r�a�c�t�i�o�n� �5�8



�6�.�0� �E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� 

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

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

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

�u�t�e�d� �L�i�n�d�a� �s�y�s�t�e�m� �i�s� �a�s�s�u�m�e�d�.� 

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

�4�.�5�)� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �a� �s�i�n�g�l�e� �E�v�a�l� �c�a�l�l� �h�a�v�i�n�g� �a� �s�i�n�g�l�e� �f�u�n�c�t�i�o�n� �a�r�g�u�m�e�n�t�:� 

�i�n�t� �£�(� �i�n�t� �i�)�;� 

�r�e�a�l�_�m�a�i�n�(�)� �{� 

�i�n�t� �i�;� 

�e�v�a�l�(� �f�{� �i�)� �)�;� 

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

�s�e�n�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�s�e�u�d�o�c�o�d�e�:� 

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �5�9



�/�*�-�-�-� �m�a�i�n�(�)� �i�s� �a�l�w�a�y�s� �t�h�e� �p�o�i�n�t� �o�f� �e�n�t�r�y� �-�-�-�*�/� 

�m�a�i�n�(�)� �{� 

�i�f� �(� �g�e�t�p�p�i�d�(�)� �=�=� �l�k�e�r�n�e�l�_�p�i�d�)� �{� 

�c�a�s�e�_�m�a�i�n�(�)�;� 

�/�*�-�-�-� �d�r�o�p� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �t�o� �L�-�K�e�r�n�e�l� �-�-�-�*�/� 

�c�a�s�e�_�e�x�i�t�(�)�;� 

�}� 

�e�l�s�e� �{� 

�r�e�a�l�_�m�a�i�n�(�{�)�;� 

�/�*� �d�r�o�p� �L�-�K�e�r�n�e�l� �c�o�n�n�e�c�t�i�o�n�,� �c�a�u�s�i�n�g� �s�y�s�t�e�m� �s�h�u�t�d�o�w�n� �*�/� 

�l�e�x�i�t�(�)�;� 

�}� 

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

�c�o�d�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�s�e�u�d�o�c�o�d�e�:� 

�/�*�-�-�-� �r�e�a�l�_�m�a�i�n�(�)� �i�s� �t�h�e� �u�s�e�r ��s�  ��m�a�i�n �� �L�i�n�d�a� �p�r�o�g�r�a�m� �-�-�-�*�/� 

�r�e�a�l�_�m�a�i�n�(�)� �{� 

�i�n�t� �i�;� 

�n�e�w�_�e�v�a�l�(� �i� �)�;� 

�/�*�-�-�-� �t�h�e� �e�v�a�l�(�)� �w�a�s� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �n�e�w�_�e�v�a�l�(�)� �-�-�-�*�/� 

�n�e�w�_�e�v�a�l�(� �i�n�t� �a�r�g�i� �)� �{� 

�/�*�-�-�-� �a�s�s�u�m�e� �t�h�i�s� �i�s� �t�h�e� �6�t�h� �E�V�A�L� �e�n�c�o�u�n�t�e�r�e�d� �-�-�-�*�/� 

�o�u�t�_�e�v�a�l�_�i�d�(� �6� �)�;� 

�n�e�w�_�e�v�a�l�_�a�(� �a�r�g�l� �)�;� 
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�/�*�-�-�-� �o�u�t�_�e�v�a�l�_�i�d�(�)� �s�e�n�d�s� �t�h�e� �E�V�A�L� �I�D� �t�o� �T�S� �-�-�-�*�/� 

�o�u�t�_�e�v�a�l�_�i�d�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �a�r�g�l�;� 

�o�u�t�_�e�v�a�l�(� �&�t� �)�;� 

�}� 

�/�*�-�-�-� �n�e�w�_�e�v�a�l�_�a�(�)� �s�e�n�d�s� �t�h�e� �E�V�A�L ��s� �a�r�g�u�m�e�n�t� �l�i�s�t� �t�o� �T�S� �-�-�-�*�/� 

�n�e�w�_�e�v�a�l�_�a�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �2�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �6�;� 

�t�.�f�i�e�l�d�[�2�]� �=� �a�r�g�l�;� 

�o�u�t�_�q�u�e�v�e�(� �&�t� �}�;� 

�}� 
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�/�*�-�-�-� �c�a�s�e�_�m�a�i�n�(�)� �i�s� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s ��s�  ��m�a�i�n �� �p�r�o�g�r�a�m� �-�-�-�*�/� 

�c�a�s�e�_�m�a�i�n�(�)� �{� 

�i�n�t� �o�p�_�i�d�;� 

�i�n�_�e�v�a�l�_�i�d�(� �&�o�p�_�i�d� �)�;� 

�s�w�i�t�c�h� �(� �o�p�_�i�d�)� �{� 

�c�a�s�e� �6�:� �{� 

�i�n�t� �a�r�g�l�;� 

�n�e�w�_�e�v�a�l�_�b�(� �é�&�a�r�g�l� �)�;� 

�n�e�w�_�e�v�a�l�_�c�(� �a�r�g�l� �)�;� 

�b�r�e�a�k�;� 

�f� 

�d�e�f�a�u�l�t�:� 

�b�r�e�a�k�;� 

�}� 

�}� 

�/�*�-�-�-� �i�n�_�e�v�a�l�_�i�d�(�)� �r�e�t�r�i�e�v�e�s� �a�n� �E�V�A�L� �I�D� �f�r�o�m� �T�S� �-�-�-�*�/� 

�i�n�_�e�v�a�l�_�i�d�(� �i�n�t� �*�a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �a�r�g�l�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�i�n�_�e�v�a�l�(� �&�t� �)�;� 
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�/�*�-�-�-� �n�e�w�_�e�v�a�l�_�b�(�)� �r�e�t�r�i�e�v�e�s� �t�h�e� �E�V�A�L ��s� �a�r�g� �l�i�s�t� �f�r�o�m� �T�S� �-�-�-�*�/� 

�n�e�w�_�e�v�a�l�_�b�(� �i�n�t� �*�a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �2�;� 

�t�.�f�i�e�l�d�[�1�]� �I� �O
�o

� 

�t�.�f�i�e�l�d�[�2�]� �=� �a�r�g�l�;� 

�i�n�_�q�u�e�u�e�(� �&�t� �)�;� 

�n�e�w�_�e�v�a�l�_�c�(�)� �e�v�a�l�u�a�t�e�s� �t�h�e� �a�c�t�i�v�e� �t�u�p�l�e�,� �a�n�d� �p�l�a�c�e�s� 

�t�h�e� �r�e�s�u�l�t�i�n�g� �p�a�s�s�i�v�e� �t�u�p�l�e� �i�n�t�o� �T�S� 

�n�e�w�_�e�v�a�l�_�c�(� �i�n�t� �a�r�g�l� �)� �{� 

�t�u�p�l�e�_�t�y�p�e� �t�;� 

�t�.�n�b�r�_�f�i�e�l�d�s� �=� �1�;� 

�t�.�f�i�e�l�d�[�1�]� �=� �£�(�{� �a�r�g�l� �)�;� 

�o�u�t�_�q�u�e�u�e�(� �&�t� �}�;� 

�F�i�g�u�r�e� �6�.�1� �d�e�p�i�c�t�s� �t�h�e�  ��h�i�e�r�a�r�c�h�y �� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� �c�a�l�l�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �a�b�o�v�e� 

�p�s�e�u�d�o�c�o�d�e�.� 

�W�h�e�n� �t�h�e� �a�b�o�v�e� �c�o�d�e� �i�s� �c�o�m�p�i�l�e�d� �a�n�d� �e�x�e�c�u�t�e�d� �(�a�f�t�e�r� �t�h�e� �L�i�n�d�a�-�L�A�N� �C�o�n�t�r�o�l� �a�n�d� �d�a�t�a� 

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

�l�o�w�i�n�g� �p�a�g�e�s�.� �F�i�g�u�r�e� �6�.�2� �d�e�p�i�c�t�s� �s�t�e�p�s� �1� �t�h�r�o�u�g�h� �1�5�,� �a�n�d� �3�6� �t�h�r�o�u�g�h� �3�7�,� �a�n�d� �F�i�g�u�r�e� �6�.�3� 

�d�e�p�i�c�t�s� �s�t�e�p�s� �1�6� �t�h�r�o�u�g�h� �3�5�.� 
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�n�e�w�_�e�v�a�l�_�C�(�a�r�g�1�)� 
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�(�3�1�)� 

�F�i�g�u�r�e� �6�.�3�.� �E�v�a�l� �p�r�o�c�e�s�s�:� �S�t�e�p�s� �1�6� �t�h�r�o�u�g�h� �3�5� 
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�S�t�e�p�s� �I� �t�h�r�o�u�g�h� �8� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �t�h�e� �m�a�i�n� �L�i�n�d�a� �p�r�o�g�r�a�m�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�(�6�)� 

�(�7�)� 

�(�8�)� 

�T�h�e� �m�a�i�n� �L�i�n�d�a� �p�r�o�g�r�a�m� �b�e�g�i�n�s� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �c�o�d�e� �a�t� �t�h�e� �m�a�i�n� �(�)� �f�u�n�c�t�i�o�n�,� �a�s� 

�d�o�e�s� �a�n�y� �C� �p�r�o�g�r�a�m�.� 

�m�a�i�n�(�)� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �p�r�o�c�e�s�s� �i�d� �o�f� �i�t�s� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �i�s� �n�o�t� �t�h�a�t� �o�f� 

�L�-�K�e�r�n�e�l�.� 

�m�a�i�n�(�)� �c�a�l�l�s� �r�e�a�l�_�m�a�i�n�(�)�.� 

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

�a�s� �a� �p�a�r�a�m�e�t�e�r�.� 

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

�p�a�r�t�i�c�u�l�a�r� �E�v�a�l� �o�p�e�r�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �6� �i�n� �t�h�i�s� �c�a�s�e�.� 

�o�u�t�_�e�v�a�l�_�i�d�(�)� �c�o�n�s�t�r�u�c�t�s� �a� �t�u�p�l�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �E�v�a�l� �I�D� �6�,� �a�d�d�r�e�s�s�e�s� �i�t� �t�o� �t�h�e� 

�E�v�a�l� �T�S�-�M�a�n� �p�r�o�c�e�s�s�,� �a�n�d� �s�e�n�d�s� �i�t� �(�w�i�t�h� �t�h�e� �o�u�t�_�e�v�a�l� �(�)� �l�i�b�r�a�r�y� �f�u�n�c�t�i�o�n�)� �t�o� �t�h�e� 

�l�o�c�a�l� �L�-�K�e�r�n�e�l�.� 

�n�e�w�_�e�v�a�l� �(�)� �t�h�e�n� �c�a�l�l�s� �n�e�w�_�e�v�a�l�_�a�(�)�,� �p�a�s�s�i�n�g� �i�t� �t�h�e� �v�a�l�u�e� �o�f� �i�t�s� �o�w�n� �a�r�g�1�,� 

�w�h�i�c�h� �i�s� �t�h�e� �v�a�l�u�e� �o�f� �r�e�a�l�_�m�a�i�n� �(�) ��s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e� �i�.� 

�n�e�w�_�e�v�a�l�_�a�(�)� �c�o�n�s�t�r�u�c�t�s� �a� �t�u�p�l�e� �c�o�n�t�a�i�n�i�n�g� �2� �f�i�e�l�d�s�.� �T�h�e� �f�i�r�s�t� �f�i�e�l�d� �c�o�n�t�a�i�n�s� �t�h�e� 

�E�v�a�l� �I�D� �6� �(�a�l�l�o�w�i�n�g� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m� �t�o� �r�e�l�a�t�e� �t�h�e� �E�v�a�l� �I�D� �t�u�p�l�e� �w�i�t�h� �t�h�e� �t�u�p�l�e� 

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

�r�e�a�l�_�m�a�i�n�(�) ��s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e� �i�.� �T�h�i�s� �t�u�p�l�e� �c�o�n�t�a�i�n�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� 

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

�a�d�d�r�e�s�s�e�d� �t�o� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n� �p�r�o�c�e�s�s�,� �a�n�d� �s�e�n�t� �(�w�i�t�h� �t�h�e� �o�u�t�_�q�u�e�u�e�(�)� 

�l�i�b�r�a�r�y� �f�u�n�c�t�i�o�n�)� �t�o� �t�h�e� �l�o�c�a�l� �L�-�K�e�r�n�e�l� 
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�S�t�e�p�s� �9� �t�h�r�o�u�g�h� �1�5� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N�:� 

�(�9�)� 

�(�1�0�)� 

�(�1�1�)� 

�(�1�2�)� 

�(�1�3�)� 

�(�1�4�)� 

�(�1�5�)� 

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �t�u�p�l�e ��s� �h�e�a�d�e�r� �p�a�c�k�e�t�,� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �t�u�p�l�e� �i�s� 

�d�e�s�t�i�n�e�d� �f�o�r� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�.� 

�L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �t�u�p�l�e ��s� �d�a�t�a� �p�a�c�k�e�t�,� �a�n�d� �f�o�r�w�a�r�d�s� �i�t� �t�o� �t�h�e� �E�v�a�l� �T�S�-� 

�M�a�n�.� 

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

�d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �t�u�p�l�e� �i�s� �d�e�s�t�i�n�e�d� �f�o�r� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� 

�h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�.� �L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�i�s� �t�u�p�l�e ��s� �d�a�t�a� �p�a�c�k�e�t�,� 

�a�n�d� �f�o�r�w�a�r�d�s� �i�t� �t�o� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�.� 

�T�h�e� �E�v�a�l� �T�S�-�M�a�n� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �t�u�p�l�e�,� �s�t�o�r�e�s� �i�t� �i�n� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� �s�e�n�d�s� 

�n�o�t�i�f�i�c�a�t�i�o�n� �t�o� �L�-�M�a�n� �t�h�a�t� �a�n� �a�c�t�i�v�e� �t�u�p�l�e� �a�w�a�i�t�s� �e�v�a�l�u�a�t�i�o�n� �i�n� �T�S�.� 

�T�h�e� �Q�u�e�u�e� �T�S�-�M�a�n� �r�e�a�d�s� �t�h�e� �t�u�p�l�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� 

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

�L�-�M�a�n� �s�e�l�e�c�t�s� �a� �p�a�r�t�i�c�i�p�a�t�i�n�g� �L�i�n�d�a�-�L�A�N� �m�a�c�h�i�n�e�,� �a�n�d� �i�n�f�o�r�m�s� �t�h�a�t� �m�a�c�h�i�n�e ��s� 

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

�L�-�C�o�m� �f�o�r�w�a�r�d�s� �t�h�i�s� �c�o�m�m�a�n�d� �t�o� �i�t�s� �L�-�K�e�r�n�e�l�.� 

�L�-�K�e�r�n�e�l� �r�e�c�e�i�v�e�s� �t�h�e� �c�o�m�m�a�n�d� �a�n�d� �c�r�e�a�t�e�s� �a� �c�o�p�y� �o�f� �i�t�s�e�l�f� �w�i�t�h� �f�o�r�k�(�)�.� �T�h�e� 

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

�S�t�e�p�s� �1�6� �t�h�r�o�u�g�h� �2�0� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �t�h�e� �n�e�w�l�y� �i�n�s�t�a�n�t�i�a�t�e�d� �L�i�n�d�a� �p�r�o�c�e�s�s�:� 

�(�1�6�)� �T�h�e� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s� �b�e�g�i�n�s� �e�x�e�c�u�t�i�o�n� �a�t� �t�h�e� �m�a�i�n�(�)� �f�u�n�c�t�i�o�n�.� 

�(�1�7�)� �m�a�i�n�(�)� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �p�r�o�c�e�s�s� �i�d� �o�f� �i�t�s� �p�a�r�e�n�t� �p�r�o�c�e�s�s� �i�s� �t�h�a�t� �o�f� �L�-�K�e�r�n�e�l�.� 

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �6�8



�(�1�8�)� 

�(�1�9�)� 

�(�2�0�)� 

�m�a�i�n�(�)� �c�a�l�l�s� �c�a�s�e�_�m�a�i�n�(�)�.� 

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

�i�n�_�e�v�a�l�_�i�d�(�)� �c�o�n�s�t�r�u�c�t�s� �a� �t�e�m�p�l�a�t�e� �t�o� �r�e�q�u�e�s�t� �r�e�t�r�i�e�v�a�l� �o�f� �a�n� �E�v�a�l� �I�D� �t�u�p�l�e� 

�f�r�o�m� �T�S�,� �a�d�d�r�e�s�s�e�s� �i�t� �t�o� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�,� �a�n�d� �s�e�n�d�s� �i�t� �(�w�i�t�h� �t�h�e� �i�n�_�e�v�a�l� �(�)� 

�l�i�b�r�a�r�y� �f�u�n�c�t�i�o�n�)� �t�o� �t�h�e� �l�o�c�a�l� �L�-�K�e�r�n�e�l�.� 

�S�t�e�p�s� �2�1� �t�h�r�o�u�g�h� �2�3� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N�:� 

�(�2�1�)� 

�(�2�2�)� 

�(�2�3�)� 

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �r�e�q�u�e�s�t ��s� �h�e�a�d�e�r� �p�a�c�k�e�t�,� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �r�e�q�u�e�s�t� �i�s� 

�d�e�s�t�i�n�e�d� �f�o�r� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�.� 

�L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �r�e�q�u�e�s�t ��s� �d�a�t�a� �p�a�c�k�e�t�,� �a�n�d� �f�o�r�w�a�r�d�s� �i�t� �t�o� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�.� 

�T�h�e� �E�v�a�l� �T�S�-�M�a�n� �r�e�a�d�s� �t�h�e� �r�e�q�u�e�s�t� �f�o�r� �a�n� �E�v�a�l� �I�D� �t�u�p�l�e�,� �f�i�n�d�s� �t�h�e� �n�e�x�t� �a�v�a�i�l�a�b�l�e� 

�E�v�a�l� �I�D� �t�u�p�l�e� �i�n� �T�S�,� �r�e�m�o�v�e�s� �t�h�e� �t�u�p�l�e� �f�r�o�m� �T�S�,� �f�i�l�l�s� �i�n� �t�h�e� �r�e�q�u�e�s�t� �t�e�m�p�l�a�t�e� �w�i�t�h� 

�t�h�e� �f�i�e�l�d�s� �f�r�o�m� �t�h�i�s� �t�u�p�l�e�,� �a�n�d� �r�e�t�u�r�n�s� �t�h�e� �r�e�s�p�o�n�s�e� �t�u�p�l�e� �t�o� �t�h�e� �L�-�K�e�m�e�l� �f�r�o�m� 

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

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �t�u�p�l�e ��s� �h�e�a�d�e�r� �p�a�c�k�e�t� �f�r�o�m� �t�h�e� �E�v�a�l� �T�S�-�M�a�n�,� 

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

�p�a�c�k�e�t� �t�o� �t�h�a�t� �L�i�n�d�a� �p�r�o�c�e�s�s�.� �L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �t�u�p�l�e ��s� �d�a�t�a� �p�a�c�k�e�t� �a�n�d� 

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

�S�t�e�p�s� �2�4� �t�h�r�o�u�g�h� �2�6� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �t�h�e� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s�:� 

�(�2�4�)� �T�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �r�e�a�d�s� �t�h�e� �E�v�a�l� �I�D� �r�e�s�p�o�n�s�e� �t�u�p�l�e� �f�r�o�m� �L�-�K�e�r�n�e�l�.� �W�h�e�n� 

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

�t�u�p�l�e� �a�w�a�i�t�i�n�g� �e�v�a�l�u�a�t�i�o�n� �i�n� �T�S� �(�w�h�i�c�h� �i�s� �6�,� �i�n� �t�h�i�s� �c�a�s�e�)�.� �c�a�s�e�_�m�a�i�n�(�)� �e�x�e�c�u�t�e�s� 

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �6�9



�(�2�5�)� 

�(�2�6�)� 

�t�h�e� �s�w�i�t�c�h�(�)� �s�t�a�t�e�m�e�n�t�,� �a�n�d� �b�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�i�s� �o�p�_�i�d�,� �s�e�l�e�c�t�s�  ��c�a�s�e� �6 �� 

�f�o�r� �e�x�e�c�u�t�i�o�n�.� 

�c�a�s�e� �6� �d�e�f�i�n�e�s� �t�h�e� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e� �a�r�g�i� �t�o� �h�o�l�d� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �a�c�t�i�v�e� �t�u�p�l�e ��s� 

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

�a�r�g�l�.� 

�n�e�w�_�e�v�a�l�_�b�(�)� �c�o�n�s�t�r�u�c�t�s� �a� �t�e�m�p�l�a�t�e� �t�o� �r�e�q�u�e�s�t� �r�e�t�r�i�e�v�a�l� �o�f� �t�h�e� �e�x�e�c�u�t�i�o�n� 

�p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �a�c�t�i�v�e� �t�u�p�l�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �E�v�a�l� �I�D� �6�,� �a�d�d�r�e�s�s�e�s� �i�t� �t�o� �t�h�e� 

�Q�u�e�u�e� �T�S�-�M�a�n�,� �a�n�d� �s�e�n�d�s� �i�t� �(�w�i�t�h� �t�h�e� �i�n�_�q�u�e�u�e�(�)� �l�i�b�r�a�r�y� �f�u�n�c�t�i�o�n�)� �t�o� �t�h�e� �l�o�c�a�l� 

�L�-�K�e�r�n�e�l�.� 

�S�t�e�p�s� �2�7� �t�h�r�o�u�g�h� �2�9� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N�:� 

�(�2�7�)� 

�(�2�8�)� 

�(�2�9�)� 

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �r�e�q�u�e�s�t ��s� �h�e�a�d�e�r� �p�a�c�k�e�t�,� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �r�e�q�u�e�s�t� �i�s� �d�e�s�t�i�n�e�d� 

�f�o�r� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�.� 

�L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �r�e�q�u�e�s�t ��s� �d�a�t�a� �p�a�c�k�e�t�,� �a�n�d� �f�o�r�w�a�r�d�s� �i�t� �t�o� �t�h�e� �Q�u�e�u�e� 

�T�S�-�M�a�n�.� 

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

�t�u�p�l�e� �f�r�o�m� �T�S�,� �f�i�l�l�s� �t�h�e� �r�e�q�u�e�s�t� �t�e�m�p�l�a�t�e� �w�i�t�h� �t�h�e� �f�i�e�l�d�s� �f�r�o�m� �t�h�i�s� �t�u�p�l�e�,� �a�n�d� �r�e�t�u�r�n�s� 

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

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �r�e�s�p�o�n�s�e� �t�u�p�l�e ��s� �h�e�a�d�e�r� �p�a�c�k�e�t� �f�r�o�m� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�,� 

�d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �L�i�n�d�a� �p�r�o�c�e�s�s� �t�h�e� �r�e�s�p�o�n�s�e� �i�s� �d�e�s�t�i�n�e�d� �f�o�r�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� 

�h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�a�t� �L�i�n�d�a� �p�r�o�c�e�s�s�.� �L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �r�e�s�p�o�n�s�e ��s� �d�a�t�a� �p�a�c�k�e�t� 

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

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �7�0



�S�t�e�p�s� �3�0� �t�h�r�o�u�g�h� �3�3� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �t�h�e� �n�e�w� �L�i�n�d�a� �p�r�o�c�e�s�s�:� 

�(�3�0�)� 

�(�3�1�)� 

�(�3�2�)� 

�(�3�3�)� 

�T�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �r�e�a�d�s� �t�h�e� �r�e�s�p�o�n�s�e� �t�u�p�l�e� �f�r�o�m� �l�L�-�K�e�r�n�e�l�.� �W�h�e�n� 

�n�e�w�_�e�v�a�l�_�b�(�)� �r�e�t�u�r�n�s�,� �a�r�g�l�1� �w�i�l�l� �c�o�n�t�a�i�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �m�a�i�n� �L�i�n�d�a� 

�p�r�o�g�r�a�m ��s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e� �i�.� �C�a�s�e� �6� �o�f� �c�a�s�e�_�m�a�i�n�(�) ��s� �s�w�i�t�c�h�(�)� �s�t�a�t�e�m�e�n�t� 

�t�h�e�n� �c�a�l�l�s� �n�e�w�_�e�v�a�l�_�c�(�)�,� �p�a�s�s�i�n�g� �i�t� �t�h�e� �v�a�l�u�e� �o�f� �a�r�g�1�.� 

�n�e�w�_�e�v�a�l�_�c�(�)� �c�a�l�l�s� �t�h�e� �u�s�e�r� �f�u�n�c�t�i�o�n� �f� �(�)�,� �p�a�s�s�i�n�g� �i�t� �t�h�e� �v�a�l�u�e� �o�f� �a�r�g�1�.� �T�h�i�s� 

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

�c�o�d�e�.� 

�n�e�w�_�e�v�a�l�_�c�(�)� �u�s�e�s� �t�h�e� �r�e�t�u�r�n� �v�a�l�u�e� �f�r�o�m� �f�£� �(�)� �t�o� �c�o�n�s�t�r�u�c�t� �a� �p�a�s�s�i�v�e� �t�u�p�l�e� �w�i�t�h� 

�a� �s�i�n�g�l�e� �i�n�t�e�g�e�r� �f�i�e�l�d�,� �a�d�d�r�e�s�s�e�s� �i�t� �t�o� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�,� �a�n�d� �s�e�n�d�s� �i�t� �(�w�i�t�h� �t�h�e� 

�o�u�t�_�q�u�e�u�e�(�)� �l�i�b�r�a�r�y� �f�u�n�c�t�i�o�n�)� �t�o� �t�h�e� �l�o�c�a�l� �L�-�K�e�r�n�e�l�.� 

�c�a�s�e�_�m�a�i�n�(�)� �r�e�t�u�r�n�s� �t�o� �m�a�i�n�(�)�,� �a�n�d� �m�a�i�n�(�)� �c�a�l�l�s� �c�a�s�e�_�e�x�i�t�(�)� �t�o� 

�d�i�s�c�o�n�n�e�c�t� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �f�r�o�m� �i�t�s� �L�-�K�e�r�n�e�l� �a�n�d� �e�x�i�t�.� 

�S�t�e�p�s� �3�4� �a�n�d� �3�5� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N�:� 

�(�3�4�)� 

�(�3�5�)� 

�L�-�K�e�r�n�e�l� �r�e�a�d�s� �t�h�e� �p�a�s�s�i�v�e� �t�u�p�l�e ��s� �h�e�a�d�e�r� �p�a�c�k�e�t�,� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �t�h�e� �t�u�p�l�e� �i�s� 

�d�e�s�t�i�n�e�d� �f�o�r� �t�h�e� �Q�u�e�u�e� �T�S�-�M�a�n�,� �a�n�d� �f�o�r�w�a�r�d�s� �t�h�e� �h�e�a�d�e�r� �p�a�c�k�e�t� �t�o� �t�h�e� �Q�u�e�u�e� 

�T�S�-�M�a�n�.� �L�-�K�e�r�n�e�l� �t�h�e�n� �r�e�a�d�s� �t�h�e� �p�a�s�s�i�v�e� �t�u�p�l�e ��s� �d�a�t�a� �p�a�c�k�e�t�,� �a�n�d� �f�o�r�w�a�r�d�s� �i�t� �t�o� �t�h�e� 

�Q�u�e�u�e� �T�S�-�M�a�n�.� 

�T�h�e� �Q�u�e�u�e� �T�S�-�M�a�n� �r�e�a�d�s� �t�h�e� �p�a�s�s�i�v�e� �t�u�p�l�e�,� �a�n�d� �s�t�o�r�e�s� �i�t� �i�n� �T�u�p�l�e� �S�p�a�c�e�.� 

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �7�1



�S�t�e�p�s� �3�6� �a�n�d� �3�7� �a�r�e� �e�x�e�c�u�t�e�d� �b�y� �t�h�e� �m�a�i�n� �L�i�n�d�a� �p�r�o�g�r�a�m�:� 

�(�3�6�)� �r�e�a�l�_�m�a�i�n�(�)� �r�e�t�u�r�n�s� �t�o� �m�a�i�n�(�)� 

�(�3�7�)� �m�a�i�n�(�)� �c�a�l�l�s� �l�e�x�i�t�(�)� �t�o� �i�n�f�o�r�m� �L�-�K�e�r�n�e�l� �t�h�a�t� �t�h�e� �p�r�o�g�r�a�m� �h�a�s� �r�u�n� �t�o� 

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

�E�x�e�c�u�t�i�o�n� �D�y�n�a�m�i�c�s�:� �A� �C�o�m�p�r�e�h�e�n�s�i�v�e� �E�x�a�m�p�l�e� �7�2



�7�.�0� �I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� 

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

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

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

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

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

�n�a�r�i�o�s�.� 

�S�e�c�t�i�o�n� �7�.�1� �p�r�e�s�e�n�t�s� �a�n�d� �d�i�s�c�u�s�s�e�s� �t�h�e� �i�n�i�t�i�a�l� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �b�y� �e�x�e�c�u�t�i�n�g� �t�w�o� �L�i�n�d�a� 

�a�p�p�l�i�c�a�t�i�o�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�n� �t�h�e� �s�y�s�t�e�m�.� �S�e�c�t�i�o�n� �7�.�2� �b�r�i�e�f�l�y� �d�e�s�c�r�i�b�e�s� �a� 

�p�o�t�e�n�t�i�a�l� �t�e�c�h�n�i�q�u�e� �f�o�r� �e�n�h�a�n�c�i�n�g� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�u�p�l�e� �I�/�O� �i�n� �t�h�e� �L�i�n�d�a� �s�y�s�t�e�m�,� �a�n�d� 

�p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �i�s� �i�m�p�l�e�m�e�n�t�e�d�.� �F�i�n�a�l�l�y�,� �S�e�c�t�i�o�n� �7�.�3� �d�i�s�-� 

�c�u�s�s�e�s� �t�h�e� �d�e�t�a�i�l�s� �a�n�d� �i�m�p�a�c�t� �o�f� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �i�n�t�r�o�d�u�c�e�d� �i�n� �7�.�2�,� �a�n�d� �d�e�s�c�r�i�b�e�s� �t�h�r�e�e� 

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

�F�i�r�s�t�,� �w�e� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �L�i�n�d�a�-�L�A�N� �c�o�n�f�i�g�u�r�a�t�i�o�n� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�,� �a�n�d� 

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

�L�i�n�d�a�-�L�A�N� �C�o�n�f�i�g�u�r�a�t�i�o�n� 

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

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

�n�i�n�g� �L�i�n�d�a� �a�p�p�l�i�c�a�t�i�o�n�s� �o�n� �t�h�e� �S�p�l�i�t� �T�u�p�l�e� �S�p�a�c�e� �s�y�s�t�e�m�.� �A�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �5�.�1�,� �w�e� 

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �7�3



�I�n� �o�u�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �w�e� �e�m�p�l�o�y� �a� �n�e�t�w�o�r�k� �o�f� �s�i�x� �N�e�X�T�!� �u�n�i�p�r�o�c�e�s�s�o�r� �w�o�r�k�s�t�a�t�i�o�n�s�.� �I�t� �i�s� 

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

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

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

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

�s�t�a�t�i�o�n�s� �i�s� �d�e�d�i�c�a�t�e�d� �t�o� �L�-�M�a�n� �a�n�d� �t�h�e� �v�a�r�i�o�u�s� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s�,� �a�n�d� �t�h�e� �o�t�h�e�r� �f�i�v�e� 

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

�F�i�g�u�r�e� �7�.�1�.� 

�E�x�p�e�c�t�a�t�i�o�n�s� �f�o�r� �t�h�e� �D�i�s�t�r�i�b�u�t�e�d� �S�y�s�t�e�m� 

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

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

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

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

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

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

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

�u�n�d�e�r�s�t�o�o�d� �t�h�a�t� �a� �n�o�n�t�r�i�v�i�a�l� �c�o�s�t� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�v�o�c�a�t�i�o�n� �o�f� �t�h�e� �E�V�A�L� �m�e�c�h�a�n�i�s�m� 

�(�d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �4�)�.� 

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

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

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

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

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

�1�.� �N�e�X�T� �i�s� �a� �t�r�a�d�e�m�a�r�k� �o�f� �N�e�X�T� �C�o�m�p�u�t�e�r�,� �I�n�c�.� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �7�4
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�e�x�i�s�t�s� �s�i�n�c�e� �t�h�e� �C�P�U� �c�a�n� �b�e� �u�s�e�d� �b�y� �o�n�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �w�h�i�l�e� �o�t�h�e�r�s� �a�r�e� �a�w�a�i�t�i�n�g� 

�c�o�m�p�l�e�t�i�o�n� �o�f� �I�/�O� �r�e�q�u�e�s�t�s�.� �H�o�w�e�v�e�r�,� �w�e� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �t�h�e�r�e� �i�s� �s�a�t�u�r�a�t�i�o�n� �p�o�i�n�t� 

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

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

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

�m�e�m�o�r�y� �t�h�a�n� �a�c�t�u�a�l�l�y� �e�x�e�c�u�t�i�n�g� �t�h�e� �p�r�o�c�e�s�s�e�s �� �c�o�d�e� �[�L�E�F�S�8�9�]�.� 

�7�.�1� �I�n�i�t�i�a�l� �E�x�e�c�u�t�i�o�n� �T�i�m�e� �R�e�s�u�l�t�s� 

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

�t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m�:� �t�h�e� �r�a�y�s�h�a�d�e� �r�a�y�-�t�r�a�c�i�n�g� �p�r�o�g�r�a�m� �a�n�d� �t�h�e� �c�m�a�t�r�i�x� �m�a�t�r�i�x� 

�m�u�l�t�i�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� 

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

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

�A�S�C�I�I� �t�e�x�t� �f�i�l�e� �d�e�s�c�r�i�b�i�n�g� �a� �s�c�e�n�e� �c�o�m�p�o�s�e�d� �o�f� �a� �n�u�m�b�e�r� �o�f� �p�r�i�m�i�t�i�v�e� �o�b�j�e�c�t�s�.� �I�t� �t�h�e�n� �r�e�n�-� 

�d�e�r�s� �t�h�e� �s�c�e�n�e�,� �p�r�o�d�u�c�i�n�g� �a� �U�t�a�h� �R�a�s�t�e�r� �R�L�E� �( ��r�u�n� �l�e�n�g�t�h� �e�n�c�o�d�i�n�g � ��)� �f�o�r�m�a�t� �f�i�l�e� �o�f� �t�h�e� 

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

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

�e�v�a�l� �(�)�,� �a�n�d� �t�h�e�n� �r�e�t�r�i�e�v�e�s� �t�h�e� �r�e�s�u�l�t� �l�i�n�e�s� �o�f� �t�h�e� �c�o�m�p�u�t�e�d� �R�L�E� �i�m�a�g�e� �a�n�d� �w�r�i�t�e�s� �t�h�e�m� 

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

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

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

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

�t�r�i�e�s� �t�o� �r�e�t�r�i�e�v�e� �t�h�e� �n�e�x�t� �l�i�n�e� �t�u�p�l�e�.� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �7�6



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

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

�s�c�e�n�e� �c�o�n�s�i�s�t�i�n�g� �o�f� �o�n�l�y� �a� �f�e�w� �o�b�j�e�c�t�s�.� �T�h�e� �t�e�s�t� �w�a�s� �r�u�n� �u�s�i�n�g� �5�,� �1�0�,� �a�n�d� �1�5� �w�o�r�k�e�r� �p�r�o�-� 

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

�e�¢� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�o�c�e�s�s�o�r�s� �i�n�c�r�e�a�s�e�s� �f�r�o�m� �1� �t�o� �5�,� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �d�e�c�r�e�a�s�e�s�.� 

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

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

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

�3�1�0� �s�e�c�o�n�d�s� �i�n� �t�h�e� �1� �p�r�o�c�e�s�s�o�r� �c�a�s�e� �t�o� �a�n� �a�v�e�r�a�g�e� �o�f� �1�6�8� �s�e�c�o�n�d�s� �(�w�h�i�c�h� �i�s� �r�o�u�g�h�l�y� 

�h�a�l�f� �o�f� �3�1�0�)� �i�n� �t�h�e� �2� �p�r�o�c�e�s�s�o�r� �c�a�s�e�.� �H�e�n�c�e�,� �r�a�y�s�h�a�d�e� �m�a�k�e�s� �v�e�r�y� �e�f�f�i�c�i�e�n�t� �u�s�e� �o�f� 

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

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

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

�f�a�s�t�e�s�t� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �o�n� �t�h�i�s� �g�r�a�p�h� �r�e�p�r�e�s�e�n�t�s� �a� �r�u�n� �i�n� �w�h�i�c�h� �e�a�c�h� �o�f� �5� �p�r�o�c�e�s�s�o�r�s� �i�s� 

�r�u�n�n�i�n�g� �o�n�l�y� �1� �L�i�n�d�a� �p�r�o�c�e�s�s�.� �W�e� �s�p�e�c�u�l�a�t�e� �t�h�a�t� �r�a�y�s�h�a�d�e ��s� �p�e�r�f�o�r�m�a�n�c�e� �d�o�e�s� �n�o�t� 

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

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

�F�i�g�u�r�e� �7�.�3� �d�i�s�p�l�a�y�s� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �r�e�s�u�l�t�s�,� �b�u�t� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �f�a�c�t� �t�h�a�t� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�n�u�m�b�e�r� �o�f� �p�r�o�c�e�s�s�o�r�s�,� �r�a�t�h�e�r� �t�h�a�n� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s�,� �h�a�s� �t�h�e� �g�r�e�a�t�e�s�t� �(�p�o�s�-� 

�i�t�i�v�e�)� �e�f�f�e�c�t� �o�n� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s�.� 

�T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�p�p�o�r�t� �o�u�r� �e�x�p�e�c�t�a�t�i�o�n�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �7�.�1�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �s�i�n�c�e� 

�r�a�y�s�h�a�d�e ��s� �p�r�i�m�a�r�y� �w�o�r�k� �i�s� �c�o�m�p�u�t�a�t�i�o�n� �(�r�a�t�h�e�r� �t�h�a�n� �I�/�O�)�,� �w�e� �e�x�p�e�c�t� �t�h�a�t� �a�d�d�i�n�g� �m�o�r�e� 

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �7�7
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�F�i�g�u�r�e� �7�.�3�.� �A�n�o�t�h�e�r� �v�i�e�w� �o�f� �t�h�e� �t�i�m�e�s� �f�r�o�m� �r�a�y�s�h�a�d�e� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� 
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�e�x�p�e�c�t� �m�u�l�t�i�p�l�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �o�n� �e�a�c�h� �w�o�r�k�s�t�a�t�i�o�n� �t�o� �e�n�h�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e�,� �f�o�r� �t�h�e� �f�o�l�-� �|� 

�l�o�w�i�n�g� �r�e�a�s�o�n�s�:� 

�(�1�)� �T�h�e� �w�o�r�k�s�t�a�t�i�o�n�s� �a�r�e� �u�n�i�p�r�o�c�e�s�s�o�r�s� �a�n�d� �h�e�n�c�e�,� �c�a�n� �e�x�e�c�u�t�e� �o�n�l�y� �o�n�e� �p�r�o�c�e�s�s� �a�t� �a� 

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

�t�h�e� �C�P�U�.� 

�(�2�)� �T�h�e�r�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �I�/�O� �t�o� �b�e� �d�o�n�e� �b�y� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s�.� �I�n� �t�h�e� �c�a�s�e� �o�f� 

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

�c�o�n�t�e�x�t� �s�w�i�t�c�h�i�n�g� �a�c�t�i�v�i�t�y� �w�i�t�h�o�u�t� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e� �i�n� �C�P�U� �u�t�i�l�i�z�a�t�i�o�n�.� 

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

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

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

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

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

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

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

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

�a�n�d� �t�h�e� �E�V�A�L�-�e�d� �w�o�r�k�e�r�s� �p�e�r�f�o�r�m� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n�.� �T�h�e� �s�u�p�e�r�v�i�s�o�r� �O�U�T�s� �t�h�e� �r�o�w�s� �o�f� �t�h�e� 

�f�i�r�s�t� �i�n�p�u�t� �m�a�t�r�i�x� �(�A�)� �a�n�d� �t�h�e� �c�o�l�u�m�n�s� �o�f� �t�h�e� �s�e�c�o�n�d� �i�n�p�u�t� �m�a�t�r�i�x� �(�B�)� �t�o� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� 

�t�h�e�n� �I�N�s� �t�h�e� �r�o�w�s� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�r�o�d�u�c�t� �m�a�t�r�i�x� �(�C�)�.� �E�a�c�h� �w�o�r�k�e�r� �r�e�p�e�a�t�e�d�l�y� �r�e�t�r�i�e�v�e�s� �a� 

�r�o�w� �o�f� �A� �(�w�i�t�h� �I�N�P�)� �a�n�d� �a�l�l� �t�h�e� �c�o�l�u�m�n�s� �o�f� �B� �(�w�i�t�h� �R�D�)� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e�,� �c�o�m�p�u�t�e�s� �t�h�e� 

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

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�0



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

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

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

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

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

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

�h�e�a�v�y� �I�/�O�.� �E�a�c�h� �t�i�m�e� �a� �w�o�r�k�e�r� �c�o�m�p�u�t�e�s� �a� �r�e�s�u�l�t� �r�o�w�,� �i�t� �r�e�t�r�i�e�v�e�s� �1� �r�o�w� �t�u�p�l�e� �a�n�d� �N� �c�o�l�-� 

�u�m�n� �t�u�p�l�e�s� �f�r�o�m� �T�u�p�l�e� �S�p�a�c�e�,� �a�n�d� �s�e�n�d�s� �1� �r�e�s�u�l�t� �r�o�w� �t�u�p�l�e� �b�a�c�k� �t�o� �T�u�p�l�e� �S�p�a�c�e�.� �H�e�n�c�e�,� �N� 

�r�o�w�s� �o�f� �m�a�t�r�i�x� �A� �a�n�d� �N� �c�o�l�u�m�n�s� �o�f� �m�a�t�r�i�x� �B� �a�r�e� �r�e�t�r�i�e�v�e�d�,� �a�n�d� �N� �r�o�w�s� �o�f� �m�a�t�r�i�x� �C� �a�r�e� 

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

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

�f�o�r� �e�a�c�h� �p�o�s�i�t�i�o�n� �o�f� �e�a�c�h� �r�e�s�u�l�t� �r�o�w� �c�a�l�c�u�l�a�t�e�d�.� �A� �t�o�t�a�l� �o�f� �N�3� �m�u�l�t�i�p�l�i�c�a�t�i�o�n�s� �a�n�d� �N�?� �a�d�d�i�-� 

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

�F�i�g�u�r�e� �7�.�4� �g�r�a�p�h�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �r�u�n�s� �o�f� �c�m�a�t�r�i�x�.� �E�a�c�h� 

�p�o�i�n�t� �o�n� �t�h�e� �g�r�a�p�h� �r�e�p�r�e�s�e�n�t�s� �a�n� �N� �x� �N� �m�a�t�r�i�x� �m�u�l�t�i�p�l�i�c�a�t�i�o�n�,� �w�h�e�r�e� �N�=�5�0�.� �R�u�n�s� �u�s�i�n�g� �1�0�,� 

�1�5�,� �2�0�,� �a�n�d� �2�5� �w�o�r�k�e�r�s� �w�e�r�e� �t�i�m�e�d� �o�n� �L�i�n�d�a�-�L�A�N� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �1� �t�o� �5� �p�r�o�-� 

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

�F�r�o�m� �t�h�i�s� �f�i�g�u�r�e�,� �w�e� �o�b�s�e�r�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�e� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�o�c�e�s�s�o�r�s� �i�n�c�r�e�a�s�e�s� �f�r�o�m� �1� �t�o� �5�,� �e�x�e�c�u�t�i�o�n� �t�i�m�e� �d�e�c�r�e�a�s�e�s�.� �I�n� �f�a�c�t�,� 

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

�e� �A�d�d�i�n�g� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �a�l�s�o� �r�e�s�u�l�t�s� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �e�x�e�c�u�t�i�o�n� �t�i�m�e�,� �t�o� �a�n� �e�x�t�e�n�t�.� �A� 

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

�1�,� �2�,� �a�n�d� �3� �p�r�o�c�e�s�s�o�r� �c�a�s�e�s�)�.� �T�h�i�s� �t�r�e�n�d� �c�o�n�f�o�r�m�s� �t�o� �o�u�r� �e�x�p�e�c�t�a�t�i�o�n�s�.� �S�i�n�c�e� �c�m�a�t�r�i�x� 

�i�s� �I�/�O� �i�n�t�e�n�s�i�v�e�,� �w�e� �e�x�p�e�c�t� �t�h�a�t� �a�d�d�i�n�g� �m�o�r�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s� �t�o� �e�a�c�h� �p�r�o�c�e�s�s�o�r� �w�i�l�l� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�1
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�F�i�g�u�r�e� �7�.�4�.� �E�x�e�c�u�t�i�o�n� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� 

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

�8�2



�e�x�p�l�o�i�t� �c�o�n�c�u�r�r�e�n�c�y� �b�y� �p�r�o�v�i�d�i�n�g� �e�n�o�u�g�h� �w�o�r�k� �t�o� �k�e�e�p� �t�h�e� �C�P�U� �b�u�s�y�,� �e�v�e�n� �w�h�e�n� �m�o�s�t� 

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

�F�i�g�u�r�e� �7�.�5� �p�r�e�s�e�n�t�s� �a�n�o�t�h�e�r� �v�i�e�w� �o�f� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �c�m�a�t�r�i�x�.� �T�h�i�s� �g�r�a�p�h� �e�m�p�h�a�s�i�z�e�s� �t�h�e� 

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

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

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

�7�.�2� �E�n�h�a�n�c�i�n�g� �t�h�e� �S�y�s�t�e�m ��s� �P�e�r�f�o�r�m�a�n�c�e� 

�A� �s�u�b�s�t�a�n�t�i�a�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �o�v�e�r�a�l�l� �w�a�l�l� �c�l�o�c�k� �t�i�m�e�s� �r�e�p�o�r�t�e�d� �i�n� �S�e�c�t�i�o�n� �7�.�1� �c�a�n� �b�e� �a�t�t�r�i�b�-� 

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

�g�r�a�m� �s�p�e�n�d�s� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �w�a�i�t�i�n�g� �f�o�r� �r�e�s�p�o�n�s�e� �t�u�p�l�e�s� �t�o� �a�r�r�i�v�e� �f�r�o�m� �T�S�-�M�a�n�.� �A�s� 

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

�L�i�n�d�a� �p�r�o�c�e�s�s� �s�p�e�n�d�s� �a�n� �a�m�o�u�n�t� �o�f� �t�i�m�e� �r�o�u�g�h�l�y� �e�q�u�a�l� �t�o� �9�0�%� �o�f� �t�h�e� �r�u�n ��s� �t�o�t�a�l� �e�x�e�c�u�t�i�o�n� 

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

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

�L�i�n�d�a� �p�r�o�c�e�s�s ��s� �r�e�q�u�e�s�t�s� �i�s� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �1� �s�e�c�o�n�d�.� �T�h�e�r�e�f�o�r�e� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �w�a�i�t� 

�t�i�m�e�s� �m�u�s�t� �b�e� �a�c�c�u�m�u�l�a�t�e�d� �b�y� �r�e�q�u�e�s�t�s� �e�n� �r�o�u�t�e� �f�r�o�m� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s� �t�o� �T�S�-�M�a�n�,� �o�r� 

�f�r�o�m� �T�S�-�M�a�n� �t�o� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s�.� 

�R�e�c�a�l�l� �f�r�o�m� �S�e�c�t�i�o�n� �5�.�2� �t�h�a�t� �e�a�c�h� �r�e�q�u�e�s�t� �(�w�e� �u�s�e� �t�h�e� �g�e�n�e�r�i�c� �t�e�r�m� �r�e�q�u�e�s�t� �t�o� �r�e�f�e�r� �t�o� �a� 

�t�u�p�l�e� �o�r� �a� �r�e�q�u�e�s�t� �f�o�r� �a� �t�u�p�l�e�)� �s�e�n�t� �b�y� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �(�o�r� �b�y� �a�n�y� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� 

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

�p�a�c�k�e�t�.� �F�i�g�u�r�e� �7�.�6� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e�  ��r�o�u�n�d�-�t�r�i�p �� �p�a�t�h� �t�a�k�e�n� �b�y� �t�h�e�s�e� �t�w�o�-�p�a�c�k�e�t� �r�e�q�u�e�s�t�s�.� 

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

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�3
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�W�r�i�t�e� �D�a�t�a� �R�e�a�d� �H�e�a�d�e�r� �A�h� � � � � � � � � � � � � 

� � � � 

� � 

� � � � � � � � � � 

� � � � � 

� � 

� � � � � 

� � � � 

� � � � � � � � � � � � � � � � 

� � � � 

�V�v� 

�R�e�a�d� �H�e�a�d�e�r� �W�r�i�t�e� �D�a�t�a� 

�W�r�i�t�e� �H�e�a�d�e�r� �R�e�a�d� �D�a�t�a� 
�V�v� 

�A� 
�R�e�a�d� �D�a�t�a� �W�r�i�t�e� �H�e�a�d�e�r� 

�W�r�i�t�e� �D�a�t�a� �R�e�a�d� �H�e�a�d�e�r� � � � � � � � � � � � � 

� � � 

� � 

� � � � 
�P�E�E�R� �S�O�O�N� �R�E�Y� �S�e�p�N�N�O�O�T� �I�I�S� �S�o�o�n� �L�-�K�e�r�n�e�l� �S�O�D�E�S�C�C�I�O�O�T� �A� �S�S�O�S�O�S� �A�R�E�S� �O�O�C�E�O� �S�E�D�E�R� �D�E�S�O�N�O�T�O�S�S�S� 
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� � � � �V�v� 
�R�e�a�d� �H�e�a�d�e�r� �W�r�i�t�e� �D�a�t�a� 

�Y� 
�R�e�a�d� �D�a�t�a� �W�r�i�t�e� �H�e�a�d�e�r� 

� � � � � � � � � � � � � � � � 

� � � � � � � � � � � � 

�R�e�s�p�o�n�d� �t�o� 
�R�e�q�u�e�s�t� 
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�F�i�g�u�r�e� �7�.�6�.� �R�o�u�n�d�-�t�r�i�p� �p�a�t�h� �t�a�k�e�n� �b�y� �r�e�q�u�e�s�t�s� �f�o�r� �t�u�p�l�e�s� 

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�5



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

�W�h�e�n� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� �i�s�s�u�e�s� �a� �r�e�q�u�e�s�t� �f�o�r� �a� �t�u�p�l�e�,� �t�h�e� �r�e�q�u�e�s�t� �m�u�s�t� �t�r�a�v�e�l� �f�r�o�m� �t�h�e� �L�i�n�d�a� 

�p�r�o�c�e�s�s� �t�o� �i�t�s� �L�-�K�e�r�n�e�l�,� �a�n�d� �f�r�o�m� �L�-�K�e�r�n�e�l� �t�o� �t�h�e� �p�r�o�p�e�r� �T�S�-�M�a�n� �p�r�o�c�e�s�s�.� �O�n�c�e� �T�S�-�M�a�n� 

�h�a�s� �m�a�t�c�h�e�d� �t�h�e� �r�e�q�u�e�s�t� �w�i�t�h� �a� �t�u�p�l�e�,� �t�h�a�t� �t�u�p�l�e� �t�r�a�v�e�l�s� �f�r�o�m� �T�S�-�M�a�n� �b�a�c�k� �t�o� �t�h�e� �L�-�K�e�r�n�e�l�,� 

�a�n�d� �f�r�o�m� �L�-�K�e�r�n�e�l� �b�a�c�k� �t�o� �t�h�e� �o�r�i�g�i�n�a�t�i�n�g� �L�i�n�d�a� �p�r�o�c�e�s�s�.� 

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

�g�a�t�e� �w�a�y�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �s�p�e�e�d� �a�t� �w�h�i�c�h� �r�e�q�u�e�s�t�s� �t�r�a�v�e�r�s�e� �t�h�e� �r�o�u�n�d�-�t�r�i�p� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�-� 

�u�r�e� �7�.�6�.� 

�T�C�P� �B�u�f�f�e�r�i�n�g� 

�A�s� �s�t�a�t�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �d�e�s�i�g�n�e�d� �t�o� �u�s�e� �t�h�e� �D�-�K�e�r�n�e�l� �s�y�s�-� 

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

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

�o�f� �t�h�e� �s�y�s�t�e�m ��s� �s�t�r�e�a�m� �s�o�c�k�e�t� �i�n�t�e�r�f�a�c�e� �a�n�d� �i�t�s� �T�C�P�/�I�P� �s�o�f�t�w�a�r�e�.� �W�e� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �t�h�e� 

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

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

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

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

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

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

�b�a�n�d�w�i�d�t�h�.� 

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

�L�i�n�d�a� �s�y�s�t�e�m�.� �S�i�n�c�e� �t�h�e� �n�o�d�e�s� �o�f� �t�h�e� �L�i�n�d�a�-�L�A�N� �c�o�m�m�u�n�i�c�a�t�e� �o�v�e�r� �a� �f�a�s�t� �E�t�h�e�r�n�e�t� �n�e�t�-� 

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�6



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

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

�t�o� �t�u�p�l�e� �r�e�q�u�e�s�t�s�.� �A�f�t�e�r� �s�e�n�d�i�n�g� �a� �r�e�q�u�e�s�t� �f�o�r� �a� �t�u�p�l�e� �t�o� �T�u�p�l�e� �S�p�a�c�e�,� �a� �L�i�n�d�a� �p�r�o�c�e�s�s� 

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

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

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

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

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

�l�e�v�e�l� �o�p�t�i�o�n� �i�s� �c�a�l�l�e�d� �T�C�P�_�N�O�D�E�L�A�Y�,� �a�n�d� �i�s� �p�u�t� �i�n�t�o� �e�f�f�e�c�t� �w�i�t�h� �t�h�e� �s�e�t�s�o�c�k�o�p�t� �(�)� 

�s�y�s�t�e�m� �c�a�l�l�.� 

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

�s�y�s�t�e�m� �(�i�n�c�l�u�d�i�n�g� �t�h�e� �L�i�n�d�a� �p�r�o�c�e�s�s�e�s�,� �t�h�e� �L�-�K�e�r�n�e�l�s�,� �a�n�d� �t�h�e� �v�a�r�i�o�u�s� �T�S�-�M�a�n� �p�r�o�c�e�s�s�e�s�)� 

�w�e�r�e� �m�o�d�i�f�i�e�d� �t�o� �u�s�e� �t�h�e� �T�C�P�_�N�O�D�E�L�A�Y� �o�p�t�i�o�n� �o�n� �t�h�e�i�r� �d�a�t�a� �s�o�c�k�e�t�s�,� �a�n�d� �t�h�e� �r�a�y�-� 

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

�R�e�s�u�l�t�s� �f�r�o�m� �r�a�y�s�h�a�d�e� �o�n� �t�h�e� �M�o�d�i�f�i�e�d� �S�y�s�t�e�m� 

�F�i�g�u�r�e� �7�.�7� �s�h�o�w�s� �t�h�e� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �o�f� �r�a�y�s�h�a�d�e� �o�n� �t�h�e� �m�o�d�i�f�i�e�d� �s�y�s�t�e�m�.� �I�f� �w�e� �c�o�m�-� 

�p�a�r�e� �t�h�i�s� �g�r�a�p�h� �w�i�t�h� �F�i�g�u�r�e� �7�.�2�,� �w�e� �o�b�s�e�r�v�e� �t�h�a�t� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �h�a�v�e� �d�e�c�r�e�a�s�e�d�,� �b�u�t� �n�o�t� 

�d�r�a�m�a�t�i�c�a�l�l�y�.� �S�p�e�c�i�f�i�c�a�l�l�y�,� �e�x�e�c�u�t�i�o�n� �t�i�m�e�s� �h�a�v�e� �d�e�c�r�e�a�s�e�d� �b�y� �a�n� �a�v�e�r�a�g�e� �o�f� �7�%� �(�i�n� �t�h�e� �1� 

�p�r�o�c�e�s�s�o�r� �c�a�s�e�)� �t�o� �2�8�%� �(�i�n� �t�h�e� �5� �p�r�o�c�e�s�s�o�r� �c�a�s�e�)�.� �S�i�n�c�e� �r�a�y�s�h�a�d�e ��s� �p�r�i�m�a�r�y� �w�o�r�k� �i�s� 

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

�i�n�g� �t�h�e� �T�C�P�_�N�O�D�E�L�A�Y� �o�p�t�i�o�n�.� �W�e� �a�l�s�o� �o�b�s�e�r�v�e� �t�h�a�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �p�e�n�a�l�t�y� �i�n�c�u�r�r�e�d� �b�y� 

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

�I�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �E�x�e�c�u�t�i�o�n� �P�r�o�f�i�l�e� �8�7
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