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ABSTRACT 

As the popularity and demand grow, high-performance systems are adopting more 

processing cores. IBM Roadrunner, a petascale supercomputer, has 130K+ cores. No wonder, 

designing and/or analyzing such a gigantic system is very complicated and it costs vast amount 

of money. Modeling and simulation is attracting researches from many organizations and 

different disciplines to conduct research on expensive multi-core systems in an inexpensive way. 

Various multicore simulators have been proposed with various specific purposes. For example, 

MIT Hornet multicore simulator provides cycle-accurate performance of multicore chips. We 

feel the need for a fast flexible simulation platform capable of guiding to select the right system 

parameters (like number of cores) for optimal performance/power ratio when a set of 

applications is given. 

The proposed multicore simulation platform takes various system parameters as inputs 

during the runtime. It is able to analyze the sequential and parallel executions of the target 

workload. It generates detailed log-file indicating operations and system status for the entire 

execution time. This simulation results are evaluated using traditional check-point method and 

comparing with results published in [Chaturvedula, 2011]. There are opportunities to add 

functionalities to the proposed multicore simulation platform to facilitate in-depth analysis of 

various crucial multicore issues including core allocation and cache optimization. 

.    
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CHAPTER 1 

INTRODUCTION  
 

In 1965, Gordon Moore observed that every eighteen to twenty-four months, the number 

of transistors available to semiconductor manufacturers would double (approx.) [1]. Taking this 

fact into effect, designers in today’s world succeeded in implementing billions of transistors on 

the same chip leveraging more powerful and miniature size processor chips. The option to have 

abundant transistors helped designers to create more complex architectures, more aggressive 

techniques for dynamically executing the out-of-order instructions and exploring instruction 

level parallelism [2]. Intel Dual-Core Itanium 2 released in 2006 has got more than a billion 

transistors [3]. Multi-core system has become a prevailing technology when it comes to the high 

performance and power efficiency [4].  But, design and analysis of such physical system 

involves cost & complexity to understand the non-trivial interactions among the cores. 

Especially for students and researchers, understanding these complex interactions and 

contributing to further enhancements is highly impossible due to the lack of access to such 

physical systems and cost involved to implement such systems. For example in 2008, Intel 

manufactured an 80-Core processor known as Polaris [5]; however access to this processor is 

confined only to Intel processor research industry. Similarly, IBM has also designed IBM Blade 

Center System-QS22/LS21 with 122,400 cores, in 2008 [6].  

Hence experimenting and contributing to these designs is way out of scope for any university 

research student. Any attempt to use analytical methods is not suitable for understanding 

complex architecture systems. Direct measurement is a post-design step and not useful for any 

system under design. Thus a simulation technique is more practical and helpful in terms of 

analyzing multi-core systems. Even though the increasing complexity of different multi-core 
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architectures makes simulation more difficult, the performance evolution will be more practical 

and accurate compared to any other evaluation technique. A more detailed explanation of these 

techniques has been mentioned below. 

1.1 Evaluation Techniques 

With the evolution of various advanced multi-core processors and architectures, it is very 

important for us to be able to evaluate these systems before and after their design. There are 

different evaluation techniques to analyze the system performance, finding out their computing 

ability and data handling capability. 

1.1.1 Measurement 

This is considered to be one of the most accurate evaluation techniques for finding out 

the efficiency of multi-core processors. Even though this technique is more accurate and flexible, 

many people did not see this as an affordable option as it involves cost. The other drawback of 

this technique is the need for a physical system, which runs the software to monitor the chip and 

take appropriate measurements. 

While the designers are making great efforts in inventing various efficient multi-core processors, 

it is really important for us to have the ability to check the expected performance of the system 

even before designing or modifying the system. In these grounds, measurement technique seems 

more to be a post-design step rather being a pre-design analysis technique. Hence a more 

effective way needs to be chosen when it comes to the performance analysis of a multi-core 

system. 
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1.1.2 Analytical 

In various scenarios where the system analysis is in the initial stages, designers prefer 

analytical techniques like queuing/stochastic for the pre-design system analysis. In [7], analytical 

modeling has been used to help designers identify the key aspects and interactions between 

hardware transactional memory and multi-core architecture.  

To overcome the restrictions imposed on the measurement techniques, analytical modeling is an 

effective way for the preliminary design and analysis. However, this technique is not suitable for 

accessing and understanding detailed design multi-core system parameters, evaluating the future 

complex system architecture [8]. Even though, these techniques are less accurate and flexible, 

they are reasonably used due to the affordable cost. 

1.1.3 Simulation 

In order to gain an accurate performance evaluation, the best and least expensive method 

is the simulation technique where the real processing units are simulated by the virtual 

prototyping system which performs the event - driven simulations with the use of instructions.  A 

processor is generally simulated as an Instruction Set Simulator (ISS). The performance of the 

simulator depends on the traffic and communications it handles. If the processing elements are 

more, then the synchronization between these process simulators becomes hectic and thus results 

in decrease of simulation speed. It also degrades while handling complex data due to several 

interactions within the processors. 

There are also inter-simulator communications which are based on the mechanisms such as 

socket or pipe. For handling the multi-core processor simulator system, it is very crucial to 

maintain very high simulator speeds. Since in multi-core, the number of processor components 



 

4 
 

increase persistently, there should be a way to handle the different requests independently 

without any hitch in performance. To ensure this kind of functionality, parallel simulation is 

evolved which ensures running of different simulator components at the same time in different 

simulation hosts to guarantee the speed of simulator. So, it is important to manage parallelism in 

an effective manner. In order to achieve the best simulation performance, configuring the 

simulation system is required. Few points needed to be considered for selecting a proper 

simulation system are: computation and communication characteristics of an application 

intended to be evaluated [9].Considering all these aspects, the use of a proper simulation tool 

design would be indispensable, providing the capability to analyze and understand the system 

performances for the present and future computer architectures. 

1.2 Motivation for Thesis 

Extensive studies have been made to find a flexible tool to analyze multi-core system 

performances; some of the tools, simulation languages and modeling are mentioned in [10]. Few 

tools like VisualSim, SimuLink, MicroSaint, SimCreator are available in the market but these are 

limited to a very specific design not always suitable for the real time multi-core system analysis 

[11]. Learning these tools sometimes is cumbersome for students because of its complexity and 

also modifying these tools according the research need is strictly prohibited due to the copy right 

issues. Thus we need a simulation platform to implement, understand the design bottlenecks, 

assess the practicability of architectural enhancements and measure the system performance with 

various inputs. For example, with an appropriate simulation tool a student could analyze the total 

processing time of a 16-core, 32-core or any other core system at no cost and can even tweak 

certain parameters like cache size, load interval for a robust analysis of the system behavior. 
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1.3 Problem Statement 

In computer industry, while the designers are making great efforts in inventing various 

efficient multi-core processors, there is no proper technique to evaluate the expected 

performance of these systems. Direct measurement is a post-design step and not useful for 

systems under design. Analytical methods are good for preliminary analysis but not suitable to 

understand the detailed design trade-offs of future complex architecture systems. Thus a suitable 

and flexible simulation platform for multi-core systems would be of great help to analyze any 

multi-core system. However, as of now there is no single tool designed or confined for the real 

time multi-core system analysis. 

1.4 Contributions 

We propose a simulation platform which is suitable, scalable and flexible for various 

multi-core systems. Our major contributions to this thesis are: 

 Develop a Fast Flexible Simulation Platform for Multicore Systems. 

 Using the Platform, implement a Serial/Parallel Processing System for the analysis of 

Total Processing Time and Power. 

 Analyze the Sequential and Parallel executions of the target workloads. 

 Collaborating to develop a web interface to the platform and provide cloud services for 

the future researchers. 
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1.5 Thesis Organization 

 In chapter 2, we briefly discussed about the evolution of processors followed by some of 

the performance driven parallel processing techniques. Some of the existing simulation tools and 

different types of workloads are also discussed in this chapter. 

In chapter 3, we explained the proposed multi-core simulation tool in detail. The design 

goal, tool workflow and workloads has been covered this chapter. 

In chapter 4, tool validation is done in terms of check-points evaluation. Also this chapter 

provides some of the results collected for various dependent and independent workloads. 

In chapter 5, we summarized our thesis with a conclusion and the future scope of this 

work. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Computers have undoubtedly been one of the most revolutionary inventions of all the 

time. A computer is programmed in such a way that it performs successive arithmetic or logical 

operations automatically. The initial computers which used mechanical relays as the 

computational technique were replaced by vacuum tubes in 1950. Though the new mechanism 

was much faster than relays in computing and increased performance, it had its own limitations 

such as portability and generation of heat from the tubes resulting in limited capability with 

overall less performance. With the introduction of transistor-based machines in the 1960s, 

computers have become more compact, faster in performance, inexpensive and have less power 

utilization. This was a great breakthrough in the computer industry and a milestone for further 

inventions. The quest for advancement and performance improvisation continued, and in the 

1970s integrated circuit technology was devised. IC’s were capable of executing tasks with a 

great performance and able to process huge data which was highly desired. The succeeding 

inventions of powerful microprocessors, multi-processors and multi-core processors have 

brought portability and reliability on computers with effective performance till date. 

2.1 Evolution of Microprocessors 

A microprocessor is termed as an element characterized by digital electronic constituent 

containing a semiconductor integrated circuit with transistors. They are implemented on a single 

chip and works with the programs running in the digital circuit [12, 13]. CPU which is known as 

central processing unit is made up of one or more microprocessors. Since the time 

microprocessors have been invented, they have replaced all other forms of implementation by 
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remarkably diminishing the processor cost and raising the performance every year. They have 

predominantly brought two concepts into existence i.e. Power of Computing and the Power of 

Intelligence which created a lot of impact on the growing technology and also paved a bright 

path for the enthusiastic engineers to carry forward the creative inventions and leading to the 

existence of great era "software industry" [14].  Microprocessors are not only used in terms of 

computers, but also embedded in many types of equipment like telephone, radios, microwave, 

washing machines and televisions etc., which are seldom known to the people. Microprocessor 

handles various functionalities such as arithmetic operations like addition, subtraction, division 

and multiplication. It has the ability to jump statements based on the decisions and it also handles 

the movement of data from one memory location to another location. 

The first microprocessor Intel 4004 was created using integrated circuit technology in 1971 

by Intel [14]. A single chip constituting of all the components required for CPU is known as 

integrated circuit(IC). Intel 4004 is a 4-bit processor which possesses a speed of 740 kHz and 

0.06 MIPS with 2,238 transistors [14]. Soon it was followed by 8008 model, the world's first 8-

bit microprocessor. It was coded in an assembly language where the instructions were processed 

sequentially by fetching and executing one instruction at a time [14]. In 1976, Intel introduced 

the 16-bit 8086 processor with 5 MHz of clock frequency. In this the progress was made by 

using effective operand modes, which are helpful in storing the program in memory and made 

interactions possible with programmers. This enabled the programmers to call and access any of 

the instruction which are stored as conceptual data structures. By this time, programmers have 

introduced an advanced concept of pipeline which means the instructions are fetched, decoded 

and executed in pipeline manner i.e. by the time one instruction is fetched and decoded, the other 

instruction will be in fetched mode [15]. Memory protection mechanisms were also introduced in 



 

9 
 

this processor. However, as a consequence of heavy programming there was an impact on the 

size of CPU on chip, which was increasingly occupying the large area.  A later version of the 

8086 was used to build the first personal computer by IBM. This was followed by the Intel 386 

and 80486 which were 32-bit processor which had a speed of 16 MHz. During this time the 

advanced pipelined concept called streamlined instruction set was introduced which in turn led to 

RISC microprocessors. This reduced the complexity of CPU and the size of processor on chip 

very effectively. Though there were some data concurrency problems and overlapping issues, the 

pipelining was very much useful. So, the proper scheduling of instructions was taken care in 

order to increase the throughput. The quest for performance continued, Intel Pentium and AMD 

which were advanced 32-bit processors, introduced on-chip caches and memory management 

techniques.  

2.2  Multi and Many-core Systems 

With the increased demand for the processors and the progress we made during several 

years, the expectations on the multiprocessors have drastically increased. This led the designer’s 

to think towards multi-core processors. A multi-core processor is processor that has more than 

one processor called core which is embed onto a single chip in order to achieve high 

performance. This chip constitutes of various components like core, caches, interconnects, 

memory controllers, arithmetic and logic units, clocking and the other components. Designers 

achieved a great performance on the computation path and complex data structures with the help 

of these multi-cores. Figure 2.1 below depicts the simple comparisons between a single core, 

multiprocessor and multi-core architectures. 
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Figure 2.1: Comparison of Single-core, Multi-processor, and Multi-Core Architectures [1] 

Due to the improved performance/power ratio, multi-core processors are much more 

preferred over single core processors, typically up to 32. Any number above 32 is referred as a 

Many-core system [16]. For a many core system, the threshold value is in several tens of 

thousands of cores, typically requiring a network on chip architecture. In 2009 IBM’s POWER7 

was released and contained 1.2 billion transistors on one large chip having between 4 and 8 

cores. Later much advancement came in the software industry to handle much more intensive 

multitasking techniques for multi-core processors. Recent processors own super scalar 

processing techniques which has capacity to handle 10 million transistors. Super scalar 

processors have the power of executing and managing multiple parallel pipelines of instruction 

sets, where the scheduling and speculative issues with instructions are handled very effectively to 

draw its maximum efficiency. 

                    

A) A Single Core                              B)   A Multiprocessor 

 

C) A Multi-core Processor 
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2.3  Types of Parallelism 

Parallel execution of threads is described as the multiple threads actively running on 

different hardware components simultaneously providing results at the same time [1]. The most 

common kind of parallelism used in the advanced multi-core processors is MIMD (Multiple 

Instruction, Multiple Data), where multiple instructions are capable of executing multiple data 

streams independently and separately. 

2.3.1 Instruction Level Parallelism 

This is one of the most efficient ways to improve the performance of processor by 

extracting the maximum utilization of resources at the instruction level of machine [17]. Since, it 

has got the ability to reduce the pipeline jamming by optimizing the order of instructions; it is 

also called as out-of-order or dynamic execution. Numerous independent instructions are 

executed in order to gain the most advantage of this technique. However, when there are plenty 

of instructions running simultaneously, there is always a possibility that pipelines will be stalled 

when dependencies occur on instructions. In such cases, this technique follows the concept of 

rearranging the order of instructions and branching into microinstructions, so that there will be a 

smooth flow of execution [1]. But there are few points to be considered while using this 

parallelism, the instructions must be arranged in the such a way that there are minimal 

dependency problems such as name dependency, where two instructions uses same memory 

location which results in stalled flow of data between them. This can be avoided by reordering 

instructions or changing the name in instruction. Another one is data dependency, in which an 

instruction is dependent on other instructions data and cause the stalling of pipeline. This can be 

nullified by properly arranging the instructions order in correct fashion. There is one more 

dependency case commonly known as control dependency where an instruction is executed 
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based on the control block, unless the control branch gets executed the instruction is not 

executed. All these dependencies can be exempted and greater performance is achieved, if the 

proper dynamic scheduling of instructions is done. 

2.3.2 Thread Level Parallelism 

This parallelism enables simultaneous execution of multiple threads on multiple 

processors [1]. Thread is a light-weight process and the basic unit of processor. It keeps track of 

instructions to be processed and state of the task. This can be most commonly understood in the 

scenario where a single server can process multiple threads for several clients [17]. There are two 

kinds of thread level parallelism, fine-grained parallelism where the processor switches between 

the threads in every single clock cycle and coarse-grained parallelism where processor switches 

from one thread to another, when a thread is stuck with some functionality. This parallelism is 

not much efficient in a single core processor, but shows efficient performance with multi-core 

processors. Since the threads are executed separately on multiple cores, each thread has its own 

execution core.  Here, the various workloads are optimally shared between multiple cores thus 

increasing the performance. Considering a situation where a same operation is to be performed 

on two different instructions, then with multiple cores one instruction can use the operand on one 

core whereas the other instruction can use the other core operand at the same time resulting in 

faster output [1]. Considering the advancement in performance with multi-core, the complexity 

to handle the memory caching and prioritization of threads also increases when it comes to 

thread level parallelism. SPECOMP2001 [18] and also RMS (Recognition-Mining-Synthesis) are 

few program examples which represent this thread level parallelism in multi-core. 
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2.3.3 Simultaneous Multi-Threading 

The concept of "Simultaneous multithreading" is also referred as "Hyper-Threading" 

technology which combines the effect of superscalar processors with multithreading. As a result, 

we could process multiple instructions in multiple threads for every clock cycle. In this, a single 

processor can be viewed as multiple logical processors via software. Here, execution threads can 

be shared on different logical processors which share the same processor hardware resources. So 

the multiple threads are executed simultaneously on shared processor, and it is up to the 

processor to decide which thread executes while others are stalled. In few situations where one 

thread is stuck waiting for some operation such as inputs needed from keypad, the CPU takes a 

call to switch the thread and release the resources for other threads execution, so that the 

maximum utilization of processor resources is done. SMT is very intelligent in fetching the 

instructions in order to avoid any kind of stalling [19]. Since the resources of processor are 

shared between multiple threads it is very important to maintain optimized techniques for 

caching and memory. With this parallelism, it is possible to gain 30% raise in processor 

throughput. This concept when used along with multi-core gives much more considerable 

throughput, since threads are performed on multiple cores.  

2.4  Simulation & Tools 

The process in which the real system or process is imitated by a physical or logical 

system over time is called simulation. For a simulation, the model which represents the system is 

necessary and based on that model characteristics the simulator is formed to reproduce the 

manner of the system overtime. This mechanism enables us to find out the real behavior of any 

system over course of duration with all possible actions performed on it. This also enables us to 

find out any defects or improvements in the system and helps in redesigning the system to 
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accomplish the greater performance. It provides an inexpensive and flexible way of changing the 

internal structures accordingly to requirement. It is a great way to understand any system 

behavior if in case the real system is not available or is still under construction. Simulation is 

very widely used method in the current days; it is present in every technology like testing, 

education, software and hardware such as microprocessors, in order to optimize the performance. 

Thus using simulation in the computer industry has become very popular [20]. The below Table 

2a has been adapted from reference [21], shows the percentage of articles from Proceedings of 

the International Symposium on Computer Architecture depending on simulation techniques. 

Table 2a: Performance evaluation techniques used for Computer Architecture [21] 

Year Total 
Papers 

Simulation Measurement Analytical Others 
Total % Total % Total % Total % 

2004 31 27 87 3 10 1 3 0 0 

2001 25 22 88 2 8 0 0 2 8 

1997 30 24 80 6 20 0 0 0 0 

1993 32 23 72 9 28 6 19 1 3 
1985 43 12 28 1 2 14 33 16 37 

1973 28 2 7 0 0 5 18 21 75 
 

Due to the advancements in processors, understanding the complex architectures has 

become very difficult. It is very important to study each and every resource, connections, their 

utility and the behavior to analyze the problems that are present in current architecture and to 

propose enhanced architectures in future. Thus in order to have deep understanding over this 

technology, designers makes use of simulation extensively. Simulation gives a very detailed 

view of processors on per cycle basis. There are few simulation tools designed based on type of 

cores and complexity. It is a little difficult task to develop and maintain heavy simulators which 
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imitate multi-core and many-core processors. Simulations on multi-core multi-threaded 

processors can be varied when executed on two different architectures [3]. So it is necessary to 

choose an appropriate simulation technique for particular processors. 

Simulators are generally classified in to two categories such as user-level simulators and 

full- system simulators. Full system simulators give a deep insight on user-level code and the 

operating system level codes. They develop every module of the processor for analyzing the 

correct implementation of the program. Developing and maintaining this kind of simulation is 

very difficult and tedious. Few examples systems are SoftSDV[20] and SIMOS[22]. User-level 

simulation usually concentrates on the user code and the system libraries with which the code 

interacts. It is important to observe the behavior of the interactions with the system in order to 

avoid the side effects created by one instruction on other instruction behavior. If the interactions 

are not properly done, it might also effect the main instruction which might have dependencies 

on it. Simple scalar is one such simulator [23]. 

2.4.1 Multithreaded Computer Architecture Simulators 

Multi2Sim is a simulation tool which imitates the multi-threaded architecture. There are 

few stages in multi-threaded design which are organized and supported by few parameters 

specified in this simulator. These stages are shared between each thread or within the thread. 

Different stages are classified as fetch stage where the instruction is fetched, decode/rename 

stage which decodes the fetched instruction and places it in ready queue once the inputs are 

available. Then comes issue stage which takes the decoded instruction to the executable 

functional unit. After that execute stage, where the instruction is executed and the result is stored 

in register. Final stage is called commit, where the instruction is removed from the pipeline. This 

sharing of stages can be different in other multithreaded pipelines thus increasing their 
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throughput. This simulation is used in evaluating the different strategies of stage sharing. 

Depending on this stage sharing it can be classified as coarse grained, fine grained, simultaneous 

multithreading. The configuration of simulators for different architectures depends on different 

parameters used.  

For fine grained multithreading, in the fetching level timeslice parameter is used where 

the instructions are fetched from different threads based on per clock cycle. Similarly for the 

other stages also timeslice is configured since only one thread will be active at a time and is 

switched repeatedly per clock cycle.  

In coarse grained, when a thread is stuck with some event, the processor switches on to 

other thread for fetch which is managed by switchonevent parameter. The other stages share 

either the shared parameter, where the instruction fetched is delivered to single fetch queue on 

every clock cycle, decoding the instructions based on decode-width or the timeslice, where the 

decoding is done per clock cycle in round robin fashion.  

For simultaneous multi-threading, where multiple threads are fetched based on priorities 

uses mt_fetch_priority parameter or equal timeslice manner. The other stages are configured 

either by timeslice in round robin mode or the replicate manner where multiple instructions are 

carried out on execution by multiple threads [24]. Though this is a great simulator, it also has 

few limitations such as the interconnections, which depend on sharing strategies of memory and 

data.  

2.4.2 Simulation Frame-work for Many-core Chip Multiprocessors 

There are a few challenges on many-core architectures such as the performance 

hindrances over various architecture changes, memory hierarchies, cache managements and 
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complexity due to the large number of cores to manage. In order to overcome these limitations it 

is very important to simulate the many-core tool in a flexible and efficient way.  

Though the multi- and many-core processors are very much common nowadays, there are 

very few simulators which actually explore the scalability and effectiveness of these designs. 

There are few simulators which got evolved to increase the speed of performance accessing of 

these models such as SimFlex[25]. SiMany is one of the frameworks which simulate cores on 

chip. It achieves the concurrency in executing programs by using a technique called spatial 

synchronization which keeps the interactions locally. It mainly focuses only on designing the 

concurrent interactions between the cores. The simulator is first trained with small set of 

programs called benchmarks with complex scenarios and irregular data models. Then the 

architectures up to 64 cores are tested on it for validating its scalability.  

Though it is an effective simulator, few limitations are present. The interactions allowed 

here are mostly short length interactions with certain time limit which constraints the ability for 

complex interactions. Complex scenarios like controls and huge data structures are not well 

parallelized and handled, since this simulation basically prefers fine-grained tasks with much 

short calls. 

2.4.3 A Distributed Parallel Simulator for Multi-cores 

Graphite is one open source simulation for distributed parallel multi-cores. Its main 

achievement is on faster design exploration and software exploitation [26]. It achieves this 

concept by distributing the instructions among several multi-cores and multi machines, creating 

an illusion that a single processor is handling the several instructions. This mainly has two 
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features, one is functional which ensures the correctness of program and other is modeling which 

takes care of modeling the target architectures. 

Graphite gives very precise figures of performance and the machine stats by using 

various techniques and models. The core local clocks are continuously modified based on the 

instructions sent to analytical timing models and they are synched when interacts with each other 

[27]. This simulation is processed on more than one multi-core machine considered as host 

machines which may not be preferred all time for high end simulations. Since the complexity of 

simulator is huge, there are also few limitations for scaling. It depicts better scaling on single 

host machine than different machines due to the lesser interactions and communication traffic. 

There is a visible difference in performance when apps are executed on 1 to 8 cores on a single 

host to multiple hosts. This performance drop also depends on application level of scaling to 

multi-cores and its characteristics such as memory sharing and computation.  

Thus we found no single tool that is flexible and suitable for various multi-core 

architectures. Every simulation technique mentioned above is specific to their certain 

requirement. Thus in this work we concentrate on proposing a flexible simulation tool for a 

multi- and many-core environment that can be a generic platform to emulate any number of 

cores and analyze System performance parameters like total processing time, power 

consumption, cache optimization, understanding topology, flow control, routing algorithm & 

heat dissipation etc.. This thesis work mainly concentrates on analyzing two of the above 

parameters i.e. total system processing time and power utilization. 
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2.5  Workload 

 While there is no one definition defined for a workload. In computer industry, a workload 

is more accurately defined as the actual work being processed by the CPU. The workloads are 

characterized as foreground and background with a real-time and non-real time combination. All 

the front end applications such as Web browsers, Email applications, Microsoft office tools etc. 

fall under foreground non real-time workloads. They occasionally require high CPU but are 

frequently blocked for the user inputs.  The jobs from the Network card, CD’s, DVD’s etc. will 

under foreground real-time workloads. Printing documents, compressing audio video, file 

sharing and downloading etc. are all fall under background non real time workloads. Burning 

CD-ROM, recording a video using a video card, playing music, voice recognition that provides 

inputs to other applications etc. are all fall under background real-time workload category. 

In a multi-core environment, these workloads will have a significant impact on the 

performance of the system. But since it is not possible for us to evaluate the system before 

designing it, simulation could be a good option to run these real-time applications. However, 

simulation being non-real; we cannot run the actual workload. Therefore we use the concept of 

synthetic workload to run any simulations. The idea has been borrowed from the operating 

system concept where the CPU scheduling is done with certain parameters like processes, burst 

time, arrival time and priority etc. [27]. Synthetic workloads are the abstracted form of actual 

workload. The abstracted workloads are also non-real; contain system parameters like job 

number, threads generated, duration of each thread, arrival time & priorities. Workload 

generators use artificial programs to re-generate the actual resource utilization patterns in the 

form of synthetic workloads [28]. Parallel processing systems are more complex and very 

difficult to understand. Hence for the past few years synthetic workloads are being used with 
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simulations for evaluating the performance [29].  In [30], characterization of synthetic workload 

has been used for the performance evolution of a new system before replacing the legacy system. 

There also exists much research focusing on characterizing and developing synthetic workload 

generators for the performance evaluation [31]. However this thesis work is confined to the 

usage of synthetic workload to provide the actual work in the form of abstracted workloads to the 

developed simulation platform.  

In multi-core environment, workloads can be broadly classified as dependent, 

independent or both. Dependencies limits parallelism, a read-write request is a good example of 

dependency i.e. a value cannot be read by a core until the other core writes the data into the 

memory location.  In the recent trends of multi-core architecture, multiple cores are connected 

via a tiny node called switch. The main purpose of these switches is to provide the inter-chip 

communication between multiple cores. Most often the intercommunication between switches 

and core components are dependent. On the other hand, there also exists many real world 

applications which when divided into multiple threads can be processed independently.  A more 

detailed explanation on dependent and independent workload has been discussed in chapter 3. 
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CHAPTER 3 

PROPOSED MULTI-CORE SIMULATION TOOL 
 

In today’s world any real time application might require to be processed either in serial, 

parallel or sometimes even in both. In the proposed multi-core simulation platform we have 

implemented a Serial/Parallel processing system. The system uses first-come, first-served 

(FCFS) execution of all the real time abstracted workloads to provide the performance results. 

The tool generates an output file with the parameters like Busy_Cores, Free_Cores, 

Processing_Time, Power_Consumption and the Current_Jobs for every instance of cores being 

used. Power analysis has been made by taking certain assumption into consideration which will 

be discussed in the later chapter. To make the tool more effective in terms of execution speed it 

is built in C Language. 

3.1  Design Goals 

 The main design goal of this thesis work is to produce a platform that is simple, flexible 

and a generic for emulating multi- or many-core architectures. We also implemented a 

Serial/Parallel processing system with this platform. Provision for adding additional functionality 

makes this tool more generic and adapt to various multi-core architectures. Defining independent 

functions for every required execution like initializations, loading the jobs to the queue, 

preprocessing jobs, core allocation, updating processing time and power consumption etc. makes 

the tool more flexible. Pre-defining most of the multi-core variables like number of cores, cache 

parameters, job parameters and execution interval etc. make the tool simple for future use.  
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Figure 3.1: Design Goals 

As shown in the Figure 3.1, the application block defines any real time applications that can 

be executed in the computer system.  Preprocessing tools convert the real-time applications into 

synthetic workloads. However in this thesis work, we do not concentrate on generating the 

synthetic workloads, but develop a platform/tool that could load these workloads and provide the 

system performance results. The multi-core simulation block defines the actual tool which 

processes these synthetic workloads. The additional functionality block represents the flexibility 

of the tool which avoids the future researchers to build the platform right from the scratch. 

Researchers can add the required functionalities to get the desired results. Analysis could be 

done for various system parameters like cache optimization, core allocation, understanding 

topology, flow control and routing algorithm etc.  
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3.2  Tool Input/Output 

Since it is not possible for us to run the simulation tool with the actual workloads (real 

time applications), the idea of synthetic workload has been used as an input to our simulator. 

Synthetic workloads are the abstracted form of actual workload. The workloads contain system 

parameters like job number, threads, duration of each thread, arrival time & priorities. Output is 

defined as the data sent from any simulator. Our implementation of FCFS system provides an 

output file having output parameters such as Busy_Cores, Free_Cores, Processing_Time, 

Power_Cnsmptn, Upd_Free_Cores and Current_Jobs.  

3.2.1 Input Types & Parameters 

 In this section, we define the various input types to our tool. Parallel/Independent and 

Serial /Dependent are two input types. The parameters used as an input are Job_Num, 

Num_of_Threads, Thread_Duration, Arrival_Time & Priority. More details are discussed in the 

following sub-sections. 

3.2.1.1 Parallel/Independent Workload 

For an efficient computing and system performance results, software designers have 

shifted towards concurrency in execution to make the best use of the physical resources and 

reduce the interdependency wait time. For example, multimedia streaming will not be 

appreciated if executed in a serial approach as it involves wait time in every individual step like 

date to arrive, then uncompressing, followed by a decode & then finally send it the audio/video 

card. So a better approach would be to stage the work for a parallel execution. i.e. while the next 

frame is arriving, decoding the previous frame would always be a better approach. Hence 
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software architects often prefer dividing the jobs into multiple threads and achieve better system 

efficiency. 

When different independent workloads are processed in various multi-core platforms, to 

understand the total processing time and the power consumed we have come up with the 

following synthetic workloads as an input for our simulation tool. Below table shows 5 columns 

and 11 rows. Each row represents an independent workload that needs to be executed by the 

multi-core simulation platform.  

Table 3a: Parallel/Independent Workload 

Job_Num Num_of_Threads Thread_Duration (Units) Arrival_Time (Units) Priority 

0001 002 002 0.00 1 
0002 008 001 0.00 1 
0003 003 003 0.00 1 
0004 004 001 0.00 1 
0005 002 008 0.00 1 
0006 009 001 0.00 1 
0007 006 003 0.00 1 
0008 002 003 0.00 1 
0009 004 006 0.00 1 
0010 005 005 0.00 1 

 

Table 3a, represents 10 independent workloads starting from row 2. As discussed above, 

each workload/ job can be executed in different number of threads for a faster result. Column 2 

represents the number for threads that each job can be divided into and allocated for individual 

free cores for a simultaneous execution. Column 3 represents the duration of each thread. 

Column 4 indicates the arrival time and Column 5 indicate the priority for each job. For a better 

system performance analysis we have introduced the arrival time and priority. However this 
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thesis work does not concentrate on these parameters. Therefore 0.00 units are chosen for arrival 

time and a common unit of 1 is chosen for priority. 

3.2.1.2 Serial/Dependent Workload 

 As discussed in Chapter 2, in a multi-core environment there exits different situations 

where serial approach is inevitable. Thus analyzing the total processing time and total power 

consumption for these cases are equally important. The below table represents an example of 

Serial /Dependent workloads abstracted for core to core communication in an LBDR multi-core 

architecture model [31]. 

Table 3b: Serial /Dependent Workload 

Job_Num Num_of_Threads Thread_Duration (Units) Arrival_Time (Units) Priority 

0001 002 002 0.00 1 
0001 003 001 0.00 1 
0002 002 002 0.00 1 
0002 003 001 0.00 1 
0003 002 002 0.00 1 
0003 002 001 0.00 1 
0004 002 002 0.00 1 
0004 002 001 0.00 1 

 

Table 3b, represents 4 individual dependent workloads starting from row 2 to row 8. 

Every two rows starting from row 2 belong to one individual job. Threads shown in Column 2 

are interdependent meaning no two threads can be simultaneously executed without the previous 

one being executed. Column 3 provides the duration of each thread. Column 4 indicates the 

arrival time and Column 5 indicate the priority for each job. 
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3.2.2 Output Parameters 

 The output of our Serial/Parallel processing system provides various output components 

like Busy_Cores, Avl_Free_Cores, Current_Jobs, Upd_Free_Cores and parameters like 

Processing_Time & Power_Cnsmptn. 

Busy_Cores: Indicates the number cores busy at any given instance. Having known with this 

value, one could assess the total number of threads being processed at any given instance. 

Avl_Free_Cores: Provides the total number of free cores at any given instance. These cores are 

available when the demand exceeds the availability in a parallel environment. Job parameters 

like priority and arrival time could have a significant impact on improvising core utilization. 

Studies on this component could help in achieving better core utilization. 

Current_Jobs: This component indicates all the jobs that are being processed at any given 

instance. Knowing the jobs that are being processed at any given instance will give us more 

granularity and control over the system. 

Upd_Free_Cores: This component represents the total number of free cores available after the 

execution of the current load. It is equal to the sum of Avl_Free_Cores and the cores that are set 

free after the current instance.  This value will be the Avl_Free_Cores for the next instance of 

any load. 

Processing_Time: It indicates the time taken by the simulator to load and process the jobs till at 

any given instance.  This value is categorized under one of the output parameters. 
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Power_Cnsmptn: This parameter indicates the total power utilization of the cores at any given 

instance. Power calculation is done by taking certain assumptions into consideration. More 

details are provided under assumption section of chapter 4.  

Table 3c: Output form of a Parallel Load shown in Table 3a for a 16 core system 

Busy_ 
Cores 

Avl_Free_ 
Cores 

Processing_Time 
(Units) 

Power_Cnsmptn 
(Units) 

Upd_Free_ 
Cores Current_Jobs 

13 3 1 1.3 11 1,2,3 
11 5 2 2.4 11 1,3,4,5 
14 2 3 3.8 14 3,5,6 
14 2 4 5.2 2 5,7,8,9 
14 2 5 6.6 2 5,7,8,9 
14 2 6 8 10 5,7,8,9 
11 5 7 9.1 5 5,9,10 
11 5 8 10.2 5 5,9,10 
11 5 9 11.3 11 5,9,10 
5 11 10 11.8 11 10 
5 11 11 12.3 16 10 

 

The above table represents the output form of a parallel load shown in Table 3a. The 

table has 6 columns followed by any number of rows depending on simulation execution time. 

Each row represents an instance at which workloads are executed by the multi-core simulation 

platform. As discussed earlier, each workload/job is divided into threads for execution. Column 1 

represents the busy cores. Column 2 represents the unused cores at any given instance. This 

number depends on the demand and the availability of the cores, if the demand is more than the 

availability; Avl_Free_Cores are left idle and recorded in this column. Column 3 indicates 

instance of time. The interval in units provided by the user while running the simulation defines 

the instance for simulation. The processor will load the threads onto the cores based on this 
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interval. Smaller is the interval more accurate would be the result. Column 4 indicates the 

amount of power consumed by the cores. Column 5 represents the total number of available free 

cores after any given instance. The value of Upd_Free_Cores will be equivalent to Avl_Free_ 

Cores for the next instance. Column 6 shows all the jobs being processed at any given instance. 

i.e. for example, at instance 5, jobs 1 to 4 are completed and 5,7,8,9 are being processed at that 

instance. Any other job is queued for later execution. 

3.2.2.1  Total Processing Time 

  Total processing time is one of the output parameter considered for our FCFS 

Serial/Parallel processing implementation. It represents the total time taken by the simulator to 

execute all the jobs from the input workload file. 

3.2.2.2  Total Power Consumption 

  This parameter indicates the amount of power consumed by the cores to process all the 

jobs from the input workload file. The total power could be assessed in two different ways; either 

by assuming all the cores of the system are turned ON and set to Idle when not in use, or 

assuming all the cores of the system are turned ON and OFF when used and not used 

respectively.  

3.3  Flowchart 

 The following Figure 3.2 provides the complete flow or the execution of the 

Serial/Parallel Processing System implemented on the Simulation Platform. Based on the user 

input the tool runs accordingly and provides two output files. One file would contain the detail 

log for the complete processing of the load. The other output file would provide the total 
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processing time and power. Tool can be executed in two modes; Mode 1 is used for only Parallel 

execution, Mode 2 for Serial as well as Serial & Parallel execution. The workflow is shown in 

the below flowchart. 

 

 

 

 

 

 

 

                           

 

 

 

 

 

 

 

 

 
 

Figure 3.2: Complete flowchart for the FCFS Serial/Parallel Processing System 
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Figure 3.2: Complete flowchart for the FCFS Serial/Parallel Processing System (Cont…) 
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3.4  Development Platform 

We have developed the tool in C Language using Dev-Cpp Version 4.9.9.2. It is an 

integrated development environment (IDE) to develop C or C++ programs which uses Mingw32 

or Cygwin compiler to compile the programs. We have used a PC with Intel i5 Processor and 

Windows 7 64 bit Operating System to implement the tool using Dev-Cpp. Ubunto Version 10 

was used for Linux version. 

The tool executable could be run in either Windows or Linux machine. For a 

serial/parallel processing implantation of the tool, the specifications are Number of cores, 

Interval, Mode, Input File Name and Output File name.  

3.5  Simulation Execution 

 The executable of our simulation tool is run with five input parameters. The first 

parameter is the number of cores and the number can be any positive integer. Second being the 

interval with which the processor loads the jobs to the cores based on its availability. Third is 

Mode; represents the type of load, a value of 1 is considered as parallel and 2 for the serial. 

Fourth is an input file name; represents the name of the file from which the processor loads the 

workloads. Fifth is output file name; the name with which the tool opens a file to record the total 

processing time and power consumption.  

When executed along with the output file for total processing time and power, the tool 

also creates a standard output file called Results.txt (show in Table 3c) for the detailed load 

execution log. The Simulation code and a sample execution for a parallel load with a 16 cores 

system has been shown in appendix A & B respectively. 
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CHAPTER 4 

EVALUATION 

In this chapter we have discussed some of the assumptions made while designing the 

Serial/Parallel Processing system, Checkpoint verification done for the evaluation of the tool, 

dependent workload analysis for the serial part & independent workload analyses for the parallel 

part. 

4.1  Assumptions   

In order to simplify the design of serial/parallel processing system implemented on the 

simulation platform, the following assumptions were made: 

 First come, First Serve (FCFS) system has been implemented. However, arrival 

time and priority for each job has been provisioned for the future robust system 

performance analysis. 

 I1, D1, L2 Cache parameters were assumed to be constants but additional 

functionality could be used for performing cache analysis. 

 The workloads taken for the analysis purpose are assumed to have the threads 

with same execution time. 

 For the power calculation purpose, we assumed that a core will consume 0.1 Units 

of power when utilized for a Unit of time. For analysis we have also taken 

Core_Idle and Core_Off into consideration. The following assumed values are 

used for the power calculation: 
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 Core_Busy= 0.1 Units 

 Core_Idle= 0.05 Units 

 Core_Off=0.00 Units (Idle condition) 

4.2  Checkpoints 

 Here we have used a technique, in which certain checkpoints where the output of one 

process is sent as an input to the other process is considered and manually evaluated. A table has 

been drawn to represent these checkpoints and the components considered for our calculation 

purpose. The Table 4a below represents 4 rows and 6 columns. The four rows indicate the 4 

checkpoints and 5 columns from column 2 indicate the components used for our calculation 

purpose. 

Table 4a: Checkpoint evaluation process 
 

 Raw 
Input 

Serial  
Workload 

Parallel 
Workload 

Total 
Power 

Total 
Processing 

Time 

Checkpoint-1 I  O1  O2  -  -  

Checkpoint-2 -  I  O3  -  -  

Checkpoint-3 -  -  O3+O2  -  -  

Checkpoint-4 -  -  I      

 

As discussed in the workloads section, since the real world applications can have both 

dependent as well as independent workloads, we defined Raw Input as the file having both the 

dependent and independent workloads; a pre-processing tool is used to segregate these 
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workloads into Serial /Dependent and Parallel/Independent workloads. Details of the checkpoints 

are given below:  

Checkpoint-1: At this level we have evaluated if all the workloads of raw input file has 

been appropriately segregated and pushed to the Serial/Dependent and Parallel/Independent 

workload files.  

Checkpoint-2: At this level, Serial/Dependent workloads(one of the outputs of the 

preprocessing tool) is taken as an input and computation is done to keep the jobs independent of 

each other and send them for parallel processing. The new jobs are loaded to Serial_to_Prallel 

workload file. 

Checkpoint-3: At this level, the output of Checkpoint-2 (Serial/Dependent) workloads are 

taken as an input and added to the output of Checkpoint-1 (Parallel/Independent). 

Checkpoint-4: At this level, the output of Checkpoint-3 (Parallel/Independent) is taken as 

input and the simulation is run to load all the independent workloads, manual verification is done 

for the total processing time total power consumption. 

All the errors found while evaluating the results were appropriately fixed at each of these 

levels and re-verified for the complete tool evaluation. 

4.3  Serial/Dependent Workload Analysis 

For dependent workload analysis, we have used the workloads defined for a 16 Core 

System in [32] for the LBDR and [Chaturvedula, 2011] Model, converted them into the input 

workload form and processed them using the simulation tool to compare the results. Table 4b has 

been extracted from [32] and has 4 different cases mentioned in each row. Each case represents 
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the condition where a source node needs to send a packet to its destination node in the shortest 

path for its further processing. Column 2 represents the source and destination nodes for each of 

these cases.  The column 3 and 4 represent all the nodes involved in switching the packet from 

source to the destination for LBDR as well as [Chaturvedula, 2011] Models respectively. A “Sw” 

in column 3 and 4 represent the switch module used to traverse the packet. 

Table 4b: Dependent Workload for a 16 Core System [32] 

 Source-Destination LBDR [Chaturvedula,2011] Model 

Case 1 Node 2 – Node 15 2, 1(Sw), 6(Sw), 11(Sw), 15 2, 1(Sw), 13(Sw) , 15 

Case 2 Node 3- Node 14 3, 1(Sw), 6(Sw), 11(Sw), 14  
3, 1(Sw), 13(Sw), 14 

Case 3 Node 7 – Node 15 7,  6(Sw), 11(Sw), 15 7, 11(Sw), 15 

Case 4 Node 2 – Node 10 2, 1(Sw), 6(Sw), 10(Sw) 2, 6(Sw), 10 
 

Using the above table we have drawn the input workload files for both the LBDR and 

[Chaturvedula, 2011] Model. While forming the workloads we assumed that every task at each 

Core/Node level is considered to be a thread and each thread at core level consumes more time 

than at switch level. The below table 4c represent workload derived for the LBDR Model. 

Table 4c: Derived Synthetic Workload for the LBDR Model 

Job_Num Num_of_Threads Thread_Duration (Units) Arrival_Time (Units) Priority 
0001 002 002 0.00 1 
0001 003 001 0.00 1 
0002 002 002 0.00 1 
0002 003 001 0.00 1 
0003 002 002 0.00 1 
0003 002 001 0.00 1 
0004 002 002 0.00 1 
0004 002 001 0.00 1 
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 Every 2 rows starting from second row represent each case. The duplication of Job_Num 

is to represent that the work done at core and the switch components are different. A thread here 

is considered to be job done to switch the packet at either core or switch level. In [32], 

Thread_Duration for processing at core is equal to 2 Units and Thread_Duration at switch level 

is 1 Unit and the difference is for the fact being the switch only looks at the packet header to 

switch the packet but the core has to actually process the packet.  The below Table 4d represents 

the workloads drawn for the [Chaturvedula, 2011] Model.  

Table 4d: Derived Synthetic Workload for the Proposed Model 

Job_Num Num_of_Threads Thread_Duration (Units) Arrival_Time (Units) Priority 
0001 002 002 0.00 1 
0001 002 001 0.00 1 
0002 002 002 0.00 1 
0002 002 001 0.00 1 
0003 002 002 0.00 1 
0003 001 001 0.00 1 
0004 002 002 0.00 1 
0004 002 001 0.00 1 

 

The duplication of each Job_Num in Table 4d is to represent the work done at Core and the 

Switch components separately. The same considerations were made for Thread_Duration as 

above. The delay incurred while switching a packet from the source node to the destination node 

is plotted and compared with our simulation results. The tool results were observed to have a 

100% match with the results published in [Chaturvedula, 2011]. Below Figure 4.1 shows the 

comparison for the results obtained from the simulation tool and the LBDR Model. 
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Figure 4.1: Delay Analysis for 16 Nodes with LBDR 

Below figure 4.2 shows the comparison for the results obtained from the simulation and the 

[Chaturvedula, 2011] Model. 

   

Figure 4.2: Delay Analysis for 16 Nodes with [Chaturvedula, 2011] Model [32]. 

Similar analysis has been made with a 32 Core system and the results were plotted in following 

Figures 4.3 and 4.4. 

1

2

3

4

5

6

7

8

Case 1 Case 2 Case 3 Case 4

D
el

ay
 (U

ni
ts

) 

Delay analysis for 16 nodes 

LBDR
Simulation

1

2

3

4

5

6

7

8

Case 1 Case 2 Case 3 Case 4

D
el

ay
 (U

ni
ts

) 

Delay analysis for 16 nodes 

(Chaturvedula, 2011)Model

Simulation



 

38 
 

 

Figure 4.3: Delay Analysis for 32 Nodes with LBDR 

 

 

Figure 4.4: Delay Analysis for 32 Nodes with [Chaturvedula, 2011] Model [32]. 
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4.4  Parallel/Independent Workload Analysis 

 For Parallel/Independent workload analysis, the following table has been used as an input 

workload file; the simulation is run and assessed for various multi-core systems. 

Jobs/Applications considered in Table 4e are considered to be independent of each other.  

Table 4e: Test workloads for the analysis of Parallel/Independent Processing 

Job_Num Num_of_Threads Thread_Duration (Units) Arrival_Time (Units) Priority 
0001 002 020 0.00 1 
0002 008 006 0.00 1 
0003 007 018 0.00 1 
0004 004 010 0.00 1 
0005 004 028 0.00 1 
0006 007 009 0.00 1 
0007 003 001 0.00 1 
0008 015 025 0.00 1 
0009 004 005 0.00 1 
0010 005 005 0.00 1 
0011 010 007 0.00 1 
0012 001 060 0.00 1 
0013 007 028 0.00 1 
0014 002 041 0.00 1 
0015 015 001 0.00 1 

 

The simulator has been run for 16, 32, 64, 128, 160 and 192 core systems. The processing time 

and the power results of the simulation has been plotted and shown in the below graphs, based on 

the observation made we determined the idle core system for the workloads considered.  
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Figure 4.5: Total processing time analysis for various core systems 

The above Figure 4.4 shows that the total processing time for various core systems. According to 

the results the total time taken to complete the jobs has decreased to a great extent when cores 

increased from 16 to 64, a very minimal decrease to 128 and no performance improvement 

observed thereafter. This clearly indicates that the demand versus availability of cores is 

optimized at 128 and any number of cores above 128 is considered as high availability. However 

while designing a system designers must consider various other parameters like total power 

consumption, cache analysis etc. for better optimization. Since we also performed the power 

analysis, Figure 4.5 plots the power consumption for the above core systems. 
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Figure 4.6: Total power analysis for various core systems 

In the above figure, the On/Off, graphical line indicates the condition where cores are 

turned ON only when utilized and no power is discharged when not in use. On the other hand, 

the graphical line On/Idle/Off indicates the condition where all the cores are assumed to be ON 

at the beginning of the simulation and will remain in Idle state when not in use. As mentioned in 

the assumptions section, we considered power for Core_Busy=0.1 Units, Core_Idle=0.05 Units 

& Core_Off=0.00 Units per a Unit of Time. Based on the results obtained the above graph has 

been plotted. 

In the condition On/Off of Figure 4.5, the power consumed in all the cases is observed to 

be constant because of the fact that only the cores being utilized are turned ON and no other 

remaining cores discharge power. Hence we can conclude that a system with less number of 
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cores would repetitively use the same cores to complete the jobs, seeking for longer duration but 

utilizing the same amount of power like other systems having cores with equally capability. 

On the other hand, in On/Idle/Off condition, all the cores are considered to be turned ON 

initially and set to idle state when not in use. Since every idle state consumes power, the total 

system power utilization increases with the increase in idle cores. Therefore if we observe in 

Figure 4.5, for the On/Idle/Off condition there is a significant increase in system power 

consumption as the number cores increases. 

In sum, for the analysis made we noticed that a 128 core system should do better in processing 

results but not in terms of power utilization. But for an overall better system performance, a 

system with relatively good processing as well as low power utilization needs to be considered 

and in this case a 64 core system should be an ideal option to set up. Similar pre-design system 

analysis could be done for any kind of workload environment. Since the simulation platform 

flexible for additional functionality, other parameters that may impact the system performance 

can also be considered for more accurate analysis. 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 

We hope that this thesis serves as a motivation for all the readers and interested scholars 

in the field of multi-core technology. We also strongly believe that the platform developed for 

this work can serve as a base for all the future researchers to implement more complex 

functionalities. In this chapter, we conclude our work and offer a list of available future 

extensions for this work.  

5.1  Conclusion 

A Fast Flexible Simulation Platform for Multi-Core Systems has been successfully 

designed and implemented. Also as a part of our thesis contribution, using the platform we have 

implemented a FCFS Serial/Parallel Processing System. Traditional checkpoint method has been 

used to manually check the accuracy of the tool. Evaluation of the tool has been made by using 

serial/dependent and parallel/independent test workloads. For the dependent workload analysis, 

few node-to-node communication delays are considered for LBDR and [Chaturvedula, 2011] 

Architectures, and the simulation results were compared with the results published in 

[Chaturvedula, 2011].  For the independent workload analysis, few test workloads are considered 

and analyzed for the total processing time and power on various core systems.  

In sum, as a solution for the needs in designing current/future multi-core systems, 

assessing detailed design trade-offs and perform the required analysis in the field of multicore, 

our platform could be a base for all the future researchers and scholars. 
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5.2  Future Extensions 

 Our work may be extended for the following implementations  

 Efficient algorithms can be developed for the cache analysis purpose 

 Efficient algorithms can be developed for various core allocation strategies:  

 Efficient multi-core route algorithms can be developed. 

 Web interface can be developed and cloud services can be provided for the future 

researchers. 
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APPENDIX A 

SIMULATION EXECUTION FOR A PARALLEL PROCESSING SYSTEM WITH 16 CORES 

 
Executable has been placed in the directory called Test in the C drive. The directory details are 
shown below: 
 
C:\Test>dir 
 Volume in drive C is OS 
 Volume Serial Number is 2094-0354 
 
 Directory of C:\Test 
 
03/31/2012  09:44 PM    <DIR>          . 
03/31/2012  09:44 PM    <DIR>          .. 
03/31/2012  09:05 PM               208 Parallel_inputfile.txt 
03/15/2012  12:35 AM            25,228 Multi_Core.exe 
               2 File(s)         25,436 bytes 
               2 Dir(s)  597,514,874,880 bytes free 
 
Parallel_inputfile.txt file in the Text directory represents the input file which has the following 
input workloads: 
 
0001 002 002 0.00 1 
0002 008 001 0.00 1 
0003 003 003 0.00 1 
0004 004 001 0.00 1 
0005 002 008 0.00 1 
0006 009 001 0.00 1 
0007 006 003 0.00 1 
0008 002 003 0.00 1 
0009 004 006 0.00 1 
0010 005 005 0.00 1 
 
Above one to five columns represents Job_Num, Num_of_Threads, Thread_Duration (Units), 
Arrival_Time (Units), Priority respectively. 
 
Simulation Execution: 
 
C:\Test>multi_core.exe 16 1 1 Parallel_inputfile.txt Parallel_output.txt 
 
C:\Test>Multi_core.exe 16 1 1 Parallel_inputfile.txt Parallel_output.txt 
 
16 - Number of cores 
1 - Interval duration 
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1 - For parallel load 
Parallel_inputfile.txt- This can be any input file name 
Parallel_result.txt- This can be any output file name 
 
Directory details after the simulation execution: 
 
C:\Test>dir 
 Volume in drive C is OS 
 Volume Serial Number is 2094-0354 
 
 Directory of C:\Test 
 
03/31/2012  09:40 PM    <DIR>          . 
03/31/2012  09:40 PM    <DIR>          .. 
03/31/2012  09:05 PM               208 Parallel_inputfile.txt 
03/15/2012  12:35 AM            25,228 Multi_Core.exe 
03/31/2012  09:35 PM                 9 Parallel_output.txt 
03/31/2012  09:35 PM             1,479 Results.txt 
               4 File(s)         26,924 bytes 
               2 Dir(s)  597,516,075,008 bytes free  
 
Below Figure A shows the output Results.txt created by the simulator. 
 

 
 

Figure A: Results.txt generated by the simulator for 16 Core System 
 
The numbers highlighted in red on Figure A shows the total processing time and total power 
consumption recorded. Output file Parallel_output.txt is generated to print the total processing 
time and power consumption. Similarly, Figure B shows the same load run on a 32 core system.  
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Figure A: Results.txt generated by the simulator for a 32 Core System  

The Power_Csumption remained same as all the cores are considered to in On/Off Condition. 
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APPENDIX B 

SIMULATION CODE 

List of Files: 
Main.c 
ProcessorFun.c 
ProcessorHF.h 
CoreFun.c 
CoreHF.h 
CoreStatusHF.h 
JobFun.c 
JobHF.h 
Processor_Parallel_Load_Fuc.c 
 
/*--------Main.c--------------------*/ 
/* Header files */ 
#include "JobHF.h" 
#include "CoreHF.h" 
#include "CoreStatusHF.h" 
 
char Infile[]; 
int Total_processing_time=0; 
float Total_power=0.0; 
int CORE_SIZE; 
void QuitProg(void); 
int main (int argc, char *argv[]) 
{    
 /* Variable Declarations*/ 
 typeProcessor myProcessor[PROCESSOR_SIZE]; 
 typeJob myJob[JOB_SIZE], myJob_queue[JOB_SIZE]; 
 typeFreelist myFreelist[CORE_SIZE+1]; 
 int option; 
 int sim_duration, Interval, core_size, save, flag; 
 char Outfile[50]; 
 FILE *fpw; 
 FILE *fpsw, *fpo; 
  if (argc != 6){ 
printf("ARGC=%d; not right number of inputes provided. Please provide 6 values!\n", argc); 
return (1); 
} 
CORE_SIZE=atoi(argv[1]); 
Interval=atoi(argv[2]); 
option=atoi(argv[3]); 
strcpy(Infile,argv[4]); 
 strcpy(Outfile,argv[5]); 
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 /* Initialization */ 
 if( !Processor_Initialize(myProcessor) ) 
printf("Error: Check Processor_Initialize function... \n\n"); 
if( !Job_Initialize(myJob) ) 
printf("Error: Check Job_Initialize(..). \n\n"); 
if( !Freelist_Initialize(myFreelist) ) 
printf("Error: Check Freelist_Initialize(..). \n\n");  
 
switch(option) {    
case 0: 
/*To print the initialized values*/ 
if( !Print_Initialize(myProcessor, myJob, myFreelist ) ) 
printf("Error: Check Print_Initz function... \n\n"); 
break; 
             
case 1: 
/*Parallel Load*/ 
Total_processing_time=0; 
Total_power=0.0; 
flag = 1;                     
fpw=fopen("Results.txt", "w"); 
fprintf(fpw,"%-20s%-25s%-20s%-20s%-20s%10s","Busy 
Cores","Available_Free_Cores","Total_Proc_Time","Total_Pw_Csumptn","Total_Updated_Free
_Cores","Jobs"); 
fprintf(fpw,"\n"); 
fclose(fpw);                      
if( !Load_Jobs_Frm_File(myProcessor, myJob, myJob_queue, myFreelist, &Interval , fpw, flag )  
printf("Error: Check LoadRecFromFile(..). \n\n"); 
break; 
          
case 2: 
/*Serial Load*/ 
Total_processing_time=0; 
Total_power=0.0; 
flag = 2; 
if( !Serial_Load_Jobs_Frm_File(myProcessor, myJob, myJob_queue, myFreelist,&Interval, fpw, 
flag ) ) 
printf("Error: Serial_Load_Jobs_Frm_File(..). \n\n"); 
break;   
             
default: 
printf("Warning: Unknown selection..main! \n\n"); 
}/* end switch */              
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fpo=fopen(Outfile, "w+"); 
fprintf(fpo,"%d\n",Total_processing_time); 
fprintf(fpo,"%.2f",Total_power); 
fclose(fpo); 
          
 return (0);   
}/* end MainMenu */ 
/*--------ProcessorHF.h--------------------*/ 
/* A processor may contain number of Cores(16,32 or 64….). Each core has one level-2 
cache(Cl2) which is shared by all the other cores */ 
 
#include "JobHF.h" 
#include "CoreHF.h" 
#include "CoreStatusHF.h" 
/* Processor structure */ 
struct processor{ 
unsigned int num_of_cores; 
typeCore processor_core[1024];/*Maximum of 1024 cores*/ 
unsigned int cl2_size; 
}; 
typedef struct processor typeProcessor; 
 
/* Function prototypes */ 
/* 1 */ 
int Processor_Initialize(typeProcessor *); 
#endif 
/*--------ProcessorFun.c--------------------*/ 
#include "JobHF.h" 
#include <unistd.h> 
/* 1 */ 
extern int CORE_SIZE; 
int  Processor_Initialize(typeProcessor *inv){ 
int i=0; 
for( i=0; i <PROCESSOR_SIZE; i++ ){ 
inv[i].num_of_cores = CORE_SIZE; 
inv[i].cl2_size = 128; 
Core_Initialize((inv[i].processor_core));   
}/* end for */ 
return (1); 
}/* end of 1 */ 
/* 2 */ 
extern int CORE_SIZE; 
int Print_Initialize(typeProcessor *inv1, typeJob *inv2, typeFreelist *inv3){ 
int k=0,i=0,j; 
printf("\nDetails of the Processor\n");  
for( i=0; i <PROCESSOR_SIZE; i++ ){ 
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for(j=0;j<CORE_SIZE;j++){      
printf(" Core %d has:\n",j+1); 
printf("   Cache 1 size=%d\n", inv1[i].processor_core[j].i1_size); 
printf("   Cache 2 size=%d\n", inv1[i].processor_core[j].d1_size); 
k=inv1[i].processor_core[j].flag; 
printf("   Flag status=%d \n",k); 
}//end of second for 
}//end of first for       
printf("Available free cores = %d\n",inv3[0].item_size);   
return(1); 
}/*end of 2*/ 
/* 3 */ 
int Load_Jobs_To_Processor(typeProcessor *inv,typeJob *inv1, typeJob_queue *inv2, 
typeFreelist *inv3, int *Intvl, int *prev_job_count, FILE *fpw, int flag){ 
/*Processor Functions*/        
Processor_Parallel_Load(inv, inv1, inv2, inv3, Intvl, prev_job_count, fpw, flag);    
 return (1);  
}/*end of 3*/ 
/*--------CoreHF.h--------------------*/ 
#ifndef COREHF_H_ 
#defineCOREHF_H_ 
/* Macros */ 
#define CORE_I_CACHESIZE 64 
#define CORE_D_CACHESIZE 64 
/* Header files */ 
#include "CoreStatusHF.h" 
#include "ProcessorHF.h" 
#include "JobHF.h" 
struct Core{ 
unsigned int i1_size; 
unsigned int d1_size; 
unsigned int flag;//0 for free, 1 for empty 
}; 
typedef struct Core typeCore; 
/* function prototypes */ 
/* 1 */ 
int Core_Initialize(typeCore *); 
#endif 
/*-------- CoreFun.c--------------------*/ 
/*#include "ProcessorHF.h"*/ 
#include "JobHF.h" 
#include "CoreHF.h" 
#include "CoreStatusHF.h" 
/* 1 */ 
extern int CORE_SIZE; 
int  Core_Initialize(typeCore *inv){ 
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int i; 
for( i=0; i < CORE_SIZE; i++ ) { 
inv[i].i1_size = CORE_I_CACHESIZE; 
inv[i].d1_size = CORE_D_CACHESIZE; 
inv[i].flag = 0; 
}/* end for */ 
return (1); 
}/* end of Core_Initialize */ 
 
/* 2 */ 
extern int CORE_SIZE; 
int Freelist_Initialize(typeFreelist *inv){ 
inv[0].item_num=1; 
inv[0].item_size=CORE_SIZE;/*Item size is the number of free cores of that item*/ 
inv[0].item_start_core=1; 
return (1); 
}/* end of 2 */ 
/*--------CoreStatusHF.h--------------------*/ 
/* Header files */ 
#include "ProcessorHF.h" 
#include "JobHF.h" 
#include "CoreHF.h" 
/* structs */ 
struct CoreStatus{ 
unsigned int item_num; 
unsigned int item_size;/*Item size is the number of free cores of that item*/ 
unsigned int item_start_core; 
}; 
typedef struct CoreStatus typeFreelist; 
 
/* function prototypes */ 
/* 1 */ 
int Freelist_Initialize(typeFreelist *); 
/*--------JobHF.h--------------------*/ 
//Each core has its own I1 and D1 cache. A flag is to indicate whether the core is free/busy. 
#ifndef   JOBHF_H_ 
#define  JOBHF_H_ 
#include "ProcessorHF.h" 
struct Job{ 
unsigned long int job_number; 
unsigned int num_of_threads; 
signed int duration_of_thread; 
float arrival_time; 
unsigned int priority; 
unsigned int max_job_no; 
}; 
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typedef struct Job typeJob, typeJob_queue; 
/* function prototypes */ 
/* 1 */ 
int Job_Initialize(typeJob *); 
/* 2 */ 
int Load_Jobs_Frm_File(typeProcessor *, typeJob *, typeJob_queue *, typeFreelist *, int *Intvl, 
FILE *fpw, int flag ); 
/* 3 */ 
int Load_Jobs_To_Processor(typeProcessor *,typeJob *inv1, typeJob_queue *, typeFreelist *,int 
*Intvl, int *prev_job_count, FILE *fpw, int flag ); 
/* 4 */ 
int Serial_Load_Jobs_Frm_File(typeProcessor *, typeJob *, typeJob_queue *, typeFreelist *,int 
*Intvl, FILE *fpw, int flag ); 
/* 5 */ 
int Processor_Parallel_Load(typeProcessor *inv, typeJob *inv1, typeJob_queue *inv2, 
typeFreelist *inv3, int *Interval, int *prev_job_count, FILE *fpw, int flag); 
#endif 
/*--------JobFun.c--------------------*/ 
/* Header files */ 
#include "JobHF.h" 
#include <stdio.h> 
#include <string.h> 
#include <stdlib.h> 
/* 1 */ 
int  Job_Initialize(typeJob *inv) 
{   int i; 
for( i=0; i < JOB_SIZE; i++ ) { 
inv[i].job_number = i+1; 
inv[i].num_of_threads = 0; 
inv[i].duration_of_thread = 0; 
inv[i].arrival_time = 0; 
inv[i].priority = 0; 
}/* end for */ 
return (1); 
}/* end of Job_Initialize */ 
/* 2 */ 
extern char Infile[]; 
extern int CORE_SIZE; 
extern int Total_processing_time; 
extern float Total_power; 
int Load_Jobs_Frm_File (typeProcessor *inv, typeJob *inv1, typeJob_queue *inv2, typeFreelist 
*inv3, int *Intvl, FILE *fpw, int flag){ 
  int i=0,temp_iteratn=0,temp=0,rec_count=0, load, cond_iteratn=0; 
  unsigned int j=0; 
  int tot_threads=0;     
  int iterations; 
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int job_no; 
int no_thrd; 
int du_thrd; 
float arr_time; 
int priority; 
char ch; 
FILE *fpr; 
if (flag==1){ 
if( (fpr=fopen(Infile, "r")) == NULL){ 
printf("File Open Error! \n\n"); 
return (1); 
}/* end if */ 
} 
if (flag==2){ 
if( (fpr=fopen("Generated_Serial_to_Parallel_load.txt", "r")) == NULL){ 
printf("File Open Error! \n\n"); 
return (1); 
}/* end if */ 
} 
while((fscanf(fpr, "%d%d%d%f%d", &job_no, &no_thrd, &du_thrd, &arr_time, &priority)) != 
EOF) { 
         
inv1[i].job_number = job_no; 
inv1[i].num_of_threads = no_thrd; 
inv1[i].duration_of_thread = du_thrd; 
inv1[i].arrival_time = arr_time; 
inv1[i].priority = priority;                
temp_iteratn++; 
rec_count++; 
cond_iteratn++;          
if (  cond_iteratn==1 && no_thrd>CORE_SIZE ){ 
load = no_thrd / CORE_SIZE; 
inv1[i].num_of_threads = no_thrd % CORE_SIZE; 
Total_processing_time += (load * du_thrd); 
Total_power+=(load*CORE_SIZE*du_thrd* 0.1); 
             
fpw=fopen("Results.txt", "a+"); 
fprintf(fpw,"%-20d%-25d%-20d%-20.2f%-22d%9d\n", CORE_SIZE, 0, Total_processing_time, 
Total_power,CORE_SIZE,job_no); 
fclose(fpw); 
}      
tot_threads=tot_threads+inv1[i].num_of_threads;                             
if (tot_threads==inv3[0].item_size){ 
temp_iteratn=temp_iteratn+j; 
for(;j<temp_iteratn;j++,temp++){ 
inv2[j].job_number = inv1[temp].job_number; 
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inv2[j].num_of_threads = inv1[temp].num_of_threads; 
inv2[j].duration_of_thread = inv1[temp].duration_of_thread; 
inv2[j].arrival_time = inv1[temp].arrival_time; 
inv2[j].priority = inv1[temp].priority;                                                       
} 
j--;                                           
Load_Jobs_To_Processor(inv, inv1, inv2, inv3, Intvl, &j, fpw, flag); 
tot_threads=0; 
 temp_iteratn=0; 
rec_count=0; 
}/*end of if*/                                                    
else if(tot_threads>inv3[0].item_size){       
if(temp_iteratn==1){               
j--; 
Load_Jobs_To_Processor(inv, inv1, inv2, inv3, Intvl, &j, fpw, flag);              
if (inv3[0].item_size==CORE_SIZE) 
cond_iteratn=0;/* For the case where any individual job has threads more than core size*/              
tot_threads=0; 
temp_iteratn=0; 
i--; 
rec_count=0; 
fseek(fpr,-(22),SEEK_CUR);             
goto Outside_elseif; 
}/*end of if for y==1*/             
 else{ 
  /*Entered to the threads greater than max_core condition*/ 
temp_iteratn=temp_iteratn+j; 
for(;j<temp_iteratn-1;j++,temp++){              
inv2[j].job_number = inv1[temp].job_number; 
inv2[j].num_of_threads = inv1[temp].num_of_threads; 
inv2[j].duration_of_thread = inv1[temp].duration_of_thread; 
inv2[j].arrival_time = inv1[temp].arrival_time; 
inv2[j].priority = inv1[temp].priority;                                                        
} 
j--;                                         
Load_Jobs_To_Processor(inv, inv1, inv2, inv3, Intvl, &j, fpw, flag); 
tot_threads=0; 
temp_iteratn=0; 
i--; 
rec_count=0; 
fseek(fpr,-(22),SEEK_CUR); 
}/*end of for loop */           
}/*end of else if*/ 
Outside_elseif:              
i++; 
fscanf(fpr, "%c",&ch); /* read the blank line after each item */ 
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}/* end while */ 
if (rec_count>0){ 
temp_iteratn=temp_iteratn+j; 
for(;j<temp_iteratn;j++,temp++){ 
inv2[j].job_number = inv1[temp].job_number; 
inv2[j].num_of_threads = inv1[temp].num_of_threads; 
inv2[j].duration_of_thread = inv1[temp].duration_of_thread; 
inv2[j].arrival_time = inv1[temp].arrival_time; 
inv2[j].priority = inv1[temp].priority;  
} //end of for 
j--;                                                
Load_Jobs_To_Processor(inv, inv1, inv2, inv3, Intvl, &j, fpw, flag); 
 }//end of if 
printf("\n"); 
fclose(fpr); 
while(inv3[0].item_size<=CORE_SIZE){ 
j--; 
Load_Jobs_To_Processor(inv, inv1, inv2, inv3, Intvl, &j, fpw, flag);                               
if (inv3[0].item_size==CORE_SIZE) 
return(1); 
}                           
}/* end of LoadJobFromFile*/ 
extern char Infile[]; 
extern int CORE_SIZE; 
extern int Total_processing_time; 
extern float Total_power; 
int Serial_Load_Jobs_Frm_File(typeProcessor *inv, typeJob *inv1, typeJob_queue *inv2, 
typeFreelist *inv3,int *Intvl, FILE *fpw, int flag ){ 
     
int i=0,Interval, j=0, temp, temp_du=0,temp_th=0, temp_iteratn=0, rec_count=0, tot_threads=0; 
int job_no; 
int no_thrd; 
int du_thrd; 
float arr_time; 
int priority; 
char ch; 
FILE *fpr; 
FILE *fpt; 
 if( (fpr=fopen(Infile, "r")) == NULL){ 
printf("File Open Error! \n\n"); 
return (1); 
}/* end if */ 
fpt=fopen("Generated_Serial_to_Parallel_load.txt", "w+"); 
while((fscanf(fpr, "%d%d%d%f%d", &job_no, &no_thrd, &du_thrd, &arr_time, &priority)) != 
EOF) {         
inv1[i].job_number = job_no; 
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inv1[i].num_of_threads = no_thrd; 
inv1[i].duration_of_thread = du_thrd; 
inv1[i].arrival_time = arr_time; 
inv1[i].priority = priority;      
while(!(i%2==0)){       
for(j=i-1;j<=i;j++){       
temp_du+=inv1[j].num_of_threads * inv1[j].duration_of_thread; 
temp_th+=inv1[j].num_of_threads; 
} 
fpt=fopen("Generated_Serial_to_Parallel_load.txt", "a+"); 
fprintf(fpt, "%-5d%-4d%-4d%-5.2f%d\n", inv1[i].job_number, temp_th, temp_du, 
inv1[i].arrival_time, inv1[i].priority);  
fclose(fpt); 
break; 
} 
temp_du=0; 
temp_th=0;  
i++; 
fscanf(fpr, "%c",&ch); /* read the blank line after each item */ 
}/* end while */ 
fclose(fpr);              
fpw=fopen("Results.txt", "w"); 
fprintf(fpw,"%-20s%-25s%-20s%-20s%-20s%10s","Busy 
Cores","Available_Free_Cores","Total_Proc_Time","Total_Pw_Csumptn","Total_Updated_Free
_Cores","Jobs"); 
fprintf(fpw,"\n"); 
fclose(fpw); 
Load_Jobs_Frm_File(inv, inv1, inv2, inv3, Intvl, fpw, flag );  
return(1); 
}/* end of Serial_Load_Jobs_Frm_File*/ 
/*--------Processor_Parallel_Load_Fuc.c--------------------*/ 
/* Header files */ 
#include "JobHF.h" 
#include <unistd.h> 
/* 1 */ 
extern int CORE_SIZE; 
int Processor_Parallel_Load(typeProcessor *inv, typeJob *inv1, typeJob_queue *inv2, 
typeFreelist *inv3, int *Interval, int *prev_job_count, FILE *fpw, int flag){ 
int i,k,tot_thrds=0,Total_core_utilization=0; 
long int temp[1024];    
for(i=0;i<=(*prev_job_count);i++){ 
(inv2[i].duration_of_thread)=(inv2[i].duration_of_thread)-(*Interval);          
Total_core_utilization+=inv2[i].num_of_threads; 
if(inv2[i].duration_of_thread<=0){ 
inv2[i].duration_of_thread=0; 
} 
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}/*end of for*/ 
inv3[0].item_size=CORE_SIZE-Total_core_utilization; 
fpw=fopen("Results.txt", "a+"); 
fprintf(fpw,"%-20d",Total_core_utilization); 
fprintf(fpw,"%-25d",inv3[0].item_size); 
for(i=0,k=0;i<=(*prev_job_count);i++,k++){ 
temp[i]=inv2[i].job_number; 
}  
fclose(fpw); 
Processing_time(Interval,fpw); 
Power(Total_core_utilization,inv2, inv3, Interval,fpw, flag); 
Update_Freelist(inv2, inv3, Interval, prev_job_count,fpw);    
fpw=fopen("Results.txt", "a+"); 
for(i=0;i<k;i++){ 
fprintf(fpw,"%d,", temp[i]); 
}  
fprintf(fpw,"\n"); 
fclose(fpw); 
return(1); 
} 
/* 2 */ 
int Update_Freelist(typeJob_queue  *inv2, typeFreelist *inv3, int *Intrvl, int *prev_job_count, 
FILE *fpw ){ 
int i,k,count=0, temp; 
for(i=0,k=0;i<=(*prev_job_count);i++){            
if(inv2[i].duration_of_thread==0){ 
count++; 
inv3[0].item_size+=inv2[i].num_of_threads;                       
} 
else{ 
inv2[k].job_number = inv2[i].job_number; 
inv2[k].num_of_threads = inv2[i].num_of_threads; 
inv2[k].duration_of_thread = inv2[i].duration_of_thread; 
inv2[k].arrival_time = inv2[i].arrival_time; 
inv2[k].priority = inv2[i].priority;      
k++; 
} 
} 
fpw=fopen("Results.txt", "a+"); 
fprintf(fpw,"%-30d",inv3[0].item_size); 
fclose(fpw);  
*prev_job_count=*prev_job_count-count+1; 
count=0; 
 return(1); 
}/*end of 2*/ 
/* 3 */ 
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extern int Total_processing_time; 
int Processing_time(int *interval, FILE *fpw){ 
Total_processing_time+=(*interval);/*calclates the total processing time*/    
fpw=fopen("Results.txt", "a+"); 
fprintf(fpw,"%-20d",Total_processing_time); 
fclose(fpw); 
return(1); 
}/*end of 3*/ 
/* 4 */ 
extern float Total_power; 
int Power(int Total_core_utilization, typeJob_queue *inv2, typeFreelist *inv3, int *intrvl, FILE 
*fpw, int flag){ 
Total_power+=(Total_core_utilization*0.1*(*intrvl)); 
fpw=fopen("Results.txt", "a+"); 
fprintf(fpw,"%-20.2f",Total_power); 
fclose(fpw);       
return(1); 
} 
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