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Abstract 

 

Multiprocessor System on Chip (MPSoC) platform plays a vital role 

inparallel processor architecture design. However the growth of number of 

processing element in on chip, task decomposition and schedulingbecome 

major bottlenecks of MPSoCarchitecture. In this paper, we propose a 

programmable hardware scheduler which accomplish of both task 

decomposition andscheduling activities at run-time using NIOS II soft-core 

embedded processor. The NIOS II soft-core embedded processor was 

implemented in Altera cyclone III FPGA. The efficiency of 

programmablescheduler was evaluated using standard benchmark and its 

results are presented 
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1. Introduction 

Due to the advantages of high performance and power efficiency, Multi-Processor 

Systems-on-Chip (MPSoCs) are nowadays widely used lot of applications such as 

networking, multimedia, and mobile devices. Moreover MPSoC offer better 

performance with lower energy consumption for complex and real time systems 

compared to uniprocessor embedded systems[1][2][3][4][5]. Recently, Intel andTilera 

proposed homogeneous MPSoCs with 80 and 100 PEs respectively, connected by a 

NoC. IBM, Sony and Toshiba proposed a heterogeneous MPSoC composed of one 

manager processor and 8 floating-point units. Future MPSoC architectures are 

anticipated to contain thousands of PEs in a single die.Typically MPSoC system 

composed of processing element, shared memory, scheduling unit and on chip 

interconnect[6]. The programmable processors and dedicated hardware IP cores are 

used as processing elements. Due to rapid increase of number processing element in 

on chip, task decomposition and scheduling become difficult challenges which 
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remarkably affect the efficiency of such systems[7][8][9].Typically MPSoC 

scheduling mechanisms has classified into static and dynamic scheduling. Static 

scheduling systems, control and synchronization information are embedded in the 

software[10][11][12][13]. In dynamic scheduling systems, a dedicated scheduler unit 

(which can be implemented in hardware, middleware or operating system) usually 

performs these activities[10][14], [15]. In contrast to dynamic scheduling approach; 

static scheduling approach has potential advantages to find more optimal solutions in 

comparison with dynamic scheduling. Because the programmer or compiler can see 

the entire application and can also compare different solutions but a dynamic 

scheduler must make a decision according to the available resources and pending 

tasks, instantaneously. On the other hand, the number of computational resources 

must be constant and predetermined in static scheduling. In order to overcome the 

above issue we propose runtime programmable hardware scheduler which use the 

structural hardware and software interfaces to perform all necessary activities for 

parallel execution of a program[16]. An online scheduling algorithm is exploited to 

perform both task decomposition and scheduling. The rest of the paper is organized as 

follows. First, we outline and summarize the related work in Sect. 2. Then Sect. 3 

discusses about the proposed MPSoC architecture. Experiment setup and data analysis 

is presented in Sect. 4. Finally, Sect. 5 concludes the paper. 

 

 

2. Related work 

In literature there are remarkable advantages of adaptive and dynamic MPSoCsystems 

have motivated many researches to work on novelarchitectures and techniques for the 

development of suchsystems, in recent years [17–14].Several operating systems have 

been developed for Multiprocessor reconfigurable computing systems those survey 

results are discussed here Ullmann et al. [17] presents a runtime system for an 

embedded processor with reconfigurable accelerators in a homogeneous shape and 

size, which was optimized for automotive applications.Broderson et al. [18] is based 

on a standard Linux kernel which provides software and hardware processes with the 

same UNIX interface and with access to the same OS services. BORPH was evaluated 

on the BEE2 platform.Patel et al. [19] present a framework for executing parallel 

applications on FPGA-based multiprocessors that employ multiple chips. They uses a 

distributed-memory model, where each computing engine is assigned its own local 

memory.Karanam et al. [20] target the Smith-Watterman algorithmusing 14 

Microblazes for data processing and one Microblaze for the overall system 

control.Similarly, Mplemenosand Papaefstathiou [21] target the BLAST algorithm 

usingan MPSoC consisting of 80 Microblaze cores. In [22], which proposes an NIOS 

II-based multiprocessorsystem. The architecture is totally built for the occasion usinga 

pipeline approach, consisting of a chain of 15 processorsconnected point to point. 

They use a distributed-memoryarchitecture where each processor executes 

independenttasks, instead of parallelizing a unique task between thedifferent 

processors. 
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3. Proposed system 

Functional block diagram of proposed MPSoC architecture is shown in figure which 

composed of programmable hardware scheduler and heterogeneous processing 

elements. Programmable scheduler unit composed of NIOS II embedded soft core 

processor which plays as kernel unit to perform task partition and 

scheduling.Scheduler is also charge of providing application running environment and 

programming interfaces to users. Processing unit composed of both embedded soft-

core processor, hardware accelerator andcommunication controller are interconnect 

through avalonswitch fabric. 

 

 
 

Fig. 1: Block diagram ofMPSoC architecture 

 

 

Programmable hardware scheduler 

The programmable hardware scheduler unit carryout three different tasks such as 

hardware tasks which can only run in hardware accelerator; software jobs that can 

only run on embedded processors; and hardware and software tasks those can either 

run on software or hardware. Although a same hardware and software tasks can either 

run on embedded processor or hardware accelerator, the partition and mapping 

operation are performed by scheduler servant automatically. Every function is bound 

to a type of software functions or hardware modules. Scheduler runs an online 

scheduling algorithm to detect data dependences automatically. If the tasks have no 

intertask data dependencies from each other, they will be sent to different processing 

elements in parallel. However, if different tasks running on different processors 

require data from each other, these tasks must be issued in sequence, which means 

scheduler has to wait until previous task is finished. 

 

NIOS II embedded processor 

The NIOS II embedded processor has Reduced Instruction Set Computer (RISC) 

architecture. Its arithmetic and logic operations are performed on operands in the 
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general purpose registers. It has three operating mode Supervisor mode, User mode 

and Debug mode. JTAG UART interface is used to control the NIOS II 

processorwhich provides a Universal Serial Bus (USB) link to the host 

computertodownloading programs into memory, online task scheduling, starting and 

stopping execution, setting breakpoints, and collecting real-time execution trace data. 

 

Avalon Interface 

The Avalon bus is an active, on-chip bus architecture consisting of logic and routing 

resources which provide the link between processor, scheduler and hardware 

accelerators through memory-mapped register system.The functional model of 

Avalon interface is shown in fig xx. 

 

 
 

Fig. 2: functional model of Avalon interface 

 

 

It uses separate address, data and control lines and built-in address decoding 

logic. Avalon implements simultaneous multi-master bus architecture. The main 

advantage of this architecture lies in its eliminating the bandwidth-bottleneck as it 

offers increased bandwidth between peripherals regardless of the bus standard that 

connects them.The timing diagram of Avalon Interface with processing element is 

shown figure xx. 
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Fig. 3: Timing diagram 

 

 

It takes two clock cycle for read and write the data from processing element 

and one clock cycle for address the device. 

 

 

4. Synthesis results 

The proposed hardware scheduler was implemented in ALTERA cyclone III FPGA. 

The eniter core was run at 50 MHz clock frequency. We use NIOS IIstandard version 

for configure schedulerand fast version for processing unit. Quartus II version 12.1 

and SOPC Builder are used to configure the NIOS II processer. Nios II EDSsoftware 

tool has used to build the application code. For hardware scheduler we choose four 

standard hardware accelerator such as AES encryption / decryption, reed Solomon 

error detection and correction unit, integer to floating point convertor core and JPEG 

2000 encoder decoder from ALTERA mega wizard plug in manager. All the 

processing unit and scheduler are connected through avalon switch fabric.The 

synthesize results of RTL view and chip planner view of proposed system is show in 

fig xx and The FPGAresource utilizations and dynamic power dissipation of all 

individual component are listed in TABLE 1. 

 

Table 1 synthesis results 

 

Component Resource 

utilization 

Power 

dissipation 

NIOS II fast 766 83.11 

NIOS II economy 263 28.26 

AES encryption / decryption 9765 392.84 

reed Solomon error detection and correction 1360 94.13 

JPEG 2000 1227 91.53 

Canny edge detector 4805 290.22 
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Conclusion 
This paper proposes, designs and evaluates novelprogrammable hardware scheduler 

for MPSoC. Programmable hardware scheduler exploits a NIOS II embedded 

processor for run-time task decomposition andscheduling operations.The 

programmable hardware scheduler can be configured at run time to enable the various 

algorithms such as time sliced priority scheduling, Earliest Deadline First and Least 

Slack Time. The entire cores have been implemented on ALTERA cyclone II FPGA 

and its performance was measured in terms of resource utilization and dynamic power 

dissipation. The Synthesis resultsshow that programmable scheduler unit consume 

less logic element and low dynamic power dissipation. 
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