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ABSTRACT 
Scheduling is a technique which makes an 

arrangement of performing certain tasks at 

specified period of time. To avoid any 

overlapping the intervals between each 

function have been clearly defined by the 

algorithm. In order to achieve optimized 

results in real rime operations the scheduling 

techniques has been used. In DPZL scheduling 

algorithm the task has two subtasks, 

mandatory and optional. Using this concept 

the mandatory portion of every task has first 

priority for execution where as the optional 

portions has second priority for execution. 

When the laxity ties then DPZL algorithm 

produce results in the maximum number of 

context switches among the tasks. As well as 

because of the partition of the task it will 

increase in the number of context switches. In 

this paper, we propose an Multiprocessor 

Improved Least Laxity First Scheduling 

Algorithm (MILLF) with intelligence time-

slice to solve the frequent context switches 

problem of the Scheduling algorithm. This is 

an optimal approach to solve the no of context 

switching.   

Keywords 
Scheduling, Processes, Greatest common 

divisor (GCD) , laxity , real-time system, 

Multiprocessor, Uniprocessor 

  

1. INTRODUCTION 

In real time operating system the result of the 

system is not only depend on logical 

correctness but also the specific time at which 

the result will be produced [1]. In real time 

system the excellent quality of result is based 

on specific time constraint. Real-time 

applications extend over a large range of 

activities, like embedded systems, Industrial 

Applications, Telecommunication 

Applications , Automotive and Transportation, 

Internet and Multimedia Applications, 

Consumer , Peripheral Equipment,  

Aerospace, Electronics, Defense Applications, 

Miscellaneous Applications etc.[2] To handle 

the multiple task scheduling is an important 

element in real-time systems to assure hard 

and soft timing constraints.  Task scheduling 

allocates processor to the tasks which are 

executed under a real-time operating system 

with the aim of achieving optimal or near 

optimal quality of service. In real time system 

scheduling is the aspect of resource 

management concerned with ensuring that a 

set of tasks meets its timing requirements. [2]. 

In real time task occur over a period of time 

and they are classified into periodic, sporadic 

and aperiodic and they have hard or soft real-

time constraints. Periodic task occur after a 

fixed time instants. Sporadic task occur after a 

random time instants. Aperiodic task can 

occur in quick succession. 
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1.1  Real-Time Scheduling Strategies 

The real-time jobs are totally based on the 

target platform on which the jobs  are to be 

executed. The different categories of 

scheduling algorithms according to method 

are: Uniprocessor, Multiprocessor[3].  

1.1.1 Scheduling on Uniprocessors 

Uniprocessor platforms include one processor 

on which jobs can get executed. In 

uniprocessor scheduling there is central state 

information of the entire task. In a single 

processor system, multiple tasks are contained 

within memory. Processes survive between 

Running, Ready, waiting, Suspend. A main 

aim is to remain the processor busy, via 

allocating task to the processor to carry out, 

and always having at least one process able to 

carry out. 

To keeping the processor full of active is the 

main purpose of process scheduling. 

Uniprocessor scheduling is categorized into 

three types: Long term scheduling, medium 

term scheduling and short term scheduling [4].  

Long-term scheduling: It will take the 

judgment to launch new processes for 

execution or re-execution [5]. 

Medium-term scheduling: Take the judgment 

to launch those  processes that are completely 

or incompletely in memory[5]. 

Short-term scheduling: Take the judgment that 

which process should execute next [5]. 

The goal of the scheduling in uniprocessor is 

to achieve huge throughput, number of 

processes completed per unit time, high 

processor utilization  and low response time. 

But uniprocessor scheduling determines which 

process will wait and which will progress so 

this will affects the performance of the system.  

A) Scheduling algorithms for 

Uniprocessor 

There are two types of  uniprocessor  real-time 

scheduling algorithms i.e. off-line scheduling 

algorithms and on-line scheduling algorithms. 

Off-line algorithms is also called as pre-run-

time scheduling which generate scheduling 

information before to system execution The 

scheduling information is then utilized by the 

system during runtime. The RMS and EDF 

algorithm is examples of off-line scheduling 

algorithms. In On-line algorithms while the 

system is running it will generate scheduling 

information  The on-line schedulers do not 

assume any knowledge of process 

characteristics which have not arrived yet. On-

line algorithms want a vast run-time 

processing time[6][7]. 

Rate Monotonic Scheduling:  

Rate Monotonic Scheduling is used for 

scheduling a set of self-determining, 

preemptive, cyclic jobs with hard deadlines on 

a uniprocessor system. It is a uniprocessor 

static-priority preemptive scheme. The RM 

scheduling algorithm is an example of priority 

driven algorithms with fixed priority job i.e. 

before their entrance the priorities of all jobs 

are known. The priorities of all instances of 

each jobs are equal. They are recognized  only 

by the period of the task. The fixed priorities 

are assigned on the basis of the cycle period of 

the job. The job priority is depend on the 

shorter the cycle period  [6]. RM is for fixed-

priority tasks. Liu and Layland devised a test 
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to check whether task sets could be 

scheduled[6]: If  ci/ pi  n ( 21/n – 1), then 

all n tasks will meet up their deadlines. 

Where Ci is the computation time, pi is the 

release period and n is the number of task to 

be scheduled[6]. 

EDF Scheduling 

EDF is an optimal scheduling algorithm for 

uniprocessor. The EDF scheduling algorithm 

is a priority driven algorithm in which top 

priority is assigned to the request that has 

earlier deadline and a lesser priority one be 

preempted by a higher priority request. [7]. A 

task with a shorter deadline has a higher 

priority. It will process a job with the most 

primitive deadline.  EDF works with 

preemptive periodic tasks: there is a minimum 

inter arrival between instances. The EDF 

algorithm and the off-line algorithm provided 

in [8] are examples of off-line scheduling 

algorithms. EDF is optimal and guarantees 

that all deadlines are always satisfied this 

scheduling algorithm is an example of priority 

driven algorithms with dynamic priority 

assignment in the sense that the priority of a 

request is assigned as the request arrives. So, 

another name of the EDF is deadline-

monotonic scheduling algorithm[7]. EDF has 

a utilization bound of 100%. Thus, 

the schedulability test for EDF is:  ci/ pi  1 

Where Ci is the computation time, pi is the 

release period (with deadline one period later), 

and n is the number of processes to be 

scheduled That is, EDF can guarantee that all 

deadlines are met provided that the 

total CPU utilization is not more than 

100%[6][7][8]. 

1.1.2 Scheduling on Multiprocessors 
Multiprocessors platforms include more than 

one processor on which jobs can get executed. 

Multiprocessor support for the 

multiprogramming as well as the parallel 

programming. The approaches to 

multiprocessor real-time scheduling can be 

categorized into two broad classes: partitioned 

and global. Under partitioning, the set of tasks 

is statically partitioned among processors, that 

is, each task is assigned to a unique processor 

upon which all its jobs execute[9].  In contrast 

to partitioning, under global scheduling, a 

single, system wide, priority space is used, and 

a global ready queue is used for storing ready 

jobs. The performance of each and every 

scheduling algorithm depends on performance 

parameters like deadline of a task, release time 

of a task, execution time of a task, laxity of a 

task, CPU utilization of a task, number of 

preemption, resource utilization, high 

throughput etc and all the tasks will be 

scheduled according to their unique assigned 

priority[10][11]. Being a Real time 

Multiprocessor system, it will  focus on either 

deadline satisfaction or parallelism. Hence, 

One of the simple but effective ways to 

consider both urgency and parallelism is to 

assign the highest priority to any zero-laxity 

task, where laxity of a task at any time is 

defined as remaining time to deadline minus 

the amount of remaining execution. We denote 

this policy as the ZL (Zero Laxity) policy 

[12].So, there is need for such an algorithm 

which considers both the factors.  

B) Scheduling algorithms for 

multiprocessor 

http://portal.acm.org/citation.cfm?id=78285
http://en.wikipedia.org/wiki/Central_processing_unit
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Fixed Priority Zero Laxity 

“FPZL Schedulability Analysis”. Presented 

by , Robert I. Davis and Alan Burns in 2011 , 

Fixed priority until zero laxity[13]. Under 

minimally dynamic also it follows preemptive 

scheduling. FPZL algorithm does not work on 

any priority techniques. The idea of FPZL 

algorithm is schedule many jobs as much as 

probable. The main concept behind FPZL is 

that according to the fixed priorities the jobs 

are scheduled until a zero laxity condition is 

achieve. The remaining execution time of a 

job is same to the time to its deadline is call as 

zero laxity situations. This type of Zero Laxity 

job will be lost its deadline unless it executes 

continually until completion. This zero laxity 

jobs has the top priority in FPZL. The priority 

of a job changes just the once during its 

execution [13]. 

 

Dynamic Priority Zero Laxity 

“Dynamic priority zero laxity” presented by 

Komal Bhalotiya, Dr. D. V. Padole and Prof. 

Radhakrishna Naik There are many situations 

where some portions of tasks are very 

important which is to be scheduled on a 

priority basis than the other portions of the 

task. In this algorithm [14] In DPZL 

scheduling algorithm the task has two 

subtasks, mandatory and optional. Using this 

concept the mandatory portion of every task 

has first priority for execution where as the 

optional portions has second priority for 

execution. DPZL require computation time, 

mandatory portion, Optional portion, deadline, 

and period as a input . As well as some input 

for including period and capacity of processor, 

and number of processors,. According to the 

utilization of processes priorities are assigned 

to all the tasks including mandatory and 

optional tasks The task which will utilize the 

system more is assigned highest priority and 

accordingly the priorities are assigned. 

Schedule tasks according to these assigned 

priorities. The mandatory tasks will be 

executed first and then the optional tasks will 

be executed[14]. If any zero laxity task arrives 

during  the execution of mandatory tasks, then 

zero laxity task will give a higher priority to 

the task which was currently executing and 

add that pre-empted task to the ready queue 

and assign the processor to the zero laxity 

tasks till it entirely gets executed. 

In this paper we are going to implement 

Improved LLF scheduling algorithm for 

multiprocessor on PATSAS simulator using 

VB.Net as well as we are going to show the 

comparison between MILLF algorithm and 

DPZL algorithm with success ratio ,context 

switches, schedulability.. Both this algorithm 

work on least laxity first scheduling of the 

multiprocessor . 

2. PROPOSED ALGORITHM 

The descriptions in this paper are based on the 

following assumptions:  

More than one processor. 

Release time of all task will be zero. 

All tasks are periodic and Non-preemptive.  

Assumed that all tasks are as Independent 

tasks.  

Any task cannot be suspended by itself. 

All processors are assumed as homogeneous 

Processors. 

We have taken LLF algorithm as a base to 

implement the proposed algorithm. In which 

we overcome the errors of LLF algorithm. 

After that we have compared the performance 
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of the MILLF algorithm with FPZL, DPZL in 

terms of context switches, Success Ratio and 

CPU Utilization. Laxity is a common 

parameter in both algorithms. 

     In Multiprocessor Improved Least Laxity 

First Scheduling Algorithm finds the time 

quantum by taking the greatest common 

divisor(GCD) of all the execution time of the 

processes. After every unit of time slice the 

laxity of each remaining process(present in the 

ready queue) is calculate. The loop is 

continued until all the processes are being 

executed by the processor. The GCD of the 

execution time is always greater than equal to 

1 so loop will be continue for lesser no of time 

or same no of time .i.e. when the GCD of the 

execution time is greater than 1 in that case 

scheduling algorithm will show better 

performance(loop will continue less no of 

times).  The proposed MILLF (Multiprocessor 

Improved least laxity first algorithm) shows 

less context switching as compared to FPZL, 

DPZL scheduling Algorithm. 

 

Fig 1.  Execution of ILLF on PATSAS Simulator 

When the application start it will display the 

following screen. Initially to execute tasks on 

multiple processor the PATSAS simulator 

require Task name, release time of the task, 

Computation time (E), Deadline (D) and 

Number of processor as a input parameters.  

Following abbreviations is  used in flowchart:  

TQ is a time quantum 

GCD is a greatest common divisor of all task 

which are ready to execute in ready queue. 

E is a execution time of  a task. 

D is a deadline of a task. 

L is a laxity of a task. i.e. L=Di-Ei where i=1 

to n 

 

Fig 2.  Gantt Chart Display of MILLF for 4 processor 

on PATSAS simulator  

As per the algorithm it will schedule the 

multiple tasks on multiple processors and 

output will be display with the help of Gantt 

chart. 

3. PERFORMANCE VERIFICATION 

MILLF scheduling algorithm for 

multiprocessor is implemented on PATSAS 

simulator using VB.NET. After 

implementation of proposed algorithm FPZL, 

DPZL and ILLF scheduling algorithm for 

multiprocessors are tested and its performance 

is calculated. The result shows that the number 

of context switching in FPZL and DPZL 

Scheduling Algorithm are  more than 

proposed MILLF Scheduling Algorithm. The 

success ratio is more as compared to the FPZL 

as well as DPZL. As context switching 

decreases the performance of the processor, 
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hence proposed MILLF scheduling algorithm 

shows better performance over FPZL and 

DPZL scheduling algorithm. The following 

result shows the case studies of three  

algorithms and then a comparative study 

including some performance parameters. 

3.1 CASE STUDY 1 

3.1.1 INPUT PARAMETERS OF CASE 

STUDY 1 

Number of processor = 02 

Table 1.  Input parameters of the task 

Case study 1 is done for the two processors. 

Table I shows the list of input parameters of 

the task like Task name, Execution time and 

the deadline. The complete set of information 

is required to schedule the task by using 

proposed algorithm on multiprocessor. By 

using above information first it will calculate 

laxity of each task after that the quantum time 

will be calculated by calculating the GCD of 

the execution time of each task. In above case 

quantum time is equal to 1. After that it will 

sort processes according to laxity in ascending 

order. According to the proposed algorithm 

will give priority to that task which is having 

the least laxity. First it will check the laxity 

condition In above case T1 have least laxity so 

it will give highest priority to task T1. Task T3 

have the second highest priority. Here task T1 

has the highest priority and it will schedule 

first up till the quantum time 1. After 

execution of the first task the deadline of the 

each task will be reduced by the quantum time 

i.e. 1 as well as the execution time of the 

executed task will be reduced by 1. After 

every unit of time slice the laxity of each 

remaining process (present in the ready queue) 

is calculate and sort processes according to 

laxity in ascending order.  

3.1.2 RESULT OF CASE STUDY 1 

Table 2.  Comparative study between proposed  
algorithms 

From the above comparative study it is clear 

that the context switches in the proposed 

algorithm are very less as compare the other 

algorithm as well as the proposed algorithm is 

good in terms of schedulability and Success 

Ratio. 

 

Fig 3.  Execution of CASE STUDY 1 On PATSAS 

Simulator 

Figure 3 shows the execution of Task Set of 

CASE STUDY 1 by using MILLF on 

Sr. 

No. 
Task 

Execution 

Time 

Dead 

Line 

1 T1 4 10 

2 T2 6 15 

3 T3 5 12 

4 T4 8 20 

Sr. 

No. 

Algorith

m/ 

Paramet

ers 

Succe

ss 

Ratio 

Schedulab

ility 

Contex

t 

Switch

es 

1 FPZL 0.25 Low 7 

2 DPZL 0.50 Average 13 

3 MILLF 1.00 High 5 
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PATSAS Simulator. Here Laxity of all the 

task is calculated i.e. laxity= deadline- 

execution. As well as time quantum is 

calculated i.e. GCD (Execution time of all 

Task). According to the Laxity value Task 1 

(T1) has least laxity value so it will schedule 

first on processor 1 for quantum time 1. After 

T1 Task 2 (T2) has less laxity value so it will 

schedule next on processor 2 for quantum time 

1. After execution of T1 and T2. Execution 

time of executed task and the deadline of all 

the task will be subtract from time quantum 

i.e. 1. Again loop will continue for calculating 

laxity value of each task. Here again T1 has 

less laxity so it will schedule again on 

processor1. Again T2 has next lest laxity value 

so it will schedule on processor 2 for quantum 

time 1. According to laxity value now task T2 

and Task T3 has same laxity. Now according 

to algorithm it will check the execution value 

of both task, the task which having greater 

execution value should be schedule first until 

completion. So here task T2 has greater 

execution time than T3 so it will schedule on 

processor 2 until completion. In this way all 

the task will be schedule on two processor 

completely.  

 

Fig 4.  Comparison of 4 algorithms by Graphical 

representation. 

From Figure 4.  we can conclude that as 

compared to other algorithms the proposed 

algorithm has very less number of  context 

switches i.e. 4, MILLF has 5 context switches, 

FPZL has 15 context switches and DPZL has 

29 context switches. 

3.2 CASE STUDY 2 

3.2.1 INPUT PARAMETERS OF CASE 

STUDY 2  

Consider the following input with 5 tasks and 

3Processors. 

Number of processor = 03 

Table 3.  Input parameters of the Task 

 

The above table shows the initial task 

information for Scheduling. Here 5 Task are 

given with their individual execution time and 

deadline. 

Table 4.  Comparative study between proposed  
algorithms 

 

Sr. 

No. 
Task 

Execution 

Time 
Dead Line 

1 T1 3 8 

2 T2 5 12 

3 T3 7 10 

4 T4 9 20 

5 T5 11 14 

Sr. 

No. 
Task 

Execution 

Time 

Dead 

Line 

1 T1 3 8 

2 T2 5 12 

3 T3 7 10 

4 T4 9 20 

5 T5 11 14 
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3.2.2 RESULT OF CASE STUDY 2 

The following is the comparative result of the 

above case study. 

Table 5.  Input parameters of the processor 

 

 

In case study 2, all tasks were totally 

scheduled excluding task T2 in FPZL 

algorithm In DPZL algorithm and proposed 

algorithm all the tasks completely get 

scheduled. So the success ratio is 1 .00 in both 

DPZL and proposed  algorithm and 0.8 in 

FPZL. So the schedulability is high in both as 

compared to the FPZL but if we compare the 

context switches then proposed algorithm have 

very less number of contest switches i.e. 5 as 

compare to the FPZL and DPZL.  

3.3 CASE STUDY 3 

3.3.1 INPUT PARAMETERS OF CASE 

STUDY 3   

Number of processor = 04 

The above table shows the initial task 

information same as case 2 but the requred 

number of processes are 4. 

3.3.2 RESULT OF CASE STUDY 3 

Table 6.  Comparative study between proposed  
algorithms 

 

In above case the same task are scheduled but 

the number of processes are different. Table 

IV shows that the FPZL and MILLF algorithm  

will process all the tasks entirely. It will give 

improved output in terms of context switches, 

schedulability and success ratio. But in this 

case, the FPZL algorithm the context switches 

is too high.  

4. Discussion on case studies 
 

 

Context 

Switches 

 

 

Number of Processor 

Fig 5.  Comparison of the ratio of number of context 

switches with number of processor in three 

algorithms. .(MILLF-5,5,6; DPZL-13,29,38;FPZL-

7,15,20) 

Sr. 

No

. 

Algorith

m/ 

Paramet

ers 

 

Succe

ss 

Ratio 

Schedulab

ility 

Conte

xt 

Switch

es 

1 FPZL 
 

0.8 
Average 15 

2 DPZL 
 

1.00 
High 29 

3 MILLF 
 

1.00 
High 5 

Sr. 

No

. 

Algorith

m/ 

Paramet

er 

Succe

ss 

Ratio 

Schedulab

ility 

Conte

xt 

Switch

es 

1 FPZL 1.00 High 20 

2 DPZL 0.98 Average 38 

3 MILLF 1.00 High 6 
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From above Case studies figure 5 is plotted. It 

shows the comparison of the ratio of number 

of context switches with number of processor. 

From figure we can see that in DPZL as the 

number of processor increases the number of 

context switches rapidly increases. In FPZL 

the graph for context switches is low as 

compare to DPZL. But the graph of MILLF is 

nearly stable for 2, 3 and 4 processor.  

 

Success  

Ratio 

 

 

 

 

 

                            Number of Processor          

Fig 6.  Comparison of Success ratios with number of 

processor in three algorithms. (MILLF-1, 1, 1; 

DPZL-0.50, 1, 0.98; FPZL-0.25, 0.8, 1) 

In figure 6 success ratio is the ratio of Number 

of tasks successfully scheduled to the number 

of tasks arrived at the scheduler. When zero 

laxity tasks  scheduled by DPZL and FPZL 

then there is a chance of deadline missing so 

the task are unschedulable within give  

deadline. As well as when there is tie between 

the laxities of the two tasks then there is a 

chance of deadline missing in FPZL and 

DPZL. But this point is covered in MILLF by 

calculating the laxity after every unit of time 

slice. Therefore in MILLF there is no chance 

of deadline missing therefore the success ratio 

of MILLF is one for all cases.  

5. Conclusion 

In this paper, following work is done 

A different scheduling algorithm for 

uniprocessor as well as multiprocessor is 

studied.  

The algorithm which is based on the laxity is 

selected modeling. 

Analysis of performance of selected algorithm 

with the help performance parameters. 

Performance parameters are selected for the 

new proposed algorithm. 

Start implementation of new algorithm for 

multiprocessor. 

Analysis and comparison of output parameters 

of the modeled and proposed scheduling 

algorithm. 

We have implemented M-ILLF scheduling 

algorithm for multiprocessor with the help of 

PATSAS simulator by using VB.NET this is a 

Multiprocessor Improved Least Laxity First 

(ILLF) Scheduling Algorithm with 

intelligence time slice that removes the 

drawbacks of the FPZL as well as DPZL 

scheduling Algorithm. The performance 

verification shows that in case of FPZL and 

DPZL Scheduling Algorithm the no of 

Switching is more as compared to proposed 

MILLF Scheduling Algorithm for 

multiprocessor, which is an overhead to the 

system and reduces the system performance. 

As well as when there is a tie between the 

laxities of the two tasks then there is a chance 

of deadline missing in FPZL and DPZL. But 

this point is covered in MILLF by calculating 

the laxity after every unit of time slice. Thus 

MILLF for multiprocessor is an efficient 

dynamic priority based scheduling Algorithm 
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for multiprocessor Real-Time systems. There 

is a scope to increase the performance of the 

algorithm with some different output 

parameter i.e. CPU utilization. According to 

the utilization of task as well as with least 

laxity values task can be scheduled so it will 

improve the schedulability criteria of the task. 
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