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Abstract- This research is about the comparison
between the performances of single and multi-
processing system. We will look that how jobs are
processed in a uniprocessor and multiprocessor. We
will work on process scheduling in both uni and
multiprocessing systems. Some advantages and
disadvantages are discussed here. Various workloads
are tested to show what factors affecting their
performance. Significant effort is made to make a fair
comparison between them. The performance of
various architectures is tested for uniprocessor
system. Also much architectureis tested for the
performance of multi-processor system.
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l. INTRODUCTION

Now a dayevery system is busy in supporting several
programs. To handle these several programs a good
processing system is required. There are two types of
systems a Uni-processing system and multiprocessing
system [1-4].

A uniprocessor system consists of a single processor
which executes the program instructions as a single
instruction per cycle. In uniprocessor system the
memory is used only by a single processor [5].A
multiprocessor system consists of more than one
processor in a single chip which executes more than
one instruction in a single cycle. In this system
memory is shared among several processors.

In single processor the execution of a program takes
more time than multi-Processing system because in
multi-processing system the program is divided into
parts and is executed parallel [6-9]. Parallelism is
important because big problems can be split into
smaller programs. That can be executed at the same
time to reduce Execution time. In this research we are
focusing on the workloads on these two architectures.
The first objectives of this research are to undertake
such a comparison. The comparison starts from the

analysis of the uniprocessor and then leading towards
the performance of multiprocessing system.

Il. Univs. multiprocessor requirements

Uniprocessor standard architecture systems with well
cached cpu do not use pipeline mode as frequently.
For this reason the capability on p6 bus and of ram
bus does not have a very significant performance.
The architecture of a UNI processing system is
shown in Figure 1.
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Figl: Uni processing system

In a P2/450 uniprocessor PC, DRAM bus saturation
typically hovers between 1 and 10%. By adding more
processors, bus saturation can easily be driven
beyond the bandwidth [10-19] capacity of 100 MHz
SDRAM. To solve this problem, multiprocessor
platforms may use multiple 64 bit buses, or increase
the bus width to 128 bits or 256 bits. These
configurations also allow servers to satisfy another
important requirement — memory capacity. Large
servers must usually ship with half a gigabyte of
DRAM and be Configurable up to several gigabytes.
This can be accomplished today using wide SDRAM
configurations with registered DIMMs. But Rambus
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presents another problem in this area. Each Rambus
interface channel allows only 32 memory Integrated
circuits. Using 64 Mega bit DRAMs, the maximum
configuration for a single channel is 256 Mega Bytes.
Even in late 1999 or early 2000 when 256Mega bit
components become available, capacity will still be
constrained to 1 Gigabytes per channel. In order to
meet platform requirements [20-27], multiple
Rambus channels will be required, or repeater chips
must be used to extend the capacity (and increase the
latency) of each channel
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Fig2: Multiprocessing system

Advantages ofuni and multiprocessing system

1. multiprocessing system

As compared to the uniprocessor system
multiprocessor systems have many advantages which
are following,

> Better Performance

Due to more than one processors the multi-
processor  system having a  better
performance by shorter response time and
higher throughput than a single processor
system. For example if there are two
programs are to be run than a multiprocessor
system is better than a single processor
system because both programs will be run
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Simultaneously on different processors. Or
if a single large program is run on both
systems, so multiprocessor system will
response quick then single processor
because the program will divide in parts and
every part will run parallel on different
processors.

> Better reliability

Multiprocessor system is more reliable than
single processor system. In a properly
designed multiprocessing system if one
processor breaks down the other processes
takes over the system load automatically, so
there are less chances of complete failure.

From above discussion we can get the following
advantages

Increased reliability

Increased throughput

Economy of scale

Higher performance due to parallel
processing.

If one CPU get failed other CPU are used to
do that CPUs job
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2. Uni processing system

» Main memory requirements

A uni processing system having
only one Processor so it can
process only one job at a time so
less memory is required for a single
job. If we compare it with
multiprocessing  system  than
multiprocessing system requires
more memory to process multi
programs.

> Operating system scheduling

For a single processor the job
scheduling is very easy because
there is only one processor for
which the operating system will
schedule jobs on the basis of some
algorithms which are discussed
later.
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» Complete breakdown of system

Disadvantages of both systems

1. multiprocessing system

With advantages there are many disadvantages of >
multiprocessing  system  which are discussed
following:

»  Speed effect

Multi-processing  systems  are
designed for quick response so if
one processor damaged than it will
affect the speed of the system.

As there is only a single processor
so if it is damaged then the whole
system will be breakdown.

Low throughput

Due to single processor only one
job is processed so in a given
interval of time only a single job is
done or if the jobs are small then
few jobs are completed so
throughput is very low.

> Higher response time

» Expensiveness

In a multi-processing system more
than one processors are connected
with each other in single chip so for
the designing of such a chip

As only one processor handles the
jobs so the complete Burdon of the
Job is on single processor so it will
take more time to complete the job.

expensive tools and experts are 1. Process scheduling in both systems
required which are very expensive. 1. Uniprocessing system
Also there are many processors so ) ) _
every processor having own cost as In uni processing system we will study the
more processors the system will be basic concepts, scheduling criteria and
more expensive. algorithms.

» Complex operating system > Basic concepts
As there are more than one Three types of scheduling is used in uni
processors for multi programs so processing system:

this is a complex job to schedule

the jobs and processors. 1) Long term
If there are multi proms for execution

then long term scheduling decides that
which program to be admitted to the
system for execution.

> Large main memory required

2) Middle term

As there are more than one jobs are If a program is running and make a i/o
running on different processors so a request then or if a program completes a
lot of memory is required for these request then it decides that when the
jobs to run. program should be resume or suspend.

3) Short term
2. Uni processing system Decides which process will be stopped;
invoked upon

The disadvantages of single processing
system are given below:
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Interrupts, Operating system calls,
Signals, etc.
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The first two (long term, middle term) control the
degree of multi programming because there are more
process and short amount of time but in this short
amount of time all the processes will be executed .

We will discuss the short term scheduling here.

Short term scheduling (Sts)

The short term scheduling dispatch one program and
starts another. So two dominating factors involve
here

Switching context, selecting the new process to
dispatch.

» Scheduling criteria for
sts.

CPU utilization: It keeps the CPU busy when there
are processes to be executed.

Throughput: It means that number of process
completed in the given interval of time.

Response time: This is the time when a process made
a request to the completion of its execution. (Waiting
time + Execution time).

Fairness: Watch priorities and to avoid starvation.

Over heading: when a lot of burden on the CPU
occurs due to context switching and due to priorities.

Preemptive: The continued process will be
continuous until it is finish or made an 1/0 request.

Non Preemptive: Currently running process may be
interrupted and move to the ready queue. This
preemption may be on priority base or time slice.

» Algorithms for Sts.

As we have studied that uniprocessor systems only
process a single program. Here a question arises that
what if several jobs are in the queue for process?
What the operating system will do with the execution
of several jobs? So here are some algorithms
discussed so solve these questions. That algorithms
are:

First come first served (FCFS)
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Round robin

Shortest job first

Priority based jobs first

Here we discussed all these techniques one by one.

First come first served (FCES):

This algorithm process those jobs first which comes
first for execution. This algorithm works on first in
first out. This is a non-preemptive algorithm. Itmeans
that if one job is in process, the other jobs will wait
until its completion [30].

For example if there are some jobs for process A B C
D and E. the execution time of job A is 3, job B is 6,
job cis 4, job is 5 and job E is 2 seconds. Here the
first job is A and the last is E. the shortest job is E
with 2 seconds execution time.

0 ) 10 15 )
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The drawback of this algorithm is that if a job has
minimum execution time and comes after the large
program so it will wait to finish the first program. As
in the above example job E has 2 second time but it
will wait for all the jobs to complete.

Round Robin:

This algorithm is based on FCFS, but the preemption
is involved here. The preemption is on the basis of
time slice. The time slice is from 10 to 100
milliseconds. To implement RR scheduling, we keep
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the ready queue as a FIFO queue of processes. New
processes are added to the tail of the queue. The
CPUscheduler picks a process from the ready queue
and start the timer. If the process completes in this
quantum then next process is places otherwise the
first process is replaced by the second process and the
first process is placed in the waiting queue. This
process is known as context switching.If we have
three processes to process P1, P2, and P3 having 24,
3 and 3 milliseconds respectively [31-39]. The slice
is 4 milliseconds. The first process will start
execution. It has the execution time of 24
milliseconds and the time quantum is 4ms. So the
execution will terminate after 4 milliseconds and next
job will be put for execution. It has the execution
time of 3 milliseconds so it will complete its
execution and will leave the CPU itself. Then job p3
will come for execution which has the quantum of 3
milliseconds, so it will also complete its execution
and will leave the CPU itself. In this Round Robin
scheduling algorithm, no process is allocated the
CPU for more than 1 time quantum in a row until it is
the only runnable process.

[PL [P2 [P3 [P1L [P1L [P1 [P1
0 4 7 10 14 18 22 26 30

[ P ]

Round robin algorithm depends on time quantum
which leads to the context switches. If the quantum is
large then the context switches will be less. But if the
quantum is small then there will be more context
switching.

For example

0 10

Here the quantum is 10 so the no context switching.

|

0 6 10

Here the time quantum is 6 so the context switching
will be twice.

L [ [ [ |

01 2 3 45 6 7 8910

Here the quantum is 1 so the context switching will
be 10 times.

The last example leads the over heading due to more
context switching.
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Although the time slice should be large compared
with the context switch time, it should not be too
large. If the time quantum is too large, RR
Scheduling degenerates to FCFS policy. A rule of
thumb is that 80 percent of the CPU bursts should be
shorter than the time quantum.

Shortest job first:

This is a different and non-preemptive approach from
other algorithms because it prefers the job which has
minimum execution time. When the CPU is free it is
assign to the job which has the minimum CPU burst
time. If the two jobs has the same execution time then
FCFS is used to execute the jobs.

Here is an example of this algorithm, consider the
following jobs with execution time in milliseconds

Process CPU Time

P1 6

P2 8

P3 7

P4 3

Using SJF we will schedule the jobs as following:

| P4 | P1 | P3 | P2 |
0 3 9 16 24

The total waiting time for P1 is 3 Milliseconds, P2
has 16 Milliseconds, and P3 has 9 Milliseconds and
P4 has OMilliseconds. So the average waiting time is
(3+16+9+0)/4=7 Milliseconds. If we compare this
with FCFS then average waiting time for FCFS is
10.25 Milliseconds. So this SJF is better than FCFS.

This algorithm is better if we know the execution of
the next job, but is not optimal when the execution
time is not given.

Priority based algorithm:

In this algorithm the scheduler chooses a high
priority job for execution over a low priority. The
best example of this algorithm is SJF where the
priority is on low burst time. In this algorithm
priority is assigned to each process and then CPU is
assigned to the high priority job. If the two processes
are the same priority then FCFS is used to solve the
problem.
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Here is an example of this algorithm, consider the
following jobs with the Burst time and priority. The
arrival time is same for all processes.

Process CPU Time Priority
P1 10 3
P2 1 1
P3 2 4
P4 5 2

Using priority scheduling we will schedule the jobs
as following:

| P2 | P4 | P1 | P3

01 6 16 18
The average waiting time is 10.25 milliseconds.

Priorities can be defined as an internal or external.
Internally defined priorities use some quantities to
compute the priority of a process. For example, time
limits, memory requirements, the number of open
files, and the ratio of average 1/O burst to average
CPU burst have been used in computing priorities.
External priorities are set by criteria outside the
operating system, such as the importance of the
process, the type and amount of funds being paid for
computer use, the department sponsoring the work.
Priority scheduling can be preemptive or non-
preemptive. The newly arrived job will be compared
to the old jobs if the new job has larger priority than
the old process will be terminated and the new job
will be placed to execution. In case of SJF the
priority is non preemptive.

A major problem with priority scheduling algorithms
is indefinite blocking, or starvation. A process that
is ready to run but waiting for the CPU can be
considered blocked. A priority scheduling algorithm
can leave some low priority processes waiting
indefinitely.

For the above problem aging is introduced. In aging
the low priority get some priority after some time
spend.

2. Multi-processing system

So far we were discussing the scheduling criteria for
single processing system. The multi-processing
system helps in load sharing, but the process
synchronization become more complex. Many
possibilities have been tried, as we seen in single
processing system no best solution occurs. Here we
discuss several concerns with multi-processing
system.
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Approaches to Multiple-Processor Scheduling:

One approach is that one processor in multi-
processing system gets the responsibility of 1/O
processing and other system activities, this processor
is known as master processor. The other processors
executes only user code. This approach is known as
“asymmetric multiprocessing”. This is a simple
approach because only one processor access the
system data structure and reducing the need of data
sharing.

The other approach is “symmetric multiprocessing”.
Here every processor has to schedule itself. Each
process has its own ready queue of processes or all
processes may be a common ready queue. Regardless
the scheduler of each processor examines the
processes ready queue and select a process for
execution. The operating system must ensure that the
same process may not processed by two processors.
Virtually all modern operating systems support SMP,
including Windows XP, Windows 2000, Solaris,
Linux, and Mac OS X.

Processor Affinity:

What is the role of cache memory when a processor
processes a process? The most recently used data of
the process populates the cache for the processor, this
results a successive data process between processor
and cache. Now what will happen if a process is
transferred from one processor to another processor
in execution? The data of cache memory must be
invalidated from that processor which the data is
transferred from. And to which processor the data is
transferred the cache is re populated. Because of the
high cost of invalidating and re-populating caches,
most SMP systems try to avoid migration of
processes from one processor to another and instead
attempt to keep a process running on the same
processor. This is known as processor affinity,
meaning that a process has an affinity for the
processor on which it is currently running. Processor
affinity takes several forms. When an operating
system has a policy of attempting to keep a process
running on the same processor—but not guaranteeing
that it will do so— we have a situation known as soft
affinity. Here, it is possible for a process to migrate
between processors. Some systems

—such as Linux—also provide system calls that
support hard affinity, thereby allowing a process to
specify that it is not to migrate to other processors.

Load balancing:
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On semantic multi programming systems, it is
important to keep the workload balanced between all
processors to completely utilize the benefits of
having multiple processors.

Otherwise, one or more processors may sit idle while
other processors have high workloads along with lists
of processes awaiting the CPU. On semantic multi
programming systemloadbalancing tries to keep the
workload distributed among all the processors. It is
important to know that load balancing is important
only when every processor has its own queue of
processes to execute.

For a common queue load balancing is often
unnecessary because when a processor become idle,
it gets another process from the running queue.

There are two techniques used for load balancing,
Push migration and pull migration.

With push migration a task is performed which
checks the load on each processor, if an unbalance is
found it push processes from overloaded to idle
processor or from overloaded to less using processor.

The pull migration, an idle processor pulls a waiting
process from a busy processor.

Push and pull migration need not be mutually
exclusive and are in fact often implemented in
parallel on load-balancing systems.

For example, the Linux scheduler and the ULE
scheduler available for FreeBSD systems implement
both techniques. Linux runs its balancing algorithm
every 200 milliseconds (push migration) or whenever
the run queue for a processor is empty (pull
migration).

Symmetric Multithreading:

Symmetric multi-processing systems allow several
threads to run concurrently by providing multiple
physical processors.

An alternative strategy is to provide multiple
logicalprocessors rather than physicalprocessors.Such
a strategy is known as symmetric multithreading (or
SMT).It has also been known as “hyper threading
technology“on Intel processors.

The idea behind SMT is to create multiple logically
processors on the same physical processor. It
represent multiple logical processor to the operating
processor, also on a system having single processor.
Each logical processor has its own “architecture
state”, which includes general-purpose and machine-
state registers. Here interrupts handling is done by
these logical processor rather than physical processor.
Otherwise, each logical processor shares the
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resources of its physical processor, such as cache
memory and buses.

logicat || logical |:logical |+ logical-
CPU cPu . CPU [} CPU-

physical
CPU

| system bus ‘

Figure 5.8 A typical SMT architecture

The above figure shows two physical processor
which having 2, 2 logical processors. For the
operating system there are four processors in this
system.

V. CONCLUSION

This research was about the comparison of multi
processer and uni processor performance. We had
worked on advantages and disadvantages of both
systems. We also studied that how operating system
assigns jobs to uniprocessor and multiprocessor
systems. In uni processor scheduling we studied
different algorithms which include FCFS, Round
robin, and shortest job first and priority jobs. We also
studied their waiting time and compared with other
algorithms. For multiprocessing systems we studied
different scheduling criteria’s.

At the end we concluded that multiprocessing system
is best due to short response time and large
throughput. We can run different jobs at a time which
will run on different processors in the same system.

In the future all the work may be on the
multiprocessing system to improve their performance
and to reduce the complication of operating system
job scheduling.
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