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CPU Scheduler Setup the necessary variables that will be used
. within this function and switches that will be

NOTE: I am sorry, this is going to be ugly ... Setup Variables used within the loops.

Generate a randomized seed; this is primarily
Generate Rand for the Process’s when they are being
Seed populated with data.

Notify the user that the program was
unable to either generate the logfile or
was simply unable to open the instance

to the program.

Generate the logfile and then open the instance

Create and Open ;
to this program.

Log File

The program loop; if the
user wants to evaluate
another Process Chain with

‘X’ many processes
[DO-WHILE]

Run Again False——b@

Close the program with
an error

Display Error Log File
Message

Return with Logging is
Error: 1 Required

Is it the first time we ran
the program?

Tru

(¢}




Because logging is enabled by the Macro
switch, we must close the program as logging

is impossible in this program’s instance. False

Provide extra spaces in the terminal buffer; this
is primarily to make reading the output easier
and less confusing.

Terminal
Padding

Display the instructions to the

True

CALL:

DrawHeader()

CALL:
DrawAbout()

Show the Program Header into the
terminal buffer

CALL:

end-user

To offer some ‘flexibility’, ask the user how many

DrawlInstructions()

Ask how many

processes the program should self-generate.

This function will get the input from the user, but

Processes

Display what the program’s
purpose’s to the user.

CALL:

will also assure that the input is valid by filtering it.

FetchNumber()




From the output of the FetchNumber(),
set the user’s request to Number

Set Number of

Process’s variable

Assure that the number of processes
requested by the end-user fits within the

Process

Warn of bad

ranges of: 100 -> 9000

Write to the logfile how many
processes that will be generated

WRITE:

Number of Process

Is the range valid?

range

T

Because the range is invalid,
re-ask the user again

Logging

Allocate the Primary Process Chain in
the heap memory space

Output Allocation of
Primary Process
Chain

DEBUG:
Stepwise

Allocate the Primary
Process Chain

WRITE:

Allocation Step ulbtiE
Message

Logging

Allocate the Slaved Process Chain in

1 1



Allocate the Slaved Process Chain in
the heap memory space

Output Allocation of
Slaved Process
Chain

DEBUG: ) Allocate the Primary
Stepwise Process Chain

Check to make sure
that the allocation

WRITE: went through

successfully

Allocation Step byl Logging False
Message

Display Error Allocation
Message Failure

Instantiate

Return with dedicatgd
Error: 2 False calculation
objects; used

for storing
results from

Dzl N DEBUG: each CPU
Instantiation of
Scheduler

: Steowi
Process Calculations cpwise

Because the allocation failed, stop the
program before ‘Unforeseen
Consequences’ occurs

algorithms

WRITE

Message of new Instantiation g alibyiE Logging
of Process Calculations Instantiation of Process

Calculation Objects




Allocate the
calculation
objects to the
heap memory
space

_~

Display Allocation of DEBUG:
Process Calculations Stepwise

WRITE
Message of Allocation for Logging
Process Calculations Allocate of Process . ' '
Calculation Objects This function will populate
all of the process’s
properties within the

Process Chain with
randomized values.

Display message step for .
Populating Process DEBU.G' —Loop 100 timesw
Stepwise

Chain’s Processes

WRITE False
Write message step for Loooi v
Populating Process Chain’s OsEIns WrIET
Processes PopulateProcessChain()
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Display message step for
Mirroring Primary to

Slaved Process Chain

WRITE
Write message step for

Mirroring Primary to Slaved Logging

Process Chain

DEBUG:
Stepwise

False

v

CALL:
MirrorProcessChain()

This will display all

properties available for each
individual process within the >
Process Chain

CALL:
DisplayProcessChain()

DEBUG:

Show All Processes
Properties

False

Mirror the Primary Process
Chain to the Slaved Process
Chain; this is to assure that the
CPU Schedulers changes to the
process chain is not permanent.

\/\



Display message step to perform
First Come, First Serve CPU
Scheduler

WRITE
Write message step to
perform First Come, First
Serve CPU Scheduler

Logging

Display message step for
Mirroring Primary to
Slaved Process Chain

WRITE
Write message step for
Mirroring Primary to Slaved
Process Chain

DEBUG:
Stepwise

False

v

Execute the “First Come, First
Serve” CPU Scheduler

False——»

CALL:
SchedulerFirstComeFirstServe()

|

Mirror the Primary Process
Chain to the Slaved Process
Chain; this is to assure that the
CPU Schedulers changes to the
process chain is not permanent.

Stepwise

v

CALL:
MirrorProcessChain()

\/_\



Execute the “Shortest Job First”
CPU Scheduler

Display message step to perform

Shortest Job First CPU Scheduler Stepwise

WRITE
Write message step to Loooi v
perform Shortest Job First OEEING CALL:
CPU Scheduler False— SchedulerShortestJobFirst()

|

Mirror the Primary Process
Chain to the Slaved Process
Chain; this is to assure that the
— CPU Schedulers changes to the
Display message step for DEBUG: process chain is not permanent.

Mirroring Primary to Stepwis
Slaved Process Chain pwise \/\

WRITE False
Write message step for v
Mirroring Primary to Slaved CALL:
MirrorProcessChain()

\ 4
7y

Process Chain




Display message step to perform

Priority CPU Scheduler

WRITE
Write message step to Laviing
perform Priority CPU
Scheduler False—

DEBUG:
Stepwise

False

v

Execute the “Priority” CPU
Scheduler

CALL:
SchedulerPriority()

Display message step for
Mirroring Primary to
Slaved Process Chain

WRITE
Write message step for

Mirroring Primary to Slaved Logging

DEBUG:
Stepwise

False

v

Mirror the Primary Process
Chain to the Slaved Process
Chain; this is to assure that the
CPU Schedulers changes to the
process chain is not permanent.

Process Chain

\ 4

CALL:
MirrorProcessChain()

\/\



Display message step to perform
Round Robin [Quantum 4] CPU

Execute the “Round Robin
[Quantum 4]” CPU Scheduler

DEBUG:

Scheduler Stepwise

WRITE False
message step to perform Loggin *
Round Robin [Quantum 4] £eing False CALL: .
CPU Scheduler SchedulerRoundRobin()

$

Mirror the Primary Process
Chain to the Slaved Process
Chain; this is to assure that the
— CPU Schedulers changes to the
Display message step for DEBUG: process chain is not permanent.

Mirroring Primary to Stepwise
Slaved Process Chain p \/\

NN False
Write message step for v
Mirroring Primary to Slaved CALL:
MirrorProcessChain()

Logging

Process Chain




Display message step to perform
Round Robin [Quantum 8] CPU
Scheduler

WRITE
message step to perform
Round Robin [Quantum §]

CPU Scheduler False—

DEBUG:
Stepwise

False

v

Execute the “Round Robin
[Quantum 8]” CPU Scheduler

CALL:
SchedulerRoundRobin()

Be sure that we ran this loop 100
times

Executed 100

times?

False %e




Display message step for
Calculating Overall First
Come, First Serve

WRITE
Write message step for
Calculating Overall First
Come, First Serve

Display message step for
Calculating Overall
Shortest Job First

WRITE
Write message step for

Calculating Overall Shortest Logging

Job First

DEBUG:
Stepwise

False

v

Find overall average for First
Come, First Serve

N
~_

CALL:

OverAllAverageCalculation()

DEBUG:
Stepwise

False

v

Find overall average for
Shortest Job First

N
N~

CALL:

OverAllAverageCalculation()




Display message step for
Calculating Overall

Priority

WRITE
Write message step for Logging
Calculating Overall Priority

DEBUG:
Stepwise

False

v

Find overall average for Priority

N
N~

CALL:

OverAllAverageCalculation()

A

Display message step for
Calculating Overall
Round Robin [Quantum

WRITE
Write message step for

Calculating Overall Round Logging

Robin [Quantum 4]

DEBUG:
Stepwise

False

v

Find overall average for Round
Robin [Quantum 4]

N
N~

CALL:

OverAllAverageCalculation()




Display message step for
Calculating Overall

Round Robin [Quantum
8]

WRITE
Write message step for
Calculating Overall Round
Robin [Quantum 8&]

Logging

DEBUG:
Stepwise

False

v

Find overall average for Round
Robin [Quantum §]

~_

Display message step for
Thrashing the Primary
Process Chain

WRITE
Write message step for
Thrashing the Primary
Process Chain

Logging

\ 4

CALL:

OverAllAverageCalculation()

R

Stepwise

False

v

Deallocate the Primary Process
Chain; we are done using it for

no

~_

\ 4

CALL:

DeallocateMemory Process()

W.

N




Display message step for
Thrashing the Slaved

Process Chain

WRITE
Write message step for

Thrashing the Slaved Process Logging

Deallocate the Slaved Process
Chain; we are done using it for
now.

DEBUG:
Stepwise \/ /\

False

v

Chain

Display message step for
Thrashing the Process
Calculations

WRITE
Write message step for

Thrashing the Process Logging

A\ 4

CALL:
DeallocateMemory Process()

A

Deallocate the Process
Calculations; we are done using
them for now.

DEBUG:
Stepwise

Calculations

A

DeallocateMemory ProcessChainCalculation()




Sound the ‘bell” to
If this was the first time running the tell the end-user that
program, toggle this. If we run again — Turn FirstRun the program has

provide padding in the next loop to false finished its massive
operation

False
Ask the user if they
wise to perform CALL:
another operation RunAgainQuestion()
<< RUN AGAIN >>

l
@



Return 0

Display Closing
Message

Terminate the program with an

Exit Code of ‘0’

Close the logfile in which this program

QUM «——  has either created or appended too.

Tell the user that the program
1s preparing to close




CloseProgram()

Display message that we

are closing the program

Return




DrawHeader()

Display:
Program Name

Program Version
Version Name

Return




DrawlInstructions()

Display instructions

to the end-user




DrawAbout()

Displays the purpose

of this program to the
end-user

Return




FetchNumber()

Display
prompt

Get user-input; we mainly
» want numbers.

Do not allow letters or other characters; only
Filter STDIN; only capture numbers and stop immediately parsing
capture numbers user-input when a non-number is indexed.

Return filtered STDIN



RunAgainQuestion()

Allow the user to perform another
Ask the user to multiplication operation or
run again terminate the program.

Display
prompt

We will only capture one key-
Fetch one- stroke from the end-user, all others
char STDIN are ignored.

Make sure that the STDIN was
either ‘y’ or ‘n’. If any other input
was provided, then the input will
not be valid.

Notify the user
that the input was
not valid

Make sure that
input is valid

Valid

The input was not valid; thus — the
user must re-provide input again.



AllocateMemory Process()

Allocate the pointer of

‘processChain’ with
“processCount’ processes
Pointer Array [1D]

Allocate the pointer into an pointer
array of ‘number’ of processes that
was requested by the end-user.




AllocateMemory ProcessChainCalculation()

Allocate the pointer of

‘processChain’ with

‘processCount’ loop
Pointer Array [1D]

Return

Allocate the pointer into an pointer
array of ‘number’ of loops that will
occur in the program.



DeallocateMemory Process()

Free all of the previous allocated
memory spaces from the Heap

Free Array of Pointers g

Set parent

used in the pointer array.

To avoid garbage; set the

pointer to gy
NULL

parent pointer to NULL.




DeallocateMemory ProcessChainCalculation()

Free all of the previous allocated
memory spaces from the Heap

Free Array of Pointers §g

Set parent

used in the pointer array.

To avoid garbage; set the

pointer to g
NULL

Return

parent pointer to NULL.




PopulateProcessChain()

Goal here is to automatically generate values into
each process properties within the Process Chain

C standards with

C ler iteration? Initialize the for-loop
ompiler iteration?

counter

MFalse Counter < Processes
Update

counter for

next loop

Set the Process:

PID to equal the Counter Set the Process:

Priority level between 0
and the maximum
priority level supported
Set the Process:
Arrival Time to equal 0

Set the Process:
CPU Burst Time to equal
a random number
between minimum burst
time and maximum burst
time

Set the Process:
Time Remaining to equal
0




DisplayProcessChain()

C standards with

e i Initialize the for-loop
Compiler iteration?

counter

Counter < Processes

True

Display all information about
each individual process within
the Process Chain

Update
counter for

next loop

Logging

True

WRITE: all information about each

individual process within the
Process Chain

False




The goal of this function is to duplicate
all of the process properties from one
Process Chain to another Process Chain,
ideally Master to Slaved Process Chains

MirrorProcessChain()

C standards with

e i Initialize the for-loop
Compiler iteration?

counter

Counter < Processes

Mirror one Process from the Process
Chain to another Process Chain’s 4 counter for

Update

Process index next loop



SortProcessChain() The goal of this function is to sort the processes by
means of the CPU Burst time. This is ideally used
with Shortest Job First CPU Scheduler.

C standards with

e i Initialize the for-loop
Compiler iteration?

counter

Inner Loop Update
counter for
next loop

Bubble Sort Outter Loop

Algorithm

Update
counter for
next loop

Burst time greater than
. . False
Burst time at next index

CALL
SwapProcess()




SortProcessPriority() The goal of this function is to sort the processes by
means of the Priority level. This is ideally used
with the Priority CPU Scheduler.

C standards with

i i Initialize the for-loop
Compiler iteration?

counter

Inner Loop Update
counter for
next loop

Bubble Sort Outter Loop

Algorithm

Update
counter for
next loop

Priority greater than
priority at next index

CALL
SwapProcess()




SwapProcess()

Instantiate
Process Ob;.

Cache all Process
Properties from the
destination index

Swap Target process
index to Destination
process index

Swap cached process
values to the Target
process index

The goal of this function is to merely swap one
process to another process, merely moving data
from one index to another index in an array.

Cache the destination pointer array index to the

newly instantiated object.

Replace Destination data with the targeted data

Replace target data with the cached data




OverAllAverageCalculation() The purpose of this function is to merely
gather all calculations performed in each
loop and then find the total average.

Setup Variables for loops and \/\

averages

Update
Counter

—False Counter < numberOfLoops

True

Divide all average waiting

Add individual Average

times by the number of times

Waiting Times
we looped

Add each calculation into
a temporary variable,
which will be used to find
the total average.

\/\




Display the overall Average Wait Time
Counter < numberOfLoops And
Overall Average Turnaround time

Add individual Average Update
Turnaround Times Counter

Logging

Falsem

Add each calculation into
a temporary variable,
which will be used to find
the total average.

\/_\ e

WRITE: The overall Average Wait Time
And

Overall Average Turnaround time




SchedulerFirstComeFirstServe() This function is designed to perform the
CPU Scheduler: First Come, First Serve

Setup the variables:
For-loop
averageWaitTime
averageTurnTime
waitTime
CPUTime

StartTime Obj.pointer array — to store all wait times per-process

Add Process’s burst

time to CPU Time Counter < TotalProcesses

Find the starting time of each process
in a GANTT chart

False

Find how much time is needed to complete
this entire Process Chain StartTime obj. set at first index

\/\

Add the burst time of
Counter < TotalProcesses individual process to
StartTime ob;.

False



Add StartTime Obj. to
total Wait Time

Counter < TotalProcesses True

False
Find the total wait time

Calculate:
Average Wait Time

Calculate:
Average Turnaround Time

Display all information
regarding the following:
DEBUG: Max CPU Time
Calculated Processes Waiting Time
Average Waiting Time
Average Turnaround Time

False




False

Write all information regarding

the following:
Max CPU Time
Waiting Time
Average Waiting Time

Store the results to the Process
Calculation pointer array; this will be
used for finding the overall averages

Save the results to the '
e ¢ Process Calculation g Logging True—»|
pointer

Average Turnaround Time

Display all processes

Simulate CPU
Processing

e a Execute task 3 True

by position in a
GANTT chart

Because we created an array of
int-pointers; deallocate the space
from heap memory.

g4 Deallocate StartTime obj. § m—

Merely an added feature that just ‘simulates’ that
the CPU is ‘executing’ the process. This has no
bearing over calculations — just merely a simulation

of something being processed. Return




SchedulerShortestJobFirst()

Setup the variables:
For-loop

averageWaitTime
averageTurnTime
waitTime
CPUTime
StartTime Obj. — to store all wait times per-process

CALL:

This function is designed to perform the
CPU Scheduler: Shortest Job First

Sort the entire Process Chain by lowest CPU
burst process first with higher CPU burst

SortProcessChain()

Add Process’s burst
time to CPU Time

Find how much time is needed to complete
this entire Process Chain

\_/_\

Counter < TotalProcesses

False

StartTime obj. set at first index

processes at the end of the Process Chain




Add the burst time of
Counter < TotalProcesses True individual process to
StartTime obj.

Find the starting time of each process
in a GANTT chart

False

Add StartTime Obj. to
total Wait Time

Counter < TotalProcesses

False
Find the total wait time

Calculate:
Average Wait Time

Calculate:

Average Turnaround Time




Store the results to the Process
Calculation pointer array; this will be

DEBUG:
Calculated Processes

False

used for finding the overall averages

Merely an added feature that just ‘simulates’ that
the CPU is ‘executing’ the process. This has no
bearing over calculations — just merely a simulation
of something being processed.

Save the results to the
Process Calculation na
pointer

Simulate CPU

True

Execute task §

Processing

False

Display all information
regarding the following:

Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time

Write all information regarding

the following:

Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time

Logging True—»

Display all processes
by position in a
GANTT chart



False

Deallocate StartTime obj.

Return

Because we created an array of
int-pointers; deallocate the space
from heap memory.



SchedulerPriority()

Setup the variables:
For-loop
averageWaitTime
averageTurnTime
waitTime
CPUTime
StartTime Obj. — to store all wait times per-process

CALL: P

This function is designed to perform the
CPU Scheduler: Priority

SortProcessPriority()

L

Add Process’s burst
time to CPU Time

Find how much time is needed to complete
this entire Process Chain

w

Counter < TotalProcesses

False

StartTime obj. set at first index

Sort the entire Process Chain by highest
priority process first with lower priority
processes at the end of the Process Chain




Add the burst time of
Counter < TotalProcesses True individual process to
StartTime ob;j.

Find the starting time of each process
in a GANTT chart

False

Add StartTime Obj. to

Counter < TotalProcesses

total Wait Time

False
Find the total wait time

Calculate:
Average Wait Time

Calculate:

Average Turnaround Time

Display all information




Store the results to the Process
Calculation pointer array; this will be

DEBUG:
Calculated Processes

False

used for finding the overall averages

Merely an added feature that just ‘simulates’ that
the CPU is ‘executing’ the process. This has no
bearing over calculations — just merely a simulation
of something being processed.

Execute task §

Save the results to the
Process Calculation g
pointer

Simulate CPU

Tru

Processing

False

Display all information
regarding the following:

Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time

Write all information regarding

the following:

Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time

Logging True—»|

Display all processes
by position in a
GANTT chart



False

Because we created an array of
int-pointers; deallocate the space

Deallocate StartTime obj. e heap memory

Return



SchedulerRoundRobin() Qs -sicned to permm the

Setup the variables:
For-loop

averageWaitTime

averageTurnTime
waitTime
CPUTime

StartTime Obj. — to store all wait times per-process
TurnTime Obj. — to store all turnaround times per-process

Add Process’s burst
time to CPU Time

Find how much time is needed to complete
this entire Process Chain

w

Fa

Counter < TotalProcesses

Ise

Infinite ;°
Loop

Set Done to True




Counter Process TimeRemaining
< p

TotalProcesses Quantum Time

Set Done to
False

Simulate the process
being executed by JESUE
Quantum allotted time

Update TimeSpent by TimeRemaining
appending process’s paiEINE >
timeRemaining Quantum Time

Process
Simulation

False
True

Update the process’s
burst by minus
quantum time

Update TimeSpent by
appending

quantumLevel




Update the StartTime by
how much time was spent

Calculate:
Average Wait Time

Calculate:
Average Turnaround Time

DEBUG:
Calculated Processes

Update the process’s
burst by minus
quantum time

Process
Simulation

Simulate the process
being executed by
Quantum allotted time

Display all information
regarding the following:
Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time




Store the results to the Process False
Calculation pointer array; this will be
used for finding the overall averages

Logging

Save the results to the Write all information regarding
g rocess Calculation ) e e 1 NS the following:

pointer

Max CPU Time
Waiting Time
Average Waiting Time
Average Turnaround Time

Because we created some array
Deallocate StartTime obj. of int-pointers; deallocate the
DeallocateTurnTime ob;.

space from heap memory.

Return




