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What If Scenarios
26 September

should we buy another printer? 2007

estimating wait times

Estimate wait times for printer jobs to finish.
Problem: printer shared by several users.
» the printer queues jobs along FIFO protocol
» arrival times are uniformly distributed

» length of the jobs is normally distributed

Given n jobs arriving uniformly in time interval [0, T],
with average length p and standard deviation o;

what is the average wait time?

And what is the standard deviation of the wait times?
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Top Down Design
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divide work in separate tasks and conquer 2 Sggge7mber
Observe the logical division of actions: 19p doun design

submitting jobs and printing jobs are separate tasks.

Key point: separate making of jobs from processing jobs.

Five tasks:

1.
2.
3.
4.
5.

ask the user for the parameters of the simulation
make jobs, generate arrival and processing times
simulate printing and compute wait times

compute average wait time and standard deviation
print the results

There will be one main program and five functions,
one function for each task.
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Tree Structure
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a hierarchy of tasks 2007

top down design

ask \@

make

j obs @si nmul at e

Plus one utility function to apply format * % 2f"’
to lists of floats.
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Input/Output descriptions for the five tasks:

1.

2.

ask the user for the parameters of the simulation e
output: (n, T, u, o)

make jobs, generate arrival and processing times

input: (n, T, u, o)

output: lists A and T with times

. simulate printing and compute wait times

input: lists A and T with times

output: list of waiting times W

compute average wait time and standard deviation
input: list of waiting times W

output: average a and deviation d

. print the results

input: average a and deviation d
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arguments are variables and parameters

Suppose we want to evaluate

_(x=w)?
e 202

f(x) =

1
oV2r

the probability density function of a normal distribution.

The symbols in the formula are
X is the name of the variable
1 is the mean of the distribution
o is the standard deviation from the mean
/s the square root function

MCS 260 L-13

26 September
2007

Functions in
Python



Mathematical Functions

arguments are variables and parameters

Suppose we want to evaluate

_(x=w)?
e 202

f(x) =

1
oV2r

the probability density function of a normal distribution.

The symbols in the formula are
X is the name of the variable
1 is the mean of the distribution
o is the standard deviation from the mean
/s the square root function
m is the mathematical constant =
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Mathematical Functions

arguments are variables and parameters

Suppose we want to evaluate

_(x=w)?
e 202

f(x) =

1
oV2r

the probability density function of a normal distribution.

The symbols in the formula are
X is the name of the variable
is the mean of the distribution
is the standard deviation from the mean
is the square root function
is the mathematical constant 7

o 3N a9 =

is the exponential function
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The general syntax of a function definition is

def < function name > ( < argunments > ):
< function body >

definition and arguments

All statements in the body must be intendated!

For the arguments, we distinguish between
1. required arguments that always must be given
2. optional arguments have default values

The normal probability density function npdf :

def npdf ( x, mu = 0, sigma =1 ):
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The general syntax of a function definition is

def < function name > ( < argunments > ):
< function body >

All statements in the body must be intendated!

definition and arguments

For the arguments, we distinguish between
1. required arguments that always must be given
2. optional arguments have default values

The normal probability density function npdf :

def npdf ( x, mu = 0, sigma =1 ):

has one required argument: x and
two optional arguments: mean nmu (with default value 0),
standard deviation si gna (with default value 1).



H MCS 260 L-13
Outline
26 September
2007
Functions in Python bocy and et et

body and return statement



The Documentation String MCS 260 L-13

26 September
2007

The body of the function starts typically with a

documentation string, a more elaborate hame.

def npdf ( x, nmu =0, sigma =1 ):
"normal probability density function”

body and return statement



The Documentation String

The body of the function starts typically with a
documentation string, a more elaborate hame.
def npdf ( x, nmu =0, sigma =1 ):
"normal probability density function”
In a Python shell:
>>> j nport ( npdf)
>>> hel p(npdf)
NAME
npdf

FI LE
/ hone/ 6/ j an/ Cour ses/ MCS101/ Lec13/ npdf. py

FUNCTI ONS
npdf (x, nmu=0, sigma=1)

normal probability density function
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The square root and exponential function are available as
mat h. sqrt and mat h. exp in the math module.

def npdf ( x, nmu =0, sigma =1 ):
"normal probability density function” ssye e
i mport math
f = math.exp(-(x - nmu)**2/(2*si gma**2))
f = f/(sigma*math.sqrt(2*math. pi))
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The square root and exponential function are available as
mat h. sqrt and mat h. exp in the math module.

def npdf ( x, nmu =0, sigma =1 ):
"normal probability density function” ssye e
i mport math
f = math.exp(-(x - nmu)**2/(2*si gma**2))
f = f/(sigma*math.sqrt(2*math. pi))
return f

Because of the r et ur n, we may call the function
— if saved in the file npdf . py — as:

>>> j nport npdf

>>> y = npdf. npdf (2)

>>> npdf. npdf (2, 2.3,0.1)

0. 044318484119380351
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in which the arguments must be provided leads to errors.

>>> | erOrt npdf body and return statement
>>> npdf. npdf (2, 2. 3,0.1)
0.044318484119380351
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>>> nport npdf (e N S
>>> npdf. npdf (2, 2. 3,0.1)
0.044318484119380351
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>>> npdf . npdf (nu=2. 3, si gma=0. 1, x=2)
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Using Keywords as Arguments

When there are multiple arguments, confusing the order

in which the arguments must be provided leads to errors.

>>> jnport npdf
>>> npdf. npdf (2, 2. 3,0.1)
0.044318484119380351

This is equivalent to

>>> npdf . npdf (nu=2. 3, si gma=0. 1, x=2)
0. 044318484119380351

The names nu and si gna are formal parameters. They
are not variables like f inside the definition of npdf .
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# L-13 MCS 260 13 Sep 2007 a function
#
# Eval uate the probability density function
# of a normal distribution.
# body and return statement
def npdf ( x, mu =0, sigm =1 ):
"normal probability density function"
i mport math
f = math.exp(-(x - nu)**2/(2*si gma**2))
f = f/(sigma*math.sqrt(2*math. pi))
return f
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# L-13 MCS 260 13 Sep 2007 a function
#
# Eval uate the probability density function
# of a normal distribution
# body and return statement
def npdf ( x, mu =0, sigm =1 ):
"normal probability density function"
i mport math
f = math.exp(-(x - nu)**2/(2*si gma**2))
f = f/(sigma*math.sqrt(2*math. pi))

return f
X = input('give x : ")
print "f(', x, ') =", npdf(x)
m = input(’ give nean : )
s = input(’'give standard deviation : ")
print "for nu ="', m ’'and sigm ="', s

print "f(', x, ') ="' , npdf(nu=m signa=s, x=x)
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Recall the tree of functions:

A Python Program

ask

make
j obs

Plus one utility function to apply format’ % 2f’
to lists of floats.
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Let us print 5 jobs within an hour,
mean is 0.3 and standard deviation is 0.1.

Running si muwai t . py

$ python sinuwait.py A —
nunber of jobs : 5

length of tine : 1

nmean tinme/job : 0.3

deviation/job : 0.1

arrivals : [ 0.66, 0.76, 0.77, 0.82, 0.85]
job tinmes : [ 0.17, 0.28, 0.31, 0.31, 0.29 ]
wait tinmes : [ 0.00, 0.07, 0.34, 0.60, 0.88 ]

average wait : 0.38

deviation : 0.73



Outline

A Python Program
main program and subroutines
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The Main Program

choosing names of variables and functions

The parameters are n, T, mu, and sg. The lists A, P, and
Woeollect the data. Results are in a and d.
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choosing names of variables and functions 2007

The parameters are n, T, mu, and sg. The lists A, P, and
Woeollect the data. Results are in a and d. Functions are
ask, make_j obs,formsi mul at e, and avgdev.

def main():
(n, T, mu, sg) = ask()
(A P) = make_jobs(n, T, nu, sg)
print ' arrivals : ' + formA)
print "job times : ' + form(P)

main program and
subroutines
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choosing names of variables and functions 2007

The parameters are n, T, mu, and sg. The lists A, P, and
Woeollect the data. Results are in a and d. Functions are
ask, make_j obs,formsi mul at e, and avgdev.

def main():
(n, T, mu, sg) = ask()
(A P) = make_jobs(n, T, nu, sg)

main program and
subroutines

print ' arrivals : ' + formA)
print "job tinmes : ' + formP)
W= sinul ate(A, P)

print "wait tinmes : * + form(W

(a,d) = avgdev(W
print 'average wait : %2f° %a
print ’ deviation : %2f’" %d
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The Main Program
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choosing names of variables and functions 2007

The parameters are n, T, mu, and sg. The lists A, P, and
Woeollect the data. Results are in a and d. Functions are
ask, make_j obs,formsi mul at e, and avgdev.

def main():
(n, T, mu, sg) = ask()
(A P) = make_jobs(n, T, nu, sg)

main program and
subroutines

print ' arrivals : ' + formA)
print "job tinmes : ' + formP)
W= sinul ate(A, P)

print "wait tinmes : * + form(W

(a,d) = avgdev(W
print 'average wait : %2f° %a
print ’ deviation : %2f’" %d

mai n()



Asking for Input Parameters

This function has no input arguments.
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This function has no input arguments.

def ask():
"returns tuple (n, T, m, sg)"
n = input(’ nunmber of jobs : ’ e

= )
= input(’length of tinme : ")

input ('’ mean tinme/job : )
i nput (* deviation/job : ")

T
mu
Sg
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This function has no input arguments.

def ask():
"returns tuple (n, T, m, sg)"
n = input(’ nunmber of jobs : ") e
T=1input(’'length of tine : ")
mu = input(’ mean time/job : ")
sg = input(’ deviation/job : )

return (n, T, m, sg)
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This function has no input arguments.

def ask():
"returns tuple (n, T, m, sg)"
n = input(’ nunmber of jobs : ") e
T=1input(’'length of tine : ")
mu = input(’ mean time/job : ")
sg = input(’ deviation/job : )

return (n, T, m, sg)

It returns a tuple of four values.



Making the Job Queue

With the four input parameters, random number
generators determine arrival and processing times.
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With the four input parameters, random number
generators determine arrival and processing times.

def nake_j obs(n, T, mu, sg):
"returns arrival and process tines"
A =[] # arrival times of jobs
P=1[] # tine to process each job

main program and
subroutines



Making the Job Queue MCS 260 L-13

26 September
2007
With the four input parameters, random number

generators determine arrival and processing times.

def make_jobs(n, T, nu, sg):
"returns arrival and process tines"

A =[] # arrival times of jobs

P=1[] #time to process each job SR
i mport random

for i in range(0,n):

A. append(random uni fornm(0, T))
P. append(random gauss(mu, sg))
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With the four input parameters, random number
generators determine arrival and processing times.

def nake_j obs(n, T, mu, sg):
"returns arrival and process tines"
A =[] # arrival times of jobs
P=1[] # time to process each job o
i mport random
for i in range(0,n):
A. append(random uni fornm(0, T))
P. append(random gauss(mu, sg))
A sort ()
return (A P)
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With the four input parameters, random number
generators determine arrival and processing times.

def nake_j obs(n, T, mu, sg):
"returns arrival and process tines"
A =[] # arrival times of jobs
P=1[] # tine to process each job

i mport random
for i in range(0,n):
A. append(random uni fornm(0, T))
P. append(random gauss(mu, sg))
A sort ()
return (A P)

main program and
subroutines

Note that arrival times must be sorted.
Rearranging processing times is not needed.
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Taking the job queue as input, we are now able to
compute the wait time for each job.

def sinmulate(A P):
"returns wait tine for each job"
W= [0] # nowait for first job
b =P[0] # time busy for job

main program and
subroutines
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Taking the job queue as input, we are now able to
compute the wait time for each job.

def sinmulate(A P):
"returns wait tine for each job"
W= [0] # nowait for first job
b =P[0] # time busy for job
for i in range(l,len(A)):
t = Ali] - Ali-1] # elapsed tine

main program and
subroutines
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Taking the job queue as input, we are now able to
compute the wait time for each job.

def sinmulate(A P):
"returns wait tine for each job"
W= [0] # nowait for first job
b =P[0] # time busy for job

main program and
subroutines

for i in range(l,len(A)):

t = Ali] - Ali-1] # elapsed tine
if t >= b # idle printer
b=0 # no wait
el se: # busy printer

b=Db-1 # wai t
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Taking the job queue as input, we are now able to
compute the wait time for each job.

def sinmulate(A P):
"returns wait tine for each job"
W= [0] # nowait for first job
b =P[0] # time busy for job
for i in range(l,len(A)):
t = Ali] - Ali-1] # elapsed tine

main program and
broutines

if t >= b: # idle printer
b=0 # no wait

el se: # busy printer
b=Db-1t # wai t

W append( b) # store wait

b=Db+ P[i] # update busy

return W



Average and Standard Deviation MCS 26013
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Formulas:
len(W)— len(W)—1
Z W[|] d= Z (W[i] — a)?
i=0
def avgdev(W: g ar
"average and deviation of W
i nport nath

avg = sum(W/len(W
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Formulas:
len(W)— len(W)—1
Z W[|] d\l > (Wil -a)
i=0

def avgdev(W: g ar

"average and deviation of W

i nport nath

avg = sum(W/len(W

dev = 0

for i in range(0,len(W):
dev += (Wi] - avg)**2
dev = math. sqrt(dev)
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Formulas:

len(W)— len(W)—1
Z W[I] d\l 3 (W] - a)?

i=0
def avgdev(W: el
"average and deviation of W
i nport nath
avg = sum(W/len(W
dev = 0

for i in range(0,len(W):

dev += (Wi] - avg)**2
dev = math. sqrt(dev)
return (avg, dev)
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The formatting of a list is realized via the creation of a
string. Printing the string returned by f or mgives the
desired format.

main program and
subroutines
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The formatting of a list is realized via the creation of a
string. Printing the string returned by f or mgives the
desired format.

def forn(L): man o
"returns floats in L in %2f format"
s ="[ "+ "%2f" %L[O]



Formatting Lists

The formatting of a list is realized via the creation of a

string. Printing the string returned by f or mgives the
desired format.

def form(L):
"returns floats in L in %2f format"
s ="[ "+ "%2f" %L[O]
for i in range(l,len(L)):
s +=", " + %2f" %L[i]
return s + ' ]’

This function is called multiple times.

MCS 260 L-13

26 September
2007

main program and
subroutines
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Maple’s Arrow Operator
. . . 26 September
to define functions quickly 2007

Mathematical functions are often denoted as

1 _x=p)?
e 202

f:(X,p,0)—
ovV2n

Maple provides the arrow operator for quick definitions:

>f 1= (x, nu, sigm) ->
exp(-(x-mu) "2/ (2*sigman2))/ (sigma*sqrt(2*Pi)); artow operator

2
o(-1/2545)

oVaw

fi=(x, p, o) =
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Maple’s Arrow Operator
26 September

to define functions quickly 2007

Mathematical functions are often denoted as

1 _x=w?

e 202
oVonr

fo(x,p,0)

Maple provides the arrow operator for quick definitions:

>f := (x, mu, sigm) ->
exp(-(x-m) "2/ (2*si gman2) )/ (sigma*sqrt (2*Pi));

arrow operator

2
e(-1/28545)

oVaw

fi=(x, p, o) =

> eval f(f(2,0,1));
0. 05399096645
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Code Generation

Subroutines in Maple are called procedures.

Turning formulas into procedures goes like

> formula : =
exp(-(x-mu) "2/ (2*sigman2))/ (sigma*sqrt(2*Pi));

> p : = codegen|[ nakeproc] (formul a, [ x, nu, sigma]);

p := proc(X, p, 0)1/2 xexp(--- end proc

> eval f(p(2,2.3,0.1));
0.04431848411
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We covered in the lecture:

» start of chapter 5 in Making Use of Python;

» pages 538-539 in The Art & Craft of Computing.
Assignments:

1. Aword is a palindrome if it reads the same
backwards as forwards. Draw the flowchart for an
algorithm that returns true if a string is a palindrome
and false otherwise. Summary +

Assignments
2. Give a Python program for exercise 1.

3. Add print statements in the Si rrul at e function to set
up a table that records all values of t and b.

4. Adjust the program for multiple printers.



