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Half the job
IS finding
the problem




The purpose of communication?

Uncertainty
(entropy)

Uncertainty

message

(entropy)

receiver
sender



Information environments

Monty Hall problem

From Wikipedia, the free encyclopedia

The Monty Hall problem is a probability puzzle based on the American television game

show Let's Make a Deal. The name comes from the show's host, Monty Hall. The problem % 2

is also called the Monty Hall paradox, as it is a veridical paradox in that the result appears ® °

absurd but is demonstrably true.

A well-known statement of the problem was published in Parade magazine:
Suppose you're on a game show, and you're given the choice of three doors: Behind one In search of a new car, the o
door is a car: behind the others, goats. You pick a door, say No. 1, and the host, who knows playerhp'ctktsha L Tfhti
what's behind the doors, opens another door, say No. 3, which has a goat. He then says to R e

other doors, say 3, to reveal a goat

you, "Do you want to pick door No. 27" |s it to your advantage to switch your choice? and offers to let the player pick door

(Whitaker 1990) 2 instead of door 1.



How has the information environment changed?

. Should you
. change your
guess or not?
In search of a new car, the o

player picks a door, say 1. The
game host then opens one of the
other doors, say 3, to reveal a goat
and offers to let the player pick door
2 Instead of door 1.



Plot Summary for
"Star Trek" the Gaileo seven (1967) «Brev | 17 of 50 Episodes | Nexth

A shuttle craft under Mr. Spock’'s command is forced to land on a hostile planet. His emotionless approach to command does not sit well with some
crew members, particularly Mr. Boma who challenges Spock at every opportunity. The Enterprise and Captain Kirk meanwhile have only a short time
to find the lost shuttle craft as they must deliver urgent medical supplies to Markus lll in only a few days. Wiitten by garvkmcd

GTAR TREK

The Balilen Seven
EPISONE 14

The Original and Uncut Television Series




Interference
environment
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What
Information

must be sent?

e



Repetition code

contains errors
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What errors can | recover from?

11111 errors 10001

11111 errors 11001

)y = [ "{0:05b}".format(i) for i in range(2**5)]
pp=map(Llambda x: map(eval, list(x)),p)



What errors can | recover from?

11111 errors 10001

11111 errors 11001

def ham(x,y): return sum(map(operator.ne, x,y))



Within 1 hamming distance unit

. )

for i in p if ham(i,p[-1]1)<=1]
for i in p if ham(i,p[0])<=1]



Within 2 hamming distance unit

e

e

~for i in p if ham(i,p[-1]1)<=2]
~for i in p if ham(i,p[0])<=2]



Binary Repetition Codes

11111 T 0 or 1
00000 ransmi or
i, +p, = ()
i +p, = ()
I + Ps =0
}1 +Pﬂ-—l =ﬁ
def chk(x):

return [(x[0]+x[1])%2, (x[0]+x[2])%2, (x[0]+x[3]1)%2, (x[0]+x[4])
%2 ]



Binary Repetition Codes (5,1)

In [480]: [(i,chk(i),sum(i)) for i in pp if sum(i)<=2]
Out[480]:

(o, o, o, o, oy, Iro, o, o, 01, 0),
(ro, o, o, o, 13, [0, 0, O, 13, 1),
(ro, o, o, 1, 03, [0, 0, 1, 0], 1),
(fo, o, o, 1, 11, [0, O, 1, 1], 2),
(o, o, 1, o, 0}, [O, 1, O, 0], 1),
(o, o, 1, 0, 13, [O, 1, O, 1], 2),
(o, o, 1, 1, 03, IO, 1, 1, O], 2),
(o, 1, o, o, 0}, [1, O, O, 0], 1),
(fo, 1, o, o, 11, [1, O, O, 1], 2),
(o, 1,0, 1,0}, 1, 0, 1, 0], 2),
(o, 1, 1, 0, 01, I1, 1, O, O], 2),
([, o,0,0,01,1I1,1,1,1],1),
(f, o,o0,0,1}1,11,1,1,0] 2),
(f, o,o0,1,0}111,1,0,1], 2),
([, o, 1,0,0},1I1,0,1,1],2),
([, 1,0,0,0],10,1,1,1], 2)]



Make code corrections

k=dict([(tuple(chk(i)),i) for i in pp if sum(i)<=2] )
def fix(x):
return [(i+j)%2 for i,j in zip(k[tuple(chk(x))]1,x)]

In [480]: [(i,chk(i),sum(i)) for i in pp if sum(i)<=2]
Out[480]:

(o, o, o, o, oy, Iro, o, o, 01, 0),
(ro, o, o, o, 1}, [0, O, O, 1], 1),
(ro, o, o, 1, 03, O, O, 1, 0], 1),
(fo, o, o, 1, 11, [0, O, 1, 1], 2),
(o, o, 1, o, 0}, [O, 1, O, 0], 1),
(o, o, 1, 0, 13, [O, 1, O, 1], 2),
(o, o, 1, 1, 03, [O, 1, 1, O], 2),
(o, 1, o, o, 03, [1, O, O, 0], 1),
(fo, 1, o, o, 11, [1, O, O, 1], 2),
(o, 1,0, 1,0}, 1, 0, 1, 0], 2),
(fo, 1, 1, 0, 03, I1, 1, O, O], 2),
([, o,0,0,01,1I1,1,1,1],1),



Applying corrections
In [48]: for i in pp:

N— (1,fix(1))
Qut[48]: ([fo, o, o, o, o1, [0, 0, 0, 0, O])
Qut[48]: ([fo, o, o, o, 11, [0, 0, 0, 0, O])
Qutr[48]: (fo, o, o, 1, o1, o, o0, 0, 0, 01)
Qut[48]: (o, o, o, 1, 11, [0, O, 0, O, O])
Qut[48]: (fo, o, 1, o, o1, o, 0, 0, 0, 01)
Qut[48]: (o, o, 1, o, 11, [0, 0, 0, O, O])
Qut[48]: ([0, o, 1, 1, 01, [0, O, O, O, O])
Qut[4s8j}: (fo, o, 1, 1, 11, [1, 1, 1, 1, 1])
Qut[48]: (o, 1, o, o, o1, [0, o0, 0, 0, 01)
OQutr[48]: (o, 1, o, o, 11, [0, 0, 0, 0, 01)
Qut[4s8j]: (o, 1, o, 1, 01, [0, o, 0, 0, 01)
Qutr4s8j]: (o, 1, o, 1, 11, [1, 1, 1, 1, 11)
Qut[4s8j]: (fo, 1, 1, 0, o1, [0, o0, 0, 0, 0])



(7,4) Binary Hamming Code

a
aVA

Figure 5.0.2 Venn diagram
illustration of (7, 4) binary Hamming
code,



(7,4) Binary Hamming Code

&
AYA

pr+i i+ =0,
p2+4ia+ia+i3 =0,

Prti i1y =0,
0000000

,1,151,D,P,D5



(7,4) Binary Hamming Code
In [361]: p=1[ "{0:07b}".format(i) for i in
range(2**7)1]

In [362]: pp=map(lambda x: map(eval,list(x)),p)

In [363]: [(i,chk(i),sum(chk(i))) for i in pp]
Out[363]:

(¢fo, o, o, o, o, o, o1, [o, o0, 01, 0),
(o, o, o, o0, o, o, 11, [0, O, 11, 1),
(o, o, o0, 0, o0, 1, o1, [o, 1, 0], 1),
(o, o, 0, 0, o0, 1, 11, [0, 1, 11, 2),
(o, o, 0, o0, 1, o, o1, [1, O, O], 1),
(o, o, o0, o0, 1, o, 11, [1, O, 11, 2),
(o, o0, 0, o0, 1, 1, o1, [1, 1, O, 2),



(7,4) Binary Hamming Code

In [372]: [(i,chk(i),sum(chk(i))) for i in pp if
sum(chk(i))==0]

Qut[372]:

(e, o, o, o, o, o, 01, [0, o, 0], 0),
(e, 0, ©¢, 1, 0, 1, 11, [0, O, 01, 0),
(e, ¢, 1, o0, 1, 1, o1, [0, O, O, 0O),
(o, ¢, 1, 1, 1, 0, 11, [06, O, O], 0O),
(fo, 1, o, ©, 1, 1, 11, [0, O, O], 0O),
(f(o, 1, ©¢, 1, 1, 0, o1, [06, O, O], 0O),
(fe, 1, 1, o, 0, o, 11, [0, O, O, 0O),
((¢, 1, 1, 1, 0, 1, o1, [0, 0, 01, 0),
(., o, ©, ©0, 1, o, 11, [0, 0, 01, 0),
(rx, ¢, ©, 1, 1, 1, o1, [0, o, 01, 0),
(., o, 1, o0, o, 1, 11, [0, 0, 01, 0),
(fx, ¢, 1, 1, 0, 0, o1, [0, 0, 01, 0),
(fx, 1, o, o0, 0, 1, o1, [0, 0, 01, 0),
(fx, 1, o, 1, 0, 0, 11, [0, 0, 01, 0),
(fx, 1, 1, o, 1, o, o1, [0, 0, 01, 0),
(f(r, 1, 1, 1, 1, 1, 11, [0, O, 01, 0)]



(7,4) Binary Hamming Code

In [387]: [(i,chk(i),sum(chk(i))) for i in pp if sum(i)==1]
Out[387]:

(¢fo, o, o, o, 0, o, 11, [0, 0, 11, 1),
(o, o, 0, 0, o, 1, 01, [0, 1, 0], 1),
(o, o, 0, 0, 1, o, 01, [1, 0, 0], 1),
(o, o, o0, 1, o, o, 01, [0, 1, 11, 2),
(o, o, 1, 0, o, 0, 01, [1, 1, O], 2),
(o, 1, o, 0, o0, o, o1, [1, 1, 11, 3),
(r, o, o0, 0, o, 0, 01, [1, 0, 1], 2)]



In [402]: [(i,chk(i),sum(i)) for i in pp if sum(i)==2]
Out[402]:

(o, o, o, o, o, 1, 13, [O, 1, 1], 2),
(o, o, o, o0,1,0,11,I1,0,1], 2),
(o, o, o0,0,1,1,01,I1, 1, 0], 2),
(o, o, o, 1, 0, 0, 11, [O, 1, O], 2),
(o, o, 0, 1,0, 1, 01, [O, O, 1], 2),
(o, o,o0,1,1,0,01,1I1, 1,11, 2),
(o, o, 1, 0,0,0,11,I1, 1, 1], 2),
(o, o, 1, 0,0, 1,01, I1,0,0], 2),
(o, o, 1,0, 1,0,01,I[0, 1, 0], 2),
(o, o, 1, 1, 0, 0, 01, [1, O, 1], 2),
(ro, 1, o, o, o, 0, 11, [1, 1, O], 2),
(o, 1, o, o,0,1,01,I1,0,1], 2),
(o, 1, o, o, 1, 0, 01, [O, 1, 1], 2),
(o, 1, o0, 1,0,0,0]1,I1,0, 0], 2),
(o, 1, 1, o, 0, 0, 031, [O, O, 1], 2),
(., o, o, o, 0, 0, 11, [1, O, O], 2),
(., o, o0,0,0,1,01,I1,1, 1], 2),
(., o, o, o, 1, 0, 031, [O, O, 1], 2),
(s, o, 0,1,0,0,01,I1,1, 0], 2),
(s, o, 1, o, 0, 0, 01, [O, 1, 1], 2),
(ry, 1, o, o, o, 0, 01, [0, 1, 0], 2)1



(7,4) Binary Hamming Code
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Python Iterators

An iterator is an object representing a stream of
data

>>> L = [1,2,3]

>>> it = jter(L)

>>> print it

<iterator object at 0x8116870>

>>> it.next()

1

>>> it.next()

2

>>> it.next()

3

>>> it.next()

Traceback (most recent call last):
File "<stdin>", line 1, in ?

StopIteration

>>>



Python Custom iterators

class Count(object):

def init (self):
self.x = 10

def iter (self):
return self

def next(self):
print 'am in next'
self.x -=1
if self.x < 0:

raise StopIteration

else:

return self.x



Python List Comprehesions

>>> seql = 'abc'

>>> seq2 = (1,2,3)

>>> [ (x,y) for x in seql for y in seq2?]
[("a’, 1), ("a’, 2), ("a’, 3),

(‘b*, 1), ('b*, 2), ('b", 3),

(‘c', 1), ('c’, 2), ('c’, 3)]



Generators
* Produces a stream of on-demand values
* Only executes on next()

* yield () produces a value, but saves the
function’s state for later

* Consumable (use once-only)

def generate_ints(N):
for i in range(N):
yield i

gen=( 1 for i in range(3) )



Generators allow non-linear looping

For loop

Loop statements
Loop statements

generator other code

See 1tertools More Loop statements



Generator: Permutation Example

>>> n=0

>>> for i in itertools.permutations(range(10)):

n+=1

>>> scipy.factorial(10)
array(3628800)

>>> scipy.factorial( 10)*4
14515200

Each element
generated on-
demand, not

stored In a list
(would not fit!)



HPCMP Functional Areas (CTAS)

Climate/Weather/Ocean Modeling (CWO)
CSM Computational Chemistry and Materials Science (CCM)
Computational Electromagnetics and Acoustics (CEA)
Computational Electronics and Nanoelectronics (CEN)
Computational Fluid Dynamics (CFD)
Computational Structural Mechanics (CSM)
Environmental Quality Modeling and Simulation (EQM)
Forces Modeling and Simulation (FMS)
Integrated Modeling and Test Environments (IMT)
Signalllmage Processing (SIP)

CCM

AFFORDABLY MEET THE REQUIREMENTS

CEN OF THE WARFIGHTER

SIP

IMT




Process Input

= Customer Meeds/Objectives!
FReguirements
— Missions
— Measures of Effectivensss
— Environments
— Constraints
» Technology Base
= Qutput Requirements from Prior
Development Effort
» Program Decision Requiremenis
» Requirements Applied Through
Specifications and Standards

Related Terms:

Requirements Analysis t

= Anazlyze Missions and Environments

= [ldentify Functional Reguiremsnts

= Define/Refine Performance and Design
Constraint Re

(Balance

Requirements Loop

Functional Analysis/Allocatio

» Decompose o Lowsr-Level Funclions

= Allczate Performance and Other Limiting R
to All Functional Levels

« Define/Refine Functional Interfaces (Int

Define'Refine/intagrate Functional

allExtarnaly

esign Loop

System Analysis
and Control

-~

*From the “System
Engineering

. - Fundamentals” book

- . from the Defense
Acquisition University
press, 2001

RO TS NS S S IS

)

\
\
= |
\
|

I — SEMS
- TPM
— Technical Reviews

Synthesis

= Transform Architeciures (Functional to Fhysical)

= Define Alternative System Concepts, Configuration
ltems amd System Elemeants

= Select Preferred Product and Process Solutions

Define/Refine Physical Interfaces (Internal/External)

Verification

Process QOutput

Customer =
Primary Functions =

Systemns Elements =

Organizations responsible for Primary Functions
Development, Production'Construction, Verifieation,
Deployment, Operations, Support, Training, Disposal
Hardware, Softwars, Personnel. Facilities, Data, Maternal,
Services, Techniques

= Development Level Dependent
— Decision Database
— SystemdCaonfiguration ltem
Architeciure
— Specifications and Basslines



90% costs
defined by
requirements.

System Analysis
and Control

P -
Requirements Analysis ‘

= Analyze Missions and Environments
dentify Functional Reguiremeants 4 ‘

» Define/Refine Performance and Design J |
Constraint Requirements /

{Balance)

« Trade-Cdf Studies

| | - Effectiveness Analyse
/ | = Risk Management
A Requirements Loop v | - Configuration Manags

| +  Interface Managemer
Functional Analysis/Allocation Daa Management

z K Perfromance Measure
M - - - - Decompose to Lowar-Level Functions | oEMS
inftimize - i

Allezate Performance and Other Limiting Requirements
to All Functional Levels | - TPM
et : ctic | — Technical Rewvie

R-iSk! « [Define/Refine Functional Interfaces (InternalExternal)

« [Define'Refinefntegrate Functional Architecturs

Design Loop

Synthesis

= Transform Architeciures (Functional to Physical)
= [Define Alternative System Concepts, Configuration
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