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%me alternatives in the Design state

= Problems: Design the - 1
= Propagation model
= Set of stations in the simulation
= Probability of interference
= Section display options
= And the rest of the software
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= Stations in the simulation

= Section display options

= Probability of interference
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:_L Aspects discussed in this state

= Propagation prediction model
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Ionospheric propagation model

= IONCAP* software

= Developed by domain experts
= Runs on minicomputer

= Written entirely in FORTRAN and occupies roughly 500K to 600K
bytes of memory

= Source code available

= The data base occupies roughly 2.4 MBytes on either disc or
magnetic tape
= Generic to time and locations

* Ray Rosich, History (Part 1) of HF propagation models, 1978,

http://www.voacap.com/itshfbc-help/history-pt1l.html, accessed 14/9/2010.
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Experiential model - ideas

= OARP
= Propagation differs on various bands at different times of day

= Daylight contacts possible to East in Morning, North/South at noon and
to West in evening

= Distance depends on frequency band
= FRAT

= Observations limited to Maryland location

= Does not have to be software algorithm-based
= FRAT - Validity

= Based on >5 years operating experience
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Solution selection criteria for
propagation model

= Location
= (1) In Maryland
= (2) In any part of USA

= If software based

= Hardware availability
= Should run on a PC
8 bit Microcomputer with 32k Bytes RAM
Serial I/O terminal
= Language availability and cost of compiler/interpreter
= Exist, namely Microsoft BASIC ($0), FORTRAN ($300)

= Real-time or pre-contest use
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E-Laluatlon matrix for propagation model
Criteria IONCAP Experiential Weight! Ion Exp
Location 10 10 0 0 0
Software 10 10 (N/A) 1 10 10
PC 0 10 (N/A) 5 0 50
Pre-contest 10 10 0 0 0
Real-time 10 10 0 0 0
Cost 2 (compiler) 10 (N/A) 8 16 80
SCORE 26| 140

Note 1: Rating of 10 = critical or not applicable (dont care); 1 = nice to have.
However, Weight of 0 = ‘must’, can be cancelled out in calculation. If left in, will change the ratio;

Weight of 10 most important
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Propagation: Aggregation option 1 —

* by call area

= Group sections by
= Canada
= CONtinental USA (CONUS)
= hon-CONUS

= Total tables

= CONUS and VE = 10
= Group Canadian Sections with closest US
= Non CONUS = 3

« Group Alaska and Hawaii
Similar propagation from MD (more or less)
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Propagation: Aggregation option 2 — by
distance

= Five area bands

= Area bands are Omni directional o
= Propagation changes East -> N/S -> West /= /-1 -
over the day L

= Area bands cross call areas

= Learning curve in locating Sections

= Application users would be used to thinking
call areas

» Some correlation to time zones
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i Solution selection (OARP)

Not much difference in propagation patterns

1. The 5 area bands will need to be split into East,
North/South and West bands in realization phase

m More complicated model

2. By'call area’ is more intuitive in application
domain to users

m Importance of application
domain knowledge
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Propagation model:
i Tabular display for 3 parameters

= Options 3
= By Frequency band (5) ._.{.}._._H
= Time of day (24) vs. Section (75)

= By Sections (75)
= Time of day (24) vs. frequency (5)
= By Time of day (24)
= Frequency (5) vs. Section (75)
= Need to group/aggregate Time and Section parameters
= Group time into blocks of 4 hours (6)
= Group Sections into something (Call areas, States, time zones, etc.)
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Aggregated tabular display for 3
:_L parameters

= Solution options
= By frequency (5) 6 8
= Time of day blocks (6) vs. call areas (13)
= By call areas (13)
= Time of day blocks (6) vs. frequency (5)
= By time of day blocks (6)
= Frequency (5) vs. call areas (13)
= Selection criteria
= CONOPS shows user interest is in working Sections (call areas)
= Selected solution

= By call areas
= 13 tables
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Egmple propagation probability table
: = For W1/VE1 call area*
Time Frequency Band (M) = Group of sections
(Hours) | 10 | 15| 20 | 40 | 80 | , |imjted to 10-80 M
gzgg 0/ O] 0] 100f 100} . Time is EDT or Local
5800 108 18 123 138 103 = Four hour time of day blocks
1200 oI, ol * Number indicates probability of
0L 0 g propagation (%)
1600 50| 10| 50| 100 50
2000 0 0 0| 100| 100
* From Fig 5-10 in Kasser J., Software for Amateur Radio, TAB Books, 1984,
page 83
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communication between two locations

P =) (pl, p2, p3, p4, p5)

1. Probability of someone being at other location (Section)

1. Number of amateurs at location

1. Use data from published results

2. Probability that frequency band is open allowing communication
3. Probability of being heard by other station

1. Received signal levels at each end of link

2. Radiated power, receiving parameters
4. Prz()jbaﬁ/_// of interference from other amateur stations in contest at each

end of lin

5. Probability of having electrical power at each station

i Operational factors affecting probability of radio
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Probability that frequency band is open
allowing communication

Context (OARP)

= Station located in Maryland

= Development in 1979 using November 1977 data

Context (OARP)

= Small errors in probabilities contributed by each factor will have negligible effect
Problem (OARP)

= Determine probability of contacting a specific Section in each frequency band at
any time of the day?

Solution options (FRAT)
1. Ionospheric propagation model
2. Experiential model
3. Others
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I.L Functional version completed

Common Function — to determine if contact can be made contains
5 functional probabilistic models of varying complexity
Probability of someone being at other location (Section)
Probability that frequency band is open allowing communication
Probability of adequate received signal levels at each end of link

Probability of interference from other amateur stations in contest at
each end of link

Probability of electrical power at each station failing

N W NN

\n

Order of functions will be important in design time
CONOPS should not need that level of detail
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= Propagation prediction model
= Stations in the simulation
= Probability of interference

= Section display options
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:_L Aspects discussed in this state
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:_L Stations in the simulation

Design options

1. Compute for each iteration of simulation
1. New set each iteration

2. Read standard set from data file (reuse)
1. Same set each iteration

3. Compute on the fly
3
1*2{ 5678
1
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:_L Table of stations

= Heart of data section

= Contents
= Callsign of station
= Section humber

= Other details of message to be exchanged ?

= Can be stored or computed at time of contact since contact is NOT
repeated

= Identification to show Worked [contacted] or not
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I.L Callsigns circa 1977

= Callsign = prefix + number + suffix
= US Prefix = ‘W', *K”, or "N”
= Canadian Prefix = “VE”
= Number=0...9
= Suffix = two or three letters
= Examples: W4ART, N3DON and W3ZM

= No duplicates allowed in log record

= Own station call not allowed
= You cannot contact yourself in another location!
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1. Compute for each iteration of simulation

= For each Section do
= Determine number of stations in Section
= For each station in Section do
=« Compute callsign
Section is in a call area [prefix and number]
If Canada = 'VE’, if USA ='W’ 'K/, or ‘N’

Prefix and number for Section is set by Federal Communications
Commission (FCC) or Canadian equivalent

Example of requirement from external source
Compute suffix
Callsign = prefix + number + suffix
Check that callsign is unique
If not unique repeat computation for either whole callsign or just suffix
« Store in callsign (and Section) in Table of stations
= Display countdown on user terminal while computing table
Human factor requirement based on attention span
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2. Read standard set from data file (reuse)

Open data file 3] .

Read data into table of stations Shi6-78]

Prerequisite a data file [new problem] Recursive problem

Solution options for creating data file solving

1. Type in 2707+ callsigns and Sections 3]

2. Compute set of callsigns and Sections Iﬁl SkPl6H718)
1. Same manner as on previous slide

3. Allows

1.  Table customization by hand to insert specific callsigns (systems thinking)
2. Shorter startup time due to “instantaneous” loading of memory from file
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3. Compute on the fly

= No data in Table of Stations at initialization
= Determine Section within the call area

= Compute callsign

= Compute other data in message

= If not unique then worked before
= Store in Table of stations after contact

= Observations
= Different callsigns each time

= Few potential repeat contacts, low probability of computin
duplicate (will need to be checked each time, so may slow

« May or may not be an advantage (context dependent)
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:_L Some solution selection criteria

= Startup time 3]
= Type of data file 1 ﬂﬂ 6H7+8

= No disk drive on Intel MDS, paper tape available
= Repeatability of callsigns
= Same callsigns show up each time
= Temporal perspective
= Q: What about distribution of callsigns over time?
= A: Will hear same stations on the air.
= Application domain knowledge

Why you should get the customer involved in the development.
= Compute on the fly does not provide realism
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:_L Aspects discussed in this phase

= Propagation prediction model
= Stations in the simulation

= Probability of interference
= Section display options
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I.L Radio Propagation

Sky wave
(refraction altitude dependent on date, frequency and time
(solar effect)

My location

(QTH)

Distant Section
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Probability of interference
(application domain knowledge)

= Factors affecting path link calculations (OARP)
= Transmitter — generates the signal

= Aerial — launches the signal
= Gain or loss

= Path loss
= Depends on distance

= Aerial — captures the signal
= Gain or loss

= Receiver — displays/sounds the signal
=« Sensitivity and bandwidth
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i How strong a received signal?

3 dB = 2 x power

Quantitative HIE " w02waws=$5 6 4p = 4 x power (1 S unit)
64Waits=S7 = 9 dB = 8 x power
s ~32 ' 10dB = 10 x Power

1Watt =S4 w 12dB = 16 x Power (2 S units)
OAWESS L 13dB = 32 x Power

Minimum report S3 = 18dB = 64 x Power (3 S units)
20dB = 100x Power
Depends on ‘fade margin’ and ‘situation’, = 21dB = 128x Power

lots of interference needs strong signal, = 24dB = 256x Power (4 S units)
clear frequency can get by with weak signal
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‘ Solution options
1. Path loss calculations .—.—[ﬁ} 5 m
m  What about interference?

2. Holistic thinking approach
= Different stations use different components

= Higher the power, better probability of communications
« Fade margin, overcoming resistance
= Use random number for probability of contact in two levels (Quantitative

HTP) — simplify it
= 100 Watts
= 1000 Watts
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:_L Aspects discussed in this state

= Propagation prediction model
= Stations in the simulation

= Probability of interference

= Section display options
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I.L Section displays

= Map looks pretty (+)

= Could combine ‘propagation possible’ with ‘contacted’ information
through use of colour (+)

= Smaller Sections could be missed in the heat of the moment (-)
= Table display can be printed out and used during contest (+)
= List of sections in columns on I/O device

= User I/O device is a serial monochrome display or teleprinter
(- clincher)
= Stop work on this task at this point
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:-L At end of this state HKM2F Column C

= Design is complete

= Note. Recursiveness and self-similarity of
problem solving process
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i Exercise 13-51 Writing good requirements

1.  Develop an outline plan for testing the software design

2. Prepare a <5 minute presentation containing

The outline test plan

This slide and the version number of the Module

The exercise problem formulated per COPS problem formulation template
A compliance matrix for the exercise

Lessons learned from exercise

3.  Save as a PowerPoint file in format Exercise13.51-abcd.pptx

4.  Post/email presentation as and where instructed

ik N
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I.L Any questions ?

1. Best
2. Worst
3. Missing

Email: beyondsystemsthinking@yahoo.com
Subject: <class title> BMWQ Session #
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