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A key aspect of systems is the relationship between elements —
the system’s structure.

Today, we will look at three related topics:
– Information structures
– Communications within networks
– Counting and measuring



Information Structures
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Wurman offers “LATCH” as a set of organizing principles
Location, Alphabet, Time, Category, or Hierarchy — a mixed list
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Ethnographic Frameworks suggest ways of cataloging systems.
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Information structures decompose into half-a-dozen basic forms — 

“primitives”:

– Name-Value Pairs

– Nodes + Links

– Array

– Matrix

– Tree

– Web



Points or name-value pairs — 
x = 3.1415
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Key Value

fi rstName Bugs

lastName Bunny

location Earth

Name-Value Pairs — variable + the current instance
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Node Link Node

Nodes + Links — also entities + relationships
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Subject
Predicate

Object

Noun
Verb

Noun

RDF example — Resource Description Framework, an internet standard



Lines or arrays
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A B C D E

Array — a “string” or list — may be a process, journey, or path



13Dubberly Design Office  ·  Systems Theory in Design—Nodes, links, and networks  ·  14 July 2020

A queue or timeline may also be thought of as an array.

1950 1960 1970 1980 1990 2000 2010 2020
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In programming, “the stack” is also an array, which may be organized
FIFO, First In, First Out
LIFO, Last In, First Out

1 2 3

Input
1 2 3

FIFO

123

LIFO
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Academic Research

Military Applications

Professional Tools

Consumer Desktop Tools
(Second Generation)

High End Desktop Tools
(First Generation)

1999
Digital photography replaces film for newspaper publications in large U.S. cities

2003
Digital cameras outsell film cameras in the U.S. for the first time

2005
Kodak has higher sales from digital imaging
than from film-based technology for the first time

February 2006
An estimated 62% of households in the U.S. own digital cameras

2004
Roughly 31% of U.S. households own digital cameras

Internet

Digital Imaging Popularity

1960 1970 1980 1990 2000 2010

Version 1.3
Dubberly Design Office
March 9, 2006

Timeline of Digital Imaging

1959
U.S. begins using spy satellites
that return photos by film canister ejection

April 1, 1960
NASA launches TIROS-1,
the first successful weather satellite

1960
First Black and White bitmap display

1963
Ken Knowlton at Bell Telephone Laboratory develops BEFLIX,
a language for bitmap animation

1963
Ivan Sutherland develops Sketchpad,
one of the first software programs to enable drawing on a computer

1967
Nicholas Negroponte founds MIT Architecture Machine Group

1967
ACM SIGGRAPH founded

December 9, 1968
Engelbart introduces the paper paradigm,
video conferencing, teleconferencing, email,
hypertext, and the mouse

October 17, 1969
George Smith and
Willard Boyle invent the
first charge-coupled
device (CCD) at Bell Labs

April 1973
Richard Shoup creates SuperPaint, the first complete 8-bit
paint system, including hardware and software

March 1973
Xerox Alto, developed at Xerox PARC,
becomes operational as the first personal computer

Mid 1970s
Scitex manufactures drum scanners that store images
in a computer before outputting them onto separation film

February 1978
Exxon QYX Intelligent Typewriter Systems
introduces an electronic typewriter and the first fax machine

December 1976
MIT students implement Paint,
an 8-bit paint program,
on MIT’s framebuffer

1980
Richard Shoup founds Aurora Systems,
manufacturer of digital videographics and
animation systems

1980
Ampex develops Ampex Video Art (AVA),
the first commercial paint program and hardware

1981
Richard Taylor and others at Quantel implement PaintBox,
a 24-bit commercial video paint program for real-time
manipulation of video and graphics

August 25, 1981
Sony unveils the Mavica, its first still video camera
that recorded images on magnetic disks for TV playback

1983
Nikon releases NT-1000, enabling direct electronic transfer
of photos from a negative

1984 
Digital still cameras capture scenes from the 1984 Los Angeles Olympics,
though with poor image quality

1982
Fundamentals of Interactive Computer Graphics,
written by James D. Foley and Andries van Dam,
published by Addison-Wesley

1983
Nathan Felde founds Lightspeed Computers,
developer of systems for image manipulation on devices

January 24, 1984
MacPaint, a paint program, released with original Mac

1985
Nicholas Negroponte and Jerome Weisner
co-found MIT Media Lab

August 1987
Thomas and John Knoll begin work on Display,
the image processing program that later becomes Photoshop

1987
Adobe Illustrator, developed for the Mac, ships

1989
Scitex founder Efi Arazi forms EFI,
a digital imaging and print management company

1988
Nikon releases LS-3500, a desktop film scanner for 35 mm film

February 1990
Adobe Photoshop 1.0 for the Mac released

1991
Kodak releases the first commercial digital camera,
1.3 megapixel DCS 100, at $20,000

1995
Full imposition from desktop

1994
Apple releases QuickTake 100,
one of the earliest consumer digital cameras

1997
Direct to plate

2000
High-speed, on-the-fly
customization

1997
PhotoAccess, provider of digital photo printing services, founded

July 1999
Ofoto, a photo sharing, storing, and printing services provider, founded

December 13, 1999
Shutterfly, a digital photo printing service, launches

March 7, 2000
Snapfish registers its first members

June 2001
Kodak acquires Ofoto

February 2004
Ludicorp launches Flickr

March 20, 2005
Yahoo! acquires Ludicorp and Flickr

March 21, 2005
HP buys Snapfish

February 2006
Nikon releases Capture NX

January 9, 2006
Adobe releases public Beta of Lightroom

October 1999
Nikon software Capture 1.0 uses RAW file formats for nondestructive editing

August 1999
Nikon releases D1, the digital SLR camera that begins to displace 35 mm film
for news and sports photojournalism

July 2004
Google acquires Picasa from Idealab

October 19, 2005
Apple introduces Aperture

April 4, 2005
Adobe first demonstrates Lightroom
at its Adobe Ideas Conference in New York City

This is a draft of a timeline describing major events
in the development of digital imaging in the areas of
military applications, academic research, professional
tools, first generation high end desktop tools, internet,
and second generation consumer desktop tools.

1970
The United States Geological Survey (USGS) Landsat Project
scans the Yosemite National Park with the first prototype
multispectral scanner, a remote sensing instrument used
in early Landsat satellites

July 23, 1972
NASA launches Landsat 1,
the first USGS Landsat Project satellite, to capture images of the earth

December 1976
US launches KH-11,
the first known digital imaging spy satellite
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1930 1940

1936 
British Air Ministry establishes Bawdsey
Research Station for radar experiments

1962
Alexander publishes
Notes on the Synthesis of Form

1962
Hall publishes
A Methodology for Systems Engineering

1970
Jones publishes
Design Methods

1972
Negroponte publishes
The Soft Architecture Machine
includes essay by Pask 

1973
Koberg & Bagnell publish
The Universal Traveler

1974
symposium on Design Theory
at Columbia University

1974
Argyris & Schön publish
Theory in Practice: 
Increasing Professional Effectiveness 

1980
Design Research Society Conference
Portsmouth

1973
Schein publishes
Professional Education

1973
Simon publishes
The Structure of Ill-Structured Problems

1970
Negroponte publishes
The Architecture Machine 

1962
Asimow publishes
Introduction to Design

1977
Peña publishes
Problem Seeking: 
An Architectural Programming Primer

1977
Sanoff publishes
Methods of Architectural Programming

1977
Kuhn publishes
The Essential Tension:
Selected Studies in Scientific Tradition

1962
Gerstner publishes
Designing Programmes

1962
Rittel leaves Ulm
arrives at UC Berkeley

1962
Engelbart publishes
Augmenting Human Intellect:
A Conceptual Framework

1962
First conference on Design Methods 
at Imperial College in London, 
includes Alexander, Archer, Froshaug, 
Jones, Thornley, and Pask

1937 
Exercises at Bawdsey involving air
defense warning and control system

1938 
Follow-up exercises at Bawdsey
origin of Operations Research (OR)
in both the UK and US

1941
OR sections set up 
at RAF command centers

1940
National Defense Research Committee (NDRC)
established in US
Vannevar Bush appointed to run it

1945
Bush publishes 
As We May Think

1955
Ramo-Woolridge Corp
gets first contract
applies systems engineering
principles to Atlas and
Titan rocket projects

1945
Bush publishes 
Science – The Endless Frontier

1945
Simon publishes 
Administrative Behavior

1946
Research and Development Corp (RAND)
founded in Santa Monica 

1952?
Herbert Simon spends
summer at RAND

1964
Rittel publishes
The Universe of Design
based on his seminars at Berkeley

1965
Conference on Design Methods
at Birmingham

1967
Symposium on Design 
Methods at Portsmouth 

1967
Papanek publishes
Design for the Real World

1967
Wissing and Total Design
create routing system for 
Schipol Airport

1965
Alexander publishes
A City Is Not A Tree

1964
Archer publishes
Systematic Method for Designers

1943
Bigelow, Rosenblueth, & Wiener publish
Behavior, Purpose, and Teleology

1943
McCulloch & Pitts publish
A Logical Calculus of the Ideas in Nervous Activity

1968
von Bertalanffy publishes
General Systems Theory

1968
Churchman publishes
The Systems Approach

1944
First conference on “Circular Causal 
and Feedback Mechanisms 
in Biological and Social Systems” 
(aka the Macy Conferences)
Ashby, Bateson, McCulloch, Mead, 
von Foerster, von Neumann
et alia attend

1969
Simon publishes
The Sciences of the Artificial

1969
Ramo publishes
Cure of Chaos: Fresh Solutions to Social Problems 
through the Systems Approach

1948
Wiener publishes 
Cybernetics: Command and Control
in the Animal and Machine

1949
Shannon and Weaver publish
Mathematical Model of Communications

1971
Conference on Systems Approach 
at Caltech
includes Churchman’s 
A Critique of the Systems Approach 
to Social Organizations

1971
Churchman publishes
The Design of Inquiring Systems

1952
Wiener publishes 
The Human Use of Human Beings

Antecedents:

1868
Maxwell publishes 
On Governors

For Scientific Method:

- Robert Grosseteste 

- Ochham

- Francis Bacon

- Henri Poincare 

Related developments:

- Account Planning (in Advertising)

- Decision Support

- Scenario Planning

- Quality Management (TQM)

- Participatory Design

- Applied Ethnography

- Usability Research

1952
Ashby publishes 
Design for a Brain

1953
Last of the Macy Conferences

1956
Ashby publishes 
An Introduction to Cybernetics

1956
Boulding publishes 
The Image

1972
Hoos publishes 
Systems Analysis in the Public Policy: A Critique

1972
Rittel & Weber publish
Dilemmas in a General Theory of Planning

1972
Rittel publishes
On the Planning Crisis: Systems Analysis of the
First and Second Generations

1960
Miller, Galanter, & Pribram publish 
Plans and the Structure of Behavior

1961
Pask publishes 
An Approach to Cybernetics

1975
Pask publishes 
Conversation, Cognition, and Learning

1950 1960 1970 1980 1990 2000

Cybernetics and Systems Design

Timeline

Draft 2
Developed by Peter Esmonde and Dubberly Design Office
October 2, 2002

This is a draft of a timeline describing major events
in the development of cybernetics, operations research,
systems analysis, systems engineering, and systems
design. It is still incomplete.

This timeline describes major events in the development of 

cybernetics, operations research, systems analysis, systems 

engineering, and systems design (compiled in 2002).
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Richard Wagner: 

Gesamtkunstwerk
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Design This Day
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Froebel

Ferdinand de Saussure

Feminism
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Altermodern

Partial Cosmopolitanism



18Dubberly Design Office  ·  Systems Theory in Design—Nodes, links, and networks  ·  14 July 2020

A process may also be represented as a loop, spiral, or helix.



Plane or Matrices
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A B C D E

1

2

3

Matrix — also table or “fl at fi le”
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A spreadsheet is a classic matrix structure: rows and columns.
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A digital image also has a matrix structure; the fi le header defi nes the 
number of rows + columns.
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A matrix may be 3D.
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Or 4D or more dimensions.
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Gender

Size

Width

Color

Brand

E.g., A well organized stockroom is a “walk-in matrix”.
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Pivot tables
A tool that allows you to summarize and explore large sets of data into a 
meaningful report.
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HighCaliforniaRed

MedFranceRose

Criteria:

Low

Result:

AustraliaWhite

27 Bottles
1) Joseph Phelps Insignia
2) Chateau St. Jean Cabernet Sauvignon Sonoma
3) Beaulieu Vineyards Cabernet Sauvignon
4) Chateau Lafite Rothschild
5) Chateau Leoville Barton
6) E. Guigal Cotes du Rhone
7) Penfold’s Grange
8) Hewitson L’Oizeau Shiraz
9)  Thorne Clarke Shotfire Ridge Shiraz
10) Palmina “Botasea” Rosato

California

France

Australia
Red

Rose

White

High

Med

Low

Color
Red

Rose

White

Wine
Region
California

France

Australia

California

France

Australia

California

France

Australia

Price
High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

Tree Cube Interface

A matrix may be represented as a tree (and vice versa), e.g., “all wine”
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CaliforniaRed

FranceRose

Criteria:

Result:

AustraliaWhite

3 Bottles
1) La Crema Chardonnay
2) Bonny Doon “Vin Gris de Cigare”
3) Beaulieu Vineyards Cabernet Sauvignon

High

Med

Low

California

France

Australia
Red

Rose

White

High

Med

Low

Color
Red

Rose

White

Wine
Region
California

France

Australia

California

France

Australia

California

France

Australia

Price
High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

High
Med
Low

Tree Cube Interface

Filtering narrows selection, e.g., “California, low cost”



2 x 2s are a type of matrix
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Perceptual Mapping / Position Map
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Unable

Unwilling

Able

Willing

Bootcamp Coach/Teach

Corrective Action Set Goals

BBoooottccaammpp CCooaacchh//TTeeaacchh

CCoorrrreeccttiivvee  AAccttiioonn SSeett  GGooaallss

Willingness vs Ability — Managerial Responses
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Skill

Will

Direct

Guide

Excite

Delegate

DDiirreecctt

GGuuiiddee

EExxcciittee

DDeelleeggaattee

Skill vs Will — Managerial Responses
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Unknown

Knowns

Data thrown off

by operations,

but not used

Known

Knowns

Unknown

Unknowns

Correlations

that might be

discovered

What we are

already measuring

What we are 

planning to measure

(or is not worth the cost)

Known

Unknowns

Known vs Unknown
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Known to others

Arena

Known to self

Not known to others

Façade

Blind spot

Unknown

Not known to self

Johari window, Joseph Luft & Harrington Ingham, 1955
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Discussed

Heterodoxy

Discussed

Orthodoxy

The universe of discourse

The universe of the undiscovered

Undiscussed

Heterodoxy

What we see

in the press;

what’s taught

in schools

Undiscussed

Orthodoxy

Doxa, Pierre Bourdieu, 1972
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Challenges

Anxiety

Boredom

Flow State

Skills

Flow
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Coherence

Flexibility

Low

High

HighLow

Pliant Systems



Era analysis tables are another 
type of matrix

38Dubberly Design Office ·  Systems Theory in Design—Nodes, links, and networks ·  14 July 2020



39Dubberly Design Office  ·  Systems Theory in Design—Nodes, links, and networks  ·  14 July 2020

Construction Direct Mediated

Values Seek simplicity Embrace complexity

 1900 - 2000 1995 - now

Stopping condition Almost perfect Good enough for now

Designer’s role Expert/Deciding Collaborator/Facilitating

Result More deterministic Less predictable

End state Completed Adapting, growing

Design practice is moving from a focus on objects to a focus on systems.



Scale

Timeframe

Complexity

Outcomes

Objects

Associations

Hand-crafted Objects Mass-produced Products Product-service Ecologies

Small (one-at-a-time)

Bounded

Limited

In the maker’s control

Huge (large batches)

Bounded

Greater

Calculated & optimized

Huge (world-wide)

Ongoing

Greater still

Emergent

Made by hand Made by machine Embedded in service systems

Maker knows user Anonymous transaction Surveillance “relationship”

Values Waste not / want not Solve / specify Adapt / test
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Product era analysis
Dubberly, Cain, Forlizzi, & Pangaro, 2019



Handcrafted Objects

Design occurs during making, 
modifi cations for context.

– Often, made-to-measure 
(bespoke, personalized)

– Dumb
– Stand-alone

– Knowledge is embedded 
in the artifact and the maker

Mass-produced Products

Customer input is rare; 
extremely small samples.

– Mostly, made-in-advance 
(ready-made to standard sizes)

– Dumb
– Stand-alone

– Knowledge is embedded in artifact 
and production process

Product-service Ecologies

A-B testing becomes standard;
every action is recorded.

– Mass manufactured and
mass customized

– Smart & aware
– Connected to cloud storage, 

compute, and services
– Knowledge fl ows from users and 

back-and-forth through the system
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Product era analysis (cont.)
Dubberly, Cain, Forlizzi, & Pangaro, 2019



Trees
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1.0

1.1 1.2

1.11 1.12 1.21 1.22

1.111 1.112 1.121 1.122 1.211 1.212 1.221 1.222

Tree — also hierarchy, taxonomy
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Tree of life
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Web of life
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Taxonomy
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Binomial naming, Carl Linnaeus, 1735
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1.0  Title

1.1  Section

1.11 SubSection

1.111 Paragraph

1.12 SubSection

1.121 Paragraph

1.122 Paragraph

1.112 Paragraph

1.2  Section

1.21 SubSection

1.211 Paragraph

1.22 SubSection

1.221 Paragraph

1.222 Paragraph

1.212 Paragraph

A tree can be represented as an outline.
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1.0

1.1

1.11 1.12

1.111 1.112 1.121 1.122

1.2

1.21 1.22

1.211 1.212 1.221 1.222

Trees can also be represented as Venn diagrams.

1.11



1 1.1111.111.1

1.112

1.1211.12

1.122

1.2111.211.2

1.212

1.2211.22

1.222
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Trees represent containers; shape can vary.
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This market map is also a tree.



Webs
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Web — also graph, network, ontology
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Ontology



The same set of nodes may be 
connected to form many different 
structures.
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Nodes
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Sequences — “Daisy Chain”
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Centralized System
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Decentralized System
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Distributed System
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Grid (matrix)
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Grid (regularized)



The basic structures may be 
mapped onto one another.
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A tree can be encoded onto an array.
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A tree can also be encoded onto a matrix.
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Trees can be traversed depthwise or breadthwise
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Often, we need to study a particular path through a network.
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In order to go from one location to another,
we need a route and an address.

10 Downing Street
123 45 6789
1 415 309 6057
c://university/school/department/faculty_member/student



69Dubberly Design Office  ·  Systems Theory in Design—Nodes, links, and networks  ·  14 July 2020

In a network, each node enhances the value of the existing nodes by 
increasing the number of connections.



2 nodes
1 connection

3 nodes
3 connections

4 nodes
6 connections

n nodes yield           connections

1000 nodes yield nearly half a million connections

(n2 – n)
2
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As the number of nodes grow, each new node brings an increasing 
number of new connections.



Communications within 
networks
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Info
Source

Transmitter
(sender)

Channel

Noise
Source

message
sent

signal

noise

Receiver

received
signal

Destination
message

The Mathematical Model of Communication — Shannon + Weaver
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Info
Source

Shared Dictionary

The model relies on a shared dictionary — a controlled vocabulary.
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Info
Source

Transmitter
(sender)

Shared Dictionary

message

An information source selects one possible message from the dictionary.
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Info
Source

Transmitter
(sender)

Channel

Shared Dictionary

message
sent

signal

The transmitter uses a transducer to send signals into the channel.
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Info
Source

Transmitter
(sender)

Channel

Noise
Source

Shared Dictionary

message
sent

signal

noise

While passing through the channel, the signal is subject to 
noise (distortion).
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Info
Source

Transmitter
(sender)

Channel

Noise
Source

Shared Dictionary

message
sent

signal

noise

Receiver

received
signal

On the other side, another transducer converts the signal into a 
"readable" form.
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Transmitter
(sender)

Channel
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Source
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Destination
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The receiver then looks up the message in the shared dictionary.
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Shared Library: Morse Code

Info
Source

Transmitter
(sender)

Channel

Info
Source

message sent signal

noise

Receiver
received signal

Destination
message

Transmission Key

Wire

Pen tip

Paper roll

Paper
Coil

Iron Piece

Spring

Battery

Human Human

Telegraph and Morse code

79Dubberly Design Office  ·  Systems Theory in Design—Nodes, links, and networks  ·  14 July 2020



Morse code itself is organized as a tree
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Presentation Layer

Application Layer

Transport Layer

Session Layer

Network Layer

Physical Layer

Data Link Layer

Transmit
Data

Physical Link

User Receive
Data

OSI 7 layer model of networking
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hugh@dubberly.com

Presentation posted at
systems.dubberly.com/nodes_links_networks.pdf

Special thanks to 
Jamie Ikeda
Wilson Wu


