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Digital Revolution  

Revolution led by advances in electrical engineering 

Information encoded in the digital form 

Instructions encoded in the digital form  

Computations enabled at unprecedented speeds 

Transfer of digitally encoded information at distances 

 

Electronic devices decode information and connect to other 

devices or humans to act on the computation results  

 



The Pascaline. Invented 

by Blaise Pascal (1623-62). 

One of the first mechanical 

computing machines, around 

1642. 

Mechanical computing 



Alan Turing had written the first programming manual for the Ferranti 

Mark I. His work on Mersenne Primes probably influenced the 

contributions to the extra orders added to the Ferranti Mark I (most 

notably the random number generator). 



Why is the digital revolution different? 

Digital revolution advanced our core human capacity to 

innovate.  

  

Digital computation enhances are 

abilities to conceive ideas, explore them, 

and translate them into action. 



Paradoxes of Digital 

Digital is Invisible and Untouchable 

Digital is Persisted yet Ephemeral 



Digital needs a player 

Digital File 

Digital Artefact 

Digital encoding is inaccessible 

to human senses  

We cannot create digital without 

a digital tool  

We cannot sense digital without 

a software  

Software interprets and 

presents the digital content into 

a human consumable form. 



Example: Digital document 

• A digital document is realized when a document file  is 

processed through a ‘reader’ or ‘viewer’ 

• Digital artefact is ephemeral – it exists only while the file is 

rendered and presented. 

Persisted part of the digital artefact 

SOFTWARE – decoder  

Hardware to 

process and       

DISPLAY 

FILE – digital object 

DIGITAL ARTEFACT 



Characteristics of digital artefacts 

• A digital artefact is a digital object (file, 

program, database) that has been 

‘sensed’ (experienced) by the user. 

• Properties of the digital artefacts are 

determined by the software that 

produces the representation of the 

content. 

• Digital artefacts can be fully generated 

computationally, e.g., fractal images, or 

can result from processing a digital file 

with data. 



Characteristics of a Digital Artefact (2) 

• Digital artefact can result from 

processing input file(s) to produce 

rendering for human consumption.  

• A digital file is, in turn, a product of some 

(other) software.   

• File processing may result in additional 

information that is stored in the same 

input file (e.g., in case of editing) or 

persisted in a new (type of) file.  



What is the role of the file? 

1. Application file holds the content that 

can be reused and modified across 

sessions and by other applications. 

This is the case with most content 

files.  

2. Application file maintains the state of the 

application. Enables use across sessions 

(e.g., games). File meant to be used by a 

single application only.   

 

Two cases: 

1. Application file holds the content 

to be reused and modified across 

sessions. It is meant to be used by 

any application that can read the 

file.  



Preserving Digital 

What is the problem?   

How far are we at addressing it? 



Knowledge is in danger 

Valuable data and knowledge resources are in the digital 

form 

Physical artefacts, such as manuscripts, books, audio and 

video tapes are digitized to avoid the loss due to physical 

deterioration 

Yet, we do not have effective ways of preserving digital 

Hardware and software become obsolete quickly. 

 





Dive deeper:  

What do we mean by preserving digital? 

Many of the preservation notions are 

based on our experience with physical 

objects  

 

How is digital different? 

We need to examine the fundamental 

properties of the digital media. 



Symbiosis of Files and Applications 

FILE 
DIGITAL 

ARTEFACT 
APPLICATION 

Persisted Ephemeral 

Objective of the preservation is to ensure that the 

persisted digital content and applications remain 

connected with the contemporary computing ecosystem.  

        PRESERVATION = Persistence + Connection with the contemporary ecosystem.  



Approaches 

Success criteria: 

Enable instantiation of files and programs in ways that 
preserve important aspects of the user experience with the 
digital artefact.  

 

Migration of file formats to new formats that can be used 
within the current ecosystem.  

 

Encapsulation of the computing environment so that the 
software can be sustained (virtualization, simulation, 
emulation).   



Symbiosis of files and applications 

FILE 
DIGITAL 

ARTEFACT 
APPLICATION 

FILE* 

File migration  



Symbiosis of files and applications 

FILE 
DIGITAL 

ARTEFACT 
APPLICATION 

FILE* 
DIGITAL 

ARTEFACT* 
APPLICATION* 

File migration  

File migration must have as a target at least one software application, 

otherwise digital artefact properties cannot be compared. 

Significant properties that need to be retained are defined with respect 

to the digital artefact and not with respect to the file.  

Compare 



Why are we focused on files?  

- Files are used by multiple applications, not just the 

native application that created it. 

- The value of the digital content extends with the use 

across applications. 

  

- Converting legacy files increases the chance that the 

contemporary applications can use them.  

- What does it mean to ‘preserve’ files successfully? 



Characterizing properties of digital artefacts 

FILE 
DIGITAL 

ARTEFACT 
APPLICATION 

FILE* 
DIGITAL 

ARTEFACT* 
APPLICATION* 

File migration  

Preserving properties of the digital artefacts depends on the way the 

new application processes the new (or possibly old) file. 

The problem of digital artefact comparison is reduced to the program 

verification.   

 

Compare 



From physical to digital 



MSR prototype of flexible layout book reader from 1998 – Ralph Sommerer and Chuck Thucker 

Increasing the utility  



What shall we do with the dynamic content? 



What shall we do with mash-ups? 

- Excel 2012 is a dashboard that involves apps with content 

from multiple services. 



Sustainability of Digital 

Gap in the value chain 

Can we solve the problem? 



Application lifespan 

Applications rely upon a stack of 

software technologies.  

Maintaining an application is costly 

since the ecosystem is volatile.  

Any layer in the stack may change 

at any time.   

Software requires continuous 

upgrades to run within the existing 

ecosystem.  



Value and risk 

• Development cost recovered at the sale of 

software license 

• Value generated through the use of the tool 

– Within the lifespan of the software  

– May extend across software releases 

• Content holders, e.g., libraries and archives, 

incur the differed cost and risk of loss.  

Hardware and 

Software Industry 
End users and 

content publishers 

Content Holders 



Digital Systems Design 

Computing and human intelligence   

Technical complexity and UI obscurity 



From Mark 1 to mobile phones and slates 

Alec Robinson 

at work on the 

Manchester 

Mark 1 

http://www.comp

uter50.org/mark

1/gal1.html 

http://www.computer50.org/mark1/gal1.html
http://www.computer50.org/mark1/gal1.html
http://www.computer50.org/mark1/gal1.html
http://www.computer50.org/mark1/gal1.html


From ACE and Mark 1 to Slates 

Early computing activities focused on computational problems 

in engineering, mathematics, sciences  and, of course, love 

letters 

PC has revolutionized computing—spread it to the masses 

Masses have adopted spreadsheets and electronic documents 

 

 
From August 1953 to May 1954 strange love-letters appeared on the notice 

board of Manchester University’s Computer Department: 

 

DARLING SWEETHEART 

YOU ARE MY AVID FELLOW FEELING. MY AFFECTION CURIOUSLY 

CLINGS TO YOUR PASSIONATE WISH. MY LIKING YEARNS FOR YOUR 

HEART. YOU ARE MY WISTFUL SYMPATHY: MY TENDER LIKING. 

YOURS BEAUTIFULLY 

M. U. C. 



Interaction through mouse pointing device 

Computer mice built between 1986 and 2007 

The first computer mouse, held by inventor 
Douglas Engelbart (1963). Shows the wheels that 
make contact with the working surface. 

http://en.wikipedia.org/wiki/File:Firstmouseunderside.jpg


Personal Computer and WYSIWYG UIs  

Graphical User Interface (GUI) 

- users interact with electronic 

devices using images rather 

than text commands. GUI 

displays the content in the 

form close to the ‘final’ 

product.  

The Xerox Alto 

was the first to 

use a graphical 

user interface. 

The Star workstation 

(Xerox 8010 

Information System),  

was introduced in 

1981. 



Engineering Social Platforms 

 Computing Infrastructure 
http://www.vaqueronet.com/colocating.php 

http://www.alpheuscommunications.com 

Service Operations 

http://www.abc.net.au/news/stories/2010/02/18/2823937.htm 
http://www.toptechreviews.net/tech-news/facebook-users-to-

delete-their-fb-account/ 
http://mashable.com/2009/04/30/facebook-friends-page/ 

Social Network 

Technology Infrastructure and Support 



 Computing Infrastructure 
http://www.vaqueronet.com/colocating.php 

http://www.alpheuscommunications.com 

Service Operations 

http://www.abc.net.au/news/stories/2010/02/18/2823937.htm 
http://www.toptechreviews.net/tech-news/facebook-users-to-

delete-their-fb-account/ 

http://mashable.com/2009/04/30/facebook-friends-page/ 

Social Network 

Technology Infrastructure and Support 

Engineering Social Platforms 



Redefining personal computing 

• Demise of the ‘private personal computing’ 

 

• From self-contained environment to high level of exposure 

• Distributed private data with ambiguous sense of ownership 

• Need ‘digital homes’ for ‘digital personas’ 

 



Data leakage and loss of privacy 

• Browser is the gate to the Internet 

• Browser is porous  

• Protocols used to enable communication between the 

PC and Web services enable device fingerprinting and 

user tracking 

• How much? And should I care? 

 

WYSIWYG WY SI WYP 
D 

What You Don’t See is What You Pay 











www.wired.com 

http://www.wired.com/




Appeal 

• Think of the ways to innovate yet preserve the digital 

heritage 

• Design systems that are transparent and empower 

individuals to command the technology and exercise its 

ability for self-determination  

• Empower users to become a player in the information 

exchange industry. 

 

Only computer scientists can help the cause of creating the 

future that truly enable us reach and surpass our human 

potentials.   

 



Thank you 

 

Natasa Milic-Frayling 

natasamf@microsoft.com 


