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Abstract—We present an overview or the video games available
at the Film Library of Bologna. This institution, in collaboration
with the University of Bologna, has a whole collateral branch
dedicated to the video games, as they can be considered a
recreational activity somehow related to movies. This collection
of video games conceptually starts from the ones that are strictly
connected to movies, and then expands to a wider class of video
games. A video game could be related with a movie either as
its direct inspiration, its prequel or collateral plot, or also be
created as a direct consequence of that movie. The expansion of
the collection available in the Library includes a historical set of
video games.
In this paper we discuss the historical perspective of the
relationship between technology and video games, providing a
complete historical view of the video games by means of the
titles and the consoles available in the Library. Several dedicated
consoles are still in working conditions and could be used by the
visitors of the Library.

I. I NTRODUCTION
The collection of the Play Room of the Film Library of
Bologna contains about 2000 video games, whose releases
range from 1979, till the present date. The library collects
both video games and consoles, a visitor can therefore play
a game interacting with the original hardware. Not all of the
collected console are accessible at any time: some of them,
usually the oldest ones, are available only upon reservation.
In any case the access to any of these resources is free.
Figure 1 shows the timeline of available software with
respect to each platform in the Library collection. Each solid
rectangle after the name of a platform shows the whole interval
of available software for that platform. The dotted horizontal
lines separate the platforms by their generations, labelled at
the left of the figure.
All the platforms are available to the visitors of the Library,
but as anticipated before, some of them are available under
restrictions. The consoles released before 1994 are available
upon advanced reservation solely, whereas the newer ones can
be freely accessed. Same restrictions also apply to the PCs.
Figure 2 shows the number of titles available at the Library
for each platform.
Figure 3 shows the number of titles available with respect to
their release date. Not surprisingly, a higher number of titles
are available for more recent dates.
















































Fig. 1. Temporal distribution of games available at the Library with respect
to the hardware platforms

Unfortunately, in both the Figure 3 and 2 the label “PC”, that
comes form the Library directory, is far too generic. It ranges
from Mac to Windows computers, and does not differentiate
the hardware neither with respect to its release date nor its
configuration.
II. G ENERATIONS
We can distinguish several generations of video games, that
are characterized by both hardware and software. We follow
the classification reported in [1] as a guideline for our analysis.
It is worthwhile to notice that the targeted video device for
the home consoles was the contemporary TV, therefore their
video capabilities were usually calibrated with respect to the
common TV capabilities. The sound output gained importance
during the years, as the computational power increased enough
to produce more accurate sounds.
The initial input devices for the home consoles where
paddles with knobs and buttons. After this initial phase the
joystick become available and was used for several years, both
with home computers and consoles. More recent generations

The network connectivity of consoles was introduced only
few years ago, but it is quickly gaining popularity, providing
support for massive multiplayer online games.
The description of the consoles starts with quite precise
specs on CPU clock, such as in the first generations. While this
measure become not representative of the power expressed by
the consoles, the description shows the performance of them.






























III. V IDEOGAMES : E ARLY S EVENTIES , E ARLY E IGHTIES
A. First Generation



It represents the dawn of video games for dedicated consoles. This generations spans from 1972 to 1977. It begins
with the release of the Magnavox Odissey [2]. In 1977 several
manufacturers abandoned the market, and solely Atari and
Magnavox continued to produce consoles.
We do not further discuss this generation because it is very
old and because no devices nor video games of this generation
are collected in the Library.
B. Second Generation
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The number of different titles per platform

















































Fig. 3.

The number of different titles per release date

of consoles became equipped with sophisticated remotes,
that evolved to be wireless, and in some cases completely
disappeared. The latest consoles are now capable of sensing
the movement of the user’s body in the three dimensional
space.
The handheld platforms evolved very quickly in this late
years, and it seems that they are merging with the smart–
phones.

Three consoles characterized the second generation, also
called the 8–bit generation, that spans from 1977 through
1983. In 1979, the release of the Atari 2600 [3], initially
called Video Computer System (VCS), marked the beginning
of this generation. In 1980 Mattel released the Intellivision [4],
followed by the Coleco Vision in 1982. Both the Atari 2600
and the Mattel Intellivision are available at the Library.
During this generation, video games were stored in ROMs,
embedded into plastic cartridges. These cartridges could be
inserted in a slot of the console, which, equipped by a
general purpose microprocessor, ran the software stored in
the mounted cartridge. Such architecture represented a considerable advantage: users were no more limited to play with
pre–installed video games, being now able to buy and collect
the cartridges (i.e., the games) they wanted.
Both the Atari 2600 and the Intellivision were equipped
with a CPU cycling at about 1M Hz. The Atari’s RAM
was 128bytes, while the cartridges could include memory
expansion. The Intellivision had about 1500bytes of RAM.
Their video output was on a regular TV at about 160 × 200
pixels. The Atari was able to display slightly more than 100
colors, while the Intellivision was limited at a 16 color palette.
Sprites were the common technique to display moving figures
on the screen.
The Atari 2600 was originally released with 9 titles, two
of them (Combat and Street Racer) are available at the
Library. Later, new titles were released and, among these,
the best selling titles for this console were Pac–Man, that
sold more than 7million copies, and Pitfall!, that sold about
4million copies. Both of them are available at the Library. The
best selling titles for Intellivision include: Las Vegas Poker
& Blackjack (2million sold), Major League Baseball, NFL
Football, and Space Battle; the last three sold more than a
million copies [5]. All of them are available at the Library.
Pac–man for the Atari 2600 was a port of the very famous
namesake arcade game. Several titles of that age were ported
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from existing arcade games. Interestingly, some titles, such
as Baseball, were also ported between the two consoles. The
Library has the versions of Baseball for both the consoles,
hence enabling a valuable comparison.
During the same years, Commodore released two of the first
best selling personal computers: the VIC–20 (1980) [7] and the
Commodore 64 (1982) [8]. The VIC–20 was the first home
computer that sold more than 1million units. The successor
of the VIC–20 was the Commodore 64, that sold something in
between 12 and 17million units [6]. They were both equipped
with an 8–bit CPU running at about 1M Hz, and the RAM
was 5KB for the VIC-20 and 64M B for the Commodore 64.
The video output of the VIC–20 was 176 × 184 with 8 colors,
while the Commodore 64 had 320 × 200 with 16 colors and
112 sprites. Both were considered gaming computers due to
the great variety of available video games available for them.
The Library of Bologna collects 11 titles for the VIC–20 and
10 for the Commodore 64.
One of the most famous video games of this generation is
Microsoft Flight simulator, first released in 1982 and shown in
Figure 4. As suggested by its name, it was a flight simulation,
for Windows. Due to its accuracy and completeness, some
of its direct successors have been used for decades as training
tools in several flight school. Microsoft bought the original version from SubLOGIC, that developed the first release in 1976.
It started with the simulation of few airports and airplanes,
and then grew by adding new airports and landscapes. Since
its platform was a computer, it original distribution media was
the floppy disk.
IV. T HE M AGNIFICENT E IGHTIES
A. Third Generation
The third generation spans from 1983 to 1995. It begun
with the release of the Nintendo Entertainment System (NES).
It is characterized by the scrolling graphics, that surpassed the
previous technology of single screen, while it still mounted an
8–bit processor, running at about 1.7M Hz. One of the most

successful rivals of the NES console was the Sega Master
System, released in 1985. Nintendo released in 1989 the first
model of a long series of Game Boy, that was the first widely
popular handheld gaming console.
The most famous and best selling game of that period
was undoubtably Super Mario Bros for the NES, that sold
43million copies, while its sequels, Super Mario Bros 2
and Super Mario Bros 3 sold 18 and 10million copies,
respectively [9].
The basic idea of scrolling graphics, introduced by the NES,
is that the screen shows only a portion of a bigger virtual
screen; in other words, the screen is like a window that could
be “moved” on the virtual screen to show a new portion of
it. The software was still released on cartridges, while floppy
disks begun to be popular as distribution medium.
The main memory of the NES was 2KB, while it was also
equipped with 2KB of video memory. The video output was
256 × 240 pixels with 25 simultaneous colors and 64 sprites.
The Master System had a 8–bit processor, a Zylog Z80 clone,
running at about 3.5M Hz, the main memory was 8KB, while
the video memory was 16KB. The video resolution was at
most 256 × 240 pixels with 128 colors (16 different colors,
each one with 8 degrees of intensity) and 64 sprites at most.
The Game Boy had a custom 8–bit CPU, running at about
4.2M Hz, 8KB of main memory and the same amount of
video memory. The display was 2.6 inches, showing 166×144
pixels with four levels of gray.
The Library collects all the three Super Mario Bros, and
some remarkable titles for the Master System, such as the
Alex Kidd in Miracle World and Wonder Boy III: The Dragon’s
Trap. Note that, while the Figure 2 and 3 reports the names
used in the classification adopted by the Library, the NES and
the Sega Master System are labelled as “Nintendo 8-bit” and
“Master System”, respectively. Moreover, the library collects
also few titles for the original Game Boy, such as Tetris, that
sold more than 36million copies.
Super Mario Bros, and its successors, is the best selling
video game to date. It was first released in 1985 (see Figure 5)
and originally developed for the NES and the arcade consoles.
Successively, Nintendo released new and improved versions of
Super Mario Bros for each one of the subsequent consoles it
produced. This is a platform game, where the character, called
Mario, jumps between platforms, which define the levels of the
game.
B. Fourth Generation
The fourth generation is characterized by the advent of
16–bit processors. It started in 1987 with the release of
the PC Engine from the Nippon Electric Company, NEC.
Nevertheless, the most popular consoles of that period were the
Sega Mega Drive, released in 1988, and the Super Nintendo
Entertainment System, also called Super NES, released in
1990.
Even the handheld consoles gained new hardware in this
period: in particular, with the release of the Atari Lynx and the
Sega Game Gear. The Lynx introduced several new features
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to the handheld consoles, such as the backlit display, a left–
handed switch, and the capacity to network with 17 other units
by using cable connections.
The best selling titles for the Mega Drive were: Sonic the
Hedgehog 2 (6million copies sold) and Sonic the Hedgehog
(more than 4million copies sold). In the case of the Super
NES, the best selling title was Super Mario World, that sold
more than 20million copies. As a measure of its popularity,
ten of the Super NES titles sold more than the best selling
title for the Mega Drive.
The Mega Drive was equipped with a Motorola 68000
running at about 7.7M Hz, and had 64 KB main memory,
the same amount of video RAM and 8 KB of audio RAM,
that first appeared in this generation of consoles. The video
output could be 320 × 448 at most, showing 64 sprites and
512 colors. The Super NES had a 16–bit processor running at
about 3.6M Hz. The main memory was 128KB, and it was
the same amount for the video memory. The video output was
512 × 448 at most, 128 sprites and 32768 colors.
The Lynx had an 8–bit CPU at 4M Hz, with a 16–bit
address space, and 64 KB of RAM. It also had a math co–
processor, and a hardware graphics processor running at 16
MHz. The 3.5 inch screen was equipped of 160 × 102 pixels
and 4096 colors. The Game Gear was equipped with the Zilog
Z80 at about 3.6M Hz. The RAM was of only 8 KB, the video
RAM of 16 MB, and the screen size was 3.2 inches. The screen
resolution was the same of the Game Boy, 166 × 144, with 32
colors onscreen with respect to 4096 available and a maximum
of 64 sprites.
The Library collects several of the best selling titles for both
the Mega Drive and the Super NES. Moreover, the Library has
several best selling titles for the two handheld Lynx and Game
Gear.

The 32–bit and 64–bit generation started in 1993 and lived
through 2006. The most important consoles of this period
were the PlayStation, the Nintendo 64, and the Saturn. The
PlayStation was first released in 1994 and sold more than 102
million units [10]. The Nintendo 64 was released in 1996 and
sold about 33 million units [11]. The Saturn, released in 1994,
sold slightly less than 10 million units [12].
Among the handheld consoles the Game Boy Color was one
of the most relevant.
This generation was characterized also by the experimentation of new kinds of consoles. However, some experiments
were unsuccessful, such as the Virtual Boy. That platform was
supposed to deliver real 3D graphics, but it did it with only two
colors: red and black; the result was a very tiring experience
for a player’s eyes. Moreover, a very limited amount of titles
was available for that platform, only 25, mostly deriving from
a porting of previous games. Nevertheless, the Library has one
of those consoles, and 6 of its titles. Figure 6 shows the Virtual
Boy.
Fortunately, in a such rich generation of both hardware and
software, all the above mentioned platforms are available at
the Library.
The consoles of this period tended to emphasize the number
of bits of the CPU word size, that was marketed as a kind of
power index for many years. The common personal computer
of this period had enough memory and computational power
to emulate the previous generations of 8 and 16–bit systems.
This represented a completely new direction in the video
game industry. The fifth generation introduced fully 3D games,
i.e. games that were staged in real 3D environments. As an
example of this evolution, consider both Final Fantasy VII,
Myst, and Tomb Rider.
The cartridges started to disappear, and were gradually
replaced by CD–ROM. The Nintendo was the only major
platform to continue to use the cartridges.
The Saturn had a dual processor CPU, 32–bit RISC, running
at about 30M Hz. The CPU had an operating performance
of 30 MIPS, more than 2M B of main memory, 512KB
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of video memory, 512KB of sound memory. Moreover, it
was equipped with 512KB of cache memory for the CDROM. The audio was managed by a custom sound processor.
The video output was 521 × 512 pixel with 64 colors. The
processor of the PlayStation was also a 32–bit RISC, running
at about 34M Hz. The internal memory was 2M b, and the
video output was 640 × 480. The graphical processor unit had
a performance of 66 MIPS. The sound processor, with 515KB
of memory, ran at 44.1M Hz. The Nintendo 64 had the most
powerful processor, a 64–bit CPU running at about 100M Hz.
Its bottleneck was the 32–bit bus. A so called “Reality co–
processor” was dedicated to the video effects. The video output
was 512 × 512.
The best selling title for the PlayStation was Gran Turismo,
exclusively for the PlayStation, which has sold more than
10million copies of both versions one and two. Final Fantasy
VII and VIII sold about 10million copies each.
A cornerstone for the video games of the fifth generation
was Final Fantasy VII, released in 1997 (see Figure 7). This
game had a surprising exceptional graphics with respect to its
competitors, the plot was very enthralling, and the characters
were very well developed. This is a “role game” that generated
a great number of sequels. Final Fantasy has been released
for the PlayStation, and the Windows PC. The plot has both
explorative phases and fights, and the adoption of full motion
videos really enhanced the video experience. It was originally
distributed on CD–ROM.
Another relevant title, that influenced a long series of
successive video games is Myst, released in 1993, see Figure 8.
It was available on the most relevant consoles of its period,
and even Windows and Mac computers; it was originally
distributed on CD–ROM. Mist was a revolutionary graphical
adventure where first a player was immersed in a realistic
world to explore. Myst had a very sophisticated graphics that
captured the attention of its users.
B. Sixth Generation
This was the generation available at the beginning of the
21st century. The main platforms of this period were: the
Sony PlayStation 2 released in 2000, the Sega Dreamcast
released in 1998, the Nintendo GameCube released in 2001,
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and Microsoft Xbox released in 2001. On the handheld side,
the most relevant were the Game Boy Advance released in
2001. All of them are available at the Library. The PlayStation
2 is the only one of the bunch that is still in on sale. With its
record of 140million of sold units, the PlayStation 2 is the
best selling console to date.
This was the first generation to introduce online games.
During the sixth generation consoles gained PC–like architectures, and introduced the DVD as game media. The Nokia
N-Gage also appeared, first device that integrates a phone and
a handheld gaming platform.
The 64–bit CPU characterized this generation. The PlayStation 2 had a processor running at about 300M Hz and delivered more than 6GF lops. The main memory was of 66M B,
while its graphics processor was able to manage 32million
of polygons per second, with a video output of 1280 × 1024
pixels; it also gained a 32bit Z-buffer. The sound processor was
able to output Dolby Digital 5.1 Surround sound, (DTS). The
XBox had a custom version of the Pentium III CPU, running at
733M Hz, and a main memory of 64M B. The GPU was able
to deliver 115million vertices/second. The innovative aspects
of the XBox were an internal hard disk to store both the
operating system and the games, and an high speed Internet
connection by means of an Ethernet connector (hence, opening
the way to massive multiplayer online games [13], [14]). The
Game Cube had a PowerPC CPU at about 500M Hz. It was
the first console from Nintendo that used used optical drive
instead of the cartridge, however, it adopted a non standard
support. The Dreamcast was the first one of its generation to
be discontinued. It was equipped also by a 56Kb/sec modem.
One of the initial, and very famous,“first–person shooters”
is Doom, released in 1993, see Figure 9. Doom was released
for a great number of platforms, and relied on a graphical
engine, that imposed some minimal hardware requirements.
The game was very violent, and had a controversial reception.
C. Seventh Generation
This is the current generation of video games. The Blu–
ray Disk replaced the previous DVD as a software support,

of motion input games. All of them are available in the Library.
VI. T HE F UTURE
Summarizing, two distinct trends can be found every time
a new console or title are created.
The first, which is more conservative and more continuously
exploited in time, consists in the tendency to increase the
processing power and the graphical rendering of a game. The
second, instead, amounts to searching for new innovative ways
and ideas that may improve the interaction between a player
and a game.
Following the second trend with the introduction of the Wii,
in the recent past, has led Nintendo to double the sales of its
direct competitors.
VII. C ONCLUSION
We discussed the branch that collects video games at the
Film Library of Bologna, which, very interestingly, proposes
to its users a very consistent view of the main steps of the
video game history.
Fig. 9.

The cover of Doom

ACKNOWLEDGMENT
The authors would like to thank the Italian FIRB DAMASCO project for funding this work.

and the video output was the HD–DVD. The disruptive new
technology that was introduced at this point was the “motion
input”, firstly presented by the Nintendo Wii. The main idea is
that the user generates inputs by means of body movements,
that are wirelessly detected by the console [15].
The main consoles of this generation are the above mentioned Nintendo Wii, released in 2006, that sold about
85million units to date, the Sony PlayStation 3 released in
2006, that sold about 48million units, and the Microsoft
XBox 360 released in 2005, that sold about 50million units.
The main handhelds are the Sony PSP and the Nintendo
DS Lite/XL, both released in 2004. All of them are still in
production, and available at the Library.
The Wii was the first to introduce a new kind of input
device: a wireless remote whose movement in the space are
sensed by the console, by means of infrared signals. The
user grasps the remote to play games. The video output of
the Wii is not very sophisticated, especially with respect to
its competitors, but its focal point is the innovative input
technology. The PlayStation 3 has a wireless remote that is
tracked by a camera on the console. The XBox 360 introduced
a new technology to track the user body and its movements in
the 3D space by means of a set of sensors called Kinect. The
very innovative part is that the user does not need to carry any
device.
Some of the most popular titles for the current generation of
consoles, includes: Halo (XBox 360), released in several versions, an immersive reality first–person shooter, Grand Theft
Auto IV (XBox 360, PlayStation 3, Windows), an immersive
action–adventure, Super Mario Galaxy (Wii), BioShock (Mac
OS X, Microsoft Windows, PlayStation 3, Xbox 360), a first–
person shooter, and Wii Sports (Wii), the first generation ever
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