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—— Deluxe Paint ——

by Dantel S5ilva

Cc> 1986 by Electronic HArts
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EXPLORE VISIT ABOUT JOIN&GIVE Q

COMPUTER HISTORY MUSEUM
SOFTWARE LICENSE AGREEMENT
— DELUXEPAINT SOURCE CODE
[163.17KB]

PLEASE READ THE FOLLOWING TERMS AND CONDITIONS CAREFULLY
BEFORE DOWNLOADING, INSTALLING OR USING THIS SOFTWARE (THE
“SOFTWARE”). THE TERMS AND CONDITIONS OF THIS SOFTWARE LICENSE
AGREEMENT ("AGREEMENT") GOVERN USE OF THE SOFTWARE.
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What are the constraints that guided the
architecture, design, and implementation of
Deluxe Paint to handle the computational and
memory constraints of the Amiga 1000?

10/69



Preprint

Historic Software Engineering:
Insights from Deluxe Paint for the Amiga

Giuseppe Destefanis?, Yann-Gaél Guéhéneuc®, Fabio Calefato®

“University College London, UK
b Concordia University, Canada

¢ University of Bari, Italy

Abstract

This article studies and discuss

s Deluze Paint, a significant graphics pro-
gram released in 1985 for the Amiga platform. Developed at a time when
hardware constraints were severe, Deluze Paint (DPaint) was written in C
and designed to run on machines with only 256 KB of total memory, divided
into video and CPU RAM, and a Motorola 68000 CPU at 7.09 MHz (PAL)
or 7.16 MHz (NTSC).

We analyse and study the 17,001 lines of source code of this historic pro-
gram to understand the constraints that guided its architecture, de-
sign, and implementation by developers who worked without widespread
access to formal programming patterns, reference books, or online resources.

Our analysis covers the overall development, compilation, and quality of
DPaint. We also discuss the architectural

design practices, and imple-
mentation idioms pr

sent in its source code, as well as its code complexity.
‘We identify antecedents to 11 of the 23 Gang of Four design patterns, all
implemented through C constructs, nine years before the GoF catalogue was
published, plus seven Amiga platform-specific architectural idioms with no
GoF counterpart.

We also show how DPaint exploited the compiler and the Amiga hardware
for efficiency, including direct graphics manipulation and optimised memory
access. These findings highlight the resourceful methods used by its devel-
opers to maximise performance on such constrained systems.

Email addresses: g.destefanis@ucl.ac.uk (Giuseppe Destefanis),
yann-gael.gueheneuc@concordia.ca (Yann-Gaél Guéhéneuc),
fabio.calefatoQuniba. it (Fabio Calefato)
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RQ1: How and by whom was DPaint developed,
and what was its overall quality?

RQ2: What architectural styles can be observed In
the source code of DPaint?

RQ3: What design patterns are present in the
source code of DPaint?

RQ4: What coding idioms are present in the source
code of DPaint?

RQ5: How was complexity distributed across the
different components of DPaint, and why?
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Reproducibility
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Method Iin Detalls

RQ1: How and by whom was DPaint
developed, and what was its overall quality?

— Qualitative analysis
 Files and their naming conventions and contents

— Descriptive statistics

— Compilation and recompilation
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RQ1 Results

ACTBMS.C

AIRBRUSH.C L
BEND.C v S
BITMAPS.C R S
BLEND.C

...(79 more files) N SYSTETY:
SYMREQ.C e
SYSTEM.H IR
TEXT.C T
TIMER.C Con
UNPACKER.C ST

"#$
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ESUILS

ACTBMS.C
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ACTBMS.C
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BEND.C _—
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BLEND.C
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AIRBRUSH.C

BEND.C . s
BITMAPS.C I SR
BLEND.C

...(79 more files) 1 234)R5126
SYMREQ.C e
SYSTEM.H L2 s
TEXT.C N '
TIMER.C o j#gi;
UNPACKER.C [

5
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BEND.C
BITMAPS.C
BLEND.C
...(79 more files)
SYMREQ.C
SYSTEM.H
TEXT.C

HC " 0M( ) HS

' 234)1&5126
B $ -$7
*)3 n ] #$ 8
4+3 "39 +#3$
2 %! ") M<#H$

5
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Metric Min. Avg. Max. Sum

Number of Files — 39

RQ]_ ReSUItS Lines of code 1 195 1,337 17,001

Cyclomatic complexity 14 117 1,223

8.6 74 —
2 4 -

Cyclomatic complexity
Nesting

ool oo |

/7 C source files
+ 11 C headers
+ 1 overlay description file
Total size of 17,001 LOC
File PALETTE.C has 1,337 LOC
File PALETTE.C has 117 CC
File CHPROC.C has the max avg. CC of 8.6
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RO1 Results i

/7 C source files
+ 11 C headers

Cyc

Cyclomatic complexity
Nesting

+ 1 overlay description file
Total size of 17,001 LOC

File PA
File PA

LET]
LETT

File CHPROC.C has the max avg. CC of 8.6

'E.C has 1,337 LOC
E.Chas 117 CC
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RQ1 Results

Cyc

Cyc
Nes

/7 C source files
+ 11 C headers
+ 1 overlay descriptio
Total size of 17,001 LOC
File PALETTE.C has 1,337 LOC
File PALETTE.C has 117 CC
File CHPROC.C has the max avg. CC of 8.6
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RQ1 Results

Six contributors

— Three clearly names authors
e Dan Silva
« Jerry Morrison
e Steve Shaw
* Gordon Knopes

— Two “unknown” authors
« mrp In DPIFF.C
e tomc In MAKEICON.C

Between 1985/06/22 and 1985/11/07
— Less than 5 months!
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RQ1 Results
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RQ1 Results

8+3 naming convention
— DRI CP/M and Microsoft DOS (MS-DOS)

Compiled with Lattice C
— Overlay system

Recompiled with SAS/C
— Only warnings in 11 categories
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Crossdevelopmen
RQ1 Results

8+3 naming convention
— DRI CP/M and Microsoft DOS (MS-DOS)

Compiled with Lattice C
— Overlay system

Recompiled with SAS/C
— Only warnings in 11 categories
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ROOT astartup.o, prism.o, menu.o, chproc.o, curbrush.ox*

paintw.o, modes.o, geom.o, conic.ox

psym.o, lfmult.o, pane.ox*

mainmag.o, magops.o, magwin.o, magbits.o*

pgraph.o, bitmaps.o, bmob.o*

blitops.o, maskblit.o, dalloc.o, box.o*

dispnum.o, keyjunk.o, distance.o, mousebut.o, ctrpan.ox

penmenu.o, actbms.o, cursor.o, cursbms.o, dotbms.o*

message.o, ccycle.o, reqcom.o, timer.o, brxform.o

OVERLAY

initovs.o, dpinit.o, dpinit2.0, fontinit.o, bootit.o, hook.o,

fill.o, airbrush.o, random.o, polyh.o, blend.o, shade.o, polyf.o,
— clip.o, text.o

rot90.0, stretch.o, rotate.o, shear.o, remap.o, bend.o, print.o,
<~ spare.o

dopalett.o, palette.o, palbms.o hsv.o

dosymreq.o,symreq.o

dpio.o, fnreq.o, fnbms.o, dpiff.o

*initread.o, ilbmr.o, unpacker.o,iffr.o

*initwrite.o, ilbmw.o, packerf.o, copymem.o, iffw.o, makeicon.o

#

LIBRARY amiga.lib, 1lc.1lib, debug.lib

TO prism 5/69




ROOT astartup.o, prism.o, menu.
paintw.o, modes.o, geom.o, coni
psym.o, lfmult.o, pane.ox*
mainmag.o, magops.o, magwin.o,
pgraph.o, bitmaps.o, bmob.o*
blitops.o, maskblit.o, dalloc.o,

dispnum.o, keyjunk.o, distance.

penmenu.o, actbms.o, cursor.o, cursb ; ms . 0%
message.o, CCYyC ; com.o, timer.o, brxform.o
OVERLAY

initovs.o, dpinit.o, dpinit2.0, fontinit.o, bootit.o, hook.o,

fill.o, airbrush.o, random.o, polyh.o, blend.o, shade.o, polyf.o,
— clip.o, text.o

rot90.0, stretch.o, rotate.o, shear.o, remap.o, bend.o, print.o,
<~ spare.o

dopalett.o, palette.o, palbms.o hsv.o

dosymreq.o,symreq. o

dpio.o, fnreq.o, fnbms.o, dpiff.o

*initread.o, ilbmr.o, unpacker.o,iffr.o

*initwrite.o, ilbmw.o, packerf.o, copymem.o, iffw.o, makeicon.o

#

LIBRARY amiga.lib, 1lc.1lib, debug.lib

TO prism
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ROOT astartup.o, prism.o, menu.
paintw.o, modes.o, geom.o, coni
psym.o, lfmult.o, pane.ox*
mainmag.o, magops.o, magwin.o,
pgraph.o, bitmaps.o, bmob.o*

blitops.
dispnum.
penmenu.
message.
OVERLAY

initovs.
fill.o,

#

LIBRARY ami
TO prism

o,

H

L™

0
0
D?

o,

airbrush.o, random.o, p
— clip.o, text.o

rot90.0, stretch.o, rotate.o, shear.o, rema
<~ spare.o

dopalett.o, palette.o, palbms.o hsv.

dosymreq.o,symreq. o

dpio.o, fnreq.o, fnbms.o, dpi

*initread.o, ilbmr.o,

*initwrite.o, 1lbmw

maskblit.o, dalloc.o,
keyjunk.o, distance.
actbms.o, cursor.o, cursb 5 ms.ox*
CEYC ; com.o, timer.o, brxform.o

dpinit.o, dpinit2.o,

, bend.o, print.o,

acker.o,iffr.0
, packerf.o, copymem.o, iffw.o, makeicon.o

JIab, le.1ib,; debug.1ib

1/69




Number

Detfinition

62

Co

RQ1 Results

181

217
224

constant number out of range for type “type”
Valid range is low to high

return value mismatch for function “name”
Expecting “typel”, found “type2”

no prototype declared for function “name”

extra tokens after valid preprocessor directive

no prototype declared for function pointer

no statement after label

no prototype declared at definition for function “name”
incompatible operands of conditional operator (7:)
“typel” conflicts with “type2”

“name” was declared both static and external

See line number file “filename”

macro invocation may call function multiple times
item “name” already defined

See line number file “ filename”

Pre-ANSI C

— lll-defined primitive types, like short
— Struct declaration collisions, like Point
— Lack of function (pointer) declarations
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Method Iin Detalls

RQ2: What architectural styles can be
observed In the source code of DPaint?

— Network analysis
 File-to-file dependencies

— Graph-related measures

33/69



RQ2 Results

Centralised coordination
— PRISM.C and PRISM.H

Layered abstraction
— Ul vs. Core files vs. Ultils

Modular design
— High cohesion

Ul Files

PAINTW.C

MAGWIN.C

CTRPAN.C

/

TEXT.C

DPIO.C

DPINIT.CJ

Core 7,/

MAINMAG.C

\ S PALETTE.C

N\ N
Coyefi
PRISM.C § PLBM.H
GRDEFS H PRISM.H
Utility Files
KEYJUNK.C
N
BMOB.C —»1 BITMAPS.C
Ped
]
CHPROC.C
DPIFF_C
BV
DPIFF.H
"




RQ2 Results

Centrality analysis
— Betweeness

File Betw. | File In-deg.
PRISM.C 0.137 | SYSTEM.H o8
PAINTW.C 0.096 | PRISM.H 48
MENU.C 0.074 | PRISM.C 27
MODES.C 0.067 | PAINTW.C 19
MAINMAG.C 0.043 | CURSOR.C 14
DPINIT.C 0.034 | CCYCLE.C 14
DPIO.C 0.030 | MODES.C 14
PGRAPH.C 0.023 | MAINMAG.C 14
BMOB.C 0.020 | BMOB.C 13
CURBRUSH.C 0.017 | PGRAPH.C 13

e Shortest paths going “through” a node

— In-degree

 Number of edges pointing on a node

35/69



RQ2 Results

Community detection

— Greedy modularity optimisation algorithm
e Clauset et al., 2004

— Five communities

o System core (17 files)

e Drawing utilities (16 files)
Interaction and rendering (15 files)
Bitmap operations (13 files)

File I/0O and colour (9 files)

36/69



RQ2 Results

Robustness analysis
— Resilience to loss of bridge files

— Sensitive to loss of foundational files
e PRISM.H and SYSTEM.H

— Practices

Hardware awareness, e.g., Blitter
Memory optimisation, e.g., bit fields
Performance focus, e.g., macros
Maintainability, e.g., high comment ratios

37/69



Method Iin Detalls

RQ3: What design patterns are present in
the source code of DPaint?

— Manual inspection
* Function signatures
Struct definitions
Macro definitions
Dispatch tables
Function pointers

38/69



RQ3 Results

Family

Pattern

Primary Evidence

Behavioural

Command (8-slot procs)
Command (Undo tags)
Command (Menu dispatch)
Observer (Pane callbacks)
State (IMode FSM)
Strategy (Pixel writers)
Strategy (Geo. primitives)
Template Method

PAINTW.C: 28-30
MAINMAG.C: 71, PRISM.H: 396
MENU.C: 159, 391

PANE.C, CCYCLE.C
PAINTW.C: 237271
PGRAPH.C: 100-102

GEOM.C, CONIC.C

PAINTW.C: 166-209, MODES.C

Creational

Factory (Bitmap/Memory)
Factory (Pen dispatch)
Prototype (Bitmap clone)
Prototype (Undo swap)
Singleton/Monostate

BITMAPS.C, DALLOC.C
CURBRUSH.C: 141
BITMAPS.C: 127-138
MAINMAG.C: 102-110
PRISM.C

Structural

Adapter (Coordinates)
Adapter (IFF Format)
Decorator (BMOB layers)
Decorator (IMode flags)
Facade (Graphics)
Facade (Blitter)

Fagade (Bitmap Mem.)
Fagade (Windowing)

PRISM.H: 110-115
DPIFF.C, ILBMR/W.C
PRISM.H: 123-157
PRISM.H: 306-333
PGRAPH.C

BLITOPS.C, MASKBLIT.C
BITMAPS.C

PANE.C

39/69



Method Iin Detalls

RQ4: What coding idioms are present in the
source code of DPaint?

— Manual inspection
* Low-level programming practices

— Code density and documentation

— Coupling and stability measures

40/69



RQ4 Results

Code Density and Documentation
— 88 files, mean of 0.24

Function Signatures

— 21% of the functions take 0 parameter
—39% 1-2, 29% 3-5, and 11% 6+
Preprocessor Usage

— 88 files, mean of 0.09

Coupling and Instabillity
— Layered architecture

41/69



RQ4 Results

Architectural idioms

Architectural

Code Overlay System
Cooperative Resource Sharing
Graphics Context Stack
Hardware Register Abstraction
Inter-process Service Locator

Per-object Save-under
Two-buffer Undo

PRISM.txt, PRISM.H: 409
PRISM.C: 343, DPI0.C: 42
PGRAPH.C: 38-52
PRISM.H: 382-390
HOOK.C, DPHOOK . H
BMOB.C: 311403
MAINMAG.C: 58-110

42169



Method Iin Detalls

RQ5: How was complexity distributed across
the different components, and why?

— Complexity and categorisation

— Correlation and risk analysis

43/69



File Sum CC

LOC Max CC Avg CC Max Nest

PALETTE.C 117 1,337 23 3.8 3

R 5 R I ( CHPROC.C 95 253 74 8.6 3

eS u “MODES.C 93 457 6 1.3 1

PANE.C 62 417 13 2.7 4

MAINMAG.C 58 451 6 1.8 2

MENU.C 53 454 22 3.3 2

PAINTW.C 47 429 5) 2.0 2

Understand . T 6 21 |

" BMOB.C 37 417 11 2.5 2

SCITOOIS PGRAPH.C 37 313 6 1.6 3

Category Sum CC LOC Files Avg CC/File

UI / Interaction 472 4,389 16 29.5

Palette / Colour 208 2,299 8 26.0

Bitmap / Blitter 161 3,089 13 12.4

Transforms 131 1,206 7 18.7

System / Init 110 1,557 15 7.3

Drawing / Graphics 96 1,284 8 12.0

Files File /O 45 2,058 10 4.5

_[1,21.8, 117]

Categories

— [45, 174.7, 472]
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File Sum CC LOC Max CC Avg CC Max Nest

PALETTE.C 117 1,337 23 3.8 3
R 5 R I ( CHPROC .C : ; X

eS u “MODES.C 93 457 6 1.3 1

PANE.C 62 417 13 2.7 4

MAINMAG.C 58 451 6 1.8 2

MENU.C 53 454 22 3.3 2

PAINTW.C 47 429 5) 2.0 2

Understand o 0o 6 21 |

" BMOB.C 37 417 11 2.5 2

SCITOOIS PGRAPH.C 37 313 6 1.6 3

Category Sum CC LOC Files Avg CC/File

UI / Interaction 472 4,389 16 29.5

Palette / Colour 208 2,299 8 26.0

Bitmap / Blitter 161 3,089 13 12.4

Transforms 131 1,206 7 18.7

System / Init 110 1,557 15 7.3

Drawing / Graphics 96 1,284 8 12.0

FIIeS File I/O 45 2,058 10 4.5

_[1,21.8, 117]

Categories

— [45, 174.7, 472]
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File Sum CC LOC Max CC Avg CC Max Nest

PALETTE.C 117 1,337 23 3.8 3
R 5 ReS I ( CHPROC .C : ; X

u “MODES.C 93 457 6 1.3 1

PANE.C 62 417 13 2.7 4

MAINMAG.C 58 451 6 1.8 2

MENU.C 53 454 22 3.3 2

PAINTW.C 47 429 5) 2.0 2

Understand . 0o 6 2 i

" BMOB.C 37 417 11 2.5 2

SCITOOIS PGRAPH.C 37 313 6 1.6 3

Category Sum CC LOC Files Avg CC/File

UI / Interaction 472 4,389 16 5

Palette olour 3 ,299 3 6.0

Bitmap / Blitter 161 3,089 13 12.4

Transforms 131 1,206 7 18.7

System / Init 110 1,557 15 7.3

Drawing / Graphics 96 1,284 8 12.0

FIIeS File I/O 45 2,058 10 4.5

_[1,21.8, 117]

Categories

— [45, 174.7, 472]
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File Sum CC LOC Max CC Avg CC Max Nest

PALETTE.C 117 1,337 23 3.8 3
R 5 Res I ( CHPROC .C s ; 3.0

u « MODES.C 93 457 6 1.3 1
PANE.C 62 417 13 2.7 4
MATINMAG.C o8 451 6 1.8 2
MENU.C 53 454 22 3.3 2
PAINTW.C 47 429 5 2.0 2
Understand 0o 6 27 i
" BMOB.C 37 417 11 2.5 2
SCITOOIS PGRAPH.C 37 313 § 1.6 3
Category Sum CC LOC Files Avg CC/File
UI / Interaction 472 4,389 16 5
Palette olour 3 ,299 3 6.0
Bitmap / Blitter 161 3,089 13 12.4
Transforms 131 1,206 7 18.7
System / Init 110 1,557 15 7.3
Drawing / Graphics 96 1,284 8 12.0

FIIeS File I/O 45 2,058 10

_[1,21.8, 117]
Categories

— [45, 174.7, 472]

47169



DIScussIons

Design Patterns

Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides

>
)
J
wn
@)
7
=
m
w
=
m
-<
)
~
©)
==
m
w
e
©)
Z
>
—
(@)
®
<
)
(-
-
74
&)
w
m
z=
m
wn

“DPaint’s developers
Independently arrived at
structural solutions that

the

GoF would formalise

nine years later, using
function pointers, struct

em
tab

nedding, and dispatch
es In place of classes

ang

virtual methods.”
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Discussions

“DPaint’s developers
[created] modular, low-
coupling designs where
each file has a clear
responsibility. The hub-
and-spoke architecture
centred on PRISM.C/H
emerged [...] from the —
practical need to share i |
scarce resources [...]

without duplicating state.”

https://www.flickr.com/photos/blakespot/4364963257 49/69




Discussions

“DPaint’s developers
[created] modular, low-
coupling designs where
each file has a clear
responsibility. The hub-
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without duplicating state.”
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DIScussIons

“[T]he absence of [...]
Composite, Iterator, and
Flyweight, Is not acci-
dental: tree structures
consume pointer over-
=T\ head, iterator abstract-
; tions add indirection
ggggi)ﬂfgms costs, and shared
Object-Oriented. Software Intrinsic-state pOOIS
el Lo require management
overhead.”

& |
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DisScussIions

“[A] single-developer
project can achieve a
high degree of
consistency.”

+ EA’s 1983 ad series “Can a
computer make you cry?”

+ EA’s attempt to promote
developers as rock starts

https://computerhistory.org/blog/electronic-arts-deluxepaint-early-source-code/ 52/69



DIScussIons

“Without version control,
IDES, linters, or automated
testing, DPaint source code
compiles with only
warnings on a modern
compiler and runs correctly
on original hardware. The
code’s quality is evidenced
by Its commercial success
and [...] compilability 40
years later.”
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https://www.classic-computers.org.nz/collection/ibm-at.htm 53/69



| essons Learned

Code overlay system

Cooperative resource
sharing

C struct field names
onto memory-mapped
/O registers

Virtual machine-based
class (un)loading

— OSGI

Resource pooling In
loT devices

Hardware Abstract
Layers in Linux and
embedded systems
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Related Work
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L INTRODUCTION

The release of Intel 4004 in 1970 signifies the birth of a
single-chip microprocessor [1]. In the following year, the first

i TMS1802 i ing a mi with
RAM and ROM appeared [2]. By the beginning of the 1980s,
many i i products such
as MOS 6502, ZILOG Z80, and Intel 8086 & 8088 are later
widely used in affordable personal computers. Some
educators in the early 1980s foresaw the potential of these
new technologies. Lin proposed using a microprocessor
known as embedded control today to blend hardware and
software education [3]. Pokoski pictured the future of digital
system educati ing of "probl lving, computer
software principles, and computer hardware principles” as
primary tools [4]. These past works indicated that computer
programmers were expected to master hardware systems to
code due to limited processing power and storage.

The education pattern shifted drastically in the next

Authorized licensed use limited to: CONCORDIA UNIVERSITY LIBRARIES. Dowplgaded on June 07,2026 at 01:00:37 UTC from IEEE Xplore. Restrictions apply.
979-8-3503-0001-7/23/$31.00 ©2023 IEEE

Wi GLUIUEY aiu GBHRAE (O] A W iamii,
Higher education has started to offer computer system
engineering programs that combine computer hardware and
software topics to deliver a panoramic view for students. The
core requirements for the computer system engineering
program at Rensselaer Polytechnic Institute serve as an
example [9]: Computer Components and Operations (ENGR-
2610), in conjunction with Computer Architecture,
Networks, and Operating Systems (ENGR-2660), emphasize
the theory, while Embedded System (ENGR-2350) offers
laboratory experience, both serving as prerequisites for
advanced topics. To be specific, ENGR-2610 introduces the
most fundamental concepts in computers such as
combinational logic, latches, and finite state machines.
ENGR-2660 covers assembly language, CPU architecture,
and crude functions of operating systems. In ENGR-2350,
students learn to program the MCS-51 microcontroller,
commonly known as 8051.

Recent integrative STEM programs incorporate more
intriguing topics for students than traditional ones. Some

338

56/69



Related Work

57/69



Related Work

58/69



Related Work

59/69



Gallery

https://amiga.lychesis.net/
https://amiga.abime.net/games/view/the-secret-of-monkey-island#screenshots 60/69



Gallery

https://amiga.lychesis.net/
https://amiga.abime.net/games/view/the-secret-of-monkey-island#screenshots 61/69



Gallery

https://amiga.lychesis.net/
https://amiga.abime.net/games/view/the-secret-of-monkey-island#screenshots 62/69



Gallery

https://amiga.lychesis.net/
https://amiga.abime.net/games/view/the-secret-of-monkey-island#screenshots 63/69



Gallery

https://amiga.lychesis.net/
https://amiga.abime.net/games/view/the-secret-of-monkey-island#screenshots 64/69



Conclusion

65/69



Conclusion

66/69



Conclusion

67/69



Conclusion

68/69



Conclusion




