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How It Began
…from the Garage to a UFO

• 1976 Apple I 

• 1977 Apple ][ / ][+


• 1980 Apple ///


• 1983 Apple //e


• All use a 6502 CPU 

• 8 bit, 1–1.8 MHz
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A Walk in the PARC
The famous Xerox visits of 1979

• 1973: Xerox Alto innovations


• Bitmapped display


• GUI, windows, mouse


• 1979: Xerox Star


• also: Ethernet, laser printing


• Smalltalk: inspiration for early  
UI experiments at Apple [1,2]

Figure 9. Various tools in the updated Smalltalk-78 system

• Completing the support of the excellent Smalltalk-76 debugger
which had never been made to work completely with Smalltalk-
78’s linearized stack

• Recovering source code from an independently recovered
Smalltalk-76 file

4.3 Recovering the source sode

Source code for a method in the NoteTaker had to be decompiled
from the bytecodes of the method due to limited memory space.
Decompiled code lacks meaningful names for temporary variables
and it is also devoid of comments. Since the Smalltalk-78 snapshot
was mechanically generated from a Smalltalk-76 most methods are
identical to their Smalltalk-76 parents. With plenty of space avilable
in the revived Smalltalk-78, we made an effort to restore full source
code.

We were fortunate to find one file of source code for Smalltalk-
76, although we had no way of knowing how well it matched our
Smalltalk-78 snapshot. The file was simply a concatenation of all the
methods with no indication of what class they came from, and only
separated by arcane markers from a bygone text editor. We managed
to isolate the methods and determine their classes in most cases, and
then read them with an importer that would only accept methods if
they generated the same bytecodes (actually if they produced the

same decompilation) as the corresponding methods in our snapshot.
(See Appendix B for the details.)

An immediate benefit from decoding the sources file was that
we were able to import Kaehler’s BitRectEditor, a tool similar
to MacPaint, but developed in 1975 in an earlier Smalltalk.6 The
BitRectEditor has programmable tools, each composed of a texture
ink, a BitBlt mode, and a nib. When a tool is selected, its components
are shown in the top menu. A tool can be reconfigured by clicking
and new tools can be created on the fly.

4.4 Life in the Cloud

With Smalltalk-78 running in the browser, work within the system
became much more productive, but access to external files for
reading and writing was actually more difficult than before. Here we
were able to take advantage of hosting in the Lively Web to make
access to changes files, snapshots, and image resources actually
easier than before.

6 In the earlier Smalltalks, the whole screen was too large to fit into a single
Smalltalk object. Therefore images were stored as BitRects—objects that
held striped data in 2k-byte chunks (which was optimal for OOZE). The
image painting tool (BitRectEditor) would paint the BitRect’s bits on the
screen, do the editing using BitBlt on the screen only, and scrape the bits
back into stripes in the BitRect when done.
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Something New
…the Apple ][ was sooo old!

• 1978: New projects at Apple


• Sara: successor to the Apple II, 
using the same CPU, an 80-
column display, additional 
memory, intended for small 
businesses ☞ Apple ///


• Lisa: ambitious, more expensive, 
easy-to-use, next generation 
office computer featuring a 
"revolutionary "graphical user 
interface (GUI) 
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The Lisa is born
…January 19, 1983: Lisa 1

• Uses the "new" Motorola 68000, 5 MHZ


• So far only used in "Unix-y" micros  
(Sun 1, SGI Iris, Apollo)


• Memory: 1 MB RAM, 16 kB ROM


• Screen: 12" b/w, rectangular pixels, 720x364 


• "Twiggy" floppy drives: 5.25", 871,424 bytes


• 5 MB ProFile hard disk


• Price: US$ 9,995 (!)
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Lisa Hardware
…evolution

• Twiggy drives were unreliable


• 1984: Lisa 2 introduced


• Two Twiggys replaced by a single 
400kB 3.5" Sony floppy


• Same drive as in Mac 128/512k


• Variants:


• Lisa 2/5 – with 5 MB ProFile


• Lisa 2/10 – internal 10 MB Widget 
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Mouse!
…Apple's own way

• Xerox mouse uses three buttons


• "Too complicated" –  
which button for which function?


• Apple implements single button mouse


• Uses a roller ball, quadrature encoding


• Later Lisas were delivered with the 
M0100 Mac mouse


• Protocol and connector identical
7



Lisa Hard Disks
…ProFile vs. Widget

• ProFile 
• Seagate ST-506 stepper motor 

drive and mechanism

• Without usual Seagate electronics

• Digital and analog circuit board 

designed & manufactured by Apple

• Also used for the Apple ///

• Proprietary parallel interface


• Widget 
• 10 MB, Apple internally developed

• Uses three Z8 microcontrollers
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A Modular System
…wish we had this today…

• Modular construction


• Easy service


• Thumbscrews


• Safety interlock switches


• Expandable


• Two RAM slots


• Three I/O expansion slots
9



Lisa PCBs
…modularity!

• CPU board 
• 68000 Processor + ROM

• MMU, video


• I/O board 
• Parallel and serial interfaces

• Floppy, keyboard, mouse

• Power management


• Memory board(s)

• Lots of 4164 DRAMs…


• "Mainboard" (backplane)
10



fai I ure occurs, the problem should be quickly detected, 
isolated, and fixed. After such a failure when the system is 

. restarted, the user's data must be in a state just as they were 
before the fai I ure. 

The Lisa's final goal was to be pleasing and fit naturally 
into the everyday work environment. It should consist 
of units interconnected with a maze of cables or be a 
massive and noisy cabinet sitting beside the desk. 

THE LISA HARDWARE 

The Lisa hardware [3] consists of a compact, desktop unit 
that contains the screen, removable power supply, hard-
ware boards,· and the floppy disk unit. In addition, a de-
tachable keyboard, mouse, hard disk drives, printers, and 
other peripherals plug into the main unit as illustrated in 
Fig. 1. The hardware modules inside the unit are accessed 

Fig. 1. The Lisa machine with its mouse. 

by removing the· front and back panels which causes the 
Lisa to be turned off by the panel safety interlocks. The 
entire unit can be easily disassembled for service in less 
than a minute without any tools. 

The Lisa hardware consists of four main logic boards: a 
processor board, an 1/0 board, and two memory boards. 
The mother board provides the buses that interconnect 
these main l_ogic boards. A smal I video board generates 
analog signals that actually drive the monitor. Three expan-
sion slots on the mother board accommodate additional 
logic boards. 

The Lisa Processor 

Initially, the possibnity of using a special Apple Computer 
Inc. designed processor was investigated. This processor 
would have provided a special instruction set tailored for 
the efficient execution of Pascal code. It was to be con-
structed out of standard 2901 bit-slice mi.crocode circuits. 
However, designing a new instruction set and its processor 
for the Lisa could not be justified on economic or en-
gineering grounds. The cost of a standard, off-the-shelf 
processor drops significantly with mass manufacturing. . 

Existing 8-bit processors did not· offer the levels of high 
performance that was necessary. The 16-bit processors 
offered better performance but suffered from a limited 
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architecture. The Motorola MC68COJ, which had just be-
come available, was chosen as. it had a rich architecture 
with a 32-bit internal data path, multiple addressing modes, 
and an addressing range of 16 Mbytes [18]. The powerful set 
of instructions and their fast execution offered high perfor-
mance. The broad repertoire of instructions could compile 
high-level languages efficiently. In particular, since the 
majority of the Lisa software was to be written in Pascal, it 
was important to mini·mize the code size. 

The Memory Management Unit 

The MC68COJ processor generates 24-bit logical addresses 
to access data and instructions. Therefore, it provides a 
logical address space of 16 Mbytes. In the Lisa this 16-Mbyte 
logical address space is divided into 128 segments. Each 
segment consists of up to 128 kbytes in blocks of 512 bytes. 
The upper 7 bits of a 24-bit logical address is the segment 
number and the remaining 17 bits is the offset within that 
segment. The offset consists of 8 upper bits which is the 
logical block number and 9 bits of the displacement within 
the block. This can be seen in Fig. 2. To access actual 
locations in the Lisa hardware, logical addresses are trans-
lated into physical addresses by a section of logic on the 
processor board known . as the Memory Management Unit 
(MMU) [24]. The MMU hardware permits the operating 
system to control the entire relocation process. The MMU 
prevents a particular process from accessing areas of mem-
ory outside of the portion assigned to it. 
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Ag. 2. MMU address transformation. 

The Lisa's RAM memory occupies 2 Mbytes of physical 
address space. This would imply that only 16 segments, 
each of size 128 kbytes, cpuld be meaningfully used. How-
ever, each segment does not necessarily occupy the full 128 
kbytes allotted to it in logical address space. Each segment 
can be mapped into as little as one 512-byte block. There-
fore, more than 16 logical segments can map into 2-Mbyte 
physical memory. Areas larger than 128 kbytes . can be 
accommodated by treating multiple logically contiguous 
segments as one segment. The translation of a logi_cal 
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Hardware Details
…advanced features!

• No custom ASICs used [6]

• Mostly 74-series TTL logic

• VLSI chips: 68000, 6522, Z8530

• Two bipolar 256x8 bit PROMs


• MMU uses discrete components [4]

• SRAMs (2148, 1k x 4 bits) 

• fast adders (74F283)


• I/O coprocessors 
• 6504 – a tiny Apple ][ subset

• COPS421 4-bit controller

11
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Lisa Software
…operating system

• LOS: Lisa Office System / OS [5]

• "Local Integrated Software 

Architecture"

• Idea: build an office system


• OS and apps written in Pascal

• Cooperative multitasking

• Protected virtual memory

• Hierarchical file management
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Fig 2 An integrated package of 
software supports all Lisa functions. 
The operating system kernel draws 
upon applications through system calls 
to the software library. 

modules; it saves space on the disk; space in 
memory; and, most importantly, guarantees con-
sistency among the applications. There are mod-
ules to display and select from pulldown menus, to 
allow viewing of different portions of a document 
via scroll bars, to display alert messages informing 
the user of errors, to enter and edit single lines of 
text, to perform floating point computations, and 
to access database information. 

The level of capability and power provided by 
Lisa's operating system and its library of software 
modules goes far beyond any traditional system. 
But, providing additional capability allows the Lisa 
system to present the user with a degree of simplicity 
never seen before in traditional operating systems. 
The high degree of integration between hardware 
and operating system software makes these advances 
possible. 

Please rate the value of this article to you by 
circling the appropriate number in the uEditorial 
Score Box" on the Inquiry Card. 

High 716 Average 717 Low 718 



Lisa Software
…innovations

• Introduction of the menu bar

• Task-oriented workflow 

• Uses "stationery":  
document templates


• Internationalization 
• OS and applications in US and British 

English, French, German, Italian, 
Spanish, Scandinavian languages


• Regions:  
efficient handling of overlapping windows [7]

• Atkinson thought he reimplemented stuff 

the way Xerox did it

• …turned out they did not 😀
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be followed across all the applications to implement coop-
eratively a consistent Lisa user interface. The library consists 
of over half a megabyte of code with 40CX) callable routines. 

The capabilities for the management of the graphics 
screen are provided through the close cooperation of vari -
ous library units, the Lisa OS, and the actual application 
programs themselves. The QuickDraw unit is the Lisa's 
high-speed bitmap graphics unit. It is significantly more 
powerful than the BITBLT capability of previous bitmap 
graphics routines [15], [16]. QuickDraw automatically clips 
all of its output to nonrectangular regions to support a 
multiple, overlapping window environment. QuickDraw, in 
conjunction with the Font Manager unit, draws text to any 
starting pixel from a variety of fonts which are automatically 
swapped into memory as needed. It supports proportional 
widths, multiple drawing modes (OR, XOR, and BIC), and 
display styles such as bold, italic, underlined, and shadowed. 
Both fonts and QuickDraw bitmaps can be automatically 
stretched or shrunk to fit into a destination, giving multiple 
sizes of these objects. QujckDraw supports the primitive 
graphical shapes: Ii nes, rectangles, ovals, arcs, and rounded 
corner rectangles. These shapes can all be drawn with 
specified pen width, height, and texture pattern and with a 
variety of drawing modes (OR, XOR, BIC, etc.). The same 
QuickDraw region mechanism that is used for clipping can 
also be used to define, manipulate, and display new shapes. 
A QuickDraw picture object represents an arbitrary piece of 
graphics through a compact transcript of the drawing calls. 
These pictures are used as the universal medium of ex-
change of graphical information between applications. 
While providing all these unique, powerful capabilities, 
QuickDraw is still able to offer high performance such as 
displaying 4CXX) characters per second, 800 lines per second, 
and 160 large solid rectangles per second. 

The Window Manager unit is responsible for keeping 
track of the number of open windows, the location of each 
window on the screen, the size of each window, and which 
windows are in front of or behind the other windows. The 
Window Manager knows the process which "owns" the 
window and is responsible for its actions. For each window 
that is covered by other windows and therefore partially 
obscured, the Window Manager calculates the region of the 
window that is currently visible (see Fig. 6). QuickDraw 
automatically restricts or clips any output to that window to 

Window Mal&ger calculates 
visible region of each window 

. -------.. · .. ·:' ·.··_J 
·,. 

'. - _i 00 -00 
00 -
00 --

' . 

Fig. 6. Visible region of a window. 

the portion of the display that is visible. An application 
process can safely draw into its window at any time without 
r.avi ng to know about the windows in front of it. When 
Ni ndows are moved, resized, or otherwise changed, the 
Window Manager makes sure that the portions of windows 
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that have been uncovered are redisplayed. This is accom-
plished by the Window Manager keeping a QuickDraw 
picture for each window which is drawn, but can also be 
accomplished by asking the application to redisplay the 
missing content. As a result, the application designer does 
not need to be aware of where on the screen the window is 
located or what portion of it is currently visible. 

Support for the mouse and the keyboard are provided by 
two Library units in conjunction with the Lisa OS. The 
Hardware Interface unit responds to interrupts from input 
devices such as the mouse or keyboard. It queues informa-
tion about these input events so that they are not lost even 
if the system is busy. Since the keyboard and mouse are 
shared by all the windows for their input, the Window 
Manager defines one window as the active window with 
which the user is currently interacting. The Window 
Manager classifies input events and routes them to the 
process of the active window for handling. The processes of 
other windows which request input are blocked until they 
become active. Additional shared resources such as the 
menu bar and the alert box for messages are owned by the 
active window. To switch context and make a different 
window active, the user simply points at it with the mouse. 
The Window Manager sends a deactivate event to the 
process of the currently active window and then an activate 
event to the process of the new window. The Window 
Manager keeps the priority of the active window process 
higher than those of other windows or any background 
processes so that this interactive process is guaranteed the 
best performance from the OS. 

The guiding philosophy behind the Lisa's advanced print-
ing technology is: "What you see on the screen is just what 
you will get on the printed page." In the past this had been 
accomplished by restricting output to very high resolution, 
and very expensive, laser printers. The Lisa Print Manager 
represents the first time that this philosophy has been 
accomplished with a much cheaper device, such as the less 
than $700 Apple Dot Matrix Printer, and with even a non-
raster device, such as the Apple Daisy Wheel Printer. The 
Print Manager matches fonts to the specified print device 
and uses Quick.Draw's ability to automatically stretch and 
shrink objects in order to print to the resolution of its 
output device. It is capable of printing good qua I ity graph-
ics as well as the usual text on the Daisy Wheel Printer. The 
Print Manager supports background printing so the user can 
continue working while printing is in progress. This is 
accomplished by recording on the disk a QuickDraw pic-
ture of each page to be printed. 

The Menu Manager unit is used to display and select 
commands from pull-down menus. Another unit allows 
different portions of a document to be viewed using scroll-
ing. The Alert Manager unit displays messages informing 
the user of errors. There are other software units to enter 
and edit simple Ii nes of text, to perform floating-point 
computations, to access database information, and for other 
specialized applications. Just a few of the one hundred 
available units have been described. The Lisa software library 
provides an unusually rich and complete set of capabilities 
and, therefore, establishes a firm foundation for the appl ica-
tions. 

The Lisa Desktop Manager and Applications 

The Lisa Desktop Manager serves the same basic func-
tions as the Shell or command interpreter in conventional 
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Lisa Software
…applications

• Lisa came with seven applications  
("7/7 office system")

• LisaWrite, LisaCalc, LisaDraw, LisaGraph, 

LisaProject, LisaList, and LisaTerminal

• Lisa Office System could not be used to 

write programs for itself:

• a separate development OS was required 

– Lisa Workshop

• similar to UCSD Pascal


• Third-party software initially poor 

• new paradigms

• inexperienced programmers

• Programming languages: BASIC, Cobol
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Lisa Software
…atrocities

• Lisa used simple copy protection


• Floppy disks were serialized  
during software installation 
to hard disk


• Serial number was stored in video  
state PROM


• Well hidden, took long to find


• Deserialization tools available 
today…
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Lisa Software
…alternative OSes

• SCO Xenix 3.0 [8]


• Unisoft UniPlus Unix


• Smalltalk-80 [9]


• CP/M 68k
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Lisa Software
…GEM?!?

• GEM code open-sourced by 
Caldera/Lineo 1999


• Lisa used as example platform


• Digital Research distributed 
the source code for the Lisa-
specific bits of GEMDOS in 
their "porting kit" [10]


• Porting kit included in the 
open source release [11]
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The Fate of Lisa
…killed by the Mac?

• 1985: Lisa 2/10 ➙ Macintosh XL


• shipped with MacWorks XL,  
a Lisa program that allowed 64 K 
Macintosh ROM emulation


• Hardware identical to Lisa 2/10


• Square Pixels! (optional) [12]


• "Screen mod kit": new firmware, 
video PROM, CRT transformer


• New resolution: 608 x 431 pixels
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Postmarket
…Sun Remarketing

• XLerator: 12–18Mhz 68000 CPU


• 2 MB Memory card


• 800K floppy upgrade


• 20 MB SCSI HD + controller


• New MacWorks emulation


• Support for 128 kB ROM 
(from Mac 512ke/Plus)


• Runs System 6 and 7 (up to 7.5.5)!
19



Useful bits
…more hardware

• Steve Chamberlain’s FloppyEmu [17]


• Patrick Schäfer’s IDEfile [18]


• X/ProFile disk emulator [19]


• ArduinoFile AVR [20]


• Patrick Schäfer’s COP421 [21]


• Keyboard emulator [23]
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Taking Care of Your Lisa
…how to keep it alive?

• Battery on I/O board (not in 2/10) –  
leaks, corrodes board


• RIFA capacitors in power supply –  
rupture, release their magic smoke 😀


• Sony Floppy stuck – resin formation


• Hard disk – Widgets break easily


• Keyboard – foam in keys deteriorates


• Capacitors – as in most retro systems
21



The End of Lisa
…killed by the IRS?

• 1985 – lots of Lisas (~5-7k) still in stock


• Sun Remarketing acquired the rights to sell 
remaining Lisas


• Consignment from Apple, not a sale


• 1989 – Remaining Lisas still on Apple’s books 
still counted as unsold inventory for tax 
purposes


• Sept. 1989 – 2,700 Lisas buries in Utah landfill


• Company could receive about $34 for every 
$100 of depreciated value as a tax break
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The End?
…is there still hope?

Two emulators are available:

• 1997: LisaEm [14]

• "provide as much of the experience 

of using an actual Lisa and several of 
its peripherals"


• case view, floppy sound, power light

• 2006: IDLE [15]

• "Incomplete Draft of a Lisa Emulator"


• Both run Lisa OS and MacWorks XL

• Support for other OSes imperfect


• Some support in recent MAME
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Sources!
…Lisa opens up

• "Release and long-term preservation of 
the source code for the Apple Lisa, 
including its system and applications 
software, as part of [the CHM’s] Art of 
Code series" [13]


• Announced 2018, realized 2023

• Apple Academic License: 

"for non-commercial, academic 
research, educational teaching, and 
personal study purposes only"


• Included Pascal and assembly sources: 

• Lisa OS and toolkit

• 7/7 Office applications
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New Life!
…"The reports of my death are greatly exaggerated"

• Battery leakage damaged a lot of  
I/O and backplane boards

• Replacement boards designed by 

Sapient Technologies [24]

• Rights to products developed by Sun 

Remarketing (SCSI board, SIMM 
memory board, and Sun20 hard drive 
controller) were transferred to Vintage 
Micros

• Some spare parts still available

• New CPU PCB, X/Profile, X/COPS


• Recreation as open source projects

• started in 2022…
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Building a New Lisa
…parts and pieces

• Recreation 

• CPU board: 4 layers [25]


• I/O, mainboard: 2 layers [26]


• No memory board so far


• Schematics (Altium/ 
EasyEDA/PDF) and 
Gerber files available  
on github
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Challenges Building a New Lisa
…40 year old ICs?

• "Unobtainium" ICs

• COPS421 microcontroller [22]

• Bipolar PROMs: 6309 or similar

• Programming with modern 

EPROMers difficult

• Fast SRAMs: 2148-55ns used for MMU

• Lisa uses a strange mix of 74xx, 

74LSxx, 74ALSxx, 74Cxx ICs – why?

• RAM boards – not yet recreated

• Video – uncommon frequencies

• Power supply – replacement available
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Show me!
…first prototypes working

• Boards can easily be produced by most 
PCB manufacturers

• Cost:  

$12 (CPU), $6.50 (I/O),  
$4.50 (backplane)


• Component costs vary significantly

• Expect several US$100


• Prototype in CNC cut plexiglass case by 
DosFox [27]


• Replacement power supply, keyboard 
adapter, I/O card PCBs also available


• RAM board has to be repurposed from 
existing Lisa for now…
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Work at Bamberg University
…Chair of Systems Programming

• Build our own Lisa clone (WiP) – three exist in the US already


• Also try to build CMOS SMD and FPGA versions (future)


• Replace the bipolar PROMs with GALs [28]


• Replace the COPS421 with an AVR microcontroller (WiP)


• …using real-time aware binary translation of assembler source


• Develop a RAM board using modern SRAM chips (future)


• Analyze, use and improve the Lisa HW and its OS in projects
29



The Future?
…what will it bring?

• 1983: Frog Design Lisa concept


• Inspiration for Portrait Display?


• 2015: Antonio de Rosa Lisa  
concept [29]


• Similar aluminium  
Mac design idea  
by curved/labs
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Lisa and the Mac
…It’s complicated…

• Mac 128k introduced in 1984

• Only cost US$2,500 – but significantly weaker hardware

• less RAM, no HD, lower resolution – higher CPU speed (7.83 MHz)

• Mac uses a set of early programmable logic ICs (PALs)


• Mac did more in software – no I/O coprocessors

• Initially, Mac software developers had to use a Lisa!


• QuickDraw shared between Lisa and Mac

• Source code of QuickDraw and MacPaint published in 2010 [30]


• Mac System: singletasking, simple FS (MFS), large parts in ROM
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