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Interleaf, Inc. was an early entry into the computer-
based publishing business, initially based on com-
puter workstations and focusing on technical publish-
ing. The company was formed in 1981, shipped its
first product in 1984 which included a variety of hard-
ware and software innovations, and was in a strong
position to go public in 1986. In the later 1980s,
other companies entered the business in competi-
tion with Interleaf, and personal computers then had
the power that once required an expensive worksta-
tion; there was also standardization around window
systems such as the X Window System, Motif on
top of X, and Microsoft Windows. Also some of
Interleaf’s innovations were no longer competitive
advantages as the industry coalesced around alter-
native technologies such as PostScript and Acrobat
Reader. Redirecting its business strategy once and
then again, Interleaf continued on with up and down
success until 2000 when it was acquired by Broad-
Vision.

The materials in the Interleaf archive at
history.computer.org/annals/dtp/interleaf
may be useful as one reads the story below. Also at
history.computer.org/annals/dtp/interleaf/
anecdote-additional-notes.pdf is additional nar-
rative that didn’t fit within the Annals page quota
along with less important notes and references; the
places where these “Webnotes” would have been
located in the main text are marked with successive
superscripted lowercase letters (after the letter z, aa,
ab, etc., are used).

1 Early years, 1981-1984

Both David Boucher and Harry George had been
with Kurzweil Computer Products company which
was acquired by Xerox in 1980. They were interested
in starting their own company and looked at a variety
of different possible businesses. While temporarily
helping someone else with a plan for a new business,
Boucher looked into workstation applications includ-
ing electronic publishing. Boucher and George then
broadly investigated electronic publishing for them-
selves.l:®P This revealed the potential for companies

TThis anecdote was edited by the issue guest editors.

to replace traditional manual integration of text and
graphics into documents; money could be saved by
using workstations to combine text and graphics into
a high-quality printed documents. Boucher says that
for their business plan they focused on consulting
firms where they could calculate the potential av-
erage dollar savings per page over manual methods
which would be compelling data when seeking financ-
ing. Boucher and George started Interleaf (as in
interleaving text and graphics), Inc., in January of
1981. Boucher was president and George was chief
financial officer, and their equity interests were equal.

Boucher says that initially they believed that they
had to develop a workstation and appropriate printer,
and to begin work on these they hired Jon Barrett
and Allen Anderson. Two other early hires were Jim
Crawford, a biochemist but also an exceptional com-
puter programmer, and Robert Morris, a professor in
computer science at the University of Massachusetts
at Boston, who had a great interest in typography
and who took a leave of absence from UMass to join
the company.?

Boucher says that they always knew that the
software for their workstation would be the critical
component and looked around for software systems
that could be relevant to Interleaf’s new business.
They heard about the Etude system being developed
in Professor Michael Hammer’s office automation
research group at MIT. Etude was aimed at increas-
ing “the functionality of office document production
systems ... while reducing the complexity of the user
interface.”?%° The Etude system ran on a DEC-
System 20, eventually using the NuMachine (a proto-
type microprocessor-based, networked workstation)
as a graphics terminal. Boucher says that the mo-
ment he saw Etude, he knew this was what Interleaf
needed— “it was a different concept of what a word
processor could be.” Professor Hammer (increasingly
well known as a business consultant) also joined the
board of directors of Interleaf.

One of the programmers on the Etude project
at MIT was Bahram Niamir (known informally as
Bern) who had converted a subset of Etude from
the CLU language to C and also made it run under
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Unix and added mouse input. Niamir called it Ecrit.
He officially joined Interleaf in July of 1982 (about
the same time as Crawford and Morris) but had
been working for a few months already producing
the basis for the Interleaf system from Ecrit.> Steve
Pelletier remembers that when he arrived at Interleaf
in early 1983, “there was a running version of the
eventual Interleaf product that was based on Ecrit
plus business charting”.%-*f Eight or so months after
Pelletier joined the company (by this time appointed
to lead engineering) he brought in several additional
strong programmers (including the first author of
this paper).

The original product concept was for a power-
ful graphics arts system running on an Interleaf-
developed workstation. The intended market was
technical publication shops which were manually cut-
ting and pasting text and graphics together into doc-
uments and getting proofs from a print shop. Just
as Pelletier was arriving at Interleaf, the decision
was made instead to use OEM workstations such as
Sun and Apollo for the turnkey system the company
intended to sell.” Boucher states that Barrett tele-
phoned Andy Bechtolsheim at Sun, and that resulted
in their having perhaps the first Sun-1 on the east
coast.

According to a Seybold Report,® David Boucher
initially turned down an invitation late in 1983 to
participate in Seybold Seminars ’84 (in March) be-
cause “Interleaf did not sell a publishing system”
in Seybold’s sense of the words. However, he still
“tested the waters” by bringing a demonstration sys-
tem to a Seybold Seminar where the system was
enthusiastically received by potential customers from
the publishing systems marketplace. It was a WYSI-
WYG system (with its graphical user interface de-
signed and implemented by Interleaf including use
of a 3-button mouse), and potential users liked its
functionality and especially its speed and that it ran
on off-the-shelf workstations. The company shipped
its first product in May of 1984. From then on the
company sold computer-based publishing systems.?:8
The company went into the publishing systems mar-
ket that was on the verge of developing, and Interleaf
was perhaps the earliest significant player. The same
1986 Seybold report said, “Thus far, Interleaf has
been the biggest winner in the ‘tech-doc’ revolution.
It has sold fast, easy-to-use and cost-effective systems
to a lot of first-time users, most of whom had not
typeset documents in the past.”®

Starting out with a turnkey hardware-software
system mindset, Interleaf primarily used traditional
direct sales methods and quickly built marketing,
sales, and support organizations. By 1984 the
company had approximately 100 employees. They
counted on the margin on the hardware they OEM’ed
as well as direct sale of their own software to gener-
ate revenue. They also began to make deals to have

the Interleaf system run on workstations of other
companies (e.g., DEC, Apollo) which had their own
sales forces to sell the Interleaf system along with
the company’s hardware.!

Regarding the competitive situation in the early
years, Harry George has emphasized® that the “op-
portunity that Interleaf was pursuing was enabled
by the Canon laser printers coming on the scene and
computers becoming fast enough to deal with placing
a (few) million pixels for each document page versus
dealing with pages of text by the character.” “Com-
panies such as NBI, CPI, Wang, and Harris-Lanier
were the leaders in the whole character-based word
processing world.” George and Boucher figured they
would “develop the pixel-based software needed to
drive the new laser printers and most likely one of
the [above] companies would buy [them]. That did
not happen. Instead each of [those] business failed
or got out of the word processing business.” Half a
dozen competitors did see the opportunity, such as
Texet and Xyvision in the Boston area, “but Interleaf
beat them out.”

An obvious question is, where did funding come
from in those early years when Interleaf was not yet
a public company? Of course, there was the profit on
sales (both product sales and being paid to port the
Interleaf software to vendor workstations), although
this was not enough in total to reach profitability
until 1988. Initially the founders put in a little of
their own money; next the Massachusetts Technology
Development Corporation (a state agency trying to
grow business in the state) invested some money;
then angel investors put in some hundreds of thou-
sands of dollars; then three venture capital companies
invested some millions of dollars; then the same VCs
plus Kodak invested tens of millions of dollars; finally
most previous investors plus others invested some
millions of dollars.'® There were bank lines of credit
both before and after Interleaf’s initial public offer-
ing, but the company tried to minimize use of them.
After the IPO there were three limited partnerships
to develop technology (for $3.5M in 1987, $3M in
1988, and $2.250M in 1989).!! (For more details
about the pre-IPO funding of the company, see the
Webnotes. k)

2 Great success, 1984-1988/9

With prior typesetting systems (e.g., Atex, TeX) the
user specified where to place on a page each bit of
text and graphics. WYSIWYG systems need to make
assumptions about how users want to display things
and implement higher level commands for enabling
those displays. Interleaf was selling turnkey systems
that included expensive hardware. Customers tended
to be big companies and government organizations,
and such entities have lots of different needs for how
things are displayed. Thus Interleaf had to imple-



ment lots of different capabilities. Such users also
often have large or very large documents—hundreds
or thousands of pages. WYSIWYG systems also
need to instantly change what the user sees in a com-
puter window when the user types another character
or drags something somewhere on the page. The
underlying system cannot recompose the entire long
document from the beginning—that would be too
slow. Thus, the system must be implemented in a
sophisticated way so that what the user is seeing is
changed immediately and any consequent changes
throughout the document cause no detectable delay
for the user. All of this—plus adding basic capabili-
ties not in the original system and keeping up with
competitor offerings—Iled to the necessity for a series
of software releases.

OPS-2000 and TPS releases 2.5, 3,
and 4

OPS-2000 was the name of the first production sys-
tem (internally it was release 2.0 with a release note
dated 2 November 1983).! The sales brochure!? for
that system emphasized: the benefits of using the
computer instead of prior manual and slow turn-
around methods; creating graphics within the system
as well as inputting text; availability of multiple fonts;
enabling the same stored document to be displayed
in different ways according to the “property sheet”
used; accepting ASCII input from other computers of
a variety of types (word processors to minicomputer
to mainframes); ease of use; and a high resolution
display [for the time] and output to a high resolution
laser printer. The first system delivered ran on a Sun
workstation with a Motorola 68010 processor'? and
one megabyte of memory, a 17-inch display, a 42MB
disk, and included a Canon LBP-10 laser printer
(240 dpi). It cost $52,000 (the equivalent of about
$130,000 today).'® The system was quite revolution-
ary for its time.”™™

From this first release on, “filters” were an impor-
tant aspect of the system. Filters were mechanisms
for converting documents created in other systems,
particularly word processors and later PCs, into In-
terleaf documents by translating codes for document
properties, such as font and layout markup, into
Interleaf-specific codes.

The next several releases after OPS-2000 had a
new name—Technical Publishing System. TPS 2.5,
2.75, 3, and 4 are sketched in the Webnotes.®

The market and market pressures

During this same period, competing products entered
the market: Aldus PageMaker for the Mac (1985) go-
ing after small-office and individual customers, Ven-
tura for the IBM PC (1986) with a goal of handling
both short and long documents; FrameMaker for
the Sun workstation (1986) directly competing with

Interleaf, and QuarkXPress for the Mac (1987) but
for high end users such as professional typesetters.
Eventually Microsoft Word also became popular, es-
pecially once Windows was replacing DOS. Adobe’s
PostScript had also come on the scene in 1984.

While Interleaf was trying to follow its competi-
tors into the market of less expensive computers and
less sophisticated publishing systems, it also was
working hard at providing total publishing solutions
to its traditional more high-end customers.

Over the series of releases mentioned above, the
system was also made to work on more platforms
with their various differences. For instance, by Re-
lease 4, the system could run on the IBM VM and
MVS and DEC VAX/VMS mainframe systems as
well as various workstations and was moving into the
personal computer world with two new products—
PCEditor and PCViewstation. These could run on
off-the-shelf PCs; both could be part of a local net-
work of TPS systems with the former a less expensive
station but only handling text and the latter allow-
ing a less expensive device for viewing documents
anywhere in the organization.

The “corporate-wide solution” that Interleaf was
offering and promoting allowed companies and gov-
ernment agencies to “employ electronic publishing
at every level of the organization, at every phase of
the document development cycles.” Document style
throughout the organization could be controlled from
a central location. Example customers were Boeing,
Ford, Monsanto, General Electric, Federal Express,
the U.S. Department of State, and the Federal Re-
serve Board—big companies and institutions with
needs for big and complex documents. “Books” is
an example of a capability for handling the some-
times very large documents (perhaps hundreds of
thousands of pages, maybe more) of large organiza-
tions such as those just mentioned. A “book” could
contain any number of documents which could be for-
matted consistently with the page number sequence
running through all selected documents; there could
be page number cross references such as “see page
nnn of chapter NN”; all selected documents could
be indexed together and have a common table of
contents; and so on.P

Non-domestic (foreign) sales were important to
Interleaf, providing one-third to two-fifths of com-
pany revenue, again primarily big dollar sales to big
organizations.

Company organization

As shown in a 1989 organization chart at tinyurl.
com/interleaf-org, Interleaf had a fairly standard
looking functional organization (and had had since
its early years).

Founders David Boucher and Harry George were
still president and VP finance, and early employees
George Potter and Steve Pelletier were VP marketing



and chief technical officer. There were also VPs of
the product management and planning (Larry Bohn),
systems integration, and operations.

In 1989 Interleaf was selling turnkey systems
(hardware and software) and had a large operations
(manufacturing) organization which put together the
pieces of hardware for each customer order and had
lots of hardware components (e.g., workstations and
printers) in inventory. Within a year, much of that
organization was significantly reduced in size as the
company switched from selling turnkey system to
selling only software (described in section 3).

The company had been building a field sales and
support organization as part of its marketing organi-
zation since the early days of the company. By the
time of the first annual report in 1988, Interleaf al-
ready had 21 U.S. field offices, five offices in Canada
(a joint venture with the Nexa venture capital firm
of Ottawa), a London office, and offices about to
open in Paris and Milan. At the time of the 1989
organization chart, more than half of the 750 employ-
ees of the company were in one of the boxes under
Marketing.4

Over time the number of Canadian and U.S. of-
fices varied a bit as did other international offices
(or locations with partner companies) including Mel-
bourne, Sydney, Brussels, Paris, Frankfurt, Hamburg,
and Munich, Milan, Tokyo, Hong Kong, Madrid,
Stockholm, Zurich and Montreux (Switzerland), and
London. In some instances, the field activity was
technically a subsidiary of Interleaf. The company
sold both directly to customers and through other
companies such as workstation manufacturers. The
groups both at headquarters and in the field of-
fices did customer support and maintenance for both
the direct and indirect channels. Interleaf had the
usual conflicts resulting from competing with its
distributors.” (Also at headquarters were other mar-
keting activities—some quite innovative.®)

The organization under the chief technical officer
(called “engineering” below) included the developers
of the base TPS system and many of its options. It
also included quality assurance and documentation,
and (at the time of this chart) the font group. The
Quality Assurance activity was unusual in that each
system developer had an assigned QA person, and
overall there was 1-to-1 ratio of QA people to devel-
opers. (A hint at how this worked may be found in
Tracy Kidder’s book!* which describes the interac-
tion between Paul English and his QA person Brenda
White.) The engineering group was doing highly in-
novative work. David Boucher has said, “the product
was the most important thing, and particularly the
engineers who created the product were given free-
dom to be creative.” Some members of the Interleaf
engineering organization have described it as “the
best place I ever worked” or “an engineering play-
ground”. However, not all the development work

happened in engineering. Some was done in the sys-
tems integration group, and some might have been
done in the maintenance and support organization.

A later leader of the system integration group has
said, “Systems Integration was oriented around inte-
grating Interleaf’s main products, across platforms,
and with other products of other sources or manufac-
ture. Most often these activities grew out of specific
customer involvements. Each of these projects in-
volved substantial customer-oriented work.” %

The product management and planning organiza-
tion (about 30 people in 1989) had been created to
better direct how the company invested in research
and development. (For examples, see the interview
of Larry Bohn in this issue.)

It is interesting to note that departments through-
out the company used the Interleaf system constantly
for all documents, including annual reports and all
of the extensive user documentation, which provided
a huge base of “free” QA testing. People called this
“eating your own dog food”.

Product development and TPS
implementation

Interleaf’s product development activity was al-
ways a big source of the company’s competitive ca-
pability.

The base TPS development group (product devel-
opment on the 1989 organization chart) was only 12
people; 25 people were working on peripheral tech-
nology (5 in font design, 5 in printer systems, 10 in
special projects, plus 5 more); 32 were doing work-
station engineering (4 for the 386, 3 for Apollo, 3 for
Ultrix, 4 for DEC VMS, 6 for Sun, 4 for IBM RT, 6
for release engineering, and two more); distributed
publishing technology had 9 people (Lisp, batch,
PC editor, mainframe, and Viewstation engineering);
engineering operations had 20 people (7 in adminis-
trative services, the rest in network services); quality
assurance had 48 people (8 for product development,
10 for peripheral technology, 13 for workstations, 8
for PC and distributed products, 5 in operations
control, plus 4 more). One can see from this long
list of people and functions that there were a lot of
variations in adapting the base system to customer
platforms and Interleaf options.

At the time of the 1989 chart, there were 114
people in what we are calling engineering (15 percent
of company employees); nearly half of them were do-
ing quality assurance. This is consistent with what
David Boucher told us saying he “always felt that
the product was the most important thing”, “the
system had to work right all the time”, and “the QA
people were to get rid of the bugs; it was a complex
system, and it was hard to test all the parts.”!

The core product development group was small, it
was an elite group of programmers, and its manager



knew the strengths of its members when assigning
projects.! The Release Engineering group (part of
Workstation Engineering) played a big role in in-
tegrating the components together into an overall
system; naturally they also had a big role in rolling
out new releases to customers.

By 1985 Interleaf had an “advanced Continu-
ous Integration process in place”'6—“doing nightly
builds and nightly test”—*“quite consciously” doing
process innovation.!” Pelletier gives Joe Mahoney
much credit for the company’s process innovation
that “made engineering much more manageable”.
Paraphrasing Mahoney,'® the big innovations were
release engineering with nightly builds for the various
platforms on which the Interleaf system ran with their
various user interfaces, and software testing with QA
and product development tightly coupled (not the
model of the tester working separately from the de-
veloper) and with the QA people having domain
expertise. Pelletier also notes Mahoney’s “innova-
tive hiring practices” which “sought out liberal arts
graduates with a demonstrated affinity for software,
sort of a groupie psychology, but with both intellec-
tual rigor and high empathy for software engineering
personalities.” 17

The base TPS system had always been coded
in the C programming language and also from the
beginning used an object-oriented paradigm. Pro-
gram editing was primarily done with Emacs, within
a “home-grown integrated development environment
(IDE) based on emacs Lisp. The IDE included ver-
sion control and source merging tools which made
it easy for some engineers to work across the entire
codebase. There was a custom bugs database, and
all source code changes were carefully documented in
a templatized ‘release mail’ sent to the entire team
with each code release.”

Because of its early entry into the electronic pub-
lishing market, Interleaf developed its own user in-
terface. (This was before standard graphical user
interfaces were developed for Windows, Mac and
Unix.) Interleaf’s graphical interface design included
two important menu design ideas that made it dif-
ferent from what the market became accustomed to
later: smart defaulting and stickiness. An example
of smart defaulting was that after a Copy operation,
the default would be Paste, and a quick mouse click?’
would cause a paste without bringing up the menu,
since that was very frequently the desired operation
after a Copy. An example of stickiness would be that
if you selected a graphic object and then rotated it
20 degrees, if you selected another object and did a
quick click, the same rotation would be performed."

Additionally, Interleaf’s graphical user interface
featured windows that could be resized, moved
around the screen, and overlap each other. Interleaf
was an early (maybe the first) commercial product
to use overlapping windows, a choice that quickly

became standard in other window systems.?!

TPS immediately became known for its speedy
response to user commands, and this was an explicit
goal of its implementors. Several clever techniques
were used."

As part of TPS 4 (released in 1987),%2:23 a new
desktop command language was added to the system;
it was written in Lisp. With it users could modify
base system operations, including creating sequences
of operations.™

TPS 4 was a first step toward Interleaf 5, whose
release is noted in section 3 but we will say a bit
about its implementation and capabilities here.?4:25
In prior releases, Interleaf used its own user interface
implemented as part of the system. Starting with
Interleaf 5, it depended as much as possible on the
user interface of the underlying operating system and
implemented (with the Lisp system added in TPS 4)
the look of the TPS interface on top of the operating
system interface. Interleaf 5 also moved on from
the modularity of TPS 4. Interleaf 5 was a modular
system programmable at every level, supported on
many different hardware and software systems (more
than a dozen platforms®®) and further allowing users
to extend the base systems pretty much however they
desired. Structured and active documents were an
important component of such flexibility.27-28%:¥ Such
extension capabilities were important for Interleaf’s
customers with complex document requirements.

Font and RIP technology

The basic parts of the Interleaf system were a work-
station running the Interleaf system and able to print
to a relatively high resolution printer (e.g., 300-dpi
laser printer).??>8 With these a user could mix text
and graphics on the workstation screen and then
print camera-ready copy on the printer. When Inter-
leaf was founded, while it was developing its system
leading to its first sale in 1984 and for years afterward,
there was little standardization of font and printer
technology.39:%22 Various companies had their own
systems of sending pages of text to a printer including
in some instances their own raster image processor
(RIP) technology to convert their internal font and
page description technology into a bitmap that could
be printed.

Although Interleaf had given up the idea of de-
veloping its own workstation, it carried on with Jon
Barrett’s RIP development project.?! This RIP was
cross-licensed with printer manufacturer Dataprod-
ucts. Interleaf also preferred to use this RIP with
printers such as the Canon CX. Using the Interleaf
RIP provided better control of output typefaces and
spacing.

Already by August 1983, Interleaf hired Les Snow
from Compugraphic to work in the font area. In
February of 1984, Kathy Nitchie, also from Compu-
graphic, was hired. Over time the font group varied



in size, having up to half a dozen people.

For use in Interleaf’s systems, the font group
developed bitmap fonts in eight sizes for its Clas-
sic (somewhat like Times Roman) and its Modern
(somewhat like Helvetica) typefaces, optimizing both
for 75-dpi screen display and 300-dpi printer output.
To keep character proportions equal in characters for
screen display and printer output while maintaining
legibility of the low resolution font, in small fonts
the font people sometimes had to make a character
have more pixel width than was usual.?P

Each typeface had roman, italic, and bold fonts.
Product releases also included two typewriter fonts.
a math font, an extended math font, a symbol font,
and a Greek font. Occasionally the group was asked
to add a custom character to a font. To get more
typefaces to keep customers happier, Interleaf eventu-
ally licensed fonts from Bitstream and cleaned them
up in the same ways—still bitmaps harmonized for
screen display and printing. They didn’t move from
bitmap to outline font technology until 1991-2 (In-
terleaf 5) when they began to use Speedo technology
fonts from Bitstream.

The detailed work of originally cleaning up, test-
ing, and later maintaining the bitmaps for all the
typefaces and sizes was a massive effort for the font
group, even before they had to deal with other printer
resolutions, adding special characters, supporting
non-English languages and their accented characters,
and eventually also dealing with outline font technol-
ogy. To try to deal with the effort, they developed
Flexifonts, where the idea was generic sets of low
resolution bitmap characters of different widths that
could be used for screen displays where the width and
point size of the high resolution printer font being
used would determine the Flexifont parameters for
screen display.3?

In the long run, Interleaf moved into the world
of PostScript printers and Adobe, Apple, and Mi-
crosoft font technology, as did other companies which
had developed font and laser printer technology or
were using other page description languages and font
technology.*®

Sources of revenue

Curves prod, serv, and othr in Figure 1 show In-
terleaf’s sources of revenue over the period through
1988/9 described in this section. (Curves rev and inc
are explained in a later section.)

From 1985 to 1988 the product sales (curve prod
in Figure 1) went from $4.8M to $47.1M, while ser-
vices revenue (curve serv) went from almost nothing
to $5.0M, and software license and royalty revenue
plus a little other revenue (curve othr in the figure)
moved from $3.4M to $6.2M. (From 1988 on, curve
othr is maintenance revenue.) The company became
profitable, approximately $7M, in 1988; and thanks
to its 1986 TPO (next subsection), it had plenty of

working capital. Not too surprisingly, the company
thought it was on a path to great success in what
was essentially a software/hardware systems business.
Interleaf was first into the market, their systems ad-
dressed a major problem for big corporations, and
the system was highly popular. (This was despite
the entry into the market of the desktop publishing
companies and systems mentioned above and the
existence of Adobe’s PostScript.) With regard to
PostScript, Interleaf’s goal was for its page descrip-
tion language, Printerleaf, and WorldView viewer to
become the industry standard.
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Figure 1. Financial summary>3

A more thorough, two-page financial sum-
mary is at history.computer.org/annals/dtp/
interleaf/interleaf-financials.pdf

Initial public offering

Revenue growth in the first five years, getting closer
to profitability, and future prospects justified an ini-
tial public offering. It was the usual opportunity for
investors, founders, and employees with stock options
to cash out at least a bit and for the company to have
cash for future growth. In particular, investor Kodak
was able to sell its 7.4 percent stake in the company;
having a share of Interleaf was increasingly awkward
as the two companies found themselves competing
with each other.?d

On May 16, 1986, the company did its SEC reg-
istration for an IPO, at a share price of $11.2¢ The
registration statement noted a potentially large sub-
contract under an Electronic Data Systems printing
services contract with the U.S. Government Print-
ing Office that was being protested by competing
vendors. On June 20, after a few hours of trading, In-
terleaf rescinded its IPO because the government had
rescinded its contract to EDS.?* This was a shock
to employees (“there was despair”! although not ap-
parently to the financial markets or customers). On
June 26, the IPO actually happened at the reduced
share price of $10.35:36 David Boucher credits this
quick turnaround to co-founder and chief financial
officer Harry George: “Harry George was key to that
coming out OK. With investment companies one



needs a relationship of trust, and Harry was good
at building relationships of trust. No one had ever
heard of an ITPO being rescinded before ...But the
repeat IPO was possible in a short time because
of the relationships Harry had built.”! (For Harry
George’s description of the IPO events, search for
“the IPO, etc.” in Webnote k.)

3 Software and services,
1989-2000

As shown in Figure 1 and in charts at
history.computer.org/annals/dtp/interleaf/
interleaf-financials.pdf, revenue growth had
been excellent and the company was moving toward
profitability, which it achieved in 1988 (approx-
imately 10 percent of revenue). In addition to
bringing out Release 4.0 (fiscal 1987), the PCEditor
and PCViewstation were released in fiscal 1988; the
former only handled text; both could be part of a
local network of TPS systems providing lower cost
terminals than the systems that could run full TPS.
Other offering were Interleaf Publisher for the Mac
IT and IBM Publisher for the IBM PS/2 and the
IBM RT PC. Things were looking good.*f

However, in 1989 the profit had disappeared de-
spite a 50 percent revenue increase, and in 1990 the
company lost $16 million (on revenue of almost $89
million, which was only 7 percent growth over the
prior year).

These problems had several sources. First, the
company was investing heavily in moving into the
personal computer market in addition to remaining
in the workstation market. Second, the company was
caught with lots of aging inventory it had to sell at a
discount (and to move to a more just-in-time system
of operation). Third, in general platform prices were
going down quickly and there was less margin on
hardware sales to be had. Consequently, the com-
pany left the turnkey system business, “re-focusing
Interleaf’s resources on high-margin software and ser-
vices” .37 This incurred restructuring costs of $13.5
million—severances for 135 people, inventory and
fixed assets write-offs, and costs of consolidating fa-
cilities.?® However, the company still needed a big
direct sales effort because the desired customers still
had sophisticated publishing environments. (By this
time, international sales were 30 percent of revenue.)

The platform user interface technology was an-
other problem. Interleaf had had its own graphical
user interface for years, but the computer world was
increasingly using Microsoft Windows, the Mac user
interface, and Unix window systems—interfaces users
were coming to expect and all of which were devel-
oped after Interleaf’s own innovative user interface
(described as early as 1983 in the preliminary manual
for Release 2.03%).10

For the rest of Interleaf’s years as an indepen-
dent company, it followed rapidly changing market
and competitive forces with new releases of its base
system and other software packages (some developed
internally and some acquired from external sources)
to continue to sell software and services to its cus-
tomers. The results are shown in the total revenue
(rev) and net income (inc) curves of Figure 1.28

Through these years, there were four changes of
president of the company: David Boucher through
FY1989, Robert Weiler in 1990, Mark Ruport 19914,
Ed Koepfler 1995-6, and Jamie Ellertson from 1997
on. There were changes in organization. There was
downsizing. There were changes in strategy—moving
into document management in parallel with high-end
electronic publishing and simultaneously trying to
compete in consumer level electronic publishing, get-
ting deeply involved with SGML, and playing catch-
up in getting involved with the Internet.?" Central
to the company’s development efforts, early in this
period Interleaf 5 (a new name for what would have
been TPS 5) was released with the system signifi-
cantly opened up to allow it to fit into more applica-
tion situations.

In some years, there were hopeful signs without
big losses; however there was a loss of $48M in 1995
and a loss of $29M in 1997. More details are in the
Webnotes.®

Jamie Ellertson became president of Interleaf in
the last quarter of fiscal 1997 and announced that
the company would be going back to core compe-
tencies of distributed publishing on more platforms,
more standards, etc. The next year, 1998, there was
a $2.4 million profit on an 18 percent reduction in
revenue; and in 1999 there was a $1.1 million loss
on a further 15 percent reduction in revenue. Over
these two years, the company did lots of market re-
search, met with many customers, and reduced its
international sales force significantly while increasing
the size of its domestic sales effort. The company
would focus content management and on complex
publishing (using proven Interleaf 6, which had been
released in 1994, and the coming Interleaf 7).®

Late in fiscal year 1999, Interleaf announced In-
terleaf 7, “a next-generation e-content publishing
solution that allows users to author and publish
complex documents to a large variety of Web and
e-content formats, including HTML, XML, SGML or
PDF.” Having perhaps not jumped on the Internet
bandwagon when it originally had an opportunity,
Interleaf in 1999 seems to have been positioning itself
solidly in the Internet/Web world.

4 Acquisition by BroadVision
In early calendar 2000 (before the end of the fis-

cal year on March 31), Interleaf was acquired by
BroadVision of Redwood City, California. Appar-



ently Interleaf had positioned itself sufficiently well
to take financial advantage of the later stages of the
dot com boom.*! In the prospectus for the acqui-
sition, Ellertson of Interleaf says, “At Interleaf, we
have spent the past three years repositioning the
company around new XML and wireless technology.
This past year we have successfully penetrated the
e-business marketplace by delivering state-of-the-art
XML-based e-content management tools.” In the
same document, Dr. Pehong Chen, President, CEO
and Chairman of the Board for BroadVision, said,
“Through the acquisition of Interleaf, BroadVision
will be able to quickly expand our leadership in de-
livering personalized e-business applications across
multi-touch points such as web and wireless.” Larry
Bohn has suggested that BroadVision was a big com-
pany in the website development business, sort of
stalled in its growth as Interleaf had been, but it had
money; and Interleaf had lots of customers, and the
customers needed websites in addition to Interleaf’s
capabilities. Whatever the reason, BroadVision paid
$851.6 million to acquire Interleaf—certainly a good
conclusion for its shareholders.

5 Retrospective assessment

Interleaf was an early entrant (if not the first) in what
became the desktop publishing industry. Given the
early state of the platform technology (workstations,
not personal computers), RIP and printer technology
(before the Apple LaserWriter), and page description
and font technology (before PostScript, PDF, Type
1), innovation was essential. The early hardware tech-
nology was expensive, and thus customers tended
to be large organizations with extensive and often
unique publishing needs. In this early environment,
Interleaf hoped its technology could become industry
standards as the desktop publishing industry devel-
oped while at the same time it was in the business of
selling systems adapted to a customer’s environment
and needs.

As the use of personal computers spread, com-
petitors delivered products oriented to small users
(individuals and small offices) of which there were
many more than there were customers for Interleaf’s
system. It was hard initially to fit the Interleaf sys-
tem into these smaller machines, and simultaneously
the company came under great pressure to replace
its original graphical user interface with the Mac
and Microsoft Windows user interfaces that personal
computer users were used to seeing. Interleaf was
always playing catch-up in what became the main-
stream of desktop publishing. However, their system
business—the business that they really had always
been in—the business where they supported so many
different system configurations—remained viable for
quite a few additional years.?*

Ultimately most of the desktop publishing com-

panies went away. Aldus and Frame Technology got
themselves acquired by Adobe. Ventura was acquired
by Xerox. Microsoft Word became the de facto stan-
dard for almost all low-end desktop publishing users
and for much of the publishing industry. Interleaf
lasted as an independent company longer than the
others (not counting Microsoft). Only Quark re-
mained independent, mostly used by professional
designers and typesetters.?!

In the end, BroadVision paid more for Interleaf
than the acquiring companies paid for Aldus, for
Frame Technology, or for Ventura. Interleaf had
a base of systems customers that was complemen-
tary to BroadVision’s existing business and was thus
particularly valuable to BroadVision. In terms of
longevity and the price of its acquisition, one might
argue that Interleaf was the most successful of the
desktop publishing companies.

6 After Interleaf

BroadVision renamed the Interleaf system as Quick-
Silver and has continued to support and improve the
system for many years.

Interleaf was a good training ground; and, even be-
fore the acquisition by BroadVision, people from
Interleaf were taking influential or founding en-
trepreneurial positions in other companies. First
stops after Interleaf for various people (or groups
of people) were Intuit, Booklink/AOL, Viaweb,
Kurzweil Educational Systems, Lotus, and Virtual
Ubiquity. In engineering in particular, Interleaf had
collected a significantly sized group of excellent-to-
world-class computer programmers and strong tech-
nical managers and clusters of them moved on to
other companies. For instance, nearly a dozen pro-
grammers from Interleaf were collected at Boston
Light Software which in turn was acquired by Intuit
for its people rather than for its product.*?> Later
many of those people plus other Interleaf people
went to Kayak.' Various onetime technical people
from Interleaf (and its founders and some other se-
nior managers) went on after Interleaf to serial en-
trepreneur careers, and several became venture cap-
italists. Venture capitalists often mentor fledgling
entrepreneurs, and one ex-Interleaf programmer co-
founded Y-Combinator which provides relatively
small amounts of seed funding to a large number
of startups.™ Various middle and senior managers
from Interleaf also went on to major management
positions in other companies.

A number of artifacts of Interleaf’s existence remain
(beyond BroadVision’s QuickSilver).

e Samples of Interleaf’s website may be found
at archive.org. At archive.org, put inter-
leaf.com in the search window and click Go; this
takes you to the archive’s Calendar window for



interleaf.com; there click on Site Map and
there click on some of the earlier year numbers
and there click on various of the colored circles
or arcs.

e There was also an active
interleaf discussion group and there is a

FAQ from that discussion group: www.fags.

org/fags/interleaf-faq

e For many years, Bob Treitman and Ian Poynter
maintained the “interleft” mailing list, which
is still active.

e Pulitzer Prize winning author Tracy Kidder
had a good bit about Interleaf in his book A
Truck Full of Money.'*

e As part of this Interleaf history project, we
are putting many documents we have found
during our research in an online Interleaf
archive at history.computer.org/annals/
dtp/interleaf—for the benefit of future his-
torians.
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Additional references and notes for Interleaf, Inc.—1981 to 2000

In the following, the letter at the beginning of a note is a letter shown in the main text as a superscript;
words or a topic from that page of the printed text then appear indicating the specific words near the
superscript letter to which the note or reference relates; then comes the note or reference itself.

a Boucher and George then broadly investigated electronic publishing
Boucher and George were undoubtedly already somewhat familiar with electronic publishing possibilities. In addition
to making a reading machine for the blind, their employer Kurzweil Computer Products (KCP) was in the document
creation business, using optical character recognition to create documents and send them to word processors. KCP
also had an inhouse Xerox Star workstation.

b Boucher and George then broadly investigated electronic publishing
Matthias Blumenfeld, in Interleaf: die Integration von Text und Grafik, Informationstechnik it, 28. Jahrgang, Heft
6/1986 (https://dblp.uni-trier.de/db/journals/it/it28), says the founders “interviewed 25 companies during
a six-month study phase.”

¢ Etude was aimed

Also relevant are: Richard Ilson and Michael Good, Etude: An Interactive Editor and Formatter, M.I.T. Laboratory
for Computer Science. Office Automation Group Memo OAM-029, March 1981; Michael Hammer et al., The
Implementation of Etude, An Integrated and Interactive Document Production System, Proceedings of the SIGPLAN
SIGOA Symposium on Text Manipulation (Portland, Oregon, June 8-10, 1981), SIGPLAN Notices, 16 (6), June
1981, pp. 137-146, tinyurl.com/implement-etude; and Michael Good, Etude and the Folklore of User Interface
Design, Proceedings of the SIGPLAN SIGOA Symposium on Text Manipulation (Portland, Oregon, June 8-10,
1981), SIGPLAN Notices, 16 (6), June 1981, pp. 34-43, tinyurl.com/etude-folklore

d NuMachine
en.wikipedia.org/wiki/NuMachine

e based on Ecrit
Ecrit remained the internal name for the basic editing function of the Interleaf system although over time it evolved
from the original implementation.

f plus business charting
The charting had been implemented by Crawford and Morris.

g sold computer-based publishing systems
The Seybold report judges that the Interleaf system was not actually suitable as a graphic arts system—it could not
do refined enough work for that industry.

h biggest winner
Another example testimonial, from Michael Mark who eventually moved to Interleaf to manage System Integration:
“I was at Cadmus Computer, we talked Interleaf into putting their software on our machine and our customers went
wild for this software, they loved this software. They didn’t care if it was running on our machine or some other
machine but they couldn’t get the software on other machines so we sold a lot of equipment just because of the
software.” tinyurl.com/michael-mark

i  workstations of other companies
According to Interleaf co-founder Harry George, “Compugraphic offered $1M for the right to sell the Interleaf
software. Interleaf’s engineers doubted that Compugraphic could deal with such complex software, which ultimately
turned out to be true. Thus, in effect, Compugraphic paid Interleaf $1M to fail to become a competitor of Interleaf.”

j Interleaf beat them out
Harry George also noted that the price of printers and computers came down faster than expected. “The trend was
clear but the [venture capital firms] took a while to understand it.”

k For more details
Harry George on the financial history of Interleaf as he knew it, email of 2019-12-10 with slight corrections over the
next two days by phone and email.

[Before the IPO]

Starting out took us longer than we thought it would to get our funding. We thought that after the successful
exit of Kurzweil to Xerox we would have an easier time. We formed Interleaf in May of 1981 and did not close on
any money (other than ours which wasn’t much—mostly $10K each from David and me)—until we finally raised
money from MTDC (Massachusetts Technology Development Corporation). They invested $150,000 in equity and
committed to a $50,000 loan (at what seems surprising now—a 15.5 percent annual interest rate) paid monthly
from the start. They made a very good deal and got 25 percent of the Company giving the company at the first
raise (if you don’t count the debt portion) a post-money valuation of $600K. There was in the deal the possibility of
a second loan of $100K but we never took that. The price of the equity was $4.50 per share. This was the Series
A Convertible Preferred round. In an email of 2019-12-11, Harry George added, “Even before they had sold their
whole position, at one point on sales sold, MTDC has made over 40x on their investment. At the time that was
their best return.”

Next we raised an angel round from about 35 individual investors totaling just over $500K. We closed the last
tranche of that in April 1983. The shares were priced at $11.25. This resulted in a post-money valuation of just
about $2M. This was the Series B Convertible Preferred round.

Next we raised Series C Preferred which was our first venture round. This round totaled $2M. The three VC
funds were Hambrecht & Quist, First Chicago (Canning’s group that later became Madison Dearborn) and Applied
Technology Partners. During the year there was a 10-for-1 split of all the shares (common and preferred), and the



price per share for C (after giving effect to a split for C in the form of a dividend) was $2.25. This was transacted in
November of 1983. After Series C the post-money for Interleaf was $6.5M.

The Series D round was done in October of 1984. Prior to Series D the Company effected a 2-for-1 stock split
for Common and Preferred. The above three venture firms all invested but the round was led by Kodak who came
in for $3M of this $5M round. Bank Boston took a small piece as did the partnership fund of Alex Brown. There
were a few other small funds included. Shares outstanding now were 6,931,321 so the post-money or market cap of
Interleaf after this round was about $38.4M. The Series D shares were priced at $5.54 after the split.

In our last round as a private company we raised $7.5M (Series E Preferred Convertible Stock). This was a
mezzanine round done at a 10 percent step-up at $6 per share looking forward to an IPO at $12 to $18 per share
and included all the previous investors plus a number of others, most notably Horsley Keogh, Hillman and T. Rowe
Price. After the E round the post-money valuation of Interleaf was $50.6M.

[the TPO, etc.]

In June of 1986 we did the IPO and sold 3,000,000 shares at $10 per share. Kodak was among the selling
shareholders. The deal was led by Alex Brown with Lazard Freres & Co. in the middle and Hambrecht & Quist on
the right.

The day of the IPO Xerox protested the 600S publishing contract which Interleaf, acting as a supplier of
publishing systems to EDS for wide deployment in the US Army, had won. This, we believed was the largest publishing
contract in history. EDS was the prime. Xerox had a close relationship with Jack Brooks, a US Congressman from
Texas. Xerox, through Jack, protested that EDS had cheated on the BAFO (Best and Final Offer) and changed
their price unfairly late with inside information. Three agencies were involved in the contract: The US Army, the
GSA (Jack Brooks was connected here) and the Government Printing Service. This was not true and years later we
got a substantial break-up fee. By then desktop publishing had moved on and the contract was never let.

The timing of the announcement, the morning our IPO went live, derailed the IPO. For only the third time (I
think this is still true) in NASDAQ history a company went public and private in the same day. We had gone out, if
I remember at $12 per share and traded up to $14. We were in the LA airport (before cell phones) when we found
out. Dave Boucher was asked over the loudspeaker to come to the white courtesy phone. We had had our breakfast
meeting with investors in LA and were on our way to SF for a post-IPO lunch with investors there. Instead we went
to the SF office of Alex Brown and had something like a 40-person conference call. The decision was to unwind the
whole IPO.

Unwinding an IPO and going private immediately after going public literally on the same day had only happened
twice before. Once was Eagle Computer and one was Celestial Seasonings. The CEO of Eagle Computer, no doubt
excited by his IPO, had a bought a new Porsche and, in his enthusiasm, drove off a cliff and died the same day as
the IPO. In the case of Celestial Seasonings, the FDA had received a complaint that they had worms in their tea
and Food and Drug overreacted. In both of these two cases the IPO at that time was never done. Not sure what
happened later to Eagle Computer but Celestial Seasonings was bought by Lipton as a private company. Many
years later they may have spun out and gone public.

But Interleaf regrouped. We had downplayed the importance of the 600S contract in the S-1 contract because
we were not sure how big it could be. So we were able to resticker the S-1 and go out just one week later. On our
second IPO we went out at $10 per share but traded back up to $14 again. Closing, if memory serves, at the same
price as before. We were the only company of the three that went public and private in the same day that managed
to get out again. It was a real rollercoaster ride for that week. At the close of the day of that second IPO the value
of Interleaf, now with 7,200,708 shares of common stock now outstanding, was slightly over $100M with the stock at
$14 per share.

In terms of completing the financing history of Interleaf, just before I left in 1989, we did a $15M pipe (Private
Investment in a Public Entity) with Advent. (Clint Harris joined the Interleaf board.)

Altogether we raised about $60M. We were bought in 2000 by BroadVision for about $900M.

it was release 2.0
There was no Release 1.0—only the working demonstration system. According to Harry George, the demonstration
(done at Boston’s Le Méridien hotel) was done before Interleaf hired a group of programmers from a word processing
company in Colorado, thus making it clear that Interleaf was not using code from the Colorado company.

for its time
See tinyurl.com/interleaf-ops2000 and also the tutorial document(s) under “Materials copied from bitsavers” at
history.computer.org/annals/dtp/interleaf/

ran on a Sun workstation
Steve Pelletier, 11/30 email: “One interesting quote about early Interleaf is that Sun Microsystems credited Interleaf
with driving 11 percent of their workstation sales in its first few years. I heard that directly from either Eric Schmidt
or Bill Joy.”

Harry George, in emails and phone calls of December 11 and 12, 2019, said that the percentage was more like
30 percent and that in either case the Sun people understood that Interleaf sales helped Sun get started.

are sketched in the Webnotes
About releases 2.5 to 4.

The next big release, in 1986, had a name change. OPS had to do with Interleaf’s initial idea that it was an
Office Publishing System—able to prepare a document with text and graphics more cheaply than with traditional
manual methods. The 1986 release was named TPS 2.5, for Technical Publishing System. Interleaf’s system was not
just for the office; it was for any kind of technical publishing including driving a typesetter. The Seybold Report on
Publishing Systems reviewed TPS 2.5% (and also commented on the upcoming TPS 3).

TPS Release 2.5 included multi-column editing of text flowing from page to page (not having this was a major
deficiency of the original system), automatic hyphenation and justification of text, an electronic clip art library, and
an interface to support importing CAD (computer aided design) drawing into an Interleaf document. The system
ran on Sun, Apollo, DEC, and IBM workstations, which could be mixed together and communicate with each other



and with file servers on an Ethernet. The Sun configuration was a 68020-based Sun/3 with 4MB of memory, a
19-inch display, 86MB disk, and optional Canon CX 300 dpi laser printer; the price was $29,900.P-¢

TPS Release 2.75 supported international sales—including handling fonts, menus, hyphenation dictionaries, and
documentation for other languages.

TPS Release 3a (in late 1986 or early 1987) included keeping track of sections, illustrations, etc., and renumbering
as things moved; indexes and tables of contents; image editing and capability of painting on scanned images; equation
editing; and more fonts.4

TPS Release 4 (maybe June 1988)'3’f included tabular formatting that could grow dynamically and span multiple
pages; a Lisp-based desktop command language for user customization; a document management capability; ways to
optionally print different versions of a document; more input and output options; and the system was now sold in
modules among which customers could choose.

a. Bill Solimeno and Jonathan Seybold, Interleaf: A Fast-Moving Tech-Doc Supplier, The Seybold Report on
Publishing Systems, vol. 15, no. 22, July 1986, pp. 3-21,
history.computer.org/annals/dtp/interleaf/seybold-publishing-systems-volumel5-number22.pdf

b. Frederick Egan on Interleaf, perhaps at a meeting of people from Business Land, 1986, youtube.com/watch?v=
ctpZ2a6vrxE

c. Interleaf Publishing System, Training Manual, SUN/Release 2.5, history.computer.org/annals/dtp/interleaf/
1983-Interleaf_2.5_Sun_Training_May86.pdf

d. Interleaf Technical Publishing Software, Reference Manual, Sun/Release 8.0, volumes 1 and 2, history.
computer.org/annals/dtp/interleaf/1986-Interleaf_3.0_Sun_Reference_Vol_1_Dec86.pdf, history.computer.
org/annals/dtp/interleaf/1986-Interleaf_3.0_Sun_Reference_Vol_2_Dec86.pdf

e. Interleaf, The Seybold Report on Publishing Systems, vol. 12, no. 15, April 1988, pp. 12-—14, history.computer.
org/annals/dtp/interleaf/1988-15-seybold.pdf

f. history.computer.org/annals/dtp/interleaf/1989-interleaf-sales-brochure.pdf

p A “book”
See chapter 16 at history.computer.org/annals/dtp/interleaf/1986-Interleaf_3.0_Sun_Reference_Vol_1_Dec86.
pdf

q boxes under Marketing
Harry George has noted (ibid) that while Wang didn’t catch on to the opportunity Interleaf saw and never switched
over from the word processing business, Interleaf was able to recruit lots of good sales people from Wang. Recruited
from Wang, George Potter was Interleaf’s eighth employee and Fred Egan was the 24th. Both had been highly
placed in the Wang organization and knew lots of other Wang people that might be recruited.

Harry George has also described [the following quote is slightly paraphrased] “how Interleaf got to all the foreign
markets so fast. Interleaf had to expand internationally as they were selling to multi-national companies and
competing against Xerox. Interleaf sold the right to sell the Interleaf product to a venture firm in different territories,
typically countries. The firm had knowledge of the territory and people that Interleaf did not have. The firm had the
responsibility of putting together the management and sales staff. A firm which bought such rights paid Interleaf
a one-time fee for the right which Interleaf could book as revenue because the deal did not require Interleaf to
guarantee a buy back. Interleaf did this in multiple countries, starting with Canada, then France, etc. The UK and
perhaps Japan were places where Interleaf set up its own operation. There was a revenue split on products sold.”

r headquarters

Speaking of headquarters, the original location was in David Boucher’s basement. As the company grew, it moved
to a succession of locations, first in Cambridge and then in Waltham: The first four Cambridge locations were
126 Inman Street, 955 Massachusetts Ave., and 1100 Massachusetts Ave. (including necessary extra space in “The
Garage” at 36 JFK Street in the heart of Harvard Square). In about 1985 the company moved to a 110,000 sq. ft.
facility at 10 Canal Park in East Cambridge and then added space in the nearby Davenport building. Sometime
in fiscal year 1991 (April 1, 1990, to March 31, 1991) the company headquarters moved again—to a big building
beside Route 128 at 9 Hillside Ave. in Waltham, MA, with a big “Interleaf” sign on the side of the building. The
company’s final location was a smaller office at 62 Fourth Street in Waltham.

s marketing organization

Another important part of the marketing effort was public relations. Harry George recruited Steve Schwartz to
Interleaf; Schwartz was an outstanding PR person (who sometime after Interleaf founded Schwartz Communications,
one of the most successful high tech PR firms in the U.S.). According to George, Interleaf needed a strong PR
capability to somewhat level the playing field of selling to large companies in competition with Xerox. PR is cheaper
than advertising, and publicizing a sale to one big company could increase Interleaf credibility in selling to the next
big company. Interleaf was unusual for the time in having its own strong in-house PR capability. Schwartz says
(2020-01-11 email), “Interleaf was one of the first tech companies ...to employ consumer marketing techniques,
which resulted in a stupendous amount of media coverage for the company, which resulted in an extraordinarily
high public profile for a young company, with all the attendant benefits.”

t elite group of programmers
Interleaf had a Fellows program which recognized key contributors, who were recognized in the annual reports in paral-
lel with company officers; see history.computer.org/annals/dtp/interleaf/1987-Interleaf-first-Fellows-announcement.
pdf. They mostly came from the product development group.

u smart defaulting and stickiness
“Power users” loved the smart defaulting and stickiness features because they made them more productive. Novice
users, especially those from the later developed Windows or Mac environments, tended to hate them because they
were different from what they expected and required changes to established habits.

v  Several clever techniques
Several clever techniques were used to make the Interleaf system be very fast for users.



1. Virtual memory was a new feature in commercial products, and Interleaf engineers took advantage of it
and designed around its quirks. Rather than using the standard system memory allocation (malloc) function, they
developed a package called “Units” which served to minimize time-consuming page faults by grouping together
related memory items into the same page.

2. Interleaf adopted the incremental formatting and incremental display ideas that were pioneered by Etude, and
extended the idea to pagination. For example, if the user made an edit to a line of text, in many cases only that line
had to be reformatted, and maybe only one following line. When text lines or graphic objects needed to move on the
screen, in many cases cached bitmaps could be used so that the item did not need to be redisplayed from scratch.

3. To greatly speed up certain graphics operations, a sort of compiler was implemented in C which generated an
array of machine code and then executed it repeatedly with different parameters. The code could, for example, take
a single line of a raster image and rotate it a certain amount. The code would contain no loops or loop book-keeping,
and might contain pre-computed constants that would be inefficiently repeatedly recomputed if the code was in a
tight loop. This is sometimes called “straightening” or “unwinding the loops”. When this code was first shown to
engineers from Sun Microsystems in an early demo, it was so fast that they thought that the demo was faked.
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Paul English (2020-01-12 email) emphasizes that Thomas Polucci developed “the core Lisp engine (the interpreter
and debugging tools)” that was tightly integrated with the TPS/Interleaf releases.

structured and active documents

Paul English noted (2020-01-12 email) the following innovation: “we invented the ability for a document to contain
code right inside the document. This is important for two reasons. First, it meant that when you opened the
document, it could dynamically change its user interface or contents based on its environment. Second, it meant
that I could email you a document, and the code would be shipped with it”.

“Another general point I would make about Interleaf is that we were, at the core, building highly structured
documents, almost like a database for each document. This structure allowed us to do things like instantly change
numbering in lists inside tables across hundreds of pages.” (Structured documents had been part of the Interleaf
system from the beginning; the system had always been a structured document editor.)

programmable at every level

Interleaf 5 was so programmable that other editors could be built on top of it, for instance as described in: Robert
A. Morris, Edward M. Blachman, and Charles Meyer, A constraint-based editor for linguistic scholars, Electronic
Publishing, vol. 6(4), pp. 349-360 (December 1993), cajun.cs.nott.ac.uk/compsci/epo/papers/volume6/issued/
ep6x4ram.pdf

little standardization

Juliusz Chroboczek, Choosing a scalable font format, www.irif.fr/~jch/software/font-formats.html

little standardization

Adobe Type 1 fonts were released along with PostScript in 1984 and originally were not publicly documented and
only worked with Adobe products. In 1990 Adobe Type Manager (ATM) was created to compete with Apple and
Microsoft’s announcement of TrueType fonts; ATM allowed Type 1 fonts to work on Apple Macs and Microsoft
Windows systems; Adobe also published the Type 1 font format. TrueType didn’t run on Macs until 1991 and on
Windows until 1992. OpenType came into full being in 1996 to supersede Apple’s TrueType and Adobe’s Type 1
fonts.

more pixel width than was usual

Kathy (Nitchie) Zola, communication of November 1, 2019:

“If you look at the line length of sample text set in various point sizes of the same type face, you would expect
them to maintain a proportional length relationship to each other. That is, the 6 point sample line length would be
roughly 50 percent of the 12 point sample line length, 25 percent of the 24 point sample line length, etc. This is
reasonably easy to maintain at 300 dpi. The challenge comes when you need to also maintain a 75-dpi version that
proportionally matches the character widths (4:1 ratio) of the 300 dpi type face.

“Consider the letter O. To make a legible version at 75 dpi, you need 4 pixels across: 1 black pixel for the left
stroke of the O, 1 white pixel for the center of the O, 1 black pixel for the right stroke of the O, and 1 white pixel
for spacing so that it does not crash into the next character. When you scale up to 300 dpi, that 4 pixels becomes a
minimum 16 pixels that would be needed to match the 2 resolutions.

“However, if the master high-resolution typeface being used to generate these bitmap fonts produces an O that
is 12 pixels wide at 300 dpi, you would need to make a 3-pixel wide version at 75 dpi. That would not meet our 4
pixel minimum legibility requirement. So we widened, or expanded, the character widths for both the 75dpi and
300dpi versions for point sizes (usually 6 and occasionally 8 point) where we ran into that problem.”

In the long run

The eventual inclusion of Unicode was eased by the fact that from the beginning the Interleaf system had 14-bit
characters, as characters were one of several token types the system stored in 16-bit words.

investor Kodak was able to sell

Harry George email and phone calls of 2019-12-10 and the following two days.

Kodak realized that their film business would be going away as the world became digital, and they wanted to
jump into the document business. It invested in both Interleaf and Sun thinking that these two companies had
the document software and hardware and Kodak had the sales force. Bob Murray, treasurer of Kodak, joined both
boards. ... This business didn’t work out so well for Kodak; and, less than a week before the Interleaf IPO, Kodak
decided to sell its investment in this business. That meant that less of the money taken in with the IPO went to
Interleaf.

SEC registration

According to Harry George, “the S1 [registration statement] for the IPO was composed in house—not through a
financial printing company such as Bowne. This was an early, perhaps first, instance of this being done.”
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IBM Publisher
Harry George believes that “IBM Interleaf Publisher was the only time IBM did such a joint company product
name. This was for IBM’s RISC machine, and IBM was very sensitive about Interleaf having such a machine. It had

to be in a secure alarmed room and chained to the floor. IBM paid Interleaf $5M for the right to sell the system on
its RISC machine.”

curves of Figure 1
Notice that in 1992 Interleaf had over $100M in revenue—a notable accomplishment for the early days of companies
based on software sales.

SGML
Steve Pelletier, email of 2019-11-30: Interleaf’s achievement as an SGML-derived real-time formatting engine could
have evolved into an HTML composer, i.e., browser. I left Interleaf for Intuit in the fall of 1991, and I couldn’t
believe that Interleaf squandered the browser opportunity.

More details
1990 to 1997

After the corporate restructuring of 1990, in 1991 things were getting better; although revenue was flat, the
loss was down from $16 million to a little over $1 million. An important step forward was the release of Interleaf 5
(effectively TPS 5 but with a new name) late in calendar 1990. The Seybold Report on Publishing Systems gave a
very nice review and long analysis of this new system under the title “Interleaf 5: A Complete Overhaul of TPS.”2:P
The company also released other products that complemented Interleaf 5—the Viewstation, Mainframe View and
Print, and the Relational Document Manager systems. RDM was sort of a version control system for document
writers and was part of a push to be a dominant company in the document management market in parallel with its
traditional publishing system business. The company also held its first worldwide (twice a year) users conference
(ICON) with 500 customers attending.

There was nice revenue growth and good profit in 1992 and 1993. The company expanded internationally,
including establishing a Japanese subsidiary and pushing Interleaf 5 in Japan where it was highly regarded.© The
company also launched WorldView (a system like Adobe Reader). WorldView Press was another component that
converted documents in various different formats into the format WorldView could display. Handling SGML was
also becoming important.

Around 1992-1993 Interleaf put significant resources behind a 32-bit version of the software for Microsoft
Windows, and was seriously impacted when Microsoft failed to deliver usable 32-bit support, and they had to use
third-party memory-extender hardware instead. The belief at Interleaf was that Microsoft deliberately went slow in
releasing a 32-bit version of Windows in order to give Excel and Word time to expand their market share without
competition from better technologies that required more memory. (How could it take from 1988 to 1995 for Microsoft
to go from 16 bits to 32 bits?) Microsoft had become the business “standard” by the time 32-bit Windows was
available. Without the ability to compete with Word in a 16-bit environment, Interleaf was forced to compete for
higher and higher end applications; Interleaf applications became more and more specific while Microsoft took over
the general market.

In 1994 revenue shrunk a little, and the loss was attributed to being a one-time charge for acquisition of
Avalanche Development Company and for some company restructuring. The company also announced Intellecte as
part of its integrated document management business. Interleaf 64 was also released with emphasis on Windows
and Windows NT, completing the company’s Windows strategy across all its products and further supporting
distributed publishing processes in a networked environment. Despite Interleaf’s desire and efforts to compete in the
personal computer world, it continued marketing to and developing products for companies with the largest and
most comprehensive document processes.

PC Magazine in May of 1994 reviewed the nine desktop publishing systems listed in the following image (all in
their Windows version) [PC Magazine, May 17, 1994, pp. 164-206, tinyurl.com/interleaf-pc-mag]
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Nine non-Interleaf desktop publishing systems

One reason Interleaf wasn’t mentioned is that Interleaf 6 wasn’t yet available under Windows (but was running
on workstations and minicomputers). More relevant perhaps was the sidebar on pages 184—5 by Don Labriola
entitled “And Then There’s Interleaf.” The sidebar notes that Interleaf had more than 250,000 installations and is
the system that can handle applications with documents that have “hundreds of thousands of pages and involve
dozens of authors, artists, and incompatible computer systems scattered around the world.” The sidebar concludes,
“If you are faced with generating massive, highly volatile documents in a heterogeneous workgroup environment,
there is nothing else quite like Interleaf 6.” In other words, Interleaf’s strength was not in what the magazine
considered the mainstream of desktop publishing.

The 1995 $48 million loss on decreased revenue was attributed to “underlying operations issues”, and a cost
cutting effort ensued including a headcount reduction to 674 (from the 800s) and closing a dozen-and-a-half field
offices. Employee morale was low. Reacting to the increasing importance of HTML for document viewing, Cyberleaf
was released; it was like WorldView Press but for HTML rather than WorldView’s format.©



Interleaf had essentially the same revenue and slight profit in 1996, there had been a slight reduction in
headcount (to 647), and the company was pushing hard for additional growth. The company was working on major
enhancements to its products running on more platforms and important new products. It was also increasingly moving
from selling authoring and publishing tools to providing integrated document management solutions (“solutions”
required a different kind of selling as the sales cycle could be as long as a year). Interleaf also did a deal resulting
in the Intellecte/BusinessWEB product, and acquired The Learning Alliance for another sophisticated offering,
Intellecte/SalesTeam.

However, in 1997 there was a $29 million loss on a 28 percent decrease in revenue. The president resigned
in the eighth month of the fiscal year, and Jamie Ellertson became president in January 1997. As part of the
president-resignation press release, Interleaf said it closed six branch offices and let 20 percent of employees go
(which would have reduced the employee count to 517). By the end of the fiscal year (March 31), with Ellertson as
president, the employee count was down to 342.

a. Mark Walter, Interleaf 5: A Complete Overhaul of TPS, The Seybold Report on Publishing Systems, vol. 20 no 5,
October 8, 1990, pp. 3—20.
b. Dymalski and Weinberger books under bitsavers at history.computer.org/annals/dtp/interleaf/
c. Interleaf press release, January 20, 1993,
history.computer.org/annals/dtp/interleaf/1993-Interleaf-Japan-product-of-year-Jan-1993-JAGAT-r.pdf
d. www.faqgs.org/fags/interleaf-faq
e. More precisely, Cyberleaf was a product for the creation and management of websites. It translated to HTML
from various popular formats, including WordPerfect 5.x, Microsoft Word 6.0, Interleaf, and plain text. Styles in the
input document could be mapped to particular HTML styles as chosen by the user.

Author Mark Dionne notes: At that time (1995), I think many of us were somewhat ignorant about the Web and
HTML. Bill O’Donnell was of a younger generation and was the inspiration and primary implementer of CyberLeaf.

aj focus on complex publishing
The company also brought out BladeRunner,* an “enterprise content management system”, layered on Interleaf 6
and integrating a visual DTD editor from Microstar? and FastTag (acquired with Avalanche) “that could import a
styled document from a word processor format, such as RTF, and create a well-formed XML document.”

a. Interleaf press release, February 5, 1998, xml.coverpages.org/interleafMicrostar.html
b. Liora Alschuler, Interleaf prepares BladeRunner, The Seybold Report on Internet Publishing, vol. 2, no. 9, May 5,
1998, xml.com/pub/a/SeyboldReport/ip020905.html

ak many different system configurations
The chart at history.computer.org/annals/dtp/interleaf/product-chart.pdf (from about 1996) indicates han-
dling 4 or 5 different operating systems and other major pieces of software (Unix, DOS, Windows NT/95, Motif),
on a dozen different platforms, running multiple product releases on multiple platform releases, supporting up
to 7 different languages, with approaching 20 separately priced options. This is not including whatever special
customization was done as part of integration into the customer’s operation and various other software packages a
customer might have bought from Interleaf.

al Only Quark
Adobe’s reimplementation of PageMaker, sold as InDesign, in time became more successful than QuarkXpress.

am Y-Combinator
ycombinator.com



