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Noteto the Reader
Thank you for your interest in the X X1CC and GalaxC research projects. This book is a collection of

miscellaneous X XICC topics. It supplements Programming in the GalaxC Language [JFB 11], which
describes the textual core of the GalaxC programming language.

Contents
1 Reducing Software Complexity, part of the philosophy behind XXI1CC.
2. XOE User Guide, which describes how to use the XXICC Object Edtor.

3. The GalaxC Smplified Window Manager (G-SWIM), a programmer’ s guide to the graphics library
used by XOE and other GalaxC programs to construct GUIs.

4, Advanced G-SWIM, a continuation of the last chapter.

5. XXICC Objects, which describes how to include graphics in GalaxC programs and use them as
building blocks for GUIs.

6. Decoded XXICC Objects, which describes how to use XXICC Objects at run time.

7. XXICC Tables, which describes how XXICC represents tables and how to use them with GalaxC to
perform spreadsheet-style computing.

Some of the chapters are in preliminary form and will be expanded in future editions. XXICC isaresearch
work in progress, and there are plenty of rough edges at thistime. These are being addressed by the author,
with priority given to those things he needs most. Users must realize that at the present time XXICC is till in
the experimental stages and while most things work, it has never been stress-tested or even tested by anyone
other than the author. Thus XXICC comes“asis’ with no warranty whatsover.

As indicated on the copyright page, The XXICC Anthology is licensed under the Creative Commons
Attribution-ShareAlike 3.0 Unported License. This means that you can adapt thiswork, e.g., trandate
individual parts or write afull XOE tutorial based on Chapter 2.
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Chapter 1
Reducing Softwar e Complexity

Everything should be made as simple as possible, but not simpler.
[Albert Einstein]

Smplicity, when it removes encumbering details, makes for beauty in music, inart, and in
living. It clearsthe springs of life and permits wholesome mirth and gladness to bubble up;
it cleans the windows of life and lets joy radiate.

[Quaker Philadelphia Y early Meeting, Faith & Practice, 1961]

1.1. Prologue

In the early 1980’ s a controversial idea called RISC (Reduced Instruction Set Computer) started to take root
in computer architecture. The basis behind RISC is that even though it had become possible and inexpensive
to build computers with an extremely rich collection of opcodes and addressing modes, it was not actually a
good ideato do so. Before RISC, computer architectures proudly proclaimed the number of instructions,
native data types, and addressing modes, asserting that “moreis better”. The RISC movement noted several
problems with this assertion:

1 Writing compilers that can take advantage of a huge number of opcodes and addressing modesis very
difficult, especidly if the instruction set isirregular. Complex compilers are very hard to debug and
update. In fact, most compilers only used a subset of the available opcodes and addressing modes.

2. The presence of rarely-used opcodes and addressing modes slows down the execution of
frequently-used opcodes and addressing modes. Simple decoding logic is faster than complex
decoding logic.

3. Any irregularity in the instruction set makes pipelining difficult.

With RISC, each opcode and addressing mode must justify its existence. Adding an opcode or addressing
mode always slows down the CPU cycle time, but if adding it results in fewer instructions so that the overall
software performance improves, then doing so isworth it. On the other hand, if emulating the opcode or
addression mode using the existing instruction set has better overall performance, then do not add the new
feature no matter how tempting it isto do so.

RISC was treated with scepticism in the 1980's [B& M 85] but it has mostly triumphed over CISC (Complex
Instruction Set Computer) architectures. The principal holdout is the x86 Intel Architecture, which achieves
high performance by using huge numbers of high-power transistors cooled by increasingly sophisticated
schemes. In contrast, the most successful RISC architectureis ARM (Advanced RISC Machines), whichis
almost universally used in cell phones because of superior performance per watt.

So what does this have to do with software? Isn't software free, or essentially free because the cost per MB
of Flash and DRAM has become so ridiculously low that people have Flash cards that programmers would
have killed for back in 1980 filled with inane snapshots? Well, that’ s true in the same sense that in 1980
transi stors became so cheap that adding new opcodes, addressing formats, native data types, and instruction
formats was a no-brainer... until you calculated the impact on compiler complexity and decode logic
performance, at which point it became clear that RISC was better. So let’s seeif adding that new software
feature isredly free after all.
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1.2. Introduction

The last few decades has seen an explosion in software complexity, fueled by massive increases in computer
performance coupled with a staggering drop in cost of memory. Modern desktop computers have gigabytes
of DRAM and hundreds of gigabytes of disk. Because computers are so fast (to be revisited later) and
memory is so cheap, software complexity has practically no direct cost. However, indirect costs are present
and increasing.

Let'sfirst see where we' ve come from.

One of the most popular computers of the 1970s was the DEC PDP-11. It had a small but extremely well
thought-out instruction set which was more pleasant to program in that most of the high-level languages
available at the time. One of the key reference books was the PDP-11 Peripherals Handbook [DEC 73],
which provided everything a programmer needed to know to interface to disk drives, printers, and every
other DEC product that could interface to a PDP-11.

The PDP-11 Peripherals Handbook has a very nice chapter called “ Programming”, which describes -- with
assembly-language examples -- how to write device-driver code for atypical PDP-11 peripheral, using both
wait loops and interrupts. This chapter is eight pageslong. Itssimplicity invitesthe programmer to write
some code and try it out. Compare thisto device driver reference books with hundreds of pages for
Windows and Unix, which seem to have the goal of preventing programmers from getting anywhere near
their computers.

WEell, nowadays the PDP-11 is considered arelic from the past, a 16-bit computer that could not directly
access more than 64K B of memory. The argument today goes that we need multi-GB to run things like
Windows and Linux with their snazzy GUIs. Of course, that argument forgets that the original Unix was
developed on a PDP-11, as was the C programming language. That argument also forgets that GUIs worked
very nicely on the original Apple Macintosh, which had 128KB of RAM. Now scaling up screen sizes does
require afew extra megabytes, but gigabytes? Isa 1GB Windows machine today really 16,000 times better
than a PDP-11 with 64K? Or isit only 100 times better, with rest pure waste?

Now that we' ve seen where we came from, let’slook at the indirect costs of software complexity.

. Learning to use the software: As more features get added to software, getting started as a new user
getsincreasingly difficult. It used to be that software came with a user’s guide, but nowdays software
is supposed to be “intuitive” and thereis no user’sguide. There' son-line help, but that is usually far
from adequate. An amusing example of thisis how Microsoft guru Charles Simonyi couldn’t figure
out how to switch off Microsoft Office’sinfernal “Clippy” even though he managed Office
development [SR 07, p. 38].

. Developing and maintaining the software: As software increases in size, the number of possible
interactions rises even faster. This makes adding features more expensive, since they may affect more
code. The effect on bugs gets even worse: more interactions results in more possible bugs and they
get more subtle and difficult to find and reproduce.

Hereis an even more damaging concern: Once software hits a certain level of complexity, no one
person understands it any more. Programmers then become reluctant to make large changes that may
improve program structure and maintainability because they fear they may break code they do not
understand. Instead, they add patches upon patches, until the orginal software structure vanishes
within atangled mess of patched-together features. According to Alan Perlis, “Every program
eventually becomes rococo, and then rubble.”
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An excellent example of thisis Macintosh OS version 7. Prior to version 7, an individual programmer
could read Inside Machintosh volumes 1-5 and learn everything anyone needed to know to program
the Macintosh. With version 7, everything became much more complex (in this author’ s opinion) and
you needed ateam to do any significant programming. No one person understood the entire program
any more, and the path to rococo (and then rubble) became assured.

. Loading and running the software; One could argue that computers are so fast today that software
complexity does not have asignificant effect on performance as far as users are concerned. This
argument failsto hold water as each faster computer comes with a new version of the operating
system that takes even longer to boot. It is patently absurd that a Radio Shack TRS-80 with aZ80
microprocessor can boot instantantly while it takes a minute for a 1GHz 64-bit processor to do so.
Thisis clearly an example of overly complex software. Yes, it is possible for users to switch off
features to make their computers boot faster, but most cannot because the system is so complex and
fragile that they do not know which ones can safely be turned off.

While CPU performance and memory size and performance have increased, the I/O bandwidth
between them has not grown anywhere as quickly. It certainly has not kept up with the increasein
program size, which iswhy it takes longer to load and run so many programs. Installing large
programs takes much longer aswell. Y es, CD-ROMs are much faster than floppy disks, but not when
you haveto install hundreds of megabytes.

The effect is particularly dramatic with embedded computers like cell phones, which have less
memory and run processors slower to conserve power. Thereisareason cell phones do not run full
implementations of Windows or Linux.

. Power consumption: Intel has shown usthat it is possible to get high performance from bloated
software by using lots of hot transistors. Similarly, memory bandwidth has increased significantly
using DDR schemes. However, al this takes considerable electrical power, which adds up over the
millions of computers in operation. How much of this power is actually being put to good use?

CAR Hoare has an excellent paper called “ The Emperor’s Old Clothes’ [CH 81] which discusses software
complexity at length. The title comes from a story an emperor who acquired a fine new set of clothes each
year, but insisted on draping the new set of clothes on top of the existing ones. Eventually there was a huge,
immovable mound of beautiful clothes but nobody could see the emperor any more.

Thisis often the effect of attempting to maintain legacy compatibility by adding patches and layers to emulate
previous versions. At some point it becomes far better to discard the old code and start over.

1.3. How to Reduce Software Complexity
1.3.1 Omit Unnecessary Features

Following Einstein’s and Occam'’ s advice, we must avoid the temptation continually to add unnecessary
features to software. The author’s own experience is that new versions usually do not add any new features
he really needs, and often screw up existing features that he does need. In many cases, it seems that the new
features are there solely so thereis areason “on paper” to upgrade to the new version. Technology
magazines are complicit in this, since they tend to celebrate the new features without considering whether
they are useful or merely “newsworthy”.

Each software feature inherently reduces usability and productivity by making the software more complex to
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the user. Aswith RISC opcodes and addressing modes, each new software feature should have to justify its
existence by proving that its presence improves usability and productivity more than the inherent losses. |If
users can accomplish the same function with existing features, isit really necessary to add the new feature?
If it’s used often enough to improve productivity significantly, it’sworthit. Otherwise, it’s probably not.

A fine example is Microsoft Office’ sinfernal “Clippy”, mentioned earlier. While the author has met people
who find Clippy entertaining and impressive animation, he has yet to meet anyone who actualy finds Clippy
useful. Most haveto either put up with Clippy’s nonsense or have taken the time to figure out how to turn
Clippy off. In any case, the large amount of development time that went into Clippy seems to be a total
waste from the author’ s point of view.

In general, one should minimize the number of ways of doing something. For example, having keyboard
equivalents of menu selectionsis good, but tabbing between check boxes and groups of check boxes
compilicates the code for dialog boxes and makes it harder to get right. While one can argue that users can
choose to ignore the feature if desired, the reality isthat a misplaced keystroke can trigger the feature
unexpectedly, resulting in user confusion.

A good way to control proliferation of featuresis to require authors to document all features before
implementing them. Since many programmers hate to document anything, this limits new features to ones
that those programmers want really badly. It also improves the quality of software documentation.

1.3.2 Encapsulate Complexity

Once a software feature has justified its existence, adding it inevitably increases software complexity both for
users and developers. Modular design can reduce this effect significantly by encapsulating complexity. For
example, putting “advanced options’ is a separate dialog from “basic options’ presents asimplified view to
new users while allowing sophisticated usersto have full control. Similarly, APIs benefit from having basic
and extended versions of system calls.

Developers can reduce complexity by encapsulating advanced features in separate program modules so that
basic functionality issimplified. The key to making this work is well-defined and well-documented interfaces
between modules. Documenting what functions do is far more important than writing the code of a function,
particularly as the software is maintained and improved.

Abstraction layers can aso be a powerful tool to encapsulate complexity. One of the most successful
examples of thisis networking, which uses the Open Systems Interconnection (OSI) Model to layer the
functionality at the physical, link, network, transport, and other layers. All physical layer considerations such
as mechanical connection and electronic components are encapsul ated so that the link layer and above do not
need to consider them. Similarly, the phyical layer does not care what data or control is being set over it.
Thelink layer only considers immediate connections between nodes, so it does not have to deal with alternate
routing paths and other higher level considerations. The networking layer such as I P does not care what
underlying technology (Ethernet, USB) is used to transfer data between adjacent nodes, so it can concentrate
on routing. In IP, the networking layer makes a“best effort” to transfer datareliably, but could lose packets.
However, it does not need to recover from this, which keeps |IP simpler. The transport layer deals with
reliable data transfer with a protocol such as TCP.

Aslong as layers have well-defined and well-documented interfaces, it isrelatively easy to replace alayer
with a different underlying technology, or to provide alternate technologies for a given layer.

Operating systems should also be designed in layers, so that one can easily substitute lower layersto run on
different machines or higher layersto provide the infrastructure for applications. This has only been
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moderately successful, as evident by the fact that so many applications are Windows-only or Linux-only.
There is no operating-system equivalent to the OSI model. POSIX, X Windows, and Troll Tech’s Qt are
notable steps in the right direction as they provide an adaptation layer to permit applications to run on multiple
systems.

Abstraction layers are attractive, but programmers and users must beware of the Law of Leaky Abstractions
[SR 07, SR 08]. The problem isthat no matter how carefully one defines abstraction layers, there is always
the possibility that bugs will cause alower-level effect to show up at ahigher level. A classic example of this
isthe buffer overflow praoblem in C. C arrays have defined sizes, but the abject code does not enforce array
limitsso it is possible for an erroneous program to read or write data past the end (or before the beginning) of
an array, clobbering other data or even clobbering return addresses on the stack. Thisis awell-known way
of introducing worms into unsuspecting computers. C is often called a“high level” language, so naive C
programmers may expect that writing to an array cannot affect anything other than the array. Infact, C
should be thought of as a*“ portable assembly language”, which uses high-level notations to write portable
machine language. Once C object code is running, its abstraction level is machine language. A correct
program behaves asif it isahigh-level abstraction. But erroneous programs can cause fail in ways that can
only be understood at the machine language level.

1.3.3 Reuse Modules

An important way to reduce complexity is to reuse software modules whenever possible. This reduces
program size and improves test coverage (and therefore software quality) since modules are executed more
frequently. A single bug fix can fix many programs at once. Dynamically linked sharable libraries make this
easy to do, so thereisrealy no excuse.

One of the most glaring examples of where thisis not done is the Microsoft Office suite. Microsoft Office
began as a set of independent tools acquired from various companies with minimal interaction between them.
After decades, Microsoft Officeis still a set of independent tools, even though thereis no technical need for
them to be independent tools. So while you can create atable in Word, you cannot fill the table with
dynamically calculated expressions like Excel. While you can create text in PowerPoint, you do not have the
same capabilities as Word for adding specia characters. Y ou would think that after decades the user
interfaces would have become completely common between the tools, or better yet, Microsoft would have
developed a generalized tool that covers all the functionality. The author can only assume that the internal
complexity of thetoolsis so high that no one person knows how they all work, so everyoneis afraid to do
more than maintain the code, adding rococo features until the software eventually becomes rubble.

Reusing software modules may require adding parameters for different contexts. This adds complexity, and
at acertain point it no longer makes sense to reuse a module since doing so would complicate its use
elsewhere. When this occurs, consider that:

. It may not be appropriate to reuse the module in the given context. However, it may be possibleto
reuse components of the module.

. It may be time to rethink the module interface entirely. Perhaps there is a generalization of the module
that would simplify its use everywhere.

1.3.4 Generalize
Generalizing software features and modules is probably the most difficult of all software development tasks.

Itisrelatively easy to take awell-written set of specifications and implement it as code. Taking severa
bodies of code that were created for different purposes and finding the common elements so asto create a
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genera formis challenging, particularly with deadlineslooming. Yet, it isusually the best way to achieve
large reductions in complexity and if successful will save huge amounts of effort in the long run.

A useful analogy hereis Plato’s Allegory of the Cave [Wiki 1] in which prisoners are held from birthin a
cave in which their only life experience is shadows projected onto the walls. The shadows become their
reality, and they are unable to conceive of the three-dimensional objects that cast those shadows. Similarly,
particular implementations of software are projections of abstract objects into a specific programming
language. A generalized object, if it exists, may project into many different implementations. If a
programmer can conceive of the generalized aobject, then each of the specific implementations are smply
special cases of the generalized object with general parameters given fixed values.

The challenge is that the generalized object is currently abstract, which makesit very difficult to think about
and write about. Object-oriented programming styles have tried to realize this goal with limited results. Some
day there will be programming languages that achieve this, making C and C++ look like assembly language in
comparison.

An excellent example of generalization and reuse is the PDP-11 register set. Previous DEC computers had an
accumulator. The PDP-11 has a set of eight “genera -purpose” registers, which could be used for al opcodes
and addressing modes, with afew minor restrictions. Two of these registers are not quite general-purpose:
R6 is the stack pointer and R7 is the program counter. However, by using the standard opcodes and
addressing modes with R6 and R7 the PDP-11 gets stack operations, immediate operands, and PC-relative
addressing for free.

Similarly, some RISC machines designate register 0 to always have the value 0. This allowsthe RISC
machine to omit instructions like “ negate”, since it can be done by subtracting from 0. It also alowsthe
machine to implement direct addressing using base-displacement addressing with register 0 as the base
register. Thissimplifiesthe set of opcodes and speeds up decoding.

1.3.5 Sart Over

In the hurry to ship software there is atendency to program incrementally by making small changesto
existing programs. While this makes sense for bug fixes and minor tweaks, at some point adding one feature
after another makes the software so complex that it collapses under its complexity: “rococo, then rubble”. It
then makes sense to “throw everything away” and take what one has learned to build an entirely new system.

The PDP-11 is once again agood example. It was created as atotally new architecture, not at al based on
the popular PDP-8 or PDP-10. Best of all, DEC formed ateam of both computer designers and system
programmers who worked together to create an extremly elegant architecture. On the other hand, one could
argue that the PDP-11"s beauty and simplicity was largely because of economic considerations and the
available gate density available at thetime. Thisistrue to some extent, but the reality isthat the PDP-11 was
much nicer than competing minicomputers of the time with the same number of gates.

Whenever creating a new system, one makes many decisions based on the constraints at that time. Astime
progresses, many of those constraints vanish yet the system continues as if they were still there. For
example, most programming languages use monospaced ASCII characters, typically 80 column lines. Thisis
athrowback to 80-column punch cards, which most programmers have not seen in decades, if at al. Yet the
monospaced ASCI| practice continues, even though proper mathematical notations have long been supported
by displays and printers.

The great supercomputer designer Seymour Cray was a big proponent of throwing things away and starting
over from scratch. He felt that he could not develop the next world' s fastest computer by just reworking
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current machines. According to legend, he also applied this same philosophy to his hobby of building
sailboats. Each winter he would build a new sailboat in his basement, bring it out in the spring, useit all
summer, and at the end of the season he would burn it in akind of Viking funeral. Next year’'s sailboat
would always be better since he had learned from the previous one, and it did not have to carry along the
mistakes of the previous years.

14. General References

Here are some general references on the subject of excessive program size and itsimplications.

1. Ed Perratore, Tom Thompson, Jon Udell, Rich Malloy, “Fighting Fatware”, Byte, April 1993.

2. Niklaus Wirth, “A Pleafor Lean Software”, IEEE Computer, February 1995.

3. Robert Capps, “ The Good Enough Revolution: When Cheap and Simple is Just Fine”, Wired, August
2009.
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Chapter 2
XOE User’sGuide

The XXICC Object Editor (XOE) combines the necessary capabilities of a program editor, word processor,
spreadsheet, and drawing editor into asingle tool with auniform user interface. While any ASCII text editor
may be used to edit ASCII-only GalaxC programs, the true power of GalaxC comes out when using
formatted text and graphics, which requires using XOE to edit GalaxC programs. XOE is also asimple but
powerful word processor, suitable for writing documents such as this one. Userswho are very fussy about
getting formatting exactly right will most likely find X OE too limiting. XOE also includes table, figure, and
dialog box editing, though these are somewhat limited at the present time.

Basic XOE editing should be very familiar and intuitive to people used to modern GUI-based editors like
LibreOffice and Microsoft Word. Whenever possible, X OE uses standard cursor keys and mouse operations.
However, itsinitial appearance may be a bit startling to the new user in that menus and scroll bars are not
normally displayed: all you seein a XOE window is the document being edited. Menus and scroll bars
appear automatically when you move the mouse to the edge of the screen. The main purpose of thisis so
that X OE makes the best use of a small screen such asa 10" tablet or notebook computer. The second
purpose is because XOE’ s author dislikes visua clutter and would prefer that valuable screen area not be
wasted with lots of silly icons.

Caution: XOE is till an experimental program and may crash at any time, causing you to lose changes
since the last save. Also, bugs may cause it to lose data without any warning. Please save frequently to
avoid the first problem and make extra copies of the saved file so that you can get back to something useful
if a serious error aoccurs. Basic text editing and document formatting is quite stable and was used to write
this book. Editing dialogs and tablesis|ess stable since they are relatively recent additions. Figure
editing is unstable and not enabled in the current version. Be particulaly careful when pasting, asit isone
of the more complex parts of XOE and is most likely to have bugs.

2.1. Menus

As with most GUI-based editors, XOE has a number of menus. Menu items can be selected with the mouse,
or you can use keyboard equivalents for most of them. The author finds that the menus can be very useful
to see which commands are available, but keyboard equivalents are much more convenient once learned.
Chacun a son go(t (YMMYV). To view the menus, move the mouse to the top of a XOE window and wait a
moment. A menu bar appears showing which menus are available, e.g.,

Eile‘ Edit‘ §tyle‘ Earag‘ ﬂeading| 1nsert|

Y ou then click one of the menu bar buttons, which causes that menu to drop down, e.g.,

Open... ctl-O
Close

Save ctl-S
SaveAs... F2
Print... ctl-P
Print to PDF ctl-sh-P

Y ou can then click on one of the itemsin the drop-down menu.
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If you prefer keyboard equivalents, you can also get the menu bar by pressing and releasing an Alt key. Or,
to get the File menu directly you can pressal t - F (note the underlined letter in “File”). Once the menu has
dropped down, you can select an item by entering the underlined letter, e.g., press‘o’ or ‘O’ to select Open.
Alternatively, you can select Open at any time (whether the menu is exposed or not) by pressingct | - Q. In
this case the keyboard equivalent is case sensitive: ct | - sh- Omeans something different. It'sonly the
underlined |etters that ignore case.

Which menus are available depends on what is selected or where the text cursor is when you open the menu
bar. For example, if you are editing atable or figure, special table or figure editing commands appear. Thisis
an advantage to having the menu bar appear only as needed: it can be different each time.

2.2. Opening and Closing Documents: The File Menu
To open document, select the Open command from the File menu. This brings up afile selection dialog:

Insert sample file selection dialog here. For now, assume it looks like a typical GUI file selection
dialog with a directory path, a list of filesto select, etc.

The“Openin:” field shows which directory to search for files, i.e., the current directory. Below thisisthe
list of filesfor that directory, possibly with a horizontal scroll bar at the bottom. Names that end with */* or
‘\" are subdirectories: if you click on one of them, XOE switches to that subdirectory. “../” or “..\" isthe
parent directory of the current directory.

The“File name:” field isthe name of thefile to be opened. Y ou can typein or edit thisfield, or select afile
from thefile list which updates the “File name:” field. The “File types:.” field filterswhich files are shown in
thefilelist. It contains a sequence of file extensions such as “.gal.xoe.c.h” which meansto list al files with
extensions“.ga”, “ .xoe”, “.c’, and “.h". If the“Filetypes.” field isnull, XOE lists dl filesin the current
directory.

Select the file you want either by double-clicking one of thefilesin file list, or by entering the file name and
clicking the Open button. Since Open has an extra black border, it isthe default button and you can press
the ENTER or RET (RETURN) key instead of clicking it. If you decide that you don’'t want to open afile after
all, click Cancel or pressthe ESC key. Asisusual with dialogs, you can use the TAB key to move between
editable fields (sh- TAB to go in the opposite order).

If you want to edit a new file, just type the name of the new filein the “File name:” field. XOE will ask if
you are sure you want to create anew file, and if you say Yesit will open ablank file for editing.

The “Open...” menu item opens the file in the existing window, giving you a chance to save changesto an
existing file before doing so. If you want to open a new window, use keyboard equivaent ct | - sh- Q. The
X11 version of XOE brings up afile selection dialog automatically when you get started. The Win32 version
brings up the Output Window, which does not have any menus. Pressct | - Oin the Output Window to get
the file selecton dialog.

XOE can open XOE documents with the “ . xo€e” extension or ASCI| text files with any other extension, e.g.,
“.gal” for textual GalaxC filesor “.c” for C source code. At some point we will change thisto look for a
magic number at the beginning of “ .xoe” files and ignore the file extension. XOE supports full document
editing for document files, including paragraph formatting, tables, dialog editing, and figures. Text files have
limited formatting capabilities, including text styles and page breaks. XOE can read text files with new line
represented as LF (standard Unix), CR (Macintosh), or CR+LF (MS-DOS), converting al of themto LF. It
accepts TAB characters, which it current treats as every 4 characters. It also accepts FF (form feed)
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characters as page breaks.

Here are the other commands available in the File menu:

Close

Close the XOE window. [f the file has been changed since it was last opened or saved, X OE asks you
if you want to save the changed file first.

Save ctl-S

Save the file using the same file name as when you opened it. XOE always writes LF as new line
characters.

SaveAs... F2

Save the file under a new name, which you select using afile selection dialog similar to the one used
for opening afile. The XOE window changes to the new file name.

Print... ctl-P
Print al or part of thefile. OnWin32, this brings up the standard printer dialog which allows you to

select whether to print the entire file, the current selection, or apage range. Thisis not used on X11,
since the author was unabl e to figure out how GNU/Linux likes to do this sort of thing.

Print to PDF ctl-sh-P

Print the current selection (or the entire file is the current selection is null) to an Adobe PDF file
(version 1.3). The PDF file has the same name as the document, with extension replaced with “.pdf”.

2.3. Cursor Positioning

When you first open adocument, you will see ablinking vertical line at the beginning of the document. This
iscaled the cursor and it indicates where the next character isto be inserted. We will sometimes call it the
text cursor becauseit is usualy used to enter text, but it may also be used to enter non-textual XXICC
objects (XOs).

Y ou can move the cursor to adifferent position in the document using the mouse and cursor control keys.
XOE triesto use the standard meanings for these keys whenever possible. In the following description,
assume Shift and Control keys are released unless specified.

Click mouse button 1
Clicking mouse button 1 (usually the left one) without changing the mouse position moves the cursor
to that position.

LEFT, RI GHT, UP, DOYN
Move the cursor |eft or right one character, or up or down oneline. If the cursor isat an XO, move
the cursor into, out of, or over the XO as appropriate.

HOME, END
Move the cursor to the beginning or end of atext line.

ctl -HOVE, ctl - END
Move the cursor to the beginning or end of a document. If inside an XO, move the cursor to the
beginning or end of that XO.
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If the cursor is blinking, no characters or XOs are selected. Y ou can select multiple characters and/or XOs
using the mouse and cursor keys as follows:

Drag mouse button 1
Press mouse button 1 at one end of the selection and release it at the other end.

Click or drag mouse button 1 with Shift
Clicking mouse button 1 while holding a Shift key extends or reduces the selection to the mouse
position. You can also drag the mouse while pressing button 1 and Shift to extend or reduce the
selection.

sh- LEFT, sh- Rl GHT, sh- UP, sh- DOAN
Extend or reduce the selection Ieft or right one character, or up or down oneline. Do not extend the
selection into or out of an XO. However, you can extend or reduce the selection by one or more
entire XOs.

sh- HOVE, sh- END
Extend or reduce the selection to the beginning or end of atext line.

ctl-sh-HOVE, ctl-sh- END
Extend or reduce the selection to the beginning or end of adocument. If inside an XO, extend or
reduce the selection to the beginning or end of that XO.

If anything is selected, the unshifted cursor control keys unselect the current selection before moving the
cursor. LEFT and UP move the cursor to the beginning of the former selection. RI GHT and DOAN move the
cursor to the end of the former selection.

24. Scrolling

There are three ways to scroll a X OE document.

1 If you move the mouse to the right or bottom of the window, a scroll bar appears after a short delay.
Y ou can then drag the middle part of the scroll bar (called the thumb) to scroll the document up and
down. You can aso click in the regions above and below the thumb (to the left and right for the
horizontal slider) to scroll by apage. Horizontal scrolling is not currently implemented.

2. Y ou can use the mouse wheel -- if available -- to scroll up and down. The mouse wheel is associated
with the keyboard focus window, so you may need to click in the window before scrolling.

3. XOE implements the standard scrolling keys.

PRI OR, NEXT (Page Up, Page Down): Scroll to previous or next page. Unselect the current selection
and set cursor to approximately the same visible position in the window.

sh- PRI OR, sh- NEXT: Scroll to previous or next page, and extend selection.

ctl-UP, ctl-DOWN: Scroll up or down oneline. Keep cursor at approximately the same visible
position the the window.

ctl-LEFT,ctl-RI GHT: Scroll left or right part of the page. Not yet implemented.
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Note: XOE usesct | - sh- UP and ct | - sh- DOMN for superscripts and subscripts. This may cause afew
surprises until you get used to it.

2.5. Inserting and Deleting Text and XOs

XOE uses the text insertion/del etion convention pioneered by Smalltalk and popularized by the Apple
Macintosh. Thereisno such thing as “insert mode” or “replace mode”. Rather, entered characters or XOs
always replace the current selection. If no characters are selected, this has the effect of inserting characters
(XOs) at the text cursor. If one or more characters are selected, this has the effect of replacing these
characters. The BACKSPACE key deletes the current selection or the character/X O before the cursor if
nothing is selected. The DELETE key deletes the currently selection or the character/XO after the cursor if
nothing is selected.

The ENTER or RET (RETURN) key inserts anew line (LF) character.

The TAB key inserts a TAB character. Tab stops are currently fixed at every 4 spaces. If you are editing in
an XO, TAB inserts a SPACER XO.

Standard PC keyboards have an | NSERT key which is normally used to toggle between insert and replace
modes. Since XOE does hot have replace mode, pressing | NSERT brings up the Insert menu for inserting
XOsinto adocument. Hereisasample Insert menu:

Xref
Parabox
Table
Figure
Dialog
Hstack
Vstack
Button
Break

Each of these inserts an X O with default properties and contents which can be edited into something else.
XOs are described in detail in Chapter 5. XOE tries to make sure that you can only insert XOswhich are
appropriate to whatever the cursor isin now, but this has not been full developed and it is possible to insert
the wrong kind of XO and crash XOE.

Break is used to insert page breaks in documents, as well as for some formatting options. Page breaks may
be inserted in ASCII text files; they are stored as form feed (FF) characters.

2.6. TheEdit Menu

The Edit menu contains standard editing operations like Copy, Paste, Undo, Find, and Replace. Most have
the usual keyboard equivalents.

Undo ctl-Z
Undo the last change made. X OE can undo any number of changes back to the last Save. XOE does
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not currently have Redo.

Cut ctl-X

Delete the current selection and save it to the clipboard. Ignored if no selection. The clipboard has
two versions of the copied data, one with formatting and one with plain text.

Copy ctl-C
Copy the current selection to the clipboard. Ignored if no selection.

Paste ctl-v

Replace the current selection with the contents of the clipboard. Retain clipboard’' s formatting if
possible, otherwise just paste text using the currently selected format.

Paste Text  ctl-sh-V
Replace the currrent selection with the plain text contents of the clipboard.

Find... ctl-F
Open the Find/Replace dialog so that you can enter a search string, and search for that text.

Find Again F3
Repeat search for the text last entered in the Find/Replace dialog.

Replace... ctl-R

Open the Find/Replace dialog so that you can enter a search string and a replacement string, and then
search and replace that text with various options.

Select All ctl-A
Select the entire document. If given inside an XO, select the entire XO.

Edit props ctl-E
Bring up dialog to edit properties of the XO that contains the cursor. At some point expand to edit
properties of multiple XOs.

2.7. TheStyleMenu

The Style menu sets font style for character formatting.

Bold ctl-B
Toggle bold style.
Italic ctl-l

Toggleitalic or oblique style.

Underline ctl-U
Toggle underline style.

Normal ctl-N
Turn off bold, italic, and underline styles.
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Times ctl-T
Switch to Times Roman or similar serif font.

Helvetic ctl-H
Switch to Helvetic sans-serif font such as Helvetica or Arial.

Monospaced ctl-M
Switch to Monospaced font such as Couri er.

Symbol ctl-G
Switch to Symbol font with Greek letters.

Need to add menu itemsto enlarge font (ct | - +), reduce font (ct | - - ), superscript (ct | - sh- UP), and
subscript (ct | - sh- DOWN).

If there is a selection, the selection is changed as per the command. Otherwise, XOE remembers the new
setting as the desired format for any new text that gets entered. Whenever the cursor is moved, the desired
format changesto what it is at the new cursor position. Thisis usually the format of the character before the
cursor, but is the character after the cursor at the beginning of aline or if you just moved the cursor |eft.

The Style menu has check marks to indicate the current style settings.
2.8. TheParag Menu

XOE paragraph formatting isloosely based on Microsoft Word and LaTeX. It isconsiderably simpler,
providing capability adequate to most users needs rather than trying to be the world’'s most feature-laden
product so that even the most picky user is satisfied (asif ).

XOE paragraphs are sequences of characters and/or in-line XOs, separated by LF characters. Words within a
paragraph automatically wrap to the paragraph’s margins. Each paragraph has a paragraph style (Pstyle)
which specifies formatting properties such as default font, justification, left and right margins, indentation of
thefirst line, and list or heading numbering. Like LaTeX, the Pstyles of a document define the overall
appearance of the document so that it is consistent and can be easily changed at asingle location. There can
be up to 256 base Pstyles, plus 5 levels of indentation.

Parag menu items change the properties of all paragraphs within the selection, which istemporarily expanded
to paragraph boundaries. The first two Parag menu items change paragraph indentation level:

Indent ctl-TAB
Outdent ctl-sh-TAB

Changing indentation level only worksif all selected paragraphs can be indented or outdented by that amount.
For example, headings cannot be indented.

Next, we have commands to select Pstyle:

Left L eft-justified paragraph.
Center Centered paragraph.
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Right Right-justified paragraph.

Quote Multi-line quote indented on both sides.

Describe Description list item. First line is outdented for alabel.

Itemized Bulleted (itemized) list item, with different bullet styles at different indent levels.
Numbered Numbered list item, with Arabic, Roman, or alphabetical item labels.

Finally, we have two commands for working with list items. If you press ENTER (RET) after alist item, XOE
generates alist item successor, which is a continuation paragraph that does not have alist 1abel like a bullet
or item number. To get anew list item, you must enter sh- ENTER (sh- RET). (Thisis backwards from
Microsoft Word.) In any case, you can toggle between list item and list item successor by pressingct | - L.

Insert list item sh-RET
Toggle list item ctl-L

A numbered list can start with a new sequence number or continue the previous sequence. Normally XOE
automatically does the right thing, but if you want to tell it to do the opposite insert a BREAK XO and change
its propertiesusing ct | - E.

2.9. TheHeading Menu

The Heading menu contains additional Pstyles using for headings and captions, based on LaTeX:

Section
Subsection
Subsubsect
Chapter
Appendix
Figure caption
Table caption

2.10. TheTableMenu
Need to add Table Menu. For now, here are the keyboard equivalents for table editing:

. If you click an unselected cell in atable with mouse button 1, you select the cell. If you shift-click or
shift-drag, you select arectangular sub-table.

. If you click in aselected cell, you start editing the text within that cell. ESC gets you back up alevel
and selects the entire cell.

. If cells are selected, DELETE deletes the contents of those cells. If an entire row is selected,
sh- DELETE deletes that entirerow. |If an entire column is selected, sh- DELETE deletes the entire
column. This aso works for multiple selected rows and/or columns.

. Ther command extends the current selection to one or more rows. The ¢ command extends the
current selection to one or more columns.
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. The | NSERT key inserts arow or column before the currently selected row(s) or column(s).
sh- I NSERT inserts arow or column after the currently selected row(s) or column(s).

. The commands in the Edit and Style menus generally do the proper things when table cells are
selected. For example, a Style command changes the character style for all the selected cells, Copy
copies the selected sub-table to the clipboard, and Paste copies the clipboard one or more times to the
selected sub-table.

211. TheFigureMenu

Need to add Figure Menu. Figure editing is disabled until it is more stable.

2.12. Miscellaneous Commands

The following commands are mostly for debugging and for compiling GalaxC programs. They will be

replaced by or supplemented with menu commands some day. The term “file” refersto thefilein the

window that receives the command.

F5  Redraw window without updating underlying data structures.

sh- F5 Rebuild awindow’ sinternal data structures and then redraw it. Thisis sometimes useful for
recovering from internal errors.

F6  Compilefile using GalaxC compiler. Show resultsin the Output window. It isgenerally agood ideato
save the file before compiling since the GalaxC compiler could crash.

sh- F6 Compilefilethat is part of a multi-file program using GalaxC compiler. Needs documentation.

ct| - F6 Run the codejust generated by F6. Thereisno “sandbox” or other protection, so running the code
could easily crash XXICC. pri nt f output goes to the Output window.

ctl -sh-F6 Toggle compiler debug options. Thisis primarily for debugging the GalaxC compiler itself. At
some point we' Il replace it with a dialog box.

F8  Print the contents of the window as PSI code to the Output window. Thisisfor debugging XOE.
ct | - F8 Print the PSI code generated by F6 to the Output window.

sh- F8 Print the contents of the window as DXOs to the Output window. Thisisfor debugging XOE.
ctl -sh-F8 Sameassh- F8 except that it also print DXO memory addresses.

F11 Toggle between displaying cell expressions or their valuesin compiled and executed tables. See
Chapter 7.

F12 Toggle between displaying XREF symbols or their values.
sh- F12 Print thefile's XREF symbols and their values to the Output window.

ctl-F12 Print al XREF symbols and their values to the Output window. Thisis for a multi-file document
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with XREFs, like this book. Needs documentation.

The Output window may have alimited number of lines so the first part of along listing may scroll off.
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Chapter 3
The GalaxC Simplified Window M anager (G-SWIM)

Our lifeisfrittered away by detail... Simplify, simplify.
Henry David Thoreau

Entia non sunt multiplicanda praeter necessitatem.
William Occam

XXICC recognizes the ubiquitous presence of window-based Graphical User Interfaces (GUIs) in modern
interactive computing. It therefore tries to make window management as simple as possible for application
programs by providing a simple, portable window manager as part of XXICC. Sinceits purposeisto provide
window functions to GalaxC programs, it is called the GalaxC Smplified Window Manager, or G-SWIM.

Here are the principal features of G-SWIM:

1 G-SWIM isvery simple and easy to use, much more so than standard window managers like
Microsoft Win32 and MIT X Windows, yet serves most applications quite well. Function calls follow
GalaxC'’ s philosophy of matching notations to the problem domain, with function callslike “dr aw
linefromzltoz2” instead of C calslike“XDr awli ne(di spl ay, drawabl e, gx, x1, y1,
X2, y2)”.

2. G-SWIM runs on top of the machine’s underlying windows manager (UWM). Galaxy applications
run on the different hardware platforms without modification and automatically maintain the UWM’s
familiar characteristics. Currently G-SWIM has implementations for Microsoft Win32 and MIT X11,
aswell as G-SWIM functions for generating PDF.

3. Most windows managers require an application to be a stand-al one program with its own command
loop that waits for and dispatches user input or system events. G-SWIM treats each application asa
set of subroutines that are called by a common command loop that is part of G-SWIM.

G-SWIM alows an arbitrary mix of application programsto bein memory at the same time, each
occupying its own windows but otherwise sharing memory. G-SWIM directs user inputs to the
appropriate application. In addition, applications can send messages to each other anonymously or
directly. G-SWIM handles al these events by calling the appropriate application, which processes the
event and returnsto G-SWIM. While not true multitasking, the effect is the same provided that
applications handle events quickly enough. We call this feature quasi-multitasking.

The remainder of this chapter (and the next) discuss how to use G-SWIM to create interactive graphical
GalaxC applications. [fn: A G-SWIM application isa GalaxC program that uses G-SWIM to provide a
GUI. The G-SWIM data structures, constants, and function calls avail able to the application programmer is
called the Application Programmer’sInterface (API). Aslong asyou only use the API, your G-SWIM
programs should port easily between machines.] It presumes no GUI programming experience, though you
should be familiar with using GUIs and remember your coordinate geometry. G-SWIM programming can
seem abit daunting at first, but is actually quite simplein practice. The careful reader will find these chapters
sufficient background to write compl ete interactive window-based applications with minimal effort.

G-SWIM isawork in progress and many features have yet to be implemented, such asimages. We have
concentrated on the subset needed to implement X XICC, especialy XOE. Other features will be added
when appropriate, with keeping the API as simple as possible a primary regquirement.
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3.1. Pointsand Rectangles

As with most window managers, the fundamental data types are 2-dimensional points and rectangles with
integer coordinates. G-SWIM Poi nt and Rect structures are based on Win32. They are defined in
gswi nl i b. gal , which wewill refer to simply as“gswi mi i b”.

A Poi nt z hastwoi nt coordinatesz. x and z. y and is defined as:
typedef Point = struct(z) {int z.x, int z.y}

A Poi nt value can be pushed on the stack astwo i nt s or can be referenced as a &Poi nt or @oi nt
address. z. x and z. y arenormally in pixel units. [fn: A pixel (picture element) is the smallest drawable unit
on the screen. Each pixel has asingle color or shade of gray. A screenisan array of pixels, e.g., 1400 x

900.]

To construct a Poi nt value on the stack, use the notation “[ x, y]”, wherex andy arei nt :

int arg {x, vy},
def [x, y] = (x, y): Point

gswi nl i b also defines Poi nt arithmetic operations such as Poi nt addition and subtraction:

Point arg {u, v}
inline {-u}
nline {u + v}

i [-u.x, -u.y]
i

inline {u- v}

i

i

[ux + v.x, uy + v.y],
[ux - v.x, uy - v.y],
nline {u == v} %
nline {u!= v} %

Uu.x == v.x and u.y == v.y,
u.x !'=v.x or uy!=vy,

inline mn(u, v)
inline max(u, v)

= [mn(u.x, v.x), mn(uy, v.y)],
= [max(u.x, v.x), max(u.y, v.y)],

fnlu =ux==0?]uy|: uy == 0? |ux|: sqrt (u.x*u.x + u.y*u.y),

int arg {&, &y},
fn{[x, y] =u} ={x =u.x; y = u.y}

G-SWIM definesm n and max of two Poi nt s to be diagonally opposite corners of the smallest rectangle
that contains both Poi nt s. | u| isthe Euclidian length of avector from [0, O] to u. The notation “[ x, y]
= u” provides away to get both coordinates of a complicated expression u without assigning it to an
intermediate variable. Most of these are defined asi nl i ne rather than f n or macro. i nl i ne saves
function call overhead at the expense generating a bit more code, while preserving the property that each
argument (which could be a complicated expression) is evaluated exactly once.

The only relational operators defined for Poi nt s are“=="and “! =".
A Rect r hastwo Poi nt coordinatesr. z1 andr . z2 and is defined as:
typedef Rect = struct(&) {Point {r.zl, r.z2}}

Itisdrawn paralel to the x and y axes. To construct aRect value on the stack, use the notation “Rect [ z1,
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z2] ", wherez1 and z2 are Poi nt s:

Point arg {zl1, z2},
def Rect[zl, z2] = (z1, z2): Rect

Y ou can access the individual coordinatesof r usingr . z1.x,r.z1l.y,r.z2.x,andr.z2.y. Inaddition,
gswi nl i b provides a set of macros to access these coordinates using aternate notations:

Rect arg *r,

def r.x1 =r.z1l. X,
def r.yl =r.zl.y,
def r.x2 =r.z2. X,
def r.y2 =r.z2.y,
def r.left =r.z1l X,
def r.top =r.zl.y,
def r.right =r.z2. x,
def r.bottom=r.z2.vy,
infliner.w =r.z2.x - r.z1.x, /l Rect width.
inliner.h =r.z2.y - r.zl.y /l Rect height.

These are only defined for aRect pointer or variable, not for aRect value on the stack.

In GalaxC, asin most window managers, x coordinates increase from left to right and y coordinates increase
from top to bottom, which is flipped from standard mathematical coordinates. By convention, r. z1 isthe
top left (upper left) coordinate and r . z2 isthe bottom right (lower right) coordinate which meansr . x1 <
r.x2andr.yl<r.y2. Thisisreflected in the alternate coordinate names and resultsin non-negativer . w
andr . h. However, thisis not automatically checked so it is possible to create Rect s that violate this
convention, causing unpredictable behavior as different UWMs may handle unconventional Rect s
differently.

Another convention is that the left and top edges of the Rect are considered to be part of the Rect , but the
right and bottom edges are not. That is, the Rect goesfromr . x1 up to but not including r . x2, so that the
widthisindeedr. x2 - r. x1. This becomesimportant when we want to determineif Poi nt z iscontained
inRect r, for exampleto select it with the mouse. Hereisthegswi ml i b function“z i n r” which
computes this, assuming a conventional Rect :

Point arg *z, Rect arg *r,
fnzinr =z.x>r.x1 and z.x <r.x2 and z.y >>r.yl and z.y <r.y2

Note that the comparisonstor. x2 andr . y2 are strict inequalities, while the others allow equality. Thereis
an alternate version of thisfunction“z on r” which allows z to match the right and bottom edges:

Point arg *z, Rect arg *r,
fnzonr =z.x>r.x1and z.x <=r.x2 and z.y >=r.yl and z.y <= r.y2

The“zinr” and“z on r” functions shown assume both z and r are variables or pointers. gswi m i b
includes alternate versions of these functions that allow z and/or r to be Poi nt or Rect values. They have
the same notation and are transparent to the programmer. Seegswi m i b for details.

We also have functionsto seeif two Rect s overlap (by at least one pixel) or touch (overlap or abut):
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Rect arg {*r, *s},

fnr overlaps ref s =r.left < s.right and
r.top < s.bottom and

fnr touches ref s =r.left <= s.right and
r.top <= s.bottom and

r.right > s.left and
r.bottom > s.top,
r.right >= s.left and
r.bottom>= s.top

The only difference is whether comparisons include equality. There are alternate versionsfor Rect values.

We can aso compute the union or intersection of two Rect s. Inthiscase, thefirst argument isawaysa
Rect pointer or variable and is modified by the second argument which can be a pointer, variable, or value:

Rect arg {*r, *s},
fn{r = union s} =
{ /l Enlarge Rect r with Rect s.

r.left = mn(r.left, s.left); r.right = max(r.right, s.right);
r.top = mn(r.top, s.top); r.bottom= max(r.bottom s.bottom;
}1
/1 Conpute intersection of Rect r with Rect s.
fn{r =intersect ref s} =

{ /I Shrink Rect r with Rect s.
/[ 1f they do not touch, r. I eft >r.right and/or r.top>r. bottom
r.left = max(r.left, s.left); r.right = mn(r.right, s.right);
r.top = max(r.top, s.top); r.bottom= mn(r.bottom s.bottom;

}

Intersection is only well-defined if Rect s r and s touch, or we end up with an unconventional Rect .
Finally, we have functions to compare Rect s and to sort Rect coordinates:

Rect arg {*r, *s},

fn {r ==s} =r.z1 ==s.z1 and r.z2 == s. 22,

def {r '=5s} =1(r ==5)

fnsort r = Rect[[mn(r.x1, r.x2), mn(r.yl, r.y2)],
[max(r.x1, r.x2), max(r.yl, r.y2)]]

A sorted Rect isaways conventional.
3.1.1 Pixelsand Coordinates
This section discusses some low-level considerations that may be skipped on first reading.

Each UWM has its own conventions regarding coordinates and where pixels are. G-SWIM triesto hide these
idiosyncrasies from the application programmer as much as possible.

All window managers treat the screen or awindow on the screen as atwo-dimensional array of pixels. The
(%, y) coordinates of a pixel typically refer to either the center of the pixel (X11) or to an invisible grid of
zero-width lines between pixels (Win32, | think, and Apple QuickDraw). In the latter case, (X, y) refer to the
upper-left corner of the pixel.

For drawing lines and outlines of rectangles, the center-of-pixel convention is more natural: you can think of

drawing aline as stroking a one-pixel (or larger) pen from (x,, y,) to (x,, y,) along the line connecting the
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endpoints’ centers. On the other hand, for filling rectangles and drawing text, it is more natural fill the region
between invisible grid lines with a solid color, afill pattern, or acharacter pixel map. [fn: A pixel map or
pixmap is arectangular array of pixels and may be on the screen, on a piece of paper, or in memory. To
draw text, awindow manager first converts atext font into an internal pixel map representing each character
of thefont. Then it copies the pixel map for each character in a string to the screen or to another internal
pixmap. To print text or graphics, the window manager draws to an internal pixmap that represents (part of)
apage. Then it transfersthat pixmap to the actual device. A bitmap isasingle-bit pixmap: each pixel can be
either black or white.]

With G-SWIM, it doesn’t matter which convention the UWM uses since the graphics functions are
equivalent. For example, arectangle from (X, y) to (x+w, y+h) represents aw x h pixel region whether it is
filled or drawn as an outline. Thefilled region includes al pixels from (x, y) through (x+w-1, y+h-1), but
does not include (x+w, y+h) since that would make it w+1 x h+1. On the other hand, the outline doesinclude
(x+w, y+h) since we measure the dimensions of the rectangle from the centerline of the pen used to draw it.

Similarly, when drawing text with upper-left corner at (x, y) it doesn’t matter whether (x, y) is the upper-left
pixel or theinvisible grid lines above and to the left of it: the text pixel map ends up at the same location.

If aline drawing pen is multiple pixels thick, it is centered around the invisible grid (if even thickness) or
around pixel centers (if odd thickness).

Both Win32 and X11 permit O-thickness lines which are rendered with 1-pixel thickness. X11 draws
0O-thinkness lines as quickly as possible and they may not be as nicely rendered as a 1-pixel line. G-SWIM
normally uses 1 pixel asthe default line thinkness.

Win32 has an unusual feature in that when you draw alineit does not draw the last pixel of theline. Thisis
not a problem if you are drawing a closed polygon as a series of lines, since the beginning of each line
segment takes care of the end of the last one. On the other hand, if the last line segment is dangling then it
may be a pixel shorter than it should be. Win32 does this to avoid the situation where drawing a pixel twice
may look strange. G-SWIM line drawing functions compensate for this.

3.2. Colors

G-SWIM has two color representations. An RGBcol or isa32-bit value of the form 00BB.GGRR where
RR, GG, and BB are 8-hit red, green, and blue intensities. Thisisthe same representation as a Win32
COLCORREF. Thehigh 8 hitsarereserved. gswi m i b defines RGBcol or asasubtype of ul ong asfollows:

t ypedef RGBcol or = subtype(ul ong);

RGBcol or arg col or,
def red(color)

def green(color)
def bl ue(col or)

ubyte(col or),
ubyte(col or >> 8),
ubyte(col or >> 16);

int arg {red, green, Dblue},
def RGBcolor(red, green, blue) = red | green << 8 | blue << 16: RGBcol or;

Ther ed, gr een, and bl ue macros extract individual red, green, and blue components from an RGBcol or .
The R&Bcol or macro creates an RGBcol or fromr ed, gr een, and bl ue i nt s which must have values
between 0 and 255.
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The actual display hardware may not be able to represent 24-bit colors. It may only support 8- or 16-bit
color, with fewer bits per color. It could even be an e-reader with only 8 levels of gray and no color at al, or
amonochrome printer. The display hardware may use a color |ook-up table, where a small index looks up an
18- or 24-bit color value in a hardware table.

G-SWIM applications should not have to worry about this, so G-SWIM provides a second color
representation called | col or (internal color). | col or isa32-bit amorphous pointer, described in [JFB 11.
Programmer-Defined Types]. This means an application program does not know the representation of the
datapointed to by | col or, or thel col or pointer could itself represent the color as an index into a color
table (X11) or asan RGBcol or vaue (Win32). Therepresentation of | col or isonly known to the
G-SWIM layer and varies from one window manager to the next.

G-SWIM applications must allocate colors before they use them by calling:
create color rgb

wherer gb isan R&Bcol or vaue. “create col or” returnsan| col or valuewhich can then be used asa
text color or for creating a pen or brush. The Win32 version of “create col or” just returnsits

R@&Bcol or argument asan| col or value. The X11 version callsaX11 function to alocate a new color and
returnsit asanindex or pointer. If “creat e col or” cannot allocate acolor, it returns the nearest color or

adefault color.

When you no longer needed | col or i, it isgood mannersto deallocate it by calling:

free i
sothat thel col or can beredlocated. All colors are deallocated when G-SWIM exits.
3.3. Pensand Brushes
When drawing aline or filling a shape, there are many options. A line hasacolor, athickness, and astyle
(solid, dotted, dashed, etc.) A fill hasacolor, a pattern, or perhaps even an image. Including all possible
options for each graphic function call would be very inefficient and would make GUI programs ook awful.
So instead, window managers have a device context (Win32) or graphics context (X11) whichissimply a
data structure that contains the current values of all these properties. We will use“GC” to refer to both kinds
of context. Functions that draw shapes use the current values in the GC, and the API provides additional
functions to modify the GC. Most drawings and text reuse the same colors, styles, and fonts so the approach
is generally more efficient than passing every possible argument.
X11 takes a very simple approach where each property -- e.g., foreground color or line style -- is changed
individualy. Win32 adds a second layer by defining pens and brushes which group together line drawing
and areafill properties so that a whole group of properties can be changed simultaneously by selecting a pen
or brush. [fn: TrollTech’s Qt also uses this approach.] G-SWIM uses the latter approach, and automatically
makes the appropriate X11 calls when selecting a different pen or brush.
To create anew pen, call the function:

create pen (style, th, color)

wherecol or isthepen’sl col or, t h isthe pen thicknessin pixels, and st yl e isSol i dLi ne,
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DashedLi ne, Dot t edLi ne, DashDot Li ne, or DashDot Dot Li ne. “cr eat e pen” returnstype Pen,
which is an amorphous pointer. The Win32 G-SWIM calls Win32 function Cr eat ePen which returns an
HPEN object handle. The X11 G-SWIM alocates its own pen structure and returns a pointer to it. If
G-SWIM cannot allocate a new pen, it returns the standard solid black pen (1 pixel thick).

When G-SWIM draws a dotted or dashed line, it does not draw anything in the gaps between dots and
dashes. Whatever pixels were there before (usually the background color or pattern) are unaltered.

There are also a set of pre-allocated standard pens which can be accessed using:
standard pen (i d)
wherei nt i disSt dBl ackPen or St dwi t ePen.
To select apen, cal:
sel ect pen
where pen isof type Pen. G-SWIM uses the selected pen until you select a different one.
When a non-standard pen is no longer needed it is good manners to deallocate it by calling:
free pen
so that the Pen can be reallocated. All pens are deallocated when G-SWIM exits. In general, do not
deallocate standard pens. However, it is OK to attempt to deall ocate the standard black pen that is returned
by afailed call tocr eat e pen.
To create anew brush, call one of these functions [to be implemented]:

create brush (color)
create brush (color, pat)

wherecol or isthebrush’'s| col or and pat isstipple pattern. If pat ismissing G-SWIM assumes a solid
col or brush. “creat e brush” returnstype Br ush, which is an amorphous pointer. If G-SWIM cannot
allocate a new brush, it returns the standard solid black brush.

Aswith pens, thereis a set of pre-allocated standard brushes which can be accessed using:
standard brush (id)

wherei nt i disSt dBl ackBrush or St dwWhi t eBr ush, both of which are all solid.

To select or dedllocate a brush, call:

sel ect brush
free brush

In general, do not deallocate standard brushes. However, it is OK to attempt to deallocate the standard black
brush that isreturned by afailed call tocr eat e brush.
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3.4. Drawing Functions

This section describes the functions for drawing shapes. If you are familiar with other window managers,
you'll notice that the drawing functions do not explicitly identify which window is being drawn. Instead,
G-SWIM has aglobal variable Sel W n which points to the selected window. We will describe windowsin
more detail in alater section.

All coordinates for drawing functions are relative to the upper-left corner of the client or user area of
Sel W n, i.e., the areaenclosed by Sel W n’sframe and below its header. The window coordinates of the
upper-left corner are[ 0, 0] .

Some of the drawing functions use the current position, which is where to start drawing if theinitial
coordinates are not specified explicitly. The current position isinternal to G-SWIM. Functions“nove t o
z", “linetoz”,and “drawl i nefromzltoz2” update the current position to awell-defined value.
Other drawing function may change it to an unspecified value.

nmove to z
Movethe current position to Poi nt z. Do not draw anything. ‘z’ may be avariable or aPoi nt
expression such as:

nmove to [100, 50]
move to (z + [1, 1])

These notations use the fact that GalaxC syntax considers the space before ‘[ ' or ‘(' to be significant.

line to z

line thru z
Draw aline from the current position to Poi nt z using the selected pen, and then perhaps update the
current positionto z. Asdescribed earlier, Win32 does not draw the endpoint of aline whereas X11
and most other window managers do. To cover both cases efficiently, we have two ways to draw a
line. “I i neto z” may or may not draw z: useit if you don’t care whether z is drawn or not sinceit
will be followed by another “I i ne t o” or will touch other graphics. Use“li ne t hru z” if you want
to make sure z is drawn: the Win32 G-SWIM draws a an extrastub at z to make sure z appears.
“l i ne t o z” updatesthe current positiontoz. “l i ne t hr u z” may change the current position to
an unspecified value.

draw line fromzl to z2

draw line fromzl thru z2
Draw aline from Poi nt z1 to (or through) Poi nt z2 using the selected pen, and perhaps update the
current positionto z2. They are equivalent to:

Point arg {z1, z2},
fn {draw line fromzl to z2}
fn {draw line fromzl thru z2}

{rove to z1; line to z2},
{move to z1; line thru z2}

Aswith“l i ne to”,z1 andz2 canbeany Poi nt expression, e.g., “drawl i ne from[ 50, 100]
to(z-[20, 30])".

draw Hine fromz to x2
draw Hine fromz thru x2
draw Mine fromz to y2
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draw Mline fromz thru y2
Draw horizontal or vertical linefrom[ z. x, z.y] to (or through) [ x2, z.y] (if horizontal) or
[z.x, y2] (if vertical) using the selected pen, where z isaPoi nt and bothx2 andy?2 arei nt .
These functions may take advantage of faster routines for drawing horizontal or vertical linesif the
window manager hasthem. It aso handles“t o” versus“t hr u” more explicitly: “t 0” never includes
the endpoint, while “t hr u” alwaysincludesit. X11 adds or subtracts 1 from the endpoint coordinate
to implement the“t 0” form -- thisis easy for a horizontal or vertical line, but difficult for a diagonal
which iswhy the more general “draw line fromz1l to z2” makesdrawing z2 optional. The
current position becomes undefined.

draw point at z
Draw asingle point at z using the selected pen’s color.

draw r

draw rect fromzl to z2
Draw arectangle outline using the selected pen given diagonally opposite pointsr. z1 andr . z2 (or
Poi nts z1andz2). ‘r’ isaRect value, variable, or pointer. The functions are equivalent to:

move to r.zl; line to [r.x2, r.yl]; line to r.z2;
line to [r.x1, r.y2]; line to z1;

‘r’ may be an unconventional Rect .

fill r

fill rect fromzl to z2
Fill arectangular region using the selected brush given diagonally opposite pointsr. z1 andr. z2 (or
Poi nts z1andz2). ‘r’ isaRect vaue, variable, or pointer. Do not fill the right and bottom edges
ar.x2andr.y2. Thebehaviorof “fill rect” isonly predictableif r isaconventional Rect ,
i.e., its coordinates must be sorted.

draw circle (z, r)
Draw acircle outline using the selected pen given a center at Poi nt z andi nt radiusr.

fill circle (z, r)
Fill acircle outline using the selected brush given acenter at Poi nt z andi nt radiusr .

draw arc (z, r) fromzl to z2

draw arc (z, r) fromzl thru z2
Draw acircular arc with Poi nt center z andi nt radiusr from Poi nt z1 to (or through) Poi nt z2,
using the selected pen. The arc direction is clockwise, which is more natural for aflipped coordinate
system with x increasing to the right and y increasing down. The arc should line up exactly withz1
and z2: it's OK for the center z to move along the line from z to z1 so the arc matches. Radiusr is
aways| z1 - z|, but that can be expensive to calculate so G-SWIM lets the application calculate it
ahead of time and store it.

Some window managers may choose to implement arcs (and circles too, for that matter) as Bézier
Curves.

3.5. Fontsand Drawing Text

G-SWIM assumes the UWM supports scalable fonts, such as TrueType. These are built into Win32 and are
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added to X 11 using the Xft interface to the FreeType rasterizer.
To create afont, call:
create font (faceName, size, options)

wherest ri ng f aceNane isthe name of thefont, i nt si ze isthe desired font height in pixels not including
internal leading (defined below), and i nt opt i ons are font options such asBol dFont and | t al i cFont
which can be ORed together as“Bol dFont | Ital i cFont”. f aceNanme depends on which fonts are
available on your system, but G-SWIM always recognizes these fonts:

" Monospaced", afixed-width font usually implemented as Cour i er or Couri er New.

"Ti mes", aproportional serif font usually implemented as Times Roman or Times New Roman.
"Hel veti c", aproportiona sans-serif “Swiss’ font usually implemented as Helvetica or Arial.

" Synbol ", astandard font with Greek and mathematical characters.

PoNPRE

G-SWIM maps the quoted names to implementation-specific names. |t isreasonable to expect that the first
three fonts are available on every system in normal, bold, italic, and bold italic styles since Microsoft at one
time made them available for free as “ net fonts’. Symbol was not part of this set of free fonts, but isa
standard Windows font and is often present in GNU/Linux distributions, or can be purchased for $20 or so.
PDF considers all four fontsincluding their alternate styles to be “ standard fonts” which can be used by all
PDF documents, so al the fonts should be available on any system that has a PDF reader.

“createfont” returnstypel nt Font (interna font), which isan amorphous pointer. If G-SWIM cannot
allocate a new font, it returns the default system font. The system font can aso be accessed using:

standard font (id)
wherei nt i disSt dSyst enfont .
Aswith pens and brushes, to select or deallocate f ont call:

sel ect font
free font

Attempts to deallocate the system font are ignored.
3.5.1 Font Dimensions

A font has a number of important dimensions which you many need for an advanced GUI, e.g., a
WY SIWY G document editor or a graphics editor that includes text objects. Here are the most important
dimensions:

. The ascent of a character is how much it rises above the baseline. Many lower case letters -- e.g., ‘@,
‘c’,and ‘0’ -- have asmall ascent while other lower-case and all capital |etters have alarge ascent:
‘d’,‘h’, and ‘M’. Capital letters with accents may have an even larger ascent: ‘A’ and ‘N’. Some
special characters have asmall or zero ascent: *." and ‘_’. The ascent of afont is the maximum ascent
of any character in the font.

. The descent of a character is how much it falls below the baseline. The characters with the most
descent are usually lower-case descender characterslike‘j’, 'y’, but aso include some accented
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characterslike ‘¢’ and some punctuation markslike‘;’. The descent of afont isthe maximum descent
of any character in the font.

. Leading (prounounced “ledding”) is extra vertical space inserted between lines to improve readability.
The name refers to thin strips of lead from days of movable type. Internal leading refersto the
leading immediately above aline and is often used for capital letter accents-- ‘A’ and ‘N’ -- so that
lines with accented capitals have the same baseline-to-baseline distance (vertical pitch) aslines
without them. G-SWIM includes internal leading in afont’s ascent.

External leading is extraleading beyond the internal leading and isoptional. It's arecommendation
from the font designer which can be followed or ignored by a program using the font.

. The height of acharacter is the sum of its ascent and its descent. The height of afont is the sum of
maximum ascent plus the maximum descent and may or may not include internal leading. When you
specify afontin G-SWIM -- e.g., “create an 18 pixel high font” -- do not include internal leading. On
the other hand, when you ask G-SWIM for the actual height of afont it doesinclude internal leading.

. If you draw a character at coordinates z, the origin of that character is the location in its pixmap that
corresponds to z. For example, z could be the upper left corner of the pixmap. However, the most
useful location (and the one chosen by G-SWIM) isthe left edge of the character at its baseline. This
is because if you are drawing a sequence of characters from different fonts you generally want them to
align at the baseline.

. The width of acharacter is usually width of its visible pixels plus any additional space between it and
the previous and following characters. However, this becomes tricky when a character is designed to
overlay adjacent characters, likethe ‘f’ in “difficult”. Thisiscalled kerning. Since we normally
draw a sequence of adjacent characters, this definition is much more useful:

The width of a character isthe number of pixelsto add to the character’s origin in the
horizontal direction to get to the next character’s origin.

A character like ‘f ' may have pixelsto the left of its origin and pixels to the right of the next
character’s origin as well.

High quality document formatters may perform advanced kerning to squeeze together pairs of letters
intext like“WAY” soit lookslesslike“W A Y". G-SWIM does not support this feature at thistime.

Once you have created f ont , you can obtain its dimensions by caling:
get font metrics (width, height, ascent, descent, ilead, xLead)

“get font nmetrics” sets&ushort referenceargumentswi dt h - xLead to f ont 'sdimensions as
follows:

. wi dt h: Average character width in pixels. If amonospaced font, wi dt h isthe width of all characters.
. hei ght : Font height in pixels, including internal leading. Recall that “cr eat e f ont” requests font
height without internal leading. (This may change.)

. ascent : Maximum font ascent above the base line in pixels, including internal leading.
. descent : Maximum font descent below the base linein pixels. Inall caseshei ght =ascent +
descent.

. i Lead: Internal leading in pixels, included in hei ght and ascent .
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. xLead: External leading in pixels, not included in hei ght .

You may pass NULL for any of these arguments if you don’t need the value.
3.5.2 Text Dimensions

To get the size of atext string using the selected font call:

size of text(n)
size of text

wi dt h of text(n)
wi dt h of text

hei ght of text(n)
hei ght of text

wheret ext isastring andi nt nisthelength of the string in bytes. If n ismissing, G-SWIM calculates
| text|. “size of " returnsaPoi nt equal to[ wi dt h, hei ght]. Theothersreturnani nt width or
height.

The width of t ext isthe sum of its character widths, where the width of a character is the number of pixels
to add to the character’s origin in the horizontal direction to get to the next character’ s origin. The width
returned by “si ze of text” or“wi dt h of t ext” wheret ext isamultiple character string should be the
same as the sum of the widths obtained by calling “si ze of t ext” or “wi dt h of t ext” for each individual
string. However, this does depend on the UWM. We have found empirically that thisis true for Win32 and
X11 (with and without Xft) provided G-SWIM uses screen coordinates and avoids character-by-character
kerning. Future UWMs should be careful to maintain this property.

The height of t ext iscurrently ambiguous. On some UWMsthe height of t ext aways equals the height of
its font, but others may reduce thisif the characters of the string do not use the full ascent and/or descent,
e.g., “access”. XOE avoidsthis ambiguity by aways using font dimensions for height.

G-SWIM has a specialized text width function used to format text left to right with automatic word wrapping.
Its definition looks like:

string arg text, int arg {n, margin, linmt, &m @sw},
fn{width of text (n, margin, limt, m psw} = ...

This function calculates the width of t ext , with length n. “mar gi n” isasoft right margin wheret ext
should break and | i mi t isahard right margin which t ext must not exceed (margi n<1i ni t). Both
marginandl i mt arerelativeto theinitial x coordinate of t ext . ‘mi returns the number of characters of
t ext that can beused. If theentiret ext fitswithin mar gi n, return m=n. If t ext width exceeds

mar gi n, then you may need to break text: mreturns the number of characters that fit withinl i m t and
psw 0: nj issettoani nt array of partial string widthswhere psw| i | = width of firsti characters of
text . “psw” must have at least n+1 elements. In all cases return the width of the first mcharacters of
text.

3.5.3 Text Color
To select text color, call the function:

text color =i
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wherei isanl col or value.
3.5.4 Drawing Text
To draw text at Poi nt z using the selected font and text color, call:

draw text(n) at z
draw text at z

wheret ext isastring andi nt nisthelength of the string in bytes. If n ismissing, G-SWIM calculates
|[text| = strlen(text). ‘'z’ istheleft end of t ext 'sbaseline. “t ext ” should consist entirely of
printable characters defined by the font. In most cases this means ASCII, 1SO-8859-1 L atin-1, or
Windows-1252 and does not include any control characters.

G-SWIM drawstext using the solid | col or selected by thelast call to “t ext col or =. .. ", by default
black. Aswith dotted and dashed lines, G-SWIM only draws the forcground pixels and leaves the
background pixels alone. The UWM generally uses anti-aliasing and/or TrueType to create high-quality
characters from a scalable font.

At some point we may to add a function to draw outlined text, where the outline uses the current pen, and
filled text where the text uses the current brush.

3.6. Window Terminology

G-SWIM follows the conventional window terminology popularized by Microsoft Windows, X Windows,
Apple Macintosh, and others. G-SWIM manages a collection of rectangular windows on a bit-mapped
display screen also called the desktop, since it resembles the surface of a desk covered with papers.
Windows may overlap, just as papers may overlap on adesk. A window is either fully exposed (no other
windows cover it), fully obscured (it is completely covered by one or more windows), or partially obscured
(part isvisible, other parts are obscured by other windows).

The main part of awindow isits rectangular client area, which displays graphical and text generated by the
application. Thetitle bar is an optional rectangle above the client area containing the window’ stitle -- e.g.,
the name of a document being edited in the window -- and perhaps some platform-specific controls for
resizing and/or closing the window. Typically you can move awindow by pressing the mouse in the title bar
and dragging. If the window does not have atitle bar, e.g., a pop-up dialog or menu, you may be able to
move the window by pressing an inactive location and dragging, or it may not be possible to move the
window. A window usually has a border enclosing the client are and title bar. On some platforms, you can
drag the border with the mouse to resize the window.

Some UWM s allow additional window parts, such as scroll bars and menus. G-SWIM does not support
these itself, but applications may do so in the client area.

The UWM determines when windows need to be redrawn, e.g., if:

A new window is created.

The window is resized to make it taller or wider.

A (partially) obscured window becomes exposed because a window on top of it is moved or deleted.
The title of the window changes.

The application has changed the data contained within the window.

grwdpE
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The UWM takes care of redrawing the title bar and border, and automatically calls the application program to
redraw the client areaif changed, passing an update rectangle which indicates what subset of the client area
toredraw. The application program stores its datain some internal form, e.g., an array of ASCII characters
for atext editor . When called, the application refreshes (part of) the client area by calling G-SWIM drawing
functions described earlier. For example, atext editor makes multiple callsto “dr aw t ext ” to refresh the
changed part of the window.

The UWM automatically clips graphics operations so that an application can simply refresh all itsinternal data
and not worry about whether it is partially obscured. However, if thereisalot of internal datait is generally
much more efficient to consider the update rectangle and limit drawing to data that could intersect that
rectangle.

Most user input to awindow isin the form of mouse and keyboard events. A mouse event occurs whenever
the user moves the mouse, or presses or release a mouse button in the window. A keyboard event occurs
whenever the user presses akey in the window. The UWM processes some of these events itself (such as
mouse events in the title bar or border of the window) and calls the application program to handle the rest of
them.

Mouse events are usually sent to the window that the mouse isin. However, it is possible to capture the
mouse temporarily so that all mouse events go to a particular window.

Keyboard events go to the window that has the keyboard focus, sometimes called the top window or selected
window in UWM documentation. However, G-SWIM uses “ selected window” to mean the window pointed
to by global variable Sel W n. Most UWMs require you to click the mouse in awindow to giveit the
keyboard focus. Others may automatically assign keyboard focus to the window that contains the mouse.

A modern mouse often has a mouse wheel, which is used for scrolling windows up and down. Whileit
would make sense that the mouse wheel should scroll the window it isin, some UWMSs (notatbly Win32)
always send mouse wheel eventsto the keyboard focus window. This can cause unexpected inputs, but
unfortunately is the convention.

A child window isawindow that is created as part of another window, called the parent window. Some
examples of child windows include:

1 Pop-up dialogs requesting user input before the parent’ s application can continue.
2. Menus, either drop-down menus at the top of awindow or pop-up menus that appear at the mouse.
3. Scroll bars.

A child window may be attached to its parent so that it moves with its parent, or it may be free to move
independently. Scroll bars and drop-down menus are usually attached and pop-up menus and dialogs are
usually free. An attached child window may be clipped to its parent’s client area.

Child windows may be nested to any desired depth. The parents, grandparents, great-grandparents, etc. of a
window are referred to collectively asits ancestors. Each window can have at most one parent window. A
window with no parentsis called a primary window and usually has atitle bar and border.

In G-SWIM, achild window captures all the input events that would otherwise go to its parent or other
ancestor, e.g.,

. If an application brings up a pop-up dialog, al mouse clicksin its parent window go to the pop-up
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window instead.
. To edit atext field, a dialog may bring up atext editing child window that exactly coversthe text field.
All keytrokes and mouse clicks go to that text editor until text editing is complete.

Some UWM s use windows for almost any rectangular screen object, such as menu and dialog buttons, and
all parts of ascroll bar. G-SWIM, on the other hand, typically uses windows only for large objects with
many subcomponents such as a complete menu with many buttons or a complete dialog, and uses XXICC
Objects for small objects.

G-SWIM has two coordinate systems, both in pixels. Screen coordinates are for the whole screen, and go
from[ 0, 0] at the upper-left corner down to but not including [ Scr eenW dt h, Scr eenHei ght] at the
lower right, where Scr eenW dt h and Scr eenHei ght are global variables containing the dimensions of the
screen. Window coordinates are for the client area of awindow, and go from[ 0, 0] at the upper-left
corner of the window’ s client area down to but not including [ wi n. wi dt h, wi n. hei ght] at the bottom
right of the client area.

3.7. G-SWIM Window Structure
G-SWIM stores the properties of awindow inaGai nSt r uct , which isdefined in gswi nl i b:

typedef GmM nStruct = struct(&w n)

{
@dni NSt ruct w n. next, // Next allocated window.
ushort win.options, / Window options.
ushort win.state, I Window state.
@Bn NSt ruct w n. parent, /I Parent of thiswindow.
@Bn nStruct win. captor, /I Send input events to this window.
fnptr wi n. Ref reshEvent, /I Refresh Event handler.
fnptr wi n. Keyboar dEvent, // Keyboard Event handler.
fnptr wi n. MouseEvent, /l Mouse Event handler.
fnptr wi n. W ndowEvent , /I Multi-purpose window event handler.
short W n. screenX, /I Window client area screen X coordinate.
short W n. screeny, /l Window client areascreen Y coordinate.
ushort wi n.width, /I Window width in pixels.
ushort wi n. hei ght, /I Window height in pixels.
ushort w n.mnW /I Minimum window width in pixels.
ushort w n.m nH, / Minimum window height in pixels.
ushort wi n. maxW /I Maximum window width in pixels, or O.
ushort wi n. maxH, /I Maximum window height in pixels, or O.
string win.title, I Window title (path name).
ushort win.request, /I G-SWIM event requested by window.
ushort win.sparel, [/l Spare field.
ulong W n.spare2, I/ Spare field.
Brush  wi n. BGorush, // Background brush pointer or handle.
ubyte  win.priv[0x20] // Reserved for underlying window manager.
b

def GmM ndow = @Bm nStruct;

Here are the detailed descriptions of each field:
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Wi n. next
All alocated windows are linked by their wi n. next fields. Thisfield isgeneraly only used by
G-SWIM and should never be changed by application programs. Child windows always precede their
parentsin the list of alocated windows.

Wi n. options
Options for this window expressed as bitwise ORed symbolic constants. The MSB is reserved for
application programs. The LSB isfor G-SWIM and is encoded as follows:

0x07 W ndowTypeMask G-SWIM window type bits, with values:

0x00 Pri mar yW ndow Primary window with title bar and sizing frame.

0x01 PopupW ndow Pop-up window, preferably without a border.

0x02 Att Chi | dW ndow Child window attached to and enclosed in parent.

0x03 Att ToPri maryWn Child window attached to and enclosed in primary window.

G-SWIM movesan At t Chi | dW ndow with its parent window, and clips the child to its parent’s
boundary. AnAtt ToPri mar yW n issimilar, except that it is attached to and clipped by its primary
window ancestor instead of itsimmediate parent. At t ToPri mar yW n isused by cascading
drop-down menus.

These options are subject to change. Specifically, I'm planning to distinguish between dialog and
menu pop-up windows, and need to decide how to deal with drop-down menus that are too long for
the client area.

Wi n.state
Current state of this window expressed as bitwise ORed symbolic constants. The MSB isreserved for
application programs. The LSB isfor G-SWIM. Stateis not normally used by G-SWIM applications
--look at gswi m i b to find out more.

Wi n. par ent
Parent window of wi n, or NULL if wi n isaprimary window. Application programs should not modify
thisfield.

Wi n. capt or
Points to the child window of wi n that should receive al input eventstow n, or NULL if wi n has no
children. Application programs should not modify thisfield.

wi n. Ref reshEvent
Points to a GalaxC function which G-SWIM calls to to redraw (part of) wi n’sclient area. If noneis
specified, G-SWIM uses a dummy function that does nothing. The refresh event function has the
form:

Rect arg @pdat eRect,
void fn refresh event (updateRect) = ...

where updat eRect pointsto aRect that indicates what part of the client to redraw, viz., from
window coordinates updat eRect . z1 down to but not including updat eRect . z2. If

Wi n. BGbr ush isnot NULL, G-SWIM automatically erasesupdat eRect by filling it with

wi n. BGor ush before calling .
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wi n. Keyboar dEvent
Points to a GalaxC function which G-SWIM calls when the user presses akey if wi n isthe keyboard
focuswindow. If noneis specified, G-SWIM uses adummy function that does nothing. The
keyboard event function has the form:

char arg key, ulong arg shifts,
void fn keystroke event (key, shifts) = ...

where key isthe (usually) ASCII code of the key just pressed, and shi f t s isacombination of
bitwise ORed symbolic constants that encode keyboard modifiers:

0x80 VKEY “key” isavirtual key encoding a specia character.
0x40 V\HEEL “key” encodes mouse wheel movement.

0x20 ALT_KEY An Al t key was pressed with avirtual key.

0x08 CTRL A Ctrl key was pressed with avirtual key.

0x04 SHI FT A Shi ft key was pressed with avirtual key.
0x03 kk Encode key using character set kk.

You can think of shi f t s asahbinary number VWAQ. CSkk whereV = VKEY, W=WHEEL, A=ALT, C
=CTRL, and S=SHI FT.

Virtual keys are special characters that usually do not have ASCII codes, such a cursor movement
keys (UP, DOWN, LEFT, RI GHT, HOVE, END), page scroll keys (PRI OR, NEXT), function keys FO
through F24, and other special characters (I NSERT, DELETE, BS, TAB, CR). They may be modifed
by an combination of CTRL and SHI FT. Control characters are also treated as virtual keyswith key
equal to ‘A’ through ‘Z’, and shi ft s equal to VKEY | CTRL or VKEY | CTRL | SHI FT. G-SWIM
encodes virtual keys using Win32 conventions: seegswi i i b.

G-SWIM encodes a mouse wheel event with key equal to an sbyt e value equal to number number
of linesto scroll, usually either +3 or -3.

If the VKEY bit is 0, key encodes anormal (printing) character. If kk is0, key isencoded in ASCII,
Latin-1, or Microsoft-1252. If kk is1, key isencoded using the Symbol font’s character set. An
application program may ignore kk, or useit to switch to Symbol automatically when the user enters
Symbol character like ‘#’.

G-SWIM automatically handles accented characters using the standard method of preceding them with
the appropriate accent while holding down Ct r | . Valid combinations are shown in Section 4.7.

wi n. MobuseEvent
Points to a GalaxC function which G-SWIM calls when thereisamouse event inwi n. If noneis
specified, G-SWIM uses a dummy function that does nothing. Mouse events include mouse
movement and changes to the mouse buttons. The mouse event function has the form:

int arg {x, y}, ulong arg shifts,
void fn nouse event(x, y, shifts) = ...

where x and y are the window coordinates of the mouse and shi f t s isacombination of bitwise
ORed symboalic constants that encode mouse button changes, the current state of the mouse buttons,
and shift keys:
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0x8000 MOUSEW N EXIT  Reeased button outside mouse window (may omit).

0x2000 LBUTTONUP Left button up event: LBUTTON is now O (released).
0x1000 LBUTTONDN L eft button down event: LBUTTON is now 1 (pressed).
0x0800 MBUTTONUP Middle button up event: MBUTTON is now O (rel eased).
0x0400 MBUTTONDN Middle button down event: MBUTTON is how 1 (pressed).
0x0200 RBUTTONUP Right button up event: RBUTTON is now O (released).
0x0100 RBUTTONDN Right button down event: RBUTTON is now 1 (pressed).
0x0080 HI T_TEST Win32 “hit test” for moving awindow with no title bar.
0x0020 ALT_KEY An Al t key iscurrently pressed.

0x0010 MBUTTON The middle mouse button is currently pressed.

0x0008 CTRL A Cirl keyiscurrently pressed.

0x0004 SHIFT A Shi ft key iscurrently pressed.

0x0002 RBUTTON The right mouse button is currently pressed.

0x0001 LBUTTON The left mouse button is currently pressed.

LBUTTON, MBUTTON, and RBUTTON are the current state of the left, middle, and right mouse buttons.
XBUTTONDN is a button event: it means that button x has changed from up to down (has just been
pressed) and the xBUTTON bit isnow 1. Similarly, xBUTTONUP means that button x has changed from
down to up (has just been released) and XBUTTONis now 0. [fn: G-SWIM currently treats
double-clicks as two pairs of normal clicks. However, we may in the future set both xBUTTONDN and
XBUTTONUP to mean the second xBUTTONDN of a double-click, so give priority to xBUTTONDN in
mouse event handlers.]

SHI FT, CTRL, and ALT_KEY are simply the combination of shift keys currently pressed.

HI T_TEST isaspecia Win32 feature that G-SWIM uses for moving a dialogs that doesn’t have atitle
bar. HI T_TEST provides away for aWin32 application to tell Win32 explicitly what the mouseis
currently over. Inour case, if themouseisinadialog and it is not over abutton or other clickable
object, the“di al og mouse event” function returns the value MOVE_EVENT to tell G-SWIM to tell
Win32 that the mouse is over thetitle bar so that you can drag the title bar with the mouse.

HI T_TEST aways appears by itself in shi f t s; most mouse event handlersdiscard H T_TEST
events.

When you press a mouse button in awindow, G-SWIM makes that window the mouse window and
automatically captures the mouse, sending all mouse events to the mouse window until you release the
button. Thisisthe same as“automatic grab” in X11. If the mouse is captured, window coordinates x
and y may be negative (to the left of or above the client area) or may exceed the dimensions of the
client area (to the right of or below the client area).

MOUSEW N_EXI T tells the mouse window that the mouse button has been released outside the
window. Thisisused when dragging a shape within a G-SWIM window: if you release the mouse
outside the window, you usually want to abort the dragging operation and either return the shape to its
original position or leaveit at itslast position. If your application does not drag shapes, you can ignore
MOUSEW N_EXI T. MOUSEW N_EXI T always appears by itself in shi f t s and does not provide useful
valuesfor x andy.

We may discard MOUSEW N_EXI T at some point and replace it with another mechanism. Also,
automatic capture and MOUSEW N_EXI T are only well-defined for a single button. We need to
decide the right way to ignore multiple buttons.
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Wi n. W ndowEvent
Points to a GalaxC function which G-SWIM calls to report various changes in the state of wi n, such
as creating awindow and changing itssize. If noneis specified, G-SWIM uses a dummy function that
does nothing. The window event function has the form:

int arg action, ulong arg {argl, arg2, arg3},
void fn wi ndow event (action, argl, arg2, arg3) = ...

whereact i on isasymbolic constant indicating which window event and ar g1-ar g3 are
act i on-specific arguments. Simple applications do not need window events, so we defer detailsto
Section 4.2.

Wi n.screenX,w n.screenY
Screen coordinates of the upper left corner of wi n’sclient area. These can be used to convert the
window coordinates x and y of a mouse event to screen coordinates by adding [ wi n. scr eenX,
wi n. screenY]. They may also be used to convert coordinates in one child window to those of
another child of the same primary window.

wi n. wi dt h, wi n. hei ght
Width and height of wi n’sclient areain pixels. This can be used to determine what part of an
application’s datais currently visible on the screen. If the user resizeswi n, G-SWIM automatically
updateswi n. wi dt h andwi n. hei ght, and reports the change by calling
wi n. WndowEvent ( RESI ZE_EVENT) .

w n. mnWw n. mnH w n. maxWw n. maxH
Minimum and maximum width and height of wi n’sclient areain pixels. The UWM uses this data to
control how much awindow can beresized. For example, atext editor window may have a minimum
size, or adialog may be forced to afixed size so the user cannot resizeit.

If mi nWor ni nHis 0, thenw n has no minimum dimension and can be shrunk to whatever minimum
size the UWM allows. If maxWor maxHis 0, then wi n has no maximum dimension and can be
enlarged to whatever maximum size the UWM allows.

win.title
Current title of wi n, normally displayed in thetitle bar. Alwaysusethe“wi ndow title = ...” to
set the window title rather setttingwi n. tit1 e directly. Notethatwi n. titl eisastri ng pointer:
the application is reponsible for alocating storage containing the actual text of the title.

Wi n. request
Thisfield allows a G-SWIM application to respond to a keyboard, mouse, or window event by
requesting futher action from G-SWIM. For details see Section 4.3.

wi n. BGor ush
Thisfield points to the Br ush which G-SWIM uses to erase the background before calling a G-SWIM
application’swi n. Ref reshEvent function. Itisnormally set to a solid white brush or agray brush
for dialogs. If NULL, G-SWIM does not erase the background. Thisis appropriateif the applicationis
painting all pixels, e.g., it isdisplaying an image.
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Wi n.priv
Thisfield contains private data for a specific UWM, usually pointers to the UWM’s own window and
GC data structures. Application programs should never change these val ues.

G-SWIM applications may append additional fieldsto Gai nSt ruct by creating asubst ruct of it.
3.7.1 Calling Event Functions

Before callingwi n. Ref r eshEvent , wi n. Keyboar dEvent ,wi n. MouseEvent , or wi n. W ndowEvent,
G-SWIM saves the current value of Sel W n and then sets Sel W n towi n so that application code knows
which window is receiving the event and so that drawing functions already have Sel W n set to the correct
window. In addition, except for wvi n. W ndowEvent and Hl T_TEST, G-SWIM selects the system font,
black text color, and the standard solid black pen and brush. Thisway the application can draw something
useful (and consistent) without having to select afont, text color, pen, and brush explicitly.

G-SWIM restores Sel W n to its previous val ue after the event function returns.

G-SWIM does not support multi-threaded applications at this time: each event function must complete before
the next oneis called for consistent operation.

3.8. Creatinga G-SWIM Window
To create a G-SWIM window cdl cr eat e wi ndow, which is defined as:

Gn ndow arg {win, parent}, string arg title,
int arg {options, x, y, w, h}, Brush arg BGbrush,
fn create window (win, title, options, x, y, w, h, BGorush, parent)

It has the following arguments:

Wi n Pointer to a pre-allocated initialized Ga nSt r uct .

title Window title, assignedtowi n. titl e.

opt i ons Window options, assigned towi n. opt i ons.

X, Yy Initial coordinates of window. If negative, use defaults.
If primary or pop-up window, x and y are screen coordinates.
If attached child window, x andy are relative to parent.

w, h Initial window dimensions. If negative, use defaullts.

BGbr ush Background brush or NULL for transparent background..

parent Pointer to parent window, or NULL if primary window.

Beforecaling “creat e wi ndow’, allocateaGni nSt r uct wi n and initalize al itsfields, setting

wi n. Ref reshEvent to the application’s refresh function and most other fieldsto O or NULL. “cr eat e

wi ndow’ sets NULL event functionslikewi n. Keyboar dEvent to adummy function that does nothing.
“create w ndow’ overwriteswi n.titl e andw n. opti ons withthetitl e andopti ons arguments.
If you want G-SWIM to set window position and size automatically, pass negative numbersin x, y, w, and/or
h.

Thereisaso asimplified version of “cr eat e wi ndow” if you want the usua defaults:

Gni ndow arg {win, parent}, string arg title,



15 May 2011 -39- gswim.xoe

fn create window (win, title)

Thisisequivalent to calling “cr eat e wi ndow(wi n, title, PrimaryWndow, -1, -1, -1, -1,
st andar d br ush ( St dwWhi t eBrush), NULL)".

As part of the window creation process, “cr eat e wi ndow” callswi n. W ndowEvent with CREATE_EVENT
to perform any creation-time initialization, MOVE_EVENT after computing initial position, and RESI ZE_EVENT
after computing initial window dimensions. “cr eat e wi ndow’ also callswi n. Ref r eshEvent to draw the
new window’ s contents.

If creat e wi ndowis successful, it returns TRUE with Sel W n set towi n. If anything went wrong, it
returns FALSE. The caller must deallocate any storage created for wi nandti tl e.

Thisis the only window function we need to get started with some examples. Other window functions are
described in Chapter 4.

3.9. SampleWindow Applications

This section preents some sample G-SWIM application programs. The first one creates awindow with the
familiar text “Hello, World”:

i ncl ude Gswi mAPI ;
/I G-SWIM calls this function whenever it wishes to redraw the window.

Rect arg @pdat eRect,
fn sanple refresh (updateRect) =

{
b

draw "Hello, world!" at [30, 30];

/I Allocate gwi n asaglobal variable.

Gni nStruct var gwi n;

nenset (&gwi n, 0, | Gwai nStruct]); /I Initialize gwi n fieldsto O/NULL.
/I Tell G-SWIM to call “sanpl e r ef r esh” to redraw the window.

gwi n. RefreshEvent = fnptr {sanple refresh (NULL)};

Il Create window for gwi n.

create wi ndow (&w n, "Sanple Application");

First we define the refresh function “sanpl e r ef r esh”, which simply drawsthest ri ng “Hel | o,

wor | d! " at window coordinates[ 30, 30] . Then we need to allocate space for aGai nSt r uct . Since this
exampl e has only one window, we just allocate gwi n asagloba Gai nSt r uct variable. Wethen clear gwi n
to 0 and NULL by calling menset , and then set gwi n. Ref r eshEvent tothef npt r address of the

“sanpl e ref resh” function.

Thelast step calls“cr eat e wi ndow’, which creates a nice window on the screen containing “Hel | o,
Wor | d! " using the system font, looking something like:
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Hello, World!

Note that there is no explicit GalaxC code to close the window. This meansthat G-SWIM will close the
window in the default way when the user clicks the CLOSE button or whatever the UWM provides.

Wehavedrawn “Hel | o, Werl d!” at[ 30, 30], but it looks much closer to the top of the window than to
the left edge of thewindow. Thisisbecause[ 30, 30] isthe basdlineof “Hel | o, Wor | d! ", not its upper
corner. |f we want to be more careful how we place“Hel | o, Wor | d! ", we can get its ascent and descent

by callingget font metri cs. Hereisamore sophisticated version of sanpl e r ef r esh which also draws
arectanglearound “Hel 1 o, Worl d!”:

Rect arg @pdat eRect,
fn sanple refresh2 (updateRect) =

{
ushort var {ascent, descent};
get font netrics (NULL, NULL, ascent, descent, NULL, NULL);
var w = width of "Hello, world!l";
var h = ascent +descent;
var z = [30, 30];
draw "Hello, world!" at (z + [0, ascent]);
draw rect from(z - [3, 3]) to (z + [w+ 3, h + 3]);
b

Herewecal get font netrics togettheascent and descent valuesfor the selected font, and also call
wi dth of "Hello, world!" togetitswidth. Given thesevalues, wecandraw “Hel | o, Worl d!”
relative to its upper left corner by drawingitat z + [ 0, ascent], and then draw abox around it with an
extra 3 pixels on each side.



15 May 2011 - 41 - gswim.xoe

|Hello, World!|

Centering “Hel | o, Wor | d! " inthe window turns out to be quite simple, as shown by this modified
example:

Rect arg @pdat eRect,
fn sanple refresh3 (updateRect) =

{
ushort var {ascent, descent};
get font netrics (NULL, NULL, ascent, descent, NULL, NULL);
var h = ascent +descent;
var w = width of "Hello, world!";
var z = [(SelWn.width - w/2, (Sel Wn.height - h)/2];
draw "Hello, world!" at (z + [0, ascent]);
draw rect from(z - [3, 3]) to (z + [w+ 3, h + 3]);
s

The only difference (shown in bol d) isthat we calculate the upper left corner z of “Hel | o, Wor | d! " using
window dimensions[ Sel W n. wi dt h, Sel W n. hei ght].

Here'safun example. Inthiscase, instead of using the system font we create agiant Times font, making it
1/3 the height of the window.

I nt Font var Bi gFont;

Il Create a big font with height h, freeing the previous version.

int arg h,
fn create BigFont (h) =
{
if BigFont != NULL then free Bi gFont;

Bi gFont = create font ("Tinmes", h, 0);
sel ect Bi gFont;

b
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Rect arg @pdat eRect,
fn sanple refresh4 (updateRect) =

{
create Bi gFont (Sel Wn. hei ght/3);
ushort var {ascent, descent};
get font netrics (NULL, NULL, ascent, descent, NULL, NULL);
var h = ascent +descent;
var w = width of "Hello, world!";
var z = [(SelWn.width - w)/2, (Sel Wn.height - h)/2];
draw "Hello, world!" at (z + [0, ascent]);
draw rect from(z - [3, 3]) to (z + [w+ 3, h + 3]);
b

Bi gFont = NULL;

In this example we re-create Bi gFont each timewe call sanpl e r ef r esh4, freeing the old version. Thisis
not a good way to do this, since reallocating afont can involve quite a bit of computation. A more
sophisticated version would use RESI ZE_EVENT to detect when awindow has changed size and only

recreate Bi gFont when that happens. Also, since we have not told G-SWIM how to close the window
explicitly using W ndowEvent , G-SWIM will not deallocate Bi gFont .

Now let’'s add some mouse input, specifically free-hand drawing whenever the left mouse button is pressed.
To do this we add a mouse event function:

Poi nt var prev;
int arg {x, y}, ulong arg shifts,
fn sanple nouse (shifts, x, y) = // Change order.
{
if (shifts & LBUTTONDN) != 0 then prev =[x, y] else
if (shifts & LBUTTON) !'=0
then {draw line fromprev to [x, y]; prev = [X, yl};

H

Bi gFont = NULL;
Gn nStruct var gw n;

menset (&win, 0, | Gm nStruct|); // Initialize gwi n fields.
gwi n. RefreshEvent = fnptr {sanple refresh4 (NULL)};
gwi n. MouseEvent = fnptr {sanple nouse (0, 0, 0)};

create wi ndow (&w n, "Sanple Application");

Global variable pr ev storesthe mouse|[ x, y] coordinates from the previous call to sanpl e nouse. When
the user first presses the left mouse button (LBUTTONDN), we initialize pr ev to the current coordinates.

Then for each mouse movement event with the left button pressed (LBUTTON), we draw aline from pr ev to
the current coordinates and update pr ev.

Thisisasimple example. It does not store the free-hand drawing anywhere, so if G-SWIM refreshes the
window the free-hand drawing is erased. Also, drawing graphics inside a mouse event function is generaly a
bad idea: in ailmost all cases you should use the refresh function to update graphics from the application’s data
structures.

Here' s another simple program which displays the characters of afont.
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i ncl ude Gswi mAPI ;

| nt Font var Sanpl eFont; // Font to display.
def dx = 30; // Horizontal and vertical character pitch.
def dy = 30;

Rect arg @pdat eRect,
fn showfont refresh (updateRect) =
{ /I Print al characters of font starting with ASCII space. Do not print control characters.
sel ect Sanpl eFont;
var ch ="' '; int var {x, y};
// Print 14 rows with 16 characters per row.
for y = dy thru (dy*14) by dy do
{

}s

for x = dx thru (dx*16) by dx do {draw (&ch) (1) at [Xx, y]; ch++};
b
/ Mouse handler: quit if left button is pressed.

int arg {x, y}, ulong arg shifts,
fn showfont nouse (x, y, shifts) =

{
if (shifts & LBUTTONDN) != 0 then Sel Wn. request = DESTROY_EVENT
b
Gni nStruct var gwi n;
Sanpl eFont = create font ("Synbol", 25, 0); // Display Synbol font.

menset (&gwi n, 0, | GmM nStruct|);

gwi n. RefreshEvent = fnptr {showfont refresh (NULL)};
gwi n. MouseEvent = fnptr {showfont nouse (0, 0, 0)};
create w ndow (&gw n, "Show Font");

3.10. Summary
This chapter has introduced the fundamentals of GUI programming using G-SWIM. Thiswill be enough for

many useful applications. More sophisticated GUIs will need the advanced G-SWIM functions and events
described in the next chapter.
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Chapter 4
Advanced G-SWIM

This chapter contains additional G-SWIM information needed for advanced applications.
4.1. Invalidating Regions

In 83.7, we saw that each window has arefresh function wi n. Ref r eshEvent which G-SWIM calls
whenever it needs to refresh (part of) awindow. Sometimes the UWM tells G-SWIM that awindow needs
refreshing, e.g., when part of the window is exposed because an overlapping window is moved or deleted.
On the other hand, if the application data changes and should be redrawn, the UWM has no idea that this
should happen unless the application tellsiit.

In general, a GUI application should always make changes to a data structure and then invalidate the changed
part of the window so that G-SWIM callswi n. Ref r eshEvent to draw the changes. This ensures that the
window is consistent with the application’s data structures, which is not guaranteed if the application tries to
be clever and perform drawing functions without using Ref r eshEvent . It'salso usually lesswork, since
each application needs aRef r eshEvent function anyway.

G-SWIM provides the following functions for invalidating and redrawing Sel W n:

invalidate r

invalidate rect fromzl to z2
Invalidate a rectangular regions given diagonally opposite pointsr. z1 andr. z2 (or Poi nts z1 and
z2). ‘r’ isaRect value, variable, or pointer. Do not invalidate the right and bottom edgesat r . x2
andr.y2. Thebehavior of “i nval i dat e rect ” isonly predictableif r isaconventional Rect , i.e.,
its coordinates must be sorted. All coordinates are relative to the upper |eft corner of the window, i.e.,
they are client or user coordinates.

The UWM usually does not redraw the region immediately. Instead, it keeps track of multiple
invalidations and then make one or more callsto Sel W n. Ref r eshEvent to show the changes.

i nval i date wi ndow
Invalidate the entire client area of Sel W n. Thisisequivalenttocalling“i nval i daterect from
[0, O] to[Sel Wn.wi dth, Sel Wn. hei ght]”.

cliptor
G-SWIM sets the clipping rectangle before calling Ref r eshEvent , which is usually enough for most
applications. Y ou can restruct drawing to asmaller region by callingcl i ptor, wherer isaRect
variable or pointer in client coordinates.

scrol |l w ndow (dx, dy)
Scroll the contents of Sel W n by horizontal offset dx and vertical offset dy, both in pixels. Negative
dx scrolls the contents left and positive dx scrollsright. Negative dy scrolls the contents up and
positive dy scrollsdown. The UWM copies pixelsif it can and generates Ref r eshEvent callstofill
intherest. If there are invalidated regions that have not been refreshed yet, the UWM modifies their
coordinatesby dx anddy. “scrol | w ndow’ isused for word processors, figure editors, and other
applications where only part of the dataiis visible in the window.

updat e wi ndow
Immediately refresh any invalidated regions of Sel W n instead of waiting until the UWM has nothing
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better to do. “updat e wi ndow’ israrely needed since the automatic UWM redrawing is usually
good enough. “updat e wi ndow’ should be used with care, sinceit can result in alot of redundant
processing.

4.2. Window Events

Aswesaw in 83.7, each window hasawi n. W ndowEvent function to report various state changes. Each
W ndowEvent function has the form:

int arg action, ulong arg {argl, arg2, arg3},
void fn window event(action, argl, arg2, arg3) = ...

Here are the possible values of act i on, called window events:

CREATE_EVENT
The“creat e wi ndow’ function calls W ndowEvent ( CREATE_EVENT) to alow the application to
allocate additional structures. CREATE_EVENT occurs before RESI ZE_EVENT and MOVE_EVENT.

CLOSE_EVENT
G-SWIM has received arequest to close this window, e.g., the user has clicked the window’ s CLOSE
button. However, the application can check with the user before closing awindow that has unsaved
changes (for example). Before calling W ndowEvent ( CLOSE_EVENT) , G-SWIM sets
Sel W n. r equest to DESTROY_EVENT. If the application wants to prevent closing the window, it
sets Sel W n. request to 0. If it leaves Sel W n. r equest equal to DESTROY_EVENT, G-SWIM
will finish closing the window.

DESTROY_EVENT
G-SWIM isclosing Sel W n and the application cannot stop this from happening. DESTROY_EVENT
tells the application to deallocate any storage it has allocated for Sel W n, including Sel W n itself.

RESI ZE_EVENT
The UWM has changed the size of Sel W n, with updated valuesin Sel W n. wi dt h and
Sel W n. hei ght . It will be calling Ref r eshEvent soon to draw newly-exposed regions. The
application may need to update its data structures if they are affected by window size.

MOVE_EVENT
The UWM has moved Sel W n, with updated valuesin Sel W n. screenX and Sel W n. scr eeny.

BLI NK_EVENT
Thisis used to control ablinking cursor in Sel W n. If ar g1 =0, erasethecursor. If argl =1,

draw it. If ar g1 =2, toggleit.

OPEN_EVENT, SAVE_EVENT
These events tell the application to create an Open File or Save File dialog box. They are not
originated by the UWM, but an application like XOE may pass an OPEN_EVENT or SAVE_EVENT
through G-SWIM.

FI ND_EVENT, REPLACE_EVENT, REPLALL_EVENT
These events tell the application to find text ar g1, replace text ar g1 with ar g2, or replace all
instances of text ar g1 with ar g2. They are not originated by the UWM, but an application like XOE
may pass them through G-SWIM to implement Find and Replace dialogs.
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SCROLL_EVENT
This event tell the application to scroll to aorigin ar g1 = x0 or y0 according to optionsin ar g2
which areinterpreted like the shi f t s argument in aKeyboar dEvent . SCROLL_EVENT is not
originated by the UWM, but an application like XOE may passit through G-SWIM to implement
scroll bars.

PRI NT_EVENT, PRI NTSEL_ EVENT
The Win32 version of G-SWIM uses these events to communicate with the Win32 Printer dialog.
PRI NT_EVENT tells the application to print with ar g1 = printer device context, ar g2 = first page (0 to
print selected text), and ar g3 = last page (32,000) to print al pages or selected text.

HOTW N_EVENT
XOE uses HOTW N_EVENT to detect when the mouse has been near the edge of awindow long
enough to expose the menu bar or scroll bars. Seethe“Hot W n del ay” function in 84.5.

GET_CB_EVENT, PUT_CB_EVENT, EMPTY_CB_EVENT, PASTE_EVENT
These events are for implementing the Clipboard. See §4.6.

APPL_SPEC_EVENT
Thisisthefirst EVENT code available for application-specific use. Each application has its own events
and can number them independently.

Very simple applications -- such as the onesin §3.9 -- can use the default W ndowEvent function, which
ignores all window events. In this case CLOSE_EVENT aways resultsin a DESTROY_EVENT, and the
application should not have any dynamically-allocated structures since it won’t be able to use
DESTROY_EVENT to deallocate them.

4.3. Window Requests

Applications may a so use the window events listed in 84.2 to ask G-SWIM to take some action after a
keyboard or mouse event. The application does this by setting Sel W n. r equest (which isnormaly 0) to
one of the window event act i on values. Thisis called passing awindow request back to G-SWIM.

For example, if a XOE user entersct | - P, G-SWIM calswi n. Keyboar dEvent which pointsto XOE's
keyboard event handler. The handler determinesthat ct | - P isthe keyboard equivalent of the Print
command from the File menu, and needsto tell G-SWIM to open a UWM Print dialog box to select a printer
and which pagesto print. Keyboar dEvent returns this window request by setting Sel W n. r equest to
either PRI NT_EVENT or PRI NTSEL_EVENT. PRI NTSEL_EVENT isused if there is a non-null selection and
affects the default Print dialog settings.

Window requests are handled by C function Event Request ingswi m h. Here the most common actions:

OPEN_EVENT, SAVE_EVENT
The application has received the keyboard equivaent for the Open or Save As commands from the
File menu. Keyboar dEvent setsSel W n. r equest to OPEN_EVENT or SAVE_EVENT. G-SWIM
calls Sel W n. W ndowRequest ( OPEN_EVENT or SAVE_EVENT) to create an Open File or Save File
dialog box.

DESTROY_EVENT
The application wants G-SWIM to close and deallocate Sel W n immediately, along with al of
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Sel W n's captor windows (83.7). G-SWIM calls Sel W n. W ndowRequest ( DESTROY_EVENT) so
the application can deallocate data associated with Sel W n, and does this for each captor as well.

CLOSE_EVENT
The application wants G-SWIM to close Sel W n, but only if the user agrees. G-SWIM calls
Sel W n. W ndowRequest ( CLOSE_EVENT) with Sel W n. r equest = DESTROY_EVENT. If
Sel W n. r equest isstill DESTROY_EVENT when W ndowRequest returns, G-SWIM finishes
closing the window.

G-SWIM looks at Sel W n. r equest immediately after calling Sel W n. Keyboar dEvent or

Sel W n. MouseEvent and processes non-zero requestsin Event Request . A request may result in one or
more subsequent requests, e.g., CLOSE_REQUEST may produce DESTROY_REQUEST. Event Request
loops until it has handled all requests for Sel W n.

On the other hand, G-SWIM does not usually check for requests after calling Sel W n. W ndowEvent
except in Event Request .

The curious reader may wonder why G-SWIM goes to so much trouble when closing windows. The
problem is that there may be quite afew data structures allocated for each window, at the very least a

Gni nSt ruct and aUWM-specific window structure. As aways with dynamically-allocated structures, it is
crucia that you do not deallocate until you are completely finished with the structure, and that can be tricky
with windows particularly when there is one or more levels of captor windows, which must be closed in the
correct order.

G-SWIM solves this problem having applications ask G-SWIM to close all windows, so it can close themin
the correct order and call the application with DESTROY_EVENTs to tell it when to deall ocate structures.

4.4, Miscellaneous Window Functions

Here are some advanced window functions that do not fit any particular category. Inall cases, wi nisa
Gni ndow.

wintitle = text
This function call -- which has the syntax of an assignment -- changeswi n’stitleto st r i ng argument
text andalsosetswi n. title=text. Thecallerisresponsiblefor providing storage for the
characters of t ext : thisfunction only copies the pointer.

char arg key, ulong arg shifts,

int arg {x, y, action}, ulong arg {argl, arg2, arg3},

keyboard event (win, key, shifts)

nouse event (win, X, y, shifts)

wi ndow event (win, action, argl, arg2, arg3)
Call another window’swi n. Keyboar dEvent , wi n. MouseEvent, or wi n. W ndowEvent , saving
and restoring the current value of Sel W n. Call Event Request after calling the event function to
processwi n. r equest if non-zero. These functions are used to send messages to other windowsin
the form of events. For example, a child window may want to send certain keystrokes to its parent
window.

request win destroy (defer)
Reguest destroying wi n by settingwi n. r equest = DESTROY_EVENT, and call Event Request
unless Bool ean def er isset. Set def er if wi n needsto stay around temporarily because wi n hasa
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child window, but we want to destroy wi n as soon as the child is closed.

request win close
Request closing wi n by sending window event CLOSE_EVENT withwi n. r equest =
DESTROY_EVENT so that G-SWIM destroyswi n if the user agrees.

begi n text sizing

end text sizing
These rarely-used functions are needed when calling “si ze of t ext " and other text dimension
functionsif Sel W n is not associated with an open window. For example, XOE uses “begi n t ext
si zi ng” when initializing default document marginsto a multiple of a standard font’s character width.
Cdl “begi nt ext si zi ng” before calling the text dimension functionsand “end t ext si zi ng”
when you are finished. Thetoken “t ext ” in the function patternsisaliteral, not ast ri ng pointer.

enl arge wi ndow franme (options)
Enlarge window frame by one or more pixels depending on frame options, passed asi nt opti ons.
With some UWMs, adialog or other window [ooks better with an extra pixel on the right and bottom
edges, while others are better without it. Return the extrawidth asani nt .

45. Mouse Functions

create nouse (w, h, z, shape, mask)
Create amouse symbol (bit map) giveni nt dimensionsw (width) and h (height), which are normally
16 x 16, 24 x 24, or at most 32 x 32 pixels. ‘w must be 8, 16, 24, or 32. Poi nt z isthemouse’s
“hot spot” relative to the upper left corner of the pixel map. The (X, y) coordinates passed to a mouse
event are the client coordinates of the mouse symbol’s hot spot. For example, an arrow symbol’ s hot
spot is at the tip of the arrow, whereas the hot spot of cross-hairsis where they intersect.

shape and mask aretwo char arrays containing the mouse bitmap in row major order, with w8
char s per row. Bitsareleft-to-right in M Sb-to-L Sb order; bytes are in | eft-to-right order by
increasing array index. “shape” isthe mouse symbol with bit values 1 = black and 0 = white,
assuming black on white graphics. “mask” indicates which bits of shape should be drawn, where 1 =
opaque and 0 = transparent. “mask” isusually the same as shape, but expanded by one pixel in each
direction.

creat e nouse returns an amorphous pointer of type |l nt Mouse.

nmouse = m
Thisfunction call -- which looks like an assignment -- sets Sel W n’smouseto | nt Mouse m

free m
Deallocate | nt Mouse m It should not be assigned to any window. Typically, an application creates
all the mouse symbols it needs at initialization time and does not deallocate any until the application
ends.

capture nouse

rel ease nouse
“capture mouse” temporarily captures the mouse so that all mouse events go to Sel W n instead of
the window the mouse is currently in. An application should capture the mouse for as short atime as
possible and then call r el ease nouse to restore normal operation. XOE uses capt ur e nouse for
scroll bars and menus.



15 May 2011 -50 - gswimz2.xoe

In most cases, capt ur e nouse is not needed because G-SWIM automatically captures the mouse
while a mouse button is pressed.

Hot Wn delay = x
This function call -- which looks like an assignment -- is used for detecting when the mouse has been
moved to a particular area of the window (called a hot zone) and has stayed there longer than x
milliseconds. X OE uses this to detect when the mouse is at the edge of the window to expose the
menu bar or ascroll bar.

If x >0, G-SWIM will call Sel XCE. W ndowEvent withacti on = HOTW N_EVENT in
approximately x milliseconds. (The resolution of x may be much coarser than 1 msec, but should be
better than 0.1 seconds.) If x =0, cancel any pending HOTW N_EVENT.

4.6. Clipboard Functions

G-SWIM provides support for the UWM clipboard for transferring data between applications. The Win32
clipboard is quite different from X 11, so G-SWIM tries to provide a simple way to handle both.

The clipboard is designed to handle many different kinds of data, including text and graphics. However,
applications may only support a subset of standard data formats, e.g., some applications can only transfer
plain ASCII text whereas others can transfer formatted text and various kinds of graphics. At the present
time, XOE can only transfer formatted text and graphics between X OE windows, but it can transfer plain text
between any windows.

Hereisasimplified view of how the clipboard works, using X OE as an example. When the user issues a
Copy or Cut command from the File menu, XOE copies the selected data to the clipboard. When the user
issues a Paste command, X OE copies the clipboard data into the document being edited.

There are two complications: first, XOE can copy either formatted data or plain text, but does not know
which clipboard format is going to be needed. The safest thing is to copy both formats, which takes extra
time. Second, the user may issues any number of Copy or Cut commands before any application issues a
Paste command, so the effort made to extract the selected data and copy it to the clipboard (perhapsin
multiple formats) may be wasted.

G-SWIM supports delayed rendering where X OE does not copy data to the clipboard until it is actually
requested by X OE or another application. Instead, X OE advertisesthat it has data ready to copy and which
formats are available. When another (or the same) application needs the data, it sends a message to XOE
asking it to copy the data to the clipboard, telling it which format. This prevents unnecessary copying and
formatting. See [CP 99] for details.

Delayed rendering adds an interesting complication: if the XOE window containing the advertised datais
about to close or if the datais about to be deleted, X OE must immediately render the datain all formats.

Here are the G-SWIM variables, constants, functions, and window events needed for the clipboard. The
X11 G-SWIM needs work -- the author was unable to find clear documentation of how X11 handles the
clipboard so some features may not work properly.

TEXTcl i pFor mat
Thisul ong variable contains a unique 32-bit code to identify the plain ASCII text format. For
Win32, it isanumeric constant CF_TEXT = 1. For X11, it isthe atom XA STRI NG,
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d i pboar dCRLF
This Bool ean constant indicates whether application programs should convert LF to CR+LF when
copying plain ASCII text to the clipboard. It is TRUE for Win32 and FALSE for X11.

can render all
ThisBool ean constant indicates whether the UWM can render all formats in response to
PUT_CB_EVENT or impending loss of advertised data. It is TRUE for Win32 and currently FALSE for

X11.

create clipboard format (s)
Create new clipboard format given st ri ng s, and return aunique ul ong code for it. The clipboard
format must be unique across all applications. X XI1CC defines the clipboard format
"XXI CC_OBJECT_LI ST".

acquire clipboard (formatl)

acquire clipboard (formatl, fornat2)

acquire clipboard (formats)
Acquire the clipboard for Sel W n, and advertise which clipboard formats we can generate. If there
arejust one or two formats, pass them asul ong format codesf or mat 1 and f or mat 2. If there are
more codes, pass ul ong array f or mat s, which isterminated with 0. If the clipboard is currently
held by another application, the UWM makes it release the clipboard. Return TRUE if the clipboard
was acquired successfully (should always happen) or FALSE if there is an unexpected problem.

If there is delayed rendering, the application must remember what data it should copy to the clipboard
when requested to do so. If thereis no delayed rendering, the application copies the dataimmediately.

begin clipboard wite (formatl, requestor, n)
Prepare to copy at mosti nt n bytes of datato the clipboard using ul ong f or mat 1. Allocate a

global memory buffer with at least n bytes. “r equest or” isan @inknown pointer to a
UWM-specific control variable, and should point to an array with at least one ul ong.

“begi nclipboardwrite” returnsast ri ng pointer to the data area of aglobal buffer, or NULL if
it cannot allocate the buffer. If successful, the caller copies data to the the buffer and calls “end
clipboardwite”.

end clipboard wite (buf, formatl, requestor, n, dsize, opend ose)
Finishwritingi nt n bytesto the clipboard. Arguments should have the same values asthe “begi n
clipboardwite” cal: buf should bethe value returned by the call, ‘n’ must be less than or equal
to the original value, and f or mat 1 and r equest or should be the same.

“dsi ze” isthe clipboard’ s data size in bits, and is either 8, 16, or 32. X11 uses thisfor changing byte
order when transferring data. Set “dsi ze” to 8 for most data formats.

“opend ose” isfor Win32 and controls opening and closing the clipboard before or after writing to it.
See GET_CB_EVENT and PUT_CB_EVENT.

GET_CB_EVENT
Thiswindow event isfor delayed rendering. It tells the application program that someone wants a
copy of the advertised data, with ar g1 = format and ar g2 pointing to ther equest or control
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variable. The application program should call “begi n cl i pboard wri t e”, copy the advertised data,
andcal “endcl i pboardwite” withopend ose =0, since Win32 automatically opens and
closes the clipboard for GET_CB_EVENT. The application which generated GET_CB_EVENT can then
copy the data from the clipboard.

PUT_CB_EVENT
Thiswindow event isfor delayed rendering. It tellsthe application program to copy all advertised
formats to the clipboard. The application program should call “begi ncl i pboardwrite”, copy
the advertised data, and call “end cl i pboard wri t e” for each advertised format.

Win32 requiresthat “end cl i pboar d wri t e” open and close the clipboard when responding to
PUT_CB_EVENT. If you are copying multiple formats, set opend ose =1 for thefirst call,
opend ose =2 for thelast call, and openCl ose =0 for any others. If thereisjust one call, set
openCl ose =3.

EMPTY_CB_EVENT
Thiswindow event isfor delayed rendering. It tells the application program that clipboard datais no
longer needed, so you no longer need to remember what data you advertised. It is mostly used when
another application acquires the clipboard.

PASTE_EVENT
When an application, e.g., XOE, wishes to paste the current clipboard -- say, in responsetoact | - V
orctl -sh-Vcommand -- it sets Sel W n. r equest = PASTE_EVENT and G-SWIM variable
Request d i pFor mat equal to the desired format, and returnsto G-SWIM. G-SWIM then getsthe
current clipboard datain a UWM-specific way and calls Sel XCE. W ndowEvent ( PASTE_EVENT)
with ar g1 = format, ar g2 = buffer containing clipboard data, ar g3 = length of datain clipboard, and
Sel XCE. r equest =0.

W ndowEvent should attempt to paste the data into the application’s data structures. If thisis not
successful, W ndowEvent can try again with adifferent format by setting Sel W n. r equest =
PASTE_EVENT and Request O i pFor mat to the new format. If the paste was successful or the
application doesn’t want to try again, it leaves Sel W n. r equest =0.

At the present time, clipboard handling is tricky, especialy since Win32 and X 11 are so different. Seethe
G-SWIM and XOE source code for details.

4.7. Typing Accented Characters

G-SWIM keyboard input supports the Latin-1 and Microcosft-1252 codings for accented letters and other
specia characters using the standard method of preceding them with the appropriate accent while holding
downaCont rol key. By including this capability in G-SWIM, application programs do not have to repeat
this functionality and G-SWIM provides a consistent user interface for all applications.

Here are the combinations that are currently defined, including some for the Symbol character set:
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4.8. G-SWIM File Structure

Inits present form, G-SWIM is partly written in C and partly in GalaxC. Each UWM has its own version of

G-SWIM, but they present acommon API to GalaxC programs. Here are the C components:

gswimh

Thisisaheader file containing declarations common to all G-SWIM versions. Unlike most . h files, it
also includes several functions which are the same for all versions. Some gswi m h structures have
variants for different UWMSs:. these are defined in xxxgswi m ¢ beforeit includesgswi m h.



15 May 2011 -54- gswimz2.xoe

XXXgSW m ¢
Thisisthe main part of G-SWIM which implements most API functionality such as creating windows
and trandating UWM eventsinto G-SWIM events. Thereisaversion of xxxgswi m ¢ for each
UWM, e.g., w32gswi m ¢ for Win32 and x11gswi m c for X11.

Here are the GalaxC components:

gswi m i b. gal
This defines G-SWIM types and constants which are the same for all UWMSs. It aso defines Poi nt
and Rect operations from 8§3.1.

XxXxi nt . gal
Thisfile contains UWM-specfic internals such asi nl i ne cdecl or st dcal | declarationsfor calling
UWM library functions and xxxgswi m ¢. Thereisaversion of xxxi nt . gal for each UWM, e.g.,
wi n32i nt. gal for Win32 and x11i nt. gal for X11. G-SWIM applications should not call
xxxi nt . gal or elsethey will not be portable between UWMs.

xXxXxapi . gal
Thisfile defines most of the G-SWIM API functions. The function patterns are the samein al
versions of xxxapi . gal , but they are implemented by different callsto xxxi nt . gal . Thereisa
version of xxxapi . gal for each UWM, e.g., wi n32api . gal for Win32 and x11lapi . gal for X11.
G-SWIM defines Gswi mAPI to bethestri ng " xxxapi . gal " for the UWM you are using.
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Chapter 5
XXI1CC Objects

So far we have only considered textual GalaxC programs, which look more or less like C programs
augmented with some document formatting features such as subscripts, superscripts, flexible fonts, and
mathematical symbols. Y ou can aso add graphicsto GalaxC programsif that is a better way to specify
functionality. Here are some examples:

. Dialogs. You canincludeadiaog in graphical form instead of coding it textually or using a separate
“resource editor” and awkward symbolic linkages. This can make GUI programs easier to understand
and maintain.

. Tables: Y ou can specify functional behavior in spreadsheet-like tabular form. While most spreadsheet
tools require you to specify all behavior in tabular form, GalaxsC allows a program to mix tables and
conventional program text. Thisis an experimental feature in the current implementation.

. Figures. GaaxC alows you to incorporate figuresin program text. A simple use of thisisto illustrate
comments with explanatory figures, eliminating the need for a separate document or character-based
figures. Figures can aso have meaning, such aslogic or flow diagrams. Thisis also experimental. It
isintended primarily to support future hardware/software codesign using XXICC.

XXICC'sgoal isto let a programmer select whatever representation is best suited to each task, rather than
requiring programmers to encode everything into one textual representation for the convenience of the
compiler [JFB 92b]. This should reduce program complexity, making programs easier to write, debug, and
maintain.

But isn’t is maddeningly complex to analyze graphics? Isn’t scanning and parsing text hard enough?
Paradoxically, analyzing graphical XXICC constructsis actually simpler than text because they are stored and
edited in forms that are already parsed.

Specificaly, graphicsis represented as atree of XXICC objects (XOs or XOBJs), where an XO is either a
leaf or asubtree. A leaf isaprimitive such asaline, rectangle, circle, arc or text. A subtree (XOST) isa
collection of XOs such as atable row, entire table, menu, dialog, or figure.

Internally, XOs are represented using PSI instructions. A leaf consists of instructions to specify leaf
properties such as arectangle’ s dimensions, followed the leaf’ s opcode such as RECT or TEXT. An XOST
consists of instructions to specify XOST properties such as cell width, followed by the XOST’ s opcode
(CELL, TABLE, FI GURE, etc.), followed by the child X Os of the XOST, followed by a closing ENDOBJ
instruction. The child XOs, aso called components, may be leaf X Os or subtrees. Except for FI GURES,
XOs do not usually specify placement information (x/y coordinates) explicitly: XXICC automatically formats
them as needed.

Y ou normally edit XOs using the X XICC Object Editor (XOE), in which case the internal representation is
invisible. For example, when editing a table you can insert or delete rows or columns without considering the
CELL and HSTACK instructions that X OE creates and del etes automatically.

A XOE document is usually asingle PARABOX XOST, which contains TEXT XOs and perhaps other XOs
such as DI ALOGs and TABLEs. We often call thistop-level XOST an XO list since XOE usually processes it
asalist instead of as atree, aswe will seein Section 5.8.

Y ou can also create XOs by including them astextual i nl i ne callsin GalaxC programs. Thisis generally



15 May 2011 - 56 - xobjs.xoe

preferable when the contents of an XOST need to be created dynamically from run-time variables.

In both cases we are including XOs as data within atextual program, and executing (interpreting) that data to
create run-time versions of XOs. This mixture of code and datais unusual for a pure-text language like C,
but has been used extensively in LISP and Galaxy, particularly in the Galaxy CAD System [JFB 92a]. We
will see examples of thislater in the chapter after we define the standard leaf XOs and XOSTs.

5.1. Leaf XOs

Here are the leaf XOs currently defined. We show them as they appear asi nl i ne callsin GalaxC program
text, with operands following the XO opcode. In PSI, the operands are evaluated and pushed in right-to-left
order before executing the XO opcode. |f an operand is not fully described here or in 5.3, see the XOE
source code for more information.

TEXT string
Textua string, which may have multiple lines separated by LFs. Strings may contain (horizontal) TAB
characters. In addition, the string may contain non-printing format control to indicate text style, font,
and color. These are described in JB 11: see Format Control]. Characters are 8-bit bytes and include
Latin-1 and Windows-1252 characters.

SPACER( width, height)

SPACER width
Invisible width by height box for adding spacing inside adialog. If height is missing, assumeit isthe
same as width.

TBUTTON( string, options)
Button with a simple unformated text string (perhaps NULL), generally used for selectors (not yet
implemented) and sliders. For more formatting options, e.g. a string with an underlined character such
as“PressMe’, use the BUTTON XOST.

Aswith most GUIs, the user presses and releases a TBUTTON using a mouse or touchpad. Doing this
may call an action function. Options selects one of the following button types:

PushButton |: pressing changes appearance, release calls action function.
. TouchButton : pressing calls action function.
. | | CheckButton : pressing toggles square check box to left (or right someday).
. (O CircleButton : pressing toggles check circle to left (or right someday).

. MenuButton : pressing selects menu item, which may have check mark to left (or right
someday).

Options aso indicates whether a PushButton or TouchButton is the default button (can be clicked by
pressing ENTER or RET), whether the check mark is to the left or right (not yet implemented), and
whether or not a PushButton closesadialog. A TBUTTON may have an associated variable to
implement check boxes and radio button. This and action functions are described in 86.5 and 86.4.
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XOE computes the width and height of a TBUTTON automatically from the text string and current font.

BREAK options
Insert page break (if selected by options) in a XOE document. This corresponds to an ASCII form
feed (FF) character in atext file. BREAK isalso used for controlling enumerations and other purposes.

PSTYLEj
Change paragraph formatting style for the following XOs to j, which encodes both base style (left
justify, right justify, itemized list, etc.) and indentation level. Paragraph style is described in detail in
Section 5.6. PSTYLE is a pseudo-XO rather than areal object: it just changes how the following
objects are formatted. PSTYLE may only occur between paragraphs.

ENDCBJ
ENDOBJ is a specia leaf XO which endsan XOST.

The following XOs are used in FI GURES:

MOVETQ(X, Y)
Pseudo-XO which sets the current position z,to [, y], with coordinates relative to the FI GURE’s

origin (upper left corner).

LI NETO(AX, Ay)
Line segment from current position z, to z, + [AX, Ay], updating z, to the latter. Specifying line color
and style TBD.

RECT(width, height)
Width by height rectangle with upper-left corner at z,. Do not update z,. Specifying rectangle color
and line style TBD.

Cl RCLE(r)
Circle with center at z, and radiusr. Do not update z,. Specifying circle color and line style TBD.

ARC(Az,, Az)
Circular arc from z, to z, + Az,, with center at z  + Az,. The arc isdrawn in the clockwise direction.
Update z, to z, + Az,. Specifying arc color and line style TBD.

The following XOs are used in schematic diagrams, which are akind of FI GURE. Move theseto a future
chapter on schematics.

DOT
Filled circle with center at z, and pre-defined radius. DOTs are used mostly for connection dots.

Specifying dot color TBD.

DI Rdir
Specify the origin of a SUBMOD (submodule). If the submoduleisan I/O port, dir > 0 isthe direction
of that port. Dir isO for non-port submodules.
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I NST( submod, rotmir)
Instance of submodule submod with origin at z,, rotated and mirrored according to rotmir.

Submodulesin a XOE file are numbered from 1: submod is the index of the submodule. Scalingis
TBD.

Pl N net
Indicates that the next pin of an | NST is connected to NET net. NETs are numbered from 1ina
FI GURE: net isthe index of the connected NET or O for an unconnected pin.

5.2. XO Subtrees

Here are the subtree X Os currently defined. Some XOSTs -- called LFSTs -- cause paragraph breaks inside
aPARABOX. That is, the LFST breaks the previous paragraph asif there were an LF character, and the
first character or XO after the LFST starts anew paragraph asif the LFST had an LF at the end of it.

PARABOX( width, options)
Paragraph box containing text and other X Os, including subtrees. The contents are placed like
formatted text, i.e., from left to right with objects past the right margin wrapping to the next line. If
positive, width defines a fixed width: X OE formats PARABOX contents to width, less margins. If
width is negative, it represents the ideal aspect ratio of a variable-width PARABOX, expressed as
-width* 1024/height. -1536is3:2, -2048is2:1. (May change 1024 to a different value to increase
range.) A PARABOX in aDI ALOGusually has variable width so that it is automatically sized to fit the
DI ALOG. A width of 0 means to make the aspect ratio as wide as possible so that the PARABOX
usually containsasingleline.

XOE computes PARABOX height automatically from its contents.

A PARABOX provides the most general paragraph formatting capabilties, including multiple levels of
indentation, various kinds of lists, and headings. A XOE document is usually a PARABOX at the top
(root) level. A PARABOX isan LFST.

CELL (width, options)

CELL width
A CELL issimilar to a PARABOX, but usually only contains asingle line of text. Paragraph formatting
islimited to left, centered, and right justification and CELLS cannot contain as many kinds of XOSTs.
CELLsare primarily used within DI ALOGs for editable fields, within FI GUREs for placing text, and for
constructing TABLEs.

A positive width is the width of the CELL. InaTABLE, the width of acolumn is set by the CELLs of
thefirst row. XOE formats CELL contentsto that width, less afixed CellBorder. Zero width places
the contents relative to the x coordinate of the CELL and inhibits word wrap. Zero width is primarily
used for FI GURE TEXT, where the fact that TEXT is contained in a CELL is transparent to the user.
These CELLs arecalled FI G ext .

XOE setsa TABLE CELL’s height to its TABROWheight -- i.e., the height of the parent HSTACK -- less
separator linethickness. XOE sets a FI GURE CELL’s height to its contents plus CellBorder, and other
CELLs’ height to the current font height plus CellBorder.

Optionsincludes text justification, by default centered. If optionsis missing, assume 0.
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VSTACK( width, options)

VSTACK options

VSTACK
A Vertical Stack is a group of zero or more components placed from top to bottom. VSTACKs are
mostly used for constructing DI ALOGs and menus. XOE computes the height (and width if width =
0) of the VSTACK automatically, using options to set horizontal and vertical justification and matching.
SPACERs can be used to put vertical space between VSTACK components.

Hereisasample VSTACK, in this case a menu containing four MenuButtons:

Open... ctl-O
Close

Save ctl-S
SaveAs... F2

If width and/or optionsis missing, assume 0.

HSTACK( height, options)

HSTACK options

HSTACK
An HSTACK is the same as a VSTACK except that components are places horizontally from left to right.
XOE computes the width (and height if height = 0) of the HSTACK automatically. An HSTACK
contained within aTABLE is called a TABROWand sets the height for all CELLs in the TABROW

Hereisasample HSTACK, in this case part of a DI ALOGwith two PushButtons and some SPACERs:

Yes No |

If height and/or options is missing, assume 0.

BUTTON( height, options)

BUTTON options
A BUTTON s an HSTACK with the same button functionality asa TBUTTON. BUTTONs can have
arbitrary formatted text with underlined characters, such as “Press me”, as opposed to TBUTTONs
which can only have an unformatted string argument. BUTTONs can a so have non-text labels such as
images (some day). X OE computes the width (and height if height = 0) of the BUTTON automatically,
setting width to match the contents plus a fixed ButtonBorder.

XREF( height, options)

XREF options
An XREF isan HSTACK used to define and use cross references. An XREF contains one or more TEXT
XOsto define a symbol or use asymbol’svalue. An XREF ishandled like an in-line BUTTON| except
that it does not have aframe or margin: just a gray background which is displayed but usually not
printed. An XREF that defines a symbol beginswith ‘: *. For example, : xxx in aheading defines
symbol xxx to be the heading'slabel, e.g., “3.5.2". To get to asymbol’svalue, omit *: ’. For
example, the XREF xxx references the current value of xxx. [fn: An XREF also has an option bit that
causes it to be treated as aliteral so it can be used as an example in adocument such as this one.]
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A XOE user may choose to display XREF symbols or values. Thisis similar to how CELLS may show
expressions or their computed values in a spreadsheet. If asymbol is undefined, XOE shows the
symbol symbol name. The value of an XREF that defines a symbol is shown as a space and like a
space does not wrap lines. When first entering text, it usually makes sense to display XREF symbols
since you may be editing lots of them. Later on it makes sense to display XREF values so you can see
how the document will be printed.

XREFs are also used for predefined symbols such as dates. XREFs are based on LaTeX \ | abel and
\ref tags[LL 86].

TABLE( Tstyle, options)

TABLE options
A TABLE isaspecial kind of VSTACK consisting of avertical stack of TABROW (HSTACKs), each
containing one or more CELLs. Each TABROWhas the same number of CELLs, and the CELLs in
each column have the same width. Tstyle definesthe TABLE style, currently 0. If Tstyleismissing,
assume 0.

A TABLE isan LFST. Tablesare described in detail in Chapter 7.

DI ALOG( width, options)

DI ALOG options
A DI ALOGisjust like a VSTACK, except that it isan LFST. There are also minor differencesin how
the border is rendered on some window managers. If width is missing, assume 0.

FI GURE( width, height, options)
A FI GURE isaline drawing made of LI NETGs, RECTs, FI G ext , Cl RCLEs, ARCs, etc. Unlike most
XOSTswhich automatically place their components using a formatting algorithm, FI GURE
components have explicit coordinates set by MOVETO. Fl GUREs are LFSTs.

The following XOSTs are used in schematic diagrams, which are akind of FI GURE. Move these to the
schematics chapter.

SUBMOD( name, options)
A SUBMOD is a schematic symbol such as alogic gate, acircuit element, or aport. It contains leaf
XOs for drawing the symbol, and may also contain instances of other SUBMODs suich as connection
points (pins). The origin of the SUBMOD is usually specified with aDl R XO. Nameisthe name of the
submodule, e.g., “Nand”.

A COWVP (schematic component) contains an | NST of a SUBMOD along with PI N XOs that indicate
which NETs the pins of the instance connect to. A COVP may also contain FI Gt ext for associated
text such instance name or properties such as resistor value.

NET
A NET containsthe LI NETGOs and DOTs for the wires that interconnect instance pins. It may aso
have FI Gt ext such as anet name or other properties. A NET does not have any connectivity
information: that is derived from COVPs.
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5.3. Options

Many XOs have an options operand, which is abit vector of additional properties. In the current
implementation, options is a 16-bit number, of which only the low 14 bits are used so that they fit into a PSI
small integer. Thelow 8 bits are for generic XO options:

. Horizontal justification: specify how XOE should place a horizontal X OST's components. The four
options are Leftdustify, Centered, RightJustify, and HorizJustify which meansto spread out
non-SPACER components uniformly.

L eftustify
(O Centered
RightJustify,
HorizJustify (Spread out)

If there is only one non-SPACER HorizJustify looks the same as L eftJustify. Menu buttons normally
use HorizJustify asin the VSTACK example in Section 5.2.

. Vertical justification: specify how X OE should place avertical XOST's components. The four options
are TopJustify, Centered, BottomJustify, and VertJustify which means to spread out non-SPACER
components uniformly.

TopJustify Vertdustify
Centered
BottomJustify| (Spread out)

If thereis only one non-SPACER VertJustify looks the same as TopJustify.

. Frame style: An XO may have one of four frame styles: INone ,| Thin|, Motif|, or Thickl. The width

and height of an XO include the frame thickness, which is added to CellBorder or ButtonBorder when
creating CELLs and BUTTONs. Push buttons usually have Motif frames and the other have None,
though thisis entirely up to the programmer.

The high bits are for specific XO classes. Here are the HSTACK, VSTACK, TABLE, and DI ALOG options:

. MatchWidths: make all non-SPACER components the same width by widening the narrow ones. This
isused for both the VSTACK and HSTACK examplesin Section 5.2.

. MatchHeights: make al non-SPACER components the same height by making the short ones taller.

. SeplLines: put horizontal or vertical separator lines between components, as in the above justification
examples. Currently, the thickness of a SepLineisaways 1.

BUTTONs and TBUTTONs have these options:
. ButtonKind: PushButton, TouchButton, CheckButton, CircleButton, MenuButton. See TBUTTONIn

Section 5.1.
. DefaultPB: PushButton or TouchButton is the default button associated with pressing Enter. The
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button is shown with an extra black border: | DefaultPB

. CheckSide: which side the check mark ison, viz., CheckLeft or CheckRight. Not yet implemented.
. DoesNotClose: pressing this PushButton, TouchButton, or MenuButton does not close the dialog asit
normally would.

Here are the CELL and PARAG options, normally only used in DI ALOGs:
. Editable: XOST is an editable field, normally for CELLs that are used for entering text.

. RETisTAB: treat ENTER or RET asif it were a TAB character, i.e., go to the next field instead of
closing the didlog. XOE usesthisin its Open/Save File dialog.

. StretchWidth: Stretch width of XO to match an enclosing HorizJustify HSTACK.

The ClipSubtree option is available for all XOSTs. It tells XOE to clip the contents to the limits of the XOST
when redrawing. X OE uses ClipSubtree in the Open/Save File diaog to prevent drawing file names that are
to the left or right of the scrollable window.

5.4. DIALOG Example

Hereisasample DI ALOG box to illustrate the concepts of leaf XOs and subtrees:

On peut pas
S amuser -- au
Rouge-gorge?

Qui Non

Here are the equivalent GalaxC i nl i ne calls:

DI ALOG Thi ckFr ane;

PARABOX( - 3072, 0); /I Variable-width PARABOX with 3:2 aspect ratio: XOE reformats
TEXT " On peut pas s amuser -- au Rouge-gorge?" ; /I TEXT to fit automatically.
ENDOBJ;
SPACER 10; /I Vertical space between text and buttons.
HSTACK Mat chW dt hs; I/ All buttons have the same width.
SPACER 10; /I Horizontal spaceto left of “Oui” button.
BUTTON (PushButton | DefaultPB | Motif Frane);
TEXT "QOui";
ENDOBJ;
SPACER(50, 10); // Horizontal space between buttons.
BUTTON (PushButton | MotifFrane);
TEXT "Non";
ENDCOBJ;
SPACER 10; // Horizontal spaceto right of “Non” button.
ENDCBJ;
SPACER 10; /I Vertical space below buttons.
ENDOBJ;

Here is the same dialog with separation lines between DI ALOG s components to illustrate structure:
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On peut pas
S amuser -- au
Rouge-gorge?

Qui Non

5.5. Character Formatting

Character formatting for changing typeface, font style, font size, subscripts, and superscripts are specified
within TEXT XOs using control characters. For details, see [JFB 11: Format Control].

5.6. Paragraph Formatting

Paragraph formatting defines how to break a sequence of words and/or charactersinto lines subject to
margins. It aso includes formatting headings and lists. X OE paragraph formatting isloosely based on
Microsoft Word and LaTeX. It isconsiderably simpler, providing capability adequate to most users' needs
rather than trying to be the world’ s most feature-laden product so that even the most picky user is satisfied
(asif).

Each paragraph has a paragraph style (Pstyle) which specifies formatting properties such as default font,
justification, left and right margins, indentation of the first line, and list or heading numbering. Like LaTeX,
the Pstyles of a document define the overall appearance of the document so that it is consistent and can be
easily changed at asingle location. There can be up to 256 base Pstyles, plus 5 levels of indentation.

Here are the standard paragraph Pstyles:

L eft L eft-justified paragraph.

Center Centered paragraph.

Right Right-justified paragraph.

Quote Multi-line quote indented on both sides.

Describe Description list item. First lineis outdented for alabel.

Itemized Bulleted list item, with a different bullet style at each indent level.
Numbered Numbered list item, with Arabic, Roman, or aphabetical item labels.

Here are the standard heading Pstyles, based on LaTeX: Section, Subsection, Subsubsection, Chapter,
Appendix, Figure caption, Table caption.

Each Pstyle has an indentation (nesting) level from 0-4. Quote and list items have a nesting level from 1-4.
Headings have nesting level 0. Numbered paragraphs have associated counters, one for each nesting level.
Each time XOE processes a Numbered paragraph it increments the counter for the item’ s nesting level. A
paragraph with nesting level n resets the countersfor al levels > n. In addition, switching Pstyle between
Itemized or Describe and Numbered resets the level n counter. BREAK(ResetListNum) and
BREAK(ContListNum) override the standard behavior for an immediately-following Numbered paragraph,
either resetting n or continuing n.

Inan XO list, LF characters break text into a sequence of paragraphs. An LF is part of the previous
paragraph. Pstyle for a paragraph P is specified by a PSTYLE()) instruction before P’ s text, where j encodes
the base Pstyle (> 0) and nesting level (0-4). [fn: PSTYLE instructions are only allowed between paragraphs,
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i.e., immediately after an LF.] If an LF isnot followed by PSTYLE, the following paragraph uses the default
Pstyle determined by the previous paragraph. In most cases the successor Pstyle isthe same asits
predecessor and the successor’s nesting level is the same as the predecessor’s. However, headings are
normally followed by Left, and list items are handled differently. Each paragraph in alist iseither alist item
(L1) or alist item successor (L1S), usualy Left. ThedefaultisLIS. Each LI must be preceded by alist
itemflag (LIF = ctl-L = ASCII FF), which is created using sh-RET in XOE. The LIF isstoredin aTEXT
XO.

(At some point we plan to include TABs as part of Pstyle, perhaps supplemented with “ set tab” and “ clear
tab” instructions.)

Asdiscussed earlier, some XOSTs are treated as paragraphs. An LFST ends the previous paragraph as if
there were an LF, and the character or XO that follows the LFST begins a new paragraph. LFSTs have the
same Pstyle options as atext paragraph, including numbered and itemized lists, and may be preceded or
followed by PSTYLE instructions.

To change a Pstyle, the user selects one or more paragraphs. A paragraph is considered selected if any part
of it isin the selection region between cursor and mark. If cursor and mark are the same, select the single
paragraph containing cursor/mark or immediately following them. The user then chooses a new paragraph
style from the Pstyle menu. All the selected paragraphs adopt the new style unless the first paragraphis
switching from one list Pstyle to another list Pstyle in which case the LIS paragraphs remain LIS paragraphs.
The nesting levels usually stay the same, but if the new style is a heading the new nesting level is 0 and if the
new styleis Quote (or alist), the new nesting level is at least 1.

XOE aso has Pstyle menu commands to increment or decrement nesting level to indent or outdent
paragraphs. These have keyboard equivalents ctl-TAB and ctl-sh-TAB.

5.7. XXICCFiles
An XXICC document is stored in afile as an XO list, with the following structure;

1 A VERSI ON instruction which specifies document version so documents can be read by future
versions of XOE.

2. Zero or more SUBMODs. SUBMODs are only used by documents which have figures, such asa
collection of logic diagrams.

3. One XOST, usualy a PARABOX, which contains the body of the document.

In memory, an XXICC document has the same form with the addition of a RETNF instruction to mark the
end of the document. RETNF (return w/o popping frame pointer) ends execution of the document wheniitis
being interpreted as a program (85.8). The memory version also has asingle SKI P instruction which
identifies unused memory available for insertions. The SKI P instruction can be anywhere before the final
RETNF.

XOE can aso edit text files. A simpletext file contains just ASCII printable characters plus control characters
LF, CR, TAB, and FF (form feed). When reading text files, XOE converts CR and CR+LF into LF so it can

read Macintosh and Windowsfiles. It aso converts FF into BREAK XOs. XOE aways writes files using LF
as the end of line character, and converts BREAK into FF.

XOE can also read and write text files with Latin-1 and Windows-1252 characters, as well as the format
control characters described in [JFB 11: Format Control].
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To edit atext file, XOE convertsit into XO list form with asingle PARABOX XOST containing TEXT XOs.
TEXT XOs use PSI strings as argument and each is limited to 4K characters. X OE automatically fragments a
long text fileinto valid PSI strings.

5.8. Interpreting XO Lists

One of the most powerful features of using PSI as the underlying representation of XO listsisthat they can
be executed (interpreted) as program code. Thistechnique of executing dataisrare in C programs, but has a
long history of usein LISP and was used extensively in the Galaxy CAD System [JFB 92a]. Another great
exampleisthe DEC GT40 Graphic Display System [DEC 72] which mixes instructions with characters and
line graphics at the machine language level.

The same data can be interpreted in different ways for different purposes. Thisisimplemented by the

XA st ruct data structure which contains an array of function pointers indexed by XO opcodes. When
intepreting an XO list, PSI variable XO P pointsto an XA st r uct and callsthe indexed function to interpret
each kind of XO.

For example, the“r ef or mat XA i st” functionin xoef or m gal formatsan XO list for display ina
window or for printing. It doesthis by running PSI with XO P setto XA f or mat , an XAl st ruct with
pointers to formatting instructions for each kind of XO. The most complex of theseis“f or mat TEXT”,
which calculates where characters should be placed in awindow, wraps lines at word boundaries, processes
format control characters, and does paragraph formatting.

Another important X0l st ruct isXO copy, which copiesall or part of an XO list. Thisisused for copy
and paste, aswell asfor cleaning up amodified XO list before storing it to afile.

Representing an XO list as executable code could make it trivial to pass malware. Thus X OE does not just
execute any document it opens. Instead, it makes sure that all instructions either push data or execute XOs
before allowing a document to be opened. It does not allow LOAD and STORE instructions, or CDECL calls
which may modify system files. Removing this protection is not agood idea.

5.9. Incremental Changesand UNDOs

The memory representation of an XO list can keep track of changes made by the user and can undo changes
made since the last save. XO lists represent changes using | NSERT and DELETE tags, which are PSI
opcodex instructions each with a 32-bit operand X. In this case, X isatransaction number k which identifies
an atomic group of inserts and deletes which were performed atomically and must be undone atomically as
well. | NSERT and DELETE tags are analogous to a human proofreader’ s insert and delete marks.

An XO list consists of TEXT and other XOs punctuated by | NSERT and DELETE tags. An | NSERT<k> tag
setsinsert level insK to k until the next | NSERT tag setsit to a higher or lower level. Similarly, a DELETE<k>
tag sets delete level delK to k until the next DELETE tag. insK and delK areinitially 0, which means that we
are not within a transaction.

When XOE processes an XO ligt, it skips XOsif delK > 0, i.e., they are marked for deletion.

Insertions can be nested within insertions. XOE simply tags the beginning of the insertion with
I NSERT<new> and the end with | NSERT<old>, where new and old are the new transaction number and the
previousinsK at the insertion point. If thereisaready an | NSERT instruction at the end, X OE does not add
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the second | NSERT<old>.

To undo an insertion, XOE removes theinitial | NSERT<new> and the inserted objects. It removesthe
ending | NSERT<old> provided that the insert level before | NSERT<new> is the same as old.

Deletions are not nested, though they may abut. XOE never deletes a group of objects that contain deletions.
Instead, it deletes the subgroups that are not currently deleted, i.e., their deletion level is0. This has the same
effect as anested deletion. XOE may need to add DELETE<new> at the beginning of the group and
DELETE<O> at theend. It also changes DELETE<O> tags within the group to DELETE<new>.

To undo a deletion, X OE changes DELETE<new> tags to DELETE<0> and removes redundant ones.

When XOE saves afile, it removes the | NSERT and DELETE tags, and discards deleted text. It also resets
the transaction number to 0.

In addition to insert and delete, X OE has Format Change operations where a selected group of objects hasits
font, style, color, or Pstyle changed to a new value. Instead of going through the group changing every
format control, creating an Undo nightmare, XOE inserts FORVAT instructions at the beginning and end of the
group that override the format control within the group. FORMAT instructions are converted to format control
prior to Save and are easily removed by Undo. For details, see xoebase. gal and xoedxo. gal .

While not yet implemented, this approach also supports Redo. Basically, an Undo operation is not completed
until the user saves thefile or performs an edit. However, objects with | NSERT level above k are not drawn
and objects with DELETE level above k are not skipped.

The approach also supports the future ability to track changes, e.g., underlining insertions and striking out
deletions. In this case, low values of k represent revision numbers. revK isthe last revision number.

When processing an XO list, skip XOsif delK > insK and insK > revK, i.e., do not show deletions made to
insertions sincerevk. If delK > inskK and insK < revK, we have deleted XOs from the last or earlier revision:
either do not show the deletion or strike it out. If delK < insK and insK > revK, we have inserted since revK:
show the insertion underlined if that option is selected.

To save afile while tracking changes, compress | NSERT and DELETE and discard deletions made to
insertions since revk. Tag undeleted insertions with | NSERT<revK+1> and tag deletions of revK and earlier
with DELETE<revK+1>. New transactions start at revk+2.
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Chapter 6
Decoded XXI1CC Objects

In the last chapter we introduced X X1CC Objects (XOs), which are the fundamental building blocks for
documents, dialogs, and other GUI structures. While XOE could use an XO list asits only internal structure,
formatting alarge document from scratch takes considerable computing time. It’s not a good ideato reformat
each time part of a document needs to be refreshed on the screen. So XOE transforms an X O list into an
intermediate structure called a Decoded XO list (DXO list).

. An XO list isahighly-encoded structure suitable for storing in afile. It aso includes incremental
update tags to support Undo and for tracking changes.

. A DXO list isatemporary structure which is easy to render on the screen. For example, a TEXT XO
may contain many lines of text with lots of format control. Decoding this results in multiple TEXT
DXOs, each with placement coordinates, uniform character format, and no control characters so they
can be drawn with asingle graphics API call.

The DXO list does not contain any incremental update tags like | NSERT and DELETE. XOE
considers them when formatting an XO list to aDXO list, but only the visible X Os become DXOs.

An XO list is stored in contiguous storage so that it can be executed asin-line code. In contrast, aDXO listis
alinked list to simplify incremental updates. An XO listisactualy alinearlized form of an XO tree, where
the tree structure is defined by XOST and ENDOBJ instructions. Similarly, aDXO list isalinearized DXO
tree, with XOST and ENDOBJ DX Os that correspond to the XOs.

A large document can have a huge number of DXOs. Thereisno point in saving all of them, since only a
fraction will be visible in awindow or on asingle printed page. X OE therefore abridges the DXO list,
omitting DXOs that are not currently visible. However, it retains enough information so that if scrolling
exposes DX Os they can be regenerated quickly instead of reformatting the entire document from scratch.
Abridgement follows the tree structure of the DXO list, i.e., XOE can omit the contents of a subtree if that
entire subtree is not currently visible. This approach isloosely based on outline editors with elision capability
and also on incremental processing algorithmsin general.

DXOs are aso loosely based on the CRISP Microprocessor’ s Decoded Instruction Cache. In CRISP [BDM
87], CPU instructions are highly encoded in memory to conserve memory size and bandwidth requirements,
but are expanded into a decoded form when they are fetched into cache so that the CPU can execute them
more efficiently. Thisis particularly effective for tight loops where the same instructions are executed many
times. Similarly, DXOs are aform that is easily redrawn on the screen, which may occur many times before
other XOs need to be decoded.

DXOs are also used for pop-up dialogs and menus created on the fly and deallocated when the user is
finished with them. Inthis case DXOsare like X windows widgets or Win32 child windows. The DXOs are
generated by GalaxC programs with embedded graphicsor i nl i ne XO callsinstead of from a XOE
document file.

6.1. DXO Internal Structure

Each DXO node has the following fields:

next Next DXOinDXO list, or NULL if end of DXO list.
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kind

state

Kind of XO, e.g., TEXT, RECT, HSTACK, ENDOBJ. Kindisequal to the XO's PS| opcode.
Various state bits, including:

. SelectedObject: selected DX Os are shown differently from unselected DXOs. For example,
XOE highlights aBUTTON DX O to show it is being pressed. FI GUREs show selected DXOs by
displaying vertices that the user may drag to move or copy the DXO.

. AbridgedObject: part or all of aDXO subtree’ s contents are absent to save storage and
processing.

. ShowV alue: show the computed value of a CELL instead of the expression used to compute
that value. Thisis used for displaying spreadsheet results. Similarly, show the value of an
XREF instead of its symbol.

. HiddenObject: do not display or select this DXO.

. ShadowedObject: display this DXO with reduced contrast and do not allow it to be selected.
XOE uses thisto disable dialog and menu buttons temporarily, while leaving them partialy
visible to provide a more consistent user interface.

. MarkedObject: DXO is marked for special processing.

options Usually the same as the options operand of the DXO’s XO, but may include additional bits. All

X,y

DXOs have an options field, but some XOs do not have options. For example, an ENDOBJ X O does
not have options, but its DXO has a number of option bits which encode properties of the ENDOBJ or
the XOST it ends:

. NTbreak: ENDOBJ ends a Ll NE or PARAG (see below) that is broken by afollowing non-text
(NT) XO, i.e, an LFST or ENDOBJ. NThbreak affects cursor behavior.

. MTIine: ENDOBJ is an empty line at the end of a CELL or PARABOX. An empty line can have
itsown Pstyle: thisis necessary so that XOE knows how to format any text inserted into the
empty line.

. LFSTend: ENDOBJ ends an LFST. Since DXOlists are singly-linked, finding the XOST
corresponding to a given ENDOBJ requires searching. This bit avoids the need for such a search
if just checking to seeif ENDOBJ ends an LFST.

. HorizCursor: XOE usually uses a vertical blinking cursor to show where text and other X Os will
be inserted. When inserting at the end of a VSTACK or DI ALOG, XOE prefersto have a
horizontal cursor.

XOE provides special treatment for zero-width text CELLs in aFl GURE, so that the CELL structureis
transparent to the user. X OE sets the FIGtext option to identify these FI G ext CELLs.

When inserting or editing FI GURE lines, rectangles, and other shapes X OE must tell the drawing
routines to stretch the DXO instead of moving it without stretching. XOE sets the RubberDXO option
bit for these DXOs.

Upper left (usually) corner of DXO, in document coordinates. By using document coordinates, X OE
does not need to recompute the coordinates of DXOs within FI GUREs, DI ALCOGs, or other nested
XOSTs. Thisfitsthe philosophy of XO lists versus DXO lists: XO lists contain highly-encoded data
which requires formatting, while DXO lists contain completely formatted data that can be drawn and
searched quickly and easily.

Individual coordinate: x = z.x, y = zy.
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sze DXO width and height expressed asaPoi nt . Inamost al cases width and height are non-negative,
simplifying construction of clipping rectangles and testing whether mouse coordinates are within the
DXO. One case wherethey are not isthe LI NETODXO, where zisthe start or the line and z+size is
the end of theline.

DXO width and/or height may be specified by XO operands, but are usually computed dynamically.
In some cases, like a variable-width PARABOX inside a DI ALOG, the computation is quite involved so
sizeis only recomputed when needed.

w, h  DXO width and height, same as size.x and size.y.

pc  DXO.pc usualy pointsto the XO instruction that was decoded to form DXO, in which case the XO's
opcode isthe same as DXO.kind. However, in aTEXT DXO, .pc usually points to an address within
aTEXT XO’'sstring operand. If the DXO list is derived from an XO list, the DXO.pc values should
be monotonically non-decreasing. Thisisrequired for incrementally updating the DXO list.

text Sameas DXO.pc, except that text is a character pointer (i.e., ast ri ng) whereas pc isaPSI pointer.

format 32-bit character format encoding typeface, font style, and color. For details, see xoedxo. gal .
UnlikeaTEXT XO, aTEXT DXO has asingle, uniform format and contains no control characters so it
can usually be drawn with asingle API call. Other DXOs use format in various ways. For example,
an MTline ENDOBJ uses format to set the format of any text entered at that ENDOBJ, and XOSTs use
format to set the initial character format if the XOST’ s contents are regenerated.

len  Normally used for the length of a TEXT string and passed to the API call that displaysaDXO. XOE
breaks a TEXT XO into multiple DXOs, using text to point to substrings and len to set the length of
each one.

XOE uses len to distinguish between an ENDOBJ used for word wrap (len =0 or 1) and an XOST
ENDOBJ (len = 2). See PARAGand LI NE, below.

index DXO object index, or 0. XOE uses abject indices to find BUTTON, CELL, or other kinds of DXO
within aDI ALOG. XOE also uses index to number paragraphs within numbered lists, as well as
headings.

action Action function for aBUTTON or other DXO, or NULL if not used.

Y Pointer to aubyt e value, with variants for Bool ean (.bv), sbyt e (.sbv), short (.sv), ushort
(.usv), I ong (.Iv), ul ong (.ulv), st ri ng (.sv), and DXOpt r (.dv). DXO.bv and DXO.usv is used for
check boxes and radio buttonsin §6.5.

BGbrush Background brush for this DXO, normally the same as its parent DXO.

a Font ascent of LI NE, TEXT, ENDOBJ, and any DXO that may be placed in aline. DXO.a isthe offset
of the DX O’ s baseline from DXO.z, which is usualy the DXO's upper left corner. When X OE places
DXOsin alineit matches their baselines so that fonts with different heights look right.

DXO.a has other uses for other DXOs. For example, a PARABOX uses DX O.a to store the
PARABOX' s aspect ratio.
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Pstyle Paragraph style for a PARAG, ENDOBJ, or XOST. Thefield is used for other purposes by other
DXOs. For example, BUTTONs useit for .Vsize which is the size in bytes of the variable pointed to by
.V (O for Bool ean).

cd General-purpose 32-bit field used for various purposes by different DXOs.
6.2. PARAG and LINE

For the most part, each XO mapsinto asingle DXO. However, a TEXT XO may map into zero or many
DXOs, of the following kinds:

TEXT
A TEXT DXO cannot contain control characters and has uniform format, so if a TEXT XO contains
LF, TAB, or other format control X OE maps the TEXT XO into multiple DXOs. In addition, if a TEXT
XOistoo long to fit on aline XOE wraps it at word boundaries, producing multiple TEXT DXOs.

XOE converts each TAB character into a TEXT DXO with .len = 1, .w = width of tab stop, and .index
= number of ‘n’ charactersin tab stop if exact match. It also setsthe TABtext bit in TEXT.options.

LI NE
When formatting a TEXT XO, XOE automatically creates a LI NE subtree and its closing ENDOBJ to
contain the TEXT and other DXOs that appear on that text line. LI NEs areinstrumental to managing
cursor movement and highlighting selected text and/or XOs. LI NEs are also important for abridging
DXOs: if aLl NEisnot visiblein awindow, X OE can omit the contents between the LI NE and its
closing ENDOBJ to save storage and search time.

Each LI NE contains of zero or more TEXT and/or non-text DXOs. LI NE.h isthe maximum line
height, including external leading. L1 NE.a isthe maximum font ascent from any DXO.y in LI NE to
LI NE'scommon basgline. LI NE.text pointsto first visible character of the line after any initial format
control characters, including LIF.

LI NEs never appear in XO lists or XOE document files: they are only present in DXO lists and vanish
when the DXO list is deleted from memory. It is easy to confuse the term LI NE, which is generally a
line of text, and LI NETOwhich isagraphical line segment in aFl GURE.

ENDOBJ
Each automatically-generated L1 NE has aclosing ENDOBJ. XOE closesalLl NE when it reaches an
end of line (EOL) character, which can be LF, awrapping space or TAB, or (some day) an explicit or
implicit hyphen. XOE also closes aline when X OE reaches an LFST or ENDOBJ XO. ENDOBJ .text
pointsto line' send of line (EOL) character or to the breaking LFST. There may be format control
characters between the last visible character in aL| NE and the EOL character, so the format of the
last object in aLl NE may be different from ENDOBJ.

Hereisasummary of the possible ends of LI NE:

. Explicit LF: ENDOBJ .text pointsto LF, ENDOBJ.len = 1, ENDOBJ.w = 0. An explicit LF endsa
document paragraph.

. EOL space or TAB: ENDOBJ .text pointsto EOL character, .len=1, . w=0.

. Explicit hyphen: ENDOBJ .text pointsto hyphen char, .len =1, .w > 0. To be implemented.

. Implicit hyphen: ENDOBJ .text pointsto ???, .len = 0, .w > 0. To be implemented.
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. LI NE broken by LFST: ENDOBJ .pc pointsto LFST XO, .len =0, .w=0. Set the NTbreak bit
in .options

. LI NE broken by ENDOBJ XO: ENDOBJ.pc pointsto ENDOBJ XO, .len=2, w=0. Setthe
NTbreak in .options.

A LI NE may also be wrapped by an NT XO. Need to document what happens to ENDOBJ in that
case.

PARAG
If it isformatting a PARABOX, XOE groups LI NEs into PARAGs. PARAGs have two purposes:. to
manage Pstyle and to form groups of LI NEs that can be abridged. Each PARAG contains one to 20
LI NEs -- 20 isan arbitrary value approximating one window’ s worth of text. Thisway XOE only
needs to store and process the contents of afew PARAGs: the rest are abridged and X OE only stores
PARAG size, Pstyle, and initial and final character formatting. PARAG breaks also occurs when
paragraph style (Pstyle) changes, or if Pstyle requires starting a new PARAG after each LF.

PARAG.text is dways egqual to thefirst LI NE's .text, and the PARAG s ENDOBJ is always a copy of the
last LI NE's ENDOBJ.

6.3. Formatting Dialogs

In general, XO lists do not have explicit placement information. Instead, XOE automatically formats XOs
and generates DX Os that have placement coordinates. TEXT in a PARABOX is formatted using standard
document formatting techniques. DI ALOGs and other nested XOSTs use the approach in this section.

A DI ALOG consists of a Dl ALOG XO which contains nested HSTACK, VSTACK, and PARABOX subtrees,
eventually reaching fixed-size leaf XOs like TEXT and SPACER. XOE uses arecursive algorithm to calculate
the dimensions of a DI ALOG and each of its subtrees, and then places each XO at its appropriate (X, y)
coordinates. The agorithms are described in detail in xoedi al . gal . Hereisabrief summary.

If al non-stack X Os had fixed dimensions, the algorithm to calculate dimensions would be very smple:

. For each HSTACK, set HSTACK.w to the sum of the widths of its components and HSTACK.h to the
maximum height of its components. Treat BUTTON or XREF like an HSTACK.

. For each VSTACK, set VSTACK.w to the maximum width of its components and VSTACK.h to the sum
of the heights of its components. Treat DI ALOG like a VSTACK.

However, we a so have to consider variable-width PARABOXes. Each PARABOX has an ideal aspect ratio a
and some contents, most likely TEXT. To calculate the ideal dimensions of a PARABOX, we first format its
contents assuming the PARABOX is as wide as the whole document being displayed. The TEXT will most
likely fit on asingle line or perhaps afew lines. Let A be the area of this formatted text.

Let Wand H be theideal PARABOX dimensions to be calculated. Theideal aspect ratioaisW/H, soH =
W/a. The areaof theideal PARABOX is WH = W(W/a) = WW/a. This should be equal to the A calculated
earlier, so WW/a= A, WW = aA, or W= sgrt(aAh). Theideal dimensions require perfectly rectangular
formatting, which does not occur, especially if the PARABOX contains blank lines. The aspect ratio should be
set to compensate for this.

After calculating the ideal dimensions for each variable-width PARABOX, we cal culate width and height of all
stacks for fixed-size non-stacks, using the above algorithm. Use the MatchWidths and MatchHeights options
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(85.3) to increase DXO.w and DXO.h of stack components that are stretched by other components. We can
increase dxo.w and dxo.h, but not reduce them. Consider all variable-width PARABOX.w and .h to be O until
they are computed as follows.

Next, we make multiple passes through the DX O tree, each time calculating the final dimensions of one
variable-width PARABOX. If theideal width (height) of a PARABOX is less than the computed width (height)
of its enclosing stack, then let the enclosing stack set PARABOX.w (.h) and recompute PARABOX.h (.w). If no
PARABOX can be computed this way, set the deepest PARABOX to itsideal dimensions. Then recompute all
stacks affected by this change. Eventually all PARABOXes and therefore all stacks will have defined
dimensions.

Once we have computed all object dimensions, we can place them. Given the (X, y) upper-left coordinates of
astack, we can place its components by adding widthsto x (if an HSTACK) or adding heightsto y (if a
VSTACK). We aso consider the horizontal and vertical justification options of each stack when placing its
components. For example, when placing a HorizJustify HSTACK, any excess HSTACK.w is applied equally to
the SPACERs between non-SPACER components.

This algorithm is very fast for reasonably-sized dialogs so there is no need to store them when they are not
being used. Similarly, XOE abridges dialogs and other XOSTs embedded in a document when they are not
visible, with only the top-level XOST retained so XOE knows their overall dimensions.

6.4. Button Actions

BUTTONs in XO lists do not have any behavior associated with them. On the other hand, aBUTTONin a
DXO list can have an action function associated with it, which is called when the BUTTON is pressed. Thisis
best illustrated by a simple example based on a gag from the Hitchhiker’ s Guide to the Galaxy:

i nclude "xoedial.gi";

XOEwi ndow arg parent, DXOptr arg button,
fn punchline (parent, button) =

{
if button == NULL then return; /I User canceled dialog using ESC key.

create dial og; /I Create punchline dialog.

Please do not
press this button
again.

Sorry

open di al og;

H

/ Main program contains straight line, which calls punchl i ne as button action.
create dial og;
buttonAction = fnptr {punchline (NULL, NULL)};
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| wonder what
this button
does?

Let’s see

open di al og

Themain program callscr eat e di al og so that the following embedded DI ALOG creates an DXO list by
using X st ruct DXCcreat e. It setsglobal f npt r variablebut t onAct i on to the punchl i ne function.
Next comes the XOST for the DI ALOG as embedded graphics. The XOST and its components are

interpreted by PSI which calls DXCcr eat e functions for each kind of X O, producing an undimensioned,
unplaced DXO list. Any BUTTON components created in this list have BUTTON.action set to punchl i ne.
Finally, the main program calls open di al og, which dimensions and places the DXO list using the algorithm
in §6.3 and then pops up the resulting DXO DI ALOG on the screen.

Syntax note: GalaxC treats the graphical DI ALOG as a statement. Normally there would be a semicolon
between the DI ALOG and the open di al og statements. Since thiswould look awkward, GalaxC
automatically assumes a semicolon after an LFST.

When the user presses Let’s see|, XOE cals BUTTON.action (i.e., punchl i ne) and closes the main dialog.
Function punchl i ne creates and pops up the “Please do not press this button again” dialog. This dialog
goes away when the the user presses Sorry|.

The general form of a button function call isf (parent, button), with the following arguments:

. Global variable Sel W n (or its equivalents Sel XCE and Sel Di al og) pointsto the DI ALOG s pop-up
window that contains the button.

. parent is XOE window that created the dialog, or NULL if the dialog has no parent.

. button is the BUTTON DX O that was pressed to call f. If the dialog was closed by pressing ESC or by
the window mananger, button isNULL.

Button function f is usually the last code to use the dialog before it is closed and deall ocated, so if the dialog
contains any data that must be preserved f must copy it somewhere else.

Function punchl i ne first checks whether but t on isNULL. Thisis not strictly necessary, since XOE
should only call punchl i ne if the user presses Let’s see| and not if the dialog is cancelled using ESC.

However, it's good defensive programming practice to assume f might have button = NULL. punchl i ne
creates a pop-up dialog the same way as the main program, except that it does not specify but t onAct i on.

Inthiscase but t onAct i on isNULL and X OE does not call an action function when the user presses Sorry.
or cancelsthe punchl i ne dialog using ESC. XOE just closes the dialog and we' re done.

6.5. Check Boxes and Radio Buttons

A BUTTON or other DXO may have an associated variable that changes value when the button is pressed.
One useisfor check boxes, where the fact that abox is checked or not isreflected in aBool ean variable.
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For example, here are three check boxes for stacks which control the MatchWidths, MatchHeights, and
SepL.ines hits of stack.options:

[ ]Match Widths [ ]Match Heights [ ] Sep Lines

Check boxes are usually implemented as CheckButtons, CircleButtons, or TouchButtons. TouchButtons
show the current checked/unchecked status by being selected or not.

Anather useisfor “radio buttons’, where one of a group of buttonsis selected and clicking a different button
deselects the currently selected one. A group of radio buttons sharesaushor t variable, which is set to the

i ndex field of the selected radio button. For example, here are the radio buttons which select one of five
BUTTON kinds:

Button Kind: Push| Touch| Check| Circle| Menu|

Radio buttons are usually implemented as CheckButtons, CircleButtons, or TouchButtons.

Aswith action functions, BUTTONs in XO lists do not have variables associated with them. A variable must
be assigned to DX O.v after creating the BUTTON' s DXO. DXO.v isdefined to be aubyt e pointer.
xoebase. gal definesvariant fields to point to other types. DXO.bv is @Bool ean, DXO.usvis @short,
etc.

Check boxes and radio button behavior is currently defined in xoepr op. xoe, which defines dialog boxes for
editing XO options. That file uses a combination of graphics and text to define DXOs. Hereis code that
defines the three check boxes described earlier:

var b = DXd ast; /I Look for next button starting here.
[ |Match Widths [ |Match Heights [ |Sep Lines

b = next PSI_BUTTON in b; b.bv = &StackOpti onMat chW
b = next PSI_BUTTON in b; b.bv = &StackOpti onhat chH;
b = next PSI_BUTTON in b; b.bv = &StackOpti onSepLi nes;

Wefirst set local variable b to DXA ast , whichisaglobal variable that is the last DXO created since
creat e di al og. Next we create three BUTTONs enclosed in an HSTACK. GaaxC treats this HSTACK as a
statement, which has a semicolon to separate it from the next statement.

For each BUTTON, we search starting at b for the next BUTTON DXO. Then we set DXQ.bv to the address of
aglobal Bool ean variable that is set (cleared) when the corresponding BUTTON is selected (unselected). We
can assume that DXO.Vsize is 0 which means Bool ean.

Hereis code for the above radio buttons;

var b = DXd ast; /I Look for next button starting here.
Button Kind: Push| Touch| Check| Circle| Menu |;

= next PSI_BUTTON in b; b.index = PushButton;
.usv = &ButtonOptionKind; b.Vsize = 2;

= next PSI_BUTTON in b; b.index = TouchButton;
.usv = &ButtonOptionKind; b.Vsize = 2;

= next PSI_BUTTON in b; b.index = CheckButton;
.usv = &ButtonOptionKind; b.Vsize = 2;

OCOTCOTCUTUTT
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b = next PSI_BUTTON in b; b.index = CrcleButton;
b.usv = &ButtonOptionKind; b.Vsize = 2;

b = next PSI_BUTTON in b; b.index = MenuButton;
b.usv = &ButtonOptionKind; b. Vsize = 2;

In this case the BUTTONs shareasingleushort variable But t onOpt i onKi nd. The.Vsize of thisvariable
is 2 bytes. Each BUTTON.index is set to the button kind’ s option value. When the user selects one of the
radio buttons, the others are deselected and But t onQpt i onKi nd is set to the new BUTTON. index.
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Chapter 7
XOE Tables

Tables have two magjor purposesin XOE documents:. formatting tabular information (as in Microsoft Word)
and processing array-oriented data as spreadsheets (asin Visicalc or Microsoft Excel). The beauty of XOE is
that tables are just another kind of object that can be edited within a document, and spreadsheets are just
another way of representing GalaxC code.

Executable Tables in GalaxC highly experimental and are really at the * proof of concept” stage at the
present time. Many features are TBD.

7.1. Tablesin XO Lists

Tables are defined hierarchically and are very similar to dialog stacks. A table consists of a TABLE instruction
followed by one or more rows and terminated with ENDOBJ. Each row consists of HSTACK followed by one
or more CELL objects and terminated with ENDOBJ. All tables are two-dimensional, i.e., asingle row still
starts with TABLE and a single column still has an HSTACK+ENDOBJ for each row. Hereisasample2 x 3
table and its PSI code:

a[0,0] a0,1] a0,2]
a1,0] al11] al1,2]

TABLE( Tstyle, options) ;
HTABLE( height, options) ; Il First row.
CELL( width, options) ; TEXT "a[0,0]"; ENDOBJ;
CELL( width, options) ; TEXT "a&[0,1]"; ENDOBJ;
CELL( width, options) ; TEXT "a[0,2]"; ENDOBJ;
ENDOBJ; // End of first row.
HTABLE( height, options) ; {/l Second row.
CELL(width, options) ; TEXT "a[1,0]"; ENDOBJ;
CELL( width, options) ; TEXT "a[1,1]"; ENDOBJ;
CELL( width, options) ; TEXT "a[1,2]"; ENDOBJ;
ENDOBJ; // End of first row.
ENDOBJ // End of table.

TABLE is essentially the same as VSTACK except that TABLE has additional properties and must be nested
two deep, whereas VSTACKs can be nested arbitrarily deeply. Like VSTACK, TABLE has an options operand
specifying justification, frame width, and separation lines.

Each cell in the tree begins with a CELL ( w, options) instruction where w is the cell width. Any objects
between CELL and ENDOBJ are the contents of the cell, e.g., TEXT. The contents may be empty, i.e.,

ENDCBJ may immediately follow CELL. For document tables or literal data, the cell’ s contents are displayed.
For spreadsheets, the cell may display a GalaxC expression or its calculated value. In general, a cell property
such as character format applies to all the remaining cells of the table unless overridden.

You caninsert and edit tables using XOE. The Table button in the Insert menu (82.5) creates an empty 2 x 2
table like this:
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Editing tablesis described in §2.10.
7.2. GalaxC Expressionsin Célls

This section describes using incorporating GalaxC expressions into table cells to provide functionality similar
to spreadshests. If you are familar with existing spreadsheets like Visicalc and Microsoft Excel, you will
immediately notice that GalaxC tables use an entirely different approach to naming cells. The former
implicitly name each cell with a column letter and a row number, while GalaxC requires that cells be given
explicit names to use their values el sewhere within the same table or elsewhere in a GalaxC program. The
Visicalc approach saves the trouble of explicitly naming cells, but makesit easy to name the wrong cell in
complex expressions or when moving rows and columns. GalaxC’s explicit cell names provide implicit
commenting, e.g., caling acell “AGI” is much more understandable than “J42”. In practice, GalaxC cell
names are usually defined once and then copied to other cellsto form one- or two-dimensional arrays of cells
(called blocks) so that naming cellsis usually not much of a burden.

In a GalaxC table, each cell may have the following properties:

Name: name of cell so it can be referenced by other cells.

Expr: GalaxC expression to compute the cell’ s value.

Type: normally implied by expression, but may be given explicitly for an empty cell.

Data format: pr i nt f -like format string specifying how to display the computed value astext. The
dataformat string does not specify text formatting such asitalics, bold, and centering -- XOE handles
these.

A cell that does not have an expression is called adeadpan cell. It contains the value 0, or NULL for
strings. Some spreadsheet functions such as computing averages do not count deadpan cells.

An array of cellsin atable with the same nameis called anamed block. All cellsin the block must have the
same type and data format. Cellsin the block may be empty or may be labels, which have the same value as
an empty cell. An unnamed block is a subtable with the same type (which may bevoi d) and data format.
Each cell in atable must be in exactly one block.

XOE encodes cell properties as TEXT strings, using the following notations:
name: expr; format  Specify name, expression, and dataformat explicitly.

Deduce type from expr, which may include typecast.
name: type; format Deadpan cell with specified name, type, and data format.

name: expr Specify name and expression: copy dataformat from previous cell.
name: type Specify name and type of deadpan cell: copy dataformat from previous cell.

In the unlikely case that the value of acell isto be of typet ype, put type in parentheses so it is evaluated as
an expression. Also usethisif expr is asemicolon expression.

If you omit name, i.e., start text with *: ’, then the cell is unnamed and any cells copying the name are al'so
unnamed. Y ou cannot specify format by itself: format must have at least atype.

If you omit nameand ‘: ’, GalaxC copies properties from the previous cell, usually the one above the current
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cell. Thisisthe easiest way to create named blocks. Here are the possible notations:

expr Just specify expression: copy name and data format from previous cell.
Deduce type from expr, which may include typecast.

" text” Literal st ri ng expression.

" Ditto: copy name, expression, and data format from previous cell.

type Specify type for deadpan cell: copy name and data format from previous cell.

Empty cell: copy name, type, and data format from previous cell. Assume valueis zero.
Unnamed empty cell: copy type and data format from previous cell. Assume valueis zero.

Ditto isnormally used for columns that contain an expression which is exactly the same as the previous cell.
Since expressions may use row and column index variables, there are lots of opportunities for using ditto.
The compiler can optimize theseinto f or loops.

A cell may contain alabel instead of an expression. The labd is displayed in the table, but has no value and
does not enter calculations. Labels are usually outside of blocks, but they may be inside a block to comment
arow, column, or cell. Here arethe notations for labels:

, label Show label as value of deadpan cell. Copy name, type, and data format from previous cell.
Copy expression, but don’t compileit. The next cell can copy the previous cell’s expression.
; label Show label as value of unnamed deadpan cell. Copy dataformat from previous cell.

Think of “comma’ as denoting a*“comment”. Think of “semicolon” as acombination of “comment” and the
colon prefix for unnamed cells.

By default, expressions copy properties from the cell above the current cell, or to the left if thisisthe first
row. You forcethe“previous’ cell to bethe cell to the left by inserting ‘A" before the first character, e.g.:

At L eft ditto: copy all properties from cell to |eft of this one.
A Empty cell: copy name, type, and data format from cell to left of this one.

Yes, | know ‘A’ is counter-intuitive since it suggests “up” rather than “to the left”. However, | want to save
‘<’ for other thingsand at least ‘“~’ does suggest a change of direction. Perhapsit’s best to consider Unix
regular expressionswhere ‘A’ denotes “begin of line’, which isto the left.

Each block hasimplied variables:

i Row index, numbered from 0.
i Column index, numbered from O.

Cell [0,0] isthe upper left element of the block. Empty cells and comment cells are included in the array,
except for rows that are all comments: GalaxC skips those as far as row indexing is concerned. We may add
away to select 1-based row and column indexing.

A cell name corresponds to a GalaxC variable and may be a scalar or aone- or two-dimensional array,
depending on whether it is the name of adjacent cells. Use the notation name[ i ] to access row or column
elements, and name[ i , j ] to access 2-D array elements.

7.3. Table Evaluation

GalaxC evauates atable in row major order, from the upper left cell to the bottom right cell evaluating each
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row from left to right before proceeding to the next row. A cell must not depend on avalue that is computed
inalater cell. When evaluatingacell,i andj aresetto the block row and column of that cell. You can use
thevaluesof i andj toindex blocksin the sametable and/or in other tables.

At some point we plan to remove the row major order restriction, allowing any cells to be in any sequence as
long as there are no circular dependencies. In fact, we plan to add this as a general capability of GalaxC
where you can define an unsequenced block using the notation “unseq { statements} ” or asimilar notation.
Thiswill generate PSI UNSEQ tags which can be used to reorder the execution of PS| code.

7.4. Compiling Tables

Compiling atable requires two passes. Pass 1 determines the name, type, size, and position of each block in
the table. Pass 1 aso allocates a helper array which XOE needs to display table values. Pass 2 generates the
code to evaluate a table and fills in the helper arrays.

GalaxC represents values of a document with tablesasast r uct , with each block (hamed or unnamed) as a
field withinthe st ruct . The pointer to the st r uct isimplied and details are TBD. We don't want to
consider blocks as global variables, since there may be multiple instances of the document with different
values. On the other hand, we don’t want to consider blocks to be local variables, since they are allocated on
a heap instead of the stack. Probably what is needed is the concept of persistent storage associated with a
window that retains the current values of tables until the window is deallocated. Details TBD.

Blocks appear inthe st r uct inthe order defined by their upper left cell in row major order.

In Pass 1, GalaxC builds a pattern table of named blocks, each one representated as a variable pattern (see
acg. h) with .size = number of columns, .depth = number of rows, and .aux encoding the table coordinates
of the upper left cell of the block. The .value field will eventually encode the byte offset of the block within
the document st r uct , but in Pass 1 we won't know the offset until the blocks preceding the block are
complete. So .value assumes 0 as the size of preceding blocks of the current table and updates .value at the
end of Pass 1.

GalaxC also keeps track of unnamed blocks as variable patterns, but closes them when it declares a new
named block, updating the current st r uct offset. Unnamed blocks are usually columns, but may be merged
with adjacent columnsiif they have the same type and data format. [Need to keep track of data format
somewhere.]

The helper array converts a (row, col) addressinto a pointer into the document value st r uct . In principle,
thisarray could simply be an array of pointers, one for each (row, col), but we can save alot of spacein
most applications by having the helper array contain a descriptor for each named or unnamed block, with the
following fields:

Starting row and column.
Number of rows and columns.
Datatype.

Pointer to first data item.
Pointer to data format.

XOE does not need to use a helper array to seeif acell isempty or not, sinceit can determine this from the
textinthecdl, i.e, if it'sanull string or begins with comma or semicolon.

In Pass 2, GalaxC generates actual code to update the valuesin the document st r uct . It asofillsinthe
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actual valuesin the helper array.
7.5. Sample Table

Hereisasimple table that calculates and displays squares and cubes for i = 0 through 6.

- P PR
| [ | | B |

The first row defines expressionsi , i squared, andi cubed. The remaining rows are copies of the
expressionsin the first row. When you compile and run this table, and then show table valuesusing F11 (in
the current implementation), X OE displays:

0 0 0
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216

The first column displays the value of row index i , which runsfrom 0to 6. The second column display i
squared, thethirdi cubed. None of the cells are named. Since no dataformat is specified, GalaxC assumes
“ol” fori nt values.

Here is another simple example with named cells followed by some normal GalaxC code.

X yooi*i ch: char

J

; comrent

/!l Here is text after the table.

int var i;

ch[0] ="'X;

for i =0 thru 3

do printf("%: x =%, vy = %, ch =9%\n", i, x[i], y[i], ch[i]);

In this case column O isaone-dimensional i nt block named x, column 1isi nt block y, and column2is
char block ch. Theexpressions“x: i " and“y: i *i " definethevauesfor columns0and 1. The
expression “ch: char” only defines the type of column 2. Its values are defined in the cells below. Since
“ch: char” doesnot set the value of cell (0, 2), we use the GalaxC code“ch[ 0] ="' X' ".
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When you compile and run this table, and then press F11, XOE displays:

0 0 X

1 1 ]

2 4 b
conment 9

Asbefore, i nt values are displayed by default dataformat “%”. Char values are shown using format “%¢”.
The comment in cell (3, 0) isdisplayed with *; ’ removed.

Running the program also prints values to the Output window, as follows:

00 x =0, y =0, ch =X
1. x =1, vy =1, ch =]
2. x =2, y=4, ch=b
3: x =0, y=9, ch=c¢c

This shows that the values of the named blocks in the table are available outside the table. x[ 3] isnot
actually defined, so it doesn’t matter what valueis printed. Note that row index i is not defined outside the
table: the main program had to declare its own copy of i .
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