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tions defined so far. cdef's structure is: 
,i 

cdef cname ( arguments ) => tag 
PostScript_code_fragment 

return values 

The tag and the return values are new. These values define the layout of 
the packet that is expected by the client in response to the execution of the 
code fragment. Note that the return values must appear in the argument 
list, and when the function is called, pointers must be provided. The tag is 
simply a unique integer (-32768 �~� tag �~� 32767). 

NeWS has two operators that can be used on the server side to construct 
packets: 

n tagprint-
Starts a packet whose tag is n. 

obj typedprint -
Adds obj to the end of the packet. 

This would be an example of a synchronous request that returns the value 
of a PostScript variable to the client: 

#define GETVAR TAG 37 

Use a symbolic definition for the tag. 

cdef ps_getvar(x) => GETVAR_TAG (x) 
GETVAR_TAG tagprint 
var typedprint 

When ps _getvar( &q) is invoked in the C program, it causes the following 
sequence of events: 

The code fragment 37 tagprint var typedprint is sent to 
the server. 

The C program blocks, waiting for a packet with the tag 37. 

The server executes the code fragment, which transmits a packet with the 
tag 37 that contains one data value: the value of the variable var. 

The C program receives the tag and data and stores it in q. 

An asynchronous cps definition omits the PostScript code fragment: 

#define MENUHIT TAG 38 
cdef ps_menuhit(index) => MENUHIT TAG (index) 
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The function ps _ menuhit tests to see if the first packet in the clients 
input queue is tagged with MENUHIT_TAG. If it is, the packet is read and 
stored into the return value, index, and the function returns true; other­
wise, the function returns false and does not change the input queue. If the 
input queue is empty, the client waits until it is not. 

These tagged packets are created in the server by calling tagprint and 
typedprint in the usual way, except that the calls are usually done in re­
sponse to some external event that was not triggered directly by the client. 
The function used in this example could be used to receive messages from a 
menu package: when the user makes a selection, the PostScript code sends a 
MENUHIT packet back to the client. 

Asynchronous definitions are typically used in the heart of the client's 
command interpretation loop by cascading them in a polling fashion. Ex­
tending the chapter's first example that gave the skeleton of an application, 
we add the body of the application: 

main (argc, argv) 

Setup. 

if (ps_open_PostScript() == 0) { 

fprintf(stderr, "Could not connect to NeWS 
server.\n"); 

exit(l); 

ps ini tiali ze () ; 

A cps function to set things up in the server. 

while (!psio_eof(PostScriptInput) && 
!psio error(PostScriptInput)) 

if (ps_menuhit(&item)) { 

Handle a menu selection. 

else if(ps_damaged()) 

Handle damage repair. 

else break; 

ps close_PostScript(); 
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7.4 cps and Compressed PostScript 

Although it is not necessary to understand the inner workings of the pro­
gram stubs generated by cps in order to write NeWS clients, understanding 
the internals is both interesting and instructive. The foundation of the com­
munication between the client and the server is the reliable byte stream 
connection established by the client to the server. 

Data is communicated between the ~ partners through a stream of typed 
objects defined on top of the byte stream. A typed object is simply a byt~ 
that describes the object followed by the object itself. For example, an inte­
ger that can be represented in 8 bits can be transmitted in two bytes: 0200, 
followed by a byte containing the integer. For a full description of the com­
munication format, see the "Byte Stream Format" section of the NeWS 
Manual. All of these typed objects are introduced by a byte whose top bit 
is one, i.e. the byte is 128. If the top bit is zero, then it is a normal 
ASCII character. 

When cps compiles a PostScript code fragment it translates the sequence 
of tokens into a sequence of bytes that are ready to be transmitted to the 
NeWS server. There are three classes of tokens in the code fragments. 

Compressed binary token This would represent a type such as a number, a 
string or a well-known built-in primitive (like moveto). 
Cps substitutes the binary representation for the token. 

Formal parameter reference cps inserts a place holder which the runtime 
routine will replace with a compressed binary token that contains the 
value of the actual parameter. 

ASCII keywords This class is really limited to keywords outside the other 
two classes that cps does not understand. These keywords are left alone 
in their original ASCII form. 

The client runtime routine merely takes the array of bytes, performs the 
parameter substitution, and transmits it to the server. It looks remarkably 
like a version of the C print! function: the first parameter is a pointer to the 
server connection block, the second is a string that contains markers indicat­
ing where values should be substituted, and the rest are the values that get 
substituted. The result is that the client side runtime support for NeWS is 
very simple and small. 

7.5 A Graph Example 

This sample program illustrates the way in which a C client would use 
cdef to define PostScript functions inside the server. It uses one main cps 
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definition, ps _initialize, to set things up by creating a window with an 
attached menu. The menu sends an asynchronous message back to the client 
telling which item in the menu was selected. 

The program displays the graph of one of four functions in the window. 
The C program initializes its window and then goes into a loop waiting for 
menu selections. The menu is used to select one of four functions. Whenever 
a new function is selected, the C program redefines the display list and asks 
for it to be redrawn: 

% cps header file for the function display program 

#define MENUHIT TAG 1 

cdef ps initialize() 

/displaylist {} def 

Define an empty display list. 

/paintchart { 

A function to paint the chart. 

gsave 

win /ClientCanvas get setcanvas 

clippath pathbbox 

Get the window width and height. 

3 div 

Height divided by 3. 

exch 13 div exch 

Width divided by 13. 

scale new coordinate system is 13x3 

pop pop 

Erase the other two values left by pathbbox. 

erasepage 

a 1.5 translate 

Put 0,0 in the middle at the left. 

a a moveto 13 a lineto 

stroke 

X axis. 

a a moveto 
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displaylist 

Invoke the display list function. 

stroke 

Draw it. 

grestore 

def 

Create a window. 

/win framebuffer /new DefaultWindow send def 

Install application-specific handlers in the window 
instance. 

The label that goes at the top of the window frame: 

/FrameLabel (Function Chart) def 

The procedure that gets called when the client part of the 
wiIldow needs to be repainted: 

/PaintClient {paintchart} def 

The menu associated with the client part of the window: 

. /ClientMenu 

[(sin) (cos) (damped) (sum)] 

[ { MENUHIT_TAG tagprint 

/currentindex self send 

typedprint } 

/new DefaultMenu send def 

win send 

Shape the window. 

/reshapefromuser win send 

Activate the window. 

/map win send 

Map the window - damage causes PaintClient to be called. 

cdef ps _ begincurve 0 

Begin redefining the display list. 

/displaylist { 
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cdef ps_endcurve() 

Finish the redefinition of the display list. 

} def paint chart 

After the curve has been defined, paint it. 

cdef ps_menuhit(index) => MENUHIT_TAG (index) 

cdef ps lineto(float x, float y) x y lineto 

Here is the C program that uses these definitions: 

#include <stdio.h> 

#include <math.h> 

#include "func.h" 

Include the definitions generated from the cps specification. 

main () 

int index; 

float x, y; 

Connect to the NeWS server: 

if (ps_open_PostScript() == 0) 

fprintf(stderr, "Can't contact NeWS server\n"); 

exit (1); 

Create the window. 

ps initialize(); 

Loop waiting for input events: 

while (!psio_eof(PostScriptInput) && 
!psio_error(PostScriptInput)) 

if (ps_menuhit(&index)) 

ps_begincurve(); 

Start redefining the display list. 

for (x = 0; x<=13; x += .1) 

switch (index) { 

Execute the appropriate function. 

case O:y = sin(x);break; 
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case l:y 

case 2:y 

break; 

case 3:y 

break; 

cos(x);break; 

sin(x)*exp(-x/3) *3; 

sin(x) + .1*sin(x*5+1); 

default: y 0; 

ps lineto (x, y); 

Add a point to the display list. 

ps endcurve(); 

Finish off the display list. 

} else break; 

Terminate when the connection closes. 

ps close_PostScript(); 

Figure 7.2 shows the window that would be created whel). the ,program is 
run. The borders and decorations around the edges are drawn by the Defaiilt­
Window class. The curve that is drawn was chosen by selecting "damped" 
from the menu, which you see popped up over the window with the cursor 
pointing at "damped". 

Figure: 7.2. 

: : :::'::: :::'::: :::'::: :::'::: :::-::: :::'::: :::'::: :F.~~t"~ :::-::: :::'::: :::'::: :::'::: :::'::: :::'::: :::'::: ::;';:; 

Function Graph program being run. 

sin 
cos 

damped 



161 

7.6 Conclusion 

NeWS can be programmed at three different levels, two of which this 
book discusses. At the lowest level, the programmer deals with an entirely 
PostScript world, writing programs that are downloaded into the server. 
The programmer typing simple exploratory programs directly to the server, 
as described in Chapter 4, works at this level, as does the author of a com­
plex window system package using multiple light-weight processes, such as 
a window manager or a menu package, discussed in Chapters 5 and 6. 

This chapter has described the next level, where the programmer is build­
ing a bridge between the PostScript world of the server and the more 
familiar C world of the application. The programmer is defining either 
application-specific procedures or the primitives found in another window­
system interface, for the purposes of emulating that interface. Programmers 
write a specification file which associates C procedure names with Post­
Script code that is to be sent to the server when the C procedure is invoked 
by the client. This specification is compiled by cps into a C header file that 
is included by C application programs. 

At the highest level, the programmer works in an entirely C world. The 
existence of PostScript is completely hidden. The programmer makes use of 
procedures which have been defined using the cps mechanism, in the same 
way as he would use any other C function. This level is addressed by higher­
level toolkits which would be placed on top of NeWS and the Lite toolkit, 
and is not explicitly discussed in this book. 

The next chapter examines a single NeWS application in some detail, 
focussing on the decisions a programmer needs to make about which of these 
levels is appropriate for the task at hand. 





8 
A Tour Through a NeWS Application 

/I All craftsmen share a knowledge. They have held 
Reality down fluttering to a bench." 

Victoria Sackville-West 

This chapter reviews a relatively large NeWS application and explains 
some of the ways that it uses NeWS to advantage. The application is ched, a 
cheap editor built as a demonstration of how to build a WYSIWYG ~ditor in 
NeWS. The source for this application is in the public domain and available 
from Sun Microsystems. The last section in this chapter explains how to 
obtain the ched program. 

Ched is a fairly simple WYSIWYG (what you see is what you get) editor. 
It implements automatic line breaking, left- and right- margin justification, 
and selections using the mouse. In Figure 8.1 is a set of snapshots of ched 
being run, along with a commentary on what is happening at each step. 

This chapter begins with a section on the general structure of ched. This 
segment is followed by a series of sections on various key points in the im­
plementation of ched that are relevant to its use of NeWS. The points to be 
covered are: 

Fixed point arithmetic. 

How ched uses NeWS to display the document. 

Font information. 

Use of usertokens. 

Debug initialization. 

Input events with names. 

Responding to damage. 

Selections. 

Typeahead. 

Ched uses a number of real-time layout algorithms, which will not be de­
scribed in detail in this chapter. Interested developers should obtain the 
Ched application in order to get more information from the source code. 
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8.1 ched in Action 

Figure: 8,1. 

~; :::'::: :::'::: :::'::: :::'::: ::J.~~~~:'::: :::-::: :::'::: :::'::: :::'::: ?~: 
:::':: Twas brillig and the :iiUty toves did :::':: 
, , , gyre and Igymbl e in Ute wab ~ all ' , , 
, , , mimsey 'Vlele Ute b oro groves, and the ' , , 
.. , Mome Reths outgrab e. Beware the .. , 
.. , jabben.vock my ron! The jaws Utat .. , 
'" bit~ Ute claws Utst catch; beware the '" 
'" jujube bird a:nd shun Ute fruroious .. , 
.. , ba:nderSlatch, So he took his vorpal .. , 

;~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The ched window, 

When ched is started it creates a window and displays the document in it. 
It automatically breaks lines between words to put as many words on a line 
as possible, without extending beyond the right margin. Ched enlarges the 
spaces between words in order to align the right edge of each line. 

Figure: 8.2. 

~::::.::: :::'::: :::'::::::'::: ::J.~~·t::-::::::'::: :::-::: :::-::: :::-::: ~:> 
:::':: Twas brillig and the :iiUty toves did :::':: 
, ,. gyre and ~ in Ute wab ~ all ' , , 
, , , mimsey 'Vlele Ute b oro groves, and the ' , , 
, , , Mome Reths outgrab e. Beware the . , . 
.. , jabberwock my ron! The jaws Utat ... 
, , , bit~ Ute claws Utst catch; b ew81e the ' , . 
, , , juj ub e bird a:nd shun Ute f:ruroious ' , , 
, , , b a:nderSlatch, So he to 0 k his vorp al ' , , 

)~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~ 

Selecting text. 

The current position, or dot as it is referred to in some other editors, has 
a width in addition to a position. If the width is zero, then it is displayed 
as a vertical line, as in the previous screen. In this screen, an entire word, 
"gymble" has been selected by pressing the left mouse button between the 
space and the "g", and sweeping the mouse right with the button down. 
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~;::·2;:!~;;r;:~;;:~~~~::·::::!::: 
· . . were the b oro groves, and 1:he :Mom e .. . 
· . . Reths outgrah e. B ewsre the .. . 
" . jab b erwo ck myron! The jaws 1:hat " . 
· . . bit~ 1:he claws 1:hst catch; b ewsre the .. . 
· . . juj ub e bird and shun 1:he frurnious .. . 
· . . b andennatch. So he to ok his vorp al .. . 

)~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::d 

Figure: 8.3. Replacing text. 

After the word "gymble" was selected, a single "w" was typed. This 
caused "gymble" to be deleted and "w" inserted in its place. Notice that 
the document has been reformatted so that the right edges remain aligned 
and there are as many words as possible on each line. 

Figure: 8.4. 

P.; :::.::: :::.::: :::.::::::.::: :l~~'~:-::: :::-::: :::-::: :::-::: :::-:::?~: 
:::< Twas brillig and the :ii1:hy toves did :::< 
· . . gyre and waddl ~ in the wah e, all .. . 
· . . roimsey were 1:he b oro groves, and the .. . 
· . . Mome Reths outgrab e. Beware the .. . 
" . jab b erwo ck myron! The jaws 1:hat " . 
". bit~ 1:he claws 1:hst catch; beware the ". 
". jujube bird and shun 1:he frurnious ." 
". bandermatch. So he took his vorpal ". 

)~:::::::::::::::::::::::::::::::::::::::::::::::::::::;:;;:;;:;;:;;:;;:;;:;;:;;:;d 

Continuous update of the ched window. 

The rest of the word "waddle" is typed and, as it is typed, the document 
is continuously reformatted to look as it would if it were printed. Ched is 
engaged in a dialogue with NeWS, continuously receiving characters, updat­
ing internal data structures, and sending descriptions to NeWS of the 
reformatted image. 
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8.2 General Structure 

Ched follows the model/view/controller paradigm that is used in Small­
talk. There are two key data structures, and three key segments of the 
program. The first data structure is the document. It represents the actual 
text of the document being edited. It has a number of subsidiary data struc­
tures that contain the characters in the document, the formatting 
information, a set of markers that indicate portions of the document, and a 
list of the views on the document. There are a set of routines that deal with 
these structures. These structures and procedures form the model portion of 
ched. The next data structure is the view. It contains the actual visible rep­
resentation of the document. It is what maps the document onto the screen, 
and hence is the part of ched most closely connected to NeWS. This, and its 
subsidiary data structures form the view component of the paradigm. These 
two are glued together by the controller that provides the user interface. 

The Figure 8.2 shows how these parts relate to each other and to NeWS. 
Ched downloads PostScript code to NeWS that reads keystrokes and mouse 
events and sends these off to the controller portion of ched. The controller 
decides what to do with the character and updates the model in response. 
When the model is updated, information is fed back to the view to tell it 
that something has changed. Periodically, the view uses the updated informa­
tion from the model to send PostScript graphics operators to NeWS that 
draw the new visible representation of the altered document. 

Figure: 8.5. 

Graphics 
operations. 

NeWS 

Model updates. 

Controller 

mouse events. 

The flow of information amongst the various parts of ched. 
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8.3 Fixed Point Arithmetic 

Internally, ched does all of its computations in units of points 
(approximately 1/72 of an inch). Besides being a generally convenient unit 
for use in documents, it is also the default unit in PostScript. But points 
are not sufficiently accurate for general use: a finer precision is needed. 
Ched uses fixed point numbers, with 16 bits of fractional precision, and 16 
bits of integer precision, including sign. This fits in very well with most 
modem computer architectures that have standardized on 32 bit words. Here 
are the declarations necessary for dealing with these fixed point numbers: 

typedef long fixed; 
32 bit fixed point number with 16 bits of fraction. 

#define fixedi (i) (fixed) ((i) * (1«16)) 
Convert int to fixed. 

#define floorfr (fr) ((fr) »16) 
Convert fixed to int by flooring. 

#define floatfr (f) ((double) f/ (1«16)) 
Convert fixed to float. 

#define FIXED HUGE Ox7FFFFFFF 
The largest possible fixed point value. 

These definitions provide the basic tools for declaring fixed point num­
bers and converting between them, integers, and floating point numbers. 
One fixed point number may be added to another by using standard integer 
addition, and one can be multiplied or divided by an integer by using the 
integer operation. Unfortunately, multiplying or dividing one fixed point 
number by another is more complicated, but ched never does this. 

A very significant advantage to using this form of fixed point number is 
that cps has special facilities for them. Cps understands the fixed declara­
tion and can efficiently ship numbers to and from the server in this format. 
For example, the following declaration appears in ched.cps: 

cdef ps frmoveto(fixed x, fixed y) x y moveto 

Then the call ps_frmoveto (fixedi (1) /2, fixedi (1) /2) gener­
ates the PostScript fragment 0.5 0 . 5 moveto. This is especially 
efficient since the NeWS server internally uses fixed point numbers wher­
ever possible, to avoid floating point. 
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8.4 Displaying the Document 

In PostScript, as in all other languages, the execution speed of a program 
is very closely related to how well it is written. Therefore ched pays quite 
a bit of attention to writing clean code to send to NeWS. Developers who 
write applications that generate PostScript, either for a printer or NeWS, 
are often seduced by PostScript's programmability. 

In particular, there is a tendency to download procedure definitions that 
define a graphics model that is more familiar than the graphics model of the 
PostScript language. This extensive downloading of code can incur extra 
overhead in the NeWS server, where operations are more expensive than 
they are in the application. The PostScript language is, after all, an inter­
preted language. If, instead of substituting another model, the PostScript 
language graphics model is used directly for the application, the perfor­
mance benefits are large. Once again, this rule holds for both NeWS and 
PostScript printers. 

Ched uses the basic PostScript operators wherever possible, and it 
attempts to generate the most efficient code possible. For displaying docu­
ments, ched actually only generates five PostScript fragments: 

x y moveto Sets the current position to x,y. 

f setfont Sets the current font to f 

s show Draws string s. 

x 0 32 s widthshow 

whxyERS 

Draws string s with x added to the width of every space. 
Widthshow is used on lines that are right justified, show is 
used on those that are not. 

Erase a rectangle starting at x,y whose size is w,h. This is the 
only PostScript procedure call ever generated during docu­
ment display. 

With these five operators, ched is able to do everything it needs in dis­
playing a document. It is very careful to only invoke setfont if the font is 
really changing. It only invokes ERS if the rectangle really needs erasing. 
And it attempts to draw the longest strings possible. One easy way to sacri­
fice a lot of performance is to use show for each word, and to call moveto 
to reposition at the beginning of each word. When there is a sequence of 
words with equal spacing between them, it is far more efficient to call 
moveto once, and widthshow once. Ched takes advantage of the fact that it 
is using fixed point numbers: it can specify a width to widths how . that is a 
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fractional number of pixels. NeWS will use this and distribute the error 
amongst the spaces between the words such that some of the spaces are one 
pixel wider than others. Because of this, a line of right justified text with 
no font or baseline changes is drawn using exactly one moveto and exactly 
one widthshow. 

8.5 Font Information 

Ched frequently needs to measure the width of strings of text. It could 
do this by sending the strings over to the server and asking the server to 
measure them, but that would incur massive message transmission penalties. 
Instead, it asks the server for a table of widths for each font that it's using, 
and uses that table locally. 

First, we look at the straightforward C language declaration of the font 
structure used by ched. It contains the name of the font (e.g. "Times­
Roman"), its point size (e.g. 12), the height of the bounding box of all the 
characters, the depth of descenders from the baseline, the number of charac­
ters, an "index" for the font, and the actual array of widths. The index of 
the font is a NeWS identifier that refers to the PostScript font. The overall 
font structure is: 

struct font 

struct font *next; 

Fonts are in a linked list. 

char *name; 

Family name. 

char size; 

Size in points. 

char bbheight; 

Height from highest ascender to lowest descender. 

char descent; 

Distance from lowest descender to baseline. 

unsigned short nchars, 

The number of characters in the font. 

fontindex; 

The magic token by which the server knows this font. 

fixed width[256]; 

The array of widths. 

} ; 
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This structure is used by the C function it_create that takes a font name 
and size and returns an associated font structure. it_create first checks if 
that font is already known, and if so, returns the known font structure. If 
the font is unknown, it_create sends a message to the NeWS procedure 
(ps_defstr) that requests information about the font. Once it_create has got 
the basic information, it allocates a font structure and fills it in. Ps _ defstr 
follows its return results by a stream of widths. This stream is picked up 
one-by-one and stuffed into the array using ps _getint. 

struct font * 
ft create(name, size) 
char *name; 

register struct font *f; 
register index; 
int length; 
int bbheight; 
int descent; 
for (f = fontroot; f; f = f->next) 

if (f->size == size && f->name[O] 
&& f->name[l] == name[l] 

&& strcmp(name, f->name) == 0) 
return f; 

index = ps_next_user_token++; 

name[O] 

ps_defstr(name, size, index, &length, &bbheight, 
&descent); 

f = (struct font *) malloc(sizeof(struct font) + 
(length » 1) * sizeof f->width[O] + 

strlen(name)); 
f->next = fontroot; 
font root = f; 
f->size = size; 
f->fontindex = index; 
f->nchars = length » 1; 
f->name = (char *) &f->width[f->nchars]; 
f->bbheight = bbheight; 
f->descent = descent < 0 ? -descent : descent; 
strcpy(f->name, name); 
for (index = f->nchars; --index >= 0;) 

ps_getint(&f->width[index]); 
return f;} 

Ps _defstr looks up the font and scales it, and passes the scaled font and 
the font index, to a PostScript function called DFS. DFS returns the height, 
descent, and number of characters in the font. 



#define DEFSTR TAG 1 
cdef ps_defstr(string name, size, index, 

length, bbheight, descent) 
=> DEFSTR_TAG (bbheight, descent, length) 

name findfont size scalefont dup index DFS 
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When DFS is called, the index is on the top of the stack, and two copies 
of the font lie below the index. DFS first executes setfileinputtoken 
which defines the font as a user defined token, making use of the index. 
(U ser defined tokens and how they work will be discussed in the following 
section). It then sends back the information needed by it_create: 

/DFS { 
setfileinputtoken 
DEFSTR_TAG tagprint 
begin 

currentdict dup fontheight typedprint 
fontdescent typedprint 
WidthArray dup length typedprint 
aload length 2 div { pop typedprint } repeat 

end 
} def 

ps _getint is the last important function which is used by it _create. It 
simply receives a fixed point number from the server. It has only a return 
result, with no body of PostScript code to be sent to NeWS and no tag to 
wait for in return. 

cdef ps_getint(fixed x) => (x) 

8.6 Use of User Tokens 

In the previous section on fonts, there was a small piece of magic left un­
explained that involved the setfileinputtoken NeWS primitive. This 
primitive makes use of the NeWS user defined token facility. Chapter 7 dis­
cussed tokens briefly, and how cps and Compressed PostScript make use of 
tokens in order to compress data for transmission. NeWS has a mechanism, 
supported by cps, where a client program and the server can cooperatively 
agree on the definition of a user token. This allows for efficient protocol 
definition for a specific application. The NeWS reference manual gives more 
detail about tokens and their definition, but we discuss them briefly here. 

There is an array of PostScript objects associated with each input stream. 
The NeWS protocol and cps have facilities that allow references to these 
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objects to be efficiently encoded in the stream that flows from the applica­
tion to NeWS. These references are represented by indexes into this array. 
setfileinputtoken puts a PostScript object, in this case a font, into this 
array. cps encodes a reference to this object when the parameter type token 
is used: 

cdef ps_do_usefont(token font) font setfont 

The C program calls ps _do _ usefont is called with the index that was 
passed to setfileinpnttoken and stored in the font structure. The global 
variable ps_next_user _token, which is referenced in ft_create, simply keeps 
track of the next available slot in the array. 

8.7 Debug Initialization 

Almost all of the interface-code fragments defined in the ched cps speci­
fication file are quite simple. One, however, is not. It is the piece that 
initializes the environment in the server. It contains the definitions of proce­
dures that create windows, define fonts, handle input events, and an 
assortment of other things. These definitions are is kept in a file that is sep­
arate from the cps specification file. In the specification file, the following 
lines appear: 

cdef ps_startup() 
#ifdef DEBUG 

(/home/norquay/jag/ched/ched.ps) run 
#else 
#include "ched.ps" 
#endif 

The initialization file is dynamically loaded from the file ched.ps when 
ched is being debugged. Once ched is stable and not being debugged, the ini­
tialization code is statically compiled into ched. This has the advantage 
when debugging that ched.ps can be altered, and the new version tested, 
without recompiling ched. Once the debugging cycle is finished, there is one 
less file to be bundled into the release and potentially installed incorrectly. 

8.8 Input Events with Names 

The input loop in ched is as follows: 

#define KEYSTROKE TAG 2 
{ clear awaitevent begin 

ClientCanvas set canvas 
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Name type /integertype eq 
{ KEYSTROKE_TAG tagprint WindowID typedprint 

Name typedprint } 
{ KeyActions Name get cvx exec } ifelse 

stopped 
end 

loop 

Whenever an event is received, its IName field is inspected. If it contains 
an integer, then it is just a simple keystroke, and a message containing the 
integer is sent to the client. Otherwise, the name is looked up in the Key­
Actions dictionary and whatever value is found will be executed. The 
Key Actions dictionary contains a set of procedures whose names match the 
names of special events generated by NeWS. The stopped and clear primi­
tives in the input loop above are used here as guards and cleanup in the case 
of missing KeyActions. 

For instance, ILeftMouseButton is defined as a procedure that sends a 
IJlessage to the application saying that the left mouse button has gone up or 
down, depending on the I Action field. Besides sending the message to the 
application, the procedure either enables or disables the catching of 
IMouseDragged events, depending on whether the button is going down or 
going up. This sequence avoids the overhead of dealing with drag events 
when no button is pressed. Also, since this enabling happens in the NeWS 
server, and with the scheduling guarantees given by NeWS, the downstroke 
and enable happen atomically: there is no chance that an up event can happen 
in the meantime, which might be missed and cause the system to get stuck 
receiving drag events. 

8.9 Responding to Damage 

In the previous examples in this book, the execution of most graphics 
operations has been triggered by the invocation of the IPaintClient method 
in the window. The typical simple application defines this method as a pro­
cedure that draws the entire contents of the window. When the window 
gets damaged, a IDamaged event generated. This event is caught by a han­

dler that invokes the IFixFrame method. IFixFrame sets the clipping to the 
damaged region, repaints the frame, calls IPaintClient, and finally resets 
the clipping. 

ched's NeWS side doesn't have enough information for IPaintClient to 
repair the display. It needs to send a message to the client requesting the 
information. It would be incorrect to have IPaintClient send the message 
since it is called in the midst of the damage repair context established by 
IFixFrame. The repair cannot actually be started until the client gets the 
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message and sends the information to handle it. Another reason that repair 
cannot be started yet is that requests in flight from the client to the server 
still have to be executed - they were generated without knowledge that a 
repair was needed. 

ehed overrides I FixFrame with a procedure that send a message to the client 
side. So when damage occurs, nothing else happens immediately. In 
particular, the record that NeWS keeps of what region has been damaged 
is untouched. If more damage occurs before the application side gets 
around to dealing with the first damage request, the two damages will 
get merged and the application will see them as one. 

When the client side of ehed receives one of these messages, it replies with 
a message that contains a "start redraw" request, the PostScript code 
necessary to redraw the window, and an "end redraw" request. Start and 
end redraw are essentially the same as I FixFrame broken in half: the part 
before IPaintClient and the part following. 

8.10 Selections 

When people first see NeWS they are often seduced by the fact that they 
can program the server. For performance, they try to avoid client/server 
messages by putting as much code as possible in the server. Sometimes this 
is reasonable, and sometimes it is not. The decision about client/server dis­
tribution of code should be based on whether the programming environment 
in the server is appropriate. 

ehed has a quite elaborate database describing the document and its for­
matting properties. This database has to be accessed very rapidly using quite 
sophisticated algorithms. The PostScript language is not very good for this 
kind of processing; C is far better. So almost all of ehed is written in C, 
with only a thin layer being written using PostScript code. 

An example of a situation in ehed where this trade-off between C and 
PostScript is hard to make is in the code that handles selections. From the 
users point of view, making a selection progresses through three stages: 

The user positions the mouse at one end of the selection and presses down 
on the mouse button. The caret appears as a vertical line at the division 
between two characters nearest the mouse. 

The user moves the mouse with the button down to extend the selection. 
As the mouse is being moved, the caret is echoed as a line that under­
lines the characters between the start of the selection and the position 
of the mouse. 



Finally the user's finger comes off the mouse button, which defines the end 
of the selection. 
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The middle phase is difficult because the echoing of the underline that in­
dicates the extent of the selection depends critically on the text that is 
selected: it is always at the baseline of the text and ends at the boundary 
between two characters. This involves a fairly expensive calculation using 
the document database. There are two choices: 

send messages back and forth between the client and the server each time the 
mouse moves and let the client side deal with the update, 

or download enough code so that the server side can deal with it. 

In ched the first choice was taken. This choice makes the server side of 
the application quite small and puts the responsibility for efficient calcula­
tion on the client side. Performance of ched depends heavily on the 
performance of message passing between the server and the client. In most 
environments, the performance is very good, so ched works very well. If 
ched is run at some distance from the server, with low speed communica­
tion lines or network gateways in the way, it will perform poorly. On the 
other hand, a bigger investment in server-side code could have been made, 
but it probably would not perform as well as the C implementation. 

An alternative to what ched does is to "cheat". Often it is possible to 
approximate the visual feedback entirely on the server, based on only a 
limited amount of information. For example, ched could have placed in the 
server an array of the y coordinates of the baselines of the text. The high­
light could follow the mouse and properly outline the text, except that the 
selection would not always end exactly between two characters. 

8.11 Typeahead 

No computer is ever fast enough. Suppose an editor is displaying compli­
cated real-time animation of typesetting a document. The user can probably 
type faster than the editor can echo if each character is echoed when it's 
received. This is the well-known typeahead problem. If implemented 
properly, the model/view Icontroller paradigm has the advantage that the 
typeahead problem disappears. The key factor is that the connection between 
the model and the controller is decoupled from the connection between the 
model and the view. When the model is updated, the view is not necessarily 
updated. The controlling loop of ched looks like this: 

1 While there are user keystrokes in the input queue, process them. 
These update the model only. 
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2 Invoke the view to update the screen according to the new state 
of the model. 

3 Wait while the input queue is empty. 

4 Go back to step 1. 

Input events are being batched together. If the user manages to type faster 
than the system can echo, it will just start echoing more keystrokes at once, 
quickly catching up. 

8.12 How to Get Ched 

Ched can be obtained by sending electronic mail to "news­
archive@sun.com" (from the ARPAnet) or "sun/news-archive" from 
usenet. The subject field of the message you send should be "send 
Applications ched.shar". An automated mail handling program will send 
the source file to you by return mail. The news-archive is a collection of 
generally useful NeWS documents and sample programs. A subject line of 
"help" will return to you a description of the archive and how to get infor­
mation from it. 



9 
Porting NeWS to Other Platforms 

" There is much virtue in a window. It is to a human being as aframe is 
to a painting, as a proscenium to a play, as ''form'' to literature. It 
strongly defines its content." 

Max Beerbohm 

9.1 Introduction 

"NeWS was designed to be portable." What exactly does this mean? It 
means that it should be possible, with relatively little effort, to adapt the 
NeWS server to run on a variety of different: 

CPU architectures. 

Operating systems. 

Display hardware types. 

Based on the authors experience of porting the Andrew and X10 window 
systems, the internal structure of the NeWS server was divided into three 
major areas, as shown in Figure 9.1 below: 

PostScript Language Interpreter 

File liD 
Interface 

Display 
Interface 

Keyboard 
Interface 

Operating System & Hardware 

Figure: 9.1. The NeWS server and its interfaces to its environment. 
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The diagram is somewhat misleading, since the vast bulk of the code is in 
two pieces, the interpreter and the high-performance imaging library that 
forms the display driver for simple framebuffers that have no graphics hard­
ware support. All this code is written in C, and the Sun Portable Software 
Products team have themselves ported it to the Digital Equipment Corpora­
tion microVAX and a standard 386 PC to ensure its portability. 

Despite this, faced with the source and a new piece of hardware, you can 
expect one or all of the three basic porting problems: 

Operating systems differences. NeWS comes with operating systems 
interface code for both Berkeley and System V versions of UNIX, but 
your operating system may differ. 

Display and keyboard hardware differences. NeWS comes with drivers for l-
and 8-bit memory framebuffers, but even if your hardware is of this type 
the details of how you get access to it will likely differ. And in many 
cases, your display will have graphics accelerator hardware that NeWS 
can use to advantage. 

CPU and C compiler differences. NeWS assumes a homogeneous memory 
model, and the first machines it was ported to all had 32-bit integers 
and pointers. 

To illustrate these problems in a practical context, this chapter gives case 
histories based on three customers' experiences. Parallax Graphics, Inc. 
ported NeWS to a video graphics board. Silicon Graphics, Inc. to a high­
performance graphics workstation. Both of these ports illustrate the ways 
in which NeWS can be adapted to exploit advanced display capabilities. The 
Architech Corporation ported NeWS to the OS/2 operating system on IBM 
PC-compatible personal computers, illustrating how it can be adapted to 
other operating systems and CPU architectures. 

The rest of this chapter is largely the work of Martin Levy from 
Parallax Graphics, Mark Callow from Silicon Graphics, and Maurice Balick 
from Architech Corporation. The NeWS Book authors are very grateful for 
their significant contributions, but remain responsible for any errors and 
omissions in these areas. 

9.2 Port of NeWS to the Parallax Viper Graphics Board 

In the following pages we will discuss the port of NeWS to the Viper 
display board from Parallax Graphics. The Viper boardset has the ability to 
show live video images as well as graphics data on the same screen. The dis­
play memory (1280 x 1024) is 8 bits deep, but can contain either graphics 
data (1 of 256 colors) or video images stored in a Pseudo-YUVI format. 

I. Pseudo-YUV is a term used to describe a coding scheme for color images. 

This format stores the image as lumanance and chrominance value pairs. 
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We present the advantages of a windowing system when it has the ability 
to show live video within a window on its monitor. We also describe the 
implementation of the server, the usage of video features within a Post­
Script program and finally, show an example program. 

9.2.1 Server Implementation 

In order to support live video, Parallax Graphics boards store display 
data in two different formats in display memory. A separate bitplane is 
used to direct video output circuitry to areas of the display that are video. 
These video areas must begin and end on modulus 16 horizontal (X) bound­
aries or unsightly gaps will appear. Video areas are represented in NeWS as 
canvases with a special Video attribute in their canvas dictionary (See Chap­
ter 5). Video attributes are Boolean, and can be both set and read. 

The programmer will probably never need to directly set the value of the 
Video attribute. A sub-class of the DefaultWindow class is defined, which 
overrides the map and reshape methods to enforce the modulus 16 horizon­
tal boundary conditions and gives the various canvases that make up the 
window the necessary Video attribute. Here is the definition of this Video­
Window class: 

/VideoWindow DefaultWindow 

Start defining a sub-class of DefaultWindow that will be 
called VideoWindow. 

dictbegin dictend 

This dictionary will hold the instance variables. 

classbegin Start defining the methods for the new class. 

/ rna p { Override the map method. 

/rnap super send 

Do whatever DefaultWindow does for map. 

FrarneCanvas /Video true put 

Then make the FrameCanvas into a Video canvas. 

ClientCanvas /Video true put 

Then make the ClientCanvas, which overlays it into a 
Video canvas too. 

IconCanvas /Video true put 

Finally, make the IconCanvas into a Video canvas, too. 

} def Finish overriding the map method. 
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/move { Override the move method. 

exch With a method that restricts the location of the window 
to a multiple of 16 horizontally. 

-16 and exch 

/move super send 

} def 

/reshape 

Then do whatever DefaultWindow does for move. 

Override the reshape method. 

exch 15 add -16 and 

Make sure that the width is a multiple of 16. 

exch 4 -1 roll 

Position the horizontal position in the stack. 

-16 and 4 1 roll 

Restrict that to a multiple of 16. 

/reshape super send 

Finally do DefaultWindow's reshape method. 

} def 

classend def 

Finish overriding the reshape method, and then finish 
defining the Video Window class. 

A Video canvas containing live video will obtain damage differently 
than a normal NeWS canvas. Damage will be received any time the live vid­
eo canvas is moved, obscured, or unobscured. Because of the large offscreen 
memory size available, several video canvases can be retained without using 
any host memory. The amount of offscreen memory available for canvas 
cache is determined at start-up time. 

Setting or resetting the Video boolean in the canvas "magic" dictionary 
invokes C code in the device driver. It is used to set the memory on the 
board into the correct mode and control overlay colors and window clipping. 

Video canvases can be live. Bits on the screen will be updated from the 
NTSC video input on the board without any interaction of the host proces­
sor (and hence the NeWS server). This means that if the canvas is moved, 
the live video must be stopped and then restarted in the new canvas area. 
Unmapping the canvas also stops the live video. 
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Because the Parallax video board has more than one video input, a 
Present Video Input number was added to the current graphics context. 
The PostScript command vsource will change the selected input for the pre­
sent graphics context and the initgraphics command will reset the selected 
input number to zero. 

The video regions on the screen have a separate colormap, hence any 
graphics (such as menus, buttons, and overlay graphics) need to have the 
color-table value computed differently. NeWS has a static colormap that 
allows an acceptable selection of colors to be shown on the screen. The 
video regions on the Parallax Graphics Board will only show 32 colors for 
the graphics overlays, so a subset of the normal colors are used within this 
area. These colors are more than enough to have most applications run with­
out seeing much change. (For example, many of the standard demonstration 
programs supplied with NeWS will show quite acceptable colors when run 
as an overlay to a video picture). 

9.2.2 NeWS Operators for Video 

The following operators perform a variety of video related operations in 
the NeWS environment. 

priority x y vstart -

vstop-

fills the current PostScript path with live video. x and y 
determines the offset of the lower left hand comer of the can­
vas relative to the incoming video frame. priority is used by 
the board to control the amount of time spent qoing graphics 
or video operations. 

vstop stops the current live video path. If no video paths are 
active, no action is taken. 

string readcanvas canvas 

The standard readcanvas operator, as defined in Chapter 12 
of the NeWS manual, has been extended to handle digitized 
still frames of video. If string is (VideoFrame), the resulting 
canvas will be a full NTSC video frame, 640x482x8 in YUV 
format. If string is (VideoField), the resulting canvas will be 
an NTSC video field, 640x241x8 in YUV format. If string is 
(VideoGreyFrame), the resulting canvas will be a 640x482x5 
greyscale canvas in graphics format. 

channel vsource-
sets the channel for the NTSC input to the board, which is 
then saved in the current graphics context. With a two input 
board, the values 0 and 1 are valid. 
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9.2.3 NeWS Programming Examples 

This section gives some examples of how to use these video capabilities. 
First, a video window must be created. This is accomplished by calling the 
Inew method of the Video Window class: 

framebuffer /new VideoWindow send 

This code fragment creates an instance of the Video Window class and 
leaves it on the stack. The parent window is the display. The following 
fragment will perform the same operation, but will associate the instance 
with a name by which it can be referred: 

/win framebuffer /new VideoWindow send def 

The video window can now be referenced by the name win. Next, let the 
user pick size and placement of the window so that it can be displayed: 

/reshapefromuser win send 

The reshapefromuser operation is normally performed for any window 
class (see other examples in Chapter 6). Once it has been executed, a win­
dow of type Video is displayed on the screen. In order to display live video 
in this window, it must have a NeWS PaintClient procedure. This procedure 
will be executed any time the window is damaged. (It should be noted that 
mapping a window causes it to be damaged, so the last step performed above 
left the window in a damaged state.) The following is an example Paint­
Client procedure that displays live video: 

/PaintClient { 

gsave Save graphics state. 

newpath clipcanvas 

Reset the canvas clip. 

initclip clippath 

Set current path to the inside of the window. 

vstop Stop previous live video. 

2 0 0 vstart 

Start video. 

grestore 

Restore graphics state. 

} def 
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In order to make this example run, the PaintClient procedure must be 
passed to the window before it is mapped. The calls were presented in a dif­
ferent sequence in order to make the process less confusing. Here is the 
complete sequence of steps necessary to display a live video window: 

/win framebuffer /new VideoWindow send def 

/PaintClient 

gsave 

newpath clipcanvas 

initclip clippath 

vstop 

2 0 0 vstart 

grestore 

def 

win send 

/reshapefromuser win send 

/map win send 

Now that the basic sequence of steps has been covered, the following 
examples will present the PaintClient procedure itself. Here we fill a win­
dow with a frame of still video: 

/PaintClient{ 

gsave Save graphics state. 

newpath clipcanvas 

Reset the canvas clip. 

640 480 scale 

Original size of frame. 

(VideoFrame) readcanvas 

image canvas 

grestore Restore graphics state. 

def 

Note that the canvas clip is always reset, so that the entire canvas will be 
redrawn regardless of the damage that occurs to the window. The reason for 
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this is that if the current source of video is constantly changing, care must 
be taken to ensure that information from a single frame is always displayed. 
Otherwise, if part of a window is covered and then uncovered, the uncovered 
part would be drawn with information from a different frame. 

In order to fill a window with a video frame, regardless of the window 
size, the video information must be scaled proportionally to the window 
size. The scaling is implemented by the following code: 

/PaintClient{ 

gsave Save graphics state. 

newpath clipcanvas 

Reset the canvas clip. 

intitclip clippath 

Set the current path to the inside of the window. 

pathbbox scale 

Scale to fit the window. 

pop pop 

Pathbbox gave us two extra numbers - get rid of them. 

(VideoFrame) readcanvas imagecanvas 

grestore Restore graphics state. 

def 

Because NeWS treats video canvases in much the same way as normal 
graphics canvases, creating graphics overlays is straightforward: 

/PaintClient{ 

gsave Save graphics state. 

newpath clipcanvas 

Reset the canvas clip. 

intitclip clippath 

Set the current path to the inside of the window. 

pathbbox scale 

Scale to fit the window. 

pop pop Pathbbox gave us two extra numbers - get rid of them. 

(VideoFrame) readcanvas imagecanvas 

Fill window with video. 



(Times-Bold) findfont 36 scalefont setfont 

Pick our font. 

initmatrix 10 70 moveto 

(Text is easy over video) show 

grestore Restore graphics state. 

def 

Creating overlays on live video would be just as simple. 

9.2.4 The VideoDisk Browser 
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To show the power of this addition to the NeWS server, this section 
includes some example code segments cut out of a real application, the 
"Video Disk Map Browser". In this, a videodisk storing up to 54000 video 
frames each the equivalent of a 300Kb data file is attached to the work­
station (its video output goes to the graphics board and its RS-232 control 
line goes to a serial port). The disk contains various maps of a specific area 
of the world at different scales. The maps are stored as a series of single 
frames on the video disk arranged as groups; one group for each map scale. 

The object of the application is to allow a user to scan the mapping disk 
in a North/South/East/West direction as well as Zoom In/Out to control 
the scale of the map. 

The user interface is designed to show all the information in one area of 
the screen, in contrast to the same application running on a computer termi­
nal with a TV monitor next to it. By using the NeWS server, the 
application can be combined with other applications doing graphics on the 
same screen. 

The Browser first opens a window and sets it to be a VideoWindow. The 
Canvas (and hence window) is then filled with a video frame. The Browser 
presents a set of labelled buttons (implemented with the Lite/tern button 
package) to give the user control of the map. The user can move the map in 
the NORTH, SOUTH, EAST, WEST directions and ZOOM the map in and 
out by pressing the mouse button on the desired button. 

The Browser contains both C and NeWS code. The C portion of the pro­
gram deals with the disk database and also controls of the videodisk player 
via the RS-232 port. The NeWS code handles the display of video frames 
and also the mouse input. It also processes windowing events such as redis­
play and resize without executing C code. 

As with most NeWS applications, the Browser begins by creating a 
simple PaintClient procedure. This procedure redisplays both the current 
video frame and the buttons. A crosshair cursor is placed at the center of 
the screen with the coordinates shown as text. 
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/current-video % => canvas 
(VideoFrame) readcanvas 

} def 
/repaint-video { 

gsave 
initgraphics 
clippath pathbbox clipcanvas 
clippath pathbbox scale pop pop 
current-video imagecanvas 
grestore 

def 

/PaintClient 
repaint-video 
repaint-buttons 
repaint-coordinate 

def 

The repaint-video routine takes the present video input and fills the 
whole window with it. The video input scales to fit. The C code that inter­
acts with this NeWS fragment is: 

main () 
{ 

char which[132); 

ps_open_PostScript(); 
ps initialize () ; 

getframe(O, 0); 
while (1) { 

ps_button(which) 
switch(which[O)) 
case'N': 

getframe(O, 1); 
break; 

case'E': 

getframe(deltax, deltay) 

ps_newframe(x, y); 

The C routine getframe() takes care of all database interaction, and will 
call the NeWS routine ps _ newframe when a new video input is available. 
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The ps_newframe is defined in the cps file so that it can be called directly 
from the C code. This procedure sends a redisplay event to the window 
when a new video input is available: 

cdef ps_newframe(x, y) 
/current-x x store 
/current-y y store 
/paintclient win send 

A listing of the final NeWS Browser Code can be obtained through the 
news-archive@sun network archive server. See Section 8.12 for more infor­
mation on how to use news-archlve@sun. 

The complete application contains additional NeWS programs that allow 
video frames to be stored offscreen and used as a video disk cache. The 
caching facility enables a user to look at a previously-viewed frame (a com­
mon operation) without re-accessing the disk, allowing a substantial 
improvement in interactive performance. 

9.2.5 Conclusion 

The use of standard video in a windowing environment greatly expands 
the scope and quality of window-based applications by removing many of 
the restrictions in the way visual information is acquired, processed, and pre­
sented. NeWS provides a flexible software platform upon which 
sophisticated multi-media applications can be built on powerful computer 
workstations. Integrating video display with NeWS allows the combination 
of their full graphics, windowing, processing, and networking power with 
one of the most widely used and effective communication technologies. 

9.3 Porting NeWS to the SGI IRIS 

Silicon Graphics Computer Systems, Inc. manufactures the IRIS family 
of high-performance, high-resolution, color workstations for 2- and 3-
dimensional graphics. The heart of the IRIS is a custom VLSI chip called 
the Geometry Engine. A pipeline of several Geometry Engines accepts 
points, vectors, polygons, and curves in user-defined coordinate systems, 
and transforms them to screen coordinates with the use of rotation, scaling 
and clipping. 

Conceptually the graphics hardware of the IRIS is divided into three pipe­
lined components: the applications processor, the geometry pipeline, and the 
raster subsystem. 

The applications processor runs the applications program and controls the 
geometry pipeline and raster subsystem. Graphics routines are expressed in 
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either 2-D or 3-D user coordinates. These coordinates pass through the geom­
etry pipeline which transforms and clips them to normalized coordinates 
then scales the normalized coordinates to screen or window coordinates 
with a lower-left origin. 

The pipeline output passes to the raster subsystem, which fills in the pix­
els between the endpoints of the lines and interiors of the polygons, and 
performs shading, depth-cueing, and hidden surface removal. A color value 
for each pixel is stored in the bit planes. An additional set of overlay bit 
planes is provided for transient displays such as pop-up menus. The overlay 
bit planes are displayed over the image in the main bit planes. 

For several years the IRIS family has used a proprietary window system 
called mex. mex is typical of many early window systems in that the win­
dow manager (the policy) is inextricably linked with the window system 
(the mechanism). mex's policy is all but impossible to change. mex is also 
very simple. It cannot, for example, close a window into an icon. 

SGI wants to provide an environment on the IRIS that is not only more 
productive for the developer, but also encourages the developer to write 
applications that operate inside that environment. This focus benefits the 
end-user who can then mix and match applications to fill his needs. Cur­
rently many developers ignore mex, resulting in unsociable applications that 
take over the whole machine. 

SGI would have to undertake a major rewrite of mex to provide the facili­
ties commonly expected of window systems today. The benefits of such a 
major investment in reinventing the wheel were questionable. SGI custom­
ers would benefit most from an open, network-based window system. Such 
a system makes a wider range of applications and productivity tools avail­
able to them, as-well as bringing the benefits of network transparency to 
(at least 2-D) applications. 

After examining the alternatives, SGI selected NeWS primarily because 
of the PostScript language imaging model. NeWS clients use of their own 
coordinate space, the built in transformations, the consequent lack of 
intimacy with pixels and the default lower-left origin closely mirror the 
IRIS hardware model. SGI was also attracted by the potential for avoiding 
exclusive-OR operations provided by the overlay canvas paradigm. 
Exclusive-OR is not an efficient operation on certain IRIS models. 

The boundless flexibility offered by the programmable server and 
lightweight processes added to its appeal. NeWS' ability to provide a 
global user-interface style that can be modified, even while NeWS is run­
ning and without any changes to the applications, is an attractive feature. 
Clients, too, can change their interfaces while remaining within the window 
system framework. 

This flexibility is beneficial to both end-users and software developers. 
End-users benefit because they can change anything from presentation details 
to the complete window manager. Software developers benefit because they 
can change the user-interface details to suit the needs of their applications, 
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yet those applications can still be sociable. On the other hand, they need to 
exercise self-restraint or the result will be chaos. 

9.3.1 The Port(s) 

SGI first ported NeWS to an IRIS 3030. The 3030 comes with 8 or 24 bit 
planes, and uses a 68020 as its applications processor. It operates in one 
graphics mode at a time: color-index mode (cmode) or RGB mode. The win­
dow system runs in cmode as most applications are written in that mode. 
The 3030 uses UNIX System V Release O. 

Our first copy of NeWS, an early pre-release version, came directly from 
the developer's source hierarchy and lacked documentation. NeWS was 
designed to be portable, but browsing the Sun development source rein­
forced the lesson that isolating system-specific dependencies is difficult. 
We discovered non-portable aspects including: long file names, dependencies 
on a 4.2BSD UNIX stdio (standard input and output) package, 4.2BSD sig­
nals, and the use of some non-standard C language extensions such as left­
hand casts. Fortunately, interprocess communication, the hardest potential 
problem, was already solved. The IRIS uses the 4.3BSD networking code so 
the reliance of the Sun-specific NeWS code on sockets was not an issue. We 
were assured that the next release, the first real beta release, would be 
portable. The current version of NeWS is indeed very portable. 

SGI split into two groups to focus our efforts: one to deal with compila­
tion issues, the other to study the graphics. We planned to modify the 
graphics code to call Silicon Graphics Remote Graphics Library, RGL. The 
RGL calls would be sent to an IRIS for remote imaging. Ultimately these 
calls would be converted to calls to the standard Silicon Graphics' Graphics 
Library (GL). 

In view of the promised portable source, we left the long file names 
alone and compiled, via the Network File System (NFS), from the source 
on our Sun. The left-hand casts were among the most difficult problems to 
fix and some of the NeWS expressions were too complex for our compiler. 

The RGL work had succeeded in rendering window outlines by the time 
we first compiled NeWS on an IRIS. Initial examination of the standard 
imaging layer (an extended version of Sun's pixrect library) revealed that in 
order to take full advantage of our transformation hardware, we would, as 
Sun had warned, have to rewrite the entire imaging layer from the cscript1 

layer down to our hardware. All incoming coordinates pass through soft­
ware transformations as soon as they arrive in the server. Only transformed 
coordinates are sent to the pixrect2 layer, and these are in a screen space 
with an upper-left origin. Since we didn't have time to rewrite the imaging 
layer, we do not use the geometry pipeline for the PostScript language 
transformations. We do use it for the final inversion to IRIS screen space. 

1. cscript is the interface between the PostScript interpreter and the imaging layer of the server. 
2. pixrects are the bottom layer of the imaging section of the version 1.1 server. 
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Our first graphics implementation used a version of a memory pixrect 
that wrote to the screen any pixel that was modified by a RasterOp. This 
took about a week to get running. We implemented both color and mono­
chrome versions. Of course it was fairly slow and used lots of memory, but 
it worked. We then turned our attention to input. 

Input presented special issues. On the IRIS, keyboard and mouse events 
are delivered via a shared memory gl queue. It was impossible to select on 
this queue. Furthermore, the events did not contain timestamps. To solve 
this problem, we added an extra keyboard and mouse to our development 
systems, plugged into tty ports. We then wrote a version of the operating 
system interface that read the serial ports and created the NeWS events. 
This arrangement gave us enough input for selection and typing a few charac­
ters to psterm. 

Our ultimate twofold solution to the input problem necessitated kernel 
changes. We created a pseudo-device Idev/queue that selects when an event 
is in the process's gl queue. This pseudo-device will be useful to many IRIS 
applications. We also created a new shared memory queue that accom­
modates timestamps. This queue is for keyboard and mouse events only and 
a process must be registered as the window manager to use it. When 
enabled, the shared-memory queue becomes the target of selects on 
/dev /queue. 

With input problems behind us, our attention returned to imaging. We re­
worked the pixrect implementation case-by-case to use the GL and take 
every advantage of the hardware. The first change was the re-implementa­
tion of fill in the RasterOp routine. The re-implementation had a dramatic 
positive effect on performance. A great deal of the PostScript language 
imaging is accomplished at the lowest level with fills. Once all pixrect 
cases had been tackled, we removed the shadow memory needed for the mem­
ory pixrect implementation. 

To take further advantage of our hardware we wanted to use the hardware 
cursor and to change the overlay canvas implementation to use the overlay 
planes rather than exclusive-OR. We also wanted to put the menus in the 
overlay planes to avoid having to read back the pixels under them, a 
relatively slow operation on certain IRIS models. 

Making NeWS use the hardware cursor was straightforward. We simply 
changed the macros cv _cursor _ up and cv _cursor _down to be no-ops and 
wrote a function that loads a cursor glyph into the hardware whenever the 
function cs_newcursor is called. We also modified the graphics microcode 
to support a two-color cursor. 

The overlay canvas implementation required significant modification. The 
standard NeWS server implements overlay canvases by storing a display 
list, and traversing the display list, whenever the cursor is drawn, painting 
the primitives in XOR mode. Supporting menus requires at least two colors 
in the overlay canvas rather than the single "invert" color. As the overlay 
canvas no longer needed to be drawn and erased when the cursor moved, we 
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changed the imaging routines to draw as soon as a request came in, as well 
as inserting it into the display list, and modified cv _ unmap to actually un­
map an overlay canvas. We retained the display list because it is much faster 
to erase lines than fill the planes with transparent color. 

We also enhanced the menu package by creating a transparent canvas to 
give us the hit detection, and then imaging the menu in an overlay canvas on 
top of that. No damage would then be caused to the underlying canvas. 

By now we were comfortable with NeWS. We had a solid, well running 
implementation. With a stable NeWS server in hand it was time to port 
NeWS to two more members of the IRIS family: the IRIS 4D/70G and the 
IRIS 4D/70GT. The 4D/70G's applications processor is a MIPS R2000 RISC 
processor. It has an enhanced version of the pipeline architecture that is 
faster and allows multiple simultaneous graphics modes. The IRIS 
4D/70GT couples the same R2000 processor with a brand new very high­
performance pipeline architecture that is an order of magnitude faster than 
the earlier design[AKEL88]. It is capable of rendering up to 100,000 quadrilat­
erals per second. Both machines run UNIX System V Release 3. 

The 4D/70G port was the first that we tackled. 
The MIPS architecture proved a bigger hurdle than the new graphics. It 

requires that data fetches be aligned on their natural boundaries. For ex­
ample, an int must be fetched from an address that is modulo 4. Because of 
this, we had to rewrite large portions of the pixrect code that assumed 
fetching an int from any even address would work. We faced a major prob­
lem with the way NeWS implements the pointers to a PostScript object's 
body. Every PostScript object is represented by a C data structure, struct 
object. Large objects (e.g. dicts) with bodies have a field in their struct 
object that points to a C data structure representing the body. There are 
many objects, and it is important to keep the struct object small. To this 
end, NeWS allocates only 26 bits to the pointer, masking off the other bits 
in the word before using the pointer. The MIPS CPU needs 29 bits for this 
pointer; we tried both adding the extra (constant) bits before using the 
pointer, and making struct object larger to accommodate the extra bits 
before settling on the former. 

Since the 4D/70G supports multiple simultaneous graphics modes and is 
typically configured with 24 bitplanes, we modified the NeWS server to do 
full 24-bit RGB imaging. The major work here was implementing the func­
tions supporting readcanvas and imagecanvas. There is no noticeable 
difference in performance between the 8- and 24-bit models. 

We tired of the simplicity of LiteWindow, so we created a new SGIWin­
dow subclass with a different appearance and feel. This took only about 
eight hours, giving us a clear demonstration of the power of NeWS extensi­
bility and the efficacy of NeWS programming classes. 
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9.3.2 Integration 

We were now ready to integrate NeWS into our system. Integration 
work began while the MIPS port was being finished. 

Graphics applications on the IRIS (called GL clients) draw by calling 
Graphics Library routines that make direct drawing requests to the hard­
ware. When they operate in a windowed environment an outside agent sets 
up clipping hardware to ensure the GL client is confined to its windows. 
For NeWS to become the controlling window system for the IRIS it had to 
take over the job of setting up the hardware clipping from mex and also the 
job of initializing the hardware. A major goal was that an application 
would only need re-linking to work under NeWS therefore we needed to 
mimic the old mex programming interface. 

We wrote a subclass of SGIWindow called MEXWindow with all the 
behavior of the old mex windows. We then created an identical function call 
interface which was added to the GL. An important part of MEXWindow 
is a lightweight process that handles input events for the GL client. It 
expresses interest in NeWS events in response to qdevice calls from the 
GL. Matched events are translated to the GL format and placed in the 
client's g/ queue. 

To manage the hardware clipping we created the GL canvas. A GL canvas 
behaves for the most part just like a normal NeWS canvas, except that it 
cannot be drawn on with PostScript programs. The GL canvas reserves space 
on the screen for the GL client and provides a convenient place to store in­
formation needed to manage clipping and to communicate with the client. 

The 4Dj70G clips to a rectangle list that is equivalent to the visible 
region of the GL canvas. Whenever that region changes we must reload the 
piece list as it is known. There are two cases to handle here: uncovering and 
covering a canvas. When a canvas is uncovered damage is caused as with 
NeWS canvases. MEXwindow responds to the IDamaged event by request­
ing the damagepath before sending a REDRAW event to the GL client. The 
piecelist is updated at this point. 

Because the GL client is drawing asynchronously to the server, we must 
reset the piecelist as soon as a GL canvas is about to be covered. Normally 
at this point NeWS merely invalidates the canvas's clipping. It is validated 
again when the client makes its next drawing request. Resetting the 
piecelist whenever we invalidate the clip requires validating it again immedi­
ately, which is a time-consuming operation. Typically NeWS iterates 
through the about-to-be-covered fragments of a canvas, calling 
cv JnvalidatecIip for each fragment. Setting the piecelist each time would 
therefore be very inefficient. Instead we added a redip list which is very 
similar to the damage queue. The reclip list is checked after NeWS has iter­
ated through a list of about -to-be-covered fragments and the piecelist for 
any canvas in the reclip list is reset. 
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On the 4D/70GT clipping is done against a mask painted into special win­
dow ID planes. Clipping to arbitrary shapes is done with no performance 
degradation. The window ID planes are much easier to manage than 
piecelists. Uncovering of canvases is handled using the damage queue exactly 
like piecelists. When a canvas is to be covered the window ID planes at that 
location are painted to establish clipping for the canvas that is to appear. 
This automatically clips the canvas being covered. 

One of the last areas we dealt with was the colormap. Some of our sys­
tems have only 8 bit planes, so we needed the NeWS colormap. For 
compatibility we had to set the bottom 8 colors to the standard SGI colors 
and wanted the greyramp next. To accommodate the eight colors we shrank 
the greyramp and placed it after the standard colors. Color 0 is black which 
caused a problem in retained canvases when mem _rop expands a source 
pixrect from l-bits to n-bits. 

9.3.3 Conclusion 

Building on top of the GL canvases and the GL client interface, we have 
added an XII server that runs alongside NeWS and sociably shares the 
screen with the NeWS window manager in control. The color plate l shows 
the complete IRIS Window System, known as 4sight. 

We are looking forward to the Xll/NeWS merge and to improving the 
imaging layer implementation to fully reflect the match between the Post­
Script language imaging model and our pipeline hardware. We naturally 
want to explore 3-D extensions to the PostScript language and merging our 
Distributed Graphics Library with the 4sight window server. 

9.4 Architech Corporation: Ne WS/2 

Architech's NeWS/2 is a port of Sun's NeWS to Microsoft's OS/2 envi­
ronment for the IBM-PC and PC-compatible microcomputers. 

This initial release of NeWS/2 is a monochrome implementation that com­
municates with client applications using the OS/2 LAN Manager's named 
pipes. It includes all of the development tools and demonstration programs 
distributed with Sun's NeWS product. 

Ne WS/2 also provides VIO-Term, a facility in which unmodified OS/2 
character-based applications can execute in a NeWS window. 

9.4.1 Background 

Creating a NeWS port for the OS/2 environment was an appealing chal­
lenge for several reasons. First, from Architech's perspective, OS/2 is the 
first "true" operating system to become available for personal computers. 

1. The color plates appear immediately after p. 222-see Appendix I, Description of the Plates. 
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Unlike DOS or the Macintosh Finder, OS/2 provides features such as multi­
tasking and virtual memory. Surprisingly coherent and well thought-out, it 
incorporates such Ne WS-compatiblephilosophies as lightweight processes 
(threads) and shared packages (e.g., DynaLink Libraries.) 

Second, the official user interface for OS/2 - Presentation Manager 
(PM) - does not reflect new user interface technology, but is very depen­
dent on the previous MSWindows user interface and window system, which 
had some integral limitations. In addition, the Presentation Manager is com­
plex to program, and offers little new in terms of window technology. 
NeWS, on the other hand, offers a radically new, "second-generation" 
approach to user interface development. 

A third factor was the importance of timing. Offering an alternative to 
the Presentation Manager was timely, since OS/2 developers have not yet in­
vested significant resources in Presentation Manager development. 
Developers are not yet dependent upon these interfaces, and there are times 
when standards exist for the benefit of exceptions. And finally, it makes 
business sense for Architech to bring technology like NeWS to a large mar­
ket; the OS/2 market forecasts sales of 4 million units per year by 1991. 
The availability of NeWS on both UNIX and OS/2 is of great interest to 
developers trying to maximize their potential markets. 

9.4.2 Technical Aspects 

Architech found that the technical problems usually accompanying a port 
were significantly reduced by the excellent job done by Sun's portable 
NeWS group. Prior to releasing NeWS source to licensees, virtually all of 
the OS and byte ordering dependencies had already been clearly delineated or 
moved to separate files. Yet despite the best efforts of everyone involved, a 
few troublesome items remained. One notable item was the existence of file 
names that were slightly too long for the OS/2 environment. This problem, 
a nuisance in the best of circumstances, became especially burdensome when 
the slightly-too-long file name was the name of a header file that could be 
found virtually everywhere within the code. Other technical problems we 
encountered included unportable C pre-processor tricks, 32-bit integers, and 
extra-large C files (truly, extra-large C files: 82K bytes, for example). 

Architech decided early on that there were two possible strategies for 
dealing with these problems: either the entire source could be cross­
compiled from the SUN to 80286 code and then linked on the PC, or a set 
of custom tools to do the job directly under OS/2 could be developed. They 
opted for the tools; developing a C pre-processor and a cross-referencer. 

The C pre-processor automatically converted invalid file names, did the 
"expected" thing with unportable macro constructs, and was able to handle 
an arbitrary amount of pre-processor statements. 
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The cross-referencer kept track of the large number of macros used in the 
NeWS source, and alerted the programmer when a statement in the source 
code was a macro rather than simply a function call. 

Some of the major sources of new code in the NeWS/2 port were the Sun 
pixrect library, which had to be written for EGANGA hardware; the 
implementation in OS/2 of some unavailable UNIX functionality; and a 
new memory management algorithm designed to be efficient within a seg­
ment swapping architecture. 

The pixrect library implementation was quite straightforward, and did 
not require any special OS/2 features. The UNIX compatibility functions, 
on the other hand, required some unexpected work. For example, two 
UNIX system calls central to the NeWS architecture are select() and 
fcntl(). The plain-vanilla open(), read() , write() , and close() functions of 
most OS/2 C libraries are inadequate for this sort of use, and had to be re­
implemented using lower level OS/2 functions. Similarly, the UNIX socket 
model had to be partially simulated with OS/2 named pipes. Specifically, 
the security features present in the original BSD sockets were not 
completely reimplemented in the OS/2 port, since real sockets will be made 
available in the near future. 

The memory management algorithm is discussed in the section on big seg­
ment swapping, below. 

9.4.3 NeWS/2 Limitations 

NeWS/2 is a fully functional port of NeWS to the OS/2 environment. 
However, the fact that OS/2 is designed to work on a 80286 16-bit CPU 
(even, alas, when NeWS/2 is running on an 80386 chip machine) introduces 
two specific hardware limitations. These limitations are discussed below. 

9.4.3.1 Puny Segments vs. Enormous Arrays 
The segmented architecture of the 80286 imposes a 64-Kilobyte (K) limit 

on the size of any contiguous memory area. This restriction hinders NeWS/2 
functionality in only one case: very large arrays. The NeWS limit is 32,000 
objects per array; the Ne WS/2 limit, on the other hand, is only some 5000 
objects per array. Such large arrays are rather rare, but they do occur. One 
such occurrence, for example, is in the very complex pictures which can be 
generated by some drawing applications (e.g., large Adobe Illustrator 
files), which are represented as gigantic executable arrays. 

To work properly in the NeWS/2 port, the files generated by such pro­
grams have to be cut by hand in smaller chunks. The vast executable array 
that was originally generated is thus replaced by smaller arrays, which can 
then be executed in the body of the original. 

To further minimize this problem, a future release of Ne WS/2 will have 
the ability to automatically "chop up" such large executable arrays. When 
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an OS/2 for the 80386 chip arrives, of course, the problem will go away 
entirely. 

9.4.3.2 Big Segment Swapping 
Virtual memory management on the 80286 (and, again, on the 80386 

under the present version of OS/2) uses segment swapping. While these seg­
ments can vary in size from 1 byte to 64K bytes, they are always swapped 
to disk in one chunk. Regular heap memory management algorithms make 
the segment swapping virtually useless; such algorithms tend to allocate 
memory into 64K segments, which are then divided into smaller chunks as 
requested by mallocO or callocO. Later, when a freeO call returns such a 
chunk to the heap, the chunk is added to some free memory chunk list. 

The result is twofold: (1) most segments are 64K in size, and (2) the free 
list(s) criss-cross these large segments. When memory becomes over­
committed and some segments have to be moved to disk, entire 64K seg­
ments are swapped out (rather than a 2 or 4K page as in a Virtual Paging 
system). Worse, when mallocO is called (a frequent occurrence) and some 
free list is traversed, several 64K segments have to be swapped in and out 
several times. 

The result - the disk drive access light flickers on and off as it would in 
a system crash - is unacceptable. 

To deal effectively with this problem, it was necessary to rewrite the 
memory-management routines to use 4K segments,. with one free list per 
segment, and a single list of segments. If an extra-large chunk of memory 
needs to be allocated, a specially fitted segment is created by the memory­
management routine. The resulting change has been phenomenal: now, even 
when the system swap file becomes larger than the core memory space, 
there is almost no degradation of performance. 

9.4.4 Using NeWS in OS/2 

Although OS/2 and UNIX are similar in many ways, OS/2 features (and 
therefore OS/2 applications) are not always UNIX-like. For example, 
UNIX applications most often communicate through their standard I/O file 
descriptors: even when the applications are full-screen, they use ANSI-like 
serial protocols to manage their output. Under OS/2, however, and as a 
legacy from the unruly reign of DOS, character-based applications can use 
either standard I/O (as in UNIX), or an OS/2 character-based user interface 
library called VIO, which allows fast full-screen control through the use 
of function calls. 

Since the VIO library, however, expects direct access to the entire screen 
as well as control of the keyboard, it would obviously have to be replaced 
in a windowed environment such as NeWS. To deal with this problem, 
NeWS/2 provides an application called VIO-Term, which "registers" (that 
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is, selectively replaces) the VIO library. Since VIO is a DynaLink library, 
it is not attached to applications at link time but rather at load time, and 
thus can be replaced without having to relink the applications that use it. 
The VIO-Term opens a NeWS window, and the original VIO calls are trans­
lated into equivalent PostScript language code. 

This resulting VIO Window is interesting for at least three reasons. 
First, because VIO-Term is a DynaLink Library that attaches itself to client 
applications, no modifications to the NeWS server nor its initialization 
files are required. Second, character-based OS/2 applications, without the 
need for any modification, now become networkable a HI. NeWS. 

Finally, not only the VIO subsystem, but the entire Presentation Man­
ager, can be replaced. Hence, any Presentation Manager application could 
run unmodified in the NeWS environment. These PM applications could 
even have their output sent over a network to a Sun screen. 

Another OS/2 feature which becomes especially intriguing to the devel­
oper of NeWS-based applications is preemptive light-weight processes, or 
"threads", on the client side. 

The concept of having one thread reading and dispatching input from the 
NeWS server while another thread is collecting and sending output to the 
same server was so attractive that we adapted the cps library to this pre­
emptive environment. The adaptation involved a small semaphore-like 
operation in the PSIO code of the cps library, which was necessary to avoid 
untimely flushes of the output stream by the input thread. The result is 
totally transparent. 

Still, cps lacks features which would allow a multithreaded application 
to communicate freely with lightweight NeWS mechanisms. For example, a 
multithreaded environment cps would allow PostScript pipes to be multi­
plexed, or, at the very least, would allow one client to have several 
connections to the NeWS server simultaneously. As multithreading 
becomes widely used (under UNIX as well as OS/2), it will make sense for 
cps to grow in that direction. 

OS/2 also provides "sessions," a mechanism by which several applica­
tions can take full control of the screen. Each application has total control 
during the period of time it resides in the foreground of the screen. When 
the application is switched to the background (usually by a user command 
from the keyboard), OS/2 takes care of preserving both the screen hardware 
state and its contents. The application is only responsible for stopping out­
put while it resides in the background, or for holding that output in a 
separate "virtual screen," later restoring this virtual screen to the real 
screen when the user brings the application to the foreground again. The ses­
sion mechanism allows different user interface technologies such as NeWS 
and Presentation Manager to coexist on the same machine, without having 
to be aware of each other and without limiting each other. This versatility 
is a far cry from the days of DOS. 
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9.4.5 Future Enhancements and Conclusion 

Architech intend to keep NeWS/2 as closely compatible as possible with 
Sun's future releases, and will offer the Xll/NeWS server, described in the 
next chapter, as soon as feasible. 

Furthermore, although they hope that future Sun NeWS releases will 
include some preemptive process switching, they plan to incorporate the nec­
essary code on their own if Sun chooses not to. 

Architech's approach will involve semi-preemptive process switching via 
a simulated "pause" statement generated whenever some user-defined timer 
goes off. This will allow the user to set the context switching granularity, 
or even to remove it altogether. Also, such time-consuming operations as 
dithering, scaling, and the rotation of large pixrects will be done by back­
ground threads, while other NeWS processes keep running. 

Finally, Architech also intends to provide OPEN LOOK and the OPEN 
LOOK NeWS Development Environment (NDE) as soon as Sun and AT&T 
make them available. They see a NeWS-based OPEN LOOK user interface as 
an attractive choice for OS/2 users and developers. 
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XII/NeWS Design Overview 

" No group's talent 
Could be the equivalent 
Of mine and his combined; 
Total harmony between the cuts and the rhyme." 

LL Cool J, Dangerous 

10.1 Introduction 

The X window system development at MIT defined an important stan­
dard protocol for window system development: the Version 11 protocol. 
(The evolution and structure of the X window system are described in Chap­
ter 3.) The industry interest in XlI, the PostScript language, and NeWS 
resulted in the definition of a combined window server architecture: the 
Xll/NeWS merge. Combining the XII fixed protocol with an enhanced 
PostScript language, together with the dynamic development environment 
of NeWS, gives the applications developer a synthesis of standards, func­
tionality, and flexibility[ROBE88]. 

10.2 Goals 

The goal of the merge of XlI and NeWS is to produce a single server pro­
cess that supports the entire semantics of both the X 11 and NeWS 
protocols, allows a single window manager to control all windows, and 
supports portable XlI extensions. This server should be portable to a wide 
variety of hardware. 

If the XlI/NeWS server is to support both NeWS and XlI clients, it 
must correctly implement the semantics of both protocols. Some of the 
design challenges are discussed below. 

Applications built to both window protocols must run side-by-side on 
the screen and present an integrated interface to the user. Thus, a single win­
dow manager must manage all windows regardless of the protocol used to 
create them. A window manager that uses the NeWS protocol can manage 
windows that were created by either XII or NeWS clients. Window 
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managers written to use the X 11 protocol can manage windows created by 
XlI clients, but can only manage windows created by NeWS clients that 
follow the rules of the XII protocol. 

The XII protocol specification[sCHE87] defines a means of extending the 
XII protocol. The existing MIT sample server implementation provides a 
mechanism for implementing extensions, documented in the XII Server 
Extensions Engineering Specification[FIsH87]. While the latter mechanism is 
still under development, the intention is that extension implementations 
that use it will be portable across XlI server implementations. XlI/NeWS 
supports portable XII extensions in the following sense. The extension 
specification requires that a small set of include files and the source to one 
procedure be provided with the server. Without any other source, an exten­
sion supplier should be able to recompile a portable extension with the 
XlI/NeWS include files, link it with XlI/NeWS object libraries, and have 
the extension work. 

10.3 Architecture 

A server for either protocol must perform three major functions: 

Scheduling interpretation of protocol requests. 

Allocation of portions of the display. 

Distribution of input. 

Figure 10.1 shows the structure of the XlI/NeWS server, an architecture 
that provides these functions for both XlI and NeWS. If the XlI client 
and interpreter were omitted, this figure would illustrate the structure of 
the existing NeWS server. If the NeWS client and interpreter were omit­
ted, it would illustrate the structure of the XII sample server from MIT. 

In Figure 10.1, the boxes labelled X represent interpretation or genera­
tion of XII protocol, and the boxes labelled N represent interpretation or 
generation of NeWS protocol. The boxes in the area labelled window forest 
represent windows (called canvases in NeWS), which are portions of the 
screen on which clients can draw. The unlabelled windows in the diagram 
could have been created by either protocol; the protocol used to create them 
does not affect the structure of the window forest or the structure of the 
windows themselves. The boxes in the area labelled event queue represent 
events, and are likewise unlabelled because the protocol used by the recipi­
ent of the events is irrelevant to event queuing and distribution. 
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10.3.1 The Scheduler 

Given multiple clients of a window server, a way must be provided to 
fairly and predictably schedule execution of requests from each. Allocation 
of time between multiple clients is required of all XII servers, and all 
NeWS servers; therefore it is also required of the XII/NeWS server. 

NeWS schedules between lightweight processes. As described in Chapter 
5, a process is a thread of control; a lightweight process is a process which 
shares its address space with other lightweight processes. In NeWS, a con­
text switch may occur when a lightweight process blocks or explicitly 
gives up control. In contrast, X11 schedules between clients. In Xll, a con­
text switch may occur between any two requests, unless a client has 
grabbed the server. 

An Xll client is a source of a sequence of X11 requests. A sequence of 
XII requests is a linear thread of control. Since a linear thread of control is 
a subset of the possibilities offered by a process, the X11/NeWS server rep­
resents XII clients as lightweight processes. 

Context switching and scheduling are entirely internal to the Xll/NeWS 
server and are not dependent on the operating system. An X11/NeWS light­
weight process is represented as a context structure, whose contents include 
the protocol interpreter associated with that lightweight process, and the 
source of protocol to be interpreted. The source of protocol may be a client 
connection or downloaded code. 

Interpreters 

DD···D 
Event Queue 

D 
Display 

Keyboard Mouse 

Figure: 10.1. Xll/NeWS server architecture. 
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Running a lightweight process means calling the associated interpreter 
procedure and passing in the context structure for the lightweight process. 
The interpreter checks a single state field in the context structure to resume 
where it left off when it last gave up control. As it executes, the inter­
preter maintains state in the context structure. To give up control, the 
lightweight process saves a value in the state field that it checked earlier 
when it resumed execution, and returns to the scheduler. 

The scheduler makes no distinction with regard to the protocol inter­
preter associated with a lightweight process. A lightweight process runs 
until it gives up control, and is run again when it is ready. 

10.4 Windows and Graphics in XII and NeWS 

1004.1 Sharing a Screen 

NeWS and Xll are very similar in the way that they treat the screen. 
Both allocate portions of the screen on which a client can draw, called 
canvases in NeWS, and windows in XII. (From here on, these terms will 
be used interchangeably. Detailed discussion of canvases and their relation­
ship to windows is discussed in Chapters 5 and 6.) Both Xll and NeWS 
permit unlimited nesting and overlapping of windows. Both provide for 
expression of interest in events occurring on specific windows, including 
damage (exposure) and device input. 

The Xll/NeWS server has a tree of nested windows for each screen. The 
aggregate of these trees is called a forest. The server allows the cursor to 
roam across screens, in some device dependent geometry. An extension to 
the NeWS protocol for getting the list of screens is provided. 

The structure underlying a node in the forest is called a canvas for histor­
ical reasons. The forest of canvases in the Xll/NeWS server is 
homogeneous. The same canvas structure is used to represent both canvases 
created from NeWS protocol and windows created from Xll protocol. 
Since the forest is homogeneous, if a canvas is reconfigured to expose re­
gions of underlying canvases, damage will be detected on all of them 
whether they were created using NeWS or XII protocol. 

NeWS canvases and Xll windows do have some differences. They provide 
different attributes, imaging models, color models, and font models. A 
more detailed description of how these differences are resolved in the 
XII/NeWS server is given below. 

1004.2 Properties 

Each Xll window has a property list. NeWS canvases do not currently 
have property lists, but will benefit from such an addition. Canvases appear 
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to NeWS programs as PostScript dictionaries; fields of a canvas appear as 
keys in the dictionary that represents it. NeWS programs can access the 
property list for a canvas through a new key in the canvas dictionary. 

XII Properties are quadruples - name, type,format, data: 

name and type 

format 

data 

Both of these elements are XII atoms, which map well onto 
the PostScript language name type. 

The format describes the unit size of data, which can be 8, 16, 
or 32 bits. 

This element consists of data that is handled but not 
interpreted by the server. It is represented by a NeWS string, 
which is essentially an array of 8-bit bytes. 16 and 32 bit 
format are implemented by having a string that is a multiple 
of 2 or 4 bytes long. 

A property is constructed by combining the above elements into a four 
element array of in the order of name, type, format, and data. 

A property list is an unordered set of properties. The most convenient 
data type in PostScript language for unordered sets is a dictionary, which is 
essentially a hash table. The property name serves as the key to a property. 

10.4.3 Display Attributes 

Although XII and NeWS have many display attributes in common, there 
are a number of display attributes that are only accessible through one pro­
tocol or the other. 

For example, X 11 windows have borders, background, and gravity. These 
attributes allow an XII server to immediately tidy the screen after a change 
to the window hierarchy without the overhead of a server-client round trip. 
In NeWS, downloaded PostScript code is used to perform display update 
functions that need instant response like these, and NeWS has no need of 
these attributes. In X l1/NeWS , the window attributes are implemented by 
enhancing the canvas data structure and operations. 

For another example, NeWS protocol provides access to a canvas' arbi­
trary shape, which is not necessarily rectangular. As Xl1 core protocol 
defines only rectangular windows, it only provides access to a canvas' 
bounding box. If an Xl1 client gets a handle on a non-rectangular canvas 
and inquires about the size and origin, it receives the bounding box of the 
canvas in the reply. If an XlI window is exposed by an operation on an 
occluding non-rectangular canvas, the exposed region is approximated (to 
the resolution of the display) by some number of rectangles. 
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10.4.4 Colonnap Access 

Although NeWS attempts to hide the details of the workstation's dis­
play hardware from clients, XII tries to describe them. The XII connection 
setup protocol specifies the pixel depth and colormap models available for 
each screen on the workstation in terms of visual types. One screen may 
have more than one visual type. For example, a framebuffer containing 8-bit 
deep color and an overlay plane offers a single screen with two visual types, 
one 8-bit PsuedoColor and one I-bit StaticGray. 

Each visual type supports the request CreateColormap. For static visual 
types (StaticColor, StaticGray, and TrueColor) , CreateColormap returns 
the single static colormap provided by that visual type. For dynamic visual 
types (PseudoColor, GrayScale, and Directeolor) , it returns a newly­
created colormap. Each visual type has a default colormap, whose initial 
popUlation of colors is not defined in the X 11 protocol specification. 

For devices that offer a hardware colormap, the Xll/NeWS server popu­
lates part of the default colormap with read-only, sharable colors in the 
form of a colorcube whose axes are red, green, and blue. Doing so allows 
NeWS and Xll applications that do not require dynamic colormap access to 
share the colorcube. XII applications needing dynamic colormap access 
either allocate colors from the rest of the default colormap, or allocate 
their own colormaps. An extension to NeWS provides dynamically modifi­
able colors in the rest of the colormap as well. 

Each screen has some number of colormaps installed. When a colormap is 
installed, primitives drawn using pixels assigned from that map appear in 
their correct colors. When any application installs its own colormap, and 
the combined set of allocated colors overflows the hardware colormap, 
other applications (both NeWS and Xll) appear wrong until their color­
maps are reinstalled. The incorrect appearance is a problem in any 
implementation of XII colormaps. 

10.4.5 Imaging Model 

NeWS is based upon the stencil-paint imaging model offered by the Post­
Script language. The stencil-paint imaging model reveals no notion of 
pixels, and allows a PostScript program to set up an arbitrary 2-D coordi­
nate system (called world coordinates), whose units may be fractions of 
pixels. Even the default coordinate system need not be in units of screen 
pixels, as the PostScript language defines the default units to be 1/72 of an 
inch. Due to the arbitrary coordinate system, neither the stencil-paint imag­
ing model nor the PostScript language make any guarantees about which 
pixels are touched when rendering the graphics primitives. (Sections 4.8 
through 4.14 go into more detail about the way in which the PostScript lan­
guage and NeWS implement the stencil-paint imaging model.) 
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Raising the level of abstraction from pixel coordinates to world coordi­
nates has some advantages. If an image is described in world coordinates, 
switching from a low resolution to a high resolution device affects only im­
age quality, not image size. This means that PostScript and NeWS programs 
transfer easily among radically different devices and the image quality mere­
ly increases as the devices increase in resolution or color capacity. Yet 
pixel, or actual device coordinates are still accessible by setting the trans­
formation matrix to be the identity matrix, that is, by setting the world 
coordinate space to be the same as the device coordinate space. However, de­
ferring the transformation of world coordinates into pixel coordinates to 
the server allows the server to utilize matrix multiplication hardware. 
Making no guarantees about which pixels to touch when rendering an image 
allows the server to utilize polygon, vector, and anti-aliasing hardware. 

In contrast to NeWS, XlI specifies a pixel-based imaging model. Pixel 
coordinates are used throughout the XII drawing operations. With the ex­
ception of narrow lines, (i.e., lines specified to have a width of zero), the 
XII protocol specification describes rendering algorithms for all drawing 
primitives that guarantee pixel accuracy. 

The XII imaging model can be thought of as a precise specification of the 
pixels involved in drawing operations when the current transformation ma­
trix is the identity matrix. If a graphics accelerator uses a different 
rendering algorithm from the algorithm specified by the XII protocol, the 
XII protocol specification requires the server to bypass the accelerator. If 
the server device drivers ignore the accelerator, both XII and NeWS draw­
ing operations can use the same rendering algorithms without loss of 
correctness or precision. 

Operations defined in the XlI protocol, but not in NeWS, include ras­
terops, tiling, and stencilling. Similar operations are needed to implement 
the PostScript language imaging model on a bitmap display; they have been 
enhanced to support the XII imaging model in the XII/NeWS server. 

10.4.6 Fonts 

Both NeWS and XlI currently support fonts described in Adobe Charac­
ter Bitmap Distribution Format (bdf). These fonts are provided as ASCII 
files containing information about the family and face of the font followed 
by specific information and bitmaps for each of the characters in the font. 
NeWS and XlI each have a mechanism for converting these ASCII font 
files into a machine-dependent format suitable for efficient processing by 
the window system server. Figure 10.2 shows all the font files and utilities. 

In the case of NeWS, ASCII font files are pre-processed by the dump­
font utility to create binary font files consisting of a font structure 
followed by an array of structures, one for each character. For each font 
family, there also exists an ASCII font family description file, which is 
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pre-processed by the bldfamily (build-family) utility to create a binary font 
family file. NeWS handles outline and stroked-font ASCII formats as well 
as bitmap fonts. 

XII uses a similar scheme to pre-process ASCII font files for subsequent 
loading in response to client requests, using the f c font compiler utility. 
These files consist of data structures containing font information, the 
glyphs themselves, and a number of font properties. 

In X ll/NeWS , both NeWS and Xll font requests are processed through 
an enhanced version of the existing NeWS font machinery. In the case of 
Xll, font and glyph information, as derived from binary font files and 
maintained in NeWS data structures, are mapped to Xll data structures to 
be passed to the X 11 interpreter as font requests are serviced. The 
Xll/NeWS font file format and font compiler are upgraded to Version 2.1 
of Adobe's Character Bitmap Distribution format. They are also enhanced to 
include X 11 font information. 

X 11 assigns no format rules for font names, although it does follow cer­
tain naming conventions for groups of fonts. From the font name, the OS­
dependent code generates the font file name for the file that contains the 
font. Any incompatibilities between NeWS-style and Xll-style font names 
and font file names are resolved there. 

But NeWS understands more than bitmap fonts. Fonts can be scan con­
verted from intelligent spline outlines, or drawn by pieces of PostScript 
code. When an XII application asks for a font, X11/Ne WS parses the name 
by stripping off a trailing digit string, using it for a size, and interpreting 
the rest as a font name. So the XII font "Times-Roman12" is interpreted as 
though it had been generated by the PostScript code fragment "/Times­
Roman findfont 12 scalefont". This technique allows XII applications to 
access a much wider selection of fonts under the merge. 

10.5 Events 

The primary difference between the Xll input model and the NeWS input 
model is that NeWS event distribution consists of message passing between 
lightweight processes within the server; whereas XII event distribution 
consists of sending information to external clients. In the following discus­
sion the term client is a lightweight process in NeWS and a client-side 
program in XII. 

In spite of the major difference in input models, there are many points on 
which NeWS and Xll agree: 

Events are collected from devices and timestamped as quickly as possible. 

Events from all devices are serialized. 



Events are normally delivered to clients in the order generated. Exceptions 
are XII grabs and NeWS events whose timestamps are not the same as 
the time at which they were generated. 

Clients indicate classes of events they wish to receive. 

Events propagate up the window tree, but may be stopped explicitly by 
windows. Exceptions are XII grabs and NeWS global interests. 

Focus for keyboard events can be set explicitly. 

Default mouse and keyboard input distribution follows the mouse. 

207 

Additionally, there are areas where XU event distribution is a subset of 
NeWS event distribution: 

NeWS events are perceived by PostScript programs as dictionaries; one event 
dictionary can carry all the information needed for XII events. 

NeWS interests are templates of the events or sets of events that match 
them. Such a template may be constructed for any set of events 
corresponding to any X 11 interest mask bit. 

10.5.1 Delivering Events to XII Clients 

In NeWS, PostScript programs form a bridge between the receipt of a 
NeWS event and the delivery of the information in that event to an external 
client. A PostScript program extracts relevant information from a NeWS 
event and writes it to the appropriate external connection. 

In XU/NeWS, events are delivered to an XU client by a lightweight pro­
cess that waits for a NeWS event, then writes it in the form of an XU 
event to its connection. As NeWS provides no mechanism for a lightweight 
process to block on two things at once, the lightweight process that blocks 
on a NeWS event is not the same one as the XU interpreter lightweight 
process, which blocks on a connection read. The lightweight process that 
waits for events is called the input agent. The input agent is a NeWS pro­
gram that runs in the server, but calls XII-specific primitives. 

The conversion of NeWS events to Xll events has several advantages. 
First, an event may be put into the queue with no pre-established expecta­
tion of how it will ultimately be distributed. Second, both NeWS 
lightweight processes and XII clients can receive the same events, improv­
ing the overall integration of the system. 

Given that events are distributed to the input agent lightweight process, 
rather than the XII interpreter lightweight process, interest in those events 
must be expressed by the input agent lightweight process. However, the 
XII interpreter process receives the requests that set the client's interest. 
To reconcile this, the XU interpreter process keeps a pointer to the input 
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agent process, and adds appropriate interests to the input agent's interest 
list. 

10.5.2 Event Distribution Within the Server 

In NeWS, a lightweight process expresses interest in receiving particular 
events by creating a template event, known as an interest. Event distribu­
tion consists of searching the interests, using them as patterns to match the 
event against. For each interest matched by the event, a copy of the event is 
placed on the local queue of the lightweight process that expressed the 
matched interest. The NeWS awaitevent operator returns the top element, 
or the head, of the local queue. 

An event may contain a canvas. In NeWS, when an event is expressed as 
an interest, if it contains a canvas, it is placed on that canvas' interest list, 
otherwise it is placed on a global interest list. The canvas hierarchy deter­
mines the order of the interest search during event distribution. When an 
event is distributed, if the event contains a canvas, only the interest list for 
that canvas is searched. Otherwise, the global interest list is searched, then 
the interest list of each canvas from the canvas under the mouse to the root 
is searched. The search is terminated: 

If an exclusive interest is matched. 

If an interest is matched on a canvas that consumes matched events. 

If a canvas whose interest list was searched consumes all events. 

The bottom-up distribution rule corresponds well to XII device input 
distribution for most cases. The global-interest list serves active grabs 
well. However, the rules for XlI passive grabs (described later) correspond 
better to top-down distribution. Given the possibility of passive grabs, the 
event distribution rules have been generalized in Xll/NeWS. 

Root 

Child of root 

Canvas under pointer-iii. 

Child of root 

} 

Pre-child interests 
stop search on exclusive match. 

stop search on exclusive match 
or on canvas consume. 

Root 

} 

Post-child interests 

----------------~ 
Figure: 10.2. Xll/NeWS event distribution process. 
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In Xll/NeWS, each canvas has two interest lists, called pre-child and 
post-child interest lists. To distribute an event that specifies a canvas, the 
server searches the pre-child interest list of each canvas from the root to 
that canvas, then searches the post-child interest list of that canvas. To dis­
tribute an event that does not specify a canvas, the server searches the pre­
child interest list of each canvas from the root to the canvas under the 
mouse, then searches the post-child interest list of each canvas from the can­
vas under the mouse to the root. Only a match of an exclusive interest can 
terminate the search on the way down. The old rules for terminating the 
search still apply on the way up. The global interest list is replaced by the 
pre-child interest list on the root canvas. Figure 10.2 illustrates the distri­
bution process 

The application of this general event distribution scheme to the various 
XII input concepts is described below. 

10.6 High Level XII Concepts 

The X 11 protocol includes a number of concepts that are omitted from 
NeWS. These omissions stem from the expectation that similar capabilities 
can be added as PostScript programs downloaded to the server. In fact, 
NeWS is currently distributed with a set of PostScript programs that im­
plement most of these capabilities. These PostScript programs are not 
distinguished from other PostScript programs by the server, but they are 
special in that they perform functions that are generally considered to be 
system functions. 

Server Process 
pointer, 

Server 
window crossing 

Focus Manager 
events 

focus 
events 

X11 InterpreterLlwp 

events 

xRequests xEvents 

Client Process 

Figure: 10.3. Event flow in Xll/NeWS. 
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Examples of functions included in the XII protocol but not built into 
NeWS are: 

Keyboard Focus. 

Grabs. 

Selections. 

Cursor confinement to a window. 

Shift-modifiers, key mapping, and mouse button mapping. 

One of the PostScript programs that provides system functions 'is called 
the focus manager. It manages the keyboard focus according to the focus 
model chosen by the user. There is only one incarnation of this program at 
anyone time. The focus manager is responsible for maintaining the current 
input focus, and for sending F ocusln and F ocusOut events when it changes. 

Figure 10.4 is a high-level diagram of the flow of representative events 
among the server, the focus manager, the XlI interpreter, and the input 
agent lightweight processes. Arrows within the server process denote 
source and destination of events. Arrows between server and client process­
es denote source and destination of interprocess communication. Both of 
these arrows represent the same network connection; they are shown sep­
arately in order to distinguish the flow of data. The focus manager also 
distributes events to NeWS lightweight processes, but this is not shown. 

10.6.1 Focus 

In NeWS, lightweight processes that want keystrokes to go to particular 
canvases register those canvases with the focus manager. These canvases are 
called focus clients. When a focus client is notified of getting the focus, it 
expresses a pre-child interest in keystrokes on the root. When it is notified 
of losing the focus, it revokes that interest. 

In XlI, the focus is not the destination of keystrokes; rather it is a ceil­
ing on bottom-up keystroke distribution. That is, if the focus window does 
not contain the mouse, then only the focus may get the keystrokes. How­
ever, within the focus window, keystrokes are distributed bottom-up. The 
focus window itself need not be interested in key presses or releases. 

In Xll/NeWS, when a window owned by an Xll client gets the focus, 
its input agent expresses an exclusive pre-child interest in keystrokes on the 
root, and also expresses an exclusive post-child interest on the focus win­
dow. When it loses the focus, it revokes those interests. When an event 
matches the first interest, the input agent looks in a dictionary maintained 
by the focus manager to see whether the focus contains the pointer. If the 
focus does not contain the pointer, the input agent specifies the focus canvas 
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in the event; otherwise it specifies no canvas in the event. The input agent 
then redistributes the event, which may match XII key press and release in­
terests. If there are none, the interest search is terminated by the exclusive 
post-child interest on the focus window. 

10.6.2 Active Grabs 

XII allows a client to actively grab the keyboard or the pointer. Events 
from the grabbed device always go to the grabbing client. A grab can spec­
ify synchronous or asynchronous mode for either or both devices. 
Synchronous mode for a device results in freezing that device until either a 
request explicitly or an event implicitly thaws it. 

The input agent for a grabbing client expresses pre-child interest on the 
root canvas for the device it is grabbing and for the other device if the grab 
specified synchronous mode. When an event matches this interest, the input 
agent calls an X II-specific operator that buffers events for frozen devices, 
checks pointer events against the pointer grab event mask, translates grabbed 
events into XII events, and delivers them to the grabbing client. 

10.6.3 Passive Grabs 

An XII grab specified for a key or a button is a passive grab. A passive 
grab is specified relative to a grab-window. Pressing a mouse button acti­
vates the matching button grab on the highest grab-window between the 
root and the canvas under the mouse, if any exist. Pressing a key activates 
the matching key grab on the highest grab-window between the root and 
either the focus or the canvas under the mouse, depending on whether the 
focus contains the mouse. 

A passive grab is expressed as a pre-child interest on the grab-window. 
Pointer events are always sent with no canvas specified in the event. There­
fore, the highest pre-child interest in the ancestry of the canvas under the 
pointer matches, so the highest button grab gets the event. Keyboard events 
will always match the pre-child interest on the root corresponding to the 
focus. However, when the event is redistributed, the pre-child interest 
search is continued, so the highest key grab above either the focus or the can­
vas under the mouse gets the event. 

When an interest for a passive grab is matched, the input agent calls an 
Xll-specific operator, which caches the event for replay, activates the grab, 
and goes through active grab processing. 
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10.6.4 AllowEvents 

The XII AllowEvents request has many modes. The replay modes redis­
tribute the cached event that activated the grab, giving lower passive grabs a 
chance to match. The other modes re-send buffered events, replacing them 
on the event queue. The event queue is ordered by timestamp. The times­
tamps of the buffered events are left untouched, so they are likely to be the 
earliest on the event queue. If the AllowEvents mode was synchronous, the 
first of these resent events to match the active grab will refreeze the device, 
starting the buffering all over again. 

10.6.5 Crossing Events 

XII keyboard focus and window-border crossing events include more in­
formation about the relationship between the windows that the focus or 
cursor is exiting and entering than do analogous NeWS events. The pointer 
crossing code in Xll/NeWS has been enhanced to put this additional infor­
mation in the crossing events. In response to getting a focus event, the input 
agent calls an XII-specific operator, which goes through the pointer cross­
ing code to determine the details to send the XII client. 

10.7 Selections 

In general, there are two popular selection models found in various win­
dow systems: the request model, and the buffer model. In the request 
model, a selection service keeps track of the clients holding the various 
classes of selection. When a client requests information about a class of 
selection, the service passes that request on to the holder of the selection, 
or returns some means by which the requestor and the holder can communi­
cate directly. In the buffer (clipboard) model the entire contents and 
attributes of a selection are transferred to the selection service, which 
answers requests about selections directly. The request model is more gener­
al, and handles huge selections better than the buffer model, but at the cost 
of client complexity and interprocess communication overhead. 

Xll offers both models, provided that a convention exists whereby a 
client that wishes to inquire about a selection can determine which model is 
in use. NeWS offers a selection service implemented as a PostScript pro­
gram, which provides both models transparently to an inquiring client. To 
preserve the ability of NeWS to support both models transparently, the 
selection service continues to be implemented as a PostScript program. 

In XII/NeWS, the XII interpreter implements SetSelectionOwner, 
GetSelectionOwner, and ConvertSelection requests by sending an event to 
the input agent, which then goes through the standard NeWS selection 
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interface. In NeWS, set and get the selection owner are implemented by set­
ting and getting values in a dictionary. When an X 11 client becomes the 
selection owner, its input agent acts as the selection holder on its behalf. 
To implement XII ConvertSelection requests, the input agent looks in the 
dictionary for the requested selection. If the requested selection does not 
exist, then the input agent delivers an XII SelectionNotify event with prop­
erty None to its client. If the selection exists, but is buffered, then the 
input agent delivers an XII event with the requested contents to its client. 
Otherwise, the input agent sends a NeWS SelectionRequest event to the 
holder, which may be the input agent of an XlI client. The holding input 
agent converts the NeWS SelectionRequest event to an XlI 
SelectionRequest event and delivers the event to the holding client. It is the 
responsibility of the holding client to send an XlI SelectionNotify event to 
the requestor. Note that because NeWS and XII share the selection mecha­
nism, cut and paste between NeWS and XII applications is possible. 

Since an XlI selection is always associated with a window, but a NeWS 
selection does not have to be, an XII GetSelectionOwner request may re­
turn null even if a selection exists. However, XII ConvertSelection 
requests still return useful information, so this discrepancy does not seem 
to be worth resolving. 

The XII protocol has the concept of confining the cursor to one window, 
while NeWS does not. The XlI/NeWS server cursor code is enhanced to 
implement this function for XII only. 

10.8 Modifiers 

XlI clients cannot set the state of a modifier key, but NeWS clients can, 
which results in events being sent to XlI clients as if the hardware modifi­
er really changed state. The set of XII modifiers is restricted to 8, but 
NeWS clients may use more. The first three modifiers have a globally 
defined meaning for XII: Shift, Lock, and Control. Names for shift, lock, 
and control are provided so that NeWS clients may interpret these modi­
fiers the same way as XlI clients. 

Note that by expressing interest in both key presses and releases, and by 
inquiring the state of the keyboard on Focusln and EnterNotify, an XII cli­
ent may keep track of the state of any keys, and therefore can interpret any 
number of keys as modifiers. However, only the state of the 8 modifiers is 
reported with each key press or release, and only the 8 modifiers can be used 
to qualify key grabs. 
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10.9 Memory Management 

NeWS offers garbage collection as a form of storage management (See 
Section 5.8). When a lightweight process creates an object, it gets a direct 
reference to it. When an object ceases to be referenced, it is destroyed and 
its memory reclaimed. X 11 uses a resource database to maintain an extra 
level of indirection. When an XU client creates an object, a reference to it 
is stored in a resource database indexed by resource ID, and subsequently the 
ID is passed around. If the object is destroyed and its memory reclaimed, its 
resource ID will then refer to null. As long as the implementation of a 
request checks for null return values from resource ID look-ups, this is a 
robust approach. 

In the XU/NeWS server, the resource database is implemented as a hierar­
chy of PostScript language arrays and dictionaries. To free resources after a 
client process has quit or "died", the dictionaries for the client's resources 
are removed from the resource database, normally causing them to cease to 
be referenced, and thereby destroyed. However, another NeWS lightweight 
process, most likely a system lightweight process such as the focus 
manager, may have obtained ,a valid reference to some objects in the resource 
database. In order to allow these other references to be flushed, the notion 
of a soft reference is introduced. An operator is provided which takes a ref­
erence to an object from the operand stack and replaces it with a soft 
reference to that object. When the only remaining references to an object are 
soft, an Obsolete event is sent. Any lightweight process that sets references 
to an object to be soft expresses interest in the Obsolete event for that 
object, and responds to a match on that interest by flushing all its refer­
ences to the object. 

XlI objects that may be interesting to NeWS lightweight processes are 
stored in the resource database as NeWS objects. For example, window and 
pixmap resources are represented by canvases. XII objects that are un­
interesting to NeWS lightweight processes or that do not map to NeWS 
object types, notably extension objects and fake objects, are stored in a new 
type of NeWS object, called the opaque type. An opaque object may be 
pushed and popped on and off the stack, saved in dictionaries and arrays, but 
not directly manipulated in any way. 

NeWS lightweight processes are not required to associate resource IDs 
with the objects they create. But since the resource database consists entir­
ely of PostScript language objects, a NeWS lightweight process has the 
option of creating resource IDs and associating its objects with them. By 
doing so, it makes its objects accessible to XII clients. This approach is 
especially useful if a NeWS canvas might be managed by an XlI window 
manager. If a NeWS lightweight process creates an object with no resource 
ID, no XII client can ever find out about it. 



215 

10.10 Connection Management 

In NeWS, the loop that listens for new connections is implemented as a 
PostScript program, which blocks waiting for a new connection. When a 
connection occurs, the listening lightweight process forks a new light­
weight process, which executes the file representing the connection. An 
XlI connection is implemented the same way, except that instead of execut­
ing the file, the listening lightweight process forks two more lightweight 
processes: the input agent and the XII interpreter. The input agent is writ­
ten as a PostScript program; it sits in a tight loop waiting for NeWS 
events, converting them to XII events, and sending them to the XII client. 
The XlI interpreter process is like a NeWS interpreter process except that 
instead of calling the PostScript exec primitive on the connection file, it 
calls a new primitive, xinterp. The xinterp primitive substitutes the XII 
interpreter for the NeWS interpreter and then proceeds to execute the re­
quests coming in on that connection. When the interpreter process dies, its 
parent lightweight process "kills" the input agent, cleans up, and dies. 

10.11 Authentication 

It is currently possible for the PostScript program that accepts connec­
tions to discover the name of the host the connection originated from, and 
to complete the connection only if that host is in a dictionary of authorized 
hosts. This is the level of protection offered in XII. The XlI access con­
trol requests manipulate the dictionary of authorized hosts. 

10.12 Reset 

The Xll protocol specifies that the server is completely reset whenever 
the number of its clients goes to zero, and the last client disconnects with 
mode set to Destroy. However, in NeWS, many lightweight processes may 
be active without the benefit of a connection. These processes are treated as 
having open connections, and some never die. For example, if the 
lightweight process that listens for connections died it would be impossible 
to connect to the server; therefore at least that process must survive. 

10.13 X11/NeWS Server Differences 

In most cases, XII/NeWS can operate identically as a stand-alone XII 
server and as a stand-alone NeWS server, as well as allow clients of both 
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protocols to function in perfect harmony with each other. However there 
are some differences between the merged server and stand-alone servers, 
most of which are invisible to the application. 

10.13.1 XII Differences 

XlI clients do not see any difference between the XlI/NeWS server and a 
stand-alone XII server. Requests are interpreted exactly according to speci­
fication, events are reported exactly according to specification. However, 
NeWS lightweight processes that do not procure client IDs and associate re­
source IDs with the canvases that they create effectively hide canvases from 
XII query requests. Furthermore, since some lightweight processes never 
die, it was considered unnecessary to reset the server after the death of all 
XII clients. XII clients cannot ever detect that the server does not reset. 

10.13.2 NeWS Differences 

As a side effect of the work that needed to be done to support XII, some 
new capabilities have been added to NeWS: 

The color model for NeWS has been extended to provide modifiable 
color objects. 

The underlying graphics system generates visibility, gravity, and unmap 
notification in addition to damage notification. 

Pre-child interests replaced global interests. 

Window crossing and focus events contain more information than 
they used to. 

The notion of soft references has been added. 

There is a minor incompatibility between previous versions of NeWS and 
XlI/NeWS introduced by pre-child interests. In NeWS 1. 1 , if a canvas was 
specified in a sent event, then the global interest list was not searched when 
distributing that event. In XlI/NeWS, the pre-child interests of the ances­
tors of the canvas specified in a sent event are always searched. Window 
crossing and focus events are also not backwards compatible. Other than 
this, the changes are upwardly compatible. 
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10.14 Summary 

The XII/NeWS server design takes advantage of the great degree of com­
monality between the requirements of the XII protocol and the 
requirements of the NeWS protocol. In X ll/Ne WS, one scheduler allocates 
time between clients of both protocols. One homogeneous window forest 
allocates screen resources between windows created by both protocols. One 
homogeneous event queue provides orderly distribution of events between 
clients of both protocols. One window manager is provided that presents an 
integrated user interface for manipulating all windows created by clients of 
both protocols. One keyboard focus manager is provided that presents an 
integrated user interface for directing keystrokes among clients of both pro­
tocols. One selection service provides exchange of data between clients of 
both protocols. Programs written to use either XU protocol or NeWS pro­
tocol run unmodified, coexisting in an environment that presents an 
integrated interface to the user. 





I 
Description of the Plates 

Plate 1. 

Plate 2. 

Plate 3. 

Plate 4. 

All 8 plates are screen dumps from NeWS or Xll/NeWS run­
ning on various color workstations. 

NeWS running on the Parallax Graphics Viper display, as 
described in section 9.2, can display live video in NeWS win­
dows. The windows showing the space shuttle and the Viper 
board itself are live video windows; note how they overlap and 
are overlapped by normal NeWS windows, such as the pop-up 
menu controlling the video. 

A Silicon Graphics IRIS running the NeWS-based 4sight win­
dow system. The server supports normal NeWS clients, such as 
the calculator, and also clients using SGl's GL library to access 
the display hardware directly, such as those drawing in the tri­
angular and oval windows. The server uses the IRIS clip 
hardware to restrict these high-performance 3D programs to 
drawing within the NeWS windows using the techniques 
described in section 9.3.2. Note the window borders, showing 
SGl's "house style" implemented as a sub-class of LiteWindow. 

This and the next plate show the NeWS-based human interface 
of a well log interpretation workstation. They are reproduced 
by permission of Schlumberger Technology Corporation. All 
the windows are described declaratively in a Lisp-based system 
that generates code to send to the NeWS server at run-time, 
using Schlumberger's multiple-inheritance extensions to the 
class mechanism of Chapter 6. 

The green window (top-left comer) shows a "map" of the oil 
wells from which data is available. The user clicked on the 
icon to select a well, and the beige window showed its charac­
teristics and the trips (one in this case) made to gather data 
from it. The upper white window shows general information 
about the trip, and the blue window shows the five times in­
struments were lowered into the hole. The lower white 
window shows details of one of the instruments. 

These windows show the data gathered by various instruments 
as they were lowered into the hole. The right-most region 
shows the entire depth interval for which data was collected, 
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Plate 5. 

Plate 6. 

Plate 7. 

Plate 8. 

with the scroll bar showing in orange the area displayed in de­
tail in the rest of the window. Various scrolling modes, 
including continuous, page, and thumb, are implemented entire­
ly in NeWS. The user selected a curve (the left-most blue one) 
which caused a graphic attributes editor to appear (yellow win­
dow). Clicking on an item (the color of the curve) pops up an 
appropriate menu (the color menu) to modify the selected 
graphic attribute. 

This and the next plate show the NeWS Cookbook, a hypertext 
containing NeWS reference material and examples implemented 
in NeWS by Pica Pty. Ltd of Woolloomooloo in Australia. 
The spiral-bound notebook (note the spiral-shaped window) 
can be read sequentially, or the index tabs at the side allow 
quick selection of topics, or the user can click on any text in 
italic to follow a link to another page. Pages can be "tom off" 
and left visible for easy reference. 

The window at the top left is the cookbook itself, open to the 
contents page, but the other two pages have been tom off (note 
the top edge). The user clicked on the words Fob Watch to 
start the "Tempus Fugit" clock client, part of whose cps code 
is visible in the lower right page (see Chapter 7). 

The cookbook is open to a page describing a factory simulation 
example. Below is a control panel for the simulation, imple,.. 
mented with the Lite/tern sliders and switches described in 
Chapter 6. The lower left window shows the progress of the 
simulation, with dynamically updated images of the valves and 
tanks, and graphs. 

AT&T's OPEN LOOK graphical user interface specification has 
been implemented. in a number of ways. These three NeWS 
applications use OPEN LOOK sub-classes of Lite. The two 
lower windows are the main window of a paint program imple­
mented entirely in NeWS, and the property sheet that sets the 
size and color of its brush. Lon Chaney appears courtesy of a 
NeWS-based hypertext browser - the contents of each card can 
be either text or PostScript programs. The spline curves outlin­
ing parts of the face in the top right window are generated by 
an experimental drawing program; they allow the user to trace 
parts of an image by adjusting the control points of the 
splines, and output PostScript programs generating the shapes. 

The Xl1/NeWS server, described in Chapter 10, runs both X 
and NeWS applications. The user is unaware of the protocol 
used by an application; the window systems coexist completely. 
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The characters on the screen, drawn by both NeWS and X, were 
scan-converted on-the-fly from outlines. Open Fonts Type­
maker makes it easy for font suppliers to generate 
"intelligent" outlines in the F3 format, like the New Century 
Schoolbook and Snell Roundhand examples here, which can be 
read by TypeScaler in the Xll/NeWS server. The window with 
the grid shows an expanded view of an outline A, and the 
result of TypeScaler scan-converting it 20 pixels high. The win­
dow at the right shows New Century Schoolbook Roman in a 
range of sizes. These, and the "Text Sample" windows, were 
drawn by NeWS applications. 

To the lower left is Fileview, a Xll directory browser imple­
mented using Sun's XView XII toolkit. This too uses outline 
fonts generated by TypeScaler. 

The window borders for both X and NeWS applications are 
provided by an OPEN LOOK window manager written entirely 
in NeWS. It provides NeWS clients with a class, similar to 
LiteWindow, from which they can subclass their top-level win­
dows. And it behaves like a normal XII window manager, 
intercepting a client's attempt to map its top-level window 
and reparenting it to be a child of a decoration canvas. 
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Plate 1. 

Plate 2. 

Live video of the space shuttle launch and of the Parallax 
Graphics Inc. Viper board on which pNeWS is running. 

II 

Silicon Graphics IRIS running 4sight, with high-performance 
3D graphics in triangular and oval NeWS windows. 



Plate 3. 

Plate 4. 

Top-level human interface of Schlumberger well log interpreta­
tion workstation. 

A lower level of the Schlumberger interface, showing data 
from instruments lowered into the well. 



Plate 5. 

Plate 6. 

-­
~ ----

The NeWS Cookbook, open to the contents page, 
torn-off pages describing the Fob Watch example. 
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Another page from the NeWS Cookbook, describing the 
factory simulation running in the lower two windows. 

and two 



Plate 7. 

Plate 8. 

OPEN LOOK applications implemented in NeWS. 

OPEN LOOK applications implemented in both X and NeWS, 
on Xll/NeWS, all using Open Fonts outline font technology. 
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