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12.4. Chad and the Chap Libraries

The tutorial sample programs appearing in earlier sections required their Chap pro-
grams to be loaded explicitly by the user. One of the most important services of Chad is
to simplify this process and to automate it in host programs.

Recall from Programming with Chad that Chad will load any Chap routine under
host control with a call to ChadAlloc(), giving a character string identifying the routine.
There are three prerequisites for this:

e The routine (the location of the code) must have been declared with the Chas

.globl directive, making it known outside the file in which it is defined.

e After compilation, the routine must be included in a library.
¢ The library must be among the set of libraries Chad searches to find routines.

You should already be prepared for the first step by the example programs. Chap
code can be included in an archive file by the following steps:
e Compile the ‘.s’ module using chc with the ‘-c’ flag. Thus, to compile the module

foo.s, type

chec -c¢ foo.s

to the UNIX Shell. Of course, you are responsible for using the ‘-I’ option to use the
appropriate header directories.

o Use the standard Unix command ‘ar’ to create/modify the library file.

e Use the Pixar program chranlib to prepare the archive for use. This is analogous to
the Unix shell command ranlib.

Figure 12-1 is a makefile for creating an archive file foo.a from a Chap program file
foo.s. This is a useful general template for compiling Chap microcode libraries, which
you are encouraged to modify and use for your own programs.

#
#
#
PIXAR= /usr/pixar

CHC= ${PIXaAR}/host/bin/chc

CHRANLIB=$ {PIXAR}/host/bin/chranlib

INCLUDE=$ {PIXAR}/include

IPATH= ~I. -I${INCLUDE} -I${PIXAR}/include/pixar
CHCFLAGS=$ {IPATH}

Makefile template illustrating Pixar Chapcode archives

SRCS= fo0o0.s
OBJS= fo00.0

LIB= foo.a

.8.0:
${CHC} ${CHCFLAGS} —-c §$*.s

all: ${LIB}

$(LIB) :${OBJS}
ar uc $(LIB) ${ORJS}
${CHRANLIB} ${LIB)}

Figure 12-1: Making an Archive File (foo.make)
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Once the library file exists, Chad must be told to look in it when asked for routines.
This is done using ChadLibs(), which is documented in Programming with Chad.

Figure 12-2 illustrates these steps. The program is equivalent to sample6, but uses
Chad instead of the /ibpixar routines to load the Chapside routine and set it running. It is
instructive to compare this program with sample6s.c for simplicity and intuitiveness.

1 #include <pixar/pixar.h>

2 #include <chad.h>

3 #include <stdio.h>

4

5 #define UCODE "foo.a"

6 #define ROUTINE "sample4"

7 main ()

8

9 .o
10 ChadPC *routine;
11
12 ASSERT ( ChadBegin( CHAPO, 0 )):
13 chap = Chaps[CHAPO];

14 ChadLibs ( UCODE, NIX );

15 ASSERT ( Chadalloc( CHAPO,

16 RAM, &routine, ROUTINE,
17 NIX)):

18 ASSERT ( ChadGo( routine ) ):
19 foxr (;;) {
20 een
21 }
22 . ChadEnd( CHAPO );
23 }

Figure 12-2: Replacing sample6 with Chad (sample7s.c)

Exercise: Modify foo.make from Figure 12-1 (don’t forget to rename it Makefile or
makefile) to create an archive from the sample programs in earlier sections of this
tutorial. Modify the sample programs themselves, so that rather than allocating their
own pixel windows, a pixel window is passed as a parameter in a scratchpad base
register. Then write a Chad program (use sample7s.c as a departure point) to allo-
cate a pixel window with ChadAlloc(), put its address (pw->addr) in the appropri-
ate base register with ChadWrite(), and then call the Chap routine to draw the rec-
tangles. You will find the source files in the Pixar Software Release
(/usripixar/hostisrc/lib/lib* for host routines, /usr/pixar/chap/src/lib/lib* and
lusripixar/chapl/src/bin for Chap code) helpful if you get stuck.

12.5. Discussion: the Chad Development Process.

The Pixar Image Computer in general and the Chap in particular, like many other
fast parallel-processing devices, is best at inner loops: those repetitive tasks, like the
pixel-level operations that are performed on every pixel in an image, which account for
the preponderance of the work done by a computer. The outer loops, which do the semi-
intelligent work of setting up the environment and determining what the inner loops will
do, are usually best left to a host. They account for most of the development time of a
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major application, so this development cycle is best performed on a host computer with a
good environment. The line between outer and inner loops is indistinct; determining the
appropriate level for the host-Chap interface for a given application is the process Chad
is designed to support.

Chad gives you easy, reasonably efficient access to the important parts of the Chap,
making it possible for host programs to "emulate” Chap programs which consist mostly
of setting up parameters and calling other Chap programs. This means two things. First,
it gives you immediate access to the tiniest (globally defined) Chap routines in the Pixar
Software Release -- and there are a lot of those. More important, it allows you to
develop programs and debug algorithms on the host, introducing speed improvements by
moving work down to the Chap in tiny pieces, beginning with the innermost loops
(which hopefully already exist). As performance warrants, you can move more and more
of your program incrementally from the inner loops outward, until the speed of the appli-
cation is satisfactory. This layered approach also tends to produce routines which are
useful in other contexts, and can profitably be added to a site’s libraries.

Chad, then, attempts to provide both an interface and a convention encouraging the
development of re-usable code. This code will be the source of Pixar Contributed
Software. We look forward to hearing of your efforts.
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13. Video Routines

In addition to a Chap, each Pixar Image Computer has a programmable video board
to control the display of the framebuffer memory. The reader who would like to become
familiar with this board is encouraged to experiment with the shell-level command,
100l(1), an interactive program that exercises most of its features (see manual entry or
type the shell command tool -). This discussion focuses on the set of routines avail-
able to the user who wants to control the video board from a host program. We attempt
to illustrate as many as possible through short example programs. There are three main
topics:

e Display parameters
e Colormap
e Hardware cursor

The discussion is simplified in comparison to that for the Chap routines since there
are no companion programs running on the video board requiring synchronization. In
fact, Chap programs cannot directly access the video board.

General Remarks

As with the Chap, any user program must first open the video board for use via a
call to VideoOpen. The calling convention is:

VIDEO *

VideoOpen (videoname, width, height, shared)
char *videoname;

int width, height, shared;

videoname is typically ‘‘/dev/videon’’ where n is the number of the video board, usually
0 if it is the only one. width and height are dimensions in pixels of the window into the
framebuffer. If you do not use the hardware cursor (see below), then these parameters
are not used. As before, if shared is non-zero, then the device is open with shared access.

13.1. Display Parameters
Figure 13-1 shows the listing of a sample program that opens the video board and
manipulates the display parameters before closing the video board and exiting. The only

file that needs to be included, <pixar/pixar.h>, is the same as for the Chap rou-
tines.

.

VideoSetDisplay

After opening the video board, we make a series of calls to VideoSetDisplay.
This routine controls the location and size of the displayed data. Its calling convention is _

VideoSetDisplay(video, base, width, height, X, ¥, mode)
VIDEO *video;
int base, width, height, x, y, mode;

base, width, and height are in tile blocks, and determine the format and size of the
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1 #include <pixar/pixar.h>
2
3 main () {
4
5 int i, j;
6 VIDEO *v;
7
8 v = VideoOpen ("/dev/videoQ”, 1024, 768, 1);
9 if (v == (VIDEO *) 0) {
10 printf ("video: can’t access video controller. \n");
11 exit (-2);
12 }
13 VideoSetDisplay(v, 0, 32, 24, 0, 0, VMODE RED);
14 sleep(l);
15 VideoSetDisplay(v, 0, 32, 24, 0, 0, VMODE_GREEN) ;
16 sleep(l);
17 VideoSetDisplay(v, 0, 32, 24, 0, 0, VMODE_BLUE);
18 sleep(l);
19 VideoSetDisplay(v, 0, 32, 24, 0, 0, VMODE_RGB);
20 sleep(l);
21
22 for (i=0;i<16; ++i) {
23 VideoSetDisplay(v, 0, 32, 24, 64*i, 48*i, VMODE RGR) ;
24 sleep(l);
25 }
26 VideoSetDisplay(v, 0, 32, 24, 0, 0, VMODE RGB);
27 for (i=ZOOM__MIN ; ik= ZOOM MAX ; ++1i) {
28 VideoZoom(v, i);
29 sleep(l);
30 : }
31 VideoZoom(v, 1);
32 VideoClose(v) ;
33 }
34
Figure 13-1: Video Display Parameters Demo (videmo.c)

framebuffer memory. Recall that the framebuffer memory is essentially a linear array of
tile blocks and must be organized into a two dimensional rectangle by the user. base sets
the beginning tile block, width determines how many tile blocks span one row of the rec-
tangular area, and height gives an upper bound on how many such rows are to be
displayed. '

The next two parameters, x and y, are in pixels, and specify an offset into the rec-
tangular array of tile blocks defined above. This is the point where the video controller
begins to scan out the framebuffer memory; it will be at the upper left comer of the visi-
ble display. In the coordinate system of the display, y increases in downward direction.
Due to hardware limitations, x and y are truncated to be multiples of 4.

Channel Crossbar

Finally, mode determines how the four channels of data in the framebuffer are to be
interpreted in the display. A channel crossbar switch routes the data from the frame-
buffer into the colormaps. In the usual, or ‘‘full-color’’ mode, the red, green, and blue
channels are routed through the red, green, and blue colormaps, respectively. Each chan-
nel can be used as the source for pseudo-color, too. For example, in red pseudo-color,
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the data in the red channel of the pixel is fed separately to all three colormaps, putting a
“black and white’” image on the screen. The green, blue, and alpha channels are
ignored. There are also pseudo-color modes using the green, blue and alpha channels.
To use this mode, the user usually will want to load a customized colormap (see the next
sample program).

The sample program illustrating these features is shown in Figure 13-1. As with
other sample programs, you can use the UNIX utility make to create an executable ver-
sion of this program. Simply type the shell command make wvidemo. For best results,
there should be a full-color image in the display. Make sure the video board is set to its
defaults by the command ‘video =-init’. Then run the program with the command
videmo. Notice the changes to the display first.

Commentary on Figure 13-1

The calls to VideoSetDisplay [lines 13,15,17,19] illustrate the various set-
tings of the channel crossbar discussed above. As these calls are executed, the monitor
should display a grey scale image of the red, green, and blue channels, in order, before
returning to full color mode. :

The loop [lines 22-25] moves the upper left corner of the display, controlled by
parameters x and y in the calling description above. Then the corner is set back to the
default (0,0).

VideoZoom

The next loop [lines 27-30] plays with the hardware zoom factor. It increases this
from its minimum (1) to its maximum (16). These values are included as macros,
ZOOM MIN and ZOOM_MAX, in the include file. The hardware zoom is implemented by
pixel replication on the video scan-out. For example, a zoom factor of four causes each
pixel of framebuffer memory to cover a block of four by four pixels on the display.
Hence, 1/16 as many pixels are displayed. If the upper left corner of the display is black,
then at some point as the zoom increases, the display will go black.

Finally, the zoom is set back to its default state [line 31], and the video is closed
with a call to VideoClose [line 32].

13.2. Colormap Demo

All the data coming out of the video output port goes through the colormap. There
are three colormaps: one for each of the output channels. The channel crossbar,
described above, determines the input channels. Figure 13-2 presents a simple demons-
tration of the colormap routines available to the programmer. The program, called con-
tour, accepts a single command line integer argument, n. It then creates n linear ramps
within the colormap array and sends this colormap to the video board. The program gets
its name from the fact that at the boundary of the individual ramps the displayed color
changes from black to white; hence, sharp contour lines appear. Use the command
make contour to create an executable version.
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Computing the Colormap [lines 21-36]

Recall from Chapter 4 that the framebuffer stores pixel values in the range
[-.5, 1.5), by interpreting the top two bits of the intensity value according to Table 13-1.

Upper 2 Bits Range

00 [0.5

01 [.5,1.0)
10 [1.0, 1.5)
11 [-.5, 0)

Table 13-1: Pixel Value Conversion

Each value coming from the framebuffer is adjusted (by hardware) to be in the 10-bit
““address space’’ of the colormap. Thus, values from a 12-bit frame buffer are automati-
cally shifted right by two bits; values from an eight-bit frame buffer are shifted left by
two bits. This value is used as an index into the colormap. For example, in a 12-bit
frame buffer, the pixel values 16, 17, 18, and 19 all map to colormap entry 4. The values
in the colormap are scaled integers with 12 bits of fraction. There are no integer bits. In
this system, then, maximum intensity corresponds to the value 4095.

The conversion of Table 13-1 is implemented in hardware in the Chap when
transfers take place between scratchpad and framebuffer. This does not happen in the
video board. Instead, the colormaps determine this conversion. To emulate Table 13-1
in a linear ramp, use the colormap described in Table 13-2.
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1 #include <pixar/pixar.h>

2 #define ONE OxfE££f

3

4 main(argec, argv) char **argv; {
5

6 VIDEO *v;

7 int num = 8;

g short cm[3][1024];

10 if (axgec > 2) {

11 printf ("Usage: contour number of ramps.\n"):;
12 exit (-2);

13

14 if (arge 2) num = atoi(*++argv); /* default: 8 */
15 )

16 v = VideoOpen("/dev/videoO™, 1024, 768, 1);
17 if (v (VIDEO *) 0) {

18 . printf ("video: can’t access video controller. \n");
19 exit (-2);
20 }
21 { register int i, j, k, m, number;
22 double dc, c;
23 number = 512.0/num;

4
25 de = num/512.0;
26 for (i=0,k=0;k<num;<++k)
27 for (¢ = 0, m=0; m<number; ¢ += de, +m, ++i) {
28 if (i > 511) break;
29 for (j=0:;3<3; ++3)

30 em[j] [i] = ¢ * ONE;

31 }

32 for (;i<768;++i)

33 for (j=0; j< 3; ++j) em[jl[i] = ONE;
34 for (;i<1024;++i)

35 for (3=0; j< 3; ++j) em([jl1[i] = O;
36 }

37

38 VideoSetColormap (v, em[0], em[l], cm[2]);
39

40 VideoClose(v) ;

41 }

Figure 13-2: Colormap Sample Program (contour.c)

Top two bits  Colormap indices  Values  Interpretation

11 768-1023 0 (Clamp to 0)
Ox 0-511 0-4095 (Linear ramp)
10 512-767 4095 (Clamp to 1.0)

Table 13-2: Simple Linear Colormap

Sample Program contour (Figure 13-2)

The colormaps contructed in the sample program [lines 21-36] respect this conven-
tion. The sequence of ramps is placed into the bottom half of the array, while the top half
is used for clamping, as in Table 13-2. The ramps are calculated in [lines 25-31]; the
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clamp areas are filled in [lines 32-35]. Once the array has been computed, it is sent to the
Pixar Image Computer via a call to VideoSetColormap [line 38]. Its calling con-
vention is:

VideoSetColormap (v, red, green, blue)
VIDEQO *v;
short red[1024], green[1024], blue[1024];

The current colormap may be retrieved via a call to VideoGetColormap, which has
the identical calling convention.

One common use of colormaps is to implement gamma correction for the aberra-

'tions in the response of the display elements. This is available with the shell level utility,

video(1); consult the manual page, or type ‘video =-’.

13.3. Hardware Cursor

One final focus of this discussion is the hardware cursor. This is a programmable
bit array of 128 by 128 pixels, overlaid on the video signal without affecting the contents
of the framebuffer. Bits not on are not affected; bits turned on in the cursor array appear
as ‘‘superwhite,’”’ so they are distinguishable from any framebuffer color. A cursor
which was all 0’s would be totally transparent and hence invisible. Up to four cursors
may be loaded at any one time, so that the user may switch from one to another.

Figure 13-3 contains a listing of a sample program that demonstrates the use of the
hardware cursor. Execute the command make cursor to create an executable ver-
sion. Run this program before and after reading over the program listing to acquaint
yourself with the working of the hardware cursor.

The main data structure required is CURSOR. There is a set of externally defined
cursors for use by programs. We have included the crosshair and clef cursors in this
demo [line 4]. See the Pixar manual pages (videocursor(3H)) for other available cursors.
For the curious reader, the CURSOR data structure is defined in the file <pixar/video.h>.

Once a cursor data structure has been defined, as in the case of xhair_cursor, the
next step is to load the cursor:

VideoLoadCursor(v, n, c¢)
VIDEO *v;
CURSOR *c;

The parameter # is an integer from O to 3 and identifies in which of four possible slots to
load the cursor. We load the two externally defined cursors into the first two slots [lines
20-21]. :

Manipulating the Active Cursor

The loop [lines 23-31] illustrates two more routines. First, we can move the cursor
to an arbitrary screen location with VideoSetCursor.
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1 #include <pixar/pixar.h>

2

3 VIDEO *v;

4 extern CURSOR xhair cursor, clef cursor;

5 static int loc[10] [2] =

6 {100, 100, 100, 300, 100, 500, 100, 700,
7 300, 700, 500, 700, 700, 700, 500, 500,
g 300, 300, 100, 100 };

10 main () {

11
12 int i;

13

14 = VideoOpen (" /dev/videoO", 1024, 768, 1);
15 if (v == (VIDEO *) 0) {

printf ("video: can’t access video controller.\n");
exit (-2);
}

VideoLoadCursor(v, 0, &xhair cursor);
VideoloadCursor (v, 1, &clef cursor),

for (i=0; i< 10; ++i) {
VideoSetCursor (v, loc[i][0], loc[i][1l]):

VideoCursorOn(v, 0):;
sleep(l);

VideoCursoxOn(v, 1):;
sleep(1l);
}

VideoCursorOff£ (v) ;

VideoClose (v) ;

WWLWWWWLWWWLWWWINNDNDNNMDMOMNNOR R
OO WNKHOVONAUAWNHEROVOION

Figure 13-3: Hardware Cursor Sample Program (cursor.c)

VideoSetCursor(v, x, y)
VIDEO *v;
intx,y;

This will position the cursor at the pixel location (x,y) within the display window, as
described in the first sample program.

Only one cursor can be active — that is, displayed — at a time. To change the
active cursor, use a call to VideoCursorOn:

VideoCursorOn(v, n)
VIDEO *v;
int n;

This will make cursor » the active cursor, and will display it according to the most recent
call to VideoSetCursor. Warning: Calling VideoSetCursor before
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VideoLoadCursor will not achieve the desired result. At least one cursor must be
loaded in to set the position of the cursor.

The loop moves the cursor through a predefined sequence of locations on the
screen, alternating between the two loaded cursors. After this journey, the demo is com-
pleted and we terminate with a call to VideoClose.

Conclusion

This concludes our discussion of video routines available to the host programmer.
Further details are available in the Pixar manual pages videodisplay, videocmap, video-
cursor, and videopen in section 3H. The reader is also referred to the section 1 entries for
tool, loop, and video for shell-level commands that utilize the video board.
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14. Miscellaneous Routines

Most host routines for the Pixar Image Computer have been covered in the previous
two sections. However, there are a few miscellaneous ones that concern neither the Chap
nor the video board. For most applications, these routines are not called explicitly.
These routines fall into three categories:

e Dumi routines
e Memory controller routines
e Disk buffer routines

Dumi is an acronym for ‘‘Dumb Interface.”’ It is the interface card between the host
- and the Pixar Image Computer. All communication of the host and either the Chap or the
video board goes through this card. Each Dumi can control up to eight Chaps, four video
boards, a memory controller (see below), and a disk buffer (see below). For a more com-
plete description of the hardware configuration, consult the manual entry Dumi (4).
There are two routines available, for opening and closing the Dumi:

DUMI *DumiOpen(device)
char *device;

DumiClose(dumi)
DUMI *dumi;

- Under normal circumstances, the user does not need to know that the Dumi exists; how-
ever, in certain circumstances he or she may want to examine the diagnostic registers
contained there. For an example, consult the shell-level command dumi, documented in
Section 1 of the Pixar manual pages, with source in /usr/pixar/host/src/bin/dumi.c.

14.1. The memory controller routines

Each Dumi has an associated minor device, known as a memory controller. As with
the Dumi itself, under normal circumstances, the user does not need to directly access
this device. However, for the user who wishes to examine the device’s diagnostic regis-
ters, there are routines: '

MCTRL *MctrlOpen(device)
char *device;

MctrIClose(Mctrl)
MCTRL *Mctrl;

Interested users are referred to the maintenance command mczr! (see section 8 of the
Pixar manual pages), and the associated source code in /usr/pixar/host/src/bin/mctrl.c.
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14.2. Disk buffer routines

The remaining routines support access to a Dumi’s disk buffer, which is a special
hardware device for speeding up disk transfers to and from the Dumi. It can be thought
of as a more powerful version of the virtual data registers (see Section 12.1.1 above). We
have included a sample program illustrating its use. Figures 14-1 and 14-2 show the
source listings of a sample host and Chap program pair that use this feature to transfer the
contents of a disk file on the host into the scratchpad memory of the Chap.

1 #include <pixar/pixar.h>

2 #include <stdio.h>

3 #include <sys/file.h>

4 #define DWSIZE 32%1024

5

6 main () {

7

8 DUMI *dp;

9 DB *db;

10 CHAP *chap:
11 int £4;
12
13 chap = ChapOpen{("/dev/chap0”, 1);

14 ChaplLoadGo (chap, "chdbdemo.o", "dbdemo") :;
15
16 if ((dp = DumioOpen("/dev/dumiO")) == NULL) {
17 printf("Unable to open dumi.\n");
18 exit (-2);
19 }
20
21 if ((db = DbOpen("/dev/diskw0", DWSIZE)) == NULL) {
22 printf ("Unable to open diskwindow.\n");
23 exit (-2);
24 }
25
26 if ((£d = open("primes", O_RDONLY) < 0) {
27 printf ("Unable to open data file\n"):;
28 exit (-2);
29 }
30
31 dp->dumi~>dr_addrl = 1; /* set dumi register */
‘3§ read(fd, db->db_bp, 128 * sizeof (short)):;

3

34 DumiClose (dp) ;

35 DbClose (db) ;
36 ChapClose (chap) ;
37 }

Figure 14-1: Disk Buffer Usage, Host Side (dbdemo.c)

Notice that, as in previous sample programs, we open the Chap and use Cha-
pLoadGo to load and run the companion Chap program (shown in Figure 14-2).

Setting Up the Dumi [lines 16-19]

To use the disk buffer, the host program must first open the Dumi. This is so it can
later set one of the diagnostic registers with a ‘‘magic’’ value ([line 31]) which is
required in order that the disk buffer function correctly.
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1 #define WAIT NOT_BUSY S\
2 push; S\
3 dowhile !sysbus busy; 1 ticks; S\
4 1 ticks

5

6 .bss

7 primes: .space 128

8 .text

9 dbdemo : .globl dbdemo
10

11 b0 = primes

12 i0o =1

13 loop 128 do

14 WAIT_ NOT_BUSY

15 @b0 = sysbus<l15>; b0 = b0 + i0
16 sysrel = 1;

17 done

18 bpt

Figure 14-2: Disk Buffer Usage, Chap Side (chdbdemo.s)

Opening the Disk Buffer [lines 21-24]

The host then opens the disk buffer with a call to DbOpen. Its calling convention
is similar to previous open routines:

DB *DbOpen(dbname, size)
char *dbname;
int size;

The generic name for a disk buffer device is ‘‘/dev/diskwn,’’ where » is a number identi-
fying the disk buffer. size is an upper limit on the number of bytes to be transferred at
one time. The value in this sample program, 32 kilobytes, is the maximum allowed. The
buffer area is memory mapped. The starting address of the area is stored as a char *
in the field db_bp of the DB structure. It is this address which we use in the read
statement [line 32].

The sample program reads a small disk file named primes [lines 26-29]. primes
contains the first 128 primes in packed binary format, with two bytes per prime. To
examine this file, use the UNIX utility od to get an octal dump of the contents of the file.

NOTE: If this file is not present, use the shell command make mkprimes,
then execute it by typing mkprimes. This will create a new copy of the file primes.

After setting the magic Dumi register [line 31], the sample program reads the con-
tents of primes into the disk buffer [line 32]. This is all that the host program has to do
to transfer the data.

Now look at the Chap program in Figure 14-2. The code resembles that of vdr.c
(Figure 11-1). This is because both the virtual data registers and the disk buffer use the
same mechanism to transfer single words of information: the value to transfer is poked
into sysbus<15>, the Chap detects the poke via the sysbus condition code, the
Chap stores away the value contained in sysbus<15>, and finally releases the Sysbus
for another transfer. The main difference is that in the case of the disk buffer, the host
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program does not need to make individual transfers.

Each two consecutive bytes of the disk file is transferred as one 16-bit Chap word.
If the amount of data to be transferred is larger than 32 kilobytes, then the host program
will have to make multiple reads to the disk buffer, each time reading at most that much
information.

Cleaning Up

After the transfer is completed, the various devices that have been opened have to
be closed by calls to the appropriate routines [lines 34-36].

To verify that this mechanism works, create an executable version of the sample
program by the command make dbdemo. After running this sample program, use
Charm to examine the Chap scratchpad to verify that the prime numbers contained in the
file primes have been transferred there. :
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15. Conclusions

This concludes the discussion of host routines for interactive programming of the
Pixar Image Computer. The discussion has been intended as a companion document to
the Pixar manual pages for these routines, contained in the 3H section. This discussion
has been successful if it provides a foundation for creating customized programs to fit
your needs. It has been designed so that users whose requirements go beyond the infor-
mation provided here will now be able to find the information in the manual pages, by
following up the references to more sophisticated source files, or by consulting the
include files which define the data structures such as CHAP and VIDEO. The interested
user can find the source files for the routines under discussion in subdirectories of
lusripixar/host/src/lib, principally libpixar and libchad. Most of the include files are
contained in /usr/pixar/include, or its subdirectory pixar.
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Chap Assembler Reference Manual
CHAS
Copyright 1986, Pixar

1. Introduction

. This document describes the usage and syntax of the Pixar Channel Processor Assembler chas. Readers of
this document should be familiar with the Chap architecture, no description is presented here.

2. Usage
Chas is invoked as follows

chas [ -wsS ] [ —o output 1 [ file,, file,, ..., file, ]

The —w flag suppresses the generation of warning messages.

The —s flag causes messages to be printed regarding multiple instructions assemblies which result from the
““special bit” (see §8.10 and §9).

The -8 flag causes chas to print the contents of the symbol table on the standard output after all input files
have been assembled.

The ~o flag causes the output to be placed in the file output. By default, the output of the assembler is
placed in the file a.out in the current directory.

The input to the assembler is taken sequentially from file,, files, ..., file,. Files are not assembled
separately, all input files are concatenated. If no files are supplied as arguments on the command line, chas
reads from the standard input.

3. Lexical Conventions

3.1. Scalar Constants
All scalar (integer) constants are treated as 32 bit quantities. Constants are specified as in C.

The set of digits consists of ‘“0123456789abcdefABCDEF’’ with the obvious values. An octal constant
consists of a sequence of digits with a leading zero. A decimal constant consists of a sequence of digits
without a leading zero. A hexadecimal constant consists of the characters ‘0x’’ (or *‘0X’’) followed by a
sequence of digits.

3.2. Fixed Point Constants

Fixed point constants consist of an integer part, a decimal point, a fractional part, and an optional one char-
acter ‘‘fractional precision specification’’: e or E for eleven bit alpha and component values, f or F for
fourteen bit coefficient values. The integer and fraction parts both consist of a sequence of digits. Either
the integer part or the fractional part (not both) may be missing. By default fixed point constants are con-
sidered to have eleven bits of fraction (i.e. they are treated as alpha/component values).

3.3. Operators
There are several single and multi-character operators; see §6.1.
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3.4. Blanks

Blank and tab characters may be interspersed freely between tokens, but may not be used within tokens. A
blank or tab is required to separate adjacent identifiers or constants not otherwise separated.

3.5. Comments
*“C style’’ comments, introduced with a *‘/*’* prologue and ended with a ““*/>’ epilogue, are supported.

4. Segments and Location Counters

Assembled code is placed in the text segment, assembled data is placed in either the data segment or the
bss segment. The bss segment contains uninitialized memory locations (zero filled by the run-time loader
when the module is loaded); the data segment contains initialized memory locations*. Only instructions
may be assembled into the fext segment; the assembler makes no assumptions about data placed in the data
and bss segments. Associated with each segment is a location counter which begins at zero. For each 16-
bit word assembled into the data or bss segments, the data or bss location counter is incremented by one.
For each 96-bit instruction assembled into the text segment the text location counter is incremented by one.
There is no way to reference a specific location counter. The current segment’s location counter may be
referenced by the special symbol ““.””. The text segment of a program is mapped to the Chap instruction
RAM; the data and bss segments of a program are mapped to the Chap scratchpad RAM.

The Chap link editor, chld, and the Chap dynamic loader, chload, align each input files’ data segment on a
16 word boundary and each bss segment on a 4 word boundary. The data segment alignment allows chas
to tessellate initialized data.

5. Statements

A source program is composed of a sequence of statements. Statements are separated by semicolons.
There are two kinds of statements: null statements and keyword statements. Either kind of statement may
be preceded by one or more labels. All statements on a single line assemble into one Chap microinstruc-
tion. To force statements on multiple lines to be assembled into a single microinstruction, the statements
must be surrounded by braces, ‘‘{}”’. When multiple statements are grouped with braces, the compound
statement need not be followed by a semicolon,

5.1. Named Global Labels

A global label consists of a name followed by a colon. The effect of a name label is to assign the current
value and type of the location counter to the name. An error is indicated in pass 1 of the assembler if the
name is already defined.

A global label is referenced by its name.

5.2. Numeric Local Labels

A numeric label consists of a digit 0 to 9 followed by a colon. Such a label serves to define temporary
symbols of the form “‘nb”’ and “‘af’’, where n is the digit of the label. As in the case of name labels, a
numeric label assigns the current value and type of the location counter to the temporary symbol. How-
ever, several numeric labels with the same digit may be used within the same assembly. References to
symbols of the form ““nb’’ refer to the first numeric label ‘‘n:’’ backwards from the reference; ¢‘n:>’ sym-
bols refer to the first numeric label ‘‘n:>’ forwards from the reference.

5.3. Null Statements

A null statement is an empty statement and is ignored by the assembler. A null statement may, however,
be labeled.

* bss stands for “‘block starting with symbol’’. By using bss one may minimize the size of load modules and optimize the
speed at which modules are loaded into Chap scratchpad.
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5.4. Keyword Statements

A keyword statement begins with one of the many predefined keywords known to chas; the syntax of the
remainder of the statement depends on the keyword. The remaining keywords are assembler pseudo-
operations, also called directives. The pseudo-operations are listed in §7 together with the syntax they
require.

6. Expressions .
An expression is a sequence of symbols representing a value. Its constituents are identifiers, constants,
operators, and backslash-parentheses, (‘‘\("’” and ‘“\)’’). Each expression has a type.

All operators in expressions are fundamentally binary in nature. Arithmetic is two’s complement and has
32 bits of precision. Chas supports only limited arithmetic with fixed point numbers. There are four levels
of precedence, listed here from highest precedence level to lowest:

precedence  operators

unary -
binary *1, %

binary +, —

binary <<,y >>

binary | , &, ", nand, nor, xnor

All operators of the same precedence are evaluated strictly left to right, except where the evaluation order
is enforced by parenthesis.

6.1. Expression Operators
The operators are:

operator meaning

+ addition

- (binary) subtraction

* multiplication

/ division

% modulo

- (unary) 2’s complement
& bitwise and

| bitwise or

" bitwise exclusive or

bitwise 1’s complement
>> logical right shift
<< logical left shift

nand bitwise not and
nor bitwise not or

xnor bitwise not exclusive or

Expressions may be grouped by use of backslash-parenﬂmeseé, N’ and “\)’’. Only the — (unary and
binary), +, *, and / operators may be used with fixed point numbers.

6.2. Data Types
The assembler manipulates several different types of expressions. The types which may be met are:

undefined
Upon first encounter, each symbol is undefined. It will remain undefined if it is assigned an unde-
fined expression. It is an error to attempt to assemble an undefined expression in pass 2; in pass 1 it
is not (except that certain keywords require operands which are not undefined).
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undefined external
A symbol which is declared .globl but not defined in the current assembly is an undefined external.
If such a symbol is declared, the runtime monitor/loader must be used to combine the assembler’s
output with another routine that defines the undefined reference. :

absolute integer
An absolute integer symbol is defined ultimately from a constant which has no fractional portion. Its
value is unaffected by any possible future applications of the link-editor to the output file.

absolute fixed point
An absolute fixed point symbol is defined ultimately from a constant which has a fractional portion.
Its value is unaffected by any possible future applications of the link-editor to the output file.

text
The value of a text symbol is measured with respect to the beginning of the text segment of the pro-
gram. If the assembler output is link-edited, its text symbols may change in value since the program
need not be the first in the link editor’s output. Most text symbols are defined by appearing as labels.
At the start of an assembly, the value of *“.” is “‘text’’.

data, bss
The value of a data (bss) symbol is measured with respect to the origin of the data (bss) segment of a
program. Like text symbols, the value of a data (bss) symbol may change during a subsequent link-
editor run since previously loaded programs may have data (bss) segments. After the first .data
(.bss) statement, the value of *“.”’ is ‘‘data’’ (‘‘bss’’).

external absolute, text, data, or bss
Symbols declared .globl but defined within an assembly as absolute, text or data symbols may be
used exactly as if they were not declared .globl; however, their value and type are available to the
link editor so that the program may be loaded with others that reference these symbols.

6.3. Type Propagation in Expressions

When operands are combined by expression operators, the result has a type wliich depends on the types of
the operands and on the operator. For purposes of expression evaluation the important types are

undefined

undefined external

absolute (either integer or fixed point)
text

data

bss

external absolute, text, data, or bss

The combination rules are:
1)  If one of the operands is undefined, the result is undefined.
2)  If both operands are absolute, the result is absolute.

3) If an absolute is combined with one of the external types, the result has the type of the external. If an
external type is combined with a type other than external, the external is treated as an absolute.

Further rules applying to particular operators are:

+ If one operand is text- data-, or bss- segment relocatable, or is an undefined external, the
result has the postulated type and the other operand must be absolute.

- If the first operand is a relocatable text-, data-, or bss- segment symbol, the second operand
may be absolute (in which case the result has the type of the first operand); or the second
operand may have the same type as the first (in which case the result is absolute). If the
first operand is external undefined, the second must be absolute. All other combinations
are illegal.
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others  Itis illegal to apply these operators to any but absolute symbols.
The following rules apply to fixed point arithmetic with two absolute expressions:

+ = It is illegal to combine an 11-bit fixed point value with a 14-bit fixed point value. The type
of the resultant expression is either an 11-bit or 14-bit fixed point value depending on the
type of the operands.

*/ One of the operands must be a 14-bit fixed point value. If one of the operands is an integer

_constant, the resultant type is integer. If one of the operands is an 11-bit fixed point con-
stant, the resultant type is an 11-bit fixed point constant.

7. Pseudo-operations

The keywords listed below introduce directives or instructions, and influence the later behavior of the
assembler. The metanotation *‘[ stuff ]*’ means that O or more instances of the given *‘stuff’’ may appear.
Boldface tokens must appear literally; words in italics are substitutable. The pseudo-operations listed
below are grouped into functional categories.

7.1. Interface to Previous Pass
# number | file-name ]

This directive (normally produced by the C preprocessor) causes the assembler to believe it is on line
number. The second argument, if included, causes the assembler to believe it is in file file-name,
otherwise the current file name does not change. The ‘“#>’ must be in the first column.

7.2. Segment Control

«data [ expr ]

Jbss [ expr ]

Jtext [ expr] )
These three pseudo-operations cause the assembler to begin assembling into the text, data, or bss
segment. If specified, the expression indicates a new value for the text or data location counter. Any
memory locations skipped as a result of moving the location counter are zero filled. The expression
must be defined and absolute; an omitted expression implies use of the current location counter
value. The locations in the data and bss segments are mapped into the Chap scratchpad RAM; loca-
tions in the text segment are mapped into the Chap instruction RAM.

Each instruction in the text segment increments the text segment location counter by one. Each word
of data allocated in the data (bss) segment increments the data (bss) segment location counter by one.

.comm symbol, expr

Define a common block with size expr words. The .comm directive implicitly declares symbol as an
external identifer. The symbol may not previously have been defined as other than a common block.

chas does not allocate storage for common symbols; this task is left to the link editor, ckld. The link
editor computes the maximum declared size of each common symbol (which may appear in several
files), allocates storage for it in the final bss section, and resolves linkages.

.space expr

Add expr to the current location counter and zero fill the resultant space. The value of expr must be
defined and absolute.

.align expr
Round the current location counter to the next multiple of expr. If the location counter is incre-
mented, the resultant space is zero filled. The value of expr must be defined and absolute.
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7.3. Initialized Data
