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C.3 Formatted Output

SYS-PRINTC2) SYS-PRINTC2)

NAME
print, fprint, sprint - print formatted output

SYNOPSIS
include "sys.m";
sys := load Sys Sys->PATH;

fprint: fn(fd: ref FD, format: string, *): int;
print: fn(format: string, *): int;
sprint: fn(format: string, *): string;

DESCRIPTION
These functions format and print their arguments as UTF
text. Print writes text to the standard output. Fprint
writes to the named output file descriptor. Sprint places
text in a string, which it returns. Print and fprint return
the number of bytes transmitted or a negative value if an
error was encountered when writing the output.

Each of these functions converts, formats, and prints its
trailing arguments under control of a format string. The
format contains two types of objects: plain characters,
which are simply copied to the output stream, and conversion
specifications, each of which results in fetching of zero or
more arguments. The Limbo compiler recognizes calls to these
functions and checks that the arguments match the format
specifications in number and type.

Each conversion specification has the following format:

% [flags] verb

The verb is a single character and each flag is a single
character or a (decimal) numeric string. Up to two numeric
strings may be used; the first is called fl, the second f2.
They can be separated by '.', and if one is present, then fl
and f2 are taken to be zero if missing, otherwise they are
considered 'omitted'. Either or both of the numbers may be
replaced with the character *, meaning that the actual
number will be obtained from the argument list as an
integer. The flags and numbers are arguments to the verb
described below.

d, o, x, X
The numeric verbs d, o, and x format their int
arguments in decimal, octal, and hexadecimal (with hex
digits in lower-case). The flag b is required when the
corresponding value is a Limbo big, not an int.
Arguments are taken to be signed, unless the u flag is
given, to force them to be treated as unsigned. Each
interprets the flags # and - to mean alternative format
and left justified. If f2 is not omitted, the number is
padded on the left with zeros until at least f2 digits
appear. Then, if alternative format is specified for x
conversion, the number is preceded by Ox. Finally, if
fl is not omitted, the number is padded on the left (or
right, if left justification is specified) with enough
blanks to make the field at least fl characters long.
The verb X is similar to x, except that the hexadecimal
digits are displayed in upper-case, and in alternative
format, the number is preceded by OX.
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e, f, g
The floating point verbs e, f, and g take a real
argument. Each interprets the flags + , -, and # to mean
always print a sign, left justified, and alternative
format. Fl is the minimum field width and, if the
converted value takes up less than fl characters, it is
padded on the left (or right, if 'left justified') with
spaces. F2 is the number of digits that are converted
after the decimal place for e and f conversions, and f2
is the maximum number of significant digits for g
conversions. The f verb produces output of the form [-
]\c digits[\c .digits]. The e conversion appends an
exponent e[-]\c digits. The g verb will output the
argument in either e or f with the goal of producing
the smallest output. Also, trailing zeros are omitted
from the fraction part of the output, and a trailing
decimal point appears only if it is followed by a
digit. When alternative format is specified, the result
will always contain a decimal point, and for g
conversions, trailing zeros are not removed.

E, C These are the same as e and g respectively, but use E
not e to specify an exponent when one appears.

c The c verb converts a single Unicode character from an
int argument to a UTF encoding, justified within a
field of fl characters as described above.

r The r verb takes no arguments; it prints the error
string associated with the most recent system error.

s The s verb copies a string to the output. The number of
characters copied (n) is the minimum of the size of the
string and f2. These n characters are justified within
a field of fl characters as described above.

SOURCE
/interp/runt.c:/~xprint
/os/port/print.c
/Iib9/print.c

SEE ALSO
sys-intro(Z), sys-open(2)

BUGS
The x verb does not apply the Ox prefix when f2 is present.
The prefix should probably be 16r anyway.
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C.4 Secure Sockets Layer Device
SSL(3) SSL(3)

NAME
ssl - secure sockets layer device

SYNOPSIS
bind '#D' /n/ssl

/n/ssl/clone
/n/ssl/n
/n/ssl/n/data
/n/ssl/n/ctl
/n/ssl/n/secretin
/n/ssl/n/secretout

DESCRIPTION
The ssl device provides access to a Secure Socket Layer that
implements the record layer protocol of SSLv2. The device
provides encrypting and digesting for many independent
connections. Once associated with a network connection, the
ssl device can be thought of as a filter for the connection.
Ssl can send data in the clear, digested or encrypted. In
all cases, if ssl is associated with both ends of a
connection, all messages are delimited. As long as reads
always specify buffers that are of equal or greater lengths
than the writes at the other end of the connection, one
write will correspond to one read.

The top-level directory contains a clone file and numbered
directories, each representing a connection. Opening the
clone file reserves a connection; the file descriptor
resulting from the \%sys-open(2) will be open on the control
file, ctl, in the directory that represents the new
connection. Reading the control file will return a text
string giving the connection number (and thus the directory
name).

Writing to ctl controls the corresponding connection. The
following control messages are possible:

fd n Associate the network connection on file descriptor n
with the ssl device.

alg clear
Allow data to pass in the clear with only message
delimiters added. The device starts in this mode.

alg sha
Append a SHA digest to each buffer written to data. The
digest covers the outgoing secret (written to secretout),
the message, and a message number which starts at 0 and
increments by one for each message. Messages read have
their appended digests compared to a digest computed
using the incoming secret (written to secretin).
If the comparison fails, so will the read,

alg md4
Like sha but using the MD4 message digest algorithm.

alg md5
Like sha but using the MD5 message digest algorithm.

alg rc4
alg rc4_40
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alg rc4_128
alg rc4_256

RC4 encrypt each message written to data with the key
written to secretout, using the key length as indicated
(40-bit keys by default).

alg des_56_cbc
Encrypt the stream using DES and Cipher Block Chaining
(CBC)

alg des_56_ecb
Encrypt the stream using DES and Electronic Code Book
(ECB)

alg ideacbc
Encrypt the stream using IDEA and CBC

alg ideaecb
Encrypt the stream using IDEA and ECB

alg digest/crypt
Combine the use of the given digest algorithm and the
stream encryption algorithm crypt

Files secretin and secretout must be written before
digesting or encryption is turned on. If only one is
written, they are both assumed to be the same.

The mode may be changed at any time during a connection.

The list of algorithms supported by a given implementation
of ssl may be read from the read-only text files encalgs
(encryption algorithms) and hashalgs (hashing algorithms for
digests). Each contains a space-separated list of algorithm
names.

SEE ALSO
security-ssl(2)
B. Schneier, Applied Cryptography, 1996, John Wiley & Sons,
Inc.
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C.5 Secure Sockets Layer Limbo Interface

SECURITY-SSL(2) SECURITY-SSL(2)

NAME
ssl: connect, secret - interface to the Secure Sockets Layer

SYNOPSIS
include "sys.m";
include "security.m";
ssl := load SSL SSL->PATH;

connect: fn(fd: ref Sys->FD): (string, ref Sys->Connection);
secret: fn(c: ref Sys->Connection, secretin,

secretout: array of byte): string;

DESCRIPTION
SSL provides an interface to the secure sockets layer device
ssl(3).

Connect allocates a new ssl(3) connection directory. It
pushes file descriptor fd into the data file of that
connection, and if successful, returns a reference to a
Connection adt describing the connection. The Connection adt
has its members set as follows: dir names the resulting
connection directory; cfd is open on the connection's
control file; and dfd is open on the connection's data file,
which is read and written to exchange data on the original
fd using SSL.

Secret writes secretin and secretout to c.dir/secretin and
c.dir/secretout where n is obtained from the Connection adt
c. The string returned describes errors encountered, if any;
otherwise it is nil.

SOURCE
/appl/lib/ssl.b

SEE ALSO
security-auth(2), ssl(3)

DIAGNOSTICS
Connect returns a tuple containing a string and a Connection
reference. On success the string is nil, and the connection
reference is not nil; on error, the string contains a
diagnostic, and the connection reference is nil.
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C.6 Draw Introduction
DRAW-INTROC2)

NAME

DRAW-INTROC2)

draw - basic graphics facilities module

SYNOPSIS
include "draw.m";
draw := load Draw Draw->PATH;

DESCRIPTION
Inferno's Draw module provides basic graphics facilities, defining
drawing contexts, images, character fonts, and rectangular
geometric operations. See prefab-intro(2) and tk (2) for
higher level operations, such as windows and menu handling.

Pixels
Images are defined on a rectangular region of an integer
plane with a picture element, or pixel, at each grid point.
Pixel values are integers with 0, 1, 2, 4, or 8 bits per
pixel, and all pixels in a given image have the same size,
or depth. Some operations allow images with different depths
to be combined, for example to do masking.

When an image is displayed, the value of each pixel
determines the color of the display. For color displays,
Inferno uses a fixed color map for each display depth (see
rgbv(6)) and the application is responsible for mapping its
desired colors to the values available. Facilities exist to
convert from (red, green, blue) triplets to pixel values.
Note that the triplet (255, 255, 255) maps to a pixel with
all bits zero.

Terminology
Point The graphics plane is defined on an integer grid,

with each (x, y) coordinate identifying the upper
left corner of the corresponding pixel. The plane's
origin, (0, 0), resides at the upper left corner of
the screen; x and y coordinates increase to the
right and down. The abstract data type, Point
defines a coordinate position.

Rect The type Rect defines a rectangular region of the
plane. It comprises two Points, min and max, and
specifies the region defined by pixels with
coordinates greater than or equal to min and
strictly less than max, in both x and y. This
half-open property allows rectangles that share an
edge to have equal coordinates on the edge.

Display The type Display represents a physical display,
corresponding to a single connection to a draw(3)
device. Besides the image of the display itself,
the Display type also stores references to
off-screen images, fonts, and so on. The contents
of such images are stored in the display device,
not in the client of the display, which affects how
they are allocated and used, see for example
draw-image(2).

Screen The Screen type is used to manage a set of windows
on an image, typically but not necessarily that of
a display. Screens and hence windows may be built
recursively upon windows for subwindowing or even
on off-screen images.
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Image The Image type provides basic operations on groups
of pixels. Through a few simple operations, most
importantly the draw image combination operator
(see draw-image(2)), the Image type provides the
building blocks for Display, Screen, and Font.

Font A Font defines which character image to draw for
each character code value. Although all character
drawing operations ultimately use the draw
primitive on the underlying images, Fonts provide
convenient and efficient management of display
text. Inferno uses the 16-bit Unicode character
encoding, so Fonts are managed hierarchically to
control their size and to make common subsets such
as ASCII or Creek efficient in practice. See
draw-font(2), utf(6), and font(6).

Context A Context provides an interface to the system
graphics and interactive devices. The system
creates this context when it starts an application.

Pointer The Pointer type conveys information for pointing
devices, such as mice or trackballs.

More about Images
An image occupies a rectangle, Image.r, of the graphics
plane. A second rectangle, Image.clipr, defines a clipping
region for the image. Typically, the clipping rectangle is
the same as the basic image, but they may differ. For
example, the clipping region may be made smaller and
centered on the basic image to define a protected border.

The pixel depth of an Image is stored as a logarithm called
Image.!depth; pixels with 1, 2, 4, and 8 bits correspond to
Idepth values 0, 1, 2, and 3. In future, other image depths
may be supported.

An image may be marked for replication: when set, the
boolean Image.rep! causes the image to behave as if
replicated across the entire integer plane, thus tiling the
destination graphics area with copies of the source image.
When replication is turned on, the clipping rectangle limits
the extent of the replication and may even usefully be
disjoint from Image.r. See draw-image(2) for examples.

The Image member functions provide facilities for drawing
text and geometric objects, manipulating windows, and so on.

Objects of type Display, Font, Screen, and Image must be
allocated by the member functions; if such objects are
created with a regular Limbo definition, they will not
behave properly and may generate run-time errors.

There are no ''free'1 routines for graphics objects. Instead
Limbo's garbage collection frees them automatically. As is
generally so within Limbo, one can eliminate references by
assigning nil to reference variables, returning from
functions whose local variables hold references, etc.

RETURN VALUES
Most drawing operations operate asynchronously, so they have
no error return. Functions that allocate objects return nil
for failure; in such cases the system error string may be
interrogated (such as by the %r format (see sys~print(2)))
for more information.
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SOURCE
/interp/draw.c
/image/*.c

SEE ALSO
draw(3), ir(2), prefab-intro(2), tk(2), font(6), image(6)
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D.7 The Draw Image ADT

DRAW-IMAGEC2) DRAW-IMAGE(2)

NAME
Image - pictures and drawing

SYNOPSIS
include "draw.m";
draw := load Draw Draw->PATH;

Image: adt
{

r: Reef,
clipr: Rect;
1 depth: int;
rep!: int;

display: ref Display;
screen: ref Screen;

draw: fn(dst: self ref Image, r: Rect, src: ref Image,
mask: ref Image, p: Point);

gendraw: fn(dst: self ref Image, r: Rect, src: ref Image,
pO: Point, mask: ref Image, pi: Point);

line: fn(dst: self ref Image, pO.pl: Point,
endO.endl,thick: int, src: ref Image, sp: Point);

poly: fn(dst: self ref Image, p: array of Point,
endO.endl,thick: int, src: ref Image, sp: Point);

bezspline: fn(dst: self ref Image, p: array of Point,
endO.endl,thick: int, src: ref Image, sp: Point);

fillpoly: fn(dst: self ref Image, p: array of Point,
wind: int, src: ref Image, sp: Point);

fillbezspline: fn(dst: self ref Image, p: array of Point,
wind: int, src: ref Image, sp: Point);

ellipse: fn(dst: self ref Image, c: Point, a, b,
thick: int, src: ref Image, sp: Point);

fillellipse:fnCdst: self ref Image, c: Point, a, b: int,
src: ref Image, sp: Point);

bezier: fn(dst: self ref Image, a,b,c,d: Point,
endO.endl,thick: int, src: ref Image, sp: Point);

fillbezier: fn(dst: self ref Image, a,b,c,d: Point, wind:int,
src: ref Image, sp: Point);

arrow: fn(a,b,c: int): int;
text: fn(dst: self ref Image, p: Point, src: ref Image,

sp: Point, font: ref Font, str: string): Point;
readpixels: fn(src: self ref Image, r: Rect,

data: array of byte): int;
writepixels:fn(dst: self ref Image, r: Rect,

data: array of byte): int;
top: fn(win: self ref Image);
bottom: fn(win: self ref Image);
flush: fn(win: self ref Image, func: int);
origin: fn(win: self ref Image, log, scr: Point): int;

};

DESCRIPTION
The Image type defines rectangular pictures and the methods
to draw upon them; it is also the building block for higher
level objects such as windows and fonts. In particular, a
window is represented as an Image; no special operators are
needed to draw on a window.

r The coordinates of the rectangle in the plane for
which the Image has defined pixel values. It
should not be modified after the image is created.
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clipr The clipping rectangle: operations that read or
write the image will not access pixels outside
clipr. Frequently, clipr is the same as Image.r,
but it may differ; see in particular the
discussion of Image.repl. The clipping region may
be modified dynamically.

1 depth The log base 2 of the number of bits per pixel in
the picture: 0 for one bit per pixel, 3 for eight
bits per pixel, etc. The library supports
Image.1 depth values 0, 1, 2, and 3 only. The value
should not be modified after the image is created.

repl A boolean value specifying whether the image is
tiled to cover the plane when used as a source for
a drawing operation. If Image.repl is zero,
operations are restricted to the intersection of
Image.r and Image.clipr. If Image.repl is set,
Image.r defines the tile to be replicated and
Image.clipr defines the portion of the plane
covered by the tiling, in other words, Image.r is
replicated to cover Image.clipr; in such cases
Image.r and Image.clipr are independent.

For example, a replicated image with Image.r set to
((0,0),(1,1)) and Image.clipr set to ((0,0),(100,100)),
with the single pixel of Image.r set to blue,
behaves identically to an image with Image.r and
Image.clipr both set to ((0,0),(100,100)) and all
pixels set to blue. However, the first image requires
far less memory. The replication flag may be modified
dynamically along with the clipping rectangle.

dst.draw(r, src, mask, p)
Draw is the standard drawing function. Only those
pixels within the intersection of dst.r and dst.clipr
will be affected; draw ignores dst.repl. The operation
proceeds as follows:

1. If repl is set in src or mask, replicate their
contents to fill their clip rectangles.

2. Translate src and mask so p is aligned with r.min.

3. Set r to the intersection of r and dst.r.

4. Intersect r with src.clipr. If src.repl is false,
also intersect r with src.r.

5. Intersect r with mask.clipr. If mask.repl is
false, also intersect r with mask.r.

6. For each location in r for which the mask pixel is
non-zero, set the dst pixel to be the value of the
src pixel.

The various 1 depth values involved need not be
identical. If the src or mask images are single
replicated pixels, any 1 depth is fine. Otherwise, if
their 1 depth is not the same as the destination, they
must have 1 depth value 0. For draw and gendraw only, if
mask is nil, a mask of all ones is used. These
restrictions may weaken in later implementations.

display
Tells on which display the image resides.
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screen
If the image is a window on a Screen (see draw-screen
(2)), this field refers to that screen; otherwise it is
nil.

dst.gendraw(r, src, pO, mask, pi)
Similar to drawQ except that it aligns the source and
mask differently: src is aligned so pO corresponds to r
.min and mask is aligned so pi corresponds to r.min.
For most purposes with simple masks and source images,
draw is sufficient, but gendraw is the general operator
and the one the other drawing primitives are built
upon.

dst.lineCpO, pi, endO, endl, thick, src, sp)
Line draws in dst a line of width l+2*thick pixels
joining points pO and pi. The line is drawn using
pixels from the src image aligned so sp in the source
corresponds to pO in the destination. The line touches
both pO and pi, and endO and endl specify how the ends
of the line are drawn. Draw->Endsquare terminates the
line perpendicularly to the direction of the line; a
thick line with Endsquare on both ends will be a
rectangle. Draw->Enddisc terminates the line by drawing
a disc of diameter l+2*thick centered on the end point.
Draw->Endarrow terminates the line with an arrowhead
whose tip touches the endpoint. See the description of
arrow for more information.

Line and the other geometrical operators are equivalent
to calls to gendraw using a mask produced by the
geometric procedure.

dst.polyCp, endO, endl, thick, src, sp)
Poly draws a general polygon; it is equivalent to a
series of calls to line joining adjacent points in the
array of Points p. The ends of the polygon are
specified as in line; interior lines are terminated
with Enddisc to make smooth joins. The source is
aligned so sp corresponds to p[0].

dst.bezsplineCp, endO, endl, thick, src, sp)
Bezspline takes the same arguments as poly but draws a
quadratic B-spline (despite its name) rather than a
polygon. If the first and last points in p are equal,
the spline has periodic end conditions.

dst.fillpoly(p, wind, src, sp)
Fill poly is like poly but fills in the resulting
polygon rather than outlining it. The source is aligned
so sp corresponds to p[0]. The winding rule parameter
wind resolves ambiguities about what to fill if the
polygon is self-intersecting. If wind is "0, a pixel is
inside the polygon if the polygon's winding number
about the point is non-zero. If wind is 1, a pixel is
inside if the winding number is odd. Complementary
values (0 or ~1) cause outside pixels to be filled. The
meaning of other values is undefined. The polygon is
closed with a line if necessary.

dst.fillbezspline(p, wind, src, sp)
Fillbezspline is like fillpoly but fills the quadratic
B-spline rather than the polygon outlined by p. The
spline is closed with a line if necessary.
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dst.ellipse(c, a, b, thick, src, sp)
Ellipse draws in dst an ellipse centered on c with
horizontal and vertical semi axes a and b. The source is
aligned so sp in src corresponds to c in dst. The
ellipse is drawn with thickness l+2*thick.

dst.fillellipse(c, a, b, src, sp)
Fill ellipse is like ellipse but fills the ellipse
rather than outlining it.

dst.bezier(a, b, c, d, endO, endl, thick, src, sp)
Bezier draws the cubic Bezier curve defined by Points a,
b, c and d. The end styles are determined by endO
and endl; the thickness of the curve is l+2*thick. The
source is aligned so sp in src corresponds to a in dst.

dst.fillbezierCa, b, c, d, wind, src, sp)
Fillbezier is to bezier as fillpoly is to poly.

arrow(a, b, c)
Arrow is a function to describe general arrowheads; its
result is passed as end parameters to line, poly, etc.
If all three parameters are zero, it produces the
default arrowhead, otherwise, a sets the distance along
line from end of the regular line to tip, b sets the
distance along line from the barb to the tip, and c
sets the distance perpendicular to the line from edge
of line to the tip of the barb, all in pixels.

dst.textCp, src, sp, font, str)
Text draws in dst characters specified by the string
str and font font; it is equivalent to a series of
calls to gendraw using source src and masks determined
by the character shapes. The text is positioned with
the left of the first character at p.x and the top of
the line of text at p.y. The source is positioned so sp
in src corresponds to p in dst. Text returns a Point
that is the position of the next character that would
be drawn if the string were longer.

For characters with undefined or zero-width images in
the font, the character at font position 0 (NUL) is
drawn.

src.readpixels(r, data)
Readpixels fills the data array with pixels from the
specified rectangle of the src image. The pixels are
presented one horizontal line at a time, starting with
the top-left pixel of r. Each scan line starts with a
new byte in the array, leaving the last byte of the
previous line partially empty, if necessary. Pixels are
packed as tightly as possible within data, regardless
of the rectangle being extracted. Bytes are filled from
most to least significant bit order, as the x
coordinate increases, aligned so x=0 would appear as
the leftmost pixel of its byte. Thus, for 1 depth 0, the
pixel at x offset 165 within the rectangle will be in a
data byte with mask value 16r04 regardless of the
overall rectangle: 165 mod 8 equals 5, and 16r80 » 5
equals 16r04. It is an error to call readpixels with an
array that is too small to hold the rectangle's pixels.
The return value is the number of bytes copied.

dst.writepixels(r, data)
Writepixels copies pixel values from the data array to
the specified rectangle in the dst image. The format of
the data is that produced by readpixels. The return
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value is the number of bytes copied. It is an error to
call wn'tepixels with an array that is too small to
fill the rectangle.

win.top()
If the image win is a window, top pulls it to the
''top'1 of the stack of windows on its Screen, perhaps
obscuring other images. If win is not a window, top has
no effect.

win.bottom()
If the image win is a window, bottom pulls it to the
''bottom'1 of the stack of windows on its Screen,
perhaps obscuring it. If win is not a window, bottom
has no effect.

i mage.f1ush(f1ag)
The connection to a display has a buffer used to gather
graphics requests generated by calls to the draw
library. By default, the library flushes the buffer at
the conclusion of any call that affects the visible
display image itself. The flush routine allows finer
control of buffer management. The flag has three
possible values: Flushoff turns off all automatic
flushing caused by writes to image, typically a window
or the display image itself (buffers may still be
written when they fill or when other objects on the
display are modified); Flushnow causes the buffer to be
flushed immediately; and Flushon restores the default
behaviour.

win.origin(log, scr)
When a window is created (see draw-screen(Z)), the
coordinate system within the window is identical to
that of the screen: the upper left corner of the window
rectangle is its physical location on the display, not
for example (0, 0). This symmetry may be broken,
however: origin allows control of the location of the
window on the display and the coordinate system used by
programs drawing on the window. The first argument, log,
sets the upper left corner of the logical (in-window)
coordinate system without changing the position of the
window on the screen. The second argument, scr, sets
the upper left corner of physical (on-screen)
coordinate system, that is, the window's location on
the display, without changing the internal coordinate
system. Therefore, changing scr without changing log
moves the window without requiring the client using it
to be notified of the change; changing log without
changing scr allows the client to set up a private
coordinate system regardless of the window's location.
It is permissible for values of scr to move some or all
of the window off screen. Origin returns -1 if the
image is not a window or, in the case of changes to scr,
if there are insufficient resources available to move
the window; otherwise it returns 1.
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C.8 Fonts
DRAW-FONT(Z)

NAME

DRAW-FONT(Z)

Font - character Images for Unicode text

SYNOPSIS
include "draw.m";
draw := load Draw Draw->PATH;

Font: adt
{

name: string;
height: int;
ascent: int;
display: ref Display;

open: fn(d: ref Display, file: string):
build: fn(d: ref Display, name, desc: string);
width: fn(f: self ref Font, str: string):

};

ref Font;
ref Font;
int;

DESCRIPTION
The Font type defines the appearance of characters drawn
with the Image. text primitive (see draw-image(2)). Fonts are
usually read from files and are selected based on their
size, their style, the portion of Unicode space they
represent, and so on.

Fonts are built from a series of subfonts that define
contiguous portions of the Unicode character space, such as
the ASCII or the Greek alphabet. Font files are textual
descriptions of the allocation of characters in the various
regions of the Unicode space; see font (6) for the format.
Subfonts are not visible from Limbo.

A default font, named *default*, is always available.

The type incorporates:

ascent, height
These define the vertical sizes of the font, in
pixels. The ascent is the distance from the font
baseline to the top of a line of text; height
gives the interline spacing, that is, the distance
from one baseline to the next.

name This field identifies the font, either the name of
the file from which the font was read, or
"*default*" for the default font.

display Tells on which display the font resides.

open(d, file)
The open method creates a Font by reading the
contents of the named file. Fonts are cached, so
an open request may return a pointer to an
existing Font, without rereading the file. The
name "*default*" always describes a defined font.
Fonts are created for an instance of a Display
object, even though the creation functions are in
type Font.

build(d, name, desc)
Build creates a Font object by reading the
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description from the string desc rather than a
file. Name specifies the name of the font to be
created.

f.width(str)
The width method returns the width in pixels that
str would occupy if drawn by Image.text in the
Font f.
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FONT(6) FONT(6)

NAME
font, subfont - external format for character fonts and
subfonts

DESCRIPTION
Fonts are constructed as a list defining a range of Unicode
characters and a subfont containing the character images for
that range. Subfonts are not directly accessible from Limbo.

External fonts are described by a plain text file that can
be read using Font.open; Font.build reads the same format
from a string rather than a file (see draw-font(Z)).

The format is a header followed by any number of subfont
range specifications. The header contains two numbers: the
height and the ascent, both in pixels. The height is the
inter-line spacing and the ascent is the distance from the
top of the line to the baseline. These numbers should be
chosen to display consistently all the subfonts of the font.
A subfont range specification contains two or three numbers
and a file name. The numbers are the inclusive range of
characters covered by the subfont, with an optional starting
position within the subfont, and the file name names an
external file holding the subfont data. The minimum number
of a covered range is mapped to the specified starting
position (default zero) of the corresponding subfont. If the
subfont file name does not begin with a slash, it is taken
relative to the directory containing the font file. Each
field must be followed by some white space. Each numeric
field may be C-format decimal, octal, or hexadecimal.

External subfonts are represented in a more rigid format: an
image containing character images, followed by a subfont
header, followed by character information. The image has the
format for external image files described in image(6). The
subfont header has 3 decimal strings: n, height, and ascent.
Each number is right-justified and blank padded in 11
characters, followed by a blank. The character info consists
of n+1 6-byte entries, each giving values called x (2 bytes,
low order byte first), top, bottom, left, and width for the
successive characters from left to right (in increasing
Unicode order) in the subfont. The rectangle holding the
character is (x, top, xn, bottom), where xn is the x field
of the next character. When the character is to be drawn in
an image at point p, the rectangle is placed at (p.x+left,
p.y) and the next character to be drawn is placed at
(p.x+width, p.y). The x field of the last entry is used to
calculate the image width of the previous character; the
other fields in the last entry are irrelevant.

Note that the convention of using the character with value
zero (NUL) to represent characters of zero width (see the
description of Image.text in draw-image(2)) means that fonts
should have, as their zeroth character, one with non-zero
width.

FILES
/fonts/* font directories

SEE ALSO
draw-intro(Z), draw-font(2), draw(3)
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C.9 Tk
TK(2) TK(2)

NAME
Tk - graphics toolkit

SYNOPSIS
include "tk.m";
tk := load Tk Tk->PATH;

Tki: type ref Draw->Image;

Toplevel: adt
{

id: int;
image: ref Draw->Image;

};

toplevel: fn(screen: ref Draw->Screen, arg: string): ref Toplevel;
namechan: fn(t: ref Toplevel, c: chan of string, n: string): string;
cmd: fn(t: ref Toplevel, arg: string): string;
mouse: fn(screen: ref Draw->Sereen, x, y, button: int);
keyboard: fn(screen: ref Draw->Screen, key: int);
windows: fn(screen: ref Draw->Screen): list of ref Toplevel;
intop: fn(screen: ref Draw->Screen, x, y: int): ref Toplevel;
imageget: fn(t: ref Toplevel, name: string): (Tki, Tki, string);
imageput: fn(t: ref Toplevel, name: string, i: Tki, m: Tki): string;

DESCRIPTION
The Tk module provides primitives for building user
interfaces, based on Ousterhout's Tcl/TK. The interface to
the toolkit itself is primarily the passing of strings to
and from the elements of the toolkit using the cmd function;
see section 9 of this manual for more information about the
syntax of those strings.

Toplevel creates a new window called a Toplevel, which is
under the control of the Tk toolkit, on an existing screen,
usually one inherited from the graphics Context (see
draw-context(Z)). The Toplevel is passed to cmd and namechan
(q.v.) to drive the widgets in the window. Arg is a string
containing creation options (such as -borderwidth 2) that
are applied when creating the toplevel window.

Cmd passes command strings to the widgets in the Toplevel t
and returns the string resulting from their execution. For
example, given a canvas .c in the Toplevel t,

x := int tk->cmd(t, ".c cget -actx");
returns the integer x coordinate of the canvas.

Bindings can be created in a Toplevel that trigger strings
to be sent on Limbo channels. Such channels must be declared
to the Tk module using namechan. For example, to create a
button that sends the word Ouch when it is pressed:

hitchannel := chan of string;
tk->namechan(t, hitchannel, "channel");
tk->cmd(t,

"button .b.Hit -text Hit -command {send channel Ouch}");
expl := <-hitchannel; # will see Ouch when button pressed

Mouse and keyboard pass mouse and keyboard events to Tk, for
delivery to widgets; they are usually called only by a
window manager.

Windows returns a list of windows on the given screen. Intop
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returns a reference to the window under point (x,y) on the
given screen, returning nil if none is found.

Imageget returns copies of the image and mask of the Tk
bitmap or Tk widget with the given name associated with
Toplevel t; either Image could be nil. Imageput replaces the
image (i) and mask (m) of the Tk bitmap image name in t.
Both functions return strings that are nil if the operation
was successful, but contain a diagnostic on error (e.g.
invalid top level or name).

SOURCE
/interp/tk.c
/tk/*.c

SEE ALSO
intro(9), tkcmd(l), sh-tk(l), draw-context(2), wmlib(2),
'An Overview of Limbo/Tk', this manual, Volume 2.

BUGS
Because Tk input is handled globally per Screen, there can
be only one instance of a Tk implementation on a given
machine, a restriction that will be lifted.
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INTROC9) INTRO(9)

NAME
intro - introduction to Inferno Tk

DESCRIPTION
This section of the manual provides a reference for the
Inferno Tk implementation, which is accessed by Limbo
programs via tk(2), and from sh(l) via sh-tk(l).

The following pages were derived by Vita Nuova from
documentation that is

Copyright © 1990 The Regents of the University of
California
Copyright © 1994-1996 Sun Microsystems, Inc.
See copyright(9) for the full copyright notice.

The format of the pages has changed to follow the format of
the rest of this manual, but more important, the content has
been changed (typically in small ways) to reflect the
variant of Tk implemented by Inferno.

Programming Interface
The interface to Inferno Tk is exclusively through the tk(2)
module; all the Tk commands described in this section of the
manual are excecuted by passing them as strings to the and
function in that module. The Inferno Tk implementation is
based on the Tk 4.0 documentation, but there are many
differences, probably the greatest of which is that there is
no associated Tel implementation, so almost every Inferno
application using Tk will need to have some Limbo code
associated with it (the sh-tk(l) shell module can also
fulful this role). See ''An Overview of Limbo/Tk1' in Volume
2 for a tutorial-style introduction to the use of Inferno Tk
which summarises the differences from Tk 4.0.

Tk Commands
The command string passed to tk->cmd may contain one or more
Tk commands, separated by semicolons. A semicolon is not a
command separator when it is nested in braces ({}) or
brackets ([]) or it is escaped by a backslash (\). Each
command is divided into words: sequences of characters
separated by one or more blanks and tabs.

There is also a 'super quote' convention: at any point in
the command string a single quote mark (') means that the
entire rest of the string should be treated as one word.

A word beginning with an opening brace ({) continues until
the balancing closing brace (}) is reached. The outer brace
characters are stripped. A backslash can be used to escape a
brace in this context. Backslash characters not used to
escape braces are left unchanged.

A word beginning with an opening bracket ([) continues until
the balancing closing bracket (]) is reached. The enclosed
string is then evaluated as if it were a command string, and
the resulting value is used as the contents of the word.

Single commands are executed in order until they are all
done or an error is encountered. By convention, an error is
signaled by a return value starting with an exclamation mark
(!). The return value from tk->cmd is the return value of
the first error-producing command or else the return value
of the final single command.
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To execute a single command, the first word is examined. It
must either begin with dot (.) in which case it must name an
existing widget, which will interpret the rest of the
command according to its type, or one of the following
words, each of which is documented in a manual page of that
name in this section:
button entry listbox destroy
menu scale pack image
canvas frame bind update
menubutton scrollbar focus send
checkbutton label grab variable
radiobutton text cursor

Widget Options
Each manual page in this section documents the options that
a particular command will accept. A number of options are
common to several of the widgets and are named as ''standard
options'" near the beginning of the manual page for each
widget. These options are documented in options(9). The
types of value required as arguments to options within
Inferno Tk are documented under types(9).

SEE ALSO
options(9), types(9), tk(2), sh-tk(l), tkcmd(l), wmlib(2),
draw-intro(2), ''An Overview of Limbo/Tk1' in Volume 2.

BUGS
The bracket ([]) command interpretation is not applied
consistently throughout the Inferno Tk commands (notably,
the argument to the send(9) command will not interpret this
correctly). Moreover, if the string to be substituted is
significantly bigger than the command it was substituting,
then it will be truncated.
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TYPES(9) TYPES(9)

NAME
types - Standard types required by widget options.

DESCRIPTION
This manual entry describes the the standard types that can
be given as arguments to Inferno Tk widget options. When an
option is documented, the type of argument that it accepts
is either documented there, or the name of the argument
refers to one of the names documented below.

anchorPos
One of the values n, ne, e, se, s, sw, w, nw, or center.
See -anchor in options(9).

boolean
A true or false value, one of the following: 0, no, off,
false (false), I, yes, on, true (true).

bitmap
Identifies an image which can be drawn, or used as a
mask through which something else is drawn. If bitmap
begins with a '@', the remaining characters must be the
path name of an Inferno image file. If bitmap begins
with the character '<', the remaining characters must
be a decimal integer giving the file descriptor number
of an open file (see sys-open(Z)) from which the bitmap
can be loaded. Otherwise, bitmap should be the name of
a bitmap file in the directory /icons/tk.

color
A color parameter can be a color name or an RGB (red,
green and blue luminance) value. The color names
recognized are:

aqua yellow red teal white
fuchsia black blue darkblue
maroon gray green lime
purple navy olive orange

For RGB values, either #rgb or #rrggbb can be used,
where r, rr, etc. are hexadecimal values for the
corresponding color components.

dist
Oist specifies a distance on the screen, in the
following form: an optional minus sign (-), then one or
more decimal digits (with possible embedded decimal
point), then an optional units specifier. The unit
specifiers are the following:

c centimeters

m millimeters

i inches

p points (l/72nd inch)

h height of widget's font (only applicable if the
widget has an associated font, and if the font has
previously been set).

w width of the zero (0) character in widget's font
(see above).

Measurements are converted into pixels assuming 100
dots per inch on an average CRT display.
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font
A font parameter gives the full path name of an Inferno
font file; for example, /fonts/pelm/unicode.9.font.

f rac
A numeric, possibly fractional, value.

relief
One of raised, sunken, flat, ridge, or groove. See
-relief in options(9).

SEE ALSO
intro(9), options(9)
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OPTIONS(9) OPTIONS(9)

NAME
options - Standard options supported by widgets.

DESCRIPTION
This manual entry describes the common configuration options
supported by widgets in the Tk toolkit. Every widget does
not necessarily support every option (see the manual entries
for individual widgets for a list of the standard options
supported by that widget), but if a widget does support an
option with one of the names listed below, then the option
has exactly the effect described below. For a description of
kinds of values that can passed to the various options, see
types(9).

In the descriptions below, the name refers to the switch
used in class commands and configure widget commands to set
this value. For example, if an option's command-line switch
is set to -foreground and there exists a widget .a.b.c, then
the command may be used to specify the value black for the
option in the the widget .a.b.c.

-activebackground color
Specifies background color to use when drawing active
elements. An element (a widget or portion of a widget)
is active if the mouse cursor is positioned over the
element and pressing a mouse button will cause some
action to occur.

-activeborderwidth dist
Specifies a non-negative value indicating the width of
the 3-D border drawn around active elements. See above
for definition of active elements. This option is
typically only available in widgets displaying more
than one element at a time (e.g. menus but not
buttons).

-activeforeground color
Specifies foreground color to use when drawing active
elements. See above for definition of active elements.

-actx
Returns the current x position of the widget relative
to the origin of its top-level window.

-acty
Returns the current y position of the widget relative
to the origin of its top-level window.

-actwidth
Returns the current allocated width of the widget.

-actheight
Returns the current allocated height of the widget.

-anchor val
Specifies how the information in a widget (e.g. text or
a bitmap) is to be displayed in the widget. Val must be
one of the values n, ne, e, se, s, sw, w, nw, or center.
rFor example, nw means display the information such
that its top-left corner is at the top-left corner of
the widget.

-background color or -bg color
Specifies the normal background color to use when
displaying the widget.
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-bitmap bitmap
Specifies a bitmap to display in the widget. The exact
way in which the bitmap is displayed may be affected by
other options such as anchor or justify. Typically, if
this option is specified then it overrides other
options that specify a textual value to display in the
widget; the bitmap option may be reset to an empty
string to re-enable a text display. In widgets that
support both bitmap and image options, image will
usually override bitmap.

-borderwidth dist or -bd dist
Specifies a non-negative value indicating the width of
the 3-D border to draw around the outside of the widget
(if such a border is being drawn; the relief option
typically determines this). The value may also be used
when drawing 3-D effects in the interior of the widget.

-font font
Specifies the font to use when drawing text inside the
widget.

-foreground color or -fg color
Specifies the normal foreground color to use when
displaying the widget.

-image image
Specifies an image to display in the widget, which must
have been created with the image create command.
Typically, if the image option is specified then it
overrides other options that specify a bitmap or
textual value to display in the widget; the image
option may be reset to an empty string to re-enable a

bitmap or text display.

-jump boolean
For widgets with a slider that can be dragged to adjust
a value, such as scrollbars, this option determines
when notifications are made about changes in the value.
If the value is false, updates are made continuously as
the slider is dragged. If the value is true, updates
are delayed until the mouse button is released to end
the drag; at that point a single notification is made
(the value ''jumps'1 rather than changing smoothly).

-justify val
When there are multiple lines of text displayed in a
widget, this option determines how the lines line up
with each other. Val must be one of left, center, or
right. Left means that the lines' left edges all line
up, center means that the lines' centers are aligned,
and right means that the lines' right edges line up.

-orient orientation
For widgets that can lay themselves out with either a
horizontal or vertical orientation, such as scrollbars,
this option specifies which orientation should be used.
Orientation must be either horizontal or vertical.

-padx dist
Specifies a non-negative value indicating how much
extra space to request for the widget in the
X-direction. When computing how large a window it
needs, the widget will add this amount to the width it
would normally need (as determined by the width of the
things displayed in the widget); if the geometry
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manager can satisfy this request, the widget will end
up with extra internal space to the left and/or right
of what it displays inside. Most widgets only use this
option for padding text: if they are displaying a
bitmap or image, then they usually ignore padding
options.

-pady dist
Specifies a non-negative value indicating how much
extra space to request for the widget in the
Y-direction. When computing how large a window it
needs, the widget will add this amount to the height it
would normally need (as determined by the height of the
things displayed in the widget); if the geometry
manager can satisfy this request, the widget will end
up with extra internal space above and/or below what it
displays inside. Most widgets only use this option for
padding text: if they are displaying a bitmap or
image, then they usually ignore padding options.

-relief val
Specifies the 3-D effect desired for the widget.
Acceptable values for val are raised, sunken, flat,
ridge and groove. The value indicates how the
interior of the widget should appear relative to its
exterior; for example, raised means the interior of
the widget should appear to protrude from the screen,
relative to the exterior of the widget.

-selectbackground color
Specifies the background color to use when displaying
selected items.

-selectborderwidth dist
Specifies a non-negative value indicating the width of
the 3-D border to draw around selected items.

-selectforeground color
Specifies the foreground color to use when displaying
selected items.

-text val
Specifies a string, val, to be displayed inside the
widget. The way in which the string is displayed
depends on the particular widget and may be determined
by other options, such as anchor or justify.

-underline integer
Specifies the integer index of a character to underline
in the widget. This option is used by the default
bindings to implement keyboard traversal for menu
buttons and menu entries. 0 corresponds to the first
character of the text displayed in the widget, 1 to the
next character, and so on.

-xscroll command command
Specifies the prefix for a command used to communicate
with horizontal scrollbars. When the view in the
widget's window changes (or whenever anything else
occurs that could change the display in a scrollbar,
such as a change in the total size of the widget's
contents), the widget will generate a Tk command by
concatenating command and two numbers. Each of the
numbers is a fraction between 0 and 1, which indicates
a position in the document. 0 indicates the beginning
of the document, 1 indicates the end, .333 indicates a
position one third the way through the document, and so
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on. The first fraction indicates the first information
in the document that is visible in the window, and the
second fraction indicates the information just after
the last portion that is visible. The command is then
passed to the Tk interpreter for execution. Typically
the -xscrollcommand option consists of the path name of
a scrollbar widget followed by "set", e.g.
''.x.scrollbarset'': this will cause the scrollbar to be
updated whenever the view in the window changes. If
this option is not specified, then no command will be
executed.

-yscroll command command
Specifies the prefix for a command used to communicate
with vertical scrollbars. This option is treated in
the same way as the -xscroll command option, except that
it is used for vertical scrollbars and is provided by
widgets that support vertical scrolling. See the
description of -xscrollcommand for details on how this
option is used.
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