Fi r mMAbr ks
Power Firmaare(tm Conplete Feature Set

Fi r MMr ks Val ue- Added Characteristics

Portabl e internal structure born of |ongevity across nultiple
pl at f or ns/ envi ronnment s

Fi r MAbr ks Ext ensi ons
64- bit Extensions
Addi ti onal keyboard chords for regai ning control of a msconfigured
system
Addi tional tools for working with configuration variabl es
Addi tional control over the dictionary
Fil e system extensions
Addi ti onal nethods for downl oadi ng over serial |inks
Br eakpoi nt extensi ons
Source | evel debugger extensions
Debuggi ng hooks and tools created out of experience
Bui | d envi ronnent
Al files in our source tree are either pre-conpiled or can be conpil ed
within the Forth environnent without the use of any third party tools.
(Goodbye nake and gcc.)
Docunent ati on
"Open Firmvare Command Ref erence"
"Witing FCode Prograns for PCl"
"Open Firmvare dient Interface Devel oper’s Gui de"
"Porting Guide" (available only to source code |icense hol ders)
Trai ni ng Cl asses
Forth Language / Witing FCode Drivers
Witing and Debugging Cient Interface Prograns
Usi ng Open Firmnare Systens
Porting Services
Devi ce Driver Devel opnent Services
Open Firmwvare Contract Engi neering Services
Tel ephone support

Internal Structure

Fort h | anguage environnent
Di al ect of ANSI X3.215-1994

Di ctionary The list of Forth words

Dat a Space The nmenory used by Forth words

Dat a Stack The stack used for paraneter passing
Return Stack The stack used for procedure nesting
| nput Buf fer The current line of textual input

| nput Source The source device for textual input
Qut put Stream The destination of textual output

Text Interpreter Processes textual comands
Devi ce tree
Devi ce nodes
El i ded pat hnanme resol ution
Devi ce aliases
Packages
Properties
Property nanes
Property val ues
byte array
32-bit integer
text string
conposi te val ues
Met hods
Private dat a



I nstance-specific data

Static data
Configuration nmenory
Configuration vari abl
Custom startup script

es

St andard property nanes i ncl uding

"name"
"reg"
"devi ce_type"
"interrupts"
"model "
"addr ess"
"conpati bl e"
"stat us"
St andard syst em nodes
/
"nanme"
/aliases
"nanme"
/ openpr om
"nanme"
"nodel "

"rel ati ve-addressi ng"

[ openproniclient-s
"nanme"
/options
"nanme"
/ chosen
"nanme"
"stdin"
"stdout"
"boot pat h"
"boot ar gs"
"menory"
"
/ packages
"nanme"
St andard Packages
Par ent net hods
open
cl ose
decode-uni t
encode- uni t
Generi ¢ net hods
sel ftest
reset
Package |/ 0O nodel
Expansi on bus devi
map-in

map- out
drme- al | oc
dma-free
dma- map-in
dma- map- out
dma- sync
probe-sel f

"ranges"”

"Haddr ess-cell s

ervi ces

Prepare this device for subsequent use.

Close this previously-opened device.

Convert text unit-string to physical address.
Convert physical address to text unit-string.

Performselftest for this device.
Put this device into a qui escent state.

ce class tenpl ate

Map the specified region, return a virtual
addr ess.

Destroy mapping from previ ous map-in.
Al'locate a nmenory region for |ater use.
Free nenory allocated with dma-all oc.
Convert virtual address to device bus DVA
addr ess.

Free DVA mapping set up with dma-map-in.
Synchroni ze (flush) DVA nmenory caches.
Interpret FCode, as a child of this node.

St andard property-nane to define a device's
physi cal address.

n

St andard nrobnertv to defi ne t he



"#si ze-cel | s"

Menory Managenent

St andard devi ce types

"di

" bl

claim

rel ease
map

unmap

nodi fy
transl ate
"avai | abl e"

"exi sting"

"transl ati ons

"page- si ze"

spl ay"
open

cl ose
wite

draw | ogo
restore

"character-set"

ock"
open
cl ose
read

wite

seek

| oad

si ze

#bl ocks

of fset-1 ow

of f set - hi gh

"byt e"

open
cl ose
read

wite

package’ s address fornat.
St andard property-nanme to define the package's
address size format.
Devi ce O ass Tenpl ate
Al'l ocate (claim addressable resource
Free (rel ease) addressabl e resource.
Create address translation
I nval i dat e exi sting address translation.
Modi fy existing address transl ati on.
Transl ate virtual address to physical address
The regions of virtual address space denote
the virtual address space that is currently
unal | ocated by Open Firmnare and is avail abl e
for use by client prograns.
The val ue of this property defines the regions
of virtual address space nanaged by the MW,
i n whose package this property is defined,
wi thout regard to whether or not these regions
are currently in use.

The value of this property describes the translations

in use by Qpen Firmare.

The value of this property describes the nunber of
bytes in the snallest mappable region of virtua
addr ess space.

Prepare this device for subsequent use.
Close this previously-opened device.
Wite nmenory buffer to device, return actua
byt e count.
Calls drawlogo routine for this device.
Restore device to useable state after
unexpect ed reset.
St andard property to specify the
character set.

Prepare this device for subsequent use.

Close this previously-opened device.

Read device into nenory buffer, return actua
byt e count.

Wite nmenory buffer to device,
byt e count.

Set device position for next read or wite.

Load a client programfrom device to nmenory.
Return the size of the device in bytes.

Return the size of the device in bl ocks.

Returns the less significant cell of the double
nunber denoting the begi nning offset of the disk
partition that was specified when the "disk-Iabel"
support package was opened.

Returns the nore significant cell of the double
nunber denoting the beginning offset of the disk
partition that was specified when the "disk-Iabel"
support package was opened.

return actua

Prepare this device for subsequent use.

Close this previously-opened device.

Read device into nenory buffer, return actua
byt e count.

Wite menory buffer to device,
bvt e count

return actua



seek Set device position for next read or wite.

| oad Load a client programfrom device to nmenory.

si ze Return the size of the device in bytes.

#bl ocks Return the size of the device in bl ocks.

"net wor k"

open Prepare this device for subsequent use including
parsi ng of arguments as defined by "Device Support
Ext ensi ons" recomended practice.

cl ose Close this previously-opened device.

r ead Read device into nenory buffer, return actua
byt e count.

wite Wite nmenory buffer to device, return actua
byt e count.

| oad Load a client programfrom device to nmenory.

"l ocal - mac- addr ess” St andard property to specify

"mac- addr ess"

"addr ess-bits"

preassi gned networ k address.

Standard property to specify network
address | ast used.

Standard property to indicate network
address | ength.

"max-frane-size" Standard property to indicate maxi nmum

packet size.

"chosen- net wor k-t ypes"

Standard property reporting the network types
that can be supported by this device.

"chosen- net work-type" Standard property reporting the network type

"serial"
open

cl ose

read

wite

install -abort
renove- abort

restore

ri ng- bel
set - node

that is being supported by this device.

Prepare this device for subsequent use including
parsi ng of arguments as defined by "Device Support
Ext ensi ons" recomended practice.

Close this previously-opened device.

Read device into nenory buffer, return actua

byt e count.

Wite nmenory buffer to device, return actua

byt e count.

Begin polling for a consol e abort sequence.

Cease polling for a console abort sequence.
Restore device to useable state after

unexpect ed reset.

Ring the bell.

Sets the device nbde according to a string of the
same format as the argunents to the open nethod.

set - nbdem contro

n neerry"
claim
rel ease
mn r egll

"avai | abl e"

Sets the RTS and DTR signals as specified by a
bi t mask.

Al'l ocate (claim addressabl e resource.

Free (rel ease) addressabl e resource.

St andard property defining the physical
addresses installed in the system wthout
regard to whether or not that nmenory is
currently in use by Open Firmmvare or a client
program

Standard "reg" format property defining the
regi ons of physical address space that are
currently unal |l ocated by Cpen Firmare.

The followi ng device types defined by the "Device Support Extensions"
Reconmended Practice are also nrovided bv Firmirks’ s i nmonl enent ati ons .



"keyboar d"
open

cl ose
read

"l anguage"

"mouse"
open
cl ose
get - event
"#but t ons"

Prepare this device for subsequent use including
parsi ng of arguments as defined by "Device Support

Ext ensi ons" recomended practice.

Close this previously-opened device.

Read device into nenory buffer, return actua

byt e count.

Standard property that indicates the current scan-code
to character conversion to which the keyboard driver
is currently set.

Prepare this device for subsequent use.

Close this previously-opened device.

Obtai n the next event fromthe nouse.

Standard property that indicates the nunber of physical
buttons supported by the device.

"absol ut e- position”

"rtc"
open
cl ose
get-tine

set-tine
"sound"

open

cl ose

read

wite

Standard property that indicates that the device
supplies absolute X Y coordi nates. Absence of this
property indicates that the device supplies relative
X, Y position (e.g. a nouse).

Prepare this device for subsequent use.

Close this previously-opened device.

Return the current tinme as year, nonth, day, hour,
m nut e and second.

Set the current tine as year, nonth, day, hour

m nut e and second.

Prepare this device for subsequent use.

Close this previously-opened device.

Acquire sound data, storing the sanples into nmenory
buf fer.

Qut put sound sanples stored in nmenory buffer.

"#i nput - channel s"

St andard property that defines the possible nunbers of
i nput channel s supported.

"#out put - channel s"

Standard property that defines the possible nunbers of
out put channel s supported.

"sanpl e- preci si ons"

St andard property that defines the possible nunbers of
bits required to store one audi o sanple from one
channel .

"sanpl e-frane-si ze"

Standard property that defines the possible nunbers of
bits required to store one sanple frame - one sanple
from each channel

"input-frame-rates"

Standard property that defines the possible input
sanpling rates, in sanple franmes per second.

"out put -frane-rates"

Standard property that defines the possible output
sanpling rates, in sanple franmes per second.

"i nput - encodi ng-t ypes"

Standard property that defines the possible input
encodi ng types.

"out put - encodi ng-types"

"nvran
oben

Standard property that defines the possible output
encodi ng types.

Prenpare thi s device for subseaguent use



cl ose Cl ose this previously-opened device.

r ead Read device into nenory buffer, return actua
byt e count.

wite Wite nmenory buffer to device, return actua
byt e count.

seek Set device position for next read or wite.

si ze Return the nunber of NVRAM bytes available to the
client interface.

" #byt es" Standard property that describes the nunber of bytes
the device is capable of storing.

"parallel"

open Prepare this device for subsequent use.

cl ose Cl ose this previously-opened device.

wite Wite nmenory buffer to device, return actua

byt e count.

St andard Support Packages
These standard "libraries" provide support within the system ROM
for accessing file systens, booting/loading files from network
devi ces using TFTP and either RARP or BOOTP for name resol ution,
debl ocki ng "bl ock" devices, and term nal enul ati on and character
rendering for the Qpen Firnmware consol e.

The exi stance of these packages:

* Mnimzes the size of FCode prograns by providing services
that are guaranteed to be on any 1275-conpliant system

* Speeds FCode driver devel opnent tine by reducing the anmpunt
of new code that nust be witten and debugged.

* Enabl es FCode drivers witten today to work with file systens
and protocol s devel oped tonorrow since support for such new
technology is the responsibility of the system ROM

"di sk-1 abel "
open Prepare this device for subsequent use.
cl ose Cl ose this previously-opened device.
| oad Load a client programfrom device to nmenory.
of f set Convert partition-relative disk position to
absol ute position.
of fset-1 ow Returns the less significant cell of the double
nunber denoting the begi nning of fset of the disk
partition that was specified when the "disk-Iabel"
support package was opened.
of f set - hi gh Returns the nore significant cell of the double
nunber denoting the begi nning of fset of the disk
partition that was specified when the "disk-Iabel"
support package was opened.
si ze Return the size of the device in bytes.
"obp-tftp"
open Prepare this device for subsequent use.
cl ose Close this previously-opened device.
| oad Load a client programfrom device to nmenory.
" debl ocker™
open Prepare this device for subsequent use.
cl ose Close this previously-opened device.
r ead Read device into nenory buffer, return actua
byt e count.
wite Wite nmenory buffer to device, return actua
byt e count.
seek Set device position for next read or wite.

"term nal emil at or"



Interprets ANSI X3.64 control sequences

Sequence  ANSI X3.64 Mhenonic Affected Words

ESC #A Cursor Up (CUY) Affects: line#

ESC #B Cursor Down (CUD) Affects: line#

ESC #C Cursor Forward (CUF) Affects: colum#

ESC #D Cursor Backward (CUB) Affects: colum#

ESC #E Cursor Next Line (CNL) Affects: |ine#

ESC #1; #2f Cursor Position (CUP) Affects: line# and

col um#

ESC #1; #2H Cur sor Position (CUP) Affects: line# and

col um#

ESC J Erase in Display (ED) Uses: del ete-characters

and del ete-1ines

ESC K Erase in Line (EL) Uses: del ete-characters

ESC #L Insert Line (IL) Uses: insert-lines

ESC #M Del ete Line (DL) Uses: delete-lines

ESC #@ Insert Character (ICH) Uses: insert-characters

ESC #P Del ete Character (DCH) Uses: delete-characters

ESC #m Sel ect Graphic Affects: inverse?

Rendi tion (SGR)

Char act er Descri ption

CTRL-G (0x7) An audi bl e indicator sounds or a visible
i ndication is given.

CTRL-H (0x8) The cursor noves one position to the left on
the current line. If it is already at the
| eft edge of the screen, nothing happens.

CTRL-1 (0x9) The cursor noves right on the current line
to the next tab stop. The tab stops are
fixed at every nmultiple of eight columms. If
the cursor is already at the right edge of
t he screen, nothing happens; otherw se the
cursor noves right a nininmumof one and a
maxi mum of ei ght character positions.

CTRL-J (OxA) The cursor noves down one |ine, renmining at
the sanme character position on the line. If
the cursor is already at the bottomline,
the screen scrolls up before the cursor is
noved down.

CTRL-K (0xB) The cursor noves up one line, remmaining at
the sane character position on the line. If
the cursor is already at the top line,
not hi ng happens.

CTRL-L (0OxC) The cursor is positioned to the Home
position (upper-left corner) and the entire
screen i s cleared.

CTRL-M (0xD) The cursor noves to the | eftnost character
position on the current |ine.

Sequence Descri ption

ESC p If inverse-screen? is fal se, does nothing.
If inverse-screen? is true, sets it to
fal se, changes the value of inverse? to its
opposite value (i.e. fromtrue to false or
vi ce versa), and executes invert-screen
The effect of this is to establish the
default foreground and background col ors for
the entire screen

ESC q If inverse-screen? is true, does nothing. If

inverse-screen? is false sets it to true.



changes the value of inverse? to its
opposite value (i.e. fromtrue to false or
vi ce versa), and executes invert-screen
The effect of this is to establish inverted
f oreground and background col ors for the
entire screen (i.e the screen background
uses the default foreground color, and vice
versa).

ESC s Resets the display device associated with
the term nal emul ator.

i s-install Create open and other nmethods for this display
devi ce.
i s-remove Create close nethod for this display device.
i s-sel ftest Create selftest nethod for this display device.
i ne# Return the current cursor |ine nunber.
col um# Return the current cursor colum nunber.
i nverse? I ndi cates how to paint characters.
i nver se-screen? I ndi cates how to paint the background.
#l i nes Return nunber of lines of text in text w ndow.
#col ums Return nunber of colums of text in text
wi ndow.

Di splay device | owlevel interfaces
draw character Draw a character at the current cursor
position.
reset - screen Performfrane buffer device initialization.
toggl e-cursor Toggle the state of the text cursor.
er ase- screen Cl ear the screen.
bl i nk-screen Fl ash the screen.
i nvert-screen Exchange the foreground and background col ors.

i nsert-characters Insert n spaces to the right of the
cursor.
del ete-characters Del ete n characters to the right of
the cursor.
insert-lines Insert n blank Iines at and bel ow t he cursor
i ne.
del ete-1lines Delete n lines at and bel ow the cursor I|ine.
draw | ogo Draw (at line#) the | ogo stored at |ocation
addr .

Frame buffer support routines
defaul t-font Return the font paranmeters for the default
system font.

set - f ont Set the current font as specified.
>f ont Ret urn begi nni ng address for char in the
current font.
frane- buf f er - adr Return current frame buffer virtua
addr ess.

screen-height Return total height of the display in pixels.
screen-w dth Return total width of the display in pixels.

Wi ndow-t op Return wi ndow top border in pixels.
wi ndow- | ef t Return wi ndow | eft border in pixels.
char - hei ght Return the height of a font character in
pi xel s.
char-w dth Return the width of a font character in pixels.
font byt es Return interval between entries in the font
tabl e.

Ei ght-bit frame buffer support routines
fb8-install Install all built-in generic 8-bit
frane buffer routines.
f b8-dr aw char act er I ol enrent t he "fb8" dr aw char act er



functi on.

fb8-reset-screen | mpl enent the "fb8" reset-screen
function.

f b8-t oggl e-cursor | mpl enent the "fb8" toggl e-cursor
function.

f b8- erase-screen | mpl enent the "fb8" erase-screen
function.

f b8-bl i nk-screen | mpl enent the "fb8" blink-screen
function.

fb8-invert-screen | mpl enent the "fb8" invert-screen
function.

fb8-insert-characters Inplenment the "fb8" insert-characters
function.

fb8-del ete-characters |Inplenment the "fb8" del ete-characters
function.

fb8-insert-1ines | mpl enent the "fb8" insert-Ilines
function.

fb8-del ete-1ines | mpl enent the "fb8" delete-lines
function.

f b8-draw- | ogo | mpl enent the "fb8" draw | ogo function

I nternal Procedures
Startup sequence
Initial selftest Not required / not provided
Firmware initialization
Deternining the menory configuration
Creating Open Firmnare environnment.
Initializing various devices required for the basic
functioning of Qpen firnmware.
Initializing a "fall back" diagnostic output device.
Testing configuration nenory and resetting if required.
Startup script eval uation
Pl ug-in devi ce probing
Consol e sel ection
Secondary sel ftest
Booti ng
Pat h resol ution
Pat h resol ution including resolution of elided conponents
Devi ce Interface
Contents
FCode eval uat or
/ packages standard system node
Conpl ete set of support packages as defined by | EEE 1275- 1994
Addi ti onal support packages to support FAT file systens, etc.
FCodes
Forth FCode Functi ons
Standard Forth

dup Duplicate the top itemon the stack

2dup Duplicate the top two itenms on the stack.

?dup Duplicate top stack itemif it is non-zero.

over Copy second stack itemto top of stack.

2over Copy second pair of stack itens to top of
st ack.

pi ck Copy u-th stack itemto top of stack

t uck Copy top stack item underneath the second
stack item

drop Renove top itemfromthe stack

2dr op Renove top two itens fromthe stack

nip Renove the second stack item

roll Rotate u+l stack itens as shown.

r ot Rotate top three stack itens as shown.

-rot Rotate top three stack itens as shown.

2r ot Rotate three nairs of stack itens as shown



swap
2swap
>r

r>
r@
depth
+

*

/

nod

/ mod
u/ nod
abs
negat e
max

m n
bounds
| shift

rshift
2*
2/

and
or

Xor

i nvert
d+
d-

unt

uni nod
char +
cel | +
chars
cells
al i gned

@
2@
c@
|

2!
+!
c!

nove
fill

key?
key
expect
span

b
emt
type

Ccr

Exchange top two stack itens.

Exchange top two pairs of stack itens.

Move top stack itemto the return stack

Move top return stack itemto the stack

Copy top return stack itemto the stack
Return count of itenms on the stack

Add nul to nu2.

Subtract nu2 from nul

Mul tiply nul by nu2

Divide nl by n2, return quotient.

Di vide nl by n2, return remai nder.

Divide nl by n2, return renmai nder and quotient.
Di vide nl1 by n2, all unsigned.

Return absol ute val ue of n.

Return negation of nil.

Return greater of nl and n2.

Return | esser of nl and n2.

Prepare argunents for do or ?do | oop

Shift x1 left by u bit-places. Zero-fill |ow
bits.

Shift x1 right by u bit-places. Zero-fill high
bits.

Shift x1 left by one bit-place. Zero-fill | ow
bit.

Shift x1 right by one bit-place. High bit
unchanged.

Return bitwi se | ogical "and of x1 and x2.
Return bitw se logical 'inclusive-or’ of x1
and x2.

Return bitw se | ogical 'exclusive-or’ of x1
and x2.

Invert all bits of x1.

Add dl1 to d2 giving doubl e-nunber d.sum
Subtract d2 from dl giving doubl e- nunber
difference d.diff.

Unsigned nultiply with doubl e nunber product.
Di vi de unsi gned doubl e nunber ud by u.

I ncrenent addrl by the value of /c.

I ncrenent addrl1 by the value of /n.

Mul tiply nul by the value of /c.

Mul tiply nul by the value of /n.

I ncrease nl as necessary to give valid address
boundary.

Fetch itemx fromcell at a-addr.

Fetch cell pair from a-addr.

Fetch byte from addr.

Store itemx to cell at a-addr.

Store cell pair at a-addr

Add nu to cell at a-addr.

Store byte to addr.

Copy |l en bytes fromsrc-addr to dest-addr.
Set | en bytes beginning at addr to the val ue
byt e.

Return true if an input character avail able.
Read a character fromthe consol e i nput device.
Get edited input line, storing it at addr.
Vari abl e hol di ng nunber of characters received
by expect.

ASCI | code for "space" (blank) character

Di splay the given ASCI|1 character.

Di splay text-1en characters begi nning at
address text-str.

Subseauent out nput aoes to the next |ine



count Unpack a counted string to a text string.

base Vari abl e containing the nunber-conversion
radi x.

. Di spl ay nunber (and trailing space).

u. Di spl ay an unsi gned nunber, with a trailing
space.

T Di splay a signed nunber, right-justified.

u.r Di spl ay an unsi gned nunber, right-justified.

.S Di splay entire stack contents, unchanged.

<# Initialize pictured nuneric output conversion.

# Convert a digit in pictured nuneric out put
conversi on

#s Convert remaining digits in pictured nuneric
out put .

#> End pictured nuneric output conversion.

hol d Add char in pictured numeric output conversion

sign If n< 0, insert "-" in pictured nuneric
out put .

< Return true if nl is less than n2.

<> Return true if x1 is not equal to x2.

= Return true if x1 is equal to x2.

> Return true if nl is greater than n2.

wi thin Return true if n is between mn and max-1
i ncl usi ve.

0< Return true if nis less than zero.

0<> Return true if n is not equal to zero.

= Return true if nu|flag is equal to zero.

0> Return true if n is greater than zero.

u< Return true if ul is less than u2, unsigned.

u> Return true if ul is greater than u2, unsigned.

[ Return current | oop index val ue
] Return next outer |oop index val ue.

unl oop Di scard | oop control paraneters.

eval uat e Eval uate Forth text fromthe given string.

execut e Execut e the conmand whose execution token is
xt.

exit Exit fromthe currently-executing conmand.

abort Abort program execution, clear stacks.

catch Execut e command indicated by xt. Return throw
result.

t hr ow Transfer back to catch routine.

here Return current dictionary pointer.

c, Conpile a byte into the dictionary.

, Append x to data space.

conpi |l e, Conpi |l e the behavi or of the word given by xt.

state Variabl e containing true if in conpilation
state.

>body Convert execution token to data field address.

Basi ¢ Forth extensions

/c The nunber of address units to a byte, one.

/'w The nunber of address units to a doublet,
typically two.

/1 The nunber of address units to a quadlet,
typically four.

/n The nunber of address units in a cell

ca+ Increnent addrl by index tines the value of /c.

wa+ Increnent addrl by index tines the value of /w.

| a+ Increnent addrl by index tines the value of /1.

na+ Increnent addrl by index tines the value of /n.

wal+ I ncrenent addrl by the val ue of /w

| al+ I ncrenent addrl by the value of /1.

[ W Miltipolv nul bv the value of /w



/1* Multiply nul by the value of /1.

w@ Fet ch doubl et w from waddr.

W@ Fetch doubl et from waddr, sign-extended.
|l @ Fetch quadl et from gaddr

wi Store doublet wto waddr

| ! Store quadl et to gaddr.

w, Conpile a doublet winto the dictionary

(doubl et - al i gned) .
I, Conpile a quadlet into the dictionary
(doubl et - al i gned) .

of f Store false to cell at a-addr.

on Store true to cell at a-addr

u# Convert a digit in pictured nuneric output
conver si on.

u#s Convert remaining digits in pictured nuneric
out put .

u#> End pictured numeric output conversion

conp Conpare two arrays of length |len

I bsplit Split a quadlet into four bytes.

Iwsplit Split a quadlet into two doubl ets.

wbsplit Split a doublet winto two bytes.

bl join Join four bytes to forma quadlet.

bwj oi n Join two bytes to forma doubl et w.

wjoin Join two doublets to forma quadl et.

whflip Swap the bytes within a doublet.

wbflips Swap the bytes within each doublet in the given
regi on.

Ibflip Reverse the bytes within a quadlet.
I bf li ps Reverse the bytes within each quadlet in the
gi ven region.
Iwflip Swap the doublets within a quadlet.
Iwflips Swap the doublets within each quadlet in the
gi ven region.
u2/ Shift x1 right by one bit-place. Zero-fill high
bit.
between Return true if n is between mn and max,
i ncl usi ve.
>= Return true if nl is greater than or equal to n2
<= Return true if nl is less than or equal to n2
O<= Return true if nis less than or equal to zero.
0>= Return true if n is greater than or equal to zero.
u<= Return true if ul less or equal to u2, unsigned.
u>= Return true if ul greater or equal to u2
unsi gned.
>>a Arithnetic shift x1 right by u bit-places.
body> Convert data field address to execution token.
noop Do not hi ng.
bel | ASCI| code for "bell" character.
bs ASCI | code for "backspace" character.
#1ine Vari abl e hol di ng the output |ine nunber.
#out Vari abl e hol di ng the output col unm nunber.
pack Pack a text string into a counted string.
I cc Convert ASCI|I charl to | ower-case.
upc Convert ASCI|I charl to upper-case.
-1 Constant -1.
0 Const ant O.
1 Const ant 1.
2 Const ant 2.
3 Const ant 3.
(cr Qut put the carriage-return character, (0x0D)
$nunber Convert a string to a nunber
digit Convert a character to a digit in the given base.

$fi nd Find t he conmmand nanmed nane-strina in t he



di ctionary.
all oc-nem Allocate | en bytes of nenory.
free-mem Free nenory all ocated by all oc-nmem

FCode i npl enentati on functions
Def i ni ng new FCode functions

i nstance Mar k next defining word as
i nstance-specific.

new-t oken Create a new unnanmed FCode function

naned-t oken Create a new possi bl y-named FCode
functi on.

ext ernal -t oken Create a new nanmed FCode functi on.

b(;) End an FCode col on definition.

b(:) Defines type of new FCode function as
“colon definition".

b(buffer:) Defines type of new FCode function as
buffer:.

b(constant) Defines type of new FCode function as
const ant.

b(create) Defines type of new FCode function as
create word.

b(defer) Defines type of new FCode function as
def er word.

b(field) Defines type of new FCode function as
field.

b(val ue) Defines type of new FCode function as
val ue.

b(vari abl e) Defines type of new FCode function as
vari abl e.

(is-user-word) Create a new nanmed user interface command.

get -t oken Convert FCode Nunber to function
execution token

set -t oken Assi gn FCode Nunber to existing function

Literal s

b(lit) Nuneric literal FCode. Foll owed by FCode- nunB2.

b(’) Function literal FCode. Foll owed by FCode#.

b(") String literal FCode. Followed by FCode-string.

Controlling val ues and defers
behavi or Retrieve execution behavior of a defer word.
b(to) FCode for setting val ues and defers.

Fol | owed by FCode#.

Control flow
of fset 16 Makes subsequent FCode-of fsets use 16-bit
(not 8-bit) form
bbranch Uncondi ti onal branch FCode. Foll owed by
FCode- of f set .
b?branch Condi ti onal branch FCode. Foll owed by
FCode- of f set .

b( <mar k) Target of backward branches.

b(>resolve) Target of forward branches.

b( 1 oop) End FCode do ... loop. Followed by
FCode- of f set .

b( +l oop) End FCode do ... +loop. Followed by
FCode- of f set .

b(do) Begin FCode do ... |oop. Followed by
FCode- of f set .

b( ?do) Begi n FCode ?do ... | oop. Followed by
FCode- of f set .

b(I eave) Exit froma do ... |oop

b( case) Beain a case (multinle sel ecti on) statenment



b(endcase)
b(of)

b( endof)
Package access
pen/ cl ose pack
fi nd- package
open- package
$open- packag
cl ose- packag
my-sel f
ny- par ent
i handl e>phan
next - propert
peer
child
Call methods fr
fi nd- net hod
cal | - package

$cal | - met hod

$cal | - par ent

End a case (nultiple selection) statenent.
FCode for of in case statenent. Followed by
FCode- of f set .

FCode for endof in case statenent. Followed by
FCode- of f set .

ages
Locate the support package naned by
nane-string.

Open the package indicated by phandl e.

e Open the package naned by name-string.

e (Cose the specified package instance.
Return the ihandle of the current instance.
Return the ihandl e of the parent of the
current instance.

dl e Return the phandl e for the indicated

i handl e.

y Return the nanme of the property follow ng
previ ous of phandl e.

Return the phandl e of the next sibling node.
Return the phandle of the first child node
of parent.

om ot her packages
Find the nethod nanmed net hod-string in the
package phandl e.
Execute the nmethod xt within the instance
i handl e.
Execut e the nethod nanmed net hod-string in
the instance ihandl e.
Execut e the nethod nanmed net hod-string in
t he parent instance.

Get | ocal argunents

my- addr ess
ny- space
my-uni t
ny- ar gs

| eft-parse-s
par se- 2i nt

Mappi ng tool s
map- | ow

free-virtual
Property managenen
Property array
encode-i nt
encode-strin
encode- byt es
encode- phys

encode+

sbus-i ntr>co

Return | ow conponent (s) of device’s physical

addr ess.

Return hi gh conponent of device’'s physical

addr ess.

Return the unit-address of the current

i nst ance.

Return the instance-argunent string for this

i nst ance.

tring Split the string at first occurrence
of delimter char

Convert a "hi,lo0" string into a pair of val ues.

Map the specified region, return a virtual
addr ess.
Destroy mappi ng and "address" property.

t
encodi ng
Encode a nunber into a prop-encoded-array.
g Encode a string into a prop-encoded-array.
Encode a byte array into a
prop- encoded- arr ay.
Encode a unit-address into a
pr op- encoded- arr ay.
Concat enate two prop-encoded-arrays into
a single array.
U Converts SBus interrunt | evel to CPU



i nterrupt

decode-i nt
decode- phys

| evel .

Property array decodi ng
Decode a nunmber from a prop-encoded-array.
Decode a unit-address froma

prop- encoded- arr ay.

decode-string

Property declaration

property

del et e-property
devi ce- nane
devi ce-type

reg

nmodel

Property val ue access
get - package- property

get-inherited-property

get-ny-property

emul at or
i ne#

col um#

i nver se?

i nver se-screen?
#l i nes

#col ums

dr aw char act er
reset -screen

t oggl e- cur sor
erase-screen

bl i nk-screen

i nvert-screen

i nsert-characters
del et e-characters
insert-1lines

del ete-1i nes

draw- | ogo

Decode a string froma prop-encoded-array.

Create a new property with the given
name and val ue.

Del ete the named property in the active
package.

Create the "name" property,
i ndi cated string.

Create "device_type" property,
i ndi cated string.

Create the "reg" property with the given
val ues.

Create the "nodel "
i ndi cated string.

value is

value is

property, value is

Return val ue for nane-string
property in package phandl e.
Return val ue for given property
in the current instance or its
parents.

Return val ue for given property
in this package.

Di spl ay devi ce managenent

Ter m nal routi nes

Return the current cursor |ine nunber.
Return the current cursor colum
numnber .

I ndi cates how to paint characters.

I ndi cates how to paint the background.

Return nunber of lines of text in text
w ndow.
Ret urn nunber of colums of text in

t ext w ndow.
Draw a character at the current cursor
posi tion.

Perform franme buffer
initialization.
Toggl e the state of the text cursor.

Cl ear the screen.

Fl ash the screen.

Exchange the foreground and background
col ors.
| nsert
cur sor.
Del ete n characters to the right of
t he cursor.

devi ce

n spaces to the right of the

Insert n blank |ines at and bel ow t he
cursor |ine.

Delete n lines at and bel ow the cursor
i ne.

Draw (at line#) the | ogo stored at

| ocati on addr.



Frame buffer support

routines

defaul t-font Return the font paranmeters for the default
system font.

set - font Set the current font as specified.

>f ont Ret urn begi nni ng address for char in the
current font.

f rame- buf f er - adr
screen- hei ght
screen-w dth

Wi ndow- t op

w ndow- | ef t
char - hei ght
char-wi dth

font byt es

Return current frame buffer virtua

addr ess.
Return total height of the display in
pi xel s.
Return total width of the display in
pi xel s.

Return wi ndow top border in pixels.
Return wi ndow | eft border in pixels.
Return the height of a font character
in pixels.

Return the width of a font character
in pixels.

Return interval between entries in the

font table.

Di spl ay devi ce support
Frame- buf f er package interface

i s-install
i S-renove

i s-sel ftest

Generic eight-bit

Create open and other methods for this
di spl ay devi ce.

Create close nethod for this display
devi ce.

Create selftest nethod for this display
devi ce.

frame buffer support

fb8-i nstall Install all built-in generic
8-bit frame buffer routines.
f b8- dr aw char act er | mpl enent the "fhb8"
draw character function.
f b8-reset-screen | mpl enent the "fhb8"

f b8-t oggl e- cur

reset-screen function
sor | mpl enent the "fhb8"
t oggl e- cursor function.

f b8- erase-screen | mpl enent the "fhb8"

erase-screen function

f b8- bl i nk-screen | mpl enent the "fhb8"

f b8-i nvert-scr

bl i nk-screen functi on.
een | mpl enent the "fhb8"
i nvert-screen function.

fb8-insert-characters | mpl enent the "fhb8"

i nsert-characters function

f b8- del et e-characters | mpl enent the "fhb8"

del et e-characters function

fb8-insert-Ilines | mpl enent the "fhb8"

insert-lines function.

f b8-del ete-1ines | mpl enent the "fhb8"

f b8-draw- | ogo

del ete-1ines function.
| mpl enent the "fb8" draw | ogo

function.
O her FCode functions
Peek/ poke
cpeek Attenpt to fetch the byte at addr.
wpeek Attenpt to fetch the doublet w at waddr.
| peek Attenpt to fetch the quadl et at gaddr.

cnoke Attenmnt to store the bvte to addr



wpoke Attenpt to store the doublet wto waddr.
| poke Attenpt to store the quadlet to gaddr.

Devi ce-regi ster access

rb@ Fetch a byte from device register at addr
rw@ Fetch a doublet w from device register at waddr.
rl@ Fetch a quadlet fromdevice register at gaddr
rb! Store a byte to device register at addr.
rwi Store a doublet wto device register at waddr.
ri! Store a quadl et to device register at gaddr.

Ti me
get - nsecs Return el apsed tine, in mlliseconds.
ns Delay for at least n mlliseconds.
al arm Execute xt repeatedly, at intervals of n

m | liseconds.
user-abort After alarmroutine is finished, abort program
executi on.

System i nformation

f code-revi sion Return revision | evel of FCode
i nterface.
nmac- addr ess Return a sequence of bytes contai ning

net wor k addr ess.

FCode sel ftest
di spl ay- st at us Display the results of a device
sel ftest.
menory-test-suite Performtests of nenory, starting at
addr for |en bytes.

mask Variable to control bits tested with
nmenory-test-suite.
di agnosti c- node? If true, boot fromdiag sources,

performlonger selftests.

Start and end

startO Begin programwi th spread 0. Foll owed by
FCode- header .

startl Begin programwi th spread 1. Foll owed by
FCode- header .

start2 Begin programwi th spread 2. Foll owed by
FCode- header .

start4 Begin programwi th spread 4. Foll owed by
FCode- header .

versi onl Begin programwi th spread 1. Foll owed by
FCode- header .

endO Cease evaluating this FCode Program

endl Cease evaluating this FCode Program

ferror St andard FCode Nunber for undefined FCode
Functi ons.

suspend- f code Pause FCode Evaluation if desired, can
resune |ater.

new devi ce Start new package, as child of active
package.

fini sh-device Fi ni sh this package, set active package to
par ent .

byt e-1 oad Eval uate FCode begi nning at |ocation addr

set-args Set address and argunents of new device
node.

Cient ProgramInterface
Speci fication
I ol enent s the standard set of client i nterface servi ces.



Provi des the client execution environnment specified by the
Power PC Bi ndi ng.
Client interface services
Client interface
t est Det erni nes whether the specified service is avail able
in this inplenentation.
t est - net hod
Det er ni nes whet her the specified device nmethod is
avail abl e in the specified device node.

Device tree

peer otains the identifier of the device node that is
the next sibling of the specified device node, or
reports that there are no nore siblings.

child Obtains the identifier of the device node that is
the first child of the specified device node, or
reports that there are no children

par ent otains the identifier of the device node that is
the parent of the specified device node, or
reports that this node is the root node.

i nst ance-t o- package
Transl ates an i handle to a phandl e.

i nst ance-t o- packages

Transl ates an ihandle to a fully-qualified pathnane,

i ncludi ng any interposed packages.

getpropl en Obtains informati on about the specified property
in the specified node.

get prop ot ai ns the value of the specified property from
t he specified node.

next pr op ot ai ns the value of the property which foll ows
the specified property in the property list of the
speci fi ed node.

set prop Sets the property value of the property nane in
the specified device node, creating the property
i f necessary.

canon Converts the possibly-anbi guous devi ce-specifier
to a fully-qualified pathnane.

fi nddevi ce ntai ns phandl e of the device node specified by
devi ce-specifier.

i nstance-to-path
Returns the fully-qualified pathname correspondi ng
identifier ihandle.

package-to-path
Returns the fully-qualified pathnanme correspondi ng
to the specified node.

cal | - net hod
Execut es the specified package nethod in the
specified instance as with $call-nethod, guarded
by catch and returns the result(s).

Device 1/0O

open Opens the specifed package.

cl ose Cl oses the specified instance.

r ead Executes the read nmethod in the specified instance.

wite Executes the wite nethod in the specified

i nst ance.

seek Executes the seek nmethod in the specified instance.
Menory

claim Al'l ocates nenory and returns a virtual address.

rel ease Frees nmenory starting at specified virtual address.

Control transfer
boot Exits the client program resets the system and
re-boots the systemwith the specified device and
araunent s

to the



ent er Enters the Open Firmmare conmmand interpreter. The
client programmy be resuned if the user
continues execution with the go command.

exi t Exits fromthe client program The execution of
the client program may not be resuned.
chain Frees nmenory starting at specified virtual

address, then executes another client program
begi nning at specified address. The argunent
buffer is copied into the Qpen Firmvare nenory and
passed to the other program
User interface

interpret Executes the specified Forth command |ine, guarded
by catch. Returns the result(s).

set - cal | back
This service sets the call back handler to the
speci fi ed address.

set - synbol - | ookup
Sets the synbol table resolution defer words
synmpval ue and val ue>sym so that they execute the
client program call backs whose addresses are given
by the specified argunents. If either argunent is
zero, the corresponding defer word is set to the
action of false.

symt o-val ue
Searches for the specified synbol. Returns the
synbol s val ue or an error indication.

val ue-t o-sym
Locates the synbol whose value is closest to but
not greater than the specified value, returning
the non-negative offset fromthe val ue of that
synbol to the specified value, and that synbol’s
name.

Ti me

m | |iseconds
Returns a nunber which increases periodically,
representing the passage of tinme in units of one
m | lisecond.

User Interface

Speci fication
A standard command interpreter
Forth Language conmand group
FCode Debuggi ng command gr oup
Admi ni strati on conmand group
Fi rmnar e Debuggi ng command group
Cient Program Debuggi ng comand group
Fi r mMAor ks Ext ensi ons

St andard conmand i ntepreter
Conmand-1ine editing including extensions

Return (Enter) Finish editing the line; nmaking it avail able
to the program

b Moves backward one character.

esc-b Moves backward one word.

N Moves forward one character.

esc-f Moves forward one word.

Na Moves backward to begi nning of |ine.

Ne Moves forward to end of |ine.

Del et e Er ases previous character.

Backspace Er ases previous character.

~h Erases previous character.

esc-h Erases from begi nning of word to just before

the cursor, storing erased characters in a
save buffer



Aw Erases from begi nning of word to just before
the cursor, storing erased characters in a
save buffer

~d Er ases next character.

esc-d Erases fromcursor to end of the word,
storing erased characters in a save buffer.

Nk Erases fromcursor to end of line, storing
erased characters in a save buffer.

Au Erases entire line, storing erased
characters in a save buffer.

Ay Retypes the |ine.

g Quot es next character (allows you to insert
control characters).

Ny Inserts the contents of the save buffer
before the cursor.

Conmand- 1 i ne history

p Sel ects and di splays the previous line for

subsequent editing.

An Sel ects and di splays the next line for subsequent

edi ting.

A Di spl ays the entire conmand history |ist.

Conmand- conpl eti on
N<space> Conpl ete this word.
NP or N Show al | possi bl e mat ches.

Fort h | anguage conmand group

St ack

Stack duplication

dup
2dup
3dup
?dup
over
2over

pi ck
t uck

St ack renoval
cl ear
drop
2dr op
3drop

nip

Duplicate the top itemon the stack
Duplicate the top two itens on the stack.
Duplicate three stack itens.

Duplicate top stack itemif it is non-zero.
Copy second stack itemto top of stack.
Copy second pair of stack itens to top of
st ack.

Copy u-th stack itemto top of stack

Copy top stack item underneath the second
stack item

Enpty the stack.

Renove top itemfromthe stack.

Renove top two itens fromthe stack.
Renove top three itens fromthe stack.
Renove the second stack item

St ack rearrangenent

roll

r ot

-rot

2r ot

swap

2swap
Return stack

>r

r>

re
Stack depth

depth

Arithnetic

Rot ate u+l stack itens.

Rotate top three stack itens.

Rotate top three stack itens.

Rotate three pairs of stack itens.
Exchange top two stack itens.

Exchange top two pairs of stack itens.

Move top stack itemto the return stack
Move top return stack itemto the stack
Copy top return stack itemto the stack

Return count of itens on the stack

Si ngl e-precision integer arithnetic

+

*

u*

Add nul to nuZ2.

Subtract nu2 from nul

Mul tiply nul by nu2

Miltipolv ul bv u? vieldinga unrod all unsi aned



/

*/

nod

/ mod

* [ nod

u/ nod

1+

1_

2+

2_

abs

negat e

max

m n

bounds

even
Bi twi se | ogi cal

| shift

rshift
>>a
<<

>>

2*

u2/

2/

and
or

Xor

i nvert
not

Divide nl by n2, return quotient.
Calculate nl tinmes n2 divided by n3.
Divide nl by n2, return remai nder.
Divide nl by n2, return remai nder and quotient.
Calculate nl tinmes n2 divided by n3.
Di vide nl1 by n2, all unsigned.
Add 1 to nul.
Subtract 1 from nul
Add 2 to nul.
Subtract 2 from nul
Return absol ute val ue of n.
Return negation of nil.
Return greater of nl and n2.
Return | esser of nl and n2.
Prepare argunents for do or ?do | oop
Round to nearest even integer >= n.
operators
Shift x1 left by u bit-places. Zero-fill |ow
bits.
Shift x1 right by u bit-places. Zero-fill high
bits.
Arithmetic shift x1 right by u bit-places.
Synonym for Ishift.
Synonym for rshift.

Shift x1 left by one bit-place. Zero-fill | ow
bit.

Shift x1 right by one bit-place. Zero-fill

hi gh bit.

Shift x1 right by one bit-place. Hi gh bit
unchanged.

Return bitwi se | ogical "and of x1 and x2.
Return bitwi se logical 'inclusive-or’ of x1
and x2.

Return bitw se | ogical 'exclusive-or’ of x1
and x2.

Invert all bits of x1.

Synonym for invert.

Doubl e nunber arithnetic

s>d
d+
d-

unt

11}

unt nod
f m nod
smrem

Convert a nunber to a doubl e numnber

Add dl1 to d2 giving doubl e nunber d.sum
Subtract d2 from dl giving doubl e nunber
d.diff.

Unsigned nultiply with unsigned doubl e nunber
product .

Signed multiply with doubl e-nunber product.

Di vi de ud by u.

Di vide d by n.

Divide d by n, synmetric division

Data type conversion

| bsplit
I wsplit
whsplit
bl join
bwj oi n
wWjoin
wbf i p
[bflip
Iwflip

Split a quadlet into four bytes.
Split a quadlet into two doubl ets.
Split a doublet into two bytes.

Join four bytes to forma quadlet.
Join two bytes to forma doubl et.
Join two doublets to forma quadl et.
Swap the bytes within a doublet.
Reverse the bytes within a quadlet.
Swap the doublets within a quadlet.

Address arithnetic

/c
/w

/1

The nunber of address units to a byte, one.
The nunber of address units to a doublet,
typically two.

The nunber of address units to a auadl et



/'n
ca+
wa+
| a+
na+
cal+
wal+
| al+
nal+
/c*
[ wWF
/1>
/ n*
al i gned

char +
cell +
chars
cells
Menory contr ol
Menory access

typically four

The nunber of address units in a cell

I ncrenent addrl by index tines the value of /c.
Increnent addrl by index tines the value of /w.
Increnent addrl by index tines the value of /1.
I ncrenent addrl by index tines the value of /n.

Synonym for char +.
I ncrenent addrl by
I ncrenent addrl by
Synonym for cell +.
Synonym for chars.
Mul tiply nul by the value of /w

Mul tiply nul by the value of /1.

Synonym for /n*.

I ncrease nl as necessary to give a var-aligned
addr ess.

I ncrenent addrl by the value of /c.

I ncrenent addrl by index tines the value of /n.
Mul tiply nul by the value of /c.

Mul tiply nul by the value of /n.

the val ue of /w
the value of /1.

@ Fetch item x from address a-addr

! Store itemx to address a-addr.

2@ Fetch two itens froma-addr; item x2 from
| ower address.

2! Store itenms x1 and x2 to a-addr; x2 at
| ower address.

c@ Fetch byte from addr.

c! Store byte to addr.

wae Fet ch doubl et w from waddr.

W@ Fetch doubl et w from waddr, sign-extended.

Wi Store doublet w to waddr.

|l @ Fetch quadl et from gaddr.

| ! Store quadl et to gaddr

unal i gned-w@ Fetch doublet w fromaddr, any alignnment is
al | oned.

unal i gned-w Store doublet wto addr, any alignnment is
al | oned.

unaligned-1@ Fetch quadlet fromaddr, any alignment is
al | oned.

unal i gned-1! Store quadlet to addr, any alignnment is
al | oned.

conp Conpare two arrays of length |en.

dump Di splay | en bytes of nenory starting at
addr.

+! Add nu to the nunber stored at address
a- addr .

of f Store fal se at address a-addr.

on Store true at address a-addr.

nove Copy |l en bytes fromsrc-addr to dest-addr.

fill Set | en bytes beginning at addr to the
val ue byte.

bl ank Set | en bytes beginning at addr to the
val ue 0x20.

erase Set | en bytes beginning at addr to zero.

wbf i ps Swap the bytes within each doublet in the
gi ven region.

| bf i ps Reverse the bytes within each quadlet in
t he gi ven region.

I wflips Swap the doublets within each quadlet in

Nenorv all ocati

t he gi ven region.
on



al | oc- mem

free-mem
Text input and out

Text input

(

\

>in

par se

par se-word
source
wor d

Consol e i nput
key?
key
expect
span

accept
ASClI | constants
bel |
b
bs
carret
| i nef eed
asci i

char
[ char]
contro

Consol e out put
- (
em t
type

Qut put formatti
cr
space
spaces
# i ne
#out

Di spl ay pause
exit?

String literals

n

S
String mani pul a
count
pack
I cc
upc
-trailina

Al'l ocate |l en bytes of nenory.
Free nenory allocated by all oc-nem
put

I gnore inmrediately-following text, up to
closing ")".

I gnore inmediately-following text on this line.
Vari abl e containing offset of next input

buf fer character.

Parse text fromthe input buffer, delimted by
delim

Parse text fromthe input buffer, delimted by
space.

Return the location and size of the input
buffer.

Parse text fromthe input buffer, delimted by
delim

Return true if an input character is avail able.
Read a character fromthe consol e i nput device.
Get an edited input line, storing it at addr.
Vari abl e contai ni ng nunber of characters

recei ved by expect.

Get an edited input line, storing it at addr.

ASCI| code for "bell" character.

ASCI | code for "space" (blank) character
ASCI | code for "backspace" character

ASCI | code for "carriage-return" character.
ASCI| code for "linefeed" character.

Generate ASCI| code for imrediately-follow ng
character.

Generate ASCI|I code for next character from

i nput buffer.

Generate ASCII code for next character from

i nput buffer.

Generate control -code for imediatel y-foll ow ng
character.

Di splay i mredi ately-follow ng text.

Di splay i mredi ately-following text up to
delinmting ")".

Di splay the given ASCI| character.

Di splay text-1len characters begi nning at
address text-str.

ng

Subsequent output goes to the next line.
Di splay a single space.

Di spl ay cnt spaces.

Vari abl e hol di ng the output |ine nunber.
Vari abl e hol di ng the out put col unm nunber.

Return true when output should be terninated.

Gat her the imedi ately-followi ng string or hex
dat a.

Gat her the imedi atel y-foll ow ng string.

tion

Unpack a counted string to a text string.

Pack a text string into a counted string.
Convert ASCII charl to | ower-case.

Convert ASCII charl to upper-case.

Renove trailina snpaces fromstri na



Nuneric input and out put
Nuneri c-base contro

add to di.
in the given

as a deci nal
as a

as an oct al

base Vari abl e containing the nunmeric conversion
radi x.

deci mal Set nuneric conversion radix to ten.

hex Set nuneric conversion radi X to sixteen.

oct al Set nuneric conversion radix to eight.

Nuneri c i nput

$numnber Convert a string to a nunber.

>nunber Convert string to a numnber

digit Convert a character to a digit
base.

d# Interpret the followi ng nunmber
numnber .

h# Interpret the followi ng nunmber
hexadeci mal nunber.

o# Interpret the followi ng nunmber

numnber .

Nuneri ¢ out put

. Di spl ay nunber,
S. Di spl ay
u. Di spl ay
space.
Di spl ay
Di spl ay
Di spl ay
Di spl ay
Di spl ay

? Di spl ay
Nuneric output primtives

()

(u.)

<#

# Convert a digit
conver si on
Convert
out put .

-

n oo

#s

#>
hol d
sign If n<O0,
out put .
Convert a digit
conver si on
Convert
out put .
u#> End pictured nuneri
Conpari son operators
< Ret urn
<= Ret urn
<> Ret urn
= Ret urn
Ret urn
Ret urn
n2.
Ret urn
i ncl usi
Ret urn
i ncl usi
Ret urn
Ret urn
Ret urn
Ret ur n

i nsert
u#

u#s

nl
nl
x1
x1
nl
nl

true
true
true
true
true

i f
i f
i f
i f
i f
true if

i
i
i
i
i
>= i

true i
ve.
true i
ve.
true if
true if
f
f

bet ween
within

0<
O<=
0o<>
0=

true i
true i

a signed nunber,
an unsi gned nunber,

a signed nunber,
an unsi gned nunber,
a signed nunber (and space)
a signed nunber (and space)
entire stack contents,
t he nunber at address a-addr.

c

nnununuounuon

with a trailing space.

with a trailing space.
with a trailing

right-justified.
right-justified.

i n decimal .
i n hex.
unchanged.

Convert a number into a text string.

Convert an unsigned nunber into a text string.
Initialize pictured nuneric output conversion.
in pictured nuneric out put

remaining digits in pictured nuneric

End pictured nunmeric output conversion.
Add char in pictured numeric output conversion.

in pictured nuneric

in pictured nuneric out put

remaining digits in pictured nuneric

out put conver si on.

| ess than n2.

| ess than or equal
not equal to x2.
equal to x2.
greater than n2.
greater than or equal

to n2.

to

nis between mn and max,
nis between mn and max-1,

nis less than zero.

nis less than or equal
n is not equal
nul fl aaga i s eagqual

to zero.
to zero.
to zero.



0>
0>=

u<
u<=

u>
u=>=

Fl ag constants
fal se
true

Return true if n is greater than zero.

Return true if n is greater than or equal to
zero.

Return true if ul is less than u2, unsigned.
Return true if ul less or equal to u2

unsi gned.

Return true if ul is greater than u2, unsigned.
Return true if ul greater or equal to u2,

unsi gned.

Return the value false (zero).
Return the value true (negative one).

Control -fl ow commands
Condi ti onal branches

i f
el se
t hen
Case st at enent
case
of

endof

endcase

If flag is true, execute follow ng code.
When if flag was fal se, execute foll owi hg code.
Termi nate an if construct.

Begin a case (nultiple selection) statenent.
Begi n of clause, execute through endof if
par ans mnat ch.

Mark end of clause, junp to end of case if
mat ch.

Mark end of a case statenent.

Condi ti onal | oops

begi n
until

again
whi | e

r epeat

Count ed | oops
do

?do
| oop
+l oop

i

J

| eave
?l eave

unl oop

O her control
eval
eval uate
execut e

exit

Error handling
qui t
abort
abort"
catch

t hr ow
Forth dictionary
Defi ni na wor ds

Begi n a conditional |oop.

End a begin...until loop. Exits loop if flag
is true.

End an (infinite) begin...again | oop.
Conditional test within begin...while...repeat
| oop.

End a begin...while...repeat [oop. Junp to
begi n.

Start a counted | oop, beginning index value is
start.

Sinmlar to do, but do not execute loop if
limt = start.

Add one to index, then return to the previous
do or exit the | oop

Add delta to index, return to the previous do
or exit the I oop.

Return current | oop index val ue

Return next outer |oop index val ue.

Exit this do or ?do | oop i mediately.

If flag is true, exit this do or ?do | oop

i medi at el y.

Di scard | oop control paraneters.

fl ow commands

Synonym for eval uate

Interpret Forth text fromthe given string.
Execut e the conmand whose execution token is
xt.

Exit fromthe currently-executing conmand.

Abort program executi on.

Abort program execution, clear stacks.

If flag is true, display text and call abort.
Execut e command indicated by xt. Return throw
resul t.

Transfer back to catch routine.



const ant Create a naned constant. new nane returns
val ue X.

2const ant Create a naned two- nunber constant.

val ue Create a naned variable, change with to.

vari abl e Create a naned variable. new nane returns
addr ess a-addr.

buf fer: Creates a named data buffer. new nane returns
addr ess.
Begin creation of a colon definition

; End creation of a colon definition.

alias Create a new command equi val ent to an existing
command.

def er Create a command with alterabl e behavior,
alter with to.

struct Start a struct...field definition

field Create new field of fset specifier, naned
new nane.

Ccreate Create a new command, behavi or set by further
commands.

does> Specify run-tine behavior of a created word.

$create Cal|l create, new nane specified by nanme-string.

mar ker Define a marker for subsequent dictionary

cl eanup.

Di ctionary comands
Data space all ocation

her e Return current dictionary pointer.
al | ot Al'locate len bytes in the dictionary.
align Al'l ocate dictionary bytes to | eave top of
dictionary var-aligned.
c, Conpile a byte into the dictionary.
w, Conpil e a doublet winto the dictionary
(doubl et -al i gned).
I, Conpile a quadlet into the dictionary
(doubl et -al i gned).
, Conpile a cell into the dictionary (doubl et-aligned).
| nedi at e wor ds
i medi at e Decl are the previous definition as
"i mmedi ate".
state Variable containing true if in conpile
state.
[ Enter interpret state.
] Enter conpile state.
conpi l e Conpil e following cormand at run tine.
[ compi | €] Conpil e i nmedi atel y-fol |l owi ng comand.
literal Conpil e a nunber, later leave it on the
st ack.
post pone Del ay execution of inmmediately-follow ng
conmand.
conpi l e, Conpi |l e the behavi or of the word given by
xt.
Dic

tionary search

["] Return execution token xt of a comand.
’ Return execution token xt of a command,
parsed | ater.
Fi nd conmand,
(i nmedi ate),
M scel | aneous di ctionary

find return -1 (found), +1

or 0 (not found).

to Change val ue or defer or machi ne register
contents.
behavi or Retri eve execution behavi or of a defer word.

Convert execution token to data field
addr ess

>body



body> Convert data field address to execution
t oken.

noop Do not hi ng.

recursive Make current definition visible, for
recursive call.

recurse Conpil e recursive call to the comand being
conpi | ed.
forth Make Forth the context vocabul ary.
envi ronnent ? Return systeminformation based on input
keywor d.
Assenbl er
code Begi n creation of machi ne-code command call ed
new nane.
| abel Begi n machi ne- code sequence, |eave addr on
st ack.
C; End creation of machi ne-code conmand, will
return to caller.
end- code End creation of machi ne-code sequence.
Admi ni strati on conmand group

Hel p

hel p Provide information for category or specific comand.
System startup

Power On Sel f Test (POST)

System Initialization

Eval uate the script (if use-nvranrc? is true)

probe-all (eval uate FCode)

install-consol e

banner

Secondary Di agnostics

Default boot (if auto-boot? is true)

Suppression of "probe-all install-console banner" sequence
when ei ther banner or suppress-banner is executed fromthe
script.

Booti ng

Devi ce and argunent sel ection controlled by configuration

vari abl es

aut o- boot ?
boot - conmand

di agnosti c- node?
boot - devi ce

boot-file
di ag- devi ce
diag-file

Argunent passi ng
"boot path" property in the /chosen node.
"boot args" property in the /chosen node.
User conmands for booting

Resol ves boot command anbi guity
If the word foll owing boot on the conmand |ine begins
with a slash ( / ) character, it is a device-path and,
t hus, a device-specifier.
O herwise, if there is a device alias matching that
word, the word is a device-specifier.
If that word is neither a device-path nor a known ali as,
the default boot device is used and the word is

i ncluded in the boot argunents.

User conmands
boot Load and execute a specified program
di agnostic-node? |If true, boot fromdiag sources,

performlonger selftests.
di ag-swi tch? If true, diagnostic-node? returns true.
boot - devi ce Def aul t boot devi ce-nanme when
di aanosti c-node? i s fal se



boot-file Def aul t boot argunments when
di agnosti c-node? is fal se.

di ag- devi ce Def aul t boot devi ce-nane when

di agnosti c-node? is true.
diag-file Def aul t boot argunments when

di agnosti c-node? is true.
aut o- boot ? If true, boot automatically after

power-on or reset-all.
Non-vol atil e nmenory
Configuration variabl es

Data Types
i nt eger
byt es
string
bool ean
security-node

Conmands to inspect and nodi fy configuration vari abl es.

set env Set the specified configuration
variabl e to the specified val ue.

$set env Set the specified configuration
variabl e to the specified val ue.

printenv Di splay current, default val ue of
configuration variable (or all).

set -defaul t Set specified configuration variable
to default val ue.

set-defaults Reset nost configuration variables to

their default val ues.
nodef aul t - byt es Create custom configuration vari abl e.
Open Firmnare Configuration Variabl es
Not all variables apply to all platforns.

aut o- boot ? If true, boot automatically after
power on or reset.

boot - conmand Command that is executed if
aut o-boot? is true.

boot - devi ce Devi ce from which to boot if
di agnosti c-node? is false.

boot-file Argunents passed to booted programif
di agnosti c-node? is false.

di ag- devi ce Devi ce fromwhich to boot if
di agnosti c-node? is true.

diag-file Argunents passed to booted programif
di agnosti c-node? is true.

di ag-swi tch? If true, run in diagnostic node.

f code- debug? If true, include nane fields for
pl ug-in devi ce FCodes.

i nput - devi ce Consol e i nput device (usually
keyboard, ttya, or ttyb).

nvranr c Contents of NVRAVRC.

oem banner Cust om CEM banner (enabl ed by
oem banner? true).

oem banner ? If true, use custom CEM banner

oem | ogo Byte array custom CEM | ogo (enabl ed

by oem | ogo? true). Displayed in
hexadeci mal .

oem | ogo? If true, use custom CEM | ogo (el se,
use default system | ogo).
out put - devi ce Consol e out put device (usually

screen, ttya, or ttyb).
screen-#col ums Number of on-screen col ums
(characters/line).
SCreen- #r ows Nunber of on-screen rows (lines).
security-#badl ogi ns Nunber of incorrect security
nassword attenmnt s



security-node Firmvare security level (options:

none, command, or full).

security-password Firmnare security password
sel ft est - #megs Megabytes of RAMto test. lgnored in

di agnosti ¢ node.

use- nvranrc? If true, execute commands i n NVRAMRC

during system start-up.

pci - probe-1i st Wi ch PCl bus device nunbers to probe

and i n what order.

littl e-endi an? If true, the endi an node of the

machine is little-endi an.

real - node? If true, the address transl ati on node

of Open Firmmvare is Real - Mode. |f
fal se, the address transl ati on node
is Virtual - Mode.

real - base This integer variable defines the

starting physical address to be used
by OQpen Firnmware.

real -size This integer variable defines the

si ze of the physical address space
whi ch can be used by Qpen Firnmware.

virt-base This integer variable defines the

starting virtual address which can be
used by QOpen Firnmnare.

virt-size This integer variable defines the

size of the virtual address space
whi ch can be used by Qpen Firnmware.

| oad- base This integer variable defines the

default | oad address for client
progranms when using the | oad nethod.
The default value is inplenentation
dependent .

r eboot - conmand- addr ess This integer variable defines

The scri pt

the (real) address of the
reboot command as defined in
Section 4.1 of the Power PC
bi ndi ng.

Edi t or keystroke conmand differences

e

<cr >
alo]
Kk
n
“p

a

Exits the script editor, returning to the Qpen
Firmvare command interpreter. The tenporary
buffer is preserved, but is not witten back to
the script. (Use nvstore afterwards to wite it
back.)

Inserts a newine at the cursor position and
advances to the next |ine.

Inserts a newine at the cursor position and
stays on the current |ine.

If at the end of a line, joins the next line to
the current line (i.e., deletes the newine).
Moves to the next line of the script editing
buf fer.

Moves to the previous line of the script editing
buf fer.

Di splays the entire contents of the editing

buf fer.

M scel | aneous

nvranr c Contents of the script.
use-nvranrc? If true, the script is evaluated at
system start-up
Edi t or comands
nvedi t Enter script editor (exit with ~c).

nvst or e Conv contents of nvedit temnorarv buffer



into the script.

nvquit Di scard contents of nvedit tenporary
buf f er.
nvrecover Attenpt to recover |ost script contents.
nvrun Execute the contents of the nvedit
tenmporary buffer.
I/ O control
Gener al

Creates "stdin" property in the /chosen node.
Creates "stdout" property in the /chosen node.
Uses serial port as diagnostic output device.
| mpl enent at i on- dependent action taken on failure to open
an i nput or output device.
Facilities

i nput - devi ce Def aul t consol e i nput devi ce.

out put - devi ce Def aul t consol e out put device.

stdin Vari abl e containing the ihandl e of the
consol e i nput devi ce.

st dout Vari abl e containing the ihandl e of the

consol e out put device.

screen-#col ums Maxi mum nunber of col ums on consol e
out put devi ce.

SCr een- #r ows Maxi mum nunber of rows on consol e out put
devi ce.

i nstall-consol e Sel ect and activate consol e i nput and
out put devi ces.

i nput Sel ect the indicated device for console
i nput .

out put Sel ect the indicated device for console
out put .

io Sel ect the indicated device for console

i nput and out put.

Security
password Pronmpt user to set security password.
security-node Contains | evel of security access
protection.
security-password Contains security password text string.

security-#badl ogins Contains total count of invalid security
access attenpts.

Reset
reset-all Reset the machine as if a power-on reset had
occurred.
Sel ft est
t est I nvoke the selftest routine for the
speci fied device.
test-all I nvoke "selftest” routines at and bel ow
speci fied node.
sel ft est - #nmegs Nunber of negabytes of nmenory to test.
di agnosti c- node? If true, boot fromdiag sources, perform
| onger sel ftests.
di ag-swi tch? If true, diagnostic-node? returns true

Cient program call back

cal | back Execut e specified client program call back
routine.

$cal | back Execute specified client program call back
routine.

sync Flush systemfile buffers, after a program

i nterrupt.



Banner

banner Di spl ay the system power-on banner.

suppr ess- banner Abbrevi ate system startup sequence after
the script.

oem | ogo? If true, banner displays customlogo in
oem | ogo.

oem | ogo Contai ns custom | ogo for banner, enabled by
oem | 0go?.

oem banner ? If true, banner displays custom nessage in
oem banner

oem banner Cont ai ns cust om banner text, enabled by

oem banner ?.

Device tree
show devs Show al | devices beneath the indicated node.

Devi ce ali as

deval i as Create device alias, or display current
alias(es).

nval i as Create non-volatile device alias, edit the
script.

$nvali as Create non-volatile device alias, edit the
script.

nvunal i as Del ete non-vol atile device alias, edit the
script.

$nvunalias Delete non-volatile device alias, edit the
script.

"screen” Standard string for alias created by

install -consol e.

Devi ce tree browsing

dev Make t he specified device node the active
package.

find-device Make t he device node dev-string the active
package.

devi ce-end Unsel ect the active package, | eaving none
sel ect ed.

pwd Di spl ay the device-path that nanes the
active package.

I's Di splay the nanes of the active package's
chil dren.

. properties Di spl ay nanes and val ues of properties of
the active package.

Devi ce probing
probe-al | Probe for all available plug-in devices.

Fi rmmvar e debuggi ng comand gr oup
Autormati c stack display
showst ack Turn on automatic stack display.
noshowst ack Turn of f showstack (automatic stack display).

Seri al downl oad
dl Downl oad and execute Forth text, end with ~d.

Di ctionary
Di ctionary search

.calls Di splay all commands which use the execution
t oken xt.

$sift Di splay all conmmand- nanmes cont ai ni ng
text-string.

sifting Di splay all conmmand-nanes contai ni ng specified

t ext



wor ds Di spl ay the nanes of nethods or conmands.

Deconpi | er
see Deconpil e the Forth conmmand ol d- nane.
(see) Deconpil e the Forth command whose execution
token is xt.
Pat ch
pat ch Change contents of specified word.
(pat ch) Change contents of word specified by xt.

Forth source-1evel debugger
<space> Executes the word just displayed and proceeds to
t he next word.

d Coes "down a level", i.e., mark for debugging
t he word whose nanme was just displayed and
execute it.

u Coes "up a level", i.e., unmark the word bei ng

debugged, mark its caller for debuggi ng and
finish executing the word that was previously
bei ng debugged.

c "continue"; switch fromstepping to tracing,
thus tracing the remai nder of the execution of
t he word bei ng debugged.

f Starts a subordinate Forth interpreter. Forth
commands nay be executed nornally. Wen the
resune conmand i s encountered, the interpreter
exits and control returns to the debugger at the
pl ace where the f keystroke was execut ed.

q "Quits", i.e., aborts the execution of the word
bei ng debugged and all its callers, returning to
the command interpreter.

debug Mark the command ol d- name for debuggi ng.

(debug Mark the command indicated by xt for debuggi ng.
stepping Set "step node" (default) for Forth source-leve

debuggi ng.
tracing Set "trace node" for Forth source-leve
debuggi ng.
debug-of f Turn off the Forth source-level debugger.
resune Exit froma "subordinate interpreter" back to

t he stepper.

dient program debuggi ng comand group
Supports all standard Forth capabilities. |In addition:
Regi sters di spl ay

Saves the complete state of the machi ne whenever a
nmachi ne- 1 anguage program execution i s suspended.

CPU regi sters nay be exam ned and nodi fi ed.

Regi sters may be witten or read individually, or read as a
group.

For registers other than floating point registers, the
regi ster access comuands operate on nenory copi es of the
regi ster values, instead of directly on the processor
regi sters themnsel ves.

Fl oating point registers are accessed "in-pl ace".

Processor registers are copied to the saved-programstate
nenory area when a running programtransfers control to the
Qpen Firmnare as a result of a user abort, a program
breakpoi nt, or a severe systemcrash (resulting in a
wat chdog reset).

When execution of the suspended programis resunmed with the
go command, the processor registers are reloaded fromthe
saved-nroaram state area and anv nodi fications that the user



has made prior to resunption of the programw ||l then take
effect.
The regi ster nanes vary with processor type. For PowerPC they are:
% 0 through % 31
Return the value in the specified floating point
register.
% pscr
Return the value in the floating point status and
control register.
% 0 through % 31
Return the value in the specified fixed-point register.
%sprg0 through %sprg3
Return the value in the specified SPRG register.
%rr0 and %rrl
Return the value in the specified Save/ Restore register
%pcC
An alias for %rrO.
Y%cr %tr %r %rsr %%er
Return the value in the specified register.
Execution of a register nane pushes the value contained in
that register (or its nenory copy) onto the stack. The val ue
nmay be changed with the to conmand.

ctrace Di spl ay saved call stack (subroutines calls
and argunents).
.registers Di splay values in %0 through % 31, %prg0

through %prg3, %rr0 and %rrl, plus %r,
Y%tr, %r, %sr, %er
.fregisters Di splay the values in %0 through % 31

. pc Di splay the value in %pc.
to Change the value stored in any of the above
registers.

Program downl oad and execute

| oad Load a program specified by parans.

go Execute or resume execution of a programin
menory.

state-valid Variable, true if saved-programstate is valid.

init-program Initialize saved-progran state.

Abort and resune
Control -Break Suspend the currently executing program
savi ng processor state in the
saved- program state nenory area, and enter the
Qpen Firmaare conmand interpreter.
go Execute or resume execution of a programin
menory.

D sassenbl er

dis Begi n di sassenbling at the given address.

+di s Conti nue di sassenbling where dis or +dis |ast
st opped.

Br eakpoi nts

. bp Display a list of all |ocations which are
breakpoi nt s.

+bp Add the given address to the breakpoint |ist.

- bp Renove the breakpoint at the given address.

--bp Renove nost recently-set breakpoint (repeat if
desired).

bpof f Renove all breakpoints fromthe breakpoint
l'ist.

st en Executes a sinale nmachi ne-code i nstructi on.



st eps Execute step n tines.

hop Execute single instruction, or entire
subroutine call

hops Execute hop n tines.

go Execute or resume execution of a programin
nmenory.

gos Execute go n times.

till Execute until the given address. Equival ent to:

+bp go

return Execute until return fromthis subroutine.

. br eakpoi nt Action perfornmed when breakpoi nt occurs.

.step Action performed when a single step occurs.

.instruction Di spl ay next pending address and instruction.

Synbol i ¢ debuggi ng

. adr Di splay synbolic formfor the given address.

sym Return val ue of specified client program
synbol .

sympval ue Def er word to resol ve synbol nanes.

val ue>sym Defer word to resolve synbol val ues.

FCode debuggi ng command gr oup

ext er nal Newl y-created functions will be visible.

header| ess Newl y-created functions will be invisible.

header s Newl y-created functions will be optionally
vi si bl e.

f code- debug? If true, save nanmes for FCodes with headers.

open- dev Open device (and parents) naned by given

devi ce-specifier.
begi n- package Set up device tree, before creating new node.
cl ose- dev Close device and all of its parents.
end- package Close the device tree entry set up with
begi n- package.
execut e- devi ce- et hod
Execute the naned nethod in the specified
package.
appl y Execut e nanmed nethod in the specified package.
decode- byt es Decode a byte array from a prop-encoded-array.

Tokeni zer
Host systens

Uni x

VB- DOS(r)

W ndows(tm NT

Tokeni zer Behavi or

Read an FCode text file, one word at a tine.

If the word read is an existing FCode nanme (with an assigned
FCode#), generate the appropriate FCode# and append that nunber
to the FCode binary file.

If the word read is a standard Tokeni zer nmacro (indicated by a
type-code of "T"), generate the appropriate series of FCode# s
as specified in the description of the command. Some macros
will cause nore words to be read fromthe i nput FCode text
file. These usually have a stack conmment including [...], i.e.
[text<delinp].

If the word which was read is a Tokeni zer-only command (these
are listed later), performthe appropriate action as specified.

QO herwi se, print an error nessage that the particular word is not
recogni zed.

Tokeni zi ng behavi or continues until the end of the FCode text
file is encountered. If there were no errors, the FCode binary
file is created.

Tokeni zer - onl v conmands



Manual Token
t okeni zer

] t okeni ze
emt-byte

Fil e inclusi
fl oad

i zer out put

[ Enter Tokeni zer-escape node, allow ng nanual
FCode generation

r Exit Tokeni zer-escape node, resunes FCode
i nterpretation.
Qut put gi ven FCode#, only in Tokenizer-escape
node.

on
Insert the specified file at this point.

Fi r MMdr ks Experience-Driven EXtensions

Addi ti onal Keyb
Control -Al t -
Control -Al t -

Addi tional too

edi t env Di
an

oard Chords
D Enter diagnostic node
N Reset NVRAM contents to default val ues

s for working with configuration variabl es
splays the current value of the specified variable
d enabl es use of normal line editing keystrokes. |If

vari abl e does not exist, creates it.

Addi ti onal cont

F

definitions
only

al so

previ ous

or der
si ft-devs

e system ext
X:

df
pcwd

chdir <direc

chdir" direc

dir [pattern

dir" pattern

nkdi r direct

nkdir" direc

rndir direct

rol over the dictionary
Make t he current vocabul ary the context vocabul ary.
Resets search order to initial state.
Duplicates the first vocabulary in the search
order.
Drops the first vocabulary in the search order.
Di spl ays the current search order.
Sinmlar to sifting, but searches the nmethods in
the device tree’'s nodes instead of the dictionary.

ensi ons

Change the current drive to x, where x is a function
of the drives avail able on a given system Typical
systens have a:, c¢: and maybe d: or e:.

Di spl ays the nunber of bytes available on the
current drive.

Di splay the nanme of the current working directory.
tory-name> Change the current working directory to
the directory specified by

<di rect ory- nane>.

tory-name" Sinilar to chdir except that
directory-nanme is delimted with a
trailing "

] Display the statistics of the files and/or
directories specified by pattern. pattern nay
contain the wildcard characters listed in the
table below. If patternis null, display the
current working directory. |If pattern explicitly
specifies the nane of a directory, display the
statistics of the contents of that directory.
Sinmlar to dir except that pattern is delimted
with a trailing " .
ory- nane Create the directory specified by
directory-nane. If directory-namne
contai ns no pathname conponents, create
directory-name in the current working
directory.

tory-name" Sinmilar to nkdir except that
directory-nanme is delimted with a
trailing "

or v- nane NDelete the directorv sneci fi ed bv



directory-nane. If directory-nane
contai ns no pat hnane conponents, delete
directory-name fromthe current working
directory.

roidir" directory-nane"” Simlar to rndir except that

directory-nanme is delimted with a
trailing "

Sone file system commands all ow the use of wldcard characters
in their filename argunments; wildcard characters are not
permitted in directory nanmes. The avail abl e wildcard characters

are:
Synt ax Functi on
: Separates filenanes fromfile extensions as in foo. bat
* Mat ches zero or nore characters.
? Mat ches exactly one character including peri ods

(i.e.

Al'l other characters match a single occurrence of thensel ves.

copy filenanel

copy pattern d

del ete pattern

del pattern

rmpattern
del ete" patter

del" pattern”
rm pattern”

filename2 Make a copy of the file naned
filenamel in a new file nanmed
fil ename2.

irectory Make a copy of all files matching
pattern in the directory naned
directory.

Delete all file(s) matching
pattern. If pattern contains no
pat hnanme conponents, del ete al
files matching pattern fromthe
current working directory.
An alias for delete.
An alias for delete.
n" Simlar to del ete except that
pattern is delimted with a trailing

An alias for delete".
An alias for delete".

renane filenanel fil ename2 Change the nanme of the file named

ren fil enanel
mv filenanmel f

$chdir

$copy
$create-file
$del et e
$del et e-al |
$df

$dir

8Sdi sk-sj 7ze

filenamel to fil ename2.
filenane2 An alias for renane.
il ename2 An alias for renane.

Change to the specified directory.

Copy the contents of filel to file2

Create the specified file returning the handl e
with which to access it.

Del ete the specified file.

Delete all files nmatching the specified

pattern. See table above for the wildcard
characters and their meanings.

Return as a doubl e nunber the nunber of avail able
bytes on the specified file system(e.g. " a:" ).
Display the statistics of the file(s) and/or
directory(ies) matching the specified pattern. See
above table for the wildcard characters and their
neani ngs. If pattern is null, display the current
working directory. |f pattern explicitly specifies
the name of a directory, display the statistics of
the contents of that directory.

Return as a doubl e nunber the total size in bvtes



of the specified file system(e.g. " a:" ).

$nkdir Create the specified directory.

$renane Change the nane filel to file2. Pattern characters
are allowed in the specification of filel

$rdir Del ete the specified directory. Pattern characters

are allowed in the specification of filel

Fil e | oadi ng extensions
dl f code Downl oads tokeni zed FCode over a serial link
dl bin Downl oads a binary file over a serial l|ink

Br eakpoi nt ext ensi ons
finish-1oo0p Execute until the end of this | oop.
returnl Execute until the end of this |eaf subroutine.
skip Do not execute (skip) the current instruction

Source | evel debugger extensions

g Turn of f the debugger and continue execution.

S Deconpil e the word bei ng debugged.

$ Di splay the address,len on top of stack as a text string.

h Di spl ay docunentation on source debugger keystroke commands.

? Di splay brief docunmentation on source debugger keystroke
commands.

( Moves the begi nning of the debug region to the current position

in the word bei ng debugged.

) Moves the end of the debug region to the current position in the
word bei ng debugged.

* Expands the debug region to include the entire word.

< Moves the begi nning of the debug region to just after the current
position in the word bei ng debugged, and noves the end of the
debug region to the end of that word. (Useful for skipping past
the end of a loop. Step to the word that ends the |oop and type
n <|l . )

debug- ne
Conpi l e debug-ne into a word to cause the debugger to debug the
word cont ai ni ng debug-ne once debug-ne is first encountered.

debug(
Conpi l e debug( into a word to invoke the debugger, and nake the
debugger’ s scope begin just after debug( and continue to the end
of the word contai ni ng debug(.

) debug
Conpil e )debug into a word to invoke the debugger, and nake the
debugger’s scope end just after the call of )debug.

Debuggi ng hooks and tools
Speci al vocabul ari es
nmagi c- properties Can be used to add custom di aghostic
nmessages to nane and other words. Can
be used to snoop property creation
nagi c- devi ce-types Can be used to snoop device_type
creation.

Devi ce net hod debuggi ng
sel ect sel ect reads a pathname fromthe input
stream and creates an instance chain to
t he specified node.

sel ect - dev Li ke sel ect except that the pathnane is
passed as a string on the stack
begi n- sel ect Li ke sel ect except that it doesn't execute

the open nmethod at the end of the pathnane.

begi n- sel ect - dev Li ke sel ect-dev except that it doesn’t
execute the open nethod at the end of the
nat hnanme



FCode debuggi ng
fcode-verbose? A flag variabl e which when true causes
extrenely verbose FCode conpil ation during
probi ng and FCode eval uati on.

Hooks for expandi ng di agnostic nessage detail
f m hook Expands "uni npl enent ed package nethod"
di agnosti ¢ nessage.
i ncl ude- hook Causes the systemto print the nane of each
file as it is opened.
ci f-error-hook Wites a diagnostic nessage when the client
interface is requested to performa
non- exi st ant service.

Expansi on of client programinterface di agnostic nessages

ver bose-ci f Causes a diagnostic nessage to be witten to
t he out put device each tine a client interface
service is called. The display includes the
nane of the service, the input paraneters to
the service and the result(s) fromthe service.

silent-cif Turns of f the diagnostic nessages enabl ed by
ver bose-ci f.

Exception di agnostic detai
ftrace Shows the sequence of Forth words that were being
executed at the tine of the | ast exception

Deconpi | er extensions
see-chain Deconpiles all of the entries in a "chai ned" word
e.g. stand-init

Tokeni zer extensions

pci - header Qut puts a PCl Expansi on ROM header using default
val ues for "vital product data pointer", "revision
| evel ™ and "indicator".

pci - header-end Conputes the value of the "inage length" field
of the PCl Expansi on ROM header and updates the field.

set-rev-level Mdifies the default value used by pci-header for the
"vital product data pointer" field.

set-vpd-offset Mdifies the default value used by pci-header for the
"revision level" field.

not -l ast-inmage Modifies the default val ue used by pci-header for the
"indicator" field.



