This Draft (#4) documentontainsall the erratadiscoveredo datein IEEE Std1275-1994 Standardfor
Boot (Initialization Configuration) Firmware: Core Requiremeatsl Practices includingthe threenew
onesdiscoveredsince draft #1, the one approvedat the 9/20 meeting, and the typos reportedand
approved at the 10/31 meeting.
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Sshort rationalefor the change(thanksto Mitch). Changebars indicate the modified text lines. To facilitat eé
Sdiscussiorandverification of the changesdeletedtext is formattedas strike-outand addedtext is underlined.InZ
Ethe final documentthe deletedtextwill be hiddenandthe addedtext unmarkedthe changebarsandtheseboxe€

Swill remain). g
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10 The lEEE editor will generatehe restof their boilerplatetext, but we will haveto provide the list of
11  committee members at the time this document (P1275.7) is approved.

12  -John Rible, draft editor
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13 EIntroduction z
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15 Firmwareis the read-only-memorfROM)-basedsoftwarethat controlsa computerbetweernthe time it is turned
16  on andthe time the primary operatingsystemtakescontrol of the machine.The responsibilitiesof firmware
17  includetestingand initializing the hardware,determiningthe hardwareconfiguration,loading (or booting) the
18 operating system, and providing interactive debugging facilities in case of faulty hardware or software.

19  Historically, firmware design has been proprietary and often specific to a particular bus or instruction set
20  architecturg(ISA). This neednot be the case.Firmwarecan be designedio be machineindependentind easily
21  portable to different hardware. There is a strong analogy with operating systémss@spectPrior to the advent
22 of theportableUNIX® operatingsystemin the mid-seventiesthe prevailingwisdomwasthat operatingsystems
23  must be heavily tuned to a particular computer system design aneffiaciss/ely proprietaryto the vendorof that
24  system.

25  |EEE Std 1275-1994(OpenFirmware)is basedon Sun Microsystem&® OpenBootM firmware. The OpenBoot
26  designeffort beganin 1988,whenSunwasbuilding computerdasedon threedifferent processofamilies. Thus,
27  OpenBootwasdesignedrom the outsetto be ISA-independentThe first versionof OpenBootwasintroducedon
28  Sun's SPARCstatiohfM 1 computers.Based on experiencewith those machines,OpenBootversion 2 was
29 developed and was first shipped on SPARCstation 2 computers. This standard is based on OpenBoot version 2.

30 Open Firmware has the following features:

31 — A mechanismfor loading and executingprograms(such as operatingsystems)from disks, tapes,network
32 interfaces, and other devices.

33 — An ISA-independentmethod for identifying devices“plugged-in” to expansionbusesand for providing
34 firmware and diagnostics drivers for these devices.
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— An extensible and programmable command language based on the Forth programming language.
— Methods for managing user-configurable options stored in non-volatile memory.

— A “call back” interface allowing other programs to make use of Open Firmware services.

— Debugging tools for hardware, firmware, firmware drivers, and system software.

The following individualswere memberf the P1275Working Groupat the time IEEE Std 1275-1994
this-decumentvas produced:

William M. (Mitch) Bradley , Chair
David M. Kahn, Vice Chair
John Rible, Draft Editor
Luan D. NguyerMike Williams-, Secretary

Paul Fischer Thanos Mentzelopoulos Paul Thomas
Ron Hochsprung David Paktor Mike Tuciarone
Michael Saari Mike Williams
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£2.3 Definitions of terms

L
B

EEditoriaI change: correct t POS and references. glOnIk/ the changed terms are included.)
ARy

The following definitions give the meaningsof the technicalterms as they are usedin this standard.Terms
definedhereinareitalicized upontheir first occurrencan eachsubclausehroughoutthe restof the document.
Terms related to the Forth programming language are defined in ANSI X3.2153-1994.

2.3.1active package:The packagejf any, whosemethodsare accessibldoy nameto the commandinterpreter,
and to which newly created methods @ndperties are added.

2.3.7cell: The primary unit of information in the architecture of a Forth System23e2.ANSI X3.215-1994.

2.3.75printable character: A characteiin the range0x21 throughOx7E or the rangeOxA1l through OxFE{see
2.3-3).See ISO 8859-1: 1987.

BRIy
£3.6-4 Expansion bus device class template

EEditoriaI change: improve a possibly misleading short description.

§Editorial change:add a sectionto describethe recommendedechniquefor using existing standardwords tos

Shandlebus-dependentegisteraccesssemanticsand explain why the userinterfaceversionsof thosewords areg

Elelﬁllm ||{|ﬁ|m9|}|/|%ﬂ|'u||||||||||||||||||u||||||||||||u||||||||||||||||||||||u||||||||||||u||||||||||||u||||||||||||||||||||||u||||||||||||u||||||||||||u||||||||||||||||||||||u||||||||||||u||||||||||||||||||||||||||||||§
A memory-mapped bus logically extends the processor's memory address space tdliedediEeson thatbus,
allowing the useof processofoad andstorecyclesto directly addresghosedevices.The detailsvary from busto
bus. This standarddoesnot specify the adaptationof Open Firmwareto any particular bus, but other related
standards do so specify (see 2.1).

3.6.4.1 Bus-specific methods and properties

This subclausdists a setof methodshat dealwith requirementcommonto mostmemory-mappedbuses.This
subclauses intendedasa suggestedtartingpoint for the developmenbf completesetsof methodsfor particular
buses;also seerelatedstandardssuch as IEEE Std 1275.2-1994.The methodsprovide mapping servicesfor

establishingthe correspondenceetweenprocessorvirtual and device physical addressesallocation of DMA

memory, and probing to locapdug-in devices

map-in ( phys.lo ... phys.hi size -- virt) Map the specified region; return a virtual address.
map-out (virt size --) Destroy maping from previousnap-in .

dmaalloc (... size --virt) Allocate a memory region for later use.

dmafree (virt size --) Free memory allocated wittma-alloc

dmamap-in (... virt size cacheable? -- devaddr) Convert virtual address to device bus DMA address.
dmamap-out (virt devaddr size --) Free DMA mapping set up withma-map-in .
dmasync (virt devaddr size --) Synchrorize (flush) DMA memory caches.

probe -self  ( arg-str arg-len reg-str reg-len fcode-str fcode-len --Bvaluate FCode as a child of this node.

The following properties are specific to this classi@fice node

linformation on references can be found in 2.1.
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“ranges " Standardgproperty nameo define ebus-specific address translatialevice'sphysieal |
“#address -cells ” Standardgproperty nameo define the package’s address format.

“#size -cells " Standardgproperty nameo define the package’s addresseformat.

3.6.4.2 Bus-specific register access words

Someexpansiorbus adaptorshave characteristicghat interferewith the semanticof the register-acceswords,
rb@rb!, rl@rl!, rw@ andrw . For example,somebus bridgesswap bytes and othersbuffer their write
operationsBus packagedor suchdevicesshall substitute aswith set -t oken, conformingimplementationsf
the reqister-ecess words during the evaluation of their childrens’ FCode programs.

Suchbus-specificregister-acceswords can be written in terms of the “generic” reqgister-acceswords, in the

expectationthat the parentbus will have substitutedimplementationsof thosewords that handleany peculiar
characteristicamposedby the parentbus.For example supposea busadaptemevicesupportsa busthat reverses
the orderof doubletswithin quadletsit cannot predictthe characteristic®f its parentbus,for exampe, whether
its parentbus reverseghe order of byteswithin a doublet. The FCodeprogramfor sucha bus adapterwould

include a definition of a bus-specific quadlet register-read word that might look something like this:

ny-rl @( gaddr -- quad ) rl@lwlip ;

When the FCode for this worddefinition is evaluatedthe definition of r | @thatwill getcompiled-inwill bethe
one that was substitutedoy the nodeof the parentbus. The nodeof the presentbus adapterwould then, before
evaluatingts childrens’ FCode programs, have to perform a substitution that might look something like this

['] ny-rl @h# 234 set-token

Becausesucha substitutiontakesplaceat the time of evaluationof an FCodeprogram,it becomegroblematical
to ensurethat the semanticf the intendedregister-acceswordswill be visible at the userinterfacelevel. For

this reasonijt is recommendethatdevicenodesfor child-devicessupplydefinitionsfor the register-acceswords
that will bind the semantics that wesigbstitutedfor the device’sbusto the userinterfacename.Sucha definition

can be very simple, and might look something like this:

rl@( gaddr -- quad ) rl@;

The net effect of sucha definition would be that whenthe deviceis selectedandthe userentersthe namer | @
the useiinterfaceinterpretemwill find the namethatoccursin the device’snode;thatnamewould be boundto the
behaviorthat was installedin the FCodeinterpretationtoken-tableat the time the device node’s FCodewas
evaluated, causing the correct behavior to be executed.

BRI g
=3 Memory management device class template E

EEditoriaI change: make stack references consistant with glossary.

=Normative change: add a method that additional experience with IEEE Std 1275-1994 has shown to be r2quired.

An MMU is a devicethat performsaddresstranslationbetweena CPU’s virtual addressesand the physical
addresse®f somebus,typically the busrepresentedby the root node In generalthe detailsare both processor-
specific and bus-specific. This standard does not specify the adaptation of Open Fiorangngatticular MMU,

but other related standards may so specify (see 2.1). This standard does not require the presence of an MMU.

This subclausdists a set of methodsthat deal with requirementcommonto most MMUs. This subclauses
intendedasa suggestedtartingpoint for the developmenbf completesetsof methodsor particularMMUs. The
methodsprovide servicedfor fine-grainedcontrol of the allocationand mappingof virtual addressesarticularly
intendedfor use by client programsthroughthe call -method client interface service (seealso the “mmu
property of the /chosen node).In general,the useof thesemethodsmakesa client programsystem-specific;

41414 |
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neverthelesgheyareusefulin somecircumstanceslhe argumentandresultsshownareintendedasguidelines;
2 particular MMUs might require additional arguments or changes to the arguments shown.

3  Thepresenceof an MMU nodedoesnot imply that the OpenFirmwareis necessarilyusing virtual-to-physical
4  address translation hardware.

5  The following methods, defined in the glossary, are recommended for pdkhges
6 claim ([ virt] lensizealign -- base) Allocate (claim) addressable resource |
7 release (virt lensize--) Free (release) addressable resource. |
8 map ( phys.lo ... phys.hi viffen sizemode...-- ) Create address translation |
9 unmap (virt lensize--) Invalidake existing address translation. |
10  modify (virt lensizemode...--) Modify existing address translation. |
11  translate (virt -- false | phys.lo ... phys.hi modetrue ) Translate virtual address to physical address. |
12  Additional requirements for thdaim andrelease methods:
13 — The address formatjrt, is a single-celvirtual address
14 — The allocation lengtHensize, is a single cell.
15 — The allocated resource is a region of virtual address space.

16  The following properties are recommended for MMU packages:

17 “available " The property values are as defined for the standagl™ format, with single-cell virtual

18 addresses. The regions of virtual address space denote the virtual address space that is currently
19 unallocated by the Open Firmware and is available for use by client programs.

20 “existing " The value of this property defines the regions of virtual address space managed by the MMU in
21 whose package this property is defined without regard to whether or not these regions are

22 currently in use. The encodingswft andlen are MMU-specific.

23  ‘“page-size " The value of this property is the number of bytes in the smallest mappable region of virtual‘

24 address space.

25 NOTE—Freeingvirtual addressspacedoesnot necessarilyfree any associateghysicalresource .The correctsequencef
26 operationdor freeingmappedmemoryis to first useunmap, thusdestroyingthe translation. Thenthe physicalmemoryand
27  virtual address space can be freed withrélease methods of the respective nodes.
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28 support package

29 §Normative change: add two methodsto satisfy the requirementsof existing deblocker support packag
30 ESimplementations. IEEE Std 1275-1994 neglected to document this requirement.

AlNnnennm

31 ENormative change: add an explicit clarification of a reviouslly unstated requirement.
ARy

32 The“deblocker ” packageassistan theimplementatiorof byte-orientedead andwrite methoddor block-
33 orientedor record-orientedlevicessuchasdisksandtapes.t providesa layer of buffering to implementa high-

34 level byte-orientedinterface “on top of’ a low-level block-orientedinterface. The “deblocker ” support
35 packagedefines the following methods:

36 open (-- okay?) Prepare this device for subsequent use.

37  close (--) Close this previouslgpen ed device.

38 read (addr len -- actual ) Read device imt memory buffer; return actual byte count.
39  write (addr len -- actual ) Write memory buffer to device; return actual byte count.
40 seek ( pos.lo pos.hi -- status ) Set device position for neréad or write

41  Any packagethat usesthe “deblocker ” support packagemust define the following methods,which the
42  deblocker uses as its low-level interface to the device.
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block -size ( -- block-len) Return “granularity” for accesses toghdevice.
max-transfer (-- max-len) Return size of largest possible transfer.

read -blocks (‘addr block# #blocks -- #read ) Read#blocks starting ablock# from device into memory.
write -blocks (‘addr block# #blocks -- #written ) Write #blocksfrom memory into device, starting lalock#
dmaalloc (_size -- virt) Allocate a memory region for later use.

dmafree (virt size --) Free memory allocated wittma-alloc

NOTE—AlIthough, in general, methodsfor somebusseshaveoptional parametersthe methodfor physicaladdressesghat
use the deblocker packagleall not require optional parameters
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§4.3 Path resolution

ENormativechangeccorrectan errorin the pathresolutionprocedurethat occurswhenthereis a devicealias“a”
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This section defines tharocesof resolvinga devicepath given by a device-specifierTherearethreecontextsin
which this can occur:

— find -device . In this context,the intentionis to locatethe nameddevicenode and selectit asthe active
packagewithout any other side effects.

— open-dev . In this context,the intention is to openevery node namedin the path by executingits open
method,therebycreatingan instancechain,andto returnthe ihandle of the nodeat the tail endof the chain
(the node farthest from the root node).

— execute -device -method . In this context,the intentionis to openeverynodenamedin the path except
for the last nodeAn instance chairs createdjncluding aninstancefor the lastnode,butinsteadof executing
thatlastnode’'sopen method,a differentmethod,givenasanargumentjs executedThenthe openinstances
areclosedand the instance chain is destroyed.

The overall structureof the pathresolutionprocesss the samein all threecontexts.This descriptionshowsit as
one processwith conditionaltestsat placeswherethe details are context-dependentiowever,it neednot be
implemented that way; for example, each context could be implemented separately.

The processs describedn Englishasa setof procedureseachconsistingof stepsthat are generallyexecutedn
order, with the scope of conditional tests shown by indentatiotoapthg structuresshownby labelsand“go to”
lines. It makesliberal useof variablenamesto identify intermediatedataitems. The scopeof suchvariablesis
“global” with respecto the proceduresThe useof thesevariablenamesdoesnot imply that an implementation
mustor shouldusesuchvariables;they areusedsolely for descriptivepurposesSimilarly, the descriptionof the
processin terms of proceduresdoesnot imply that the implementationshould be so structured;the separate
procedures were used in the description so that the top-level description would not be unwieldy.

The following notation describes the parsing of pathnames into component parts:

left-split(string, “X”) -> initial, remainder
String initial, andremainderare the names of string variables, axiti§ a character.
Left-split divides string into two disjoint substrings,setting initial to the portion of string before the first
occurrenceof the character‘x”, and remainderto the portion of string following the first occurrenceof the
character'x”. Neitherinitial nor remaindercontainsthatfirst occurrenceof “x”, althoughremaindermay contain

otherlater occurrence®f that characterlf string doesnot containthe character'x”, initial is setto string in its
entirety, andemainderis set to the empty string.

- string, " imitial indler
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split-beforeétring, “x”) -> initial, remainder

Split-before is similar to lefsplit, except that if X" occurs instring, remainderbeginswith thefirst occurrenceof
“X" (left-split removes the first occurrence“ef from remaindej

split-after6tring, “x") -> initial, remainder

Split-after is similar to split-before,exceptthat the division of the string occursafter the last occurrenceof the
character'x”. If “x” occursin string, initial endswith “Xx”, andremainderbeginswith thefirst characterjf any,
following thatlastoccurrenceof “X". If “X” doesnot occurin string, initial is setto string andremadnder is setto

the empty string.

The use of the precedingnotation does not necessarilyimply the existenceof functions named left-split,
split-before, and split-after-and-right-split; it is simply a notational convention.(This standarddoesdefine a
functionleft -parse -string  whosesemanticsare very similar to left-split, but the detailsof returningthe
results are somewhat different.)

In searchingor a matchingnode,the orderin which the variouschild nodesare considereds unspecified At the
implementation'sliscretion,if no matchis found amongthe children,the searchmay be widenedto include the
children's children, recursively to any depth.

In the following algorithmic description (4.3.1 through 4.3.5), the text enclosed in boxes is commentary describing

the intention of the algorithm. The text outside of the boxes is definitive.

431 Path resolution procedure (top level procedure)

If the pathnamealoes not begin with “/”, and its firstode nam&omponent is aalias replace thaliaswith its
expansion.

a) If PATH_NAME does not begin with the “/” character,
1) Left-splitSplit-befordPATH_NAME, /") -> HEAD, TAIL. ‘
2) Left-splitSplit-befordHEAD, “”) -> ALIAS_NAME, ALIAS_ARGS. ‘
3) If ALIAS_NAME matches a defined alias,
i) Replace ALIAS_NAME with its alias value.
i) If ALIAS_ARGS is not empty:
a) Right-spliSplit-afte(ALIAS_NAME, /") -> ALIAS_HEAD, ALIAS_TAIL.
b) Right-spliSplit-beforéALIAS_TAIL, ") -> ALIAS_TAIL, DEAD_ARGS.

c) IfALIAS HEAD is notempty,
Concatenate(ALIAS HEAD#4-ALIAS_TAIL, ALIAS ARGS) -> ALIAS FAILNAME.

“.n
DR
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iii) 1 TAIL is-empty, replace PATH-NAME with ALIAS _NAME.

iv)—Otherwise-(when TAlL-isnotempty),
Concatenate(ALIAS_NAME;”,-TAIL) -> PATH_NAME.

If the pathnameafter possible alias expansion, begins with “/”, begin the search at the root node. Otherwig
begin at theactive package

b) Otherwise(wheli the (possibly expanded)ATH_NAME begins with the “/” character),

1) Remove the “/” from PATH_NAME.
2) Set theactive packagé¢o the root node.

c) If there is no active package, exit this procedure, returfaisg

If the pathnameafter possible alias expansion, begins with “/”, begin the search at the root node. Otherwig
begin at theactive package
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=<<<The remainder of clause 4.3 is unchangled.>>> =
ARy e
BRI g
£5.2.2.2 Fcode-offset E
ZEditorial change: clarify the matchinﬂ of control-flow primitives ¢ase andif constructs. z
AR e
Either
byte Encodes an 8-bit signed (tw@smplement) offset.
or
byte.high byte.low Encodes a 16-bit signed (two's complement) offset.

A conditionalor looping control transferis representedby a pair of FCodefunctions An FCode-offsespecifies
the numberof bytesin the FCodeprogrambetweentwo correspondingcomponentf a control flow construct.
The offsetis calculatedasthe numberof FCodebytesfrom the first byte of the offsetto the byte just after the
“target” of thecontroltransfer.A positiveoffsetcorrespondso a transferof controlin the “forward” (towardsthe
endof the FCodeprogram)direction,anda negativeoffsetcorrespondso the “backward” (towardsthe beginning
of the FCode program) direction.

The following control transferpairs are meaningful,with “. . .” representingan arbitrary sequenceof FCode
bytes:

ECode control transfer pair Example source construct
b(<mark) ... bbranch FCode-offset begin ... again
b(<mark) R b?branch A FCode-offset begin ... until

T B
b?branch A FCode-offse. .. b(>resolve) A if ... then
B T
b?branch  FCode-offsetl. .. bbranch Fcode-offs& ... b(>resolve) if ... else ... then
e AN N N N ————
B1 B2 T1 T2
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1 b(case) ... case

2 . b(of) Fcode-offsetl. .. b(endof) FCode-offset2 ...of ...endof
3 B1 B2 T1" .

4 . b(of) Fcode-offset3. . . b(endof) Fcode-offset4 ...of ...endof
5 B3 B4 73 .

6 b(endcase) endcase

7 T

8 T4

9 b(do) FCode-offsetl... b(loop) FCode-offset2 do ... loop
10 b(do) FCode-offsetl... b(+loop) FCode-offset2 do ... +loop
11  b(?do) FCode-offsetl... b(loop) FCode-offset2 ?do ... loop
12 b(?do) AFCode-offsetAl. . . b(+loop) AFCode-offset/g ?2do ... +loop
13 B1 T2 B2 T1

14  ThemarkersB” and T showthe “branch” and“target” locationsusedfor the calculationof the value of FCode-
15 offset The value is the signed number of FCode bytes bet®een T (positiveif B is beforeT). Bn/TnB1/F1-are |
16  for refer to the correspondirigCode-offsail-andB2/TF2-are forFCode-offset2 |

17 NOTE—On somedevices,FCode programsare storedwith “gaps” betweensuccessive-Code bytes. For example,each
18 FCodebyte might be storedin theleastsignificantbyte of a separatejuadlet,in which caseit might be necessaryo addfour
19 to the addresgo advanceto the next FCodebyte. This doesnot affect the calculationof an FCode-offset-the offsetis in
20  terms of the number of FCode bytes, independent of how those bytes are addressed.

21  The offset size (whether of 8 bits or 16 bits) is established at the beginningr@dbeprogramby the particular
22  startcodethat beginsthe FCodeprogram.versionl setsthe offset size to 8 bits, and the other start codes
23 (start0 , startl , start2 , andstart4 ) setthe offsetsizeto 16 bits. The offset size may be changedrom
24 8 hits to 16 bits by executingffset16

25 In mostcaseqthe exceptionsarebbranch andb?branch in interpretationstate),the FCodeevaluatorneeds

26  only the sign of the offset, not its numericalvalue.In thesecasesthe value of the offsetis essentiallyredundant

27  becauseontrol transfersare representedby pairs of FCodefunctions(a branchingfunction andits target). The

28  offset indicatesthe distancebetweenthe branchand its target, but that information can be derived during the

29  FCodeevaluationprocesswithout needingthe offset value. However, standardFCodeprogramsare requiredto

30 have numerically correct offsets (as described in the above paragraph) for compatibility with existing practice.
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31 £6.3.2.4 Memory E
32 EEditorial change: correct misspelled name. £
Ay e
33 claim
34 IN: [address] virt, size, align
35 OUT: [address] baseaddr
36 Allocatessizebytes of memory. l&lign is zero, the allocated range begins at the virtual addigss
37 Otherwise, an aligned address is automatically chosen and the input argirtiengnored. The
38 alignmentboundary is the smallest power of two greater than or equal to the valignpfinalign
39 value of 1 signifies 1-byte alignmefaseddr is the beginning address of the allocated memory (eqdal
40 to virt if align was 0) or —1 if the operation fails (for example, if the requested virtual address is
41 unavailable).
42 The range of physical memory and virtual addresses affected by this operation will be unavailable for
43 subsequent mapping or allocation operations until freeelbgse
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release

IN: [address] virt, size

OUT: none

Freessizebytes of physical memory starting at virtual addregs making that physical memory and the
corresponding range of virtual address space available for later use. That memory must have been
previously allocated bglaim .

g
6.3.2.5 Control transfer

ENormative change: explicitly describe the behavior of #1@ér " and “exit ” client services for theasewheré

E‘ih‘lﬁlIﬁamlﬁmIlﬁlinmm{ﬁlnﬁlIM&IﬁI{IIim}lﬁlwlﬁlﬁlﬁlIglglﬁlﬁllnlgﬁlIﬁmilﬁ}‘ﬂlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
boot
IN: [string] bootspec
OUT: none

Exits theclient program resets the system (as with the commaseét -all ), and reboots the system
with the device and arguments given by the null-terminated sidotspecThe stringoootspeads
interpreted in the same manner as the arguments of the conbo@nd

enter
IN: none
OUT: none

If an IEEEstd1275user interface exists, exit the client program gautes the Open Firmware |
command interpreter (e.g., called by the operating system after a console input device abort). The client
program may be resumed if the user continues execution witotbemmand.

Otherwise, if antheruser interface exists, transfer control to that interface. ‘
When no useinterface exists, return control to the client program. ‘

exit
IN: none
OUT: none

If an IEEE std 1275 user interface exist&xiesfrom the client progranand enter the Open Firmware
command interpreteiThe execution of the client program may not be resumed.

Otherwise, if another user interface exists, transfer control to that interface. ‘

When no user interface exists, idle.

chain
IN: [address] virt, size, [address] entry, [address] args, len
OUT: none

Freessizebytes of memory starting at virtual address, then executes another client program

beginning at addresntry. The argument buffargs, lenis copied into the Open Firmware memory and
passed to the other program. The address of the arguments in the Open Firmware memory is the client
program’s second argument, and their length is its third arguofexh is used to free any remaining
memory for a secondary boot program and begin executing the booted program.

NOTE—Thebehaviorof the chain clientinterfaceserviceincludesthe functionsof init-program andgo on

behalf of the new client program,but doesnot include the functionsof readingthe client programinto memory,
parsing its header, or allocating its memory.
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wl""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
§6.3.2.6 User interface

T

§Normative change:define the format of argumentswhose existancewas implied in IEEE Std 1275-1994bu

Swhich were unintentionally not specified.
ARy

interpret
IN: [string] cmd, stack-arg1l, ..., stack-argP
OUT: catch-result, stack-resultl, ..., stack-resultQ

Pushes one less thBhargs items,stack-argl ..., stack-argR onto the Forth data stack, witack-arg1
on top of the stack; executes the null-terminated stindas a Forth command line guardeddaych .
Pops the result returned bgitch into catch-result If that result is nonzero, restore the depth of the
Forth data stack to its depth prior to the executiontefpret . If that result is zero, pops up to one
less tharN-returnsitems,stack-result]..., stack-resultQfrom the Forth data stack into the returned
values portion of the argument array, wsthck-resulticorresponding to the top of the stack.

N-argsandN-returnsare stored in the argument array and may be different for different calls to
interpret . If the number of itemX left on the Forth data stack as a result of the executiomdis
less tharN-returns only stack-resultl, ..., stack-resulete modified; other elements of the returned
values portion of the argument array are unaffectedidfmore tham-returns additional items are
popped from the Forth data stack after setsitagk-resultl, ..., stack-resultp that, in all cases, the
execution ofnterpret results in no net change to the depth of the Forth data stack.

An implementation shall allow at least sitack-argand sixstack-resulitems.
interpret is optional; it need be present only if the Open Firmware user interface is present.

set-callback
IN: [address] newfunc
OUT: [address] oldfunc

Client programamay define a routine for handling the Open Firmware routialisack  andsync .
Newfunds the address of the entry point of the callback routine. This service sets the callback handler to
newfuncand returns asldfuncthe address of the entry point of the previously installed callback handler.

The Open Firmware shall use the same calling conventions specified in 6 diérfbnterface services
when calling the callback handler function. $alback and$callback glossary entries for details.

A client program callback handler shall return either a nonzero error coderé@itleell of the argument
array if the service indicated by the service argument is unavailable, or zero otherwise. The client
program callback handler shall return any additional results iretBe.. retNcells, settind\-returnsto
the total number of return values including the error code (or zero) that isretlloell. The handler
shall not store more thavi results, wherd/ is the value that was in tiNereturnscell when the handler
was called, nor shall the returned valuédNefeturnsexceeadV.

set-symbol-lookup
IN: [address] sym-to-value, [address] value-to-sym
OUT: none

Sets the symbol table resolutidafer wordssym>value andvalue>sym so that they execute the
client program callbacks whose addresses are given by the argsyrenis-valuendvalue-to-sym
respectively. If either argument is zero, the correspondiéfigr word is set to the action &dlse

sym-to-valuas called as follows:

IN: [string] symname
OUT: error, symvalue

Theservice name string in the argument array is a pointer to a null-terminated string |
containing sym-to-value "

Searches for a symbol whose namsyisinamelf such a symbol is found, returns zereemor
and the symbol’s value symvaluelf no such symbol is found, returns —leimor and zero in
symvalue

111915 |
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value-to-symis called as follows:

IN: symvalue
OUT: offset, [string] symname

Theservice name string in the argument array is a pointerrialbterminated string |
containing Value-to-  sym’. ‘
Locates the symbol whose value is closest to but not greatesytiraralueand returnsffset the
non-negative offset from the value of that symbaymvalugandsymnamethe symbol name.

If symvalues less than the value of any known symbol, or is insufficiently close to any symbol
value according to an implementation-dependent criterion, returnsoffs@and the empty

string insymname

set-symbol-lookup is optional; it need be present only if the Open Firmware user interface is
present and the Client Program Debuggingnmand grougisee 7.6) is implemented.

=
QOWWO~NO Ok WN B

B
N

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
13 EAnnex A. Open Firmware glossary g
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!,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

16 =ZEditorial chanlge: use more Precise Iangua e to describe the bit siﬂnificance and intended requirements.=
AR i i e

17 bljoin (bl.lo b2 b3 b4.hi-- quad) F Ox7F
18 Join four bytes to form a quadlet.

19 The high bits of each of the four bytes must be zero. |
20 Combine the eight least significant bitseafch operand to form a quadlet. Other operand bits shall be zero. |

21 Elilzllyllltlglnlglllll(lzlwglwglgl:lII(I:I|Izlillrlw'§llIMIgIIMIIIIIIIIIIIIIIIIIIIlollljIItIHI(I:!IIgIgIHIHIIIHIgIInIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII&

LTI LTI IIIIIIIIIIIIIIlll’l]lglhlllallglﬁlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

22 b(<mark) (F:--) F 0xB1
23 Target of backwardranch implemented withbranch orb?branch . ‘
24 FCode evaluation: (F:--)

25 Perform the interpretation or compilation semanticBegfin .

26 FCODE ONLY (Tokenized bybegin )

[ LU T O T T T T T T T T T T T T
27  =Editorial change: clarify the language of the definition.

28 ENormative change: correct @nrorfor the casewheretheelse clauseof the Fcodeequivalentof anif ... else

29 EI'I|I'IImﬁmIIIIEIR“I%HMI%BIiﬁllﬁmﬁlﬁ“l‘iﬁlqlIjII;'IIEEIQIQIﬁIIimﬁﬁl'{mﬁﬁlﬁﬁl‘ii8”IlﬁﬁﬁﬁﬁllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

30  b(>resolve) (--) F 0xB2
31 (F:--)

32 Target of forwarcbranch implemented withbranch orb?branch . ‘
33 FCode evaluation: (F:--)

34 If in interpretation state: |
35 Do nothing |
36 If in compilation state: |
37 Perform the compilation semanticstbén . Then, if the current definition is temporary and the depth of the control
38 flow stack is the same as its depth when the temporary current definition was initiated, perform the FCode
39 evaluation semantics of;) and execute the temporary current definition.

40 FCODE ONLY (Tokenized byelse , then , andrepeat )
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ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
EEditorial chan"qe use more precise lan uage to describe the bit sgmﬂcance and intended requirements.=

ml"""""""""""""""
bwjoin

Join two bytes to form a doublet.

TNy
b.lo b.hi - w)

The high bits of each of the two bytes must be zero.

Combine the eilgt least significant bits of each operand to fordoalet. Other operand bits shall be zero.

F 0xBO

ml"HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

SEditorial cha ange: correct name in the stack d lagra
= I e s e e e HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

claim

[ addr ... lensize... align -- basaddr... )

Allocate (claim) addressable resource.

Allocateslen size... (whose format depends on the package) bytes of the addressable resource managed by the p|ackage

L
B

containing this method. Hlign is zero, the allocated range begins at the adddzbs... (whose format depends on the

package). Otherwis@ddr ...is not present, and an aligned address is automatically chosen. The alignment boundary is

the smallest power of two greater than or equal to the valakgof analign value of 1 signifies one-byte alignment.

Baseddr ... (whose format is the sameaddr ..) is the address that was allocated (equabir ...

If the operation fails, usehrow to signal the error.
Claim does not automatically create an address translation for the allocated resource. See 3.6.5

NOTE—This method provides fine-grained control over the allocation of addressable resources. In general, such control
is needed only by system-specific programs. General-purpose memory allocation can be accomplished in a portable

fashion byalloc -mem
See also:alloc -mem, “available

" free -mem, release

if align was 0).

ml"""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“

SEdito chanlge correct osint
mIHHHHHHHHHHHHHHH

encode -int

e stack dia
HHHHHHHHHHHHI HHHHHHHHHHHHHHHHHHHHHH

( quadn--- prop-addd prop-len)

Encode a number intopgop-encoded-array

Theproperty encoding@f a (quadlet) number is a sequence of 4 bytes, with the most significant byte first (i.e., at the

smallest address).

No alignment is implied; the sequence of 4 bytes begins at the first available location.
Used as: 5000 encode -int ( prop-addr 4 prop-len—)

SEditorial change: correct a t

MHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHthHhHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

find -package

( name-str name-len -- false | phandle true )

Locate the support package namedhyne string

If the package can be located, returrphgndleandtrue ; otherwise, returfalse
Interpret the name iname stringelative to the /' packages ” device node. If there are multiple packages with the |

same name (within the packages ”

node), refurn thghandlefor the mostecently created one.

rams.
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

0x111

0x204
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Ly

L
EEditoriaI change: clarify the description xif z

ENormative change:add explicit error-handlingrequirementto the display driver’'s open routines and add ag
_reqwredreturnvalue (Historicalimplementationdvadsucha returnvalue,but IEEE Std 1275- 1994neg|ectecto

Emention 't) z
HIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIF
is -install (xt--) F 0x11C

Createopen, other methods for this display device.

Create methods for accessing the display device driver icthe packagext is the execution token of a routine to
initialize the display device, whose stack diagram is ( --).

Used as:['] my-open-routine is -install
Create the following methods:
open
When later called, execute the display driver’'s “my-open-routine” (whose execution tokeguarded byatch .

If the execution okt results in ahrow |, returnfalse . Otherwiseandinitialize theterminal emulatorland return
true .

write
When later called, pass its argument string taeéhminal emulatorfor interpretation.

draw -logo
When later called, execute the display driver’'s “my-draw-logo” procedure which was installed idédethe word
draw -logo by the driver’s “my-open-routine”.

restore
When later called, execute the display driver’s “ragetscreen” procedure which was installed into dleger
wordreset -screen by the driver's “myopenroutine”.

n@ﬁ“ hﬁl'l|ﬁ|ﬁ|ﬁ|ﬂﬂ|ﬁn||'|1ﬁﬁ|mﬁ|[|ﬁ||ﬁﬁﬁ|ﬁiﬁﬁ|ﬁﬁ|ﬂ|ﬂ|ﬂ|ﬁ|ﬁ@||hﬂ||ﬂ|§|ﬁ|ﬁfl)ﬁ\ﬁnif@@@ @ jﬂﬂl !ﬁlﬁlﬂlﬁﬁllﬁlﬂﬂllm A @ﬂl‘lﬂﬁﬁim@ﬂﬂﬁy

Split a quadlet into 4 bytes.
Fhe high-bits-of the bytes-are-zero.

All but the least significargightbits of each result value shall be zero.

EEditorial change: use more precise language to describe the bit significance and intended requirements.z
II1IIIIIIIIII,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII{IIIIIIIIIIIdIIIIIIIIIIII III|IIIIIIIII&IIHlII}IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'I._IIIIIIllllllllllllwlll?dill

Split a quadlet into two doublets.

TFhe high-bits-of the-two-deublets-are zero.

All but the least significant sixteen bits of each result value shall be zero.
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ml"""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE

ENormative change: correct stack parameters. s
AR HHHHHHHHHHHHHHHHHHHIHHHHHHHHHHHHHHHHHHHHHHHHHHH“HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

map ( phys.lo ... phys.hi virt len= mode... --) M |
Create address translation.

Creates an address translation associating virtual addresses begimiingrat continuing folen —-{whese-format |
depends-on-the-packagmjtes with consecutive physical addresses beginnipgyatlo ... phys.hMode...is an MMU- |
dependent parameter (typically, but not necessarily, one cell) denoting additional attributes of the translation, for
example access permissions, cacheability, mapping granularity, aicnbdecells have the valus—1, anMMU
dependent i default mode is used. If there are already existing address translations within the

nimplementation-depende
region delimited byirt andlen—, the result is undefined.
If the operation fails for any reason, uge®w to signal the error.
See also:claim , modify , release , translate

=Normative change: correct stack parameters, =
mIHHHH"HHHHHHHHHHHHI HHHHHHHHHHHHHHHHHHHIHHHHHHHHHHHHHHHHFHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF
modify (virt len—- mode... -- )

Modify existing address translation.

Modifies the existing address translations for virtual addresses beginwingaatd continuing foten —(whese-format |
es to have the attributes specifiednbyde... (whose format depends on the packags) |

with map.
If the operation fails for any reason, uge®w to signal the error.
See also:claim , map, release ,translate , unmap

BRIy gy
ENormativechange:correctthe returnvalue of a networkdevice'sread methodfor consistancywith hlstorlcaE

Simplementations.
H"H“““HHHHIHHum""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""gg""""""""""""""
networ

Packet-oriented network device type.

Standard string value of theévice_type  property for network devices with IEEE 802 packet formats.
A standard package with thidévice_type ” property value shall implement the following methods.
open, close ,read , write ,load
Additional requirements for thepen method:
Executemac-address and create aflac-address " property with that value.
Additional requirements for theead method:

Receive (non-blocking) a network packet, placing at most thdddtytes of that packet into memory starting at
addr. Return the number of bytes actually received (not the number copied into meme2yewif no packet is |
currently available.

Discard packets containing hardware-detected errors, as though they were not received.

NOTE—In general, -2 indicates no data was available at the temd was doneand-1 indicates that an error occurredi.
Zero is generally used only for devices where data arrives in repaciees, or other such container, and indicates that
a valid but empty container was received

Additional requirements for therite method:

Transmit the network packet of lendém bytes from the memory buffer beginningaaldr. Return the number of
bytes actually transmitted.

The packet to be transmitted begins with an IEEE 802 Media Access Control (MAC) header.

Usage restriction: The caller must supply the complete header; the source hardware address will not necessarily be

“automatically inserted” into the outgoing packet.
Additional requirements for tHead method:
Read the default client program into memory, startiragdt, using the default network booting protocol.
A standard package with thidévice_type ” property value may implement additional device-specific methods.

A standard package with thidévice_type ” property value shall implement the following property if the associated
device has a preassigned IEEE 802.3-style MAC (network) address:

“local -mac-address
NOTE—Such packages often use tlubp-tftp " support package to implement tHedd ” method.
See also“address -bits ", “max-frame -size
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|,|,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|,|_

EEditorial change: clari f.Y the behavior oéxt- -proper y when various unusual circumstances are encoungred.
IIIII U AU

L LULULIT TR TL T T UL T L TLTLI T UL LTI R UL RLTL I Iy e
next -property ( previous-str previous-len phandle -- false | name-str name-len truge ) 0x23D

Return thenameof the property foIIowing)reviousof phandle

memp%m&e%h%%&%ﬁ%%ﬂ%w%me
no-mere-properties-aftpreviouserif previeusis-invalid-{i-e—names-a-pperty- that deesnet-exist phandle,-nameis
a-pointerto-a-zero-length-string.

Locate, within the property list of the package identifieg@bgndle the first property iprevious-lens zero, or the
property following the property named by the text stpngvious-str previous-leatherwise. Returname-str name-len
andtrue if such a property exists, éalse otherwise (i.e. if there are no more properties, or if there is no prdperty
that package with the name givengrpperty-str property-len

A sequence of invocations oéxt - property  with the samghandlevalue,beginning withprevious-lerequal to

zero, and passing tmame-str name-leresult of the previous invocation as grevious-str previous-leargument to

the next invocation, continuing unfdlse is returnedshall enumerate the names of all properties of that package.
order inwhich those individual properties are returned is undefined (e.g. thpristrty returned by

next - property is not necessarily the one that veasatedirst). If a new property is created within that package
betweerninvocations ohext - property in such a sequence, the new property name mayeed not, be returned as

The

a result of one of the following invocationsréxt - property  within that same sequence.

ENormative chan%e add a method that additional explerience with IEEE Std 1275-1994 has shown to be r2q

mlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
“page-size "

MMU packageproperty naméo define the virtual address space page size

prop-encoded-array:
Integer encodeds withencode-int
The value of this property is the number of bytes in the smallest mappable region of virtual address space.

|,|,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|,|_

SEditorial cha ange: improy Iposs ¥ sleadin tion.
AR IIIIIIIIIIIII IIIIIIIIIIIIIIII LT IIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT

“ranges ”
Standardgproperty nameo define ebusspecificaddress translatioslevice'sphysical-address.

E<<remainder of Iossar}/ entr}/ fordhges ” is unchanged>>
ARy ynyyyyyyyyynm

BRI g
EEditorial change:adda noteto describethe recommendedechniquefor using existing standardvordsto hand
Sbus-dependent register access semantics.

m[I'IfI)I!““""I(I‘I—J Illldllll ulnglllglllljlllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIZ lbIIIIIIIIIIIldlclilllllIIIISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'l,_lllllllllIllllllblil(lﬁlgliﬂ:

Store a byte to device registeraaldr.

Illllllﬁ

Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches i
destination before the next FCode function is executed.

Register is stored with identical bit ordering as the input stack item.
NOTE—A bus device can substitute (as wstt-token ) a bus-specific implementation df!  for use by its

ts final

children. This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer

flushing. Seelause3.64.2for further details and for user interface semantics.

163414
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ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
-Normat|ve change:remove a user mterface word that in some situations cannot be |mplementedproperly_

Slmplementations may co ontinu suppor t. but its presence is no longer required.
ml""IHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHI HHHHHHhHHHHHHHHIHHHHHHHHHHHHHHHHHHHHI HHHHHHIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

bl
. . ir

emmw;e—»)
Pe#elﬂm%heueqﬁwalen%e#th&ph%ase

wl""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
=Editorial change:adda noteto describethe recommendedechniquefor usingexisting standardvordsto handl€

=hus-dependent register access semantics.
AR IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

(FCode function) (‘addr -- byte ) F 0x230
Fetch a byte from device registeraaldr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

NOTE—A bus device can substitute (as wstt-token ) a bus-specific impleentation ofrb @for use by its
children. This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer
flushing. See claus&64.2for further details and for user interface semantics.

ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Normat|ve change:remove a user interface word that in some situations cannot be |mplementedproperly_

lementations may continue to SUPPOI’t it. but jts S NO onﬂer required.
m||||| NN R A R T ||||||| | ||| | il ||| | g g ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||w

Gemp#aﬂelﬂk4€——9
Pe#elﬂm%heueqﬁwalen%e#th&ph%ase

ing. The

ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Ed|tor|al change:adda noteto describethe recommendedechniquefor using existing standardvordsto handle

Shus- endent register access semantics.
mIHHHHHHH IHHHHHHHHHHH IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

rl! (FCode function) (quad gaddr --) F 0x235
Store a quadlet to device registegatldr.
Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches its final
destination before the next FCode function is executed.
Register is stored with identical bit ordering as the input stack item.

NOTE—A bus device can substitute (as wstt-token ) a bus-specific implementation df  for use by its
children. This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer
flushing. See claus&64.2for further details and for user interface semantics.

172915 |
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ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
-Normat|ve change:remove a user mterface word that in some situations cannot be |mplementedproperly_

Slmplementations may co ontinu suppor t. but its presence is no longer required.
ml""IHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHI HHHHHHhHHHHHHHHIHHHHHHHHHHHHHHHHHHHHI HHHHHHIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

21—
S | levi . |

eempuaferew4e—a
Pe#elﬂm%heueqﬁwalen%e#th&ph%ase

wl""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
‘Editorial changeadda noteto describethe recommendedechniquefor using existing standardvordsto handl&

Shus- endent register access semantics.
mIHHHHHHH IHHHHHHHHHHH IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

rl@ (FCode function) (gaddr -- quad ) F 0x234
Fetch a quadlet from device registegatidr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

NOTE—A bus device can substitute (as wstit-token ) a bus-specific implementation 0@ for use by its
children. This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer
flushing. See claus&64.2for further details and for user interface semantics.

ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Normat|ve change:remove a user interface word that in some situations cannot be |mplementedproperly_

lementations may continue to SUPPOI’t it. but jts S NO onﬂer required.
m||||| NN R A i T ||||||| | ||| | il ||| | g g ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||w

H@-
| et from.devi stenat

eempuaferew4e—a
Pe#elﬂm%heueqﬁwalen%e#th&ph%ase

ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Ed|tor|al change:adda noteto describethe recommendedechniquefor using existing standardvordsto handle

Shus- endent register access semantics.
mIHHHHHHH IHHHHHHHHHHH IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

rw!  (FCode function) (w waddr --) F 0x233
Store a doublew to device register ataddr.

Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches its final

destination before the next FCode function is executed.
Register is stored with identical bit ordering as the input stack item.

NOTE—A bus device can substitute (as wstt-token ) a bus-specific implementation of! for use by its
children. This is sometimes necessary to correctly implement its Sesnaith respect to bit-order and write-buffer |
flushing. See claus&64.2for further details and for user interface semantics.

181414
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ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
-Normatrve change:remove a user mterface word that in some situations cannot be |mplementedproperly_

Slmplementations may co ontinu suppor t. but its presence is no longer required.
ml""IHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHI HHHHHHhHHHHHHHHIHHHHHHHHHHHHHHHHHHHHI HHHHHHIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

A
Store-a-doubleirto-device register-atraddr

Compilation——————————————————————————(—)
Perform-the-equivalentof the phrase:
h#%&get-tekerkmexeee&&erseeempril&theﬂ—

wl""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
=Editorial change:adda noteto describethe recommendedechniquefor usingexisting standardvordsto handl€

=hus-dependent register access semantics.
AR IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

rw@ (FCode function) (waddr --w) F 0x232
Fetch a doublew from device register avaddr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

NOTE—A bus device can substitute (as wstt-token ) a bus-specific implementation of@for use by its
children. This is sometimes necassto correctly implement its semantics with respect to bit-order and write-buffer|
flushing. See claus&64.2 for further details and for user interface semantics.

ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Normatrve change:remove a user interface word that in some situations cannot be |mplementedproperly_

lementations may continue to SUPPOI’t it. but jts S NO onﬂer required.
m||||| NN R A T ||||||| | ||| | il ||| | i g ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||w

Feteh-a-doublei+from-device register-atadde

Compilation:————— ———(--)
Perferm%h&eqewalen%e#th&phrase

wl"HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

1L
ENormative chanlge correct stack parameters. =
AR HHHHHHHHHHHHHHHHHHHIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHF

translate (virt -- false | phys.lo ... phys.hi modetrue ) M |
Translate virtual address to physical address.
If a valid virtual to physical translation exists for the virtual addvérssreturn the physical addreghys.lo ... phys.hi

the translatlon modmode..., andtrue. Otherwise returifalse The phyS|caI address format is the same as that of the |
“memory” node (the node whodteandleis given by the value dthosen ’s “memory” property). The interpretation

of mode... is MMU implementatiordependent.

191915 |
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Ly

1L
ENormative change correct stack parameters. g
ARt iy e

unmap (virt len— - ) M |
Invalidate existing address translation.
Invalidates any existing address translation for the region of virtual address space begwirimgdtcontinuing fofen

—{whose format-depends-on-the packdng®s.unmap does not free either the virtual address space (as with the |
release standard method) or any physical memory that was associatedinvith

If the operation fails for any reason, uge®w to signal the error.

ml"""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

EEditorial change: use more precise lan uage to describe the bit S|%n|f|cance and intended requirements.z
mHHHHHHHHHHHHHHHH LU e T IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHIHHHHHHHHHHHHF
whbsplit (w -- bl.lo b2.hi) F OxAF

Split a doubletv into two bytes.
Fhe high-bits-of each-of the-two-bytes-are zero. |

All but the least significant eight bits of each result value shall be zero. |

ml"""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“

EEditorial ch ange: Use more prec anguage to describe the bit si ﬂmf cance and intended requirements.=
mHHHHHHHHHHHHHHHI HHHHHHHHHHHHHHH HHHHHHHHHHHH {THL IHHHHHHHHHHHHHHHHHHHHHHHHHI IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHIHHHHHHHHHHHHF
wljoin (w.lo w.hi -- quad F 0x7D

Join two doublets to form a quadlet.

TFhe high-bits-of each-of the-two-doublets must-be-zero. |

Combine the sixteen least significant bits of each operand to form a quadlet. Other operand bits shall be zero. |

EIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
_AnnexC(lnformatlve) The tokenizer

—Normat|ve changeto informative annex: add tokenizer commandsto standardizethe beginning and end of=

;tokenlzer source code.
Ty

C.3.3 Fcode start and end

These commands creair FCodeheadeifor the Open Firmware source between them.

fcode-version2 (--) T
Begintokenizing arFcode program

Prepare the tokenizer to tokenize subsequent sourcéugtxut the Fcode# fatartl  followed by an Fcodbeader.
Some of the fields of the Fcotieader are filled-in later fgode-end

FCODE ONLY command.

fcode-end (--) T
Finish tokenizing an Fcode program

Output the Fcode# for end0. Stop tokémg the current Fcode program. Replace the checksum and length fields of
Fcode header with therogram’schecksum and length.

FCODE ONLY command.

EIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHE
£Annex E (informative). SCSI host adapter package class

E.6.1 overall.fth

ENormative changes to informative annex: fix bugs in the tokenizer source code.
Hi\llllllfl&l)ll(lfgllll(lilr_llfll\lllléll']llIIfIIIOIIrIIIIIHI)I/Ii:I)I%I)I{IHlél{ll.lllllIII,IIII%PIIIHIIIII%:IIIIIIIIdIIIIII{IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

f code- ver si on2
hex

201414

he
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' XYZI, scsi " namne \ Nane of device node

' XYZI, 12346- 01" nmodel \ Manufacturer's nodel nunber

" scsi-2" device-type \ Device inplenments SCSI-2 nethod set

30 intr \ Device interrupts on level 3, no vector

ext er nal

\ These routines may be called by the children of this device.

\ This card has no local buffer nenory for the SCSI device, so it

\ depends on its parent to supply DVA nenory. For a device with

\ local buffer nenory, these routines would probably allocate from
\ that local nenory.

drma-al | oc ( n-- vaddr ) " dma-alloc" $call-parent ;

drma-free ( vaddr n -- ) " dma-free" $call-parent ;

drma- sync ( vaddr devaddr n -- ) " dma-sync" $call-parent ;
dma-map-in  ( vaddr n cache? -- devaddr ) " dma-nmap-in" $call-parent ;
drma- map-out ( vaddr devaddr n -- ) " dma-nmap-out” $call-parent ;
max-transfer ( -- n)

" max-transfer” ['] $call-parent catch if 2drop h# 7fff.ffff then
\ The device inposes no size limtations of its own; if it did, those
\ limtations could be described here, perhaps by executing:

\ ny-max-transfer mn

fload scsiha.fth
fl oad hacomfth

new- devi ce
fload scsidisk.fth \ scsidisk.fth also |oads scsicomfth
fini sh-devi ce

new devi ce
fload scsitape.fth \ scsitape.fth also |oads scsicomfth
finish-device

f code- end |
end0 |
By

EE.6.2 scsiha.fth

§Normative changes to informative annex: fix bugs in the tokenizer source code.

E<<<the code in E.6.2 prior mpen- ar dwar e is unchanﬂed>>>
AR ey

open-hardware ( -- okay? )

nap

7 to ny-id

\ Should performa quick "sanity check" selftest here,
\ returning true if the test succeeds.

true
reopen-hardware ( -- okay? ) true ;
cl ose-hardware ( -- ) unmap ;
recl ose-hardware ( -- ) ;
selftest ( -- O | error-code )

\ Performreasonably extensive selftest here, displaying
\ a nessage and returning an error code if the
\ test fails and returning O if the test succeeds.

211915 |
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0
set-address ( unit target -- )

to his-id to his-lun

By g
EE.6.3 hacom.fth £
§Normative changes to informative annex: fix bugs in the tokenizer source code. §
§<<<the code in E.6.3 prior @i agnose is unchanged>>> §
Ay e
ext erna
diagnose ( -- error?)
0 0 true test-unit-rdy-cnd 6 -1 ( dma$ dir cnd$ #retries )
retry-command if ( [ sensebuf ] hardware-error? )
." Test unit ready failed - " ( [ sensebuf ] hardware-error? )
if ()
" hardware error (no such device?)" cr ()
el se ( sensebuf )
' extended status =" cr ( sensebuf )
base @>r hex ( sensebuf ) |
8 bounds ?do i 3 u.r loop cr ()
r> base ! |
t hen
true
el se
send-di agnostic ( fail?)
then
header s

BRIy
£E.6.4 scsicom.fth

fh

ENormative changedo informative annex:removeunnecessargodethat refersto a draft version of IEEE St
£1275-1994.

Z<<<the code in E.6.4 prior &el f t est is unchanﬂed>>>
ARy

header| ess

selftest ( -- error?)

f cod Lo | . - g

—— ny-unit " set-address" $call -parent
—— " diagnose" $call - parent
——else
—90
—then

header s

sE.6.5 scsidisk.fth

Normative changes to informative annex: fix bugs in the tokenizer source code.

S<<<the code in E.6.5 prior 1o w- bl ocks is unchanﬂed>>>
Ay
r/w bl ocks ( addr bl ock# #bl ks input? command -- actual # )
cndbuf d# 10 erase |
3 piek—h# 100000u>=—20ver h# 100 u> |
swap h# 200000 u>= or if \ Use 10-byte form ( addr bl ock# #blks dir cnd )

221414 |
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h# 20 or 0 cb! \ 28 (read) or 2a (wite) ( addr block# #blks dir )
-rot swap ( addr dir #bl ks bl ock# )
cndbuf 2 + 4c! ( addr dir #blks )
dup cndbuf 7 + 2c!
d# 10 ( addr dir #blks cmd-1en )
el se \ Use 6-byte form ( addr bl ock# #blks dir cnd )
0 ch! ( addr bl ock# #blks dir )
-rot swap ( addr dir #bl ks bl ock# )
cndbuf 1+ 3c! ( addr dir #blks )
dup 4 cb! ( addr dir #blks )
6 ( addr dir #blks cmd-1en )
then
tuck >r >r ( addr input? #blks ) ( R #blks cmd-len )
/block * swap cndbuf r> -1 ( addr #bytes input? cmd cnmd-1en #retries )
retry-command if ( [ sensebuf ] hw? )
O=if drop then r>drop O
el se ()
r>
t hen ( actual # )

E<<<the remainder of the code in E.6.5 is unchanged>>>

231915 |
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ml""HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH“
_Annex G (informative). Summary lists

£G.2  Assigned FCode numbers

—Ed|toral change: correct t'}/ 0 in the specified table entry.
mHHHHHHHHHHHHHHHH HHHHHHHHHHHHI IHHHHHHHTHHH Ty

0x121 1t display-status

Ly

H.4 New FCodes and methods

Iy
AINUnunmnnE

ZEditorial change correct '}/p
AR e IHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Most pre-Open Firmware systems do not implement the following FCodewethdds

FCodet# Name Comments

0xC7 # Not the same as old (now calledu#).

0xC9 #> Not the same as olé> (now calledu#>).

0xC8 #s Not the same as olés (now calledu#s).

O0xDE behavior

0x23E byte-load On pre-Open Firmwaré,byte-load" $find could be used.
0xDD compile, On pre-Open Firmwaré,(compile)" $find could be used.
0x128 decode-phys

OxDA get-token

method encode-unit

0x227 Ibflip

0x228 Ibflips

0x2269 Iwflip On pre-Open Firmware, the/flip ” tokenizer macro was used.
0x23D next-property

0x23F set-args On pre-Open Firmwaré,set-args" $find could be used.
0xDB set-token

0xDC state On pre-Open Firmwaré state" $find could be used.
0x89 unloop

BRIy
=H New user interface commands

ZEditorial chanlge: remove commands that existed prior to Open Firmware from the lis
ARy HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHm

Most pre-Open Firmware systems do not implement the following user interface commands.

apply (... "method-name< >device-specifier< >" -- ???Hxecute named method in the specified package.

char ( "text< >" -- char) Generate numeric code for next character from input buffer.
[char] (C: [text< >] --) Generate numeric code for next character from input buffer.
(--char)

close-dev————— {ihandle -} Close device-and-all-ofits parents.
$create (E: -- a-addr) Call create ; new name specified yame string

( name-str name-len --)
environment? (str len -- false | value true ) Return system information based on input keyword.
fm/mod (dn--rem quot) Divide d by n.
noshowstack (--) Turn off showstack (automatic stack display).
parse ( delim "text<delim>" -- str len ) Parse text from the input buffer, delimited dsiim
parse-word ("text< >" -- strlen) Parse text from the input buffer, delimited by white space.

241414
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{pateh)— W AY 2-old-R2-Ad . hange-contents-of-commana-inaicateckby |

postpone (C: [old-name< >] --) Delay execution of the immediately following command.
(...--2??)

recurse (e --227?) Compile recursive call to the command being compiled.

s" ( [text<">] -- text-str text-len ) Gather the immediately following string.

s>d (nl1--d1) Convert a number to a double number.

sm/rem (dn--rem quot) Divide d by n, symmetric division.

status———————————————————————— (Y defer—word-that can-be- used-to-modify- the-userinterface |
prompt. |

BRIy
EH.7 FCode name changes

ElEllglilltl(l?lrl‘lilﬁlllllcllnllallﬂl Iﬁl:lIlﬁlql(ljlIll;I]IIaHI;ITI]IEIIIﬁmﬁpﬂﬂlleﬂlﬂmlilil:ﬁleﬂgﬂlimll!IEIEIIEIIIIISII!:IIdIIIi‘]I-I%IZI'I:_I)I;I:IIiI%I%ﬁI.I.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
The following FCodesnameshavechangedrom their pre-OpenFirmwareversionsfor clarity and consistency.
While this can affectthe tokenizerand/oruserinterfacebehavior,the actualbehaviorof the function associated
with that FCodenumberhasnot changed Existing (already-tokenizedfFCodeprogramsthat usetheseFCodes
will be unaffected.

Items marked with a * have retained the old name, as a synonym.

Old Name New Name 34 Old Name New Name

# u#t 35 is to

#> u#> 36 Iflips Iwflips

#s u#ts 37 map-sbus map-low

<< Ishift = 38 nal+ cell+ *

>> rshift = 39 /n* cells *

attribute property 40 not invert *

b(is) b(to) 41 u*x um*

[c* chars * 42 version fcode-revision

cal+ char+ * 43 wflips wbflips

decode-2int parse-2int 44 x+ d+

delete-attribute delete-property 45 x- d-

eval evaluate * 46 xdr+ encode+

flip whbflip 47 xdrbytes encode-bytes

get-inherited-attribute get-inherited-property 48 xdrint encode-int

get-my-attribute get-my-property 49 xdrphys encode-phys

get-package-attribute get-package-property 50 xdrstring encode-string
51 xdrtoint decode-int
52 xdrtostring decode-string
53 xu/mod um/mod

Ny ynynymnm

User interface name changes

Editorial changeremovenamesfrom the list which existedonly in someimplementationsndwhosebehavioris:
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The following userinterface commandnameshave changedfrom their pre-OpenFirmware versions,with no
change in behavior.

Old name New name

.attributes .properties

cd dev

reset reset-all |
select-dev — open-dev

unselect-dev— device-end |
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