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ShowDisplayStream(s, how fDSbelow], otherStream rdsp]): This procedure controls the I?resentation ofa 
chain of display control blocks on the screen. If how id DSbc1ow, the stream wlll be displayed 
immediately below otherStream; if DSabove, immediately above; if DSalone, it will be the only stream 
�d�i�~�p�l�a�y�e�d�;� if DSdelete, the stream s will be removed from the screen. The third argument is not needed for 
DSalone or DSdelete. 

If you wish to constmct your own "stream" for purposes of passing it to ShowDisplayStream, it is sufficient 
that s»DSJdcb point to the first DCB of a list and that s»DS.ldcb point to the last DCB. These are the 
only entries referenced by ShowDisplayStream (note that fdcb and ldcb are the first two words of a stream 
structure). 

3. Current-line operations 

ResetLine( ds): erases the current line and resets the current position to the left margin. 

GetFont( ds): returns the current font of ds. 

SetFont( ds, pfont): changes the font of the display stream ds. Pfont is a pointer to word 2 of a font, which 
is compatible with GetFont. Characters which have been written into the stre;;tm already are not affected; 
future characters will be written in the new font. If the font is higher than the font initially specified, 
writing characters may cause unexpected alteration of lines other than the line being written into. if 
pFont!-2 is negative, then pFont!-l is a pointer to a font (word 3, remember) and subsequent characters 
put to the stream will be shown in synthetic bold face by scan converting the character, moving over one 
bit and scan converting it again. 

GetBitPos( ds): returns the bit position in the current line. The bit position is normally initialized to 8. 

SetBitPos( ds, pos): sets the bit position in the current line to pos and returns true, if pos is not too large; 
otherwise, returns false. Pos must be less than 606 (the display width) minus the width of the widest 
character in the current font. Resetting the bit position docs not affect the bitmap; characters displayed at 
overlapping positions will be "or"ed in the obvious manner. . 

EraseBits( ds, nbits, flag): changes bits in ds starting from the current position. Flag = 0, or flag omitted, 
means set bits to 0 (same as background); flag = 1 means set bits to 1 (opposite from background); flag =-1 
means invert bits from their current state. If nbits is positive, the affected bits are those in positions pos 
through pos+ nbits-l, where pos is GetBitPos(ds); if nbits is negative, the affected positions are pos+ nbits 
through pos-l. In either case, the final position of the stream is pos + nbits. 

Here are two examfles of the use of EraseBits. If the last character written on ds was ch, EraseBits(ds, 
-CharWidth(ds, ch) will erase it and back up the current position (see below for CharWidth). If a wordof 
width ww has just been written on ds, EraseBits( ds, -ww, -1) will change it to white-on-black. 

4. Inter-line operations 

GetLinePos(ds): returns the line number of the current line; the top line is numbered O. Unlike the 
present operating system display streams, which always write into the bottom line and scroll up, the display 
streams provided by this package start with the top line and.only scroll when they reach the bottom. 

SetLinePos(ds, pos): sets the cutrent line position in ds to pos. If the line has not yet been written into, or 
.if it has zero width, or if it is indented as the result of compacting on the left, SetLinePos has no effect and 
returns false; otherwise, SetLinePos returns true. Note that if you want to get back to where you were 
before, you must remeIIlber where that was (using GetLinePos and GetBitPos). 

InvertLine(ds, pos): Inverts the black/white sense of the line given by pos. Returns the old sense (0 is 
black-on-white). . 

ds»DS.cdcb: points to the DCB for the current line. You may (at your own risk) fiddle with this to 
achieve various effects. . 

5. Scrolling 
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The display stream package writes characters using a very fast assembly language routine until either the 
current line is full or it encounters a control character. In either of these situations it calls a scrolling 
procedure whose address is a component of the stream. The scrolling procedure is called with the same 
arguments as PUTS, i.e. (ds, char), and is expected to do whatever is necessary. The standard procedure 
takes the following action: 

II Null (code 0) is ignored. 
2 New line (code ISb) causes scrolling. 
3 Tab (code llb) advances the bit position to the next multiple of 8 times the width of "blank" 

(code 40b) in the current font: if this would exceed the right margin, just puts out a blank. 
4) Other control characters (codes I-lOb, 12b-14b, 16b-37b) print WIth whatever symbol appears in 

the font. 
5) If a character will not fit on the current line, scrolling occurs and the character is printed at the 

beginning of the new line (unless the DSstopright option was chosen, in which case the 
character is simply discarded). 

The scrolling procedure is also called with arguments (ds, -1) whenever a contemplated scrollingoperation 
would cause information to disa~pear from the screen, either because nLines lines are already present or 
because the bitmap space is full unless the DSstopbottom option was chosen, in which case the procedure 
is not called and the action is t e same as if it had returned false). If the procedure returns true, the 
scrolling operation proceeds normally. If the procedure returns false, the scrolling does not take place,and 
the character which triggered the operation is discarded. 

The user may supply a different scrolling procedure simply by filling it into the field ds»DS.scroll. 

6. Miscellaneous 

GetLmarg(ds): returns the left margin position of ds. The left margin is initialized to 8 (about 1110" from 
the left edge of the screen). 

SetLmarg( ds, pos): sets the left margin of ds to pos. 

GetRmarg( ds): returns the right margin position of ds. The right margin is initialized to the right edge of 
the screen: thIS is the value of the displaywidth parameter in DISP.D. 

SetRmarg( ds, pos): sets the right margin of ds to pos. 

CharWidth(StreamOrFont, char): returns the width of the character char in the stream StreamOrFont; if 
StreamOrFont is not a stream, it is assumed to be a font pointer. 
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The Alloc package contains a small and efficient non-relocating storage allocator. It doesn't do much, but 
what it does it does very well. Initially the user gives the allocator one (or several) blocks of storage by calls 
on InitializeZone. The user can later add storage to a zone by calling AddToZone. The function Allocate 
returns a pointer to a block allocated from a given zone. Calling Free returns a previously-allocated block 
to a given zone. 

Argument lists given below are decorated with default settings. An argument followed by [exp] will default 
if omitted or zero to the value exp; an argument followed by [ ... exp] will default if omitted to expo 

InitializeZone, AddToZone 

The function zone = InitializeZone(Zone, Length, OutOfSpaceRoutine [ ... SysErr], MalFormedRoutine 
[ ... SysErr]) initializes the block of storage beginnmg at address Zone and containing Length words to be a 
free storage zone. OutOfSpaceRoutine is taken to be an error handling routine that will be called whenever 
a requested allocation cannot be satisfied. MalFormedRoutine is an error printing routine that is called 
whenever the Alloc package detects an error in the consistency of the zone data structure. InitializeZone 
builds the zone data structure, and returns a pointer to a "zone," which is used for all subsequent calls to 
Allocate and Free for the zone. . 

The function AddToZone(Zone, Block, Length) adds the block of storage beginning at Block and 
containing Length words to the zone pointed to by Zone. 

Alloc restricts the maximum size of the blocks it will allocate and of the "Length" arguments for 
InitializeZone and AddToZone to 32K-l. 

Allocate, Free 

The function Allocate(Zone, Length, returnOnNoSpace [ ... 0], Even [ ... 01) allocates a block of Length words 
from Zone and returns a pointer to that block. If the allocation cannot be done, one of two cases pertains: 
(1) returnOnNoSpace is non-zero or the OutOfSpaceRoutine provided for the zone is 0: Allocate returns 
the value 0; if returnOnNoSpace is not -1, the size of the largest available block is stored in 
@returnOnNoSpace;. (2) otherwise, the value returned to the caller is the result of 
OutOfSpaceRoutine(Zone, ecOutOfSpace, Length). 

If the optional parameter Even is true, the block allocated will be guaranteed to begin on an even word 
boundary. This is useful when allocating display buffers. 

The procedure Free(Zone, Block) gives a previously-allocated block of storage back to the zone pointed to 
by Zone. Block must have been the value of a call on Allocate. 

Check Zone 

The Alloc package contains considerable facilities for debugging. Conditional compilation will enable 
various levels of consistency checking; the remainder of this paragraph assumes that the checking is 
enabled. Users should consult the source file (Alloc.Bcpt) for details concerning the conditional 
compilation. 

The procedure CheckZone(zone), which may be called conveniently from Swat, will perform a fairly 
exhaustive consistency check of the zone (provided that conditional compilation has caused the code to be 
present!). 

In addition, certain checking will be performed on the various calls to the package, provided that the 
MalFonnedRoutine parameter supplied for the zone is non-zero. 
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If an error is detected, the call MaIForrnedRoutine(zone, errCode) is executed. Values of the error code 
are: 

ecOutOfSpace 
ecZoneAdditionError 
ecBlockN otAllocated 
eclllForrned 

Free-Standing Zones 

1801 
1802 
1803 
1804 

Not enough space to satisfy a request. 
Too large or too small addItion to zone. 
Free has been called with a bad block. 
The consistency-checker has found some 
error in the zone. Consult Alloc.Bcpl. 

It is often desirable to use a single 16-bit quantity to describe an entire free-space pool, together with its 
allocating and freeing procedures. For example, one can pass to the operating system such a quantity; the 
system can thereafter acquire and release space without knowing the details of how the operations are 
done. The zones constructed by Alloc have this property: . 

zone»ZN.Allocate(zone, Length) will allocate a block 
zone»ZN.Free(zone, Block) will free a block 

By convention, these entries are at the beginning of a zone. Thus, all you need to know about the ZN data 
structure is: 

structure ZN[ 
Allocate word I I Allocation procedure 
Free word IIFree procedure 
... rest of zone ... 
] 

Example 

The following terrible implementation of the factorial function illustrates the use of Alloc: 

static [ Spare 
fuJarelsA vail 
FactZone 
] 

let Factorial(n) = valof 
r let FactZone V = vec 256 
let MySpare =: vee 37 
Spare = My-Spare 
SparelsA vall = true 

FactZone = InitializeZone(FactZoneV, 256, StkOvfl) 

let FactVal = InnerFact(n) 

resultis FactVal 
] 

and InnerFact(n) = valof 
[ structure STKENT: 

[link word 
value word 
] 

manifestJ empty = -1; 
wor size = 16 
] 
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let stack = empty 

while n gr 1 do 
[ let stkent = Allocate(FactZone, size STKENT Iwordsize) 
stkent»STKENT.1ink = stack 
stkent»STKENT.value = n 
stack = stkent 
n = n-l 
] 

let value = 1 

while stack ne empty do 
r value = value*(stack»STKENT.value) 
let stkent = stack 
stack = stkent»STKENT.1ink 
Free(FactZone, stkent) 
] 

resultis value 
] 

and StkOvf1(Zone, nil, Length) = valof 
[ unless Sp'areIsAvail do 

[Ws("Aargh! Stack stuck!") 
finish 
] 

AddToZone(FactZone, Spare, 37) 
SpareIsA vail = false 
resultis Allocate(FactZone, Length) 
] 
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Disks: The Alto File System 
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This document describes the disk formats used in the Alto File System. It also describes a "disk object," a 
Bcpl software construct that is used to interface low-level disk drivers with packages that implement 
higher-level objects, such as streams. 

The primary focus of the description will be for the "standard" Alto disks: either (1) up to 2 DiabloModel 
31 dIsk drives or (2) one Diablo Model 44 disk drive. The low-level drivers for these disks are called "Bfs" 
(Basic File System). With minor modifications, the description below applies to the Trident Model T80 
and T300 disk drives, when formatted for Alto file system conventions. The differences are flagged with 
the string rrrident]. Low-level drivers for the Trident disks are called "Tfs." 

1. Distribution 

Relocatable binary files for the BFS are kept in <Alto>BFSBrs.dm. The sources, command files, and test 
program (described later in this document) are kept in <AltoSource>BFSSources.dm Relocatable binary 
files for the TFS are kept in <Alto>TFS.dm; sources are kept on <AltoSource>TFSSources.dm. 

2. File and Disk Structure 

This section describes the conventions of the Alto file system. The files AltoFileSys.D and Bfs.D contain 
Bcpl structure declarations that correspond to this description ([Trident]: See also "Tfs.D"). 

The unit of transfer between disk and memory, and hence that of the file system, is the disk sector. Each 
sector has three fields: a 2-word header, an 8-word label, and a 256-word data page. ([Tndent]:I1ie fields 
are a 2-word header, a lO-word label, and a 1024-word data page.) 

A sector is identified by a disk address; there are two kinds of disk addresses, real and virtual. The 
hardware deals in real addresses, which have a somewhat arbitrary format. An unfortunate consequence is 
that the real addresses for all the pa~es on a disk unit are sparse in the set of16 bit integers. To correct this 
defect, virtual addresses have been mtroduced. They have the property that the pages of a disk unit which 
holds n pages have virtual addresses 0 ... (n-l). Furthermore, the ordering of pages by virtual address is 
such that successive pages in the virtual space are usually sequential on the disk. As a result, assis.ning a 
sequence of pages to consecutive virtual addresses will ensure that they can be read in as fast as pOSSIble. 

2.1. Legal Alto Files 

An Alto file is a data structure that contains two sorts of information: some is mandatory, and is required 
for all legal files; the remainder is "hints". Programs that operate on files should endeavor to keep the 
hints accurate, but should never depend on the accuracy of a hint. 

A legal Alto file consists of a sequence of pages held together by a doubly-linked list recorded in the label 
fields. Each label contains the mandatory information: 

The forward and backward links, recorded as real disk addresses. 

A page number which gives the position of the page in the file; pages are numbered from O. 

A count of the number of characters of data in the page (numchars). This may range from 0 (for a 
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completely empty page) to 512 (for a completely full page). ([Trident]: A full page contains 2048 
characters.) 

A real file id, which is a three-word unique identifier for the file. The user normally deals with virtual 
file ids (see the discussion of file pointers, below), which are automatically converted into real file ids 
when a label is needed. 

Three bits in the file id deserve special mention: 

Directory: This bit is on if the file is itself a directory file. This information is used by the disk 
Scavenger when trying to re-build a damaged disk data structure. 

Random: This bit is currently unused: 

NoLog: This bit is no longer used, but many existing files are likely to have it set. 

Leader Page: Page 0 of a file is called the leader Rage; it contains no file data, but only a collection offile 
properties, all of which are hints. The structure LD in AltoFileSys.D declares the format of a leader page, 
which contains the following standard items: 

The file name, a hint so that the Scavenger can enter this file in a directory if it is not already in one. 

The times for creation, last read and last write, interpreted as follows: 

A file's creation date is a stamp generated when the information in the file is created. When a 
file is copied (without modification), the creation date should be copied with it. When a file 
is modified in any way (either in-place or as a result of being overwritten by newly-created 
information), a new creation date should be generated. 

A file's write date is updated whenever that file is physically written on a given file system. 

A file's read date is updated whenever that file is physically read from within a given file 
system. 

A pointer to the directory in which the file is thought to be entered (zeroes imply the system 
directory SysDir). 

A "hint" describing the last page of the file. 

A "consecutive" bit which is a hint that the pages of the file lie at consecutive virtual disk addresses. 

The changeSerial field related to version numbering: whenever a new version of a file "foo" is 
made, the changeSerial field of all other files "foo" (Le., older versions) is incremented. Thus, a 
program that wishes to be sure that it is using the most recent version of a file can verify that 
changeSerial=O. If a program keeps an FP as a hint for a file, and is concerned about the relative 
position of that file in the list of version numbers, it can also keep and verify the changeS erial entry 
of the file. Version numbers have been deimplemented. 

These standard items use up about 40 words of the leader page. The remaining space is available for 
storing other information in blocks which start with a one word header containing type and length fields. 
A zero terminates the list. The structure FPROP in AltoFileSys.d defines the header format. The only 
standard use of this faci~ity is to record the logical shape of the disk in the leader page ofSysDir. 

Data: The first data byte of a file is the first byte of page l. 

In a legal file with n pages, the label field of page i must contain: 

A nex t link with the real disk address of page (i + 1), or 0 if i = n-l. 

A previous link with the real disk address of page (i-I), or 0 ifi=O. 
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A page number between 0 and (n-l), inclusive. 
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A numchars word = 512 if i<n-l, and (512 if i=n-l. The last page must not be completely full. 
([Trident]: = 2048 ifi(n-l, and (2048 ifi = n-1.) 

A real file id which is the same for every page in the file, and different from the real file id of any other 
file on the disk. 

A file is addressed by an object called a file pointer (FP), which is declared in AltoFileSys.D. A file pointer 
contains a virtual file id, and also the virtual address of the leader page of the file. The low-level disk 
routines constmct a real file id from the virtual one when they must deal with a disk label. Since it is 
possible for the user to read a label from the disk and examine its contents, the drivers also provides a 
routine which will convert the real file id in the label into a file pointer (of course, the leader address will 
not be filled in). 

Note: Real disk address 0 (equal virtual disk address 0) cannot be part of any legal Alto file because the 
value 0 is reserved to terminate the forward and backward chains in sector labels. However, disk addressO 
is used for "booting" the Alto: when the boot key is pressed when no keyboard keys are down, sector 0 is 
read in as a bootstrap loader. The normal way to make a file the "boot file" is to first create a legal Alto file 
with the bootstrap loader as the first data page (page 1), and then to copy this page (label and data) into 
disk sector O. Thus the label in sector 0 points forward to the remainder of the boot file. 

2.2. Legal Alto Disks 

A legal disk is one on which every page is either part of a legal file, or free, or "permanently bad." A free 
page has a file id of all ones, and the rest of its label is indeterminate. A permanently bad page has a fileid 
with each of the three words set to -2, and the remainder of the label indeterminate. 

2.3. Alto Directory Fi1e~ 

A directory is a file for associating string names and FP's. It has the directory bit set in its file id, and has 
the following format (stmcture DV declared in AltoFileSys.D). 

It is a sequence of entries. An entry contains a header and a body. The length field of the header tells how 
many words there are in the entry, including the header. The interpretation of the body depends on the 
type, recorded in the header. 

dvTypeFree=O: free entry. The body is uninterpreted. 

dvTypeFile = 1: file entry. The body consists of a file pointer, followed by a Bcpl string containing the 
name of the file. The file name must contain only upper and lower case letters, digits, and characters 
in the string "+-.!$". They must terminate with a period (".") and not be longer than max LengthFn 
characters. If there are an odd number of bytes in the name, the "garbage byte" must be O. The 
interpretation of exclamation mark (!) is special; if a file name ends with! followed only by digits (and 
the mandatory". "), the digits specify a file version number. 

The main directory is a file with its leader page stored in the disk page with virtual address 1. There isan 
e11try for the main directory in the main directory, with the name SysDir. All other directories can be 
reached by starting at the main directory. 

2.4. Disk Descriptor 

There is a- file called DiskDescriptor erttered in the main directory which contains a disk descriptor 
structure which describes the disk and tells which pages are free. The disk descriptor has two parts: a 16 
word header which describes the shape of the disk, and a bit table indexed by virtual disk address. The 
declaration of the header structure is in AltoFilcSys.D. 
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The "defaultVersionsKept" entry in the DiskDescriptor records the number of old versions of files that 
should be retained by the system. If this entry is 0, no version accounting is done: new files simplyrepJace 
old ones. Version numbers have been deimplemented. 

The entry in the disk descriptor named "freePages" is used to maintain a count of free pages on the disk. 
This is a hint about a hint: it is computed when a disk is opened by counting the bits in the bit tablet and 
then incrementing and decrementing as pages are released and allocated. However the bit table is Itself 
just a collection of hints, as explained below. 

The bit table contains a "1" corre~onding to each virtual disk address that is believed to be occupied bya 
file, and "0" for free addresses. These values are, however, only hints. Programs that assign new pages 
should check to be sure that a page thought to be free is indeed so by reading the label and checking tosee 
that it describes a free page. (The WnteDiskPages and CreateDiskFile procedures in the disk object 
perform this checking for you.) 

2.5. Oversights 

If the Alto file system were to be designed again, several deficiencies could be corrected: 

Directory entries and label entries should have the same concept of file identifier. Presently, wehave 
filePointers and file Ids. 

There is no reason why the last page of a file cannot contain 512 bytes. 

It is unfortunate that the disk controller will not check an entry of 0 in a label, because these values 
often arise (numChars of the last page, page number of the leader page). Another don't care value 
should be chosen: not a legal disk address; with enough high order bIts so that it will checknumChars 
and page number fields. . . 

The value used to terminate the chain of disk addresses stored in the labels should not be a legal dlsk 
address. (It should also not be zero, so that it may be checked.) If it is a legal address, and if you try to 
run the dIsk at full speed using the trick of pointing page i's label at page i + 1's disk address in the 
command block, the disk will try to read the page at the legal disk address represented by the chain 
terminator. Only when this results in an error is end of file detected. A tenninator of zero has the 
undesirable property that a seek to track 0 occurs whenever a chain runs into end-of-file. 

3. The Disk Object 

In order to facilitate the interface between various low-level disk drivers and higher-level software, we 
define a "disk object." A small data structure defines a number of generic operations on a disk -- the 
structure DSK is defined in "Disks.D." Each procedure takes the disk structure as its first argument: 

ActOnDiskPages: Used to read and write the data fields of pages of an existing file. 

WriteDiskPages: Used to read and write data fields of the pages of a file, and to extend the file if 
needed. 

DeleteDiskPages: Used to delete pages from the end of a file. 

CreateDiskFile: Used to create a new disk file, and to build the leader page correctly. 

AssignDiskPage: Used to find a free disk page and return its virtual disk address. 

ReleaseDiskPage: Used to release a virtual disk address no longer needed. 

VirtualDiskDA: Converts a real disk address into a virtual disk address. 
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RealDiskDA: Converts a virtual disk address into a real disk address. 

InitializeDiskCBZ: Initializes a Command Buffer Zone (CBZ) for managing disk transfers. 

DoDiskCommand: Queues a Command Buffer (CB) to initiate a one-page transfer. 

GetDiskCb: Obtains another CB. possibly waiting for an earlier transfer to complete. 

CloseDisk: Destroys the disk object. 

In addition, there are several standard data entries in the DSK object: 
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fuSysDir: Pointer to the FP for the directory on the disk. (This always has a constant format -- see 
discussion above.) , 

fJ:>DiskDescriptor: Pointer to the FP for the file "DiskDescriptor" on the disk. 

fJ:>WorkingDir: Pointer to the FP to use as the "working directory" on this disk. This is usually the 
same as fpSysDir. 

name WorkingDir: Pointer to a Bcpl string that contains the name of the working directory. 

lnPageSize: This is the log (base 2) of the number of words in a data page on this disk. 

driveN umber: This entry identifies the drive number that this DSK structure describes. 

retryCount: This value gives the number of times the disk routines should retry an operation before 
declaring it an error. 

totalErrors: This value gives a cumulative count of the number of disk errors encountered. 

diskKd: This entry points to a copy of the DiskDescriptor in memory. Because'the bit table can get 
quite large, only the header needs to be in memory. This header can be used. for example, to compute 
the capacity of the disk. 

1engthCBZ, lengthCB: The fixed overhead for a CBZ and the number of additional words requiredper 
Cn. 

In addition to this standard information, a particular implementation of a disk class may include other 
information in the structure. 

4. Data Structures 

The following data structures are part of the interface betwe,en the user and the disk class routines: 

pageNumber: as defined in the previous section. The page number is represented b~ an integer. 

DAs: a vector indexed by page number in which the ith entry contains the virtual disk address of page iof 
the file, or one of two speclal values (which are declared as manifest constants in Disks.D): 

eofDA: this page is beyond the current end of the file; 
fillInDA: the address of this page is not known. 

Note that a particular call on the file system will only reference certain elements of this vector, and the 
others do not have to exist. 'rhus, reading page i will cause references only to DAsH and DAs!(i + 1). so the 
user can have a two-word vector v to hold these quantities, and pass v-i to the file system as DAs. 
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CAs: a vector indexed by/age number in which the ith entry contains the core address to or from which 
page i should be transfere . The note for DAs applies here also. 

fp (or filePtr): file pointer, described above. In most cases, the leader page address is not used. 

action: a magic number which specifies what the disk should do. Possible values are declared as manifest 
constants in Disks.D: 

DCreadD: 
DCreadLD: 
DCreadHLD: 
DCwriteD: 
DCwriteLD: 
DCwriteHLD: 
DCseekOnly: 
DCdoNothing: 

check the header and label, read the data; 
check the header, read the label and data; 
read the header, label, and data; 
check the header and label, write the data; 
check the header, write the label and data; 
write the header, label, and data; 
just seek to the specified track 

A particular implementation of the disk class may also make other operations available by defining 
additional magic numbers. 

5. Higher-level Subroutines 

There are two high-level calls on the basic file system: 

pageNumber = ActOnDiskPages(disk, CAs, DAs, filePtr, firstPage, lastPage, action, IvNumChars, 
lastAction, fixedCA, cleanup Routine, IvErrorRoutine, returnOnCheckError, hintLastPage). 

Parameters beyond "action" are optional and may be defaulted by omitting them or making them 0. 

Here firstPage and lastPage are the page numbers of the first and last pages to be acted on (Le. read or 
written, in normal use). This routine does the specified action on each page and returns the page number 
of the last page successfully acted on. This may be less than lastPage if the file turns out to have fewer 
pages. DAs!firstPage must contain a disk address, but any of DAs!(firstPage+ 1) U1rough 
DAs!(lastPage+ 1) may be fillInDA, in which case it will be replaced with the actual disk address, as 
determined from the chain when the labels are read. Note that the routine will fill in DAs!(lastPage+ 1), 
so this word must exist. 

The value of the numChars field in the label of the last page acted on will be left in rv IvNumChars. If 
lastAction is supplied, it will be used as the action for lastPage instead of action. If CAs eq 0, fixedCA is 
used as the core address for all the data transfers. [f cleanupRoutine is supplied, it is called after the 
successful completion of each disk command, as described below under "Lower-level disk access". (Note: 
providing a cleanup routine defeats the automatic filling in of disk addresses in DAs). 

Disk transfers that generate errors are retried several times and then the error routine is called with 
rv lvErrorRoutine(lvEfforRoutine, cb, errorCode) 

In other words, IvErrorRoutine is the address of a word which contains the (address of the) routine to be 
called when there is an error. The errorCode tells what kind of error it was; the standard error codes are 
tabulated in a later section. The cb is the control block which caused the error; its format depends on the 
particular implementation of the drivers (Bfs: the stmcture CB in Bfs.D). 

The intended use oflvErrorRoutine is this. A disk stream contains a cell A, in a known place in the stream 
structure, which contains the address of a routine which fields disk errors. The address of A is passed as 
IvErrorRoutine. When the error routine is called, it gets the address of A as a parameter, and by 
subtracting the known position of A in the disk stream structure, it can obtain the address of the stream 
structure, and thus determine which stream caused the error. 
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The default value of returnOnCheckError is false. If returnOnCheckError is true and an error is 
encountered, ActOnDiskPages will not retry a check error and then report an error. Instead, it will return 
-( # 100 + n, where i is the page number of the last page successfully transferred. This feature allows 
ActOnDiskPages to be used when the user it not sure whether the disk address he has is correct. It is used 
by the disk stream and directory routines which take hints; they try to read from the page addressed by the ) 
hint with returnOnCheckError true, and if they get a nonnal return they know that the hint was good. On 
the other hand, if it was not good, they will get the abnonnal return just described, and can proceed to try 
again in a more conservative way. 

The hintLastPage argument, if supplied, indicates the page number of what the caller believes to be the last 
page of the file (v.resumably ootained from the hint in the leader page). If the hint is correct, 
ActOnDiskPages wIll ensure that the disk controller does not chain past the end of the file and seek to 
cylinder zero (as described earlier under "Oversights"). If the hint is incorrect, the operation will still be 
performed correctly, but perhaps with a loss in performance. Note that the label is not rewritten by 
DCwriteD, so that the number of characters per page will not change. If you need to change the label, you 
should use WriteDiskPages unless you know what you are doing. . 

ActOnDiskPages can be used to both read and write a file as long as the length of the file does not have to 
change. lfit does, you must use WriteDiskPages. 

pageNumber = WriteDiskPages(disk, CAs, DAs, filePtr, firstPage,lastPage, lastAction,lvNumChars, 
lastNumChars, fixedCA, nil, IvErrorRoutine, nil, hintLastPage). 

Arguments beyond lastPage are optional and may be defaulted by omitting them or making them 0 (but 
lastNumChars is not defaulted if it is 0). . 

This routine writes the specified pages from CAs (or from fixedCA if CAs is 0, as for ActOnDiskPages). It 
fills in DAs entries in the same way as ActOnDiskPages, and also allocates enough new Rages to complete 
the specified write. The numChars field in the label of the last page will be set to lastNumChars (which 
defaults to 512 rrridentJ: 2048). It is generally necessary that DAs!firstPage contain a disk address. The 
only situation in which It is pennissible for DAs!firstPage to contain fillInDA is when firstPage is zero and 
no pages of the file yet exist on the disk (Le., when creating page zero of a new file). 

In most cases, DAs!(firstPage-1) should have the value which you want written into the backward chain 
pointer for firstPage, since this value is needed whenever the label for firstPage needs to be rewritten. The 
only case in which it doesn't need to be rewritten is when the page is already allocated, the next page isnot 
being allocated, and the numChars field is not changing. 

IflastPage already exists: 

1) the old value of the numChars field of its label is left in rv IvNumChars .. 

2) iflastAction is supplied, it is applied to lastPage instead ofDCwriteD. It defaults to DCwriteD. 

WriteDiskPages handles one special case to help in "renaming" files, i.e. in changing the FP (usually the 
serial number) of all the pages of a file. To do this, use ActOnDiskPages to read a number of pages of the 
file into memory and to build a DAs array of valid disk addresses. Then a call to Write DiskPages with 
lastAction= -1 will write labels and data for pages firstPage through IastPage (DAs!(firstPage-1) and 
DAs!(lastPage+1) are of course used in this wnting process). The numChars field of the label on thelast 
page is set to lastNumChars. To use this facility, the entire DAs array must be valid, i.e. no entries maybe 
fillInDA. 

In addition to these two routines, there are two others which provide more specialized services: 



Disks & Bfs 

Cleared version of October 15, 1979 

September 13, 1979 

CreateDiskFile(disk, name, filePtr, dirFilePtr, wordl [0], useOldFp [false], pageBuf{O]) 

57 

Creates a new disk file and writes its leader page. It returns the serial number and leader disk address in 
the FP structure filePtr. A newly created file has one data page (page 1) with numChars eq O. 

The arguments beyond filePtr are optional, and have the following significance: 

If dirFilePtr is supplied, it should be a file pointer to the directory which owns the file. This file 
pointer is written mto the leader page, and is used by the disk Scavenger to put the file back into the 
directory ifit becomes lost. It defaults to the root directory, SysDir. 

The value of word1 is "or"ed into the filePtr»FP.seriaINumber.word1 portion of the file pointer. 
This allows the directory and random, bits to be set in the file id. 

If useOldFp is true, then filePtr already points to a legal file; the purpose of calling CreateDiskFile is 
to re-write all the labels of the existing file with the new serial number, and to re-mitialize the leader 
page. The data contents of the original file are lost. Note that this process effectively "deletes" thefile 
oescribed by filePtr when CreateDiskFile is called, and makes a new file; the FP for the new file is 
returned in filePtr. 

If pageBuf is supplied, it is written on the leader page of the new file after setting the creation date and 
directory FP hint (if supplied). IfpageBufis omitted, a minimal leader page is created. 

DeleteDiskPages(disk, CA, firstDA, filePtr, firstPage, newFp, hintLastPage) 

Arguments beyond firstPage are optional. Deletes the pages of a file, starting with the page whose number 
is firstPage and whose disk address is firstDA. CA is a page-sized buffer which is clobbered by lheroutine. 
hintLastPage is as described under ActOnDiskPages. 

If newFp is supplied and nonzero, it (rather than freePageFp) is installed as the FP of the file, and the 
pages are not deallocated. . 

6. Allocating Disk Space 

The disk class also contains routines for allocating space and for converting between virtual and real disk 
addresses. In most cases, users need not call these routines directly as the four routines given above 
(ActOnDiskPages, WriteDiskPages, DeleteDiskPages, CreateDiskFile) manage disk addresses and disk 
space internally. ' 

AssignDiskPage( disk, virtualDA, nil) returns the virtual disk address of the first free page following 
virtualDA, according to the bit table, and sets the corresponding bit. It does not do any checking that the 
page is actually free (but WriteDiskPages does). If there are no free pages it returns -1. If it is called with 
three arguments, it returns true if (virtualDA + 1) is available without assigning it. 

If virtualDA is eofDA, AssignDiskPage makes a free-choiCe assignment. The disk object remembers the 
virtual DA of the last page assigned and uses it as the first page to attempt to assign next time 
Assie;nDiskPage is called with a virtualDA of eotDA. This means that you can force a file to be created 
startmg at a particular virtual address by means of the following strategy: 

ReleaseDiskPage( disk, Assign DiskPage( disk, desiredVDA -1» 
CreateDiskFile(dlsk, ... ) / / or whatever (e.g., OpenFile) 

ReleaseDiskPage( disk, virtualDA) marks the page as free in the bit table. It does not write anything on the 
disk (but De1eteDiskPages does). 

VirtualDiskDA(disk, lvRealDA) returns the virtual disk address, given a real disk address in rvlvRealDA. 
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(The address, IvRealDA, is passed because a real disk address may occupy more than 1 word.) This 
procedure returns eofDA if tfie real disk address is zero (end-of-file), and fillInDA if the real disk address 
does not correspond to a legal virtual disk address in this file system. 

RealDiskDA(disk, virtualDA, IvReaIDA) computes the real disk address and stores it in rv IvReaIDA. The 
function returns true if the virtual disk address is legal, Le. within the bounds of disk addresses for the 
given" disk." Otherwise, it returns false. 

7. Lower-level Disk Access 

The transfer routines described previously have the property that all disk activity occurs during calls tothe 
routines; the routines wait for the requested disk transfers to complete before returning. Consequently, 
disk transfers cannot conveniently be overlapped with computation, and the number of pages transferred 
consecutively at full disk speed is generally limited by the number of buffers that a caller is able to supply 
in a single call. 

It is also possible to use the disk routines at a lower level in order to overlap transfers with computation 
and to transfer pages at the full speed of the disk (assuming the file is consecutively allocated on thedisk 
and the amount of computation per page is kept relatively small). The necessary generic disk operations 
and other information are available to permit callers to operate the low-level disk routines in a device­
independent fashion for most applications. 

This level makes used of a Command Block Zone (CBZ), part of whose structure is public and defined in 
Disks.d, and the rest of which is private to the implementation. The general idea is that a cnz is set up 
with empty disk command blocks in it. A free block is obtained from the cnz with GetDiskCb and sentto 
the disk with DoDiskCommand. When it is sent to the disk, it is also put on the queue which GetDiskCb 
uses, but GetDiskCb waits until the disk is done with the command before returning it, and also checks for 
errors. 

If you plan to use these routines; read the code for ActOnDiskPages to find out how they are intended to 
be called. An example of use of these routines in a disk-independent fashion (Le., using only the public 
definitions in Disks.d) may be found in the DiskStreamsScan module of the Operating System. Only in 
unusual applications should it be necessary to make use of the implementation-dependent information in 
Bfs.d or Tfs.d. 

InitializeDiskCBZ(disk, cbz, firstPage, length, retry, IvErrorRoutine). CBZ is the address of a block of 
length words which can be used to store CBs. It takes at least three CBs to nm the disk at full speed; the 
disk object contains the values DSK.lengthCBZ (fixed overhead) and DSK.lengthCB (size of each 
command block) which may be used to compute the required length (that is, length should be at least 
lengthCBZ+3*lengthCB). FirstPage is used to initialize the currentPage field of the cbz. Retry is alabel 
u~ed for an error return, as described below. IvErrorRoutine is an error routine for unrecoverable errors, 
described below; it defaults to a routine that simply invokes SysErr. The arguments after firstPage can be 
omitted if an existing CEZ is being reinitialized, and they will remain unchanged from the previous 
initialization. 

cb = GetDiskCb(disk, cbz, dontClear[false], returnIfNoCn[false]) returns the next CB for the CBZ. If the 
next cn is empty (Le., it has never been passed to DoDiskCommand), GetDiskCb simply zeroes it and 
returns it. However, if the next CB is still on the disk command queue, GetDiskCb waits until the disk has 
finished with it. Before returning a cn, GetDiskCb checks for errors, and handles them as described 
below. If there is no error, GetDiskCb updates the nextDA and currentNumChars cells in the cnz, then 
calls cbz»CnZ.cleanupRoutine(disk, cb, cbz). Next, unless dontClear is true, the cn is zeroed. Finally, 
the cn is returned as the value of GetDiskCb. If returnlfNoCB is true, GetDiskCb returns zero ifthere 
are no CBs in the cnz or the next cn is still on the disk command queue. 

If the next cn has suffered an error, then GetDiskCb instead takes the following actions. First it 
increments cbz»CnZ.errorCount. Ift111s number is ge the value disk»DSK.retryCount, GetDiskCbcalls 
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the error routine which was passed to InitializeDiskCBZ; the w~y this is done is explained in the 
description of ActOnDiskPages above. (If the error routine returns, GetDiskCb will proceed as if an error 
hadn't occurred.) Otherwise, after doing a restore on the disk if errorCount ge disk) )DSK.retryCountl2, it 
reinitializes the eBZ with firstPage equal to the page with the error, and returns to cbz»CBZ.retry(which 
was initialized by InitializeDiskCBZ) mstead of returning normally. The idea is that the code followmgthe 
retry label will retry all the incomplete commands, starting with the one whose page number is 
cbZ) >CBZ.currentPage and whose disk address is cbz> >CBZ.errorDA. 

DoDiskCommand(disk, cb, CA, DA, filePtr, pageNumber, action, nextCb) Constructs a disk command in 
cb with data address CA, virtual disk address DA, serial and version number taken from the virtual fileid 
in filePtr, page number taken from pageNumber, and disk command specified by action; The nextCb 
argument IS optional; if supplied and nonzero, DoDiskCommand will "chain" the current CB's label 
address to nextCb, in such a way that the DL.next word will fall into nextCb»CB.diskAddress. 

DoDiskCommand expects the cb to be zeroed, except that the following fields may be preset; if they are 
~ero the indicated default is supplied: 

labelAddress 
numChars 

Iv cb> >CB.1abel 
o 

If DA eq fillInDA, the real disk address in the command is not set (the caller should have either set it 
explicitly or passed the CB as the nextCb argument for a previous command). Actions are checked for 
~~. , 

The public cells in the CBZ most likely to be of interest are the following: 

client: information of the caller's choosing (e.g., a pointer to a related higher-level data structure such 
as a stream.). . 

cleanupRoutine: the cleanup routine called by GetDiskCb (defaulted to Noop by InitializeDiskCBZ). 

currentPage: set to the firstPage argument of InitializeDiskCBZ and not touched by the other routines. 
(Note, however, that GetDiskCb calls InitializeDiskCBZ when a retry is about to occur, so when 
control arrives at the retry label, currentPage will be set to the page number of the command that 
suffered the error.) 

errorDA: set by GetDiskCb to the virtual disk address of the command that suffered an error. 

nextDA: set by GetDiskCb to the virtual disk address of the page following the one whose CB isbeing 
returned. (This information is obtained from the next pointer in the current page's label. Note that 
errorDA and nextDA are actually the same cell, but they are used in non-conflicting circumstances.) 

currentNumChars: set by GetDiskCb to the numChars of the page whose CB is being returned. 

head: points to the first CB on GetDiskCb's queue; contains zero if the queue is empty. 

8. Error Codes 

The following errors are generated by the BFS. Similar errors are generated by other instances of a disk 
object. 

1101 unrecoverable disk error 
1102 disk full 
1103 bad disk action 
1104 control block queues fouled up 
1105 attempt to create a file without creation ability 



Disks & Bfs 

Cleared version of October 15, 1979 

September 13, 1979 

1106 can't create an essential file during NewDisk 
1107 bit table problem durin~ NewDisk 
1108 attempt to access nonexlstant bit table page 

9. Implementation -- Bfs 
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The implementation expects a structure BFSDSK to be passed as the "disk" argument to the routines. The 
initial portion of this structure is the standard DSK structure followed by a copy of the DiskDescriptor 
header and finally some private instance data for the disk in use. (Note: The Alto operating system 
maintains a static sysDisk that points to stich a structure for disk drive 0.) 

Bfs ("Basic File System") is the name for a package of routines that implement the disk class for the 
standard Alto disks (either Diablo Model 31 drives or a single Diablo Model 44 drive). The definitionsVn 
addition to those in AltoFileSys.D and Disks.D) are contained in BfsD. The code comes in two "levels: • a 
"base" for reading and writing existing files (implements ActOnDis.kPages, RealDiskDA and 
VirtualDiskDA only); and a "write" level for creating, deleting, lengthening and shortening files 
(implements WriteDlskPages, CreateDiskFile, DeleteDiskPages, AssignDiskPage, ReleaseDiskPage). The 
source files BfsBase.Bcpl, Dvec.Bcpl and BfsM1.Asm comprise the base level; files BfsWrite.Bcpl 
BfsCreate.bcpl, BfsClose.bcpl, and BfsDDMgr.bcpl implement the write level. 

BfsMakeFpFromLabel(fp, la) constructs a virtual file id in the file pointer fp from the real file id in the 
labella. 

disk = BFSInit(diskZone, allocaterfalse], driveNumber[O], ddMgr[O], freshDisk[false], 
tempZone[diskZone]) returns a disk object for dnveNumber or zero. The permanent data structures for 
the disk are allocated from diskZone; temporary free storage needed during the initialization process is 
allocated from temp Zone. If allocate is true, the machinery for allocating and deallocating disk space is 
enabled. If it is enabled, a small DDMgr object and a 256 word buffer will be extracted from diskZonein 
order to buffer the bit table. A single DDMgr, created by calling 'ddMgr = CreateDDMgr(zone)', can 
manage both disks. If freshDisk is true, BFSlnit does not attempt to open and read the DlskDescriptor 
file. This operation is essential for creating a virgin file system. 

success = BFSNewDisk(zone, driveNum[O], nDisks[l], nTracks[physical size], dirLen[3000]) creates a 
virgin Alto file system on the specified drive and returns true if successful. The zone must be capable of 
supplying about 1000 words of storage. The logical size of the file system may be different from the 
ph.ysical size of driveNum: it may span both disks (a 'double-disk file system'), or it may occupy fewer 
tracks (a model 44 used as a model 31). The length in words ofSysDir, the master directory, is specifiedby 
dirLen. 

o = BFSClose(disk, dontFree[false]) destroys the disk object in an orderly way. If dontFree is true, the 
ddMgr for the disk is not destroyed; presumably it is still in use by the other disk. (Note that this 
procedure is the one invoked by the CloseDisk generic operation.) 

BFSWriteDiskDescriptor(disk) insures that any important state saved in memory is correctly written onthe 
dis~ . 

virtualDA = BFSFindHole(disk, nPages) attempts to find a contiguous hole nPages long in disk. It 
returns the virtual disk <;lddress of the first page ofa hole if successful, else -1. 

BFSTryDisk(driveNumber, trackNumber) returns true if a seek command to the specified track on the 
specified drive is successful. Seeks to track zero will fail if the drive is not on line. Seeks to track 
BFS31NTracks+ 1 will fail if the drive is a model 31. 
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Operation and implementation of the Trident T80 disks is described in separate documentation under the 
heading "TFS/TFU" in Alto Subsystems documentation. 

11. BFSTest 

BFSTest is used to test the Basic File System (BFS) and Disk Streams software packages. It creates, 
deletes, reads, writes and positions files the same way that normal programs do, and checks the results 
which normal programs do not do. These high-level operations cause patterns of disk commands which 
are quite different from those generated by lower-level tests such as DiEx. 

When started, BFSTest asks you which disks to test, whether to erase them first, and how many passes to 
run. You can use a disk with other files on it, and BFSTest will not disturb them if you prohibit erasing. 
The duration and throughness of a pass depends on the amount of free space on the disks. 

BFSTest creates as many test files (named Test.OOl, Test.002, ... ) as will fit on the disk, filling each file with 
a carefully chosen test pattern. When it is done, it deletes all of the files. One 'pass' consists of stepping 
through the test files, performing a randomly chosen operation on the file, and checking the results. It 
looks for commands from the keyboard after each file. The current commands are: 

Q Quit Delete all test files and stop. 
S StopOnError Wait until a character is typed. 

All test files are 100 pages long. Each page of a file has the page number in its first and last words and a 
data pattern in the middle 254 words. The data pattern is constant throughout a file, consisting of a single 
one-bit in a word of zeros or a single zero-bit in a word of ones. Files are read and written with ReadBlock 
and Write Block using buffers whose lengths are not multiples of the page size. The operations are: 

Write 

Read 

Delete 

Copy 

Position 

Write the entire file with the data pattern. 

Read the entire file checking the data pattern. 

Delete the file, create it again and then write it. 

Copy the file to some other randomly chosen file. If both disks are being tested, 
one third of the time pick a destination file on the other disk. 

Position to twenty randomly chosen pages in the file. Check that the first word 
of the page is indeed the page number. One third of the time dirty the stream by 
writing the page number In the last word of the page. 
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