n the last installment of Disas-
sembly Lines[l], we reviewed the
mechanism of file deletion by the
ProDOS 8 machine language interface
(MLI). Up to and including ProDOS
version 1.2, deleted files could not be
recovered without a troublesome patch
tem file[2]. With the
inception of ProDOS version 1.3, the in-
tegrity of file index blocks is preserved,
making possible both the recovery of
deleted files and the repair of damaged
di In this respect, ProDOS has
finally caught up to DOS 3.3
With single-minded purpose, this article eschews dis-
assembly and plunges into the creation of a sophisticated,
menu-driven utility that enables you to recover deleted
ProDOS files. PFR is the name, and undeletion is the
game. ProDOS File Recovery (PFR) functions with all
versions of ProDOS and ll disk devices; however, files
10 be recovered must have been deleted under ProDOS
version 1.3 or later. For a detailed explanation of this
phenomenon, please review the prior column

USING THE PROGRAM

A deleted file must be recovered immediately after de-
letion. Save and write operations add data to
the disk and may appropriate index and data blocks

owned previously by the deleted file. Complete recov-
ery of the deleted file can be assured. therefore, only
if no information has been placed on the disk between
deletion and restoration

Volume Menu

To run PFR, type BRUN PFR. You are presented with
a menu of active volume names. Up to 16 disk devices
are supported by current versions of ProDOS 8. The bot-
tom section of the screen contains program commands.
Initially, the first menu item is highlighted (selected). The
arrow keys move you around the menu, Escape restarts
the program, and the Q key allows you to quit. Pressing
Return brings the contents of the selected volume direc-
tory into view. If the root directory has neither subdirec-
tory (DIR) nor deleted (DEL) files, DIRECTORY
EMPTY appears in the message box and pressing a key




directory, provided that the directory isn't “empty” or
doesn’t contain more than 256 DIR and DEL files. In
the latter instance, or if directory size exceeds available
memory, the message DIRECTORY TOO LARGE is
printed. If the volume bitmap (VBM) can't fit into RAM,
BITMAP TOO LARGE appears.

Holding down the Open-Apple key while hitting Return
returns you to the prior directory level, no matter which
file is highlighted. Thus, pressing Return alone or in com-
bination with the Open-Apple key enables you to move
through the contents of the volume with ease.

Undeleting a File

If the Return key is depressed when a DEL file is
selected, the usual message box is
replaced with the name of the deleted

files.

This month'’s Disassembly
Lines is also our cover feature
— it contains a tull-featured
utility tor recovering deleted

file, the file’s storage type (e.g., sced-
ling, sapling, tree, directory), the sta-
tus of the blocks owned by that file
(e.g. free, used), and the all-impor-
tant query, “Undelete the file
(Y/N)?” A default response is
provided. If all file blocks are free,
the default is Y and pressing either
Return or the Y key reincarnates the

rewrns you 1o the volume menu.
If a selected directory can't fit into
memory, DIRECTORY TOO
LARGE is printed.

Directory Menu

Volume directories can house no
more than 51 files, whereas 65,535
files may exist within a subdirec-
tory. More information is dis-
played in this menu: The full
directory pathname and level
number are displayed at the top of
the screen; only DIR and DEL
files are contained in the menu, and the help line of the
directory menu is expanded. As many as 4 columns of
16 entries can appear simultaneously. The Up- and Down-
Arrow keys function as expected. The Right- and Left-
Arrow keys operate only if a filename is visible to the
side of the selected filename. If the directory houses more
than 64 entries, some filenames are hidden. MouséText's
Up-Arrow characters above the first visible entry signify
that additional filenames may be brought into view by
pressing the Up-Arrow key when the top file is selected.
MouséText’s Down-Arrows are displayed if more entries
exist beyond the final visible filename, in which case
pressing the Down-Arrow key causes hidden names to
materialize. Escape and Q provide the same functions
as in the volume menu.

The Return key now has three possible functions. If
a DIR file is selected, pressing Return takes you to that

file. If any file block is reserved by
another file, BLOCK(S) IN USE is
printed and the default is N, in which case striking
RETURN or N cancels the undeletion. Of course, the
suggested action may be overridden by an alternate
response. If the message BAD BLOCK NUMBER ap-
pears during file recovery, the undeletion process is can-
celed automatically because an index block has been
irrevocably destroyed or was created under a pre-1.3 ver-
sion of ProDOS.

If you are desperate and decide to exhume a file con-
taining blocks reserved by another file, please back up
the entire disk before beginning the undeletion. If the
main bulk of the file is recovered successfully, copying
it to the backup disk ensures that no file on the backup
disk will be corrupted. The backup disk must now be-
come your working disk, and your old working disk
should be reformatted.

The name of a deleted file may not meet your expec-
tation if the file had been renamed before it was deleted.
All versions of ProDOS handle the RENAME command
by overwriting the filename field (FNF) with the new
name and changing the length nibble. If a longer file-
name had been substituted for a shorter name, no incon-
gruity is encountered. In the reverse case, a portion of
the former longer name remains in the FNF. Since the
length nibble had been zeroed when the file was deleted,
PER prints all ASCII characters in the FNF and may
generate strange names under the circumstances just out-
lined.

For example, suppose you save a BASIC program with
the name RANDOM. The filename field contains that
name, and the length nibble is 6. You then rename that




file RATF. The length nibble is now 4; only the first four
characters of the filename field are changed. If you delete
RATF and try to recover it, PFR will list it as RATFOM, be-
cause the rename process had converted a longer filename t©
a shorter onc, leaving all the trailing characters in the file-
name field intact. The trick to pinpointing a deleted file.
therefore, is to scarch the menu strings from left to right for
your target filename.

l [ th the inception of ProDOS

ersion 1.3, the integricy of file index
blocks is preserved.

PER is capable of revitalizing deleied DIR files. Since DIR
fles can be delted orly if they are cmpty, why in the world
would PFR waste its time on such nonsense? Have you ever
used utilities such as ProSEL or Copy II Plus (o deléte entire
directories? What if one of the deleted files in the deleted di
tory was vital? You could not exhume the file unless the dirc
tory was first restored. Whatever you may think of PFR. it
is no dummy.

Afier suceessfully undeleting a file, you are returned to the
directory menu which contained the target file. If a nondircc-
tory file has been exhumed, it no longer appears in the menu.
A restored directory file still appears. but its file type has been
changed from DEL to DIR. If your target nondirectory file
is the lone file in the current menu, and that file is exhumed,
you are returned to the prior directory level instead of the cmpty
menu.

To practice using PFR, run PRACTICE.PFR, a short Ap-
plesoft program that creates and deletes various types of files
on the volume whose name is inserted inio line 20. At least
117 blocks of ace are required, and a fresh ProDOS
RAM disk is an ideal medium. It better to become friendly
with PER before a crisis strikes.

ENTERING THE PROGRAM

17 you have an assembler, enter the source code from List-
ing 1 and assemble it: save the object file as PFR. If you don't
have an assembler. enter the Monitor with CALL 51 and
key in the hex code from Listing 2. Save the program with
the command:

BSAVE PFR,A$900,LSAD3

Type in the Applt:oﬂ program shown in Listing 3 and save
it with the command
SAVE PRACTICE.PFR

1§ PR is (0 be run on an unenhanced Ile (PFR will not run on
a [l Plus), changes must be made to prevent the program from
trying to put MouséText characters on the screen. To make the

necessary changes. load PFR into memory with the command:
BLOAD PFR

Enter the monitor (CALL
0A25:4C 41 0A
followed by:

12E7:A8 AQ BE A DE A DE A DE AQ DE
12F2:A2 AD 0!

15F21A0 AD 74 AG F6 A0 F6 AD F6 AC F6
1300:A8 A 00

Resave it to disk with the command:

BSAVE PFR,A$900,LSAD3

For help with entering Nibble listings, see the Typing Tips
section in this magazine.

151) and type:

HOW THE PROGRAM WORKS

Since the program is lengthy. I'll concentrate on its organi-
zation and major features. The detailed comments in Listing
1 should provide you with explanations missed hy this
description.

Organization
Control of PER is centered in the main program loop which
is divided into five parts:

1. Initialization (lines 63-7 74)

2. Volume menu (lines 78-89)

3. Directory menu (lines 93-130, 176-183)
4. Quit code (lines 134-136)

5. Error handler (lines 140-172).

Main loop subroutines occupy lines 187-802. The section of
PFR devoted to file undeletion is found in lines 806-880, and
the undeletion subroutines cncompass lines 886-1322.
Parameter lists (lines 1326-1351), storage locations (lines 1355-
1388), tables (lines 1392-1393) and text (lines 1399-1431) are
placed toward the end of Listing 1. Pointers (lines 39-42) are
in page zero, and major buffers are external (lines 43-49).

External Buffers

A standard ProDOS buffer, TXBUF2 (secondary text buffer
at $280-S2FF), holds the filename of the current directory.
Its leading byte contains the length of that filename.

RBUF (route buffer at SI00-SISFF) houses the chain of key
directory block numbers accessed by the user. The low-order
block numbers are stored in the first 128 hytes of RBUF, and
the high-order numbers are held in the second half of the page.
ROUTEFLG (described below) indexes the actise directory
number in RBUF.

PBUF (pointer buffer at $1600-$18FF) occupies three pages;
the first two pages hold the low- and high-order bytes, respec-
tively, of the pointers to file entries within the current direc-
tory. File type codes are stored in the last page of PBUF.

KBUF (key buffer at $1900-SIAFF) contains the conients
of the key biock of the file selected for undeletion

SBUF (subindex block buffer at $IB00-SICFF) is a reposi-
tory for the contents of the subindex block(s) of the file being
exhumed.

OBUF (OPEN buffer at SID00-520FF) services the MLI
OPEN call. It houses the open file’s active index block in its
upper two pages and a data block in the lower two pages.

Because DBUF (directory buffer at $2100-HIMEM) receives




the entire current dircctory, its length
is variable. This buffer also is used
1o store the volumes generated by the
ON__LINE call.

VBUF (VBM buffer) begins on the
first page boundary following the end
of DBUF, and its size also varies,

];m; pressing Return

alone or in combination

with the Open-Apple key

emables you to move
through the contents of
the volume with ease.

manner, a full directory pathname is
maintined in the buffer.

Deriving the key block number
from the file entry of the dircctory
10 be sccurcd, GETKYBLK (lines
267:275) places the block number
into RBUE.

GETDIR (lines 418-470) opens the

Pointers

PPTR points to text printed via the
PRTMSG subroutine (lines 189-199)
DPTR zerocs in on file entries within
DBUF and VBMBUE. SPTR points
at the selected entry within DBUE
IXPTR points to block numbers within index blocks.

Flags

ROUTEFLG (line 1355) points one location beyond the key
(first) block number of the active directory in RBUF. When
ROUTEFLG equals 7ero, the volume men is active. As each
new directory level is reached. ROUTEFLG is incremented
by one and indexes the location within RBUF where the new
key directory block number is stored

On rewrning from a command in the directory menu
SELFLG (line 1356) controls which menu line is seiected. A
positive value highlights the first menu entry. If SELFLG is

cgalivi

BAKUPFLG (ine 1357) regulates which directory is
exhibited. If the flag is set (negative), the prior directory level
is accessed. On BAKUPFLG clear (positive). the current
directory is sustained.

During the display of a directory. DIR files are printed before
DEL files. SCANFLG (line 1358) orchestrates this partition
as directories are scanned. On SCANFLG positive. DIR files
are dug out. When the flag is negative, DEL files are procured

WRIXFLG (line 1359) governs the writing of index blocks
o disk. Writing is suppressed by a clear (positive) flag and
enabled by a set (ncgative) flag.

Initialization

When this utility is started or restarted, 80-column mode
is enabled, all files are closed. and several flags are cleared
The key block of a volume, block number 2, is always stuffed
into the first location of RBUF.

Volume Menu

After printing the message box containing instructions, the
ON__LINE call polls all disk devices and deposits the data
in DBUF: up to 16 devices may be connected. For an
explanation of the MLI ON__LINE command, glance at one
of your three ever-faithful ProDOS companions|3-5).

The menu of on-line volumes is revealed by PRTVOL (lines
320-370). which extracts the data from DBUF. User commands
are processed by GETMKEY (lines 691729), which will be
dissected later.

Directory Menu

On entering the directory menu from the volume menu,
SETTXB (lines 401-414) places the name of the root directory
into TXBUF2, the pathname bufier for the MLI OPEN call
As succeeding directories are reached. SETTXB concatenates
their names with the pathname already in TXBUF2. In this

directory file. calculates its length,
and determines if the file would fit
between the start of DBUF and
HIMEM. If the file size is satisfac-
tory, the new directory is read into
DBUF and all files are closed. If the
directory header establishes that no more than 255 entries exist.
the type of directory is checked. The subroutine ends if a
subdirectory is being examined. On finding a volume directory.
header information is stored in program memory. and the size
of the VBM is calculated before GETDIR returns to its caller.

SCANDIR (lines 487-587) scans DBUF for DIR and DEI.
files, using SCANFLG to segment the two file types. As each
pertinent entry is uncovered, a 2-byte pointer fo its location
is stored in the first and second pages of PBUF, and is file
type code (e.g... DIR is SOF. DEL is $00) is stuffed into the
final page of PBUE. When all files have been handled. the
otal number of menu entries is obtained and ROUTEFLG is
incremented as long as BAKUPFLG is clear. If the directory
contains neither DIR nor DEL files, DIRECTORY EMPTY
appears in the message box. If none of the prior subroutines
has generated an error. command instructions are printed. and
SELFLG is tested to determine which menu line should be

selected.
[ all file blocks are tree. the default
and pressing either Return or
r}zc Y kev reincarnates the file.

PRTDIR (lines 591-618) employs several subroutines to dis-
play the contents of the current directory. PRTTXB (lines 386~
397) outputs the full name of the directory on the top screen
line. CKTOPARW (lines 622-628) ascertains whether the first
file to be printed is the initial entry in the directory. If not,
MouseText Up-Arrows are placed on the second line; if so,
the second line is cleared. PRTENTRY (lines 643-668) with-
draws the data from PBUF and prints the file type and file-
name. A simple loop allows as many as 64 entries o be shown
PRTDIR exits via CKBOTARW (lines 632-639). which dis-
plays Mouselext Down-Arrows if more entries exist

GETMKEY (lines 691-729) fetches a menu keypress and
routes certain commands to specific handler routines. On re-
trning (o s caller, the action taken by GETMKEY is indicated
by the state of five processor status flags and the A-Register.
A summary of these settings is presented in lines 691-698.

Escape and Q are processed forthwith. Whereas Rewrn has
a singular purpose in the volume menu. this key serves three




functions in the directory menu: procuring a new directory,
backing up to the prior directory, and recovering a deleted file.
RTN (lines 785-794) interprets a carriage return and an Open-
Apple keypress and ensures that the above-noted flags are con
ditioned properly. If file recovery is signaled, flow passes to
the common undeletion code (see the Undeletion section).
When GETMKEY returns to the main program loop, critical
flags and registers are tested and appropriate action is taken.

Quitting

If the Q command has been issued, the directory menu 2
lows for a change of heart via CKEXIT (lines 125-130). If exit
is confirmed, the quit code returns control to BASIC.

Error Handler

Most errors demand the stripping of one file level from
TXBUF2 by STRIPTXB (lines 374-382). If an error occurred
during undeletion, the strip s unnecessary. MLI error codes
are positive numbers, i.c., $00-STF. which are decoded by
BADCALL. The corresponding BASIC interpreter (BI) error
message is output by PRINTERR. Both are BI global page
subroutines. Negative values, ¢.g.. SFO-SF3, are assigned to
internal errors. which are handled directly by HANDLERR.,
the program error handler. After pausing to view the error mes-
sage. ROUTEFLG indicates which menu should be displayed.
If the directory menu is called for, ROUTEFLG is decremented
and the selected line is preserved by setting SELFLG. Should
the volume menu be required, PER s restarted.

Undeletion

When file recovery is invoked, the common undeletion code
calls SETDSPLY (lines 886-971) o fill the top line of the mes-
sage box with the name of the file (o0 be restored, the storage
type of that file, and the fields for counting free and used file
blocks. GETVBMBF (lines 1004-1017) calculates the begin-
ning page of the VBM buffer and checks whether this buffer
fits the memory constraints imposed by BASIC. RDVBM (lines
10271047) reads onc or more VBM blocks into memory. Af-
ter ZBLKS (lines 105106) zeroes the count of free and used

ige box, GETUKYBL (lines 1086-1094) obtains the key
hlncl number of the target file. FIXVBM (lines 1098-1139)
finds the position of a given block number in the VBM, de-
fermines whether that block is free or used. prints its finding
in the message box, and ensures that the target block is
reserved. If the block number being processed exceeds maxi-
mum size on that volume, the fatal BAD BLOCK NUMBER
message is generated.

1f a seedling file is being exhumed, control passes directly
1o DOUNDEL (lines 845-868), the heart of the undeletion
code. Before any other storage type undergoes specific treat-
ment, SETKYBLK (lines 1267-1277) fixes parameters for the
key file block.

A directory file is handled by DIRECTRY (lines 839-841),
which calls DODIR (lines 1281-1322) (0 prepare for file recla-
mation by counting the free and used blocks. reserving file
blocks in the VBM. and reconstructing the zeroed
storage__type and name_length byte in the header.

In deleting a file, the MLI reverses the usual low order/high
order sequence in all index blocks (see “D/L." Vol. 8/No. 11)
DOIX (lines 1182-1210) readies the key index block for resto-
ration by reading the block into KBUF and reversing the high-
and low-order bytes of the block numbers so that a normal rela-

tionship is reestablished. In addition, DOIX calls FIXVBM
to reserve within the VBM each block encountered. At this
stage, the single index block of a sapling file or the master in-
dex block of a tree file has been repaired.

If a sapling file is under scrutiny, all is ready for DOUN-
DEL. Tree files are further treated by DOSUBIX (lines 1214~
1230), which employs DOIX to restore order to each and ev-
ery subindex block.

Regardless of storage type, control eventually passes to
DOUNDEL where CKUNDEL (lines 1143-1178) allows the
user 1o view the block usage fields and decide whether to pro-
ceed with the recovery. If the answer is no, undeletion is can-
celed and the directory menu is reprinted. An affirmative reply
causes DOUNDEL. to replace the zeroed first byte of the file
entry with an accurate sorage__type and name__length.
WRKEYSIX (lines 1234-1248) wriles the key block to disk.
thus etching into magnetic or electronic memory the masier
index block of a tree file, the index block of a sapling file. or
the header block of a directory file. After setting WRIXFLG,
the latier subroutine exits through DOSUBIX. which writes
subindex blocks of a tree file to disk. DOUNDEL completes
its task by calling WRITVBM (lines 1021-1047) and WRIT-
DIR (lines 975-1000) to write the VBM and directory, respec-
tively. back to disk.

‘The undeletion process continues with lines 863-864, which
issuc a backup signal if file restoration has caused an empty
directory, and lines 865-868, which adjust the menu selection
if the last file in the directory has been deleted. Before returning
1o the main loop, lines §72-880 condition the processor status
register and accumulator so that the main loop will understand
what has transpired during file retoration. Nore: the decimal
flag is turned on to signal an undeletion error. Because
mode can wreak havoc with a program, the flag i
mediately on returning to the main loop.

Debugging and Testing

Debugging a program as complex as PFR takes longer than
writing the wtility. During this testing process, I have annihi
lated several nests of termites. For the past two weeks. no
glitches have occurred using hard disk and floppy media. Does
this mean that PFR is perfect? Not on your life! Continue to
back up all vital work so that unexpected destruction of a disk
will not cause you undue hardship. As usual, if any aberra-
tions surface, please drop me a line. I would like PFR o be
the definitive program for file recovery, and I need your help.

REFERENCES

Mossberg, S., “Disassembly Lines: FLASH: ProDOS §
Supports File Recovery.” Nibble, November 1987, pp
100-108.

Mossberg, S., “Disassembly Lines: The CAT and CATA-
1LOG Commands.” Nibble, May 1986, pp. 114-128.
ProDOS TECHNICAL REFERENCE MANUAL. Reading,
MA: Addison-Wesley Publishing Compan. In

#

FOR PROGRAMMERS Bowie. MD: Brady Communic:
tions Company. Inc. (a Prentice-Hall Publishing Company),
1985.

Worth, Don and Pieter Lechner. BENEATH APPLE
ProDOS. Chatsworth. CA: Quality Software, 1984.

@



LISTING 1: PFR.S

i () 1om
crosPARe, Tne
Lncera W oi7es

HiMew
iuarmstart Proo0s

oie ot
! to toxd

SE3R822R283ESRY
88853333

entreLr
Fiient

e
HIOTELKS =

STA RourERLG

STASELLIN mm 15t 1T9g in votune me
STA ToPSGR 58 top"or Termer
STA sELRLG

ST Dwvr byte’ in TXBUF2

our2
STk RRURize
w

ST Reur

76 2 Volume Meru

© instruct iors
recure on Line ca11

g ckexr

WANDLCRR LT o ror or €11 160

SR SCANDIR [scan 41t
B wmoLee Gl emety or tos targe
3
Jn PRMEP2 ariet lnstructions
BIT SELFLG
By unchaned
e ) Select Tat Thosin orr
STA sELLIN
ST Toeser
' Use sene
H U PRTOIR
s
e 2
s n gots pr
B ToeTART Uslume Searen
B ol
or w0
BN PRocoiR s o
3 (RN hand . e
LA ot P-Rociiter nto Accumulstor
D 10081000 (Check cacimai o
BEQ  REPRINT  rep: aiber undatote
ap e loar: dosins), mode
UERRCODE get o ror code
DNC  WANDLERL (3 imey
CRERIT UK CURBOX  ciear message box
SR CKQUIT  icheck exit
Bec quit €S means ve 1o done
o4 3

RUTEFLS
BEG TORSTART  irestart from volune nenu
BNE  REPRINT idlmaye reprint dir mens

i oA raz
SR SETRON 24tk rew
e

(UNOLERR JSK  STRIPTID

Strip 1 file fevel fron THBUFZ
HANDLERL JSK  CLRBOX (clear message box
o iSO

Recumutator

Bcc Wi'errar cods
Beq DIRECTORY 700 LARGE orror
o

sg 2 {DIRECTORY THPTY e ror
o

BrTAAP T60 L
{840 ‘sLocx WmeER orror

stways

oa  RouTEFLG

TORSTART
saLie

DEC  ROUTEFLG
s cuosaL

e pRocotR2

ToRSTART Jup  RESTART

oause
Eheck ervor airection
atal arror

ckup £ Prior Directory.

STA BUPHG aveld Dumping RONTEFLG

e sy e ave otr
sta T
v 1o
) DA (TR)LY  get char
BQ 2 “0d-of message marker
s cour Brint char
i
B 1 1o0s sach
Te  pprRas




CKSELLIN LDA  CURLIN
LISTING 1: PFR.S continued from page 22 CNP SELLIN
i current line
oA oPTR Doint SPTR at selectes antry
203 PAUSE LDV aTETPAUSE S o

208 LoA  w-TxrPAvSE LOA  OPTRe1
205 SR PRTMSG Nt HIL 8 key” mes STA  SPTRAI

N FOKEY use for heyprams LA #SIF set inverse

- toxt mode

Lcenter volume ne
Text 2-byte nstruction

fcanter die hels tine
into DRk
ctact at 2tet row
Setivate mouse’ emare cectory
(SPTR).Y get key suba rectors
idash mouse char x 8 lock WSB
printes 56 tines
deactivate mouse chars
25 s cour
26 oA sis ¥ i >
21 R cour Ao i5oF TRotate s 1unatn
20 sx  oon uses entey X-Register to conter line o . {eatetes 1T
220 Cov  imemieLs T i ter engtn counter
20 Lon  mrxnveces f e Inceres oBoF
1 JSRPRTMSG  iprint help line 2 wa orm.y
232 g Bz
33 sQ 2 ihanat ing velume mens 2 oEY
23 LY TxmaE B 3 ays
230 LA I>TXTHELP? 90 2 oA 13t {convert to negative ASCIT
PRTISG  add to nelp line 1 %R cour
292 o
29 B 1 1100 back for another char
01 3 oy ns
conter title message 206 Bes 15 chars printed
Don of - Ve tpacas
297 son
print title ness 2 iy
- 299 sne
S0 4 Don srr
o 01 STA invrLe
execute cLost call :

ino error expected

29 . R clasor PHA “save Accumulator
*Check for Selected Line 07 toa 120
3 - SR SETROW 2206 rom
SR cLeeos
PLA irestore entry Accums




Control-1
home cursor with screen intact

Point st OV LINE butrer

counter for 16 possivie

STA  TEMP anctine voi
1 Y
LA (OPTR).Y :get Ist byte In volume entry
o asor fiotate lengen byte
g 2 izero leng
™ RN
sk cRsELLIN
PRy
hirChigh nisble
e Into lon nibale
sk
sk
o isotate siot sits
Rk ert tenegative ascit
sk Brint s10% nusbe
e
] n
e ntry byte yot again
st rive 2008
wox i
e K up corry
sk cour Torint drive number
sk pRBLNG
K PRTOBUF  print volume name
Sk cRout
2 e
oA “bump ptr by
o 16 chars per
STA OPTR ON_LINE entry.
e 1
NG opTR
3 oec o
o 1
sec

no on-iine voiume
otal nenu | ines

HHAN erer

CcZon-ine vol . €S=no on-1ine vol

m
372 . 'Str15 One File Lovel from TXBUF2
73 . < 5

o
Testore sniry Accumtator

*Prnt Directory Pathnane 1n THBUFZ

385
386 m—m w0
7 DA THBUFZ.1.X get char
oR 4580 Canvert to negstive Ascrt
sk cour
i
X TIBUF2  check length byte
scc 1 To0p bach for mors
A -
sk cour skip spoce
DA RourEFLG
sk pRevT print dir tevel
P

8 v siezre
< Put Directory Pathname Into TXBUF2

X-Register indexes TXBUFZ
{Y-Megistar indexes OBUF
save name ©

LA (SPTR).Y iget next
OEC  TEMP Feduce count

s 1 {1000 back for another char
STX TXBUF2 length byte orecedes n:

* Besa Diractory Fila into demary

ok st w1 execute OPEN ¢
jex  co
oA orrark
S TOFATERI  MLI error
OA  OPNEPNUM  sturr file rer num
STA  RNWKEFNOM  into RN parmiist and
STA  EOREFNM | GET EOF parmiist
JRWT {execute GET EOF cal |

X o1

S555555553
£l

isac
FATALERR

LosALL
FILONToL
o8

scalculate menory a
(comensate for ¢

suatiabie menery ¢ file lengtn
execute READ cal

not RANGE ERROR
iclose f11e

> 28 thies in air

inot in volume a1

‘on isk device
icalculate number of VBM blocks

aluide M8 by 16 to set
VBN blacks-1

« number of VBW blocks
[Tgnal no error
{Gcno ervor. Csserror

oec
93

« start at
5

scmorr1 1on
ST

sTh
e
sTA
L

ey

st

506
507« Build teble of pointers to ¢
5

08
509 2 u
510 s
s wh
312 sTA
513 Y
18 Loa
sis. Ty
516 o
517 scs
sie i
519

20

33 our
5

539 5 TaY
540 BNE
a1 ey

SCANFLG

st entry in
"
oiRFGors

e

EPBTE
ADIRFILES
oPTR

HDIRFILES
PGor

opTRL

ScAvoIRL

5
"

DIRECTORY T00 LARGE code
“aimays.
DIRECTont ey coce

izero index to PRUE
wetair Ties on 1ot pass

adtive 111a(s) prasent
o active files. ship let pase
directory bleek

ero block o1t
{aive vlock ofrset

inumber of file s in block
Ipaint at start of files
current block LS8

point at start

Currant block use

entries

et 111e pto Lso

lget tile ptr
Fina save’ it
iget storage type/name.length
Hina'zave 1t

o heater

iskip deleted 1

et 10

type

skis nondirect

-
imays

33
537 - Wanale celeted Tile entries
38

skip active file



LISTING 1: PFR.S (ccntinued)

s LA (OPTR).Y ket Ist char in iiename
s 2

s = means. nd of entrr
sas o
I STA PBUPSIZX jsave deleted “Tilo tyce code

+
3358 Vhex ives range ercor

block

axcrement 11103 gor olock camnt
o5 5t ana ot Biock

directory

point at start

Hlast air Tine printes

ajenai more ti1es svove
T oresent

gl

el ots ta file

eck 11 tunenl Line serectea
X file type

air tire
Count 1116 type text
e o char

n
1206 back for another char

ntey XRegister

€72 Ckquit Loy imkiuiT
&3 4 OTUIT
i SR pRTMSG

print quit mess

ot respons
iy

~o

Ged Mand keyprons

o -
“Exit stete of PReg.
9:

Frion oI

Qi
pesr e

o
o
o
o
o
o
o

v ko st derm
ES oty I
T
S hpmte vy st som s crea v-110d
e
praf
S
i Vine
i
soer case enteres
=
o arrom
it
examine/untetate
facans
Let 11ne currentiy setvctea
Toeh
1 1 o screen oot et
Torsen 2 atsotarine 1 higaer 1 ine

seLLIn

Ton in

OMURNL 1ast fine curre

CLRLIN

1 sotion of scraen fot selacted

Toescn atsolayine | lomsr 1ine
Setect mest tink

s v

Toosc line on scraen

cron

87 . 5 23
738 - rorwAnD Ammom Mard et
35 . .

781 Toa  seLuw line
ez ™ Sove serecten |
760 1610 o7 column'

mc 16
64 oW CRLIN



LISTING 1: PFR.S (continued)
e e

sec
7 LA SELLIN  iget selocted line
7 ™y
s s a6 lines por cotumn
7% BCC BADMM  iinvalid <
7 Pe
7 sec  Toscr
7 A
80 BCC  saOMM  invalie

Bcs

8 cooomn Caimays i«

7
798 UBLKERR DA 13F3

300 UVBIGERR (DA #5F2 AR Too LAk
01 UFATERR STA  UERRCODE
e

biock f1ag
age box

¢ into oarmlist
o"for VBN

829 -
230 1 TREE Fio Handlor:

31
832 sn mum ropare sudingex srocks)
833 s o0
836 s uratemn or
35 B DoUNDEL
re dic heade
Valld Block number

e

TN inegative response so depart

A STYPNCEN  iput s type/name I ength
ST ST Ciniefiie enter
INC  FILCNT  bump filecount

R Tite VoM to disk

«a air to aisk

.
R mrite st
BCS  UPATERR fatal eror

872 (000AT™M Loa 1310000011 uveoc

£g.c:
Nip hexi So7te instruction
N

$ UNOELETE SuBRouTINES

SeDleplay I Message for

Serosaiy I
7

sn

cursox
spTR

PRIDBUF

STYPNL

.
s
TXDIR
XD

Shiptent 2oyie imsuruction
. 1Eg.c3
X

fcopy 110 tocation trom
SPTR 1o OPTR

print deleted 1iiename

2
+ Calculate storage tyoe and name length of deleted file

ot name langth
Sane e 1

anticipate dic (1o

Seet nign-order EOF byte
Aot tres (FOF < $10000)

ling (FOF $10000.51FFFF)
Eor >~ $20000)

eor byte
(08wt tow-oraer £oF byte
ising ceor

om0l s2rrir)

11t to nign niosie

save storage. tyse/nane length

od tile

isecaling ¢

pling file

stree file
idirectory tite

935
956 . Setup 1o display status of deleted file blocks

957

sr
Lo
oA
sR

PRELNE
FTTFREE
>IXTFREE
PRIVSG

print "Blocks Fres

tave FREE f10ld position

put by g slock mueber
inte R/ BLOCK o

point at start o
Fair e

<t R B0k butrer s
ipoint at air start MB




STA  DPTRel  isave dir ptr MSB
STA  RWBLKBUF+! :set R/W.BLOCK buffer WSS
ISR WRITBLK ecute WRITE BLOCK call
Bcs.

oy 4 Link byte

oA (OPTR).Y B o next block

STA  AWBLKNOM arml st
v

ORA(OPTMLY it both 1ok bytas are sers
oeQ 2 more blocks in dir

oA next d1ock
STA na'sturt 1t inte parm st
oA

AoC 1 block to block offset
BNE

nal 10 ecror
ror. CCeno srror

“butfer siways on
page boundary

 4ir pages 1o
start of air t
{ Stare ot burter for Yo biocks
Isave start of VBM buf
298 pages used

y VBU

1 below HINEN
e > available menory
signsl ro error

Sepace ng. CCespace ok

18 3
1019 - Read/Write VOM into Memory

o 1
A w Strr VEM butrer into
STA  RNELKBUF | WRITE BLOCK parmiist

WRITE_BLOCK <
thip nent 2 nm instruction
READ BL

(oK count number of VB blacks
A vawPTR aturr ‘6 biock nunber of
STA  RWBLXNAM | VBM into RWBLOGK paralist
DA VOWPTRe1
STA  RWELKNUMe1
sk Mt execute R/WBLOGK cal |
FWELKCHO. HEX

DEX
BEQ

incospLy -zo
1

106!
1062 e
1063 NG
106! BNE
1065 -1 NG
1066 BNE
1067 NG

' W1 error

11 VBU blocks r
husn hatfer hiock

d into memory

1
RNBL KBUFL 1
w2

RWRLKBUF 41
RWBLKNUM bump block aumber

RNBLKNGM, 1
AWM

ways
CSZratal error, cCeno error

BLKS :zero count of fres
FAEESLS1 | Blacks 1 farket deieted 111e

USEDBLKS+1

Preeaics o iree biock oont
PRTBLKS
FREEBLKS+

TBLKS  :always
USEDBLKS  bump used block count
PRTBLKS
USEDBLKS+1 :fall into print code

t FREE BLOCKS pos tion

Print FREE BLOGKS count

Set USED BLOCKS position
print USED BLOCKS count

s11
PRy Y and st in
Acce1 3 (M8 1S8)
KYFILBUE | ana storage ares



1091 La  spTR) Y
STh Acc
1093 STA KFILBLRL
94 s

5 . =esseses
1096 < Reserve Block in VBM and Dispiay Block Count

mIXFLG

3
scea

2
BuSKTBL ¥
VBB
ISP
VK

ace

accan

e

e

s

o
ey

vour
PRI

i

PR
PRy ¥

vaunrT
incosLY

Vous
(orm) v

2

*eneck Undaetion:

1143 CRUNDEL m “enour
1144 i

1143 Lon usecs
i1se precreey
a7 B¢

iiss S serme
1149 Ly mariwse
1150 DA LTXTINGSE
st SR PRTMSG
1152 SR SETRORM
1181 oo

184 s cRour
1185 v imxTomosL
1186 A TXTADEL
1137 sn e
1ise

1133

Liso

16l

1162

163 2

16t 3

e
e,y
DPTRL
(o). v
(e v
Accod

DT
1os xRy v
i

197 DeTRes
1198 ST axem. v
19 st Fivow
1200 s o

1201 2 e DeTRe
12 ol

1203 B

1208 BT WRIXFLG

oreserve Y-Register

vt .
et block numver L8
ate B11s 92 4ng use a5

tions

ookup able of it p
save b1t pos. tion mask

ot bt

5k to reserve t
ock number by B

offset inte VB butter
itree crrset ke Vo s
et byte

205 st

o baundary
m mm brte

irestore entry Y-Remister
{CCano error. CSserror

set affimmative defauit

Brint “BLOCK(S) IN USE™ message

“enangs to o o

Brint the critical question
output the detault response

‘oackspace

usper case entored
Tget rid el lowar en

£VES Koypr

N0 Nerpress
invatie eypress
ieheck delault raspense

o
isignal YES response
S50, cooves'

Uncelation

igrecute EAD otocK catt

ot
revares uSa and Ls8

‘20 po

reserve block in vk
availc sicck numoer

{15t page

umo 11dex 1o incex diox

Tooa back 1oy anctner biock

WRITHE oracuts Lock.
Coune arror

wrst et overtio
5vsaa b

wseur set sumincer bl but o
Tn R/ BLOCK sar

»
restore block Index

mar ot 120 cubindex blocks
CCno arror. CS/VSeeror

x Bloek(s) to Disk

Lanticipate no error

& has no ingex bleck

oling has 1 ke block
s for key block
.m. key block to 9isk

oid bad Block number error
o arvor. C5.VCe for

ceano arror, Csstatat er

o135 Lot more ndex blccks
Lot key butfe
S ke w00k o

raiist

v nem point to key index Slock bl
STA eTRe

Lov  evriLoe
A RvrICeLK

set hey block num
Rn 8Lock parmiist

icount div bl
eV Rt e or nonkey blocks

1
iget torwara 1inn Ls

wov 2
ra
ORA  KBUFsl  [OR with formard 1 ink NS

n RN BLOSK parm 151

faet rorwara (1 s

v seurz

A

ORA SBUFI  OR with formard Iink MSE
2 one

DA swres aet tormard |k uss

scc 1 Toon back

e

put crorage type/name length
Tue S0 (1o sen

STA  Koured

v s

LA (SPTR).Y gt blocka.used in file antry
o oaLks.

sec anticipate error

o 4

rval 1 ey block
¢




1320 i€Cano er ro»
over flow
1322 RS 1ES1V8tbad block mumber error

SouLINE pamIST
: volumes)

e

o
corPARM X 02
EOREFNUM HEX 00

2 tor os 3

SSET/GET EOF PARMLIST
1 num.

LOPEN PARMLIST

oPeRRN  HEX
5 o path.pointer

o
U2
36 o uF
OPREFNUM HEX
38
AR

READ/WRITE PARMLIST
RUREFNUM WEX ¢ oum

count
{trans count

a1 o4
RHCOUNT DA
43 o4

cuose pumLIsT

cmRN WEX 01
HEX fite

RHBLPARM MEX €3
3

RWBLKEUF DA
RWBLKNUM DA

(uB/LSE)
ock nuaber of tareet tile
icount of dir biock

ESCrestart Quauit
RRONS -se [act  RTN-next.dir”.00

1408 TXTPAUSE ASC

.02,1¢.02,1¢.02, 1¢.02
18100
3

01.1€.01.1¢,01.1¢,01

80
1423 ASC DINECTORY T00 LARGE" 87,80,

1426 TXTOENPT HEX
427 ASC
1428 TXTVAIG HEX
1420 asc
1430 TXTBK  HEX

Asc
1433 rac
END OF LISTING 1

o
“DIRECTORY ENPTY" .87 80,00
o

“BITHAP T0O LARGE". 87,8000

o
“04D BLoCK NuMBER" 67,8000

KEY PERFECT 5.0
RUN ON

CODE-5.0

B497611C
BC35448D
81679453
ADB2BDF3
20C2A286
864E6FF2
A360087F
712386F9

F1743EB0
61BB471C
F2B706D4
98DB5306
2707114A
3ED3BESG
1CB4F2C8
8BB24955
E087785D
7AE3LE36
7ACA2FD3
D6C6FDA3
83380350
27D16658
FABC62A2
5348028F
FB2CB7AA
4F70FASD
20046226
133236BF
08B7CC3A
67F48B27
BESFB53C
C93BAB59
160BA42E

PFR
ADDRH - ADDR#  CODE-4.0
0900 - 094F 293¢
0950 - 099F 2838
0940 - GOEF 2774
09F0 - OA3F 29A1
0A4D - OABF 2847
0A90 - GADF 2cc
0AEQ - 0B2F 2690
0830 - 0B7F 27F4
0880 - 0BCF 287
0BDD - OCIF 2878
0C20 - 0C6F 2A90
0C70 - OCBF 255E
0CCO - 0DOF 2818
0D10 - ODSF 278C
D60 - ODAF 2863
€080 - ODFF 2890
0EGD - OE4F 2433
OES0 - OE9F 29F2
OEAQ - OEEF 278C
OEFO - OF3F 28A8
0F40 - OF8F 2141
0F90 - OFDF 283F
OFED - 102F 22F8
1030 - 107F 268D
1080 - 10CF 2633
- 111F 29CF
1120 - 116F 2807
1170 - 118F 2588
11C0 - 120F 2586
1210 - 125F 2289
1260 - 12AF 27A3
1280 - 12FF 2888
1300 - 134F 2541
1350 - 139F 241€
A0 - 13D2 1B2F
= PROGRAN TOTAL =  0AD3




LISTING 2: PFR 4E|0878:A9 2F AE 80 02 ES C8 9D 28(0E18:2A
F0|0E20
D8 | 0E28
CF |0E30
38 |BE38

START: 500 LENGTH: AD3
BE[0900:A9 81 20 00 C3 20 69 0A
O |0908 : A9

5£/0910:8D 38 12 8D 28 12 8D 80
D6 0918:02 8D 80 15 A9 02 8D 08
D9 0920:15 20 19 OA 20 00 BF C5
20(0928:08 12 BO 68 20 D4 OA BO
o &

56(0938:C9 D1 FO 44 20 6F 08 20

ED
€C|0948:12 0C BO 4

C60950:1C 0A 2C 2B 12 30 08 A9
CE |0958:00 8D

78 GA50:A0 94 A9 12 20 F 0
A3 0A58:8E 7D 20 BE FD A9 1D 8D
9C 0AG0 78 05 AQ 83 A9 1. A




| 1088:FE 40 56 A9 13 20 FA 09 B|usaa:ce ez £5 &8 A9 C2 £ €

€ |100:20 8 DA €3 EB F3 BA A0 A4 00 D5
3 E5 E4 AD C2 EC EF E3
F3 BA AD A4 00 C2 CC
€3 CB A8 D3 A9 AG CO

75 106840 & Ao 13 55 ia 09 8a

6E |11, EE 8D 4C 12 E6 EF D2 D9 AD D4 CF CF AD
171110 FO 15 BI EE 8D 4D C1 D2 C7 C5 87 8D 00
F6|1118 EF 91 EE AD 4C 12 €4 €9 D2 C5 C3 D4 CF

ci
74|1300:87 80 00
TOTAL: 8299

END OF LISTING 2

KEY PERFECT 5.0

R
PRACTICE PFR

GODE-5.0 LINEY - LINEN CODE-4.0

GCIASSI! . 1 0 8502

2
20|11c0 0D 03 19 FO 2A AD OF 3EDDE 0. 120 008
E9/11C8 8C 4D 12 8C 28 12 5815:;';3 30 2z 7616
34 1100 12 €0 29 12 20 4cC m 2

QA 1108 2C 20 88 11 BO 25 Apceamo 2o oy
F3|11e0 1240 bz, 18:94' 60 B289EBC3 = PROGRAM TOTAL = 0443
E2|11€8: F0 €5 AD 03 1B 90

sE/11F0 AD 3D 12 69 16 8D 5FI1330:E5 E4 EC E9 EE E7 A9 00

LISTING 3: PRACTICE.PFR SE | 230 REM
83 240 FOR J =

5 | 258 PRINT DS° *SWVE DIRI/FILE")
€B |1 REN sacvies 250

e 16 |
47 | 2 REM - PRACTICE.PFR . 02 | 270 Ren
47 |3 REM - PRODOS FILE RECOVERY « 8 |28 FRINT nx SAVE DIR2/FILE1"
3F | 4 REM + BY SANDY MOSSBERG - oc REM
38 |5 REM - COPYRIGHT (C) 1988 = 2e | o0 For ) - 19
BF | 6 REN + MICROSPARC. IN . o | 30 PRINT bs-SAVE DIR&/FILE"S
BF |7 REN - CONC - E4 | 320 NEXT J
W |8 REN eers 60 | 330 REM -
37 |10 REM Volume name of disk is in line 20. Chan 04 | 349 FOR J = 1 T0 10
ge_this name to the name of your test disk. | 98 | 350 PRINT DS “DELETE OIRA/FILE"S

56 | 20 VS (oY 61 | 360 N
o8 |30 s (4) 57 | 390 PRI DS"DELETE DIRa’
78 | 20 “pRinT u: "PREFIX" 9F | 380 REM
30 | 50 INPUT P: AD 390 PI?INY "DsDELETE DIR2/FILEL"
9 | 8o PRINT ns PREFIX"VS 28
a5 ¥ | 410 rom s
£ |20 For1=1T04 SA | 420 PRINT DS'OELETE DIRL/FILE®S
57 | 50 PRINT bs'cReAte orr°1 52 | 430 NE

100 NEXT 1 B7 | 440 REM -
07 | 11 . 4E | 450 PRINT D3'DELETE TINYTREE'
79 | 120 PRINT DS"BSAVE BIGTREE,AS2000.L1 BSFFFFFF" | 33 | 450 PRINT DS'DELETE BIGSAP-
58 | 130 PRINT DS'BSAVE anmzz /A52000.L1 BS20000° | 33 | 470 PRINT Ds'DELETE TINYSAP"
83 | 140 PRINT DS"BSAVE BIG 000, 11,85 1FFFF 04 | 480 PRINT DS'DELETE BIGSEED"
BF | 150 PRINT D3-BSAVE TINYSAP As2000 Li 85700 E3 | 490 PRINT DS'DELETE TINYSEED
4B | 160 PRINT DS"8SAVE BIGSEED.AS2000.L1,8S1FF" 11 | 500 REM -
FS | 176 PRINT D3'BSAVE TINYSEED.As2000,L0 27 | 510 PRINT DS"PREFIX'PS
7E | 189 PRINT DS'DELETE BIGTREE 3A | 520 PRINT CHRS (7)
10 190 REM -
24 | 200 FOR 1 =170 15 TOTAL: AEDL
20 | 210 PRINT Ds"cnznz DIR1/DIRECTORY FIL'1

ca | 220 next
END OF LISTING 3



