APPLE UTILITIES

PRrRODOS SPY

CCPp an €ycC
on ProDOS. What machine language interface calls are used,
which disk blocks are accessed and where in Apple memory

does disk information go?

roDOS SPY is a new type of trace
utility to help you find out what a
program is doing when it uses a
disk drive. This is useful in analyzing and
debugging assembly language programs

on your printer with PR#1, and ProDOS Spy
will send the information to it. (This works
with most printers and interfaces, but some
may disrupt the disk timing and cause an /O
error. If this occurs, you might try disabling

|
|

TABLE 1: Modifications for Drives
inSlots 4, 5,6 and 7

(yours and others"). as well as in analyzing your interface’s buffer; otherwise you'll Slot
BASIC programs and some types of com- have to rely on the screen display.) T ocations 4 s 6 4
mercial programs. ProDOS Spy does not To shut off ProDOS Spy temporarily, use S20FA $18 Sia $ic e
interfere with the operation of your disk the command UNSPY. ProDOS Spy replies .
drive; every time your program uses the with the message *'SPY OFF,"" and ceases ) $2118 S18 $1A siC SIE
drive, it reports what the program is trying tracing commands. When you want ProDOS 1
10 do and what disk sector and part of Spy back on again, type the command SPY. ‘ $2237 si8 $1A sic SE
memory is involved. ProDOS Spy then replies with the message $225A SI8 SIA $1C SIE
“*SPY ON," and comes back to life.
USING THE PROGRAM .
When you type the command BRUN  BACKGROUND U0 USSR SO M
SPY, ProDOS Spy will install itself between To interpret what ProDOS Spy tells you, 52126 $19 S1B SID SIF
ProDOS and the ProDOS file buffers, where  you need some background information (see - A e R
it will be out of the way of BASIC and most the references at the end of this article). A A
assembly language programs. After a title Figure 1 shows a diagram of the structure $2260 $19 SIB $1ID SIF
and copyright notice are displayed, the pro- of ProDOS and how ProDOS Spy fits into -
gram is ready for use. ProDOS Spy is com- it. ProDOS is composed of three sections: 106 528 27 $2c SQE
patible with other programs that install 1. The BASIC interpreter (BI) 2 :
themselves similarly, as long as those pro- 2' The k l' d m_h, o B $211B $28 $2A $2C S2E
grams follow the Apple guidelines for added e S SO0 MEcTe: Angnage ier-
ProDOS cornsands. ace (MLD) S223A 528 $2A s2¢ $2E
3. Device drivers
When you type a ProDOS command, the $2266 $28  $2A $2¢ $2E
command will execute normally, but as it The BI is responsible for interpreting the
executes, a list of machine language inter- ProDOS commands used from the keyboard 210C $20 28 $2D OF
face (MLI) commands and numbers appear or from BASIC programs. It checks these ' 5
on the screen. (I will interpret this informa- for syntax and breaks them down into sim- $2129 329 $28 2D S2F
tion below; for now it’s cnough to say that
it involves exactly what Prof)OS dgcs o S8} ok oot ot st
execute the command you typed.) To save $226C $29 $28 s2D S2F
the information listed by ProDOS Spy, turn A
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pler commands that can be handled by the
other parts of ProDOS. The BI understands
volume names and directories, and it iden-
tifies files exclusively by their file names.

The MLI is responsible for executing the
sequences of commands sent to it by the Bl
or other machine language programs. It
breaks these commands down into sequences
of even simpler commands that can be han-
dled by the device drivers. Although some
of its commands identify files by their
names, many identify files only by a file
number assigned when that file is opened.

The device drivers for disks are quite
simple-minded routines. They can transfer
512 bytes (one block) of information from
memory to the disk or from the disk to
memory. Except for detecting a write-
protect tab or an empty disk drive, that’s
about all they can do.

So, to summarize, the Bl accepts com-
mands from the keyboard or a BASIC pro-
gram and sends onc or more (usually
several) calls to the MLI. For each call that
it receives, the MLI calls the appropriate
device driver one or more times. As shown
in Figure 1, ProDOS Spy installs itself so
that it can intercept calls from the MLI to
the slot 6 device drivers. It prints something
in response to every device driver call that
it intercepts, (We will consider the details
of how that is done later on.) With this infor-
mation in mind, we can begin to interpret
a ProDOS Spy report.

INTERPRETATION OF REPORTS

A ProDOS Spy report gives the name of
every MLI command being executed. If the
command involves a file name, the report
also gives the full pathname. Underncath
each MLI command, indented, is a list of
all the device driver calls used to execute
that command.

For each device driver command, four
items of information are reported:

1. CMD — The device driver command
code. It is cither R (for reading data from
the disk), W (for writing data to the disk)
or S (to determine the status of the
device). Another code, F (for format),
is possible, but this is not supported by
Disk IT devices. You may see this if you
us¢ a UniDisk or hard disk in slot 6.

2. UNIT — The drive number, either | or
2.

3. BLOCK — The number of the 512-byte
data block on the disk that is either being
read or written. The number 1s in hexa-
decimal notation, and for Disk I devices,
it will be in the range 0-$117.

4. ADDR — The beginning address (in
hexadecimal) of a 512-byte block of
memory that supplies the data for writing
or accepts the data from reading. With
HIMEM in its usual $9600 location,
most file transfer operations such as
LOAD, BLOAD, SAVE and BSAVE
use a buffer at $9200 to transfer the first
block of the actual data. If a file extends
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FIGURE 1: ProDOS Structure

more than one block, then subsequent
blocks are transferred directly to and
from memory. Most other operations,
such as ON LINE, GET INFO and por-
tions of the file transfer operations, use
buffers at SDAOO and $DCO00.

Let us consider some examples of Pro-
DOS Spy reports. | made these by sending
the ProDOS Spy report to the printer and
then adding some comments.

First, let us consider a simple catalog list-
ing (sce Example 1). Notice that all of the
device driver commands are Read com-
mands; you wouldn’t expect to write to the

disk for a catalog. Notice also that the disk
was in drive | (UNIT 1).

Block 2 always has the volume entry with
the volume name and the size of the volume.
Blocks 2-5 have all the rest of the catalog
information; a search for a file name always
starts with block 2 and proceeds sequentially
through the other four blocks. Block 6 is the
volume bit map. which shows which blocks
of the volume are free. Finally, the internal
buffer (BI 1.1) at SDCO0 is used; carlier ver-
sions may have their internal buffer at a
different address.

. . W, S S Y
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Locations $BE9C,$BESD hold the
return address for the last MLI call.

o 2T IT 1.\, MLI call in program 1

The two bytes preceding the return
address hold a pointer to the parameter
dblock for the MLI call.

222200 Parameter block for MLI call

For calls that use a filename, the 2nd
and 3rd bytes of the parameter block are
a pointer to the beginning of the file name.

File name buffer

— - — 7: B

FIGURE 2: Finding the File Name



EXAMPLE 1: Simple Catalog Listing

JCAT I typed this command
ON LINE The start of the Spy report
CMD UNIT BLOCK ADDR
R 91 eee2 o0OCoP Get the volume name
GET INFO /UTILITIES/ |
CMD UNJT BLOCK ADDR
R 01 0002 ©0COQ Check the file type
R 01 @006 0CO8 and access allowed
OPEN JUTILITIES :
| CMD UNIT BLOCK ADDR
.i R @1 9992 0Coe Prepoare to read directory
‘ R 01 0002 9300 Directory to system buffer
JUTILITIES This comes from ProDOS. not Spy
NAME TYPE BLOCKS MODIF[ED
*STARTUP BAS 4 15-MAR-84 This s
e B P olwam an
VR T 2 -
*Su4 08J VAR 18 15-MAR-84 listing |
BASICSYSTEM  SvS 21 1s.MAR.8e
ON LINE
CMD UNIT BLOCK ADDR Get the volume
R O1 002 DCee name (again?)
é GET INFO /UTILITIES
CMD UNIT BLOCK ADDR Get the number of blocks
R @1 o002  DCoo total and number used
R @1 QP06  DCoe
BLOCKS FREE: 66 BLOCKS USED: 214 Last line
of the CAT
Notice that ProDOS reads the same blocks " NEXT

several times, even when the information
could not possibly have changed. I presume
that Apple sacrificed some efficiency in
order to make the code more reliable.

Let us consider next the loading of a four-
block binary file (sce Example 2). Notice
that when ProDOS has more than one block
to read from a file, it will read all but the
first block (and sometimes the last) directly
to their final locations in memory. This is
one reason ProDOS is faster than DOS 3.3,
which reads all file data to a buffer before
moving it to its final location.

Finally, let's consider the trace produced
by a pair of short Applesoft programs, one
that writes a text file and one that reads it.
Here is the first program:

10 D$ = CHRS$ (4):NS « "TEST"
20 PRINT DS"OPEN"NS: PRINT D$"
WRITE"NS

30 FOR I = 1 TO 5: PRINT “NIBBLE

40 PRINT D$"CLOSE"

Example 3 shows its trace. Notice that noth-
ing is actually written to disk until the
CLOSE command is received. That is be-
cause so little was written that the file buffer
is able to hold it all.

Here is the program that reads the text
file:

18 DS =
20

CHRS (4):NS = "TEST®
PRINT DS"OPEN"NS: PRINT DS”
READ'NS

FOR I = 1 TO S:
PRINT AS: NEXT
PRINT D$*CLOSE"

3e INPUT AS:

40

Example 4 shows the corresponding trace.
The CLOSE command did not show up be-
cause it didn’t cause anything to be written |
to the disk, and it therefore didn't causc a
call to the device driver. This is generally
true — if an MLI call does not actually cause
a device driver call, it won’t be reported by

ProDOS Spy because Spy never gets
control.

ENTERING THE PROGRAM

The listings for “‘ProDOS Spy'' can be
found in the Program Listings section at the
end of the magazine. Type in SPY (Listing
1). Notice that the published listing was
made with the ProDOS Assembler by
Apple. If you use a different assembler, you
may have to change some of the pseudo-
opcodes (like DB or DS). For an explana-
tion of pseudo-ops, consult your assembler
documentation.

If you do not use an assembler, save the
program with the command:

BSAVE SPY,A$207B,L$4A8

If you are using Key Perfect, be sure that
the spaces reserved by DS pseudo-ops are
zeroed. First BLOAD SPY and enter the
Monitor with CALL —151. Then key in the
following Monitor commands and BSAVE
the program as shown above:

21FE: 90 00
2419:90 00 20 00 20 00
2423:90 00 20 00

For help with entering Nibble listings, see
“*A Welcome to New Nibble Readers’™ at
the beginning of this issue.

HOW PRODOS SPY WORKS

As I mentioned above, the BI accepts
commands from the keyboard or a BASIC
program and sends one or more calls to the
MLI. The MLI calls the appropriate device
driver one or more times. Each of these calls
has a strictly defined form:

JSR $BF00
DFB Function code
DW Parameter Block Address

The address $BF00 is the entrance point to
the MLI. The function code is a number that
indicates which of the 26 MLI functions is
being called. The Parameter Block Address
is the address of the beginning of a block
of data needed for that particular function.
This block varies from two to twelve bytes
in size and contains such things as the file
number, file buffer address or address of the
file name. When the MLI finishes executing
the call, it returns control to the instruction
following the Parameter Block Address.
Calls to the device drivers are simply a
JSR to the driver address. Since different
drivers may be installed in any particular
system, ProDOS keeps a table of the
addresses of installed drivers at SBF10-
$BF2F. Calls to a device driver also involve
a parameter table, but it is always the same
size and it is always at addresses $42-347,
This block supplies most of the informa-
tion reported by Spy. Location $42 contains
the command code: 0, 1, 2 or 3 for status,
read, write and format, respectively. Loca-
tion $43 contains the unit number, and for



J8LOAD CYPHER My command

ON LINE Start of the Spy trace
CMD UNIT BLOCK ADDR
R @1 9002 DCOB Get volume name

GET INFO /ASM4/CYPHER
CMD UNIT BLOCK ADDR
R @1 8082 oOCoR Find file entry (on
R @1 Pog3 ocoe block 3)

OPEN /ASM4/CYPHER
CND UNIT BLOCK ADOR

o1 0802 DCEO Get fila info

a1 0803  DCAo (again?)

91 8111 9se0 Block list to buffer

o g11e 9300 First data block to buffer

READ FILE @&
CMD UNIT BLOCK ADDR
R 81 @112 2200
R 81 0113 2400
R 81 @8l14 2608

The next 3 data blocks are
read directly to their
finsl memory location,

bypassing the buffer.

EXAMPLE 2: Loading a Four-Block Binary File -

o

ON LINE
CMD UNIT BLOCK ADDR
R 81 0802 0OCO0 Get volume name

GET INFO /ASM4/TEST
CMO UNIT BLOCK ADOR
R 81 o092 DCEP Get file info
OPEN /ASNA/TEST
M UNIT BLOCK ADOR
R ®© @892 DCoe Read directory
R o1 eleF 93¢ Read first block

WRITE FILE 1
CMD UNIT BLOCK ADDR The next 3 data blocks are
s a1 2088 9300 is writing 2l lowed?
CLOSE FILE 1
CMD UNIT BLOCK ADDR
W 91 B1eF 9380 Write the tile

R 91 8002 O[OCo0
R 81 @082 DCOO
W Bl @@92 DCOR Writes medified file info

Read file info

EXAMPLE 3: Trace for a Program That Writes a Text File

ON LINE
CHMD UNIT BLOCK ADOR
R #0002 DCOO
GET INFO /ASM&/TEST
CMD UNIT BLOCK ADDR
R &1 00802 0CO0
OPEN JASMS/TEST
CMD UNIT ~ BLOCK  ADDR
R 0 f082 ocoe
R M f10F 9308 Block 1 to file buffer
NISSLE
NISSLE

Volume name, as usual

File info, as usual

NIBSLE From the program. not from Spy
NIBBLE
NIBBLE

EXAMPLE 4: Trace for a Program That Reads a Text File

slot 6 devices, it will be either $60 for drive
1 or $EO for drive 2. Finally, the beginning
of the memory range involved in the com-
mand is stored in memory locations $44 and
$45, and the disk block number is stored in
$46 and $47.

When ProDOS Spy gets control at the
beginning of a device driver call, it first
prints out the MLI call that led to that device
driver call. Fortunately, when the MLI re-
ceives a call, it stores the return address in
the system global page, at locations $BF9C
and SBF9D.

As I mentioned above, the return point for
an MLI call is five bytes after the call itself.
Between the call and the return point are a
code for the MLI command and an address
for the parameter block. Spy recovers the
command code and uses it to print the appro-
priate command name.

To avoid repetitive printing of the same
MLI information for several device driver
calls, Spy prints the MLI information only
if the MLI command has changed since the
last call.

Some MLI calls use file names or file
numbers. Spy uses a similar trick for these
as it did for the MLI command code. It reads
$BFIC,$BFID to find the return point for
the MLI call; two bytes before that point it
reads the address of the parameter block.
For calls that use a file number, the number
is one byte after the beginning of the
parameter block. For calls that use a file
name, a pointer to the file name is one byte
after the beginning of the parameter block.
(Actually, this pointer refers to a byte giv-
ing the length of the file name, and the file
name itself follows immediately.) That is,
ProDOS Spy follows a trail of two pointers
(for file numbers) or three pointers (for file
names) before it gets the information it
wants. Figure 2 illustrates the process for
file names. If this isn’t indirect addressing,
nothing is!

MODIFICATIONS

You can modify ProDOS Spy to work
with disk drives connected to other slots.
This involves modifying each reference
to the addresses DEVADRG6I,
DEVADR61+1, DEVADR62 and
DEVADR62+1 (addresses $BFIC,
$BFID, SBF2C and $BF2D., respectively).
To do this, BLOAD SPY, modify the loca-
tions according to Table 1, and save Spy
before running it with the command:

BSAVE SPY,A$207B,L$4A8

REFERENCES
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Listing 1 for ProDOS Spy
SPY

e e e e e

V<LAST-BEGIN+S109 (Ask BASIC to

te
A<LAST-BEGINGS109 |

. feserve space

Remenber where it is

Tewp for protection reutine

Subtract present location

hom far program

will have to be moves

(No. pages to be protectec

Protect program space
from ProDOS by setting
Bits In the bitmap

(Count down number of pages

(Link SPY into the
© CMAIN OF entéinal
commands. I any

e 1 LsT

W02 2.

0 3.

L 4. SPY

Po0e 5. by Xen Nanly
a0 6 - Buffalo Chip Softmare
eo0e 2

8. Copyright (C) 1987

Moee . by Microsparc. Inc
eoed 10 . Concord. A 01742
eoes 1 .

|ope 12 coveertanenssancssansanasannnan
aoes 13 . FOASN SYSTEM Assenbler
0000 - 14 cevevssanennsasenscnsensesncnnes
2009 1%

1909 - e02F 16 LENGTH EQU $2F

2900 0036 17 Cswo EQu $36

8009 : e03A 18 PCL Qu $3A

900 03 19 AlL EQu $3C

2000 - (213 20 AL EQu $3E

2900 0042 21 AL EQu sa2

900 0042 22 QU sa2

000 o043 23 UNITNUM EQU 343

00 0 24 BFPTR QU sas

L 9046 25 BLOCKMUM  EQU 346
200 005 26 INDEX (40

Sbde: 9073 27 MINEM EQu

ceoe 0200 28 INPUT QU

[ 08 BE@6 29 [XTRNCMO EQU

o800 BESO 10 XTRNADDR  EQU
i”“' BES3 33 XCNuM EQU

0800 : BES4 32 PRITS EQ

800 BESE 33 XRETURN  EQU

0000 BCAC  J& TxBUF EQu

0000 BE3Q 35 VECTOUT QU

2800 BESS 36 SYSCALL 0u

0000 BEC? 37 SREFNUM EQU

0000 Bers 18 GETAUFR EQ

0090 - BEFB 19 OININEM  EQ

0020 BFIC 40 DEVADRE! EQU

000 Br2ac 41 DEVADRE2 QU

"W BFSS 42 BlTMaP EQU

"W B¥98 43 MACHID EQu

000 BFOC 44 CMOADR EQu

[l 45 X80 ©w

2020 cote 46 XBSTROSE EQU

o0 cose 47 CLicx e

020 cos3 A8 RAMRD2 QU

o022 CO82 49 ROWRD ©0Qu

e Co88 S0 RANRD) EQu

opar 0000 81 BANKID EQu

0000 FBBC 52 INSDS2 EQu

s000 $948 53 PRBLN £0Qu

d000 F953 54 PCADYS EQu

s00R FCAS 85 wAlT 0Qu

P00 FD7S 86 NXTCMAR  EQU SFD75
d000 rose 87 0Qu SFDSBE
o00p FDOA 88 PRBYTE EQu $FOOA
2009 FDED 59 cour EQu SFDED
o000 FE2C 60 woveE EQu sFE2C
200 61

e 62 NSE ON

078 ELL B S ) ORG 32078
2078 64

978 .08 (3] cio

207C A9 04 66 oA

|297E.2¢ FS BE (34 ISR GLTBUFR
108180 FE 21 8 5TA ORIG
2984.85 3C “ $TA AL

2086 -38 7e SEC

087 €9 22 n S8C A<BEGIN
089 80 FF 21 72 STA RELO
208C.A9 24 7 LDA

I0BE 85 3D 74 STA AalLs)
1096:A5 3C 78 PROYECY LDA AL
2092:20 5C 21 7% JSR O sETeY
2095:€6 3C 77 INC AlL
097:C6 30 il DEC AlL+)
099:00 FS 2090 79 aNE PROTECT
1096 s

1098:AD 08 BE L1} LDA  EXTRNCND»2
IM9F 80 2F 22 L STA  TRYNEXT:3
10AL:AD Q7 BE L2 LOA  EXTRNCND-1
19A4:80D 2€ 22 84 STA TRYNEXT#2
W0A7:18 L1} e

10A8:A9 22 a6 LDA V<BEGIN

n! wwoN 2
>
° o

3% 8388

2000 8%

213C F4&
2190 F4

FF
ELY
53

F2

1

10
1S
2
10

92
19
ic
2c
22
FF
A
0
20

3
22
30
23
25
»
@
FE

2c

7

03
o8
€0

EE

FC

AQ
L1
AR
AR
D3

c1
E9
F9

21

2154

2149

2168

18y
199

FIXLOOP

FXTBLe

FIXADOR

Ll N

BNROUT

seraiT

e

gE3

]
ASC

RELO 1 SPY camnot
EXTRNCNO. 2 L orecognize a commanc.
A>BEGIN DAt wmill pass control
EXTRNCNO- 1 i to next routine
HIMEN-1 iMake present MINEN
BIKINEN . semi-permanent
">BEGIN ;To start relocation,
PCL L Point program
V<BEGIN i counter at beginaing
PCL+1 i of program
W
INSDS2 :Disassenble an opcode
(PCL) .Y Check opcode
F IXADOR (BRK means end of code
LENGTH Onty J-byte
.2 . instructions need
FX1 fining
(PCL).Y (0nly Instructions
A<BEGIN referring o address
Fx1 L MIERIN progran
PLAST«S120 . meed fixing
Fxa
Fix By acding RELO
RELO offset hi dyte
(PCL), Y of asccress
PCADY
PCL ‘Move program counter
PCL+1 1o next instruction
FIXLOOP
Add RELO oftset to
RELO hi byte of ench
ATBL.Y a0dress in the table
(Noxt acdress
ATBL .Y (0 means end of
FXTBLP i table
DEVADRS ! iSave the adaresses
DEVISV : for the slot 6
DEVADRE1+1 i odevice drivers.-
DEVISY+L . they wil be used to
CEVADRE2 : Jump to the right
oEV2sSY . driver after SPY
DEVADREZ2-1 : tinishes
DEVZSVel
¥>$PY :Calculate the start sddress
$PYSV ;for SPY and store it
DEVADRS1 in the ProDOS global page
DEVADRS 2 : %0 that calls to the
SPY coslot & device drivers will
RELO . come to SPY
SPYSVel
DEVADR61+4)
DEVADRG2+1
L] :Nove progran to
AlL . the space reserved
P<BEGIN o for it using the
All+t . monitor MOVE routine
¥>LAST
A2L
F<LAST
A2Le1
AdL
ORIG
AdLel
MOVE

FBANNER] -BANNERD
Ll (Print greeting

BANNERE Y
MACHID
BNROUT iOn Appte 11,
UPCASE i change lower case to upper
cour
BNRLP
(Return to caller
(This subroutine protects
NS0 . the menory page whose hi
. address byte is in A
Upper five Dits of A
. make an index into
. the Bitmap
ve Lower three Dits of A
. choose the bit
to e set X counts
while bit s shifted
SETLP from corry BIL
BITNAP Y
BITMAP Y Sel the bit in the bitmap
SPY 17 SPACES
380

A utility to menitor ProDOS operation’



.isting 1 for ProDOS Spy 2233

| anued) 2259 A5 O WA unITew BT ghees drive ¥
PY foontn 2298 24 RoL : 1. ledeive 2
194°€F A8 (O IF 225C A oL Move BIL T to bit 2
193 €€ €9 r4 O 2290 24 ROL . positian
19C F2 A0 00 #2 229€:29 02 AND #3902 (solate it
1A2 EF Ca Cr O) 22A0 A8 TAY JUse 1t 8% index to
1A% AQ EF FO 18 22A1 09 18 24 LDA  DEVISV.Y PieR up the right
1A8 F2 El Fa 19 22A4 BO 09 24 STA  HOOK driver addre ang
1AC E€F €F 22A7 B9 1C 24 LDA  DEVISVel.¥ modity the JMP at the
1AE 8D (L] oe 80 22AA B0 OA 24 STA  HOOK+1 L eng of this routine
1AF AD AD £2 F9 192 ASC ' by Wen Naniy. Buffalo Chip Softmare’ 224D ¢
183 A0 CB €8 £t 22AD:AD &0 DO LDA  BANKID (Save byte 1o identify
187 A0 CD 01 1t 2260:80 20 24 STA  BANKSY . sCtive memary bank
188 (C F0 AC A0 2283
1BF .C2 F5 €6 e 22838 A% 3¢ s Ccsw Save output hook which
16361 €€ €F M0 2265 8D 2) 24 STa cswLsy . 0w pornts e the outpet
1ICrCy s v nd I288 A5 IV oA CSms) Nandler in PredOs
1CE.AD D) U7 (s 2754 8O 24 24 $Ta CSmLSVe)
ICF:Fe Py 1 92 2200 A Yo ™ wa  vecTour ISt the owlpwl Doer te
‘103 €S 2200 8% 3 STA  CswL L PAIAL 15 the Lrve setset
I ® ) - 380 22020 31 8t LoA VECTOUT.: Covite (the primtar
NOSCI L O FY v ASC Copyriant (C) 1987 by Wicre Soarc. Inc.” 220588 37 STA  CSAL.l
NN S ) 22c7
TI0D F4 A8 A3 O) 2iCT O 12 0 L0A  ROMRD
NEL AT ML 22CA
2IES 82 87 AD 12 2iCA 18 s€c The return address far
FLED FI AR CD 9 2208 A0 W W LOA  CwWOADR IAES MLT call is stored
2ED €} F2 &F AD AAXEEI D 48C w3 . o0 the systen global page--
UFL.03 FO €L 92 2200:85 W STA AL 3 byt Defore return adar.
21FS E3 AC AQ C9 2202 . AD 90 oF LOA  CMDADR+ ) nd for this NLT
YFY EE B3 AL 2205:E9 00 s8C 09 act 3 from retun
FC 80 80 195 ve $80D, 580 2207 8% 0 STA AlLel & and use that pumber
2FE 2209 A0 00 Loy a0 L 10 get the MLI cmd being
UFE 22068 @) 3 LoA (AlL) .Y L execuled
20FF 2200
1200 2200 CH cHp 1sCe ManOle the READ anc WRITL
2200 2200 B8 03 224 BCS  CMPR . BLOCK commancs seprrately
1200 2261 L T D NP BLOCKCMD
200 2764 CO 26 24 CWP  LASTCALL BRIp AT e are TN workong
a2 2267 09 0 2nC BN WO 08 1he same VLI commans
200 204 Routire to centifty Commang in Inpel Defler WYL M JW  DEVCALL
2200 s 226C 80 26 24 N STA  LASTCALL Save new (nd for future ret
7202 D& 204 MCIN < 22EF :
a2 wx s 224929 ¥ A0 asIF lewer § Bits of ome
© NXTOMED DA INRUT X (Gt imput comwang 22F1 A ASL y o 8
N s UPCASE 132 0a ASL
(= P CMDlel w Compare mith S0y 22F3:0A ASL
ce BNE TRTUNSS | 2278 A TAY (USe A% a0 indec e cad tame
Inx AFS A2 08 29 Lox 3 WML chars i each cvd coee
CPx  caDl 22¥7 09 32 24 cALLP WA CALLTEL ¥ Print WL command mane
L0 NXTCHRE 22FA 20 €D YO ISR couT
e SETSPY 22F0 C8 INY
2217 A2 W0 216 TRYUNSP  LOX " | 22FE CA OEX
2219 B0 @0 02 217 NXTCHR2 Loa INPUT . X JGet 1nput command 22FF DO Fo a2 ONE CALLP
221C:20 08 24 218 58 UPCASE 2301
221F.00 08 20 210 W CMD2+) X ‘Compare with DIR 2301 AD 20 24 LDA  LASTCALL (Recover command code
2222:00 08 222 220 BNE TRYNEXT NIamstoh not our cod 2304 .C9 €y NP rsch on Line commang
2224 E8 b2} N 2306 00 78 2m BEQ LOL Frint no more
2225 6C MA 7% 222 <Px w2 2308.09 O7 o 25C7 Get Pretin commang
722800 €8 2219 2 BNE NAXTOHR2 230470 74 230 BiQ EOL Framt o more
22 50 27 27%) 22 sQ SETINSPY P e e o "o Newline
22X .38 7% THYNIEXY C JUre 10 nest added commant 2306 B0 302X B REfaw Thess (a8 wae vl nmders
2220 & 9 M 2 I XRETURN Wadified 2l imstallation 2310
2232 b2 24 [N L
21N X 228 ey JSR SETATRN 858 CoUT
233 M0 1Y e W sPrsy POint the gev:
2B W iCcw m STA  OEvADRSL H 5 SEC The return aseresy for
2} VD X w m sTa OEVADRS2 *® oA CMDAZR this BT cal! iy stored
223C AD A 24 m 102 SPYSV.l [} seC 2 .90 the systes gladal page -
223 O 10w m STA DEVADRS o1 x $Ta AlL eturn 234
22 V0w P2 L) STA  DEVADRS2e! 2310 A0 O W WA CMpaAdR.1 : o<k gointer
2245 4C 10 s ) LoY  SPYom ESELNAN 1 $8C w0 : rom return
2248 89 10 28 216 oMLP LOA  SPYON. Y Wansage for 2322.8% Y STA  AlLel H 8 and use that aumder
2248:20 €0 vO 237 Ji] cour APY on 232440 00 Ly 0 to get the parm Block
224€ 88 2)8 DEY 2326.8: 3¢ LoA (ALIL) . ¥ addressy
224F:00 F) 2248 210 BNE ONLP 2328 AA TAX Low byte
225118 e cLe 2329 Cs INY
2292:60 4 RYS 2324 B3 AC LDA (Al ¥ i byte
2253 242 . 232C 86 3C STX  ALL Use the new pointer
2253.20 7C 22 243 SLTUNSPY USSR SETXTRN 232¢ 8% 0 STA ALl Pathname pointer is
2256 AD 1B 24 244 LOA DEVISV Hestore vector for 2330:8) X 1LDA (AlL), Y at dyte 1| in parm bloch
2259 80 1C 248 STA  DIVADRG) Gevice ) sior 6 2332 AA TAX Lew byte
225C AD iC 24 140 Loa DEVISV.) 2333:.C8 Ny
22%¢ 80 10 W EL R st OEVADRES o3 2334 B X oA (2l v i byte
2262 A 10 24 0 Loa DEVZSY H 1ore vector for 2336 86 X STx AlL Vs be ree pointer
2265 O X ™ Pl $TA DEVADREZ D Gevice 2. silot & 2338 85 0 ST AlL-1 Reaty 10 print pathrane
2268 A0 it 4 m o2 DEVZSVel 2338
25 D 20 W m sTa DEVADRSEZ .} 233 MW wr °
6 M IV D m2 LOY  SPYOFF 233 8! X DA (ALY Y LergIn of filensme
227189 19 23) Orrr wa SPYOEF Y Wessage for 233 A TAx Count thary 1n (ilenare
2274 D 0 o0 2% 8= couT SPY are 233 C8 INY
2227 8 2% oty 2380 8! X ATV oa (AlL) ¥ Cet 2 P
2278 20 ¥ 2 BNE OFFLP 2382 9 W o= 383
nr ac 2334 D w0 s’ cour Print » ehar
" BTS 2347:C8 Ny
19 2348 CA CEX
260 SETATAN  LOX  v0 Indicate 234900 5 D BNE  PATHLY
261 STX XCNUM L external command 2346:F0 33 W0 0£Q  EOL Print no more
262 5TX PBITS CoMILh 0o parameters 2340
261 STX PBITS.) to pe 234D:20 48 19 REFNUN JSR PRBLNK PNt 2 few spaces
: 264 LDA  A<XRETURN furtn 2350 A2 0% Lox w5
2289 80 8 o€ 205 STA  XTRNADDR< ) noedoo 2352 A0 00 Loy we
228C A% 91 266 DA XRETURN 235¢.89 01 2% e Loa  FILE,Y ana print the word
2780 80 %0 00 6 sT2 XTRNADDR 2357 20 €0 1D ISR cour LR [N
2251 o0 268 RTS 2354 C4 INY
2292 0y 2358 CA oEX
2292 270 seeseitettnntecetansasrarerannae 23%C 00 FE % s FuR
2292 m 2338
2252 04 72 v ao Bave everyihing in sight 2356 3% sLc The return address for
2253 &8 m e o8 the stach 235 DK W oA CwDADR thin BT call s sltored
2254 48 L) e 2)62:¢09 2 s 22 L0 TR ayatem glotal pase—
2295 38 7 TYA 236485 X STA ALL 2 bytes Beters returs a3t
296 8 7 PeA 2366 A0 O W 04 CHOAZR.l Is the parm bloch solate
2237 A m T 219 67 0 E3 e subtract 2 frem reterr
2298 s m A



2432 594 This tadie gives the names of the MLI commands

:‘:: 508 : rrom $CO (Craste) to SOJ (Getbut)
2348 .35 30 34 STA  AlLsl : e and nemde 432 s
2360 A2 o0 395 - Dt et theourm areck | 2032:c302€S €I 307 CALLTRL  ASC  “cREATE °
234% 81 3 E ] WA (ALY . sddress | 2436:04 C3 A9 A0
2371 Ar w» TAX Low byte 263A:C4 C5 0) D4 508 ASC  DESTROY °
™28 e INY | 24302 CF OV AD
237381 3C b el WA (ALY i Byte a202c5 Ll ASC  TRENANE
2375:86 3 0 STX AL Use the nes pointer 2445:C0 C5 A0 A0
;;;;:: : 4! STA  AlLsd Eile ref nuwber i ;::: 3 2: : : s ASC  "SET Iwo°
: 402 WA (AIL).Y
7e- pre i L) SLIVVASIL 8 001w ploch 2452.C7 €5 D4 AD 811 ASC  GET INFO'
ara ORA  #3BO Make & numeral 2456.C9 CE C6 Cr
Py JSR  COUT :and pring It 245A:CF CE AD OC  $12 ASC  'ON LINE °
406 FoL JSR O CROUY 245E:C9 CE C6 AD
07 Lox w23 2462:03 C5 DA AD 513 ASC  'SET PRFX’
400 [T 2466.00 D2 C6 DB
400 WOLP LDA  HEADER.Y Print the 2464 C7 CB D4 A0 814 ASC  'GET PRFX'
a0 JSR  Cour . header for the 246E .00 D2 C6 08 ;
Al INY . device driver calls 472 CF OO CB CE LS ASC OPEN
a2 DEX 2476 A0 AD MO MO
238F 09 6 2387 41) e HOLP 247A°CE €3 D7 €C 516 ASC  “NENLINE
2351:29 8¢ FO JSR  CROUT 247E C9 CE C5 A0
194 .4C AF 23 NP DEVCALL 2482 02 €5 €1 C¢ 8L ASC  READ
157 2486 A0 AD A0 A
N37:80 26 24 PLOCKCND STA  LASTCALL 243007 02 CH 06 518 ASC WRATE
239429 &) A 30 248E.CS AD AD AR
5C A ASL 2492:C) CC CF ©) 339 ASC  ‘cose ¢
1390 @A ASL 2436:C5 A AD AR
39E A ASL 2494:C6 CC 03 D) 520 ASC  FLuss ¢
109¢ A8 TAY 243€:C2 AD AR AP
2342 A2 08 T | 28A2:03C5 04 A0 321 ASC SET WARK "
1342 83 D2 24 CALLP?  LOA  BCALLTBL.Y 26A6:C0 €1 02 €8
13A5:2¢ 0 O JSR Cour 26AACT CS D8 AR 322 ASC GET MARK
1348 CE INY 26AE:CO €2 02 C8
13A9-CA DEX 24B2:D3 CS D& A0 323 ASC  'SEY EOF °
13AAD6 F6&  23A2 BNE  CALLP2 24B6-CS CF C6 AD
13AC 20 BE D ISR 248A.C7 C5 D& A0 524 ASC  CGET EOF
13AF : 0 ‘ 24BL.CH CF :0 A0
13AF:20 48 ¥9 DIVCALL  JSR  PRBLNK Print o few spaces 24C2:03 C5 D& A0 2% ASC  “SET BUF
! a2 2 LOX  COMMAND iGet device driver cmd and 24C6:C2 D3 C6 AD 3 .
384 ; :; :ns: ABBREV X L use it oas | ;“ggg g: g: :: 826 ASC  "GET BUF
couT Loand print a
: | 2402: 827
48 F9 ISR PRBINX Print & few spaces | 2402: 528 This tadle gives the names of the WL commands
43 LOA  UNITMUM (MI DIt gives @rive nunber 2402 529 . from 380 (Reacbiock) to 383 (Gettine)
ASL (SRIFE it inte carry 2402 sie
23 WA e 2402:02 €3 €1 €4 $)1 BCALLYBL ASC  "READ BLX
a L Orive = corry DIt o D 4 1 2406 A0 C2 CC 3
CA O JSR PREYTE Print drive Aunber 240A07 02 D4 €8 302 ASC  TERTE Bix°
o . 3:and u] e Spucen O S NS ASC  GET TimE
LOA  SLOCKMM. : : ‘
DA FD ISR PREYTE A _“.:‘. 24E6 08 €9 CO 3
44 LOA  SLOCKNUM 245 s
ox FO JSR  PREYTE 2488 $3% Meader for the Cevice Criver calln
a4 re ISR PRELNC SUILT more spaces 4E8 3¢
' WA BUFPTR+1 106t buffer a0dress 16questec 24EACAD AL C3 CO 537 WEADER ASC ° CMD UNIT BSLOCK  ADDR'
oA rO JSR  PREYTE S end print it 24EE:CA A0 DS CE
4 LOA  BUFPTR | 24F2:C9 DA AD A0
oA FD JSR  PRBYTE 284F6:C2 OC CF C)
8E FO JSR  cROUT P 24FA.CB A0 AP C1
fint no more gng;c‘ ¢4 02 e
23 4 LOA  CSWLSV Hest 0 | g
36 STA  CSmWL h:o:':m:: :::9“ 2501 810 Some userul words
24 LOA  CSMLSV+1 . prabably pointing 2501 848 : -
37 STA  CSMLel " o Pro00s ;::;c.: €9 CC C8 341 FILE ASC  FILE
38 Co LOA  RAWRDI T 2506:93 03 0O D9 542 CNO) STR  'SPY°
" ce (A  RAWRDI B 06 90, AN menh 230495 08 CE0) 43 Cuoz STRinsert
2 00 LA BANKID ST
25 24 b 2 o RTEAY enet 2510 38 10 S4e sPYON  0F8 3,380
s 2402 85Q  RESTORE Yes. comtinue restoraticn 2512:CE CF M0 09 343 ASC  "NO YPS'
83 G LOA  RANRD2 (Turm o other RAM Bank 2516.09 03
0o LOA RANRD2 2%18:80 s OF8  $SD
251999 8 347 SPYOFF  OFB  $ 38D
A 2518:CH C6 CF AD S48 ASC  FFO YPS
TRX .:I::.n l:ll"lll\. trom 281F:09 08 03
oy 2522 8 s ofE 320
TAY 2523 2523 $90 LAST QU .
A END OF LISTING 1 -'
2409 wel ;Jump 1o the cevice driver — e
LU - Jw 9 . Mddress specified warlier
477 Subroutine to convert lower case KEY PERFECT 5.0
a7e RUN ON
El 479 UPCASE  CNP uSEL SPY
96 2415 48 BCC  WCRTN [
4 o leten e e L ——
:'2 2018 3 u:c‘gu CODE-5.0  ADDRN - ADDR# CODE-4.0
. SEEESESE e e S A,
4ADIED1O 2078 - 20CA 262C
o : ° Stop relac. instr eperands 4A092898 20C8 - 211A 28C5
o N internal address tadie SEBOB1OF 2118 - 216A 2838
2605 s 2 ‘Eatey for SPY F481ACDC 2168 - 21BA 2831
a; o5 2 Driver scoress for 1 ESCAFBO2 2188 - 220A 2AF1
6 2 2 39CE4E30 2208 - 225A 25€EC
02 07 C6 ASC  sEwFe Gevice drivar cads 450BCDC1 2258 - 22AA 2788
z: : : i9tesh ¢ output ho:: 1EDDEECA 22AB - 22FA 2A76
{BLash_Tor e Bank. 10 by te 37BS4E3C 22FB - 234A 2978
0001 406 LASTCALL 08 3 (Lest MLI command used
wr i W ‘ 9AGE7C3E  234B - 239A 27A5
::: ;Yhub:ublo |-vo: the focation of the file reference 4CDSAF2E 239B - 23EA 24DF
L numbers (relative to SBECY) for MLI commands -
B e Sean e e
: : :: 502 REFTBL  OFB  11.15.15.23,23.0.0.0.0.0.0 DBO49B9A 2488 - 24DA 2987
o5 48 B854SEFF 2408 - 2522 2646

50y 8EQI9EG45 = PROGRAM TOTAL = 04A8



