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Inside the 2040 Disk Drive Jim Butterfield, Toronto

Yes, you can look at the programs inside the 20L40. But unless you're
strong in machine language - and have a bit of hardware background -
it won't make much sense.

There are two processors in there. One looks out toward the PET ..
I'11 call it the IEEE processor; the other looks in toward the disk
mechanics .. this one I'11 call the disk processor. Each processor
has a completely different set of programs. The two processors talk
to esch other by sharing a little memory space: about LK of RAM

is common to both micfoprocessors.

The IEEE processor is relatively easy to look into. You have the

M-R, or memory read, command which allows you to look at the whole

6LK memory space of this processor. Not all of this is actually

fitted with memory, of course. As far as I can tell, ROM occupies

hex locations EO00 to FFFF. There's RAM in zero page; and the

RAM which is shared with the disk microprocessor is in hex 1000 to 1FFF.
The 6532 PIA chips seem to be in e addresses $0200 to $03FF.

To analyze a completely unknown 650X program, you must start by
inspecting Ymaekix locations $FFFA to $FFFF. This gives you

the three main vectors, for NMI, Reset, and INT. As far as I can
tell, NMI isn't used - the vector points at non-existent memory.
Reset is of course used; in my 2040 it points at FL80, and that's
where the main code for initialization begins. It looks to me

as if the interrupt line must be kicked by the IEEE ATN (attention)
line: when I follow the vector (FDDE) in my machine, it looks like
an IEYE handshake is taking place.

That's all vefy well for the IEEE processor, but how can you get

a look at the inner, disk processor? I had trouble with this one,
until one day I discovered that the IEEE processor can download the
disk processor - via the shared RAM - and make it execute this new
code! So all that's needed is a 1little program to tell the disk
processor to copy part of its memory to the shared RAM space,

where it can be examined by using the M-R command.
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I couldn't get this to work, however, until I discovered the vital t}g//
missing link. The shared RAM, which is seen at locations 1000 to 1FFF

by the IEEE processor, is seen in a completely different location

by the disk processor! .. in this case, hex 0LOO to 13FF.

The hardware just "maps" the memory into a different location.

I might never have spotted this if the memories had not overlapped;

but a little rummaging around and tearing of hair showed that my

early programs seemed to be putting data into the wrong buffer.

Eventually, the penny dropped, and the system became clear.

I'm far from being able to give details about the inner secrets of
the 2040. But with the enclosed DISK PEEK program, you too can
rummage around in there - in either processor's memory space -
and come up with interesting data.
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Programs: FFFF
Control,
Input./ Output, R oM
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Interrupt Control A £810
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Commodore PET and CBM memory organization.
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g e entrg points. orisinalluearade ROM Jim Butterfisld

Ertrg poirts seen in wvarious eproscsmnet = machine lamsuzaas
et iz cautiomed fo check out the warious

o ams. he WS
rautines carefulle for proper setue before calling. resisters
Wsed, etoc.

QRIG UPGE DESCRIFPTION

CaSy D355 POUT OF MEMORY

0359 357 Send Basic error messade

C32E Warm start. Basic

C2RC : Crurch & inssrt line

C4z8 Fix chaining & RERDY.
C433 0442 Fix chainins

C450 0429 Crunch tokens

CS22 CS2C Find line in Basic
CESs OS50 Do HEM

rEeH CS72 Do CLE

CS2R CSAT Reset Basic to =t

ztart
CERS CE04 Continue Basic exed

B a4tion
Get fixed-eoint number From Basic.

CanE C9DE Send FEeturrn.LF iF in screen mode
Cans CSEZ Send Feturn, Linsfesd
CHZT CRIC Print string
CA2D CRZZ Print precomeutsd string
CA42 CR4S Primt character
CE11 COFE Checls For comma
CE1® CIFA Checl: $or seecific character
CEIC CERZ “SYWHTRH ERRORS
D72 D882 Bume Yariable Address ba 2
DoHT 85 Float to Fixed corversion
D278 D2EeDl Fixed +to Float conversion
DEFTS DEFE Get bwte o 8 reu
02D DESF Evaluate String
DECd DECE Get two parametesrs
T30 DOFTI Add (From memord?
DEFD D933 Multie 19 by memors location
I2E4 DSEE Multiela b2 tan
DAT4 DARE Urmrraclk memord wvarizble to Accum #1
DE1E DESS Comeletion of Fixed to Float conwversion
DCaF Do Print flaxed-eoint walus
DCAZ DCE: Print fFloatins-ecint wvalus
DCAF DCEZ Convert number 1o ASCITI shrins
EZER EZDS Primt a character
w3 EFTD Outeut bote a2z 2 hes disits
na EFAT Ineut 2 hex digits to B
a2 EYEE Imeput 1 hex digit fo H
FaEs FOBe Semd “tallk” +o IEEE
FEEA FOEA Send “listen” 4o IEEE
F12C Fi128 Send Secondara Hddress
EFDE F15€ Zend carnned messans
Fi&? F1eF Send charascter to IEEE
FiTA F17F Zend “unmtall”
FI7E F122 Sernd “unlisten”
Fi1a? Fi8l Irewt from 1EEE
F2C2 F2RZ
F2CDI FZRE

IR
[y (1 U

s

T CTY et

oze losical File
ose logical file Iin A

1
-1



F32A
F33F

hia
FZDE
F3ES
F3FF
Fd411
F43F
Fde2
F493
Foa4
F52A

F52D

F579
FS7EB
FSAE
FedD
Fe67
F&7D
FeES
F78E
F7DC
FE3E
F&7F
FesA
FSES
F&8C1
F213
FBIDC
FD1EB
FFCe
FFCS
FFCC
- FFCF
FFD2
FFE4

31
F215
Fzz2
F3EE

SEF
F4ar
F41ilD
F447¢
F46&
F494
F4FD
F521
Fs24
FSEE
FS78
FShRG
F&3C
FESE
F&&l
F&FD
F778
F?7BC
F&lz

FES5

FSSE
F886
FESE
FSEE
FE7E
FCOE
FFCE
FFCS
FFCC
FFCF
FFD2
FFE4

Checls for Storp lked

Send messase 1f Direct mode

LOAD subroutine

2LOADL ERROE

Primt READY & reset Basic to start
Print SERRCHIHG...

Print +ile nams

Get LOADA/SAVE type parameters
Open IEEE channel for outeut.
Find specific tare header block
Get s=trins

Open logical +ile from input raramsters
Open logical File

ZFILE HOT FOUHD. clear I/0

Send error nessass

Find any tawe header block

Get rointers for tawe LOAD

Set tare buffer start address

Set cassette buffer reointers
Close IEEE charnel

Set inrcut device from lozical file number
Set outeut dewvice from LFH.

FRESS PLAY..:; walt

Read tarxe to buffer

Read tape

Write tare from buffer

Write tare, leader lenath in A
Wait for I/0 comelete or Stor keg
Reset tawe 170 pointer

Set interruet vector

Set irwut device -

Set outeut device

Restore default 1/0 dewvices

Inrut character

Outreut character

Get character
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Herpa Trowes, Dismaster Tool

Infinmitels Lo PET Froasrams

Fuen with & Z2K PET. it iz des
handd ling prograns in sections, €
FET imelementation of the load o
reszet and eointers, so that wvari
ard new erowran must be the sam
first of the seriesz,

irakle to  haw
be loaded ao
mmad Fron = )

biles are preserued. Howpeuer,
lenotkh o shorter than the
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In order to make certain detszils such az £1lenamss and the disk
commancds tranzearent to the end user.s it may be desired to have
a2 =mall Fromt end or mery erosran losd other, lonser  eroaramns.
Mo wariskh les need be passed betwesen the promrams. so & Simels.

LORT Ymexterosram® . S suffioes,

However, since the wariaskle pointers are not peset. thew will
e pointing into the prowram. o HE So00n 850 gariables . are”
uzed. the prosram is disturbed, and 3 machine orash may result,
Certainlyg, this will cause a non-trecouversb le error, Thi=z mag
e suoided by including the following line as the first of  the

LE
-
s

e hale T TH
FOREdZ, FEEE (281 PORES S, PEEK (ZBZ2 (CLE

= the bottom of text eoimter and then the CLE ressts
her pointers.  The orosram wi ]l now run, '

I thiz iz the first line in & erozram. s gou modifs the
proaram, DD MOT use the RUM command with no earameters. Start
Funing the program from below this line, or the eoindters will
be reset to the previous end of the erozram.  In zensral.  =ou
woid 1 lose the same number of bates as were added, '

But what shout doina a link of two wrosrams  and  pasSing data

Thiz is relativels simele. A scoratch file can be  orested  and
Filled with the variables o be g3

then read be the sscordd orosran,

Homever, because of the disk’z handling of ssausntial files.
iz aduvisable 4o generate gour owr carriase returns betuesn o
items. Uzing the format

FRIMTH#Z. A CHREOIZ0 B CHRECIZ2 DE CHR$ 13

1:|_:|

will awoid ane comelications  dus o wurwmanted  lims Fi
characters.



It would be a aood ides to hawe the first proaeam checl:  for 2

pre-sxisting £ile and either delete 4. o warn the  user  To

chamge disks.,  Ohwiousld, a different £i lerame carnot be  used,
un less user intervention is prouvided. whickh in wensral wou ld

= low the =w9stem down.

The existence of a previous file can be checked most eazils b
cpening the £ilename, either for read or weite,  and  ocnecliing
the error channel. If 2 read produces "FILE HOT FOUHD®  or =
write succeeds then the £ilename has not been uzed, Otherwisze,
some action should be falen. Seratol Files should also he

de leted when thes e of no further use,

This also allows lobg erosrams of the number—crurch e uaﬁigfa
+o be ittertueted and restarted,  One could urite wroarams wzth
2 wvera lons run time so that thes can "so to sleesr” sither b

pegboard command of after a set time.

=) LW L

The machine will bars e i+ the mest oroarazm o be losded
iz ot Fournd.

Programming

PET DOS SUPPORT PROGRAM By R. J. Fairbairn

Now that the COMMODORE 2040 Floppy Disk System is reaching
PET owners more support programs are needed. The PET DOS
SUPPORT Program is an aid to the 2040 User which humanizes
the PET to 2040 interface better than direct mode BASIC
statements.

This program consists of two routines; a BASIC driver routine
and a machine language routinc. The BASIC program calls the
machine language which moves the working portion of itself

up into high memory. The subroutine then links itself into
the CHRGET subroutine in page zero and before returning moves
the top of memory pointer down so BASIC will not destroy the
working portion. The BASIC program then clears the PET
screen and displays an abbreviated set of instructions before
executing a NEW command.

Figure A and Figure B are the BASIC and ASSEMBLY Listings of
the DOS SUPPORT Program. The programs are entered into the
PET as follows. First reset the PET so the memory is initial-
ized, this makes entry of machine code simpler. After the
PET has been reset type in the BASIC program exactly as
listed in figure A. Then using the machine language monitor
enter the object code for the machine language subroutine at
$0700 hex. After entry save both routines from the monitor
(SA = $0400,EA = $08B8). Finally, using the instructions
included in this article test the program to insure correct
operation. Good luck and happy computing.



WARNING: It is advisable to use diskettes that are new or
that contain no valuable data during the test phase. This
will avoid loss of important data and your time.

The purpose of this program is to aid the CBM or PET 2001
User in operating the 2040 Dual Floppy Disk System. This
instruction sheet has been written with the assumption that
the reader has a working knowledge of the 2001 series and
the 2040.

NOTE: This program has been placed in the public domain

but if you would like us to produce a copy for you, send

us a blank disk and we'll duplicate the DOS SUPPORT Program

on it at no charge. Though, we do ask that yvou include a
self-addressed ,stamped envelope. If you have any comments

or suggestions on the following, please refer them to the
ditor.

The normal method with which the PET communicates with an
IEEE Buss device is by the BASIC commands OPEN, PRINT, GET,
INPUT and CLOSE. These statements are somewhat verbose in
nature and therefore more prone to operator error. There
is also the limitation that INPUT and GET cannot be used in
direct mode due to shared buffer areas. These conditions
are easily handled with the DOS SUPPORT PROGRAM.

DOS SUPPORT PROGRAM may be loaded (saved) as if it were

a normal BASIC program. Note should be made of the fact

that the 2040 has a special load file name '*' which if

used immediatly after power up (reset) executes the following:

1. 1Initalizes Drive 0
2. Loads the first file on that drive

Thus if the command LOAD"*",8 is executed and the DOS
SUPPORT Program is the first directory entry it will be
loaded. When the DOS SUPPORT Program is executed it re-
locates itself up into the highest available RAM memory
locations, links into the CHRGET routine and adjusts BASIC's
top of memory pointer down. This technique uses about 350
bytes of the Users memory but normal machine operations may
proceed without having to reload the DOS SUPPORT Program
until such time that a system reset is performed.

The DOS SUPPORT Program functions by capturing the data that
the PET operating system passes to BASIC, before the inter-
preter has a chance to parse it. Thus we can look for Key
(escape) characters and process the disk command which
follows without the use or knowledge of the BASIC interpreter.

There are four key characters that are recognized by the

DOS SUPPORT Program. They will be processed only when they
are found in column one of an input line, otherwise a SYNTAX
ERROR will occur.



DOS SUPPORT KEY CHARACTERS

@ or > - Passes commands to the Disk.
/ - LOAD's a program.
+ - LOAD's and RUN's a program.

The greater than symbol when used preceéding a 2040 Disk
command passes that command directly to the Floppy Disk
System. See the following examples.

Thus:

>1g

is the same as:
PRINT#15,"14"

and:

>Sg:FILE]1l

is equal to:
PRINT#15,"S@g:FILE1"

As you can see the > symbol is a substitute for the PRINT#15
statement. Remember that an OPEN statement 1s required
before a PRINT may be executed but no OPEN is required for
the DOS SUPPORT Program.

The second function of the > command is the directory list
command. As you know the directory of a minidisk can be
loaded with a LOAD"$@",8. This LOAD will destroy any pro-
gram you might have in memory. To avoid the destruction
of the current program the DOS SUPPORT program prints the
directory on the screen.

To avoid possible directory sarolling, you may depress the
SPACE key to stop the listing of a directory. Depress any
key to continue the listing - or you may depress the RUN/
STOP key to stop the directory listing and return to BASIC.

>89
Means - Display the entire directory of Drive @
>$1:0*

Means - Display the directory entries of all files on Drive 1
that have names starting with the letter Q.

The third function of the > command is the error channel in-
terrogation feature. The error channel is read by typing a >
followed immediately by a RETURN. This is equivilent to the
following program segment.

10 OPEN 15,8,15
20 INPUT#15,ER,MSG$,DRV,SEC
30?ER" ,MSGS$", "DRV", "SEC



For Users that have the CBM Model Business Keyboard the
"@" key may be used in place of the > for key entry con-
vience. This eliminates shifting for this command.

The LOAD / and LOAD-RUN + command characters operate the
same as their BASIC counterparts only with a simplified
syntax as follows: /WUMPUS

- This command will load the program file WUMPUS. Both drives
will be searched if required.

+1:COPY DISK FILES

~This command will load the program COPY DISK FILES fram Drive
1 (if it is there) and execute it.

The following requirements and limitations are placed on the DOS
SUPPORT Program User.

1. The DOS SUPPORT cammands may only be used in the direct mode.
2. The cammands must start in Colum 1.
The user may print the directory by using the following commands:

OPEN 4,4: CMD4 : Opens device 4 and changes the primary
output device to 4

>S@ : Print the directory

PRINT#4 : CLOSE 4 Return the default output device to

the screen and close the file

S sYyszzee

10 FRINT"I"TAEBC115" "

28 PRIMTTAE(11"d PET DOS SUFFORT ¢

28 PRINTTAE14"HOW LOADED

48 FRINTTARE(Z)"  COMMANDS FOLLOWING®

3@ FRINTTARECTY"A > OR @ IN COLUMN 1 WILL®
8 FREINTTRECS)"BE FASSED TO THE DISkE., w1

58 PRINTTAECT>"CMD DESCRIFPTION"

148 FPRINTTREBLVY"#$ LIRECTORY EOTH DRIVES
158 PRINTTAERCT Y "$a DIRECTORY DRIVE @

168 FRINTTARECF»"$1 LDIRECTORY DRIVE 18"

12@ PRINTTARECT>"  ALL 2848 COMMAMDS MAY EBE
136 FRINTTAREC(T"EMTERED AS IF THEY WERE IH
268 FPRINTTAECF»"A FRIMNT# STRATEMENT.
Z28 FRIMNTTAEBCLL Y "M@EPECIAL COMMAMDS

220 PRIMTTAECT: e LOAD A FPROGEAM

248 PRIMTTAECT" T FUM A FROGRANM

258 FRINT"  SPECIAL COMMAMDS START IM COL 1 &HD
260 PRINT"ARE FOLLOWED EY A 2048 FILEMEME.

27a HeEW



FETROSY . &,

LINE# LOC

é agen
a aesa
@ aaaa
a agaa
a uleleln
& aaa
a alt]s
5] afuls)
a aaa
a aca
a aae
a G
(5 aae
5 fea

aEe

aae

5i5ia]

DDA

[ O T O S N e L R I B B o B B R
v

LR Rk

X
IR LIS 00D 0R

oo

= URE UK I o B o A B U o B B A
DA o B B R R oo oooo I oo o090

DI R I B I I R st B B ot ::;_: DAl B I U DA RO BN o B
‘walh’

2 aaa
S5 Iy aca
aaz aea
oz aEa
ez AGE
a Gaa

DDA B B I U o BT By

aazl  Gabe
aazz oeoo
Qaz3  oaeo
6az4 oeoe
Gazs  apeo
ae3s aeed
Qazv  0aoa
a3z aoao
e alsl
el ainls
e aoa
o aa
5

(5]

a

&

(5

a

&

DoORRN I OURRSN s SO AL U O P I LY I o BV B s

4

4
4 @
£ig alu]s
o4 BEAE
a4 QoG
5} aaa
14 (Sys]s
(=) ae
1 5lsin i
155 b aaae
aas1 ages

LINE

o A A A0 0 3 00 A A

FET DOS SUFPFORT
B4-27 -7

EOR FRIRBAIRH

E*EREXEEEN
-1

A0 N o o o 00 b o o

FEEEEXEFEF XL ERS LSS ¥

:BASIC YARIABLES

VERCEKE =%90I
SAL =$C7
SAH =$C8
S =4%B3
CHTON  =%EA
GRETOF =%3C
MEMSIZ =$34
THTFTR =%77
SPERRE  =%14
ELIF =F@3200
SATUE  =%36
=H =113
FA =$D14
LA =Dz
FHLEM =%D1
FHADE =%DAR
EAL. =%03
EAH =¥CH

VERSION 2.1 &714-73

ADD @ FROMFT FOR BUSIMESS
ALD STOF KEY CHECK
PRIMT. ADD

KEYEROARRD.
IH DIRECTORY
HALT IN DIRECTORY

YERSION 3.2
FOR (-840
WITH LOAD ADDRESS OME OFF
EY'TE LOW.

WERSION 3.3
ADD STACK LOOKUF FOR
ACTIYATION,

VERSION 4.8 V5779
ADD CONTROL FOR CMD DLRIMG
A DIRECTORY

FRIMT

LISTING.

WERIFY FLAG

s IMDIRECT POINTER LO
+HI

JUMUSED FLAG <RRSIC)
{EAVE ARER
JIMDIRECT POINTER
JFPOINTER TO TOF MEM
JPOIMTER TO EUF
JEO1 ERROR EBIT
JEASIC IMFUT BUFFER
JSTATUS EYTE

i SECOMDARY ADDRESS
JFRIMARY ADDRESS
JLOGICAL DEVICE #
iFILE HAME LENGTH
FILE MNAME ADDRESS
JEMDN ADDR LO

THI



TG LR g Ve T 1% DFL i =f£RA JOEFALDLT QUTFUT DEY.
GES Qo0 YHETAE =$2A SJEHTY OF BARSIC FGIM.
BRSY DOoa THRZ =¥FDLI = s TEMF “YARIAEBLE

(5 1 b & 1 15 T ;

BOSE ORGG SPEOGEAM VARIABLES

ORST  Qoaa .

AGESE QoG CR =¥a0 SJEYMEOLIC CARRIAGE RETLEH
QoS3 aooa FLAD =5 JEYTE USED AS A FLAG
Oosh SRoG FI1AE =f§EZ1Z JEEYEBORED 10 FORT
B [ R T T T CHMOLH =CMDEMD-CHMI TLEMGTH OF RELCORTE
[E 16 [ S 15 TS 1) ;

aecd  ooeo JPET ROQUTIHNES USED

BEES BOaG H

Gass  Aoan LIMFET =$DCD= JPEINT LIHE #

(55 O & (=15 15 SIPMSG =$F315 SEMHD A MESSAGE
BEss  Banan LIS =FF322 SLOADT ROUTINE

Qass Qoo THUAIT =%$FZEE JWATIT FOR STOF KEY
aave afog CHREGET =*7Va CIMFUTS CHREACTERS
Ae7T1 aoan CHRGOT =#7a JGET LAST CHAR

(o1 el e TeTe T HEWZTT =#%C&0d JHEW STRTEMEMT EXEC
govrs aonn FET =$EIDT JFREIMT A CHRRACTER
aard 3eon LISTH  =%FAEA CZEMDE LISTEN

gavys apan SECHD =%¥F 123 CREHDN ER

E7E BEog CIOUT =%¥F1&F SSEND CHARARCTER
Gavy  aeea UMLEH  =%F183 JUW LISTEM

ears oo ACFTR =3$F1&C JGET A CHARCAHTER
eyl B v e Ty Vo THRLK =$FAbBE& s SEHD TRLE

Gosa fEao OFEHT =%$F4&8 {OFEM FILE

aasy oo FOLOSE =%$FZ2RE SCLOSE FILE

P Te P e e T T | FEAIYY =$383 sFREEMTER EBRSIC

AEST Aaes FLINC =¥§LETE CLEAR YARIAEBLES
aqazd geon LHEFPRG =$C442 SJLIHE BARASIC LIMES
GO9S a0 AHTLE =%F1FF SN TALE

(el T O e T T STETRT =%05[AT SSET START TERT FOINTER
QRET Oo0o CHEIN  =%FF78 JCHECE IN

Qoos goaoa CHEQUT =%F7RC SCHECE OUuT

AEEs  Gooe CLRCHM =$FFCLC JCLEAR CHAMMEL

e e L= Te e T T T BRZIM  =%FFCF JERTICOIN

AA%1 BOaG STOF1  =%F261 JCHECE FOR STOF KEY
BEARZ o060 BzOUT =%FFLs SJEASIC OoUT

Basz Gpa FOFEH =$FS2« SFILE OFEHM

ARSd Q066 LIZa3 =%$F3ES SLOARD ERROR

e i

elaleisy HEDGE IN ROUTIHE WITH THE

aaai SCOMMAND PARSER AMD EXECUTITION
goaa ;

aoae ¥=F0 A0

avaa i
CHD HOF S THROMWN ARy

AR R R Y T R R
DUTEDE IS SN A (N A RS B

DDA o R R B B B B )
e b e s ) (D) D

avea ERA
arel BES ¥V INC TETFTR sBUMF FOINTEFR
graz e ez EHE MG1laa
aras Es 7a IHC THTPTRE+1
a ave|y Ss B3 WGlaa =TH WSMW SBAYE K OIM WSH



glraey
a1es
alas
gli1a
G111

al1z
@11z
A4
ails
a11e
@11y
a1ia
agiiz
al1za
@121

al1zz
8123
a1z4
0123
alze
a1z7
a1z
a1z=
a136
8131
@13z
a13z
8134
a13=

o
=

@151
@152
aisz
6154
@185
@15
9157
@aise
@153
alsa
a161
a1z

aras
a7ar
aran
arar
@711
av14
avle
aris
avif
aric
av1E
areg
ares
ares
arzd
arze
arzg
H72H
arzC
arvzE
arse
av31

R I X ]
J =4 =

5 P )
a@7oa
avse
avae
arsz
a5
avse
arae
avsEe
g7sn

. arvee

araz
aved
avees

Breg

arvek
gvel
avekE
aveE

ER
ED

9
Lia
EL
[ ]
K{E]
HS
jais)

e B g B 1]
@y n

COMOMODT O a T
W0 @0 QW 5h®
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Nl

n
o

pEls
g
Ei
Fa
o3
Fa
g
4C
A&
4C

A
as

A% ¢

&%
zZe
AS
Za
ES
HE
E1
Fa
=6
E&
5a

Za

i
[

1

1
-

P =g P o= O3 oL @

&

A RN RAR AR A=

P

Do) -l
2 e M= L

M o

o Py

n

i

i T

o
o o]

ot B B W B I G T
[ SR SR VO O O (S BN |

n

o3
o)

TZ
I.TH
e
EBEHE
LIDA
cmMP
ENE
LDA
EBEHE
LR
CMF
EHNE

Loy
STY
LDR
CHMF
EEG
CHMFP
EEQ
INY
=TH
CHF
EBEQ
CHP
BEC
ENE
INY
L.0A
EBEG
CHMP
EEQ
ENE
JMP
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Task B - Write a subroutine to corvert asivs record numbses
Comad HE 2 oto the track. sector seid record number
within the z=ector.

Var-iak le Idermtification

HE  Humber of the Record. the location of which is
e dl e
TRl 0 Irddex £1le track number $or HE
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chor pumbser for HE

SHO 1 Index +ile =e
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arwd TROZx. SHOZD, SROZ) For 2 1569 record file of 1560 ifdex
records a2t 18 recordsdsector and 1500 padin records st 3

recordsssector.,

REM ##%#% SUEBROUTIMHE CONVERT %
FEM +++ FIMD IMDEX FILE LOCATICON +++
F o= CHRE + 199372060

[

TRCYY = INTHZa

Nl nanonon oy

LU DO LR S o B R

Bl N CUN (NN U O (U (R
LRI I o B R R B AN
SOURE OoUR B R B O S

21 = MR — CITROLD — 13%28680

22 = (Z1 o+ 3518

SHOLY = IMTCZZ2
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INDEXING PROGRAMMES ON CASSETTE by Michael Casey

At the April meeting of the Pet Useiz Club, I discussed a revised tape
index programme which I had developed. Since then, I have had several
reqguests to document my theory so that everyone can take advantage of it.
I started thinking about this subject after reading David Wilcox's index
programme in the Pet User Notes. I tried his index programme and it worked
well. However, it had a few disadvantages which I was determined to
eliminate:

1) it was very tedious to create an indexed cassette (the index

programme had to‘be run each time you added a programme)

2) a lot of tape was wasted

3) his formula was too restrictive.
Ttems (2) and (3) were partially resolved by including an array of the
programme lengths in the index programme itself, calculating the summations
of these lengths for each progrémme and applying these summations to his
formula to calculate the FFWD times. Item (1) could not be resolved without
changing his entire concept which involved the splitting of the tape into
FFWD time segments.
My objective, then, was to find an indexing formula which would divide the
tape in terms of length rather than time. It took me quite a while to find
- the solution. My biggest hangup was tryinéﬂto forget the notion of a
"fast-forward ratio" which, by the way, is 5 totally insignificant and-
utterly meaningless term. , \{
The description which I am about to describe is based, to some extent, on
the specifications of my particular PET. Because of the dlfferent characterlstlcs
of PETs, tapes and tape drives, it may be necessary for you to adjust some
of the parameters that I used. So that you will be able to do this, I have

included all of the factors and all of the formulae.

Basic Factors

a) the fast-forward reel revolves at a constant rate although it may take a
few jiffies to get up to normal speed and it doesn't stop on a dime.

b) I was using a C60 Realistic Supertape which contained 281' of tape
or 3372". The diameter of the empty spocl was .875" and the thickness of
the tape was .0068". The diameter of a full spool was 2.0".

c) the total time to FFWD the entire tape including front & back leaders
was 5906 jiffies (obtained through experimentation)

d) normal play speed = 1.875"/second

e) both the programme and its label are written twice on a SAVE. The length
of 1 label = 192 bytes.

f) the front leader on a SAVE is 10 seconds and there is a 2 second leader
between the first and second set of recordings. In addition, there is
a small gap between the programmes and the labels.



g) the formula for the circumference of a circle = IT X diameter L
h) the formula for determining the roots of a quadratic equation is

~b +or-square root of b2 - dac
2a
i) the formula for the sum of an arithmetic progression is

m X (al + an) where a1 is the first term

2 an is the last term

n is the number of terms and
m is the difference between terms

Step 1 Determine the number of revolutions to wind full tape

Length of tape = C1 + C2 + ... C where C1 is the circumference of the empty

5 is the circumference of the spool after 1 revolutlon, 02 is the

circumference of the spool afer 2 revolutions... and Cn is the circumference

spool, C

of the spool after n revolutions.

. Therefore, L = del + ?sz +...?fdn where d, is the diameter of the empty

spool, d_ is the diameter of the spool after 1 revolution... and dn is the

2
diameter of the full spool.

After plugging in the parameters, I used the formula for an arithmetic
progression and solved the resultant equation for n, using the formula for
the roots of a quadratic equation. 7

Based on my parameters, n = 796 meaning that winding 3372" of tape requires
796 revolutions of the spool. From this I was able to calculate the FFWD

time per revolution 5906 / 796 or 7.419 jiffies per revolution.

Step 2 Determine the SAVE rate in terms of bytes per jiffy

The initial formula that I started with was
Time to SAVE = Constant (for leaders) + 2 X (prog. + label lengths)in bytes

bytes per jiffy

This equation has two unknown factors - the constant (which I knew was 10+2
seconds + the time to play the gaps between labels and programmes) and the
rate.
I saved a couple of programmes of different lengths, noted the SAVE times and
programme lengths in bytes and used this data in the above formula. This gave
‘me two equations which I solved giving:

Constant = 730.15 jiffies

Rate = 1.8496890 bytes per jiffy

Step 3 Calculate length of a programme in inches of tape

Distance = Rate X Time
Using the formula in Step 2, I can calculate the length of time to SAVE any
programme. Given that the rate of SAVE is 1.875" per second, the formula for



determining the length of any programme in inches is:

1.875 X (730.15 + (2 X (192 + L) / 1.84968901)) / 60 where L = prog. length
in bytes

Step 4 Calculate # of revolutions corresponding to Y inches of tape

Using the same formula in Step 1, I can plug in Length and solve for n.
Number of revolutions for tape length L =
-734,77912 + SQR((F X F) + 4 X (534.974599 X L) / 2) where F = 1469.58824

Step 5 Calculate FFWD time for Z revolutions

Number of revolutions in Step 4 X 7.419 (calculated in Step 1).

The formulae in Steps 3 and 4 are in the Index Programme and by using the
summations of programme lengths in bytes, the FFWD times can be calculated.
To use this programme, SAVE it as the first programme on the cassette with
dummy entries in the DATA statements. Then simply continue to load your
programmes until you run out of tape. Keep a note of the programme names -
and (7167 - FRE(0)) in sequence as you do this so that you can plug them
into the DATA statements when you have finished saving. (include INDEX)
When you have loaded all the programmes, rewind tape, load INDEX, alter
the DATA statements, rewind tape and SAVE"INDEX". Then you can RUN and see
if it works.

It takes several seconds to do the calculations. To eliminate this delay,
you could take the calculations out of INDEX, put them in a separate
programme and plug the FFWD times into an array in INDEX.

Initially, I found that I wasn't able to hit programmes near the back end
of the tape and I attributed this to the fact that there is some "run on"
after the programme cuts the motor switch. So I reduced the FFWD times by
a factor (maximum 120 jiffies) which varies directly with the relative
position of each programme. This eliminated the problem.

So there it is. I hope that you will be able to use this technique to free
up a pile of cassettes and start using your over 30's more efficiently.

By the way, I am using this theory, together with some others, to develop
a system which I call 'CRAMPET' - Cassette Random Access Method for the PET.
The concept has several limitations but I know it can work. Its main
advantage is the ability to access any "record" on a tape file without
reading the "file" sequentially and, the ability to go from "record" to
"record”. I am having a few problems with the run-on due to the fact that
the "record" lengths are relatively short. However, I think this can be
ironed out. Any of you who use data files and are not planning to purchase
tha disk may be interested in pursuing this idea with me. Please give me a
call or write to me. Together, we may be able to achieve the ultimate:
*CRUMPET' - Cassette Random Update Method for the PET.

Michael L. Casey
BCS

6105 Yonge Street
Willowdale, Ontario
M2M 3W2
416-223-8901
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PRELIMINARY REPORT ON THE
ON-SITE USE OF A MICROCOMPUTER
FOR ARCHAEOLOGICAL FIELDWORK
EAST KARNAK EGYPT 1979
© bv: G.D. Hathaway , P.Eng.
85 Alcorn Ave.
Toronto, Ontario
M4V 1E5
(416) 923 8586

ABSTRACT

The summer season of 1979 at East Karnak witnessed the first on-site use of a
microcomputéer for all aspects of archaeologocal fieldwork and report preparation.
The purpose of the present paper is to highlight some of the more important
operations that are able to be carried out by computer, as well as give a summary

of the summer season's work.

kkkkkkk

The concept of using computers in archaeology is not new. Significant
advances in the use of large scale computers has been taking place for the
last dozen years in North America, Great Britain, Europe, and Israel. It
was noted early that a computer's ability to handle large amounts of data
with unmatched speed and efficiency would be a boon to the social and )
historical sciences and archaeology in particular. Thus there have been
many recent articles in the literature devoted to this idea.

However, when one examines in more depth the systems referred to, one
sees that very few of them have even arrived at the stage of feeding‘the
site data into the machine. The constraints and restrictions placed on
archaeologists preventing them from gaining access to computer facilities
prompted the present author (G.D.H.) to attempt to rectify the situation.

Late in 1978, the author approached Professor Donald B. Redford of the
Dept. of Near Eastern Studies, University of Toronto, for assistance and
a testing ground for a proposed computer scheme. It was decided to put
together a preliminary program of activities for field trials at E. Karnak
the following summer. If such a scheme would work in the heat of the
Egyptian day, it would likely work anywhere.



It was determined that a totally portable computer was required for at
least the following six purposes:

- site artifact description and recording for
long term storage

- physical site structures (features and loci/strata)
recording

~ ability to review, alter, or delete any site data
already recorded

- ability to sort or partition all or part of this
data by means of specific requests

- ability to perform basic statistical analyses on
all or part of the data

- ability to store schematic representations of the
site plans for future retrieval and use

A comprehensive data base management approach was therefore needed.
A microcomputer was the only machine that offered the necessary characteristics
and was truly portable.

The overall design objective was that the system would be used as the
exclusive tool of the archaeologist. It could be taken on site and offered
a complete , comprehensive system of data management. All other attempts
to date had been only piecemeal.

The proposed program of activities carried out were as follows:

Task 1 - specification and procurement of microcomputer
and associated peripheral devices

Task 2 - writing and testing of germinal computer programs
for the aforementioned purposes

Task 3 - transporting the computer intact to E. Karnak from
Toronto and back again

setting up and field testing the computer itself
including performing test runs on actual site data

Task 4



TASK 1. SPECIFICATION AND PROCUREMENT OF MICROCOMPUTER

A low power, low cost, compact, portable computer was required for the
job. In addition, the machine needed to have a relatively large memory
storage capacity, operate with various peripheral devices (e.g. printer and
mass storage devices), as well as posess the ability to handle graphic
characters. The P.E.T. 2001 Microcomputer by Commodore offered the optimal
combination of these factors as well as having a very powerfull and fast
programming language.

The mass storage device chosen was a dual flexible disk system, and the
printer was designed to print a wide range of graphic characters and symbols
in addition to the standard alphabetic and numeric characters (diag. 1).

TASK 2. WRITING AND TESTING OF GERMINAL PROGRAMS

This section describes the computer programs that were written to encompass
the six purposes outlined previously.

The stipulations of archaeological fieldwork required that the computer
be taken directly onto the site or at least close enough so that data from
the site books or the physical artifacts themselves could be fed into the
machine directly. This mode of operation had the additional advantage that
the director could owersee and verify the data immediately upon its entry
into the computer.

Another requirement was that no voluminous, complicated coding forms
would be allowed. Data had to be typed intothe computer's memory directly
from the keyboard. This was accomplished by developing in advance the
typography for all types and descriptions of artifacts. In this paper,
artifact will be used to denote both site artifacts, e.g. pottery, coins
bones, small finds etc. as well as physical features, e.g. walls, pits,
strata/loci etc. The typography is in the form of a table or 'Typography
Chart' (diag. 2) which is resident inside the computer. It represents
the most likely set of Arti facts and their attributes to be expected on the
site, based on previous excavation or the director's judgement. Since the
table can be altered to suit any site, this set of programs is truly
universal.



It is this table that serves to drive the data input section of the
program. This input section allows even unskilled operators to handle
efficient data entry. The operator simply specifies the artjfact which he
or she is about to describe and the computer responds by presenting the
operator with a set of multi-choice questions. These questions correspond
to each of the attributes found on the Typograpky Chart for the selected
artifact. The operator simply answers the questions one by one by .
pressing singla.keys on the computer keyboard. This is done sequentially
until the attributes are complete for that artifact. At this point the
computer automatically stores ail the descriptions of the artifact on its
mass storage disks and waits for the next arti fact to be specified. This
allows any artj.fact to be entered at any time and obviates the need for
grouping, for example, all pots together and entering them at once. The
method corresponds most closely to the way data is recorded by site
supervisors in their site books.

After the day's data has been entered into the mass memory disks, any
number of requests may be made of it, or any data stored previously. The
director can ask to see, for example, all green glazed rim sherds from
feature 25A ; stratum 15. The computer responds by printing out complete
descriptions of all pots corresponding to this request. In this way, the
director can perform his searching and sorting on all the data for that
season before the dig ends and thus save weeks of work. This is one of the
more important and unique features of this set of programs.

In order to revise and update the data already in memory, a comprehensive
scheme of editing is included in the programs. If it is found that an
arti fact has been improperly entered, the operator can retrieve that datum
by means of its description or number, and alter it in any manner desired.

Once the data has been entered to the satisfaction of the director, the
sorted and partitioned data set created by his requests can be subjected to
numerous statistical analyses. These include the simple stats such as
frequency histograms, averages, standard deviations, correlation coefficients
etc., as well as more sophisticated techniques such as analysis of variance,
seriation, multi-variate regression, and eventually discriminant analysis
and cluster analysis. These last are included at the discretion of the
director and must be of a size small enough to fit onto the microcomputer
used.

Another unique feature of the P.E.T. computer is its ability to draw
schematized representations of the site plans on its screen and print them
on paper (diag. 1) . These are particularly useful when new features are
discovered and areas of the site need to be highlighted. The director can
hand these to his respective site supervisors with pertinent information
pinpointed.

A future version of the programs will include the ability to show
automatically on the proper site schematic the responses to the archaeologist's
requests. For example, at the archaeologist's request, all green glazed
rim sherds could be plotted automatically on the correct site plan without
human intervention.

The data input, basic stats and site plan drawing sections of the
program were completed before travelling to Egypt, as was the format for the
Typography Chart. This chart was then altered while in Egypt to suit the
E. Karnak site artifact distributions. Work is now almost complete on the
remaining sections of the programs - data requests and retrieval, data
alteration, and advanced statistics. By Autumn 1979 final testing will take
place in Toronto on data brought back from E. Karnak.



TASK 3. TRANSPORTING THE COMPUTER INTACT

This was the part of the program of activities that held the greatest
potential for trouble, but it all went quite smoothly. The computer was
dismantled into 4 small sectional components: Printer, TV screen (CRT),

Main Computer and Keyboard, and Disk Drives (mass storage). These components
were packed in sturdy boxes, the whole package taking up less than 4 cu.ft.
The disk drives and CRT were put on the airplane as cargo and the computer and
printer were taken as hand luggage. Disks with programs recorded on them

were packed inside the main computer for protection from magnetic fields

and X-rays at airport security.

All customs checkpoints were passed with no interruptions or delays. The
computer system was carried by two people (G.D.H. and wife) from Canada to
New York, to London, to Cairo, to Luxor, to Karnak and still worked perfectly.
The printer was adjusted for operation at 50 Hz. and the whole system was
powered by a variable rheostat to enable constant 120 V.AC operation from
varying (and intermittent) Egyptian 220 V.AC mains current.

TASK 4. FIELD TESTING

The system was installed on a table in the office of the Inspector of
Karnak Antiquities, Sayed Abdul Hamid, to whom we owe a debt of gratitude.

It was discovered that air conditioning was required to keep the system cool.
Fortunately, the inspector's office offered the necessary air conditioning
and a relatively dust-free atmosphere. This was especially important for the
delicate disk drives which are notoriously susceptible to dust and dirt.
Thus each night, special plastic bags were put around the disks and disk
drives.

In actual operation, every afternoon the voltage was adjusted and the
computer system turned on. The morning's site books or artifacts were
brought to the operator for entry. At the end of the computer session,
with all the data recorded and requests made, the machine was turned off
and enclosed in the bags. All systems and modes operated successfully as
designed.

Actual test data from the site were used to demonstrate the usage of
the programs, and suggest alterations to both modes of data entry and
expected typography of the site. These tests as well were carried out to
the satisfaction of the director and the operators.

~
s



SUMMARY

For under $5000 (Can.) archaeologists are now able to purchase a computer
system capable of operating a comprehensive set of programs dedicated to
fieldwork and analysis. The programs offer a complete data base management
system for handling both physical site features and artj facts, as well as
portraying graphical representations of the site. An additional feature is
the consultation service offered by the author to prospective users,
enabling a typography to be created which is particular to each individual
site.

The summer season of 1979 at E. Karnak offered an ideal, if harsh,
testing ground and proved that such a system was viable. It is hoped that
the savings to archaeologists in terms of both fieldwork and report
preparation will prompt further interest in and elaboration of the
programs, and promote their use.

July 1979

DIAG. 1 Hypothetical site printed by P.E.T. printer
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