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Introduction 
Ohio Scientific, Inc. has already made one attempt 

to get a journil into regular publication. In September 
1976 our first and only issue of the OSI Systems Journal 
was published. Being a fairly young company, we soon 
found that a lot of time was necessary to assemble a 
staff adequate to the task of expanding our customer 
services beyond the fundamental business of manufac­
turing and selling small computers. That original as­
pect of our business is today in an excellent position, 
and we are now among the leaders in the personal com­
puter industry. Our products are in use around the . 
world, and we will soon be opening a new production 
plant, adding 20,000 square feet to our existing facil­
ities. This growth has enabled us to add to our staff 
a full-time editor of our journal. It will be published 
monthly, and a free year's subscription will automat­
ically accompany all Challenger orders. In each issue 
we will bring you features and news on the latest pro­
gress in company software and hardware. Our special 
section, lK Corner, offers the beginning programmer a 
chance to get started with an easy-to-follow routine. 
Our Odds & Ends column includes miscellaneous fillers 
of timely interest to all Ohio Scientific users. Our 
section entitled Bugs & Fixes includes documentation of 
bugs that may have occasionally been discovered in our 
programs and assembly manuals. Finally we include the 
current catalog prices of our hardware and software. 
Many of our products will be highl ighted in larger ad- ; 
vertisements placed throughout the journal. We hope 
you will share with us your thoughts on how this publi­
cation may be-expanded and improved. If you wish to con­
tribute your own articles, we will be glad to consider 
them. Please send materials or comments to: 

Ohio Scientific, Inc. 
Small Systems Journal 
Box 36 
Hi ram, OH 4.4234 

74,000,000! 
Ohio Scientific has just received its first 74 million­
byte disk drives. These new large disks represent a 
significant advancement in the state of the art of mass 
storage. Ohio Scientific is one of the first companies 
to be integrating these new disk drives into its com­
puter systems. The capa~ility provided by this large 
disk is completely out of the realm of what most people 
have considered for microprocessor-based computers. 
However, the relatively small size, approximately 22" 
long x 7" high X 19" wide(65 lb.) for the disk drive, 
and its unbelievable low cost, which we are projecting 
to be $6,000 retail, make this very large disk storage 
device economically feasible for any small business 
application, and even some advanced hobbyist or research­
based applications of small computers. We are currently 
preparing an information package on the 74 megabyte disk 
and how it compares to smaller floppies and mini-flop­
pies. Please send a letter on company stationery or a 
9 x 12 envelope with 57¢ postage to receive a copy of 
the big disk information package as soon as it comes 
out. There will, of course, be a lot more information 
about the new large disk in upcoming issues of the 
journal. 

Ohio Scientific's Small Systems Journal is 
published monthly by Ohio Scientific Inc., P.O. 
Box 36, Hiram, Ohio 44234. The subscription 

. rate is six dollars for six issues. Individual 
copies are $1.50. 
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Feature Article 

Understanding and Using 
the 6502 Assembler 

Most begi nners in the fi el d of computer prograrr-, 
ming start with BASIC because of its simpl icity and fl e;:~ 
ibility. Moreover, since it can be run on many different 
computers, it is almost universal in its application. 
However, as programmers gain more experience and sophis­
tication, they tend to use assemblers more frequently. 
Assemblers utilize special codes to give instructions 
to the processor and require a more detailed, step-by­
step routine which very closely reflects the computer's 
internal functions. There are several advantages and 
disadvantages of the assembler: 

Advantages: 1) more concise, because it allows 
you to write programs in the shortest possible code; 
2) more direct, because you are "talking" to the pro­
cessor in a language that does not need to be trans­
lated;3) more efficient, because it enables you to 
make full use of the computer's speed, I/O, and other 
resources. 

Disadvantages: 1) more error-prone, because 
the language is sometimes hard for humans to understand; 
2) more limiting, because it cannot be used on comput­
ers other than the type for which it was designed; 3) 
more time-consuming, because the typical program con­
tains more instruction than higher-level languages re­
quire. 

As a help to those interested in learning more 
about OSI 6502 assembler, language, here is a basic des­
cription of the principles behind it. 

The actual form of the instructions which the 
user types on the 6502 terminal keyboard consists of a 
three-letter mnemonic. The fifty-five standard mnemon­
ics are shown on pa,ge 7. These mnemonics have been 
devised for the programmer's convenience, but the pro­
cessor itself is incapable of interpreting them on its 
own. The assembler's job is to convert these mnemonics 
(known technically as operational codes, or opcodes) in­
to "machi ne 1 anguage" or object codes. For exampl e, 
the opcode BPL translates into the object code 10; PHA 
becomes 48, and so on. Every opcode and piece of data 
(operand) has an equivalent object code which directs 
the ,processor to a cert~in memory location known as an ' 

'address. The address may be predetermined by the pro­
'grammer, because it is distinguishable from the form of 
the object code itself. For instance, if the first in-

'struction of an assembler program is *=$4000, this in­
dicates that the program counter is to start at loca­
tion 4000 ($ indicates hexadecimal notation). The op­
code in the statement which follows will therefore be 

, stored in location 4000, the next opcode or operand in 
location 4001" etc., until some other address is spec-, 
ified. ' 

. The fifty-five opcodes are described in the MOS 
Technology MCS6500 Microcomputer Family Programming 
Manual, which is included in all Challenger manuals. 
It is also available from MOS Technology, Inc., Valley 
Forge Corporate Center, 950 Rittenhouse Road, Norris­
town, Pa., 19401. The object codes corresponding to 
them are interpreted by the microprocessor in binary 
notation, which in turn are converted to hexadecimal 
notation whenever appearing on a terminal. This is 
done because hexadecimal notation corresponds more 
directly to binary than does decimal. Each object 
code consists of a two-digit hexadecimal or eight­
digit binary expression called a byte. 

When entering data or referring to memory loca­
tions, it is necessary to know how to indicate which 
notation is to be used. The Assembler is capable of 
interpreting binary, octal, decimal, and hexadecimal 
numbers. The programmer uses the following symbols to 
distinguish them: 

% 
@ 

(no sign) 
$ 

binary 
octal 
decimal 
hexadecimal 

For a more detailed explanation of binary and hexadeci­
mal notation, refer to the OSI 300 Trainer Manual, 
available from Oh'io Scientific, Inc. for $5.00. The 
trainer manual also has several fundamental experiments 
in 6502 "machine code." ' 

The instruction format of the assembler consists 
of assembler directives and machine instructions. There 
are five assembler directives in the 6502 system, which 
give operating instructions to the assembler. Probably 
the most common of these are the equals sign (=) and 
.END, which is optionally used to signal the end of a 
program. The other three assembler directives, .BYTE, 
.WORD, and .DBYTE, are described in the MOS Technology 
Cross Assembler Manual. Each directive must be pre­
ceded by a period. 

Machine instructions contain one of the 55 op­
codes [cf. p. 7 J. Depending on the particular op-
code, there may also be an operand, i.e., the value up­
on which an operation is to be performed; a label, which 
may at some time be useful in the execution of the pro­
gram; and a comment, made at the discretion of the pro­
grammer. In addition, each line in the program begins 
with a statement number, which allows resequencing, 
instruction changes, and all editing features also avail­
able in BASIC. These five sections, or fields, of a 
machine instruction must be separated from one another 
by at least one space. There are several other restric­
tions on the precise form that the string of characters 
may take, and these are described in the MOS MCS6500 
Manual. 

Here is an example of a typical machine instruc­
tion showing all fields described above: 

140 START AND #$7F MASK DATA TO 7 BITS 
...., ..... 0) "'0 ...., 
C:~ 0) "'0 c: c: 
0)0) Ll 0 ttl 0) 

ELl ttl U ~ ~ O)E C- O) ....,::1 0 C- o 
ttlC: 0 U ...., 
VI 

Hey Users Groupl 
FLASH*****This is the last call for our users group 
specials. The following are now available; P2102ALs, 
350 nanosecond low-power, 2102 devices at $1.75 
each; and AMI 6834s, 512-word EPROM, for use on 450 
boards, at $18.75. There offers are good only un-

. til August 31, so stock up now, if you are inter- . \ 
~sted in these parts. 

Page 4 Ohio Scientific's Small Systems Journal July 1977 



When the assembled program is displayed on i1 

terminal, the memory location and object code of each 
item in the instruction line also appear. It may look 
1 ike th is: 

140 03B8 297F START AND #$7F MASK DATA TO 7 BITS 
...., ~~ L....JL....J ~ CIJ "0 ...., 
<:~ <:CIJ I CIJ "0 <: <: 
CIJCIJ 0""" CIJ I .Q 0 ro CIJ 
E.o .~ <: "0 "0 ro u ~ E 
ClJE ....,::. o <: 0. CIJ E ....,::. roo uro 0 0. 0 
ro<: uu o.~ 0 u ....., 0 o CIJ 
Vl ~E 0. 

ro 4-0 
CIJ~ 0 
"0 C"l 4-
00 ClJO 
u~ "0 
0.0. OCIJ 
0 u"O 
~ 0 
0 """u u CIJ...., 

.,.., U 

.oCIJ 0·,.., 
.0 
0 

If the location of the opcode AND is 03B8, then the 
location of the next byte, in this case, the operand 
#$7F, is understood to be 03B9. The next line in the 
program would show 03BA in the program counter field, 
and so on. 

Each opcode is said to utilize one of several 
established conventions for referencing data. These 
conventions, known as addressing modes, are determined 
by the type of data (i.e., operand) being used. Cer­
tain opcodes do not use operands at all, because there 
is no specific value involved, or because the opcode 
defines an operation in itself with no further data 
necessary. These opcodes are said to be in the implied 
addressing mode, as the operand is not expressed, but 
understood or implied. Examples ofopcodes in the 
implied addressing mode are ClC, INX, and NOP. When 
an upcode is followed by an operand of a constant 
value, the opcode is then in the immediate addressing 
mode. For instance, in the command lOA #$60, where # 
signifies a constant numerical value, lOA is in the 
immediate addressing mode. On the other hand when the 
operand is not a constant, but takes different values 
at different times, then the opcode is in the absolute 
addressing mode. If the above example had read, in­
stead, lOA $4300, without any #, this would indicate 
that whatever value happened to be at location 4300 
was being sought, and that that va.l ue may change from 
time to time. Therefore, lOA would in such a case be 
in the absolute addressing mode. 

When the value of an operand is not a constant, 
obviously, then it is referred to by its address in 
memory rather than by its value. The addresses in 
memory are divided into groups or pages of 256 bytes 
each. Normally, when a location 1s specified in the 
operand field of a machine instruction, the location 
consists of two bytes"one signifyinC' the page number, 
and one designating the particular I;jte on that page. 
If the location, however, is on the first page in memory 
(known as page zero 0 )then the byte spec ifyi ng the page 
number (i.e., 00) is omitted, thus saving processing 
time. When an operand refers to a location on page 
zero, then the opcode is in the page zerO addressing 
mode. An example of such would be lOA $0040 (where 
0040 is a location on page 0); this is usually writ-
ten lOA $40. 

Ordinarily the processor executes each state­
ment in turn; but on occasion, it is required to make 
a decision on which statement to perform next, depend­
ing on previous data. In that case a branch instruc­
tion is used, which is only obeyed if a given con­
dition is fulfilled. Branch instructions (e.g., BPl, 
BNE, etc.) are opcodes in the relative addressing mode. 
The operand following a branch instruction indicates 
which step is to be executed if the condition is met. 

Another type of machine instruction which dis­
rupts the natural order of execution is the JMP state­
ment. This statement, however, does not depend on any 
test for its command to be carried out. Therefore, it 
is not in the relative addressing mode, but usually is 
in the absolute addressing mode. 

There are a number of other addressing modes, 
all of which are discussed at length in the MOS manuals 

Within the microprocessor systems are certain 
operational signals, commonly called status bits or 
flags. These flags, collectively referred to as the 
processor status register, affect the execution of 
statements, and are themselves affected by the pro­
cessing of certain instructions. For example, the 
carry flag is set whenever two numbers are added such 
that the re5ult exceeds a 'one-byte field. The zero 
flag is set whenever the result of an operation equals 
zero. The decimal flag is set if the programmer. uses 
a value in decimal notation. The overflow flag_ 1S 
designed to be used primarily with signed addition 
anJ subtraction. The negative 
flag 1S set whenever an operat10n results in a neg­
ative number. When a flag is set, it is placed at a 
value of 1 (i.e., the flag is "on"); if the corre­
sponding condition is not met at the time, it is re­
set to 0 (=off). The use of each addressing mode 

-generally affects one or more of these flags, which 
may have a subsequent effect on other statements in 
the program. The Branch Instruction~ in particular, 
depend on the status bits. 

These are some of the basic principles of the 
assembler language of the OSI 6502. In order to illus­
trate the practical value of these fundamentals, an 
elementary program is very helpful. 

As an example, suppose a user were to enter on a 
terminal the source program which is listed at the back 
of the OSI 65V PROM Monitor manual: 

10 ;65V DEMONSTRATION PROGRAM 
20 
30 PNTL=0 
40 PNTH=1 
50 
60 INKEY=$FEED INPUT A CHARACTER SUBROUTINE 
70 *=2 
80 MESSAG . BYTE "'OSI 65V .... , $5F 
90 

100 *=$200 
110 MAIN LDA #MESSAG ADDRESS u~ MESSAGE 
120 LDX-#0 RESET INDEX 
130 JSR STRING OUTPUT MESS~GE 
140 LDX #0 RESET INDEX AGA1~ 
150 LOOP JSR INKEY GET AN INPUT CHARACTER 
160 STA $D224,X STORE IT ON 440 SCREEN 
170 INX INCREMENT INDEX 
180 JMP LOOP GO BACK FOR ANOTHER 
190 
200 *=$300 
210 STRING STA PNTL SET LOW ADDRESS OF MESSAGE 
220 LDA #0 SET HIGH ADDRESS OF MESSAGE 
230 STA PNTH 
240 LDY #0 RESET INDEX 
250 ANOTHR LDA (PNTL),V GET A CHARACTER 
260 CMP #$5F SEE IF IT IS THE LAST 
270 BEQ EXIT 
280 STA $D1E4,X STORE IT ON 440 SCREEN 
290 INX INCREMENT INDEX 
300 INC PNTL INCREMENT MESSAGE POINTER 
310 BNE ANOTHR LOOP BACK OR 
320 INC PNTH EXIT IF PAST PAGE 0 
330 EXIT RTS RETURN 
340 END 
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arbitrarily chose D1E4 because it occupies a suitable 
location on the screen. Recall that X=O during our 
first pass, according to line 120. Therefore, screen 
location D1E4+0=D1E4 will be occupied by the letter O. 
(=ASCII code 4Fl. 

8elow is an interpretation of selected lines 
in the 65V demonstration program; with a discussion of 
how the principles discussed earlier apply to it. 

Line 290 increases the X value by 1 to X=l. 
Line 300 increases the value at PNTL (location 0) by 
1 to a value of 3. In line 310, the processor is di­
r~cted back to the start of the loop (line 250, labeled 
ANOTHR), unless the zero flag is set. Since on our 
first pass, the ASCII value was not zero, the zero flag 
has not been set. Therefore the subroutine is executed 
again on a second pass. On each pass, obviously the 
value in location 0 (labeled PNTL) has increased by 
one. Therefore an ASCII character for a consecutive 
address is called during each pass. -Furthermore, the X 
value also increases by one each time the subroutine 
is executed, which results in those ASCII characters be­
ing stored in consecutive locations on the 440 screen 
in the same order in which they were called from memory. 

This procedure continues until the last pass, 
when statement 260 compares 5F (the termination char­
acter) to 5F. Since two equal entities are now being 
compared, thus fulfilling the prescribed condition, the 
program moves on to line 330, labeled EXIT. This in­
structs the processor to return from the subroutine 
(RTS). Recall that we first entered the subroutine 
after executing line 130. The last object code in that 
line was 0206. The processor has automatically stored 
the next location (0207) as a return address, until 
whenever we have an exit from the subroutine. That 
time is now, and so we return to location 0207 (line 
140). 

The remainder of this program (lines 140-180) 
is really a separate program in itself. It allows the 
programmer to enter any characters desired and store 
0.e.,display) them on the 440 screen. The storage 
location will be slightly different (i.e., beginning 
at location 0224). Any group of characters entered in 
line 80 must end with a 5F, because that has been chosen 
as the termination character. The routine is exited 
by pushing the reset button. 

This program can also be assembled in a form 
which shows only the object code, if the programmer 
issues the A2 command. The fO'llowing 1 ines are then 
displayed: 

1 i ne 

110 

130 

150 

210 

270 

290 

byte 

A9 

02 

20 

0003 

20 
EDFE 

85 

00 

FO 

OA 

E8 

explanation 

object code for LOA in immediate ad­
dressing mode 
location of #MESSAG, as assigned in 
lines 70-80 (the program counter 0200 
indicates that A9 is in location 0200, 
and 02 is in location 0201; this pattern 
appl ies throughout) .. 
object code for JSR (always in absolute 
addressing mode) 
must be inverted to 0300 to reveal loc­
cation of the label STRING; this indi­
cates that the 1 abe 1 i dent i fi es 1 ocat i on 
0300, which, of course, it does) 
object code for JSR 
must be inverted to FEED, which is a 
subroutine to take the hexadecimal equiv­
alent of AN ASCII character, put it in 
the accumulator and execute a program. 
The FEED subroutine is in this case la­
beled INKEY. 
obJect code for STA in zero page ad­
dressing mode 
location of PNTL, as assigned in line 
30; that is, a page zero location 
object code for BEQ (always in relative 
addressing mode) 
number of object codes further down, 
where the next step to be followed can 
be found, provided the given condition 
is met. This line tells us that that 
step is labeled EXIT. To demonstrate, 
consider the next object code (90) as 
step 0, and count up to object code #A: 

9D,E4,Dl,E8,E6,00,DO,F2,E6,01,60 
o 1 234 5 678 9 A 

object code for INX--always in implied 
addressing mode, therefore no operand, 
and only one byte in object code. 

Jege8e24F~3492e363~~62E~Fe264 
J~3e2eeAge2A2e020e003A20e20EDFE9D24D2E84C090207e4 
1~803008~e0A900850~A000B~00C95FF00A9DE4D~E8E600D0F2E60~0C0B 
)e~03~860007C 

These lines are interpreted as follows: Each section 
beginning with a semicolon· is called a record. The re-
cords mainly consist of the two-digit bytes which formed ADC 
the object code of t~e program. However, the first AND 
byte always specifies thE!, number of bytes in the record; ASL 
the next two bytes give the memory location of the ini- BCC 
tial byte; and the last two bytes give ~re sum total of BCS 
all the bytes in the record. As usual, all bytes are BEQ 
in hexadecimal notation. This assembled version of the BIT 
program is called the "checksum format," because it is BMI 
used to check against errors during loading. BNE 

There is also an Al command which outputs those BPL 
lines containing errors and error messages only, and an BRK 
A3 command which places the object code in memory, pro- BVC 
ducing no display. BVS 

CLC 
CLD 
CLI 
CLV 

Optodes used in the 6502 Assembler 

Add with Carry to Accumulator 
"AND" to Accumul ator 
Shift Left One Bit (Memory or Accumulator) 
Branch on Carry Clear 
Branch on Carry Set 
Branch on Zero Result 
Test Bits in Memory with Accumulator 
Branch on Result Minus 
Branch on Resul t not Zero 
Branch on Result Plus 
Software Interrupt 
Branch on Overflow Clear 
Branch on Overflow Set 
Clear Carry Flag 
Clear Decimal Mode 
Clear Interrupt Disable Bit 
Clear Overflow Fla~ 
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cr-1P 
CPX 
CPY 
DEC 
DEX 
DEY 
Ek'JR 
INC 
INX 
INY 
JMP 
JSR 
LDA 
LDX 
LDY 
LSR 
Nk'JP 
k'JRA 
PHA 
PHP 
PLA 
PLP 
Rk'JL 
RTI 
RTS 
SBC 
SEC 
SED 
SEI 
STA 
STX 
STY 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 

Compare Memory and i-Iccuillul ator 
Compare Memory and Index X 
Compare Memory and Index Y 
Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 
Exclusive-or Memory with Accumulator 
Increment Memory by One 
Increment X by Dne 
Increment Y by One 
Jump to New Location 
Jump to New Location Saving Return Address 
Transfer ~1emory to Accumulator 
Transfer Memory to Index X 
Transfer Memory to Index Y 
Shift One Bit Right U1emory or Accumulator) 
Do Nothing - No Operation 
"OR" Memory with Accumul ator 
Push Accumulator .on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 
Rotate One Bit Left (Memory or Accumulator) 
Return From Interrupt 
Return From Subroutine 
Subtract Memory and Carry from Accumulator 
Set Carry Flag 
Set Dec i ma 1 Mode 
Set Interrupt Disable Status 
Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 
Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Register to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfpr Tnrlpx Y to Accumulator 

In the game of NIMB, two players 
start with a set of N objects. The 
players then, in turn, each remove 1, 
2, or 3 objects from the set. The 
player who is forced to take the last 
object is the loser. 

Bugs&Fixes 
Expanded and simplified assembly instructions 

for the audio cassette portion of the old 430A PC board 
are available free of charge from OSlo To get this in­
formation, please send a self-addressed, stamped, legal­
size envelope with 24¢ postage, and specify on the enve­
lope "430A cassette assembly instructions." 

* * * 
Early audio cassette and paper tape versions of 

the 6502 assembler do not properly assemble the PLP in­
struction. To correct this, simply change location OFA6 
from 48 to 28. Disk system users should always utilize 
the assembler in OS-65D instead of older versions of 
the assembler. It has a much faster editor package as 
well as additional features. 

* * * A .1K current limiting resistor should be in-
serted in the foil run to pin 14 of each of the 1408L8s 
that you are using on old 430A boards. The 430B board' 
has this in the parts layout and documentation. 

* .* * 
Early cassette and paper tape versions of 8K 

BASIC have a bug which causes the DEFINE function to 
hang in a loop when executed. The following patch 
Should correct the problem and allow the DEFINE func­
tion to work normally. Change locations 0228 (hex) 
onward to 5010 A9 11, all in hex. 

* * * 
When constructing 430B-based Audio Cassette 

Interfaces, omit the procedure on page B5 of the manual, 
part 5, which refers to the keyboard echo program. This 
procedure may not function properly even if the board 
is properly set up. 

* * * 
The cassette I/O in cassette versions of 8K 

BASIC is subject to the same null requirements as the 
paper tape versions. We recommend that the user set 
the null function equal to 10 before storing programs 
on cassette. Before reading programs from cassette 
into the computer in BASIC, be sure the null function 
is set at O. The null function is normally set at 0, 
unless modified by the user. 

23 NIMB, for OSI 65V systems, is 
played in the same manner. At the 
start of the game, the computer will 
tell you that N=23 and ask how many 
you would like to take. After keying 
in your move, followed by a carriage 
return, the computer will tell you 

U0200,0332 

its move, the new value of N, and then 
ask you how many you would like to 
take. The game continues in this 
fashion until you or the computer is 
forced to lose. A new game may be 
instituted by "~' (shift N) and ille­
gal moves are not accepted. 

23 NIMB resides at 020016 to 
033316and is entered at 020016. The 
initlal value of N may be changed from 
23 to any decimal number from 01 to 
99 by changing program step 020416 
from 23 to the desired value. 

At the right is the dump for the 
NIMB program illustrating the ~emory 
locations of the object code from the 
program. 
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0200 
0210 
0220 
0230 
0240 
0250 
0260 
0270 
0280 
0290 
02AO 
0280 
oeco 
0200 
OeEO 
02FO 
0300 
0310 
0320 
0330 

o 1 234 5 6 7 8 
20 20 03 A9 23 85 FO AS FO 
A9 20 80 OA 03' AS FD 20 FB 
08 03 91 FE EE 20 02 C8 CO 
02 20 EO 02 C9 SE FO C8 C9 
C8 C8 91 FE 36 29 03 85 FC 
SB 85 FD 20 EO 02 C9 00 00 
01 CS FD FO 2F 10 08 85 FA 
AS FO ES FA 09 30 80 07 03 
00 03 91 FE EE 80 02 C8 CO 
02 4C 07 02 A9 01 CS FD FO 
FD AS FB 09 30 80 07 03 AS 
20 AD 16 03 91 FE EE B2 02 
80 B2 02 20 EO 02 C9 5E DO 
AO 22 A9 49 80 E5 DO A9 1A 
A9 03 C6 FB Fa 00 AD 01 OF 
FB 68 60 85 FB 10 EF 4A 4A 
49 20 54 4F 4F 4B 20 32 4E 
20 40 41 4E 59 3F 59 4F 55 
F8 A9 CS 85 FE A9 DO 85 FF 
DO FB 60 FF FF FF FF FF FF 
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9 
20 
02 
2E 
31 
AS 
F9 
A9 
AS 
09 
33 
FO 
C8 
F9 
80 
30 
4A 
3D 
20 
AO 
FF 

A 
F7 
80 
DO 
30 
FO 
A9 
04 
FA 
DO 
38 
10 
CO 
4C 
B2 
FS 
4A 
32 
4C 
FF 
FF 

B C 0 E F 
02 C9 30 DO 02 
OB 03 AO 20 AD 
F3 A9 08 80 20 
F5 C9 34 10 F1 
E5 FC FO 50 30 
20 91 FE 18 A9 
65 FA 10 F2 38 
85 FO AO 01 AD 
F3 A9 00 80 80 
AS FO E5 FB 85 
01 20 20 03 AO 
28 DO F3 A9 16 
00 02 20 20 03 
02 10 03 FB 60 
48 AD 01 OF 10 
29 OF 09 30 60 
33 2C 48 4F 57 
4F 53 45 20 20 
A9 20 91 FE 88 
FF FF FF FF FF 
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An Introduction 

The Auto·Load Cassette System 
Ohio Scientific's computers equip­

ped with a 440 video display board, 
usually have a 65V PROM Monitor. This 
256-word PROM provides memory load, 
examine, and program execute functions 
with a simple ASCII parallel keyboard 
and a video display connected to the 
440 interface. The 65V PROM also has 
a cassette bootstrap program which al­
lows input to be from an audio cas­
sette interface located on a 430 
board, instead of from the keyboard. 
The 65V accepts a starting address 
for a program with data in sequen-
tial form, and finally allows the 
user to input the execution starting 
point of the program by typing a G on 
the keyboard. This simple format, 
known as the 051 65V format, is also 
used by the audio cassette input if 
the user types an L. Thus the audio 
cassette has to provide input just as 
the user would type it on the keyboard 

When a computer is first turned 
on. the only program it has in its 
memory is its PRor~ ~lonitor. In the 
case of the 65V. it simply has load. 
examine, and execute functions as men­
tioned above. It does not have a CRT 
routine. which allows a 440 screen to 
act as a conventional computer termi­
nal. because PROM is quite expensive 
and 1 ess versatil e than RAM. The "CRT 
Routine" is one of the functions that 
one is expected to put in RAM. So in 
order to have any large. useful pro­
gram in the computer. we will need at 
least the CRT routine and that program. 
It is also convenient to have other 
routines in the computer when running 
a large program. These routines. in 
conjunction with the program of inter­
est. are called an operating system. 

The auto-load cassettes offered 
by Ohio Scientific construct an entire 
operating system. including the pro­
gram of interest. The user simply has 
to turn the computer and the cassette 
recorder on. press the reset button. 
and type L on the keyboard. The rest 
is automatic. This is accomplished by 
placing on the cassette a CRT routine 
and a checksum loader in the 65V for­
mat. When the user types an L. the 
machine accepts a CRT subroutine in 
the simple address and' data format. 
It then accepts a checksum loader. a 
more sophisticated program loader 
which utilizes the CRT routine for 
output. The entire program up to this 
point is now executed. 

Then the program of interest is 
loaded in a checksum format. because 
it will tell the user if a loading 

Page 9 

1 0000 
3 0000 
5 0000 
6 OD50 

10 OD50 
20 OD511 
30 OD50 
32 ODSO 20EEOE 
33 OD53 
40 00S3 8D160E 
50 OD56 8A 
60 ODS 7 4iS 
70 OD58 98 
80 0059 48 
90 OD5A AD160E 

100 OD5)j) 2971' 
110 OD5F C90A 
120 0061 F031 
130 OD63 C90D 
140 OD65 1'1.)24 
150 OD67 C923 
160 OD69 301 Ii 
1 70 OD6S C960 
180 OD60 1014 
19Q OD6F 8D170E 
20tl) (jD 72 20FSOD 
210 OD75 EE1AOE 
221 OD 78 AD 1 geE 
230 OD7B CDIAOE 
240 OD7E 3tH1 
2S9 0889 201) 70E 
260 ODS3 68 
270 0084 AS 
280 OD85 68 
290 QD86 AA 
38e eB87 AD160E 
310 OD8A 60 
320 OD8B 
330 ODSB 20FFOD 
340 OD8E 4C830D 
358 0091 
360 0091 20020£ 
370 0094 
380 0094 20F500 
39G OD97 A9DO 
400 OD99 8DADOO 
410 009C 80BOOO 
420 OD9F A900 
430 OOA1 80ACOD 
440 ODA4 8DAFOD 
450 aDA 7 A020 
460 ODA9 A200 
470 OIlAB B9FFFF 
489 9BAE 9DFFFF 
49Q OIllBl E8 
500 01)82 C8 
510 0083 E020 
52G) 00B5 DOF4 
530 ODB7 8A 
540 0988 18 
550 08B9 60ACGD 
566 nBC 8DACOD 
570 ODSI' 8DAFQD 
580 IDC2 9006 

; -AJ~lO CASSETTE TAPE GE~.-
; 

*::$OD5U 

;----------------------~dr SIMLJLATOrl ltOUTINE) 

• 
CrlAUU JSrt UOUT OUTPUT TO TTY 
; THEN TO TV 
CrlOUT STA TMP SAVE CHAR. 

fAA SAVE REGISTERS 
PHA 

EXIT 

; 

TYA 
PHA 
LDA 
AND 
CMP 
SEQ 
COOP 
aE~ 

COOP 
BMI 
COOP 
BPL 
STA 
JSri 
INC 
LOA 
COOP 
BMI 
JSR 
PLA 
TAl" 
fiLA 
TAX 

TMP 
1$7F MASK TO 7 BITS 
#$A CR OR LF? 
LF 
UD 
CR 
#$20 $20 TO $5F? 
EXIT 
1$60 
EXIT 
SAVErl PUT CHAR. '" CURSOI1, 
UL'JS 
POINT MOVE CURSOR OVER 
LEN NEED AUTO CRLF? 
POINT 
AUTCR 
SAV 

RESTORE REGISTERS 

LDA TMP 
RTS 

CR JSR rl'r 
JMP EXIT 

AUTCri JSrl RrA AUTO CriLF 

LF JSR UNS U~SAVE CURSOR 
LDA #$DO SC~OLL TO TOP 
Sf A MOV+2 
STA MOV+5 
LDA #0 
STA MOV+l 
STA MOV+4 

LP4 LDY #$20 RESET OFFSETS 
LOX #0 

MOV LDA $FFFF.Y MOVE LINE ELE. UP 
STA $FFFF.X 
IN~ INC. OFFSETS 
I,'J Y 
CPX 1$20 DONE? 
BNE MOV 
TXA ADD $20 TO POINTERS 
CLC 
ADC MOV+l 
STA MOV+1 
STA MOV+4 
BCC l'JC4 
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elTor has occurred, and allow him to SSW Ol.)C4 E~ADiilD 
recover from the error without reload- 600 ODe '/ t:EI300[i 
ing the tape from the start. This is 610 (.iDeA A9DJ 
especially helpful in the case of pro- 6~O 0DCL: GDAOOD 
grams which take some time to load. 6Ju ODCI' DOI:l6 
Again the checksum loader is not part 640 OUDl ADldO~ 
of the initial PRO~I because the check- 650 t,)UlJ4 29£0 
sum loader is too lengthy for the PRO~1. 660 0006 AA 

There is a final line on the tape 670 ODD7 CI)ACOI) 
which is the starting address of the 680 UODA DeCo 
program of interest, so that when the 690 anDC A92Q 
L is typed, a CRT routine is entered, 700 ODDli: A8 
followed by the checksum loader; after 710 ODDF 9DOOD3 
the checksum loader is executed, the 720 ODE2 E~ 
program of interest is di sp1 ayed on 730 ODE3 88 
the screen while being loaded, so that 740 ODE4 DOF9 
the user may detect an error, if any 750 ODE6 ~OO 70E 
has occurred, in loading. Then the 760 ODi;9 4C~30D 
program of interest is automatically 7'70 ODEC 
executed by a command on the tape, and 7130 ODEe A1HAuE 
the user ca n then proceed with the pro"- 790 ODEI' 18 
gram. In other words, the last thing 800 ODFO 6D180E 
the user has to do is type an L on the 810 001'3 AA 
keyboard, which results in the loading 820 ODF4 60 
of the entire operating system and the "30 ODF5 
program of interest. ,840 001'5 20ECOD 

The entire software package which 850 ODF8 AD170E 
allows the user to generate his own ~60 ODFB 900003 
auto-load cassettes is call ed the auto- 870 OOFE ,60 
load cassette tape generator. This 8~O ODFr 
package, listed here in assembler form, 890 ODFF :dOF50D 
a 1 so inc 1 udes, as a subset of thi s 900 OE02 A900 
program the routines which are actu- 910 OE04 801AOE 
ally placed on the cassette, e.g., the 920 OE07 
CRT routi ne and the checksum loader. 930 OEO 7 20ECOD 
These are present on every auto-load 940 OEOA 8D0003 
cassette manufactured by OSI. Some 950 OEOD i0170E 
are located at the actua'l addresses of 960 OE10 A95F 
the 1 i sti ng; others are located offset 970 I'JE 12 9000D3 
in memory. The user should be able to 980 OE15 60 

L'JC i<JO V+2 
L\je (viOlv+::; 

~G4 LUA #~D3 DON~l 

eMf> MOV+8 
8.\1£ LP4 
LDA iiOivjE 
A~D ~iEO FI~D STARr OF 
TAX riOME LI~E 
GMP l'lOV+l 
BL'Jl!: LP4 
LDA #$20 FILL HOME LINE 
TAl' INITH BLA.\JKS 

LP5 STA $D300~X 
INX 
DE'¥' 
8.\lE LP5 
JSrl SAV SAVE CURSOR 
JMP EXIT DONEI 

; 
CALC LDA?O EH 

CLC 
CALC. CUrlSO~ 

OFFSET FrlOM 
$DJOO 

. 
~ 

ADC HOME 
TAX 
HTS --

UNS JSR CALC UNSAVE OLD CHArl. 

; 
SAV 

LDA SAVER (RESTOrt CUrlSOK) 
STA $D300~X 
rlTS 

JSK UNS DO A RETURN & 
LDA 10 
STA POINT 

JSR 
LDA 
SJA 
LDA 
STA 
RTS 

CALC PUT DOWN CUrlSOR 
$D300~X (SAVE OLD CHAR.) 
SAVErl 
1$51' ASCII FOrt CURSOn 
$D300~X -locate these routines and modify them 9900E16 

if desired. 1000 OE16 00 TMP .B'iTE 0 
The auto-load cassette tape gener- 1010 eE17 20 SAVER .B'iTE $20 

; 

ator contains the following routines 1020 OE18 64 HOME .B'tTE '$64 ' 
(line nos. refer to acgompanying print- 1030 OE1918 LEN /' .BYTE $18 _ Lr .... , LfV\~1 '-\ 
out): CRT s i mu 1 a to r (1 i ne s 20-1 040), ...-lJL40 O;;E;.;l.;;;A;--::O.=O ______ P:;.O:::..::.:l N::,'.:..f _.:.:B::.Y=-T:.:E::....;O~...,... _________ _ 
which is used both by the tape gener- - 1GSO-OE1B J 
ator program itself, and later by the 1060 OE1B OE24 KESET .DB'i'TE rtEAD 
auto-load package; checksum loader 1065 OE10 ; 
(Hnes 1180 to 1945); cassette I/O 1Q70 DE1D 00 CKL .BYTE 0 lOCHECKSUM lo .... de3 
subroutines (1955 to 1983), which 1080 OE1E 00 CKH .BYTE 0 
make the program, to a great extent, 1090 OE1F 00 ENIiIL .BYTE 00 ;Ei~D OF KIM-1 DUMP '\ 
PROM independent; checksum generator 1 H1G OE20 00 ENDH .BYTE ) 
(2014 to 2660); 65V format generator 1110 OE21 ClO PNTL .BYTE $00 ;ST~RT OF KIM-1 DUMP\ 
(2710 to 3165); and mainline program 1120 OE22 02 PNTH .BHE $02 ;SiiOULD BE > $11'1' ./ 
(3180 to 343Q). 1130 OE23 OQ TEMP .B'tTE a HEMPOHAR't 

In operation, the Ilser must p1 ace 1150 OE24 
the auto-load cassette package in 1160 GE24 
memory at the address shown in the 11 78 OE24 
1 isting or; at some other origin suit- llSO OE24 20DFG)E 
able for his app1 ication. He then 1181 0E27 C924 
must place the program which he wishes 1182 OE29 F06C 
to store on cassette in memory. . Then 1190 6lE2B C93B 
the pa rameters in 1 i nes 1090, 11 00, 1200 eE2D DO 1'5 
1110, and 1120 must be set, in order 1210 OE2F A90G 
to specify the start and end of the 1229 9E31 81UBI!)E 
checksum record (referred to in the 1230 OE34 801EOE 
comment field as a KIM-1 record). 1240 OE37 20B90E 
These define the beginning and end of 1250 OE3A AA 
the program of interest which the user 1260 OE3B 20B60E 
wishes to store on cassette. The user 1270 OE3E SD520E 
must then place assembler 1 ines 3420 12SQ OE41 20B60E 
and 3430 at the starting address of 1290 OE44 885H)E 
his program. He then turns on the 1300 OE47 20A90E 
cassette recorder, places it in record 1311) OE4A SA 

; 
; LOAD CHECKSUM FORMAT MAG TAPE 

; 
READ JSR UIN 

CMP ,'$ AUTO START? 
BEQ AUTOS 
CMP "; IS THIS A NEIN REC.? 
a,'JE READ 
LDA 10 ZERO CHECKSUM 
STA CKL 
5'CA CKH 
JSR INB'tT READ nEC. LEN. 
TAX 
JSR CKIN rlEAD SA 
STA LOCA+2 
JSH CKIN 
STA LOCA+l 
JSrl CKSM 
TXA ZERO LEN. riEC.l 
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~ode, and executes the auto-load 
package at line 3200, which in this 
assembly would be at OFCE. The auto­
load generator first calls up the 65V 
format generator, which then loads the 
CRT routine and the checksum loader 
onto the tape. We then invoke the 
checksum generator, which loads the 
program of interest onto the tape. 
Finally, the restart (auto-start) vec­
tor, which specifies the starting loca­
tion of the program of interest, is 
placed on the tape. The program we 

· are running to generate the tape then 
exits to the 65V monitor. The actual 
data being outputed to the cassette is 
also being outputed to the screen. 
The user will see the CRT routine and 
checksum loader routine outputed in 
65V format. Then he will see the pro­
gram of interest outputed in checksum 
format. The cassette is now capable 
of being used in a system which has no 
previous program storage--it is an 
auto-load, and can be placed in a 
machine irrnnediately after power-up .... 

The assembler listing of the auto­
load cassette package contains other 
useful information for users of auto­
load cassettes. As stated earlier, 
the CRT routine and the checksum load­
er are part of every auto-load cas­
sette OSI sells. On cassettes design­
ed for 4K systems or smaller, the CRT 
simulator routine resides in memory 
exactly as it is shown here in the 
assembler listing. By use of this 
listing, the prograrrnner can customize 
the CRT routine in programs such as 
Tiny BASIC, Black Jack, etc., to suit 

· his individual display. Specifically, 
he can change the variable HOME at 
line 1020, and the variable LEN at 
1-i·ffero3'0. HOME is the starting posi­
·of t~e cursor in the CRT routine and 
can be offset either to the left or to 
the right of its normal position by 
changing the 64 to a 63 or a 65, and 
so on. More importantly, the line 
length can be changed by changing LEN 
from 18 downward for a narrower screen 

· or upward for a wider screen. By use 
of the auto-load package here, the 
user could re-record his auto-load 
cassette with these new parameters in 
it, or he could simply use the 65V 
monitor each time he 10~ds the cas­
sette to change these locations to 
suit his particular video display. 

Ohio Scientific is now offering 
the following Auto-Load Cassettes; 

1. OSI 6502 4K Tiny BASIC by Tom 
Pittman, free with 65V Challengers 
having 4K or more memory and audio 
cassette interfaces. $12.00 postpaid. 

2. OSI 6502 8K BASIC by Microsoft, 
free with 65V Challengers having 12K 
or more memory and audio cassette. 
$52.00 postpaid. 

3. OSI Extended Monitor for 8K or 
larger systems. A "must" for machine 
language development.$17.00 postpaid. 

4. OSI 6502 Assembler by Jim 
Halverson for 8K or lar~r systems. 
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1329 OE4B F014 
1330 elE4D 20B90E 
1340 (lESt.) dDFFH 
1350 OE53 21i1A90E 
136a OE56 EE510E 
1362 GE59 1)003 
1364 OE5B E£520E 
1376 OE5E CA 
1360 0E5F aGEC 
1400 GlE61 20B9GE 
14le OE64 CD1EOE 
1420 GE67 ~OGB 
1430 OE69 20B90E 
1440 OE6C CDIDOE 
1450 OE6F 1.)006 
147f) eE 71 4C240E 
1490 OE 74 
1500 OE 74 20B99E 
1510 OE 77 A945 
1520 OE79 2953Q9 
153" iE 7C A952 
1540 QE7E 28~30D 
1550 eEi1 A952 
1560 QEi3 2953S1i1 
1572 eE86 AB1BeE 
1573 8E89 85FF 
1574 lESS AD1COE 
1575 IE8E S5FE 
1576 GE90 A9QO 
1577 eE92 S5FB 
1579 OE94 4C43FE 
1588 IE97 
1581 9E97 29899E 
1582 IE9A SB229E 
1583 QE9D 20B9(l)E 
1584 'EAO i8218E 
1585 iEA3 6C210E 
1595 OEA6 
1605 elEA6 205EOF 
1615 IEA9 
1625 IEA9 18 
1635 8EAA 6aUtOE 
1645 9EAa SBlalE 
1655 GEB" 9003 
1665 IEB2 EEIEGE 
1675 aEB5 61 
1685 8EB6 
1695 OEB6 20A98i!: 
1795 UB9 
1 715 eEB9 2'SCOE 
1725 ()EBC 
1 735 OEBC 2eaFOE 
1 745 IEBF C930 
1755 IEel 3eiB 
1765 IiIEC3 C947 
1775 eEC5 1017 
17i5 0EC 7 C94e 
1795 OEC9 3803 
1i05 OECB Ii 
Ii 15 aECC 69tl)9 
1825 iECE 2A 
1835 GECF 2A 
1845 GElati 2A 
1855 lEal 2A 
IS65 9ED2 AG04 
1875 GED4 2A 
1885 IED5 2E231E 
1985 IJEDS 88 
1915 OED9 BElF9 
1925 DEBB AD23tE 
1935 IEDE 68 
1945 OEBF 

'1955 OEDF ABi5FB 
1956 IEE2 4A 

BEQ DO,~E 

LLO~ J~ri INBYT rlEAD DATA 
I..OCA STA $FFFF 

JSR CKSM 
L~C I..OCA+l 
8NE itT 7 
INC LOCA+2 

RT 7 DEX DONE? 
BNE LLOP 

DONE JSH INBYT READ CHECKSUM 
CMP CKrl CURriEC'f? 

. , 

B,~E ERROR 
JSR L'lBYT 
CMP CKL 
BNE ERROR+3 
JMP READ ALWAYS LOOP 

ERROR JSR I.~BYT DUMMY READ 
L9A I'E TYPE "ERR" 
JSR CROUT 

J 

LDA (J'R 
J5R CROUT 
LDA "R 
JSR Ci10UT 
LDA RESET SET 65V TO 
ST~ SFF POINT TO 
LDA i1ESET+I READ 
STA iFE 
LDA 10 SET KEYBOARD 
STA SFa INPUT 
JMP SFE43 

AUTOS JSR INBYT PICK UP 
STA PNTH FOR START 
JSR INBYT 
STA PNTL 
JMP (PNTL) GOI 

J 
OUTCK JSR OUTBYT PRINT BYTE & 
J 
CKSM CLC CALC. CHECKSUM 

ABC cn 
STA cn 
BCC NC3 
INC CKH 

NC3 RTS 
J 
CKIN JSR CKSM CALC. CHECKSUM & 
; 
INBYT JSR PACK INPU~ A BYTE 
J 
PACK JSR UIN INPUT A aIGIT 

CMP "0 
BMI XHIT 
CMf'I'G 
SPL XHIT 
CMP "8 
8MI LSL 
CLC 
Aac 19 

LSL RelL A 
ROL A 
ROL A 
ROL A 
LDY 14 

LOPP ROL A 
ROL TEMP 
DEY 
SNE LOPP 
LDA TEMP 

XHIT RTS ~ ~ 
J 

UIN LBA SFses INPUT FROM UART 
LSR A 
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$37.00 postpaid. 
5. OSI "Life" for 4K or larger sys­

tems. An exciting real time program. 
$12.00 postpaid. 

9QFA 
AD03FB 
6D07FB 
4CS3GD 

BCC 
LOA 
STA 
JMP 

UIN 
SFB03 
SFB07 
CROUT ECHO IT 

1957 6EE3 
19561 IJEE5 
1959 ElEE8 
1975 OEEB 
1976 OEEE 6. OSI "Graphics Editor" for 4K or 

larger systems with the graphics op­
tion. Also includes an important plot 
package for other uses. $10.00 postpaid. 

-41977 OEEE 
1978 eEEF 
1979 OEF2 
19iO GlEF4 
1961 OEFS 
1962 OEFil 
1983 BEFS 

48 
ADi5FB 
10FS 
66 
8D04FB 
4CS30D 

(JOUT 
WAIT 

PHA 
LDA 
BPL 
PLA 

UA~TTO CASSETTE 
SFB05 
WAIT 

7. OS! Black Jack--a simple game 
program. $4.00 postpaid. 

We are very interested in offer­
ing other useful programs for audio 
cassette systems via a users group ex­
change in the auto-load format. If 
you have a program and are interested 
in distributing it. please write to 
The Journal. 
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201Q OEFB 
f2014 OEFB 

2016 OEFB J 
2040 OEFB AOOO ' PUNCH 
2041 OEF. AB210E 
2042 OFOO 8B3FOF 
2943 IF03 A9220E 
2144 8F06 6D400F 
20S8 IF09 8CIDOE AGAIN 
2060 OFOC SCIEOE 
2070 OFaF A908 
2080 OF11 20EEOE 
2090 OF14 A90A 
21e, OF16 2.EEOE 
2110 OF19 A.3FOF 
2120 onc CB1FeE 
2139 GF1F A»400F 
2149 9F22 Eiil2Q9E 
21S0 OF25 BI)45 , 
2160 9F27 A93B 
2178 8F29 20EECIE 
227!) GlF2C A918 
2268 "F2E AA 
2298 eF2F 2GA6GE 
23Ge QF32 A848QF 
2310 c!)F3S 2GA6e1E 
2320 8F38 Aa3FOF 
2338 .F3B 28A60E 

CONT 

234$ OF3E A8FFFF LOOP 
2351 OF41 28A60E 
2368 IF44 EE3F6F 
2362 OF47 a.83 
2364 IF49 EE40.F 
2378 .F4C CA 
2388 OF48 DOEF 
2391 OF4F 28SS0F 
243. 8FS2 4C098F 
2436 OFSS 

RT6 

J 

ISTA 
JMP 

5FB04 
CROUT TO TV 

@.'JERATE CHECKSUM I'IA~ TA~ 
LDY 10 
LSA PNTL SET POINTER 
STA LOOP+l (. -r i­
LOA PNTH .IJ/~ 
STA LOOP+2 
STY CKL CLEAR CHECKSUM 
STY CKH 
LBA ISD OUTPUT CRLF 
JSR UOUT 
LDA ISA 
JSR UOUT 
LDA LOOP+1 PAST ENg 
CMP E(~DL 

LBA LOOP+2 
SBC ENDH 

BCS OUT EXIT IF ~ONE 
LBA I' J OUTPUT RECORD MARK 
JSR UOUT 
LDA IS18 REC. LENGTH 
TAX 
JSR OUTCK 
LDA LOOP+2 
JSR OUTCK 
LBA LOOP+l 
JSR OUTCK 
LDA SFFFF GET DATA 
JSR OUTCK 
INC LOOP+l 
BNE RT6 
INC LOOP+2 
»EX DONE? 
BNE LOOP 
JSR PCKSM PRINT CHECKSUM 
JHP AGAIN LOOP BACK 

2448 OFSS A.IEGE 
245. eFSi 2aSEOF 
2460 OFSB ABlalE 

PCKSM LaA CKH PRINT CHECKSUM 
JSR OUTBYT 
LaA CKL LET IT DROP 

2471 OFSE J 
24S1 8FSE 41 
249. OFSF 4A 

OUTBYT PHA PRINT 
LSR A 

2500 QF6G 4A 
2S1I1 OF61 4A 
2528 .F62 4A 
2530 OF63 28680F 
2549 OF66 68 
2551 OF67 48 
2561 8F68 286 •• F 
2570 .F6B 68 
2581 .F6C 68 OUT 
259. 8F6D J 

LSR A 
LSR A 
LSR A 
JSR RID 
PLA 
PHA 
JSR RID 
PLA 
RTS 

BYTE 

26 ••• F6a 290F RID AND ISF PRINT LSD 
2610 OF6F 1938 ORA 1538 
2621 .F71 C93A CM? ,I, 
2638 IF73 9002 BCC ELSE 
2641 OF7S 6986 ADC 16 
~50 .F77 4CEEeE ELSE JMP UOUT 
. '~~_~~C~Q~"_'~ ______ ~=---~-====~=-~~==== 
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CONTINUED, at ri~ht, 
Autu-Load cassette tape aenerator 

odds&3EnWs 
The 05-650 version 2.0 Disk 

Operating System is now available 
and is being shipped as standard 
with 051 Challenger systems. The 
2.0 Operating System is available 
to current owners of OS-65D 1.5 
Version Operating System for $15 per 
disk. When ordering, please also 
speci fy that you need the new man­
ual. Version 2.0 allows data files 
on drive B in BASIC. It also has 
special additional I/O commands, a 
relocator, a tab function in the as­
sembler, and other lmprovements 
lo,Jhich make the systemeasier to use. 

* * * 
A little-known feature of the 

editor portion of our standard as­
sembler is that additional lines can 
be inserted between consecutively 
numbered lines of test in the as­
sembly. The procedure is to list 
the source via the PRINT command up 
to the line just prior to the de­
sired insertion. The user then 
labels all consecutive lines as line 
no. o. Then via a RESEQ (resequence) 
command these additional lines will 
be inserted immediately after the 
last line that was listed. By use of 
additional software (key poll with 
echo to 430 Board), or "off line" 
punching, frequently used subroutines 
may be listed as all lines zero. They 
may then be brought into the editor 
and inserted as required. 

* * * 
A new improved Tiny BASIC cas­

sette is now available. It features 
an improved driver package, which 
yields very reliable cassette I/O 
(the original Tiny BASIC did not 
have any screening of illegal char­
acters on cassette input, which made 
cassett~_input operations rather 
touchy under certa in equ'i pment 
conditions). The new improved ver­
sion also has its drivers immediate­
ly above the Tiny BASIC program it­
self, so that all available memory 
can be utilized without any adjust­
ment of internal pointers. The 
driver package is also significantly 
shorter, yielding more user work­
space in a small computer. The im­
proved Tiny BASIC will be shipped 

,\ automatically when Tiny BASIC cas­
~ sette is ordered. 

* * * 
We have heard of several modi­

fications made by users to the model 
440 Video board, particularly to get 
more lines on a screen. We would be 
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2679 OF7A 
2671 IiJF7A 
26~O ()Jo~7A 

2690 OF7A 
2700 UF·7A 
t~71U OF7A A92£ 
2720 OF7C 20EEOE. 
2730 OF7F AD950F 
2740 OFlll2 20B40F 
2750 OF85 AD940F 
2760 OFS8 20B40F 
2770 OFI:iB A92F 
2780 OraD 20EEOE 
2790 OF90 AECAOF 
2S01) OF93 ADUU 
2810 OF96 20B40F 
2820 OF99 EE949F 
2830 OF9C 9093 
2840 OF9E EE95QF 
2850 OFA1 A90D 
2660 OFA3 20EEOE 
2870 OFA6 EC940F 
2880 OFA9 DOE8 
2890 OFAB ADCBOF 
290Q OFAE CD950F 
2910 OFB1 DO EO 
2929 OFB3 60 
2930 OFB4 
2940 OFB4 48 
2950 OFB5 4A 
2960 OFB6 4A 
2970 OFB7 4A 
2980 OFB8 4A 
2990 OFB9 20BDOF 
30GO OFBC 68 
3010 OFBD 
3020 OFBD 29aF 
3030 OFBF 093Q 
3tl41J IFC1 C93A 
3058 OFC3 9002 
3060 OFCS 6906 
307Q OFC 7 4CEEOE 
3140 OFCA 
3150 GFCA FSOE 
3160 8FCC 
3165 500D 
3179 OFCE 
3UO OFeE 
31611 OFCE 
3182 OFCE 
3183 GFCE 
3184 8FCE 
3185 9FCE 
3186 OFCE 
3187 eFCE 
3188 OFCE 
3199 GFCE 
3209 OFCE ADCCOF 
3210 QFDI 8D940F 
3220 OFD4 ADCDOF 
323() OFIII7 8D950F 
3240 OFDA 207AOF 
3259 eFDD A92E 
3269 OFDF 20EEQE 
3270 OFE2 AD1e6E 
3280 OFE5 20B40F 
3290 OFES AD1COE 
3300 OFEEl 20B49F 
3310 OFEE A947 
332Q IIFFO 2QEEillE 
3330 OFF3 20FBOE 
3340 01'1'6 A924 
3350 GFFi 20EEOE 

;DUM~ DATA HLOC~ ,~ 65V LUADEK 
iFORMAT TO AUlllU CASSETTE. 
iLP+1,LP+2= D0Mf 
iEAL,EArl=E~D OF DUMP (NOT INCLUSIVE;> 
J 
a0MP 

LP 

LDA 
JSrl 
LDA 
JSR 
LDA 
JSrl 
LDA 
JSrl 
LDX 
LDA 
JSrl 

, '. 
UOUT 
LP+2 
BYTE 
LP+l 
BYTE 
1'1 
UOUT 
EAL 
SFFFF 
BYTE 

Ii"C L?+ 1 
BNE NCAH 
I,"C LP+2 

ADDR. MODE CMD. 

LOAD START ADDt-<. 

DATA MODE CMD. 

FETCH BATA 

NCAR LDA #$0 OUTPUT CR 
JStt UOU'f 

J 
BYTE 

. , 

CPX LP+l END? 
B"~E LP 
LDA EAH 
CMP LP+2 
BNE-LP 
HTS 

PHA 
LSH 
LSR 
LSR 
L!)R 
JSR 
PLA 

OUTPUT 
A 
A 
A 
A 
DIGIT 

A BYTE 

DIGIT AND 'SF OuTPUT A DIGIT 
OnA '$30 
eM? , 'I 
BCC UOUTJ 
ADC 16 

UOUTJ JMP UOUT . , 
EAL • WORD PUNCH JEND OF 65V DUMP 
EAHaEAL+1 

STRT • WOrlD CRAUD .J STAin ADDRESS OF DUMP 

J ~-~INLINE-;; 
J GEN.· TAPt: wITH CrlOUT AND 
JKIM-1 LOADER IN 65V FOrlMAT 
iAND THE," DUMPS A SECTION 

J OF MEMORY IN CHECKSUM FORMAT 
JANB AN AUTO-START VECTOR. 
iTHUS THE USER TYPES AN "L" 
JAND SOON THE PROGRAM IS 
iLOADED AND RUNNING. 
; 
GENT LDA 

STA 
LElA 
STA 
JSR 
LDA 
JSR 
LDA 
JSrl 
LDA 
JSR 
LDA 
JSR 

S HtT LOAD RANGE ~)5I-4 
LP+l FOR 6SV 
STRT+1 
LP+2 oD5 0 
DUMP DUMP UTI LIT IES oEfB 
I'. & START LOADER 
UOUT 
rll!:SET 
BYTE C)t3-
RESET + 1 ~ 1.£ 
BYTE 
II' G GO COMMAND 
UOUT 

JSR PUNCH DUMP BLOCK 
LDA 1'$ LOAD START VECTOR 
JSR UOUT 
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very interested in hearing of any 
other modifications that you have 
made to upgrade the 440 board. If 
there is interest, \~e would then 
take the best combination of modi­
fications and make ~p a small piggy­
back board for, the 440 to. upgrade 
the board to 64-cha'racter displ ay 
width, etc.-

3360 OFFB ADOl:lIO 
3370 U Fl·1:: ~OB.40 F 
33dO 1001 ADOA1~ 
3390 1004 208401' 
340t) 100 7 4C43l'E 
3410 100A .; 
34~O 100A ~O STL 
3430 100B 02 5TH 
3440l00C ; 

, 9999100C 

LVA ~TH 

JSii BYTE 
LDI~ Sf 1.. 
JSrt ByrE: 
JMP $FE:43 "E:TUK~ TO 65V 

• BYTE $00 ;Ai,HO STAnT \,lECTOR 
.BYTE $02 

From obiect to source code 

The -6502 Disassembler 
When dealing with machine code 

programs, it is always more convenient 
to work with mnemonics than with the 
actual code. This is, of course, be­
cause it is very difficult to remember 
all the hexadecimal codes and what 
they stand for, whereas the mnemonics 
have an intuitive meaning. This is 
one of the reasons that we use assem­
blers.to assemble machine code. It is 
always desirable to have an assembled 
source listing available when working 
with a particular machine code program. 
However, this is not always possible 
or available for various reasons. 

The next 'best thing 'to an assem­
bled source listing is to have a dis­
assembler available. A disassembler 
is a program which attempts to convert 
machine code back into assembler 
source. It can only do an approximate 
job of this, because many features of 
the assembler cannot be derived. For 
instance, the comment field of the 
assembl~r is in no way retrievable from 
the object code, since it simply repre- ' 
sents the programmer's thoughts when he 
programmed the code. It is also impos­
sible to derive the labels from the 
program once it has been assembled. 
Some disassemblers attempt to put pseudo­
labels back in programs, such as L1, L2, 
L3, but these really do little to im­
prove the understanding of the disassem­
bled listing. Therefore ,mo~t disassem­
blers simply place absolute hexadecimal 
numbers in the disassembled source list­
ing where there w~re originally labels. 

The disassembler listing for the 
6502 was first pub1 ishe'd in Interface 
Age, Vol. 1, No. 10, Sept. 1976, . 
pp. 14-23. The assembler as published 
can be quickly modified to run on an 
051 computer. It is possible to dis­
assemble portions of machine code via 
the Q command in the Extended Monitor 
of the 05-650 Disk Operating System. 
The actual disassembly, listed at the 
right, turns out to be the,NIMB pro­
gram shown in the lK Corner [o~ page 
8 J. This assembled output does not 
have line numbers, since no editing is 
possible or necessary. It does not 
have a label field or a comment field. 
Also, all numbers are specified to be 
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Gl0200 
(EOO 202003 
(E03 A923 
(EOS 85FD 
(E07 ASFO 
0209 20F702 
caoc C930 

, 020E 0002 
0210 A920 
o:a 1 2 SOOAO 3 
0215 ASFO 
0217 20FB02 
021A 8DOB03 
ca10 A020 
021 F AD0803 
0222 91 FE 
0224 EE2002 
0227 C8 
0228 C02E 
022A 00F3 
02:.!C A908 
022E 8D2002 
0231 20E002 
0234 C95E 
0236 FOCS 
023SC931 
023A 30FS 
023C C934 
023E 10Fl 
0240 CS 
021&1 C8 
0242 91FE 
0241& 38 
0245 2903 
0247 85FC 
0249 A5FD 
024B E5FC 
024D F05D 
024F 305B 
0251 8SFD 
0253 20E002 
0256 C90D 
0258 DOF9 
02SA A920 
02SC 91 FE 
02sE 18 
025F A901 
0261 CsFD 
9263 F02F 
0265 1008 
0267 8sFA 
0269 A904 
026B 6sFA 
0260 10F2 
026F 38 

JSri S0320 
LDA 1$23 
STA iFD 
LDA iFO 
JSri $02F7 
CM? 1$30 
B:~E $0212 
LDA 1$20 
S'I'A S030A 
LOA SFO 
JSri S02FS 
STA S0308 
LDY IS20 
LOA S0308 
STA (SFE>.Y 
LIJC S0220 
I.~ 't 
CP'I' ':L2E 
8NE S021F 
LOA H08 
!iTA S0220 
JSit i02EO 
CMP USE 
8EQ S0200 
eM}' 1S31 
BMI S0231 
CMP 1$34 
BPL S0231 
MY 
I~Y 
STA UFE)#"1 
SEC 
A.~D 1S03 
STA SFC 
LDA SFD 
SBC SFC 
SEQ S02AC 
BMI S02AC 
STA SFD 
JSH S02EO 
CMP nOD 
BNE i02S3 
LOA 1$20 
STA (SFE)#Y 
CLC 
LOA 1S01 
CI'IP SFO 
SEQ S0294 
BPL S026F 
STA $FA 
L.DA 1$04 
ADC SFA 
8PL S0261 
SEC 
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0270 A5FD 
0272 E5FA 
0274 0930 
0276 800 703 
0279 ASF'A 
027B 851'0 
0270 AOOI 
0271' A00003 
0282 91FE 
0284 EE8002 
0287 C8 
0288 C009 
02SA DOF3 
02BC A900 
028E 8D8002 
0291 4CO 702 
0294 A901 
0296 CsFD 
0298 F033 
029A 38 
029B ASFO 
029D E5FB 
029F 8sFO 
02Al ASFB 
02A3 0930 
02A5 8D0703 
02A8 A5FD 
02AA 10Dl 
02AC 202003 
02AF A020 
02B1 ADl603 
02B4 91 FE 
02B6 EEB202 
0289 C8 
02BA C028 
02BC'DOF3 
02BE A916 
02CO 80B202 
OBC3 20E002 
02C6 C95E 
02C8 DOF9 
02CA 4C0002 
02CO 202003 
0200 A022 
02D2 A91i9 
02D4 8DESOO 
02D7 A91A 
02D9 8D8202 
02DC 10D3 
02DE lOB 
02DF 60 
02EO A903 
02E2 C6FB 
02E4 FOOD 
02E6 ADOIDF 

LOA 
SBC 
ORA 
STA 
LDA 
STA 
LD'I' 
LOA 
STA 
UC 
IN 'I' 
Cf'Y 
BNE 
LOA 
STA 
.JM? 
LOA 
CMF 
BEQ 
SEC 
LOA 
sac 
STA 
LDA 
OHA 
STA 
LDA 
BPL 
.JSri 
LDY 
LDA 
STA 
INC 
INY 
CPY 
BNE 
LDA 
STA 
JSR 
CM? 
BNE 
JMP 
.JSki 
LDY 
LOA 
STA 
LOA 
STA 
BPL 
117 
riTS 
LDA 
DEC 
BEQ 
LDA 

SFO 
SFA 
1$30 
i0307 
iFA 
iFD 
1$01 
S0300 
(iFE>#Y 
S0280 

#S09 
S027F 
liOO 
S0280 
S0207 
ISOI 
SFD 
S02CD 

SFD 
SFB 
SFD 
SFa 
IS 30 
S0307 
SFD 
50270 
S0320 
IS20 
S0316 
UFE)#Y 
S02B2 

1S28 
S02Bl 
1S16 
S02B2 
S02EO 
ISsE 
SOBC3 
50200 
S0320 
1S22 
1$49 
SDOE5 
ISlA 
S02S2 
S02Bl 

1$03 
SFB 
soeF3 
iDFOl 
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dent users in a 500-based system by fl ippinq upper lIlem­
ory 1 i nes. The user programs can be switched in and 
out, thus allowing ultra-fast interrupt service, and 
memory partitioning of users. The 8K BASIC ROMs also 
include a complete CRT routine and audio cassette driv­
ers, so that by changing to a different support PROM, 
the board can support BASIC in conjunction with a 440 
video board. The system can support a 430 based cas­
sette I/O board in either serial or video modes. Extra 
control characters in BASIC allow storage and retrieval 
of BASIC programs, even when the serial baud rate is 
lower than the cassette baud rate, by invoking printing 
or non-printing operations. 

The 500 board can be selectively populated to 
emulate any 400 board, and is completely compatible with 
systems using the 400 board. Therefore, the 500s are 
now being used to fill existing 400 orders in bare 
boards, kits, and fully assembled products. The model 
500 is available as a bare board for $39.00; as a 504A 
and 504V kit with lK RAM (equivalent to 414A and 414V, 
at the same price), fully assembled with 8K BASIC in 
ROM and a seria1 port. 

When the model 500 is placed in a Challenger 
case, the computer is called a Challenger II, so that 
all Challenger II's are based on 500 CPU board. The 
Challenger II's are available in a serial form as a 
Challenger lIS, in video form as a Challenger IIV, and 
are also to be available in a four-slot version with a 
captive keyboard as a Challenger lIP. This special 
small computer is similar in appearance to the Pro­
cessor Tech Sol-20, and in cost and performance to the 
Commodore PET. 

, 500 boards and Challenger II's can also be used 
with disk drives, of course. However, the 8K BASIC in 
ROM is not suitable for use with disk, as it does not 
have the disk I/O commands. Furthermore, BASIC can be 
quickly pulled in from disk instead of ROMs when the 
disk drive is present. We offer Challenger II's with­
out the BASIC ROMs and with the floppy disk instead. 
Check the price list for details. We will be covering 
8K BASIC ROMs in more detail in future issues of the 
journal. 

The other exciting new CPU board which Ohio 
Scientific will be introducing to both Computermania 
and Personal Computing 77 is the model 510. This CPU 
board is the most technically advanced central proces­
sor a va il ab.l e today for small computers. It comes 
standard .with a 6502A, 6800, and Z-80 microprocessor. 
The board also includes a serial port which can be 
configured for RS-232 and 20-m.A. current loop with 
crystal controlled baud rate generation from 110 to 
19,200 baud, and provisions for'three monitor PROMs 
for the 6502 and one for the 6800. These PROMs are 
1702-type devices. , 

The three processors are actually separate 
entities on the board. Only one processor can be 
active at a time, and all control lines and address 
and data lines of the other two processors are in a 
tristate condition when they are not selected. In its 
most basic form, a user switches processors by hold­
ing in the reset switch and rotating a switch at the 
back of the computer. Memory is preserved during 
switching operations, so that for instance, the 6502 
Disk Operating System can be used to bring a Z-80 pro­
gram into memory, and then the user can switch to the 
Z-80, and run the Z-80 program. 

We are also offering an optional software pro­
cessor switch and l'-megabyte pager. The software pro­
cessor switch allows programmed processor switches, so 
that one can utilize 6800 and Z-80 programs in conjun­
ction with the 6502 DOS in a totally automatic form. 
The l-megabyte pager provides an additional four address 
lines--A16, A17, A18, and A19--thus allowing up to 16 
users on a system, or other uses for partitioned memory. 

Th. 510 CPU bo.,. i, ••• il.bl. 0'" i' two '0,.,,'-1 
as a fully assembled PC board with or without the soft-
ware switch option, 6r as the processor in the Challenger 
II system. The Challenger III system is available only 
with f~ppy disk. Challenger III or model 510 software 
will be offered only on floppy dis~ however, the 6502 
portion on the 510 board is fully compatible with exis-
ting 500 and 400 series software. 

Ohio Scientific will be offering a program for 
present Challenger I owners to t radei n their current 
400 CPU board for a new 510 CPU board. This trade-in 
program applies only to OSI-assembled 400 CPU boards, 
however. Details of this plan will be in the next 
Journa 1 . 

The 510 system also allows full DMA, or com­
plete processor shutdown, so that other 500 series 
processor boards may be added as an extension of the 
510 board. We are currently planning a Micronova-
type CPU board, based on the new Fairchild chip, which 
,will be introduced this winter. To complement the 510 
philosophy, the older 460Z has been upgraded to,allow 
tristate operations on both its input and output bus, 
so that the 460Z, now called the 560Z, can be used in 
conjunction with the 510 boards on both its input and 
output bus. The 560Z, of course, will be able to use 
a 500 or 400 CPU board on its input side, as originally 
specified. The 516's functions are not to be confused 
with the 460Z, now 560Z. The 510 allows only one pro­
cessor to be operational at a time, whereas the 460Z 
allows true multiprocessing, with one host CPU running 
in conjunction with one processor on the:460Z. Further­
more, the 460Z is the only practical approach to imple­
menting the PDP8-equivalent 6100 economically. 510 
boards are scheduled for delivery in early September 
1977. We will be covering in greater detail some of 
the aspects of the 500, 510, and 560Z in the new pro-
ducts section of future issues of the journal. 

What's a 
1KCornerJ 

The IK Corner is just one feature in the new 
hiD Scientific's Small Systems Journal. It is the 
lace where newcomers can discover applications of 
omputers on simple programs. 

And there are many other features in Ohio 
cientific's Small Systems Journal where experienced 
sers can find interesting articles and assistance. 

Not to mention regular sections on software 
nd hardware, bugs and fixes, Ohio Scientific product 
nd price information and odds and ends. 

If you're new or experienced to the field of 
ersonal computing you need Ohio Scientific's Small 
ystems Journal to answer your questions, keep you 
nformed and educate you. 

To receive the journal six times a year fill in 
oupon below and return it with payment to: 

OHIO SCIENTIFIC 
11679 Hayden Street 
Hiram,OH 44234 

r---------~ 

I
I enclose six dollars for a one year subscription I 

to Ohio Scientific's Small Systems Journal. 

I Name I 
I 

Address 

City , ______________ 1 

L State Zip I ------_____ :.J 
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Current Price List 
400/500 Boards and Kits 

Model 500 CPU Board 
Model 504A Serial CPU Kit (replaces 414A) 
Model 504V Video CPU Kit (replaces 414V) 
Model 420C Memory Board 

39.00 
149.00 
134.00 
35.00 

Model 422 Memory Board and Parts (continuation of special) 2MHx 
low power 

Model 427 Memory Board and Parts lMHz Medium Power 
~bdel 430B I/O Board 
Model 440B Video Graphics Board 
Model 446 Video Graphics Board and Parts 
Model 450 PROM Board 
Model 455 PROM Board 
Model 460Z, Z-80, & 6100 
Model 475 Ki t 
Model 480 Backplane Board 
Model 495 Prototyping Board 
Model 498 Card Edge Extender Board 
The 500 board and 504 kits repl~ce the popular 400 series. 
and 475 kits have been added permanently. 
Monitor PROMs 
65A for Serial 6502 
65V for Video 6502 
68A for Serial 6800 
68V for Video 6800 
65-500F2 Floppy -Disk Bootstrap PROM 
Parts 

2513 Character Generator 
8T26 Buffers 
6850 ACIA 
6520 PIA 
S1883 UART 
K-l Connector Kit 
1408L8 D/A Convertor 
Challengers 

01 d Products: 
C-SIT Challenger* System with Microterm Terminal and Monitor 
C-S1Challenger* System without Terminal 
C-S~ Challenger* Video System 
* Delivered as Partially Populated Challenger II 
C-Dl Single Drive Floppy Disk 
C-D2 Dual Drive Floppy Disk 
New Products (or New Prices): 
C2-0 500 Board Fully Populated 
C2-1 500-1 (4K RAM & Small Cabinet) 
C2-8S 500-8 or Challenger II (4K RAM) 

Al Add Memory Management & Parallel Port 

99.00 
79.00 
35.00 
35.00 

129.00 
35.00 
35.00 

,125.00 
749.00 
39.00 
29.00 
29.00 

The popular 422 

29.00 
29.00 
29.00 
29.00 
29.00 

12.00 
3.00 ;. 

15.00 
10.00 
10.00 
3.00 

10.00 

2,599.00 
2,099.00 
2,499.00 

990.00 
1,590.00 

298.00 
429.00 
629.00 
50.00 
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Cha 11 engers (Cont,}_ 

A2 2MHz Operation 
A3 Configure for Disk Use (must have 16K RAM minimum) Add Disk 

Bootstrap and Delete 8K BASIC ROMs 
C2-8V Challenger IIV (4K RAM) 

A4 Add Serial Port 
Al Add r~emory Manangment & Parallel Port 
A3 Configure for Disk Use (16K Minimum) Add Disk Bootstrap and 

Delete 8K BASIC ROMS (subtract from above) 
A5 Add 128 x 128 Graphics 

C2-4P Challenger IIP--Direct competition to Commodore PET includes 
4-s10w backplane, 8K BASIC in ROM, 4K RAM, Special 32 x 64 Display, 
Audio Cassette Interface, and Keyboard in Special Enclsoure 

INTRODUCTORY PRICE ONLY 
Add Graphics to C2-4P 
Add 4K RAM Plus Fan to C2-4P 

50.00 

-30.00 
750.00 
50.00 
50.00 

·30.00 
150.00 

598.00 

50.00 
159.00 

Challenger IIV replaces Challenger 65V and has 440 Video Board. 
Challenger lIP is a four-slot computer similar in appearance to the 
Sol-20 which is designed for direct competition with the Commodore PET. 

Challenger Accessories 

CM-l 4K IMHz Challenger Memory for use with ROt·1 BASIC 
CM-2 4K 2MHz Low Power Memory 
CI':-3 16K 1.5~1Hz Ultra Low Power Memory 
CA-6 Challenger Audio Cassette 
CA-7 Fully Populated 430B Board 
CA-8 460Z Subsystem 

125.00 
149.00 
596.00 
99.00 

399.00 
1 ,190.00 

are for use with ROM BASIC machines, since BASIC 
1 ~'Hz . 
should be used in large systems for low power 

The CM-l Memory Boards 
in ROM can run only at 
CM-2 and CM-3 Memories 
dissipation. 
C3-3 Challenger III--6502A, 6800, Z-80, 16K RAM Crystal Control, Serial 

Port, and Floppy Disk Bootstrap, ALL Standard 1,295.00 
A-IOO 1 Megabyte Memory Management ---

Software Processor Switch 
Swappable RAM, and Additional Parallel Port 

A-IOl Video Board and Video PROM 
C3-0 510 CPU Board (for System Upgrades) 

(AIOO applies) Factory Direct Trade-ins are available for 
Challenger owners. 

150.00 
189.00 
359.00 

The Challenger III comes fully equipped for disk, but the price does not 
include the disk drive(s) C-Dl or C-D2. Challenger Ills with the A-IOO 
option will take 15 to 30 days longer to deliver. 
Challenger Accessories 

Keyboard, Enclosure & Cable 
Cassette Recorder & Cables 
Video Monitor 
OKI Data Model 110 with Cable & Interface 
OKI Data Model 22 with Cable & Interface 
Software: Paper Tape, Cassette, or Diskette 

S-l Introductory Software Package 12S-1 (paper tape only) 
5-2 Assembler/Editor 

149.00 
59.00 

159.00 
1,900.00 
2,900.00 

20.00 
35.00 
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Software (Cont.) 
S-3 8K BASIC 
S-4 Extended Monitor 
5-5 Life 
S-6 Graphics Editor (no Paper Tape) 
S-7 Tiny BASIC 

50.00 
15.00 
10.00 
8.00 

10.00 
Add $15.00 for OS-65D Diskette. Multiple diskette copies can be pur­
chased directly by end user at $15.00 each. 

Sample orders 

If you wish, for example, to order a Challenger with Dual Floppy_ a Serial 
Port (RS-232), and 20K or RAM Memory, your order should look like this: 
C2-8S (Challenger II Serial) 629.00 
A3 (Configure for Disk) -30.00 
CM-3 (16K RAM Board) 596.00 
Serial Port (Standard with "S" Series) N/C 
C-D2 (Dual Floppy) 1,590.00 
8K BASIC and OS-65D Disk Operating System (Standard with Disk) N/C 
TOTAL (retail) $2,785.00 

If your order consists of an 8-s10t computer similar to the PET, but; 
expandable, and you have your own TV set-tape recorder, your order 'would 
look like this: 
C2-8V Challenger IIV (includes BASIC in ROM and Video Display Board) . 750.00 

99.00 
. 149.00 

.. '-., $998.00 

CA-6 Cassette Interface 
Challenger Keyboard 
TOTAL (retail) 
If you are ordering a top-of-the-line system for business software';:> 
development, i.e., Challenger III, 48K RAM, Dual Floppy, and Line 
Printer, your order would look like this: 
C3-8 Challenger III (includes 16K RAM, Serial Port) 
Two Cr~-3 16K RAM Memory Boards @596.00 
C-D2 Dual Floppy 
OKI Data Model 0-22 Line Printer 
TOTAL (retail) 

S[]fTWflRE 

,·1 ,295.00 
1 ,192.00 

, J ,590.00 
,,2,900.00 
.$.6,977 .00 

In response to popular demand TSC has written several progra~s for the users 
of 6502-based computer systems. This package contains five of our, most ror­
ular game programs and is compatible with KIM, TIM. OSI, and Jolt~Monitor 
Systems with an I/O Terminal. You get exciting versions of Hangman'; Acey­
Ducey, Switch, Mastennind, Hurkle. and even a Random Number Generator. All 
bound in a handy binder. This assembly language software packaqe~ncludes 
complete user documentat ion. You get a compl ete well-commented~ assembl ed 
source listing, including a sorted symbol table and hex code dump, instruc­
tions for use and even sample output. However, no paper tapes or cassettes 
are available at the present time. This package is exactly what you have 
been waiting for. And it's only $19.95. Order PD4. Send $.25 for a co~­
plete software catalog. (When ordering, please include 3% for postage. 
Indiana Residents add 4% sales tax. Checks will clear.) 

TQrw TECHNICAL SYSTEMS 'CONSULTANTS TQrw 
IJLJ BOX 257~ W. LAFAYETTE INDIANA ~7906 IJLJ 
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