


6279
€379
687%
EC7S
6279
€279
6279
62374
€373
8¢7C
6¢7D
€EL7E
627%
€eRe
62¢el
B6eez
6CS3
6ZEE
6287
5287
8287
60EA
€280
&2al
€2 o
5263
63S5
62¢S
8257
6298
68229
6494
€2¢3

6¢9E
€2Ck
6¢CE
62A1
6444
G2AT
6042
EJAE
5243
6ZAL
62B1
6234
S2B7
€62BA
6¢RC
€33BC

ee
54
45
g2
82

2e
41
85
4z
432
4F
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7D

9%
ge
AR

A2
a3

€8

€4
6d

€2
el

€2

LR 5 N

MOVE

MOVEL

%
*
TYPERR

L

NBRER
EMSG

*
* ERRCOR
%

TYPMSG

#
NBRMSG

MCVE ARGUMENTS TO RESULT.

BEL REGISTERS HAS ARGUMENT ADDRESS.
DE REGISTERS EAS POSITICON IN RESULT.
B REGISTER IS COUNT

INX B iSKIP TYPE
INX B ySKIP MAX LENGTH
MOV C.,M yGET LENGTE CF STRING
INX B
MOV AM iGET CHARACTER
STAX D yPUT IT INTO RESULT
INX D i} NEXT
INX H
INE B i COUNT +1
DCR ¢ i LENGTE ~1
JNZ MOVEL ; LOCP TILL DONE
RET 1 DONE
LI H,TYPMSG
JVP EMSG
LXI H.NBRMSG
LXI D,RESULT ;PUT MESSAGE IN RESULT
MVI 4,3 iSTRING TYPE
STAX D
INX D
INX D
INX D
XRA A 7 ZERC CCUNT
MCYy B,A
JMP MSTR t¥OVE TO RESULT
MESSAGES
D3 2.9,12
DT “TYPE ERROR”
DB 2,2,14
DT “ARGUMENT ERROR’
END NBRCX
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Listing of and output from a BASIC program that utilizes
the CONCAT assembly language routine.

READY

LIsT

190 DIM A43%(258),B%/250),0%(250)
22 MEMEND 16RSFFF

30 LOAD "CONCAT

42 DEF FTAA=16RE604¢C

50 INPUT &%

B2 INPUT BS

72 C&=FAA{AS,BS)

&2 PRINT C¢

92z GOTO 52

READY

RUN

? 12345

7 67892 A
123456726¢ A
7 NOW IS THE TIME

? FOR ALL GOGD MEN

NOW IS THE TIMEFOR ALL GCOD MEN
q

INTERRUPT

€3 INPUT BS

READY .
PRINT FAA{AY)

ARGUMENT ERROER

REATY

PRINT FAA(A,B)

TYPE ERROR

READY .

PRINT FAA( 12345 ,"673¢2")
1234567690

REIADY
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5.19 BASIC EXPRESSIONS

A BASIC expression is a combination of data items and function references
connected by operators. An expression specifies an operation or series of
operations that yields a single value, which is referred to as the value of
the expression.
elements.

Rev. 2

5.19.1

Data items may be constants, simple variables, or array
Operators may be arithmetic, string, relational, and logical.

Evaluation of Expressions

BASIC contains a precise set of rules which define the manner in
which expressions are evaluated:

1)

2)

3

4)

Operator Precedence -~ Omerators encountered in an
expression are performed in the following order:

1) Function references

2) Unary operators

3) Arithmetic & string onerators
4) Relational operators

5) lLogical omerators

Operators which have the same level of precedence are
performed in the order in which they are encountered
in scanning the expression from left to right.

The normal rules of precedence & order of evaluation

may be overridlenby the use of parentheses to partition
an expression into subexpressions. Nesting of sub-
expressions is limited by the overall complexity of the
expression. If an expression is too complex it may cause
a STACK OVERFLOW error. In this case, the expression
should be broken into two expressions.

Expressions containing subexpressions are evaluated

from the innermost subexpression outward to the next
level of parenthesis until all parenthetical expressions
have been evaluated. Within a subexpression the rules
given for operator precedence and order of evaluation

apply.

5.19.2 Numeric Expressions

A numeric expression consists of numeric function references, numeric
operators,

Operations are performed in the following order:

5/77

and numeric data items and evaluates to a numeric result,
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1) Function references

2) Unary + dnd -

3) Exponentiation

4) Division and Multiplication
5) Integer division

6) Addition and Subtraction

Parentheses may be used to force evaluation in the exact order desired.
EXAMPLES:
1. 2%347%4
This expression is evaluated as follows: (V(x) indicates the value
of x)
1) 2%3 yields 6
2) 7%4 yields 28
3) v(2%3) + V(7*4) yields 34
2. 2%(3+7) *4
This expression is evaluated as follows:
1) 347 yields 19
2) 2% v(3+47) yields 2@
3) V(2%V¥(3+7)) *4 yields 80

5.19.3 String Expressions

A string expression consists of string function references, string
operators, and string data items and evaluates to a string result.
Operations are performed in the following order:

1) Function references
2) Concatenation

EXAMPLE: Let B$ = "The number is"
B$+STRS(134)
This expression is évalua:ed as follows:
1) STR$(134) yields " 134 "

2) V (STRS$(134)) is concatenated with the current
value of B$ which yields "The number is 134 "

5-34
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5.19.4 Logical Expressions

A logical expression consists of numeric and string expressions

combined

with relational and logical operators. The value of a

logical expression is a Boolean value. Operations are performed
as follows:

1)
2)
3)
4)
5)
6)
7)

EXAMPLE .
A+24=3

Function references are performed,.

The NOT operation is performed.

Numeric and string exrressions are evaluated.

Relational operations are performed

The AND onerations are performed

The OR operations are performed

Parentheses may be used to force evaluation in the exact order
desired

AND B+3¢(5  OR NOT (BS="A")

This expression is evaluated as follows:

1)

2)
3)
4)
3)

6)

7)
8)

The value of BS is compared with "A'" (Note: if narentheses
had not been used, BASIC would have tried to rerform NOT
B¢ which would have given an error) Temporary result Tl is
set =1 1if B§="A" else is set =P

Tl is complemented

A+2 is evaluated

B+3 is evaluated

The value of A+2 is compared with 3 and a temporary result
T2 is set = if A+2)3 or 1 otherwise.

The value of B+3 is compared with 5 and T3 is set =¢

if B+3 is greater than or equal to 5 else is set =1,

T2 is ANDed with T3 yielding T4

The value of the expression is obtained by OR'ing T4

with T1

Note: The NOT operator complements the 16 bit representation of
Boolean values so the final value of this expression is
65535 if true and 65534 if false.

Rev., 2 5/77
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5,20 BASIC STATEMENTS

BASIC statements specify operations to be performed in a BASIC program, and
describe the data and operating environment of the nrogram.

Every BASIC statement consists of a keyword followed by a list of zero or
more expressions which specifies the operation to be performed by the
statement.

Multiple statements may be included in the same program line separated by
the colon (:) (see section 5.2 ).

The statements included in the BASIC language are listed alphabetically
and described in detail in the following pages. Conventions of notation
used are:

1Yra
[B:} Indicates a choice of one of the items enclosed.
C

2y [1] Indicates optional items.

3) Parentheses {( ) used in definitions must be included as
illustrated,.

5.20.1 DATA { numeric cons tant} {nnmer ic cons tant}
string constant s string constant § ,

158 DATA 25, "APRIL 1, 19777, 26E-3 t

The DATA statement is used to define a list of data internal
to a BASIC rrogram which may be accessed with the READ state~
ment. When a BASIC program is started, the DATA rointer is
initialized to point to the firstdata item in the first DATA
statement in the program. When a READ statement is executed,
one value is read from the list for each variable specified
and the rointer is advanced to voint to the next ddta item,
When the data items in a DATA statement are depleted, the
pointer is set to noint to the first data item in the next
DATA statement encountered in the program such that all the
data values contained in DATA statements constitute a con-
tiguous list. The RESTORE statement can be used to re-position
the DATA pointer to point to the firstdata item of any DATA
statement within the program.

The DATA statement is non-executable and may therefore appear
anywhere within a program.

5-36
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5.20.2 DEF FN letter [(function parameter name)] = grnression

14 DEF FNA = X4Y+Z
108 DEF  FNL(A)= (4%3,1415%4)/3
15@ DEF  FNR(MS$)= REPEATS (MS$,S)

The DEF FN statement is used to defipne a function.
The name of the function defined is "FN'" followed

by one of the letters A-Z. Each function name may be
defined only once in a given program.

For example, if the statement 110 DEF FNN= 3,1415%R2
were uysed in a program, 260 DEF FNN (M$)=REPEAT(MS,3)
could not be used because the function names are
identical. The statement 260 DEF FNM (M$)=REPEAT(MS,S3)
would be legal.

A function rarameter is optional. If rresent, it is a
dummy =~arameter and its name may be any simrle variable
name. A function will return a numeric or string value
depending upon the form of the expression.

A DEF FN-statement is non-executable and may appear
anywhere in a program.

5.20.3 DEF FA letter = numeric expression
99 DEF FAA = 16R7000

The DEF FA statement is used to define a functiom which
provides linkage to an assembly language subroutine.

The funcrion name consists of the letters "FA" and one

of the letters A-Z. The expression contains the starting
address of the assembly language subroutine. See section
5.18.2.2 “Assembly Language Functions™ for details of
linkage and passing arguments.
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5.20.4 DIM letter [%]) (I1, I2, ... I4)
DIM letter $(length)
DIM letter $(I1, ... I3,length)

14 DIM A (2,4)
26 DIM B%(2,3,4,5)
38 DIM AS(4®)
49 DIM AS(2,3,40)

The DIM statement is used to define the maximum length of
string variables and to define the number of dimensions and
index ranges for arrays.

The first form of the DIM statement is used to define a
numeric array. The array name consists of one of the letters
A-Z, An optional percent sign (%) may follow the letter to
denote an integer array. The array may have 1 to 4 dimen-
sions as defined by the number of parameters (I). The value
of each I defines the maximum value of the index for that
dimension,

The second form is used to set the maximum length of a
string variable, The name of the variable is one of the
letters A-Z followed by the dollar sign ($). The length
specified must be less than or equal to 250 and overrides
the default length specified in the SIZES statement,

The third form is used to define a string array., The array
name consists of one of the letters A-Z followed by the dollar
sign ($). A string array may have 1 to 3 dimensions as
defined by the number of parameters (I) specified. The value
of each I defines the max{mum value of the index for that
dimension., The last parameter specified in the parameter

list is the maximum length of each string element,

Dimension statements are executed dynamically, therefore
the parameters may be either constants or expressions,

5,20,5 END
19994 END

The END statement is optional in BASIC. Execution will
terminate when the END statement is executed and may not
be continued with the CONT command, It is recommended
that an END statement be the last statement of a program
to serve as a listing aid., Its presence ensures that the
listing is complete,
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5.20.6 EXBEC string expression
180 EXEC A4S

The EXEC statement is a feature unique to Micropolis BASIC.
The EXEC statement causes the string expression to be passed
to the BASIC Interpreter and to be executed as a statement.
The expression may consist of one or more BASIC statements
separated by colons(:). The expression passed is checked for
syntax errors and then executéd if valid. The following
program is given as an example of the power inherent in this
statement. The program accepts arithmetic statements from
the terminal and prints the results -- effectively operating
the terminal as a desk calculator.

LIST

10 INPUT AS: EXEC "PRINT "+A$: GOTO 10
READY

RUN
? 242
4
? SIN(3.14159/4)

.70710595
?

5.20.7 FLOW
14 FLOW o

The FLOW statement turns on the program trace feature which
aids in debugging BASIC programs. The program trace will out-
put to the terminal the program line of each statement which
is executed. The program line will be output again if the
THEN portion of an IF . . . THEN statement is executed. The
program trace is turned off by the NOFLOW statement,
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5,20.8 TFOR numeric = numeric TO numeric [%TEP numeric :}
n

variable expression expression expressio
39 FORX =1 TO 3¢
49 FOR Y = 38 to § STEP -1
5¢ FOR X =4 to B

The FOR statement initiates the repeated execution of a set

of statements following it. The set begins with the statement
immediately following the FOR statement. The set ends with
the NEXT statement that contains the same variable as the

FOR statement. The numeric variable controls the number of
times the set of statements is to be executed and is called the
loop variable. The set of statements to be executed is
referred to as a FOR . . NEXT loop.

The expressions specify the initial value of the loop
variable, the terminal value of the loop variable, and the
value to be added to the loop variable after each pass
through the loop (step). The step parameter is optional;
when not specified, a default value of +1 is used.

The statements within the FOR . . . NEXT are executed
until the value of the loop variable is stepped outside
the range defined by the initial and terminal values.

The STEP value can be negative, as in:

20 FOR I = 108 to ¢ STEP -18
This statement would cause the ipitial value of the loon
variable I to be set at 1f@, subtract 1@ from the loow
variable each time the loop was completed, and terminate
executing the loop when the loop variable contained the
value §.

The statement 15 FOR J = # TO @ would cause the FOR loop

to be executed one time. That is, the statements between
the FOR J. . . . and the NEXT J statements would be executed
once before the loop variable of f + 1 would be compared to
the limit value of #. At this point the loop variable limit
would have been exceeded and program execution would fall
through to the next line number,

A set of FOR , . .TO. . .NEXT statements may be nested within
one or more sets of FOR, . .TO. . .NEXT statements. For
example:

16/ FORK =1 TO 90
2¢ FORL =1 TO 15
34 PRINT K,L

49 NEXT L

50 NEXT K
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When nesting FOR. . .TO. . .NEXT statements it is imperative
that the inside loop (in this case the L loop) be comnletely
enclosed within the outer loop.

If the above statements had been entered incorrectly as follows:

1§ FORK =1 T0 99
2¢ FORL =1 TO 15
3¢ PRINT X,L

49 NEXT K

58 NEXT L

The error message '"MISSING FOR" would occur when the "NEXT L"
statement is encountered.

If a GOTO or IF, . .THEN statement is executed from within a
loop, the program execution will continue in a normal manner.
BASIC will continue the loop from the current value of the

loop variable if the loop is re-entered at some later point.
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5.20.9 GOSUB } linenumber
numer ic expression

219 GOSUB 1499

The GOSUB statement causes a set of statements to be executed as
a subroutine.

When a GOSUB statement is executed, control is transferred to the
first statement whose line number {s specified in the GOSUB
statement, The referenced line number and all statements following
it will be executed until a RETURN statement is encountered.
Control is then returned to the statement following the GOSUB.
Consider the following:

150 GOSUB 21¢: FRINT A + B
16¢' END

210 INPUT X,2

2264 =X+ 1: B =2-18
238 RETURN

When line number 15f# is executed, control is transferred to line
number 21¢. Line 21@ and 229 are executed, then 23@, the RETURN
statement. The RETURN causes control to be transferred to the
statement immediately following the GOSUB. Therefore, the sum
of A + B will be printed before the program ends.

GOSUB statements can be nested. That is, a subroutine can
contain a GOSUB statement that references another subroutine.
Control will be returned to the first subroutine when the RETURN
statement of the second is executed. The message SIMT # NOT
FOUND will be output if a GOSUB statement references a line
number that does not exist in the program.

BASIC allows an expression to be used as the line number. I£

this is done, care must be taken to insure that the value of

the expression is a positive real number. The fractional part

of the number will be truncated in forming the line number.

A NUMBER OUT OF RANGE error will occur if the number is invalid.
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numeric expression

5.20.10 GOTO ,{11ne number }

5.20.11

Rev, 2

186 GOTO 50¢¢
209 GOTO A+B

The GOTO statement causes control to be transferred to the first
statement in a specified program line, A GOTO statement may
reference any line in a program, including its own line. The

line number may be specified as a constant or a numeric expression
Care must be taken to ensure that the expression evaluates to a
positive real value. The fractiomal part of the number will be
truncated in forming a line nuwber. If the value is invalid, a
NUMBER OUT OF RANGE error will occur. If the line number does
exist in the program, a STMT # NOT FOUND will occur.

IF logical expression [ _I_'!i_Eﬁ] STATEMENT [:STATEHENT]
THEN  line number
19 IF A B THEN PRINT "¢
2§ IF, A =2 GOTO 1p¢
3 IF A =4 THEN 199
49 IF A =2 ANDC =3 THEN D = 2: GOTO 10¢¢

The first form of the TF statement provides conditional execution
of one or more statements based upon the value of a logical
expression,

The statements subject to conditional execution must all reside
within the same program line as the IF statement, If the logical
expression evaluates to "true'’, then the statements are executed.
If the expression evaluates to 'false', then all remaining state-
ments within the line are ignored. The keyword THEN is optional
in this form.

The second form of the IF statement provides a conditional
program branch based upon the value of a logical expression.

If the expression evaluates to 'true”, control is transferred
to the first statement in the specified program line. 1If the
expression evaluates to '"false", program execution continues

at the next sequential program line, The line number muist be
specified as a constant. If the line number specified does not
exist in the program, a STMT # NOT FOUND error occurs.
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5.20.12

5.20.13

Rev. 6 9/77

INPUT [“prompstring"{f}] variable list
19 INPUT A,A$
2@ INPUT "ENTER NUMBERS"; A,B

The INPUT statement prompts for data to be entered from the
terminal and waits for the user to enter the data. If a
prompt string followed by a semicolon (;) is included, the
string is output, followed by a question mark (?) before
waiting. If a prompt string followed by a conma (,) is
included, the string is output and then the questicn mark
is output on the next line before waiting for entry. If

no prompt string is included, a question mark is output

to the next terminal 1ine before waiting for input.

One value must be entered for each variable in the variable
list. Values may be numeric or string constants separated
from each other by the current string delimiter. Strings
entered do not need to be enclosed in quotes (") unless they
contain the string delimiter. If a string constant is
erroneously entered in place of a numeric constant, a

TYPE ERROR occurs, followed by the message REENTER FROM
BEGINNING. This means that all values in the variable list
should be entered again in proper order. The last value
entered is delimited by a carriage return. If too few values
are entered, INSUFFICIENT INPUT is output to the terminal and
the statement waits for more input to satisfy the variable
list. If too many values are entered, EXTRA INPUT [GNORED

is output to the terminal and the program continues execution.

fLET] variable = expression

19 LETA =25
29 A$ = “FAT HIPPQ"

The LET statement causes the expression to be evaluated and
assigns the resulting value to the variable. The data type
of the expression and the variable must be the same type or
a "TYPE ERROR" results. The LET keyword is optional.
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5.20.14

5.20.15

5.20.16

5.20.17

MEMEND numeric expression
19 MEMEND 16R79¢0

The MEMEND statement is used to define the upper limit of the
memory Space used by BASIC. One of the main applications of
this statement is to reserve memory for assembly language
subroutines which may be placed above the address specified
by the expression.

NEXT numeric variable
14 NEXT X

The NEXT statement terminates the loop initiated by the
FOR statement that contains the same variable. While the
loop is being executed, each time control reaches the NEXT
statement, the loop variable is incremented by the SIEP
value, or by 1 if a STEP value was not defined.

When loop execution terminates, control passes to the
statement following the NEXT statement.

If a NEXT statement is encountered prior to the execution

of a FOR statement naming the same loop variable, a MISSING
FOR error occurs.

NOFLOW
508  NOFLOW

The NOFLOW statement turns off the program flow trace
which may be activated by a FLOW statement.

ON numeric expression GOTO line number list

100 ON K+5 GOTO 20¢, 309, 409
208 ON J GOTO A+30, 49¢,B

The ON...GOTO statement causes control to be transferred to

the line number whose positiomal value in the line number list
is equal to the expression, If the expression is zero or
greater than the number of lines in the list, coatrol is

passed to the next statement. If the expression is fractiomal,
the fraction is truncated prior to the GOTO being executed.

If the expression is negative a NUMBER OUT OF RANGE error
occurs. The line numbers in the line number list may be
numeric constants or numeric expressions. If a line number

in the list does not exist a STMT # NOT FOUND error occurs.
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5.20,18

5.20.19

5,20.20

Rev, 2 5/77

ON numeric expression GOSUB line uumber list

188 ON X GOSUB 594, 600, 700, 8¢d
268 ON 2+2 GOSUB B,C, 660

The ON,..GOSUB statement causes execution of the subroutine
beginning at the line number whose positional value in

the line number list is equal to the value of the numeric
expression,

If the expression is zero or greater than the number of
lines in the list, control is passed to the next statement,
If the expression is fractiomal, the fraction is truncated
prior to the GOSUB being executed. If the expression is
negative a NUMBER OUT OF RANGE error occurs,

The line numbers in the line number list may be numeric
constants or numeric expressions. If a line number in the
list does not exist a 3STMT # NOT FOUND errvor occurs.

When a RETURN statement is encountered in the subroutine,
control returns to the statement followng the ON.,.GOSUB
statement.

OUT (numer ic expression 1) = numeric expression 2
148 OUT (16R1d) = 28

The OUT statement causes the value of expression 2 to be
output to the I/0 port specified by exrression l. Both
expressions must be numeric expressions with values in the
range 9 to 255 or a NUMBER OUT OF RANGE error occurs.

POKE (numeric expression 1) = numeric expression 2

108 POKE (16R64@E) = 204@
200 POKE (4A) =B

The POKE statement stores the value specified by expression
2 in the memory location specified by expression 1. Ex-
pression 1 must be in the range § to 65535 and expreseion 2
must be in the range ¢ to 255, If the value for either
axpression is outside of the specified range, a NUMBER QUT
OF RANGE error occurs. Care must be exercised to ensure
that the location POKE'd does not cause BASIC to crash.
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5.20.21

.

PRINT expression {;} [TAB(numeric expressioq}. ..
188 PRINT A;B;C
20¢ PRINT TAB(1¢); "THE ANSWER IS'"; FMT(A,"2229V.99")

The PRINT statement causes the value of the exnressions in
the expression list to be output to the terminal Exrressions
are output in the formats described in section 5.16.3.
"Output Formats',

An output line consists of up to 250 characters and is
partitioned into 16 character print fields. Print rosition
within an output line is controlled as follows:

1) An expression is output starting at the current
print position. Each expression must be separated
from the next expression by a comma {,) or a
semicolon ().

2) If the expression is followed by a semicolon,
the print position is set to the next position
following the last character output for the
expression. If the expression is the last
% .expression of the PRINT statement then output
#r generated by subsequent PRINT statements will
“f start at this position on this line of the output
on the terminal.
3) 1If the expression is followed by a comma, the ¥
print position will be set to the beginning of
the next 16 character print fieid after out~-
putting the expression. If the expression is
the last expression of the PRINT statement then
output from subsequent PRINT statements will
begin at this position on this lire of output
T on the terminal.

4) 1If the last expression of the PRINT statement is
not terminated by a comma or semicolon then the
print position is set to the first character of
the next line after outputting the value of the
exnression.

5) The print rosition may be explicitly set by including
references to the tab function which cperates only
in PRINT or PUT statements. TAB moves the »rint
rosition to the position snecified by the value of
the tab function parameter. If the position is
already beyond the specified value when the print
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statement is executed then the specified value is
simply ignored.

BASIC contains a parameter which specifies the length of a
physical output line on the terminal. 1If a print line
which is longer than the terminal width is output, carriage
returns and line feeds will automatically be inserted to
wrap the output across as many physical lines as necessary.
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5.20.22

5.20.23

5.20.24

5.20.25

READ variable list
1% READ 4,B,C$S

The READ statement reads values from the BASIC programs

. internal data list which is created by including data

statements within the program. One value is read from

the data list for each variable appearing in the variable
list, If there is insufficient dataz in the data list to
satisfy the variable list then RAN OUT OF DATA will be
output., If a string value is read for a numeric variable
then a TYPE ERROR will occur. Values are read sequentially
from the data list unless the pointer which points to the
next value to be read is repositioned by use of the RESTORE
statement,

REM remark text
1@ REM THIS JUNK IS A REMARK AND IS NOT EXECUTED

The REM statement is used to include comment text. The
character (.) may also be used to include comments in a
program line. The REM statement and any characters fol-
lowing a (!) character in a program line are non-executable
and are ignored,

RESTORE . { numeric eXpressioA]

1§ RESTGCRE
2¢ RESTORE 25

The RESTORE statement is used to position the data list
pointer which allows control of the sequence in which

data items are read from the program's internal data list,
The pointer will be set to the first data item of the data
statement whose line number is specified by the numeric
expression. If an expression is not specified, the pointer
will be set to the first item in the first data statemeat
appearing in the program.

RETURN
168 RETURN

The RETURN statement transfers control to the statement
immediately following the last GOSUB statement executed.

If a RETURN statement is encountered prior to the execution
of a GOSUB statement the error message NOTHING TO RETURN
TO 1is output to the terminal.
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5.20.26 SIZES { numeric numeric numeric numeric
constant 1, constant 2, constant 3, | constant 4

20 SIZES 55,4,8ﬂ)

30 SIZES (6,5,49,3099)
The SIZES statement is used to specify the number of bytes
of storage to be used for real variables (RSIZE), integer
variables (ISIZE) and string variables (SSIZE), and the
maximum program size when using chained program segments
(see section 5.21.2.6). Constant 1 - constant 3 are positive
integer constants. The value of constant 2 specifies ISIZE
which must be greater than 1 and less than RSIZE. The value
of constant 1 specifies RSIZE which must be greater than
ISIZE and less than 3@. The value of constant 3 specifies
SSIZE which must be greater than ® and less than 251.

Constant 4 is an optional parameter. If it is present it
specifies the maximum number of bytes allocated for program
size, after which variable space allocation begins.

%f no S§ZES statement is executed, the default SIZES are
5,3,49).

The SIZES statement may not be executed if any variables are
already allocated. If any of the constraints described are
violated, a SIZES ERROR error occurs.

§.20.27 STOP :
100 STOP

The STOP statement causes the execution of a BASIC program
to cease. The execution may be resumed from the line
following the STOP statement with a CONT command.

5.20.28 STRING string expression
19 STRING *;"

The STRING statement defines the current string delimiter
used to terminate a string accessed by an INPUT or GET
statement. The end of string will be signified by either
the end of the record or the first occurence of the string
delimiter. If a STRING statement has not been executed,
the default delimiter is the comma (,).
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5.21

BASIC DISK FILE 1/0

A file is a data structure which mey be accessed as a named entity and consists
of a collection of data grouped intoc elementary units called records. The file
structure is generally used for storing data on mass storage devices such as a

disk.

Disk Extended BASIC provides the ability to create and access files stored

on the disk. Common maintenance operations such as renaming or deleting a file
are included,

Rev,

5.21.1 Disk Files

Each file stored on a diskette is identified by a file name, which may be

from 1 to 1@ characters long. The characters may be letters, digits
0-9, or the special characters period (.), slash (/), or hyphen (-).

The minimum amount of space required to store a file is one track. When a
Ynew" file is opened, a complete track is allocated. This track and any
other track assigned by the BASIC file system to this file remain una¥ail-
able to any other file unti]l released by the user. The maximum number of
files that can be stored on a disk is a function of the number of tracks
available on the disk., The Med I disk drive provides 35 tracks per
diskette; Mod II provides 77 tracks per diskette. One track per diskette
is required for the file directory, so the maximum number of files is
either 34 or 76. Conversely, the maximum size of a file is 34 or 76
tracks. Each track consists of 16 sectors of 256 bytes per sector. A
file is accessed sector by sector; therefore a 'record" is 1 sector.

Actual placement of files is maintained by the BASIC file system, One
track is allocated for each 'new” file opened. When 16 records have been
written to a particular file, another track is allocated. The file
appears contiguous to the program, even if it is not stored on contiguous
tracks, It is not possible to store one file on more than one disk; that
is, a file may not span disks.

Files may be stored in 3 formats: Program, Object and Data.

1) Program Files - A program file is a BASIC program which was stored
by a SAVE command as described in section 5.6, The data consists
of the BASIC program text as it resided in the program buffer with
keyword compression. A LOAD command will load the data from a
program file into the BASIC program buffer.

2) Object Files - An object file is an image of a block of memory
which was saved using the memory range option of the SAVE commsnd.
A 1.0AD command will read the data back into the memory locations
from which it was saved. This is the format in which assembly
language programs may be stored on the disk.
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3) Data Files - Data

files contain data created by and are

accessible to BASIC programs by use of the PUT and

GET statements,

Each execution of a PUT statement

stores 1 record in the file. Data within each record

is represented as

Each record is a

ASCII characters,

25¢ character string. A data file

may not be loaded using the LOAD command. Micropolis
BASIC provides the ability to access the records of a
data file either sequentially or directly. (commonly
referred to as random access)

In addition to the format, a file may also have Write
Protect and Permanent attributes.

1) Write Protect ~ A file which is Write

Protected cannot be re-written but may
be deleted by a SCRATCH command. This
is a software Write Protect not related
to the physical Write Protect provided
by a Write Protect tab installed on a
diskette. If a physical Write Protect
tab is installed on a diskette, all
operations which attempt to modify a

file or

the directory will yield a

WRITE PROTECT error.

2) Permanent - A Permanent f£ile may be re-
written but may not deleted by a SCRATCH command.

A file may be both Permsnent and Write Protected.

Several “eywords are provided to manipulate disk files as described

below;

5.21.2 Disk File Commands

~~-mands are provided to load and save program or object files, delete

ile, and to display a 1

ist of the files which reside on a diskette.

Although commands may appear in a BASIC nrogram, commands will generally
be executed in Immediate mode. 411 disk commands reference the directory

oi the desired diskette.

Tf the diskette is not loaded or a malfuncticn

exists in the disk drive which causes it to return a not ready status

the message DRIVE NOT UP
is executed. If the drive

will be output to the terminal when a command
is unable to read or write on the diskette

properly then a PERM I/0 ERROR will result.

2 5/77
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5.21.2,1 DISPLAY string expression

DISPLAY '"1: DIR"
DISPLAY AS

The DISPLAY command will output the directory of the diskette loaded
into the drive specified by the string expression. The value of the
string expression must be of the form:

" [unit '.] DIR™ where unit is the drive

unit address in the range of @ to 3. If omitted, drive # is assumed.
If the string is a constant it must be enclosed in quotes (). If

a directory does not exist on the diskette a ‘FILE NOT FOUND error
results.

5.21.2.2 LOAD string expression
LOAD "2:DEMOPGM"

The LOAD command loads a program or object file intoc memory. The
file is specified by the string expression which must evaluate to
the following form:

" [}nit:] filename" where unit is the

unit address in the range ® to 3. If omitted, unit @ is assumed:

The file name may be any valid filename, 1If the string is a constant
it must be enclosed in quotes (). If the desired file doas not
reside on the diskette a FILE NOT FOUND error results. If the

file is a data format file, a NOT A LOAD FILE error results.

5.21.2.3 PLOADG string expression
PLOADG "@:NEXTSEG"

The PLOADG statement operates like a combined LOAD command and RUN
command. It loads the program file pamed in the string expression
into the current program buffer and then transfers control directly
to the logic of the RUN command. All variables and file status from
the preceding program are reset to the initialize condition and
execution begins with the first line of the new program.

The PLOADG statement may be used to cause automatic execution of
several program files in sequence. This is accomnlished by using
a PLOADG statement as the last executed statement of each vrogram
in the sequence, such that it names, loads and begins the next
program in the sequence. Note, however, that no nrogram variables
or open files are retained from one program or segment to the next,
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The string expression in the PLOADG statement must evaluate Lo the
following form:

" [Pnitil filename"

where unit is the unit address in the range # to 3. If omitted,
unit @ is assumed. The file name may be any valid filename. If
the string is a constant, it must be enclosed in quotes ('), If
the desired file does not reside on the diskette a FILE NOT FOUND
error results, If the file is a data format file, a NOT A LOAD
FILE error results., If the file is an object file rather than a
program file, it will be loaded just as if a LOAD command had been
used and the current program will continue executing with the
statement after the PLOADG statement.

5.21.2.4 SAVE string expression [&emory address rang%]

SAVE '"N:1:NEWPRG"
SAVE '"™:LOADER" 16R7¢¢9, 16RTDFF

The SAVE command stores program format or object format files on the
diskette, The file is specified by the string expression which must
evaluate to the following form:

" [N:} [ﬁnit:]filename"

If the file to be saved does not already exist on the diskette, the
"N:" must prefix the unit/file name to cause the creation of a new
file in the directory on the diskette. The unit is the drive unit
address in the range #-~3. If omitted, unit @ is assumed. If the
string is a constant it must be enclosed in quotes ().

The filename may be any valid filename,

If the memory range option is not included, the contents of the

BASIC program buffer will be stored in the desired file in ~rogram

format.

If the memory range option is specified it must be of the form:
numeric expression 1, numeric expression 2

The numeric expressions mist evaluate to positive real values in

the range @ - 65535. Fractional parts will be truncated. The

contents of memory from expression 1 to exXpression 2 will be
stored in the desired file in object format.
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"5.21.2.6
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If "N:" is not specified for a new file, a FILE NOT FOUND
error results. If a file has a Write Protect attribute,

it cannot be overwritten and a WRITE PROTECT error will
occur if an attempt is made to save it. If a file specified
as new already exists a DUPLICATE NAME error occurs.

SCRATCH string expression
SCRATCH "1:JUNKFILE"

The SCRATCH command deletes a file from the diskette directory
and releases the tracks allocated to the file for use by other
files. The file to be scratched is specified by the expression
which must evaluate to the form:

"[unit:] filename" where the unit is

the drive unit address in the range § - 3. The filename may
be any valid filename. If the expression is a constant it
must be enclosed in quotes ("). If the unit address is
omitted, unit P is assumed.

If the specified file does not exist, a FILE NOT FOUND error
results. If the file has a permanent file attribute then it
cannot be deleted and a PERM FILE error occurs.

CHAIN string expression
999 CHAIN "NEXTPART"

The CHAIN statement loads the BASIC program file specified

in the string expression into -the current program buffer and
then transfers execution control to the first line of the
newly loaded program segment. This operation is similar to
the PLOADG statement with the important exception that the
CHAIN statement preserves all allocated variables, user
defined assembly language functions, SIZES parameters, and
the current string delimiter from the last program segment.
These preserved values are passed to the newly loaded program
segment which may use them just as if it had assigned them.
Note that open file information and user defined BASIC
functions are not preserved by the CHAIN statement. If any
files are open when a CHAIN is executed they are implicitly
closed. This means that the filenumber is disassociated

from the filename and made free for reuse; but the directory
is not updated and therefore any changes in the length of

the file are not recorded. In general, all open files should
be properly CLOSEd before executing a CHAIN statement.
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The CHAIN statement is a powerful tool which facilitates
the construction of programs much larger than available

system memory would otherwise permit.

It makes it passible

to. transfer data and control from section to section of a
very large program that has been divided into separately

loadable segments.

To use the CHAIN statement effectively

certain rules must be observed.

Rev. 6 9/77

1)

2)

3)

The program size of a segment being chained in
cannot be greater than the program size of the
program currently in the program buffer. If

this condition does occur a LOAD OVERRUN error
will be reported. A procedure for avoiding this
condition is to specify the size of the largest
program in a chained program set as the fourth
argument of a SIZES statement (see section
5.20.26). This SIZES statement should appear as
the first statement of the first executed program
of the chained set. The program size of each
segment can be determined by LOADing it and using
the PGMSIZE function (see section 5.18.1.3).
Assuming a set of three program files named

SEG1, SEG2, SEG3, the following example illustrates
the procedure:

LOAD "SEG1"
READY

PRINT PGMSIZE
472

READY

LOAD "SEG2"
PRINT PGMSIZE
526

READY

LOAD "SEG3"
PRINT PGMSIZE
126

READY

in this example the largest PGMSIZE is 526. If
SEG] were the first file to be executed and the
standard system precisions were desired, then the
statement SIZES (5,3,48,526) would be included

as the first statement of SEGI.

A1l files should be closed before executing a
CHAIN statement.

A CHAIN statement should not normally be executed
from within a FOR-NEXT loop. If this {s done only
the current value of the loop index variable will
be preserved across the CHAIN.
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4) A CHAIN statement should not normally be executed from within
a subroutine. 1If this is done the RETURN information for that
subroutine is lost across the CHAIN.

5) A program segment which is to be CHAINed should not normally
contain a SIZES statement since SIZES statements cannot be
executed after any variables have been allocated. The only excep-
tion is the case of the SIZES statement used to set the maximum
program size. A special internal test allows such a statement
to be chained back to as necessary.

5.21.2.7 LINK string expression

LINK "MDOS"
LINK "DISKCOPY"

The LINK command loads the overlay file specified in the string expression
into memory and transfers control to the execution address of the overlay.
This command is designed primarily for use with Micropolis supplied overilay
files such as MDOS and DISKCOPY. These files completely replace BASIC in
memory when LINKed to. They take over the control of the computer system
and provide their own operating commands and dialogue.

The string expression must evaluate to a valid filename. The file must be
an overlay type C through F. If the specified file is not found or the
disk unit is not ready, control will return to BASIC where the error will

be reported. .If an unrecoverable disk error occurs during the LINKing
process, the system will execute a soft halt. This is done because BASIC
has already been partially destroyed and the new system has not been
successfully loaded. The computer must be reset and a new system booted in.

The LINK command can be used to load and transfer control to a machine
language program file that runs in high memory above the end of BASIC

(see MEMEND statement). It can return to the BASIC interpreter by jumping
to the system warmstart address.

5.21.3 DISK 1/0 STATEMENTS

BASIC statements are provided which allow a BASIC program to create and
transfer data to.and from data format files, and to perform certain file
maintenance functions on any type file such as renaming a file or changing
the attributes of a file. The operation of disk I/0 statements differs from
the disk commands as follows:
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1) Disk I/0 statements refer to files through a program
"File Number'. An OPEN statement must be executed to
associate a file on the diskette with a nrogram file
number. '

2) When all I/0 operations on a file are complete, a file
must be closed by executing a CLOSE statement. Closing
a file consists of updating the directory to reflect all
operations which have been performed since the file was
opened, and disassociating the file from the program
file number. CAUTION: A file which has been written to
must ALWAYS be closed or data written to the file may be
lost.

Prior to any operation which accesses the disk, BASIC ensures that
the drive is ready to accept commands. If the diskette is not

loaded or a malfunction exists which prevents the drive from

per forming operations theh a DRIVE NOT UP error results. If the
disk is unable to perform the specified read/write operation properly,
a PERM I/0 ERROR results.

A& program file number may be in the range § to 9. As many as 18
filesmay be open at once within a program. If an 1/0 statement
attempts to access a file which has not been opened by an QPEN
statement then a TFILE NOT OPEN error results.

If an I/0 statement specifies a file number outside the range #
to 9 then a 'NOT A FILE# error occurs.

5.21.3.1 OPEN file number étring expression options

14 OPEN 1 "N: NEWFILE"
290 OPEN 2 "JOE" END 1009 ERROR 5800

The OPEN statement opens the srecified file for access by disk
I/0 statements. The file is selected by the string expression
which must evaluate to the form:

"EN:] Einit :] filename"

If the file to be opened does not exist on the diskette, the characters
"N:" must be included in the unit/filename to cause the creation of a
new file in the directory. The file created is a data format file, The
unit specifies the drive unit address which must be in the range §-9.
The filename may be any valid filename. If the string is a constant,
it must be enclosed in quotes ("), If the unit address is omitted,
unit @ is assumed. If the specified file does not exist and is not
declared as a new file, a FILE NOT FOUND error occurs. If a file
specified as new already exists, a DUPLICATE NAME error occurs.
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The filenumber must be a numeric expression with a value of # -~ 9.
The filename specified will be associated with this file number

until the file is closed and all file I/0 directed to the file number
will be performed using this file.

Each open file has two associated pointers which roint to the next
record to be accegsed in a sequential PUT or GET statement. When
a file is opened, the sequential GET pointer is initialized to
point to the first record. The sequential PUT pointer is initialized
to point to the record following the last record. The last record in
the file is considered the end of the file for GET statements. The
last record +1 is considered the end of file for PUT statements.
For example a 5 record file would have pointers initialized as follows:
rEOF for a GET (Read)
e ¥—EQOF for a PUT (Write)

RECORD L1 21 3] & ! 5 l 6 !
Sequential Sequential
GET pointer PUT pointer

An open file may be read from and written to both sequentially and
directly by record.

The open statement includes several options which are listed below:

1) CLEAR ~ The CLEAR option overrides the normal initialization
of the sequential GET & PUT pointers. The pointers are
initialized so that the file is empty. A subsequent GET
will encounter an end-of-file., A PUT will write into
record 1. This option is generally used to initialize the
pointers for re-writing a file sequentially.

2) END numeric expression

The END option specifies the line number to GOTO when the
end-of-file is encountered during a read operation. The
numeric expression must evaluate to a positive real number
which is a valid program line within the program when the
fractional part, if any, is truncated. If the line does
not exist, g STMT # NOT FOUMD error occurs. This option
allows the BASIC program to handle an end-file condition
without the program being aborted. If the END option is
not specified, the normal end-file handling is to abort
the program with an END-FILE error.
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3) ERROR numeric expression

The ERROR option specifies the line number to GOTO if a
disk I/0 error occurs. The numeric expression must
evaluate to a positive real number which is a valid
program line within the program when the fractiomal part,
if any, is truncated., If the line does not exist, a
‘STMT # NOT FOUND error occurs. This option allows

a BASIC program to handle disk I/0 errors without being
aborted., If the error option is not included, a disk
1/0 error will cause the appropriate error message to

be output and abort the program. the ERR function may
be used in the error handling program section to determine
the type of error.

5.21.3.2 PUT filenumber RECORD record number expression List

168 PUT 1 A;B;C
28@¢ PUT 1 A;AS$+","; B
3¢@ PUT 1 RECORD 3 A;B;C

The PUT statement causes the values of the expressions in the ex-
pression 1ist to be written onto a record of the file specified by
the filenumber expression. The filenumber must be a numeric ex-
pression having a value of the digits § - 9 when the fractional
part, if any, is- truncated.

Each execution of a PUT statement writes one record into the file.

Each disk record is composed of a 258 character string and is, in
fact, a print line. Each expression in the expression list is
evaluated, converted to a string if the resulting value is numeric,
and is placed in the string in exactly the same way that orint lines
are built. The rules for building the string are as follows:

1) The record string is partitioned into 16 character fields.
A pointer which is initialized to point to the first char~
acter in the string keeps track of the next position in
the string to be loaded.

2) Expressions are evaluated as they are encountered in
scanning the expression list and from left to right,
and are converted to strings according to the formats
described in section 5.16.3 "Qutput Formats'". The
resulting string is loaded into the record string
beginning at the pointer positiomn. Each expression must
be separated from the next expression by a comma(,) or a
semicolon(;).
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3) If the expression is followed by a comma(,) after the
expression has been loaded into the string, the string is
padded with enough blanks to position the pointer to the
beginning of the next 16 character field.

4) If the expression is followed by a semicolor(;), after the
expression has been loaded into the string the pointer is
set to the character position following the last character
of the expression.

5) After all expressions have been loaded into the record
string, any remaining characters in the string are padd
with blanks and the record string is written onto the
diskette.

EXAMPLE: If A = 128 and B = -2.5, the statement:
1986 PUT 1 A:B

would cause the following record to be written on
the disk: (Note: P denotes a blank)

BIO0B - 2.5 BB ... B
A & 248 Character pad

The Statement
190 PUT 1 ALB

would cause tne following record to be written to
the disk:

fﬂlﬂﬁhéﬁ%bﬁﬁbbﬁhﬁ,- 2.5 ﬁé o B
A PAD B - 229 Character pad

The expressions in the expression 1ist may be numeric and string in any
order subject to the following restrictions: (1) If a string expression
follows a numeric expression it must be immediately preceded by the
current string delimiter. (2) The last character of a string expression
must be the current string delimiter. These restrictions Must Be
Strictly Followed or the expression will not be properly read back.

On Input, numeric values are delimited by blanks. The output format of
numeric values always follows the value with a blank, so numeric strings
built as described will always read back correctly. Strings, however,
may contain embedded blanks. The input logic which reads a record from
the disk looks for the current string delimiter to denote the end of a
string. If a string follows a numeric value, the blank following the
numeric field will be included in the string unless the current string
delimiter precedes the string.
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One solution to this preoblem is to concatenate the string delimiter

on all string variable references, include the string delimiter in all
string constants, and precede all string expressions following numeric
expressions with the string delimiter.

EXAMPLE :

To write the values of A4,B$,C, E$ and F$ on the diskette, the PUT
statement would be

108 PUT 1 A;","+B+",";C;", "4ES+", " F3+","
(This example uses the default delimiter, comma (,))

If it is desired to change the string delimiter, the following approach
could be used to implement the previous example:

16 DS = ";" 3! SET STRING DELIMITER
2¢ STRING DS

.
-
-

186 PUT 1 A;D$+BS+D$;C ;D$+ES+DS;FS+D3

If this approach is used, the string de]imiter must be the same
when a record is read as when it was written or incorrect results
will be obtained.-.

{f the record option is not included, the record is written into the
file at the record number specified by the sequentialPUT pointer. The
pointer is then incremented by 1.

If the record number option is included, the record is written into

the record specified by the record number expression. The record
number expression must have a value which is a positive real pumber.
The fractional nart is truncated, If the record number is greater
than.the end-~of-f£file as described in 5.21.3.1, a PARM ERROR

occurs,

NOTE; Writing a record directly by use of the RECORD ovtion does
not affect the sequential put pointer, The rointer will
only be moved by a sequential PUT or execution of a PUTSEEK
Statement. '

If an attempt is made to write more than 258 characters into a
record, the first 25@ characters will be writtem and the remaining
characters will be truncated. A warning message WARNING - TRUNCATED
OUTPUT will be output to the terminal.
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5.21.3.3 GET filenumber RECORD record number wvariable list

198 GET 1 A,B,C$
2090 GET 1 RECORD 198 A,B C$

The GET statement reads a record from the file specified by the
filenumber expression and assigns the values read to the variable
list. The filenumber exrression must evaluate to one of the digits
# - 9. The fractional part, if any, is truncated.

If a string is read for numeric variable, a TYPE ERROR results.
If too few values exist in the record string to satisfy the
variable list, a RAN OUT OF DATA error occurs. 1If an attempt
is made to get a record which is past the last record, an END
FILE error occurs.

If the RECORD option is not included, the record read is the
record specified by the sequential GET pointer. The sequential
GET rointer will then be incremented by 1.

If the RECORD option is included, the record read is the record
specified by the recordnumber expression., The expression must
evaluate to a positive real number. The fractional part will be
truncated.

NOTE: The sequential GET pointer is not affected by a direct
GET, The pointer will only be modified by a sequential
GET or by execution of a GETSEEK statement.

§.21.3.4 CLOSE filenumber

188 CLOSE 1

The CLOSE statement causes the file specified by the filenumber
expression to be closed for disk I/0. The filenumber exrression
must evaluate to one of the digits # - 9 when the fractional rart
is truncated,

Closing a file consists of updating the file entry in the diskette
directory to reflect all operations which were performed upon the
file since it was opened, and disassociating the file from the
program filenumber., A4s a rule, all files which are opened in a
program should be closed before the program terminates. All files
which have been written into gust be closed or the directory wil)
not be updated and data written into the file may be lost. Any
files which are left open are implicitly closed by a RUN command
or any command that modifies the nrogram buffer, such as a DELETE,
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LOAD or line inmsertion/deletion. Implicit closure does not update
the directory. ,

[

5.21.3.5 ATTRS (filenumber) = numeric expression
196 ATTRS (2) = 19

The ATTRS statement sets the file attributes of the file referenced
by the filenumber to the value of the pumeric expression. The file-
number expression must evaluate to onme of the digits #-9 when the
fractional part is truncated. The numeric expression, when the
fractional part is truncated, must evaluate to a valid combination
of the attribute values which are described below:

VALUE ATTRIBUTE
1 Program File

6

8 Object File

2 Permanent File

1 Write Protect

A file which does not have a Program or Object attribute is assumed
to be a Data Format file., Some examples are:

19 = 16+2+] = Write protected, permanent, rrogram file

9 = 8+1 . = Write protected, object file

26 = 1648+2 = Invalid combination ~ This would identify
a file as being a Permanent Program file and
Object file, which is not possible.

A main intent of the ATIRS statement is to allow the user to change
the Write Protect and Permanent attributes only. The File Format
attributes should not be changed. The current value of the attribute
parameter may be accessed by the ATTR function.

5.21.3.6. EOF (filenumber) = expression
158 EQF (9) = 59

The EQF statement sets the file length parameter of the file
referenced by the file number to the value of the expression.
The filenumber expression must evaluate to one of the digits

# - 9 when the fractional part is truncated. The expression
must evaluate to a positive real number. The fractiomal part
will be truncated. The EQF statement is used to decrease the
length of a file. The value of the expression should be set to
1l greater than the last record pumber. For example if a file
contains 1P@ records and it is desired to delete the last 50
records, the statement

16@ EOF (1) = 51
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would cause record 58 to be the last accessable record. The following
cautions apply to the use of EOF statement:

1) The EOF statement does not reset the sequential PUT/GET
pointers. If they are set beyond the new EOF an END-FILE
error will occur if a PUT or GET is attemvted, Reset the
pointers to the proper values with the GETSEEK and PUTSEEK
statements.

2) Do Not Set The EOF Bevond the true length of the file.
Any sectors remaining on the last allocated track may be
read by a GET and will yield garbage.

3) Resetting the EQF does not release the now unused tracks
for system use. De-allocate the unused tracks by executing
a FREESPACE statement.

5.21.3.7 FREESPACE filenumber
1§@ FREESPACE 1

The FREESPACE statement de-allocates any tracks allocated to the
file referenced by filenumber which are beyond the current end of
file, Filenumber expression must evaluate to one of the digits

# - 9 when the fractional part is truncated. If there are no
excess tracks allocated an "END FILE" error results.

5.21.3.8 GETSEEK (filenumber) = numeric expression
56 GETSEEK (1) = 29

The GETSEEK statement sets the sequential GET pointer associated
with the filenumber to the value of the numeric exoression. The
filenumer expression must evaluate to one of the digits # - 9 when
the fractional part is truncated., The numeric exrression must
evaluate to a positive real number, The fractional part is
truncated. The value must be greater than zero and less than or
equal to the last record number or a PARM ERROR or END FILE
error will occur when a sequential GET is performed. The current
position of the pointer may be accessed by using the RECGET function.

5.21.3.9 PUTSEER (filenumber) = numeric expression

188 PUTSEEK (2) = 39
The PUTSEEK statement sets the sequential PUT pointer associated
with the filenumber to the value of the numeric exnression. The

filenumber expression must evaluate to one of the digits # - 9
when the. fractional part is truncated. The numeric expression must
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evaluate to a positive real number. The fractional part is truncated.
The value must be greater than zero and less than the last record
‘number +2 or a PARM ERROR will occur when a sequential PUT is
performed. The current value of the nointer may be accessed by

using the RECPUT function.

5.,21.3.10 RENAME (filenumber) = string expression
108 RENAME (1) = "NEWNAME"

The RENAME statement changes the name of the file referenced by
the filenumber to the value of the string ex—~ression. The file-
number expression must evaluate to one of the digits # - 9 when
the fractional part is truncated., The string expression must
evaluate to a valid file name. The current name can be accessed
using the NAME function.

5.21.4 DISK I/0 FUNCTIONS

Disk File I/0 functions are included within BASIC to provide information
about a currently open file. Each function reference includes a file
number expression which must evaluate to one of the digits @ - 9 when the
fractional part is truncated. If the specified file number does not

have a file currently opened to it a TFILE NOT QPEN error occurs. The
disk file I/0 functions are detailed in table 5.5,
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TABLE 5.5 DISK I/0 FUNCTIONS

Function
i Reference

VALUE

ATTR (n)

Returns the attribute parameter assoc;ated with
file n. See section 5.21.3.5 for a description
of the value.

Returns the error code associated with the last
disk error. The error codes are:

No Error
Permanent I/0 Error
- End-File

- Disk Full

- File Not Found
Duplicate Name

- Parameter Error

- Drive Mot Up

- Permanent File

- Hrite Protect

- Invalid File Name
- Printer Attention

The error code is not reset by a successful opera:1on|
so is meaningless unless an error occurs, i

1

PO = D0 O U £ 0P 0D
[} ]

—t —

ERRS

Returns the error message string associated with the
last disk error.

NAME (n)

Returns a string containing the name of the file
associated with file number n.

RECGET (n)

Returns the value of the sequential GET pointer
associated with file number n.

| RECPUT (n)

Returns the value of the seQuential PUT pointer
associated with file number n.

SIZE (n)

TRACKS (n)

Returns the number of disk tracks currently

Returns the SIZE (in records) of the file associated
with file number n.

aliocated to file number n.

FREETR {n)

Rev.. 8 9/78

Returns the number of disk tracks currently
available for allocation (free) on the disk
unit associated with file number n.
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5.22 BASIC PRINT FILE QUTPUT

Micropolis BASIC provides a set of print file output features for systems which
have a hard copy printer device in addition to the standard keyboard-display
This section specifies each of the printer related language features
and discusses how to use the available features to solve some common printer
programming problems.

terminal.

5.22.1 Printer Related Language Features

The printer related language features consist of seven statement and option

keywords.

They achieve a high flexibility of output control by expanding the
disk file 1/0 scheme to include print file and terminal file output and by
adding a physical device assignment capability. Following are descriptions
of each statement syntax and function.

5.22.1.1 OPEN filenumber string expression option(s)

Rev, 6

9/77

19 OPEN 1 "*P" PAGESIZE 66 ENDPAGE 3PP
2@ OPEN 2 "*TV
3P OPEN 7 "*N"

The syntax of the OPEN statement in this context is the same as that
for disk files as shown in section 5.21.3.1. The statement associates
a filenumber with a filename specified in the string expression.

The filenumber must be a numeric expression with a value of 2 - 9.

The string expression which contains the filename must have one of
three specific values which designate a particular output print device.

1)

2)

. 3)

Filename *P associates the filenumber being opened with the
system printer.

Filename *T associates the filenumber being opened with the
display element of the system terminal.

Filename *N associates the filenumber being opened with a null
output device. The output directed to that file will be
discarded or drained.

Any other filename will be interpreted as a disk file name per
section 5.21.3.1.

There are two print file options available with the QPEN
statement:

a) PAGESIZE numeric expression

This option allows the programmer to set a 1imit value for
an internal system counter which counts the number of lines
output to the associated filenumber. The counter is incre-
mented on each PUT statement to the associated file, unless
that PUT statement ends in a comma or semicolon {see section
5.22.1.2). Each time the limit count is reached, the
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5.22.1.2

5.22.1.3

counter is reset and the system checks for a correspond-
ing ENOPAGE option.

The numeric exprassion must evaluate to a whole number from
P - 65535. If a print file is opened without a PAGESIZE
option the internal 1imit value defaults to a value of 66
which is the number of lines per page on standard 11 inch
forms.

b} ENDPAGE 1inenumber

This option specifies a program line number to which the
system will perform a GOSUB each time that the limit is
reached on the internal lines per page counter. The line-
number must be a numeric expression which evaluates to a
legal linenumber. That line should be the beginning of a
subroutine which programs some appropriate end of page
actions and which ends with a RETURN statement. The RETURN
will go back to the statement immediately after the PUT
statement which triggered the end of page action.

If no ENOPAGE option is specified for a given file the
internal Tines per page counter is just reset each time the
1imit is reached and processing continues normally.

PUT filenumber expression list

15 PUT @ "TOTAL = *; Al, "ITEM NAME ="; B$
25 PUT 7 A, B;

The PUT statement causes the values of the expressions in the
expression 1ist to be assembled into an output record which is then
output to the print file device associated with the filenumber.

The filenumber must be a numeric expression with a value in the
range § -~ 9. The expression list consists of a sequence of
constants and/or variables separated by commas or semicolons. The
rules by which the ocutput record is assembled are the same as those
for PRINT statements as detailed in section 5.20.21. Separate
carriage width wraparound control is provided for the printer
device. If the expression 1ist ends with a comma or semicolon then
no carriage return line feed is output. In this case the internal
lines per page counter of the associated file is not incremented.
{see section 5.22.1.1 - PAGESIZE option). The TAB and FMT func-
tions may be used in PUT statements.

CLOSE filenumber

99 CLOSE 6
99 CLOSE 2

The CLOSE statement causes the file specified by the filenumber
expression to be closed for ocutput. The filenumber must be in
the range 9§ - 9. When a print file is closed the associated
filenumber is freed for use in a subsequent QPEN to another file.
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5.22.1.4

5.22.1.5
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Any files which are left open are implicitly closed by a RUN command
or by any command that modifies the program buffer, such as DELETE,
LOAD or- line insertion change.

ENDPAGE filenumber '
25 ENDPAGE 7
28 ENDPAGE R6

The ENDPAGE statement is related to the ENDPAGE option described in
section 5.22.1.1. However, it is syntactically and functionally
distinct. Its function is to end the current output page of the
designated filenumber and thereby position the output device to the
beginning of the next logical page. The filenumber must be a numeric
expression with a value in the range § - 9. When the ENDPAGE state-
ment is executed the current value of the lines per page counter
associated with filenumber is subtracted from its 1imit value. The
result determines the number of empty lines which are output to the
file device to complete the current logical page. When the ENDPAGE
statement is complete the associated lines per page counter is reset
to mark the beginning of the next logical page.

ASSIGN (physical device number, logical stream indicator, device
width, null count)

18 ASSIGN (2,1,80,6)

28 ASSIGN (2,2,132)

3@ ASSIGN (1,1)

The ASSIGN statement is a dual purpose statement which provides the
ability to specify the connections of physical output print devices
to logical output streams and the values for carriage width and
nullcount of the referenced physical device. The physical device
number must be a numeric expression which evaluates to a 1 or a 2.
The logical stream indicator must be a numeric expression which
evaluates to a 1, 2 or 3. The device width and nullcount must be
numeric expressions with values in the range 1 - 255. They are
optional parameters in the ASSIGN statement. If they are not in-
cluded, the values corresponding to the referenced physical device
are not changed. If only the device width is included, then the
nullcount is left unchanged. Note however that specifying a null-
count requires that a device width also be specified, i.e., if the
statement only contains three arguments, the third will always be
treated as a device width.

Logical output stream number 1 consists of all output generated by

system messages, keyboard echoing, PRINT statements, LIST commands,

and PUT statements when the corresponding filenumber is open to *T.
Logical output stream 2 consists of all output generated by LISTP
commands and by PUT statements when the corresponding filenumber is
open to *P. The logical stream indicator may be set to a value of
3 to represent both logical output streams 1 and 2.
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Physical device number 1 represents the display element of the
keyboard display device that is confiqured as the system terminal.
(see section 3.3.1 on terminal configuration). Physical device
number 2 represents the hard copy print device which is configured
as the system printer. (see section 3.3.4).

The output of a logical stream is directed to all physical devices
which are assigned to it. A physical device may be assigned to

one or both logical streams. Whenever a physical device is ASSIGNed
its previous assignment state is effectively cancelled. A list of
legal device connections follows:

ASSIGN (1,1) - connects terminal display to stream 1 only
ASSIGN (1,2) - connects terminal display to stream 2 only

ASSIGN (1,3) - connects terminal display to stream 1 and
stream 2

ASSIGN (2,1} - connects printer to stream 1 only
ASSIGN (2,2) - connects printer to stream 2 only
ASSIGN (2,3) - connects printer to stream 1 and stream 2

In its initialized state BASIC connects the terminal to stream 1
only and the printer to stream 2 only. This state can be restored
by executing an ASSIGN (1,1) followed by an ASSIGN (2,2).

When the terminal and printer devices are configured each device

has a carriage width and a nullcount parameter associated with it.
These parameters may be altered under program control by specifying
optional 3rd and 4th arguments in an appropriate ASSIGN statement.
The width parameter determines the maximum number of spaces on each
line for the given device. When a line is output that is longer
than width the autowrap feature is activated and a carriage return
1ine feed is inserted between character number width and width +1.
The autowrap feature may be disabled at configuration time. The
width parameter may be changed on a given device by restating the
current device assignment with a new width argument. For example,
if the terminal were currently assigned to stream 1 with a width

of 80, it could be changed to a width of 72 with the statement
ASSIGN (1,1,72). HNote that any such change remains in effect until
a subsequent ASSIGN statement alters it or until the system is re-
loaded. The nullcount parameter is one greater than the number of
nulls which are output after each carriage return output to a given
device. It is important with unbuffered character serial devices
which may lose characters while the carriage is being returned.

The ndlcount parameter for a given device may be dynamically changed
by restating the current device assignment and WIDTH with a new
nullcount. For example, if the printer were currently assigned to
stream 2, 132 columns, no nulls (nullcount = 1), it could be changed
to stream 2, 132 columns, 5 nulls by using the statement ASSIGN
(2,2,132,6).
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5.22.1.6

5.22.1.7

6 9/77

Because BASIC is an interacti{ye language {t depends on the avail-
ability of a display deyice for system messages and keyboard

echoing. An interlock is therefore built in to ensure that stream

1 always has at least one device assigned to it. If an ASSIGN state-
ment is processed the result of which would violate this condition,
then physical device 1 is automatically a531gned to stream 1 as part
of the ASSIGN being processed.

LISTP X - Y

LISTP

LISTP 1¢
LISTP -18
LISTP 1@-
LISTP 1@-100

The LISTP command causes a 1isting of the program in the current
program buffer to be directed to logical output stream 2 which {s
normally connected with the system pr1nter This COMMAND {s anal-
ogous to the LIST command (see section 5,5) with two exceptions.
The LIST command directs its output to logical stream 1 which is
normally connected to the system terminal display. The LISTP
command outputs a paginated.listing with three blank 1ines at the
top and bottom of each page and 6@ 1ines of listing as standard,
(see 5.22.1.7).

Xand Y must be legal linenumber constants.
LISTP prints the entire program buffer.

LISTP X prints only line X if present or the first 1ine greater than
X if no line X exists.

LISTP X- prints all lines starting with X or the first greater than
X through the end of the program buffer,

LISTP -Y prints from the beginning of program buffer thru line Y or
the first greater than Y

LISTP X-Y prints from 1ine X or first greater than X through line Y
or first greater than Y.

PAGESIZE numeric expression
PAGESIZE 42

The PAGESIZE command is related to the LISTP command, It causes the
number of lines of 1isting per page of the LISTP command to be set

to the value of the numeric expression in the PAGESIZE statement,
This number is the number of actually printed 1ines not including the
3 blank Tines at the top and bottom of each page. For example, to
list a program on paper which holds 48 lines per page, the statement
PAGESIZE 42 would be the proper value to use. When BASIC is config-
ured the default value for this parameter is 6.
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NOTE that the PAGESIZE statement as described here {s syntactically
and functionally distinct from the PAGESIZE option of the OPEN
statement as described in 5,22,1,1 °

5.22.2 Notes On Printer Related Programming

5.22.2.1

Rev.

Used properly and with care the printer related language features in
Micropolis BASIC provide for highly flexible and efficient programming
of many common print file related functions. This section provides some
examples and commentary.

6

Separating Print Files and Interactive Messages

There is a large variety of applications which can be programmed {n
the following three part structure:

1) Output to the terminal display a sequence of prompting
messages which lead the user through a process of entering
variable data from the terminal keyboard.

2) Process the input data through algorithms which create de-
sired output data.

3} Output to the printer one or more pages which present the
desired output data with proper labelling in an appropriate
report format. g

This structure requires the ability to separate output which is
normally intended for the operators terminal from output which is
normally intended for the system printer. In Micropolis BASIC the
separation may be accomplished by using PRINT statements for terminal
display messages and PUT statements to open print files for system
printer output. The technique is illustrated by the following program
for building a depreciation schedule chart.
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114

20 PRIMT "THIZ PROGREAM WILL EUILD A DEFFECIRTION ZCHEDULLE®
130 PRIMT "SHOWIME YERR BY YERR LEFRECIRTIOM OF A FISED REIZET"
140 PRINT "AT STERIGHT LINME AMD 00X RCCELEERTED RRATEZ. ™

150 PRINT

150 PRINT "PLERZE ENTER HEIET YRLUE 3§

170 INPUT H

120 PRIMT “"PLERZE ENTER TEEM 1IN YERRI™S

190 INPUT T

200 FPRINT "PLEAZE ENTER FIEIT YEARR OF TEREM (EGR. 1377273

210 INPUT ¥

300 %

31008 +oe PRIMNT OUT CHRART HERDIMGE

e 8

230 OFEN 3 "ep”

40 PUT R:PUT @

TS0 PUT 9 "DEPRECIATION ICHEDIWE FOFE F® “:sHi" OYER “"3Ti" YEAROIR ™
Is0 PUT SipPUT @ ‘

BF0 PUT 3" YERR"s“"ZT. LN, DEF. " "BRLAMCE . "2002 DEF. s "BRLAMCE"
80 PUT @ .

400
3410
420 -
420 Bl=R:EB2=R:S=R-TiF3="8I2Z222V. ¥
440 FOR K=1T7O0T

4510 Bi1=B1-3

4nil D=geBZ/T

470 Ba2=k2-D

420 PUT 9 YoFMT S FEr o FMT B1sFE) s FMT Do FEY s FMT ZEBSyFE2
490 Y=Y+l

SN0 MEXT K

S10 CLOSE =

@E EMD

100 ¢ eee DATH IMPUT ZECTION
'

+eoe COMPUTE RMD PRIMT ERCH LIME

3

iy
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THIS PROGRAM WILL BUILD A DEPRECIATION
SHOWIMG YERR BY YERR DEPRECIATIOM OF A
RT STRAIGHT LINE AND 200X RCCELERRTED RARTEZ.

PLERTSE ENTER RSZET VYALLE 7

DEPRECIATION SCHEDULE FOR %

YEAR

1930
1931
1332
1353
1524
12385
19385
1937
1923
1339
13990
1931
132
19932

DL
D g 3 L

Rev. & 9/77

3T. LM. DEP.

4000, a0
S0, 00
$000, 00
000,00
G000, g
4000, 00
SO0, 00
4000, 11l
S000, 00
4000, 110
409, 00
00, a0
4000, 0
4000, 00
4000, 00
4000, 040
4400, 00
L0000, 00
$000, a0
SO0, 0n
S$O0u, 00
$000, g8
4000, a0
S000, 00
S 000, o

B3,

S a0ang

100000’
PLERSE ENTER TERM IM YERRIT 295
PLERSE ENTER FIRST YEAR OF TERM

ERLANCE

K3

=S000a, 00
TRQO0, gU
venaa, ng
BERO00, 00
et 00, 00
SEO0, 00
SZ000. 00
$200a, 0o
S0, 00
SO003, 00
2000, 010
22000, 00
Seang, 00
=000, 00
enoua, a0
160080, 00
12000, 00
SO0, 00
SO00, B

0
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5.22.2.2

Rev. 6

9/77

Paginating Print Files

When the number of Tines in a print file spans several printed

pages it is often required to print the file with page numbers,
headings and an equal number of lines on each page. The ENDPAGE
statement and the PAGESIZE and ENDPAGE options of the OPEN statement
provide a useful set of tools for accomplishing this goal. The
following example shows the depreciation schedule program of section
5.22.2.1 modified ta print on 20 line pages with each page numbered
and titled. Note the use of the PAGESIZE and ENDPAGE options in
1ine 320 in conjunction with the page heading subroutine at 1ine 6@4d.
NOTE also the use of the ENDPAGE statement in line 51@ which ejects
the last report page and leaves the printer at the top of the next
blank page.
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' see [RTR IMFUT ZECTION
4

110

120 PRIMT “THIS PRODEAM WILL BLILD A DEFFECIATION SCHEDULE™
133 PRIMT "SHOWMING YEAR BY YERR DEFRECIATION OF B FISED ASSET®
140 PRINT "AT STRALIGHT LIME AMD a0 RCIELERARTED FRTES.S
150 FRINMT

150 PRIMT “"PLERIE ENTER RIIET WARLUE "3

170 INPUT H

120 FRINT “FLERSE EMTER TERM INM YEARS"S

190 INFUT T

&) FRIMT "PLERZIE ENTER FIRIT YERR OF TERM (EGF. 1377”3
SL0 INFUT v

00t

305 8 +ee OQUTFUT INITIRLIZATION

10t

320 OPEN 3 “eP" PRAREIIZE 20 EMDPRGE &00

330 P=1:003UB &00

240 BlsR:BE=RII=sH-TIFE="S282228Y . 2337

440 8

$10 ! e+ COMPUTE AND FRINT EARCH LINE

420 !

440 FOR E=1T0OT

450 EBi=Bl-3

48] D=2eBesT

471 pPe=E2-D

20 PUT 9 Yo FMTCEsF33 o FMTERBLsFE: s FMT CDe FB2 s FRT {B&y F B2
430 Y=yl

S00 MEXT K

S14 EMDPRGE 9:CL0OSE 2

s2n ZTOP

snn !

614 ! +oe PRIGE HERDING ZUBROUTINE

sz !

830 PUT 3

B4 PUT 3 TREP2) : "PRIZE " P

S50 PUT 2

850 PUT 2 "DEFRECIRTION ZCHEDULE FOR 3 “iRS$™ OWER "iTi” YERR(IY"
87T PUT 2:PUT 2

ATS PUT 9" YERR"»"3T. LM, DEP."y"BRLAMCE"s "200% DEF."s "BRLAMCE™
S7T7 PUT 2

TN PR+l

70 RETURHN

33 EMD
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RERDY
RUN
THIZ

PROGRAM WILL BUILD A DEPRECIRTION

ZCHREDULE

ZHOWING YEAR BY YEARR DEFRECINTION OF B FIZED RIIET
AT STRAIGHT LINE RAMD 00X ACCELERRTEDL RATES.

"LERSE ENTER
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ASSET
TERM IN YERRET? 2
FIRET YERR OF TEEREM

SCHEDULE FOR %

=T. LH. IEF.
Sang, 00
$000, G5
G009, 00
4300, 00
S000, 00
4000, 00
S000, 00
SO00, 00
SO00, 00
000, 0
00N, an
S000, ou

SCHEDULE FOR %

£T. LM. DEP.
S000, 10
4000, 00
$000, 00
SO00, 00
4000, 00
4000, 90
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G009, 30
4009, 09
4000, 00

B BT B O BT O

ET. LN. DEP.

¥ 4000.00
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100000
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§.22.2.4

Rev, 8

Spooling Print Files To Disk For Latar OQutput

The commonality of the QPEN, CLOSE and PUT statements to both disk

and print files makes it possible to alter a print file program so

that the output is saved in 3 disk file instzad of sant to the 2rinter.
The procedure is to change the filename in the relavant QPEN statement
from "*P* to some appropriate disk filename. For example, line 329

in the depreciatian program l1isting might be changed to

328 OPEN 9 "N:DEP-REPORT" PAGESIZE 27 ENOPAGE 689

A print file that has been spooled to disk in this manner can be
printed out at a lTater time by using the following program:

5 INPUT "ENTER PAGE WIDTH QF FILE TG BE PRINTED";A
10 DIM AS(A)

2@ STRING CHARS(16RFF)

3@ INPUT "ENTER NAME OF FILE TO BE PRINTED";AS
4@ QPEN 1 AS END 99

5@ QPEN 2 "*P*

68 GET 1 AS

78 PUT 2 AS

8@ GOTO &4

9@ CLOSE 1

199 CLOSE 2

118 END

Note that the string into wnich each disk record is read must be
dimensioned to a Tength which matches the expected page width of
the report (lines 5 and 19). This ensuras that the extra blank
padding that fills each disk record will not be printad out causing
extra blanks lines on most printers.

Note also that line 23 changes the system string delimiter to a

~value that is illegal in normal print files. This ansures that the

entire content of each 1ine will be assigned to and printed from AS
regardless of which charactars appear in the print file. I[f this
were not done any commas in the print files would cause errcneous
autput.

Oraining File Qutput To A Null Device

Ouring the program development and test procsss or in a reduced
system hardware environment it is sometimes userul te run a program
which outputs one or more files and be able to supprass one or more
of the output files while the rest of the program runs normally.

In Micropalis BASIC this is easily accomplished by changing the
filename in the apen statement of each file to be suppressad to a
"*N". When the program is run all output to "*N" files will be
suppressed or drained away without otherwise affecting program
operation. The following program illustrates this idea.
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19 DIM AS(3,3G)

23 FOR J=1 TO 4:AS(J)="":NEXT J
3@ INPUT " FIRST LINE ";AS(1)
4@ INPUT "SECOND LINE “;AS(2)

5@ INPUT " THIRD LINE ";AS(3)

§@ INPUT "FOURTH LINE ";AS(4)

73 8%="LABELS"

8@ INPUT "ADD TQ DISK FILE (Y/N)";XS
S@ IF XS ="Y" THEN 3S="~N"

"gg CS=“ *Pli

11@ INPUT "PRINT LABEL (Y/AN)";XS
12@ IF XS= "Y" THEN C3="#N"

]3g xsxn,n

14@ OPEN 1 BS

153 PUT 1 AS{T1)*XS+AS(2)+XS+AS(3)+XS+AS(4)+AS
16¢ CLOSE 1

178 OPEN 2 C$

18@ FOR J=1 TO 4:PUT 2 AS(J):NEXT J
19@ CLOSE 2

299 GOTO 29

The file output section attempts to add four lines of input %o a
label file and then print a copy of the new label entry. I[f aither
or both of these functions is refused by the operator during the
input saction, the program changes the {ilename variatle for the
associated QPEN statement to "*N". When the qutput section exe-
cutes the refused function output is simply drained, i.e. not
output anywhere.

Echoing Of Terminal Qutput To Printer

On systems with a video terminal and printer device it is often
desiraple to obtain 2 hard copy audit trail af ail system pregram
operation, including all of the grompts and systam messages normally
directed to the terminal enly. This is easily done by using the
statement

ASSIGN (2,3).

This statament causes the hard copy printsr to be connectad o lagicai
outout stream 1 which incluces 211 princ stataments, input dialcgus,
keyboard echoing, *7 files, and systsm messages; 2nd to logical cut-
put stream 2 which includes all *P grint filas. Thus everyining
aimed at the t2rminal thru stream 1 will also ¢o to the printer.

This echo mode remains aczive until changed. The statament ASSIGHM
(2,2) will res<ore the systam =0 normal wnich is device 1
{zerminal) connected %3 stream 1 and device 2 {orimter) cannectad o
stream 2.

g

n
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VI. DISK SUBSYSTEM THEQORY AND DIRECT PROGRAMMING

6.0 INTRODUCTION

This section describes the Micropolis flexible disk subsystem in
sufficient detail to enable an experienced 8088 assembly language
programmer to implement a disk driver.

6.1 FUNDAMENTALS OF THE FLEXIBLE DISK: MEDIA

6.1.1 Recording Medium

The recording medium used with the Micropelis flexible disk
subsystem is illustrated in Figure 6.1. The medium consists
of a thin, oxide coated circular disk permanently housed in
a protective plastic jacket. The disk rotates freely within
the jacket, which is lined with a material that cleans the
disk as it rotates. Several holes in the nlastic jacket
allow a disk drive to access the disk. When a diskette is
loaded into a drive, the disk is clamped to a motor-driven
spindle through the drive spindle hole. The read/write head
and the load pad which nresses the disk against the head,
access the disk through the read/write head access holes.

A photo detector senses sector and index holes through the
sector/index hole, A switch im the disk drive senses the
Write Protect cutout. If a Write Protect tab is placed

over the cutout, the diskette may be read, but may not be
written on. If the cutout is open, both read and write
operations may be performed.

6.1.2 Disk Data Format

Figure 6.2 illustrates the format of data recorded on the
diskette, Data is recorded on the diskette on concentric
tracks. The outermost track is Track # and the innermost
track is 76 in Mod II subsystems and Track 34 in Mod I
subsystems. Each track has an unformatted capacity of
6259 bytes. Disk data transfers are performed onm a block
basis, which would require a 625@ byte RAM buffer in the
computer for a full track size block. This buffer size

is wasteful of memory, so the actual format used divides

a track into blocks of more manageable size called sectors.
The format used in the Micropolis flexible disk subsystem
divides each track into 16 sectors. The beginning of each
sector is indicated by a sector hole punched in the disk.
This hole is sensed by a sector/index sensor in the disk
drive. An index hole is located halfway between the holes
for sector 15 and sector @ and indicates the next hole is
sector §.

6-3
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Each sector has an unformatted cavacity of anproximately 399
bytes, However, not all of the available storage space can be
used for data, The electronics in the disk drive and the nature
of the media and drive mechanism require a certain amount of
space be given up to accommodate the electronic characteristics
and to allow sufficient tolerance in the recording format to
permit interchanging diskettes between different disk drives.
Briefly, the factors which must be taken into account are:
mechanical tolerance in the physical distance between sector
holes punched in the disk; alignment of the sector/index sensor
with respect to the read/write head; response of the sector/
index sensor and logic; disk speed variation; write clock
frequency tolerance; and, acquisition time of the read data
decoder,

The recommended sector format is illustrated in Figure 6,2,

This is the format used in disk files created by the Micropolis
Disk Extended BASIC software and is the format required by the
disk bootstrap located on the controller board. This format

was designed to make the best trade-off between storage capacity
and tolerance margins, Although other formats could possibly
utilize more storage capacity, they would be incompatible with
the bootstrap and a complete discussion of the engineering
considerations necessary to design another format is beyond

the scope of this section.

A disk sector consists of the following fields:

1) Preamble: The preamble is composed of anproximately 4@ bytes
of zero (@) data bits, The vreamble is automatically generated
by the disk controller and is necessary to provide tolerance
for the mechanical alignment and electrical characteristics
of the sector/index sensor. It also provides a field of known
data pattern for synchronization of the read data decoder,.

2) Sync: The sync byte is a byte of @FFH data which is used in
the disk controller to define the beginning of useful data.

3) Header: The header is a 2 byte block consisting of the binary
track address of the track on which the sector resides (P-76 (34))
and the address of the sector (0-15). The header is used to
verify that the proper sector is being accessed in a disk I/0
operation.

4) Data: The data field consists of 266 bytes of user data.

5) Checksum: The checksum is a one byte error detection code which
provides error detection in read operations. The checksum is
computed as follows: a) The accumulator and carry are initially
cleared; b) Each byte of the header and data fields is added to
the accumulator with carry. In write operations, the computed
checksum is written immediately following the data field. In
read operations, the checksum is re-computed from the read data
and is compared with the checksum byte which is read. If they
do not compare, a read error has occurred.

6-5
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Postamble: The rest of a sector from the checksum to the next
sector hole is filled with zero data bits. The length of the
postamble allows for the mechanical tolerance in the placement
of sector holes on the disk and tolerance for disk speed and
write clock variations,

'6.2 HARDWARE FUNDAMENTALS

Rev. &

Figure 6.3 is a block diagram of the Micropolis flexible disk
subsystem, The components of the subsystem may be grouped as:
spindle drive control; sector logic; position control logic;
read/write logic; select and head load logic.

D

Spindle Drive Control: The disk drive spindle motor is
controlled by a micro-switch that senses when the diskette
is inserted and loaded, or unloaded. When the diskette is
loaded, the disk is accelerated to a speed of 30§ RPM,
After an appropriate delay to allow the speed to stabilize,
the drive is ready to accept commands, If the drive is
selected by the controller, the drive will indicate this
state by asserting ready status.

2) Sector Logic: When the disk is rotating, ﬁhe sector/index

3

hole sensor provides the controller with an electrical pulse
corresponding to each hole punched in the disk. The controller
separates the sector and index pulses and counts the sector
pulses, thereby providing the programmer with the 4 bit address
of the sector currently passing under the read/write head. A
flag bit in the status register is provided to indicate when
the sector address is valid and when a read or write operation
may be initiated.

Position Control Logic: The read/write head is mounted on,a
carriage which is moved from-.track to track by a stepper
motor~driven lead screw. Positloning is accomplished by
specifying the desired direction (in or out) and issuing

a step command. Control logic in the drive electronics
generates all the signals necessary to cause the motor to
move a track in the desired direction. When a drive is
first selected, such as at power on, the track position of
the drive is indeterminate. Before read or write operations
may be performed, the positioner must be recalibrated as
follows: when the carriage is positioned at track #, a
microswitch associated with the positioning mechanism is
made. The state of this "track @" switch is provided as

a status bit. Recalibration consists of examining the

track @ status and if it is not true, issuing a command to
step out., . After an appropriate delay to allow the command
to be executed, the process is repeated. Once the positioner
has been calibrated, the software must keep track of the
current position.

6-7
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Read/Write Logic: Data is transferred between the computer
and the controller on a byte-by-byte basis. For write
operations, the controller generates the preamble and then
converts 8-bit byte data from the computer to the serial
data which is recorded on the disk, When the computer
stops supplying data, the controller automatically writes
zero data to the rest of the sector until a sector pulse
is sensed, For read operations, the controller converts
the serial data stream coming from the disk to 8-bit bytes
and automatically detects the sync byte to determine when
valid data is available.

The controller generates a ''transfer ready" status flag
which indicates that the controller is ready to accept
data in a write operation, or that data is available in
a read operation.

The controller is accessed using a technique called
"memory~-mapped I/0'. This means that the controller
command, status and data registers are treated as

memory addresses and that controller read/write commands
are actually memory reference instructions. When the
controller data register is accessed in a read or write
operation, the controller forces the computer to wait
until the controller is ready to transfer data. From
the computer's point of view, the controller appears to
be slow memory.

The read/write control logic in the drive electromics
provides the conversion between the serial digital data
at the controller interface and the serial data signals
at the read/write head, Whenever the drive is performing
a write operation, the positioner control and read logic
is disabled and the appropriate signals are generated to
drive the read/write and erase heads., The erase head used
in flexible disk drives is a "trim' erase head. 0ld data
written on a sector is implicitly erased by being written
over by new data. However, any slight track positioning
errors could cause sufficient remmant old data to be left
in the space between tracks to cause data reliability
problems. To eliminate this error source, an erase head
which erases the disk a small distance on either side of
the newly written data is provided. This erase head is
located a small distance behind the read/write head and
cleans up the inter-track gap after data is written.

When a write operation is terminated by the occurrence of

a sector pulse, the erase head is left on a sufficient
amount of time for the last data written to be trimmed,.
Since the position coptrol and read logic will be inhibited
until the write operation is complete (including the erase),
a new operation must not be attempted for at least one
millisecond after the termination of a write operation,

/77 | 6-8
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The drive contains a microswitch which senses the write
protect cutout in the diskette jacket. When the write
protect tab is installed, the write/erase control logic
is inhibited. The state of the write protect switch is
available as a status bit.

Select and Head Load Logic: The controller will support

up to 4 disk drive units connected in a ''daisy chain"
configuration. The drive electronics in each unit are
conditioned by the drive select such that only one drive

at a time will respond to, or provide, signals on the
controller/drive interface, When a drive is not selected,
the spring-loaded pressure pad which holds the disk in
contact with the read/write head is moved away so that there
is no contact and the head is 'unloaded™. When the drive is
selected, a solenoid is energized, which allows the load pad
to contact the disk so read or write operations may be
performed. The controller contains a 4-second timer which
automatically deselects all units if the controller has not
been accessed for four seconds.

6.3 CONTROLLER REGISTERS

The disk c¢ont
The first hal
controller co
defined as fo

roller occupies a 1K byte block of memory from F4¢@H to F7FFH.

f (F4@0H to F5FFH) is reserved for on-board bootstrap ROM, The

mmand, Status and data registers start at address F6@fPH and are
liows:

1) OQutput Registers

Command Register

F6@¢H or 7 8 3 4 3 2 1 Q
F6@1H COMMAND / MOD
CODE . s
MOD = Command Modifier
The commands available are;
Code Command Modifier
2991 Select drive Contains drive unit address (@#-3)
g1¢ Set interrupt enable @1 = enable interrupt
(controls sector #3 = disable interrupt
pulse interrupt)
< @11 Step 1 track 88 = step out
#l = step in
199 Enable write Not used
191 Reset controller Not used
6-9
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Write Data Register

F6@2H If the write data register is referenced when the
transfer flag is set during a write operation, the
controller expects a data byte to be on the S14¢
buss data lines. The PRDY line will be held false
until the controller has accepted the data, then
the PRDY line will be set true for 1 bit time
(4 usec). (See the status register description
for the definition of the transfer flag.,)

Input Registers

Sector Register

F600H 7 "6 '5 4 | 3 2 1 g
s |1
tC | N
T , SECTOR .
[ R. | T/ ADDRESS §
L P
{ FoIL L :
i LG, : f
le. | | -/ f
Bits Definition
0-3 Sector Address: Address of the sector currently
passing under the read/write head of the selected
drive,
4,5 Reserved,
6 Sector Interrupt Flag: Indicates an interrupt
request has been generated by a sector pulse.
Flag is reset by issuing a reset or an interrupt
disable command.
7 Sector Flag: Indicates the sector address is

Status Register

F691H

7/11

valid and that a read or write operation may be
performed, Flag is true for 30 usec at the start
of each sector. All data transfers must be
initiated within 100 u seconds of the flag going
true,

7 i 6 [ 5 1 & | 3 12 (1 8
X Pl R |W |T|S | U A
F | I|E P ! K|L|N D
E | N:A ;T |d|T|TI D
R.| T ! D | D | T R
E Y |
F § ;
L ; ! :
G. Lo
! [ }
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Definition

Unit Address: Address of the currently selected
drive. Address is valid only if SLTD is true,.

SLID: Unit selected. This flag is low true,
i,e.,
9

1

Selected
Not selected

[

SLTD is true if a drive has been selected and
the 4~second timer has not expired. SLID is
low true so that the software may detect when
the controller is not installed (non-existent
memory references yield @FFH),

TK@: Track @ status from selected drive.
WPT: Write protected status from selected drive,

READY: Ready status from the selected drive.
When true, indicates the drive is ready to
perform commands.

PINTE: PINTE status from the S1@§ BUSS.

XFER FLAG: Transfer flag., In write operations,
indicates that the controller is ready to accept
data from the computer. In read operations,
indicates the controller has data available to
the computer. When the software detects the
transfer flag has set, all data transfers are
performed by accessing the controller data
register, which automatically synchronizes the
transfer by use of the PRDY iine.

Read Data Register

If the read data register is accessed when the transfer flag is
set during a read operation, the controller will hold the PRDY
line false until a byte of data is available, The controller
will then place the data on the S1f4@ BUSS data lines and set
PRDY true for 1 bit time (4 usec). The data will only be
available for this 1 bit time period.

9/78

6-11



Figure 6.4
DRIVE SELECT LOGIC N MILLISECOND TIMER

( SELECT ) ( DELAY )

READ
STATWS
r——-

Status Read
Re-triggers
4 second
timer

SEL&T
Desiesd
AT

DELAY
252
MSES

DRivE ANoT wp

{ Feron l

Rev, & 7/77 6-12



6.4

DISK QPERATIONS

The following paragraphs describe "in detail the steps involved in performing

each

of the operations required to operate the Micropolis flexible disk drive

subsystem,

Rev,

6.4,1 Select a Drive

A drive must be selected prior to any status read, step or data transfer
operation., Selection must be performed for each operation since the 4
second timer may have deselected a unit since it was last accessed. The
important considerations in selecting a drive are:

1) When the drive is selected, the head will be loaded, A
minimum of 75 milliseconds must be allowed for the head
to load and settle.

2) 'The sector counter is located in the controller. When a
drive is selected, a minimum of 250 milliseconds must be
allowed for the sector counter to synchronize to the drive.

Figure 6.4 is a flowchart of the select operation.

NOTE that all delays are generated by a software timing loop

subroutine, A read status command 1s included to re~-trigger

the 4 second timer every time the delay routine is entered,

6.4.2 Position the Head

A drive must be selected before a step command can be issued to cause

the head to move 1 track. One step command of the appropriate direction
(in or out) must be issued for each track moved, A minimum delay of 30
milliseconds must be allowed between each step command. (Note a step
in moves the head toward the center of the disk and therefore to ‘a higher
track number.) Typical logic to implement a 1 track step is illustrated
in Figure 6.5.

After the head is positioned to the desired track, an extra delay must be

allowed for the head to settle before read/write operations are attempted,
The complete process for an N track move is illustrated in Figure 6.6,

6.4.3 Restore to Track @

When a drive is first selected, the position of the read/write head is
indeterminate, Prior to performing disk data transfers, the positioner
must be 'recalibrated" which consists of stepping the head out until the
track @ switch is made. If the drive already indicates track # status
when first selected, the head is stepped in 8 tracks, then out to ensure

a good track P position. Once calibrated, the software must keep track of
the current head position for each drive., The restore l!ogic recommended
is illustrated in Figure 6,7.

6~13
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Figure 6.7 RESTORE TO TRACK @
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6.4.4 Write Operation

Figure 6.8 illustrates the logic necessary to perform a sector write
operation. The program illustrated requires a 268 byte memory buffer
with the first two bytes set to the track and sector address. The
sync byte and checksum are generated in the program. The steps
involved in writing a sector are:

1) Move the data to the write buffer,
2) Select the drive.

3) Wait for sector flag. When the flag goes true compare the
sector address with the desired sector address. When the
desired sector is found, issue an enable write command.

4) The enable write command causes the controller to generate
the preamble, Wait for transfer ready flag to indicate the
controller is ready to receive data. The software must then
write the sync byte. The timing of the software ioop which
tests for XFER ready and then ocutputs the sync byte is
extremely critical. The sync byte must be on the 5186 buss
data lines within 32 usec after XFER ready sets., The
following code satisfies the timing requirements:

(HL = F6@1H and A = § when this loop is entered)

*Wait for XFER ready flag

WAIT ORA M
JP WAIT
*INSERT SYNC BYTE
INX H
MVI M, @FFH

5) Each successive data byte must be made available witnin 32
useconds of the previous byte. When the data register is
accessed, the controller will hold PRDY false until it accepts
the data and then allow PRDY to go true for 1 bit time, The
timing constraints on the write loop are therefore a maximum
loop time of 32 useconds and a minimum loop time of 1 bit time
{4 useconds), These figures do not include any margin for
clock tolerance, so the actual design goals should be about
28 and 6 useconds for a conservative design,

6) When the checksum has been written, stop accessing the controller
write register., The controller will automatically zero fill the
rest of the sector,

7) After the checksum is written, the program waits for the next
sector flag. At this time the controller terminates the write
operation and the erase delay in the drive starts. The 1 mflli-
second software delay allows sufficient time for the erase delay
to expire so that step and read functions are again enabled.

Rev. & 7/77 6-16
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6.4.5 Read Operation

Figure 6.9 illustrates the logic necessary to perform a sector read
operation. The program illustrated requires a 268 byte read buffer.
The track/sector ID will be read into the first two bytes of the
buffer and when the operation is complete, will be compared against
the desired track/sector address, The steps involved in reading a
sector are:

1) Select the drive,

2) Wait for the sector flag, When the sector flag is true,
compare the sector addresa with the desired sector.

3) When the desired sector is found, wait for the transfer
flag to set to indicate disk data is available. Note
that no command 1is necessary to start a read operation,
but you must always wait for a sector flag to indicate
the start of the read,

4) When the transfer flag is set, the sync byte will be
available in 2528 useconds., The sync byte will only
be available for 3«4 useconds so the timing of the loop
which checks for the transfer ready flag is critical. The
following code satisfies the timing requirements:

(HL = F6@IH and A = @ when this loop is entered)

* Wait for XFER RDY flag

WAIT ORA M
JP WAIT
*GOBBLE SYNC BYTE
INX H
MOV A,M

5) Each successive data byte will be available within approximately
25 useconds and will be available for about 3 useconds.
When the controller data registar is accassed, the
controller will hold PRDY false until the data is
ready, then will place the data on the S18# buss data
lines and allow PRDY to go true for 1 bit time. Once
the software has read a byte, it must not access the
data register again until this bit time has expired.
The timing constraints on the read loop are therefors
a maximum loop time of 25 useconds and a minimum loop
time of 5-6 useconds. These figures reflect a
conservative margin to allow for timing variations
in the disk read data.

6) The last byte to be read from the disk is the checksum.

The checksum read should be compared with the re-computed
checksum, to determine if a read error has occurred.
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7} If no checksum error is detected, the first two bytes
read should be compared with the desired track and
sector addresses to ensure the correct sector was read.

6.5 ERROR HANDLING

An important consideration which may not be ignored iam the design of a
flexible digk driver is the handling of errors which occur. Magnetic
storage devices in general dre subject to errors. The succeptability
of the diskette to damage or contamination due to handling makes error
handling particularly important in flexible disk systems, Most errors
are of a temporary nature and will be invisible to the system with a
properly designed driver.

Most errors can be attributed to one or more of the following sources:

1) Transient Electrical Noise

2) Media Contamination - Particles of foreign substances may become
lodged between the head and the recording surface of the disk and
cause data errors.

3) Head Positioning - The read write head may be positioned to the
wrong track if the specified step rate is exceeded or may be
marginally positioned if a drive is misadjusted.

4) Disk Centering - Due to the flexible material of which the disk
is constructed, or in the event the disk is damaged or distorted
due to mis~handling, it is possible that a diskette may be
improperly clamped to the spindle in the disk drive.

The following procedures are recommended to perform proper error handling
in disk read/write operations:

Rev. 4

Read Operations

1) Step the positiomer to the desired track.

2) Perform the read operation as described in Section 6.9.5. If a
header or checksum error occurs, re-read the sector up to 5 times.

3) If the 5 retrys were unsuccessful, step the positioner off one
track and then back to the desired track. Repeat Step 2. If
still unsuccessful, step the positioner off one track in the
other direction and then back., Repeat Step 2.

4) Perform tne restep procedure given in Step 3 up to 4 times, If
still unsuccessful, deselect the unit and wait about 200+ milli-
seconds for the head to unload. Reselect the unit, restore to
track @, and re-seek to the desired track, Repeat Steps 2 and 3.

5) Perform the reselect function given in Step 4 up to 3 times, If
still unsuccessful, abort the operation with a permanent 1/0 error.

7/77 6-20



Write Operation

1) Step the positiomer to the desired track.

2) Read the sector immediately preceding the desired sector. Any
errors which occur should be handled in the manner described
for normal read operations., This operation ensures the head is
properly positioned to the right track and the sector counter is
synchronized with the disk,.

3) Write the desired sector as described in Section 6.4.4.

4) Read the sector just written to ensure the data was recorded
properly. If an error occurs, repeat Steps 2, 3, and 4 up to 5 times.

5) 1If unsuccessful, perform the restep operation as described for the
read operation and repeat Steps 2, 3, and 4.

6) 1If 4 restep operations are unsuccessful, perform the reselect
operation as described for the read operation.

7) If 3 reselect operations are unsuccessful, abeort the operation
with a permanent I/0 error.

If a permanent I/O error occurs, the disk may be improperly centered, there
may be a defect in or damage to the recording surface of the disk, or the
disk may have been written on a marginal drive.

The '"restep' procedure described takes advantage of the hysteresis present

in all positioning systems, Friction in the positioner causes the head
position to deviate slightly from the nominal track position. This position
will be different when the head is stepped to a track from different directionms.
In normal operations, this slight position error is well within the tolerance
limits for proper operations. However, if errors are encountered in reading

a disk which was written on another drive that is marginally aligned, the
slight difference may be enough to recover the data.

The "reselect” procedure serves to dislodge any foreign particles and to
recalibrate the positioner, should it be positioned to the wrong track,

6.6 DISK DRIVER

As a comprehensive example of all the principles presented in this section, a
sample disk driver is presented here. This driver provides the facilities to
seek to a track, seek and read a sector, seek and write a sector, and seek
and verify a sector, This verify operation is a special case of a sector
read but only the header bytes are transferred into the buffer. This allows
the use of a single disk buffer to perform write operations, which consist

of a header check prior to write, writing the sector, and a read-after-write
check.

The power-on recalibration is transparent. The driver maintains a table
containing the current track address of each drive connected to the controller.
The user's power on initialize software must set the entries in this table to
PFFH, The first time a drive is accessed, the driver will recognize this

flag and recalibrate the positioner on the drive before performing the
specified operation.
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When the driver is called, the HL register must point to a parameter block
(raferred to as a disk control block) which specifies the operation to be
performed, When the driver returns, the condition code will reflect the
status of the operation. (See the listing for details,)

The DCB is structured as follows:

ADDRESS 7 6 5 4 3 2 1 )
. A o, ’ K FN’
N A
DCB -+ g , R » / S :/ CODE
ID R
DCB + 1 F A UNIT
L w ADDR,
A F
L
G I
G v
DCB + 2 SECTOR ADDRESS
DCB + 3 TRACK ADDRESS .
DCB + & BUFFER ADDRESS LSB
DCB + 5 gBUFFER ADDRESS MSB

The DCB entries are described as follows:

Rev, 4

FN CODE Function code
@ = Seek only
1 = Seek and read sector
2 = Seek and write sector
3 = Seek and verify sector

ID FLAG Pre-Write Header (ID) Check Flag
# = Perform check
1 = Inhibit check

RAW FLAG Read-After-Write Check Flag
- @ = Perform check
1 = Inhibit check

UNIT ADDR, Drive Unit Address
g -3

Sector and Track Address are the address of the sector which is to be
written or read and the address of the track upon which the sector
resides, The driver will seek as necessary to move the head to the
desired track.

The Buffer Address 1s a 16 bit memory address stored in standard
8080 low/high format. This must be the address of a 268 byte read/
write buffer, The first two bytes of the buffer are reserved for the
header,
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To perform a write operation, move the data to the read/write buffer,
set up the DCB, and call the driver,

To perform a read operation, set up the DCB and call the driver., When

the operation is complete, the data from the desired sector will be in
the read buffer.
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7177

LEL AR 22 R T2 X L 2L L LR 2 2 2 2 22 3t 2 2 f )

2R S BR BE 3B O

COPYPIGHT MICROPCLIS CCRPCRATICN

DISK DRIVEER FOR MICECPQLIS
FLEXIBLE DISK SUBSYSTEM

8 JUNE 1977

K KRR AR

0 e e 3 36 30 % 30 00 2 202 00 306 208 2 20 2% 0 00 300 0 25 200 20 208 8 40 200 0 90 20 3 e 2 o e 38k

LR R 2R NE BE R R R BE B BR N BE N S NS SR K B BE CEE R CEE BE BR NE NE BE Sk N BE AR BE 2R SR BE R R BE SR B SR 3R SR R S K

17

CALLINE ESJUENCE:

LXI H.UDCB POINT EL TO USER
CALL DSKIO CCE & PEEFORM
JNZ ERROE OPEFATION

UDCE I: THE USEZ'S DISK CONTRQL
ELOCK WEICH DEFINES THE (PEFATION
TO BE PERFOEMED AND IS STPUCTURED
AS FOLLOWS:

UDCE+@ FUNCTION CODE
2 SEEK TEACK ONLY
1 ESEEK AND EEAD SECTOR
2 ESEEK AND WRITE SECTOR
3 SEEK AND VERIFY SECTOR

WRITE OPERATIONS CONSIST OF:

1) VERIFY THE TRACK/SECTOE ID

~IN THE SECTOR IMMECIATELY
PRECEEDING THE DESIRED SECTOR

2) PERFORM THE VEITE COPERATICN

3) THE SECTDR VWRITTEN IS THEN
VERIFIED BY A READ-AFTER-YRITE
CHECKSUM READ

NOTE:THE ID CHECK AND FEAD AFTEER

WRITE CHECKS CAN BE OVERRIDDEN

BY CONTROL FLAGS IN UDCB+l

FOR ¥YRITING ON UNFCRMATTED DIESKS

UDCB+! CONTROL FLAGS/UNIT SELECT
BIT FUNCTIGN
-1 UNIT ADDRESS
6 READ-AFTER-WRITE CHECK
CONTROL:3=PERFORM.
1=INHIBIT
7 PRE-WVRITE ID CHECK
CONTROL: 2=PERFORM,
1 =INHIBIT,
UDCB+2  SECTOE ADDRESS (8-15)
UDCB+3 TRACK ADDRESS (8-763(34)
UDCB+4&5 BUFFER ADDRESS
BUFFER ADDRESS IS THEE START
ADDRESS OF THE READ/VWRITE
BUFFER TO BE USED IN
PERFORMING THE OPERATIGN.
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ALL OPERATIONS
REQUIRE A 268 BYTE BUFFER
ORGANIZED AS FOLLOWS:

BYTE € -- TRACK ID
BYTE 1| -- SECTOR 1D
BYTE 2-267 =-- DATA

BYTES @ AND | ARE FILLED
IN AS NECESSARY BY THE
DEIVER

2) THE DISK I/0 DRIVER RETURNS VITH
THE CONDITION CODE SET TO Z IF
THE OPERATION WAS SUCCESSFUL AND
NZ IF AN ERROR OCCUFRRED. THE
A REGISTER WILL CONTAIN AN ERROR
CODE AS FOLLOVS:

| ==~ PERMANENT 1/0 ERRQOR --AN
UNRECOVERABLE DISK ERROR

CCCURRED

2 -- PARAMETER ERRQOR -~ ONE OF THE
PARAMETERE IN THE DCB 13
INVALID

J == DRIVE NOT UP - THE SELECTED
DRIVE IS NOT READY
4 == WRITE PROTECT =~ THE SELECTED
DRIVE I5 WRITE PROTECTED AND
A WERITE OPEFRATION ¥AS
SPECIFIED
3) INITIALIZATION REQUIREMENTS:

1) THE DRIVEFR CONTAINS A TABLE
LABLED "TRACK™ WHICH CONTAINS
THE CURERENT TRACK POSITION FOR
EACH DRIVE CONNEXTED TO THE
CONTROLLER. EACH ENTRY MUST BE
INITIALIZED TO FFH TO CAUSE TEHE
TRACK PQEITION OF EACH DRIVE TO
BE RE~CALIBRATED THE FIRST TIME
IT 1S ACCESSED

2) THE PARAMETER LABELED "TEKMX"
MUST BE SET TO THE HIGHEST
TRACK ADDRESS WHICH IS 76 FOR
MOD 11 SUBSYSTEMS AND 34 FOR

MOD I SUBSYSTEMS

3) THE 16 BIT PARAMETER LABELED
"DADE"MUST BE SET TO THE ADLRESS
OF THE DISK CONTEOLLER WHICH IS5
THEE BOCT PROM ADDRESS+2@@H

M E E XXX 2 I I S I I B S S B A B EE BE R SR BE SR B SE BE R R R B BE B B R R R S R B B SR AN

gee ORG X'420°

400 F3 DSKIQ DI
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g4aol

g42
2483
2404
B4ag?
Q428
0408
248C
248D
8418
g412
2413
8414
2415
2416
2417

241A
841D
@41E
2429
8423
a424
2425
2427
0429
g42C
@42D
242E
2430
2433
8434
2437
@438

@438

P43E

2441
2444
ga4s

7/77

cs

DS

ES
210002
39
2298a7
El

ES
11FS@é
B6oé6
7E

12

23

13

85
cz21224

21FS08s6
7E
FEGA4
D2D28S
23

7E
E63F
FE24
p2D2es
23 :
7E
FE102
D2D295
23
3AFB@6
96
FAD285S

CDE4®2S

CDD524

JAF586
B7?
CACCR4

Dsale

*

*

* #

L 2R 2B 3R B

LB SR IR B

PUSH B SAVE REGISTERS
PUSH D

PUSH H

LX1I H.2 SAVE STACK POINTER
DAD SP

SHLD STACK

POP H GET POINTEE TO
PUSH H USER'S DCB

LX1 DL,DCB COPY USER DCEB TO

MVl B,DCELEN INTERNAL DCE
MOV ALM

STAX D
INX H
INX D
DCR B
JNZ DSole@

VALIDATE DCB PARAMETERS

LX1 H.DCB FUNCTION MUST BE
MOV ALM 3 OR LESS

CPlI &

JNC PARMER PARAMETER ERROR
INK H

MOV  ALM UNIT ADDRESS MUST
AN1 X'3F°! BE LESS THAN 4
CPI 4

JNC PARMEER

INX H

MOV ALM SECTOR MUST BE
CPL 15 1S5 QR LESS

JNC PARMER

INX H

LDA TRKMX TRACK MUST BE LESS
SuB M THAN OR EQUAL TO

JM PARMER MAX TRACK

ENSURE DRIVE IS OPERATIONAL
CALL SLCT

SEEK TO DESIRED TRACK

CALL SEEXK

GET FUNCTION PARAMETER FROM DCB

AND PERFCRM ANY OTHER REQUIRED
FUNCTION

LDA DCBFN DONE IF FUNCT=
ORA A SEEK ONLY(2)
JZ BS120 DONE

PERFORM READ/WRITE FUNCTION

RETRY CONTROL FOR READ/WRITE
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2448
ea4an
ga4p
o44F
gas2
2454

o4s7
245A
Z45C
gase
46t

Ga64
ea67
B4a6A
246E

046F
e471
8473
€476
2479
847A
247C

Rev. 4

3EZ3
320627
3EZ24
32¢587
JE@Z5
32e427

2AF986
2209807
SATS5C6
30

C26404

Ccoelgé
C3A224
3D

C297¢4

JAT 626
6866
czea3e4a
JAFTE26
3D
E6EF
47

7/77

1% % % % % % ¥ % % % % % % % ¥ X X ¥ K X *X ¥ K ¥ ¥

OPEFATIONS:

A 3 LEVEZL FETRY STEUCTUEE IS
PFOVIDED AEZ FOLLOVS:

1 -- IF AN ERPFQF OCCUEELUF TO 5
LETRYS OF THE OFFENDINC OPEFATION
WILL EE PERFORMED

2-- IF THE LEVEL ! RETRYS AFE NOT

. SUCCESSFUL,THE POSITIONER VILL

BE STEPPED OFF TRACKX AND BACK
AND THE LEVEL | RETREYS VWILL BE
PERFOEMED. THE LEVEL 2 RETRYS
W1LL BE PERFOPMED UP TO 4 TIMES
3 == 1F THE LEVEL 2 RETRY
PROCELUEE IS NOT SUCCESSFULLTRHE
UNIT WILL EE DESELECTED TO UNLOAL
THE EEAD THEN THE UNIT WILL EE
PESELECTED,THE POSITICNER WILL
EE RECALIBRATED AND MOVED BACK
TO THE DESIFED TRACK AND THE
LEVEL 1 AND 2 RETEY PRQCEDURES
WILL BE PEFFOSEMED. THIS WILL BE
DONE UF TO 3 TIMES.IF NOT
SUCCESSFUL,4 PEFMANENT I/0
EREQE VILL RESULT

MUl A,2 PRESET ERETEY
STA L3RTRY COUNTERS

MUI A4

STA L2ETRY

MULI  £,5

£STA LIETRY

SELECT DESIRED FUNCTION AND
FERFOEREM

LELD DCEAD PRESET BUFFEE
SHLD BUFADR ADDEESS

LDA DCBFN GET FUNCTION
DCE A

JNZ D5@éd

NEAD SECTOR

CALL READAL READ SECTOCR

JMP DE99@ CHECK FOR EREQR
DCE A
JNZ DEQERQ

WEITE SECTOR

LDA DCBUN IF HEADER CHECK
ANI HCI INEIBIT SET GC
JNZ [DsSg7¢ VEITE
LDA DCBSC BACKSEPACE SECTOR
CCR A COUNT MQD 16
ANI X'2F"
MOV BuA
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847D
24882
2483
Bags
B489
d48a
848D
B48F
2451
8494
2497
2498

2498
B49E
B49F

24aa2
B4LAS
P4A8
B4A9
24AC

B4AF
g4B2
g4B5
2486
24B9

@4BC
@4BF
g4Cc2
84C3
B4acs

24C9

g4cc
B4CF
2409
24Dt

7/77

CDB186
C2A284
CD2Fg6
3AF 786
47
JAF606
E640
EE49
CaBigs
C3A284
3D
c2D2es

3AF786
47
CDB1@S6

CACCe4
3AQ4087
3D

328487
25794

cD3685
3A8587
3D

32¢507
c2s284

Ch638S
3A0627
3D

322687
C24Dd4

c3cces

2AZ807
F9
El
D1

Dse7a

DsSego

*

O % * %
[74]
[N
0
[\

FEE R

LR 2B R BN 3

L R K B

psiee

CALL READCK DO PRE=-WRITE HDR

JNZ DS@9¢ CHECK =~ ABORT ERR
CALL WSECT GO VRITE

LDA DCBSC DO RAVW CHECKSUM
MOV E.A READ CHECK

LBA DCBUN UNLESS INHIBITED
ANI RAFI

XR1 RAFI

CNZ READCK

JMP DS@9%¢@ G0 CHECK FOR ERR
DCR A

JNZ PARMER TRAP=-JUST IN CASE
VERIFY SECTOR

LDA DCBSC

MOV E,A

CALL READCK DO CHECKSUM READ

CHECK FOR ERROR

JZ DSi@9 NO ERROR-EXIT
LDA LIRTRY LEVEL | == RETRY
DCR A UP TO 5 TIMES
STA LIRTRY

JNZ DS@59

RETRIED 5 TIMES - STEP OFF TRACK
AND BACK AND REPEAT

CALL RESTEP '
LDA L2RTRY  PERFORM UP TO 4

DCR A TIMES
STA L2RTRY
JNZ DSo49

STEPPED OFF 4 TIMES = DESELECT
DRIVE TO UNLOAD HEAD THEN
SELECT,RESTORE AND RE-SEEK

CALL RESLCT
LDA L3RTRY PERFORM UP TC 3

DCE A TIMES
STA L3RTRY
JNZ DS@38

UNSUCCESSFUL =-- ABORT WITH
PERMANENT 1/0 ERRCR

JMP PERMER

END OF OPERATICN

LHLD STACK RESTORE STACK PTR
SPHL
POP H RESTORE REGISTERS
PCP D
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84D2
24D3
2404

84D5
2408
24D¢%
24DC
24DE
B4CF
R4EZ2
245
B4ES
B4ES
P4EA

B4ED
B4Fe
B4F3
Q4F 4
B4F7
24FA
S4FD
Q4FE
%501
ese4
@505
g526

2507
2508
R529
850A
2s5eEe
USeE
2511
2513
8316
8519
851Aa
9S51B
gs51c

251D
gS1E
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Ci
go
co

CDE4ES
ES

EIADK

Wn * * * #*

EEK

CDBDES

3EFF
BE
C2ES504
cD79e%5
JAF8g6
4F

96

FAFA84
CDB78%
3D
C2Fee4
c321095
CD1D2s
3C
C2FAB4
cp2pes
71
El
c9

FS

DS

ES

AF
320767
240287
3661
1l11E00
CDi17@é6
El

D1

Fl

c9

F35
Ds
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CAR405

LK 2R 2R BN 1

SEXIN

SEKOUT

SEEKE]
SEEKR

STEPIN

STP1

*
*®
»*

STPOUT

POP
NOP
RET

SEEK

CALL
PUSH
CALL
MUl
CMP
JNZ
CALL
LDa
MOV
SuUB
JZ

B

SPACE FOR EI
TQ DESIRED TRACK
SLCT ENSURE DFIVE SLTD
H AND READY
LDTRK POINT HL TO TRACK
AsX'FF° SEE IF DRIVE HAS
M BEEN INITIALIZED
SEEK! YES=-CONTINUE
RESTOR CALIBRATE POSITION
DCBTXK GET TRACK FFOM DCB
C.A SAVE IN C
M ALREADY AT TRACK?
SEEXR YES-RETURN

NOT AT TRACK =-- ISSUE THE
APPPOFRIATE NUMBER OF STEPS TO

MOUVE

JM
CALL
DCR
JNZ
JMP
CALL
INR
JNZ
CALL
MoV
POP
RET

ETEP

PUSH
PUSH
PUSE
XRA
STA
LHLD
MVl
LX1
CALL
PQP
PQOP
POP
RET

STEP

PUSH
PUSH

TO THE DESIRED TEACK

SEKQUT

STEPIN

A

SEKIN

SEEKRI

STPOUT

A

SEKCUT

SETTLE WAIT HEAD SETTLE
M,C STORE TRACK
H

POSITIONER IN 1| TRACK

PSV

D

H

A SET DIRECTION FLAG
DIECTN

DADR STEP IN ONE TRK
M,STEP+1

D,32 WAIT STEP TIME
TIMER

H

D

PSW

PCSITIONER OUT 1 TRACK

PSVW
D

6-29



~ Rev. 4

@s1iF
4529
gsaz2
gsas
8528
g52a

@520
@SZ2E
2531
B534
2535

8536
2539
2534
2538
@53E
@sal
8542
2545
2546
2549
854C
@54F
2552
@555
@556
2559
2ssC
@SSF
2562

2563
8564
8567
8569
8s6C
986F
8572
as73
2576

7177

ES
JEFF
328727
2A0207
3660
C313@s

DS
{1dA00
CDh1786
Dl
cs

CDBDES
7E
B7
C24285
CD7585
c9
3ART87
B7
C2s685
CDg795
CD2D8S
CD1DBS
CL2085
c9
Cb1DBsS
CD2Des
Cba7@es
CD2Des
co

¢

ES
2A0207
36AD
11C800
CD1766
CDE485
El
CD7995
C3D5084

PUSH
MVl
STA
LHLD
MVI
JMP

b 3
*
* VALT
*
S

ETTLE PUSH
LX1
CALL
POP
RET

POSSIBLE
0F DRIVE

* % & K * %

RESTEP CALL
Mov
GRA
JNZ
CaLL
RET

RSTPA LDA
ORA
JNZ
CALL
CALL
CALL
CALL
RET

RSTPEB CALL
CALL
CALL
CAalLL
RET

Aw#** %

ESLCT PUSH
LHLD
MV1
LXI
CALL
CALL
POP
CALL
JMP

* * % #*

H.

A, X*'FF* SET DIRECTION FLAG
DIRCTN

DADR

M, STEP STEP QUT ONE TRK
STP1} GO WAIT STEP TIME

HEAD SETTLE TIME

D

D.l@ 1@ MILLISECONDS
TIMER

D

STEP OFF TRACK ONE AND BACK TO CORRECT

MARGINAL TRACK POSITION
WHICH WROTE THE DISK

IF TRACK @ SUBSTITUTE RESTOR

LDTRK GET CRNT TRK ADDR
A.M GET CHENT TRK

A

RSTPA

RESTOR USE RESTOR IF TK 2

DIRCTN
A
RSTPB
STEPIN
SETTLE
STPOUT
SETTLE

STPQUT
SETTLE
STEPIN
SETTLE

RETRY ROUTINE TO RESTORE TO @ THEN
LIFT HEAD,

LOVER HEAD AND RESEEK

H
DADR )
M,RESET RESET CONTROLLER
D.,220

TIMER

SLCT RESELECT,LOWR HEAD
H

RESTOR

SEEK GO RE~SEEK

RESTORE POSITIONER TO TEACK 2
POSITIONER MUST BE STEPPED 0UT
UNTIL THE TRACK @ SVITCH 1S MADE
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79
TA
7B
\TE
380
383
365
586
387

588
589
S8C
58D
S8E
591
1592
1593
1595

3598
ISSA
359D
259E
25A1

BSA4
PSA6
B5A7
@5A9
@5AC
PSAF
@580

@SB3

Rev.

LS

s
CpBDOS
36FF
Cpeges
3600
Cl1

El

ce.

ES
CDE4@5
DS

C5
2A0287
23

7E
E608
CAR4RS

3ER8
cbeT8s
3D
C2GA8S5
coepes

BESS
7E
Es98
c2B685
CD1DeS
2D
C2A605

c3cces

4
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*
*
RESTOR

*

*
*

TO CALIBRATE TRACK POSITION

PUSH H

PUSH B

CALL LDTRK
MUl M.X'FF!
CALL RESTRI
MV M.@
POP B

POP H

RET

RESTORE TO TK 0

POINT HL TO TRACK
PRESET TO BAD TRK
RESTORE TO TK @
SET TRACK=¢

RESTR1 PUSH H
CALL SLCT ENSURE UNIT SLCTD
PUSH D AND READY
PUSH B
LHELD DADR POINT TO STATUS
INX H BYTE
MOV ALM ALREADY AT
AN1 TK@ TRACK @ ?
Jz REST3 NO - PRESS ON
»
= ALREADY AT TRACK @ - STEP
* IN & TIMES THEN RESTORE
* TO ENSURE GOOD POSITION
* B
MVI AL8
REST2 CALL STEPIN STEP IN 8
DCR A TRACKS
JNZ REST2
CALL SETTLE WAIT SETTLE TIME
»*
* STEP OUT UNTIL TRACK @ SWITCH
*x 1S ACTUATED OR UNTIL 85 STEPS
* HAVE BEEN ISSUED SO THAT WE
* DONT BANG AGAINST THE STOP
* FOREVER IF TKE SWITCH IS
x BROKEN
* .
REST3 MVl (.85 LOAD MAX STEPCNT
REST3A MOV A.LM TRACK 87
ANI TK®
JNZ REST4 YES- PRESS ON
CALL STPOUT STEP OUT ONE TK
DCR ¢ MAX STEPS ?

»

JNZ REST3A

NC = TRY AGAIN

* MAXIMUM NUMBER OF STEPS HAVE
» BEEN ISSUED - ERROR ABORT

*

*

*FOUND TRACK @

JMP PERMER

~ WAIT

* SETTLE TIME THEN EXIT

*

6-31



@SB6 CD2D4a4S REST4 CALL SETTLE VAIT HEAD SETTLE

8589 Ci POP B
@5BAa DI POP D
95EB EI POP H
@5BC C9 RET

*
* LOAD ADDRBESS OF CUBRRENT TRACK ON
* CURRENT UNIT INTO HL

*

@SBD D5 LDTEK PUSH D
@SBE 3AF6@6 LDA DCBUN
@5C1 E603 ANI 23 MASK OUT UNIT
#5C3 &SF MOV  ELA
85C4 1600 MVI D.@
25C6 21FC3s LXI E,TRACK POINT HL INTO
85C9 19 DAD D TRACK TABLE
85CA DI POP D
25CB C9 RET
*
>
*»
*
x ERROFP EXITS
*
@5CC 3EJ! PERMEE MVI 4Ll
95CE B7 0ORA A
@5CF C3CC84 JMP DS109
@5D2 3EQ2 PARMER MVI A.2
@5D4a B7 - ORA A
g5DS C3CC84 T JMP DS100
@5D8 3EG3 DRIVER MVI A.3
@5DA B7 ORA A
@5DB C3CCB4 JMP DS1002
@5DE 3E84 PROTER MVI A.4
@SEQS B7 ORA A
25E1 C3CCB4 JMP DS122
*
*
*
ke 2 2 246 2 0 Ak S K e 6 e i A Ak e R ek o R K i R I 3K I R o Rl Ok R ok K K
* REGISTER DEFINITIONS AND *
* FLAG EQUATES FOR MICROPOLIS x
* FLEXIBLE DISK CONTROLLER B *
A 2 2 e o 3K e e e A i e e i K K K e i i i i KR K 6 I K I 8 e e o ol ol X
*
*
*
Faeg BPROM EQU X'F4a@2°
F&02 DIADR EQU BPROM+X‘'Q288°
E
* DATA REGISTERS
*
F622 WDATA EQU DIADR+X'g2°
Fe@2 RDATA EQU WDATA
*x
* STATUS REGISTERS
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F620 DSECTR EQU DIADR
* 8-3 SECTOR COUNT
* 4 SPARE
* 5 SPARE
* 6 SCTR INTERRUPT FLAG
* 7 SECTOR FLAG
*
* FLAG BITS
»*
2040 SIFLG EQU X'aa°®
2082 SFLG EQU X'8@°
0920 DTMR  EQU X'20°
x
¥
F601 DSTAT EQU DIADR+!
* a-1 UNIT ADDRESS
* 2 UNIT SELECTED (LOW TRUE)
* 3 TRACK ©
* 4 VRITE PROTECT
- 5 DISK READY
* 6 PINTE
* 7 TRANSFER FLAG
*
* FLAG BITS
*
0089 TFLG EQU X'89°
2040 INTE EQU X'48°
2020 RDY EQU X'28°
2010 VPT EQU X'10°
20028 TKO EQU X'@8°
o084 USLT EQU X'84°
¥®
»
* COMMAND REGISTER
3
F608 DCMND EQU DIADR
*(ALSO WILL RESPOND TO DISK+l)
*
* 2-1 COMMAND MODIFIER
* 5-7 COMMAND
»*
* COMMANDS
™
0020 SLUN EQU X'2¢* ~ SELECT UNIT
* MODIFIER CONTAINS UNIT ADDRESS
2040 SINT EQU Xr'ap® SET INTERRUPT
* MODIFIER =1 ENABLE INTERRUPT
* =@ DISABLE INTERRUPT
6060 STEP EQU X'68°' STEP CARRIAGE
* MODIFIER =0@ STEP QUT
» =@l STEP IN
2088 WTCMD EQU X'8@°* ENABLE WRITE
* NO MODIFIER USED
aeAD RESET EQU X'A@"® RESET CONTROLLER
* NO MODIFIER USED
*
*
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ga86

@SE4
8SES
gSES
BSE7
BSEA
85ED
QSEF
OS5F2
@5F1
gsF2
25F3
O5FS

85F6
a5F7
@SFA
B5FB
BSFD

@5FE
2601
2684
2685
8687
2608
0689
g68cC
260E
as1@
2611
2612
2613

g6l4

2617
g618
2619
ge6ic
261D
@61F
8628
g622

7/77

DS

193]

ES
2A8207
3AF686
E6D3
47

23

7E

4F
E687
A8

79
CABCO%
78
F628
77

11FAGS
CD17@6
7E
E687
A8

7E
c21086
E620
EE2@
El

cl

D1

c8

C3D885

cs

ES
2A6287
7E
0660
78
D691
B7

SL21e

SL229

*

o 2R 2R 3K B B A

IMER

Tigla

EQU 134 SECTOR LNGTH/2

SELECT DRIVE SPECIFIED
BY UNIT ADDRESS IN DCE

PUSH D

PUSH B

PUSH H

LHELD DADR GET CONTROLLER ADR
LDA DCBUN GET UNIT ADR FROM
ANI X*g3° DCB

MOV B,A AND SAVE

INX H POINT TO STATUS
MOV  ALM AND READ

MOV  CLA SAVE STATUS

ANI X'97° MASK USLD & ADDR
XRA B DESIRED UNIT PREV

NOTE-THIS TEST WILL FAIL IF
CONTROLLER IS NOT PLUGGED IN

MOV  ALC SELECTED?

JZ sSLe1e YES~CHECK RDY

MOV ALB GET UNIT ADDRESS

ORI SLUN BUILD COMMAND

MOV  MLA OUTPUT COMMAND
VAIT 258 MSEC FOR -

LX! D.,258 SECTOR CNTR TO

CALL TIMER GET IN SYNC

MOV  a.M GET STATUS

ANI X°'87° SELECTED NOW?

XRA B

MOV  A.M GET STATUS AGAIN

JNZ SLe2¢2 ERRQR I[F NOT SLTD

ANI RDY ENSURE UNIT IS

XRI RDY READY

POP H

PCP B

POP D

RZ RETURN IF OK

DRIVE NOT UFP ERROR
JMP DRIVER

1 MILLISECOND TIMER
DE=(DELAY) TIME IN MSEC

A 1S DESTROYED

PUSH B

PUSH H

LXLD DADR

MOV  A.M RE-TRIGGER 4

MVI B.96 SECOND TIMER

MOV  ALB COUNT

sSUl 1 DELAY LOOP=l.d08

ORA A MSEC #5828 NSEC
6=34



8623

B626
v627
2628
B629
262C
262D
P62E

v62F
g632
8635
8636
8637
2639
263C
263D
G63E
B63F
064l
2644
8647
p648
2649
B64C
864D
Q64E
Q64F
2652

2655
8657

g658
8659

265C
865D

Q65F
g662
8661

C229086

1B
7B
B2
C21iF0é6
El
cl
co

CDE4@S
3AF 7026
47

Ccs
QEB6
2A8287
ES

23

7E
E610
C2DE®S
2AB0R7
ES

Di
JAFBB6
717

23

79
2A8287
CDES@6

3688
23

Bé
F2s5806

23
36FF

AF
EB
P608

Rev. & 7/77

LR 2R B

* ¥ M ®

WSECT

* % N K

JNZ

Tiglg+l

IMSEC EXPIRED - DECREMENT DELAY

MULTIPLIER &

DCX
MOV
ORA
JNZ
POP
POP
RET

D
ALE

D
Tigle
H

B

WRITE 1| SECTOR

CALL
LDA
MOV
PUSH
MUl
LHLD
PUSH
INX
MOV
AN1
JNZ

_LHLD

PUSH
POP
LDA
MOV
INX
MOV
LHLD
CALL

SLCT
DCBSC
BsA

B
C,SCLEN
DADR

H

H

ALM
weT
PROTER
BUFADR
H

D
DCBTK
ML,A

H

M,B
DADR
GETSEC

CHECKX FOR DONE

ENSURE UNIT SLD
AND READY

C <~ BYTCT/2 .
GET CONTROLLER ADR

READ STATUS
ABORT 1IF
WRITE PROTECTED

GET BUFFER ADDR

MOVE TO DE

MOVE TRACK AND
SECTOR ID TO VRITE
BUFFER

GET CONTROLLER ADR
WAIT FOR SECTOR

FOUND DESIRED SECTOR~-
ENABLE WRITE '

MV1I
INX

MLWTCMD
H

WAIT FOR TRANSFER FLAG

ORA
JP

M
wse1e

INSERT SYNC BYTE

INX
MUl

H
MLX'FF?

XRA A

XCHG
MVI

B,@

CLEAR CARRY

AND CHECKSUM
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2663
2664
8665
B666
a6s7
26458
2669
B66A
2668
266C
266D
B66E

@671
2672

2673
8674
2678
8676
3679
267C
G67F
2680

2681

2684
2687
2688
2689
8688

B&8E
B68F

2691
g6s2

7/77

7E
12
88
47
23
72
12
g8
47
23
2D
C26306

78
12

El
AF
Bé
F27585%
118188
CD17¢86
G
co

CDE405

3AFT796
47

Cs
BEB6
CDD686

EB
11 1%

A
77

wse2e

*

VsSB32

XN KRR RN R

READAL

* % K XM

RDAL®

WRITE HEADER & DATA FIELD

MOV ALM GET BYTE FROM MEM
S5TAX D WRITE TO DISK
ADC B ADD TO CKSUM
MOV  BLA SAVE CXSU

INK H NEXT EYTE

MOV  ALM -ZTC~

STAX D

ADC B

MOV BLA

INK H

PCR C

JNZ Ws@2g

END OF DATA - INSERT CHECKSUM

MOV  4,B
STAX D

WAIT END OF SECTOR

POP H

XRA A

ORA M WAIT SCTR FLAG
JP wsSa3¢

X1 Dl WAIT 1 MSEC FOR
CALL TIMER ERASE DELAY

PCP B

RET

READ 1 SECTOR
VERIFY CHECKSUM AND HEADER

RETURNS Z=0K

NZ=ERROR
CALL SLCT ENSURE UNIT IS
RDY + SLTD
LDA DCBSC GET SECTOR ADDE
MOV E.A FROM DCB

PUSH B

MULI C,SCLEN C <= BYTCT/2

CALL WTSYNC WAIT DESIRED
SECTOR & STEIP
SYNC BYTE

FOUND DESIRED SECTOR =~ READ

XCHG

MUl B.8 CLR CHECKSUM
READ LOOP

LDAX D READ FROM DISK
MOV M.,A MOVE TO BUFFER
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8693
P64
0635
0696
2697
2698
8699
694
2698
269C

Q69F
26A0
geal
B6A2

P6A2
06A6
BEAT
26AA
B6AB
P6AC
R6AD
G6AE
@6AF
06B0

06B1
2682
86BS
26B7

B6BA
26BC
868D
26BE
d6BF

23
88
47
1A
77
23
88
47
2D
C29106

ia
B
c!
ce

2A0087
EB
CDBD@S
ia
BE
19"
13
1A
B8
co

cs
CDE4©S
2EBS
CDD6d86

0628
7E
12
g8

47
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*
*
*

RDAB28

*

EEE IR IR BE N S 3R OBE BE N IR 3 AR AR B

ot
>
s}
Q
~

*

INX H
ADC B

MOV BLA
LDAX D

MOV M.A
INX H

ADC B

MOV ELA
DCR C

JNZ RDaAl@

NEXT LOC

ADD TO CHECKSUM
AND SAVE

NEXT READ

«ETC~

END OF DATA?
NO-LOOP

END OF DATA-READ CHECKSUM

LbaX D
CMP B
POFP B
RNZ

COMPARE VITH
COMPUTED CHECKEUM
RETURN IF ERROR

CHECKSUM OK-VERIFY HEADER

LHLD BUFADR
XCHG
CALL LDTRK

LDAX D
CMP M
RNZ

INX D
LDAX D
-CMP B
RET

VERIFY SECTCR

POINT DE TO READ
BUFFER

POINT TO CURRENT
TRACK AND COMPARE
WITH TRACK ID READ

COMPARE SECTOR ID
WITH DESIRED SCTR

READ THROUGH SECTOR WITHOUT
MOVING DATA INTC MEMORY AND
VERIFY TBACK AND SECTOR ID

AND CHECKSUM

ONLY TRACK AND SECTOR ID ARE READ
INTO MEMORY AND CHECKSUM 1S

VERIFIED

SECTOR IS SPECIFIED BY E REG

RETURNS Z=0K

NZ=ERROR

PUSH B

CALL SLCT

MUI C,SCLEN-l
CALL WTSYNC

MUL B.9
MOV  ALM
STAX D
ADC B
MOV BLA

SAVE SECTOR

ENSURE SLTD&RDY

C <= BYTCT/2-1
WVAIT SECTOR & STRP
OFF SYNC BYTE

CLR CHECKSUM

READ TRACK 1ID

SAVE IN BUFFR

ADD TO CHECKSUM
AND SAVE
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06C0
96C1
gecC2
26C3
a6Ca
gé6cCs

86Cs
86C7
86C8
a6Co
gsCa
26CB
86CC
86CD
86CE
26CF

g6be
@603

2606
26D%
26DA
260D
Q6EQD
B6E1
B6E2
B6ES
P6ES
86E7
B6ES8

@6ES9
B&6EA
B6EB
F6EE
g6rg
g6F1
26F4

7/77

13
7E
12
88
47
20

TE
88
4T
"]
20
TE
88
47
gD
c2Ce86

7E
C3A006

242007
EB
2A02987
CDES@6
23
BS
F2E1Q6
23
7E
AF
ce

7E

B7
F2E906
E68F
A8
C2ES96
c9

DCK1@

* % %

EEEERE)

3
n
o)
]
(2}

WTSg12

LR IR I

GETSEC

* #*

INX
MOV
STAaX
ADC
MoV
NOP

D
ALM
D
B
BsA

READ 5CTR 1ID
AND SAVE

READ THRQUGH REMAINDER OF SECTOR
TO COMPUTE & VERIFY CHECKSUM

MOV
ADC
MOV
NOP
NOP
MOV
ADC
MOV
DCR
JNZ

END

MOV
JMP

A,M
B
BL,A

A,M

B

B,A

c
RDCK18

READ FROM DISK
ADD TO CHECKSUM
SAVE CKSUM

-ETC-

OF DATA - READ CHECKSUM

A,M
RDAG2O

GO CHECK HDR &
CHECKSUM

WAIT FOR DESIRED SECTOR
TC COME AROUND AND STRIP OFF
BYTE FOR READ FROUTINES

SYNC

LHLD
XCHG
LHLD
CALL
INX
CRA
JP
INX
MOV
£RA
RET

BUFADR

DADR
GETSEC
H

M
wTSo19
H

AsM

A

GET BUFFER ADDRESS

AND CONTROLLER ADR
VAIT FOR SECTOR

WAIT FOR XFER RDY
FLAG

OK-READ I[N SYNC
BYTE ~ - THROW IT
AVAY,CLEAR CARRY
AND GO READ

VAIT FOR DESIRED SECTOR TO COME

ARQU

MOV
CRA
JP

ANI
XRA
JNZ
RET

RAM

ND

A.M

A
GETSEC
X @gF*
B
GETSEC

WAIT FOR SCTR FLAG

0K -IS THIS THE
ONE WE WANT?
NO-WAIT

PRESS ON

STORAGE REQUIRED FOR DRIVER
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P6EFS
B6FS
B6F6
A6F7
R6F8
B6F9
2806

gosR
8040
B6FB

B6FC
@6FD
REFE
O6FF

g702

gre2

2704
g708
gra6

e797
8788

278A

Rev.

4C

FF
FF
FF
FF

BOF &

4

7777

*

*

*

DCB
DCBFN
DCBUN
DCBSC
DCBTK
DCBAD
DCELEN
*

*

HCI
RAFI
TRKMX

s R 2 AR 2k IR IR R B

RACK

=
%
BUFADR
*

*

*

DADR

a*

*
LIRTRY
L2RTRY
L3RTRY
»
DIRCTN
STACK
*

*®

*

INTERNAL DISK CONTROL BLOCK

EQU
DS
DS
DS
DS
DE
EQU

EQU
EQU
DC

*

1

1

i

1

2

*-CCB

Xt*g@:* HEADER CHECK INH
Xrag:® RAV CHECK INHIBIT
76 MOD 2

CUERENT TRACK TABLE

MUST BE INITIALIZED TQO FF

AT POWER ON TO CAUSE DISK TO

BE RESTORED TO TRACK @

THE FIRST TIME 1T IS ACCESSED TO
CALIBRATE TRACK PCSITION

DC
3] #
DC

.bC

Ds

oC

X*FF*
X*FF?
X*FF*
X*FF?*

2 CURRENT BUFFER ADR

BC(DIADR) DISK CTLR ADDR

RETRY COUNTERS

DS
DS
LS

DS
DS

END

1
1
1

i
2 SAVED SP

s -
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APPENDIX A - BASIC ERROR MESSAGES

ARGUMENT - Argument in a function reference is the wrdng data type or missing.

ARRAY INDEXING ERROR - A reference to an array element contains an invalid
index. May also be caused if an attempt is made to reference an array ele-
ment before the array is defined in a DIM statement.

CONVERSION ERROR - Attempt to assigh a real valdé to an integer vyariable and
the converted value is too large,

DIGIT BEYOND RADIX - A number specified in radix format includes a digit which
is invalid for the specified radix.

DISK FULL - An attempt was made to allocate another track for a file and no
free tracks remain.

DRIVE NOT UP - The desired disk unit does not have a diskette loaded, is not
up to speed, or has a malfunction which prevents it from accepting commands.

DUPLICATE NAME -~ An attempt was made to OPEN a file name which already exists
as a new file.

END-FILE - The end-of-file was encountered in a disk file read.
EXTRA INPUT IGNORED - The response to an INPUT statement contained more values

than were needed to sat1sfy the variable 1ist and the extra values were
ignored.

FILE ALREADY OPEM - Fi1eAnumber specified in an OPEN statement a]réady has a
file opened to it.

FILE NOT FOUND - File name specified in a disk I/0 command does not ex1st on
the specified diskette.

FILE NOT OPEN - File number specified in a disk I/0 statement does not have
a file name opened to it.

FILE TYPE ERROR - The attributes of the referenced file are inconsistent with
the requirements of the statement or command that referenced it.

ILLEGAL IMMEDIATE - An attempt was made to use a statement as a direct command,

but the statement.is only valid within a BASIC program.

INPUT OVERFLOW - A program 1ine greater than 250 characters in length was en-
tered - the entire program 1ine is cancelled.

INSUFFICIENT INPUT - The response to an INPUT statement contained insufficient
values to satisfy the variable list.

INTERRUPT - Executidn of a program was interrupted by entry of a CNTL/C key at
the terminal.

INVALID DISK FILE NAME - Disk file name specified is not a valid disk file
name.

]
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LOAD OVERRUN - The Tength of the BASIC program being loaded exceeds the
memory space currently available to BASIC.

LOG OF NEG # - Attempt was made to pass a negative or zero value to the
LOG ar LN function.

MEMORY OVERFLOW - Insufficient memory exists for execution of the program.

MISSING FOR - A NEXT statement was encountered prior to execution of a
FOR statement specifying the loop variable.

NOT A FILE # - File number specified in a disk I/0 statement is not one of
the digits 0 - 9.

NOT A LOAD FILE - Attempt to load a data format disk file.

NOT A RECORD # - The value following the RECORD option in a GET or PUT
statement is not a valid record number.

NOTHING TO RETURN TO - A RETURN statement was encountered prior to executing
a G0SUB statement.

NUMBER OUT OF RANGE - The value of an expression referenced is illegal.
Refer to the description of the statement in error for the range of
valid values.

OVERFLOW - Numeric overflow - Result of an operation is too large to be
contained in a variable.

OUTPUT OVERFLOW - A PRINT or PUT statement has attempted to create an output
line (record) greater than 25@ characters in length. This exceeds the
maximum internal buffer capacity. The line (record) is not output.

PARM ERR - Disk I/0 Parameter error - usually caused by setting the sequential
GET/PUT pointers to an invalid value.

PERM FILE - An attempt was made to SCRATCH a permanent file. ¢

PERM I/0 ERROR - A disk /0 error occurréd which was not recoverable in the
disk I/0 retry logic.

PRECISION ERROR - A numeric function or the 4 operator was referenced with
RSIZE greater than 10.

READY - The BASIC interpreter is ready for entry of commands or program
lines at the terminal.

RAN QUT OF DATA - A READ statement depleted the data 1ist before satisfying

the variable Tist. A GET statement encountered the end of the current
record without satisfying the variable l1ist.
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SIZES ERROR - One of the parameters of a SIZES statement is invalid or
there are already variables allocated when the statement is encountered.

SQRT OF NEG # - Attempt to pass a negative number to the SQR function.
STACK OVERFLOW - The statement in error contains an expression which is
too complex. Break the expression into multiple expressions which are
less complex.

STMT # NOT FOUND - The statement in error tried to transfer control to a
program 1ine number which does not exist.

SYNTAX - The statement in error is not recognizable or contains an invalid
structure such as unequal right and left parentheses.

TYPE ERROR - Attempt to assign a value of the wrong data type to a variable.

WRITE PROTECT - An attempt was made to write on a file with a write protect
attribute or the diskette on which the file resides has a write protect
tab installed.

UNDERFLOW - Numeric underflow - The result of an operation is too small to
be assigned to a variable,

X+Y INDETERMINATE - Attempt to take a fractional power of a negative number
or # or to raise @ to a negative or @ power, which are undefined operations.

ZERO DIVIDE - Attempt to divide by zero which is an undefined operation.
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APPENDIX B - BASIC UTILITY

B.@ DESCRIPTION

The MDOS System diskette included with each system contains a BASIC
utility program.

The functions provided are:

1)

2)

3)

Initializing a diskette: This must be done before a newly

purchased diskette can be used by MDOS or M.BASIC to store
data or programs. The INIT command in MDOS may be used
instead. It has the same effect.

Examining and modifying memory: Used to examine, and change

if desired, the contents of any location in memory. The P
command in the Extended Systems Monitor is similar.

Saving BASIC: Writes a copy of M.BASIC plus the RES module

onto a diskette, Used for creating a BASIC-only system
diskette.

CALLING THE UTILITY

Rev.

1)

2)

3)

4)

Make sure you have mounted in drive @ an MDQOS system
diskette, or BASIC-only diskette with both M.BASIC and the
BASIC Utility on it,

Use normal operating procedures to get M.BASIC in control,
indicated by the READY prompt.

Enter the command LOAD "UTILITY"™ (return).

When the system responds with READY, enter RUN (return). The
Utility will sign on with: A

BASIC UTILITY PROGRAM-VERSION X.X

ENTER KEY TO SELECT DESIRED FUNCTION

5)

6)

7)

8

F FORMAT DISK

M MEM EXAM/MODIFY
s SAVE BASIC

E EXIT

FUNCTION?

To select a function, enter the associated letter, followed
by a return.

After completing a function, the program will request another
command. Enter E to return to M.BASIC.

If the program is for some reason unable to complete a
function, it may return to the M.BASIC executive. To get
back to the Utility, begin again at step 3.

1 2/5/79 B-1
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B.2 INITIALIZING A DISKETTE - FUNCTION F

The Utility refers to this as the FORMAT DISK function.
Initialization consists of writing track and sector address
information in each sector of the data area of the diskette and
writing an empty Directory on the Directory track.

Since initialization essentially erases a diskette, DO NOT
initialize the System diskettes included with your system.

1) In response to F (return), the Utility will output:

SPECIFY UNIT NUMBER?

2} Enter the number of the drive to be used (@ to 3) and press
return. The program responds with:

INSERT BLANK DISKETTE IN UNIT X.
ARE YOU READY?

If you wish to get out of this function, press (returnj,
otherwise, continue.

3) Load the diskette you wish to initialize into the specified
drive. ‘

4) Enter ¥ (return).

The Utility will initialize the diskette. This takes about 78
seconds,

When completed, the Utility will request the next function command.

B.3 MEMORY EXAM/MODIFY - FUNCTION M

In response to M (return), the Utility will cutput:
ENTER ADDRESS?

Type the hexadecimal representation of the desired memory address
followed by a carriage return. The Utility will print the
hexadecimal value of the contents of the desired memory location,
followed by a question mark (?). Enter one of the following
responses:

1) If a hexadecimal number from # - FF followed by a carriage
return is entered, the contents of the memory location just
displayed are set to the value entered. The contents of the
next sequential memory location are then displayed and the
Utility prompts for the next response.

2) If a carriage return only is entered, the contents of the

next sequential memory location are displayed and the Utility
prompts for the next response.
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3) If a colon (:) followed by a carriage return is entered, the
Utility prompts for the entry of a new address to
display/modify as described above.

4) If an exclamation mark (!) followed by a carriage return is

entered, the Utility exits the memory modify/display function
and prompts for a new function select.

SAVE BASIC -~ FUNCTION S

Rev,

1) In response to S {réturn), the Utility will output:

ARE YOU READY?

If you want to get out of this function, press (return),
otherwise, continue.

2) Mount the diskette on which you wish to store M. BASIC in
drive 8. {The diskette MUST be newly initialized. If it is
not, do section B.2 above, first.)

J) Enter Y {(return).

4) The Utility will save M. BASIC on the diskette, and set its
attributes to permanent and write-protected. When completed,
the Utility will request the next function command.

5) If you wish to copy the BASIC Utility onto the BASIC-only
diskette, exit from the Utility by entering E as the next

function. After the BASIC prompt READY, enter SAVE
"N:UTILITY" (return).

6) To copy any assembly language utility, such as DISKCOPY, ' onto
the BASIC-only diskette, use the FILECOPY command in MDOS.
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APPENDIX C - ACCESSING DISKCOPY FROM BASIC

DISKCOPY is a special overlay utility that writes an absolute binary copy

of one disk onto another. The utility overlays MDOS or BASIC. It uses

all available memory during the copying process. The more memory in a system
the faster the copying process. 0On average it takes about two minutes to
copy and verify all 315k bytes of a MOD II disk.

NOTE 1: Previous versions of DISKCOPY will not run with BASIC. 3.9 and
DISKCOPY 3.Pp will not run with earlier versions of Micropolis
BASIC.

NOTE 2: In multiple drive systems DISKCOPY can be copied onto another
disk by using the FILECOPY utility under MDOS (Section 4.7).

The DISKCOPY utility is invoked from BASIC by using the LINK command.
LINK “"[unit:]DISKCOPY"
a sign-on message is output:

MICROPOLIS DISKCOPY VS X.X - COPYRIGHT 1978
SPECIFY UNIT # FOR ORIGINAL (SOURCE) DISKETTE
?

DISKCOPY waits untii the unit number is entered. When a number between
P and 3 is entered it prompts:

SPECIFY UNIT # FOR DESTINATION DISKETTE
?

and waits until the unit number (@ to 3) is entered. It then prompts:

PUT DISKETTES IN SPECIFIED UNITS
TYPE Y WHEN READY
?

and waits for a Y. A note of CAUTION, we strongly recommend placing a
write protect tab on the original (source) diskette. It is possible to
put the wrong diskette in the wrong drive or type the wrong unit numbers.
If your original does not have a write protect tab and you make an error,
the original can be overwritten. The write protect tab provides a physical
interlock which disables the write electronics.

When a Y is typed DISKCOPY will start the copying process. During copying,
the process can be temporarily halted between read source and write destina-
tion cycles by typing a control S. The process is restarted by typing anv
other key except a control C.

The control C will cancel the entry or copy process and prompt:

CANCELLED
MORE ?

Rev. 7 3/78 c-1

'



If a Y is typed DISKCOPY starts from the top asking for the unit numbers
again. 1If an N is typed DISKCOPY prompts:

PUT SYSTEM DISKETTE IN UNIT 2
TYPE Y WHEN READY
?

When a Y is typed the disk in unit @ is rebooted. If it's an MDOS diskette
MDOS is booted. If the disk in unit @ is a BASIC only disk or some other
bootable system, it will be booted in and sign on. DISKCOPY is cverlayed
by the incoming system and is no longer in memory.

When the disk has been copied and verified correctly DISKCOPY outputs:

GOOD COPY
MORE ?

If the copy cannot be completed or does not verify correctly DISKCOPY outputs:
PERM I/0 ERROR ON DESTINATIOM DISKETTE

or

PERM I/0 ERROR ON SOURCE DISKETTE

indicating where the error occurred.

It is possible for single drive systems to make use of the DISKCOPY utility
to copy from one disk to another. In this case it is imperative that the
original diskette be write protected with a write protect tab. The procedure
involves specifying the same unit number for both source and destination
disks. Immediately after typing a Y in response to the TYPE Y WHEN READY
prompt, type a control S. The DISKCOPY program will read as many tracks from
the source disk as can be contained in main memory and then pause. When the
select indicator light goes out, remove the source diskette and insert the
destination diskette. Press the return key and as soon as the select
indicator 1ight comes on type a control S again. When the select indicator
light goes out again the data from the source disk has been written to the
destination disk and one complete cycle is finished. This process is
repeated, swaping the source and destination disks in and out until the
entire disk is copied. After the last data is written onto the destination
disk, the program goes directly into a verifying process and will not pause
until this is over. When the source is placed back into the drive and the
return key is pressed the system will prompt: GOOD COPY or output an error
message as discussed above. At this point the copy is complete.
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APPENDIX D - SUMMARY OF MDOS ERROR MESSAGES

D.1 MDOS EXECUTIVE AND SHARED SUBROUTINES
BAD FILE #

The file number specified is greater than 8.
BAD RECORD #

The record number specified is greater than exists in the specified file.

CANCELLED

A control C was typed at the console, canceling an operation.

COMMAND NOT FOUND

The word typed as a command name, or implicit command (file name) does
not exist. The command was spelled incorrectly or the file name was
not found on the specified disk.

DISK FULL

An attempt was made to allocate an additional track to a file, and no
free tracks exist. The file is closed and the message is output. Some
data may have been successfully written to the file before additional
track space was needed.

DRIVE NOT UP

The disk unit specified is not loaded.

DUPLICATE NAME

The file name already exists on the unit specified. All files on a'disk
must have unique names.

END~FILE

The end of the file has been reached during a disk read.

FILE NOT FOUND

The file name specified does not exist on the unit specified.

FILE NOT OPEN

The file with the specified number has not been opened.

Rev. 7 3/78
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INDEX PAST EOR
The index position is beyond the end of the record.
LOAD ADDRESS ERROR

The address specified with a file to be loaded 1nto memory would cause
the file to overwrite the operating system.

PARM ERR

A parameter is out of range for a particular command, to big or to small. )
This is different than a syntax error caused by a parameter beyond the maximum
input range.

PERM FILE

The file specified with a SCRATCH command or with the @SCRATCH subroutine
has an attribute with bit 1 set high indicating a permanent file.

PERM I/0 ERR

A disk I/0 error occurred which was not recoverable by the disk I/0 retry
logic.

READ ONLY FILE

The specified file has an attribute with bit ﬁ set high. This inhibits
rewriting of the file.

SYNTAX ERROR

The syntax of a command is wrong. This may be due to incorrect spelling,
or parameters beyond the maximum input ranges; 18 characters for ASCII
and four hex digits for numeric.

SYSTEM VERSION ERROR

An attempt was made to run a systém program on the wrong version of the
system.

WRITE PROTECT

The unit specified with a SAVE command or a subroutine that writes to the
disk has a disk in it with a write protect tab in place.

WRONG FILE TYPE

The file type does not correspond to the type of operation that is to
be performed.

D.2 EDITOR
FILEBUFFER OVERFLOW
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This message occurs whenever there is less than 256 bytes of buffer space
remaining in the edit buffer. Input can continue until the buffer is
completely full, but the message will be repeated after each carriage
return. The file should be written to disk and a new file started. If

a file is loaded from disk and is too large to reside in the buffer, this
message is output and the load is aborted. No data is loaded. This is
most likely to occur in conjunction with the APPEND command. If an APPEND
causes an overfollow, it is aborted and the files that were in the buffer
prior to the command are not changed.

FILE ON DISK NOT UPDATED, PROCEED?

The current working file in the editor buffer has not been saved or resaved
to disk. If you want to continue without updating the disk then type a Y
in response, otherwise type an N.

FILE NOT NAMED

A name has not been given to the current editor file prior to trying to
save it onto a disk.

LINE MOT FOUND

A line number which does not exist in the current text file was specified
in an EDIT command. :

LINE NUMBER OVERFLOW.

The editor command RENUM specified an increment that caused the line number
to exceed 9999 decimal. The file is only partially renumbered and care
should be taken to do an additional RENUM with a smaller increment to assure
that the file is properly numbered prior to doing any editing on the file.

STRING NOT FOUND

The SEARCH MASK specified with a SEARCH or CHANGE command in the editor
does not exist in the text.

D.3 ASSEMBLER
See Section 4.5.3.
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APPENDIX E - RES.I/0 SOURCE LISTING

Addr Bl B2 B3 B4 E Line

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0600
0000
00090
0000
0000
0000
0000
G000
0000
0000
0000
0000
0000
0000
00600
0000
0000
0000
0000
00060
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
6000
0000
0000
0000
O4EC

Rev.

04EC
04F0
0502
078D
0792
0797
Q07E5
07EA
04EA
04E7

nouw N R R

000D
0004
0008
0003
0013
0015
0018
007F
005F

0010

coDncC
co98 =

#

0000
0000
0000
0000
0000
0060

WU wan g ¥

0003
0002
0000
Q001

8.1 2/5/79

0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0320
0530
0540
0550
0560

Label Oped  Operand

*

* 1/0 source file for Micropolis RES module

* on Vector MZ, version 4.1

*

* by Neale Brassell,

* 2/79

* Vector Graphic Inc.

%*

* first, general system equates from SYSQ

*

@CONSOLEADDR  EQU 04ECH

@CIOTABLE EQU 04FOH

@LIOTABLE EQU 0502H

@CDIN EQU 078DH

@cpouT EQU 0792H

@CDBRK EQU 0797H

@LDouT EQU 07ESH

@LDATN EQU 07EAH

@D1PORT EQu O4EAH

RES EQU 04E7H

*

* now, general equates

*

CR EQU ODH

LF EQU 0AR

BS EQU 08H

CNTIC EQU 03H

CNTS EQU 138

CNTU EQU 15H

CNTX EQU 18H

DEL EQU 7FH

USCORE EQU 5FH

*

CANCELLED EQU 16

*

MIN EQU 0CODCH

MOUT EQU  0CO98H

*

* Get printer etc. from user, and compute ports
*

DIAB REQ ‘Diable (1=Yes, 0=No):’
CENT REQ ‘Centronics {l=Yes, O=No):’
DECW REQ ‘Decwriter, TTY, etc (l=Yes, O=No):’
OTHR REQ "Any other printer (l=Yes, O=No):’
BASE REQ ‘Bitstreamer base address:’
ANY EQU DIAB! CENT!DECW! OTHR

*

SSTAT EQU BASE+3 ;serial status
SDATA EQU BASE+2 ;serial data
PSTAT EQU BASE ;parallel O
PDATA EQU BASE+1 ;parallel 1
*

* Ok! first, the vectors to the i/o tables

*
ORG @CONSOLEADDR

E-1



Addr

04EC
Q4EE
04F0
04F0
04F0
04F0
04F0Q
04F0
04F2
C4F4
04F6
04F8
04FA
04FC
04FE
04FE
Q4FF
0500
0501
0502
0502
0502
0502
0502

0502
0504
0506
0508
0504
050C
G50E
G510
0510
03511
0512
0513
0514
0514
0514
0514
0514
0514
0517
0518
0514
0351B
051D
0520
0522
0524
0527
0529
0524
052¢C
052D
052E

Bl

FO
02

14
2E
77
F8
00
04
OF

00
01
4F
03

00
8E

00
27
11
13

00
01
83
01

CD
78

c8
FE
c2
06

CAa
EE
Co

3C
C9

BZ B3 B4 E Line

04
05

05
05
05
05
06
06
06

00
05
05
00
06
06
06

8D 07
03

15
22 05
18
5F
2A 05
7F

08

0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800

0810
0820
0830
0840
0850
0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

Label Opcd  Operand
DW @RCIOTABLE
DW @LIOTABLE
*
* the console i/o table
*
ORG @CIOTABLE
*
W CIN
DwW Cout
bW CBRX
DW CDIN
DW CDOUT
bW CDEBRK
DW CDINIT
*
WRAPFLAG DB 0
NULLCT DB 1
WIDTH DB 79
CURSOR DB 3
*
* next, the list i/o table
*
ORG @LIOTABLE
*
bW 0
W LouT
bW LATN
DW 0
bW LDOUT
DW LDATN
DW LDINIT
*
PWRAPFLAG DB 0
PNULLCT DB 1
PWIDTH DB 131
PCURSOR DB 1
*
* now for the logical i/o routines

*
* {CIN} logical console input

*

CIN CALL  @CDIN
MOV A,B
CPI  CNTC
RZ
CPI  CNTU
IJNZ  §+5
MVI  B,CNTX
CPI  USCORE
Jz BSPCE
¥RI  DEL
RNZ

BSPCE MVI  E,BS
INR A
RET

%

E-2

;logical input

;logical output

;logigal break check
sphysical input
;physical output
;physical break check
sphysical initialization

swraparound flag
;null count {(+1)
swidth (~1)

;cursor positiom

;placeholder for input
slogical output

slogical attention check
;placeholder for input
sphysical output
;physical attention check
;physical initialization

swraparound flag
;null count (+1)
swidth (=~1)
;line position

;get character
37 C?

sreturn if so
R 4

;702

;xlate "U into "%
junderscore?

sDEL?

;make backspace
;force NZ
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Addr Bl B2 B3 B4 E Line Label Oped  Operand

Vi

052E 1130 * {COUT} logical console output

052E 1140 *

052E ED 5B FE 04 1150 COUT LDED  WRAPFLAG

0532 24 00 05 1160 LHLD WIDTH ;get wrap, null, width, cursor
0535 78 1170 MOV A,B ;get character

0536 FE 0aA 1180 CP1 LF ;linefeed?

0538 Ca 92 07 1190 Jz @cpouT ;output, ignor if so
053B FE OD 1200 CP1 CR ;return? -
053D CA 5F 05 1210 JZ CROUT shandle special

0540 FE 18 1220 CPI CNIX ;"X character?

0542 CA 6F 05 1230 JZ CNTXOUT ;handle special also
0545 FE 08 1240 CPI BS

0547 C2 4D 05 1250 JNZ  COUTI sprint if not BS
0544 25 1260 DCR H

0548 25 1270 DCR H ;ad just cursor counter
054C 00 1280 NOP ;(space for patch)
054D CD 92 07 1290 COUT1 CALL  @cpout sprint character

0550 78 1300 WRAP MOV AE ;get wrap flag

0551 B7 1310 ORA A

0552 CO 1320 RNZ ;return i1f no wrap
0553 7C 1330 MOV AH ;get cursor

0554 BD 1340 CMP L ;end of line?

0555 C2 69 05 1350 JNZ DONE ;done 1f not

0558 06 0D 1360 CCRLF MVI B,CR

055A CD 92 07 1370 CALL  @CpouTt ;print LF

055D 06 OA 1380 MVI  B,LF

O55F CD 92 07 1390 CROUT CALL @cpouT ;and CR

0562 06 00 1400 MVI B,0 ;make a null

0364 15 1410 DCR D ;decrement counter
0565 C2 5F 05 1420 JNZ CROUT ; loop

0568 AF 1430 XRA A '

0569 3C 1440 DONE INR A ;increment cursor ptr
0564 32 01 05 1450 STA CURSOR ;save

056D B7 1460 ORA A

056E C9 1470 RET jreturn

056F 06 5C 1480 CNTXOUT MVI B, \’ sprint \ instead of “X
0571-CD 92 07 1490 CALL  @CpouT

0574 €3 58 05 1500 JMP CCRLF ;g0 print CRLF

0577 1510 =*

0577 1520 * {CBRK} logical console break check

0577 1530 *

0577 €D 97 07 1540 CBRK CALL @CDBRK

0574 CO 1550 RNZ jreturn if no char
0578 78 1560 MOV A,B ;get char

057C FE 13 1570 CP1 CNTS HI X

057E C2 89 05 1580 JNZ CANC

0581 ¢p 8D 07 1590 PAUSE CALL @CDIN ;get char

0584 FE 13 1600 CPI CNTS ;another ~8?

0586 CA 81 05 1610 JZ PAUSE

0589 FE 03 1620 CANC CPI CNTC ;°C?

0588 3E 10 1630 MVI A,CANCELLED  ;error code, just in case
058D C9 1640 RET jreturn

058E 1650 *

0S8E 1660 * {LOUT} logical list output

058E 1670 =*

0S58E ED SB I0 05 1680 LOUT LUED PWRAPFLAG ;get wrap, nulls
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Addr Bl B2 B3 B4 E Line Label Opcd  Operand

0592 24 12 Q5 1690 LHLD PWIDTH sand width, cursor
0595 78 1700 Mov A,B

0596 FE 0A 1710 CP1 LF ;linefeed?

0598 C2 A2 05 1720 JNZ LOUTO

0598 CD ES5 07 1730 CALL  @LDpouT ;print directly if LF
059E DA EE 05 - 1740 JC ATT shandle if ATTN
05Al1 C9 1750 RET

0542 FE 0D 1760 LOUTO CP1 CR sreturn?

0544 CA CC 05 1770 JZ LCROUT

05A7 FE 18 1780 CP1 CNTIX ;°X character?
0549 CA DF 05 1790 JZ LCNTXOUT

05AC FE 08 1800 CPL BS ;backspace?

05AE C2 B4 05 1810 JNZ LOUT1

0581 25 1820 DCR H sadjust cursor
0582 25 1830 DCR H

05B3 Q0 1840 NOP ;{spot for patch)
05B4 CD E5 07 1850 LOUTL CALL  @LpouT ;print character
05B7 DA EE 03 1860 JC ATT shandle if ATTN
05BA 7B 1870 LWRAP MOV ALE swraparound?
05BB B7 1880 CRA A

05BC CO 1890 RNZ s;return if not
05BD 7¢C 1900 MOV AH ;get cursor

O05BE BD 1910 CMP L ;too far right?
O5BF C2 D9 05 1920 JNZ LDONE

05C2 06 OD 1930 LCRLF MVI B,CR

05C4 CD ES 07 1940 CALL  @LDOUT spriont LF

05C7 DA EE 05 1930 JC ATT ;check ATTN
05CA 06 0OA 1960 ) MVI B,LF

G5CC CD ES 07 1970 LCROUT CaLL  @LpouT ;print CR

05CF DA EE 05 1980 JC ATT

05D2 06 00 1990 MVI B,0 ;create a null
05D4 15 2000 « DCR D ;count

05D5 €2 ¢C 05 2010 JNZ LCROUT k ;print nulls
05D8 AF 2020 XRA A

0509 3C 2030 LDONE INR A ;inc cursor
05DA 32 13 05 2040 ' STA PCURSOR ;save it

05DD B7 2050 ORA A

05DE C9 2060 RET ;return

05DF 06 5C 2070 LCNTXOUT MVI B,"\’ ;xlate here, too
05El CD ES5 07 2080 CALL  @GLDOUT sprint

05E4 D2 C2 0S5 2090 JNC LCRLF ;handle CRLF if no ATTN
05SE7 C3 EE 05 2100 Jip ATT ;80 to ATTIN routine
05EA 2110 *

0SEA 2120 * {LATN} list logical attention check

05EA 2130 *

05EA CD EA 07 2140 LATN CALL @LDATN sdo it

G5ED DO 2150 RNC ;done 1f NC

O5EE 21 EA 04 2160 ATT IXI H,@D1PORT ;on ATIN,

05F1 3E 01 2170 MVI Ayl ; reset

05F3 77 2180 MOV M,A ; assignments
05F4 3C 2190 INR A ; to their

05F5 23 2200 INX H ; defaults,

05F6 77 2210 MoV M,A ; and indicate
05F7 C9 2220 RET ; an error.

05F8 2230 *
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Addr

05F8
05F8
05F8
05F8
05F8
05F8
O5FB
O5FE
O5FF
0600
0600
0600
0600
0601
0604
0604
0604
G604
0607
0604
0608
060C
060D
060E
060F
060F
C60F
060F
0610
0611

Rev.

Bl B2 B3 B4 E Line

CD BC CO

ca
47
C9

78

F8 G5

2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

2370

C3 98 CO

CD DC CO
CA OD 06

AF
c9
3C
c9

8.1

2/5/79

2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540

Label Opcd Operand

*

* now for the physical i/o drivers
*

* {CDIN} physical console input’

*
CDIN CALL MIN ;get stat/char
JZ CDIN ;jnone yet
MOV B,A ;jsatisfy requirements
RET ;that’s that
*
* {CDOUT} physical console cutput
*
CDouT MOV A,B ;get character
JMP MOUT ;g0 print it
%*
* {CDBRK} physical comsole break check
*
CDBRK CALL MIN ;get stat/char
Jz CBl ;no char
MOV B,A ;save char
XRA A ;set Z
RET . s;return
CBl INR A ;clear Z
RET sand return
*
* {CDINIT} physical console initialization
¥
CDINIT fRA A jclear CY
RET jconsole is always init’ed
*
E-5
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Addr Bl B2 B3 B4 E Line Label Opcd Operand

0611 2560 *

0611 2570 * Now for the physical list routines.

0611 2580 *

0611 2590 * {LDATN} physical list ATTN check

0611 2600 *

0611 AF 2610 LDATN XRA A ;jnone of our devices
0612 C9 2620 RET ; have this feature
0613 2630 *

0613 2640 * {LDINIT} physical list initjalization

0613 2650 *

0613 AF 2660 LDINIT XRA A ;send nulls

0614 D3 03 2670 ouT SSTAT

0616 D3 03 2680 ouT SSTAT

0618 D3 03 2690 ouT SSTAT

061A 3E 40 2700 MYL A,40H ;send reset

061C D3 03 2710 oUT SSTAT

061E 3E CE . 2720 MVI A,O0CEH ;send mode

0620 D3 03 2730 ouT SSTAT

0622 3E 27 2740 MVI A,27H ;send command
0624 D3 03 2750 auT SSTAT

0626 C9 2760 RET sjreturn

0627 2770 *

0627 2780 * {LDOUT} physical list output

0627 2790 *

0627 CD EA 07 2800 LDOUT CALL  @LDATN ;formality

0624 D8 2810 RC

062B 2820 * ——— _

062B 2830 IFT DECW 3if TTY, Decwriter, etc.
0628 2840 PRT "General selected’

062B 2850 *

06238 2860 Lol IN SSTAT ;get status

062B 2870 RAR

062B 2880 JNC Lol swait till ready
0628 2890 MOV A,B

062B 2900 ouT SDATA soutput data
0628 2910 XRA A jclear C

0628 2920 RET sreturn

0628 2930 =*

0628 2940 ENDIF

0628 2950 *

0628 2960 IFT DIAB ;if Diablo

062B 2970 PRT ‘Diablo selected’

0628 2980 *

0628 2990 Lol IN SSTAT ;get status

062B 3000 RAR

062EB 3010 JNC jRe swait till ready
062B 3020 Mov A,B

062B 3030 ouT SDATA joutput character
0623 3040 CP1 LF slinefeed?

0628 3050 JNZ XARET sreturn if not
0623 3060 MVl B,CNIC ;send ETX char
0628 3070 CALL  LDOUT

0623 3080 LoO2 IN SSTAT ;get return status
0628 3090 ANI 2

0628 3100 JZ Lo2 ;walt till reply ready
0628 3110 IN SDATA ;get reply
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Addr Bl B2 B3 B4 E Line Label Opcd Operand

062B 3120 MVI B,LF ;restore LF

062B 3130 XARET XRA A ;zap carry flag

062B 3140 RET sreturn

0628 3150 *

0628 3160 ENDIF

062B 3170 * ———me

062B 3180 IFT CENT ;if Centronics

062B 3190 PRT ‘Centronics selected” -
062B 3200 *

062B 3210 Lol IN PDATA ;get status

062B 3220 RAR

06258 3230 JC Lol swait till not busy

062B 3240 MOV A,B

062E 3250 ORI 128 ;strobe on

062B 3260 ouT PDATA

0628 3270 ANI 127 ;strobe off

062B 3280 ouT PDATA

0628 3290 ORI 128 ;strobe on

062B 3300 ouT PDATA

062B 3310 XRA A ;jclear C flag

062B 3320 RET sreturn

0628 3330 *

0628 3340 ENDIF

0628 3350 * ————e

0628 3360 IFF ANY ;if no printer at all

0628 3370 PRT ‘No printer’ :

0628 3380 *

0628 C3 92 07 3390 Lol JME @cpouT sdummy routine

062E 3400 * -
062E 3410 ENDIF ’
062E 3420 * —eeee

062E 3430 * ’ oz
062E 3440 IFT OTHR ;special driver

062E 3450 PRT ‘Special printer’

062E 3460 *

062E 3470 LO1 , RET sjuser must write special driver
062E 3480 *

062E 3490 ENDIF

062E 3500 * ———eem

062E 3510 *

062E 3520 PRT ‘End = ’§

062E 3530 *

062E 3540 END RES
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APPENDIX F - MICROPOLIS DISK BOOTSTRAP

The Micropolis Disk Bootstrap Program resides in PROM on the controller

B board, occupying the first 512 bytes of the controller address space.

The bootstrap is involved by starting program execution at the base address

of the controller. An address-independent relocator determines the controller
base address and moves the bootstrap code from PROM to Tow RAM system

memory where it is executed. The Bootstrap Program selects drive unit 8

and reads the contents of sector p of track § (the System Loader Program)

into memory. Sector @ must be formatted as described in Section 6.1.2

and must be organized as follows:

Byte 2 Track ID

Byte 1 Sector ID

Byte 2-11 (Ignored)

Byte 12-265 System Loader Program
Byte 266-267 Load Address

Sector P is read into RAM at the system loader origin specified by bytes
266 and 267. After a successful read, the bootstrap transfers control to

load address +12. The DE register pair will contain the controller base
address. '

The Bootstrap Program requires approximately 1K of RAM memory from address
9@H.

F-1
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MICROPOLIS DISK BOOTSTRAP

VERSION 2 -~ RELCCATABLE
BOOTSTRAP ~ OPERATES WITH
CONTROLLER STRAPPED FOR ANY
LOCATICN FROM CR@2H-FCOQH

PRCM PART NUMBERS:
HIGH  8£03e3-981-4C
LoV 8800e3-2¢2-2C

RELEASE 1.0
COPYRIGET MICRCPCLIS COFPORATION
CCTOBER 11 1977

e e of e e et e e o e ok et et oo sl e o e ol ool e ot ok ket

E 2K AR IR BRI BE-3R R NI BB R R

e e e e i e e ol o o e o e e e ofe o o o ol o e o sle el e e o ol et e s ol e ke

IR R BRI RN B BE SR AR BEC - BE KO NEC AR AR SR BB

REGISTER DEFINITIONS AND *

FLAG EJUATES FOR MICROPOLIS *

FLEXIBLE DISK CONTRCLLER B *
2 ofie e sle e ox 2 338 2 3 o e e e e e e o e e e e ot ol e e e o e e e e e oy ek
PROM EQU X’F400°

DEFINITIONS GIVEN FOR STANDARD

ADDRESS OF F4@0H —— CONTROLLER

MAY ACTUALLY BE STRAPPED FOR

ANY 1K BOUNDARY FROM C3@QE -FC@OH
ISK EGU BPROM+X ‘2200’

DATA REGISTERS

¥DATA EQU DISK+Xx’22°
RDATA EQU WDATA
%

% STATUS REGISTERS
*

DSECTR EQU DISK

* 2-3 SECTOR COUNT

* ¢ SPARE

* 5 SPARE

* 6 SCTR INTERRUPT FLAG
: 7 SECTOR TFLAG

: FLAG BITS

SIFLG EQU X’48”
SFLG EQU X'8¢”’
DITMR EQU Xx°28°
&
%

DSTAT EQU DISK+1



o
{
fory

UNIT ADDRESS

UNIT SELECTED {10W TRUE)
TRACK @

WRITE PROTECT

DISK READY

PINTE

TRANSFER FLAG

3D U LN

-
[~
»

!

G BITS

# 4 % 4 RN RN

ze89 TFIG EQU Xx788°
2040 INTE EQU X°48°
2022 RIY ECGU X’223°
geie WPaT EQU X189’
2¢08 X8 QU X‘@8”
2024 ESLT ECU X‘va’

COMMAND REGISTER

Feee NI EQU DISK

M
ALSO WILL RESPOND TC DISX+1)

L} 91

g-1 CCMMAND MODIFIER
£-7 COMMAND

COMMANDS

et
[}
=

EQU X'29° SELECT UNIT
MOLIFIZRE CONTAINS UNIT ADDRESS
EQU X742° SET INTERRUPT
MODIFIER =1 ENABLE INTERRUPT
=@ DISABLE INTERRUPT
EQU X°'68° STEP CARRIAGE
MODIFIER =83 STEP 0UT
=341 STEP IN
RITE EQU X“&@° ENABLE WRITE
NO MCDIFIER USED '
ECU X‘a2° RESET CONTROLLER
NC MOTZIFIER USED

2020
0248

H;
.o
3

2ece

= % ey B Koy Hon B 2% 3 B RO RN
-3
o2
o

98 8¢

L]
w
e
3

geAe

DISK PARAMETERS

o
-
o BN

ROOF EQU 15 STEP+SETTLE TIME
TIVIDED BY 2.8775

gese YTCT EJU 134 BYTCT/2

#*#********#***M**M*#***#********# &k
. %

PROM-RESIDENT BOOTSTRAP :

e e 2de e e vie e dle 3k e ofe e e i e i e o 2 e e 2k e e 2 e ol o e S ok e e Rl o o ke vie

BOOTSTRAP REQUIRES AT LEAST 1K
OF RAM MEMCRY FROM 9@2H

4 0% % NN Fw B B EH

F=3
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23AC

edee

JdEE
eg6C
3G EF
2072
2072
ge7c
207€
2879
2¢738
gerc
2a7F
2082
2081
de&z
2284
298s
ges8?
2088
2289
o08A
2@ 8B

2280

¥

¥9
3E6CS
CDAZ230
EB
2AAQCE
2E32
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21A23¢

TCRG

# ¢ 40 3 W 3 A 3 3 3k 3 3 ik dF 3E 3 3o

REQ10

# % % % N

RELOCATES FROM PROM INTO RAM THEN
BOOTSTRAP LOADS SECTOR ZERE OF
TRACK ZERO INTO RAM AND STARTS
THE PPCGRAM LOADED

SECTOR ZERZ 1S ORGANIZED AS
FOLLOWS:

BYTES 2-1 HEADER

BYTZE 2-265 USEF PROGERANM
BYTES 266-2€7 RAM ALLRESS

BOOTSTRAP WILL READ SECTOR ZERC
INTO RAM STARTING AT THE
ADTRESS SPECIFLED BY BYTES

266 S 267 AND WILL START

TEE PROGRAM AT RAM ADDRESS +12

EQU X“AQ° CONTROLLER BASE
ADDRESS SAVET HERE

ORG CTORG=-X"35" CTQFG+2~RLCLEN)

RELOCATOR ~- MOVES BCOTSTRAP INTO
RAM AND STARTS BOOTSTRAP

DI
LXI H,CTORG+2 STUFF A RETURN IN
SPEL RAM AND CALL IT TO

MYI M,X°CO° DETERMINE ADDRESS
CALL CTORG+2 OF CONTROLLER

ICEG SAVE RANM ADIR

LELD CTORG GET ADDRESS WHICH
MY: L,2 WAS PUSHEL ON STAC
PUSE H MSR IS CTLR AIDR
LXI 3B,BTDSP1 BUILD MOVE LOOP
DAD 3 ADDRESS

PUSH E STUFF ON STACK

POP H ADJUST SP

MVI C,BTDSP2 BUMP HL TO START
DAD B OF BOOT CODE

MVYI B,BTLEN

ICEG

DCX ESP ADJUST SP TO POINT
DCX SP TO RE@12 CN STACK
LDAX D MOVE BITE FROM

MOV M,A PROM TO RANM

COMPARE MEMORY WITH A REG --
IF DIFFERENT THEN DESTINATION
RAM IS BAD OR IS PROM —
RELOCATOR WILL LOOP IN MOVE
LOOP UNTIL SUCCESSFUL

cMp M GOOT MOVE?
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pesr
00 8E
0@8rF
209¢
0821
092
eeed
¢9¢c6
£ess
Ce oA
289T
22 SF

@a1D
ee1is
2037

@0AZ
20Ac
J0A4

J0A€
23AS
COAA
2QAC
QOAF
2230
2322
Z22B3

geB6

geB7
22Be

Rev. 7

El
cAA2¢0
119242
19
2242209
CEAD
CZD4@@

2AA200
7E
£68¢
CALAOQD
7E

36
F2B7080

3/78

*
BTISP1

BTDSP2
§LCLEN

BOQT
CATE
LDRST

03 3F 4k 3% 3k 3k 3¢ 3k 3 F 3F 3F 3 3R 26 3 3k 3t

ISEC

%
*
%*

*
&

RD2OS
%

*
&

RNZ NO-LOOP

INX E

INX D

ICR B DONE?

RNZ NO-LOC?

POP H YES~CLEAN UP STACK
LELD CTCRG BUILD CONTEOQOLLER

LXI D,X’2086° ADDRESS FTRCM BASE
DAT D

SELD DADR ANT SAVE
MvI M™M,RESET RESET CONTROLLER
JYP SL3l12 AND GC START BOCT

ETU HEQ1@-EELOC
EJU *-REQ1%
ECU *-RELOC

ECU *
DS 2
DE 2

READ 1 SECTOR

B=SECTCR
C=BYTECOUNT /2
DE=REAL 3UFFER

A,HL ARE DESTROYEZD

RETURNS 2=0K
NZ=EREKOR

WAIT FCR DESIRED SECTCR

LHLD DADR :

MCV A M WAIT SCTR FLAG
ANI SFLG

JZ RDSEC+3

MOV A LM 0K-IS THIS THE
ANI X°2F° DESIRED SCTR?
XFA B

JNZ ERDSEC+3 NO-WAIT

FCUND DESIRED SECTCR GO READ

INX H

CRA M WAIT FOR TRANSTER
FLAG

JP  RD3®S

TRANSFER FLAG SET-STEIP

~
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2E¢BB
@e¢BC
¢@BD
2¢3BE
@e3BF
2éct
deCz2

26C2
2ec4
gece
2eCs
goc?
gecs
d2Co
2aca
2aCE
gecC
2@CD
22CE

2301
geda
2eDn2

20D4
QaLv7
89D
Z2eTh
eeDB
2¢1DC
¢OLE
QoL@

@OE3
@QES
PG E8
@LCES
20 EA
2OLB
BeET
P2EF
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C2C302

1a
cs

2AA22¢
3622
23

7E

2B
E624
EEZQ2
CZ2D429

@ESE
CD4941
23

7E

2B
E624
EE22
C2D402

* 4 %

L2182

SLez22

SINC

INX
MOV
XRA
XCEG
MVI
NOP
NQD

READ

LDAX
MCV
INX
ADC
MOV
LDAX
MOV
INX
ADC
MOV
DCR
JNZ

END
LDAX

CMP
RET

SELECT DRIVE 2

LELT
AR
INX
MOV
DCX
ANI
XRI
JNZ

MVI
CALL
INX
MoV
DCX
ANI
XRI
JINZ

T
o
O
2]

P

-

- b

OWWwmIUWemIT
Ps

RDG1¢

READ STNC BYTX
CLEAR CARRY

AND CHECESUM

READ FROM TDISK
MOVE TO BUFFER
NEXT LOC

ADL TC CHECKSUM
AND SAVE

NEXT READ

-ETC~-

END CF DATA?
NO-LCOP

CF DATA-READ CHECKS'M

I
B

DADR
M,SLUN

H

A M

B
RDY+USLT
RDY
SL212

€C,94
TIMER

d

AM

B
RDY+USLT
RLY
SL213

F-6

COMPARE WITH
COMPUTED CHECESUM

SELECT DFIVE

CHECK SLTD & RDY
WAIT UNTIL OK
TO PROCEED

WAIT 258 MSEC
FOR SECTOR CNTR
TC SINC

READ STATUS AGAIN
TO ENSURE STILL

0¥ TO PROCEED
NO-TRY AGAIN



eIz
20F2
AL
22¥€
22F7

20F4
28¥C
AQFE
2120
3122
2104

2187
g1ze
2128
Z12E
213C
210F
3111
¢112
211¢€

211s
211cC
211F
2122
212¢%
2128
2123
g12k
2131
2134
213%
213€

3127
2128
pl12¢
2313C
212F
2142
2143
2144
B14c<
el4€
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23

7t
EE28
2B
CA2721

B62E
3€E€L
CEQF
CD4521
e<
CZFC22

23

7E
E€28
2B
21921
3E6€Q
PECF
Ch40@1
czo7al

21%Fe1l
Col7el
C2T408
246902
224420
CL37ad1
C2D402
2AA429
119cCee
15

Il

ES9

ES
B
218622
CDAG09
El
C23721
EE
7E
23
B6

[« 3K 2K I

ZERC

# 5 %

Cze1o

czezce

cZesz

PR

o

(12 ]

ZERQ

RZERE

RESTCRE DRIVE TC TRACK 2

INX X READ STATUS
MOV AWM

ANT T¥2 TRACK 27
DCX &

JZ 22392 NO-PRESS ON

IF ALREADY AT TRACK ZERC
STEP IN THEN BACK OUT
TC ENSURE A GOOD POSITION

vVl 2,8 STEP IN 5 TKS
vyr »,STFP+1 STE? IN
¥vr C,sDLY PELAY SEEX +

CALL TIMER SETTLE TIME
DCE B

JNZ CZ212 LOOP UNTIL IN
INX H READ STATUS
MCY A M TRACK 27

ANI T2

ICx H

JNZ RSZERO YES-PRESS ON
MVl ™,STEP NC-STEP OUT

vl C,SDLY DELAY

CALL TIMER THEN TEST AGAIN
J¥pP CZ220

READ THRCUGE SECTCR ZERO
ONE TIME TO FINT EAM ADDRESS
THEN READ PROGRAM IN & START

LXI H,BTBUF
CALL RZER®D READ SCTR ZERO-
JNZ SLa212 RESEEX IF HEDE BAD
LHLT BTBUF+266 GET PGM ADDRESS
SHID LIRST GO LOATL PGM
CALL RZER?
JNZ Sle12 RESEEX IF HDR BAD
LHLD LIRST COMPUTE START
LXI 1D,12 ADDRESS AND GO
DAT D START PROGRAM
POP D (CTLR CRG STILL
PCHL ON STACK!
PUSE E SAVE FAM ADDRESS
XCHC DEC-ADDRESS
1XI B.BYTCT
CALL RDSEC READ IN SECTOR @
PCP H
JNZ RZZRQ RETRY IF CKSUM ERR
PUSE I
MOV A LM CHECKX EEADER
INX H
CRA M

F-7



APPENDIX G - "FEATURES"™ PROGRAM TO OPTIONALLY SHORTEN BASIC

M.BASIC contains features which are very useful during program
development but unnecessary when running debugged production
programs. It is possible to selectively delete some or all of these
features. When these features are removed the program buffer
(user's program space) is enlarged. Without removing them, ‘the
program buffer begins at 5D86 (Hex) whereas when all the features
which can be removed are removed, the program buffer begins at 5709.
This is the same place it did in version 3.8 of M.BASIC.

A special assembly languge program called FEATURES is supplied to
selectively remove features from BASIC. The three features which
can be removed are MERGE, RENUM, and EDIT. The procedure is as
follows:

1) Load BASIC fron an MDOS system diskette or from a BASIC-only
diskette. This must be BASIC version 4.4.

2) Type LINK "FEATURES" then depress (return).

3) The program will then begin by displaying:
BASIC V.S. 4.2 FEATURES PROGRAM

ENTER NUMBER OF DESIRED FUNCTION (CONTROL~C TO EXIT)

1-REMOVE MERGE .
2-REMOVE RENUM AND MERGE
3-REMOVE EDIT, RENUM AND MERGE

?

4) Select the desired function and enter its number. You have
only the 3 choices given. The program will begin executing
as soon as you touch one of the number keys. If you want to
return to BASIC rather than executing the program, depress
control-C {(hold CTRL key down while depressing the letter C)
instead of one of the numbers.

5) When the selected features are removed, the system is
returned to BASIC automatically.

NOTE: If you run the FEATURES program using a disk whose BASIC is
already shortened and if you select any of the features which had
been removed, then the program will set the beginning of the program
buffer back to where it was originally, as if the feature had not
been removed, but the feature itself will not be added back on.
Thus, the program buffer will be shrunk, but you will not have the
feature. 1In short, be careful that you do not try to remove a
feature that has already been removed.

The shortened BASIC created by the FEATURES program may be saved ona
newly initialized diskette for use as a BASIC-only diskette. Follow



the procedure in Appendix B before you exit from BASIC, in order to
do this.

The shortened BASIC can also be saved on your Personalized MDOS
System Diskette, or a copy of it. To do this, type the follewing
lines after BASIC's "READY" prompt, with the desired system disk in
drive @ (each line is followed by depressing return):

OPEN 1 "BASIC":ATTRS(1l)=9
SCRATCH "BASIC"

SAVE "BASIC®" 16R1572, 16RSDFF
ATTRS{(1)=16RF:CLOSE 1

Following the last line, your system diskette has a copy of the
shortened version of  BASIC, which will be used everytime you enter

the command BASIC. You can use the DISKCOPY command in MDOS to copy
this sytem diskette.

If yoﬁ do not save your shortened BASIC in one of these ways, then
since it only exists in the system's memory, it will be lost when

you turn the power off or return to MDOS. Until then, you can use
it for programming in BASIC.

G-2 Rev, 8.1 2/5/79



APPENDIX H ~ INTERFACING TO A CENTRONICS PRINTER

Centronics Printer

VECTOR GRAPHIC PRINTER INTERFACE

General
The Vector Graphic Printer Interface provides the means to connect a Centronics
line printer such as the 700 series of printers or equivalent to the Vector MZ
or other Vector Graphic microcomputers. The interface is designed to utilize
the Vector Graphic Bit Streamer 1/0 board parallel ports via connection to one
input port and one output port.

The software driver program monitors the BUSY signal from the printer and when
the printer is not BUSY (BUSY=0) the program may transfer a character of data at
which time the printer BUSY signal goes true thus holding off data transmission
until the printer is once again ready to accept data.

I/0 PORT BIT ASSIGNMENTS
PORT 01 OUTPUT

BIT 7 6 5 4 3 2 1 0

PORT 01 INPUT

BIT 7 6 5 4 3 2 1 0

Rev. 8.1 2/5/79 H-1
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INTERFACE PARTS LIST

1l ea Serial I/0 cable (Bit Streamer o Vector MZ backpanel.
1l ea Printer cable (Vector MZ backpanel to printer)
1l ea 6 pin Molex connector.

INSTALLATION INSTRUCTICONS

CAUTION - Power must be off before proceeding with installation.
1. Bit Streamer I1/0 Board

a) Cut the circuit trace at J3-19.

b) Bdd a short jumper wire from J3-19 to J2-17.

c) Add the 6 pin Molex connector on the circuit or back side
of the board as shown in Figure 1.

d) 1Install the Bit Streamer in a chassis slot near the back
panel of the computer chassis.

e) Plug in the 24 pin dip plug (part of the I/O cable) into J3 of
the Bit Streamer. If your computer does not have this cable
(Vector P/N IO-1327) one must be obtained.

2. Serial I/0 Cable

a) Install the serial I/0 cable in the Vector MZ with the 25 pin
connector attached in an available cutout on the rear panel
and connect the & pin Molex plug to the Bit Streamer as
shown in Figure 1. This now becomes the connector to use with
your terminal (Bazeltine, etc).

H-2 Rev. 8.1 2/5/79



CABLE WIRE LIST AND DIAGRAM

VECTOR MZ/CENTRONICS I/O CABLE

Jl J2 CENTRONICS COMPUTER

VECTOR M2z CENTRONICS SIGNAL NAME SIGMAL NAME
6 11 BUSY port 01 bit 0 IN
25 7 [ATA 6 port 01 bit & ouUT
24 6 DATA 5 port 01 bit 4 OUT
16 3 DATA 2 port 01 bit 1 oUT
15 4 DATA 3 port 01 bit 2 OUT
17 2 DATA 1 port 01 bit 0 OUT
12 8 DATA 7 port 01 bit 6 OUT
14 5 DATA 4 port 01 bit 3 OUT
11 1 STROBE port 01 bit 7 OUT
7 16 GROUND -
J1 . J2
1l = 120"
DB-25P Amphenol 57-30360
or egquiv.

Rev. 8.3-A 7/1/79 H-3
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CABLE WIRE LIST AND DIAGRAM

SERIAL I/0 CABLE

Jl J2
BIT STREAMER VECTOR MZ BACK PANEL SIGNAL NAME
1 7 GROUND
5 3 TRANSMIT DATA
6 2 RECEIVE DATA
J1 J2
Eg""*L
=
=—/
: 1= 12"
6 Pin Molex DB-25S
H-4 Rev.

8.1
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APPENDIX I - TROUBLE SHOOTING IF MDOS DOES NOT LOAD

This section is applicable the first time you attempt to load MDOS
using the Extended System Monitor B command.

1) If the disk drive select light does not go on in response
to command B, check the connection between the mainframe and the
console., If this is not the problem, then the system requires
attention by the dealer or by Vector Graphic.

2) If the MDOS has not signed on within 28 seconds, but the
disk drive select indicator light is still glowing, the bootstrap
ROM has been unable to read the loader into memory from the
diskette. Depress RESET. Check whether the correct diskette was
inserted in the correct drive, that it is inserted facing correctly
{(label leftward or upward), and that it is fully inserted and fully
mounted (snapped into place). If not the problem, inspect the
diskette for obvious contamination or damage. Reload the diskette
and begin again with the Monitor B command.

3) If the system has not signed on but the unit select
indicator has extinguished, the loader may not have been able to
read the rest of the system into memory. The probable cause is a
malfunctioning memory chip. Use the Extended Systems Monitor
command N to test memory. (See the Extended Systems Monitor
manual.) If this test terminates at a value below C@#88H (i.e. 48K},
it indicates malfunctioning memory: The ending address is the
location of the malfunction. 1If N reveals no problem, then try
command T, a more thorough memory test. Use the ending address
given by command N, less 1, as the second address in the command T
argument, and use @860 as the first address. To use an Extended
System Monitor command, depress RESET on the front panel of the
mainframe. Then enter the command you want, after the Monitor
prompt * appears.,

4) If there is no problem with memory, the system requires
attention by a service representative.

Rev., 8.1 2/5/79 I-1

1R



APPENDIX J -~ GAMES AND DISPLAYS ON THE MDOS SYSTEM DISKETTE

STARTREKG, CIVILWAR, and LUNAR are games written in BASIC. Get into
BASIC, then enter:

PLOADG "<game name>" (return).

The games are self-explanatory, with the exception of STARTREKG.
STARTREKG uses the classic set of rules familiar to all computer

Startrek aficlanados. For others, a little trial and error gets the
player going.

FINANCE 1s a BASIC program for computing varlous interest and
annulty problems. It 1s useful on a day-to-day basls for users
working with investment problems. Its operation 1s

self-explanatory. To start it, use the PLOADG command as wlth
games, above.

FLASHT7 1is a demonstration of the graphics capabllity of the
Flashwriter II board. Do not attempt to use 1t unless your system
uses this board, indicated by 80 X 24 display on a video monitor or
Mindless Terminal. Also, it will not work if the system 1s set up
to run word-processing (i1.e. it is a MEMORITE II system, or the Word
Management System character generator PROM's have been installed on
the Flashwriter II board.) It will only work if the system has the
graphlcs character generator PROM's which are installed when MZ
systems are manufacturerd.

To use FLASH7, mount an MDOS System diskette in drive 0. Get into
the MDOS command mode (usually done by depressing B (return) after
turning on or reseting the machine.) Then type FLASH7 (return).
The program willl begln executlng, showlng off the many features of
the Flashwriter II board, inciluding graphics, lack of glitches on
screen, multiple cursors, reverse video, and so on. The program
wlll execute indefinitely by repeating itself until halted by the
operator with the RESET botton. This program 1s an excellent demo
for dealers. (Dealers who want to demo Word Management System on
the same system must forego 1t, however.)

The operator may interact with FLASH7 (unlike the earlier FLASH6) in
various ways. First, touching the space bar at most times will
freeze the screen, for closer examination. Another space bar will
resume the demo. Second, the operator can cause the demo to Jump
directly to any of several points within 1ts cycle, 1f that
particular part of the demo 1s of speclal interest. Thils 1s

accomplished by pressing one of the following letters at almost any
time while the demo 1s operating:

letter part of demo letter part of demo

c Character Set B Introducing System B
R Sphere L Higher Level Languages
G Gettysburg Address S Bubble Sort

D Darth Vader

Rev. 8.4-4 7/26/79 ' J-1




APPENDIX K - CHANGING MICROPOLIS BOOTSTRAP ROM AND DISK 1/0
ADDRESSES

The disk Bootstrap ROM and Disk Controller I/0 addresses are
located in the 1K block from the base address D80¢ to DBFF.

The user may change this location by changing jumpers on the disk
controller board. 1If this is done, however, the B command in the
Extended Systems Monitor will no longer function, unless the new
base address is F488. 1If not, in place of B, the operator must use
the G command followed by the new base address.

No software changes are necessary. Disk I/0 routines in the RES
module automatically find the disk controller and Bootstrap
addresses.

This is also true if the CP/M operating system is used. However,
the MEMORITE and Word Management System word processing software,
and the MZ0S operating system, can only function with the disk

controller and Bootstrap block beginning at the normal D8g@
location.

Use the following procedure to change the location of the block:

1. Refer to fiqure K.1l, locate the base address desired and
determine the jumpers required.

2. Referring to figure K.2, locate the address jumper
locatlons on the controller board. Vector Graphic ships the board
with jumpers Wl and W4 installed.

3. Remove one or both of the installed jumpers and replace
with jumpers required for the desired address. Use short lengths of
wire, a 25-30 watt soldering iron, and resin-core solder. To avoid
blowing LSI chips with static electricity, do not work in a carpeted

room. Touch the contacts on the board edge with one hand before
beginning to solder.

Rev. 8.1 2/5/79 K-1



STANDARD
ADDRESS

FigureKLI' Controller Base Address Jumper Configurations

Rev.

BASE ADDRESS

-

- — oo v S e W e e e T W Y M e G W e W e A e e W W MR R MG W e g A

CO: 00 - C3FF
C4'! 00 - C7FF
8! 00 - CBFF
CC! 00 - CFFF
DO! 00 - D3FF
D4} 00 - D7FF
08! 00 - DBFF
DC! 00 - OFFF
EO! 00 - E3FF
€41 00 - E7FF
E8! 00 - EBFF .
EC! 00 - EFFF
FO! 00 - F3FF
F&1 00 - FIFF
F3: 00 - FBFF
FC! 00 - FFFF

- - -

ADDRESS BIT

JUMPER
A5 A14 A13 A12 ATl Al0 A9 A8

N/JA ]WT_ W2 W3 Wd | N/A™
1 170 0 0 000
1 110 0 0 1]/00
1 10 0 1 000
1 110 0 1 1{0 0
1 10 1 0 o000
T 110 1 0 1|00
T 110 1 1 o01l0o0
1 170 1 1 11]0 0
1 1{1 0 0 0|0 O
T 111 0 o 1100
T 111 0 v o}l0 o0
T 11 0 1 11]0 0
T 11 1 0 oloo
T 11 1 0 11]00
T 111 1 1 0100
1 1|11 1 1 1100

JUMPER INSTALLED

WT

2 E 2 ZE 2 Z 2 Z < < < < =< < =<

W2

ZZZZ—C-{*(-(ZZZZ-(-(K-(‘

W3

R e B E ) - E R = € =E O <

pre

Wi

< B < 2 < 2 < 2B < 2 < &Z <

P -}

As an example, if you wish to use base address F400 install jumper at W3.



Address Jumpers

Figure K.2 Locating The Controller Address Jumpers

Rev. 7



APPENDIX L - CHANGING CLOCK RATE TC 2 MHz

To operate the system at 2 MHz speeds, a jumper must be removed from
the disk controller board, as follows:

1) Refer to figure L.l. Locate the ribbon cable edge connector
and the resistors R25, R6 and R7.

2) Between R25 and R6 is a jumper location, W9. Remove the
jumper there with a 25-30 watt soldering iron. To avoid
blowing LSI chips with static electricity, do not work in a
carpeted room. Touch the contacts on the board edge with one
hand before beginning to solder.

A jumper must then be added to the Z-880 board at location "A".
Location "A" will be found under the top row of chips, directly
under the third chip from the left, U3. If necessary, refer to the
figure found in the Z-88 Board User's Manual.

Rev, 8.1 2/5/79 L-1
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Speed Jumper

Figure L.7 Locating the controller processor speed jumper
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APPENDIX M - WRITING A CONSOLE PHYSICAL I/O ROUTINE

For users wishing to replace the console physical driver in the
Vector Graphic Extended Systems Monitor, this section describes the
console I/0 requirements of the RES module.

Your version should be written in place of the routines in RES.I/O
found from lines 2250 to 2548. RES.I/O is the source code for the
I/0 routines in the RES module. It will be found on your MDOS
System Diskettes. The listing is in Appendix E.

If there are any other routines to rewrite, such as printer
routines, do this before assembling RES.I/0. To assemble RES.I/O
refer to Appendix O where the procedures are explained.

l) Lines 728 - 758 in the RCIOABLE can be changed if required.

2) The logical input, output and break check routines (CIN,
couT, and CBRK) should not have to be changed. They are
tailored to support all MDOS and BASIC requirements.

3) The console physical input routine (CDIN) must have the
following characteristics:

a) It must return all registers except A & B unchanged.

b) It can use the A register (destroy it).

c) It must return an ASCII character including the parity bit
if any, in the B register.

d) It must return the carry flag clear (NC). The other
status flags can be in any state.

4) The console physical output routine (CDOUT) must have the
following characteristics:

a) It must take an ASCII character in the B register.
b) It must return all registers except A unchanged.
c) It can use the A register (destroy it).

d) It must return the carry flag clear (NC).

e) The other status flags can be in any state.

5) The console physical break check routine {CDBRK) must have
the following characteristics:

a) It must check the console input status port to determine
if a key has been pressed.

b) If no key has been pressed it must return all registers
except A unchanged and the zero flag clear (NZ).

c¢) If a key has been pressed it must return the byte, in the
B register. The A register can be used (destroyed). All
other registers must be unchanged. The zero flag must be
set (2).

d) The status flags other than zero can be in any state.

6) It will probably not be necessary to change the Physcial

Rev. 8.1 2/5/7% M-1



Console Device Initialize routine (CDINIT).
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APPENDIX N -~ WRITING A PRINTER PHYSICAL I/0 ROUTINE

This Appendix is used when you want to write a custom version of the
printer physical I/0 routines in the RES module.

1) RES.I/0 is an assembly language source code file found on the

MDOS System Diskettes. 1In order to rewrite any part of the

‘'I/0 routines in the RES module, rewrite the relevent portions

of this source file, using the Line Editor in MDOS. Note
that RES.I/O0 is not the source file for the entire RES
module, but only the I/0 portion of it.

2) Write the your printer driver routine beginning at line 34749

Rev.

3)

4)

3)

in the RES.I/0. Make sure the contents of lines 3520-3549
are at the end of your routine. The first line must use the
label L#1, not LDOUT. Do not over-write the other printer
physical I/0 routines in the Source code (only yours will be
assembled, as you will see.) The parts of the new routine
must have the following characteristics:

a) The character to be output is passed to the physical
output routine in the B register in ASCII.

b) The physical output routine can use (destroy) the A
register.

c) All registers except A must be returned unchanged.

d) Some printers can signal when paper is out, the motor is
off, or they are out of ribbon. The system supports
printers which can signal a PRINTER ATTENTION condition.
If the printer needs attention, the physical output
routine should return with the carry flag set {(C}). If
your printer does not support a printer attention
condition, then always return with the carry clear (NC).
The other status flags can be returned in any state.
LDATN, the routine which handles printer attention, must
not destroy any registers except A.

Lines 899-92¢ in the @LIOQOTABLE can be changed if desired.

The present contents of lines 3520 ~ 3540 must be at the end
of your routine, or it will not assemble.

Turn to Appendix # when you are ready to assembly and save
the new RES module,
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APPENDIX O - REASSEMBLING AND SAVING THE RES MODULE

Follow the procedure in this appendix after you have modified the
RES.I/0 source code using the Line Editor in MDOS. When you are
done with this appendix, the RES module program will be modified on
your MDOS System Diskette, and ready to use.

1)
2)
3

- 4)

3)

6)

7)

Rev, 8

Mount Personalized MDOS System Diskette in Drive O.

In MDOS, enter ZSM "RES.I/O" "CRES" "E" (return).

Four questions will appear on the screen one after the other.
Your answers to these questions tell the assembler which
printer driver to include in the assembled code. Your
choices will be a standard Diablo protocol driver, a standard
Centronics protocol driver, a standard Decwriter and Teletype
protocol driver, or a driver you have written yourself
according to the instructions in Appendix N. As each
question appears, depress a 0 if you do not want that driver,
or a 1 if you do. Answer 1 to only one of the questions, and
0 to the other three. If you did not write your own and are
not sure which of the three standard drivers you need, review
section 2.2 in Chapter 2 which includes examples of the
different types of printers.

After the fourth question, another question will appear on
the screen, asking "Bitstreamer base address?" The answer to
this question is O if the Bitstreamer board is jumpered to
respond to port #'s 0, 1, 2, and 3, and it is 4 if the
Bitstreamer board is jumpered to respond to port #'s 4, 5, 6,
and 7. Generally, the former is the case if you are using a
serial terminal such as a Hazeltine, and the latter is the
case if you are using a Flashwriter board to interface a
memory-mapped terminal such as Vector Graphic's Mindless
Terminal or a memory-mapped video monitor such as a Hitachi.
(If for some reason you have chosen to jumper the Bitstreamer
board for a different set of port #'s, then respond with the
lowest # of the set you are using.)

After the last question, the object code will be assembled.
At the end of the assembly , the message "END = XXXX" will
appear. This value must be under 0700. 1If it is not, then

the routines you have written are too long, and must be
shortened.

At this point, with the code successfully assembled, the new
I/0 portion of the RES module is on disk as a temporary file
called "CRES"™ but not yet overlayed over the entire RES
module on the system diskette. To do this, enter TYPE '"CRES"

C éreturn;, and then CRES (returmn). Finally, type SCRATCH
return) to clear this workfile from the disk.

The complete RES module with all changes is now in memory,
but not yet stored on disk. Debug it now. Proceed when it



is finalized.

8) To save the new RES module, follow the instructions in
Section 2.2.0 of this manual.

10) NOTE: Do not overlay one of the pre-written printer drivers

as instructed in Chapter 2, sections 2.2.1 and 2.2.2. Steps 3
and 4 above already installed the correct driver.
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APPENDIX P - MAP OF I/O PORTS

On the following page you will find a chart which lists all the I/O
ports that an 8080 or Z80 can address, in hexadecimal notation. An
I/0 port is accessed when the processor executes an IN xx or OUT xx
instruction, where xx is the one of the port numbers in the chart.
The port number will appear on the lower half of the address bus
instead of a memory address, and either SINP or SOUT will be active
high which tells memory NOT to react and tells I/O devices that it
is their turn. Each I/0 device and board has gating circuitry which
detects when its own port number is on the bus. Usually, I/O
devices have dip-switches or jumper pads with which you can assign
any port number.

Next to some of the ports, you will find the names of commonly used
boards which respond to those port numbers. Some of these boards
are Vector Graphic's and some are not. In the case of the Vector
Graphic boards, most of them can be assigned ANY port number, either
by dip~switch or jumper. The numbers shown for these boards are
those that Vector Graphic software expects. Use this information to
avoid present and future conflict when you are assigning port
numbers to hardware. You can also use this sheet as a worksheet if
you are assigning a number of ports.
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MAP OF PORTS

QU0 V.G. Flash-]V.G. 40 V.G. 16K pank select (80 CU
01 Writers Bic- % 81 cl
02 Streamer |42 82 c2
03 v.G. T 43 83 ok}
04 Big~ AlLternate |44 84 C4
05 Streamer Bit- 45 85 Cc3
06 LI Streamer [46 86 CH
Q7 T 47 87 (i
08 48 88 C8 VDM (not V.G.)
Q9 49 89 co .
oA 44 8A CA
4321 4B 8B CB
ocC 4C 8¢ cC
0D 4D 8D CD
QE 4E 8E CE
OF 4F 8F CF
10 Al 50 90 Y]
11 Al 51 91 D1
12 a2 D+7A Board 52 92 D2
13 a3 (not V.G.) 53 93 D3
14 A4 54 94 D4
15 AS 55 95 D5
16 a6 56 96 D6
17 A7 57 97 D7
18 58 98 D8
19 59 99 D9
14 SA 9A Da
13 SB 98 DB
1C S5C 9C e
11D 5D 9D DD
1E On/Oft Dazzler SE 9E DE
1F Mode (Mot V.G.) |SF 9F DF
20 60 A0 EQ
21 161 Al E1
22 62 A2 [E2
23 63 A3 E3
24 64 LYA E4
25 65 AS ES
26 66 A6 E6
27 67 A7 La‘/
28 63 A8 E3
29 69 AS E9
24 6A AA EA
23 &8 AB E3
2C 6C Stacus Tarbell AC. EC
2D 6D Data Tape AD lED
2E 6E Status (Not V.G.) JAE EE
2F 6F Data AF EF .
30 70 BO FO
31 71 B1 F1
32 72 B2 F2
33 73 B3. F3
34 74 B4 F4
35 75 BS IF3
gg ;g B6 F6 V.G.
B7 F7 Jogscéck
48 73 B3 Tarbe
39 79 B9 F9 Disk
3A 7A BA FA (not V.G.)
3B 78 BB FB
ic 7¢C BC TC
3D 7D ED FD
3E /e V.G. Yideg DigitiLzer |BE FZ Imsal Wemory (mot V.G.
3F 7% BF FF _Pronc pane not V.G.
P-2 Rev. 8.3-A 7/1/79




APPENDIX Q - MEMORY DIAGNOSTICS

MDIAG

1f you have some reason to suspect that the computer's main memory
is malfunctioning, use the Memory Diagnostic program on the MDOS
System Diskette. Simply turn the system on, mount the system
diskette in drive 0 (the right-hand drive), type B following the
Monitor prompt (*), type MDIAG following the MDOS prompt (>), then
depress the RETURN key. The program will load into the scratch-pad
area of memory (not part of main memory) and execute.

MDIAG tests the contiguous memory beginning at 0000. There are
actually two tests going on at the same time. Each repetition
("pass'") of the program fills the next 8K block of memory with
random numbers, and then tests it for changes. At the same time, it
also fills all of memory with a certain fill code, and then tests
all of it for changes. A display appears showing the result of each
repetition. The program waits a certain '"delay time'" after filling
before it tests memory. After all 8K blocks of main memory have
been tested, the delay time is increased, and the program repeats
beginning with 0000.

The display shows for each repetition the TOP OF MEMORY (the lowest
address which is not in main memory), ACTIVE BLOCK (the first
address of the 8K block currently subject to the random number
test), the PASS NUMBER (incremented after each repetition), the FILL
CODE (the code used to £ill all of main memory as the second part of
the test), the DELAY TIME currently being used, the number of ERRORS
READ, and an ERROR DUMP showing the last 10 errors encountered,
giving the address which malfunctioned, the code written, and the
code read.

MDIAG will run indefinitely, with ever increasing delay timeé, if

allowed to. It is used at the factory to burn the systems in for
long periods of time. To stop it, depress the RESET key.

Monitor T Command

The T memory test is part of the Extended Systems Monitor PROM which
comes in the system. To activate it, depress the RESET key, then
type T, followed by the beginning address (in hex) of the block you
want to test, then the ending address of the block. For example, to

test the 48K of main memory, type T 0000 BFFF. The program will
begin executing immediately.

The program stores random numbers into memory, then tests to see if
any have changed. If memory is perfect, you will see nothing on the
screen. However, if anything changes, the program displays the
address, the code written, and the code read back. Then it

continues testing. It will go on until stopped by depressing the
RESET key.

Comparing with MDIAG, the strengths of the "T" test are 1) it allows
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you to test portions of memory wihich are not contiguous beginning at
0000, for example an 8K block from EQQ0 to FFFF, or the screen
memory, normally from DOCQ to D7FF; 2) ic displays ALL the errors,
rather than the last 10, allowing you to pinmpoint all malfunctioning
locactions, and 3) you can use it withouct .disk drives, if needed.

The weaknesses are 1) it may not show up errors produced by dynamic
memory over a delay time longer than T uses, whereas MDIAG increases
the delay time to long enough intervals; and 2) you must know the
ending address of memory. MDIAG is considered the better test for
dynamic memories, which are used in the standard Vector Grapnic
systems. .

Monitor N cormand . S = LT

- . g e — o

N is a non-destructive memory test. To activate it, depress the
RESET key, then type N. It will make only one pass through memory,
temporazily storing each byte, testing whether 00 and F¥ can be
stored and recalled corraccly, and then replacing the original
contents. Lt does this uncil an error is found, whereupon it princs
the address, the code written, and the code recalled, and then
returns to the Monitor executive.

This program is most useful for decermining how much main memory a
given syscem has, because if no errors are found, it will print ocut
the first addrass of ROM memory which is above main memcry. The N
test is not nearly as thorcugh as eicher the T test or MDIAG, and it
only reports the first error found. However, it allows you to tast
memory without destroying any of the contents, unlika the ‘others.

MAD | P

MAP is a ucilicy which tells you whether RAM, ROM or no memory at
all, is at each address in the system. This includas all special
purpose memory such as video boards, scratch-pad, and so on. Use
MA? 1if you are not sure what is in the system. If the system is
standard, then the result should be the same as the map in Figure
1.2 (Chapter 1), with the PROMs appropriate for your configuraticn.

To zun MAP, simply turm che system on, mount the system diskette in
drive 0 (che right-hand drive), type B following the Monitor prompc-
(*), type MAP following che MDOS prompt (D), the depress the RETURN
key. "The progrm will load and exacute. The resulcant display is a
matrix of memory that is fairly self-explanatory. You only have to
know thac the addressas increase from left te right in blocks of 100
Hex (256 byzes). You can run MAP with RAM holding data or program
without lesing anything; it is a non-destructcive cest, except for

the area ic uses icself, which is the scratch-pad area beginning
ircm DCOQ to DOFF. )
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