




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OPT - Option 

The "OPT" directive is used to give the programmer optional control of the format of assembler 

output. The "OPT" directive is not translated into machine code. No label may be used with the 
"OPT" directive. The options are written in the operand field following the directive, and are 

separated by commas. 

The available options are: 

Long Form 

LIST 

SLIST 

NOLIST 

SYMBOL 

Short Form 

L 

SLIS 

NOL 

NL 

SYMB 

S 

Selects listing of the assembly in long format (selected by default). 

Selects listing of the assembly in an abbreviated form. 

Suppresses the printing of the assembly listing. 

Causes the symbol table to be printed (selected by default). 

NOSYMBOL NOSYMB Suppresses the printing of the symbol table. 

GENERATE 

NOS 

NS 

GENE 

G 

Causes full printing of all code generated by FCC directive (selected 

by default). 

NOGENERATE NOGENE Causes only one line of listing to be generated by FCC directive. 

ERROR 

SERROR 

NOERROR 

PAGE 

NOPAGE 

TAB 

NOTAB 

NGENE 

NOG 

NG 

E 

SER 

Selects printing of error messages in long format (selected by 

default). 

Selects printing of error messages in an abbreviated form. 

NERROR Suppresses the printing of error messages. 

NOE 
NE 

NPAGE 

T 

NOT 

NT 

Causes the listing to be page formatted and to have a heading on each 

page (selected by default). 

Causes the listing to be continuous without page formatting. 

Causes horizontal formatting of the listing (selected by default). 

Suppresses horizontal formatting of the listing. 

TABLE 7-1.1-1 Assembler Directives (Sheet 4 of 6) 
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DB8 

DB10 

DB16 

MEM 

NOMEM 

M 

NOM 

NM 

Octal display base. 

Decimal display base 

Hexadecimal display base (selected by default). 

Instructs the assembler to save the object program in a permanent 

file. 

Assembler does not save the object program (selected by default). 

The assembler directive "ORG" defines the numerical address of the first byte of machine code 

which results from the assembly of the immediately subsequent section of a source program. There 

may be any number of "ORG" statements in a program. The "ORG" directive sets the program 

counter to the value expressed in the operand field. 

The operand field may contain the actual value (decimal, hexadecimal, octal or binary) to which the 

program counter is to be set or may contain a symbol or an expression which can be assigned a 

numerical value by the assembler. The special symbol" *" , which represents the program counter 

must not be used. 

The location counter is initialized before each assembly. If no "ORG" statement appears at the 

beginning of the program, the location counter will begin as if an "ORG" zero had been entered. 

Examples of valid "ORG" statements: 

Location Data 

(1) 0064 

(2) AF23 

(3) 

1100 

PAGE -Advance Paper to Top of Next Page 

Label 

(blank) 

(blank) 

BEGIN 

(BLANK) 

Operator 

ORG 

ORG 

EQU 
ORG 

Operand 

100 

$AF23 

$1100 

BEGIN 

The' 'PAGE" directive causes the Assembler to advance the paper to the top of the next page. The 

PAGE directive does not appear on the program listing. No label or operand is used, and no machine 

code results. 

RMB -Reserve Memory ~ytes 

The' 'RMB" directive causes the location counter to be increased by the value of the operand field. 

This reserves a block of memory whose length is equal to the value of the operand field. The operand 

field may contain the actual number (decimal, hexadecimal, octal or binary) equal to the number of 

TABLE 7-1.1-1 Assembler Directives (Sheet 5 of 6) 
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bytes to be reserved or may be a symbol or an expression which can be assigned a numerical value by 

the assembler. 

The block of memory which is reserved by the "RMB" directive is unchanged by that directive. 

The "RMB" directive may be written with a lable. 

Examples of valid "RMB" directives follow: 

Location Data Label 

0100 00 

0104 00 TABLE 1 

0118 00 TABLE 2 

SPC - Spa~e Lines 

Operator 

RMB 

RMB 

RMB 

Operand 

4 

20 

20 

The "SPC" directive provides vertical spaces for formatting the program listing. It does not itself 

appear in the listing. The number oflines to be left blank is stated by an operand in the operand field. 

The operand would normally contain the actual number (decimal, hexadecimal, octal or binary) 

equal to the number of lines to be left blank. A symbol or an expression is also allowed but must be 

assigned a numerical value during assembly by means of an EQU statement. 

TABLE 7-1.1-1 Assembler Directives (Sheet 6 of 6) 
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ASCII CHARACTER SET (7-BIT CODE) 

M.S. 
CHAR 0 1 2 3 4 5 6 7 

L.S. 000 001 010 011 100 101 110 111 
CHAR 

0 NUL DLE SP 0 @ P 0000 P 

1 SOH DC1 1 1 A Q 0001 a g 

2 STX DC2 " 2 B R b 0010 r 

3 ETX DC3 # 3 C S 0011 c s 

8 BS CAN ( 8 H X h 1000 x 

9 HT EM ) 9 I Y 1001 Y 

A LF SUB * J Z j 1010 z 

B VT ESC + K k 1011 

TABLE 7-1.1-2 ASCII Code 
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7-1.1.1 Line Numbers 

When preparing a source program for entry via a timesharing terminal, each source statement is 

normally assigned a line number. The line number is followed by a SPACE and the character position 

immediately following that SPACE is then the first character position of the source statement. The line numbers 

are usually assigned in multiples of a base so that additional statements can be inserted later, if necessary. For 

example, numbering as 1, 5, 10, 15, 20, etc., leaves room for 4 statements to be added between each of the 

original statements. 

7 -1. 1.2 Field of the Source Statement 

Each statement in the source program may have from one to four fields: a label, a mnemonic 

operator (instruction), an operand, and a comment. Each statement must have at least the mnemonic operator 

field. An operand mayor may not be required, depending on the nature of the instruction. The comment field is 

optional at the programmer's convenience for describing and documenting the program. 

The successive fields in a statement are normally separated by one or more spaces. An exception to 

this rule occurs for instructions that use dual addressing in the operand field and for instructions that must 

distinguish between the two accumulators. In these cases, A and Bare' 'operands' , but the space between them 

and the operator may be omitted. This is commonly done, resulting in apparent four character mnemonics for 

those instructions. 

If the statement includes a label, it must begin in the first character position of the statement field. A 

SPACE in the first position will indicate that no label is included with the statement. Note that if line numbers 

are being used, there must be two or more spaces between the number and the operator when labels 

are not used. 

7 -1. 1. 3 Labels 

Labels may be up to six characters long and use any alphanumeric combination of the character set 

with the restriction that the first character be alphabetic. Three single character labels, A, B, and X, are 

reserved for referring to accumulator A, accumulator B, and the Index Register, respectively. In general, labels 

may correspond to either numerical values or memory locations. The use of symbolic references to memory 

permits initial programming to be done without using specific absolute memory locations. 

Labels are required for source statements that are the destination of jump and branch instructions. 

(Such an instruction would have the same label as its operand.) Labels may be used with any executable 

instruction at the option of the programmer. 

A label is normally used with the assembly directives FCB, FCC, FDB, and RMB. A label must be 

used with the directive EQU and will be equated to the symbol which the EQU statement is defining. Labels 

must not be used with the other assembler directives. See Table 7-1. 1-1 for examples. 

7-1.1.4 Operands 

The operand field can contain numerical values, labels, or algebraic expressions that can be 

evaluated by the Assembler. Such expressions can include the arithmetic operators + (addition), - (subtrac­

tion), * (multiplication), or / (division). 

The assembler evaluates expressions algebraically from left to right without parenthetical grouping, 
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with no heirarchy of precedence among the arithmetic operators. A fractional result, or intermediate result, if 

obtained during the evaluation of an expression, will be truncated to an integer value. The use of expressions in 

the source language does not imply any capability of the microprocessor to evaluate those expressions, since 

the expressions are evaluated during assembly and not during execution of the machine language program. 

7-1.1.5 Comments 

Comments for improving understanding of the program can be included in source statements by 

inserting a SPACE and then the comment after the operand. If the instruction does not require an operand, 

everything following the insertion of one or more SPACEs after the operator will be treated as a comment. 

Additional documentation information will appear on the assembler generated program listing if an 

asterisk is used in the first character position of a statement. Everything following the asterisk is then converted 

into a comment and does not affect the machine language generated by the assembler. 

7-1.2 ACCESSING A TIMESHARE SERVICE 

As indicated earlier, the details of accessing vary from service to service, however, the following 

example based on the G .E. system serves to illustrate the procedure. It is assumed that a series of source 

statements have been prepared and are to be entered into the host computer in preparation for assembly. 

(1) Dial the telephone number assigned for computer access. 

(2) When the network responds, enter HHHH on the keyboard so that the terminal's speed can be 

determined. 

(3) In each case, conclude entries with a carriage return. The computer acknowledges entries by 

providing a line feed. 

(4) Enter user number and password. 

(5) If the computer requests additional identification, a code may be entered for additional 

protection of the program. If this is unnecessary, enter a carriage return to bypass. 

(6) Identify the system language that will be used by the Assembler. The Motorola 

Cross-Assembler language is identified by entering: FIV. 

(7) When the computer acknowledges a command, rather than merely the entry of information, it 

responds with the word "READY" in addition to the usual line feed. 

(8) After identifying the system, the user must specify whether an old or new file is to be used. 

Therefore, the user must enter: OLD:xxxxxx where xxxxxx represents the name of the old 'file 

that is to be changed, or NEW:xxxxxx where xxxxxx is the name of the new program. 

(9) After the computer has responded "READY", the source statements may be entered, line by 

line. 

(10) The computer must be told to make a permanent record of the entires. This is done by giving 
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the command: SAVE. If this is not done, the computer will not recognize the name of the old 

file if called for later; the program will have to be entered again. 

(11) When the source program is ready to be assembled, the Assembler is called by entering: RUN 

MPCASM 

(12) If an assembled program is to be simulated, the Simulator may be called by entering: RUN 

MPSSIM 

(13) If the user wants to change the memory file form, address range, or name of the assembled 

program or to link it to another memory file, the Build Virtual Machine program may be called 

by entering: RUN MPBVM 

(14) Build Virtual Machine can also be used to punch out a tape of the assembled program for 

entering the EXORciser or to order ROM from Motorola. 

7-1.3 ENTERING A SOURCE PROGRAM 

Entry of a typical source program is illustrated in Figure 7 -1.3 -1. It is recommended that the input be 

, 'saved" in the host computers permanent files following every few lines of code. This protects against loss due 

to a system failure. This is shown in the example by the SAVE command entered following the source 

statement numbered 200. Note that the command REP (replace) is used to "save" subsequent statements. This 

is a characteristic of the G .E. system. 

Figure 7-1.3-2 shows the results of listing a previously entered program. It is assumed that the 

system is accessed at a later time after AAA was entered. Note that the file OLD AAA is called, i.e., AAA is 

now an "old" file. 
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J~EI.I.I AAA 

~:EAD\' 

S .... ·:S: F 1 1 
••• 

1 

PEAD\' 
100 t-iAt'1 I TEt'12 
11 (I OPT t'1Et'1 
120 * ADDITION OF TWO MULTIPLE-PRECISION 
130 * BINARY-CODED-DECIMAL NUMBERS. 
140 * 
150 NB EQU 8 SPECIFIES 8-BYTE OPERANDS. 
160 * 
170 * BEGIN SUBROUTINE. 
1 ::: I) 0 R G $ 1 (I (I (I 
190 BCD LDA B ~~t{B 

2 I) (I LD::-=: ADDP LOADS DATA ADDRESS. 

PEAD\' 
21 0 CLC 
;:::2 I) 
230 

nE>::T 
AIte 

LDA A NB-1~X START LOOP 
A =·+t·fE!-l, ::< 

240 DAA 
250 STA 
260 DE>:: 
270 DEC B 
2:=:0 pnE NEXT END OF LOOP 
2'30 
:~:OO * 
E1E 

PEAD\' 
310 * 

PT"~: END OF BCD SUBROUTINE. 

320 * BEGIN MAIN PROGRAM ..•... 
330 * TEST OF SUBROUTINE BCD. 
340 ORG ~1;11 00 
350 LDS ~~$13F !t·n T I AL I ZE STCK pt·nR . 
. 36 (I LD>:: ~::P LOA IrS: ADD~:E:S':S: OF P. 
370 ST::< ADDR 
3::::'0 .JS~' BCD 
:3'30 nop 
400 BRA +-1 EnD OF MAIn PROGRAM. 

Jill::. 

READ'"!, 
41 (I + 
4;~0 + 
430 + ALLOCATE A DATA AREA IN 
440 + READ-WRITE MEMORY. 
450 ORI:; $0100 
460 + (1) FOR THE SUBROUTInE. 
47(1 ADDR Rt'1E: 2 
4:::0 + (2) FOR THE t'1AIN P~:.oGRAt'1. 
4'3 (I P ra'1E: t·U: 
500 C! ~:t'1E: NE: 
51 (I F!:ES F.:t1E: t'~E: 

520 E~iD 
5:::: 0 t'10t-i 

.ESl:. 

READ')"' NOTE: System Commands Entered by User are Underlined. 

FIGURE 7-1.3-1: Entering the Source Program "AAA" 
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OLD AAA 

~:EAD''''' 

LIST -
AAA 1:::: 1 (lEST 

1 00 r'iAt'l I TEt'12 
11 (I OPT t'1E~1 

01 ..... 24.····75 

120 + ADDITION OF TWO MULTIPLE-PRECISION 
130 + BINARY-CODED-DECIMAL NUMBERS. 
14 + 
15 NB EQU 8 SPECIFIES 8-BYTE OPERANDS. 
16 + 
17 + BEGIN SUBROUTINE. 
1 ::: ORI:; $1 000 
19 I BCD LDA B ~~t{B 

20 LDX ADDR LOADS DATA ADDRESS. 
21 CLC 
22 NEXT LDA A NB-l,X START LOOP 
23 ADC A 2+NB-1,X 
24'- DAA 
250 STA A 3+NB-1,X 
260 DE::-=: 
270 DEC B 
280 BNE NEXT END OF LOOP 
29 RTS END OF BCD SUBROUTINE. 
::::0 + 
31 + 
32 + BEGIN MAIN PROGRAM ..•.•. 
33 + TEST OF SUBROUTINE BCD. 
:;:41) OF.~G $11 00 
35 (I LDS ~~$1 :3F I t·~ I T I AL I ZE STCK PtiTR. 
:360 LD>:: ~~P LOADS ADDF.~ESS OF P. 
:370 
:;:80 
::::90 
4'00 
410 + 
420 + 

ST::·:: AD DR 
.JSR BCD 
t·~op 

BF.~A +-1 END OF MAIN PROGRAM. 

430 + ALLOCATE A DATA AREA IN 
440 + READ-WRITE MEMORY. 
45 (I OF.~I:; $ 0 1 00 
460 + (1) FOR THE SUBROUTINE. 
470 ADDR RI"1E: 2 
480 • (2) FOR THE MAIN PROGRAM. 
49 (I P F.:1"1B. r'iB 
500 Q F.:MB tiE: 
51 0 RES F.~MB t'iB 
520 Et-iD 
530 MDt·~ 

NOTE: System Commands Entered by User are Underlined. 

FIGURE 7-1.3-2: listing of the Source Program "AAA" 
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7-1.4 ASSEMBLING A SOURCE PROGRAM 

Prior to assembly, a source program must have been placed in memory accessible to the Assembler 

(see previous section). When the Assembler is called, it will request that a source input file (SI) be specified. 

This source input file will be the source program that was previously saved. 

If a MEM option was included in the source program, the Assembler will also request that a memory 

file (MF) be named. At this time, the user must specify a name for the file that is different from the source input 

file name. The machine language code resulting from the assembly will be stored in that file. 

After the assembly is completed, the Assembler prints out a listing of the code that was generated. 

The OPT (Option) assembly directive may be included in the source program and allows the user to vary the 

format of the Assembly Listing. If other options are not specified, the Assembler will automatically select the 

fullest format (see the OPT directive in Table 7-1.1-1 for a list of the options). The long format for a 

representative line from an Assembly Listing is shown in Figure 7-1.4-1. 

A sample Assembly Listing for the program AAA is shown in Figure 7-1.4-2. A number of the 

characteristics of source statements and the assembly process are illustrated: 

(1) Instruction labels: BCD, NEXT. 

(2) Assembler directives: NAM, OPT, EQU, ORO, RMB, END. 

(3) Assembler directive labels: NB, ADDR, P, Q, RES. 

NOTE: Diagram correct only if no format option specified. 

00200 OOFF CE 00F2 EP, CALC LOX #BUFFER Step 1: Sum Odd Data Positions 

Character 1 5 7 10 12 13 15 18 20 25 27 31 34 41 43 80 max 
Position 

1 Lcomment 
OPERAND (or Effective Address) 

Operator-Instruction or Directive Mnemonic 

Label 

Value of Operand or Effective Address 

OP Code 

Instruction Address 

Statement Number 

FIGURE 7·1.4·1: Fields of Assembly Listing 
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15=19EST 01 ..... 24.····75 

MDTOROLA~SPD, INC. OWNS AND IS RESPONSIBLE FOR MPCASM 
COPYRIGHT 1973 & 1974 BY MOTOROLA INC 

MOTOROLA MPU CROSS ASSEMBLER, RELEASE 1.2 

ENTER SI FILENAME 
?AAA 

ENTER MF FILENAME 
?DEF456 

DEFAULT MACHINE FILE 06/20/74. 

PAGE 1 ITEM2 01/24/75 15:19.00 

t·1At'1 I TEt'12 
OPT ~1EM 

• ADDITION OF TWO MULTIPLE-PRECISION 
* BINARY-CODED-DECIMAL NUMBERS. 
• 

0008 t'~B EOU :=: SPECIFIES :::-E:')"TE 
* 
* BEGIN SUBROUT I tiE. 

1000 DRG $1000 
1000 C6 0:3 BCD LDA E: ~~tiB 

OPERANDS:. 

00100 
00110 
00120 
OOl:~:O 

00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
002:~:0 

00240 
00250 
00260 
00270 
00280 
00290 

1002 FE 0100 LD:X: ADDF.: LOADS: DATA ADDF.~ES:S: • 
1005 OC CLC 
100E, A6 07 t"iE::-::T LDA A t'iE:-l , ::-:: START LOOP 
100::: A9 OF ADC A 2*NB-l , ::.:: 
100A 1':'- IIAA 
100B A7 17 STA A ~~:*t"iB-l , X 
100D 0':'- IIE::'~ 

100E 5A DEC E: 
100F 2E, F5 ENE t'iE:X:T E t'i II OF LOOP 
1011 :~:9 F.:TS: END OF E:CD SUBF.~OUT I tiE. 

NOTE: System Commands Entered by User are Underlined. 

FIGURE 7-1.4-2: Assembly Listing for Sample Program "AAA" (Sheet 1 of 2) 
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00:300 
00:::: 1 0 
00:320 
00:3:30 
00::::40 
00:350 
00::::60 
00:370 
00:380 
003'30 
00400 
00410 
00420 
004:30 
00440 
00450 
00460 
0047(1 
0048 
004'3 
0050 
0051 
0052 

1100 
1100 
110:3 
110E. 
110'3 
110C 
110D 

0100 

0100 

0102 
010A 
0112 

::::E 01:3F 
CE 0102 
FF 0100 
BD 1000 
02 
20 FII 

0002 

000::: 
0008 
000::: 

:S:'"I't'lBOL TABLE 

NB 000:::: BCD 
G! 010A RES 

PROGRA,..1 STOP AT 0 

U-SED 20.72 Ut-i I TS 

• 
• 
• BEGIN MAIN PROGRAM •••••• 
• TEST OF SUBROUTINE BCD. 

OPt:; 
LDS 
LD::-:: 

$1100 
::~$1 :3F INITIALIZE STCK PNTR. 

LOAtiS ADDRESS OF P. 
:S:T::~ ADDF.~ 

BCD .JSR 
NDP 
BF.~A +-1 END OF MAIN PROGRAM. 

• 
+ 
• ALLOCATE A DATA AREA IN 
• READ-WRITE MEMORY. 

ORG $0100 
• (1) FOR THE S'-'BF.~OUT I t-iE • 
ADDR R~lB 2 

• (2) FOR THE talA I t-i PRDGF.~AM • 
P RME: t-iE: 
G! RI"lB t-iB 
F.~ES ~~MB t-iB 

Et-iD 

1000 nE::-::T 100E. ADDP 
0112 

0100 P 0102 

FIGURE 7-1.4-2: Assembly Listing for Sample Program "AAA" (Sheet 2 of 2) 
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(4) Comments in comment field and also on lines where an asterisk appeared in the first character 

position of the source program. 

(5) Instructions without labels, on lines in the source program where two spaces separated the line 

number and operation mnemonic. 

(6) Operands consisting of an expression to be evaluated by the Assembler: NB-l, 2* NB-1, 

3* NB-1, *-1. 

(7) Operands indicating immediate addressing: #NB, #$13F, #P, so that NB, which is equal to 8, 

is loaded into accumulator B (line 190), $13F, a hexadecimal number, is loaded into the stack 

pointer register (line 350), and the address labeled P, rather than its contents, is loaded into the 

Index (X) register (line 360). 

During the assembly of the source file, the Assembler may detect inconsistencies or deletions in the 

usage of some symbols, labels, operation codes or directives that prevent it from continuing. Errors of this type 

are printed out on the terminal, and it is up to the user to correct the referenced source statement before 

attempting to reassemble. Other errors may be detected by the Assembler, such as undefined or doubly defined 

symbols, out-of-range relative addressing or syntax that do not prevent the Assembler from continuing but 

cause an incorrect assembly. These errors are identified at the end of the incorrect assembly. A list of typical 

error messages that might be printed out are shown in Table 7 -1.4-1. If an error message not included in the list 

should be encountered, the user can obtain additional information from the HELP program (see Section 7 -1. 6). 

There are many additional errors that the Assembler cannot recognize, and the Assembly Listing 

must be checked carefully to see that the addresses, operations and data that have been assembled are accessible 

or executable and that the program can run to completion. For instance, note that in the sample program AAA 

(Figure 7 -1.4-2), the operand of the instruction on Line 400 is: *-1. This is one of the three uses of the asterisk, 

and, in this case, refers to the present value of the program counter. BRA *-1 is an instruction to branch to one 

less than the present value of the program counter which causes the program to continue execution at the 

preceding instruction located at 110C. Note that this instruction is a NOP and has no effect other than advancing 

the program to the next instruction. During an examination of the Assembly Listing or during Simulation, it 

would be seen that this is not a very useful pair of instructions; the program would hang up, continuously 

repeating these two instructions. 

It should be noted that an error-free assembly does not mean the program will perform the desired 

function. A good assembly means only that the language of the M6800 system has been used properly. 

Significant programs will usually still require some additional debugging. 

7-1.5 SIMULATION 

The M6800 Simulator is a special program that simulates the logical operation of the MC6800 

Microprocessor. It is designed to execute object programs generated by the M6800 Cross-Assembler and is 

useful for checking and debugging assembled programs prior to committing them to ROM "firmware". 

7 -1.5. 1 Simulator Commands 

The Simulator is normally controlled 1 by means of an interactive conversation with the operator via 

lIt is also possible to simulate programs in a batch-processing mode. Refer to the M6800 Programming Manual for details. 
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8281 

281 HAft DIRECTIVE ERROR 
MESSAGE: ****ERROR 281 

8282 

"E~HING: THE SOURCE PROGRAM DOES HOT START WITH AHA" DIR­
ECTIYE STATE"ENT OR THE HAM DIRECTIYE IS MISSIHG. 

282 lA3El OR OPCODE ERROR 
MESSAGE: *.*.ERROR 282 

9283 

"EAHING: THE LABEL OR OPCODE SYMBOL DOES HOT BEGIN WITH AN 
ALPHABETIC CHARACTER. 

283 ST~TE"EHT ERROR 
MESSAGE: ****ERROR 283 
MEANING: THE STATEMENT IS BLANK OR ONLY CONTAINS A LABEL. 

9204 

284 SYNTAX ERROR 
MESSAGE: * ••• ERROR 284 
"EANING: THE STATE"ENT IS SYNTACTICAllY INCORRECT. 

0205 

285 LA3EL ERROR 
MESSAGE: ****ERROR 285 
MEANING: THE STATEMENT LABEL DOES HOT END WITH A SPACE. 

0286 

285 REDEFINED SV"BOL 
11 E S SAG F. : * * * *£ R R 0 R 286 
"EAHIHG: THE SYMBOL HAS PREVIOUSLY BEEN DEFINED. 

9207 

287 UNDEFINED OPCODE 

8288 

MESSAGE: •• *.ERROR 287 
MEANING: THE SYMBOL IN THE OPCODE FIELD IS HOT A VALID 

OPCODE "NE"OHIC OR DIRECTIVE. 

288 BRANCH ERROR 
MESSAGE: •• **ERROR 288 
"EANING: THE BRANCH COUNT IS BEVOND THE RELATIYE 8VTE~S 

RANGE. THE ALLOWABLE RANGE IS: 
(*+2) - 128 < D < <*+2> + 128 
WHERE: * = ADDRESS OF THE FIRST BYTE OF THE 

BRANCH INSTRUCTION 
n = ADDRESS OF THE DESTINATION OF THE 

BRANCH INSTRUCTION. 

TABLE 7-1.4-1. Assembler Error Messages (Sheet 1 of 3) 
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8289 

289 ILLEGAL ADDRESS "ODE 
MESSAGE: ****ERROR 289 

8218 

"EAHIHG: THE "ODE OF ADDRESSING IS HOT ALLOWED WITH THE op­
CODE TYPE. 

210 BYTE OVERFLOW 

8211 

MESSAGE: ****ERROR 218 
"E~HIHG: A CONSTANT CONYERTED TO A YALUE GREATER THAN 2~' 

(DECI"AL). 

211 UNDEFINED SYMBOL 
MESSAGE: ****ERROR 211 
ME~HIHG: THE SYMBOL DOES HOT APPEAR IN A LABEL FIELD. 

8212 

212 DIRECTIVE OPERAND ERROR 
MESSAGE: ****ERROR 212 
MEANING: SYNTAX ERROR IN THE OPERAND FIELD OF A DIRECTIYE. 

8213 

213 EQU DIRECTIVE SYNTAX ERROR 
MESSAGE: ****ERROR 213 

8214 

ME~HING: THE STRUCTURE OF THE EQU DIRECTIVE IS SYNTACTI­
CALLY INCORRECT OR IT HAS HO LABEL. 

214 FC3 DIRECTIVE SYNTAX ERROR 
MESSAGE: ****ERROR 214 

8215 

ME~NING: THE STRUCTURE OF THE FeB DIRECTIVE IS SVNTACTI­
CALLY INCORRECT. 

215 FDa DIRECTIVE SYNTAX ERROR 
MESSAGE: ****ERROR 215 

8216 

MEANING: THE STRUCTURE OF THE FDB DIRECTIVE IS SYNTACTI­
CALLY INCORRECT. 

216 DIRECTIVE OPERAND ERROR 
~ESSAGE: ****ERROR 216 
MEAHING: THE DIRECTIVE/S OPERAND FIELD IS IN ERROR. 

0217 

217 OPT DIRECTIYE ERROR 
HESSAGE: ****ERROR 217 
MEANING: THE STRUCTURE OF THE OPT DIRECTIVE IS SYNTACTIC­

ALLY INCORRECT OR THE OPTION IS UNDEFINED. 

TABLE 7-1.4-1. Assembler Error Messages (Sheet 2 of 3) 
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8218 

218 ADDRESSI~G ERROR 
MESSAGE: ****ERROR 218 

8228 

MEANING: AN ADDRESS WAS GENERATED WHICH LIES OUTSIDE THE 
LEGAL MEMORY BOUNDS OF THE VIRTUAL MACHINE FILE. 
TO EXTEND THE LAST ADDRESS (LWA) OF THE MACHINE 
(HF FILE); RUN THE MPBY" PROGRAM. ENTER "LW LWA" 
WHERE LWA IS THE HEW LAST WORD ADDRESS. THE 
SYSTEM WILL PROMPT THE USER FOR THE NAME OF THE 
MF FILE. 

228 PHASING ERROR 

9221 

MESSAGE: ****ERROR 220 
~E~HING: THE VALUE OF THE P COUNTER DURING PASS 1 AND 

PASS 2 FOR THE SAME INSTRUCTION IS DIFFEREHT. 

221 - SYKBOL TABLE OVERFLOW 
MESSAGE: ****ERROR 221 

9222 

ME~HING: THE SYMBOL TABLE HAS OYERFLOWED. THE HEW SYMBOL 
WAS NOT STORED AND ALL REFERENCES TO IT WILL BE 
FLAGGED AS AN ERROR. 

222 - SYNTAX ERROR IN THE SYMBOL 
MESSAGE: ****ERROR 222 

8223 

MEANING: THE SYMBOL WHICH USED AN OPERAND WAS REDEFINED OR 
HAS AN ERROR IN IT'S DEFINITION. THIS ERROR IS ONLY 
USED TO SHOW WHERE THE SYMBOL WAS USED. 

223 - THE DIRECTIVE CANHOT HAVE A LABEL 
MESSAGE: ****ERROR 223 
MEANING: THE DIRECTIYE CANNOT BE LABELED. REMOVE THE LABEL. 

0224 

224 - ERRO~ 1 H 

"ESSAGE: 
MEANING: 

USING THE OPTION DIRECTIVES OTAPE OR ME"ORY 
***.ERROR 224 X~XXX 
THE OTAPE=FILEHAKE OR MEMORY=FILENAME IS HOT THE 
FILENA"E USED ON THE 1ST OCCURRENCE OF THE OPTION. 
OR THE OPTION WAS TURH OFF (HOMEMORY) AND A FILE­
NA"E WAS SPECIFIED. 

TABLE 7·1.4·1. Assembler Error Messages (Sheet 3 of 3) 
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a timesharing terminal. Simulator requests for input may be responded to using any of the following typical 

commands: 

1. Format Control for Commands and Print-Out 

IB2 Set input number base to BINARY 

IB8 Set input number base to OCTAL 

IB 10 Set input number base to DECIMAL 

IB16 Set input number base to HEXADECIMAL 

These commands are used to set the format control of the Simulator to the number 

base of the user. Thereafter, the user enters commands with this base. There is a choice of binary 

(IB2), octal (IB8), decimal (IBI0), or hexadecimal (IBI6). 

DB8 Set display number base to OCTAL. 

DBI0 Set display number base to DECIMAL. 

DB16 Set display number base to HEXADECIMAL. 

Notes: (i) The format of the above commands is invariable, and does not depend on 

the current input number display base. 

(ii) The display base command does not apply to the display of the number of 

cycles of execution time, which is always shown as a 7 -digit decimal 

number. 

These commands select the number base that the simulator will use when it prints out 

information for the user. There is a choice of octal (DB8), decimal (DBI0), or hexadecimal 

(DB 16). The one exception is the print out of execution time cycles, which is always displayed in 

decimal. 

SD IOEPXABCST 

This command selects the registers that will be displayed by the D command. It does 

not cause them to be displayed. The user may select any or all of the following ten: 

IA - instruction address 

OC - Operation mnemonic code 

EA - effective address 

P - program counter 

X - index register 

A - accumulator A 

B - accumulator B 

C - condition codes 

S - stack pointer 

T - time 
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IA can also be addressed as I, OC as 0, and EA as E as in the command format line 

above. The contents of all these registers are printed out by the Simulator as initial status when 

the name of the memory file is entered. In addition, the first item of the initial status display is a 

two letter code which informs the user of the input and display base being used. This code 

consists of the letters, H (hexadecimal), D (decimal), 0 (octal), and B (binary). Binary can be 

used as an input base, but not as a display base. The first letter is the input base and the second is 

the display base. 

Initial status display: 

EA p x HH IA OC 

0000 *** 0000* 0000 0000 
A 

00 
B 

00 
C 

000000 
S 

0000 
T 

0000000 

In the above example, HH means that both the input and display base are 

hexadecimal. 

HRn 

LM 

NOLM 

This command causes the Simulator Register Header to be displayed, at intervals of n 

lines of print. The header has the same appearance as in the initial status display. 

List each command before it is executed. Useful as a check and reminder after a string 

of commands has been entered. 

To not list command before execution. Normally used sometime after an LM 

command has been entered when the echo listing is no longer desired. 

2. Set Values 

SM s ,no ,nl ,n2, . . . . ,nrn 

Set memory location s to no, s + 1 to nl, s + 2 to n2, .... , s + m to nrn. 

This command is used to load specified data into selected memory addresses. By 

altering the machine code stored in particular addresses, the program instructions can be changed 

or modified to improve the program. The contents of the selected memory addresses can be 

checked with the Display Memory (DM) command. SM requires only the lowest memory 

address in a continuous sequence. Each data value specified is automatically placed in the next 

higher address. These data values are separated by commas. 

SR Pnl,Xn2,An3,Bn4,Cns,Sn6 

Set registers to the respective values represented by nl, n2, . . ., n6. Register codes 

may be in any order and only the registers to be changed need be entered. 

This command is used to load specified data into selected registers. It can also be used 

to move the Simulator around in the program by resetting the program counter to a different 
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instruction and then doing a Trace or Run. After using the Set Register (SR) command, the 

contents of those registers can be checked by using the Display D, command. 

3. Display Values 

DM s,n 

Display memory starting at the memory location s and displaying n locations. Numerical 

values will be displayed in the display number base selected by the DB command. The 

numerical values are followed by ASCII literal interpretations of the 7 -bit codes from 

hexadecimal value 20 through 5F. 

The DM command displays up to sixteen memory locations per line of print. This is 

shown by the following example, for which the input and display bases had been set previously to 

hexadecimal (by simulator commands IB16 and DBI6): 

?SM 18FO,00, 11 ,22,33,44,55,66,77 ,88,99,OAA,OBB,OCC,ODD,OEE,OFF 

?DM 18FO, 10 

18FOOO 11 22 33 44 55 6677 88 99 AA BB CC DD EE FF .. "3DU .... 

Each line of memory display shows the numerical address of the first memory 

location being displayed. This is followed by the numerical coding of the specified number of 

successive memory locations. The numerical codes are followed by their corresponding ASCII 

literal interpretations. For the ASCII literals, only bit positions ° through 6 are considered, bit 

No.7 being ignored. Literals corresponding to seven bit codes 20 through 5F are printed, all 

others are indicated by a period (.). As an example, note that the contents of the first two 

locations, 00 and 11, are less than 20 and, hence, cause periods to be printed instead of ASCII 

literals. The last 10 locations contain values greater than 5F and also display as periods. 

D 

DL 

Display the registers selected with the SD command. Numerical values will be 

displayed in the display number base selected by the DB command. 

Display the last instruction previously executed. 

4. Program Execution 

Tn 

. Trace n instructions, printing the selected registers after each instruction is executed. 

Rn 

Run n instructions without printing, and then print the selected registers. 

The trace command traces the execution of successive instructions of the program. 

The format of the trace is identical with that of the second line of the display of initial status, as 

described above. The run command (Rn) also results in a printed line in the same format, but this 

is printed after execution of the specified number of instructions. 
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The trace may also include register header lines, in the form described earlier. The 

frequency of appearance of the register header line in the trace depends on the value set in by the 

Display Register Header command (HRn). 

The user may command either Trace mode or Run mode. The trace mode (T) is 

selected for a number (n) of instructions specified by the user. The n instructions are then 

executed, and the simulator displays the contents of selected registers after the execution of each 

instruction. The trace is capable of showing the current status of all of the registers of the 

programming model, the address and coding of the current instruction, the source language 

mnemonic operator corresponding to the instruction, and the total time of execution in cycles. 

The user has complete control of the content of the trace and by using a simulator 

command (SD) is able to set the display so as to eliminate unwanted elements. 

The Run mode (R), like the Trace, is selected for a number (n) of instructions 

specified by the user. The successive instructions are executed without display by the simulator 

until n instructions have been executed. The nth instruction is then displayed in the same format 

as for the trace. 

5. Repetition 

RCn 

RLn 

Execute the next command n times. If the command RCn is the last command in a 

line, the command which will be repeated is the first command in the next command 

line. 

A typical application could be for increment or decrement instructions which are part 

of a counter subroutine. Repeating the instruction advances the counter. 

Execute the remaining portion of the command line (to the right of the RLn command) 

n times. If the command RLn is the last command in a line, it will have no effect. The 

RLn command must not be included in the definition of a MACRO command. 

6. Memory File Status 

SS 

RS 

EX 

Save the simulator status in the memory file. All register settings and selected options 

are saved. The MACRO library and current MPU memory pages are not saved. 

Useful fOL terminating an incomplete simulation that will be resumed later. 

Restores status saved by SS command. The saved status is transferred from the 

memory file back into the Simulator registers. 

Exit from the simulator after saving the status as for the SS command, and also saving 

the MACRO library, and all of memory including the current memory pages. Informs 

host computer that present usage of Simulator is complete. 
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Numerical Substitution in the Commands 

Where applicable, n, no, nl, nz, .... , nrn, and s are replaced by numbers when entering a 

simulator command. The number so substituted will be interpreted as octal, decimal, or hexadecimal, 

according to the input base set previously by a command IB2, IB8, IBIO, or IBI6. 

Hexadecimal Input 

When entering a hexadecimal number in a simulator command, the hexadecimal number must begin 

with a digit from ° to 9. If the hexadecimal number would otherwise begin with A, B, C, D, E or F, a leading 

zero must be used. 

7-1.5.2 Operating the Simulator 

After the host computer has been accessed as described in Section 7-1.2 (for the G.E. system), the 

Simulator is called by the command RUN MPSSIM followed by a carriage return. Once accessed, the 

Simulator will request a source input file. The user responds with the name of the desired memory file as 

assigned during assembly of the original source program. The Simulator extracts control information, the 

source language, and the machine code from the memory file. It then prints out the initial status of the 

microprocessor registers and then requests a command by typing a question mark on the next line. Thereafter, 

each time the Simulator prints a question mark, the user may respond by entering a Simulator command, a 

Macro command, or a string of commands and/or Macros. A Macro (see Section 7-1.5.3) is itself a string of 

Simulator commands which are performed in the order entered each time the Macro name is entered. Any 

portion of a program may be simulated by setting the P (program) register to the address of the first instruction 

and using the Trace or RUN commands to cause the Simulator to advance through the program. 

If a single command is being entered, it is followed by typing a carriage return to put the command 

into effect. More than one simulator command may be entered in reply to a simulator request. The multiple 

commands are entered on a single line with a period (.) typed between the commands as a separator. The string 

of commands is followed by a carriage return which puts the commands into effect in serial order from left to 

right. The string of commands entered in a single line must not exceed 70 characters. The simulator will accept 

minor variations of format in the entering of commands such as extra spaces inserted in a string of commands in 

some instances. 

The use of some of the Simulator commands is illustrated in the following examples: 

Example I: 

Assume that the user wishes to have the simulator perform as follows: 

1. Save the simulator status in the memory file. 

2. Set the display registers so as to display the program counter, and the accumulators A and B. 

3, Display the registers as selected at (2). 

4. Trace five instructions. 

The commands to carry out this sequence may be entered on a single line, in response to a simulator command 

request, as follows: 

? SS.SD PAB.D.T5 
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Example II: 

Assume that a one line command is to be entered to do the following: 

1. Set the program counter to hexadecimal 1000, and register A to hexadecimal value AO. 

2. Set four memory locations, beginning at hexadecimal address 5000, to the hexadecimal values 12,34, 

CD, and EF. 

3. Display the four memory locations set by the instruction (2). 

4. Display the registers as previously selected. 

5. Trace sixteen instructions. 

Assuming that the input base (lB) has been set to hexadecimal, the commands required for the above sequence 

may be entered on a single line as follows: 

? SR PI000, AOAO.SM5000, 12,34,OCD,OEF.DM5000,4.D.TI0 

In this example, there are some formatting details that should be noted: 

(1) After the SR command, there is a space preceding the first designated register. 

(2) There is no space between the register designation and the data value to be entered. 

(3) The designated register and its data value is separated by a comma from the next one. 

(4) When the data value is a hexadecimal digit greater than 9, a zero must precede it. (Data value 

OAO into the A register, Data value OEF into memory address 5003) 

(5) SM requires only the lowest memory address in a continuous sequence. Each data value 

specified is automatically placed in the next highest address. These data values are separated by 

commas. 

(6) DM requires the number of memory addresses to be specified. 

(D refers to the registers previously designated on the same line (P and A). 

7 -1.5.3 Macro Commands 

Macros are special user defined commands that cause the Simulator to carry out a string of normal 

commands. By carefully defining a few macros that include all the repetitious commands, the time and effort of 

reentering those commands each time they are required is saved. Instead,only the Macro is entered. The 

Macros, once defined, can be saved in a Macro Library in memory for recall during later similar simulations. 

Naming a MACRO Command 

A Macro command may be named and defined in reply to any of the simulator command requests 

(after the initial status display). The format for naming and defining a MACRO is as follows: 

? Name [Definition] 

The name may consist of from 1 to 4 alphabetic characters. The definition of the Macro command is 

enclosed in brackets, followirig the name. 
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(Any combination of 1 to 4 letters may be used for the name even if it is identical with one of the 

simulator commands. However, in such a case, the Macro takes precedence, so that the simulator command 

which it displaces cannot then be used except within the definition of a Macro.) 

The simplest type of Macro command consists of a series of constant simulator commands, which 

are to be put into effect in the order written. The definition in this case consists of the corresponding string of 

simulator commands, with a period (.) as a separator. 

Calling a Constant Macro Command 

A Macro command is put into effect exactly the same as any of the simulator commands. The name 

of the Macro is typed as if it were a simulator command. The names of one or more Macros may be included in a 

string of commands entered on a single line, in response to a simulator command request. The Macro names are 

separated by periods (.) the same as for basic simulator commands. The Macro, or a string of commands 

including one or more Macros, is put into effect by the carriage return. Examples: 

Example I: 

Assume that the one-line string of commands shown below is frequently required. 

?SS.SD PAB.D.RS 

To avoid repetitive typing, the Macro" AB" may be defined by typing the following in replay to a 

simulator command request: 

?AB[SS.SD PAB.D.RS] 

The string of commands will be put into effect by calling the Macro AB followed by a carriage 

return: 

? AB 

Example II: 

To replace the sequence of simulator commands which could be typed: 

? SR PIOOO,AOAO.SMSOOO,12,34,OCD,OEF 

A Macro command, which may be named "CD", could be defined by entering as follows: 

? CD[SR PIOOO,AOAO.SMSOOO,12,34,OCD,OEF] 

Both of these Macros, AB and CD, having once been defined are retained by the Simulator for 

further usage. 

In some cases, the same Macro could be useful if only the memory addresses, registers, data content 

or trace and run cycles requested by it were different. That is, the Macro command remains constant but the 

relevant parameters are variable. 

There are two ways to do this, called Parameter Substitution, and Text Substitution. 
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Parameter Substitution 

Example 1: 

Consider the sequence of simulator commands entered as follows: 

? SM5000,OA2.RI5.D.DM5000,1 

A constant Macro, say "EF", could be defined. This might be entered by: 

? EF [SM5000,OA2.RI5.D.DM5000,1] 

However, this can be replaced by a Macro in which the address and the numerical data can be 

substituted at the time that the MACRO is called. To do this, the numbers are replaced by symbols, consisting 

of the pound sign (#) followed by a serial number. 

In place of the above constant Macro substitute a Macro with two numerical parameters denoted by 

# 1 and #2. The Macro would be defined by: 

? EF[SM#I,#2.RI5.D.DM#1,l] 

The foregoing Macro with not more than two numerical parameters, may be called, in response to a simulator 

command request, as follows: 

? EF ,5000,OA2 

The actual values 5000 and A2 are substituted for the parameters represented by #1 and #2. (This 

format assumes that the input base (IB) has been set to hexadecimal.) 

The Macro could also be called in a string of commands, as for example by: 

? R20. T5.EF,5000,OA2. T5 

Example 2: 

Another set of Simulator commands might be: 

? SM5000,12,34, OCD,OEF.R50.D.DM5000,OC 

To provide for substitution of all of the numerical content, this could be replaced by a Macro defined 

by: 

? GH[SM#1,#2.R#3.D.DM#I,#4] 

It should be noted that there are four 'substitutable parameters here. In this case, the Text Substitution mode 

must be used to call the Macro since there are more than two parameters. 

Text Substitution Validity 

In text substitution, the parameters in the Macro represented by #1, #2, etc., are replaced by 

specified text when the Macro is called. The text corresponding to each parameter is delineated by the colon (:) 

and the semi-colon (;) in the calling command. 

More generally, the text corresponding to any parameters may be any string comprising al­

phanumeric symbols, spaces, and commas, subject to the following rule: when every text has been substituted 
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for the corresponding parameter, the result must be identical with a valid constant Macro command, consisting 

of a sequence of simulator commands separated by periods. 

Accordingly, the text substitution mode allows for substituting commands, as well as numerical 

data, whenever a Macro command containing parameters is called. 

and 

For the example Macros, GH and EF defined previously, the Text Substitution call is as follows: 

? GH:5000: 12,34, OCD,OEF:50:0C 

? EF:5000:0A2 

The Macro could also be called in a string of commands, as for example by: 

? R20. T5.GH:5000: 12,34,OCD,OEF:50:0C;T5 

? R20.T5.EF:5000:0A2;T5 

Text Substitution of Simulator Commands 

The general nature of the Text Substitution method requires only that a valid Macro result from the 

substitution. For this reason, it is also feasible to replace an undefined symbol in the Macro with one or more 

Simulator commands. 

Example: 

Consider again the Macro command GH and suppose that the user anticipates that he may need to 

run or trace variable numbers of instructions between the SM and D commands. A Macro command could be 

defined by: 

? I1[SM#1,#2.#3.D.DM#1,#4l 

The Macro command might be called by entering: 

? 11:5000: 12,34,OCD,OEF:R10. T10.R30:0C;T5 

The four substitutable parameters are replaced by text, as follows: 

#1 - 5000 

#2 - 12,34,OCD,OEF 

#3 - R10.T10.R30 

#4-0C 

The semi-colon (;) denotes the close of the Macro command. 

Restrictions in Defining a Macro Command 

The line of typing including the name, brackets, and definition, must not exceed 70 characters. 

When substitution of parameters or text takes place, a virtual Macro command is formed. The virtual 

Macro command must not exceed 70 characters. 

A Macro command must not be used within the definition of another Macro command. 

The simulator command "RLn" must not be included in the definition of a Macro command. 
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To Delete a Macro Command 

To delete one or more previously defined Macro commands named "Nam 1", "Nam 2", respond 

to any simulator command request in the following format: 

? MD,Nam I,Nam2, ... ,Nam N 

For example, to delete previously defined Macro commands named AB ,EFG, JKLM, respond as 

follows: 

? MD,AB ,EFG ,JKLM 

Macro Library Commands 

MS Save the current Macro library in the memory file. 

MR Read in the Macro library from the memory file. (Destroys the current library). 

ML List the current Macro library and the number of characters remaining in the library for more Macro 

storage. 

MD,Naml,Nam2, .... ,NamN 

Delete the Macro commands named "Naml", "Nam2" ...... "NamN", from the Macro 

library. 

7 -1. 5.4 Sample Simulated Program 

Figure 7-1.5.4-1 illustrates the print out by the Simulator of a sample program (see Section 7-1.4, 

Figure 7 -1.4-2 for an Assembly Listing) which adds together two 8 byte binary coded decimal (bcd) numbers. 

This program is saved in memory file "DEF456." 

Explanation of Sample Simulation 

Initital Status 

The first two lines of printed output, shown after MF filename DEF456, are the dispiay of the initial 

register status of the memory file. The case shown in the tables represents the first simulated execution of the 

program "AAA" (see Section 7-1.5.4), following the assembly of the program. The initial status of the 

memory file is such that the input and display bases are both hexadecimal, all possible registers will be 

displayed, and all registers, including time, are set to zero. 

If execution of the program contained in the specified memory file had been simulated previously, 

the initial status might differ from that represented, both in format and in content. 

Simulator Command Requests 

Following the initial status display, the simulator prints the first simulator command request, 

indicated by a question mark (?). In response to successive simulator command requests, the typed commands 

and definitions described below have been entered. 

Repetition of Commands and Input Base Definition 

In the example shown, the operator has replied to the first simulator command request with a string 
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RUt~ ~lPSS 1M 

~lPSS 1M 11:42EST 

MOTOROLA SPD, INC. OWNS AND IS RESPONSIBLE FOR MPSSIM 
COPYRIGHT 1973 & 1974 BY MOTOROLA INC 

MOTOROLA MPU SIMULATOR, RELEASE 1.1 

ENTER MF F I LEI"~AME 
·-;:·DEF45E, 

DEFAULT MACHINE FILE 06/20/74. 
HH IA DC EA P X A E CST 

0000 ••• 0000 0000 0000 00 00 000000 0000 0000000 
?L~l. IE16 

L~1. 

IB 16. 
?SETP[LM.SD IOEPXABCST.IB16.DB16.HR5.SR Pll00,TO] 

SETP[LM.SD IOEPXABCST.IBI6.DB16.HR5.SR Pll00,TO] 
?S;:-:; [St'l 01 02, ~~ 1] 

S>:: [St'l 01 02, ~~ lJ 
?:s:' .... [St'l 01 OA, ~~ 1] 

:S:'r' [SM 01 OA, ~~ 1] 
?ZSUM[SM 0112,0,0,0,0,0,0,0,0] 

ZSUM[SM 0112,0,0,0,0,0,0,0,0] 
?DMEM[NDLM.DM 0102,8.DM 010A,8.DM 0112,8.LM] 

DMEM[NDLM.DM 0102,8.DM 010A,8.DM 0112,8.LM] 
?ML 

t'1L. 
MACRO LIBRARY LISTING 

SETP [LM.SD IDEPXABCST.IBI6.DB16.HR5.SR PltOO,TO] 
:S:;:o:: [St'l 01 02, ~~ 1] 
S:'.... [St'1 01 OA, ~~ 1] 
ZSUM [SM 0112,0,0,0,0,0,0,0,0] 
DMEM [NDLM.DM 0102,8.DM 010A,8.DM 0112,8.LM] 

1056 REMAINING CHARACTERS 

NOTE: User I nput Underlined. 

FIGURE 7-1.5-4-1: Simulation of "AAA" (Sheet 1 of 3) 
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'?:S:ETP -
SETP; L~l. 

SETP; SD IDEPXABCST. 
SETP; IB 16. 
SETP; lIB 16. 
SETP; HR 5. 
SETP; SR Pll00,TO. 

SY:92,58,14,70,36,74,1S,52; SM 010A,92,58,14,70,36,74,1S,52. 
?1..i!::!!:1 

ZSUM; SM 0112,0,0,0,0,0,0,0,0. 
?D~lEt'l. D 

Dt'1EM; tiDLM. 
0102 13 IC''"'!' 

"_II" '30 24 ~,=-_'1_' 0'3 7C" , ... ' :31 .1 ... 1.$ ••• 1 
010A q":' 5:3 14 70 :~:E, 74 lS 1:""-' .::-:: •• 6 •• R -"~ ... 'e: 
01120. 00 00 00 00 00 00 00 00 . . . . . . . . 

II. 
HH IA DC EA P ::.:: A B C :S: 

0000 ••• 0000+1100 0000 00 00 000000 0000 
?TOE 

T OE. 
.1100 LDS .11 02.11 O:~: 0000 00 00 000000+01:3F 
+11 O~: LD:X: .1105.1106+0102 00 00 000000 013F 
+1106 :~~T::':: .01 01.11 0'3 0102 00 00 000000 013F 
+110'3 .J:S:R .01:3E+1000 0102 00 00 000000+01:3D 
HH IA DC EA P I ..... , .. , A B C S 
+1000 LDA B.1001.1002 0102 00.08 000000 013D 
+1002 LII:>~ .0101+1005 0102 00 08 000000 013D 
+1005 CLC .1005+1006 0102 00 08 000000 013D 
+1006 LIlA A+Ol09.1008 0102,.31 OS 000000 013D 
.1008 AIle A.Ol11.100A 0102.83 OS OOt-iOVO 013D 
HH IA DC EA P ::< A B C S: 
+100A IIAA .100A+100B 0102 S"-' ".;.0 OS OONOOO 013D 
+100B STA A+0119+100D 0102 83 OS OOr-iOOO 013D 
+100D DE>:: .100D.100E+010l S3 08 0000,00 013D 
.100E DEC B.100E+100F 0101 83.07 000000 013D 
+100F BNE .1010+100E, 0101 8"-::' "-' 07 000000 013D 

FIGURE 7-1.5.4-1: Simulation of "AAA" (Sheet 2 of 3) 
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0000050 
0000054 



?HR100.NOLM.RC7.R7 

HR 1 I) O. 
t~OLtt1. 

HH IA DC 
100F E:t-iE 
10 OF BtiE 
10 OF E:t~E 

1 I) OF BtiE 
100F :BtiE 
100F E:tiE 
10 OF BtiE 

7T5. II~1E~1 

.1 011 f;.~T:S: 

.110e t-iOP 

.11 011 B~:A 

.110e tiDP 

.110II BRA 
0102 1:3 57 

EA P I .... .... A E: e :~~ T 
1010 1 006.01 I) 0.9:~:. 06 000000 013I1 0000079 
1010 1006.00FF.83.05 000000 01:311 0000104 
1010 100E .• 00FE.04.04 OOOOOC 01 :3 II 0000129 
1010 1 I) 06. 0 OFII.'3S. 0:3 000000 01:~:11 0000154 
1010 1006.00FC.04.02 OOOOOC 01~:D 0000179 
1010 1006.00FB.16.01 HOOOOC 013I1 0000204 
1010.1011.00FA.06.00 00020C 01311 0000229 

.013F.lloe 

.110C.l10Il 

.110E·110C 

.110C.l10Il 

.11 OE.11 oe 

OOFA 06 00 a0020e.013F 0000234 
OOFA 06 00 00020C 013F 0000236 
OOFA 06 00 00020C 013F 0000240 
OOFA 06 00 00020C 013F 0000242 
OOFA 06 00 00020e 013F 0000246 

'30 24 68 09 75 31 .W.$ ••• l 
010A '32 58 14 70 36 74 18 52 • ::-::. • E.. • ~~ 
0112 06 16 04 95 04 83 93 83 .••••••• 

E'···' , .. , . 
PROGRAM STOP AT 0 

USED 22.11 UNITS 

FIGURE 7-1.5.4-1: Simulation of "AAA" (Sheet 3 of 3) 
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of two simulator commands. These commands instruct the simulator to repeat all commands (LM), and to set 

the input base to hexadecimal (lB 16). 

Entering the command IB 16 is actually redundant in this example, since as is shown by the initial 

status display, the input base was already hexadecimal. 

The simulator repeats the IB 16 command, because of the preceding entry of the LM command. All 

subsequent commands will be repeated by the simulator until the LM command is cancelled by "NOLM". 

Definition of Macro Commands 

The user has next defined five Macro commands, to facilitate running the program. The purposes of 

the Macro commands are as follows: 

SETP -to set the program counter to the beginning of the program, at hexadecimal address 1100; to ensure 

format control for repeating commands, displaying all possible registers in the trace, and printing a 

header line every five lines of the trace; to ensure that input and display bases are both hexadecimal: 

to set initial cycle time to zero. 

SX -to facilitate entry of the first of the two 8-byte bcd numbers which are to be added together; this 

number will be placed in memory at consecutive addresses beginning at hexadecimal 0102. 

SY - to facilitate entry of the second of the two 8-byte bcd numbers which are to be added together; this 

number will be placed in memory at consecutive addresses beginning at hexadecimal 010A. 

ZSUM -to enter zeros in the memory locations where the result of the bcd addition will be stored, beginning 

at hexadecimal address 0112. 

DMEM - to display the locations in memory where the two bcd numbers which are to be added together are 

stored, and where the bcd sum is stored; NOLM and LM are used to eliminate the repetition of 

commands during execution of this Macro. 

Macro Library Listing 

The operator then entered a command (ML) to obtain a listing of the Macro library. The simulator 

displays the Macros SETP, SX, SY, ZSUM and DMEM, in a standard format. This is followed by an indication 

of the space which remains for MACRO definitions, expressed as the number of remaining characters. 

Program and Data Initialization 

The operator next initialized the program by calling successively the Macros SETP, SX, SY and 

ZSUM. Text substitution is used with the Macros SX and SY to enter the values of the two 8-byte 

binary-coded-decimal numbers which are to be added together. 

In the example shown, numbers have been entered for carrying out the addition represented by: 

1357902468097531 

+9258147036741852 

Display of Program and Data Initialization 

The operator then called the Macro "DMEM" , and entered the display command (D). The Macro 
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"DMEM" display the operands of the arithmetic program which have been entered into the memory, and also 

displays the memory locations where the result will be stored, and which have been set to zero. The display 

command (D), at this point, enables the user to check that the program counter has been set to the start of the 

program at hexadecimal address 1100. 

Execution of the bcd Addition 

The operator then entered a command to trace 14 instructions (TOE). After repeating this command 

the simulator has executed and traced 14 instructions in the program, reaching the end of the first pass through 

the loop in the subroutine. 

The operator then decided to eliminate the header line and the repetition of commands and run the 

program to the end of the last pass through the loop in the subroutine, then obtain a display of the registers at the 

end of the loop on each pass. This was achieved by the string of commands: 

?HRI00.NOLM.RC7.R7 

The command HR 100 has set the header interval to a sufficiently high value to eliminate the header in the 

remainder of the execution. 

To verify that execution of the addition is complete, the user entered a command to trace five 

instructions, (T5), and on the same line has called the MACRO command DMEM for displaying the results of 

the computations. The trace shows that execution has returned to the main program (RTS) and has entered the 

perpetual loop of two instructions (NOP and BRA). The purpose of the perpetual loop is to provide an easily 

recognized indication of the completion of the computations but should be removed when the program is 

satisfactorily debugged. 

The display of memory obtained by calling the Macro "DMEM" shows the results of the 8-byte 

binary-coded-decimal addition as follows: 

which is the correct result. 

Exit from the Simulator 

1357902468097531 

+9258147036741852 

0616049504839383 

The user entered a string of two commands to restore the status (RS) and to exit from the simulator 

(EX). The RS command has restored the registers to the status after program initialization and before execution 

of the program. Following the EX command the computer system has printed information regarding system 

status and usage. 

7 -1.5.5 Simulation Results 

The comparison of an instruction sequence as shown in the Assembly Listing of Figure 7 -1. 4-2, and 

as traced by the Simulator, provides some insight into the internal operations of the microprocessor. The 

content of the accumulators, index register and stack pointer can be checked before and after each instruction. 

The instruction address oegins with the starting point specified in the ORG directive and advances by the 
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number of bytes required for each instruction. The program counter indicates where the next instruction is 

located. Of particular significance is the condition code register which shows the effect of accumulator 

operations, register data transfers and the base status for conditional branching. The T display keeps the count 

of expended microprocessor cycles. By subtraction of the beginning from the end count, the duration of 

instruction sequences, loops and subroutines can be calculated. The stack pointer and index register should be 

checked to make sure they are not overlapping memory reserved for other program instructions or parameters. 

Furthermore, when an instruction which manipulates the stack pointer is executed, it should be 

observed that the pointer moves accordingly. For example, a JSR instruction causes the stack pointer to be 

decremented two addresses. At the end of the subroutine, the RTS instruction increments it by two, thus 

restoring it to its former setting. In the same way, the Push Data instruction decrements the pointer by one, 

while the Pull Data instruction restores it. 

Memory addresses for temporary storage of data may be examined at crucial points in the program to 

make sure the expected value has been stored. The PIA control and data registers may be checked the same way, 

since they appear to the microprocessor and the Simulator as memory addresses too. 

Errors 

Errors detected by the Simulator are printed out in the same format as Assembly errors. Typical 

Simulator errors are listed in Table 7-1.5.5-1. 

7-1.6 HELP 

HELP is a special program designed to provide on-line assistance to the users of the Motorola 

support software. It can be called to obtain additional information on error messages printed out during 

operation of the Assembler, Simulator, or Build Virtual Machine programs. In addition, it includes a Help 

Message File that provides up-to-date information on improvements and new developments in the M6800 

System. The Message File is organized into groups. Following are the groups, the related message number 

range, and the HELP command which places the HELP program in the group mode. 

eMD SYSTEM MESSAGE HUMBER RAHGE 
--------------------- -------------------~ 

E ERRORS 8888 TO 8999 
e- BUILD YIRTUAl I1ACHINE 1998 TO 1999 
A ASSEMBLER 2998 TO 2999 
S SI""UlATOR 3988 TO 3999 
H HELP 4998 TO 4999 

RESERVED 5989 TO 9999 

To obtain additional information while running the other software programs, HELP is called by 

entering: RUN HELP. Then enter the HELP error command, E, followed by the number of the error message in 

question. A current listing of the error messages is shown in Table 7-1.6-1. For a listing of all the error 

messages, enter E followed by 1 to 999. At the completion of the listing, the user must enter the exit command, 

EX, in order to return to other programs. 

HELP can be invoked from within! the Simulator and Build Virtual Machine programs by entering a 

Help command in response to any command request. An up-to-date list of all the Simulator and Build Virtual 

1 Because the Assembler operates in the batch mode, to obtain HELP during assembly, the user must exit from the Assembler and enter 
the Help program by RUN HELP. 
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8381 

381 UNDEFINED SIMULATOR COMMAND 
MESSAGE: ****ERROR 301 """""M 
"E~HI~G: AN UNDEFINED SIMULATOR CO""AND WAS EHTERED. 

8302 
392 SYNTAX ERROR 

8383 
393 

8304 
394 

8395 

MESSAGE: ****ERROR 302 """"M" 
"E~NING: THE STRUCTURE OF THE SIMUALTOR COMMAND IS SYNTAC­

TICALLY INCORRECT. 

~ACRO DEFINITION ERROR 
MESSAGE: ****ERROR 393 M"M"MM 
ME~HIHG: THE MD SIMULATOR COMMAND CANNOT BE USED IN A MACRO 

DEFINITION. 

MACRO NOT IN LIBRARY 
MESSAGE: ****ERROR 394 MHMMMM 
ME~HING: THE MACRO TO BE DELETED USING THE MD COMMAND IS 

NOT IN THE "ACRO LIBRARY. 

395 MACRO DEfINITION ERROR 
MESSAGE: ****ERROR 395 ""MKKK 

8396 

ME~HIHG: THE RL SIMULATOR COMMAND CANNOT BE USED IN A MACRO 
DEFINITION. 

3aS REGISTER OVERFLOW 

8307 

MESSAGE: ****ERROR 306 KMK""" 
MEANING: AH OPERAND IN THE SR COM"AND IS TOO LARGE FOR 

THE ASSOCIATED REGISTER. 

397 MACRO LIBRARY OVERFLOW 
MESSAGE: ****ERROR 387 """KKK 

8308 

ME~NIHG: THERE IS INSUFFICIENT STORAGE IN THE MACRO LI­
BRARY FOR THE HEW MACRO. THE MACRO IS NOT STORED. 

398 "ACRO DEFINITION ERROR 

8309 

399 

8319 

MESSAGE: ****ERROR 3es """""" 
MEANIHG: THE "AC~O VARIABLE PARAMETER (IN) IS GREATER THAN 

CO~"AHD 
MESSAGE: 
t1E~HIHG: 

30. 

BUFFER OVERFLOW 
****ERROR 399 """""M 
MORE THAH 72 CHARACTERS WERE EHTERED AS A COMMAND 
LINE. THE TOTAL HUKBER OF CHARACTERS IN A COMMAND 
LINE INCLUDES THOSE CHARACTERS IN A MACRO DEFIH­
ITION IF THE COMMAND LINE COHTAINS A MACRO CALL. 

310 HELP REQUEST 
t1ESSAGE:' ****ERROR 310 ""M""" 
"E~HIHG: EHTER "HP ALL sn FOR A COMPLETE LIST OF ALL SIM-

ULATOR COM"ANDS. 

TABLE 7-1.5.5-1. Typical Simulator Errors (Sheet 1 of 2) 
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8311 
311 

8312 

SYHTAX ERROR 
"ESSAGE: •••• ERROR 311 """""" 
"E~HIHG: SYNTAX ERROR IN THE SIHULATORIS HELP CO""A~D. 

312 ILLEGAL HELP "~SSAGE HUMBER 
MESSAGE: •• **ERROR 312 """""" 
MEANING: THE HELP MESSAGE NU"BER WAS NOT FOUND IN THE HELP 

MESSAGE FILE. 
8313 

313 ADDRESSI~G ERROR 
MESSAGE: **.*ERROR 313 """""" 
MEnNING: AN ATTEMPT TO STORE BEYOND THE DEFINED "E"ORY 

BOUNDS OF THE VIRTUAL "ACHINE FILE WAS MADE. 
0314 

314 SYNTAX E~ROR IN A SET OR CLEAR BREAK POINT 
MESSAGE: ****ERROR 314 """""" 
MEANING: THERE IS A SYNTAX IN THE SIMULATORIS 

BPI BSI OR BC CO""AND. 
0315 

315 ILLEGAL MEMORY ADDRESS 

8316 

MESSAGE: ****ERROR 315 """""M 
MEANI~G: A BREAK POINT REQUEST TO CLEAR OR SET A BREAK 

POINT AT AN ILLEGAL ME"ORY ADDRESS FOR THE UHF­
FILE. USE -BD- TO DISPLAY BREAK POIHTS SET OR 
CLEARED. 

316 NO ~RE~K POIHT SET AT MEMORY ADDRESS 
MESSAGE: ****ERROR 316 """""" 

0317 
317 

0318 
318 

0319 
319 

0328 

ME~NI~G: NO BREAK POINT FLAC WAS SET AT THE ME"ORY LOCA-
TION ON THE REQUEST TO CLEAR IT'S FLAG. USE -BD­
TO DISPLAY BREAK POINTS STILL SET. 

:OMMAND HOT TERMINATED WITH A PERIOD 
MESSAGE: ****ERROR 317 MHHH"" 
ME~HING: THE CO"~AND WAS NOT TERMINATED WITH A PERIOD OR 

OR THE COM"AND HAS UNSED PARAMETERS. 

SY~TAX ~RROR IN ·OH N OR -OF- CO"MAND 
MESSA~~: ****ERROR 318 MHMMMM 
MEANIHG: SYNTAX ERROR IN THE ·OH a OR "OF- CO""AND. 

A) UNDEFINED CODE, NOT X, A, BI 5, T, BP, "F OR F. 
B) OPERAT ION HOT =, < OR ). 
C) DEFINING A MACRO FOR THE COMMAND SECTION OF A 

"ON- IS ILLEGAL. 
D) NO COMMAND FOLLOWS THE CONDITIONS. 

"OH" COMMAND HOT FOUND IN THE ·OH· LIBRARY 
MESSAGE: **.*ERROR 319 """""" 
MEANING: THE "ON" COMMAND WAS NOT FOUND IN THE -OH R CON-

DITION LIBRARY. 

320 ILLEGAL INTERRUPT TYPE OR TIME BASE IS ZERO 
MESSAGE: *.**ERROR 328 H""""H 
!1EAHIHG: ~IHEN A "IR- CO"HAND IS USED, THE INTERRUPT TYPE 

IS UNDEFINED OR THE DELTA TI"E BASE FOR THt FIRST 
INTERRUPT IS ZERO. 

TABLE 7-1.5.5-1. Typical Simulator Errors (Sheet 2 of 2) 

742 



••• 1 

111 FILE IS HOT A ·"F· FILE 

8882 

MESSAGE: •••• ERROR 891 LU FILENAME:PASSYORD:USER-ID 
MEANING: THE FILE WHOSE FILENAME WAS EHTERED IN RESPONSE TO 

THE -EHTER MF FILENAHEM REQUEST IS NOT A VIRTUAL 
MACHINE FILE. THE LOGICAL UNIT IDENTIFIER (LU), 
THE FILENAMEI THE PASSWORDI AND THE USER-ID OF THE 
FILE CAUSING THE ERROR IS LISTED IN THE ERROR MES­
SAGE. THE SYSTEM WILL REPEAT THE REQUEST. 

882 MF YERSION NUMBER ERROR 

8883 

MESSAGE: ••• *ERROR 882 HF FILENAME:PASSWORD:ijSER-ID 
ME~NING: THE -MF" OPENED IH RESPONSE TO THE "EHTER MF FILE­

NAME· REQUEST IS NOT A CURRENT VIRTUAL MACHINE 
FILE. THE FILE CAN BE CONVERTED TO THE CURRENT 
VERSION BY RUNNING THE BUILD VIRTUAL MACHINE PRO­
GRAM ("PBY"). 

803 TERMINATION DUE TO OLD MF YERSION 
MESSAGE: .***SVSTEM ABORT 003 

8884 

"EANING: THE PROGRAM WAS ABORTED BECAUSE OF AN "OLD A VIRTUAL 
USING THE BUILD VIRTUAL MACHINE PROGRAM <MoBYM). 

894 TERMINATION DUE TO OPEN FILE ERRORS 
MESSAGE: **.*SYSTEM ABORT 004 

8885 

995 

0911 

"EANING: FIYE CONSECUTIYE, UNSUCCESSFUL ATTEMPTS WERE 
HADE TO OPEN A FILE. THE PROGRAM IS ABORTED. 

ER~OR IN 
MESSAGE: 
MEANING: 

THE J .X' JOB CONTROL COMMAND 
****ERROR 05 111111 
THE JOB CONTROL COM"AHD ENTERED IN RESPONSE 
TO A REQUEST FOR A FILENAME IS IN ERROR. 
111111 IS THE CHARACTER LOCATION WHERE 
CO""AND PROCESSOR STOPPED SCANNING THE COM~AHD. 

911 FILE IS BUSY 
MESSAG~: ****ERROR 911 LU FILEHAME:PASSWORD:USER-ID 
~EANIHG: THE FILE WHOSE FILENAME WAS ENTERED IN RESPONSE TO 

A SYSTEM REQUEST TO OPEN A FILE IS CURRENTLY OPEN 
AND IS BEING USED BY THIS OR ANOTHER USER. THE 
FILE IS NOT AVAILABLE TO THE CURRENT USER. THE 
LOGICAL UNIT IDENTIFIER (lU), THE FILENAME, THE 
PASSWORD, AHD THE USER-ID OF THE FILE APPEAR IN 
THE ERROR KESSAGE. 

TABLE 7-1.6-1. HELP Error Messages (Sheet 1 of 7) 
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8812 

812 FILE DOES HOT EXIST 

9913 

"ESSAGE: •••• ERROR 812 LU FILENA"E:PASSWORD:USER-ID 
"EAHING: THE FILE WHOSE FILEN~"E WAS ENTERED IH RESPONSE TO 

A SYSTEM REQUEST TO OPEN A FILE DOES HOT EXIST. 
THE PASSWORD, AND THE USER-ID APPEAR IN THE ERROR 
"ESSAGE. 

813 INCORRECT ACCESS PRIVELEGES 

8814 

MESSAGE: *.**ERROR 813 lU FILEHA"E:PASSWORD:USER-ID 
"EANING: THERE WAS NO READ PER"ISSION ASSIGNED TO A FILE 

WHOSE FILENA"E W~S EHTERED IN RESPONSE TO A SYS­
TE" REQUEST TO OPEN A FILE. THIS ERROR OCCURS 
ONLY WHEN THE USER ATTE"PTS TO ACCESS A FILE IN 
ANOTHER USER'S CATALOG. THE LOGICAL UNIT IDENTI­
FIER (LU)" THE FILENA"EI THE PASSWORD, AND THE 
USER-ID OF THE FILE APPEAR IN THE ERROR "ESSAGE. 

814 INCORRECT PASSWORD 

8815 

"ESSAGE: .***ERROR 814 LU FILENAME:PASSWORD:USER-ID 
"EAHIHG: AN INCORRECT PASSWORD WAS SUPPLIED WITH THE FILE~ 

NA"E IN RESPONSE TO A SYSTEM REQUEST TO OPEN A 
FILE. THE LOGICAL UNIT IDENTIFIER (LU)I THE FILE­
NAME" THE PASSWORD/. AND THE USER-ID APPEAR IN THE 
ERROR MESSAGE. 

815 UHSPECIFIED OPEN ERROR 

8816 

"ESSAGE: ****ERROR 815 LU FILEHAHE:PASSWORD:USER-ID 
MEANING: AN OPEN ERROR OTHER THAN 911-814 OCCURRED WHEN 

AN ATTE"PT TO OPEN THE FILE WAS "ADE. THE LOGICAL 
UNIT IDENTIFIER (LU)I THE FIlEN~UIE, THE PASSWORD" 
AHD THE USER-ID APPEAR IN THE ERROR MESSAGE. 

916 FILE IS HOT A "MFH FILE 

8917 

MESSAGE: ****ERROR 816 LU fILEHAME:PASSWORD:USER-ID 
"E~HING: THE FILE WHOSE FILENAME WAS EHT£RED IN RESPONSE TO 

THE MEHTER MF FILENAME" REQUEST IS NOT A YIRTUAl 
"ACHINE FILE. THE LOGICAL UNIT IDENTIFIER (LU), 
THE FILEHA"E, THE PASSWORDI AND THE USER-ID OF THE 
FILE CAUSING THE ERROR IS LISTED IN THE ERROR "ES­
SAGE. THE SYSTEM WILL REPEAT THE REQUEST. 

817 NO"F O?ENED 
MESSAGE: ****ERROR 817 
MEANIHG: DUE TO A PRIOR OPEN ERRORI A YIRTUAl MACHINE FILE 

HAS NOT BEEN OPENED. 

TABLE 7-1.6-1. HELP Error Messages (Sheet 2 of 7) 

744 



1118 

818 

9824 

FIL.E TYPE 
"ESSAGE: 
"EAMING! 

DOES NOT AGREE WITH REQUEST TYPE 
**** ERROR 818 lU FIlENA"E:PASSWORD:USER-ID 
THE FILE TYPES DO HOT AGREE FOR THE FILEHA~E 

AND THE SYSTE"JS REQUEST. ONE "AY BE BIH~RY AND 
THE OTHER "AY BE ASCII OR SO"E OTHER CO"BINATION 
LIKE THAT. THE LOGICAL UNIT IDENTIFIER (LU), THE 
FILENAMEJ THE PASSWORD, AND THE USER-ID OF THE 
FILE CAUSING THE ERROR ARE LISTED IN THE ERROR 
MESSAGE. 

924 FI~E WAS NOT UNSAYED 

0025 

MESSAGE: **~*ERROR 924 LU FIlENAME:PASSWORD:USER-ID 
MEAHI~G: THE FILEI FILENAME ON LOGICAL UNIT LU WAS NOT UN­

SAVED BECAUSE 1) THE FILE ldAS BUS'tl 2) THE FILE 
DID NOT EXIST, J) OR PASSWORD OR USER-ID IN ERROR. 

923 SO~PUTE~ SYSTEM DEPENDENT ERROR CODE 

9059 

i1E3SAGf:: ****ERROR 025 I I I i I 
~E~Hl~G: AN ERRO~ CODE WAS FOUND WHICH WAS NOT EXPECTED 

BY THE SYSTEM. THIS ERROR MESSAGE SHOULD BE 
PASSED ON TO MOTORALAiS MPU PROGRAMMING STAFF. 
111111 IS THE ERROR CODE WHICH IS COMPUTER 
DEPENDENT. 

059 DEFAULT MF USED. 

8051 

MESSAGE: '****WARHING 050 
~E~NI~G: THE REQUESTED MF FILE DID NOT EXIST. THE BUILD 

VIRTUAL MACHINE PROGRAM SUPPLIED A DEFAULT VIRTUAL 
MACHINE FILE. THE DEFAULT MF IS IDENTIFIED BY 
THE FILENAME AND PASSWORD WHICH WAS ENTERED IN 
RESPONSE TO A SYSTEM REQUEST TboPEH A FIL~. 

951 FILE IS BUSY 

0052 

MESSAGE: ****WARNING 051 LV FILENAME:PASSWORD:USER-ID 
MEAHIHG: THE FILE WHOSE FILENAME WAS ENTERED IN RESPONSE TO 

A SYSTEM REQUEST TO OPEN A FILE IS BUSY. THE FILE 
IS PROBABLY BEING USED BY ANOTHER USER OR BY THE 
CURRENT USER. THE LOGICAL UNIT IDENTIFIER (LU), 
THE FILEHAI1E, THE PASSWORD, AND THE USER-ID AP­
PEAR IN THE ERROR MESSAGE. THE OPEN REQUEST 
CAN BE REPEATED AT A LATER TIME. 

852 OLD YERSION HUMBER FOR MF FILE 
MESSAGE: ****WARNIHG 852 
"EAHI~G: THE MF FILE WHICH WAS OPENED IN RESPONSE TO A 

SYSTEM REQUEST TO OPEN A FILE HAS AN OLD VERSION 
NUMBER. THE FILE CAN BE UPGRADED TO CURRENT 
STANDARDS BV EXECUTING THE BUILD VIRTUAL U" COM­
MAND. 

TABLE 7-1.6·1. HELP Error Messages (Sheet 3 of 7) 
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8878 

878 ~O "ORE DISK SPACE 

8979 

MESSAGE: ****SYSTE" ABORT 878 111111 
"EAMING: A) "ARK III - THE SYSTE"'S PSU STORAGE IS 

USED UP. IT CANHOT CREATE A FILE IIIIII 
PSU LONG. CALL YOUR G. E. SALE"AH, SYSTEM 
ERROR MORE DISK DRIVERS NEEDED. 

E) SIGMA 9 - YOUR ACCOUNT CANNOT CREATE A 
FILE 111111 GRANULES LONG. PACK YOUR ACCOUNT 
BY LOGGING OFF AHD LOGGING ON AGAIN OR 
REQU£STIHG YOUR ACCOUNT BE AUTHORIZED FOR 
"'ORE DISK SPACE. 

979 THE FIL£ ORGANIZATION DOES NOT AGREE WITH REQESTED FILE 
MESSAG~: ****SYSTEM ABORT 079 

8888 

MEANING: THE REQUESTED FILE1S ORGANIZATION IS DIFFERENT 
THAN THE FILE SEING OPENED. ONE FILE IS BINARY 
THE OTHER IS AN ASCII FILE; ETC. 

980 FILE IS BUSY 

8881 

MESSAGE: ****SYSTEM ABORT 888 
MEAHlt~G: THE REQUESTED FILE IS BUSY. THE SYSTEM ABORTS 

AFTER "AKIHG 5 TRIES TO OPEN THE FILE AFTER 
A DELAY OF SEVERAL SECONDS. 

081 DEFAULT MF FILE NOT AVAILABLE 
MESSAGE: ****SYSTEM ABORT 8S1 

8882 

aS2 

8883 

~1 E ~ H I i~ G : THE R E QUE S TED M F F I LED I D HOT E X 1ST AND THE 5 Y S -
WAS UNASlE TO SUPPLY THE DEFAULT MACHINE FILE. 
THIS IS HOT A USER ERROR. NOTIFY THE SYSTE" PRO­
GRAM"ER. 

UNABLE TO OPEN A SYSTEM SCRATCH FILE 
MESSAG~: ****SYSTEM ABORT 982 
MEANING: THE SYSTEM WAS UNABLE TO OPEN A SCRATCH FILE. 

THIS IS HOT A USER ERROR. NOTIFY THE SYSTE" PRO­
GRAMtlER. NOTE: SCRATCH FILES ARE CREATED AND 
UNSAYED BY THE SYSTE" FOR USE AS INTERMEDIATE WORK 
AREAS. IT IS POSSIBLE THAT THESE FILES MAY NOT 
BE UNSAVED DURING A ·SVSTEM CRASH" THE USER 
SHOULD DELETE ANV SCRATCH FILES WHICH MAY 8E IN 
HIS CATALOG. SCRATCH FILE HAMES APPEAR AS seRNHN 
WHERE NNN IS A THREE DICIT HU"BER FROM 888 TO 899 

883 UHDEFIHED MF YERSION HUMBER 
MESSAGE: ****SYSTEM ABORT NNNHHN 
ME~HIHG: THE VIRTUAL MACHINE FILE WHICH WAS OPENED CONTAINS 

AN UNDE~INED VERSION HUMBER. THE PROGRAM CANNOT 
PROCEED AND IS TERMINATED. THE FILE IS PROBABLY 
NOT A VIRTUAL MACHIHE FILE. HNNHNN IS THE UNDE­
FINED YERSION HUMBER. 

TABLE 7-1.6-1. HELP Error Messages (Sheet 4 of 7) 
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8.91 

891 FILE IS BUSY 

8892 

MESSAGE: ••• *ATTN: 891 
MEANING: THE FILE WHOSE FILENAME WAS ENTERED IN RESPONSE TO 

A SYSTEM REQUEST TO OPEN A FILE IS BUSY. ANOTHER 
ATTEMPT TO OPEN THE FILE IS BEING MADE. 

892 DEFAULT"F USED 
MESSAGE: *.*.ATTN: 892 

8899 

MEAHI~G: THE REQUESTED "F FILE DID HOT EXIST. THE BUILD 
VIRTUAL MACHINE PROGRAM SUPPLIED A DEFAULT VIRTUAL 
MACHINE FILE. THE DEFAULT MF IS IDENTIFIED BY 
THE FILENAME AND PASSWORD WHICH WAS ENTERED IN 
RESPONSE TO A SYSTEM REQUEST TO OPEN A FILE. 

899 BUILDI~G DEFAULT MF 
MESSAGE: ****ATTH: 899 

8191 

~EAHING: THE BUILD YIRTUAL MACHINE PROGRAM IS GENERATING 
THE DEFAULT VIRTUAL MACHINE FILE. THIS FUNCTION 
CAN ONLY BE PERFORMED BY THE ADMINISTRATIVE USER. 

181 ILLEGAL BUILD VIRTUAL COMMAND 
MESSAGE: ****ERROR 101 AAAAAA 

9182 

Mt~HIHG: AN ILLEGAL BUILD VIRTUAL MACHINE COMMAHD WAS 
ENTERED. AAAAAA IS THE AREA OF THE COMMAND LINE 
COHTAININC THE ILLEGAL COMMAND. 

182 SYNTAX ERROR 

8183 

"ESS~GE: ****ERROR 182 AAAAAA 
"E~HIHG: THE STRUCTURE OF THE COMMAND IS LOGICALLV INCOR­

RECT. AAAAAA IS THE AREA OF THE COMMAND CONTAIN­
ING THE ERROR. 

183 INVALID LAST WORD ADDRESS 
"ESSAGE: ****ERROR 183 11111 

8194 

"E~HIHG: AN ILLEGAL VALUE WAS USED FOR THE SIZE OF MEMORY 
IN THE LW COMMAND. 11111 IS THE DECIMAL EQUIVA­
LEHT OF THAT VALUE. LEGAL VALUES MUST BE A MUl­
TIPLE OF 256-1 <N*256-1) AND IN THE RANGE 255 -
65535 

194 "ACRO IS NOT IN THE KCF" "ACRO LIBRARY 
"ESSAGE: ****ERROR 184 1'1""" 
"E~HI~G: THE ERROR OCCURRED WHILE TRYING TO COpy MACROS 

FROM THE ·CF H FILE TO THE "MFK FILE. ONE OF THE 
THE REQUESTED "ACROS, MACRO "1'1111'1, WAS HOT FOUHD. 

TABLE 7-1.6-1. HELP Error Messages (Sheet 5 of 7) 
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8115 

185 

9186 

DUPLICATE 
MESSAGE: 
MEANING: 

"ACROHA"E IN -"F- "ACRO LIBRARY 
****ERROR 185 """" 
THE ERROR OCCURRED WHILE TRYING TO COpy "ACROS 
FROM THE "CF" FILE TO THE "MF- FILE. ~ "ACRO 
OF THE SAME NA"E AS THE ONE TO BE TRAHSFERRED 
ALREADY EXISTS IN THE ""F" FILE. ""M" IS THE NA"E 
OF THE "ACRO. NO TRANSFER OCCURRED. 

19S INSUFFICIENT MACRO LIBRARY SPACE AYAILABLE 
MESSAGE: ****ERROR 186 """" 

9187 

MEANING: THE ERROR OCCURRED WHILE TRYING TO COpy "ACROS 
FROM THE "CF" FILE TO THE ""F" FILE. MM"" IS THE 
"AeRO FOR WHICH THERE IS INSUFFICIENT SPACE. 

187 ILLEGAL "ACROHAME 

9188 

198 

9109 

MESSAGE: ****ERROR 187 """" 

HULL FIELD 
MESSAGE: 
ME~HING: 

"MMM ARE THE FIRST 4 CHARACTERS OF THE N~ME. 

****ERROR 198 
MORE INFORMATION IS HEEDED FOLLOWING THE CO"MAND 
FIELD. THE FIELD FOLLOWING THE CO""AHD IS BLANK. 

189 FI~ENA"E ALREADY USED 

9119 

MESSAGE: ****ERROR 189 LU FILENAME:PASSYORD:USER-ID 
THE NAME OF AN EXISTING FILE WAS GIYEN IN RESPONSE 
TO AN OPERATION REQUIRING A "NEW" FILE. INCLUDED 
IN THE ERROR MESSAGE ARE THE OLD FILE'S FILENAME, 
PASSlJORD, USER-ID, AND A TWO-CHARACTER LOGICAL UNIT 
IDENTIFIER. 

118 ILLEGAL ADDRESS 

8111 

111 

MESSAGE: ****ERROR 119 NNHHNN 
MEANIWG: AN ILLEGAL ADDRESS WAS ENCOUNTERED. THE AD­

DRESS "AY BE GREATER THAN THE LWA (LAST WORD 
ADDRESS) FOR THE VIRTUAL MACHINE. THE CURRENT 
LWA VALUE CAN BE DISPLAYED BY ENTERING THE MO 
COMMAND. NNHHNM IS THE ILLEGAL ADDRESS. 

EXECUTION CHECK 
MESSAGE: ****ERROR 111 
MEANING: EXECUTION OF A 

BECAUSE AN OLD 
THE I1F COMMAND 
THE UM CO""AHD 
EXECUTED. 

BUILD VIRTUAL COM"AND WAS HALTED 
VERSION ""F- FILE WAS LOADED WITH 

THE "F FILE MUST 8E UPDATED WITH 
BEFORE THE CURRENT CO"MAND CAN 8E 
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9112 

112 CHECKSUM ERROR 

9113 

MESSAGE: ****ERROR 112 HNHNHH 
HE~NIHG: A CHECKSUM ERROR OCCURRED WHILE LOADING "E~ORY 

FROM A "ROM- FILE (1M COMMAND). NHHHHN IS THE 
RECORD HU"BER CONTAINING THE CHECKSUM ERROR. 

113 RO" RECORD ERROR 

0198 

"ESSAGE: ****ERROR 114 HHNHHH 
MEAHIHG: AN ILLEGAL, OUT OF ORDER, OR t1ISSIHG ROM RECORD 

OCCURRED AT RECORD NUMBER NHHNHN. 

199 MACRO WAS SUCCESSFULLY TRANSFERRED 
MESSAGE, ATTN: 199 ""M" 

9481 

MEANING: MACRO """" WAS SUCCESSFULLY TRANSFERRED FROM THE 
·CF- FILE TO THE "MFa FILE. 

481 HELP MESSACE HUMBER HOT FOUND 
MESSAGE: .*.*ERROR 481 

8482 

MEAHIHG: THE HELP MESSAGE NUMBER COULD NOT BE FOUND IN THE 
HELP MESSACE FILE. 

482 ILLEGAL HELP MESSAGE HUMBER 
MESSAGE: * ••• ERROR '482 

9403 

"E~NI~G: THE HELP "ESSAGE HUMBER IS OUTSIDE THE RANGE OF 
VALID HELP MESSAGE HUMBERS. 

493 UNDEFINED HELP CO""AND 
"ESSAGE: * ••• ERROR 483 
MEANING: AH UNDEFINED HELP COM"AND WAS ENTERED. 

8484 

494 SYNTAX ERROR 
"ESSAGE: ****ERROR 484 
"E~HING: THE STRUCTURE OF THE HELP CO""AND IS SYNTACTICALLY 

INCORRECT. 
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Machine commands can be obtained by entering the Simulator Help command: HP ALL B. A -current listing of 

the commands is shown in Table 7-1.6-2. Note that this is a more complete list than the typical commands 

shown in Section 7-1.5.5 where the Simulator is explained. 

When using HELP from within the Simulator, varying amounts of information can be obtained, 

depending on the format used to enter the request. The response will be as follows for the various command 

formats: 

Command Format 

HP nnnn 

HP nnnnT 

HP nnnnB 

HPCMD 

HP CMD T 

HP CMD B 

HPALL 

HP ALLT 

HP ALL B 

Response 

Print index information relating to the HELP message identified by 

the 1 to 4 digit number "nnnn". 

Print text relating to the HELP message identified by the 1 to 4 digit 

number "nnnn". 

Print index and text relating to the HELP message identified by the 1 

to 4 digit number "nnnn". 

Print index information relating to the simulator command specified 

by"CMD". 

Print text relating to the simulator command specified by "CMD" . 

Print index and text relating to the simulator command specified by 

"CMD". 

Print an index of all simulator commands. 

Print text for all simulator commands. 

Print index and text for all simulator commands. 

Additional general information concerning the HELP program can be obtained by calling out the 

HELP messages. A partial listing of current HELP messages is listed in Table 7-1.6-3. It should be noted that 

HELP is a dynamic program that is constantly being updated to reflect the latest status of the M6800 System 

Support Software. It is advisable to occasionally access the HELP message file since it includes information 

concerning revisions and improvements as well as error and command data. 

7-1.7 BUILD VIRTUAL MACHINE 

The Build Virtual Machine (B VM) program provides a way of managing files generated during the 

development of software for the M6800 system. It is used to: (1) Structure a virtual Machine File (MF) that 

duplicates the configuration desired for the actual system; (2) Merge and/or load Object Files into the Machine 

File; (3) Create a formatted tape of the Machine File for generating the required ROM patterns. 

A full description of B VM is beyond the scope of this ManuaP, however, study of the B VM 

commands listed in Table 7-1.6-2 of the preceding Section will give an indicationofthe1program's capability. It 

is of interest here to consider the steps required to generate a tape for ordering the ROMs in which the MC6800 

control program will reside. 

lSee the M6800 Programming Manual for a detailed description of BVM. 
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1881 

CC - CO?Y COMMAND FROM MACRO LIBRARY 

1082 

FORMAT: CC "ACROHAI'IE-1[,"ACRONAI1E-2, ... ] 
FUNCTION: THE MACRO COM"AHDS SPECIFIED BY THE MACRONA"E 

LIST ARE COPIED FROM THE MACRO LIBRARV OF THE 
SOURCE FILE INTO THE MACRO LIBRARV OF THE DES­
TINATION FILE. THE SOURCE FILE IS IDENTIFIED 
BV THE CF CO""AHD AND THE DESTINATION FILE IS 
IDENTIFIED BY THE "F CO""AND. 

EX~I1PLES: CC MACA 
MACRO MACA IS COPIED FROM THE CF FILE TO THE "F 
FILE. 

CC A, B, C 
THREE MACROS, A, B, AND C ARE COPIED. 

CF - CO?'-( FILE 

1903 

eM -

1904 

FO~"AT: CF FILENA"E-l 
FUNCTIQH: THE -CF" COMMAND LOADS THE FILE AFILENAME-1- INTO 

A WORK AREA. THE COPY FILE IS THE SOURCE FILE 
FOR ALL COpy FUNCTIONS. 

tX~I1PLES: CF MEMFIL 

CO?Y t1Ef10RY 
FO:;(MAT: 
F If l~ C T I 0 H : 

THE MACHINE FILE ""E"FIL A IS IDENTIFIED AS THE 
SOURCE FILE FOR ALL COpy FUNCTIONS. 

eM FWA-l~LWA-l[JFWA-21 

MEMORY IS COPIED FROM THE ·eFA FILE INTO THE -MFa 
FILE. FWA-l IS THE FIRST WORD ADDRESS OF THE 
TRANSFER, LWA-l IS THE LAST WORD ADDRESS, AND 
FWA-2 IS THE FIRST WORD ADDRESS OF THE "MFA FILE 
WHERE THE DATA IS RECEIVED. FWA-2 IS OPTIONAL 
AND IS ASSUMED TO BE EQUAL TO FWA-l IF O"ITTED. 

EX~MPLES: eM 0,9FF 
MEMORY IS COPIED FROM LOCATIONS e THROUGH FF 
FROM THE CF FILE INTO LOCATIONS 0 THROUGH FF 
OF THE MF FILE. 

CM 9100, 2FF, 1009 
MEMORV IS COPIED FROM LOCATIONS le9 THROUGH 2FF 
OF THE CF FILE AND RELOCATED TO LOCATIONS 1899 
TO 11FF OF THE "F FILE. 

DB - SET DISPLAY BASE 
FORMAT: DB BASE-l <WHERE BASE-1 = 8, 19 OR 16) 
FUNCTION: THE DISPLAV BASE IS SET TO OCTAL, DECIPlAL, 

OR HEXADECIMAL WHEN BASE-l IS 8, 19, OR 16, 
RESPECTIYELY. 

EXAMPLES: DB 8 
HU"ERIC OUTPUT FROM THE DM COMMAND WILL BE DIS­
PLAYED IN OCTAL. 
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1995 

DF - SET DIS?lAY FLAG 

1906 

FORMAT: DF FLAG-l (WHERE FLAC-t :c: t .. 2" OR 3) 
FUNCTION: MEMORY DUMPS WILL APPEAR IN NUMERiC, CHARt'-lCTER, 

OR 80TH WHEN FLAG-l IS L 2" OR 3" RESPECTIVELY. 
THE DEFAULT SETTING IS 3. 

EXAMPLES: DF 2 
OUTPUT FROM THE DM COMMAND WILL BE DISPLAYE IN 
CHARACTER FORMAT ONLY. 

DM - DISPLAY MEMORY 

1007 

FORMAT: DM FWA-l~WCT-l 

FUNCTION: WCT-l WORDS OF MEMORY BEGINNING AT LOCATION FWA-l 
ARE DISPLAYED. THE FORMAT OF THE DISPLAY IS 
DETERMINED BY THE DF SWITCH. MEMORY IS DUMPED 
FROM THE MMFN FILE. 

EX~I1PLES: DI1 100,29 
DISPLAY 28 (HEXADECIMAL) WORDS OF MEMORY STAATING 
FROM LOCATION 198. 

EX - NORMAL EXIT FROM MPBYM SYSTEM 

1008 

FORMAT: EX 
FUNCTION: ANY UPDATED INFORMATION IS SAVED. THE "M~" AND 

"CFW FILES ARE CLOSED. 

EX~I1PlES: EX 
THE BUILD VIRTUAL SESSION IS TERMINATED. 

HP - HELP 
FORMAT: HP MESSAGECODE-l[ SWITCH-1] 
FU~CTION: INFORMATION ABOUT MESSAGECODE-l IS PRINTED. 

MESSAGECODE-l HAS ONE OF THE FOLLOWING FORMS: 
HHHH WHERE NNNN IS A HUMBER FROM 1 TO 9999 

CORRESPONDING TO ANY HELP MESSAGE 
CMD WHERE C"D IS A BUILD VIRTUAL COMMAND 
ALL WHERE THE WORD WALL" REQUESTS THAT 

INFORMATION FOR ALL BUILD VIRTUAL COM­
MANDS BE PRINTED. 

SWITCH-l CONTROLS THE AMOUNT OF DETAIL TO BE 
PRINTED AND HAS ONE OF THE FOLLOWING FORMS: 

I PRINT INDEX OF MESSAGE ONLY 
T PRINT TEXT OF MESSAGE ONLY 
B PRINT BOTH THE INDEX AND TEXT 

IF SWITCH-1 IS OMITTED, THEN OPTION I IS USED. 

EHTER IHP 4912 Bl FOR INFORMATION ON THE SYN­
TAX USED IN THE HELP MESSAGES. 

EHTER IHP ALL II FOR A LIST OF ALL BUILD VIRTUAL 
COMMANDS. 

TABLE 7-1.6-2. HELP Listing of Simulator and BVM Commands (Sheet 2of13) 
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1989 
IS - SET INPUT BASE 

1919 

FO~MAT 18 BASE-l (WHERE BASE-l IS 2, 8, 19, OR 16) 
FUNCTION: THE INPUT BASE IS SET TO BINARY, OCTAL, DECIMAL, 

OR HEXADEC II'IAL WHEN BASE-l IS 2, 8, 19, OR 16, 
RESPECTIYELY. 

EX('H1PLES: 18 8 
THE INPUT BASE IS SET TO OCTAL. ALL NUMBERS 
IN THE COMMANDS WILL BE INTERPRETED AS OCTAL 
UHLESS THERE IS DIFFERENT BASE IMPLIED AS PART 
OF THE BASE (IE., DK 8,$19 WILL DUMP 10 HEX­
ADECII1AL LOCATIOHS). 

1M - INPUT "EMORY (FRO~ ROI1 FILE) 

1 011 

FO~MAT: I" FILENAME-lt, "AB-l] 
FUNCTIOH: MEMORY IS READ FROM A ROM FILE (CREATED BY THE 

OM CO"~AHD) AND STORED IN THE "MFK FILE. 
"AB-l IS A MEMORY ADDRESS BIAS AND IS OPTIONAL. 
W H E H I H C ,L U DE D I I TIS ADD EDT 0 THE ADD RES S 0 F 
EACH I1EMORY LOCATION BEFORE THE DATA IS STORED. 

EX~MPlES: 1M BACKUP 
MEMORY IS LOADED FROM THE ROM FILE "BACKUP" AND 
IS STORED IN THE MF FILE. 

I" BACKUP, 1989 
MEMORY IS LOADED FROM THE ROM FILE "BACKUP" AND 
IS STORED IN THE MF FILE AFTER RELOCATIHG EACH 
WORD OF MEMORY 1990 LOCATIONS FORWARD. 

1M BAC!(UP,9FFFE 
BECAUSE OF THE WRAP-AROUND CHARACTERISTIC OF 
11 E 11 0 R y, E A C H W 0 R D 0 F 11 E '" 0 R Y F R 0.11 THE ROM F I L E 
IS RELOCATED BACKWARD 2 LOCATIONS. 

LW - SET LAST WORD ADDRESS OF "E"ORY 

1912 

FORMAT: LW LWA-l 
FUNCTION: THE LAST WORD OF MEMORV IS DEFINED TO BE LWA-l. 

LWA-l "UST SE A MULTIPLE OF 256-1 <N*256-1) AND 
IN THE RANGE 255-65535. ANY ADDITIONAL MEMORY 
ADDED TO THE -"F- FILE IS PRESET TO ZERO. 

EXAMPLES: LV lFF 
THE LAST WORD ADDRESS OF "EMORY IS DEFINED TO 
BE HEXADECIMAL lFF. 

MF - MACHINE FILE 
FOR MAT : 'M F F I LEN A" E - 1 
FU~CTIOH: THE"F CO""AHD LOADS FILE FILEHAME-l INTO A WORK 

AREA. THE CCI CF, DMI 1M, lW, I1L, 110, OM, RF, 
SM, TI, AND U" CO""AHDS ALL REQUIRE A MF FILE 
TO BE LOADED PR SOURCE 

EX~"PLES~ "F "EMORY 
THE "ACHIHE FILE -"E"ORY· IS IDENTIFIED AS THE 
I'IF FILE. 
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1813 

"L - "ACRO LISTING 

1014 

FORMAT: i'lL 
FUHCTIOH: A DIRECTORY OF THE "ACRO LIBRARV IN THE 

"F FILE IS PRINTED. 

EX~MPLES: I1L 

1'10 - MACHIHE ORGANIZATION 
FORMAT: 1'10 
FUHCTIOH: THE CONFIGURATION OF THE ""F- FILE IS PRINTED. 

EX~~MPLES: MO 
1015 

0" - OUTPUT MEMORY 
FO~MAT: OM FILEHA"E-l(FWA-l,LWA-l[,RFWA-l1) 

[ (FWA-2, LWA-2[, RFWA-2 J) ... ] 

FUNCTION: OUTPUTS THE SPECIFIED REGIONS OF "E"ORY FRO" THE 
""F· FILE INTO FILE FILENAME-t. FWA-l IS THE 
FIRST WORD ADDRESS AND LWA-t IS THE LAST WORD 
ADDRESS OF THE FIRST REGION. RFYA-t IS THE ROM 
MEMORY FIRST WORD ADDRESS. IF PRESENT, "E"ORY 
IS RELOCATED TO THIS STARTING ADDRESS IN THE RO" 
OUTPUT FILE. 

RO" PAPER TAPE FORMAT 
BVTE 1 - RECORD TYPE 

S9 - HEADER RECORD 
SI - DATA RECORD 
S9 - END OF FILE RECORD 

BVTE 2 - RECORD LENGTH IN BYTES (DOES NOT 
INCLUDE BYTE 1) 

BYTE 3 -
BYTE 4 -
LAST 

UPPER BYTE OF "EMORY ADDRESS 
LOWER BYTE OF "EMORY ADDRESS 

BYTE - CHECKSUM OF BYTES. THE CHECKSUM + 
THE SUM OF BYTES = 255 (MODULO 256). 

ALL BYTES BETWEEN BYTE 4 AND THE 
CHECKSUM BYTE ARE DATA BYTES. THE 
MEMORY ADDRESS OF THE FIRST DATA 
BYTE IS IN BYTES 3 AND 4. SUCCESSIVE 
DATA BYTES HAVE SUCCESSIVE MEMORY 
ADDRESSES. 

EXAMPLES: OM TOM(818FF) 
MEMORY IS OUTPUT IN ROM PAPER TAPE FORMAT INTO 
FILE "TOMB. THE REGION OF "EMORY OUTPUT IS 
LOCATIOHS 9 THROUGH FF. 

OM DICf«109, lFF,2888) 
THE ADDRESSES FOR THE REGION OF ME"ORY FROM 
TIONS 190 THROUGH IFF ARE REASSIGNED TO LOCATIONS 
2990 THROUGH 28FF BEFORE BEING OUTPUT INTO ROM 
FILE "DICK-. 

OM HARRV(8,2FF)(388,4FF,699) 
TWO REGIONS OF "EMORY ARE OUPUT TO ROM FILE 
"HARRY· ADDRESSES FOR THE SECOND REGION ARE 
REASSIGNED TO LOCAT10NS 699 THROUGH 7FF. 
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1916 

RF - RENAME FILE 

1017 

FORMAT: RF FILENAI1E-l 
FUNCTION: A DUPLICATE COpy OF THE ""F" FILE IS MADE AND IS 

RENA"ED FILENA"E-l. THE OLD "MF" FILE AND ITS 
FILENA"E ARE SAYED. 

EX~MPLES: RF NEWNA" 
A COpy OF THE "F FILE WAS MADE AND -RENAMED -NEWHAM 

SM - SET MEMORY 
FORMAT: S" FWA-ll YALUE-I[, YALUE-2, ... 1 
FU~CTION: 

EX~J1PLES: 

1918 

Tl - ENTER AMFR 
FORMAT: 
FUNCTION: 

EXRMPLES: 

1019 

LOCATION FWA-l IS SET TO VALUE-l1 THE NEXT LOCA­
TION IS SET TO YALUE-ZI ETC. 

SM 18,1 
THE COtJTEHTS OF LOCATION 10 IS SET TO 1. 

SM 2'Ll,2,3,4ISI6,7,8 
THE CONTEHTS OF LOCATIONS 20 THROUGH 27 ARE SET 
TO 1 THROUGH 8. 

TITLE 
T I . 
BUILD YIRTUAL WILL REQUEST A LINE OF TEXT BY 
PRINTING: It ENTER TITLE TEXTII. 
EHTER ONE LINE OF TEXT AND A CARRIAGE RETURN. 
BUILD VIRTUAL WILL CONTINUE TO REQUEST TEXT UNTIL 
A BLANK LINE IS ENTERED OR THE LABEL BUFFER IS 
FILLED. THE TITLE OR MACHINE FILEIS LABEL WILL BE 
PRINTED EACH TIME THE FILE IS OPENED OR W~EN THE 
"MO" COM"AHD IS USED. 

TI."O. 
EHTER TITLE TEXT 

THIS IS THE 1ST LINE OF THE TITLE 
ENTER TITLE TEXT 

THIS IS LINE 2 OF THE TITLE 
EHTER TITLE TEXT 

THE TITLE WILL BE EHTER AND THAN THE MEMORY 
ORGANIZATION WILL BE PRINT. 

UF - UNSAYE FILE 
FO~MAT; 

FUNCTION; 
UF FILENAME-l[1 FILENA"E-2, ... J 
THE FILES WHOSE NA"ES APPEAR IN THE FILENAME 
ARE DELETED FRO" THE USER'S LIBRARY. 

LIST 

EXf.fMPLES: UF PETE 
MACHINE FILE ·PETE R ID DELETED FROM USER 
CATALOG. 

UF FILE1,FILE2,FILE3 
THE THREE FILES, FILEI, FILE2, AND FILE3 ARE 
DELETED. 
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1929 

UM - UPDATE MACHINE FILE 

1985 

FO~f1AT: U,. 
FUHCTIOH: THE "MF" FILE IS UPDATED TO THE LATEST "PU STAND­

ARDS. AN "OLD VERSION" ERROR MESSAGE WILL INFORM 
THE USER WHEN TO UPDATE THE ""F" FILE. 

EXAMPLES: U,. 

MPSVM - BUILD VI.RTUAL RELEASE 1.4 

1990 

1) THE "UF" COM"AND WILL UNSAYE BOTH BINARY AND ASCII FILES. 
2) THE "OM- COM"AND NO LONGER HANGS UP IF THE FILEHA~E IS 

IS ijOT INCLUDED IN THE COMMAND. 
3) MULTIPLE LINES OF TEXT MAY BE ENTERED ON A WTI" CO""AHD. 
4) THE "I"H (INPUT "E"ORY FROM ROM FILE) COMMAND ADDED. 

*** THIS IS A HEW RELEASE OF THE BUILD YIRTUAL .••• 
FOR MORE IHFORMATION LIST MESSAGE TEXT FOR 1999 IN "HELP" 

EX: RUM HELPI TVPE- IN U T 1998· CARR! AGE RETURN 

TO !_IST THE C~AHGES TO THE NEW BUILD VIRTUAL TYPE-IN THE FOLLOWING 

1) LIST THE INDEX TO THE CHAHGES. 
TJRNOFF THE -T" (TEXT) TOGGLE AND TURN ON THE WI" (INDEX) 
TOGGLE. THE TOGGLE/S STATUS WILL BE PRINTED EACH TIME IT 
IS TVPED IN. EX: TYPE-IN "T T CR" (CR =) CARRIAGE RETURN) 
HOW SET THE TOGGLES AND TVPE-IN M1989 TO 1989 CR" 
T~IS WILL LIST THE INDEXES OF THE RELEASES. 

2) LIST THE INDEX AND TEXT OF THE CHANGES. 
TJRN ON THE "I a AND aT M TOGGLES AND AND TVPE-IN 
"1980 TO 1989 CRY. 

3) LIST ALL HELP MESSA~ES WHICH HAVE CHANGED. 
TURN ON THE "1ft TOGGLE AND TURN OFF THE aT" TOGGLE THAN 
TYPE-IN "96/11/74 TO 11/19/74 CRa THIS WILL LIST THE 
I~DEX OF ALL THE MESSAGES IN HELP WHICH HA~E BEEN C~ANGED 
OR ADDED TO THE "ESSAGE FILE. 

4) TO EXIT HELP. TVPE-IN "EX CR·. 
3001 

BC - BREAK POINT CLEAR 

FO~MAT: BC 
FUNCTION: CLEARS ALL BREAK POIKTS AND SETS THE BREAK 

POINT FLAG TO RESET. 

FORMAT: BC ADR-1[, ADR-2, ... ] 
FUNCTION: CLEARS ONLY THE BREAK POINTS SET AT "E"ORY 

ADDRESSES ADR-l, ADR-2, ... 
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BD - DISPLAY BREAK POINTS 

3003 

FORMAT: BD 
FUHCTIOH: DISPLAY THE BREAK POIHT FLAG (RESET, ALL OR 

STORE) AND ALL "EMORY ADDRESSES' WHERE A BREAK 
PINT IS SET. 

BP - SET BREAK 
FORMAT: 

POI H T S FOR REA D A.N D S TOR E ALL. 
BP ADR-t [, ADR-2, ... 1 

FUHCTIOH: 

FO~MP.T: 

FUNCTION: 

FO~MAT: 

FUHC1IDH: 

3 e 04 

SET BREAK POINTS AT "E"ORY ADDRESSES ADR-l, 
ADR-2, ... THE SIMULATOR WILL STOP AND 
PRINT THE SELECTED REGISTERS WHEN~VER A BREAK 
POINT LOCATION IS READ OR STORED INTO. BREAK 
POlNTS MAY BE SET ON ANY BYTE OF MEMORY. THERE 
IS NO LIMIT ON THE HUMBER OF BREAK POINTS. 

BP 
SET THE BREAK POINT FLAC TO ALL MODES. 

HOBP OR NSF' 
SET THE BREAK POINT FLAC TO RESET. (BREAK 
POINTS SET IN MEMORY ARE HOT CHANGED.) 

BS - SEI BREAK 
FORMAT: 

POINTS FOR STORE ONLY 
BS ADR-l(/ADR-2, ... l 

3005 

FUI-lCTIOH: 

FO~MAT: 

f-UNClION: 

FORMAT: 
FUN C T I ON : 

SEl BREAK POINTS AT MEMORY ADDRESSES ADR-l, 
ADR-2/ ... lHE SIMULATOR WILL STOP AND PR1Nl 
lHE SELECTED REGISTERS WHEHEY~R A 8kEAK PDINl 
LOCATION IS STORED INTO. 

BS 
SET THE BREAK POINT FLAC TO STORE MODE. 

NOBS OR NBS 
SEl THE BREAK POItiT FLAG TO RESET. (BREAK 
POINTS SET ON "EJIIORY ARE HOT CHANCED.) 

D - DISPLAY REGISTERS 

3aas 

FO~MAT: D 
FU~CTI0H: lH~ CONTENTS OF THE REGISTERS SELECTED WITH THE 

SD COMMAND ARE DISPLAYEn. HU"ERICAL VALUES ARE 
DISPLAYED IN THE DISPLAY BASE SELECTED BY THE DB 
COMMAND. 

DB - SEl D13PlAY BASE 
FO~MAT: DB BASE-t (WHERE BASE-l = 8, 19 OR 16) 
FUHC1ION: THE DISPLAY BASE IS SEl TO OCTAL, DECIMAL, 

OR HEXADECIMAL WHEN BASE-1 IS S .. 101 OR 16, 

RESPECTIVELV 

EXf~MPLES: DB B 
NUMERIC OUTPUT FRO" THE DM CO"MAHD WILL BE DIS­
PLAYED IN OCTAL. 
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DF - SET DISPLAY FLAG 

3898 

FO~I1AT: DF FLAG-l <WHERE FLAG-t II: I, 2, OR 3) 
FUNCTION: I'IE"ORV DU"PS "Ill APPEAR IN HU"ERIC, CHARACTER, 

OR 80TH WHEN FLAG-l IS 1, 2, OR 3, RESPECTIYElY. 
THE DEFRUlT SETTING IS 3. 

EX~MPLES: DF 2 
OUTPUT FRO" THE D" CO""AND WILL BE DISPLAYE IN 
CHARACTER FORMAT ONLY. 

DL - DI3PlAY LAST INSTRUCTION 
FORMAT: Dl 
FUNCTION: DISPLAY THE LAST INSTRUCTION PREVIOUSLY EXECUTED. 

3099 

DM - DI3PLAY MEMORY 

301e 

FORMAT: DM FWA-1/WCT-l 
FUNCTION: UCT-l WORDS OF "E"ORY BEGINNING AT LOCATION FWA-l 

ARE DISPLAYED. THE FOR"AT OF THE DISPLAY IS 
DETERMINED BY THE DF SWITCH. "EMORV IS DUMPED 
FROM THE -MF N FILE. 

EX~MPLE:S: DI1 188,28 
DISPLAY 29 (HEXADECIMAL) WORDS OF MEMORY STARTING 
FROM LOCATION 190. 

E>~ - E>nT 
FO~t'1AT : EX 
FUHCTIOH: 

3011 

EXIT FRO" THE SIMULATOR AFTER SAVING THE STATUS 
AS FOR THE SS CO""AHD, AND ALSO SAVING THE MACRO 
LIBRARY .. AND ALL OF MEMORY INCLUDING THE CURRENT 
MEMORY PAGES. 

HR - SET HEADER COUNT 
FO;:MAT: HR COUHT-t 
FUNCTION: PRINT THE REGISTER HEADER LINE EVERV COUHT-l 

LINES OF PRINT. 
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3012 
HP - HELP 

FORMAT: HP "ESSAGECODE-f[ SWITCH-l] 
FUNCTION: 

3013 

INFORMATION ABOUT MESSAGECODE-l IS PRINTED. 
MESSAGECODE-l HAS ONE OF THE FOLLOWING FORMS: 

HNNN WHERE HHHH IS A NUMBER FROM 1 TO 9999 
CORRESPONDING TO ANY HELP MESSAG~ 

eMD WHERE CMD IS A SIMULATOR COMMAND 
ALL WHERE THE WORD MAll" REQUESTS THAT 

INFORMATION FOR ALL SIMULATOR COMMANDS 
BE PRINTED. 

SWITCH-l CONTROLS THE AKOUHT OF DETAIL TO BE 
PRIHTED AND HAS ONE OF THE FOLLOWING FORMS: 

1 PRINT INDEX OF KESSAGE ONLY 
T PRINT TEXT OF "ESSAGE ONLY 
B PRINT BOTH THE IHDEX AND TEXT 

IF SWITCH-l IS OMITTED, THEN OPTION I IS USED. 

ENTER 'HP 4912 8' FOR ItfFOR"ATION ON THE SYN­
TAX USED IN THE HELP HESSAGES. 

EHTER 'HP ALL I' FOR ~ LIST OF ALL SIMULATOR 
COMMANDS. 

IB - SET INPUT BASE 

3014 

FO~MAT IS BASE-l (WHERE BASE-t IS 2, 8, l{L OR 16) 
FUNCTIOri: THE INPUT BASE IS SET TO BINARY, OCTAL .. DECl~1Al, 

OR HEXADECIMAL WHEN BASE-l IS 2, 8, 19, OR 16~ 

RESPECT I ..... ELy. 

EX;~11PlES: IS 8 
THE INPUT BASE IS SET TO OCTAL. ALL NUMBERS 
1N THE COMMANDS WILL 9E IHTERPRE)ED AS OCTAL 
UNLESS THERE IS DIFFERENT BASE lMPLIED AS PART 
OF THE BASE (IE.J DM 9/$10 WILL DUMP 10 HEX­
ADECIMAL LOCATIONS). 

lR - SET IHTERRUPT REQUEST 
F o~r1AT: II< FWA-l [, LWA-l 1 
FUNCTION: NO DOCUMENT AVAILABLE. 

3015 

LM - LIST "ACRO SWITCH 

3816 

FORMAT: Li1 
FUHCTIOH: LIST EACH COMMAND BEFORE IT IS EXECUTED. EHTER 

THE NOl" COMMAND TO INHIBIT THE PRINTING OF EACH 
COMMAND. 

MD - MACRO DELETE 
FORMAT: t1D MACRO-1( I MACRO-2, ... ] 
FUNCTIOH: DELELTE MACROS "ACRO-ll KACRO-2, '" FROM THE 

MACRO LIBRARY. 
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3917 

ML - MACRO LISTING 

3018 

FO~MAT: ML 
FUNCTION: A LISTING OF THE "ACRO LIBRARY AND THE AYAILABLE 

STORAGE REKAINIHG FOR NEW "ACROS IS PRINTED. 

MR - MACRO RESTORE 

3019 

FO~MAT: MR 
FUNCTION: RESTORE THE MACRO LIBRARY WHICH WAS SAVED BY THE 

LAST MS OR EX CO""AND. 

MS - SA~~ MACRO LIBRARY 

3020 

FO~M~~T: MS 
FU~CTIOH: THE CURREHT MACRO LIBRARY (AS IT APPEARS WHEN 

DISPLAYED WITH THE ML COMMAND) IS SAYED IN THE 
MACHINE FILE. 

OF - DEi.ETE ) ON' COMMANDS 

3021 

FORMAT: OF [CONDITION-1) 
FUNCTION: 'ON' COHI1AHDS ARE REMOVED FROM THE 'ON' ClNDITION 

LIBRARY. IF THE CONDITION-t IS SPECIFIED) THEN 
ONLY THAT IOHI COMMAHD IS REMOVED. IF NO CONDI­
TION IS SPECIFIED THEN ALL 'ON' COHDITIOHS ARE 
REMOVED. SEE THE ION' COMMAND FOR COHDITION-t'S 
FORMAT. 

fX:H1PlES: OF 
REMOVES ALL 'ON' COMMANDS FROM THE LIBRARY. 

OF/A=0FF. 
REMOVE ONLY THE 'ON' COMMAND WITH THE CONDITION 
A=0FF. 
WILL BE DELETED. 

OL - LIST THE 'ON' CONDITION LIBRARY 
FO~f1AT: OL 
FUHCTIJH: A LISTING OF THE 'OH' CONDITION LIBRARY AND THE 

AVAILASLE STORAGE REMAINING FOR NEW 'OH' CO"MANDS 
WILL BE PRINTED. 
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3822 
ON - SET AND STORE A 'OH' CONDITION to""AND INTO THE LIBRARY 

3923 

FOR"AT~ OHICONDITIOH-t,CO""AND-l. 
FUNCTION: WHEN CONDITION-l IS TRUEI THE CURRENT CO""AND 

LINE IS TERMINATED. THE COM"AND CO""AHD-l IS THEN 
EXECUTED. THE ~ L"~ CO""AND SHOULD BE ON SO THE 
COMMANDS ARE LISTED BEFORE THEV ARE EXECUTED. 

CONDITION FOR"AT: CODE-l [OPERATIOH-l YAULE-l] 
WHERE CODE-l IS ANY OF THE FOLLOWING REGISTER 
CODES: 

X - INDEX RECISTER 
A - ACCU"ULATOR A 
B - ACCUnULATOR B 
5 - STACK POINTER 
T - TIME 

OR FAUL T CODES: 
Sf - BREAK POIHT FAULT 
MF - MEMORY FAULT 
F - ALL OTHER FRULTS 

OPERATIOH-l IS OPTIONAL AND "AY BE ANY OF THE 
FOLLOWING LOGIC$L OPERTIOHS: 
= IF THE CODE EQUALS THE YAULE THE COMIllOM IS 

TRUE AND THE CO""AND IS EXECUTED. 
< IF THE CODE IS LESS THAN THE YAULE THE CONDI­

TION IS TRUE AND THE COM"AHD IS EXECUTED. 
> IF THE CODE IS GREATER THAN THE YAULE THE CON-

DITION 15 TRUE AND THE CO""AHD IS EXECUTED. 
VALUE-l IS THE PARAMETER WHICH IS COMPARED TO 
CODE-l AND IS INCLUDED IN THE CONDITION IF AND 
ONLY IF OPERATION-l IS INCLUDED. 

COMMAND-l IS ANY CO""AHD OR "ARCO WITH OR WITHOUT 
PARAMETERS. ONLY ONE CO"MAND CAN BE ENTERED. THE 
FIRST PERIOD TER"INATES THE CO""AND LINE. 

ONLY ONE REGISTER 'OH' COMMAND MAY BE ENTERED AT 
A T II1E, BUT MUL Tl PLE FAUL T5 I1AY BE TESTED. 

EXRMPLES: ON, A)0F21 SA", 1,2. 
ON THE A ACCU"ULATOR GREATER THAN SF2 (HEX) THE 
MACRO CO""AHD ISAMJ AN IT/S PARAMETERS WILL BE 
EXECUTED. (THE TRACE OR RUN WILL BE STOPPED) 

ON, BP=1081 D", 188,5. 
WHEN A BREAK POINT OCCURS AT LOCATION 188, THE 
TENTS OF ME"ORY LOCATIONS 10e THRU 184 WILL BE 
DISPLAYED. THE TRACE OR RUN WILL BE STOPPED. 

ON I BP I D 11, 1 88 I 5 
WHEN ANY BREAK POINT OCCURS, THE CONTENTS OF "EM­
ORY LOCATIONS tee THRU 184 WILL BE DISPLAVED. THE 
SIMULATOR WILL REQUEST A COM"AHD. 

PF - SI~ULATE POWER FAIL 
FORMAT: f'F 
FUNCTION: SI.I'IULATES POWER FAIL BV PUSHING THE REGISTERS 

O'Nro THE~T,ACK AND LOAD INC THE POWER FAI L VECTOR 
(LAST WORD ADDRESS-3) INTO THE P REGISTER. 
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3124 
PI - PRINT INTERRUPT REQUESTS WHEN THEY OCCUR 

FORMAT: PI [,Ll 
FUHCTIOH: NO DOCU"ENT AYAILABLE. 

3025 
PO - SI"ULATE POWER ON 

3826 

FORHAT: PO 
FUNCTION: SI"ULATES THE POWER ON BY LOADING THE POWER ON 

VECTOR (LAST WORD ADDRESS-i) INTO THE P REGISTER 
AND LOADING RANDO" INFOR"ATION INTO THE OTHER 
REGISTERS. 

R - RUN 
FO~HAT: R COUHT-l 
FUNCTION: 

3927 

RUN COUHT-t INSTRUCTIONS WITHOUT PRINTING, AND 
THEN PRINT THE REGISTERS SELECTED BY THE SR COM­
MAND. THE IHPUT BASE OF COUHT-l IS SET BY THE 
IS COMMAND. 

RC - REPEAT CO""AND 

3028 

FORMAT: RC COUHT-1 
FUNCTION: THE NEXT COMMAND IS EXECUTED COUHT-l TI"ES. IF 

THE RC CO"MAND IS THE LAST COHMAND IN A LINE, 
THEN THE FIRST COMMAND IN THE NEXT LINE WILL BE 
REPEATED COUNT-l TI"ES. 

RL - REPEAT LINE 

3029 

FORMAT: Rl COUHT-l 
FUNCTION: THE REMAINIHG PORTION OF THE COMMAND LINE (TO 

THE RIGHT OF THE RL COMMAND) IS EXECUTED COUHT-l 
TIMES. THE RL COMMAND WILL HAVE NO EFFECT IF IT 
IS THE LAST CO""AND IN THE LINE. 

RS - RESTORE SIMULATOR STATUS 

3830 

FORMAT: RS 
FUNCTION: RESTORE THE SIMULATOR STATUS SAVED WITH THE SS 

CO""AHD. 

SD - SELECT DISPLAY REGISTERS 
FORMAT: SD REGISTER-l[REGISTER-2 ... ] 
FUNCTION: REGISTERS REGISTER-1, REGISTER~2, .. , ARE SELECT­

ED TO 8E DISPLAYED WHEN THE D, BLI R, AND T COM­
"ANDS ARE EXECUTED. REGISTER-l, REGISTER-2, ... 
CAN BE ANY OF THE FOLLOWING ONE CHARACTER CODES: 

I - INSTRUCTIOH ADDRESS 
o - OPERATOR ""E"OMIC CODE 
E - EFFECTIYE ADDRESS 
P - PROGRA" COUNTER 
X - INDEX REGISTER 
A - ACCU"ULATOR A 
B - ACCU"ULATOR B 
C - CONDITION CODES 
S - STACK POINTER 
T - Tl"£ 
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3031 

SM - SET MEMORY 
FO~MAT: SM FWA-l J VALUE-l[, YALUE-2, ... ] 
FUNCTION: 

EX~MPlES: 

3032 

LOCATION FWA-t IS SET TO VALUE-II THE HEXT LOCA-
TION IS SET TO VALUE-21 ETC. 

SM 1 e,l 
THE CONTENTS OF LOCATION 10 IS SET TO 1. 

SM 20,1/2,3,4.,5,6,7,8 
THE CONTENTS OF LOCATIONS 28 THROUGH 27 ARE SET 
TO 1 THROUGH 8. 

SR - SET REGISTER 

3033 

FORMAT: SR RECISTER-l VALUE-l[,RECISTER-2 VALUE-2, ... 1 
FUHCTION: THE REGISTERS IN THE LIST ARE SET TO THEIR RE­

SPECTIVE VALUES. REGISTER-I, REGISTER-2, ... CAN 
BE ANY OF THE FOLLOWING ONE CHARACTER CODES: 

P - PROGRAM COUNTER 
X - INDEX REGISTER 
A - ACCUMULATOR A 
B - ACCUMULATOR B 
C - CONDITION CODES 
S - STACK POINTER 
T - TIME 

SS - SA~E SIMULATOR STATUS 

3034 

FO~MAT: S5 
FUNCTION: SAVE THE SIMULATOR STATUS IN THE MEMORY FILE. 

ALL REGISTER SETTINGS AND SELECTED OPTIONS ARE 
SAYED. THE "ACRO LIBRARY AND CURRENT "PU "EM­
ORY PAGES ARE HOT SAVED. 

T8 - TRACE BRANCHES 

3835 

FO~f1AT: TB [COUNT-11 
FUHCATIOH: RUN COUHT-l INSTRUCTIONS AND PRINT THE SELECTED 

REGISTERS AFTER EYERY BRANCH, J"P, JSR, BSR, RTI, 
RTS, OR SUI INSTRUCTION IS EXECUTED. IF COUHT-l 
IS O"ITTED ONLY ONE IHSTRUCTOH IS EXECUTED. SEE 
CO" "A N D S S DAN D D B FOR S E LEe T I H G THE REG 1ST E R.S' 
DISPLAYED AND THE DISPLAY BASE 

E X A t1 P LE S : T B 7 
RUN 7 INSTRUCTIONS AND TRACE ANY BRANCHES FOUND 
(PRINT THE SELECTED REGISTERS). 

T - TRACE INSTRUCTION EXECUTIOH 
FORMAT: T COUNT-l 
FUNCTION: COUNT-l INSTRUCTIONS ARE TRACED. THE REGISTERS 

THE EXECUTION OF EACH INSTRUCTION. 
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4 ••• 

HELP DIRECTORY 

4811 

FOR "ORE IHFOR"ATION CONCERNING A CIVEN SUBJECT ENTER THE 
SUBJECT'S INDEX FOLLOWED BY A CARRIAGE RETURN. 

INDEX 
4811 
4812 
4813 

SUBJECT 
HELP CO""AHDS 
SYNTAX HOTATION CONYENTION 
MESSAGE FILE 

HELP COM"AHDS 

GENERAL: THE HELP SYSTE" OPERATES ON A "ESSAGE FILE. THE "ESSAGE 
FIlE CONSISTS OF ENGLISH TYPE STATEMENTS DESIGNED TO ASSIST 
THE USER WITH I'IOTOROLA'S "PU SOFTWARE. THERE IS AN INDEX 
AND A TEXT PART TO EACH "ESSAGE. MESSAGE CREATION DATES AHD 
MESSAGE HUHBERS ARE ASSIGNED TO THE "ESSAGES. THE MESSAGES 
ARE FURTHER ORGANIZED INTO SYSTEM GROUPS. THERE ARE INDI­
VIDUAL "ESSAGE GROUPS FOR ERRORS, FOR THE ASSE"BlERI 
BUILD YIRTUAL MACHINE, SI"ULATOR, AND HELP SYSTEMS. A USER 
MAY ACCESS THE MESSAGES BY SPEC~FYIHG A "ESSAGE HUMBER, A 
RANGE OF "ESSAGE NU"BERS, A RANGE OF CREATION DATES, OR THE 
ENTIRE "ESSAGE FILE. A "ODE CAN BE ENTERED WHERE THE RAHGE­
OF-DATES AND PRINT-ALL-MESSAGES COMMANDS APPLY ONLY TO THE 
SELECTED GROUP (ERRORS, ASSEMBLER, BUILD VITUAL, SIMULATOR, 
OR HELP GROUPS). THREE TOGGLE COMMANDS SELECT/DESELECT THE 
PRIHTIHG OF THE "ESSAGE HUI'IBER-CREATIOH DATE, INDEX, AND 
TEXT PORTIONS OF EACH MESSAGE. 

PRINT MESSAGE COMMANDS 

COM"AHD: NU"BER-l 
FUNCTION: PRINT MESSAGE NU"BER-l 

COMMAND: NU"BER-I, NU"BER-2, NU"BER-31 ... 
FUNCTION: PRINT MESSAGES NUMBER-I, HUt18ER-2, NUt1BER-3 ... 

COMMAND: HUMBER-l TO HU"BER-2 
FUNCTION: PRINT ALL MESSAGES FRO" "ESSAGE NUMBER NU~BER-l 

TO "ESSAGE HU"BER HUI'IBER-2. 

COM"AHD: DATE-l 
FUNCTION: PRINT ALL "ESSAGES WHICH WERE ENTERED (CREATED) 

FROM DATE-l UNTIL TODAVJS DATE. DATES ARE 
ENTERED IN THE FOR"AT: "M/DD/VY WHERE "M IS THE 
"OHTH., DD IS THE DAY I AND YY I S THE YEAR. 

FORMAT: DATE-l TO DATE-Z 
FUNCTION: PRINT ALL MESSAGES WHICH WERE ENTERED (CREATED) 

FROM DATE-l TO DATE-Z. 

COH"AHD: ALL 
FUNCTION: PRINT EVERY I'IESSAGE IN THE MESSAGE FILE OR EYERY 

CO""AHD WAS PREVIOUSLY EXECUTED. 
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SELECT GROUP CO""AHDS 

CO~"AND C 
FUNCTION: SELECT THE ASSE"BLERIS "ESSAGE GROUP, 

CO~"AND: B 
FUNCTION: SELECT THE BUILD VIRTUAL "ESSAGFIS GROUP. 

COt1"AND: E 
FUNCTION: SELECT THE ERROR'S MESSAGE GROUP. 

COM"AND: H 
FUNCTION: SELECT THE HELP SYSTEM1S "ESSAGE GROUP. 

COi1"AND: S 
FUNCTION: SELECT THE SIMULATOR'S MESSAGE GROUP. 

COi1"AND: I 
FUNCTION: TOGGLE THE PRINT INDEX SWITCH (ON/OFF) 

COt1"AHD: N 
FUNCTION: TOGGLE THE PRINT MESSAGE HUMBER S~ITCH (ON/OFF) 

COi1"AND: T 
FUNCTION: TOGGLE THE PRINT TEXT SWITCH (ON/OFF) 

COMMAND: P 
FUNCTION: TOGGLE THE PAGING SWITCH (ON/OFF) 

THE HELP MESSAGE WILL BE PRINTED ON 65 LINES PER 
PAGE. (53 LINES OF TEXT), 

CO""AND: EX 
FUNCTION: EXIT THE HELP SYSTE". 

NOTES: 1. "ULTIPLE CO""ANDS CAN BE ENTERED ON A SINGLE LINE BY 
SEPERATIHG THE CO""AHDS WITH A SPACE. 

2. A SI"ILAR HELP STRUCTURE IS CURRENTLY AVAILABLE IN 
THE BUILD VIRTUAL "ACHINE AND SIMMULATOR SYSTEMS. 
USER INSTRUCTIOHS FOR THESE HELP SYSTEMS ARE PROYIDED 
IN THE' RESPECTIVE SYSTEM. 
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4012 

SYNTAX HOT~TION CONVENTION 

GENERAL - BUILD VIRTUAL AND SIMULATOR COMMANDS CONSIST 
OF A COMMAND CODE FOLLOWEDJ USUALLY B'( ONE O~: 

MORE OPERANDS. OPERANDS PROVIDE THE SPECIFIC 
INFORMATION FOR THE COMMAND TO PERFORM THE 
REQUESTED OPERATION. THE FOLLOWING SET OC SYM-
BOLS IS USED TO DEFINE THE FORMAT OF EACH COM­
MAND, BUT THEY SHOULD NEVER BE ENTERED AS PART 
Of THE COMMAND. 

HYPHEtt 
[] BRACKETS 

ELLIPSIS 

COMMANDS - BUILD VIRTUAL AND SIMULATOR COMMANDS ARE TWO 
LETTER MNEMONIC CODES. MACRO COMMANDS (USER 
DEFINED COMMANDS) CONSIST OF ONE TO FOUR LETTER 
CODES. A COMPLETE LIST OF THE SYSTEM COM~ANDS 

IS PRIHTED WHEN THE JHP AL I I COMMAND IS ENTERED 
DURING A BUILD VIRTUAL OR SIMULA~OR SESSION A 
LIST Of ALL MACRO COMMANDS IS PRINTED WHEN THE 'ML 
COt1MAHD IS ENTERED. 

OPERANDS - OPERANDS AR£ IDENTIFIED BY THE HYPHEN. A~ 

OPERAND WILL CONSIST OF A SYMBOLIC NAME FJLLOWED 
BY THE HYPHEN WHICH IS FOLLOijED BY A NUMBER. A 
USER SUPPLIED VALUE IS SUBSTITUTED FOR TH~ OPERAND 
IN THE COMMAND LINE. THE HYPHEN AND THE NUMBER 
APPEHD£D TO EACH SYMBOLIC NAME IS USED TO DIFFER­
ENTIATE AMOHG THE POSSIBLE MULTIPLE OCCURRENCES OF 
A GIVEN OPERAND IN A COMMAND DEFINITION. 

HYPHENS - HYPHENS IDEHTIFY AN OPERAND IN THE STATEMENT DEF-
INITION. THEY ARE NOT ENTERED IN THE ACTUAL COM-
MAN D~ 

BRACKETS - BRACKETS IMPLY OPTIONAL INPUT. EVERTHIHG WITHIN 
A MATCHED PAIR OF BRACKETS IS OPTION~L AND MAY BE 
OMITTED. THE BRACKETS ARE NOT INCLUDED IN THE 

COMMAND LINE. 
HOTE: THE USE OF THE BRACKETS IN THE DEFINITION OF 

CO""AHD SYNTAX AND FORMAT IS NOT TO BE CON­
FUSED WITH THEIR USE IN MA eRO DEFINITIONS. 

ELLIPSIS - AN ELLIPSIS INDICATES THAT THE PRECEDING ITEM OR 
GROUPS OF ITEMS MAY BE REPEATED MORE THAN ONCE 
IN SUCCESSION. 
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As the result of assembly, the original source program was converted into numerical machine 

language acceptable to the microprocessor. If the Assembler option "Memory" was chosen, the entire 

assembled program was saved by the timeshare computer and may now be used to create an output tape. This 

tape will not contain any of the source language, comments or Assembler directives provided by the Assembler 

listing. It will, however, contain all of the machine language instructions, addresses and data specified by the 

source program. 

To create the output tape, the first step is to select and reformat the appropriate memory files. This is 

accomplished by using the Build Virtual Machine program on the timeshare service. The resulting 

reconfigured file is given a new name and saved. The next, and final step, is performed by requesting the 

timeshare computer to list the new file on a terminal that has the ability to punch or record a tape. The required 

B VM commands for generating the tape are repeated as Table 7-1.7-1 for review. 

As an example of their use, the sequence for generating a tape using the Texas Instruments "Silent 

700" terminal will be described. 

(1) Access the host computer as described in Section 7-1.2. 

(2) In response to the query "Type Old or New" , type "OLD". 

(3) In response to the query "File Name", type the name of the present memory file. 

(4) Call the Build Virtual Machine program by typing "RUN MPBVM." 

(5) MPBVM answers with a message and then a question mark. 

(6) Enter "MF XYZ", where "XYZ" is the name of the memory file. 

(7) In response to the next question mark, type "OM NEW (FA ,LA) " where "NEW" is the name 

selected for a new memory file to be configured by B VM. "FA" means the first address in 

memory of the user's program, and "LA" means the last address. These addresses are entered 

in hexadecimal notation. 

(8) When B VM again responds with a question mark, it means the new reconfigured file has been 

created. 

(9) Next type "EX". This command causes the new file to be saved and then exits the BVM 

program. 

(10) At this time, the terminal should be prepared for either printing or recording a tape of the new 

file. 

(11) For the" SILENT 700" , a tape cassette is inserted, rewound and loaded. The Record control is 

placed on-line, tape format control set to line, and keyboard and printer turned on if a 

printed-out check listing of the tape is desired. 

(12) The user types "OLD NEW" where "NEW" is the name of the file that was created in Step 8. 

(13) When the terminal prints "ready", type "LIST N H". This command will cause the file to be 

listed without a header when a carriage retutn is typed. 
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MF - MACHINE FILE 
FORMAT: MF FILENAME-l 
FUNCTION: THE MF COMMAND LOADS FILE FILENAME-l INTO A WORK 

AREA. THE CC, CF, DM, 1M, LW, ML, MO, OM, RF, 
:s:t1, T I, AtiD U~l COMMANIIS ALL ~:EQU I RE A MF FILE 
TO BE LOADED PR SOURCE 

EXAMPLES: MF MEMORY 
THE ,..lACH I tiE FILE "MEMOR')"'" I S I IIENT I F I ED AS THE 
MF FI~E. 

" OM - OUTPUT MEMORY 
FORMAT: OM FILENAME-l(FWA-l,LWA-l[ ,RFWA-l]) 

[(FWA-2,LWA-2[ ,RFWA-2]) ••• ] 
FUNCTION: OUTPUTS THE SPECIFIED REGIONS OF MEMORY FROM THE 

"r'lF" FILE INTO FILE FILENAME-I. FIJJA-l 1:5: THE 
FIRST WORD ADDRESS AND LWA-l IS THE LAST WORD 
ADDRESS OF THE FIRST REGION. RFWA-l IS THE ROM 
MEMORY FIRST WORD ADDRESS. IF PRESENT, MEMORY 
IS RELOCATED TO THIS STARTING ADDRESS IN THE ROM 
OUTPUT F.ILE. 

ROM PAPER TAPE FORMAT 
BYTE 1 - RECORD TYPE 

SO - HEADER RECORD 
SI - DATA RECORD 
S9 - END OF FILE RECORD 

BYTE 2 - RECORD LENGTH IN BYTES (DOES NOT 
ItiCLUDE BYTE 1) 

BYTE 3 - UPPER BYTE OF MEMORY ADDRESS 
BYTE 4 - LOWER BYTE OF MEMORY ADDRESS 
LA:5:T 
BYTE - CHECKSUM OF BYTES. THE CHECKSUM + 

THE SUM OF BYTES = 255 (MODULO 256). 
ALL BYTES BETWEEN BYTE 4 AND THE 
CHECKSUM BYTE ARE DATA BYTES. THE 
MEMORY ADDRESS OF THE FIRST DATA 
BYTE IS IN BYTES 3 AND 4. SUCCESSIVE 
DATA BYTES HAVE SUCCESSIVE MEMORY 
ADD~:E:S:SES . 

EXAMPLES: OM TOM(O,OFF) 
MEMORY IS OUTPUT IN ROM PAPER TAPE FORMAT INTO 
FILE "Tor'l". THE F.~EG I ON OF MEMOR~"' OUTPUT 1:5: 
LOCATIONS 0 THROUGH FF. 

OM DICK(100,lFF,2000) 
THE ADDRESSES FOR THE REGION OF MEMORY FROM 
TIONS 100 THROUGH IFF ARE REASSIGNED TO LOCATIONS 
2000 THROUGH 20FF BEFORE BEING OUTPUT INTO ROM 
FILE "DICK". 

OM HARRY(0,2FF)(300,4FF,600) 
TWO REGIONS OF MEMORY ARE OUPUT TO ROM FILE 
II HAF.: F::'r' II • ADDRESS:ES FOR THE S:ECOt"iII, F.:EG I Ot., AF.~E 

REASSIGNED TO LOCATIONS 600 THROUGH 7FF. 

TABLE 7-1.7-1: BVM "Machine File" and "Output Memory" Commands 
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(14) The terminal Record button is pressed and a carriage return is typed on the Keyboard. 

(15) The program machine code will now be recorded on the tape. Simultaneously, if the printer is 

turned on, it is listed line by line on the terminal. 

The resulting tape is suitably formatted either for ordering ROMs or for entry into an EXORciser for 

further debug and checkout with the system peripherals. 

7-2 THE EXORCISER 

The EXORciser (Figure 7-2-1) is a flexible test instrument based on actual M6800 hardware 

devices. Because of this it can be used as an extension of the system prototype for evaluating and improving 

hardware/software compatibility. It includes built-in diagnostic and utility programs that can be used to debug 

the prototype system. 

In contrast to the Simulator, which is a software program, the EXORciser is primarily hardware. 

Programs under development can be run with the actual system peripheral hardware under real time conditions. 

This allows both the software and hardware to be modified as required to improve system operation. 

A typical EXORciser configuration is shown in block diagram form in Figure 7-2-2. 

FIGURE 7-2-1: The EXORciser 
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7-2.1 HARDWARE COMPONENTS 

The EXORciser chassis fits conveniently on a table top or in a rack. Communication with the user is 

through a separate data terminal keyboard and printer. The EXORciser controls are on its front panel. The 

microprocessor, memory, input/output interface, and other additional system elements are contained on 

plug-in boards which connect to the system busses on the backplane when the boards are inserted. 

The basic EXORciser contains three functional modules. Two of these are mounted on separate 

plug-in boards. They are: 

(1) Microprocessor Module 

(2) Debug Module 

The third, contained in the housing, is the Baud Rate Module which interfaces to the communication terminal. 

In addition to the housing, control panel, card cage, and the two modules mentioned above, the 

EXORciser also has a power supply with reserve for up to 14 plug-in boards. This means there are 12 slots 

available for additional boards to implement the system configuration, since the EXORciser control nucleus 

only occupies two. 

7 -2. 1. 1 Hardware Specifications 

The basic M6800SDT EXORciser Assembly consists of: 

1. Equipment Housing: (Includes Chassis, Power Supply, Card Cage for 14 cards, and Band Rate 

Module.) 

Chassis 

Size: Tabletop: 

Rackmount: 

Weight: 

7" X 17%" X 19%." 

7" x 17" X 19" 

45 lbs. maximum 
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Module Compartment 

Front Panel Controls: 

Rear Control 

Power Supply 

AC Power Requirements: 

DC Power Supplies: 

Operating Environment: 

Indicators (Front Panel): 

Baud Rate Module 

• Communications Clock Circuit 

Accommodates fourteen 5%" X 9%" modules 

ON/OFF switch 

ABORT pushbutton switch 

RESTART pushbutton switch 

Baud Rate Switch 

(110-9600 Baud) 8 pos. 

60 Hz, 120 ± 10% VAC, 300 Watts 

+5 VDC @ 15A 

+ 12 VDC @ 2.5A 

-12 VDC @ lA 

O°C to 55°C 

RUN, ON/OFF, and Battery 

• Twelve switch selectable baud rates from 110 to 9600 

• TTY (20 milliamp) and/or RS232C 

2. Microprocessor Module 

• Complete microprocessor (MC6800) 

• System crystal clock (1 MHz or external osc.) 

• 8-Bit data word 

• Bi-directional data bus 

• 16-bit address bus 

• 72 Instructions - variable length 

• Seven addressing modes 

• Variable length stack 

• Real time interrupt capability 

• Restart capability 

• Non-Maskable interrupt 

• Six internal registers - two accumulators, index register, program counter, stack pointer, condition 

code register 

• 2/-Lsec instruction cycle (1 MHz clock) 

• Memory ready circuit for slow memories 

This Card includes the MPU, and the necessary peripheral circuitry to provide the clock, 

powerfail/Restart and DMA functions. The clock circuit generates two phase signals for use by the MPU and 

the rest of the system. All Address, data, and control lines are equipped with bus drivers and brought out to the 

connector. 

The DMA circuitry is utilized to transfer data to or from other devices at high speed and allows the 

use of memory units that operate at any speed up to the 1 MHz maximum. 
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3. DEBUG Module 

Hardware Features 

• Stop-on-address comparison circuit 

• Provision for executing one instruction at a time 

• ABORT and RESTART pushbutton switches 

• Address selectable scope trigger 

Programmed Features (EXbug) 

• Load (reads tape into RAM) 

• Verify (compare tape with memory) 

• Punch (outputs memory contents on tape) 

• Print (prints memory contents on terminal) 

• Search (searches tape for desired object program) 

• Examine and/or change memory 

• Set/reset breakpoints 

• Set breakpoint loop count 

• Display/change registers 

• Trace n instructions 

• Trace to address 

• Search memory for bit pattern 

• Calculate offset for branch instructions 

• Hex-octal-decimal conversions 

4. Table Top Cover Kit or Rack Mounting Kit 

The table top version is designated as M6800SDT -T(O) and the Rack mounted version is designated as 

M6800SDT -R(O) 

Optional Items Include: 

1. I/O Module (PIA's sold separately) 

2. Static RAM Module (2K X 8) 

3. Universal Wirewrap Module 

4. Extender Module 

5. Rack Mounting Kit 

6. Table Top Cover Kit 

Input/Output Module (optional) 

(Spec. 1810-103) 

(Spec. 1810-102) 

(Spec. 1810-105) 

(Spec. 1810-104) 

(Spec. 1810-106) 

(Spec. 1810-108) 

• Four 8-bit peripheral data busses (TTL compatible) 

• Each buss programmable for any input/output combination 

• Wirewrap sockets for special interface circuits 

• Eight individually controlled interrupt input lines - four usable as peripheral control lines 

• Handshake control logic for input/output peripheral operation 

• High impedance three-state and direct Darlington transistor drive peripheral lines 

• Program controlled interrupt and interrupt mask capability 

• Address select logic switchable to any memory location. 
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Static RAM Module (optional) 

• 2K X 8 random access memory using 1 K X 1 RAMs 

• Address select logic for each 1K block assignment 

• Expandable to 65K 

• RAM/ROM control per 1K X 8 block of memory 

• +5 VDC (only) operation 

• No clocks required 

• Compatible with Microprocessor Module 

• 1 JLsec cycle time 

• Interfaced via bus driver/receiver 

Universal Wirewrap Module 

• Plug-in board to accommodate integrated circuit sockets 

• Wirewrap pins for simple breadboarding of prototype designs 

Extender Module 

• Plug-in board to extend another board for easy access to components. 

7-2.2 SOFTWARE COMPONENTS 

7-2.2.1 EXORciser Control 

The EXORciser is controlled by EXbug, a diagnostic program which resides in 3072 bytes of ROM 

on the Debug board. This board also includes 256 bytes of RAM which the EXbug program uses to store 

interrupt addresses and variable parameters. 

EXbug never has to be loaded into the EXORciser since it is permanently stored in ROM. The user's 

target program, however, must be loaded into the EXORciser's memory. EXbug performs this function along 

with several related ones. 

After the tape holding the user's program (generated by the B VM program on the time share 

terminal), has been placed in position, EXbug is commanded to Search. When it locates the beginning of the 

program, it prints out an identification header. EXbug is then commanded to Load. This operation transfers the . 

target program from tape into EXORciser memory. At this time, it is advisable to verify that the machine code 

of the tape has been corrected stored in memory. To do this, the tape is rewound to the beginning of the 

program, and EXbug is given the command, VERF. Each byte of memory is then compared with the 

corresponding byte on tape. Checksum errors are detected and printed out on the terminal. MAID, the 

debugging function of EXbug, may then be used to examine and alter memory or to trace, modify, or run the 

program. 

After the program has been debugged or for an interim inspection, it may be desirable to print it or put it 

back on tape again. When given the command, PRNT, and the appropriate memory addresses, EXbug will 

output each stored byte to the terminal. To copy the program onto tape, the user first positions the tape and turns 

the recorder on. The EXbug command PNCH with the beginning and end memory addresses of the program, 

will then cause it to copied, byte by byte, from memory onto the tape. 

7-2.2.2 MAID 

The MAID (Motorola Active Interface Debug) routine of the EXORciser EXbug control program 
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enables the user to perform the following operations in debugging a program: 

• Examine and change data in a memory location. 

• Examine and change the data in the MPU program registers and counters. 

• Calculate the offset in the relative addressing mode. 

• Insert, display, and remove breakpoints in the program. 

• Freerun or trace the target program under MAID control. 

• Perform decimal-octal-hexadecimal conversions. 

• Search memory for a bit pattern. 

These operations are carried out when one or more of the MAID control commands are entered on 

the data terminal keyboard. With the exception of the decimal-octal-hexadecimal base conversions, numerical 

values or addresses associated with the commands must be entered in hexadecimal notation. 

After executing a command, MAID prints out an asterisk to indicate it is ready for another one. If 

MAID can not perform the command, it indicates this by ringing the bell on the terminal. In either case, the 

asterisk signifies that EXbug is still running the MAID routine and another command may be entered. The 

MAID commands are summarized in Table 7-2.2.2-1. 

7-2.3 MEMORY UTILIZATION 

As shown on the memory map of Figure 7-2.3-1 the EXORciser has an addressing range of 65,536 

bytes. Therefore, the highest address is 65,535 or hexadecimal FFFF. This address, and the one below it are 

reserved for the Restart subroutine of EXbug. The entire EXbug program is assigned the highest 4096 bytes of 

the addressing range. The three ROMs which contain permanent EXbug instructions have hexadecimal 

addresses FOOO to FCOO. Addresses FFOO to FFFF are used for interrupt subroutines, to stack register contents, 

and to keep track of variable program parameters. The remaining EXbug addresses, FCOO to FFOO, are 

assigned to devices within the system, such as the PIA's and ACIA's for input/output. 

The target program· is assigned to memory addresses between 0000 and FOOO. This is a range of 

61,440 bytes of storage. Few systems require this large memory capacity, therefore, it can be allocated to 

minimize the number of address bits for unambiguous access, or to simplify microprocessor operations. As an 

example, suppose that the target program is to be stored in two 1024 byte ROMs. Each one has an addressing 

range of 400 hexadecimal. One ROM can be assigned addresses 4000 to 43FF, and the other 4400 to 47FF. 

Address lines left unconnected cause the respective bit to appear as a O. Therefore the first ROM address can be 

specified: 

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

value 0 I 1 I o I 0 0 0 X X X X X X X X X X 

NOTE: X represents either a 1 or a 0 

Address lines 10, 11, 12, 13, and 15 are left unconnected. For this address range Line 14 is always 1, therefore 

it can be connected to a ROM chip select line. The remainder of the address is determined by bits 0 to 9. Only 

address lines 0-9 and 14 have to be tied to the microprocessor address buss in this case. 

The second ROM would be connected the same way, except for line 10, which should also be tied to 

a chip select line. A similar procedure can be used for the PIA'S, ACIA's, or other system components. 
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MAID 
Command 

n 

LF 

1 

n;V 

$V 

n;P 

n;U 

;U 

n;W 

$M 

;0 

n;O 

$R 

;P 

CR 

;S 

;T 

#n 

#n $ n 

#@ n 

n;O 

$T 

;N 

N 

n;N 

$S 

Description 

Print the contents of memory location n and enable the EXORciser to change the 
contents of this memory location. 

Print the contents of the next sequential memory location and enable the EXORciser 
to change the contents of this memory location. (LF - Line Feed Character) 

Print the contents of the previous sequential memory location and enable the EXOR­
ciser to change the contents· of this memory location. (1 - up arrow character or 
SHIFT and N characters) 

Set a breakpoint at memory location n. 

Display the breakpoint memory locations. 

Continue executing from the encounter breakpoint until this breakpoint is encountered 
n times. 

Remove the breakpoint at memory location n. 

Remove all the breakpoints. 

Search for the n bit pattern. 

Display the search mask. 

Executes the user program starting at the auto restart memory location. 

Execute user program starting at memory location n. 

Display/change the user program registers. 

Continue executing from the current program counter setting. 

(Carriage Return) Close open address and accept next command. 

Disable stop-on-address interrupt, leaving stop address at location previously set. 

Discontinue trace mode. 

Convert the decimal number n to its hexadecimal equivalent. 

Convert the hexadecimal number n to its decimal equivalent. 

Convert the octal number n to its hexadecimal equivalent. 

Calculate the address offset (for relative addressing mode instructions). 

Set the trace mode. 

Trace one instruction. 

Trace one instruction. 

Trace n instructions. 

Display/set the stop-on-address compare. 

TABLE 7-2.2.2-1 MAID Control Commands 
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FIGURE 7·2.3-1: Memory Map and Addressing 
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Microprocessor operations are more efficient if a fewer number of bytes, and processor cycles, are 

needed to access memory. Those locations which are the object of frequent Load and Store instructions, within 

the user's program, should be assigned an address in the range 00 to FF. They can then be defined by a single 

byte of machine code, rather than two. This permits the Assembler to use direct addressing instead of extended 

for the relevant memory access instructions. This can result in a saving in memory size and cycle time of up to 

33%. 

EXbug assumes that the average target program may be contained within half of the maximum range 

of the EXORciser memory. For this reason EXbug expects address 83FF to be the top of the target memory 

range, and looks for the user specified interrupt subroutine pointers in bytes 83F8 to 83FF when initialized. 

These pointers are then transferred to locations FFF8 to FFFF in EXbug' s memory. If the user prefers a different 

top of memory location for the interrupt pointers, however, the alternate preferred top of memory location may 

be entered into EXbug address FFOO, using the memory change command of MAID. After the interrupt 

pointers have been placed in the preferred locations, they are transferred to EXbug's memory when the user 

presses the ABORT button. 

In order to allow for program expansion within memory, it is recommended that the program 

initially be placed in the approximate middle of the addressing range. This would be address 8000 to 83FF if 

less than 1024 bytes, 7COO to 83FF for a 2048 byte program, 7400 to 83FF for 4096 bytes, 7COO to 83FF for a 

2048 byte program, 7400 to 83FF for 4096 bytes, etc. In this manner, the program instructions are expanded 

downward in memory. At the same time, the scratch pad and stack area, in the bottom 256 bytes may be 

expanded upward. 

7-2.4 HARDWARE OPERATIONS AND CONTROLS 

7-2.4.1 Combined Hardware/Software 

Many of the EXORciser features are entirely implemented by software routines, but a number of 

them also utilize hardware to achieve the desired results. One of the special hardware circuits included on the 

DEBUG card generates a "Psuedo Powerfail" interrupt. The NMI and RES (Restart) inputs to the 

Microprocessor are switched OFF and then ON again after a short delay. The Microprocessor then performs the 

"power down" and "Restart" functions even though the system power has remained on at all times. Other 

hardware/software features are: 

(a) Trace (or Run) one instruction 

(b) Multiple loop breakpoint 

( c) Stop-on-address 

Run-One-Instruction 

When the command to "trace" ($T) or "run" one (or more) instructions is entered (n;N), the 

hardware cycle counter is enabled and an RTI instruction is executed. This utilizes 12 clock cycles to move the 

contents of pseudo registers established on the stack into the internal registers of the MPU Unit. The instruction 

addressed by the P counter (just loaded) is started but since the hardware cycle counter was preset to 13, a 

pseudo powerfail interrupt is initiated after the 1st cycle. The MPU completes the instruction in progress, 

7-78 



whether it is one, two, or three bytes and then enters a normal "Restart" routine by fetching the Restart 

routine's address from the top two bytes of memory. These bytes are always reserved for this purpose. (When 

the EXORciser was first turned ON, the EXbug program preset its own entry address into those top locations.) 

As a result, when a pseudo powerfail occurs, the program stops running after completing the current 

instruction, and returns to EXbug. EXbug's "Restart" routine stores the contents of all internal registers in 

memory and prints them out on the terminal. The system then waits for the next command. 

Multiple Loop Breakpoint 

The Breakpoint routine utilizes the "Run-one-instruction" routines; therefore, whenever the 

second breakpoint is tested (by entering n;P) it will also depend on the hardware counter to interrupt the system. 

Stop-On-Address 

This is another of the combination Hardware/Software features. It is called by typing the command 

$S, which then transmits the desired address to the comparators in the DEbug card. Whenever the selected 

address appears on the address bus, a Psuedo Powerfail interrupt is started. On completion of the instruction at 

that address, the program enters the EXbug routine to save the internal registers on the stack and display them 

(on the printer). The program counter is displayed, and this identifies the program location which activated the 

Stop-On-Address compare. The system then waits for another command. 

7-2.4.2 ABORT Button Circuit 

One of the unique features of the EXORciser is the ABORT circuit. It operates similarly to the other 

Pseudo Powerfail functions except it is manually activated. When a typical program is being tested, and it 

, 'runs away" , or locks-up in a loop, (which occasionally happens with an untried program), the ABORT button 

should be pressed. This causes a printout on the TTY which identifies t~e location (P counter) and all other 

internal register contents (so the diagnosis of the cause can be determined). The system then waits for the next 
\ 

command. The recovery occurs in this case without reinitialization so that prior work is not destroyed. 

7-2.4.3 RESTART Button Circuit 

Occasionally, when a program "runs away" (due to improper instructions), it destroys some of the 

preset data in various places throughout memory. If this included EXbug stack contents, the ABORT button 

could not restore operation in EXbug. If this occurs, the "RESTART" button must be used to reinitialize the 

system in the same way as initial Tum-On or a true power failure. It is not the same, however, because any 

program already in RAM will not be lost by use of the RESTART button. 

7-2.4.4 VMA Inhibit Decoder 

A requirement of the technique of utilizing EXbug routines, at addresses above the users program in 

memory, is that the users program must be inhibited whenever interrupts are serviced or EXbug routines are 

entered. Since a user's program might not be fully decoded (and need not be) it could respond along with 

EXbug. To prevent this, a decoder circuit is included in the Debug card which inhibits VMA to the users 

program whenever an address in EXbug is encountered. 
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7 -2.4.5 Asynchronous Communications Interface 

The EXORciser utilizes an ASR33 Teletype! (or equivalent) for the user to communicate with the 

system. It provides the means to enter commands, load data via the tape reader, punch (or record) data from 

memory, or to display the status or data for examination. 

An interface is provided which uses duplex serial data in ASCII format. Either 20 milliamperes 

neutral circuitry or RS232C is accommodated. Also a switchable baud rate is available (from 110 to 9600 baud) 

to work with a variety of terminals. This circuitry is implemented on a separate card located in the rear of the 

EXORciser chassis. The RS232C interface and the variable baud rates make it possible to use a number of 

teletype substitutes but the TI 733 ASR/KSR2 is particularly recommended. The EXbug program 

accommodates 30 baud printers and 1200 baud transfer rates for recording and playback of cassettes. The 12 

times improvement in program loading or recording speed plus the much reduced noise level, makes a dramatic 

difference in efficiency of EXORciser operations. 

7-2.4.6 Scope SYNC 

A connector is installed on the DEBUG card and 4 thumbwheel switches are provided on the 

DEBUG card to implement a Scope SYNC feature. The switches can be adjusted to correspond to any address 

in the range 0 to 65K. When peripheral interface circuitry is being debugged, it is frequently very helpful to 

examine the signals on the control leads for that peripheral while triggering the scope at a particular time in the 

input or output cycle. By setting the thumbwheels to correspond to a specific address in the peripheral service 

routine, and by causing the program to loop through that routine if necessary, a careful study of the signals can 

be made. 

7-2.5 INTERRUPTS 

The MPU reserves two bytes at the top of memory for each of four interrupt vectors. Each two byte 

vector contains the starting address of the subroutine to be used when the corresponding interrupt occurs. The 

MPU always completes its current instruction before recognizing an interrupt. Then, automatically, without 

programmed instructions, it transfers the contents of its registers, program location and status to the memory 

stack and carries out the subroutine. At the conclusion of the subroutine, a RTI instruction restores the stacked 

information to the MPU. 

Three of the four interrupts are used by the EXORciser for internal control, but can be exploited for 

additional system functions providing that these do not conflict with EXbug. They are: (1) NMI, (2) Reset, (3) 

SWI. The fourth one, the Hardware interrupt, is intended for use with the prototype interface. These interrupts 

are described below. 

The Non-Maskable-Interrupt is best used to signal when urgent control operations are to be 

performed independently of the program. For this reason, it is often used to detect imminent power failure 

conditions. The EXORciser also reacts to certain user commands by means of this interrupt: 

ITeletype is a trademark of the Teletype Corp. 
2Texas Instruments Co. 
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(1) MAID commands to run through a breakpoint or trace the target program, as follows: 

n;G (commence program execution at address n) 

;G (commence program execution at Restart address) 

;N (run one instruction) 

N (run one instruction) 

n;N (run n instructions) 

$T (run instructions until select address reached) 

;P (proceed from current instruction) 

n;P (proceed from current instruction through breakpoint n times) 

(2) STOP-ON-ADDRESS COMPARE ($S) also uses the NMI interrupt, although it does not 

involve breakpoints or tracing. It is obtained by means of a hardware comparator on the 

EXORciser DEbug Module. 

(3) ABORT sets the NMI interrupt when the front panel button is pressed. Program control is 

returned to EXbug. 

NMI always causes the MPU registers to be printed. The memory addresses for the NMI vector are 

bytes FFFC and FFFD. 

7-2.5.2 RESET 

This interrupt occurs when the EXORciser is first turned on, or if the front panel RESTART button is 

pressed. EXbug is reinitialized and the EXORciser's internal I/O interfaces are set with starting parameters. 

These control the baud rate of the attached data terminal and Debug Module hardware. The Reset subroutine is 

also performed if the NMI interrupt is set by a power failure. The interrupt vector for the Reset subroutine is at 

memory addresses FFFE and FFFF. 

If program control is lost and the ABORT button does not return it to EXbug, the RESTART button 

should be pressed to reinitialize the EXORciser. MAID may then be called to check that the user's program has 

not been altered. 

7-2.5.3 S~ 

The software interrupt is generated by a program instruction, and as such, is not maskable. As in the 

case of all other interrupts, however, the MPU is automatically masked while the interrupt subroutine is being 

performed. If desired, the user may deliberately defeat this mechanism by putting a Clear Interrupt Mask 

instruction (CLI) in the interrupt subroutine. The SWI vector is at locations FFFA and FFFB. The EXORciser 

uses this interrupt in MAID to execute breakpoints that have been set in the program. The breakpoint target 

instruction is temporarily replaced by an SWI instruction. This switches control to EXbug when the breakpoint 

is encountered, and the MPU registers are printed out. Other uses of SWI are to simulate interrupt-driven 

synchronous I/O operations, or to insert entire display, data retrieval or test subroutines into a predefined 

program without having to change more than a single instruction byte. 

7-2.5.4 Hardware Interrupt 

Unless the MPU actively scans the status of I/O devices attached to the system, it depends on this 

interrupt to signal peripheral conditions. Like user designed equipment that must perform peripheral functions 
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most efficiently, the EXORciser interfaces to the MPU with PIA and ACIA chips. These programmable 

devices can be set to provide essential control signals, while buffering data and interrupts to the MPU. In order 

to expand EXORciser control to the prototype peripherals, the user connects additional PIA's or ACIA's into 

the system to act as the interface. The chip and register select lines of the PIA's or ACIA's are tied to appropriate 

bits of the address buss, corresponding to the addresses to be used in the prototype equipment. The MPU data 

buss is directly connected to the PIA's or ACIA's. If the prototype hardware was constructed on an EXORciser 

type plug-in board, all of these connections are made simultaneously when the board is inserted into the 

EXORciser, since the EXORciser backplane ties all board sockets into the MPU busses and control lines. 

Under ordinary circumstances, the PIA or ACIA interrupt lines are wire-ored to the MPU. The interrupt signal 

is not ambiguous, however, since any or all of the interrupts can be selectively inhibited by the MPU. 

For "instant" interfacing and least prototype development time, it is recommended that the 

EXORciser I/O Module be used. This optional printed circuit plug-in board can be ordered with the 

EXORciser. It allows the user to quickly set the PIA register addresses and, by means of screwdriver adjustable 

switches, connect two peripheral data busses to each one of its two PIA's. Additional circuitry in the form of 

integrated circuits in 14, 16 or 24 pin wire-wrap sockets may also be added. 

Interrupts from the user's equipment to the PIA or ACIA are latched and held until the MPU 

dismisses them. Depending on their urgency, the target program may react immediately, or when it has reached 

a particular instruction. This is possible because the MPU can mask all interrupts or enable only particular PIA 

sections. In any case, when the interrupt is recognized the MPU automatically stacks its registers and status. It 

next fetches the subroutine pointer from locations FFF8 and FFF9. The interrupt subroutine is then performed, 

and an RTS instruction returns the MPU to its central program. If this was the MAID routine of EXbug, control 

commands previously entered by the user will be carried out during and after the interrupt subroutine. 

Care must be taken to avoid using the MAID Trace command when an interrupt is anticipated. If this 

occurs, EXbug may lose control of the EXORciser. This effect is due to the MPU receiving the NMI and 

hardware interrupts simultaneously, each of which have a separate subroutine pointer address. The RESTART 

button must then be pressed to reinitialize the EXORciser. One method to avoid tracing through an interrupt is 

to set breakpoints around it and then use the program run (;P) to go from the first breakpoint to the second. The 

first breakpoint is set into the program just before the interrupt mask is cleared or when a PIA input is expected. 

The second is placed in the top of the interrupt subroutine. The program run command will then carry the 

system through the interrupt into the subroutine without tracing intermediate instructions. After the second 

breakpoint is encountered, tracing may be resumed through an RTI instruction at the end of the subroutine. 

A frequently used technique for dealing with multiple wire-ored hardware interrupts is for the 

interrupt subroutine to scan each of the interrupt generating PIA's or ACIA's. They may be assigned relative 

priorities by the program, and if their interrupt flags are set, appropriate instructions executed according to the 

priority sequence. 

7-2.6 TEST SIGNALS 

System address, data and control signals are readily available for observation since the EXORciser 

backplane (see Figure 7 -2.6-1) distributes them to all the board connectors. An extender board may be plugged 

into an empty connector, or used to lift an operating board above the chassis. To observe a signal, oscilloscope 

probes can then be placed on the appropriate board connector pin or to a wirewrap pin on the board. The 

following signals are common to all EXORciser boards: 
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Component Side Circuit Component Side Circuit 

Pin Number Function Side Function Pin Number Function Side Function 

A +5VDC 1 +5VDC A 23 
B +5VDC 2 +5VDC B 24 
C +5VDC 3 +5VDC C 25 
D IRQ 4 Go/HALT D 26 
E NMI 5 RESET E 27 
F VMA 6 R!W F 28 
H GND 7 01 H D3 29 Dl 
J 02 8 GND T D7 30 D5 
K GND 9 GND K D2 31 DO 
L Memory Clock 10 VUA L D6 32 D4 
M -12VDC 11 -12VDC M A14 33 A15 
N TSC 12 Ref. Req. N A13 34 A12 
P B.A. 13 Ref. Gnt. P A10 35 All 
R Memory Ready 14 R A9 36 A8 
S Refresh Clock 15 S A6 37 A7 
T +12VDC 16 + 12VDC T A5 38 A4 
U 17 U A2 39 A3 
V 18 V Al 40 AO 
W 19 W GND 41 GND 
X 20 X GND 42 GND 
y 21 y GND 43 GND 
Z 22 

FIGURE 7-2.6-1 Exorciser Backplane Connections for all Boards 
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BI-DIRECTIONAL DATA LINES (DO-D.7) - The bi-directional data lines DO'through D7 permit the transfer 

of data between the EXORciser MPU and other modules. The data bus output drivers are three-state 

devices that remain in the high impedance (off) state except when the MPU performs a memory 

write operation. 

ADDRESS BUS (AO-Al5) - The sixteen address bus lines are inputs to the bus receiver and select the 

memory location to be accessed (write into or read from) by the EXORciser MPU. 

NON-MASKABLE INTERRUPT (NMI) - This TTL output requests that the EXORciser MPU performs a 

non-maskable interrupt sequence. As with the Interrupt Request Signal, the processor will complete 

the current instruction that is being executed before it recognizes the NMI signal. The interrupt mask 

bit in the Condition Code Register has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and Condition Code Register are 

stored away on the stack. At the end of the cycle, a l6-bit address will be loaded that points to a 

vectoring address which is located in memory locations FFFC and FFFD. An address loaded at these 

locations causes the MPU to branch to a non-maskable interrupt routine in memory. 

VALID USERS ADDRESS (VUA) - This output when true indicates to the other Modules that there is a valid 

address on the bus and the EXORciser is not addressing an EXbug routine. It is capable of sinking 20 

rna. and the voltage levels are TTL compatible. 

PHASE 1 CLOCK (cpl) - The cpl clock is the first phase of the non-overlapping clock signals. 

PHASE 2 CLOCK (cp2) - The cp2 clock is the second phase of the non-overlapping clock signals. 

READ/WRITE SIGNAL (R/W) - This is generated by the EXORciser MPU and determines whether the 

MPU is to read (high) data from or write (low) data into other modules or devices. The normal 

standby state of this signal is read (high). Three-State Control going high will cause Read/Write to 

go into the off (high impedance) state. Also, when the MPU is halted, R/W will be in the off state. 

VALID MEMORY ADDRESS (VMA) - This input when true indicates to the DEBUG Module that there is a 

valid address on the address bus. This signal is not used by other modules in the EXORciser. See 

VUA. 

RESET (also called MASTER RESET) - The RESET TTL compatible output, when low, resets the PIA 

circuits on the I/O Modules and when high restarts the MPU. This line goes low each time the 

EXORciser RESTART switch is actuated or when power is first applied to the EXORciser. 

GO/HALT (G/H) - The GO/HALT line is pulled up to 5 volts by the circuitry on the DEBUG card. This TTL 

, , 1 " is the Go condition for the MPU Module. The user can control this line through the bus if 

desired. When this input is in the high state, the machine will fetch the instruction addressed by the 

program counter and start execution. When it is low, all activity in the MPU will be halted. This 

input is level sensitive. In the halt mode, the MPU will stop at the end of an instruction, Bus 

Available will be at a one level, Valid Memory Address will be at a zero, and all other three-state 

lines will be in the three-state mode. 

The halt line must go low with the leading edge of phase one to insure single instruction 

operation. If the halt line does not go low with the leading edge of phase one, one or two instruction 

operations may result, depending on when the halt line goes low relative to the phasing of the clock. 

THREE-STA TE CONTROL (TSC) - This input causes all of the address lines and the Read/Write line to go 

into the off or high impedance state. The Valid Memory address and Bus Available signals will be 

forced low. The data bus is not affected by TSC and has its own enable, (Data Bus Enable). In DMA 
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applications, the Three-State Control line should be brought high on the leading edge of the Phase 

One Clock. The ~1 clock must be held in the high state for this function to operate properly. The 

address bus will then be available for other devices to directly address memory. Since the MPU is a 

dynamic device, it must be refreshed periodically or destruction of data will occur in the MPU. 

INTERRUPT REQUEST (IRQ) - This input requests that an interrupt sequence be generated within the 

MPU. The processor will wait until it completes the current instruction that is being executed before 

it recognizes the request. At that time, if the interrupt mask bit in the Condition Code Register is not 

set (interrupt masked), the MPU will begin an interrupt sequence. The Index Register, Program 

Counter, Accumulators, and Condition Code Register are stored away on the stack. Next the MPU 

will respond to the interrupt request by setting the interrupt mask bit high so that no further interrupts 

may occur. At the end of the cycle, a 16-bit address will be loaded that points to a vectoring address 

which is located in memory locations FFF8 and FFF9. An address loaded at these locations causes 

the MPU to branch to an interrupt routine in memory. 

The Go/Halt line must be in the Go (high) state for interrupts to be recognized. If it is in 

the Halt (low) state, the MPU will be halted and interrupts will have no effect. 

BUS AVAILABLE (BA) - The Bus Available signal will normally be in the low state; when activated, it will 

go to the high state indicating that the microprocessor has stopped and that the address bus is 

available. This will occur if the Go/Halt line is in the Halt (low) state or the processor is in the WAIT 

state as a result of the execution of a WAIT instruction. At such time, all three-state output drivers 

will go to their off state and other outputs to their normally inactive level. The processor is removed 

from the WAIT state by the occurrence of a maskable or non-maskable interrupt. 

MEMOR Y CLOCK - This clock signal provides basic timing for the optional 8K memory boards, DMA if 

used, and memory refresh cycles. It is synchronized with ~2 of the MPU clock. 

REFRESH CLOCK - This clock determines the frequency of MPU and dynamic memory refresh cycles. 

REFRESH REQUEST - This signal indicates when the MPU and dynamic memory should be refreshed. 

REFRESH GRANT - This signal acknowledges the Refresh Request, when an MPU clock cycle has been 

stolen to refresh the MPU and/or dynamic memory. 

MEMORY READY - This signal is used when interfacing slow memories (TACC > 575 nanosec.). If this 

signal is brought low, it will stretch the high portion of cp2 of all clocks. 

+5 VOLTS - This voltage is available to all EXORciser boards. Total load should not exceed 15 amps 

+ 15 VOLTS - This voltage is available to all EXORciser boards. :rotalload should not exceed 2.5 amps. 

-12 VOLTS - This voltage is available to all EXORciser boards. Total load should not exceed 1.0 amp. 

GROUND - Common electrical reference point for all EXORciser voltages, signals and chassis. When 

grounding an oscilloscope, or connecting external circuitry, care must be taken to avoid noise 

pickup at the ground point. There are ten separate grounds on the EXORciser backplane, tied 

together at a single point, that can be selected for minimum noise on a particular signal line. 

All the card slots in the EXORciser housing are wired in parallel so any card could be 

inserted in any slot. However, the I/O and Universal Wirewrap cards require 1 ~ inches between 

slots while the MPU RAM and Debug Modules (which are standard PC construction) require only 

%" . The slots are arranged so that the 6 in the center are % " apart while the 4 on each side are spaced 

1~" . 

The M6800 Microprocessor Family utilizes an Address and Data Bus structure to 

interconnect all units and uses the technique of treating all peripherals as memory. Address decoding 
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is thus provided for each I/O channel. Output from or input to a peripheral via the Microprocessor 

Bus is achieved by "Storing to" or "Loading from" a specific address which has been assigned to 

the PIA's or ACIA's. 

In the EXORciser, each Module has MC8T26 Bus Driver/Receivers incorporated so that 

an almost unlimited number of memory or I/O Modules can be used. Also each memory or I/O 

Module is equipped with address decoding which utilizes hexadecimally marked, screwdriver 

adjustable switches to provide instant address assignment for rapid system assembly. 

Special Signals 

The following signals are not bussed to all boards, but provide essential timing for an individual 

module or device: 

MPU Module Only: 

DATA BUS ENABLE (DBE) - This input is the three-state control signal for the MPU data bus and 

will enable the bus drivers when in the high state. This input is TTL compatible; however 

in normal operation, it should be driven by the phase two clock. During an MPU read 

cycle, the data bus drivers will be disabled internally. When it is desired that another 

device control the data bus such as in Direct Memory Access (DMA) applications, DBE 

should be held low. 

FRONT PANEL 

RUN - The RUN signal is present whenever the MPU is executing in user memory (0 to 60K). 

ABORT (Two Lines) - These two inputs are connected to a cross-coupled TTL anti-bounce circuit 

so that one line is normally low and the other high. The EXORciser ABORT switch is 

SPDT and connected so that the grounded side is transferred to the other line when the 

button is pressed. The output of this circuit is used to activate NMI. 

RESTART (Two Lines) - These two inputs are connected to a cross-coupled TTL anti-bounce 

circuit so that one line is normally low and one high. The EXORciser RESTART switch 

is SPDT and connected so that the grounded side is transferred to the other line when the 

button is pressed. The output of this circuit is the RESET signal. 

Baud Rate Module: 

READER ON - This signal is the output of a TTL F/P in series with 510 ohms and is applied to the 

Baud Rate Module and used to control the reader of a modified teletypewriter. This line 

provides approximately 5 rna. to drive the diode in the optical coupler. 

TTY SERIAL OUT - This signal is the output of a TTL inverter with a series 510 ohm resistor. It is 

intended to drive the diode of an optical coupler on the Baud Rate Module. The signal 

switches the 20 milliampre line to the teletype in response to the data from the U AR T . 

RS232 INPUT - The RS232 OUT line transfers serial data through the level conversion in the Baud 

Rate Module to the terminal device. This output is TTL compatible at this point. 

RS232 INPUT - The RS232 INPUT line is a TTL compatible input through which data is received 

in a serial format from the level converters on the Baud Rate Module. 

TTY SERIAL INPUT - The TTY SERIAL INPUT line is a TTL compatible input through which 

data is received in a serial format from the TTY inputs on the Baud Rate Module. 
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RS232 DTR - This input is TTL compatible. The signal is generated on the Baud Rate card. 

CLOCK (CLK) - The CLK input from the Baud Rate Module determines the baud rate at which the 

EXORciser will exchange data with its terminal device. This input is TTL compatible 

and represents two standard loads. (3.2 rna. at 0.4 V) 

STOP BIT SELECT - This input is TTL compatible. When high, two stop bits are selected by the 

UART. When low, one stop bit is selected. The signal is generated by the Baud Rate 

Module in the EXORciser. 

Reader and Punch Control 

The 1.1 version of the EXbug program is designed to work with several models of teletypes as well 

as with a Texas Instruments ASR733 Cassette/printer terminal with 1200 baud and Remote Device Control 

options. 

The EXbug program utilizes the usual ASCII control codes to control teletypes equipped with 

Automatic Readers and punches. The codes are: (Shown in hexadecimal notation) 

DCl Reader ON - (11) 

DC2 Punch ON - (12) 

DC3 Reader OFF - (13) 

DC4 Punch OFF - (14) 

The program also includes routines to control teletypes which have been modified by the addition of 

a reader control relay. A Flip/Flop on the DEbug card and an optical coupler (U4) on the Baud Rate Card 

implement this function. The' 'D" type Flip/Flop is set by outputting to address FCF4, a data word in which bit 

5 is a "1". This turns the reader relay ON. Since both these methods of control are included, either type of 

teletype will work. 

TI ASR733 Operation 

The Texas Instruements ASR 733 terminal recommended for use with this version of EXbug utilizes 

an Remote Device Control (RDC) card to provide the extra control functions needed for control of the printer 

and Cassettes when using the 1200 baud option. For 10 and 30 character per second (CPS) rates, the tape is 

started and stopped (in playback) by the usual ASCII Reader Control codes DCl and DC3 but for 120 CPS 

operation the "Block Forward" command oftheRDC card (DLE,7) is used to control the Cassette. The printer 

is commanded ON and OFF by the (DLE,9) and (DLE,O) codes to avoid garbled printing. In initialization, the 

Auto Device "ON" code (DLE,:) is used to make sure the RDC card will respond. 

Baud Rate Control 

Another feature of "EXBUG 1.1" is its ability to be adjusted for operation at various baud rates. 

Programs written for a TTY require at least two character times (200 milliseconds) for the carriage to return. 

For this reason, the CR is issued followed by a (LF) Line Feed so that the next character will print at the 

beginning of the next line. When the TI terminal is used at 30 characters per second, the carriage return time ~s 

similar so it is necessary to insert 4 additional character delays by outputting null characters (0). The command 

S30. is typed to accomplish this. 
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In the case where the Verify routine is used, it is very desirable to run the tape at 1200 baud but also 

necessary to print the differences found (between the tape and memory). Since the Printer mechanism will only 

print at 30 characters per second and the data transfer rate is at 120 CPS, three null characters are inserted 

between each character to be printed and 22 nulls are output after each carriage return. Typing" S 120" after the 

baud rate has been set for 1200 baud, switches this version (1.1) of EXbug to provide this format. 

Formatted Binary Object Program Tapes (i.e. LOAD, VERF, SRCH and PNCH) 

The first four routines in EXbug involve the handling of "Formatted Binary Object Program 

Tapes." These tapes are generated by the MPU Build Virtual Machine Program on timeshare, or by the PNCH 

routine in EXbug. The tape can be the conventional paper tape (if the system terminal is a Teletype) or may be a 

Cassette tape such as that produced by the Texas Instruments ASR33 terminal. The procedure for using the 

Build Virtual Machine time-share program to generate a suitably formatted tape is described in Section7 -1. 7. 

This Section is included in order to summarize the principle features of the EXORciser. For 

additional information, the several Manuals provided with the EXORciser should be referred to. 

7-3 EVALUATION MODULE 

The M6800 Evaluation Module is a pre-engineered assembly that provides an efficient means of 

becoming familiar with the M6800 Microcomputer family of parts. The Module (see Figure 7-3-1) is designed 

to demonstrate the M6800 Family operating with their specified loading at clock frequencies up to 1.0 MHz. In 

addition to its use for evaluating the family devices, it can be used to enter and de-bug simple programs 

including the operation! control of peripheral devices. The circuit configuration is shown in block diagram form 

in Figure 7-3-2. A brief summary of the specifications is shown in Table 7-3-1. 

FIGURE 7-3-1: The Evaluation Module 
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An interface is provided for either a 20 rna current loop TTY or an RS-232C compatible terminal. 

The terminal can be used to communicate with the Module's diagnostic control program, MIKBUG. The 

MIKBUG program is stored in read only memory, and in conjunction with the terminal can be used to perform 

the following functions: 

.' Load data into the Evaluation Modules random access memory. 

• Display and, if desired, change the data in the Modules random access memory. 

• Print out or generate a tape of the data stored in the modules memory. 

• Display and, if desired, change the contents of the MPU's registers. 

• Run User Programs 

• Evaluate Interrupts 

• Set Breakpoints 

The use of each of these features plus a complete description of the Module is provided in the M6800 Evaluation 

Module User's Guide; it may be referred to for additional details. 

Characteristics Specifications 

Power Requirements: +5 VDC @ 2A 

+12 VDC @ 250 rnA 

-12 VDC @ 250 rnA 

Clock Frequency: 100 KHz to 1 MHz (adjustable) 

Signal Characteristics: 

Connector (P 1) 

Address bus Three-state TTL voltage compatible 

Data bus 

Input TTL voltage compatible 

Output Three-state TTL voltage compatible 

Input and output commands TTL voltage compatible 

MC6820 Peripheral Interface Adapter (P2) 

Data signals 

PAO-PA7 input/output lines TTL voltage compatible 

PAO-PB7 input/output lines Three-state TTL voltage compatible 

Control Signals 

CAl, CA2, and CB1 TTL voltage compatible 

CB2 Three-state TTL voltage compatible 

Terminal Interface Specifications (P3) 

Data transfer rate 110 or 300 Baud 

Signal characterisitcs TTY or RS-232C Compatible 

Reader control signal Control signal for modified TTY devices 

Data Format ASCII 

TABLE 7-3-1 Evaluation Module Specifications 
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The Module includes two PIAs. One is used for the terminal interface, however, the other is 

available for general use. It can be used in exactly the same manner as in an EXORciser or a prototype hardware 

design for interfacing to peripherals. This PIA has, for instance, been used to control a TTY type keyboard and 

a self-scan visual display used in conjunction with a portable demonstration kit for the Evaluation Module. 

A memory map of the Evaluation Module is shown in Figure 7 -3 -3. The Module provides up to 640 

bytes (hex addresses 0000 to 027F) for storage of evaluation programs. The 128 bytes of random access 

memory at base memory address AOOO is used as scratch-pad memory for the MIKBUG firmware. MIKBUG is 

located at base memory address EOOO. An interface is provided for adding additional blocks of memory. The 

additional memory could be located anywhere from 0000 through DFFF except for addresses 8004 through 

800B and AOOO through A07F. 

provided: 

In addition to the Evaluation Module printed circuit assemble itself, the following items are 

• An 86-pin connector compatible with the PI connector of the Module 

• TTY/RS-232C 16-pin Flatribbon Cable WI for connection between the Module and a terminal. 

• PIA Connector/Flatribbon Cable W2 for connecting the Module to external peripheral devices. 

• M6800 Evaluation Module Users Guide which contains a complete description of the Module and 

includes detailed operating instructions. 

This package provides a simple but useful method for evaluating the M6800 Family's characteristics in a 

realistic environment. 
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APPENDIX A 
(Questions and Answers) 

1 M6800 SYSTEMS OPERATION 

Q 1. Is it possible to read a PIA address unintentionally? 

A 1. Yes. If the PIA is assigned an address in memory such that the address location immediately preceding 

it contains a single byte (inherent address mode) instruction, then the execution of that instruction will 

cause the PIA to be read. The MPU always fetches the byte following the operator byte. If the PIA 

address that is read happens to be a Data Register, then the interrupt flags may be inadvertently cleared. 

This may be avoided by separating PIA addresses from the main program by at least a single byte gap. 

Q 2. What is the MPU's drive capability? 

A 2. The MPU can drive 130 pf of capacitance and one standard TTL load while operating at 1 MHz. Since 

the PIA, RAM, and ROM have Data Bus load capacitances of 10 pf, 15 pf, and 15 pf, respectively, the 

MPU can drive from 7 to 10 family devices at 1 MHz. 

Q 3. What is the state of the PIA's 1/0 lines at initialization? 

A 3. The RES signal to the PIA will reset all six of the internal registers (Control, Data Direction, and 

Output Data) to zero. Since all the Data Direction Register bit positions are zero, the I/O Data lines 

PAO-PB7 and PBO-PB7 will be established as inputs. Since b5 of both Control Registers is zero, the 

CA2 and CB2 control lines are also established as inputs. This has the following effect on lines that will 

later be established as outputs (that is, they may be hardwired to the inputs of external logic elements): 

Since the B side of the PIA has three-state outputs and the lines are "initially established as inputs, they 

represent a high impedance" off" device and will not affect the inputs of gates that may be connected. 

The A side lines have an internal pullup resistor and will' 'look" like logic ones to gate inputs. External 
. ---

circuitry tied to the A side should require active low signals if they are not to be affected by RES. 

On the B side lines that are to be established as outputs and used to drive active high Darlington inputs, 

a resistor to ground can be used to avoid initial turn on: 

If the output lines are to drive TTL and must be active high, the peripheral logic should be disabled with 

a hardware control during the initialization sequence. Note that, as far as system operation is 

concerned, the initial state of some lines may not matter. For example, in a tape cassette system if the 

motion control circuitry is disabled during initialization, the other lines such as direction and speed are 

"don't cares." 
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Recommended procedure for initializing the PIAs is as follows: 

1. Set b2 = 1 in the Control Register in order to select the Data Register. 

2. Write the desired initial logic states into the Data Register. 

3. Then establish the required outputs by selecting the Data Direction Register by setting b2 = 0 in the 

Control Register and writing the appropriate pattern into the Direction Register. 

Q 4. What causes the PIA to miss interrupts when the MPU is halted or in the WAIT mode? 

A 4. While there are nominally no restrictions on the format of interrupt signals into CAl, CA2, CB 1, and 

CB2 of the PIA, there are certain combinations of system situations that require special consideration. 

Assume that the interrupt signal format follows one of the cases shown in Figure Al and that the PIA 

has been conditioned by the MPU to recognize the transition polarity represented by the "trailing 

edge" of the interrupt pulse. 

Interrupt { 
Signals Into 

,PIA CA(B) 1 
and CA(B)2 

t 
-----~ 

FIGURE A1. Interrupt Signal Format 

The design of the PIA is such that at least one E pulse must occur between the inactive and active edges 

of the input signal if the interrupt is to be recognized. Relative timing requirements are shown in Figure 

A2. Note that an internal enable signal that is initiated by the first positive transition of E following the 

inactive edge of the input signals is included. 

E = VMA· </>2 

PIA Internal Enable 

Int. to CA(B) Inputs 

I RQ (Int. Rqt to MPU) 

FIGURE A2. Interrupt Enabling 

When the MPU has been halted either by hardware control or execution of the Wait For Interrupt (W AI) 

instruction, its VMA output goes low. Since VMA is normally used to generate the Enable signal (E = 

VMA· cp2) either of these two conditions temporarily eliminates the E signal. The effect of this on the 

trailing edge interrupt format is shown in Figure A3 where it is assumed that VMA went low and 

eliminated the Enable pulses before the PIA's interrupt circuitry was properly conditioned to recognize 

the active transition. It should be noted that this condition occurs only when an active transition is 

preceded by an inactive transition and there are no intervening E pulses. 

A-2 



VMA I After Halt or WAI 

E = VMA • cJ>2 r-, r-, 

PIA Internal Enable 
,..--------------

Int. to CA(B) Inputs 

I RQ (Int. Rqt to MPU) L 

FIGURE A3. Interrupt Not Properly Enabled 

If this combination occurs during system operation, valid interrupts will be ignored. Either of two 

simple precautions can be adopted. If the format of the interrupt signals is up to the designer, the 

potential problem can be avoided simply by not using the pulse-with-trailing-edge-interrupt format. 

If this format is compulsory, it is recommended that ~2 be used as the Enable signal with VMA ANDed 

with an address line and applied to one of the PIA's chip select inputs as shown in Figure A4. 

AO 

A1 

A3 

A13 CS1 

VMA 
CS2 

A14 

cJ>2 E 

FIGURE A4. Alternate E Generation 

Q 5. Is there any change in the CA2 (CB2) line if it is set to a logic "0" (Control Register bits 5, 4, 3, 

are 110 respectively - defining CA2 (CB2) as an output) and then the control register is put in 

the handshake mode (CR bits 5, 4, 3, are changed to lOX, respectively)? 

A 5. When the control register bits are changed to put the PIA in the handshake mode, the CA2 (CB2) lines 

remain low. 

Q 6. What are the threshold points for the M6800 family from which the delays are measured? 

A 6. The M6800 input thresholds are specified as Logic 1 = 2.0v, Logic 0 = O.8v; the delays are measured 

from these points. TTL and M6800 family devices provide output signals having logic 1 = 2.4v and 

logic 0 = O.4v, providing 400 mv of noise margin. The delays are measured as shown: 
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--iII-- 2.0 V _~~_---.~ Noise Margin = 400 mv 

-+-+-.8 V 

2.4 V 

---.....~-#-- 2.0 V 

-~-~-.8V 

'-----------------~---' '--------.4 V 

~----DelaY---"""""1--

Q 7. What happens in the ACIA when a control word is loaded after an ACIA reset condition? (How is 

the ACIA initialized in the system?) 

A 7. When power is turned on in the system, the ACIA interrupts may be enabled and generate a system 

interrupt. This can happen if there is a glitch in the power supply as the power came on: 

Supply 
Voltage 

~-----------------Vcc 

--~------------------------------------~"time 

The procedure for initializing the ACIA is to do a master-reset by writing into the control register 

(CR 1 = 1; CRO= 1), while the interrupts are masked in the system. The master reset clears the interrupt, 

transmit data register empty, and receive data register full flags, and clears both the receive and 

transmit data registers. The ACIA interrupts may then be enabled as required. 

NOTE: Since a master reset clears the Transmitter buffer, an interrupt will be generated from the ACIA 

provided the Transmitter Interrupt Enable (TIE) is activated when loading the control register 

subsequent to the master reset. 

Q 8. How large a load is the MC8T26 bus driver? 

A 8. The MC8T26 has a PNP input and loads the MPU as shown: 

200 IJ-a max at "0" 

25 IJ-a max at "1" 

= 1 0 pf input capacitance 

Q 9. Why is 100 KHz specified as the minimum operating frequency? 

A 9. The MPU is a dynamic device and (like dynamic memories) requires refreshing via the clock. The 

maximum time between refresh transitions on the clock line is 5 IJ-S corresponding to an MPU cycle 

time of 10 IJ-S; ora frequency of 100 KHz. 
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2 M6800 CONTROL 

Q 1. Can ODE be tied to a OC level? 

A 1. No, the DBE signal is used to refresh the output buffers which are dynamic. DBE cannot be held in one 

state for more than 4.5 /LS without degrading the data held in the output buffers. 

Q 2. What does ODE control? 

A 2. DBE controls the three-state enable on the data output buffers. When DBE is low, the data output 

buffers are in the high impedance state. When DBE is high, the data output buffers drive the data bus. 

The data output buffers are also in the high impedance state during the execution of a read cycle (R/W 

= 1). 

Q 3. What should be used as a ODE control signal? 

A 3. Most applications will use cp2 as the DBE control signal. A longer data hold time requirement during a 

write cycle may be met by holding DBE high past the trailing edge of cp2. The MPU data setup time 

(T ADS) can be shortened from the 200 ns specified by bringing DBE high before the leading edge of 

cp2. The exact timing relationships are currently being characterized. 

Q 4. What is the relationship od ODE and TSC? 

A 4. DBE is the three-state strobe for the data buffers while TSC is the three-state strobe for the address bus 

and the R/W line. TSC also forces VMA low. In many applications, it will be desired that the MPU 

always drive the bus, thus, TSC will be tied low. In other applications, TSC will be used to implement a 

Direct Memory Access, (DMA), or to force VMA low during system power-up rather than using 

RESET to disable the devices on the bus. DBE and TSC cannot be tied together because DBE must 

change states every 5 /LS whereas, in many systems, TSC will be tied low. 

Q 5. Will interrupts (IRQ or NMI) and RESET be recognized while the MPU is halted? 

A 5. Interrupts will not be acted on while the MPU is halted. These control signals are latched on the MPU 

and will be serviced as soon as the MPU is taken out of the halted state. RESET going low while the 

MPU is halted causes the following: VMA-low, BA-low, Data Bus-high impedance, R/W -Read State, 

and the Address Bus will contain the restart address FFFE. 

Q 6. What happens if the MPU is halted and the + 5 volt power fails? 

A 6. The MPU stops program execution and all internal register contents will be lost. 

Q 7. How can one tell whether the MPU has halted? 

A 7. When the MPU is halted the BA signal will be high. The MPU completes execution of an instruction 

before halting. Once the execution is completed, BA will go high within 470 nsec after the leading edge 

of the next ~2 signal. Whenever BA goes high the MPU is inactive (halted) and the address bus, R/W 

line and data bus are available for use by another device for as long as necessary. One caution to be 

observed is that TSC going high will force BA low whether or not the MPU is halted. When the MPU is 

halted all MPU outputs are in the high impedance state, therefore, there is no reason for TSC to be high, 

however if it is brought high BA will go low and the indication that the MPU is halted will be lost. 
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Q 8. What is the timing relationship between HALT and BA? 

A 8. If HALT is low during the first lOOns of cf> 1 in the last cycle of an instruction the MPU will halt at the 

end of that instruction. If HALT is not low during the first lOOns of cf> 1 in the last cycle of an instruction 

the MPU will halt at the end of the next instruction. The fastest instructions such as LDAA (Immediate) 

execute in 2/-Ls while the longest instructions such as SWI require 12/-Ls to execute, (assuming a 1 MHz 

clock rate). Depending on the instruction being executed when HALT goes low, BA will go high no 

sooner than 2/-Ls and no longer than 14/-Ls after the negative transition of HALT. 

Q 9. How is single instruction execution accomplished with the MC6800? 

A 9. Single instruction execution is accomplished by holding the HALT line active low and pulsing the 

HALT line high for one clock cycle when an instruction is to be executed. The transitions of this pulse 

must occur within lOOns of the leading edge of cf> 1. The machine will come out of the halted mode and 

execute the next instruction which will require from 2 to 12 machine cycles to complete. After 

completion of the current instruction the MPU will return to the halted mode. In order to avoid incorrect 

operation of the MPU when" stepping" through a program at a very high rate, the HALT line must not 

be pulsed high until the MPU has completed executing the instruction commanded by the previous 

HALT pulse. The BA signal going high will indicate that the MPU has halted and is available for 

another single cycle pulse on the HALT line. 

Q 10. 

A 10. 

Q 11. 

All. 

Q 12. 

A 12. 

What effect on the other MPU signals does a low logic level on the RESET pin have? 

RESET is intended to be used to initiate the power up sequence. RESET should be held low while 

power is coming up and for at least 8 clock cycles after the power supply voltage goes above 4.75 volts 

to properly initialize the MPU. During this time the address bus, R/W line, VMA line and data bus will 

be in an indeterminate state. If any devices on the data bus could accept a write pulse during this time (a 

battery backed RAM for example) they should be disabled until RESET goes high to avoid system 

problems. After 8 clock cycles VMA will go low and RESET may be brought high causing the MPU to 

vector to the restart addresses FFFE and FFFF. 

With the MPU power up and the system running can RESET be pulsed low to re-initialize the 

system? 

Yes. Assuming that the processor has been running for at least 8 clock cycles, the processor can be 

restarted by pulsing the RESET line low. This pulse must remain low for at least three cP2 cycles. 

While the RESET line is low the MPU output signal will go to the following states: VMA-Iow, 

BA-Iow, Data Outputs-high impedance, R/W (Read State), and the Address Bus will contain the 

restart address FFFE. This will occur within 300 ns of the cP1 cycle following the cP1 cycle in which 

RESET went low. 

How can a 'DMA channel be implemented with the MC6800 MPU? 

Two methods of controlling the MPU to allow DMA involve the use of the HALT and TSC lines. 

(a) When the HALT line is pulled low the MPU will finish the current instruction and then go into the 

halt mode as indicated by BA being high. All address lines, data lines, and R/W lines will be in the 

high impedance state, allowing the DMA channel to assume these functions. VMA will be forced 
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Q 13. 

A 13. 

low. Once the MPU enters the halt state (which can take up to 14 nsec to finish the current 

instruction), DMA transfers can begin and control the bus as long as necessary. The speed of DMA 

is limited only by the constraints imposed by the memory system speed and DMA controller 

design. 

(b) TSC used in combination with stretching of the clock signals can provide a DMA channel which 

allows DMA transfers without stopping MPU program execution. In order to transfer DMA 

information using this technique TSC is brought high on the leading edge of cp1 when a DMA 

transfer is requested. While TSC is held high the cp1 clock is held in the high state and the cp2 clock 

is held in the low state in order to stop program execution by cycle stealing. Assuming that DBE is 

driven by cp2 the result of pulling TSC high will be to place the address bus, R/W line, and the data 

bus in the high impedance state. VMA and BA will be forced low. Due to the use of dynamic 

registers within the MPU the clock signals cannot be held in any given state for more than 4. 511-s 

producing a lower limit on clock frequency of 100KHz. This factor limits DMA transfers on the 

bus to this 4.511-s interval when cp1 is held high. After the 4.511-s interval when cp1 is being held high 

the MPU must be clocked in order to refresh the dynamic registers. This technique of DMA has the 

advantage of fast response to a request for a DMA transfer (TSC = 1) but has a limitation on how 

much data can be transferred in one block. Halting the machine as described in (a) has a longer 

response time before DMA transfers can start but there is no limitation to the block size of the 

DMA data. 

What control signals could be used to select ROMS, RAMS, and PIA/ACIA? 

VMA, R/W and cp2 are all available to enable RAMS, ROMS and PIA/ACIA's. In some cases it may 

be desirable to eliminate one of these enabling signals so that enable input may be freed for address 

decoding. The following discussion indicates which control signals could be deleted for a given device 

and the effects on the system operation. 

ROM - R/W and cp2 can be used to enable the ROMS without using the VMA si.gnal. Not using the 

VMA signal means that the ROM may be enabled during a non-memory reference read cycle 

(VMA would be low but since it is not used the ROM may be enabled). A false read of the 

ROM will have no effect on the system and if the non-memory reference cycle had been a 

write then the R/W signal would have disabled the ROM. 

RAM - VMA can be left off as an enable to a RAM if the MPU will not be halted, WAI Instruction 

executed or if the TSC will not be used. Either of these conditions cause the Address lines and 

the R/W lines to float which could produce a false write into RAM if not protected by VMA. 

During normal operation of the MPU only one instruction, TST, causes a false write to 

memory (i.e. the write line going low with~ut VMA also going low). This instruction does 

not pose a problem because it first reads the memory and then rewrites the data read. If VMA 

was used to enable the RAM this false write would not occur, however, since the memory is 

rewritten with the same data no problem occurs by not using VMA as an enable. 
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PIA/ACIA --.,;. All three signals must be used to enable or select a PIA or ACIA. Both of these devices 

automatically clear the Interrupt Flags when the MPU reads the PIA or ACIA data 

registers so that a false read of a PIA or ACIA may cause an interrupt on CAl, CB I, 

CA2, or CB2 to be missed. In addition it is suggested that VMAecf>2 not be used as an 

Enable signal for a PIA because if the machine is halted, (HALT active or W AI 

instruction) VMA is forced low removing the clock from the PIA. Without the Enable 

input to the PIA an external interrupt may not be recognized. cf>2 should be used for the 

PIA Enable signal so that the PIA Enable clock always occurs whether or not the MPU is 

halted. VMA may then be taken directly to chip select inputs or be gated with address 

signals to the chip select inputs. 
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3 M6800 INTERRUPT OPERATION 

Q 1. What happens if the interrupt mark is set (1=1) and (a) a SWI occurs; (b) a WAI occurs? 

A 1. (a) The interrupt service routine indicated by the SWI vector will be processed. The Interrupt Mask 

status (1= 1) will be saved on the stack with the other Condition Code Register bits. The RTI at the end 

of the service routine then restores the 1= 1 status when the stacked condition code register is returned 

to the MPU. 

(b) If a W AI is executed while the Interrupt Mask is set, the MPU will cycle in a wait loop unless a 

non-maskable interrupt (NMI) occurs. 

Q 2. Is the interrupt mask always cleared after an RTI? 

A 2. An RTI returns the I to the status that existed before the interrupt occurred. If the interrupt mask is set 

then only the NMI or SWI can cause interrupts. The interrupt mask will be set following execution of 

RTI if it was set prior to the above interrupts. 

Q 3. If power goes down how does the programmer know where the MPU contents are stacked? 

A 3. If the system uses NMI as a power fail detect input and there is non-volatile memory in the system the 

MPU status will be saved on the stack. As part of the NMI service routine the STS instruction can be 

used to store the stack pointer into a predetermined non-volatile memory location. If the MPU status is 

also to be saved the stack must be in non-volatile memory. 

Q 4. How can the NMI input be used as an operator interrupt? 

A 4. If NMI is not used for starting a power down sequence, it may be used directly as an operator interrupt 

by having an operator interrupt service routine specified at the NMI vector location. 

If NMI is used for power down and operator interrupt, some external circuitry may be added so that a 

test in the NMI service routine can determine whether a power fail or an operator interrupt has 

occurred. In the diagram shown below, the test may be accomplished by reading the PIA data bit, 

PAO. IfNMI occurs, a test of the appropriate PIA data register will determine whether a power down 

or an operator interrupt occurred. 

Powerfail -------~ ........ }--------. 
Operator I ntrpt 

PAO 
---..... NMI 

PIA MPU 

A-9 



Q 5. What instructions set the interrupt mask? 

A 5. TAP, SEI, SWI, W AI (after interrupt occurs). 

The interrupt mask will also be set by NMI, RES, and IRQ interrupt inputs to the MPU. 

Q 6. If NMI occurs while the MPU is halted will the MPU respond to the NMI when it is returned to 

the "go" state? 

A 6. Yes, there are flip-flops in the MPU to save NMI and IRQ. When the halt condition is removed, the 

MPU will execute one instruction and then operate on NMI. 

Q 7. How will the MPU react to the following conditions? 

HALT 

RES (Case 1) 

RES (Case 2) 

T1 T2 'T3 T4 

A 7. In both cases the MPU will eventually recognize the RES. The RES sequence will be initiated when 

RES goes high in Case I and when HALT goes high in Case 2. During TI, the MPU is halted and its 

outputs are in the three-state high impedance mode. When the RES line goes low at the beginning of 

T2, a halt latch is reset, the MPU goes out of three-state, and (after 3 machine cycles) the Address bus is 

outputting FFFE, the most significant half of RES vector address 

In Case I, the HALT line goes high and the MPU waits in its current state until RES high at the end of 

T4; the MPU then fetches the starting address of the RES service routine from FFFE and FFFF and 

processes the RES interrupt. 

In Case 2, the RES line goes high at the end of T2 and the MPU loads the Program Counter with the data 

(starting address of RES routine) from locations FFFE and FFFF and enters the halt mode again. The 

RES service routine begins executing when HALT goes high at the end of T3. 

Q 8. Can the Interrupt Mask be changed by the TAP instruction? 

A 8. Yes. The contents of accumulator A is stored in the Condition Code Register, including the Interrupt 

Mask. Note that bits 6 and 7 will not be stored. 

Q 9. What happens when an NMI interrupt occurs during a SWI? 

A 9. It is a characteristic of the MPU that if an NMI occurs while a Software Interrupt (SWI) is being 

executed, the interrupt vector will be retrieved from the IRQ location rather than either the SWI or NMI 

locations. If there is a possibility of this situation developing during system operation, precautions 

should be taken to avoid an ambiguous result. In most applications, the NMI must be recognized and 

serviced whenever it occurs. 

A simple procedure is to always set a flag immediately prior to each use of SWI: 
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NOP 

SEI 

INC NMIFLG 

SWI 

DEC NMIFLG 

CLI 

Set possible NMI Flag. 

Execute Software Interrupt 

Clear flag if SWI was normal 

Testing this flag can then be made the first step of the normal IRQ service routine. As an example, 

assume that the IRQ vector has been fetched and directs program control to IRQ service routine 

START: 

START 

IRQSVC 

TST 

BEQ 

JMP 

xxx 

NMIFLG 

IRQSVC 

NMIAUX 

xxxxxx 

Was this NMI via SWI? 

No, branch to normal IRQ 

Yes, go to NMI Service routine 

For a normal IRQ, the flag will be zero and the routine will branch to the normal service routine, 

IRQSVC. If the IRQ was entered via a Simultaneous SWI-NMI, the flag is non-zero and control is 

transferred to an auxiliary NMI routine, NMIAUX: 

NMIAUX TSX Get SP into X reg 

TST 6,X Lobyte of PC on Stack = q,q,? 
BNE HIBYTE Yes, go decrement Hibyte 

DEC 5,X No, decrement lobyte 

HIBYTE DEC 6,X Decrement Hibyte 

NMISVC xxx xxxxx Begin normal NMI service 

A normal NMI would be vectored to NMISVC. IfNMISVC is entered via a simultaneous SWI/NMI 

and it is required that the program resume normal operation following service of the non-maskable 

interrupt, NMIAUX will insure an orderly return to the main program. The NMIAUX sequence causes 

the value of the Program Counter that was stacked by the SWI instruction to be decremented by one so 

that the stacked program counter is pointing to the S WI instruction's location. This will cause the S WI 

instruction to re-execute following an RTI from the NIMSVC service routine. Program flow will then 
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Q 10. 

A 10. 

Q 11. 

All. 

Q 12. 

A 12. 

Q 13. 

A 13. 

Q 14. 

A 14. 

proceed as if the NMI had not occurred. If there is no system requirement to return to the SWI 

sequence, the auxiliary instructions can be deleted and exit from START becomes JMP NMISVC. 

Note that the system initialization procedure should include provisions for clearing the NMIFLG flag. 

Note also that IRQ is masked while the NMI flag (NMIFLG) is set to prevent an improper branch at 

IRQ START. 

When will the MPU recognize an IRQ pulse? 

The IRQ input is latched internal to the MPU providing the pulse duration is at least two MPU cycles. 

Therefore, the MPU will recognize pulses active for two cycles. Three exceptions are to be noted as 

follows: 

1. If 1M = 1 while a pulse occurs, the MPU will miss the interrupt. 

2. If IRQ and NMI are active concurrently, the MPU will recognize NMI. In so doing, the interrupt 

latches are reset and the IRQ pulse will be lost. 

3. If IRQ occurs during an SWI instruction, the pulse will be lost because SWI clears the interrupt 

latches. 

What happens if an NMI occurs after an IRQ but before the MPU enters the IRQ service 

routine? 

The instruction being executed when the IRQ occurred will be completed. The IRQ interrupt sequence 

will be initiated and continue (for 9 cycles) until the MPU status has been stacked. Assuming that NMI 

occurs during this interval, the MPU will select NMI since it has higher priority . (Note that iflRQ was a 

pulse, it is permanently lost unless it lasts until the Interrupt Mask is cleared by software.) The MPU 

fetches the starting address of the NMI service routine from locations FFFC and FFFD and begins 

servicing the non-maskable interrupt. If the IRQ line is still low when the Interrupt Mask is cleared by 

either a CLI during the NMI service routine or the RTI at the end of it, a normal IRQ will then be 

initiated. 

Assume 1m = 1, IRQ is active (low), and 1m on the stack = 0; then an RTI is encountered. Will one 

instruction after the RTI be executed? 

No. the IRQ will be serviced prior to the instruction. 

Assume 1m = 1, IRQ is active, and 1m on the stack = 1; then an RTI is encountered. Will the 

interrupt be recognized after the RTI has executed? 

No. The next program instruction will be executed. IRQ will not be serviced until 1m is reset by 

software. 

Will the MPU recognize an interrupt occurring during the last cycle of an instruction during that 

instruction? 

Yes. The interrupt must occur during the second to the last cycle of an instruction if it is to be 

recognized during that instruction. The interrupt inputs are sampled during 4>2 and clocked during the 

next 4> 1 so the interrupt must be present = 200 ns prior to the end of the 4>2 in the last cycle of an 

instruction if it is to be recognized during that instruction. The first cycle of any given instruction is 

considered to be the OP CODE fetch from memory. 
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Q 15. 

A 15. 

Q 16. 

A 16. 

Q 17. 

A 17. 

Q 18. 

A 18. 

H the Interrupt Mask is set and an interrupt is pending, how fast does the MPU recognize the 
interrupt after the mask is cleared by a eLI instruction? 

The interrupt will be serviced not more than one instruction after execution of the CLI. If the opcode of 

the instruction immediately preceding the CLI instruction has a zero in its least significant bit position, 

a pending interrupt will be recognized as soon as execution of CLI is complete. If there was a one in the 

least significant bit position of the previous instruction's opcode, the instruction following the CLI will 

be executed before the pending interrupt is recognized. 

The Wait for Interrupt instruction (W AI) is often used to expedite the handling of interrupts by causing 

the MPU to stack its contests and enter a waiting mode. It is normally used in anticipation of an 

interrupt that requires the quickest possible handling. It is possible for the MPU to hang-up in the wait 

mode if the W AI instruction is used following a Clear Interrupt Mask instruction (CLI) if the 

anticipated interrupt is already pending when CLI executes and the interrupt is serviced as soon as the· 

mask clears. Completion of the interrupt service routine will return the program to the W AI instruction 

and cause the MPU to begin waiting for an interrupt that has already been serviced. If the opcode of the 

instruction immediately preceding the CLI instruction had a one in its least significant bit position, 

clearing of the Interrupt Mask by CLI is sufficiently delayed such that execution of the W AI instruction 

begins before the interrupt can be recognized and the desired result is obtained. That is, W AI executes 

and then the interrupt is serviced rather than vice versa. It is recommended that whenever W AI is 

preceded by CLI, the CLI should be preceded by a NOP: 

NOP 

CLI 

WAI 

Use of the NOP insures that the least significant bit of the instruction preceding CLI will contain a one. 

How is NMI masked once it is activated? 

The NMI is not masked. The NMI input is reactivated 3 cycles prior to executing the first instruction of 

the service routine. Another NMI input will be recognized if a falling edge occurs after this time. 

When are the IRQ and NMI reactivated during the interrupt service routine? 

Both are reactivated after the 9th cycle of the interrupt sequence, i.e. , after they have been tested to see 

which interrupt input caused the sequence to start. 

How fast can the MPU service an interrupt? 

The MPU can vector to the first instruction of the interrupt service routine in 13 ~ 23 clock periods 

depending on what instruction is being executed and how far that execution has progressed at the time 

of the interrupt. 
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Q 19. 

A 19. 

Q 20. 

A 20. 

Q 21. 

A 21. 

Q 22. 

A 22. 

Q 23. 

A 23. 

Q 24. 

A 24. 

Why is the interrupt mask placed in front of the IRQ flip-flop? 

The interrupt mask is placed prior to the IRQ flip-flop to prevent the flip-flop from being set again by 

the present interrupt. The interrupt sequence sets the interrupt mask bit just prior to resetting the 

interrupt flops. 

How fast can an interrupt be serviced using the W AI instruction? 

Four MPU cycles are required to start the interrupt sequence after a W AI instruction 

When is a puD up resistor required for the IRQ and NMI MPU inputs? 

When multiple signals are wired to the interrupt inputs, a 3.3KO pull up resistor is recommended. 

WiD the MPU recognize IRQ and NMI when in a single instruction mode of execution, i.e., Gill 
high for one cPt high clock cycle? 

The IRQ and NMI interrupts will not be recognized in this mode of operation. 

When does the MPU recognize an IRQ or an NMI when the HALT line goes high and the 
interrupt is present? 

The MPU will execute one instruction after the Go/Halt line goes high before the IRQ or NMI is 

recognized. 

What happens if an NMI occurs immediately after the RES line goes high? 

Since the stack is undefined at this time the MPU status will be stored at some unknown location in 

memory, overwriting any RAM programs if the stack pointer happened to be pointing at them. 

Similarly if an IRQ occurs after the interrupt mask is cleared and before the stack pointer is initialized 

the MPU status will be stored starting at an unknown location. 

It is therefore recommended that the stack pointer be defined (using the LDS instruction) very early in 

the program. 
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4 M6800 PROGRAMMING 

Q 1. What is meant by dual operand addressing? 

A 1. In computer terminology, "dual operand instructions" refers to instructions which reference two 

values. The values may be specified as data (immediate operand), contents of a register, or contents of 

a memory location. 

In the MC6800, dual operand instructions reference an accumulator (register) and either data 

(immediate operand) or a memory address: 

IMMEDIATE DUAL 

OPERAND INSTRUCTION 

Add A #17 

Operand # 1 = Contents of A 

Operand #2 = 17 (decimal) 

Q 2. When is there an arithmetic carry? 

A 2. Add Instructions 

MEMORY REFERENCE 

DUAL OPERAND INSTRUCTION 

EOR B $8130 

Operand # 1 =. Contents of B 

Operand #2 = Contents of memory location 

8130 (hex) 

Carry occurs when the sum of the binary operand values is greater than 255. When DAA follows an add 

instruction carry occurs when the sum of the binary coded decimal values is greater than 99. Add 

instructions include: ADD, ABA, and ADC. 

Subtract Instructions 

In subtract operations the condition code register carry (C) bit is used as a borrow bit. When the binary 

subtrahend is greater than the minuend the C bit is set. Otherwise it is cleared. Subtract instructions 

include: CMP, CBA, NEG SUB, SBA and SBC. 

Q 3. How is the H bit (bit 5) in the condition code register used? 

A 3. The "H" stands for Half-carry. 

In the MC6800 two BCD digits can be obtained in one eight bit byte. Decimal addition is accomplished 

by two instructions - an add instruction followed by a DAA (Decimal Adjust Accumulator) 

instruction. 

The MC6800 add instructions are binary adds. The H bit is set during the add when the binary sum of 

the low order decimal digit (bits 0-3) exceeds 15. When the binary sum is less than or equal to 15 the H 

bit is cleared. The DAA instruction then uses the H bit to determine how the result of the add must be 

adjusted to convert the binary sum to decimal. The H bit is affected by the following add instructions: 

ADDA, ADDB, ABA, ADCA, and ADCB. The H bit is not tested by any branch instructions. If it is 

desirable to test the H bit a program routine can be written. 

Q 4. How is decimal subtraction accomplished? 

A 4. There is no Decimal Adjust Subtract instruction for the MC6800. Decimal subtraction is accomplished 

by using 9's complement arithmetic. The 9's complement of the subtrahend is found and then added to 
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the minuend plus 1. The 9' s complement of a decimal number is found by subtracting each digit from 

nine. The following subroutine is a decimal subtract routine of 16 digit numbers. 

• DECIMAL SUBTRACT SUBROUTINE FOR 16 DECIMAL DIGIT 

• TH 1 ::::: tw::UU TINE :SUBTRACTS THE SUBTRAHEND <: II SUBTRH II ) 

• FROM THE M I N~JEND (" M I NUEN ") AND PLACES THE 
• II I FFE~:ENCE I N II RSL T • II 

II:5:UB LII:X: ~~:3 SET B'rTE COUr-iTER 
Ir:S:UB 1 LDA A ~~$'39 

SUB A :5:UBTRH ,X FINII 9···:5: COMPLEMENT 
:5:TA A RSLT,X U:5:E II RSLT" A:5: TEMP STORE 
DE:X: DECREMENT BYTE COUNTER 
BNE II:5:UBl LOOP UNTIL LAST B,YTE 
LII:X: ~~:3 RESTORE B'y'TE COUNTER 
:S:EC :5:ET CARRY TO ADD 1 TO COMPL 

II:S:UB2 LDA A MINUEN,X LOAD MINUEND 
AIIC A F.:SL T ,:x: ADD CO~lPLEf'lENT SUBTRAHEND 
DAA DECIMAL AD.JUST 
STA A R:S:L T ,:x: S:TORE DIFFERENCE 
DE:>:: DECREMENT B'y'TE COUNTER 
BNE D:S:UB2 LOOP '-'tiT I L LAST BYTE 
RTS F.:ETURN TO HOST PROGRAM 

• THE EXECUTION TIME OF THIS SUBROUTINE IS 
• 384 MPU CYCLES EXCLUDING THE RTS. 

Note that if the subtrahend is less than or equal to the minuend a positive 16 digit difference results. 

This is known as unsigned 16 decimal digit precision subtraction. The preceding subroutine Call also be 

used for signed (algebraic) subtraction. In this case the precision is 15 decimal digits. The high order 

digit position is used to indicate the sign of the number. A zero in the high order digit means positive 

and the remaining 15 decimal digits are in true binary coded decimal format. A 9 in the high order digit 

means minus and the remaining 15 decimal digits are in 9' s complement binary coded decimal format. 

Q 5. What is the difference between the: 

BGT and BHI instructions? 

BLE and BLS instructions? 

A 5. BGT - Branch if Greater Than 

BHI - Branch if Higher 

BLE - Branch if Less Than or Equal To 

BLS - Branch if Less Than or Same 

The BGT and BLE instructions are used to test the result of a signed binary operation. The BHI and 

BLS instruction is used to test the result of an unsigned binary operation. 
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When using signed binary notation the high order bit of a byte represents the sign of the value. A "0" in 

bit seven means positive and a" 1 " means negative. 

In unsigned binary notation, bit 7 of the number implies a weight of 128. 

The correlation between signed and unsigned branch tests subsequent to a subtract or compare 

instruction is as follows: 

ACC = Accumulator value of tested instruction. 

OPRND = Operand value of tested instruction. 

ACC < OPRND 

ACC < OPRND 

ACC 5> OPRND 

ACC 5> OPRND 

SIGNED TEST 

BLT 

BLE 

BGE 

BGT 

UNSIGNED TEST 

BCS 

BLS 

BCC 

BHI 

Q 6. When using the TSX instruction why is the value in the stack pointer register increased by I? 

A 6. When stacking data in memory the MC6800 first addresses the memory location referenced by the 

stack pointer register and stores the data. Then the value in the stack pointer register is decremented by 

one to point to the next stack address. 

The TSX instruction adds one to the stack pointer register value as it is transferred to the index register 

so that the index register is pointing at the last address of the stack that has stacked data. The TXS 

instruction subtracts one from the index register value as it is transferred to the stack pointer register to 

reverse the operation. 

The value stored in the stack pointer register is not changed due to the execution of the TSX instruction. 

Likewise, the value stored in the index register is not changed due to the TXS instruction 

Q 7. How fast can data be transferred via aPIA? 

A 7. There are two types of data transfer-synchronous and asynchronous. In synchronous data transfer the 

source of the data transfer clock is derived from the M6800 system timing. In asynchronous data 

transfer the data transfer clock is derived separately from the M6800 system timing. 

In the following examples it is assumed that the number of words transferred is known prior to entry 

into the data transfer routine. 

EXAMPLE 1: 8-bit Word Synchronous Read Transfer 

NOTE: Accumulator B is the word counter. 

LOOP LDAA 

PSHA 

DECB 

BNE 

PIAPRA 

LOOP 

Executive time @ 1 /Ls/cycle = 14 /LS 

Max data rate = 71.4K words/sec. 

FETCH DATA 

STORE DATA 

DECREMENT WORD COUNTER 

LOOP UNTIL DONE 
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EXAMPLE 2: 8-bit Word Asynchronous Read Transfer 

NOTE: a) Accumulator B is the word counter. 

b) PIA Control Register A, bit 7 = 1 signifies a word is ready for transfer. 

LOOP LDAA 

BPL 

LDAA 

PSHA 

DECB 

BNE 

PIACRA 

LOOP 

PIAPRA 

LOOP 

Execution time @ I/Ls/cycle = 22 /LS. 

Max data rate = 45.4K words/sec. 

FETCH CONTROL WORD 

WAIT FOR WORD READY 

FETCH DATA 

STORE DATA 

DECREMENT WORD COUNTER 

LOOP UNTIL DONE 

EXAMPLE 3: 8-bit Word Asynchronous Write Transfer 

NOTE: a) Index register is the word counter. 

b) PIA Control Register B bit 7 = 1 signifies a word transfer is requested by the peripheral. 

LOOP 1 LDAA DATA, X FETCH DATA FROM MEMORY 

LOOP 2 LDAB PIACRB FETCH CONTROL WORD 

BPL LOOP 2 WAIT FOR WORD REQUEST 

STAA PIAPRB MOVE WORD TO PIA 

LDAB PIAPRB CLR CRB, BIT 7 

DEX DECREMENT WORD COUNTER 

BNE LOOP 1 LOOP UNTIL DONE 

Execution time @ 1 /Ls/cycle = /Ls. 

Max data rate = 33.3K words/sec. 

EXAMPLE 4: I6-bit Asynchronous Word Read Transfer 

NOTE: a) Accumulator B is the word counter. 

b) PIA Control Register A, bit 7 = 1 signifies a word is ready for transfer. 

LOOP LDAA 

BPL 

LDAA 

PSHA 

LDAA 

PSHA 

DECB 

PIACRA 

LOOP 

PIAPRB 

PIAPRA 

BNE LOOP 

Execution time @ I/Ls/cycle = 3 /LS. 

FETCH CONTROL WORD 

WAIT FOR WORD READY 

FETCH HIGH ORDER BYTE 

STORE HIGH ORDER BYTE 

FETCH LOW ORDER BYTE 

STORE LOW ORDER BYTE 

DECREMENT WORD COUNTER 

LOOP UNTIL DONE 

Max data rate = 33.3K words/sec or 66.7K bytes/sec. 

The maximum data rates shown in the preceding examples represent simple transfer tasks using 

software polling rather. than interrupt service requests. It should be noted that if any other tasks that 

must be performed while transferring data would reduce the maximum data rate. 
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