
4.0 SOFTWARE DESCRIPTION 

4. 1 Overview 

The operating system for the Technico computer cons ists of 
several EPROM based subsystems: 

0 Monitor provides basic debug via the' terminal 

0 CVM Monitor ext en s i on t o the mo n i t o r f o r C VM 

o Disk Handler extension to the monit or for disk 
operation 

o Instant Input Assembler resid ent l ine by lin e 
miniassembler 

Durin g system restart, the monitor will iain control and then 
wait for the user to typ e the 1 et t er u X 11 

• When the 1 et t er 
"X" is typed, the monitor can calculate t h e t erminal baud 
rate and beg in operation. If th e disk handler EPROM is in 
the system, then op eratio n will begin there and you can enter 
disk rel ated commands. To execute the monitor when in the 
dis k handler, just type MON. If the disk handler EPROM i s 
not in the system, then operation will begin with the 
monito r . When the CV M monitor extension is pr e sent, and a 
ter minal is not connected and active then· a ll t erminal 
commands fo r the disk handl e r or monitor will be ro u ted to 
the color video mo dule. As you can see, the Technico system 
will automatically determine the required configuration and 
will begin execution accordingly. 

No t e : The mo n i to r pr om pt ch a r a c t er is II ? II and the disk 
h and le r prompt is ">u. This will 
subsystem is active. To enter the 

serve t o indicate what 
monitor from the di sk 
disk handler from the· handler, type MON. To return to the 

monitor type the command "R". 
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Memory Map 

The Monitor and other system routines use various RAM memory 
locations. These locations are defined below. 

Address (hex) 

0-3 
4-7 
8 - B 
C-F 
10-13 
14 - 1 7 
18-lB 
lC-lF 
20 
22 
24 
26 
28 
2A 
2C 
2E 
32 
34 
36 
38 
3A 
3C 
3E 
40-43 
44 - 47 
48 - 4B 
4C-4F 
50 - 53 
54 - 57 
58 - 5B 
5C-5F 
60 - 63 
64-67 
68 - 6B 
6C-6F 
70-7 3 
74- 7 7 
78 - 7B 
7C-7F 
80 - 9F 
AO-AF 
BO-CF 
DO 
D2· 

Contents 

Interrupt vector - level 0 
Interrupt vector - level 1 
Interrupt vector - level 2 
Interrupt vector - level 3 
Interrupt vector - level 4 
Interrupt vector - l ev el 5 
Interrupt vector - level 6 
Interrupt v ec tor - lev e l 7 
Carria ge return delay 
Echo fla g (O=h a lf dupl ex, 
Terminal speed 
No. of words for a break 
Use r instruction - one 
User intruction - two 
User instruction - three 
Return branch (two words) 
Next s top 
Stop increment 
Maximum number of stops 
Register bounds - first 
Register bounds - la s t 
Memory bounds - first 
Memory bounds - last 
XOP vector - XOP 0 
XOP vector - XOP 1 
XOP vector - XOP 2 
XOP vector - XOP 3 
XOP vector - XOP 4 
XOP vector - XOP 5 
XOP vector - XOP 6 
XOP vector - XOP 7 
XOP vector - XOP 8 
XOP vector - XOP 9 
XOP vector - XOP 1 0 
XOP vector - XOP 11 
XOP vector XOP 1 2 
XOP vector - XOP 1 3 
XOP vector - XOP 14 
XOP vecto r XOP 15 
Monitor Workspace 
XOP Workspace (only 8 
Syste m Software Workspace 
User - RO 
Us er - R 1 
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D4 User - R2 
D6 User - R3 
D8 User - RI~ 

DA User - RS -· DC Use r - R6 
DE User - R7 
EO User - R8 
E2 User - R9 
E4 User - RlO (RA ) 
E6 User - R 11 (RB) 

E8 User Rl2 (RC) 
EA User - Rl3 (RD) 
EC Us e r - R 14 (RE) 
EE User - Rl5 (RF) 
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4.2 Mighty Monitor 

The Mighty Monitor provides th e following comprehensive set 
of commands: 

A Alter the contents of RAM 
B Breakpoint set/restore 
C Copy memory to memory 
D Dump memory to di spl a y or terminal 
G Go to program in memory 
H Hexadecimal Arithm e tic 
I Inspect CRU bit 
L Load program from terminal 
M Modify CRU bit 
P Program EPROM 
R Return 
S Snap definition 
W Workspace dump 

The Mighty Monitor accepts input from and produces output for 
a serial asynchronous ASCII terminal or teletypewriter. To 
insure maximum flexibility in the choice of a terminal, the 
monitor always generates two stop bits after each character 
and a user controlled delay after eac h carriage return. The 
Baud rate of the terminal is det ermined automatically during 
the start up of the monitor. After a reset (power-on or 
manual) the monitor will wait for the user to enter the 
1 e t t e r ' X' • When th e 1 e t t er ' X' i s e nter e d , the mo nit o r 
automatically calculates the Ba ud rate (110 to 9600) and 
begins normal opera tion. For a disk system, the monitor will 
immedi ate l y transfer control to t h e disk handl er . You can 
return to the monitor and use the monitor's d eb ug commands by 
entering the disk command "MON". 

During normal operation, th e monitor prompts the user to 
enter a command by typin g a question mark at the beginning of 
a n e w 1 in e • Th e f i r s t en tr y b y th e u s e r mus t b e one o f the 
allowable command codes (A, B, C, D, G, H, I, L, M, P, R, S, 
W), and is followed by th e arguments in hexadecimal notation. 
Multiple arguments are se p era t ed from one another by an 
arbitrary sequence of symbols or characters , except for 
hexad ec imal digits (0 - 9,A - F) or carr ia ge return . The command 
is terminated by . any non-h exadec ima l digit (including 
carriage return) after the la s t argument. 

If an argument is typed with more than the required number of 
digit s (usually four), the monitor will use only the 
right-most digits. This feature can be used to correct inp ut 
errors. If any argument is shorter than required, the 
left-mo s t digits will automatically be filled with zeros . 
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The monit o r u s es ce rtain l ocat i ons in memo ry to s tor e 
breakpoint information, etc. The e n t i re system memory map i s 
shown in pa ra grap h 4.1.1. To ope r ate in half-duplex mode (no 
characte r echo) change th e most signifi ca n t bi t of the echo 
flag to zero usin g monitor's Al t e r command. To inse rt a 
delay after carriage return , e nter the req u ire d delay in the 
delay word (again using th e Alter). Th e t o t al carriage 
r e turn del ay i s Delay *6 microseconds. If you do not know the 
delay r equired f o r your t ermin al , it can be d e t ermined 
experimentally b y i ncreasing the delay un til no cr.aracters 
a re l os t after a carriage r eturn. If you mo dif y a n y o f the 
other locations us ed by the monito r, it may not fun c tion 
properl. y . 

A detail e d descripti on of each command is provided in th e 
following par ag r aphs , along with a n examp l e of its usage. 
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4 • 2. 1 Alter - The contents of memory may be examined and 
modified. 

Format: 

Procedure: 

Note: 

Ex ample: 

A aaaa 

1. Typ e "A". 

2. Type the byte ad dress (aaa a ) 
location to be exam i ned (in 
followed by a space. 

of th e memory 
hexadecima l) 

3. The monitor will display the contents of the 
specified location in hexadecimal format 
followed by a hyphen. 

4. If you wish to change the contents of this 
location, simply enter t he desired hexadecimal 
value followed by a space or carriage return. 
If not, just type space or carri age r et urn and 
the monitor will display the contents of the 
next seq uential address. If a space terminated 
the entry the next value will be displayed on 
the current line. If a carriage return 
terminated the entry, th e next byte's address 
and contents are displayed on the next line . 

5. Repeat steps 3-4 until all d esi red locations 
have been examined or modified. To exi t this 
routin e depress the BREAK key on the terminal. 

!. If the monitor was enter e d from a user 
BREAKPOINT, ALTER can be us e d 
modify th e working registers . 
memory map for a definition of 
used . 

2 . ALTER can also 
memory, but it can 

b e used to 
not be used 

to examine or 
Refer to the 
the addresses 

examine EPROM, 
to modify it . 

The following sequence will alter loc ations #400 
and #404 with #FF. Locations #401-403 are 
unchanged (user ' s entries are underlined). 

?A400 00- FF 11- 22 - 33- 44 - FF 55-
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4.2.2 BREAKPOINT - A breakpoint or trap may be set in any 
user program that is stored in RAM. Whenever the processor 
encounters the substituted tr ap instructi on, the st a te of the 
machine is saved and control is transferred back to the 
monitor for u ser action. 

Format: B aaaa,n 

Procedure: 

Note : 

1. Type "B". 

2. Type the hexadec i ma l address (aaaa) of the 
location to be trapped, followed by a delimiter. 
(aaaa) must be a word address (even number) . 

3. Ty pe the number 
f o r the t r a p • Th i s 
words (1, 2, or 3) 
trapped instruction. 

of words (n) to be removed 
should b e t he number of 

currently occupied by the 

4. Type space or carriage return. The monitor 
will remove any prior trap and then install the 
new trap. 

1. If the existing 
without setting a n ew 
count are omitted and 
ca rri age return. 

trap is to be remov ed 
one, the address and word 
the command terminated by 

2. After entering the monitor f~om a trap, the 
GO comma nd can be used to resume execution (see 
GO command, discussed later). 

3. The contents of the user's workspace 
regist ers ar e saved whenever a breakpoint is 
encountered. The contents of th e registers can 
be examined or modified using the ALTER command. 
The System Memory Map shows whe r e the active 
regist e rs are saved. Note: If the wo r kspace 
pointer is changed by the user program, the 
registers will belocated at the add ress in the 
workspace pointer. 

4. Relative jump inst r uctions should not be 
breakpointed if a return GO is to be used or if 
a SNAP is established . 

5. An asyncronous breakpoint c·an be triggered 
by p 1 a c in g the L 0 AD /RESET s wi t ch in the RESET 
position and then pressing RESET. Thi s feature 
can be used to tr ap a user program that is 
"hung". 

4.0-7 



-----

Example: 

6. A user program can take control of the 
breakpoints by setting location #40 to #43 with 
appropriate workspace pointer and program 
counter. Thi s should be done with c are since it 
eliminates the monitors breakpoints. 

Place a 
contains 

?B1276,2 

br eakpoint 
a two word 
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4.2.3 COPY - The contents of a bl ock of memory may be copied 
into anot h er area of memory. 

Format: 

Procedure : 

Note: 

Example: 

C ssss, eeee, dddd 

1. Type 11 C11 
• 

2. Type the hexadecimal starting address (ssss) 
followed by a d e limeter, and th e hexadecimal 
ending address (eee) followed by a delimeter of 
the block of memory you wish to be copied. 

3. Type the hexadecimal destination address 
(dddd) followed by a space or carriag e return. 
For a normal copy operation, the destination 
address should not be within th e bounds of the 
block of memory that you are copying. 

1. The copy command can be used to set a block 
of memory to a specified constant. This is done 
in two steps. Fi r st pl ace the desired 
constant in the start location (ussin g the ALTER 
com man d ) • Then per f o rm a n C s s s s , e e e e - 1 , 
ssss+ln, where (s s ss) is the start address and 
(eeee) is the end address of the block. 

1. Th e following command will copy /!410-420 
into ff 4 3 0 - 4 4 0. 

?C410,420,430 

2. To set al l lo cations #410-41F to zero , the 
following commands are used. 

?A410 11-00 22 --- --
?C410,41E,411 

(sets 410 = 00) 
(clears 410-41F) 

Note that /l41E is one l ess 
address #41F and #4 11 is one 
starting address #410 . 
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4.2.4 DUMP - The contents of a block of memory may be listed 
on th e terminal. 

Format: 

Pr ocedure : 

Note: 

Example : 

D ssss, eeeP. 

1. Type " D". 

2. Type the hexadecimal start i ng address (ssss) 
fo llowed by a delimiter and then the hexadecimal 
ending address (eeee) of the memory to be 
listed. 

3. Terminate the comma nd by typing a space or a 
cr riage r eturn. The monitor will now list the 
request ed block of memory, sixteen bytes per 
line. 

1 • The e nding ad d r e s s may b e om i t t e d ( and the 
command t erminated by a carr ia ge return), in 
which case the monitor a ss umes that the ending 
address is the end of memory (655 35 , or #FFFF). 

2. The dump may be 
d ep ressing th e BREAK 

stopped a t any time by 
k ey on th e t erminal . 

3 . Th e LOAD 
t he dump is 
media . 

co mmand can reload 
re corded , on paper 

the program if 
tape or other 

Both of th e following examples wi ll dump th e 
e ntire memory : 

?DO , FFFF 

?DO 
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4.2.4 DUMP - The contents of a block of memory may be listed 
on the terminal. 

Format: 

Procedure: 

Note: 

Example: 

D ssss, eeee 

1. Type "D". 

2. Type the hexad ecimal starting address (ssss) 
followed by a delimiter and the n th e hexadecimal 
ending address (eeee) of th e memory to be 
listed. 

3. Terminate the command by typin g a space or a 
crriage return. The monitor will now list the 
request ed block of memory, sixteen bytes per 
line. 

L The ending address may be omitt ed (and the 
command terminated by a carriage return), in 
which case the monitor assumes that the ending 
address is the end o f memory (65535, or f!FFFF) . 

2. The dump 
depressing the 

may be 
BREAK 

stopped 
key on 

at any time by 
the t e rminal. 

3. The 
the dump 
media. 

LOAD 
is 

command can 
record ed , on 

reload 
paper 

the program if 
tape or other 

Both of the following examples will dump the 
entire memory: 

?DO,FFFF 

?DO 
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4. 2. 5 
memory. 
trap . 

GO - Control can be tran sfe rred to a specified word in 
Execution can also b e re sume d after a br eakpoint 

Forma t: 

Procedure: 

Not e: 

Example : 

G aaaa 

Typ e "G". 

2 . Type the h exadecima l address (aaaa) where 
control i s to b e t r a nsf er r e d. (aaaa ) mu st be a 
word address ( even). 

3. Terminate th e command by t ypin g a space or 
carr ia ge return. The monitor will now tr ansfe r 
control to address (aaaa). 

Th e add res s ( a a a a ) may b e om i t t e d ( and the 
command t e rminated ay a ca rriage return) in 
which ca se the monitor will ass u me that a trap 
was reached, restor e the state of the machine, 
exec ut e the in struction removed for th e t ra p, 
and return to the po in t f o 11 owin g t he tr a p • 
This f eature should be u sed only if the monitor 
was entered by a trap and th e location being 
trapped does not contai n a r e l a tive j ump. 

2. Do not set a n ew breakpoint, 
without an addre ss , a s this 
control to the wrong location. 

then issue a GO 
will tr a nsfer 

The fol lowing will transfer control to l ocation 
/1 106. 

?G106 
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4.2.6 HEXADECIMAL ARITHMETIC - Calculate the hexadecimal sum 
and difference of two numbers. 

Format: 

P~ocedure: 

Example: 

H aaaa, bbbb 

1. Type "H" • 

2. Type the two hexadecimal operands (aaaa) and 
(bbbb) seperated by a delimiter and followed by 
a space or carriag e r e turn . 

3. The monitor will now calculate and display 
(xxxx)=(aaaa)+(bbbb) and (yyyy)=(aaaa)-(bbbb) as 
follows: 

H+=(xxxx) H=(yyyy) 

This command is u s eful for calulating the 
destination addr es s for a jump. If the jump 
instruction /11047 is at, say, location /11234 
then th e destina tion address is (/11234+2)+ 2*47 . 
This sum is calculated in two steps as follows : 

Step 1) ?Hl236,47 
H+=l27D H-=llEF 

Step 2) ?Hl27D,47 
H+=l2C4 H-=1236 

Note that the jump displacement is relative to 
the next sequential instruct ion (/11236) not the 
jump itself. 
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4.2 . 7 INSPECT - A CRU bit ma y b e displayed on the term i nal. 

Format: I bb 

Proc edure : 

Note: 

Examp le: 

Typ e "I 11 
• 

2 . Typ e the CRU bit (bb) to be tested, followed 
by a space. 

3 • Th e mo n i t o r w i 11 d i s p 1 a y t he s e l e c t e d CR U 
bit. 

1. The CRU bit number i s u se d for this command, 
not th e CRU bas e address. For exampl e, bit 
number 3 is CRU base addres s 6. Therefore, when 
bit 3 is us ed, Rl2 is loaded with 6. 

Di s play CRU bit 5 (assume it is set). 

?IS 1 
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4.2.8 LOAD - A program file may be loaded into me mory from 
paper tape or any other terminal storage media. 

Format: L 

Procedure: 

Note: 

1. Type "L". 

2. Initiate the input (e.g. the paper tape). 

1. The LOAD command 
produce4 by the DU MP 
program will be reloaded 
memory that it was dumped 

will reload programs 
command. The dumped 
into the same area of 
from. 

2. If you do not wish the input to be li s ted as 
it is loaded, simply turn off the monitor echo 
flag (most significant bit of /122). This will 
suppress the monitor's echo 

3. The carriage 
zero (i.e. memory 
loading. · 

return delay must be set to 
locations lf20, 1/ 21) prior to 
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4.2.9 MODIFY - A CRU bit may be set or cleared. 

Format: M bb,v 

Procedure: 

Note: 

Example: 

Typ e "M". 

2 . Type the desired CRU bit (bb) followe d by a 
delimeter. 

3. Type the bit v a lue that you desire (O=clear, 
l=set). 

1. The CRU bit number is used for this command , 
not the CRU base address . For exampl e , bit 
numb er 7 is CR U base address II E • Th e r efo r e , 
when bit 7 is specified, the monitor will load 
Rl2 with //E. 

Set bit 1 2 to 0 

?Ml2,0 
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4.2.10 PROGRAM - Program a 2708 EPROM . 

Format: 

Procedure: 

Note: 

Examp l e : 

P aaaa, bbbb, cccc 

Type "P ". 

2. Type the hexadecimal starting address (aaaa) 
of the area to be placed in EPROM followed by a 
delimiter, and then the he xadecima l ending 
address (bbbb) followed by a delimiter• 

3. Type the hexadecimal starting address of the 
EPROM area to be programmed followed by a space 
o r carriage retu rn. ( 0 0 0 0 is the first E PR OM 
location) 

4. The monitor will now program the EPROM's. 

1 . The starting address of the EPROM's, for 
programming purposes only, is zero. 

2. The monito r always programs both EPROM' s. 
Even bytes in one and odd bytes in another. 

3. To program only selected l ocations , place 
llF F in any location not to be programme d . Since 
the erased EPROM has /IF F in all locations, this 
wil l not change the EPROM. 

4. The ending address (bbbb) MUST BE EVEN. 

Program a copy of the monitor/IIA PROM. 

?PF800, FFFE, 0 

4.0-16 



4.2.11 RETURN - Return to System 

Forma t: R 

Procedure: 

Note: 

1. Typ e "R" 

2. Typ e a 
now return 
h andle r). 

1. If 
routin e , 

th e 
R 

carriage r e t urn • The moni to r w i 11 
to the system (e.g. BAS I C or Disk 

monitor was not called by a system 
will merely restart t he monitor 
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4.2.12 SNAP 

Format: 

Procedure: 

Note: 

Example: 

Snap parameters can be established . 

S ffff, iiii, nnnn 
R? rl, r2 
M? ml, m2 

1. Type "S" • 

2. Typ e the first time a snap is desired (ffff) 
follo we d by a delimiter, then th e fncrement 
between snaps (nnnn) followed by a delimiter, 
and finally the tot a l number of snaps (nnnn) 
follo wed by a delimiter. 

3. When 
workspace 

the monitor types " R?", 
registers to be snapped, 

carriage return. 

enter the 
then t ype a 

4. When the monitor t y p e s IT M? IT , en t e r th e a r ea 
of memory to be snapped. If no me mory is to be 
snapped, then type a carriage r eturn . 

1. Prior to establishing a snap a b reakpo int 
must be set. 

2. All snap parameters a.re in hexadecimal. 

The following sequence will snap re g ist e rs Rl-R3 
and memory area #100-105 after the fourth 
execution of the instruction at #130 . After the 
initial snap, it will snap every third ti me 
until a total of six snaps. 

?Bl30,l 
?S4,3,6 
R ?l_,_1 
M?l00,105 

(first set trap) 
(then set the snap) 
r egisters snapped 
memory snapped 

The sample output given on the next page 
i 11 us tr ate s the us e o f A , B , and S com man d s • 
The A c om man d i s us e d t o e n t e r a p r o g ram in to 
memory. This program will decrem e nt Rl, R2, and 
R3. The B command is used to set a Breakpoint 
trap at #130 (which contains a one word 
instruction) • The S command ,specifies a snap of 
Rl through R3 and memory locations # 10 0 through 
11105 to be taken j ust prior to the 4th, 7th, 
10th, 13th, 16th, and 19th times that the 
instruction at location #130 is executed . 
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Snap Example Output 

?Al30 2C-06 OO-
? Al30 00-06 00-01 00-06 00-02 00-06 00-03 00-10 00-FC 00 
?Bl30, l 
?S4, 3, 6 
R? 1, 3 
M?l00,105 
?Gl30 

PC=Ol32 WP=OODO ST =DOOO 
R 1 = 0 OB 0 R 2 = 2 B 3 6 R 3 = 0 D 3 8 
0100: 02 03 00 01 CO Cl 

PC=Ol32 WP=OODO ST=DOOO 
Rl=OOAD R2=2B33 R3=0D35 
0100: 02 03 00 01 CO Cl 

PC=Ol32 WP=OODO ST=DOOO 
Rl=OOAA R2=2B30 R3=0D32 
0100: 02 03 00 01 CO Cl 

PC=Ol32 WP=OODO ST=DOOO 
Rl=OOA7 R2=2B2D R3=0D2F 
0100: 02 03 00 01 CO Cl 

PC=0132 WP=OODO ST=DOOO 
Rl=OOA4 R2=2B2A R3=0D2C 
0100: 02 03 00 01 CO Cl 

PC=Ol32 WP=OODO ST=DOOO 
Rl=OOAl R2=2B27 R3=0D29 
0100: 02 03 00 0 1 CO Cl 

? 
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4.2.13 WORKSPACE Examine user workspace regi sters 

Format: 

Procedure : 

Note: 

Example: 

W aa,bb 

Type "W". 

2. Typ e the first register to be dumped in 
hexadecimal followed by a delimiter and then the 
last register to be dumped followed by a 
delimiter. 

3. The monitor will now dump the specified 
registers 

1. Since the registers are in memory, the ALTER 
command can be used to modify them. Refer to 
the system memory map for the addresses 
required. 

Dump all of the workspace registers. 
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4.2.14 Listing 

The source listing of the mi g hty monit o r is included in this 
section . A review of the mon itor l ist ing will h e lp you to 
under stand how the 9900 instructions can be used. The 
monitor listing is relative addressed. That is, the l oade r 
modifies th e code to operate where l oaded . In the T99SS CPU 
modul e the monito r is loaded at #FCOO. Therefore, you must 
add #FCOO to the address shown in the listing to obtain the 
E PR 0 M a d d r e s s o f th a t d a ta • F o r exam p 1 e , S TR T 1 0 i s· the 1 ab e 1 
of the instruction at relativ e # 16 . The ac tua l EPROM address 
of that word is #FCOO + 16 = FC16. 

In addition to the t e rminal comma nds, the monitor provides 
o ther useful feat u res for th e programmer. During power-on 
the monitor establishes two XOP's (Extended Op eratio ns) to be 
u sed for terminal input/output . These XOP ' s can be exploited 
b y a user program to perform input/output to the user 
t erminal. XOP 1 is used for input, a nd XOP 2 i s used fo r 
output. The program b e low, which can be entered by the 
Instant Input Assembler , u ses these XOP's to print the 
message "pick a number from 1 to 5 " and then collec t the use r 
re s ponse. Notice that the In stan t Input Assembler recognizes 
the XOP ' s by the mnemonics IN and OUT. 

LI Rl , > 110 
OUT *R l 
MOVB *Rl+,RO 
JNE - 3 
IN R l 
JMP -7 
/1 10 
+>OD OA 
$PICK A NUMBER FROM 1 TO 5 
+o 

Other routines in t h e monitor ~re also useful. 
are : 

Some of them 

TYPEN Proceed to a· new line on the termina l. Uses 
regist er R4 as sc r atch . Call ed by BL @TYPEN . 

DMEMN D.isplay the co nt e nt s of r egis t e r Rl as four hex 
digits . Th e value is di s pl ayed on a new line an d is followe d 
b y a ":" • Input in register Rl . Re g i s ters RO, R4, R5, and 
R7 are used as sc r atch. Called by BL @DMEMN~ 

DISRG 
format is 
follo wi n g 
scratch. 

Di sp lay contents of RS as 
" XY dddd " where "XY" 

the call . Reg ister s RO, 
Called as follows : 

4.0-2 1 

four hex digi t s . The 
are any two characters 
R4, RS, a nd R7 used as 



BL @DISRG 
DATA ':l_{Y' 

TYPEWD Display the contents 
Input in RS. Reg i r- t er s R 0, R 4, 
by BL @TYPEWD. 

of RS as four hex 
RS used as scratch. 

digits. 
Called 

RDNUM This is a powerful routine for accepting hex 
par am et er s from th e operator • It w i 11 read one , · two , or 
three parameters and put them in Rl, R2, R3. Refer t o th e 
source li sting for furth er details of RDNUM. 

DUMP - Dump memory from address in Rl to the address in R2. 
Registers RO , Rl, RS used as scratch The following will 
dump # 107 to #3 11 and then return to the user. 

LI Rl, >107 · 
LI R2,>311 
BL @DUMP 

BDISPS - Display the leftmost byte of 
preceeded by a space • Input is in RS. 
used as scratch. Called by BL @BDISPS. 

4.0-22 

RS as two hex digits 
Registers RO, R4, RS 
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0000 
0000 

0001 
0000 
0000 
2C 00 
1000 
0080 
OODO 
0090 
0020 
00 26 
0028 
OOOD 
OAOD 
OOlC 

TITL '9900 MIGHTY MON ITOR (VER 4 - 8/78)' 
IDTMM IDT 

DREG 

* * NOTICE: WHE N THE MONITOR IS ENTERED IT WILL 
* AWAIT USER INPU T TO DETERMINE THE BAUD RATE 
* OF THE TERMI NAL DEVICE. THE USER SHOULD 
* TYPE AN 'X' TO SET THE BAUD RATE. 

* * THE BASIC 9900 DEBUG MONITOR OFFERS THE 
*FOLLOWING SET OF COMMANDS(PARAMETERS IN [ ) 
* ARE OPTIONAL): 

* 
* A <ADDRESS> 
* B [ <ADDRESS>) [<W ORD COUNT>] 
* C <START> <END> <TARGET> 
* D <START>[<END>) 
* G [<ADDRESS>) 
* H <NUMBER-!> <NUMBER-2> 
* I <BIT> 
* L [ <ADDRESS>) 
* M <BIT> <VALUE> 
* P <START> <END> <TARGET> 
* R 
* S <lST> <INC> <TOTAL> 
* ?R [<REG-1> <REG-2>) 
* ?M [<START> <END> ) 
* W <REG> [<REG>] 

* * EXTERNAL DEFINITIONS 

* 
DEF TYPE,TYPEN,TYPEH 
DEF DMEMN,TYPEWD, RDNUM 

* * SYSTEM EQUIVALENCES 

* 
PRG EQU 1 
TTYI EQU 0 
TTYO EQU 0 
XOPO EQU >2COO 
NOOP EQU >1000 
MTRWP EQU >80 
USRWP EQTJ >DO 
XOPWS EQU >90 
DELAY EQU >20 
BREAK EQU >26 
BKRTN EQU BREAK+2 
CR EQU >OD 
CRLF EQU >OAOD 
MAX EQU 28 

* 
* THE FOLLOWING AREA 

* BY 

* 
THE MONITOR 

CR DELAY TIME 
ECHO FLAG 
TERMINAL SPEED 

RAM IS 

ALTER 
BREAKPOINT 
COPY 
DUMP 
GO 
HEX ARITH 
INSPECT BIT 
LOAD 
MODIFY BIT 
PROGRAM 
RETU RN 
SNAP 

WORKSPACE DUMP 

PROGRAM MODE 
TTY INPUT 
TTY OUTPUT 
XOP-0 
NO-OP 
MONITOR WORKSPACE 
USER WORKSPACE 
XO P WORKS PACE ( 8 REG.) 
DELAY WORD 
BREAKPOINT AREA 
BREAK RETURN 
CARRIAGE RETURN 
CAR. RET., LINE FEED 
(N 0. OF COMM. + 1)*2 

USED 

* 20 
* 22 
* 24 
* 26 ( BREAK ) NO . OF WORD S FOR TRAP 

4.0-23 
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,000 0 02E 0 0080 
0004 04CC 

,.../ 0006 lDCl 
0008 020D OOD 0 
oooc 0 20 1 0040 
00 1 0 04C 2 
0012 C.461 032C 

-J: 28 USER I NST . ONE 

* 2A TWO 

* 2C TH REE 

* 2E RETURN BRANCH (TWO WOR DS) 

* 32 NEXT STOP 

* 34 STOP I NCREMENT 

* 36 MAX NO . OF STOPS 

* 38 SNAP REG - F I RST 

* 3A LAS T 

* 3C SNAP MEM - F IRST 
* 3E LAS T 
* 40-4 3 XOP-0 BREAKP OINTS 
* 44-47 XOP-1 I NPUT 
* 48-4B XOP -2 OUTPUT 
* 4C -4F XOP-3 
* 50-53 XO P-4 
* 54-57 XO P-5 
* 58-5B XOP-6 
* 5C-5F XOP-7 
* 60-63 XOP - 8 
* 64 - 67 XOP-9 
* 68-6B XOP-10 
* 6C-6F XOP -11 
* 70-73 XOP-12 
* 74-77 XOP-13 
* 78-7 B XOP-14 
* 7C -7F XOP - 15 
* 80 -9F MONITOR WORKSPACE 
* AO - AF XOP WORKSPACE (O NL Y 8 REGISTERS) 
* BO-CF DISK/TAPE WO RKS PACE 
* DO USER RO 
* D2 Rl 

* D4 R2 

* D6 R3 
* DB R4 
* DA R5 
* DC R6 
* DE R7 
* EO R8 
* E 2 R9 
* E4 RA (RlO) 
* E6 RB ( R 11) 

* EB RC (R 12 -US ER ERU BAS E) 
* EA RD (R 13) 
* EC RE (R 14) 

* CE RF (R15) 

* 
* 
* THE FOLLOWING I S MONITOR POWER UP 
* SEQU ENCE 

* 
STA RT LWPI HTRWP 

CLR R 12 S ET CRU BASE 
SBO PRG CLEAR PROG. 
LI R1 3, USRWP SET USE R WP 

MODE 

L I Rl,>40 SETUP XOP VECTORS 
CLR R2 

STRT l O HOV @XOPTB - >40(R l ) , *Rl 

4.0-24 
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0016 CCBl 
0018 16FC 
OOlA 0 200 FFEC 
001.E 0201 0020 
0022 CC41 
00 2 !f 0 731 
0025 lDOO 
00 28 l FOO 
0 02A 1302 
0 0/,C 06AO E800 
0030 lFOO 
0032 13FE 
0 034 0580 
0036 l FOO 
003 8 l 6FD 
003A 0920 
003C CC40 
003E 06AO OCJB8 
00 ~1 2 020H FOOO 
0046 381B 0332 
004A l.328 

004C 05C 1 
00 4E 0702 

0050 0203 0026 
0054 C0 33 
0056 C l 23 0008 
005A 6100 
005C 6100 
OOSE Cl54 
0062 
00 60 0285 2CO O 
0064 1601 
0066 C513 
0068 0643 
00 6A 0 7 4 2. 
006C CCC2 
006E Clll 
0070 0602 
0072 CC60 0062 
00711 CCC4 
0078 0204 100 0 
00 7C C082 
007E 1 302 
0080 0602 
0082 C l3i 

MOV 
JNE 
LI 
LI 
M.OV 
SETO 
SBO 
TB 
JEQ 
BL 

STRT20 TB 
JEQ 

STRT30 IKC 
TB 
JNE 
SRL 
HOV 
BL 
LI 

* 

c 
JEQ 

*Rl+,*R2+ 
STRTlO 
R0,-20 
Rl,DELAY 
R l,*Rl+ 
*Rl+ 
TTYO 
TTYI 
STRT20 
@>E800 
TTYI 
STRT20 
RO 
TTYI 
STRT30 
R0,2 
RO,*R l+ 
@TY PEN 
Rll, >FOOO 
*Rll, @BR ANCH 
TYPEX 

R O=T ERM. TIMER 

CLEAR DELAY 
SET ECHO 
TTY=HIGH 
CRT? 
NO 
SETUP FOR CRT 
WAIT FOR START 

MEASURE A BIT 

REDUCE TO ~ BIT COUNT 
SAVE SPEED 
GOTO NEW LINE 
DISK SYSTEM? 

YES-GO THERE 

* REMOVE ANY BREAKPOINTS AND THEN 
* ENTER MONITOR 

* 

* 

INCT Rl 
S ET O R2 

* ROUTINE: BREAK 

ADVANCE TO BREAK RET. 

*ESTABLI SH A BREAKPOINT OR SNAP AT (Rl) , 
* REMOVING R2 INSTRUCTIONS AND SETTING 
* NEXT=- 1, ANY PRIOR BREAK IS REMOVED . 
* IF OLD !REAK DOES NOT CONTAIN (XOP) IT IS 
* NOT DISTURBED. SINCE Rl IS PRESE7 TO BKRTN, IT 
* CAN ACT AS A BREAKP OINT REMOVAL . 

* 
BRK LI R3,BREAK 

HOV *R3+,RO 
MOV @8(R3),R4 
S RO,R4 
S RO,R4 
MOV *RLf,R5 

BRKXO P EQU $+2 
CI RS , XO PO 
JNE B RK l 
MOV *R3,*R4 

BRKl DECT R3 
ABS R2 

BRK2 

MOV R2,*R3+ 
HOV *Rl,R4 
DEC R2 
MOV @BRKXOP,*Rl+ 
HOV 
LI 
HOV 
JF.Q 
DEC 

R 4 , *i-"'.3+ 
R 4,NCO P 
R 2, R2 
BRK3 
R2 

4 . 0-25 

R 3=BREAK PO INTER 
GET NO . OF WORDS 
GET RETURN 
READJUST IT TO START 

CHECK FOR XOP 

IF NOT XOP, SKIP RESTORE 
RESTORE CODE 
RESET R3 
IF TI 2 = - 1 , R 2 = 1 
STORE NO . OF WORDS 
GET INST 

PUT I N XOP 
SAVE INST 
PRESET R=Nf.-) P 
IF R2 NOT C. GET I NS T. 
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--

0084 0283 002E BRK3 
0088 l 6F6 

C I R 3 , BR EA K + 8 
JNE BRK 2 

CONT TILL THREE WORDS SET 

0 0 BA CC E 0 0 3 3 2 
008E CCCl 
0090 0713 
0092 102F 

0094 0 6C4 
0096 2C84 
0098 OA84 
009A 16FD 
009C 045B 

009E Cl3B 
0 OAO C 6 8B 
OOA2 06AO 0094 
OOA 6 0701 
0 OA 8 C 0 81 
OOAA 0 2 0 5 0007 
OOAE 06AO 0 2 22 
OO B 2 C2DA 
OO B4 CE81 
OOB 6 CE 82 

* 

MOV @BRANCH,*R3+ 
MOV Rl,*R3+ 
SETO *R3 
JMP MTR 

* ROUTINE: TYPE 

S ET RETURN BRANCH 
PUT IN RETURN ADDRESS 
R2 =- l 
GOTO MONITOR 

* TYPE THE RIGHT BYT E OF R4. AFTER T~A T, 

* TYPE THE LEFT BYTE IF IT IS NOT ZERO . 

* 
TYPE SWPB R4 
TYPEl OUT R4 

SLA RI+, 8 
JNE TYPE 1 

TYPEX B *Rl 1 

* * ROUTINE: GET 

PUT IN LEFT BYTE 
OUTPUT R4 
ANOTHE R CHAR? 
YE S-TY PE I T 
RETURN 

*PROMPT THE OP ERATOR USI NG (Rll), THEN 
* GET AN UPDATED VALUE. DEFAULT FOR THE 
* TWO ENTRIES IS -1. 

* 
GET 

* 

MOV *Rll+,R4 
MOV Rll,*RlO 
BL @TYPE 
SETO Rl 
MOV Rl,R2 
L ~ RS,7 
BL @RDNUMB 
MOV *RlO,Rll 
MOV Rl,*RlO+ 
MOV R2,*Rl0+ 

* ROUTIN E : TYPEN 

GET PROMPT 
SAVE RETURN 
PROMPT THE OPERATOR 
SET DEFAUT~ T S 

GET USER INPUT 

RESET RETURN 

* PROCEED TO A NEW LINE ON THE TERMINAL 
* PRINT CR,LF, THEN WAIT 

* 
OOB8 020 4 OAOD TYPEN LI R4,CRLF 

EQU $-1 
PR INT THE CRLF 

OOBB CRET 
OOBC lOEB 

0 OB E 2D 
0 OB F 30 
0 OC 0 C l CB 
0 OC 2 0 6AO 
0 oc 6 c 141 
0 OC 8 0 6AO 
OOCC 2CA0 
OODO 0457 

OOB8 

0 lB E 
02D 5 

JMP . TYPE 

* 
* ROUTINE: DMEMN 
* DISPLAY Rl ON A NEW LINE IN FORMAT: 
* ' XXXX:' 

* 
DASH 
EQUAL 
DMEMN 

* 

BYTE 
BYTE 
MOV 
BL 
MOV 
BL 
OUT 
B 

, , 
, = , 

Rl l, R7 
@TY PEN 
R 1, RS 
@TYPEWD 
@COLON 
*R7 

* ROUTINE: DISRG 

SAV E EXIT 
GOTO NEW LINE 
DISPLAY Rl 
DISPLAY 
OUTPUT p · ' 
EXIT 

* DISPLA Y REGIST ER RS ON CURRENT LINE . 
*T I TLE OF THE DISPLA Y IS IN (Rll). 

* 
4.0-26 
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0 OD 2 C 13B 
0 OD 4 C lC B 
OOD6 2C 84 
0 OD 8 0 6C 4 
OODA 2C84 
OODC 2CAO 
OOEO 06AO 
OOE4 2CAO 
0 OE 8- 0 4 5 7 

OOBF 
0 lB E 
028B 

OOEA 02EO 0080 
OOEE 06AO OOB8 
OOF2 2CAO 0142 
0 OF 6 2C 4 4 
OOF8 0201 0336 
0 OF C C 281 
0 OF E C 1 71 
010 0 13F4 
0102 9144 
0104 16FB 
0106 06AO 021C 
01 OA 0 2 8 4 0 0 OD 
Ol OE 1303 
0110 COlA 
0112 OA90 
0114 1702 
0116 06AO OOB 8 
OllA COOS 
OllC 0810 
OllE 17E5 

0120 04CC 
0122 C2AA OOlC 
0126 069 A 
012 8 lOEO 

012A 0582 
01 2C DCFl 

'-"' 012 E 8081 
0130 16FD 
0132 1 OD F 

DISRG 
DI SRA 

* 

MOV 
MOV 
OUT 
SWPB 
OUT 
OUT 
BL 
OUT 
B 

*Rll+,R4 
Rll,R7 
R4 
R4 . 
R4 
@EQUAL 
@T YP EWD 
@S PACE 
*R7 

GET TITLE 
SAVE EXI T ADDRESS 
TYPE LEFT BYTE 

TYPE RIGHT BYTE 
OUTPUT '=' 
OUTPUT VALUE 
SPACE AND EXIT 

* BASIC MONITOR LOOP . QUERY OPERATOR FOR 
* DESI RED FUNCTION; GATHER PARAMETERS; AND 
* TRANSFER CONTROL TO APPROPR I ATE ROUT I NE . 

* MTRN 

MTR 

FIN DC 

NEWL 
CONT 

* 

LWPI 
BL 
OUT 
IN 
LI 
MOV 
MOV 
JEQ 
CB 
JNE 
BL 
CI 
JEQ 
MOV 
SLA 
JNC 
BL 
MOV 
SRA 
JNC 

MTR WP 
@TY PEN 
@QUE ST 
R4 
Rl,TABC 
Rl,RlO 
*Rl+,R5 
MTRN 
R4,R5 
FINDC 
@RDN UM 
R4,CR 
NEWL 
*RlO,RO 
R0,9 
CONT 
@TY PEN 
R5,RO 
RO, 1 
MTRN 

NEW LINE 
ISSUE PROMPT 
GET REPLY 
SEARCH TABLE OF CO MMANDS 
SAVE TABLE POINTER 
GET NEXT TABLE ENTRY 
IF ZERO-TABLE E XH AUSTED 
COMPARE TO USER ENTRY 
I F NO MATCH - CONT. SEARCH 
GET PARAMETERS 
FORCE NEW LINE IF 

TERMINATED BY CR OR IF 
LNDICATED BY P. D. 

RS=ODD NO . IF PARAM. O. K. 

ILLEGAL ENTRY 

* WHEN BRANCHING TO THE INDIVIDUAL COMMAND 
* PROC ESOR, THE FOLLOWING INFO IS PROVIDED: 
* R5=PARAM DEC, SHIFTED BY NO. OF 
* PARAMS INPUT 
* Rl=PARAMETER ONE (DEFAULT BKRTN) 
* R2=PAREMETER TWO (DEFAULT >FFFF) 
* R3=PARAMETER THREE (NO SPECIFIC DEFAULT) 

* 

* 

CLR R12 
MOV @MAX(RlO),RlO 
BL *RlO 
JMP MTRN 

* ROUTINE: COPY 

SET CRU BASE 
BRANCH TO COMMAN D 
PROCESSING ROUTINE 
RETURN TO LOOP 

* COPY MEMORY FROM (Rl) TO (R2) INTO (R3) 
* ANY NUMBER OF BYTES MAY BE MOVED 

* 
COPY INC R2 
COPYlO MOVB *R l+, *RJ+ 

* 

C Rl,R 2 
JNE COPYlO 
JMP MTR 

4.0-27 

MOVE ONE BYTE 
TEST END 
CO NTINUE TILL DONE 
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0134 020A 0032 
0138 CE81 
0 l 3A C E82 
013C CE83 
01 3E 0 6A 0 0 0 9 E 
0142 
0142 3F52 
0144 06AO 009E 
0148 3F4D 
0 l 4A 1 OD 3 

* ROUTINE: SNAP 
* ESTABLISH PRIOR BREAKPO INT AS A SNA P. 
* IF NO PARAME TERS ENTERED, USE EXISTING 
* DATA; OTHERWIS E Rl= FIRST SNAP, R2= SNAP 
* INCREMENT, R3= MAXIM UM NO. OF SNAPS . 
* IF NEW PARAMETERS ENTERED, QUERY OPERATOR 
* TO GET REGISTERS AND MEMORY TO BE DUMPED 

* 
SNAP 

QUEST 

* 

LI 
MOV 
MOV 
MOV 
BL 
EQU 
TEXT 
BL 
TEXT 
JMP 

Rl0,BREAK+l 2 
R l,* RlO+ 
R2,*Rl0+ 
R3,*Rl0+ 
@GET 
$ 
'?R' 
@GET 
'?M' 
MTR 

* ROUTINE: BKIN 

RlO=BREAK POINT 
NEXT=Rl 
INC-R2 
SET MAX.=R3 

BACK TO MONITOR 

* THIS ROUTINE IS ENTERED VIA A USER BREAK. 
* IT PRINTS WP, PC, ST . IF A SNAP ENTRY IT ALSO 
* PRINTS REGISTERS AND MEMORY. 

* 
014C 0201 0028 BKIN 
0150 0621 OOOA 

LI 
DEC 
JEQ 
JLT 

R 1, BKRTN 
@lO(Rl) 
BKDSP 
MTRN 

Rl=BREAK PTR(BREAK+2 ) 
NE XT=NEXT- 1 

0154 1 303 
0 1 56 11C9 

0158 C381 
015A 0380 

015C Cl4E 
015E 06AO OOB8 
0162 0 6A 0 0 OD 2 
0166 5043 
0168 Cl4D 
01 6A 0 6A 0 0 OD 2 
016E 5750 
0170 Cl4F 
0172 06AO OOD 2 
0176 5354 
0178 COAl 0012 
017C C061 0010 
0180 11 04 
0 1 8 2 0 6A 0 0 OB 8 
0186 0 6A 0 0 1E4 
01 8A 0 2 0 3 0 0 3 C 
018E C073 
0190 0281 FFFF 

IF ZERO - DISPLAY 
IF LESS-GOTO MONITOR 

* 
* ROUTINE: GO 
* BRANCH TO (Rl) . BRANCH VIA A RETURN WITH 
* WORKSPACE. GO ASSUMES R l IS PRESET TO 
* BKRTN. Rl3(WP) MUST BE PRESET DURING POWER-UP 

* 
GO 

* 

MOV Rl,Rl4 
RTWP 

PC=R 1 
BRANCH 

* AT THIS PO I NT, A SNAP HAS BEEN ENCOUNTERED . 
* DISPLAY THE SELECTED REGISTERS AND MEMORY 

* 
BKDSP MOV 

BL 
.BL 
TEXT 
MOV 
BL 
TEXT 
MOV 
BL 
TEXT 
MOV 
MOV 
JLT 
BL 
BL 

Rl4,R5 
@TYPEN 
@DISRG 
'PC' 
Rl3,R5 
@D ISRG 
'WP' 
Rl5,R5 
@DISRG 
'ST' 
@1 8(Rl),R2 
@16(Rl) , Rl 
B KDS P 2 
@TY PEN 
@DIS PW 

BKDSP2 LI R3,BREAK+22 
MOV *R3+, R l 
CI Rl,-1 

4.0-28 

PRINT PC 
ON A NEW LINE 

PRINT WP 

PRINT ST 

GET RD1,RD2 

IF RDl=- 1, NO REG DISP 
DISPLAY REGISTERS 

GET MD 1, MD 2 

IF MDl =-1, NO DISP. 
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'-· 

0194 1305 
0196 C093 
0198 06AO 02AE 
019C 06AO OO B8 
OlAO 0201 0028 
01A4 0621 OOO E 
01A8 13AO 
OlAA C861 OOOC 
OlAE OOOA 
0 lB 0 1 OD 3 

01B2 2CA0 028B 
01B6 06C5 
01B8 0200 0004 
OlBC 1002 

OlBE 0200 OOOC 
01C2 C 105 
01C4 0B04 
0 1 C 6 0 2 4 4 0 0 OF 
OlCA 0224 0030 
OlCE 0284 003A 
01D2 1102 
01D4 0224 0007 
01D 8 06C4 
OlDA 2C84 
OlDC 02 2 0 FFFC 
OlEO 18FO 
01E2 04SB 

01E4 COCB 
01E6 0241 
0 lEA 60 81 
OlEC ClOl 
Ol EE 0 224 
01F2 0 284 
01 F6 110 2 
01F8 0224 
OlFC Cl41 
Ol FE OAlS 
0200 Al4D 
0202 C l 5S 
0204 06AO 
0208 0602 
020A 1107 
0 20C 0 58 1 

OOOF 

5230 
S23A 

0007 

OOD 4 

JEQ 
MOV 
BL 
BL 

B KDSP 3 LI 
DEC 
JEQ 
MOV 

JMP 

* 

B KDSP 3 
*R3,R2 
@DUMP 
@TY PEN 
Rl,BKRTN 
@14(Rl) 
MTRN 
@12(Rl),@10(Rl) 

GO 

* ROUTINE: BDISP 

SET THE END 
DUMP 

DEC. MAX 

IF ZERO, GOTO MON. 
SET NEXT=INC 

RET. TO USER 

* DISPLAY THE LEFTMOST BYTE OF R5, 
* PRECEEDED BY A SPACE 

* 
BDISPS OUT @SPAC E 
BDISP SWPB RS 

* 

LI R0,4 
JMP TYPER 

* ROUTINE: TYPER 

TYPE SPACE 
PUT DATA IN LOWER BYTE 
PRINT AND EXIT 

* DISPLAY RS AS A HEX DIGIT STRING 
* THE SHIFT COUNT IN RO CONTROLS THE NO. 
*OF DIGITS PRINTED (12=4,4=2) 

* 
TYPEWD LI 
TYPER MOV 

SRC 
ANDI 
AI 
CI 
JLT 
AI 

TYPEH2 SWPB 
OUT 
AI 
JOC 
B 

* 

RO, 12 
RS, R4 
R4,RO 
R4, >F 
R4,>30 
R4,>3A 
TYPEH2 
R4,7 
R4 
R4 
R0,-4 
TYPER 
*Rll 

* ROUTINE: DISPW 
* DISPLAY WORKSPACE R(Rl)-R(R2) 

* 
DIS PW MOV Rll,R3 

ANDI R 1, >F 
s 

DISPWl MOV 
AI 
CI 
JLT 
AI 

DISPW2 MOV 
SLA 
A 
MOV 
BL 
DEC 
JLT 
INC 

4.0-29 

R 1, R2 
Rl,R4 
R4, 'RO' 
R4, ' R9'+1 
DIS PW 2 
R4,7 
R 1, RS 
R5 , 1 
R 13, RS 
*RS,RS 
,; 'IS RA 
,. 
r 

,. ? W 3 
}·. 

EXTRACT ONE NIBBLE 

MASK OFF FOUR BITS 
ADJUST FOR ASCII 
TEST 'A'-'F' AND 

IF SO-READJUST 

TYPE 

REDUCE SHIFT COUNT 
CONT. TILL DONE 
EXIT 

SAVE RETURN 
FORCE Rl=O-F 
R2 =N O. OF REG. 
FORM REG NAME 

GET REGISTER 
FO RM A WORD ADDRESS 

DISPLAY REGISTER 
TEST FOR END 
EXIT IF MINUS 
ADVANCE REG. COUNT 



PAGE-8 9900 MIGHTY MONITOR (VER 4 - 8/78) 

020E 0281 0008 
0212 1 6EC 
0214 06AO OOB8 
0218 10E9 
021A 0453 

021C 020 1 0028 
0220 0702 
0222 04C4 
02 2 4 C 2 OB 
0226 02A6 
0228 04C7 
022A C004 
0 22C 0220 FFDO 
0230 1117 
0232 0280 OOOA 
0236 1108 
0238 0220 FFF9 
023C 0280 OOOA 
0240 llOF 
0242 0280 OOOF 
0246 150C 
0248 C l C7 
024A 1603 
024C 0 5 87 
024E 05C6 
025 0 04D 6 
0252 COD 6 
0254 OA43 
0256 AOCO 
0258 C583 
025A 2C44 
025C 0984 
025E 10E5 

0260 ClC7 
0262 1306 
0264 04C7 
0266 0915 
0268 GOOS 
026A 0240 
026E 1303 
0270 0284 
0274 16F2 
0276 0458 

OOOE 

OOOD 

CI Rl,8 
JNE DIS PW 1 
BL @TY PEN 
JMP DI SPW l 

DIS PW 3 B *R3 

* * ROUTINE:RD NUM 

IF REG . 8, THEN 
GOT O NEW LI NE 

EXIT 

* READ PARAM ETERS AN D PLACE THEM IN R EGI S TERS 
* Rl,R2, R3 . PARAME TER DESCRIPTION IS IN R S AND 
* IS SHIFTED RI GHT ONE POS I T IO N FOR EACH PARAM. 
* THAT IS READ. RDN UMA AVO IDS THE PRESE T AND 
* INITIAL READ. RD NUMB AVOID S THE PRESET ONLY. 
* Rl IS PRESET T O BKR TN AND R 2 IS PRESET TO >FFF F. 

* 
RDNUM 

RDNUHB 
RDNUMA 

STRT 

ADD IN 

NONEW 

CONTI 

* 

LI Rl, BKRTN 
SETO R2 
CLR 
MOV 
STWP 
CLR 
MOV 
AI 
JLT 
CI 
JLT 
AI 
CI 
JLT 
CI 
JGT 
MOV 
JNE 
INC 
INCT 
CLR 
MOV 
SLA 
A 
MOV 
IN 
SRL 
JMP 

R4 
R 11 , R8 
R6 
R7 
R 4 ,RO 
R0, - >30 
NO HEX 
RO, 10 
ADD IN 
R0,-7 
RO, 10 
NO HEX 
RO, 1 5 
NOH EX 
R 7, R 7 
NO NEW 
R7 
R6 
*R6 
*R6,R3 
R3,4 
RO, R3 
R 3, *R6 
R4 
R4,8 
STRT 

PRESE T Rl , R2 

FIRST CHAR PRES ET 
SAVE RETURN 
R 6=WORKS PACE 
RES ET F LAG(R 7) 
T EST I NPUT F OR HEX 
R O=I NPUT -' 0' 
IF MI NUS, NOT HEX 
CHECK R0= 0- 9 , I F SO 

GOTO ADDI N 
CHECK RO=A- F , I F SO 

FALL THRU TO AD DIN 

RO=NEXT DI G(B IN ARY) 
IF FIRS T, PRES ET VALUE 
SET F LAG 
ADVANCE T O NEXT VALUE 
CLEAR NEXT VALUE 
GET VALUE 
MULT . BY 1 6 
ADD NEW DIG I T 
REPLACE VALU E 
GET CHAR 
RIGHT J UST. 
CONTINUE SCAN 

* AT THIS POINT, WE KNOW THAT THE IN PUT 
* IS NOT A HEX DIGIT, SO CHECK F OR END 
* OF ENTRY AND END OF INPUT . 

* 
NOHEX 

TSTND 

EXIT 

* 

MOV 
JEQ 
CLR 
SRL 
MOV 
ANDI 
JEQ 
CI 
J NE 
B 

4.0-30 

R7,R7 
TSTND 
R7 
R 5, 1 
R5, RO 
RO, >E 
EXIT 
R4, CR 
CO NT 1 
* R8 

IF NO N NULL ENTRY , THEN 
RE VI SE THE P. D. 

RESET FLAG 
UPD ATE P. D. 
IF P.D . =XX • .. XXOOOX , THEN 

RET UR N T O CAL L ER 

I F CR , THEN RETURN 

RE TURN T O CALL ER 
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* ROUTINE: ALTER 
*DISPLAY (Pl); AWAIT OPERATOR UPDATE, IF ANY; 
* I NCREMENT ADDRESS AND CO NT I NU E. IF THE 
* ENTRY IS TERMINATED BY A CR, DISPLAY CURRENT 
* ADDRESS ON A NEW LINE, THEN THE DATA BYT E . 
* IF SPACE ENTERED, SKIP UPDATE OF THIS BYTE . 

* 
0278 C081 ALT MOV Rl,R2 

MOVB *R2, RS 
BL @B DI SP 
OUT @DASH 

SAVE ADDRESS 
DIS PLA:'{ (R2) 027A DlS2 ALTl 

027C 06AO 01B6 
0280 2CA0 OOBE 
0284 2C44 
02 86 09 84 
0288 0284 0020 

IN R4 
OUT PU T '-' 
GET REPLY 

IF ' ', SKIP UPDATE 
028B SPACE 

SRL R4 , 8 
CI R4,'' 
EQU $ -1 
J EQ ALT2 
LI RS,2 
MOVB *R2,Rl 
SWPB Rl 

02 8C 130 8 
028E 02 05 0002 
0292 DOS2 
0294 06Cl 
029 6 06AO 0224 
029A 06Cl 
0 29C D481 

BL @R D NUMA 
SWPB Rl 

READ FULL REPL Y 
SET DEFAULT 

GE T REPLY 
ALTER (R2) 

02 9E OS82 ALT2 
MO VB R 1, *R 2 
INC R2 ADV. ADDR POI NTER 

02AO 02 84 0 OOD 
02A4 1 6EA 
02A6 C042 
0 2A 8 0 6 A 0 0 0 C 0 
02AC 1 OE6 

02AE 
02BO 
02B 4 
02B 6 
02BA 
02BC 
02BE 
02C 0 
02C 2 
02C 4 
02C 6 

COCB 
0 6AO 
D 1 71 
06AO 
80 81 
lBAE 
Cl41 
13AC 
OAC S 
l 3F S 
1OF6 

02C8 C081 

ooco 

0 lB 2 

02CA 020S 0002 
02CE 06AO 0222 
02D2 0284 003A 
02D 5 
02D6 13F8 
02D8 06Cl 
02DA DC81 

* 

CI R4,CR 
JNE ALT 1 
MOV R2, R l 
BL @DMEMN 
JllP ALT 1 

* ROUTINE : DUMP 

IF TERMINAT ED BY CR, THEN 
TYPE CURRENT ADDRESS 

* DUMP THE MEMORY FROM (Rl) TO ( R 2). IF 
* CALLED FROM MO NITOR LOOP, DUMP WILL RETU RN 
* TO MTRN; OTHERWISE IT RETURNS TO CALLIN G 
* ROUTINE. 

* 
DUMP 
DUMP 1 
DUMP2 

* 

MOV 
BL 
MOVB 
BL 
c 
JR 
MOV 
JEQ 
SLA 
JEQ 
JMP 

R 11, R3 
@DMEMN 
*Rl+,RS 
@BDISPS 

. Rl,R2 
DIS PW 3 
R 1, RS 
DIS PW 3 
RS, 12 
DUMPl 
DUMP2 

* ROUTINE: LO AD 

SAVE RETURN 
DISPLAY ADDRESS 
GET NEXT BYTE 
DISPLAY IT SPACE FIRST 
CHECK END 
IF NOT END-CO NT I NUE 
IF Rl=O-EXIT, I F R l MULT 1 6 

THEN DISP ADDRESS, 
ELSE CONTINUE 

CONTINUE DUMP 

* LOAD A MONITOR DUMP BACK TO RAM 

* 
LOAD 
LOADl 

COLON 

MOV 
LI 
BL 
CI 
EQU 
JEQ 
SWPB 

R 1, R2 
RS,2 
@RD NUMB 
R4, '· ' 
$-1 
LOAD 
Rl 

MO VB R 1 , ,., R 2 + 

4.0-31 

R2=LOAD ADDRESS 
READ VALUE 

IF TERM. BY'·' RESET R3 

DATA I N LEFT BYTE 
STORE ONE BYTE 
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'--·· 

02DC 10F6 

02DE OAll 
02EO C301 
02E2 0204 3031 
02E6 lFOO 
02E8 1601 
02EA 06C4 
02EC 2C84 
02EE 04SB 

0 2F 0 OA 11 
02F2 C301 
02F4 06C2 
02F6 3042 
02F8 0460 OOF2 

02FC lEOl 
02FE OSC2 
0300 0242 FFFE 
0304 0204 OOC8 
0308 Cl41 
030A Cl83 
030C 0266 FOOO 
0310 CDBS 
0312 808S 
0314 16FD 
0316 0604 
0318 16F7 
031A lDOl 
031C lOED 

031E Cl41 
0320 Al42 
032 2 06AO OOD 2 
0326 48 2B 
0328 Cl41 
032A 6142 
032C 06AO OOD2 
0330 482D 
0332 0460 OOEA 

0336 4102 

JMP LOAD 1 

* * ROUTINE: IN SPECT 
* INSPECT A CRU BIT (Rl) 

* 
INSP 

INS Pl 

* 

SLA Rl,1 
MOV Rl,Rl2 
LI R4,'01" 
TB 0 
JNE INSP 1 
SWPB R4 
OUT R4 
B *R 11 

* ROUTINE: MODIFY 

CONTINUE 

ALI GN FOR CRU BASE 
PUT IN CRU BASE 
SET R4=0/ l 

DISPLAY THE BIT 
BACK TO MONITOR 

* MODIFY A CRU BIT (Rl) TO BE (R2) 

* 
MODIF SLA Rl,l 

MOV Rl,Rl2 
SWPB R2 
LDCR R2, 1 

MODIFl B @MTR 

* 

ALIGN FOR CRU BASE 
S ET CRU BASE 
PUT BIT IN UPPER BYTE 
OUTPUT ONE BIT 
BACK TO MONITOR 

* ROUTINE: PROG 
* PROGR AM ROM. 
* ROM TARGET IS 

SOURCE IS (R l)-(R2). 
( R 3) 

* 
PROG 

PROGl 

PROG2 

* 

SBZ 
INCT 
ANDI 
LI 
MOV 
MOV 
ORI 
MOV 
c 
JNE 
DEC 
JNE 
SBO 
JMP 

PRG 
R2 
R2, >FFFE 
R4,200 
R 1, RS 
R 3, R6 
R6,>F000 
*R5+,*R6+ 
R5,R2 
PROG2 
R4 
PROGl 
PRG 
MODIF 1 

* ROUTINE: HEX 
* PRINT Rl+R2 AND Rl-R2 

* 
HEX MOV 

A 
BL 
TE XT 
MOV 
s 
BL 
TE XT 

BRANCH B 

* 

R 1, R5 
R2 , RS 
@DISRG 
'H+' 
R 1, RS 
R2, R5 
@DISRG 
' H-, 
@MTRN 

* COMMAND TABLE 

* 
TABC BYTE ' A' , >02 

4.0-32 

ENABLE 

FORCE EVEN ADDR. 
REPEAT COUNT 
SAVE INPUT 

ADJUST FOR ROM 
; PROG ONE WORD 

CONT. THIS PASS 

NE XT PASS 
DIS AB LE FROG. 
BACK TO MON ITOR 

SUM 

DIFFERENCE · 

ALTER 
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0338 4287 
033A 4388 
033C 4406 
033E 4783 
0340 4884 
03 42 4902 
0344 4C83 
0346 4D84 
0348 5088 
034A 5203 
034C 53 88 
034E 5786 
0350 0000 
0352 0278 0050 
0356 0 l 2A 02AE 
035A 0158 031E 
035E 02DE 02C8 
036 2 02FO 02FC 
0366 03E8 0134 
03 6A 01E4 
036C 0080 014C 
0370 0090 039C 
0374 0090 037A 
0378 0000 

037A 
037E 
0380 
0382 
03 84 
03 88 
038A 
03 &C 
038E 
0390 
0392 
039 4 
0396 
0398 
039A 

020A 
D 2 lB 
069A 
069A 
0209 
l E 00 
069A 
3048 
069A 
0918 
0 60 9 
l 6FB 
lDOO 
0 6C8 
1018 

039 C 04CC 
039E C28B 

03EC 

0008 

BYTE 'B', >8 7 
BYTE 'C' , > 8 8 
BYTE 'D' , > 0 6 
BYTE ' G' ,>83 
BYTE 'H' ,>84 
BYTE 'I ' , > 0 2 
BYTE 'L', >83 
B YT E ' M ' , > 8 4 
BYTE 'p' ,>88 
BYTE 'R' , >0 3 
BYTE ' S ' , > 8 8 
BYTE 'W' , > 8 6 
BYTE 0,0 
DATA ALT,BRK,COPY,DUMP 

DATA GO,HEX,INSP,LOAD 

BREAKPO I NT 
COPY 
DUMP 
GO 
HE X ARITH. 
IN SPECT 
LOAD 
MOD IFY 
PROGR AM 
RETURN 
SNAP 
WORKSPACE DUMP 
END OF TABLE 

DATA MODI F,PROG,RETN,SNAP 

XOPTB 

* 

DATA DISPW 
DATA MTRWP,BKIN 
DATA XOPWS,ROUT2 
DATA XO PW S, ROUT 1 
DATA 0 

* XOP ROUTINES 
* XOP-1 INPUT 
* XOP-2 ~ OUTPUT 

* 
* * ROUTINE: ROUTl (TERMINAL OUTPUT) 
*OUTPUT THE BYTE AT (Rll). IF IT IS 
* A CARRIAGE RETURN, DELAY ACCORDING TO 
* THE VALUE (DELAY) 

* 
ROUTl 

Rl20 

* 

LI 
MOVB 
BL 
BL 
LI 
SBZ 
BL 
LDCR 
BL 
SRL 
DEC 
J NE 
SBO 
SWPB 
JMP 

RlO,WAITA 
*Rll,R8 
*RlO 
*RlO 

.R9,8 
TTYO 
*RlO 
R 8, 1 
*RlO 
R 8, 1 
R9 
Rl20 
TTYO 
RB 
R250 

RlO=INDEX TO WAIT 
R8=CHARACTER 
TWO S TOP BITS 

R9;CHARACTER COUNT 
START BIT 

; WAIT FOR START BIT 
;(22) OUTPUT ONE BIT 
;(16) WAIT FOR IT 
;(14) GET NEXT BIT 
;(10) CONTINUE TILL DONE 
; (10) 

STOP BIT 
REP 0 S IT I 0 N BYT E 
GO CHECK BREAK, ETC . 

* ROUTINE: ROUT2 (TERMINAL ECHO) 
* lNPUT ONE CHARACT ER FROM TERMINAL AND 
*RETURN IT IN (Rll). IF CARRIAGE RETURN 
* DELAY ACCORDING TO THE VALUE IN (DELAY) 

* 
ROUT2 CLR Rl2 

MOV Ril,RlO 
RESET CRU BASE 
SAVE POINTER 
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03AO 3448 R210 
3A 2 16F E 

0 3A 4 C 2E 0 0 0 2 4 
0 3A8 064 B R220 
03AA lS FE 
03AC 020 9 0009 
03BO C2EO 0022 R230 
03B4 1 501 
03 B6 3048 
0 3B8 06AO 03FO R240 
03B C 091 8 
03BE 34 48 
03CO 0609 
0 3C 2 l 6F 6 
03C4 lDO O 
03C6 OA98 
0 3C 8 0 91 8 
03CA D688 
03CC 9220 OOBB R250 
03DO 160 4 
03 D2 C32 0 002 0 
03D 6 060C R260 
03D 8 l SFE 
03DA l FOO R270 
03DC 1306 
0 3DE lFOO R280 
. 3E O 16FE 

·-....,_. 3 E 2 0 2 8 E 0 0 0 0 
0 3E 6 1 4A S 
03 E8 041C RETN 
03EA 0380 R290 

* 

STC R R8,l 
JNE R 2 10 
MOV @>24,Rl l 
DEC T R ll 
JGT R2 20 
LI 
MOV 
JGT 
LD CR 
BL 
SRL 
STCR 
DEC 
JNE 
SBO 
SLA 
SRL 
MOVB 
CB 
J NE 
MOV 
DEC 
JGT 
TB 
JEQ 
TB 
JNE 
CI 
JHE 
BLWP 
RTWP 

R9,9 
@> 22,Rll 
R24 0 
R 8 , 1 
@WA ITB 
R 8, 1 
R8, 1 
R9 
R230 
TTYO 
R8,9 
R 8 , 1 
R8, i~RlO 
@CRE T,R8 
R2 70 
@>20,R 1 2 
Rl2 
R26 0 
TTYI 
R290 
TTYI 
R 28 0 
Rl4,START 
BRANCH 
*Rl2 

* ROU T I NE : WA IT 
* WAIT ONE BIT TIME 

WAIT FOR START 

WAIT ABOUT 1 /2 

; R9 =BIT COUN T 
;(22) ECHO? 
; (8) NO 
; (2 2) YES 
; (20) WA IT ONE BIT 
; (1 4) REPOSITION 
;(42) GET ONE BI T 
;(10) CO NT I NUE TILL DONE 
; (10) 

STO P BIT 
ST RIP PARIT R' 

STORE CHAR 
RETURN? 
NO 
YES-DELAY 

BREAK? 
NO 
WAIT TILL END 

I N MONITOR? 
YES-NO BREAK 
RESET ( R l2 IS ZERO) 
RETURN TO CALLER 

* WAIT A IS FOR OUTPUT AND WAITB 
* IS FOR INPUT 

* 
03E C 09FC WAITA 
03EE 09BC 
03FO C320 0024 WAITB 
03F4 lFOO WAITC 
03F6 0 6 0C 
03F8 lSFD 
03FA 045B 
03FC 0080 
03FE 0000 
0400 

('nf,8 ADD IN 0278 ALT 
'...__ 2 BDI SPS 0 l SC BKDSP 
002 8 BKRTN 0332 BRANCH 
0076 BRK2 0 084 BRK3 
025A CONT I 012A COPY 
OAOD CRLF OOB E DASH 
OlFC DIS PW2 021A DIS PW 3 

SRL Rl2,15 
SRL R12,11 
MOV @>24,Rl2 
TB 0 
DEC Rl2 
JGT WAITC 
B *Rll 
DATA MTR WP 
DATA START 
END 

027A ALTl 
018A BKDS P 2 
0026 BREAK 
0062 BRKXOP 
012C COPY l O 
0020 DELAY 
OOD 4 DIS RA 

4 . 0-.34 

02 9E 
OlAO 
0050 
02D 5 
OOOD 
01 E 4 
OOD 2 

; 72CYCLE S HERE , SO 
; USE 76 MORE 
; 14 8 CYCLES HERE , 
; (1 2) DUMMY 
;(10) 32CYCLES/COUNT 
; ( 1 0 ) 

EXIT 

LOAD VEC TOR 

ALT 2 OlB 6 BDISP 
BKDSP 3 Ol 4C BKI N 
BRK 0068 BR Kl 
COLON 0 l lA CONT 
CR · OOB B CRET 
DIS PW OlEC DIS PWl 
DISRG ooco DMEMN 
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02A E DUMP 02B 0 DUMPl 02B 4 DUMP2 OOBF EQUAL 0276 EXIT 
OOFC FINDC 009E GET 015 8 GO 031E HEX *0000 IDTMM 
"'2. DE IN SP 02E C INS Pl 02C 8 LOAD 02C A LOAD 1 OOlC MAX 
_., 2FO MODIF 02F 8 MODIFl OOF2 MTR OOEA MTRN 0 08 0 MTR WP 
011 6 NEWL 0260 NO HEX 02 52 NONEW 1 000 NOO P 0 0 01 PRG 
02FC PROG 0308 PROGl 0310 PROG2 0142 QUEST 0000 RO 
0001 Rl OOOA RlO OOO B Rll 00 oc Rl2 038C Rl20 
OOOD Rl3 OOOE Rl4 OOO F Rl5 0002 R2 0 3AO R 210 
03A8 R220 03B 0 R 230 03B 8 R 2 l• 0 0 3C C R250 03D 6 R260 
03DA R270 03D E R280 03EA R290 0003 R3 0004 R4 
0005 RS 0006 R6 00 07 R7 00 08 R8 0 00 9 R9 
02 lC RDNUM 0224 RD NUMA 0222 RDNUMB 03E8 RETN 037A ROUTl 
039C ROUT 2 0134 SNAP 0 2 8B SPACE 0000 START 0 22A STRT 
0012 STRT10 0 030 STRT20 003 4 STRT30 03 36 TABC 0 270 TSTND 
0000 TTYI 0000 TTYO 00 94 TYPE 0096 TYPE 1 Ole 2 TYPEH 
OlD 8 TYPEH2 OOB 8 TYPEN 0 lB E TYPEWD 009C TYPEX OODO USRWP 
03EC WAIT A 03F 0 WAITB 03F4 WAI TC 2COO XOPO 036C XOPTB 
0090 XOPWS 

EDIT/ASM/LOAD? 

4.0-35 


