






















































































aNNb 

Mne. Mode 

Condo Flags 
OPERATION 

Figure 7: This is the basic 
four line format that is 
used to describe each par­
ticular opcode instruction. 
See text for a detailed 
description of the notation 
used. 

Robert J Borrmann 

Electrical Engineering Dept 

Manhattan College 

Riverdale NY 10471 

Here is a quick reference chart that de­
scribes the opcodes for the Motorola 6800 
microprocessor. This chart gives all of the 
hexadecimal codes, including the ones that 
are unimplemented. The codes are given in 
a four line format as shown in figure 1. 

The first line has three values: a, band 
NN. NN is the hexadecimal op code; ais the 
length, one, two or three bytes, of the 
in struction; b is the length of execution in 
machine cycles for each instruction. 

The third line contains the condition 
flags that are affected by the execution of 
the instruction. The notation used for the 
condition flags is summarized in table 2. If a 
flag is set to a specific value by the instruc­
tion, the flag and value are shown on line 4. 
I f the command is a branch instruction then 
this line contains the conditions under which 

A Accumulator A. 
B Accumulator B. 
# Immediate. 
d Direct. 
x = Indexed. 
e Extended. 

Relative. 
Inherent (no symbol). 

Table 1: Summary of the 
addressing modes that are 
used in the chart. These 
modes are found in blue 
on the chart. 

Condensed Reference Chart 

the branch will occur in parentheses. The 
letter "u" represents an operand interpreted 
as an unsigned 8 bit binary number, "s" 
represents an operand interpreted as a signed 
two's complement n·umber. The "u" and 
"s" conditions are cOI'rect only if the last 
flag affecting instruction executed before 
the branch is SBA, CBA, SUB or CMP. 

The fourth line contains a summary of 
the operations of the instruction in the 
AHPL language. AHPL stands for A Hard­
ware Programming Language and is discussed 
by Hill and Peterson in Digital Systems: 
Hardware Organization and Design which is 
published by John Wiley and Sons Inc. The 
notation is taken from page 112 of that 
book. The upward and downward pointing 
arrows stand for various types of shifts. The 
upward pointing arrow is a circular shift left 
and the downward pointing arrow is a 
circular shift right. An arrow with a circle at 
its beginning denotes a shift with a zero 
moving into the vacated end. The arrow with 
the ditto mark (") is my own invention to 
denote a shift with the vacated end bit 
maintained. The (j) symbol is used to denote 
the exclusive OR function. The left pointing 
arrow is the APL standard assignment 
symbol. If a condition flag is set to a 
particular value by the instruction, the value 
is indicated. Any condition flags that do not 
have a particular notation follow the ordi­
nary rules. Primes on the flag condition, 
such as v in the LSR, ROR and ASR 
instruction, denote a special rule for setting 
or clearing that flag. 

A nonstandard notation concerns the 
pushing or pulling of the stack. Pulling from 
the stack is accom panied by an increase in 
the vaiue of the stack pointer. The value is 
increased by 1 in the PULA and PULB 
instructions; by 2 in the RTS instruction; 
and by 7 in the RTI instruction. Similarly, 
pushing into the stack is accompanied by a 
decrease in the value of th e stack pointer by 
the app rop riate amount.-

CCR = xxhinzvc. 
h = Half carry. 
i = Interrupt mask. 
n = Negative. 
z = Zero. 
v = Overflow. 
c = Carry. 
x = Don't Care, always 1 

Table 2: Summary of the 
condition flag codes that 
are used in the chart. 
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Editor's Note ... 
The Holes in Opcode Space 

Looking at this chart of 
the 6800 (or a similar 
chart for any processor) 
one sees numerous "holes" 
in operation code space. 
These holes are the yellow 
boxes. An interesting chal­
lenge for the owner of a 
microprocessor (or any 
computer) is to try and 
figure out what. happens 
when the forbidden op­
codes are executed. Will 
these exotica turn out to 
have any uses? Or will 
they simply be another set 
of Naps? For example, 
look at the strange group­
ing of the operation codes 
4X, 5X, 6X, 7 X where X is 
any hexadecimal digit. 40, 
50, 60, 70 are all negates, 
43, 53, 63, 73 are all 
complements, and various 
arithmetic operations oc­
cur for other values. But 
the operation codes 4 7, 
51, 67 and 77 are nomi­
nally undefined as are 4B, 
5B, 6B, 7B and several 
others. Could it be that 
those are operation codes 
that weren't documented 
in the literature because 
the masks of the LSI chip 
had errors? Could it be 
that they are supposedly 
unimplemented but are 
really just not documented 
so that a "next genera­
tion" processor can be 
achieved by simply releas­
ing the paperworl? ()nd seil­
ing "new" chips? It's an 
area of personal research 
which could prove quite 
useful: Whenever you find 
a new processor, examine 
it for missing opcodes and 
see what wasn't docLi' 
men ted - then try to fig­
ure it out by wri ling pro­
grams which execute "un­
implemented" instructions 
under carefully controlled 
conditions. 



for the 6800 

00 ' 10' ' 20' ' 30' '40' '50' ' 60 ' ' 70' ' 80' , 90' ' AO' , BO' ' co' , DO' , EO' , FO' 
SBA BRA , TSX NEG A B X e SUB A= Ad AX Ae B= Bd BX Be 
nZvc nzvc nzvc 

A- A- B PC~PC+,+2 IX-· SP.,. l OP--OP ACC'- ACC- OP 

'01 ' , 11 ' 21 '3 1' 41 51 6 1 7 1 ' 8 1' ' 9 1' ' A l ' ' Bl ' ' Cl ' ' Dl ' , El ' , Fl ' 
NOP CBA INS CM P A= Ad AX Ae B= Bd BX 8e 

nlVC !lzve 

nzvc f(A- BI SP- SP+l nzve+-fIACC - OP) 

02 12 ' 22' '32 ' 42 52 62 72 ' 82 ' ' 92 ' ' A2 ' , B2' ' C2 ' , D2' , E2 ' , F2 ' 
BHI r PULA SBC Aoo Ad AX Ae B= Bel BX Be 

IU1 > U2) nzve 
A- TOS ACC - ACC- OP-e 

03 13 ' 23' '33 ' '43 ' ' 53 ' ' 63 "! , 73' 83 93 A3 B3 C3 D3 E3 F3 
BLS r PULB COM A B X • 

IU1 ';;U2) nzve 
B- TOS OP--OP v..-o e- 1 

04 14 ' 24 ' '34' '44' '54 ' ' 64 ' , 74 ' ' 84 ' ' 94 ' ' A4 ' , B4 ' ' C4 ' , D4' , E4 ' , F4 ' 
BCC , DES LSR A B X e AN D A= Ael AX Ae B= Bd BX Be 
le=O) nzvc nzv 

SP-· SP- l IOP,e)~$ IOP,e ) n+-O ACC- ACCI\OP, v..-o 

05 15 ' 25' '35' 45 55 65 75 ' 852 ' 95' ' A5' , B5 ' ' C5 ' ' D5' , E5' , F5' 
BCS , TXS BIT A= Ad AX Ae .B= Bd BX Be 
le=l ) IlZV 

SP- IX-l nz-- f(ACC i\ OP) , V~O 

' 06' ' 16' ' 26" '36' '46' '56 ' ' 66 ' , 76' ' 86 ' ' 96 ' , A6 ' , B6' , C6 ' , D6 ' , E6 ' , F6' 

TA P TAB BNE , PS HA ROR A B X e LDA A= Ad AX Ae B= Bd BX Be 
ihn zvc nzv Il=O) nzve nzv 

CC R- A B A, v- O TOS- A IOP,e)-IIOP,e) ACC- OP v<-O 

'07' '17 ' ' 27 ' '37 ' '47 ' '57 ' ' 67 ' ' 77 ' 87 ' 97 ' , A7 ' , B7 ' C7 ' D7' ' E7 ' , F7 ' 

TPA TBA BEQ , PSHB ASR A B X e STA Ad AX Ae STA Bd BX Be 
nlV Il = l I nzvc nzv nlv 

A' CC R A- B, v-O TOS- B IOP,el-'i IOP,el OP' ACC, v-{) OP- ACC, v-{) 

'08 ' 18 ' 28' 3B ' 48' ' 58 ' ' 68 ' , 78' , 88 ' , 98' , A8 ' " B8" ' C8' , D83 , E8' , F8 ' 

INX 8VC r AS L A B X e EOR A= Ad AX A. B= Bd BX 8e 
l Iv=O) nzvc nzv 

IX- IX +l Ic,OP)-i;le,OPI ACC<-ACCmOP, v-{) 

'09 ' ' 19 ' , 29" '39 ' ' 49 ' ' 59 ' ' 69 ' 379 ' ' 89 ' ' 99' , A9 ' , B9" , C9 ' , D9' , E9 ' , F9" 

DEX DAA BVS , RTS RO L A 8 X e ADC A= Ad AX Ae B= 8d 8X 8e 
z nzvc Iv= l I Il zve hnzvc 

IX - IX- l A,CCR - I) PC- DTOS le,O PI-t le,OPI ACC<-ACC+OP+c 

' OA ' lA ' 2A" 3A '4A ' '5A ' ' 6A "! ' 7A ' ' 8A' ' 9A' ' AA ' ' BA" ' CA ' ' DA ' ' EA ' , FA' 

CLV BP L , DEC A B X e ORA A= Ad AX Ae 8= 8d BX Be 
v In=O) nzv n lV 

v..-o OP- OP- l ACC+-ACC VOP, V~O 

'OB ' ' l B' ' 28' 138 ' 0 4 B 58 6 B 7B ' 8B ' ' 9B ' ' AB' ' BB ' ' CB ' ' DB ' , EB ' , FB' 

SEV ABA BM I r RT I ADD A= Ad AX Ae B= Bd BX Be 
v hnzvc In = l ) ihn zvc hnzvc 

V' 1 A-A+8 RQ" 7S+K ACC-- ACC+OP 

'oc' lC ' 2C' 3C '4C ' ' 5C ' ' 6C '1 ' 7C' ' 8C ' ' 9C ' ' AC ' , BC ' CC DC EC FC 
CLC BGE r INC A B X e CPX :; (I X e 

e IS 1;'S21 nzv rl lv 
c'-o OP- OP'l nzv-fI IX-DOPI 

' OD' 10 ' 2D' 3 D 140 2 '5 D' ' 6 D' ' 7D ' ' 8D " 9D ' AD ' , BD' CD DD ED FD 
SEC BL T , TST A B X e BSR , JS R X e 

e IS 1< S21 nzvc 

e-l nz-fIO P) v<-O e-o 

'OE ' lE ' 2 E' '3 E' 4 E 5 E ' 6E ' ' 7 E' ' 8 E' 29EIl , AE 6 , BE ' ' CE ' , DE" , EE 6 , FE ' 
CLI BGT r WA I JMP X e LDS = d X e LD X :; d X e 

i IS 1> S2) I1 ZV nzv 

i..-o 7Stk ~ Rg PC+OP SP- DOP, v..-o IX<-DOP, v..-o 

'OF ' lF ' 2 F" 13 F'2 14 F 7 ' 5F ' ' 6 F' ' 7 F6 8 F ' 9 F' ' A F' J BF ' CF ' DF' , EF ' , FF ' 
SE I BLE , SW I CLR A B X e STS d X e STX d X e 

i IS 1';;S21 j'-1 nzvc nzv znv 
i-1 7Stk- Rg Op..-o,n-O,z<- l ,v~O,e"'O DOP<-SP, v..-o DOP+-IX,v+-{1 
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A Train Control Display 

Using the LSI-ll Microcomputer 

Figure 7.' Model railroad 
tra6k layout used in au­
thors' system. During a 
typical demonstration, 
both trains leave their 
sidings under control of a 
Digital Equipment Corpo­
ration LSI-77 microcom­
puter and are routed along 
the tracks according to a 
control program in the 
computer. Feedback sen­
sors are used to verify 
train locations at strategic 
times. 

51 

I n order to demonstrate the application 
of a microcomputer to real world situations, 
a model train system was developed which is 
controlled by a Digital Equipment Corpora­
tion LS 1·11 microcomputer. Two model 
trains were used for the demonstration -
one adhered to a fixed schedule while the 
other was directed along a path to make it 
avo id the fi rst trai n. 

HO model railroad components were 
used. (HO is currently the most popular size 
for model trains and accessories among 
enthusiasts in the United States; the scale 
is 1/64th of actual size, but this can vary.) 
The layout includes some 75 feet of track 
and 18 switches plus detectors to determine 
train locations and a programmable power 

STATiON# 2 

58 

STATION # 1 
516 

518 

Jack Hart 
Digital Components Group Engineering 

Ed Badger 
System Diagnostic Engineering 
Digital Equipment Corporation 
Marlborough MA 01752 

supply to control train speed and direction. 
Control interfaces are used between the 
computer and the track for power. In addi­
tion, switches are used to control train 
position and both station indicators and 
billboards check train positions and provide 
atmosphere. A 60 Hz clock is used for a time 
base, and peripheral devices are used for data 
entry, status reporting and transferring com­
mands to the train system. 

As in many other such systems, the hard­
ware and software elements of th is system 
can be analyzed separately, but it is impor­
tant to keep the interrelations between the 
two in mind. Thus, when a detector informs 
the computer that a train is in a certain loca­
tion, the control program must update the 

TRACK LAYOUT INDICATING 18 SWITCHES. 4 STATIONS AND 2 SIDINGS 
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system's fil es so that the new locat ion ca n be 
related to the location of the other trai n. 

Take the A Train 

Th e operat ion of this elect ric train system 
is straightforward (see figures 1 and 2). 
Upon startup, the trains are moved forw ard 
until they trip the location sensors in their 
respective sidings. These locatio n sensors are 
actually reed switches which will close in th e 
presence of a magnetic fie ld. Each train is 

provided with a magn et for this purpose (the 
next sectio n describes these sw itches in 
greater detai l). After both siding sensors 
have been tripped, the trains (called A and B 
for convenience) are individua ll y brought 
clear of the sid ing area . 

Th e lead train A is switched to a station 
and train B is diverted to the outer track. 
Th e softwa re used to co ntrol the trains and 
keep th em separated is then emp loyed 
throughout the remai nd er of the LS 1-11 
demonstratio n. 

MICROPROCESSOR.".. 8 PERIPHERALS 1 .~ ________ IN_T._E.~Iff.~A_C_E ___ r=======,--_1 TRACK AREA 

, 'I TRACK i~ 
VT52 

ERMINA 

SERIAL 

LINE 

UNIT 

SERIAL 
LI NE 

UNIT 

RT02 

TERMINAL 

'" ::> 

'" 
I 

(f) 

...J 

LSl- II 

MICRO­
COMPUTER 

I POWER I 
I RELAY I 
I 

DRIVER I 
BILLBOARDS I 

I OUTPUTS AND STATION 

SIGNS I 
PLUI 

INPUTS 

INPUTS 

PLU2 

TTL 

TRANSLATORS 

I 
I 
1 

TRACK 
FEEDBACK 

SENSOR 

TRACK 
SWITCH 

SOLENOI D 

Figure 2: Block diagram of the LSI-II control system. The data bus is connected to two terminals used to input and display 
information at the operator's control station. It is also connected to a special interface which is based on two hardware latches 
called parallel line units, or PLUs. These PL Us store command by tes coming from the microcomputer which in turn drive flip 
flops and relay dri vers used to power the track and operate track switches. Commands from the computer are in the form of 
16 bit words. Each section of the track has been assigned a specific bit, and only those bits of the word necessary to change the 
track sections desired will change. Information from reed switches is also latched by the PLUs and sent back to the computer 
to be used in closing the feedback control loop. 
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HI! I'M AN LSI-11 MICROCOMPUTER 

I'M RUNNING THIS RAILROAD TO DEMONSTRATE MY REAL TIME 
MULTITASK r;:OREGROUND, BACKGROUND CAPABILITY. I MONITOR 27 
INPUTS AND CONTROL 32 OUTPUTS AND STILL HAVE MOST OF MY 
POWER UNUSED. 

STATION 

BOSTON 
NEW YORK 
LOS ANGELES 
SAN FRANCISCO 

STOP CODE ARRIVE TIME 

1 
2 
3 
4 

DEPARTED· (1 .) 
+32 SECONDS · (1., 2.) 
SCHEDULED · (1.) 

: *··TIME*··: .. (2.) · . · . · . : 12; 38; 17 : 
: ... *********! 

Figure 3: A typeset example of the type of display generated by the authors' 
terminal. Such pertinent train information as arrival times and estimated 
delays is available to the operator. "Arrival Tim e" m essages vary between 
"A RRIVED, " "DEPARTED," "+XX SECONDS," "DELA YED," "NEXT 
STOP, "and "SCHEDULED." 

Operator instructions such as specifyi ng 
where the trai ns are to stop and requests 
from the computer for instructions are 
transmitted by an RT02 remote data ter­
minal. The terminal has a 30 character key ­
board input and can display as many as 32 
alphan umeric characters. These charac ter­
istics provide all the capabilities needed for 
full in te rac tion between the operatol" and 
the syste m. A ful l video terminal, the VT52, 
is used to disp lay train inform ation as wel l as 
advertisements and time of day. Th e ter­
minal is serially connected to the central 
processor and operates at 9,600 bps. Multi­
pl e messages can be displayed on the sc reen 
simultaneously (see figure 3). 

Software for the train demonstration ca n 
be ca ll ed " multitask." Tasks are assigned to 
be either a foreground or a background 
pl"ior ity status. Thel"e are 12 possible tasks 
required to run the train syste m, eight 
of which are in background. Foreground jobs 
take priority over background jobs by means 
of interrupts . Since most of the jobs are 
executed on an "as needed" basis, the 
pl"imary job of the background is to act 
as a "wheel spinner" whi ch cyc les in a wait 
loop un t il ca ll ed upon. 

Photo 7: A uthors Hart 
(foreground) and Badger 
performing a different 
kind of "engineering" with 
their LSI-77 controlled 
model railroad. The 
system was on display at 
the IEEE Electro 76 con­
ference in Boston. The 
display was also seen by 
many of our readers at the 
Personal Computing 76 
conference in A tlantic City 
Nj in August 7976. 



-----l TRAIN 

---l~_-,----.----, 
MA GNET 

REED SWITCH 

Software execution in this syste m is con­
tro ll ed by a real time clock program modul e 
which creates a reference base to coordi nate 
all program operatio ns. This particular clock 
makes use of a standard 60 Hz power line 
fr equ ency wh ich is passed through a low 
pass no ise filt er and then transformed into 
a train of squ are waves at TTL vo ltage level. 
These square waves are next fed to the BUS 
event line of the LSI-11 where they create 
processo r interrupts at each positive going 
transition of the waveform. Every 16.7 ms, 
then control is transferred to the clock job, 
whic'h regulates the " time of day" and 
"trai n arri va l" displ ays on the video terminal. 

Keeping Track of Your Trains 

Neither train can be successful ly con­
troll ed unless its locat ion is known with a 
great deal of certa inty at any given time . 
This is done by processing informat ion from 
the various reed switches and extrapo lating 
t im es of ar rival at key points (eg: when 
train A is scheduled to arrive at a station). 

As mentio ned earlier, each train has a 
magnet mounted on it to activate the reed 
sw itch sensors (see figure 4). Each sensor is 
polled periodically to determine if a train is 
present. From this information it is possible 
to co mpare train position against the schedule 
and the time base to quickly tell if a train is 
on t ime or late; this informatio n can be dis­
played on the video screen. Th e reed 
switches are con nected to the input side of 
parall el line unit number one (PLU 1, 
which serves as a data storage buffer to and 
from the computer) via a TTL translator 
which converts the switches' status to the 
appropriate TTL voltage level s needed by 
the PLU . PLU 1 's output is used to energize 
the billboard signs and sections of track 
under contro l of the LSI-11 . 

+5V 

Powering Up 

When two trains are to be controll ed 
simultaneous ly, as in this case, the simplest 
technique is to app ly power to isolated 
sectio ns of track at the right times. The com­
puter can differentiate between trains A and 
B by checking position and schedule and 

Figure 4: Reed switch cir­
cuitry used to send feed­
back information to the 
microcomputer. When a 
train passes by, the mag­
netic field causes the 
switch to close, pulling 
the signal line down to 
ground potential; this sends 
a signal back to the inter­
face {and finally to the 
computer} that a train is 
passing. 

MORE POWER TO 
YOUR ALTAIR* 

12 AMPS @ Bv. (nominal) 
2 AMPS @ ± 16v. 

At any line voltage from: 

90 to 140 volts. 
Installs easily inside any Altair· 8800 or 
8800a. 

Over voltage and over current protected. 

Conservatively designed and specified. 

only $90.00 
postpaid in the U.S.A. 
California residents add 
$5.40 sales tax. 

BAHKAMERICARO •• 
PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

• Altair is a trademark of MITS Inc. 
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+5V 

FRO M PLUI FR OM PLU I 

+ 5 V 

RELAY 2 

.:>O~-------,: 

I 
>-----~---~I >-----~~--~I 

I I 

Figure 5: "Computer con­
trolled track power cir­
cuitry. Inllerted logic levels 
coming from PLU 7 drive 
two ty pes of relays. The 
first ty pe (represented by 
relay 7 in this illustration) 
chooses the polarity of the 
voltage going to the trac/?, 
while the second ty pe (re­
lay 2 here) applies power 
to the track . Only certain 
stra t&gic areas of the trac/? 
(eCiuire" polarity switching. 

+3V 

IN SUL ATIN G 
T IES 

I I 
I I 

+B V I I 

~~ __ ------------~O~~} r TO RAILS 

- BV 

then crea t ing the pl"o pel- trac k energiza t io n 
seq uence to co ntro l the trains. There is o ne 
prob lem in using PLU ·1 's outpu t to energ ize 
the trac ks: its TT L output POWCI- is too low 
to dl·ivc the HO uain s being used. Thi s 
problem can be solved by th e use of relays 
(see fi gure 5) . 

Relaying Information 

Two types of relays al·e employed. FOI· 
those sec tions of tr ack which are simp ly to 
be tumed o n or off, a single pole I·elay is 
suff icient. Wh en powel- is requil·ed, the 
approp ri ate o utpu t word is tra nsferred to 

TURNOUT 
SW ITCH 

I 
~--- ---~ 

+5V 

+3V 

PLU ·1, which causes the des il·ed re lay to be 
energized. Thi s in turn app lies power to the 
track. When power is no lo nger required, 
PLU 1 is upd ated with a new word and the 
relay is de-energized . Some tracks, however, 
have reve rsing capabili t ies whi ch requ ire not 
only power but also one of two polariti es fo r 
track vo ltage. Figure 5 shows how two relays 
are used to do th is: relay 1 chooses the 
polarity of the trac k based on a co mmand 
from PLU 1, whi le relay 2 app lies po wer to 
th e tr ack, aga in on a co mmand from PLU 1. 
Each t ime a co mmand is given, a single 16 bit 
wo rd is written in to th e outpu t data buffe r 

LEF T 
L EG 

+3V 

R IGHT 
LEG 

~---------~-------~~ TO PLU2 

Figure 6: A typical fork (or "turnout") in the track. In this illustration, the turnout is positioned to divert the train to the left 
leg. These solenoid controlled mechanisms act as their own sensors. One leg of the switch is either grounded or ungrounded 
depending on its position. This is used to provide a logical 0 or 7 output to the computer for confirmation o f the switch's posi­
tion. The solenoid is illustrated in figure 7. 
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