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HOW TOC OPERATE THE PIEEE-77 BOARD

Fig 21.1 shows thc physical layout of
your board. Let us start using it and
lesrn about it as we go along.

(1) Touch a ground to discharge yourself.
This is believed to save MOS chips in the
pboard from being blown by high-voltage sta-
tic discharge.

(2) Put a minigator clip lead to the
TOUCH-POST.

(3) Plgg in the pouer supply. One of the
latch lights will go on; some other lights
may or may not go on.

CONTROL PADS

(4) With the other end of your clip lead

touch Reset, bhanrun pads, The Runosd Etamise

lights¢ should go on., and probably some of the
ADDRESS and DATA LIGHTS.

(5) Touch the SS (Single S:ep) pad. SS
tight should go on: RUH Llight should go off.

(6) .Touch the HALT pad. The EXAMINE light
remains on. Touch the LOAD pad. Ail 3 con-
trol lights should now be o1f.

EXAMINING CONTENTS OF RAM CHIPS

Each pair of 6111 RAM chips contains
256 8-bit registers. Each r2gister con-
gains a BYTE (8 bHits) of data. For conven-
ience we refer to 256 8-bit reqgisters as a
PAGE of memory.CIt takes & aidress bits to
tddress the 256 registers within a page.
These & address bits we shall refer to as
the LINE address. Since the address bus
tonsists of 16 lines, we will call the 8
more significant bits the PAGE ad-
dress. & The page address picks out a par-

ticulapr pair of RAM chips. The first pair
of RAM chips on this board are wired to be
tddressed as page 00. Let us examine the

%ﬂtcnts of some of the registers on page
w to see whether they have any data in
hen.

*DDRESS PADS

”? 19uch EXAMINE pad. Pun the minigator
?‘D l1ghtly along the OFF pads of the AD-
sRESS lights. PFUDRESS should now read zero.
;0.. gll RDDRECS lights should now be out.
ﬁTA lights now show the. contents of reg-
Stepr 0000.

BlFogl WEAT SYET uNPLUG PowWER SuceLy
Me ;‘»”\Sr.}'!'(‘ﬁ?.-\(.‘( ’

(9) Record below on DATA 1 line the light
pattern in DATA lights using the hex code.

ADDRESS[0000{0001 0002[0003 00041000510006
DRTANT | doororsiditersed Breiaits Elkalonetl e ot odsid rosnt ova fist £30
DATA 2 J....d.... ....l...: v o aidie v oo biaae s

(g) Touch the ON pad of ADDRESS bit 0. That
light should go ON. The hex pattern of ad-
dress lights is now 0001. Record the DATA
pattern. Repeat until the line above is
filled.

(40) Unplug the power supply and plug it in
again. Repeat from (6) above., this time en-
tering in DATA 2 line. DATA 2 line should

be more or less identical to the DATA 1 line.

In any case, this “"data” is background
noise due to natural processes during manu-
facturing of the RAM chips. HNOTE: Usually
this noiee does not interfere with the oper-
ation of the board: just like an audio tape
recorder, URITING data into a register auto-
matically erases what was there before; how-
ever, ADDING or SUBTRACTING data from a reg-
jster -- on the assumption that there was
zero there to beain uith -- will result in
an crror., of course.

DATA PADS

(11) DBeforec you go on to the next step.
touch some of the DATA pads. Hote that
nothina happens to the lights -- data in
RAM chips caanot be changed while the EX-
amine Llicht is on.

(42) lou touch the LOAD pad. The EXannine
light should go out. Tlec ADDRESS and DATA
registers nou display what you Wwish to

load into the RAN chips. MNote that now you
can change both the address and data at
will, (However, the RAIl chip is not afe=
fected until the DCPOSIT pad is touched.)

(13) Set the ADDRESS to any address on page

0;i.e., starting uith 09. CXamine data.
Load some wther data. Touch the DEPOSIT
pad. Xaminc osgain to verify that data has

indeed been uritten into the RAM chips.
Try it on scveral data.
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areas are not populated.

Fig.



OUTPUT LATCH vt e

(14)  Finally we will see what makes the
two output latch lights operate. Touch the
EXamine pad. ilcu turn the paagce 1 bit Ol and
OFF. The latch-1 light should be on. low
turn the pange 2 bhit ON and OFF. That should
turn the latch~2 light on. Latch-1 latches
on whenever it passes a page 2 address. One
or the other latch light is on at all times.

(15) MNow we arc familiar with the touch-
pads and readout lights required for depos-
iting our first program into the RAM chips.

R
PROGRAM 7-BIT,ADD. Jump ropes

This is a simple-minded program for
adding two 7-bit hex numbers.
(1) turn on the power supply and touch the
LOAD PAD.

(2) LOAD the following instructions into
the RAM chips:

ADDRESS OF REGISTER AT WHICH THIS INSTRUCTION
IS TO BE STORED

INSTRUCTION
| coMMENTS

1 T
0010 D8 This first address and instruction
0010 DS -- should look like this
on your board

@00 o0]|ocoo ¥]{o 0 0 o

(0)

(3) HMow touch the DEPOSIT pad. This writes
the instruction D8 in register 0010 of the
RAN chips.

(4) HNow write each of the following ia-
structions. Touch the DEPOSIT pad after en-
tering the addrecs and the data on each line.

The D8 instruction above means this
is a binary (not deciwal) pro-
cedure.

0011 _18 Clear Carry (C=8)
0012 A9 Put the next number into Accumul-
ator A=11
0013 11 This is the first number to be
) added -- use any number
0014 69  Add the next number to the Accumul-

ator A + 22
0015 22 This is the second number to be
added -- use any number.

0016~_§§’~'c0py the accumulator into Line 00
of page 0 (6888) = A

0017 00 (Into Lline 00)

0018~ 4C Jump to J rope

0019 18 Line 138

001A 00 of page zero

FFFC 10 Whenfestart pad 1s touched. go

FFFD 00 to line 10, page 00.

lh LOAD Y"]OCLD U’f'k PATA L Ll., ;S (\.'r:?_ ° t ZH oW~
*u&lhT SOKcL‘\mi { DE POS 1T }%m Axou‘o‘

maLe, “\t (28 Clw\'"

-\0'\0-0 6‘{4 0o 00
() ('3 #” => o) (®

¥

8=5

(5) Proofread your entries. Touch EXam-
ine pad and one by one enter all the ad-
dresses and read the data at each addicss.
If you have made any mistakes., correct

them or do them over. Do not give up until
you have gone through all the addresses
once without errors.

(6) Touch the Reset-and-Run pad and then

the HALT pad. The problem is now solved,

and the answer is in register 0000. Touch
the Cxamine pad register 0000 and find the
answer to be 33 (for 11:22).

(7) Now try other pairs of 7-bit numbers.
(What is the highest 7-bit number?) Start
with step (2), but no need to repeat the
whole program --.just touch the address
0013 and enter new number in the DATA reg-
ister; then address 0015 and enter your
second number. )

(8)
DISCUSSION

Line 0010: The 6502 uP chip is capa-
ble of operating either with binary num-
bers or with binary-coded decimal numbers.
The op-code (instruction) D8 orders bi-
nary operation (in computerese, it resets
the "decimal flag” * to zero). Instruct-
ijon F8 would have made the uP operate
with decimal numbers (1t sets the “decim-
al flag” to 1).

Line 0011: 1In the 6502 chip when an
addition is performed. the current value
of the Carry flag is added in. Since we
are going to perform an addition we have
to make sure that the Carry flag is zero.

Line 0012: The instruction A9 says
to the 6502 chip: “put theqimmediately
following mumber A9 into your Accumulator
register. The immediately following num-
ber is 11 (on Line 0013), so 11 is enter-
ed into the Accumulator.

Line 0014: 69 says "add the number on
the line immediately following 69 to the
Accumulator”. The line inmediately follow-
ing is 0015 and the number in it is 22. so
22 is added to the number already in the
Accunmulator.

Line 0016: op-code 85 says “copy the
number in the Accumulatorfpage 0 of the R/M
in the register shown on the line immediate-
ly following this line. The line immediate-
ly following is 0017, and the register is
00. So the result is copied from the Accum-
ulator irto RAM register 0000.

Line 0018: 4C is the op-code for “do
not continue ocoing down this program. but
instead jump to the line and page in the
two lines immediately following this line."
The line inmmediately following is 0019,and
the program will now jump to line 18; the
page numbner is on line 001A, and that is
page zero. So as soon as the uP has read

* A “flag” is a one-bit register inside
the uP chip.



line 1A it knows that~it must now jump to
line 0018. Note the result: the uP will
continuously jump from 001A to 0018, etcs
We call it “jumping rope” because like a
person jumping rope., the uP jumps and
jumps, but stays in one place.

The purpose of jumping rope is to pre-
venht the uP from reading the next line., 001B.
finding some noise number there and inter-
preting it to mean some operation or oth-
er. This could be -- and usually is --
disastrous, since it can change the program
just written and run itself into the ground.
The 6502 does not have an op-code that will
halt the uP. (It does. however, have a pin
for halting it).

Line FFFC: When the Reset-and-Run pad
is touched., the uP automatically looks at
address FFFC to see with what line to start
the program; the next address (FFFD) fur-
nishes the page number. We have asked the
uP to start at address 0010.

ENGINEERING LANGUAGE

Instead of commenting on the op-codes
in long-hand., we can use algebra for most
of them; for the others we can add some
more-or-less obvious symbols which we will
call engineering language. This. then, is
what the program looks like with engineer-
ing language added:

ST
0010 D08 f0=0 clear Decimal flag

0011 18 fcC=0 clear Carry flag
0012 A9 A=hh load A with hh, where

0013 11 hh=11 hh=11

0014 69 A+fC+¢hh to Accumuletor add fC and
hhe where

0015 22 hh=22 hh=22

0016 85 (zlL)=A store A in RAM register

on page 0,

0017 00 LL=00 line 00
0018 4C J:ppll Jump to program
0019 18 LL=13 line 18

001A 00 pp=00 page 00

FFFC 10 J: 10 Jump to 10, i.e. start

with line 10

9-4

You will note that "f" stands for
flag. A is Accumulator. hh is two hex dig-
its. J: means jump to. pp means two .-
digits for page number. Ll means two hex
digits for line number. () means the con-
tents of. This is to avoid confusion bet-
ween the look-alike number OF register
(address) and number IN register (data).
A complete list of engineering language sym=
bols is in the frontispiece.

Line 0016: (ZLLl) means the contents
of RAM register Ll on page Zero. MNotice
that page Zero is inherent in the op-code
85; only the line number need te furnished.

SEGREGATING THE OP-CODES

Looking back at the last program list-
ing., note that Line 0012 contains an op-code
followed by an uncoded hex number on the
next line; line 0014 contains an op-code
followed by an uncoded hex number on the
next line; Lline 0018 has an op-code follow-
ed by uncoded numbers on next two lines.

The program listing will become easier to
read and to take in with a glance if the
lines are rearranged so that every line
either consists of an op-code or starts
with one, thus:

NOTES

The * is a reminder that there is more
than one address on this lLine. Note that
now the first data column contains only op=
codes; the second and third data columns
contain constants.

Line 0018+ illustrates a 6502 peculiar-
ity; rather than the "natural” order of
first the page. then the line. The 6502 re-|
quires first the lines, then the page.

) Note also the 2 comments on the right
side: they give you a single-glance view
of what procedure is followed (regardless
of'the particular microprocessor chip used}
This is called a machine-independent pro-
gram.

FFFD 00 00 on page 00
Proqgram SEVEN-BIT-ADD T

0010 DB == == fp =0 set binary mode
0011 18 == == fc=0 clear Carry flag )
0012« A9 11 ~—= A=11 load first number
0014% 69 22 -- fc+22

0016* 85 00 ~-- (200)=aA
0018* 4C 18 0N jump rope
FEFC* -- 10 00 J:0010 start on line 0010

into Accumulator
add second number to Accumulator

INITIALIZE

SUM=FIRST .NUMBER
SUM+SECOND.NUMBER

copy sum into register 0000
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22.3 GENERATING A COBVTINUOUS SQUARE WAVE ON PIA PIN

(A) Program SQ.W.ON.PIA.PIN '

FFFCx -~ 10 00 J:START

0010 A9 01 -- 2 START A=01 4:]

0012« 8D 01 6E & (6E0T)=A (6E01)=01 OQUTPUT=PIA.PIN
0015« A9 01 -- 2 TOP A=01 - loop

0017* 8D 00 6E 4 (6E00)=A (6E00)=01 A pIaA.PIN20ON
001A* A9 00 -- 2 A=00 ,

001c* 8D 00 6E 4 (6E00)=A (6E00)=00 PEAPIN=OFF
001F* 4C 15 00 3 J:TOP pool

(B) INSTRUCTIONS

Connect scope to I/0 pin AQ o; 6530.
This pin is available at ribbon conm
‘nector pin 12.

(C) DISCUSSION

This is the same program as the pre-
vious one except that the output s

now directed to pin A0 of the 6530
1/0- adapter chip. Since there 1is
only one LED -- not two as with the

latch ~~ therefore it is difficult
to observe whether there is indeed a
square wave at the output. A scope

should be connected to the A0 pin.

Line 0010* sets bit 0 for the
(ine.

next

Line 0012+*: éE01 is the DIRECTION
register of 6530 side A. When we
make (6E01)=01, its pin A0 becomes
an output; the 7 other pins become
inputs.

Line 0015% sets bit 0 for the next

ihe.

Line 0017»: 6E00 is the DATA regis-
ter for 6530 side A. When we make
(6E00)=01: pin A0 goes ON.

Line 001A* resets bit 0 for the
next line.

Line 001C*: When we make (6EC0)=00,
pin A0 goes OFF.

(D) QUESTIONS

(1) 1f we wrote (6E00)=FF, what
would happen to the program?

(2) Why are bits A1 to A7 inputs?

(3) How would the program be
changed to read out in side B of
65307 :

(4) How would the program be
changed to read out in bit 7 of
side A?
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GENERATING AN AUDrO-FREQU[NCY WAVE 5

(A) Program AUDIO.WAVE

FFFC* -=

0010 49
80
A2
AS
80}
A’
00
A2
A9§
&0
CA
DO
FO{

10

0t
FF
01
08
F8
FF
00
(4]
F8
Ef

00

6E

6E

START

WNWWN DN WANDSSNN S

TOoP
ON

USING A TOGGLE

(R) Program

FFFC¥ --

0010 b8

A9

8D

EE
A2
CA
Do
FO

10

01
of
F)
FF

Fb
Fb

10-2

TOGGLE.AN.AUDIO.WAVE

00

4
¢

2
2
2
2

START

TOGL

COUNT

GENERATING A SUB-AUDIO SQUARE WAVE

(A) Program THWO.IESTED.LOOPS

FFFC®
0010 D8

88

D0 AY

FO

i0

F/

00

WW N WA C

GENERATING

START

TOGL

T2
COUNT

A TIM

J:START
. set binary mode Rk start
A=01 = 4
(6E0)=A_. e P b WL . — ... set OUTPUT.PIN=PIA.P
A=FF D set counter —e——————— loop =
A=l SN L A LOGDLEE
(6EOD)=A . }..L_ 1 k OUTPUT=0ON
X=-1 count down )J
if #0,J:0N is count-down done? pool
X=FF set counter
A=00 == — j?op[FF]
(GEOD) =A — ___OUTPUT=0FF
X~1 count down )
if~t0,J:0FF 1is count-down done?.. _poo
if =0,J:70p if yes,start from top;ci__,Fnool
J:START
f0=0 start
A=01 )
(6£08)=A __ set OUTPUT.PIN=Bf 4 ©
(6EOD) +1 e W loop  OUTPUT=0UTPUT/
X=FF
X=1 oot f oop [FF]
§€2£0,J:COUNT > _ | ﬁool .
if =0,J:T0GL pool
J :START
f0=0 . L0
A=01 3
6gofr=a set OUTPUT.PIN=BE
(6EOED +1__. loop OUTPUT=0UTPUT/
Y=FF f
X=FF o - loop[FF1
X=. . < ‘Ctoop[FF]
if 40.,3:count >Z|- ool
Y-1
if 40.J:72 — - —' popl
if =0,J:TOGL _pool
E DELAY

(A) Program FOUR.

FFFC* --

0010 D8
0011 "A9
8D
EE
A9
80
AO
A2
CA
DO
&8

10

01
03
00
FF
00
FF
FF

£

b0 FY¥

CE

00

DO F7/

FO

0c

6t
6L

00

START

TOGL

TIME3
TIMEZ2
TIME1

Y=

NESTED.LOOPS

J:ISTART

fD=0
A=01
(6E0B)=A

p.Y

set OUTPUT.PIN=PIA.BG

(GEOR) +1 s

e, . oLOOP

&

4

OUTPUT=0UTPUT/

loopl(FF1

LooplFF] X

;C{ocp[FF]
ASpool

if #0,J:TIME2 2=~

pool

(0000) -1
it #£0,J:TIMEZ. >~

if =0,0:706L >

«pool

pool




0000* ENTER address of first note 17 PG

0002 ENTER PERIOD.HULTIPLIER (say. 01) o ¥ i

0003 rescrve for DURATION

0004 reserve for PERIOD

0005 ENTER DURATION.MULTIPLIER (say, 05) &5

0006 ENTER REPCAT.E!ABLE (Zero keeps a tune from-rcpcating). Ll 7 o
0012 reserve for PERIOD.IMULT.COUNTER ’

0014 reserve for PERIOD.COUNTER

0015 reserve for DURATION.MULT.COUITER

ADRS OPC OPND T LABEL ENGIHNECRING INSTRUCTIONS ALGORITHN
FFFC -=- 1D 00 J:START
001D A2 FF -- START X=FF
001F %A -~ -~ pS=X
0020 20 3¢ 00 J:sub INITIALIZE INITIALIZE
23 A0 00 -- BEGIN Y=00-= oop set NOTE.POINTER=0

2520 46 00 MEXT J:sub FETCH.DURATION 7 LoopFETCH.DURATIOH

28 €9 00 -- fl:A-0

2A DO 04 -- if/0.,J: PRIOD if DURATION=0

2C A6l 06 -- X=(206)

2E DO F3 -- if/0.J :BEGIN if REPEAT.ENABLE=ON

exit *+his loop

30 20 4c 0O PRIOD J:sub FETCH.PERIOD L5e FETCH.PERIOD

33 20 5B}00 : J:sub PLAY.NOTE PLAY.HNOTE
36 20 87 00 J:sub INCREMENT.NOTE.POINTER pool THCREMENT . NOTE.POINTEREPAGE
39 4C 25 00 JINEXT &PAGE pool
INITIALIZE
003C 08 =~ -~ f0=0 (clear decimal flag)
3D 18 == == fC=0 (clear Carry)
3E A9 01 — A=01
40 8o 01 € (6E01)=A  make PAO an output set BIT.A0=0UTPUT
43 _A9 00 _== A=00
45 60 -- -- Jiret S . . RETURN
- FETCH.DURATION
0046 B1 00 -~ A=((Z00*)+Y) fetch DURATION
48 85 03 -- (203)=A ] ]
LA C8 ~= -= Y+1 NOTE.POINTER+1
4B 60 -- -- Jiret S RETURY
N FETCH.PERYOD
004C B1}{0D -~ A= ((Z00*)+Y) & ¥ i fetch PERIOD
4E 20 54 00 J:sub ADJUST.PERIOD ADJUST.PERIOD
51 85 04 -- (204)=A e storc PERIOD
53 60 -~ -~ J:ret S RETURHN
ADJUST.PERIOD
0054 €9 jFF == fl:A-FF TR
56 FO 02 -- if=0,J:AEND {f PERIOD/FF
58 69 01 -- A+1 ’ 4 PERIOD#1
54 60 -= == AEND J:ret S RETURN
PLAY.NOGTE
0058 A5 05§-- PLAY A=(205) =iy
S SIS == {Z15)=A )
§ SF A5 03 -- TSET A=(203) loop [DURATION.MULTIPLIER]
i 61 8D 07 GE. GED7)=A set CLOCK=DURATION
H 64 EE\0O GE & TOGL "6E0Q) +1 loop set OUTPUT=TOGGLE
{ 67 20 76 00 6 J:sub TIME.THE.PERIOD TINE,THE.PERIOD
6A_AD_07 GE & A= (6EOT) fetch CLOCK
6D €9 80 ~—- 2 fl:A-80 if CLOCK=DOMNE
: _6F DO F3 =-- 3+1 if/0.J:T0GL ool exit this loop
! 71 €6 15 -- 5 6Z15%-1 pool
73 D0 _EA -- 341 i4/0,J:PLAY
75 60 =- == § Jit et S RETURN
= YINC.THE.PCRIOD
0076 A5 02 -- 3 A=(202)
78 85 12 -- 3 (212)=A
TA AS 04 -~ 3 PRSET A=(Z204) loop [PERIOD.NHULT]
7C 85114 -- 3 (214)=A
7E C6 14 == 5 PERD (Z14)-1 JooplADJUSTED.PERIOD]
80 DO FC -~ 341 if/0,J :PERD ;::] pool
82 €6 12 -~ 5 (212) -1
84 DOSFA == 341 1f/0.J:PRSET pool
86 60 -~ ~- 6 Jzret § RETURN
: JHCRENENT .HOTE.POINTERIPAGE
i 0087 C8 ~= == Y+1 v HOTE.POINTER=0
88 o0 02 -- : 1€£/0.,J:1END then PAGE+1
8K E6 01 =~ (Z01)+1 l
8C 60 == ~= IEND J:ret S RETURN

Program MUSIC. An example of audio program is shown in Table 1.



THE STING

dur.period

MORSE

CODE

TICKING OF
cLock

0090 20 &3
20 0o

20 ¢cA

40 By
20 on
/40 30
120 ca
12030
S0 8o
20 72
- 20 6B

2065
20 ra
20 72
40 65

20 83
" TR0 12

40
10
20
10
40
10
20
30
40
10
40
10
20
10
40
40

40
01
40
01
40
01
40
01
40
01
40
01
40
01
40
01

dah
dit
dah
dit
dah
dah
dit

dah

0094 co
01
co
01
co
01
co
01
co
01
‘€O
01
co
01

00

€0 4o

A

Tal;llg . Audio proqrams.

12/2=1.0594631

MUSICAL SCALE

NOTE HEX
¢ 48
B 4

Ay 51 -

A 55
G# S8
G 60
Fé 65
F 68
E 72
D# 78
D 80
C# 88
Y 90
8 98
AR a1
A AB
G# BS
d BF
F¥  CA
F 0b
E . E3
bt F1
D FF

HALF-TONE=
1.0594631x

e P ———

roTpmg L 2o

01
10
01
10
01
10
01
10
01
10
01
10
01
10

tick 1
tick 2
tick 3
tick 4
t;ck 5
tick 6
tick 7

«nd flag

10-4
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PROGRATNT.¢6: ARITHIMLET

ADDING TUO SEVEN-BIT NUMBERS

(A) Program SEVEN.BIT.ADD.I

FFFCx -- 10 00 J:0010 (START)

start

SUM=FIRST.NUMBER

SUM+SECOND.HUMBER

SUM.DISPLAY=SUM

0010 DB -- --  START fD=0
0011 18 -- -- fc=0
0012% A9 11 -- A=11
0014% 69 22 -- A+fC+22
0016% 85 00 -- (Z00)=A
0018+ 4C 18 00 J rope

end

(B) INSTRUCTIONS
Load the progranm. RESTART. HALT. Exam-
mine 0000 for sun. Enter two other numbers
into 0013 and 0015. RESTART and HALT a-

gain. Examine 2000 for sum.

(C) QUESTIO!NS

(1) What is the difference between this
program and the one that was used in secc-
tion 21 to learn the board?

(2) In what reqisters are the two numbers
to be added?

(3) What would happen if there was no fD=0
instructions?

(4) What would happen if there was no fC=0
instruction? .

(5) On line 0012, what is the reaninp of
operand 117

(¢) In linc 0014, what is the meaning of o-
perand 22?

(7) In line 0014, why are we adding fC to
the sum?

(8) In line 0016, why do we place the sum
into register 00007

(9) In line 0018, when does the uP actually
perform the jump?

(10) Why is this a 7-bit program. not
8-bit?

(11) In the algorithm column. why make the
sum equal to the first number?

(12) What is the meaning of the astterisk?
(13) What other way is there of clearing fC
and fD?

(14) Would you clear the whole flag regis-
ter if there was a subtraction operation a-
head?

(15)

ADD1:G TU? UNSIGIED SEVEN-BIT HUMBERS FROM PARAMETER REGISTERS

(A) Prograin SEVL !-BIT.ADD.2

0001 ENTER FIRST aumber
0002 ENTER SECO'!'D number
0000 reserve for SUM.DISPLAY

FFFCx -- 10 00 J:3TART start

0010 DB -—— -= LTART fD=0 set binary mode

0011 48 —— -—— fc=0 clear Carry flag

0012+ AD 01 00 A=(0001) SUM=FIRST

0015+« 6D 02 09 A+fC+(0002) SUM+SECOND
0018+ 8p 08 00 (0000)=A SUM.DISPLAY=SUM
001B* 4C 10 00 J rope pnd.

(B) INSTRUCTIONS ,

Load the progran. Enter two numbers into .

registers 0001 and 0002. RESTART. HALT.
Examrine register 0000 for sum.

(C) QUESTIONS

(1) What is the difference between this and
the previous proaram. 23.107

(2) 0012: what is the difference in this
instruction?

(3) 0015: what is the difference in this
instruction?

(4) 0015: why do we add in the fC-- why not
just leave it out?

11-1
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ADDING TWO UNSIGNED NUMBERS I

(A) Program ADQD ~ -

BEFCx -- 10 00 J :START -

11-2

start

SUM=FIRST .NUMBER+SECOND.NUMBER

SUM.DISPLAY=SUM

CARRY.DISPLAY=CARRY

end

0001 ENTER number to be added., FIRST.NUMBER
0002 ENTER number to be added, SECOND.!UMBECR
0003 reserve for Carry display

0004 reserve for SUM display

0010 D8 -- ~-- 2 START fD=0 __

0011 18 -- -- 2 fC=0

0012 AD 01 00 &4 A=(0001)

0015« 6D 02 00 4 A+fC+(0002)

0018 8D 04 00 4 (0004)=A

0018« A9 00 -~ 2 A=0

001D* 69 00 -- 2 A+fC+00

001F* 8D 03 00 & (0003)=A

0022+« 4C 22 00 3 J rope

(B) IASTRUCTIONS

Enter program. tnter two numbers to be
added. RESTART. HALT. Examine regist-
er 0003 for Carry, 0004 for sum.

(C)QUESTIONS

(1) 1f there is no Carry, how will that
show?

(2) If there is a Carry. how will that
show?

(3) 0012: is there another instruction
that could have been used to accomplish
the same thing? What are the advantages
and disedvantages?

ADDING TWO DECIIAL HUMBERS

(A) Program ADD.TWO,DECIMAL,MULBERS

SUM=FIRST.DEC.NO+SECOND.DEC.NO

SUM.DISPLAY=SUN

end

CARRY.DISPLAY=CARRY

FFFC* ~-- %A 00 J:START
0092 F8§ -- -- START D=1

0073 18 -- -- fc=0

0024+ A9 d1 -- A=d1

0006% 69 d2 -- A+fC+d2

0008* 85 01 -- (z01)=A ]
000A* BO 03 -- if fC=1.,J :CARRY
000C% 4C OC 00 J rope

000F* E6 00 --  CARRY (200)+{ et
0011 4C 11 00 J rope

end

(B) INSTRUCTIONS

Load program. Enter the two decimal num-
bers into registers 0005 and 0007. RE=~
START. HALT Cxamine 0000 for Carry.
0001 for sum.

(C) pISCUSSION 5

This is a demonstration of how the decimal
mode operates in the 6502. One prblem
with the decimal mode is that there is no
flag to alert you in case you have entered
a8 hex number instead of a decimal by mis~-
take. In present-day uP practice there
does not appear to be much use for the de-
cimal mode.

B 5 IR YA EEINT) TN TR Sy L

Note that in this program no room was left
at the top of the nage for parameters, and
the program starts with line 0002.

(D) QUESTIONS

(1) What is the % register utilizatién of
the decimal mode?

(2) What bells the uP to do this problenm
with decimal numbers?
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(A) Program ADD. UNHSJIGNED . NUMBELRS -

0001 ENTER FIRST.NUMBER
0002 ENTER SECO/!D.NUMBER
0003 reserve for CARRY.DISPLAY
0004 reserve for SUM.DISPLAY

FFFC* ~=- 10 00 J:START

0010 D8 -- -- START fD=0

0011 18 -- -- fc=0

0012* A5 01 -- A=(Z201)

0014% 65 02 -- A+fC+(202)

0016% 85 04 -- (Z04)=A

0018% 90 07 -- if fC=0,J:NOCARD2Y _
001A* A9 01 -- A=01

001C+ 85 03 -- (Z203)=A

001E« 4C 1E 00 J rope
0021% A9 00 -- HOCAR A=Q0 =
0023« 85 03 -- (203)=A

0025% 4C 25 00 J rope

ADDING TUO SIGHED OR UNSIGHED NUMBEPS

(A) Program ADD.SIGHED.OR,NOT

0001 ENTER FIRST.JUMBER (such as 78)
0002 ENTER SECG.ID.NUMCER (such as FA)
0003 wuse for UNZIGNED.CARRY.DISPLAY
0004 use for SIG.JED.OVERFLOW.DISPLAY
-0005 wuse for SU!.DISPLAY

SUM=FIRST.NUMBER
SUM+SECOND.NUMBER
SUM.DISPLAY=SUM
if CARRY=YES

CARRY.DISPLAY=CARRY
end .

CARRY.DISPLAY=HO0.CARRY
end

SUM=FIRST .NUMBER

SUM+SECO!ND.NUMBER

SUM.DISPLAY=SUM

UMSTGNED.CARRY.DISPLAY=CARRY

gFFC* -- 10 00 J:START

0010 D8 -- -- 2 START D=0

0011 18 =-2=-2 fc=0

0012 AD 01 00 & A=(0001)
0015* 6D 02 00 ¢ A+fC+(0002)
0018* 8D 05 00 ¢ (0005)=A
001B* A9 00 -- 2 A=00

001D 2A == == ¢ AfC

001E* 8D 03 00 4 (0003)=A
0021* A% 00 -- A=00.

0023% 8D 04 00 (0004)=A
0026% 50 FE -- if fv=0.,J rope
0028+« A9 FE -- A=FE

002A% 8D 04 00 (0004)=A
002p* DO FE -- if /0.J rope

ADDIHG TUO 16-BIT NUMBERS (UNSIGNED)

(A) Program ADD.16-BIT

0000 ENTER FIRST.HIGH

0001 ENTER FIRST.LOW

0002 ENTER SECO'ID.HIGH

0003 ENTER SECO:D.LOV

0004 reserve for CARRY.DISPLAY
0005 reserve for SUM.MIGH.DISPLAY
0006 reserve for SUM.LOW.DISPLAY

SIGNED.OVERFLOW.DISPLAY=NONE
if OVERFLOW=NONE end

SIGNED,OVERFLOW.DISPLAY=0VEBFLOW
end

start

SUM.LOW=FIRST.LOW

SUN.LOW+SECOND.LOW

SUN.LOU.DISPLAY=SUM.LOW

SUM_HIGU=FIRST.HIGH

SUM.HIGH+SECOND.HIGH

SUNM.HIGH .DISPLAY=SUM.HIGH

¢6Fcx -~ 10 00 J:START
0010 D8 -- -- ¢ START D=0

0011 18 -- -- 2 fc=0
0012% AD 01 00 4 A=(0001)
0015% 6D 03 00 4 A+(0003)
0018*% 8D U6 00 4 (0006)=A
0018% AD CJ 00 4 A=(0000)
001F* 6D G2 00 / A+(0002)
0022+ 8D 05 00 4 (0005)=A
0025% A9 00 -- . A=00
0027% .69 00 == A+fC+00
0029% &D V4 00 - €(0004)=A

CARRY.DISPLAY=CARRY

end

002p% 4C 20 00 J. rope ..
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ADDIIG TUO 16-CIT NUNCIRS, SIGHLD OR NOT
W ad

(A) Proarar ADD.16-BIT.SIGIED/UNSIGNLD

0000 ENTER FIRST.

IGH

0001 ENTER FIRST.LOW
0002 ENTER SECO:U.IHIGH
0003 ENTER SLCO'I0.LOW

0004 reserve for
0005 reserve for
0006 reserve for
0007 reserve for

UHSIGHED.CARRY.DISPLAY
CIGIED.OVERFLOV.DISPLAY
SUM.IIIGH.DISPLAY
SUM.LOU.DISPLAY

11-4

start

SUM.LOW=FIRST.LOW

SUNM.LOW+SECOND.LOW
SUM.LOW.DISPLAY=SUM.LOW

SUN.HIGH=FIRST.HIGH

SUM.HIGH+SECOND.HIGH

SUM.HIGH.DISPLAY=SUM.HIGH

if OVERFLOW=NONE. end

FEFCx -- 10 00 J SSTART

0010 D8-- -- CTART £D=0

0011 18 -- -- £C=0

0012+ AD 01 0OC A=(0001)
0015* 6D 03 00 A+(0003)
0018+« 8D 07 00 (0007)=A
001B* AD 00 00 A=(0000)
001E* 6D 02 09 A+(0002)
0021+ 8D 06 00 (0006)=A
0024% A9 00 -- A=00

0026 2A -- -- AfCD

0027+« 8D 04 00 (0004)=A
002A* A9 00 -- A=00

002c* 3D 05 00 (0005)=A
002F* 50 FC =-- if fv=0.J rope
0031% A9 FC -- A=FE

0033% 8D 05 00 (0005)=A
0036* DO FL -~ if /0+J rope

end

24-BIT NUMBERS. SIGNED OR HNOT

“ADDING TWO

(A) Program ADD.24-BIT.SIGNED/UNSIGNED

0000 ENTER FIRST
0001 ENTER FIRST
0002 ENTER FIRST
0003 ENTER SECON

.HIGH
I DL
.LOW

D.HIGH

0004 ENTER GECO:D.MIDL
0005 ENTER SECONU.LOW

0006 reserve for
0007 reserve for
0008 reserve for
0009 reserve for
000A reserve for

UNSIGHED.CARRY.DISPLAY
CIGNED.OVERFLOW.DISPLAY
SUM.HIGH.DISPLAY
SUM.MIDL.DISPLAY
SUM.LOW.DISPLAY

start’

FFFE* -- 10 00 J:START
0010 D8 -- -- START f0=0
0011. 18 —— =— fC=0
0012« AD 02 00 A=(0002)
0015+ 6D 05 00 A+(0005)
0018+« 8D 0A 00 (000A)=A
0018%* AD 01 00 A=(0001)
001E* 6D 04 00 A+(0004)
0021% 8p_09 00 (0009)=A
0024% AD 00 00 A=(0000)
0027 6D 03 00 A+(0003)
002A* 8p 08 00 (0008)=A
002D* A9 QU -- A=00
002F 2A -- -- AfCD
0030* 8D 06 00 (0006)=A
0033% A9 00 -- A=00
0035* 8p 07 00 (0007)=A
0038+ 50 fFg -- if fv=0.J rope
003A% A9 FL -- A=FE
003c* 8p 0% 00 (000¥)=A

003F* DO FE --

if /0.J rope

A o e R T T R

SUM.LOW=FIRST.LOW
SUM.LOW+SECBND.LOW
SUM.LOW.DISPLAY=SUM.LOW
SUM.MIDL=FIRST.MIDL
SUM.MIDL+SCECOND.MIDL
SUM.MIDL.DISPLAY=SUM_MIDL
SUM.HIGH=FIRST.HIGH
SUM.HIGH+SECOND.HIGH
SUM.HIGH.DISPLAY=SUM.HIGH

UNSIGNED.CARRY.DISPLAY=CARRY

SIGHED.OVERFLOW.DISPLAY=NONE
if OVERFLOU=!ONE., end

SIGMED.OVERFLOW.DISPLAY=OVERFLOW
end

UNSIGNED.CARRY.DISPLAY=CARRY

SIGIED.OVERFLOW.DISPLAY=NONE

SIGNED.OVERFLOW.DISPLAY=0OVERFLOW
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(A) Program ADD.A-DIGIT.DICCINAL.IUNBERS

0000 ENTER FIRST.HIGH S

0001 CHYER FIRST.LOV \
0002 ENTER SECOID.HIGH 1 {’/
000 ENTER SCCO!HD.LOV G i
0006 reserve for CAKRY.DISPLAY

0006 rcserve for SUNLHIGH.DESPLAY

0007 reserve for SUIL.LOU.DISPLAY [N e

FFFC* -- 10 00 J:ISTART Stapt

0010 F& == =~- START D=1 set decimal mode

0011 18 == == fC=0 ‘

0012% AD 01 00 A=€0001) SUN.LOU=FIRST. LOW
0015+ 6D 03 00 A+(0003) SUM.LOU+SECO:ID. LOW
0018* 8D 07 00 (0007)=A SUM. LOU.DISPLAY=SUN.LO
001C* AD 00 00 A=(0000) SUM.HIGU=FIRST.LIGH
001E* 6D 02 00 A+€0002) SUN.HIGL+SECOID.HIGH
0021* 8p 06 00 (0006)=A SUN.HIGH.DISPLAY=SUN.HIGH
0024% AY 00 -- A=00
-0026* 69 00 =-- A+fC+00

0023+ &D 0& 00 (000£)=A CARRY.DISPLAY=CARRY
0028* A9 00 -- A=00

002p* FO FC -- if =0.J rope ——ecnd

#2  NULTIPLYING TU0 HEX LIGITS BY SUCCESSIVE ADDITION

(A) Prograw DULT.2.0IGITS.LY.ADDITION

9901 LYUTCR FIRST dieit thus: 09X

0002 ENTER SCCO.UD JJigit, thus: 2V

00923 reserve for PRODUCT.DISPLAY
CFFFC* == 10 00 J:ETART start

D019 16 =- -+ START fC=0

0011 N6 == ==  fo=0

6012* A6 02 ~- X=(5002)

0M4x A9 29 -- A=00 PRODUCT=0

0016* 2 OC -- il o t=00

0915% FO 07 -- if =0,J:STORE >

201 N% 0d 91 == CUlILL A+£fC+(201) - oop(SECO!ID]

CUIC A == == X-1 - PRODUCT+FINST
9010% DY Fe -—-- if /70.d:C0UMUL. pool

001k« EA EA

a2 S5 95 STORC (GOO03)=A PRODUCT.NISPLAY=PRODUCT
ITe AC SO 0T J rope e T

f3 DETERNINIICNG VHICH OF THO UISIGICD UNBENSE IS

(AY Program (OPARLE

9000 reserve for DISPLAY.RESULT (if FIRST is  largers 01; if sccond, €2; if cqual. 03)
0001 CHTER FIRST nunber

0002 EHTER SECOND number

FFFC* -- 10 00 J:START

0010 D8 == -- START {D=0

001% 38 -- -- fc=1

0012% A9 00 -- A=00

0014% 85 00 =-- (z00)=A

0015% AS 01 -- A=(Z201)

0018% ¢S5 02 -- fLsA=-€202) try FIRST-SECOND

001A* FO 10 =-- §$ =0,J:EQUAL 2= if /0

001c* BO 07 -=- if fC=1,J:FIRST2NY if BORROW=YES ]
001Ex A9 02 -- A=02 DISPLAY=S[CO'D.IS.LARGER; end
0020% 85 00 -~ (z00)=A .——o0lso DISPLAY=FIRST.IS.LARGER ; ond
0022» 4c 22 00 J ronec . elso DISPLAYBEQUAL; end

0025% A9 01 -- FIRST A=01 ~&—- '

0027+ 85 00 -- (ZC0)=A

0029« 4C 29 00 J rope

002c* A9 03 -- CQUAL A=03 -se———

002 85 00 -~ (z00)=A

0030« 4C 30 00 J rope
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(A) Program ULTRA.STNPLE,RANDOM, HOISC, GEHERATOR

0000 store random numbor

FFFC* -- 10 00

0010« c6 0

0 -

0012« 4C 10 00

(6) PROCEDURE

Enter proaran,

0020. RESET.

EXANIIE again.

set

RUN.

) DISCUSSION
el . .
This program decrenents a register until

JISTART

START

you halt it to examine.
olay a random nunbecr between 00 and FF.
is random because the uP loops

The number

2 GCHERATING A DECIN

(200) -1

loop RANDOM.NUMBER-1

J :START

pool

suitch register to
EXANTNE.

RUN and

It will then dis-

(A) Program DECINAL.RAND.NUM,.GEN
0000 reserve for DISPLAY

0% ENTER upper
lower

02 ENTER
FFFC? -- 10
0010 F8 --
0011 38 --

12  AS 01

E9 01
85 00
c5 02
D0 F8
4c 12

00

(B) PROCEQURE:
LINIT: set address to 0000, RESET. RUM.
HALT. CXAMIHE:
a rendom decimal number between UPPER.
LIMIY AND LOWER.LIMIT

other random number. RE

(e) pISCUSSION:

J

tSTART

fb=1

f

c=1

RESET A=(Z01)

DECRH A
(
f
i
J

Enter

Data readout now di:plays

This

oop
-fc/-1 =% t oop

200)=A
l:A-(202)
£/0.J:DECRM
sRESET poo

UPPER.LINIT, LOVER.

To generate an=-

START and HALT.

program counts

down & reqgister over and over aoain.

number remaining

computer

takes advantage of this to display the re-
sult without the need to readdress

is stopped is
rendom number of clock cycles has passed.
The switch register remembers the regi
ter it looked at last.

random because

and the program

time the program is runr.

(D) Qﬂéillﬂﬂi

1 What happens if & ncn-decimal number
{s entered for UPPER.LINIT? for LOWER.

LINIT?

limnft UPLIN, such as 77

limit LWLIH, such as &3

pool

L

The

in the register when the

a

s-

it each

2 What heppens 1f LOWER.LINIT s larger
than UPPER.LINIT?

many thousands of times before you can
possibly stop it.

Advantage is taken of the fact that the
switch rcaister at the PICCC-77 ltoard is
latched to the register it examined last.
By repeatedly touching PU! and CYXAMIME.
Zou can generate a scquence of random nun-
ers.

ENTER: UPPER.LINIT as decimal nﬁmber
ENTER: LOWER.LINIT as decimal number

COUNTER=UPPER.LIHIT
COUNTER-1

DISPLAY=COUNTER

if COUNTER=LOWER.LIMIT, exit this loop

3 This gencrator is not truly random. It

shows a bias in favor of LOWER.LIINIT. Why?
What’ bias? -

4 What will make the numbers more truly
random?




