TABLE OF CONTENTS

Machine Programming PrincipleS cesreeees
Orcodes and Mpnemonics (Whatsit?)eseesees
Z-80 Redgisters and System Block Diasram.
BALLY Sustem orPerationissscsssssssosnsne

1.0, Port Configuration....
BALLY BASIC Memory Usase...
ASCII Character Code Chart.
When What Why and How Math.
Two’s CommlementScssseevves
CONVErs8ionNSsssescssssscssss

Orcnde Actions

Loadsssosversssecrsssnnsssee
The Stackissessssessseesvsne
Alternate Resister Set.....
INS 3nd OUTSeeeesronsssnsne
Conditionals~"IFs .ssersees
Increments and Decrements..
ADDs and SUBSesssosssonsnns
Logica3l8ssssvsvsvssevsvsnne
CtherSesceseorvossssvssssns

.

.

.

.

+

3

.

»

.

»

.

.

.

.

.

.

3

.

.

.

.

.

.

.

-

.

3

LR I B B N 4

LR K BN B BN 2N J

LK BN BN BN AR AN )

LI BN R A A I
LI BRI BRI N I Y B N ]
LR B N R I B I B N ]
LR I R A B IR IR A A 4
LK IR S B B R S I R ]
LR B B R I B N B ]
LI K I I R B B BN IR R BN R 2
Armlications
20 000 0000000
L I R A IR A A )
LK I I IR I I I
O 8 0 5 2 00 0000
0 000900609020
0 2 02 0 40
LR 2R BN L BN I Y N A ]
LR B R Y A IR R IR B IR AN 1
P05 0 0 b b e

-
¢ o o
-

LN

and

e

.

.

Block Move prosram (LDIR for cartridde corwing etc.)

LI A S AN I Y

Exmeriments

-

pd, 1
P, 2
P, 3
g, 4
pd, 5
.1 T
s 7
e, 8
e, 9
g, 11
md, 14
T4 17
o9, 18
'od, 19
Pd, 20
g, 22
o, 22
e, 22
g, 22
g, 23

cont, —»



INterrumt ProCesSSinges s cocos st st0000 00000000ttt s0s0s0s0s00esrtrssosterrsossPd,
Prosram Instructions

Color Turnmel BNd APbscsceesssosossssesostossscsstsssssotossssssssssssssssechd,

COlor FOPrmMati@re s o sssoeotsereostssosssseosssssssssssssstsossssssstssssssrteecspd,

Color Scribble and RECOTTHe s essrestss0060s000s6sss0ss0s000sstssssssstossvesshd,

Machine srosramming Utilituwessesos oot eo00sr000ss0ss0sts0s0s0t00ts0ssr0s0oeerd,
Prolroawnoseriptions;AIntorruptyﬁul$iprioritization)........p’.

COlar TUNM@L oo 0006060000000 00606860000600060606006060008000000000s0s0s0000s0sessPd,
Color FOrMmatlb@reooseosossseresosrostseesossssstossosssososostsssssssssssssssssepd,

"BASIC® N lm@r S et e oo o000 00000000000t 06s000s000000s0bs0ttsstsessssvsssscsseceps,
BASIC Listinsgs '
Formatter and American Flagessesorresosesossrststrtcssssstortesossrsvensoscrshd,
Color Scribble and ReECOPdisseerssssessstsstsetsessscsscsscsssssrssssssrsseschd,
Machine Prosramming Utilitweseesosresssstosessessssrsresssecsssrsssrscrssssseid,
Color Tunnel............‘...............o}...ﬁ‘.;.......;‘.‘..'.-..........#s.
Atari LOQOOooodooooooooo0000000‘00000000‘o00000600‘00;00000000000000boooooo’ﬂc
Machine Lansuase Listings and Followthroushs
AMOTICAN FlaSecoissssorsosrsossrsssersroesresessorsosrisssssssvsssosssssorosessssoPd,
Atari Loso and Color Formatilerssciessssssssestsarstesssreesssssssorsscsgrsshd,

COLlor TUNN@Ll e essosossssotssssrsossessessessssossssnsssssvsstorssosostrssessssverhdd,

Z-80 Instruction Set in Decimasl and HEXooooooooio‘;oooo'ooootooo'ooooopooonPSQ

INTRODUCTION
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therefore low cost devices available to the consumer for animation and dgramshics.
Sirce vers little has been written about the *machine® aspects of these chiss,
it is mw obJective to »rovide some information on a faw facets of their omrera-
tion. Homsefully this will diseell some of the mwsterw resarding the software
techniaues necessary to take advaniase of some of their carabilities.

Thoush this manual is mesnt to be more or less a besinners guide to
machine srogranmins with the Ballws it is helsful to have somewhat of an under-
standing of @ Tew rrosramming techniaues with the Ballw Basic lansuase.

Alsos sood adJuncis to this book would be one of the manw rarerbacks on the
7-80s and the Z-80 Assemblw Lansuase Prosramaing Manuals Which is mublished byw

Zilod
As wou resd and do the exeeriments refer to the Z-80 code listing at
the end of this book, (Pds. 43~45) Keer a notebook. If wou fully understand
eversthing that is coveredr wou will be able to do manw things that are
impossible with Basic alone. You should also end ue with 3 sood understandins
of how machine landuage routines can be used with Basic %o increase speed:s
simplify functionsr and save bwtes. Manw ideass examelesy and analosies will

be made in reference to Balluy Basic.

I’ve tried to construct this book as somethins which I wish I had when I
started srogsramming in machine lansusse. Horefullw this information will
prove to be of benefit to those venturing into.machine rrogranming, I hore to
continue where this lesves off in Course Two.which will. cover uses of RST

ingtructions : and onboard ROM routines. If wou have any comments, or informa-
tion that wou would like to sharer I would arrreciate hearing from wou. I will

be consolidating and orgsnizing all notes and informations to be rresented as
this is in the future.

Also I would like to officiallw thank all the comsuter nutss, and
pentor friends: for without whoms this book and mw knowledse would not exist.

Tine ware thanx to Thinkradrite and Itragen.



BASIC MACHINE PROGRAMMING PRINCIPLES

If you have done any programming in BASIC, you will have very little
difficulty understanding the program structuring and flow of machine language.
For example, ''GOTO', "CALL', "RETURN', and '"s(n)=n'', can in fact be implemented
by using a single machine code instruction.

The main difference is, a machine code instruction or its associated
data, is always 8 bits (at a time) wide. Think of this as the 8 wire data buss
that runs from the Z-80 to its ROM, RAM, and 1.0. devices.

The location of each 8 bit byte of information is determined by 16 bits
of data called an address. Think of this as the 16 wire address buss. (Or more
primitivly, the 'Line number'' of the 8 bit data) These 16 bits equate to 65536
possible 1 byte locations, which can hold a value from 0 to 255,

As soon as the power is turned on, the Z-80's PROGRAM COUNTER (P.C.) is
reset to 0. The contents (position) of the P.C. then appears on the 16 bit
address buss, and the first instruction is fetched (read) from memory location
0. (This is usually ROM memory) The byte at location 0 returns to the Z-80
on the 8 wire data buss.

So the address buss looks like this... 0000 0000 0000 0000.
Let's say the byte it gets back on the data buss looks like this...
0011 1110. This happens to be the instruction LD A,n which is somewhat analogous
to "A=n"" in BASIC. On this first byte the Z-80 has detected the type and length
of the instruction, and now knows it must increment its P.C. to get the next
byte. (The ''n'') Some instructions require the Z-80 to increment its P.C. 3 or
4 times to get the complete instruction and/or data. In this case the following
byteis the ''n'"' data which is to be loaded into the Z-80's A register.

Let's backtrack a second and analyze this procedure.
-1- At location O it picked up the byte 0011 1110, (LD A,n)
-2- The P.C. is then incremented to 0000 0000 0000 0001
-3- The data for '"n'' is then read from location 1. This data is any 8 bit
number (0-255) and is determined on assembly of the program. (0f course
it's un-alterable if loc. 1 is ROM.)
-4- It thenexecutes this instruction (Loads A with n) which in this case takes
3 more clock cycles.
It will then increment its P.C. again and fetch its next instruction
from location 2. 1t will continue fetching and executing instructions just as
in BASIC, and will alter its P.C. on jump or call instructions. (GOTO&GOSUB)

Other pins on the Z-80 will be affected by certain instructions as they
are executed. |t should be remembered that data may go out on, or come in on
the same 8 wire data buss. This direction will be determined by the type of
instruction being executed.

Donit let words like "accumulator'' or 'flag'' throw you. They are all
the same thing, a register (memory) inside the Z-80. The word "accumulator'
can be misleading, as it doesn't always '"accumulate''. The accumulator is the
register in any microprocessor which is used the most. It is the object of
most ADDS, LOGICALS, and |.0. instructions.



It is also used for temporary storage of data, holding the result of an
operation, or holding the data byte to be operated on. The Flag register is
not used as other 8 bit registers. |t may be thought of rather as a collection
of single bits which are usually ''tested'' by conditional instructions. (''IFs'!)

On the next page is a chart of all the Z-80 registers and Their
‘'names'', though they are often used for anything. Consider that everything
it does, it does with these 26 bytes of memory. Sometimes there is
considerable shuffling around being done, to and from the Z-80's registers.
If the time comes when you write a program only to find that some of your
instructions do not exist, you'll be surprised at how well you can dance.

OPCODES and MNEMONICS (Whatsit?)

Before we jump in the lake, there are a few rules that must be
learned to read and understand Z-80 opcodes. Opcodes are expressed in
MNEMONICS, such as LD A,n from the previous example. Of course there is a
specific 1 byte number for the first half of this "partially english"
expression , called the opcode.

Remember that the object, or destination, is always specified first.
For instance... ADD HL,DE will add HL to DE with the result in HL. (DE un-
affected) However according to one of Murphy's laws there must be an exception.
An 8 bit ADD, such as ADD B , will add A to B with the result in A. (Each
instruction type and its specific action will be covered)

When a memory location EXTERNAL to the Z-80 is specified,
parenthesis are used around the memory location. For example; LD (nn),A
will cause a memory 'write'' (store) to location nn from the accumulator.
Another example is LD A,(HL). This will execute a memory '‘read'' from the
location specified by the contents of HL, to the accumulator,

All lower case letters found in mnemonics specify some form of
variable data which is decided by the programmer on assembly. This may be
either a register (r), a register pair (pp), or some form of variable numerical

data. (This need not be memorized as all data or registers will be specified
as the case may be.) Also, the numerical data may be expressed as ''n'
(8-bit), 'nn'* (16-bit), 'd" (-128 to 127), or "e" (-126 to 129).

The only real important one to remember is the parenthesis.
Say ''memory location' , then read what's in the parenthesis. Remember that
the value in the parenthesis is to be taken as an address.

Other garbage that will be found in mnemonic expressions are as
follows;

C carry Z zero NC no carry PE parity even

M minus P plus PO parity odd NZ non zero

"There are 74 generic opcodes (such as LD), 25 operand key words
(such as A), and 694 legitimate combinations of opcodes and operands in
the Z-80 instruction set."
Zilog Corp.



Z-30 INTERNAL
REGISTER CONFIGURATION

STACK POINTER 4-16 bit registers
PROGRAM COUNTER (8 bytes)
INDEX REGISTER
{ INDEX REGISTER +
General Purpose A ccumulator |A'ccumulator Alternate Register
Registers F lag F'lag Set
B yte B'yte (16 bytes)
C ounter C'ounter
D estination | D'estination
E E +
H igh H'igh
L _ow L'ow
I nterrupt R efresh Special Purpose 2-bytes
' ! r__lT_g
Registers Data | —7? EXPAND
- Buss (l
MICRO . 8 K ROM
Z-80 CYCLOR misc, SYSTEM
WALT Address CIRCUITRY| signals| 8 K ROM
'l | _Buss i CASSETTE
INT 4 clock 13 clock |
Perssecsvrves et MM X I EEEXRED
P |
clock :
ADDRESS T.V. DATA I.0.
control
Light pen ~— color ports
Be : Out In
Input v audio Music] Pots &
i iPorts| Sws,
cassette Addresses d 73 22 24 20
intfce, T Ty
I smen
° " g{ cor | 4|mumm
g odulator | | gemm
0N | sRew
A NSNS
a and Out Keypad
~N // Handle
3
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during CPU input cycle




BALLY SYSTEM OPERATION

As is the case with any computer system, it is necessary for the

programmer to understand certain aspects of the hardware in order to
properly utilize it. More specifically, all systems have different {.0.
functions, with their ports (address locations) in different places. Also the
video system and its associated ports are unique in the Bally system. Eventually
you should understand the way the onboard software, and Bally Basic, handles
various functions of the hardware, and incoming software. As was mentioned,
other pins on the Z-80 will be affected by the execution of certain instruc-
tions. This "electronics knowledge'' is necessary to understand why certain
things happen during a program. "Input'' pins on the Z-80 may also be activ-
ated by the hardware. (C.P.U. control functions)

The easiest to understand is the port configuration. All the ports
which may be accessed by the Z-80 are shown on the next page. Notice that the
various ports are located (physically) in different chips, and that some are for
inputting data (with IN instructions), and some are for outputting data, (with
OUT instructions).

Starting with the clock, all other system clocks are produced by the
DATA chip. This poor little guy is really kept busy. His various duties are ;
-1- Control and pass all memory reads and writes.
-2- Produce all T.V. signals (To sync T.V. and other hardware)
-3- Decode and assemble video and color information.
-4- Multiplexing demultiplexing and controlling the system data buss.(MX-buss)
~-5- Produce precise gated clocks for Z-80, memory, ADDRESS and 1.0. chips

The ADDRESS chip produces and/or passes all addresses to RAM memory.
On command from the data chip it ''scans' the memory for the next line of video.
During this process a "WAIT' signal is sent to the Z-80 which suspends its
operation until the scan cycle is completed. Also a short WAIT signal is sent
out for every memory read or write because of the multiplexed buss system.
The ADDRESS chip also produces the INT (interrupt) signal in association
with a particular scan line, or light pen data. This will be taken up in more
detail in the section on interrupts. Basically this signal causes the Z-80 to
jump to a location in the sotware for processing an interrupt routine dealing
with the particular device that's causing the interrupt.

The 1.0, chip is very straightforward, being simply a conglomeration
of input ports to the Z-80 for the keypad and player handles. And the output
ports for/and the music generator system.

The system ROM has many routines which are often accessed by other
ROM cartridges and/or software. The most important function of any system
ROM is the hardware initialization needed to get the system running. In this
case it's simply a short section that initializes certain custom chip oper-
ating modes. All the alphanumeric display routines and characters are also
located here. Other functions for which it is resposible are; Writing and
moving game patterns. Doing certain math conversions for the custom chips.
Displaying and operating timers. Producing random numbers. Organizing
and playing music patterns. Also included in the system ROM are multiprecis-
ion math routines, other software organization and initialization procedures,
and a routine to display and operate a menu node.



[.0. PORT CONFIGURATIONS

OUTPUT PORTS---DATA chip OUTPUT PORTS---ADDRESS chip
bits

0----Color register (right) 00 13---Interrupt feedback (LSB)
1----Color register 01 14---Interrupt enable and mode
2----Color register 10 15-=~Interrupt line (scan line #)
3----Color register 11
b----Color register (left) 00 OUTPUT PORTS---1.0. chip
5-~---Color register 01
6----Color register 10 16---Master oscillator
7----Color register 11 17---Tone A frequency
8----Low/High resolution 18---Tone B frequency
9----Horizontal boundary 19---Tone C frequency

20---Vibrato

21---Tone C volume/Noise modulation
22---Tone A & B volume

23---Noise volume

24---Sound block transfer

10---Vertical blank register
11--~Color block transfer
12---Magic register
25---Expand register

INPUT PORT---DATA chip
INPUT PORTS--~-ADDRESS chip

8----Intercept feedback
14---Vertical line feedback
15---Horizontal address feedback
INPUT PORTS---1.0. chip
values returned (right) values

16---Player handle #1 20---Keypad column 0 returned
17---Player handle #2 Up-=---1 21---Keypad column 1
18---Player handle #3 DOWN--2 22---Keypad column 2 TOP--1
19---Player handle #4 LEFT--4 23---Keypad column 3 )

RIGHT-8 (1eft) 4

TRIG.-16 8
28~--Pot 0 counterclockwise BOTTOM---;g
29-~--Pot 1 255
30---Pot 2 clockwise
31---Pot 3 0

SYSTEM MEMORY MAP(w/Basic)
0-8191+ SYSTEM ROM (20078~20141 )ep————variables
(0-4095 )o—t———— MAGIC RAM (20142-20161)+————CALCULATOR
INTERFACE
8192-16383# CASSETTE ROM AREA

LINE BUFFER
stack area

(8192-12287*——————»BASIC ROM

(20180-20283) ef—
(20284-20462 )t

16384-20479e4——— RAM (TOTAL)

(16384-20479)+————— SCREEN RAM 204808—__|
(16384~-19983)¢+———— BASIC GRAPHICS | ——— AVAILABLE
(20000-2046 3 j¢4——————— SCRATCHPAD To For
(20000~-20001 )% TAPE POINTER | EXPANS|ON
(20002-20049 )e TAPE BUFFER 655360—




BALLY BASIC MEMORY USAGE

The video (screen) memory is actually all the read/write memory (RAM)
that the ''bare bones' unit has to work with. This memory is shared with a
program and/or sectioned off at the bottom to provide ''scratchpad' space
for the Z2-80. The RAM memory addresses run from 16384 to 20479. Bally Basic
divides this up in three ways. First, program storage and graphics are
shared in the same screen memory addresses. Each byte is broken up into
even and odd bits. Even bits are program, and odd bits are graphics. Then
since the Z-80 also needs some working space, the last addresses available
for program and graphics is at 19983. The addresses from 19984 thru 20479
are partiallly used for Z-80 scratchpad. This can be seen by setting &(10)
to 208. Other cartridges may use more of this memory for its graphics.

There are 40 bytes of memory across each line on the T.V.. This is
broken down into 160 seperate pixels, meaning there are a possible 2 bits per
pixel (or fleck). With Bally basic there is only 1 bit per fleck, the other
bit being used for program storage. With other cartridges there are two bits
(all) used for each pixel, giving you a possibility of 4 combinations of bits
in each fleck. They are... 00 01 10 or 11. These bit pairs are decoded by the
DATA chip into four different colors depending on the value in each associated
color port register. A horizontal boundary (port 9)can be used to divide the
screen for 8 possible colors. This can be seen in Gunfight, the red gun-
fighter being the same bit combination as the blue one, but located to the
right of where the horizontal boundary is set. This makes its color con-
trolled by a different port.

With Bally Basic there are a different set of addresses to access
even bits (program storage) only. These addresses run from -24576 to -22777
and is called the text area. All line numbers are stored as the actual binary
number in two of these bytes. The first non-number character which is input,
tells the software to store all following bytes as ASCI| character code
numbers. (see chart on next page)

When a program line, or a direct execute command statement is entered,
it first goes into an area called the LINE BUFFER. (see map pg. 5) This is
the area which we will be using to store and run most of the machine language
programs. The only time it uses this area is when a line is being input (Or
INPUT n). Care must be taken not to overwrite a machine program which resides
in this area. Some space must be left at the beginning of the LINE BUFFER so
you can at least enter CALL nnnn. (if the CALL nnnn is already contained in
a previously entered Basic segment, you still need room for the RUN & GO)

It is safe to run your program right into the stack space which directly
follows the Line Buffer.

The only other areas which can be used to run machine code are the
TAPE BUFFER and CALCULATOR INTERFACE areas. Screen memory which is not
being shared with a Basic program may also be used, however measures must
then be taken to prevent it from being destroyed by graphics or a scroil.
The text area may not be used since this is software driven and intermingled
with the graphics. The combined LINE BUFFER and STACK areas give us over
175 bytes to work with.



ASCI| CHARACTER CODE NUMBERS
(TV Out, or KP In)

1-6 7 45 - minus 63 ? 81 Q 99 <+ (c) divide
7 Bell Le . 64 @ 82 R 100-103 (defg)
10 Line Feedh47 / 65 A 83 S 104 LIST (h)
13 “go" (CR)L48 O 66 B 84 T 105 CLEAR (i)
31 ERASE 49 1 67 C 85 U 106 RUN ()
32 SPACE 50 2 68 D 86 V 107 NEXT (k)
33 4 51 3 69 E 87 W 108 LINE (1)
34 52 4 70 F 88 X 109 IF (m)
35 # 53 5 71 G 89 Y 110 GOTO (n)
36 $ 54 6 72 H 90 Z 111 GOSUB (o)
37 % 55 7 73 1 91 [ 112 RETURN (p)
38 ¢ 56 8 74 J 92 \ 113 BOX (q)
39 ! 57 9 75 K 93 ] 114 FOR (r)
Lo ( 58 : 76 L 94 ¢ (™) 115 INPUT (s)
k1) 59 ; 77 M 95 & () 116 PRINT (t)
L2 = 60 78 N 96 ¢ (7) 117 STEP (u)
43 + 61 = 79 0 97—+ (a) 118 RND (v)
Ly 62 > 80 P 98 x (b)multl19 TO (w)

All operations on the memory will be done using the "z
command. (peek or poke) Widespread mis-information dictates a
whole slew of unnecessary conversions to be done to input machine

code. Since the Bally listens in decimal, all you have to do is
talk in decimal, one byte at a time, and it will understand per-
fectly well without all the fuss, If you're skeptical read on,

and do the following experiment.

1. All Z-80 can be (and are) represented in decimal form.

(0-255) See back of books (Instruction Set)
2. Hex code is a hassle during hand assembly.

To demonstrate the ease of machine code entry in decimal,
first enter the following command statement. '

FOR A=20220TO0 20236 ;PRINT A,;INPUT Mg (A) sNEXT A

You have just made a simple machine language loader,
Notice | have left plenty of room at the beginning of the line buffer
for entry of other command statements wi thout destroying the program
which follows. This loader can be shortened for entry from a
starting address of 20203 by eliminating PRINT A,; and "',

So enter the following decimal instructions one at a time,
hitting "GO' after each value is entered., The next address to be
written into will be displayed after eah entry is made.

20220=60 20225=219 20230=16 20235=240
20221=211 20226=28 20231=252 20236=201
20222=4 20227=71 20232f254 NOTE: If the above loader
20223=32 20228=219 20232—1 is used to enter an adrs.
20224=251 20223=21 2023%=32 (Value over 255) enter %(A)
for the following byte.
See pg. 11



Now RUN the program by entering CALL20220

Adjust pot O (Player handle 1) until a stable pattern
is obtained. The program may be halted via the HALT button.
| f you have external memory try loading this program there, as
it provides a good visual display of the speed difference.
(Due to mno WAIT states when using external memory)

WHEN WHAT WHY and HOW - MATH

The following information is necessary to learn to allow
the programmer to determine ''when' to use "what'' math, and to
gain a general understanding of some of the unique numerical
tricks which are used with all computers, Note that it is not
completely necessary to understand all of the conversions to
understand programming, However,to become proficient one should
be able to grasp the 'whys' of certain rules used. This first
involves understanding the '"hows' and imminent results. Do not
become discouraged if you don't immediately see the use for
something, or don't fully understand it. As you begin to do the
experiments these things will start to become apparant, At
this point the most important thing for you to do is START
TAKING NOTES On the way you see things, and any other ideas
you may get.

EXPERIMENTS - PROCEDURES - RESULTS - I DEAS - EXPLANATIONS
(Observations)

BASIC NOTATIONS YOU SHOULD MEMORIZE

As you know, all numbers are presented to the circuit-
ry in binary form. This means that if a wire in the circuit
has a voltage on it (a "high') a "1" will be represented in
one of the 8 (or 16) columns. Depending which column it is,
that 1" will have a certain weighted value. For instance, the
"1 in the decimal number 128, has a weight of 100. in binary
this same "1" (same column) has a weight of 4, Since you can
only have a 0 or 1, after counting gtt-ttq,,, you must move to
the next column. The chart below shows all the weighted values
for each bit position in binary numbers,

BINARY DATA MAPPING DIAGRAM (WEIGHTING or EQUIVALENCY)

BRIV
FOSITIONS 5 | 4 13 12 Il ,o 9 8 7 6 5 4 3 2 ' O
VALUE OF 32768 | 16384 |8192 |4096 | 2048 | 1024 512 | 236 128 | 44 32 16 8 4 2 1

BIT
naTA BUS ottt slnletetubie t-~Non |Existpnt— ~ _ ~
(wires) X X X X X X X X p-7 D=6 p-5 | D-4 | D=3 | D~2 | D-1 | D=0
ADDRESS

BUS
(wires) a-15 la-14 |a-13 | a-12] Aa-12] a-10] A-9| A-8| A-7 | A=6 A-5 | A-4 | A-3 | A-2 | A-1 | A-0

NIBBLE 4 NIBBLE 3 - NIBBLE 2 NIBBLE 1
BLS BYTE 2 BYTE 1

Thus the decimal number 128 would be represented in bin-
ary like so; 1000 0000

To read a binary number simply add up all the weighted
8




values for each column in which there is a "1'",

Since binary notation takes up a lot of room on paper,
making it somewhat difficult to work with, another system has
been devised called HEXADECIMAL. (Decimal (10) + Hex (6) = 16).
One of the requirements of this system was that it should neatly
take into account an even, and not too large number of bits from
the binary system in each of its columns. This is so one can ea-
sily visualize the binary form of the number. (Binary notation
is sometimes used to represent other entities besides numbers)

Each column in Hex has a limit of 16 seperate digits.
This means you count from 0 to 16 before moving to the next
column. (see fig. 1) The numbers from 10 to 15 are represented
by the letters A thru F to fill the other requirement. (One
neat character per column). Each half byte is called a nibble,
and can thus be represented by a single Hex digit.

Fige 1

Decimal Binary HeXx Decimal Binary Hex Decimal Binary Hex

Oueeosse0000,..00
leaseesa0001...01
24eeeeeses0010,..02
3eeoeses0011,..03
Ao.--ouaO]OOooool"

Beeeeeee0l10,..06
Jeeeaaes0111,..07
84eeeeeesl1000...08
Geesoosoal001...09
10cco0oesl010.4.0A

Tleeoosossl011.,.0B
12400000110044.0C
136000001101,4.0D
Theoeoooall1100000E
15¢000eall11...0F

500..0.-0]0]00.05

TWO's COMPLEMENTS

HTwo's Complements'' representation was created as a
means to facilitate binary addition and subtraction of positive
and negative numbers. It is also the method used internally in
the Z-80 to perform certain types of jump instructions. This is
because Two's complements math is also much easier for the
electronics to accomplish in a negative jump. (A backwards
jump in a program).

What are "Two's Complements''? "Two's'...because the
base, or radix, is Two (2). And “"Complements''...because the
plus and minus versions of the same number complement each other.
That is when they are added together they will add to zero.
There are always a given number of maximum bits used, because
what we will call adding to zero, will actually be "overflow'.

Note that given a certain number of bits, one(1) more
than half of the possible numbers obtainable must be labeled
negative numbers. Why one more than half? Because there are
always an even number of possibilities, but "O" (zero) can not
be included. This may sound complicated and ridiculous, but
things actually work out quite well, as you will soon see.



Look at the table in fig.2. Notice that given 4 bits
the plus(+) and minus(=-) numbers from -8 to 7 can be represented.
Given 8 bits the range is =128 to 127, and with 16 bits the
range is -32768 to 32767. The Bally only ''seems' to go only
to -32767 because of an overflow condition in the math handler
in BASIC,

Figs 2
Dec. Two's Comp. Dec, Two's Comp.
JeoeosO111 “leosllli
6.-..01]0 7 0]1] -Zouo]]]o
500..0101 + -8 ]OOO -30001101
4....0]00 =..] 1111 ‘4..01100
3eees0011 “5...1011
2....,0010 - -6...1010
1eeea0001 ~7¢..1001
0¢eese0000 -8...1000

What observations can be made about these strange
numbers?

A. First notice that all negative numbers start with
a 1", This is important to remember. Negative numbers always
have a "1 in their most significant digit. (Bit 3 in this case)

B. All the positive two''s complement numbers are the
same as their binary code. And if you turn all of its zeros
to ones, and all of its ones to zeros, it will always be the
negative version of that number minus 1.

Notice that if you add 7 and -8, you get -1, Now
let!'s add +7 and -7.

7 0111 This is the overflow condition which was
-7 1001 mentioned, and the reason we must specify the
= 10000 number of bits., This bottom number, which would

normally be 16, is actually zero because we are
only using 4 bits.

Now let's see what happens when we take a negative two's
complement number and do a bit reversal on it. Take the number
-3, It is 1101 meaning we would get 0010. This is the positive
number 2 (one less in absolute value). So you can see from
this, that to do a conversion from one to the other (pos.&neg)
you would first reverse bits, then ADD 1. Take the positive
number 7 again. Notice that if all the bits are reversed and
one is added to it, you end up with its two's complement -7,

One last observation is that the largest positive

number is always a zero in the most significant bit, with ones
filling in the remaining given number of bits,
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CONVERS!1ONS

There is one anomaly of the Bally Basic "%'" command
which must now be discussed. When the % command is used to
write a byte into memory, 2 bytes are always written into,
even though you can advance the address one byte at a time,

For example, if the number 255 is poked into the
memory, the location it was put into looks like this;
1111 1111 0000 0000. The following byte is automatically
made zero. However, when it is read, it is read with the
second byte coming first., The reason for this, (and there
is a good one), is to handle the Z-80's 16 bit math instruc-
tions using two's complements. This will become clearer
when you get to the section on 16 bit load instructions.
Let it suffice for now to say that the two bytes are swapped
on a read,

This means that to get a combined two byte decimal
number in the right places (byte for byte), on a write,
they must first be swapped before converting to get that
number.(One 16 bit two's complement decimal number) It also
means that any time you read a '"%'" position, you are reading
the combined two's complement value of the two bytes.

To demonstrate this better try the following program.

10 INPUT %(20200),%(20201)
20 PRINT %(20200)
30 GOTO 10

Now RUN and enter 255 and O. VYou see that you get
255 which makes sense.

Now enter 255 and 1, Notice that the answer you get
looks like this; 0000 0001 1111 1111, (read with "1" first)

Let's try to create a negative number now by making
the most significant bit a '"1", Enter 0 and 255. Notice
that this is the two's complement of 256. 1111 1111 0000 0000
Or what is actually there, 0000 0000 1111 1111, (add 1 and
sign negative for two's comp.)

Now we will get into some conversions. First let's
go from hex to decimal., To do this simply multiply the dec-
imal value of each hex digit by its weighted hex column value.
Then add up all the results from each column. (see Fig. 3)

Figos 3
Nibble 4 Nibble 3 Nibble 2 Nibble 1
Column 4 Column 3 Column 2 Column 1
HEX ''1"= HEX '1"= HEX "1''= HEX "1t=
4096 256 16 1

i1



Take the byte FB for instance. This is simply F(15)
x 16 + B(11) = 251, Enter this number into the preceeding
program. Now convert the byte C9 to decimal and enter your
answer as the second value. You should get the decimal
number -13829.

Now convert the whole two byte value FBCY into one
16 bit value by hand. To do this remember we must first swap
the two bytes so it becomes C9FB. Do this on a calculator
as follows;
1. Cxk096=49152 and hit M+ (or writeit down)
. 9x256=2304 & M+
. Fx16=240 & M+
Bx1=11 & M+
RCM=51707 (or add the results)
. Since this value is over 32767, subtract 65536 to get the
wo's complement value, and you end up with the same -13829.

2
3
4
5
6
t

So if you must go from hex to decimal, do the conver-
sions one byte at a time, and let the machine do all the dirty
work, Here is a short program that will do this by simply
entering the decimal values of each hex digit in their nor-
mal order. (Enter 15(F),11(B),12(C), 9)

10 INPUT A,B,C,D
20 %(20200)=Ax16+B;%(20201)=Cx16+D
30 PRINT %(20200) ;GOTO 10

_ Going from decimal to héx is just the opposite. Don't
forget if it is a value you read by the "%'" command, your
answer is going to come out with the bytes reversed. Also
before doing this conversion add 65536 if the decimal number
is negative,.

So first we take the number =13829 and add 65536 giv-
ing us 51707, Now store this in the calculator memory.
Then divide it by 4096. Notice you get 12 which is ''C".
Now multiply 12 x 4096 to get 49152 and hit the M- button,
(First column solved and subtracted from unknown)
Now hit RCM and divide that remainder by 256. (Next column)
Repeat this process for each column value until you have no
remainder, writing down the answers as their equvalent hex

digit. Come now! You don't really think Hex is a curse do you?

Now for two's complements. With this we only have
to concern ourselves with a 1 byte value, since this is
important for figuring out negative jumps using what is
called a "Relative' jump. With this type of jump, a number
is specified in the second byte of the instruction , and is
called the displacement byte., This number can be from -128
to 127 (using two's complements) Note that with this type
of jump the actual address (destination) of the jump is not
specified., Rather the number of bytes relative to the jump
instruction location + and - is used.

12



This means that a segment of code using relative
jumps can be relocated to another spot in memory without
worrying about changing addresses. (If the section it is
jumping to follows with it, nothing being squeezed in between.)

First look at the charts in fig. 4. You will see that
the first memory location FOLLOWING the instruction, is the
starting point (0) for the relative count to its destination.

Fig. &

Backwards (negative) Forward jump

jump to loc. 00 to loc. 10A
00 p 245 FF JR,e (24)] 254 start
01 R 246 Relative 100 e (9) 255 with
02 0 247 count 101 €r--0----zero
03 G 248 4——numbers 102 1 here
0k R 249 for 103 2
05 A 250 second 104 3
06 M_s|251 byte 105 4
07 41252 of 106 5
08 3 {253 relative 107 6
09 JR,e 21254 jumps 108 7
0A e 1 1255 109 8
0B 0 10A 9
Decimal code for Decimal code for
jump to loc. O jump to loc. 10A
Z- 24,245 -- -- 24, 9 --

Let's say we want to jump back to 3 bytes BEFORE the
relative jump instruction. This would be the two's complement
(In 8 bits) of the number 5. The easiest way to find this
number is to simply count backwards, starting with 0. (The
first byte following the jump instr.) See! | told you it
was easy. Don't take my word for it though. Try doing a
few manual conversions yourself to test this out.

The two's complement value of =5 would be 251,
This would then be the second byte of a relative jump instruction
to get to the location 3 bytes before the jump.

Now what if the jump is a little too far to be
counting.backwards all that way? First, to find the relative
distance of the jump we must subtract. First take the address
of the NEXT memory location AFTER the displacement byte,
pos.0, then subtract the address of the destination. Sign
this negative, and that's your relative distance., To find
the two's complement number to use in the second byte ,
simply subtract that number from 256, Hard wasn't it?
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OPCODE ACTIONS
Applications and Experiments

LOADS

First let me mention that there is no need to memorize all
the different forms of addressing done by the Z-80. Whatever
form it takes, will be done automatically depending on the
instructions you give it., Just remember that there are diff-
erent actions on the hardwre with the varying instructions.

For instance LD A,D does nothing with the hardware EXTERNAL
to the Z-80., It simply loads its A register with whatever is
in its D register. (All internal) Whereas the instruction
LD (nn),A does a WRITE from whatever is in A, to the memory
location specified by nn., Another form of addressing is given
by the instruction LD A,(nn) , which will do a READ from
memory location nn to the accumulator.

Loads never destroy the contents of the register or memory
location being loaded FROM. Only the register or memory
location being loaded TO is changed. Loads may be used for
initialization, inputting data from memory to be operated on,
storing resulls or other data, or any other actions you may have
used the BASIC counterparts for.

Note that the form (nn) specifies a 16 bit address to a
location containing 1 byte of data in most load instructions,
The only instructions in which 16 bits of memory are operated
on are those involving PAIRS of registers. One example is the
instruction LD HL,(nn). In this instruction the byte specified
by (nn) is loaded into L, and the byte at (nn+1) is loaded into
the H register.

As is the case with most microprocessors, ALL 16 BIT DATA
SPECIFIED IN ANY INSTRUCTION 1S ASSEMBLED WITH THE BYTES IN
REVERSE ORDER. For example, let's assemble an instruction to
load the accumulator with the byte at memorylocation 20200.
We will use the instruction LD A,{(nn).

1. Find the MSB and LSB of 20200 (To be inserted in reverse
order for (nn). To do this we divide 20200 by 256. We get 78

(MSB) , with a remainder of 232 (LSB).
2. Assemble the series of numbers (3 bytes) starting with the

opcode for LD A,(nn) which is 58,

So the series of numbers to assemble this instruction are

as .follows; 58 opcode
232 LSB
78 MSB

Don't let this scare you though,as it is only given as an
example for the actual format that the 2-80 recognizes all 16
bit data in. The instruction may actually be assembled like
this; 58 opcode

20200 address

14



After the values 58 and 20200 are poked into memory, we must
skip over the byte that the 20200 overflowed into ( See section
on conversions) for entering following bytes in a program.

This is so we don't destroy the MSB of 20200,

Test this out now,to see that the MSB will be in the right
place. Load location 20200 with the value 20200.
%$(20200)=20200
Now PRINT %(20201) (pretend this 20200 is being used
as an address in part of a 16

bit instruction assembly)

Note that the MSB (78) has been automatically placed in
its proper position for the assembly of a 16 bit instruction,
Assuming the opcode for LD A,(nn) was at location 20199, and
its address Is at 20200, the next byte of the pretend program
would be at 20202. Not to worryl!

Now say we are reading 16 bits of data with an instruction
such as LD HL,(nn). The reverse rule also applies here. The
address specified by (nn) will take the byte at that location
and load it into L. Then the byte at location (nn+1) will
be addressed and loaded into H. If you stored two bytes of
data at location 20200(01) with an instruction such as LD (nn),
HL, and you then wanted to access only the MSB, it would be
at location 20201, In this instruction the contents of L
will be loaded to location (nn), and the contents of H will be
loaded to location (nn+1). KNOW where you're bytes WENT !?

There is no real reason why 16 bit data is handled in this
reverse fashion. |It's arbitrary choice by the manufacturer
and has become standard protocall. There are microprocessors
that handle 16 bit data with the MSB first.

0K! Now for an experiment. Load up the Machine Programming
Utility. (First program on side 2) The load is completed when
the screen turns yellow and it autostarts.

Here is a handy memory map of the variables, of which we
will use A and B as an object of our Load experiments.

Var.Loc. Var.Loc. Var.Loc. Var.LlLoc.
A...20078 leeo20094 Qss.20110 Yeoo20126
B...20080 Jeea20096 Reeoe20112 Zeoo20128 2952
Coees20082 Keoo20098 Seea20114 BCeoe20130 2422Y
Do..20084 L...20100 Teoo20116 FC.oo.20132 Z2$56
E...20086 Meooe20102 Ueoa20118 NTeeo20134 Z@05¢
Foee20088 Neos2010L Veoo20120 CXeoo20136 28060
Geeo20090 0.0.20106 Weoeo20122 CYeoo20138 292
Heeo20092 Peoo20108 Xeoo2012h XYeoo20140 2dfLs

RMeoo20142 28400

Press the 'x!' (multiply) to start you in the machine code
Enter 20200 as your starting address.

entry routine,



We will first try a simple load to the variable "A'" wusing
the instruction LD (nn),A. Whatever happens to be in the
accumulator will be loaded to location (nn), which will be
20078 (A).

The decimal value for the instruction LD (nn),A is 50.
Enter this number and hit "GO0", Now enter the address for
variable "A", Notice the utility automatically advances the
address for a 16 bit entry., Now to end the program and get
back to BASIC processing we must enter a RETURN (RET). Its
action will be discussed later. The decimal value for the
instruction RET is 201, Enter this and '"GO'. Now enter -1
to return to the menu. Hit the + and enter 20200 to run the
program.

Halt the utility and PRINT A, There it isi!

Since this is only a one byte load, any value over 256 which
is loaded into variable A ahead of time, (BY BASIC Command),
will have its MSB added to the accumulator. To test this out
try A=256 then CALL 20200 and PRINT A.

Now we will make this a little more versitile. Enter the
following BASIC segment first.

500 INPUT "ADDRS. "A "A" holds object address.

510 PRINT "=-wR, +RD. Select READ or WRITE function,

520 GOTO 520+&(20) Keypad director to proper routine.
524 INPUT “WR. DATA ",B If §(20)=4 LD, B w/WR. Data.

526 CALL 20200 then write data. (Fall thrud)

528 CALL 20207 If §(20)=8 just read to "B",

530 PRINT B;G0TO0500 Display data/Loop.

Now RUN the utility and enter the following machine code
starting at address 20200, (Hit multiply then enter address)

20200 42 LD HL,(nn) LD HL w/contents of var. A
20201 20078 the(nn) (var.A) Object add. of 1 byte Write,
20203 58 LD A,(nn) Load Acc. w/data to be written.
20204 20080 the(nn) (var.B) Holds data to be written.
20206 119 LD(HL),A WRITE Acc. to add. (HL).

fall thru read
20207 42 LD HL,(nn) LD HL w/contents of variable A,
20208 20078 (“A%) Object address of 1 byte READ.
20210 126 LD A,(HL) READ loc.(HL) to acc.
20211 50 LD (nn),A Load data red to VAR. B.
20212 20080 ("s8") OUTPUT address var. B,
20214 201 RET RETURN from CALL to BASIC.

What we have just made is a single byte read or write machine
routine. Unlike the "%' command, this routine may be useful
for reading a single byte (Without picking up the following one)
or writing into a single byte (Without destroying the following
one).
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Halt the utility and GOTO 500, To test it out try entering
20200 for your address, then hit the '"+'" to indicate a reed,
Notice that you just get the single byte (42) as you entered
it for the instruction LD HL,(nn). When this reed is done, the
program is called at 20207,

When a write is done, the program is called at 20200 and
simply falls thru the reed routine. It returns with the data
from the memory location just written into. This data veri-
fication can then be red from variable B, At the start of the
write routine, '"B'" holds the data to be written, and "A'" holds
the address to be written into.

To test out the write section first halt the program and
enter an arbitrary value into the "E'" variable. (Use a number
over 255) Now GOTO 500 and enter 20086 for your address,

(This is the LSB of the variable E) Hit the minus to indicate
a write, and enter 10 for the data byte to write, Halt the
program and PRINT E. The value you first entered for "E" is
now the combination of the 10, and the MSB of the original.

The write was done without destroying the following (MSB) byte,

It may be desirable to seperate the reed and write routines
from each other. This may be necessary to speed up the process,
or seperate and/or choose different BASIC variables. To do
this put a RET at the end of the write section., Choose the
addresses of your variables as desired. Of course you now
have to re-enter the reed section (20207 now has RET).

As you can see, one of the disadvantages of machine language
assembly without an assembler, is programs may have to be com=
pletely re-entered, changing jumps etc. just to squeeze in a
single forgotten byte. However the advantages of speed and

versatility make it well worth the effort. |If you use your
imagination, I1'm sure you can come up with a simple BASIC
statement to move all your bytes down to squeeze in one. |If

your careful to keep track of what your doing, and use the
relative jumps whenever possible, this will work out quite well.,
Vigilant proof listing, and pecil and paper, will always
prevailll

THE STACK

A stack is a section of memory which is set aside to temp=
orarily store the Z-80 registers while it uses the same ones
for something else. The starting location of the stack (bottom)
is set up with the instruction LD SP,nn. This is done by
BASIC on reset, and sets up to start from 20462. To save
registers in the stack PUSH instructions are used. The SP,
or stack pointer, holds the current top of the stack address.
This address points to the last byte PUSHED into the stack.
After initialization of the SP, it then takes care of itself,
pointing to the last byte PUSHED onto the stack.

17



Pushes work with register pairs, For instance, the instruc-
tion PUSH HL will do the following. First the SP is decremented
to point to the next LOWEST address. The H register is then
loaded into that location, The SP is decremented again, and
the L register is loaded into that address. To restore these
registers in the Z-80 again (After their use) POP instruc-
tions are used. For example POP HL first loads the L register
with the byte at location SP. Then SP is automatically inc-
remented and the H register is loaded with the contents of that
address, Then the SP increments one more time to point to the
next top of the stack byte.

CALL instructions also make use of the stack. The current
PC is automatically PUSHED after incrementing, and is subse-
quently restored when a RET is encountered,

The stack is used extensivly to save addresses when going
to subroutines, to preserve register values, or to just provide
more working space. Whenever a CALL is made from BASIC, it
is a good idea to PUSH all the registers you are about to use.
You can never tell if those registers currently hold pertinent
information, and could cause a crash if they are returned to
BASIC with different values. This is especially true of the
register pair DE, which holds the current Line number for
BASIC. It should always be pushed if its use is required.

Whenever a number of PUSHES are done, and a program
segment uses them, the POPS must be done in the reverse order
that they were PUSHED. This will properly restore the right
registers with the rigt values. Here is a hypothetical example,
PUSH HL-PUSH BC-PUSH DE==-(program segment)=-=-POP DE-POP BC-POP HL
(And usually RET) Using a different order for POPS can facili-
tate loading 16 bits from one register pair to another. Say
you want to load the 16 bit contents of DE into HL. These
two instructions will do the trick; PUSH DE POP HL The
contents of DE is not destroyed, the stack pointer ends up in
the same place it was, and HL will have the same 16 bit value
found in DE. Obviously the contents previously contained in
HL is lost in the process.

ALTERNATE REGISTER SET

The alternate register set may also be used when you're-in a
bind for register space, EXchange instructions are most often
used to access the alternate register set. The most powerful
and widely used EXchange is EXX. This instruction will exchange
the contents of the current set of registers BC,DE,&HL all at
once,and in a very short period of time, After execution of
this instruction all opcodes following will be executed using
the alternate registers for these three register pairs. As
with PUSHES and POPS always EXX again to restore the Z-80 to
its original state after using the alternate registers, As for
its use with BASIC, you must always PUSH the registers after
the EXX because BASIC is also activly using the alternate set.
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For example; Prog.=-=-=-EXX PUSH HL PUSH DE PUSH BC~--(segment
using alternate registers)=--POP BC POP DE POP HL EXX

Exchanges need not be done to simply reed the contents of
one of the alternate registers. Load r,r' will do a single
register load from the other set if the same register is spec-
ifiede LD A,A will load the current accumulator with the value
in the other one.

IN s and OUT s

Input and output instructions are associated with any 1.0.
ports which the Z-80 communicates 'through'. A port may be
thought of as a specific 1 byte code number which enables data
transfer to or from an external devi&e.(Orregw+erhnqdewce)

Wwhen the Z-80 recieves an input or output instruction, its'
IORQ pin becomes active, thus signaling the external unit, and
controling data flow on the data bus. Since an l.0.address,
(To a port), is only 8 bits, there are a possible 256 ports
(or devices) which can be activated.

1. The 2-80 places the device code (port #) on the -lower 8
bits of the address bus. (The contents of the accumula-
tor is also placed on the upper 8 bits at this time)

2. If the instruction is an INput the RD (reed) pin is ac-
tivated. If it is an OUTput the WR (write) pin is acti-

vated.

3. The external device then writes the data supplied on the
data bus to a specific register associated with the port
#. (See 1.0. port chart pg. 5) This is an OUT or WRITE
instruction from the Z-80.

4, Or, the external device responds with a data byte from
an INput port. (A reed or IN instr.)

First let's assemble an output instruction. The instruction
ouT(n),A (2 bytes) means OUTPUT to port (n), FROM A, The opcode
comes first (211) and signals the Z-80 that it is to do this
output., Then it picks up the following byte (n), and uses the
supplied number as a port address. The''"A" means the data
supplied on the data bus (to be output) will come from the
present contents of the accumulator,

To output the value 133 to port 0, we have the following
instructions;

1. LD AyNeeeeeb2,133...0..L0ad acc. w/133 (or acc. may al-
ready have the number to be output.)

2. ouT (n),A..211,0...0...00 the output to port 0.

See if you can enter and CALL this program. Hint: Set &(9)=0,
and put an RET at the end. (Opcode 201)
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Input instructions operate in a similar manner. The instruc-
tion IN A,{(n) Will cause the value contained at port (n) to
be red to the accumulator. As an example, let's reed the handle
1 knob value.

1o« IN A,{n)eeeese219.....0pcode
2, (n).......-...28......Port for POTO (Handle ])

A value from 0 to 255 will be returned to A, depending on the
position of the knob. Try a 16 bit load to a memory position
that you can read when calling this. (Must be in machine por-
tion before calling) More examples of how these instructions
can be used will be found in the program descriptions.

CONDITIONALS ="IF s"
Conditional statements are implemented by instructions which
will do different things depending on the status of certain bits

in the F, or FLAG register. (See below)

The Six Flags in Register "F"

SIGN | ZERO %NUT’, HALF | NOT PARITY PEN CARRY
ot Hz" [“ysED.| CARRY | USED- OVERFLOW | (SUBTRACT) ne!!

The most important and widely used of these are the CARRY
and ZERO bits (Flags). Let's first take a look at the conditions
on which they are set or reset.

The CARRY is used to indicate a carry or a borrow after the
execution of ADD or SUB instructions. }f the result of an ADD
instruction is over 255, (Carry from bit 7), or less than 0,
(Borrow from bit 7), the carry flag will be set (Logic 1). It
will also be set by shift and compare instructions, depending on
the results of these instructions.

The ZERO flag Is used to indicate that the result of an oper-
ation was 0. Many Instructions will affect the state of this flag.
Remember, I f the result was ZERO, the zero flag will be set
to logic 1 (set, or on).

The sign flag indicates the two's complement sign of a num-
ber. It is always set the same as the most significant bit of
the result of an operation. (Negative number-sign flag=1)

Parity/overflow (P/V) is used for two purposes. |If the
parity of an operation is even, (Even number of bits), then it
will be set to logic 1. If the parity is odd it will be reset,
The number 0000 0011 has even parity, and the number 0000 0001
has odd parity. Also the flag will be set if the result of the
addition of two two's complement positive numbers, result in a
negative number,

Half Carry and Subtract flags are used in conjunction with the
instructions used for BCD arithmetic, and will not be used with
conditional instructions. (Condi tional instructions do not "test"

these two flags.)
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Now lets take a look at what the COMPARE (CP) instruction
does. The compare instruction always compares a given value
or register with the contents of the accumulator. The number
being compared with the accumulator is actually subtracted
from the accumulator, |f the compare is equal (Numbers the
same value) the result will be zero. This will set the ZERO
flag. (1) Niether the contents of the acc. or the register
you are comparing are destroyed in the process. |f the
number is greater than the acc., (borrow from bit 7), then
the CARRY flag is set. |f the number is less than the acc.
the CARRY flag will be reset.

This is a very powerful conditional instruction when used
in conjunction with conditional JUMPS or CALLs. It gives you
the functions of "“"IF greater than",'"IF less than'",'" and IF =
to, do'*., |t does this all in one shot depending how it is
assembled in the program.

Here is a hypothetical IF statement assembly.

"|F the Accumulator is greater than n GOTO nnnn"

LD A,n Get the value to accumulator. (Or it may already
be there.)
CP n Compare with a number by subtration from A.
JRC,e Jump relative if carry bit high. The carry bit
l will be high (set) if there is a borrow from bit
7. (A still less than CP number)

Program may normally fall thru here (A greater than- €P number)
and may be diverted with another jump instruction. Or the pro-
cessing to take place on Adn may directly follow the JRC.

You can see this assembly can also say "IF Adn fall thru.’
|f the instruction JRZ or JPZ were used, it would then jump
only on an equal compare. Dont forget, the number you are
comparing is subtracted from the A reg. (Keep an eye on your'e
flag conditions) Look through the Z-80 instruction set and
find all the CALL and JUMP instructions that may be used as
conditionals.,

Refer to the program you entered on pg./. This should give
you a good ldea how conditional statements were implemented
to detect the HALT button to stop the program.

60 INC the acc. by 1 (RAINBOW)

211,4 QUTput the value to port &

32,251 Jump Relative to the '"60" IF Acc. Not Zero yet.

219,28 INput the value in port 28 (Pot 0) (TIMING)

71 LD B,A store the value in B

219,21 INput the value of port 21 (Buttons in HALT colim.)

16,252 DJNZ Means Decrement the B register and jump IF
it is not zero yet (Wastes time here looping -

(HALT) black space - Time depends on value of pot 0)

254 1 CP n Compare the Acc. with a 1, which would be
the value in it if the HALT button was depressed

32,240 Jump relative if not equal. (Go back to beginning
i f HALT was not depressed.-A prob.0 too)

201 RETurn to BASIC (If it fell thru)
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INCREMENTS and DECREMENTS

INC's and DEC's simply add 1 or subtract 1 from the register
in the instruction. There are 16 bit and 8 bit versions, so
be sure you use the right one. INC HL is a 16 bit INC, and
INC A Is an 8 bit. INC(HL) will add 1 to the byte @(HL).

ADDs and SUBs

ADDs and SUBs are also either 8 bit or 16 bit. ADD r will
always add TO the Accumulator with the result ending up in
the Accumulator. ADD A,n will add the number n to the A reg.
SUB(HL) will subtract the byte @loc.(HL) from the Acc.

ADC Instructions will add to the acc. and if the carry bit
was set, will add 1 to the result. (ADD toA+ Carry bit)

LOGI CALS

The variety and uses of LOGICALs is too great to discuss
in any detail in this book. 25 pages will be dedicated to them
in a following course., |t is important however to basically
understand what they do.

The three functions are AND, OR, and XOR. Each bit of the
register or byte in the instruction is compared with the
corresponding bit in the Acc. A logical AND, OR, or XOR is
then done on each bit, and the result is in the Acc.

Notice that if you XOR A with itself the Acc. will be ZEROQed.
(Either bit but not both = XOR)

It is important to keep an eye on the flags (How they are
affected) to make good use of LOGICALs. The CARRY flag is
always reset, and the P/V SIGN and ZERO flags will be set
depending on the results of the operation. For example the
AND A instruction will leave the SIGN flag set if the Acc.
holds a negative number. Notice that ANDing A with itself
will leave you with the same number. (BUT/MAY AFFECT FLAGS)

Another use of the AND is a technique called MASKING.
In this process the number you are ANDing with may be just the

lower four bits for example. (0000 1111) (15) Your'e answer
will then be just the bits that are high in the lower four
bits of you're operand. It may be used to determine if a given

bit is on or off for monitoring an external device, or to create
bit patterns for pixel mapped colors.

OTHERS

Other Z-80 instructions include bit shifters,test,set and
resets, blok load;searchjyand outputs, and other miscellaneous
instructions such as NEG,HALTs; CPL, and DAA. Eating too much of
these for breakfast can be hazardous to you're health.

One delectable treat is the block load instruction LDIR.
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It will load a complete block of data of up to 65536 bytes
when it is executed. This may be handy for say copying a car-
tridge to memory. HL is initialized to the start address of
the block of data to be copied. BC is set to the number of
bytes to copy, and DE is set to the starting address of the
destination. LDIR will then load the byte @(HL)T® @Q, incre-
ment both HL and DE, and decrement BC. |If BC is not zero the
instruction repeats itself by decrementing the PC twice,
(LoaD-Increment-Repeat if BC#0)

Here is a copy cartridge (or other data block) program.
| f you have the Blue Ram it is handy to load this starting @
loc. 28672, (20220 or 20002 will do just as well)

243 Disable interrupts while doing this please.

245 PUSH AF

197 PUSH BC

213 PUSH DE Save environment

229 PUSH HL

237,75,20080 4L byte opcode-Load BC w/variable B (Byte Counter)
42 ,20078 (3) LD HL from variable A (start address—-source)
237,91,20082 (k) LD DE from var. C (Destination address)
237,176 LDIR

219,21 input Halt column

254,1 CP 1=~if so,

40,8 JR Z goto done (count 8-next pos. 0)

219,23 Input "GO" column

2541 cP 1—1f "GO,

40,231 JR Z Go set parameters and do LDIR

24,242 JR e Loop on checking buttons

225 POP HL

209 POP DE (DONE)

193 PQP BC

241 POP AF

251 El

201 RETurn to BASIC

To use this program first load the BASIC variables as follows;
A= Source address of data block to move. 8192 I _ -
8= Number of bytes to move 1°49°"ﬁ°96‘scm“3m5<5
C= Destination address (Move to?) 24576 (%)

Then CALL the address you loaded this program at, remove
the BASIC cartridge, and insert the cartridge to be copied.
Hit the GO button (Only takes a few milliseconds), then remove
the cartridge. You may now re-insert BALLY BASIC and hit the
HALT button., The program will(mqﬂ) return to you with any BASIC
program that was there still intact. (Useful for decomposing)

This is a handy utility for moving things to addresses
BAS!C wont reach. (Such as -30000) You may also change the
source of the variables for source,number ofbytes,and desti-
nation. DR.WHEN needs metamucil while his socks are drying.
Excellence interrupted and swallowed the universe., Tonight
Tim stops a kalatan ritual, andi..
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INTERRUPT PROCESSING

As you have probably noticed, the BASIC language may operate
independently from the routine that displays the colors,in the
programs on tape. Other processes that may be done with an
interrupt routine are; keyboard input, timers, music, and a
variety of others,

An interrupt may be described as any break in the main pro=-
gram occurring at random (To the the mainline) intervals.
During this break another routine is entered to execute or
update a specific interrupt process. The interrupt may occur
at any time during the main program, and is always initiated
electrnically by some external device.

Assembly of an interrupt routine will be explained shortly.
First you must learn a few important facts about the actions
that take place during an interrupt.

There are three different modes (Or series of events) that
the Z-80 can initiate after being interupted. These are [MO,
IM1, and IM2, BASIC initializes IM2 in the Z-80 on reset.
The Address Chip, (The interrupting device), is also designed
to operate using the IM2 actions of the Z-80.

The actions of IM2 will occur when the interrupting device
outputs a signal to the Z-80 called INT. The output may be
generated due to a variety of different situations occuring
in the external device. |In the case of the address chip, the
output may occur on a pre-programmed scan line, (screen INT),
or a light pen hit (L.P. INT). Light pen interrupts deal
with each seperate pixel timing (Faster) and are given priorit
over the slower scan line (screen) interrupts,

But getting back to simplicity, let's see what happens when
INT line is activated in |M2,

First the Z-80 will complete the present instruction it is
working on. The Z-80 will then expect to find an 8 bit number
which Is sent to It by the interrupting device, (This 8=bit
number may be pre-programmed into the interrupting device
through an (.0, port) This number is used as part of an add-
ress to VECTOR (send) the Z-80 to the particular routine to
service the needs of the interrupting device.

Now for the complete step by step process which | hope will
unconfuse you if you are.

1. The Z-80 is buzzing along minding its own business, doing

some BASIC program perhaps.
2. All of a sudden it gets to the end of some instructiun and

g41x1%7 (Detection of signal active (low) on INT line.)
3, So the Z-80 being in IM2, INPUTS an 8-bit number which has
been sitting there from the Address Chip. (LSB)
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4. The 2-80 then combines this number with the number in its
| register to get a 16 bit address called the interrupt
vector.

5. At this address the Z-80 expects to find another address
which is then the location of the routine to service the
interrupting device. This process of an address being found
at an address is called VECTORING. This is a very cute way
of forming indexes or tables of addresses which could direct

the Z-80 to many different routines for many different devices,

6. When the Z-80 enters the interrupt routine all the registers
are PUSHED or EXXed so the status of events in the mainline
are not disturbed., The registers are restored on INT rou-
tine EXIT.

7. During the interrupt routine many different actions may take
place to update the interupt processes. The external device
may recieve information which tells it when it is to gen-

erate another interrupt, the heart of the interrupt process
is executed, and certain FLAGS may be set or reset to
control program flow.

8. At the end of the interrupt routine is a simple RET instruc-
tion (After the POPs) and the mainline program is picked
up exactly where it left off.

Now let's examine all the software requirements and setup
of an interrupt routine

1. The ADDRESS Chips operating modes are first set upas follows
a. Interrupt mode for screen, light pen, or both
are set up through port 14
1. This is set up for both on reset,
b, The 8-~bit number which will be the LSB of an
xaddress is loaded through port 13 (INT feedback)
1.This must be done by user to provide start-
ing address of their routine.(@this adks)x
2.BASIC INT vector 2062H (To 20BOH)
c. A scan line # is loaded through port 15 to tell
the address chip which line to interrupt on.
1. BASIC intrps. @ line 200 only.
2. User routine may periodically update this.
2. The Z-80 must first be set up for its mode IMO,IMI, or IM2,
3., The | register must be loaded with the (MSB) of the inter-
rupt vector. (Address where routine address is found)
a. | normally set to20H (Addrs.Chp. gives 62H)
This VECTORS to 20BOH which is where NT decrment
FC BC etc. is done @line 200. L.P. vector is first
address preceeding this which is divisible by 16.
For more details on auto prioritazation of L.P.
see color tunnel program explanation.
b. | register reset to normal vector on :RETURN
c. User must determine | reg. value for hir routine.
4. The Z-80 must have also recieved the instruction El before
it will begin to recognize interruptse.

This completes the software initialization needed for

interrupt processing with the address chip. See program descrip-
tions and Port Chart for more information.
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COLOR TUNNEL AND ART INSTRUCTIONS

Load the prog. (First prog. side 1) and stop the tape as
soon as it RUNs. (Modifications follow) There will be a slight
delay while the machine code loads itself to the Line Buffer.
It will the come up with a multicolor display which will move
like a tunnel every time a set of line are drawn in the ART
routine. The keypad and Handle 1 have the following functions;

C) Holding the trigger down will cause the color tunnel to
keep moving. The knob controls the speed, (CCW=fast)
After releasing the trigger hold the joystick forward

wnich will cause it to go into a selection routine.
The joystick must be held until the tunnel stops moving.
While in this routine the JY & JX will control the

"resting position"of the colors. Left & Right for intensities,
Forward & Back for color shades,
Also while in this routine 3 buttons on the bottom row of
he keypad (shift keys) are active as follows.
The far right key (Words) will cause a random color pattern
o be produced.
The next key to the left (Blue) will cause the color
pattern now on the screen to be '"locked" in when this
routine is exited. (This is done by pulling the trigger)
The far left key (Green) will reset the colors to a x8

ormat.
é) If the random pattern button is pressed, and the program

is returned to drawing (By pulling the trigger) a random color
pattern will be produced automatically after every set of lines.
So to stay on one of your selected combinations hit BLUE

before pulling the TR. To cause random color pattern selection
Just hit WORDS and pull TR. (Without "locking'" w/BLUE)

NOTE: This program may be HALTED and re-run while the colors
are being displayed. To return to the program with those
exact same colors enter CLEAR;GOTO 140, You may even :INPUT
or:LIST while the interrupts are active! (Prioritized INT)
Try changing BC. (lts the black) If adding> 27 bytes :RETLRN

FOLLOWING MODIFICATIONS

HALT the prog. and set up for :INPUT. Then start the tape
and the modification for 4 lines per interrupt will be added
to the program. Stop the tape as soon as it RUNs., 1t may
take a while before you see any patterns due to the bkgnd.
now beig set to a single color., JY, JX, & buttons stll work,

HALT again and enter CY=39;;INPUT. The mod. for 77 colors
follows. This one splits the screen. After this has RUN, stop
the tape as one more modification follows.

HALT the proge. and :INPUT again.(NOTE: only the preceeding
modification need be entered to do this one) It is only a one
line mod. which deletes the color reversal instruction. Stop
the tape once it has RUN. This will now produce up to 144
di fferent colors on the screen at the same times
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COLOR FORMATTER INSTRUCTIONS

Please read and do the following procedures to farmiliar-
ize yourself with its operation before using it to add colors
to one of your programs.

1) Load the formatter. (lgnore ? & other garbage in line 1)

Stop the tape and wait for autostart. (It first loads dummy
numbers for scan lines,colors then 'boots" the machine lang.
down from line 1 to 20196 and then CALLs it)

Q} The '"B'" in the upper left corner is your prompt to start
entering numbers for the horizontal color bar widths down the
screen, The red line starts at 0 and the numbers go to 250.
This is where it overlaps again at top with pink.

Enter 0 and "GO'", then HALT the program. Notice BC will set
the color that is now white. The two thin lines at the top
can be described as follows; The top line goes from -1 (255)
to 0, and is wider than 1 scan line because these lines
cannot be programmed into the Address Chip. The second line
determines minimum distance (width) between interrupts. This
means the minimum distance (Time it takes to run interrupt
routine)is 5 scan lines.

RUN the program again (Or GOTO 20000), enter 12 & "GO'"'

Now the first line has been extended from -1 to 12. Now hit
88 ¢ GO. The width of the second interrupt line has been made
to extend from 12 to 88. This is approximatly one half way
down the graphics area. (Two scan lines per pixel)

Try entering 92 to see what happens. That line number is
less than 5 from 88 so it is unable to intrpt. there. It con-
tinues past 92 and causes a flicker as it goes all the way
around again to 92. (Alternates between 88 & 92)

C) To correct this "mistake' enter 250 and hold down TR=1
while you hit "G0"., This backs you up to 20004 where you can
now enter a different number. Enter 180. Remember, any time
you make a mistake enter 250 & GO while pulling the trigger.
DO NOT BACK UP PAST LINE 1 @ 20002)
@) 250 is the limit number at which no further scan lines can
be entered. This number is automatically entered by theprogram
each time a line is entered so the program will reset and
start at line -1 (255) on every scan. (Any line over 249 is
detected in the program causing it to reset the line start
and color start,)
€> Now halt the program and GOTO 20050, This is the routine
or entering the horizontal boundaries and colors. The horiz.
boundary is entered first, and is indicated by the HA" in the
input sequence. Enter 20 & GO. Next is the right side back-
ground color (B). Enter 133 and GO. The rest of the 5 entries
are as follows; "C" Left bkg. color (enter 0) "D'" Right fgnd.
color (enter 0) '"g'" Left fgnd. color (enter 4) You are now
on A again which will be the horizontal boundary for the next
line.(Next patch of colors down the screen)l f you make a mis~-
take you may back up as before. Hit any number and hold down
the trigger while hitting GO, The rest of the screen may now
be formatted. GOTO 20020 to re-enter line numbers if desired.
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10.1f you have approx. 30 sec. of tape to experiment with,

try the following; After the colors have been set the way

you want them, HALT the program and set NT=0. Then enter

GOTO 20080, start your recorder on record, and hit any key.
Some regiisters are dumped followed by a line 1, and then the
machine language and colors., This line 1 is what is added to
your program along with the machine code which is directly
loaded, Stop the tape when it's done dumping, reset the BALLY
and re-load what you just recorded w/:INPUT., (Wait for colors)

ADDING COLORS TO A PROGRAM

The program which you are adding the colors to must have
at least 74 available bytes for the line 1 which loads the
machine code and colors. Your program should be loaded first,
and if there are string elements, you must add a dummy linel
w/exactly 71 characters and then re-record it. This will pre-
vent the string values from being destroyed when the line 1
is added at the end., The formatter itself needs 552 bytes in
order to run concurrently w/at least the part of your prog.
which will produce the graphics or printing to be color
formatted., This is only to set up the desired colors for your
format. Once you've selected your setup, the 74 bytes for this
selection will be added at the end of your prog.. The formatter
will use line 1(Not the same one) and lines 20000 thru 20100.

C) First load your prog. and make room for the formatter by
eliminating lines that will not affect the graphics.
You need at least SZ=552 for now.

Load the formatter and HALT it after the colors come up.

RUN the part of your prog. which will poduce the graphics
to be formatted. NOTE: A :RETURN will turn off the colors,
but you can re-start them again with CALL 20196. DO NOT ENTER
MORE THAN 15 CHARACTERS OR USE THE TAPE RECORDER WHILE COLORS
ARE ON, & DO NOT CALL 20196 IF YOU HAVE PUNCHED IN MORE. THAN

CHARACTERS. FORMATTER MUST BE RE-RUN (GOTO 20000)

Now GOTO 20000 and set up your colors as described in the
preceeding section.

After you have selected your format, put the tape with your
program on it (Now set exactly at the end of your prog.) in
the recorder,

@} HALT the prog. and GOTO 20080, Start recorder on record

and hit any key. When the dump is finished your program is

ready to be reloaded with the multicolor format being auto-
matically loaded at the end. WAIT FOR THE COLORS TO START

BEFORE STOPPING THE TAPE WHEN RE-INPUTING PROGRAM,

BEWARE!! The tape buffer is used to hold the interrupt
lines, and if they are destroyed you may have problems get-
ting the word in edgewise :RETURN. Re-initialize the first
two line values as follows; %(20002)=10;%(20003)=250

If the tape recorder has been used with the colors
running, the whole program may have to be reloaded. You may
enter line values manually as follows; Starting from 20002
enter 3(2007?)=nnn-1536, which equates to adding 250 after
each line number.
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COLOR SCRIBBLE And RECORD

This has been made a seperate program. (Side 2 following the
MPU) Load program ignoring garbage in line 1. (Same machine
code used in color formatter)

C} When the screen turns yellow stop the tape. A red line will
appear at the top of the screen when the machine code starts up.

Refer to the keypad overlay diagram while doing the following
steps. Push forward on joystick 1 to move the line down like a
curtain., Pulling back will move it up again.
@) Pull the trigger only until you see the next line appear. If
you should pass it up by holding the trigger down (Or if you
make a mistake) hold down the LIST button and this will back
you up to the preceeding lines., You may now continue on down the
screen setting up lines wherever you want them. You may return
to this routine to change line positions at any time as will be
explained. Or you may prefer not to start in this routine, but
in the scribbler routine as follows,
@) To get into the scribbler ro%tine

Back hold down the far left button. (At
/Up least two seconds so it is detected.)
""" T T T AT T 8. ar This routine will operate similar to
(igﬂL_J:L_J;[:]' RﬁhiﬂC the onboard scribbler., Turn the knob
———F—LeFtBC to get different size boxes, use the
;[_J joystick to move the cursor around,
. and pull the trigger to draw or erase,

; - « ““Rﬁh*ﬁ— Turning the knob fully clockwise will

Elf[:]:[:]i[:] allow you to move the cursor faster.

; : f 1eft PC G)When moving from one routine to the
[:[r[:]:[:]‘[::] (Cowr ) other across the bottom '"control®
j ; } Colomng buttons, move from one to the next in

order,one at a time. Hold down the

‘E Hil EE’*&){:QPJ}&PQ red button (scan lines) then hold

down the blue button (colors). Now

N 5elect Color &
\L_ﬂ_____H°”=~B“”d- you may select 4 different colors &
Scan line setup

he horiz. boundary for each INT line.
TORSWB-BI:ER Hold the JY to the left or right to
oUTINE move the horiz. boundary. The buttons
on the keypad will now select the colors on each line as in the
onboard scribbler., See KP diagram for functions of each button.
You have left and right background, and left and right foreground
for each line., |If you should accidentally hit the HALT button
enter L=C;G0TO 250 and this will start you back in the scribbler.

To set the colors on the following lines down,pull the trigger
until you see the horizontal boundary from the preceeding line
appear on the next line. The color buttons and JY will now
be active on this line., It is helpful to have the horiz. bound.
in a different place when moving from line to line. |If a mistake
is made hold down the LIST button to back up as before,

Now push the JY forward while moving to a different routine.
This will put you in the routine for changing FC & BC. JX left
while turning KN controls FC. JY forward or back controls BC.
Releasing the joystick will lock on the selection and you may
return to any of the other routines.
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C} It will take about 5 min. of tape to record the complete
screen picture and colors. Put a fresh tape in the recorder
and start it on record. Move across the bottom control buttons
until you hit WORDS, Pull the trigger and the the dump will
begin. The colors are turned off during the dump, and the
upper left corner of the screen will be destroyed. This can

be repaired when the picture is reinput, as it comes up in the
scribbler routine, Dump is complete when colors return.

(@. When your sure you have a good copy HALT the program and
PRINT FC & BC, and keep a record of them with your picture
tape. To input the picture again enter your values for FC &
BC, and then simply:INPUT, and start tape on play.

HACHINE PROGRAMMING UTILITY

The following is a quick reference guide to operating
the MPU.

(} + LISTs the machine program from "S" (Starting address).
This is set on entery to the programming routine (x). Holding
down the 8 key will back up the listing by 1, Other keys in
the PAUSE column will make the listing jump back by a greater
amount, Holding down the blue shift key will replace the
binary readout with the 16 bit "%'" value (Two bytes) (Addresses)

x Enter machine code. Enter your starting address, then
enter program byte by byte. Address will automatically incre-
ment by 2 if a number over 255 is entered (Addresses). If a
mistake is made while entering code, remember the address you
made the mistake on and enter -2 and GO. You may now enter
this address , make the correction, and continue. To return
to the menu enter -1 and GO. (This will not cause a write)

- Move prog. to line 1. This will move the (Bytes+1) of
your prog. to tine 1. (periods) (Loads from S to%l) This
should be done when HALTing a prog. to enter a BASIC segment
if there is a prog. in the line buffer., To re-copy prog. from
line 1 to the RUN area(buffer), set X=0 before re-running
utility. BASIC segment must not destroy S or 1.

4} + Enter and CALL address. To RUN machine code without
HALTing the utility. Enter CALL address and GO.

(%} = Dump to tape. This routine will dump an auto loading
oop and the machine code from S to5+I to tape.

1 Hex to Dec. Enter 4 digit Hex code. To return to menu
enter 4 digits and quickly hit WORDS,

2 Dec. to Hex. Positive numbers only. To return to menu
enter a negative number and GO.

Familiarity breeds contempt, so load the futility and per-
form the following exorcise.

Press the + key. The program will (Fm+hFqu?) list machine
code starting from 11822 (In BASIC ROM- value of two periods)
The periods in line 2 will normally be used to store the start-
ing and ending address of your machine program, When the prog.
is first RUN (X=0) the S variable will be set to the starting
address found in line2, and if there is a legitimate ending
address, the program in line 1 will be booted to the RUN area.
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“The format for the listing is as follows;
Decimal address-Hex address-Decimal data-Hex data-Binary or 16bit
11822 2E2E 32 20 (%) Dec.
Holding down the BLUE shift key will replace the binary readout
with the 16 bit "% value. (For addresses) To make the listing
back up hold down the ''8" key. Other keys in the PAUSE column
will back up the listing faster, 8x~-1 5x-3 2x-7 0x~15 and red
shift x~31 To get back to the menu while in LIST mode hit the
WORDS key. For Hex to Dec. conversions hit the number 1 key.
Enter a 4 digit Hex number (Try FBC9- =-13829) This gives you
the legal 16 bit value to enter w/%., (Puts two bytes in proper
perspective) To return to the menu enter 4 digits and quickly
hit WORDS. For Dec. to Hex hit the number 2. This routine
will only work on positive numbers., To return to menu enter
a negative number. Now hit the x key. You are prompted to
enter an address to start entering your machine code at. 1 f
you are not using external RAM you must use one of the free
areas described on pg. 6. (Such as Line buffer) The number
you enter goes into the "S' variable and & refered to for LIST,
DUMP to tape, and STORE in LINE 1. Enter a starting address
of 20202 and enter the following program to help demonstrate
the other features of the utility. If you make a mistake enter
-2 and GO. Then enter the address you made the mistake on and
continue entering the rest of the numbers.
20202 213 20210 33 20218 216 20226 19 20234 230

20203 197 20211 ok 20219 26 20227 16 20235 241
20204 229 20212 65 20220 174 20228 24ke 20236 225
20205 245 20213 17 20221 230 20229 13 20237 193
20206 1 20214 128 20222 170 20230 32 20238 209
20207 O 20215 66 20223 174 20231 243 20239 201
20208 1 20216 1 20224 119 20232 193

20209 197 20217 10 20225 35 20233 16

Now we want to enter a BASIC segment which is going to destroy
all the numbers you just entered in the line buffer. You don't
want to do that do you? So first enter a -1 to return to the
menu, then hit the - (minus) key. This will store the machine
code in line 1 of the utility. |t can then be reloaded to
the line buffer (RUN area) as will be explained. When the menu
returns, HALT the utility and examine lines 182, Notice the
machine code (garbage) which has replaced some periods in line 1.
The characters in line 2 are the starting and ending addresses
of the RUN area. Remember to hit the minus key whenever using
the utilty w/o external memory. (For use of line buffer)

So now enter the following BASIC segment.

500 CY=-32
510 FOR A=1TO0 26 ;TV=RND (26) +64;NEXT A
520 CALL20202;G0TO 500

After entering this, set X=0 and RUN the utility again.
X must be set to zero to cause the utility to load the machine
code from line 1 to the RUN area again. Wait a few seconds to
make sure all of the code has been transfered, and then HALT
the utility. Now enter goto500 and watch the full character
9 line scroll for pixel shared do its thing.(Similar to APPLE)
| will leave this one to you to figure out.
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You may now record the machine code by recording lines 1
& 2, the initialization for starting and ending address,
(Line 270) and the loader to the RUN area.(Line 250) 0Or you
can just record the whole utility, and when it is re-run
(X=0) the code will be automatically booted to the Line buffer.
You can also use the dump to tape routine which will simply
load back into the Line buffer directly when it is re-input.
The lines of interest in the utility for program storage
in linelare; Line 140~-moves prog. to line 1. 1 is added to
each byte before it is poked in line 1 to keep a CR from
being detected. (Decima) 12 netallewed Lo Line l.g+ov‘uge)
Line 150 moves prog. from Line 1 to RUN area. 1 is again
subtracted from each byte to get the correct number back.
In line 270 the -24573 is the first byte which is used for
program storage in Line 1, and the -24471 is the address where
your starting address is stored in Line 2, Line 1 can hold
98 bytes of data and has 99 periods in it initially. (+2 bytes
for Line # = 101 + CR = 102 bytes total)

PROGRAM DESCRIPTIONS

All the programs use similar interrupt structuring, with
the exception that some do not have interUpt prioritization
capabilities. (Between Light pen and Screen) Since the tape

buffer is used to hold scan line numbers in the Formatter,
and the onboard Light pen routine is the 300 baud input,

an :INPUT or :LIST will destroy the scan line numbers there,
(BASIC Light pen interrupts not allowed)

As was mentioned the two interrupts which are possible
with the existing hardware are screen and light pen. Since
both tape input or Light pen data must be presented to the
processor rather immediatly, the light pen INT is designed to
take priority. The way this is accomplished is the address
chip will re-interrupt the Z-80, and this time (Light pen)
will send back the LSB minus the lower four bits. (The lower
four bits of the interrupt feedback number are made zero.)
This automatically sends the Z-80 to the first address back
from the interrupt vector which is divisible by 16, At this
address is the address of the routine to process the Light
pen interrupt,

Refer to the Color Tunnel machine language listing.
Looking at the address 20208 you will see the number 3438,
This is the address of the Light pen processor (Tape) in
BALLY BASIC. The address 20208 is divisible by 16. The
next address,20214, is the address of the start of the
screen interrupt routine which produces the colors. Note
that the Light pen interrupt routine address may be different
in different versions of BASIC. The important one to know
is the normal SCREEN interrupt routine address. This is
periodically CALLed in the interrupt routine so that the
NOTE TIMER can be decremented when entering data from the
keypad, |If this routine is not periodically CAlLlLed the
machine will hang up due to the note timer being at a value
other than zero, and not being decremented. (This is done
in BALLY BASICs SCREEN INT processor routine € scan line 200)
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In the Color Tunnel program this "“normal' processor routine
is called at a time when screen interrupts are finished for
one frame. | call this SCAN RESET time. The reason it is
done at the bottom of the frame is because the FC & BC are
also set during BASICs normal interrupts. (Would show up

on the screen in the wrong spot(s) ) In the Color tunnel the
CALL to the BASIC screen interupt routine is done at 20237
(CALL 8368), and the reset scan sequence starts at 20229,

COLOR TUNNEL

Starting at 20142 (Tape buffer) is the interrupt initial~-
lzation process. First the MSByte of the interrupt vector
is Joaded to the Z-80s | register (via acc.) The INT feed-
back number (LSByte) is loaded to the address chip via port
13, Notice if you multiply the number @ 20144 by 256 and
add it to the number @ 20148 you get 20210. Location
20210 is the interrupt vector for the color routine. (The
address 20210 is the start address of the interrupt routine)
During the interrupt initialization process interrupts are
disabled, and re-e2nabled again at the end. This is because
if the Address chip did an interrupt right in the middle of
changing the interrupt vector, the Z-80 would end up in some
unbeknownst area of memory trying to run code (Can be very
beautiful) This initialization routine is only executed
once at the start if the color tunnel., Thereafter the
interrupts send the Z-80 to the code starting 820214, Since
light pen interrupts are enabled on :INPUT or :LIST this
need not be done. Screen interrupts are also enabled on RESET
and at line 200, the routine will be diverted to the color
tunnel interrupts, and the interrupt lines will be changed
(When INT is to occur) thereafter.

The first thing that is done on routine entry is to PUSH
all the registers about to be used onto the stack. Then the
register pair HL is loaded with an address. This is the loca-
tion where the present scan line will be stored. The INC ¢
DEC do nothing except help clean up some of the pseudo hi-res
lines that appear due to the DATA chip not being able to
complete all the color L0's exactly at the start of each line.
(Timing only) The scan line number is thenadded to 14, which
is width of each color bar. It is then checked to see if it
has gone over 179 yet, and if so the programfalls thru the
RESET SCAN sequence. The first thing done in the reset scan
is to load the Acc. with the value of BASIC's "P" register.
This is used for the starting color (Top of screen next scan
cycle). HL is incremented to the next address which is used
to hold the present line color. (Scan line @ 20154 & Color
@ 20155) This address is loaded with the color from P at
20233, The Acc. is zeroed (XOR A) and 8 is subtracted from
it to cause the starting scan line (Top of screen) to be
slightly above the graphics area. (Acc. now holds new
start scan line for top screen interrupt) The normal SCREEN
INT processor is then CALLed in BASIC ROM, and the program
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jumps to 20278 (Done). The scan line is loaded to the address
chip via port 15, the POPs are done, interrupts enabled, and
it returns to BASIC processing. |If the scan line was not over
179, the program jumps from 20227 to 20244, This is where the
color generation is picked up again on every interrupt. HL
would be on the scan line storage address, and the Acc. holds
the NEXT INT line., This is then stored back for future ref-
erence at 20246, HL is then incremented to the color storage
address, and then a check is made to see if the present scan
line is over the point at which the colors should be made to
reverse, (Half way down the screen) If it is over 63 (HALF-
next) 8 colors are subtracted from A, and a jump is made over
the color increment. (& 20257) The BASIC segment modifies the
INC and DEC (n) values for random colors other than x8. At
20267 the colors are OUTPUT to the DATA chip. 4 intensities
¢#€ added on ¢ 20264 for the Bkgd. colors. (4 & 5) HL is then
Fa cked up to the scan line storage address and it is checked
fo see if it is on the last line., |If so 6 is added to the
line number for the last line to make it appear thicker like
the top bar. Then the Address chip is loaded with the scan
line number, and the interrupt is terminated.

COLOR FORMATTER

The interrupt initialization for the formatter is from
20196 to 20206. This is essentially the same as for the
color tunnel except the interrupt vector is now 20210. The
program starts at 20212 with the PUSHES, and HL being loaded
with an address. This address is incremented by 5 every time
the INT routine is executed. (5 values are OUTput from an
index - Colors and Horiz. bound.) 1t finds this present
index starting address (where to get the next 5 values) at
20048 with the instr. LD HL,(N¥} @ 20215, (Can be called an
index vector) The first value picked up from the index is for
the horiz. boundary., This is [paded to the Acc. and then
output to port 9, HL is incremented, the first color is picked
up and output to ports 0 &€ 1, The rest of the colors are then
output from the index in a similar fashion, all the way to
20246, This is where HL is again INCremented one more time
so it now points to the next set of 5 values to be output on
the next interrupt. This address is then stored back @ 20048
for reference on the next INT, HL is then loaded with 20000
which holds the present address where the scan line will be
found., The LSB is then incremented to point to the next scan
line. (NOTE: This increment on the address will only work in
a range of 256 addresses starting from an address which is
divisible by 256, The INC (HL) instr. is only an 8 bit INC
on the byte €(HL). This is important if you plan to move this
routine to external memory for more colors or multi-screen
formats) The scan line is then picked up and checked to see
if it is over 249, |If so (See 20257) the program falls thru
the RESET SCAN sequence. In this part the HL register pair
is loaded with 20201, so when the address @ 20000 is incremen-
ted it will point to the first scan line number @ 20002. This
is then stored at loc. 20000, Then HL is loaded with the
address of the very first byte in the color and boundary index.
This is then loaded back to loc. 20048, where it will find
the address for the top screen values for the next INT.
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The BASIC screen INT processor is CALLed, The Acc. is set for
the top line, and the top line # is loaded to the address chip.
The POPs are done and the interrupt is then terminated.

|f the scan line was not over 249 (@20257) the program
jumps to 20279. The Acc. will have the next value for the
next INT line, and it will be loaded to the address chip,
and the interrupt terminated.

BASI1C HELPERS

1. To get the single byte values from a 16 bit value read by
the ¥ command... First divide by 256 and print RM, [If the
RM is less than zero add 256, This will be your MSB, If
the quotient is less than zero add 255. This is your LSB.

2. To get the 16 bit value from two consecutive bytes...
First multiply the second byte by 256, then add this to the
first byte. If your answer is over 32767 subtract 65536.
Or simply poke the two bytes into two consecutive memory
locations and reed the first one.

3. To enter characters directly to memory while displaying
them on the TV use the following format;
10 FOR A=(Starting adrs.)TO(Ending adrs.)
20 K=KP;TV=K;IF K=31 TV=32;TVaK+256;A=A=2x(A>0) ;NEXT A
30 %(A)=K;NEXT A S~
This js vsed whan USing @ storage
4, To read characters from memory. (for dumping memory to tape
or to find the address of a specific character)

10 FOR A=(Start adrs.)TO(End adrs.) S+top any +ime and PRINTA
20 Tv=%(A) ;NEXT A and TV: 9 (A) o see where
yaur at.

5. To verify a tape from a section of memory it was just
dumped from. First always leave a short pause between the
loader and before the dump. Then stop the tape on that
blank spot and enter the following;

B=(Start adrs.);C=(End adrs.) ;D=20300;E=20301

:INPUT;FOR A=B TO C;%(D)=%(A);%(E)=0;IF KP=3(D)NEXT A
Start the tape and hit GO. If the tape is good the cursor
will not return until A = your end adress+i. (PRINT A when
the cursorreturns and see if it made it to the end)

6. To load a complete tape (characters) to memory so the whole
tape (side) can be recorded at one time
10 :INPUT
20 FOR A=(Start adrs.)TO(End adrs.)
30 Z(A)=KP;NEXT A
Start the tape on play and RUN the program. When the cursor
returns the pre-determined amount of memory from your loop
has been loaded (That's it baby) Find the seperation addres-
es between the programs (CR) (See #4 above) and add a time
delay here when dumping back to tape.

7. Single byte write using % (One line whammy)

M=Address of byte N=desired value
% (M)=((%(M)+256) x256) = ((%(M)<0) x256)+N

35



7L

*UTIBY [1233p 340w U PAasSsSNISIp J ANS09¢LELOT-=X OLb 3 dNS094CLEOE~=X OTE
ST STY] *48338m404 JOT0J AY3 UT S€ T aurg i 8ATI2® 3 gNG09¢LOSTT~=X 09 2 9NS094919E=X 0T&
03uT 3T 3n4 03} ST 443340ys yonw [1¥}s ST ale S34NIAa3UT ) gNS09¢8LBST=X 0V 9 dNS094eLrBT—=X 00E
UoTYM WELBOLL BY3 UT ARENBLET auTyoew ayj STIUR S3IRT 3 ANSO946TISYT=X Ov¥ 3 ANS094TL06=X 061
FUTL03S 4O Ren ajeulalle ue ¢ osly L1 ueyy adow J 4NS094TéE—=X OL¥ 2 4NS094TBLE=X 08T
NYNL3NS wayy | 18348 ou oq 2 ANS09416¥I=X 0TV 3 ANSOD4VEETE=X 04T
4035 01 *08TOT 1Y) WedE0Jd ayj UT WAy} J dNS094SETT=X 0TV 3 ANS0946081T=X 091
AUEM NOR 1AABUAYM &N SJO0T0J BY} FUTIQ OL\FZ/FZ-=(0S00Z)% J dNs09¢011Z=X 00V J ANS09¢SvE=X OST
‘09 LIH dNV dy0334 NO 3491 3HL L1avls, J 4NS09¢9£8=X 04 D ANS094GTLP-=X OFT
000T0L0940=1N¢INIMA? £¥YI] 483U *03 3T | 286=Z8 J ANS0946840L8=X 0OBE 9 gNS0H4EZOC0C=X OFT
ppe 031 YSIM NOR wWeldsodd 8yl Jo 2 dNS09ESYETT-=X OLF 009=240020c=Y 0CT
ade] ayl Jo pua ayjz o0} JaF uayjy ez oLy {dnusabu) x 2 9NS09¢Z465T=X 09¢ OTr 0109 011
*3T 118y <N BwW0I S40703 J dNS09¢86SST=X 0CF PET=(£)T4PCT=(Z)2 001
8Y3 UaYM pue JWeUFOJd AU UNY  NUMALINIZHY=YEX=(Y)IX 009 3 ANS09¢TZLOE=X ObE A LXINEX LX3IN 06
NMNL3NY 048 J dNS09¢0ZGTT-=X 0L£f FATHTATHACX XOFEESTAT4T-A4X X049 08
v 1XAN$(YIZ=AL406T0T 3 dNS09¢T10E=X 086 3 4NS094TYETT~=X OZTE £V ECeA4X XOFEETAGIASX XOT4T4V4G4A46X X0 0L
0100Z0Z=Y MO4¢.V IXAN$dN=(Y)Z 3 dNS094L92T~=X 04§ 2 ANS0949290E=X O1f Z1 4318BT1- OLI+Y-=X ¥O4 09
$0620C 0100C0C=Y HOH4«ININA0001 2 4Ns0948821T~=X 098 97 dNS0940G20T~=X 00¢ J-=i] 0%
‘wedgEold ayy J dANS004{EveST=X 0SS 3 dNS09¢9TrvI=X 062 G~ 43185- OLA=A MO4 OF
BUTUUNYG BTIOJFAQ AUTT STYY ppY J 4Ns09¢98Lk-=X OvS J dNS09¢TEY—=X 08E £=14GL=YiBE=A OF
*S4E}sS ay} medp 03 papaau 0 dNS0948TIPT=X OLC ¥ J dNS09¢ZTLYT-=X 0LZ 08E021¥] 0C
ade 00T NIY3 O SaUTT RIVD 2 dNS094¢46Z8ET-=X 0ES J 4ANS09¢0vB8T=X 092 0ZT ANS0940£T=I440=1N¢ HVIII§ NYNLIM: OF
*2318 40YSDEM LSIWER YITM asn 2 ANS09¢£04ST-=X 01G 2 ANS00¢4646£0E=X 0GC 4
104 ¢R1QE48PISUODT paUaZJIOYS aq 2 dNsS0e¢STeL—=X 008 2 dNS09¢ 1LY 0E=X Ot IPTATP=3 9Y14 NYIINIWY® ¢
RewWw welsodd STYY ¢ padsTsap Ji 2 ANS094TOVTIT—=X 04t J ANS09¢v04ST=X 0£C RI4T3TNW=Qq * T
32 4ANS004§46L0TT=X 08¢ J dNS0946LT0E-=X 0ZZ i

(CCBd @3St eeguYNO0Nd HIHLO HLIM ONISN 3H0439 ATINS3IYYI SNOILINMLISNI av3IM 3I8V3ITd

0GZ=(FL000Z)X40T=(F000C)X - BUTUUNJI-3] BL0Yaq SMO[T04 S8 ITI[ETJTUTISL/UT ST WEIFOUd J43}48 pasn ST adeq 4

jaAnTjoe aue NML3IY: 931NI3Xa asn 3de] J0 Sapueyd 404 awl) Aue 38 403s 0) lﬁemsmosa 40 jaed aocvoN0¢mlqunoomvN - BYZI=ZS
S3dnadazur ¥ IXNS(Y)IX=NL4940 OLU=Y HO449Y LXINI(VIZ=NL40TC+I 0L3F=Y HOA46E=A0¢. NN¥. LNIMJ 00T10T
arTym FTWIET-U=(T- D XED=(PL+UIXE NMALIML €Y IXIANEIN=M$9+0 010=Y H0O4¢ LNINISEY LXINSIN=(VIZ40TC+T 013=Y HO4T. ININA 0400E

s33Rq LT “eyy

ddn | of Jwn(l O6.=04,4F4 =4, 4040=04.40¢,=D INIUI¢ INIMA¢ INIMAIIN 41 0800C
atowm 1a3q3ua jou o]

¥ LX3N 0400C
854d 0L094T-Y=Y(TI)HL JI4G+(PGTA(O> (V) X) )~ (PETA(IETHYIZI I=(V) X4 LNANT P (HU=NLED=AD¢ d=XI¢599=H 0900

A4VL JOLS* ENNNENNNLIAN (0loof o) - punoq - + 540(6) +rd¥TOZT+D 0LI=V N0O4 0S00T
Y IXAN=(Y)X4PT+A=248T002 0L20002=Y HO4¢v-=4 ’ Y LX3N 0v00E
$1NANIS4Y LXANSA=(Y)IZICHI=T¢THEOT 0L9BZ0T=Y MO44cé=d 8240 0L094T-Y=Y(T)ML AT4G+9ECT~-=(V)X4d LAINI¢4Y INTHIEO=AD44=XT 0L£00C
NMY, +-vaun NOY (OFooy o) Sauy tdnvastut grduy g4 QLI=Y MO4 OZ00C

NJUTd dN. ONIWOD WOMA N3I3NIS 433N 01 (SH0T102) MIH4NA o ope@ (2901 Pre ITIVIEY LXIN THA=A4 T (V) X=(A) X ¥ BYYT- 0LELGHT-=Y NO4¢3=9 0T100C
3NITT OLNI ONY ¢ ONIM3INIITY 4N ONIHOD WOY4 N3I3FNIS W D=( QU+ M) LS T-0=(C~-M) ZE0b=94/LL-=4496T10C=F4C000C=11¢PBEOT=T¢ NINLIY! 0000C
433N 0L (S3ANIT NY3S) 4344Nd 3d4¥1 OLNI SH3IFHNN o Fpod BulwINW ‘i00E4i 01 $04.60i450i OVES$$$S00+0iILHOL T
AHWNT JY07T7 01 M3ILIYWN04 FHL SMOTI104 3INIT SIHL apTALP=

RI4T3TNW=q HRKOKOKCORDORIORDICOOE NILLVHNOA 400D 0Kk KKK
SONILSIT WeNO0Md DTEYH

DY on1g +dad
GHECE TP (W) oTsey < LXA 898 MY roTsey ATTEY TOLH 1YW+ 20188 045K
SLUOTIEIOTT *D004 *3UT TEWMLON



sGEAQUUnL @sayy Jo

AL Ouam

Lx

TTITT TT1IT1 OTOT OT10T TOTO TOTO 0000 0000 .ooo..ﬁﬁu IR ET VA IR XL R AN
GLLEE})EA4 3T SUTHENT] (LIt Tda«A% 3404 Jad) fHEUANTOD PalRUBISan Ayl aInpodd TTTM /Ry

LABII8 OQUT Pajqo-d adg sdaqundg 8sayl JI 3¢ =Ghe 9RE QIL0A4=07T 0RT 1X0R=Tg b OO ML=

(LUAaJIs 09 Davod JT) SJagqunN 4sel J0T0n ITEe)

— 3G 1Sow , =
A_d~mﬂ 1t Q3 g0 ssauppe) dwap adviuo 01¢ V1| hq pauasiour sl 0CE 01094V IXIN{dN=(Y)ZIEB66T OLVBEFT=Y MO4 OLE

Arapaos epod - Suole favks - dpatx(po OSZ 010943 TIVIEI=(PY+I) %4 T-d=(E-T) %4 9BOLT~=(0500E) % 09E
Sa0100 & Ape> FodUT NMNLIAY 4V IXINSIN=N49+0 0LT=Y NO4¢ LNJANI!EY IXININ=(Y)IZSOTT+I 0L3=Y MO4¢ LNANIIOT ANSD9 OSE

b SRR IS BT _ S3quang of vangay ~ 7ued OGE QLOOITIVI ObE

Saoronr aper duad ¥ IXINS (VI X=ALE4=XD40=A2494+0 OLd=Y MOJ$Y IXIANE(VIZL=NL40=AD§4=XD40TZ+T 0LI=Y HOd4 OFf

Kig dwng ¥ LXINSOOT DLT=Y Y044V LXINS(YIX=AL44=XD49=AD4£BE6T OLYBEPT=Y MOJ OTC

TOO00T o4 493utod gLpawi pray ¥ LXINE (VI X=ALE4=XT40=AD 6 T60ET— OLTZTET~=V NOA4T=1N¢ LNIMd} ¢4 NMNLIN: OTE

—_

423409 2dht Stasaa (NdNl: T ION YL uo dwap o OTA(TIYLHOOE 0109 00F

0ST 010944 LIX3N 06T
P puned X (0<X) 6L+ (0FX)Q0B-=X08< (X)SAY 41 08T

Ob 0L09(TZ)Z AT4E4dedeAX XOTSEAEA4X XOHE ((STTSCTINMITCTIACAB) +A=A ¢ ((SZT<CTINNIG(TIXIAB) +X=X 0LT
moap - 2715 vog 09T OLODED Ae44A6X XOH(TINL AT¢ (TIACHA=AS (TIXM+X=XE (OTHWN) 4+ T=0¢ZEI(BTTH(TINNI +T=d 09T
fruif puroa £ - doo| 394475 (0<A) A+ (03A)Ab—=AEY<(A)SAY JI4/9/EE 0L0=M H04 OGZ

04T 0109 OvT

awersiw L6171 G=T1=T1 0<7 4I1T=(0Z)% 41 O£Z

; Burasw 00T DLOG(ZE=(EZ)BI+(ZE=(TTITIH(ZE=(TTIBIH(EZE=(0ZIT) AT4b-T1=1¢Y LXIN OTT
dn prods 00T 0100088 AI(V)Z 414A LXINZAO OLT=A ¥04 OTC

49(93 435 (0 (1) %) AW~0+WANI (1 Z= (1) %4 (GET<0)GCEZ~ (00) AN+0=0¢ (O>WM) AN+I+HY=0HI (1) Z=004d 41 00T
Sanyna 4ng w5 A3 (PT=N)QT-(B8=N)AT+(¥=N)9B-(Z=N)A8=04 T+ 1="14 (V) 3=N4E£Z 0LOT=Y MO4 041

Ao poass- punoq H A OLT 0LODEA LXINED OLT=A HOJCTIXC AT¢C0>CDHZIAN=(HACO=r)) +P+HHAWI (D Z=( )X 08T
o945 qsnadpnoa “PUeorH GHT=T06E0ET ATCTIML JT4COHM) + (WM Ar=r ¢ (TIXM+r=r 0LT

4 00T 0109 091

43(39:47G ©1 OSZ 010O(£E)% 41 0&T

5oy dagur 0L OF 0L09(TTIT AL O¥T
34Y1 dJOLS* {NNMEOST=(L000Z)X40Z=(Z000Z) % 5o0i03 + Puned H o OZT 010D(TEIZ® 41 OLT

Y UXANEI=(V)IXEL+D=0404£02 0198Z0Z=Y¥ MO apIATP=2 Junp 3dnt ©of 00F 0109¢(02)% 41 OCT

AT4T3INE=9q i@y_uww;a OTT 0L094(THINN=IA(TIXF JI OTT

*NIVIE dN gNIWO0D WOMd N33INIS 433N 0L 79 1um tas Q0T 01094 (TINN=2G(DIAr dI 00T
(SM0T03) ¥344N9 3INIT OINI OGNV SONTINYINIITA

oV 0109 06
4N ONIWOD WOM4 N3IMIS 433N 0L S3INIT NY3S 00T 0109¢(TE)®X+((£S)?) dI 08

SUOT}INIISUT JOY & *Bd 8ag

vig£=2Z5
?80£Z-=(0S002)%L

¥344Nd 34YL OLNI SNITHNN AWWNT avoTl 0l Pristw 1517 0SZ=(T4S) Z4S+(MIB=T1 4 T-N=N$ [-6=6 (<§ JIT=(0Z)% 4I 0L
I¥OO3M ANY MYNT NOT0D 3HL SMOT104 3NIT STHL w ogrppoaur aned THPEGT-=(S)Z4SHI=T4I=(N)@¢ T4 N=N¢ T+§=5Tr+1>5 JTCTINL I 09
06 rads (03 (S)Z)AH-THWAWDI (§)Z=(S) X 05

§aus| “dupul 434Ul puo teofoy T4I=IGH (NI BT T4 (IHAM+I=1 OV
pratpucoa i o tfrur Jwel uere 08=§0=N¢{T=1 0%
Saore NAY Pun ognp 124t oot FTIYIEY IXANSTHA=H4 T~ (VI A=(A)XLEbBYYC~ OLELSYT-=V MO443=9 0OC
e NMNLIAMEO=ANSD=(Pb+ M) X4 T-U=(T~-A) LE0b=94LL~=449CC=H$D=T40=54946T0Z=34C000C=A498C0C=T¢ NMINLIM?! OT
02 0109401 dNS09¢ MY30 S
openr dMtvorvw ‘D i00FEL0i#0..60i450i s00#$$$80040i4HOL T
30K KK KK K KK 30K 3K K K K KKK OKOKKOK KK K KKK KK KKK KK K IM0J34 1INV IT19dIMIS N0O03 30K K K 0K KK K KKK KK 3K K KKK K K K K K KK K 3 K K %K K K X



!E
. 04f 0109 08f%
sSa4ppe PuUl=g+d4 4 SS3IPPE JIe}S T AUTT =4 W 0109020 4I¢ LNIMJ40BT ANS09¢4.=. LNIMJISOY-=XT48+A0=A040.. LNINI OLE
ARAUE LIBag T auUl =0 08¢ 0LO94I4S5=(Z+4)7% 09%
SJapeO] HI01d-133UN0)=9 W 0L094C—-=09T=(TE)8 4I 0&E

133uUN0o ssalppe 3S17=8 048 0109¢ ¥YIIB=(TT)3 4I OvE
@+4400 Of T— B3 ¢ nuam o) - 93 ¢ ereg=q 0Tz dNS09¢ MY3I1I8=(£T)3 dI 0%£f
S5a.ppe FUT}JeIG=§ 091 0L09¢ ¥YITIFT=(0C)3 41 0ZL
1233unos alRg=1 O£T 0L09¢ Yy¥3IIB=(0Z)8 4I OIf

433uT03 K4FUI=Y ObT dNS09¢ YYIIIY=(0£)% 41 00f
asoydTwas Rd3ul=x 0Z 01094 NYINIC=(0Z)>% I 06T
W 0109408 ANS094T1-S=0¢ ¥¥I1II=(0C)? 41 08C

I=X$0GT HNS09¢ () X=60=X ATTLbVvE—=dEELGtT-=0¢.XTH 01°030 Z. INIY4§.°330 0L X3H T. ININdé.349L 0L JWNT =« INIMA OLE
*SYIAY TIYD 3 HIINT +. ANIMIE.T INIT 0L'90Md JFAOWH -. ININLS,FI0D HIYW HILINI X. ININDé. LSIT +. INIMd4 092

0Ff 0109¢%.8 NOILIIMMOD. INANI{0=0Z-=0 FI40=IN¢ NMNLIANIS4 MYIID 96T

01T 0109 0%Z

W 0LO9(OZ)T HT6(L666T)% INIMA4Y LXIN 0£C

(VIDHPTX(T-Y)B=(DHL866TILT=HY FTECHY=DIN=(V) DBV - (FP<NIXL-N=N 0ZT

Y IXINS (OIY)IXZ-Y=Y 4 N=ALITE=ALTE=N JI¢éN=AL¢IN=N¢E 010=Y MNMO4 O1C

NMNLIYEBY+I=nL 00T

NMNLIYESSHTI=n16+T 41 04T

NYNL3NE <, . INIYJEH dNSO06HN=T4¢H GNSO4DTHHY=0¢H INSODEHENY=T4H ANS0D¢960v+D=11 081

W 01094Y IXINE(YIZ=ALE0U=AD4I+S 0LG=Y HOA4.LET=09¢ NMNLIYI Y IXINSINH(YIZEST4S40%4. 01.4S40%4,=Y MOJ. LINIMS 04T
Y OIXINITE=NL40E OLT=Y HO4¢ INIHJ!4dN=M4.A3N ANV SSIAU4--T4¥L INVIS. INIMA 091

NUNLINEO IXANETH0=04 T~ (M Z=(DM %4 (T+) ¥ 0L (D %=9 MO4 051

W 010949 IX3INETH0=04T4H (D) %=(0)%4I+S 01S=9 MO3 ObT

W 0109627TWI40.. LNJINI$.TIWD. INIML 01T

NYALIHEET=A16D IXINIZ+4=J6WY=F¢¢T40¢% ININA¢44d=3¢8 0LT=0 MOJ OCTT

08 0L09D40ZT ANS0948ZT=4 OTT

08 0L09¢(D)X4T# INIMI(TIZ)IZ AI¢(ZT)3-0=b 007

¢, o INIMAEH GNSOO4WN=U4H ANSOD4PTH+A=T4d=d4¢4, 0‘CH LININJS COHYIXHERY=T4W$ (D) X=0 06

NYNNL3N(02)3 414081 ANSO94 . x.4D0#% LININJ¢THO=D 08

0f 0109 0/

Y104 S3ILAG VEET BECEC—=(0500T) % 99v =128 THI=I M>1 4I4T+d=M 09
O3 (M) X)) XU-WXHE (M) Z+T= () ZW>T 41 0%

THI=1 ¥>I FT4T+M=M40d=()ZWH<d 41 OF

W 0109030 4T6d.. LAANIE4.=,48 INIMJ OF

[-=14S=(4)X4S=4¢5.653YNIY ONILYVLIS. LNINI OT

W 0L0949GE=HE06T=H 0T

st b e =

D I S R A O O R I R I A I A A R R R R N R N R RN RS RN A A LA A S A §

ARHOK KKK KOK KK KOK KK KKK KKK OICKOIOOIOKOOKIOORK XK ALITTILN ONIWWYHI0Ud INTHIVH 30000000k k0K OKK KK KKK KKK K KKK KK 3K O0K KK KKK KKK KKK K K K

X X X X X X < y
21 LT 81 (W) 4T 0c &e “W ¢W MW M%
R mh LE 6F ol 4 4% A4 0% mm @m
Aw 4—A L 08 58 06 Lé TOT £OT Owﬁ

P vl ahal 09T T471 081 £61 L0 1 TvE

d H L 2 v #0) 9 4 A 3 1

T1BATY SHb= (PTIR  *OTAIES0OA $€ HKISB0TD 68
GATIUBNYDALY BP0 [EES] aINPOLLaL 01 JTYI5 JLON



be

K :_oo¢

Boes

SAAN L4408, YD ysedd auty
LD 1 0at9 WO 440 PUnoOgt  cp LT TV
Grer oy WO J40 punoge e geaT e SAYWUYE T SN

BHaYY LTIV W8 Yourna) pue

Usedd

Usedr)

JeRTTEYy

&&ZL;QQZH......Q,Joqﬁ
whnvnv—ﬂwo + 4+ ¢ 4+ 32 e »0v.u.~

L@yatTul) e eg9y

ERY

T EC

a1

. J ANS09 ¢ 0=X
- 3 4NS0949051C-=X 0£L 3 ANS0H ¢V TE0E =X
J dNS0940=X 019 NMNLIMEZHY=VEX=(Y)X OTB 3 dNS094662cE=X 0L 7 HNS0948EEB8=X
NMNL13Y4SYTOTIIVI 008 3 dNS00¢SECT=X 014 80E0Z=Y
NOTLONMISNI 3HY4H0D WSHININ 9 dNS094428ET-=X 064 3 ANS094TévT=X 004 7 dNS004TOT=X4D ANS0HEL9CT~=
¥010J NIFYOS T/7 mwmmzwumuw 3 ANSD94£08GT-=X 084 0 dANS0D4TTTTI=X 069 I ANS094BLZTT-=X4D ANSO0HEEVELET=X
Xk0Kk §¥0103 ZvT ¥04 2 ANS0941TLE-=X 0LL 3 dNS09¢LvLT=X 089 9 HNS09498/b—-=X$D ANSOO¢GITYT=X
3 dAnsS09¢T1S0r=X 09 3 ANSOO¢£00T=X 0L9 018=24TVT0OT=Y
J 4NS0D4VELT=X 0GL 3 4ANSD94TLYOE=X 099 NMNL3N
- - - - -~ T T = = = = T Tt 2 dNS094895=X 0ov<L OTE 0L090=C(T)Y¥L AI4(B8A(TIAM) +d=dd (VIXC Hud=d
w mwmwwmmwwmum wwm 2 dNS094ckbIT-=X Ovs “ O=WZE=(TT)8 41
! = L J ANS094900vT-=X SE£S 042 ANS094T=WTE=(0T)3 I
’ mwwmwmmwwwmwwx mmm uummmwmmmmmmomnx o | 7 4nNs0949v8YT—=X 059 08T dNS09¢8=NZL=(£2)3 dI
oo o {8r96E-=X SI6 = 00f 0109(¢(TH>ML 4T
beT L= -
5 mmmmmmmwwmnmzx 00< 2 dNS0946£06=X OCZS | NNALTINEY LXIANEbHI=T4NF(PETA0> (D X))~ (PSTA(PETIUN X)) =D XL 0LT=M MO
FE96LE =X 569 J ANS09¢BETT=X 0TS | NNMLIYTv-$9GE(Z- M) % AT445T0C=I
J dNS09¢T6VT=X 069 1 ANSDOISTLOT-=X 50S | 9 dNS0O¢IST9=X OvH (56T) ANM=N
3 dANSOD4SEET=X 589 7 ENS094SISYI=X 008 _ 2 dNS0948vL0T-=X 0£9 ovi chom.oc ANS09
4 roe—= N
) mwmmwwmwmmmepm mww uummmmmw“mow:uw 06¥ _oeﬁ 0LOD(6L< (XHHAZ) SAYI+(6L<(9459Z) SHY)+H(EL<(A41RZ) SAY) +(LY(A+19Z) SAY) JI
: e o=e fC1Coe=X 0cv 0=8(0E<d~((A) SHY)IIH(0E<A~((d) §dv)) dI
3 ANS094TTE=X 049 Z= = -y o =X054 Y-
1 HNSUD:BEOEI-X 019 0T=(6)% | 0 ENSDOITIVYI=X 0T? 9 4NS09480T0Z=X 0ZS 0=X0G9~((X) V) a1
> 2 dNS09¢845EZ=X OT9 3 ANS09{E98UT=X OIS 0=Y0GIX-((¥) SdY) II
7 ANS094EEL6=X 085 ocs-ovs-0gL | - : =X 018 iy -
; roocLrE = 06G-0L¥ -0V I 3 dNsS094Eb0OTT=X 06&S 4 = G- (4) ANM=I{5~(6) ANY=H
3 ANS004950ET-=X 058 2 ANs09486b—=X 06Y
’ == } O dNS09¢8Z.B=X 084 3 ANSOD4TTLYT—=X S+(0T) aN¥=Z
*3313730 S3INIT ONIMOTI04* roc o8y P
4 _ 2 dNS094Er=X 0/G J ANSOO4EYOTT=X OLb T=dl=d 4IT=3 dI
2 dnsSp9¢89£8=X 095 3 dNS09¢VSTOT=X 09 C=47=3 JIf=d4 41
¥ 4mzu:w*mw“ommmmmozwwbmwwmwmmu*” I @nsootsrosT-=x 08 3 gNSOD{E£698=X 0SY T=db=d4 J1¢() ANN=3¢ (V) ONM=d
LLEE LS ; “u ANS09¢/450T-=X ObS 2 4NS0D¢5TL9-=X Ob¥ 00T dNS09{0=b0Z<H I¢T+D=0
3 2NS09¢66V0L=X OES 0/Z ANSO9W 41402 ANS09

(
M OIXINED4S~464 ANITEP4G-4Y ANIT4D4G~4¥— INITV 45408~ IANI4D46408-

9 IXANAT4d~44 IANIVE44A-4X INITEVN-40N NI4T V- ANITFEA4A4X-

00,

|

J dN5094vBLC=X |

J dNS094b6é6cE=X 069 1

J gnso9écasee=xX 019 i

J dNS094vE0ET—=X 085 |
J dNs09480G-=X 04V OvT 0L09¢0=H400T=d{0=X$0=V¢0%L dNS09¢PTT=0

3 dNs09étv1c0c=X 0cv _

|

X TIANNNL 400D MOd NOILVIOIATOOW %
KRk LANHYIEINT H3d INIT-¥ KkkX

NYNLIYT4Er 408~ ANITECivb—408— INI TV Vb—16L INIT
INI TG4~ INTITED4G4Y ANITEV4S446L ININES=D

¥ IXINS=9 ATTHT2 (M) -£¥=5
64 010=M ¥0A40-T1=04T+0-1=240=9

NMNL I

ANITEV 4NN~ ANINEF4d-49— INLIT4A4A-4X- ANI T 4A-4N- 3ANIT

F4g4y ANINEF4A4X ANIUV AN ANITEL-d=Nn4S-Y=N¢1+d=04S+¥=Y{ T+A=A¢H+ X=X

0C 0109(T)ML 4I4Z 01T=9 MHOA

NMN L3
00f 0L109CTHArM Al
0Z 0109¢(¥)H)dL 41

89/-d=déd LXANED LXIANS (TINM 0LBCT-=3 H04!8 431509/+4 Old=d H04
440=0840=1N¢

NMNLIYE 4 ¥93ITD
¥ 13NNNL MOTI0D X °

.
.

.

oLy
ocy
oy
00t
06%
o8g
oLE
09g
(0129
ove
oLe
o<
org
00%
062
08c
0sLe
09¢
05d
ovc
0g.c
oce
otc
00<
061
081
0L1
0971
o5t
ovt
(03298
oct
011
001
06
08
(74
09
05
ov
(3%
0

- MM Tino
el



ja

e

00%0 XbbAUrXELZOT™ :ﬁmo\ﬂwwqmdqi;xwﬂﬁmumu*cnm*mmu;Smom uuuuuuu BFT IAT H T T TTTUTESKIB k90 IVKOEE0E
.............................. 00%0 XEVIYKTSETOZ ™ "d®LL 3UTT U mwﬁ«udfxﬂvﬂou_;mm*omﬁ*cmuioomomwummﬁv.._w;qmu._glmqmiSqdn%;eu*maimouiummom
T TSR Yty T L1337 6IKTOTKTY AvK0GTOT ™~~~ =~~~ gy (7Y SOXS  XETAVX6GTOT 7 1¢£mq«a&mu¢ua!?ﬁq TG 3LX9E TRV O AV RBECOE
TSIIFUT B S GBAS ™ TG TAAKICTR T b K680 "~~~ FAIEFJoT o1 FTUTINT EAKTICKETAVKBSEOT [~~~ "~~~ "SIpg IAD """ ""37HOKTT XE0AKLEE0E
957 OEAPIST -JYFU™ ™" {d) OKET *0v Ab¥BBLOZ~ SBIYGH §o~ (F13730TE) """ () YOkt  XICAVRLLEOT [ IG5 T OIS F T H YIIBIKGE XSOV RPELOT
dIF7 383304 01"~ Y U)INT EIKTIZKIAC b KLBTOT ™~~~y IR LAJIAT ~ YTy LNU EAKTTIZTHOZ A k95C08 |~~~ DSUTANTG 2265 Yy QT dv 6L *TOIKGEZOE
;;;;;;;;;;; BT T T T T T U TB3KELTKIALAVRPBEQT T T T T T T T T T I TS =T g0k8 . k4T AV KGRZ0T TTTT T {00 UYIET T T Y OX AYVKSLTROOAbKVESOE
oM RY R T TUGGTACKE? KILACKEBZ0CT AT T T EA W TV G T WY ITIEKTY k3T kb S0z T 3HOIS PUG T EOH) AT LLK6 T TRALIKETEOL
|||||||||| BTY T TN LKL KIS BTOT T LTI IATE 9BA0 T T S TOXE  XITAvxEgzog |-t = T FIGm) T TTTaTTLOKL ¥ ILAVRECEOE
T A8 TR AL T T W T U T IAKLETKEE AvXEBTOT T T mgmﬁwwgo,xllu;qum;em XJTAVREECOTT ™" TG O35 PYISTM O YT U YATILHEY KAATVKIEE0E
___TARAGIETTIYRATT TG T30 KBL KYESVREBEOT T T TAGTOT BT “I0D TSV QT SLKIZIKATIVKISTOZ ] s SFU 553G F TIYSIV T T U TOTKEE KIATUKOTIOE
CTTTTTTIO S WASH T UG T ACKES? KGESAYRIBTOZT T RYH GO “ZTYOH "7 T (W) TE0KE  AVTAVKOSTOTT "I A SEROF ISP UL ™ T T U T OHKG L TRA ATV RS TEQE
A IRVHITMEN TSIYIRT ON T T T £ AKE b SABEAVROBEOE T _¥00T T YW LAQ ETKTTITKE T Iv X6V EOT | 3685038 FEAgudIuT MyS ™~ WU il 1IKS0TKY AW XBTLOT
||||| Y o UGPIoY "I Y 6 DK TOTKLEVRGLTOT [~~~ G e HOX AVKSLIRBT IV KBYCOT T~~~ 82509 J255F ~ "7 T TS TYOKOT K64AUKLTEOD
||||||| TSOUT TIPS T T Y A AR TSEX L AV KBLE 0T T ST O T UGS T3S SIT T T 5 90K XLV KLYTOE™ ™77 TIDAC FUATT 3T T SYLBLKIS ABATLRKPTS0E
lllllllllllllllllll ) IO TIKLETKEEIYRLLEOT ™~~~ " HAUITUES 766 L™~ 5 SYFBEXDS X T A KOVEOC ™ ™ T T T B AW UST USSETE T T T T TS T LAKEB KL ATV RGTEOT
»H@gz&;@:@ﬂ&%i%d&ﬁu*mmm*emuionmo%&pﬁﬂ@w&wﬁuﬂx MY IO~ 7 TF TEPKES XSTAVYKSYEOS T JOTWOHCY FB T ITT BT GH AN STRI ATV RY TIOL
|||||||||||||||||||| IV I TAKTYTXELIVKSLIOT ™~ WS F¢ W7 ST TGS AN SR T ARV Y EOT T T T T T T35S HEIFS ol S TN ECKGE XS ATbKETIOT
QOLIT [AGUY PND"SEIFAGY ™ (%)~ " J0XGT KTEAY AV LTOT™—~~~ = =068 50~ gy QT BLKOCTXETAVREPE0Z —~ "~ GRTANTT L IAIVES "G O LKL kb 30 kETE0E
||||| SULFAELGNY V() [AC™COkTITKIE AV KELTOT T ™~ By G100 GNAGTY Tou e~ (W] ~TOKT XCTAYXCYEOT™ ™" "1 $6d AT jo WPIAKY ™~ ~ U ~J0kVT *£AIVKTTTOC
|quﬂlmnwﬂ‘mmﬂﬂ:ﬁ.ﬂ.qum&m*m~ﬂ*omu:mmmomuwx:luulwﬁwlhmfwl;q.:?umaolmn*ﬁE*:l._v*:moc}:l TTToYow BT NOTUOY T AT AY 90KBATKEAIVROTECE
T r 3FGLSTAVTOL T AT TACKEY KAT AR TLEOT T NG~ sagEIs ~ ~ T T00%0 ¥O T4V X0V ZOZ YWl oF Jul 135 UNY "I T ATILKPE KT LIV X6080E
B NRGoWTA " W HITLYKTL *FTAVKOLEOT ™™~~~ ~~{X [AJ I T Y TOTIAG CAXTICKAO AL RKSEE0E ™™~~~ T HGyHSIy T T T 3rkBL *0JAVXKBOTOL
G NOTGI0E T Y YOX T AYRGLIKIC A KE9EOT T DATITARGEONY T OdT Av¥6L xF04bXBLEEOZT™ "~~~ INTREIEIY T U"3T¥9% *J4FIVKLOZOT
Rl . (A7) ~60%é *ITIYKBITOT 5~ a7 {56593 38V ~§T(TH Y (FT LLKETTRUOAbKLETOT ™~~~ SSHIIY ICOGST  UU™ATT ITKEE XIIIC AP0 0L
LTI =)@ gTW)In 0 SIKTICKAT A KLPEOTT ™" TTTHITHARTGL T T (VA A4 § STV ETS 34 ool o otk JON00%0 XIFIVKSOE0E
I AW 05 T T T T T TTIRLT KYEAVRPQTOST T ATIR 7T AT OAT Uk TEXHO A KGEZOT ™~~~ ~ "~ T JEHITI S4%S¥ S IILKY 00T
[ B GIVREH™FY ~ " UTE g~ ALKED K6TAVXG9TOZLT~——————— AUWPE TgET T 5 COXT  XYOAbKbEEOZ T T T TAHSUS SIKGEEXTTIYXEOTOT
J 2 S FPRRLLIAER 31:-HE 2 S 4 ol ot PIY 556 AONTTSTARFBEXIS X604V KEEZOT T TRSWMRYART AGS ™58 TG SIKLETRYIBVHTOTOT
....... WA DET 3B Y ITBEKIS XLCAYXEPTOT™ ™77 TTEOA FITPODTNIGE T TS TYGK0E KBOAVKEETQE T~ — T = D83 TFRUW)TT T ANKBL K6IAVKIOTOT
llllllllllll P) ;:ddﬁdulglw'mm*mmﬁ*om%*momomxnuu;wmgﬂﬁﬁaduﬁiydqxwdu,m..;vmmﬁouiﬁmmom:!w&uw;owu,}-ﬂq@uxumm@%nww.«m*qmm*muuicomom
¥ 0Bropr® Prierul $dauspul KOOKIOKK 9YTd NYITNINY KoKk kKKK
SHBUBNOIUYL-MOTTOYL  puse  SONTLST WYME HOG

NMNL3Y 009 3 BNS0944618b=X 08E D ANS094LL98=X 0TT

i9ATF08 Bde S34NILIFUT BTTYM T4084V4bT46 X0d 045 J dNS0946599-=X 04T 3 ANSHNO465BYT-=X 011

S33RQ /£ JeY] asow 433Ud jou of T4O0E4v4pT46~ X093 09% 2 ANS094£00T=X 09Z D ANS0HD4ETE0E=X 00T

NMNL3Y: SL4NMMIANT LIWH 0L X 1X3N 06§ 3 dNS094L¥LT=X OB 0EC08=Y 04

T4L4S4A4T-X- X0d ObG J 4NS0949998C-=X Otc 2 ANS09410C=X 08

T4L4G404X X0d 085 3 ANS094T6EEL=X OFE 2 ANSO94L9TT~=X 0L

*UB83498 BY3 WO uMop LE-XIGLE-=A 025 J dNS0946£908=X 0&T 2 ANS094BIETT-=X 09

pue 4N U1BY1EL MOQUTIEL 3Y] asow 0} PaBUEYD ag ued sSTy) 0T~ 0OlZg-=X MO4 OIS . I ANS0944LCTI11=X 01C I dNS094LY65T=X 0%
'SIIEYS PANLUARUT YUY (RIIEITIUBA) SU3YM S3UTWIIIBP YITYM 14854074040 X049 005 J ANSs09498vST=X 00Z J ANS09498Lb-=X O
4143 SSILppe AU} UT 48YSIEAL 4IRqQRaay NMNLIMETHY=YEX=(¥) % 00V 3 ANS09¢89£8=X 04T 3 ANSO945TT9T=X QF
AUTY 4NIIBINT Ay} ST (5T1)3% I196£2-=(05002)% 019 01094Z000CT1WI OvE J ANS0Y¢9H0LT-=X 08T 00b=04Y=042000E=Y OF
*jrawaAon 6811=75 3 ANS0944ZBET-=X OLL 3 HNS094TLYET=X OLT O=LN¢ NMNLIM!S ¥YI1D 01
04 ASTMAIOLD ATINY T QOuN Jany J ANS094LY9E-=X Q& 3 ANS094£8LL=X 091 0907 INVIY* v
FAUOTOD Aa0m YJTM SA0R HOTFTa400 Ayl NNYECET=0440=04 I ANS094E69Z~=X OIF 3 dNS094S206=X 0GT e
IR CRITEY AU} R4} @ledqsuomap €T=(51)3 ANS0944STH=X 00f 3 9ANS094v60T=X OVI ar TP=d v a

O3 ATUTIEW ST Weapodd STY| 01?9 0109 019 . .NS094EBRL~-=X 062 J ANS094vT00C=X 0¥ 2 T "= v T



bV
cooTmmm e .m.@musm,@ww.‘m#l,hwwlmu*~Om*amuQ*mmmomlﬁmlzl..ﬁsﬁ.udwwwmmmmwsumwleu lllll VA | 2 3: 74

¥ATIVRSSCOZ™ " TTTTSF AP T YUY |n0 EIKTICHTOAVXGEEOT
puv” S g5 U BqvuE T T T %mh;ﬂnm*umh?*emmomgmmwxm@.maﬁan.ua ;;;;; dA770CHZE *ITAbRVSEOZ ™~~~ 77 FG810 T Tty Uy 00%0 X004V EZOT:
T T T T e dOg TR 60THEEAVREBTOT T LT [URYTYEHEY KATAVKESTOZT T T dyAp pus "7 ] V(9] (G EDKTITKIIIPKETTOT
T TIRBWHSHIATE T Y O FIKTYCAVEAVKZTEBTOT " (goq) B WU Ia 04 34 T FEL [THY JNI VEKSS KOTIVKEGZ0Z™ ™~ IV[05 JENY A6 T T FHY Y ATILKITTRIAIVHETTTOE
ST 2oy T H JoJ VAKSTTHEE AV KTBTOT PBaioY $T I VESS YWIT JoT U TIVkBL XATIVKISTOZTTTIETTA ARG AT G JIITINI ETKSE KIAIVATTTOT
uSTIYYUIS FUIT 3A3G 7 (U] 40%ST XBELAVKOBCTOTQoZAT ~ SSNpro sosqm —~——~ U ~“OZKZE *VTIVROSZOC™~ 7"~ AIVPUdeq " 75577 (A7 T60%6  %DAIVKOTEOT
%,mﬂﬁon&mmm,zﬁwd,wm [0 EIKTIEXLEAVKSLEOE ™~ SEUPPOTA T IT POBT GUTIR U TSKEE KETAVKSYZOZ ™~~~ " "1V 3 TTTEMOVING EIKTITKI AV KETTOT
CTUTTTTTYM R TGSET T T TTUTTI0KT K9 AVKBLE0ZT T T IYUT JX50 U0 3SGAIFLGF T U TIVABL *BTAvKBYZOZT T T PDATVA TSNITI6 T (W) TG O] 3K 0T TRV ATV RBITOC
LTI w U gg PRy ITKGEAVKLLZOZ AR A {1 980F 5 TOGT T UT T 0SK08 KLV AVRLVEOTT T T ESAIYA YOPUTE (DU A 9 IVKBL k6AIVKLITOT
{5Fisqp T T30y 0HSE TP YO X AVASLTRYEINRILIOTT T T G 30135 JRIUST P TUW) QT ETHYE «o—uquocmomwﬂﬂsﬁwmla PO TMITT T TTTRTT06K08 XBAIVKITTOT
Y NG WP Mg U U TOZKIE KECAVKSGLTOTIPNGY WU SSoipps = ¥iu T INLETHSE ¥STAVACYTOT™ T X5G A FH-POST [GOTIAGT YTHTY KLATVKSTZOL
789Gy @ WA T TG T T ORKOLTKEE AV Y LTOTTT T T T T s, 09 (OF (W) LOXL XV TAVKYYTOZ™ ™" 1153y poylang oyais ), 0 HSAJSIKETTKI ATV Y TTOC
T YT OEGT WO T UG P IOKS0TKTIEIVKELZOT T T T T T T T T T T TR s T T FTIJI0 EAXTIZXET AV RELZOT ™ %.x%uuﬁﬂ.muﬂﬁﬁ TTATHSA] SIXGYITKSHAAVRLTITOC
B €517 X -V I U™ IvABL ¥OEAPRTLZOZ ™~~~ 3391 8 (a3 (U P0%9  KZTAVRTYZOT IGS3TEI I J w%;x_ﬂdaw«,xmurwam_.:mEmiuﬁmﬁmom
BEAPT @) AR T T T T T T TOSK08 KATAVRTLEQTT T TTTTTTTT 163" T V(T EA*TTISKT TV RTIvE0Z™ "~~~ T{AEIAREIAT )T TR 3vEBL KE4IVKTITOC
N L T ) Yoy KA 1 2 *mmh_c*onmom‘i};{;ﬂgx:dm.@@rl THIY QT 3L¥9TTROTAVROVEOTTTERE ™~ T TGS IR VAR UT T kv v SHCITRROTTOT
_E, CTTTTYIPUT WOISS T T T U AvkEL XUTIVREPTOTTTTT T SO 6"~  {H JNT ECKSE %I04V ¥EE£Z02™ "pasn§ob :ﬁ&ﬂﬂ%&dﬂ ..... “OTKTE X TJAIP%60C0C
BETRT T JP STRIpPU T T T U TILKTY KATAVKBYZOETT T T T 99 T T KUY LOKE  kI0JIVKBEZOZTBYRE T IOTSVA [UNITA{UT Uy B9 KOV TH0IIVKBOTOT
T TTHOYS TPEC T UGTTHATICKEE KAZ AV KLITOTT T T T T T T T T T T TR T YUY A EAK T ITRI0AVKLEZOZ T T T T T T T T T T o e JON00%0 *433rXL020E
ST T (SRS I T T T U IVKBL KYTAYRPPTOT T T T T T T T8Iy © -Nm-luumw?mo*w XD0AVXPEC0C ™ Huo J0g NBM ¥ 31THE o) 1IY 60k TOCHIIAV%P0C0C
\ poor @ {73de(s ™" T TATOTXEIE K6TAVKGPTOZT T T T T " yol6s 5;?3 0 CAXTIZXHOAVAGEZOT™ ™ FY fan "SdYFRT ITGOUY ~~ T AAK TSTHIIIVRSOTOT
T TTUTPAR T GG TCERYE XBEAVRVITOT T T T T o _xﬁﬁwniljﬂ.ﬂgu_.u:omﬁ.&oh.:qmmomll.n?i?ﬂﬁumaﬂg ...... (4] "JOXET *I3IP*¥OTOC
.,l,.‘wwﬁamgwﬁ.,..m_,mw%:!,m'mimn XLTAVKEPCOCT ™" TIPIWVAT 33k 159U 6 ~ JIINT ECKSE X604 XEECOT™ JIGT SSAPPD oF Frpos{ ~ §RRY [T EDK I TTkIIIVKEQTOT
.@.&ww!,m!-w,ﬁJammm,.....?...m[H*mm XPEIVKEPTOCZ™ ™" TG TGy T (U] S0KS  ¥BOAVKZECOZ T PUR HUIFR0I T@IFAr T T a -mwfmqm*qmu;momom
T e e pUeY U H T ICKEE KSTAVKTITOZ T T T TSRl T T YU (] EAK T FCKLOAVKTEE0TT T T T GV FSI/ATS5Y PR T UYPTIEKE? ¥63IvKTOCOC
5UCP 8} JWACIE[T=UOSTT "5 INBT KbTIVKOPTOTT T T T Tja] 6% “[ws (U] vOXt %904vkO0£ZOZ (Sdo73kgt) OB-Z Uy BIF ~~ 37 " LbxTL ¥BIIVKO0TOL
TTEY AFQE MUV Y TS YT BERTS KETAVKLGTOCT T T T T T T T W33 YW INQ EUKTTTRCOAVKSETTOC ™~ ~PUa=gmiTur oful T po5T ~ Y7 IIKLESKLIINKE6TOT
TPk WA T T T T T T T 6AXSVIKEZAVRBESTOL T T T T T T T wmm&mnﬂmw-uumﬁw Q7 34K IRV OV XBTZOZ ™~~~ T LT AGS §IAIITLT T T T GAVKE8Z x933v%B610C
(27dias) T W0y PRGNS T GGy IRV STHITIVKLSTOZ ™ ™" (FTvA) a]Kg 39U i JHONI ECTKSE KEOIVKLTTOZ ™~~~ JETSWIA Y poaT WYFIIEXCT *SIIVKLETOT

..mG&lm.cq_,_.amﬁdw&o\ﬂmmﬂﬂmﬂmaﬂmm*em TX0Z24dbxP5C0Cc™ 77

||||| Tty twod ~ IA Uy T0%¥
0 ,. 207

gurinat -ddqu *2°0

*mo..__c*ommomxaﬁ?avlwiagﬂﬁqu.mw_.]q|1§nu*ncm*euuicaﬁom

T c207 arjeigpul - 20 y °201

: “sdydvi o 1-T
s:::.:************&************# KKokk Y31 1VHN04 H00D *i***ﬂ***** KKK KOK KKK 0K K KOK K OKOKK XOKOK KK ROK KOk X0k

TUATE0Q Of TG 0y 13y 60K T0CKACAVKLPEOET T T T T T T T fAgynoT T TOY 790%9  *ATIVXISCOZ™ PAVI MY UYIY  ~ S HONHdIT00k8y ¥d04vkCECOT
ToomTmmmTmmm 11-iii..l!llMHﬂtmuiﬁmm*cm&c*comoml..lllllllulxmsﬁwx&gﬂm1m-dq~120|ma§«uN*Qwue*ommomllﬁlmvdquﬂuwla.%.dlkﬂu||=..m_l,,|c_.,\|QJM..mm*cm~*¢0k¢*¢mmom
oo ‘:x‘,\.lx.i-.mqmdlnﬂﬁu*avm*&mkc*mﬁmom1|xﬁﬂwdlcuﬂull%.&dlﬁwﬁmﬂzll11.2.100*¢Qu*mﬁLQ*QQNONIII|14wu151m~|.~.312m llllll {1og (0] JTXBE X604k *xELCOE
T T TRURBUIUEITATS T TS dod TOKESTRBE Ak kb P20 T T n%*n.wﬂuxh.ddn U a'g Yy 20%9 *muLv*mtmowxll!l..lluﬁ&,.uus_dmﬁ.*wmlllAHJ:_,Q.Zuﬂmn*&ﬁm*moucimmmom
Tt |ii[;.;uMdﬁﬂm&!!ﬂ_ﬂ_lha.~u*mmm*nmu¢*m0momlﬁeww..~ d%wlddﬁullmﬂ.@,q YT ILKPCTRLT AR KLY EOC™ " HOEY {IRTIL UMY ™" " INT ETKGE KL0AVXTEE0L

AEY I (I " L£IKEEXPTAVXEPCOT™ TG AT AW

N1 ETKSE ¥PVAVXPVZOC™ ™ ORHwY P aUtIT UM "gT(R) QT 0L¥CTT%204b%x0L£C0C
N a

OGEOT UG desy T T T IENLG OTXPT KGZAVRIQZOZTT T .ﬂ.uuwﬂnwwr:mixdﬁz g LLX6TTRSTAVRSYEOZ ~~~ ~ JUJATSUpas—~~ ITINT VO  X504v%4CTOC
TR IR T ' Vo = Fe il 13 3 S L4 ['2 100-2i 1 VoA BYIR """ Y HOR T AYRCSLTRE TAVRGYEOET T T T ﬁzm«;ﬂuw-Iwmmwwmaiﬂeiom X¥0dVXBTTOC
ey T T T T T L AKGITKET AV K 6STOE T T T unsT kuaT o T 5 ) HCKEY KETAVREYZOZT T T T ) PO FYEFSIET T T T U TAVKEL KEOIWKLTTOT
U389 ST %-...ﬂwumuq_uu*mmm*mmue*mmmomﬂ%&%m&ﬁ%ﬁi&n?ﬂ&llciwﬂdduﬂk:.“ ;mIImcmom!}x!&n:,ﬂ+ﬁgu%m ‘‘‘‘‘‘‘ U ~3TKk9v XC04bX9ET0T
c ‘.Aﬁﬂaﬁw,.;q_@;wﬁxmIm: KITAVXLGEOE ™~~~ TAFQN T30 PAF T T S NT T IEX09 kTTAbKIVZOZ T T ssaapps ety - aryg gy TTXEE *TO4VXETTOT
g saaddus TYTWIAG EIKTIEXOZ b %9820~~~ Jaqodummﬂnﬂwalwééduﬁun*omZoEIo«.mom 111111111111 pova T TR HENS SIKECEX00 AV KV ECOT
OV {9553 BFA BN~ T 0 TSIRGTTRATAVKSSCTOZ ™I 5{ F BHoogy Fof N3IS ~ 7 U TOZKIE KA0AbXGETOZ T T §q aFIaG T AP RSN SOKLATHAAIVKETEOT
A A RIHEI QA ESTHIAT AV kY STOZ PRAT WY VY YUssa5Wd ~ U 0K 9LTI0 A ¥BETOZT T T .ﬂ&gn@qﬁu.«w!-u.q‘mw_mﬁwu*mem@mmmom
04 193t ;uw&;s-.mot XITAVKESTOT ™ “FR/UTWIRU 1B IMIFY UU §7Y5 UIKGOZKI0AbKLETOZ ™™~~~ [To8Y3™amaoa §o SsTppo ) [3vkBL *¥T43bkTcToT
T[S T TG U)IAD EIKTITKITAVRTSIOZ T T T T T T T T (¥ EGT GLY “T VOKOT X0V XPECOTPPPPEe ™"~~~ ~ dﬁuu».&i@ﬁﬁ 3 ﬁmmzmmlommwm

: : xR 4 seadooy 3
vo A;wﬂunm Aury) INILnoY A.m.:**ﬁkuﬂ* 0907 IMVLIY

NELR °0

TS T T R I TRIIT % 1T T 00 %0 Emu«.:Somx;xludlsaa;ﬁy:mmq--éﬂ?ﬁmqma*“RKmuiuooomf-i!||}q§qaén:w; ||||| GEHk8L xbTIVRL000T
TUUUTTTUUBUTESG TAdT T T T T00K0 KIZAVKETO0E T T T T T T T T Tk T T U IKESZRBZALRBO00E ™" FEOW PSS Y T UTHATILRC? XETIVAEO000T
- ?m_.w,._,.vm;ﬁ,S.iud.‘dmmqau*Sm*umuimﬂoomﬁﬁq_méﬁ.ﬁw.ugun_lﬁsdﬂﬂ;dddinum*mo KLTIVRLOO0T ™~ ST EUNSP IfIGA T TUT 345 T~ T £ AXEYTKTTIVATO00T
T e h e YUY T S THAK IS TRAC VKT TO0E T (CWI] 35131939 T 77 "7 " TLUKTL X9TIPKPO00E ™~~~ T T T bTkT 1CAVXTO00E
TTEORY IR PITL CJa T (AT TI0KET XYTIVROTO0TTTT T T Q%M.M.dw;ﬁ-no:dqwm.ﬂauﬁmm*mmuimooom ............................... ATXTEHOEFVX0000T
(23470 20°L) NOWWZITyig Nt IdAYYIINT 0907 TNYLY

»



ot

ot

Fasr02 )% TG INTMdtreTaerTeEns OT)e0T
QEE (P 008 REOT Jag e O=(9L00F)Y BUTREOT afiym PO
O (Y% LN ANE:Ts DINTH AEUY SO SHAAPPE ST O STULCY QUL

F U i 0L 978 YoM EOL 8 LT Lagquni auty e
O TEUOTYH0 ST, (W) Z=Ale 2UL) GoLX M AW

PUDY ()L (SH@APPE LTES) =Y
DT = (GTTEG-)7 *HOd UT ] p8e] a9y ol e
e (OG00E ) (PUEINOD MAN &FTL]) CSNIELS  CHEOLE O, 07 SO
F(PHEH (L0 ) Y= (85aaDpE) L WAy *35LT 4 S 4o D8 DT aJANG
SEM AUTT STUTD UT 4. 9UY KEG  *HELOWAN LT WedHodd DR R

1

1)

Sl 0%

[\
C
- (SUNTHaY BUTYSTTYITL) 8 ed A1

N ~ v ;

ST I S

~w Ml n

(4 A

hw_wnlulomul%dﬂ%@@lmﬁwmmmww!lm.wm.au*aom*_umu#*mmmomx11..wd._md.lxﬂm.uluwlon_.lﬂlll.mqm_lxlvdl.dlmn*mﬁﬁ*mwme.*mwmom llllllllll mm_im.dltw.&.nwﬁ.mtxmummu‘mmlhh*oﬂﬂxoouc*m

TT3{OAgEAUI B[qRUB FFa4XIGTKIAEAVKYBTOZ ™~~~ [ RyM T/, Jd0jq) U BOX8 XTT AV XBETOZ “JHAFS $o7 0L 555900y HuT  IH JN| ECKSE *BOAYXILL0C
ST T e T T S O VIKE6 TXEE P KEBCOT T T PP190A U day UG GaY 9IKBEIKITIVKLEEOT ™~~~ 023555736 JOF a6y T U ~3vH8L XKLOAVKTEE0T
U SESESTRIY T3AOTSBY AN gOd FIKSTIKYEILRTBTOT T T gay aux T~ 5-Z0XZ KOTAVAPSZOT YOS bu§ Iz ST USTAA "7 U TI8KOV IX90 VK 0LT0C
lllllllllllllllll “T 3P dog TIKTYTXGEAVKIBEOT | "~ HHO JWAD pap (37M ~5 L 8IkKC X4TAVXSGZOZ ™"~ T WILE9e8 /A FGT 10U YT VEXBS X50dv k60l
ST TS5 T 9¥9F S FTH) T LL*6TTXBEAVKOBZOT ~{E5}5) 5535430 O[O w0y T U BOXB XITJYKYGZOT ™ TT I AL 5Kia —o UGy T 5 TH40XST kv OAVKBETOT
N OIFATEF T Feu (U] JOKST KLEAVKELEOZ ~= - SIge VILI ST Y gAS YUK TEXAT AV KEGTOT T~ " Faaw J [ F(BL1) U5s¥35 "5y L BIR9S XEO AP XLECOT
N5 53300 G~ 1AL~~§71u) INT LUK T ITKPEAVRBLTOT RS " TVSpau09 90(05 I~~~ "~ 5 vOxv *uﬁuc*mmmomnstwm®mJﬂmﬂAwmenmuMx|||gﬂ!mm*amﬁ*moucxcmmom
FF ] PIGFETUT T T 0~ "90%9 KGEAYKLLEOZ™ ™77 SAUIFAGT ToM g F T 5T BEXPS X1 AV X TSZOT ™~ GOMPWIGAE £G YBIGGY TS IIHVETKT0AVKETEOE
*lwﬁ-ﬁm?x&:ﬂ?@!&ﬂmmﬂﬁou*maﬁ*qm%*ﬁmoml-1;nwu.ﬁdnﬂmmawdsiﬁgﬂwuﬂum*omﬁ*3.._Iommom{.?ﬂm%clml 1T R VRN [V 1 S T CE T Utotels
11111 ABY IR T T T T T L0XE XELAVKGLTOZ "7 T NHIBos dmop U ETRES X6TIVKEYTOZ ™~~~ "Fgow | 66 4dy _UTHUQyY FIKBE DrAITVKECTOC
||||||| JWAp 3518 " T9T5Y T BEX9S *mm%:mmom}-ixclmdy\_.wmqu_'vu,w?%m.u;uu_:nméﬁh:;m.&omlawﬂmﬂn_c_Mm%mﬁ%ﬂuwl!mﬂ.ad;.ﬂuiom;Euimmmom
TTTIEACMIUDI U] T T T T~ HUKTZIXTEAVRELZOZ™ """~~~ F6[63 8% F56° W IN{ ECKSE KLTAvKLVZOT ™7~ ~"""77 "{yNg~ Y~ TH 5@ HIKEY ¥ 143K TEE0C
..... 37 I o TR A mw-uh;cmm*omh_;mmmomx3@.:....233@33@.#:ﬂm»..lk*ith_«*ocmomi}iil “GRIWIL 7T TIRIN I ECKEE X043V K0TE0C
~AC 3G S TR0 () TR AT KT IRITAVKTLTOL T, ST YU ACKEY KSTAVKGYEOE T T T T TTGTAVKBL ¥ ATEKGTIOL
~TT5Yors W35 01 7ovg  TH 73QTATKEY *IZAYR0LLOTTT T TT T &Q@tuw}ﬁazﬁnm*mn K TAv kb bTOZ ™~~~ ST INF AVIS SPGA "~ 777 T Ta X 9BTXYIIVKBTLOE
e ) R L U A L4 0 o T N ol £ 2 5 ZTAVE KETAVKELZOZ ™"~ "35553Ya0Y M TH T UUGHGT FCKEE X643V kLT00C
||||||||| S5 TNA] IO SO T T2KITAYKBPZOT (BLTOE] ;ANOG (oF WAL ~ Iy r BIkYC KETAVRCYEOZ——~~~~ " T TSI T g SRS S ARG TKBAIVRI TEOS
xxxxxxxxxxx FIET 77T T (W) TS0XS  XAZAVRLITOTT T e s T5NT00X0  XTTAvXIVZOZ ™~~~ ""pa5A 5q 01 T S SIXETTHLAIVAEICOC
xmﬂ,ﬁﬂ&l@dﬁ\aim,..?ﬁ:;o‘m_:ﬁﬁmu«m%*oomoml-xmdlcnu‘&wd.&wwﬁmmud%Jﬂ.um@lmm*me XOTAVKOYTOT ™~~~ % SH3FIE5Y ACT TR AGHJ SOKLE K9 ITV Y IE0L
St s n L m T o X ST 0Ky KGEAVKGITOT T T TR TSI oY I8 Avsus U 0ZkCE K40V RGETOZ~——— """ TIE oI I 00%0 (MRS AFVRETEOT
SSSERIETETA0YEY T W g Oay 9IK86 TXBTAV RV 9Z0T "o WY TSy xmﬂx%w&u%lﬂ!om*omﬁEomimmmomf!l-,1§i!li}xx}i.uwfloom&q*EmimEom
S ) L 2 34 XLZAYKEFTOT ™~ PIAASOT PRIST F76°5 U IYI AIKSOTKTO Ay kLECOT ™™™~ 77"~ (Sapoo i) AVKBL X£4IVKTIEOC
|||||||||| PES1 ifﬂﬁﬂmd;n_:ﬁﬁm*cmh_c*momomaamamﬁ%diﬂwnﬂgwilicimo*w XD0AVKFECOT ™ GIgop ~~ T BBTSSA [IAIOTIT P KOV TR AIVROTCOT
Rl ' = (VS R Ao} ¥4 XGZAYKTICOZ ™~~~ 5F "ouij g~ IvaqAs iy gne 9KV TZXHOAPKGETOT ™™ """ " "~ taoy Sisvay T 0ZXEE X T4IAVXG60C0T
5§ Yo[er PRI IA0 Ty AT [AD BRI TTKYZAvHOZ0TTTT T n%ﬂ!.mmm;ﬁ&umaxmxmwx‘qm@:ﬂuc*nn«*co%:nmom-.mmﬂou-aqﬁmﬂuﬂmwmﬂ.;&mlHﬂmif*ﬁm*oumimomom
1dNYYILNT
ﬁ uz:zéiq
........................... 00%0 *mmmlmmﬁomlﬁ.%dﬁd&mwd.&m;d,..?wwmd.m.:ﬁﬂm*mmmimqHomlx;ifnwm\\.wﬂmwumd%,.cdd,,_xa‘u_:mm*Euimiom
lllll 3 _w«udmfm.:;h&i»‘mxm&u*Sm*mmmimmﬂomlx1llmm_mmmwxhu%&mﬂﬂ;|x|qumw*m¢N*¢mu¢*m¢ﬁoma-:n-ii@ﬁm‘ﬁhmﬁﬂﬂ!-im;..m@*mm XOIAVKY P TOT
~— BB TEIRPSTUT 3fgeus Ta AAKTSTRLAIVKTIGTOZ JO ST Iy dF "Gy O IEXTY XEAICKLYTOT—— =~~~ SoY OF "PSW UVeT "Gy GTIEKLI *IVIvXELTOC
|Hmmmﬁﬂﬁwﬂ%mwmmﬂﬂ@ﬁwﬂmmunno*mﬁ XPAIVKOSTOC ™~ T T (560550 F1FB T) w LYKIL *mmmv*e¢«omluxdﬁﬁﬂmwm;ﬂMszhqﬂwadﬂqrﬂdgm*mvufucuq*m¢ﬁom

[GETLECE O TP NOLWZTVILING  LdAYdTINT
FOOKKKOKKK XK TAINNAL ¥OT0D FOKOKOKOIOK KKK X



HBE 1SY-GCT--44

Y 42-v5g--34

*X4d LAH TKEST--04d

uuAy 1YI-EST--04

I3-152--44

MUY dr-05T--Yd

THEDS 11-6b2--64

W 134-8bT--84

HOE 1SN-/¥T-~L4

U MO-9bT--94

4Y HSN4-SvE--&4

uued TTYI-bYE-~bd

II-£bT--£ 4

UMed Jr-TbT--T4

49 J04-TbZ--T4

4 134-0bZ--04

HBZ 1SY~6£T~--43

U MOX-8£Z--33

*Xdd LAH TXLET--a3

uué3d TWI-9£E--03

TH¢3IT X3I-GET-~A3T

MU4T4 Ar-bET--Y3

(HIIr-££2-~63

34 13¥-ZET--83

HOZ LSM-T£Z--/3

U INY-0£Z--93

H HSN4-6TT--63

uU4Qd TIWI-BTT--+3

W4 (4S)X3-£LTE--£3
uui0d Jr-922--2

TH 404-GZT--T13

04 134-vZZ--03

HBT 1SM-£ET--40
Uiy J95-ZTT--30
XXdd LAH TKTZT--11]
uU43 TTYI-0TT-~0I0

(U) ¢y NI-6TT-~4il

U4 DAr-BTT~~Yi

XX3~LTT~~60

2 134-91Z--84

HOT 1§Y-GTZ~--21
*MISNI*230 X3H

X

U 4NS-¥1Z-~90
31 HSN4-£TT--C0
UUIN TIWI-ZTE~~+d
Y4 (W) INO-TTZ-—£d
MU4ONAC-0TE-—~2d

30 404-602--1d

IN 134-802--01

8 18M-£0T~-40

Uiy 3IY-90g-~39

Uy TIYI-C0Z-~19
uU4Z TIYI-$0ZT-~ID
*X4d LAd ZTXLOT-~HI
UU4Z4r-Z0Z~~Y]
134-102--62

Z 134-002--83

0 1SY-66T--£0

Uiy 1QY-861-~93

28 HSNA-L6T--80
UUZN TIVI-96T--bD
MU AP-C4T-—£0

US4 ZNAC -4 6 T-~TD

29 404-£61--12

ZN 134-261--00

¥ d0-T6T--34

(TH) 40-06T~~34

1 43-é681--04
H d42-881--04
3 40-£81--44
q d43-981--vd
J 40-681--64
4 43-v81--84
v M0-£8T--44
(TH)40-281--94
7 MO-TI81--S4
H 4M0-08T--¢4d
3 MO-64T1--F£4
1 M0-841--C4
J MO-Z4/1--14
g4 MO-941--04

Y MOX-5LT--4Y
(THYYOX-bLT--3¢
T HOX-£LT--0Y
H MOX-Z41--0V
‘MISNIJ30 X3H

7

NMOQUWI JITCRO[ W

vy
(TH) ¢v
Ty
HY
3¢9
asy
J4v
g4y

v

HOX~-TLT-—-8Y
NOX-0LT--YUY
HOX-69T--6V
4OX-89T—-—-8Y
ANY-LPT--LV
YANY-292T--9Y
INV-G21~--GVY
UNY-v2T-—bV
ONV-£9T—-£Y
ONY-Z9T--CV¥
INY-T9T--T¥
ONV-09T—--0Y
24S-651--46
245-867--36
Jd5~-L5T1--A6
J45-951--36
Jd5~-G5T1--46
J4S-vS1--v6
J4S-£8T1--66
45-251--86
ans-161--L6

(TH)>ENS-0ST1--96

MO WIdad

Yy
(MH) 4o
REL
H4Y
3¢9
asy
J4v
a4y
véy
(TH) v
149
HY
v
Dl
J4v

anNS-6v1--G6
ans-8v1--vé
ans-~-Lvi--£6
ans-9¢1--26
qNS-SvT1--16
aNsS-v¥1-—06
QY- 1--48
Jqv-Zv1--38

Jqy-1¢1--0d8
Jav-ov1--08
Jav-46r1--48
Jav-8g1--v8

JAY-LET--68
Jqv-9£1--88
agv-Ser--£8
aav-ver--98
quv-££1--58
aqgv-ce1--v8
agv-1£1--£8
qqyv-0g1--<8
Jav-6c1--18

*HISNI*J30 X3H
***************************************************************************************i********************************************
(0'T JJOAH) ATTVG MO4 YWIIJIT NI L3S NOILINMISNI 08-Z
************************************************************************************************************************************

g4v qqv-8c1--08
Yiy d1-L2T--dL
(MH)Y 4Y 41-92T--3£L
1Y 41-8ZT1--a<s
HY q1-¢ZT1--04
4% d1-£CT-~42
a¢v qi1-2ci--vs
J49 d1-1CT--64
g4Y 01-021--8L
V(MHIIT-6TT-~LL
1IYH-8TT--94
TEOMHITT-LTT~-5L
HE(CTHYAT-2T T~V <L
J4CMHHITN-STT--£L
as(MHHII-vI1--S«L
(M AT-LTT-—~TL
g4 CMHHAT-CTT-~04
vé1 a1-111--49
(TH) 471 d1-0T11--39
T4 371-601--09
H4T T71-801--09
34T d1-L0T--49
a47 da1-9201--v9
347 dT-50T1--69
g¢7 a7-v01--89
YéH d1-£01--£9
(TH) *H dT1-201--99
TéH d1-T0T--G9
H‘H d1-00T--v9
F4H 07-66 --£9
dJ‘H a1-86 —-Z9
J¢H dV-£6 ——T19
d4H d1-96 --09
vé3 a1-56 --45
(MH) 43 dAT-Vv6 --3§
143 d71-£6 --dS
H¢3 01-26 —--3S
343 aA1-16 —-4S
143 d7-06 —--Y5
J¢3 17-68 --46S
g43 17-88 --85
véea d1-4L8 —--4S
(MH) 41 q1-98 —-9S
*HISNI*J3d X3H

14d d31-58 —--55
H¢d 371-v8 —-44
3¢d T171-£8 --£5
14d dI7-c8 ~~-E€S
J4d J1-18 -~1G
a41 41-08 --05
Yé] a1-6L —--db
(MH) 4D I71-84 —~3b
143 dV-LL —-—-db
H¢] I1-94 —--0%
343 I1-5¢4 —--49¢
143 d1-v<L --vb
343 I1-££ —-6V%
443 a1-¢£ --8¢v
vég dT1-TL —-Lb
(MH)Y4g A1-0L -9V
149 d1-69 ~--5b
H‘d d1-89 ——-bb
34d q71-L9 -~V
149 171-99 --Cb
J4d I11-S9 -—1I¢
g¢d d1-v9 --0t
‘422-£9 ~~4E

usy 11-c9 --3%

v 230-19 —--dg

v INI-09 --3¢&

48 J3T-4G --49E
(M) 49 171-86 —--Yg
484TH JAY-LS —-6%
84J4Mr-9G —-8¢
435-66 --<4%
eI IS —--9¢
(IH)YJJA-£5 —-G&
(THYINI-Z5 —--v¢&
48 INI-I1S8 —--f¢
gs(u)I1-05 ~--cg
A4S d1-60 ——~T1E
LINMr-8v —-0%
T43-4¥ --4C

s 31-9¢v --3¢

7 330-5v —--d¢

T INI-bvb --2C

IH 23gd-g£v —-4¢
*HISNI*J30 X3H

(UL $TH IT-E0 —AF
AH4IH JAY-TVy ——62
94ZMNM-0b —--68
YYiI-6¢ ——£T

LUéH IT-BE --9C

H 23d-4f --5T

H ONI-98 --¥&

TH ONI-Sf ~-£T

M (UUYIT~-bE —-EC
UL 1-£€ ~-T1C
94ZN Mf-2f --0T
UyN-TE —--4T

43 J7-0£ -~-31

3 030-68 ~-a7

3 ONI-82 —--O1

J31 IIT-LE --41
(3 ¢Y J1-9C --VF
AT4TH QIY-5C —-61
asyr-vg —-81
YIN-£E -—LT

Uy qI1-£¢ --91

J 231-1¢ —-G1

I INI-0E& --bT

3T INI-6T —-C€1
Ya(1)a1-81 --¢
eIy J1-£41 ~-1T
34INCII-9T ——0T
YINY-GY ---40

ey J1-¢1 --30

2 23d-£1 --10

3 ONI-E1 --00

79 231-11 —-40

(39) 4y 171-0T —-Y0

JId4TH IAvY-6 ~--60
49449 X3-8 --80
YIW-£ --£0

uég 11-9 --90
94 J331-5 --50

4 INI-t --+0
29 INI-f£ --£0
Y4 (2MI1-  --Z0
waedg 171-1  --10
40N-0 --00

‘MISNI*J30 X3H



vy

J4g 1385-L1C—~-64 V4G SU-GLT--4Y 740 SIU-E£LT-—-G8 3¢ 1I4d-16 -—4dS J YHS-Tv —-62
gé4¢ 135-91C--84 (THY ¢S SAYU-vLT--3Y H40 S3Y-CET--v8 gég 119-06 —-VS g4 v4s-0v —-82
Vég 1365-81C--<4d TS SFU-£LT--1¥ 340 SU-ILT—-£8 Jég 11I8-68 —-48§ v VIS-46£ —-L2
(TH) 4C 13S5-vT12--%4 HéS SIY-TLT~--DV J40 S3IY-0L£T--28 g¢¢ 1I1d-88 --85 (MH)IYI15-8E ~-9C
Vil 135-55E~-44d T4€ 1365-£1E~--S1 348 SIU-TLT--4Y J40 S§34-621--18 VéZ 114-£48 —-LS A VI8-¢g ~--5E
(MH)4Z 135-¥52--34 H4Z 1385-CT1Z--¥d 4G S3IY-0LT~-bVY d440 S3d-821--08 (IH) ¢€ 1194-98 —-95 H v1s-9¢ —-v&
144 13§-£52--1014 - 34¢ 13S-11c--£d 346 SIY-469T-—-4Y YéL L18-42T1--4L 142 LId-S8 --5% 3 VvIS-5¢ —--f£C
H4L 135-CGE€--34 a+42 135-012--2da 44§ §34-891--8v¢ (MHY 42 LTId-921--3L HéZ LId-v8 --¢S 1 vIS-vg —--&¢
Jd4Z4 135-15€--44 J4E 135-60&-—-T140 Véy SIY-L9T--LVY q¢L LIF-SST--AL 342 1I9-¢£8 --£5 J 91s-£Eg ~-T1&
14/ 135-052--v4 g44¢ 135-80&--04 (H) ‘¥ SIYU-991--9V H¢Z LIF-vZT--3L a4 LI9-Z8 --E§ g4 Y15~ ~--0&
J4L 13AG-6¥E—-464 Y41 135-£408--42 T4y SY-59T-—-GV 4L 1LI19-£CT--4L J4C LI4-18 —-1S v ¥Y-T1E ——dT7
g4/ 135-8vZ--84 (MHY 4T 135-90&--30 Hét SIU-vPT--bV¥ a¢s 119-221--9<L g4z 1Y49-08 —-05 (IHYYY-0g —-3T
V49 138-LbE--4LAd 14T 1385-S02--d3 3é¥ SY-£9T-—-LV 344 LIG-12T--64 V4T LId-64 -—-4db T ¥4-6C --AT
(TH) 49 135-9¢Z--94 H4T 135-v0&--03 d4v S3Y-C91—-2V g4/ 11d-021--84 (MH)HY 4T LIg-84 -3¢ H ¥M4-82 --101
149 135-5¢Z--G4 34T 135-£02-—-42 Jé¥ SIY-T92T--TVY Ve LId-6T1T--4LL 4T LId-4Z4 —-av 3 ¥¥-£L2 --9g7
H¢9 138-vvo—-bvd J471 138-20&--Y0 g4¢ SIY-09T--0V (MH) 49 LIF-8BTT--9¢ H¢T 114-94 —--O¢ I dY-9¢ --V1
349 L135-£vE--£4 2471 135-T02--46D Vég SIY-46ST-—-46 149 LId-LTT--GL 347 L1I4-S4 -9 J MY-5€ ~—-61
149 135-2vc-—-cd 441 135-002--8J (MH) ¢£ SIY-B8GT--34 H¢? 11d-9TT--t¢ 4T LId-¥Z -Vt 4 ¥¥-¢Z --81
349 135-Tvc—--T14d Vé0 135-66T-~£L3 T4E SIY-LEST--T6 349 LIG-STT--££ 4T LYd-£L —-6¢ v W-£Z LT
449 135-0vC--04d (HY 40 135-861--90 HéE S3IU-9GT--16 149 118-¥T1--24 g441 LI14-8L —-8V (TH) -T2 —-91
vig 135-6£C—-43 T40 135-46T--SD J4E SIY-GST--46 J69 LIG-L£TT--TL Y40 LIG-TL ——LYb T W-1€ --ST
(TH) ¢S5 135-8¢<—--33 H40 135-94T—--¢D asg SU-VST--Y6 449 LI9d-2V1--04 (TH) 40 1I4-04 —-9F H 4-0& —-¢1
146 138-/¢€~--13 340 135-S6T--£2 J4E SIU-£CT--66 ViG LIA-TTT--d9 140 LI4-69 --Sb 3 NWM-8T —-£1
H4S 135-9£c--23 a0 135-¢61--23 d4f S34-IGST--864 (MH) ¢S LI4-011T—-39 H40 1I14-89 —--tV T -87 —-C1
345 135-5¢€--43 340 1L35-£6T--12 V4iZ SAY-TIST--L6 148 LIH-601--09 340 LI9d-L9 —-£V J W™-LT —-T1
145 135-v£c--v3 440 135-261--00 (TH) 42 SIY-0ST--96 H4S 1LI9-80T--09 J¢0 119-99 -~&v 4 14-91 --0T
345 138~-£88--63 Vi SIY-TET-—~44 VT SIY-6VT--G6 334G 114-£407T--499 240 LI4-S9 —-1¢ v IMN-5T ~-d40
445 135-2g&--83 (TH) ¢/ S38-06T—--34 H4C S3¥-8¥T--v4 d4S 1I4-901--Y9 440 LId-¢9 —--0b (MH)YJYY-vT ~-30
Vér 1365-T€c—--£3 144 S3¥-68T--04 342 SFY-LVI--£6 346 LIH-S01~--69 ¥ THE8-£9 ~--df T OMN-£T ——-00
(THY 4y L3S5-0£C~-93 H4Z §34-88T1--04d J4C SIY-9vT--EC6 g4 1I4-v01--89 (TH)YS-29 —-3¢ H IMN-Z21 --30
T4y L3A8-6CE--53 A4 S3Y-£LB8T--d4 342 S3U-SHT--Té Véb LId-£0T-—L9 T WHS-19 —-dg 3 JYN-1IT --"d0
H4Y 135-8EC--t3 144 S3Y-98T--v4 442 SFU-VT--06 (MH)Y 4 1Id-20T1T--99% H §-09 —--03¢ d Jyy-0T --¥o0
J4v 135-LcE--£3 J44 S3IM-58T—-64 Vi1 SAY-£¥T1--48 T4y LId-TOT--G9 3 NG-65 --dg J JMN-46 —--60
I4v 135-9cc—-¢€ 44/ S34-v8T—--84 (TH) 4T SAY-EvT--38 Hév LIH-00T--v9 d M-85 -—-vE d J¥y-8 -~-80
Jév 13IS-SEE--T13 Y49 S3IN-£8T--44 T S3A-TYT--18 J4b LId-466 —-£9 J WS-LS --4F v IW-£ --£L0
g4v 138-vc--03 (TMH) 49 S3IN-ZBT--94 HéT S3N-0vT--08 a‘y LI4-86 —-E9 4 T46-95 --8¢% (MHYI -9 --90
véig 138-fCC--41 149 S34-181--54 4T SIY-4£T-——48 Jév LId-L6 ——~T9 V QM8-Lb -—-4T 7 M-85 ~--50
(MH) 4L 135-CZE--3d H49 S3N-08T—-¥4 d¢1 S34-8E£T--Y8 d4v 1I14-96 --09 (THIYYS—-9¢ —-32 H M- ——40
g 138-1CE2--11d 349 SIY-6LT--£4 4T S3Y-LET--48 Vég LId-G6 —--d5 T YY8-S¢ —-i12 3 IWN-£ ~--£0
Hég 135-0cc~-~-aa 149 S3IAN-84T--24 g441 S3N-9£1--88 (MH)Y 4 LId-¥S —--3S H YaS—-vv —--32 da dW-¢ --2o
34 135-61C--44d J49 S§34-LLT1--T4 V40 S3Y-SLT—-—48 Vg LId-£6 —-18 3 9dS-£¥¢ —--d¢ J0NN-T —--T0
J4f 135-81E-~-v11 g249 SAN-9LT--04 (MH) 40 SI-+£T--98 Hég LId-C6 —--3S d YM§-Z¢ ~--ve 4 -0 --00
*MISNI®O31 X3H *MISNI*I3d X3H *HLISNI* 330 X3H ‘HISNI*J3d X3H ‘YLISNI 330 X3H *MISNI ‘030 X3H
kllllkliltllkiilllllimom J(ZHUM_H — mU XH.&W“.&l?ll!i?!l?!!!l!illl

************************************************************************************************************************************

b (0'T 2I908H) ATIvd MO4 3003 3 XI43dd IWHIIAQ S$3J03d40 3LAG-2 *INGD 138 NOILINMLISNI 08-Z X
HAAKARAARAAAA AR AR KRR IR K KKK KR KRR RNKKORICAOKK ORI KKK KKK KKK KKK KKK KKK KKK KOK KKK KKK KK KK IOKIOK KKK KKK KKKk KKK KR Kok K e



	"Z80 Mini Course," by Larry 
Simioni, 1982
	Front Page

	Table of Contents

	Introduction

	Basic Machine Programming Principles

	Z-80 Internal Register Configuration

	Bally System Operation

	I/O Port Configurations

	Bally BASIC Memory Usage

	ASCII Character Code Numbers

	When, What, Why and How - Math

	Basic Notations You Should Memorize

	Two's Complements

	Conversions

	Opcode Actions, Applicatins and Experiments

	The Stack

	Alternate Register Set

	IN s and OUT s

	The Six Flag Registers

	Interrupt Processing

	Color Tunnel and Art Instructions

	Color Formatter Instructions

	Adding Colors to a Program

	Color Scribbler and Record

	Machine Programming Utility

	Programming Descriptions

	Color Tunnel

	Color Formatter

	BASIC Helpers

	BASIC
Program Listings 
	"Color Formatter"
 Listing
	"Color Scribble and Record" Listing

	"Machine Programming Utility"
 Listing

	Machine Language Source Code

	"American Flag" Source C
ode
	"Color Formatter" Source Code

	"Color Tunnel" Source Code


	Z80 Instruction Set in Decimal for Bally BASIC





