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Preface

These Laboratory Exercises, in a workbook format, are intended
for independent work. Ideas and concepts are introduced in small
increments and are interspersed with actual experience on the computer,
Emphasis is placed on the principles of self-discovery, immediate feedback,

and rewards.

Other books or material might be used as companion volumes for
a more formal and theoretical presentation. However, the Exercises are

independent and may be used as the enly reference material.

Questions and comments are welcome,

Kenbak Corporation

P, O, Box 45324

Los Angeles, California 90049
U. S. A,
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Exercise 1

Every computer has a memory in which numbers are stored. Some
of the numbers are instructions which tell the computer what to do. Other
numbers are data which the computer operates on to obtain the answers to
problems. Before long we will expect you to be telling the computer
what to do,

The memory in our computer is divided into 256 memory locations.,
At this time we can understand these best as 256 boxes or drawers, see
Figure 1.1. Each box is one memory location and contains one number.
A number may be changed in any location by using the pushbuttons on the
front panel of the computer. When a number is stored or placed in a
memory location, the number which was there before is destroyed or lost,
QOr a number in any location may be examined and displayed in the lights
on the front panel of the computer, Examining or reading a number in a

memory location does not change it or remove it,

Every memory location has an address which is the namé of the
location, This address is a number itself. If we wish to read or store a

number in a memory location, we must first say what the address is.

Because the word "number" can mean two different things to us, we
are likely to get confused. You may not know whether we mean an address
of a memory location or whether we mean the contents of the memory
location. Let's agree that when we say:

Number: We mean a number in general. It could be

an address, or the contents of a memory
location, or something else,

Address: We mean a number which is used as the
name of a memory location.

Data: We mean a number which is stored or is
going to be stored in a memory location,

All addresses are numbers, All data are numbers., Not all numbers are

addresses or data,
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This box represents one

memory location, There

are 256 memory locations
in the computer,

The number on the outside
of the box is the address
of the memory location,

It never changes.

The dashed lines indicate
boxes which we did not
draw.

Figure 1.1

Each box or memory location contains

one number,

We can see the number

in this box because it happens to be
on top. The other memory locations

contain numbers too,

may be changed.
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Ag A Group Of Boxes

The Memory In The Computer May Be Thought Of
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Our addresses and data are made of eight digits where each digit is
al0oral, This kind of number is called "binary" because there are only
two choices in each position, 0 or 1, In our more familiar decimal numbers
there are ten possibilities in each position. For the computer, binary
numbers are best. For us, binary numbers seem strange. We will see

that they are very easy to learn though,

We will let a 0 in a binary number mean that no button is to be pushed.
We will let a 1 mean that a button is to be pushed, We will read a Light
that is off as a 0. A light that is on will bea 1,

0

Button Not Pushed = O or Light Off
Button Pushed = W or Light On

li
1l

That's easy encugh, isn't it?

Let's use what we have learned with the computer, Figure 1.2 shows
the location of the lights and switches on the front panel. We won't tell

you about all of the switches and lights now.

If power is off when you begin, turn the Power switch to the On
position. Push the Start button and then push the Stop button, If power

is already on, push Stop. Then you are ready.

The small tocggle switch between the Address and the Memory lights
should be placed in the UNL position. When this switch is in the LOCK
position, data cannot be entered irom the front panel. In the UNL (for

Unlock) position, entry from the control panel is possible,
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Figure 1.2 The Front Panel of the Computer

Let's see how we can enter data intc a memory location, We must
do two things., First, we must tell the computer the address of the memory
location to be used. Second, we must tell the computer what our data to
be stored is. Let's suppose we want to store the data 00111000 into the
location whose address is 10101101. First push Clear, then use the eight
input pushbuttons to enter the address. The picture shows this number
being entered. As each 1 is entered, the output light above it will turn on.
If you make a mistake, use Clear to erase all of the 1's and trv again.
When the output lights show that you have entered the number correctly,
you can go cn. To tell the computer that this is an address, push the
Set Address pushbutton,

Now we can enter the data to be stored. To do this, push Clear.
This erases the number which was our address. (When we pushed the
Set Address button, the computer made a copy of this number in another
place.} Now enter the data, pushing the input buttons which correspond
to 1's. In our example, {data = 00111000}, these are the 3rd, 4th, and 5th
positions from the left, When these are comrectly entered, we can store
the data. To do that, push Store Memory,
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How do we know it was done right? Did the computer really do what
we had told it to do? Let's read what is in location 10101101,

To read the data in a location, the address of the location is entered
first, Push Clear and then the input buttons which correspond to the 1's
in the address, When the number is correctly entered, use the Set Address
pushbutton to tell the computer that this is an address. After doing this,
push Read Memory. The data in the memory location whose address you
just entered will be shown in the cutput lights, In our example this should
be 00111000,

( START )

DO YOU STORE
READ WISH TO READ

R STORE?

ENTER ADDRESS

©

SET ADDRESS

N

READ MEMORY

o

DATA APPEARS
IN LIGHTS

T

ENTER ADDRESS

$

SET ADDRESS

&

ENTER DATA

2

STORE MEMORY

o

Figure 1.3

T

Can You Find Your Way Around The Boxes?
What Does It Tell You?
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Try entering the following numberst

In the location whose address is

Store the data

10000001 11001100
01010011 11010001
00000000 00001111
00001111 10101010
11111110 00000000
00101100 00000001
00001010 00000011
00001011 00000100

After you have entered the information, read these same locations and see
if the numbers are there, They should be, Read them a second time and
see if they are still there. Reading or copying is non-destructive., The

number remains, it is not destroyed.

Try this experiment. Store the data below. Read the data to check
yvour entry, Turn Power off, Turn Power on. Push Start, Push Stop. Now

read the contents of these locations and £ill in the blanks.

Location Data After Power is Off and On
00000000 11001100
11110000 00110011
00001111 11001100

Has the data changed?

Do you know why ?

Try this also. Putthe data 00000000 into location 11111111. Now
read the contents of location 11111111.

What did you read?

This is a special location and we will learn more about it later,

Put the small toggle switch in the LOCK position and try to enter data.

Can you enter data? ~Can you read data?
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Exercise 2

In Exercise 1, we learned how to read and to store one number in

one memory location, We used different addresses, but the memory

locations were not adjacent., They did not follow one after the other,

Usually, we will read or store numbers in locations that follow one after

the other, Their addresses are in a continuous sequence like 2, 3, 4, 5,

etc. The computer contains a feature
which makes it easier to read or store
in locations that follow after each

other.

Whenever the Read or Store
pushbutton is depressed, the address

counts by one inside the computer.

The address is a binary number,
We haven't discussed how binary
numbers count though we will shortly.
For the time being we don't need to
know what a consecutive seguence

of binary numbers looks like,

To read the contents of a num-
ber of locations whose address are
consecutive {like 17, 18, 19, 20, 21},
the address of the smallest one is
entered (including Set Address}.
Depressing the Read pushbutton cnce
causes the data in that location to
be displayed., Pushing the Read
pushbutton again causes the data in
the next location to be displayed.
We can repeat this for as many times
as there are locations to be read,

Figure 2.1

C START )
&

ENTER ADDRESS

SET ADDRESS
READ MEMORY

&

DATA APPEARS
IN LIGHTS

Figure 2.1 Reading
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To store numbers in consecutive
. , C START ’
locations, again the address of the

smallest one is entered. Then the

data to be stored in the first location

is entered with the input buttons and ENTER ADDRESS

the Store pushbutton is used once, '(‘)
The address is automatically advanced SET ADDRESS
to the next location by the computer. __—D_é’
The data to be stored in this second
ENTER DATA

location is entered in the input é

buttons (after clearing} and Store is

STORE MEMORY

depressed again., The process is

repeated until all of the data has

been stored, Figure 2.2.

Let's try it on the computer, O STORE DATA I

THE NEXT

but first let's review whether you
remembered how to store data in one
location and to read it back. Into
location 01000111 put the data
10111000. Read the contents of
location 01000111, Does it contain
101110006, the data which you had

put there? If you were unsuccessful

ANOTHER
1LOC?

NO
or didn't remember how, you should
go back and review Exercise 1 before ( END )
continuing. |

Figure 2.2 Storing

Have you noticed that it is hard to keep track of yvour place when
you are reading our binary numbers? It is easier to read the numbers if the

eight 0's and 1's are placed in groups. Instead of
11100100
the grouping 11 140 100

is easier to read. You'll make fewer mistakes if you do it this way.
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Starting with location 00 000 011, store the following data:

In Location Store
00 000 011 60 000 100
the next location 00 00C 011
the next after that 00 000 001
and the next G0 011 100
and so on 10 00C 000
11 100 100
Stop after this one 00 000 100

Check yourself by reading the contents of the seven locations which start
with location 00 000 011, Do they agree with the data above? If they

do not agree, try again, Try to find cut why you went wrong.

When you are able to store the numbers above and to read them
correctly, and while the data is in the computer, then try this experiment.
Push Start and release it.

What happens to the display lights?

Do you think there is a pattern?

Push Stop. What happens?

After you have stopped the computer, try this experiment, Set the
address to 11 000 000. Enter the number 11 111 111 in the input buttons
and push Store five times, Then push Clear which will make the entry
number 00 000 000. Push Store five more times. Now set the address to
11 000 000 {the same as before} and read the contents of the ten locations
that start with this address.,

Did you find that 11 111 111 was stored in the first five
locations and that 00 000 000 was stored in the next five locations?

If you are storing the same data into consecutive addresses,
must you re-enter the number with the input buttons after the first

entry ?
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Exercise 3

In the first two exercises we learned how to store numbers in the
memory and how to read them, The numbers.were hinary, not our familiar
decimal, Binary numbers use only the digits 0 and 1. A binary digit has
been given the special name, "bit", A bit may be a 0 or 1 but it is never
az2z,3,4,5,6,7,8,o0r39.

In Exercise 2, you were asked to store a series of numbers and,
after checking the entry by reading these same numbers, you were asked
to push Start, The output lights should have started blinking. The numbers
you stored in the memory were instructions or commands to the computer to
do some simple operations, This set of instructions was a program, The
computer was using this program over and over, As soon as it finished
doing the operations once, the computer went back to the beginning of the

program and did the operations again.

In this exercise we will load anocther program which is very similar
to the pregram in Exercise 2. In this program the computer halts after it
does the operations once., It will do them once again when you push Start.
As often as you push Start, it will do the required operations once and
then halt.,

Let's load the program and see what is does., Starting with location
00 000 011, store the foliowing numbers in the memory:

Location Store

00 000 011 00 000 100
next 00 010 011
next 00 000 00O
next 00 011 100
next 10 000 00O
next 00 000G 000
next 00 000 011
next 00 000 001
next 11 100 100
next 00 000 110
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Read the numbers you entered. Every bit must be right, If there are any
errors, correct them by entering all of the numbers,

Push Start once. The output lights should all be ocut, If vou did not
get this result, or if the Run light did not go out, vou have probably
entered the numbers wrong. Try again, re-enter all of the numbers,

Push Start once. The lights should now be co 000 ooe
Push Start once again, The lights should now be oo ooo oeo .

Push Start a few more times, observing how the lights change. Can
you tell in advance which lights will turn on and which lights will turn off?
Try to make up rules which tell you how the lights will change. Push Start
and see if the lights do change in the way that your rule says they will.
Try this several times, You may have to change your rules but keep trying

until you can always tell what the next pattern in the lights will be,

If you want to start at the beginning again, put the number G0 000 100
into location 00 000 011,

You have been asked to find a rule about how the lights change, If
yvou did find a rule which told vou what the next pattern in the lights would
be, you have discovered for yourself how to count in binary,
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The rule which tells how the lights change might read:

Find the first light at or from the right hand
end that is Off, This light will change to On,
All of the lights from the right hand end up to
this light, but not including this light, will
change to Off. None of the other lights will
change.

Put the number 00 000 100 into location 00 000 011. This will

start you at the beginning again., Try using the rule above to predict what

the next pattern in the lights will be as you push Start,

The rule above also tells us how to count in binary. All that we

have to do is to change the words "light" to "bit", "On" to 1, "Off" to 0.
Then, given a binary number, the next binary number is determined by
the rule:

Find the first bit at or from the right hand

end that is 0, This bit will change to 1.

All of the bits from the right hand end up to

this bit, but not including this bit, will

change to 0. None of the other bits will
change.

Let's apply this to some binary numbers.

1] This is the first 0 bit from the
This number 00 000 111 right end., Change it to 1.
aad . All of these change from 1 to 0.

counts to 00 001 000

Y This is the first 0 bit from the

This number 00 001 000 right end. Change it to 1.
4 There are no bits to change from
1lto O,

counts to 00 001 001

¥ This is the first 0 bit from the
This number 00 001 001 right end., Change it to 1.
i All (in this case, one) of these
change from 1 to (.
counts to 00 001 010
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Put the number 00 000 100 into location 00 000 011, Push Start
once. The lights should show you 00 000 0C0. We have written this
number down already in the Table below., Before you push Start again,
write down what the next number will be, Push Start and check yourself.
Then write down the next number and use Start tc check your answer,

Repeat these steps until you have filled in the table,
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The correct results are given on the next page, Check your numbers

against these.
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00
00
00
00
00
c0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

Table 3.1 First Few Binary Numbers

000
000
000
000
000
000
000
000
001
001
001
001
001
001
001
0ol
010
010
010
010
010
010
010
010
011
011
011
011
011
01l
011
011

000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111
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Exercise 4
Using Table 3.1 from the last Exercise, answer these questions,
What decimal number is beside the binary number 00 000 001?
What decimal number is beside the binary number 00 000 010?__
What decimal number is beside the binary number 00 000 100?__
What decimal number is beside the binary number 00 001 0007
What decimal number is beside the binary number 00 010 0007

Write the sequence of decimal numbers which are the answers
to these five questions (start with 1).

What do you think the next decimal number would be?

What binary number is the same as this number?

What do all of these binary numbers have in common?

The decimal sequence is 1, 2, 4, 8, 16 and the next number in this
sequernice is 32, This is the binary number 00 100 000. All of these binary
numbers have one and only one bit that is a 1,

Now look in the Table at the binary number beside 3, Can you see
that it has two bits which are 1's? Can you {ind the two binary numbers
that have single 1's in these positions? Here they are:

00 000 001 1
00 000 010 2
00 000 011 3

What is the relationship between the number 3 and the other two
decimal numbers?

+ =

Let's try another binary number. Take the binary number opposite 6.
Which bits are 1's in it? Find the binary numbers that have single 1's in

the same positions as these bits.,
What are the decimal numbers? and

How are these numbers related to 67




Do the same with the binary number 00 001 101. Find the three

binary numbers with single ones in these positions.

What decimal numbers are opposite these? , ,

What is the sum of these three numbers?

What decimal number is beside 00 001 1017

Use this same process and find what decimal numbers are equal to the

binary numbers:
1001

111

1011

We know in a decimal number such as 2,736 that this does not mean
2+ 73+3+6. We understand that the 2 is to be multiplied by a 1000,
the 7 by 100, the 3 by 10 and the 6 by 1. We call 1, 10, 100, and 1,000

"place values".

Binary numbers have place values also. They are the sequence
1, 2, 4, 8, 16, 32, 64, 128, 256, and so on.

A binary number may ke converted to decimal by adding up the place

values where the binary number has 1's. Let's do it for a few binary numbers.

Place Values 8 4 2 1

Binary Number 1 0 0 1 8+1=9
Binary Number 1 1 1 4+2+1=7
Binary Number 1 0 1 1 g+2+1=11

Earlier we asked you to convert these same numbers to decimal. Did you
get the answers shown here? In the second binary number above, we
didn't put any bit under the 8's place value. If we put a bit there, what

would we put there?
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Below is a small program which is a game you can play against the
clock., What you must do is to give the decimal number for a binary number
which the computer first displays to you., If you are right, the computer
will give you another different binary number. If you are wrong, the

computer will give you the same binary number again.

Load the following program. Notice that the addresses are consecutive
so you won't have to keep re-entering addresses, Double check your
entries by reading. If you have a mistake, you don't need to re-enter all
of the numbers. Use the address given and correct the data which is in
error.

Location Data Location Data

00 000 000 00 000 000 00 001 101 11 010 001
00 000 001 g0 0090 000 00 001 110 00 011 100
g0 00C 010 00 000 000 00 001 111 10 000 000
00 000 011 00 000 110 00 010 000 10 011 109
00 000 100 00 000 000 00 010 001 11 111 111
00 000 101 11 111 111 00 010 010 00 000 000
00 000 110 01 000 011 00 010 011 11 011 001
00 000 111 00 101 101 00 010 100 00 000 011
00 001 000 00 010 Q11 00 010 101 10 000 010
00 001 001 60 111 000 00 0190 110 00 011 100
00 001 010 11 010 100 g0 010 111 00 000 100
00 001 011 00 000 001 00 011 000 11 100 100
00 001 100 11 011 001 00 011 Q01 00 000 100

Push Start, The computer should display ©¢¢ ooo ece in the output
lights, This is the binary number for 5. You should push switch number 5,
OO m0O0 DO, When you do this, the binary number will disappear and
the light above the switch will come on. Now push Start, If the entry is
correct, the computer will display another, different, binary number. If
yvour entry was wrong, the computer will display the same binary number
again. Again make your entry and push Start.

The largest binary number the computer will show you is seven. The
smallest is 0, The first time you see the number 0 given by the computer
you may think something has gone wrong. It hasn't. Try a few numbers to
see how it goes, then get a friend to time you against the clock, How

many correct ones can you do in a minute?
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Exercise &

At the end of the last exercise we were converting binary numbers to

decimal.

computer will give you a decimal number from 0 to 7.

binary number which is equal to this decimal number,

In the first part of this exercise we will do the opposite,

The program to use is:

Location Data

00 000 00D 00 000 000
00 000 001 00 000 000
00 000 010 00 000 000
00 Q00 011 00 000 100
00 000 100 01 000 011
00 000 101 00 101 101
00 000 110 00 010 011
00 Q00 111 00 111 000
00 001 000 11 010 100
060 001 001 00 000 001
00 001 010 0D 011 011
00 001 011 00 000 000
00 001 100 00 000 011
00 001 101 01 000 010
00 001 110 00 011 100
00 001 111 00 010 100

Did you check your entries? Push Start.

oo @00

Qo0

Since light number 5 is
number (0O OO0 WOM in the switches,

The

You are to enter the

Location Data

00 010 00O 10 01! 100
co 010 001 10 000 Q00
GO 010 010 10 011 100
00 010 011 11 111 111
00 010 100 00 000 000
00 010 101 10 000 000
00 010 110 00 Q00 000
00 010 111 00 010 100
00 011 00O 11 111 111
00 011 0OOD1 11 011 001
00 011 010 00 001 100
60 011 011 00 001 011
00 011 100 00 100 100
00 011 101 00 000 100
00 011 110 11 100 100
00 011 111 00 000 110

The computer will display

on, you should enter the binary

Push Start again,

If vour input

was correct, the computer will display another, different decimal number.

If you were wrong, the computer will display the same decimal number

again. Try a few times to see how it goes and then have a race against

the clock. With practice you can learn to use two and three fingers at the

same time to enter the binary .number,

There are other number systems besides binary and decimal,

these is called hexadecimal,

numbers.

system,

One of

There are sixteen digits in hexadecimal

These are the ten digits of decimal numbers and the six letters,
A,B,C,D,E,and T,

system is closely related to binary, but we won't use the hexadecimal

In hexadecimal, F + F = 1E, Thehexadecimal



Another number system is called octal. The octal system has eight
digits: 0,1, 2, 3, 4, 5, 6, 7. You have been working with the octal
system already. For numbers from 0 to 7, the decimal and octal numbers
are the same. The conversion prchlems we have been doing are true for
both decimal and octal,

We will use the octal system a lot, It is very similar to binary and
it will make our work much easier, Though you may not be aware of it, you
already know how to convert a binary number to an octal number and
vice versa,

To convert a binary number to octal, divide the binary number into
groups of 3 bits starting at the right, for example,

001 101 110 010

Now write down the 0 to 7 octal digit that is equal to each 3 bit binary
group above, In this case we would have

1 5 o 2
To convert an octal number to binary, do this in reverse

3 7 4 0
011 111 100 000

We won't learn any arithmetic rules for octal. We can convert them
to binary and do the arithmetic in binary, However, if there are no carries
or borrows, then octal arithmetic is the same as decimal arithmetic, For
example, all of these additions and subtractions are true for both octal and
decimal numbers:

250 267 146 357
+ 5 - 3 + _31 - 113
255 264 177 244

An octal number such as 250 doesn't represent the same quantity of
things as the decimal number 250 does. Tor example,

QOctal 10 is this many things: ' IIXYY2Y]
Decimal 10 is this many things: 0000000000
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There is one arithmetic operation with octal numbers that we use a
lot. That is counting., The easiest way of counting in octal is to count in
decimal, but to omit all of the decimal numbers which have an 8 or 9,

Complete the counts below, (Note that the counts go down the page.)}

14 46 75 112 035 207

10
11
12
13

With so many different kinds of numbers, how can one tell what
number system is being used? For example, if you see 111 are vou to
think of seven {in binary) or seventy-three (in octal) or one hundred eleven
{in decimal)? We may depend upon the context or the setting in which we
see it, As a price in a store, we know it is decimal, In the computer
we are working with, the number is usually octal. Sometimes when we
could be confused we will do one of the following:

binary 111 or 111 or 111

2 two
octal 111 or 11 18 or 11 1eight
decimal 111 or 11110 or 111ten

FOR INTERESTED STUDENTS (OTHERS NOT ALLOWED)

Bi- means two, Binary numbers use two symbols,
Oct- means eight. Octal numbers use eight symbols.,
Deci- means ten or tenth, Decimal numbers use ten symbols,

Hex- means six. Hexadecimal {6 + 10} numbers use sixteen symbols.
Can you give some other words that use bi-, oct-, deci-, or

or hex~ ?

What is odd about Octcber and December ?
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How many sides does a triangle have?

What might you call the number system with three symbols?

Of all the number systems that are possible, why do yvou think

we use decimal numbers?

Could there be a number system with only one symbol?

How many symbols does the tally system (]’H.[ JH )use?

Does the tally system have place values?

In decimal, the place value names are one, ten, hundred, thousand,

etc, There are no agreed upon names for the place values in binary, octal,

and hexadecimal. We sometimes read the octal number 1,750 as "octal

one thousand seven hundred and fifty,"

What decimal number is this?

Must the binary system use the symbols 0 and 17

Could it use the symbels a and b?

Why would you prefer one set of symbols to the other?

Below we give the addition table for octal numbers,

sguares.
o1 |2)3]4)5}6}7
ofloj1]2]|3
tll1121]3
2(l2]3
3|3
4
5 14
6 1415
7 14 |15 |16

Fill in the empty



Exercise 6

In this Exercigse, we'll learn how to add two binary numbers,
we'll use the computer and a program to help us,

input number (entered in the input switches) to a number already in the

Again,

The program will add our

computer. This number in the computer will be stored in an "accumulator".

OLD CONTENTS OF ACCUMULATOR
+ OUR INPUT NUMBER

NEW CONTENTS OF ACCUMULATOR

The addition takes place when we push Start., When the computer stops,

it will display the new contents of the accumulator in the lights,

As soon

as we push Clear or one of the input buttons, the lights will then show

the input number, When we want to clear the accumulator {set it to zero},

we'll use input switch 7

B0 00O Doo;

Let's load the program
and see how it works.
Notice that the addresses
and data have been given
in both binary and octal.
Try using the octal when
you enter the data. When
you read the data to check
it, vou should use the
binary. After a while we
will use only octal numbers,
but until you are familiar
with the octal system
we'll also put the binary

number down,

and Start clears the accumulator
Location Data
00 000 000 oo Q00 00 000 000
00 000 001 001 000 00 000 000
00 000 010 002 000 00 000 000
00 000 011 003 021 00 010 001
00 000 100 004 000 00 000 000
00 000 101 005 272 10 111 010
00 000 110 006 377 11 11ti 111
00 000 111 007 344 11 1090 100
00 001 00D 016 021 00 010 001
00 001 001 011 004 00 000 100
00 001 010 012 377 11 11t 111
00 001 011 013 034 00 011 100
00 001 100 014 200 10 000 000
00 001 101 015 134 01 01f 100
00 001 110 0l 377 11 111 111
00 Q01 111 017 344 11 100 100
00 010 000 020 004 00 000 100
00 010 001 021 023 00 010 Q11
00 010 010 022 000 00 000 000
00 010 011 023 344 11 100 100
00 010 100 024 013 00 001 011
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Push Clear. Push Start. The lights should be cut,

Push switch 0. Push Start, Repeat these two several times. Do
you see the binary count process as we add one each time? Push switch 7.
Push Start, The accumulator should now be zero., Add some number to the
accumulator, ThenpushClear, Push Start, Did the accumulator change?

Are we adding zero to the accumulator?

What we want to do now is to find rules for adding binary numbers
on paper. The computer will be used to tell whether we are right or wrong.
We can try cur ideas with it. Don't change the binary numbers to decimal
and add. Do all of the work in binary. Try to do this in an orderly way
and organize your approach. Start with simple cases and little numbers
(like 0 and 1}, Test your ideas with the computer. After you have tried

awhile, comeback andfinish reading the rest of this exercise,

There is more than one way to add. You may have found a way that

is different from the one to be given here, That doesn't make vours wrong,

When we learned to add decimal numbers, one of the first things we
learned was the addition table, With decimal numbers, it was necessary
to learn 100 combinations. One such combination was 8 + 6 = 14, How
many combinations do you think there would be in binary? With 10 digits
for decimal numbers, there were 10 times 10 cases to be learned. With
only 2 digits for binary numbers, there are only 2 times 2 cases to be
learned. And of these four cases, three of them consist of adding 0 to

another number,



The four cases are:

0 0 1 1
+ 0 + 1 .0 +_1
If you know the answers to these four problems and if you know how te
"carry", then you know how to add two binary numbers. Zero plus zero is
zero, Zero plus one is one. One plus zero is one. One plus one is two,

The number two is written in binary as 10. So we have:

+
c:lc:)o

0
+ 1 +
1

|—-|O —
+

et

=

Adding one to one creates a carryin binary. The carry for binary numbers
is used in the same way as for decimal numbers, It adds one more in the

next column to the left. Let's take the four cases above and also add

in a carry
1] - ] = ] «=——— 1 »— carry from
0 0 1 1 the right
+_0 +_ 1 + 0 +. 1
1 10 10 11 carry to
4 K3 4 the left

Notice that the sum, including the carry, is the binary number for the

number of 1's being added together, For example,

1
1 3 1's being added
+_1
11 = 3 in binary
Let's add two binary numbers
111 1 carry
10101901 first number
+ 111011090 second number
119001011 answer

Give the sums in the following additions and then check your own

work with the computer,

oo
oo
o
—
—_— O
—

1001 11
111 11

o Y ]
+
Q=
+

+
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While the program is in the computer, try these experiments,
Put 000 in the accumulator, then keep adding 2. These are the even

numbers, Write the first few even numbers in binary.

Now put the number 001 in the accumulatcr, then keep adding 2. These

are the odd numbers., Write the first few odd numbers in binary.

What do all of the even numbers have in common that the odd

numbers do not have?

Do this addition

-
o O
—
— =
oo

How does the sum look compared to the numbers being added?

Adding a number to itself is the same as multiplying by 2. Doces
multiplication by 2 for binary numbers have something in common with

multiplication by 10 for decimal numbers?

What is the number 2 in binary?

Appendix I may be used to convert octal numbers to decimal or
decimal numbers to octal,
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Exercise 7

We have been using programs in the computer. A program consists
of instructions which tell the computer what fo do, An instruction is a
number in the computer. Different numbers tell the computer to do different
things, In our computer some of the instructions require two memory

locations while other kinds of instructions require cne memory location,

The pair of numbers T would tell the computer:

ADD e | A COPY OF THE NUMBER IN LOCATION 013

&

TO THE CONTENTS OF LOCATION (00

o

AND PUT THE ANSWER IN LOCATION 000

If we change the 004 to another number, we would get a different
instruction, perhaps a Subtract. The 004 is the operation code. The
second number in this pair is an address of a memory locaticn, While in
this example it is 013, it could be any address from 000 to 377. With this
instruction we must always use the number in location 000 as one of the
operands and we must use location 000 to receive the answer, We can't
change that. The pair of numbers must be stored in consecutive locations
such as 100 and 101, The 004 number, the operation code, must be in the
smaller of the two addresses. The memory address, such as (013, is in the
larger of the two addresses.

When we put parentheses around an address, for example,

(013)

we read this as "the contents of location 013".
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When we use the notation

(000} : (013)
we mean that a copy of the number in location 013 is to be made and this
value becomes the contents of location 000, Notice that this kind of
statement is read from right to left. We will also use statements like
the following
(0c0) : (000) + (013)

It says, "Add the contents of location 013 to the contents of location 000
and then put the answer in location 000", This statement, of course,

describes our Add instruction above,

Since the Add instruction can use any location in memory for the
number tc add to the number in location 000, we could express the state-
ment as

(000) : {000) + (XXX, XXX = 000, 001,....... , 377

The statement on the far right merely says XXX can be any of the memory

addresses. Usually we will omit it, It's just understood that it is so,

The single number 000 is an instruction to the Computér telling it
to stop or halt. We call this an instruction "Halt". Halt is an instruction
in the computer and the program tells the computer to halt, We'll use the
name "Stop" for the action of telling the computer, irom the front panel,
to stop. It does not require any instruction, Both Halt and Stop produce
the same result, When the computer is halted or stopped, it isn't doing
anything, The Run light is out and we can store and read memory locations,
When the Run light is on, the computer is doing the steps of a program in

the computer, We can't read and store data using the front panel then,
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A computer can do only one instruction at a time. After doing one,
it will do another, followed by ancother, and so cn. How does the computer

know where to begin? And how does it know where the next instruction is?

THE NUMBER IN LOCATION 003 TELLS THE COMPUTER
WHICH MEMOCRY LOCATION HOLDS THE NEXT INSTRUCTION,

After an Add instruction, the number in location 003 is increased
by 2 since the Add instruction is contained in two locations in the memory.
After a Halt instruction, the number in location 003 is increased by 1 since
the Halt instruction uses only one location in the memory., This adjustment
to the value of the number in location 003 is done by the computer auto-
matically, We could express this symbolically,

for ADD, (003) : (003) +2
for HALT, {003) : (003) +1

WARNING A common mistake that students make is to say that the
number in location 003 is the next instruction, This is not correct. The
number in location 003 is the address of the next instruction, There is a
big difference between these two statements., Be sure you understand the
difference,

Let's try the Add and the Halt instructions in the computer. Load
the data in the Before column.

Location Before After Comments
000 250 ]
003 100 ]
100 004 ADD (000) : {(000) + (164)
101 164 (003) : (003) +2
102 000 HALT {003) : (003) +1

164 005 ]

Push Start, The Run light should go out., Read the memory locations and
fill in the blanks in the After column above,
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Did the contents of location 000 change?

By how much did they change?

What location holds this number?

Did the contents of location 164 change?

Did the contents of location 003 change?

What do the contents of location 003 now tell the computer?

Did (100} or (101} or (102) change?

Now here is a problem for you to program. Write a four instruction
program to add together the numbers in location 301, in 302, and in 303,
You can choose your own numbers to put in these locations. Pick small
numbers. We've written out a few of the locations and data for vou. Try
your programn in the computer. When the computer stops, you'll have to

read the contents of location 000 to get your answer.

Location Data Comments

000 Start with zero in location 000

Q03

100 Put first instruction here
101

102

103

104

105

106 HALT

301 First number
302 Second number
303 Third number

Try a different set of numbers in 301, 302, and 303. Don't forget to put
the proper starting values in locaticons 000 and 003,
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Exercise 8

We'll learn some more instructions in this Exercise.

This pair of numbers_l_would tell the computer:

SUBTRACT _—_DIA COPY OF THE NUMBER IN LOCATION 237

o

FROM THE CONTENTS OF LOCATION (00

&

AND PUT THE ANSWER IN LOCATION 000

We can also give the results produced by this instruction in this way,
(000) : (000) - (O
(003) : (003) + 2 | SUBTRACT

Operation code is 014

And this pair of numbers -—r-would tell the computer:

LOAD ‘L——-D[A COPY OF THE NUMBER IN LOCATION 133

o

INTO LOCATION G600

LOAD is a transfer of data to location 000 from another location., The data

is not changed in any way, Our shorthand notation for Lead is,
(000) : (X0
(003) : (003) + 2 LOAD

Operation code is 024



The pair of numbers —‘-—would tell the computer:

e — 034
, 3] = — — = = e = - —-——=
I I
) t
STORE :
é |
|
A COPY OF THE !
NTUMBER IN ——D| INTO LOCATION 321
LOCATION 000

STORE is a transfer of data from location 000 to another location, The data
is not changed. You may want to compare this instruction with LOAD,

We can express the Store instruction,
(XK : (000)
{003) : {003) + 2 STORE
Operation code is 034

The Add, Subtract, Load, and Store instructions all use memory
location 000. It's beginning to look as if location 000 is special, It is,
It is so special that

MEMORY LOCATION 000 IS CALLED THE "A REGISTER"
and THE (000} ARE CALLED "A"

The A Register is important in the Arithmetic unit,

Location 003 is another very special location. In order that its
feelings won't be hurt, we have given it a name also,
MEMORY LOCATION (03 IS CALLED THE "P REGISTER"
and THE (003) ARE CALLED "P"

The contents of the P Register point to the next instruction in the program.
In our shorthand notation we could say, for addition,
A A+ (XXX , P:P + 2
Whether these are any better or any worse than
(6o0) : (000} + (O} , (003) : (003) + 2
we leave to your judgement,
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Let's write another small program. Add the numbers in location 140
and 141 and from this sum subtract the number in 142, Before doing these
arithmetic operations, A is to be set to 000 by the program, After the
arlthmetic operation, store A in location 200, This will cause the answer

to appear in the output lights. TFinally, we will halt.

Notice how this last paragraph could be condensed,

1. A:0Q

2, A+ A+ {140)
3. A:A+(14)1)
4, A:A-(142)
5. (200) : A

6. HALT

Each of these six statements can be done with one instruction.

Write a program (see below} from the six statements above, Choose

your own data and load them with the program and try it,

Location Data Comments

003 320 P =320

e I R el
320

321
322
323
324
325
326
327
330
331
332

P O il il aen, e SR
140 First number
141 Second number:
142 Third number |
143 000 Zerg

After you have written your program you will probably have a 000 in
location 332. This 000 will be used as a Halt instruction. We suggested
also putting 000 in location 143. This 000 was intended for use as data
to clear the A Register. Would one 000 be enough? Yes, we could use
only one. But it is poor practice to needlessly mix the instructions and

data and make one number serve for both purposes, Try to avoid it.



Exercise 9

First let's learn one more instruction, The number 200, as an
instruction, tells the computer to do nothing, Don't laugh, the Do Nothing
instruction (alsoc called No Operation or NOOP) is very useful.
Symbolically the instruction causes

P :P + 1 NOQOP
Operation Code is 200

That is, the contents of the P Register advance by 1, This action in itself

can be important to us.

We are going to use a new feature on the computer which we haven't
used before. From the front panel we are going to make the computer
start, do one instruction, and stop. We already know that the program
can have the computer stop with a Halt instruction, From the front panel
we can make the computer execute one instruction and stop regardless of
what this instruction is., This is called "Single Instruction" and when we

tell you to do a single instruction you should do this:

Single Instruction 1. Push and hold Stop
2. Push Start
3. Release Start

4. Now release Stop

Try this a few times tc learn the pattern of the actions that are required.
The single instruction feature is very helpful when you are studying what
is happening in the middle of a program, You guessed it, that is what

we are going to do.,
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Load this program, Do nct push Start, Answer the questions below,

If you have trouble answering the questions, read the last two exercises again,

Location Data Comments
003 240 P Register
200 000 Clear output lights
240 200 NOOCP
241 024 LOAD A (060)
242 060
243 200 NOOP
244 344 7?7?97
245 241
246 000 HALT

What is the value of the P Register?

In what location is the first instruction?

What is the name of this instruction?

How many locations does the first instruction occupy ?

What should the value of P be after this instruction is done?
Do a single instruction (see the first page of this Exercise),

Read P (the contents of location 003).

What is the name of the next instruction?

How many locations does it require?

What should P be after this instruction is done?

Do a single instruction, The P Register should be equal to 243, Check it.

Do a single instruction, Now P should be equal to 244, Check it, (If it
isn't, keep doing single instructions until P = 244.}

Do a single instruction,

What values does the P Register have now?

Were you expecting something like this?

From where, do you think, this value of P came? {Hint, look in

the data above,)

Do you think the P Register can be changed in ways that we

haven't talked about?
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The number pair ._‘_ tells the computer:

Fm~—mm——— 344
{ XXX _________ —-l
L |
JUMP or l
TO LOCATION XXX
BRANCH or[— O FOR THE NEXT INSTRUCTION

GO

The normal next sequence for locating the instructions is changed by this
instruction, The location XXX can be any memory location where it is
desired te have the computer go for its next instruction, Not only does the
computer go to location XXX for its next instruction, but the P Register is
also changed to this value.

We could look at this Jump instruction in this way:

STORE O THE NUMBER XXX IN LOCATION 003
(BUT DO NOT ADD 2 TO P)

When put this way, it emphasizes that P is changed, These two descriptions

are the same though we will use the language of the first description.
In our shorthand we could say:
P XXX
Operation Code is 344 JUMP

When given in this way, the description seems so short that it is hard to

believe that it could be a very useful instruction. It is a very useful
instruction,

Do you see why an instruction of this type could be called Jump or
Branch or Go To? We prefer the name "Jump".



Let's have some more fun with the computer. Load this program,

Location Data Comments
000 000 A
003 150 P
150 004
151 154
152 344
153 150
154 001

Fill out line 1 below by reading the contents of the locations, Have the
computer do a single instruction, Keep repeating this pattern until all the

lines are filled in.

W =] o o W N
Il

- 7w 9 7Tv v v w9 o
|

I

Let's stop here, it could go on forever, From the values for A and P, can
you tell what the program is doing? Write a short statement telling what
the program does.




Here's another complete pregram to try.

Chase Your Tail.)

Location

Data Comments

0063

100
101

Do single instructions and look at the P values.

100 P

344
100

(The program is called

Push Start and let the
computer run, Push Stop. What does this program do?

Does it seem very useful?
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Exercise 10

In the last exercise we were studying the P Register, The contents
of the P Register are the address of the next instruction, We saw P advance
in a normal next sequence. Also we saw how we could cause the computer
to break the sequence of taking instructions from an increasing series of
addresses, The Jump instruction could be used to make the computer go
to any location for its next instruction.

In this exercise we will continue working with Jump instructions.
Let's start right off by loading a program,

Location Data Comments
000 000 A Register
003 100 P Register
100 024 LOAD A
101 360
102 044 2?7
103 140
104 000 HALT
105 344 JUMP TO 100
106 100
140 000 HALT
141 344 JUMP TO 100
142 100
200 000
360 001

Push Start. The computer should stop, {Run light out),

Read the contents of location 003,

Push Start again, The computer should stop again.

Read the contents of location 003,

Change the number in location 360 to 000. Push Start again. The computer
should stop.

Read the contents of location 003.

Push Start again. The computer should stop.,

Read the contents of location 003.

EX 10-1



You should have different answers for the P Register values. The first two
times they should be the same, The last two times they should be the same
but different from the first two times,

Does this have anything to do with the number in 3607

Change the number in 360 back to 001. Push Start. The computer should
stop.

What are the contents of location 0037

Is the number in 360 an instruction (Hint; See below)?

If you don't know the answer to that last question, do single instructions
and look at the values of the P Register until you repeat a number, You
can write your P Register values here;

Did the P Register ever indicate that the number in location

360 was to be used as an instruction?

The instruction in locaticons 102 and 103 sometimes causes a Jump
to location 140, Sometimes it doesn't cause a Jump. We see that the
number in location 360 may be involved, By changing this number,
which isn't an instruction, we can cause the computer to jump or not to
jump, Just prior to the Jump instruction in location 102 and 103, the
instruction in 100 and 101 load A with the contents of location 360.

Don't you think the important thing may be what the A Register

contains ?
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The number pair —I—tells the computer:

F———— — = 044
l XXX —— - —m T T

JUMP TO LOCATION XXX
FOR THE NEXT INSTRUCTION

is i ion is called

TAKE THE NEXT INSTRUCTION This instruction is calle

IN THE NORMAL SEQUENCE JUMP, IF A EQUAL TO ZERG,
TO XXX

This instruction has two possible outcomes depending on whether the

A Register is equal to zero or not. If the A Register is equal to zero, the

computer will jump to location XXX for the next instruction.

Location XXX
can be any location we desire,

If the A Register is not equal to zero, no
Jump is made and the following instruction is used as the next instruction,

The number pair —r—tells the computer:

JUMP TO LOCATION XXX
FOR THE NEXT INSTRUCTION

This instruction is called
TAKE THE NEXT INSTRUCTION

JUMP, IT A NOT EQUAL TO ZERO,
IN THE NORMAL SEQUENCE TO XXX

Do you see the difference? Compare the words until you find the difference.

Write an explanation for what this instruction does (see the one above).
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So far we have learned these instructions,

Svmbolic Instruction Numeric Shorthand
ADD A (00 004 A s A+ (300
6,64 P : P+2
SUBTRACT A (XX 014 A A=K
XX P : P+2
LOAD A 0,04 024 A 2 (XXX}
XX P : P+2
STCRE A (000 034 o) @ A
XX P P+2
JUMP X 344 P 8.0
XXX
JUMP A=( X 044 ifA=0, P: XXX
XX ifA#0,P:P+2
JUMP AF0 KX 043 ifA#0, P: XXX
XX ifA=0,P:P+2
HALT 000 P : P+1
HALT
NOQOP 200 P P+1
(XXX = 000, 001,...... ,377)
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Exercise 11 (Double length)

In this Exercise we'll analyze a problem and write a program to
solve it.

The Problem

We want the computer to be a combination
lock, We'll use only the 0 to 7 digits and
we'll require only a two number sequence to

open it.

The lock would be a better lock if the sequence were longer, but we want
to keep it simple and we want to "crack the safe". It's fun to crack the

safe,

If the code were 57, then the entry of a 5 followed immediately by
a 7 will open it. {(We'll ignore clockwise and counter-clockwise turns),

The program should allow the codes to be changed easily.

For input, we'll use a single button such as 00 BO0O 00O for 5,
We could use binary numbers but that would be more buttons to push. When
the lock is open let's have the computer turn on all the cutput lights, We
need two variables that describe the first and second codes., Let these

two be X1 and X2, We'll store them in the same form as the input,

Flow Charting

Right now we are not going to describe any rules for flow charting.
We won't even define a flow chart. We'll just do some things that come

naturally to us, First, we have to start somewhere so let's put that down,

C STI;\RT j

We must get an input number. For the moment let's skip the fol-do-rah

about how we get the input number,

&

GET INPUT
NUMBER
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When we have the number we want to know whether this is equal to X1.
Since this is a question and not a statement of action, let's use a different
anclosure,

NG

YES
v

We've drawn two lines leaving the
diamond, one for NO and one for YES.

In case the answer is NO we should start ( START )

over andget another input number, If J?_q____

the input number is equal to X1, we
, GET INPUT
must remember the code is half-broken NUMBER
and we must now compare the input
against X2, %
NO
YES
\ /
GET INPUT
NUMBER
\ /
NO
»
YES

\J/
Looking at the NO branch of this X2 test, the second input character

did not equal X2, The code isn't broken. But this input character might be
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equal to X1 so we should test for that,
Why? Consider this:
45
445
The 4 here passes the X1 testf

This 4 fails the X2 test,

Combination that opens the lock

Portion of input sequence

but this second 4 plus this 5 should open the lock.

Looking at the YES branch,
the code is broken and we
should turn the lights on, After
turning the lights on, let's go
back and be ready to play again,

We see that we should
make provision for turning the
lights off, So we added one
more box to the flow chart to

remind us to do that.

( START )

oL o—

GET INPUT
NUMBER

!

LIGHTS OFF

\J

YES

NO

GET INPUT
NUMBER

YES
v

LIGHTS ON

NO
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Input and Output

Let's take a little time to talk about input and output in cur computer,
Whatever number we enter with the input switches, including Clear,
appears in location 377. This location is used to assemble or to gather
together the bits of a number which we are entering. This happens when

the computer is running or when the computer is stopped.

When the program is ready for another input, we will have it halt.
The person enters his input and starts the computer again, With the
computer running again, the program can take the contents of location 377
as the input.

Before halting for the input, we will have the program store the number
000 in location 377. This is the same asg if the person pushes Clear., We
do this to save a person from having to push Clear. Our input seguence
will be

Store the number 000 in location 377

Halt
When the program starts again
The input number is in location 377

For output, the program will store a number in location 200, When
the computer is in Run, the contents of location 200 control the display
lights., When the computer stops, the contents of location 200 continue to

be displayed until the operator makes another choice for the display.

The Program

Let's now use the flow chart and the comments we have made about
input and output to write a sequence of instructions for the computer, Let's
begin with the box on the flow chart that says S8TART. The first thing to do
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is to get an input number. We'll have the program clear location 377 and

halt, We'll put the first instruction that we write in location 100,

Location Data Comments

100 024 Load A with the number 000

101 376 Location 376 is to hold 000
102 034 Store A in location 377
103 377

104 000 Halt

When the computer starts again, the input will be in location 377. Before
we use this input we'll clear the cutput in location 200, We see from the

instructions above, that A is 000, So

105 034 Store A in location 200
106 200

To determine whether the input is equal to the X1 code, we can use

these instructions

107 024 Load A with the input

1i0 377 Input is in location 377
111 014 Subtract from A the X1 code
112 375 Have X1 in location 375

Don't let the word "code" confuse vou. It's just a number,

The Jump instruction which jumps on A not equal to zerc will complete
the action required by the first diamond in the flow chart

113 043 Jump, A # 0, to 100
114 100

Taking the YES path from the first diamond, we have to get another
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input number, We'll use the same pattern of three instructions as we
used before

Location Data Comments

115 024 Load A with the number 000

116 376 We had 000 in location 376
117 034 Store A in location 377
120 377

121 000 Halt

When the program starts again we will determine whether the input is equal
to the X2 code,

122 024 Load A with the input

123 377 Input is in location 377
124 014 Subtract from A the X2 code
125 374 Have X2 in location 374

The NO branch from this second diamond is to be taken if A is not

Zero

126 043 Jump, A # 0, to location 107
127 107

We determined that 107 was the address to use by comparison to the flow
chart.
If A was equal to zero after the last subtraction, the lock has been

opened. To turn the lights on

130 024 Load A with the number 377

131 373 Put 377 in location 373
132 034 Store A in location 200
133 200

Now the program should go back and start over again

134 344 Jump to location 100
135 100

EX 11-6



We have omitted one other location that is important,

Do you know which

one? Location 003 which holds P should have the value 100 since the first

instruction that the computer was to execute was in that location,

Let's put all of the instructions, data and constants together.,

We have

Location Data
003 100
100 024
101 376
102 034
103 377
104 000
105 034
106 200
107 024
110 377
111 014
112 375
113 043
114 100
115 024
116 376
117 034
120 377
121 000
122 024
123 377
124 014
125 374
126 043
127 107
130 024
131 373
132 034
133 200
134 344
135 100
373 377
374 X2
375 X1
376 000

First, try the program with codes of yvour choosing,

works, Then see if you can get a friend to load X1 and X2 codes,

open the lock then?

X1 and X2 are chosen from these codes

For Input Digit X1 and X2 Code

00 000
00 000
00 000
00 001
00 010
00 100
01 000
10 000

SN W -~ O

Determined by the operator

001
010
100
000
000
000
000
000

See if the program

Can you
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Exercise 12

The final program that we developed for the lock pregram is hard to
"read" and understand, It is very desirable that we be able to understand
our own programs, When we first write a program, it probably has some
errors in it, Perhaps we used an Add instruction when we should have used
a Load instruction, Or the program jumps to the wrong instruction, Before
we can make changes to a program {and we will do a lot of changing), we
must understand what we have done already, A list of locations and their
data content is a poor way of expressing our thinking. It is true that this
is exactly what the computer requires. It is the only thing that it understands,
But we need something more than three numbers, While “something more"
sounds like extra work, it will save us effort and time. Let's see what

this "something more” is. Here is an example of it,

Symbolic  Contents of
Address  Lgcation

A Q00
P BEGIN
ONE 001

OUTPUT 000
BEGIN ADD A ONE
STORE A OUTPUT

JUMP BEGIN

Can you read this as a program?

Scanning this quickly, we can see three instructions at the bottom.
But instead of using numerical addresses, they use the words ONE, CGUTPUT,
and BEGIN. All of these words appear also in the Symbolic Address column.
Opposite ONE we see the contents of the location are 001,

EX 12-1



Thus we begin to form the idea that

Symbolic Address Contents
ONE 001
ADD A ONE

may in some way mean an example like this

Location Data
135 001
ADD A (135)

where the 135 could just as well be any other numerical address. Thus the

use of ONE would be similar to the use of x in algebra.

ONE is a symbolic address, It stands for or represents an address
which is not yet known, When we use symbolic addresses it is understood

that we don't use parentheses that normally would be required.

When we use the label ONE with the constant 001, it is obvious that
we were thinking about the contents. It is a symbolic address which is
descriptive of the contents of the location.

What does the program do? The first instruction adds one to the
A Register. The second instruction stores A in OUTPUT which will control
the display lights. The third instruction tells the program to start over, The
program cycles continuously adding one to the A Register and putting these
values out to the display lights., The display lights will show the binary
counting process,

Notice that we can write the program, read it and talk about it even
though the instructions and the constant ONE have not been assigned memory
locations. The way the computer was designed determines the locations
for A, P, and OUTPUT, but it is not important at this stage in the development
of the program to remember just what these are, We do have to understand

the functions of the A Register, P Register, and the Cutput location.
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When we write programs, we will first write a symbolic program.
We won't even talk about memory locations until we think that we have a
correct program. Only then will we assign locations and specify the com-
plete data content of these locations. This final step is simple and easy
to do. But we will do it last,

How do we translate the symbolic program to numeric codes? Look
at the example below,

Symbolic
Loc Data Address Contents
000 A Qo0
003 P BEGIN
200 OUTPUT poo

BEGIN ADD A ONE

STORE A QUTPUT

JUMP_BEGIN

ONE G01

We started by putting A, P, and OUTPUT on the top lines. The locations
assigned to these are known and can't be changed. So we put them down
and got them out of the way. Belrw these we put the instructions. We
spaced the instructions so that there would be as many memory locations
as each instruction required, Some will require two and some take only
one location (here all instructions require two locations). After the
instructions we put the contant 001. We could have used a different order.
We could have put the constant before the instructions. Be we couldn't
put the constant ONE between the ADD and STORE instructions.,

Next we complete the assignment of locations, Except for the reserved
locations 000, 001, 002, 003, and 200, 201, 202, 203 and 377, we can
make most any choice for the first instruction, Location 004 is a very good
choice., With this determined, the locations of the rest of our instructions

are also determined. We'll assign ONE beginning at 204. Then if we
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add more instructions to the program, we won't have to move ONE.

Loc Data SXCT&?(;;I; Contents

000 A 000

003 P BEGIN

200 QOUTPUT 000

L e B el e el N i
004 BEGIN ADD A ONE
005

006 STORE A OQOUTPUT
007 3

010 TUMP BEGIN
0l1

AN e CAN N A A NN — e
204 ONE 001

With the locations now assigned, we can fill in the Data column,
Some of the entries in the Data column don't depend upon the location
assignment and could have been filled in earlier,

For locaticn 000, its contents are defined to be 000,

For location 003, we defined (by BEGIN) that it should be the address
of the location which is labeled BEGIN, We see that this is 004,

For location 200, its contents are defined to be 000.

For location 004, we use the operation code for ADD (004), (This is
just a coincidence that location 004 contains 004.)

For location 005, the instruction refers to a location named ONE.
The address of ONE is 204.

For location 006, the operation code is 034,

For location 007, the address assigned to OUTPUT is 200.
For location 010, the operation code is 344,

For location 011, the address for BEGIN is 004.

For location 204, it is defined to be 001.
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Hence we have,

Loc Data Sgﬂﬁglslsc Contents

000 000 A 000

003 004 P BEGIN

200 000 OUTPUT 000

T T i P B P N e
004 004 BEGIN ADD A ONE
005 204

006 034 STORE A OUTPLUTY
Q07 200

010 344 JUMP BEGIN
011 004

R W S W P

204 001 ONE 001
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Here is a symbolic program for you to

computer to use,

Symbolic
Loc Data Address Contents
A (Doesn't Matter}
P START
QUTPUT 000
INPUT (Doesn't Matter}
(T W W N LU N SV PR LY. W VN N
START L.OAD A ZERO
STORE A INPUT
HALT
LOAD A INPUT
STORE A NUM
ADD A NUM
STORE A QUTP
JUMP START
e Al ARSI AN NS
ZERO 000
NUM {(Doesn't Matter)

After you convert the program, try it in the computer,
The computer will halt.

The computer should halt again,

your entry. You can repeat this,

convert to numbers for the

Push Start,
Enter some number with the switches,

Push Start,

The number displayed should be twice
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Exercise 13

Jack had a die (one die, two dice) which he thought might not be
fair, It seemed to him that some numbers came
up more often than they should, We agreed to
use the computer to help Jack test his die. TJack 0
would roll it and call the number: 1, 2, 3, 4,
5, or 6. We would keep a tally in the computer
for each of these six numbers. For example,
when Jack rolled the number 3 we would increase the count for 3 by one.

When Jack had rotled the die a large number of times, we would compare

the counts for the six numbers.

We'll use six locations in the memory to hold the counts, one for
each of the six possible numbers that Jack might roll, To start, each of
these locations will contain 000. Let's choose these locations: Location
301 for the tally on number 1, 302 for the tally on number 2, 303 for

number 3, 3904 for number 4, 305 for number 5, and 306 for number 6.

One very straight forward solution is given in the flowchart below:

Kv)
GET INPUT (Let INPUT = N)
TN = 17 A: GOD—oA: A+ 1 —p{GoD: A —0
N
SN =27t A: (302) A: A+ G02): & —p
SN =37t ofa: (303) A A+ 1 G03): A —0
SN = 47t A: (304) Ar A+ 1) (04): A J—D
SN = 57t a: (3os)—0ofa: 2 + 1 —ofG05): A J—p
Y :
SN=6§7 A: {306) A: A+ 1p—DIB06): A —{j‘S
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The instructions to get the input and to test whether it is equal to
1, 2,3, 4,5, or 6 are simple, And the steps to increase the tally count
for one oi the numbers are easy enough. Let's see what it would take to
increase the tally for 3 by one.

LOAD A (303)

ADD A ONE

STORE A (303)

JUMP START

ONE 001

To increase the tally for 4 by one, the instructions would be:

LOAD A (304)

ADD A ONE

STORE A (304)

JUMP _ START

There would be a similar set of instructions for each of the six counts.

Is there a way we can write the program so that fewer instructions
are required? There is. We can have the computer change its own
instructions.

Note that our typical tally sequence is

024 LOAD A (30X
30X ADDR 1

004 ADD A ONE
034 STORE A (30X}
30X | ADDR 2

where X is 1, 2, 3, 4, 5, or 6 depending on the number that Jack rolied.
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We will have the program change the value of X in the two locations,
ADDR 1 and ADDR 2, Then these three instructions can be used to tally
for all of the numbers. Very broadly, the program will do these things:

5 4

GET INPUT

i

CHANGE ADDRESSES

o

DO TALLY
R

To do the tally, we will use the instructions in the typical tally

sequence above, To change the addresses, we can use these instructions:

LOAD A K300

ADD A (377)

STORE A ADDR 1

STORE A ADDR 2

K300 300

The first of the instructions loads A with the number 300 (stored in
symbolic location K300). The input number in location 377 is added to
this. The A Register then contains 301, 302, 303, 304, 305, or 306,
This number is stored in symbolic locations ADDR 1 and ADDR 2, We
need only one tally sequence,

Qur complete program, in symbolic form, is given on the next page.
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ADD A
004

SUB A
014

LOAD A
024

STORE A
034

HALT
000

JUMP
344

Symbolic

Loc Data Address Contents Comments
000 A - - -
003 p START
377 INPUT -~ - -
200 QUTPUT 300
START LOAD A ZERO Get input
STORE A INPUT
HALT
LOAD A K300 Form address
ADD A INPUT
STORE A ADDR 1
STORE A ADDR 2
LOAD A (30X) Do tally
ADDR 1
ADD A ONE
STORE A (30X)
ADDR 2 ‘
STORE A (200) To display tally
JUMP START
ZERO 000
K300 300
ONE 001
301 000 Tally for 1
302 000 Tally for 2
303 0040 Tally for 3
304 00 Tally for 4
305 000 Tally for 5
306 000 Tally for 6
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We added one instruction to the symbolic program which we didn't

discuss. We stored the new tally count in the output register.

The symbolic program has a very serious flaw. It does work correctly,
but it will accept any number {from 000 to 377) as input. To show a
problem which can arise, suppose you put your first instructicn in location
340. Then suppose you use the number 040 as input. The program will
change the instruction in 340 instead of one of the valid tallies, No
matter where ycu put the instructions, a similar situation can cccur. The
program can destroy itself. Good programs are not sensitive (can't be
damaged) by bad input data.

Here is an interesting experiment. Complete the symbolic program
and load it. Take a "random" page in the telephone directory. Use only
the last digit of each telephone number, Use only the 1, 2, 3, 4, 5, and
6 digits and skip the numbers ending ina 0, 7, 8, or 9 digit. Use the
computer to tally a couple of hundred digits. Do you think they occur

with equal probability? Here are the results of one such test:

number of 1's - 27 (decimal)
number of 2's - 22
number of 3's - 23
number of 4's - 20
number of 5's - 18
numkbker of 6's - 13
Total 123

In this example we should conclude that these digits are not
distributed evenly, The probability that a telephone number ends ina 1
is much higher than the probability that it ends in a 6,
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Exercise 14

In the last Exercise we stored our variable data, the tallies, in a
very orderly way. We took advantage of this to have the program change
the addresses it used, Again and again we will see the advantage of
storing the data in @ systematic way. We'll see it again in this Exercise.

We'll also see a new principle.

We want to look at the problem of adding 50 small numbers together,
These might be the number of runs that a basebkall team scored in 50 games.
Let's assume we have these 50 numbers in consecutive locations in the
memory starting at location 204 and ending with 265 (both octal).

We could use a set of instructions like the following to add the

50 numbers together:

Symbolic

Address Contents

Loc Data

LOAD A ZERQO

ADD_A_{(204)

ADD A {205)

and sc on until
ADD A (265)

How many instructions would be required?
How may locations in memory would be required to hold these

instructions?

Let's look at another way. After the computer has done the
second instruction above, do you think it could add 1 to the address in

this instruction?
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It could, and the instruction would now be

ADD A {205)

If the computer now did this instruction, it would add in the second of the

fifty numbers,

100 024 BEGIN LOAD A ZERO
101 302

162 004 LOOP ADD A (204)
163 204 ADDR

104 034 STORE A SAVESUM
105 300

106 024 LOAD A ADDR
107 103

110 004 ADD A ONE

111 301

112 034 STORE A ADDR
113 103

114 024 LOAD A SAVESUM
115 300

116 344 JUMP LOGCP
117 102

300 -—= SAVESUM | --~

301 001 ONE 001

302 000 ZERO 000

Let's examine these in some detail,
location 100 and 101.

After the 100/101 instruction, A is 000, . . .

After the 102/103 instruction, A is the first

of the 50 numbers.

Storing A in SAVESUM saves the number in the A Register.

F I N N

We want to use the A Register for another purpose now.

After the 106/107 instruction, A contains 204, .

After the 110/111 instruction, A contains 205.

After the 112/113 instruction, ADDR contains 205,

Answer the statements below as true or false.

T

—

Let's examine a set of instructions which would do this.

Start with the instruction in
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After the 114/115 instruction, A is restored

to its value after the 102/103 instruction. . . . . . . . . . . T F
The next instruction after the one in 116/117

is the instructionin 102/103, . . . . « + + « « v+ « 4w « + . T F
After doing the instruction in 102/103, A will

contain the sum of the first and second numbers. . . . . . . . T F
Eventually the computer will stop. . . . . . . . . T F

These statements are all true except the last one, Unfortunately,
it is false. These program steps have no end. The fifty numbers will be

added together but then the program will continue to add everything else

in the memory to this sum. And it will stay in this cycle forever.

Let's look at how we can stop the program from looping back after it
has added the fifty numbers together, There is an easy answer. If the
number we store in ADDR is 266 (by instruction 112/113}, then we have
added the fifty numbers together, no more, no less. This test can be made
by inserting two new instructions after the ones in 112/113.

SUB_A K266

JUMP A=Q END

K266 266

where END is the beginning of the instructions to finish the job, They
might be

END LOAD A SAVESUM

STORE A QUTP

HALT

which picks up the answer in SAVESUM and puts it in the display lights,
The program then stops,
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If we wanted to re—use the program, we would have to set the
P Register back to BEGIN and we would have to restore the number in ADDR
to 204. We could have the program do these things. '

We include these features in the symbolic program on page 14-6,

In this program how many locations are required for instructions,

constants, and variables (but not for the 50 numbers) ?

Is this a saving, compared to our first method?

By the time we completed the program there were 51 numbers to
add together. What one location {other than the location for the 51st

number} must be changed in the program to do this?

What should the new value be?

When you try the program in the computer, here are 50 numbers to
add together

00000 11111 22222 33333 44444 55555 66666 77777 88888 99999

The correct answer is 225 (= 341 octal). Now change the five 0's to

9's, The correct answer is now 270 which is equal to octal 416,

What answer does the computer give you?

Can you show the octal number 416 at one time in the

lights ?
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Below we give a flowchart for our program, The terminoleogy is a
little different. N(i} is the ith number, We start by having i equal to 1
and we add the first number. We increase i by 1 and add the second

number, When the value of i is 51, we stop looping,

\ /
i1
SAVESUM : 0
Q

SAVESUM: SAVESUM + N(i)

!

i: i+1
v,
NO
YES
v,

OUTPUT: SAVESUM

S
HALT
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ADD A
004

SUB A
014

LOAD A
024

STORE A
034

JUMP A=0
044

JUMP
344

HALT
000

Symbolic

Loc Data Address Contents Comments
A
P BEGIN
QUTPUT
BEGIN LOAD A K204 Initial conditions
STORE A ADDR
LOAD A ZERO
LOOP ADD A (204) Basic add
ADDR
STORE A SAVESUM] Save A
LOAD A ADDR Form next address
ADD A ONE
STORE A ADDR
SUB A K266 Last Address?
JUMP A=Q END Yes, if jump
LOAD A SAVESUM | Restore A
JUMP LOOP Loop back
END LOAD A SAVESUM/| Display Sum
STORE A OUTPUT
HALT
JUMP BEGIN To start over
K204 204
ZERO Q00
SAVESUM —-———
ONE 001
K266 266
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Exercise 15

Have you been wondering about negative numbers? Perhaps vou have

been hoping that a device as real as a computer didn't use negative

numbers. Sorry about that, but negative numbers are justasreal as positive

numbers and the computer can use both kinds.

Let's do a little exploring with the computer,

000 - A ——
003 004 P START

377 - INPUT__ | _---

200 000 OUTPUT_| 000

004 024 START | LOAD A ZERO
005 017

006 034 STORE A& INPUT
007 377

010 000 HALT

011 014 SUB A INPUT
012 377

013 034 STORE_A OUTPUT
014 200

015 344 JTUMP___START
016 004

017 000 ZERO 000

Load this program.

This program loads A with 000 and then subtracts the number in

the input (location 377) from A, The result is displayed in the lights,

We'll subtract some small positive numbers from zero and see what answers

the computer gives us.
when the computer stops.

result of subtracting this number from zero.

next page.

To use the program push Start and enter the number

Then push Start and the lights will show the

Complete the table on the
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From 00 000 000 subtract and we get
0 Q0 000 000 00_000 000 0
1 00 000 Q01 11 111 111 -1
+2 00 00Q o01icC A
+3 00 000 011 -3
+-4 00 000 100 -4
+5 00 000 101 -5
H-6 G0 000 110 -6
7 00 000 111 -7
-8 00_001 000 -8
i) 00 001 001 =9

The numbers in the right hand column are what the computer suggests
for the first few negative numbers, If you have done your work correctly,
yvou should be able to take + and - entry on the same line and add them
together and get 00 000 000. For example:

+7 00 000 11t

-7 11 111 4G1
1 00 00C 000

When we do this, we get a carry out of the left most column, In the
computer there is nowhere to put this bit. It is dropped and only the
eight bits on the right are retained. Therefore, we see that what the

computer generates for the negative numbers meets this test:
x+{-x) =0

Can we count with these negative numbers? Counting up is adding
one. Here is an example:
-4 11 k11 100

ha § 00 GO0 001
-3 11 111 101

That was the comrect answer, Here are two for you to do and check
against the table:

-8 11 111 GO0 -3 il 111 101
+1 00 000 0601 1 00 000 001
-7 -2
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If you can count, you can add. Adding X + vy is nothing more than starting
with x and counting up from there y times,

Can we count down with these negative numbers? Counting down
is subtracting one, For example: '
=4 11 111 100

- {+1) - 00 000 001
-5 11 111 011

which is equal to minus five. If you can count down, you can subtract.

How can we tell a positive number from a negative number? If we
were to extend the table we started earlier, we would see the positive
numbers have a 0 in the left most bit and the negative numbers have a 1,

Thus the left most bit becomes the sign where

0 is +
1 is =~

How can you read a negative number? Here are two methods:

Method 1. Subtract it from 00 0006 000 and this gives you the positive
magnitude of the number, For example, given 11 101 011

00 000 000
- 11 101 011
00 010 101

25
so the original number was -25 octal or =21 decimal.

Method 2. Interchange 0's and 1l's in the negative number, read it as a
binary number and then add 1 to the answer. For example, given 11 111 011,
read this as 00 000 100, which is 4, and then add 1. Hence the number

is =5. This is a handy method for very small numbers.
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In this Exercise we have stated that a number whose most significant
bit was a 1 was a negative number, For example,

341 (= 11 100 001)

would be -37 octal. In earlier Exercises we have talked about the number
341 as though it were the positive number 341, Which is the correct
answer? Both are, The computer works equally well with both interpre-~
tations. It is our choice whether we wish to interpret the hit pattern

11 100 001 as +341 or as -37 (both octal),

If the nature of the problem allows it, we may consider the numbers

as positive whole numbers. Then

our smallest number is 00 000 000 (= O )
and our largest number is 11 111 111 (= +255 decimal)

When we are doing address computations (as we were in the last Exercise),
this is appropriate because the addresses are always considered to be

positive,

If the nature of the problem requires positive and negative numbers,
then the number representation that we introduced in this Exercise is
appropriate. In this case,

the smallest negative number is 10 000 000 {= -128 decimal)
the largest negative number is 11 111 111 (=- 1 )
zero is 00 000 000 (= 0 )
the smallest positive non-zero number is 00 000 001 (=+ 1 )
the largest positive number is 01 111 111 (= +127 decimal)

In both of these interpretations, the decimal point is as the far right,
Again, it is our choice where we wish to put the decimal point {or binary
point} . We could have it in the middle or at the far left or somewhere
outside the byte. The computer doesn't care, Of course, when you have
the computer add two numbers you must consider the decimal peint in

both of these numbers to be in the same place,

EX 15-4



We now pose a problem for you to program a sclution, Write a
program to add x and y (both positive numbers) by only adding and
subtracting one. We illusirate the technique with a small example of

adding 2 + 3,
L/ Start with \)

Add 1 Subtract 1

+

G = B2
1

[ | ]

Add 1 Subtract 1

+
W (= O
||
et [ B2

Add 1 - Subtract 1

\ Stop when you get a 0 here,

This is the answer,

'+
O et I
ol

After you have done this, you can change one instruction and then
the program will do x-y. Try this with values of x and y that would
generate negative numbers. About a dozen instructions are required,
On the next page we give a work form you can use,

EX 15-5



ADD A
004

SUB A
0l4

LOAD A
0z4

STORE A
034

HALT
000

JUMP
344

JUMP A=0
044

JUMP A#Q
043

Loc

Data

Symbolic
Address

Contents

Comments
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Exercise 16

Suppose that we had the problem of writing a program to find the
larger of two numbers, It can be done with the instructions that we have
learned. You might like to take some time and try this. We give a short
ahalysis below.

If we have two non-zero numbers, U and V, and we want to
determine which is the larger, we could subtract the number 1 from each
of them., After the subtraction, if the number U has been reduced to 0
but V hasn't, then V is the larger number. If both are zero after the
subtraction, then they are equal. If neither one is zero, then we could

subtract 1's again and repeat the test, Here are two examples:

1 —2

8] V U Vv

3 2 2 2
e S -1 =1

2 1 Subtract again 1 1 Subtract again
2 1 1 1
=1 =1 -1 -1

1 0 TUis larger 0 0 Equal

So while we can determine which of two numbers is larger without
any new instructions, we will see that it becomes much easier with some

new Jump instructions that we will learn now,

In addition to jumping on A zero or jumping on A not zero, we
also have

Jump if A is negative
Jump if A is zerc or positive

Jump if A is positive (and not equal to zero)

These instructions use the sign convention that we learned in the last
Exercise. A is negative if the most significant bit (the left hand one)
isa 1. A is positive, but possibly zero, if the most significant bit
isa 0, A is zero only if all eight bits are zero,
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Let's use the following program, to study our five conditional Jump

instructions.

Loc Data iﬁg?ggf Contents Comments
000 — A -

003 010 P START

377 -—— INPUT ——=

200 000 QUTPUT 000

004 024 YES LOAD A K200 200 = "yes"
005 027

006 034 NO STORE A QUTPUT

Q07 200

010 024 START LOAD A ZERO Get input
01l 025

012 034 STORE A INPUT

013 377

014 000 HALT

015 024 LOAD A INPUT Input to A
016 377

017 043 {TUMP (X} YES Jump instruction
020 004 being tested
021 024 LOAD A ONE 001 = "no"
022 026 _

023 344 JUMP UNC NO

024 006

025 000 ZERQO 000

026 001 ONE 001

027 200 K200 200

We will change the code in location 017 to try the different Jump

instructions.,

The original value is for a JTump If A Not Zero instruction.

To use the program, push Start and when the computer stops enter a number

in the input,

the Jump instruction.

and halt.

Pusgh Start and the computer will use yvour input number with
If it makes a jump, it will display o0 000 000
If it does not make the jump, it will display oo ooo ooe and

halt, You can try different input numbers and see whether the computer

makes the jump or not,
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In the table on the next page, fill in the right column by indicating
whether the jump was made or not, (Light 7 on the left is "Yes" and light
0 on the right is "No", Just remember, yes and no, left to right,) For
each box in the right column use an example of input data as given in the
center column. The mark "~" means that bit doesn't matter. Choose

anything you wish.

For each different kind of jump (there are 5), change the code in
location 017. The codes are given in the left column of the table. If you
are not familiar with the notation, we give a definition here:

a=b a equals b

a#b a is not equal to b

a=<bh a is less than b

amab a is greater than or equal to b
a=bhb a is greater than b
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Input

Instruction (Data to be tested)

Was Jump Made?

JUMP A#0 XXX {00 000 000

043

XXX At least one bit isa 1
PUMP A=0 XXX |At least one bitisa l

044

p .04 00 000 000
JUMP A=t XX |0~ --- ~==

045

K 1- —== ——-

JUMP Az0 XX [1- --= ~---

046 00 000 000

XXX 0(At least one bit = 1)
JUMP A= XXX {1- -—- ---

047 00 000 000

XXX 0(At least one bit = 1)

Qur three new Jump instructions are based on the assumption that
the number being tested, in the A register, uses the negative number
convention that we learned in the last Exercise, If we are thinking of the
number as positive only, then we must be careful, For example, if we
had the address 341 in A we would think of it as positive, Qur three
new Jump instructions would treat this as a negative number,

Here is a problem for you to program. Given a number U {let this
be your input number)}, is it larger than 70 but not greater than 100 {all
octal numbers}? Stated another way,

is U equalto 71, 72, 73, 74, 75, 76, 77, or 1007
Or using the notation we just learned,

is it true that 71% U = 100 ?

EX 16-4



We give a flowchart below and a worksheet on the next page. Try
U equaltoe 0, 70, 71, 100, 101, and 270.

( starr )
v)

GET INPUT; Let INPUT = U
A : U
YES
A<
NO
A: U - 100
YES {)J
A> 0 :
NO
A 70 -~ U
YES
A= 0 >
Q
NO OUTPUT : 001
OUTPUT : 200 l
| '~
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ADD A
004

SUB A
014

LOAD A
024

STORE A
034

JUMP A#0
043

JUMP A=0
44

JUMP A<
045

JUMP Az0
046

JUMP A={
047

JUMP
344

HALT
000

Loc

Data

Symbolic
Address

Contents

Comments
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Exercise 17

In the last Exercise we learned three new instructions., They did not
allow us to do anything that we couldn't do before, but they made it easier
to do some things., In this Exercise we will learn more features about the
computer that make it easier to do some other things. However, the new

features don't allow us to do anything that we couldn't do already.

Besides the A register, the computer also has a B register and
an X register, The B register is location 001 and the X register has address
002. These registers are called the programming registers, A programmer
has full control of these registers., There are instructions to Load, Store,
Add, and Subtract (from) the A, B and X registers. The five conditional

Jump instructions can also be applied to these registers.

The codes for these new instructions are obtained by changing the
most significant octal digit {of the first byte} from 0 to 1 for the B register

and from 0 to 2 for the X register. We summarize in the table below,

A B ’ X
Address 000 001 002
ADD 004 XXX 104 XXX 204 XXX
SUB 014 XXX 114 XXX 214 XXX
[LOAD 024 XXX 124 XXX 224 XXX
STORE 034 XX 134 XXX 234 XXX
Below are the test conditions for the Jump instructions
Z 0 043 XXX 143 XXX 243 XXX
= 044 XXX 144 X0O{ 244 XXX
< 0 045 XXX 145 XXX 245 XX
=0 046 XXX 146 XXX 246 XXX
>0 047 XX 147 XXX 247 XXX

As the table shows, the new codes are easily learned. You must only
remember the rule about substituting 1 or 2 for the 0.

If we use the instruction ADD X INPUT, we do not change the value
of the A or B registers, Only the X register is involved. Likewise, when
we use a conditional Jump instruction, the test is made on the specified

register only,
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Since the A, B and X registers are memory locations and do have
addresses, they can be used in another way. We can use them as we
would use memory locations to supply or to receive our data, We can add
the contents of the A register to the contents of the B register and put the
answer in the B register. The symbolic form of this instruction would be
ADD B A, Now go back and read the last two paragraphs again except
dc not do what this sentence says next time,

Below we give a few symbolic instructions that use A, BorX as a
symbolic address, Give the octal code for each and an algebraic or

shorthand statement for each one to describe what it dees,

ADD A B .
STORE X A ,
LOAD A X ,
ADD A A ,
SUB B B

What is the value of the extra registers? In several of the problems
which we have programmed, we would load A with a variable from the
memory, do something with it, then place it back in the memory. Then we
would load A with another variable, do something else with it, and put
it back in the memory, With more programming registers we can keep our
variables in the registers and not have to transfer them back and forth from

the memory. It will save instructions and time,

The problem in Exercise 14 is a good example, Our problem there
was to add up 50 numbers. The program alternates between loading A with
the sum and loading A with the address that was being changed. (You
should review Exercise 14.} Let's look at a program which keeps the
address in the X register and keeps the sum in the A register. We give it
in symbolic form on the next page.
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The instructions labeled 1 initialize the first values of A and X,
The instruction labeled 2 sets ADDR, the first time to 204, Instruction
number 3 increases X by 1. We see if this new address gces beyond the
last number to be added with instruction 4. If it does, the program jumps
out with the instruction in 5 to the END routine, Otherwise, we add back
in, via instruction 6, the amount we subtracted with instruction 4, With
instruction 7 we add the next number in the list to the sum, With 8 we loop
back and repeat these steps. When we loop back, notice that X is increased
by cne.

Loc Data Symbolic Contents Comments
Address
START LOAD A ZERO 1
LOAD X K204 1

LOOP STORE X ADDR 2

ADD X ONE 3

SUB X K266 4

JUMP X=0 END 5

ADD X K266 6
ADD A (204) 7
ADDR Changes
JUMP LOOP 8
END STORE A QUTPUT
HALT
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There is one obvious simplification though it is a minor one, The

two instructions, 3 and 4, can be replaced by one instruction,

ADD X ONE
SUB X K266

can be replaced by
SUB X K265

where K265, K266, and ONE contain the numbers 265, 266, and 001
respectively,

Here is a problem for you to program,. In a list of unknown numbers
stored in locations 204 to 265, how many times does the number 252 occur?
It may be as few as 0 or as many as 50 (decimal), Use all three of the
programming registers, It is not difficult and has many similarities to the
problem we discussed in this Exercise. A worksheet for your answer is
on the next page.
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ADD
-04

SUB
-14

LOAD
-24

STORE
-34

[UMP

#0
-43

-44

<0
-45

20

——J

-46

>0
~-47

Loc

Data

Symbolic
Address

Contents

Comments
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Exercise 18

External to the computer, in our world, we use decimal numbers
rather than octal or binary numbers, How can we use decimal numbers in

the computer? There is a binary number equal to each decimal digit

0Go0
0001
0010
0011
0100
0101
0110
0111
1000
1001

OO~ W~ O

A binary number of four bits larger than 1001 would involve two decimal
digits so we won't use 1010, 1011, 1100, 1101, 1110, or 1111. If we
have a decimal number we'll substitute the equivalent binary number for
each digit., For example, for 1984 we could write

0cC1 1001 1000 0100

This requires us to memarize the ten codes but we already know eight of

them from our binary to octal conversions.

Por the time being, let‘s only talk akbout the decimal numbers 00 to
99, We can store a number in this range in one byte, The four most
gignificant bits, the left half of the byte, would be the tens digit and the
four least significant bitg, the right half of the byte would be the units
digit. For example, _
1000 0111 would be 87 (decimal)
To distinguish between the different number systems we will call this

representation binary coded decimal (BCD). In some ways these numbers

are like decimals and in other ways they are like binary numbers.,

This group is the binary number 8
é S This group is the binary number 7
1000 0111
Ci L This group has the decimal place value 1

This group has the decimal place value 10
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Here are some binary coded decimals for you to translate to decimal:

0000 0011

0001 0000

0000 1000

0111 011l

0001 0010

1000
0101
0010
0100
0100

0100
0110
0011
0001
1001

Which of the following binary coded decimals are valid numbers?

0000 1100

0001 0000

1010 0000

1001 0111

Translate these decimal numbers to binary coded decimal nunibers.

50

05

23

78

The computer does its operations in binary.

binary coded decimal numbers, the answer may not be correct,

at such a case,

0010 0011

+ 0100 1000

0110 1011

46
37
28

19

f

If it were to add two

23 in BCD
48 in BCD

Let's look

which does not equal 71 in BCD, The decimal units digit is not even a

valid code.
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There are two general approaches to this problem,

1. We can use BCD for the input and output but the computer
can convert these to and from binary. Internally, the

numbers will be "straight" binary.

2. We can keep the BCD representation internally and use
special programming techniques, If invalid BCD codes

are generated, the program will correct these codes,

At this time we will discuss the conversion of a two digit BCD number to

binary, This is one-half of the approach described in 1. above,

Let's look at the place value of each bit in a two digit BCD number:

ABCD EFGH {————{To give names to the bits)
L 1x

=1
2x 1= 2
4x 1= 4
8x 1= 8
1x10 =10
2x 10 =20
4 x 10 =40
8 x 10 =80

This is the binary part
This is the decimal part

For the right half byte, the place values are the same as for a binary
number. To be valid though, these four bits cannot represent a number
larger than 9., For the left half byte, the same bhinary place values apply
but the decimal place value is 10, Hence all of the place values of the
left hand byte are multiplied by ten,

Let's lock at some simpler BCD cases first,
This BCD number
0000 EFGH
is already converted to binary {or octal) because the tens digit is zero.
Therefore

0000 EFGH (in BCD) is equal to 00 00E FGH (in octal)

We have just regrouped the bits, nothing more,
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Now take this BCD number
0001 EFGH
The 1 in the left hand byte has a place value of ten. The number ten as

a binary number is 1010. Therefore,

0001 EFGH (in BCD) is equal to 0000 EFGH
+ 1010
(in binary)
what we have done is to take a 1 from the tens position and added ten to

the units position, Let's look at a couple of examples.

0001 0100 = 14 in BCD
- {001 Subtract 1 in the 10's position
+ 1010 Add 10 in the 1's position
0000 1110 This is the binary number for 14,

Here's another example

0001 1001 =19 in BCD
- 0001 Subtract 1 in the 10's position
+ 1010 Add 10 in the 1's position
0001 0011 This is the binary number for 19,

Note that there was a carry from bit position E to D
Let's make a general rule for any two digit BCD number, 00 to 99,
1) Subtract 1 in the 10's position

2) Add 1010, in another memory location, each time
we do 1) '

3) Stop when the BCD number is 0000 EFGH

4) Add the number 0000 EFGH from 3) to the number

we were forming in 2) above,
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We'll apply this to an example for the BCD number 32,

0011 0010 = BCD 32 00 000 000
D - 0001 + 00 001 010
0010 0010 = BCD 22 co 001 010 = Binary 10
0010 0010 = BCD 22 00 001 010 = Binary 10
D _ go01 + 1010
0001 0010 = BCD 12 00 010 100 = Binary 20
0001 0010 = BCD 12 00 010 100 = Binary 20
D _ o001 ¥ 1010
Q000 0010 = BCD 2 00 011 110 = Binary 30
0000 00190 = BCD 2
V) _ o001
1111 0010 Whoops. We should not have subtracted again,
We can fix it up by adding it back in.
11131 0010
+ 0001
Q00 0010 = BCD 2 = Binary 2

Now we take what is left here and add it to our binary number

0o 011 1190 Binary 30
+ 00 000 010 Binary 2
00 100 000 Binary 32

In step IV above, the "over-subtraction" was deliberate. We'll use
this method to detect when we have reached 0000 EFGH in the program
we'll write shortly. If the answer after subtraction is negative (the most
significant bit is a 1}, then we have subtracted 0001 0000 one time too

many and we should add it back in,
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We need first to look at a special case which may arise. Suppose
we had the BCD number 95 or in general any number in the 90's. Look
at the result of subtracting 0001 0000:

1001 0101
- 0001
1000 0101

This answer looks like a negative number and if we used our rules above

we would have the wrong answer, Why does this problem come up? It is
because the Jump A= ( and the Jump A20 and the Jump A»{ instructions are
based on a signed representation for positive and negative numbers. Our

input of a BCD number is considered to consist of only positive numbers.

It is not difficult to overcome this, Below we give a flowchart to
convert a two digit BCD number, 00 to 99, to binary.

START
v,

BIN : 0

YES

BCD«= 0

Q

NO BCD : BCD - 1000 0000
BIN :BIN + 01 010 000

BCD : BCD - 0001 0000

YES

BCDe=<
o :

BCD : BCD + 0001 0000
BIN : BIN + BCD

V)
BIN : BIN + 00 001 010 V.
END
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Symbolic

Loc Data Address Contents Comments
START | LOAD B ZERO

ADD A

004 TUMP A<Q FIXUP
ADD B

104 LOOP SUB A K020
SUB A

014

TUMP A<( FINISH

SUB B

114 ADD B K012
LOAD A

024 [UMP UNC LOOP
LOAD B FIXUP | SUB A K200

124

JUMP ADD B K120
A<O

045 JUMP UNGC LOGP
UNC

344 FINISH | ADD A K020
HALT

o ADD B A

END HALT
P START

This program starts with a BCD number in A and finishes with the

equivalent binary number in B,
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Exercise 19

Many times we have seen instructions like these

LOAD A ZERO
ADD B K020

Each of these uses three bytes, two for the instruction and one for the data,
Instead of having the second byte of the instruction as the address of the
data, we can let the second byte be the data. There would be two advantages

in doing this - it saves memory space and running time,

This type of instruction, which does not use addressing but contains
the data itself, is called constant or immediate. Perhaps "immediate' is

the better name because the data is not always constant. It may vary.

We can use the Load, Store, Add, and Subtract instructions in the
immediate mode. In the Store instruction the designated register is stored
into the second half of the instruction, In the Load, Add, or Subtract

instructions the second byte of the instruction is the data or the operand,
Symbolically we write these instructions

ADD A C=000
LOAD A C=020
or as
SUB X C=ADDR
STORE A C=
or even as
LOAD A C=TABLE -1

The notaticn, C= , indicates it is an immediate type of instruction,
If a numerical quantity follows, then this is to be the value of the second
byte of the instruction. If a symbolic address follows, the numeric address
to which the symbolic address is assigned is to be used. Arithmetic
combinations of symbolic addresses and constants are allowable, In the
Store instruction, no value is given for C since the value to be stored is
the value of the register. The notation, C= , is retained to indicate the

type of instruction,
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The codes for the immediate instructions are easily derived. The
right hand octal digit of the first byte becomes a 3. So far, we always
have had this digit as a 4.

Let's look at some examples of immediate instructions in the computer.
Load this

Loc Data Sgg:ﬁglslsc Contents

003 004 P

Q04 023 LOAD A C =000
0D5 000

006 003 ADD A C =001
007 001

D10 033 STOREA C =

011 goo

012 0G0 HALT

We'll do single instructions to study this program. The initial value of

P is 004. Do a single instruction {see Exercise 9).

The value of P is now

The value of A is now

From what byte in the memory did this last value come?
Dc another single instruction.

The value of P is now

The value of A is now

How did we get this last value?

Do another single instruction.

The value of P is now

The value of A is now

The number in location 011 is now

Prior to this Exercise we would have used cther bytes in the memory
to store 000, 001, and to save the value of the A register,

How many bytes have we saved?
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In the following program what is displayed in the output lights

when the computer halts?

Symbolic
Loc Data Address Contents
HERE LOAD A C=HERE

ADD A C=006

STORE A OUTPUT

HALT

At the end of the last Exercise we had a program to convert a BCD

number to binary. That program can use immediate instructions to good

advantage. In the worksheet on the next page, write it using as many

immediate instructions as you can,
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Exercise 20

We have learned two forms for our Load, Store, Add, and Subtract
instructions, To the first type we will give the name “"Memory”, To the

second type we gave the name "Immediate". Letting a box like this

mean memory location, we could represent an immediate

type of instruction in this way.

CODE

Immediate
DATA

We could represent a memory type of instruction in this way.

CODE

Memory

ADDRESS
—
OF DATA DATA

In a memory type of instruction, the second byte of the instruction is the
address of the location in the memory which contains the data. It "points"
to the data,

These diagrams suggest other ways that we might specify the location
of the data, One other way, which we can use in the computer, is called

"indirect” and is shown below,

CODE

Indirect ‘g?%fgf —— 0 DATA
INDIRECT

ADDRESS

The second byte of the instruction contains the address of the
location which contains the address of the data, The address in the
instruction does not point directly to the data, In an indirect way, it does,

Hence this type of data addressing is named "Indirect",
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To obtain the code for the indirect mode, the right octal digit of the
first byte is changed toa 5, Load, Store, Add, and Subtract can use the

indirect address.

An example of the symbolic notation for this class of instruction is
LOAD A (TABLE)

The parenthesges arcund the symbolic address tell us that the indirect
address mode is being used. The symbolic address TARLE applies to the

location which contains the address of the data. Let's take an example.

Symbolic
Loc Data Address Contents
100 035 STORE A (TALL
101 177
102 (e]8]0) HALT
177 303 TALLY
301 000 TALLY1
302 000 TALLY?
303 oo TALLY3
304 TALLY 4
305 TALLYS
306 TALLY®

The instruction in location 100/101 is a Store indirect, The second
byte of this instruction points t¢ locaticon 177. Location 177 in turn points
to location 303. The contents of the A register will be stored into
location 303.

Why would such a round about method have any value? Like the
other addressing methods, there are times when indirect addressing saves
memory locations or work,

We'll now look at the problem of finding the smallest number in a
list of numbers, If the list of numbers were 2, 5, 7, 3, 3, 2, 6, 9, 4,
then the smallest number is 2. The fact that it cccurs twice has no

significance.
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Our numbers will be octal in the range 0 to 177, They will be stored
in a table or a list which starts with the symbolic address TABLE and ends

with the symbolic address LAST. Thus, if we had three entries, we might
have

TABLE 002
003
LAST 001

Of course the table may be much longer than this, We'll write the program,
symbolically at least, without knowing exactly how long the table is or
where it is located in memory. When we do know we'll substitute the
actual values for TABLE and LAST,

In our analysis we will show how one person approached it including
several of his omissions and errors. We wish to exphasize that very few
people can write a perfect program from scratch, Our programmer first
wrote a very informal and general flowchart.

Look AT THE Fff'r NUMBER IN THE LIST

/_\ﬂ (THIs 1 THE jmamr So FAR)
(o

M PARE TUE SMALLEST wiTH THE NEXT #F
1 4

Do wE RAE A NEW SMALLEST NUMBER *
<$ Yes - G wo

DSE THiS wumpger

KEEP THE oLD
hS THE SMALLEST

SMALLEST =
»

REACHED THE END oF THE LIST 7

o ‘L YES
END
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To obtain the code for the indirect mode, the right octal digit of the
first byte is changed toa 5. Load, Store, Add, and Subtract can use the
indirect address,

An example of the symbolic notation for this class of instruction is
LOAD A (TABLE)

The parentheses around the symbolic address tell us that the indirect
address mode is being used, The symbolic address TABLE applies to the

location which contains the address of the data, Let's take an example,

Symbolic
Loc Data Address Contents
100 035 STORE A (TALLY)
101 177
102 000 HALT
177 303 TALLY
301 Qo0 TALLY]
302 QQ0 TALLY?2
303 000 TALLY3
304 TALLY4
305 TALLYS
306 TALLYG

The instruction in location 100/101 is a Store indirect, The second
byte of this instruction points to location 177, Location 177 in turn points
to location 303. The contents of the A register will be stored into
location 303.

Why would such a round about method have any value? Like the
other addressing methods, there are times when indirect addressing saves

memory locations or work,

We'll now look at the problem of finding the smallest number in a
list of numbers. If the list of numbers were 2, 5, 7, 3, 3., 2, 6, 9, 4,
then the smallest number is 2., The fact that it occurs twice has no

significance,
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Qur numbers will be octal in the range 0 to 177. They will be stored
in a table or a list which starts with the symbolic address TABLE and ends
with the symbolic address LAST. Thus, if we had three entries, we might

have
TABLE 002
003
LAST 001

Qf course the table may be much longer than this, We'll write the program,
symbolically at least, without knowing exactly how long the table is or
where it is located in memory. When we do know we'll substitute the
actual values for TABLE and LAST,

In our analysis we will show how one person approached it including
several of his omissions and errors. We wish to exphasize that very few
people can write a perfect program from scratch, Our programmer first

wrote a very informal and general flowchart.

Look AT THE FfST NUMBER IN THE LIST

(THIS 1S THE SMALLEST So FAR)
mm PARE TuE :Mues-r wITH THE NEXT #
\ 4
Po wE KHAVE A NEW SMALLEST yumBER 7
$ yes 3 vo
USE THIS wumger KEEP THE oLD
kS THE SMAWLEST SMALLES T =
Y4

REACHED THE END oF THE LIST 7

END
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Next our programmer decided he could use two registers to good
advantage, He let

B CoNTAIN THE ADDRESS OF THE NUMBER
IN THE LIST BEING EXAMYED

A VSE FoR C(OMPARISONS

Starting to write the symbolic program he put down

LoeAad B C= TARBLE
LoAD A (B)
ADD B C= |
SUB A (B)

The first of these instructions sets the value of B for the first number
in the list. The A register is loaded indirectly through the address in B,
For example, if this were the case

Symbolic
Loc Data Address Contents
204 002 TARLE FIRST NUMBER
205 003 SECOND NUMBER
206 ol LAST THIRD NUMBER

then B contains 204 and A will contain 002 after the LOAD A instruction
above. So far this is the smallest number. Next the number in B is
increased by 1 and the next entry in the list is compared to the smallest
number by subtracting the two. Right away our programmer realizes he has
destroyed the copy of the smallest number, so he inserts an instruction

to save it, Also if the result of the subtraction is larger than zero, the

new number from the list is smaller than the previous smallest number.
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LOAD B (é" TABLE
HERE , oA A _ (B) __ STE oo
< ADD B ¢= | '{5”'“"“'"
SVBE A (B)
JUMP ASp  HERE

The programmer has noted that if A is greater than 0 and if the program
jumps to the instruction marked HERE, the the new smallest number will

be picked up from the table, stored or saved in SMALLEST, and the process
will continue with a comparison to the next number in the list., On the
other hand, if the subtraction leaves A zero or negative, the new number

is not smaller. B5o the programmer adds the two instructions below,

LoAD B C= TABLE

HERE , _Load A _ _CB_)___ STRE Ac =
-meeeﬁ_ AT {SMM

SVB A ( B)

NP Ao HERE

LoAD A SMALLEST

Jume THERE

This provides the main legic of the comparison. What is missing now is
the test to determine if the end of the table has been reached and the ending
routine. The best place for testing whether the end of the list has been

reached seems to be after the addition of one to the B register,
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LOAD B C( = TABLE
HERE , LoAD _ A (B) _ S70fE 4 ¢ <
T#EREéé___@E B C____l {ﬂ‘mu
SvB A (B) N
JMP Ao HERE N\
loRd A SMALLEST |
JUMP THERE |

END  As regured e
SUB B C=LAST+I

JMP B0 EnP
AP B = 1h5T+]

Now our programmer might observe that the two successive instructions

THERE ADD B C= |
SusB E C= ¢AST + 1

could be replaced by the cne

THERE ADD B C= (LAST

We could criticize our programmer on the choice of HERE and THERE
as symbolic addresses, It would be more meaningful if HERE were replaced
by NEWSMALL and THERE by OLDSMALL,

You can complete the program, choose a table location and entries
for it, and test the program. In the end routine, have the smallest number

displayed in the output lights. A worksheet is given on the next page.
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MEMORY
--4

INDIRECT
—-5

JUMP

#0
-43

=0
-44
<0
-45
20
-46
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=>{0

-47
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Exercise 21

The times when one should use the immediate addressing mode are
usually obvious, The memory addressing mode is the standard and usually
it is the one which is used. It takes experience to appreciate the indirect
addressing mode. We will learn two other addressing methods in this

Exercise.

In indexed addressing the contents of the second byte of the
instruction are added to the contents of the X register, The sum is the
address of the data,

CODE
Index
FIRST DATA
PART '
SECOND
X Reg PART

If the second byte of the instruction is a 200 and the contents of the X
register are 004, then the data location is 204. The same result would
have occurred with 004 in the instruction and with 200 in the X register
or with 100 in the instruction and 104 in the X register.

The code for the indexed mode of addressing is obtained by changing
the right hand octal digit of the instruction to a 6. The symbolic form of
an indexed instruction is

ADD B TABLE, X

The index mode is very handy when one is working with a list of numbers
or a table. Usually, the component from the instruction itself will be one
of the end points of the table. It will be the first or last address in the
table. The component contributed by the X register will be a relative
location within the table, For example, if we have

300 TABLE 1st entry
301 2nd entry
302 3rd entry
303 LAST 4th entry
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then

1. The second byte of the instruction may be 300,
and X varies from 0 to 3, or '

2. The second byte of the instruction may be 277,
and X varies from 1 to 4, or

3. The second byte of the instruction may be 303,
and X varies from -3 to 0, or

4, The second byte cf the instruction may be 304,
and X varies from -4 to -1.

And there are more possibilities than these,

Let's apply the index mode to the simple problem of Exercise 14
which was the addition of 50 small numbers. We had the 50 numbers in

locations 204 through 265 inclusive.

It could be done this way

LOAD X C=061 = 49 decimal
LOAD A C=0
LOOP  ADD A TABLE,X
SUB X C=1
JUMP X 20 LOOP
END - |
TABLE  FIRST NUMBER

LAST 50th NUMBER

Here we add the 50th number first and the first number last. The
reason for doing it this way is that we can test the X register very easily
when it goes from zero to a negative number, It would not be as easy to
test when X went from 49 to 50.

You should compare the number of instructions above with the number
we used in Exercise 14. The new addressing modes have allowed us to save
half of the number of bytes we used then. Again we emphasize that we can

accomplish nothing new or different. It is just an easier way.
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We'll mention the last addressing method which is called indirect-
indexed. It combines the features of the indirect mode, which occurs
first, and the features of the index mode which occurs second. The second
byte of the instruction is the address of another byte, The contents of
this second byte are added to the X register and the sum becomes the data

location, Its symbolic form is
STORE A (LIST),X

This instruction code is obtained by making the right digit a 7. Our
diagram for this mode is

CODE
Indirect~
Index | 1npIRECT FIRST DATA
ADDRESS PART
SECOND
X Reg PART

The following fun type of problem illustrates several things including

1. Index addressing
2. Table look up
3. Delay

The problem is easy though it is harder to describe, Basically we will
create the illusion of movement in the output lights from a series of non-
moving displays. Perhaps the best illustration is a sign on which the news
moves across., Some score boards operate this way and the basic principle
is the same as movies or TV, We are limited with our few lights but still

we can have fun,

In a table in the memory, we will store individual frames or "snap
shots", The program will cycle among the bytes in the table, When it
comes to a new byte it will place it in the output lights, Unless we slowed

the computer down it would run too fast. So we'll add some delay.
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00000001
00000010
G0000100
00001000
00010000
00100000
01000000
16600000
01600000
00160000
00010000
00001000
00000100
00000010

Let's suppose the table contains

With the proper choice of delay, the display resulting from this table
will be that of a lighted dot which bounces back and forth, left and right.
Everyone can make up his own table and they will vary in size, All of the
tables can start at the same location, say 300. Each person whe makes up
a table must put the address of the first byte after his last entry into the

A register.

The program is quite simple,

Loc Data Symbolic Contents Comments
Address
P START
A "Last" addresgs
START LOAD X C=0 1
REPEAT LOAD B TABLE,X 2
STORE B OUTPUT | 3
LOOP LOAD B C=040 4
{DELAY TIME
SUB B C=001 5
JUMP B#0 LOOP 6
ADD X C=1 7
SUB X A 8
JUMP X=0 REPEAT | 9
ADD X A 10
JUMP REPEAT 11
300 TABLE Table starts here
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Let's examine it. Instruction number 1 sets X egual to 0.
Instruction 2 loads B from the table, The value of X determines the byte
within the table, The number we have "locked-up" goes to the output
lights. Instructions 4, 5, and & create a delay. The technique is to load
a register (B in this case) with a number and to count it down to zero.
This takes time which creates a delay. Changing the number in symbolic
location DELAY TIME changes the delay. (You may want to experiment with
the delay time).

The instruction in 7 increases the value of X by one. Next we test
to see if we have reached the last address which we had decided to put in
the A register, If X is equal to zero, we jump back to REPEAT and start
the cycle again. If X is not equal to zero, we add the amount subtracted

out for the test and then jump back to fetch the entry in the table.

A worksheet on the next page can be used to complete the program.
If you try it with your own patterns, remember the best illusion of motion

occurs when the difference between "frames" is relatively small,
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Exercise 22

We have completed the addressing modes. In this and the following
Exercises we will learn some new instructions. The three that we will
learn in this Exercise apply only to the A register. They cannot be used
with the B or X registers. They have the five addressing modes and address

codes that we learned.

Many times one byte will contain more than one item of data. We had
an example of this when we had two BCD digits in one byte. How can we
separate the individual items within a byte? For example, suppose we have
a byte with three items of data, A, B, and C,

AA BBB BCC
which we wish to separate into

AA 000 000
and 00 BEB B00
and 00 000 OCC

One of our new instructions, AND, permits us to do this,

The opposite problem occurs when we want to merge data. We can
combine separate items of data such as A, B, and € above into one byte,
In some cases we cah use an Add instruction, We could in the example
just given. In other cases the use of the Add instruction many not work
because of carries between bit positions, Here is a case which would not
work., We have a byte of data,

0X 000 00C

in which we want to set the X bit tc a 1, However, we don't know whether

XisnowaOoral, If we used the Add instruction, we could get two

results,
IfX=0 IfX=1
yd
00 009 000 01 0Q00c 000
+ 01 000 0400 + 01 000 000
01 000 QJ00 10 000 000
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We get the result we want in the first case but not in the second case,

While there are ways one could do this, the second of our new instructions,

OR, allows us to do this easily.

In the AND instructicon the answer consists of 8 bits (one byte). Each
bit is determined from the two bits in the data and in the A register which
are in the same position, A bit in the answer, which is stored in the A
register, is a 1 if and only if the two corresponding bits in the data and

in the original A register were both 1's., For example,

00 110 011 Original A
AND 0l 010 101 Data
00 010 001 Answer (in A)

In the OR instruction the answer consists of 8§ bits also, Again each
hit is determined by the two bits in the same position of the A register and
the data. A bit in the answer, which is stored in the A register, is a 1 if
either or both of the corresponding bits in the data and the A register are 1l's.

For example, with the same two operands as above,

00 110 011 Qriginal A
OR 01 010 101 Data -
01 110 111 Answer (in A}

The codes for the AND or OR instructions are

AND azZM XXX
OR M XXX

where M is the addressing mode and XXX is the second byte of the
instruction.

The AND and OR instructions perform logical operations, We don't
wish to imply that Add and Subtract are illogical operations; we speak of
them as arithmetic operations.,

Qur third new instruction, LNEG, is an arithmetic operation, It loads
the A register with the negative value of the data. If the data is already

negative, then A will be loaded with a positive number, The instruction
LNEG A DATA
produces the same result as

LOAD A ZERO

SUB A DATA
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The code for LNEG (Load Negative) is
LNEG 33M XXX
where M is the addressing mode and XXX is the second byte of the instruction.

If one wanted to change all the ( bits in a byte to 1's and all of the
1 bits in a byte to 0's, for example,

01 110 011
to 10 001 100

it could be done this way

LNEG A DATA
ADD A C=377

To show an example, let the DATA content be 01 110 011, Using the
LNEG instruction we would get

this 10 001 101
and then adding 11 111 111
we get 10 001 100

By now vou know how to demonstrate the operation of individual
instructions with the computer. It is recommended that you do so for each
cf the instructions. When you try the LNEG instruction, use the data
10 000 000. You will see that an incorrect result is obtained, The reason
is that the number 10 000 000 represents -128, In the signed representation
of numbers for the computer, there is no +128,

1f DATA contains 10 000 000, and the following operation is perfcrmed
LNEG A DATA

what result is obtained in the A register?
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Here is a problem for you, There are six conditions, U, V, W, X,
Y, and Z, Each condition is true or false as indicated by the least significant
bit in each of six locations, We'll give the locations the same name as
the condition. We'll let a 1 bit indicate the condition is true and a 0 bit
indicate it is false, For example, if U contains 00 000 000, then Uis
false, If U contains 00 000 001, then U is true.

Program a sclution to the following question:

Is it true that

1) U and V and W are all true,
or 2) X and Y are both true,
or 3) Z is not true?

Here are some test conditions to try (we give the correct answer also}

u v w X Y Z Question
Test 1 60 0 0 0 0 © TRUE by 3} above
2 0 0 0 0 0 1 FALSE
3 1 1 0 1 0 1 FALSE
4 1 1 1 1 0 1 TRUE by 1) above
5 1 1 1 1 1 1 TRUE by 1) and 2} above

A worksheet is given on the next page,
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The code for LNEG (Load Negative) is
LNEG I3M XXX
where M is the addressing mode and XXX is the second byte of the instruction,

If one wanted to change all the 0 bits in a byte to 1's and all of the
1 bits in a byte to 0's, for example,

01 110 011
to 10 001 100

it could be done this way

LNEG A DATA
ADD A (C=377

To show an example, let the DATA content be 01 110 011. Using the
LNEG instruction we would get

this 10 001 101
and then adding 11 111 111
we get 10 001 100

By now you know how to demonstrate the operation of individual
instructions with the computer. It is recommended that you do so for each
of the instructions. When you try the LNEG instruction, use the data
10 000 000. You will see that an incorrect result is obtained, The reason
is that the number 10 000 000 represents -~128, In the signed representation
of numbers for the computer, there is no +128,

If DATA contains 10 000 000, and the following operation is performed
LNEG A DATA

what result is obtained in the A register?
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Here is a problem for you. There are six conditions, U, V, W, X,
Y, and Z. Each condition is true or false as indicated by the least significant
bit in each of six locations. We'll give the locations the same name as
the condition, We'll let a 1 bit indicate the condition is true and a 0 bit
indicate it is false. For example, if U contains 00 000 000, then Uis
false. If U contains 00 000 001, then Uis true.

Program & solution to the following question:

Is it true that

1) U and V and W are all true,
or 2) X and Y are both true,
or 3) Z is not true?

Here are some test conditions to try (we give the correct answer also)

u v w X Y 2Z Question
Test 1 o0 0 0 0 0 © TRUE Dby 3) above
2 0 0 0 0 0 1 FALSE
3 1 1 0 1 0 1 FALSE
4 1 1 1 1 0 1 TRUE by 1) above
5 1 1 1 1 1 1 TRUE by 1) and 2) above

A worksheet 1s given on the next page,
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Exercise 23

In the last Exercise we learned of ways to manipulate the individual
bits in a byte. Through use of AND and OR instructions we could set
individual bits to 0 or to 1. In this Exercise we'll learn of another way to
control and test individual bits. In some cases the new way is preferable

while in other cases the AND and OR instructions are better.

The new instructions have a different format and code structure.
They still have two bytes and the second byte is an address of a byte in

the memory. Only memory addressing is allowed,

The first instruction, Set 0, sets a bit in the memory tc a 0, We may
give the location and the bit position within the byte. The code is

0B2 XXX

B is an octal digit which specifies the bit position, Bit positions are
numbered 7, 6, 5, 4, 3, 2, 1, 0 corresponding to the front panel labeling,
XXX is the address of the location to be changed. For example,

072
200

sets the most significant bit of the output location to a 0.

A similar instruction, Set 1, sets a bit in the memory toa 1. Its
code structure is

1B2 XXX
The instruction

102
200

sets the least significant bit of the output locationto a 1.

Since the A, B, and X registers have addresses, these instructions
can be used to set bits in A, B, or X, However, a major advantage of the
Set 0 and Set 1 instructions is that they can be used to control bits outside

of A, B, or X without changing A, B, or X,

The Set 0 and Set 1 instructions manipulate or change data, Two other
instructions, with some points of similarity, permit individual bits to be
tested,
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The Skip 0 instruction will cause the P register to advance an extra
two locations if the bit specified by the instruction is a 0. A bit is specified
in the same way as for a Set 0 or Set 1 instruction. The second byte of the
instruction is a memory address, The bit within this byte of data is
specified by the second octal digit of the first byte of the instruction. The
code for Skip 0 is

2B2 XXX
The code for the Skip 1 instruction is
3BR3 XXX

The result produced by these instructions is easier to remember if you read

the name of the name of the instruction as
Skip on the specified bit equal to 0 (or 1)

If the specified bit is not equal to the condition given, then the next
instruction is the instruction following this instruction, In this case the
result is much like a two byte "do~-nothing" instruction. If the specified
bit is equal to the conditién given, then the two byte instruction following
this Skip (or the two one byte instructions) are omitted or not executed,

The P register skips over these two locations.

Let's demonstrate these operations with the computer, Load this

programs:
Loc Data Sgcrlrél:;z?; Contents
000 001 A 001
003 004 P 004
200 000 QUTPUT 000
004 202 SKIPO b)) A
005 000
006 172 SET 1 b7 (200)
Q07 200
010 000 HALT

First, from a study of the program predict what the output

lights will be afier you push Start.

Push Start. Were you correct?
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Now change P back to 003, Change A to 000. Do not change OUTPUT.
What do you predict the output lights will be after you push

Start?

Push Start, Were you cormrect?

Set P equal to 003, A to 000, and OUTPUT to 000.
What do you predict the output lights will be after you push

Start ?

Push Start. Were you correct?

At the end of Exercise 22 we gave you a problem to program using
And, Or, and Lneg instructions. Solve the same problem using only the

Set, Skip, and Jump instructions. There is a worksheet on the next page.
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SET 0
0B2

SET 1
1B2

SKIP 0
2B2

SKIP 1
3B2

Lcc

Data

Symbolic
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Contents
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Exercise 24

We now come to a group of related instructions for which there may
not seem to be much need. After you have some programming experience,
yvou'll see more value in them. Basically the instructions move data within
a byte and usually they don't generate any new bits, And sometimes they
throw bits away, Let's describe the instructions first and then we'll see

how to use them. The four types of instructions are

Shift Left
Rotate Leit
Shift Right
Rotate Right

These are one byte instructions. They cperate only on the A orB
registers as specified but not on both at the same time. The amount of
shifting or rotating may be specified as 1, 2, 3, or 4 bit positions. We'll
describe all of the opera'tions for only one bit position, For three bit
positions, the result is the same as doing it for one bit position three times

in a row,

A Rotate Left 1 instruction moves all bits in the byte one place to the
left. The bit that was at the left end (the most significant bit) i_.s car_ried
back arcund to the right end to become the least significant bit. For example,

Bit position 765432190
Original bits abcdefgh
Final bits bcde fgha

A Rotate Right 1 instruction moves the bits one place to the right,
The bit that was at theright end (the least significant bit} is carrled around
to the left end to become the most significant bit., An example is

Bit position 76543210
Original bits abecde fgh
Final bits habcde fg

The Shifts differ from the Rotates in two ways, No bits are carried
around the end. The most significant bit or the least significant bit is

treated in a special way. In a Shift Left 1, these are the results

Bit position 76543210
Criginal bits abcde fgh
Final bits Fcdef gh

EX 24-]



If you were to add a byte of data to itself, you would get

abcdef gh
+abcdef gh
becdef gha

which is the same result as a Shift Left 1. That the addition does vield
the result claimed may be shown by consideri'ng that multiplication by 2 in
binary is the same as multiplication by ten in decimal. All the digits move
one position to the left and a zero is added at the right. Therefore a Shift
Left 1 is equal to multiplication by 2. This is only true if the answer is

not larger than what can be represented in one byte. If we start with the

number 5
00 000 101

after one Left Shift we have 00 001 Q10 = 10 decimal
after ancther Left Shift 00 010 100 = 20 decimal
after another Left Shift 00 101 000 = 40 decimal
after another Left Shift 01 9010 000 = B0 decimal
after another Left Shift 10 100 000 = 160 decimal

or = =96 decimal

If you are using a signed convention for your numbers, overflow occurred
on the last shift, If you are using a positive only convention, overflow
would occur on the next shift,

Similar results are produced with negative numbers, Let's take -1

il 111 111

After two Shift Left 1 instruction we would have

11 111 100

which is equalto -4 {-1 x 2 x 2 = -4). If we continued this we would
eventually get overflow. The Shift Left 1 instruction is multiplication by 2

if no overflow occurs, When overflow occurs the result is greatly in error,
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The Shift Right instruction is equal to division by 2 with the remainder
being thrown away., The sign is treated in a special way, For example,

Bit position - 765 43210

Original bits abcdefgh

Final bits aabcdef g
Look also at & Shift Right 4

Criginal bits abcdefgh

Final bits aaaaabcd

It is done in this way to preserve the sign of the original number. For

example, a Shift Right 2 of -4

11 11t 100 -4
yields 11 111 111 ~1

Give the results of the following operations applied to the data.

Rotate Right 1 10 111 000

Rotate Right 3 01 011 100 a

Rotate Right 4 10 111 000 b
Answers a and b should be the same., Do you see why?

Rotate Left 1 01 011 100

Rotate Left 4 10 111 000 c

Answers b and ¢ should be the same. Can you make up a rule here?

Shift Left 1 11 000 110
Shift Left 4 11 000 110 d
Shift Right 4 11 000 110 e

Answers d and e should not be the same.
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For signed representation of positive and negative numbers, dces

overflow occur in these cases?

Shift Left 1 00 101 101
Shift Left 2 06 101 101
Shift Left 1 11 010 010
Shift Left 2 11 010 010

If you do a Shift Right 4 followed by a Shift Right 4 what are

the possible outcomes?

The codes for these instructions, when applied to the A register are

Right Shift CN1 Where N

Right Rotate INI 1 1 place
. 2 2 places

Left Shift ZN1 3 3 places

Left Rotate 3N1 0 4 places

For the B register add 4 to the value of N. These instructions have only
one byte.

You should try these instructions in the computer. You can check
your answers above and try other data values also.

The Rotate instructions are useful for moving bits around, Perhaps
yvou might want to test whether bit 6 in the A registeris a O ora 1. You
could do this in several ways, one of which is to perform a Rotate Left 1

followed by a conditional Jump instruction,

The Shift instructions are arithmetic operations. They are a fast way
to multiply or divide by 2, 4, 8, or 16,
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