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Figure 4.5 INPUT/OUTPUT SYSTEM

inputs of one of the input ports. Other input ports are likewise

connected to their own separate external devices. For example, in your

Instructor 50 the function keyboard, hexadecimal keyboard and eight

toggle switches are connected to input ports.

The data selector logic then selects data from one of the several input

ports and connects it to the arithmetic and logic system of the computer.

In this manner, the computer may examine the signals being input from
any external device, although only one external device may be examined
at any one time. Since the sequence of examination may be very rapid,
however, it will appear to the user of the computer that all inputs are

being examined simultaneously.

An output port is very similar to an input port except that it is the
outputs of the registers making up the output port which are connected
to an external device. In operation a byte of data from the computer's

arithmetic and logic system is presented to the steering logic of the
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I/0 system which connects it to one of several ouput ports available.
This byte of data is then stored in the register corresponding to the

selected output port and becomes available to the external device.

The output port registers are also sometimes called latches because they
latch the data presented to them and hold it for the extérnal device. On
your Instructor 50 the ei§ht digit LED display and the eight LEDs to the
left of the operator's panel are connected to output ports. In computer
terminology it is common to group a single input port with a single output

port calling the combination an input/output port (I/O port).

The input/output system, then, may be thought of as a series of input/
-output ports, each of which is identified by an address or location

called the input/output address. The purpose of the data selector for

input ports and the steering logic for output ports is to select a
particular port depending on the address that is presented to it by the
computer. Notice that there is a strong similarity between the input/
output system described here and the memory system described earlier.
Data may be stored at a particular address, which is connected to an

external output device. Data may be also retrieved from a particular

address, which is connected to an external input device. This similarity
is so strong that some computer designers’elect to eliminate the input/
output system entirely. Instead, input and output devices are connected

as if they were locations in memory. This concept is illustrated on the
operator panel of your Instructor 50. The eight LEDs and eight toggle
switches form an eight-bit input/output port. The three position toggle
switch just below this grouping allows you to connect the LEDs and switches

either to memory location @FFF, or to a port of the input/output system.

Exercise: Connect to @FFF and read/write using MEM key.

The Timing and Control System

The timing and control block sends logic signals to the other three

blocks (arithmetic and logic, memory, and input/output) to control their



operations. It manipulates the input/output, arithmetic and logic, and
memory circuits in a precisely timed sequence to make them perform the

correct operations at the correct time. In this regard it is much like
a puppeteer who operates a marionette by pulling on each of its strings

in a precisely timed sequence to produce desired movements.

It is the timing and control section which tells the memory system when
to store data into one of its locations, or to present data from one of
its locations to the arithmetic and logic unit. Signals from the
timing and control section also tell the data selector portion of the
arithmetic and logic system which register to select, or to select data
from the input/output system or memory system. It tells the arithmetic
and logic unit what arithmetical or logical operation to perform. And
it tells the steering logic where to direct the output of the arithmetic
or logical calculation. The timing and control section also directs
signals to the input/output system to tell it which external device
(which input/output port) to select, when to transfer data from the
external device to the computer, and when to transfer data from the

computer to an output port.

Central Processor Unit

In your Instructor 50 the functions of the timing and control system and

the arithmetic and logic system are combined on the 2650 microprocessor
chip. This is a common practice with microcomputer systems and the

combination is called the central processing unit or CPU.

COMPUTER “WARES”

Perhaps you've heard the terms hardware, software, and firmware before

in connection with computers. Each of these "wares" is contained in
your Instructor 50. In the discussion of the basic computer block
diagram (Figure 4.1) you learned something about computer hardware, the
physical stuff of which a computer is built. In the following sections
we'll delve more deeply into the operation of these blocks as they are
implemented in the Instructor 50. In the process we'll also learn about

software, a term used in referring to computer programs.
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What is a Program?

This question will take a while to answer and will become clearer as we

progress. Briefly a program is a sequence of instructions to the

computer which tell it what to do. These instructions are interpreted
by the timing and control section of the computer. Each one specifies

a sequence of logic signals which are output by the timing and control
section to make the other sections perform some specific operation (such
as adding two numbers together in the arithmetic and logic unit, or

outputting data to a particular external device).

These instructions take the form of binary numbers, or codes, which are
stored in memory locations. It is impossible to tell by examining the
contents of any memory location whether these contents represent an
instruction or some other data. For now suffice it to say that when the
computer examines the contents of a certain memory location it expects

those contents to be an instruction code, and interprets them as such.

Moving Information Between Blocks

By now it should be evident that much of a computer's activity involves
moving bytes of information from one place to another within the computer.
Figure 4.5 illustrates how this is accomplished. Basically, Figure 4.5
is similar to Figure 4.1 except that it is redrawn to emphasize communi-

cations paths.

CENTRAL PROCESSOR
l EXTERNAL I UNIT (CPU)
DEVICES

TIMING

L—T—'_I AND CONTROL
|

ARITHMETIC
INPUT/OUTPUT AND LOGIC MEMORY
SYSTEM SYSTEM
I ) \ A
INPUT/OUTPUT TIMING
DATA BUSS
TIMING
Y ADDRESS BUSS READ/WRITE
Y CONTROL BUSS

Figure 4.6 COMPUTER COMMUNICATIONS PATHS
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A buss is a collection of several electrical conductors (wires) across
which information may be transmitted. There are three primary busses in

most computer systems: the data buss, the address buss, and the control

buss.

The function of the data buss is to move bytes of data from one block to
another. 1In your Instructor 50 the data buss consists of eight separate
conductors, each carrying one bit of information. Thus, at any one
time, a complete byte of information may be transmitted via the data
buss. Information flow on the data buss may be either from the Central
Processing Unit to the memory or to the input/output system or from the
memory system or input/output system to the Central Processing Unit.

This buss is thus said to be bi-directional in nature.

The address buss in your Instructor 50 consists of 15 conductors. Each

conductor carries one bit of information. These 15 bits considered as a
binary number can specify 215 or 32,768 individual addresses. The
binary value transmitted on the address buss determines the source or
destination of data travelling across the data buss. For instance, the
Central Processor Unit may store data in memory system location 15 by
placing the number 15 on the address buss and the data to be stored on
the data buss.

The control buss is a collection of miscellaneous signals which transmits

various timing and control information from the Central Processor Unit
to the other parts of the system. The address buss and the control buss

are uni-directional in nature. That is, they transmit information only

in the direction from the Central Processor Unit to the memory system or

input/output system.

To see how all of this works in practice let's look at a couple of
examples. Let us assume an instruction has been interpreted which calls

for the Central Processor Unit to store the data byte B3 in memory

le

location 516' The Central Processor Unit then places the data B3 on the

data buss and the address ¢¢¢516 on the address buss. On the control
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buss a logic signal which tells the memory whether the operation is to
be a read or write, that is, move data to the CPU from memory or to
memory from the CPU, is placed in the write condition. When all of

these signals are in readiness, a timing pulse, a logic signal which

makes a short transition from a logic @ to a logic 1 and back to logic
@ again, is issued on the timing control line. When the timing pulse
occurs the memory system performs the operation indicated by its other
inputs, i.e., it stores the data B3 (found on the data buss) in location

5 (as specified by the address buss.)

Later on another instruction may specify that the CPU is to retrieve the
data previously stored in memory location 5. This is done by placing
the address ¢¢¢516 on the address buss and placing the read/;zz;;
control signal in the read position. The CPU then issues the timing
pulse on the control buss causing the memory system to place the contents
of the location specified by the address buss (in this case location 5)
onto the data buss, (in this case B3). The CPU then transfers the data
on the data buss (B3) into one of its internal registers and removes the
timing signal. When the timing signal is removed the memory system

disconnects itself from the data buss.

Transfers of data between the CPU and input/output system work in an
analogous fashion. The differences are that instead of specifying a
location in memory on the address buss, the address now specifies a
particular input/output port. And rather than a read/;;zzgisignal on

the control buss the control signal is an input/output signal.

Software vs. Firmware

In the discussion of the memory system above we described the memory
system as a series of registers providing locations in which data could
be stored for future retrieval. We also saw how data was stored in
memory and retrieved from it via the data, address, and control busses.

What we were describing was random access memory, abbreviated RAM. Any

location may be accessed at random, and either read from or written
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into. We also mentioned that a program was nothing more than a sequence
of binary numbers stored in memory locations. Under some circumstances
it is not desirable to store programs in this type of memory because one
of the instructions could be overwritten accidentally and lost. This is
doubly true since random access memory has a characteristic of losing
its data when power is disconnected. These problems can be solved by

placing permanent programs in read-only memory, or memory which can be

read from but not written into. Read-only memory is abbreviated as ROM.
In a read-only memory the data in each memory location is permanently

stored at the time of manufacture.

In your Instructor 50 when power is first applied, the message "Hello"
is always displayed on the eight digit display. When you push a button
some specific activity occurs. The reason your Instructor 50 responds
this way is because it has been pre-programmed at the factory to perform
these functions. This program, called the USE Monitor Program, is
stored in read-only memory in your Instructor 50. It is this program
which recognizes what buttons you have pushed and displays appropriate
messages. Altogether your Instructor 50's Monitor Program occupies
about 2000 memory locations. When a computer program is stored in read-
only memory it is often referred to as firmware, that is, a program

(software) stored in read-only memory (hardware).

Organization of the 2650 CPU

Earlier we discussed the general way in which a Central Processor Unit

is organized. In this section we will look at the specific organization
of the 2650 microprocessor used in your Instructor 50. From a user's
point of view we may describe this organization completely by simply
describing the registers contained in the Central Processor Unit and how
each of them behaves. It is understood that a great deal of logic is
-required in the Central Processor Unit in addition to these registers to
make them behave in the way described. The function of this additional
logic, however, is simply to manipulate data and move it from one register

to another. With this in mind, refer to the CPU register diagram of



Figure 4.7. This diagram does not show all the registers within the

2650 Central Processor Unit but it shows those that are important to our

discussion. Other special purpose registers will be described later as
they are needed in examples. (For a complete description of 2650 CPU

registers see Chapter 9 of your User's Guide.)
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PROGRAM COUNTER INSTRUCTION REGISTER
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Figure 4.7 2650 CPU REGISTERS

In programming your Instructor 50 the register with which you will deal
most often is Register @. This is an eight bit register and is called

a General Purpose Register because it may be used for a number of

purposes, such as temporarily storing data retrieved from or to be
placed into memory. Or it may serve as a place to store the result of
arithmetic or logical computations. Register @ may also be correctly be
called an accumulator, because it often accumulates (stores) the results
of arithmetic calculations. It is possible to examine and alter the
contents of this register through the keyboard and display on your

Instructor 50. To see how this is done perform the following exercise:
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1. Apply power or press the MON key to obtain the message "Hello" on

the Instructor 50 display.

2. Press the Register Function button, REG, to obtain the message

3. Press the numerical button @. The display now reads ".r@ = XX,"

where XX is the current contents of Register @ displayed in hexadecimal

notation.

4, You may now change the contents of Register @ by pressing any two

numerical keys in sequence. For instance, if you wish to change the

contents of Register @ to 5A16 press 5 then A.

5. If you now again press REG you'll again see the message "r =

6. Press the numerical key @. You will now see the message "r@ = 5A,"

the number you previously stored in Register d.

There are six more general purpose registers in your Instructor 50
organized as two banks of three registers each. Bank @ contains Registers

1, 2, and 3. Bank 1 contains Registers 1', 2', and 3'.

Registers 1, 2, and 3 may be examined and altered by following the
method described above except that instead of specifying R@ you must
specify R1, R2, or R3. Registers 1', 2', and 3' may be similarly
accessed from the keyboard by specifying Registers R4, R5, and R6,

respectively.

You may at this point wonder why Registers 1, 2, and 3, and 1', 2', 3°'

are considered to be two banks of three registers each. While all seven

of these registers are equally accessible from the keyboard, only R@

is always accessible by a 2650 instruction. A 2650 instruction may

specify only R@, R1l, R2, or R3. Whether the Rl, R2, or R3 referred to in the
instruction comes from bank @ or bank 1 is determined by the setting of

a single bit in the Program Status Word (PSW).
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The Program Status Word

' The Program Status Word (PSW) is contained in a 16-bit register shown on

the right hand side of Figure 4.7. For convenience, this 16-bit word is
considered to be two separate 8-bit bytes, labeled PSU (Program Status
Upper) and PSL (Program Status Lower). Each bit of the Program Status

Word has significance for certain operations of the 2650. Bit 4 of PSL

is the Register Bank Select bit. When this bit is a @, 2650 instructions

specifying Register Rl, R2, or R3 will act upon Register Bank @. When
the Register Bank Selected bit is a 1, 2650 instructions referring to

Rl, R2, or R3 will operate on.the registers in Register Bank 1.

The contents of the Program Status Word are also accessible from the
function keys on your Instructor 50. The key sequence REG, 7 will
display the contents of the Program Status Word Upper byte. These
contents may then be altered as described above. Similarly, the key
sequence REG, 8 will display the contents of PSL, the lower byte of the
Program Status Word. Its contents may also be altered as described
above. Try this out on your Instructor 50 keyboard. While each bit in
a Program Status Word has a specific function significant to operation
of the 2650 it is not necessary to describe each of these in detail

here. This is done in Chapter 9 of your User's Guide.

The Instruction Register shown in Figure 4.7 may be considered part of

the Timing and Control section of the Central Processor Unit. As we
mentioned earlier each instruction consists of a binary code which is
normally stored in memory until it is needed. When an instruction is
needed it is temporarily stored in the Instruction Register of the
Central Processor Unit, where the instruction code is available to the
timing and control logic. The Instruction Register is not accessible

from your Instructor 50 keyboard.

The Program Counter, also known as the Instruction Address Register, is

another special purpose register of the 2650 microprocessor. Its
function is to hold the memory address of the instruction which will be

needed next by the timing and control section.
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Since, as we mentioned earlier, the 2650's address buss is 15 bits in
width, this must be a 15-bit register. It is accessible from the Instruc-
tor 50 keyboard by pressing the key sequence REG, C. When this key
sequence is pushed the contents of the Program Counter is displayed as a

4 digit hexadecimal number. Its contents may also be altered from the

keyboard as described above.
HOW IT ALL WORKS TOGETHER

In actual operation all of these registers perform their functions in a
carefully timed sequence, much as the individual component parts of an
automobile, the pistons, transmission, wheels, and so on, all operate
together to move the automobile forward. Recall that we described a
computer program as a sequence of instructions stored in sequential

locations in the memory system.

Instruction is Fetched

Before any instruction can be carried out, it must be brought to the
Central Processor Unit. This operation is known as fetching the in-

struction (from memory). Here is how it works.

1. As we said earlier the Program Counter contains the address (location

in memory) of the next instruction to be fetched.

2. When it is time to fetch an instruction from memory the Timing and
Control system connects the Program Counter to the address buss (refer

to Figure 4.6).

3. The Timing and Control logic also specifies that a read operation
is to be performed by placing the read/write control line to memory in

the read position.

4. Next a timing pulse is issued to the memory system. The memory

system responds by placing on the data buss the contents of the memory



location specified by the address buss (which is also the location

specified by the Program Counter).

5. The Timing and Control logic then connects the data buss to the
Instruction Register, where the code which appears on the data buss is

stored.

6. Next the Timing and Control logic disconnects from the address buss

and control busses.

7. The memory system disconnects itself from the data buss. While

this is happening the value in the Program Counter is incremented by 1.

This completes the fetch operation. At this point the binary code for

the instruction to be carried out is contained in the Instruction Register.

The Program Counter has been incremented by 1, and thus contains the
address of the next location in memory beyond that from which the

current instruction was fetched.

Instruction is Executed

Once an instruction has been fetched from memory it may be executed. To
execute an instruction simply means to carry it out or to perform the
operation indicated by its binary code. To do this the Timing and

Control logic examines the ls and @s contained in the Instruction Register.
Based on the combination found, it issues timing pulses to other sections
of the computer. In this manner the arithmetic and logic unit, memory
system, of input/output system is manipulated to perform the required
operation. When the instruction has been executed, the contents of the
Program Counter are again placed on the address buss and another fetch

cycle occurs. A new instruction from the next location in memory is

transferred to the Instruction Register and is subsequently executed.

When a sequence of instructions (program) is executed in this fashion,

we may say that we have executed the program.
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Example: A One Instruction Program

Now that you've learned about the various functions and registers in the
Instructor 50 you are ready to actually execute a simple program.
Before the program can be executed, however, it must be entered (into

memory) by pressing appropriate keys on the Instructor 50 keyboard.

The particular instruction that we will execute in this example is
abbreviated "ADDZ R1." This is an abbreviated way of saying, "add to
Register @ the contents of Register 1." When this instruction is
executed, the contents of Register @ and Register 1 will be added together
and the result will be stored in Register @. The hexadecimal code for
this instruction is 8116' To enter and execute this instruction follow
the sequence indicated below.

Note: It is important that you not press the MON button except as
specified during the key sequence indicated below. If you do, the
contents of some internal registers may be altered and you will have to

start again.
1. Press MON button to obtain the "Hello" message.

2. Press the sequence MEM, @, ENT/NXT, 8, 1. This enters the hexa-

decimal code for our instruction (8116) in memory location #.

3. Next, initialize the value of Register @ to a 1 by pressing the

sequence REG, @, 1.

4. Initialize the contents of Register 1 to a 2 by pressing the key
sequence, ENT/NXT, 2.

5. Initialize the contents of PSU to FF by pressing the sequence REG
7, F, F.

6. Initialize the contents of PSL to @@ by pressing the key sequence
ENT/NXT, &.



7. Initialize the Program Counter to @ by pressing the key sequence

REG, C, #.

Now everything is in readiness to execute your program. If you like,
you may go back and examine the contents of all of the registers that
you just initialized. But be careful not to press the MON button or the

contents of some registers may be changed.

8. To execute your program push STEP. The display should now read
"gg@F1l XX," with XX indicating the contents of memory location 1. Again
without pushing MON, let's go back and examine the contents of the

various 2650 registers to see what effect our instruction had.

Since our instruction was supposed to add the contents of Register @

and 1 and store the result in Register @, and since Register @ initially
contained 1 and Register 1 a 2, we should now find a 3 (1 + 2) stored in
Register @. To find out if this is true, press the key sequence REG,

@. The display should read ".rx@g = @3."

Register 1 initially contained a 2. Since we've done nothing to alter
this the 2 should still remain. To find out if it does press ENT/NXT.
The display should now read ".rl = @2." Finally, the Program Counter
was initially a . Recall that we said that the Program Counter is
automatically incremented by 1 during execution of an instruction. To
see if it contains a 1, press the key sequence REG, C. The display
should read ".PC = @@@1l." The instruction code 81 contained in memory
location @ should also still be there. To find it, press the key sequence
MEM, @, ENT/NXT. The display should read ".@g@g@g@g 81." We may surmise
that our instruction code 81 has indeed been fetched from memory by the
Central Processor Unit. The contents of Registers @ and 1, a 1 and a 2
respectively, have been added together to produce the result 3 stored in
Register @. The Program Counter which was initally set to @ Gpecifying
the address of our instruction code has now been incremented to contain

al. Try executing this program again with different initial values in




Register @ and Register 1, and verify that their sum is indeed stored in

Register @ by your program.

Congratulations! If you have followed the text so far, you've just

executed your first computer program. From here on, it's all downhill.

Example: A Two Instruction Program

In this example we double the complexity of your program by adding
another instruction. The instruction we will add is abbreviated "WRTD,"
which is short for "Write Data." This instruction transfers the contents
of Register @ to the "non-extended data port" of your Instructor 50.

The 8 LEDs toward the left hand side of your Instructor 50 operator's
panel may be connected to this output port, by placing the 3 position
Mgwitch in the lower left hand corner to the full downward position
labeled "NON-EXT Data Port." The binary code for the WRTD instruction

is F@. Thus, our two instruction program will read as follows.

ADDRESS CODE INSTRUCTION
] 171" . 81 ADDZ R@
2eg1 Fg@ WRTD

To enter and execute this program follow the steps below.

1. As in the previous example enter the code for the ADDZ R@ instruc-
tion into memory location @ by pressing the key sequence MEM, @, ENT/NXT,
8, 1.

2. Enter the code for the WRTD instruction into memory location 1, by

pressing the sequence ENT/NXT, F, 4.

3. This time let's initialize Register @ to a 3 with the key sequence

REG, @, 3.

4. Register 1 may be initialized to a 2 with the key sequence REG, 1,
2. '
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5. As before, we must initialize the Program Status Word with the key

sequence REG, 7, F, F, ENT/NXT, #.

6. Finally, we initialize the Program Counter to @ with the key sequence
REG, C, 8.

7. Now push the STEP button once. Notice that the display reads
"g@gl F@g." This means that the Program Counter is "pointing at" memory
location 1 which contains the code for our WRTD instruction, F@. Since
the contents of Register @ and Register 1 have now been added together
and since they contained a 3 and a 2 respectively, the contents of
Register @ should now be a 5. You may verify this by pressing the key

sequence REG, #.

8. Now press the STEP button again to execute the WRTD instruction.

Note that the code @@@@@1@1 is displayed on the 8 LEDs connected to the
non-extended data port. You should also be able to verify that Register
@ contains a 5, Register 1 contains a 2, and the Program Counter (Register

C) contains a 2.

The STEP button is a very useful function of your Instructor 50. It
allows you to execute instructions one at a time. After the STEP button
is pressed and the instruction is executed, the display will indicate
the contents of the memory location "pointed to" by the Program Counter.
Since the contents of this location are always the next instruction that
will be executed when you push the STEP button again, this provides a
convenient method to verify that each instruction code is as it should

be while you are stepping through a program.

TYPES OF INSTRUCTIONS (WHAT INSTRUCTIONS CAN DO)

In the above examples you saw two specific instructions and the operations
they performed. Your Instructor 50 has a "vocabulary" of 75 such instruc-
tions, each of which performs a specific simple task. Each of these
instructions is described in detail in your Instructor 50 User's Guide.

Depending on the type of operation that a specific instruction performs
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it may be thought of as belonging to a class or type of similar instruc-

tions. These types are described briefly below.

Arithmetic Instructions

Arithmetic instructions are instructions which perform an arithmetic

operation such as the ADDZ instruction described above. . These instruc-
tions may add the contents any two registers or subtract the contents of

one register from another.

Input/Output (I/0O) Instructions

Input/output instructions are used for getting data into or out of the

computer. They operate by copying a byte of data from an input port to
a register or from a register to some output port. The WRTD instruction

described above is an example of an output instruction.

Load and Store Instructions

Load and Store instructions are used to copy a byte of data in one

location or register into another location or register. A register is
said to be loaded when a byte of information is copied into it from some
memory location or from some other register. The contents of a register
are said to be stored when its contents are copied into a memory location
or into some other register. Load and store instructions are somewhat
similar to input/output instructions except that the operations are

completely internal.

Logical Instructions

Logical instructions are similar to arithmetic instructions except that

they perform logical operations such as AND, OR, Exclusive-OR, Rotate,
and Compare. Examples of each of these types of instructions are given

below, in Figure 4.8.
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Figure 4.8 EXAMPLES OF LOGICAL INSTRUCTIONS

The operators AND, OR (also known as Inclusive-OR) and Exclusive-OR are
straightforward and require no further explanation. The operation of

the Rotate and Compare instructions deserves further comment.

The operation of the Rotate Register Left instruction is affected by a

bit in the Program Status Word, labeled WC or With Carry, in Figure 4.6.
If this bit (bit 3 in the lower byte of the Program Status Word) is a

@, the operation of the Rotate Register Left R instruction is as shown
in Figure 4.8. That is, each bit of Register @ is moved to the left one
position with the most significant bit being rotated around and occupying

the least significant position. If, however, the With Carry bit in the

Program Status Word is set to a 1, the most significant bit is not

shifted into the least significant bit position. Instead, it is shifted
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into the Carry bit which is another bit of the Program Status Word. The
Carry bit in the PSW is shifted into the least significant position of

Register .

Operation of the Compare instruction involves three more bits in the
PSW. When the Compare instruction is executed, neither of the two
registers whose contents are being compared is altered. However, the

contents of the two Condition Code bits in the PSW, CC@ and CCl, are set

with a value which indicates whether the contents of Register 1 was

greater than, equal to, or less than the contents of Register @. In the
example shown, the contents of Register 1 is greater than that of Register

@ if the two are considered as straight binary numbers. Therefore, the

Condition Code bits are set to 1 and @ as shown.

In this example it was assumed that the COM bit in the PSW was a J.

This is the logical/arithmetic Compare bit. If this bit were a 1, the
contents of Register @ and Register 1 would have been interpreted by the
Compare instruction as binary two's complement numbers. Since the most
significant bit of Register 1 in the example is a 1, this represents a
negative number. The contents of Register @ represents a positive
number. Thus considered as two's complement numbers, the contents of
Register @ is greater in value than the contents of Register 1, and the

resulting Condition Code setting would be @1 rather than 16.

A Compare operation is particularly useful when executed just before a

branch instruction, which is described below.

Branch Instructions

Normally, the sequence of instructions for a program is drawn from
sequential locations in memory. As each instruction is executed, the
Program Counter is incremented by 1. Thus the Program Counter keeps
track of the location in memory from which the next instruction is to

come. The function of a branch instruction is to alter the contents of

the Program Counter. The effect of doing this is that the next instruc
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tion for the program will not be taken from the next sequential location
in memory but will be taken instead from an address which is specified

by the branch instruction. The operation of a branch instruction is

illustrated in Figure 4.9.

MEMORY LOCATION CONTENTS

0 INSTRUCTION A
1 INSTRUCTION B
2 INSTRUCTION C
3 BRANCH TO 100
4 XX
5 XX

FE XX

FF XX

100 INSTRUCTION D

101 INSTRUCTION E

Figure 4.9 OPERATION OF BRANCH INSTRUCTION

We begin executing our program, for instance, at memory location @.
Instructions are executed in sequence until the branch instruction is
encountered. When the branch instruction is encountered the next
instruction is taken not from the next sequential location in memory but
from the location specified by the branch instruction, location 1@@ in

the example. From-this point instructions are again executed in sequence.

In many cases it is desirable for the program to branch to another
location in memory only if some condition is met. An instruction to
perform this operation (alter the contents of the Program Counter only

if some condition is satisfied) is called a conditional branch instruction.

In your Instructor 50 the Condition Code bits (CCZ and CCl) in the PSW

may be examined by a branch instruction to see if a specified condition

is satisfied.

For instance, let us say that we wish to compare the contents of Register

1 and Register @ and branch to another location in memory only if the

value in Register 1 is equal to the value in Register @. This would be done
as illustrated in the Figure 4.10. Again, we assume that our program

starts at memory location @ and instructions A and B are executed.



We then compare the contents of Register 1 to those of Register @ with

the COMZ Rl instruction. The result of this instruction as discussed

above is to set the Condition Code bits in the PSW. These two bits will

both be set to @ if Register 1 and Register @ contain equal values.

MEMORY LOCATION CONTENTS COMMENTS
0 INSTRUCTION A
1 INSTRUCTION B
2 COMZ R4 (THIS SETS CONDITION CODE BITS IN PSW)
3 , BCTA, 0, 100 BRANCH TO 100 ONLY IF CONDITION
/ CODE BITS ARE ZERO.
INSTRUCTION C THIS INSTRUCTION EXECUTED IF R # R4q

[ INSTRuCTION D
\ .

160 \II.\ISTRUCTION E THESE INSTRUCTIONS EXECUTED IF R = R4
INSTRUCTION F

Figure 4.10 OPERATION OF CONDITIONAL BRANCH INSTRUCTION

The next instruction is the BCTA or Branch on Condition True Absolute

instruction. The branch will occur only if the contents of the Condition
Code bits are @@. If the contents of Register 1 are equal to the contents
of Register @ when the Compare instruction occurs, instruction E will be
executed immediately following the branch instruction. If the

branch does not occur, that is, if the contents of Register 1 did not
equal the contents of Register @, instructions C, D, and so on will be
executed. Branch instructions are also sometimes called jump instructions
because they cause the normal execution of the program to jump from one

location in memory to another.

Multi-Byte Instructions

In our discussions so far, we have assumed that each computer instruc-
tion occupied one byte in memory. Some instructions, however, require
that more information be specified than the amount which can be con-
tained in a single byte. For instance, the Branch on Condition True
Absolute instruction, discussed in the previous example, must nét only

specify that a branch must occur if some condition is satisfied, but it
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must also specify the value of the Condition Code bits and an address }
from which the next instruction is to be fetched if the specified condition !
is satisfied. Since the address requires fifteen bits of information it
is specified in two successive bytes following the first byte of the
Branch on Condition True Absolute instruction. This instruction there-
fore occupies three sequential bytes in memory. Its format is illus-

trated in Figure 4.11.

BCTA CcC BRANCH {\DDRESS
/ .  a— / N\
T T T T T T T T T T T T T 7
ojofof1}1}n1 v | a hi?h order a low order
1 1 1 1 | 1 1 1 1 1
FIRST BYTE SECOND BYTE THIRD BYTE
(MEMORY LOCATION 4) (MEMORY LOCATION 5) (MEMORY LOCATION 6)

Figure 4.11 FORMAT OF BCTA INSTRUCTION

This type of instruction is executed in a similar fashion to the single

byte instructions discussed above, except that three fetch cycles are

required before the execution cycle. This works as follows: 1In the

first fetch cycle the first byte of the instruction is fetched from

memory and put into the CPU's Instruction Register in the normal fashion.

The Timing and Control logic of the CPU then examines the combination of

1s and Os in the first byte of the instruction and determines that two

additional bytes must be fetched. Since the Program Counter has been

incremented automatically during the fetch cycle, it already contains !
the address of the second byte of this instruction. The second byte is
then fetched and placed in an auxiliary register in the Timing and
Control section of the CPU. While this fetch cycle is taking place the
Program Counter is again incremented so that it now contains the address
of the third byte of the instruction. The third byte is fetched and
placed in another auxiliary register in the Timing and Control logic.

At this point, the entire instruction has been moved into the Central
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Processor Unit and the Program Counter contains the address of the next

instruction following the branch instruction.

The two least significant bits in the first byte of the instruction are
compared with the two Condition Code bits in the PSW to determine if
their settings are equal. If they are equal the address specified by
the second and third byte of the BCTA instruction is placed in the
Program Counter. Thus the next instruction is fetched from that location.
If the settings of the Condition Code bits do not match those specified
by the two least significant bits of the first byte of BCTA instruction
the Program Counter is not altered and the next instruction is fetched
sequentially from memory. In every case for a multi-byte instruction
the first byte contains enough information to identify the type of
instruction and the fact that additional bytes must be fetched. Allow-
ing instructions to be two or three bytes in length permits a great deal
of flexibility in specifying the source of information on which the

instruction is to operate and its destination.

Addressing Modes

The way in which the source or destination of information is specified

by an instruction is called an addressing mode. There are four basic

addressing modes which we will describe below in detail. These are

called Register, Immediate, Absolute, and Relative.

1. Register Addressing: An instruction which specifies internal 2650

registers as both the source and destination of data is said to use the
register addressing mode. These instructions require only one byte of
information. For example, the format of the Add to Register Zero (ADDZ)

instruction, is shown in Figure 4.12.

In the Add to Register Zero instruction, the fact that an addition is to

take place whose contents will be stored in Register § is specified by
the most significant six bits of the instruction. The least significant

two bits specify which internal register will be added to Register @ to
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produce the result. For instance, if the Register field (as shown in

Figure 4.12) contains 1@ then the contents of Register 2 will be added
to Register @ and the results stored in Register @. (19!2 is the binary
).

equivalent of 2

19

ADDZ REGISTER
/ \/ N\
\J

100000:

FIRST (AND ONLY) BYTE

Figure 4.12 FORMAT OF ADDZ INSTRUCTION--REGISTER ADDRESSING

2. Immediate Addressing: An instruction is said to be in the immediate

addressing mode if the actual data to be operated on is contained in the
instruction. These instructions require two bytes of information. As
an example, the format for the Add Immediate instruction is shown in

Figure 4.13.

ADDI REGISTER NUMBER TO BE ADDED
/ : \ N\ / . \
. I T T T T T T T
170(0j01]0{|1 r DATA VALUE
1 1 1 ! Il 1 1 1
FIRST BYTE SECOND BYTE

Figure 4.13 FORMAT OF ADDI INSTRUCTION--IMMEDIATE ADDRESSING

When this instruction is executed, the first byte of the instruction
will first be fetched and placed in the Instruction Register in the CPU.
The most significant six bits of this byte indicate that the operation
to be performed is Add Immediate. The two least significant bits desig-

nate the Register (R@, Rl, R2 or R3), where the result will be stored.



After the Timing and Control logic obtains this information, it fetches
the second byte of the instruction from memory. This byte contains an

immediate value to be added to the contents of the register specified by

the first byte. For example, let us say that the R field in the first
byte contains a @1 specifying Register 1, and that before execution of
this instruction the contents of Register 1 in the CPU is 5. Let's also
assume that the second byte of the instruction is @@@@@@F11 or 31¢.

After execution of this instruction the contents of Register 1 in the

CPU will be 8. That is, the 5 currently in Register 1 was added to

1p

the 31¢ specified by the second byte of the instruction to produce the

result, 8 stored in Register 1.

1p’

3. Absolute Addressing: An instruction is said to be in the absolute

addressing mode if it requires data stored in a specific location in
memory. This type of instruction requires three bytes, one to specify
the type of instruction and two to specify the specific address in
memory where the required data will be found. The BCTA instruction
discussed above and whose format is shown in Figure 4.11, is an example

of an absolute addressed instruction.

4, Relative Addressing: An instruction using the relative addressing

mode is similar to an instruction using absolute addressing in the sense
that it requires data from some specific location in memory. Instead of
specifying this address absolutely however, the address is specified as
a position relative to the current contents of the Program Counter. To
better understand the concept of relative addressing, consider the
format of the Add Relative (ADDR) instruction shown in Figure 4.14. 1In
the Add Relative instruction the most significant six bits of the first
byte indicate to the Timing and Control logic that the operation to be
performed is Add Relative. The least significant two bits of the first
byte indicate which register is to be the destination of (hold the
results of) the operation. The second byte of the instruction specifies
a number which is to be added to the current contents of the Program
Counter to determine the location in memory which contains the data to

be added to the specified register.



ADDR REGI'STER DISPLACEMENT

/ \/ 1 A f ¥ L] L] ] T T A
1]1]0|(0{0(11{O0 r | relative address
1 1 1 L L 1 1
FIRST BYTE SECOND BYTE
(LOCATION 10016) (LOCATION 10116)

Figure 4.14 FORMAT OF ADDR INSTRUCTION--RELATIVE ADDRESSING

For instance, let us assume that the relative address of this instruction
is a 5. Also assume that the instruction itself is stored at location
1@ in memory, and that this instruction has just been fetched. The
Program Counter will contain 1@2, the address of the next memory location
beyond this instruction. Thus, the contents of the Program Counter 1@2

will be added to the displacement, 5, to obtain the result 1¢7. Data to

be added to Register R then will be obtained from location l¢716. This
is somewhat more complicated than the absolute addressing method shown
above. Its advantage lies in that it requires only two bytes to specify
an address rather than three. The displacement value is considered to

be a 7 bit two's complement number, and thus may take on values from +63

19

to —64l¢.

5. Indirect Addressing: In addition to the four basic addressing

modes described above, Register, Immediate, Absolute, and Relative,

there are two variations which may be used under some circumstances.

These are called indirect addressing and indexed addressing. In your
Instructor 50, indirect addressing may be specified for instructions in

the relative and absolute addressing modes. Indirect addressing is
specified by the most significant bit of the second byte of these instruc-
tions, labeled "I" in Figures 4.11 and 4.14 above. When indirect addressing
is specified, the absolute address or relative address specified by the
instruction does not contain the data to be operated upon. Instead, it
contains the first byte of the address of the data to be operated upon. The
second byte of the address of the data to be operated upon is found in

the next sequential loéation in memory. For our example of Figure 4.14

above, if the Indirect bit is a 1, data would be obtained not from address



147 in memory but from the address in memory specified by the contents
of locations 1@7 and 1@8. While this is a bit complicated, it turns out

to be useful in some programming applications.

6. Indexed Addressing: Indexing is another address modification

technique which may be used with some instructions in the absolute
addressing mode. It may be illustrated by considering the format of the

Add Absolute instruction as shown in Figure 4.15.

INDIRECT
ADDRESSING
INDEX
ADlDA REGISTER CONTROL ABSOLUTEl ADDRESS
/ NN ) 7 AY
1 T 1 Bl T T T T T A\l L T L]
1010011 |rorx I IC a high order a low order
| 1 1 1 1 1 1 1 1 i 1 1 1
FIRST BYTE SECOND BYTE THIRD BYTE

Figure 4.15 FORMAT OF ADDA INSTRUCTION
ABSOLUTE ADDRESSING WITH INDEXING

In this instruction the first byte specifies that the instruction is to
be an Add Absolute operation. Let's first consider the case where both
the Indirect Addressing and Index Control bits are zeroes. In this
case, the register which will contain the result of the operation is
specified by the least significant two bits of the first byte. The
address in memory from which data is to be obtained to add to this
register is specified by the Absolute Address section of the second and
third bytes. Since only thirteen bits of address information may be
specified and the 2650 address buss is fifteen bits wide, it is assumed
that the most significant two bits of the address are the same as the

most significant two bits of the address in which this instruction itself

is located.



In the event that Indirect Addressing is specified (by placing a 1 in
the most significant bit of the second byte of the instruction) the
contents of the location specified by the Absolute Address contains the
first byte of the address where the data to be added to the specified
register is stored. The second byte of this address is found in the
next sequential location. If the Index Control bits are non-zero,

the two least significant bits of the first byte no longer specify the

register in which the results of the instruction will be stored. Instead

they specify a register to be used for indexing purposes, or an Index
Register. It is then assumed that the results of the operation will be

stored in Register {.

When Indexing is specified (by having one or both of the Index Control

bits set to a 1,) an Effective Address is formed by adding the contents

of the specified Index Register to the Absolute Address specified in the
second and third bytes of the instruction. For instance, let us assume
an example in which both Index Control bits are 1ls, the register speci-
fied as an Index Register is Register 3, the Absolute Address portion of
the instruction contains a 5, and the contents of Register 3 is a 1. We
now execute the ADDA instruction. The data to be added to Register @
will be obtained from location 6 (= 5 + 1). The data contained in
lJocation 6 will be added to the data contained in Register @, and the

result will be stored in Register @.

While all this is happening, it may be desirable to automatically incre-
ment or decrement the specified Index Register. The Index Control bits
are set to Pl to accomplish this, instead of being set to 11. The
contents of the specified Index Register will be incremented before the
operation is performed. 1In our example, the contents of Register 3
would become 2. If the Index Control bits are set to 1@, the contents
of the specified Index Register will be decremented before the operation

is performed. 1In our example, the contents of Register 3 would become

g. This is also complicated but is useful in some programming applications.

Let's say, for example, that you've stored a table of data beginning at

location 149 in memory. You may use an Index Register to keep track of
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which entry in this table you wish to look at. If you set the Absolute
Address portion of an Indexed instruction to l¢¢16, and specify the
entry number within your table with an Index Register, this becomes a
convenient method of accessing a particular entry within a table. Don't
be too discouraged if this is not all obvious to you right now. As you
gain more familiarity with programming and programming technigues, these

concepts will become easier to grasp.

INTERPRETING INSTRUCTION DESCRIPTIONS

In the foregoing discussion we've spoken briefly about several instruc-
tions and their various formats. 1In Chapter 9 of your Instructor 50
User's Guide, you'll find detailed descriptions of the operation of each
instruction which your Instructor 50 is capable of performing. 1In
describing these instructions some notation conventions have been devel-
oped which make it easy and compact to represent certain ideas. For
instance, a small "r" designates a particular register. It stands for
Registers RP, Rl, R2, or R3 in the Instructor 50. Parentheses around a
quantity designate the concept, "contents of." For instance, (R{@)
means "the contents of Register @" or (r) means "the contents of Reg-
ister r." A small "a" is often used to denote an address. Therefore
(a) would be read, "the contents of memory location a." A small "v" is
used to stand for a data value. A left-pointing arrow, is used to stand
for "is replaced by." For instance, we might write

"(r) &~—— (r) + v."
This would be read, "the contents of Register r is replaced by the
contents of Register r added to the value v." Let us say, for example,
that R@# contains a 5 and value v is a 7. If we wrote

(RP) &—— (R®) + v
it would mean in our example

(RF) é—— 5 + 7 or (RY) = ¢Cl6.

This type of notation is used in describing instructions in your User's
Guide to make the instruction descriptions more compact and easier to

refer to.

As an example, let's take a look at the description for the Add Absolute

instruction, which you will find in your User's Guide described on page
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37 of Chapter 9. On the top line of this page, you see in the left hand
side the mnemonic for the instruction, "ADDA," followed by some other
notation. On the right hand side you see a brief description of this
instruction, in this case, Add Absolute. When writing instructions to

be interpreted by humans, it is much more understandable to write them

in mnemonic form rather than as hexadecimal or binary codes. After the
instruction's mnemonic in this example we see, "r (*)a(,x)." The portions
enclosed in parentheses are optional and may or may not be included in

the notation for the instruction as it is written. The little "x" is
meant to indicate a specific register. The little "a" is meant to
indicate a specific address. For instance, if we wanted to specify

adding the contents of location 5¢16 to the contents of Register 1 we
would write "ADDA,Rl1 5@." This would specify that the contents of

memory location 58 are to be added to the contents of Register 1, with

the result stored in Register 1. Optionally, we could write, "ADDA,R1 *5@."
The addition of the optional "*" would indicate Indirect Addressing in
this example. This would mean that the contents of the location specified
by the address contained in locations 5@ and 51 would be added to the

contents of Register 1, with the results stored in Register 1.

Also, we may optionally specify that indexing is to be used with this
instruction. If we write "ADDA,RfZ 5@, R1" this means that the contents
of Register 1 is to be added to the specified address value, 58, to
calculate the Effective Address where the data to be added to RZ will
be found. Thus we have specified Indexed Absolute Addressing. 1In the
same shorthand, to denote that we would like to have the Index Register
specified incremented or decremented before indexing occurs, we would

write "ADDA,Rg 5@, R1+" or "ADDA,R@ 5@, Rl1-."

The next line tells us that this instruction occurs in the Absolute
Addressing mode. The third line tells us that the operation codes
possible for this instruction are 8C, 8D, 8E and 8F. This is a hexa-
decimal form of expressing the possible binary codes for the first byte

of this instruction.
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Below this we see the format for the binary code for the ADDA instruction,
which is similar to that discussed in Figure 4.15 above. Notice that if
the two least significant bits of the first byte of the instruction are
@@, the hexadecimal notation for this binary code would be 8C. If the
two least significant bits of the first byte were 11, the hexadecimal

coding for the first byte of this instruction would be 8F.

The next line tells how much time it takes to execute this particular
instruction. This is described in terms of machine cycles. 1In our
example, four machine cycles are required. The first three machine
cycles are to fetch the three bytes of the instruction. The instruction
is then executed during the fourth machine cycle. Since each machine
cycle is equivalent to three cycles of the clock signal applied to the
2650 microprocessor, 12 cycles or periods of this clock signal are
required. Your Instructor 50's clock signal cycles 895,000 times each
second. Therefore each machine cycle takes about 3.35 microseconds
(millionths of a second) to execute. Since the Add-Absolute instruction
requires four machine cycles, it takes approximately 13.4 microseconds

to execute in your Instructor 50.

The "Operation" section of the page describes the instruction in terms
of the notation we discussed earlier. For instance, the "Operation"
line, the first line, may be read, "the contents of the specified
Register R is replaced by the current contents of Register R plus the
contents of the address specified by the Effective Address of the
instruction." All of this is true if the contents of the With-Carry bit
in the Program Status Word is a @. If the With-Carry bit in the Program
Status Word contains a 1 then the contents of the specified Register R
is replaced by its current contents added to the contents of the memory
location specified by the Effective Address plus the contents of the
Carry bit in the Program Status Word. The Effective Address in this
case is calculated by taking the a field of the second two bytes of the
instruction and adding the contents of the specified Index Register (if
indexing is specified). This is the Effective Address if the Indirect

bit (bit 7 of Byte 2 of the instruction) is a @. If the Indirect bit is




a 1 the Effective Address is found in two bytes beginning at the byte
specified by the address calculated above.  Note on page 9-36 of your
User's Guide the formulas for calculating the Effective Address of an
instruction based on the states of the Indirect bit and the Index
Control bits in the instruction. The symbols and abbreviations used in
the instruction descriptions are listed on page 9-35 of the User's

Guide.

Below the description of the instruction we see a line that says "PSW
bits affected.” When this particular instruction (Add-Absolute) is
executed the Carry, Condition Code, Inter-Digit Carry, and Overflow bits
of the Program Status Word will be set or reset depending on the results
of executing the instruction. In particular, the Condition Code bits,
CC@ and CCl, will be set as shown in the Condition Code setting table.
The first part of Chapter 9 of the User's Guide contains a detailed
description of the 2650 Processor Registers and the function of each bit

in the Program Status Word.

Making It Work

Based on what we have just learned about the Add-Absolute instruction,
let us go through the exercise of actually coding this instruction into

binary form (machine language). You may then execute it on your Instruc-

tor 50 to prove that it works as described.

Step 1. Write the entire command in mnemonic form. For our example,
let's take the most complicated possible case, Add-Absolute Indirect
with Auto-Incremented Indexing. (Note: Most instructions will be much
easier than this to code because the complications of Indexing, Indirect
Addressing, and Auto-Incrementing are used only a small percentage of
the time. They are seldom used all at once.) We must first decide
which location in memory will contain the address which will contain our
data to be added to Register @. Let us select location 1 in memory.
Also let's select Register 3 as our Index Register. In mnemonic form

then our instruction would look like this: ADDA,RZ *@@g@gl,R3+.

Step 2. We can now write down the binary code or machine code for our

instruction. The first byte will be:
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b7 b6 b5 b4 b3 b2 bl b

1 g g1 1 1 1

g

where the two least-significant bits specify Register 3 and the six
most-significant bits specify the Add Absolute instruction. 1In the
second byte of our instruction, the most significant bit must be a 1
because we are using Indirect Addressing. The next two bits are the
Index Control bits. Since we've elected to use Indexing with Auto-
Incrementing we see from the table on page 9-36 that the proper code for
this option is P1 for the Index Control bits. The next five bits of the
second byte of our instruction are all @s since the high order bits of

address 1 in memory are all @s. Thus the second byte becomes:

b7 b6 b5 b4 b3 b2 bl bg
1 "} 1 ") ) g g %}
Indirect Bit Index Control Bits High Order Address Bits

Finally the third byte contains the low order address bits or

b7 b6 b5 b4 b3 b2 b1 b¢

g 92 g8 9 9 91

Thus our final instruction looks like this:

1ppgplr1i1l 1919009 gPPPgaRPIl
first byte second byte third byte

Step 3. The next step is to convert our binary coded instruction into
hexadecimal form. As diagrammed below the first byte converts into 8F,

the second byte into AP, and the third byte into @1.

first byte second byte third byte
1ggp 1111 1919  gP@@ 9999 @991 (binary)
8 F A ") '] 1 (hexadecimal)



Now let's see if our instruction works. To do this we must first enter

it into some memory location. Let's arbitrarily pick location 1@f@.

To enter the three bytes of this instruction into three successive |
memory locations beginning at location 1§@, press the following sequence
of buttons on your Instructor 50 keyboard: MEM, 1, @, @, ENT/NXT, 8, F,
ENT/NXT, A, @, ENT/NXT, @, 1, ENT/NXT. Next, let's set up the 2650's
internal registers with some initial data. For some initial data in
Register @ let's place a 2. To do this, press the button sequence REG,
@, 2. 1In Register 3 let's place a 7. To do this press REG, 3, 7. Next
we must initialize the Program Status Word. We do this by pressing REG,
7, F, F, ENT/NXT, @#. Since we have placed our instruction in memory
location 1¢@, we must initialize the Program Counter to this value.

This is done by pressing REG, C, 1, @, @#. Since we have placed a 7 in
Register 3 and have specified that Register 3 be incremented before this
instruction is executed, the Effective Address will be found in the

following manner.

The address specified in the instruction (@1l) is expected to contain the
first byte of an address. The next sequential location (@2) is expected
to contain the second byte of an address. To this address (found in
locations 1 and 2), the incremented value of our Index Register, R3, will
be added. Let us place the data for our instruction in location FF by
pressing the button sequence MEM, FF, ENT/NXT, 5. This places a 5 in
location FF. When our instruction is executed we expect that this 5
will be added to the 2 already in Register @ to produce 7. So that our
Effective Address will be location FF, we must enter the following
information in locations 1 and 2: MEM, 1, ENT/NXT, @, ENT/NXT, F, 7.
Now when the @@F7 contained in locations 1 and 2 is added to 8, the
incremented value of our Index Register (R3), the result will be FF, the
location of our data in memory. Next press STEP. The instruction has
now executed and Register @ should contain a 7. To find out if it does,
press REG, @. Also note that Register 3 should contain an 8 and the

Program Counter should contain 1@3.



5. PROGRAMMING TECHNIQUES

ORGANIZING YOUR PROGRAM

Now that you know how instructions work, how to interpret their descrip-
tions and what they can do, you are ready to start writing programs for
your Instructor 50. When you write a program, what you are trying to do
is define a sequence of numbers which will be entered into memory loca-
tions in your Instructor 50, and which will perform some desired task
when they are executed as a program. This chapter discusses some of the
techniques which have been evolved for progressing from a vague idea of
the task to be accomplished to a completed listing of machine code which

can be entered into your Instructor 50.

The first thing you should do is diagram your program in flow chart
form. The flow chart is your first cut at reducing the solution of your
problem to an algorithm, that is a specific sequence of manipulations
which, taken together, will solve the problem. A simple example of a

flow chart is shown in Figure 5.1.

This flow chart describes a program which adds together two bytes stored
in memory. If their sum is greater than 5, the program is to display

the message "HI" on the 8-digit display. If the sum is 5 or less, the

program is to display the message "LO" on the Instructor 50 display.

The program starts in the upper left hand corner labeled Start. The
first operation performed is to get a byte of data from memory and place
it in Register @ in the Central Processing Unit. The next task is to
add to the number stored in Register @ some other data byte from memory.
Next, we must make a decision. Is the result of this addition greater

than 5 or is it not? If the result is not greater than 5, the message
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"10" is displayed. If the result is greater than 5, the message "HI" is

displayed. The little circle containing the "A" is a connector. In the
upper right hand corner you see another circle with an "A" meaning that

the flow chart continues from this point.

‘ START ’

Y

PUT FIRST
DATA BYTE IN RO DOTHIS

Y +

ADD SECOND DATA
BYTE TO RO THEN DO THIS

(@

y

NO

DISPLAY “LO” DISPLAY "“HI”

\
A

Figure 5.1 A SIMPLE FIOW CHART

Additional sequential blocks may be defined until the program comes to
an end. If the flow chart is written in sufficient detail, it is then
an easy matter to convert the contents of each block of the flow chart
to a few corresponding machine instructions. The sequence of instruc-
tions is normally written first in mnemonic form on a coding form

similar to that shown in Figure 5.2.

For our example program, which is flow charted in Figure 5.1, we might

begin filling out the symbolic instruction columns of this coding form

as shown in Figure 5.2.

Notice that we have begun filling out mnemonics for each instruction

required by our flow chart in the column labeled "OP CODE." Under the
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
LINE ADDRS BO D:;I-A B2 LABEL OPCOS;EMBOLIC INSO-I;,Z:(:\:(SS COMMENT

1

2

3 LODA, RO BYTE1 PUT FIRST BYTE IN RO

4 ADDA. RO BYTE2 ADD SECOND BYTE TO RO

5 SUBI, RO 0s DECIDE IF RESULT >5

6 BCTA. GT DISPHI IF YES, DISPLAY “HI”

7 BCTA, UN DISPLO IF NO, DISPLAY “LO”

8 R . T

9

10 . N

1

12

13

14

15

16

17

18

19

20

21

22

23

24
DIRECT RELATIVE ADDRS: SECOND  + 00 N1 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C
BYTE N|f 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

el S S 7F 7E 7D 7C_7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64
ADD H'80° TO DISPLACEMENT FOR  + 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2€ 2F 30 31 32 33 34 35 36 37 38 33 3A 38 3C
INDIRECT ADDRESS DEFINITION N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
- 60 5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D.4C 4B 4A 49 48 47 46 45 44 43 42 41 &0




column labeled "OPERANDS," we have listed symbols for any additional
information required by the instruction. In the "COMMENT" column, we
placed a short description of what the instructions we've selected are
expected to do. Notice that our first instruction, ILoad Absoliute into
Register @, requires an address which specifies where the byte of data
to be loaded will be found. Since we haven't yet picked a specific

address, we substituted for the address the label "BYTEl."

The second instruction, Add Absolute to Register @, also requires an
address. Again, not knowing what the address would be we have labeled
it "BYTE2." The next instruction, Subtract Immediate from Register @,
will have the effect of subtracting the constant 5 from the sum of the
contents of locations BYTEl and BYTE2. As a result of this operation
the Condition Code bits (CC@ and CCl) in the Program Status Word will be
set to @1 for positive, @@ for zero, or 1F for negative. The next
instruction, Branch on Condition True Absolute if Greater Than, will
cause the normal sequence of instructions to be changed. The next
instruction will not be taken from the next location in memory but
rather from a location which we've labeled "DISPHI." Finally, our last
instruction Branch on Condition True Absolute Unconditional, will take
the next instruction from the location in memory which we've labeled

"DISPLO."

The labels that we've used above, "BYTEl," "BYTE2," "DISPHI," and

"DISPLO, " must be translated into specific addresses before we can
develop the machine code for our program. Let us arbitrarily select
locations 1@ and 1#1 as storage places for our two data bytes, BYTEl

and BYTE2. We add this to our coding form as shown in Figure 5.3.

In the "LABEL" column, we have added the labels BYTE1l and BYTE2. Under
the "OP CODE" column for these two bytes we've written "RES," which is

simply a note to tell us to reserve a location. (This is not strictly a
microprocessor instruction.) Under the "OPERANDS" column we've written
a 1, indicating that we wish to reserve only one location in memory for

the label "BYTEl1" rather than a number of sequential locations. Finally,
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
LINE | ADDRS | g, D:IA g2 || LABEL opcgggnaouc INSgPF:sl;iTr\:gg COMMENT

1

2

3 LODA, RO | BYTEI PUT FIRST BYTE IN RO

4 ADDA, RO | BYTE2 ADD SECOND BYTE TO RO

5 SUBI, RO 05 DECIDE IF RESULT >5

6 BCTA.GT | DISPHI IF YES, DISPLAY “HI”

7 BCTA, UN | DISPLO IF NO, DISPLAY “LO”

8 . . .

9 .

10

11

12

13

14

15

16 100 BYTE! RES 1 RESERVE LOCATION 100

17 101 BYTE2 RES 1 RESERVE LOCATION 101

18 .

19 102 DISPHI

20 R :

21 .

22 150 DISPLO

23 :

24 .
DIRECT RELATIVE ADDRS: SECOND  + 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C
BYTE N_“(‘)_12345678910 17 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

- i JF 7E 7D 7C 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64
ADD H’80' TO DISPLACEMENT FOR + | 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C B
INDIRECT ADDRESS DEFINITION N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 63 64
- 60 S5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 AF 4E 4D 4C 4B 4A 49 48 47 46 45 44 43 41 40




in the "ADDRESS" column ("ADDRS") toward the left hand side of the
coding sheet, we've written 1@@ and 1¢1, the actual addresses in which

we wish to store Byte 1 and Byte 2.

Let us also arbitrarily pick location 1@2 as the address for the program

segment labeled "DISPHI," and 15@ as the address for the program segment

labeled "DISPLO." We are now ready to write down the actual machine
code for the instructions which we've written in mnemonic form in our
example. There is just one decision left to be made. We must determine

where in memory we wish our program to begin.

Since the Instructor 50 takes its first instruction from location ¢
after the RESET button is pushed, let us begin our program at memory
location @. Now in the "ADDRSY column opposite our first instruction,
Load Absolute R@, we may write the address of this instruction, @@gg,

as shown in Figure 5.4.

Next, we look up the format for the Load Absolute instruction in the
Instructor 50 User's Guide. We see that this is a 3-byte instruction,
and that if the label "BYTEl" refers to location 1@g@ and we are not
using Indirect Addressing or Indexing, the hexadecimal code for this
instruction must then be @C @1 @@. These three hexadecimal codes are
written in the "DATA" columns labeled "B@," "Bl" and "B2" on the coding
form. Since they are to be placed in three sequential memory locations
beginning with Address @, they will occupy locations @, 1 and 2 in
memory. Our next instruction therefore will begin at memory location 3,
and we may write this value in the "ADDRS" column. Looking up the
format for the Add Absolute instruction in the Instructor 50 User's
Guide we see that this is again a 3 byte instruction, and that the
hexadecimal codes for it are 8C, @1, @1. The first byte specifies that
we are Adding-Absolute to Register @ and the second two bytes specify
the location in memory of the data we have labeled "BYTE2." Since this
is a three byte instruction, it will occupy locations 3, 4 and 5 in
memory, and the next instruction will begin at location @@@6, which we

write in the "ADDRS" column.
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM

¥ g 2anbtg

SNOILONALSNI HHL ONIAOD

DESCRIPTION SHEET
DATA SYMBOLIC INSTRUCTION

LINE | ADDRS | oo (00| 5o LABEL OPCODE OPERANDS COMMENT

1

2

3 [ o000 Joc|oi]oo0 LODA, RO | BYTEI PUT FIRST BYTE IN RO

4 | 0003 [s8c|ot ol ADDA, RO | BYTE2 ADD SECOND BYTE TO RO

5 | 0006 | A4| 05 SUBI, RO 05 DECIDE IF RESULT >5

6 | o008 [iD]o1 |02 BCTA.GT | DISPHI IF YES, DISPLAY “HI”

7 | 000B | 1F |0l |50 BCTA,UN | DISPLO IF NO, DISPLAY “LO”

8 | OOOE : : :

9 -

10 .

1

12

13

14

15

16 100 BYTEI RES 1 RESERVE LOCATION 100

17 101 BYTE2 RES 1 RESERVE LOCATION 101

18 .

19 102 || DISPHI .

20 N . .

21 .

22 150 DISPLO .

23 : .

24
DIRECT RELATIVE ADDRS: SECOND  + 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E
BYTE N 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

- R 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64 63 62
ADD H’80° TO DISPLACEMENT FOR + 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E
INDIRECT ADDRESS DEFINITION N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62
- 60 5F B5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4AC 4B 4A 49 48 47 46 45 44 43 A2




The description of the Subtract-Immediate instruction in the User's
Guide indicates that the hexadecimal code for this instruction will be
A4 @5. These values are written in the "B@" and "Bl" columns on the

coding form and will occupy locations 6 and 7 in memory.

Our next instruction will then appear at location 8 in memory which we
may write down in the "ADDRS" column followed by the hexadecimal code

for our Branch on Condition True Absolute if Greater Than instruction.

The format shown in the User's Guide for this instruction indicates it
is a three byte instruction whose hexadecimal codes are 1D, @1, @2.
These three bytes will occupy locations 8, 9 and A in memory, and our
next address on the coding form will be address B. This instruction
will be coded for unconditional branching to the address of "DISPLO"
Therefore the three hexadecimal bytes of code for this instruction are
1F, 91, 58. These three bytes will occupy locations B, C and D in
memory. The next instruction would begin at location E in memory. We

have now completed the coding for this segment of our program.

This code may now be entered directly into the Instructor 50's memory
and executed. You are encouraged to try this out by entering the code
indicated through the keyboards on your Instructor 50. Since we have
not completely coded our program however, that is, we have not decided
which instructioné to use at the locations labeled "DISP HI" and "DISP
10," simply pressing the RESET button will produce unpredictable results.
Theiefore, simply set the Program Counter to location @ and step through
the program one instruction at a time until the Program Counter contains
either 102 or 15@. Enter some trial bytes of data in locations 1¢@

and 1@1 and confirm that the program branches to location 1@2 or 15¢
depending on whether the sum of these two numbers is greater than 5 or
not. To avoid difficulty during this exercise make sure that the
INTERRUPT SELECTOR switch on the bottom of your Instructor 50 is placed
in the KEYBOARD position.

To sum up the process used in writing a program for your Instructor 50,

first, define the algorithm in flow chart form. The flow chart should
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be sufficiently detailed so that each block may be converted into just a
few 2650 instructions. Naturally, as you become more and more familiar
with the instructions which are available to you, this will become

easier and easier to do.

Next, write down the list of instructions in mnemonic form on a coding
form. You may use labels to substitute for addresses when addresses are
not to be known until later. It is also useful to fill out the "COMMENT"
column at this point to remind yourself (and others who may read your
program) of what actions you intended. Finally, the "ADDRS" and "DATA"
columns may be filled out using the information you have already gen-
erated and the instruction descriptions in the User's Guide. As you
become more familiar with the descriptions of the instructions, you will
find that the short coding reference table provided on the operator
panel of your Instructor 50 is sufficient in most cases and you will not
need to refer to the detailed descriptions contained in the User's

Guide.
LOOPING AND BRANCHING

In our example flow chart of Figure 5.1 we saw a diamond shaped decision
block which caused the program to branch to one location in memory or

another depending on whether the result of the calculation was greater

than 5 or not. Whenever such a decision block occurs in a flow chart

you may be certain that the actual program involves some sort of con-
ditional branch instruction. When a branch instruction causes a pre-

viously executed instruction to be executed again, a loop is said to be
formed. The reason for this may be seen by examining the flow chart

diagrammed in Figure 5.5, a conditional loop.

On this flow chart the instructions indicated by Block 1 are executed
followed by those in Blocks 2, 3 and 4. Block 4 is a decision block
which contains a conditional branch instruction. Depending on whether
some condition is satisfied, Block 5 or Block 2 may be executed next.

Blocks 2, 3 and 4 then, may be said to be contained in a loop. The
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program will continue going around and around this loop until the con-
dition specified in the decision block is satisfied. This then is said

to be a conditional loop.

ol
<:> Y
ol

0 <>

O L]

Figure 5.5 A CONDITIONAL LOOP

Looping is a very useful programming technique. The instructions

within the loop may be carried out thousands of times, whereas they need
only be written down once and only occupy a small number of locations in
memory. For instance, suppose our computer had just accomplished some
task which we had programmed it to perform and we wanted it to signal
when it was finished by flashing a light on and off. This segment of

our program might be diagrammed by the flow chart in Figure 5.6.

TURN LIGHT ON

DELAY 1 SECOND

TURN LIGHT OFF

Figure 5.6 FLOWCHART TO FLASH LIGHT
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Knowing that each instruction takes a little while to execute, the
"DELAY" Block could be implemented by executing a number of instructions
which serve no function other than to consume time. Looking around for
such an instruction we find that "NOP" (No Operation) satisfies this
criteria. Since a "NOP" does nothing but occupy two machine cycles of
execution time, we conclude that a sequence of 149,167 "NOP" instruc-
tions would accomplish our one second delay. That is if we had enough
patience to key all these "NOP" instructions into our Instructor 50 and
it had enough memory to hold them all. A much better choice would be

the sequence of instructions shown in Figure 5.7.

In this sequence of instructions, Register 1 is first loaded with the
hexadecimal value "E9" and Register @ with the hexadecimal value "FF."
When the Subtract Immediate instruction is executed, one is subtracted
from the value in Register @, leaving FE. We then come to the condi-
tional branch instruction, Branch on Condition False Relative, the
condition being if Register @ is equal to a @. The first time through
it is not, so we branch back to the previous instruction labeled
"INLOOP" and subtract 1 from the contents of Register @ again, this time
obtaining FD as a result. This small loop is repeated until the con-
tents of Register @ have been decremented to a @. It will take 2551¢
times through this loop to make the contents of Register @ equal to #.
Therefore these two instructions beginning with the label "INLOOP" will
be executed 255 times each. Since the Subtract Immediate instruction
takes 6.7 microseconds to execute, and the Branch on Condition False
Relative instruction takes 1§.@6 microseconds to execute, this small loop
will occupy 16.76 x 255 or 4,273.8 microseconds of execution time as
noted in the "COMMENTS" column. After we have been delayed for 4,273.8
microseconds we will subtract a 1 from the contents of Register 1, which
began as E9. If the result is not equal to @, the next instruction will
cause us to branch back to the instruction labeled "OUTLOP" which again
loads Register @ with an FF. We then begin another 4,273.8 microsecona
delay. After this time, 1 will again be subtracted from Register 1
bringing the contents of Register 1 to E7 and causing a branch back for

another 4,273.8 microsecond delay. When all this happens 233 (equals

1g
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
DATA SYMBOLIC INSTRUCTION

LINE | ADDRS | o0 161 | g2 LABEL OPCODE OPERANDS COMMENT

1

2

3

4 05| E9 LODI, R1 E9¢ (23310

5 04| FF OUTLOP LODI, RO FF ¢ 6.7uS (255 g)

6 A4| 01 INLOOP SUBL RO 01 6.7uS | 16.76uS x 255=4273 8uS

7 98] 7C BCFR, EQ INLOOP 10.06uS

8 AS| 01 SUBI, R1 01 6.7uS

9 98| 76 BCFR, EQ OUTLOP 10.06uS

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24
DIRECT RELATIVE ADDRS: SECOND  + 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B
BYTE N 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

- - 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65
ADD H’80" TO DISPLACEMENT FOR + 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B
INDIRECT ADDRESS DEFINITION N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59
- 60 S5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4C 4B 4A 49 48 47 46 45 44 43 42 41 40




E9l6) times, Register 1 will contain a @ and the branch to "OUTLOP" will
not occur. We will have by then delayed approximately one second (233 x
4273.8 = 995,795.4 microseconds) and the next instruction in sequence

will be executed.

In this example, Registers @ and 1 were used as loop counters. That is,

they were used to keep track of the number of times the program executed
their respective loops. The inner loop (program segment beginning with
the label "INLOOP") was executed 2551¢ or FF16 times because FF was the
number initially loaded into Register @. The outer loop (program seg-
ment beginning with "OUTLOP") was executed E916 or 2331¢ times since E9
was the number originally loaded into Register 1. The actual machine
code for these instructions is shown in the "DATA" columns of the coding
form. Notice that only twelve bytes of memory are required, versus the
nearly 150,000 bytes which would have been required had we elected to

use a series of NOP instructions to form our one second delay.

In this example, it is particularly instructive to note the second byte
of each of the two Branch on Condition False Relative (BCFR) instruc-
tions. These values were obtained directly from the Relative Address
table provided at the bottom of the coding form. The BCFR instruction
which branches to "INLOOP" must have a second byte which represents -4,
as this is the value by which the program counter must be altered to
bring it to the address "INLOOP." We see from the table the code for
"-4" is "7C."

The second BCFR instruction contains a value 76 in its second byte.
This is the hex code for "-10", the value by which the Program Counter
must be altered after executing this instruction to effect a branch to

the location labeled "OUTLOP."
SUBROUTINES

In the example above, we developed a short program segment which will

delay execution by one second. If we had a program which was to flash
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several lights on and off for one second each, this program segment
could be inserted in our program each time we wish to flash a light on
and off. Rather than having to rewrite this program segment each time
we wish to use it, it would be convenient if we could write it only once
and branch to it from any place in our program, and then branch back to
the main program when this program segment is complete. Such a program
segment that is used by various parts of the main program is called a

subroutine.

A subroutine may be any program segment that does some useful function
which may be required often, such as a time delay or calculating the
square root of a number, or reading an entry from the keyboard or dis-

playing a message on the 8-digit display of your Instructor 50.

Subroutines to perform these last two functions are part of the monitor
program contained in your Instructor 50's Read Only Memory. These moni-
tor subroutines may also be used by programs that you write. What each
of the monitor program's subroutines does and how each may be used by

your programs is explained in your User's Guide.
The use of subroutines is diagrammed in Figure 5.8.

Instructions of the main program are executed until a Branch to Sub-
routine instruction is encountered. The Branch to Subroutine instruc-
tion is similar to other branch instructions in that it will specify the
address of the first instruction of the subroutine. A branch will then
occur to the subroutine as indicated by the arrow labeled 1 in Figure
5.8. The instructions of the subroutine are executed until a Return

from Subroutine instruction is encountered, signalling the end of the

subroutine.
The next instruction must then be taken from the main program, and a

branch must occur along path 1' as indicated in Figure 5.8. The main

program instructions are again executed until another Branch to Subroutine
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instruction is encountered. The branch then occurs along path 2 and

returns along path 2'.

MAIN PROGRAM
INSTRUCTIONS

BRANCH TO SUBROUTINE

BRANCH TO SUBROUTINE

BRANCH TO SUBROUTINE

SUBROUTINE
PROGRAM
INSTRUCTIONS

RETURN FROM SUBROUTINE

Figure 5.8 PROGRAM WITH SUBROUTINE

Subsequently, a third Branch to Subroutine instruction may cause a

branch along path 3 and return along path 3'.

There is an important difference between the Branch to Subroutine in-
struction and Return from Subroutine instruction and other branch
instructions which we have discussed earlier. This comes from the fact
that when the subroutine is completed it is impossible for the Return

' from Subroutine instruction to specify the location of the next in-
struction in the main program. This is because this location may
change depending on where the Branch to Subroutine was encountered in

the main program.
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To circumvent this complication the Branch to Subroutine instruction
operates in a special way. Instead of simply altering the Program
Counter as is done in a normal branch instruction, the current contents
of the Program Counter are first stored in a special register reserved

for this purpose in the Central Processor Unit, called a Return Address

Register. The contents of the Program Counter are then altered in the
normal way to indicate the location of the first instruction in the
subroutine. When the Return from Subroutine instruction is encountered
the Central Processor Unit retrieves the location which has been stored
in the Return Address Register and places it back in the Program Counter.
This happens automatically as a result of executing the Return from
Subroutine instruction. Thus, the next instruction to be executed will
be the next instruction in the main program following the Branch to

Subroutine instruction.

The process of branching to a subroutine is often called Calling a
subroutine, and the Branch to Subroutine instruction is often called a

Subroutine Call instruction. If a subroutine is to be used it is impor-

tant to access it via the Branch to Subroutine instruction rather than
some other jump instruction. Each subroutine must end with a Return
from Subroutine instruction, which replaces the contents of the Program
Counter with the contents which were stored during the corresponding

subroutine call.

As an example of the use of a subroutine, let's convert our time delay
program segment into a subroutine, and locate the subroutine at memory
location 1@@. We've labeled the subroutine "TIMDLY." 1In the "ADDRS"
column we've inserted the addresses in which our instructions codes are
to be placed beginning with address 1@@. See Figure 5.9. Next, let's
write a simple program which will make use of this subroutine to flash
the 8 LED's on your Instructor 50 operator;s panel on for one second and

then off for one second and then back on again.

The flow chart for this program is shown in Figure 5.10.
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
LINE | ADDRS BO D::A B2 LABEL OPC;\)(Z\BOLIC IN%I’PI::(z\:g: COMMENT

1

2

3

4 0100 05 | E9 TIMDLY LODI, R1 E914 (233:)

5 0102 04 | FF OUTLOP LODL, RO FFi¢ 6.7uS (25510)

6 0104 A4 | 01 INLOOP SURI, RO 01 6.7uS | 16.76uS x 255=4273.8uS

7 0106 98 | 7C BCFR, EQ INLOOP 10.06uS |

8 0108 A5 | 01 SURI, R1 01 6.7uS

9 010A |98 | 76 BCFR, EQ OUTLOP 10.06uS

10 010C |17 RETC, UN RETURN FROM SUBROUTINE

11

12

13

14

15

16

17

18

19

20

21

22

23

24
DIRECT RELATIVE ADDRS: SECOND + | 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 18 1C 1D
BYTE N|] 0 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

-} JF JE 7D 7C 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64 63
ADD H'80° TO DISPLACEMENT FOR  + [ 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 38 3C 3D
INDIRECT ADDRESS DEFINITION N | 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61
- | 60 5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4C 4B 4A 49 48 47 46 45 44 43




< START ’

\J

INITIALIZE
REGISTERS

y

TURN ON LED'S

!

DELAY 1 SECOND | (SUBROUTINE)

A
TURN OFF LED'S

Y
DELAY 1SECOND | (SUBROUTINE)

Figure 5.10 FLOW CHART TO FLASH LED'S

This flow chart may be converted into a program as shown in the coding
form of Figure 5.11. Notice that the first two instructions in this

program initialize the Program Status Word to a known value.

This is generally good practice as the settings of bits in the Program
Status Word can affect operations of other instructions in the program.
It may be desirable, depending on the program, to initialize other CPU
registers to known values as well. Our initialization procedure simply
clears all the bits in the lower byte of the Program Status Word and

sets all the bits in the upper byte of the Program Status Word.

The next instruction, which we have labeled "LOOP1l" loads Register @
with all ones. This value is then output to the Data I/0 port with the
WRTD instruction. We then branch to the time delay subroutine ("TIMDLY")
at location 1@@. After a one second delay we load Register @ with an

all @ bit pattern and write this pattern to the Data port.
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
LINE ADDRS BO D:;'-A B2 LABEL opcg;:IBOLIC IN?PZ%%RSQ COMMENT
1 0000 75 | FF INIT CPSL FF INITIALIZE PROGRAM STATUS
2 0002 76 | FF PPSU FF WORD
3 0004 04 | FF LOOPI LODI, RO FF TURN ON LED’S
4 0006 FO WRTD
5 0007 3F ] 01 {00 BSTA, UN TIMDLY DELAY 1 SECOND
6 000A 04 | 00 LODI, RO 00 TURN OFF LED’S
7 0oocC FO WRTD
8 000D 3F |01 {00 BSTA, UN TIMDLY DELAY | SECOND
9 0010 1F | 00 | 04 BCTA, UN LOOP1 AND REPEAT CYCLE
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
DIRECT RELATIVE ADDRS: SECOND  + 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C
© BYTE N 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
- s 7E_7D 7C 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64
ADD H’80’ TO DISPLACEMENT FOR + 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C
INDIRECT ADDRESS DEFINITION N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
- 60 5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4C 4B 4A 49 48 47 46 45 44 43 42 41 40




Again we delay for one second and then branch to the instruction labeled
"LOOP1l" which begins the sequence again. You may try this out on your
Instructor 50 by loading the code shown in Figures 5.9 and 5.11 into
memory and then pressing the RST button. Make sure that the three-
position switch below the "Parallel Input/Output" port toward the left-
hand of your Instructor 50 operator's panel is in the lower position,

labeled "Non-Extended Data Port."

Nested Subroutines

Sometimes, it is convenient for a subroutine to call another subroutine,

as illustrated in the diagram of Figure 5.12.

- { —_—
MAIN

PROGRAM -| BRANCH TO SUBROUTINE A

INSTRUCTIONS {

SUBROUTINE A

SUBROUTINE A |

INSTRUCTIONS BRANCH TO SUBROUTINE B

RETURN FROM SUBROUTINE

SUBROUTINE B

SUBROUTINE B

INSTRUCTIONS BRANCH TO SUBROUTIME C

RETURN FROM SUBROUTINE

SUBROUTINE C
SUBROUTINE C _— e
INSTRUCTIONS e —

RETURN FROM SUBROUTINE

Figure 5.12 NESTED SUBROUTINES

As the main program executes, a Branch to Subroutine is encountered
which branches the program to Subroutine A along branch path 1. Sub-

routine A is then executed along path 2 until another Branch to Sub-
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routine instruction transfers program control along path 3, at which

time Subroutine B begins execution along path 4.

Soon another Branch to Subroutine instruction is encountered which
transfers control along path 5 to Subroutine C. When Subroutine C is
completed a branch along path 7 transfers control back to the remainder
of Subroutine B which upon its completion transfers control along path 9
to the remainder of Subroutine A. At the completion of Subroutine A
control is finally transferred along path 11 to the remainder of the

main program.

In this example Subroutines B and C are said to be nested subroutines.

That is, Subroutine B is nested within Subroutine A. And Subroutine C

is nested within Subroutine B.

When the Branch to Subroutine B occurs in Figure 5.12, the contents of
the Program Counter must be stored in a Return Address Register. If
there were only one Return Address Register in your 2650 microprocessor
this would mean that the return address for Subroutine A would have to
be lost. This is prevented in the 2650 microprocessor by providing
eight Return Address Registers which together are called the Return

Address Stack. Which register of the Return Address Stack is currently

in use is kept track of by three bits in the Program Status Word called
SP@, SPl, and SP2. These three bits taken together may be considered to
be a 3-bit binary number which indicates the number of the Return Address
Register currently in use. They may be said to point to a particular
Return Address Register, and their name, "SP," is an abbreviation for

Stack Pointer.

In operation, when a Branch to Subroutine instruction is encountered by
the 2650 microprocessor, the processor first increments the value con-
tained in the three bits of in the Stack Pointer. The Return Address

for the subroutine is then stored in the Return Address Register indi-
cated by the contents of the Stack Pointer. When a Return from Subroutine

instruction is encountered the Return Address is retrieved from the
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Return Instruction Register indicated by the Stack Pointer and the Stack
Pointer is automatically decremented by 1. This allows nesting of

subroutines up to 8 levels.
INTERRUPTS

An interrupt is similar to a subroutine call except that it is not
initiated by a Branch to Subroutine instruction. It is instead, initiated
by a logic signal applied to one of the pins of the 2650 microprocessor. '
At any time and during the execution of any instruction this pin which

is called “Eﬁ%ﬁﬁéh for "Interrupt Request," may make a transition from a
logic 1 to a logic/ﬂ. The effect of this is similar to the effect of
inserting a Branch to Subroutine instruction following the instruction

during which the transition from a logic 1 to a logic @ occurs.

In your Instructor 50, the subroutine is expected to start at location 7
in memory. Since this subroutine occurs in response to an interrupt request,

it is called an interrupt service routine. On your Instructor 50 the

Interrupt signal may be activated by pushing the button labeled INT on
the Instructor 50 function keyboard. This is true so long as the
INTERRUPT SELECTOR switch on the bottom of your Instructor 50 is in the
KEYBOARD position. If the INTERRUPT SELECTOR switch is in the AC LINE
position an interrupt signal will be generated for each cycle of the
power line applied to your Instructor 50. In other words, in the
United States an interrupt request will be generated 60 times each
second, and in Europe 50 times each second, if the Interrupt Selector

switch is in the AC LINE position.

Response to an Interrupt Request will only occur if the Interrupt Inhibit
bit in the Program Status Word is a @. If this bit contains a 1 and an
Interrupt Request occurs, it will not be serviced until the Interrupt

Inhibit bit is changed to a @, as by execution of a CPSU instruction.

To illustrate the use of interrupts in your Instructor 50 let's write a

simple program to change the state of the LED's of the parallel I/O port
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whenever the Interrupt button is depressed. Our flow chart might look

like the one shown in Figure 5.13.

START INTERRUPT
SERVICE

ROUTINE
Y
INITIALIZE PSW )
COMPLEMENT Rg
Y
INITIALIZE R
RETURN TO MAIN
PROGRAM
Y
OUTPUT R

Figure 5.13 PROGRAM USING INTERRUPT

First, we will initialize the Program Status Word to make sure that the
Interrupt Inhibit bit is set to‘a @#. Then we will place the value FF in
Register @, and output the contents of Register @ to the "Non-Extended
Data" port, thus turning on all the LED's. We will continue looping on
the last block of this flow chart waiting for an interrupt to occur.
When the interrupt occurs, the Interrupt Service Routine will complement
the value in Register @ and return to the main program. Thus, when the
Interrupt button is pressed the first time all of the LED's will go off.
When it is pressed the second time they will go on. Figure 5.14 shows

this program converted into actual machine code on a coding form.

The instructions in locations @ and 2 initialize the Program Status
Word. The instruction at location 4 branches beyond the Interrupt
Service Routine which must begin at location 7. The main program begins
at location A which we have labeled "Resume." It initializes Register
@ to contain an FF and then outputs the contents of Register @ to the
"Non-Extended Data" port. Finally, the program branches back to the
output instruction, whose location we have labeled "OUTPUT." The WRTD
and BCTA instructions will be executed in a loop until an interrupt
occurs. At that time the Exclusive-Or Immediate instruction, (EORI)

will complement all of the bits in Register @. The Return and Enable
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
LINE | ADDRS | o D';TA B2 LABEL opcggEM BOLIC 'ngpzléfr\:gg COMMENT
1 0000 74 | FF CPSU FF INITIALIZE PSW
2 0002 75 | FF CPSL FF
3 0004 1F {00 |0QA BCTA, UN RESUME BRANCH AROUND SERVICE ROUTINE
4 | 0007 24 |FF | INTSRV EORI, RO FF INTERRUPT SERVICE
5 0009 37 RETE, UN ROUTINE
6 | 000A |04 |FF RESUME LODI, RO FF INITIALIZE RO TO FF
7 | 000C |FO OUTPUT WRTD OUTPUT CONTENTS OF RO
g8 | 000D [IF |00 [OC BCTA, UN OUTPUT AND WAIT FOR INTERRUPT
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

DIRECT RELATIVE ADDRS: SECOND

BYTE

ADD H’80" TO DISPLACEMENT FOR
INDIRECT ADDRESS DEFINITION

+ 00 01 02

03 04 05 06 07

08

09 OA 0B 0OC 0D OF

OF

10

1

12

13

14

15

16 17

18

19

1A 18

1c

N 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
- pmmn JF 7E 7D 7C 7B 7A 79 78 77 76 75 74 73 72 7170 6F 6E 6D 6C 6B 6A 69 68 67 66 65 64
+ 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C
N 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 658 59 60 61 62 63 64
- 60 5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4C 4B 4A 49 48 47 46 45 44 43 42 41 40




instruction is the same instruction used to return from subroutines. It
will allow the main program to continue with the Inhibit Interrupt bit

in the Program Status Word set to a @.

You are encouraged to load this code into your Instructor 50's memory
and try it out. Make sure that the "Direct-Indirect Interrupt" switch
is placed in the "Direct" position for this program to work. Also, be
sure that the INTERRUPT SELECTOR switch on the bottom of your Instructor
50 is placed in the KEYBOARD position, and that the 3-position switch
below the eight LED's on the left hand side of your Instructor 50 opera-
tor's panel is placed in the downward position, labeled "Non-Extended

Data" port. This allows the LED's to be activated by the WRTD instruction.

Each time you press the Interrupt button, the eight LED's should assume
‘the condition opposite to what they have previously been. While the
program is running place the switch on the botton of your Instructor 50
into the AC LINE position. You should see the LEDs flickering rapidly,
turning on and off as each cycle of the power line generates an Interrupt
Request signal. The DESKCLOCK program on your Instructor 50 Introductory
Cassette makes use of the AC LINE Interrupt to keep track of time. Each

60 interrupts (50 in Europe) mark the passage of one second of time.

If we wish to modify this program to use Indirect Interrupting, this may
be done as shown in Figure 5.15. This is similar to the coding for
Figure 5.14, except that in location 7 we have placed not the first
instruction of our Interrupt Service Routine but the address of the
first instruction of our Interrupt Service Routine. We have selected
#1902 as this address. Then at location 1@@ in memory we have placed the
code for the actual Interrupt Service Routine. For this version of the
program to execute properly on your Instructor 50 the INTERRUPT switch
just to the lower left hand side of the function keyboard must be in the
INDIRECT position. Try this modification and verify that it works as
well.
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ROUTINE START ADDR PART OF PROGRAM 2650 PROGRAMMING FORM
DESCRIPTION SHEET
N
LINE ADDRS BO DQ:A B2 LABEL OPCS;ZBOLIC IN?PiL;iTh:gs COMMENT
1
2
3
4
5
6
7
8
9
10
11 0000 74 | FF CPS U FF INITIALIZE PSW
12 0002 75 | FF CPS L FF
13 0004 IF | 00 | OA BCTA, UN RESUME | BRANCH AROUND SERVICE ROUTINE
14 0007 011 00 INTSRV EORI, RO FF ADDRESS OF INTERRUPT
15 ROUTINE
16 000A 04 | FF RESUME LODI, RO FF INITIALIZE RO TO FF
17 000C FoO OUTPUT WRTD OUTPUT CONTENTS OF RO
18 000D 1F | 00 | OC BCTA, UN OUTPUT AND WAIT FOR INTERRUPT
19
20 0100 24 | FF INTSRV EORI, RO FF INTERRUPT SERVICE
21 0102 37 RETE, UN ROUTINE
22
23
24
DIRECT RELATIVE ADDRS: SECOND  + 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 16 17
BYTE N| 01 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23
- FIil JF 7E 7D 7C 7B 7A 79 78 77 76 75 74 73 72 71 70 6F 6E 6D 6C 6B 6A 69
ADD H'80' TO DISPLACEMENT FOR + 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37
INDIRECT ADDRESS DEFINITION N [ 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
- | 60 5F 5E 5D 5C 5B 5A 59 58 57 56 55 54 53 52 51 50 4F 4E 4D 4C 4B 4A 49 48 47 46 45 44 43 42 41 40




Note:

CHAPTER VI

Since its inception, Chapter Six of this introductory

~manual has been expanded considerably in scope. As

a convenience to our customers, it is now being
printed as a separate manual entitled, "The Instructor

50™ Computer Applications Manual."






GLOSSARY

ACCUMULATOR

A register of the Arithmetic Logic Unit (ALU) of a central processor
used as intermediate storage during the formation of algebraic sums, or
for other intermediate logical and arithmetic operations.

Register and related circuitry that holds one operand for arithmetic and

logical operations.

ADDRESS
A unique label, name, or number that identifies a memory location or a
device register for access by a computer.

A number used by the CPU to specify a location in memory.

ADDRESSING MODE
The method of specifying the memory location of an operand. Common
addressing modes are: REGISTER, IMMEDIATE, ABSOLUTE, RELATIVE, INDIRECT,

AND INDEXED. These modes are important factors in program efficiency.

ALGORITHM
A prescribed set of well-defined rules or processes for the solution of
a problem. Algorithms are implemented on a computer by a programmed

sequence of instructions.

ASSEMBLER PROGRAM
A computer program which converts a symbolic assembly language program

into an executable object (binary-coded) program.

ASSEMBLY LANGUAGE

A human oriented symbolic-mnemonic source language which is used by the
programmer to encode programs and associated data bases. Assembly
language programs are read by the assembler and converted to executable
machine language programs during the assembly processes. Assembly
language is easier to remember and manipulate than machine language.
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BIT

A minimum logic element. A binary number of either @ or 1. A bit is
the smallest unit of information in a binary system of notation. It is
the choice between two possible states, usually designated one (1) and

zero (@).

BYTE
A set of contiguous binary bits, usually eight, which are operated on as

a unit. A byte can also be a subset of a computer word.

BUSS
An electrical conductor or group of electrical conductors which provide
a communication path between two or more devices, such as between a

central processor, memory, and peripherals.

CALLING
See "SUBROUTINE CALL."

CLEARING

Setting to binary zero, as with a register or an individual bit.

CONDITIONAL BRANCH INSTRUCTION (Also Conditional Jump)

An instruction causing a program transfer to an instruction location
other than the next sequential instruction only if a specific condition
tested by the instruction is satisfied. If the condition is not satis-

fied, the next sequential instruction in the program line is executed.

CONDITIONAL LOOP

A loop which may or may not be executed depending on a condition tested

by a Conditional Branch Instruction.

CONTENTS

The binary value stored in a flip/flop, register, or memory location.
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CpPU

Central Processing Unit. Usually contains the Timing and Control section

and the Arithmetic and Logic section of a computer.

DECISION BLOCK
A diamond shaped element in a flow chart which initiates one of two
possible actions based on the results of a decision. When translated to

assembly language, it will include a Conditional Branch Instruction.

EXECUTE

To perform a specified computer instruction. To run a program.

FETCH

1) The action of obtaining an instruction from a stored program and
decoding that instruction. Also refers to that portion of a computer's
instruction cycle when that action is performed.

2) A process of addressing the memory and reading into the CPU the
information word, or byte, stored at the addressed location. Most
often, fetch refers to the reading out of an instruction from the

memory.

FIRMWARE
A computer program stored in Read-Only-Memory (ROM).

FLIP/FLOP

A circuit whose output may be set to either a 1 or a @ by manipulating
its inputs in a specific sequence. The output is then retained until

this specific manipulation is performed again. A flip/flop is used to

store one bit of information.
FLOWCHART

A graphical representation of the processing steps performed by a computer

program or of the sequence of logic operations implemented in hardware.
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HARDWARE

The physical material comprising a computer or other electronic system.

HEXADECIMAL
The base 16 number system using 4, 1, . . . , A, B, C, D, E, F to represent
all the possible values of a 4-bit digit. The decimal equivalent is @

to 15. Two hexadecimal digits can be used to specify a byte.

INDEX REGISTER ‘
A register that contains a quantity which may be used to modify the

memory address specified by an instruction.

INDEXED ADDRESSING
An addressing mode in which the address part of an instruction is modified
by the contents in an auxiliary (index) register during the execution of

that instruction.

INDEXING

The process of using an Index Register.

INDIRECT ADDRESSING
An addressing mode in which the address of the operand of an instruction
is specified by the contents of memory location(s). The address of the

memory location(s) is, in turn, specified by the instruction.

INPUT

Signals entering a computer, circuit, or system from the outside world.

INPUT/OUTPUT PORT

A device for connecting a computer to the outside world.

INSTRUCTION
A set of bits that defines a computer operation, and is a basic command
understood by the CPU. It may move data, do arithmetic and logic functions,

control I/O devices, or make decisions as to which instruction to execute

next.
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INTERRUPT

An interrupt involves the suspension of the normal programming routine
of a microprocessor in order to handle a sudden request for service.
The importance of the interrupt capability of a microprocessor depends
on the kind of applications to which it will be exposed. When a number
of peripheral devices interface the microprocessor, one or several
simultaneous interrupts may occur on a frequent basis. Multiple inter-
rupt requests require the processor to be able to accomplish the fol-
lowing: to delay or prevent further interrupts; to break into an interrupt
in order to handle a more urgent interrupt; to establish a method of
handling interrupt priorities; and, after completion of interrupt
service, to resume the interrupted program from the point where it was

interrupted.

INTERRUPT SERVICE ROUTINE
Similar to a Subroutine, except that it is initiated by a physical
signal, called an Interrupt Request, rather than a Branch to Subroutine

Instruction.

INTERRUPT REQUEST
A logic signal applied to the CPU which initiates an Interrupt Service

Routine.

JUMP

1) An instruction which, when executed, can cause the computer to fetch
the next instruction to be executed from a location other than the next
sequential location. Synonymous with branch.

2) A departure from the normal one-step incrementing of the program
counter. By forcing a new value (address) into the program counter, the
next instruction can be fetched from an arbitrary location (either
further ahead or back). For example, a program jump can be used to go
from the main program to a subroutine, from a subroutine back to the
main program, or from the end of a short routine back to the beginning
of the same routine to form a loop. See also BRANCH INSTRUCTION. If
you reached this point from branch, you have executed a jump. Now

return.



LABEL

A name used to represent a specific location in memory. Labels are
often used in writing assembly language programs because a) the specific
location may not be known while the program is being written but may be
easily identified later by its label and b) the use of labels makes

assembly language programs easier to read and understand.

LATCHES
Flip/flops.

LEAST SIGNIFICANT
Of lowest value. The right-most digits of a number.

LISTING

A printout of a computer program or data.

LOCATION

A specific storage position in memory, identified by its address.

LOGIC SIGNAL

An information signal which transmits one of two possible states or

meanings.

LOOP

A program segment which is executed repeatedly, usually until some

condition is satisfied.

LOOP COUNTER

A register which keeps track of the number of times a loop has been

executed.

LOWEST ORDER

Least significant.
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MACHINE LANGUAGE

The numeric form of specifying instructions ready for loading into
memory and execution by the machine. This is the lowest level language
in which to write programs. The value of every bit in every instruction
in the program must be specified (e.g., by giving a string of binary,

octal, or hexadecimal digits for the contents of each word in memory).

MEMORY

A general term which refers to any storage media for binary data. Basic
memory functional types include read/write and read-only.

That part of a computer that holds data and instructions. Each instruc-
tion or datum is assigned a unique address that is used by the CPU when

fetching or storing the information.

MNEMONIC

Computer instructions written in brief, easy-to-learn, symbolic or
abbreviated form. Mnemonic code is also recognizable by the assembly
program. For example, ADD, SUB, CLR, and MOV are mnemonic codes for

instructions which will be executed as machine code.

MULTIPLEXOR
A device which allows several signals to share a single transmission
path. Typically, a multiplexor is similar to a switch which allows any

one of several inputs to be connected to its output.

NESTED SUBROUTINE
A subroutine which is called by another subroutine. The called sub-

routine is said to be nested within the calling subroutine.

OBJECT CODE/OBJECT PROGRAM
The binary form of a source program produced by an assembler or a
compiler. The object program is composed of machine-coded instructions

that the computer can execute.



OPERAND

The data on which an instruction is to operate.

POINT TO
The act of specifying a particular memory location or register. For
instance, a register which contains the address of a memory location is

said to point to that location.

PORT !
See "INPUT/OUTPUT PORT."

PROCESSING THE DATA

Manipulating or operating on data as directed by a computer program.

PROGRAM
A complete sequence of computer instructions necessary to solve a specific
problem, perform a specific action, or respond to external stimuli in a

prescribed manner. As a verb, it means to develop a program.

PROGRAM STATUS WORD (PSW)

A special-purpose register within the 2650 processor that contains
status and control bits. It is 16 bits wide and is divided into two
bytes called Program Status Upper (PSU) -and the Program Status Lower
(PSL) .

PSEUDO-OPERATION

Also called "pseudo instruction," "assembler directive," or "Pseudo-Op."
This appears to be an instruction written in assembly language. However,
instead of translating directly into a machine instruction, it provides
information for the assembler to use in the process of translating other

assembly language instructions into machine language.

RANDOM ACCESS MEMORY

1) Memory in which any random location may be easily accessed.



2) Usually implies that any location may be written into, as well as

read from. (See Read-Only Memory)

READ-ONLY MEMORY
A memory whose data is permanently stored at the time of manufacture.

Data contained in it may be read, but new data may not be stored.

REGISTER
A storage location for a group of one or more bits; especially within a

CPU.

RETURN ADDRESS REGISTER
A register used to save the address of the instruction to be executed

following the execution of (and return from) a subroutine.

SOFTWARE

Computer programs.

SOURCE CODE/SOURCE PROGRAM

A program coded in other than machine language (in assembly or compiler
language) that must be translated into machine language for use. Assembly
and compiler language programs are human readable whereas object programs

are machine readable.

STACK POINTER
In the 2650 microprocessor, a 3-bit value stored in the Program Status
Word which points to the Return Address Register which is currently in

use on the Return Address Stack.

SUBROUTINE

1) A short program segment which performs a specific function and is
available for general use by other programs and routines.

2) A subprogram (group of instructions) reached from more than one
place in a main program. The process of passing control from the main

program to a subroutine is a subroutine call, and the mechanism is a
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subroutine linkage. Often data or data addresses are made available by
the main program to the subroutine. The process of returning control
from subroutine to main program is subroutine return. The linkage auto-
matically returns control to the original position in the main program
or to another subroutine.

3) Programming technique that allows the same instruction sequence or
subprogram to be given control and used repeatedly by other sections of

the program.

SUBROUTINE CALL
Transferring program control to a Subroutine while saving the location
of the instruction to be executed following the Subroutine in a Return

Address Register.

TIMING PULSE
A short transition of a logic signal to its opposite state and back

again which is used to trigger some event.

TWO'S COMPLEMENT

A system of binary notation which can represent both positive and negative
quantities. In two's complement notation, the most significant bit
represents the sign of the quantity (# for positive, 1 for negative) and

the remaining bits represent its magnitude. To find the negative equivalent
of a two's complement number invert all of its bits and add 1 to the

result (complement and increment).

WORD
A set of binary bits handled by the computer as the primary unit of
information. The length of a computer word is determined by the hardware

design. Typically, each system memory location contains aone word.
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