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CHAPTER 1 

COMPUTER UNITS AND PROGRAMMING 

In past blocks you learned numbering systems and computer circuits. These are all 
put together to look at the computer as a whole. You will not be separating the com­
puter into the circuits, but into functional parts. You will learn how to operate the 
COM-TRAN TEN trainer and how to make the computer do what you want. You will learn to 
program the COM-TRAN TEN. A computer can only do what it is told. Now start with the 
basic computer block diagram. 

COMPUTER UNITS AND DATA FLOW 

Figure 1-1 is a block diagram of a basic computer. It is made up of 5 blocks. Each 
block has a distinct function. All digital computers are made of these five basic 
blocks. Different computers can use different combinations of computer circuits to do 
each 'of. these five functions. Refer to figure 1-1. 

• INPUT - The Input Unit of a computer accepts information in various forms and con­
verts it to a form which can be used by other units of the computer. 

• OUTPUT - The Output Unit accepts information from the computer and sends it to' the 
output devices. These outputs can be in a form readable by man or in a form for 
the computer to use later. 

• MEMORY - The Memory Unit stores information until it is needed by the computer. 
Memory locations are addressed so the machine can find the right information when 
it needs it, much like you would use a house address to find the right house. The 
most commonly used memory is magnetic core. It is a fast memory and will retain­
any information that it has in case of a power failure. 
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Data Flow Summary 

Information comes into the computer through the Input unit. This Input is controlled 
by the Control unit. The information is put into Memory. The Control unit works with 
the Memory unit and the Arithmetic unit to solve whatever problem you have told it to do. 
When the computer gets the answer, it will put it in Memory. Then, the Control unit will 
control the output of the answer through the Output unit. All of this is controlled by 
you up to a point. You tell the computer where to get information and what to do with 
it. You will learn how to do this later in the block. 

REVIEW QUESTIONS 1-1 

BASIC DIGITAL COMPUTER BLOCK DIAGRAM 

Objective 

Given a block diagram of a basic computer and a list of units and functions, label 
the units, match the functions to the units and trace data flow between the units. 

A 

D 
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Figure 1-2 

1. Analyze the basic computer block diagram (figure 1-2) and- list the name of each 
unit to correspond with the label in the appropriate block. 

a. b. 

c. d. 

e. 

2. Using the following list, match the basic computer unit with its applicable 
functional descriptions. 

a. Input b. Output c. Memory 

d. Control e. Arithmetic 

______ Stores information until it is needed. 

______ Performs all arithmetic operations. 

______ Accepts information in various forms and converts it to 
a form used by the computer. 
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Generates signals needed to do the work. 

_______ Performs logical operations. 

_______ Accepts information from the computer and sends 
it to an output device. 

______ Works with all other parts of the computer. 

3. Draw all the necessary lines to properly connect the units below. 

Arithmetic 

4. Give the function of each of the following: 
RDA26-420 

Input-

Output-

Control-

Arithmetic-

Memory-

MEMORY UNITS 

The difference between a memory unit and a memory (or storage) device is an impor­
tant distinction. Any device which is capable of holding binary information for a period 
of time may be correctly called a storage device. A memory unit, on the other hand, is 
a complete unit composed of many storage devices and the associated circuitry which con­
trols and operates the unit. A memory unit may be used as the memory element (central 
memory) of a computer system or as an auxiliary storage unit for either the input ele­
ment or output element (or both elements). The most common memory devices used are 
magnetic cores, magnetic tapes, magnetic disk, magnetic drum, punched cards, and punched 
tape. 

Only the central memory is used for all operations going on inside the computer. If 
additional data, or even a specialized program, is required, then access is made to large 
blocks of data in an auxiliary memory are transferred to main memory in a single opera­
tion. If main memory fills up its available storage space with intermediate results or 
output data, then a large block of data may be sent to auxiliary memory from the main 
memory. Such transfers between the central memory and an auxiliary memory are called 
I/O operations. 

I/O operations are started by the computer through program contrul. After starting 
the transfer operation, some computers continue with their original task while the I/O 
operation continues. I/O transfers may be from the input element to the memory element, 
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access time is given in maximum, minimum, and average times. For example, in a sequen­
tial cyclic mode, if the desired' location is close to the starting point, the access time 
will be very short; if the desired location was passed just before the request was made, 
then the system must wait almost a complete cycle before the information"is available. 
The average access time for a sequential system is the mean time between the-minimum 
and maximum access times. 

Capacity 

The capacity of storage may be given in terms of binary bits, characters, or com­
puter words that can be stored. Storage devices of small capacity, such as flip-flop 
registers, are usually rated according to their bit capacity. When describing the 
storage capacity of large devices, such as magnetic tapes or drums, the "word" capacity 
rather than "bit" capacity is usually given. In such cases the number of bits in a word 
must be stated if a useful comparison is to be made between different storage units. 

Access time and capacity are the two most important characteristics of any memory 
system. They are determined by the type of storage device used. No one memory unit, in 
current production, combines the desired capability of large capacity and short access 
time. In fact, it will be found that most large capacity storage units have a long access 
time; most low capacity units have a fast access time. Therefore, a combination of stor­
age units is usually used in a computer system. 

Permanence 

Permanence is the characteristic which determines whether the data in a memory unit 
may be erased. A magnetic memory is erasable since any selected "word" can be changed 
or altered without physically changing the memory unit or any of its parts. Some 
storage devices, however, are not erasable; that is, the stored data cannot be changed 
without physically replacing the storage device. For example, to alter the information 
stored in punched cards, new cards must be punched and used as replacements for the old 
cards. 

Volatility 

If information is lost when power is removed from a storage unit, the memory system 
is said to be volatile. A flip-flop register is volatile; a punch card "deck" is non­
volatile. If a computer system uses a volatile storage system, positive steps must be 
taken to preserve the stored information if it is not available elsewhere in .the system. 
Therefore, valuable information is normally stored in a non-volatile unit and put into 
volatile storage only when it is to be operated on. In this way, critical data is pre­
served in the event there is .a power fault. Ferrite cores are non-volatile. 

Since both data (information) words and instruction words are stored in memory and 
are not distinguishable in form from one another, some means is needed to separate 
instructions 'from data.'- This can be done by restricting instructions (the program) to 
the area of memory or by allowing access to memory on 'a time-sharing basis. In a time­
sharing system, memory words accessed by specific timing pulses are automatically assumed 
to be instructions. The time in which an instruction is transferred to the control 
element from memory' is called the acquisition time. Acquisition time is then followed 
immediately by execution time in which the instruction is obeyed. If a memory word is 
accessed during execution time, it is automatically assumed to be data. A sequence of 
acquisition-execution time is called a machine cycle. 
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Figure 1-9 shows four cores arranged in a very simple plane. Each core is threaded 
with two lines, X and Y. Assume that all cores are in the zero state and we want to 
write a one into core X0Yl. If a full select current with a value of +Hm is applied to 
the x0 line, then both cores X0Y0 and X0Yl will be switched to the one state. If a full­
select current of value +Hm is applied to the Yl line, then both cores X0Yl and XlYl 
will be affected. This is not quite what we want to do. 

yff Yl 
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Figure 1-9. Address Selection 
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Figure 1-10. Ferrite Core 

If, however, half-select currents of +H/2 are applied to the x0 and Yl lines at the 
same time, then only core X0Yl will receive the effect of a full-select current (+Hm). 
Each of the other cores along the x0 and Yl lines will receive only a half-select cur­
rent. Therefore, only core X0Yl will be switched to the one state, and the other three 
cores in the plane will remain in the zero state. Two cores (X0Y0 and XlYl) receive half­
select current, which is not enough to cause them to switch, and one core (XlY0) receives 
no current at all. Anyone of the four cores in this sample plane may be selected by 
pulsing the correct combination of X and Y lines with simultaneous half-select currents. 

INHIBIT WINDING. Notice that the selection of a Gore that was in the zero state by 
positive half-select currents caused it to switch to the one state. The application of 
negative half-select currents to a core can be used to switch it from the one to the zero 
state. However, sometimes we need to select a core but leave the state of that core un­
changed. This need to select, but not change, usually is the result of wanting to 
"write a zero." "Writing a zero" requires that we add another wire to the simple core 
plane, an inhibit winding. The inhibit winding will carry currenc that opposes one of 
the positive half-select currents and prevents the address selec.ted core from switching 
to the one state. Since only one core from a plane can be selected at anyone time, a 
Single inhibit winding can be threaded through all the cores on a plane and· energized 
only when it is necessary to"write a zero" into the selected core. In figure 1-10 
the inhibit winding is parallelto·the Y select wire. 
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SENSE WINDING. If information is stored in a ferrite core, we need some way of 
sensing or removing that information. This is usually done by adding yet another wire to 
the simple core plane, a sense winding (see figure 1-10). The sense winding is used to 
observe the current produced when a magnetic core is changed from the one to the zero 
state. The use of a sense winding requires that we apply negative half-select currents 
to the core in an attempt to put it in the zero state. If the core was in the one state 
and it is switched to the zero state, then the sense winding will receive the current 
produced by the collapse of the core's magnetic field. If the core was already in the 
zero state when the negative half-select currents were applied, there will be no change 
in the core's magnetic field and no current flow in the sense winding. Unfortunately, 
this sensing technique removes the stored "one" from the ferrite core; we are using what 
is called destructive readout. Again, since only one core on the plane can be selected 
at one time, only one sense windiug per plane is required. This single sense winding 
can be looped through all the cores in a plane in such a way that the "noise" produced by 
the half-select current present in the plane will not affect the sense winding output. 

Ferrite cores are very sensitive to temperature changes, operating ideally at room 
temperature (700 to 800 ). The hysteresis loop changes shape as a function of tempera­
ture. The "B" dimension of the loop decreases as temperature decreases. Because of the 
curtailed dimension of the loop along the "B" axis, the voltage generated on the sense 
line would not be sufficient to represent a one. Decrease in temperature also widens 
the dimension of the loop along the "H" or horizontal axis. This increased loop dimen­
sion reduces the possibility of core switching by the full select current, since the 
large magnetizing force would be required. Eventually, the width of the "H" dimension 
may be large enough to make it impossible to drive the core to its new state. Tempera­
ture increases cause the "H" dimension at the loop to become narrow, and flux density 
along axis "B" increases. As the "H" dimension becomes shorter the core is switched by' 
smaller currents. The core no longer discriminates, and it switches at signals below 
the full select current. In short, at low temperatures, the core switches less readily, 
and at high temperatures it is inclined to switch on any pulse.-

CORE MEMORY PLANE. Figure 1-11 illustrates a complete coincident current core memory 
plane with all its address selection wires and windings. Any core in this plane may be 
selected and a one or zero written into the core. Or, the state of any core may be 
sensed by applying the correct half-select currents to one of the X address selection 
lines and one of the Y address selection lines simultaneously. It may be seen that half­
select write pulses (+H/2) on both a selected X line and Y line will write a one in a 
single selected core. For instance, if the x0 and Y3 address lines are pulsed with a 
positive half-select current, only the core at X0Y3 will receive the effect of a full 
write current. When a negative half-select read current is applied to a pair of X and 
Y selection lines, an output may be sensed by the sense windings when the selected core 
switches from the one to the zero state. 

Read Operation. Because core memory systems use a destructive readout, it should be 
clear that in the operation of a coincident current core memory the read operation will 
occur first. The read operation makes use of the sense line threaded through all the 
cores of a plane to determine if the selected core was in the one state. If a negative 
half-select read pulse (-H/2) is applied to an X address line and a negative half-select 
current read pulse (-H/2) is applied to a Y address line simultaneously, the core that 
receives the effect of a full-select read current will be put to the zero state. If 
this core was in the one state, it will reverse its direction of magnetization and create 
a large change in flux density. This change in flux density surrounding a sense wire 
will cause current to flow in the sense line, resulting in a detected output by the 
sense amplifier. Therefore, it is only the selected core which is capable of producing 
a binary output. When a certain core is selected, the output of the sense amplifier will 
represent the state of only the selected core. If at the time of application of the 
half-select read current there is no output from the sense amplifier, this indicates 
that the core was, and still is, in the zero state; if an output is sensed, then the core 
was in the one state, now the core is in the zero state. 
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Write Operation. After the selected core has been put to the zero state by the read 
operation, the write operation can then either put a one into the core or leave it in the 
zero state. A separate inhibit line is threaded through all the cores on the plane so 
that a current pulse in the line will oppose one of the address lines. There is also a 
driver for the inhibit winding which can be gated on or off, depending on whether a zero 
or one is to be written into the selected core of the plane. The value of the current" , 
through the inhibit winding is the same as a half-select current used in the X and Y 
address lines. 

YO Y1 Y2 Y3 

RDA26-410 

Figure 1-11. Core Memory Plane 

Since the total write currents applied to the selected core by the X and Y address 
selection lines and the pulse from the inhibit driver oppose each other, ,if all these 
currents are applied at the same time, the total current through the selected core will 
only be equal to a half-select current, which is not enough to switch a core to the one 
state. A one or zero may therefore be written into the selected core by first clearing 
the core during the read operation and then turning the inhibit driver on when a zero 
is needed and turning it off when a one is needed, while applying half-select pulses 
to the X and Y address lines. Notice that this inhibit technique for writing ones and 
zeros into a core requires that the core be cleared to zeros before the write opera­
tion begins. 

CORE MEMORY ARRAY. A complete coincident current, ferrite core memory consists of a 
number of planes stacked together in a rectangular array. (See figure 1-12.) The X 
address selection lines and the Y selection lines of each plane are connected in series. 
This means that a pulse fed to the x0 winding of the first plane must travel through the 
X0 winding of the second plane, and so on, until it passes through the x0 winding of the 
last plane in the array. Figure 1-12 illustrates an array with four core planes in 
which each plane contains 16 cores. In this array a half-select pulse (read or write) 
would have to travel through 16 cores, four cores on each plane. 
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Notice that the words in a parallel system may be located by means of a timing track. 
If each track contains 8192 bits, a l3-bit counter may be set to zero at the same posi­
tion each time the drum revolves, and stepped by one each time a timing pulse appears. 
In this way, location 1096 will be the 1096th cell around the track from the zero loca­
tion. If the address of the word to be read is located on a register, signals from the 
drum can be gated into the computer when the counter agrees with the register's content. 
In this way words may be located on the drum. 

SERIAL OPERATION. A magnetic drum may also be operated in a serial mode. In this 
case only one track will be read from or written into at a given time. Since there are 
a number of tracks on each drum, the correct read-write head, as well as the location of 
the desired bits around the track, must be selected. 

Each track is assigned a number; in addition, each track is divided into sectors, 
each sector containing one full computer word. For instance, if the basic computer word 
is 20 bits in length and 640 bits can be recorded around each track of the drum, each 
track would be divided into 32 sectors. Each sector would then contain one 20-bit com­
puter word. 

In order to specify the address of a word on a magnetic drum operated serially, both 
the track number and sector number must be given. Consider a drum with 32 tracks plus 
a timing track and 32 words (sectors) around each track. The address of a word on the 
drum in a binary machine will consist of 10 bits, 5 bits to specify the track and 5 bits 
the sector. When written as the address section of a computer instruction word, the 
address will contain 10 bits. 

The five flip-flops containing the track number may be connected to a decoder matrix 
similar to the one used in the magnetic core memory, which will then select the correct 
read-write head. 

Several techniques involving the timing tracks may be used to locate the selected 
sector. One technique involves the use of several timing tracks instead of one. One of 
the tracks contains a set of signals indicating the location of each bit around the 
tracks. The second track contains a set of pulses with a pulse at the beginning of each 
word time. The word time signals illustrated are 20 bits apart so the basic word would 
be 20 bits in length. In addition, the sector number of the next word around the drum 
is recorded around a third timing track. The computer reads sector numbers from this 
track, and when the number read agrees with the sector number in the address, the com­
puter can then read the selected word from the next sector beginning with the next word 
time pulse. 

ADDRESSING. Addressing the drum means nothing more than selecting the proper memory 
cell or cells at the correct time for reading or writing. Many different methods are 
used for addressing the drum. 

Magnetic Tape Memory 

When we speak of tapes, we generally mean "magnetic tapes." Perforated tapes are 
used but they are less common. Another item that is brought to mind when tapes are 
discussed is the tape drive unit. Of course, the tapes are useless without the drive 
unit and vice versa. Actually, the magnetic tape is the medium where information is 
stored. The tape drive is the mechanism which writes information on a tape and reads 
it off. The process of storing information on a tape is called writing and the process 
of detecting stored information is called reading. 

TAPE CONSTRUCTION. Magnetic tape is a thin flexible plastic strip with a uniform 
coating of ferrous oxide on one side. A typical tape is about 2,000 feet in length, 
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Figure 1-20. Tape Format 

There are two types of read-write heads used in magnetic tape units. One type has a 
single gap for each channel. Both reading and writing occur at the same gap. The other 
newer types use two magnetic gaps for each channel. One gap is used for writing and the 
other is used for reading. Figure 1-21 shows both types of read-write heads. 
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Figure 1-21. Read-Write Heads 
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The principles of reading and writing are the same for both type heads. However, the 
two-gap head has the advantage of being able to read the data shortly after it is written. 
This allows the .data to be checked for errors. To read from the magnetic tape, the tape 
is passed over the read head. As the magnetized spot passes the gap, small electrical 
currents are generated in the coil of the read head. The pulses represent the data that 
is sent into the computer. Writing on the magnetic tape erases old information from the 
tape.· Reading does not do this, so the tape can be read over and over. 

Tapes are generally used as large-capacity, slow access memory storage. They may be 
considered input-output devices since they are used to initially load information into 
the computer and receive information from the computer. 

REVIEW QUESTIONS 1-2 

1. What is the difference between a storage device and a memory unit? 

2. How many portions make upa memory cycle? 

3. Which memory cycle is used as an input for new information? 

4. What is the difference between a read and a write memory cycle? 

5. Where will programs and data be stored? 

6. Define volatility. 

7. Why is the sense line used in a ferrite core memory? 

8. What is the purpose of the inhibit line? 

9. How may the number planes of a ferrite core memory be determined? 

10. Which two registers are used when the computer communicates with memory? 

11. Why are most core memory units called coincident current memories? 

12. What is the purpose of the inhibit pulse? 

13. How maya zero be written into a selected core? 

14 .• Why are X and Y decoders used? 

15. Why are line drivers used? 

16. What is meant by permanence? 

17. What is meant by the term "full select current"? 

TERMINAL EQUIPMENT 

Terminal equipment may be broadly defined as "all input and/or output devices." 
This broad definition is broken down into two categories: simple and complex. Equip­
ment in the complex category is capable of both input and output; that is, it can send 
information into the memory element of a computer and receive information from the mem­
ory element. Equipment in the simple category may handle input or output but not both. 
This calls for another breakdown: simple input devices and simple output devices. 
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Simple input devices can put data into memory; simple output devices can receive data 
from memory. Terminal equipment may also be referred to as Peripheral equipment, or 
I/O equipment. 

There are many types of terminal equipment. Let's list a few: card punch, card 
reader, line printer, magnetic tape units, magnetic drum units, various electric type­
writers (Flexowriters), and communications buffers that connect to telephone lines. 
These are called data link buffers, and are complex pieces of terminal equipment. Any 
other devices waich manufacturers produce that are capable of transferring digital 
information can become terminal equipment. Many units of terminal equipment have a com­
patibility package or control unit that arranges the data in proper word format or 
converts logic levels to insure correct data transfer between units made by different 
manufacturers. 

Figure 1-22 lists some terminal devices and shows the classification of each. In 
many systems most of these devices can be controlled manually by the operator or auto­
matically under program control by the computer. All of the equipment in figure 1-22 
has dual capability except tapes and drums; these are generally controlled only by the 
computer. 
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Terminal Devices Classification 

Time and space do not permit a detailed coverage of all terminal equipment. This 
discussion will acquaint you with a representative cross-section of terminal devices. 
The card reader, line printer, magnetic tape unit, and Flexowriter have been chosen for 
this purpose. We will take these in the order listed and discuss some of the leading 
particulars of each unit. We will also discuss a special input-output device used in 
air defense computers. 

Card Reader 

The purpose of the punch card reader is to provide a means of transferring data from 
punch cards to the computer system. The card reader has an input hopper for holding the 
cards to be read, a feed mechanism which sends the cards through the read station where 
the data bits are detected, and a stacker for holding the cards that have been read. 
The input hopper is located on the right side of figure 1-23. The cards are placed in 
the hopper face down, with column 1 toward the read station. The input hopper holds 
approximately 500 cards. The feed knife sends one card at a time into the read station. 
In the read station, there are 12 solar cells (each with an exciter lamp) which read the 
holes in the punch cards. In addition, there are two solar cells (with exciter lamps) 
for sensing the position of the card as it moves through the read station. After the 
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simultaneous and the printing is done in a straight line across the paper. The speed of 
line printers varies from 100 lines per minute to 1,000 lines per minute. The number of 
characters (alpha or numeric) per line also varies, depending on the manufacturer. The 
line printer in figure 1-25 operates at approximately 600 lines per minute, printing 120 
characters per line. 
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Figure 1-24. Card Punch 
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This line printer has a print roll with fonts of characters (a font for each column 
of printout, 120, engraved in relief on its curved surface), and a row of solenoid 
actuated print hammers (a hammer for each column of printout, 120). In operation, the 
print roll turns continuously above the print hammers. When a required character turns 
into printing position, the corresponding hammer is actuated. The memory in the lower 
right corner of the line printer stores the data for a line of printout. One complete 
rotation of the print roll is required to print one line of characters. Each of the 120 
hammers will be actuated only once per revolution of the print ro11--when its desired 
character is in printing position. When the printing of one line is completed, then the 
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equipment's internal memory will request another line of output data from the memory ele­
ment of the computer. The printer we have been discussing is the impact type printer. 
The,non-impact printer is an electrochemical printer which uses a burn process to print. 
As the paper, which is a specially made paper with--magnetic crystals embedded into it, 
passes over a stylus, electrical energy burns the outline of the characters into the 
paper. Printers of this type" have obtained speeds of 36,000 lines per minute. While 
having the advantage of speed, they are very costly. The paper is expensive and they 
cannot make carbons. 
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Figure 1-25. BUle Line Printer 

Tape Drive Unit 

Figure 1-26 is a typical magnetic tape drive unit. This unit is similar to a home 
tape recorder, but it records 7 to 9 channels instead of the 2-4 tracks used in home 
recorders. The tape drive unit controls the tape movement and provides the read and 
write operations. Since a magnetic tape may either receive or send information, it 
is a complex input-output terminal device. In many cases, a compatibility package 
or control unit (controller) is needed to synchronize timing and arrange information 
into the proper word formats. . 
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MECHANICAL OPERATION. Figure 1-27 gives some additional details on the mechanical 
functions of the tape drive. The "file reel" is one of the many reels of computer data 
stored in the computer room. The operator selects the desired reel from its storage 
file, places it in the tape drive unit, threads it through the vacuum columns and .head 
assembly, and connects it to the machine reel. The "machine reel" is the take-up reel. 
The vacuum columns provide the proper slack in the tape to prevent damage during high­
speed movement of the tape from reel to reel. The head assembly contains one read­
write head for each of the channels on the tape. Figure 1-28 gives a detailed view of 
the tape path and the mechanical parts needed to move the tape through the read-write 
assembly. 

Flexowriter 

The Flexowriter (a trademark of the Frieden Corporation) is a two-way (both input 
and output) complex terminal device which provides a means of communication between 
the operator and the computer system. The Flexowriter requires a control unit to pro­
vide a compatible interface between it and the computer input-output elements. The 
Flexowriter is an electro-mechanical typewriting device which provides an electrical 
means of communication with the computer, plus a hard copy on paper of all data 
exchanged. 

The Flexowriter has internal circuits which convert the mechanical motion of keys 
into electrical signals for entry into the computer or convert electrical signals from 
the computer into the mechanical motion of keys to produce printed copy. In addition, 
it has a paper tape punch and paper tape reader on the left side to produce or read 
storage media. It is normally used by maintenance personnel to run maintenance pro­
grams and receive status reports from the computer. Figure 1-29 is a photograph of the 
Flexowriter modified for use in the BUIC System. The Teletypewriter is baSically the 
same, it was simply made by a different manufacturer. You will become quite familiar 
with it through your future lab projects. 

Display Equipment 

The display equipment of a computer system is part of both the input and output 
elements. Information may be transmitted from a digital computer and displayed visually 
in a direct readable form. For example, a computer used in air defense accepts air 
defense intelligence and evaluates or summarizes this intelligence for presentation by 
a display system. In addition, the display equipment provides a means for the opera­
tor to enter data into the computer. 

The prime purpose of air defense is to provide flight path instructions for inter­
ceptor air weapons. To accomplish this mission effectively, a clear picture of the air 
situation must be available to personnel who are to direct retaliatory air defense. 

A display system provides this picture. It presents relevent air surveillance 
intelligence on specially constructed cathode-ray tubes. Since the information from 
the central computer system is in a binary form, one important function of the display 
system is to convert such information into a form that can be easily interpreted by 
operating personnel. It does this by changing the binary information to visual intelli­
gence that consists of letters, numerals, vectors, and special symbols in a prearranged 
format. These a.re visually displayed on a cathode-ray tube. 

The operator of the display equipment can then use his equipment to accept, modify, 
or reject the information displayed. He may also enter new data into the system. Any 
action taken by the operator must be converted from switch actions, light pen responses, 
etc., back to binary form for entry into the computer. In this way, display equipment 
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1. START READ switch 
2 . STOP READ switch 
3, ENTER REQ switch 
4, ENTER indicator 
5. PUNCH ON switch 
6. TAPE FEED switch 
7. OFF LINE switch 

5 6 7 8 

8. DELETE CODE switch 
9, DELETE key lever 

10 . CAR RET key lever 
11 . NORM key levers 
12. SHIFT key levers 
13. POWER switch 
14 . BLANK key lever 

RDA 26 - 4 3 2 

Figure 1-29. Cont rol Panel and Keyboard Layou t of "Flexowriter" Unit 

35 





displayed by the situation display CRT. All data displayed on the tabular (Tab) CRT 
will be symbols; 

The information received at the console is either forced or selected. Forced data 
is received at a console and cannot be rejected by the operator. Forced data is received 
and displayed when new data is received at the computer and this data is needed to update 
the information being displayed at a console. The operator may request additional infor­
mation from the computer when it is needed to interpret track messages or make a decision 
involving defensive action. •. 

All data received at the data display console must first be processed by the com­
puter system before it can be used by the console. Data received into the computer sys­
tem is in the form of radar signals and the data console cannot process raw radar data 
as it is received from the radar site. 

After proper processing, the received data is displayed in usable form on CRTs such 
as the typotron and charactron. 

DISPLAY TUBES. The main component in most visual display equipment is the cathode­
ray tube. The cathode-ray tube (CRT) operates on the same basic principles as the tubes 
commonly used for oscilloscopes or picture displays. Additional elements have been 
added to these CRTs to further control and direct the electron stream for character dis­
play. These are the charactron and the typotron tube. 

CHARACTRON. Since the charactron tube presents the plan position maps of the air 
situation or portions of it, the display is referred to as a situation display. 

Information pertaining to radar tracks, flight plans, geographical boundaries and 
locations, and weapons sites as presented on this tube is shown in figure 1-31 in the 
form of letters, numbers, special symbols, and vectors. The letters and numbers are 
assembled in short encoded messages that are displayed adjacent to certain points and 
targets to give identification and other descriptive data. 

GFICHIDS 
YIELDING DATA 

" ,,0 

XTL CH IDS 
VIElDINGDATA 

00 

01 

LRtCHIDS 
YIELDING 04U. 

TALLA_ 
• HASSEE 0 

CEPICS 
YIELDING DATA 

01 

'" START ."' 
we> 

$ TART 
W8$_ 

RDA26-433 

Figure 1-31. Typical Charactron Display 
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COUNTDOWN 
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DISTRIBUTOR 
D 

OP CODE 
S 

MEMORY 
ADDRESS 

M 

PROGRAM 
ADDRESS 

P 

QUOTIENT 
Q 

AQ 

(4) holds the two's complement of the subtrahend, if this 
number has the same sign as the minuend in the 
ACCUMULATOR. 

(5) holds the multiplicand in multiplication and the divi­
sor in division. 

(6) holds the constant in LOGICAL operations. 
(7) acts as a data register for transferring in and out of 

memory. 

An 8-bit decreasing counter. It holds a count of the num­
ber of process steps in multiplication and division, the 
number of shifts in shift instructions, the number of in­
structions to be skipped in skip instructions, and the num­
ber of words to be handled in Input/Output instructions. 
The C register flip-flops ar.e designated according to their 
binary integer value, i.e., C6 is the 26 position. 

A 5-bit increasing counter that establishes the sequence of 
clock pulses. Depending on the state of the E flip-flop 
and the decoded contents of the OP CODE register, this 
register controls the logic functions to be performed on 
initiation of each timing pulse. 

A 5- to 8-bit register that holds the operation code of the 
instruction being performed. In practice the most signifi­
cant five bits are the instruction code. The lower three 
bits are added to the instruction code to allow for address­
ing beyond cell 'FF.' Thus three more levels of memory 
cells can be used. Bit 82 is used as an index. 

A 10-bit register used to locate anyone of the 1024 words 
in the memory. The flip-flops are numbered according to 
their binary integer value. 

A 10-bit register that determines the location of the 
instruction to be executed.· It is increased during the 
ACQUISITION phase unless the MODE REPEAT switch is on. An 
instruction consists of two consecutive words: one is the 
OPERATION CODE and the other is the accompanying MEMORY 
ADDRESS (for memory referenced instructions) or OPERAND 
(for immediate instructions). The first instruction of any 
program is usually stored at an even address. 

An 8-bit register; seven bits represent magnitude and the 
most significant bit represents the sign of the number. 
The bits are numbered and handled like the bits in the 
ACCUMULATOR. The Q register is used to hold: 

(1) the least significant bits of a product in mUltiplica­
tion (see AQ register). 

(2) the least significant bits of a dividend and then the 
quotient in division. Q7 is the sign bit. 

A l6-bit register consisting of the ACCUMULATOR-QUOTIENT 
registers. Fifteen bits hold the product after mUltipli­
cation with A7 being the sign of the product. The fifteen 
bits hold the dividend before division with A7 being the 
sign of the dividend. This l6-bit register is affected by 
the ARITHMETIC shift instructions. 

51 







We stopped at fifteen, since we had considered only four places. Fifteen is the 
largest number we can represent with four places, since fifteen equals eight plus four 
plus two plus one. We call these places BInary digiTs or BITS, for short. 

Notice that each number from zero through fifteen had a special or unique way of 
representing that number. NO OTHER NUMBER could be represented in binary form as 12 is, 
for example. Only 12 equals 8 plus 4 and so is: 1 1 0 O. If we work with numbers 
greater than fifteen, we will need more places. Each place will be two times greater 
than the one to its right. If we consider two more places, we then have the sixteen's 
place and the thirty-two's place. 

To emphasize and appreciate this idea that every number has a unique representation, 
use the BINARY SELECTION set of six charts (figure 1-39). These are labelled A, B, C, 
D, E, and F. Study them a few moments before turning to the following page. 

Ask someone to think of a number from 0 through 63. Without telling you the number 
he will identify it with six YES-NO responses. He will look at each chart in turn from 
A through F. He will say YES, if the number is on the chart; NO if the number is not on 
the chart. 

Suppose his responses are: 

A 
YES 

B 
YES 

That could only be the number 54. 

C 
NO 

D 
YES 

E 
YES 

F 
NO 

Notice the number that appears first on each chart: A has 32, B has 16, C has 8, 
D has 4, E has 2, and F has 1. Notice that these numbers are all a power of two (two 
multiplied by itself a different number of times). Converting the YES responses to l's 
and the NOs to O's, the binary form of 54 is 1 1 0 1 1 O. This means that 54 is 32 
+ 16 + 4 + 2. 

One more sample: I am thinking of a number •.• my responses are: 

A 
YES 

B 
NO 

C 
YES 

So that must be 32 + 8 + 2 + 1 which is 43. 

D 
NO 

E 
YES 

F 
YES 

As you work with the computer you will develop more familiarity with this system 
and a closely related one: hexadecimal. The conversion table on a following page will 
help you, so you need not master this material now. 

However, if you wish to convert a number in decimal form to its equivalent binary 
form you would divide by two successively. Assume, for instance, that we wish to find 
the binary number for 53. The process is: 

53/2 26, with a remainder of: 1 
26/2 13, with a remainder of: 0 
13/2 6, with a remainder of: 1 

6/2 3, with a remainder of: 0 
3/2 1, with a remainder of: 1 
1/2 0, with a remainder of: 1 

The column of remainders, when set down with the top digit at the right yields 
110101 which is the binary equivalent of 53 (32 + 16 + 4 + 1). 
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