
















































































































































































Number systems 

CHAPI'ER A : NUMBER SYSTEMS 

sane 
daily 

to model 

In this dlapter we will develop 
straightforward mathematics, based on 
experience, which will make it much simpler 
the internal workings of microcomputers. 

Decimal numbers 
Quantity 
Binary Nwnbers, BITS, and BYTES 
Hexadecimal Numbers 

DECIMAL NUMBERS, AND THE CONCEPI' OF QUANTITY ••• 

Western culture has adopted the ten arabic 
symbols: 0,1,2,3,4,5,6,7,8, and 9 to represent 
various quantities. Many other symbols are 
available to describe a particular quantity. For 
example, 'three' may be symbolized as three, 3, 
trois (French), III (Raman Numerals), etc. 

Wi th the exception of the Raman Nwrerals, the 
above examples refer to the DECIMAL, or BASE-'rEN 
number system which we use daily. The base-ten 
system is charaterized by the ten symbols which are. 
available to use in constructing symbolic 
representations of various quantities. For large 
(multi-digit) numbers, we combine several symbols, 
and assign each symbol a multiplier based upon it's 
position within the series of symbols. For example, 
we represent the number of eggs in a carton with the 
symbols '12'. The symbol on the far right side is 
in what we call the 'unit' position. The next 
symbol to the left is in what we call the 'tens' 
position, and represents the number of complete 
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grou~s of ten eggs. ?he total number of eggs is 
equal to ten times the number in ti1e tens position, 
plus one times the number in the unitls position. 
Were there another symbol to the left, ti1at symbol 
would be multiplied by ten, and then ten again. 
(i.e. multiplied by one-hundred). Were there a 
symbol still further to the left, then that symbol 
would be accompanied by yet another multiplication 
by ten. (i.e. multiplied by one-thousand). 

Summarizing, the base-ten (or decimal) number 
system is characterized by: 

1). A basic set of TEN symbols (0-9). 
2). Each digit positioned left of the 

unit position are accompanied 
by a multiplier, and that 
multiplier increases by a factor 
of TEN for every additional 
digit postion to the left. 

3 ) • Decirral numbers are Nor the only 
method of representing a quantity. 

We will nav explore sane 
camronly used in 

number systems 

association with computer systems. 
for us, but 

(They are harder 

easier for the computer!). 

BINARY NUMBERS ••• 

Generally, canputers do not deal directly with 
the symbols of ti1e decimal number system. The 
computer is rrade up of combinations of circuits 
capable of presenting only two basic symbols (a's 
opposed to ten). Logic circuits inside the canputer 
represent one symbol with a high level voltage 
( of ten about five volts), and tile other symbol with 
a lal level voltage (oft.en about zero volts) .These 
states are often described with the symbols Ihighl 
or III for the high voltage level, and the symbols 
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'low' or '0' for the low voltage level. Multiple 
digit binary numbers can therefore be represented by 
multiple wires, with each wire at either a '1' or a 
'0' voltage level. By drawing a parallel to the 
base-ten number system, we may define this to be a 
BASE-'IWO (or BINARY) number system, surnnarized by 
the following characteristics: 

1). A basic set of TWO symbols (1,2). 
2). Each digit positioned left of the 

unit position are accompanied 
by a multiplier, and that 
multiplier increases by a factor 
of 'IWO for every additional 
digit postion to the left. 

Significance of digit position, decimal numbers 
versus binary numbers: 

DECIMAL(lOOOO'S) (1000'S) (lOO'S) (lO'S) (l'S) 
BIN/illY ( 16' S ) ( 8' S) (4' S ) ( 2' S) (1' S) 

Same examples of binary numbers follow. 

TRIAL BASE-2 EXPIANATlOO 
QUAN1'ITY (BINARY) OF BINARY 

----------------------------------------------
NOOE 0 o IN rn~IT'S PLACE 

ONE 1 1 IN UNIT'S PLACE 
'IWO 10 2 TIMES OOE IN 'ThO'S 

PLACE, PillS ONE IN 
UNIT'S PLACE. 

'l'HREE 11 2 TIMES ONE IN 'IWO' S 
PLACE, PillS ONE IN 
UN 11' 's PLACE. 

FOUR 100 2 TIMES 2 TIMES ONE IN 
FOUR'S PLACE, PillS 'IWO 
TINES ZERO IN 'IWO' S 
PLACE, PillS ZERO IN 
UNIT'S PLACE. 

FIVE 101 AS AOOVE, BUT ONE IN 
UNITS PLACE. 
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THIRTEEN 1101 AS AOOVE, BUT ADD 2 
TIMES 2 TIMES 2 TIMES 
ONE IN THE EIGHT'S 
PIACE. 

Note that in the decimal system, symbol 
position was used to represent multipliers of 1, 10, 
100, 1000, 10000, etc. In the binary number system, 
symbol position is used to indicate multipliers of 
1, 2, 4, 8, 16, 32, 64, 128, 256, etc. 

Using the above multipliers, you should be able 
to convert the following binary numbers (left 
column) into the decimal numbers in the righthand 
colu!lll1. 

BINARY NUMBER SYMBOL 

110 
101000 

1000000 
111111 
111110 
111101 

11111111 

DECIMAL NUMBER SYMBOL 

6 
40 
64 
63 
62 
61 

127 

There is no real trick to reading binary 
numbers. If you desire to get the numbers into 
decimal form, then there is no avoiding the process 
of multiplying the appropriate digits by 1, 2, 4, 8, 
16, etc., and adding up the results. 

One digit of a binary number, or one wire in 
the computer, can represent only one of two possible 
states. Thus one digit certainly does not contain a 
great abundance of infolTIation. It is therefore 
appropriate that we refer to ale digit of a binary 
number as a BIT. A bit nay be either a one or a 
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zero. Carrying tl1is madness one more step, we refer 
to a group of 8 BITS (an 8 digit binary number) as a 
BYTE. 

It is important to note tl1at tl1e binary number 
system is simply an alternative way to write a 
number, just as Raman Numerals provide an 
alternative way to write a number. In all cases, a 
given SYMOOL represents a QUAN'rrTY, and tl1e rrethod 
we dlocse to wr i te it is of secondary importance. 

Hexadecimal Numbers 

HEXADECIMAL NUMBERS •• • 

The preceeding discussion of binary numbers 
demonstrated tl1at binary symbols for large 
quantities becane very cumbersane, due to the very 
large number of digits which must be used. This is 
the natural consequence of having only two possible 
syrrbols per digit. In tl1e decimal number system, 'vIe 

had ten symbols available, and large quantities 
could be represented witl1 relatively few digits. 
Ideally, we need a number system which provides us 
witl1 a large number of symbols, while retaining a 
simple relationship to the on/off world of 
individual wires witl1in the computer. 

Note that a four bit number (four digit binary 
number) may represent any quantity fran zero (0000) 
to fifteen (1111), for a total of sixteen possible 
combinations. Now suppose we assign a SINGLE letter 
or number to each of tl1ese canbinations, as shown in 
the rightl1and column of tl1e table below. 
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---------------------------------
DECIMAL BINARY HEXADECIMAL 

NUMBER NUMBER NUMBER 
---------------------------------

a 0000 0 
1 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 
7 Olll 7 
8 1000 8 
9 1001 9 

10 1010 A 
11 lOll B 
12 1100 C 
13 llUl D 
14 1110 E 
15 llll F 

---------------------------------

Don't be taken aback by the use of letter 
symbols to represent numbers. After all, we are 
making the rules here, and if we wish to use the 
symbol 'D' to represent a quantity of thirteen, then 
so be it. 

The above sixteen symbols (0-9, and A-F) are 
the sixteen basic symbols of the HEXADECIMAL (or 
BASE-SIXTEEN!) number system. For multiple digit 
numbers, we once again start with the UNITS 
position. But new, each time we move one digit 
pooition to the left, we add a multiplication by 
sixteen. 
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DECIMAL BINARY H&~ECIMAL EXPLANATION 

15 

16 

17 

42 

1111 F 

1 0000 10 

1 0001 11 

10 1010 2A 

255 1111 1111 FF 

256 1 0000 0000 100 

769 11 0000 0001 301 

783 11 0000 1111 30F 

15 IN UNIT'S 
PLACE. 
1 IN 16'S 
PLACE. 
1 IN 16'S 
PLACE, PLUS 
1 IN UNIT'S 
PLACE. 
2 IN 16'S 
PLACE, PLUS 
10 IN UNIT'S 
PLACE. 
15 IN 16'S 
PLACE, PLUS 
15 IN UNIT'S 
PLACE. 
1 IN 256'S 
PLACE, PillS 
ZERO IN 16'S 
PLACE, PLUS 
ZERO IN UNIT'S 
PLACE. 
THREE IN 256'S 
PLACE, PLUS 
ZERO IN 16'S 
PLACE, PLUS 
1 IN UN I '1' , S 
PLACE. 
'IHREE IN 256'S 
PLACE, PLUS 
ZERO IN 16'S 
PLACE, PLUS 
15 IN UNIT'S 
PLACE. 
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The HEXADECIMAL (BASE-SIXTEEN) number system 
may be summarized by the following charateristics: 

1). A basic set of 16 symbols (0-9,A-F). 
2). Each digit positioned left of the 

unit position is accompanied by a 
multiplier, and that multiplier 
increases by a factor of sixteen 

for every additional digit positio 
to the left. 
(i.e. Multipliers of 1,16,256 , 4096, 
etc. are used). 

Note that binary representations may be very 
easily converted to hexadecimal representations via 
the following steps: 

1) • Grcup the binary number into grcups 
of four bits, starting with the 
unit's position, and proceeding 
right to left. 

2). Write the hexadecimal symbol for 
2). Substitute the appropriate hexa­

decimal symbol for each four-bit 
grcup fram the original number. 

3). Simply reverse this process to 
convert hexadecimal numbers into 
binary numbers, four bits at a- time. 

Hexadecimal numbers provide an extremely 
compact means of expressing multiple-bit binary 
numbers. 

When reading a multiple digit number, it is not 
always immediately clear whether it is a binary, 
decimal, or hexadecimal representation. The symbol 
'1101' might be interpreted as a binary number 
(thirteen), a decimal number (one-thousand 
one-hundred and one), or as a hexadecimal number 
(four-thousand three-hundred and fifty-three = 1 X 
4096 + 1 X 256 + 0 X 16 + 1 X 1). The number '1301' 
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is clearly not a binary representation (it 
a '3'), but it could be interpreted as 
decimal or hexadecimal number. 

contains 
either a 

In those instances when binary numbers are 
used, the writer usually calls attention to this 
fact, either by using a subscript '2', or by 
enclosing the notation 'binary' in the text of his 
discussion. Hexadecimal numbers are often 
distinguished fram decimal numbers by preceding the 
hexadecimal number with a dollar sign, or by 
suffixing the hexadecimal number with a capital H. 
(i.e. $43C7, $7FFF, $4020, lAD7H, F371H, 9564H). 
The dollar sign convention is the one adopted by 
most users of computers based on the 6502 
microprocessor chip, including alio Scientific 
Instruments, and is the convention used in this 
bcx:k. 

CHAPI'ER A PROBLEMS ••• 

I}. Convert the following binary numbers into 
decimal representations. 

1111 1111 
0111 1111 
III 1111 

1 0000 
1000 1000 
0100 0101 
1111 1110 

(ANSWEHS: 255, 127, 127, 16, 
136, 69, 254). 

2}. Convert the binary numbers given in 
problem number (I) into hexadecimal numbers. 

(ANSWERS: $FF, $7F, $7F, $10, $88, 
$45, $FE). 
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Here is a subroutine in machine-language for conversion of hexa­
decimal to decimal numbers: 

OF,G $0600 
0600: 8504 STA $04 
0602: 8605 STX $05 
0604: A900 LOA #$00 
0606: 8506 STA $06 
0608: 8!:i07 STA $07 
060P,: 8508 STA $08 
060e: FB SED 
0600: A010 LOY #$10 
060F: A203 LOOP2 LOX #$0:'::; 
0611~ 06D5 ASL $05 
0613: 2604 ROL $D4 
0615: B505 L.OOP1 LDA $D5,X 
0,617: 7::m5 ADC $05,X 
0619: 9505 STA $05,X 
0618: CA OEX 
061C: 00F7 BNE LOOP1 
061E: 88 DEY 
061F: OOEE 8NE LOOP2 
0621 : 08 CLO 
(>622: A506 LOA $D6 
0624: A607 LOX $1)"7 
0626: A408 LDY $D8 
0628: 60 F:TS 

PHYSICAL. ENOAOORES~3 : $0629 

*** NO l.tJARNINGS 

LO(JP2 $060F 
LOOP1 $0615 

0600 
0608 
0610 
0618 
0620 
0628 
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The hexadecimal number has to be in the accumulator (higher 
byte) and in the X-register (lower byte) when you jump to the 
subroutine. 
Example: 
We want to convert 101 F hex into a decimal number. 

This can be done as follows: 

A910 LDA # 510 
A2 1 F L D X # 5 1 F 
200006 JSR 50600 
00 BRK 

If ATMONA-1 hits a break BRK, it displays the contents of the 
registers. The decimal number is in the X-register and in the y : 
register. 
101 F hex = 4127 dec. 
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Digital Concepts 

CHAPTER TWO: DIGITAL CONCEPTS 

In this chapter we present an overview of 
digital logic concepts, and the kinds of electronic 
devices used to accomplish logical operations and 
data storage within your computer. 

L(X;IC IN PRCGRAMMING AND CG1PlYrER I-JARIltVARE 
LOGIC OPERATIa~S AND LOGIC GATES 
COMBINATIa~ LOGIC AND DECODERS 
DECODERS AND MEMORY 
NAND, NOR, AND EXCLUSIVE-oR GATES 
Problems, Further Reading 

LOGIC IN PRcx;RAMMING AND CCl1PlITER HARIWARE 

" ... a canputer is like a brain, a dumb brain, 
it doesn't do anything unless you program it first, 
and then it just follows your instructions one after 
another ... " 

-reaction of ten-year-old to computers. 

People program computers to perform sequences 
of logical operations. A canputer program consists 
of a sequence of instructions for the computer. 
Often we wish the computer to decide between 
alternative courses of action, based upon some 
information which is external to the program. For 
example, a canputer might be programmed to control 
the signal lights at a railway crossing. Sensor 
switches would be placed same distance down the 
railway, such that they can detect an oncoming 
train. The computer program might read something 
like: 
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1. START HERE 
2. CHECK 'ID SEE IF A TRAIN IS CCMING 
3. IF A TRAIN IS CCMING, THEN SKIP 

AHEAD TO LINE 5 OF 'rHE INSTRUCTIONS 
4. GO BA.CK TO STEP 2 OF 'l'HE INSTRUCTIONS 
5. CHECK 'ID SEE IF THE SAFETY BARRIER 

IS LCWERED 
6. IF THE SAFETY BARRIER IS UP, THEN 

LOiJER IT 
7. CHECK 'lD SEE IF rrHE TRAIN IS STILL HERE 
8. IF THE TRAIN IS STILL HERE, OR, IF 

ANOI'HER TRAIN IS CCMING, THEN GO BA.CK 
TO S'l'EP 7 OF THE INSTRUCTIONS 

9. RAISE THE SAFETY BARRIER 
10. GO BACK 'ill STEP 2 OF THE INSTRUCTIONS 

The above PR(X;RAM acts upon the Dl\TA ( or 
information) supplied by the train sensor switch. 
Another example would be the word-processor program 
upon which this manuscript is being typed. That 
program decides which letter to code into computer 
memory, based upon which one of the keyboard 
switches are pressed by the typist. Each of these 
examples also has means provided to output same 
resul t to the real wor ld. In the case of the 
railway crossing, the computer has control of the 
position of the safety barrier, and uses that 
barrier to infonn pecple of it's decision regarding 
the presence or absence of oncomi ng trains. The 
word processor program has control of a CRT (picture 
tube) upon which it displays the text input by the 
typist. It also outputs this text to computer 
memory, fran whence the typist may command that it 
be recalled, corrected, and output to a printer. In 
summary, the ccmputer executes a SEQUENCE of r...cx;ICAL 
instructions upon same source of Dl\TA input 
(switches, keyboards, memory, etc.), and produces 
same consistant OUTPUT as a result. In the 
remainder of this chapter, we will examine same of 
the fundamental electronic hardware used to 
accomplish logical cperations within the computer. 
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LOGIC OPERATIONS N~D LOGIC GATES • •• 

Consider the following statements: 

If 
If 

(A is true) Then 
(A is false) Then 

(Z is true) 
(Z is False) 

We shall assume A, Z, etc. are all either true 
or false, with nothing in-between being possible. 
With the above two statements, we have canpletely 
defined the condition of the OUTPUT Z, for all 
possible conditions of the input A. Suppose that we 
wish to model statements such as the above two, 
using electronic circuits. Let us define: 

1. TRUE is to be represented by any 
voltage in the range from 
+2 volts to +5 volts. 
(i.e. HIGH). 

2. FALSE is to be represented by any 
voltage in the range from 
o volts to +1/2 volt. 
(i.e. Iili). 

Now consider a short piece of plain copper 
wire, the left end labeled II I NPUT--A " , and the right 
end labeled "OUTPUT--Z." This piece of wire will 
certainly model our original logical statements, as 
re-written: 

1. If (A is HIGH) then (Z is HIGH). Certainly, 
if we connect a 'HIGH' voltage input to point A, 
then the wire will carry this same high voltage to 
the output at point Z. 

2. If (A is LOW) then (Z is LOW). Once 
the input from A is carried directly to the 
at Z. 

again, 
output 

There is almost always another way to 
accomplish any given task, and the above example is 
no exeception. There are electronic circuits other 

95 



than our piece of wire which we could connect from A 
to Z, and obtain the same result . The need for 
these should becane apparent as we continue. 

Consider the statements: 

1. If (A is true), then (Z is false) 
2. If (A is false), then (Z is true) 

(i.e. Z is always the opposite of A). 

We cannot model this more complicated situation 
with only a piece of wire. We must use a readily 
available electronic circuit called a "Nar-gate", or 
"INVERTER." 'These devices are manufactured by many 
firms in many different forms. For the time being, 
it is perfectly sufficient to imagine a small box 
with two wires sticking out. One wire is our 
familiar input A, and the other wire is our output 
Z. If we put a higb level on the input of an 
inverter, then we will get a lCJ.¥ level at the 
output. A low level on the input yields a high 
level at the output. Forcing sane signal IN'IO the 
output pin is forbidden, but the output of one 
inverter could certainly control the input to a 
second inverter. Clearly the output of inverter #2 
would be exactly the same as the input to inverter 
#1. (This is a combination which could replace the 
copper wire in our earlier example). 

There is a standard symbol used to represent an 
inverter. It is shown belCJ.¥ in Figure 2. 1. 
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There is a standard symbol used to represent a 
" circui t which behaves as cur ccpper wire did. This 
symbol represents a logic circuit whose single 
output duplicates it's single input. It is shown 
belo.v in Figure 2.2. Note the absence of the 
"bubble" at the output, as canpared with the 
inverter in figure 2.1. The bubble symbolizes the 
inversion process. 

««««««««FIGURE 2.2»»»»»»»»> 
«««««LOGIC BUFFER SYMBOL»»»»»»»? 

««««««««««»»»»»»»»»»»> 

In certain situations we desire to connect the 
inputs of a number of different logic gates too the 
output of a single logic gate. If this number 
becomes too large the cutput of an ordinary gate 
might became overloaded. To prevent this we cculd 
connect the single cutput involved to the inputs of 
a pair of identical logic buffers. We " cculd then 
distribute the large number of logic gate inputs 
between the two buffer cutputs. Each buffer wculd 
have to drive only half the total number of inputs, 
and wculd not overload. More or larger buffers 
coold be used if nessesary. 

Consider the follo.ving statement: 

If (A is true) OR (B is true), then (Z is 
true). (Otherwise Z is false). 

This describes a single cutput (Z) controlled 
by two inputs (A and B). It is convenient to 
examine the possible cutputs at Z, for all possible 
input canbinations, thrcugh the use of a "truth 
table." " A truth table for the current example is 
shown belo.v in Figure 2.3. Note that a '1' is used 
to represent a 'true' condition, and that cur 
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electronic circuits would represent this with the 
'high' voltage level. 

TRUTH TABLE 
Z = (A OR B) 

:---------------------------------: 
: INPl1r A INPUT B OUTPUT Z : 
-----------------------------------. .. 

o 
o 
1 
1 

o 
1 
o 
1 

o 
1 
1 
1 

:---------------------------------: 

FIGURE 2.3 

In figure 2.3 we have described the operation 
of a "two-input OR-gate." This logical building 
block may be thooght of as a box with THREE wires 
protruding. The three wires are inputs A, B, and 
output Z. Such circuits are readily available, and 
your microcCITIputer contains many, many of them. 
Note that we might also create a "Three-input 
OR-gate," which might have three inputs A, B, C, and 
output Z. In this case, ootput Z woold becane 
'true' if anyone OR more of the inputs became 
'true. ' 

The logical symbol for a two-input OR-gate is 
shown in Figure 2.4, together with the symbol for a 
3-input OR. 
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««««««FIGURE 2.4B»»»»»»»»» 
«««3-INPUT OR GATE SYMBOL»»»»»»> 

««««««««««»»»»»»»»»»> 

In the last example, we described how a logical 
output was based upon the truth of one OR another 
input. Frequently we wish to base sane output upon 
the sirnultaneoos truth of two inputs. For example: 

If (a train is carning) AND (the safety 
barrier is up), then (lower ti1e safety 
barrier) • 

If (A is true) AND (B is true) 
then (Z is true). 

As in the case of the OR gate, we could just as 
easily base the truth of an ootput upon the 
sirnultaneoos truth of three (or many more) inputs. 
Once again, the AND-gate is a readily available 
electronic circuit, supplied with two or more inputs 
as desired. The standard logic symbols for both two 
and three input AND-gates are shown below in Figure 
2.5. 

«««««««<FIGURE 2.5A»»»»»»»»» 
««««<SYMBOL FOR 2-INPUT AND GATE»»»» 
««««««««TITLES»»»»»»»»»»» 

«««««««««««»»»»»»»»»»» 
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«««««««<FIGURE 2.58»»»»»»»»» 
««««<SYMBOL 80R 4-INPUT AND GATE»»»» 
««««««««TITLES»»»»»»»»»»» 

---II )~l 
In swnma.ry, we have presented three principle 

types of lCX]ic fJates. These are the AND, OR, and 
Nor gates. Each of these gates is readily 
available, usually packaged as several gates within 
a single plastic or ceramic cube, with input and 
output wires protruding in neat rOdS. In addition 
to the input and output wires, each package has at 
least two \vires which must be connected to a source 
of paver in order to cperate it's internal 
circuitry. In the very cammon 
"Transistor-Transistor-LCXjic" (Qr "'Yi'L") family 
which we describe, the inputs recCX]nize voltages 
above 2 volts as a "true" or "1. " The inputs 
recCX]nize voltages belOd abaJt 1/2 volt as "false" 
or "0." The voltages in the "no man's land" between 
1/2 volt and 2 volts are illegal, and result in 
unpredictable performance of the gate circuit. 
Furthermore, voltages less than 0 (negative 
voltages), and voltages greater than 5 volts are 
excessive, and will damage the inputs. When a gate 
senses that it should send it's output high (or 
true), it will force the output to some voltage in 
the legal region between 2 and 5 volts. Otherwise 
the gate holds the output false, with a voltage 
between 0 and abaJt 1/2 volt. Note that the outpu't 
levels of a gate will always fall within the legal, 
recognizable voltage areas of an input. Thus it is 
possible to chain these simple gates tCX]ether to 
perform canplex logical cperations built upon 
canbinations of OR's, AND's, and Nar's acting upon 
some initial input(s). 
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COMBINATIONAL LOGIC AND DECODERS •.• 

Problem: Given four logic inputs A, B, C, and 
0, which are available on four wires within a 
c~)uter, design a circuit which will set one logic 
output true if and only if ABCD=lOIO. (i.e. A=l, 
B=O, etc.). 

Solution: Let's call our final output 'Z'. We 
wish to build a circuit such that: 
IF (A IS TRUE ), AND 

(B IS FALSE), AND 
(C IS TRUE ), AND 
(D IS FALSE), THEN (Z IS TRUE) 

to solve 
ANIrgate. 

The Band 0 terms make it ~sible 
this problem with only a four-input 
However, if we put inverters on Band 
might define two neJ signals: 

D then we 

M=NOT-B (i.e. M is the inverse of B). 
N=NOI'-D 
We use these signals to write: 

IF (A IS TRUE ), AND 
(M IS TRUE ), AND 
(C IS TRUE ), AND 
(N IS TRUE ), THEN (Z IS TRUE) 

Our design uses two inverters to derive M and N 
fran Band 0 respectively. M, N, A, and C are then 
canbined with a four-input N~D-gate. This 
combination is shown in Figure 2.6. 

A 

B 

c 

o 

M 

N 

««««««<FIGURE 2.6»»»»»»»»» 
«COMBINATIONAL U:X:;IC EXAMPLE SKE'K:H»»> 

z 
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Figure 2.6 is an example of a decoder circuit. 
The circuit decodes a complex input, and generates a 
particular output for one possible state of the 
input. If we regard the four-bit input ABeD as a 
four bit binary number, tilen our decoder circuit 
decodes a count of ten. (Binary 1010). Recall that 
a four-bit binary number has sixteen possible 
combinations, zero thru fifteen. It is perfectly 
possible to design a decoder with four input lines, 
and sixteen outputs. Each output would represent 
exactly one of the sixteen possible combinations of 
the four-bit binary input. Since tile input must, of 
course, be in one and only one of these possible 
states, it follows that one and only one of the 
output pins will be true at anyone time. Figure 
2.7 contains a truth table for such a circuit. 
Figure 2.8 contains a circuit diagram. The inputs 
are labeled ABeD, and the sixteen outputs are 
labeled YO thru Y15. 

TRUTH TABLE: 4- INPUT 16-oUTPur DECODER 
-------------------------------- -------------
:INPUI': OUTPUTS Y-
:ABCD :0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15: 
:------------------------------------------ -: 
:0000 :1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 
:0001 :0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0: 
:0010 :0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0: 
:0011 :0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0: 
:0100 :0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0: 
:0101 :0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0: 
:0110 :0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0: 
:Olll :0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0: 
:1000 :0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0: 
:1001 :0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0: 
:1010 :0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0: 
:lOll :0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0: 
:1100 :0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0: 
:1101 :0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0: 
:11l0 :0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0: 
:1111 :0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1: 

-------------------------- -------------------
FIGURE 2.7 
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