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Abstract

In this work a 4-bit decimal adder was designed, implemented and simulated. The
decimal addition is carried out using Binary Coded Decimal (BCD) addition and a 10-
line to 4-line encoder was upgraded to 15-lines to 4-lines and was used to convert each
decimal digit to its corresponding BCD code. A 4-bit parallel adder with fast carry
(74HC283), and additional circuitry of AND gate and OR gates were interconnected to
carry out the BCD addition. A BCD to seven segment display converter (DCD Hex) was
used to convert and displayed the generated sum in BCD to decimal. The designed system
was implemented and simulated on circuit simulation software (National instrument
multisim version 11). The system is tested and found to be capable of performing addition
of any two 4-bit decimal numbers.
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1.0 Introduction

The most basic function and fundamental uses dfadligystems is Numerical computation. In this efaechnological
advancement almost all computers, simple and stigdtisd electronic gadget have a built-in capabitf performing
various arithmetic computations most of which aaeried out using the binary (base 2) number sysiémrefore there is
need to design, implement and later constructaigibmbinational elements that will be able to parf binary arithmetic
functions to execute the desired operations of taxidi subtraction, multiplication and division ohese numerical
values.These numerical values or numbers are ysugdlesented either in binary or in decimal thitoagbinary code. In
most arithmetic systems, users like to give and/\oe displaythese values in decimal form. Howeifehe inputted number
is in decimal, it is converted to binaryequivalant the corresponding arithmeticoperations are ddrenally in the system
by means of these converted binary codes. Heneguipose of this research is to provide the bagecmation on howto
formulatesystematic design and simulation of singslghmetic circuit or system that will be ablegerform such functions.
This system can be used to perform binary addibiotwo decimal digits say X and Y from 0 to 15resipeely applied via
two different design keyboard encoders. The keyboérand Y contain 15 different switches; each oficmhrepresent a
decimal digit; that are connected to a priority aher responsible for the conversion of those ddcimanbers into their
corresponding Binary Coded Decimal (BCD) equival®vihen one of the switches is close a BCD outptitthaquivalent to
a single selected decimal input is generated, lamdecimal Coded Decimal (DCD) Hex display displthyes corresponding
decimal digit.

2.0  Theoretical Background

2.1 BCD or 8421BCD Code

Binary-coded decimal (BCD) also referred to as 8d@de is used to represent each digit of a deanmalber as a 4-bit
binary number. It is used to combine the featufedegimal base system (base 10) and binary baséewusystem (base 2)
to explore a wider function of performing digitahthematical operations [1]. The designation of 8#@ficates the basis of
binary weight of 4-bit binary numbers in descendiagver of 2, starting from°Q1) as the weight of the least significant bit
(LSB) to the next higher order bits @) , Z (4), up to the Most significant bit (MSB) weight2’(8). In practice, there are
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sixteen (16) 4-bit binary numbers (0000 throughI)1dut only ten of these numbers 0 to 9 (0000 thihcl001) are used and
are referred to as the valid BCD codes[2]. Heneebihary codes 10 to 15 (1010 through 1111) aremieeing used in BCD
code and are referred to as the invalid BCD cod@BLE1 gives the valid and the invalid codes andithdecimal
equivalents.

TABLE 1: Valid and invalid BCD codes

Decimal digit Valid BCD| Decimal digit In-Valid BCD
(8421) codes (8421) codes

0 0000 10 1010

1 0001 11 1011

2 0010 12 1100

3 0011 13 1101

4 0100 14 1110

5 0101 15 1111

6 0110

7 0111

8 1000

9 1001

Moreover, BCD addition of a group of 4-bit BCD nuenb is accomplished by the same rules governing the

mathematical operation performed in the additioma gfoup of 4-bit binary numbers. It should be ddteat since only ten (
0 to 9) out of 16 4-bit binary codes can be regmé=d in the BCD code, then it is necessary toidenshe possibility of
getting a sum that is a 4-bit binary number gretiian nine (9) - the six invalid BCD codes [3]thk sum of the 4-bit is
equal to or less than nine (9), it is simply ad@iCD number and we do not have problem. Howe¥éehei sum is greater
than nine (9) or a carry is generated out of thxt 4group resulting in an invalid BCD state thehiaary number 6 (0110) is
added to the sum in order to skip the six (6) iitvatates and return back to the valid BCD codsoAf the addition of the
number six (6) results in a carry, the carry iseatith the next 4-bit group [2].

2.1 DecimalEncoder

A Digital Encoder also commonly known adecimal Encodeis a combinational circuit that converts activeelev
information from its inputlines to a unique numioéoutput lines; it takeallofits data inputs one at a time and then converts
them into a single encoded output[1].The operatibthe encoder is such that exactly one of thetifipes should have a
one (1) while the remaining input lines should haveero (0)and vice versa for an Active HIGH inputan Active LOW
input depending on the type of integrated circgiégdior application requirements. The output linesegate a coded binary
output from a single active numerical input thatresponds to the input value [4]. Thus, it can hie shat an encoder, is a
multi-input combinational logic circuit that contetthe logic level say "1" data at its inputthatrespond to a single decimal
value into an equivalent binary code at its oufBiit

Furthermore, it produces several outputs of 23ljt, 4-bit or 8-bit codes that depends upon thealper of desired data
input lines required. Figure 1 shows a nine inpatddler (one for a single decimal digit) with foundry outputs and
TABLE2 shows the decimal inputs and binary outmitan encoder which corresponds to a valid BCD/8ztdes.

Table 2: Decimal inputs and binary outputs of an ecoder

Binary equivalents
Decimal Number
digit

D C|B|A
0 0 0|0 |0
1 0 0|0 |1
2 0 0|10
3 0 0|1 |1
4 0 1 /0|0
5 0 1 /0|1
6 0 1 |1]0
7 0 1|11
8 1 0|0 |0
9 1 0|0 |1
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Figure 1: A nine input Encoder with four binary outputs

2.3 Priority Encoder

The binary encoder has the limitation that only amgut can be active at any given time. If two itgpare active
simultaneously, the output produces an undefine@dbaation. For instance, input line 1 and 4 arerdeged simultaneously,
the output of the encoder will produce an outputieghat is neitherl nor 4. Hence, in order to Iesthis problem the
encoder circuits must assign a priority to eackhefinput lines so that when several input lines aativated or depressed,
the encoder outputs the index value of the inpug With the highest priority. For example, if 2 aidare depressed
simultaneously the output will be 0111 (decimalThis modified encoder is known agp®dority encoder[2]. 74HC147 is a
typicalpriority encoder integrated circuit.

2.4 Parallel Binary Addition

In digital systems, parallel addition of binary ruens is performed by two or more full-adders cotesdogether. A
full-adder is a combinational circuit that forms thrithmetic sum of three input bits to producesulting sumY, ) and a
carry out (G, from its output. Two of the inputs say A and Pnesent two significant bits to be added (operpadd the
other input represent carry in ( from the previous lower significant bit positidghavailable otherwise the Cnput is
grounded when there is no input to the least siganit bit position [3]. TABLE3; shows the operatioha full adder.

Table 3: Operation of a full adder
Decimal digit Inputs Outputs

SUM | Cou

5

O|I0O|R|O|Fr|F| O
PR ORrIOIOl O

Njoja|a|wN(k| o

Rk |k|lOo|o|lo] O] >
Rk |lo|ok|k ol o W
P|o|r|o|r|o|r| of O

1

The numbers of full-adders required for the additdd any group of binary numbers is determined ¢wy Imany bits can
be used to represent each number. For instaneddtowo 2-bit binary numbers two adders are neefde®-bit three adders
are needed; for 4-bit four adders are needed aonisly [5]. The integrated circuit 74HC283 is arample of a 4-bit
parallel adder; internally it contains a group ofif full-adders. Figure 2 shows an example of Iprtull adder for 2-bit
addition.

=
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Figure 2: A parallel full adder for 2-bit addition.
3.0 Design and Implementation

To have a clear understating of the basic conaephfs design the system is divided into two sedi

1. Decimal to Binary encoding section
2. Overflow detector circuit section
3. Binary to Decimal codes addition section

These three sections when connected together foemdthit decimal adder using parallel binary adderd BCD
encoders. They can be implemented, tested andatiesuindividually using National instrument multisiversion 11.0.

3.1 Decimal to Binary Encoding Section

The decimal to binary encoding section employed dvfferent fifteen digits decimal keyboard denokednd Y that can
be used to input two different decimal numbers frorthroughl5. The keyboard is connected to a pyi@ncoder that
converts the said decimal numbers into their cpording binary coded decimal (BCD) equivalent. TH&IC147 priority
encoder can only encode numbers between 0 to %ied wll lines are in active and 1 to 9 when anciiva level is applied
to one of its input lines. However our main objeetis to add two 4-bit binary numbers from 000Q(f)o 1111(15) in using
our system when decimal equivalent of these bimanmynbers are inserted via a keyboard.Thus therenised to design
another encoder that will be able to encode theaimding 4-bit number from 10 (1010) to 15(1111) anil work
synchronously with the 74HC147 integrated circaihive a complete 0 to 15 encoding circuit for prop-bit addition. To
design these encoder we consider TABLE 4 so agtermiine the relationship between each of the gldmtles in order to
develop proper combination logic circuit to perfattme encoding function.

TABLE 4:Decimal Digit 10 to 15
Decimal Digit D(MSB) C
10 1
11
12
13
14
15

A(LSB)

I
N ==
Rr|lo|o|k|F|m
=R =

From the TABLE 4 it can be seen that the most §icamt it (MSB) forD is always a 1 for the entire decimal digit from
10 to 15, hence an expression can be obtainetidateécimal digit from an OR function.
D=10+11+12+13+14+15
Similarly Bit C is always a 1 for decimal digit 12, 13, 14 andHis its OR function expression can be express as;
C=12+13+14+ 15

Bit B is always a 1 for decimal digit 10, 11, 14 and &8 the OR function expression can be express s\l
B=10+11+ 14+ 15
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Finally for the least significant bit (LSB) is always a 1 for decimal digit 11, 13, and 15 aad be express as follows;
A=11+13+15

The logic expressions develop are than implemeasedhown in figure 3 for encoding the required mhatidigits by
ORing the decimal digit input lines to their appriape binary equivalents. Moreover, since the 74BCinhtegrated circuit
has an Active-LOW input an inverter is connectealathe input lines of the design encoder to ofgeweth Active-LOW
level.

4075BD 5V
4009BCL_5V * A
X 10 >
11 > : - B
. 12 >c
13 > + C
14 >
~ 15 >
. D

Figure 3: Design Encoder for Decimal Digit 10 to 15

The design encoder and the 74HC147 IC are theneoctenh together for complete 4-bit encoding funcisrshown in
Figure 4. When one of the keys from keyboard Xresped for a giving decimal digit, the decimal tigiprocessed by the
74HC147 priority encoder and the result is displagie a corresponding BCD code and then inputteeécof the input lines
of the parallel adder. Each of the switches ofkégboard is connected to a Pull-Up resistor; thénreasence of this is to
ensure that the line connected to the encoder ps HEGH when the switch is not depressed sinceptherity encoder
(74HC147) has an active-LOW input for decimal digithrough 9 and an active-LOW BCD output.The sarea pull-up
resistor depends on the size of the output’s loatlleakage current through the integrate circuignvit is LOW. A good
choose the resistor is 10Kbecause it is not too small to allow excessiveenirto flow through the input lines and not too
large to cause an excessive voltage drop whennget ilines are LOW [6] for these reason one enaaxfh switch is
connected to the ground so that whenever a switctiepressed the line connected to the corresporatingder input
becomes LOW and this result in each outputs ottieder to be either HIGH or LOW for the resultB@D number of the
depressed decimal numbers as desired. When a#ivihiehes are not connected or depressed the BCRubrgpresent a
zero.Figure 3shows the keyboard encoder. It caseba that the input lines are held HIGH by the-pplresistors connected
to +5 V [7].
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Figure 4: Keyboard Encoder
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When one of the switches is close a BCD outpueitegated that is equivalent to a single selectethd input, and the
DCD displays the corresponding decimal digit. THé3147 decimal-to-BCD (10-line-to-4-line) priorigncoder IC has
active-LOW outputs and hence produces a negatiyie.Ido get a negative true logic an inverter 4@94onnected. The
choice to use positive or negative true logic deigeon application of your design.For example, ifiod@l number 2 is
depressed from the keyboard say X the output oétteeder produce its BCD equivalent from the migtificant bit to the
least significant bit as 0100 and displays it ia BCD display and then inputted to one of the ingfuhe parallel adder for
the BCD addition. Similarly, the same process apto keyboard Ywhen decimal digit nine (9) is dsged as shown in
Figure 4.

3.2 Overflow Detector Circuit

In this design, both the keyboard encoders X arghiY only input a maximum decimal digit fifteen (1&)d thus the
maximum computed value or summed value will betyhiB0); 15 + 15. As previously mentioned when siien of the two
digits is less than or equal to nine (9) than titénary 4-bit adder is sufficient for the additiofithe two numbers. However,
if the sum is greater than 9 or a carry ouf,{Gn one of the 4-bit group is generated resuliimg sum greater than 15
(maximum 4-bit digit), then the sum produce, extémd 5-bit binary digit which does not exceed ttiximum number that
the circuit can compute if carry out {f output is utilize, thusa correction must be adtedkip the invalid state. These
detected problems arose the need to design atcttati will be able to detect any overflow and hake capability of
performing the correct BCD addition in order to &a comprehensive BCD-based summation outputsTfrfdesign the
overflow detector circuit let us consider TABLEHAt gives the case where the sum of two 4-bit nusnisggreater than 9.

Table 5: Sum of two 4-bit numbers is greater than 9

Decimal Cout Su Su Su Su
digit m 4| m 3| m 2|m 1
(Sa) (S) (S) (S
10 0 1 0 1 0
11 0 1 0 1 1
12 0 1 1 0 0
13 0 1 1 0 1
14 0 1 1 1 0
15 0 1 1 1 1
16 1 0 0 0 0
17 1 0 0 0 1
18 1 0 0 1 0
19 1 0 0 1 1
20 1 0 1 0 0
21 1 0 1 0 1
22 1 0 1 1 0
23 1 0 1 1 1
24 1 1 0 0 0
25 1 1 0 0 1
26 1 1 0 1 0
27 1 1 0 1 1
28 1 1 1 0 0
29 1 1 1 0 1
30 1 1 1 1 0

From TABLE 5; it can be seen that whenever the mugreater than 15 resulting to 5-bit digit,cart always equal
to 1 (Gu = 1). Hence there is overflow at &= 1. However, when the sum is between 10 (101@)5t¢1111) there is no
carry out (G = 0) yet an overflow occurs, thus, since 10 tochbtain 4-variables excluding the carry; a standanth of
product (SOP) plotted on a 4-variable karnaugh (kamap) can be used to determine the correct angldied Boolean
expression for this overflow using the assumptlmat tvhen an overflow occurs the expected outputevahould always be
one (1) [8]. Considering only,%0 S for digit 10 to 15 the K-map is plotted on Figre
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Figure 5: Karnaugh map for deduction of overflow detectoolban function.

The expression to design the complete overflowaleteircuit can be expressed by summing @ince C, ;= 1 when there
is a carry) and the minimum generated Boolean eswa from the k-map. Hence the expression is gbedow;
overflow = Cyye + S4(S3 +53)

Figure 6 shows the implemented circuit connecteal 4ebit parallel adder for proper BCD addition.

S3s S3+S2
S? ‘—) j

THC3D 6V

$4(53+452)

9 Overfiow = Cout + S4(S3 +S2)

J

TUHC0ED 6 -
- TUHC3D 6V

Cout

Figure 6: Overflow Detector Circuit

Furthermore, in some cases six (0110) must be attded or thrice through different detectors topsiie invalid BCD
states. There are special cases where when si®)@dhdded a valid BCD code is produced, howewetteer six (0110)
must be added to obtain the correct result of thersed digit. These special numbers are 26, 2722&nd 30 and If six
(0110) is added to them the resulting sum produeevalid BCD code 0(0000), 1(0001), 2(0010), 3(Q0add 4(0100)

respectively as shown in TABLESG.
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Table 6: Sum of numbers that produce a valid BCD code veingi®110) is added.

Decimal Cout Sum 4| Sum 3| Sum 2| Sum 1| Sum when six(0110) is added

digit (S) (S) () (S) sS4 S3 S2 S1
26 1 1 0 1 0 0 0 0 0
27 1 1 0 1 1 0 0 0 1
28 1 1 1 0 0 0 0 1 0
29 1 1 1 0 1 0 0 1 1
30 1 1 1 1 0 0 1 0 0

It can be noticed from TABLEG6that for proper deplof the correct digit six must be added; heneenided to design a
detector for this purpose arises. The detectorbeadeveloped by taking thestandard sum of prods©( plotted on a 4-
variable karnaugh map (k-map) of the number give@ABLE 6 when six (0110) is added to determine ¢tberect and
simplified Boolean expression for this overflow.

~$483

goqp, 00 01 11 10
00 gﬁ{[j::»

01 {11

11 |1

10 [\1

Figure 7: K-map for deduction of overflow detector circuit
The minimum expression obtain from the k-map isgibelow;
Overflow = 5453 + S4 53 5251
Figure 8 shows the implemented circuit connecteal 4ebit parallel adder for proper BCD addition.

St
S3s D"

4001BP_5V

D Overflow
{>C 4071BP 5V

4009BD 5V
See 4002BP 5V

- —

Figure 8: Ovitow Detector Circuit when valid BCD is produce
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3.3 BCD Addition Section

The parallel adder 74HC283 IC compose of two ingditand B each of which contain an individual fourel input for
corresponding 4-bit binary number addition from ms least significant bit Mz;A,Aand B B3 B, B, respectively.
However, in order to accommodate and enable théiaddadf binary number 6 (0110) from the overflowtdctor circuit
whenever an invalid BCD number is summed, two d1€283 parallel adders are used [7]. The paralldeads responsible
for the addition of these binary numbers from ®tlyh 9 when the keyboard is pressed. For exampleciinal number 3 is
pressed from keyboard X and decimal number 6 issee from keyboard Y, the encoder convert themhéar tBCD
equivalent and then applied it to the parallel addputs A (A/A3A2A;1) and B (B B3B,B;) as 0011 (binary 3) for input
line A and 0110 (binary 5) for input line B accargly as shown in figure9.

e valid BCD mumber display
o'}
0 o/ o
Key =1
0 o/ 5 : ‘ ‘
Key=3 M L s [
' °—‘ B ¥ N
+ Key=4 iy w4 sy w4
0 of _ il
| Key=3 i ah
1 Key =6 — o K o o [
- T4HC283D 6V T4HC283D 6V
0 Key =1 / - -
Key =8

Figure 9: Binary to Decimal Coded Addition circuits for valid BCD sum

The addition 0011 + 0110 = 1001 (binary 9) is eardut internally by the adder and the computeditresdisplayed by
the DCD display in its decimal value.Since the dsma valid BCD code and there is no carry out, akerflow detector
circuit is inhibited thus produce 0 in the inputds B and B of parallel adder U2; that is binary 0 (0000) isled to the sum
instead of binary 6 (0110) which does not affeet tomputed sum. If the computed sum result in &alith BCD number,
then the overflow detector circuit produces 1 ia itmput lines B and B of parallel adder U2 enabling the addition of bynar
six (0110) to skip the invalid BCD states. Figursti®ws an invalid BCD sum display in decimal frora #ddition of binary
9 (1001) and binary 6 (0110). The sum is displayeldexadecimal before the proper addition of bingiry(0110) from the
overflow detector circuit [2].
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e Invalid BCD mumber
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Figure 10: Binary to Decimal Coded Addition circuts for in-valid BCD sum

3.4 General Circuit Diagram

The general circuit of the 4-bit decimal adder gsparallel binary adders and BCD encoders is desigo work
synchronously with the three sections to have gmaiate and accurate BCD addition. Figure 11 shthe general circuit
diagram. For the general operation of the compi&taiit it can be notice that when the sum prodisdess than 10 (1010)
from 0 (0000) to 9 (1001) which is a valid BCD caalethe overflow detectors from thé®2and 3 adders are inhibited and
the result is displayed in the unit DCD HEX display its decimal equivalent, similarly for the teulisplay since all the
inputs of the full adder are 0 it produces a sumh arcarry of O and is displayed as 0 to completedisplay of numbers
ranging from 00 to 09. If the sum produce is gretitan 9 (1001) or a carry ouE{) in one of the 4-bit groups is generated
resulting in a sum greater than 15 (maximum 4-gjitdthat extent to a 5-bit binary digit, thé dverflow detector from the
1* adder is activated for sum between 16 (10000)uthtico 19(10011). These produces an invalid BCDeamtl therefore
binary six (0110) is added to th&"2adder to skip the invalid state, the sum produddeoutput of the™ adder is now a
valid BCD code thus passes through all the subeesgiders to display the corresponding decimait aihile all their
detectors are inactive. At the same time sincethaetector is active input of the full adder connected to it is now 1 while
all the other inputsE andC;,) are 0, these produces a sum of 1 and a carryabft® output and is displayed as 1 in the tenth
decimal display to complete the display of numivargying from 10 to 19.

Also if the sum produce is still a 5-bit binary dithat extend from 20 (10100) to 29 (11101) théedeor from the 1
adder becomes active and binary six (0110) is atitedigh the 2 adder. However, at the output of tH8 &dder an invalid
BCD code is also produce and to skip the invakdestwo detectors are connected at its output.Iftdetector enables the
addition of binary six (0110) when an overflow ot the output of the™ladder and an invalid BCD code is produce at
the output of the " adder after the addition of six (0110) from itpuy and the % detector enables the addition of binary
six (0110) only when a carry ouE{,) is produces from the™ladder and a valid BCD code is produce from thewtuf the
2" adder. If the sum produce is between the rang20qfLl0100) to 25 (11001) the detectors from tHedder and the®1
detector from the™ adder are activated and hence idatndB of the full adder connected to them are all 1 wiijeis 0,
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these produced a sum of 0 and a carry of 1 frenothiput of the full adder to give a binary equévdlof two (10) which is
now displayed as the corresponding decimal equivafethe tenth decimal DCD HEX display. At the satime binary six
(0110) is added to thé®adder to display the corresponding decimal digithie unit display simultaneously to complete the
display of numbers ranging from 20 to 25 whiletalk remaining successive detectors are inactiveeMer, if the sum
produce is between 26 (11010) to 29 (11101) theesanmcess is repeated only that that tHed@tector becomes active and
1% detector inactive thus only theinput andB input of the full adder are 1, and the correspogdesults are displayed in
the tenth and unit display respectively.

Finally, when the sum produce is 30(11110) an dverbccurs at the®idetector hence a 1 is provided at the irfouif
the full adder while 6(0110) six is added to t&aider simultaneously. Automatically th® Betector at the output of the
2" adder becomes active (a valid BCD code is produtkdetector from®iadder is active) thereby providing a 1Gat
input of the full adder and enabling the additié¢110) to the § adder. Similarly, at the output of th& adder an invalid
BCD code is produce thus enable the addition of 5@ to the & adder to skip the invalid state; these producareyat the
output of the # adder which in essence provide a 1 atBtirput of the full adder through the OR gate coneeco it. With
the resulting sums provided at the output of thedder while all the full adder inputs are 1 thatduce a sum and a carry
of 1 to give a binary equivalent of three(11) , mm@m30 is displayed in decimal in the tenth and display of the DCD
HEX display.

4.0 Result and Analysis

The complete circuit of the 4 bit decimal adderwshadn Figure 11 was implemented and the simulatiamied out using
circuit simulator software produce by national instent, Multisim version 11.0.The simulation of it decimal adder
was carried out by selecting some set of decimalbars randomly and summed together to give eithalid or invalid

BCD number.TABLE7 gives the sum of 10 different idel numbers in BCD inputted via the keyboard ereaahd the
displayed decimal equivalent after the BCD additoperformed by the circuit.

Table 7: Simulation Analysis

Inputted Decimal digit Computed sum in BCD Displdye result in| Remark
Keyboard X | Keyboard Y decimal

1 4 0101 5 Valid BCD

9 8 10001 17 In-valid BCD
3 6 1001 9 Valid BCD

7 5 1100 12 In-valid BCD
4 3 0111 7 Valid BCD

2 8 1010 10 In-valid BCD
9 9 10010 18 In-valid BCD
4 5 1001 9 Valid BCD

7 8 1111 15 In-valid BCD
5 7 1100 12 In-valid BCD

The analysis shows that even if the sum is graéhter the valid BCD sum the result is displayeds thidue to the fact
that the overflow detector enable the additionio{8110) whenever its output is 1 for invalid BGDm hence, the same 1 is
displayed for proper display of the computed value.

5.0  Conclusion

In conclusion the design of 4-bit decimal addenggarallel binary adders and BCD encoders wasesstually carried
out using the appropriate combinational logic eletseThe designed system was implemented and gidulsing national
instrument version 11.0; and thesimulation reshidtves that the system functions as desired, wheyevam 4-bit numbers
from O to 15 can be added by BCD addition and disthe result in decimal equivalent.
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Figure 11: The general circuit diagram for a 4-bitdecimal adder using parallel binary adders and BCDencoders.
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