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134. Using NOR logic if we apply inputs of X and Y 
and inputs of X and Y to the two gates shown be-
low the outputs are ( + ) and 

respectively. D----. -

~D--
lH. A.a you can see the carry ·1s generated br__a NOR 

gate with complemented inputs of!X andY. How­
ever. we still haven't generated the sum. The 
sum can be generated by applying the outputs of 
the two gates just discussed to a third NOR gate. 

SUM • )CY+ Ci"+Y) 

• (XVI (x+Y) 

• c_+_H_+_l 

•-+-

111. The logic circuit we have Just discussed will 
perform only one-half of the addition process in 
that lt bu no means for handling the carry from 
aprecedlng order of addition. Because it can 
handle only half the addition process. 1t is called 
a balf------

13'. The. truth .table we discussed earlier was for one 
order ol numbers or for a half-adder. The 
table below ii for a full-adder which will add the 
carry from the preceeding order. carry-in (c1). 
and generate a carry for the succeeding order. 
carry out (c0 ). Complete the table. 

FULL-ADDER TRUTH TABLE 

AUGEND X 0 1 0 1 0 1 0 1 
ADDEND y 0 0 1 1 0 0 1 1 
CARRY-IN Ci 0 0 0 0 1 1 1 1 
SUM S · 0 1 1 - - - - -
CARRY-OUT Co 0 0 
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137. 0 1 0 0 1 

0 1 0 1 1 1 

138. From the table we can see that there are four 
combinations of inputs that will produce a sum 
of 1 and four combinations that will produce a 
carry of 1. Using the truth table we can write 
the boolean expressions for the sum and carry. 

FULL-ADDER TRUTH TABLE 

AUGEND X 0 1 0 1 0 1 0 1 
ADDEND y 0 0 1 1 0 0 1 1 
CARRY-IN q 0 0 0 0 1 1 1 1 
SUM s 0 1 1 0 1 0 0 1 
CARRY-OUT Ca 0 0 0 1 0 1 1 1 

SUM = xYC!t + ~i + 

+ 

CARRY= + 

+ + 

138. 139. The sum function for adding two numbers and a 
carry from the pre:vious order of addition can be 
generated using two half-adders. The first half­
adder we have just diecussed. The second half­
adder will have as inputs the outputs of the first 
half-adder and a carry-in (Ci) from the previous 
order · of addition. 

SUM • XVC1 + XYC'1 + XYC1 + XYC1 

CARRY = XYC1 + XYC1 + XYC1 + XYC1 

(Proceed to next frame) 
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140. ~) (X+ Y) {X+ Y) 

(C1) {XY+XY) 

CiXY + C1XY 

141. (Ci) (X+ Y) (X+ Y) 

Ci'XY + CiXY 

140. The function of adding no carry-in or a carry-in 
of O from the previous addition and the sum gen­
erated in the half-adder just discussed can be 
generated by a NOR gate with inputs of 
Ci, XY and X+ Y as shown below . 

-------
OUTPUT = Ci + XY + {X+ Y) 

= (Ci) (XY) (X+ Y) 

= (_) (_+_) (_+_ 

= (_) (_+) 

= + -- --

141. The function of adding a carry- in of 1 from the 
previous addition and the sum generated in the 
first half- adder just discussed can be generated 
by a NOR gate with inputs of C i and XY + XY as 
shown below . 

.OUTPUT = C:\ + XY + X Y 

~ =v-· 1 . 

XY+XY 

= ~i) (XY) (XY) 

= <_) L+_) <_+_) 

= + - - - -

142. The two functions just discussed if combined in 
an OR gate will produce the full sum for the 
addition of two number s and the car r y from a 
W~'1ous addition._ I!_ the ~o !_unctions, 
C1XY + C1XY and CiXY + C1XY are applied as 
inputs to a NOR gate the output will be SUM or 

+ + + -- -- - - --
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142. 

x 
y 

X 

y 

143. A carry-out will be generated any time any two 
of the three inputs (X, Y and Ci) are l's. There­
fore the expression for the carry-out can be 
written XY + CiX + CiLThis funftion~an_be 
generated by applying X+ Y and CiXY + CiXY to 
a NOR gate as shown below. 

(X+ Y) + CiXY + CXY 

(X+Y) (Ci+X+Y) (Ci+X+Y) 

XY+C .X+C.Y 
1 1 

(Proceed to next frame) 

144. Now that we have discussed all of the logic cir­
cuits that make up an adder let us put them all 
together and see if they will add. (Putting 1 's 
and O's on the diagram will help in getting the 
outputs.) 

FULL- ADDER TRUTH TABLE 
X 0 1 0 1 0 1 0 1 
y 0 0 1 1 0 0 1 1 
X 1 0 1 0 1 0 1 0 
y 1 1 0 0 1 1 0 0 
Ci 0 0 0 0 1 1 1 1 
QQ_ - -- - - - - -
SUM - -- - - - - -
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144. 0 0 0 1 0 1 1 1 
1 0 0 1 0 1 1 0 

145. flip-flop or 
bistable multivibrator 

GATE 
X 

GATE 
y 

145. Usually in an adder there will only be inputs of 
X and Y, while for the adder we just discussed 
we required inputs of X, Y, X and Y. As you 
recallL-a device which will give us outputs of 
X and X for an input of X is a -------

146. Gated flip-flops are used in the adder shown be­
low for timing. A timing sequence is shown also. 
We have discussed the gating functions of the X 
and Y inputs. The purpose of CLEAR is to reset 
the flip-flops for the next addition. The READ 
gate inhibits the output until READ goes to a 0. 

Co 

CLEAR----n~ _________ __.n~----------

XGATE-------u LJ 

X 

Y GATE ----------.u LJ 
y 

READ------------LJ L__f 
(Proceed to next frame) 
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147. Carry-.in (C1) 

TIMING 
PULSES 

SUM 

147. As was mentioned earlier , the two ways of add ­
ing numbers are serially or in paralle l. The 
parallel adder shown below consists of four 
full-adders in parallel. The two numbers are 
applied as shown and the SUM will be gene rated 
when the READ input goes to 0. Notice also that 
the carry-out from one addition goes to the suc­
ceeding adder ------

Ci 

SUM SUM SUM 

TRUTH TABLE 

Time 4 3 2 1 
X 0 1 0 1 
y 00 1 1 
q 1 1 1 0 
Co 0 1 1 1 

Sum 1 0 0 0 

148. When adding two numbers serially, there is only 
one order of numbers added during a timing inter­
val. Therefore, only one adder is required with 
a means for delaying the carry from one order 
of addition to the succeeding order. This delay 
can be produced by a delay line or a flip-flop. 
A serial full-adder is shown below with a truth 
table for adding 01011 and 00101. Complete the 
truth table. 

X y TRUTH TABLE 

Ci 

Co 

SUM 
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DELAY 

TIMING 
PULSES 

Time 
X 
y 

Ci 
Co 

Sum 

5 4 3 2 1 
0 1 0 1 1 
0 0 1 0 1 

1 1 1 0 
1 1 
00 
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148. 1 
0 1 1 
1 0 0 

149. shift 

150. 0 

GATE 
GATE 

GAi'i: 

149. When the READ pulse occurs, the sum may be 
GATED into other circuit r y fo r further compu­
tations or it may be shifted into a regis ter to 
be used later in the timing cycle. Becaus e the 
sum may be shifted in and out of a registe r , the 
register is called a _ _____ regis ter. 

150. A circuit we have discussed previously is the 
gated flip-flop shown. The flip-flop will accept 
no new information until the GATE input goes to 

(0 or 1) ----

INPUT----

151. 

FLIP-FLOP 
No.I 

A shift register must be capable of supplying the 
information stored to other registers when new 
information is being shifted into the register . 
Therefore, a register must consist of more 
circuitry than just a gated flip-flop. The shift 
register shown below uses two gated flip-flops 
with flip-flop #2 gated by the GATE function. 
When the GATE input is 0 new information will 
be shifted into flip-flop #1 and when the GATE I 
input goes to 1 (GATE goes to 0) the new inform­
ation will be shifted into 

GATE 
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151. Flip-flop #2 152. Let us examine two shift registers in series as 
the number Ol is shifted into the register. The 
outputs will be referenced to the F side of the 
register. 

SHIFT REGISTER NO. I SHIFT REGISTER NO. 2 

r-------------, r--- ----
1 '1.IP••LOPNO I FUP-FLOPNOZ I , I FLIP-FLOP NOi 

INl'\IT I ~--, lO __ I ___ ... 

--7 
FLIP-FLOP NO 2 I 

I 
I 

I 
I 
I I F 

INPUT I I 
L ------------ ___ _J 

oan------------------------------' 

To T1 T2 T3 T4 

I I I 

I I I 
I I I 

I I I 
INPUT -------' I I I 

INPUT------. 

. GATE 

GATE 

I I I 
I 

I I 
I I I 
I 

I I 
I 
I 

I I 
I I I 
I w I 
I I 
I l 
I I I I rn I I 
I I I 
I I I 

Time 

Register Flip-Flop To T1 T2 T3 T4 
1 1 0 1 1 0 0 

2 0 0 1 1 0 
2 1 0 0 0 1 1 

2 0 0 0 0 1 

(Proceed to next frame) 
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INPUT 

INPUT 

INPUT 
(__ 

INPUT 

8ATE 

iAT£ 

153. Let us now consider a serial shift register con­
sisting of three registers instead of two as pre­
viously mentioned, The number to be shifted is 
101. Complete the table. 

To 
I 

JJ 
i 
I 

17 
I 
I 

SHIFT 
REGISTER 

#I 

T T2 T3 

Register 

1 

2 

3 
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T4 

SHIFT 
REGISTER 

#2 

T5 T 

L 

r 

Flip-Flop To T1 

1 0 1 
2 0 0 
1 0 0 
2 0 0 
1 0 0 
2 0 0 

Time 

T2 T3 

1 0 
1 1 
0 1 
0 0 
0 -
- -

SHIFT 
REGISTER 

#3 

T4 T5 T5 

0 1 1 
0 0 -
1 - -- - -
- - -
- - -

F 

F 
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153. 1 
00 

1 1 0 
0 0 1 1 

0 0 0 0 1 

155. one 

TIMING 
GATES 

RUD 
GATH 

154. To shift the output of a se r ial adder into a shift 
r eg iste r we will use the s eria l shift regis ter 
previously discussed. We will use the READ 
gates to gate the shift registe r because the READ 
gates a re used to s hift the s um information out 
of the adder . A serial adder with a s hift reg is­
ter is s hown below. 

DELAY 

Co Sum 

READ 
GATES 

SHIFT SHIFT SHIFT 
REGISTER REGISTER REGISTER SUM OUT 

( SERIAL) 
#I --~~ #2 ---- #3 

(Proceed to next frame) 

155 . Information may be shifted into a shift registe r 
either serially or in parallel. A parallel adde r 
with shift register is shown below . As you re­
call the sum information is read out of the adde r 
when the READ input goes to 0; therefore , we 
can gate the inputs to the registers with the 
READ gates . All of the sum information will be 
shifted into the r egisters when ___ READ 

Cl 
ADDER 

Co Sum 

pulse occurs . 

Ci 
ADDER 

Co Sum 

SHIFT 
REGISTER 

SUM 
OUT 

This Completes Logic. 
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OUT 

SHIFT 
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