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Uppgift 3

In this problem we start by drawing a graph. It seems that it is convenient to make it as a
Moore graph, since then we can let the state encoding directly control the engine. Hence as
state variables we use are P and R. The state 00 means then that the door is in one of its end
positions (either open or closed), 11 that the door is opening, and 10 that the door is closing.
In the following graph we start in state 00, anod the inputs are K, Gy, and Gs:

Then we get the following Karnaugh maps and (minimal) functions:

GlG G]G

2 2
P+ 00 01 11 | 10 Pty 00 01 11 | 10
ow|lololo]o 00 1 1
ol | e e o |- -] Pt =KV RG" VvV PG"G"
PR PR 1 162
11 tﬂ 1/l oo | 1) 1] 1
10 b 0] o0 |1 o)) 1)1 |1
K=0 K=1
G1G2 GIGZ
R+, 00 01 | 11 | 10 R* 11,10

PR PR
114 0 0 0 0 11

00 | 01
00 0 0 0 0 00 Fﬂ - 0 Th
(§]
o Fﬂ L o LJ L Rt = K'RG|V KPR'V KP'G)
0 0
[1 1

010
w|l1]1]l0]o0 10 1 1]
realisation is amitted. K=1
‘Uppgift 4

Since the interval for the numbers should be [—128,127] we can use eight bit numbers (in
2-complement representation). Therefore, we cascade two of the adders 741.S283 o be able
to calculate within the interval. The sum from the aders are fed to eight D-elemnets. This
represents the state of the counter. The outputs from the D-elemnts are then given as input
for one of the numbers for the adder, se figure below. To realise the CLEAR-signal we use the
following truth table

x CLEAR |y
0 0 0
0 1 0
1 0 1
1 1 0
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where y = x if CLEAR = 0 and y = 0 if CLEAR = 1. This is realised by y = x A CLEAR'. Putting
one of these on each of the inputs for A; and B; solves the function. So, without taking the
steps of the counter into consideration gives the following construction:

B|113|123|133|14 Br1Br2BrrsBr4
A1 As Az Ay By By B3 By A1 Ay Az Ay B1 By B3 By
0—co 7415283 Cy 0 7415283 C4
31 Do g D D Do Dz Dy

In the figure Bij is the jth input for the sth adder, before the CLEAR-function, where By is
the least significant bit (Isb). To find the rest of the realisation we consider the following truth
table:

En U/D Nbr | function B11B19B13B14Bo1 Boy Bos Boy
0o - — 0 O 000 0 0 0O
1 0 0 —1 1 1 1 1 1 1 11
1 0 1 —2 01 1 1 1 111
1 1 0 +1 1 000 0 0 0O
1 1 1 +2 01 0 0 0 0 0 O

We see that B13 to B24 are realised by the same function. Hence, we have three different func-
tions, and we draw three different Karnaugh maps to get them:
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‘ Uppgift 5

a)

The circuit in the data sheet has three gates delay to generate the carry. If we instead
cascade four FA as in the book, the first FA has three gates daeay. The rest has the delay
from carry to carry of two gates. This will result in a total delay of 9 gates. Hence the
solution in the data sheet is three times faster.

From the figure we have that
El - (Al V Bl)<A3 V Bi) @ Co == (AlBi V AllBl) @ CO - A1 @ Bl @ CO
/
Cl - <(A1 V Bl)l V (AlBl)IC(/)> - (Al V Bl)(AlBl V C()) - AlBl V A1C’0 V Blco

Writing these functions in a tabular, we see that the statement in the problem is true:

AlBlCO 0121 201 + 21
0001]0O0 0
001 ]01 1
010]01 1
011]1O0 2
10001 1
10110 2
11010 2
11111 3

From b) we know that we can write the ith carry as
/
Ci = (CLA(AB) V (A; v B ) (1)

At the mark for Cy we have

/

@z(%MﬁJHﬁJVMﬁJMNBJVMNBﬁ>

= ((CH(ABY V(A1 V BY)(AsBo) V (Ao V Bo)' ) = (CL(AsBo) v (As v By)')

a1

and we see that (5 fullfills the equation. Similarly, we can check that C3 and C, satisfy
the recursion in (1),

@:Qﬂ&&ﬂ@&ﬂ@&%ﬂ@&ﬂ&&ﬂ&v&y
w&&w&v&ww&v&w/
= (Ch(AsBs)' v (A5 v BS)’)'
04 = (O(/)(AlBl)/(AQBQ),<A3B3)/(A4B4)/ V (AQBQ)/(A3B3),(A4B4)/(A1 V Bl)/
w@&ﬂm&ﬂ@v&wmm&ﬂ&v&wwMv&w'

:@ym&wmmv&ﬂ'
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d) The recursion in (1) can be used to get a general expression for the ith carry. To get rid
of the outer parentasis and inversion, we consider the inverse:

Cl=C_(A:B) V(A Vv B)
:(@JQQJ%QWM&AVBFJy&BJV@QVBJ
=C! (A 1B 1) (AiB)' V (Ai_1 V Bi_1) (AiB)' V (A; V By)
:Qﬂmmﬁaﬂyvaﬂ@hﬁy&qﬁqﬂ&&y
i1V Bi 1) (ABy)' V (A; vV B

(
= C_3(AioB;s) (Ais1Bis1) (AiBy)' V (Aia V Bia) (Ais1Bis1) (A B;)'
( i1V Bi 1) (A;B) VvV (A; vV B;)

i

=C; /\(AjB \_/< AV By N\ (AeB/z)'> vV (4;V B;)

(=k+1
Hence,

- %

qz( A v(mvm A(m&QVMN&w'

{=k+1



